1 DESCRI PTI ON FUSED RING COVPOUND 5 TECHNI CAL FIELD The present invention
relates to a novel fused ring conpound useful as an electro-opticaf’ﬁ$ﬁgfd
crystal display material, and a liquid crystal conposition, and a |iquid
crystal display using the sanme. 10 BACKGROUND ART Since first appearing as
cal cul ator displays, liquid crystal display el enents have kept pace with

t he devel opnent of conputers, with the demand for increased display size,
15 whi ch was unabl e to be achi eved BysdpRrpFyrbgted Nenmatic) node displays,
bei ng met by STN (Supertw sted Nematic) node displays, and |iquid crystal
di spl ays are now widely used as the interface between conputers and
peopl e. Furthernore, active matrix liquid crystal display elenents
(AMLCD) in 20 which each pixel pi;8epr RYhEedombbhng thin filmtransistor are
able to match the high image quality of CRT displays, and with the

addi tional advantages offered in terns of flatness of the display and
reduced energy consunption, they are considered as the displays of the
futureg 25 In recent years the de@g?gNggﬁLpgﬁEggle not ebook type conputers
has increased, and so particularly for the STNNLCD and AM LCD di spl ays

Kffﬂ Lﬁ;rzgfgr?gg:%g@%%ﬁ@sin%@?&§o%a§e§5%%s2tobgeﬂo%eqe@%@@dfQﬁn@iSplays
pable o
compound useful as an electro-optical liquid crystal display
material, and a liquid crystal composition, and a liquid
crystal display using the same.
10
BACKGROUND ART
Since first appearing as calculator displays, liquid
crystal display elements have kept pace with the development
of computers, with the demand for increased display size,

15 which was unable to be achieved by TN (Twisted Nematic) mode
displays, being met by STN (Supertwisted Nematic) mode
displays, and liquid crystal displays are now widely used as
the interface between computers and people. Furthermore,
active matrix liquid crystal display elements (AM-LCD) in

20 which each pixel is provided with a thin film transistor are
able to match the high image quality of CRT displays, and with
the additional advantages offered in terms of flatness of the
display and reduced energy consumption, they are considered as
the displays of the future.

25 In recent years the demand for portable notebook type
computers has increased, and so particularly for the STN-LCD

and AM-LCD displays used for such applications, there has also



wi t hstandi ng outdoor use. As a result, characteristics which have been
actively sought include a superior contrast at high tenperatures, theI
absence of crystal precipitation or smectic 5 phase formation even at |ow
tenperatures, and no deterioration in contrast or display quality eyen_gn
prol onged exposure to UV light or sunlight. However, conventional |iqu
crystal conpounds and liquid crystal conpositions have not always been

abl e to satdesf y sleotardermmndsispie v WheM@h aorehals i PTG Mrtatdon at
Iom1tenperatur§; is particularly serious, and the only way in which to

prevent sudithstesidiingaiduider ke .r edycs 88y aPDURLLQE LLaYLd; QLY SHRL,

conpound added, but even nmaterials with superior characterrstics are often

. . ST . . . [ 15
suscept i bihavet deishi & quieeily isthigdt RMOhEm -ARdou:Li.t he Gqnventjona
mﬁdels used unfused ring sgke Iﬁgﬁid crystal coﬁbounég, Chi's renalnghthe

most di f f itempe rarafieen thd egdetRe UE Qthak 4 1\/\9&@%i- moRgsh, wif uged . ring

type liquid crystal conmpounds, no conpound wasS ab to sinultaneously
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b1 ref 11 ngence. DI SCLOSURE GE I VENT! Ok 25 The b GO S Rrc ERE “SFedent

i ti onuat LeGALS okr0 sun2SQhYe | Boliv@E OVEGSy&nCOORRYNY; whi gh_ upop_ addi tion
{gvgn conposit?gn Fs ggle ?b effe%tively ?nprove ?ﬁe t efper at ar sga range

of the |iquigoanyst ahdphag@sqald ykRaRabbiedkat ;b8 nitaPLLE %185 AOWeen
tenperatures, and to also provide a liquid
able to satisfy such demands. The problem of crystal

10 precipitation at low temperatures is particularly serious, and
the only way in which to prevent such precipitation is to
reduce the amount of liquid crystal compound added, but even
materials with superior characteristics are often susceptible
to this precipitation problem, and with the conventional,

15 widely used unfused ring type liquid crystal compounds, this
remains the most difficult problem to resolve. In other
words, amongst unfused ring type liquid crystal compounds, no
compound was able to simultaneously satisfy the reguirements
of a low crystal (or smectic) transition temperature, a high

20 nematic-isotropic transition temperature, a high dielectr;c
anisotropy, and a favorable elastic constant and

birefringence.

DISCLOSURE OF INVENTION
25 The problem which the present invention attempts to
resolve is to provide a compound which upon addition to a

composition is able to effectively improve the temperature



crystal conposition and a liquid crystal display element wwth a w de
tenperature range which utilize such a conpound. 5 In order to resolve the
af orenenti oned problem the present invention provides a novel conpound
which is a fused ring conpound represented by a general forrmula (I).
Invention 1: A fused ring conpound represented by a general formula (1) 10
R\ al)e2L/nY (wherein, R represents an al kyl group or al koxyl group

of 1 to dfhgardbnied onbquid arkeryl o, dnd 10 J6rcasbody atrars, an
al kenyl oxy group of 3 to 16 carbon atons, or an alkyl group of 1 to 12

car bon atsarebisiirs idtit Bl W éfoéra @b koxyl a0t £fsd Rt O cardipmn at ons,
and these groups may be substituted with a halogen, and in those cases in

whi ch an caspsmeEl rddses boton adndes Dikui® sHpstdt Wiam dranshi i be

either optically active or racemic mxtures; ring Aand ring C eac
representy winitepengantd turd ié@@-%fbﬁ%ﬂﬂ@@'%%%&&r@. whi ch a
J

single CH2 structure within the group or 2 or nore non-adjacent CH2

strucbures wi tii roridier Q@ Upe By dec hé UDsd #ddadh dd pBp g/ e S, @
1, 4- phenyl ene group in which a single CH structure wthin the group or 2

or nore Meser ACBMnGHHSIEHSI LIS MtdVdl thGIQUP miycrp%)étébsﬁtdsté& ed 25
with -N=, a 1, 4-cycl ohexenyl ene group, a 1,4- bicyclo(2.2.2)octylene group,

a pi peri diingy Lohpbutd Fepieséentded AP had e 2, &54hyla 9roup, a

t rans- decahydr onapht hal ene- trans-2,6-diyl group, or a

1,2, 3, 4- tet rahydreanaipiit el enefased dinl eoRpBundNdcpbIesen9LAURS JBY be

substituted with a cyano
general formula (I)

. O o

(wherein, R represents an alkyl group or alkoxyl group of 1 to
16 carbon atoms, an alkenyl group of 2 to 16 carbon atoms, an
alkenyloxy group of 3 to 16 carbon atoms, or an alkyl group of
1 to 12 carbon atoms substituted with an alkoxyl group of 1 to

15 10 carbon atoms, and these groups may be substituted with a
halogen, and in those cases in which an asymmetric carbon
arises due to substitution or branching, may be either
optically active or racemic mixtures; ring A and ring C each
represent, independently, a trans-1, 4-cyclohexylene group in

20  which a single CH, structure within the group or 2 or more
non-adjacent CH, structures within the group may be
substituted with -0O- and/or -S-, a 1, 4-phenylene group in
which a single CH structure within the group or 2 or more non-
adjacent CH structures within the group may be substituted

25 with -N=, a 1,4-cyclohexenylene group, a 1,4-

bicyclo(2.2.2)octylene group, a piperidine-1,4-diyl group, a



group or a halogen; ring B represents any one of the general 5 fornulas
(I-1) to (1-9) X9 X0 Xe OX X8 X X 00000 Wk4 3 Xk5)(4 X3 X5X4X
(i-1) (1-2) (1-3) X10 xio )OM 00 -CPD-- --C(1-4) 1 X3 XS (1-5) (1-6)
'9 X10 )A- Xe 000 ,\4 3 EX5 (1-7) (1-8) (1-9) (wherein, X1, X3, X4,
X5, X6, X8, X9 and X10 each represent, igndependently, a hydrogen atom a
chlorine atomor a fluorine atom provided that the follow ng conditions
are sati sfisghthkl ehed) d4dil)] ajbdgl- 3) .t ddhd-tReaspiishapglitaln gind-east one
of X3, X9, X5 and X6 represents a fluorine atom and the renainder
represent dpsHBPSre-atiofs,gid\ah, alr least2 ,@e-etanyonshratih 162, 6-
represents a chlorine atomor a fluorine atom 2. In (I-1) and (1-2), in
the case idiyhigdow, |aasttide GrodpsXhay<be Xudtd ot d epiasentsy fho

fluorine atom and the remai nder represent hydrogen atons, then at | east
one of X3,gr&hp X¥x ahthdlogen; ring B represents any one of the general

5 formulas (I-1) to (I-9)

xtx
(I-7)

(1-9)

(wherein, X', x3, x', X°, x5 x®, X® and X!° each represent,
independently, a hydrogen atom, a chlorine atom or a fluorine
atom, provided that the following conditions are satisfied:

10 1. In (I-1) and (I-2), in the case in which at least one of
X3, X4, X® and X¢ represents a fluorine atom, and the remainder
represent hydrogen atoms, then at least one of Xl, Xa, X® and
x10 represents a chlorine atom or a fluorine atom,

2. In (I-1) and (I-2), in the case in which at least one of

15 x', x®, X® and X! represents a fluorine atom, and the remainder

represent hydrogen atoms, then at least one of X3, X!, X° and



X6 represents a chlorine atomor a fluorine atom 3. In (1-3) to (1-9),
hydrogen atons within a ring may be replaced with a cyano group or a

hal ogen); L1 and L2 each represent, independently, -CH2CH2-, -C=C, -
(CH2) 9-, -CF=CF-, 5 -0OCH2-, -CH2O, -OCF2-, -CF20-, -C2-, -0OCO,
-CH=N-N=CH-, -CH=CH CH2-CH2-, -CH2-CH2-£H=CH or a single bond; mand n
each represent, independently, 0, 1 or 2, although mn-2, and in the case

in which gft hep i@ty IS ch1dhieR AtdfdH 01 frine oflom;2, Where present,
represents a single bond; Y represents a 10 hydrogen atom a fluorine atom

a chloring. atpmras)t ebf l(goperehha¥xyq8hodPomd QEEhEQrQ”?EHQXMaQrBED, a
trifluoronmethyl group, a 3,3,3-trifl doroethoxy group, a cyano ~group, a

strai ght edpiacabkylitfr aupyaholgkBupbocakban18LRAT, 8! Sidaiuhtghain
al kenyl group of 2 to 16 carbon atons, a 15 straight chain al kyloxy group

of 1 to 12epaebentat oRBepBhadntIY, alghicighai ncaldkeny! (@%?QIOU%EQJCEZ—}O 16
carbon atons, provided Fhat the fol | ow ng cases are exc¢luded: 1. the case

in whisch £008,8 repigsentodr,=2) ~cRENd oo ePrege!, QcRy gRigsents an
al kyl group and Y represents an 20" al kyl group, 2. ‘the case in which ring

B represents=Ci-8h,-daand —@:HJ—@R%%}‘F—%H—O’QB L ePI RIS AN 8l Kylq ¢ Oél;%%l_}?nd Y

represents an al koxy group, 3. the case in which ring represents 4),

mand n 2Pepeoseaen! iAdeBehBRRESFN 5, AN BLKY, giPHBLAAMRYLESP SAENIS an
yl group or a cyano group 4. e case In which ring reptesents (1-8),
mand n 6the case in which either m or n is 2, then at least one of L
or L2, where present, represents a single bond; Y represents a
10 hydrogen atom, a fluorine atom, a chlorine atom, a
trifluoromethoxy group, a difluoromethoxy group, a
trifluoromethyl group, a 3,3,3-trifluoroethoxy group, a cyano
group, a straight chain alkyl group of 1 to 16 carbon atoms, a
straight chain alkenyl group of 2 to 16 carbon atoms, a
15 straight chain alkyloxy group of 1 to 12 carbon atoms, or a
straight chain alkenyloxy group of 2 to 16 carbon atoms,
provided that the following cases are excluded:
1. the case in which ring B represents (I-2), m and n
represent 0, R represents an alkyl group and Y represents an
20 alkyl group,
2. the case in which ring B represents (I-3), m and n
represent 0, R represents an alkyl group and Y represents an
alkoxy group,
3. the case in which ring B represents (I-4), m and n
25 represent 0, R represents an alkyl group and Y represents an
alkyl group or a cyano group

4. the case in which ring B represents (I-8), m and n



represent 0, Rrepresents an alkyl group and Y represents an al kyl group,
5. the case in which ring B represents (1-4), mrepresents 0 and n
represents 1, ring C represents a 1, 4-phenyl ene group, 5 L2 represents
-C2-, Rrepresents an alkyl group and Y represents an al kyl group, an

al koxy group or a cyano group, 6. the cagse in which ring B represents
(1-4), mrepresents O and n represents 1, ring C represents a

1, 4- phenyl efer Enip, 0, LR FEPFESSES a0 ky R § ERLSSE Sy 8o 5 &¥ydn QL Oyp and

Y 10 represents an al koxy group, 7. the case in which ring B represents
(1-2), mrepeseqtsy®, and n represents 1, ring C represents a
1, 4-cycl ohexyl ene group, L2 represents -CO2-, R represents an al kyl group

and Y repsesed scade al KYhh S510UPind B Sred NEs &ASE | LM @E f%ﬁ@e?eﬁ@?rﬁsem S
the cas

(I-1), and X9 and X1 represent fluorine atons, and 9. e in which

ring B repiesentfeddeRnt &N, XBing4 2Gra8uh o6 éifuii%}lﬁ]ﬁgyféﬁ’ r?e;géﬁ?ﬁe”t

fluorine atons; and applying simlarly to conpounds al en ‘ose

above descri bereBentinocenubi RaLLERSsohr 800K CYL gl 08bop! AYGNYI On 2: A
g a ring

conmpound according to invention 1, " wherein rin each

represent , rdgyepandentd Va1 gy 1. drouiienyl %@é&é}ﬁ;%ﬂ%ao% 3,§yano group,

trans-1, 4-cycl ohexyl ene group whi ch may . te f'uorihe
ﬁtzorenacﬁSr leg]p'\rlgc'rsﬁeéngh%ndigbendent w@%%éé]ﬂgvg%ﬂagI&oré(greéssleénrgﬁsel-%oﬁgd
7 and n represents 1, ring C represents a 1,4-phenylene group,
L2 represents -0CO-, R represents an alkyl group and Y
10 represents an alkoxy group,
7. the case in which ring B represents (I-2), m represents 0
and n represents 1, ring C represents a 1,4-cyclohexylene
group, L? represents -CO;-, R represents an alkyl group and Y
represents an alkyl group,
15 8. the case in which ring B represents (I-1), and X°® and x°
represent fluorine atoms, and
9. the case in which ring B represents (I-3), and X3, x%, X°
and Xx°® simultaneously represent fluorine atoms; and applying
similarly to compounds equivalent to those above described
20 using combinations of abbreviations).
Invention 2: A compound according to invention 1, wherein
ring A and ring C each represent, independently, a 1,4-
phenylene group or a trans-1,4-cyclohexylene group which may
be substituted with a fluorine atom.
25 Invention 3: A compound according to invention 1, wherein
L' and L? each represent, independently, -0CO-, -CO,-, -CH,CH,-

or a single bond.



I nvention 4: A conpound according to invention 1, wherein mrepresents O,
and n represents either 0 or 1. Invention 5: A conpound according to
invention 1, wherein L1 and L2 each represent a single bond. 5 Invention
6: A conpound according to invention 1, wherein ring B represents (1-3) or
(1-4) which may be substituted with a halogen. Invention 7: A conpound
according to invention 1, wherein ring B represents (1-1) or (1-2). 10

Invention 8: ArcqupeyRd accer dohgpddd R hgl t MekehR iohi AY Bherein
represents (I-1), and X9 and X10 represent hydrogen atons. Invention 9: A

conmpound aCGREFRGrS i0NVeMd N rbp RRIRIN eiltifaG A @rd1ring C each
represent, independently, a 1,4 1§ phenyl ene group or a

trans-1, 4-cycl ehexnang @:O%P,Mf@ﬂ;d@ﬁc&%d% tid Yhednwibh a,f Lueriene
atom and ring B represents (I1- 1), (1-2), (1- or (1-4) which may be

substituted whhra 0@l ogen-eddyent i o dfe ¥hg@npound according to
invention 1, 20 wherein ring A and ring C each represent, independently, a

1,4-phenyl ene grQMRQlor d:f 8D Sohgbuade |RRSVH L I AR Mhiich 1My keein
substituted with a fluorine atom ring B represents (I1- 1), (1-2), (1-3) or

(1-4) whi chgay hesubstitdited Wi th a1-hal 0ean g be 20Bk383eR witn

represent a single bond. 25 Invention 11: A conpound according to I nvention
1, whereipnptijngA and ring C each represent, independently, a
1, 4- phenyl ene group or a trans-1, 4-cycl ohexyl ene group which 8

Invention 7: A compound according to invention 1, wherein
ring B represents (I-1l) or (I-2).

10 Invention 8: A compound according to invention 1, wherein
ring B represents (I-1), and X° and X° represent hydrogen
atoms.

Invention 9: A compound according to invention 1, wherein
ring A and ring C each represent, independently, a 1,4-

15 phenylene group or a trans-1,4-cyclohexylene group which may
be substituted with a fluorine atom, and ring B represents (I-
1), (I-2), (I-3) or (I-4) which may be substituted with a
halogen.

Invention 10: A compound according to invention 1,

20 wherein ring A and ring C each represent, independently, a
1,4-phenylene group or a trans-1,4-cyclohexylene group which
may be substituted with a fluorine atom, ring B represents (I-
1), (I-2), (I-3) or (I-4) which may be substituted with a
halogen, and L' and L? each represent a single bond.

25 Invention 11: A compound according to invention 1,
wherein ring A and ring C each represent, independently, a

l,4-phenylene group or a trans-1,4-cyclohexylene group which



may be substituted with a fluorine atom ring B represents (I- 1), (1-2),
(1-3) or (1-4) which may be substituted with a halogen, mrepresents 0 and
n represents 1, and L2 represents a single bond. 5 Invention 12: A
conmpound according to invention 1, wherein ring A and ring C each
represent, independently, a 1, 4-phenylege group or a
trans-1, 4-cycl ohexyl ene group which may be substituted with a fluorine

atom ring.§ EEPLERRRtIytly bich( b Prudchnd) otiorl1ahgul clepmmp s (I-
& a hul

substituted‘with al ogen, mrepresents 0 and n represents 1, and L2

represents, a singl e Kongd, gnd i)t hg i¢asady vehissibgdinatRd efrgsents (I -
1) which r%ﬁ;)ty b@ sgbst(it:}ge vmd(th z; hallogen, y'ltqhen X9 anld X ?ﬁgresent (

hydr ogen %ta%%nl n er}tlé'é)%sje%tsA O° UIRO NG Rt 1,0 231y I8neeplret®nts

i nventions  dug , Wherein Rrepreséents a straight chain alkyl group
of 1 to 12 cairn%g% $toqlrgs or a straight chain alkenyl group of 2 to 12

a S - . .
car bon at ons, represents a fluorine atom a chlorine atom a

triflupronetho A1 912-”1“(,1 QRS hyd K PURy 9o difdiar et hoxy grou
a 3, 3,8 20 trif uorng’gl%noxy or oup&@;r a cyanco group. Invention 14:’0A Iigqui g

crystal conposition i r i Ee SO MPOAED S el

olne of ti nt. leﬁeplnns ﬁlﬁ$%$oé§gélqlwlcn\%an%k?g€1é%5: Argl'o'i qui d cryst a?l%?sébloasny

el ement utjljzin LOul r L d j i i
{300y T & LA G L1y SLAL, SOMPLSE S D SEFREAL N digp | W BOR | O

14. | _nven]t’l 1t matrix driven liquid crystal display el enent
utilizing ﬁ%&Iﬁ%“§h6§é§%&%e&xwg¥ﬁﬂéifihékine atom, ring B represents (I-
1), (I-2), (I-3) or (I-4) which may be substituted with a
10 halogen, m represents 0 and n represents 1, and 1? represents
a single bond, and in the case in which ring B represents (I-
1)which may be substituted with a halogen, then X° and X'
represent hydrogen atoms.
Invention 13: A compound according to any one of
15 inventions 1 through 12, wherein R represents a straight chain
alkyl group of 1 to 12 carbon atoms or a straight chain
alkenyl group of 2 to 12 carbon atoms, and Y represents a
fluorine atom, a chlorine atom, a trifluoromethoxy group, a
trifluoromethyl group, a difluoromethoxy group, a 3,3,3-
20 trifluoroethoxy group or a cyano group.
Invention 14: A liquid crystal composition incorporating
at least one compound according to any one of inventions 1
through 13.
Invention 15: A ligquid crystal display element utilizing
25 a liquid crystal composition according to invention 14.
Invention 16: An active matrix driven liquid crystal

display element utilizing a liquid crystal composition



according to invention 14. Invention 17: A supertw sted nematic |liquid
crystal display elenent utilizing a liquid crystal conposition according
to invention 14. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The fol | owi ng
provi des a detail ed description of the present invention. A conpound of
the general fornmula (1) provided in the9present invention is preferably of
the form 10 described below. In general fornula (1), R represents an alkyl
group or 2&FR&L¥hggkeupnyentivo 16.carbon atons, an al kenyl group of 2 to
16 carbon atons, an al kenyl oxy group of 3 to 16 carbon atons, or an al kyl
group of 1 to iRveathen aVond substriwiteddlhemathcanighkexytygegup of 1 to
10 carbon atons, and specific exanples in the case of an al kyl group
i ncl ude set8Pghy ehamantsatalaredgabkyliqgiaupsysueh asmposethyh group,
et hyl group, propyl group, butyl group, pentyl group, hexyl group, heptyl
group, oc@&gfoyddug, taohyiegtdap, 1decyl group, undecyl group, 20 dodecyl
group, tridecyl group, tetradecyl group, pentadecyl group, hexadecyl
group,® hept adecyl group, octadecyl group, nonadecyl group and an ei cosyl
group; and branched saturated al kyl groups such as a 1-nethylethyl group,
1- met hyl propyl  gr ouBESZ- MODREY [FWRORRRYIEED OUt, 21ei TRVRMIPORPY! group, 1 25
met hyl butyl group, 2-nethyl butyl group, 3-nethylbutyl group,
1, 2-di net hyl bufly¢ foblpwidg 3prowetiay| Hutiytagledpde 2 Btpeisktdy! oyt yl group,
1- net hyl pentyl group, 2-nethyl pentyl 10

present invention. A compound of the general formula (I)

provided in the present invention is preferably of the form
10 described below.
In general formula (I), R represents an alkyl group or
alkoxyl group of 1 to 16 carbon atoms, an alkenyl group of 2
to 16 carbon atoms, an alkenyloxy group of 3 to 16 carbon
atoms, or an alkyl group of 1 to 12 carbon atoms substituted
15 with an alkoxyl group of 1 to 10 carbon atoms, and specific
examples in the case of an alkyl group include straight chain
saturated alkyl groups such as a methyl group, ethyl group,
propyl group, butyl group, pentyl group, hexyl group, heptyl
group, octyl group, nonyl group, decyl group, undecyl group,
20 dodecyl group, tridecyl group, tetradecyl group, pentadecyl
group, hexadecyl group, heptadecyl group, octadecyl group,
nonadecyl group and an eicosyl group; and branched saturated
alkyl groups such as a l-methylethyl group, l-methylpropyl
group, 2-methylpropyl group, 1,2-dimethylpropyl group, 1-
25 methylbutyl group, Z2-methylbutyl group, 3-methylbutyl group,
1,2-dimethylbutyl group, 1,3-dimethylbutyl group, 2,3-

dimethylbutyl group, l-methylpentyl group, 2-methylpentyl



roup, 3-nethyl pentyl group, 4-nethylpentyl group, 1,2- dinethyl pentyl
groug, 1,3-di¥e?hyl%en?yl group, 1-nethyl hexyl group, 2-nethyl hexyl group,
3- et hyl hexyl group, 4-nethyl hexyl group, 5-nethyl hexyl group,

1, 2-di net hyl hexyl group, 1,3 5 di nethyl hexyl group, 1-nethyl heptyl group,
2-methyl heptyl group, 3-nethylheptyl griqup, 4-methylheptyl group, 5-

nmet hyl heptyl group, 6-nethyl heptyl group, 1,2-dinethyl heptyl group,

1, 3- dl”EtbythPtQFmgtﬁ¥QPEhtW&t@ngﬁtYM—&%Q%Qip%ntgﬁt@Xb% tyl,@roup,

3-net hyl octyl group, 4-nethyloctyl group, 10 5-nethyl octyl group,

6- et hyl odtipketgyappntyimgtbyboctyi3 - @ﬁﬁ@mhylbe%tgun@&am QCHYlne@HQURexy1
1, 3-di net hyl octyl group, 1- nethyl nonyl group, met hy nonyl gr oup,

3- net hyl ngeplipgr aupethgimekhyl gesyb, gRowRLh 1&%& xlagemF gmoﬁgthylhexyl
6- met hyl nonyl group, 7-nmethylnonyl group, yl nonyl group

1,2- dlnetbybnpnys—ﬁétgymuaxyl,§rdup$thybnaﬂmhtagQHaxgl g& ﬁld%C%' group,
2- met hyl decyl group, 3-nethyldecyl group, 1,2-dinethyl group

1, 3- disret HymdenylhgkQUpgrduppt hyhdREee¥Kkpd2UBrodp ”@LﬂﬁkH?g group,
3- nmet hyl undecyl group, 1,2 dinethylundecyl “group, 3-dine ecy

roup, 1 8@oupt hg-sledroyheptgup rguﬁﬁth¥h@Qﬂ§§Mb Eyquaroﬁ "E%hy'dOdeCy'
groug 1, % g?ﬁethyldodecyfgg?oug 1, 3- |nethyldodecy groB

1- met hyl t nedrgYhegt UPgr3uppt ByhbEhgeapbt¢hoLp ﬁEED&hhékﬂ 9L,]up.
1, 2- diﬁethylt?idggy? g?gugﬂgnd al, g angt 9 ?P?decyl group. g &€ &

cxarm es Eptbe Easedokeany Zheatcykodpoue-hathydscEy 2oty SBQ' pr opyl oxy
group,  bueyhoxyceyUgroRENt ¥-AXYNYI BURy1 NEXBLEYY 19R8YRy1B8RLY! GX%,pL

10 S-methyloctyl group, 6-methyloctyl group, 7T-methyloctyl group,
1,2-dimethyloctyl group, 1,3-dimethyloctyl group, 1-
methylnonyl group, 2-methylnonyl group, 3-methylnonyl group,
4-methylnonyl group, S-methylnonyl group, 6-methylnonyl group,
7-methylnonyl group, 8-methylnonyl group, 1,2-dimethylnonyl

15 group, 1,3-dimethylnonyl group, l-methyldecyl group, 2-
methyldecyl group, 3-methyldecyl group, 1,2~dimethyldecyl
group, 1,3-dimethyldecyl group, l-methylundecyl group, 2-
methylundecyl group, 3-methylundecyl group, 1,2-
dimethylundecyl group, 1,3-dimethylundecyl group, 1-

20 methyldodecyl group, 2-methyldodecyl group, 3-methyldodecyl
group, 1,2-dimethyldodecyl group, 1,3-dimethyldodecyl group,
l-methyltridecyl group, 2-methyltridecyl group, 3-
methyltridecyl group, 1,2-dimethyltridecyl group and a 1, 3-
dimethyltridecyl group. Specific examples in the case of an

25 alkoxyl group include straight chain saturated alkoxyl groups
such as a methoxy group, ethoxy group, propyloxy group,

butyloxy group, pentyloxy group, hexyloxy group, heptyloxy



group, octyl oxy group, nonyl oxy group, decyloxy group, undecyloxy group,
dodecyl oxy group, tridecyl oxy group, tetradecyloxy group, pentadecyl oxy
group, hexadecyl oxy group, heptadecyl oxy group, octadecyl oxy group,
nonadecyl oxy group 5 and an ei cosyl oxy group; and branched sat urated

al koxyl groups such as an isopropyl oxy 1group, isobutyloxy group, 1-

nmet hyl propyl oxy group, 1, 2-dinethyl propyl oxy group, 1- nethyl butyl oxy
group, 2-#eewpl bacyybsyyggoapp, 3nmeyvhykbuybopy d@epudxy group,

1, 2-di met hyl butyl oxy group, 1, 3-dinethyl butyl oxy group, 10

2, 3-di net Wydieay ydoxyggoopp, dédeeyhypkpegtylpxyt o1 @ey13xy ngtbyp pent yl oxy
group, 3-nethyl pentyl oxy group, 4- nethyl pentyl oxy group,

1, 2- di net hyt pede gy bayy ggoapp, 1pd8ntdiaey hykpeqt yhex yh&k i@y Lot Hybhexy! oxy
group, 2- nethyl hexyl oxy group, 3-nethyl hexyl oxy group, 4-nethyl hexyl oxy 15
group, 5-heptyddexidoxyggoepp, odtaddegbohy! Giexyd OXyoE@®yloxy grou

1, 3-di net hyl hexyl oxy group, 1-nethyl heptyl oxy group, 2- nethyl heptyl oxy
group,? 3-aed hyh heptys pkyxgr onpup 4- anet bydfiemed | Satyu 01 0a, a Bed®y NYE ARty | oxy
group, 6- nethyl heptyl oxy group, 1,2-dinethyl heptyloxy group, 1,3 20

di met hyl hepely|l axyagrospprdpyedhy | geoyp pxys@b@tpiody dEbky) oct yl oxy group,
3-net hyl octyl oxy group, 4-nethyloctyloxy group, 5-nethyloctyl oxy group,

6- met hyl e S okyropwlgxy 7groep hyl pz+ainxyh gl wtdby llosdy dEiHY! pct yl oxy

group, 1,3- dinethyloctyloxy group, 1-nethylnonyloxy group, 2 25

net hyl nonge Oxyl yrowiex B-aedlyy) N2 OXy LI OFS x W -dERs Y, W&l%lbl%%y

5- net hyl nonyl oxy group, 6-nethyl nonyl oxy group, 7- nethyl nonyl oxy group,
8- met hy| rrsipxyl 4 -odjmetlh P1H2t yloxy group, 1,3-dimethylbutyloxy group,
10 2,3-dimethylbutyloxy group, l-methylpentyloxy group, 2-
methylpentyloxy group, 3-methylpentyloxy group, 4-
methylpentyloxy group, 1,2~dimethylpentyloxy group, 1,3-
dimethylpentyloxy group, l-methylhexyloxy group, 2-
methylhexyloxy group, 3-methylhexyloxy group, 4-methylhexyloxy
15 group, S-methylhexyloxy group, 1,2-dimethylhexyloxy group,
1,3-dimethylhexyloxy group, l-methylheptyloxy group, 2-
methylheptyloxy group, 3-methylheptyloxy group, 4-
methylheptyloxy group, S-methylheptyloxy group, 6-
methylheptyloxy group, 1,2-dimethylheptyloxy group, 1,3-
20 dimethylheptyloxy group, l-methyloctyloxy group, 2-
methyloctyloxy group, 3-methyloctyloxy group, 4-methyloctyloxy
group, S5-methyloctyloxy group, 6-methyloctyloxy group, 7-
methyloctyloxy group, 1,2-dimethyloctyloxy group, 1,3-
dimethyloctyloxy group, l-methylnonyloxy group, 2-
25 methylnonyloxy group, 3-methylnonyloxy group, 4-methylnonyloxy
group, S-methylnonyloxy group, 6-methylnonyloxy group, 7-

methylnonyloxy group, 8-methylnonyloxy group, 1,2-



di met hyl nonyl oxy group, 1, 3-di nethyl nonyl oxy group, 1- nethyl decyl oxy
group, 2-nethyl decyl oxy group, 3-nethyl decyl oxy group,

1, 2-di met hyl decyl oxy group, 1, 3-dinethyl decyl oxy group, 1-nethylundecyl oxy
group, 2-methyl undecyl oxy group, 3 5 nethyl undecyl oxy group,

1, 2-di met hyl undecyl oxy group, 1,3- dinmetfylundecyl oxy group,

1- met hyl dodecyl oxy group, 2- nethyl dodecyl oxy group, 3-nethyl dodecyl oxy

1, Zin@i I — g oup, 1
group itBHLRBNGQBRGY 0P T AUR - dhimdtdl g%{%@%ﬁ%o@/ roup

met hyl tri decyl oxy group, 2-nethyl tridecyl ox r ‘hyl t ri decyl oxy
group, 1, Zedhi@uByki 6 W [ O HdRh S~di et hyl tri y] 0% roup.
ye !Y X@e% oy ﬁri'iqe lloé‘cyggg'cﬁ%%d H tIr{’et %#ch%ﬁro b,

Specific exanples in the case of an alken | ude a

trans-|-pgepepy! 1,8raudRetdn Q@QﬁﬂXJ IRt HaRS ks Q trans-2-
but enyl group, 3-butenyl g#gup, tréﬁg-l-p ﬁtéﬁ?ldéfgﬂ%sn¥%% g‘%ﬁ’éﬂﬁ%ﬁ?enyl

group, traﬂ&eahpiﬂhﬁaﬁblg&QU%moﬁpge@Lﬁ@%ngE%?%FW%%&§n%}%ﬁgﬁx%ﬂy| group,

trans- 2- hexenyl group, trans-3-hexeny ns<'4-"hexerdyl™ group,

5- hexeny! mgk@ ok l; o [ -2-h |._group,
yl m@kaypunbiealsoky Q%Bh%ﬁyl,@ %HRFtéygﬁgééfyg%&ggﬁﬁép én@?zﬁ?oup, 6

trans- 3- heptenyl group, "trans-4-hepteny ns-

20 hept enyh m@E AYRunkbEal3 ok oGk ey gtﬁ%gpggﬁgﬁ?b _%% ?%%%g ;F%Q’

trans- 3-oct enyl “group, “trans-4-oct eny p, tr S group,

trans- 6- ogkeRyl d8HeBR ox{- §eLERY! 30 LAsh ononeyl ., grqup,_ 8-noneyl
group, trans-y-decengloggogp, 33decgﬁgpyéﬁ8§%§ylP%§n§¥°P€nd d%nyl group,

S T e L L R e e o o i o v
gr oup. {7 ABENY1tPEAREYYDRYY oP6AKPD. 22nREARERY: QXYL ILAUP Liansl - but enyl oxy
10 methyltridecyloxy group, l,2-dimethyltridecyloxy group, and a
1,3-dimethyltridecyloxy group. Specific examples in the case

of an alkenyl group include a vinyl group, trans-l-propenyl
group, Z2-propenyl group, trans-l-butenyl group, trans-2-
butenyl group, 3-butenyl group, trans-l-pentenyl group, trans-

15 2-pentenyl group, trans-3-pentenyl group, 4-pentenyl group,
trans-l-hexenyl group, trans-2-hexenyl group, trans-3-hexenyl
group, trans-4-hexenyl group, 5-hexenyl group, trans-1-
heptenyl group, trans-2-heptenyl group, trans-3-heptenyl
group, trans-4-heptenyl group, trans-5-heptenyl group, 6-

20  heptenyl group, trans-l-octenyl group, trans-2-octenyl group,
trans-3-octenyl group, trans-4-octenyl group, trans-5-octenyl
group, trans-6-octenyl group, 7-octenyl group, trans-l-noneyl
group, 8-noneyl group, trans-l-decenyl group, 9-decenyl group,
trans-l-undecenyl group, 10-undecenyl group, trans-l-dodecenyl

25 group, and a ll-dodecenyl group. Specific examples in the

case of an alkenyloxy group include a vinyloxy group, trans-1-

propenyloxy group, 2-propenyloxy group, trans-l-butenyloxy



group, trans-2-butenyl oxy group, 3-butenyloxy group, trans-i- pentenyl oxy
group, trans-2-pentenyloxy group, trans-3- pentenyloxy group, 4-pentenyloxy
group, trans-1-hexenyl oxy group, trans-2-hexenyl oxy group,
trans- 3- hexenyl oxy group, 5 trans-4-hexenyl oxy group, 5-hexenyl oxy group,
trans-1- heptenyl oxy group, trans-2-hep gnyloxy group, trans-3- heptenyl oxy
group, trans-4-heptenyl oxy group, trans- hept enyl oxy group, 6-heptenyl oxy

group, transad - oct 19X X o) a
trans- 3- a%teéiloxfﬁgio%pyugﬁgy??é s: d%teny x%ﬁ¥ﬁ%%¥)é¥%%ﬁ$ %f%%ﬁe%yloxy
group, tr@éﬁc@q){m;n&@&y Of PLPs Zolgcen&%/}loa(’yy 8%100 trans-1.znoneyl oxy

group, 8-none oxy group, trans-|- yl'oXxy g @l%%cenf?oxy group,

trans- | - yndecany &gﬂg&;@y u I-do cenyloxy

group, and a 11- dod%cenyl oxy droup )bﬁgﬁf% n‘o&erarﬁese eg:f’?eorl dle y

contain aysylst ¢ 1A al r.ou to 10 car bon
% o ﬁ%i:&ﬁ/ai C?dz;bnd 1#) IR ’? ansloaxr% DrétRrred as

atons or a hal ogen atom or t uorlne a

éf‘ﬁyf‘%?%ﬁ’{i“ﬁiﬁ“ea’?% Bt A T S %Lﬁq%% S droup,
Rexyl oxyretmyT s, SHem o s aﬁe”t %ﬂ% “4t oup,

i SLE??Y@% hyll%%}; o%%,l%omrf%%leqeﬁgﬁ rlooux bu#)()r)i ptyﬂ%e% group, 2
2 but E)Q)C/)et hytl@ﬂg r]gﬁ%m"zr&le‘ﬁt {}f} %%r%l%%&rozgphg%ﬂ%it h_yorﬁﬁger 3R,

2- hepty|Qﬁ¥ﬁﬁﬂth£Hﬂ§u2 Jcﬁ@%JEBQQ”é%%dp}”‘“Q%s$5 “octenyloxy group,

10 trans-4-octenyloxy group, trans-5-octenyloxy group, trans-6-
octenyloxy group, 7-octenyloxy group, trans-1l-noneyloxy group,
8-noneyloxy group, trans-l-decenyloxy group, 9-decenyloxy
group, trans-l-undecenyloxy group, 10-undecenyloxy group,
trans-l-dodecenyloxy group, and a ll-dodecenyloxy group.

15 Furthermore, these groups may contain a substituted group such
as an alkoxyl group of 1 to 10 carbon atoms or a halogen atom
or the like, and fluorine atoms are preferred as the halogen
atom. Suitable examples include alkoxyl group substituted
alkyl groups such as a methoxymethyl group, ethoxymethyl

20 group, propoxymethyl group, butoxymethyl group,
pentyloxymethyl group, hexyloxymethyl group, heptyloxymethyl
group, l-methoxyethyl group, l-ethoxyethyl group, 1-
propoxyethyl group, l-butoxyethyl group, l-pentyloxyethyl
group, l-hexyloxyethyl group, l-heptyloxyethyl group, 2-

25 methoxyethyl group, 2-ethoxyethyl group, 2-propoxyethyl group,
2-butoxyethyl group, 2-pentyloxyethyl group, 2-hexyloxyethyl

group, 2-heptyloxyethyl group, l-methoxypropyl group, 1-



et hoxypropyl group, 1-propoxypropyl group, 1-butoxypropyl group,

1- pentyl oxypropyl group, 1-hexyloxypropyl group, 1- heptyl oxypropyl group,
2- met hoxypropyl group, 2-ethoxypropyl group, 2-propoxypropyl group,

2- but oxypropyl group, 2 5 pentyl oxypropyl group, 2-hexyl oxypropyl group, 2-
hept yl oxypropyl group, 3-nethoxypropyl gigup, 3-ethoxypropyl group,
g-ﬁropfxypropyl group, ié?utoxypropyl group, 3- pentyl oxypropyl group,

- hexyl oxy, P.grsudept A ol ud: MEtHOXYEEb b oup,
4- et hoxybu%%@rg{fg}{} ,g 4- p%lopoi%]%?%ylﬁg%/opu}gl, QjZf!d-Ebbulfloxybut yl gr%u%%ﬂ 4- P

pentyloxygﬂ&xj OrOWL s t ol OUR- hdk YTEG% b By PLt ytou®) OLp,
g-gEEhOXyQE£ZfP grgﬁﬁf 5-et éﬁ%%%%t%l %ﬁcnmn 5- pr&%%x;%entyl group,

- but oxypg £ Qé{& LF‘;;;P SLOXYPERE Mhox 5 84Dy 1 Sg REXY) OXYEERSFYp BEOYD,
5-hepty|oxyﬁ%ﬁ{3{ Fot ) 29%5 ﬁethoxyhex?*ﬁgroup?gG-e?hoxyhexyl&%rogg,

BT S
e e e L Lt L 8
e Ll et o e
izizgzg;g?éréﬁékmwo%ro%yfzgroﬂg, %LZ,%ZB,B-Penta?guorop?opzi'group,
37fluorobd??%t;g?%ﬁ%%éé§¥lgggggggglHéggggf§ﬁ%%gggrggﬁ¥§fggrogb, 4, 4-
d'fluorObuﬁgﬁtgigyppr§p§l4@£BLELUQLHQHB¥ky9ﬁ99@’g§o§p4’4—é5hoxybutyl

10 group, 4-propoxybutyl group, 4-butoxybutyl group, 4-
pentyloxybutyl group, 4-hexyloxybutyl group, 4-heptyloxybutyl
group, 5-methoxypentyl group, 5-ethoxypentyl group, 5-
propoxypentyl group, 5-butoxypentyl group, 5-pentyloxypentyl
group, 5-hexyloxypentyl group, 5-heptyloxypentyl group, 6-

15 methoxyhexyl group, 6-ethoxyhexyl group, 6-propoxyhexyl group,
6-butoxyhexyl group, 6-pentyloxyhexyl group, 6-hexyloxyhexyl
group and a 6-heptyloxyhexyl group; and fluorine substituted
alkyl groups such as a fluoromethyl group, difluoromethyl
group, trifluoromethyl group, 2-fluoromethyl group, 2,2-

20 difluoroethyl group, 2,2,2-trifluorocethyl group, 1,1,2,2,2-
pentafluoroethyl group, 3-fluoropropyl group, 2-fluoropropyl
group, l-fluoropropyl group, 3,3-difluoropropyl group, 3,3,3-
trifluoropropyl group, 2,2,3,3-tetrafluoropropyl group,
2,2,3,3,3-pentafluoropropyl group, 1,1,2,2,3,3,3-

25 heptafluoropropyl group, 4-fluorobutyl group, 3-fluorobutyl
group, 2-fluorobutyl group, l-fluorobutyl group, 4,4-

difluorobutyl group, 4,4,4-trifluorobutyl group, 3,3,4,4-



| uorobutyl group, 3, 3,4, 4, 4-pentafluorobutyl group,

, 3,4, 4, 4- hept af | uorobutyl group, 5-fluoropentyl group, 4- fluoropentyl
3-fluoropentyl group, 2-fluoropentyl group, 1-fluoropentyl group,

fl uoropentyl group, 5,5,5 5 trifluoropentyl group,

, 5-tetrafluoropentyl group, 4,4,5;85,5-pentafluoropentyl group,

4,5, 5,5- heptafl uoropentyl group, 6-fluorohexyl group, 5-fluorohexyl

roup, 4-fdties Phexybo@E PURgrdnh) UDr PNEXY! 4 55O £ 2 roup,
1-fl uor ohexyl group, 6,%-8?¥Id%rohexyl grd&%,(i%é%g%égqg?fﬁﬁgwgﬂéxyl

group, 5,5,%,3,5; penf fLhaot QREXYLoITOMP. 4, 55 5 -g}ﬁaéf qrohexyl
group, 7-f|uorohepty’|t gr%iﬁ%, 6- f?uo%e%ﬁ‘f}fp'grssoi%&%%uor ‘ﬁéﬁ%}fp’gr%up,

4-fl uor Ohﬁmd’ﬂrop&{@'%97?061[.:3,Uoﬁpbﬁpcgﬁgp&{m’g@ﬂr??—g%ﬁﬁ%ﬁ%{toy p, 1-

fl uoroheptyl group, di f1 uor oheptyl group, or‘ohept yl

group, 6,dxdup,tetfaid ohept Y r &k ups g 7 - f 1 uar ohgptyl. group,
55,6,6,7,7,7- hept af I][kjtgé ohepty : gr%up, S%J?fulourog%oé y gf?o%%cfuPI'- e‘#)’u%rsooct yl

groups &-fi LIanesydng P upeoss {1 40r S0 W grito ALl DORly 0 ouP,

3-fluorooctyl group, fluorooctyl ‘group, 1-tluoro

8, 8-di f | uproaty| st £ BiSe Soditd J1 &g&ty rpup, _
7,7,8,8-tetraf|uor.gf)ctyl grou(%? 7, %ﬁrS -’pejrft%’flf’uud.(;’rSdosdtfsyl group and a
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10 trifluorohexyl group, 5,5,6,6,6—pentafluorohexyl group,
4,4,5,5,6,6,6—heptafluorohexyl group, 7-fluoroheptyl group, 6-
fluoroheptyl group, S-fluoroheptyl group, 4-fluoroheptyl
group, 3-fluoroheptyl group, 2-fluoroheptyl group, 1-
fluoroheptyl group, 7,7-difluoroheptyl group, 1,7,7-

15 trifluorocheptyl group, 6,6,7,7-tetrafluoroheptyl group,
6,6,7,7,7—pentafluoroheptyl group, 5,5,6,6,7,7,7-
heptafluoroheptyl group, 8-fluorooctyl group, 7-fluorooctyl
group, 6-fluorooctyl group, S-fluorooctyl group, 4-fluorooctyl
group, 3-fluorooctyl group, 2-fluorooctyl group, 1-fluorooctyl

20 group, 8,8-difluorooctyl group, 8,8,8-trifluorooctyl group,
7,7,8,8—tetrafluorooctyl group, 7,7,8,8,8—pentafluorooctyl
group and a 6,6,7,7,8,8,8—heptafluorooctyl group. Straight
chain alkyl groups of 1 to 12 carbon atoms or straight chain
alkenyl groups of 2 to 12 carbon atoms are preferred, straight

25 chain alkyl groups of 1 to 7 carbon atoms or straight chain

alkenyl groups of 2 to 7 carbon atoms are even more

preferable, and in the case of a straight chain alkenyl group,



16 the structures /shoowwn below are particularly _desirable. I(the
structural fornulas shown are assuned to link to a ring at the right hand
termnal) 5 Ring A and ring B each represent, independently, a trans-

1, 4-cycl ohexyl ene group in which a single CH2 structure within the group
or 2 or nore non-adjacent CH2 structuresisithin the group may be replaced
with -0- and/or -S-, a 1,4-phenylene group in which a single CH structure

within thelgr cprort @res dowmIiSe IO ek asent 1 G g1 yiches esamid hin the
group may be replaced with -N=, a 1, 4 cyclohexenylene group, a 1,4-

bi cycl o( 2. 2. 2)oct e gr a 4 diy oup, a
napht hal ene- 2, iyl %ﬂp\&degag nap aﬁg€:;?§rg%¥i'cg;§;ﬁblg; a
1,2,3,4-tety ]gn?gpg I gro ,
IRC| o th(te types o ag;pfugeeg ?{61 E%cha?z group ;g(% };lrabl‘l(j‘:g:ana-l (};Trtl(ﬁl)ouogho
These gro

S AU

atrans-1,4 ene group or 1, 4- phenylene group which nay be

f?gﬁgl guie(czly\év: t%}r%/l ene gr oup‘i%o %ﬁiﬁéﬁ%%@% eJrré%ﬁfl%en‘g‘?fatJf}b'f ¥ 'WE ea

or of er b o o 1S hs AR T e e R e encdan F F

FF the group or 2 or more non-adjacent CH, structures within the
group may be replaced with -O- and/or -S-, a 1,4~-phenylene
group in which a single CH structure within the group or 2 or

10 more non-adjacent CH structures within the group may be
replaced with ~N=, a l1,4-cyclohexenylene group, a 1,4-
bicyclo(2.2.2)octylene group, a piperidine~1,4-diyl group, a
naphthalene-2, 6-diyl group, a decahydronaphthalene-2, 6-diyl

group, or a 1,2,3,4—tetrahydronaphthalene-Z,6—diyl group, and

15 specific examples include the types of groups shown below.

O -O-

O -G O &
B G -

- o

These groups may be substituted with a cyano group or a

halogen, although a trans-1,4-cyclohexylene group or a 1,4-

phenylene group which may be substituted with a halogen are
20 preferred, and for ring A, a trans-1,4-cyclohexylene group 1is

even more preferable, and for ring C, a 1,4-phenylene group or



-0- -0- -6- -OF-d- FOOO FF FFOFOOFOF OOO FFFF OFF
OFFFFFRRNg Brepresents any one of the follow ng structures: Xs )-~o
00X )(SS Xi M OOOOOO X6 )(5 X4 X3 Xs XSXd X3 Xs X5)4 X3 (I1-1)
(11-2) (11-3) X9 X10 X9 X10 % Xi A O (I1-4) X (I1-5) (11-6) X Xe X9 X10
On 0O X4 X3 X6 X5 5 (11-7) (11-8) (11-9)y

a trans-1,4-cyclohexylene group are even more preferable, and

OBy
oY -
ﬁr##ﬁ

Ring B represents any one of the following structures:

W0 e

x Xt X X x
(u 1) (n-2) (11-3)
xR p X X0
o -5 XA
(OO~ O
(”_4) X4 Xg )@ X5
(11-5) (11-6)
xR X10

5 (i-7) (1-8) (1-9)
(wherein, Xl, X3, X4, X5, XG, Xe, X? and Xx*° each represent,
independently, a hydrogen atom, a chlorine atom or a fluorine
atom, provided that the following conditions are satisfied:

1. In (II-1) and (II-2), in the case in which at least one of



(wherein, X1, X3, X4, X5, X6, X8, X9 and X10 each represent,

i ndependently, a hydrogen atom a chlorine atomor a fluorine atom
provided that the followi ng conditions are satisfied: 1. In (I1-1) and
(11-2), in the case in which at |east one of 18 x 3, X4, X5 and X6
represents a fluorine atom and the renaisider represent hydrogen atons,
then at | east one of X1, X8, X9 and X10 represents a chlorine atomor a

fluorine &fomX*,2.X% and X’1yeppdsénts2), fillothReCaEBm, NaWhi ERecatchgaglicQne
of 5 X1, X8, X9 and X10 represents a fluorine atom and the remai nder

represent repdesgen aydregenhetoals,| eash ere 13 o oXXiange X @ sn4
represents a chlorine atomor a fluorine atom In (11-3) to (11-9),

hydr ogen #tbneprddunta 4 idrgl dmhdeat e pdAcLdr Widhi e Ca8P, 9roup or a
hal ogen), although the 10 follow ng structures are preferred: 19 00O O O

F OO O QF IR RFIE-E)Oa@dOHDIO029 ,FinFthe0 RAs@ A0 whikh BtF16aQtO0cReO0 £
5 Xl, X8, x° and x1° represents a fluorine atom, and the remainder
represent hydrogen atoms, then at least one of X°, X%, X® and
x5 represents a chlorine atom or a fluorine atom,
In (II-3) to (II-9), hydrogen atoms within a ring may be
replaced with a cyano group or a halogen), although the

10 following structures are preferred:



OOOF OOOOOFFFFFFFF FFFOOOFOOFFF Fo0oO
FF FFFFOOF~F OQthe following structures are even nore
ble: 20 OOOOOOF OOOOOFF F g COOOOOO FF O

S o 5%
So- - S
Po R 54

the following structures are even more preferable:



-CP- -OFFOQF~FOO FFFOFOFOF OOO F and the follow ng
structures are particularly desirable. 00 0 OOOO OL1l and L2 each
represent, independently, -CH2CH2-, -C=C, 5 - (CH2) 4-, -CF=CF-, -OCH2-,
-CH20, -0OCF2-, -CF20, -C2-, -0CO, -CH=N-N=CH, -CH=CH CH2-CH2-,

-CH2- CH2- CH=CH or a single bond, althagh -CH2CH2-, -C=C or a single
bond are preferred, and a 21 si ngle bond is particularly desirable. mand
n each represent, dependent |y, il or 2, although mtnS2, and it is
preferabl e that ot h C@ epresent 0, or that either one of m
or n represents resen rogen 5 atom a fluorine atom a
chlorine atom a trlfl uor onet hoxy greoup, a difl uoronethoxy group, a
trifluoromethyl group, a 3,3, 3- trlfluoroethoxy group, a cyano group, a
strai ght chain roup of f2 carbon atoms, a strai ght chain

al kenyl group—e = 5, a straight chain al kyl oxy group 10
of 1 to 12 carbo 5, Or t chai n al kenyl oxy group

o B 5
o -5 <5

and the following structures are particularly desirable.

-0 60 -0~
-0~ <R So-

1 .
L' and L? each represent, independently, ~CH,CH,-, -C=C-,

5 = (CHz)4-, -CF=CF-, -OCH,-, —CHz0-, ~OCF;~, -CF;0-, -CO,-, -0CO-,
-CH=N-N=CH-, -CH=CH-CH,-CH,-, —-CH2~CH;-CH=CH- or a single bond,

although -CH,CH,-, -C=C- or a single bond are preferred, and a



of 2 to 12 carbon atons, although a fluorine atom a chlorine atom a
trifluoronmethoxy group, a difluoronmethoxy group, a trifluoronethyl group,
a 3,3,3-trifluoroethoxy group, or a cyano group are preferred, a fluorine
atom a trifluoronmethoxy 15 group, or a cyano group are even nore
preferable, and a fluorine atomor a cgano group are particularly
desirable. As described above, the conpound of the aforenentioned general

fornmul a (d4)ngedsdrod ai € Spatt Xl Y ey ydé & gebTeinber adld hypeshof conpounds
depending on the selection of the group R, the ring 20 A the ring B, the

ring C, Ldspidsem, nedsbenhdant tpugh, of of hese ceipegdsineachand theis
conpounds represented by general fornulas (I-laa) through (1-3hr) belowis

particul gstefegreiertiosk L2thdx B0 4nd | padefF L= ¢, (brla@tF F
R(-_( OO OF (I-lab) ROOO =OF (I-tan) FF ROOOF (1-lac) ROOO - O
F (I-1ao)eithdr Forre d¥ GOQF o Irdpelsdh€¥Q = @ refpkdsapls b hydrdgdn F R GO0
OF (1-1ae) ROXO =0F (I-laq) FF FFFFROHOOF (1-laf) ROOO=O0F
(1-tas) atom, a fluorine atom, a chlorine atom, a trifluoromethoxy
group, a difluoromethoxy group, a trifluoromethyl group, a
3,3,3-trifluorocethoxy group, a cyano group, a straight chain
alkyl group of 1 to 12 carbon atoms, a straight chain alkenyl
group of 2 to 12 carbon atoms, a straight chain alkyloxy group
10 of 1 to 12 carbon atoms, or a straight chain alkenyloxy group
of 2 to 12 carbon atoms, although a fluorine atom, a chlorine
atom, a trifluoromethoxy group, a difluoromethoxy group, a
trifluoromethyl group, a 3,3,3-trifluorocethoxy group, or a
cyano group are preferred, a fluorine atom, a trifluoromethoxy
15 group, or a cyano group are even more preferable, and a
fluorine atom or a cyano group are particularly desirable. As
described above, the compound of the aforementioned general
formula (I) incorporates an extremely large number of types of
compounds depending on the selection of the group R, the ring
20 A, the ring B, the ring C, L', 1?, m, n and Y, although of
these compounds, each of the compounds represented by general
formulas (I-laa) through (I-3hr) below is particularly

preferred.
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(wherein, R represents a straight chain alkyl group of 1

to 7 carbon atoms, or a straight chain alkenyl group of one of
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-31) ROOOZ(1-3fv) FFFF oo
FFFFFFFROOOZ(I-3fl (
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FFFF ROOOZ(I-3ge) ROQOz (1-3gp) FFFF
R O O Z (1-3gq)

the structures shown below, and Z represents either the same

FFFRO
ROOOZ
( ) R

wl—\

)
Z
F

meaning as R, or a fluorine atom.)

(the structural formulas shown are assumed to link to a ring
at the right hand terminal)

A compound of the general formula (I) can be produced in
the manner described below.
1. Production of the general formula (I) in which the ring B
comprises a 9,10-dihydrophenanthrene skeleton or a fluorene
skeleton
1-1. Production of general formulas from (I-1fa) to (I-1fc),
general formulas from (I-1fg) to (I-1fi), general formulas
from (I-lga) to (I-lgc), and general formulas from (I-lha) to
(I-1hc)

By reacting a compound represented by the general formula
(I1)

z

(wherein, Z represents a -CH,CH,- or -CH,-) with a carboxylic
acid chloride of the general formula (III) in the presence of
a Lewis acid such as aluminum chloride,

0]

N

RONCI ()

(wherein, R represents a hydrogen atom or an alkyl group of 1
to 17 carbon atoms), a compound represented by the general

formula (IV) can be produced



0
Z

ROZ (-3 Rz (1-3gr) FF (1-3gh) ROOOZROOZ(I-3gs) FFF
-4(O(OZ?I923gi (RO%)Z(I-3gt) FFFFFF ROOOZ(1-3g1) FFR
Z (1-3gu) FFROOOZ(I-3gk) FF46 FFROOOOZ(I-3ha) ROO
-3m) FFFFFFROOOOZ(1-3hb) R-00t~2Z (1-3hn) FFFFFFF
F ROOOZ(I-3hc) 48

(wherein, R represents the same meaning as in (III), and Z
represents the same meaning as in (II)), and by reducing the
carbonyl group by a Wolff Kishner reduction or the like, a

5 compound represented by the general formula (V) can be

obtained

(wherein, R represents the same meaning as in (III), and 2
represents the same meaning as in (II)), and subsequent

10 halogenation yields the general formula (VI)

(wherein, R represents the same meaning as in (III), Z
represents the same meaning as in (II), and X° represents a
bromine atom or an iodine atom). By reacting this compound
15 with a compound of the general formula (VII) in the presence
of a transition metal catalyst,
X

oS

X2

(wherein, M represents MgX (where X represents a chlorine

atom, a bromine atom or an iodine atom), a metal atom such as

20 Li, B(OH)z, or SiF(CHs),, X', X? and Y represent the same

meaning as in the general formula (I), although the case in



- FFFFFROOOOZ(I-3hd) RZ (1-3hp) FFFFFF
(010320%I-3he) RZ(1-3n4) FFFFFFF ROOOOZ(I-3hf) R
FF44~ FFFFF Re()}-- 00Z(l-3hg) ~~FF ROOOZ
FF R-d0OOZ (1-3hi) F FROO Z(I-3hj) FFF ROOOZ
FFF ROOOZ(1-3hl) F F 49

which Y is a cyano group is excluded), compounds of the
general formula (IA-1), including the general formulas from
(I—lfa).to (I-1fc), genéral formulas from (I-1fg) to (I-1fi),
general formulas from (I-lga) to (I-1gc) and general formulas

from (I-lha) to (I-lhc) can be produced.

(wherein, R, Y, X! and X2 represent the same meaning as in (I)

’

although the case in which Y is a cyano group is excluded, and
Z represents the same meaning as in (II))

1-2. Production of general formulas from (I-1fm) to (I-1fo),
general formulas from (I-1fs) to (I-1fu), general formulas
from (I-1gm) to (I-1lgo), and general formulas from (I-lhm) to

(I-1ho)

By reacting a compound represented by the general formula

(VIII)

xt

H—:—@-Y (Vi)

X2

(wherein, Y, X! and X2 represent the same meaning ;s in (I))
with a compound of the general formula (VI), in the presence
of a transition metal catalyst such as
tetrakis(triphenylphosphine)palladium (0), compounds of the
general formula (IA-2), including the general formulas from
(I-1fm) to (I-1fo), general formulas from (I-1fs) to (I-1fu),

general formulas from (I-lgm) to (I-1go), and general



(wherei n,

R represents a straight chain alkyl group of 1 to 7 carbon

atons, or a straight chain al kenyl group of one of 47 the structures shown
bel ow, and Z represents either the same neaning as R, or a fluorine atom)
(the structural formulas shown are assuned to link to aring 5 at the
right hand termnal) A conpound of the gsperal formula (lI) can be produce
in the manner described below. 1. Production of the general fornmula (I)

whi ch the ¢, Bs COMRY I ES118n P, 4O- i hyels ppkemasd hs eseusdke] eton or a

fl uorene
(I-1fc),

10 skeleton 1-1. Production of general fornmulas from(l-1fa) to
general formulas from(I-1fyg) to (I1-1fi), general formulas fro

(I-lga) to (I1-1gc), —ahdNge forugilas from(l-lha) to (l-1hc) 15 By

reacting a co

(wherei n,

e.ygeiepl forrmula (11) OO (II)

Z repré -CH2-) with a carboxylic acid

chloride of the general formula (l111)Xin the presence of 20 a Lewis acid
such as alum numchloride, O RACI (IIl) (wherein, R represents a hydroge
atom or an(@h&yigforp of %' drd ¥ eaplkesecatomby, sameompanddgr epr ésenféd by
the general formula (1V) can be produced 48

10

15

20

and Z represents the same meaning as in (II))
1-3. Production of general formulas from (I-1lgd) to (I-lgi),
and general formulas from (I-1hd) to (I-1hi)

Reaction of the aforementioned general formula (VI) with
an alkoxide such as sodium methoxide or the like yields a
compound represented by the general formula (IX)

z

=00

(wherein, R represents the same meaning as in (III), and Z
represents the same meaning as in (II)), and by subsequently
removing the phenol protective group using hydrobromic acid or
the like, the general formula (X) is obtained.

z

(wherein, R represents the same meaning as in (III), and Z
represents the same meaning as in (II)). Halogenation of the
general formula (X) using an electrophilic halogenation

reagent yields the general formula (XI).

z X
ROH (X1)
x

(wherein, R represents the same meaning as in (I), Z

d
in

m

n



I wherein, R represents the sane meaning as in (111), and Z
?e?regegtg n]e(same nmeaning as in (I1)), and by reducing the carbony![ i b
group by a WIff Kishner reduction or the like, a 5 conmpound represen et y
the general fornula (V) can be obtained z RO Q M (wherein, R represents
the sane meaning as in (111), and Z repg?sents t he same neani ng a\s/lln .
(I'1)), and subsequent 10 hal ogenation yields the general formula (V) Q

Q X3 (VI) febesedrms R:Iﬁ@pé&ﬁ@%éaﬁm? Sé‘érghrgeﬁgi N9 &4 %8 (1d ))gr éﬁﬁcﬁe at om

i ts a
represents the same neaning as in (IT), rep_re?]en ound of the
or an i odirepRéelt, Bihd@setdag 1 Hi S, ¢ 1%%5%1 Lo Y T, ae £OIDE OF y
general formul aéVII) in tf'\lée prese}gﬁéeé% at( ranzél%ﬁ ogpﬁg?gtgﬁgﬁtﬁlgg,” ?1<e
M--Y (VI oA Wered dn, M1EPS t
at om g br%n? ne atomor an iodi nlgéatorr), a rre% a‘% %{o)?n sa\.?ciggsreﬁéeﬁfe? S

B(OH) 2, ora Siyddddd) Aoy &%Fﬁj&e\{‘tra%ar"%sgg‘%ﬂ%’:l%ﬁss?? tr}rleani ng as in the

general formula (I), although the case in 4 S §cyano group is

S 1) i he general

excl uded) e sumapiisl i Hdogdenefdl fdBil@ (ddy Wy el uding 1he g
formulas from

include bromine, chlorine gas, fluorine gas or fluorinated

xenon, as well as N-fluoro pyridinium derivatives such as MEC

reagent (manufactured by Daikin Industries (Ltd.)) or Accuflor

NFPy (manufactured by Allied Signal), and Accuflor NFTh,

10 Accuflor NFSi (manufactured by Allied Signal), or F-TEDA-BF4
(manufactured by Air Products). By reacting the general

formula (XI) with trifluoromethanesulfonic anhydride or the

like, a compound of the general formula (XII) is obtained

x3
R @ @ W (i)
X

15 (wherein, R represents the same meaning as in (I), %
represents the same meaning as in (I1), X3 and x* represent the
same meaning as in (XI), and W represents a leaving group such
as a trifluoromethanesulfonyloxy group, a methanesulfonyloxy
group, a benzenesulfonyloxy group or a p-toluenesulfonyloxy

20  group), and by subsequent reaction with the general formula
(VII) in the presence of a transition metal catalyst such as
tetrakis(triphenylphosphine)palladium (0), and separation of
the thus obtained isomers by column chromatography, compounds
of the general formula (IA-3), including the general formulas

25 from (I-1gd) to (I-1gi), and the general formulas from (I-1hd)



(I-1fa) to (I-1fc), general fornulas from(l-1fg) to (I-1fi), general
formulas from(l-lga) to (I-1gc) and general formulas 5 from (l-1ha) to
(I-1hc) can be produced. Z ROOOY (IA-1) Xz (wherein, R Y, X1 and X2
represent the sane neaning as in (lI), although the case in which Yis a
cyano group is excluded, and Z represenfs the sane meaning as in (11)) 10
1-2. Production of general fornulas from%l-lfrr) to (I-1fo), general
formul as faomitiHifs)edP dd -Fjrfdgucegﬁneral formulas from (l-1gm to
(I-1go), and general formulas from(l-1hnm to (1-1ho) By reacting a
compound represented thgggenenal formula 15 (VII1) X H-:.-- Y (MII)
X2 (wherein, Y, Xl_ar epresent the sane neaning as in (1)) wth a
conmpound of the <>, () ?/),“j,\psthe presence of a transition
nmetal catal yst sushZas aK tnphgnyl phosphi ne) pal | adi um (0),
conmpounds of the general k@rnulg (I A-2), including the general fornulas
from (I-1fm to (lI-1fo), general formulas from (l-ifs) to (I-1fu),

general fawhlasnf,r & i,- Xdmhntoxt |- 0. _formulas from
(I-1hm) to (1-1ho) can be pr oguced.rélrgﬁloe)segﬁl{pdﬂ%ﬁns'egr{f‘é meantdy 8 % (A

Z represents the same meaning as in (II), and X°® and x4

5 represent the same meaning as in (XI))
1-4. Production of general formulas from (I-1gp) to (I-1gu),
and general formulas from (I-1hp) to (I-1hu)
By reacting the aforementioned general formula (VIII) and

the general formula (XII) in the presence of a transition

10 metal catalyst such as tetrakis (triphenylphosphine)palladium
(0), compounds of the general formula (IA-4), including the
general formulas from (I-1gp) to (I-1lgu), and the general

formulas from (I-lhp) to {(I-1hu) can be produced.

15 (wherein, R, Y, X' and X? represent the same meaning as in (I)

r

Z represents the same meaning as in (II), and X3 and X!
represent the same meaning as in (XI))
1-5. Production of general formulas from (I-1£fd) to (I-1ff),
general formulas from (I-1fj) to (I-1fl), general formulas

20 from (I-1gi) to (I-1gl), and general formulas from (I-1hj) to

(I-1hl)

Reaction of a compound represented by the general formula

(XIII)



ROO- OY (IA-2) X2 (wherein, R Y, X1 and X2 represent the sane
meaning as in (I), and Z represents the sane neaning as in (l11)) 5 1-3.
Production of general forrmulas from (l-lgd) to (I-Igi), and general
formulas from (lI-1hd) to (I-1hi) Reaction of the aforenentioned general
formula (M) with an al koxide such as sgdi um net hoxi de or the |ike yields
a conpound represented by the general fornmula (I X) RO OOCH3 (I X) 10
(wherein, R represents tje sane neaning as in (I11), and Z represents the

sanme neani ng aso& ( , and by subsequently renoving the phenol
protective group i dxabprom c acid or the like, the general fornula
(X) is obtained. 15 O OH (X) (wherein, Rrepresents the sane neani ng as

in (Ill), and Z represexts the same neaning as in (l1)). Hal ogenation of
the general formula (X) using an el ectrophilic hal ogenation reagent

yi el ds the(emezial, fDrrepreésthys Th&XSsam®O meridKlas 20 K1 whenei X fd
represents the sane neaning as in (1), Z 51 represents the sane neani ng as
in (1), afdeddhamtpiesean) irgjeeseint iyydepandsting s dwydogen atom a
fluorine atomor a chlorine atom although at |east one of X3 and X4
represent schlorine atom) with a secondary amine such as pyrrolidine

5 yields an enamine of the general formula (XIX).

—\ z x3
N
\/ % (XIX)
b

(wherein, Z represents the same meaning as in (II), and X> and
X® represent the same meaning as in (XIII)). Reaction of this
compound with methyl vinyl ketone, followed by a cyclization
10 under acid conditions yields a compound of the general formula
(XX},
z x
o) (XX)
X6
(wherein, Z represents the same meaning as in (II), and X° and
x® represent the same meaning as in (XIII)), and further
15 reaction of this compound with a compound'of the general
formula (XXI)
RM (XXI)
(wherein, R represents the same meaning as in (I), and M
represents MgX (where X represents a chlorine atom, a bromine
20 atom or an iodine atom), or a metal atom such as Li), and

subsequent dehydration in the presence of an acid catalyst



a hydrogen atom) Representative exanples of the 5 electrophilic

hal ogenati on reagent used in this reaction include brom ne, chlorine gas,
fluorine gas or fluorinated xenon, as well as N-fluoro pyridinium
derivatives such as MEC reagent (manufactured by Daikin Industries (Ltd.))
or Accuflor NFPy (manufactured by Allied4Signal), and Accuflor NFTh, 10
Accuflor NFSI (manufactured by Allied Signal), or F-TEDA-BF4 (nmanufactured
by Air Progielas.aByomeeerd ngephesgenedaby tios ngbmefXl ) fahila (XXIT) .
trifluoromethanesul fonic anhydride or the |I|ike, a conmpound of the general
formula (XI1) is obtajfied X§ R OOW(XIl) X 4 15 (wherein, R represents
t he sanme neani ng &5 B\ Z represents the sane neaning as in (lI1), X3
and X4 represer’% @ @ &XWg as in (X)), and Wrepresents a | eaving
group such as a tritluoroket hanesul fonyl oxy group, a methanesul f onyl oxy
group, a benzenesul f onyl oxy’@gr oup or a p-toluenesul fonyl oxy 20 group), and
by subsequent reaction with the general fornmula (VII) in the presence of a
transiti on("ﬂﬁ%ﬁl%rat%lﬁl%ﬁr%%mt%lstm et3rkimganimpheny| xhosphi re) pal | adi um
(0), and separation of the thus obtained isonmers by colum chromat ography,
conpounds AT IHN Gl S mMean{NA-BY , in ntlLidi rand e genexél répravbas 25
from( -Igﬁ? to (I-1gi), and the general forrmulas from (I-Ihd) 52 to

(1-1 hi)L’ cal e POARIFHLNY 38 . RKIT D0 YOriMad)ion of this compound

using an oxidizing agent such as bromine, DDQ (2,3-dichloro-

5, 6-dicyano-1, 4-benzoquinone) or chloranil yields a compound

of the general formula (XXIII).

: ooy

10 (wherein, R represents the same meaning as in (I), 2
represents the same meaning as in (II), and X® and X¢ represent
the same meaning as in (XIII)). Lithiation of this compound
with an alkyl lithium such as butyl lithium and subsequent

reaction with bromine or iodine yields the general formula

15 (XX1IV),

b4 3
R X (XXIV)
X

(wherein, R represents the same meaning as in (I), 2
represents the same meaning as in (II), X° and X® represent the
same meaning as in (XIII), and X’ represents a bromine atom or

20 an iodine atom), and by reacting this compound with a compound

of the general formula (VII), compounds of the general formula



X4 Xz (wherein, R Y, X1 and X2 represent the sane neaning as in (l), Z
represents the sane neaning as in (I1), and X3 and X4 5 represent the sane
meaning as in (X)) 1-4. Production of general fornmulas from(I-1gp) to
(I-1gu), and general fornulas from (I-lhp) to (I-lhu) By reacting the
aforenentioned general formula (VII1) ang the general fornmula (XIl) in the
presence of a transition 10 netal cataly ? such as

Ki i heny | phos phy | adi ( C opnds genera
1E gﬁ ;rﬁ| ;SE T (rA]!- 4y, n'iyncl udi ngﬂf%@% ne%ll[e;%l Itg%rrr"ﬂﬁ]g%?f#%iﬁ;( ?ET%%{LL‘EZ&! I-ng%, y
dth I r - &9 [{: C . ,
R0 IR 15 ety Rt b Bl e ng o'
It Ee( !sérre %rjee;r%lags gﬂglﬁnn&l(r% ) ; % ng" _&d&guc 3 OQI oj{gf%)’e’neraé"‘ldr(fté’flnfle%rﬁrlorr]
- ., f I f [ -1fj) t - , genera
PRERRRE St ’fr&@nﬁrﬁi?}l )f)lr'{sﬁJ)(,als"alr¥lr QSz:;ne e %%‘?‘?Cm)%g%%éf rom ?I “1hj) to

formulas 20 from(l-lgi) t
(I-1hl) Reaction of a onpg@nd rg@resented by the general formula (X I1)

53 z ka O O (X11
G-Q o
X X

R
(wherein, R, X', X%? and Y represent the same meaning as in (I)

r

Z represents the same meaning as in (II), and X° and X°¢
represent the same meaning as in (XIII))
1-6. Production of general formulas from (I-1fv) to (I-1fx),
10 general formulas from (I-1fp) to (I-1fr), general formulas
from (I-1lgv) to (I-1gx), and general formulas from (I-lhv) to
(I-1hx)
By reacting the aforementioned general formula (VIII) and
the general formula (XIV) in the presence of a transition
15 metal catalyst such as tetrakis(triphenylphosphine)palladium
(0), compounds of the general formula (IA-6), including the
general formulas from (I-1fv) to (I-1fx), the general formulas
from (I-1fp) to (I-1fr), the general formulas from (I-1gv) to

(I-1gx), and the general formulas from (I-1lhv) to (I-1lhx) can

20 be produced.

(wherein, R, Y, X! and x? represent the same meaning as in (I)

r

Z represents the same meaning as in (II), and X° and X°



(wherein, Z represents the sane neaning as in (I1), and X5 and x 6 each
represent, independently, a fluorine atomor a chlorine atom with a
secondary am ne such as pyrrolidine 5 yields an enam ne of the general
formula (XIX). z X5 O (XIX) X6 (wherein, Z represents the sane neaning as
in (1), and X5 and X6 represent the sagg neaning as in (Xl I1)). Reaction
of this conpound with nethyl vinyl ketone, followed by a cyclization 10

under aci degoredieritonheyiseinds neapnmpwy iof Gherggneral formula (XX), z X5
O O (XX) X6 (wherein, Z represents the sane meaning as in (Il), and X5 and

X 6 repredefit. thedatEaeat Rgragrd 1N o¥ndd)ds ﬁl&lflﬂ—tﬂi%r 1% r(qaqt hgn of
this compound with a conpound of the general forrrul a XXI) RM ( XXI")

(wherein, aRad eemeserlt £die lsame eI Ry itd ((D-1aand M represents MgX
(where X represents a chlorine atom a bromne 20 atom or an iodine atorr)

or a netal atomResiothoas dfi theargrfise quamntuidehydnatii@n ixn cb'fh%ol% neS Q¥

an acid catalyst 54 vyields a conpound represented by the general fornu a
(XXI'1)S ZederB1( X¥rmula (XXV)

X
o
M (XXV)
N

(wherein, X' represents the same meaning as in (I), and M
represents the same meaning as in (XXI)) yields a compound of

the general formula (IX)

<0G o

(wherein, R and X! represent the same meaning as in (I), and Z

10

represents the same meaning as in (II)), and by subsequent
removal of the cyano group protective group using phosphorus
oxychloride or the like, compounds of the general formula (IA-

15 7)), including the general formulas from (I-lia) to (I-1ib),
and the general formulas from (I-1dg) to (I-1dh) can be

produced.

z X

R . @ @ CN (A7)

(wherein, R and X! represent the same meaning as in (I), and Z
20 represents the same meaning as in (II))
1-8. Production of general formulas (I-lic) and (I-1di)

Lithiation with an alkyl lithium such as butyl lithium of



X6 (wherein, Rrepresents the sanme neaning as in (1), Z represents the
sane neaning as in (I1), and X5 and X6 represent 5 the sanme neaning as in
(XI11)). Oxidation of this conpound wusing an oxidizing agent such as
brom ne, DDQ (2, 3-dichloro- 5,6-dicyano-1, 4-benzoqui none) or chl orani
yi el ds a conmpound of the general fornul§7(XXIII). ZX5 R" O(XXIll) X6
10 (wherein, R represents the sane neaning as in (1), Z represents the
same nmeanizngoasouRdl ble) +han d represgnt. .the sape .meaning as in
X)) B eorpotndt b i sggé%pr%gnfé@vmﬁﬁh SRS AR s de 17D el |
lithium ap¢ subseguent | hQn F&Q brom ne or. iodine yields the general
fornula 15 (XX V)%, Z X5 fgﬁlhl%ﬁ(w aY %(h\ﬁnéjrré’ldrlil,c(%ﬁofleﬁ%leé@r’nc? ¥ sane
meani ng agekR Lhhvidushi&P : he .sanme .neaning as in (lL.1), X5 and X6
represent the gjsar’% #Saﬁiﬁggggaﬁﬁ%%xﬁﬁlgﬁlg 4 TRF PESPRsEntlS & BSHRA%ENat om
or 20 an Ledine atom), and by reacting this conpound with a conpound of
the general formula (VII), conpounds of the general formula 55 (IA-5),

i ncl udi ng the generalzfornulas f&pn1(|-|fd) to (I- Iff), the general
formulas from (I-1f] o (I-1fl), the general formulas from(l-igi) to

(1-igl), and th s f(w%)(l-lhj) to (1-1hl) can be produced.
5 X

(wherein, R, X' and X? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, and 2Z represents the same meaning as in (I1)),

and subsequent reaction with carbon dioxide gas yields the

10 general formula (XXVII)

Z X!
RCOzH (XXVII)
X2

(wherein, R, X' and X2 represent the same meaning as in (I)

although those cases in which these groups are hydrogen atoms

are excluded, and Z represents the same meaning as in (II)),
15 and conversion of this compound to an acid chloride, and

subsequent reaction with ammonia yields a compound of the

general formula (XXVIII)

Z X! _
R CONH,  (XXVIII)
@

(wherein, R, X! and X2 represent the same meaning as in (I)
20 although those cases in which these groups are hydrogen atoms

are excluded, and Z represents the same meaning as in (II)),



ZX ROOOY (IA5 5 ks XL (wherein, R X1, X2 and Y represent the
sane neaning as in (l), Z represents the sane neaning as in (l1), and X5
and X6 represent the same neaning as in (XIl11)) 1-6. Production of general
formulas from (I-1fv) to (I-1fx), 10 general forrmulas from (I-1fp) to
(I-1fr), general fornulas from(l-lgv) &g (I-19gx), and general formulas
from(l-lhv) to (l-1hx) By reacting the aforenentioned general formula
(M) andand ef &miof myl in the. presence of a transjtion 15
net al cat al ys[leys%gﬁ as tetégﬁigﬁﬁ%%%%%pﬂ%%%ii@&ﬁf?%ﬁ Y ¢yyoride

compounds of te Berey Aboomba Lt Afd. oLREL I Agile, peneral Torml as

from(l-1fv) to (I-1fx), the general as ~ from (I-1fr), the
general formel@$idd ond |gdv2at Of - ) rand the general. formulas from
CoThy) to (T-Th) can %% beaprooudé%idggzu%): W‘?l&-ee%aél(’\/wf@rfbi?ﬁ R Y,
X1 and X2 gepdesent the same neaning as in (1), Z represents the sane
meaning as in (Il1), and X5 and X6 56 represent the sane neaning as in

(XI11)) 1-7. Producti of gener formulas from(l-lia) to (I-lib), and
general formulas f -'q? | -1dh) Reaction of the general formula

(VI) with a com @ ST iy | Yl @ (XXV)
5 %

(wherein, R, X! and X2 represent the same meaning as in (I),
and Z represents the same meaning as in (II))
1-9. Production of general formulas from (I-1id) to (I-1lie),

and general formulas from (I-1ig) to (I-1ih)

10 Reaction of the general formula (XII) with the general
formula (XXV) in the presence of a transition metal catalyst
such as tetrakis(triphenylphosphine)palladium (0), yields the
general formula (XXIX).

x3 X!
R @ @ @ Sj\\ (XXIX)
xt

15

(wherein, R and X! represent the same meaning as in (I), X3 and
x* represent the same meaning as in (XI), and Z represents the
same meaning as in (II)). By deprotecting the general formula
(XXIX) with phosphorus oxychloride or the like, and then
separating the thus obtained isomeric mixture by column

20 chromatography, compounds of the general formula (IA-9),
including the general formulas from (I-1id) to (I-1lie), and

the general formulas from (I-1ig) to (I-1ih) can be produced.



X M(XXV) ON (wherein, Xl represents the sane neaning as in (1), and M
represents the sane neaning as in (XXl)) yields a conpound of the general
formula (IX) Z X XXVI) OORO-~( 10 (wherein, R and X1 represent the
same neaning as in (I), and Z represents the sane neaning as in (l1)), and
by subsequent renoval of the cyano group9protective group using phosphorus
oxychloride or the |Iike, conpounds of the general fornmula (1A 15 7),

i ncluding the general EFornupas frgm (l-lia) to (I-1ib), and the general
formulas from(I-14g py{can be produced. Z X1 R OOCN (IA7)
(wherein, R andR 520K yng as in (1), and Z 20
represents the sane p (II)) 1-8. Production of general fornulas
(I-1ic) and (I-1di) thhlax'ion with an al kyl lithiumsuch as butyl [ithium
of 57 a conpound of the general fornula (IA-la), which is a conpound of

t he gener alwHexfeiit ,a K lahvd )x* @ de-Ructy been eviqusly
descri bed, |n whi ch t he groug@zf> is a hyé1 S%fme\,\me%%lr}‘ as in pf’)’ X” and

X* represent the same meaning as in (XI), and Z represents the

same meaning as in (II))
5 1-10. Production of general formulas (I-1if) and (I-1ii)
Lithiation with an alkyl lithium such as butyl lithium of
a compound of the general formula (IA-3a), which is a compound
of the general formula (IA-3), for which the production has

been previously described, in which the group Y is a hydrogen

10 atom,

Z x3 X
R (IA-3a)
xt X

(wherein, R, X! and x? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, X3

4
and X" represent the same meaning as in (XI),

15 and Z represents the same meaning as in (II)), and subsequent

reaction with carbon dioxide gas yields the general formula

(XXX)

z x3 X .
RCOzH (XXX)
x X

(wherein, R, X' and X2 represent the same meaning as in (I)
20  although those cases in which these groups are hydrogen atoms

3 q
are excluded, and X’ and X represent the same meaning as in



atom z ROOO (IA-1a) 5 X2 (wherein, R X1 and X2 represent the sane
meaning as in (1) although those cases in which these groups are hydrogen
atons are excluded, and Z represents the same neaning as in (I11)), and
subsequent reaction with carbon di oxide gas yields the 10 general fornula
(XXVI1) Z ROOOCQC®H (XXVIl) X2 (whébein, R X1 and X2 represent the
same neaning as in (1) although those cases in which these groups are
hydrogen atXis) , sared exaenweheshi omanolf 2 heprasgdnd e saiveadieindhig Bisdd N
(1)), 15 and conversion of this conpound to an acid chloride, and
subsequentaneaoth srgwenth meaoini en W et ld saranexoing opinedl & & heomganet ad £ firdrul a
(XXVI11) Z X, ROOOCONH2 (XXVI11) X2 (wherein, R X1 and X2 represent
the sane npameral aformuXd ) (XKEB) t hough those cases in which these groups
are hydrogen atons are excluded, and Z represents the sane meaning as in
(1)), 58 and by performng a dehydratl on usi ng phosphorus oxychloride or
the Iike, corrpounf he - I formula (1 A-8), including the general

formulas (I-1i R—4 BeECONH, (XXXI)
x X
5 (wherein, R, X! and X2 represent the same meaning as in (I)

although those cases in which these groups are hydrogen atoms
are excluded, x? and x* represent the same meaning as in (XI),
and Z represents the same meaning as in (II)), and by
dehydrating this compound with phosphorus oxychloride or the
10 like, and then separating the thus obtained isomeric mixture
by column chromatography, compounds of the general formula
(IA-10), including the general formulas (I-1if) and (I-1ii)

can be produced.

z X3 X
RCN (1A-10)
xt X2

15 (wherein, R, X' and X? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, X® and Xx* represent the same meaning as in (XI),
and Z represents the same meaning as in (II))
1-11. Production of general formulas from (I-1ij) to (I-1lik),
20 and general formulas from (I-1dj) to (I-1dk)
Reaction of the general formula_(XXIV) with the general
formula (XXV) in the presence of a transition metal catalyst

such as tetrakis(triphenylphosphine)palladium (0), yields the



produced. Z X ROOOGOCN (IA-8) 5 X2 (wherein, R X1 and X2 represent the
sane neaning as in (l), and Z represents the sane neaning as in (l11)) 1-9.
Production of general forrmulas from (l-1id) to (I-lie), and general
formulas from(l-lig) to (I-1ih) 10 Reaction of the general forrmula (X 1I)
with the general fornmula (XXV) in the p ﬁsence of a transition netal

catal yst such as tetrakis(triphenylphos% i ne)pal |l adium (0), yields the
general foydpd.a 1094 .X04 %«%X F)C)(XXIX) 15 (wherein, R and X1 represent
t he sane ani ng as |n:k ), and X4 represent the sane neaning as in
(XI'), and Z represents, the ,zsane geaning as in (I1)). By deprotecting the
general formula ( INW phogphorus oxychloride or the |Iike, and then

separating thegh ;%;KX%*I by columm 20 chronat ogr aphy,
r

conmpounds of the i ncludi ng the general fornulas
from(l-lid) to (I-lie), ahg the gene formulas from (I-lig) to (I-1ih)
can be produced. 59 X3 X ROOOCN (1A-9) X4 (wherein, R and X1

(2P esent W SATE TR bl YA Un GRS 152, TN 10
represents the same meaning as in (II), and X° and X® represent
S the same meaning as in (XIII)). By deprotecting the general
formula (XXXII) with phosphorus oxychloride or the like,
compounds of the general formula (IA-11), including the

general formulas from (I-1ij) to (I-1ik), and the general

formulas from (I-1dj) to (I-1dk) can be produced.

z x5 X
R @ @ @ ON  (IA-11)
%

(wherein, R and X! represent the same meaning as in (I), Z

10

represents the same meaning as in (II), and X° and X® represent
the same meaning as in (XIII))
1-12. Production of general formulas (I-1il) and (I-1d1)

15 Lithiation with an alkyl lithium such as butyl lithium of
a compound of the geperal formula (IA-5a), which is a compound
of the general formula (IA-5), for which the production has

been previously described, in which the group Y is a hydrogen

atom,

: a5

(wherein, R, X! and X? represent the same meaning as in (I)

20



same neaning as in (Il)) 5 1-10. Production of general fornulas (I-l1if) and
(I-1Tii) Lithiation with an alkyl lithiumsuch as butyl lithiumof a
conmpound of the general formula (l1A-3a), which is a conpound of the
general formula (I1A-3), for which the production has been previously
described, in which the group Y is a hydepgen 10 atom z X3 XI RO OO
(IA-3a) X4 X2 (wherein, R X1 and X2 represent the sanme neaning as in (1)

al t hough t&bskoeglseshose whasss t e seh OE19 UPise 8¢ e Ry G 9985 at €
excl uded, X3 and X4 represent the sane neanlnggas&?rl()d) ﬁﬁé %éﬁiifoms

representsaxmeesah@daeanx%guas>ﬁnrébkbgenanqhguggﬁQUEQEnlﬁgfg%|gg)mnth
carbon di oxi de gas yields the general fornula

(XXX) Xd 8IITherana, Z&e%ﬂemdté(&mépéﬁﬁ@ﬂﬁeé%%% ﬂ?amﬂg) as Aé‘ ()
20 al though those cases in which these groups are ydrogen at'on's

excl uded, suibBiamd deacepsesenth tELrSCHR IBANNGLAS § R%)g% dJO
conversion of this conpound to an acid chloride, and s seque eac?

Wi th afmoriermpile deLd) conmpound of the general formula (XXXI) Z X3 X, RO O
O CONHZ ( XXXI)

Z xS X
RCOZH (XXXIN)
X X2

(wherein, R, X' and X2 represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, X° and X°® represent the same meaning as in

10 (XIII), and Z represents the same meaning as in (II)), and
conversion of this compound to an acid chloride, and

subsequent reaction with ammonia vields a compound of the

general formula (XXXIV)

Z X3 X
R CONH, (XXXIV)
X X

15 (wherein, R, X' and x2 represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, X®> and X°® represent the same meaning as in
(XIII), and Z represents the same meaning as in (II)), and by
dehydrating this compound with phosphorus oxychloride or the
20 like, compounds of the general formula (IA-12), including the

general formulas (I-1il) and (I-1dl) can be produced.



XA X2 5 (wherein, R X1 and X2 represent the sanme neaning as in (I)
al t hough those cases in which these groups are hydrogen atons are
excl uded, X3 and X4 represent the sane neaning as in (Xl), and Z
represents the sanme neaning as in (11)), and by dehydrating this conpound
wi th phosphorus oxychloride or the 10 Iike, and then separating the thus
obt ai ned i soneric m xture by columm chromat ography, conpounds of the
general formula (IA—%Q), f@cludlxng the general fornulas (I-1if) and
(I-1ii) can be praq X3_% ROOOCN (IA10) X X2 15 (wherein, R
X1 and X2 reprgsgk BN ﬂ§1b9 (1) although those cases in

i 5 toms  are excluded, X3 and X4 represent
the sane nmeaning as in (X ) g Z represents the sanme neaning as in (11))
1-11. Production of general formulas from(l-1ij) to (I-1ik), 20 and

general faquAwkasnfrem &t- Ldh) xt Ore(é&é\ijéﬂ-) R?rﬁegtéé?ﬁ‘e Ye é&er%ge%eral { I rrul a

(XXI'V) with the general formul a presence 0 rans

t al tah k I Q) Id
SRR g s T T L O

5
are excluded, X’ and X6 represent the same meaning as in

5 (XIII), and Z represents the same meaning as in (II))
1-13. Production of general formulas from (I-1lim) to (I-1iuy,
and general formulas from (I-1ds) to (I-1du)
Reaction of the aforementioned general formula (V) or the
general formula (XXIII) with oxalyl dichloride or the like, in
10 the presence of a Lewis acid catalyst such as aluminum

chloride yields a compound of the general formula (XXXV),

Z X3
RCOCI (XXXV)
xt

(wherein, R represents the same meaning as in (I), X® and x*
represent the same meaning as in (XI), and 2% represents the

15 same meaning as in (II)), and by reacting this compound with

the general formula (XXXVI)
X

@ OOV

X

(wherein, R, X' and X? represent the same meaning as in (I)),
and then separating the isomers by column chromatography in
20  those case where isomers exist, compounds of the general

formula (IA-13), including the general formulas from (I-1lim)



(wherein, R and X1 represent the same neaning as in (1), Z represents the
sane neaning as in (Il1), and X5 and X6 represent 5 the sanme neaning as in
(XI1'1)). By deprotecting the general fornula (XXXIl1) with phosphorus
oxychloride or the like, compounds of the general formula (1A 11),
including the general formulas from (I-64j) to (I-1ik), and the general
formulas from(l-1dj) to (I-1dk) can be produced. Z X5 Xi R O M~ O CN
(1A-11) 1 (wheri), dhdntheXlgdrdd £ e ridits S afforiregn s )ascd N( 14 1au ¥
represents the sanme neaning as in (Il), and X5 and X6 represent the sane
meani ng ascdm KXlptdduded?2. Production of general formulas (I-1il) and
(I-1dl') 15 Lithiation with an al kyl lithiumsuch as butyl lithiumof a
conpound of the genergt forygula (I A-§a), which is a conpound of the

general formula (IA-' o{ whichAlle production has been previously
described, in v COY— hydr ggerg) atom z X5 X, RO OO
(IA-5a) 20 )(s X 0, R {nd X2 represent the sanme neaning as in

(1) 62 although those caseg in whichthese groups are hydrogen atons are
excluded, X5 and X6 represent the sane meaning as in (XIl), and Z
repr esent s(wiersame Reaxi,nx?aandny(képresant tBHbsefuentaneagt henini tth),
carbon di oxi de gas yields the general
5 x® and x* represent the same meaning as in (XI), and Z
represents the same meaning as in (II))
1-14. Production of general formulas from (I-1liv) to (I-1ix),
and general formulas from (I-1dv) to (I-1dx)
Lithiation of the general formula (XXIII) with an alkyl
10 lithium such as butyl lithium, and subsequent reaction with

carbon dioxide gas yields a compound of the general formula

(XXXVII),

z X5
Ao oo
x5

(wherein, R represents the same meaning as in (I), X% and x°®
15 represent the same meaning as in (XIII), and Z represents the
same meaning as in (II)), and by converting this compound to
an acid chloride and subsequently reacting with the general
formula (XXXVI), compounds of the general formula (IA-14),
including the general formulas from (I-1iv) to (I-1ix), and
20 the general formulas from (I-1dv) to (I-1dx) can be produced.
Xt

z x5
RCOz—@Y (1A-14)
X

X



L Z XS X, ROOOGQO2H (XXXI'I'1) Xz (wherein, R Xl and X2
?eL?;ggL? ghg)sane nmeaning as in (1) although those cases in which these
groups are hydrogen atons are excluded, X5 and X6 represent the sane |
nmeaning as in 10 (XI11), and Z represents the sane meaning as in (11)), an
conversion of this conpound to an acid chboride, and subsequent reactlonO
wi th ammoni a yields a conpound of the general formula (XXXIV) Z X5 X, R

"CONH2 (X0dhgreixs X, 15 (Xhexéi nepResditanHe X8ah8PneaghhgtH8 SAN:{TEaR Ng
as in (f) ;T?hough those cases in which these groups are hydrogen at ons

are excl uded, XR5rapdeXéntephesenmet heanafy ERANNNG xa% 1) ahdl kgl), and Z 4
represents the sane neaning as in (I11)), and by dehydrating this conpoun

. . _ . I
th phosplepmes eoyec ey istmeoomddrei P d4 kien gonpounds of the genera
rgrnuPa (IA-12), including the general formulas (I-lil) and (1-1dl) can be

produced. 263 PraddictRoR @O (Jebveh)l DM@ Wer 8ir .y ’Crﬂth%nq:i?ﬁ; B e

i i hough t hose cases in whi
represent the sanme neaning as in.(l) alt
gr oupsd ar eolpdricgen aatpdemarateretc Idkdadtofd and X6 represent the sane
meaning as in
2-1. Production of general formulas from (I-laa) to (I-lac),
and general formulas from (I-lag) to (I-lai)

Oxidation of a compound of the general formula (VI-1),

which is the aforementioned general formula (VI) in which the

10 group Z is -CH,CH,-,

R @'@ X (V-1

(wherein, R represents the same meaning as in (III), and X°

represents the same meaning as in (VI)) using an oxidizing

agent such as bromine, DDQ (2,3—dichloro—5,6—dicyano—l,4—
15 benzoquinone) or chloranil (tetrachloro—l,2—benzoquinone,

tetrachloro—l,4—benzoquinone), yields a compound of the

general formula (XXXVIII)

A2 e

(wherein, R represents the same meaning as in (III), and X3
20 represents the same meaning as in (VI)), and by subsequently
reacting this compound with the general formula (VII) in the
presence of a transition metal catalyst, compounds of the
general formula (IB-1), including the general formulas from

(I-laa) to (I-lac), and the deneral formulas from (I-lag) to

25 (I-lai) can be produced.



