3 0 JAN 2004 | DESCRI PTI ON FUSED RI NG COVPOUND 5 TECHNI CAL FI ELD Thg0 JAN 2004
present invention relates to a novel fused ring conpound useful as an

el ectro-optical liquid crystal display material, and a |iquid crystal
conposition, and a liquid crystal display using the same. 10 BACKGROUND
ART Since first appearing as cal cul atlor displays, liquid crystal display
el ements have kept pace with the devel opnent of conputers, wth the
demand for increased display si oEsCRIpMToth was unable to be achi eved by
TN (Twi sted Nematic) node displays, being net by STN (Supertw sted
Nematic) node displays, and liquid crystal displays are now wi dely used
as the interface between conputers and people. Furthernore, active
matrix liquid crystal dISp| el enents (AMLCD) in 20 which each pixel is
provided with a thin filmt éﬁ@ﬁ%ﬁ@NGa MPARIND t 0 match the high image
quality of CRT displays, and with the additional advantages offered in
ternms of flatness of the display and reduced energy consunption, they
are considered as the displays of the future. 30 JAN 2004 2

5 TECHNICAL FIELD
The present invention relates to a novel fused ring
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 %pnsumption, they are considered as

the displays of the future.



In recent years the demand for portabl e notebook type conmputers has 30 JAN 7004
i ncreased, and so particularly for the STNNLCD and AM LCD di spl ays useé

for such applications, there has also been a demand for displays with
characteristics capable of 5 w thstandi ng outdoor use. As a result,
characteristics which have been actizvely sought include a superior

contrast at high tenperatures, the absence of crystal precipitation or
smectic phaseadaynmtyedr evdre alerand tfenperathabds nandbookdetygrd or at i on

in contrast or display quality even on prol onged exposure to 10 UV |i ght

or sunliaht,. However., v i | qui.g t.al Al iquid
or yot ORHsHS (e R, 3R 0 Bty SETRISTAICD s,
The problemof crystal . precipitation at |ow tenperatures is

part i cndadMLEdy idisplagfd ugak Uy aop hiigad ang ptéese hafcirlso
precipitation is to 15 reduce the amount of liquid crystal conpound

added pduff £'\@Rman@iRyd alSspidys SHRET iciarehdfadiarict icepatle &t en
susceptible to this precipitation problem and with the conventional,

wi dely used unf.used r,i type liquid crystal c i ins the
rmgt dflftfﬁ]sﬁﬂnt lﬁ‘r%lﬂ"e‘iﬁqq%or e80T v%fs h S uel%'zé‘%v%%&s, §§%ﬁ§}t “fjhn used
ring type liquid crystal conpounds, no conpound was able to _
si mul thavsolsan suttiisfed i rROUEUi isHades a GRPRNioN SORTRsSY &t dveth i o)
transition tenperature, a high nenmatic-isotropic transition tenperature,
a hi ghdiglepidrics, e dbsioe &M dryistelr Pilet igliasitione enstsamictand 3- 0
JAN 2004 3
phase formation even at low temperatures, and no deterioration
in contrast or display quality even on prolonged exposure to
10 UV light or sunlight. However, conventional liquid crystal
compounds and liquid crystal compositions have not always been
able to satisfy such demands. The problem of crystal
precipitation at low temperatures is particularly serious, and
the only way in which to prevent such precipitation is to
15 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,
widely used unfused ring type liquid crystal compounds, this
remains the most difficult problem to resolve. In other
20 words, amongst unfused ring type liquid crystal compounds, no
compound was able to simultaneously satisfy the requirements
of a low crystal (or smectic) transition temperature, a high

nematic-isotropic transition temperature, a high dielectric

anisotropy, and a favorable elastic constant and



bi refringence. DI SCLOSURE OF | NVENTI ON The probl em which the preseng( JAN 2004
invention attenpts to 5 resolve is to provide a conpound whi ch upon
addition to a conposition is able to effectively inprove the tenperature
range of the liquid crystal phase, and in particular the stability at

| ow tenperatures, and to also provide a liquid crystal conposition and a
liquid crystal display elenent with 10 a wi de tenperature range which

utili zeiafoirggegorgpound. | n order to resolve the aforenmenti oned problem
the present invention provides a novel conmpound which is a fused ring
conpound represented by a general fornmula (I). Invention 1: A fused ring
conpound represented by a 15 general fornmula (I) Y 0O) M (wherein, R

represents an al kyl group or_al koxyl arqup _of 16 carbon atons, an
al kenyl group of 2 to 16 CHHSP %ﬂ#@ng% N%Egﬁgéw&loxy group of 3 to 16

carbon atons, or an al kyl group of 20 1 to 12 carbon atons substituted
with an al Keheylprgphadigm ofhilch cchel pmsadion iatvarssiamce et grioups may be
substituted with a halogen, and in those cases in which an asynmetric

cagbo saal‘ﬁeegﬁd s, to-SHied 14 %dr%bnﬁ{d biranahivihn r@apﬁ&{ taeraB 0 JAN

20 4 optic Ive or racemc mxtures; ring A and ring C each

composition is able to effectively improve the temperature

range of the liquid crystal phase, and in particular the

stability at low temperatures, and to also provide a ligquid

crystal composition and a liquid crystal display element with
10 a wide temperature range which utilize such a compound.

In order to resolve the aforementioned problem, the
present invention provides a novel compound which is a fused
ring compound represented by a general formula (I).

Invention 1: A fused ring compound represented by a

15 general formula (I}

(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
20 1 to 12 carbon atoms substituted with an alkoxyl group of 1 to
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



represent, independently, a trans-1,4-cyclohexylene group in which38 JAN 2004
single CH, structure within the group or 2 or nore non- adjacent CHz
structures within the group may be substituted 5 with -0- and/or -S-, a

1, 4- phenyl ene group in which a single CH structure within the group or 2
or nore non-adjacent CH structures Within the group may be substituted
with -N=, a 1,4-cyclohexenylene group, a 1, 4-bicyclo(2.2.2)octyl ene

gr oup, opt 1 HEYy dadiet de doxli yd cemion pmixt negst halrened 2316d di g o€ oepcha 10

t rans- decahydr onapht hal ene-trans-2, 6-diyl group, or a 1, 2,3, 4-

tetra h - = di 1 _r}_%;ce] Y, .
subst%%%%h%ﬁgﬁﬁ%é%ﬁy f % a hnaﬁagg’e&n; ri n(g{%&repr?%s%%?%p Jé?]y one
of the general fornmulas (1-1) to (1-9) X" )0 KE X5 (1-7) (I1-B) (1-9) X4,
X5, Xevhd@h xos bl 1@ 84K UCEPLEs WD 101 FhenHEPBPN OTXE, OX3 MOT € NPAY 2004
5 independently, a hydrogen atom a chlorine atomor a fluorine atom
provi dedhdd@it tdwe, fselruewurescaidhtinonheageonpt inaki be: shbsktitilted and
(1-2), in the case in which at |east one of X3, X4, X5 and X5 represents

a fluarine ato t?re i nder, & S urJf:Fyq.[ t . n at
3 5 “Sh ].eé}{ee iz‘l& QAHER LB n .
| edst "Ghi o'f66 xg‘\i“%?rx a'ndém&l 'r%(gapr e’;sen S cHi GF'1 ne at om or aé" %uorl ne
atom 2. In (1-1) and (1-2), in the case in which at |east one of X,
CH structure within the group or 2 or more non-adjacent CH
structures within the group may be substituted with -N=, a
1,4-cyclohexenylene group, a 1l,4-bicyclo(2.2.2)octylene group,
a piperidine-1,4-diyl group, a naphthalene-2,6-diyl group, a
10 trans-decahydronaphthalene-trans-2,6-diyl group, or a 1,2,3,4-
tetrahydronaphthalene-2,6-diyl group, and these groups may be

substituted with a cyano group or a halogen; ring B represents

any one of the general formulas (I-1) to (I-9)

(I-9)

15 (wherein, X!, x’, x*, ¥°, x*, x*, X’ and X' each represent,



X8, X9 and X1 represents a fluorine atom and the remai nder represg?gJANQMA
hydr ogen atons, then at |east one of X3, X4, X5 and x' 10 represents
chlorine atomor a fluorine atom 3. In (1-3) to (1-9), hydrogen atons
within aring may be replaced with a cyano group or a halogen); L1 and

L2 each represent, independently, -@HRCH2-, -C=C-, -(CH2)4-, -CF=CF-,
--OCH2-1 -CH20-1 -OCF2-1 -CF20-1 -C®2-, -0OCO-1 -CH=N--N=CH-, 15

- CH=CHn@dé>eQid2ntll v, CHR -T@idc@drClatanr, & sitigird nsored;ommaanck rf laswhine
represent, independently, O, 1 or 2, although mn<-2, and in the case in

whi Chaeéofzﬂe?favqrdéa ihad HHREEAN A UHIiYidns Qe leat Were present,

represents single bond; Y represents a hydrogen atom a fluorine atom
a chlorine atom a 20 trifluaronethoxy gr.oup, .a.diflyoronethoxy grgup, a
Lrif1 dor ety )grgish, (T2, 2 L (e a1 eth oy B Glp Loy &ite & dtip,
straight chain alkyl group of 1 to 16 carbon atons, a straight chain

al keny*, gxoumdx*2 reprié6eassbanfitioms peaasbmai ghtl thei wealakyldexy gr oup of
1 to 12 carbon atons, or a 3 0 JAN 2004 6 straight chain al kenyl oxy

D81 hathregehe AR A, e R A o T A e

ring B represents (1-2), mand n
represept O, Rrepresents an alkyl group and Y represents an 5 alkyl
group X 2 CFaREIAES i GRS RF W rprese T I0. BEO% and n represent
0, Rrepresents an al kyl group and Y represents an

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

x*, x* and X' represents a fluorine atom, and the remainder
represent hydrogen atoms, then at least one of X*, X!, X’ and X*

10 represents a chlorine atom or a fluorine atom,
3. In (I-3) to (I-9), hydrogen atoms within a ring may be
replaced with a cyano group or a halogen); L' and L’ each
represent, independently, -CH,CH,-, -C=C-, -(CH,;),-, -CF=CF-,
-OCH,-, -CH,0-, -OCF,-, -CF,0-, -CO,-, -0CO-, -CH=N-N=CH-,

15 -CH=CH-CH,-CH,-, -CH,-CH,-CH=CH- or a single bond; m and n each
represent, independently, 0, 1 or 2, although m+n<2, and in
the case in which either m or n is 2, then at least one of L'
or L?, where present, represents a single bond; Y represents a
hydrogen atom, a fluorine atom, a chlorine atom, a

20 trifluoromethoxy group, a difluoromethoxy group, a
trifluoromethyl group, a 2,2,2-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, or a



al koxy group, 3. the case in which ring B represents (1-4), mand n
represent 0, R represents an al kyl group and Y represents an al kyl
or a cyano group 4. the case in which ring B represents (1-8), m and
represent 0, R represents an alkyl group and Y represents an al kyl

group,
and n

15 5. the case in which ring ] represents (1-4), mrepresents
represents 1, ring C represents a 1, 4-phenyl ene group, L'

r epr esstraiglooxchai repreelny areikyef of oup Ehdcarhaprakt@iis an a

group,
repre

an al koxy group or a cyano group, 6. the case in which ring B

SEPbPiddd Mhath £8P BSENGWi Yy dsanthre r@RiRsRs 1, ring C

represents a 1, 4-phenyl ene group, L2 represents -OCO, R represents

al kyl
B repr
al,4-

SO o

n
0
| kyl

an

ro and Y represents. an, al kox roup,_ 7, the case in which ring
se’%?% 359) 10 fyhich S Ore%‘?%s%“'rsep(r o 209 g C represents

cycl ohexyl ene 3 0 JAN 2004 7 group, L2 represents -C02-, R

repr esespsesental Ky R grepmesarntsy an eprlaske rgoun alky nppugged:s tdre case

i n whi

ch ring B represents (1-1), and X9 and X 0 represent fluorine

at ns,afﬁigfﬁgbuépe case in which ring B represents (1-3), and X3, X4, X5
X6 si‘mul taneously represent fluorine atons; and applying simlarly

t o conpounds equi val ent, t.o those above descri
n?‘ the case f% &hlch r{hg B represents {?55), m and n

.10

15

20

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
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, R represents an alkyl group and Y represents an
alkyl group,

5. the 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 -CO,-, R represents an alkyl group and Y represents
an alkyl group, an alkoxy group or a cyano dgroup,

6. the case in which ring B represents (I-4), m represents 0
and n represents 1, ring C represents a l,4-phenylene group, L?
represents -0CO-, R represents an alkyl group and Y 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 l,4-cyclohexylene



usi ng combi nations of abbreviations). Invention 2: A conpound accor dilntiN 2004
to invention 1,,wherein 10 ring A and ring C each represent,

i ndependently, a 1,4- phenylene group or a trans-1, 4-cycl ohexyl ene group
which may be substituted with a fluorine atom Invention 3: A conpound
according to invention 1, wherein LY and L2 each represent,

i ndependently, -0CO, -CO2-, -CH2CH2- 15 or a single bond. Invention 4: A
conpowgmbur.cdrdiragresenhsentPon, IR Ngresentsn aeprbseht 3T oup a@d nY
represents either 0 or 1. Invention 5: A conmpound according to invention

1, whergisdnt £ A 18ACh ARy esent a single bond. 20 Invention 6: A

conpound according to i'nvention 1, wherein ring B represents (1-3) or

(1-4) which may be substituted with a haloge | nvent i ;. A gonpound
accor d ngho Gafiferitt d‘ﬁ"lf,h Fietei rergﬁeéltrﬁgp&e"s]e)m sar(c’ ?}?ﬁmgr X(1-2). 3 0
JAN 7004 8 Invention 8: A conpound according to invention 1, wherein
ri ng Bepprsesantfludrinle atmohsx9 anwtl X14 represent hydrogen atons.

I nvention 9: A conpound according to invention 1, wherein 5 ring A and

ri g G eagh 'SNLsENynidiignenfeNtlebresehtds Pheny) aned GEQUR' prxa
trgnsga, --cﬁ%ﬁ%ﬁexyleﬁé groggpmhiéﬁn%ay be substituted with a fluorine

ato and ring B.represents (I- . .
m and X* sgmulta eously represent fluorine atoms; and applying

similarly to compounds equivalent to those above described
using combinations of abbreviations).
Invention 2: A compound according to invention 1, wherein
10 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.
Invention 3: A compound according to invention 1, wherein
L' and L? each represent, independently, -0CO-, -CO,—, —CH,CH,-
15 or a single bond.
Invention 4: A compound according to invention 1, wherein
m represents 0, and n represents either 0 or 1.
Invention S: A compound according to invention 1, wherein
L! and L? each represent a single bond.
20 Invention 6: A compound according to invention 1, wherein
ring B represents (I-3) or (I-4) which may be substituted with
a halogen.
Invention 7: A compound according to invention 1, wherein

ring B represents (I-1) or (I-2).



1), (1-2), (1-3) or (1-4) which may be substituted with a hal ogen. 10

| nvention 10: A conpound according to invention 1, wherein ring A dddJAN 2004
ring C each represent, independently, a 1, 4-phenylene group or a
trans-1, 4-cycl ohexyl ene group which nmay be substituted with a fluorine
atom ring B represents (I- 1), (1-28B (1-3) or (1-4) which nmay be
substituted with a 15 hal ogen, and L1 and L2 each represent a single

bond. | nveniveaatibh 84 @O mpowthrak ceradimiy g tonvientdmonian 1 wheresienini ng A
and ring C each represent, independently, a 1, 4-phenylene group or a

trans-1, 4- |ene Gt i 9 e I e i fluorine
at om %%nr%%%eg;&?%éﬁ%s ( Iqlég ‘%Hcf:?( 1- g?bi ?1- ?%;égg%ls%ﬁ%?vaﬁygﬁ%myubel

substituted with a hal ogen, mrepresents 0 and n represents 1, and L2
represif®s-a  single bond. Invention 12: A conpound according to
invention 1, wherein ring A and ring C each represent, independently, a

3 0 JAN 20Gthv@nthich phenylcngimil paiorat it 1 rimtcl cohelxy Ivereregiroup
which may be substituted with a fluorine atom ring B represents (I- 1),

1-2), (1- or, (-4 i st.i t i | ggen, m
ﬁe r)esre#ﬂ%:% aé-‘rﬁid(rr%nr‘)egrﬂ%s?gri:l{ rs}%%l%%r?}qjﬁz ep esédr%rgﬂﬁS agiain'g e bond, and

in the case in which ring B represents (I- 1)which may be substituted

With DHRICERNE JURIP XF #nd-Dans TlodrsGhonfarisgén Hiddts 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.

10 Invention 10: 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, ring B represents (I-
1), (I-2), (I-3) or {I-4) which may be substituted with a

15 halogen, and L' and L? each represent a single bond.

Invention 11: 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, ring B represents (I-

20 1), (I-2), {(I-3) or (I-4) which may be substituted with a
halogen, m represents 0 and n represents 1, and L? represents a
single bond.

Invention 12: A compound according to invention 1,

wherein ring A and ring C each represent, independently, a



I nvention 13: A conpound according to any one of inventions 1 through

12, wherein R represents a straight chain 10 alkyl group of 1 to 3ﬂ.MN[%4
carbon atons or a straight chain al kenyl group of 2 to 12 carbon atons,

and Y represents a fluorine atom a chlorine atom a trifluoromethoxy
group, a trifluoronethyl group, a di¥!uoronethoxy group, a 2,2, 2-
trifluoroethoxy group or a cyano group. 15 Invention 14: A liquid crystal

conposi | 4-ophemgbemer @it dug omnta | Ervsis ohpd coygpboinsk g djmenp ovtaiyh one of
inventions 1 through 13. Invention 15: A liquid crystal display el enent

utilizj t (o) d| i 4.1 20
Inventr%ﬁ ki% 4%&‘?%%§rr@[$l?xgprr v%fni) ?3%? cr{}%%(%os Lf]élsp ay ele nt
utilizing a liquid crystal conposition according to invention 14.

| nventlbn =2 1 sUlbe}t W5t €k hbrt i eh | Magike cryRttal tuttRd grish e enent
utilizing a I|qU|d crystal conposition 3 0 JAN 2004 10 according to

I nventh fodén TR CARRY| NG &pHe ddie 4 NVENIH O Thepirelskawsna

prOV|des a detalle description of the 5 present |nvent|on A conpound

pr er’f 2?%%?%%1%?%2’”%1}% ( l ) cr rcga\'/slaedgceirf Ionhlcfr}g llgg)e r aI ngr\r/erersu‘%r{ts( |‘)
represents an al kyl group or
1)which may be substituted with a halogen, then X’ and x'°
represent hydrogen atoms.
Invention 13: A compound according to any one of
inventions 1 through 12, wherein R represents a straight chain

10 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 2,2,2-
trifluoroethoxy group or a cyanc group.

15 Invention 14: A liquid crystal composition incorporating
at least one compound according to any one of inventions 1
through 13.

Invention 15: A liquid crystal display element utilizing
a liquid crystal composition according to invention 14.

20 Invention 16: An active matrix driven liquid crystal
display element utilizing a liquid crystal composition
according to invention 14.

Invention 17: A supertwisted nematic liquid crystal

display element utilizing a liquid crystal composition



al koxyl group of 1 to 16 carbon atons, an al kenyl group of 2 10 tOE@QMN2M4
carbon atons, an al kenyl oxy group of 3 to 16 carbon atons, or an al kyl

group of 1 to 12 carbon atons substituted w th an al koxyl group of 1 to

10 carbon atons, and specific exanples in the case of an al kyl group

i ncl ude straight chain saturated alk9l groups such as a nethyl group,

ethyl group, 15 propyl group, butyl group, pentyl group, hexyl group,

hept ylacapmsiiglg de VN ﬂdhy group, decyl group, undecyl group,

dodecyl group, tridecyl group, tetradecyl group, pentadecyl group,
hexadecyl group, heptadecyl group, octadecyl group, nonadecyl group and

an ei cosyl group; and branched saturated 20 al kyl groups such as a

1, 2-di et hy! propyb et it JOR RS EREBNRRRORL Ul G oup,

3-met hyl butyl group, 1,2-dinethylbutyl group, 1,3-dinethylbutyl group,
2, 3- di net mudalﬁqﬂjlcgwimgn,pmwﬁetdwlqoemwilgmbmsczﬂrmm pehttiie 3 0 JAN
2004 11 group, 3-nethylpentyl group, 4-nethylpentyl group, 1, 2-

%myllrﬁfé?i’lﬁorﬂ 3B RE Y |t HH QYdhe Mgl IeXYdT) 9r oup,
2 met hexyl group, 3 nethylhexyl group, 4- nethylhexyl group,

me%h |h§d/ %d‘?(liﬁﬁ 1, 2- dlrﬁqgt (&xylrb%ﬁ(juf ér;;t% gf%‘ﬁﬁb gr oup,

nme
met hyl heptyl group, 5 met hyl heptyl group, 6- nethylheptyl group,
2- didestdnyildeshtd Lowyr oup, 1, 3-di net hyl heptyl group, 1-nethyloctyl group,

5-
1-
4-
1,
2
In general formula {(I), R represents an alkyl group or
alkoxyl grouﬁ of 1 to 16 carbon atoms, an alkenyl grcup of 2
10 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 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,
15 propyl group, butyl group, pentyl group, hexyl group, heptyl
group, octyl group, nonyl group, decyl group, undecyl group,
dodecyl group, tridecyl group, tetradecyl group, pentadecyl
group, hexadecyl group, heptadecyl group, octadecyl group,
nonadecyl group and an eicosyl group; and branched saturated
20 alkyl groups such as a l-methylethyl group, l-methylpropyl
group, 2-methylpropyl group, 1,2-dimethylpropyl group, 1-
methylbutyl group, 2-methylbutyl group, 3-methylbutyl group,
1,2-dimethylbutyl group, 1l,3-dimethylbutyl group, 2,3-

dimethylbutyl group, l-methylpentyl group, 2-methylpentyl



met hyl octyl group, 3-nethyloctyl group, 4-nethyloctyl group, 10 30 JAN 2004
5-net hyl octyl group, 6-nethyloctyl group, 7-nethyloctyl group,
1, 2-di met hyl octyl group, 1, 3-dinethyloctyl group, 1- nethylnonyl group,
2- met hyl nonyl group, 3-nethylnonyl grqup, 4-nethylnonyl group,
5- et hyl nonyl group, 6-nethyl nonyl gﬂ&up, 7- met hyl nonyl group,

- et hyl nonyl group, 1, 2-dinethyl nonyl 15 ?roggi 1, 3-di net hyl nonyl group,

- et hgreeey| 3gretbylpenkit hgraery| 4gRetby e hygseent §réup,

, 2-di met hyl decyl group, 1, 3-dinethyldecyl group, 1-nethylundecyl group,

8
1
1
2- met QyhEPRPTYEn Oy DUrodphet hylandeen|1gentpl draugd) MELhythpTrREx{ 1 gr oup,
1 3-dinethyﬁﬁn%ecy? group, 1 20 nethyldodecs? group, 2-nethyl dodecyl

g

oup, _3-net hyl dodec oy 1, 25d] hyl dodecyl group,
G ot cbaRebRv bRl "hong nar bR ERRLLFRES ooy Eims by eyt
group, 3-- nethyltridecyl group, 1,2-dinethyltridecyl group and a 1, 3-
di et hgtowpdetyheghvlpexgpearoup, ekadpfenethy i hexyhsgretranl 330 JAN 2004
12 al koxyl group include straight chain saturated al koxyl groups such

as g ”Eiﬁ@%ﬂygﬁéﬂﬁl gtbepy gtﬂ@@hﬁpn@puypxgr@ﬁpypz-mé%ﬁ 19yt g1 oup,
pentyl oxy group, hexyl oxy group, heptyloxy group, octyloxy group,

7 eyt ot uREEY BE¥aiboyPnd. TR DR e oo

hexadecyl oxy group, heptadecyl oxy group, octadecyl oxy group,
nonadesgtbxyhepbyp qandpan6emebhyfbaptgfowpqunndlb@z@mmﬁ%hﬁ heptybd
al koxyl groups
group, 1l,3-dimethylheptyl group, l-methyloctyl group, 2-
methyloctyl group, 3-methyloctyl group, 4-methyloctyl group,

10 5-methyloctyl group, 6-methyloctyl group, 7-methyloctyl group,
1,2-dimethyloctyl group, 1l,3-dimethyloctyl group, 1-
methylnonyl group, 2-methylnonyl group, 3-methylnonyl group;
4-methylnonyl group, 5-methylnonyl group, 6-methylnonyl group,
7-methylnonyl group, 8-methylnonyl group, 1,2-dimethylnonyl

15 group, l,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, 1l,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



such as an isopropyl oxy group, isobutyloxy group, 1 10 nethylpropylognJAN2m4
group, 1,2-di nethyl peopyl oxy group, 1- nethyl butyl oxy group,