S (XiIl), and Z represents the same neaning as in (l11)) 1-13. Production of
general formulas from(l-1im to (I-1iu), and general formulas from
(I-1ds) to (I-idu) Reaction of the aforenentioned general fornula (V) or
the general formula (XXIII) with oxaLyI dlfhlprlde ﬁ[ thgel;rgid;na 10 the
resence of a Lewis acid catalyst such agg.al um num chl or
Eonpound of the general formla (XXXV), % X3 R OO COa (XXXV) X, ]
(wherein, Rrepresents_the sane geaning as in (1), X3 and X4 represent the
same neaning as i &w and epresents the 15 same neani ng as in (rry),
and by reacting @)-- (}Yt > general fornmula (XXXVI) X HO -y
(XXXVI) Xz (whersH, R aNd=(X2 represent the sanme meaning as in (1)),
and then separating the isoners kg colum chromatography in 20 those case
where isonmers exist, conpounds of the general fornula (1A-13), including

I f I ahgnk2 = i), eral . forpul as
e gener koo, ol atike S fguLic ) <8 At gereral o
(wherei n, aRth$lghX2Zhanda¥er QR €38R tYh@L§%”%3;£%%n'gI}%u%S i'gh e(xlc)l’uded) .

Furthermore, these compounds can also produced by oxidizing
5 the general formula (IA-1) using an oxidizing agent such as
bromine, DDQ (2,3—dichloro—5,6—dicyano—1,4—benzoquinone) or
chloranil (tetrachloro—l,2—benzoquinone, tetrachloro-~1, 4-
benzoquinone) .
2-2. Production of general formulas from (I-lam) to (I-lao),
10 and general formulas from (I-las) to (I-lau)

By reacting the general formula (VIII) with the general
formula (XXXVIII) in the presence of a transition metal
catalyst such as tetrakis(triphenylphosphine)palladium (0),
compounds of the general formula (IB-2), including the general

15 formulas from (I-lam) to (I-lao), and the general formulas
from (I-las) to (I-lau) can be produced.

X!

Y (IB-2)

X2

(wherein, R, Y, X! and X2 represent the same meaning as in (I))
2-3. Production of general formula (IB-3)
20 Oxidation of a compound of the general formula (XI1-1),

which is the aforementioned general formula (XI) in which the

group Z is -CHyCH,-,



5 X3 and X4 represent the sanme nmeaning as in (XlI), and Z represents the
sane neaning as in (lI1)) 1-14. Production of general formulas from (l-liv)
to (I-1ix), and general fornmulas from (l-l1dv) to (lI-1dx) Lithiation of the
general formula (XXI1l) with an alkyl 10 lithium such as butyl lithium
and subsequent reaction with carbon di o&" de gas yields a conpound of the
general formula (XXXVII), Z X3 RO O CXR2ZH (XXXVI1) X6 (wherein, R
represents the same peaningéas in (1), X5 and X6 15 represent the sane
meaning as in (Xl )R d«Z represents the sane neaning as in (I1)), and
by converting (9' s —0bl  (Xh1hci d chloride and subsequently reacting
with the general it muls XXXVI'), conpounds of the general formula
(IA-14), including the genéral fornulas from(l-liv) to (I-1ix), and 20
the general fornmulas from(l-1dv) to (I-1dx) can be produced. Z X3 VR O
C2 O Y (lmhe4pinXe RXTepfesE@ntar dile, sRAmeYmedhing asefmesdtT )t hansame
meaning as in (I), X5 and X6 represent the sane neaning as in (X I1), and
Z represeénds X heepaaeentahhagsamei meghlihy 3s PnodHKT) ) onsdhgt B gener al
formula (1) in which the ring B 5 conprises a phenant hrene skel eton 2-1.
Product i opxafligemgr algeindr mulcds afsr omofrinlega)d ((2,-3-ari)kchloro-5, 6-

5 dicyano-1,4-benzoquinone) or chloranil (tetrachloro-1,2-
benzoquinone, tetrachloro-1,4-benzoquinone), yields a compound

of the general formula (XXXIX).

x3
R @©@ OH (XXXIX)
xt

(wherein, R represents the same meaning as in (III), and X°
10 and x? represent the same meaning as in (XI)). Reaction of the
general formula (XXXIX) with trifluoromethanesulfonic

anhydride or the like yields the general formula (XL)

x3
-
xt

(wh?rein, R represents the same meaning as in (I), X® and X°
15 represent the same meaning as in (XI), and W represents the

same meaning as in (XII)), and by subsequently reacting this

compound with the general formula (VII) in the presence of a

transition metal catalyst such as

tetrakis (triphenylphosphine)palladium (0), and separating the
20 thus obtained isomers by column chromatography, the general

formula (IB-3) can be produced.



and general forrmulas from(l-lag) to (I-lai) Oxidation of a conpound of the
general fornmula (VI-1), which is the aforenentioned general fornula (VI)
in which the 10 group Zis -CH2CH2-, RO 0O)C3 (VI-1) (wherein, R
represents the sanme neaning as in (Il1), and X3 represents the sane
meaning as in (VlI)) using an oxidizing e®ent such as brom ne, DDQ
(2, 3-dichloro-5, 6-di cyano-1,4 15 benzoqui none) or chl orani
(tetrachl oro-1, 2-ben a;U|n0®e txet rachl or o- 1, 4- benzoqui none), yields a
conmpound of the (XXXVIT1) ROOX3 (XXXVII11) O (wherein, R
represents the —{1 1 (IB;3)and X3 20 represents the sane
meaning as in (V) ant—y stb<equently reacting this conpound with the
general formula (VII) in thke predence of a transition netal catalyst,
corrpounds of the general fornmnul a (IB-1), including the general formulas
from (I-1(@&predn(| R, ad)y, Xanandhy® geserederftortng asanfd el rd@®s tth b ,
(I-lai) can be3produced 66 X ROOOY (IB-1) (wherein, R Y, Xl and X2
r epr esent a@ﬁexsaﬁ@dn%amamf%nm t(He ,sanmd tohergimd hes ciaseim which Y is a
cyano group is excluded). Furthernore, these conpounds can aI so produced
by oxi di z¥ng -5Prhdugsnenabtf gemelral( FArkhlusi(mg-an oxi di zi ng agent such as
brom ne, DDQ (2, 3-di chl oro-5, 6-di cyano-1, 4- benzoqui none) or

5 By reacting the aforementioned general formula (VIII)

with the general formula (XL) in the presence of a transition
metal catalyst such as tetrakis (triphenylphosphine)palladium

(0), a compound of the general formula (IB-4) can be produced.

10 (wherein, R, Y, X! and X2 represent the same meaning as in (I),

3
and X’ and X* represent the same meaning as in (XI))

2-5. Production of general formulas from (I-lad) to (I-laf),

and general formulas from (I-laj) to (I-lal)

Oxidation of a compound of the general formula (XXIII-1),

15 which is the aforementioned general formula (XIII) in which

the group Z is -CH,CH,-,
x5

R @'@ (XXIl-1)

X
(wherein, R represents the same meaning as in (III), and X®
and Xx°® represent the same meaning as in (XIII)) using an
20 oxidizing agent such as bromine, DDQ (2,3-dichloro-5, 6-

dicyano-1, 4-benzoquinone) or chloranil (tetrachloro-1,2-



chloranil (tetrachloro-1, 2-benzoqui none, tetrachloro-1, 4- benzoqui none).
2-2. Production of general formulas from(l-lan) to (l-lao), 10 and
general formulas from (l-las) to (I-lau) By reacting the general formula
(M11) with the general formula (XXXVII1) in the presence of a transition
metal catal yst such as tetrakis(tripheng%phosphine)palladiun1(0),
conpounds of the general formula (1B-2), "'including the general 15 formnul as

from(I-I .= , neral, fornulas from(l-las) to (I-1au)
can be pr ?%igtjncgedcﬁdlorlér%é))o tﬁ%&?%ﬁjgf?%%‘?%rﬁ?nﬁ' Wl%&l‘isa Sgmpound
repr esent Iﬂggﬂi i )), 2-3. Production of general formula
(1B-3) Zoc%gﬁgg?gg% 0 aqggﬁgghad‘%&f%he general fornmula (XI-1), whichis
t he af orenentioned general Jornula (XI) in which the group Z is -CH2CH2-,
67 X3 RO O ™ ( )%mherein, R represents the same neaning as in
(rrr), and X3 sthJ}he same nmeaning as in (X)) using an
oxi di zi ng agent s m he,” DDQ (2, 3-dichloro-5,6 5

di cyano- 1, 4- benzoqui none) chloranil (tetrachloro-1,2- benzoqui none,
tetrachl oro-1, 4-benzoqui none), yields a conpound of the general formula

(XXXI'X) . X%herein, R represents the same meaning as in (I), and X° and

6

5 X° represent the same meaning as in (XIII)). Lithiation of
this compound using an alkyl lithium such as butyl lithium,
and subsequent reaction with bromine or iodine yields the

general formula (XLII),

x5
R <::§::k::> X (XLl
x8
10 (wherein, R represents the same meaning as in (I), X and Xx°®

represent the same meaning as in (XIII), and X’ represents a
bromine atom or an iodine atom), and by reacting this compound
with the general formula (VII), compounds of the general
formula (IB-5), including the general formulas from (I-1lad) to

15 (I-laf), and the general formulas from (I-laj) to (I-lal) can

be produced.

(IB-5)

(wherein, R, Xl, X% and Y represent the same meaning as in (I),
and X°> and X°® represent the same meaning as in (XIII))
20 2-6. Production of general formulas from (I-lap) to (I-lar),

and general formulas from (I-lav) to (I-lax)



R -OH (XXXI X) X4 (wherein, R represents the sane neaning as in (I11), and
X3 10 and X4 represent the sane neaning as in (Xl)). Reaction of the
general formula (XXXIX) with trifluoronethanesul fonic anhydride or the

li ke yields the general formula (XL) X3 R OO W(XL) X4 (wherein, R
represents the sane neaning as in (1), X380and X4 15 represent the sane
nmeaning as in (Xl), and Wrepresents the sane neaning as in (Xll)), and by
subsequent |y rédctiaRFing thomiurmhenttivtdie ganaral fomuda (M) in the
presence of a transition netal catalyst such as

t et raki s( tHitphdiya reossa Inefpaid ladi (MR T)0)in antk sepaaidddt he t 2hd husn
obt ai ned i soners by colum chromat ography, the general fornula (IB-3) can
be producdtftagdg caxalystRs0ab @sy HethaRis (O iphaerlginbsgRinG ) pall 1B W
represent the sane neaning as in (lI), and X3 and X4 represent the sane
meani ng as%)n CRAPPWRAS o dductgeorerefl denenda f@sne)g (IR-14)dihPr Heact i ng
the af orenenti oned general forrmula (VIIl) wth the general formula (XL) in
the preseé@esm la forawdiasi dirometlallapgt aloySIT-9ueh) ,asnd the general

tetraki s(tri phenyl phosphi ne) pal l adium (0), a conpound of the general
formul a (EBrmplésn fisemprdddesd. to (I-lax) can be produced.

R ©©© = X1y (1B-6)

(wherein, R, Y, X! and %2 represent the same meaning as in (I),
and X° and X° represent the same meaning as in (XIII))

10 2-7. Production of general formulas from (I-1lda) to (I-1db),
and general formulas from (I-1dd) to (I-1de)

Reaction of the general formula (XXV) with a compound of

the general formula (XLIII) which can be produced by methods

described above,

x3
R @©@ w1 (XLIlI)
Xt

(wherein, R represents the same meaning as in (I), W

15

represents a leaving group such as a bromine atém, an iodine
atom, a trifluoromethanesulfonyloxy group, a
methanesulfonyloxy group, a benzenesulfonyloxy group or a p-
20 toluenesulfonyloxy group, and X® and X* each represent,
independently, a hydrogen atom, a fluorine atom or a chlorine

atom) yields the general formula (XLIV)



X3 ~ROO=0Y(I B-4 X X2 10 (wherein, R Y, X1 and X2 represent the
sanme neaning as in (I), and X3 and X4 represent the sanme neaning as in
(X)) 2-5. Production of general formulas from(l-lad) to (I-laf), and
general formulas from(l-laj) to (I-lal) Oxidation of a conpound of the
general formula (XXI11-1), 15 which is t7tﬂe af orenenti oned general formula
(XI11) in which the group Zis -CH2CH2-,"XS R OO (XXI'l I-1) Kk (wherein,
R represents the sane nean%gg as %ﬁ (1), and X5 and X6 represent the
same neaning as in @) [ n 30 oxidizing agent such as brom ne, DDQ
(2,3-dichloro-5g «'iﬁa'; 'nop&) or chloranil (tetrachloro-1,2
69 benzoqui none, \t# H 4 quli none), yields a conmpound of the
general formula (XLI). X5 QO (XLI)Y X6 (wherein, R represents the sane
meaning as in (1), and X5 and 5 X6 represent the sanme neaning as in
(XIT1)). LidghdAtipn ©fand his x%%%%@ltth&gfe”%a% %'e‘élyl'ié;'g' i ym zggphgidbyg;yl

lithium and subsequent reaction w romne or 1 odPneyiel
general foyaile Qéb&%kent the same meaning as in (XLIII)), and by

removing the cyano group protective group using phosphorus
5 oxychloride or the 1like, compounds of the general formula (IB-
7), including the general formulas from (I-1da) to (I-1db},

and the general formulas from (I-1dd) to (I-1de) can be

produced.

(IB-7)

10 (wherein, R and X' represent the same meaning as in (I), and X3
and X* represent the same meaning as in (XLIII))
2-8. Production of general formula (I-1dc) and general formula
(I-1df)
Oxidation of a compound of the general formula (IA-3b),
15 which is a compound of the previously described general

formula (IA-1), the general formula (IA-3) or the general

formula (IA-5) in which the group Y is a hydrogen atom,
‘I" X3 X! _
R @ @ @ (IA-3b)
xt x

(wherein, R, X! and X2 represent the same meaning as in (I),
20 although the cases in which these groups are hydrogen atoms

3
are excluded, and X’ and X' represent the same meaning as in



OX5 R4k X (XLIl) X 10 (wherein, R represents the sane neaning as in
(1), X5 and X6 represent the sane neaning as in (Xl1l1), and X7 represents a
brom ne atomor an iodine aton), and by reacting this conpound wth the
general formula (VII), conpounds of the general fornula (1B-5), including
the general fornmulas from(l-lad) to 15 f4-laf), and the general fornulas
from(l-laj) to (I-lal) can be produced. OX~ X ROOOY (IB-5 X2
(wherein, (RLIXIL) )X2sdid B effiRESIIng BRy SRS JBANE NGB ¥hide (IDpg @ X5 and
X6 represent the sane nmeaning as in (XI'l1)) 20 2-6. Production of general

formul as faiamlord-ap)61di dylarca), 4 -t @eneide )f Jrmdas f4am (1-lav) to
(I-lax) 70 By reacting the aforenenti oned general formula (M I1) wth the

general f artmtirachXloro-1) 2-MRryRAMDOT @ tiRMSIddAN | MBI, LAl Ha!) such
as tetrakis(triphenyl phosphi ne)pal |l adium (0), conpounds of the general

formul a (lyBef)ds lancongicihd RE THeerRmlrHoreadas f ramyl.-1ap) to (I-lar),
and the general fornulas from(l-lav) to (I-lax) can be produced. xs RO O
= 0Y (IB-6) X2 (wherneinyxR Yyx X1l and X2 represent the sane neaning as

', R @ @ (XLV)

(wherein, R, X! and X? represent the same meaning as in (I)

[4

although the cases in which these groups are hydrogen atoms

are excluded, and X?® and x* represent the same meaning as in

(XLIII)). Lithiation of this compound with an alkyl lithium
10 such as butyl lithium, and subsequent reaction with carbon

dioxide gas yields the general formula (XLVI),

3 X
R @©© COH (XLVI)
x p &

(wherein, R, X' and X® represent the same meaning as in (1),
although the cases in which these groups are hydrogen atoms
15 are excluded, and X® and x* represent the same meaning as in

(XLIIT)), and conversion of this compound to an acid chloride

and subsequent reaction with ammonia gas yields a compound of

the general formula (XLVII),

CONH, (XLVII)

xt X

20 (wherein, R, X! and %2 represent the same meaning as in (I),

although the cases in which these groups are hydrogen atoms



and X5 and X6 represent the same neaning as in (XiI1)) 10 2-7. Production
formulas from(l-lda) to (I-1db), and general fornulas from
(I-1dd) to (I-1de) Reaction of the general formula (XXV) with a conmpound of
formula (XLII1) which can be produced by nethods described
above, X3 R OO W (XLIIl) 15 X4 (whereird, R represents the sane meani ng

of gener al
t he general

as in (1),

W

represents a | eaving group such as a brom ne atom an iodine

atom a traf¢ voxohedédnesnd f vhydoxxigrepresantmehbangsdl feaykq Yadr 9Up, a
benzenesul fonyl oxy group or a p 20 tol uenesul fonyl oxy group, and X3 and X4

each repreﬁéhlll)indnmémdgnpéyfoﬁmhy@r@ggﬂbéé?ggn@-ééﬁf?fé%&@ﬁ@?%f@gg N

chlorine aton) yields the general fornmula (X

V) 71 X3 X, R

(XLIV) (weresphorianokydhteptesest the Bake, bdehdS b {Hd %@rg&? and
X4 represent the sane nmeaning as in (XLIIl)), and by renoving ? e cyano
group proteTtiwia gt BB LS hgc PROSHHOERS Fereh! €5+Hle 27 (1 he3d) Kg the
conpounds of the general formula (IB- 7), including the general fornulas
from (P- ldmnem] |fdxti)la endidhe genesalpfsyuadas from (1-1dd) to (I-1de)
can be produced. X3 X

(wherein, R, X! and X2 represent the same meaning as in (I)

e O w o 19

r

although the cases in which these groups are hydrogen atoms

3 4
are excluded, and X’ and X represent the same meaning as in

10 (XLIII))

2-9.

Production of general formulas from (I-1dm) to (I-1dr)

By converting a compound of the general formula (XLVIII),

which can be produced by methods described previously,

<::> X3
R @ @ COH  (XLVIIN
xt
15 (wherein, R represents the same meaning as in (I), and X® and

4
X" represent the same meaning as in (XLIII)), to an acid

chloride, and subsequently reacting with the general formula

(XXXVI), compounds of the general formula (IB-9), including

the general formulas from (I-1ldm) to (I-1dr) can be produced.

20

x X
R @©@ cor@—m (1B-9)
x X

(wherein, R represents the same meaning as in (I), and X3 and



R-COOCN(IB-7) X 10 (wherein, R and X1 represent the sanme neani ng as
in (I), and X3 and X4 represent the sane neaning as in (XLIII)) 2-8.
Production of general forrmula (I-1dc) and general fornmula (I-1df)

Oxi dation of a conpound of the general formula (1A-3b), 15 which is a
conpound of the previously described genggal fornmula (1A-1), the general
formula (1 A-3) or the general formula (1A-5) in which the group Yis a
hydrogen &fomepX8s¥htRtReOsthél Aedhing. hd4 X3 (whernehp, R X1 and X2
represent the sane neaning as in (lI), 20 although the cases in which these
groups ar @-hydr Ggeduattden oF geexdaudedrmand X o4 1Ar exent; t1hg ;sane
meaning as in 72 (XLII1)) using an oxidizing agent such as brom ne, DDQ
(2, 3- di chindr gebetadi dyafterllasd-frenzqquilrane) or chiagnanil
(tetrachl oro-1, 2-benzoqui none, tetrachl oro-1, 4-benzoqui none) vyields a
conpound of t hdygewreialingoamiompodiad) o fX3n¥ geRePa® @dothda &x)X2
(wherein, R X1 and X2 represent the sanme neaning as in (1), although the
cases in which these gretips are hydrogen atons are excluded, and X3 and X4
represent the sane nmpagingxas in (XLlll)). Lithiation of this conpound
with an al kyl lit

W' (XLIX)

5 X‘
(wherein, R represents the same meaning as in (I), W!
represents a leaving group such as a bromine atom, an iodine
atom, a trifluoromethanesulfonyloxy group, a
methanesulfonyloxy group, a benzenesulfonyloxy group or a p-

10 toluenesulfonyloxy group, X3 and x* represent the same meaning
as in (XLIII), and X® represents a fluorine atom or a chlorine
atom) with the general formula (VII) in the presence of a
transition metal catalyst, compounds of the general formula
(IB~10), including the general formulas from (I-1ba) to (I-

15 1bl), and the general formulas from (I-1ca) to (I-1cl) can be

produced.

X8
x X
2~ e
x X

(wherein, R, Y, X! and X2 represent the same meaning as in (I),
although the case in which Y is a cyano group is excluded, X°

20 and x! represent the same meaning as in (XLIII), and X®
represents the same meaning as in (XLIX))

2-11. Production of general formulas from (I-1lbm) to (I-1bx),



10 such as butyl lithium and subsequent reaction with carbon dioxide gas
yields the general formula (XLVI), 0 X3 ~ R 4k CO2H (XLVI) X X2 (wherein,
R, X1 and X2 represent the sane nmeaning as in (l), although the cases in
whi ch these groups are hydrogen atons 15 are excluded, and X3 and X4
represent the sane nmeaning as in (XLII1)Y5 and conversion of this conpound
to an acid chloride and subsequent reaction with ammonia gas yields a
conpound afnd tdenagerier &b riiwtas| SrdmXLM4)gm)R £€C T-QEGONH2 (XLVII) X4 k 20
(wherein, R X1 and X2 represent the sane neaning as in (1), although the
cases i n whi ch Bjheseagr ingstles egdryalr algefoatwis (ABLI B evievdc | itdedyersnch IX3 and
X4 represent the sane neaning as in (XLII1)), and by performng a
subsequentf@tehylds atXOIX usimgt hehosedetes of ya ht oo stiet joon trieecd I kg t longrounds
of the general formula (1B-8), including the general fornmula (I-1dc) and
the 5 geneswdh fag nidiardkis of 31 pleen pEphps gohices). pa X dG uk &k CNqrigd@)ds X X2
(wherein, R X1 and X2 represent the sane neaning as in (1), although the
cases bn vhi cthd hgsee g bupsrm Ba hyB-opEn, almabudaie exe | grrest;a anitb o681 laaed X4
represent the sane nmeaning as in 10 (XLII1))

from (I-1bm) to (I-1bx), and the general formulas from (I-lcm)

to (I-1lcx) can be produced.

(wherein, R, Y, x! and x? represent the same meaning as in (I),
10 although the case in which Y is a cyano group is excluded, X3

and x* represent the same meaning as in (XLIII), and X8

represents the same meaning as in (XLIX))

2-12. Production of general formulas from (I-lea) to (I-leb),

general formulas from (I-led) to (I-lee), and general formulas
15 from (I-lej) to (I-lek)

Reaction of the general formula (XXV) with the general
formula (XLIX) in the presence of a transition metal catalyst
such as tetrakis(triphenylphosphine)palladium (0) yields a

compound of the general formula (L),

e ¥ ettt

(wherein, R, X! and X? represent the same meaning as in (I), X°

20

and X! represent the same meaning as in (XLIII), and X®



2-9. Production of general formulas from(l-ldnm to (I-l1dr) By converting
a conpound of the ggneral formula (XLVII1), which can be produced by

nmet hods described previously, X3 R OO CX®RH (XLVI1l) Xd 15 (wherein, R
represents the same neaning as in (), and X3 and X4 represent the sane
meaning as in (XLII1)), to an acid chloyipde, and subsequently reacting
with the general formula (XXXVI), conpounds of the general fornula (IB-9),

i ncl udi aQm (Jz| I-Idn} an be produced.
X3 xR OGRS Ty T W B e Pfﬁt)i "k ébswgn 8 e
??{E‘?i |n)g ) aﬁ*‘?’f‘&“ I rnoodﬁﬁ%%%ﬁg%eﬁeg%‘bé (;efﬁ'rrr.ﬁqﬁ?gt;hjﬁ o (124 5h) % d| - } b|t %] ., and
| f . 10 -hcl), By reactin comaund o e
sone 1 | SR SPHISHRAR Y I SR ot oo
E)Pgm'sﬁge at om u:'}% ia(?cﬁ—]r}ei) 'a',tlcgl\néfiug T 1 Uorbnet ia e%s?ﬂq?lg]rﬂﬁ &P Yr Gupt e
5 to (I-leb), the general formulas from (I-led) to (I-lee), and

the general formulas from (I-lej) to (I-lek) can be produced.

x8
x3 X
R @©@ @ CN  (IB-12)
X

(wherein, R, X' and X? represent the same meaning as in (I), X3
and X* represent the same meaning as in (XLIII), and Xx®
10 represents the same meaning as in (XLIX))
2-13. Production of general formula (I-lec), general formula
(I-1lef), general formula (I-lei), and general formula {I-1lel)
Lithiation of a compound of the general formula (IB-10a),
which is the aforementioned general formula (IB-10) in which

15 the group Y is a hydrogen atom,

) .
x X!

Q) @
x X

(wherein, R, X! and X2 represent the same meaning as in (1), x3

and X! represent the same meaning as in (XLTIII), and X®
represents the same meaning as in (XLIX)), with an alkyl

20 lithium such as butyl lithium, and subsequent reaction with

carbon dioxide gas yields a compound of the general formula

(LI),



met hanesul f onyl oxy group, a benzenesul fonyl oxy group or a p 10
t ol uenesul f onyl oxy group, X3 and X4 represent the sanme neani ng

as in

(XLI'Tl), and X8 represents a fluorine atomor a chlorine atom wth the
general formula (VI1) in the presence of a transition netal catalyst,

conmpounds of the general formula (1B-10)7 including the general

f or nul as

from(l-lba) to (I 15 Ibl), and the general fornulas from(l-lca) to

(I-1cl) can be producedd Xe X3 X1 ROOY (IB-10) X X2 (wherei
and X2 represent the i as in (1), although the case
IS a cyano group is

in (XLliil), and 5 :
Producti on of geners orrul a om(l-1bm to (I-1bx), 75 and

n, R Y, Xl
in which Y

20 and X4 represent the sanme neani ng as
Sapie (Hpning as in (XLI X)) 2-11.

gener al

formulas from(l-lcn) to (IX1cx) By reacting the general formula (VIII)
with the general fornmula (XLIX) in the presence of a transition netal
catal yst (silastreds,t & r ai sotir Kphesyyt @dwastpht ne) pahd atbarmi@)as conpounds 5 of
the general fornmula (1B-11), including the general formulas from (Il-1bm
to (I-1bxpltaetgbhd hgemersss fior miiah fuheme( lgrbups are Glydreyencar ohe

produced. X8 X3 XI R Oq OY (IB-11)

3 4 ; .
are excluded, X° and X represent the same meaning as in

5

10

15

(XLIII), and X® represents the same meaning as in (XLIX)), and
conversion of this compound to an acid chloride and subsequent

reaction with ammonia yields the general formula (LII),

(wherein, R, X! and X2 represent the same meaning as in (I),
although the cases in which these groups are hydrogen atoms
are excluded, X3 and Xx* represent the same meaning as in
(XLIII), and X8 represents the same meaning as in (XLIX)), and
by performing a subsequent dehydration using phosphorus
oxychloride or the like, compounds of the general formula (IB-
13), including the general formula (I-lec), the general
formula (I-lef), the general formula (I-lei), and the general

formula (I-lel) can be produced.

X8
x X
A w0
x X

(wherein, R, X' and X? represent the same meaning as in (I),



X2 (wherein, R Y, X1 and X2 represent the sane neaning as in (), 10

al t hough the case in which Y is a cyano group is excluded, X3 and X4
represent the same nmeaning as in (XLIIl), and X8 represents the sane
meaning as in (XLI X)) 2-12. Production of general forrmulas from(l-lea) to
(I-1eb), general fornmulas from(l-led) t® (I-lee), and general fornulas
15 from (I-lej) to (I1-1ek) Reaction of the general fornula (XXV) wth the

general fadringdugh( XhieX)cdsest He prEseNah Qe Q;ﬁdt%i!ﬁiatﬂé)m @iyt
such as tetrakis(triphenyl phosphi ne) pal | adi um (0) vyi el dsyga\lrt@ceorrpoun of the

general ferrulexoli)dedie XX3anfl XRopgpregenOtid £hET Gbaniky 24 89d X2
represent the sanme neaning as in (l), X3 and X4 represent the sanme neani ng

as in (XLHXLIIIAnd aX8 %6 reppessfBbsSthbessABBMEBARKRYa8S 1hN (kXkkX)). and by
removi ng the cyano group protective group fromthi s conmpound usi ng

phosphor ug-68Xyc Frodude ion dfe gened.a 1c Fmends afrddhe garenale o farmy
(IB-12), including the general fornulas from(l-lea) 5 to (lI-leb), the

genera} fornul 8 toowelltinedh c@dnplourtelor amd AN A Y i3S )f rom
(I-1ej) to (I-1ek) can be produced. X8 X3 Xl OOOCN(IB—12() ’

which can be produced by methods described above,

X8
x3
R ©©© COM  (Lii)
x¢

(wherein, R represents the same meaning as in (I), X3 and x!
represent the same meaning as in (XLIII), and X8 represents
10 the same meaning as in (XLIX)), to an acid chloride, and
subsequently reacting with the general formula (XXXVI),
compounds of the general formula (IB-14), including the

general formulas from (I-lem) to (I-lex) can be produced.

X

x8
X2
R @©@ coz—@cn (IB-14)
x¢ X

15 (wherein, R represents the same meaning as in (I), X°® and X*

represent the same meaning as in (XLIII), and Xx® represents

the same meaning as in (XLIX))

3. Production of the general formula (I) in which the ring B
comprises a decahydrophenanthrene skeleton

20 3-1. Production of general formulas from (I-2aa) to (I-2af)

Reaction of a compound represented by the general formula

(CII)



(wherein, R, X1 and X2 represent the sane neaning as in (l), X3 and X4
represent the sanme neaning as in (XLIlI1), and X8 10 represents the sane
meaning as in (XLI X)) 2-13. Production of general fornmula (I1-lec), general
formula (I-lef), general fornula (lI-lei), and general formula (I-lel)
Lithiation of a conpound of the general fgrnula (IB-10a), which is the

af orenenti oned general fornmula (IB-10) in which 15 the group Yis a
hydrogen atom Xe X3 /X™\R OO O O (IB-10a) X4 X2 (wherein, R Xl and X2
represent the sg /TS Mo\as_in él), X3 and X4 represent the sane neani ng
as in (XLll1), an nt $Cthe same neaning as in (XLIX)), with an
al kyl 20 lithium suc put yl |ithium and subsequent reaction with

carbon di oxj : i C nd of the general formula (LI), 77 X6
X3 X, R O(O}%er%gf—‘l zﬂlle%éj‘?{ﬁiseerng-i@ri?c - SAMSREHA 1% fresiéht (I he adghehfeani ng
as in (1), I the cases in i ch these groups are hydrogen atons

are excl udgcfalé ang >€I&r Sprreespe’:rﬁse;,r\ﬂ:e % 4 e dm IR s Wik st [generadnd X8
represent 4 ]§pmﬁnﬁﬁ§ning as in (XLl X)), and conversion of this conpound
to an acid chloride and subsequent reaction with amonia yields the
general fornula (LII)%

M—-@—Y (Il

5 X2

(wherein, X!, X?® and Y represent the same meaning as in (I),
although the cases in which these groups are cyano groups are
excluded, and M represents MgX (wherein X represents a
chlorine atom, a bromine atom or an iodine atom), a metal atom
10 such as Li or the like, B(OH)2, or SiF(CHs),), and subsequent
dehydration in the presence of an acid catalyst yields the

general formula (CIVa) and the general formula (CIVb),

(CIVb) x

(wherein, R, Xl, X? and Y represent the same meaning as in (1),
15 and the cyclohexane rings represent a trans isomer), and by
performing a catalytic reduction on these compounds using a
transition metal catalyst such as palladium-carbon, and
subsequently performing an isomerization using a strong base
such as potassium t-butoxide, compounds of the general formula
20 (Ia-1), including the aforementioned general formulas from (I-

2aa) to (I-2af) can be produced.



Xe X3 XI RO O OCONH2 (LIT) X4 (wherein, R X1 and X2 represent the same
meaning as in (1), 10 although the cases in which these groups are .
hydrogen atonms are excluded, X3 and X4 represent the same neaning as in
(XLIT1), and X8 represents the sanme neaning as in (XLI X)), and by
perform ng a subsequent dehydration u5|qg%phosphoru§ oxychloride or the
| i ke, conmpounds of the general formula ( 15 13), including the general
la (1-1ef), the general formula (I-lei),
can be produced. X8 X3 X R O O OCN
(1B-13) X2 (Rhsg X 1 ent the sanme neaning as in (1),
78 although the xag hese groups are hydrogen atons are
excluded, X3 and X4 represent thg sane meaning as in (XLIIl), and X8
represents the same neaning as in (XLIX)) 2-14. Productlon of gener al

fornul as fiwaerelinl er) &, (X2 18¥d v R Lnmer tifg f}p@%ﬁgq fodhe, 9 )eral
formula (LIII), mhF%h can be prodd?éé by nethods descri bove, EP

OO0 CZH &hbl kthe cyclohexane rings represent a trans isomer)

formula (1-lec), the fo

and the general

o-neral

3-2. Production of general formulas from (I-2aj) to (I-2ao0)
5 Reaction of the general formula (CII) with a compound

represented by the formula (CV),
CH;O0"SPPhy;  (CV)

followed by hydrolysis in the presence of an acid catalyst,
and subsequent isomerization using a base, yields a compound

10 of the general formula (CVIa),

% v

(wherein, R represents the same meaning as in (I), and the

cyclohexane rings represent a trans isomer), and further

reaction of this compound with the formula (CV) and subsequent
15 hydrolysis in the presence of an acid catalyst yields a

compound of the general formula (CVIb),

CHO

(wherein, R represents the same meaning as in (I), and the

cyclohexane rings represent a trans isomer), and reaction of
20 this compound with the general formula (ITI), followed by

dehydration in the presence of an acid catalyst yields the

general formula (CVII),



X4  (wher
t he sane

(XL X)),

formula (
general f
O CN (IB-
X3 and X4
sanme nean
whi ch the
Productio
conmpound

R represe
represent

Xz (wherein, X1, X2 and Y represent” t

10

15

ein, Rrepresents the sane neaning as in (1), X3 and X4 represent
meaning as in (XLIIl), and X8 represents 10 the sane neaning as in
to an acid chloride, and subsequently reacting with the general
XXXVI'), conpounds of the general formula (IB-14), including the
ormulas from (l-lem to (I-lex)gcan be produced. Xe X3 R O O CO2

14) X4 X2 15 (wherein, R represents the sane neaning as in (1),

represent sane neanigg as in (XLII1), and X8 represents
ing as i ; 3. Produyttion of the general fornmula (1) in
ring

dyophgosmy hr ene skel eton 20 3-1
n of genera i (I-2a§) to (1-2af) Reaction of a
represented by the general ytormula (Cll1) 79 R O (CI) (where
nts the same neaning as in (1), and the cyclohexane rings

QHIRT | SOTRL) ¥ LhnaNe peppLaly. ! (&
BEpEens Bhadho et oy o
and the cyclohexane rings represent a trans isomer), and by
performing a catalytic reduction on this compound using a
transition metal catalyst such as palladium-carbon, compounds

of the general formula (Ia-2), including the aforementioned

general formulas from (I-2aj) to (I-2a0) can be produced.

(wherein, R, X', X? and Y represent the same meaning as in (I),
and the cyclohexane rings represent a trans isomer)
3-3. Production of general formulas from (I-2ag) to (I-2ai),
and general formulas from (I-2ap) to (I-2ar)

Reaction of the general formula (II) with a compound of

the general formula (CVIII)

X

N_@*zjv vy

: 1
(wherein, X' represents the same meaning as in (I), and M

represents the same meaning as in (III)) yields a compound of

the general formula (CIX),

oy -

t he

n,

I



al t hough the cases in which these groups are cyano groups are excluded,

and Mrepresents MgX (wherein X represents a chlorine atom a brom ne atom
or an iodine aton), a nmetal atom 10 such as Li or the like, B(OH)2, or

Si F(CH3) 2), and subsequent dehydration in the presence of an acid catal yst
yields the general formula (ClVva) and té&e general fornmula (ClVb), X X1 R
OYRY (CVa) X2 (ClVb) Xz (wherein, R X1, X2 and Y represent the sane

meani ng aswherelih, Rlanandﬂtb@p@é%bﬁhe%ﬁaeséh@gﬁeéﬁﬁhﬁsﬁgt1% t&@“Sahﬁoner)
and by performng a catalytic reduction on these conpounds usin

transiti omheecglclodkalbyst rSuefs aedildad %mﬁ¥§ﬂ¥“1séﬂgkSUQﬁﬁﬂue”tly
perforning an isomerization using a strong base such as ‘potassium

t - but oxi delehgampeUBHS o@f thie Qﬁﬂ?f AInd YW Eﬁl Og 1gding, the

af orenenti oned general formula rom (I 2aa e produced 80
Xi RY (| aht) liweereiendsReh¥l gekd rand f\éﬂnﬁﬁ%es(%&t the Sami‘ meaning as in
('), and the cyclohexane rings represent a trans ‘i somer) 3-2. Production
of general fornulas f j o (1-2a0) 5 Reaction of the genera
formula (Cll1) wt epresented by the formula (CV), CH3O0 PPh3
(CV) foll owed Ip es e of an acid catalyst, and
subsemqent i soner base, Vyirelds a conmpound

(wherein, R and X! represent the same meaning as in (I), and
the cyclohexane rings represent a trans isomer), and by
reducing this compound in the presence of a catalyst such as
Raney nickel or palladium-carbon, compounds of the general

10 formula (Ia-3), including the general formulas from (I-2ag) to

(I-2ai) can be produced.

X!
R ... N (1a-3)

(wherein, R and X! represent the same meaning as in (I), and

the cyclohexane rings represent a trans isomer). Furthermore,
15 by using the general formula (CVIIb) instead of the general

formula (CII), then in a similar manner, compounds of the

general formula (Ia-4), including the general formulas from

(I-2ap) to (I-2ar) can be produced.

X
... Or-on 124

20 (wherein, R and X! represent the same meaning as in (I), and

the cyclohexane rings represent a trans isomer)

3-4. Production of the general formula (I-2ai), and general

formula (I-2ar)



10 of the general formula (Cvlia), R CHO (Cvlia) (wherein, R represents the
sane neaning as in (l), and the cyclohexane rings represent a trans
isoner), and further reaction of this conmpound with the formula (CV) and
subsequent 15 hydrolysis in the presence of an acid catalyst yields a
conpound of the general formula (CVib), &CHO (CVib) (wherein, R represents
the sanme neaning as in (lI), and the cyclohexane rings represent a trans

i somer), and rdaifHiortiodn WitH s Loapounc Widnh S geneyalyif oriH @l 1d4 )
foll owed by dehydration in the presence of an acid catal yst yields the

general for mirpduiMd 19f tHe génd¥al (d#rdula XZa-{(14her iHLcRisXh KngHithd!
represent the same meaning as in (1), and the cyclohexane rings represent

a trans i sofiteihe gttbryl Mefmhordn (g-an catad y i dredie i RiEdids regpound
using a 5 transition netal catalyst such as pal | adi um carbon, conpounds of

t he gener dedrmrppdal (Us-y2)ded delvih Ngi hﬁlﬁﬁprt@f@r%ﬂd?gﬁd_f igenenflafYydpll as
from(l-2aj) to (I-2a0) can be produced X Y (la X2 (wherein, R

X1, X25ancitbnt,epresent the same neaning as in (1), 10 and the cycl ohexane
rings represent a trans isoner)

X
o 2eYs I
»2

(wherein, R, X' and X’ represent the same meaning as in (I)
although those cases in which these gréups are hydrogen atoms
are excluded, and the cyclohexane rings represent a trans

10 isomer), and subsequent reaction with carbon dioxide gas

yields the general formula (CX1),

... @ COH  (CXI)
X

(wherein, R, X! and X? represent the same meaning as in (I)

although those cases in which these groups are hydrogen atoms
15 are excluded, and the cyclohexane rings represent a trans

isomer), and conversion of this compound to an acid chloride,

and subsequent reaction with ammonia yields a compound of the

general formula (CXII),

{'l} X!
R . . @ CONH;  (CXI)
X2
20 (wherein, R, X! and X2 represent the same meaning as in (I)

although those cases in which these groups are hydrogen atoms



3-3. Production of general fornmulas from(l-2ag) to (l-2ai), and general
formulas from(l-2ap) to (I-2ar) Reaction of the general forrmula (11) with
a conmpound of the general formula (CVIII) X, O(CVI I I) 15 (wherein, X1
represents the sanme neaning as in (1), and M represents the same neaning
as in (Il11)) yields a conpound of the geperal formula (CX), X OHRO
(AX) 82 (wherein, R and X1 represent the sane neaning as in (1), and the

cycl ohexaager eR@S udeRr,eseit the I8 JHediRe) riddd [AeIPediaatd an 1Qfaddi s
conmpound usi ng phosphorus oxychloride or the I'ike yields the general

formila (€¥hmeR)Q GNa(EX) deMiRRUtInRMNG XbriRRUrRE Sl SIRAPAJRANI Ny as

in (I), and the cyclohexane rings represent a trans isoner), and by

reduci ng bhiyghteFRandd R HQ iSSP RIndd A AINEStyetiah 13% o RRNGY (Hickel
or pall adi um carbon, conmpounds of the general 10 fornmula (la-3), 1ncluding

the general) ,f oheulas nly @M lge?@®a 1t Forkrhr122i 1231 Pepf GEG RSN (1a-3)
(wherein, R and X1 represent” the sane neaning as in (l), and the

cycl ohexane rings reprgesent a tragns isomer) Furthernore,

R ... @ CN (la-5)
xR

5
(wherein, R, X! and X2 represent the same meaning as in (I),
and the cyclohexane rings represent a trans isomer).
Furthermore, by using the general formula (Ia-1b) instead of
the general formula (Ia-1la),
(la-1b)
10 S

(wherein, R, X! and x? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, and the cyclohexane rings represent a trans
isomer), then in a similar manner, compounds of the general

15 formula (Ia-6), including the general formula (I-2ar) can be

produced.

_ X
... @ CN (la-6)
X

(wherein, R, X' and X? represent the same meaning as in (I)

’

and the cyclohexane rings represent a trans isomer)
20 3-5. Production of general formulas from (I-2as) to (I-2au)

Reaction of the general formula (CVIa), for which the



15 by using the general formula (CVIIDb) instead of the general fornula
(1), then in a simlar manner, conpounds of the general forrmula (la-4),
i ncluding the general formulas from (I-2ap) to (I-2ar) can be produced. R
C N (la-4) 20 (wherein, R and X1 represent the sane neaning as in (l), and
t he cycl ohexane rings represent a trans 'iﬁner) 3-4. Production of the
general fornula (lI-2ai), and general fo la (l-2ar) 83 Lithiation with
an al kyl lithjum such as butyl lithiu

f .Qf, t | |
(la-1a), WG er M R (rjledregﬁccﬁ‘ol regﬂrgll%lha-a?ﬁe,cgﬁor@r%r} cﬁr {nﬁea

production has been previously describ i.,n whichthe gr i

hydrogen &FSitlomudR éjs(lsal-]iv%ﬁ ? ere‘?%?tqﬁ Rk and re%ré;d;[g)not\(lr%iﬁe@%ane
meaning as in (1) althou t hpse ses in which these groups are hydrogen
atoms ar IR L dRF ‘Pk':]eac&&)f 'ane rings represent a trans 10

i soner), and subsequent reaction with carbon dioxide gas yields the
general fornmula (C X COPH (CXI) X2 (wherein, R X1 and X2 represent

t he sane neani ng '@u @Jp,pug(t;xm)ose cases in which these groups are
hydrogen atons 15 \aLé# e fded, and t he cycl ohexane rings represent a trans
i soner), and conversion of this conpound to an acid chloride, and
subsequent (wieacéion R tépravonis yhel sana nempouhdsfinhel), and the

cyclohexane rings represent a trans isomer), and by converting
this compound to an acid chloride, and subsequently reacting

with a compound of the general formula (CXIV)

X

HO—@-Y (CXIV)

S
10 (wherein, X!, X? and Y represent the same meaning as in (I)),
compounds of the general formula (Ia-7), including the general

formulas from (I-2as) to (I-2au) can be produced.

X
x2

(wherein, R, Y, X' and X? represent the same meaning as in (I),
15 and the cyclohexane rings represent a trans isomer)
3-6. Production of general formulas from (I-2aa) to (I-2ai)

Reaction of a compound represented by the formula (CXV)

O O (CXV)
S0

with a secondary amine such as pyrrolidine yields an enamine,

20 and reaction of this enamine with methyl vinyl ketone,



general formula (CXIl), X R OCONH2 (CXIl) X2 20 (wherein, R X1 and X2
represent the sanme neaning as in (lI) although those cases in which these
groups are hydrogen atons 84 are excluded, and the cycl ohexane rings
represent a trans isoner), and by dehydrating this conpound using
phosphorus oxychloride or the |ike, conpgunds of the general formula (Ia-
5), including the general formula (I-2ai) can be produced. RCN (la-5) 5
X2 (wher eidy Ry, X da;%%éfﬂﬁsf‘&ﬁ Ukt 5 W) dTBAH D BSnd N 4dd .a and the

cycl ohexane rings repre t atrans isoner). Furthernore, by using the

general { QUM AAR: | Waldi 65000 ng e genec ol (016! o (1T Alice 11 3tas R

(la-1 b) rein, X1 and” X2 represent the sane neaning as in (I)

al t hough Hﬁg;e lif?#%ﬁfg E@§§f)groups are hydrogen atons are
0

excl uded, and 1 he cycl ohexane rings represent a trans isomer), then in a

simlar manner, conpo of the general 15 fornula (la-6), including the
general fornul a0 - be produced. X, R CN (la-6)
O (CXVI)
o]
5 (wherein, the cyclohexane rings represent a trans isomer), and

reaction of this compound with the general formula (III),
followed by dehydration in the presence of an acid catalyst, a
subsequent reduction in the presence of a metal catalyst such
as palladium-carbon, and then an isomerization under basic

10 conditions yields the general formula (CXVII).

X
E;) ... @ Y (CXVI)
X

(wherein, Y, X* and X? represent the same meaning as in (I),

and the cyclohexane rings represent a trans isomer).

Hydrolysis of this compound under acid conditions removes the
15 carbonyl group protective group, yielding a compound

represented by the general formula (CXVIII).

’ X
O ... @ Y (CXVIII)
X

(wherein, Y, X! and x? represent the same meaning as in (I),
and the cyclohexane rings represent a trans isomer). Reaction
20 of this compound with the formula (CV), followed by hydrolysis

under acid conditions, and then an isomerization under basic



X2 (wherein, R, X1 and X2 represent the same neaning as in (1), and the
cycl ohexane rings represent a trans isonmer) 20 3-5. Production of general
formulas from(l-2as) to (I-2au) Reaction of the general fornula (Cvla),
for which the 85 production has been previously described, with an
oxidizing agent such as silver oxide orgihe like yields a conpound of the
general fornmula (CXIIl1), RCO®2H (CXIl1l) 5 (wherein, R represents the sane
meani ng asdn@ithlonsaRd dike IR ) | a 1, i somer),
and by converting t%s corrpag)é%'d to %Gfgg%%%mt%ﬁ 3’3’,9%3%% ngetTgesr}ZadLuently
reacting reirkdnia qemagynd of the general formula (CXIV) X, HY (CXIV) 10
(wherein, X1, X2 and Y represent the sane neaning as in (1)), conpounds of
the general formula (la-7 i ncludipg the general formulas from(l-2as) to
(1-2au) can be producef R Y (lLaf7) X2 (wherein, R Y, X1 and X2
represent the sgg e N i :} d the cycl ohexane rings
represent a tran; i Son# . «'Qiuctﬁgéﬁgf general fornmulas from(I-2aa)
to (I-2ai) Reaction of a conpound)@epresented by the formula (CXV) C(CXV)
O wth a secondary am ne such as pyrrolidine yields an enam ne,

(wherein, Y, X! and X2 represent the same meaning as in (I),
5 and the cyclohexane rings represent a trans isomer). By
repeating a desired number of repetitions of the reaction of

this compound with the formula (CV) and the subsequent

hydrolysis process, and subsequently reacting with the general

formula (CXX),

R“SPPH;  (CXX)

10
(wherein, R' represents an alkyl group or alkoxyl group of 1
to 15 carbon atoms), compounds of the general formula (Ia-8)
with any desired alkenyl group, including the general formulas
from (I-2aa) to (I-2ai) can be produced.

15

(wherein, R' represents the same meaning as in (CXX), Y, x!

and X? represent the same meaning as in (I), and the

cyclohexane rings represent a trans isomer)

4. Production of the general formula (I) in which the ring B
20 comprises a l,2,3,4,4a,9,10,lOa—octahydrophenanthrene skeleton

4-1. Production of general formulas from (I-2ba) to (I-2bc),

and general formulas from (I-2ca) to (I-2cc)



20 and reaction of this enamine with nmethyl vinyl ketone, 86 followed by a
cyclization under acid conditions, and a subsequent reduction using
metallic lithiumor the |ike yields the general formula (CXVl), (CXVl)
c:)lllI1To 5 (wherein, the cycl ohexane rings represent a trans isoner), and
reaction of this conmpound with the genergd formula (l111), followed by
dehydration in the presence of an acid catalyst, a subsequent reduction in
the presence ofpeadiicdy1GARY P SUTbmpasiphldepdiasandachdry, téved aemeradn

i somerization under basic 10 conditions yields the general formula (CXVII).
(CXVI1)  Qnela~4cxkxwherein, Y, X1 and X2 represent the sanme neaning as
in (I), and the cyclohexane rings represent a trans isoner). Hydrolysis
of this conpound und cid conditions renoves the 15 carbonyl group

protective group, A% ma conmpound represented by the general fornula
(CXVI1). OY (k& @ @ QFteer dCAXXY, X1 and X2 represent the same

meaning as in (I),>and e cycl ohexane rings represent a trans isoner)
Reaction 20 of this conmpound wth.the foll d hyg hwek ol ysi s
under aci o "€t orls, ??ﬁﬁ?gﬁnfﬁﬁﬁg{%%é%%§§Qﬁ%er bggfb 87 conditions
erIdS5a Q%ﬂﬁﬁwﬁkéé’r§?§§§€¥££¥é§£§%9§”€££$s isomer) using hydrobromic

-
o/ &

acid or the like yields a compound represented by the general

formula (CXXXI).

(5o om0

(wherein, R represents the same meaning as in (I), and the
10 cyclohexane rings represent a trans isomer). Reaction of this
compound with trifluoromethanesulfonic anhydride yields the

general formula (CXXXII)

5 o

(wherein, R represents the same meaning as in (I), 2
15 represents a leaving group such as a
trifluoromethanesulfonyloxy group, a methanesulfonyloxy group,
a benzenesulfonyloxy group or a p-toluenesulfonyloxy group,
and the cyclohexane rings represent a trans isomer), and by
reacting this compound with the general formula (CIII) in the
20 presence of a transition metal catalyst such as
tetrakis (triphenylphosphine)palladium (0), compounds of the
general formula (Ib-1), including the general formulas from

(I-2ba) to (I-2bc), and the general formulas from (I-2ca) to



formula (CXIX). HC OY (CXIX) Xz (wherein, Y, X1 and X2 represent the
sane neaning as in (l), 5 and the cycl ohexane rings represent a trans
isoner). By repeating a desired nunber of repetitions of the reaction of
this conmpound with the formula (CV) and the subsequent hydrol ysis process,
and subsequently reacting with the generggl fornula (CXX), 10 R -'~' PPH3
(CXX) (wherein, R represents an al kyl group or al koxyl group of 1 to 15
car bon at @@spcctompaubes pebdukedgeneral fornmula (l1a-8) wth any desired
al kenyl group, including the general formulas from(l-2aa) to (l-2ai) can
be produced. X R CH2) Y (Ilg8) 15 X2 (wherein, R represents the
sane neaning .as ipR Y and X2 represent the sane neaning as in
(1), and the g PHA » epre@eny a trans isomer) 4. Production of
t he general fornu ) P { the ring B 20 conprises a
1, 2,3,4,4a,9, 10, 10a oct ahydr ophe¥ant hrene skel eton 4-1. Production of
general formulas from(l-2ba) to (1-2bc), and general fornulas from
(1-2ca) toéwher@éo) 88.Y,Deheshoxy] atdpareseinta temod meplieseLd by fhe
general fornmula (CXXX) R O OCH3 ( CXXX)

and the cyclohexane rings represent a trans isomer)

(e))

5 4-2. Production 2 of general formulas from (I-2ba) to (I-2bc),
and general formulas from (I-2ca) to (I-2cc)

Reaction of a compound of the general formula (CXXXIII)

R—{(:jg::zjj>=ﬂ) (CXXXIN

(wherein, R represents the same meaning as in (I), and the
10 cyclohexane rings represent a trans isomer) with the general
formula (CIII) and subsequent dehydration yields a compound of

the general formula (CXXX1IV),

(wherein, R, Y, X! and X2 represent the same meaning as in (I),

15 although the case in which Y is a cyano group is excluded, and
the cyclohexane rings represent a trans isomer), and by
oxidizing this compound with an oxidizing agent such as
bromine, DDQ (2,3—dichloro—5,6—dicyano—1,4—benzoquinone) or
chloranil (tetrachloro~1,2-benzoquinone, tetrachloro-1, 4~

20 benzoquinone), compounds of the general formula (Ib-1),

including the general formulas from (I-2ba) to (I-2bc), and



(wherein, Rrepresents the sane neaning as in (l), and the 5 cycl ohexane
rings represent a trans isoner) using hydrobromc acid or the |ike yields
a conmpound represented by the general formula (CXXXI). R O OH ( CXXXI)
(wherein, R represents the sane neaning as in (I), and the 10 cycl ohexane
rings represent a trans isoner). ReactioftPof this conmpound with
trifluoronethanesul foni c anhydride yields the eneral formula (CXXXIl1) R O
Z (COXXXI 1 IEWHEPETR L R IIWESe frem Hd <58 Feaniing e iGRN( Pe prodiged.
represent§1 g | eavi n roup such as a _trifluoronethanesul fonyl oxy group, a
met hanesul*f oy F&Ry 3‘6’;51 ofy 5L e SATBYIASHEF Ay oy 2m)a to (I-2bo),
p-toluenesulfon%lox roup,. and the cycl ohexane rings represent a trans

i somer), ARG BFPSrEdc tioFgUlRiSs Lo ddnd St o HE ral formula (CI11) in
the 20 presence of a transition netal catalyst such as
tetrakis(triph%ﬁyFﬁﬁG§ﬁW@né)6€WP§HP@W§FOFPGCéﬁﬁﬁﬂﬁkk;ﬁﬂTMﬂi§ (Gerretal
formula (I1b-1), including the general fornmulas from (l-2ba) to (I-2bc),

and the general fornmulasXrom (1-2ca) to 89 (1-2cc) can be produced. R O O
Y (Ib-1) Xz wher ei , Y, X1 and X2 represent the sane nmeaning as in
(1), and the Yi nfXXX¥Yr esent a trans isonmer) 5 4-2. Production
2 of general fornulas m(l-2ba) to (1-2bc), and general fornulas from
(I-2cay to (I-2cc) X

(wherein, Y, X! and X2 represent the same meaning as in (I))

with the general formula (CXXXII) in the presence of a

transition metal catalyst such as

tetrakis (triphenylphosphine)palladium (0), compounds of the
10 general formula (Ib-2), including the general formulas from

(I-2bm) to (I-2bo), and the general formulas from (I-2cm) to

(I-2co) can be produced.

(wherein, R, Y, X' and X® represent the same meaning as in (I),
15 and the cyclohexane rings represent a trans isomer)
4-4. Production of general formulas from (I-2bd) to (I-2bi),

and general formulas from (I-2cd) to (I-2ci)
Halogenation of the general formula (CXVI) using an
electrophilic halogenation reagent, in the same manner as 1-3

’

20 yields a compound of the general formula (CXXXVI).
X3
R OH (CXXXVI)
xt



Reaction of a conpound of the general formula (CXXXI11) R O (CXXXI11)
(wherein, Rrepresents the sane neaning as in (l), and the 10 cycl ohexane
rings represent a trans isoner) with the general fornula (Clll) and
subsequent dehydration yields a conpound of the general formula (CXXXIV),
X RY (CXXXIV) (wherein, R Y, X1 and9§2 represent the sanme neaning as in
(), 15 although the case in which Y is a cyano group is excluded, and

the cycl olteraneini ngsreppeesant 8htr ahfel MEHRE hg §§d19Y(IPX'Q’%hﬂ9>Ph'S
conpound with an oxidi zi ng agent such as brom ne, DDQ

(2, 3-di cheach- Seprdsepanoihddpbanenguiynonehy8togeh! 988 | a fluorine
(tetrachl oro-1, 2- benzoqui none, tetrac | or o- Y 4 20 benzqu|none) conpounds

of the geatoml ofoanuhaofihelitomi Nahudbagnt be gggg{a$ng05§uka§ic{g@](l-Zba)
to (I-2bc), and 90 the general formulas from (1-2ca) to (1-2cc) can be

pr oduced. represeﬁtsduchydﬁogéngéﬁema|aﬁ@rﬂHéaéyéI@Héﬁéngbfin&Q (1-2bo),
and general fornmulas from(l-2cm to (I-2co) By reacting a conpound of the

generd foepuéaei©@OMran® ¥sbHXXKY) @QQti(d/Wed@'trhle’c%%xx XZ repr esent
I

the sane neaning as in (I)) wth the general formula I'n the

presence ofiflutransthanesibfehicahnhy8ti8¥Chradhe 1ik el
tetraki s(tri phenyl phosphi ne) pal | adi um (0), conpounds o ? ¥h %% gener al

formila (¢om@yundnet utdhaggéhergenesshuior (ekaeytfpm
x3

R Z (CXXXVII)
x

(wherein, R represents the same meaning as in (I), X° and X?

10 represent the same meaning as in (CXXXVI), Z represents a
leaving group such as a trifluoromethanesulfonyloxy group, a
methanesulfonyloxy group, a benzenesulfonyloxy group or a p-
toluenesulfonyloxy group, and the cyclohexane rings represent
a trans isomer), and by reacting this compound with the

15 general formula (CIII) in the presence of a transition metal
catalyst such as tetrakis(triphenylphosphine)palladium (0) and
then separating the thus obtained isomers by column
chromatography, compounds of the general formula (Ib-3),
including the general formulas from (I-2bd) to (I-2bi), and

20 the general formulas from (I-2cd) to (I-2ci) can be produced.

x b ¢
{'l’llt:)> (::} Y (Ib-3)
x X

(wherein, R, Y, X' and X? represent the same meaning as in (I),



(I-2bm to (1-2bo), and the general fornulas from(l-2cm to (Il-2co) can
be produced. RO =0Y (Ib-2) X2 (wherein, R Y, X1 and X2 represent the
same neaning as in (1), 15 and the cycl ohexane rings represent a trans

i soner) 4-4. Production of general fornmulas from(l-2bd) to (1-2bi), and
general formulas from (l-2cd) to (I-2ci)gdial ogenation of the general
formula (CXVI) using an electrophilic hal ogenation reagent, in the sane
manner asxi-3nd 20 pdptdiserit ca@ UMk Aledditngeieral LRl ( %\4%& X3 R
OH (CXXXVI) 91 (wherein, R represents the sane nmeaning as 1n , and
X4 each represerlane rdepgenadepidskent RYdnQgan ;alp@y)a fluorine atomor a
chlorine atom although at |east one of X3 and X4 represents a hydrogen

atom and4tiie eyeRkexane ofi Jene? aleReRRNhs? oS T-985" ko REAGHI QN Of
this conmpound with trifluorgﬁethanesulfonig anhydiide r %ﬁéﬁﬁsé%thelds a

conpound ahdt Gengeaer &b rfanmd! are@%wz@g) 3 (R-9L)(CXXXVIT) (wherein, R
represents the sane neaning as in (1), X3 and X4 10 represent the sane

meani ng as in GEX¥¥Ykring &ﬁ@r%%%@&%lafo&%%!EnQC?&QWﬂlﬁu%Qtﬁst%e
trifluoronethanesul fonyl oxy group, a nethanesul tonyl oxy group, a

benzenesuybaeykoX¥odhQUR QCX&xR) Lol vaReSHERAYL0OXYE ar QuRy 309 4N etal
cycl ohexane rings represent
catalyst such as tetrakis (triphenylphosphine)palladium (0) and
then separating the thus obtained isomers by column
chromatography, compounds of the general formula (Ib-4),

10 including the general formulas from (I-2bp) to (I-2bu), and

the general formulas from (I-2cp) to (I-2cu) can be produced.

(Ib-4)

(wherein, R, Y, X' and X’ represent the same meaning as in (1),
X? and x* represent the same meaning as in (CXXXVI), and the

15 cyclohexane rings represent a trans isomer)
4-6. Production of general formulas from (I-2bj) to (I-2bl),
and general formulas from (I-2cj) to (I-2cl)

Reaction of a compound represented by the formula

(CXXXVIII)

(CXXXVIII
20 X
(wherein, X° and X® each represent, independently, a fluorine
atom or a chlorine atom) with a secondary amine such as

pyrrolidine yields an enamine of the general formula (CXXXIX).



a trans isonmer), and by reacting this conmpound with the 15 general formula
(C1l) in the presence of a transition nmetal catalyst such as

tetraki s(triphenyl phosphi ne) pal | adium (0) and then separating the thus
obt ai ned i soners by colum chronmat ography, conpounds of the general
formula (1b-3), including the general fgrmulas from (1-2bd) to (I-2bi),
and 20 the general fornmulas from (1-2cd) to (1-2ci) can be produced. X3 X
ROOY (Ib-3) X4 X2 (wheggein, R Y, X1 and X2 represent the sane meani ng
as in (1), 92 ) epresent the sanme neaning as in (CXXXVl), and the
cycl ohexane riwg \ t @xixpgs i somer) 4-5. Production of general
formulas from(I-2bp) | -2bu), ~ and general fornmulas from(l-2cp) to
(I-2cu) 5 By reacting the'ygeneral formula (CXXXVI1) with the general
formula (CXXXV) in the presence of a transition netal catalyst such as

tetrakis | | phyo i || adi and then, separating the thus
obtain;d(ﬁggﬁgﬁgxbgbc%ﬁgh%gégsgﬁﬁF%éE;éﬁé,S%%%ﬂ%%%%%n%Pa?h%hggneral fgrnula

| b-4), 10 ing t | las from (1-2b |-2by), and th
Gener bl TR A o CPABEAPR &1 Frag FremnBe B FABEERYL XIRVO = O
| b-4 i Y XL and X2 t th : i i
(), xa i PR e SveEl el 4G B AL chaa pgLas |

5 the general formula (CXL),

(wherein, X° and X° represent the same meaning as in
(CXXXVIII)), and reduction of this compound using metallic
lithium or the like yields the general formula (CXLI),
x5
o (CXLI)

10 x
(whefein, X* and X® represent the same meaning as in
(CXXXVIII)), and subsequent reaction with the general formula
(CV), hydrolysis under acid conditions, and then isomerization

under basic conditions yields a compound represented by the

15 general formula (CXLII).

. 5 6 '
(wherein, X’ and X° represent the same meaning as in

(CXXXVIII), and the cyclohexane rings represent a trans



15 cycl ohexane rings represent a trans isoner) 4-6. Production of general

formulas from(l-2bj) to (1-2bl), and general fornulas from (Il-2cj) to

(I-2cl) Reaction of a conmpound represented by the fornula

(CXXXVI11) 20 X6 (wherein, X5 and X6 each represent, independently, a

fluorine

atomor a chlorine aton) with 4 secondary am ne such as

pyrrolidine yields an enam ne of the general fornmula (CXXXIX). 93 C
(CXXXI X) QReBeE)n, Xsaahdoxeofephésenpmphendanitheahiengeasrial fOEXXXYI 1)) .

Reacti on

O (CXL)

of this enamne with nethyl vinyl ketone, followed by a

(CXXXVI11) OO

cycli zat i dR¥&nd&d edelisd thendiemiesad yficendd a 3CXAd Igéneral formula (CXL), k O
X6 (wherein, X5 and X6 represent the sanme neaning as in
(CXXXVI'11)), and reductigaof xhis compound using netallic lithiumor the

| i ke yields the gener
represent the sa A
the general fof¥

10

15

20

-
1

(wherein, R' represents the same meaning as in (CXX), X° and X¢
represent the same meaning as in {CXXXVIII), and the
cyclohexane rings represent a trans isomer). At this point,
instead of the reaction with the general formula (CXX), by
repeating the process of reaction with the formula (CV) and
subsequent hydrolysis, prior to the reaction with the general
formula (CXX), any desired alkenyl group can also be produced.
Catalytic reduction of the general formula (CXLIII) using a
transition metal catalyst such as palladium-carbon yields a

compound of the general formula (CXLIV).

R (CXLIV)
X
(wherein, R represents the same meaning as in (I), X°® and X°
represent the same meaning as in (CXXXVIII), and the
cyclohexane rings represent a trans isomer). Lithiation of
this compound with an alkyl lithium such as butyl lithium,

followed by reaction with bromine or iodine yields the general

formula (CXLV),

a (CXLlI), k O (CXLI) 10 (wherein, X5 and X6
NCXLBYXXVI 1 1)), and subsequent reaction with



(CV), hydrolysis under acid conditions, and then isonerization under basic
conditions yields a conpound represented by the 15 general fornmula (CXLII).
HC (CXLI1) X6 (wherein, X5 and X6 represent the sane nmeaning as in
(CXXXVI11), and the cycl ohexane rings represent a trans 94 isomer)
Reaction of this conmpound with the gener formula (CXX) yields the
general formula (CXLIII). X5 (CXLIII) X6 (wherein, R represents the
same neaning as in (CXX), X and X6 5 represent the same neaning as in
(CXXXVI11), and the ohgXane rings represent a trans isoner). At this
point, insteag_of wtign oty the general formula (CXX), by
repeati ng the prokest fac ign wth the fornula (CV) and subsequent
hydrolysis, prior to the rggction with the general 10 formula (CXX), any
desired al kenyl group can also be produced. Catalytic reduction of the

| f la.(CXLILI i t it tal catal yst h as g
pal ol um EAPBGA"y: B AEPESSEDMGOGAE SPREnESRNBPaPS! o mith (SLFY R

(O BprERhinrh Raek FHH B R AT R I Bebbel bl § o

bromine atom or an iodine atom, and the cyclohexane rings

5 represent a trans isomer), and by reacting this compound with
the general formula (CIII), compounds of the general formula
(Ib-5), including the general formulas from (I-2bj) to (I-
2bl), and the general formulas from (I-2cj) to (I-2cl) can be

produced.

10
(wherein, R, Xl, X? and Y represent the same meaning as in (I),
X> and X°® represent the same meaning as in (CXXXVIII), and the
cyclohexane rings represent a trans isomer)
4-7. Production of general formula (I-2da) and general formula
15 (I-2db)

Reaction of the general formula (CXXXII) with the general
formula (CVIII) yields a compound of the general formula
(CXLVI),

X

R .'@ @ s:k (CXLVI)

20 (wherein, R and X' represent the same meaning as in (I), and

the cyclohexane rings represent a trans isomer), and by



cycl ohexane rings represent a trans isoner). Lithiation of this conpound
with an al kyl lithiumsuch as butyl lithium followed by reaction with
brom ne or iodine yields the general 20 formula (CXLV), 95 R X7 (CXLV) X6
(wherein, Rrepresents the sane neaning as in (lI), X5 and X6 represent the
same neaning as in (CXXXVI11), X7 represgnts a brom ne atom or an iodine
atom and the cycl ohexane rings 5 represent a trans isoner), and by

reacting rrfg&n%v%@?fzga@g )p\Mottf@clttih% gaerAl Silgnghb (fHddys  sermalndsioofort he

general fornula , Including the general formulas from(l-2bj) to (I-

2bl ), and the jggaer @onfgydﬂasa%ﬁ AR (JerdGial trnhri2e! J1dan beindinafiuged. X
ROOY (Ib-5) 10 X6 X2 (wherein, R~ X1, X2 and Y represent the sane

meani ng as pjdh fdnleralX 213 X6 T-ERIHS Hd thee e AN digndlsa | (TL{AXVI 1 1),
and the cyclohexane rings represent a trans isonmer) 4-7. Production of
general foyula JrRidespnd general fornula 15 (1-2db) Reaction of the
general formula (CXXXI1) with the general formula (CVIII) yields a
conpound of the general fornmula WwCXLVI), XI R O O (CXLVI)

@ CN (ld-1)

(wherein, R and xt represent the same meaning as in (I), and

the cyclohexane rings represent a trans isomer)
Reaction of the general formula (CXXXIII) with the
general formula (CVIII) yields a compound of the general

10 formula (CXLVII),

X
R .’é@ (:’jﬁ (CXLVII)

(wherein, R and x* represent the same meaning as in (I), and
the cyclohexane rings represent a trans isomer), and reaction
of this compound with phosphorus oxychloride or the like

15 removes the protective group and performs a dehydration,

yielding a compound of the general formula (CXLVIII).

XI .
R ..6/ @ CN  (CXLVIII)

(wherein, R and X' represent the same meaning as in (I), and

the cyclohexane rings represent a trans isomer). By oxidizing
20 this compound using an oxidizing agent such as bromine, DDQ

(2,3-dichloro-5, 6-dicyano-1, 4-benzoquinone) or chloranil

(tetrachloro-1, 2-benzogquinone, tetrachloro-1, 4-benzoguinone),



20 (wherein, R and X1 represent the sane neaning as in (l), and the
cycl ohexane rings represent a trans isoner), and by 96 renoving the
protective group using phosphorus oxychloride or the |ike, conpounds of
the general fornmula (1d-1), including the general fornula (1-2da) and the
general formula (l1-2db) can be produced7 RO OCN (Id-1) (wherein, R and
X1 represent the sane neaning as in (1), and the cycl ohexane rings
repr esentcampoamss i sOMeli¢ eactadnfoimihe gepern) f9Emuand @RXIddneMiih
the general formula (CVIII) yields a conpound of the general 10 formula
(CXLVI 1), foftnuR ( @42ba) ) an@Htiehgs e ral Reneudd (BRF@&SENtat e Same neani ng
as in (1), and the cycl ohexane rings represent a trans isoner), and
reacti on pofdudes. conpound wi th phosphorus oxychloride or the |ike 15
removes the protective group and perforns a dehydration, vyielding a
conpound 418 1 her gdunet Bdn f of Nk e XM th)1a RENEEXLVI T 1) (wherein, R and
X1 represent the sane neaning as in (1), and the cyclohexane rings
represent a trlaitshistoimt )witBya®Xd iyl Mo t 0k hdere AP o, Usi 1h At of
oxi di zing agent such as brom ne, DDQ
(2, 3-di ch aramondli oF atiee | gén HeOZ ofsimone) (- ordidn is a compound
(tetrachl oro-1, 2-benzoqui none, tetrachl oro-1, 4-benzoqui none), 97

of the general formula (Id-1), the production of which has

been previously described, in which the group Y is a hydrogen

atom,

1
R .’@ @ (1d-1a)
2

(wherein, R, X! and X2 represent the same meaning as in (I)

10

although those cases in which these groups are hydrogen atoms
are excluded, and the cyclohexane rings represent a trans
isomer), and subsequent reaction with carbon dioxide gas

15 yields the general formula (CXLIX),

R .'@ @ COH  (CXLIX)
%

(wherein, R, X' and X? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, and the cyclohexane rings represent a trans

20 isomer), and conversion of this compound to an acid chloride,
and subsequent reaction with ammonia yields a compound of the

general formula (CL),



conpounds of the general formula (1d-1), including the general fornula
(I-2da) and the general formula (1-2db) can be produced. 4-8. Production
of general fornmula (1-2dc) 5 Lithiation with an al kyl lithiumsuch as butyl
lithiumof a conmpound of the general formula (ld-la), which is a conpound
of the general formula (1d-1), the produggion of which has been previously
described, in which the group Y is a hydrogen atom R OO (1d-la) 10 X2
(wherein, R X1 and [epresent jshe same neaning as in (1) although those
cases in which these gups are fiydrogen atons are excluded, and the

cycl ohexane ri g @s eqeny oN}.@Oﬂ’?jQ), and subsequent reaction with
carbon di oxi de gas \- general tornmula (CXLIX), R O O CO2H
(CXLIX) X2 (wherein, R X1 and represent the same nmeaning as in (1)

al t hough those cases in which t hese groups are hydrogen atons are

excl uded, (gRdrthg, cxcl ghexage fi]_qg§ sent a trans 20 isoner), and
conversi on of rjt hi $ cérrpou%gat% an aceir%q{(':’ﬁltglrel gne éﬁ%arydb%e%eﬂ% t¥action
g&kuza?gfgi@&%hehd§h@s%0%8%%%di%fWBQ%h %%%%%abf%%%gug%e(%5%&0%%n étoﬁso ©

are excluded, and the cyclohexane rings represent a trans

> isomer), and by performing a dehydration using phosphorus
oxXychloride or the like, compounds of the general formula (Id-

2), including the general formula (I-2dc) can be produced.

X'
R .'@ @ CN (ld-2)
X2

(wherein, R, X' and X2 represent the same meaning as in (I),
10 and the cyclohexane rings represent a trans isomer)
4-9. Production of general formulas from (I-2dd) to (I-2de),
and general formulas from (I-2dg) to (I-2dh)
Reaction of the general formula (CXXXVI) with the general
formula (CVIII) in the presence of a transition metal catalyst
15 such as tetrakis(triphenylphosphine)palladium (0) yields a

compound of the general formula (CLI).

x3

X!
R ..@ 2]\\.«1!)
x

(wherein, R and X' represent the same meaning as in (I), X° and

x4 represent the same meaning as in (CXXXVI), and the
20 cyclohexane rings represent a trans isomer). By deprotecting

the general formula (CLI) using phosphorus oxychloride or the



(wherein, R X1 and X2 represent the same neaning as in (1) although those
cases in which these groups are hydrogen atons are excluded, and the

cycl ohexane rings represent a trans 5 isoner), and by performng a
dehydrati on usi ng phosphorus oxychloride or the |ike, compounds of the
general formula (l1d- 2), including the general forrmula (I-2dc) can be
produced. v R OOGCN (1d-2) X2 (wherein, R Xl and X2 represent the sane
meani ng asi k@, (Ahd sdfa2pdihfetkyctRhexppediéagsmi epnesenf asémans bgoner)
4-9. Production of general fornulas from(l-2dd) to (l-2de), and general
fornul as &£&0mh! cRAGhat8gLhpRUN) cRapstihas 6f the general formula (TXXXVI)
with the general fornmula (CVIIl) in the presence of a transition netal
catal yst 315 sHehuasnyethakiyshtehphesyhobesphior) patbad) uto (0)-gdel ds a
conmpound of the general fornmula (CLI). X3 RO O (CLI) (wherein, R and X1
represent ;hhergangefB2AL NGo2mul Bs ( FromX31apdg) Xdor ep-2drNt chhebsane neani ng
as in (CXXXVl), and the 20 cycl ohexane rings represent a trans isoner) . By
deproteect Lpgqutbg.general formula (CLI) using phosphorus oxychloride or the

99 like, and separating the thus produced m xture of isomers by colum
chromat ogr aphy, conpaunds g theyxgeneral formula (1d- 3), including the
general fornmul as qﬁl} d (I-2de), and the general fornulas from
(1-2dg) to @ CN  (Id-3)

(wherein, R, X! and X? represent the same meaning as in (I), X’

and X' represent the same meaning as in (CXXXVI), and the
cyclohexane rings represent a trans isomer)

10 4-10. Production of general formula (I-2df) and general
formula (I-2di)

Lithiation with an alkyl lithium such as butyl lithium of

a compound of the general formula (Ib-3a), which is a compound
of the general formula (Ib-3), the production of which has

15 Dbeen previously described, in which the group Y is a hydrogen

atom,

X X!
(S s
xt X

(wherein, R, X! and G represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
20 are excluded, X® and X' represent the same meaning as in
(CXXXV1), and the cyclohexane rings represent a trans isomer),
and subsequent reaction with carbon dioxide gas yields the

general formula (CLII)



5 produced. X3 X ROOCN (1d-3) (wherein, R X1 and X2 represent the sane
meaning as in (1), X3 and X4 represent the sanme neaning as in (CXXXVI),
and the cyclohexane rings represent a trans isomer) 10 4-10. Production of
general formula (I-2df) and general formula (1-2di) Lithiation with an

al kyl lithiumsuch as butyl lithiumof 1@0conpound of the general fornmula
(I'b-3a), which is a conpound of the general formula (1b-3), the production
of which has 15 been p eV|qyst dascribed, in which the group Y is a
hydrogen atom X3__R 0 I'b-3ay X2 (wherein, R Xl and X2 represent the
same neani ng asg.| “ 95,68 CEMs i n which these groups are

hydr ogen atons 20 e X3 and X4 represent the sane neaning as in
(CXXXV1), and the cyclohex. gs represent a trans isomer), and
subsequent reaction mnth carbon di oxi de gas yields the general formula

(CLI) 100 X3 RO CQ?H %SL b)regﬁ §%n£“@HéebﬁmeRme§%1ﬁ§da§21ﬁewt$Se”t

t he sane aning ds t hou 0se cases in which these groups are
hydrogen aﬁgm%ugh those cases in which these groups are hydrogen atoms

are excluded, X® and X! represent the same meaning as in

5 (XXXVI), and the cyclohexane rings represent a trans isomer),
and conversion of this compound to an acid chloride, and
subsequent reaction with ammonia yields a compound of the

general formula (CLIII)

X3 X!
.’@ @ CONH, (CLIII)
xt X

10 (wherein, R, X! and X? represent the same meaning as in (I)
although those cases in which these groups are hydrogen atoms
are excluded, X® and X' represent the same meaning as in
(CXXXVI), and the cyclohexane rings represent a trans isomer),
and by performing a dehydration using phosphorus oxychloride

15 or the like, compounds of the general formula (Id-4),
including the general formula (I-2df) and the general formula

(I-2di) can be produced.

® X
R {‘I"lk::> <::> CN (1d-4)
xR

(wherein, R, X' and X? represent the same meaning as in (I)
20 although those cases in which these groups are hydrogen atoms

are excluded, X® and X! represent the same meaning as in



are excluded, X3 and X4 represent the sane neaning as in 5 (XXXVl), and the
cycl ohexane rings represent a trans isoner), and conversion of this
conmpound to an acid chloride, and subsequent reaction with amoni a yiel ds
a conpound of the general formula (CLIIlI) X3 X R OO CONH2 (CLITI) X2

10 (wherein, R X1 and X2 represent theganme neaning as in (1) although

t hose cases in which these groups are hydrogen atons are excluded, X3 and

X4 represerxXXVie) saskd MeRei Ogc BShéRané QIAYS) rephdsd e £YELONEXADENEENTS
represent a trans isoner), and by perform ng a dehydration using

‘phosphor us- oxychteaudeidd of ?é&@efékefoﬁr@unPQu(‘ﬂSZQj) theq agnesahy formuil a
(1d-4), including the general fornmula (I-2df) and the general formula

(1-2di) cedrmelproduzed)y X3 X, RO OCN (1d-4) X4 k (wherein, R Xl and X2
represent the sane neaning as in (lI) 20 although those cases in which these

groups are hydregeniah ovF 1R eg&x&t et 31 2nfexdyy epl a5 ete tHe  SALE

meaning as in 101 (CXXXVlI), and the cyclohexane rings represent a trans
i somes)  fodiul&r pchict 1 pni Of cigenerdbed 08 "YE aa (4 7 204 3 Renef roul a
(1-2dk) Reaction of the gtneraquorﬁila (Cxﬁiﬁéﬂnt Qtﬁgw‘gewgeneraf‘(L t%g %gla
(CVII1) isudheapresersei Ot Ai pEansi shOSpNBAS p AL A YSh (0) yields a

compound of the general formula (CLIV).
X X
R .'@ ©) a\ (CLIV)
8 x

(wherein, R, X' and X2 represent the same meaning as in (I), X°
10 and X® represent the same meaning as in (CXXXIX), and the
cyclohexane rings represent a trans isomer). By deprotecting
the general formula (CLIV) using phosphorus oxychloride or the
like, compounds of the general formula (Id-5), including the

general formula (I-2dj) and the general formula (I-2dk) can be

15 produced.

e %e

x5

@ CN  (Id-5)
%

(wherein, R, X' and X’ represent the same meaning as in (I), X°
and x°® represent the same meaning as in (CXXXIX), and the
cyclohexane rings represent a trans isomer)
20 4-12. Production of general formula (I-2d1)
Lithiation with an alkyl lithium such as butyl lithium of
a compound of the general formula (Ib-3b), which is a compound

of the general formula (Ib-3), the production of which has



such as tetrakis(triphenyl phosphi ne)palladium (0) yields a conpound of the
general fornmula (CLIV). X R OO (CLIV) X6 X2 (wherein, R X1 and X2
represent the sanme nmeaning as in (l), X5 10 and X6 represent the sane
meaning as in (CXXXI X), and the cyclohexane rings represent a trans

i soner) By deprotecting the general fongula (CLIV) using phosphorus
oxychloride or the 1|ike, conpounds of the general forrmula (1d-5),

i ncl udi ngbeke pgenebabl@oﬁ@ubalbbdzdnh aind dhhe hge Reioalp No&@ubah@hfaygh can
be 15 produced. X5 X RO OCN (1d-5) X6 X2 (wherein, R X1 and X
represent atha,sane neaning as in (I), X5 and X6 represent the sanme neani ng
as in (CXXXI X), and the cyclohexane rings represent a trans isoner) 20
4-12. Production of ge raNSfornwia (I-2dl') Lithiation with an al kyl

| ithium such as by a conmpound of the general formula
(1'b-3b), whichR+4 O 4 )yt helbggpperal formula (1b-3), the production
of which has 102 “b#€ Vi OM5KYy descri bed, in which the group Yis a
hydrogen atom XB R O O @ Db-3b) X6 X9

(wherein, R represents the same meaning as in (I), X® and X®

5 represent the same meaning as in (CXXXIX), X® and X° each
represent, independently, a fluorine atom or a chlorine atom,
and the cyclohexane rings represent a trans isomer), and

subsequent reaction with carbon dioxide gas yields the general

formula (CLV)

@ CoH (CLV)
X x

(wherein, R represents the same meaning as in (I), X°® and X®

10

represent the same meaning as in (CXXXIX), X® and X® each
represent, independently, a fluorine atom or a chlorine atom,
and the cyclohexane rings represent a trans isomer), and

15 conversion of this compound to an acid chloride, and

subsequent reaction with ammonia yields a compound of the

general formula (CLVI)

e
.'@ @ CONH, (CLWI)
X 0

(wherein, R represents the same meaning as in (I), X° and X°
20 represent the same meaning as in (CXXXIX), X® and X® each

represent, independently, a fluorine atom or a chlorine atom,



(wherein, Rrepresents the sane nmeaning as in (1), X5 and X6 5 represent
the sane meaning as in (CXXXIX), X8 and X9 each represent, independently,
a fluorine atomor a chlorine atom and the cycl ohexane rings represent a
trans isomer), and subsequent reaction with carbon dioxide gas yields the
general fornula (CLV) X$ R O O CO2H ( 10 X9 (wherein, R represents
the sanme neaning as in (lI), X5 and X6 epresent the sane neaning as in

(CXXXI X), X8 and X9 each r t, ind d ; |
Chi ori ne 8PSt neaRlCt ABEFEF oRoRaNet FPRGSCH Bpf os6hR® 2t PHAE! foarar Y hnd 15

conversion of this conpound tp.an acid ch i i
th amofeargre s S Bohudana 6 BRefogBhErRiCraBnSry S RIEIETR-" B! 70,
, X6 Xs erei_n, Rrepre th k iy
and X6 zél_&sgrgg@gp&%ﬂa SR S L R A

represent, independently, I i t hl or i
cycl ohexaHE&NFER sfPéBPééeﬁﬁ'gdﬁgghggiESﬁg%gaugﬁ 'bgrlggr?gfg}néog and the

dehydrati on using phosphorus oxychloride or the |ike, conpounds of the
general formula (Id- i NG the general formula (1-2d1) can be

pr oduced. CN (1d-6)

(wherein, R represents the same meaning as in (I), X% and X°®
represent the same meaning as in (CXXXIX), X® and X° each
represent, independently, a fluorine atom or a chlorine atom,
and the cyclohexane rings represent a trans isomer)
10 4-13. Production of general formulas from (I-2dm) to (I-2do),
and general formulas from (I-2dp) to (I-2du)
Reaction of a compound represented by the general formula

(CLV)

(CLV)
xt
15 (wherein, X° and X! represent the same meaning as in (CXXXVI))
with a secondary amine such as pyrrolidine yields an enamine

of the general formula (CLVI).

C (CLVI)

x
(wherein, X3 and x* represent the same meaning as in (CXXXVI)).
20 Reaction of this enamine with methyl vinyl ketone, followed by

a cyclization under acid conditions yields the general formula



X5 ROOXII CN (1d-6) 5 Xs (wherein, Rrepresents the sane neaning as in
(I'), X5 and X6 represent the sanme neaning as in (CXXXI X), X8 and X9 each
represent, independently, a fluorine atomor a chlorine atom and the

cycl ohexane rings represent a trans isoner) 10 4-13. Production of general
formulas from (1-2dm) to (I-2do), and gegperal formulas from(l-2dp) to
(I-2du) Reaction of a conpound represented by the general fornmula (CLV)
(CLV) 15 (otharmi,n, X3 and X4 represent the same neaning as in (CXXXVI))

wi th a secondary am ne such as pyrrolidine yields an enam ne of the
general fornmula (CLVI c' (CLVI) X4 (wherein, X3 and X4 represent the
sane neaning as in . 20 Reaction of this enam ne with nethyl vinyl
ket one, foll owgq (4 \@q under acid conditions yields the general
formula 104 (CLV O ?%£ fl) X4 (wherein, X3 and X4 represent the
same neaning as in (CXXXVI Nk, and reduction of this conpound using
nmetallic lithiumor the 5 It ke yields the general formula (CLVIII),

(wherein, X? and X! represent the same meaning as in (CXXXVI)),
and reduction of this compound using metallic lithium or the
5 like yields the general formula (CLVIII),
X3
O (cLvin
xt

(wherein, X3 and x* represent the same meaning as in (CXXXVI)),
and subsequent reaction with the general formula (CV),
hydrolysis under acid conditions, and then isomerization under

10 basic conditions yields a compound represented by the general

formula (CLIX).

(CLIX)

. 3
(wherein, X’ and x* represent the same meaning as in (CXXXVI),
and the cyclohexane rings represent a trans isomer). Reaction

15 of this compound with the general formula (CXX) yields the

general formula (CLX).

(wherein, R' represents the same meaning as in (CXX), X® and X’



X3 C (CVIIT) (wherein, X3 and X4 represent the sane meaning as in
(CXXXVI')), and subsequent reaction with the general formula (CV), .
hydrol ysi s under acid conditions, and then isonerization under 10 basic
conditions yields a conpound represented by the general fornula (CLIX).
HC (CLIX) X4 (wherein, X3 and X4 repreggat the sane neaning as in _
(CXXXVI), and the cycl ohexane rings represent a trans isoner). Reaction

t hi d t e I r:reul yi_el th e I
15 of 1 '(ae%%%’% e ?Smcf%%q? elrmgu(ﬁﬁ(g%épraglsdgﬁcts Gy il e

meani ng agiinl s(Qéﬁkesé%ta%dt%@n%o§sokﬁﬁﬁeseﬂ£ £H§§S gEngEg%%???gitO?his

(CXXXVI'), and the cycl ohexane rings represent ns s

poi nt, i ngheadeabtibhe Wi RCtHAN JUnE 1N GRS ra c}&r c@’ £} 't%éqg;gﬁt 5

repeatlng the process of reactiion with the

hydr0|y5'Fmo%%b%rOEOrEQ%t %%CMHQ%‘MH%hf%quggn%tal rnu'%ﬁg ofa?ﬁe

desired alkenyl group can also be produce . h t I t

generad f aramba yE&:X) %%b@gt% thiealslhtqn mtal, ¢at dgenerats ula

palladlun}garbog yiélls a oung % fhe genera ﬁﬁlg gffF)
(CXX), any desired alkenyl group can also be produced.
Catalytic reduction of the general formula (CLX) using a

transition metal catalyst such as palladium-carbon yields a

compound of the general formula (CLXI).

X3
R (CLX1)
10 X
(wherein, R represents the same meaning as in (I), x® and x*
represent the same meaning as in (CXXXVI), and the cyclohexane
rings represent a trans isomer). Reaction of this compound

with oxalyl dichloride or the like, in the presence of a Lewis

15 acid catalyst such as aluminum chloride yields a compound of

the general formula (CLXII),

xR
R COCl  (CLXII)
Xt

(wherein, R represents the same meaning as in (I), and X® and
X* represent the same meaning as in (CXXXVI)), and by reacting
20 this compound with the general formula (CIII), and then

separating the isomers by column chromatography in those cases

where isomers exist, compounds of the general formula (Id-7),



R (CLXI) 10 X4 (wherein, R represents the sane neaning as in (I), X3 and
X4 represent the sane neaning as in (CXXXVl), and the cycl ohexane rings
represent a trans isoner). Reaction of this conpound wth oxalyl
dichloride or the like, in the presence of a Lewis 15 acid catal yst such as
al um num chl ori de yi el ds a conmpound of {de general formula (CLXII1), R COCl

(CLXI'1) (wherein, R represents the same neaning as in (I) and X3 and X4
represent ir’(‘@lxﬁﬁ e &@8al Ned %) n 0 this
conpound with the genera cfhg?or?ru | a ,%%%I@ E%en sep a n?g Vhe Mbrers

by col um «{y ases ere rs eX| unds of
t%e gegeral fﬁﬁ?@%ﬁ%@%ﬁcffﬁ%ﬁ# {g M n(F

(I-2dm to (I-2do), an general J ornmul as from(l-2dp) to (1-2du) can
be produced. X3 )
represent the g

@r 4Y (1d-7 2 (wherein, R X1, X2 and Y
‘ ,ﬂ_. > d, g aﬁd X4 represent t he same
nmeaning as in (C ), --o‘ t hd ohex ne’‘rings represent a trans
i soner) 4-14. Production ofygeneral rmulas from (1-2dv) to (I-2dx)

Lithiation of the general forrrula (XL1'V) with an alkyl lithiumsuch as

butyl 1ithiwhsreand sUbsgqugnt agt i C on_di oxi de_gas_vyi el ds
t he” general f(fr rrum?a (cLX(11) aRﬁg g k%%f%%{)s thle C8LRE méanting ad tn 4 F) |

3
5 X’ and Xx* represent the same meaning as in (CXXXVI), and the

cyclohexane rings represent a trans isomer)
4-14. Production of general formulas from (I-2dv) to (I-2dx)
Lithiation of the general formula (XLIV) with an alkyl
lithium such as butyl lithium, and subsequent reaction with
10 carbon dioxide gas yields the general formula (CLXIIT1)
xS
R COH  (CLXIN)
X
(wherein, R represents the same meaning as in (I), X°® and X°
represent the same meaning as in (CXXXIX), and the cyclohexane
rings represent a trans isomer), and by converting this
15 compound to an acid chloride, and subsequently reacting with
the general formula (CX1IV), compounds of the general formula

(Id-8), including the general formulas from (I-2dv) to (I-2dx)

can be produced.

X X!
d:@}@ s
b X

20 (wherein, R, Y, X! and X2 represent the same meaning as in (I)

4

5
X° and Xx°® represent the same meaning as in (CXXXIX), and the



X6 (wherein, Rrepresents the sanme neaning as in (1), X5 and X6 represent
the sanme neaning as in (CXXXI X), and the cycl ohexane rings represent a
trans isoner), and by converting this 15 conpound to an acid chloride, and
subsequently reacting with the general fornmula (CXIV), conpounds of the

general formula (1d-8), including the eral formulas from(l-2dv) to
(I-2dx) can be produced. X, R C02 O d-8) X2 20 (wherein, R Y, X1
and X2 represent_th a i LN : pd X6 represent the sane
meani ng agy?go?%ﬁé&fxffggﬁg§§ﬁgggeg§-%-F§%%§-l§§9é gyclohexane rings

[ pbresents? bLANSCLIGNTEY phePhOAUEL) 0PoLhul e 9PNERAn] BHTERE tihg B VN1 N

the ring conprises a rahydrophen hrene skel eton Reacti on of

d [ f I CO2H with
hal ogbnat ' BREPEABANT  Sueh ad EREGAUYCERPBETARCpFEhaC ThekE%PE oPE (o
f
O

CL CH3 O | . R [ hi i1.h [ 0
%rezz%fe of a FeWPk b At odchonOkRanP AR R be RasP) PhFGEeFRETer dekify?
CLXVI ),

5 o, COZH (CLXIV)

with a halogenation reagent such as thionyl chloride yields

m Cchl oride yi el as or mu

the formula (CLXV).

CHs coot

Reaction of this compound with ethylene gas in the
10 presence of a Lewis acid such as aluminum chloride yields the

formula (CLXVI),

o .©@ OCH; (CLXVI)

and further reaction with a compound of the general formula
(CLXVII)

15 RM (CLXVII)
(wherein, R representé the same meaning as in (I), M
represents MgX (where X represents a chlorine atom, a bromine
atom or an iodine atom), a metal atom such as Li, B(OH),, or
SiF(CH3),), followed by dehydration in the presence of an acid

20 catalyst yields a compound of the general formula (CLXVIII),

R /.©© OCHjs (éLXVIII)

(wherein, R represents the same meaning as in (I)), and by



O O CCH3 (CLXVI) and further reaction with a conpound of the general
formula (CLXVII) 15 RM (CLXVI1) (wherein, R represents the sane neaning as
in (1), M represents MgX (where X represents a chlorine atom a brom ne
atomor an iodine atom, a netal atomsuch as Li, B(OH)2, or SiF(CH3)2),
fol l owed by dehydration in the presenceqgfg an acid 20 catal yst yields a
conpound of the general forrmula (CLXVIIIl), R OCH3 (CLXVIII1) (wherein, R
r epr esent g ke 1$RITe LAY UM @%drY (0 Joh AN Sl s%%'a“&hxfa*hesidc‘l%%' e

ch as

bond in this conmpound using a transition netal catal yst” su

|1 adi ' ] 23 - P
pal | a Iumm@&l’allo@at&ﬂ@/éth%d?ﬁrésorﬁﬂl%dl%Jc%%ﬂ,Zaatdd)%}{'é?‘loggir%o%%%? ase

such as potassiumt- butoxide, a conpound of the gener mul a X) is

5 producedn RsGRESHI AGloX Xs el Qithory HANLIRRES atﬁ)%%aag%i NG as in
(I'), and the cyclohexane ring represent’s a trans | soner urthernore,
reaction ehtblkedeqr BUlcdndduid oM thd RRnetd 1l Hdmtha { ki@l ligwed by
hydr ol ysis under acid conditions, and a subsequent 1sonerization under
basi ¢ songirbidarsdyi el ds a conpound represented by the general fornula
(CLXX). CH OCH3 (CLXX) (wherein, the cycl ohexane ring represents a trans

isoner). 15 Reactio this conmpound with the general fornula (CXX)
yi el ds the genera (CLXXI) .
R OCHj3; ‘(CLXIX)

(wherein, R represents the same meaning as in (I), and the
cyclohexane ring represents a trans isomer)
Furthermore, reaction of the formula (CLXV) with the
10 formula (CV), followed by hydrolysis under acid conditions,
and a subsequent isomerization under basic conditions yields a

compound represented by the general formula (CLXX).

CHO .©@ OCH, (CLXX)

(wherein, the cyclohexane ring represents a trans isomer).
15 Reaction of this compound with the general formula (CXX)

vields the general formula (CLXXI).

o/ .©@ OCH; (CLXXI)

(wherein, R' represents the same meaning as in (CXX), and the
cyclohexane ring represents a trans isomer). At this point,
20 instead of the reaction with the general formula (CXX), by
repeating the process of reaction with the formula (CV) and
subsequent hydrolysis, prior to the reaction with the general

formula (CXX), any desired alkenyl group can be produced.