2- met hyl but yl oxy group, 3-methyl butyl oxy group, 1,2--dinethyl butyl oxy
group, 1, 3-di et hyl butyl oxy group, ~3- di met hyl but yl oxy group,

1- met hyl pentyl oxy group, 2 nethyl pent'yl oxy group, 3-nethyl pentyl oxy

group, 4 15 t hyl pentyl o roup, . 1, 2-di net hyl pentyl oxy group, 1, 3-
di et h§tlery ISﬁéugrbﬁﬁauégngFﬁ9EHE%yFB%&“gFBﬁbFaEBdn%%%?FHéXQFQQ?Sgroup,
3- et hyl hexyl oxy group, 4-nethyl hexyl oxy group, 5-methyl hexyl oxy group,

1, 2- di pethybhbeayhekhogyogpoupl, 8ttHoret hybhpxyboapyoRypgroup,
1- met hyl heptyl oxy group, 2 20 net hyl heptyl oxy group, 3-nethyl heptyl oxy

group, y yl , ~2zNEeth o] ou -

et nyi ROEYIPELySEORRE BEHSPA0KD: PoUR, UpREELY) CRYolh? RepbyLony

di met hyl hept yl oxy_group, 1-nethyloctyloxy group, 2- nethyl octyl oxy group,
3- met h§FeePy| BKYY §PBVipIrauiet RGRBELYY 093508P0 ARy PORY 9BOUBF oup,

5- et hyl octyl oxy group, 6-nethyl octyl oxy group, 7- methyloctyl oxy group,

1, Z di grébyy beky| xyugl otdpdedy Boxdli gEOUY| Oct VAOXY18%PUProdpTet hyl nonyl oxy
group, 2- methyl nonyl oxy group, 3-nethylnonyl oxy group, 4-nethyl nonyl oxy

et ny| RSROFAETY 5o R0 ¥ Bl DREHEaaSeIEORY, BERD e Rh@By ) Jhv aprey

group, 1, 3-dinet hyl nonyl oxy group, 1- nethyldecyloxg group,
2- met hyPRERYPEXOHY 08POUB: NREh§REEEYPBXygroup, nonadecyloxy group

and an eicosyloxy group; and branched saturated alkoxyl groups
such as an isopropyloxy group, iscobutyloxy group, 1-

10 methylpropyloxy group, 1l,2-dimethylpropyloxy group, 1l-
methylbutyloxy group, 2-methylbutyloxy group, 3-methylbutyloxy
group, 1,2-dimethylbutyloxy group, 1l,3-dimethylbutyloxy group,
2,3-dimethylbutyloxy group, l-methylpentyloxy group, 2-
methylpentyloxy group, 3-methylpentyloxy group, 4-

15 methylpentyloxy group, 1,2-dimethylpentyloxy group, 1,3-
dimethylpentyloxy group, l-methylhexyloxy group, 2-
methylhexyloxy group, 3-methylhexyloxy group, 4-methylhexyloxy
group, 5-methylhexyloxy group, 1,2-dimethylhexyloxy group,
1,3-dimethylhexyloxy group, l-methylheptyloxy group, 2-

20 methylheptyloxy group, 3-methylheptyloxy group, 4-
methylheptyloxy group, 5-methylheptyloxy group, 6-
methylheptyloxy group, 1,2-dimethylheptyloxy group, 1,3-
dimethylheptyloxy group, l-methyloctyloxy group, 2-

methyloctyloxy group, 3-methyloctyloxy group, 4-methyloctyloxy



group, 1,2-dinethyl decyl oxy group, 1, 3-dinethyl decyl oxy group, 10
1- nethylundecyloxy group, 2- nethylundecyloxy group, 3- nethyl undecyl oxy
group, 1,2-di et hyl undecyl oxy group, 1,3 .. dinethylundecyl oxv group,
hyl dodecyl oxy group,. nethyl dodecyl oxy group, 3-nethyl dodecyl oxy
group, 1,2- dinethyl dodecyl oxy group}31 3-di net hyl dodecyl oxy group,

1- et

nethyltrldecyloxy group,

30 JAN 2004
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2-nmet hyl tridecyl oxy group, 3- nmethyltridecyl oxy

group, gzlmaa,dﬁmatmytquqtadwmwrg?tmp 6 -t hy L OC tY 1A¥¥e tHRAUR 4 dlety | oxy
group. Specific exanples in the case of an al kenyl group include a

trans

gr Oup,méﬁr?l%dtﬁ&&aﬁ@ﬂou;g,r oD - A g t ylioxP g ddias)s-1L-Fout enyl  group,
2 but enyl

group, 3-butenyl group, trans- I-pentenyl group, t

vi nyl

rans-

(7 Ao TR AS A, AR AR TS BB s venyl  oroup.

trans-

t r ans-nfe theydtreon Lo g oup aris-18 tHepl ramp 1 &y0 araN 0 04-met hyphmany Loxy

trans

gns
trans
7-oct

4- hexenyl group, 5- hexenyl group, trans-|- heptenyl group,
4- hept enyl group, trans-5-heptenyl group, 6- heptenyl group,

U+ t'enyl group, trans-5-octenyl group, trans

g O\%?t @Mﬂetﬂ{ﬂ%nﬁf&@sgﬂﬁﬁﬁ e@méﬂﬂ%on)ﬂﬂcﬁ@séﬁo A enyl group,

ctenyl group,

en rou trans-1-no rou 8 none gr,0 trans-1-decenyl
gr oup,™ Qéiﬁﬂﬁ% Yo 1R ﬁuﬁdbéﬁ’ 6%1 d’&ﬁdecenyl group,

1- dodecenyl group, and a 11- dodecenyl roup. Specific exanples in

trans-
t he

10

ochisnee tHy laro ret Ity | asaumyr olugs +dhidt ity Inanyiyd kg rpudup, Lt rans- | -

methyldecyloxy group, 2-methyldecyloxy group, 3-methyldecyloxy
group, 1,2-dimethyldecyloxy group, 1,3-dimethyldecyloxy group,
l-methylundecyloxy group, 2-methylundecyloxy group, 3-

methylundecyloxy group, 1,2-dimethylundecyloxy group, 1,3-

.. dimethylundecyloxy group, l-methyldodecyloxy group,. 2-.

15

20

methyldodecyloxy group, 3-methyldodecyloxy group, 1,2-
dimethyldodecyloxy group, 1,3-dimethyldodecyloxy group, 1-
methyltridecyloxy group, 2-methyltridecyloxy group, 3-
methyltridecyloxy group, 1,2-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, 2-propenyl group, trans-l-butenyl group, trans-2-
butenyl group, 3-butenyl group, trans-l-pentenyl group, trans-
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



propenyl oxy group, 2-propenyloxy group, trans-I-butenyloxy 10 grouD’3BJAN2%4
trans- 2- but enyl oxy group, 3-butenyl oxy group, trans--1- pentenyl oxy

group, trans-2-pentenyloxy group, trans-3- pentenyl oxy group,

4- pent enyl oxy group, trans-I|-hexenyl oxy group, trans-2--hexenyl oxy

group, trans-3-hexenyl oxy group, trahs-4-hexenyloxy group, 5-hexenyl oxy
group, trans-1 15 heptenyl oxy group, trans-2-heptenyl oxy group, trans-3-

hept ergricmpy dvrams - 4haptenyHe SIEWH 0 8F adysoPr haptey s 998 et oxy group,

6- hept enyl oxy group, trans-|-octenyl oxy group, trans-2-octenyloxy group,

tr ans 1RaRen§Y [P0 " AHan s L1Ir-Hts-edrydC @MIHOX )t IHMHHR - ddtai sy D-Ped ey | oXy
group, trans-6 20 octenyl oxy group, 7-octenyloxy group, trans-1-noneyl oxy

group, 8-nqneyl oxy .group, trans-1-decenyl axy group, 9-decenyl.0 group,
t r ans-HEARTa é'é%}ﬁe F &réﬁ‘p?” H@Wd'eélé'eoﬁ%%%(} gﬁ)‘%ﬁ‘ﬁ' ttrrae{l(rjic's_f_- cflo%%%/cye]hyl oxy
group, and a 11-dodecenyl oxy group. Furthernore, these groups may

cont aigrompsulistanstéetagreoyd sushil 0 ~PcARyJ0 BroRp adran s kdigheyyk oup of
1 to 10 carbon atons or a hal ogen atom or the like, and fluorine atons

arg PIBIRE @ i RAREEN £t -Yddeaiie e os-devdnitde qtdwxy !

group subst’ituted "al Kyl groups such as a nethoxymethyl group,

et hoxynet hyl. 5 oup, ,Propox thyl grou but 0x t hyl. aro
pent yl THﬂHéQ§Q§h¥1iﬂgéﬂﬁgg%#QQRﬁé%ﬁwxhxgﬁﬂg {naégﬁﬁﬁinﬁgh%ﬁ%ﬂﬁﬁ

1- net hoxyet hyl group, 1-ethoxyethyl group, 1- propoxyethyl group,
1- but @ty%tmyém?wﬁ%—w%xﬁamg. S%ecifie: ee:am%lesy ir? thcl,o

case of an alkenyloxy group include a vinyloxy group, trans-1-
propenyloxy group, 2-propenyloxy group, trans-l-butenyloxy

10 group, trans-2-butenyloxy group, 3-butenyloxy group, trans-l-
pentenyloxy group, trans-2-pentenyloxy group, trans-3-
pentenyloxy group, 4-pentenyloxy group, trans-l-hexenyloxy
group, trans-2-hexenyloxy group, trans-3-hexenyloxy group,
trans-4-hexenyloxy group, 5-hexenyloxy group, trans-1-

15 heptenyloxy group, trans-2-heptenyloxy group, trans-3-
heptenyloxy group, trans-4-heptenyloxy group, trans-5-
heptenyloxy group, 6-heptenyloxy group, trans-l-octenyloxy
group, trans-2-octenyloxy group, trans-3-octenyloxy group,
trans-4-octenyloxy group, trans-5-octenyloxy group, trans-6-

20 octenyloxy group, 7-octenyloxy group, trans-l-noneyloxy group,
8~-noneyloxy group, trans-l-decenyloxy group, 9-decenyloxy
group, trans-l-undecenyloxy group, l0-undecenyloxy group,
trans-l-dodecenyloxy group, and a ll-dodecenyloxy group.

Furthermore, these groups may contain a substituted group such



group, 1-hexyloxyethyl group, 1-heptyloxyethyl group, 2 10 nethoxyet h§yB 1aN 200
group, 2-ethoxyethyl group,.2-propoxyethyl group, 2-butoxyethyl group,

2- pentyl oxyet hyl group, 2-hexyloxyethyl group, 2-heptyl oxyethyl group,

1- et hoxypropyl group, 1- ethoxypropﬁl group, 1-propoxypropy| group,

1- but oxypropyl group, 1- pentyloxypr yl group, 1-hexyl oxypropyl group, 1

15 heptyl oxypropyl group, 2-nethoxy ropyl group, 2-ethoxypropyl group,

2- pr opRKyATY GPAHOXH OLECWR I okt Offy ICAFRATp 3 ERMH Ot 1A BIAREBY 12 ebup,

2- hexyl oxypr opyl group, 2- heptyl oxypropyl group, 3- nethoxypropyl group,

3- et Ny HHPYl i kel GHY  Sruds PR VEY Y la 18 @b ferdud ey pepMaliqup, 3 20
pent yl oxypropyl group, 3-hexyl oxypropyl group, 3- heptyloxypropyl group,

4- met hoxybut y p, 4-et .Ut r pro oxyhuyt ol
4- but yIg gﬂoﬁﬂf’éé Eﬂrgfl}tgﬁlo]}&% agqu“gdux AHes Isg“:(hy ultg’{ gcfoup,

4- heptyl oxybutyl group, 5- nethoxypentyl group, 5- ethoxypentyl group, 5 3
0 JAN &004 moq:ps)mqkpe&ﬂﬁ nRthaxyre thloxggsam v lethasgmeth
5- pentyl oxypentyl group, 5-hexyl oxypentyl group, 5- heptyloxypentyl

gr UP, g Rsud e IR N t 1 0 Uhodp St hyl Qiffburd- Propoxyhexyl group,
6- butoxyhexyl group, 6- pentyloxyhexyl group, 6- hexyloxyhexyl 5 group and

: ?IBe %ﬁé??ﬁ¥ﬂﬁgr%H&P1 3b orlnedﬁgﬁ;tltutqﬁuoagk }§%%g8§J€?Ch as
2-fl uoroeuhyl group, 2,2- difluoroethyl group, 2,2,2-trifluoroethyl
group, gﬁgmpgzx}mgthoxyethyl group, l-ethoxyethyl group, 1-

propoxyethyl group, l-butoxyethyl group, l-pentyloxyethyl

group, l-hexyloxyethyl group, l-heptyloxyethyl group, 2-

10 methoxyethyl group, 2-ethoxyethyl group, .2-propoxyethyl group,
2-butoxyethyl group, 2-pentyloxyethyl group, 2-hexyloxyethyl
group, 2-heptyloxyethyl group, l-methoxypropyl group, 1-
ethoxypropyl group, l-propoxypropyl group, l-butoxypropyl
group, l-pentyloxypropyl group, l-hexyloxypropyl group, 1l-

15 heptyloxypropyl group, 2-methoxypropyl group, 2-ethoxypropyl
group, 2-propoxypropyl group, 2-butoxypropyl group, 2-
pentyloxypropyl group, 2-hexyloxypropyl group, 2-
heptyloxypropyl group, 3-methoxypropyl group, 3-ethoxypropyl
group, 3-propoxypropyl group, 3-butoxypropyl group, 3-

20 pentyloxypropyl group, 3-hexyloxypropyl group, 3-
heptyloxypropyl group, 4-methoxybutyl group, 4-ethoxybutyl
group, 4-propoxybutyl group, 4-butoxybutyl group, 4-
pentyloxybutyl group, 4-hexyloxybutyl group, 4-heptyloxybutyl

group, 5-methoxypentyl group, 5-ethoxypentyl group, 5-



pent af | uor oet hyl group, 3-fluoropropyl group, 2-fluoropropyl 10 grou 0 JAN 2004
1-fl uoropropyl group, 3,3-difluoropropyl group, .3,3,3- trifluoroprog

group, 2,2,3,3-tetrafluoropropyl group, 2,2,3,.3,3-pentafl uoropropyl

group, 1,1,2,2,3,3,3- heptafluoropropyl group, 4-fluorobutyl group,
3-fluorobutyl group, 2-fluorobutyl Ypoup, 1-fluorobutyl group, 4,4 15

di fl uorobutyl group, 4,4,4-trifluorobutyl group, 3,3, 4,4-

t et r afgrspoabigedt yir aimus, JH-hukokyrenttafll worotmt Vi-gerduploxypentyl
2,2,3,3,4,4, 4- hept af | uorobutyl group, 5-fluoropentyl group, 4-

f I uor o ent N = p gr fd ecmgg]t Ve

1-fl uéf é%/ft yfﬁ' ulp?%cgééggfc}gf %E:t&ﬂ enS?y %l % tr| fI uoropettyl
group, 4, 4 5, 5- tetrafluor entyl group, 4, f | uor opent
groupﬂﬂihpxyhB¥Y¥5QFOQRnHé; %ﬁhﬁﬁ%ﬂ %éhﬁﬁﬁfdgﬂﬂﬂ¥'

5-fl uorohexyl group, 4-fluorohexyl group, 3- quorohexyI group,

2- f | uggligosyheaatypluyr dug ) lmfziﬁiﬁbwlowl Gyrioub f | rorenhiebopty e, 6,6, 6
P, "N NO 17 trlfluorohexyl group, 5,5,6,6, 6- pentafluorohexyl group,

4,4, 6- taflu s fI r Beuted
fl 30 cﬁfv‘aod{%/l ’di]oaﬁp@ %ep’g{/]l Ltgr I ior o JJ'enpéfgy gi-F oup. -
| uor oheptyl group, 2 quoroheptyI roup 1 S quoroheptg%hﬁqthp,

3-flu
7, 7- dig¥kior crping Prdums B £ uonaneigy SHRPIBA Grlotpron

6,6,7, 7-tetrafl uoroheptyl group, 6,6,7,7,7-pentafluoroheptyl group,
55,6

7-flu

: é%dhéﬂ'EIiﬁﬁﬁdﬂdméﬂhﬁmﬂﬁgdupyWXHIldbﬁdaﬂhykmggdumucﬁuﬂ—

Y or ooct yl

difluoroethyl group, 2,2,2-trifluoroethyl group, 1,1,2,2,2-

pentafluorocethyl group, 3-fluoropropyl group, 2-fluoropropyl

10 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-
heptafluoropropyl group, 4~fluorobutyl group, 3-fluorocbutyl
group, 2-fluorobutyl group, l-fluorobutyl group, 4,4-

15 difluorobutyl group, 4,4,4-trifluorobutyl group, 3,3,4,4-
tetrafluorobutyl group, 3,3,4,4,4-pentafluorobutyl group,
2,2,3,3,4,4,4-heptafluorobutyl group, S-fluoropentyl group, 4-
fluoropentyl group, 3-fluoropentyl group, 2-fluoropentyl
group, l-fluoropentyl group, 5,5-difluoropentyl group, 5,5,5-

20 +trifluoropentyl group, 4,4,5,5-tetrafluoropentyl group,
4,4,5,5,5-pentafluoropentyl group, 3,3,4,4,5,5,5-
heptafluoropentyl group, 6-fluorohexyl group, 5-fluorochexyl

group, 4-fluorohexyl group, 3-fluorohexyl group, 2-fluorohexyl

group, l-fluorohexyl group, 6,6-difluorohexyl group, 6,6,6-



p, 6-fluorooctyl group, 5-fluorooctyl group, 4-fluorooctyl 10 groq$,”
uorooctyl group, 2-fluorooctyl group, 1-fluorooctyl group, T AN 200
i fluorooctyl group, 8,8,8-trifluorooctyl group,
,8-tetrafl uorooctyl group, 7,7,8,8,8-pentafluorooctyl group and a
, 7,7,8,8,8-heptafl uorooctyl groupl7Straight chain alkyl groups of 1
0 12 carbon atons or straight chain 15 al kenyl groups of 2 to 12 carbon
at ons tarief prafetaed, @tow gie, 5 ,6ha 16 -addnta fgnumupshendy 11 droup car bon at onms
or straight chain al kenyl groups of 2 to 7 carbon atons are even nore

preferab int C raj chai r the

str uct@rde"gB 'sﬁo%?md '[)be_ll-[o‘g% taa?le%p?gc{hlaec@{laraq%e’s W%@%g%%(tt heod;g%rutﬁ:’t lt},re al
formul as shown are assunmed to link to a ring at the right hand term nal)
Ri ng AlamraohentB eemp eprdsdarnrohantepesiamy y 4 1t eptyl

1, 4-cycl ohexyl ene group in which a single CH structure within 3 0 JAN
2004 Ifoddle BIOUDRheptdl MHdug0R-adjtiie®yd Yridig urles within the
group may be replaced with -0- and/or -S-, a 1, 4-phenylene group in

which singl e structur i f.hin. th rLQUpP Qr. .2 or e non-adj acent
CH!E‘st rﬁﬁ‘?ﬁcg'ée%%jhi%oﬂ?e‘ gﬁoft%it l?alyuooré) r%% ESYRG tH -F'lli{:_ a
1, 4-cycl ohexenyl ene group, a 1,4- bicyclo(2.2.2)octylene group, a

pi per it el bty lgrasgnp a 6 rfaphthdledia fa vergihgptgilo group
decahydr onapht hal ene- 2, 6-diyl group, or a

1, 2, 3,6 -¢ et e dana it g td 16-dhodp 9506 8 , 7, 7-

gro
3-f
8, 8-d
7,7,8
6, 6
t

heptafluoroheptyl group, 8-fluorooctyl group, 7-fluorooctyl
group, 6-fluorococtyl group, 5-fluorooctyl group, 4-fluorooctyl
10 group, 3-fluorooctyl group, 2-fluorooctyl group, l-fluorooctyl
group, 8,8-difluoronctyl group, 8,8,8-trifluocrooctyl group,
7,7,8,8-tetrafluorcoctyl 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
15 alkenyl groups of 2 to 12 carbon atoms are preferred, straight
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,
the structures shown below are particularly desirable.
20 120 Y AN N A
(the structural formulas shown are assumed to link to a ring
at the right hand terminal)
Ring A and ring B each represent, independently, a trans-

1,4-cyclohexylene group in which a single CH, structure within



speci fic exanples include the types of groups shown below. -0 10 N ,8
~-i,-c 0 s~ -Cb- -(~3 These groups may be substituted with a cyanohg oﬂﬂzm‘
or a halogen, although a trans-1, 4-cycl ohexyl ene group or a 1, 4-

phenyl ene group which may be substituted with a hal ogen are preferred,

and for ring A a trans-1,4-cyclohex}3ene group is 15 even nore

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

t r ans-thetgryaiplaxy ene mgreumoa-adghsee oG, psefectbres watdhinhghe

structures shown below are particularly preferred. 3 0 JAN 2004 19 F Ring

B reprg&%& t?{}i\?' O'}%‘gq.f%%‘g&e Wity QYNGR HCLW es s (Ll Dhdnlhete (Wherein,
X1, X3 X4, ,Xﬁé, , and X10 each represent. 5 'i ndependently, a
hydrogen atom a chlorine atomor a fluorine _atom provided that the
f ol | WL EC i WS aasd ngHE §f SFructurie, Whthlh thfy IEPER T i) Ghe case
in which at |east one of x3, X4, X5 and X6 represents a fluorine atom
and t heremmimderjateht) A 2804 ctures within the group may be
5 replaced with -N=, a 1,4-cyclohexenylene group, a 1l,4-
bicyclo(2.2.2)octylene group, a piperidine-l,4-diyl group, a
naphthalene-2,6-diyl group, a decahydronaphthalene-2,6-diyl
group, Or a 1,2,3,4-tetrahydronaphthalene-2,6-diyl group, and

specific examples include the types of groups shown below.

-0 O~
& G 9 &
G <

. o <o R

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
preferred, and for ring A, a trans-~1,4-cyclohexylene group is
15 even more preferable, and for ring C, a 1l,4-phenylene group or
a trans-1,4-cyclohexylene group are even more preferable, and

the structures shown below are particularly preferred.



20 represent hydrogen atons, then at |east one of X1, X8, X9 and XL
represents a chlorine atomor a fluorine atom 2. In (Il-1) and (1LﬁiQJAN2%4
in the case in which at | east one of X1, X6, X9 and X10 represents a
fluorine atom and the remai nder 5 represent hydrogen atons, then at

| east one of X3, X, XS and X6 reprek®nts a chlorine atomor a fluorine

atom In (11-3) to (11-9), hydrogen atons within a ring may be replaced
with a cyano group or a hal ogenf, althofigh the Ffollowing structures are
preferred:_géEQQAN 1%32 21_Eﬁijg_F F fol lsWhng structures are even

nore prefera - 30 200 and foll ng structures are
particularly desirable. L1 and L2 ea Fepr esent, i ndependently,

-CH2CH2- -1 - - - 2) 4-, =CF-, = -1 -CH2O, -OCF2-1 -CF20- 1
-C02-, - N- - CH= - CH2 -CH2-CH=CH or a single
bond, althoug 2CH2- , =C- si ngl e d are preferred, and a 3 0

0o - 0o

Ring B represents any one of the following structures:

oA we

(-1 (11-2) I1-3y

o 3 b

(i-4) (11-5) (1-6)
x x10
::: X ﬁ ::: i::
X8 X 6
(11-7) (11-8) (It-9)

(wherein, x', x*, x*, x°, X%, X%, X’ and X' each represent,

5 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

X’, X', X’ and X°® represents a fluorine atom, and the remainder
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di fl uqr onet y .qr oup, rifl.yor t hyl group,. w2n2-tni ] uor get hoxy
ar oup 2 ortth | 1o b Tad pridf e ets friohich SroAeayt et
trifluoronethoxy 15 group, or a cyano group are even nore preferable, and
a fludsi ke aorndr X& cepresgnssp aarfd uezinec atem y adds thghremasgder
descri bed above, the conpound of the aforenmentioned general formula (1)
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In (II-3) to {(II-9), hydrogen atoms within a ring may be

replaced with a cyano group or a halogen), although the

following structures are preferred:
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L! and L? each represent, independently, -CH,CH,~, -C=C-,
5 —(CH,),~, -CF=CF-, ~OCH,-, -CH,0-, -OCF,-, -CF,0-, -CO,~, -0CO-,

—-CH=N-N=CH-, -CH=CH-CH,-CH,-, -CH,~CH,-CH=CH- or a single bond,

although -CH,CH,-, -C=C- or a single bond are preferred, and a
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single bond is particularly desirable. m and n each
represent, independently, 0, 1 or 2, although m+n<2, and it is
preferable that either both m and n represent 0, or that
either one of m or n represents 1. Y represents a hydrogen
S atom, a fluorine atom, a chlorine atom, a trifluoromethoxy
group, a difluoromethoxy group, a trifluoromethyl group, a
2,2,2-trifluoroethoxy 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
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of 2 to 12 carbon atoms, although a fluorine atom, a chlorine
atom, a trifluoromethoxy group, a difluoromethoxy group, a :.
trifluoromethyl group, a 2,2,2-trifluorcethoxy 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}, L?, m, n and ¥, although of
these compounds, each of the compounds represented by general
formulas (I-laa) through (XI-3hr) below is particularly

preferred.
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(1-3hg) (wherein, R represents a straight chain alkyl group of 1 to 730 JAN 200
carbon atons, or a straight chain al kenyl group of one of 3 0 JAN 2004 49
the structures shown below, and Z represents either the same neaning as
R, or a fluorine atom) (the structural fornmulas shown are assunmed to
link to aring 5 at the right hand #grm' nal ) A conpound of the general
formula (1) can be produced in the manner described below. 1. Production
' in which the @}, B conprises a
9, 10- di hydreep ske| et-a) @-@ @a skel-e¢hon 1-1.
Producti on of g mulas from (1 M+ a) -0 fc), general fornulas
from(l--1fg) to i), general formulas fffom (1-1ga) to (I-1gc), and
general formul-as C lha) to (I1-1hc)7A6 By reacting a conpound
r epr esent edr formwba R 2 N, (4eif €presents a
- CH2CH2- or ) a carboxylic ge of the general
formula (111) in the presence of 20 a Lewis adid such as al um num

chloride, O RLEZ\(IfI) @
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(wherein, R represents a hydrogen atomor an al kyl group of 1 3 0 JANO0 JAN 2004
2004 50 to 17 carbon atons), a conpound represented by the general

formula (1V) can be produced (wherein, R represents the sanme neani ng as

in (1ll1), and Z 5 represents the sang meaning as in (11)), and by

reduci ng the carbonyl group by a Wl ff Ki shner reduction or the like, a.
conpound represepted by t (V) can be obtained (V) 10
(wherein, R rep ‘ 0 ( and z _represents

t he sane rrea 5 @ ti%’ﬁfmﬁ/i el ds the

general fornula (VI

in (I11), Z 15 repfesents the same nmeaning as in (I'1), and X3 represents

a bromne atom ap i odine aton). By res ng this conpound wth a
conpound of g oul @anh VI 1) rid0) -@ ez of-3f transition
met al catal yst; 04 51 (wherejp¥ epents MyX (where X

represents a chlorigne atom a brom nefatom or Fah i bdi ne atom), a netal

atom such as For SiF (CH3) 2, and Y represent the sane
neaning as i O tormla (19 ' j netistn the same
. {1-31p)
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5 manner as X1 in the general formula (1), although the case in whisdhjAK 7004
is a cyano group is excluded), conmpounds of the general formula (1A-1),

i ncluding the general fornmulas from (I-lIfa) to (I-1fc), general formnulas
from(l-1fg) to (I-1fi), general fornmulas from(l-1ga) to (I-lgc) and
general formulas 10 from (l-1ha) to @-1hc) can be produced. (IA-1)
(wherein, R Y, and X1 represent the sane neaning as in (1), and X2 is
defined in the fﬁﬁ”-r as X1 in (), althou the case in which Y is

a cyano groap{(i $H-eXchHudedy—and (&agaepr eg e pBgning as in
(rr)) 1-2. Pr§;>ct dggéeneral formul a&=%tro | - to (I-1fo),
general fornulas from(I-Efs) to (I-1fu)f, deneral Ffofnulas from (I-1gm
to (I-1go), and (:7 orrmulas from (1-1hm to~ (Il ho) 20 By reacting

VA 3 0 2004 52 Y
3C g iH%€$¥, and XZ
rmpound of the

n Fhe presence of a transi{iorF 5 netal catalyst

’ L represent the %
is defined in the same gmafner as x' in (1)) wt
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h t et r afg=s(t FAphers phosphj | | geh ds of th
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from(l-ifs) to (I--1fu), general formulas from(l-1gm to (I- Igo), and
general formulas from(l-1hm to (1-1ho) can be- 10 produced. Y (I A3 JAN 2004
(wherein, R Y, and X1 represent the same neaning as in (1), X is
defined in the same manner as X1 in gl), and Z represents the sane
meaning as in (11)) 15 1-3. Producti 88 of general fornulas from (I-1gd)
to (I-1gi), and general formulas from (l-l1hd) to (I-1hi) Reaction of the
af orenenti oned gener formula (M) with fan alkoxide such as sodi um

met hoxi de or | 4 i€l ds a, .conp . y fLhe.genera
formula (1 Jﬁﬁﬁg002y5. ﬁpreggggents t he same
nmeaning as in represents the sane neafring as in (11)), and
by subsequently ¢re ﬁgbngpthe phenol protective group using hydrobrom c
acid or the |tke, ~t{ie)ggneral . mul a (X 1 3 atyped. 5 OH (X

(wherein, R @ @ @ %an%gﬁeani Ao o &nd™¥" represent s
the sane neaning as in | t)). Hal ogenati o general formula (X)

usi ng an el ectrophilicyhakogenation reagent yields the general formula
(XI). _{I‘FA‘I'i‘.I‘_ I-3h
: (:) <:> 2 (3ng R <:) <:j’.t:> 2 (-3ho)

F
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F

L o -

g

o

e
GG e
SeSe e S
O-00+ =
G-y v
GO v

)

F

(1-3hf)

Q

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

to 7 carbon atoms, or a straight chain alkenyl group of one of



10 OH (XI') (wherein, R represents the sane neaning as in (1), Z 0 JAN 2004
represents the sane neaning as in (Il1), and X3 and X4 each represe%g

i ndependently, a hydrogen atom a fluorine atomor a chlorine atom

al t hough at | east one of X3 and X4 represents 15 a fluorine atom)
Represent ati ve exanpl es of the el ect ophi l'i ¢ hal ogenati on reagent used
in this reaction include brom ne, chlorine gas, fluorine gas or

f1 uor i HRE e T Y@HOFES aShoien | Lo f3Rdrd FRPTIF N tin eEkh et i vessaeh as
MEC reagent (manufactured by Daikin Industries (Ltd.)) or Accuflor 20

NFPy (m@awipgtas exl, byr Ab | fBEbS iaddomand Accuflor NFTh, Accuflor NFS
(manufactured by Allied Signal), or F-TEDA-BF4 3" 0 JAN 2004 54

(nanufacturedgbx Air ;zanEIs) y reacting th eneral formula (XI)
with trifl me negul fxani ¢ an ri.d r't_hj—&.k.e, a conpound of the
general formula (XII) is obtained W(XI1) 5 (wherein, R represents the

sane negte NgtRsctirdl ) fodnuYepreisent Satdeasanmedeasi ihlaste ma (tigg X3 and
X4 represent the same neaning as in (XlI), and Wrepresents a | eaving

grgup g,yc{)he as; Er'ggl&lo{mg@f]esul fonyl oxy group, a methanesul f onyl oxy

group, a benzenesul tonyl oxy group or a p-tol uenesul fonyl oxy 10 group),
and by subsequent reaction with the general- formula (VIl)_ in the

presence of® £IPRAENE | dh Mk Jenefat yerryls, g) 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 skeieton or a fluorene
- 10 skeleton

1-1. Production of general formulas from (I-1fa) to (I-1lfc),
general formulas from (I-1fg) to (I-1fi), general formulas
from (I-lga) to (I-1lgc), and general formulas from (I-1ha) to
(I-1lhc)

15 By reacting a compound represented by the general formula
(II)

Z

(wherein, % represents a -CH,CH,- or -CH,-) with a carboxylic
acid chloride of the general formula (III) in the presence of

20 a Lewis acid such as aluminum chloride,

C

RJkCI (i

(wherein, R represents a hydrogen atom or an alkyl group of 1



tetraki s(tri phenyl phosphi ne) pal | adi um (0), and separation of the t uJAN 2004
obt ai ned i soners by col um chronmat ography, conpounds of the general
formula (1A-3), including the general fornulas 15 from (I1-1gd) to
(I-1gi), and the general formulas fr (I-1hd) to (I-1hi) can be
produced. (1A-3) (wherein, R Y, amt’ X represent the sanme neaning as in
(1), X2 is defined in the same manner as X in Idy represents the 20
same réardih§agPam atems) afd %‘deﬁ%ﬁrs&’&ﬂf{t e epeFajaN 2004 55
meaning as in (X)) 1-4. Production of general formulas from(l-lgp) to
(I-1 gBormArd (genercan ey mrcaldgdom (1-1hp) to (I1-1hu) By reacting the
af orenenti oned general fornmula (VIIl) and 5 the general forrmula (XIiI) in
the presence of a tyansition netal catalyst such as
tetrakis(trdphep gsphi ne) pal | adium (0), conpounds of the genera
formul a (1AW @’ @ t'?ﬁ’/)n general formulas from (l-1gp) to (I-1gu),
and the gengra YyorNtas from(l-1hp) to (I-1hu) can be produced. Y
(I'A-4) 10 (wherein, R Y, and Xl represent the sane neaning as in (l), Xz
is defj i.n t er, ' . =Tols t me
(w%ee‘}eln% 1 ﬁe);,%%g%g%;g@a ri\:éx%;félue' helhing ALRMESETS ! igd F

meani ng as | represent ‘the same

5 represents the same meaning as in (II)), and by reducing the
carbonyl group by a Wolff Kishner reduction or the like, a
compound represented by the general formula (V) can be

obtained

10 (wherein, R represents the same meaning as in (III), and Z
represents the same meaning as in {(II)), and subsequent

halogenation yields the general formula (VI)

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

15 represents the same meaning as in (II}, and X® represents a
bromine atom or an iodine atom). By reacting this compound
with a compound of the general formula (VII) in the presence

of a transition metal catalyst,

X

M@Y vy

b



meaning as in (X)) 15 1-5. Production of general formulas from (I-Bfd)AN 200

to (I-1ff), general formulas from(l-I1fj) to (I-1fl), general formulas
from(l-lgi) to (I-1gl), and general forrmulas from (l-Ihj) to (I-1hl)
Reaction of a conpound represented bg the general fornmula 20 (XIll) 3 0
JAN 2004 56 X6 (wherein, Z represen the sane neaning as in (I1), and
X5 and X6 each represent, independently, a fluorine atomor a chlorine
aton) (Whéreimedbrirpsesant® NIk h e sy r¥ OTSRF eREN | AChAP B tani ne of
the general fornmula (XIX). N (wherein, Z represents the same nmeani ng as

in (11zomNth Xrcithe Xb o RLSEN i ddiEn & SEOLMEAN NGe Sl | dednXlddal -as
Reaction of this conpound with nethyl vinyl ketone, followed by a

o mut (366 spuher ek (C85 “%L%ﬁ?ﬁlﬁ'sgisﬁ%nﬁe"gﬁ.gﬂgaﬁé T RE g xo

and X6 represent the same meaning as in (X1l and further 15 reactlon
of thlsnc‘dm)olmcbml H erreohpolit, ofnd HE dénde lnefdorlmjrtae( XAME RM ( XX )
(wherein, R represents the sane neaning as in (), and M

5 manner as X' in the general formula (I), although the case in
which Y is a cyano group is excluded), compounds of the
general formula (IA-1), including the 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

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

(wherein, R, Y, and X' represent the same meaning as in (I),
and X’ is defined in the same manner as X' in (I), although the
case in which Y is a cyano group is excluded, and Z represents
15 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-1lgm) to (I-lgo), and general formulas from (I-lhm) to
(I-1ho)
20 By reacting a compound represented by the general formula

(VIII)



represents MgX (where X represents a chlorine atom a bromne 3 0 Jﬁfh
2004 57 atomor an iodine atom, or a netal atomsuch as Li), and JAN 2004
subsequent dehydration in the presence of an acid catalyst yields a
conmpound represented by the general formula (XXII). XXII) ks 5 (wherein,

R represents the same neaning as in fRB), Z represents the sane neani ng as

in (Il), and X5 and X6 represent the sane neaning as in (Xl11)).

Oxi dation of this congound wusing an oxidizing agent such as brom ne, DDQ
(2, 3-dichloro- 5,6~d{cyano-1, 4-benzoqui none) or chloranil yields..a

conmpound raiiformula (XXI11). XS XXI11) X6 (wherein, R
represents the sa aning as in (1), Z represents the sane neaning as

in (1l1), and X5 and Xg@ represent the same nmeaning as in (XlI11)).

Lit hiation of this conmpound 15 with an al kyl Iithiunlsuch as but yl

lithi U ook a “é}f?gF\g” %twtth@ R B AR nlg0 s nany'( hds e x2

genera (mhereln R repre ents the ane nmeani ng

as in (1), 0 JAN 2004
is deflned in the same manner as X' in (I}) with a compound of

the general formula (VI), in the presence of a transition

5 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-
lgo), and general formulas from (I-lhm) to (I-1ho) can be-

10 produced.

(wherein, R, Y, and X' represent the same meaning as in (I), b &
is defined in the same manner as X' in (I), and 2 represents
the same meaning as in (ITI))

15 1-3. Production of general formulas from (I-lgd) to (I-1lgi),
and general formulas from (I-lhd) 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

26 ROCH3 (1X)



58 represents the same nmeaning as in (11), X5 and X6 represent the ZFROBN 2004
meaning as in (Xl1l), and X7 represents a bromne atomor an iodine
aton), and by reacting this conpound with a conpound of the general
formula (VIl1), conpounds of the general formula 5 (1A-5), including the
general formulas from (I-1fd) to (I-5$ff), the general formulas from
(I-ifj) to (I-1fl), the general forrmulas from (I-lIgi) to (I-Igl), and

t he gerdvediein,ofmnepresaghs Ithenjsane maaniflg asarbd Igddducdd &I (1 A-5)
x& Xe 10 (wherein, R, Xl and Y represent the sanme neaning as in (1), Xz
is defidjdddhtida aBRanEB M ity 8k 1ih ((11) )4 B & Rubsldlfieane
meaning as in (Il1), and X5 and X6 represent the sane neaning as in
(XI11)) 1-6. Production .of neral formulas from (I-1fv) t.o (l-J1fx 15
Gener HemeyRd 108 AR i dEEar e e Sl teshreri® Geish 1 gv)
to (I1-1gx), and general formulas from(l-lhv) to (l-1hx) By reacting the
af or erthet ildiked ddweergenagrmaylmflcrmuia (X Janid abt@igederal formula (XIV) in
the presence of a transition 20 netal catal yst such as

tetraki s(triphenylgphosphi ne)pal | adium (0), conpounds of the general
formula (1A-6)5 general formulas from(l-Ifv) to (I-ifx),

nchudi ng t he
t he generalr <> @ 0 OHAN(R004
5

(wherein, R represents the same meaning as in (III), and 2
represents the same meaning as in (II)). Halogenation of the
general formula (X) using an electrophilic halogenation

reagent yields the general formula (XI}.

Z xR
n-{@ji;—zziéy—OH X1)
10 X

(wherein, R represents the same meaning as in (I}, 2
represents the same meaning as in (II), and X’ and X' each
represent, independently, a hydrogen atom, a fluorine atom or
a chlorine atom, although at least one of X’ and X' represents
15 a fluorine atom.) Representative examples of the
electrophilic halogenation reagent used in this reaction
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
20 NFPy (manufactured by Allied Signal), and Accuflor NFTh,

Accuflor NFSi (manufactured by Allied Signal), or F-TEDA-BF4



59 from (I--1fp) to (I-1fr), the general fornulas from (I-1gv) to 3( JAN 2004
(I-1gx), and the general fornmulas from (I-Ihv) to (I-1hx) can be

produced. k6 (I A-6) 5 (wherein, R Y and X represent the sane neaning as
in (1), Xz is defined in the sanme manner as X in (1), Z represents the
sanme neaning as in (Il), and X5 and PG represent the same neaning as in
(XIr1r)) 1-7. Production of general formulas from(l-lia) to (l-lib), 10
and geheray LaGrpERdsby rdhy (I?rwwt% b- (1BY drgamebRd i Ohe oFerped fener al

formula (VMI) with a conpound of a general formula (XXV) (XXV) (wherein,

X1 represpils {0e) Sadeh MeADf DgorSmé théhesubfich M 1onkeddr Bsends the sanme
meaning as in (XXl)) yields a conmpound of the general formula (IX) XXVI)

(wher ej R and X1 represe t i j ) represents
t he sa#"rb %ba%i%%m %UI?@ ?fl%‘e Qeﬁ%é%gfsu %E%E%nff%%m%\l %%%E%%d removal
of the cyano group protective group using phosphorus oxychloride or the

| i ke, conpounds of zt he general formula (1A 7), including the general
formul as from i a)y—¥o (1-1ib),

5 (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 (XI), and W represents a leaving group such
as a trifluoromethanesulfonyloxy group, a methanesulfonyloxy
group, a benzenesulfonyloxy group or a p-toluenesulfonyloxy

10 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

15 from {I-lgd) to (I-1lgi), and the general formulas from (I-1hd)

to (I-1hi) can be produced.

Z x Xt
FIY (IA-3)
x p

(wherein, R, Y, and X' represent the same meaning as in (I), X
is defined in the same manner as X' in (I), Z represents the

20 same meaning as in (II), and X' and X' represent the same



and the general formulas from(l--l1dg) to (I-1dh) can be 5 produced.gENAszg
(IA-7) (wherein, R and X1 represent the sanme neaning as in (1), and
represents the sanme neaning as in (I11)) 1-8. Production of general
formulas (I-tic) and (I--1di) 10 Lithiation with an alkyl lithiumsuch as
butyl lithiumof a conpound of the Heneral formula (I1A-la), which is a
conpound of the general formula (I1A-1), the production of which has

been meaWidyslay desquiggd, in which the group Y is a hydrogen atom

(IA-1 a) 15 Xz (wherein, R and X1 represent the sanme neaning as in (1),
and X2 s _defined in the r in . Gl | t.hoygh se cases
in mhiéﬁ‘tﬁgggu ?&3 s°£P§e%%g§%g§%Q§P&%§ g%ghb grﬁ&@@,%gaxg ibpgéresents
the sane nmeaning as in (Ilé), and subsequent 20 reaction with carbon

di oxi dedggengirelldSommelgsndram f(Grrhiipd tEXXVHILPLY 0 JAN 2004 61 CORH
(XXVI 1) (wherein, R and X1 represent the sane nmeaning as in (I), and X2

I's definedgyn @ +SHPE tRANBForament iidhed gendlrialowdinnasq vigageandn
whi ch these“groups are hydrogen atons are excluded, 5 and Z represents

thg S%:rﬂee rc;%%%lr%q. af%rlm%l(al I()1’()I’I )ar.‘l.cljl Cf:%'gzv%rrsezls%rr]n:'e of a transition
metal catalyst such as tetrakis(triphenylphosphine)palladium
(0), compounds of the general formula (IA-4), including the

general formulas from (I-lgp) to (I-lgu), and the general

formulas from (I-lhp) to (I-lhu) can be produced.

Z X X
HY (1A-4)
xt X

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

10

is defined in the same manner as X' in (I), Z represents the
same meaning as in (II), and X’ and X' represent the same
meaning as in (XI})

15 1-5. Production of general formulas from (I-1fd) to (I-1ff),
general formulas from (I-1fj) to (I-1fl), general formulas
from (I-1lgi) to (I-1gl), and general formulas from (I-1hj) to
(I-1hl)

Reaction of a compound represented by the general formula

20 (XTIII)



of this conpound to an acid chloride, and subsequent reaction wth
ammoni a yi el ds a conpound of the general formula (XXVI11) CONH2 (XXVﬁ“\iANZDM
X2 (wherein, R and X represent the same neaning as in (1), and X2 10 is
defined in the same manner as x| in (1), although those cases in which

t hese groups are hydrogen atons are ®xcluded, and Z represents the sane
meaning as in (I1)), and by perform ng a dehydration using phosphorus
oxychloride or z#he yike, conpounds of the general fornula (1A-8),

i ncl udi ng eral formulas (lI-lic) and (1-1di) can be produced. CN
(IA-8) x2 ( Rx@and X1 represent the sanme nmeaning as in (1), and

X2 is defined i e sane nmanner as x' in (1), and Z represents the

same neaning as in [)) 3 0 JAN 2004 62 1-9. Production of general

formulas from(Il-lid) to (I-lie), and general forrmulas from (l-lig) to

(r-1i R ion of erngls fQru XL i th t enerakys mul a
(XXV)Q%WGF%g%ﬁrQS%ﬁ EQ%Fgggthﬁéﬁtlonhﬁgﬁékg%gpgﬁeséﬁgggsE@ﬁ gg 4fé
tetrakis(triphenyl phosphine)pal | adium (0), yields the general formula

(XX XK° eo@lx) Teppesent, REABC)ECREpY esenf LEPELIRANREMR AT g GBIPRIPR), X3
and

atom) with a secondary amine such as pyrrolidine yields an

5 enamine of the general formula (XIX).

z X3
CN
% (XIX)
B

(wherein, 2 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},
V4 S
e

(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 (XXT)
RM (xXX1)
{wherein, R represents the same meaning as in (I), and M

represents MgX (where X represents a chlorine atom, a bromine



X4 represent the sane neaning as in (X)), and Z represents the 10 S%&f 2004
nmeaning as in (I1)). By deprotecting the general... formula (XXl X) -{4N
phosphorus oxychloride or the like, and then separating the thus

obtained i soneric m xture by colum _chromat ography, compounds of the
general formula (1A-9), including the general fornulas from(l-lid) to
(I-lie), and 15 the general fornmulas from(I-lig) to (I-l1ih) can be

pr oducesm G @ENA19Mdifehertem),, Rramld metaleptegesuchha@ssidsd ,méa@d ng as in

(I'), X3 and X4 represent the sanme nmeaning as in (Xl), and Z represents

t he i+N ' o) )i 2@ b Rreduelri g @k jderakall <« nul as
(15| TPsedyht de dration) Jetink: HhedBueciel o abidce kylyfl i t hi um

such as butyl lithiumof a conpound of the general formyla (lA-_3a), which
is a déﬁﬂé@n&-q@ﬂppﬁédgéﬁ@Fgﬁepﬁﬁﬁupg F%ﬁ-@%PeFBi %ﬁf@ﬁﬂﬁhé&§ﬁ63u0tion
has been previously described, in which the group Y is a hydrogen 5
atom x|l (1A-3a) %2 (wWkerein, R and X1 represent the sanme neaning as in

(1), and X2 i efvyred in the same manner as X in (I), although those
cases in } ouf&liar e hydrogen atons are excluded, X3 10 and X4
represent the e, aning as in (Xl), and Z represents

5 (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)). Oxidation 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

10 of the general formula (XXIII).

n: XXl

(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
15 with an alkyl lithium such as butyl lithium and subsequent

reaction with bromine or iodine yields the general formula

(XXIV),
z b
FF“<::;;:<::@—X? (XXIV)
b

(wherein, R represents the same meaning as in (I), 2



the same neaning as in (I1)), and subsequent reaction with carbon 3( JAN 2004
di oxi de gas yields the general formula (XXX) CO2H (XXX) (wherein, R and

X1 represent the sane nmeaning as in (1), and X2 15 is defined in the
same manner as X in (1), although those cases in which these groups are
hydrogen atoms are excluded, and X®P&nd X represent the same meani ng as
in (X)), and conversion of this conpound to an acid chloride, and
subseqeprie seadst ithie wiame aearing wselids (§ IoonFoumad ok’ tIRPL SR e tdial
formula (XXXI') SO JAN 2004 64 XI CONH2 (XXXI') x2 (wherein, R and X1
repreggiie h@%ﬂﬁ%@?f@EQP!Q@I@%)hnahh)x?aﬂgpﬁgsehﬁsdéfbﬁﬁﬂihé hbemsawe

manner as X1 In , al though those cases in which these groups are
hydr ogen .at ons are excl%%ﬁgy X3 5 . and X4 .represent .the Epne neani ng, as i n
S

(XI), 2dndofing, asomies 2 &RESTERG F18s SONPEPRR) WiERY oy Wt i ng
this conmpound w th phosphorus oxychloride or the |ike, and then
separ atfi e igemerials fobmailaed ISome conpoiurids: @ fbheologme radr divamigraaphy,
conmpounds of the general formula (1A-10), including the 10 general
fogmul 3, Gl ! iife 1380 nld thd hyettahe srraduced froN (TA1%¥Q) to (I-

1££f), the general formulas from (I-1fj) to (I-1fl), the

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

formulas from (I-lhj)} to (I-1hl) can be produced.