O OCH3 (CLXXI)

and t he

R O (wherein, R represents the sane neaning as in (CXX),
cycl ohexane ring represents a trans isoner). At this point, 20
i nstead of the reaction with the general fornmula (CXX), by repeating the

process of reaction with the formula (CV) and subsequent hydrolysis, prior

to the reaction with the general for @g(()&Q; any desired al kenyl group

can be produced. 109 Deprotection of the phenol group of the general
formula £CLX) hgs JeREr using hydrobromic acid or
the Iike y%l d%%%ﬁgogeﬁgrgﬁgf gﬁl%{ﬁ%w@%&%cﬁﬁﬁﬁxﬁwu?ﬂmﬂ ein,

ral 1 or! it .
nTrans | corers” ROETRE b ae PR PobbMa iRl SRR bR roe

S conpou € Ssa

R

reagent. Usedhd {16 PLOSCtLAD OLnlher ODERS] o LR (OOSUT) enables the

production of a conpo

nd o eneral Tornu J. X3 R CH

(CLXXI'1T) 10 X (whepe R, X3 and X4 represent the sane neaning as in

(), and the cyc
produced generB8
in the aforenmentibn

d p

formula (1) conprising a 1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene

skel efon, (Whe¥Fe Eyndhdf fRr eeapbeintle wsame andai By 4as et n ahy by ophénaing hr ene

10

15

20

cyclohexane ring represents a trans isomer). Reaction of this
compound with the same halogenation reagent used in the
production of the general formula (CXXXVI) enables the

production of a compound of the general formula (CLXXIII).

X3
R .©© OH  (CLXXII
Xt

(wherein, R, X? and x* represent the same meaning as in (I),
and the cyclohexane ring represents a trans isomer). By using
the produced general formula (CLXXII) instead of the general
formula (CXXXI) in the aforementioned production methods for
compounds of the general formula (I) comprising a
1,2,3,4,4a,9,10,10a—octahydrophenanthrene skeleton,
corresponding compounds with a 1,2,3,4-tetrahydrophenanthrene
skeleton can be produced. Similarly, by using the general
formula (CLXXIII) instead of the general formula (CXXXVI),
corresponding compounds can be produced.

6. Production of the general formula (I) in which the ring B
comprises a 1,2,3,4,5,6,7,8-octahydrophenanthrene skeleton

Reaction of a compound represented by the formula

ring represents a trans isoner). By using the
LG | (CLXXb)ead of the general formula (CXXXI)
pducti on nmet hods for 15 conpounds of the general



skel eton can be produced. Simlarly, by using the general formula
(CLXXI'11) instead of the general formula (CXXXVI), 20 correspondi ng
conpounds can be produced. 6. Production of the general forrmula (I) in
which the-ring B conprises a 1, 2,3,4,5,6,7, 8 octahydrophenant hrene
skel eton Reaction of a conpound represqg%ed by the formula 110 (CLXXIV) H
OH (CLXXIV) O Owth hydrogen in the présence of a netal catalyst such as
paIIadium(dﬂ% ium or platinumcausing a partial reduction 5 of the
aromatic rings, yields the fornmula (CLXXV). O O (CLXXV) Protection of one
of the carbonyl o{ this conpound wusing a diol yields a conmpound of
the formula (CLXXVI ) 10 and reaction of this conpound with the
general formul &HO cHb@toowwt dehydration in the presence of an
acid catalyst yiel neral formula (CLXXVI1). R--4 0-3 (CLXXVII)
(wherein, Rrepresents the sane neaning as in (l)). Reduction 15 of the
doubl e boid thi tidFragers idbridsumredancehyafr sgeretaln date lywteserde aaf a net al
catal yst yields a conpound of the general fornmula (CLXXVIIl). RO
(CLXXVI | | Padaeriern, mthaiiasntor ttHa tsame wearsimy & pgart(ila)]l) .re2hiction
Deprotection of this conpound in the presence of an acid

5 of the aromatic rings, yields the formula (CLXXV).

Protection of one of the carbonyl groups of this compound

using a diol yields a compound of the formula (CLXXVI),

10 and reaction of this compound with the general formula
(CLXVII) and subsequent dehydration in the presence of an acid

catalyst yields the general formula (CLXXVII).

(wherein, R represents the same meaning as in (I)). Reduction
1§ of the double bond within this compound with hydrogen, in the

presence of a metal catalyst yields a compound of the general

formula (CLXXVIII).

R-C@b( (CLXXVIIN

(wherein, R represents the same meaning as in (I)).
20 Deprotection of this compound in the presence of an acid

catalyst produces the general formula (CLXXIX).



cat al yst produces the general fornmula (CLXXIX). 111 R O O (CLXXI X)
(wherein, Rrepresents the sane neaning as in (l)). By using the thus
obt ai ned general formula (CLXXI X) instead of the general formula (Cll1) in
t he af orenenti oned production nethods 5 for conpounds of the general
formula (1) conprising a tetradecahydrfgﬁenant hrene skel et on,
correspondi ng conpounds wth a 1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene
skel eton can be proggsed. 7. Production 1 of other conpounds of the

{ >

general fornula ( 1. Production of general formulas from(Il-3ab) to
(1-3ad), geneRa PoCKXXIXpa) to (1-3bd), and general fornmnulas
from(l1-3bi) to ( bu) YHese conpounds can be produced in the manner
described, below. X WaDy RRM 30- ROWOY R-1IVIZ ROWOR 15 (1-1A
(1-1B) (1!1e§rethheReFRPrGPEREF cERAL SAMEHRERRING- @BECRE (1b) . - BR2-ysdaand Y
each represent, independently, a |eaving group such as chlorine, brom ne,
i odi ne, aF%StB?ﬁ%n%bgﬁFP%ﬂygeﬁ?Bﬁb,farmﬁé@héﬁgx§@X1ohystgadupf thea
trifluoronethanes Ifonyl roup, , R 20 and R represent an alkyl group or an
al kenyl ﬁ%%%{alanﬂomu %ngcw r&preBenafaramearipoadspehdast My menhBds
Ml , gi o] B%q_ﬁ%z‘;' In other words, reaction of a conpound represented by
the ge€ner3?* foPRRPAES- PA) thenpensral fosmriabl &) | eambngsiggoap, with an

organonetal | i c conpound represented bz the 112
tetradecahydrophenanthrene skeleton, corresponding compounds

with a 1,2,3,4,5,6,7,8-octahydrophenanthrene skeleton can be

produced.

7. Production 1 of other compounds of the general formula (I)
10 7-1. Production of general formulas from (I-3ab) to (I-3ad),

general formulas from (I-3ba) to (I-3bd), and general formulas

from (I-3bi) to (I-3bu)

These compounds can be produced in the manner described

below.

15 (1-1A) (1-1B) @1-10)

(wherein, W represents -CH,CH;-, -CH=CH-, or -CH,-, X and Y
each represent, independently, a leaving group such as
chlorine, bromine, iodine, a p—tolueﬁé sulfonyl group, a
methane sulfonyl group, or a trifluoromethanesulfonyl group, R

20 and R' represent an alkyl group or an alkenyl group, and M!
and M? represent a metal ion such as MgCl, MgBr, MgI, Li or
B(OH)2) . In other words, reaction of a compound represented by
the general formula (1-1A) comprising a suitable leaving

group, with an organometallic compound represented by the



general formula R-ML, in the presence of a transition metal catalyst such
as a pal | adium conpl ex or a nickel conplex, yields a conpound represented
by the general fornula (1-1B), and by further reacting this conpound with
an organonetallic 5 conpound represented by the general formula R -M,
conpounds represented by the general fqnpula (1-1C), including the
general fornula (I-3ab), the general fornula (I-3ba), and the general

formul a (lgeBlinalcam diiipr adused:nThecarRauAde( Lt 4) t?gﬂﬁ9€185e83£§9 eas

i1y
by known 10 nethods. An exanple is presented below for the case rn which Y

is eith i 00 | I 1. r 2. R MyBr
NBS/ 16\} BN ?m%'sﬁ T gﬁ% %@ﬁd%f %%4"@%9 8% aBr%?%E‘eér %%mglﬁrx’l. RAt Br

RR 2. RiB1deu RemBymd iftdhe ASRS 1 .47 W _hepresents
- CH2CH2- gﬁ -CH=SH—, productigi can alsggie carrie 1gdgﬁP usﬁng thé type

of methodaskiowy Felr@Me O+ th fHEHRs Ic]oglg%ug’fﬁ% Qn 5£g5‘?10§e%al§i(:l_ 1D
R 1. by 1. heatI ZZ RQOQR P- RQQ (b) (a
5 compound represented by the general formula R'-M?, compounds
represented by the general formula (1-1C), including the
general formula (I-3ab), the general formula (I-3ba), and the
general formula (I-3bi) can be produced.

The compound (1-1A) can be prepared easily by known

10 methods. An example is presented below for the case in which

Y is either bromine or iodine.

@.@ _hHO, _ @.@ j —L.RMgBr _ @.@ R

2. R'MgBr
NBS/AIBN

A, B @ 1. RMgBr @
-——_> ]
Furthermore, in the cases of compounds in which W
represents -CH;CH,~ or -CH=CH-, production can also be carried

15 out using the type of method shown below.

TiCl,

l$(:)>—cno + om-((:)}R e R{@-cn#cn@

1.h Pt/H,
(b) @

(wherein, R and R' represent the same meaning as described



(wherein, Rand R represent the same neaning as described 113 above) In
ot her words, cross-coupling of 2 different benzal dehyde derivatives using
a titaniumtetrachl oride- pyridine conplex yields a stilbene derivative
represented by 5 the general formula (1-1D). Photoisonerization of this
conpound foll owed by an oxidative ther E cyclization produces a conpound
represented by the general fornula (b). By then hydrogenating this
conpound hRoiB¢ presence of a transition netal catalyst such as Pd-C,
Rh-C, Pt-C or Pd(OH)2r a conpound 10 represented by the general formula (a)

can be producegy gtgernggaggggg?gﬁl?ﬁﬂgggbgfggg?lggﬁ%r$%é -3ah) to

(I-3ap), and general fornu e conpounds can

be producsénkglaBHyHEHHSEEOQ?EGéQGQS1B§)8 % ?1EWL8§8%%§ 8Eh§0npounds

represented by the  genera or mul as § can be

d d ri m 1 erd v d
produced By s pesti abmBydkogeoshion ot &Bgﬁgogggggﬁgge ;%589%‘55;}2%9, BY retal

general fornula (b) produc in 7-1,
B ey G, DL, IR0 AR 00
e Sty T RO Bt O AT L PR e v
25 gener a} é&%ﬁyuﬁé ggﬁr@éeﬁ@%d %99§Ee ge DRPATS e E2NLES ?£9duc then
hydrogenating this compound in the presence of a transition
metal catalyst such as Pd-C, Rh-C, Pt-C or Pd (OH),, a compound
10 represented by the general formula (a) can be produced.
7-2. Production of general formulas from (I-3ah) to (I-3ap),
and general formulas from (I-3be) to (I-3bh)
These compounds can be produced in the manner described
below.
15 In the case of compounds represented by the general
formulas (f) or (g), these compounds can be produced by
partial hydrogenation of the compound represented by the

general formula (b) produced in 7-1, in the presence of a

transition metal catalyst such as Pd-C, Rh~C, Pt-C or Pd(OH),.

R! (:§:%:) R? M/H, R! (:§:%l.>n? . R! ‘lﬁ:k:) R?

20 (b ® @)

(hereafter, R' represents the same as R and R? the same as R',

3 s
and M® represents a transition metal such as Pd-C, Rh-C, Pt-C

or Pd(OH),)

Furthermore, in the case of compounds represented by the
25 general formulas (d) or (e), these compounds can be produced

in the manner described below.



in the manner described below. 114 O X1 C10 CCH, O OPPA Op R ~ BuLi 1 ~
R (1-2A) R (1-2B) (1-2C) H' 2X2 Lj/NH3 H49p H2ZNN(CH3)2 R R1 O H R1 O.
N(CH3)2 BuU (1-2D) (1-2F) R2 ,R2 ,. R2 S HSCH2CH2SH H., H N H20 H. 91HH
RL ON(CH3)2 RL BF2H2 R S J (1-2F) (1-2G (1-2H) R2 H, RaneyN 1 QH
R (d) (wherein, Rl, R2 are as describedghove. X1 and X2 represent _
chlorine, bromne or iodine.) In other words, reaction of the benzyl halide

derivative 5 represented by the gener al fB | a (1I Zﬁ\) V\nthedani ogt ?I/e
1, 5- di met hoxycycl exa |, d| || ields t cyphohexad eriv \
represent ed by tx 1 2 nd eu-gs-eq-u @@ &Hehydrati on
usi ng phosphorll%: acid or sul P!!#'l C acg ds the eno epresented by the
general fornula ((24) (1-2B) (1-20)
_LiNHy & H,NN(CH;), /©§L R
N(CH;), BuL|
(1-2D) (1-2E)
R
|. Hl., .S
HzO 00 HSCHZCHZSH o
N(Cﬂs)z BF;E,0 Rl
(1-2F (1-2G) (1-2H)
R
RaneyNi :
- > 1 H
o

(wherein, Rl, R? are as described above. X! and X2 represent
chlorine, bromine or iodine.)
In other words, reaction of the benzyl halide derivative
5 represented by the general formula (1-2A) with the anion of
1,5-dimethoxycyclohexa-1,4-diene yields the 1, 3-cyclohexadione
derivative represented by the general formula (1-2B), and
subsequent cyclodehydration using phosphoric acid or sulfuric
acid yields the enone represented by the general formula (1-
10 2C). Following conversion of this compound to a saturated
ketone by a Birch reduction, an imine derivative anion
represented by the by general formula (1-2E) is prepared by
reaction with hydrazine. An R? group is then introduced by
reaction with an alkyl or allyl halide. By converting the

15 carbonyl group produced by hydrolysis to a dithiane



10 2C). Follow ng conversion of this conpound to a saturated ketone by a
Birch reduction, an imne derivative anion represented by the by general
formula (1-2E) is prepared by reaction wth hydrazine. An R2 group is then
introduced by reaction with an alkyl or allyl halide. By converting the 15
carbonyl group produced by hydrol ysis tp,a di thiane 115 derivative, for
exanpl e, and then performng a reduction"Wwth Raney nickel, conmpounds of

the genergb-{ospula (ﬁ% éggkggénga ﬁh%aggggé%goiﬁaggugt§8ﬂu82{882gggp

Torule £ g, anthoonsial . hor o Lo 12390 10 (| o) Vi e case
of conpounds represen 5‘%@ ﬂe genera I o?m‘_i} f’lr)nR ﬁrH(SG atz fiﬁ BdhnBe

el.o
Nacas 1o O OR T ehORu AL TESRAT 1950 e "ati e e Lan GERPSEN N CO

RL H 3D)(13E)(13F)R1R|R11. HCL H. H UNHB H H
R G Bt REbghotd 3! TsOH g

5 7-3. Production of general formula (I-3aa), and general
formulas from (I-3ae) to (I-3ag)
In the case of compounds represented by the general

formula (h), production can be carried out in the manner

described below.

0
R H,C=CHCOCH; NaOCH;
L:j/ —> 0 —_—
K“N 0
R' H
(1-3A) (1‘33’ ' (1-30)
1 M 1 1
R R . .R
—_—
o H o H 0 H
(1-3D) (1-3E) (1-3p
ol Rl
_LHA _Li/NH; _LRAM H[H]
2 NaOH ‘/@ 2 TsOH
o 3.Pd/H, RZ
10 (1-3G) (1-3H) (h)

(wherein, R!, R? and M? are as described above)

In other words, conversion of the cyclohexanone
derivative represented by the general formula (1-32) to an
enamine, and subsequent reaction with 3-buten-2-one yields the

15 diketone (1-3C). Cyclization of this compound through a
Robinson cyclization, and a subsequent reaction with 2-(2-

bromoethyl)—Z—methyl—l,3—dioxolane, followed by a Birch



O 10 (1-3C) OH (1-3H 3. Pd(H2 R2 H (h) (wherein, Rl, R2 and M2 are as
descri bed above) In other words, conversion of the cycl ohexanone

derivative represented by the general formula (1-3A) to an enam ne, and
subsequent reaction with 3-buten-2-one yields the 15 di ketone (1-3C).
Cyclization of this conmpound through a ;Rgbinson cyclization, and a
subsequent reaction with 2-(2- bronnethjf%-z-nnthyl-1,3-dioxo|ane, fol | owed

by 2 BT ddbee fsguctl omaan abel,coofsnsaien, and,p sscond Birch

reduction, yie 'he phenan ene derrvative represen t he general

f I - t, LS. | ; ' i.t.h
or ganomet a1 1145 Bagent b S b Tat QO R Ve LB S 5 e

' -t al | f onj id by .t
bertorm ng ARy botoalThe PREES Rk BCRYSPRUE T, e Ritupta’ B

cat al yst ég?%%ﬁﬂﬁ?%éht -é%?ggé$%€glfp§g;%%é%égg?gﬁpds%gé t he genera

formula (h), e genera ornu cah 19 produced. In
Lhe case olEasPR ERLEEEILEToRY b feneralopd b Udsq RpEELLO"
KMhOA (nguég §%{%S%ga§%#%§%ﬁ%onic acid, and by then performing a

dehydrogenation in the presence of a transition metal catalyst

such as Pd-C, Rh-C, Pt-C or Pd(OH),, compounds of the general

formula (h), including the general formula (l1-3aa), can be

10 produced.
In the case of compounds represented by the general
formula (i), production can be carried out in the manner

described below.



OH OH (1-31) Zn-My PPA
(1-3 Kl 00 0 1) M3SiC

HOC OCOHIt HzC \'
0 OHOHOQO?2) n-Buli

_!

~/ Q~COzH O O (1-3J)
0OQ2 R 30 3)RX (1-3L)

(1-3M (1-3N) 1) H2NNH2 0 1) Me3Sid 0 2) KOH ~--~~--~ R2 2) n-BuLi R1
~-~~ R 3)W3) RIX ~--~~ (1-30) (1-3P) 1) H2ZNNH2 2) KOHRL ~j R2 3)
H -~ (i) (wherein, Rl, R2 and X are escri bed above) In other words,

reacti on of phthal al dehyde with 3, 3- e?iwj
i ncreases the nunber of S{Q,ar bon atons by
derivative (1- 3 Oxi Batd’er~gfs t hi s- conp
as potassi um per ganagy

reducti on of tdwec capdoonyl
carboxylic acid (1-3K).
or sulfuric acid or the like

ket oc
groups by 2Hf

enedi oxypr opyl magnesi um br om de
six, form ng an hydroxyal dehyde
o)

d with an (gll zi ng agent such
Qﬁ;&gc aﬁ—%—}——&]) and

HO the like yi el ds the

Cycl odehydrati on 10Husiing pol yphosphoric acid (PPA)

(1-3D

COH zn;?g > —A
HO,C 2 HO,C COH
0 O

1-3J) (13K

DMesSiCl 0 o
— R
3)R*X

(1-3L) (1-3M) (1-3N)

DHNNH, o 1) Me;SiCl o

2) KOH {jc:)z} 5 _ HnBuli I_C@b 2

)H R T 3RIx R R

(1-30) (1-3P)
1) ;NNH,
) » R R

0)

(wherein, R!, R? and X are as described above)

In other words,

reaction of phthalaldehyde with 3, 3-

ethylenedioxypropylmagnesium bromide increases the number of

carbon atoms by six, forming an hydroxyaldehyde derivative (1-

Oxidation of this-compound with an oxidizing agent such

as potassium permanganate yields the ketocarboxylic acid (1-

3J), and reduction of the carbonyl groups by zinc amalgam or

5
31I).
the like yields the carboxylic acid (1-3K).
10 using polyphosphoric acid (PPA)

Cyclodehydration

or sulfuric acid or the 1like

produces the octahydrophenanthrene dione derivative

represented by the general formula (1-3L).

Next, following



produces the octahydrophenant hrene di one derivative represented by the
general fornmula (1-3L). Next, following 118 protection of one of the
carbonyl groups, a substitutent group R2 is introduced via a silyl enol
ether for exanple. By then renoving the protective group, and using a
simlar reaction to introduce a substitygent group RL to the opposite side
of the 5 nol ecule, conpounds of the general formula (i), including the

gener al f eatler tilon3ad) oran Ha HY QdUGRMy17 < odyctyl r
formulas from (I-3ca) té)(l-Bct), gener% 'ngﬁﬁﬁas%f%gggfﬁ%gggg%t%EOUP

| - 3dp), nesaintebautaa vikom chigeay g f orgol rom
§I-3fgg tgé(l 10n3fx), gengral for%glasn%?oﬁ$?%?ggg§ ?gg%?!%bpfgyéﬂgﬂI

general fremuwliag Eh@myﬂot%hﬂﬁAkQéﬁknﬁﬂrknﬁi%sﬁ%%d%a§ﬁﬁih5rWQE%Qt§%n | gast

one of nand mis 1, and L' and LZ are single bonds) In general, these
conpounds icamrddtcer edwees tht WIntg greRPPRINGS Eﬁ@rgﬁg?éfﬁein&Qeoﬁegﬁéfkn
a &

formul as shown bel ow 15 instead of "using the organo I C reagents

R -92 aioleiche ehalcogpraie MR X1 X2 i hed . R
T M N () R R R, SR 1 o Ao e theng

represent gehersangorganiang 1-3ad)) doh LRNGBLucB. ML, M2, X1 and X2 are as
descri bed 20 above), or alternatively by preparing the correspondi ng

Eg}gafsboﬂ—4a|égbﬁd%$ibﬁ ¥V 3ReRr a0 SXATRLE £ B QQggﬁagntgthgg%%stonS
. by reacting 1, 4-cycl ohexanedi one nonoacetal Wt n
general formulas from (I-3da) to (I-3dp), general formulas
from (I-3ea) to (I-3em), general formulas from (I-3fa) to (I-
10 3fx), general formulas from (I-3ga) to (I-3gp), and general
formulas from (I-3ha) to (I-3hr) (in the cases in which at
. least one of n and m is 1, and L! and 1? are single bonds)
In general, these compounds can be produced by using
compounds represented by the general formulas shown below

15 instead of using the organometallic reagents R-M! or R'-M? or

the halogenated compounds R-X' or R2-X? described above,

D W
RDx D

(wherein, the ring A and the ring C represent the same meaning
as in (I), and RY, R? M!, M?, X! and X2 are as described

20 above),
or alternatively by preparing the corresponding ketones or
aldehydes in advance. For example, as shown in the equations
below, by reacting 1,4-cyclohexanedione monocacetal with an
organometallic reagent incorporating a ring A, subsequently

25 performing a dehydration in the presence of an acid catalyst



organonetal lic reagent incorporating a ring A subsequently 25 perform ng a
dehydration in the presence of an acid catalyst 119 such as

p-tol uenesul foni ¢ acid, and then conducting a reduction and an elim nation
of the protective group by hydrogenation in the presence of a transition
nmetal catalyst such as Pd-C, Rh-C, Pt-@or Pd(OH)2, a cycl ohexanone 5
derivative (2-A) can be produced. R1 "--~M R~AO-HZOO HOH2 0 RLR O

(2-A) (wherteiag p-heo Niergeful Rin bada Md Aren@st Kes Cedhd@sk @boye) . By appl yi ng
this conmpound to the production nethod for the conpound represented by the

general fordudta th)ana dif) ¢ eimadecady &5 pphrenast &t &aonee (gr&)p Gap be
produced. Moreover, subsequent reaction w th an organonet aIEI)l C reagent

i ncor por dtidrpEeratngrC M etits mre sbrehabf (2-13)an St 1 ¢k sk at | A4 DV St
compound in the presence of an acid catalyst such as p-tol uenesul foonic

aci d, andudrerasperd-at,mMRig-@, mm%@gejle@mm ian ke BlesSeRe of a
transition netal catalyst such as Pd-C, Rh-C, Pt-C or Pd(OH)2, a conpound

(2- D) Sof dehrel vageiner af2f70r nadt Hd )pedduded pr oduced. 120 Mk Rx R1 0
------------ 10- RL (2-A) (2-B) - O

O T @O B DO
HO

RO = R<®~Oro

2-A)
(wherein, the ring A, R! and M! are as described above).
By applying this compound to the production method for

the compound represented by the general formula (h), a

10 tetradecahydrophenanthrenone (2-B) can be produced. Moreover,
subsequent reaction with an organometallic reagent
incorporating a ring C yields an alcohol (2-C). By
dehydrating this compound in the presence of an acid catalyst
such as p-toluenesulfonic acid, and then performing a

15 hydrogenation in the presence of a transition metal catalyst

such as Pd-C, Rh-C, Pt-C or Pd(OH),, a compound (2-D) of the

general formula (I) can be produced.



RLACR RRLACR , (2-C (H(2-D RR H a. R -G-C (2-E
(wherein, the ring A, the ring C Rl, R2 and M2 are as described above)
7-5. Production of general forrmula (3-C) (in the case in which 5 at |east
one of n and mis 1, and L1 and L2 are single bonds or CH2CH2, although at
| east one is a CH2CH2 group) In generaly ?hese conpounds can be produced by
using the reagents shown bel ow i nstead of using the organonetallic

reagents R-ML or R -M descrl bed |n (1) above A- QF%%:&VI 2C=0~ R2 10
ng C R, R2,

Rl -- -CH2CH=PPh3 PmRP7CN G C& R2. er £j
ML and M2 are 2‘3%@ above) [}& ow show an exanpl e of

a production nethog.xich utilizes the sanme qz;B:)errredl ate (2-B) used in the
15 production of the aforenentioned conpound (2-E). 121 ~c= R AOnR A
CC C- R (2-B) (3-A) H-H20 -DD R A; &G GCG(C- R s RLACp (3-B)

(3-O) wherei n,thrt he riRQg-;@o Rl,Rl -’6 ’“QG st

e OH (2-D)
L B (a) ... (c)R
(2-E)

(wherein, the ring A, the ring C, R!', R? and M’ are as
described above)
7-5. Production of general formula (3-C) (in the case in which
5 at least one of n and m is 1, and L! and L? are single bonds or
CH,CH,, although at least one is a CH;CH; group)
In general, these compounds can be produced by using the
reagents shown below instead of using the organometallic

reagents R-M! or R'-M? described in (1) above.

R! —@— c=c™M! MC= C—@- R?
10 R‘—@— CH,CH=PPh, Ph3|>=cm{2c—@— R’

(wherein, the ring A, the ring C, R, R?, M' and M? are as
described above).

The equations below show an example of a production
method which utilizes the same intermediate (2-B) used in the

15 production of the aforementioned compound (2-E).



descri bed above). In other words, reaction of the 5
t et radecahydr ophenant hrenone (2-B) with an organonetal lic reagent
(acetylide) incorporating a ring Cyields an alcohol (3-A). By dehydrating
this conmpound in the presence of an acid catal yst such as
p-tol uenesul fonic acid, and then perfoiglng a hydrogenation in the
presence of a netal catalyst 10 such as " Pd-C, Rh-C, Pt-C or Pd(OH)2, a
generl@LO____fo :a (1) can be oduced. In a simlar
manner, Phf/ R CHx (3= ~R A-C
Rz(3P th ~ e/ring A the ring C, axe as“-descri bed
above) 15 reacti on(2€l¥) t he tetradecahydrophenanthr(éﬂ@ne (("Q- B) with a Wttig
reagent incorporating aring Cyields an olefin (3-D). By performng a
subsequent hydrogenation in the presence of a netal catalyst such as Pd-C,
Rh-C, Pt-C or Pd(OH)2, a conpound 122 (3-C) of the general formula (1) can
be producedygol n ad It aduct i o of thq_,zcorrpou (
achi eved rmmtte Ra 0 plsw
(3-E) Ph3P=CE{- ~- R~

wherein, the ring A, the ring C, R!, R?, and M? are as
described above).
In other words, reaction of the
5 tetradecahydrophenanthrenone (2-B) with an organometallic
reagent (acetylide) incorporating a ring C yields an alcohol
(3-A). By dehydrating this compound in the presence of an
acid catalyst such as p-toluenesulfonic acid, and then
performing a hydrogenation in the presence of a metal catalyst
10 such as Pd-C, Rh-C, Pt-C or Pd(OH);, a compound (3-C) of the

general formula (I) can be produced. In a similar manner,

R! o ... o Ph,P=CHHzC@R . G ... CHCH, _@_ R?

(2-B) (3-D)
s DO
(E®)

(wherein, the ring A, the ring C, R! and R? are as described
above)

15 reaction of the tetradecahydrophenanthrenone (2-B) with a
Wittig reagent incorporating a ring C yields an olefin (3-D).
By performing a subsequent hydrogenation in the presence of a

metal catalyst such as Pd-C, Rh-C, Pt-C or Pd(CH),, a compound



~-~WACHCH &Z (3-F) 1-12 - R ACR2 (3-C 5 (wherein, the ring A
the ring C, Rl and R2 are as descri bed above). In other words, reaction of
the tetradecahydrophenant hrenone (2-B) w th nethoxynethyl ylide and
subsequent hydrolysis yields an al dehyde (3-E). Reaction 10 of this
conpound with a Wttig reagent incorporaeeng aring C yields an olefin
(3-F). By perform ng a subsequent hydrogenation in the presence of a netal
catal yst selt)asf RheCgdierGl Rlorudra RA(Ode?, ba eampmdad.( 3- C) represent ed
by the general forrmula (I) can be produced. 15 8. Production of other
conmpounds of the getdErtalorf,orgAddudtilon &fl.t e edugiduenl af3-genefaal afleiomneas
from(l-3dd) to (1-3dg), and general fornulas from (I-3be) to (I1-3bh) (in
the case iathiwiieeh iA reRy esgitier ahaeinmbedlodup such as a hal ogen or a cyano
group) 20 These conpounds can be produced in the manner described 123

below. X a R 2N OX 2 1-2 >§3¥=(@g - (X )(( )) 4 d OTC
b -(()) o R®‘01‘ ! s 0 .@.

2-B) 3-B
Ph,P=CH R
L s e DA e (D)
3-H
e e DO~
30O
5 (wherein, the ring A, the ring C, R' and R? are as described

above) .

In other words, reaction of the
tetradecahydrophenanthrenone (2-B) with methoxymethyl ylide
and subsequent hydrolysis yields an aldehyde (3-E). Reaction

10 of this compound with a Wittig reagent incorporating a ring C
yields an olefin (3-F). By performing a subsequent
hydrogenation in the presence of a metal catalyst such as
Pd-C, Rh-C, Pt-C or Pd(OH),, a compound (3-C) represented by
the general formula (I) can be produced.

15 8. Production of other compounds of the general formula (I)
8-1. Production of general formulas from (I-3dd) to (I-3dg),
and general formulas from (I-3be) to (I-3bh) (in the case in
which Z represents a polar group such as a halogen or a cyano
group)

20 These compounds can be produced in the manner described



k le XL xi IrXI1 OROCO ~f R6
X1 X1 xi
2 1-11 X 1-8 x2 (wherein, R Xl and
(l), R represents an al kyl group,

An enamine (1-2) is first prepared b
secondary am ne such as norpholine o
enam ne (MeRywwi th nethyl vinyl ket
acid conditions
10 produces an octahydro henant hr one
conpound (1-3) MA KrganonetahN

a netal contalnlng

(wherein, R, X! and x2 represent the same meaning as in (I)

O -C-- R21-9 XZ1-6 X2 1-12 Xi g

ROCONHZ RQX R 2 1-10 X2 X2 1-13 X 1-7 X1 X1 RQCNROF

X2 represent the sane meaning as in
and X represents iodine or bromne) 5
y reagtion of a ketone (1-1) wth a
r pyrrolidine (a). Reaction of this
one, followed by a cyclization under

yi el ds an enone derivative, which upon a Birch reduction

(b). Reaction of the 124

1_
gent (R—N} (wherein, Mrepresents
1-2

X

R’

’

represents an alkyl group, and X represents iodine or bromine)

An enamine (1-2) is first prepared by reaction of a

ketone (1-1) with a secondary amine such as morpholine or

pyrreolidine (a).
vinyl ketone, followed by a
yields an enone derivative,

10

produces an octahydrophenanthrone (1-3)

Reaction of this enamine (1-2) with methyl

cyclization under acid conditions
which upon a Birch reduction

(b). Reaction of the



Li or B(OH)2), and subsequent dehydration of the thus obtained alcohol
with an acid catal yst such as p-toluenesulfonic acid 5 yields an ol efin
derivative (1-4) (c). Hydrogenation of this conpound in the presence of a
nmetal catalyst such as Pd-C, Rh-C, Pt-C or Pd(OH)2 yields an

oct ahydr ophenant hrene derivative (1-6) 16@). Foll ow ng subsequent
conversion to a hal ogenated conmpound (1-7) using netallic |ithium and

ei ther 10 doagiotdor(1r0Mie H Gh oYRIRMAEARN 1HRAGH QM (k- )CampRyad n,such
as potassium fluoride produces a fluorine derivative (1- 8) (h).

Al ternat i yvelnepridhert@MRouRd (11 Bhteam kg duedudh HRCMoe1f,r gehe Mg,

conpound (1-6) in a single step by using netallic lithiumand a

fl'uori natiran AgeorUsh asdVEGb3dquéatFUEhharERE 6 beaghboBn@s bBEained
phenant hrenone (1-3) with a Wttig reagent (CH30CH=PPh3) and subsequent

hydr ol ysi & DRSS width arfielide dabnlyskd)sudreasd iipftdlfuetr@ﬁlefloqﬁlay%i‘@ th a
Wttig reagent (RCH=PPh3) yields an"olefin (1-12) (k). Hydrogenation of

this conpaurd do 4 IIBLRHE i9fatBRaCi1d 430 cat.al ¥stirsyehadsoRds€ eRall es
production of the conpound (3-C) in which L is an ethylene chain. (1).

Fur t her "DIRmyRAE 1 tHY g GRIPYNG M@ Wtk 19! Wudi Gl eidde or the

like, in the presence of a Lewis acid catalyst such as al um num chl ori de

yi el ds anmagicd ol ige E(dlcd?% o ?,)Lew/@i ah eBtdRyarBpRAHGAENEEAELI ON Wi th
ammoni a yields an amde (1-10) (i), and by then perform ng a dehydration

using sul fqdm G AGE Odl—aqh%ghort&él@éwghl;orshggeqaeﬁxaeen%méhi ¥8 %1-11)
can be 125 produced (j). 8-2. Production of general formulas from(I-3ah)
to (I-3aphalogenated compound (1-7) using metallic lithium and either
10 iodine or bromine (g), subsequent reaction with a compound
such as potassium fluoride produces a fluorine derivative (1-
8) (h). Alternatively, the compound (1-8) can be derived
directly from the compound (1-6) in a single step by using
metallic lithium and a fluorination agent such as MEC-31.
15 Furthermore, reaction of the phenanthrenone (1-3) with a
Wittig reagent (CH3;OCH=PPhj3) and subsequent hydrolysis yields
an aldehyde (1-5) (d). Reaction of this aldehyde with a
Wittig reagent (RCH=PPhj3) yields an olefin (1-12) (k).
Hydrogenation of this compound in the presence of an acid
20 catalyst such as Pd-C enables production of the compound (3-C)
in which L is an ethylene chain. (1). Furthermore, reaction
of the compound (1-6) with oxalyl dichloride or the like, in
the presence of a Lewis acid catalyst such as aluminum
chloride yields an acid chloride (1-9) (f), which on
25 subsequent reaction with ammonia yields an amide (1-10) (i),

and by then performing a dehydration using sulfuric acid or

phosphorus oxychloride, a cyano derivative (1-11) can be



and general fornmulas from (I1-3dh) to (1-3dp) (in the case in which Z
represents a polar group such as a halogen or a cyano 5 group) These
conpounds can be produced in the manner described below 126 HX2RC COC O
Qb OCH3 -~ OO0 OCCH3 2-1 2-2 CODOOCCH3 RDOOH 2-3 2-4 hd X1 X1 F
ROOOHK ROQOCF3 ROO 2-9 X2 XZ 21§5 2-12 X1 FROOGWRF F 2-10
XZ 2-6 ) 4f X>LOF RQOCNROF Xz 2- 2-11 9 F ROQF

produced (j).

8-2. Production of general formulas from (I-3ah) to (I-3ap),

and general formulas from (I-3dh) to (I-3dp) (in the case in

which Z represents a polar group such as a halogen or a cyano
5 group)

These compounds can be produced in the manner described

below.



2-8 F (wherein, R X1 and X2 represent the sane nmeaning as in (1))
Conversion of a naphthylacetic acid derivative (2-1) to an acid chloride
(2-2) using thionyl chloride or the like (a), 5 and subsequent reaction
with ethylene gas in the presence of a Lewis acid catalyst such as

al um num chl ori de produces a tetrahydrgaﬁenanthrene (2-3) (b). Next, in
the same manner as 127 described above™in section (8-1), reaction with an
organonetal [ ic rgagent (R-M (wherein epresents a netal containing
group such as md, Myl , Ligor d subsgequent dehydration
and hydrogenation, fol OBK; 5—eti»fri nati o Gempetest i ve group with
hydrobromc acid or thg like yields a conpoun (2-4) (c). Reaction of this
conmpound with a fluorination agent (such as ¥? TEDA- BF4) produces a
conmpound (2-5) (d). Further reaction with a fluorination agent (such as
DAST) yields a tetr uoro 10 conpound (2<6) (e). Reduction of this
conpound in the =€;§§é2§_ aterti iar ch as triethylam ne using a
Pd- C cat al yst ena uorotetrah ﬁgﬁ rene erivative (2-7) to
be produced (f). Moesgover, treatnent of ﬂﬂe conmpound (2-47) with n-butyl 15
l'ithiumand subsequent reaction with a fljorination agent , (such as NFSi)
enabl es the producti tri% |_uor ot etl r ahydr ophenant h ene derivative
(2-8) (9). Furtherng reaction of the conpound (2-4) with a

fluorination agent ( uch as MEC-31) yields a conpound (2y9) 20 (wherein one

of X1 and X2 is a -rogbn aton) (h). Canvapsion r
F
OH ——r 0©© ocr, R« o

x? B

o
(Rom 5

2-10 X2 2-6

F

R—‘Iﬁiﬁ‘fCN N ‘Iﬁ;%:> )

21 X
lg
@
R—‘I’Ih:}m
28 F
(wherein, R, X! and X2 represent the same meaning as in (I))
Conversion of a naphthylacetic acid derivative (2-1) to
an acid chloride (2-2) using thionyl chloride or the like (a),
5 and subsequent reaction with ethylene gas in the presence of a

Lewis acid catalyst such as aluminum chloride produces a

tetrahydrophenanthrene (2-3) (b). Next, in the same manner as



f this conpound to a triflate (2-10) by reaction with _ _
?rifluorong?hanesulfonic anhydride (i), and subsequent reaction with
cuprous cyani de using a palladiumconplex as a catalyst enables a cyanﬁ
derivative (2-11) to be produced (j). 25 Furthernore, conversion of the
compound (2-9) to a sodiumsalt using so¢dium hydride or the |ike, and
subsequent reaction with S-ethyl chlorodithiocarbonate produces a

di t hi ocar HemarebédB8abestelin Ekw®ibRatligon)of rbhkei6at REtHSLAY @ hydrogen
fluoride- nelam ne conplex or the |ike enables the production of a

i hoayedelLlvat reageAt1IR-{f) (whedeiR AdyebielCAE c0gNEERLf OF MUl as
;;g;{??rggﬁ? ?gm?lé3a§?,ré59§n5 ggngyéﬁwfgrﬁﬁlas fr%nl(?-%aag to %E-Sdb)

in the casetabninbi §hodpr epeasaat figa1PoMgbrIr AYR, SHEN-RSER0 §IPQ¢ r a
gyano group) The?g gonpgunds can bg prodgced |ﬁ f he manner ge%crl ed

. 2.3 OCH3 e
bel ow. 10sub&fe@uent Ri€nPHEaBidnRaiOnGd3odedadidnd sdi1 RGP KWR OO
IN R OO CH %B 3-4 3-%83-6 (mherei%? R% X1 and X2 represent the sane

neani rig aelimiﬁétioﬁ?ofrepéepeatécﬁmvé|§¥bu9r999h“ﬁyﬁboﬁ?¥ﬂ?8 §H?8L§EUted’
and X represents a chlorine atom a bromne atomor an iodine atonj.
Acyl ationtioé 9;RE€-dibydsophesapbingng2in)the) pregence M of tnis
compound with a fluorination agent (such as F-TEDA-BFy)
produces a compound (2-5) (d). Further reaction with a
fluorination agent (such as DAST) yields a tetrafluoro

10 compound (2-6) (e). Reduction of this compound in the
presence of a tertiary amine such as triethylamine using a
Pd-C catalyst enables a difluorotetrahydrophenanthrene
derivative (2-7) to be produced (f).

Moreover, treatment of the compound (2-7) with n-butyl

15 lithium and subsequent reaction with a fluorination agent
(such as NFSi) enables the production of a
trifluorotetrahydrophenanthrene derivative (2-8) (qg).
Furthermore, reaction of the compound (2-4) with a
fluorination agent (such as MEC-31) yields a compound (2-9)

20 (wherein one of X' and X? is a hydrogen atom) (h). Conversion
of this compound to a triflate (2-10) by reaction with
trifluoromethanesulfonic anhydride (i), and subsequent
reaction with cuprous cyanide using a palladium complex as a
catalyst enables a cyano derivative (2-11) to be produced (j).

25 Furthermore, conversion of the compound (2-9) to a sodium salt
using sodium hydride or the like, and subsequent reaction with

S-ethyl chlorodithiocarbonate produces a dithiocarbonate



15 alum num chloride or the like (3-2) (a), and subsequent reduction of

t he carbonyl group using zinc amalgamor the |ike produces a nonoal kyl
conmpound (3-3) (b) Hal ogenation of this conpound using a netal or a netal
salt as a catalyst yields a compound (3-4) (c). Reaction of this conpound
wi th sodium 20 net hoxide in the presencegf a catal yst such as cuprous

i odi de produces a nethoxy derivative (3-5) (d) Subsequent hydr ol ysi s

usi ng hydresteor i &lacird neit ilydicab i il @fsithRe g‘d

conmpound (3-6). By enploying the sane 129 productlon net 0 descrf%
above in seclamind &pldhisr €LOPOLIE &b e GO eﬁf@&hé@ Sn VRET gty Of
derivatives represented by the general formula (1). 'broductlon of
general formuflasforenidxBhddrivadivabi-12° general for mul as from (1-3dq)
to (I-3du) and general fornulas fron1(|-39a) to (1-3gd) (in the case in
whi ch Z r ebresentaict il & f Gfentdr SUCH @5, B N QYEN £ r3aao,cy Obﬂ_é%f? These

conpounds can be produced in the manner descri bed el ow. 'R ~ X

> R 00D OGHBi Yehekall £rmul 4R QOR™/OH LL03dfk)3 () b(ﬂ@cgﬂt | & e in
9, 10- di hydr ophenant hrene derivative (3- 4) describ above |n sec ioh (8-3)

Wi th N-brovbistcd nieprdsserits té1€pd31rae§eﬂ‘(ﬁlppfs@ckp gopd q%lcg%q‘d seacuent
uc

dehal ogenation wusing zinc or sodium’ odide enables t ion 61" 15
conmpound (gadlip)(d). This conpound can be easily converted to a hydroxy
derivative (4-3) using the nmethod descri bed above in

These compounds can be produced in the manner described

below.

GD = ro - D

: 1
(wherein, R, X' and X2 represent the same meaning as in (I), R'

10

represents an alkyl group which may be substituted, and X
represents a chlorine atom, a bromine atom or an iodine atom).
Acylation of 9,10-dihydrophenanthrene in the presence of
15 aluminum chloride or the like (3-2) (a), and subsequent
reduction of the carbonyl group using zinc amalgam or the like
produces a monoalkyl compound (3-3) {b). Halogenaeion of this
compound using a metal or a metal salt as a catalyst yields a
'compound (3-4) (c). Reaction of this compound with sodium
20 methoxide in the presence of a catalyst such as cuprous iodide
produces a methoxy derivative (3-5) (d). Subsequent
hydrolysis using hydrochloric acid or hydrobromic acid or the

like produces a compound (3-6). By employing the same



section (8-3) (e-f). In addition, by enploying the same production nethods
descri bed above in section (8-2), the conpound (4-3) can be converted to a
vari ety of derivatives 20 represented by the general formula (1). 8-5.
Production of general forrmulas from (I1-3bi) to (1-3bu), and general
formulas from (1-3ge) to (I1-3gu) (in thegase in which Z represents a
pol ar group such as a hal ogen or a cyano 130 group) In the case of
conpoundspwbdictai dn ues€med s ked €& pibéd | Sove PIOMIEEE (o CagLDE, aghi gved in
the manner described below. 0 0 >R 00b- ROO1_ 5] 5-25-3 RQQX
d -~ R Q@r@dh® can Bb& &k¥brbed €o 5 Stabidlsy Gr fddwienei«ds 1) as a
starting material and using the nethods described above in section (8-3),
a hydroxyrejerds@itia® by Stife game bL1 PFOEeRs epsily (a-e). In addition, by
enpl oying the same production nethods described above in section (8-2),
the conpawd. (Frdudtiobes £0gues+ L0 £OrmuVas | Sidm of 1 b Perdyali vasy) ,
represented by the general formula (1). The descriptions above represent
only SsanyjendmilhofisriaflaProesiei (0-3dg) cdp pngiﬁ,)ofaﬁ&egéq{%ntfddg}%ﬁrgé on,
and conpounds of the present specification can also be produced by ot her
met hods. #sora (BIFERHENA! | H3expple Ofe LS fed R NoMmtd s ddguid £rystal
conmpounds which can be used in a mxture with a conpound represented by
the gener@ldwrgadup ddh dded HdN Sy&PNPOH tdﬁhd)rd%le%d by the present
i nvention,

These compounds can be produced in the manner described

R—(:"k:}-x-—i—*> R—(Iﬁlk:>-x——f——a> R (:g:%:)(lﬂh

— >R @©@ OH
10 4-3
Dibromination of the 9,10-dihydrophenanthrene derivative

(3-4) described above in section (8-3) with N-bromosuccinimide
in the presence of a peroxide, and subsequent dehalogenation
using zinc or sodium iodide enables the production of a

15  compound (4-1) (d). This compound can be easily converted to
a hydroxy derivative (4-3) using the method described above in
section (8-3) (e-f). 1In addition, by employing the same
production methods described above in section (8-2), the
compound (4-3) can be converted to a variety of derivatives

20 represented by the general formula (I).
8~5. Production of general formulas from (I-3bi) to (I-3bu),
and general formulas from (I-3ge) to (I-3gu) (in the case in

which Z represents a polar group such as a halogen or a cyano



al t hough at | east one type of conpound represented by the general formula
(I') is included as a first conponent, it is 20 preferable that at |east one
type of conpound fromthe second through fourth conponents described bel ow
is also included. Nanely, the second conponent is a so-called fluorine
system (hal ogen systen) p-type liquid cngstal conpound, and 131 conprises
a conpound represented by the general fornmulas (Al) to (A3) shown bel ow
Ro-{ Aj-grbep) Zr Pe (Al) Ro- Aj-L.- Br Lb-( Zj-- Pe (A2) Rb--& LamB
}-Lb-(Cr L--( Zr- Pa (A3) wherein Rb represents an al kyl group of 1 to 12
carbon 5 atonsInwthehcasy be eohpelundssiiahiBl rahdiven@’ sGlldioh N tﬂéé

et hyl branches, nmay contain a 3 to 6 nenbered ring structure, have any

partlcuIaproGHztlshruahube wchhiewetthen ﬂh@uﬂahﬁg&a%%@cgib%d'%e&o CH:CH'
- CH=CF-, -CF=CH, -CF=CF- or -C=C-, and may have any particul ar hydrogen

atomwi thin the oup,substitut ed~\ th a fluorine~atomor a
trifluorometho p—at+hR m- t—-ghad.m oubs of 2 to 7

carbon atons, é?lght chain 1- al'-n groups of to carbon atons,
strai ght chaln 3-alkenyl groups of 45t0 7 carbon atof8, and al kyl groups
of 1 to 5 carbon at in which the terminal is 15 substituted with an

al koxyl group rbbn at'Q§2§1§§%§% erred., Fu ‘Gy.nre in those
cases in which ch¥Ag Ieads to Pic caben( 0 !»eppher
optically active cpgpounds or racem 65m xtures may be useglg The ring A
the ring B and the ring C each represent,

5 Using fluorene (5-1) as a starting material and using the
methods described above in section (8-3), a hydroxy derivative
(5-6) can be produced easily (a-e). 1In addition, by employing
the same production methods described above in section (8-2),
the compound (5-6) can be converted to a variety of

10 derivatives represented by the general formula (I).

The descriptions above represent only sample methods of
producing the compounds of the present invention, and
compounds of the present specification can also be produced by
other methods. As a representative example of preferred

15 nematic liquid crystal compounds which can be used in a
mixture with a compound represented by the general formula
(I), then in a composition provided by the present invention,
although at least one type of compound represented by the
general formula (I) is included as a first component, it is

20 preferable that at least one type of compound from the second
through fourth components described below is also included.

Namely, the second component is a so-called fluorine

system (halogen system) p-type liquid crystal compound, and



20 i ndependently, a trans-1, 4-cycl ohexyl ene group, a trans-

decahydr onapht hal ene-trans-2, 6-diyl group, a 1, 4-phenylene group which my
be substituted with one or nore fluorine atons, a naphthal ene-2, 6-diyl
group which nmay be substituted 132 wth one or nore fluorine atons, a

t et rahydr onapht hal ene-2, 6- diyl group wdxh nmay be substituted with one or
nore fluorine atons, a 1, 4-cycl ohexenyl ene group which nmay be substituted
with a flasfpRes@s o cémpodndi pspResénaad- Ry Stide yyemgevap, farBulas (Al)
pyrimdine-2,5-diyl group or a pyridine-2,5-diyl group, although a
trans-|, 4-sycAdhexybenebgiowp, a trans- decahydronapht hal ene-trans-2, 6-divyl
group, a naphthal ene-2, 6- diyl group which may be substituted with a

fluorine atomg _t?@ Iera group which nay be substituted with one
or two 10 fluori to e pre erred Particularly in those cases in
which the ring Bis a trans I , 4-cycl ohexyl ene group or a

trans- decahydr@ hal ¢ Fﬁ diaygl group, it is preferable that the
ring Ais a trans " 4-C hex ¢ne group, and in those cases in which the
ring Cis a trans- 1 4 15 cycl ohexyl ene group or a

trans- decahydr gn fol 6- , 1t is preferable that the
ring B and the ri A _'T _@_‘L Iohex@?gne groups Furthernore in
(A3), it is preferable jthat the ring Ais a trans- 152 Iene

group. 20 La, YBeARUNLR® aFePFEFRAGE 3P byl aﬁfoo‘eféc‘hfr tcarbon

i ndependently, a single bond, an ethyl ene group CH2CH
1, 2- pﬁbpyPEﬁ@sgrBhpcg wAY( bEaplither angtrefglh EFB R Of Coatilﬂ megEhyiene
aroup. CEE}ethggrgrangﬁigj meSF%g;talg}EC§+to %}Egﬁpered ring
structure, may have any particular -CHy- structure within the
group replaced by a -0-, -CH=CH-, -CH=CF-, -CF=CH-, -CF=CF- or
-C=C-, and may have any particular hydrogen atom within the
10 group substituted with a fluorine atom or a trifluoromethoxy
group, although straight chain alkyl groups of 2 to 7 carbon
atoms, straight chain l-alkenyl groups of 2 to 7 carbon atoms,
straight chain 3-alkenyl groups of 4 to 7 carbon atoms, and
alkyl groups of 1 to 5 carbon atoms in which the terminal is
15 substituted with an alkoxyl group of 1 to 3 carbon atoms are
preferred. Furthermore, in those cases in which branching
leads to an asymmetric carbon atom, either optically active
compounds or racemic mixtures may be used.
The ring A, the ring B and the ring C each represent,
20 independently, a trans-1,4-cyclohexylene group, a trans-
decahydronaphthalene~-trans-2, 6-diyl group, a 1,4-phenylene

group which may be substituted with one or more fluorine

atoms, a naphthalene-2,6-diyl group which may be substituted



-CF=CH, -CF=CF-, -C=C or -CH=NN=CH-, although a single bond, 25 an

et hyl ene group, a 1, 4-butyl ene group, -COO, -OCF2-, -CF20, -CF=CF- or
-C=C- are preferred, and a single bond or an ethylene group are
particularly desirable. Furthernore it is 133 preferable that at |east one
of these |inkage groups in (A2), and atzbeast two of the Iinkage groups in
(A3) are single bonds. The ring Zis an aromatic ring, and can be

resent edthyon® bemgererraldranul@dmslah +@+Hah QW% Y Y2 Yg Yi
;Sth (La) ({8? (Lc) Yb O SOYenY ?‘ rrlwhereln, Y%%&o g%ﬁéagﬁ reﬁ?eéent,

independedﬁbi,gaoubYﬂhQ@ﬁnm@@oﬁbo%u%sEh%ﬂEEBew%%ﬁ”bn%'EHOH%QJ %&%g%gn%; s

preferable that at | east one of ya and yb is a fluorine atom

(Lb) it iatpmeferabl a-thalotkxkeditnang ralipydnienyhalys vd shlbdehilg &t om
i y

wWith the structure in which yd is a fluorine atom ng particular

desi r abl ewitheat €0 0brahegaR, P ﬂ?BL@EQQEEeatEEHQL?n%—@H g§ou§2|§{Lne
atom a trifluoronethoxy group, a difluoromnmethoxy 5 grodp, “or oxy

roup,5 al pykrigtaipe-al keayl 196268R06 rabkenyl QXy group 49 12 90 ;3 carbon
gtong subggiigted adth a ?ri?luo?onéthy?ggroupeor a 8I&|u rgggfhyl gr oup

or 2 or nEEEhoﬁbhoéiBQaﬁE0ﬁ§4—@&E@QHQQy@EBEUQ%BHEthOQFF%SLrifluoronﬁthoxy

group or a difluoronethoxy group are preferréd, a uori ne
decahydronaphthalene~trans—2,6—diyl group, a naphthalene-2, 6-
diyl group which may be substituted with a fluorine atom or a
l,4-phenylene group which may be substituted with one or two

10 fluorine atoms are preferred. Particularly in those cases in
which the ring B is a trans-1,4-cyclohexylene group or a
trans—decahydronaphthalene—trans-2,6—diyl group, it is
preferable that the ring A is a trans-1, 4-cyclohexylene group,
and in those cases in which the ring C is a trans-1,4-

15 cyclohexylene group or a trans-decahydronaphthalene-trans-2, 6-
diyl group, it is preferable that the ring B and the ring A
are trans-1,4-cyclohexylene groups. Furthermore in (A3), it
is preferable that the ring A is a trans-1, 4-cyclohexylene
group.

20 L% LP and L are linkage groups, and_each represent,
independently, a single bond, an ethylene group (-CH2CHz-), a
1,2-propylene group (-CH(CH;3)CH,- and -CH2CH(CH3)-), a 1,4-
butylene group, -CO0-, -0CO-, -0OCF,-, -CF,0-, -CH=CH-, -CH=CF-,
~CF=CH-, -CF=CF-, -C=C- or -CH=NN=CH-, although a single bond,

25 an ethylene group, a 1,4-butylene group, =-CO0O-, -OCF,-, -CF,0-,
-CF=CF- or -C=C- are preferred, and a single bond or an

ethylene group are particularly desirable. Furthermore it is



20 atomis particularly desirable. Furthernore, conpounds of the general
formula (1) of the present invention are not included in (A2). The third
conponent is a so-called cyano systemp-type liquid crystal conpound, and
conprises a conpound represented 134 by the general fornulas (Bl) to (B3)
shown below. R-( D}-Ld-{ Y }-pb (Bl) R33( D}-Ld_E }-L.-&b (B2) R_ < U
r-Ld-( Ej-Le _ F Lt -{ Y wb (B3) wherein Rc represents an al kyl group of
1 to 12 cerdgberablenshawhathlemyt benei sheth@sstIahgéige CHPbEHHTiCOMA N
methyl 5 or ethyl branches, may contain a 3 to 6 nmenbered ring structure,
may have amy gparlézst atwe GhE-tisér Uit kige Wibhps the (A5PUPrd eplagrd by a
-0-, -CH=CH, -CH=CF-, -CF=CH, -CF=CF- or -C=C-, and may have any
parti cul dvorysir ogen atomwi thin the group replaced with a fluorine atom or
a trifluoromethoxy 10 group, although straight chain alkyl groups of 2 to 7
carbon atons,Tis¢ redmgit z chai an labkenyd S ¢PSamd ah bd L@%Sl_k@ébr?ﬁéﬁrﬁoy
strai ght chain 3-al kenyl groups of 4 to 7 carbon atons, an al kyl groups
of 1 bo 5 loardeomrezd bnormulds ClLdhetd e[maNadhdwn SeMsHituted with an
al koxyl group of 1 to 3 carbon atons are 15 preferred. Furthernore, in
those cases in i CRabranching yheadgr to an asymetric carbon atom either
optically active bnpounds or ragegi c yd xtures may be-usqq. The ring D,
the ring E anc @ ing (Eaeach eyt (Lbpdepe a (Lo
trans-1, 4-cycl oh&ff ene ‘group, '
decahydr onapht hal engst r ans- 2, 6- di yl a 1, 4- pheny

Ye YE oy

wherein, Y® to Y} each represent, independently, a
hydrogen atom or a fluorine atom, although in (La) it is
preferable that at least one of Y?® and Y is a fluorine atom,

10 and in (Lb) it is preferable that at least one of Y to Yf is a
fluorine atom, with the structure in which Y? is a fluorine
atom being particularly desirable.

The terminal group P2 represents a fluorine atom, a
chlorine atom, a trifluoromethoxy group, a difluoromethoxy

15 group, or an alkoxyl group, alkyl group, alkenyl group or
alkenyloxy group of 2 or 3 carbon atoms substituted with a
trifluoromethyl group or a difluoromethyl group or 2 or more
fluorine atoms, although a fluorine atom, a trifluoromethoxy
group or a difluoromethoxy group are preferred, and a fluorine

20 atom is particularly desirable.

Furthermore, compounds of the general formula (I) of the
present invention are not included in (A2) .

The third component is a so-called cyano system p-type

liquid crystal compound, and comprises a compound represented



group which may be substituted with one or nore fluorine atons, a

napht hal ene- 2, 6-di yl group which nay be substituted wth one or nore
fluorine atons, a tetrahydronaphthal ene-2,6 135 diyl group which may be
substituted with one or nore fluorine atoms, a 1,4-cycl ohexenyl ene group
whi ch may be substituted wth a fluorifpggatom a '
1, 3-di oxane-trans-2,5-diyl group, a pyrimdine-2,5-diyl group or a

pyridine-By5tﬂbybengﬁa,f%r%bﬂ@%ughlg E%aﬂﬁ3b @qﬁ%gﬁqu%xjene group, a
trans- decahydronapht hal ene-trans-2 diyl group, a napht hal ene-2, 6- diyl

group which may, ‘ tS h a fluorine atomor a 1, 4- phenyl ene
group whi ch may E%#Eizfed mnth one or two fluorine atons are
preferred. Particularly in those cases in 10 which the ring Eis a

trans-|, 4-cycl @ [r_’_u @pb
trans-decahydrona‘- hal eretftra d|y group, it is preferable that the

ring Dis a trans-1,4-cycl ohexyl ene group, and in those cases in which the

ring Fis atran Qg;bo %Eg P O
trans- decahydronagE;hal tr_?EEEHB d|yI érbup, it is preferable that

the ring D and the ring E are trans-1|,4-cycl ohexyl ene groups. Furthernore
g g y y g p
in (B3), it iYhprefer Kbl eeprasenhe ¢mn@lEY1sgaoupan§ L, docy2| chekghene
group. d L, Le and Lf are |inkage groups, and each represent, 20
|ndependeﬁFP?S'awgﬂﬁél@awoﬁé cafh éﬁhyleﬁeagngpC©a¢H26H2cpnta1n methyl
1, 2- propylene g ou CH (CH3) CH2- and -CH2CH (CH3) -) , a 1,4- butylene
group yﬁxgranetpg, magrgontai@HaCl to 6CH@@EexedCE:ﬁU— - CF=CF-,
- C=C, CI}Q- -CH20 or CH:NN:CH-
structure, may have any particular —-CHz- structure within the
group replaced by a -O-, ~CH=CH-, -CH=CF-, -CF=CH~, =-CF=CF- or
-C=C-, and may have any particular hydrogen atom within the
group replaced with a fluorine atom or a trifluoromethoxy
10 group, although straight chain alkyl groups of 2 to 7 carbon
atoms, straight chain l-alkenyl groups of 2 to 7 carbon atoms,
straight chain 3-alkenyl groups of 4 to 7 carbon atoms, and
alkyl groups of 1 to 5 carbon atoms in which the terminal is
substituted with an alkoxyl group of 1 to 3 carbon atoms are
15 preferred. Furthermore, in those cases in which branching
leads to an asymmetric carbon atom, either optically active
compounds or racemic mixtures may be-used.
The ring D, the ring E and the ring F each represent,
independently, a trans-1,4-cyclohexylene group, a trans-
20 decahydronaphthalene—trans—2,6—diyl group, a 1l,4-phenylene
group which may be substituted with one or more fluorine

atoms, a naphthalene-2,6-diyl group which may be substituted

with one or more fluorine atoms, a tetrahydronaphthalene-2, 6-



al t hough a single bond, an ethyl ene group, -COO, -0OCF2-, 25 -CF20,
-CF=CF- or -C=C- are preferred, and a single bond, an ethylene group or a
-COO are particularly desirable. Furthernore it is preferable that at

| east one of these 136 |inkage groups in (B2), and at |east two of the

| i nkage groups in (B3) are single bondszsThe ring Y is an aromatic ring,
and can be represented by the general forrmulas (Ld) to (Lf) shown bel ow

YK Y (Ld)digdlgfbep ¥WRichf ma¥Ylb@ sbbetYQutwheyein, OME LHe % rga%?EB§EE§3ent
e

i ndependently a hydrogen atom or a fluorine atom althoug

pref erabl etohat wnl,drdy¥lahexbygnegenq@bapswnlbg hsg%ug%{’g?g&w

represents a cyano group (-CN), a 10 cyanato group

group, al whohgh dlapataegaeuf, bSi1prehepksHe-EyuLihernmer ¢0 ds_of the
general formula (1) of the present |nvent|8n are nggglﬁé §g88 (%2). The

fourth coppohamntiine-a, Bea1pQIggohpqgkdacFy§gaLn;5zCQHQQ#% Lgughlch t he

dielectric anisotropy is a value cl ose 0 zero 7588 a conpound
repr esent atitbyuyheagenenal1, foeguh 8as4Gh ant 09+ 6G3) sh el ow. Rd--( G
SN = (%2)%’ 2 9@’}‘9

}-La-( H~-P8 (A) Rd_ Gr-L9--&Lh_ | Lg--&L"-( I rL'-

J }-P (C3)eovheyeronRdhandlpgeeaghnkepy 6sg0L1 &PQSB?”Qeﬂéﬁﬁthgfeﬁékgl6—
diyl group which may be substituted with a fluorine atom or a
1,4-phenylene group which may be substituted with one or two
fluorine atoms are preferred. Particularly in those cases in

10 which the ring E is a trans-1, 4-cyclohexylene group or a
trans—decahydronaphthalene—trans—2,6—diyl group, it is
preferable that the ring D is a trans-1, 4-cyclohexylene group,
and in those cases in which the ring F is a trans-1,4-
cyclohexylene group or a trans—decahydronaphthalene—trans—2,6—

15 diyl group, it is preferable that the ring D and the ring E
are trans-1,4-cyclohexylene groups. Furthermore in (B3), it
is preferable that the ring D is a trans-~1, 4-cyclohexylene
group.

L% 1° and Lf are linkage groups, and each represent,

20 independently, a single bond, an ethylene group (-CH,CH,-), a
1,2-propylene group (-CH(CH3)CHy- and ~CH,CH(CH3)~-), a 1,4-
butylene group, -C00-, -0CO-, -OCF,-, -CF,0-, —CH=CH—,
-CH=CF-, -CF=CH-, -CF=CF-, -C=C-, -0OCHz~, -CH,0- or —-CH=NN=CH-,
although a single bond, an ethylene group, -COO-, -OCF,-,

25 -CF;0-, -CF=CF- or -C=C- are preferred, and a single bond, an
ethylene group or a -COO- are particularly desirable.

Furthermore it is preferable that at least one of these



20 group of 1 to 12 carbon atons, which may be either a straight chain or
contain nethyl or ethyl branches, may contain a 3 to 137 6 nenbered ring
structure, may have any particular -CH2- structure within the group
replaced by a -0-, -CH=CH, -CH=CF-, -CF=CH, -CF=CF- or -C=C, and may
have any particular hydrogen atomw thyggthe group substituted with a 5
fluorine atomor a trifluoronmethoxy group, although straight chain alkyl
groups of 11nkaqé ezbber’ ahonwp)St Lakg i - al . gr. of 2 to 7
carbon at ons, gtrgi ght9 chai ng) ’af"?"ejm%ft glr%%t?gsjcgfo A?%teg}&? g&?%%%eatggr?ﬁps
strai ght gRaip3al ggéygingllguggngg_l to 3 carbon atons and straight chain

al kyl groups 10 of 1 to carbon atons in which the termnal is substituted
wi th an al koxylrhgr e4pqof 1st gn3 n.a are preferre and_noreover,
conpounds in which at gI ea%ts gﬂeaggﬁl%glgngqgg’ raglpdr ecggejn?eaq‘seprrgisﬁﬁltteghg’lyn

al kyl grodpeOkehetQ17f at  Ead K al chai,n 1-al kenyl group of 2
to 7 carbon a%ons, or gé%gqgfré?gﬁttghé?%)3?gp%gn3%l§¥dup of 4 to 7 carbon
atons are particula&dy desirable. Thg ring G the ring H the ring | and
the ring J each repfresent, independgent IY)41, a trans-1, 4- cyclphexyl ene group,
a trans-decahydy ht hﬁlfjﬁne-tr , 64°di Yle group, A 4 fom@' enyl ene
group whi ch may ubstiTut ed wi or % flud 2~ O r met hyl
groups, a napht hal eng- 2, 6-di yl group ich may be sub‘ﬁ!’ted wi th one or
nore fluorine atons, a tetrahydronaphtYQal ene-2,6-diyl gr Oy whi ch may be
substituted with one or two fluorine atoms, a 1, 4- cycl ohexenyl ene group 25

whi ch miywll?gréﬁ:'g,St Yi uéc? Cgfg\lmetarc]:hor}%p%restevr\ﬁ filnl'clzloerpler}1edea};[tolr;'E ‘a EJiliydrogen atom

or a fluorine atom, although in (Le) it is preferable that Y
and Y° are hydrogen atoms.
The terminal group PP represents a cyano group (-CN), a
10 cyanato group (-OCN) or a -C=CCN group, although a cyano group
is preferred.
Furthermore, compounds of the general formula (I) of the
present invention are not included in (B2).
The fourth component is a non-polar liquid crystal
15 compound in which the dielectric anisotropy is a value close
to zero, and comprises a compound represented by the general

formulas (Cl) to (C3) shown below.

LD
DD DD

wherein R? and P® each represent, independently, an alkyl
20 group of 1 to 12 carbon atoms, which may be either a straight

chain or contain methyl or ethyl branches, may contain a 3 to



1, 3-di oxane-trans-2, 5-diyl group, a pyrimdine-2,5-diyl group or a
pyridine-2,5-diyl group, although in each conpound it is 138 preferable
that there be no nore than one trans- decahydronaphthal ene-trans-2, 6-diyl
group, naphthal ene-2, 6- diyl group which may be substituted with one or
nore fluorine atoms, tetrahydronaphthalgne-2,6-diyl group which may be 5
substituted with one or two fluorine atons, 1,4- cycl ohexenyl ene group

whi ch mays e substd 8 %’\Eflpc&ééu%éneha\% oMy el Qane-tegns- 2, o di v

group, pyrimdine-2,5-d gr oup or r|d|n (loup, Pdhtha}eage
ot her ri gﬁf@ ans- cl ohexy
10 groupr%?r%&mséjgﬂl eny eﬁ%ﬁgr# I\%rlig%ﬁi‘{igéa/bg.ti:"?subs it ut (ﬂ:lfl%lF one or two

fluorine Or QURS- L9, . L d L i.nkage groups, and each
representjé i ndepe éﬂ% yﬁ a S|ngle oﬁ%ﬁyan éF%QTé% éJ ( CH2CH2 ), a

butyl ene

;—;’ g;gr OP cﬂf%lp Ky%wgta%{élapﬂh%}z r G_Bc'-iybs)t C%é-

-C=C § OrfILg‘PN\é:%o% @%%P%%mbond an et Iene hgrou lga}btr

1. - putyl ene group, t s referable that | east .one of

t?(;zgl\llziarﬁha%;ﬁz%rgfuép%ps a%)i %‘%137 II'Orzaastattcfl% ‘of ttnr‘iielq}]atnlfﬁbaelt (rjjogpstlhg

(oo o PESAAPLE PRI 57 PL L A ) R OGS A",

(Clb) alkenyl groups of 4 to 7 carbon atoms, straight chain alkoxyl

groups of 1 to 3 carbon atoms and straight chain alkyl groups

10 of 1 to 5 carbon atoms in which the terminal is substituted
with an alkoxyl group of 1 to 3 carbon atoms are preferred,
and moreover, compounds in which at least one of RY and P®
represent a straight chain alkyl group of 1 to 7 carbon atoms,
a straight chain l-alkenyl group of 2 to 7 carbon atoms, or a

15 straight chain 3-alkenyl group of 4 to 7 carbon atoms are
particularly desirable.

The ring G, the ring H, the ring I and the ring J each
represent, independently, a trans-1, 4-cyclohexylene group, a
trans—decahydronaphthalene—trans—2,6—diyl group, a 1,4-

20 phenylene group which may be substituted with one or two
fluorine atoms or methyl groups, a naphthalene-2,6-diyl group
which may be substituted with one or more fluorine atoms, a
tetrahydronaphthalene-2, 6-diyl group which may be substituted
with one or two fluorine atoms, a 1,4-cyclohexenylene group

25 which may be substituted with one or two fluorine atoms, a
1,3-dioxane-trans-2,5-diyl group, a pyrimidine-2,5-diyl group

or a pyridine-2,5-diyl group, although in each compound it is



'e  ORf & = H R9 (Clc) H2 RO (Cld) Rf & H2 RO (Cie) OH2 RO (Cif)

Rf Q Fe  FFF R & H2 RO (Clg) Fe G3 -N H3 RO (Clh) N In each of the
formul as above, Rf and RO each represent, independently, a straight chain
al kyl group of 1 to 7 carbon atons, a straight chain 1-al kenyl group of 2
to 7 carbon 5 atons, a straight chain 3aa&skenyl group of 4 to 7 carbon
atons, a straight chain al koxyl group of 1 to 3 carbon atons or a straight
chai n al kpiregreaapd eofthhtt dhe eakdE mat@i ithanMured dhgd-erminal is
substituted with an al koxyl group of 1 to 3 carbon atons, although at

| east one defcaRfy daneahaiRh tha lregyer-eentiss- 25 Gidiailghfrahsi haaddoHa @ - 1 to 7
carbon atons, a straight chain 1-al kenyl group of 2 to 7 carbon atons, or

a strai ghtdiyHaigrroBpambemyl mayolye afubbtiiaut 2BMIGh HeOWr ndrd HOSHLases i N
which the rings GL to G3 are aromatic, the correspondi ng Rf excl udes

1- al kenyl agoosps tamdabydalohapyit hgrlemes-2 , 8 iyl [diess GaSeh inayMiLh the
rings HL to H3 are aromatic, the correspondi ng RO excl udes 1-al kenyl
groups® andbaltiéxyledgmdtps onBherr itng Gl wid idhaddndg H seach represent,

i ndependently, a trans-1, 4-cycl ohexyl ene group, a trans- 20

decahydr oraphphakenslenangduf- dinlchgmayp bed shdtRhemEEna t3 QUR WY Gh Jmay

be substituted with one or two fluorine atons
atom, 1,3-dioxane-trans-2,5-diyl group, pyrimidine-2,5-diyl
group or pyridine-2,5-diyl group, and that the other rings in
such cases should preferably be a trans-1, 4-cyclohexylene

10 group or a 1,4-phenylene group which may be substituted with
one or two fluorine atoms or methyl groups.

L9, L" and L! are linkage groups, and each represent,
independently, a single bond, an ethylene group (-CH,CHz~), a
1,2-propylene group (-CH(CH;)CH,- and -CH,CH(CH3)~-), a 1,4-

15 butylene group, -C00-, -0CO0-, -OCF,-, -CF,0-, -CH=CH-, -CH=CF-,
-CF=CH-, -CF=CF-, -C=C-, or —CH=NN=CH-, although a single
bond, an ethylene group, a 1,4-butylene group, -CO0O-, -0OCO-,
-OCF;-, -CF;0-, -CF=CF-, -C=C-, or -CH=NN=CH- are preferred,
and it is also preferable that at least one of these linkage

20 groups in (C2), and at least two of the linkage groups in (C3)
are single bonds. —

Preferred forms for (Cl) can be represented by the

general formulas (Cla) to (Clh) shown below.



140 or methyl groups, a naphthal ene-2,6-diyl group which may be
substituted with one or nore fluorine atons, a

t et r ahydr onapht hal ene- 2, 6-di yl group which nmay be substituted wth one or
two fluorine atonms, a 1,4-cyclohexenyl ene group 5 which nay be substituted
with one or two fluorine atons, a 13-4 gxane-trans-Z,S-diyl group, a
pyrimdine-2,5-diyl group or a pyrldlne 5-diyl group, although in each
conmpound it is

hl e that there be no nore n one trans
decahydr onapht K ~ @ 2, 6CH yl gr oy ne% 2(C1®- 10 diyl group
whi ch may be substituted

mnth one or nore ofd ne atons,
tetrahydronaphth e-2, 6Nyl group which may be ubstituted with one or
two fluorine aRoX$2) = @r Bhex€tey| eneﬁﬂay(od@ substi tut ed
with a fluorine aton1 1, 3-di oxane- tran: di yl —group,

pyrimdine-2,5-diyl 1p group or pyridine-2,5- d|yI roup, and that the other
ring in such casg /e“=>---fenabby be atya - ayClaahexyl ene group
or a 1, 4- phenyFR @ Qup “w ich may be saed th one or two fluorine
atons or et hyl groups The ring & and tne rFﬁg H2 each represent,

i ndependently, a trans-1,4 20 cycl ohexyl ene group,

trans- decahydr nq€%>thS?§$EEE_ diygg%%g%p, henyl ene group
whi ch nay be s&bs q%ngngr txo or ‘ggﬁggogﬂnithyl groups,
a napht hal ene-2, 6-diyl group which nay be substituted with one or nore
fluorine atonEInoeaahtefr&hydfonaphahahbqeeZ B dinyd ES egiohurepitiectentgy be
substituted with one or two fluorine atons, although in each conpound it
is preferabﬂépﬁhéﬁnthéreabetnelghbrehahanabhgl group of 1 to 7 carbon

t rans- decahydr onapht hal ene-trans-2, 6-di yl group,
atoms, a straight chain l—alkenyl group of 2 to 7 carbon

5> atoms, a straight chain 3-alkenyl group of 4 to 7 carbon

atoms, a straight chain alkoxyl group of 1 to 3 carbon atoms
or a straight chain alkyl groups of 1 to 5 carbon atoms in
which the terminal is substituted with an alkoxyl group of 1
to 3 carbon atoms, although at least one of Rf and RY

10 represents a straight chain alkyl group of 1 to 7 carbon
atoms, a straight chain l-alkenyl group of 2 to 7 carbon
atoms, or a straight chain 3-alkenyl group of 4 to 7 carbon
atoms. In those cases in which the rings Gl to G3 are
aromatic, the corresponding Rf excludes l-alkenyl groups and

15 alkoxyl groups, and in those cases in which the rings H1l to H3.
are aromatic, the corresponding RY excludes l-alkenyl groups
and alkoxyl groups.

The ring Gl and the ring Hl each represent,

independently, a trans-1,4-cyclohexylene group, a trans-

20  decahydronaphthalene-trans-2, 6-diyl group, a 1l,4-phenylene

group which may be substituted with one or two fluorine atoms



141 napht hal ene-2, 6-diyl group which may be substituted with one or nore
fluorine atons, or tetrahydronaphthal ene-2,6-diyl group which may be
substituted with one or two fluorine atons, and that the other ring in
such cases should preferably be a 5 trans-1, 4-cycl ohexyl ene group or a

1, 4-phenyl ene group which may be substildgted with one or two fluorine
atons or nethyl roups. The ring G and the ring H3 each represent,

i ndepende ] yethyll, Hushasyl eneapiolia hetiect? rimdihd syrsid twitieth majyt Ibeone or
two fluorine atonms or nethyl groups, a 10 naphthal ene-2, 6-diyl group which
may be sulssiistiittedeas twitdneneoro murog f |filard miseatadr®ys 0 a _
tetrahydronapht hal ene- 2, 6-diyl group which may be substituted with one or
two fluor itﬁérmonamlrdﬁmlgdmd—r?,eéadiydorglwm vihidhs mareber ahlos thikat ddher e
be no nore than one naphthal ene-2,6-diyl group which may be 15 substltut ed

with one odtipoaef logortivee fduers ner adres,t et Nahydyelapkikkaleree? 6o |Tp
group which may be substituted wth one or two fluorine atons. Preferred

Chomn Dol w145 1 G P11 T (o) G5 G 15 1 [ e B i o L
OR @ HQ,ﬁﬁd@@x@nﬁ%tﬁ@n@CZhﬁ—d@yHZg@oup, a pyrimidine-2,5-diyl group
or a pyridine-2,5-diyl group, although in each compound it is
preferable that there be no more than one trans-
decahydronaphthalene—trans—2,6—diyl group, naphthalene-2, 6-

10 diyl group which may be substituted with one or more fluorine
atoms, tetrahydronaphthalene-2, 6-diyl group which may be
substituted with one or two fluorine atoms, 1,4-
cyclohexenylene group which may be substituted with a fluorine
atom, 1,3-dioxane-trans-2,5-diyl group, pyrimidine-2,5-diyl

15 group or pyridine-2,5-diyl group, and that the other ring in
such cases should preferably be a trans-1,4-cyclohexylene
group or a 1,4-phenylene group which may be substituted with
one or two fluorine atoms or methyl groups. The ring G2 and
the ring H2 each represent, independently, a trans-1,4-

20 cyclohexylene group, a trans-decahydronaphthalene-trans-2, 6-
diyl group, a 1,4-phenylene group which may be substituted
with one or two fluorine atoms or methyl groups, a
naphthalene-2, 6-diyl group which may be substituted with one
or more fluorine atoms, or a tetrahydronaphthalene-2, 6-diyl

25 group which may be substituted with one or two fluorine atoms,

although in each compound it is preferable that there be no

more than one trans-decahydronaphthalene-trans-2, 6-diyl group,



0 12 RO (Cc) OOR 2 2 Rf & 12 RO (2)) OH2 OR & H2 = 12 RO (C2d)
Rf -& 012 RO (C2k) H2 OOR & H2 12 RO (C2e) Rf & 0 13 RO (C20 H3 =
13 R9 (C21) RF &&EB 3 FF FF O12 Rg (2m R & H3 013 RY (C2g) Rf B =
H3 Of In each of the fornulas above, the ring A, ring &, ring G3, ring
Hl, ring H2 and the ring H3 each represédtl the same meaning as that _
descri bed above, and the ring |1 represents 5 the sanme neaning as the ring
Gl, the rimephthallemeseivesabithegraumgGsh ardy the subgr it:tdd wiite @&se t he
ring G3. Furthernore, in each of the compounds |isted above, it is

pr ef er abl @t matret Hdnehimen@ttms tdrantamatydrtsraphthalene-2, 6-diyl
decahydr onapht hal ene-trans-2, 6-di yl group, naphthal ene-2,6 10 diyl group
whi ch may doeugubdtichutedy vae s woses idrutrest ev iffluasnieneor afwosf luorine atoms,

t et r ahydr onapht hal ene- 2, 6-di yl group which nmay be substituted with one or

two fl uoriamel atherts,the 4theyc|miexany s grangs dhahl dreyr ofe sabis iBalted
with a fluorine atom 1, 3-dioxane-trans-2,5-diyl group,
pyri m i ne-r2ns-di,yi-chés lgrtmyy lemepwriaigner2,:5-1di 4H plggropisnangk duatwi en ot her
rings in may be substituted with one or two fluorine atoms or methyl
groups. The ring G3 and the ring H3 each represent,
independently, a 1,4-phenylene group which may be substituted
with one or two fluorine atoms or methyl groups, a
10 naphthalene-2,6-diyl group which may be substituted with one
or more fluorine atoms, or a tetrahydronaphthalene-2, 6-diyl
group which may be substituted with one or two fluorine atoms,
although in each compound it is preferable that there be no
more than one naphthalene-2,6-diyl group which may be
15 substituted with one or more fluorine atoms or one
tetrahydronaphthalene-2, 6-diyl group which may be substituted
with one or two fluorine atoms.

Preferred forms for (C2) can be represented by the

general formula (C2a) to (C2m) shown below.



such cases should preferably be a trans-1,4-cycl ohexylene group or a

1, 4- phenyl ene group which may be substituted with 143 one or two fluorine
atons or methyl groups. Preferred fornms for (C3) can be represented by the
general fornulas (C3a) to (C3f) shown below. Rf Gl H1 11 J1 R9 (C3a) J2 RO
(C3b) R & H2 12 J2 Rs (C3c) R & H34%2 O O0J2 RO (C3d) R & H2 12 O
Rf H2 12 J2 RO (C3e) CQ O Rf G H2 J2 Ra (C3f) 12 5 In each of the

dth
I?nglgsea sar{éygrreeglr;lr ] Hl r| n%S%)’i ade tﬁe

ring Jlrepresents the 38 meani ng astherl 0 andtherlng J2 the

S I | st ed 10
same as E,h qy ﬁ? Fhof@d i W t he co nds
efdl’ébl e that there bR _@_ﬁ

above, it
decahydronaphthal ene-tra 2,6-diyl group, nap alene- 2, 6 d|yI gr oup

whi ch may R@@%ﬁk is oK@%r f lauor i neo R9 2
0 <T> (
R'Rg (C2d) R’—@—O 0—@—R9 (€24
o‘2 D 50

R’Rg {C2¢) »
wa —<E>—Rg (C29) Rg (c2)

@—W (629 H —@—Rg (C2m)
(o))~

In each of the formulas above, the ring Gl, ring G2, ring

G3, ring H1l, ring H2 and the ring H3 each represent the same
meaning as that described above, and the ring Il represents
5 the same meaning as the ring G1, the ring I2 the same as the

ring G2, and the ring I3 the same as the ring G3.
Furthermore, in each of the compounds listed above, it is
preferable that there be no more than one trans-—
decahydronaphthalene—trans—2,6—diyl group, naphthalene-2, 6-

10 diyl group which may be substituted with one or more fluorine
atoms, tetrahydronaphthalene-2, 6-diyl group which may be
substituted with one or two fluorine atoms, 1,4-
cyclohexenylene group which may be substituted with a fluorine
atom, 1,3-dioxane-trans-2,5-diyl group, pyrimidine-2, 5-diyl

15 group or pyridine-2,5-diyl group, and that the other rings in
such cases should preferably be a trans-1,4-cyclohexylene

group or a 1,4-phenylene group which may be substituted with



atons, tetrahydronaphthal ene-2,6-diyl group which may be substituted with
one or two fluorine atons, 1,4 15 cycl ohexenyl ene group which may be
substituted with a fluorine atom 1, 3-dioxane-trans-2,5-diyl group,
pyrimdine-2,5-diyl group or pyridine-2,5-diyl group, and that the other
rings in such cases should preferably hd@3a trans-1, 4-cycl ohexyl ene 144
group or a 1, 4-phenyl ene group which nay be substituted with one or two
fl uori ne anenmeroitweetfiylorgneups omEXAMPEShyd Axdupld.onws is a nore detail ed
description of the present invention based on a series of exanples,

al t hough the pPeséertrrednfenmmisorfoirs (C3)necamaypd imipredene dcheyexapl es
presented. (Exanple 1) Synthesis of 2-propyl-7-(3,4,5-trifluorophenyl)- 10
9, 10- di hydeogedadlrmeiesO(C3a) €eb (C31FT shik) Bellkd AICI 3 , CH2Cl 2 DEG
n-C3H O O 12, NalX® n-C3H 4:b- | H2SO4W , ACH /~~/~F BrMy-(( )}-F F \~h

nHOOOF PdeRER3NA E/FM gudpensi f 360 g of alum numchloride in
1 L of nethyl enel oe .ﬂb %g t G)CC): and a solution of 250 g

) (D<) o
@@ oy D

5 In each of the formulas above, the ring G1, ring G2, ring
Hl, ring H2, ring Il and the ring I2 each represent the same
meaning as that described above, and the ring J1 represents
the same meaning as the ring G1l, and the ring J2 the same as
the ring G2. Furthermore, in each of the compounds listed

10 above, it is preferable that there be no more than one trans-
decahydronaphthalene—trans—2,6—diyl group, naphthalene-2, 6~
diyl group which may be substiﬁﬁted with one or more fluorine
atoms, tetrahydronaphthalene-2, 6-diyl group which may be
substituted with one or two flﬁorine atoms, 1,4-

15 cyclohexenylene group which may be substituted with a fluorine
atom, 1,3-dioxane-trans-2,5-diyl group, pyrimidine-2,5-diyl
group or pyridine-2,5-diyl group, and that the other rings in

such cases should preferably be a trans-1, 4-cyclohexylene



of propanoic chloride in 800 nL of nethylene chloride was then 15 added
dropwi se to the suspension. Follow ng conpletion of the addition, the

m xture was stirred at the sane tenperature for 30 mnutes, and a sol ution
of 443 g of 9,10- di hydrophenanthrene in 800 nL of nethyl ene chloride was
then added dropw se. The reaction m xt4#é was stirred for a 20 further one
hour, and the reaction then halted by pouring the 145 reaction m xture
into i ce R&CEP. OThé drdamhenydypae waoupsepdcht mdy beesabstdtstledyentas
extracted with nethylene chloride, and the extract was conbined with the
organi c | &p€r or THe élgamine afomsway mechwagmedpsi.th water, a saturated 5
aqueous sol ution of sodium bicarbonate, and a saturated aqueous sol ution
of sodium chloride, and was then dried over anhydrous sodium sulfate. The
sol vent was renoved by evaporation and the product subsequently purified
by col umEX&MP&EEt ogr aphy to yield 504 g of 1-(9, 10-di hydrophenant hrene 10
2-yl)propan-1-one. 497 g of this 1-(9, 10-di hydrophenant hr ene-

2-yl) pt opan- | - Befrddowled ssaspengedeitailed desdréphybanef ghycplkeséft g of
hydrazi ne hydrate was added, and the suspension was stirred, with heating,
for one héutiveatiepobasehent enperdesr efwasampéns; akdetdotighl2AE, paedent
follow ng 15 renoval of any unreacted hydrazi ne by evaporation, the

t enper at uk8vVRA§ioncésagai nol vagr ddmitddotg ohepekaspilam pbygdeaxkde was t hen
added, and with sufficient care taken over foam ng, the m xture was heated
at 160C, with stirring, for tw hours. The reaction m xture was then
returned to room 20 tenperature, toluene and water were added, and the
organi c (Example 1) Synthesis of 2-propyl-7-(3,4,5-trifluorophenyl) -

10 9,10-dihydrophenanthrene

0
o 00
mc—f.'c.* CH<) Muron

-0 s, <O
F

mng<:§—F
Pd(PPh3)4F. e T ©.@ @ F

F
F

A suspension of 360 g of aluminum chloride in 1 L of
methylene chloride was cooled to 0°C, and a solution of 250 g
of propanoic chloride in 800 ml of methylene chloride was then

15 added dropwise to the suspension. Following completion of the
addition, the mixture was stirred at the same temperature for
30 minutes, and a solution of 443 g of 9,10-
dihydrophenanthrene in 800 ml, of methylene chloride was then
added dropwise. The reaction mixture was stirred for a

20 further one hour, and the reaction then halted by pouring the



| ayer was separated. The organic | ayer was then washed with a saturated
aqueous sol ution of sodium bicarbonate, water, and a saturated aqueous

sol ution of sodiumchloride, and was then dried over anhydrous sodi um

sul fate. The solvent was renpved 25 by evaporation and the product
subsequently purified by colum chromatijoqy aphy (hexane) to yield 361 g of
2-propyl -9, 10- di hydrophenant hrene. To a solution of 330 g of this 2-propyl

146 9, 10-dihndraphenanihy et d i 300 e Of Ihe drgfaingicogthaine wars added
2.4 L of acetic acid, 12 nL of sulfuric acid, 600 nL of water, 226 g of

i odi ne andi Oy 4, Rald Ulteditd ALAYEK 3l Ss bidradiied NeStH thdigh il hair € vas

stirred for 3 hours with the 5 internal tenperature at 50C. Fol | ow ng

cooling, aihagueRUs arPlitd Ak iofa SO N4 byrls DOe witH | {18e Vesgatided a pad.
foll owi ng deconposition of any residual iodine, nethylene chloride was

added and he &fd(g;’:}m& 1RYEF WES SEPRN A Sed TRELRTI B E, | AYS4tum@sedashed
with a saturated aqueous sol ution of sodium 10 bi carbonate, water, and a

sat ur ated Aqueqls SOLWioN Of SO9] EM LELA PEbELEe ANghaas shedrdeégd over
anhydrous sodium sulfate. The solvent was renoved by evaporation and the

product  suybsequentd i, Push fd£ds by GR! &iTo £1§OMBL 0T ARHYL Kk ELX@Peedt Sveyi €l d
245 g of 2-iodo-7-propyl-9, 10-di hydrophenant hrene. To a 15 sol ution of 100

g of this 2:ipe0sds PQPHhm %dPradd hy diphenanidy angs iRemfdripf THE was
added 3.3 g of tetrakis(triphenyl phosphine)palladium (0) and the m xture

was Sti rr& &l 000 teiperid %EodJaéssméégﬁ@nwy;%@@ﬂﬂ@@cwdcomlh a
i gnard reagent prepared from79 g of 3,4,5 20 trifluorobronbbenzene and
9.1 g of nBNSRAUR MY OMbNGield 504 g of 1-(9,10-dihydrophenanthrene-
10 2-yl)propan-l-one. 497 g of this 1-(9,10-dihydrophenanthrene-
2-yl)propan-l-one was then suspended in 3 L of diethylene
glycol, 421 g of hydrazine hydrate was added, and the
suspension was stirred, with heating, for one hour at 100°C.
The temperature was then raised to 120°C, and following
15 removal of any unreacted hydrazine by evaporation, the
temperature was once again lowered. 13.9 g of potassium
hydroxide was then added, and with sufficient care taken over
foaming, the mixture was heated at 160°C, with stirring, for
two hours. The reaction mixture was then returned to room
20 temperature, toluene and_water were added, and the organic
layer was separated. The organic layer was then washed with a
saturated aqueous solution of sodium bicarbonate, water, and a
saturated aqueous solution of sodium chloride, and was then
dried over anhydrous sodium sulfate. The solvent was removed
25 Dby evaporation and the product subsequently purified by column
chromatography (hexane) to yield 361 g of 2-propyl-9,10-

dihydrophenanthrene. To a solution of 330 g of this 2-propyl-



stirring for 2 hours at roomtenperature, the mxture was allowed to cool
to roomtenperature, water was added, the product was extracted into
toluene, and the organic |ayer was washed sequentially with water and a
saturated aqueous 25 solution of sodiumchloride before being dried over
anhydrous sodium sul fate. The crude pradéct obtained by renoval of the
sol vent by evaporation was purified by silica gel colum 147
chr omat ogapify dihexanemh earsa tthremer ey BO0ahLi oed 13 2HdTes loreet hetkanals t o
yield 45 g of white crystals of 2-propyl-7-(3,4,5- '
trifluoropiéed -9, 10odi lrdrtdphemdnt, hiénel. Mfasundmic ekidhe cophaseor
transition tenperature revealed a transition fromthe 5 crystalline phase
to an i sovedgire Ki2guigd ofhdoelimte 68Q Wedely ofi pierd odamp@calduheg deardi,t @RS .
NVR 6 = 0.99 (t, J=7Hz, 3H), 6 =1.65 (m 2H), 6 = 2.52 (t, J=7Hz, 2H), 6
= 2.88 (stheHresgltidgImixthirg (as SH)irrbl: fokre 3=h3%2s( Mikhl@nEhe conpounds
| i sted bel ow can be produced in adfkgglarb nangﬁr.
2- propy| - Zntgrhkdote ture hd- dio I opoEneRing e86oling, an aqueous
Z-Broggl-7-§3,4-diflEE??%%E%yI)-Q,lO-dihydrophenanthrene C 114 (N 82.0) 1,
15 2- propyblntignsodi slogdnop hemirioges, 3a1dikydwvaghaaarthr eng, following
2-propyl -7-(4-trifluoromet hoxyphenyl)-9,10- di hydrophenant hrene,
2-propy|-¢EGQmpb§¢tdo¢-bfiBhwomegﬁﬁhaxymbemmb)-ﬂetﬁyléhQYGhQBBQG%n%B%ene,
20 2-propyl-7-(3,S-difluoro-4-trifluoronethoxyphenyl)-9, 10-

added and the organic layer was separated. The organic layer

was washed with a saturated aqueous solution of sodium

10 bicarbonate, water, and a saturated agqueous solution of sodium
chloride, and was then dried over anhydrous sodium sulfate.
The solvent was removed by evaporation and the product
subsequently purified by column chromatography (hexane) to
yield 245 g of 2—iodo—7—propyl—9,10—dihydrophenanthrene. To a

15 solution of 100 g of this 2-iodo-7-propyl-9,10~-
dihydrophenanthrene in 300 mL of THF was added 3.3 g of
tetrakis(triphenylphosphine)palladium (0) and the mixture was
stirred at room temperature. This mixture was then reacted
with a Grignard reagent prepared from 79 g of 3,4,5-

20 trifluorobromobenzene and 9.1 g of magnesium. Following
stirring for 2 hours at room temperature, the mixture was
allowed to cool to room temperature, water was added, the
product was extracted into toluene, and the_organic layer was
washed sequentially with water and a saturated aqueous

25 solution of sodium chloride before being dried over anhydrous
sodium sulfate. The crude product obtained by removal of the

solvent by evaporation was purified by silica gel column



di hydr ophenant hrene, 2-propyl -7-(4-difl uoronet hoxyphenyl)-9, 10-

di hydr ophenant hrene, 2-propyl-7-(4-trifluoronethyl phenyl)-9, 10- 25

di hydr ophenant hrene, 2-propyl-7-(3-fluoro-4-trifluoromnethyl phenyl)-9,10 148
di hydr ophenant hr ene,

2-propyl -7-(3,5-difluoro-4-trifl uoronet Aglphenyl)-9, 10-

di hydr ophenant hrene, 2-propyl -7-(4-chl orophenyl)-9, 10-di hydr ophenant hr ene,
5 2- pr opyIchropatogrepdys-(dexemephemd thenl Gee cdiyimytdrlapenarg iiemss from

2- propyl -7-(3,5-di fluoro-4-chl orophenyl )-9, 10- di hydrophenant hr ene,
2-pr0py|-?I%4npﬂu@powﬁ@dwlﬂﬁ gorenevhitkD crystals of 2-propyl-7-(3,4,5-
2-propyl -7-(3, 4-di fl uorophenyl)fl uorene,

2- propyl - ¥rdg 15ogdicpbhgoydprénylO-fdihgremphenanthrene. Measurement of the
2-propyl -7-(3,4,5-trifluorophenyl)fluorene C 136 |

2- propyl - Ph@sget tirphgdtdmet hempehrertyrkf lreveaned a transition from the
2-propyl -7-(3-fluoro-4-trifluoronmethoxyphenyl)fl uorene, 15

2- propyl - ¥r¥steldiiheuphes4- tor iahl Uesotrepiexyplheny phaser ete.68°C under
2-propyl -7-(4-difluoromet hoxyphenyl)fl uorene,

2- propyl - ¥1g4ngr temperenutrey icpheiylionfsl.uor ene,

2-propyl -7-(3-fluoro-4-trifluoronethyl phenyl) fluorene, 20

2- propyl - RMR3, 5-€id ] a®r oc 4-g4 7512 ) uds pred hy lipkenyiy, leﬂqgr e 2 52 (¢,

J=7Hz, 2H), 8 = 2.88 (s, 4H), 6§ = 6.9 to 7.6 (m, 8H),
MS: m/e = 352 (M+)
10 The compounds listed below can be produced in a similar
manner.
2—propyl—7—(4—fluorophenyl)—9,lO—dihydrophenanthrene,
2—propyl—7—(3,4—difluorophenyl)—9,10—dihydrophenanthrene
C 114 (N 82.0) 1,

15 2—propyl—7—(3,5—difluorophenyl)—9,10—dihydrophenanthrene,
2—propyl—7—(4—trifluoromethoxyphenyl)—9,10—
dihydrophenanthrene,
2—propyl—7—(3—fluoro—4—trifluoromethoxyphenyl)—9,10—
dihydrophenanthrene,

20 2-propyl—7—(3,S—difluoro—4—trifluoromethoxyphenyl)—9,10—
dihydrophenanthrene,
2—propyl—7—(4—difluoromethoxyphenyl)—9,lO—
dihydrophenanthrene,
2—propyl—7—(4—trifluoromethylphényl)—9,10—

25 dihydrophenanthrene,

2—propyl-7—(3—fluoro—4-trifluoromethylphenyl)—9,107



2-propyl -7-(4-chl orophenyl) fluorene, 2-propyl-7-(3-fluoro-4-chlorophenyl)
fluorene, and 2-propyl-7-(3,5-difluoro-4-chlorophenyl) fluorene. 25
(Exanmpl e 2) Synthesis of 2-propyl-7-(3,4- difluorophenylethynyl) fluorene
149 FF nHOOHFN-CBHOO- OF Pd(PPh3)a . Et3N, DW

2-1 0do-7-propyl -fluorene in dinethyl formasi de and triethylam ne was
reacted wth 4-ethynyl -1, 2-difl uorobenzene in the presence of

t et raki s(tri phepwyiRiepmaineipddnadi um (0), 5 and the product was purified
by silica gel columm chromat ography (hexane) and then recrystallized from

et hanol to yi el-g2Rnep 37, -5-3 i 1dicdo+ar-apteyloaiometyyl oheorydne.9 , Te
conpounds |isted below can be produced in a simlar mnner. 10

2- propyl - 7- ( 4- {diuiahsiedLitheede,f | uor ene,
2-propy|-7-(3,4-g§¥Iuorophenylethynyl)fluorene,

2- propyl - 7- ( 3, 4 fdgior-ophenydigtdnopHey1yersn®-dihydrophenanthrene,
2-propyl -7-(4-trifluoronmethoxyphenyl et hynyl)fl uorene,

2- propyl - 7- ( 3- fl yrsv -I6- 34 £l wsrenetdrmorperedydh syl | uor ene,

2-propyl -7-(3,5-difluoro-4- trifluoromethoxyphenyl et hynyl)fl uorene,
dihydrophenanthrene,
2—propyl—7—(3,5—difluoro—4—chlorophenyl)—9,10—
dihydrophenanthrene,
2-propyl-7-(4-fluorophenyl) fluorene,

10 2-propyl-7-(3,4-difluorophenyl) fluorene,
2-propyl-7-(3,5-difluorophenyl) fluorene,
2-propyl-7-(3,4,5-trifluorophenyl) fluorene C 136 I,
2-propyl-7-(4-trifluoromethoxyphenyl) fluorene,
2-propyl-7-(3-fluoro-4-trifluoromethoxyphenyl) fluorene,

15 2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl) fluorene,
2-propyl-7-(4-difluoromethoxyphenyl) fluorene,
2-propyl-7-(4-trifluoromethylphenyl) fluorene,
2-propyl-7-(3-fluoro-4-trifluoromethylphenyl) fluorene,

20 2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl) fluorene,
2-propyl-7-(4-chlorophenyl) fluorene,
2-propyl-7-(3-fluoro-4-chlorophenyl) fluorene, and
2-propyl-7-(3,5-difluoro~-4-chlorophenyl) fluorene.