Z b'S X!
R—{!:§;;iE:§%—{C:§y—Y (1A-5)
b pG

10 (wherein, R, X' and Y represent the same meaning as in (I), X2
is defined in the same manner as X' in (I}, 2 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-1lfv) to (I-1£x),

15 general formulas from (I-l1fp) to (I-1lfrj}, 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

20 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



(wherein, R and X1 represent the same neaning as in (1), and X2 is 5T JAN 2004
defined in the sane manner as X in (1), although those cases in which

t hese groups are hydrogen atons are excluded, X3 15 and X represent the
same neaning as in (Xl), and Z represents the same neaning as in (11))
1-11. Production of general formulass¥rom (l-lij) to (I-lik), and
general fornmulas from(l-1dj) to (1-1dk) Reaction of the general fornula
( XXI V)f gt H{ Tt-Hef pyerer 11— 130 )f ,ortinel aremexXML ifiorimivd asr €somc d Iofl gy )it tansi ti on
nmetal catalyst 3 0 JAN 2004 65 such as

t et rakiss(striphenyl i MRal 1RG0 i gl e f | a
(XXXIIffIf&QXI Pxfp?&ﬁgggln, R and X?b%egfgggzgd?ﬁﬁhsgﬁgqgggﬁ#ﬁgqggyin
(I'), z 5 represents the sanme neaning as in (Il), and X5 and X6 represent
t he sé??el?@airﬂcﬁgl-as in (XIl11)). By deprotecting the general formula
(XXXI'l') wth phosphorus oxychloride or the |like, conpounds of the
general formula (IA-11) including the general formulas from(I-lij) to

(I-1ik), and-- Oengtal 10 fo las.-from (I-1dj) to (I-1dk) can be
pr oduced. 40\m:—t @ wd (M-6y epresent the sanme neaning as in
(1), z represe g sane pafing as in (I11),

and X5 and X6 represent
the sane neaning as in X I11)) 15 1-12. Production of general formnulas
(r-1il) and (1-idl)
5 (wherein, R, Y and X' represent the same meaning as in (I), X?
is defined in the same manner as X' in (I), Z represents the
same meaning as in (II), and X’ and X* represent the same
meaning as in (XIII))
1-7. Production of general formulas from (I-lia} to (I-lib),
1¢ and general formulas from (I-1ldg)} to (I-1dh)

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

general formula (XXV)

X
O
M j\\ (XXV)
N

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

the general formula (IX)

OO oo

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

represents the same meaning as in (II}), and by subsequent



Lithiation with an al kyl lithiumsuch as butyl lithiumof a conpound ?f[] JAN X
the general formula (1 A-5a), which is a conpound of the general fornula
(I'A-5), for which the production has been previously described, in which

the group Y is a hydrogen 20 atom 3 0 JAN 2004 66 (1 A-5a) X6 (wherein,

R and X' represent the same neaning @8 in (1), and Xz is defined in the
sanme manner as X1 in (1), although those cases in which these groups are

hy dr ogesinat0IEo farteh ee Xy arite dy r obp Spamitk 6 vee s gh tud sy ST preANisng as in
(XI'11), and Z represents the sane neaning as in (l11)), and subsequent

reacti o X I t r

( XXXI 19 r}%%% ?an\/\herece)linl g:?ﬁfx@%gspr%éen Egrlesrffnier@rgergnn"lll%wg i n
(r, and XZ is defined in the same nanner as X1 in (1), although those
cases Th vilehdingschy ciperrl bR sl Tarld ak diuddd 156 » and X6

represent the sane meaning as in (XIIl), and Z represents the same

nmeani gh@sthd dddral afvkmorwer stdm Of - Iy i Rics (cpmmgnd:érp b acid

chl oride, and subsequent reaction wth ammonia yields a conpound of the

geger aglrgé)ucec{ a ( XXXI'V)

Z X
ncm (1A-7)

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

10 Lithiation with an alkyl lithium such as butyl lithium of
a compound of the ééneral formula (IA-la), which is a compound'L
of the general formula (IA-1), the production of which has

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

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

atom,

15

is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded,
and Z represents the same meaning as in (II))}, and subsequent

20 reaction with carbon dioxide gas yields the general formula

(XXVII)



X CONH2 (XXXI'V) x2 (wherein, R and X' represent the sane neani ng as,hpn
(), and XZ is defined in the same manner as X1 in (1), although th%béA§2m4
0 JAN 2004 67 cases in which these groups are hydrogen atons are
excluded, X5 and X6 represent the same nmeaning as in (XI1), and Z
represents the sane neaning as in (l§)), and by dehydrating this
conpound wi th phosphorus oxychloride or the |like, 5 conmpounds of the
gener al fornula.(lf\lz) i nclyadi ng the general formulas (I1-1il) and
(I-1dl') can be d. | A-12) (wherei n, Rand X represent the sane
meani ng as Hned e sane manner as x' in (I),

al t hough thos |ch ’t hes ups are hydrogen atons are
excluded, X5 and X represe t he sane neaning as in (XIll), and zZ
represents the sanme neaning as in (11)) 1-13. Production of general
forrrula from(I- eral formulas from (l-ids) to
(TG St i s REPEPSEBNe hEPoRaTSgBRRP 4RS! BEnaRa (0 8PS He
general formula (XXI11) with oxalyl dlchlorlde or the like, in the
presenice defimddvirs e dame alamtensush dsial (f) nual tbhhghi uboyseel ds a
compound of the general fornmula (XXXV), COCl (XXXV)

cases in which these groups are hydrogen atoms are excluded,

5 and 2 represents the same meaning as in (II)), and conversion
of this compound to an acid chloride, and subsequent reaction

with ammonia yields a compound of the general formula (XXVIII)

7 X
' e

(whereih, R and X' represent the same meaning as in (I), and X?
10 is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded,
and Z represents the same meaning as in (II)}, and by
performing a dehydration using phosphorus oxychloride or the
like, compounds of the general formula (IA-8), including the

15 general formulas (I-lic) and (I-1di) can be produced.

RCN (1A-8)

(wherein, R and X' represent the same meaning as in (I), and X’
is defined in the same manner as X' in (I), and Z represents

the same meaning as in (II})



k 20 (wherein, R represents the sane neaning as in (1), X3 and X S 0 JAN
2004 68 represent the sane neaning as in (Xl), and Z represents thef 0 JAN 2004
same neaning as in (l11)), and by reacting this conpound with the general
formula (XXXVI) X2 S (wherein, Y and X1 represent the sane neaning as in
(1), and X2 is defined in the sane #@&nner as X1 in (1)), and then
separating the isonmers by colum chronmatography in those case where

i sonerls-eXxitodwaipourds qefndda georendlas dooun g IHAd)3)e (iTrdliedi,ng t he
general formulas from (I-linm to (I-liu), and 10 the general formnulas

Feordrid Gl leddiin L2 iy AT XaliAghel B R L ane Y

repr esen e sanme neaning as 1n (I X ned in the sanme manner
as X1 in (1), X3 and X4 represent. the same neaning as_in (Xl), and Z
represents tdare dfeddingeneyrals farmula) )(XLIg wisho dhe 96 esi@ lgener al

formulas from (Il-liv) to (I-1ix), and general fornmulas from(Il-ldv) to
(1-1 dfodmll aixxon ofn tihee garesalcd @fmd ar@O$liltlhibnwimeh aan caltdallysd i t hi um
such as butyl lithium and subsequent reaction with 20 carbon di oxide

gag yiseulc > a3 Y OaLf{r}.ds (@crfprheerﬂrelrﬁ)q{oaépl{i%rewaei l%dQ.u‘Pt(A‘l}l 0%qo§ri%%ds the

general formula (XXIX).

G55G4 o

(wherein, R and X' represent the same meaning as in (I), X’ and
X' represent the same meaning as in (XI), and Z represents the
10 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
chromatography, compounds of the general formula (IA-9)},
including the general formulas from (I-1id) to (I-lie), and

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

¥ X
A @ @ @ oN  (A-9)
6

(wherein, R and X' represent the same meaning as in (I), X’ and
X' represent the same meaning as in (XI), and Z represents the
same meaning as in (II))

20 1-10. Production of general formulas (I-1if) and (I-1ii)



(XXXVI 1), X5 CO2H (XXXVI1) X& (wherein, R represents the sane neani 3d) N 200
in (I), X5 and X6 represent the sane neaning as in (XIll), and Z '
represents the 5 same neaning as in (11)), and by converting this

conpound to an acid chloride and subsequently reacting with the general
formula (XXXVI), conpounds of the geddral formula (1A-14), including the
general fornmulas from(l-liv) to (I-1ix), and the general fornulas from
(1-1dv) to r{dtHis)iaamwitsh mroduded. 1LHGMuimXKZuckherseibutyR, M tdrdinKlo £
represent the sane neaning as in (l), X2 is defined in the sane manner

as X14 rb&d;)%ur?&% A4 o é?erreaSle.rftorer)ea) SR IPANE @ i A Mddgoud Z

represents the sane neanming as in (I1 15 2. '‘Production of the general
formula (1) in which the ring B conprises a phenanthrene skeleton 2-1.
Pr odu@fi diie gt lal T A AL 1om (§29 #idho Yhe preductinh ddter al
formulas from(l--lag) to (lI-lai) Oxidation of a conpound of the general
f or mulpedn/Iprviodl ywhiedv d ibdde iaf avteirEntitened-cganer als formdmodad ) in
which the 3 0 JAN 2004 70

5 atom,
Z X3 X
R (IA-33)
x* s

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

10 and X' represent the same meaning as in (XI), and Z represents
the same meaning as in (II)), and subsequent reaction with

carbon dioxide gas yields the general formula (XXX)

Y4 3 X
RCOQH OXKX)
X x

(wherein, R and X' represent the same meaning as in (I), and X2
15 is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded,
and X° and X' represent the same meaning as in (XI)), and
conversion of this compound to an acid chloride, and

subsequent reaction with ammonia yields a compound of the

20 general formula (XXXI)



group Zis -CH2CH2-, )P (VI-1) (wherein, R represents the same nEani?%,ﬂﬁlmﬂ
in (Ill1), and X3 represents the sanme neaning as in (Vl)) using an 4
oxidizing 5 agent such as brom ne, DDQ (2, 3-dichloro-5, 6-di cyano-1, 4-
benzoqui none) or chloranil (tetrachloro-1, 2-benzoqui none,
tetrachl oro-1, 4- benzoqui none), vyieldstda conpound of the general fornmula
(XXXVI 1) X3 (XXXVI11) 10 (wherein, Rrepresents the sane meaning as in
(rrr), and X3 reprzasent)@ t he ysane neaning as in (Vl)), and by

subsequent |y eacthng/ t hi onmpound with the general formula (VII) in

the preserg . \Si —meine, (RAXBl yst, conpounds of the general
formula (IB-1 general fornmulas from1l5 (lI-laa) to

(1-lac), and the gener ak las from(l-lag) to (I-lai) can be

produced. (IB-1) (wherein, R Y and X1 represent the sane nmeaning as in

(), X2. 1s def i N4 Gl ho he 20
case |qum' “(#g ‘ngaﬁgpgggﬁg%rghggg?ﬁéegéaéinbtﬁér%grg&s gﬂ?Aﬁ 2004

71 these conpounds can al so produced by oxidi zing the general fornula

(1 A-1)isiglefingd o dihe mpRG MR RS bibni ke, Hbthough those

(2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none) or chl orani

(tetrasddey Otril,v&rmzﬂmﬂé]czjlfbuﬁgtarﬁ Hyahodem-dmmogianeneiluded, X°

5 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 like, and then separating
the thus obtained isomeric mixture by column chromatography,
compounds of the general formula (IA-10)}, including the

10 general formulas (I-1lif) and (I-1ii) can be produced.

Z X3 X
HCN (A-10)
X e

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

is defined in the same manner as X' in (I), although those

cases in which these groups are hydrogen atoms are excluded, x?
15 and X' represent the same meaning as in (XI), and 2 represents

the same meaning as in (II))

1-11. Production of general formulas from (I-1ij) to (I-lik),

and general formulas from (I-1dj) to (I-1ldk)

Reaction of the general formula (XXIV) with the general

20 formula (XXV) in the presence of a transition metal catalyst



5 2-2. Production of general fornmulas from(l-lam to (I-1ao0), aanJANZUM
general fornulas from(l-las) to (I-lau) By reacting the general forniula
(VIT1) with the general formula (XXXVI11) in the presence of a

transition metal catalyst such as tetrakis(triphenyl phosphine)pall adi um
(0), 10 conpounds of the general for®ula (IB-2), including the general
formulas from(l-lam to (I-lao), and the general fornmulas from(i-Ias)

to (I-dwth) amrtdia ghicduoeghhenylmaph(iweampeilladiuny {hd, ¥iglefsy ddent t he
sanme neaning as in (1), and 15 Xl is defined in the same nmanner as X in
() 2 O%ﬁﬁri f ral fornmula (1B-3) Oxidation of a conpound of

t he g(zeq{%reaﬁ]f orrrul'{z:aﬁ( ;f(lx_ " "Which is the aforenentioned general fornula
(XI') in which the group Zis -CH2CHzZ- , OH (XI-1) 20 X4 3 0 JAN 2004 72
(wherein, R represantsAhe sg meaning as in (l111), and X3 and X4
represent the i ng—=ds 1 OXI ing an oxidizing agent such as
brom ne, DIBS @ f«@ 6=di yaM%- benzoqui none) or chl oranil
(tetrachl oro- 1% i rorfe, rachl or o- 1, 4- benzoqui none), Vyields a
conmpound of the generaf formula ( I X). OH (XXX X)

(wherein, R and X' represent the same meaning as in (I), 2

5 represents the same meaning as in (II), and X’ and X°® represent
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-1lik), and:the general

10 formulas:from (I-1dj) to (I-1ldk) can be produced.

z X8 xt
FICN (1A-11)
x

(wherein, R and X' represent 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}))
15 1-12. Production of general formulas {(I-1il) and (I-1dl)
Lithiation with an alkyl lithium such as butyl lithium of
a compound of the general 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

20 atom,



k4 (wherein, R represents the sane neaning as in (I1l1), and X3 and ﬁﬁ
represent the sanme neaning as in (Xl)). Reaction of the 10 general 3 0°JAN 2004
formula (XXXIX) with trifluoronethanesul fonic anhydride or the like
yields the general fornmula (XL) W(XL) X4 (wherein, R represents the sane
meaning as in (1), X3 and X4 represeft the sane neaning as in (Xl), and
Wrepresents the 15 sane neaning as in (XIl)), and by subsequently
reacting this coq?ounq@mﬁth)@he general formula (VII) in the presence of
a transition fe such as

tetrakis(trgp} aIIa@hHﬁQ(O), and separating the thus
obt ai ned i sons r omat ogr aphy, the general 20 formula (1B-3)
\B 73 (1B-3) x2 (wherein, R Y and X

represent the sane neaning as in (I) Xz is defined in the sanme manner

gS4X1P¢‘§?J‘%%%J’r'bﬁr‘%farﬁ% (rjﬁ?a%ffgrlse Fa EFB—S%?'SB@gggi ?zgngﬁahf)bréﬁéﬁ(l oned

general formula (VIIl1) wth the general forml a (XL% in the presence of
a transs tdefinerbtial Ww alams mamtem®s X' in (I), although those
tetrakis(tri phenyl phosphi ne) pal | adi um

cases in which these groups are hydrogen atoms are excluded, X°

5 and X° represent the same meaning as in (XIII), and Z
represents the same meaning as in (II})), and subsequent

reaction with carbon dioxide gas yields the general formula

(LV)
z. X X
RCOzH XXX
& X2
10 (wherein, R and X' represent the same meaning as in (I), and x?

is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded, X3
and X°® represent the same meaning as in (XIII), and 32
represents the same meaning as in (II)), and conversion of

15 this compound to an acid chloride, and subsequent reaction

with ammonia yields a compound of the general formula (XXXIV)

Z 3 X!
RCONH2 (OXKIV)
X X2

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

is defined in the same manner as X' in (I), although those



(0), a conpound of the general fornula (1B-4) can be produced. (I B3#)JANG00
)e (wherein, R, Y and X1 represent the sane neaning as in (I), S
defined in the same manner as X1 in (1), and X3 and X4 represent the

sanme neaning as in (XI)) 2-5. Production of general formulas from (I-1Iad)
to (lI--laf), 15 and general fornulagé7from (l-laj) to (I-lal) Oxidation

of a conpound of the general formula (XXIlI1-1), which is the

af or eneadéniad weineh alhdxy mtaunsXldte hydwdgerh attdmes grmapest lisdedH2CH2- |
(mll-1) 3 0 JAN 2004 74 (wherein, R represents the sane neaning as in

(1) afldeX2eBhdsefit LR SARR! mgagbgaﬂgsn&gngﬁgg 3ot 1)) using an
|,

OXIdIZIng age such as brom ne dlcyano 1, 4-
benzoqui none) or chloranil (tetrachloro-|,2-benzoqui none,

t et r actRRFREENS By AR RRANLNG A%isih Cohbburdnd oy rfbehxg%rrﬁetr:ang formul a
(XLI). XS (XLI') (wherein, Rrepresents the sanme neaning as in (1), and

X5 antch¥ dRPasRNtwidle [SoEphtan nkyshlidridd Idy) Jehd ilikent i on of 10
this conmpound using an alkyl 1lithiumsuch as butyl lithium
5 compounds of the general formula (IA-12), including the

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

z X X
RCN (1A-12)
6 PG

(wherein, R and X' represent the same meaning as in (I), and X?
is defined in the same manner as X' in (I), although those

10 cases in which these groups are hydrogen atoms are excluded, X’
and X°® represent the same meaning as in (XIII), and 2
represents the same meaning as in (II))
1-13. Production of general formulas from (I-1im) to (I-1liu),
and general formulas from (I-lds) to (I-1ldu)

15 Reaction of the aforementioned general formula (V) or the
general formula (XXIII) with oxalyl dichloride or the like, in
the presence of a Lewis acid catalyst such as aluminum

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

Z X3
Rcoc, 000
¥

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



and subsequent reaction with brom ne or iodine yields the general 50 JAN 2004
formula (XLIT), X5 (XLII) X6 (wherein, R represents the sane neani ng as

in (1), X5 and X6 15 represent the sane nmeaning as in (X I1), and X7
represents a bromine atomor an iodine aton), and by reacting this

conpound w th the general formula @@I), conpounds of the genera

formula (1B-5), including the general formulas from (I-lad) to (I-Iaf),

and t repgesenal ther samasmeroang| agafin d&I(1- pAR) ZcaRPrEeepEsSpitd@uced. 3 0
JAN 2004 75 (IB-5) (wherein, R, X1 and Y represent the sane nmeaning as in
(1), é%me'ﬁegﬁﬁhgeﬁs'@nFWQI%QU?aHE”B?Vré%c%lngntﬁﬁh,camgoﬁﬁdaﬂdt&6

represent the sanme neaning as in (XII'l)) 5 2-6. Production of general
formulas from(L-1a 0 - , and general forrmulas from(l-lav) to
(1--1&0p B?nﬁééhtfﬁngh@ gkékgﬁéntioned general formula (MIIl1) with the
general formula (XIl) in the presence of a transition netal catalyst

such as tetrakis(&riphenyl phosphi ne)pal | adi um 10 (0), conpounds of the
general formul a1 B-6), including the general forrmulas from (l-lap) to
(I-lar), apgd 1:>meradxxvﬂ)orrrulas from(l-lav) to (I-lax) can be

pr oduced.

X2

5 (wherein, Y and X' represent the same meaning as in (I), and X2
is defined in the same manner as X' in (I)), and then
separating the isomers by column chromatography in those case
where isomers exist, compounds of the general formula (IA-13),

including the general formulas from (I-lim) to (I-1liu), and

10 the general formulas from {I-lds) to (I-1ldu) can be:;produced.

Z X3 X
coz@v (IA-13)
X pG

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

* and X' represent

is defined in the same manner as X' in (I), X
the same meaning as in (XI), and Z represents the same meaning
15 as in (II})
1-14. Production of general formulas from (I-1liv) to (I-1lix),
and general formulas from (I-1ldv) to (I-1dx)
Lithiation of the general formula (XXIII) with an alkyl

lithium such as butyl lithium, and subsequent reaction with

20 carbon dioxide gas yields a compound of the general formula



Y ([B-6) (wherein, R Y and X' represent the sane neaning as in (I),3&JANZWA
15 is defined in the sanme manner as X1 in (lI), and XS and X6 represent
the sane nmeaning as in (Xl I1)) 2-7. Production of general fornulas from
(I-1da) to (I-1db), and general fornmulas from(l-1dd) to (I-1de)
Reaction of the general formula (XX\WW2w th a conpound of 20 the general
formula (XLIT1) which can be produced by nethods 3 0 JAN 2004 76
descrigegkvaligve, (wherein, R represents the sane neaning as in (1), W
represents a |l eaving group such as a bromne atom an iodine 5 atom a
trifluoronethanesul fonyloxy group, a nethanesul fonyl oxy group, a
benzenesul fonyl o ? or a p- toluenesul fonyl oxy group, and X and X4
each represen n ly, drogen atom a fluorine atomor a
chl orine 0 tﬁggéené¥grvwkornula (XLI'V) (XLI'V) 10 (wherein, R
and X' represent the s meaning as in (1), and X3 and X4 represent the
sane neaning as in (XLF11)), and by renoving the cyano group protective
group using phosphorus oxychloride or the |ike, conpounds of .the general
for nul wher@ins B repm@seditfy ite sg@ifem@aniimasad i ddme (K| 43¢ fo
(I-1db), and the general fornulas from(l-1dd) to (lI-1de) can be
represent the same meaning as in (XIII), and Z represents the

5 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-liv) to (I-1lix), and

the general formulas from (I-1dv) to (I-1ldx) can be produced.

z ¥ X
H coz@—v (1A-14)
X8 b

10

(wherein, R, Y and X' represent the same meaning as in (I), x?
is defined in the same manner as X' in (I), X’ and X® represent
the same meaning as in (XIII), and Z represents the same
meaning as in (II))

15 2. Production of the general formula (I) in which the ring B
comprises a phenanthrene skeleton
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)},

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



produced. CN (IB-7) (wherein, R and X1 represent the same neaning a Rﬂ
(), and X3 3 0 JAN 2004 77 and X4 represent the sane neaning as iZU N 2004
(XLI'll)) 2-8. Production of general formula (lI-1dc) and general formula
(I-1df) Oxidation of a conpound of the general fornmula (I A-3b), 5 which

is a conpound of the previously descidbed general formula (A1), the
general fornmula (I A-3) or the general fornmula (1A-5) in which the group

Y i's ayioul eoerns at X, (1 A-3b) (wherein, R and X1 represent the sane
neaniﬁ% as in (I)fngﬁd%§2 10 is defined in the same manner as X1 in (1),

al t hough the cas in which these groups are hydrogen atons are excl uded,

t the sanme neaning as in (XLII1)) using an

oxi di zi ng #ge
4- benzoqui none; Forani| (tetrachloro-1,2 15 benzoqui none,
tetrachl oro-1, 4- benzoqui none) yields a conpound of the general .formla
(XLV) . (Whar@ing R wieRrEsent ddie eanemeasddmy @fe dad Ifdaniad & in (1)
and X2

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

e b# oni(wiel} DDQ (2, 3-di chl oro-5, 6- di cyano--1,

5 agent such as bromine, DDQ (2,3~dichloro-5,6é-dicyano-1,4-
benzoquinone) or chloranil (tetrachloro-1,2-benzoquinone,
tetrachloro-1,4-benzogquinone), yields a compound of the

general formula (XXXVIII)

: @©© X POV

10 (wherein, R represents the same meaning as in (III), and ) &
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

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

(I-lai) can be produced.

0RO~ e

(wherein, R, Y and X' represent the same meaning as in (I), and
X! is defined in the same manner as X' in (I), although the

20 case in which Y is a cyano group is excluded). Furthermore,



is defined in the sane manner as X1 in (I), although the cases 20 in30 JAN 7004
whi ch these groups are hydrogen atons are excluded, and X3 XG X 3 0 JAN
x004 78 and X4 represent the sane neaning as in (XLIlI1)). Lithiation of
this conmpound with an al kyl lithiumsuch as butyl lithium and
subsequent reaction with carbon di ox{ He gas yields the general fornula
(XLVI), 5 C2H (XLVI) (wherein, R and X1 represent the sane neaning as in
(1), arhese campaisidshezan rkde produdrhhy el diziing (the geinamaigh t he
cases in which these groups are hydrogen atoms are excluded, and X3 and
X4 1 eprAgRNta tH-SK gnﬁlmﬂ;ﬂeng Aid ik ingldddnt At HE e oy this
conpound to an aC| chl orl de and subsequent reaction with anmoni a gas

yi el ds d of_t ener al rmul a XVII) CC]\IHZ XLVI 1)

(wher e(|2n3 'Pepé: Sy Itqtel'szla(r)ﬁf hy‘“”-’%ﬁb‘\{L 15 is
defined in the sarre manner as X in (1), although the cases in which

t hese (greduges: hdragr dnidrlegem zaqniscares, ebed nacdd o rand ,43- beawzeh XA ncayerjes ent
the sane neaning as in (XLIII)), and by perform ng a subsequent

debydrafj O'Pﬂb'ﬂd%&ﬁﬂp%ﬁ‘géh%ra‘lxym&{l'a%e fHord N& 18, eoRoungs of the
general fornmula (IB including the general fornula (1-1dc)" and the

ener al
9 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},

10 compounds of the general formula (IB-2), including the general
L‘formulas from (I-lam) to (I-lao), and the general formulas

from tI—las) to (I-lau) can be produced.