25

(Example 2) Synthesis of 2-propyl-7-(3,4-

difluorophenylethynyl) fluorene



2-propyl -7-(3,4,5-trifluorophenyl et hynyl ) fl uorene,

2-propyl -7-(4-difl uoronet hoxyphenyl et hynyl ) fl uorene, 20

2-propyl -7-(4-trifluoronethyl phenyl et hynyl ) fl uorene,

2-propyl -7-(3-fluoro-4- trifluoromethyl phenyl et hynyl)fl uorene,
2-propyl -7-(3,5-difluoro-4- trifluoronetigy phenyl et hynyl ) fl uorene, 25
2-propyl -7-(4-chl or ophenyl et hynyl ) fl uorene, 150

2- propyl - 7- (3-fl uor o-4-chl orophenyl et hynyl ) f | uor ene,

2-propyl -7-(3,5-di fluogesc4-chloro henx@:ﬁ nyI)fIEr
2-propy|-7-(4-%&39L<E§;2§E2;nynyl 9, 1 ro ,
2-propyl -7-(3,4-difl nylethynmﬂmmg410 |h p "

2-propy|-7 (3, 5-di fl uorophenyl et hynstN,-OBF10- dlhydrophenanthrene
2-propyl -7-(3,4,5-trifluorophenyl ethynyl)-9,10 10 di hydr ophenant hr ene,

2- propyl - 7- ( 4- t2r|lf0Id{SP0T7OTPe-1dw<ly“|cﬂiemdeetd1mychmﬁgt,’qulﬂijﬂmailrrlw(%ﬁﬂﬁt hr ene,
2-propyl -7-(3-fluoro-4-trifluoromet hoxyphenyl ethynyl)- 9,

10- di hydr &phefhntlardne WS Zquamd wWith3,45-edifyinydr-a-,4-difluorobenzene
trifluoromet hoxyphenyl et hynyl ) -9, 10-di hydr ophenant hr ene,

2- propyl - #0( #hei Presemwet ndx stiemap et (tyriyiherS,] Ko spHiy@) ephananthf ens.,
2 proeyl-an4t%;|LLg%L%Ee;gélEgiqﬁtiipigygllicipéel column
chromatography (hexane) and then recrystallized from ethanol
to yield 2—propyl—7—(3,4—difluorophenylethynyl)fluorene.
The compounds listed below can be produced in a similar
manner.

10 2—propyl—7—(4—fluorophenylethynyl)fluorene,
2—propyl—7—(3,4—difluorophenylethynyl)fluorene,
2—propyl—7—(3,5—difluorophenylethynyl)fluorene,
2~propyl—7—(4—trifluoromethoxyphenylethynyl)fluorene,
2-propyl-7-(3-fluoro-4-

15 trifluoromethoxyphenylethynyl)fluorene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)fluorene,
2—propyl—7—(3,4,5—trifluorophenylethynyl)fluorene,
2—propyl—7—(4—difluoromethoxyphenylethynyl)fluorene,

20 2—propyl—7—(4—trifluoromethylphenylethynyl)fluorene,
2-propyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)fluorene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)fluorene,

25 2—propyl—7—(4—chlorophenylethynyl)fluorene,



20 di hydr ophenant hr ene,

2-propyl -7-(3-fluoro-4-trifluoronethyl phenyl et hynyl) -

9, 10- di hydr ophenant hr ene,

2-propyl -7-(3,5-di fluoro-4-trifluoronethyl phenyl et hynyl) -

9, 10- di hydr ophenant hrene, 25 2-propyl - 7414 chl or ophenyl et hynyl ) -9, 10-

di hydr ophenant hrene, 2-propyl-7-(3-fluoro-4-chl orophenyl et hynyl)-9,10 151

di hydr ophenant Rr-grepydnd - (3-fluoro-4-chlorophenylethynyl) fluorene,
2- propyl -7- (3, 5-di fl uoro-4-chl orophenyl et hynyl ) -9, 10- 3:hydrophenanthrene.

5 (Exanpl e 3) Sypirdogsils-76f(3[-5-diHrod-PrRH rofkdphehyrethynyl) £1
trifluorophenyl)-9, 10-di hydrophenant hrene and é%%}ugégizyny ) tluorene,

propyl-7-(3,4,Q—pMdﬁyhyWHﬂmyﬁm@cﬁbpﬂéﬁ¥ﬂ@ﬂyyﬁa§¥ugﬁmyﬁne HBr n-C, 3H =000-
| NDVA 3 n-C,3H O O OCH3 AcPOH n-C3H C-O OH Cl'- n-C3H CR OH + n-C3Hr

CA~ OH F F @fihydroph@n@hthreme3 O O OTf *  PyH CH2Cl 2 Pd(PPh3)4, THE
CF3s®2 =Tf FFFFnNn-CGHOOF+n-C3BHOOOF F F F Follow ng conversion

of thed 2-iodo- 2—piropyll~9-1G, 41Qidi1meppRenaritigRA ol aigied in Exanple 1

into a phenol derivative using standard néthods, "t he thus obtai ned

7-propyl - 9, 10ddhpydoppeanathMeer- 2- ol was di ssol ved in nethyl ene
2—propyl—7—(3,5—difluorophenylethynyl)—9,10—
dihydrophenanthrene,
2—propyl—7—(3,4,5—trifluorophenylethynyl)—9,10—

10 dihydrophenanthrene,
2—propyl—7—(4—trifluoromethoxyphenylethynyl)—9,10—
dihydrophenanthrene,
2—propyl—7—(3—fluoro—4—trifluoromethoxyphenylethynyl)—
9,10-dihydrophenanthrene,

15 2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)—9,10—dihydrophenanthrene,
2—propyl—7—(4—difluoromethoxyphenylethynyl)—9,10—
dihydrophenanthrene,
2—propyl—7—(4—trifluoromethylphenylethynyl)—9,10-

20 dihydrophenanthrene,
2—propyl—7-(3—fluoro—4—trifluoromethylphenylethynyl)—
9,10—dihydrophenanthreneL
2—propyl—7—(3,5—difluoro-4—trifluoromethylphenylethynyl)-
9,10-dihydrophenanthrene,

25 2—propyl—7—(4—chlorophenylethynyl)—9,10—
dihydrophenanthrene,

2-propyl—7—(3—fluoro—4—chlorophenylethynyl)—9,lO—



chloride, and N, N -difluoro-2,2"-bipyridinium bistetrafl uoroborate
(MEC-31) was added gradually, and 15 follow ng conpletion of the addition
the m xture was stirred for 5 hours at roomtenperature. Water and a 10%
aqueous solution of sodium hydroxi de were then added, any residual
fluorination agent was deconposed, and 1811 ow ng the addition 152 of
sufficient dilute hydrochloric acid to return the reaction mxture to an
acidic state, dhbydrgaheésahbeenepsasdparated. The aqueous |ayer was
extracted with dichloronmethane and this extract was conbined with the
organi c | ayer, 2whkchyha3-53 sbbdifileatby4 wakbedophé iy Vet gynanp-bheo-a
saturated aqueous solution of sodium chloride before being dried over
anhydrous sodidihysubphéranTheeneude product obtained by renoval of the
sol vent by evaporation was separated and purified by silica gel colum
chr omat ogr aphy (hexane and toluene) to yield both 10

1-fl uoro-7-propyl -9, 10-di hydrophenant hren-2-ol and 3-fl uoro-7-

propyl> 9, {Bxanpbyedr 3ph8yanhésen- 3£ 08~ f1Tbeot husropynineds, 4, 5-
1-fluoro-7-propyl-9, 10 di hydrophenant hren-2-o0l was dissolved in nethyl ene
chl ori de, taifsuspepkenpl Wa3, 1 ordtdybyopddhagt hréhé ugn@net haassylponic 15
anhydri de, and the suspension was then cooled to 5C. Wth the m xture

bei ng stiprepyVigofdus) -t pyfldonephasyt hen, addechydr opné senangehbe m xture
stirred for a further one hour. Witer was added, the reaction halted, and

F
F
F m®§—<:}—F
Tr,0 ] o“ o . o F
—_— + N —
PyH , CH,Cl, Pd(PPhy), , THF

ncsﬁF + mcsHF

Following conversion of the 2-iodo~7-propyl-9, 10-

10 dihydrophenanthrene obtained in Example 1 into a phenol
derivative using standard methods, the thus obtained 7-propyl-
9,10-dihydrophenanthren-2-0l1 was dissolved in methylene
chloride, and N,N'-difluoro-2,2'-bipyridinium
bistetrafluoroborate (MEC-31) was added gradually, and

15 following completion of the addition the mixture was stirred
for 5 hours at room temperature. Water and a 10% agueous
solution of sodium hydroxide were then added, any residual

fluorination agent was decomposed, and following the addition



[ urated aqueous sol ution of sodium bi carbonate, water, and then
:C;giu?afgg aqueousqsolution of sodium chloride before being dried oveg
anhydrous sodium sul fate. 25 The sol vent was renoved by evaporation, an '
the product purified by silica gel columm chromat ography (hexane) to yie
1-f1uoro-7-propyl -9, 10-di hydr ophenant hr erns2-yl 153 _
trifluoronethanesul fonate. This conpound was conbi ned with
3, 4, 5- t ri fdfuendifhenyditordicl e th it el dveise Feaucas v den r%tf%b&%ﬁ"ee“
a Gignard reagent prepared from3,4,5- trifluorobronobenzene an
magnesi ummiagioh rer iumtdwlaiaﬁrcailce,sﬁiatf@,l | e dy Yo Jesi Sy t
hydrochloric acid), tetrakis(triphenyl phosp |ne)pallad|un1(0 4
pota88|umeduxqﬂvﬁusIﬂaytﬁﬂwﬁafaﬁﬁfudﬁaackaéﬁﬂd&%nléyH% ﬁé“ﬁh&“ﬂﬁre

for 10 hours at 80C. The reaction nm xture was then coole room

t ol uene,
t enper at UKt naatte wasa s caddetdhd tvh.Q:l'mt)HéJrcﬁc?@ﬁ EXIL ARG e%ﬂlQ:hWJahs
angpthe resulting organic | ayer was washe sequentially with water and a

sat ur a} ed satpsequentdiyuivadhedf witediwdBahlHld dgepnd 4081 Ad£d V tu

anhydr ous ggglUﬁ]SU|fate The crude product obtalne by rennva Eﬁhh 15
sol vent bpolevdpor aifi Grafam RWldhiel BeRidd ¢ i9g £al %HH%QQ&&P y
(hexane) and then recrystallized 3 tines fron1ethano| to ylel

8-f|uoro-zonuumybulfe3e4,5ThéiEkueépﬁbsaﬁkl bt 93 nghh§92?8H89§Tth%e@E The

separated 3-fluoro-7-propyl-9,10- dihydrophenanthren- was “al §6 resct ed

in the saselrenneby avdppirekdesh was separated and rifie
6-fluoro-2-propyl-7-(3,4,5-trifluorophényl)- f& &lhy roﬁhenanfﬁrene

The Conpogadscb&&hﬁdcthQWt©@&a%%yprQﬁgﬁgﬁe'Qné BbTLLAL) to yield both
10 1—fluoro—7—propyl—9,10—dihydrophenanthren—2—ol and 3-fluoro-7-
propyl-9,10-dihydrophenanthren-2-o1l.

The thus obtained 1-fluoro-7-propyl-9,10-
dihydrophenanthren-2-o0l was dissolved in methylene chloride, a
suspension was formed by adding trifluoromethanesulfonic

15 anhydride, and the suspension was then cooled to 5°C. With
the mixture being stirred vigorously, pyridine was then added
dropwise and the mixture stirred for a further one hour.

Water was added, the reaction halted, and the organic layer
was separated. The aqueous layer was extracted with

20 dichloromethang and this extract was combined with the organic
layer, which was subsequently washed with dilute hydrochloric
acid, a saturated aqueous solution of sodium bicarbonate,
water, and then a saturated agqueous solution of sodium
chloride before being dried over anhydrous sodium sulfate.

25 The solvent was removed by evaporation, and the product
purified by silica gel column chromatography (hexane) to yield

1—fluoro—7—propyl—9,10-dihydrophenanthren-Z-yl



ner. 8-fluoro-2-propyl-7-(4-fluorophenyl)-9,10- di hydrophenant hrene, 25

man (
-fluoro-2-propyl -7-(3, 4-di fluorophenyl)-9,10- di hydrophenant hrene,
-fluoro-2-propyl -7-(3,5-di fluorophenyl)-9,10 154 di hydrophenant hrene,
-fluoro-2-propyl-7-(4-trifluoromethoxyphenyl)-9,10- di hydrophenant hr ene,
-fluoro-2-propyl -7-(3-fluoro-4-trifluofoget hoxyphenyl)- 5

10- di hydr ophenant hrene, 8-fl uoro-2-propyl-7-(3,5-difl uoro-4-

[

—_ -

: .  ophe: ' .

oo B oo e PN MR o AT ene
uor o- 2; Py &Py ki hwré%shéﬁy%eﬁ‘& th:p@ewIl%a]?, %95 ﬁ%@&&é&&hﬁg)agt rene,

uor o- 2- propyl - 7- (3-fluoro-4-trifluoromet hyl phenyl) -

- di hygsgphesanboepagn 8-&LUgHord- PLORY J;Z%éépéfgaf%%ﬁ%f‘a,@

I 10
I
I
0 -
i f1 uoronet hyl phenyl ) -9, 10- di hydr ophenant
I
I
I
y

—_ -
j—h—h—h—|_\—h—h—h

- h | b3 erve [l o
dor o- 30 b ooyl 7 (e L sy 4 P R OAP LS ene, 20

UG 0- 2o DI O -dy (By@z 8 §4 197 01 #n CHL PLEENENYLdc®1d0ic acid),

dr ophenant hr ene,
tetrakis(triphenylphosphine)palladium (0) and potassium

Q. 000000 W©WO0000O0 — WO 0o

phosphate in a dimethylformamide solvent and was then stirred
for 10 hours at 80°C. The reaction mixture was then cooled to
room temperature, water was added, the mixture was extracted
10 with toluene, and the resulting organic layer was washed
sequentially with water and a saturated aqueous solution of
sodium chloride, and then dried over anhydrous sodium sulfate.
The crude product obtained by removal of the solvent by
evaporation was purified by silica gel column chromatography
15 (hexane) and then recrystallized 3 times from ethanol to yield
8—fluoro—2—propyl—7—(3,4,5—trifluorophenyl)—9,10—
dihydrophenanthrene. The separated 3-fluoro-7-propyl-9,10-
dihydrophenanthren-2-ol was also reacted in the same manner
and yielded 6—fluoro—2—propyl—7—(3,4,5—trifluorophenyl)—9,10—
20 dihydrophenanthrene.
The compounds listed below can be produced in a similar
manner.
8—fluoro—2—propyl—7—(4—fluorophenyl)—9,10—
dihydrophenanthrene,
25 8—fluoro—2—propyl—7—(3,4—difluorophenyl)—9,10—
dihydrophenanthrene,

8—fluoro—2—propyl-7-(3,5-difluorophenyl)—9,10—



| uor ophenyl ) -9, 10- di hydr ophenant hr ene,

o]

i fluorophenyl)-9,10- 25 di hydrophenant hr ene,
[

f

uor o- 2- propyl -7-(4-f
uoro-2-propyl-7-(3,4
(3,5
4-1

I
I
| uor o- 2- propyl - 7-
I
I

f
-f -
-f -di fl uor ophenyl ) -9, 10- di hydrophenant hrene, 155
-f rifluoronethoxyphenyl)-9,10- di hydrophenant hrene,
fluoro-2-propyl-7-(3-fluoro-4-trifluongget hoxyphenyl) -
1

0- di hydr ophenant hrene, 5 6-fl uoro-2-propyl-7-(3,5-difl uoro-4-

u
d
d
[
- u

uor o- 2- propyl - 7- (4- di f| uor onet hoxyphenyl ) - 9, 10- di hydr ophenant hr ene,

uoro-2-propytiﬁoté—nFb&bpgaoneuhykﬁhQnﬁbkoﬁe%be%?h@h@i@L@ph@aanthrene,

uor o- 2- propyl - 7- (3-fluoro-4-trifl uoromnet hyl phenyl) -

- di hydr ophanagtibbphenafthlreaeg- 2- propyl - 7- (3, 5- di f | uor o- 4-

| uor onet hyl phenyl ) - 9, 10- di hydr ophenant hrene, 15

uor o- 2- pr opykidot4~chbebpphenyl(3-$146 rdi-aydrophaB2BLBEBBS yphenyl) -

uor o- 2- propyl - 7- (3-fl uoro-4-chl orophenyl ) -9, 10- di hydrophénant hr ene,

udr o- 2- pr opyhe?dfRybrépheHanenseabl or ophenyl )-9, 10- 20

dr ophenant hrene, 8-fl uoro-2-propyl-7-(4-fluorophenyl)fl uorene,
8-fluoro-2-propyl-7-(3, 5-difluoro-4-

|
f
-f
-f
1

—_ -

[
-f
-f
-f
ih

OO0 TOOHMOOOD TOOOMOHO O O
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trifluoromethoxyphenyl)—9,10—dihydrophenanthrene,
8~fluoro-2-propyl-7-(4-difluoromethoxyphenyl)-9, 10-
dihydrophenanthrene,

10 8—fluoro—2—propyl—7—(4—trifluoromethylphenyl)—9,10—
dihydrophenanthrene,
8—fluoro—2—propyl—7—(3—f1uoro—4—trifluoromethylphenyl)—
9,10-dihydrophenanthrene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-

15 trifluoromethylphenyl)~-9,10-dihydrophenanthrene,
8—fluoro—2—propyl—7—(4—chlorophenyl)—9,10—
dihydrophenanthrene,
8—fluoro—2—propyl—7—(3—fluoro—4—chlorophenyl)—9,10—
dihydrophenanthrene,

20 8—flgoro—2—propyl—7—(3,5—difluoro—4—chlorophenyl)—9,lO—
dihydrophenanthrene,
6—fluoro—2—propyl—7—(4—fluorophenyl)—9,10—
dihydrophenanthrene,
6-fluoro-2-propyl-7-(3,4-difluorophenyl)-9,10-

25 dihydrophenanthrene,
6—fluoro—2—propyl—7—(3,5—difluorophenyl)—9,10—

dihydrophenanthrene,



[e2Ne)NerNerNe)Ne)NerNeoleciooNoolecNooNeoloolooNooleoloo ool
—h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h —h

uor o- 2- propyl -7-(3
uor o- 2- propyl -7-(3
uor o- 2- propyl -7-(4
uor o- 2- propyl -7-(3
uor o- 2- propyl -7-(3

i fl uorophenyl)fl uorene,

i fl uorophenyl)fl uorene,

f I uor onet hoxyphenyl ) fl uorene, 25

oro-4- trifluoronmethoxyphenyl)fl uorene,

i fluoro-4 15615%rifl uoromet hoxyphenyl)fl uorene,

,4-d
, 5-d
-tri
-flu
5-d

uoro-2-propyl -7-(3,4,5-trifluorophenyl)fl uorene,
uor o- 2- profyfidetd-diprupyorethaxyphenyb) bhe€h8RPphenyl) -9, 10-
uor o- 2-propyl -7-(4-trifluoronet hyl phenyl)fl uorene, 5
uor o- 2- pr opyhyd=oBhéhanthrénefri fl uor onet hyl phenyl) fl uorene,
uoro- 2-propyl -7-(3,5-difluoro-4- trifluoronethyl phenyl) fluorene,
uor o- 2- pr ofyfidetd-2hpooppbenyl ptkuabeseq-40i fluoromethoxyphenyl) -
uor o- 2- propyl - 7- (3-fl uor o- 4- chl orophenyl ) f | uor ene,
uor o- 2- pr opyl07d{By8rdphktanehdenehl or ophenyl ) fl uorene,
uor o- 2- propyl - 7- (4-f 1l uorophenyl ) fl uor ene,
udr o- 2- pr opyfide{3-2-gdirbpyorvphenylif Fugsepes- 15
uor o- 2- propyl - 7- (3, 5-di f1 uor ophenyl ) f 1 uor ene,
uoro-2-propyifYuéﬁemétﬁbuppﬁaﬁympxypb@nalﬁ§a99%§@ﬁanthrene,

p

uoro- 2-propyl -7-(3-fluoro-4- trifluoronmethoxy

enyl ) fl uorene,

uor o- 2- pr opyf 1 de £ & B-pl bbyDF - 44 281 FThb L ops ORBL POXYRYENYS) § huor ene,
uor o- 2- propyl - 7- (4-di f | uor onet hoxyphenyl ) f | uor ene,

10

15

20

25

dihydrophenanthrene,
6—fluoro—2—propyl—7—(4—trifluoromethylphenyl)—9,10—
dihydrophenanthrene,
6—fluoro—2—propyl—7—(3—fluoro—4—trifluoromethylphenyl)—
9,10-dihydrophenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)—9,10—dihydrophenanthrene,
6—fluoro—2—propyl—7—(4—chlorophenyl)-9,10—
dihydrophenanthrene,
6—fluoro—2—propyl—7—(3—fluoro—4—chlorophenyl)—9,10—
dihydrophenanthrene,
6—fluoro—2—propyl—7—(3,5—difluoro—4—chlorophenyl)—9,10—
dihydrophenanthrene,
8—fluoro—2-propyl—7—(4—fluorophenyl)fluorene,
8—fluoro—2—propyl—7—(3,4—difluorophenyl)fluorene,
8—fluoro—2—propyl—7—(3,5—difluorophenyl)fluorene,
8—fluoro—2-propyl—7—(4—trifluoromethoxyphenyl)fluorene,
8-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl) fluorene,

8-fluoro-2-propyl-7-(3,5-difluoro-4-



trifluoronethyl phenyl)fl uorene,
uor o- 2- propyl - fluoro-4- trifluoromethyl phenyl) fluorene, 25
5-

fl uoro-2-propyl - g

fl

fl uoro-2-propyl -7-( di fl uoro-4- trifluoronethyl phenyl) fl uorene,
fl 7-(

fl

f

4-
3-
3,
uor o- 2- propyl - 4- chl orophenyl ) fl uorene, 157
uor o- 2- propyl - 7- (3-fl uoro- 4-chl orophewyl ) fl uorene, and
| uor o- 2- propyl -7- (3, 5-di fl uoro- 4n-zgthggpenyl)fluorene. 5 (Exanpl e 4)
Synt hesi s of 6 t&idilfuot@nethquygidnyd-) e,
t¥|fluorophenyl) 9, 10- di hydrophenanthrene F F O SOCK O CH2=CH2, AIC 3
HOCO Cl CO C H2@-Z 1ok o2 fpropyQ -7 - 3,-4515 - tr iAQ QN3 ry 195G dd enkOl uene
Tol uene AcOH, HRONH3 F F -MBr a KHSO4! | - Br2 TH Toluene CH2d?Z2 F F &

n-C.3H O O ; B@kflucHd2-propyl-7-(4-difluoromethoxyphenyl)fluorene,

6-
6-
6-
6-
6-
6-

8—fluoro—2—propyl—7—(4—trifluoromethylphenyl)fluorene,
5 8-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl) fluorene,
8-fluoro~-2-propyl-7-(3,5-difluoro—-4-
trifluoromethylphenyl) fluorene,
8—fluoro—2—propyl—7—(4—chlorophenyl)fluorene,

10 8—fluoro—2—propyl—7—(3—fluoro—4—chlorophenyl)fluorene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-
chlorophenyl) fluorene,
6—fluoro—2—propyl—7—(4—fluorophenyl)fluorene,
6—fluoro—2—propyl—7—(3,4—difluorophenyl)fluorene,

15 6-fluoro—2—propyl—7—(3,5—difluorophenyl)fluorene,
6—fluoro—2—propyl—7—(4—trifluoromethoxyphenyl)fluorene,
6-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)fluorene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-

20 trifluoromethoxyphenyl)fluorene,
6—fluoro—2—propyl—7—(4—difluoromethoxyphenyl)fluorene,
6—fluoro—2—propyl—7—(4—trifluoromethylphenyl)fluorene,
6-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)fluorene,

25 6-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl) fluorene,

6—fluoro—2—propyl—7—(4—chlorophenyl)fluorene,



FF /- F(HOA--OFFF n-C3H I Pd(PPhs)a, THEN-CBGHOOF F F F
Fol | ow ng conversion of (3,5-difluorophenyl)-acetic acid 10 to an acid
chloride with thionyl chloride, subsequent reaction wth ethyl ene gas at
-10C using nethylene chloride as the solvent and in the presence of

al um num chl oride yielded 5,7- difluorot374-di hydro-| H napht hal en-2-one. A
solution of pyrrolidine in toluene was then added and the m xture was 15
heat ed for 3 heufbtucnpd2apyorpydol? r 6p+ Cahdyodd sthlbedphahel ) Basoresspved.
Excess pyrrolidine was then renoved by azeotropic 158 distillation with
toluene, to yi@ard 1-(5,7-difluoro-1,4- dihydronaphthal en-2-yl)pyrrolidine.
The crude product was cooled, as is, to roomtenperature, nore toluene was
added, the m &tEleonas2cpobedl+h-a3nwateéifbadvho-and nethyl vinyl 5 ketone
was added dropw se over a period of 1 hour at a tenperature of 25C or

| ower. Fol | ow ¢lyl eoophenybhf bfiotéee. addi tion, the nmixture was i nmedi ately
heated and refluxed wunder heat for 20 hours. The solution was then cool ed
to rodmtenperature, a buffer solution of pH 5 prepared fromsodium 10
acetate, acetic acid and water was added, and the reflux was continued for
a further (2xampis. 4 Af $enthdeisobiit 6 p8-diafl bees-2 €opbedl t - [ 9pm) enper at ur e,
the organic | ayer was separated and washed with water and a saturated
aqueous sbofiflwrrephespl] ufm oot hgerodhendiganése | ayer was then dried over

F F
$oCl, CHy=CH, , AlCl,
HOCG cico CH.Cl,
F F
F N o) F
( ; . \/lk‘ AcONa Li
> > - —l 4 o
Toluene  Toluene AcOH,H,0 NHj
F
s ()
=g O 2
THF Toluene™ TCH,Cl
o 1) Buli, THF
Toluene 2) l,, THF

(H0)

"CSH'_“ PA(PPhy), , THF et ©.© @ F

Following conversion of (3,5-difluorophenyl)-acetic acid

10 to an acid chloride with thionyl chloride, subsequent reaction
with ethylene gas at -10°C using methylene chloride as the
solvent and in the presence of aluminum chloride yielded 5,7-
difluoro-3,4-dihydro-1H-naphthalen-2-one. A solution of
pyrrolidine in toluene was then added and the mixture was

15 heated for 3 hours, and any azeotropically distilled water was

removed. Excess pyrrolidine was then removed by azeotropic



15 anhydrous sodium sulfate, and the solvent renoved by evaporation to
yield 6,8-difluoro-trans-4,4a,9, 10-tetrahydro- 3H phenant hren-2-one. At a
tenperature below -40C, lithiumwas added gradually, in small portions, to
i quid ammoni a and dissolved. 20 Wth the internal tenperature naintained
at a tenperature from-30 to -40C, a THES®0l ution of

6, 8-di fl uoro-trans-4, 4a, 9, 10- tetrahydro-3H phenant hren-2-one and t - but anol
was then added 1lditdps setHFaddlovémyg awptiedlidn -ofs theliafididieo,, stirring
was continued for a further 30 mnutes. Small quantities of solid 25
amoni um elihgrdrde amrteh sdded and gyl taidigeoxi dakl eruvak plredukitt hagm the
tenperature was raised to roomtenperature, and the ammonia renoved by

evapor at i @ool\4t,erasneiss t e esisie d ergter athfke Mnd e e olaferax twaas tattiad,t h
toluene, and the organic |l ayer was washed with a saturated aqueous

sol ution afhesadixturehlvard dsoladdid herwaid 2 hatel A tHASL REgHasi um
sul fate. The solvent was then renoved by evaporation, and vacuum

di stilbatiketoisedids taiddd altbpwise over a period of 1 hour at a
6, 8-di fl uoro-trans-3, 4, 4a, 9, 10, 10a- hexahydro-1 H phenant hren-2-one. This

conpound wasnpegaahat Wi POt 1dsmanesiFombiemigdeongneti®¥ bydraehl oric
acid was then added to halt the reaction. Ethyl acetate was then added,

the organi@diltaysf, Wate SeRadBtedra ANdnidte] AWIBP Ufed tBUETaBSrEXI:RG ed Wi th
10 ethyl acetate, with the extract being conmbined with the organic |ayer.

The or ganiuhdey @leat@ st e asihedl, Wrhle walietiond wadt hahedoaqeaods sebkt i on
of sodi um bi carbonate, and then a saturated aqueous solution of sodium

chl ori ge hehprearifineg  Leff v edo AYEH Qs H0H WRsHHFed eerdasslusent was
rennvfo acetate, acetic acid and water was added, and the reflux was
continued for a further 4 hours. After the solution had been
cooled to room temperature, the organic layer was separated
and washed with water and a saturated aqueous solution of
sodium chloride. The organic layer was then dried over
15 anhydrous sodium sulfate, and the solvent removed by
evaporation to yield 6,8-difluoro-trans-4,4a,9,10-tetrahydro-
3H-phenanthren~2-one.
At a temperature below -40°C, lithium was added
gradually, in small portions, to liquid ammonia and dissoclved.
20 With the internal temperature maintained at a temperature from
-30 to -40°C, a THF solution of 6,8-difluoro-trans-4,4a,9,10-
tetrahydro-3H-phenanthren-2-one and t-butanol was then added
dropwise. Following completion of the addition, stirring was
continued for a further 30 minutes. Small quantities of solid
25 ammonium chloride were added and following oxidation of the

lithium, the temperature was raised to room temperature, and

the ammonia removed by evaporation. Water was then added, the



15 by evaporation, toluene and p-toluenesul fonic acid nonohydrate were
added, and the m xture was heated, with stirring, at 110C with any
evapor at ed water being separated and renmoved. Wen the water evaporation
had ceased, the tenperature was returned to roomtenperature, water was
added, and the organic 20 layer was seppg@qted. The organic |ayer was washed
with a saturated aqueous solution of sodium bi carbonate, water, and then

a sat ur atRx BgHEOWSs SOk b eRAl wSeHi 81 GBAQT i Qﬁdbgﬁgr srggﬁkeglgggf-dnge[]
anhydrous sodium sul fate. The sol vent was renoved by evaporation and the

whol e CrU@@s@é@dwfth“@Sséﬁﬁﬂagédd£§§95¥§dsgﬂu£95Heegé355§% %ﬁlorid

(2, 3-dichloro-5, 6-di cyano-1, 4- benzoqui none) was ad e mxtlre was

heat ed atad@0thenWifle8t bErNEnh{QFofs PREYRLs PhimOsHPHL Se . T*H%léoéc}’ﬁféné"’als
then 160 renoved by evaporation, and the product purifred by silica ge

chromat ogi@phyné® yémbeed, By defhyYor Qe 7oR! 09%{{1£ﬁa&9arﬁd&*f¥959P$§?89t hLege-

This conmpound was lithiated in an n- butyl I um hexane so Ion, and was

h ' 5¢ | @di L L _2-40810-4, 3ndi RLu =l - py};- 9, 10-
éiﬁ;d?ggﬁgﬁgﬁfaégﬁeé'g??gg%?ffg-g??ﬁﬁogb%7?%f%b§?fg?%oﬁégﬁgﬁg%gh%%anthrene

was  Conmbypmesh ek Perd- 4. Snd i fiy %@Mr}ﬁorda%d 1' d%tﬁégﬁ%‘&ihcﬁ"’%srop%Oduced by

a reaction between a Gignard reag pr epare

3,4, 5-trifd RObSRZEaS 2R A0 PO  LLETE DY L oL AL C2 b0k oyed
by ydr ol el PR I RRE S0P S0 TRP eyt Gn nfs L ALTR! DL PORE Caadl' €8

X . : ; i i.n a
G et Pyt o ram oo SoTvent ahg e LR & e e AR L B e
reaction Myddnfay@Separated, and the aqueous layer was extracted with
10 ethyl acetate, with the extract being combined with the
organic layer. The organic layer was then washed with water,
a saturated aqueous solution of sodium bicarbonate, and then a
saturated aqueous solution of sodium chloride before being
dried over anhydrous sodium sulfate. The solvent was removed
15 by evaporation, toluene and p-toluenesulfonic acid monohydrate
were added, and the mixture was heated, with stirring, at
110°C with any evaporated water being separated and removed.
When the water evaporation had ceased, the temperature was
returned to room temperature, water was added, and the organic
20 layer was separated. The organic layer was washed with a
saturated aqueous solution of sodium bicarbonate, water, and
then a saturated aqueous solution of sodium chloride before
being dried over anhydrous sodium sulfate. The solvent was
removed by evaporation and the whole crude product was then
25 dissolved in toluene, DDQ (2,3—dichloro—5,6—dicyano—1,4—
benzoquinone) was added, and the mixture was heated at 100°cC,

with stirring, for a period of 5 hours. The solvent was then



15 then cooled to roomtenperature, water was added, the m xture was
extracted with toluene, and the resulting organic |ayer was washed
sequentially with water and a saturated aqueous solution of sodium
chloride, and then dried over anhydrous sodium sulfate. The crude product
obt ai ned by renmoval of the 20 sol vent by 6&&vaporati on was purified by silica
gel colum chromat ography (hexane) and then recrystallized 3 tines from
et hanol t &FSficdIed dB-WFRUsHte-an prasyy Ithe (Fofust purified by silica gel
trifluorophenyl)-9,10-di hydrophenant hrene. The conpounds |isted bel ow can
be producé&®rionadognanter t@y irdehelr,.3-difluoro-7-propyl-9,10-

6, 8-di fl uor o-2- propyl - 7- (4-fl uor ophenyl ) -9, 10- di hydr ophenant hrene, 161
6, 8- di f | usidvelerhepamtx=ne di Thiser cphepyhi- 9a501idhthwdedphanant hrene

6, 8-di fl uoro-2-propyl-7-(3,5-di fluorophenyl)-9, 10- di hydrophenanthrene, 5
6, 8- di f | uBMEYL- gridghilunr-hexans fdajortdret,h@ndhersy [thed, I@acted with

di hydr ophenant hrene, 6, 8-difl uoro-2-propyl-7-(3-fluoro-4-

trifl udr ofedASRy e PHOAB: el @-diduadrlophetidiinrend, -propyl-9, 10-

6, 8-di fl uoro-2-propyl -7-(3,5-di fluoro-4 10

trifl uor ofehiePRemaAnthger®.di hydr ophenant hr ene,

6, 8-di f| uor o- 2- propyl - 7- (4-di f | uor onet hoxyphenyl ) -9, 10-
dihydrophenantﬁré@@p—l,3—difluoro—7—propyl—9,10—dihydrophenanthrene was
6, 8-di fl uoro-2-propyl -7-(4-trifluoromethyl phenyl)-9, 10-
dihydrophéﬁ@ﬁﬂﬁﬁén@}th 3,4,5-trifluorophenylboric acid (which was

produced by a reaction between a Grignard reagent prepared
10 from 3,4,5-trifluorobromobenzene and magnesium, and
trimethylborate, followed by hydrolysis with dilute
hydrochloric acid), tetrakis (triphenylphosphine)palladium (0)
and potassium phosphate in a dimethylformamide solvent and was
then stirred for 10 hours at 80°C. The reaction mixture was
15 then cooled to room temperature, water was added, the mixture
was extracted with toluene, and the resulting organic layer
was washed sequentially with water and a saturated agueous
solution of sodium chloride, and then dried over anhydrous
sodium sulfate. The crude product obtained by removal of the
_20 solvent by evaporation was purified by silica gel column
chromatography (hexane) and then recrystallized 3 times from
ethanol to yield 6,8-difluoro-2-propyl-7-(3, 4, 5~
trifluorophenyl)—9,10—dihydrophenanthrene.
The compounds listed below can be produced in a similar
25 manner.
6,8—difluoro—2—propyl—7—(4—fluorophenyl)—9,10—

dihydrophenanthrene,



15 6, 8-di fl uoro-2-propyl-7-(3-fluoro-4-
trifluoronethyl phenyl)-9, 10-di hydr ophenant hr ene,

6, 8-di fl uoro-2-propyl -7-(3, 5-di fl uor o- 4-
trifluoromethyl phenyl)-9, 10-di hydr ophenant hr ene,

6, 8-di fl uoro- 2- propyl - 7- (4- chl or ophenyljg®, 10 20 di hydr ophenant hr ene,
6, 8-di f| uor o- 2- propyl - 7- (3-f | uor o- 4- chl or ophenyl ) -9, 10-

di hydr ophenant 6y nei £ buBrdi-£+pps Py 2-Pr OBYh=d1 €BuSréphbHQL 9=4- ghLor ophenyl ) -
, 10- di hydr ophenant hrene, 25 .

- di f1 uor o- 2dphppydpHefidnthuenephenyl ) f | uor ene,

i fluoro-2-propyl-7-(3,4-difluorophenyl)fl uorene,

f1 uor o- 26 p8 eyt 1o tS+2-gépyor pphenyLai Fugse8gned$2) -9, 10-
fluoro-2-propyl-7-(3,4,5-trifluorophenyl)fl uorene;

f 1 uor o- 2dpipPydpHehdnthiiéhaipr omet hoxyphenyl ) fl uorene,

f

f

| uor o- 2- propyl -7-(3-fluoro-4- 5 trifl uoronethoxyphenyl)fl uorene,

5f | uor 0- 26 p8-o@yEt TofSs 5= fcﬁﬂ;ypimﬂ4—£fiﬂﬂ8£&ﬂ@£ﬁ@%yﬁﬂéﬁ%ﬂibv%ﬁne’
| uor o- 2- propyl - 7-(4- difluoromet hoxyphenyl) fluorene, 10

f
f1uoro- 2dedybpHefdnthréhd yor onet hyl phenyl ) fl uorene,
fluoro-2-propyl-7-(3-fluoro-4- trifluoronethyl phenyl) fluorene,
f

| uor 0- 26 p8-epyt t dof S+ D= YPL P= 3 -fluoro-4-

9
6
6
6
6
6,
6
6
6
6
6
6

00 00 00 00 00 00 00 0O OO0 00 OO

-d
-di
- di
-di
- di
- di
- di
-di
- di
-di

trifluoromethoxyphenyl)—9,10—dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(3,5-difluoro-4-

10 trifluoromethoxyphenyl)—9,10—dihydrophenanthrene,
6,8—difluoro—2—propyl—7—(4—difluoromethoxyphenyl)—9,10—
dihydrophenanthrene,
6,8—difluoro—2—propyl—7—(4—trifluoromethylphenyl)—9,10—
dihydrophenanthrene,

15 6,8-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)—9,10—dihydrophenanthrene,
6,8-difluoro-2-propyl-7- (3, 5-difluoro-4-
trifluoromethylphenyl)—9,10—dihydrophenanthrene,
6,8—difluoro—2—propyl—7—(4—chlorophenyl)-9,10—

20 dihydrophenanthrene,
6,8—difluoro—2—propyl—7—(3—fluoro—4—chlorophenyl)—9,10—
dihydrophenanthrene,
6,8—difluoro—2—propyl—7—(3,5—difluoro—4—chlorophenyl)—
9,10-dihydrophenanthrene,

25 6,8—difluoro—2—propyl—7—(4-fluorophenyl)fluorene,
6,8—difluoro—2—propyl—7—(3,4—difluorophenyl)fluorene,

6,8—difluoro—2—propyl—7—(3,5—difluorophenyl)fluorene,



15 trifluoronet hyl phenyl)fl uorene,

6, 8-di f| uor o- 2- propyl - 7- (4- chl or ophenyl ) f | uor ene,

6, 8-di fl uoro-2-propyl - 7-(3-fluoro-4- chl orophenyl) fluorene, and

6, 8-di fl uoro-2-propyl-7-(3,5-difluoro-4 20 chl orophenyl)fl uorene. (Exanple
5) Synthesis of 2-flu.oro-4-(7-propyl-9,162-

di hydr ophenant hren-2-yl ) benzonitrile 163 F F 6(HO2B--4 ONO n-C3H OO

| Pd(PPh3) 4, ThE g1-{33H RB3F-0-pA 2RO, 4, 5-trifluorophenyl) fluorene,
2-i0do-7-propyl -9, 10- di hydr ophenant hrene produced in Exanple 1 was reacted

with 4-(4, 4- di retdd + A, o8 g aapaizol = (£- yl ) - 2-f 1 uor ophenyl boric acid in
the presence of 5 tetrakis(triphenyl phosphine)palladium (0), and

subsequent |y rggg@fﬂbﬂ@ﬂétﬂ&%%?ﬂéﬂ}ﬁ)f&@@i&ﬁé}de to renove the cyano group
protective group, and yielded 2-fluoro-4-(7-propyl-9, 10-

di hydr ophenant hg en-2r il Henzons téhy -7 e €enmpesHls | i sted bel ow can be

produced in a simlar 10 manner.

4-(7- psopyl -9, %ﬁﬁ&&@@@&ﬁm&wxﬁfmampni trile,

2-fluoro-4-(7-ethyl -9, 10-di hydrophenant hrene-2- yl)benzonitrile,

4- (7-ethyl -9, 105 di hydf pphenant by &oer 27y 3 peraoni dé+d-e4 -
trifluoromethoxyphenyl) fluorene,
6,8-difluoro-2-propyl-7-(4-
difluoromethoxyphenyl) fluorene,

10 6,8-difluoro-2-propyl-7-(4-
trifluoromethylphenyl) fluorene,
6,8-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl) fluorene,
6,8-difluoro-2-propyl-7-(3, 5-difluoro-4-

15 trifluoromethylphenyl) fluorene,
6,8-difluoro-2-propyl-7-(4-chlorophenyl) fluorene,
6,8-difluoro-2-propyl-7-(3-fluoro-4-
chlorophenyl) fluorene, and
6,8-difluoro-2-propyl-7-(3,5-difluoro-4-

20 chlorophenyl) fluorene.

(Example 5) Synthesis of 2-fluoro-4-(7-propyl-9,10-

dihydrophenanthren-2-yl)benzonitrile



5 2-fluoro-4-(7-butyl -9, 10-di hydrophenant hrene-2- yl)benzonitrile,
(7-butyl -9, 10-di hydr ophenant hr ene- 2-yl ) benzonitril e,
fluoro-4-(7-pentyl -9, 10-di hydrophenant hr ene-2- yl)benzonitrile, 20
(7-pentyl -9, 10-di hydr ophenant hrene- 2-yl ) benzonitril e,

fl uoro-4-(7-hexyl -9, 10-di hydr ophenanthggne-2- yl)benzonitrile,
(7-hexyl -9, 10- di hydr ophenant hr ene- 2-yl ) benzonitrile, 164
fluoro-4-(7-heptyl -9, 10-di hydr ophemant hr ene-2- yl ) benzonitrile,
(7-heptyl -9, 10- di hygrophenanid 2231 ) benzoni t rid e, F
fluoro-4-(8-f] uorsg 9,10 h phena -

)
)
)
)
)
)
)

)

benzoni tri |"E s - 7 TR&PPR) - Inr0- 4
benzonitrile, 2-fluoro-4-(8-fluoro-7-ethyl-9,10-di hydrophenantthrene- 2-
benzonitrile, 10 4-(8-fluoro-7-ethyl-9,10-di hydrophenant hr ene- 2-
benzonitrile, 2-fluoro-4- fl uoro-f-butyl -9, 10- di hydr ophenant hr ene- 2-
benzoni tril ePOds( 8.4 1Q- di hydr ophenant hrene-2- 15
benzonitrile, 2-fluoro-\4=A 8 N4uo 7-pentyl -9, 10- di hydr ophenant hr ene- 2-
benzonitrilf,.4~é8-f|uoro-7-pent | -9, 10- di hydr ophenant hr ene- 2-
-1odo-7-propyl-9,10-dihydrophenanthrene produced in

‘i‘i‘i‘i‘i‘i‘ill\)hNbl\)hNbH

Example 1 was reacted with 4-(4,4-dimethyl~4,5-dihydrooxazol-
2-yl)-2-fluorophenylboric acid in the presence of
5 tetrakis(triphenylphosphine)palladium (0), and subsequently
reacted with phosphorus oxychloride to remove the cyano group
protective group, and yielded 2-fluoro-4-(7-propyl-9,10-
dihydrophenanthren-2-yl)benzonitrile.
The compounds listed below can be produced in a similar
10 manner.
4—(7—propyl—9,lO—dihydrophenanthrene—2—yl)benzonitrile,
2—fluoro—4—(7—ethyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
4—(7—ethyl—9,10—dihydrophenanthrene—2—yl)benzonitrile,
15 2—fluoro—4—(7—butyl—9,10—dihydrophenanthrene—z—
yl)benzonitrile,
4—(7—butyl—9,10—dihydfophenanthrene—Z—yl)benzonitrile,
2—fluoro—4—(7—pentyl—9,10—dihydrophenanthrene—2—
yl)benzonitrile,
20 4—(7—pentyl-9,10—dihydrophenanthrene—2—yl)benzonitrile,
2—fluoro—4—(7—hexyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,

4—(7—hexyl—9,10—dihydrophenanthrene—2—yl)benzonitrile,
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)
-f
- (
f
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-f
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-f
- (
f
)
)
)
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)

benzonitrile, 20

| uor o- 4- (8-fl uoro-7-hexyl -9, 10-di hydr ophenant hr ene-2- yl)benzonitrile,
8-fl uoro-7- hexyl -9, 10- di hydr ophenant hrene- 2- yl)benzonitrile,

| uor o- 4- (8-fluoro-7-heptyl -9, 10-di hydr ophenant hrene- 2- 25
benzonitrile, 4-(8-fluoro-7-heptyl -9, di hydr ophenant hr ene- 2-
benzonitrile, 165

| uor o- 4- ( 6- fZiﬁﬂHDﬁb{#iMﬁHhébﬂ#&{Dfmﬂﬂ

Hyen-hdend)renzonitrile,

6- fl uoro- 7- propyl - 9, 10- di hydr ophenant hr ene- 2- yl )benzonitrile, 5
| uor o- 4- ( 6- ftludrerzoreitryi 169, 10- di hydr ophenant hr ene-2- yl ) benzonitrile,
6-fluoro-7-ethyl -9, 10-di hydrophenant hrene-2- yl)benzonitrile,

| uor o- 4- ( 6- f4-UG-theptipit-yd ,- 19 Ai-tolf

éﬂﬁiﬁi)bgﬁzonltrlle,

benzonitrile, 4-(6-fluoro-7-butyl-9,10-di hydrophenant hr ene- 2-

benzoni tri | &-f2:Udnewerdo- Bf-ud oy B-prdignt-d, 19 -H HdidpsdrepheraidyLne- 2-
benzonitrile, 15 4-(6-fluoro-7-pentyl -9, 10-di hydr ophenant hr ene- 2-

benzoni tri | el )>eatoria-rd-1(5- f | uor o- 7- hexyl - 9, 10- di hydr ophenant hr ene- 2-
benzonitril e,

10

15

20

25

4—(8—fluoro—7—propyl—9,lO—dihydrophenanthrene—2—
yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—ethyl—9,10—dihydrophenanthrene—2—
yl)benzonitrile,
4—(8—fluoro—7—ethyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—butyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
4—(8—fluoro—7—butyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—pentyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
4—(8—fluoro—7—pentyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—hexyl—9,10—dihydrophenanthrene—2—
vl)benzonitrile,
4—(8—fluoro—7—hexyl—9,10—dihydrophenanthrene—2—
yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—heptyl—9,10—dihydrophenanthrene—2—
yl)benzonitrile,

4-(8-fluoro-7-heptyl-9, 10-dihydrophenanthrene-2-

yl)benzonitrile,



(6-fluoro-7-hexyl -9, 10-di hydrophenant hrene-2- 20 yl)benzonitrile,

fluoro-4-(6-fluoro-7-heptyl -9, 10-di hydr ophenant hrene-2- yl)benzonitrile,

(6-fluoro-7-heptyl -9, 10-di hydr ophenant hrene-2- yl)benzonitrile, 25

(6, 8-difluoro-7-propyl -9, 10-di hydr ophenant hrene-2- yl)benzonitrile,

fluoro-4-(6, 8-di fluoro-7-propyl -9, 10 16%

i hydr ophenant hr ene- 2-yl ) benzonitrile,

-fl uoro-4- (6,8=-8l¢dvorb- 76efhybrd;-108propyl-9, 10-dihydrophenanthrene-2-
hydr ophenant hr ene- 2-yl ) benzonitril e,

(6, 8-difluorplberhyhi®riDedi hydr ophenant hrene-2- 5 yl)benzonitrile,
fluoro-4-(6, 8-difluoro-7-butyl-9, 10-
h
(
f
h
(
f
h
(
f

i hydr ophenant fir eoref Ragtrybergoopyt+9el10-dihydrophenanthrene-2-

6, 8-di fl uoro-7-butyl -9, 10- di hydr ophenant hrene-2 yl ) benzonitrile, 10
| uor o- 4- ( 6,8k bé¢hzmmbE 7 pent yl - 9, 10-

ydr ophenant hr ene- 2-yl ) benzonitril e,

6, & di f | uord=FLpemntyd ~ 06101 wo hy €7 oghienand NI @Ae: Ryd ydphenZenhtehb e -

| uoro-4- (6, 8-di fluoro-7-hexyl-9,10- 15

ydr ophenantih)dren Zond ) behepnitril e,

6, 8-di fl uor o- 7- hexyl - 9, 10- di hydr ophenant hrene-2 yl ) benzonitrile,

| uor o- 4- (6,8~ th-{fluove7/heiyl -9, 10-dihydrophenanthrene-2-

4

2

4

4

2

d

2

d

4

2

d

4

2

d

4

2

di

4-

2.
yl)benzonitrile,
2—fluoro—4—(6-fluoro—7—butyl—9,10—dihydrophenanthrene—Z—

10 yl)benzonitrile,
4—(6—fluoro—7—butyl—9,10—dihydrophenanthrene—z—
yl)benzonitrile,
2—fluoro—4—(6—fluoro—7—pentyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,

15 4—(6—fluoro—7—pentyl—9,10—dihydrophenanthrene—Z—
vl)benzonitrile,
2—fluoro—4—(6—fluoro—7—hexyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,
4—(6—fluoro—7—hexyl—9,10—dihydrophenanthrene—Z-

20 yl)benzonitrile,
2—fluoro—4-(6—fluoro—7—heptyl—9,lO—dihydrophenanthrene—Z—
yl)benzonitrile,
4—(6—fluoro—7-heptyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,

25 4—(6,8—difluoro—7—propyl—9,10—dihydrophenanthrene—Z—
yl)benzonitrile,

2-fluoro-4-(6,8-difluoro-7-propyl-9,10-



-bl\)-hl\)-b-l\)hNbNhNbNANbNANbNANbQ

i h
- (
-f
- (
-
- (
-
- (
-
- (
-
- (
-
- (
-
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-
- (
-
-(8
-
-(8

ydr ophenant hr ene- 2-yl ) benzonitrile, 20
6, 8-di fl uoro-7-heptyl -9, 10-di hydrophenant hr ene- 2- yl)benzonitrile,
| uoro-4-(7-propyl fluorene-2-yl)benzonitrile,

7-propyl fl uorene-2-yl)benzonitrile,

| uor 0-4- (7-et hyl fl uorene-2-yl)benzonitkeeki | e, 25

7-ethyl fl uorene-2-yl)benzonitrile,

| uor o- 4- ( 7- buhykirophearertrreneberzanibehizbaitrile,

7-butyl fl uorene-2-yl)benzonitrile, 167

I
7-
I
7-
I

uor o- 4- ( 7- pefitlybfrlouwdretg-82-ailflk@rzeni-ethye -9, 10-
pentylfluorene 2-yl)benzonitrile,

uor o- 4- ( 7- dekykfrbpheeaethrgneberzanibehizb@itrile,
hexyl f | uor ene- 2-yl ) benzonitrile, 5

uor o- 4- ( 7- Heriby BF-Hudileeo27y-ekhgnzonil Dbk Bydrophenanthrene-2-
7- heptyl fl uorene-2-yl)benzonitrile,

| uos o- 4- ( 8- YlLubeazénptaepylf,| uor ene- 2-yl ) benzonitril e,
8-fluoro-7-propyl fluorene-2-yl)benzonitrile,

| uor o- 4- ( 8- EHfidnoré-athyl, B-darenerd-y-bhepzonitpil e, 10
8-fluoro-7-ethyl fl uorene-2-yl)benzonitrile,

| uor o- 4- ( 8- ﬁhhgd@oﬁhbubﬁkhk@ﬁéeaeyZIbbhh@ﬂl@@hlé'|e
8-fluoro-7-butyl fluorene-2-yl)benzonitri

| uor o- 4- (8- Y6y 8-adipenbybi-husuene-3- 1b)é$ﬂ§aﬂbbhbhgnthrene 2-
8-fluoro-7-pentyl fluorene-2- yI)benzonltrlle

| uor o- 4- ( 8- ylLubenzdnhexyhkl uor ene- 2- yI)benzonltrlle
-fluoro-7-hexyl fluorene-2-yl)benzonitrile,

| Ulor o- 4- (8- 2-B0uOrd-hepbybibugnaseo27ybrhepzoni ipil e,
8-fluoro-7-heptyl fluorene-2-yl)benzonitrile,
dihydrophenanthrene~2-yl)benzonitrile,
—(6,8—difluoro—7—pentyl—9,10—dihydrophenanthrene—2~
yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—7—hexyl-9,10—

15 dihydrophenanthrene-2-yl)benzonitrile,
4—(6,8—difluoro—7—hexyl—9,lO—dihydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—7—heptyl—9,10—
dihydrophenanthrene-2-yl)benzonitrile,

20 4—(6,8—difluoro—7—heptyl—9,10—dihydrophenanthrene—2—
yl)benzonitrile,
2—fluoro—4—(7—propylfluorene—2—yl)benzonitrile,
4-(7-propylfluorene-2-yl)benzonitrile,
2-fluoro-4-(7-ethylfluorene-2-yl)benzonitrile,

25 4-(7-ethylfluorene-2-yl)benzonitrile,
2-fluoro-4-(7-butylfluorene-2-yl)benzonitrile,

4—(7—butylfluorene-2—yl)benzonitrile,



bNhNbNANN-&hNbNANbNANbN

| uor o-4- (6-fluoro-7-propyl fluorene-2-yl)benzonitrile, 20
6-fl uoro-7-propyl fl uorene-2-yl)benzonitrile,

| uor o- 4- (6-fluoro-7-ethylfluorene-2-yl)benzonitrile,

6-fl uoro-7-ethyl fl uorene-2-yl)benzonitrile,

| uor o-4- (6-fluoro-7-butyl fluorene-2-y§)benzonitrile,

6-fl uoro-7-butyl fluorene-2-yl)benzonitrile, 25

| uor o- 4- ( 6-Z4 fDEErJ- pe n‘vyﬂ:éhuplenﬁoﬁeuéweyzp@éﬁébﬁ&m1e,
6-fl uoro-7-pentyl fl uorene-2-yl)benzonitri

| uor o- 4- ( 6-44 umpeﬂtmzyuéw@éemey&yéab@;mz@miéI le, 168
6-fl uoro-7- hexyl fl uorene-2-yl)benzonitrile, o

| uor o- 4- (64241KUdr5¥hQPTyEéknyﬁﬁﬁrandlibfPFB@hiéhl@rile,
6-fl uoro-7-heptyl fl uorene-2-yl)benzonitri

6

I

I

6,

di f I uoro- rrriepyl 1 werene-2-yi ) benzonitrile, 5
ro-4-(6, 8-difluoro-7-propyl fluorene-2- yl) benzonltrlle

r o- 4- ( 6,8-glifd £+ 0- 77 chbyt §1 HDEEAENR=2 ¥ I)@&@Z&Hﬁﬂig
fluoro-7-ethylfluorene-2- yI)benzonltrl

4- (64}@ﬂJﬂégﬂy&E}&b&aﬁélyo¥§p@§ggoﬁigrpggzonltr|Ie
yl

fluoro-7-butylfluorene-2 benzonitrile

(62&ﬁ1ddﬁ5”4k789?P&df$lImgfﬁﬁyfkld%ﬁeﬁgﬂﬂgyﬂfﬁéﬁfbnfé&lle,
yl

4-
fl uoro-7-pentyl fl uorene-2 benzonitril
4-
f

(6,8- - 150 Tr- ey §1 #DE SRS 22 W 1) @&%&Qﬂfiié

| uor o- 7- hexyl fl uorene-2-yl ) benzoni tril
2-fluoro-4-(8-fluoro-7- ethylfluorene 2-yl)benzonitrile,

6,
lu
6,
I
6,

0
f
8-
o]
6
8-

| uor
8-
uo
8-
uor
8-

o-
di
o-
di

ro-
di
o-
di

-f
- (
-f
- (
-
- (
-
- (
-
- (
-
- (
- (
-f
-f
- (
-
- (
-
- (
-
- (

10 4—(8—fluoro—7—ethylfluorene—Z—yl)benzonitrile,
2—fluoro—4—(8—fluoro—7-butylfluorene—Z—yl)benzonitrile,
4—(8—fluoro-7—butylfluorene—2—yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—pentylfluorene—2—yl)benzonitrile,

—(8—fluoro—7—pentylfluorene—2—yl)benzonitrile,

15 2—fluoro—4—(8~fluoro—7—hexylfluorene—z—yl)benzonitrile,
4—(8—fluoro—7—hexylfluorene—2—yl)benzonitrile,
2—fluoro—4—(8—fluoro—7—heptylfluorene—Z—yl)benzonitrile,
4—(8—fluoro—7-heptylfluorene—Z—yl)benzonitrile,
2—fluoro—4—(6—fluoro—7—propylfluorene—2—yl)benzonitrile,

20 4—(6-fluoro—?-propylfluorene—2—yl)benzonitrile,
2—fluoro—4—(6—fluoro—7—ethylfluorene-2—yl)benzonitrile,

—(6—fluoro—7—ethylfluorene—Z—yl)benzonitrile,
2—fluoro—4—(6—fluoro—7—butylfluorene—Z—yl)benzonitrile,
—(6—fluoro—7—butylfluorene—Z—yl)benzonitrile,

25 2—fluoro—4—(6—fluoro—7—pentylfluorene—Z—yl)benzonitrile,

4—(6—fluoro—7—pentylfluorene—Z—yl)benzonitrile,

2—fluoro—4—(6—fluoro—7—hexylfluorene-2—yl)benzonitrile,



2-fluoro-4-(6, 8-di fluoro-7-heptyl fluorene-2- 20 yl)benzonitrile, and

4- (6, 8-di fluoro-7-heptyl fl uorene-2-yl)benzonitrile. (Exanple 6) Synthesis
of 2-fluoro-4-(1-fluoro-7-propyl-9,10- di hydrophenant hren-2-yl)
benzonitrile and 2-fluoro-4-(3 25

fl uoro-7-propyl -9, 10-di hydr ophenant hreni12gyl ) benzonitrile 169 ~F (HO) ZB-
)-. \~ ~~ POCI3 n C3117 OCF df + n-C3H7 O O Orf Pd(PPh3)4, THEF F F F

n-CH/ O O O CH-« 6rfI3dro-0-GNxyi fluorene-2-yl)benzonitrile,
1-fluoro-7-propyl -9, 10-di hydr ophenant hren-2-yl  trifl uoronet hanesul fonate

was reacted w 2hfdupdod-4ei (BRiffIYloro-7-heptylfluorene-2-yl)benzonitrile,
4, 5-di hydrooxazol - 2-yl)-2-fl uorophenyl boric acid in the 5 presence of

tetraki s(tri pharylepifasplitiongr-peiptadiruio rand-2syhseanephly rreacted with
phosphorus oxychloride to renove the cyano group protective group, and

yi el ded 2-fl uoke-(4, gtdiffluere-t7-pieplinapykend-20ydl Brdrepheranihr en- 2-yl)
benzonitrile. 10 The conpounds |isted bel ow can be produced in a simlar

manners 2-fl uokefluplrof-Buqrgst-da®a ubret-h¥br8pd@fivorene-2-

di hydr ophenant hrene-trans-2-yl)benzonitrile,

4- (1 -fluoro-trgnsbénebhylr912Q- di hydr ophenant hr ene-trans-
2—fluoro—4—(6,8—difluoro—7-ethylfluorene—2—
yl)benzonitrile,
4—(6,8—difluoro—7—ethy1fluorene—z—yl)benzonitrile,

10 2-fluoro-4-(6,8~-difluoro-7-butylfluorene-2-
yl)benzonitrile,
4—(6,8—difluoro—7—butylfluorene—2—yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-pentylfluorene-2-
yl)benzonitrile,

15 4—(6,8—difluoro—7—pentylfluorene—Z—yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—7—hexylfluorene—Z—
yl)benzonitrile,
4—(6,8—difluoro—7—hexylfluorene—Z—yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—7—heptylfluorene—2—

20 yl)benzonitrile, and

4—(6,8—difluoro—7—heptylfluorene—Z—yl)benzonitrile.

(Example 6) Synthesis of 2-fluoro-4-(1-fluoro-7-propyl-9, 10-
dihydrophenanthren—2—yl) benzonitrile and 2-fluoro-4-(3-

25 fluoro—7—propyl—9,lO—dihydrophenanthren—Z—yl) benzonitrile



15 2-yl)benzonitrile, 2-fluoro-4-(l-fluoro-trans-7-ethyl-9, 10-
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

4- (I -fluoro-trans-7-ethyl -9, 10-di hydr ophenant hrene-trans-
2-yl)benzonitrile, 20 2-fluoro-4-(l-fluoro-trans-7-ethyl-9, 10-
di hydr ophenant hrene-trans-2-yl)benzonit{gbe,

4-(l-fluoro-trans-7-ethyl -9, 10-di hydrophenant hrene-trans 170
2-yl)benzonitrile, 2-fluoro-4-(1-fluoro-trans-7-ethyl-9, ¥O-

di
4-
2-
di
4-
2-
di
4-
2-
di
4
2
di

i hydr ophenant hr ene-trags- 2-yl ) benzoni ty
1-fluoro-trans-7 10- dlhydy.
benzoni t rT; -QIt ¢ 14T

(
y
h
(
y
h
(
y
h
(
y
h

I
y
I
I
y
I
I
y
3
I
y

10

15

20

)

drophenant hrene-trans-2-yl ) benzonitrile\
-fluoro-trans-7-ethyl -9, 10- dlhydrophenanthrene trans-

) benzonitrile, 10 | ugr o- 4f(1-fluoro-tr -7-ethyd -9, 10-
drophenanthr ne- ylenzoni t |I

-f1 uoro-t r ang=7-etiy dr Pt

) benzonitrile, 2-fluoro-4-(3-fluoro- trans-?-ethyl-9,10- 15

dr ophenant hrene-trans-2-yl ) benzonitrile,

-f1 uor o-t remélForehytpoop 9l db hydrophgaaophenarthransz-yl

) benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-ethyl-9, 10-

dr ophepiaht bv eorethanss 21 fbhbeazwast réh€ted with 4-(4,4-dimethyl-

e,
threne tra %I\
'& y - POCl,
@) et WaFBR, T

-t S_CN

4,5-dihydrooxazol-2-yl)-2-fluorophenylboric acid in the
presence of tetrakis(triphenylphosphine)palladium, and
subsequently reacted with phosphorus oxychloride to remove the
cyano group protective group, and yielded 2-fluoro-4-(1-
fluoro—trans—7—propyl—9,10—dihydrophenanthren—2—yl)
benzonitrile.
The compounds listed below can be produced in a similar
manner.
2—fluoro—4—(1—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,
4—(1—fluoro—trans—7—ethyl—9,10—dihydrophenanthrene—trans—
2-yl)benzonitrile,
2—fluoro—4—(1—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,
4—(1—fluoro—trans—7—ethyl—9,10—dihydrophenanthrene—trans—
2-yl)benzonitrile,
2—fluoro—4—(1—f1uoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,

4—(1—fluoro—trans-7—ethyl—9,10—dihydrophenanthrene—trans—



20 4-(3-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene-trans-
2-yl)benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-ethyl-9,10-
di hydr ophenant hrene-trans-2-yl)benzonitrile,
4-(3-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hrene-trans- 25
2-yl)benzonitrile, 2-f|uoro-4-(3-f|uoroiyoans-7-ethyl-9,10-
di hydr ophenant hrene-trans-2-yl )benzonitrile, 171

4- (3-fluoro-tranrgifrenpni®riQedi hydr ophenant hr ene-trans-
2-yl)benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-ethyl-9,10-
di hydr ophenant Br&deotrioands-(2-flubedzemrbhs-7eeth§1-9, 10-
4-(3-fluoro-trans-7-ethyl-9,10-di hydrophenant hrene-trans-
2-yl) benzoni t r dibyd2obheaothredetbyahe=-brans bénebiyk+9140-
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

4- (3-fl uoro-tranrgiffeubyo-2rk@sdishydngnhenant-ah egerbpbaBsantBrene-tran

2-yl)benzonitrile, 2-fluoro-4-(l-fluoro-trans-7-propylfluorene-trans-

yl ) benzonitril e-y4)benkowate-itieans- 7- propyl f | uor ene-trans- 2-

yl ) benzonitrile,

yl)benzonitriIerf4ubkoﬁhuqnefuh@m@=zrahQybtbuﬁggﬂg;&banS-2-

yl )benzonitrile, 2-fluoro-4-(l-fluoro-trans-7-

10

15

20

25

dihydrophenanthrene-trans-2-yl)benzonitrile,

utyl fluorene-trans-2-

5”

15 2-fluoro-4-(l-fluoro-trans-7-ethylfluorene-trans-2-

4-(1-fluoro-trans-7-ethyl-9, 10-dihydrophenanthrene-trans-

2-yl)benzonitrile,
2—fluoro—4—(1—fluoro—trans—7—ethyl—9,lO—

dihydrophenanthrene-trans-2-yl)benzonitrile,

4—(1—fluoro—trans—?-ethyl—9,10—dihydrophenanthrene—trans—

2-yl)benzonitrile,
2—fluoro-4—(3—fluoro—trans—7—ethyl—9,10—

dihydrophenanthrene—trans—2—yl)benzonitrile,

4—(3—fluoro—trans—7—ethyl—9,10—dihydrophenanthrene—trans—

2-yl)benzonitrile,
2—fluoro-4—(3—fluoro—trans—7—ethyl—9,lO—

dihydrophenanthrene—trans—2—yl)benzonitrile,

4—(3—fluoro—trans—7—ethyl—9,10—dihydrophenanthrene—trans—

2-yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—ethyl—9,lO—

dihydrophenanthrene—trans—2—yl)benzonitrile,

4—(3—fluoro-trans—7-ethyl—9,10—dihydrophenanthrene—trans—

2-yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—ethyl—9,10—

dihydrophenanthrene—trans—2—yl)benzonitrile,



20 yl)benzonitrile, 4-(l-fluoro-trans-7-butylfluorene-trans-2-

yl )benzonitrile, 2-fluoro-4-(l-fluoro-trans-7-pentylfluorene-trans-2-

yl)benzonitrile, 25 4-(I-fluoro-trans-7-pentylfluorene-trans-2-

yl )benzonitrile, 2-fluoro-4-(l-fluoro-trans-7-hexylfluorene-trans-2 172

yl )benzonitrile, 4-(l-fluoro-trans-7-hekylfl uorene-trans-2-

yl )benzonitrile, 2-fluoro-4-(1-fluoro-trans-7-heptylfluorene-trans-2- 5

yl )benzonitril%; (3=flubtrootvansanseThhepfylO+dbhedeophansnPhrene-trans-

yl )benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-propylfluorene-trans-2-

yl)benzonitril&;yllbdnt@nitubdte, trans- 7- propyl f | uorene-trans- 2-

yl )benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-

yl)benzonitril&;fhudBefiudBotinans-Tranbyl fE&tbyeAR; 10ans-2- 15

yl)benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-butylfluorene-trans-2-

yl ) benzoni t ri |@&ihyd¥Gplié¢nanbhterast 7Tabsit 9+ ¢l Lioernenti t ahbe 2-

yl ) benzonitril e,

5 4-(3-fluoro-trans-7-ethyl-9, 10-dihydrophenanthrene-trans-

2-yl)benzonitrile,
2-fluoro-4-(3-fluoro-trans-7-ethyl-9, 10-
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(3-fluoro-trans-7-ethyl-9,10-dihydrophenanthrene-trans-

10 2-yl)benzonitrile,
2—fluoro—4—(l—fluoro—trans—7—propylfluorene—trans—Z—
vl)benzonitrile,
4-(1-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,

15 2-fluoro—4—(1—fluoro—trans—7—ethylfluorene—trans—2—
yl)benzonitrile,
4—(1—fluoro—trans—7—ethylfluorene—trans—2—
yl)benzonitrile,
2—fluoro—4—(1—fluoro—trans—7—butylfluorene—trans—2—

20 yl)benzonitrile,
4-(1-fluoro-trans-7-butylfluorene-trans-2-
yl)benzonitrile,
2—fluoro—4—(1—fluoro—trans—7—pentylfluorene—trans—Z—
yl)benzonitrile,

25 4-(l-fluoro-trans-7-pentylfluorene-trans-2-

yl)benzonitrile,

2-fluoro-4-(1-fluoro-trans-7-hexylfluorene-trans-2-



20 2-fluoro-4-(3-fluoro-trans-7-pentylfluorene-trans-2- yl)benzonitrile,
4-(3-fluoro-trans-7-pentyl fluorene-trans-2- yl)benzonitrile, o
2-fluoro-4-(3-fluoro-trans-7-hexylfluorene-trans-2- 25 yl)benzonitrile,
4-(3-fluoro-trans-7-hexyl fluorene-trans-2- yl)benzonitrile, 173
2-fluoro-4-(3-fluoro-trans-7-heptyl fl uodéhe-trans-2- yl)benzonitrile, and

4- (3-fluoro-trans-7-heptyl fluorene-trans-2- yl)benzonitrile. 5 (Exanple 7)
Synthesi s of 2Y8)&erzeaidr4ilet-f1 uoro-trans- 7- o .
propyl -9, 10-di hydrophenant hren-trans-2-yl ) benzonitrile FF FF n-C3H:A
1) H 0 0) co i g1-FAvero-brensH FhexydINMRrege-$rang3R-4~64 Cl (CH2) 2CI F
FFFF n-C3Hy?)gégzg%§ﬂ%i§gFl3 s n-CBGHOOOCNF F
2-fluoro-4-(l-fluoro-trans-7-heptylfluorene-trans-2-

5 yl)benzonitrile,
4-(1l-fluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—propylfluorene—trans—2—
yl)benzonitrile,

10 4-(3-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7-ethylfluorene—trans—Z—
yl)benzonitrile,
4-(3-fluoro-trans-7-ethylfluorene-trans-2-

15 yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—butylfluorene—trans—2—
yl)benzonitrile,
4-(3-fluoro-trans-7-butylfluorene-trans—-2-
yl)benzonitrile,

20 2-fluoro-4-(3~fluoro-trans-7-pentylfluorene-trans—2-
yl)benzonitrile,
4—(3—fluoro—trans-7—pentylfluorene—trans—2—
yl)benzonitrile,
2—fluoro—4—(3—f1uoro—trans—7—hexylfluorene—trans—2—

25 yl)benzonitrile,

4-(3-fluoro-trans-7-hexylfluorene-trans-2-

yl)benzonitrile,



1-fluoro-trans-7-propyl-2-(3,5-difluorophenyl)-9,10- 10 di hydrophenant hr ene
produced using the sanme nethod as Exanple 3 was lithiated with a butyl

| it hium hexane solution, and subsequently reacted with carbon di oxi de gas
to yield 2,6- difluoro-4-(l-fluoro-trans-7-propyl-9, 10-di hydr ophenant hr en-
trans-2-yl)benzoic acid. This conpound W% converted to an 15 acid chloride
with thionyl chloride, and then reacted with ammonia to yield

2, 6-di f | uor o- 22 TFL4P%7H- { 3 ahkugrprbpyns o/ treptylfluorene~trans-2-

di hydr ophenant hy en-trans-2-yl ) benzam de. Subsequent reaction wth

phosphor us oxy%%ﬁ?ﬁ?%@ﬁkﬁ%ﬁﬁ%in@n@ dehydration yi el ded
2,6-difluoro-4-(l-fluoro-trans-7-propyl-9,10 20

di hydr ophenanthr eh-tFapse 2t yans nenkemt vy £l eorane-eompotdds | i sted bel ow can
be produced in a simlar 174 manner.

2, 6-di fl uor o- X¥rhenzeyiiefl@ . 9, 10- di hydr ophenant hr ene-
trans-2-yl)benzonitrile,
2,6-d?f|uoro-4-(trans-7-ethy|-9,10-dihydrophenanthrene- 5
trans-2-yl)benzonitrile, )

2, 6- di f| ubFRBR Y r BhsSynereyis 90102 df hytif bpdreeraht hefiluoro-trans-7-
trans-2-yl)benzonitrile,

2, 6- di f | RrRYLT? r Hiizd h g rophenant kit ¢y de vpmenany hrleerzonitrile
trans-2-yl)benzonitrile, 10

2,6-difluoro-4-(trans F
trans-2-yl)bengzoni t
2, 6-difluoro-4-(tr
trans-2-yl)benzonitrile,

F F
%%zza. n-CsH @’@ @ cocl —Nts
F
F F F F
e Ue Ve SNE Y. B¢ W N
F F

1—fluoro—trans—7—propyl-2—(3,5—difluorophenyl)—9,10—

10 dihydrophenanthrene produced using the same method as Example
3 was lithiated with a butyl lithium-hexane solution, and
subsequently reacted with carbon dioxide gas to yield 2,6-
difluoro—4—(1-fluoro—trans—7—propyl—9,10—dihydrophenanthren—
trans-2-yl)benzoic acid. This compound was converted to an

15 acid chloride with thionyl chloride, and then reacted with
ammonia to yield 2,6—difluoro—4—(1—fluoro—trans—7—propyl—9,10~
dihydrophenanthren-trans-2-yl)benzamide. Subsequent reaction
with phosphorus oxychloride producing a dehydration yielded
2,6—difluoro—4—(1—fluoro—trans—7—propyl—9,10—

20 dihydrophenanthren-trans-2-yl) benzonitrile.

The compounds listed below can be produced in a similar



15 di hydr ophenant hrene-trans-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-ethyl-9, 10-
di hydr ophenant hrene-trans-2-yl)benzonitrile,
4-(1, 3-difluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene
trans-2-yl)benzonitrile, 20 174
2,6-difluoro-4-(1, 3-difluoro-trans-7-ethyl-9, 10-
di hydr oph8R&Hrene-trans- 2-yl ) benzoni tril e,
2-fluoro-4-(1, -gifLuoro-trans-7-eth -9, 10- .
di hydr ophenant fir 8781t 1 3REC747I(F B8RSO ethyd -9, 10-dihydrophenanthrene-
4- (1, 3-difluoro-trans-7-ethyl -9, 10-di hydrophenant hrene 25
trans- 2-yl ) benz&APErEryl) bengoiitiridee- 4- (1, 3- di fl uoro-trans- 7- et hyl - 9, 10-
di hydr ophenant irene-trans-2-yl )benzonitrile, 175
2-f1 uor o- 4- (1, 32 8rPibérererdndtrassnyreghyd-9, 10~dihydrophenanthrene-
di hydr ophenant hr ene-trans-2-yl ) benzonitril e,
4- (1, 32di f | uor 6¥EREA<-Y1éPRPEODItaidERydr ophenant hr ene-
trans-2-yl)benzonitrile, 5 2,6-dif|uoro-4-i1,3-dif|uoro-trans-?-ethyl-9,10-
di hydr ophenant Kr 8A€if i 4REC24yI(FBapsor-ethya -9, 10-dihydrophenanthrene-
2-fluoro-4-(1,3-difluoro-trans-7-ethyl-9, 10-
di hydr ophenant hF8RE-Er XhsPengPNbERLdRItri | e,
4- (1, 3-difluorg-trans-7-ethyl -9, 10-di hydr ophenant hrene 10
trans- 2-yl ) benfofir 8t flaoro24s{grengor oethyl -3, d0FHibydrophasadtatkyk-9, 10-
di hydr ophenant hr ene-trans-2-yl)benzonitrile,
2-fluoro-4- (1, 8rareraord) beaasniteihgl -9, 10-
di hydr ophenant hr ene-trans-2-yl ) benzonitril e,
10 2,6—d1fluoro—4—(trans—?—ethyl—9,10—dihydrophenanthrene—

trans-2-yl)benzonitrile,
2,6—difluoro—4—(trans—7—ethyl—9,10—dihydrophenanthrene—
trans-2Z2-yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—7—ethyl—9,10—

15 dihydrophenanthrene—trans—2—yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans-7—ethyl—9,10—
dihydrophenanthrene-trans-2-yl)benzonitrile,
4—(1,3—difluoro—trans—7—ethyl—9,10—dihydrophenanthrene—
trans-2-yl)benzonitrile,

20 2,6—difluoro—4—(l,3—difluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2-yl)benzonitrile,
2-fluoro—4—(1,3—difluoro—trans—?—ethyl—9,lO—
dihydrophenanthrene—trans—2—yl)benzonitrile,
4—(1,3—difluoro—trans—7—ethyl—9,10—dihydrophenanthrene—

25 trans-2-yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—?—ethyl—9,10—

dihydrophenanthrene—trans-2—yl)benzonitrile,



15 4-(1,3-difluoro-trans-7-ethyl-9,10-di hydrophenant hr ene-
trans-2-yl)benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-ethyl-9,10-
di hydr ophenant hrene-trans-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-ethyl-9,10 20

di hydr ophenant hr ene-trans-2-yl)benzonit{yfe,

4- (1, 3-difluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene-
trans-2-yl)benzofitisrbed- (2, $-di fLuero=-drihsfituofyiLanso7-ethyl -9, 10-

di hydr ophenant hrene-trans-2-yl )benzonitrile, 25

2,6-dif|uorO-4dihydi¢p%éhéﬁﬂm5eﬁeetBab392191)benzonitrile,
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

2,6-di fluoro-44411f3u01Oris oSt FaRsbylefn ﬂ—@7?0—dihydrophenanthrene—
di hydr ophenant hrene-trans-2-yl)benzonitrile,

2, 6- di f1 uor o- 4 fdnd+ 20§ Dy hé@6n 7+ £1 W) - 9, 10-
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

2, 6- disf | uor o- £ (@-di foierd+anst /3641l 0drd O Pans-7-ethy1-9, 10-
di hydr ophenant hrene-trans-2-yl)benzonitrile,

2,6-dif|uorO-4&1H&dﬁdﬁﬂéhéﬁiﬁ¥éﬁé5%f@$s£23§&)benzonitrile,
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

2, 6-di f| uor 0- £«Brdd 1+ O- {1 203 7 BEdWd=Or dds-7-ethy1-9, 10-
di hydr ophenant hrene-trans-2-yl)benzonitrile, 10

2,6-dif|UOrO-4dKH&dﬂd§Héhéﬂ@H¥éﬂéf%fﬁﬂsféJ§&)benzonitrile,
di hydr ophenant hr ene-trans-2-yl ) benzonitrile, 2,

6-di f 1 uoro-4- (8- (1, Ned¥o @iyl 7 % tiflr1-9, 10-dihydrophenanthrene-

di hydr ophenant hrene-trans-2-yl)benzonitrile,

2, 6- WDf | uor o- 4radrd-0F10-Bdransn ik ethy! - 9, 10
2,6—difluoro—4—(l,3—difluoro—trans—?—ethyl—9,lO—
dihydrophenanthrene—trans—2—yl)benzonitrile,
2—fluoro—4—(1,3—dif1uoro-trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,

15 4—(1,3—difluoro—trans—7—ethyl-9,10—dihydrophenanthrene-
trans-2-yl)benzonitrile,
2,6—difluoro-4—(1,3—difluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,
2—fluoro—4—(1,3—difluoro-trans—7—ethyl—9,10—

20 dihydrophenanthrene—trans—2—yl)benzonitrile,
4—(1,3—difluoro—trans—?—ethyl—9,10—dihydrophenanthrene—
trans-2-yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2-yl)benzonitrile,

25 2,6—difluoro—4—(1—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,

2,6—difluoro—4—(1—fluoro-trans—7—ethy1-9,10—



15 di hydr ophenant hrene-trans-2-yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-ethyl -9, 10-
di hydr ophenant hrene-trans-2-yl)benzonitrile, o
2,6-difluoro-4-(trans-7-ettylfluorene-trans-2- yl)benzonitrile, 20
2,6-difluoro-4-(trans-7-propyl fluorene-1véans-2- yl)benzonitrile,
i fluoro-4-(trans-7-butyl fluorene-trans-2- yl)benzonitrile,
i f1uoro-4dihydnepiiepenthikréhaetearstans) Ben25nytyheazonitril e,
i fluoro-4-(trans-7-hexyl fluorene-trans-2- yl)benzonitrile, 177
i fluoro-42¢6rdbélT@oheptdylitfidnene-trans-2-eyhybenzooitrile,

i fluoro-4-(1, 3-difluoro-trans-7-propyl fluorene-

2-yl ) benddhydropkendnthrene-trans-2-yl)benzonitrile,
oro-4-(1,3-difluoro-trans-7-propyl fluorene-trans-2- yl)benzonitrile,

, 6-d
, 6-d
, 6-d
, 6-d
, 6-d
rans-
u

n
I

1, 3-di fl uord- 6rdhElZopoopyllttidnene-trans-2-eyhybenzooktril e,
-difluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans- 10

| ) Benzoni t rdikydpophenantUréhe3t dahbupr9lf bansordi €t hykf | uorene-trans- 2-
benzonitrile, 4-(1,3-difluoro-trans-7-ethylfluorene-trans-2-
b

6-
6-
6-
6-
6-
a
f
(
6
)
) enzonltrllé,6 difluoro-4-(3-fluoro~trans-7- -ethyl-9,10-

2
2
2
2
2
t
2-
4-
2,
2.
yl
yl
dihydrophenanthrene—trans—2—yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene-trans-2-yl)benzonitrile,

10 2,6-difluoro—4—(3—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—Z—yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans—2—yl)benzonitrile,
2,6—difluoro—4—(3—fluoro-trans—7—ethyl—9,10—

15 dihydrophenanthrene-trans-2-yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethyl—9,10—
dihydrophenanthrene—trans-2—yl)benzonitrile,
2,6—difluoro—4-(trans—7—ethylfluorene—trans—Z—
yl)benzonitrile,

20 2,6-difluoro-4-(trans-7-propylfluorene-trans—-2-
yl)benzonitrile,
2,6—difluoro-4—(trans—7—butylfluorene—trans—Z—
yl)benzonitrile,
2,6-difluoro-4-(trans-7-pentylfluorene-trans-2-

25 yl)benzonitrile,

2,6-difluoro-4-(trans-7-hexylfluorene-trans-2-

yl)benzonitrile,



15 2,6-difluoro-4-(1, 3-difluoro-trans-7-butyl fl uorene-trans-
2-yl)benzonitrile, 2-fluoro-4-(1,3-difluoro-trans-7-butylfluorene-trans-2-
yl)benzonitrile, 4-(1,3-difluoro-trans-7-butylfluorene-trans-2- 20

yl )benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-pentylfl uorene-
trans-2-yl)benzonitrile, 177
2-fluoro-4-(1,3-difluoro-trans-7-pentyl fluorene-trans-2- yl)benzonitrile,
25 4-(1, 3-di flupsodifansrd-pentyhhkbudrrapt ¥ AhsoRengtybansoditril e,
2,6-difluoro-4-(1,3-difluoro-trans-7-hexylfluorene-trans 178

2-yl)benzoni tryl goerzbhboroid; (1, 3-di fluoro-trans-7-hexyl fl uorene-trans-2-
yl )benzonitrile, 4-(1,3-difluoro-trans-7-hexylfluorene-trans-2- 5

yl)benzonitrilg, 62a6fUibkuone4; 8id3fdubkuet pahsansprepeptylbraneene-
trans-2-yl)benzonitrile,

2-fluoro-4-(1, 8rdhétpeydlbeansnithhepeyl f1 uorene-trans-2- yl)benzonitrile,
10 4-(1,3-difluoro-trans-7-heptyl fluorene-trans-2- yl)benzonitrile,
2, 6-dig | uor o- 42(Fi1fibuera-tLaBsaifetibybttyenene-prapgi2iupkhenzoansrite,

2,6-difluoro-4-(1-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans-

10 2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,

15 2,6-difluoro-4-(1,3-difluoro-trans-7-butylfluorene-trans-
2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-butylfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-7-butylfluorene-trans-2-

20 yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-pentylfluorene-
trans-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-pentylfluorene-trans-2-
yl)benzonitrile,

25 4-(1,3-difluoro-trans-7-pentylfluorene-trans-2-

yl)benzonitrile,

2,6-difluoro-4-(1,3-difluoro-trans-7-hexylfluorene-trans-



15 yl)benzonitrile, 2,6-difluoro-4-(l-fluoro-trans-7-butylfluorene-trans-2-

yl )benzonitrile, 2,6-difluoro-4-(l-fluoro-trans-7-pentylfluorene-trans-2-

yl)benzonitrile, 20 2,6-difluoro-4-(l-fluoro-trans-7-hexylfluorene-trans-2-

yl)benzonitrile, 2,6-difluoro-4-(1-fluoro-trans-7-heptylfluorene-trans-2-

yl )benzonitrile, 2,6-difluoro-4-(3-fluokd8trans-7-propylfluorene-trans-2-

25 yl)benzonitrile, 2,6-difluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-

yl ) benzoni tril & Yiy§enzonitrile,

2,6-difluoro-4-(3-fluoro-trans-7-butylfluorene-trans-2- yl)benzonitrile,

2, 6-di | uor o- 427 31PPg6r 4t lafs S fdemrprtrassedeheraidlro ngnehamaos2- | e, 5
,6-dif|uoro-4-&3-f|uorq-tnans-?-hexylfluorene-trans-z- yl ) benzonitril e,

nd 2, 6-difl u8tePeneenitEdds-trans- 7- heptyl f 1 uor ene-trans- 2-

| ) benzonitrile. 10_(Exanple 8) Synthesis of 4-cyano-3-fl uorophenyl

rans-7- propyfr9l18-dikjdrspnéranshrchexylEanporyplateans-C3H7 db (COC02 -

-C HE? O cCcoa cH2A 2 F F,
yl)benzonitrile,

2

a

y

t

n
2,6—difluoro—4—(1,3—difluoro—trans—7—heptylfluorene—
trans-2-yl)benzonitrile,
2—fluoro—4—(1,3—difluoro-trans-7—heptylfluorene—trans—Z—
yl)benzonitrile,

10 4-(1,3-difluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—ethylfluorene—trans-Z—
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—propylfluorene—trans—Z—

15 yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—butylfluorene—trans—Z—
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—pentylfluorene—trans—Z—
yl)benzonitrile,

20 2,6—difluoro—4—(l—fluoro—trans—7—hexylfluorene—trans—2—
yl)benzonitrile, .
2,6—difluoro—4—(1—fluoro—trans—7—heptylfluorene—trans—2—
yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—propylfluorene—trans—Z—

25 yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethylfluorene—trans—Z—

yl)benzonitrile,



HOOCN/~ PyH CH2Cl2 n O O C02- )}-CN 7-propyl-9, 10-di hydr ophenant hr ene
produced in Exanple 1 was reacted with oxalyl dichloride, and subsequently
reacted 15 with 2-fluoro-4-hydroxybenzonitrile to yield 4-cyano- 3-

fl uorophenyl trans-7-propyl-9, 10-di hydrophenant hr ene-2- carboxyl ate. The
conpounds |isted bel ow can be produced i7ga simlar manner. 20

4- cyanophenyl 7-propyl -9, 10-di hydr ophenant hr ene- 2- car boxyl at e,

4- cyano- 3, 5- did) &red DPhesyd -4~ pB-opYhoLodOrans-7-butylfluorene~trans—-2-

di hydr ophenant hr ene- 2- car boxyl ate, 4-cyanophenyl

1-fl uoro- 7- pr opy) béh Aén it hyts pphenant hrene 180 2-car boxyl at e,

4- cyano- 3-f |l uor ophenyl 1-fluoro-7-propyl-9, 10-

di hydr ophenantdy @ng: 21 6ar Hoxy | 3t £1 uo Ao CyAdWs 37 Sodh f y o1 OPREW Lt rans-2-
1-fluoro-7-propyl-9,10 5 di hydrophenant hr ene- 2-car boxyl ate, 4-cyanophenyl
1-f | uor o- 7- pr opy) Bdruesener 2t €Aar boxyl ate,  4-cyano- 3-f | uor ophenyl

1-fl uoro-7-propyl fluorene-2- carboxylate, 4-cyano-3,5-difl uorophenyl

1-f 1 u6r o- 7- pr @pyd-fd 1T @eo-24 - {9- EAEDRXW B s - - HYANOPNESWd e - -2-

1, 3-di fl uoro-7-propyl -9, 10- di@hydr ophenant hr ener-gé/Z- car boxy‘%r}aﬁ et,rans 2

4- cyano- 3-f | uorlomeriydn it St o f | kg 0- 7- propyl -9, 10-

2,6—difluoro—4—(3—fluoro—trans—7—heptylfluorene—trans—Z—

yl)benzonitrile.

10 (Example 8) Synthesis of 4-cyano-3-fluorophenyl trans-7-

propyl—9,10—dihydrophenanthrene—2-carboxylate

n-C3H7 (g+2%'t. n-C;,H coc
F
HO—@— CN F

7-propyl-9,10-dihydrophenanthrene produced in Example 1

was reacted with oxalyl dichloride, and subsequently reacted
15 with 2-fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-
fluorophenyl trans-7-propyl-9,10-dihydrophenanthrene-2-
carboxylate.
The compounds listed below can be produced in a similar
manner.
20 4-cyanophenyl 7-propyl-9,10-dihydrophenanthrene-2-
carboxylate,
4-cyano-3, 5-difluorophenyl 7-propyl-9,10~-
dihydrophenanthrene—Z—carboxylate,

4-cyanophenyl 1-fluoro-7-propyl-9,10-dihydrophenanthrene-



di hydr ophenant hr ene- 2- car boxyl ate, 15 4-cyano- 3, 5-di fl uorophenyl

1, 3-di fluoro-7-propyl -9, 10- di hydrophenant hr ene- 2- car boxyl at e,

4- cyanophenyl 1, 3-difl uoro-7-propyl fluorene-2- carboxyl ate, and

4- cyano- 3-fl uor ophenyl 1, 3-difluoro-7-propyl fluorene-2- 20 carboxyl ate.
(Exanpl e 9) Synthesis of 2-propy|-7-(3,1?g- trifl uorophenyl)phenant hrene
181 n-C3BH O ODDQ H2, Pd/Cs n,C3BHOOO1l Toluene F BrM4 F F

Pd( PPh3) 4F THEZ2nHa@bOx®@1@tE,F 2-i odo- 7- propyl - phenant hrene was di ssol ved in
tol uene, DDQ was added, and the m xture was heated at 100C, with

stirring, for 4-pyrinod3off lBokephenythd-§dneanr wisoretoved by 5 evaporation
and the product purified by silica gel chromatography to yield

2- i odo- 7- pr opy dphedacpivesre t hHiene - 2coapbexd 1@&$ /t hen reacted with a
Gignard reagent prepared from 3,4,5-trifl uorobronobenzene and nagnesi um
Fol lowi ng sti dricygnfor , 2 -ddufrlgicarophesmlt dmfderere e wi~& % was 10
allowed to cool to roomtenperature, water was added, the product was
extracbed i nt odidlyderphemad threnerFanfiagbosydatitas  washed sequentially with

wat er and a saturated aqueous solution of sodiumchloride before being
dri ed over anhyidicgasiophenyl 1-fluoro-7-propylfluorene-2-carboxylate,

4-cyano-3-fluorophenyl 1-fluoro-7-propylfluorene-2-
carboxylate,
4-cyano-3,5-difluorophenyl 1l-fluoro-7-propylfluorene-2-
10 carboxylate,
4-cyanophenyl 1,3-difluoro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyano-3-fluorophenyl 1,3-difluoro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
15 4-cyano-3, 5-difluorophenyl 1,3-difluoro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyanophenyl 1,3-difluoro-7-propylfluorene-2-
carboxylate, and
4-cyano-3-fluorophenyl 1,3-difluoro-7-propylfluorene-2-

20 carboxylate.

(Example 9) Synthesis of 2-propyl-7-(3,4,5-

trifluorophenyl)phenanthrene



sodi um sul fate. The crude product obtained by renoval of the 15 sol vent by
evaporation was purified by silica gel colum chromatography (hexane) and
then recrystallized 3 times from ethanol to yield white crystal s of
2-propyl-7-(3,4,5- trifluorophenyl)phenant hrene. The conpounds |isted bel ow
can be produced in a sinmlar 20 nmannert

2-propyl -7-(4-fl uorop yl ) phenant hr ene

2- propyl -7-(3, 4 di f .-. ORY enyl bg@enantrﬁa ne, 1&73_2*
- Ky i ar e @©@ !

2-propyl - 7- ( 3,™=
2-propyl -7-(3,4,5-trifluorophenyl ) phenant hr ene,
2-propyl -7-(4- trlfluoro t hoxyphenyl ) phenant hrene, 2-propyl-7-(3-fluoro-4

5 trifluoromethoxyphen phenant hrene, 2-propyl-7-(3,5-difluoro-4-
trifluoronethoxyp nant hr ene, F

2- propyl -7- (4-di f |l uor omet hoxypheny
2-propyl -7-(4-tri i y , 10

2- propyl -7-(3-fl uoro- 4-° trifluoronethylphenyl) henant hr ene,
2-propyl -7-(3,5-di fluoro-4- trifluoronethyl phenyl)phenant hrene,

2- propyl - 7- (4-2hl edophesydp pheftastid eiteend vas dissolved in toluene,
2-propyl -7-(3-fl uoro-4-chl orophenyl ) phenant hrene, and

2- propy| -Dbg Hebs chddeuw Garfd Cii@rophamd Jphenadddens: 1d@ml&nH0)
Synt hesi s of 2-propyl-7-(3,4- difluorophenylethynyl)phenant’hrene

stirring, for a period of 5 hours. The solvent was removed by

5 evaporation and the product purified by silica gel
chromatography to yield 2-iodo-7-propylphenanthrene. This
compound was then reacted with a Grignard reagent prepared
from 3,4,5-trifluorobromobenzene and magnesium. Following
stirring for 2 hours at room temperature, the mixture was

10 allowed to coocl to room temperature, water was added, the
product was extracted into toluene, and the organic layer was
washed sequentially with water and a saturated agueous
solution of sodium chloride before being dried over anhydrous
sodium sulfate. The crude product obtained by removal of the

15 solvent by evaporation was purified by silica gel column
chromatography (hexane) and then recrystallized 3 times from
ethanol to yield white crystals of 2-propyl-7-(3,4,5-
trifluorophenyl)phenanthrene.

The compounds listed below can be produced in a similar

20 manner.

2—propyl-7—(4—fluorophenyl)phenanthrene,

2—propyl—7—(3,4—difluorophenyl)phenanthrene,



FF" HOOO' HPdA(PPh3)3) Fn HOOO _OF a 20 Et3N, DWw
2-10do-7-propyl - phenant hrene in dinethyl formam de and triethylam ne was
reacted with 4-ethynyl -1, 2-difl uorobenzene in the presence of
tetrakls(trlphenylphosphlne)palIadlun1(0é and the product was purified by
silica gel colum 25 chronatography (he He) and then recrystallized from
et hanol 183 t? éield d|f|uoroghenylethynyl)phenanthrene

|
The compounds Fi F88y6eﬂpkgp§ dﬂégﬁPGHBééﬁyﬁﬁ egmthg€neranner
2- | -7-(4-1] henyl et ) ph th
S O O e e

2-propyl -7-(3,3-diflu eth phenant hr ene,
2- propyl - (4 ?rPFPBXﬁoﬁeqﬁo¥§ ﬁéﬁ?%@%ﬁ§ﬁ?ﬁ¥ﬁﬁ§ﬁdﬁﬂﬁpéﬁénthre“e'
2-propyl-7-(3-fl uoro r|fI ronethoxyphenylethynyl)phenanthrene 10
2- propyl (B,E-BFPPMi g PPFBoﬁonethoxyphenylethynyl)phenanthrene
2-pro 7-(3,4,5- Erlfluorg henélethg | ) phenant hr ene,
2- prop I- 7- (4- HFEELBPEABERERSFYRBRYY S Héﬁ???ﬁﬁéﬁ&ﬁthrene
2- propyl -7-(4- %rlfluo nethylphen | et hynyl ) phenant hrene, 15
2-propyl - 7- ( 3- FHBPBY ~¢'Fi(Pr GoRdARERYPEABNYI et hynyl ) phenant hr ene,
2- propyl - (3,? | uor o- 4-
1f uoromethoxyphenyl)phenanthrene,
2—propyl—7—(4—difluoromethoxyphenyl)phenanthrene,
2—propyl—7—(4—trifluoromethylphenyl)phenanthrene,

10 2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)phenanthrene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)phenanthrene,
2—propyl—7—(4—chlorophenyl)phenanthrene,

15 2—propyl—7—(3—fluoro—4—chlorophenyl)phenanthrene, and
2—propyl—7—(3,5—difluoro—4—chlorophenyl)phenanthrene.

(Example 10) Synthesis of 2-propyl-7-(3, 4-
difluorophenylethynyl)phenanthrene
F
F
Qo =0 ..
H — =
OO Pd(PPhy), "C"”F
20 Et;N , DMF

2-iodo-7-propyl-phenanthrene in dimethylformamide and
triethylamine was reacted with 4-ethynyl-1,2-difluorobenzene
in the presence of tetrakis (triphenylphosphine)palladium (0),

and the product was purified by silica gel column

25 chromatography (hexane) and then recrystallized from ethanol



trifluoronethyl phenyl et hynyl ) phenant hr ene,

2-propyl -7-(4-chl or ophenyl et hynyl ) phenant hr ene, 20

2- propyl - 7- (3-fl uor o- 4- chl or ophenyl et hynyl ) phenant hrene, and

2-propyl -7-(3,5-di fluoro-4- chlorophenyl et hynyl ) phenant hrene. 25 (Exanple
11) Synthesis of 8-fluoro-2-propyl-7-(3,835 trifluorophenyl)phenanthrene
and 6-fluoro-2-propyl-7-(3,4,5- trifluorophenyl) phenanthrene 184 F F

n- C3H7 O FeNl 2Rprépy -7 Behzéndi Awdt oplreky Fe t myiGBH mhehad tth fend-
8-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)-9,10- di hydrophenant hrene
produced i n ExEmpl eoripowsdsli 35st @@ doe how beaz ére, p NBE1¢dd brronssioci emm de)
and AIBN (2, 2-azobis 5 isobutyronitrile) were added, and the tenperature
was graduahhegrrai sed to benzene reflux tenperature. Stirring was then
continued for a further 2 hours, before water was added and the reaction

hal ted, and th2-progayil €7+ &4ef 1 wasoptemy settay @y iohdieentdguesots | ayer was
extracted with toluene and 10 this extract was conbined with the organic

| ayer 5 whi ch wasprdpreh- Wwashed-ad £ huowd e erayile oh way Ly st exth raquesaiss, sol uti on

of sodium chloride, before being dried over anhydrous sodi um
2-propyl-7-(3,5-difluorophenylethynyl)phenanthrene,
2-propyl-7-(4-trifluoromethoxyphenylethynyl)phenanthrene,
2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)phenanthrene,

10 2-propyl-7-(3,5~-difluoro-4-
trifluoromethoxyphenylethynyl)phenanthrene,
2-propyl-7-(3,4,5-trifluorophenylethynyl)phenanthrene,
2-propyl-7-(4-difluoromethoxyphenylethynyl)phenanthrene,
2-propyl-7-(4-trifluoromethylphenylethynyl)phenanthrene,

15 2-propyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)phenanthrene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)phenanthrene,
2-propyl-7-(4-chlorophenylethynyl)phenanthrene,

20 2-propyl-7-(3-fluoro-4~chlorophenylethynyl)phenanthrene,
and
2-propyl-7-(3,5-difluoro-4-

chlorophenylethynyl)phenanthrene.

25 (Example 11) Synthesis of 8-fluoro-2-propyl-7-(3,4, 5-
trifluorophenyl)phenanthrene and 6-fluoro-2-propyl-7-(3,4,5-

trifluorophenyl)phenanthrene



sul fate. The solvent was renoved by evaporation and the whole crude
product was dissolved in ethyl acetate, and 5% 15 pal | adi unf carbon (wet)
was then added, and the m xture was stirred in an autoclave under a
hydrogen pressure of 4 Kg/cnR. After 5 hours stirring at roomtenperature,
the catalyst was renoved by filtrationyghrough celite, and the sol vent was
then renoved by evaporation. The crude product was purified by 20 silica
gel colum chromat ogr a rhexame) and then recrystallized 3 tinmes from

et hanol to yield 8- pyl NBS (a4, |5 tpaicf | uor ophenyl ) phenant hr ene.
The conpounds Mte : € preedesed | AcCEtSI Ml ar 185 manner.
8-fluoro-2-propyl-7-(4-fluorophgnyl) phenant hr ene,
8-fluoro-2-propyl-7-(3,4-difl uorFopheny: g pEenant Er ene, c

8-fl uoro-2-propyl -7-L3BNdyf | por ophenyl ) phenant hr ene,

8-fl uoro- 2- pr opygh “@ @ uor ophenyl ) phenant hr ene,

8-fl 4t | uoTonet hoxyphenyl ) phenant hr ene,
8-fluoro-2-propyl-7-(3-fluoro-4- trifluoromethoxyphenyl)phenant hrene, 10
8-fl

8-fl

8-fl

8-fl

uor o- 2- pr oRYle7-(3, 5-di.fl uaro-4-, trifl uaronet ho henyl 2nant hr ene,

uor o- 2- pr 0|1I%)yLIf-l;l-o(r % 5dg)rﬂp3§r girre(t%élx yoReny upQrFeorPﬁ%)Wrelgneg?’pfbe

uoro- %:i%&%%ﬁéh%ﬁ%_tﬁ%égg ]jplz#)%’u%%edt f}%l Fquear}rYpl l)eD i‘ie rl]%nst rHiesnsedlveol in
benzene, NBS (N-bromosuccinimide) and AIBN (2,2-azobis

uor o-

uor o

5 isobutyronitrile) were added, and the temperature was
gradually raised to benzene reflux temperature. Stirring was
then continued for a further 2 hours, before water was added
and the reaction halted, and the organic layer was then
separated. The aqueous layer was extracted with toluene and

10 this extract was combined with the organic layer, which was
then washed with water and a saturated aqueous solution of
sodium chloride, before being dried over anhydrous sodium
sulfate. The solvent was removed by evaporation and the whole
crude product was dissolved in ethyl acetate, and 5%

15 palladium/carbon (wet) was then added, and the mixture was
stirred in an autoclave under a hydrogen pressure of 4 Kg/cm®.
After 5 hours stirring at room témperature, the catalyst was
removed by filtration through celite, and the solvent was then
removed by evaporation. The cfude product was purified by

20 silica gel column chromatography (hexane) and then
recrystallized 3 times from ethanol to yield 8-fluoro-2-
propyl-7-(3,4,5-trifluorophenyl)phenanthrene.

The compounds listed below can be produced in a similar



CDCDCDCDCDCDCDCDCDCDCDCDOOCDOO"’"’

= =

—h —h —h —h —h —h —h —h —h —h —h —h —h —h —h — —:

| uor onet hyl phenyl ) phenant hrene, 8-fl uoro-2-propyl-7-(3,5-difl uoro-4-
| uor onet hyl phenyl ) phenant hr ene, 20

uor o- 2- propyl - 7- (4- chl or ophenyl ) phenant hr ene,

uor o- 2- propyl - 7- (3-fl uoro-4- chl orophenyl) phenant hrene,

uor o- 2- propyl - 7- (3, 5-di fl uoro-4- chl8x ophenyl) phenant hrene, 25

uor o- 2- propyl -7-(4-f | uorophenyl ) phenant hr ene,

uor o-raIprpy| - 7- (3, 4-di f I uor ophenyl ) phenant hr ene,

uor o- 2- propyl - 7- (3, 5-di fl uor ophenyl ) phenant hr ene, 186

uor o- 2- pr dhy LU XS 4 e apy ¥+ Trot bphenytopitendntdireeemt hrene,
uoro-2-propyl -7-(4 trifluoronethoxyphenyl) phenanthrene,

uor o- 2- pr épyll LUK @=-Ftpuormy U-7-5( 3 r4 fd ifnenetdreayihemdngrenantdyr ene,
uor o- 2- propyl - 7- (3, 5-di fl uoro-4- trifluoronet hoxyphenyl)phenant hrene,
uor o- 2- pr doyll Lup xat=2 -t f daolr-chret hdadhibEng Haptenarih prenan tirene,

uoro- 2-propyl -7-(4- trifluoronethyl phenyl)phenant hrene,

udr o- 2- pr dpyl LusK@=-Ftpiormy U-7+ (3 ,f4 Uortanet lhyd 1 hereaanueshe,

uor o- 2- propyl -7- (3, 5-di fl uoro-4 15 trlfluoronethylphenyl)phenanthrene
uor o- 2- pr dpyfl Lub ot-24d mymphehy{ )phenant hr ene,

trifluoromethoxyphenyl)phenanthrene,

—_——— e — — — — — — — — — — — —h

8-fluoro-2-propyl-7- (3-fluoro-4-
trifluoromethoxyphenyl)phenanthrene,

10 8-fluoro-2-propyl-7-(3, 5-difluoro-4-
trifluoromethoxyphenyl)phenanthrene,
8-fluoro-2-propyl-7- (4-
difluoromethoxyphenyl)phenanthrene,
8-fluoro-2-propyl-7-(4-

15 trifluoromethylphenyl)phenanthrene,
8-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)phenanthrene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)phenanthrene,

20 8—fluoro—2—propyl—7—(4—chlorophenyl)phenanthrene,
8-fluoro-2-propyl-7-(3-fluoro-4-
chlorophenyl)phenanthrene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-
chlorophenyl)phenanthrene,

25 6-fluoro-2-propyl-7-(4-fluorophenyl)phenanthrene,
6—fluoro—2—propyl—7—(3,4—difluorophenyl)phenanthrene,

6—fluoro—2—propyl—7—(3,5—difluorophenyl)phenanthrene,



-fluoro-2-propyl-7-(3-fluoro-4- chl orophenyl) phenant hrene, and
-fluoro-2-propyl-7-(3,5-difluoro-4 20 chl orophenyl ) phenant hrene. (Exanpl e
2) Synthesis of 2-fluoro-4-(7-propyl phenant hren2- yl)benzonitrile 187 ~F
NO(HOzB~( ))-~CO ~/ HOO Pd(PPh3)a, THENHOO F' n-C3H O OCN
2-i odo- 7- propyl phenant hrene was react ed1fi6t h 4- (4, 4-

di net hyl - 4, 5- di hydr ooxazol - 2-yl )-2-fl uorophenyl boric acid in the presence
of tetrakis(trPphédprphdsprcrepd(3didud- taid 18 ovphenqydn thy naeddireseayi t h
phosphorus oxychloride to renove the cyano group protective group, and

yi el ded 2-f| uoPofaupro-greggPyierarithr en-2-yl') benzonitrile. The conpounds
| i sted bel ow can be produced in a simlar manner. 10

4- ( 7- propyl phekaafhrenemgipoxypheonilt phleaanthrene,
2-fluoro-4-(I-fluoro-7-propyl phenant hrene-2- yl) benzonitrile,

4- (1-fl uoro- 7- prépyrprerarthpPyhe’2-(BHEBawromidtri | e,
2-fluoro-4-(3-fluoro-7-propyl phenant hrene-2- 15 yl)benzonitrile,

4- (3-f2 uor o- 7- Eréﬂp@ﬁ@maﬁgﬁm@éezyw rhenzogihreinleg,

6- f
6- f
12)

6-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)phenanthrene,
6-fluoro-2~propyl-7-(4-
difluoromethoxyphenyl)phenanthrene,
10 6-fluoro-2-propyl-7- (4-
trifluoromethylphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro~-4-
15 trifluoromethylphenyl)phenanthrene,
6~fluoro-2-propyl-7-(4-chlorophenyl)phenanthrene,
6-fluoro-2-propyl-7-(3-fluoro-4-
chlorophenyl)phenanthrene, and
6-fluoro-2-propyl-7-(3,5-difluoro-4-

20 chlorophenyl)phenanthrene.

(Example 12) Synthesis of 2-fluoro-4-(7-propylphenanthren2-

yl)benzonitrile



4- (1, 3-di fluoro-7-propyl phenant hr ene-2-yl ) benzonitrile, o
2-fluoro-4-(1,3-difluoro-7-propyl phenant hrene-2- yl) benzonitrile, 20
2-fluoro-4-(1,3-difluoro-7-ethyl phenant hrene-2- yl)benzonitrile,
4- (1, 3-di fluoro-7-ethyl phenant hrene- 2-yl ) benzonitrile,
2-fluoro-4-(1, 3-difluoro-7-butyl phenanth8&ne-2 188 vyl )benzonitrile,
4- (1, 3-di fl uoro-7-butyl phenant hr ene- 2-yl ) benzonitrile,
2-fluoro-4-(1,3-difluoro-7-pentyl phegant hrene-2- yl)benzonitrile, 5
4- (1, 3-di fl uoro-7-penihphenant )benzonltr
2-fluoro-4-(1, é@ i f hexylph nt nqhb-
4- (1, 3-difluoro-"7- anthramam34mh}6en | e
2-fluoro-4-(1, 3- dlfluoro 7- heptyl phenant hrene-2- 10 yl)benzonitrille, and
4- (1, 3-difluoro-7- heptylphenanthrene-zéy;)benzonltr|Ie. (Exanpl e 13)

is of 2-fluoro-4-(1-f ro-trans-7-
SygE)CF;thant hr&REL2- yd:aaq,bq( Eﬁz @}J_é 3}50\6 n-C3H O O CN NBS, AIBN H2 , Pd/C
Mo. No. Benzene AcCEt O O O OCN

1
- 10- di hydr ophenant hr en- 2-
2-f1uoro-4-(l éluoro 7L£¥ gi g anthrghe £gs reacted with 4-(4,4-

dimethyl—4,5—dihydrooxazol—2-yl)—2—fluorophenylboric acid in
the presence of tetrakis (triphenylphosphine)palladium, and
5> subsequently reacted with phosphorus oxychloride to remove the
cyano group protective group, and yielded 2-fluoro-4-(7-
propylphenanthren-2-yl) benzonitrile.
The compounds listed below can be produced in a similar
manner.

10 4—(7—propylphenanthrene—Z—yl)benzonitrile,
2—fluoro—4—(1—fluoro—7—propylphenanthrene—2—
yl)benzonitrile,
4—(1—fluoro—7—propylphenanthrene—Z—yl)benzonitrile,
2-fluoro-4-(3-fluoro-7-propylphenanthrene-2-

15 yl)benzonitrile,
4—(3—fluoro—7-propylphenanthrene—2—yl)benzonitrile,
4—(1,3—difluoro—7—propy1phenanthrene—2—yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—7—propylphenanthrene—2—
yl)benzonitrile,

20 2—fluoro—4—(1,3—difluoro—?—ethylphenanthrene—Z—
yl)benzonitrile,
4—(1,3—difluoro—7—ethylphenanthrene—Z—yl)benzonitrile,

2—fluoro—4—(1,3-difluoro—7—butylphenanthrene—Z—



yl )benzonitrile produced in Exanple 6 was dissolved in benzene, NBS
(N-bronmosucci nim de) and Al BN (2,2-azobis isobutyronitrile) were added,
and the tenperature was 20 gradually raised to benzene reflux tenperature.
Stirring was then continued for a further 2 hours, before water was added
and the reaction halted, and the organi asigayer was then separated. The
aqueous | ayer was extracted with toluene and 189 this extract was conbi ned
wi th the organivd)bepeoniwtiidle,was then washed with water and a saturated
aqueous solution of sodiumchloride, before being dried over anhydrous
sodi um sul f at 8- (Th8-diddeomoedutiu tyaphpiantina @iy 25iy1i) G ngIn i¢H jurg) 5
chromat ography and then recrystallized 3 tines fromethanol to yleld

2-f1 uor o- 4- (| - RFfidnorbrdrg 17 3pidd iy uprendnidene 1 dhelantezeri-tri | e. The
conpounds |isted bel ow can be produced in a simlar manner. 10

2- quoro 4- (| - ¥Lubeozbndansilepr opyl phenant hr ene-trans-2- yl)benzonitrile,

| -fl uoro-trans-7-propyl phenant hrene-trans-2- yl)benzonitrile,

uo¥ 0- 4- (| - BHd; -t disoFoelhylephenphichnerericnans-21 ) benylorhenaani tril e,
fluoro-trans-7-ethyl phenant hrene-trans-2- yl)benzonitrile,

uor o- 4- (| - Ffidnorbrdrg 17 3budt ¥l pheart-hegye pheadstArenle-Penzonitrile, 20
-fluoro-trans-7-butyl phenant hrene-trans-2-
yl)benzonitrile,

4—(1,3—difluoro—7—hexylphenanthrene—2—yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—7—heptylphenanthrene-Z—
10 yl)benzonitrile, and

—(1,3—difluoro—7-heptylphenanthrene—Z—yl)benzonitrile.

(Example 13) Synthesis of 2-fluoro-4-(l1-fluoro-trans-7-

propylphenanthrene-2-yl)benzonitrile

. F F

e Ue Ve SN IRTR
F F

L nCgH @©@ @ CN

2—fluoro—4—(1—fluoro—7—propyl—9,10—dihydrophenanthren—2—

yl)benzonitrile produced-in Example 6 was dissolved in
benzene, NBS (N-bromosuccinimide) and AIBN (2,2-azobis
isobutyronitrile) were added, and the temperature was

20 gradually raised to benzene reflux temperature. Stirring was
then continued for a further 2 hours, before water was added
and the reaction halted, and the organic layer was then

separated. The aqueous layer was extracted with toluene and



| uoro-4-(l-fluoro-trans-7-pentyl phenant hrene-trans- 2-
| -fl uoro-trans-7-pentyl phenant hrene-trans-2- 25
| uoro-4-(Il-fluoro-trans-7-hexyl phenant hrene-trans- 2-
yl ) benzonitrile, 19 4- (| -fluoro-trans-7- hexyl phenant hrene-trans- 2-
yl Ybenzonitrile, 2-fluoro-4-(l-fluoro-tk&hs-7-heptyl phenant hrene-trans- 2-
yl )benzonitrile, 5 4-(1-fluoro-trans-7-heptyl phenanthrene-trans-2-
yl ) benzont?¥§ | XL LAGY iR D-eeniinedgr bt h righe -y | Fesiant i k¢le-waans- 2-
yl ) benzonitrile, 4}53-fluoro-trans-?-propylphenanthrene-trans-Z- 10
yl ) benzonih§nh |¥2sheq | Wikl -wRe { st fandra- 3 trdtanugtieh s hitehen tefins- 2-
yl)benzonitrile, 4-(3-fluoro-trans-7-ethylphenanthrene-trans-2-
yl ) benzonf?¢ide, chnide yhefore Reingpredrishmuer Rrhydpremnddewe- t rans- 2-
yl )benzonitrile, 4-%f-fluoro-trans-?-butylphenanthrene-trans-Z-
yl ) benzont4¥idtee - 2 Theysrade eoduedr asr isifigenbyl shdriaat lnednealvams- 2-
20 yl ) benzonitrile,

chromatography and then recrystallized 3 times from ethanol to

yl ) benzonitrile, 2
yl ) benzonitrile, 4
yl ) benzonitrile, 2
1
2

f
(
f
0

yield 2-fluoro-4-(1l-fluoro-trans-7-propylphenanthren-2-
yl)benzonitrile.

The compounds listed.below can be produced in a similar
manner.

10 2-fluoro-4-(1-fluoro-trans-7-propylphenanthrene-trans-2-
yl)benzonitrile,
4-(l-fluoro-trans-7-propylphenanthrene-trans-2-
yl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-ethylphenanthrene-trans-2-

15 yl)benzonitrile,
4-(l-fluoro-trans-7-ethylphenanthrene-trans-2-
yl)benzonitrile,
2-fluoro-4-(1-fluoro-trans-7-butylphenanthrene-trans-2-
yl)benzonitrile,

20 4-(l-fluoro-trans-7-butylphenanthrene-trans-2-
yl)benzonitrile,
2—fluoro—4—(1—fluoro-trans—7-pentylphenanthrene—trans—Z—
yl)benzonitrile,
4-(l-fluoro-trans-7-pentylphenanthrene-trans-2-

25 vl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-hexylphenanthrene-trans-2-

yl)benzonitrile,



-(3-fluoro-trans-7-pentyl phenant hrene-trans-2- yl)benzonitrile,
-fluoro-4-(3-fluoro-trans-7-hexyl phenant hrene-trans-2- yl)benzonitrile, 25
-(3-fluoro-trans-7-hexyl phenant hrene-trans-2- yl)benzonitrile,
fluoro-4-(3-fluoro-trans-7-heptyl phenant hrene-trans-2 191

)benzonitrile, and 4-(3-fluoro-trans- 19%eptyl phenant hrene-trans- 2-
)benzonitrile. 5 (Exanple 14) Synthesis of

6- di f | uor o- 44 (1f-fdacaartaresrs~7-hexylphenanthrene-trans-2-

opyl phenant hr ene- 2-trans-yl ) benzonitrile FFFFn-CBHQQQQ1CO s H
QQ Q CO2H 2ylFbenEoRiS@AI2, Nn-C3 QQ QQCOCl NH3 --a d(CH2)2C F F
Fn-C3HQQCONH PCl3 s n-C3H 4b4 CN F F .
1-f | uor o- t r ans 27{pruopp-42-((13, 8-uadidHtuaraptveindptpiemanidrsne y-adueed- usi ng
the sane method as 10 Exanple 11 was lithiated using a butyl

| i t hi um hexaneyddbenizomitaridesubsequently reacted with carbon di oxi de gas
to

TNSKNANS

=

O

5 4-(1-fluoro-trans-7-heptylphenanthrene-trans-2-
yl)benzonitrile,
2-fluoro-4-(3-fluoro-trans-7-propylphenanthrene-trans-2-
yl)benzonitrile,
4-(3-fluoro-trans-7-propylphenanthrene-trans-2-

10 yl)benzonitrile,
2-fluoro-4-(3-fluoro-trans-7-ethylphenanthrene-trans-2-
yl)benzonitrile,
4-(3-fluoro-trans-7-ethylphenanthrene-trans-2-
yl)benzonitrile,

15 2-fluoro-4-(3-fluoro-trans-7-butylphenanthrene-trans-2-
yl)benzonitrile,
4-(3-fluoro-trans-7-butylphenanthrene-trans-2-
yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—pentylphenanthrene-trans—Z~

20 yl)benzonitrilg,
4-(3-fluoro-trans-7-pentylphenanthrene-trans-2-
yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—hexylphenanthrene—trans—2—
yl)benzonitrile,

25 4-(3-fluoro-trans-7-hexylphenanthrene-trans-2-
yl)benzonitrile,

2-fluoro-4-(3-fluoro-trans-7-heptylphenanthrene-trans-2-



yield 2,6-difluoro-4-(l-fluoro-trans-7-propyl phenant hr en-
trans-2-yl)benzoic acid. This conpound was converted to an acid chloride
with thionyl chloride, and then reacted with 15 ammonia to yield
2,6-difluoro-4-(1-fluoro-trans-7- propyl phenant hren-trans-2-yl)benzam de.
Subsequent reaction wth phosphorus oxyghl ori de produci ng a dehydration
yielded 2,6-difluoro-4-(l-fluoro-trans-7-propyl phenanthren-trans-2-
yl)Ybenzonitril gl)BénFbritompeundadl i sted bel ow can be produced in a simlar
manner. 192 2,6-difluoro-4-(trans-7-ethyl phenant hrene-trans-2-
yl)benzonitril &7 (2;-61dofbuorand-(thapsyYphengit phenant hageestr ans- 2-

yl )benzonitrile, 5 2,6-difluoro-4-(trans-7-butyl phenant hrene-trans- 2-
yl)benzonitrilel)Bebzdnituble: 4- (trans-7-pentyl phenant hrene-trans- 2-
yl)benzonitrile, 2,6-difluoro-4-(trans-7-hexyl phenanthrene-trans-2- 10

yl )benzonitrile, 2,6-difluoro-4-(trans-7-heptyl phenanthrene-trans-2-

yl )benzonitrile, 2,6-difluoro-4-(1, 3-difluoro-trans-7-propyl phenant hrene-
trans-2- ykFhanpdai 14) | Bynthesis of 2, 6-difluoro-4-(l-fluoro-trans-7-
2-fluoro-4-(1, 3-di fluoro-trans-7-propyl phenant hr ene-

trans- 2- ypybenkphebantkrene-2-trans-yl)benzonitrile

4- (1, 3-difluoro-trans-7-propyl phenant hrene-trans- 2-

"*’3” oo™ rH:chozH
ncsacomz _poci,_ nCaHCN

F
1-fluoro-trans-7-propyl-2-(3, 5-

difluorophenyl)phenanthrene produced using the same method as

10 Example 11 was lithiated using a butyl lithium-hexane
solution, and subsequently reacted with carbon dioxide gas to
yield 2,6—difluoro—4—(1—fluoro—trans—7—propylphenanthren—
trans-2-yl)benzoic acid. This compound was converted to an
acid chloride with thionyl chloride, and then reacted with.

15 ammonia to yield 2,6-difluoro-4-(1-fluoro-trans-7-
propylphenanthren-trans-2-yl)benzamide. Subsequent reaction
with phosphorus oxychloride producing a dehydration yielded
2,6—difluoro—4—(1—fluoro—trans—7—propylphenanthren—trans—2—
yl)benzonitrile.

20 The compounds listed below can be produced in a similar

manner.



) benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-ethyl phenanthrene- 20
ans-2-yl)benzonitrile,

fluoro-4-(1, 3-di fluoro-trans-7-ethyl phenant hrene-2- yl)benzonitrile,

(1, 3-di fluoro-trans-7-et hyl phenant hrene-trans-2- yl)benzonitrile, 25

6

a

-di fluoro-4-(1, 3-di fluoro-trans-7-bul§lPphenant hr ene-
ns-2-yl ) benzonitrile,

-f 1 uor o- 4- (1, 3+ 8rfiGdporor-dnd tramst-yi-ehéuyd phienamehtrears t¥3%s -2 -

-yl )benzonitrile, 4-(1, 3-difluoro-trans-7-butyl phenant hrene-trans-2-

| Ybenzonitril ¥l)Pepzgnfitowdde-4- (1, 3-di fl uoro-trans-7- pentyl phenant hrene- 5
rans-2-yl )benzonitril e,

-fl uoro- 4- (1, 8, 8rfiifdrorerdnd tTapeni’yppbeyaphenanehrene-trans-2-
trans-2-yl)benzonitrile,

4- (1, 3-di fl uorgli Pangonipentel, phenant hrene-trans-2- yl)benzonitrile, 10
2,6-di fluoro-4-(1, 3-difluoro-trans-7-hexyl phenant hr ene-
trans-%-y|)bengoﬁrdifﬂgpro—4—(trans—7—butylphenanthrene—trans-2—
2-fluoro-4-(1, 3-di fl uoro-trans-7- hexyl phenant hrene-trans-

2-yl)benzoni trylebenzenigrdilel, uor o- t rans- 7- hexyl phenant hr ene-trans-2- 15
yl )benzonitrile, 2,6-difluoro-4-(1, 3-difluoro-trans-7-heptyl phenant hrene-
trans_z_y|)bengoﬁfdifﬂgpro—4—(trans—7—pentylphenanthrene—trans—Z—

yl)benzonitrile,
2,6—difluoro—4—(trans—7—hexylphenanthrene—trans—2—

10 yl)benzonitrile,
2,6—difluoro—4—(trans—7—heptylphenanthrene—trans—2—
yl)benzonitrile,
2,6—difluoro—4—(l,3—difluoro—trans—7—propylphenanthrene—
trans-2-yl)benzonitrile,

15 2—fluoro—4—(1,3—difluoro—trans—7—propylphenanthrene—
trans-2-yl)benzonitrile,

4—(1,3—difluoro—trans—7—propylphenanthrene—trans—2—

yl)benzonitrile,

2,6-difluoro—4—(1,3—difluoro—trans—7—ethylphenanthrene—

20 trans-2-yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—ethylphenanthrene—Z—
yl)benzonitrile,
4—(1,3—difluoro—trans—7—ethylphenanthrene—trans-2—
yl)benzonitrile,

25 2,6—difluoro—4—(1,3—difluoro—trans—7—butylphenanthrene—
trans-2-yl)benzonitrile,

2—fluoro—4—(1,3—difluoro-trans-7—butylphenanthrene—trans—



2-fluoro-4-(1, 3-di fluoro-trans-7-heptyl phenant hr ene-
trans-2-yl)benzonitrile, 20
4- (1, 3-difluoro-trans-7-heptyl phenant hrene-trans-2- yl)benzonitrile,
2,6-difluoro-4-(l-fluoro-trans-7-ethyl phenant hrene-trans-
2-yl)benzonitrile, 193
2,6-di fluoro-4-(l-fluoro-trans-7-butyl phenant hrene-trans- 25
| ) benzoni t r #r¥l)bepzanitadre-4- (1 -fl uoro-trans- 7- pent yl phenant hr ene-
ns- 2- yI)benzonltrlle 194
di f1 uor o- 43¢ (1 PuBi&lupanstranexyrphtyanhenenthrenastrans-2-
| ) benzonitrile, 2,6-difluoro-4-(1-fluoro-trans-7-heptyl phenant hrene-
rans- 2-yl ) ben¥bhPengpeitsile,
i fluoro-4-(3-fluoro- trans 7- propyl phenant hr ene-
2 yI)ben%oﬁrﬂ%ﬁﬂéoro -(1,3-difluoro~trans-7-pentylphenanthrene-
i fluoro-4-(3- quoro trans-7-et hyl phenant hrene-trans-
nzoni t rFrens-2-yl)benzonitrile,
i fluoro-4-(3-fluoro-trans-7-butyl phenant hrene-trans- 10
benzonltr?TElUQre 8rfludrdiflugrbttnanst7apsnlyppheyhphrpanthr ene-
[

r

n

r

yl ) benzonitrile,
quoro 4t{@D$T%0Yb)bﬁangnithekglphenanthrene trans-
benzonitrile, 15 2,6-difluoro-4-(3-fluoro-trans-7-heptyl phenant hrene-
rans- 2- yI)beniDﬁlt?rdeflUQre tréhsof opdrtyiphendnthhyhétuparse2+rans- 2-

2-y

tra

2, 6-

2-y

tra

2,6-d

tas

2,6-d

2-yl)

2,6-d

2-yl )

tran

2, 6- d

2-yl)

tra
yl)benzonitrile,

10 2,6—difluoro—4—(1,3—difluoro—trans—7—hexylphenanthrene—
trans-2-yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—hexylphenanthrene—trans—
2-yl)benzonitrile,
4-(1,3-difluoro-trans-7-hexylphenanthrene-trans-2-

15 yl)benzonitrile,
2,6—difluoro—4—(1,3-difluoro-trans—7—heptylphenanthrene—
trans-2-yl)benzonitrile,
2—fluoro—4—(l,3—difluoro—trans—7—heptylphenanthrene—
trans-2-yl)benzonitrile,

20 4—(1,3—difluoro—trans—7—heptylphenanthrene—trans—2—
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—ethylphenanthrene—trans—
2-yl)benzonitrile,
2,6—difluoro-4—(l—fluoro—trans—7—butylphenanthrene—trans—

25 2-yl)benzonitrile,

2,6—difluoro-4—(1—fluoro—trans—7—pentylphenanthrene—

trans-2-yl)benzonitrile,



yl )benzonitrile, 2,6-difluoro-4-(trans-7-propylfluorene-trans-2- 20
yl )benzonitrile, 2,6-difluoro-4-(trans-7-butylfluorene-trans-2-

yl )benzonitrile, 2,6- d|f|uoro-4-(trans-7-penty|f|uorene-trans-Z-
yl)benzonitrile, 25 2,6-difluoro-4-(trans-7-hexylfluorene-trans-2-

yl ) benzonitrile, 2,6- dlfluoro 4- (trans-79heptyl fl uorene-trans-2 195
yl )benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-propylfluorene-

trans- 2- yI)benZOEhdﬂEﬂapro 4-(1-fluoro-trans-7-hexylphenanthrene-trans-
2-fluoro-4-(1, 3-difluoro-trans-7-propyl fl uorene-trans-2- 5 yI)benzonltrlle

4- (1, 3-di fl uora-yilabenzopriapyllkl uor ene-trans-2- yl)benzonitrile,
, 6-di fluoro-4-(1, 3-difluoro-trans-7-ethyl fluorene-trans-

) benzoni tr il 6-difluoro-4- (1-fluoro-trans-7- heptylghenanthrenef )
uoro-4-(1,3-difluoro-trans-7-ethylfluorene-tran yl ) benzonitrile,

-yl

-fl _
- (1, 3-di fl uor branarg-yletleylzbhuarene,trans-2- yl)benzonitrile,
6-di fluoro-4-(1, 3-difluoro-trans-7-butyl fluorene-trans- 15
yl
)b

) Benzoni tr 2| é;-d2fflhseoe44-(BL£3udirbl-eebast-rapsopyiphenbhyarene=t rans- 2-

enzonitrile,
trans-2-yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethylphenanthrene—trans—
2-yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans-7—butylphenanthrene—trans—

10 2-yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—pentylphenanthrene—
trans-2-yl)benzonitrile,
2,6—difluoro—4—(3-fluoro—trans—7—hexylphenanthrene—trans—
2-yl)benzonitrile,

15 2,6—difluoro—4—(3—fluoro-trans—7—heptylphenanthrene—
trans-2-yl)benzonitrile,
2,6-difluoro-4-(trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(trans-7-propylfluorene-trans-2-

20 yl)bgnzonitrile,
2,6—difluoro—4—(trans—7—butylfluorene—trans—2—
yl)benzonitrile,
2,6-difluoro-4-(trans-7-pentylfluorene-trans—-2-
yl)benzonitrile,

25 2,6—difluoro—4—(trans-7—hexylfluorene—trans—Z—

yl)benzonitrile,

2,6—difluoro—4—(trans—7—heptylfluorene—trans—Z—



4-(1,3-difluoro-trans-7-butyl fluorene-trans-2- yl)benzonitrile, 20
2,6-difluoro-4-(1,3-difluoro-trans-7-pentyl fluorenetrans-
-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-pentyl fl uorene-trans-2- yl)benzonitrile,
4-(1,3-difluoro-trans-7-pentyl fluorene-19%ns-2- 25 yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-hexyl fluorene-trans-

2-yl)benzoni t rylEbengenitrile,

2-fluoro-4-(1, 3-difluoro-trans-7-hexyl fluorene-trans-2- yl)benzonitrile,
4- (1, 3-di fl uoré-erdhElyohexyt {1 udr@nkl tonost Panyt ) bergeyl £ TidLend—
2,6-difluoro-4-(1, 3-difluoro-trans-7-heptyl fl uorene-

trans-2-yl) benzodmsr2t+el)benzonitrile,

2-fluoro-4-(1, 3-difluoro-trans-7-heptyl fl uorene-trans-2- yl)benzonitrile,
4- (1, 3-di f I uord=freese74hebt 34+ d1 fluene-t rams- 2-pA8pyl § DesZond L i 485 -2 -
2,6-difluoro-4-(1-fluoro-trans-7-ethylfluorene-trans-2- yl)benzonitrile,
2, 6- di°f | uor o- &Y )bénz@em ittt lms- 7- propyl fl uorene-trans-2- yl)benzonitrile,
15 2, 6-difluoro-4-(1-fluoro-trans-7-butylfluorene-trans-2- yl)benzonitrile,
2, 6-di f | uor 0- 41 (% £3udt DLuvEms: Farpeit b f ol ENEo £ @ISt Pans -2 -

yl)benzonitrile,
2,6—difluoro—4—(l,3—difluoro—trans—7—ethylfluorene—trans—
2-yl)benzonitrile,

10 2—fluoro—4—(1,3—difluoro—trans—7—ethylfluorene—trans—Z—
yl)benzonitrile,

4—(1,3—difluoro—trans—7—ethylfluorene—trans—Z—
yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—7—butylfluorene—trans—

15 2—yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—butylfluorene—trans—Z—
yl)benzonitrile,

4—(1,3—difluoro—trans—7—butylfluorene—trans—Z—

yl)benzonitrile,

20 2,6—difluoro-4—(1,3—difluoro—trans—7—pentylfluorenetrans—
~2-yl)benzonitrile, —
2—fluoro—4—(1,3—difluoro—trans-7—pentylfluorene—trans—2—
yl)benzonitrile,
4—(1,3—difluoro—trans—7—pentylfluorene—trans—2—

25 yl)benzonitrile,

2,6—difluoro—4—(1,3—difluoro—trans-7—hexylfluorene—trans—

2-yl)benzonitrile,



yl)benzonitrile, 2,6-difluoro-4-(l-fluoro-trans-7-hexylfluorene-trans-2- 20
yl )benzonitrile, 2,6-difluoro-4-(l-fluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile, 2,6-difluoro-4-(3-fluoro-trans-7-propylfluorene-trans-2-
yl )benzonitrile, 25 2,6-difluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile, 2,6-difluoro-4-(3-fluoneygrans-7-butylfluorene-trans-2 197
yl )benzonitrile, 2,6-difluoro-4-(3-fluoro-trans-7-pentylfluorene-trans-2-

I

yl ) benzonitril e- f2u6ﬁw—4—uqr@=@1@&d3ﬂdﬂﬂ¥dﬂ§ﬂ¥iﬁéﬂy@@ﬂyUﬂéN€3Q§a5raQS 2- 5
yl ) benzonitrile, and -

2, 6-di f| uor o- 4y(3bkhtond-tiriars- 7- heptyl fl uorene-trans-2- yl)benzonitrile.
(Exanple 15) Synthesis of 4-cyano-3-fluorophenyl 7- 10

pr opyl phenant haena-, 2-@arfh e Hoate ah sCi7 - H%%%ﬂﬂﬂ@d&é%%J%rg%é -9-Q Q ORH ~(F

sOCl 2 n-C3H QQQ HOB( }RCN -- COCl ~~ CH2 PyH, CH2C F n-C3H7 Q QQ

C2--(( )RCN 2yilotenéopriepylighenant hrene produced in Exanple 1 was

5 2,6—difluoro—4—(1,3—difluoro-trans-7—heptylfluorene—

trans-2-yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—heptylfluorene—trans—Z—
yl)benzonitrile,
4-(1,3-difluoro-trans-7-heptylfluorene-trans-2-

10 yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—?—ethylfluorene—trans—Z—
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—propylfluorene—trans—Z—
vl)benzonitrile,

15 2,6—difluoro—4—(1—fluoro—trans—7—butylfluorene—trans—Z—
yl)benzonitrile,
2,6—difluoro—4-(l—fluoro—trans—7—pentylfluorene—trans—Z—
yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—hexylfluorene—trans—2—

20 ~ yl)benzonitrile,
2,6—difluoro—4—(1—fluoro—trans—7—heptylfluorene—trans—Z—
yl)benzonitrile,
2}6—difluoro—4—(3—fluoro—trans—7—propylfluorene—trans—Z—
yl)benzonitrile,

25 2,6—difluoro—4—(3—fluoro—trans—7—ethylfluorene—trans—Z—

yl)benzonitrile,

2,6—difluoro—4—(3—fluoro—trans—7—butylfluorene—trans—2—



reacted with oxalyl dichloride, and subsequently reacted with
2-fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-fluorophenyl 15

7- propyl phenant hr ene- 2- car boxyl ate The conpounds |isted bel ow can be
produced in a simlar manner. 4-cyanophenyl

7- propyl phenant hr ene- 2- car boxyl ate, 4-tyano-3, 5-difl uor ophenyl

7- propyl phenant hrene-2- 20 carboxyl ate, 4-cyanophenyl

1-fl uoro- 7- pr opy) peenenibrehe; 2 198 carboxyl ate, 4-cyano- 3-fl uorophenyl

1
1
1
1
1
1
1
4
p
1

-f
-f
-f
-f
-f

r

3
3
-C
0
3

uor o- 7- propyl phenant hr ene- 2- car boxyl ate, 4-cyano-3, 5-di fl uorophenyl
uor o- 7- pr opyé-phenbud ho epe 3 5 Pusabboxyhat Brpdn€yBADRGLENE-t rans~2 -
uoro- 7- propyl fl uor ene- 2- car boxyl ate, 4-cyano- 3-fl uorophenyl

uor o- 7- pr opy} hénpseher 2te car boxyl at e, 4-cyano- 3, 5-di f | uor ophenyl

uor o- 7- propyl fl uorene-2- 10 car boxyl ate, 4-cyanophenyl

di f1 uor o- 72 p-opyt pheneni A BREt Qor6at baxny! At Bex ¢t EVadPesett vahophenyl
di fl uoro-7- propyl phenant hrene- 2-carboxyl ate, 15

arso- 3, 5- di §1 Lesopheinyti le 3-ghdl uoro- 7-

yl phenant hr ene- 2- car boxyl ate, 4-cyanophenyl

di f1 uoro- 72 ps-opyt fhoes enet 2-f tab POXY L ah 8- 7-heptylfluorene-trans-2-

yl)benzonitrile.

(Example 15) Synthesis of 4-cyano-3-fluorophenyl 7-

10 propylphenanthrene-2-carboxylate

e I BT s U cor
F

_S0C; | ncs @©@ coc! Ho@CN

CH,Cl, PyH , CH,Cl,

F
e O Tig
2-iodo-7-propylphenanthrene produced in Example 1 was

reacted with oxalyl dichloride, and subsequently reacted with
2-fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-fluorophenyl

15 7-propylphenanthrene-2-carboxylate —

The compounds listed below can be produced in a similar
manner.

4-cyanophenyl 7-propylphenanthrene-2-carboxylate,

4-cyano-3,5-difluorophenyl 7-propylphenanthrene-2-

20 carboxylate,

4-cyanophenyl 1-fluoro-7-propylphenanthrene-2-



4- cyano- 3-f |l uor ophenyl 1, 3-difl uoro-7-propyl fluorene-2- 20 carboxyl ate, and
4- cyano- 3, 5-di fl uorophenyl 1, 3-difluoro-7-propyl fluorene- 2-carboxyl ate.
(Exanpl e 16) Synthesis of 1,9-difluoro-2-propyl-7-(3,4,5- 25
trifluorophenyl)phenanthrene 199 F -(\( F BrM ~{ FFF nH O O Pd(PPh3)a
, THE n-C3H7 4k O F F 2-iodo-7-propyl pAié&8ant hrene was fl uorinated using
xenon fluoride or the |ike, and col um chronat ography used to separate

t he i somers an§agbeavdatsi,odo-1,9-difluoro-7 5 propyl phenanthrene. To a
solution of this conpound in THE was added

t et r aki s( t ri phémglyphespitifaargaipheniniml-E)1 vard {7he ropyd phiema nidheienice 2was
stirred at roomtenperature. This mxture was then reacted with a Gignard
reagent prepar €8rPesmlate,5-trifl uor obr onbbenzene and magnesi um Fol | owi ng
stirring 10 for 2 hours at roomtenperature, the mxture was allowed to
cool to room t émpErarue > -wWhtfduowaphatddd 1 -tflaomoedupropgd phexthaeiresei-nt 0
tol uene, and the organic | ayer was washed sequentially with water and a
sat ur at ed aquedusagdbetileteaf sodi um chloride before being dried over
anhydrous sodium 15 sul fate. The crude product obtai ned by renoval of the
sol vent by evéperanicphenyd Puoifilficed-Hy psiopiydf 1gelretet2ria rbbkgrategr aphy
(hexane) and then recrystallized 3 tines from
4-cyano-3-fluorophenyl 1-fluoro-7-propylfluorene-2-
carboxylate,
4-cyano-3, 5-difluorophenyl 1-fluoro-7-propylfluorene-2-
10 carboxylate,
4-cyanophenyl 1,3-difluoro-7-propylphenanthrene-2-
carboxylate,
4-cyano-3-fluorophenyl 1,3-difluoro-7-propylphenanthrene-
2-carboxylate,
15 4-cyano-3, 5-difluorophenyl 1,3-difluoro-7-
propylphenanthrene-2-carboxylate,
4-cyanophenyl 1,3-difluoro-7-propylfluorene-2-
carboxylate,
4-cyano-3-fluorophenyl 1,3-difluoro-7-propylfluorene-2-
20 carboxylate, and

4-cyano-3, 5~difluorophenyl 1,3-difluoro-7-propylfluorene-

2-carboxylate.

(Example 16) Synthesis of 1,9-difluoro-2-propyl-7-(3,4,5-

25 trifluorophenyl)phenanthrene



hanol to yield crystals of 2-propyl-7-(3,4,5- _
Sﬁifluorophgnyl)-Q,XO-dihydrophenanthrene. 20 The conpounds |isted bel ow
can be produced in a simlar mnner.
1, 9-difl uoro-2-propyl -7-(4-fl uorophenyl ) phenant hrene,
1, 9-di fl uoro-2-propyl -7-(3, 4-di fl uor ophggy! ) phenant hr ene,

1, 9-difluoro-2-propyl-7-(3,5-difluorophenyl)phenant hrene, 25
1,9-di fluoro-2-propyl-7-(4 200 trif#uoromethoxyphenyl)phenant hrene,
1,9-dif|uoro-2-propy|-7J(3-fI3Q% v ;rifluoronetho'yphenyL)phenanthrene,
1, 9-di fl uoro-2- propyl 3,5-ditl 0-4 5
trifluoroneth nhf@ﬁah)FIHQQSQ%f , #?224-
di f | uor onet hoxyphe p ant Ya . THRO- di f | UG -7-(4-
trifl uoromet hyl phenyl ) phenant hrene, 10 1, 9-di fl uoro-2-prop¥yl-7-(3-fl uoro-4-
arbfBF?{8g$g?y;gg%&y%%g?%gg&éﬁé%%%ﬁggﬁge was fluorinated using xenon
trifluoro | phenyl).ph nt hr ene,
1,9-difl ufolf‘%@%%%er o°p’§|’2-*g62 ?Ql-a]&% o%%h%%‘i?fbh%*hﬁ?%‘f?gﬁp% ﬁed 1;0
1, 9-di fluor.o-2-.propyl -.7- (3-fl uoro-4- chl or opheny phenant hr ene,
1, 9-difl u%ér%"%’i%tg o% AETEE G R R W %ﬁ’r?ﬁ%ﬁ%&ﬂ%fmﬂhrene,

9 di - 2- -7-(4- | ).phenant hr ene,
1,9 d%f“£¥é§§ﬁ§HéH§”tﬁ;(4 fl11 orophenyl ) phen .

n ene. To a solution of this compound in THF was

added tetrakis (triphenylphosphine)palladium (0) and the
reaction mixture was stirred at room temperature. This
mixture was then reacted with a Grignard reagent prepared from
3,4,5-trifluorobromobenzene and magnesium. Following stirring
10 for 2 hours at room temperature, the mixture was allowed to
cool to room temperature, water was added, the product was
extracted into toluene, and the organic layer was washed
sequentially with water and a saturated aqueous solution of
sodium chloride before being dried over anhydrous sodium
15 sulfate. The crude product obtained by removal of the solvent
by evaporation was purified by silica gel column
chromatography (hexane) and then recrystallized 3 times from
ethanol to yield crystals of 2-propyl-7-(3,4,5-
trifluorophenyl)—9,10—dihydrophenanthrene.
20 The compounds listed below can be produced in a similar
manner.
1,9—difluoro—2—propyl—7—(4-fluorophenyl)phenanthrene,
1,9—difluoro—2—propyl—7—(3,4—difluorophenyl)phenanthrene,
l,9—difluoro—2—propyl—7—(3,5—difluorophenyl)phenanthrene,

25 1,9-difluoro-2-propyl-7-(4-



i f

1, 9-
i
i f
i

- d
-d
-dif
-di f
I
uor
I

I
d

i f

f

- di
-di f
-di f

anp?

rans-t

10

15

20

25

di fl uoro-2-propyl -7-(3, 4-di fl uorophenyl ) phenant hr ene,

| uor o- 2- propyl - 7- (3, 5-di fl uorophenyl ) phenant hr ene,

| uor o- 2- propyl - 7-(4- trifluoromethoxyphenyl)phenant hr ene,

| uor o- 2-propyl -7-(3-fluoro-4 25 trifluoromet hoxyphenyl ) phenant hr ene,
| uor o- 2- propyl -7-(3,5-di fl uoro-4200

uor onet hoxyphenyl ) phenant hrene, 201 1, 9-difl uoro-2-propyl-7-(4-

onet hox yphdayioyr optediaxtyipheny,l ) bhendinfthuene-, 2- pr opyl - 7- ( 4-

uor oret hyl phenyl ) phenant hrene, 5 1, 9-difluoro-2-propyl-7-(3-fluoro-4
uor onet hy LpRerdyif) pogwaidt-prepy,l-7- (3-fluoro-4-

| uor o- 2- propyl -7- (3, 5-di fl uoro- 4-

| uor o- 2- propyl - 7- (4- chl or ophenyl ) phenant hrene, 10

| uor o- 21pPepiifliofd2-paopyd—76hBosephenylor gfaenant hr ene, and

| uor o- 2- propyl - 7- (3, 5-di fl uoro-4- chl orophenyl) phenanthrene. 15

e 17) Symifiésiosook t2opyphehnyl pBedabthirichleyor ophenyl ) -

et radecahydrophenanthrene F BrMg4 F F F OH n-C3H =0g:>= OTHE n F
1,9-difluoro-2-propyl-7-(4-

| uor onet hytphédypbypmenaoklypdeayl) phenanthrene,
i
i

difluoromethoxyphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(4-
trifluoromethylphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)phenanthrene,
1,9—difluoro—2—propyl—7—(4—chloropheny1)phenanthrene,
1,9-difluoro-2-propyl-7-(3-fluoro—4-
chlorophenyl)phenanthrene,

1,9-difluoro-2-propyl-7-(3, 5-difluoro-4-
chlorophenyl)phenanthrene,
1,9—difluoro—2—propyl—7—(4—fluorophenyl)phenanthrene,
1,9—difluoro—2—propyl—7—(3,4—difluor9phenyl)phenanthrene,
1,9—difluoro—2—propyl—7—(3,S—difluorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(4-
trifluoromethoxyphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-

trifluoromethoxyphenyl)phenanthrene,



F FFKHSOn-cBHF + n-C3BHO F Toluene FF Pd/Ct-BuOk- n F HY8 Et DVF F
41.6 g of magnesi um was suspended in 40 nL of THF, and a solution of 361 g
of brono-3,4,5-trifluorobenzene in 1.4 L of 202 THE was then added
dropwi se to the suspension over an approxi mtely one hour period at such a
rate that the THE refluxed gently. Thezgixture was then stirred for a
further 1 hour, and a solution of 354 g of trans-7-propyl-trans 5

dodecahydr ophehadtdif ebudrone-psypyhesi g40f this conpound was carried out
using the nmethod disclosed in D. Varech, L. Laconbe and J. Lacques, Nouv.

J. Chim, 8, @BfIQSBéméthﬁxyﬁﬁenyL)H@ﬁeﬂ'é’iEtH\@énéDen added dropwi se to the
m xture over a one hour period. Follow ng stirring for a further 1 hour,

10% 10 hydrochl p9+¢iatudrvas-peddegland(ihe reaction halted. Ethyl acetate
was t hen added, the organic | ayer was separated, and the aqueous | ayer

extracted wi t ht adfll 46 ooaét Ry hyhe@gRS ghénadbh£dndas conbined with the
organic | ayer. The conbined organic extract was then washed with water, a

saturdted 15 apueedisf5ebtdRrApebpeDdi UM bitgshonate, and a saturated

aqueous sol ution of sodiumchloride, and was then dried over
trifluoromethylphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)phenanthrene,
1,9—difluoro—2-propyl—7—(4—chlorophenyl)phenanthrene,

10 1,9-difluoro-2-propyl-7-(3-fluoro-4-

chlorophenyl)phenanthrene, and
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-

chlorophenyl)phenanthrene.

15 (Example 17) Synthesis of 2-propyl-7-(3,4,5-trifluorophenyl) -
trans-tetradecahydrophenanthrene

F

BM¢{thF .
Xm0 e s (S
F
F F
EINNe e Ye TN a GaW, &

F F

F
Hy, Pd/C :BuOK .
ACOEt — — DMF "CSF
F

41.6 g of magnesium was suspended in 40 mL of THF, and a

solution of 361 g of bromo-3,4,5-trifluorobenzene in 1.4 L of



anhydrous sodium sul fate. The solvent was then renopved by evaporation, 2.9
L of toluene and 13.6 g of p-toluenesulfonic acid nonohydrate were added,
and the m xture was heated at 20 110C with stirring while evaporated water
was separated and renoved. When the evaporation of water had ceased, the
tenperature was reduced to roomtenperagoee, water was added, and the
organi c | ayer was separated. The organic |ayer was washed with a saturated
aqueous s@Hat Wes Ghegodidded?Sirivpsdiskonat @ hewatdipendidra csirulzat ed aqueous
sol ution of sodium chloride, and was then dried over anhydrous sodi um

sul fate. aPheosdhasei ywaser donve ey oevaposaichon, rané ithe tertie gyresi due
203 was dissolved in 2 L of ethyl acetate. 52 g of 5% pall adi um carbon
(wet) wasrefiénxaeddgentadyd theennkktmeewasssthenedtihraa faut ackavendpder a
hydrogen pressure of 4 Kg/cnR. After stirring for 5 hours at room

t enper at uheurt hendaalspdtitums 5fr 85dvedoffy tiriahis-at-parpii-eughscel i te, and
the solvent was renoved by evaporation. Follow ng renoval of the sol vent,

i sonerd zatbdacabytitepheans theenm-dasneondyattdsusi BF 1615 @ofbound was
potassiumt-butoxide in 2.2 L of ice cooled DWF, the product was

recryst al kazededandtt hedngethystakhodediagaioselr am e hanelech) 1o yield 345
g of white crystals of 2-propyl-7-(3,4,5-

trifluor opaenyb}- tndng-t ehradesahyduophenachhmenes, Waasynemrnt aof, the
phase transition tenperature revealed a transition fromthe crystalline

phase to mh PSoTHBpwes| thendadpbasarapwi8eCrundae hiikitiget 8RS at Whe
condi tions, whereas 15 the conpound displayed a nematic phase at
t enper at uhesrope¥3odor BeEbbelngnstel r SUPG €601 & NPuEOREEt 1 ORSur, 103
10 hydrochloric acid was.added and the reaction halted. Ethyl
acetate was then added, the organic layer was separated, and
the aqueous layer extracted with additional ethyl acetate
which was combined with the organic layer. The combined
organic extract was then washed with water, a saturated
15 aqueous solution of sodium bicarbonate, and a saturated
aqueous solution of sodium chloride, and was then dried over
anhydrous sodium sulfate. The solvent was then removed by
evaporation, 2.9 L of toluene and 13.6 g of p-toluenesulfonic
acid monohydrate were added, and the mixture was heated at
20 110°C with stirring while evaporated water was separated and
removed. When the evaporation of water had ceased, the
temperature was reduced to room temperature, water was added,
and the organic layer was separated. The organic layer was
washed with a saturated aqueous solution of sodium
25 Dbicarbonate, water, and a saturated aqueous solution of sodium

chloride, and was then dried over anhydrous sodium sulfate.

The solvent was removed by evaporation, and the entire residue



NVR 6 = 0.66 to 0.79 (m 5H), 6 = 0.82 to 1.35 (m 15H), 6 = 1.64 to 2.01
(m 84 , 8 =247 (m 1H , 6 =6.79 (dd, 2H, J=6.4 Hz, J=9.2 Hz) 20 ME:
me = 364 (M+) The conpounds |isted bel ow can be produced in a simlar
manner. trans-2-propyl-trans-7-(4-fluorophenyl)-trans-

t et radecahydr ophenant hrene, 25 203
trans-2-propyl -trans-7-(3, 4-di fl uorophenyl)-trans

t etr adecahydr dphenanelr éne2 204f ethyl acetate. 52 g of 5% palladium-
trans- 2- propyl -trans-7-(3,5-di fl uorophenyl)-trans-

t et radecabydbophénany hwasethen added, and the mixture was stirred in an
trans-2-propyl-trans-7-(4-trifluoronethoxyphenyl)-trans-

t et r adecahytoopheaanhbeena, hbdt68686- Brosepyk- branskdy £ f | nerays-
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hr ene,

trans- 2- psopyritgafisr 75(Bobrdi dtUbOm4temperature, the catalyst was
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hr ene,

trans-52- prepyVvediraps£ 71 4adibhuoneseghoxypheay! ansranse d01vent was
t et radecahydr ophenant hr ene,

trans- 2- prapyvedriapsevapdritibh UormiEtdd mherdmdvdl ¥ the solvent,
t et radecahydr ophenant hrene, trans-2-propyl-trans-7-(3-fluoro-4-

trifluoroiedhyt prevyby - toanset etsadesay diophesaatbesicusdy 16.5 g of
trans-2-propyl -trans-7-(3,5-difl uoro-4-
trifIuorOp@t&&éphﬁﬂv¥but6ﬂﬂ§etﬁﬁr@ﬂECﬁhdﬂrﬂégeééﬁigﬁeﬂ@F, the product

trans-2-propyl -trans-7-(4-chl orophenyl)-trans-
was recrystallized, and then recrystallized again from ethanol
10 to yield 345 g of white crystals of 2-propyl-7-(3,4, 5~
trifluorophenyl)—trans—tetradecahydrophenanthrene.
Measurement of the phase transition temperature revealed a
transition from the crystalline phase to an isotropic liquid
phase at 106°C under rising temperature conditions, whereas

15 the compound displayed a nematic phase at temperatures of 73°

or greater under supercooling conditions.
NMR: 8 = 0.66 to 0.79 (m, 5H), & = 0.82 to 1.35 (m, 15H), 8
=1.64 to 2.01 (m, 8H), 8 =2.47 (m, 1H), & = 6.79 (dd, 2H,
J=6.4 Hz, J=9.2 Hz)
20 MS: m/e = 364 (M+)
The compounds listed below can be produced in a similar
manner.
trans—2—propyl—trans—7—(4—fluorophenyl)-trans—
tetradecahydrophenanthrene,
25 trans—2—propyl—trans—7—(3,4—difluorophenyl)—trans-

tetradecahydrophenanthrene,



t et radecahydr ophenant hr ene,

trans-2-propyl -trans-7-(3-fl uoro-4-chl orophenyl)-trans 20

t et radecahydr ophenant hrene, and

trans-2- propyl -trans-7-(3, 5-di fl uoro-4-chl orophenyl) -

trans-tetradecahydrophenant hrene. (ExangPé 18) Synthesis of

trans-2-propyl -trans-7-[2-(3,4,5- 25

tri fl uor ophenyF¥engyRrprreansd -teanaddecdBy d-dilfdnartpheny136% ragd30” PPH3 HCI

Hn C3HO Toluene THE CH 3~' n HCHO F BrMF CH30"PPH3 HCl n-C.3H F

KHSO4 Tol uenet¥HFadpcaiMErdphesaathEeRe, C n-C3H7 F H2 ,CEt it. Pd/C n H

F Ac O F F Trans-7-propyl-trans-dodecahydrophenant hren-2-one was reacted

with a Wttig FEapene-prepaietdranem’ -éthoifievrphethpkepyilepyes pheainsm

chloride and potassiumt 5 butoxide, and the product enol ether was

hydrol yzed usi higtaadeoehaduepbsnsokbtrieor,of hydrochloric acid in THF, and

then isonerized using an aqueous sol ution of sodi um hydroxide in mnethanol

to yi €l d transt¥apsopgybropahstrensadedarfdnopbedant hr en- 2- car bal dehyde.

This conmpound was 10 then further reacted with a Wttig reagent prepared

from nethoxynetrhflupirphenhbplipbphehd uhrahketiedeadadapgtiasphufuht hkehexi de,

and the product enol ether was hydrolyzed using a
trans-2-propyl-trans-7-(3,5~difluoro-4-

trifluoromethoxyphenyl)—trans-tetradecahydrophenanthrene,
trans—2—propyl—trans—7—(4—difluoromethoxyphenyl)—trans—
10 tetradecahydrophenanthrene,
trans-2—propyl—trans—7—(4—trifluoromethy1phenyl)—trans—
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
15 trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—propyl—trans—7—(4—chlorophenyl)—trans—
tetradecahydrophenanthrene,
trans—2—propyl—trans—7—(3-fluoro—4-chlorophenyl)—trans—
20 tetradecahydrophenanthrene, and
trans-2—propyl—trans—7—(3,5—difluoro—4—chlorophenyl)—

trans-tetradecahydrophenanthrene.

(Example 18) Synthesis of trans-2-propyl-trans-7-[2-(3,4, 5-

25 trifluorophenyl)ethyl]—trans—tetradecahydrophenanthrene



10% aqueous sol ution of hydrochloric acid in THF, to yield _
(trans-7-propyl -trans-tetradecahydrophenant hren-2 15 yl)acet oal dehyde. This
conmpound was reacted with a Gignard reagent prepared from

brono- 3,4, 5-trifluorobenzene and magnesium and a dehydrati on was then
performed using p- toluenesul fonic aci d2osnohydrate in toluene to yield
trans-2- propyl-trans-7-[2-(3,4,5-trifluorophenyl)vinyl]-trans 20

t et radecahydr ophenan , Whi ch,@/as subsequent |y reduce t he presence
of a 5% pal | adbesrmgar hox () )_E&.af_ys;_t;@_w_uh_@uz()&a cHO
trans- 2- propyl - t rans=7- [/ 3, 4, 5" | uortpheft}Ofet hyl ] -

t et radecahydr ophenant hr ene. The conpounds |isted belo an be produced in a

simlar manner. 5 trans-2-propyl -tra7 [ 2- (4-f [Ben yl)ethyl]-trans-
tetradecahydr ophghesper eng ﬂ*ﬂ E KHSO
trans- 2- propylfﬁgﬁe—?’)—fz—,&c—,ﬁb@@” @ @ C()et‘hw—]'mF——’—mT;;’
trans-tetradecahydrophenant hr ene

trans-2-propyl -trans-7-[2-(3,5-di fluorophenyl)ethyl] 10

trans-tetradecahydr oplhe ant hrene, ¢ trans-2-propyl

trifluoronethox | \ =dns- tetp@pdecah

trans- 2- propyl - Ean ' 45%5&—' ncH
trifluoromethoxyphenyl)ethyl]-tra
trans-2-propyl-trans-7-[2-(3,5-difluoro-4-

trifluoromet horyphenylpespylltiiRESdodecahydrophenanthren-2-one was

reacted with a Wittig reagent prepared from
methoxymethyltriphenylphosphonium chloride and potassium-t-

5 butoxide, and the product enol ether was hydrolyzed using a
10% aqueous solution of hydrochloric acid in THF, and then
isomerized using an aqueous solution of sodium hydroxide in
methanol to yield trans-7-propyl-trans-
tetradecahydrophenanthren—Z—carbaldehyde. This compound was

10 then further reacted with a Wittig reagent prepared from
methoxymethyltriphenylphosphonium chloride and potassium t-
butoxide, and the product enol ether was hydrolyzed using a
10% aqueous solution of hydrochloric acid in THF, to yield
(trans—7—propyl—trans—tetradecahydrophenanthren—Z—

15 vl)acetoaldehyde. This compound was reacted with a Grignard
reagent prepared from bromo-3,4,5-trifluorobenzene and
magnesium, and a dehydration was then performed using p-
toluenesulfonic acid monohydrate in toluene to yield trans-2-
propyl—trans—7—[2—(3,4,5—trifluorophenyl)vinyl]-trans—

20 tetradecahydrophenanthrene, which was subsequently reduced in

the presence of a 5% palladium-carbon (wet) catalyst to yield



t et radecahydr ophenant hrene, 20 trans-2-propyl-trans-7-[2-(4-

di f1 uor onet hoxyphenyl ) et hyl ] -trans- tetradecahydrophenant hrene,

trans-2-propyl -trans-7-[2-(4- trifluoronethyl phenyl)ethyl]-trans 25

t et radecahydr ophenant hrene, trans-2-propyl-trans-7-[2-(3-fluoro-4-

trifluoromethyl phenyl)ethyl]-trans 207 20et radecahydrophenant hrene,

trans-2-propyl-trans-7-[2-(3,5-difluoro-4 .

trifl uor offEEmBFremppyEtthrdnstrian2- (Bt4,ddenahydioperantineissl ] S rans-

trans- 2-propyl -trans-7-[2-(4-chl orophenyl)ethyl]-trans

t et r adecalvpdrésiesadyydnogihenantharese2- propyl -trans- 7-[ 2- (3-f | uor o- 4-

chl orophenyl ) ethyl]-trans-tetradecahydrophenant hrene, and

trans- 2- propyl Theagompdunds3 15-stidfd berlow} ch be produced in a similar

chl orophenyl )et hyl ] -trans-tetradecahydr ophenant hrene. (Exanple 19)

Synt hesi smghngxf.| uor o- 4- (trans-7-propyl -trans-

t et radecahydr ophenant hren-trans-2-yl ) benzonitrile F BrMj O-~ OF OH O

n- C3H7 O THE ntE€3HE-R-BroP@CR rans-HA-Q8 - 4r-fQhc@phenyl) ethyl] -trans-
tetradecahydrophenanthrene,
trans—2—propyl—trans—7—[2—(3,4—difluorophenyl)ethyl]—
trans-tetradecahydrophenanthrene,
trans—2—propyl—trans—7—[2—(3,S—difluorophenyl)ethyl]—

10 trans-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[2-(4-
trifluoromethoxyphenyl)ethyl]-trans-
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3-fluoro-4-

15 trifluoromethoxyphenyl)ethyl]—trans—
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3,5-difluoro-4-
trifluoromethoxyphenyl)ethyl]—trans—
tetradecahydrophenanthrene,

20 trans-2-propyl-trans-7-[2-(4-
difluoromethoxyphenyl)ethyl]—trans—
tetradecahydrophenanthrene,
trans-Z2-propyl-trans-7-[2-(4-
trifluoromethylphenyl)ethyl]-trans-

25 tetradecahydrophenanthrene,

trans-2-propyl-trans-7-[2-(3-fluoro-4-

trifluoromethylphenyl)ethyl]-trans-



F H2, RaNi AcCEt n-C3H CN 15

Trans-7- propyl -trans-dodecahydr ophenant hren-2-one was reacted with a
Gignard reagent prepared from 2-(4-brono-2- fluorophenyl)-4,

4-di net hyl -4, 5-di hydr ooxazol e and nmagnesi um the cyano group protective
group was then renoved and the aromatiggying dehydrated by addition of
phosphorus 20 oxychl oride, and a reduction was then perforned in the 208

presence of a Raveydecskelrophehysthionyj el d 2-fl uoro-4-
(trans-7-propyl -trans-tetradecahydrophenant hren-trans-2- yl)benzonitrile.

Measur enent of ttdnes phaseopyBRStahON7 -t 2OPRS Sty £1hsveaied a transition from
the crystalline phase 5 to an isotropic liquid phase at 173C under ri sing

tenperature contlf lionsme THeLSHEPPLIGEN Y1 Befhel ow can be produced in a
simlar manner. 4-(trans-7-propyl-trans-tetradecahydrophenant hrene-trans-

10 2-yl)benzontétiddecanfdrebwedakthadse /- et hyl -trans-
t et radecahydr ophenant hr ene-trans-2-yl)benzonitrile,

4- (trans- 7- et hytars-anep i @b y BoeEahy AT Ophe PAN T SRGsHLAMSre 41yl ) Dengei tril e,
15 2-fluoro-4-(trans-7-butyl-trans-

t et r adecahydr opheredd ddieper dpadsardc yhahmenzonitril e,

4-(trans-7-butyl -trans-tetradecahydr ophenant hrene-trans- 2-yl)benzonitrile,
trans-2-propyl-trans-7-[2-(3-fluoro-4-
chlorophenyl)ethyl]—trans—tetradecahydrophenanthrene, and
trans-2-propyl-trans-7-[{2-(3,5-difluoro-4-

10 chlorophenyl)ethyl]—trans—tetradecahydrophenanthrene.

(Example 19) Synthesis of 2-fluoro-4-(trans-7-propyl-trans-

tetradecahydrophenanthren—trans-2—yl)benzonitrile

F
G F
RO S @A e Byc Sy
F F
205 son (LA Don + ST

F
H, , RaNi "I’INI. "I‘
—2: =T H
AcOFEt Cd . . @ CN

15 Trans-7-propyl-trans-dodecahydrophenanthren-2-one was

reacted with a Grignard reagent prepared from 2- (4-bromo-2-
fluorophenyl)—4,4—dimethyl—4,5—dihydrooxazole and magnesium,
the cyano group protective group was then removed and the
aromatic ring dehydrated by addition of phosphorus

20 oxychloride, and a reduction was then performed in the



2-fluoro-4-(trans-7-pentyl -trans- 20 o

t et radecahydr ophenant hr ene-trans-2-yl)benzonitrile,

4-(trans-7-pentyl -trans-tetradecahydr ophenant hrene-trans-
2-yl)benzonitrile, 2-fluoro-4-(trans-7-hexyl-trans-

t et radecahydr ophenant hrene-trans-2-yl ) beosonitrile, 25 o
4- (trans-7-hexyl -trans-tetradecahydr ophenant hrene-trans- 2-yl)benzonitrile,
2-f1 uor o- preseamns- pfhepRpnetyr aiek29 catalyst to yield 2-fluoro-4-

t et radecahydr ophenant hrene-trans-2-yl ) benzonitrile, and

4- (tr ans- 1thepsyl/-prapylt-etraadetaitydidepkeatidpetetaRsr-t rans -2 -
2-yl)benzonitrile. 5 (Exanple 20) Synthesis of

2, 6-di fl ugdobénbnansilepr opghsurement of the phase transition
trans-tetradecahydrophenant hren-trans-2-yl)benzonitrile F F n-C 3H7 1)

BuLi n- C3He@QRIHat6rR) réP2affeld aF t&a@6lid iGhS from3He CRYsthd ire Prade F F
n-C3H T-6 O CONH2 POCI 3- n-C3H7 CN F F
Tr ans-2- propyh- isansopic3 3qtiild poiaeeherty )73t Ica¢der rising temperature
t et radecahydr ophenant hrene produced usi ng the sane nethod as
conditions.
The compounds listed below can be produced in a similar
manner.
4—(trans—7—propyl—trans—tetradecahydrophenanthrene—trans—

10 2-yl)benzonitrile,
2-fluoro-4-(trans-7-ethyl-trans-
tetradecahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—7—ethyl—trans—tetradecahydrophenanthrene—trans—
2-yl)benzonitrile,

15 2-fluoro-4-(trans-7-butyl-trans-
tetradecahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—7—butyl—trans—tetradecahydrophenanthrene-trans—
2-yl)benzonitrile,
2-fluoro-4-(trans-7-pentyl-trans-

20 tetradecahydrophengnthrene—trans—2—yl)benzonitrile,
4~(trans—7—pentyl—trans-tetradecahydrophenanthrene—trans—
2-yl)benzonitrile,
2-fluoro-4-(trans-7-hexyl-trans-
tetradecahydrophenanthrene—trans—2—yl)benzonitrile,

25 4-(trans-7-hexyl-trans-tetradecahydrophenanthrene-trans-
2-yl)benzonitrile,

2-fluoro-4-(trans-7-heptyl-trans-



10 Exanple 1 was lithiated using a butyl |ithium hexane solution, and
subsequently reacted with carbon dioxide gas to yield 2, 5-

di fl uoro-4-(trans-7-propyl -trans-tetradecahydrophenant hren-
trans-2-yl)benzoic acid. This conpound was converted to an acid chloride
with thionyl chloride, and then reacted,ygth 15 ammonia to yield
2,5-di fluoro-4-(trans-7-propyl-trans-

tetradecahydr é@éﬁ ak& z uent eaction with
phosphor us oxyégfdéﬁde pt o du@?%%ggygggﬁgrgf%g% 2y gf%% irife; 'ara

2, 5-di fl uoro-4; (¢ 085770 t _ [ h henanth ren-trans-2-yl)
benzonitrile. 20 The %onpo€§¥%II§€ ed %é%o%?c%%h % %§% S ST P ar
manner. 210 23650yl oL o- 4 ans-7-ethyl-trans-
tetradecahydropﬁ%ngnthren% f%%%s 2-yl)benzonitrile,
2,6-difluoro-4-(trans-7-butyl-trans-

t et radecahydr ophenant hr ene-tr ans- 2- yI)benzonitriIe, 5

2, 6-disf | u Qbﬁpiér@@ﬁ 5 %glsté {?B%%E%ﬁﬁ{?T?é(trans—7—propyl—

tetradecahydrophenanthr rans

2,6-difl
tetrahec;ﬁégﬁodﬁenant ﬁi-tr%ﬁéggg ?5% oM T TR Reponitrile

2,6-di fluoro-4-(trans- 7 heptyl -grans 10
tetradecahydrophen.- one-t raps- 2- benzoni tr} Exany e 21) Synthesis
of 4-cyano- 3- ftadb @ fﬁ\ —_— 1%3 n-CgH . COH

propyl -trans-tetradecahydr ophe rehant P &Re- 2- car boxyl at'e”’n- &3 CHO E9H n- C3H
COH ~F SOCI' wn-C3 COCI HO )r~ CN

F
Tﬁ%ﬁia>ruai {I"k..» <:> coc —Nh
F
F F
e Og We TS O oNVe ON
F F

Trans—2—propyl-trans—7—(3,5—difluoropheny1)—trans—

\

tetradecahydrophenanthrene produced using the same method as

10 Example 1 was lithiated using a butyl lithium-hexane solution,
and subsequently reacted with carbon dioxide gas to yield 2,5-
difluoro—4—(trans—7—propyl-trans—tetradecahydrophenanthren—
trans-2-yl)benzoic acid. This compound was converted to an
acid chloride with thionyl chloride, and then reacted with

15 ammonia to yield 2,5—difluoro—4—(trans—7—propyl—trans-
tetradecahydrophenanthren-trans-2-yl)benzamide. Subsequent
reaction with phosphorus oxychloride producing a dehydration
yielded 2,5-difluoro~-4-(trans-7-propyl-trans-
tetradecahydrophenanthren—trané—2—yl) benzonitrile.

20 The compounds listed below can be produced in a similar

manner.



/ CHClI2 PyH, CH2CI2 ~F n-C3H 7_<~ W--(( )RCN 15

Trans-7-propyl -trans-tetradecahydrophenant hren-2- carbal dehyde produced in
Exanpl e 18 was oxi di zed using silver oxide prepared fromsilver nitrate
and sodi um hydr oxi de and vyi el ded

trans-7-propyl -trans-tetradecahydrophenanphren-2- carboxylic acid. This
conpound was converted to an acid 20 chloride using thionyl chloride, and
then reacted wjé-aifilueco4a4{bydnexyberagnitiikhe-to yield

4- cyano- 3-fl uor ophenyl 211

trans-7-propyl tét pagetghyadepnbydnephenanthagge2y33pRaxyhate 1the
conpounds |isted bel ow can be produced in a simlar nmanner. 4-cyanophenyl
trans-7-propyl2fe6aastbubebradeeahydropbananthrgng=2- carboxyl at e,

4- cyano- 3, 5-di fl uor ophenyl trans-7-propyl-trans-

t et r adecahydr ophenadé Barpardpaanbaxnkahe -+ rdns¥2098heRKkLonitrile
trans-7-ethyl -trans- tetradecahydr ophenant hrene-2-carboxyl ate, "10
4-cyaso- 3-f | uog p@r@ﬂfiu&fan4=?teahvatFa%yl-trans- _

t et radecahydr ophenant hr ene- 2- car boxyl ate, ~4-cyano-3, 5-di fl uor ophenyl
trans-7-ethyl -t¢ansdetghyadepnandnonbenant PhRBE 2234 3bRA%YHAL 1 16,

4- cyanophenyl trans-7-butyl-trans 15

t et r adecahydr ophenant ieRs= 2= ¢arRA¥Yhahgxy14: ¢¥An0- 3- f | uor ophenyl
trans-7-butyl-trans-

tetradecahydrophenanthrene-trans-2-yl)benzonitrile, and
2,6-difluoro-4-(trans-7-heptyl-trans-

10 tetradecahydrophenanthrene-trans-2-yl)benzonitrile.

(Example 21) Synthesis of 4-cyano-3-fluorophenyl trans-7-

propyl—trans~tetradecahydrophenanthrene—2—carboxylate

ncwr<:§:2i>pmm —4%§r+ mqm—<:§:2:>—aui
F
socl, _ . 'Q*"v—<:§:2:>*cocz H0—< §—cn .
CH2C|2 PyH . CH2C|2
F
o9 y-cor

15 Trans-7-propyl-trans-tetradecahydrophenanthren-2-

carbaldehyde produced in Example 18 was oxidized using silver
oxide prepared from silver nitrate and sodium hydroxide and
yielded trans-7-propyl-trans-tetradecahydrophenanthren-2-
carboxylic acid. This compound was converted to an acid

20 chloride using thionyl chloride, and then reacted with 2-

fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-fluorophenyl



t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyano-3, 5-di fl uorophenyl
trans-7-butyl -trans- tetradecahydrophenant hrene-2-car boxyl ate, 20

4- cyanophenyl trans-7-pentyl-trans-

t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyano-3-fl uorophenyl
trans-7-pentyl -trans- tetradecahydrophenant hr ene- 2-car boxyl at e,

4- cyano- 3, 5-di fl uorophenyl trans-7-pentyl-trans 25

t et r adec ainedrssphanasp yIr-eneads -cod htadd iy d r dpHartaheid -2~ carboxylate.

trans-7-pentyl -trans- tetradecahydrophenant hrene-2-carboxyl ate, 212
4- cyano- 3- f | uanophempound$ st Vs thedtyd tdw adtit be produced in a similar
t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3, 5-di fl uor ophenyl
trans- 7- penindrtrans- tetradecahydrophenant hrene- 2-carboxyl ate, 5

4- cyanophenyl trans-7-heptyl-trans-

t et radecahydr aphgrarigheangr - HoxI rdfsl - th-aGiano- 3- f | uor ophenyl
trans-7-heptyl -trans- tetradecahydrophenant hrene-2-carboxyl ate, and

4- cyabo- 3, 5- ditfdtueidephaipd rdgrtsanthepiad > dabo kA ate,
t et radecahydr ophenant hr ene- 2- car boxyl ate. (Exanpl e 22) Synthesis of

trans- 2- (3, 4, 3—tdyisflo+@, @B Yor SPHEISy 17 tHame -t L1etd @il ophenant hr ene
F BrMp4d FF OrOOH Co OTHE F
tetradecahydrophenanthrene-2-carboxylate,
4-cyanophenyl trans-7-ethyl-trans-
tetradecahydrophenanthrene-2-carboxylate,

10 4-cyano-3-fluorophenyl trans-7-ethyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3, 5-difluorophenyl trans-7-ethyl-trans-
tetradecahydrophenanthrene—2—carboxylate,
4-cyanophenyl trans-7-butyl-trans-

15 tetradecahydrophenanthrene-2~carboxylate,
4-cyano-3-fluorophenyl trans-7-butyl-trans-
tetradecahydrophenanthrene-2—carboxylate,
4-cyano-3, 5-difluorophenyl trans-7-butyl-trans-
tetradecahydrophenanthrene-2-carboxylate,

20 4-cyanophenyl trans-7-pentyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3-~fluorophenyl trans-7-pentyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3, 5-difluorophenyl trans-7-pentyl-trans-

25 tetradecahydrophenanthrene-2-carboxylate,
4-cyanophenyl trans-7-pentyl-trans-

tetradecahydrophenanthrene-2-carboxylate,



F T-SO+ (CH?OH) rO0 F H2 , Pd/C t-BuOK10. Tol uene Tol uene O AcOR DWF +
isomer F FOF HCO2H OF 0 Co O Toluene F F CH3O -"-PPH3 HCI NaCH
HCO <: O Toluene THE CCH330H F F =PPH3 O F Toluene - rdb F 15

t rans- dodecahydr ophenant hren- 2, 7- di one nonoet hyl ene acetal was reacted
with a Gignard reagent prepared from 24282 brono-3,4,5-trifl uorobenzene and
magnesi um and a dehydration was then perforned using p-toluenesul fonic
aci d nonohydr ad ecyanotdtfidnerbphgheglldtaafsxvupendlyl-trans-
trans-7-(3,4,5-trifluorophenyl) -

3,4, 4a, 4b, 5, 6, Bat fadécabgdrophendndreahydrocibbphenanthren-2 5 one et hyl ene
acetal and trans-7-(3,4,5-trifluorophenyl)-

3,4, 4a, 4b, 5, 8, BacPan6r-1Pa-til fibsedogreahydt pank-phgaani/h-erads-one et hyl ene
acetal, which was subsequently reduced in the presence of a 5%

pal | adi um car boat fageégahatiabpRénbntNreéhé-2-carboxylate,
trans-7-(3,4,5-trifluorophenyl)-trans-dodecahydr ophenant hren

5 4-cyanophenyl trans-7-heptyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3-fluorophenyl trans-7-heptyl-trans-
tetradecahydrophenanthrene—2—carboxylate, and
4-cyano-3, 5-difluorophenyl trans-7-heptyl-trans-

10 tetradecahydrophenanthrene-2-carboxylate.

(Example 22) Synthesis of trans-2-(3,4,5-trifluorophenyl) -

trans-7-vinyl-trans-tetrahydrophenanthrene

F
- @ .
(@) (o) ' OH
F
> F
E&<:j:1t:>=o THF [;X.I’IQI'L‘EJ}—
F

F
p-TsOH_ (CH,OH), EO ...\ @ ¢ _Hp PdIC _tBUOK_
Toluene  Toluene 0 AcOEt ~ DMF

+ isomer

C 2 S O-Gr

CH0”SPPH, HCl | _NaOH , neo .
—_—_—
Toluene TTHF CH30H . ' @
e~
Toluene . . @

15 trans-dodecahydrophenanthren-2, 7-dione monoethylene

acetal was reacted with a Grignard reagent prepared from



10 2-one ethylene acetal. Follow ng renmoval of the carbonyl group
protective group, this conpound was reacted with a Wttig reagent prepared
from met hoxynet hyl tri phenyl phosphoni um chl ori de and pot assi untt - but oxi de,
and the product enol ether was hydrolyzed using a 10% aqueous sol ution of
hydrochloric 15 acid in THF, and then iZldreri zed usi ng an aqueous sol ution
of sodium hydroxide in nethanol to yield trans-7-(3, 4, 5-
trifl uor aphemnydt 3 -4 5 aasri £1 vahylde npdmea aat dreaghe sigm 2- andr dadielehgdet idhi s
conmpound was then reacted with a Wttig reagent prepared from
met hyl t r i yde nythgath os@hBOr el bu oih glep-andl u@fe pol fssionatiduhoxobpdtatgi 2hd
trans-2-(3,4,5-trifluorophenyl) -
trans- 7- visiyhet ats - ¢ Eé I dhy dnbptenand ir enensThe (8 papbundsflustephérydiv-can
be produced by reacting
trans-7-(3,4,5af4bfbu6y8phenyld) t0aavsanetdadigdabpienabiipeenanthren-2-
trans-2-carbal dehyde with a variety of Wttig reagents. 25
trans52- (dnél eolippéeayhdetabnand- vrays-T+ aBs4, bet rahydo opbeaapl hrene,
trans-2-(3,4-difluorophenyl)-trans-7-vinyl-trans 214
t et rahydraphepaniby &pe, 8&f anso 21 (35 brah§t dodephrnykd-1HapserdanthyéntRans-
t et rahydr ophenant hr ene,
trans- 2- (dnéréthybensehberyphenyisht wasssubyegyeént i ansedbced in the
t et r ahydr ophenant hr ene,
trans- 2- (Brésemnco-4£t ai 64 upadbed hoxyphebyh) {tedpsedtalyst to yield
vi nyl -trans-tetrahydrophenant hr ene,
trans- 2- (SyrénstT+uBy 0; 8-trifluoropréhpXypbeant)dbdasahydrophenanthren-
vi nyl -trans-tetrahydrophenant hr ene,

10 2-one ethylene acetal. Following removal of the carbonyl

group protective group, this compound was reacted with a
Wittig reagent prepared from methoxymethyltriphenylphosphonium
chloride and potassium-t-butoxide, and the product enol ether
was hydrolyzed using a 10% aqueous solution of hydrochloric

15 acid in THF, and then isomerized using an aqueous solution of
sodium hydroxide in methanol to yield trans-7-(3,4,5-
trifluorophenyl)-trans-tetrahydrophenanthren-trans-2-
carbaldehyde. This compound was then reacted with a Wittig
reagent prepared from methyltriphenylphosphonium bromide and

20 potassium t-butoxide to yield trans—2—(3,4,5—triflqorophenyl)—
trans-7-vinyl-trans-tetrahydrophenanthrene.

The compounds listed below can be produced by reacting
trans-7-(3,4,5-trifluorophenyl)-trans-tetrahydrophenanthren-
trans-2-carbaldehyde with a variety of Wittig reagents.