(wherein, R, Y and X' represent the same meaning as in (I), and
15 X? is defined in the same manner as X' in (I))
2-3. Production of general formula (IB-3)
Oxidation of a compound of the general formula (XI-1),
which is the aforementioned general formula (XI) in which the

group Z is -CH,CH,-,

0
O. OH (XI-1)
X

20



3 0 JAN 2004 79 fornula (I-1df) can be produced. X CN (1B-8) (wher &ilnJAN 2004
R and X' represent the sanme neaning as in (l), and X is defined in the
same manner as X1 in (1), although the cases 5 in which these groups are
hydrogen atons are excluded, and X3 fnd X4 represent the sanme neaning as

in (XLII1)) 2-9. Production of gener% formulas from (I-1dm to (I-1dr)

By converting a conpound of the general fornmula (XLVII1), which can be

pr odudethesie ifet FoderIEsaT e s SATSU 8RN 102135 V(MO )10 and (Kahakdi n, R
represents the same neaning as in (1), and X and X4 represent the sane

nmeani ng aspkB8séxtl thy) sahe mBaachd aghhar (He))andisybsequentliyingacting
with the general formula (XXXVI), conpounds of the general fornula

(IB-9),_including 15 the gen for as.fromg(L.-| (-4 dr) can be
pr oducaeqfnrlcéf-c-h- %ﬁ ?ﬁ?—"ﬁ)&xﬁi@ (%einegll%?ﬂﬁrg’ﬁc? T dﬁe raté“;%e'n]’t' %he sanme
meaning as in (1), xz is _ defined in the sane manner as X1 in (1), and x3
and Xbenzgsdgwme )t log sdwnaddd rd-eds dah Lexo-ll, 2 beg 2paN 11Gew ,

5 tetrachloro-1,4-benzoquinone), yields a compound of the

general formula (XXXIX).

X
R @OO OH  (XXXIX)
xt

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

anhydride or the like yields the general formula (XL)

X8

WXL

x

(wherein, R represents the same meaning as in (I), X’ and x*
represent the same meaning as in (XI), and W represents the
15 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
thus obtained isomers by column chromatography, the general

20 formula (IB-3) can be produced.



80 2-10. Production of general forrmulas from(l-lba) to (I-ibl), fquszg
general fornulas from(l-lca) to (I-lIcl) By reacting a conpound of the
general formula (XLIX) Xe WL (XLIX) 5 (wherein, R represents the sane
meaning as in (1), W represents a | eaving group such as a brom ne atom
an iodine atom a trifIuoronethanesﬂ@fonyloxy group, a

nmet hanesul f onyl oxy group, a benzenesul fonyl oxy group or a p-

t ol uenesul f onyl o ) X3 Xind X4 represent the sanme neaning 10 as in
(XLrrr), and fluorine atomor a chlorine atom wth the
general forfr piYeséBc® of a transition netal catalyst,

5 v la (1B-10), including the general formnulas
from(l-Iba) to - ibl¥, and€the general formulas from(l-lca) to
(I-1cl) can be 15 produced. Y (iB-10) (wherein, R Y and X1 represent
the sahdmaiti hRASY idnd 1), rapdes¥hti shdekamedmeanihg aanenmamper xas X1
in (1), although the case in which Y is a cyano group is excluded, X3
and X4. 20 ese e i in( 1 apd rgapresents the
SO JAI&%&?rAtelgﬁed:a{r}r%e érﬂekansf%ggeéﬁsg%ﬁ{r?{%$% ) 95- ﬁl) d P%g ugt i%ﬁj of gener al

formulas from (I-1bm to (I-1bx), )
represent the same meaning as in (XI))

5 2-4. Production of general formula (IB-4)
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.

-0

{wherein, R, Y and X! represent the same meaning as in (I}, X°

10

is defined in the same manner as X' in (I), and X’ and X'
represent the same meaning as in (XI))
2-5. Production of general formulas from (I-lad) to (I-laf),
15 and general formulas from (I-laj) to (I-1lal)
Oxidation of a compound of the general formula (XXIII-1),
which is the aforementioned general formula (XIII) in which
the group 2 is -CH,CH,—,

x5

O woan

X



and general formulas from (I-1cm to (l-1cx) By reacting the general
formula (M11) with the general 5 formula (XLIX) in the presence off laJAN 2004
transition nmetal catalyst such as tetrakis(triphenyl phosphine)palladi um
(0), conpounds of the general formula (1B-11), including the general
formulas from(l-1bm to (I-1bx), antl the general fornmulas from (I-21cm

to (I-1cx) can be produced. Xe Y (f B-11) 10 XI (wherein, R Y and X1

r epr es@iieddich S HErdmtdd it st ddije nanrthing dss idef (e | mddex®s amd
manner as x|l in (1), although the case in which Y is a cyano group is

epr ocontectREths e SRESRER1 NG BETo TRINT) T4 Ra Ahc bR 3 g ner a

formulas from(l--lea) to (l-_le%gﬂ general formulas from(l-led) to
(1-1 ecdgerdnd s |braring aPOY ridm I 1didjhon- Y 161digy sReackion of the
general fornmula (XXV) with the general 20 fornula (XLIX) in the presence
of a tyeHddu Qforee) dr i BdEiil sudtthloro-1,2-benzoquinone,

tetraki s(triphenyl phosphi ne) pal | adium (0) yields a conpound of the
gelger atlegroe{cq}ﬁ!oe}:é—l‘f,%-Sbeonz‘]opémlznooond'e )8,2 y(il‘e)lcéd' a compound of the

general formula (XLI).

3¢

R @©© (XLI)

¢

(wherein,aR represents the same meaning as in (I), and X* and
X® represent the same meaning as in (XIII)). Lithiation of

10 this compound using an alkyl lithium-such as bﬁtyl lithium,
and subsequent reaction with bromine or iodine yields the
general formula (XLII),

3

e Sio W

X

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

15 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-lad) to
(I-1af), and the general formulas from (I-laj) to {(I-lal) can

20 be produced.



(wherein, R and X1 represent the same neaning as in (1), XZis dEfB@QﬂN2m4
in the sanme manner as X in (l), X3 and X4 represent the sane neaning as
in (XLIIl), and X& represents the sane 5 neaning as in (XLI X)), and by
removi ng the cyano group protective_group fromthis conmpound using
phosphorus oxychl oride or the Iike,7gonpounds of the general fornula
(IB- 12), including the general formulas from(l-lea) to (I-leb), the
general formula X-1ed)Xto (1-1ee), and the general 10 fornul as
e produced. CN (IB-12) (wherein, R X and
o5 i(lB-3)1), X3 and X4 represent the sane
nmeaning as in : 8 represents the sane neaning as in (XLI X))
15 2-13. Production of X§enera€ formula (I-lec), general fornmula (I-lef),
general fornmula (lI-lei), and general formula (I-lel) Lithiation of a
corrpouPadh@fem,e RENET alnd @ FebebkBRt1@ak, swhiChebs ibie aaf akeqent i ghed
general fornula (I1B-10) in which the group Y is a hydrogen atom SO JAN

(1), %5 AT by Rt Al it o S0 BREI 1) o

represents the same neaning as in (XLIX)), with an alkyl 5 ['ithium such
as but¥épresenturgherspme freaiidl F%ealdt | GH 3 Hh

5 2-6. Production of general formulas from (I-lap) to (I-lar),
and general formulas from (I-lav} to (I-lax)

By reacting the aforementioned general formula (VIII)
with the general formula {(XII) in the presence of a transition
metal catalyst such as tetrakis(triphenylphosphine)palladium

10 (0), compounds of the general formula (IB-6), including the
general formulas from (I-lap) to (I-lar), and the general

formulas from (I-lav) to (I-lax) can be produced.

(wherein, R, Y and X' represent the same meaning as in (I), X’
15 is defined in the same manner as X' in (I), and X’ and X°
represent the same meaning as in (XIII))
2-7. Production of general formulas from (I-1da) to (I-1db),
and general formulas from (I-1dd) to (I-1lde)
Reaction of the general formula (XXV) with a compound of

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



carbon di oxi de gas yields a conpound of the general fornula (LI), 3XIJAN 2004
CO2H (LI) Xz (wherein, R and X1 represent the sane neaning as in (1), and
X2 10 is defined in the sane manner as X1 in (I), although the cases in
whi ch these groups are hydrogen atons are excluded, X3 and X4 represent
the sane neaning as in (XLIl1), and X8 represents the sane neaning as in
(XLI X)), and conversion of this conpound to an acid chloride and
subseq@%ﬁ@r¥b%@t¢bﬁwewth 15 ammoni a yields the general formula (LIT), X
CONH2 (LIl) (wherein, R and X represent the sane neaning as in (l), and
X2 is defined in e same manner as X' in (), although the cases 3 0
JAN 2004 84 i @;n fhese groups are hydrogen atons are excluded, X3
and X4 repie td@ et (m_zﬂgl ng as in (XLIll), and X represents the
same neani ng 2 ard by perform ng a subsequent dehydration
usi ng phosphorus oxychi ride or the i ke, 5 compounds of the general
formula (1B-13), including the general fornula (lI-lec), the general
‘Efflme‘: ﬁmﬂ %éfr{;))b %ﬁxge Ssents ' f O I Adad Bl adEn [P 9Gperal formila

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

atom) yields the general formula (XLIV)

R

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

10

and X' represent the same meaning as in (XLIII)), and by
removing the cyano group protective group using phosphorus
oxychloride or the like, compounds of the general formula (IB-

15 7), inéluding the general formulas from (I-1da) to (I-1ldb),
and the general formulas from (I-ldd) to (I-lde) can be

produced.

R @OO @ CN  (IB-7)

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



X ON (1B-13) X2 10 (wherein, R and X1 represent the same neaning as J & JAN 200
(), and X2 is defined in the same manner as X in (l), although the

cases in which these groups are hydrogen atons are excluded, X and X4
represent the sane neaning as in (XLIlI), and X8 represents the sane
meaning as in (XLl X)) 15 2-14. Produtti on of general formulas from

(I-lem to (I-l1ex) By converting a conpound of the general formula

(LI'11)and i capresebt phedased Beandntiods #BsEXLBEd)above, CORH (LIITI1) X
(wherein, Rrepresents the sane neaning as in (I), X and X 20 represent

the sayy MaRiduetdon b Ydridal Fdmid o quraset aidgehddalA¥ R90d H 85

sane neaning as in (XLI X)), to an acid chloride, and subsequently
reacti \&f?]the general formula (XXXVI), conpounds of the genera
fornulé?%% -)14), including the general fornulas from(l-lem to (I-1ex)
can be produced. X CO2 OCN (I1B-14) X? (wherein, R and Xl represent the
same neani fxig@atilon IOf axziompound of the general formula (IA-3b),

5 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,

» X
R @’@ @ (IA-3b)
x 2

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

10 is defined in the same manner as X' in (I), although the cases
in which these groups are hydrogen atoms are excluded, and X’
and X' represent the same meaning as in (XLIII)) using an
oxidizing agent such as bromine, DDQ (2,3-dichloro-5,6-
dicyano-1,4-benzoguinone) or chloranil (tetrachloro-1,2-

15 benzoquinone, tetrachloro-1,4-benzoquinone) yields a compound
of the general formula (XLV).

X X!

- Q)

X S

(wherein, R and X' represent the same meaning as in (I), and X°
is defined in the same manner as X' in (I), although the cases

20 in which these groups are hydrogen atoms are excluded, and x?



defined in the same manner as x' in (l), X3 and X4 represent the sa JAN 2004
meaning as in (XLIIl), and X represents the sanme neaning as in (XLIX))

10 3. Production of the general fornmula (1)- in which the ring B

conpri ses a decahydrophenant hrene skel eton 3-1. Production of general
formulas from (l1-2aa) to (I-2af) Re@a8tion of a conpound represented by

the general formula (ClI) 15 (wherein, R represents the sane neani ng as

in (1andgt treeregpaitohtraseamei mganiepr @serin dXLIamyg )i.somdrhiwittibnt he

general formula (ClIl) (Cl1l) 3 0 JAN 2004 86 (wherein, X1 and Y

r epr esent i i 1 20k I hﬂﬁﬂ i . same
mnnerggst&@i%&ﬁgﬁcgw%ug% t%}le}é%%sles |%ﬁ%vﬁ14%hdfghese gjf giu%}gs%a]&:tg’ cyano
groups are excluded, and M represents MgX (wherein X represents a

chl origrd e anthrefaGel et JFtdr FrEgHi Heexkd)gasm YA ks dthfn such as
Li or the like, B(OH)21 or Si F(CH3)2), and subsequent dehydration in

t he presesesl ofomiubLi (kivatyp) yst yields the general formula (ClVa) and
the general formula (ClVb), 10 (wherein, R X1 and Y represent the sane
meaning as in (1), X2 )%s defjned in the same manner as X1 in (l), and

t he cycl ohexane ent a trans isoner), and by performng a

catal ytic CO.H  (XLVI)

(wherein, R and X' represent the same meaning as in (I), and X’
is defined in the same manner as X' in (I), although the cases
in which these groups are hydrogen atoms are excluded, and X’
and X' represent the same meaning as in (XLIII)), and

10 conversion of ‘this compound to an acid chloride and subsequent
reaction with ammonia gas yields a compound of the general

formula (XLVII),

¥ X
R ©©© CONH, (XLVIN
X e

(wherein, R and X' represent the same meaning as in (I), and X°
15 is defined in the same manner as X' in (I), although the cases
in which these groups are hydrogen atoms are excluded, and X’
and X' represent the same meaning as in (XLIII)), and by
performing a subsequent dehydration using phosphorus
oxychloride or the like, compounds of the general formula (IB-

20 8), including the general formula (I-1ldc) and the general



reducti on on these conpounds using a transition netal catalyst suctf ladAN 2004
pal | adi um carbon, and subsequently perform ng an 15 isonerization using a
strong base such as potassiumt- butoxide, conpounds of the general
formula (la-1), including the aforerrentl oned general fornulas from
(1-2aa) to (1-2af) can be produced. 720 (wherein, R X1 and Y represent
the sanme neaning as in (1), X2 3'0 JAN 2004 87 is defined in the sane
manner fagmxlaj hI¢14f) apan the pRYedWPR&ane rings represent a trans isoner)
3-2. Production of general formulas from(l-2aj) to (1-2a0) Reaction of
t he general a2, (Cljs) witya a conpound 5 represented by the fornul a
(CV), CH3O PPh , ol | owed by hydrolysis in the presence of an acid

0 .512@§¢9n using a base, yields a conpound
of the general . CHO (CVla) 10 (wherein, R represents the
sane neaning as in (I);wand tyge cycl ohexane rings represent a trans
i soner), and further reaction of this compound with the formula (CV) and

SubcehaRlee MO ELIT 3 RobRERFLERGS She Rt hor A ane oY, Pl

is defined in the same manner as X' in (I), although the cases

5 in which these groups are hydrogen atoms are excluded, and X’
and X' represent the same meaning as in (XLIII))
2-~9. Production of general formulas from (I-1dm) to {(I-1ldr)
By converting a compound of the general formula (XLVIII),
which can be produced by methods described previously,
X3 g
R @OO COH  (XLVill)
10 Xt

(wherein, R represents the same meaning as in (I), and X’ and
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
15 the general formulas from (I-1dm) to {(I-1dr) can be produced.

x3 X
©© coz-@—crv (1B-9)
x¢ bG
4

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

defined in the same manner as X' in (I), and X’ and X'

represent the same meaning as in (XLIII))



CHO (wherein, R represents the sanme neaning as in (1), and the 30 JAN 2004
cycl ohexane rings represent a trans isoner), and reaction of this

conmpound with the general formula (Cll1), followed by 20 dehydration in

the presence of an acid catalyst yields the general formula (CVIl), 3 0
JAN 2004 88 (CVI1) (wherein, R X, &2 and Y represent the sane neaning

as in (1), and the cyclohexane rings represent a trans isoner), and by

per f or2a ny. Praiwdtyior o dyerieal diotnni lsa < ofmpmu g Lisang @ 5 I+Hnkj t i on

nmetal catal yst such as pal |l adi um carbon, conmpounds of the general

f or mul | a; i i t f i;qne ral fornmulas from
(rI- 2aj€nc'§ o(fe(rf%rzaaloﬁ:@ﬂ“g% pérlgodﬁc(g%ﬁ%aj%] QIZ ﬂ:(elmerei n, R X and Y
represent the same nmeaning as in (1), X2 10 is defined in the sane manner
as X in (1BY ERFRIY & Gamsurk of ithg Jemeaefiomulan i Yoher) 3- 3.
Production of general fornmulas from(l-2ag) to (1-2ai), and general
formulas from(l-2apg to (I-2ar) Reaction of the general formula (I1)
wi th a conpound g 15 y¢he general formula (CVIII) (CVI | 1) (wherein, X
represents th aning as in (1), and M

R

5 (wherein, R represents the same meaning as in (I), W
represents a leaving group such as a bromine atom, an iodine
atom, a trifluaromethanesulfonyloxy group, a
methanesulfonyloxy group, a benzenesulfonyloxy group or a p-
toluenesulfonyloxy group, X’ and X' represent the same ﬁeaning

10 | 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-lba)} to (I-
1bl), and the general formulas from (I-lca) to (I-1lcl) can be

15 produced.

(wherein, R, Y and X' represent the same meaning as in (I), and
X? is defined in the same manner as X' in (I), although the
case in which Y is a cyano group is excluded, X’ and Xx*

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



represents the same meaning as in (111)) yields a conpound of the 30 JAN-2004
general fornmula (CIX), 3 0 JAN 7004 89 (CI X) (wherein, R and X1 represent
the sane neaning as in (l), and the cycl ohexane rings represent a trans

i somer), and dehydration of this conmpound using phosphorus oxychl ori de

or 5 the like yields the general for8ula (CX), CN (CX) (wherein, R and X
represent the sanme neaning as in (l), and the cycl ohexane rings

r epr eseihe and &gy | sONE ) (XBIK) Py reducing this conmpound in the presence

of a catal yst such as 10 Raney ni ckel or palladiun}carbon conpounds of

th I f | -2
to (1256 BERM S f Rendlift DA 1 SEIE A LA TR (R

same neaning as in (1), and 15 the cy cl ohexane’ rings represent a trans
|somr§ndmﬁm¢i@hoﬁ@mtb5ﬁ%sﬁ#@nt%3§é%r@ for¥fifl (COvlib) instead of the
general formula (ClI), then in a simlar manner, conpounds of the

gener al form%lﬁeddair@,tﬂ@@enﬁm tﬂtsrxgﬂmer(a!ﬂp)r;nﬂtas fheorgerddradap) to

(I-tar) can be produced. 3 0 JAN 2004 90 CN ('a-4
5 formula (XLIX) in the presence of a transition metal catalyst
such as tetrakis(triphenylphosphine)palladium (0), compounds
of the general formula (IB-11), including the general formulas

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

to (I-lex) can be produced.

10

(wherein, R, Y and X' represent the same meaning as in (I), and
X’ is defined in the same manner as X' in (I), although the
case in which Y is a cyano group is excluded, X’ and X!
represent the same meaning as in (XLIII), and X' represents the
15 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
from (I-lej) to (I-lek)
Reaction of the general formula (XXV) with the general
20 formula (XLIX) in the presence of a transition metal catalyst
such as tetrakis(triphenylphosphine)palladium (0) yields a

compound of the general formula (L),



(wherein, R and X1 represent the same neaning as in (1), and the
cycl ohexane rings represent a trans isoner) 3-4. Production of the
general formula (lI-2ai), and general 5 fornula (1-2ar) Lithiation with
an al kyl lithiumsuch as butyl lithiumof a conmpound of the general

f or nul
whi ch

meaning as in (1)
al t hough t hose a.

a (la-la), which is a conpoundg2of the general formula (la-1),

30 JAN 2004

for

the production has been previously described, in which the group Y
is a hydrogen 10 atyem (la-1 a) (wherein, R and X1 represent the sane

|sqdef|ned in the sane manner as X1 in (|
h tdiese groups are hydrogen atons are

.nd)gz

),

ng as

excl uded, A > rf ngg)represent a trans isonmer), and
subsequent s , |de gas yields the general fornula
(CXI), CO2H (CXI) (wheryei R and X' and Xz represent the sane neani

in (1),
(1),

exclud

30 JAN 2004 91 aud XZ is defined in the sanme manner as X

LUa, | HHO8) SRoeR LMo LNEsE 0nauRs 8" & A 0951 34

r-ngs represen

conver si on of this conpound to an acid chloride, and 5 subsequent
react idgfined mioe SaneRRARET i Kindnof It heX’ Riera) represeat( Cxi 1),

10

15

the same meaning as in (XLIII), and X® represents the same
meaning as in (XLIX)), and by removing the cyano group
protective group from this compound using phosphorus
oxychloride or the like, compounds of the general formula (IB-
12), including the general formulas from (I-lea) to (I-leb),
the general formulas from (I-led) to (I-lee), and the general

formulas from (I-1l23) to (I-lek) can be produced.

©©© @ CN  (IB-12)

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

and X' represent the same meaning as in (XLIII), and X°

represents the same meaning as in (XLIX))

2-13. Production of general formula (I-lec), general formula

(I-lef), general formula (I-lei), and general formula (I-lel)
Lithiation of a compound of the general formula (IB-10a),

which is the aforementioned general formula (IB-10) in which

the group Y is a hydrogen atom,

in
are



CONH2 (CXI'1) W (wherein, R and X1 represent the same meaning as in (3§,JAN 2004
and X2 is defined in the sane manner as X1 in (1), although those 10
cases in which these groups are hydrogen atons are excluded, and the
cycl ohexane rings represent a trans isoner), and by dehydrating this
conpound usi ng phosphorus oxychl oridg&3or the |ike, conpounds of the
general fornula (la-5), including the general fornmula (l-2ai) can be
produced. CN (|l a-5) 85 (wherein, R and X1 represent the sane meani ng as
in (I), X is detl gt sane manner as X1 in (1), and the

cycl ohexane rj . a trans isomer). Furthernore, by using the
general forgn eagmpﬁmghe general formula (la- 20 la), 3 0
JAN 2004 92 (N3 , and X1 represent the sane nmeaning as in
(1), X2 is defined inys e manner as X in (lI) although those cases
in which these groups are hydrogen atons are excluded, and the 5

vhi ch ¢ he: . uded, an |
CompouHEs A ndtry dhPaR for i ieit oSE| dane, i h S A Tlp fofmul -
( )

(1-2ar) can be produced. CN (la-6) . X .
and X' represent the same meaning as in (XLIII), and X

represents the same meaning as in (XLIX)}, with an alkyl
5 lithium such as butyl lithium, and subsequent reaction with
carbon dioxide gas yields a compound of the general formula
(LI).,
)@

o=

X

X
COH (L)
3

(wherein, R and X' represent the same meaning as in (I), and X?
10 is defined in the same manner as X' in (I), although the cases
in which these groups are hydrogen atoms are excluded, X’ and
X' represent the same meaning as in (XLIII), and X’ represents
the same meaning as in (XLIX)), and conversion of this
compound to an acid chloride and subsequent reaction with

15 ammonia yields the general formula (LII),

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

is defined in the same manner as X' in (I), although the cases



x2 (wherein, R and X represent the sane neaning as in (l), X2 is, 10
defined in the sane manner as Xlin (1), the cycl ohexane rings r AN P04
a trans isomer) 3-5. Production of general fornmulas from (l-2as) to
(I-2au) Reaction of the general forrmula (Cvia), for which the

producti on has been previously descrBbed, with an oxidizing 15 agent such
as silver oxide or the |like yields a conpound of the general fornula
(CXI'11)n «Pdh (€esé ) gfodnes eare R dopyes ent emd here agvec hesded ngk'agnidn (1),
and the cycl ohexane rings represent a trans isoner), and by converting 3

0 JAN i 0 n . i d .chlori , b
reacti%gQéﬁﬁgﬁegnbgﬁ%bgﬁgﬁb&e%ﬁéﬁ e%%rgp ngﬁgﬁg'(%&?V?ﬂYE§@§§€%h¥S
(wherein, X1 and Y represent the same neaning as_in (1), and X2 5 is
def i neth® nSamR BRI rihs(34Iih (1374 RoMRIRIEVIIT the HRIrAugnt
formula (la-7), including the general formulas from (I-2as) to (I-2au)
can bed¢hpditeion xbhs {ndepled sphdtus’ ek lor e esenthd Heilsene neani ng as
in (1), X2 10 is defined in the same nmanner as X1 in (1), and the

cyGl oh i r e t | SOk ) 3y 6. ; ' f genera
Yo AR O 08 A, SRS TBE L1 57 0 L RS the
general formula (I-lec), the general formula (I-lef), the

general formula (I-lei), and the general formula {(I-lel) can

be produced.