25 trans-2-(4-fluorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,

trans-2-(3,4-difluorophenyl)-trans-7-vinyl-trans-



10 trans-2-(4-difluoromet hoxyphenyl)-trans-7-vinyl-trans-

t et rahydr ophenant hr ene,

trans-2-(4-trifluoronethyl phenyl)-trans-7-vinyl-trans-

t et r ahydr ophenant hr ene,

trans-2-(3-fluoro-4-trifluoronethyl phenghj-trans-7-vinyl 15
trans-tetrahydr ophenant hr ene,

trans- 2- (3, 5- ditkltwehgd-dphdnanahariehyl phenyl ) -trans-7-

vi nyl -trans-tetrahydrophenant hr ene,

t rans- 2- (4- chl ereplkeny (3, 5-alis1 roHopterniylarer drai-+7awidivaphesas-hr ene, 20
trans-2-(3-fluoro-4-chl orophenyl)-trans-7-vinyl-trans-

t et r ahydr ophenaeithia@iRirophenanthrene,

trans-2- (3, 5-difluoro-4-chl orophenyl)-trans-7-vinyl -

trans-t et r ahydrephenant (w-ai€.f luoromethoxyphenyl) ~trans-7-vinyl-trans-
trans-2-(trans-1-propenyl)-trans-7-(4-fluorophenyl) 25

trans-$ et r adecakydr=0RRRPHIHLNNrene,
trans-2-(trans-1|-propenyl)-trans-7-(3, 4-difl uorophenyl) -

trans-t et r adecahyrsepherpartiiicas 4 28 f luoromethoxyphenyl) -trans-7-
trans-2-(trans-1|-propenyl)-trans-7-(3,5-difluorophenyl)-

trans-t et r adecahyginepheniiytantydrophenanthrene,
trans-2-(trans-1-propenyl)-trans-7-(3, 4, 5-

tri fl uor ophenylthainsans- tHty-adegayd-ophanaidy @it foxyphenyl) ~trans-7-
trans-2-(trans-1|-propenyl)-trans-7-(4-

trifluoronmet hoxMpRAMH Nartd-aRs-rHL1y: hewnt hr ene,
trans-2-(trans-|-propenyl)-trans-7-(3-fluoro-4-

trifluoromnet hO)tmh?@l)d—)(-4Jcﬁrﬁﬁcﬁtdnﬁiﬁﬁﬁf%ﬂfé3manamé}{ﬁnﬁwvinyl—trans—

trans-2-(trans-1|-propenyl)-trans-7-(3,5-difluoro-4
tetrahydrophenanthrene,
trans-2-(4-trifluoromethylphenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans-2-(3-fluoro-4-trifluoromethylphenyl)-trans-7-vinyl-

15 trans-tetrahydrophenanthrene,
trans-2-(3,5-difluoro-4-trifluoromethylphenyl)-trans-7-
vinyl-trans-tetrahydrophenanthrene,
trans-2-(4-chlorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,

20 trans-2- (3-fluoro-4-chlorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans-2-(3,5-difluoro-4-chlorophenyl)-trans-7-vinyl-
trans-tetrahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(4~fluorophenyl) -

25 trans-tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(3,4~-difluorophenyl) -

trans-tetradecahydrophenanthrene,



10 trifluoronet hoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-1|-propenyl)-trans-7-(4-

di f | uor onet hoxyphenyl ) -trans-t etradecahydr ophenant hr ene,
trans-2-(trans-1|-propenyl)-trans-7-(4-

trifluoromethyl phenyl)-trans-tetradecalydy ophenant hrene, 15
trans-2-(trans-1|-propenyl)-trans-7-(3-fl uoro-4-

trifluoromet hylmireswd ) ¢t Fas-1-g3 Faoaly- o oANeMANt I €N £1 uorophenyl) -
trans-2-(trans-|-propenyl)-trans-7-(3,5-difluoro-4-

trifluoronet hyd presnd 9t td eyl rasteaal el anhenant hrene,
trans-2-(trans-1|-propenyl)-trans-7-(4-chl orophenyl) 20

trans-tetradedahyﬁH{K#WHEHﬁéwﬁﬂﬁ%ope%gl)—trans—?—(3,4,5—
trans-2-(trans-|-propenyl)-trans-7-(3-fluoro-4-

chl or ophenyl ) -ttrisflardeipagdseahwdraphanaitdd&hydrophenant hrene,
trans-2-(trans-1|-propenyl)-trans-7-(3,5-difluoro-4

chl or 6phenyl ) -tirans-2-etyragecahydrQriignanttrgne. 7 -
trans-2-(trans-|-butenyl)-trans-7-(4-fluorophenyl)-trans-

t et radecahydr aphienattym®oxyphenyl) ~trans-tet radecahvdroph th
trans-2-(trans-|-butenyl)-trans-?-(3,4-dif|uorophenylf,fﬁf enanthrene,

trans-t et r adecatayndr-ophaitamdvieMopenyl) -t rans-7- (3-fluoro-4—-
trans-2-(trans-1|-butenyl)-trans-7-(3,5-difluorophenyl) -

trans-t et r adecatiyfdnenteraNdiygpiny 1) - (dddid cd DNt hid 3. 4 ©

5 trifluorophenyl)-trans-tetradecahydrophenant hr ene,

trans- 2- (trangrandentinans-angrbogetryl) -trans-7- (3, 5-difluoro-4-
trifluoronmethoxyphenyl)-trans-tetradécahydrophenanthrene,

trans0 2- (t r ang-ri-fhufodidpe)lhlichdipde iy(3 Tt d¥ L4t radecahydrophenanthrene

trlfluoromethoxyphenyl)-trans-tetradecahydrophenanﬁ‘nré’he,p !
trans-2-(trans-l-propenyl)-trans-7- (4-
difluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,
trans~2-(trans-1-propenyl)-trans-7- (4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,

15 trans-2-(trans-l-propenyl)-trans-7-(3-fluoro-4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—l—propenyl)—trans—?—(3,5—difluoro—4—
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—l—propenyl)—trans—7—(4—chlorophenyl)—

20 trans—tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(3-fluoro-4-
chlorophenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(3, 5-difluoro-4-
chlorophenyl)—trans—tetradecahydrophenanthrene,

25 trans—2—(trans—l—butenyl)—trans—7—(4—fluorophenyl)—trans—

tetradecahydrophenanthrene,

trans—2—(trans—l—butenyl)—trans—?-(3,4—difluorophenyl)—



10 trans-2-(trans-1|-butenyl)-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-1|-butenyl)-trans-7-(4- di

f I uor onet hoxyphenyl ) -trans-tetradecahydr ophenant hr ene,
trans-2-(trans-1|-butenyl)-trans-7-(4 1521¢
trifluoronethyl phenyl)-trans-tetradecahydr ophenant hrene,

trans-2- (transtkahstesykhdetanydfopBehbhieneefe,
trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans-2-(transtkahstenytyahsanspbdtbady?) dibhHero=4s 5-diflugrophenyl) -
trifluoronethylphenyl)-trans-tetradecahydrophenanthrene, 20

trans-2- (transtkahstesykhdeeangdfophietbhHeheBRgNY! ) -trans-
t et radecahydr ophenant hr ene, trans-2-(trans-|-6uteny|)-trans-7-(3-f|uoro-4-

chlorophenyl)-trans-zentaaﬁgamyﬂﬁeeh9mﬁﬂkhéﬁgev—53 4,5~
trans-2-(trans-1-butenyl)-trans-7-(3,5-difl uoro- 25

Chiordphenyl)-tfﬁﬂ$ubﬁbpﬁdﬁ?ﬁh¥@£§ﬁBeﬁéﬂkgﬁgeghydrophenanthrene,
trans-2-(trans-1|-pentenyl)-trans-7-(4-fl uorophenyl)-
trans-tetradecahydsophenanhbrenButdhyl) -trans-7- (4-
trans-2-(trans-1-pentenyl)-trans-7-(3, 4-difluorophenyl)-

trans-tetradecehyfll 9phemathbk¢PRenyl) ~trans-tetradeca ydrophenanthrene,
trans-2-(trans-1|-pentenyl)-trans-7-(3,5-difl uorophenyl’) -

trans-tetradECﬁhaﬂégﬁheﬂﬁﬂﬁQL@ﬂSutén§l)—trans—7—(3—fluoro—4—
trans-2-(trans-1|-pentenyl)-trans-7-(3, 4, 5-

trifluorOphenytﬁifl@@ﬁoﬁ@tﬁ@ﬁ?ﬁﬁ@ﬁyiQPHEQQQLBé@?gdecahydrophenanthrene,
trans-2-(trans-1|-pentenyl)-trans-7-(4-

trifu@oronethowy@ﬂgnyl)tiéﬁ§51l@&féﬂgﬁfhvgéﬁgb?ﬂ@ﬂf§I§P§1u0r0—4-

trans-2-(trans-1-pentenyl)-trans-7-(3-fluoro-4
trifluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-l-butenyl)-trans-7- (4-
difluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-1-butenyl)-trans-7-(4-

15 trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-1-butenyl)-trans-7-(3-fluoro-4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2~(trans—l—butenyl)—trans—?—(3,5—difluoro—4—
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,

20 ‘ trans—2—(trans—l—butenyl)-trans—?—(4—chlorophenyl)—trans—
tetradecahydrophenanthrene,
trans-2-(trans-1-butenyl)-trans-7-(3-fluoro-4-
chlorophenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-1l-butenyl)-trans-7-(3, 5-difluoro-4-

25 chlorophenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—l—pentenyl)—trans-7—(4-fluorophenyl)—

trans-tetradecahydrophenanthrene,



10 trifluoronet hoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-1-pentenyl)-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-1|-pentenyl)-trans-7-(4-

di f 1 uor onet hoxyphenyl ) -trans-tetradecalydr ophenant hrene, 15
trans-2-(trans-1-pentenyl)-trans-7-(4-

trifluoromet hy peresnd-) ¢t ories- 1-gp sraickacphy <t ephemant )y £1@i fluorophenyl) -

trans-2-(trans-1|-pentenyl)-trans-7-(3-fl uoro-4-

trifluoromet hy mresntl 9t tadasaH ed r Gslesrdryehi penant hr ene,
trans-2-(trans-1-pentenyl)-trans-7-(3,5-difluoro-4 20

trifluoromet hydpremyd-) (traais-1-ap¢eecahydt ephenant ifenei f1uorophenyl) -
trans-2-(trans-1|-pentenyl)-trans-7-(4-chl orophenyl) -

trans-t et r adecatyrdr-oEtenadddatefdrophenanthrene,
trans-2-(trans-1-pentenyl)-trans-7-(3-fl uoro-4-

chl or 6phenyl ) -ttrans-2-etthadesahysrophepant tra0e. 7283, 4, 5-
trans-2-(trans-1|-pentenyl)-trans-7-(3,5-difl uoro-4-

chl or ophenyl ) -ttridfisrdreiptagacahw aphienait dd&hydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(4-fluorophenyl) 218

trans-tetradeG&Mﬂﬁ%ﬂﬂWﬂKﬁﬁéwkﬁﬁhntenyl)—trans—7—1€—
trans-2-(trans-3-pentenyl)-trans-7-(3, 4-di fl uorophenyl) -

trans-t et r adedahyfdnepheraiidy@itanyl) -t rans—-tetradecah drophenanthrene,
trans-2-(trans-3-penteny|)-trans-?-(3,5-d|fluorophenyﬁs 5

trans-t et r adecatydr-@ph@naidvieiantenyl) ~trans-7- (3-fluoro-4-
trans-2-(trans-3-pentenyl)-trans-7-(3, 4, 5-

tri f LOor ophenyr)i-flinareniediiadetaindrophenanttdt@iRiecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(4-

trifluoromet hoxspleidH (rranans-tintadscahywdigrhenaid Y enes1 yoro-4-
trifluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-1l-pentenyl)-trans-7- (4-
difluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,

15 trans-2-(trans-l-pentenyl)-trans-7- (4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—l—pentenyl)—trans—7—(3—fluoro—4—
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans-2-(trans-1l-pentenyl)-trans-7-(3, 5-difluoro-4-

20 trifluoromethylphenyl)—trans—tetra@ecahydrophenanthrene,
trans—2—(trans—l—pentenyl)—trans—7—(4—chlorophenyl)—
trans-tetradecahydrophenanthrene,
trans-2-(trans-l-pentenyl)-trans-7-(3-fluoro-4-
chlorophenyl)—trans-tetradecahydrophenanthrene,

25 trans—2—(trans—l—pentenyl)—trans—7—(3,5—difluoro—4—
chlorophenyl)—trans—tetradecahydrophenanthrene,

trans—2—(trans-3—pentenyl)—trans-7—(4—fluorophenyl)—



10 trans-2-(trans-3-pentenyl)-trans-7-(3-fl uoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-3-pentenyl)-trans-7-(3,5-difl uoro-4-
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-3-pentenyl)-trans-7-(4 1513

di f1 uor onet hoxyphenyl ) -trans-t etradecahydr ophenant hr ene,

trans-2- (transt3apentefyhietbaR8réphénanthrene,
trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans-2- (transtBapenkenykhnkF3npehtedyll Y@kand=7- (3, 4-difluorophenyl) -
trifluoronethyl phenyl)-trans-tetradecahydrophenant hrene, 20

trans- 2- (transtBapentenyhiethdp8réphdnandhkkHer o- 4-
trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans-2- (transtBapenpenykinkr3npeRtedyth-0xaRBenyl3; 5-difluorophenyl) -
trans-tetradecahydrophenant hr ene,

trans-2- (transtBapentedyhfethBp8rdphdnkhuarand, 25
chi orophenyl ) -trans-tetradecahydr ophenant hr ene,

trans-2-(transtﬁaﬂgnzemykénbﬂanﬁeﬁtéﬁyijdEEEHQL@=§3,4,5—
chl or ophenyl ) -trans-tetradecahydrophenant hrene, 219

trans-2-(3-butenyf)ubrapRedyl#=-tkHas0pBeRYbechh@iSophenanthrene,
t et radecahydr ophenant hr ene,

trans-2-(3-butenyhy-2+adsadst3-PeditEhyoy ophgpyl )=t fans-
t et radecahydr ophenant hrene, 5

trans-2-(3-bUteﬂyfluéf@ﬂétﬂo£§pﬁeﬂyibUQEQHQEB¥£}éaé@Qﬁydrophenanthrene,
t et radecahydr ophenant hr ene,

trand02- (3- butenyhg -2+ afards{3-fertbhl L) UOLIRBEAYL - F1uoro-a-

trans-tetradecahydrophenant hr ene,

trans-2-(3-bUteﬂyfluéf@métﬁo£§pﬁéﬁ§iPOEQQREh@éﬂ?@&@@éﬂydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans—tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)~trans-7- (4-

15 difluoromethoxyphenyl)—trans-tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7- (4-
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—3—pentenyl)—trans—7—(3—fluoro—4—
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,

_20 trans—2—(trans-3—pentenyl)—trans—7—(3,5—difluoro—4—
trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—3—pentenyl)—trans—?—(4—chlorophenyl)—
trans-tetradecahydrophenanthrene,
trans-2- (trans-3-pentenyl)-trans-7-(3-fluoro-4-

25 chlorophenyl)—trans—tetradecahydrophenanthrene,
trans—2—(trans—3—pentenyl)—trans—7—(3,5—difluoro-4—

chlorophenyl)—tréns—tetradecahydrophenanthrene,



10 trans-tetradecahydrophenant hr ene,
trans-2-(3-butenyl)-trans-7-(3-fluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(3-butenyl)-trans-7-(3, 5-difl uoro-4-
trifluoromethoxyphenyl)-trans-tetradecahyslr ophenant hr ene,
trans-2-(3-butenyl)-trans-7-(4-difluoronethoxyphenyl) -

trans-t et r adecatyrth-ophenani e BPE) -t rans-7- (4-fluorophenyl) -trans-

trans-2-(3-butenyl)-trans-7-(4-trifluoronethyl phenyl) -

15

trans-t et r adecadel. dprefeanthféms, 2- (3-butenyl )-trans-7-(3-fluoro-4
20 trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans‘z‘(3‘bUt&ﬁBﬂ§=24€Hﬁbd%é§§f#£ﬂféﬁ§u¢t63,4—dif1uorophenyl)—trans—

trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans- 2- ( 3- butiiddd daiga rod il cdh ©f pphenyl ) - trans-
25

t et radecahydr ophenant hr ene,

tran352‘(3‘bUt&ﬁbﬂé;Ziéﬂubd%éﬁﬁfﬂl%%%?éhfjﬂ§¥5HHE¥Wﬂ3fophenyl)—trans—

trans-tetradecahydrophenant hr ene, an

trans- 2- ( 3- butteiadad d it doderoatd f L g 0- 4 220

chl orophenyl ) -trans-t et radecahydr ophenant hrene. (Exanpl e 23) Synthesis of

trans-2-propyTtﬂ%dé%Zk@3—6Jﬂé¢§F¥i§£§§?dai%;fﬁ?%ﬁtf%ﬁgé?éégékéﬁéfg

oct ahydr ophenant hrene O Hgr - Tf 2 n- C3H
Cs ~F CF3SQ2 tralfs{tdd2Ridcanydfopheddich @i n~B O O F

a- b5
0 PyH CH

trans—2—(3—butenyl)—trans—7—(4—trifluoromethoxyphenyl)—

10 trans-tetradecahydrophenanthrene,

trans-2- (3-butenyl)-trans-7-(3-fluoro-4-

trifluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,

trans-2-(3-butenyl)-trans-7-(3,5-difluoro-4-

trifluoromethoxyphenyl)—trans—tetradecahydrophenanthrene,

15 trans—2—(3—butenyl)—trans—7—(4—difluoromethoxyphenyl)—

trans-tetradecahydrophenanthrene,

trans-2—(3—butenyl)-trans—7—(4—trifluoromethylphenyl)—

trans-tetradecahydrophenanthrene,

trans-2-(3-butenyl)-trans-7-(3~fluoro-4-

20 trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,

trans-2-(3-butenyl)-trans-7-(3,5-difluocro-4-

trifluoromethylphenyl)—trans—tetradecahydrophenanthrene,

trans—2—(3—butenyl)—trans—7—(4—chlorophenyl)—trans—

tetradecahydrophenanthrene,

25 trans—2—(3—butenyl)—trans—7—(3—fluoro—4—chlorophenyl)—

trans-tetradecahydrophenanthrene, and

trans-2-(3-butenyl)-trans-7-(3, 5-difluoro-4-



Pd(PPh3)4, THE F A m xture of 20 g of 7-methoxy-trans-2-propyl-trans-
1,2,3,4,4a,9, 10, 10a-oct ahydrophenant hrene (synthesis of this conmpound was
carried out using the method disclosed in D. 10 Varech, L. Laconbe and J.
Lacques, Nouv. J. Chim, 8, 445 (1984)), 80 nL of acetic acid and 80 nL of
40% hydrobrom ¢ acid was refluxed for 3@phours, and yielded 19.1 g of
trans-7- propyl-trans-4b, 5,6, 7,8, 8a, 9, 10- oct ahydrophenant hren-2-ol. The

t hus obt ai ned ehude opheciyal) -Was ri¥i-3edr e dah aqumgngmt%Qe%%thylene

chl oride, a suspension was then fornmed by adgrng 15.8 niL of
trifluoronethanesul fonic anhydride, and the suspension was then cooled to
5C. Wth the m xture being stirred vigorously, 15 niL of pyridine was then
added dropgixsepland hayhivHayies P et -0 g Jynther sone shour. 100 niL of
20 water was then added, the reaction halte and the organic |ayer was
separ at ed trIIfeum@@@@ylaerra\m}s.leg At ag \gr tiy, §@5-mL of dichl oronet hane
and this extract was combined with the organlc Iayer whi ch was

subsequenbky ahgsitegphenihthidaee 221 hydrochloric acid, a saturated aqueous
solution of sodium bicarbonate, water, and then a saturated aqueous

solution of sodiumc |de before berng dri over anhydr ous sodi um
sul fate. The sp M i heT®0 product purified
by silica gel co hr tograpﬁ@H(hexane I e dPﬂﬂ<ﬁbgzof

trans-7- propyl-trans 4b, 5,6, 7, 8, 8a, 9, 10¢ octahydropheneg&b ef 2-yl
trifluoromet hanesul fonate. This co d was comnbi ned mnt 13 2 g of

3,4,5- ‘“0’28 .

A mixture of 20 g of 7-methoxy-trans-2-propyl-trans-

1,2,3,4,4a,9,lO,10a—octahydrophenanthrene {synthesis of this
compound was carried out using the method disclosed in D.

10 Varech, L. Lacombe and J. Lacques, Nouv. J. Chim., 8, 445
(1984)), 80 mL of acetic acid and 80 mL of 40% hydrobromic
acid was refluxed for 10 hours, and yielded 19.1 g of trans-7-
propyl—trans—4b,5,6,7,8,8a,9,lO—octahydrophenanthren—Z—ol.
The thus obtained crude product was dissolved in 100 mL of

15 methylene chloride, a suspension was then formed by adding
15.8 mL of trifluoromethanesulfonic anhydride, and the
suspension was then cooled to 5°C. With the mixture being
stirred vigorously, 15 mL of pyridine was then added dropwise
and the mixture stirred for a further one hour. 100 ml of

20 water was then added, the reaction halted, and the organic
layer was separated. The aqueous layer was extracted with 80
mL of dichloromethane and this extract was combined with the

organic layer, which was subsequently washed with dilute



i nyl boric acid (which was produced by a reaction 10 between a
E;:gkgsgofggggnt pr epar ed §r0n13,4,5- trifluorobronmobenzene and magnesi um
and trinmethylborate, followed by hydrolysis with dilute hydrochloric f
acid), 1.5 g of tetrakis(triphenylphosphine)palladium(0) and 21.2 g o
pot assi um phosphate in 120 nL of di methy2fornani de solvent, 15 and the
reaction mxture was then stirred for 10 hours at 80C The reaction
m xt ure wagdtdenleodt esctd, roosat b LAPEH ak§ESouyat 81 uWsn ageedoqt g M xture
was extracted with toluene, and the resulting organic |ayer was washed
sequent i dicanhdiatval eraterd, casat tiieh esl S4tEPLE§0h4LEORs 05o 20 SOF1 Y
chloride, and then dried over anhydrous sodiumsulfate. The crude product
obt ai ned snydiemovalonfdd hee Sotyepé ity dEVEROSREF O NGS PUs| §bgduRY Silica
gel colum chromat ography (hexane) and then recrystallized 3 tinmes from

et hanol tsulhaglal 6h2 gsdifvdrftaﬁ&-sz-ﬁ’n@méd-z)-y(%v‘b Itarﬂlfdrporaq.mﬂed%) trans

25 1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene. X = 0.86 to 0.89 (m
5H), 6 = pxakudto phREF {(ed HbH il o22Pel céliﬂnt&qﬂor@&té (Resdnd M
1||:|)|), 6.79 (dd, 2|_£|ﬂu J=6.4 H% J=9.2 Hz) ME: 358 I\ﬁ} I%wé corrpounds

li sted belowicdnl ot m’aﬂmiidhﬁ—ﬁ*ﬁéﬁl—@m :5,6,7, 8 8a,
trans-2-propyl -trans-7-(4-fl uorophenyl )-trans- 1,2,73,4," 4a," 9, 10

S R e e oY
10a- oct afmedhropmenarishreithined with 13.2 g of 3,4, 5-
trifluorophenylboric acid (which was produced by a reaction

10 between a Grignard reagent prepared from 3,4,5-
trifluorobromobenzene and magnesium, and trimethylborate,
followed by hydrolysis with dilute hydrochloric acid), 1.5 g
of tetrakis(triphenylphosphine)palladium (0) and 21.2 g of
potassium phosphate in 120 mL of dimethylformamide solvent,

15 and the reaction mixture was then stirred for 10 hours at
80°C. The reaction mixture was then cooled to room
temperature, water was added, the mixture was extracted with
toluene, and the resulting organic layer was washed
sequentially with water and a saturated aqueous solution of

20 sodium chloride, and then dried over anhydrous sodium sulfate.
The crude product obtained by removal of the solvent by
evaporation was purified by silica gel column chromatography
(hexane) and then recrystallized 3 times from ethanol to yield
6.3 g of trans-2—propyl—7—(3,4,5—trifluorophenyl)—trans—

25 1,2,3,4,4a,9,10,10a—octahydrophenanthrene.

NMR: & = 0.86 to 0.89 (m, SH), 6 = 1.11 to 1.35 (m, 15H), &



10 trans-2-propyl-trans-7-(3,5-difluorophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

trans-2-propyl -trans-7-(4-trifl uoronmet hoxyphenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hrene, trans-2-propyl-trans-7-(3-fluoro-4 15
trifluoronethoxyphenyl)-trans-1, 2, 3,4, 4229, 10, 10a- oct ahydr ophenant hr ene,
trans-2-propyl -trans-7-(3,5-difluoro-4-

trifluoroeet hpxypbenysg- (hangui 283=% 47 Yl 0.13Pa- Soctghygrgggengﬁthrene
20 trans-2-propyl -trans-7-(4- d|¥ uoronethoxyphenyl) trans-

9, 10, 10ajagt ahydr oghgnan nene,
trans- 2- p?ogy?-ggang ? ?4h?r|fluoronethylphenyl) trans- 1,2,3,4, 4a, 9, 10,

10a- oct ahydr. o nan e trans- 2- propyl-trans 7-(3-fluoro-4 25
tr|fluoro%§th§?ghen§?$ B?ans 1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

2- I r
Eﬁ??fuorgﬁgfﬁngﬁgﬁé Oggg%sq %gg % i %TB R6aPT8EPERTdMBpRefdR hRENe,
trans-2- ppoRyLstrans-7- (4- chlorophenyl) trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophénant hr ene,

h
1153, 4, 4a. 5 15- 108 3et %ﬁﬁ&h“Q EaRAR i Bno Ughyphehy i SErans-

o 10, 108 oot ahyaf Spheaanth Dnd LS HeFERSHEPERBET e keRES € of
trans'2'prOpylEl?al(igkf—propyl-trans—7—(3,4—d1fluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

10 trans—2—propyl—trans—7—(3,5—difluorophenyl)-trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—propyl—trans—7—(4—trifluoromethoxyphenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-

15 trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

20 trans—2—propyl—trans—7—(4—difluoromethoxyphenyl)—trans—
1,2,3,4,4a,9,lO,lOa—octahydrophenanthrene,
trans—2—propyl—trans—7—(4—trifluoromethylphenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-

25 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

trans—2—propyl—trans—7—(3,5—difluoro—4—



di fl uorophenyl et hynyl )-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydrophenant hrene F F
H=OF n"C3H7 OoTf n-C3H7 O = O F no. Pd(PPh3)a , Et3N, DW
Trans-7-propyl -trans-4b, 5,6, 7, 8,8a, 9, 10- 15 octahydrophenant hren-2-yl in

di met hyl formam de and triethyl am ne was reacted with

4-et hynyl - 1, 2-di f| uorobenzene in the ence of
tetrakis(triphenylphosphine)palladiun1?%?§ and the product was purified by

silica gel colwme chyronet h egrystallized from
et hanol 20 to yleldg?ﬁans gp%ﬁw ig E% ggdf$?h%?€ %h§1%§h§gyl) trans-

1,2,3,4, 4a, S%é@%hQégbﬁggﬁgH@gggmgnanthrene The conpounds i sted bel ow
can be produced in‘asim manner. trans-2-propyl -trans-7-(4-f

| uor ophenyl et IS5 hydr ophenant hr ene,

224 Frang 2- prop;%f%rans ﬁ5%é%@% Uﬁ%g%% J%Q h§f§a3¥ aﬁs- 1,2,3,4, 4a,

L - %O‘Er 8‘55?“%"??354" 741?@25 %o?%tp%he‘h‘;iﬁ%‘i’*h?/%?/ §nEenSs. 1,2,3,4, 4a,

9, 10, 510a- oct ghygy

frans-2- pr opyI “trans- ? %}?irl uor et hosd eyt Sy asP5Rerybhstgans: 3 4,

4a, 9,10, 10a-oct, agwypr@g@r@ﬁ noeCtalﬁﬁéﬁgospjlﬁ @%é%,ans - (3-fluoro- 4-
n £ a-

trlfluoronethoxyphenylethy rans
trans-2- propyl—trans—7—(3,5—d1fluoro—4—chlorophenyl)—

trans—1,2,3,4,4a,9,10,lOa—octahydrophenanthrene.

10 (Example 24) Synthesis of trans-2-propyl-7-(3, 4-
difluorophenylethynyl)—trans—l,2,3,4,4a,9,10,lOa—

octahydrophenanthrene

ncerCSb’ Pd(PPh3)4 "t ..© @

Et;N, DMF

Trans—?—propyl—trans—4b,5,6,7,8,8a,9,10—
15 octahydrophenanthren-2-yl in dimethylformamide and
triethylamine was reacted with 4-ethynyl-1,2-difluorobenzene
in the presence of tetrakis (triphenylphosphine)palladium (0),
and the product was purified by silica gel column
chromatography (hexane) and-then recrystallized from ethanol
20 to yield trans—2—propyl—7—(3,4—difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene.
The compounds listed below can be produced in a similar
manner.
trans—2—propyl—trans—7—(4—fluorophenylethynyl)—trans—

25 1,2,3,4,4a,9,10,10a—octahydrophenanthrene,



oct ahydr ophenant hrene, 10 trans-2-propyl-trans-7-(3,5-difl uoro-4-
trifluoronethoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophenant hr ene,

trans- 2- propyl -trans-7-(4-difl uoronet hoxyphenyl et hynyl)- trans-1, 2, 3,4,
4a, 9,10, 10a-octahydrophenanthrene, 15554

trans-2-propyl -trans-7-(4-trifluoronethyl phenyl ethynyl)- trans-1, 2, 3,4,

4a, 9, 10, 10a-Qqhagy@L@ﬁQ@ﬂan&Qr%@eq_ 3 Ny r bt -(3-f rQ-4-
trif|uoronethylphenylethyny|)-tf%ns-lfz,3,?}%&?&?@§Pf3§?%%h§n§§) £Y9he

oct ahydr ophenant, lzr, @ne,, 420 o, NN 02—RPRYdCARSTH AT -di fluoro-4-
trifluoronethylphenylethynyl)-trans-l,2?3,2%4a?é?%§?%8g3

oct ahydr ophenamrt-Bh@Re -propyl-trans-7- (3, 5-difl - =
trans-2-propy|-trans-?f}4F?%Ioroéﬁ%ny(efhyn;I)Pffgﬁg?nf}ffgyﬂylﬁaFrﬁpfo,

10a- oct ahydr ophenant, @€ 9,49, 10a-octahydroph th
trans-2-propy|-trans-?-(3-(|uoro-4-chﬁo¥o§ﬁgn§ gphyﬁf ! trans-1,2, 3,4, 4a,

9,10, d0a-octahyd t =25 | -7~ ~di.fl uoro-4
295 Gl or opheny echane ) Forane T s 3 g 4506 by ohE S e Sk B T ere,

trans-2-ethyl - tians-1, b43f hyanonheny hehhypybhybi8fenintniede, 42 9 10,
10a- oct ahydr ophenant hr ene, 5 !

10a- oct ahydl opheaaat br Saet Vit ane S e R PPy (aseai
f1 uorophenyl et byn¥hhokbaBhokyBhdndietfynd1}0t r488-9CHaRYgr gphgnagt hyene,
octahydrophenanthrene,

10 trans-2-propyl-trans-7-(3, 5-difluoro-4-
trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans—2—propyl—trans—7—(4—difluoromethoxyphenylethynyl)-
trans—1,2,3,4,4a,9,lO,lOa—octahydrophenanthrene,

15 trans—2—propyl—trans—7—(4—trifluoromethylphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

20 trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans—2—propyl—trans—7-(4—chlorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

25 trans—2—propyl—trans—7—(3—fluoro-4—chlorophenylethynyl)—
trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,

trans-2-propyl-trans-7-(3,5-difluoro-4-



trans-2-ethyl-trans-7-(3,4,5-trifluorophenylethynyl) 10 trans-1,2,3,4,4a,9,
10, 10a- oct ahydr ophenant hr ene,
trans-2-ethyl-trans-7-(4-trifluoronmet hoxyphenyl et hynyl)- trans-1, 2, 3, 4, 4a,
9, 10, 10a-oct ahydrophenant hrene, trans-2-ethyl-trans-7-(3-fluoro-4-
trifluoromethoxyphenyl ethynyl)-trans-1,23, 4, 4a, 9, 10, 10a- 15

oct ahydr ophenant hrene, trans-2-ethyl-trans-7-(3,5-difl uoro-4-

trifluoronet haxyphesyyh et Pyawhyny 1 psrdn-B; 4, $84 94409 198 104-

oct ahydr ophenant hr ene,

trans- 2- et hyl -ddedisydrdpnshd b tioro&net hoxyphenyl et hynyl ) - 20
trans-1, 2, 3,4, 4a, 9, 10, 10a- octahydrophenanthrene

t 2- th | -t f BS= A= i sy YL B YDV Y dns2: 3.4, 4a,
Qr?BS 102 ogtéﬁidroﬁ%éﬁgm%%r%$é§§D?fgnsfgmgtH% -?yans %n%%ﬁPfﬂor% 4-

trifluoronet hyl phenyd etdyayig - im%ctla}?yér&%ﬁ §%€1€’ %9@ 25

octahydrophenanthrene trans-2 et hyl -trans | uor o- 4-

triflgoromet hwm-eémwiﬁréﬁm— 3 24 34 f5 &58?%@%5‘?%]{ )hyny?r} Trans.

oct ahydr ophenant hrene, trans-2-ethyl-trans-7-

1,2,3,4, 4a, 9,10,3,10a:004 2ty @RLSOEIN A £55h nanthr?r}e
trans 2- ethyl-trans 7- (3 f1uoro- 4- chlorop enyl et hyny

trans-1, 2, 3, 4t%%ﬁ%4@L%éK¥s fﬁﬁgufuﬁﬁﬂguﬁf¥fﬂﬁ&ophenylethynyl)—trans—

trans- 2- ethyl-trans 7 di fl uoro-4-
chl or ophenyl etiynyd )4 480,10, 2 $h 4o daa1dy db 0% 2,204 Alydr ophenant hr ene,
trans—Z—ethyl—trans—?—(3,4,5—trifluorophenylethynyl)—

10 trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—ethyl—trans—7—(4—trifluoromethoxyphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-ethyl-trans-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—

15 octahydrophenanthrene,
trans-2-ethyl-trans-7-(3,5-difluoro~4-
trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans—2—ethyl—trans—7—(4—difluoromethoxyphenylethynyl)—

20 trans—l,2,3,4,4a{9,10,lOa—octahydrophenanthrene,
trans—2—ethyl—trans—7—(4—trifluoromethylphenylethynyl)—
trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-ethyl-trans-7-(3-fluoro-4-
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—

25 octahydrophenanthrene,
trans-2-ethyl-trans-7-(3,5-difluoro-4-

trifluoromethylphenylethynyl)—trans—l,2,3,4,4a,9,10,10a—



trans-2-butyl-trans-7-(4-fluorophenyl ethynyl)-trans 10 1, 2, 3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,
trans-2-butyl-trans-7-(3, 4-di fl uorophenyl ethynyl)-trans- 1,2, 3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,
trans-2-butyl-trans-7-(3, 5-di fl uorophenylogt hynyl )-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hrene, 15

trans- 2- but yl - tacrhyB{chrearittiddriegr ophenyl et hynyl ) - trans-1, 2, 3, 4, 4a,

9, 10, 10a-oct ahydr ophenant hr ene,

trans- 2- but yl - trsmss-2-{etHyli - reoremst ieeHkamgrRidpyathym iih arsahs 2, 3. 4,

4a, 9,10, 10a-octahydrophenant hrene, trans-2-butyl-trans-7-(3-fluoro-4 20

trifl uoromet hoXyghenyl etahyayl(),- 0 thhddhdpithahtHbeHea-
oct ahydr ophenant hrene, trans-2-butyl-trans-7-(3,5-difl uoro-4-

tr'f|UOfO”Ethoﬂﬂdnﬂﬂﬂ*ﬁﬂnybA@rdﬁ§y7$134£ﬂﬁd%d$%i%ﬁw$fgﬁﬁénylethynyl)—

oct ahydr ophenant hrene, 25
trans-?-buty|-ﬁnan&kﬂ;CAGQMﬂMQQ@QﬂELhQ%MQQQ@Hy@Q&ﬂN@ﬁEht%&%%%;1, 2,3,4, A4a,
9, 10, 10a-oct ahydrophenant hr ene,

trans- 2- but yl - ttrams—2—{(eAHyli-ftddaorscrvet vy Isphamih iyl ) 227 trans-1, 2, 3,4,
4a, 9,10, 10a-octahydrophenant hrene, trans-2-butyl-trans-7-(3-fluoro-4-

trifluoronet hylcphenpptiehynyrhyinyanstkads3 14243, 9, 4Q, 3030, 104-

oct ahydr ophenant hrene, 5 trans-2-buty|-trans-?-(é,S-dlfIuoro-4-
trifl uoronet hyoghahydeicprryanthrans, 1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophenant hrene, trans-2-butyl-trans-7-(4-chl orophenyl ethynyl)-trans-
trans—2—butyl—trans—7—(4—fluorophenylethynyl)—trans—

10 l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—butyl-trans—7—(3,4—difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—butyl—trans—7—(3,5-difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,lOa—octahydrophenanthrene,

15 trans—2—butyl—trans—7—(3,4,5—trifluorophenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—butyl—trans—7—(4—trifluoromethoxyphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-Z-butyl-trans-7-(3-fluoro-4-

20 trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans-2-butyl-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,lOa—
octahydrophenanthrene,

25 trans—2—butyl—trans—7—(4—difluoromethoxyphenylethynyl)—

trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

trans—2—butyl—trans—7—(4-trifluoromethylphenylethynyl)—



1,2,3,4, 4a, 9,10, 10a-octahydrophenant hrene, 10
trans-2-butyl-trans-7-(3-fl uoro-4-chl orophenyl ethynyl)- trans-1, 2, 3,4, 4a,
9, 10, 10a-oct ahydrophenant hrene, trans-2-butyl-trans-7-(3,5-difl uoro-4-
chl orophenyl et hynyl ) -trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydrophenant hrene, 15
trans-2-pentyl -trans-7-(4-fluorophenyl eppynyl)-trans- 1,2, 3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

trans-2-pentyl ttanssiy2(3, 4; daf buooppbgnykebhyaybpnthafshrdng, 3. 4, 4a,

9, 10, 10a-oct ahydr ophenant hr ene,

trans- 2- pentyl ttanss2 7b(8yb-dihhyoropBenyligi-byayl ) -trans 20
1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans- 2- pentyl ttifinsorotdt By Dpheh{ L dOhpRPENYL BLAXNDY! »; 3t hang: 3, 20318544,
9, 10, 1Ga-oct ahydrophenant hr ene,

trans- 2- pent ylet¢tangdrophehahf hvenepet hoxyphenyl et hynyl)- trans-1, 2,3, 4,
4a, 9,10, 10a-octahydrophenant hrene, 25 trans-2-pentyl-trans-7-(3-fluoro-4-

trifl dor omet hoxyphenytettynytrahsans(i, 8-3i #148r3-40, 10a-
oct ahydr ophenant hrene, 228 trans-2-pentyl-trans-7-(3,5-difluoro-4-

trifluoromet hoxyphienytehdyiylphéhansthyRyB) e #3n9-10219381, 44,9, 10, 10a-
oct ahydr ophenant hr ene,

trans- 2- pent ylodtatngd 7o e sl h ¢ we&sRaEt hoxyphenyl et hynyl ) - 5

trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

S o S i oenzhend METTTE MRy 00 D2,
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

10 trans—2—butyl—trans—7—(3—fluoro—4—chlorophenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-butyl-trans-7- (3, 5-difluoro-4-
chlorophenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

15 trans—2—pentyl—trans—7—(4—fluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,lOa—octahydrophenanthrene,
trans—2—pentyl—trans—7—(3,4—difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—pentyl—trans—7—(3,5—dif1uorophenylethynyl)—trans—

20 1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—pentyl—trans—7—(3,4,5—trifluorophenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—pentyl—trans—7—(4—trifluoromethoxyphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

25 trans-2-pentyl-trans-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene,



trifluoromethyl phenylethynyl)-trans-1,2,3,4,4a, 9,10, 10a- 10
oct ahydr ophenant hrene, trans-2-pentyl-trans-7-(3,5-difluoro-4-
trifluoronethyl phenyl ethynyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a-

oct ahydr ophenant hr ene,

trans- 2-pentyl -trans-7-(4-chl orophenyl etdpgnyl ) -trans- 15
1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans-2- pent yl -draHis-gdeirdy uaarls-chl 0F opherpil gyl ) - trans-1, 2,3, 4,
4a, 9,10, 10a-octahydrophenant hrene,

trans-2-pentyl -t iofSrofrdrib thdl g y¥rfhynyl) ~trans-1,2, 3, 4, 4a, 9, 10,104
chIorophgnylethynyl)-trans-l,f&g,4}gé,9ﬁﬁ , 10a- 20 octahyérogﬁedanthrene,

trans- 2- hexyl - tdagryitdcbHdiiaraphany| ethynyl ) -trans- 1,2, 3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

trans- 2- hexyl - tyraiiss—L-pbrydi-fd o1 ophemy] SV idt S prbdn ¥ chydia) 2 10,

i Oa- oct ahydr ophenant hrene, 25

trans-2-hexyl - tyrans—1-, (8. 5-difd, e ey RN dodhed RSt nretie3: 4 42, 9, 10,

10a- oct ahydr ophenant hr ene,

trans-2-hexy! - toraiss-L-(odefh it Lor apn eyl At e 132 R e AR Wi A S 4
4a, 9,10, 10a-octahydrophenant hrene,

trans- 2- hexyl - taraes—4-, 43, 14, fd U anetieosheny) Sy ptedns- 1, 2, 3, 4,
4a, 9,10, 10a-octahydrophenanthrene, trans-2-hexyl-trans-7-(3-fluoro-4 5

trifIuoronetho&i@m%nQL%km%@ﬂLkT%m%n@;yGlfi,?u?@4g,1Q,10a-
oct ahydr ophenant hrene, trans-2-hexyl-trans-7-(3,5-difl uoro-4-
trifluoromet hoxyaramdrRt M bHdAtthytyd) 4148m%-402193% 424, 9, 10, 10a-

10 octahydrophenanthrene,
trans-2-pentyl-trans-7-(3,5-difluoro-4-~
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans—2—pentyl—trans—7—(4—chlorophenylethynyl)—trans—

15 1,2,3,4,4a,9(10,10a—octahydrophenanthrene,
trans—2—pentyl—trans—7—(3—fluoro—4—chlorophenylethynyl)-
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-pentyl-trans-7- (3, 5-difluoro-4-
chlorophenylethynyl)—trans—1,2,3,4,4a,9,10,10a—

20 octahydrophenanthrene,
trans—2—hexyl—trans—7—(4—fluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—hexyl—trans—7—(3,4—difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

25 trans—2—hexyl—trans—7—(3,5—difluorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

trans—2-hexyl-trans—7—(3,4,5-trifluorophenylethynyl)—



oct ahydr ophenant hrene, 10

trans-2- hexyl -trans-7-(4-difl uoronet hoxyphenyl et hynyl)- trans-1, 2,3,4, 4a,
9, 10, 10a-oct ahydrophenant hr ene,

trans- 2- hexyl -trans-7-(4-trifluoronethyl phenyl ethynyl)- trans-1, 2,3,4, 4a,
9, 10, 10a-oct ahydrophenant hrene, transs2ghexyl-trans-7-(3-fluoro-4 15
trifluoronethyl phenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophenagitdviene, 2} 5 a0s42; HEXY) 105388t In{drSplbhiNehPade,
trifluoronethylphenyl%thynyl)-trans-1,2,3,4,4a,9§%0,10a-

oct ahydr ophenatidvi ©£nB-h@fyl-trans—-7- (4-trifluoromethoxyphenylethynyl) -
trans-2- hexyl -trans-7-(4-chl orophenyl et hynyl ) -trans- 1,%,3,4,4a,

9, 10, 10a- oct ahygkophe@ant (4 eng, 9, 10, 10a-octah drophenanthrene,
trans-2-hexy|-trans-?-(3-f|uor6-4-c IorophenyYethynyI?- trans-1, 2,3,4, 4a,

9,10, 10a- oct atwshiLphenawy N epens-TL aBSr2abpyyh=trans-7-(3, 5-di fluoro-4 25
chl or ophenyl et hynyl )-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

transs2- hept y|tﬁiﬁl"@ogo&éltﬁé*@%@&hﬁﬂé’éﬁ&ﬁyfyléféﬁsﬂ'ﬂ 239, 4,4a,9,10,10a-
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene

trans- 2- hept ylodt agarogriefadi h t&& ophenyl et hynyl ) -trans- 1,2, 3,4, 4a,
9,10, 10a-oct ahydrophenant hrene,

trans- 2- hept yl e ddrisy Thd:3, B A 4107 ophenyh gk hysyb gL rans 5
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans- 2- hept yl i @iNgo dorek Ko By by UOF OpbeVLeE yay] )z, 4 rangs 1 20 31 4 4a.
9,10, 10a-oct ahydrophenant hr ene,
trans- 2- hept ylodvangardodtiddi £k Ma5omet hoxyphenyl et hynyl ) -

10 trans—2—hexyl—trans—7—(4—difluoromethoxyphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—hexyl—trans—7—(4—trifluoromethylphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans-2-hexyl-trans-7-(3-fluoro-4-

15 trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans-2-hexyl-trans-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

20 trans—?—hexyl-trans—7—(4—chlorophenylethynyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—hexyl—trans—7—(3—fluoro—4—chlorophenylethynyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
trans—2—he2yl—trans—7—(3,5—difluoro—4—

25 chlorophenylethynyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

trans—2—heptyl—trans—7—(4—fluorophenylethynyl)—trans—



trans-1, 2,3,4, 4a, 9,10, 10a-octahydrophenanthrene, 10
trans-2-heptyl -trans-7-(3-fl uoro-4-
trifluoronmethoxyphenyl et hynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophenant hrene, trans-2-heptyl-trans-7-(3,5-difl uoro-4-
trifluoromet hoxyphenyl ethynyl)-trans-1, 239, 4, 4a, 9, 10, 10a- 15
oct ahydr ophenant hr ene,

trans- 2- hept yl -1t, 12313547 -4E4-9i1fd, uocmRithopdemenghtvighk, trans-1, 2,3, 4,
4a, 9,10, 10a-octahydrophenant hrene,

trans- 2- hept yl tiraauss-27hieptiyli-frlraeisoret (my lapla B hetr-Rymehl1 st hdns 13 - t2adhsd
4a, 9, 10, 10a-octahydrophenant hrene, 20

trans-2- hepty|itQa@$474@39fU@Qﬂ@a4bctahydrophenanthrene,
trifluoronethyl phenyl ethynyl)-trans-1, 2,3, 4,4a,9, 10, 10a-

oct ahydr ophenantrianere- hbbﬁ@a=%ra%&LWL(Br®n81Elﬁ%mé ﬂbhbqgkﬂyﬁyl)-trans-
trifluoronethyl phenyl ethynyl)-trans-1,2, 3,4 8 25

oct ahy8lr ophenant, iar,ena,, 4a, 9, 10, 10a- octahydrophenanthrene
trans-2- heptyl -trans-7- (4 chlorophenylethynyl) trans- 1, 2,3,4, 4a, 9,10,

10a- oct ahydr opheaast-R-eeetyd3t rans-7-(3, 4, 5-trifluoro henylethynyl) -
trans-2-heptyl -trans-7-(3-fl uoro-4- chlorophenylet ynyP

trans-1, 2, 3, 4, 42a9s-102, 39% Q%t@hﬁ@rQ@BQB%@%BQEQ%ph@HQnthrene,
trans- 2- heptyl-trans 7- (3 i f I Uor o- 4-

hl or ophenyl et hyayk)2thapsvi -~ ~4a,(9-19, e.
?Exaone 2%) Syﬁtﬁeé?s o? g f%&%?g ?rans%g1§?ES§Q?Q?BGQ§BéQBQQQ%ﬂ&ﬁ&ﬁ@

trlfluorOphenyhkahéam$21324344y@ai% 102182t aRGH2BYAEARAEARRLAr ene and
6-fl uoro-trans-2-propyl-7-(3

10 trans-2- heptyl—trans—7—(3—fluoro—4—
trifluoromethoxyphenylethynyl)—trans—l,2,3,4,4a,9,10,lOa—
octahydrophenanthrene,
trans-2-heptyl-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)—trans—l,2,3,4,4a,9,lO,lOa—

15 octahydrophenanthrene,
trans—2—heptyl—trans—7—(4—difluoromethoxyphenylethynyl)—
trans—1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans—2—heptyl—trans—7—(4—trifluoromethylphenylethynyl)—
trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,

20 trans-2-heptyl-trans-7-(3-fluoro-4-
trifluoromethylphenylethynyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
trans-2-heptyl-trans-7- (3, 5-difluoro-4-
trifluoromethylphenylethynyl)—trans—1,2,3,4,4a,9,10,10a—

25 octahydrophenanthrene,
trans—2—heptyl—trans—7—(4—chlorophenylethynyl)—trans—

1,2,3,4,4a,9,10,10a—octahydrophenanthrene,



10 trifluorophenyl)-trans-1,2,3,4,4a,9, 10, 10a- octahydrophenanthrene F
n-C3H OH MEC31" n-CBH O OH + n-CBH OH 7-6 CHR2CI2 F ~F Tf? n-C3H OIf +
n-C3H O Orf ~ PyH , CH2Cl2 Pd(PPh3)4, THE CF3s2 = Tf FFF F n-C3HOO

F+nCHOOF F F F Trans-7-propyl-trans-4b,5,6,7,8,8a,9, 10-
oct ahydr ophenant hr en- 2- ol obtai ned fronpgxanple 23 was 15 dissolved in
nmet hyl ene chloride, and N, N -difluoro-2,2" bipyridinium

bi st et r af | uor obpanse2 {Mebt 31} tvansadded- f%@QHahL&hléngfohb%& gn vl) -
conpletion of the addition the mxture was stirred for 5 hours room

tenperature. \Mtens-apg, 3, apa/aagu@ous0505u£139?d98pﬁ8mai4€h?¥9éOxbﬂg Were
then 20 added, any residual fluorination agen deconposed,

follow ng the edans+paneprouttiahent-dil ytg;pydsegbhoric acid to ret urn
the reaction mxture to an acidic state, the organic |ayer was separat ed.

The aqueous | ayeIoveshexy18ehoyM LBradichl o1 9net hang, @ dléQ' S extract was
conbined with the organic 5 layer, which was subsequent Y washed with water

and then a sabditathedragnenustrebyti on of sodium chloride before being

(Example 25) Synthesis of 8-fluoro-trans-2-propyl-7-(3, 4, 5-

trifluorophenyl)—trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene and 6-fluoro-trans-2-propyl-7-(3,4,5-
10 trifluorophenyl)-trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene

F
QH#C%>—OH MECS1,  cH OH + nCiH OH
CH,Cl,
F
F
(How@}F
+ N —
PyH , CH,Cly CH20|2 Pd(PPhy), , THF

CF480, =

caHF + cs

Trans—?—propyl—trans—4b,5,6,7,8,8a,9,10—

octahydrophenanthren-2-ol obtained from Example 23 was

15 dissolved in methylene chloride, and N,N'-difluoro-2,2'-
bipyridinium bistetrafluoroborate (MEC-31) was added
gradually, and following completion of the addition the
mixture was stirred for 5 hours at room temperature. Water
and a 10% aqueous solution of sodium hydroxide were then

20 added, any residual fluorination agent was decomposed, and



dried over anhydrous sodium sul fate. The crude product obtained by renoval
of the solvent by evaporation was separated and purified by silica gel

col utm chr omat ogr aphy 10 (hexane and toluene) to yield both
8-fluoro-trans-7-propyl - trans-4b,5,6,7,8,8a,9, 10-oct ahydr ophenant hr en- 2- ol
and 6- fluoro-trans-7-propyl-trans-4b,5,6,7, 8, 8a, 9, 10-

oct ahydr ophenant hren-2-ol . The thus obtained 8-fluoro-trans-7-propyl-trans

15 4b, 5, 6,618,834, - .en-2-o0l,. di I i t.hyl
% B Mo PNl e 0l M35 S TR ene

chl oride, a suspension was trifluoro

o MR W20 IASS S IR

being stirred vigorously, pyridine was then a

20 T S St Poshe MHLEL SR 400 Ay eggh o Ve

hal ted, and the organic | ayer was separat ed. e

extract ed gMdnl HoA QY ergetat;‘qﬁ i extract S _conhined.with the
organi c | ayer, which Was su gcgg%grﬁ fsav(\:/é:sr‘fg& vﬁofr\g%éﬁel({jtwé‘%gﬁh&mr@ﬁnéc
acid, 8 satyyfeat eqndAQLE0 [ f i um.bi car bonat e, ter, and
then a sat%at ed aqueous %ab%% nelnggyg(‘)”&ssglmdcﬁ’llorhi 81541 7€ &S @ dri ed

and the proauer e PRy St A Bl DA Sdeny eRite) 1o

and the product purif I ca gel” co e) to

yield 8-flg4Qklr k@RS - inRdNls ,
trans-4b,5,6?7,8,8a,5,{§{0ct§%f§§8p o SEERFEN- 2T crude product

e hi nbi ned wi.th 5
trifluoropgihanesubionatey bg %&%?%ﬁﬂ%gg%;P&S&Xé%gﬁﬁ%h%nr&&étion bet ween

3,4,5-trifluorophenyl boric aci
a Gignardehaagerly Qh@p%Qquﬁ%%nkg’%iﬁlca gel column chromatography

10 (hexane and toluene) to yield both 8-fluoro-trans-7-propyl-
trans-4b,5,6,7,8,8a,9,10—octahydrophenanthren—Z—ol and 6-
fluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthren-2-ol.

The thus obtained 8-fluoro-trans-7-propyl-trans-

15 4b,5,6,7,8,8a,9,10—octahydrophenanthren—Z—ol was dissolved in
methylene chloride, a suspension was formed by adding
trifluoromethanesulfonic anhydride, and the suspension was
then cooled to 5°C. With the mixture being stirred
vigorously, pyridine was then added dropwise and the mixture

20 stirred for a further one hour. Water was then added, the
reaction was halted, and the organic layer was separated. The
aqueous layer was extracted with dichloromethane and this
extract was combined with the organic layer, which was
subsequently washed with dilute hydrochloric acid, a saturated

25 aqueocus solution of sodium bicarbonate, water, and then a
saturated aqueous solution of sodium chloride before being

dried over anhydrous sodium sulfate. The solvent was removed



trifluorobronobenzene and magnesium and trinethyl borate, followed by
hydrol ysis with dilute hydrochloric acid), . .
tgtrakys(triphenylphosphine)palladiun1(0)_and pot assi um 10 phosphate in a
di met hyl f ormam de sol vent and was then stirred for 10 hours at 80C. The
reaction mxture was then cooled to roggytenperature, water was added, the
m xture was extracted wth toluene, and the resulting organic |ayer was

th t a t gueo n R
Sodi um hl o 46 e Then e cdcobsr CaahyHrato  sad s atirar 2ot TR BRude

pr oduct Obhﬁbﬂ@ﬂo@YaﬁB9DYﬁEx9Be§h%os9E¥§8t8b¥éu8%§ﬁ9%§§%§zt§?§P§Er'f'Ed by

silica gel colum chrohatography (héxane) ed 3 tines

from et happhns oy el d,7,8,8a,9,10-octah dro henanthren-2-y1l
8-fluoro-trans- 2- propyl 7° (3 4! 5- trlFF rop eny?? ?rans 29

4, 4 28de nt -
%Iﬁo?o trgigf%@%ropy?g%ﬁgﬁgigghgeg 7h§%§§<5§§§3 oct§ﬁ£d§Xﬁﬁéﬁ§%fﬁﬁgh-2-o

d
S o PEPLCT L LSRRI BRSEe, 0P MURLOBtyee, prptuceaoy 1 o

9, 10, mar@é:@@mﬁr@@mé@mgr@9§gn§§dTpsaggﬁPoapggaLéat%90be£°>tv gan be

produced in a simlar

8-fl uoro- iffﬂﬁhé&éﬁﬁ%ﬂ$béﬁ?@ﬁe 7364- &%gﬂéQPQﬁnyégdtéggﬁe hylborate,
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant

f1 uor o- té Bnsa PP ats apss - Ped- gL 1L RPASON 15, 1L 30S1dy, 2 3 4 42,

0, 10a- oct ahydr ophenant hr ene,

1

f 1 uor o-tid sk s PE A { B9 é{i TERNESY! dnd pot
rans-1, 2, 3, 4, 4a, 9 1 f%ayocto% %rop g rene? Y'dnd potassium
f

8-

9,

8-

t

8- Imoro ﬁH@é}ﬁTazteprﬂPYA ~4{AOSRYI£&tmamide solvent and was then stirred
for 10 hours at 80°C. The reaction mixture was then cooled to
room temperature, water was added, the mixture was extracted
with toluene, and the resulting organic layer was washed
sequentially with water and a saturated aqueous solution of

15 sodium chloride, and then dried over anhydrous sodium sulfate.
The crude product obtained by removal of the solvent by
evaporation was purified by silica gel column chromatography
(hexane) and then recrystallized 3 times from ethanol to yield
8—fluoro—trans—2—propyl—7—(3,4,5—trifluorophenyl)—trans—

20 1,2{3,4,4a,9,10,lOa—octahydrophenanthrene. The separated 6-
fluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthren-2-ol was also reacted in the same manner
and yielded 6—fluoro—trans—2—propyl-7—(3,4,5—trifluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene.

25 The compounds listed below can be produced in a similar

manner.

8—fluoro—trans—2—propyl—trans—7—(4—fluorophenyl)—trans—



trifluoronethoxyphenyl)-trans-1, 2,3, 4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,
8-fluoro-trans-2-propyl-trans-7- (3 quoro 4 10
trifluoronethoxyphenyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,
8-fluoro-trans-2-propyl-trans-7- (3 5-di fl uoro-4-
trifluoromethoxyphenyl)-trans-1, 2, 3, 4, 4239, 10, 10a- oct ahydr ophenant hr ene,
15 8-fluoro-trans-2- propyl-trans 7 (4-

di {1 uor oret hoxupheiiyl) 4, #)30} 1823 oty B bnEARm thIEARYr ophenant hr ene,
8-fluoro-trans- 2- propyl-trans 7-(4-

trifluoronet hy|8p|f&'ﬂl¥>|r)o-ttrr&@1%—12—% ef42:8nk07103, 30 AguapdmRhgngt N ene,
8-fluoro-trans-2-propyl-trans-7 | uor o- 4-

trifl uoronet hylphemyh), 2, Béms-da,,& &o4afb%%&@n%%ﬁ%%ﬂ&%@enant hrene,
8-fluoro-trans- 2- propyl-trans 7- (3 5-di fl uoro-4

trifluoromnet hylsplmﬂwlrb-tt&%%—lz Sropbi143r2nkQy1Qa- 5Q@E%h§%§%%%%%t yr ene,
8-fluoro-trans-2-propyl-trans-7-(4-chl orophenyl)-trans

1,2, 3,4, 4a, 9, 1@réﬂ%—QQQ@@yquﬁh©nQ@th@%n%ctahydrophenanthrene,
8-fluoro-trans-2-propyl-trans- 7- (3 | uor o- 4-

chl or ophenyl ) - Br&nsoko2tFahsda—Hrid 4Q%raggtqh§qLophenanthrene, 5
8-fluoro-trans-2-propyl-trans-7-(3, g di fl uoro-

chl orophenyl) - tkafs ubrdmdthok@pBet§1308rans-1, 2, 3, 4, 4a, 9, 10, 10a-

octahydrophenanthrene,
8-fluoro-trans-2-propyl-trans-7- (3-fluoro-4-

10 trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
8-fluoro-trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

15 8-fluoro-trans-2-propyl-trans—-7- (4-
difluoromethoxyphenyl)—trans-1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
8-fluoro-trans-2-propyl-trans-7- (4-
trifluoromethylphenyl)-trans—l,2,3,4,4a,9,10,lOa—

20 octahydrophenanthrene,
8-fluoro-trans-2-propyl-trans-7- (3-fluoro-4-
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
8-fluoro-trans-2-propyl-trans-7-(3,5-difluoro-4-

25 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

8—fluoro—trans—2—propyl—trans—7—(4-chlorophenyl)—trans—



oct ahydr ophenant hr ene,

6-fl uoro-trans-2-propyl -trans-7-(4-fluorophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hrene, 10

6-fl uoro-trans-2-propyl-trans-7-(3, 4-dif|uoropheny|)- trans-1, 2,3,4, 4a,

9, 10, 10a-oct ahydr ophenant hr ene,
6-fl uoro-trans-2-propyl-trans-7-(3, 5- dlfluorophenyl) trans-1, 2,3,4, 4a,

9,10, 10a-oct ahy®ly 3phenapbhieneoa- @c£5H9590§ﬁéﬂén€n9é99K'-trans-7-(4 15
trifluoronethoxyphenyl)-trans-1, 2, 3,4, 4a, 9,10, 10a- oct ahydr ophenant hr ene,

6- f | uor o- tranSS2fDﬁ@@MLtkéﬂ8$22p£§g§h“@£9n§ 7-(3-fluoro-4-
trifluoronethoxyphenyl)-trans-1 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

20 6-fl uor o- tr@msoﬂopn@ﬁylyttaaﬁs71(§ 5 g 15U8r 904104~
trifluoromet hoxyphenyl)-trans-1,2, 3,4, 4a, 9, 10, 10a‘ " oct ahydr ophenant hr ene,

6- f | uor o- transOQt@mp@ybphéﬂaﬁtKréﬁe,
di f1 uor onet hoxyphenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a 25 oct ahydr ophenant hr ene,

6-fl udro-transg2f pi®pyltt&AnS2 7 f 1-t 7-1(3 £1 .
trifluoronethyl phenyl)-trans-1, % gp% 4ar%ni0 16 '%3%1 uoro-4

oct ahydr ophenadh hé £6he® 1;u9f9n51§n§ g pr@g a 7- (3-fluoro-4-
trifluoronethyl phenyl) - t?ans 1,2,3,4 yéb£@ ggtahydrophenanthrene 5

6-fl uor o- tranSoétjﬁﬁﬂW$pﬁé§Q§tﬂré§e5 dlfluoro 4-

trifluoronethyl phenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-
6~fluoro-trans-2- —propyl-trans-7-(4-fluorophenyl)-trans-
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

10 6—fluoro—trans—2—propyl—trans-7—(3,4—difluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6—fluoro—trans—2—propyl—trans—7—(3,5—difluorophenyl)-
trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6-fluoro-trans-2-propyl-trans-7- (4-

15 trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6-fluoro-trans-2-propyl-trans-7- (3-fluoro-4-
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

20 - 6—fluoro—trans—2—propyl—trans—7—(3,5-difluoro—4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6—fluoro—trans—2—propyl—trans—7—(4—
difluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,lOa—

25 octahydrophenanthrene,
6-fluoro-trans-2-propyl-trans-7- (4-

trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—



oct ahydr ophenant hr ene,
6-f|ugro-Prans-Z-propyl-trans-?-(4-ch|orophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hrene, 10 6-fl uoro-trans-2-propyl-trans-7-(3-fl uoro-4-
chl orophenyl)-trans-1, 2,3, 4, 4a, 9, 10, 10a- oct ahydrophenant hrene, and

6-fl uoro-trans-2-propyl -trans-7-(3, 5- di £Bgor o- 4-

chl orophenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a 15 oct ahydrophenant hrene. (Exanpl e
26) Synt hesi s efttahgnsophenaemythréne3d, 4, 5-

trifluorophenyl)-trans-1,2,3,4,4a,9, 10, 10a- octahydrophenanthrene 237 F F
Q SOCK Q CH2=CH2 f1abCo3 t raHecO-girepyTHEChAs-F-R3-fildo®cE4Y F 0 -- . AcONa
Li  Tol uene Tol uene AcOH, HZONH3 F F CH30--'-PPH3 HCI . NaOH s HC ~PPh3
Tol uene THE CHB@HfQuprboletieiyd phenylE)FtiHansPd/, €, 3, %), 4Byli, 10THBa-ACOR 2) 12,
THe octahydrophenanthrene,

5 6-fluoro-trans-2-propyl-trans-7-(3, 5-difluoro-4-
trifluoromethylphenyl)—trans-1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6—fluoro—trans—2—propyl—trans—7—(4—chlorophenyl)—trans~
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

10 6-fluoro-trans-2-propyl-trans-7- (3-fluoro-4-
chlorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene, and
6—fluoro—trans—2—propy1—trans—7—(3,5—difluoro—4—
chlorophenyl)—trans—l,Z,3,4,4a,9,10,10a—

15 octahydrophenanthrene.

(Example 26) Synthesis of trans-2-propyl-7-(3, 4, 5-
trifluorophenyl)—trans—1,2,3,4,4a,9,lO,lOa—

octahydrophenanthrene



FF F(HO FFF n-C3HnAi Pd(PPh3)4, THEHF QF OOF F F Foll owi ng
conversion of (3,5-difluorophenyl)-acetic acid to an acid chloride with

t hi onyl chloride, subsequent reaction wth ethylene gas at -10C using

met hyl ene chloride as the 5 solvent and in the presence of al um num
chloride yielded 5,7- difluoro-3,4-di hygéﬁ) | H napht hal en- 2- one. A sol ution
of pyrrolidine in toluene was then add and the m xture was heated for 3
hours, and any azeotropiccal |y distilled water was renoved. Excess

pyrrolidi ne was then ,4 ve y azeotr %g dhstl lation with toluene, to
yield 1-(5,7-diflugrd rﬂp@a rolidine. The crude
product was COSIP%% as |s to r&[?Fh ratur‘é Clkore tol uene was added,

the nixture was cool ed |n aywat er bat h, and met hyl vinyl ketone was added

dr opwi se over ag our a a 15 tenperature of C br | ower.

Fol | owi ng conpl e th d AEBNan] Xt uir e iately heated
and refluxed 238 un hé@uenef orToBéheho Hgdne Gl Ut | hen cooled to
room tenperature, a buffer solution of pH 5 prepared from sedi um acetat e,
acetic acid and water was added, and the ref}dx was continued for a

Qo ®dpdhp room t enperat ure,

further 4 hours. %QArPP't'ﬁe gol ut ha
CHa0 \Ng freenend a sat urated

the organic |ayer Wa@ensepar'&!Fed

b TN
'EDO
aqueous sol ution of

_Hp, PdiC 1) Buli, THF
T AOEt 2)1,, THE
(HO)

'—C<;<¥Q§' PA(PPhy), , THF s ..© @

Following conversion of (3,5-difluorophenyl)-acetic acid

to an acid chloride with thionyl chloride, subsequent reaction
with ethylene gas at -10°C using methylene chloride as the
S solvent and in the presence of aluminum chloride yielded 5, 7-

difluoro—3,4—dihydro—1H—naphthalen—2—one. A solution of
pyrrolidine in toluene was then added and the mixture was
heated for 3 hours, and any azeotropically distilled water was
removed. Excess pyrrolidine was then removed by azeotropic

10 distillation with toluene, to yield 1-(5,7-difluoro-1, 4-
dihydronaphthalen—Z—yl)pyrrolidine. The crude product was
cooled, as is, to room temperature, more toluene was added,
the mixture was cooled in a water bath, and methyl vinyl
ketone was added dropwise over a period of 1 hour at a

15 temperature of 25°C or lower. Following completion of the

addition, the mixture was immediately heated and refluxed



sodi um chl oride. The organic |layer was then dried over anhydrous sodium
sul fate, and the solvent renoved by evaporation to yield

6, 8-di fluoro-trans-4, 4a, 9, 10-tetrahydro- 10 3H phenant hren-2-one. At a
tenperature bel ow -40C, lithiumwas added gradually, in snall portions, to
liquid ammoni a and di ssolved. Wth theyhgternal tenperature naintained at
a tenperature from -30 to -40C, a THE sol ution of
6,8-diflughae&rﬁeat4f6%,%olﬂo%§stetfﬁ@yggpaékgghag?n%nggnégégﬁg gngPP8
t-butanol was then added dropw se. Follow ng conpletion o he add nl,_d
stirring wampeg@bireued E%Ef@rfgbﬁn%&oﬁooqlgﬁtgsgr. &qu%Qgh'%b S .Qf s
ammoni um chl ori de were added, and follow ng oxidation of the [t idm the

t t r ai 10 u 0 i reaned b
bvanor at | oS g oL Reead i aaahhEMHaKE L hes A0deE) LIS B Rt Lo

and the orgampifukayebMas £ ¥ashed Whbi,a sa Péé%eghQQESPHéiéﬁ'@%éoﬂ%gg

sodium chloride, and then dried over anhydrous maghesrumsuffate. S e

sol verg a@aléae@or§6emeqeaﬁe%ggeg@?tkgg,ngQR!%nggEQ'aég'ggggggtgae

to obtain 6,8-difluoro-trans-3,4,4a,9,10, - Sra y rOELd th A Witig
h th 2 ThisyC n [ _ . \

" eagent L?ESa?EEﬁ??oﬁkéggggﬁé?héﬁéﬁét%5????3&§n¢ﬁ5ﬁ§§%ﬂsﬁﬁalleﬁgs de ant
t [ i Bt exi i gand e r r zed us

o muore” ok, T AAPAPER) S PP £090, HE R PR YR 0

using an afHeaususosubigh ah1#adLUMANILRX 481402 YRRBRAY' pio Vi el d

6,8-difluoro-trans-1, 2,3, 4, 4a, 9, 10, 10a-

oct ahydr ophepaphbi Retbr $9814- 626084 8e0¥I8- TRLE-GOTROYNI MRS ¢ L ahydro-

10 3H-phenanthren-2-one.

y
ne,

At a temperature below -40°C, lithium was added
gradually, in small portions, to liquid ammonia and dissolved.
With the internal temperature maintained at a temperature from
-30 to -40°C, a THF solution of 6,8-difluoro-trans-4,4a,9,10-

15 tetrahydro~3H-phenanthren-2-one and t-butanol was then added
dropwise. Following completion of the addition, stirring was
continued for a further 30 minutes. Small quantities of solid
ammonium chloride were added, and following oxidation of the
lithium, the temperature was raised to room temperature, and

20 the ammonia removed by evaporation. Water was thgn added, the
mixture was extracted with toluene, and the organic layer was
washed with a saturated aqueous solution of sodium chloride,
and then dried over anhydrous magnesium sulfate. The solvent
was then removed by evaporation, and vacuum distillation used

25 to obtain 6,8—difluoro—trans—3,4,4a,9,10,10a—hexahydro—1H—
phenanthren-2-one. This compound was subsequently reacted

with a Wittig reagent prepared from



then reacted with a Wttig reagent prepared from ethyltriphenyl phosphoni um
brom de and potassiumt-butoxide to vyield

6, 8-di fl uoro-trans-2-propenyl-trans-1, 2, 3, 4, 4a, 9, 10, 10a 10

oct ahydr ophenant hrene, which was then reduced by hydrogen in the presence
of a 5% pal | adi um carbon (wet) catal ystote yield

6, 8-di fl uoro-trans-2-propyl -trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr opdenar{heenglt FlpheA9TPRYBEnYASukI ERLBE Sde | 8n@NpHr a HAH Yh—t -
| ithi um hexane solution, and was then reacted with 15 i odine to produce

6, 8-di fl uph@ox: H@d0ah8aBRe 2pPhQRYL - Eh8NSathe? ¥ad hd@roPByd0d using a
10a- oct ahydr ophenant hr ene. 6,8-d|f|uoro-?-lodo-trans-2-propy|-tr%ns

1,2,3,4,4@@9,aguéaasogbaﬁygeepeenﬁgaPBSH@o%@é Se58I NRArMk Nang then
3,4,5-trifluorophenyl boric acid (which was produced by a 20 reaction

bet ween ai &¥hapagddr €398 taﬁf@&@é@f}sfé@ﬂh@ién5aft££éi&9r}%bcﬁ%‘2ﬁ?@zfﬂ?e and
magnesi um and trinethyl borate, followed by hydrolysis wth dilute

hydr oshl ofé€hasbd) to 9@é1akb?éiain§8¥prP§H§Lﬂ?2P§!&?@é?@)i@%l@&g _
pot assi um phosphate 1n a di methylformam de sol vent and was then stirred 25

for 10 hos¢caRydBOSheldAfthB8RELPPAAL XD ULLr NRPILNER, C dfgwééwpéﬁﬁﬁnwas

tenperature, water was added, the m xture was extracte tol uene, and

Lhe resulthag B68a0ee LRYRTa 'RSLIBSNEaaR: SEOYSALAH Jn Wi LD water and a

saturated aqueous solution of sodium chlori and en dried over

anhydr ouse@%di@ﬁilshléxﬁﬁiﬁhosﬁﬂ@nEllgf_ddsr&ﬁi’&é'cénQb%g"fé‘gg' By E—ée:ﬁ;’%@ijf&’é ihe

sol vent by evaporation was purified by silica col um mat ogr aphy 5

(MEane) AT rasTuS el L sete L4 FBpoh OLELIAOPI2 8 1P, 10,102

10 octahydrophenanthrene, which was then reduced by hydrogen in
the presence of a 5% palladium-carbon (wet) catalyst to yield
6,8—difluoro—trans—2—propyl—trans-1,2,3,4,4a,9,lO,lOa—
octahydrophenanthrene. This compound was lithiated in an n-
butyl lithium-hexane solution, and was then reacted with

15 iodine to produce 6,8-difluoro-7-iodo-trans-2-propyl-trans-
1,2,3,4,4a,9,10,10a—octahydrophenanthrene.

6,8-difluoro-7-iodo-trans-2-propyl-trans-

1,2,3,4,4a,9,10,10a—octahydrophenanthrene was combined with
3,4,5-trifluorophenylboric acid (which was produced by a

20 reaction between a Grignard reagent prepared from 3,4,5-
trifluorobromobenzene and magnesium, and trimethylborate,
followed by hydrolysis with dilute hydrochloric acid),
tetrakis (triphenylphosphine)palladium (0) and potassium
phosphate in a dimethylformamide solvent and was then stirred

25 for 10 hours at 80°C. The reaction mixture was then cooled to
room temperature, water was added, the mixture was extracted

with toluene, and the resulting organic layer was washed



1,2,3,4, 4a, 9,10, 1Ca-octahydrophenant hrene. The conpounds |isted bel ow
can be produced in a simlar manner. 10

6, 8-di fl uoro-trans-2-propyl -(4-fluorophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-propyl - (3, 4-di fl uohbgphenyl )-trans- 1,2,3,4, 4a, 9, 10,
10a- oct ahydr ophenant hr ene,

6, 8- di f | UeleQrisnaN$r1dPRARH Wadedr drfd YOTRRMEMW T IHRRDU solution of
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,

6, 8- di f | UGIRHUKARSrISTRRNY lar tiHaf |d%qreQﬁ‘%N%QX>é‘?ﬂ§/M J. rr% £k 48,
9,10, 10a- octahydropheﬁgﬁthrene 6, 8-di fluoro-tr nsd? pré%§1 §nﬁ1 oro 4-

tri f | uor omeich@gyae RHohhicta et bi et ‘ﬂ)ﬁ%e%olz%ll% t % Sofvent by

oct ahydr ophenant hrene, 6, 8-di fl uoro-trans-2-propyl -

| t , 0 a t hr.ene,
e omchenhon o yteh bl o pgranitamii

t 2,( @) 0l dy r
Grgn3|%luo?gﬁfﬁansaggpfggylg%% ?%F%PE%?%%%Fﬁ% ghenyﬁfm ngﬁgof 50 Xﬁe%ﬁa

9,10, 10asqetahydierberaahlrens. 24k 7 (3,4,5-trifluorophenyl)-trans-
6, 8-di fl uoro-trans-2-propyl-(3-fludro

tri f1uor ongehyl, mhaayl) 10" 205 boZatuh gh%nl,%%n coct ahydr ophenant hr ene,
6, 8-di fl uoro-trans- 2- propyl- 5-difl udro-4-

tr'f|UoronﬁthYTﬂQe&bhbbhhaﬁslls%e% $ed@d i Hap Audydrgphenanthrene,

manner.

10 6,8—difluoro—trans—Z—propyl—(4—fluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—Z—propyl—(3,4-difluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—Z—propyl—(3,5—difluorophenyl)—trans—

15 1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8-difluoro—trans—Z—propyl—(4—trifluoromethoxyphenyl)-
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8-difluoro-trans-2-propyl- (3-fluoro-4-
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—

20 octahydrophenanthrene,
6,8-difluoro-trans-2-propyl- (3, 5-difluoro-4-
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—propyl—(4—difluoromethoxyphenyl)—

25 trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—propyl—(4—trifluoromethylphenyl)—

trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,



6, 8-di fl uoro-trans-2-propyl - (4-chl orophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-propyl - (3-fluoro-4-chl orophenyl) 10
trans-1,2,3,4,4a,9,10,10a-octahydrpphenantZrene, and

6, 8-di fl uoro-trans-2-propyl -(3,5-difluoggr 4-

chl orophenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydrophenant hrene. The

fol I owi ng conp®usreksi £Rio be- Obah el negrbyy 1 2ast F Ngo Hir 81 15
difIuorogtrans-1,2,3,4,4a,9,10,10a-octa ydr ophenant hr ene-

trans- 2- car bal tehfTieo yohdi el pioeisy W L £+ 8n s £a02M 54 a0 o sppseent |y
carrying out simlar reactions.

6, 8- di f | uor o- to@tshZd vbplyénd e +ax0s ophenyl ) - t r ans-

1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hrene, 20

6, 8- di f | uor o- t6 Msd 2 Midwyd~f Sarfs B I p O PPOENVE ) i F AN 2 3. 4, 42, 9, 10,

10a- oct ahydr ophenant hr ene,

6, 8- dbf | uor o- tANSH o Mint h Botberdy 1 | LOFARNENYS )3 14 359,10, 10a-
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,

6, 8- di f | uor o- toatsn i Mpghdndrksrénd f i f 1 uorophenyl ) -trans 25 1,2, 3,4, 4a,
9,10, 10a-oct ahydrophenant hrene,

6, 8-di f | uor o- te,amsﬁiZfMd%-Maﬁgiz‘iméw@ {@8&&@%{4%}?}}(}9—’}5@ & ?i 4, fg; Z;
10, 10a- oct ahydr ophenant hrene, 242 6, 8-di fl uoro-trans i ny uo

t ri fl uor onet hcnxwfﬁarw,l4)a,t9r,aartﬁ,-110al_o%fb}ﬁad&ﬁl}{g&aq&h&qlteqhydr ophenant hr ene,
6, 8-di fl uoro-trans-2-vinyl-(3,5-difluoro-4- 5

trifluoromet hayephEmilodd-asms 2 - bt 9 340 11 At ahvdrgpiienant hr ene,

10 trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene, and
6,8~difluoro-trans-2-propyl- (3, 5-difluoro-4-
chlorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene.

The following compounds can be obatained by reacting 6, 8-

15 difluoro—trans-l,Z,3,4,4a,9,10,lOa—octahydrophenanthrene—

trans-2-carbaldehyde with various Wittig reagents and

subsequently carrying out similar reactions.
6,8—difluoro—trans—Z—vinyl—(4—fluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

20 6,8—difluoro—trans—2—vinyl—(3,4—difluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—Z—vinyl-(3,5—difluorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—Z—vinyl—(3,4,5—trifluorophenyl)—trans—

25 1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro-trans—2—vinyl—(4—trifluoromethoxyphenyl)—

trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,



6, 8-di fl uoro-trans-2-vinyl - (4-difl uoronet hoxyphenyl)- trans-1, 2,3,4, 4a,
9,10, 10a-oct ahydrophenant hrene,

6, 8-di fl uoro-trans-2-vinyl-(4-trifluoronethyl phenyl) 10

trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-vinyl-(3-fl uoro-4-
trifluoronethylphenyl)-trans-1,2,3,4,4a?é?10,10a- oct ahydr ophenant hr ene,

- di - 2\l - - dif |_uor.g- 4
?}?fFLLL3ﬁ£fh§?§%§ﬁéfy?@%gﬁgﬁf, f?fﬁ%%aaéjE%%?ﬁ%yxﬁéyhhydrophenantggene,
6, 8-di Tl uor o- t k3G 2 AL e EHNMARNE M) 0", 308 a2, % %0, 4. 1O
10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-t v nyl - (31 uyor o- 4- chl or ophenyl ) 20
trans-l,2,3,4,%§?§?%g%f a?ggﬁghf ?ﬁbhenanthrene,

6, 8-difl uoro-t kaRs vy iRyl (3.2 dif L uorg-4-chl oraphenyl )~ trans-1,2,3, 4,
4a, 9,10, 10a-oétahygrophenanthrene, !

6,8-di§|uoro-tEg@§%§ggggﬁgﬁb&pﬁ%%%§ﬂx%%1%%bthggt%QQ?Q%L@;l%n%%é;}, 2,3, 4,

4a, 9,10, 1l0a-octa enant’'Airene,

gi?[Sgiggg;g§}???égﬁgg%?ggg?éﬁgggggg%!ibg?,gétahydrophenanfhrene, 243

a1 uor ophenyl 570 aas- 10805ty Bs BRI Tuc Sayaropreharmneny L) -

{11 uor opheny [T AT Pane 1 32 %3 37 4410, 46 TORT Sb3ARphEBpRERAADSr ce,
6,8—difluoro—trans—Z—vinyl—(4—trifluoromethylphenyl)—

10 trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—Z—vinyl—(3—fluoro—4—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,lOa—
octahydrophenanthrene,
6,8-difluoro-trans-2-vinyl- (3, 5-difluoro-4-

15 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro-trans—Z—vinyl—(4—chlorophenyl)-trans—
1,2,3,4,4a,9,10,lOa—octahydrophenanthrene,
6,8—difluoro—trans—2—vinyl—(3—fluoro—4—chlorophenyl)—

20 trans—1,2,3,4,4a,9,10,10a—octahyd;ophenanthrene,
6,8—difluoro—trans—Z—vinyl—(3,5—difluoro—4—chlorophenyl)—
trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—propenyl)—(4—fluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

25 6,8—difluoro—trans—2—(trans—l—propenyl)—(3,4—
difluorophenyl)—trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene,



6, 8-di fl uoro-trans-2-(trans-|I-propenyl) - (4-
trifluoronethoxyphenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,
10 6, 8-difluoro-trans-2-(trans-I|-propenyl)-(3-fluoro-4-
trifluoromethoxyphenyl)-trans-1, 2,3, 4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,
6, 8-di fluoro-trans-2-(trans- I-propenyl)zﬁg 5- difluoro 4-
trifluoronethoxyphenyl)-trans-1, 2, 3, 4, 4a 10, i Oa-

oct ahydr ophenagt BLgne ) u8 8- QEaBQQQQ EQH% %Oﬁ%éggﬁgc prgpgnyl) (4-

dlfluoronethoxyphenyl) trans- ahydrophenanthrene

6, 8-di fl uor o- t HaRSurbphah 1|—Ergﬂgﬂx' 4
trlfluoronethylphenyl)btraﬁs 1, 5 3, 4, 4? S'EOZQOa- octaﬁydrophenanthrene

6, 8- di f | uoro- t6@85h§d£5?ﬁ@%ahtﬂ&%ﬂ%nyl) (3-fluoro-4-
trifluoromnethyl phenyl)-trans-1, 2,3, 4, 4a, 9,10, 10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-t gaps s Qpe 379 - -
trlflLorgnethprEeﬁ%F%h??gnEEfﬂ% g 3¥Z£né OprQEHgif g%yéfophenanthrene,
244 8-diflu Fan r nyl hl grophenyl ) - trans-1,
PN T e AT

6, 8-di f1 uoro- teée§n§débbﬁeﬁahtﬁggggvy') (3-1l uoro-4-

chi orophenyl)-trans=1, 2, 3,4 , 10a- 5 oct ahydr ophenant hr ene,

6,8-difluoro-tpagsa2rihbaBsthaRsopenylin3: Sp0LLLHOE P42
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

10 6,8-difluoro-trans-2-(trans-l-propenyl) - (3-fluoro-4-
trifluoromethoxyphenyl)—trans—l,2,3,4,4a,9,lO,lOa—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—propenyl)—(3,5—difluoro—4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—

15 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans-l—propenyl)—(4—
difluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8-difluoro—trans—2—(trans—l—propenyl)-(4—

20 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2-(trans—l—propenyl)—(3—fluoro—4—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

25 6,8—difluoro—trans—2—(trans—l—propenyl)—(3,5—difluoro—4—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene,



chi orophenyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(trans-1|-butenyl)-(4-fluorophenyl)- 10
trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

6, 8-di fluoro-trans-2-(trans-I-butenyl)- (3, 4-

di fl uorophenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 1@a4 oct ahydr ophenant hr ene,
6, 8-di fluoro-trans-2-(trans-1|-butenyl)-(3,5- 15

di f | uor opheny! ), BranFilick o3 th A -9 ,rm%-—logiﬂwﬁghﬁm@ﬂ%henyl) -
6, 8-di fluoro-trans-2-(trans-1-butenyl)-(3,4,5-

trifluorophenyltkranisans2l,33.43.45,48.19, 10210+ DG ADEHARMNAUAY ene, 20

6, 8-di fl uoro-trans-2-(trans-1|-butenyl)-(4-
trifluoronet hoxyphenydludricarsahs?23, ¢ rdmsL 110 Han A0t-aydrqphenant hrene,

6, 8-di fluoro-trans-2-(trans-1-butenyl)-(3-fl doro-4-

trifluoromet hoxppbedyhentlantrhns-3,%,42.49.440,9103 3% Qct ahydr ophenant hr ene,
6,8-dif|uoro-trans-z-(trans-l-butenyl)-(3,5-d|fluoro-4-

triflusromet hosypheRdrbpheddsthrend, 4 4a, 9, 10, 10a 245
octahydrophenanthregé, , 8-di fluoro-trans-2-(trans-I|-butenyl)-(4-

di f I uor onet hoxgpBeaylf) ubrdnerhnd-3-414an2-4Qp 0% yat ahydropignant hr ene, 5

6, 8-di fl uoro-trans-2-(trans-1-butenyl)-(4-

trifluoronmet hybpherpbhehianstkatisd14.24a, %, 44, 3037, 10a-
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(4—fluorophenyl)—

10 trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2~(trans—l—butenyl)—(3,4—
difluorophenyl)—trans—1,2,3,4,4a,9,10,10a~
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(3,5—

15 difluorophenyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(3,4,5—
trifluorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrehe,

20 6,8—difluoro—trans—2—(trans—l—butenyl)—(4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,lOa—
octahydrophenanthrene,
6,8-difluoro—trans—2—(trans—l—butenyl)—(3—fluoro—4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—

25 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(3,5—difluoro—4—

trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—



nant hrene, 6, 8-difluoro-trans-2-(trans-I|-butenyl)-(3-fluoro-4-
????PﬁgiggQShslphenyl)-trans-1,2,3,4,4a,9,10,;0a 10 oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(trans-1-butenyl)-(3,5-difluoro-4-
trifluoromethyl phenyl)-trans-1, 2,3, 4, 4a,9, 10, 10a- oct ahydrophenant hr ene,
6, 8-di fl uoro-trans-2-(trans-I|-butenyl)-f$4schl orophenyl)- 15
trans-1, 2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

6, 8- di fl uor o- t banshdebpnasahthuegayl ) - (3-f | uor o- 4-
cll orophenyl)-trans-1, 2, 3,4, 4a,9, 10, 10a- oct ahydrophenant hr ene,

6,8-dif|uoro-t6aanzfinbaBStkabgtgnyt}aﬁ§r§=QbE£H9Iﬁzﬂa—20
cll orophenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydrophenant hr ene,

6, 8- di f| uoro-tdansudréhesnsxypREAy eNYLrakhd=1] Hos0pheayd) 1ot {aRs-1, 2,3, 4,
4a, 9,10, 10a-octahydrophenant hrene,

6, 8-di f | uor o- tcabsh2dtbpnBaahtReshenyl ) - (3,4 25
difIuorophenyl)-tra%s-1?2,3,4,4a,9,10,10a- oct ahydr ophenant hr ene,

6, 8- dis | uor o- t6 aBsd2f (L1628t LaRENb LMy Iné 31 5o@Bbny1) - (4-
di fl uorophenyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- octaﬁ@dropﬁenanthrene,

F i1l uor ophenyl )1 ansod- 5 5. & dn & 10,105 & oot Ahyar SphrERR R ene,

6, 8- di f| uor o- to@tshgdfbpResaht RESHENY! ) - (4-
6,8—difluoro—trans—2—(trans—l—butenyl)—(3—fluoro—4—
trifluoromethylphenyl)—trans—l,2,3,4,4a,9,10,10a—

10 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l-butenyl)—(3,5-difluoro—4—
trifluoromethylphenyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans-2—(trans—l—butenyl)—(4—chlorophenyl)—

15 trans—l,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(3—fluoro—4—
chlorophenyl)—trans—l,Z,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—butenyl)—(3,5—dif1uoro—4—

20 chlorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—pentenyl)—(4—fluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—pentenyl)—(3,4—

25 difluorophenyl)—trans-1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

6,8—difluoro—trans—2—(trans—l-pentenyl)—(3,5—



trifluoronethoxyphenyl)-trans-1, 2,3, 4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-(trans-1|-pentenyl)-(3-fluoro-4- 10

trifluoromethoxyphenyl)-trans-1,2,3,4,4a,9, 10, 10a- octahydrophenant hrene,

6, 8-di fluoro-trans-2-(trans-1-pentenyl)- (3, 5-difl uoro-4- ]

trifluoromethoxyphenyl)-trans-1,2,3,4, 4848, (12 10a- oct ahydrophenant hr ene,

15 6,8-difluoro-trans-2-(trans-1-pentenyl)-(4-

di f1 uor onet hoxﬂﬂﬂn;dﬁoﬁﬂmllﬂw@r%gl,ﬂ? 5(93 19, 4089, p@tf\@é{dr ophenant hr ene,
fluoro-trans-2-(trans-1|-pentenyl

?’r|8fldluor onet hylmérdgmﬁtﬁr&él 4a, 9, 10, 10a 20 oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-(trans- I-pentenyl) (3-fluoro- 4- h Chrene

trifluoronet hylgleenryl H1id ehst dards -3 4 4(,%,%.11)_‘;% yg’rSpp@_ena ,

6,8-difluoro-trans-2-(trans-|- pinéeﬁnlsylﬁ) 2£(93315 di dr ophenant hr ene,

trifl uoronet hyltphienydgrdgrasisy i a aj[}%/

6, 8-di f| uor o- ¥;§ﬁé 2- (trans-1-pentenyl)’-('4- g%loropheny 247 trans-1,

2,3,4,54a, 9, 10ctHameiptuimnhenant hrene,

6, 8-di fl uoro-trans-2-(trans-1-pentenyl)-(3-fl uoro-4- ] c

chl or ophenyl ) - ter, 8rsti¥ 140k A tdand B0 dQam LGt eorgﬁ nam rene,

6, 8-di fl uoro-trans-2-(trans- I-pentenyl) (3 5- uoro

chi or ophenyl ) - ﬂ:rrdlfaub,r%n%t‘ho‘}@fp%ejfgpljio—acrans—l, 2,3,4,4a,9,10,10a-

octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—pentenyl)—(3—fluoro—4—

10 trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans-2—(trans—l—pentenyl)—(3,5—difluoro—4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

15 6,8—difluoro—trans—2—(trans—l—pentenyl)—(4—
difluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans-l—pentenyl)—(4—
trifluoromethylphenyl)—trans—l,2,3,4,4a,9,10,lOa—

20 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—pentenyl)—(3—fluoro—4—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—l—pentenyl)—(3,5—difluoro—4—

25 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

6,8—difluoro-trans—2—(trans—l—pentenyl)—(4-chlorophenyl)—



oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-(3-butenyl)-(4-fluorophenyl)-trans- 1,2, 3,4, 4a,

9, 10, i Oa- oct ahydr ophenant hrene, 10

6, 8-di fl uoro-trans-2-(3-butenyl)- (3, 4- difluorophenyl) trans-1, 2, 3,4, 4a,

9, 10, 1Ga-oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(3-butenyl)-(3,5- dlfluorophenyl) trans-1, 2,3,4, 4a,

9,10, 10a- oct atwati©phenaR}) oy £0€9, 10, lOa octahydrophenanthrene,
6, 8-di fl uoro-trans-2-(3-butenyl)- (3 5-trifluorophenyl) 15

trans-1, 2,3, 4 @m%ﬂﬁld@ﬁo%iﬁkw@bﬂwﬁ}%ﬂfuﬁé}@cenyl)—w fluoro-4-
6, 8- dlfluoro trans-2-(3-butenyl)-(4-

trifluoronet haxtyphesphen I pasrdn 2, B, 24, $a 94a109 110@ 1t ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(3-butenyl)-(3- f1 uor'o- 4

trifluoronmet haxyydieyytdphdemdistirehe, 4, 4a, 9, 10 |Oa- oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(3-butenyl)- (3 5-di fl uoro- 4-

trifl Gor omet hoxyphenyl o #d-ansanls -2 -3; ct ene,
25 6, 8-difl uo?aé’ trans- l)0(3 buten.?l )(t?rfr?s'gl%%yg VS PPNRNAY Ny £

di {1 uor omet hoxstftarpiery BScrarta 3 6 49,8, 40, 9,08y, 1454 anydr ophenant hr ene,
248 6, 8-difluoro-trans-2-(3- butenyl) (

trifluoronet hydghanyd)oghemnsithrbnd 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(3-butenyl)- (3 fluoro-4- 5

trifluoronet hyd eyt JudFitrah 223, B-4t% k) 108 ociahyifophenant fy ene,
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

10 6,8—difluoro—trans—2—(3—butenyl)—(3,4—difluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—(3—butenyl)—(3,5—difluorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8—difluoro—trans—2—(3—butenyl)—(3,4,5—trifluorophenyl)—

15 trans—l,2,3,4,4a,9,10,lOa—octahydrophenanthrene,
6,8—difluoro—trans—2—(3—butenyl)—(4—
trifluoromethoxyphenyl)-trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro-trans—2—(3—butenyl)—(3—fluoro—4—

20 trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8-difluoro—trans—2—(3—butenyl)—(3,5—difluoro—4—
trifluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

25 6,8—difluoro-trans—2—(3—butenyl)—(4—
difluoromethoxyphenyl)—trans—l,2,3,4,4a,9,10,10a—

octahydrophenanthrene,



6, 8-di fluoro-trans-2-(3-butenyl)-(3,5-difluoro-4-

trifluoronethyl phenyl)-trans-1, 2, 3,4, 4a,9, 10, 10a- oct ahydrophenant hrene, 10
6, 8-di fl uoro-trans-2-(3-butenyl)-(4-chlorophenyl)-trans- 1,2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hrene, 6, 8-difluoro-trans-2-(3-butenyl)-(3-fluoro-4-
chl orophenyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a,4gct ahydr ophenant hrene, 15

6, 8-di fl uoro-trans-2-(3-butenyl)-(3,5-difluoro-4-

chi or opheny! ) - 4t gngs 120302 ~30,3085,+ Q¢4 ARy dr,ophenant hrene,
6,8-dif|uoro-tFans?i-(tPaﬁsyé?ggnteéél?Pf%-P?BoSophenyl)- trans-1, 2, 3, 4,

4a, 9,10, 10a-pet 2hydropReR3nLRLS §0—%9§P§—&!2,3,4,4a,9,10,10a—

6, 8-di fl uoro-trans-2-(trans-3-pentenyl)

difIuorophenylLtggggg%gpgeﬁaﬂtﬁgegelo,10a- oct ahydr ophenant hr ene,

6, 8-di fl uoro-trans-2-(trans- 3-pentenyl)-(3,5-

di f1 uor ophenyl - ELé@%ﬂ:o%o?*t%a%@'-%'—](9Lg)g?g%glggt(%h—\fqﬁggggqém hrene,
yl)- (34,5

6, 8-di fl uoro-trans-2-(trans-3-penten

trif'Qpr0phenY£}ifiﬁB%b%e%h§%§8§%yg%$?§%?%;%€%,39%%%@¥@t38b?6%ﬂthrene’

6, 8-di fluoro-trans-2-(trans-
trifIuoroneth05¥ggggggb-hgg3§tgrgn§,4,4a,9,10,10a- oct ahydr ophenant hrene, 5
6, 8-di fl uoro-trans- -(tPans- -pent ehyl ) - (3-fl uoro- 4-

trifluoromethogyphgnyh Lot baRsahs203:(4- A 2nd9) 198" 5_qifiuoro-4-
trifluoromethylphenyl)—trans—l,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

10 6,8—difluoro—trans—2—(3—butenyl)—(4—chlorophenyl)—trans—
1,2,3,4,4a,9,10,10a—octahydrophenanthrene,
6,8-difluoro-trans-2-(3~butenyl) - (3-fluoro-4-
chlorophenyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

15 6,8—difluoro—trans—2—(3—butenyl)—(3,5—difluoro—4—
chlorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans-3—pentenyl)—(4—fluorophenyl)—
trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

20 6,8—difluoro—t;ans-2—(trans—3—pentenyl)—(3,4—
difluorophenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—3—pentenyl)—(3,5—
difluorophenyl)—trans—1,2,3,4,4a,9,10,10a—

25 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—3—pentenyl)—(3,4,5—

trifluorophenyl)—trans—1,2,3,4,4a,9,10,10a—



oct ahydr ophenant hr ene, _

6, 8-di fl uoro-trans-2-(trans-3-pentenyl)-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-1, 2,3, 4, 4a,9, 10, 10a- 10

oct ahydr ophenant hrene, 6, 8-di fluoro-trans-2-(trans-3-pentenyl)-(4-

di f | uor onet hoxyphenyl)-trans-1, 2, 3, 4, 4a39910, 10a- oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(trans-3-pentenyl)-(4- 15
trifIuoronethyb@bgﬂgh}obﬁgﬂgnghgegeg,4a,9,10,10a- oct ahydr ophenant hr ene,
6, 8-di fl uoro-trans-2-(trans-3-pentenyl)-(3-fl uoro-4-

Lrifluoromet hykpbeayk)ubkansydng-3-4¢$ang.-30plApen0s! aliydr ophenant hr ene,
6,8-dif|uoro-trans-2-(trans-3-pentenyz)-(3ig-1é Fu rg-h-d p@sganthrene
trifluorometh g 0;10a~ @C a :
6,8-dif|uoro-?tggg?gg%?ﬁgﬁg§§%%§ﬁﬁgﬁ§l?F?ﬁ-c%fofgbgéngfgii?fans-1,2,3,4,

4a, 9,10, 10a—@etahggfephsﬂéﬂgﬂ£sﬂs; 25
6, 8-di fl uoro-trans-2-(trans-3-pentenyl)-(3-fluoro-4-

chiorapneny!) by 80as i Bodode fand- 40(408n- 051 ALUPLAPRENRAL T 50F -0 290

6, 8-di fluoro-trans-2-(trans-3-pente

20

Ch|0r0pheny|)'E£§ﬁ§uér3m§tﬂo§??ﬁeﬁ91}Q@iaﬁg%?ngé?Ezﬁgﬁgfgégf@a_ga(Ega”p|e

27) Synthesis of 2-fluoro-4-(trans=/-prop
10- oct ahydr ophgseah PaeApReYLAPRRZRRI trile F

6,8—difluoro—trans—2—(trans—3—pentenyl)—(3,5—difluoro—4—
trifluoromethoxyphenyl)—trans—l,2,3,4,4a,9,10,10a—

10 octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—3—pentenyl)—(4—
difluoromethoxyphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro-trans—2—(trans-3—pentenyl)—(4—

15 trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro—trans—2—(trans—3—pentenyl)—(3—fluoro—4—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,

20 6,8—difluoro-trans—2—(trans—3—pentenyl)—(3,5—difluoro—§—
trifluoromethylphenyl)—trans—1,2,3,4,4a,9,10,10a—
octahydrophenanthrene,
6,8—difluoro-trans—2-(trans—3—pentenyl)—(4—chlorophenyl)—
trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene,

25 6,8—difluoro—trans—2—(trans—3—pentenyl)—(3—fluoro—4—
chlorophenyl)—trans—1,2,3,4,4a,9,10,10a—

octahydrophenanthrene, and



(HO2B-1 ~F OO n HOQO7 Pd(PPh3)4, THE n-C-Ji POC13. n-C3H =000-~ CN
Trans-7-propyl -trans-4b, 5,6, 7, 8, 8a, 9, 10- oct ahydrophenant hr en- 2-yl
trifluoronethanesul fonate produced 10 in Exanple 23 was reacted with
4- (4, 4-di et hyl -4, 5 di hydrooxazol -2-yl)-2-fl uorophenyl boric acid in the
presence of tetrakis(triphenyl phosphi negpal | adium and subsequently
reacted wi th phosphorus oxychloride to renove the cyano group protective
group, and yi elgded3-ffhieHoR-tA-drig-anstha 2B pehrenyl) - (3, 5-difluoro-4-
trans-4b, 5,6, 7, 8, 8a, 9, 10- oct ahydr ophenant hren-2- yl)benzonitrile. The
conpounds | i st e 1R@lopN e fyrpduced 3 m @ Signil@n ogmnner.
4-(trans-7-propyl-trans-4b, 5,6, 7, 8, 8a, 9, 10- 20

oct ahydr ophenaihz@RRrldpMesraarod ndgnzoni tril e,
2-fluoro-4-(trans-7-ethyl-trans-4b,5,6,7, 8, 8a, 9, 10-

oct ahydr ophenant hrene-trans-2-yl ) benzonit rile,
4-(trans-7-ethyl-trans-4b,5,6,7,8,8a,9,10 251

oct ahydr ophsnapilr - iyt TeXs Vd )denzoni iddd - (trans-7-propyl-trans-
2-fluoro-4-(trans- ?ﬁgut yllﬁ{-tt rans-4b, 5,6, 7,8, 8a,9, 10- propy

oct ahydr ophenag hr enesd ey d iddddhren-2-y1l)benzonitrile
4-(trans-7-butyl-trans-4b,5,6,7,8,8a,9,10 5

oct ahydr ophenant hrene-trans-2-yl)benzenitrile,

2-fluoro-4-(trans-7-pentyl -tragﬂso}z%b 6 ﬁ? 8a, 9, 10 F
oct ahydr ophenant hr ene-£ r 3ns- 2- E@n{ Lle, M
"Q’HOW PaPPhye TR O . @ @ z:k\
F
P00 gy Lo

Trans-7-propyl-trans-4b,5,6,7,8,8a,9,10-

octahydrophenanthren-2-yl trifluoromethanesulfonate produced
10 in Example 23 was reacted with 4-(4,4-dimethyl-4,5-
dihydrooxazol-2-yl)-2-fluorophenylboric acid in the presence
of tetrakis(triphenylphosphine)palladium, and subsequently
reacted with phosphorus oxychloride to remove the cyano group
protective group, and yielded 2-fluoro-4-(trans-7-propyl-
15 trans-4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-
yl)benzonitrile.
The compounds listed below c%n be produced in a similar
manner.
4-(trans-7-propyl-trans-4b,5,6,7,8,8a,9,10-
20 octahydrophenanthrene-trans-2-yl)benzonitrile,
2-fluoro-4-(trans-7-ethyl-trans-4b,5,6,7,8,8a,9,10-
octahydrophenanthrene-trans-2-yl)benzonitrile,

4- (trans-7-ethyl-trans-4b,5,6,7,8,8a,9,10-



4-(trans-7-pentyl -trans-4b,5,6,7, 8, 8a, 9, 10-

oct ahydr ophenant hrene-trans-2-yl)benzonitrile, 10
2-fluoro-4-(trans-7-hexyl-trans-4b, 5,6, 7, 8, 8a, 9, 10-
oct ahydr ophenant hrene-trans-2-yl ) benzonitrile,
4-(trans-7-hexyl -trans-4b, 5,6, 7, 8, 8a, 9, 3@

oct ahydr ophenant hrene-trans-2-yl ) benzonitril e,

2-f|uoro-4-(tr@@%ﬁhﬁ&ﬁaﬁﬂeﬂdﬁ%ﬁ%éﬂéiéﬂédéi%w%%q%e#@o%ﬁtri1e,

oct ahydr ophenant hrene-trans-2-yl ) benzonitril & "an

4- (trans- 7- hepylrituoais-44b trabs L1888 y4-tQans-4p, 5, 6, 7, 8 §a0Q, 10=
oct ahydr ophenant hr ene-trans- 2-yl Ybenzonitril e. (Exanplé 28) 'Synthesis of

2-f 1 uor 0- 4- (1- blcganhgdd: ArihaRe-t2&ns-2-v1) b itri
trans-4b,5,6,7,8,8a,9,1 -octahydrophenanthre%—%-%ﬁ%fgénfg%FfriIe F POC13

N-C3H r-< ow +4n-(€3En@d7 7R RRN3N4 ahidE 4, sF 6f 18C8H 9 @oCN + n-C3H r-d O O
CN F 252 8-fluoro-trans-7-propyl-trans-4b,5,/6,/7,8,78a,9, 10

oct ahysir ophenagicha@Rd2ophdnEnfh t hanesul f r. d in Example 25
was reacted with 4. 4,4¥Lin§fﬁyF?@%5-rg%% Sulyh 9RANS A @FYG RO

di hydr ooxazol - 2-¥h)io2oflauar-ephenylbari¢ 1a¢id i 44.he presan _
tetrakis(triphenylpﬁbsphiﬁe)palIad?ﬁn?9§n§rgagsggﬁghgri’%Kggé?égbmﬁth

phosphorus oxyekkamnt %o%«hern%m\ﬁ%e%@et%%@z%%Ben%?x’i%%&il‘é? group, and

yi el ded 2-fluoro-4-(l-fluoro-trans-7-
4—(trans—7—pentyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthrene-trans-2-yl)benzonitrile,

10 2—fluoro—4—(trans—?—hexyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—7—hexyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthrene—trans—2—yl)benzonitrile,
2—fluoro—4—(trans—7—heptyl—trans—4b,5,6,7,8,8a,9,10—

15 octahydrophenanthrene-trans-2-yl)benzonitrile, and

4—(trans—?—heptyl—trans—4b,5,6,7,8,8a,9,10—

octahydrophenanthrene-trans-2-yl)benzonitrile.