8
@ X
- wra
x b S
10 (wherein, R and X' represent the same meaning as in (I}, and X?

is defined in the same manner as X' in (I), although the cases
in which these groups are hydrogen atoms are excluded, X’ and
X' represent the same meaning as in (XLIII), and X’ represents
the same meaning as in (XLIX))
15 2-14. Production of general formulas from (I-lem) to (I-lex)
By converting a compound of the general formula (LIII),

which can be produced by methods described above,

(L

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

20 represent the same meaning as in (XLIII}, and X' represents the



Reaction of a conpound represented by the fornmula (CXV) (CXV) cX$I$pJ6N2m4
15 with a secondary am ne such as pyrrolidine yields an enam ne, and
reaction of this enamine with nmethyl vinyl ketone, followed by a
cyclization under acid conditions, and a subsequent reduction using
metallic lithiumor the |ike yields 8Phe general formula (CXVI), 3 0 JAN
2004 94 (wherein, the cyclohexane rings represent a trans isoner), and
react i BaAMSfMed ENE ovpobmd( ¥ EH) t het@ereratid otiderides 130d fol | owed by
dehydration in the presence of an acid catalyst, a 5 subsequent reduction

in thesPhESQRERL Df Ped®t Bhg Ol e YSie Syeheras Peharh unearbpp, and then

an i sonerization under basic conditions yields the general formula

(O ordol 00 (0G4 0k Bkl EPSSEFLY 1A RGO ° 1

cycl ohexane rings represent a trans isoner%. Hydrol ysis of this conpound
under generabnhriwhas rerey ekl IRk dkdohlt lep bupapries eexeducedy oup,

yi el ding a conpound represented by the general fornmula (CXVIII). Y
(Cxvlll) 15 (whereing Y and X1 represent the same neaning as in (1), X2
is X!

3
R ©©© coz@—cw (1B-14)
xt

@

{wherein, R and X' represent the same meaning as in (I), X’is
defined in the same manner as X' in {(I), X’ and X' represent the
same meaning as in (XLIIi), and X® represents the same meaning
as in (XLIX))

10 3. Production of the general formula (I in which the ring B
comprises a decahydrophenanthrene skeleton
3-1. Production of general formulas from (I-2aa) to (I-2af)

Reaction of a compound represented by the general formula

(CII)

ﬂ_d:bto )
15

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

cyclohexane rings represent a trans isomer) with the general

formula (CIII)

XI

M@Y (i)

X



defined in the sanme manner as X in (1), and the cycl ohexane ringsn9 N 2004
represent a trans isoner). Reaction of this conpound wth the for I%Q
(cVv), followed by hydrolysis under acid 3 o JAN 7004 95 conditions, and
then an isonerization under basic conditions vyields a conpound
represented by the general fornmula (8KIX). x2 (wherein, Y and X1

represent the sanme neaning as in (lI), X2 is 5 defined in the sanme manner
as X1 {whdddinand thd vyekplexane rthegsamepmeaamhgaatrans (Igomanyd xBy
repeating a desired nunber of repetitions of the reaction of this

conmpound with he f 1subs en y$i s SS,
and stbsiiiied o A S 4URe AR Fur L L 8hE ReBRSS
PPH3 (CXX) (wherein, R represents an al kyl group or aIkoxyI(Proup of 1
to 15 tardurchtBmde soumie ofyake genirsalafomigladad- @and Wt h any
desired al kenyl group, including the general formulas from (l-2aa) to
(1-2aige e PtICRhe ABLXX depydfidss R dHEEisRN A dlie Same neani ng
as in ( , Yand X1 represent the sane neaning as in (l), Xz is
defiined in the same manner,as X, in (1), and the cyclghexane rings
r epr eSRTRTHE (34T ?’éoﬂ%r’)o%%.atﬁ'f@d'uc% ir%e?\tagf a}qhoé“ gseur?g} a° ;Lolr mha (1) in
which the ring B 3 a JAN 2004

the like, B(OH),, or SiF(CH,),), and subsequent dehydration in

the presence of an acid catalyst yields the general formula

(CIva) and the general formula (CIVb),

(CiVb) b3

10 (wherein, R, X' and Y represent the same meaning as in (I), X’
is defined in the same manner as X' in (I), 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

15 isomerization using a strong base such asg potassium t-
butoxide, compounds of the general formula (Ia-1), including
the aforementioned general formulas from (I-2aa) to (I-2af)

can be produced.

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



96 conprises a 1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene skeleton:”]zlJ&'\!m{M
Production of general formulas from(l-2ba) to (I-2bc), and general
formulas from(l-2ca) to (1-2cc) Denethoxylation of a conpound

represented by the general 5 formula (CXXX) OCH3 (CXXX) (wherein, R
represents the same neaning as in (1$7 and the cyclohexane rings

represent a trans isoner) using hy.drobromc acid or the like yields a
conpouisl dehiresbnirediy tame gearerer agX'f anmila, ( @BiXthe cxcloxexiane
(wherein, R represents the sane neaning as in (I), and the cycl ohexane

rings fepe résdd@ns dSsH®rdsofeaption of this conpound with

trifluoronethanesul fonic anhydride yields the 15 general formula (CXXXII)
(CXXXI_1) (wherein, R represents the sane an

repre s BFQGAIRP RloHPRgRH. dermutas rfnRs A ﬂ%ﬂlegié%ﬁ#%%/ gr oup,

a net hanesul f onyl oxy group, 20 a benzenesul fonyl oxy group or a

p- t ol uenes Wwdayiax o fridep,gerserh I hoxmcl 0 hgd@he witigsa reprmsend a trans
isoner), and by 1 0 JAN 2004 97 reacting this conpound with the general

fo%mﬂf%géggéaté&1ﬁJmihéNfggﬁufacqc@j}ransition netal catal yst such as

CH,0”"SPPh,  (CV)
followed by hydrolysis in the presence of an acid catalyst,
and subsequent isomerization using a base, yields a compound

of the general formula (CVIa),

R@CHO (CVla)
10

(wherein, R represents thé 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
hydrolysis in the presence of an acid catalyst yields a

15 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

this compound with the general formula (CIII), followed by
20 dehydration in the presence of an acid catalyst yields the

general formula (CVII),



tetraki s(triphenyl phosphi ne) pal | adi um (0), conpounds of the generélu JAN 7004
formula (l1b-1), including the general fornmulas from5 (1-2ba) to (I-2bc),
and the general fornmulas from(l-2ca) to (1-2cc) can be produced. (Ib-1)
x2 (wherein, R Y, and X1 represent e same nmeaning as in (1), X2 is
defined in the same manner as X1 in % ), and the cycl ohexane 10 rings
represent a trans isoner) 4-2. Production 2 of general fornulas from
(I-2ba) to (1-2b and general' forrmulas from (I-2ca) to (I-2cc)
Reaction of a ¢ rch of the—general forrmula (CXXXI11) Rd D (CXXXIil)
15 (whereirf ¢ InnE nmedfMily as in (1), and the
cycl ohexane ring a—¥rans isoner) wth the general formula
(Cl11) and subsequent dehydrati ¢h yields a conmpound of the general
formula (CXXXIV), Y (CXXXI'V) SO JAN 2004 98 (wherein, R Y and X1
repres S agk i | j it
nanner&‘g{se%?rlﬁ} 'nqﬂa)gaﬂt %CSEY t%eég%sa%[g@?%h%(m%i%% %Elrdsﬂg%cy%noﬂgrg;?p’ is
excluded, and the cyclohexane rings represent a trans isomer), and by
oxi di Ay Ha ¥ PR TANGF HERPAEW iy HFaH 1688 ras mszn'%, DDQ
(2, 3-di chloro-5, 6-di cyano- 1, 4- benzoqui none) or chloranil

performing a catalytic reduction on this compound using a

5 transition metal catalyst such as palladium-carbon, compounds
of the general formula (Ia-2), including the aforementioned

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

(wherein, R, X' and Y represent the same meaning as in (I}, X°
10 is defined in the same manner as X' 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-Zap) to (I-2ar)
Reaction of the general formula (II) with a compound of

15 the general formula (CVIII)

X

Gt e

(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),



(tetrachl oro-1, 2- benzoqui none, tetrachl oro-1, 4- benzoqui none), conﬁ&u“ﬁ%ﬂmk
of the general fornmula (1b-1), including the general fornulas from
(I-2ba) to (I-2bc), and the general forrmulas 10 from (l-2ca) to (I-2cc)
can be produced. 4-3. Production of general formulas from (I-2bn to
(I-2bo), and general fornmulas fromY{4-2cm to (1-2co) By reacting a
conpound of the general fornmula (CXXXV) (CXXXV) 15 (wherein, Y and X1
represent the sa paning ax'in (1), and Xz is defined in the same

manner as X1 i/ A Re gemeral formula (CXXXI1) in the presence
i : (@) sdch afCIX)
| phesphi negpal m (0), conpounds of the general

of a transif

tetrakis(triphe S

formula (1b-2), including the genetal 20 forrmulas from (I1-2bm to
(1-2bo), and the general formulas frogé&l-Zc .to |-2COL can Q&
produd@fersing Ragnsods TRPSesent the TWRABPRIRI ¥ ¥ahd) x 2P%present
the sanme neaning as in (1), X2 is defined in the sane manner as X1 in
(1), ane chelohexahexaniagsr iregsesemteserniraast isegeryomand 5 4- 4,
Production of general forrmulas from (1--2bd) to (I1-2bi), and general

for mul g HramiChr 260k hhiQ ConeuhdHalsa98N ¥nlodbHofrush @ xgeRa el dbobrul a
(CXVI) uging an

5 the like yields the general formula (CX),

X'I
- ...\ @ ON  (CX)

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

aa

the cyclohexane rings represent a trans isomer), and by

reducing this compound in the presence of a catalyst such as
10 Raney nickel or palladium-carbon, compounds of the general

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

(I-2ai) can be produced.

X1
A ... @ ON (la-3)

(wherein, R and X' represent the same meanipg as in (I), and
15 the cyclohexane rings represent a trans isomer). Furthermore,
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.



el ectrophilic hal ogenation reagent, in the sane manner as 1-3, Vi eﬁ(ﬁs“‘:&l 1004
conpound of the general forrmula (CXXXVI). OH (CXXXVI) 10 (wherein, R
represents the same neaning as in (1), X3 and X4 each represent,
i ndependently, a hydrogen atom a flyorine atomor a chlorine atom
al t hough at | east one of X3 and X4 5 epresents a hydrogen atom and the
cycl ohexane rings 15 represent a trans isoner). Reaction of this conpound
with trifluorong *anesulfonic’ﬁnhydride or the like yields a conpound
of the generas (ii# \ u- Z (CXXXVI1) 3 0 JAN 2004 100 (wherein,
R represenft @ Y, o @ @@4) X3 and X4 represent the same
meaning as in pr‘esents a | eaving group such as a
trlfluoronethanesulfonyl nethanesulfo
benzeAWSGFEIRy| Bx 7 gr 6upr%¥r‘gs g‘ftb? u%%%d??aorhyrf%xy gr%ugﬁ) %Im?he
cycl ohexane rings represent a trans isoner), and by reacting this
conpotthe wiythohksangeméngks frepmelsentChI tyans tRemgrdsence of a transition
nmetal catal yst such as tetrakis(triphenyl phosphine)pall adium (0) and
then se ar@%bﬂﬂcihgntB?Stﬁgt%bﬁ%@aﬂSQEEhﬁlBY(QOQHEW ,18nahgenat-agr aphy,
corrpoun the general fornula (Ib-3) i ncludi ng the general fornulas
from(l-2bd) to SI-Zbl) and

5 ormula (I-2ar)

Lithiation with an alkyl lithium such as butyl lithium of
a compound of the general formula (Ia-la), which is a compound
of the general formula (Ia-1), for which the production has
been previously described, in which the group Y is a hydrogen

10 atom,

R ... @ {la-1a)

(wherein, R and X' represent the same meaning as in (I), and X?
is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded,
15 and the cyclohexane rings represent a trans isomer), and
subsequent reaction with carbon dioxide gas yields the general

formula (CXI),

x1

‘Il’lnil’» <::> COH  (CX)
%

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




the general formulas from (1-2cd) to (1-2ci) can be produced. (Ib-3) JAN 2004
(wherein, R Y and XL represent the sanme neaning as in (l), X2 15 is
defined in the same manner as X1 in (1), X3 and X4 represent the sane
meaning as in (CXXXVl), and the cycl ohexane rings represent a trans
i somer) 4-5. Production of general f®rnulas from (l-2bp) to (I-2bu), and
general fornmulas from(l-2cp) to (1-2cu) 20 By reacting the general
f or nulaamd @OGY! ¢ fihéd ihethgesemal méoneanl as (XXO0V)(I)n tadle:tpregence of a
transition metal catalyst such as tetrakis(triphenyl phosphine)palladi um
(0) anq 3 4aHec004 %,%cht R SERHAING N by 0D Lo abﬁorrers by

r omat ogr aphy, conpound of "t he genéral ornu a (I
|nclud|n t he general formylas from (I-2bp) to (I-2bu), and the ener al
f or nulexs ( BNgc pher #YQLoparanea Ing sprepresenty & |t5a,{1)s 3 s@meiirer ei n,
R, Y and X1 represent the same neaning as in (1), xz is defined in the
sane FEyIQorveréionn ofl lhié3 combothd epr asenicidt kdlsaielereandig as in
(CXXXVI) and the cyclohexane rings represent a trans isonmer) 10 4-6.

duct i.on of ener r s f I t I rgener al
fo rulSEP lgélr%n%l %)tlto(?1 r(pitg‘ nﬁn%rga{'((:at |y§'%llo % (c rr{%oun rc%g%esent ed by
the formul a
general formula (CXII),

X
... @ CONH,  (CXIl)
%

(wherein, R and gl represent the same meaning as in (I}, and X

2

is defined in the same manner as X' in (I), although those

10 cases in which these groups are hydrogen atoms are excluded,
and the cyclchexane rings represent a trans isomer), and by
dehydrating this compound using phosphorus oxychloride or the
like, compounds of the general formula (Ia-5), including the
general formula (I-2ai) can be produced.

X

R @ CN  (la-5)
b

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

15

defined in the same manner as X' in (I), and the cyclohexane
rings represent a trans isomer). Furthermore, by using the

general formula (Ia-1b) instead of the general formula (Ia-

20 la},



(OOXVI11) XS (CXXXV 111) xG 15 (wherein, X5 and X6 each represent,3 0 JAN 2004
i ndependently, a fluorine atomor a chlorine aton) with a secondary
am ne such as pyrrolidine yields an enam ne of the general formula
(CXXXI X). (CXXXI X) (wherein, X5 and X6 represent the sanme neaning as in 1
0 JAN 2004 102 (CXXXVII11)). Reactiof2of this enam ne with nethyl vinyl
ket one, followed by a cyclization under acid conditions yields the
general formula 5 (wherein, X5 and X6 represent the sane neaning
as in (CXXXVI rd redugtifon of this conmpound using netallic

{ P gengagb)fornula (CXLI'), (CXLI) X6
(wherein, X5 d he sanme neaning as in 10 (CXXXVI11)), and
subsequent reaction with the gegeral formula (CV), hydrolysis under acid
conditions, and then isonerization under basic conditions yields a

compou sent r f ool g I ergen; . X5 and
X6 repagggﬁgﬁfhggggﬁ%qﬁeg%?ﬁgggg%i%he(%§§§vﬁF% %hgnést%g g?@ro exé%e

[ t t

r1ngs c:Eee jrneesdenin atheg asna?me manner as X' in (I) although those cases in

which these groups are hydrogen atoms are excluded, and the
S cyclohexane rings represent a trans isomer), then in a similar
manner, compounds of the general formula (Ia-6), including the

general formula (I-2ar) can be produced.

X
... @ CN ({la-6)
2

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

10 defined in the same manner as X'in (I), the cyclohexane rings
represent a trans isomer)
3-5. Production of general formulas from (I-2as) to (I-2au)
Reaction of the general formula (CVIa), for which the
production has been previously described, with an oxidizing
15 agent such as silver oxide or the like yields a compound of

the general formula (CXIII),

H%C%H (CXHI)

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

cyclohexane rings represent a trans isomer), and by converting



i soner). Reaction of this conpound with the general formula (CXX) yﬁ%ﬁ&@IM4
the general formula (CXLIII). 3 0 JAN 2004 103 (CXLIII) ks (wherein, R
represents the same neaning as in (CXX), X5 and X6 represent the sane
meaning as in (CXXXVI11), and the cgglohexane rings represent a trans
isomer). At this point, 5 instead of“the reaction wth the general
formula (CXX), by . repeating the process of reaction with the fornula
(CV) dritis SAFRRPEhtE R RR o?f%sq £hlgrige 4 @%@&%ﬁquw 1 aHe Rkner al
formula (CXX), any desired al kenyl group can al so be produced. Catalytic
reductwith of ddmpgantrad oe meme {OXIddnulsi@XEV )0 transition

net al - catal yst such as pall adium carbon yields a conpound of the general
formula (CXLIV). (CXLIV) Xs (wherein, R represents the sane nmeaning as in
(1), X5 and X6 resent the same neaning as in (CXXXVI11), and the 15
cycl ohexane ri reﬁ{eéen a trans isonmer). Lithiation of this conpound
with an al K o du&Y)as butyl lithium followed by reaction with
brom ne or iodine %gelds the general formula (CXLV), 3 0 JAN 2044 104

r

(wherein, X' and Y represent the same meaning as in (I), and X°
5 is defined in the same manner as X' in (I)), compounds of the
general formula (Ia-7), including the general formulas from

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

‘ X
S

(wherein, R, Y and X' represent the same meaning as in (I), ¥
10 is defined in the same manner as X' in (I), 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)

0 0 (CXV)
X5

15 with a secondary amine such as pyrrolidine yields an enamine,
and reaction of this enamine with methyl vinyl ketone,
followed by a cyclization under acid conditions, and a
subsequent reduction using metallic lithium or the like yields

the general formula (CXVI),



X5 (CXLV) (wherein, R represents the sane meaning as in (1), X5 arfd X 2004
represent the sanme neaning as in (CXXXVI11), X7 represents a brom ne
atomor an iodine atom and the cycl ohexane rings 5 represent a trans

i somer), and by reacting this compound with the general forrmula (CI1),
conpounds of the general formula (I%QS), I ncludi ng the general fornulas
from(l'-2bj) to (I- 2bl), and the general formulas from (l-2cj) to

(I-2cl) can t&e pced. (I'b-5) 10 (wherein, R Xl and Y represent the

same meani 3¥. x? ndgﬁwgefined in the sanme manner as X1 in (1),
X5 and X6 BS t 87Sa aning as in (CXXXVI11), and the
cycl ohexane rings represent a trans isoner) 15 4-7. Production of
general fornula (I-2da) and general fornula | -2db) Reaction of the
gener dlwhiegiehin ,a thexeyqlehgxane Wén@@néﬁﬁfesﬁ@&nﬁ &TEOV LEPMEBTY| gl
compound of the general fornula (CXLVI), 3 0 JAN 2004 105 (CXLVI)
(wher gidhctR & £Xk HieP IcRa@tiu ridh 67 iSATR hee gaineg ads fiormullk, (T1d ),
followed by dehydration in the presence of an acid catalyst, a
5 subsequent reduction in the presence of a metal catalyst such

as palladium-carbon, and then an isomerization under basic

conditions yields the general formula (CXVII).

X!
[;) ... @ Y (CXVII)
e

(wherein, ¥ and X' represent the same meaning as in {I), X? is
10 defined in the same manner as X' in (I), and the cyclohexane

rings represent a trans isomer). Hydrolysis of this compound

under acid conditions removes the carbonyl group protective

group, yielding a compound represented by the general formula

(CXVIII).

X
0 ... @ Y (CXVII
X

(wherein, Y and X' represent the same meaning as in (I}, X! is

15

defined in the same manner as X' in (I), and the cyclohexane
rings represent a trans isomer). Reaction of this compound

with the formula (CV), followed by hydrolysis under acid



t he cycl ohexane rings represent a trans isomer), and by renoving the JAN 2004
protective group using phosphorus oxychloride or 5 the |ike, conpounds of
the general fornmula (1d-1), including the general formula (1-2da) and
the general formula (I1-2db) can be produced. CN (Id-1) (wherein, R and
X1 represent the sane nmeaning-as in % and 10 the cycl ohexane rings
represent a trans isoner) Reaction of the general formula (CXXXI11) with
the gemetiadidme,mdmd (KO 130 yiissiney iz addmpmowndleaf base qgearddltions nul a
(CXLVII) 15 (mherein R and X1 represent the sanme neaning as in (l), and
the c ﬁﬁg@ f lola 18 i f this
conpo cfﬁ t h pho Jn{ phor us xychln(ﬁ%gg’?)?ﬁeag&&al ?g)r}{)n%s%t t ?glé?ot ective
group and perforns a dehydration, vyielding a conpound of the general
formula (CXLVIII). 2004@106 CN (CXLVII1) (wherein, R and X
represent the sam (n . (1), and the cyclohexane rings
represent aHGQ@ "rﬁl(ﬂ)(*ll)@ t hi s conpound usi ng an oxi di zi ng
agent such as br = , 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none)
or chloranil (tetrachloro 1, ZJBenzqu|none

tetrachl oro-1, 4- benzqu|none) conmpounds of the general formula (1d-1),

I ncl ucl'd}iiértél% geneffl x'f pEpYbaeht- 2H8) sand hbenorgens! 1hoyyl ax{lig2db)

can be

5 defined in the same manner as X' in (I), 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},

RSPPH,  (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.
x1
R es eSS
r—d
15 e

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

? ijg defined in the same

represent the same meaning as in (I), X
manner as X' in (I), and the cyclohexane rings represent a

trans isomer)

20 4. Production of the general formula (I) in which the ring B



produced. 10 4-8. Production of general forrmula (I-2dc) Lithiation wf@HANZM4
an al kyl lithiumsuch as butyl [ithiumof a conpound of the general

formula (l1d-la), which is a conpound of the general formula (1d-1), the
production of which has been previously described, in which the group Y

is a hydrogen 15 atom (1d-1la) X2 (Wherein, R and X represent the sane
meaning as in (1), and X2 is defined in the sanme manner as X1 in (1),

al t hougdnpghiases xalses, 3,1 i ,¢h, Tthelds -granghsy darop Heyrirogererad arkee Iarteon

excl uded, 20 and the cycl ohexane rings represent a trans isonmer), and

Subse nt ' i opdl | el e 0 JAN
1804 %‘(731 b oé%aé%%,%%&%%%%gr%?gﬁR tgﬁg%?br%p'r esent
the sane neaning as in (lI), and X2 is defined in the sane manner as X1
in (1)and|g theEw B s £ | (Wifidh thdde 4i®ups are hydrogen at ons

are excluded, and the cyclohexane rings represent a trans isonmer), and

conver si on pEndthdxylaimamoéff a apraeirthd Mepreden tardd bys Wisequ@amdralkact i on
wi th anmoni a yields a conpound of the

5 formula (CXXX)

s .’@ OCH; (CXXX)

(wherein, R represents the same meaning as in (I), and the
cyclohexane rings represent a trans isomer) using hydrobromic
acid or the like yields a compound represented by the general

10 formula {CXXXI).

s ..O OH (CXXXI)

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

15 general formula (CXXXII)

S .’@ z  (CXXNI

(wherein, R represents the same meaning as in (I), 2

represents a leaving group such as a

trifluoromethanesulfonyloxy group, a methanesulfonyloxy group,
20 a benzenesulfonyloxy group or a p-toluenesulfonyloxy group,

and the cyclohexane rings represent a trans isomer), and by



general formula (CL), CONH2 (CL) 10 (wherein, R and X1 represent tB&& JAN 2004
sane neaning as in (lI), X is defined in the sanme manner as X1 in (I)

al t hough those cases in which these groups are hydrogen atons are
excluded, and the cycl ohexane rings represent a trans isoner), and by
perform ng 15 a dehydration using phggphorus oxychloride or the liKke,
conpounds of the general formula (1d-2), including the(?eneraj formul a
(1-2dcyezabing Phbeucerpound (vitlp)the semepalN Dogauhas(CYIhered nthe X

and X2 represent the sane neaning as in (I), and the cyclohexane rings

represghbéséndd abs & SOr@idididh dwgiliciA©a pét gonet ads fornul as from
(I-2d to (1-2de), and general formulas from (l-2dg) to (lI-2dh) 5

Reactipn_of, th ener al , f.or a (C ). wit he_general . formul a

(o1 198 RO SRR R i 4l XTIl o ety o ahe

tetraki s(tri phenyl phosphi ne) pal | adi um (0) yields a conpound of the
gener ajereral| foxmils . (IlY- ¥ Wnerng udiRantheigergy ek efRrMha s afomreani ng
as in (1), X3 and X4 represent the sane neaning as in (CXXXVlI), and the
Cygl ohgramea § i \gS( T EMEFENnd tH el SEr ormyYl HLPF 3L Ciita) to

{I-2cc) can be produced.