(Example 28) Synthesis of 2—fluoro-4—(1—fluoro—trans—7—propyl—
20 trans—4b,5,6,7,8,8a,9,10—octahydrophenanthren—2—

yl)benzonitrile

F

N
nCH OTf + nCH OTf o\ _POCl;
Pd(PPh,), . THF
F
O A () F
F




propyl -trans-4b,5,6,7,8, 8a, 9, 10-octahydrophenanthren-2- yl)benzonitrile.
10 The conpounds |isted bel ow can be produced in a simlar manner.
2-fluoro-4-(I-fluoro-trans-7-propyl-trans- 4b, 5, 6,7,8, 8a, 9,

10- oct ahydr ophenant hrene-trans-2- yl)benzonitrile, 15
4-(1-fluoro-trans-7-propyl -trans-4b, 5, 6,¢,8, 8a, 9, 10-

oct ahydr ophenant hr ene-trans- 2- yI)benzonltrlle

2- f1 uor o- 4- ( 3- %'—%Qh%ﬂd—%&sanﬁpf%%éfﬁbac’l%ns“hb 667709828(?839 1d-

10- oct ahydr ophenant hr ene-trans enzoni tT1'I°€,

4-(3-fI uoe@ttawa%dm@&%melhﬂe&m& Ab, t%l%lﬁo%o%t%fé%su]]fo%f)e §y qduced .

oct ahydr ophenant hr ene-trans- 2-yl )benzonltrl
10 oct ahyar oEhangarhren-rrane s o5 bt tre 384 % £ ¥ n-car 0 0
1) BuLi bdlﬂy@rgog‘a%ﬁl-%)—gl F;&glogogh%%'}lg%%d%}ghe presen(c%_lz) 2¢l
F FFFF n
5 of tetrakis(triphenylphosphine)palladium, and subsequently
reacted with phosphorus oxychloride to remove the cyano group
protective group, and yielded 2-fluoro-4-(l-fluoro-trans-7-
propyl—trans—4b,5,6,7,8,8a,9,l0—octahydrophenanthren—2—
yl)benzonitrile.

10 The compounds listed below can be produced in a similar

manner.
2—f1uoro~4—(1—fluoro—trans—7—propyl—trans—
4b,5,6,7,8,8a,9,lO—octahydrophenanthrene-trans—2—
yl)benzonitrile,

15 4—(1—fluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthrene—trans—2—yl)benzonitrile,
2—fluoro—4—(3—fluoro—trans—7—propyl—trans—
4b,5,6,7,8,8a,9,10-octahydrophenanthrene-trans-2-
yl)benzonitrile, and

20 4—(3—fluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—

octahydrophenanthrene-trans-2-yl)benzonitrile.

(Example 29) Synthesis of 2,6-difluoro-4-(1-fluoro-trans-7-
propyl—trans—4b,5,6,7,8,8a,9,10—octahydrophenanthren—trans—2—

25 vyl)benzonitrile



F F 1-fluoro-trans-7-propyl -2-(3,5-di fluorophenyl)-trans-
4b, 5,6, 7, 8, 8a, 9, 10- oct ahydr ophenant hrene produced using the sane nethod as
Exanple 25 was lithiated using a butyl lithium5 hexane solution, and
subsequently reacted with carbon dioxide gas to yield
2, 6-di fluoro-4-(1-fluoro-trans-7-propyl »trans- 4b, 5,6,7,8, 8a, 9,
10- oct ahydr ophenant hren-trans-2-yl )benzoic acid. This conpound was
converted to an acid chloride wigth thionyl chloride, and then reacted with
ammonia to yield 2, 1)Bulj

M55

di f | uor o- 4- ( 1- M 8, 7
ben#ARtxde. Subsequent

phosphorus oxychl ori de produci ng a dehydration vyiel ded
2,6-difluoro-4-(l-fluoro-trans-7-propy#-tragns 4b, 5,6,7,8, 8a, 9,

10- oct ahydr ophenant §g&n-t r ans- eQzoni tril\g. The conpounds |isted
bel ow can be prodmﬂd’r E1] @ —

: cocl
|

2,6-di fluoro-4-(trans- % et hyl -trans-4b, 5, 6)7, 8, 8a, 9, 10-
octahydrophenanthrene- ansF2 ylg benzonitrile, 20
2,6-difluoro-4-(trans rans- 49 , 6,7,8, 8
octahydrophena Gt )
2,6-di fluoro-4-(trans- 7 bu y
octahydrophenanthrene trans- 2- yI)benzonltrlle

2,6-difl 4 I 14
|1 uoro- 44 (teh 3RS, (T RERLY - %f%ggioglqglPedlgﬁyorgpgﬁpyabrgrgns-

oct ahydr ophenant hr ene- trans 2-y

(trans-7-hgxyl gt Fapsg4bg ,
oct ahydr ophenant hf ehe-t réns gCt%? gﬁ?%ﬁ???lFéfene produced using the

same method as Example 25 was lithiated using a butyl lithium-

3, O

reac ion with

S5 hexane solution, and subsequently reacted with carbon dioxide
gas to yield 2,6—difluoro-4—(l—fluoro—trans—7—propyl—trans—
4b,5,6,7,8,8a,9,l0—octahydrophenanthren—trans—2—yl)benzoic
acid. This compound was converted to an acid chleoride with
thionyl chloride, and then reacted with ammonia to yield 2, 6-

10 difluoro—4—(1—fluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—
octahydrophenanthren—trans—2—yl)benzamide. Subsequent
reaction with phosphorus oxychloride producing a dehydration
yielded 2,6—difluoro—4—(1—fluoro-trans—7—propyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthren—trans—2—yl)

15 benzonitrile.

The compounds listed below can be produced in a similar
manner.

2,6—difluoro-4—(trans—7—ethyl—trans—4b,5,6,7,8,8a,9,10—

octahydrophenanthrene-trans—2—yl)benzonitrile,

20 2,6—difluoro—4—(trans—7—propyl—trans—4b,5,6,7,8,8a,9,lO—

octahydrophenanthrene—trans—2—yl)benzonitrile,



2,6-difluoro-4-(trans-7-heptyl-trans-4b,5,6,7,8,8a,9, 10-

oct ahydr ophenant hrene-trans-2-yl ) benzonitril e,
2,6-difluoro-4-(1,3-difluoro-trans-7-propyl-trans 10 o
4b, 5, 6, 7, 8, 8a, 9, 10- oct ahydr ophenant hr ene-trans-2- yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-propyl otyans- 4b, 5,6,7,8, 8a, 9,
10- oct ahydr ophenant hr ene-trans-2- yl)benzonitrile, 15

4- (1, 3-di fluore; mpans1&n&b@ﬂyutﬁﬁﬁﬁ#iTﬂ%d%yiikﬁéﬁﬁié% ¥),7,8,8a, 9, 10-
octahydrophenanthrene trans-2-yl)benzonitri

2, 6-di f | uor o- 4o¢1aayaurbw@m@nttm@@smzt%mI-zuyar)%en%nfirfi1% 8, 8a, 9,
10 oct ahydr ophenant hrene-trans-2- yl)benzonitrile,

2-f1 uor o- 4- (1, 3; -tk FoL@ T ANt Fadshyl pehaRe t%%ynsiax% 6,%, 8%, 8%, 9,10-
10- octahydrophenanthrene trans-2- yl)benzonitril

4-(1, 3- d|f|UOF6ctéﬁ@&r3pﬁbﬂﬁhth&%ﬂ%—@Qaﬁs szﬁ)%%n%O%QErlle,
oct ahydr ophenant hrene-trans-2-yl ) benzonitril

2, 6-dig | uor o- 42( 6~ alﬁlltlbl}!'@r—q—t(H:%@%SZ7bHEY<Iy1LI%%%§IS4'Q§) g% 7,%,6329,90-
10- oct ahydr ophenant hr ene-trans-2- yl)benzonitril 5

2-fluoro-4-(1, 8cﬂhh&d@b@h@hﬁﬁ%h?eQHLXEahraQS l%%enéog1%r§ie8a 9,
10- oct ahydr ophenant hr ene-trans-2- yl)benzonitril

4- (1, 3-di fl uor p; brangidokytyl- E&ang 4bh§F§yZb%r§%s 4195,%,7,8,8a,9, 10-

octahydrophenanthrene trans-2-yl)benzon

2,6-di fluoro-4o¢daBydrbpHenanthaBieLtRPEALYL-{A§B8nzonitrile,
2,6—difluoro-4-(1,3—difluoro—trans—7—propyl—trans—

10 4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—propyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,

15 4—(1,3—difluoro—trans—7—propyl—trans—4b,5,6,7,8,8a,9,10—
octahydfophenanthrene—trans—2—yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—7—ethyl—trans—
4b,5,6,7,8,8a,9,lO—octahydrophenanthrene—trans—2—
yl)benzonitrile,

20 2—fluoro—4—(1,3—difluoro—trans—7—ethyl—trans—
4b,5,6,7,8,8a,9,10-octahydrophenanthrene—trans—2—
yl)benzonitrile,
4—(1,3—difluoro—trans—7—ethyl—trans—4b,5,6,7,8,8a,9,lO—
octahydrophenanthrene—trans—2—yl)benzonitrile,

25 2,6—difluoro—4—(l,3—difluoro—trans—7—butyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

yl)benzonitrile,



4b, 5,6,7,8, 8a, 9, 10-octahydrophenanthrene-trans-2- yl)benzonitrile,

2-fluoro-4-(1,3-difluoro-trans-7-pentyl-trans- 10

4b, 5,6, 7, 8, 8a, 9, 10- oct ahydr ophenant hr ene-trans-2- yl)benzonitrile,

4-(1,3-difluoro-trans-7-pentyl-trans-4b,5,6,7,8,8a,9, 10-
oct ahydr ophenant hr ene-trans- 2-yl ) benzoniggyg | e,
2,6-difluoro-4-(1,3-difluoro-trans-7-hexyl-trans 15 o
4b, 5, 6,7, 8, 8a, a—lﬁm@rwmpéwmdumﬁgﬁﬁr-%uté)ﬁ-%% trile,
2-fluoro-4-(1, 3-difluoro-trans-7- hedxs/l -tranrs}i _44b, ,6,7,8, 8a, 9,
- oct ahydr ophengrg,te, AgBNS- 10 - I D NRRAEUY ~trans—-2-
i?(2?3-d¥flugrg??ragg?g?%éiyp?€$251-4b,5,6{1%§E§;q£gh§
oct ahydr ophenantihnsiie-ddiansiizs yl ) benzonitrile

2,6-difluoro-4-(1, 3-difluoro-trans-7-heptyl-trans- 4b, 5,6,7,8, 8a, 9,
10- oct ahydr ophenat, l-efier Ty S-t3-and L8R '—tﬂ’f%ﬂ%—%ﬁ,g,_ﬁ,g, 8y 82,9, 10-

2-fluoro-4-(1,3-difluoro-trans-7-heptyl-trans-

10- oct ahydr ophW&Wér%@&T?ferbé—)tt}%%Q?_ 1o 2280 rile,
4-(1,3-difluoro-trans-7-heptyl - It ; ans- 4b_,0t51}_ I y § %a,zé, ?5

oct ahydr ophenart, fg-ene1ticats-42- Ml )RRZANdrd & ans-7- -transs
2,6-d¥f|ugro-4-(l-fluoro-trans-?-ethyl-trans-afb, 5?@?%?&, §§, 9,

1o-octahydrophamgmLhnan%n%%%@ﬁn%—%dﬂ%H%ﬁ%% I gdfﬁrene—trans—2—
2,6-difluoro-4-(l-fluoro-trans-7-butyl-trans-
yl)benzonitrile,
2—fluoro—4—(1,3—difluoro—trans—7—pentyl—trans—

10 4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

yl)benzonitrile,

4—(1,3—difluoro—trans—7—pentyl—trans—4b,5,6,7,8,8a,9,10—

octahydrophenanthrene—trans—2—yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—7—hexyl—trans—
15 4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,
2—fluoro—4—(l,3—difluoro—trans—7—hexyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

yl)benzonitrile,

20 4—(1,3—difluoro—trans—7—hexyl—trans—4b,5,6,7,8,8a,9,10-

octahydrophenanthrene—trans—2—yl)benzonitrile,
2,6—difluoro—4—(1,3—difluoro—trans—7—heptyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,

25 2—fluoro—4—(1,3—difluoro—trans-7—heptyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

yl)benzonitrile,



4b, 5, 6,7,8, 8a, 9, 10-octahydrophenant hrene-trans-2- yl)benzonitrile,
2,6-difluoro-4-(l-fluoro-trans-7-pentyl-trans- 10 o

4b, 5,6, 7, 8, 8a, 9, 10- oct ahydr ophenant hr ene-trans-2- yl)benzonitrile,

2, 6-di fluoro-4-(l-fluoro-trans-7-hexyl-trans- 4?, Sig,7,8, 8a, 9,

10- oct ahydr ophenant hrene-trans-2- yl)benzgnitrile,
2,6-difluoro-4-(1-fluoro-trans-7-heptyl-trans- 4b, 5,6,7,8, 8a, 9,

10- oct ahydr ophenant, y-ene @RS+ »Q)ﬁﬂ%&;g}fiﬂé G1s-4b 7,8, 83,9, 10~
2,6-di fluoro-4- ?g(-fl uoro-trans- 7-apr opyl -trans- 4b.° 5, 6'5768 E?d, %,

10-octahydrOph%ﬂﬁﬂﬁﬁ%ﬁﬂ&ﬁﬂéﬁ%ﬁ%ﬁ%e&élqééégﬂﬁﬂvﬂﬁgédé%qitﬁ%%e,Sa,

2,6-difluoro-4-(3-fluoro-trans-7-ethyl-trans-

9, 10- oct ahydr ophenanleneie-la-As ) RIAAN LI i1 - trans-
2,6-dif|uoro-4-(3-f|uoro-trans-?-buty -trans- 2

4b, 5, 6, 7, 8, 8a, 9p16-, e traky ¢0rha AR SRR, e loRenzanitrile,

2,6-dif|uoro-4-(3-(|uoro-trans-?-penty -tr 8a, 9,

10- octmhydr ophen %@Qr%@gt&rqgg-z- yl)benzonitrile,
2,6-dif|uoro-4?(g-fl50ro-t€éns-7-hexyl-trans- 4b, 5,6,7,8, 8a, 9,

10- oct ahydr ophenanuhrenerly-ans 12+ 1% Ho-ReWF A &1 AN s -

2,6-dif|uoro-4-(3-f|uoro-trans-?-heptyl-trans-
4b,5,6,7,8,8a,9,10-octahydrophenanthrene—trans—2—
yl)benzonitrile,.
2,6—difluoro-4—(1-fluoro—trans—7—pentyl—trans—

10 4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,
2,6—difluoro—4—(l—fluoro—trans—7—hexyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,

15 2,6—difluoro—4—(1—fluoro—trans—7—heptyl—trans-
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—propyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

20 yl)benzonitrile,
2,6—difluoro—4—(3—fluoro—trans—7—ethyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
vl)benzonitrile,
2,6—difluoro-4—(3—fluoro—trans—7—butyl—trans—

25 4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—
yl)benzonitrile,

2,6—difluoro-4-(3—fluoro—trans—7—pentyl—trans—



4b, 5,6,7,8, 8a, 9, 10-octahydrophenant hrene-trans-2- yl)benzonitrile. 10
(Exanpl e 30) Synthesis of trans-7-propyl-1, 2,3, 4-

t et rahydr ophenant hren-2-o0l CH30 O O CO2H SOCI 2 - CH30O O O COClI CH2=CHZ,
AICI3_ O0OOCH CH30O-PPH3 CH2C12 0 3 Toluene HCI WNa H CHO O O OCH3--s
THE CH3CH Toluene OO H2 , Pd/C O OCH3207 AcCEt OCH3 HB' 0 O A OH c; OH
Fol | om ng conversi on of (6-nethoxynaphthal en-2-yl)-acetic acid to an acid
chloride with thi éngl 7¢Bl, 8egi, ®¢ 1 0swictadyeniophe naezbiredre ~wirlah set2hy| ene gas at
-10C using nethylene chloride as the solvent and in the presence of

al um num chl or ivde bepzehdédiZenet hoxy- 3, 4- di hydr o-| H phenant hren-2-one. This
258 conpound was subsequently reacted with a Wttig reagent prepared from
met hoxymet hyl t 2i, phenfl phospleni3emhludro-itdanard - hpat/assiramst- but oxi de, and

t he product enol ether was hydrolyzed using a 10% aqueous sol ution of
hydrochl ori ¢ adbd556i i, $HEa, 4nd Ot-bert ahyarephzad ntdiregeak ragye@us sol ution
of sodi um hydroxide in nethanol to yield 7-nethoxy-I, 2,3, 4-

t et r ahydr ophengit beement tanie?- aadbal dehyde. Thi s conpound was

2,6—difluoro—4—(3—fluoro—trans—7—heptyl—trans—
4b,5,6,7,8,8a,9,10—octahydrophenanthrene—trans—2—

yl)benzonitrile.

10 (Example 30) Synthesis of trans-7-propyl-1,2,3,4-

tetrahydrophenanthren-2-o0l

CH30002H _soch; CHaocOCl

CH,=CH, , AICI @ CH0”"SPPH
< o2 eon T

CH,Cl, Toluene

sttt oo (00w e

CH;0H Toluene
O ty pac O
OCl —L—_’
< =00 Gt < KO0

e {20
Following conversion of (6-methoxynaphthalen-2-yl)-acetic
acid to an acid chloride with thionyl chloride, subsequent
15 reaction with ethylene gas at -10°C using methylene chloride

as the solvent and in the presence of aluminum chloride

yielded 7-methoxy-3,4~dihydro-1H-phenanthren-2-one. This



then reacted with a Wttig reagent prepared from ethyltriphenyl phosphoni um
brom de and potassiumt-butoxide to 10 yield .

7-met hoxy-trans- 2-propenyl -1, 2, 3, 4- tetrahydrophenant hrene, which was then
reduced by hydrogen in the presence of a 5% pal |l adi um carbon (wet)

catalyst to yield 258 _
7- met hoxy-trans-2-propyl-trans-1, 2, 3, 4-tetrahydrophenant hrene. This

conpound wasplouind atzed Jubseywedtly! réddtéd e aney e 59! #ed Qdnt and was
then reacted with iodine to produce trans-7-

propyl-1,@m&p@ﬁdarﬁﬁumMmHﬂHﬁEyméﬁmy&é&i&heﬂ}%ﬁ?é&ﬁﬁ%&&ﬁh“@ﬁloff@&tgﬁdi”

the sanme manner as that described in Exanple to Exanple 29, and yi el ded

the conpopodasisisined rltaKidd Aen?-HORYtodded | s PR )wds 2, 3, 4- 20
t et rahydr ophenant hrene, trans-2-propyl-(3,4-difluorophenyl)-1, 2,3, 4-

t et r ahydr oydenantzRiensing ramso2-25eiks (sb Budidh U9k opheRydn 1dr Z 32éid
tetrahgdrophenanthrene, 25 trans-2-propy|-(3,4,5-tr|fluorophenyl)-1,5,3,4-

t et r ahydr apherant Riren&hert riaftiner AP s {rfy tdn fAd et hoxyehsnyds-1. 2.3, 4
259 tetrahydrophenant hrene,

trans- 2- psopyum( Bryidriéadieted-itr infd tUIEHOXYRIEDY et hoxy-1, 2, 3, 4-
1, 2,3, 4-tetrahydrophenant hr ene,

trans- 2- prepybhldrophienatiredrd I f 4 ornmel RVRIBIYd ) this compound was
1, 2, 3, 4-tetrahydr ophenant hr ene,
trans- 2- prapyl redctied wartenet hohed dgeh 2 prdbsa d&d rahygdr ophenant hr ene,
ethyltriphenylphosphonium bromide and potassium t-butoxide to
10 yield 7-methoxy-trans-2-propenyl-1,2, 3, 4-
tetrahydrophenanthrene, which was then reduced by hydrogen in
the presence of a 5% palladium-carbon (wet) catalyst to yield
7—methoxy—trans—Z—propyl—trans—1,2,3,4—tetrahydrophenanthrene.
This compound was lithiated in an n-butyl lithium~hexane

15 solution, and was then reacted with iodine to produce trans-7-
propyl-1,2,3,4-tetrahydrophenanthren-2-o0l. This compound was
reacted in the same manner as that described in Example 23 to
Example 29, and yielded the compounds listed below.

trans-2-propyl-(4-fluorophenyl)-1, 2,3, 4-

20 tetrahydrophenanthrene,
trans—2—prgpyl—(3,4—difluorophenyl)—1,2,3,4—
tetrahydrophenanthrene,
trans-2-propyl-(3,5-difluorophenyl)-1,2,3,4-
tetrahydrophenanthrene,

25 trans-2-propyl-(3,4,5-trifluorophenyl)-1, 2,3, 4-
tetrahydrophenanthrene,

trans-2-propyl-(4-trifluoromethoxyphenyl)-1,2, 3, 4-



trans-2-propyl -(4-trifluoronethyl phenyl)-1, 2,3, 4- tetrahydrophenant hrene,
10 trans-2-propyl-(3-fluoro-4-trifluoronethyl phenyl)-

1, 2, 3, 4-tetrahydrophenant hr ene,
trans-2-propyl-(3,5-difluoro-4-trifluoromethyl phenyl)- 1,2, 3,

4-t et rahydr ophenant hrene, trans-2-propyglkg(4-chlorophenyl)-1,2,3,4 15

t et rahydr ophenant hrene, trans-2-propyl-(3-fluoro-4-chlorophenyl)-1, 2,3, 4-
t et rahydr ophenaettima@yelrophenanthrene,

trans- 2- propyl - (3, 5-di fl uoro-4-chl orophenyl)-1, 2, 3, 4-

t et rahydr ophenantaseze prapyl-a3s-£A-uRirePukt4 i ubetrrReR%yehRKYh L- 1, 2, 3, 4-
t et rahydr ophenant hr ene,

trans-2- propyl 1( 2, 4, di-tleteadpaedyhehlYRYrbnd, 2, 3, 4- tetrahydrophenant hrene,
trans- 2- propyl - (3, 5-di fl uorophenyl et hynyl)-1,2,3,4 25

tetrahydrOphenambhbegepropyl—(3,5—difluoro—4—trifluoromethoxyphenyl)—
trans-2-propyl -(4-trifluoronet hoxyphenyl ethynyl)-1, 2, 3, 4-

t etrahydr ophenapthBenete2e@hydiraphedalt8R%he( 3- f | uoro- 4-
trifIuoronethoxyphenylethyny?)-1,2,3,4 t et r ahydr ophenant hr ene,

trans-2- propyl t¢3ns-di-brupko-44-aitnbrupeerBLYBRYRRNE L ebhynyl) - 1, 2, 3, 4

t et rahydr ophenant hr ene,

trans- 2-propyl téérdhibuepasnbhexyehenyl ethynyl)-1, 2, 3, 4-
trgns—Z—propyl—(4—trifluoromethylphenyl)—1,2,3,4—
tetrahydrophenanthrene,

10 trans—2—propyl—(3—fluoro—4—trifluoromethylphenyl)—
1,2,3,4—tetrahydrophenanthrene,
trans—2~propyl—(3,5—difluoro—4—trifluoromethylphenyl)—
1,2,3,4—tetrahydrophenanthrene,
trans-2-propyl-(4-chlorophenyl)-1,2, 3, 4-

15 tetrahydrophenanthrene,
trans-2—propyl—(3—fluoro—4—chlorophenyl)—1,2,3,4-
tetrahydrophenanthrene,
trans—2-propyl—(3,5-difluoro—4—chlorophenyl)—1,2,3,4—
tetrahydrophenanthrene,

20 trans—2—propyl—(4—fluorophenylethynyl)—1,2,3,4—
tetrahydrophenanthrene,
trans—2-propyl—(3,4—difluorophenylethynyl)—1,2,3,4—
tetrahydrophenanthrene,
trans—2—propyl—(3,5—difluorophenylethynyl)-1,2,3,4—

25 tetrahydrophenanthrene,
trans—2—propyl—(4—trifluoromethoxyphenylethynyl)—1,2,3,4—

tetrahydrophenanthrene,



t et r ahydr ophenant hr ene,

t rans- 2- propyl

-(4-trifluoronethyl phenyl et hynyl)-1,2,3,4- 10

t et r ahydr ophenant hr ene,

trans- 2- pr opyl

-(3-fluoro-4-trifluoronethyl phenyl et hynyl) -

1, 2, 3, 4-tetrahydrophenant hrene, trans-3gpropyl-(3,5-difluoro-4-
trifluoronethyl phenyl ethynyl)-1,2,3,4- 15 tetrahydrophenant hrene,

trans- 2- propyltfénghbobggbgmyugthxﬁ$&b }.-2, 3, 4- tetrahydrophenant hr ene,

trans- 2- propyl -

(3-fluoro-4- chlorophenylethynyl) 1, 2,3, 4-

tetrahydrOphenﬂﬁihlﬁBQomthoxzphenylethynyl) 12,3

t rans- 2- propyl

(3,5-difluoro chl or ophényl et h nylf

1,2,3,4- tetrahﬁ@t@Qh?B@B%HéﬁQﬁthrene

8-fl uoro-trans-2 propyl

4-fluorophenyl)-1, 2, 3, 4- tetrahydrophenant hrene,

8-f | Uor o- t r anst 2ap5opYhrb3y4-dsf buar eRRERYLY=1, 2, 3, 4 25
t et rahydr ophenant hr ene,

t
1
t
8-
t
8-

r
r

|f
fl
i f
fl

8-fl u@ o- tranSt219198¥bmé§héx9bBEH EQEHgﬂ% i § 3 tr261

et rahydr ophenant hrene, 8-fl udro-tfans

2,3, 4- tetrahygfanﬁagg%négggthrgngluoro trans 2 propyl - (3-fluoro-4 5
| uor omet hoxyphenyl )

i fl uor onet hoxyphenyl) -

4-t et rahydr ophenant hr ene,

uor o- t r anst 25 P§ opy r&ﬁ&ﬁ QHLBHQEBR§ met en%%?ﬁ %%ethynyl -1,2,3,4-

| uor omet hoxyphenyl

3,4-tetra rop

uor o- tr anst & PERPYLobHeRL L L HPEQEEL hoxyphenyl) -

10

15

20

25

trans—2—propyl—(4—trifluoromethylphenylethynyl)—1,2,3,4—
tetrahydrophenanthrene,
trans-2—propyl—(3—fluoro—4—trifluoromethylphenylethynyl)—
1,2,3,4—tetrahydrophenanthrene,
trans-2-propyl-(3,5-difluoro-4-
trifluoromethylphenylethynyl)-1,2, 3, 4-
tetrahydrophenanthrene,
trans—2—propyl—(4—chlorophenylethynyl)—1,2,3,4—
tetrahydrophenanthrene,
trans—2—propyl—(3—fluoro—4—chlorophenylethynyl)—1,2,3,4-
tetrahydrophenanthrene,
tFans—Z—propyl—(3,5—difluoro—4—chlorophenylethynyl)—
1,2,3,4-tetrahydrophenanthrene,
8—fluoro—trans—2—propyl—(4—fluorophenyl)—1,2,3,4—
tetrahydrophenanthrene,
8-fluoro—trans—2—propyl—(3,4—difluorophenyl)—1,2,3,4—
tetrahydrophenanthrene,

8—fluoro—trans—2—propyl—(3,5—difluorophenyl)—1,2,3,4—



, 3, 4-tetrahydrophenant hrene, 10
| uoro-trans-2-propyl-(4-trifluoronethyl phenyl)-

4-t et rahydrophenant hrene, 8-fluoro-trans-2-propyl-(3-fluoro-4-
uor oret hyl phenyl ) -1, 2, 3, 4-t et rahydr ophenant hr ene,
oro-trans-2-propyl - (3 S-difluoro-4,245
uor onet hyl phenyl ) -1, 2, 3, 4-t et rahydr ophenant hr ene,

3,
u

3,

I

u

I

uor o- transtgtpggpakokge hgﬁggggnyl) 1, 2, 3, 4- tetrahydrophenant hrene,
u

3,

u

3,

u

l\)_"‘l\)

I
I
if
I
| uor o- tranﬁ 3 pr opyl Duorog chlorophenyl)

a e
4-tetrahy E@QB?B pLhne gl F 8?0 A4Cﬁflflu QIeS thoxyphenyl)

oro-trans-2-propyl - (3, 5- 0r0p enyl’)

- tetrahdeOQh@ngg%pgﬁpgg?gp B%?F?rini 3, 4- tetrahydrophenant hrene,

uoro-transg 2y ppoPYLt ¢ 3nd=SLELYRLPRNEYE hotn2g3. 4 25

I or o-trans- 2-propyl
I
r ahydr ophenant hr ene,
I
r
I

ugy o- transt319198¥5méga§x9bﬁéH9iPp?efyg)41t%trahydrophenanthrene,

ahydr ophenant hr ene,

uor o- t r ansg 2¢ py; pgltgﬁ gréf£9§£?¥Eg§°§Y8h§£X }BFéﬁyl-(3-flu0r0-4-

3, 4- tetrahydrop enant hr ene FH tran

| uor orret hoxypheny %m%EQEQ%ﬁ?%E%fﬁhgdﬁOQhEn€Q£ Qgroghenanthrene}

uoro-trans- 2-propy

|U0r0”Eth0§¥Pf§8¥$lt%i§ ?I% %%ghﬁgr8?§§ﬁ§?§@£§ﬂ§ggphenyl)—

uor o-t r ans- 2- pr opyl oxXyp
trahydrOphfn@nﬁh&e@@trahydrophenanthrene,

('D——h——h-

10 8—fluoro—trans—2—propyl—(4—trifluoromethylphenyl)—
1,2,3,4-tetrahydrophenanthrene,
8-fluoro-trans-2-propyl- (3~fluoro-4-
trifluoromethylphenyl)—1,2,3,4—tetrahydrophenanthrene,
8-fluoro-trans-2-propyl-(3,5-difluoro-4-

15 trifluoromethylphenyl)—1,2,3,4—tetrahydrophenanthrene,
8—fluoro—trans—2—propyl—(4—chlorophenyl)-1,2,3,4—
tetrahydrophenanthrene,
8—fluoro-trans—2—propyl—(3—fluoro—4—chlorophenyl)—
1,2,3,4—tetrahydrophenanthrene,

20 8—fluoro—trans—2—propyl—(3,S—difluoro—4—chlorophepyl)—
l,2,3,4—tetrahydrophenanthrene,
6—fluoro—trans—2—propyl—(4—fluorophenyl)—l,2,3,4—
tetrahydrophenanthrene,
6—fluoro—trans—2—propy1—(3,4—difluorophenyl)—1,2,3,4—

25 tetrahydrophenanthrene,
6—fluoro—trans—2—propyl—(3,5—difluorophenyl)—1,2}3,4—

tetrahydrophenanthrene,



| uoro-trans-2-propyl-(4-trifluoronethyl phenyl) 10
, 3, 4-t etrahydr ophenant hrene, 6-fl uoro-trans-2-propyl-(3-fluoro-4-
ri fluoromethyl phenyl)-1, 2, 3, 4-tetrahydrophenant hr ene,
-fluoro-trans-2-propyl - (3, 5-di fl uoro-4-
ri fluoronethyl phenyl)-1, 2,3, 4-tetrahydpgphenant hrene, 15

I

I

-f
, 2

uoro-trans-2-propyl - (4-chl orophenyl)-1, 2, 3,4- tetrahydrophenant hr ene,
uor o- t r anse2£ puepyH-t £ 3nkl-2oheobydhl(A-eRREAYbkomethoxyphenyl) -

, 3, 4-tetrahydr ophenant hr ene, _

| uor o- tr ansi 22 peppytet2ahydirbbuenantngaher ophenyl) 20

, 3, 4-t et r ahydr ophenant hr ene, o
tran8-7-proeyt1EoﬁoztgahthaByéanhq@aﬁhhb%BEaZ- yl ) benzonitrile,

| uoro-4-(trans-7-ethyl-5,6, 7, 8-téetrahydrophenant hr ene-
- I)benzonitrtfgflaérémethaa§pﬁeayhyLa?z@a?48tggkaﬂgxgagngﬁaﬁ@thae?-2-

| Ybenzonitrile, 2-fluoro-4-(trans-7-butyl-5,6,7,8-tétrahydrophenanthrene
263 5—y|)benzenflﬁbkgrtgaﬁgLgnﬁrgpgthb;ghgizlgbggtqahydrophenanthrene-2-
yl')benzonitrile, 2-fluoro-4-(trans-7-pentyl-5,6,7,8- 5

t et rahydr ophengpi h1 e9eoReY hbROPREAVIGLHED 3 4-tetrah F thenanthrﬁne,
4-(trans-7-pentyl -5, 6, 7, 8-t et r ahydf ophenant hr ene- 2- ¥ f nzonitrile,

2-f1uoro-4-(trensidohsxyltarsb2Zp8obghtalyd; eRi8RARERAERGphenyl ) -

6
1
t
6
t
6-
6_
1
6-
1
4
2
2
y

f
f
2
f

, 2
(
f
y

1,2,3,4-tetrahydrophenanthrene,
6—fluoro—trans—2—propyl—(4—trifluoromethylphenyl)—

10 1,2,3,4-tetrahydrophenanthrene,
6-fluoro-trans-2-propyl- (3-fluoro-4-
trifluoromethylphenyl)—1,2,3,4—tetrahydrophenanthrene,
6-fluoro-trans-2~propyl-(3,5-difluoro~4-
trifluoromethylphenyl)—1,2,3,4—tetrahydrophenanthrene,

15 6—fluoro—trans—2—propyl—(4—chlorophenyl)—l,2,3,4—
tetrahydrophenanthrene,
6—fluoro—trans—2—propyl—(3—fluoro—4—chlorophenyl)—
1,2,3,4-tetrahydrophenanthrene,
6—fluoro—trans—2—propyl—(3,5—difluoro—4—chlorophenyl)—

20 1,2,3,4-tetrahydrophenanthrene,
4—(trans-7—propyl—5,6,7,8—tetrahydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(trans—?—ethyl—S,6,7,8—tetrahydrophenanthrene—
2-yl)benzonitrile,

25 4—(trans—7—ethyl—5,6,7,8—tetrahydrophenanthrene—Z—
yl)benzonitrile,

2—fluoro-4-(trans—7—butyl—5,6,7,8—tetrahydrophenanthrene—



2-yl)benzonitrile, 10 4-(trans-7-hexyl -5, 6,7, 8-tetrahydrophenant hr ene- 2-
yl)benzonitrile, 2-fluoro-4-(trans-7-heptyl-5,86,7,8-

t et rahydr ophenant hr ene- 2-yl ) benzonitril e, o
4-(trans-7-heptyl -5, 6, 7, 8-t et rahydr ophenant hrene-2- 15 yl)benzonitrile,
2-fluoro-4-(8-fluoro-trans-7-propyl -5, 6,¢:8-

t et rahydr ophenant hr ene- 2-yl ) benzonitril e,

4-(8-f|uoro-tr@n@izbgaggﬁﬁtgigez,8; _
t et r ahydr ophenant hrene- 2-yl ) benzonitrile, 20

2-f1 uoro-4- (8- glyeranlstgns,,¢: L@¥%35’%h%e%iahydrophenanthrene—2—
t et r ahydr ophenant hr ene- 2-yl ) benzoni't il €,

4-(8-fluoro-tr 5 -5.6, 7, 8-t etrahydr ophenant hr ene-
2-§I)benzonitr?PZPES?FPégfg}%!(B-fIuoro-trans-?-butyl-5,6,7,8- 25

t et r ahydr ophenan =2 zgniLrile. _
4?(8-fruorg-trgngﬁysgﬁtél}%%gﬁg,g-?%%?ggygfgﬁﬁéganthrene-

2‘y|)Q?nzonitrkE%ra%§ﬁro%h%?H9Eﬂ}éh%§?FgH9thEQ%Q%}§1%€ntyl_5’6’7’8_

t et r ahydr ophenant hr ene- 2-yl ) benzoni

4-(8-fluoro-trangt £2R805Yhent81258% 7, 8-tetrahydrophenanthrene-2-
tegrahydrophenanﬁﬁrgne-2- F 6gnzgthr(Fe,e§ra ydrophenanthrene

2-fluoro-4-(8-{hygeazby @§—}-hexyI;5,6,7,8-
tetrahydrophengn?hreﬁe-%-yﬁ B&nzonitrile,

4'(8'f|UorOTtrQn§lszSKMLT§rgnZh%lhgk§§bgg%99b%g%ggggﬁggiophenanthrene—
2-yl)benzonitrile,
2-yl)benzonitrile,

10 4—(trans—7—hexyl—5,6,7,8—tetrahydrophenanthrene—Z—
yl)benzonitrile,
2—fluoro—4—(trans—7—heptyl—5,6,7,8—
tetrahydrophenanthrene-2-yl)benzonitrile,
4—(trans—7—heptyl—5,6,7,8—tetrahydrophenanthrene~2—

15 yl)benzonitrile,
2—fluoro—4—(8—fluoro—trans—?—propyl—S,6,7,8—
tetrahydrophenanthrene-2-yl)benzonitrile,
4-(8-fluoro-trans-7-propyl-5, 6,7, 8-
tetrahydrophenanthrene—2—yl)benzonitrile,

20 2—fluoro—4—(8—fluoro—trans—7—ethyl—5,6,7,8—.
tetrahydrophenanthrene-2-yl)benzonitrile,
4—(8—fluoro—trans—7—ethyl—5,6,7,8-tetrahydrophenanthrene—
2-yl)benzonitrile,
2—fluoro—4—(8—fluoro—trans—7—butyl-5,6,7,8—

25 tetrahydrophenanthrene-2-yl)benzonitrile,
4—(8—fluoro—trans—7—butyl—5,6,7,8—tetrahydrophenanthrene—

2-yl)benzonitrile,



2-fluoro-4-(8-fluoro-trans-7-heptyl-5,6,7,8- 10
t et rahydr ophenant hr ene- 2-yl ) benzonitril e,
4-(8-fluoro-trans-7-heptyl -5,6,7, 8-

t et rahydr ophenant hr ene- 2-yl ) benzonitril e,
2-fluoro-4-(6-fluoro-trans-7-propyl -5, 6p¢48-

t et rahydr ophenant hr ene- 2-yl ) benzonitrile, 15

4-(6-f|UOfO-traniiﬁo@bgﬂ¥uﬂ5fﬁugm%?trans—?—pentyl—S,6,7,8—
t et r ahydr ophenant hr ene- 2-yl ) benzonitril e,

2-fluoro-4-(6-tkueabybraphehaitA¥ene~0-(18benzonitrile,
t et rahydr ophenant hr ene- 2-yl ) benzonitril g,

4- (6-fl uoro-trangs?retbyrb-%-Ans-9-pbeht3hydr gphegant hrene- 20
2-yl)benzonitrile, 2-fluoro-4-(6-ffuoro-trans-7-butyl-5,6,7,8-

tetrahydrophenaatbéagar% hbhﬁﬁ@%@@hELbLgi)benzonitr%le,
4-(6-fluoro-trans-7- utyF-5,6,7,8-tetra ydr ophenant hr ene-

2‘y|)anZOﬂitrEL@lu85024LRBQEQuérGQtEBFQL925E§9§1§;%?BEgL-5,6,7,8-
t et r ahydr ophenant hrene- 2-yl ) benzonitrile,

4-(6-f|UOFO-tr@85rghpﬁﬂbﬁheﬁaﬁtﬁrgn%6§—yl)benzonitrile,
t et rahydr ophenant hr ene- 2-yl ) benzonitril e,

2-f|U0r0‘4‘(6‘ﬂLW@L@1EB§BStZEH§XYLhéx9?25§6,7,8—tetrahydrophenanthrene—
t et r ahydr ophenant hrene- 2-yl ) benzonitrile,

4-(6-fluoro-trangiypbax¥hi®r914, 8-tetrahydrophenant hrene- 5
2-§I)benzonitrilg, 2-fluoro-4-(6-fluoro-trans-7-heptyl-5,6,7, 8-

tetrahydr ophenant hpgRe=2-Yk)LeeNgeBLlt thhE-7-heptyi-5,6, 7, 8-
4-(6-fluoro-trans-7-heptyl-5,6,7, 8-

10 tetrahydrophenanthrene-2-yl)benzonitrile,
4—(8—fluoro—trans-7—heptyl—5,6,7,8—
tetrahydrophenanthrene-2-yl)benzonitrile,
2—fluoro—4—(6—fluoro—trans—7—propyl-5,6,7,8—
tetrahydrophenanthrene-2-yl)benzonitrile,

15 4-(6-fluoro-trans-7-propyl-5,6,7, 8-
tetrahydrophenanthrene-2-yl)benzonitrile,
2—fluoro—4—(6—fluoro—trans—7—ethyl—5,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,
4—(6—fluoro—trans—7—ethyl-5,6,7,8—tetrahydrophenanthrene—

20 2-yl)benzonitrile,
2—fluoro—4—(6—fluoro—trans—7—butyl—5,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,
4—(6—fluoro—trans—7—butyl—5,6,7,8—tetrahydrophenanthrene—
2-yl)benzonitrile,

25 2—fluoro—4-(6—fluoro—trans—?—pentyl—S,6,7,8—
tetrahydrophenanthrene-2-yl)benzonitrile,

4—(6—fluoro—trans—7—pentyl—S,6,7,8—



t et r ahydr ophenant hr ene- 2-yl ) benzonitrile, 10

4- (6, 8-di fluoro-trans-7-propyl-5,6,7, 8-

t et rahydr ophenant hr ene- 2-yl ) benzonitril e,
2-fluoro-4-(6, 8-difluoro-trans-7-propyl-5,6,7, 8-
t et rahydrophenant hrene-2-yl ) benzonitril egsg
2-fluoro-4-(6,8-difluoro-trans-7-ethyl-5,6,7,8 15

tetrahydr0phen&nkh%&@@ﬁ%ﬁﬂéH%ﬂEﬁygﬂéjﬂJ%l)benzonitrile,
4-(6,8-difluoro-trans-7-ethyl-5,6,7, 8-

t et r ahydr ophenartthiener—2-yleHrawedd-ttidi®-7-hexy1-5, 6, 7, 8-
2-fluoro-4-(6,8-difluoro-trans-7-butyl-5,6,7, 8-

tetrahydrOphen&@&h@&@@r&ﬁﬂéh@%&%@@ﬂéjjJ?l)%%nzonitrile,
4-(6,8-difluoro-trans-7-butyl-5,6,7, 8-

tetrahydrOphenanu@Liﬂﬁo%d%ka%@ZQmHQQQFiS,6,7,8—tetrahydrophenanthrene—
2-fluoro-4-(6,8-difluoro-trans-7-pentyl-5,6,7, 8-

t et r ahydr ophenanthnere-2nik)lgrzonitril e,
4-(6,8-difluoro-trans-7-pentyl-5,6,7,8 25

tetrahydrOphen@“Eﬂb@&%=2=X%¥Q§%€Q@L%r%%%eﬂ—hﬁgtyl—S,6,7,8—
2-fluoro-4-(6,8-difluoro-trans-7-hexyl-5,6,7, 8-

t et r ahydr ophenaethtegerdphehBeRaRhkl bl €1 )288 sonitrile,
4- (6, 8-difluoro-trans-7-hexyl-5,6,7, 8-

t et r ahydr ophenant(greneozoykaanzennkhicl 8.5 . 7. g-
2-f|uoro-4-(6,8-dif|uoro-trans-?-hep?y??S,6,7,8-

tetrahydrophen@@thaﬁparaﬁhth%@%QQBELbL9a)%%ﬁz%nitrile,
4-(6,8-difluoro-trans-7-heptyl-5,6,7, 8-

SRS I i ) i T o e A
tetrahydrophenanthrene—Z—yl)benzonitrile,
2—flﬁoro—4—(6,8—difluoro—trans—7—propyl—5,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—trans—?—ethyl—S,6,7,8—

15 tetrahydrophenanthrene—Z—yl)benzonitrile,
4—(6,8—difluoro—trans—7—ethyl—5,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—trans—7—butyl—5,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,

20 4—(6,8—difluoro—trans—7—butyl—5,6,7,8—
tetrahydrophenanthrene—2—yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—trans—7—pentyl—S,6,7,8—
tetrahydrophenanthrene—Z—yl)benzonitrile,
4—(6,8—difluoro—trans—7—pentyl—5,6,7,8—

25 tetrahydrophenanthrene-2-yl)benzonitrile,
2—fluoro—4—(6,8—difluoro—trans—7—hexyl—5,6,7,8—

tetrahydrophenanthrene-2-yl)benzonitrile,



HOOOOOHH2 ' Fd/Cs OOO (CH2OH) ~O0=C0 --*- ~' OO0D - MBr KHSO
(CH?OH) 2 TsOH O THE Toluene OO0 ~ H2 t-B Q of p MOEt DMF HCO2H O Tol uene
10 Phenant hren-2, 7-di ol was reduced with hydrogen in the presence of a 5%
pal | adi um carbon (wet) catal yst, and then oxidized using a m xture of
chromumtrioxide, sulfuric acid and watgy to yield

1,3,4,5, 6, 8-hexahydrophenant hren-2, 7-di one. 15 One of the carbonyl groups
of this conpound W38 -aridtleried- tMany - A8t Eeng glaecol , and the conpound
was then reacted with propyl magnesi um brom de, dehydrated in the presence

of an acid cataltysihydarpHdianmaridnl-12- ydopeiR61i8d igloup reforned to
yield 7-propyl -3,4,5, 6-tetrahydro-1H phenant hren-2-one 20 et hyl ene acetal .

This conpound &a< ltuvem-4edues; @6 at fl dneitades 26 he deiy 1t3e gDrregence of a 5%
pal | adi um carbon (wet) catalyst, and then isonerizéd using

pot assi um t - butexirde yidr dMerlad tHrRiné-2-y1)benzonitrile, and .
trans-7-propyl-3,4,5,6,7,8-tetrahydro-| H phenant hren-2-one. This conpound

was reacted in4t—he3,$&mmm@_t&%ntshat_h@?§cyrluge,¢,5/’igrl Exanple 17 to Exanpl e
22, and yielded the conpounds |isted below

trans- 2- propyl tetaasydrobhidna@ropery) 1) Bedrbni il 8-

(Example 31) Synthesis of trans-7-propyl-3,4,5,6,7,8-

tetrahydro-1H~-phenanthren-2-one

HOOH _Hp PaC o,d@b,o
o Ogd%(o] MgBr | KHSO, (CH,0H),
TsOH o THF  Toluene -
/.(’). H,,Pd/C  tBuOK Oj
o AcOEt DMF o
—— e - O
10 Toluene

Phenanthren-2, 7-diol was reduced with hydrogen in the

presence of a 5% palladium-carbon (wet) catalyst, and then
oxidized using a mixture of chromium trioxide, sulfuric acid
and water to yield 1,3,4,5,6,8—hexahydrophenanthren—2,7—dione.

15 One of the carbonyl groups of this compound was protected with
an ethylene glycol, and the compound was then reacted with
propylmagnesium bromide, dehydrated in the presence of an acid
catalyst, and the partially deprotected group reformed to
yield 7-propyl-3,4,5,6-tetrahydro-1H-phenanthren-2-one

20 ethylene acetal. This compound was then reduced with hydrogen



oct ahydr ophenant hrene, trans-2-propyl-trans-7-(3, 4-difluorophenyl)- 10
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- propyl -trans-7-(3, 5-di fl uor ophenyl) -

1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-propy|-trans-?-(3,4,5-trif|uoro%?gnyl)-

1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- prigpyire fASs if1 ] -

1,2,3,4,5,6,7, 8-oct aﬁgldcﬁeg%%r?fanﬁ ene J&%ns-%%ﬁ o%)wﬁt)traantsal}’ys(%" f3fbr o- 4-

trifluor 0@&9&)@3&@&'%& b it poth sl ifim-ACh AR enp MY ene yleold

trans-2-propyl -trans-7-(3,5-difluoro-4-

trifl uor oraihexynhany 91)1—@ 2,3, %%, B4 e%raQﬁ}oqt]%’qup%eer})aar}}t N 2-0ne.

trans- 2- propyl -trans- (4 dlfluoronet oxyphe

1,2, 3,4, 51%,i% Qk
%‘g@ 7- (4 t?%f%l fﬁ% same manner as that described

trans 2- propyl uoronet pheny

1,2,3,4,5i6 Ex8npaanydrephenanhly =l fluoro-4
268 trlfluoronethylphenyl) 1%@; %ﬁ@ éu§{§ﬂ§5§¥gﬁq%yo C@ﬁhﬁ?ﬁ#%ﬁé‘ ed
trans- 2- ppepyw-.trans-7-(3,5 d|fluoro 4-

trifluoronethyl phenyl)-1,2,3,4,5,6,7,8 5 octahydrophenant hr ene,

tr ?gﬁyér glro ﬁg%;ﬁ%ﬁ?gﬁ2zp&ép9hua L ARREAY! )i k12t ebn2n$1§-87 2, 3,4, 5,6, 7, 8-
octahydrophenanthrene,
trans—2—propyl—trans—7—(3,4—difluorophenyl)—

10 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—propyl—trans—7—(3,5—difluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—propyl—trans—7—(3,4,5—trifluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

15 trans—2—propyl—trans-7—(4—trifluoromethoxyphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,

20 trans—2—propyl—trans—7—(3,5—difluo;o—4—
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—propyl—trans—7—(4—difluoromethoxyphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

25 trans—2—propyl—trans—7—(4—trifluoromethylphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans-2-propyl-trans-7-(3-fluoro-4-



trans- 2- propyl -trans-7-(3-fl uoro-4-chl orophenyl) -
1,2,3,4,5,6, 7, 8-oct ahydrophenant hrene, 10

trans- 2- propyl -trans-7-(3, 5-di fl uoro-4-chl orophenyl)
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-propyl -trans-7-[2- (4-fl uorophenylgset hyl ] -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- propyl tifidsofomthdnpndiniliyerophanyl ethyl k_15
1,2,3,4,5,6,7, 8 octahydrophénant hrene,

trans- 2- propyl shamsdtopdehdnthdichleuor ophenyl) et hyl | -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- propyl tibars2lolrdpl3 -4 rani wosephenyl)athy! 1 -
1,2,3,4,2,6P¥,8-0ctahy§%§€%§nantﬁfene} 30 transp%-propyl-trans-?-[2-(4-

trifluoromet hoxypkemvhbalevhphetyd) 4152637485, gchalgydr ophenant hrene,
trans-2-propyl-trans-7-[ 2-( -Pluoro-4-

trifluoromet hoxypReRwirbehbhahthr2 %54,5,6,7,8 25 oct ahydr ophenant hr ene,
trans-2-propy|-trans-?-FZ-(B,S-glpluoro-4-

trifIuoronetho%yghgnyLb@bg%2¥tgﬁﬁﬁﬁq4%§h@ﬁibgoﬁg%nygzggg%d508hgn%n5h%ene,

trans-2-prﬁpyl-tLans-7-[2é ogsrezrgﬁgp7 [g ' 1-1,2°374/'5,6, 7, 8-
oct ahydr ophenagthrg -propyl - -7-12-(4-
Lor onet hy Sheny S SERsT A1 "5 84 S

trifluoronethyl phenyl)e , 6,7,8- oct ahydrophenant hrene,
trans—2—propyl—trans—7—(3—fluoro—4—chlorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

10 trans—2—propyl—trans—7—(3,5—difluoro—4—chlorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—Z—propyl—trans—7—[2—(4—fluorophenyl)ethy1]—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—propyl—trans—7—[2—(3,4—difluorophenyl)ethyl]—

15 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—propyl-trans—7—[2—(3,S—difluorophenyl)ethyl]—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—propyl—trans—7—[2—(3,4,5—trifluorophenyl)ethyl]—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

20 trans-2-propyl-trans-7-[2-(4-
trifluoromethoxyphenyl)ethyl]—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3-fluoro-4-
trifluoromethoxyphenyl)ethyl]—1,2,3,4,5,6,7,8—

25 octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3,5-difluoro-4-

trifluoromethoxyphenyl)ethyl]—1,2,3,4,5,6,7,8—



trans-2-propyl -trans-7-[2-(3-fl uoro-4-

trifluoronethyl phenyl)ethyl]-1,2,3,4,5,6,7,8 10 oct ahydr ophenant hr ene,
trans-2-propyl -trans-7-[2-(3,5-difluoro-4-

trifluoromethyl phenyl)ethyl]-1,2,3,4,5,6,7,8- octahydrophenant hrene,

trans-2-propyl -trans-7-[2-(4- chlorophenybbethyl] 15
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- propyl ettahgdfopRetdnthwene; 4- chlorophenyl)ethyl]-1,2,3,4,5,6,7,8-
oct ahydr ophenant hrene, trans-2-propyl-trans-7-[2-(3,5-difluoro-4 20

chl orophenyl ) ethyhs-2-2r3p415t@ars87-get-ghydr ophenant hr ene,
2-fluoro-4-(trans-7-propyl-1,2,3,4,5,6,7, 8-

octahydrophenaﬁiblaoeoméanaxaphbhpamé@ﬁyunLh 2,3,4,5,6,7,8
4-(trans-7-propyl-1,2, 3, 4, 5. 6, 7, 8- oct ahydr ophenant hr éné 25

trans- 2- y|)benzoaahyukepheaahtu@éﬁe4 (trans-7-ethyl-1,2,3,4,5,6,7, 8-
oct ahydr ophenant hrene-trans-2-yl ) benzonitrile, 270

4- (trens- 7- et hykads223pdopyb-¥r8ngctialpgdraphenant hr ene-
trans-2-yl)benzonitrile, 2-fluoro-4-(trans-7- butyI 1,2,3,4,5,6,7, 8-
oct ahydr ophenantbf eaerbnatBy2pibhbengeniinihes, 3%4,5,6,7, 8-

4-(trans-7-butyl-1,2,3,4,5,6, 7, 8- octahydrophenanthrene

trans- 2-yl ) benaovahyiitépheRahtHeeaed- (1rans- 7-pentyl - 1,2, 3, 4,5, 6, 7, 8-
trans-2-propyl-trans-7-[2-(3-fluoro-4-
trifluoromethylphenyl)ethyl]—1,2,3,4,5,6,7,8—

10 octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3,5~difluoro-4-
trifluoromethylphenyl)ethyl]—1,2,3,4,5,6,7,8~
octahydrophenanthrene,
trans—2-propyl—trans—7—[2—(4—chlorophenyl)ethyl]—

15 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3-fluoro-4-
chlorophenyl)ethyl]—1,2,3,4,5,6,7,8-
octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3, 5-difluoro-4-

20 chlorophenyl)ethyl]—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
2—fluoro—4—(trans—7—propyl—1,2,3,4,5,6,7,8—
octahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—?—propyl—l,Z,3,4,5,6,7,8—octahydrophenanthrene—

25 trans-2-yl)benzonitrile,
2—fluoro—4—(trans—?—ethyl—l,2,3,4,5,6,7,8—

octahydrophenanthrene—trans—2—yl)benzonitrile,



oct ahydr ophenant hrene-trans-2-yl)benzonitrile,
4-(trans-7-pentyl-1,2,3,4,5,6, 7, 8-octahydr ophenant hrene- 10
trans-2-yl)benzonitrile, 2-fluoro-4-(trans-7-hexyl-1,2,3,4,5,6,7, 8-

oct ahydr ophenant hrene-trans-2-yl)benzonitrile,
4-(trans-7-hexyl -1, 2, 3,4,5, 6, 7, 8 oct ahydrgphenant hr ene-
trans-2-yl)benzonitrile, 15 2-fluoro-4-(trans-7-heptyl-1,2,3,4,5,6,7, 8-
oct ahydr ophenanthreaast-rargndiy), penzanist ki, heg-octahydrophenanthrene-
4-(trans-7-heptyl -1, 2,3,4,5, 6, 7, 8-oct ahydr ophenant hr éne-

trans-2-yl ) benzeankF2l§.l) bénoodiiflriaee- 4- (trans-7-ethyl -1, 2,3,4,5,6,7,8 20
oct ahydr ophenant hrene-trans-2-yl ) benzonitril e,
2,5-dif|uor0-42GEﬂaﬁiozﬂPWQQﬁhslﬂzb%t§¢5a§gz3§4,5,6,7,8_

oct ahydrophenant hrene-trans-2-yl ) benzonitrile,

2, 5-di fluoro-4octedRaréphdhththrénd~4ran8-2-91)benzonitrile,

oct ahydr ophenant hrene-trans-2-yl)benzonitrile, 25

2, 5-dig | uor o- 44t canas/7peukyh-1,2,3,4,8,6, 7, 8=octahydroph -
octahydrophenanthrene-trans-g-yl)benzonitriI cctanydrophenanthrene
2, 5-difluoro-4tebhars=-vihesnkohidr3isg, 5, 6, 7,
oct ahydr ophenant hrene-trans-2-yl ) benzoni tri
2,5-difluoro-42¢E1888074heRk%hs172p3nty2-9, %, 8- 4,5,6, 7, 8-

oct ahydr ophenant hrene-trans-2-yl)benzonitrile, 4-cyanophenyl

trans-7- propyl odt3nhgadophbnin8hienel ebyds0phenapLAL §AGE 23 ¢ar boxyl ate,
4- cyano- 3, 5-di fl uor ophenyl trans-7-propyl -

1,2,3,4,5,6,7, 8-getahydnopbregnthr eng; 2; 6abex¥L gt Eanydrophenant hrene-

¢,
8 271
e

10 trans-2-yl)benzonitrile,
2—fluoro—4—(trans—7—hexyl—1,2,3,4,5,6,7,8—
octahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—?—hexyl—l,2,3,4,5,6,7,8—octahydrophenanthrene—
trans-2-yl)benzonitrile,

15 2—fluoro—4—(trans—?—heptyl—l,Z,3,4,5,6,7,8—
octahydrophenanthrene—trans—2—yl)benzonitrile,
4—(trans—7—heptyl—1,2,3,4,5,6,7,8—octahydrophenanthrene—
trans-2-yl)benzonitrile,
2,5—difluoro—4—(trans—7—ethyl—1,2,3,4,5,6,7,8—

20 octahydrophenanthrene—trans—2—yl)benzonitrile,
2,5—difluoro—4—(trans—7—propyl—1,2,3,4,5,6,7,8—
octahydrophenanthrene—trans—2—yl)benzonitrile,
2,5—difluoro—4—(trans—?—butyl—l,Z,3,4,5,6,7,8—
octahydrophenanthrene—trans—2—yl)benzonitrile,

25 2,5—difluoro—4—(trans—?—pentyl—1,2,3,4,5,6,7,8—
octahydrophenanthrene-trans-2-yl)benzonitrile,

2,5-difluoro—4-(trans—?—hexyl-1,2,3,4,5,6,7,8—



4- cyanophenyl trans-7-ethyl-1,2,3,4,5,6,7, 8-

oct ahydr ophenant hr ene- 2- car boxyl ate, 10 4-cyano- 3-fl uorophenyl
trans-7-ethyl-1,2,3,4,5,6,7, 8- octahydrophenant hr ene- 2- car boxyl at e,

4- cyano- 3, 5-di fl uorophenyl trans-7-ethyl-1,2,3,4,5,6,7, 8-

oct ahydr ophenant hr ene- 2- car boxyl ate, 42%yanophenyl
trans-7-butyl-1,2,3,4,5,6,7,8 15 octahydrophenant hr ene- 2- car boxyl at e,

4- cyano- 3- f | uoprophkpylcophansnthiteng-ttaRs324y3)behz8nitrile,

oct ahydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3, 5-di fl uorophenyl
trans-7-butyl -2, 2-8i418080748-t@anahydhephenant 2r,ena- 2, earnhexyl ate, 20
4- cyanophenyl trans-7-pentyl-1,2,3,4,5,6,7, 8-

oct ahydr ophenapthabpér@pbanboxjirahe -t rdneyargi3bbhuenaphenyl,
trans-7-pentyl -1, 2, 3,4,5,6,7,8- octahydrophenant hrene- 2- car boxyl at e,

4- cyano- 3, 5- di #+apaophbanlylt tanas?7pprbplk12%,2,3,4,5,6,7, 8-

1,2,3,4,5,6, 7, 8-octahydr ophenant hr ene- 2- car boxyl ate, 4-cyanophenyl
trans-7- pentyl o¢t@h@ddophén@nBhrencabydaepbgpaathr ene- 2- car boxyl ate, 272
4- cyano- 3-f |l uor ophenyl trans-7-pentyl-1,2,3,4,5,6,7, 8-

oct ahydr ophena#t byane-2; 6adb6xybabphengicyanns37Spdopkucr ophenyl
trans-7-pentyl 1, 2, 3, 4, 5 6, 7, 8-octahydrophenant hrene-2-carboxyl at e,

5 4-cyanophenyl, 2y ané; 3; bept §FodtdhJdhophbndnBhrene-2-carboxylate,

oct ahydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3-fl uorophenyl

trans-7-heptyl 4i¢cPadoghéngl 7t Bans-7-ethyl-1,2,3,4,5,6,7, 8-
octahydrophenanthrene-2-carboxylate,

10 4—cyano—3—fluorophenyl trans-7-ethyl-1,2,3,4,5,6,7, 8-
octahydrophenanthrene-2-carboxylate,
4—cyano—3,5—difluorophenyl trans-7-ethyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-2-carboxylate,
4-cyanophenyl trans-7-butyl-1,2,3,4,5,6,7, 8~

15 octahydrophenanthrene-2-carboxylate,
4—cyano—3—fluorophenyl trans-7-butyl-1,2,3,4,5,6,7, 8-
octahydrophenanthrene—Z—carboxylate,
4-cyano-3, 5-difluorophenyl trans-7-butyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene—2—carboxylate,

20 4-cyanophenyl trans-7-pentyl-~-1,2,3,4,5,6,7,8-
octahydrophenanthrene—é—carboxylate,
4-cyano-3-fluorophenyl trans-7-pentyl-1,2,3,4,5,6,7, 8-~
octahydrophenanthrene—2—carboxylate,
4-cyano-3, 5-difluorophenyl trans-7-pentyl-

25 1,2,3,4,5,6,7,8—octahydrophenanthrene—2—carboxylate,
4-cyanophenyl trans-7-pentyl-1,2,3,4,5,6,7,8-

octahydrophenanthrene-2-carboxylate,



oct ahydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3, 5-di fl uorophenyl
trans-7-heptyl 10 1, 2, 3, 4, 5 6, 7, 8 -octahydrophenanthrene - 2
-carboxyl ate, trans-2-(4-fluorophenyl)-trans-7-vinyl-trans-

t etrahydrophenant hrene, trans-2- (3,4-difluorophenyl)-trans-7-vinyl-trans-
t et rahydr ophenant hrene, 15 trans-2- 272
(3,5-difluorophenyl)-trans-7-vinyl-trans- tetrahydrophenanthrene, trans-2-
(4-trifluoronmethoxypbedyf)lubrapserdyVi tydné+ansent €1+ BhYdB pphepant hgene,
trans-2- (3-fluoro-4-trifluoronethoxyphenyl) -trans-7- 20

vi nyl -trans-t ebtctadygd opperanahbheare-2ransb@xylate,
(3,5-difluoro-4-trifluoronethoxyphenyl)-trans-7-

vi nyl -trans-t e4rayyuoophendnf huepephehy ANSrans-7-pentyl-

(4-di fl uoronet hoxyphenyl)-trans-7-vinyl-trans- tetrahydrophenant hrene, 25
trans-2-(4-tri¥l2,08 pdedhgl phenytiahyanspievamyh réfiénd-carboxylate,

t et rahydr ophenant hr ene,

trans52- (3-f | vbrayanophéhyor orehbyl? phepyy) -1 206, 4; 5 6yt, 873
trans-tetrahydrophenant hr ene,

trans- 2- (3, 5- didtatloydrdphendhunrenet hytphesyy)atds ans- 7

vi nyl -trans-tetrahydrophenant hrene,

trans- 2- (4- chl brophenys } £1 sanspHeny DYt rdf &0s-h&ot ¢t £ By ds ophenani hg ene,
trans-2- (3-fluoro-4-chl orophenyl)-trans-7-vinyl-trans-

t et r ahydr ophenartdtigieophenanthrene-2-carboxylate,

4-cyano-3, 5-difluorophenyl trans-7-heptyl-

10 1,2,3,4,5,6,7,8-octahydrophenanthrene—2—carboxylate,
trans-2-(4-fluorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans—2—(3,4—difluorophenyl)—trans—7—vinyl—trans—
tetrahydrophenanthrene,

15 trans—2—(3,5—difluorophenyl)—trans—?—vinyl—trans—
tetrahydrophenanthrene,
trans-2-(4-trifluoromethoxyphenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans—2—(3—fluoro—4—trifluoromethoxyphenyl)—trans—7—

20 vinyl-trans-tetrahydrophenanthrene,
trans—2—(3,5—difluoro—4—trifluoromethoxyphenyl)—trans—?—
vinyl-trans-tetrahydrophenanthrene,
trans-2-(4-difluoromethoxyphenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,

25 trans-2-(4-trifluoromethylphenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,

trans—2—(3—fluoro—4—trifluoromethylphenyl)—trans—?—vinyl—



trans-2- (3, 5-difluoro-4-chl orophenyl)-trans-7-vinyl -
trans-tetrahydrophenant hrene, 10
trans-2-(trans-1|-propenyl)-7-(4-fluorophenyl)
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-(trans-1|-propenyl)-7-(3,4-difluergphenyl) -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (tr ansthrapsoperybhyadrodnendhthyanephenyl)-trans 15
1,2,3,4,5,6,7, 8- octahydropﬁénanthrene

5,
trans- 2- (tranStkaﬂéggeﬂB|B &i€3ubra-Lrihl ¥aueRRER 1 phenyl) -t rans-7-
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (transvhnpuomeahbltét&éhkakabﬁahQE%hQ%%%phenyI)
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene

trans 2- (tranStkaﬁEQQeQMLLhszépBEH9E9 ¢rans-7-vinyl-tr -
trifluoronethoxyphenyl)-1,2,3,4,5,6,7, 8- octahydro henanthrene

trans-2- (transtktpaBpaRY heﬁaﬁ%h?eﬁbfluoro 4-
trifluoromethoxyphenyl) - ,3,4,5,6, 7,8 25 octahydrophenant hrene,

trans-2-(transtk ﬁgopemngiz 4= @LEBQQEB £ n ) ] .
1,2,3,4,5,6,7, 8- gctahydropheﬁanthrene gﬁ RYLYPRZAHSL7-vinyl-trans

trans- 2- (transtét@égﬁg@gbhezaﬁﬂhgéhgIuoronethylphenyl)
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- (transtkapsopenyl b=d1 €3 EkHO&O fi1 h —7-vinyl-
trifluoronethyl phenyl)-1, 2, 3, 4, % 6, < OrOP eng “StﬁrXﬁBYl

trans- 2- (tranStkaﬁéoeseyh%yarséhéthEBHQEQ 4-
trifluoronethyl phenyl)-1,2,3,4,5,6,7

10 trans- 2—(trans 1- propenyl)— —(4-fluorophenyl) -
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—propenyl)—7—(3,4—difluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—propenyl)—7—(3,5—difluorophenyl)—trans—

15 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—propenyl)—?—(3,4,5—trifluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—propenyl)—7—(4—trifluoromethoxyphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

20 trans-2- (trans-l-propenyl)-7-(3-fluoro-4-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans-2-(trans-l-propenyl)-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7,8—

25 octahydrophenanthrene,
trans—2—(trans—l-propenyl)—?—(4—difluoromethoxyphenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,



oct ahydr ophenant hrene, trans-2-(trans-|-propenyl)-7-(4-chlorophenyl)-
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans-2-(trans-1|-propenyl)-7-(3-fluoro-4-chlorophenyl) -
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-(trans-|-propenyl)-7-(3,5-diflueng-4-

chl orophenyl )-1, 2, 3,4,5, 6, 7, 8-oct ahydr ophenant hrene, 15

trans-2-(tranStkabBLQnXEkaﬁs@&=b&@9@99@?nyLX4—trifluoromethylphenyl)—

1,2,3,4,5,6,7, 8-octahydrophenant hr ene,

trans-2- (transil 2bgt enyl, )k, 7-, 83 oktdhihvepABASAY hiene,
1,2,3,4,5,6,7, 8-octahydrophenant hr ene,

trans-2- (transtkahgtenykrahst3-prébbhyos opbenyk) nbrang-20
1,2,3,4,5,6,7,8-octahydrophenant hr ene,

trans-2- (transtkibutieryhbtRylghéndachfbuer ephegyh) g-
1,2,3,4,5,6,7,8-octahydrophenant hr ene,

trans-2- (transobthHyar¥bhehabtni-ehtl uor onet hoxyphenyl ) -
1,2,3,4,5,6,7, 8 octahydrophenant hrene, 25
trans-2-(transtkahytenytraks(3=pkupeRydy-7- (3, 5-dif ~4-
trifIuor(()methoxy?)henyl¥-1,2,3,4?5,E,?,YSz océahydrép%gﬁgﬁthrene, 275
trans-2-(tranStkibmhéﬂMhEtﬁyiéhéhgiiL¥0§93§4,%,6,7,%—
trifIuoronethoxyphenyl)-l,2,3,4,5,6,7,8- oct ahydr ophenant hr ene,
trans-2- (transottuy@p¥phedahéndihLuor omet hoxyphenyl)- 5
1,2,3,4,5,6,7, 8-octahydr ophenant hr ene,

trans-2- (transtrahytenytyakst4d=bebbbagt PUpL byl PREGYL ) Reny) -
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene;

10 1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans—2—(trans—l—propenyl)—7—(3—fluoro—4—chlorophenyl)—

1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans—2~(trans—l—propenyl)—7—(3,5—difluoro—4—
chlorophenyl)—1,2,3,4,5,6,7,8—octahydrophenanthrene,
15 trans—2-(trans—l—butenyl)—7—(4—fluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l-butenyl)—7—(3,4—difluorophenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans—2—(trans—l—butenyl)—?-(3,5—difluorophenyl)—trans—

20 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—butenyl)—7—(3,4,5—trifluorophenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans—2—(trans—l-butenyl)—7—(4—trifluoromethoxyphenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,
25 trans—2—(trans—l—butenyl)—7—(3—fluoro—4—
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—

octahydrophenanthrene,

10



trans-2-(trans-1|-butenyl)-7-(3-fl uoro-4-
trifluoronethyl phenyl)-1,2,3,4,5,6,7,8- 10 octahydrophenant hr ene,
trans-2-(trans-|-butenyl)-?-(S 5-di fl uoro-4-

trifluoronethyl phenyl)-1,2,3,4,5,6,7,8- octahydrophenant hrene,
trans-2-(trans-I|-butenyl)-7-(4-chl orophenyl)- 15

1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (transtkabupenykkaﬁs@&—bb%@h914_Qhugrgp@gqnhbro 4-
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,

trans-2- (tranStkibWUemwhbtKo&§pﬁeﬂ fiuar o4, 4,5, 6,
chl orophenyl )-1,2,3,4,5,6,7,8-o0cta ydrophenanthre
trans- 2- (transobtﬁﬁpﬁ@ﬂﬁhbnln&ﬂr&hﬁorophenyl)
1,2,3,4,5,6,7, 8- octahydrophenanthrene

trans- 2- (transtkapennemykhng L3patehihyarapienyle th _
1,2,3,4,5,6,7, 8- octahydrophenanthreng R uoromethoxyphenyl)

7,8-
e, 20

trans-2- (transu2penneayb)778éacﬁaelw!rugh@aaﬁmalr)enu ans 25
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,

trans- 2- (t ranstkaﬁenﬁemykh #=03pdtonth tbu Q

1,2,3,4,5,6,7, 8- octahydropﬂenanth?eﬁg b QQ EQ?QXh%romethylphenyl)
trans- 2- (tran5112penueayb)778ééctahpayebﬁaﬁgheﬁ¥ehsny')

1,2,3,4,5,6,7, 8 octahydrophenant hr ene

trans- 2- (transttapentenytind= i3bﬁkéﬁ 9 47_(3-f1 —4-
trifluoronmethoxyphenyl)-1,2,3,4,5 % é (octaﬁgggophenanthrene,

B e s f oL

10 octahydrophenanthrene,
trans—2—(trans—l—butenyl)—7—(3,5—difluoro—4-
trifluoromethylphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(trans—l—butenyl)-?—(4—chlorophenyl)-

15 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—Z—(trans—l—butenyl)—7—(3—fluoro—4—chlorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—butenyl)—7—(3,5—difluoro—4—
chlorophenyl)—1,2,3,4,5,6,7,8—octahydrophenanthrene,

20 trans—2—(tran§—1—pentenyl)—7—(4—fluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—pentenyl)—7—(3,4—difluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans-l—pentenyl)—7—(3,5—difluorophenyl)—trans—

25 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—pentenyl)—7—(3,4,5—trifluorophenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,



oct ahydr ophenant hr ene,

trans-2-(trans-1-pentenyl)-7-(4-difl uoronethoxyphenyl)- 10
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-(trans-|-pentenyl)-7-(4-trifluoronethyl phenyl) -
1,2,3,4,5,6,7, 8-octahydrophenant hrene, 57¢
trans-2-(trans-1-pentenyl)-7-(3-fluoro-4-

tr|fIuoronethyk&ﬁ&@WZF(%ﬁéﬁ%diibé§¢€m%i)15—QQL%QMQH%%E%H%Q%% §fenyl) -

trans-2-(trans-1-pentenyl)-7-(3,5-difluoro-4-

trifluoronet hyliphemsyls), sl .73 %&,t@hz,d&of?@t@taw&%@enant hrene,
trans-2-(trans-1-pentenyl)- 7 (4-chl or ophenyl)

1,2,3,4,5,6,7, &r@&ha@yd&ﬁﬁhﬁﬁdﬂbgh%%%yli (3-fluoro-4-
trans- 2- (trans | - pent enyl) (3-fluor chlorophenyl)

1,2,3,4,5,6,7, &1q¢ua@m@man thﬁ ~1,2,3,4,5,6,7,8-
trans 2- (trans | - pentenyl) - | uor 6-4-"'

chl or ophenyl ) - bc%a&yaﬁéﬁﬁeﬁa%xgggagydrophenanthrene 25
trans-2- (trans-3-pentenyl )-7-(4-fl uorophenyl)-

1,2,3,4,5,6, 7, 8rasisabydrephanantiheps. 1) - ] -4~
trans 2- (trans 3-pentenyl)-7-( tp4 dlf?ngrop g glflf%?oro 1
4,5
eny

1,2,3,4,5,6,7, arqquany@n@@n%n?gh@hg@§
trans- 2- (trans 3-pentenyl)-7 uoroph

1,2,3,4,5,6,7, 8c@@h@@y@bnghﬁﬂ%ﬂ&ghéne
trans 2- ans- 3-pentenyl )-7-(3,4,5-trifluorophenyl) 5

(tr
1,2,3,4,5,6, 7, 8raskabydrophgnanthneng, 1) —7- -
trans- 2- (trans 3- pentegyl) 7-( E)trr?F‘Er’or)ornst(r‘%m%l)hg 83§P??thoxyphenyl)

, 6,

1,2,316¢4,5,6,7, 8, Q?Bahygﬁ@9h?@aBEQEEQQrophenanthrene,

,6,7,8-
'Y/t rans-

trans—2—(trans—l—pentenyl)—?—(4—trifluoromethylphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans-2- (trans-1l-pentenyl)-7-(3-fluoro-4-
trifluoromethylphenyl)—1,2,3,4,5,6,7,8~

15 octahydrophenanthrene,
trans-2-(trans-l-pentenyl)-7-(3,5-difluoro-4-
trifluoromethylphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(trans—l—pentenyl)—?—(4—chlorophenyl)—

20 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—l—pentenyl)—7—(3—fluoro—4—chlorophenyl)-
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans-l—pentenyl)—?—(3,5—difluoro—4—
chlorophenyl)—1,2,3,4,5,6,7,8—octahydrophenanthrene,

25 trans—2—(trans—3—pentenyl)—7—(4—fluorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

trans—2—(trans—3—pentenyl)—7—(3,4—difluorophenyl)—



trans-2-(trans-3-pentenyl)-7-(3-fluoro-4-
trifluoronethoxyphenyl)-1,2,3,4,5,6,7,8- 10 oct ahydrophenant hr ene,
trans-2-(trans-3-pentenyl)-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7, 8- octahydrophenant hrene,

trans-2-(trans-3-pentenyl)-7-(4-difl uor@wet hoxyphenyl)- 15
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (t r ans-13-2péntdedyl6),-77-8(-4dtaHdrapreiditnkeny| ) -
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,

trans- 2- (t r anst3apentenytrpns~(Bfdntarg 14--7- (3, 5-difluorophenyl) -trans-
trifluoronethyl phenyl)-1,2,3,4,5,6,7,8- 20 octahydrophenant hrene,
trans- 2- (trans-132péntenyle), 77 8-ddraliyidripherdmthrene,

trifluoromethyl phenyl)-1,2,3,4,5,6,7,8- octahydrophenant hrene,

trans- 2- (transi3apsalenyrpns—(4peittemgnheny )3, 42%-trifluorophenyl) -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- (transi32péntesbyl6) 77 8-Icflab@idropheitaerenkery! ) -
1,2,3,4,5,6,7, 8 octahydrophenant hrene, 278

trans'z'(transt3apeﬁQemykhnﬁ‘GgpéﬂQbh@QQLq“4ﬂ—trifluoromethoxyphenyl)—
chl orophenyl)-1, 2, 3,4,5, 6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- ( 3- but @ngl B; 4, 64 6f Tyerephanydrobh2ndnthZebe’, 8-

oct ahydr ophenant hrene, 5 trans-2-(3-butenyl)-7-(3,4-difluorophenyl)-

1,2,3,4,5,6,7, 8rentabydrepheradrbeneeayl) -7- (3-fluoro-4-

trans-2-(3-butenyl)-7-(3,5-difluorophenyl)-trans-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—

10 octahydrophenanthrene,
trans-2-(trans-3-pentenyl)-7- (3, 5-difluoro-4-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(trans—3—pentenyl)—7—(4—difluoromethoxyphenyl)—

15 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—3—pentenyl)—7—(4—trifluoromethylphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans-2-(trans-3-pentenyl)-7-(3-fluoro-4-
trifluoromethylphenyl)—1,2,3,4,5,6,7,8—

20 octahydrophenanthrene,
trans—2—(trans—3—pentenyl)—7—(3,5—difluoro—4—
trifluoromethylphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(trans—3—pentenyl)—7—(4—chlorophenyl)—

25 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(trans—3—pentenyl)—7—(3—fluoro—4—chlorophenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene,



é utenyl) 7-(3,4,5-trifluorophenyl) 10

,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
ns- 2- (

,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
ns- 2- (
3,4,5,

| uo

.
’ 3- butenyl) 7-(4-trifluoronet hoxyphenyl) -

, 2, , 5,6, 7, 8-oct ahydr ophenant hrene, s>tgans-2-(3-butenyl)-7-(3-fl uoro-4-
rif ronethoxyphenyl) 1,2,3,4,5,6,7,8 15 oct ahydr ophenant hr ene,

trans- 2- ( 3- but egghk-2- (%mén@LBLgethﬂyl ~ (3, 5 difluoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7, 8- octahydrop enant hr ene,

t rans- 2- ( 3- but eAYbkopnbaydi Lhyor angt BoxyphenyL): .2
1,2,3,4,5,6,7, 8- octaEydrgphenant hr ene, Y a 9dr0phenanthrene'

trans- 2- ( 3- but epghy=3-(4=bhutbhyes ane By kR ~
1,2,3,4,5,6,7, 8- octahydrophenaxtareng U@?thenyl ~1,2,3,4,5,6,7,8

trans- 2- (3- but eaybhydrbBnbhHAEArdnb! i f | uor omet hyl phenyl ) -
1,2,3,4,5,6,7, 8- octahydrophenanthrene 25

trans-2- (3- but eayhy=2=(3-BudehlupLo=
trlfluoronethylphenyl)ql 2,3, 4&596 743 40%%5%38 Bﬂen t hrene, 279

t 2- (3- but enyl 4echl
rans- 2- ( ut enyl 3 4; 64 GCh QLBBBSHyb}oéPéng ?§§Fﬁubr0 4- chl or ophenyl ) -

octahydrophenanthrene frans-2-(3-blten

1,2,3,4,5,6,7, 8reatabydsophesayi hren n )
trans- 2- ( 3- buteﬁyl) 7- ql3 5- dlfpugro jaéﬁlg%g% OrOP?enyl ~trans

1,2,3,4,5,6,7,8:9 r e Synt hesi s of
2. (4~ fret hyl pheny| ;PB?‘@(Vﬁ 9PNEBZOLLERDArophERRTEhEeRE) Y

trans-2-(3-butenyl)-7- (3,4,5-trifluorophenyl) -

1
t
1
tr
1
t

_I\)Q)NQJI\)

10 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(3—butenyl)-7—(4—trifluoromethoxyphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans-2-(3-butenyl)-7- (3-fluoro-4-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—

15 octahydrophenanthrene,
trans-2-(3-butenyl)-7- (3, 5~difluoro-4-
trifluoromethoxyphenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(3—butenyl)—7—(4—difluoromethoxyphenyl)—

20 1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans—2—(3—butenyl)—7—(4—trifluoromethylphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,
trans-2—(3—butenyl)—7—(3—fluoro—4—trifluoromethylphenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene,

25 trans-2-(3-butenyl)-7-(3,5-difluoro-4-
trifluoromethylphenyl)-1,2,3,4,5,6,7,8—

octahydrophenanthrene,



4aa, 4b( 3, 8aa, 8b13-tetradecahydrophenanthrene (l11-Al) 0 CA H H ZC=CHCOCH3
C3H7 OC3H7 OO (J-1) 0"1 (J-2) H (J-3)

C3H7 OHO""O OH (J-4) (J-5)

f

I. 1/

NaOCH3 30- C3H7 0 >1211 O~ Br rO
NH3 HCA 1. HC C31-17 1d/NH3 OH

2. NaOH OO 10 (J-6) (J-7) 280 HHCA Br ~~ HH C3H7 TsOH H H CH3 OOHH

(J-8) (J-9) 279
trans—2—(3—butenyl)—7—(4—chlorophenyl)—1,2,3,4,5,6,7,8—
octahydrophenanthrene,
trans—2—(3—butenyl)—7—(3—fluoro—4—chlorophenyl)—
1,2,3,4,5,6,7,8—octahydrophenanthrene, and

5 trans—2—(3—butenyl)—7—(3,5—difluoro—4-chlorophenyl)—

1,2,3,4,5,6,7,8—octahydrophenanthrene.

(Example 32) Synthesis of 2-(4-methylphenyl) -7~ (n-propyl) -

4aa,4bB,8aa,8bB—tetradecahydrophenanthrene (II-A1l)

o
[E]
—_—

GH,;
()
J-1)

NaOCH; gCa*h
——
o H

{J-)
Li/NH,
—_—

9w

10 J-6)

QC3H7 H,C=CHCOCH;
N

o/ J-2)

GH,
00
H

(J-3)

1. HCl
2. NaOH

GHy Li/NH
H ﬁ — 3 5
Nood

(-7



H C3H7 C3H7 H Pc)-GHz HH HH OCH3 HCH3 OH (J-10) (J-11) t-BuCk HH
C3H7 H CH3 H (II-A) (1) Synthesis of

1- nor phol i ne- 4- n- propyl -| -cycl ohexene (J-2) A mxture of 44.9 g of

4- n- propyl cycl ohexanone (J-1), 5 33.2 g of norpholine and 0.32 g of

p-tol uenesul fonic acid was dissolved ipgg00 m of toluene, and then using
a water renoval device, was refluxed under heat until water ceased to be
produced, and the resuldgyng product was vacuun1diﬁt'lhgq7to yield 61.4 g
of the enam ne (J- 16 2)3,@@3@@ s of

4- n-propyl-2-(3- fyl) cyetchexXanonas(J- 3) “of theT¥¥hnj ne (J-2)
and 20 nl of 306 - 2-one were dissol ved j [50:w1 of toluene, and then
reacted for 4 houlls at 100C. The sol ut i op, Wers ofén treated with 6N 15
hydrochl oric acid, d¥shed with water, and dri ed, (5)_9{ ore being purified by
silica gel chromatography (hexane:nethylene 281 chloride = 1:1) to yield
21.5 g of the cycl ohexanone (J-3). (3) Synthesis of

6- n- propyl - 4, 4a, 5, 6, 7, 8- hexahydr o- 2( 3H) - napht hal enone (J-4) 5 21.5 g of

Pd-C/H,

(1) Synthesis of l-morpholine-4-n-propyl-1-cyclohexene (J-2)
A mixture of 44.9 g of 4-n-propylcyclohexanone (J-1),

5 33.2 g of morpholine and 0.32 g of p-toluenesulfonic acid was
dissolved in 200 ml of toluene, and then using a water removal
device, was refluxed under heat until water ceased to be
produced, and the resulting product was vacuum distilled to
vield 61.4 g of the enamine (J=-2).

10
(2) Synthesis of 4-n-propyl-2-(3-oxobutyl)cyclohexanone (J-3)
29.3 g of the enamine (J-2) and 20 ml of 3-buten-2-one
were dissolved in 150 ml of toluene, and then reacted for 4
hours at 100°C. The solution was then treated with 6N
15 hydrochloric acid, washed with water, and dried, before being

purified by silica gel chromatography (hexane:methylene



of methanol, a sodi um nethoxide solution (4.6 g of sodiumin 250 m of
nmet hanol ) was added, and the m xture was then refluxed under heat, under
an atnosphere of nitrogen for 90 mnutes. Follow ng neutralization with
hydrochl oric acid, the 10 nmet hanol was renoved by evaporation and the
product extracted into toluene. The tobsene extract was washed wth water
and dried, and then purified by silica gel chromatography

(hexane: nehhykéde ehllod)deo=ylield ©a.¥i ¢l df13hé @yefl ohk&andarhtlyakgnone
(J-4). 15 (4) Synthesis of 6-n-propy|-4,4a,5,6,7,8-hexahydro-|-[2-?2-

met hyl -1, 3-di oxol an- 2-yl ) et hyl ] - 2( 3H) - napht hal enone (J-5) Under an

at nosphere of nitrogen, 2.2 g of sodium hydride (55% di spersion) was

di spersed(Bh 3$90thksok dfy 6enretrbplyl-20 4aybf @xi7de -HENEE) daBd 2vas ) Lhen
heated for one hour at 65C. The tenperature was returned to room

t enper at unephahdlanosel yo-an of 9.6 g of the naphthal enone (J-4) in DVSO
(100 mM) was added, and the solution stirred for one hour. A solution o

f
9.8 g %of 2-(2-Biohogedliythe2eyelbibxindndi @¥okanaaksn dD¥MEQ1254( 30 Bk) s
then added, and the resulting m xture was stirred for 19 hours. 250 of

a sat ur atefl mguieanslsokusbatuaf meakBRAGEMs6NLOK bele (wasg gd@%dséhigg,iﬂnd the
product was then 282 extracted into toluene, dried, and purified by silica

gel  chr ofhal oyt aphiyméhkxane) nebbyhased¢hkadi dBe=mixthrkowdkekdel. 4 g of
t he napht hal enone (J-5). 5 (5) Synthesis of

67n-propyraﬁlahgdrUndeEZhéatﬂEhhMbrlaﬁ-atmosghere of nitrogen for 90
dloxolan-ztyl)ethyl]-Z(lFD-naphthaIenone (J-6)
minutes. Following neutralization with hydrochloric acid, the
10 methanol was removed by evaporation and the product extracted
into toluene. The toluene extract was washed with water and
dried, and then purified by silica gel chromatography
(hexane:methylene chloride = 1:1) to yield 13.7 g of the
naphthalenone (J-4).
15
(4) Synthesis of 6—n—propyl—4,4a,5,6,7,8—hexahydro-1-[2—(2—
methyl—l,3—dioxolan—2—yl)ethyl]—2(3H)-naphthalenone (J-5)
Under an atmosphere of nitrogen, 2.2 g of sodium hydride
(55% dispersion) was dispersed in 100 ml of dry dimethyl
20 sg}foxide (DMSO) and was then heated for one hour at 65°C.
The temperature was returned to room temperature, and a
solution of 9.6 g of the naphthalenone (J-4) in DMSO (100 ml)
was added, and the solution stirred for one hour. A solution
of 9.8 g of 2- (2-bromomethyl)-2-methyl-1,3-dioxolane in DMSO
25 (50 ml) was then added, and the resulting mixture was stirred
for 19 hours. 250 ml of a saturated aqueous solution of

ammonium chloride was added at 0°C, and the product was then



A tetrahydrofuran (THF) solution (80 m) of 6.2 g of the naphthal enone
(J-5) was added dropwi se to a liquid amonia solution (approximately 600
m) conprising 0.8 g of lithium 10 Following stirring for 90 m nutes, 8.0
g of amonium chloride was added, the ammobni a was renoved by evaporation,
and the product was extracted into nethghene chloride. The crude product
was purified by silica gel chromatography (hexane:nethylene chloride =

1:1) to yiesdtdaZted iefcd ko1l mapthalenang Glnd)e; ythesi s of
7-n-propy|-4,4a,4b,5,6,7,8,8a,9,10-decahydrogﬂgﬁé?f%gﬁgﬁéﬁf%%%%éﬁ%'(J-7) To

a sol uti orchafordit bg¢a@hyt NG eRapi:hrltenRane o Inflodiel O 1 . . tol uene was
added 10 m of 6N hydrochloric acid, "and the rééé%io%”égsq%13éﬁg‘ #§4

proceed far oZ hokr aphtB@Genbi qrganic layer was separated, 3 nl of iN
aqueous sodi um hydroxi de was added, and then using a water renoval device,

was refluxed under heat until water ceased to be produced. 25 The crude
product was washed sequentially with a saturated aqueous sol ution of

sodi uns bi ganbepateeand @ rSat-y Qb ol, uti»0on 501 Ul 1l ori de,
and foll ow ng drying was purif?%%g 83 by§gf?i&a[§enzc&$%% Hog; phy

(hexane: netibxbeaa-chkanicdg Lokh u)Leavheh f-_the phenant hr enone
(J-7). (7) Synthesis of 7-g?gro§yl)tef%age%ééyépg-ggbﬁgnanthrenone 5 (J-8)

et b B SR SR A
m) conprhapnghB1énenef (ULBRi WA s49ded dropwise to a liquid ammonia
solution (approximately 600 ml) comprising 0.8 g of lithium.
10 Following stirring for 90 minutes, 8.0 g of ammonium chloride
was added, the ammonia was removed by evaporation, and the
product was extracted into methylene chloride. The crude

product was purified by silica gel chromatography

(hexane:methylene chloride = 1:1) to yield 3.7 g of the

15 naphthalenone (J-6).

(é) Synthesis of 7—n—propyl—4,4a,4b,5,6,7,8,8a,9,10—decahydro—
2 (3H) -phenanthrenone (J-7)
To a solution of 3.7 g of the naphthalenone (J-6) in 100
20 ml of toluene was added 10 ml of 6N hydrochloric acid, and the
reaction was allowed to proceed for 2 hours at 80°C. The
organic layer was separated, 3 ml of 1N aqueous sodium
hydroxide was added, and then using a water removal device,
was refluxed under heat until water ceased to be produced.
25 The crude product was washed sequentially with a saturated
aqueous solution of sodium bicarbonate and a saturated aqueous

solution of sodium chloride, and following drying was purified



i irri ' i hl ori de 10 was added,
Following stirring for 90 mnutes, 4.0 g of amonium c (
tge annngia was rgnnved by evaporation, and the product was extracted into
met hyl ene chloride. The crude product was purified by silica gel ]
chromat ogr aphy (hexane: nethyl ene chloride = 1:1) to yield 1.5 g of the

henant hrenone (J-8). 15 (8) Synthesis ofgs
g-?4-nethylphengl)-;-n-propyl-tetradecahydro- 2- phenant hrenol (J-9) 8 m of

a i gnar dbyr eddenta (gblmﬂr]dm-@ﬁgﬁpﬂgﬁrﬁ{ggé’mmétk%ﬁeqieofcﬂyrq#&él br th&ﬁre o
and 0.20 g of nagnesi um was added 20 dropw se over a perio ?h one frour
a THF (20t yisdlditd.an ofofl.thd gHedd HingRaY hfengne (J-8). The de10 e
was stirred for a further 2 hours, cooled to room'tenperature, an ( 4
of a 10% aqueous sol ution of hydrochloric acid was then added and stirred.
The product was extracted into toluene, and then 25 washed sequentially

i i ' t urated
i th a sat(inatSge tageaeus S oWk R - ediyaddicarRenate and g sa
ggueous solutigﬁ of sodi um chfg?ng. Fol | ow ng rylngﬁﬁFhe o) f@ﬁpqmasTh
renoved byJ284 evaporation to yield 2.1 g of the phenanthrenol (J-9). is
product was used w thout purification in the subsequent reaction. 5 (9)

is of 2a(4emethylplettah 1T IRt ; 40 ml) of 2.4 £
?22“23',2, 6, 7,8,(82, 9, 1?- decahydr o-( 3t andlor T A Ekdnt 81d 9 $f16Pe2. 1 g

of the phphantheamehond- Qu-G5r wde Bﬁggﬂchkowaisedk%§%l{§%uﬁg %%mgkigf
toluene, 0.1 g of paratoluenesul fonic
solution (approximately 300 ml) comprising 0.4 g of lithium.
Following stirring for 90 minutes, 4.0 g of ammonium chloride
10 was added, the ammonia was removed by evaporation, and the
product was extracted into methylene chloride. The crude
product was purified by silica gel chromatography
(hexane:methylene chloride = 1:1) to yield 1.5 g of the
phenanthrenone (J-8).
15
(8) Synthesis of 2—(4—methylphenyl)—7—n—propyl—tetradecahydro—
2-phenanthrenol (J-9)
8 ml of a Grignard reagent (1 mol/1/THF) prepared from
1.20 g of p-tolylbromide and 0.20 g of magnesium was added
20. dropwise over a period of one hour to a THF (20 ml) solution
of 1.5 g of the phenanthrenone (J-8) . The mixture was stirred
for a further 2 hours, cooled to room temperature, and 10 ml
of a 10% aqueous solution of hydrochloric acid was then added
and stirred. The product was extracted into toluene, and then
25 washed sequentially with a saturated aqueous solution of
sodium bicarbonate and a saturated aqueous solution of sodium

chloride. Following drying, the solvent was removed by



10 acid nonohydrate was added, and then using a water renoval device, the
m xture was refluxed under heat until water ceased to be produced. The
tenperature was then returned to room tenperature and 10 nl of water was
added. The organic |layer was separated and washed sequentially with a

sat urat ed aqueous 15 solution of sodi umgBigcar bonate and a saturated aqueous
solution of sodiumchloride. Follow ng drying, the solvent was renoved by

evapor at i @yaporgitéloth 2.c0 ygedfd tthe pherfanty etenanthb@ndicr Wi )pr ogugt) .
Thi s product was used without purification in the subsequent reaction. 20

(10) Synt esiosicsf was( 4rsmet hyiltgikenty Ipurd-fidatdey -id elHadegaugiiarhenant hr ene
(J-11) A solution of 2.0 g of the phenanthrene (J-10) (crude product) in
30 nl of eehlgtismmetate and 3 g of 5% pal | adium 25 carbon (wet) were placed
in an autoclave, and stirred for 5 hours at roomtenperature under a
hydrogen pressure of 4 Kg/cnR2. Follow ng renoval of the catalyst by
filtration 285 through celite, the solvent was renpbved by evaporation to
yield 2.0 (@)oSynhbeplienaft Rrare rethlphesrude 7pmnogieioy1-Thi s product was
used without purification in the subsequent reaction. 5 (11) Synthesis of
2- (4- met hyll. Breddl, B~ B - 8r, Bayl9, 14aaedbihyBan-abk beld/adeash drrrhenantdyLene
(I''-A1) 2.0 g of the phenanthrene (J-11) (crude product) was dissolved in
30 M of dvméPhyl fornmam de (DMF). 0.7 g of
2.1 g of the phenanthrenol (J-9) (crude product) was
dissolved in 30 ml of toluene, 0.1 g of paratoluenesulfonic
10 acid monohydrate was added, and then using a water removal
device, the mixture was refluxed under heat until water ceased
to be produced. The temperature was then returned to room
temperature and 10 ml of water was added. The organic layer
was separated and washed sequentially with a saturated agueous
15 solution of sodium bicarbonate and a saturated aqueous
solution of sodium chloride. Following drying, the solvent
was removed by evaporation to yield 2.0 g of the phenanthrene
(J-10) (crude product). This product was used without
purification in the subsequent reaction.
20
(10) Synthesis of 2—(4—methylphenyl)-7—n—propyl—
tetradecahydrophenanthrene (J-11)
A solution of 2.0 g of the phenanthrene (J-10) (crude
product) in 30 ml of ethyl acetate and 3 g of 5% palladium-
25 carbon (wet) were placed in an autoclave, and stirred for 5

hours at room temperature under a hydrogen pressure of 4

Kg/cm?. Following removal of the catalyst by filtration



10 potassiumt-butoxi de was then added and the m xture was refluxed under
heat for 5 hours. The reaction m xture was then cooled to room
tenperature, 10 m of water was added, and the m xture was extracted with
two 50 m portions of toluene. The organic |ayers were conbi ned, and then
washed sequentially 15 with 200 nL porthgas of a 10% aqueous sol ution of
hydrochloric acid, a saturated aqueous sol ution of sodi um bi carbonate, and

a sat urat edragy@oue15@leyt itdR @b 19AItUMGh ARy B l.QWag . +dLyi pg, the
sol vent was renoved by evaporation, and the crude “product purified by

silica gelyiehwomaiogr aEh¥h! PheeRek Hiren?0 (W-ahd L3 g0 '
2- (4- et hyl phenyl ) -7-n- propy -4aa,4bR,gaa}SbR-qtgtrgggcgﬁﬁgpgﬁﬁéna%?h?ene

(I'1-Al). pEvanpiewdd) uadt IRTHSURS Pur@Pe ATRLAPY L fnk' ! hoxy- 8-
fIuoro-trgns-1,2,3,4,4a,9,10,10§$0gP§%3%F§§ﬁgﬁaﬁt }g%eskkg%ﬁgg§§6 HBr

MF. C- 31 C334¢étQoeCH3 AcOH D C3H7 QOH J-1 J-2 F CdCszCHs F C3H7 O OH
C3H7 O OCF3 J-3 1-Al (1) Synthesis of

trans-- propyl -trans-4b, 5, 6, 7, 8, 8a, 9, 10- oct ahydrophenanthren-7-ol (J-2) 5
A m xture of 20 g of 7-methoxy-trans-2-propyl-trans-

1,2,3,4,4219) 1@y9a@ﬁe@§tsa®fdQQRQeﬁ%@hgﬁﬁggn&h 1) —%%’%}bﬁ?@i—s of this

conpound was carried out using the néet scl ose Varech, L.

Laconbe anday4bka8auesbpeNOWY rade SRy 4))kr_89,m of acetic
hald and 80 N ohe 205 hodr obr anes=hy opflendfitnttAl?) k1-R9)

2.0 g of the phenanthrene (J-11) (crude product) was
dissolved in 30 ml of dimethylformamide (DMF). 0.7 g of
10 potassium t-butoxide was then added and the mixture was
refluxed under heat for 5 hours. The reaction mixture was
then cooled to room temperature, 10 ml of water was added, and
the mixture was extracted with two 50 ml portions of toluene.
The organic layers were combined, and then washed sequentially
15 with 200 mL portions of a 10% aqueous solution of hydrochloric
acid, a saturated aqueous solution of sodium bicarbonate, and
a saturated aqueous solution of sodium chloride. Following
drying, the solvent was removed by evaporation, and the crude
product purified by silica gel chromatography (toluene) to
20 yield 1.0 g of 2—(4—methylphenyl)—7—n—propyl—4aa,4bB,8aa,8bB—

tetradecahydrophenanthrene (II-Al).

(Example 33) Synthesis of trans-2-propyl-7-trifluoromethoxy-8-

fluoro—trans—1,2,3,4,4a,9,10,10a—octahydrophenanthrene (I-Al)



10 acid was refluxed under heat for 10 hours, and yielded 19.1 g of the
oct ahydr ophenant hren-2-ol (J-2). (2) Synthesis of
trans-1|-fluoro-7-propyl-trans- 4b,5,6,7,8, 8a,9, 10-oct ahydr ophenant hr en- 2- ol
(J-3) 15 12.2 g of the octahydrophenanthren-2-ol (J-2) was dissolved in 60
m of nethylene chloride, 0.9 g of sodiadeé trifluoronethanesul fonate was
added, and then with constant stirring, 10.7 g of MEC-31 was added in four

separate portions hour intggvals. Fol subsequgpt.zptirring for
5 20 hours, 20GCsh OfHls adgggé—?heQﬁh I xtracted—i»nt 0
met hyl ene chl oride, and then wash equentially wwth water and a

sat ur at ed aqueous soldlion of sodium chloride, JP7  before being dried and
t he sol vent renmoved by evaporation to vyield 10.5 g of the conpound (J-3).
This product was used wthout purification in the subsequent reaction. 5
(3) Synthesis of trans-2-propyl-7-trifluoronethoxy-8-fluoro-
trans-1, 2, 3,4, 4a, 9, 16\ 1ka- octggzgﬁg@penanthrene -A) A suspension was
formed of 1.7 ﬁ; AN & : ‘ {ran (THF), and a
sol ution of 10.8 6 R conpound (J-3 ﬁ%o E das then added
dropwi se to the 10 sugpensi on. Fol | owi ng stlrrlngln@r one hour, a solution
of 8.1 g of S-ethyl chlorodithiocarbonate in 40 mM of THE was added
dropwi se to the reaction m xture. Following stirring for a further one
hour, 20 m of water was added and the mxture was extracted with 60 m of
ethyl acet al)eSy}HhﬁekisObgalﬁlr@dsaerr%?l‘“’%%@%@—\@bt ky \@aﬁer& ek’ 'Tge‘io -and the
sol vent renoved by evaporation to yield 12 fs et Hyl'- I"'uor o- 2-
octahydrophenanthren-7-ol (J-2)

5 A mixture of 20 g of 7-methoxy-trans-2-propyl-trans-
1,2,3,4,4a,9,10,10a—octahydrophenanthrene (J-1) (synthesis of
this compound was carried out using the method disclosed in D.
Varech, L. Lacombe and J. Lacques, Nouv. J. Chim., 8, 445
(1984)), 80 mL of acetic acid and 80 mL of 40% hydrobromic

10 acid was refluxed under heat for 10 hours, and yielded 19.1 g

of the octahydrophenanthren-2-ol (J-2).

(2) Synthesis of trans-1-fluoro-7-propyl-trans-
4b,5,6,7,8,8a,9,10-octahydrophenanthren—Z—ol {J-3)

15 12.2 g of the octahydrophenanthren-2-ol (J-2) was
dissolved in 60 ml of methylene chloride, 0.9 g of sodium
trifluoromethanesulfonate was added, and then with constant
stirring, 10.7 g of MEC-31 was added in four separate portions
at one hour intervals. Following subsequent stirring for 5

20 hours, 20 ml of water was added, the product was extracted
into methylene chloride, and then washed sequentially with

water and a saturated aqueous solution of sodium chloride,



propyl -trans-4b, 5, 6,7, 8, 8a, 9, 10- oct ahydr ophenant hr en- 7-yI

chl or odi t hi ocarbonate. This conpound was dissolved in 50 m  of nethylene
chloride, and then added dropwi se to a cooled 20 solution at 0C of 300g of
a hydrogen fluoride-nel am ne conplex and 1, 3-di bronp-5, 5-di net hyl hydant oi n
in11of nmethylene chloride. Follow ng8stirring for 30 mnutes, 200 n

of water was added, the organic |ayer was separated and washed with water,
and fol | owedgrer peigg tdrg esblarehttheas alerove ddmnovil Gyapeagbirat ibe Rooduce
a reside, which was subsequently purified by silica gel chromatography
(devel opi ¥gesdl UéntS g ledx dre) .colfpeymat | (-6 .pr DHiet pradudt ssasvaedein 50 n
of THF, 288 and with the tenperature at -78C, 50 ml of a 1.6 Mn-butyl

| i t hi um hextdheudolpwtriidn osds arhem adde d ulrseppiese. reeldtdwinng stirring for 20
m nutes, 10 m of water was added, the organic |ayer was separated and
washed with water, and following 5 drying, the solvent was renmoved by
evaporation to produce a reside, which was subsequently purified by silica
gel  chrort@ o§vapine sidewd apiang-Leipreptyl Texaideidivmettekgte-F1udkd), and
then recrystallized fromethanol to yield 7.6 g of

t rans- 2- ptopyls—1- €y, i3f, |4y daoPe Lo X a8-odtabiyetrophehab@ hrene (I-A1)
1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hrene (1-Al). As follows is a
description of Aspespknsiexamplse€orimedpiogf ar.rred edmgedids. hiArtibBe in 5
description of these specific exanples, the follow ng abbreviations are
used. 289ml1Bo@: teZrahydrefX¥2an (THF), and a solution of 10.5 g of the

compound (J-3) in 50 ml of THF was then added dropwise to the

10 suspension. Following stirring for one hour, a solution of
8.1 g of S-ethyl chlorodithiocarbonate in 40 ml of THF was
added dropwise to the reaction mixture. Following stirring
for a further one hour, 20 ml of water was added and the
mixture was extracted with 60 ml of ethyl acetate. The

15 organic layer was washed with water, dried, and the solvent
removed by evaporation to yield 12.5 g of S-ethyl-8-fluoro-2-
propyl—trans—4b,5,6,7,8,8a,9,10—octahydrophenanthren—7—yl
chlorodithiocarbonate. This compound was dissolved in 50 ml
of methylene chloride, and then added dropwise to a cooled

20 solution at 0°C of 300g of a hydrogen fluoride-melamine
complex and 1,3-dibromo-5, 5-dimethylhydantoin in 1 1 of
methylene chloride. Following stirring for 30 minutes, 200 ml
of water was added, the organic layer was separated and washed
with water, and following drying, the solvent was removed by

25 evaporation to produce a reside, which was subsequently
purified by silica gel chromatography (developing solvent:

hexane). The purified product was dissolved in 50 ml of THF,



. 00DZB21: 0OZ X221 B30: 00ZB31l: 00Z X2F211F1F1
54(%: gzgoz B4l: ADOO Z B42: OOOZ B43: O00Z X2 F X2 2 F X2 1 B50: O
OZB51: O0OZ X2 X2 F ,~(F ALO0: -o- A20: --a- A30: -6- A40: --(( )}- F
R RO1:CH3 L: L10: CH2CH2 R02: Alky (C2-C5) RO3: CH2=CH2 X1, X2 : X00=H
RO4: CH2=CHCH3 X10= F R05: CH2CH=CH2 R063,@g2=CHCH2CH3 Z : Z00=H
RO7: CH2CH=CHCH3 Z10=F R08: CH2CH2CH=CH2 Z720=0CF3 R09: CH2=CHCH2CH2CH3 Z21

=OCHF2  REQICHAGH= @G L2defe Rl CHAGHAGHREHAS 28073 uey1
R12: CH2CH2CH2CH=CH2 Z40CN
lithium hexane solution was then added dropwise. Following
stirring for 20 minutes, 10 ml of water was added, the organic
layer was separated and washed with water, and following
5 drying, the solvent was removed by evaporation to produce a
reside, which was subsequently purified by silica gel
chromatography (developing solvent: hexane/ethyl acetate =
9/1), and then recrystallized from ethanol to yield 7.6 g of
trans—2—propyl—7—trifluoromethoxy—8-fluoro—trans—
10 l,2,3,4,4a,9,10,10a—octahydrophenanthrene (I-Al).
As follows is a description of specific examples of

preferred compounds. In the description of these specific

examples, the following abbreviations are used.



In the above, partial structures or acconpanying itens or synbols
represent the sanme neaning as described in claiml1l. Preferred conpounds
can be di spl ayed by using conbinations of 5 the abbreviations for these
partial structures. For exanple, the fornula RO5-A40-LI O B42-X10-X00-Z22
represents the conpound shown below. 2989 F F F CH2~HCH2- F CH2CH2 Q O Q
OCH2F F RO5- A40- L10-B42- X10- X00-Z722 X1, XZ and Z are recorded in this
order. Furthernore he specific exanples listed below represent only a
portion ofg,p.ne | e sanpl e conpounds, and do not in any way limt the
5 scope of the et i nvention. RO2-Bl0-H H Z00 R02-B10- H H Z10
RO2- Bl 0- H H Z20 R02-RB10-H H Z30 RO2-B10-H H Z40 R02-B10- H F- Z00
R02-B10-H F-ZI O R02-B{ O- H-F- Z20 } 2- B10- H- F- Z30 R0O2- B10- H F- 740

' ORaz- Bl 0- F- H- Z20 R02- B10- F- H Z30
15 Z30xR02- B10- F- F- Z40 R02- B20- H H zQO
R02- B20- H H Z10 RO2-B20-H H Z20

B30: z B31: @. lz

x2 F x2
1 1 Foo Foo
B40: @@ Z  B4l: @@ Z B42: z B43: z
x2 F x? x2 F x?
1 1
B50: @.@ Z  BSI: @'@ z
X2 F xz
F F
a0 O w0 ~O~ at: <G ase: -
F
R: RO]:CH_—; L: LIO:CH2CH2
R02:Alky (C2-C5)
R03:CH;=CH, x', x?: X00=H
R04:CH,=CHCH;3 X10=F
RO5:CH,CH=CH,
R06:CH,=CHCH,CH, 7+ 700=
RO7:CH,CH=CHCH, " Z10=
R08:CH,CH,CH=CH, 720=0CF;
R09:CH,=CHCH,CH,CH; 721=0CHF,
R10:CH,CH=CHCH,CH; 722=0CH,F
R11CH,CH,CH=CHCH, Z30=CF;
R12:CH,CH,CH,CH=CH, ZAO=CN

In the above, partial structures or accompanying items or
symbols represent the same meaning as described in claim 1.
Preferred compounds can be displayed by using combinations of
5 the abbreviations for these partial structures. For example,
the formula R05-A40-L10-B42-X10-X00-%22 represents the

compound shown below.



R02- B20- H- H Z30
RO2- B20- H- F- Z20
RO2- B20- F- H- Z10
RO2- B20- F- H- 240
RO2- B20- F- F- Z30
RO2- B30- H- H- Z20
RO2- B30- H- F- Z10
RO2- B30- F- H- Z00

RO2- B30,

RO2- B30- F- H- Z4 CHRSCHABR
RO2- B30- F- F- Z20 R02- B30

10

15

20

H-ZlO RQ2
T Z30

LF-F-2740
RO2- B40- H- H Z10 RO2- B40 H-H-ZZO RO2- B40-H-H-ZSO
RO2- B40- H F- ZO0 RO2- ROSAPHED-BADXRID0B20- H- F- Z20
RO2- B40- H F- Z40 | R02; B40- F- H- ZQ0 R02- B40- F- H Z10
RO2- B40- F- H z3& 'ROZ’ B! FZ Hp 7 Or RO 840 - £ HE HilD

RO2- B20- H- H- 240 R02- B20- H- F- Z0OO R02- B20- H- F-
RO2- B20- H- F- Z30 R02- B20- H- F- Z40
RO2- B20- F- H- Z20 R02- B20- F- H- Z30
R02- B20- F- F- Z00 R02- B20- F- F- Z10
RO2- B20- F- F- Z40 R02- B30-24-g+ 200
RO2- B30- H- H- Z30 R02- B30- H- H- Z40
RO2- B30- H- F-z20 RO2-B3¥0- H F-Z30
0fF- H Z20

EQ0

Z10 20

R02- B20- F-H Z00

R02- B20- F-H Z740

R0O2-B20-F-F 291 Z20
RO2- B30- H H-
RO2- B30- H F-
RO2- B30- H F-
RO2- B30- F- H-
RO2- B30- F- F-
RO2- B40- H- H-
RO2- B40- H- H
RO2- B40- H- F-
RO2- B40- F- H-
B02e B40-Fufthermore, the

Z10
5 Z00
Z40
Z30 10
Z10
Z00
15 740
Z30
Z20 20

specific examples listed below represent only a portion of the

possible sample compounds, and do not in any way limit the

scope of the present invention.

R02-B10-H-H-Z00
Z30
R02-B10-H-H-Z40
Z20
R02-B10-H-F-Z30
Z10
R02-B10-F-H-220
Z40
R0O2-B10-F-F~Z00
Z30
R02-B10-F-F-240
220
R02-B20-H-H-2Z30
Z10
R02-B20-H-F-220
Z00
R02-B20-F-H-210
Z40

RO2-B20-F-H-Z40

R02-B10-H-H-Z10

R02-B10-H-F-200

R02-B10-H-F-Z40

R02-B10-F-H-Z30

R02-B10-F-F-2Z10

RO2-B20-H-H~-Z00

R02-B20-H-H-240

R02-B20-H-F-230

R02-B20-F-H-220

R02-B20-F-F-200

R02-B10-H-H-220

R02-B10-H~F-Z710

R02-B10-F-H-200

R02-B10-F-H-240

R02-B10-F-F-Z20

R02-B20-H-H-Z10

R02~B20-H-F-200

R02-B20-H-F-240

R02-B20-F-H-Z30

R02-B20-F-F-Z10

R02-B10-H-H-

RO2-B10-H-F-

R02-B10-F-H-

R02-B10~F-H-

R02-B10-F-F-

R02-B20-H-H-

R02-B20-H-F-

R02-B20-F-H-

R02-B20-F-H-

R02-B20-F-F-



Z00 RO2-B40O F-F-ZI O RO2- B40- F- F- Z20 RO2- B40- F- F- Z30 RO2- B40- F- F-
RO2- B50- H- H- Z10 R02- B50- H-H Z20 R02-B50-H H-
RO2- B50- H- F- Z00 R02- B50- H- F-Z10 RO2- B50- H- F-
RO2- B50- H- F- Z40 R02- B50- F- H- Z00 R02-B50- F- H
RO2- B50- F- H- Z30 R02- B50pd+ H Z40 RO2- B50- F- H-
RO2- B50- F- F- Z10 R02- B50- F- F-Z20 RO2- B50- F- F-

RO3- B10- H- H- Z00 RO03-B10- H H Z10 RO03-B10-H H Z20

RO2- B50- H- H- ZQ0
RO2- B50- H- H- Z40
RO2- B50- H F- Z30
RO2- B50- F- H- 220
RO2- B50- F- F- Z00
RO2- B50- F2F3 Z40

Z40
25 730
Z20 292
z10
Z40 5
Z30

RO3-B10- H H 730 10 RO3-B10- H H- Z40 R03- B10- H- F- Z00 RO3- B10- H- F- Z10
RO3- B10- HREZ2-F20- RO8- BI0- id> 430 -R03 Bl Hrb2Z480RA3B00 F- kb Z0830-1-H-
RO3- B10-F-H 210 R03-B10- F- HZ20 R03-B10- F- H- 730 RO3- B10- F- H- 740

R0O3- B10- 2+ 15 Z40 RO3- B10- F- F- Z00 R03- B10- F- F-Z10 R03- B10- F- F- Z20

RO3- B10- F- F-

Z30 RO3-B10-F-F-Z40 R03-B20-H H Z00 R03-B20-H H Z10

RO3- B20- ma;e-mmmm BRYHE10230- RIS B2Ro b B3 640- 032 820z ¢ Fn 790 - -
RO3- B20- H- F-

5

10

15

20

25

Zz00
RO2-B30-H~F-Z10
240
R02-B30-F-H-Z700
230
R02-B30~F-H-740
z10
R02-B30-F-F-220
Z00
R02~-B40-H-H-Z10
240
R02-B40-H-F-2Z00
230
R02-B40-H-F-Z40
220
R02-B40-F-H-230
Z00
R02-B40-F-F-210
Z40
R02~B50-H-H-200
Z30
R02-B50-H-H-240

220

R02-B30-H~F-Z20

R02-B30-F~-H-210

R02-B30-F-H-240

R02-B30-F-F-Z30

R02-B40-H~H-220

R02-B40-H-F-Z10

R02-B40-F-H-Z00

R02-B40-F-H-Z40

R02-B40-F-F-220

R02-B50-H-H-Z10

R02-B50-H-F-200

R02-B30-H-F-Z30

R02-B30-F-H-Z20

R02-B30-F-F-Z00

R02-B30-F-F-240

R02-B40-H~-H-Z30

R02-B40-H-F-220

R02-B40-F-H-Z10

R02-B40-F~H-740

R02-B40~-F-F-Z30

R02-B50-H~-H-720

R02-B50-H-F-Z10

R02-B30-H-F-

R02-B30-F-H-

R02-B30-F-F-

R02-B40-H-H-

R02-B40-H-H-

RO2-B40-H-F-

R02-B40-F-H-

R02-B40-F-F-

RO2-B40-F-F-

R02-B50-H-H-

R02-B50-H-F-



710 RO3- B20- H F- Z20 R03- B20- H F- Z30 R03- B20- H F- Z40 R03- B20- F-H z00

RO3- B20- F- H- ZI O R03- B20- F- H Z20 R03- B20- F- H Z30 R03- B20- F- H-
RO3- B20- F- H- Z40 RO03- B20- F- F- Z00 RO03-B20- F- F-Z10 RO3-B20- F- F-
RO3- B20- F- F- Z30 R03-B20- F- F-Z40 R03-B30- H H Z00 RO03-B30- H H-
RO3- B30- H- H 220 RO3- B30- H- H Z30 RO3- B30-lg
RO3- B3O- H F- Z10 R03-B30- H F-Z20 R03-B30-H F-Z30 R03- B30- H- F-

RO3- B30- FrigoZ 3 F- 1 =B303b-
R03. B30 F- H 240 03 BS0°F- N 945 R03 R3O F- P J00 05

H Z40 RO3-B30- H F-

25 740
Z20 293
z10
Z00 5
Z40

ROZIB50-F-H-

AL

RO3- B30- Fzk9Z20 RO3- B30- F- F-Z30 R03- B30- F- F-Z40 RO3-B40-H H Z00
RO3- B40- H- H- Z10 RO03-B40- H- H Z20 R03-B40-H H Z30 R03-B40-H H Z40 15

R0O3- B40- HrRB2Z@90Re31B400H ko Z185R03-B493h+ Fird@20s
RO3- B4O- H- F- Z40 RO3- B40- F- H- 700 R03- B40~F- H- 710

RO3- B40- FzkinZ30 RO3- B40- F- H- Z40 R03- B40- F- H- Z40 RO3- B40- F- F-

5

10

15

20

25

R0O2-B50-F-F-2Z00
Z30
R02-B50~F-F-Z40
R0O3-B10-H-H-Z00
Z30
RO3-B10-H-H-Z40
Z20
RO3-B10-H-F-Z30
Z10
R0O3-B10-F-H-Z20
Z40
RO3-B10-F-F-200
Zz30
R03-B10-F-F-Z740
220
R03-B20-H-H-230
Z10
R03-B20-H-F-Z20
Z00
R03-B20-F~-H-210
z40
RO3-B20-F-H-Z40

Z20

R02-B50-F-F-Z10

RO3-B10-H-H-Z10

R0O3-B10-H-F-Z00

R03-B10-H-F-Z40

RO3-B10-F-H-Z30

R03-B10-F-F~-Z10

R03-B20-H-H-200

R03-B20-H~-H-Z40

RO3-B20-H-F-Z30

R0O3-B20-F-H-2Z20

RO3-B20-F-F-200

R02-B50-F-F-220

R03-B10-H-H-Z20

R03-B10-H-F-Z10

R03-B10~F-H-Z00

RO3-B10-F-H-Z40

RO3-B10-F-F-Z20

R03-B20~-H-H-Z10

R03-B20-H-F-Z00

R03-B20-H-F-Z40

RO3-B20-F-H~Z30

R03-B20-F-F-210

O o e

20 ZOO

R02-B50-F-F-

R0O3-B10-H-H-

RO3-B10-H-F-

R0O3-B10-F-H-

RO3-B10-F~H-

RO3-B10-F~F-

RO3-B20-H~-H-

R03-B20-H-F-

R0O3-B20-F-H-

RO3-B20-F-H-

RO3-B20-F-F-



RO3- B40- F- F- Z10 R03-B40- F- F-Z20 R03- B40- F- F- Z30 RO3- B40- F- F-

Z40

RO3- B50- H- H- ZOO R03-B50- H- H Z10 R03-B50-H H Z20 R03-B50-H H Z30 25

RO3- B50- H H 240 R03- B50- H F- Z00 R03- B50- H F- ZI O R03- B50- H- F-

Z20

RO3- B50- H- F- Z30 R03-B50- H F- Z40 R03- B50- F- H-Z00 RO3-B50-F-H 294 Z10
RO3- B50- F- H- Z20 R03-B50- F- H Z30 R03-B50z24¢3 H Z40 RO3-B50-F-H Z40

RO3- B50- F- F- ZOO R03- B50- F- F-Z10 RO03-B50- F- F-Z20 RO3- B50- F- F-

5 Z30

RO3- B50- FRE3ZBD0-ROB-B30- Hr(-3-2000 -ROSr B4 HRIY3ZEB 0RG5#BEG0H kb Z2830-H-H-
RO5- B10- H- H- Z30 R05- B10- H- H- Z40 RO05- B10- H- F- Z00 R05- B10- H- F- Z10

RO5- B10- HEZF9 10 Z20 RO05- B10- H- F- Z30 R05- B10- H- F- Z40 R05- B10- F- H- ZOO
RO5- B10- F- H- 710 RO5- B10- F- H-Z20 R05- B10- F- H- Z30 R05- B10- F- H- 240

RO5- B10- FREB-Z40-H5HRO50 BID 563 Z09- IROSB B1RoB-~E3318 - BﬂinBloRE:aEB?f@OH F-

RO5- B10- F- F-

Z30 RO5-B10-F-F-Z40 R05-B20-H H Z0OO R05-B20-H H-Z

RO5- B20- 6B Z20 RO5- B20- H- H- Z30 RO05- B20- H- H- Z40 R05- B20- H- F- ZCD

RO5- B20- H F-
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10

15

20

25

20 Z10
R0O3-B30-H-F-210

Z40
R03-B30-F-H-Z00
230
R03-B30-F-H-Z40
Z10
RO3-B30-F-F-220
Z00
R03-B40-H-H-Z10
240
R0O3-B40~H-F-200
Z30
RO3-B40-H-F-Z40
220
R03-B40-F-H-230
Z00
R03-B40-F-F-Z10
240
RO3-B50-H~H~-Z00
230
R03-B50~H-H-Z40
z20

RO3-B50-H-F-Z30

RO3-B30-H-F-Z20

R0O3-B30~-F-H-Z10

R0O3-B30-F-H-Z40

R03-B30-F-F-Z30

RO3-B40-H-H-720

R03-B40-H-F-Z10

R03-B40-F-H-Z00

R03-B40-F-H-240

R03-B40-F-F-220

R0O3-B50-H-H-Z10

R03-B50-H-F-200

RO3-B50-H~F-Z40

RO3-B30-H-F-Z30

R0O3-B30-F-H-Z20

RO3-B30-F-F-Z00

R0O3-B30-F-F-Z40

R0O3-B40-H-H-230

R0O3-B40-H-F-Z20

R03-B40-F-H-Z10

R0O3-B40-F-H-240

R0O3-B40-F-F-2Z30

RO3-B50-H~-H-2720

RO3-B50-H-F-Z10

R03-B50-F-H-Z00

RO3-B30-H-F-

R03-B30-F-H-

RO3-B30~-F-F~

R03-B40-H~-H-

RO3-B40-H-H-

R03-B40-H-F-

R03-B40-F-H-

RO3-B40-F-F-

RO3-B40-F-F-

R0O3-B50-H-H-

RO3-B50-H~-F-

R03-B50-F-H-



RO5- B20- H- F- 220
RO5- B20- F- H- Z10
RO5- B20- F- H- Z40
RO5- B20- F- F- Z30
RO5- B30- H- H 7220
RO5- B30- H- F- Z10
RO5- B30- FZHOZOO
RO5- B30- F- H- Z40 R05- B30- F- H 7240

RO5- B20- H- F- Z30 R05- B20- H- F- 240
RO5- B20- F- H- Z20 RO05- B20- F- H- Z30
RO5- B20- F- F- ZOO RO5- B20- F- F- Z10
RO5- B20- F- F- 240
RO5- B30- H- H Z30
RO5- B30- H F- Z20
RO5- B30- F- H- Z10

RO5- B30- H- H Z00
RO5- B302BMH- Z40
RO5- B30- H F- Z30
RO5- B30- F- H- Z20
RO5- B30- F- F- Z00

RC6- B20- F- H Z00

RO5- B20- F- H Z40 25
RO5- B20- F- F-
RO5-B30-H H 295 Z10
RO5- B30- H- F-
RO5- B30- H F-
RO5- B30- F- H Z30
RO5- B30- F- F-

Z20

Z00
5 Z40

Z10 10

RO5- B30- FRB3ZBOORESHB3QOF- Ko Z3B5 ROB-B393 §- ROZHB ROSFBAZ 46 HROBOB50-F-H-
RO5- B40- H- H- ZI 0 R05-B40- H H Z20 R05- B40- H H Z30 RO5- B40-H H Z40

RO5- B40- HZFOZ00 RO05-B40- H- F- Z10 RO05- B40- H F- Z20 RO5- B40- H- F-

15 Z30

RO5- B40- H F- Z40 RO5- B40- F- H ZOO R05- B40- F- H- Z10 R05- B40- F- H Z20
RO5- B40- FRPI3ZBO0RE5FBE0OF- kb Z4B5 ROB- B401 6- HhOFHB RO -840z 56 FR0Z0B 500 F-F-
RO5- B40- F- F- Z10 RO5- B40- F- F- Z20 RO5- B40- F- F- Z30 R05- B40- F- F-

5

10

15

20

25

Z30
RO3-B50-F~F-Z40
R0O5-B10-H-H-Z00
Z30
R05-B10-H-H-Z40
220
R0O5-B10-H-F-Z30
Z10
R05-B10~-F-H-Z20
Z40
RO5-B10-F-F-Z00
Z30
RO5-B10-F-F-Z40
Z20
R0O5-B20-H-H-230
Z10
R05-B20-H~F-7Z20
z00
R05-B20-F-H-210
Z240
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R10- A20- B50- F- H- Z20 R10- A20- B50- F- H- Z30 R10- A20- B50- F- H- Z40 15

R10- A20- BBO4 FAROZBE OREOFAZ00B5R0 4~ A4 F4R4 R~ A2D1 B5 ROB—BEA4AD2B40-H-F-720
R10- A20- B50- F- F- Z30 R10- A20- B50- F- F-Z40 R10- A30- B10- H- H- Z00

R10- A30- BRO4 HAHOZBAOREO FA300 BIRG 4+ A4 7284 0 -R1-0F 23400 BRO4HAHO0Z3A 0-F-H-200
R10- A30- B10- H- H- Z40 R10- A30- B10- H- F- Z00 20 R10- A30- B10- H- F- 710

R10- A30- B4 +REFO0ZBOORTOHAZ D0 BIRG 4+ A4 7384 0 -R1-04 2300 BRO-4HARB-0Z4Q 0- F-H—-730
R10- A30- B10- F- H- Z00 R10- A30- B10- F- H-Z10 R10- A30- B10- F- H- Z20

R10- A30- BR04 FAHO ZBAORTOHAZ 00 BIRG 4~ 744 0 -R1-0F-A300 BRO4FAR0Z8A 0-F-F-210
R10- A30- B10- F- F- Z10 R10- A30- B10- F- F-Z20 R10- A30- B10- F- F- Z30

R10- A30- B304 FA{OZROORTOFA3R0 B2RG 4+ Ak (0] (-5r -R1-0z 3B 0RBACAMOHBA B0 F-F-740
R10- A30- B20- H- H- Z20 R10- A30- B20- H H- Z30 R10- A30- B20- H H 740

R10- A30- B204 +A£0ZBB0 R 6HA300 BB 474 (7166 0 -Ri-0+-AB10 BRO4HAB0Z880-H-H-220
R10- A30- B20- H- F- Z30 R10- A30- B20- H- F- Z40 314 R10- A30- B20- F- H- Z00

R10- A%0- B204 FA 0 ZBHO R 6HABB0 BXID 4~A+ (ZH)b 0 -RI-0+-A300 BRO4FaA0Z880-1-F-200
R10- A30- B20- F- H- Z40 R10- A30- B20- F- F- Z00 R10- A30- B20- F- F- Z10

R10- A30- B204 FA 40 7BBO0 R OF ABDO BXD 4~A4 (23 0-H~F-Z20

15

20

25

R04-A40-B50-H-F-240
RO4-A40-B50-F-H-220
R0O4-A40-B50-F-F-200

R04-A40-B50-F-F-230

R10-A20-B10-H~-H~Z00
R10-A20-B10-H-H-230
R10-A20-B10~-H-F-210
R10-A20-B10-H-F-Z40
R10-A20-B10-F-H-220
R10-A20-B10~-F-F-Z00
R10-A20-B10-F-F-230
R10-A20-B20-H-H-Z10
R10-A20-B20-H-H-240
R10-A20-B20-H-F-220

R10-A20-B20-F-H-Z00

R04-A40-B50-F-H-Z00
R04-A40-B50-F-H-Z30
R04-A40-B50~F-F-210

R04-A40-B50-F-F-Z40

R10-A20-B10-H-H-Z10
R10-A20-B10-H-H-Z40
R10-A20-B10-H-F-Z20
R10-A20-B10-F-H-200
R10-A20-B10~F-H-230
R10-A20-B10-F-F-2Z10
R10-A20-B10-F-F-Z40
R10-A20-B20-H-H-220
R10-A20-B20~-H-F-Z00
R10-A20~-B20-H~-F-Z30

R10-A20-B20-F-H-Z10

R04-A40-B50-H-F-Z30
R04-A40-B50-F-H-Z10
R04~-A40-B50~F-H-740

R04-A40-B50-F-F-Z20

R10-A20-B10-H-H~Z20
R10-A20-B10-H-F-Z00
R10-A20~B10-H-F-Z30
R10-A20-B10~-F-H-Z10
R10-A20-B10-F-H-240
R10-A20-B10-F-F-220
R10-A20-B20-H-H-Z700
R10-A20-B20-H-H-230
R10-A20-B20-H-F-Z10
R10-A20-B20~H-F-2Z40

R10-A20-B20-F-H-Z20



R10- A30- B40- H H- ZOO R10- A30- B40- H- H-Z10 5
R10- A30- B40- H H- Z30 R10- A30- B40- H- H- Z40

R10- A30- B40- H- F- Z10 R10- A30- B40- H- F- Z20

R10- A30- B40- H- F- Z40 R10- A30- B40- F- H Z00

R10- A30- B40- F- H- Z10 R10- A30- B40- F- H- Z203R30- A30- B40- F- H 230

R10- A30- B40- F- H- Z40 R10- A30- B40- F- F- Z00 R10- A30- B40- F-F-Z10 10

R10- A30- BROOFAEOZBAORFOHAZG0BAR1 &~ k22382 R10- A394 B4R IeIa B 20-F-F-200
R10- A30- B50- H H- Z00 R10- A30- B50- H- H 210 R10- A30- B50- H- H- 220

R10- A30- BBOOHRPIOZBAORFOFAZQ0B5R1 b+ Ak F402 R1P- A392 B5 &k ibTx0%20-F-F-2 30
R10- A30- B50- H- F- Z10 R10- A30- B50- H- F- Z20 R10- A30- B50- H- F- Z30

R10- A30- BBDOHAEOZBAOREOFA3Q0B5R: G~ kb 7004 &Q—N@o&%ﬁr&z@%@din H-210
R10- A30- B50- F- H- Z20 R10- A30- B50- F- H- Z30 R10- A30- B50- F- H Z40

R10- A30- BBDOFAEFOZBA0RAOHAZ00B5R1 6~ &2 184 R10Q=- A393 B5 Koot 40-H-H-240

R10- A30- B20- F- F- Z40
R10- A30- B40- H- H- Z20
R10- A30- B40- H- F- Z00
R10- A30- B40- H F- Z30

R10- A30- B50- F- F- Z30 R10- A30- B50- F- F-Z40 R10- A40- B10-H H- Z00

R10- A%0- BRDOHARD ZBA0 REOFAA00B1R: bk Ab @284 304 RE07 24 0--BI A H e H-F-720
R10- A40- B10- H- H- Z40 R10- A40- B10- H- F- Z00 R10- A40- B10- H- E- 210

R10- A40- BRDO HaF0 ZRO0 REOFAAG 0 BIR: b+ A2 @384 0 B0 490 BRI -0 24 0 - F-H-700

R10- A40- B10- F- H Z00 R10- AA0-B10-F-H Z10 R10-A40-B10-
R10- A40- BL06FA2H Z800 RiOH A4 D0 BLOt ¢r= Ab @484 0-RE0q A48 BRI 0EAL

F- B 220
ho-F-g-230

R10- A40- B10- F- F- Z10 R10- A40- B10- F- F- Z20 25 R10- A40- BlO F- F-Z30

R10- A40- B106 FATQ ZB00 Rt OH A% 9o B2t ¢+ AP 094 0 RL0r A6y BXQ

Hab ol 0-F-F-210

R10- A40- B20- H- H- Z20 R10- A40- B20- H-H- Z30 R10- A40- B20- H-H-Z40

R10- A40- BRDO +HAFQ Z0M) REOF Ad Do BT d A2 #1484 R15- p Rifh Aﬂz@na%%'ﬂggbz%% 740
R10- A40- B20- H F- Z30 R10- A40- B20- H F- 740 R10- A40- B20- F- b+ Z

R10- AGO- BZ00-FA D Z190 R1O0H A400 BAOr (F= A 72285 0-Ri0; Ay B%QDFAED %g;o H~H-220
R10- A40- B20. F- H. 740 R10. A40- B20- F- - 200 R10. A0 BSG E F7

R10- A40- BR00 FAT0 Z290-R10H A48 BA0- == A2 2350 -H-H-7 40

15

20

25

R10-A20-B50-H-F-210
R10-A20-B50~-H-F-2Z40
R10-A20-B50-F-H~220
R10-A20-B50-F-F-Z00

R10-A20~-B50~-F~F~230

R10-A30-B10~H~-H-Z00
R10-A30-B10-H-H-Z30
RlO—A3O—BlOTH—F—ZIO
R10-A30~B10-H-F-240
R10-A30-B10-F-H-220
R10-A30~-B10-F-F-Z00
R10-A30-B10-F-F-Z30
R10-A30-B20-H-H-Z10
R10-A30-B20-H-H-Z40

R10-A30-B20-H-F-Z20

R10-A20-B50-H-F-Z20
R10-A20-B50-F-H-Z00
R10-A20-B50-F-H-Z30
R10-A20-B50~-F-F-Z10

R10~-A20-B50-F-F-Z40

R10-A30-B10-H-H-710
R10-A30-B10-H-H-Z40
R10-A30-B10-H-F-Z20
R10-A30-B10-F~H-Z00
R10-A30-B10-F-H-2Z30
R10-A30-B10-F-F-210
R10-A30-B10-F-F-740
R10-A30-B20~-H-H-Z20
R10-A30-B20-H~F-200

R10-A30-B20-H-F-230

R10-A20-B50-H-F-200
R10-A20-B50-H-F-Z30
R10-A20-B50-F-H-210
R10-A20-B50-F-H-Z40

R10-A20-B50-F-F-220

R10-A30-B10-H-H-220
R10-A30-B10-H-F-Z00
R10-A30-B10-H-F-Z30
R10-A30-B10-F-H-Z10
R10-A30-B10~-F-H-240
R10-A30-B10~F-F-220
R10-A30-B20-H-H-200
R10-A30-B20-H-H-Z30
R10-A30-B20-H-F-Z10

R10-A30-B20-H-F-240



5 R10- A40- B20- F- F- Z40 R10- A40- B40- H H Z00 R10- A40- B40- H H- Z10
R10- A40- B40- H H Z20 R10- A40- B40- H H Z30 RL0- A40- B40- H H Z40

R10- A40- B40- H F- ZOO R10- A40- B40- H F- Z10 RL0- A40- B40- H F- Z20

R10- A40- B40- H F- Z30 RL0- A40- B40- H- F- Z40 R10- A40- B40- F- H- Z00

R10- A40- B40- F- H Z10 RL0- A40- B40- F- H- Z203R40- A40- B40- F- H 730 10

R10- A40- B40- F- H Z40 R10- A40- B40- F- F- Z00 RL0- A40- B40- F- F- Z10

R10- A40- BROOFABOZBBORFOHAZ(OBARL (=43 382 RI1D- BT B4 RIPO—A3D4B20 - F-H-220

R10- A40- B50- H- H Z00 R10- A40- B50- H- H Z10 R10- A40- B50- H H- 720

R10- A40- BBDOHABOZBBOREOHAZQOBSRL 0+ AR PABR (RUD- DA B5 R1G—ATBB20-F-F-200

R10- A40- B50- H F- Z10 R10- A40- B50- H- F- Z20 R10- A40- B50- H F- 230 15

R10- A40- BBOOHABOZBROREOFAZD0BSRL (=28 COER (RUD- A4IR B5 R1B—A3DEB20 - F- F-230

R10- A40- BS0- F- H Z20 R10- A40- B50- F- H- 230 R10- A40- B50- F- H- Z40

R10- A40- BBOOFABOZBRORIOFARQ O BSRL 53 484 (RUD- HZ0 B5 RL-A3Z2B40-H-H-210

R10- A40- B50- F- F- Z30 R10- A40- B50- F- F-Z40 20 (Exanpl e 34) Synthesis of

7- (4- riet hRLPhARYHB40-HnHpEaPy| B1A-B30-6B4 0 -tivrivf2 3®r ®1® -A30-BL0 36~ 740 O F
C2H50001 CH3CH2CO FO F 1) NaBH, AICI3 2 ) (K-1) (K-2) FO OF H2 C3~ F OOF
1) n- Bul | RIEHBBPHBHO~H-PdZQ02) R BI-ICHB) B4 0 {H- BYZ { K- &)L 03ABOL-B4 OF H=F= 73 0C3H7 0

0 B(01-1)2 c3H7 0 0 0 CH3 Pd( PPh3) 4/ Na2CO3

10

15

20

25

R10-A30-B40-H~F-230
R10-A30-B40-F~-H-Z10
R10-A30-B40-F-H-Z40
R10-A30-B40-F-F-Z20
R10-A30-B50-H-H-Z00
R10-A30-B50~H-H-Z30
R10-A30-B50-H-F-210
R10-A30-B50-H-F-2740
R10-A30-B50-F-H-Z20
R10-A30-B50-F-F-Z00

R10-A30-B50~-F-F-Z30

R10-A40-B10-H-H-200
R10-A40-B10-H-H-230
R10-A40-B10-H-F-Z10
R10-A40-B10-H-F-Z740
R10-A40-B10~-F-H-Z20
R10-A40-B10-F-F-200
R10-A40~Bl10-F-F-Z30
R10-A40-B20-H-H-Z10

R10-A40-B20~H-H-240

R10-A30-B40-H-F-240
R10-A30-B40~-F-H-220
R10-A30-B40-F-F-Z00
R10-A30-B40-F-F-230
R10-A30-B50-H~H-Z10
R10-A30-B50~-H-H-Z40
R10-A30-B50-H-F-220
R10-A30-B50-F-H-200
R10-A30-B50-F-H-Z30
R10-A30-B50-F-F-210

R10-A30-B50-F-F-Z40

R10-A40-B10-H-H-210
R10-A40-B10-H-H-Z40
R10-A40-B10-H-F-220
R10-A40-B10-F-H-200
R10-A40-B10-F-H-Z30
R10-A40-B10-F-F-210
R10-A40-B10-F-F-Z40
R10-A40-B20-H-H-Z20

R10-A40-B20-H-F-Z00

R10-A30-B40-F-H~-Z00
R10-A30-B40-F-H-230
R10-A30-B40~-F-F-210
R10-A30-B40-F-F-Z40
R10-A30-B50-H-H-Z20
R10-A30~B50-H-F~Z00
R10-A30-B50-H-F-230
R10-A30-B50-F-H-2Z10
R10-A30-B50~-F-H-Z40

R10-A30-B50-F-F-Z20

R10-A40-B10-H-H-Z20
R10-A40-B10-H-F~-Z00
R10-A40-B10-H-F-2Z30
R10-A40-B10-F-H-Z10
R10-A40-B10-F-H-240
R10-A40-B10-F-F-Z20
R10-A40-B20-H-H-Z00
R10-A40-B20-H-H-Z30

R10-A40-B20-H-F-Z10



(K-5) (I'l-11 ") (1) Synthesis of 2-propionyl-1,8-difluorofluorene (K-2) 50.5
g of 1,8-difluorofluorene (K-i) was dissolved in 150 5 ml of carbon

di sul fide, and the tenperature was lowered to -10C. Wth the tenperature
mai ntai ned at this level, 30 g of anhydrous al um num chl ori de was added,
and with the tenperature still held at31%0C, 25.4 g of propionyl chloride
was added dropw se over a period of 30 mnutes, and the 10 m xture was then
stirred aRlPha4§apeotdrpezaur R106R40-BROFB-F-E8b| qvi gy 4 @il -on 0fo t he
stirring, the reaction m xture was poured into 200 m of cooled 1IN dilute
hydr ochl oR16-A¢DdB2anE-Hwas 0t hRDO eXt 0 aBL edrvwiit 111 85R 19 -20fo -t grgne; - sEhe t hus
obt ai ned organic |ayer was washed twice with 100 m portions of water. 15
Fol | owi ngRUPyRAQ-BRReFsHIZB0t RAS~AL0BBR0-byHexaporgtd-gy gh o tierpragpuct

purified by silica gel

chromat ography (toluene) to yield 20.5 g of

2- propi onRjL01A80dBR2DUBFBFEUOr eREO£XK4 @) B2B81F-F{ 220 St eI 5-Ef0-F-F-230

2- (propen-1-yl)-1,8-difluorofluorene (K-3) 1.5 g of sodi um borohydri de was
added % o B16+A#0+B20fF-P0Z80g RI02ap0oRLOAYLH1Z B0 difloiaflgmyeng;(#K®) and
-10C, and the tenperature was 5
gradual | yRt@i-340;-BandHtHen2bel Rl @tADE-B 00 - Wo- DY R 1tod- 7 d-03 o Ly Leaet | on
to proceed. Follow ng conpletion of the

100 m of

net hanol

at a tenperature of

reaction,

30 mM of 1IN dilute

hydr ochl oRi6-a¢0dBwasHastd2dot or1 0.4 comh @dyL eagt d ORI -dav-BaANd #he o

net hanol

10

15

20

was then renoved by evaporation under reduced pressure.
resi due WasOthéd-BO0OentFagBod RNY-0AAQOR M -@iFt Dl piena.o B -HAAPR GIANEr Was

R10-A40-B40-F-H-Z10
R10-A40-B40-F-H-240
R10-A40-B40-F-F-220
R10-A40-B50-H-H-Z00
R10-A40-B50-H~H-Z30
R10-A40-B50~-H-F-Z10
R10-A40~B50-H-F-240
R10-A40-B50-F-H-220
R10-A40~-B50-F-F-Z00

R10-A40-B50-F-F-230

R10-A40-B40-F-H-220
R10-A40-B40-F-F-Z00
R10-A40-B40-F-F-230
R10-A40-B50-H-H-Z10
R10-A40-B50-H-H-740
R10-A40-B50-H-F-220
R10-A40-B50-F-H-Z00
R10-A40-B50-F-H-Z30
R10-A40-B50-F-F-2Z10

R10-A40-B50-F-F-Z40

The

R10-A40-B40-F-H-Z30
R10-A40-B40-F-F-Z10
R10-A40-B40~-F-F-740
R10-A40-B50-H-H~-Z20
R10-A40-B50~-H-F-Z00
R10-A40-B50-H-F-Z30
R10-A40~-B50-F-H-Z10
R10-A40-B50-F-H-240

R10~A40-B50-F-F-220

(Examplg 34) Synthesis of 7-(4-methylphenyl) -2~ (n-propyl) -1, 8-

difluorofluorene

(I1I-11)



washed with 100 ml of water. Following drying, 1.0 g of p- toluenesulfonic
aci d nonohydrate was added, and the m xture was refluxed under heat for
one hour. The reaction mxture was then cooled to roomtenperature, 7 n
of a 1N aqueous 15 solution of sodium bicarbonate was added to neutralize
the mxture, and the m xture was then 3&éhed with 100 m of water.

Fol | ow ng dryi ng, the sol vent was renoved by evaporation to vyield 19.3 g

(crude product¥ g pro lyI) 1, 8 dlf ugrof Iluorene K- 3) Thi s
product was us t_ﬁggp%&_u. r actlon (3)
Synt hesis of 2-propyt-1, 8- dM€suor ofI uor ene L 4 A myure of 19.3 g of

2- (propen-1-yl) - 1x& d|f| uor of l uorene (K-3) (mz)de product), 1.5 g of 5%
pal | adi um 25 carbon, 80 m of ethanol and 80 of toluene was hydrogenat ed
over an 8 hour peri od at room tenperature and under at nospheri c pressure,
W th constant stirring. The pal | adi um 318 carbon was renoved by

filtration, the solve rFem)ved from tphe il tpr at e by evaporation under
reduced pressugg,crib sidu¥ vag Dyp-Byli i ca_gel col um
chr omat ogr aphy (hexan i eI d’d@ 5 g I - I z)a;(dcﬁg)yor of l uorene (K

5 4). (4) Synthesis of 7(1{8- propyl -1, 8- d|f| uonm)l uoresyr) boric acid (K-5)
25 mM of a 1.60 Mn-butyl 1ithium hexane solution was 10 added dropw se,
over a 30 mnute period and at a tenperature of -78C, to a mxture of 8.5
g of 2-propyl-1,8- difluorofluorene (K-4) and 50 ml of THF, and the

resul ting F F F F
- niom, O &
#~O—~O-som, PAPPhy)NayCO, . M7 O-O—Crem
(K-5) ar-11)

(1) Synthesis of 2-propionyl-1,8-difluorofluorene (K-2)
50.5 g of 1,8-difluorofluorene (K-1) was dissolved in 150
5 ml of carbon disulfide, and the temperature was lowered to
-10°C. With the temperature maintained at this level, 30 g of
anhydrous aluminum chloride was added, and with the
temperature still held at -10°C, 25.4 g of propionyl chloride
was added dropwise over a period of 30 minutes, and the
10 mixture was then stirred at the same temperature for 2 hours.
Following completion of the stirring, the reaction mixture was
poured into 200 ml of cooled 1N dilute hydrochloric acid, and
was then extracted with 250 ml of toluene. The thus obtained
organic layer was washed twice with 100 ml portions of water.
15 Following drying, the solvent was removed by evaporation and
the product purified by silica gel chromatography (toluene) to

yield 20.5 g of 2-propionyl-1,8-difluorofluorene (K-2).



m xture was then stirred for one hour. Wth the tenperature maintained at
this level, a solution of 5.2 g of 15 trinmethylborate in 20 nl of THE was
added dropwi se to the reaction mxture over a 30 minute period, and the
tenperature was then gradually raised to roomtenperature, and the mxture
stirred for a further 2 hours. Follow ng-conpletion of the reaction, the
reaction mxture was poured into 80 ml of 2N 20 dilute hydrochloric acid,

and then @xt ragiedid bSO régenlfdwgnqhéﬂgﬁfﬂug%é¥¥ﬁgggggo&ggﬂic | ayer

was washed with water, dried, and the solvent renoved by evaporati'on under

duced pressure oThe resd WSSO I8 pashed La,yield 8.2 ¢
(r)? g (2- Bropyﬁ-%}, 8q gﬁ‘ Isﬁglr%%fuorenél )bodrl}@c aciégﬁ&éz%hﬁ((%?r}l% Synt hesi s of

7- (4ot g eyl g )z o B 0 A UBLAN UG ONE Lld 110 o0 200

of toluene was added 8.2 g of (2-propy | uoreny oric acid

] e T ' onate, 0.5
(K-5), 7nthadfo1n-dtodotiadmena 3l 5 Ofq ﬁﬂe%%’}pﬁ%ﬁaﬁ% e

m of ethanol and 1.0 g 5 of tetrakis(tri ) adium - and the
m xt uge \@%%du%qfﬂw&eaqé&lﬂ,e_rarﬁﬁaéhérprh@lgj hquree.c The rt%?oCtHoQ{H“SOt u‘é{ﬁo"‘&as

t hen washed sequéntially with water and a saturated aqueous i‘on of

di Iher i 9 d, Py i y Lhi el .c mat ogr aphy to
iioe: gmﬁ?hgr g%%%c-t((igrﬁgcone%y%ﬁ’nyﬁo}%??g?gr 88@?)*?%@%?5 E:E)l(r%of | uor ene

(11-11). reb@xamnl,e sHIPePanatd O ce Hydtddidd LAl LOMmpRd lon A
host liquid crystal conposition (I—I-élp} of " the conposition Shown Del ow was
preparedthe cooled reaction mixture, and the methanol was then removed
by evaporation under reduced pressure. The residue was then
10 extracted into 100 ml of toluene. The organic layer was
washed with 100 ml of water. Fgllowing drying, 1.0 g of p-
toluenesulfonic acid monohydrate was added, and the mixture
was refluxed under heat for one hour. The reaction mixture
was then cooled to room temperature, 7 ml of a 1IN agueous
15 solution of sodium bicarbonate was added to neutralize the
mixture, and the mixture was then washed with 100 ml of water.
Following drying, the solvent was removed by evaporation to
yield 19.3 g (crude product) of 2-(propen-1-yl)-1, 8-
difluorofluorene (K-3). This product was used without

20 purification in the subsequent reaction.

(3) Synthesis of 2-propyl-1,8-difluorofluorene (K-4)
A mixture of 19.3 g of 2-(propen-1l-yl)-1, 8-
difluorofluorene (K-3) {crude product), 1.5 g of 5% palladium-
25 carbon, 80 ml of ethanol and 80 ml of toluene was hydrogenated
over an 8 hour period at room temperature and under

atmospheric pressure, with constant stirring. The palladium-



F f-CF 50%F (H1) 15 F 50% The physical properties of this corrp05|t|_on
(H1) are as shown below. Nenatic phase upper limt tenperature (TN-1):
116.7C Solid phase or snectic phase to nematic phase 11C transition
tenperature (T-'N): Threshold voltage (Vth): 2.14 V Dielectric anisotropy
(0o): 4.8 320 Birefringence (on): 0.090318kasured at 20C. Wen a |iquid
crystal conposition (M1) was prepared from 80% of the above host |iquid
crystal (Harpoanda20%eobvekiebycdiipanadiphgcthy Boodusedwal EeadRkd krof O
OOF (lge-1) 5 F the physical properties of the conposition (M1) were as
shown beltbw. fAérabte plyassapppetibnmihdeempesateteptéNshke,l8ha2€neS0! i d_
phase or smectic phase to nematic phase 17C transition tenperature (T-N):
Threshol dresiitagewast khenlp@tiVied elyeetlieaagesotsopin( Adkromdtdgraphy
Birefringence (On): 0.116

(hexane) to yield 8.5 g of 2-propyl-1,8-difluorofluorene (K-

5 4).

(4) Synthesis of 7—(2—propyl—1,8—difluorofluorenyl)boric acid
(K-5)
25 ml of a 1.60 M n-butyl lithium hexane solution was

10 added dropwise, over a 30 minute period and at a temperature
of -78°C, to a mixture of 8.5 g of 2-propyl-1, 8-
difluorofluorene (K-4) and 50 ml of THF, and the resulting
mixture was then stirred for one hour. With the temperature
maintained at this level, a solution of 5.2 g of

15 trimethylborate in 20 ml of THF was added dropwise to the
reaction mixture over a 30 minute period, and the temperature
was then gradually raised to room temperature, and the mixture
stirred for a further 2 hours. Following completion of the
reaction, the reaction mixture was poured into 80 ml of 2N

20 dilute hydrochloric acid, and then extracted with 300 ml of
toluene. The thus obtained organic layer was washed with
water, dried, and the solvent removed by evaporation under
reduced pressure. The residue was then washed with hexane to
yield 8.2 g of 7—(2—propyl—1,8—difluorofluorenyl)boric acid

25 (K-5).

(5) Synthesis of 7—(4—methylphenyl)—2—(n—propyl)—1,8—



Fromthese results it is evident that the conpound of the formula (Igc-1)
is able to effectively reduce the threshold 10 vol tage w t hout
significantly reducing the liquid crystal phase tenperature range, and
furthernore An al so increases. (Exanple 36) Preparation 2 of a liquid
crystal conposition Wen a liquid crysiyia conposition (M2) was prepared
from1l5 80% of the above host liquid crystal conposition (H1) and 20% of

the conpauinfl disfopswsuced-in) Exanple 1, 321 F OOOF (ljc-1) F the
physi cal properties of the conposition (M2) were as shown below Nematic

phase upper |iT8 t20@MEr&t UES1EdNE | das 10H2E 859'%%Ph@§5p96p Tectgc phase
to nemati c phase 27C transition tenperature (T-. . Threshol d vol t age

(Vth): 1.8% Mokl @stsh gl asb 5ot raoyd (LB s) 5.9, 4 By r6f r%ﬂﬂ@@&@oiﬂﬁé, 03119
Fromthese results it is evident that the conpound of the 5 fornula (ljc-1)

is able t aff endiupldouedusei becd RBes0L d o VOl hadsr eveRa A4l thgs i g hout
significantly reducing the liquid crystal phase tenperature range, and

furthermye @60 (t POsIEaeEEphd ol Ho8Pes B 4§ furkeX asmk etﬂ% e, A0%

wei ght of a compound (R1) with a structure simiar to the conpoun

(lac-1) wastadded did Nen&LPOSH 2@ ours. The reaction mixture was
then washed sequentially with water and a saturated aqueous
solution of sodium chloride, dried, and then purified by

silica gel chromatography to yield 7.1 g of 7-(4-

10 methylphenyl)-2-(n-propyl)-1,8-difluorofluorene (II-I1).

(Example 35) Preparation 1 of a liquid crystal composition
A host liquid crystal composition (H-1) of the
composition shown below was prepared.

F

F

15

The physical properties of this composition (H-1) are as

(H-1)

shown below.

Nematic phase upper limit temperature (Ty-1): 116.7°C

Solid phase or smectic phase to nematic phase 11°C

transition temperature (T-y):

Threshold voltage (Vth): 2.14 Vv

Dielectric anisotropy (Ag): 4.8




FOOOF (R1) F 15 the physical properties of the thus obtained |iquid
crystal conposition (MR-1) were as shown below. 322 Nematic phase upper
limt tenmperature (TN-1): 102.4C Solid phase or snectic phase to nenmatic
phase 39C transition tenperature (T-+N): Threshold voltage (Vth): 2.09 V
Dielectric anisotropy (xE): 7.7 Birefrgpgence (Ln): 0.133 Wen (R-1) was
added to (H 1), because the anpbunt of added (R- 1) was |arge the increase
in the vaBieedfriAgenas |(@nge, but 1t Ts also evident thaf egemognough the
amount added was large, the threshold voltage reducing efifect |arjgely

di sappear s@ashrebxanpl2e°g/) Preparation 3 6f a I'iTquid crystal composition
A host liquid crystal conposition (H2) of the conposition shown bel ow was
prepared. 323 WheG3H7 141QuiQ @ﬂy%Q%lntG%@s@Nﬂa@%(Ml‘l@ﬂﬁja% SN 1Y (HF)
n- C3H7- - - &C02- ( )}-OC2H5 8% n-C3H7-&C02- () O n-C4AH9 8% n- CAHI- &C02- (
- OCH3 8% 810%CAH9 the( aoo@2 hds@CAMRUEY crystal (H-1) and 20% of the

compound (Igc-1) produced in Example 1,

@'@ F F o (ge-1)

the physical properties of the composition (M-~1) were as shown

below.
Nematic phase upper limit temperature (Ty-1): 101.2°C
Solid phase or smectic phase to nematic phase 17°C

transition temperature (T-y):

Threshold voltage (Vth): 1.91 v
Dielectric anisotropy (Aeg): 5.5
Birefringence (An): 0.116

From these results it is evident that the compound of the
formula (Igc-1) is able to effectively reduce the threshold
10 voltage without significantly reducing the liquid crystal

phase temperature range, and furthermore An also increases.

(Example 36) Preparation 2 of a liquid crystal composition
When a liquid crystal composition (M-2) was prepared from
15 80% of the above host liquid crystal composition (H-1) and 20%

of the compound (Ijc-1) produced in Example 1,



n- C5H11- &C02-{{ ) -OCH3 8% n- C5H11- &CO2- 0- OC2H5 8% The physi cal properties
of this conposition (H2) are as shown bel ow. Nenatic phase upper |imt
tenperature (TN-1): 54.5C Solid phase or snectic phase to nenmatic phase
-40C transition tenperature (T-'N) : Threshold voltage (Vth): 1.60 V
Dielectric anisotropy (oe): 6.7 Birefrgmgence (on): 0.092 Measured at
20C. 5 Wen a liquid crystal conposition (M3) was prepared from 80% of

t he above host liquid c stal (H2F and 20% of the conmpound (lic-1)
produced in Exanple OO CN (lic-1) F the physical properties
of the conpositi g ; i (llel)ow. Nematic phase upper limt
tenperature (T X i &phase or snectic phase to nenmatic phase
-70C transition terrperature (T-.NF:. Threshold voltage (Vth): 1.23 V
Dielectric anisotropy (oe): 8.8 Birefringence (On): 0.129 Fromthese
resul ts ith¢sphystieal phapetrhéesonpound obmpbeibibar mMba) (Wége 1dsabréwn
possesses a threshol d voltage reducing

below.
Nematic phase upper limit temperature (Ty-1): 103.2°C
Solid phase or smectic phase to nematic phase 27°C

transition temperature (T—y):

Threshold voltage (Vth): 1.89 v
Dielectric anisotropy (Ae): 5.9
Birefringence (An): 0.119

From these results it is evident that the compound of the
5 formula (Ijc-1) is able to effectively reduce the threshold
voltage even further without significantly reducing the liquid

crystal phase temperature range, and furthermore An also

increases.

10 (Comparative Example 1)
When 30% by weight of a compound (R-1) with a structure

similar to the compound (Iac-1) was added to the composition

(H—l) I4

15 the physical properties of the thus obtained liquid crystal

composition (MR-1) were as shown below.



effect. (Conparative Exanple 2) Wen the sane anount (20% by wei ght) of a
conpound (R-2) 10 with a structure simlar to the conpound (lic-1) was
added to the conposition (H2), F 00 o CN (R-2) F the physical

properties of the thus obtained liquid crystal conposition (MR-2) were as
shown bel ow. Nematic phase upper limt Bepperature (TN-1): 69.2C Solid
phase or snectic phase to nenmatic phase -70C 325 transition tenperature
(T--'"N): | Thmeshol phaskt ageetVLhnit1t2Ap¥rabuekeqiryl;¢ :ani sPtogpy °clE): 9.8
Birefringence (on): 0.134 It is evident that the threshol d voltagg reducing
ef fect of SolRd2phhsei bresmecttie phateoto( hefat)lc ph¥aepl €] 38) 3BPEgQRar ati on 4

of aliq
was prep
t he

Ui d crystal

conposition 5 When a liquid crystal c
arednbioiron8@empk raharabqye, host
conmpound (lac-1) produced in Exanple 17,

liquid crystal (
F (lac-1)

bnposi ti g
H 1) and
- the phy

properti

PFhoeshoedcoBpeagkl Qutht 4) were as shown

107.9C

10 Del

Wy BeRT

n (M4)
20% of

si cal

i ¢ phase

upper limt tenperature (TN-1):

Dielectric anisotropy (Acg): 7.7

Birefringence (An): 0.133

When (R-1) was added to (H-1), because the amount of added (R-
1) was large the increase in the value of An was large, but it
is also evident that even though the amount added was large,

the threshold voltage reducing effect largely disappeared.

(Example 37) Preparation 3 of a liquid crystal composition
A host liquid crystal composition (H-2) of the

composition shown below was prepared.



Solid phase or snectic phase to nematic phase -13C transition tenperature
(T-4N): Threshold voltage (Vth): 1.92 V Dielectric anisotropy (LE): 4.5
Birefringence (An): 0.085 Fromthese results, it is evident that the
conpound of the formula (lac-1) reduces the threshold voltage, and is al so
able to effectively reduce the value of3J3'N w thout significantly
affecting the other properties. 15 326 (Conparative Exanple 3) Wen the

same anount (29%/%_‘by \ 0 of .a coppound (R-3) with a structure simlar
to the conpound{Ta adted t0° the conposition (1), FF (R3) 5F
t he physical properties of the thus obtained liquid crystal conposition
(MR-3) were as_sh tic phase upper limt tenperature (TN.I):
109.4C Solid rf)ﬁ%'i{g‘e s ‘@ cgghas@g}“t o0 nematic phase 15C transition
tenperature (TIN): Threshold voltage (Vth): 1.79 V D electric anisotropy
(1B): 7.0 Birg r' .087 When_(R-3) was added to (H 1), the
reduci ng effec't%?')-'ll’f t “@}' RSV d Vi§ha ag fas extrenel y large, but it is
evi dent that

n-CsH7—C>— COZ—©— OCsz 8%

n-C3H7—C>_ COZ_©_ O'n'C4Hg 8%

n-C4Hg C02—<<:)>-oc}-|:i 8%

n'C4H9 COZ—©— OCzH5 8%

n—C5H1 1—<:>- C02—©>— OCH3 8%

n-C5H11—<:>— c02—©— OCHs 8%

The physical properties of this composition (H-2) are as

shown below.

Nematic phase upper limit temperature (Ty.;): 54.5°C

Solid phase or smectic phase to nematic phase -40°C

transition temperature (T-y):

Threshold voltage (Vth): 1.60 Vv
Dielectric anisotropy (Aeg): 6.7
Birefringence (An): 0.092

Measured at 20°C.

5 When a liquid crystal composition (M-3) was prepared from
80% of the above host liquid crystal (H-2) and 20% of the

compound (Iic-1) produced in Example 7,



10 the reducing effect on T-.Nis inferior. (Exanple 39) Preparation 5 of a
liquid crystal conposition Wen a liquid crystal conposition (M5) was
prepared from 80% of the above host liquid crystal (H2) and 20% of the 15
conpound (lah-1) produced in Exanple 19, -1--c CN (lah-1) the physical
properties of the conposition (M5) wergyas shown 327 below. Nematic phase
upper limt tenperature (TN I): 64.5C Solid phase or snectic phase to
nematic phase -60C transition tenpgrature (T--+N): Threshold vol tage
(vth): 1.49 V Dele an| sotropy (Lc): 8.2 Fromthese results it is

evident that the ’ 0 | @c4q) ah- 1) al so possesses a T--+N
ve rrp?g @if en the sane anmount (20% by

reduci ng effec
wei ght) of a conpound (R-4) wth astructure simlar to the conpound

(lac-1) was added to the conposition (H2), FCN(R4) .................
"' ID t hysi ti the th bt ai l'i qui d t
composi 1 oh( NYATEaL: BroBROREEY' BY She' Remerre tapscd peratenpe Shown

tenperatupg (IN_I): 67.2C Solid phase or snectic phase to nematic phase
-40C transition tenperature (T--+N):

Nematic phase upper limit temperature (Ty-1): 63.6°C

Solid phase or smectic phase to nematic phase -70°C

transition temperature (T-y):

Threshold voltage (Vth): 1.23 Vv
Dielectric anisotropy (Ae): 8.8
Birefringence (An): 0.129

From these results it is evident that the compound of the

5 formula (Iic-1) also possesses a threshold voltage reducing

effect.

(Comparative Example 2)
When the same amount (20% by weight) of a compound (R-2)

100 with a structure similar to the compound (Iic-1) was added to

the composition (H-2),

the physical properties of the thus obtained liquid crystal

composition (MR-2) were as shown below.

Nematic phase upper limit temperature (Ty.1): 69.2°C

Solid phase or smectic phase to nematic phase -70°C




Threshold voltage (Vth): 1.44 V Dielectric anisotropy (1): 9.1 Wen (R-4)
was added to (H2), the reducing effect on the threshold voltage was
extrenely large, but it is evident that the reducing effect on T-+Nis

al most non-existent. 15 328 (Exanple 40) Preparation 6 of a liquid crystal
conposition A host liquid crystal conpaxiiion (H3) of the conposition
shown bel ow was prepared. C3H7 -0--0O OC2H5 4% C3H7 -0-0- CN 3%

CoH' - &COErqr{s Jt iGH3t Spr HN1déo (TI3HA- ( ) -CO2-( ) - OC2H5 3% O CN'|3% OCH3 3
CoH' O QCN 3% /a N~ - )}- ~~CN 4% C3H7 CgHs 3% CSH,j] -Q ~//~\ |CH5- (O >-
CO2-{( )|reNeSho A vehage Fv{ih8) CSH | -& == ~~ -F 3% 3%\ vi~—~~// ~~F
CAHs- (( D}-C2--(( )rCN 4% C5H' -0- OO CH5 3% ~~J ~/ ~F CX2--I"1 rCN 3%
CA -0--3 M HEcHPhd dnisotropy (Aeg): 9.8
Birefringence (An): 0.134

It is evident that the threshold voltage reducing effect of

(R-2) 1is inferior to that of (Iic-1).

(Example 38) Preparation 4 of a liquid crystal composition
5 When a liquid crystal composition (M-4) was prepared from
80% of the above host liquid crystal (H-1) and 20% of the

compound (Iac-1) produced in Example 17,

the physical properties of the composition (M-4) were as shown

10 below.
Nematic phase upper limit temperature (Ty-1): 107.9°C
Solid phase or smectic phase to nematic phase -13°C

transition temperature (T-y):

Threshold voltage (Vth): 1.92 v
Dielectric anisotropy (Af): 4.5
Birefringence (An): 0.085

From these results, it is evident that the compound of the
formula (Iac-1) reduces the threshold voltage, and is also
able to effectively reduce the value of Ty without

significantly affecting the other properties.

15



CSHti O= OOH 3% CH30C3 N-0-0-6 CN 3% O = 03%C3H/ O= O OCC2H5 4% F
C2Hs OF 3% C3H7 -0-0-0-CN 3% FF OF 4%C3H/? OF 3% F F ~F C3H7 F 4%
GBHOC®R~( }rcN4%~ FF C3H/ OOF 3% C3H7 O-OF 3% F F 5 The
physical properties of this conposition (H3) are as 329 shown below.
Nemati c phase upper limt tenperature (BRel) 75.0C Sol ! d phase or snectic
phase to nematic phase -70C transition tenperature (T-'N) : Threshold

vol tage (VChnpatat9v¥ ERmelpdet B3)c ani sotropy (oc): 10.3 Birefringence
(on): 0.142 A liquid crystal conposition (M6) was prepared from 90% of
this host |iquittieor yakalsafis- 3noand 1Q¥0byt ke ig@RNOWTd o c@ﬁn%p@uncpr qduped in
Exanple 17. F (lac-1) 5 F This conposition also displayed favorable | ow
tenperatuwéth a structure similar to the compound (Iac-1) was added to

the composition (H-1),
F
5 F
the physical properties of the thus obtained liquid crystal

composition (MR-3) were as shown below.

Nematic phase upper limit temperature (Ty.1): 109.4°C

Solid phase or smectic phase to nematic phase 15°C

transition temperature (T—y):

Threshold voltage (Vth): 1.79 v
Dielectric anisotropy (Af): 7.0
Birefringence (An): 0.087

When (R-3) was added to (H-1), the reducing effect on the
threshold voltage was extremely large, but it is evident that

10 the reducing effect on T-y is inferior.

(Example 39) Preparation 5 of a liquid crystal composition
When a liquid crystal composition (M-5) was prepared from
80% of the above host liquid crystal (H-2) and 20% of the

15 compound (Iah-1) produced in Example 19,

:
S Con e

the physical properties of the composition (M-5) were as shown



stability,

wi de ran
liquid c

from 90%

(1jc-1)
properti

and the conpound (lac-1) displays superior
ge of liquid crystal materi al s.
rystal conposition Aliquid crystal
of the above host liquid crystal
produced in Exanple 1. OO O F 337c-1)
es of the conposition (M7) are

compatibility with a
10 (Exanple 41) Preparation 7 of a

conposition (M7) was prepared

(H3) and 10% of the conpound

F 15 The physi cal

shown below. 330 Nematic phase

upper |inPele®nperature (TN-1): 72.6C Solid phase or snectic phase to

nemati c

phase -70C

1.47 V
t he fact

¥enatkie i ghase seppeopyl (M) : tdlpdraBiref (Tyagence (
that there is no variation in the value of T-.N

ABY . 5°Q.
it is ey

t he conp
liquid ¢
conposi t
above ho

otdiq Iphady alif spheysicupezserto coamat 1diphdye W t
rystal materials. 5 (Exanple 42) Preparation 8 O
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st liquid crystal (H3) and 10% of the conpound (

h aewi°de
f aliqu
m 90% of
[1- Al)

i n Exanp
formed i

| B B2shaBHAQCHBe ((VEWY ) 10 When a Tiquid crysta
nasimlar nmanner, and the el ectro-optical char

I Teleror
acteri st

neasur ed

Didiedt mas a2 6t eoply Al aps 0. 134,

8.2

10

transition tenperature (T-40: Threshold voltage (Vth):

151 From
i dent that
range of
id crystal

t he
pr oduced
t was
icS were

From these results it is evident that the compound of the

formula (Iah-1) also possesses a T—y reducing effect.

(Comparative Example 4)

When the same amount (20% by weight) of a compound (R-4)

with a structure similar to the compound (Iac-1) was added to

the composition (H-2),

F

the physical properties of the thus obtained liquid crystal

composition {MR-4) were as shown below.

Nematic phase upper limit temperature (Tn-1) : 67.2°C
Solid phase or smectic phase to nematic phase -40°C
transition temperature (T-y):

Threshold voltage (Vth): 1.44 Vv
Dielectric anisotropy (Ag): 9.1

15

When (R-4) was added to (H-2), the reducing effect on the

threshold voltage was extremely large, but it is evident that

the reducing effect on T-y is almost non-existent



(Exanpl e 43) Preparation 9 of a liquid crystal conposition 15 A liquid
crystal conposition was prepared from 90% of the above host |iquid crystal
(H3) and 10% of the conpound (1-Al) produced in Exanple 33. F C3H7 OCF3
(I Al ) Wien a liquid crystal element was fornmed in a simlar 331 nanner,
and the electro-optical characteristics3sere neasured, TN I was 68.5C and
An was 0.137. | NDUSTRI AL APPLI CABI LITY 5 A conpound represented by the
general fdErainplél $0)abcepdiragiba thefpredeguidneensican, coapold tioeduced
industrially extrenely easily, as shown in the exanples, displays superior
conpati bility # hbstulignidgengsablpubppseithoat (H-GUI dfcrhetal s as a
nemati ¢ phase, and also shows |little 10 crystal precipitation at |ow

t enper at ucespobbtéoneshoby baddwt was otepazmdl.l anount of a conpound of the
present invention to a host liquid crystal, the liquid crystal

t enper at ur;@,;@e@@@hst enper agr equg_aQ%g@eg,Qi vel y 3w dened wit hout
any significakt~"wo ning of the various o acteristics of the liquid

crystal material. Consequently, a c ou of _the present invention is an
ext renel ycss doi, Hy St alzsrat er i —ENSUi t aB%e for the various
l'iquid crystal—displ ay—¢él enents which re re broad operating tenperature

range. 20 3 1 1111111 111111 111 I AN [1]!
/—O—O—Q—CHs 3% CSH”CN 3%
iy ‘O_O"C4H9 - Can—@)—@CN 4%
/_<:>_<:>_05H11 ™ CqHs-@—COZ—@—CN 3%

F
Can—O—COz—@—F 3%
OO = :

QoG

coz—©§-c~ 3%
e e TP S e
F

CH
ni Q=D w O O-Cren o
OO0 » X O O=—Ooon
F
F
F

F F
F F

5 The physical properties of this composition (H-3) are as

(H-3)



CLAAIM5 CL Ms

(1) 5 R
or al kox

car bon atons,

group of

10 10 carbon atons,

in cases
br anchi

1. A fused ring conpound represented by a general fornula
e HJ- L~ mB L2-C}}- Y (1) (wherein, R represents an al kyl group
yl group of 1 to 16 carbon atonms, an al kenyl group of 2 to 16
an al kenyl oxy group of 3 to 16 carbon atons, or an al kyl
1 to 12 carbon atons substituZd with an al koxyl group of 1 to
and said groups nay be substituted with a hal ogen, and
$ROWhi ke @i asynmetric carbon arises due to substitution or

may be either one of optically active and a racem c m xture;

ring A 4
trans-1,

NPT i CRaed upeerebonit temppemtert | (Ty.any ond 96.8°C

A-cycl ohexyl ene 15 group in which one CH2 structure withijn said

group or
repl aced
structur
wthin s

Il drehage eonosmedt scepba Pt stnend ti@sohasddi n [sardogcdup nay be
with -0- and/or -S-, a 1,4-phenylene group in whiich ong CH
eF Tt i thi e tergpexpt ore t WB-0r: nore non- adj acent {CH strudtures

aid group may be replaced with -N=, a 20 1, 4-cycl|ohexenyl|ene group,

a 1, 4-bi
napht hal

Aieteginld Naoktagenevgnpbup, a pi peri di ne- 1, 4-di \fl 1gaQuUR,] a
ene-2,6-diyl group, a trans-decahydronaphthal eng-trans-32, 6-diyl

group, 4
may be S

i eal el 12 8, sl i b tr by r omapht hal ene- 2, 6-di yI groyp, apdsdaid groups
ubstituted with either one of a cyano group and g8 25 hal qgen; ring

B repres
O

éhitre fanyngarecaof (Heneral fornulas (T-I) to (I-9) (338,149 OO OO0

10

15

A liquid crystal composition (M-6) was prepared from 90% of

this host liquid crystal (H-3) and 10% of the compound {Iac-1)

produced in Example 17.

This composition also displayed favorable low temperature
stability, and the compound (Iac-1) displays superior

compatibility with a wide range of liquid crystal materials.

(Example 41) Preparation 7 of a liquid crystal composition
A liquid crystal composition (M-7) was prepared from 90%
of the above host liquid crystal (H-3) and 10% of the compound

(Ijc-1) produced in Example 1.

F

@‘@ @ F o (lic-1)

The physical properties of the composition (M-7) are

shown below.



X4 X3 X5X X3 X3
(1-6) X10 B X -00
and X10 each represent,

~0 X0 Xi
(wher ei n,

(1-1} (1-2) (1-3)
(1-7) (1-8) (1-9)
i ndependent |y,

O OO0 (1-4) X4 X3 X5
X1, X3, X4, X5, X6, X8, X9
any one of a hydrogen atom a

(1-5)

chlorine atomand a fluorine atom provided that conditions described

below are 5 satisfied: a. In (1-1) and330-2), in a case in which at |east
one of X3 —x-4, X5 and X6 represents a fluorine atom and a remai nder
represent W&%@%an%dmm eantparet wfe X(1Ty-X8; X9 [and . 6XE0
representis_either aone of a chlorine atomand a fluorine 10 atom |b. In
(1-1) and SO phase arasundat vhiptese teasimainec ghads X8, —w09cdnd X10
representls a fluorine atom and a remainder represent hydrogen atlons, then
at | east |GF@NSL DN Xemperantre x(B-xepresents either one |of a chllorine
at om and fluorine 15 atom and c. In (1-3) to (1-9), hydrogen atjons
wi thin a|fibfgskglcbeoltage (Vth): 1.47 V

Dielectric anisotropy (Ae): 10.4

Birefringence (An): 0.151

From the fact that there is no variation in the value of Toy

it is evident that the compound (Ijc-1) displays superior

compatibility with a wide range of liquid crystal materials.

5 (Example 42) Preparation 8 of a liquid crystal composition
A liquid crystal composition was prepared from 90% of the
above host liquid crystal (H-3) and 10% of the compound (II-
Al) produced in Example 32.
Gty ... O-cH;  @an
10

15

When a liquid crystal element was formed in a similar

manner, and the electro-optical characteristics were measured,

Ty-1 was 82.5°C and An was 0.134.

(Example 43) Preparation 9 of a 1iquid crystal composition

A liquid crystal composition was prepared fr
above host liquid crystal (H-3) and 10%
produced in Example 33.

F
CerCSQC_—)} OCF,

(FAD)

om 90%

of the

of the compound (I-A1l)

When a liquid crystal element was formed in a. similar



ITII11d 1Tiii L M334 replaced with a cyano group or a halogen); L1 and L2
each represent, independently, any one of -CH2CH2-, -CC, - (CH2) 4-,

- CF=CF-, -0OCH2-, -CH2O, -OCF2-, -CF20, -C2-, -0OCO, -CH=N N=CH,

- CH=CH CH2- CH2-, -CH2-CH2-CH=CH and a 5 single bond; mand n each
represent, independently, any one of @31 and 2, although mn<-2 and in a
case in which either one of mand nis 2, then at | east one of L' and L2,
when pregemner; eprésene sehesi ngtepbiord] dha epcESENd i @NYwORe Wéasukydy ogen
atom a fluorine atom a chlorine atom a trifluoronmethoxy 10 group, a

di f1 uor oMt-ho¥gs ge®up,C aandifh woasn®t hyt. group, a 3,3, 3-trifluoroethoxy
group, a cyano group, a straight chain alkyl group of 1 to 16 carbon
atons, a straight chain al kenyl group of 2 to 16 carbon atons, a straight
chain al kyloxy group of 1 to 12 carbon atons, and a straight chain

al kenyl oxy group 15 of 2 to IBDUaTRORLahPREICRBOLIUed that cases descri bed
below are excluded: i. a case in which ring B represents (1-2), mand n
repreSent 0, R sEpasentsepresékydd dwWhangkné r£presenisa apr gl kyl  group,
20 ii. a case in which ring B represents (1-3), mand n represent 0, R
repr esentarc@rding | tgridup mnssoht epresenticn arcal kKX YordHwsgy iii. a case in
which ring B represents (1-4), mand n represent 0, R represents an al kyl
group and-ndussprigslent sex25emse I hesailey,0fa Anstadvey |1 9P &nghgt &yano group,
iv. a case in which ring B represents (1-8), mand n represent 0, R

repr esentdst sl sat K ydumgroigr aswhpé triapriesents & Alkddnt general purpose

host liquid crystals as a nematic phase, and also shows little

10 crystal precipitation at low temperatures. Moreover, by
addition of a small amount of a compound of the present
invention to a host liquid crystal, the liquid crystal
temperature range at low temperatures can be effectively
widened without any significant worsening of the various

15 characteristics of the liquid crystal material. Consequently,
a compound of the present invention is an extremely useful
liquid crystal material which is suitable for the various

liquid crystal display elements which require a broad
operating temperature range.

20



[11/11) 335 L Ms group, Vv. a case in whichring B represents (1-4), m
represents O and n represents 1, ring C represents a 1, 4- phenyl ene group,
L2 represents -CO2-, R represents an alkyl group and Y represents 5 any
one of an al kyl group, an alkoxy group and a cyano group, vi. a case in

which ring B represents (1-4), mrepresegps 0 and n re
represents a 1, 4-phenyl ene group, L2 represents - Hmi’ Eim\’ Wi
al kyl group and Y represents an al koxycgrougp, 10 VII a Gase

B represents (1-2), mrepresents O and n represents 1, ring C represents a
1, 4-cycl ohexyl ene group, L2 represents -CO2-, R represents an al kyl group
and Y represents an alkyl group, viii. a case in which ring B represents

(1-1), and.X9 anduXéd 15ngepoapenind lrepiretentedhy aNGdneraa Ga1E Whi ch
ring B represents (1-3), and X3, X4, X5 and x 6 sinultaneously represent

fluorine afonms, and appl yi ng srnrlarly to conpounds equi val ent to those
above described using conbinations of abbreviations). 20 2. A conpound

according to c .nd rlng C each represent,
|ndepe§dently, n gr ur Ya(Wrans-1, 4- cycl ohexyl ene group
whi ch ey be substrtuteo mnth a fruorine atom 25 3. A conpound according

o claim fnubetel el oRod.ER:eagh 215810520, LOISRENEN: Ly, any, one of

16 carbon atoms, an alkenyl group of 2 to 16 carbon atoms, an
alkenyloxy group of 3 to 16 carbon atoms, or an alkyl group of
1 to 12 carbon atoms substituted with an alkoxyl group of 1 to

10 10 carbon atoms, and said groups may be substituted with a
halogen, and in cases in which an asymmetric carbon arises due
to substitution or branching, may be either one of optically
active and a racemic mixture; ring A and ring C each
represent, independently, any one of a trans-1, 4-cyclohexylene

15 group in which one CH, structure within said group or two or
more non-adjacent CH, structures within said group may be
replaced with -0O- and/or -S-, a 1,4-phenylene group in which
one CH structure within said group or two or more non-adjacent
CH structures within said group may be replaced with -N=, a

20 1,4-cyclohexenylene group, a 1,4-bicyclo(2.2.2)octylene group,
a piperidine-1,4-diyl group, a naphthalene-2, 6-diyl group, a
trans—decahydronaphthalene—trans—Z,6—diyl group, and a
1,2,3,4—tetrahydronaphthalene—2,6—diyl group, and said groups
may be substituted with either one of a cyano group and a

25 halogen; ring B represents any one of general formulas (I-1)

to (I-9)



336 11111 Il IN* CL MS a single bond. 4. A conmpound according to claim
1, wherein mrepresents 0, and n represents 0 or

according to claim1l, wherein L1 and L2 each representlzmgm Eﬁiﬂ)%ijl! 6 A
conmpound according to claiml1l, wherein ring B 10 repre

whi ch may be substituted wth a hal ogeh337. A conpound according to cl a| m
1, whereinring B represents (I-1) or (l1-2). 15 8. A conpound according to
claim1l1, wherein rig Bx'Orepresents (I-1), and X9 and X10 both represent
hydr ogen atons. X 9. a -. iyg ring A and
ring 20 C each rep @1 : : s @ oup or a
trans-1, 4-cycl ¢ ! -4 . fluorine
atom and ring B 3{ and (1-4) which
may be substit uie ind @gLord@eng to claim1l,

wherein ring A and r@-ig C each repr esaant i ndependen@d3y, a 1, 4-phenyl ene
group or a trans-1,4-cyclohexylene group which may be substltut ed with a

337 fluorine atom rlng B represen¥s apy’ one of (I-X KP-2), (1- 3) and
(1-4) which may be tituted with ; 3
represent a si ng

(1-4)

xt x3

(I-7)
(wherein, X', %3, x*, X% x5 x8 x° and X*° each represent,
independently, any one of a hydrogen atom, a chlorine atom and
a fluorine atom, provided that conditions described below are
5 satisfied:
a. In (I-1) and (I-2), in a case in which at least one of X5,
X*, X°> and X°® represents a fluorine atom, and a remainder
represent hydrogen atoms, then at least one of X!, X8, X° and
X represents either one of a chlorine atom and a fluorine
10 atom,
b. In (I-1) and (I-2), in a case in which at least one of X3,
X®, X® and X'° represents a fluorine atom, and a remainder
represent hydrogen atoms, then at least one of X3, X!, X° and
X represents either one of a chlorine atom and a fluorine

15 atom, and

c. In (I-3) to (I-9), hydrogen atoms within a ring may be



5 11. A conpound according to claim11, wherein ring A and ring C each

represent, independently, a 1,4-phenylene group or m" .
trgns-l , 4-cycl ohexyl ene group which rmay be substi tu I“{I”Ijll!alﬂ Ijumrl ne
atom ring B represents any one of (I1-1), (1-2), (lI* 39 andn(1ls4)~which may
be substituted with a halogen, m10 repnggents O and n represents 1, and L2
represents a single bond. 12. A conpound according to claim1, wherein
ring A andgepileagedCwiath a efyaasenriroupndapendeiitdgen)a 1, 4- phenyl ene group or
a 15 trans-1|, 4-cycl ohexyl ene group which may be substituted with a
fluorine afoandr Lhged:h epepsestst Anyn@aseviefdi )  ah - e 6F--8h,and, (1-4)
which may be substituted with a halogen, m represents O and n represents
1, and L2-CepreseniCsfysi nge=Ccibond-ocmgd-,i n-aH,0a5€ -ot | chcgidyg Bcof—,
represents (I-1)which may 20 be substituted with a halogen, X9 and X1 both
repr esent —~ORPe, 0 gEH =a-OrEH-], 3.~ CN=oMuyRdHaC £ oF AP H,c caryHongngf acl ains 1
through 12, wherein R represents either one of a straight chain alkyl 25
group of $ihglé2boadhom aine® @adha réiprais@hit ,Chaidepddim 1 gr R, Yn2 40 12
carbon atons, and Y represents any one of a fluorine atom a chlorine
atom a t i f luandmet, hexyt hgrehp m+@<? Grld NMnlid lca338 it i iwor ety Houp, a
di f1 uoronmet hoxy group, a 3,3,3- trifluoroethoxy group and a cyano group.

14. A liquifdmcayst al ig0Zposhieno@t NeRISROIHd RE al' haast?ONfher SLHRONNM
according to any one of clains 1 through 13. 15. A liquid crystal display

el enent urkbiresrgta bi guindleCkysial YCRRROTSHNY ARLHNDE & HiRirDskh

atom, a fluorine atom, a chlorine atom, a trifluoromethoxy

10 group, a difluoromethoxy group, a trifluoromethyl group, a
3,3,3-trifluoroethoxy group, a cyano group, a straight chain
alkyl group of 1 to 16 carbon atoms, a straight chain alkenyl
group of 2 to 16 carbon atoms, a straight chain alkyloxy group
of 1 to 12 carbon atoms, and a straight chain alkenyloxy group

15 of 2 to 16 carbon atoms, provided that cases described below
are excluded:

i. a case in which ring B represents (I-2), m and n represent
0, R represents an alkyl group and Y represents an alkyl
group,

20 1ii. a case in which riqg B represents (I-3), m and n represent
0, R represents an alkyl group and Y represents an alkoxy
group,

iii. a case in which ring B represents (I-4), m and n
represent 0, R represents an alkyl group and Y represents

25 either one of an alkyl group and a cyano group,

iv. a case in which ring B represents (I-8), m and n represent

0, R represents an alkyl group and Y represents an alkyl



10 16. An active matrix driven liquid crystal display elenent wutilizing a
liquid crystal conposition according to claim14. 17. A supertw sted

. yst . iz LAy t al
St ot & B

group,
v. a case in which ring B represents (I-4), m represents 0 and
n represents 1, ring C represents a 1,4-phenylene group, L2
represents -CO;-, R represents an alkyl group and Y represents
5 any one of an alkyl group, an alkoxy group and a cyano group,
vi. a case in which ring B represents (I-4), m represents 0
and n represents 1, ring C represents a 1,4-phenylene group,
L? represents -0CO-, R represents an alkyl group and Y
represents an alkoxy group,

10 vii. a case in which ring B represents (I-2), m represents 0
and n represents 1, ring C represents a 1,4-cyclohexylene
group, L2 represents -CO2-, R represents an alkyl group and Y
represents an alkyl group,

viii. a case in which ring B represents (I-1), and X° and X

15 represent fluorine atoms, and
ix. a case in which ring B represents (I-3), and X3, X%, X° and
X6 simultaneously represent fluorine atoms, and applying
similarly to compounds equivalent to those above described

using combinations of abbreviations).

20
2. A compound according to claim 1, wherein ring A and ring
C each represent, independently, a 1, 4-phenylene group or a
trans-1,4-cyclohexylene group which may be substituted with a
fluorine atom.

25

3. A compound according to claim 1, wherein L! and L? each

represent, independently, any one of -0CO-, -CO,-, -CH,CH,- and
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a single bond.

4, A compound according to claim 1, wherein m represents 0,

and n represents 0 or 1.

5. A compound according to claim 1, wherein L! and 1? each

represent a single bond.

6. A compound according to claim 1, wherein ring B
represents (I-3) or (I-4) which may be substituted with a

halogen.

7. A compound according to claim 1, wherein ring B

represents (I-1) or (I-2).

8. A compound according to claim 1, wherein ring B

represents (I-1), and X’ and X' both represent hydrogen atoms.

9. A compound according to claim 1, wherein ring A and ring
C each represent( independently, a 1,4-phenylene group or a

trans-1,4-cyclohexylene group which may be substituted with a
fluorine atom, and ring B represents any one of (I-1), (I-2),

(I-3) and (I-4) which may be substituted with a halogen.

10. A compound according to claim 1, wherein ring A and ring
C each represent, independently, a 1, 4-phenylene group or a

trans-1,4-cyclohexylene group which may be substituted with a
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fluorine atom, ring B represents any one of (I-1), (I-2), (I-
3) and (I-4) which may be substituted with a halogen, and L!

and L? each represent a single bond.

11. A compound according to claim 1, wherein ring A and ring
C each represent, independently, a 1, 4-phenylene group or a
trans-1,4-cyclohexylene group which may be substituted with a
fluorine atom, ring B represents any one of (I-1), (I-2), (I-
3) and (I-4) which may be substituted with a halogen, m
represents 0 and n represents 1, and 12 represents a single

bond.

12. A compound according to claim 1, wherein ring A and ring
C each represent, independently, a 1, 4-phenylene group or a
trans-1,4-cyclohexylene group which may be substituted with a
fluorine atom, ring B represents any one of (I-1), (I~-2), (I-
3) and (I-4) which may be substituted with a halogen, m
represents 0 and n represents 1, and L° represents a single
bond, and in a case in which ring B represents (I-1)which may
be substituted with a halogen, X°® and X!° both represent_

hydrogen atoms.

13. A compound according to any one of claims 1 through 12,
wherein R represents either one of a straight chain alkyl
group of 1 to 12 carbon atoms and a straight chain alkenyl
group of 2 to 12 carbon atoms, and Y represents any one of a

fluorine atom, a chlorine atom, a trifluoromethoxy group, a
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trifluoromethyl group, a difluoromethoxy group, a 3,3,3-

trifluoroethoxy group and a cyano group.

14. A liquid crystal composition incorporating at least one

compound according to any one of claims 1 through 13.

15. A liquid crystal display element utilizing a liquid

crystal composition according to claim 14.

16. An active matrix driven liquid crystal display element

utilizing a liquid crystal composition according to claim 14.

17. A supertwisted nematic liquid crystal display element

utilizing a liquid crystal composition according to claim 14.