X
R ..O @ Y (Ib-1)
e

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

is defined in the same manner as X' in (I), and the cyclohexane
10 rings represent a trans isomer)

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)

H—de:O (CXXXI)

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

the general formula (CXXXIV),

(CXXXIV)




30 JAN 2004
and

the general fornula (CLI) using phosphorus oxychloride or the |Iike,
separating the thus produced m xture of isonmers by 15 col um

chr omat ogr aphy, conpounds of the general formula (l1d- 3), including the
general formulas from (1-2dd) to (I-ggN) and the general formulas from
(I-2dg) to (I-2dh) can be produced (1d-3) X4 20 (wherein, R and X1
represent t he sanme peaning as in é g, X2 is 3 0 JAN 2004 109  defined in
the sah®he®ehRr Bs %1304 |)rep>€§ %0e NS RN 3Sand eani A%s i n
(CXXXV1), and the cycl ohexane rings represent a trans isoner) 4-10.

Pr oducki drs efe fgeeey dln fedvemslaae( maZafer arsd Xjemrr 4L), Salohouya the2di)

Lithiation with an al kyl Irthrunrsuch as butyl lithiumof a conpound of
the gepgral ; f ot ¢! bs 32 gﬁgc bPp 31 £ 08POYRded Of apder neral fornul a
(I'b-3), ﬁelpro uction of |ch h%lr l?)%en previ ou% y %Iescr in which

the group. Y is a hydr 10 atom (1 b-3a) (wherein, R and Xl r epr esent
the saf¥chel ?ﬂ‘ﬁ‘]@ea’él‘i“hg(”r'§?r%ﬁﬁn5(za F%a%%fi T he t#89 SoreeFrthet g‘és X'

in (1), although those cases in which these groups are hydrogen atons

?LS exthiglecomp@uid aiicth Xdn repidszig t dgesaneuckans Nograsina, (IXXXVI ), and
{2,3-dichloro-5,6-dicyano-1,4-benzoquinone) or chloranil
(tetrachloro-1,2-benzoguinone, tetrachloro-1,4-benzoquinone),
compounds of the general formula (Ib-1), including the general
formulas from (I-2ba) to (I-2bc), and the general formulas

10 from (I-2ca) to (I-2cc) can be produced.

4-3. Production of general forﬁulas from (I-2bm} to (I-2bo),

and general formulag from (I-2cm) to (I-2co)

By reacting a compound of the general formula (CXXXV)

X
H—es%—{i:jr—Y (CHXOXXV)
X2

15 (wherein, Y and X' represent the same meaning as in (I), and X?
is defined in the same manner as X' in (I)) with the general
formula (CXXXII) in the presence of a transition metal
catalyst such as tetrakis{triphenylphosphine}palladium (0),
compounds of the general formula (Ib-2), including the general

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

from (I-2cm) to (I-2co) can be produced.



cycl ohexane rings represent a trans isoner), and subsequent reactidﬁUJANZM4
with carbon dioxide gas yields the general formula (CLII) CO2H (CLII) 20
(wherein, R and X represent the same neaning as in (1), and X2 3 0 JAN
2004 110 is defined in the same manner as x' in (1), although those
cases in which these groups are hydr®8en atons are excluded, X and X4
represent the sanme neaning as in (XXXVl), and the cycl ohexane rings
represent a trans—soner), and cofiversion of 5 this conpound to an acid
chl oride, and -&- t reactieh wth amonia yields a conpound of the
general forme aoe‘ WWGLIIB-R) (wherein, R and X1 represent

t he sane neani‘rg is defined in the sanme manner as X1
in (1), although those 10 cases I which these groups are hydrogen atons
are excluded, X and X4 represent the sane neaning as in (CXXXVl), and

the cyghoPEXANER| INGind &P' @e@Res@ntl 8RS SaABEMbandnd BY RPArfEyTI RY a
dehydration using phosphorus oxychloride or the |like,” conpounds of the

serer ol LaERH g (19804 1ORD HhBRS T S Shal . Lnehe Lieddhlgng the

rings represent a trans isomer)

5 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,

yields a compound of the general formula (CXXXVI).

| 30
R .O OH {CXXXVI)

10 X'
(wherein, R represents the same meaning as in (I), X’ and Xx*
each represent, independently, a hydrogen atom, a fluorine
atom or a chlorine atom, although at least one of X’ and X!
represents a hydrogen atom, and the cyclohexane rings

15 represent a trans isomer). Reaction of this compound with

trifluoromethanesulfonic anhydride or the like yields a

compound of the general formula (CXXXVII),




(wherein, R and X1 represent the same neaning as in (1), and X2 SSGJANZM4
defined in the sane manner as X1 in (1), although those 20 cases in which

t hese groups are hydrogen atons are excluded, X3 3 0 JAN 2004 111 and X4
represent the sane neaning as in (C ), and the cyclohexane rings
represent a trans isomner) 4 11. Production of general fornula (I-2dj) and
general . formula (

| - 2dk Re t|on of the general C W th
t he geﬁ’étf%ﬂ'euPoranﬁ%P fﬁ % H‘FS%}H% Gs aﬂ'rh s'lt of(‘l ﬁeﬁl

catal yst such as tetrakls(trlphenylphosphlne)palIadlun1(0) yields a
conpoursbxdsdrite genevale froranulrey (GLIN) . (QRRW)) ,1E (mepresent,s R and. X' .
and. - X2 represent the sane neaning as in (1) , X2 is defined in the

same an%‘sqrﬁ)eu Cycl{r,]l‘?] as P 0%k YR r SRty 1 SR, r@%wg a’ﬂs in

( CXXXI exane rings represent a trans i'soner).

deprotectlng the general formula (CLI usi n hor us ox chlorlde or
the | in@thare Wyofnggﬁé%zq\gﬁ%%?qtﬁdﬁéf iy Rhe

general fornula (1-2dj) and the general formula (I-2dk) can be
pr 6ductasil uetle IN fdrdr1)xy wheru n,ardd arlce Xyalepgreosard rtihgys arepresssmitng as

in (1), X2 is 20 defined in the sane manner as X1 in (1), X5 and X6
represgntrang isomer), and by reacting this compound with the
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
10 chromatography, compounds of the general formula (Ib-3),

including the general formulas from (I-2bd} to (I-2bi), and

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

3 X!
..O @ Y (ib-3)
x PG

(wherein, R, Y and X' represent the same meaning as in (I), X’
15 is defined in the same manner as X' in (I), X’ and X' represent
the same meaning as in (CXXXVI), and the cyclohexane rings
represent a trans isomer)
4-5. Production of general formulas from (I-2bp) to (I-2bu),
and general formulas from {I-2cp) to (I-2cu)
20 By reacting the general formula (CXXXVII) with the
general formula (CXXXV) in the presence of a transition metal

catalyst such as tetrakis(triphenylphosphine)palladium (0) and



S 0 JAN 2004 112 the sanme neaning as in (CXXXI X), and the cycl ohexphgAN 2004
rings represent a trans isoner) 4-12. Production of general formula
(I-2dl') Lithiation with an alkyl lithiumsuch as butyl lithiumof 5 a
conmpound of the general fornmula (Ib-gﬁ), which is a compound of the
general formula (1b-3), the product# of which has been previously
described, in which the group Y is a hydrogen atom Xe (Ilb.-3b) X9 10
(wher dihen RepsgRdsas $hehd hasmebtadmedy i8emays( by, CBUMd x6 represent

the sane neaning as in (CXXXI X), X8 and X9 each represent,

i ndepenfienidvbgragiuodorpound® @f anehlg@nsia latfennuland iha )gycl ohexane
rings represent a trans isoner), and subsequent reaction with carbon

(wnor it R et 88 DR e a0t d 1708, TR ST el oo

the sane neaning as in (CXXXI X), Xe and X9 each represent,
i ndeperidergenerad flammiles from dd -2 &0 dd-2Coh 20 &ed Peslu@rd -ohexane
rings represent a trans isoner), and

(wherein, R, Y and X' represent the same meaning as in (I}, X’
is defined in the same manner as X' in (I), X’ and X' represent
the same meaning as in (CXXXVI), and the cyclohexane rings
represent a trans isomer)
10 .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)

X
(CXOXVIN)
%

15 (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).

¥
CN_C@ (CXXXIX)
¥

(wherein, X° and X® represent the same meaning as in



30 JAN 2004 113 conversion of this compound to an acid chloride, add JAN 2004
subsequent reaction with amonia yields a conpound of the general
formula (CLVI) Xe CONH2 (CLVI) Xe 5 (wherein, R represents the sane
meaning as in (1), X5 and X6 represent the sane neaning as in (CXXXl X),
X8 and X9 each represent, independéf®ly, a fluorine atomor a chlorine
atom and the cycl ohexane rings represent a trans isoner), and by

per f or(dX¥X VA Idehy.dr Reiagtigi o phdsp leoragst rex peihomieddaydr vty 110 | ke,
conpounds of the general formula (1d-6), including the general fornula
(1 - 2dIe G2 PEANRRILE Gy XB R 1G!Grt@orXurdsie rRii% RBridarienantys ditgs sane
meaning as I1n (1), X5 and X6~ represent the sanme neaning as in (CXXXl X),
XB and X9 each 15 represent, _independently, a fluorine atomor a chlorine
at om thfndi%aéycfl%p%ﬁ:?n i'lgs represent a trans isoner) 4-13.
Production of general forrmulas from (I1-2dm to (I1-2do), and general
formulas from (1-2dp) twy (I-2du) Reaction of a conpound represented by

the general fo 9@ 0/ (CLV)

5 (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),

X

O (CXLI)

x
(wherein, X° and X° represent the same meaning as in
10 (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

general formula (CXLII).

15 (wherein, X’ and X® represent the same meaning as in
(CXXXVIII), and the cyclohexane rings represent a trans
isomer)}. Reaction of this compound with the general formula

(CXX) yields the general formula (CXLIII).



3 0 JAN 2004 114 5 10 (wherein, X3 and X represent the same meani nj0adN 2004
in (CXXXVI)) wth a secondary am ne such as pyrrolidine yields an

enanmi ne of the general formula (CLVI). (CLVI) (wherein, X3 and X4
represent the sane neaning as in (CXXXVlI)). Reaction of this enam ne
with nethyl vinyl ketone, followed B3 a cyclization under acid
conditions yields the general-formula (CLMII), | (CLVII) Xl (wherein, X3
and X4 represent the, sane peaning as in (CXXXVlI)), and reduction of this
conmpound usi ng neta @ Kthiumor the |Ilike yields the general fornmula
(CLvI 1), m, @ @xim, X3 and X4 represent the sanme neaning
as in (C ‘ 3 sdsgequent reaction with the general formula (CV),
3 0 JAN 2004 115 hydrol ysix® under acid conditions, and then

i somerization under

(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,

5 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

10 transition metal -catalyst such as palladium-carbon yields a -

compound of the general formula (CXLIV).

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

15 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),



basi ¢ conditions yields a conpound represented by the general for il JAN 2004
(CLIX). HC (CLIX) X5 (wherein, X3 and X4 represent the sanme neani ng as
in (CXXXVl), and the cycl ohexane rings represent a trans isomer).
Reaction of this conpound with the general fornula (CXX) yields the
general formula (CLX). Xa (G 10 ( ein, R represents the sane
meaning as in (CXX), x3 and X4 represent the sane neaning as in
(CXXXVI), and the—cycl ogexane rings represent a trans isoner). At this
poi nt, instead—of he/reaction with the general fornmula (CXX), by
repeating the XT @@ELYVPN with the fornmula (CV) and subsequent
15 hydrol ysis, p the reaction with the general formula (CXX), any
desired al kenyl group cgn al so be produced. Catalytic reduction of the
general formula (CLX) using a transition nmetal catal yst such as
pal | adi um carbon yields a,k ¢ ound of_ the general_ farnul XLp. 30
JAN 200 e N clt |5€Ft1§/ﬁ?eei*’b"1%?°¢€? r2PI% GRE Th &5 Atk (%dni)ﬁgg% }(n (1), X3
and X4

represent the same meaning as in (CXXXVIII), X' represents a

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-2c]) to (I-2cl) can be

produced.

% x
R .’@ @ Y (Ib-5)
by 2

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

10

* and X* represent

is defined in the same manner as X' in (I), X
the same meaning as in (CXXXVIII), and the cyclohexane rings
represent a trans isomer)
15 4-7. Production of general formula (I-2da) and general formula
(I-2db)
Reaction of the general formula (CXXXII) with the general

formula (CVIII) yvields a compound of the general formula

(CXLVI),



represent the sane neaning as in (CXXXVl), and the cycl ohexane ri@%ﬁMNZ%L
represent a trans isoner). Reaction of this conmpound 5 with oxalyl
dichloride or the like, in the presence of a Lewis acid catalyst such as
al um num chl ori de yields a conpound @f the general fornmula (CLXI1), COC
(CLXI'l1) k4 (wherein, R represents t HQ%sane meaning as in (1), and X3 and
10 X4 represent the sanme neaning as in (CXXXVl)), and by reacting this
conpound with the—general fortula (Cl11), and then separating the isoners

by col um chr aplly iAa—¢ ho cases where isoners exist, conpounds
@ ‘ in|c| uGxiyit he general formulas from

of the genek ‘
(I-2dm to (I-\2e ),\r 0 al fornmulas from (1-2dp) to (I-2du)
can be produced. (wherein, R X and Y represent the same neaning as in
(1), X2.is defined in_the sane nann as X in (I and_X4 represent 3

r , X3,

0 JAN (30eFeifs K R8ds&nme’ ?r%’éﬂ?‘ﬁﬁta‘%ﬁ? nSPESOBRATLNANYS thR Y et ofiBRane
rings represent a trans isoner) 4-14. Production of general fornmulas
from (the2adwk lioheidan2dx)ingisi repateisemtofa tthrengenspalkrfor amdabyXLI V) with an
alkyl 5 lithiumsuch as butyl lithium and subsequent reaction with

car bon ioinde 1925 pHotledt 11/ae FRYY Als e PHbaphEkyk! bky¥R 1874 dd Gl 11)

5 the like, compounds of the general formula (Id-1), including
the general formula (I-2da) and the general formula (I-2db)

can be produced.

(wherein, R and X' represent the same meaning as in (I), and
10 the cyclohexane rings represent a trans isomer)
Reaction of the general formula (CXXXIII) with the
general formula (CVIII) yields a compound of the general

formula (CXLVII),

X
... @ (:'jV (CXLVIY)

15 (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
removes the protective group and performs a dehydration,

yielding a compound of the general formula (CXLVIII).



ke (wherein, R represents the same neaning as in (1), X5 and X6 70 JAN 2004
represent the sanme neaning as in (CXXXlI X), and the cycl ohexane 10 rings
represent a trans isomer), and by converting this -.. conpound to an
acid chloride, and subsequently reacting with the general formula
(CXI'V), conpounds of the general foldfél a (1d-8), including the general
formulas from(l-2dv) to (I-2dx) can be produced. (1d-8) 15 (wherein, R
Y and X1 represen he sane nganing as in (1), Xz is defined in the sane
manner as x| i X z6 represent the same neaning as in

(CXXXI' X), & anggoxiepnesent a trans isomer) 20 5.
Production of 0| nula ) in which the ring B3 0 JAN 2004
118 conprlses al, 2 3, 4- tetrahydrophenanthrene skel et on Reaction of a

conpoyng reS@@ ;3?1 Lgﬁrégéﬂwehé%aqné’)mé%ﬁwawm ?Igﬁenation

reagen as thlon oride yields 5 the formul a (CLXV)

Reactlon of t.his conmpound with ethylene gas in the presence of. a Lew s

aci d §G@hQQ§kﬂhﬁﬁqﬂﬂnQﬂﬂ95wqﬁ?§ﬁﬁﬁqisq ansy LML) cLxBY) oxidizing

this compound using an oxidizing agent such as bromine, DDQ

5 (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) or chloranil
(tetrachloro-1,2-benzoguinone, tetrachloro-1,4-benzoquinone}),
compounds of the general formula (Id-1), including the general
formula (I-2da) and the general formula (I-2db) can be
produced.

10 4-8. Production of general formula (I-2dc)

Lithiation with an alkyl lithium such as butyl lithium of

a compound of the general formula (Id-la), which is a compound
of the general formula (Id-1), the production of which has

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

15 atom,

1
.'@ @ (1d-1a)
x2

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

is defined in the same manner as X' in (I), although those

cases in which these groups are hydrogen atoms are excluded,
20 and the cyclohexane rings represent a trans isomer), and

subsequent reaction with carbon dioxide gas yields the general



10 OCH3 (CLXVI) and further reaction with a conpound of the general 50 JAN 2004
formula (CLXVII) RM (CLXVI1) (wherein, R represents the sane neaning as

in (1), M15 represents MgX (where X represents a chlorine atom a

brom ne atomor an iodine atom, a netal atom such as Li, B(CH)2, or

Si F(CH3)2) 1 fol l owed by dehydrationlid the presence of an acid catalyst
yi el ds a conpound of the general formula (CLXVIII), OCH3 (CLXVII1) 20

(wher éiarmuRar @xédenit,s t he sanme neaning as in (1)), and by 3 0 JAN 2004

119 reducing the double bond in this conpound using a transition netal
catal yst such as pal | adi um carbon, and then perform ng an isonerization
using a strong bag pot assi umt - but oxi de, a conpound of the

general forqmu s\ pr.adyce SgHS (CLXI X) (wherein, R
represents R S3@ qu%hH(l L urthernore, reaction of the
formula (CLXV) Wth La (CV), followed by hydrolysis under acid
conditions, 10 and a subsequéﬁt i soneri zation under basic conditions
yields a conpound represented by the general formula (CLXX). Reaction of

thi s qeMeeeddt ,wR andha' geeprasehbr thkas{@Oeaning as in (I), and X°

is defined in the same manner as X' in (I}, although those

5 cases in which these groups are hydrogen atoms 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 ﬁhe

general formula (CL),

X1
R .'@ @ CONH, (CU)
%

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

10

defined in the same manner as X' in (I) although those cases in
which these groups are hydrogen atoms are excluded, and the
cyclohexane rings represent a trans isomer), and by performing
15 a dehydration using phosphorus oxychloride or the like,
compounds of the general formula (Id-2), including the general

formula (I-2dc) can be produced.

%
R ..O @ oN  (1d-2)
.



yields the general formula (CLXXlI). 15 OCH3 (CLXXl) (wherein, R 30 JAH 20
represents the sane neaning as in (CXX)). At this point, instead of the
reaction with the general formula (CXX), by repeating the process of
reaction with the formula (CV) and %?ibsequent hydrol ysis, prior to the
reaction with the 20 general fornul a CXX), any desired al kenyl group can

be produced. Deprot,ection,of the phenol group of the general 3 0 JAN
2004 10Tt (FLRAS) Xor TERECEEREr SIe AT D555 (L niT)
hydrobrom c acid or the like yields the general fornmula (CLXXI1). OH
(CLXXldnd SHevhereEiohe e prigsentepries ssetima nearingissndm) (1)) . Reaction
of this conpound with the sane hal ogenation reagent used in the
produc

i@n I ) | e roduction of a
comound&bf%%%%ejﬁgfgf@f%%%@ ?E&QQ I i |) f%ﬁ?‘(ﬁ%ﬁ(ﬂ )to.iomém%& n, R
X3 and X4 represent the sane neani nzg as in (1)). By using the produced
gener @n4 FRERY dovaudas i brZdde tcge(r(\[e'riﬂh)forrml a (CXXXI) in the
af orenenti oned production nmethods for conpounds of the general formula
(1'p conpri Sewewionl, o e 4pertsddl, Mfia-nackia yIRIRMIEN antdir dite skealeataln, 15
correspondi ng conpounds wth a 1,2, 3, 4-tetrahydrophenant hrene

formula (CVIII) in the presence of a transition metal catalyst
such as tetrakis(triphenylphosphine)palladium (0) yields a

compound of the general formula (CLI).

3 X
R .’@ @ :V(CLE)
x

10 (wherein, R 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). By deprotecting
the general formula (CLI) using phosphorus oxychloride or the
like, and separating the thus produced mixture of isomers by

15 column chromatography, compounds of the general formula (Id-
3), including the general formulas from (I-2dd) to (I-2de},
and the general formulas from (I-2dg) to {(I-2dh) can be

produced.

x¥ X
R .’@ @ oN  (Id-3)
xt

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



skel eton can be produced. Simlarly, by using the general fornula 30 JAN 2004
(CLXXI'11) instead of the general formula (CXXXVI), corresponding
conpounds can be produced. 6. Production of the general formula (1) in
which the ring B 20 conprises a 1, 2,3,4,5,6,7, 8 octahydrophenant hrene
skel eton Reaction of a conpound reéroé?sent ed by the formula 3' 0 JAN 2004
121 (CLXXIV) OH (CLXXI'V) with hydrogen in the presence of a metal

cat al gt igwsh igs thealdame @mannan W@I"Il&lmanI(Iblvai{l A chusepgesesdrt i al
reduction 5 of the aromatic rings, yields the fornula (CLXXV). CLXXV)

" Prot agfd el N ity tde iGar @Mv%om ehd Rive 1enBQd tsiqg a diol
yi el ds a conpound of the formula XXvl), CL ) 10 and reaction of
this cogFound with the neral fornula (CLXVI'1) and subsequent

dehy dr=RHYGT ST th rrﬁ’bssgr’? an acid catalyst yields the general
formula (CLXXVIIT). CLXXVII) (wherei n, Rrepresents the sane neaning as in
(1)) . Reductimpducticf athgedwnsile feomi e t(Hi-2Ahi ancorgemerh i t h
hydrogen, in the presence of a netal catalyst yields a conpound of the

gegerQOIHUygnﬂﬁijdgyooﬂII). 13 (CLXXVI1I)
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

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

10 atom,

(Ib-3a)

(wherein, R and X' represent the same meaning as in (I), and X’
is defined in the same manner as X' in (I), although those
cases in which these groups are hydrogen atoms are excluded, X’
15 and X' represent the same meaning as in (CXXXVI), and the
cyclohexane rings represent a trans isomer), and subsequent
reaction with carbon dioxide gas yields the general formula

(CLII)

x X
..O @ coH  (CLI)
x X

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



, : : 50 JAN 2004
(wherein, Rrepresents the sane neaning as in (1)). 3 0 JAN 2001 122

Deprotection of this conmpound in the presence of an acid catal yst
produces the general formula (CLXXIX). 0 (CLXXI)qg (wherein, R represents
the sane neaning as in (l)). By usinq 5 the thus obtained general
formula (CLXXI X) instead of the genér&l formula (Cll) in the

af orenentioned production nethods for gonpounds of the general formula
(1) corprdefiimech in dihedeanehyehoifier®ntthr éfe (Skel 8t6ROvEBr £B9EENdi ng
conpounds wth a 1,2,3,4,5,6,7, 8 octahydrophenant hrene skel eton can be..

10 prosygad. | of .whiRpddd O youfs Aiehaimpmdadls tdre gardnaded orxtul a
(I.;. 7-1. Production of general fornmulas from (I-3ab) to (I-3ad),

gener al JulLas from(l-3ba) to (|-3hd d I s from
(I-3bﬁ¥“{3{(F9§EﬁfeT§ ¥h853a§8n88uﬂa§gcéﬁ %g ﬁgggﬁéZd %ﬁagﬁégnanner
described below. (1-1A) (1-1B) (1-1C) (wherein, Wrepresents - CH2CH2-,

- CH=Ci¢yclovhex@He rdugmdreprasfiit rdeiddentLsameddpe tAaAVer S iHyitly
group such as 20 chlorine, brom ne, iodine, a p-toluenesul fonyl group, a

meshangsid fQmddind ¥PWh ik dHidd e oneidangsdqeit @aaction

with ammonia yields a compound of the general formula (CLIII)

¥ X
s .’@ @ CONH, (CLIII)
.. ¥ %

(wherein, R and X' represent the same meaning as in (I), and X’
is defined in the same manner as X' in (I), although those

10 cases in which these groups are hydrogen atoms are -excluded, )
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 or the like,
compounds of the general formula (Id-4), including the general

15 formula {(I-2df) and the general formula (I-2di) can be

produced.
3¢ X
R ..@ @ CN (Id-4)
x X

(wherein, R and X' represent the same meaning as in (I), and X’
is defined in the same manner as X' in (I), although those

20 cases in which these groups are hydrogen atoms are excluded, x?



group, R and R represent an al kyl group or an al kenyl group, 3 O JrlJAN 2004
2004 123 and ML and M2 represent a netal or nmetal containing group such

as myd, MyBr, Ml, Li or B(OH)2). In other words, reaction of a

conpound represented by the general formula (I1-1A) conprising a suitable

| eavi ng group, with an organonetal |l ild15 conpound represented by the

general fornmula RM, in the presence of a transition netal catalyst

such amd YPakrkpdiesentcehpl exmer meaniakehscanpl{exxxyi¢l, dand easpound
represented by the general formula (1-1B), and by further reacting this

conpo ] qﬁ[}p j I ,ge%ge]nt ed by the 10 general
forrmll%v& ,aq{cgaoor‘rtrplo dsr}eéllg‘lpéréeeggﬁ% y thl:sq{general formula (1-10C),

i ncluding the general formula (I-3ab), .the eneral fornmula (-1-3ba), and
the getelrlel Braduateiqn shigenarl fBayrod ) TG iR (1-1 A) can
be prepared easily by known 15 nethods. An exanple is presented bel ow for
the caSgrmylaimiedky s either bromne or iodine. 2. R MyBr NBS/ Al BN 12
HOar ~1rl 1. RwBr Br, 1 1. RWgBr 2. R MyBr

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

compound of the general formula (CLIV).

3 X
-y e
X »

10 (wherein, R and X' and- X’ represent the same meaning as in (I),
X? is defined in the same manner as X' in (I), X’ 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,

15 compounds of the general formula (Id-5), including the general

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

produced.

3 X
R ..O @ ON  (id-5)
X »

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

5

20 defined in the same manner as X' in (I), X’ and X°® represent



_ _ ~F0 JAN 2004
1. RwgBr 2. R MygBr Furthernore, in the cases of conpounds in which W
represents -CH2CH2- or -CH=CH, production can also be carried 3 0 JAN
2004 124 out using the type of method shown below. 1.hv CHO + COHC 2. hea
02 (b) TIC14 (a) (wherein, R and R represent the sane neaning as
descri bed above) 5 In other words, Ihss-coupling of 2 different
benzal dehyde derivatives using a titaniumtetrachl oride pyridi ne conpl ex
yi el dstlae st amhdaneaneng vad | e (E@PXXEENt ethdythe hrygerterednd orimga (1- 1D) .
Phot oi someri zation of this conpound followed by an oxidative thernal

cycli E?él%’ﬁ@s@ﬂ‘ﬁdé’(:@fa&g s G pund represented by the general formula
y 1 hen

(b). ydrogenating this conpound in the presence of a transition
netal catalyst such as Pd-C, Rh-C, Pt-C or P&{CP%Z, a conpound

repr estnted BroqdRt Hamer fl 9ep Rl afeE kaint bierPrbduced. 7-2. Producti on
of general fornulas from(l-3ah) to (l1-3ap), 15 and general formnul as
from(I-3beditwidtidbhyith an alkyl lithium such as butyl lithium of

5 a compound of the general formula (Ib-3b), which is a compound
of the general formula (Ib-3}, the production of which has
been previously described, in which the group Y is a hydrogen

atom,

% X8
R .’@ @ (Ib-3b)
1% %

10 (wherein, R represents the game 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), and
subsequent reaction with carbon dioxide gas yields the general

15 formula {(CLV)

¥ e
s ..O @ coH  (CLV)
6 %

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

® and X°® each

represent the same meaning as in (CXXXIX), X
represent, independently, a fluorine atom or a chlorine atom,

20 and the cyclohexane rings represent a trans isomer), and



These conpounds can be produced in the manner described below |n3XheAN 2004
case of conpounds represented by the general fornulas (f) or (g), these
conpounds can be produced by 20 partial hydrogenation of the conpound
represented by the 3 0 JAN 2004 125 general forrmula (b) produced in 7-1,
in the presence of a transition netldl3 catalyst such as Pd-C, Rh-C, Pt-C
or Pd(OH) 2. (b) clbo" - oc% 0. (g) (hereafter, Rl represents the sane as

R and déhudrms ismmofastils canmnthdVBE o egr esent shd arigssi tarsh et al such as
Pd-C, Rh-C, Pt-C or Pd(OH)2) Furthernore, in the case of conpounds

repr eiﬁgﬁﬁeﬁ]@i}g heo a S &)1 PTG d Didlad &) cdaliithd YPAHES can be

pr oduce e manner described below (1-2A) 10 (wherein, chlorine,

(1-2F) M1H2 BulLi
general formula (CLVI)

X P
..O @ CONH,  (CLVI)
¥ e

S (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), and by
performing a dehydration using phosphorus oxychloride or the

1¢ like, compounds of the general formula (I<d-6), including the

general formula (I-2dl) can be produced.

x5 X&
.'@ @ oN  (Id-6)
X b S

(wherein, R represents the same meaning as in (I), X’ and x°
represent the same meaning as in (CXXXIX), X? and X’ each
15 represent, independently, a fluorine atom or a chlorine atom,
and the cyclohexane rings represent a trans isomer)
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

20 {CLV)



(1-2D) (1-2G PPA 30. (1-2E R1, R2 are as described above. brom ne ar0 JAN 2004
iodine.) (t) (1-2B) H2ZNN(CH3)z Rl (1-2C) N R2X2 1N(CH3)2 Bull X and X2
represent In other words, reaction of the benzyl halide derivative 3 0

JAN 2004 126 represented by the general formula (1-2A) with the anion of

1, 5-di net hoxycycl ohexa- 1, 4-di ene yi éllds t he 1, 3-cycl ohexadi one

derivative represented by the general fornmula (1-2B), and subsequent

cycl odehydrati on usH@g phosphoric acid or sulfuric 5 acid yields the

enone reprggept eo by the general fornula (1- 2C). Foll ow ng conversion of

t hi s compound ~atg§L ed ketone by a Birch reduction, an imne
derivative anion Zpresented by the by general formula (1-2E) is

prepared by v

(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).

X3
C (CLVI)

5 X
(wherein, X’ and X' represent the same meaning as in (CXXXVI)).
Reaction of this enamine with methyl vinyl ketone, followed by
a cyclization under acid conditions yields the general.formula
(CLVII),
0%
0 <::> (CLVII)
10 x
(wherein, X’ and X' represent the same meaning as in (CXXXVI)),
and reduction of this compound using metallic lithium or the
like yields the general formula (CLVIII),
3
o (CLVII
x
15 (wherein, X® and X' represent the same meaning as in (CXXXVI)),

and subsequent reaction with the general formula (CV),



reaction with hydrazine. An R2 group is then introduced by 10 reactﬁgnJAN 200¢
with an al kyl or allyl halide. By converting the carbonyl group produced
by hydrolysis to a dithiane derivative, for exanple, and then perform ng

a reduction with Raney nickel, conpounds of the general formula (d),
including the general fornula (I-33RP and the general formula (I-3be)

15 can be produced. 7-3. Production of general formula (I-3aa), and

gener dlydfadrymilsasifdeamadiddamndic idns3agnd rkhefe ispderazagdeponger
represented by the general fornula (h), production can be carried out in
the mynnerc 2hSeSEHPeADYO% SrBolhl 2004 E2hNdRbyOkhel g3BlrEl- 3A)
(1-3D) 1.HC1L 2. NaOH =0 (1-39 (1-3F) 1. R2-M

formula (CLIX).

X3
HCO .’@ (CLIX)
Xt
5 (wherein, X' and X' represent the same meaning as in (CXXXVI),
and the cyclohexane rings represent a trans isomer). Reaction

of this compound with the general formula (CXX) yields the

general formula (CLX).

10 (wherein, R' represents the same meaning as in (CXX), x’ and x*
represent the same meaning as in (CXXXVI), 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

15 hydrolysis, prior to the reaction with the general formula
(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).



2. TsOH 3. PdIHZ (1-3G) (wherein, Rl, R2 and M2 are as described ahOuay 2004
In other words, conversion of the cycl ohexanone derivative represented
by the general fornula (1-3A) to an 5 enam ne, and subsequent reaction
with 3-buten-2-one yields the diketone (1-3C). Cyclization of this
conpound through a Robinson cyclizati®n, and a subsequent reaction with
2--(2- bronoethyl)-2-nmethyl-1, 3-di oxol ane, followed by a Birch

reduction, an al dol conggensation, and a second Birch 10 reduction, yields
t he phenant hrene {vative represented by the general fornula (1-3H).
Next, an R2 r@%gafd by reaction with an organonetallic
reagent R2- ehydration is carried out in the presence of an
acid catalyst such as Eftoluenesulfonic acid, and by then performng a
15 dehydrogenation in the presence of a transition netal catalyst (1-30C
NaCCH3 U NH3 3' 0 JAN 2004 128 such as Pd-C, Rh-C, Pt-C or Pd(CH)21
conpoutdsendin heR geerresentHrihe s5amg nearingi ag imel Henefalandokiul a
(1-3aa), can be produced. In the case of conpounds represented by the
gener 8lepresent the same meaning as in (CXXXVI}, and the cyclohexane

rings represent a trans isomer). Reaction of this compound
5 with oxalyl dichloride or the like, in the presence of a Lewis
acid catalyst such as aluminum chloride yields a compound of

the general formula {(CLXII),

(CLXIt)

(wherein, R represents the same meaning as in (I), and X’ and
10 X' represent the same meaning as in (CXXXVI)), and by reacting
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),
including the general formulas from (I-2dm) to (I-2do), and

15 the general formulas from (I-2dp) to (I-2du} can be produced.

8 X
i ..@ coz@v (1d-7)
x X2

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

is defined in the same manner as X' in (I), X' and X' represent



5 formula (i), production can be carried out in the manner describé&JANZM4
below. O Mysr 2) BEr OHC CHOO O (1-3J) OHOH (1-31) HO2C (1-3L) OH OH
0 (1-30) (i) (1-3kb (1-3K) 1) Me3Sid (/-0 2) n-Buli 0 3) R2X (1-3N)
(1-3P) 0 R (wherein, R, R2 and X are as described above) In other words,
reacti on of phthal al dehyde with 3,3 1V et hyl enedi oxypr opyl magnesi um
brom de increases the nunber of

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
5 lithium such as butyl lithium, and subsequent reaction with

carbon dioxide gas yields the general formula (CLXIII)

X
R .’@ COH  (CLXNI)
X6

(wherein, R represents the same meaning as in (I), X’ and X°
represent the same meaning as in (CXXXIX), and the cyclohexane
10 rings represent a trans isomer), and by converting this
compound to an acid chloride, and subsequently reacting with
the general formula (CXIV}, compounds of the general formula
{Id-8), including the general formulas from (I-2dv) to (I-2dx)

can be produced.

» X
- ..@ cor@v (Id-8)
15 X 2

(wherein, R, Y and X' represent the same meaning as in (I), X’
is defined in the same manner as X' in (I), X’ and X° represent
the same meaning as in (CXXXIX), and the cyclohexane rings
represent a trans isomer)

20 5. Production of the general formula (I) in which the ring B



carbon atons by six, form ng an hydroxyal dehyde derivative (1 OHC HARTI004
KMhO4 CHO PPA IN. HOZC-\ ) r CO2H 0 c---i (" O3 0 JAN 2004 129 31).

Oxi dation of this conpound with an oxidizing agent such as potassium
per manganate yi el ds the ketocarboxylic acid (1- 3J), and reduction of the
carbonyl groups by zinc amalgamor 1t} like yields the carboxylic acid
(1-3K). Cycl odehydration 5 using pol yphosphoric acid (PPA) or sulfuric

aci d otomprisékea pydalcbstétealopd adyitsmphensendr slel eieame derivative
repr esent ed by the general fornula (1-3L). Next, following protection of

one of the g oup ' o] |a a

silyl enol ‘%} ﬂ%ﬁl gfexélarr% r@@@%%é}f%%&ﬁ%%v g ﬁef%r;dgﬁe%t{jé%fgr

and using a simlar reaction to introduce a substitutent group Rl to the
opposite side of t Ieculg R@pounds of the general fornmula (i),

i ncl udi ng t¢§& %ﬁ ae can be produced. 7-4. Production

of general mu

23ca) to (I-3ct) 15 general fornulas from
(I-3da) to (I-3dp), general fornmulas from (1-3ea) to (1-3em, genera

fornu'@ftﬂrgnﬁéiéggﬁgtféh(féagent such as thionyl chloride yields

5 the formula (CLXV).

CH3 cocl (e

Reaction of this compound with ethylene gas in the
presence of a Lewis acid such as aluminum chloride yields the

formula (CLXVI),

0 0 .OO OCH,; (CLXVI)

and further reaction with a compound of the general formula
(CLXVII)
RM (CLXVIN
(wherein, R represents the same meaning as in (I), M
15 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(CH,),), followed by dehydration in the presence of an acid

catalyst yields a compound of the general formula (CLXVIII),

i /.©© OCH; (CLXVII)

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



3fx), general formulas from(l-3ga) to (1-3gp), and general fornul a0 JAN 2004
from(l-3ha) to (I-3hr) (in the cases in which at |east one of n and m
is 1, and L1 and L2 are single bonds) 20 In general, these conpounds can
be produced by using conpounds represented by the general fornulas shown
bel ow instead of using the organonetl |ic reagents RRML or R-M or the
hal ogenat ed conpounds Rl--X1 or R2-X2 descri bed above, TO JAN 2004 130
M'- RRedwhineithe tdeubledoondnth ttieis i conEidurpresiord a herasaset hemni ng

as in (1), and R1l, R2, M, M2, X1 and X2 are as descri bed above), or

al ter r&ﬁété(?'é’a\@éﬂnﬁ@p@ﬁéﬁ‘gaé hea CO4d SHPORLHASh K e esh e %@Mﬁwﬁ&s in
advance. For exa e, as shown in the equations below, by reacting

1, 4- cycl ohexanedi one nonoacetal with an organonetal lic reagent

| hcor pOR At TGP L 73 HEPT, USHME ¢ty TS TRTT (UGS RRARRESENOR- | n t he
presence of an acid catalyst such as p-toluenesulfonic acid, and then
conduchutgx bdd ) 4 ecluapdwmnd anftl tare ejemer=l | Hormild hECXIK ecis ve group by
hydrogenation in the presence of a transition netal catalyst such as
PdBC,égp- -C or Pd(OH)2, a cycl ohexanone derivative (2-A) can be

pr odu d? (2-A) 15 (wherein, the ring A, RL and ML are as

descri bed above).

oc:H3 (CLXIX)

(wherein, R represents the same meaning as in (I))
Furthermore, reaction of the formula (CLXV) with the
formula (CV), followed by hydrolysis under acid conditions,
10 and a subsequent isomerization under basic conditions yields a

compound represented by the general formula (CLXX).

CHO .OO OCH, (CLXX)

Reaction of this compound with the general formula (CXX)

yields the general formula (CLXXI).

) .QO OCH, (CLXXI)

(wherein, R' represents the same meaning as in (CXX)). At

15

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
20 general formula (CXX), any desired alkenyl group can be

produced. Deprotection cf the phenol group of the general



By applying this conpound to the production method for the conpound 0 JAN 2004
represented by the general fornmula (h), a tetradecahydrophenant hrenone
(2-B) can be produced. Moreover, subsequent reaction with an

organonetal lic reagent 3 U JAN 2004 131 incorporating a ring Cyields an

al cohol (2-C). By dehydrating this ]c%(?mound in the presence of an acid
catal yst such as p-toluenesul fonic acid, and then performng a

hydr ogeperibh (GLEXRe) presthr cgoneral rfpenel an(Gethl) ctEYst 5 such as
Pd-C, Rh-C, Pt-C or Pd(OH) 2, a conpound (2-D) of the general forrmula (I)

can benpdeshiEsflic (Zcid)of 218 1120 ¢2efds Ghd gdded2t Riorfugerei n, the
ring A, the ring C, RlL, R2 and M2 are as described above) 10 7-5.

Produchﬁeﬂ¥f£ general formula (3-C) (in the case in which at |east one
of n a )1, and L' and L2 are single bonds or CH2CH2, although at
| east one is a CH2CH2 group) In general, these conpounds can be produced

by using the re.aits;shomn bel ow i nstead of using the organonetallic
L0

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

826

OH  (CLXXIl)

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

15 corresponding compounds with a 1,2,3,4-tetrahydrophenanthrene
skeleton can be produced. Similarly, by using the general
formula (CLXXIIT) instead of the general formula (CXXXVI),
corresponding compounds can be produced.

6. Production of the general formula (I) in which the ring B

20 comprises a 1,2,3,4,5,6,7,8-octahydrophenanthrene skeleton

Reaction of a compound represented by the formula



15 reagents RRM or R -M described in (1) above. GCM MC C CH2CH5IBPlb{’€§lmml
Ph3P=CHH>C 3 O JAN 2004 132 (wherein, thering A thering C R, R, M

and M2 are as described above). The equati ons bel ow show an exanpl e of a
production method which utilizes the same internediate (2-B) used in the

5 production of the aforenentioned d@dpound (2-E). (2-B) -HyO CSC H2 (3

A OH (3-B) (3-C) wherein, thering A thering C, RlL, R2, and M2 are as
descrigrxkxabove) . In other words, reaction of the 10

t et radecahydr ophenant hrenone (2-B) with an organonetallic reagent
(acetylide) incorpesating a ring C yields an alcohol (3-A). By

dehydrating thi d in the presence of an acid catalyst such as

i S
p-tquenesuMueélayggi arOH t {SXXIer f ormi ng a hydrogenation in the

presence of a
with hydrogen in the presence of a metal catalyst such as

palladium, ruthenium, or platinum causing a partial reduction

5 of the aromatic rings, yields the formula (CLXXV).

<o o

.- 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).

O; (CLXXVIN

(wherein, R represents the same meaning as in (I)). Reduction
15 of the double bond within this compound with hydrogen, in the
presence of a metal catalyst yields a compound of the general

formula {CLXXVIIT).

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



15 such as Pd-C, Rh-C, Pt-C or Pd(OH)2, a conpound (3-C) of the geneégHAsz‘

formula (1) can be produced. In a simlar manner, 5 0 JAN 2004 133 (2-B)
(3-D) CHCHzZ (3-C) (wherein, thering A thering C RlL and R2 are as
descri bed above) reaction of the tetradecahydrophenant hrenone (2-B) with
a5 Wttig reagent incorporating a ridg C yields an olefin (.3-D). By
perform ng a subsequent hydrogenation in the presence of a netal

cat al ysdpsatadt aisoPh €, t e GompethdriPd{HeH) e seromrpafireh {3i-dC) of the
general formula (lI) can be produced. In addition, production of the

1 Bhar s RGP i e e (R R0 ng A e i b

C, Rl and R2 are as described above).

e Oguyes

(wherein, R represents the same meaning as in (I)). By using
5 the thus obtained general formula (CLXXIX) instead of the
general formula (CII) in the aforementioned production methods
for compounds of the general formula (I) comprising a
tetradecahydrophenanthrene skeleton, corresponding compounds
with a 1,2,3,4,5,6,7,8-octahydrophenanthrene skeleton can be,
10 produced.
7. Production 1 of other compounds of the general formula (I}
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)

15 These compounds can be produced in the manner described
below.
W W w
R-M R-M |
1-14) (1-1B) 1-10)

(wherein, W represents -CH,CH,~-, -CH=CH-, or -CH,-, X and Y
each represent, independently, a leaving group such as

20 chlorine, bromine, iodine, a p-toluenesulfonyl group, a
methanesulfonyloxy group, or a trifluoromethanesulfonyloxy

group, R and R' represent an alkyl group or an alkenyl group,



In other words, reaction of the 1 0 JAN 2004 134
t et radecahydr ophenant hrenone (2-B) with nethoxynethyl ylide and
subsequent hydrolysis yields an al dehyde (3-E). Reaction of this

conmpound with a Wttig reagent
(3-F).
met al

(I-3b
as a hal ogen or a cyano

50 JAN 2004

incorporating a ring C yields an olefin

By perform ng a subsequent 51@ydrogenation in the presence of a
catal yst such as Pd-C, Rh-C, Pt-C or Pd(OH)2, a conpound (3-0C
represait ed byd Mherganayalt formedsl (0 metalbeqrtadirciaty feouds asluek i on of
ot her conpounds of the general formul a (I) 8-1. Production of

gener gl .M 39004 % (d01299) 1 10:800 gepaLal -LOLAYLASQEr o
fb%d(]}]‘l %%ﬂ V?Iﬁ ]anepr esen?

'he case |n

mannera dmspdusst repalegented byakrogereralofjorrudl (422 X1 C ONH,

X

10

15

comprising a suitable leaving group, with an organometallic
compound represented by the general formula R-M!', in the
presence of a transition metal catalyst such as a palladium
complex or a nickel complex, yields a compound represented by
the general formula (1-1B), and by further reacting this
compound with an organometallic 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) cano
be produced.

The compound (l1-1A) can be prepared easily by known
methods. An example is presented below for the case in which
Y is either bromine or iodine.

GO -+ OO

T 2.RMgBr

l
0RO - 20w
D) 2 5O s RO

Furthermore, in the cases of compounds in which W

represents -CH,CH,- or -CH=CH-, production can also be carried

ar “group such
group) These conpounds can be produced in the

1-10



50 JAN 2004
I'S

c 1-7 F (wherein, R and X1 represent the sane neaning as in (l), Xz
defined in the sane manner as X1 in (1), R represents an al kyl group,
and X represents iodine or bromne) 5 An enanmine (1-2) is first prepared
by reaction of a ketone (1-1) with_a secondary am ne such as norpholine
or pyrrolidine (a). Reaction of thil¢%nanine (1-2) with methyl vinyl
ketone, followed by a cyclization under acid conditions vyields an enone
deri vanitvaising dheugotpen o methasy sdhigwsn b@ leW3AN 2004 136 produces an
oct ahydr ophenant hrone (1-3) (b). Reaction of the conpound (1-3) with an

organonetal l'ic reagent (R-M (wherein, represents a netal containing
group such @.l\m;,+ NG | 5 i B = subsequent dehydrati on
of the thus tained 5 al ol h an gci.d catal y§ such as

p-tquenesJ*fonic acid yiel'ds an olefin der¥Bitive (1-4) (c).
Hydr ogenation of this conpound in the presence of a netal catalyst such
as Pd-C, Rh-C, Pt-C or Pd(OH), yields an octahydrophenant hrene

derivative (1- (e). Follmw ng sub uent conFeysion to a 10 hal ogenat ed
conmpound (1_%&51_013. e @!@ it M—Eﬁ’aﬁd @qﬂi ne or bromne (g),
subsequent r&ake¥@n wi t h—a corfpound such as“Potassi um fluoride produces
a fluorine derivative (1- 8 (h). Alternativelﬁ@ t he conmpound (1-8) can

be derived . )
(wherein, R and R' represent the same meaning as described

above)

5 In other words, cross-coupling of 2 different
benzaldehy&e derivatives using a titanium tetrachloride-
pyridine”complex yields a stilbene derivative represénted by
the general formula (1-1D). Photoisomerization of this
compoundrfollowed by an oxidative thefﬁal cyclization produces

10 a compound represented by the general formula (b). By 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
represented by the general formula (a) can be produced.

7-2. Production of general formulas from (I-3ah) to (I-3ap).,

15 and general formulas from (I-3be) to (I-3bh)

These compounds can be produced in the manner described
below.

In the case of compounds represented by the general
formulas (f) or (g), these compounds can be produced by

20 partial hydrogenation of the compound represented by the



directly fromthe compound (1-6) in a single step by using 15 met aldi{ AN 2004
lithiumand a fluorination agent such as MEC-31. Furthernore, reaction
of the phenanthrenone (1-3) with a Wttig reagent (CH3OCH=PPh3) and
subsequent hydrolysis yields an al dehyde (1-5) (d). Reaction of this

al dehyde with a Wttig reagent (RCIJQISPhB) yields an olefin (1-12) (k).
20 Hydrogenation of this conpound in the presence of an acid catalyst
such s&emegad deapivds divdiraddseest ithe donpdurtdie Brepence wiéh L is an
et hyl ene chain. (1). Furthernore, reaction of the conpound (1-6) with
oxal yle @ingihtQloriaedall R&ddikast ishcH e pressnea—ef, dtlewicy @ta(dqe@azt.al yst
such as al um num 30 JAN 2004 137 chloride yields an-acid chloride (1-9)
(f), which on sequen':méeacti on wth,amoni a yi el an am de (1-10)
(i), and b er for gha dehydr3 \ uUgin s@%’ id or
phosphor usR)cI) 0%2? a cyano o‘émr/|ti B?L-,l%l S%r oduced (j).
8-2. Production @ general fornulas frgm (1-3ah) to (¢r3ap), and general
formulas from (I-3dh) to (I-3dp) (in the case in which Z represents a

pol ar (Gledien fEeat) &8 AePPbogRbsOthd €XMBOasJRO&Rd RO tHEesanomounds can
be produced in the manner described below 3 0 JAN 2004 138

5 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
general formulas (d) or (e), these compounds can be produced

in the manner described below.

f CI-];OIOI 0(}]! 0 o PFA = O
1)‘&’) Xl N o @? > 1 i'(,
R Buli 1 R B

R

(1-2A) (1-2B) (1-20)
H,
o e SO g
/! Rl N(CHy); Buli
(1-2D) (128
R R R
H H. H.,' S
H,0 '- HSCH,CH,SH
N —_—— HO - SJ
rl N(CH;), rl BF;EL0 rl
(129 (1-2G) (1-2H)
R
H.
RaneyNi /@5}
e H
rl
10 (d

(wherein, R', R® are as described above. X' and X’ represent
chlorine, bromine or iodine.)

In other words, reaction of the benzyl halide derivative



HO2C 2-3 2-1 h xi a OCH3 k C10C 24 2-2 CHOH P R " U OCF3 2-9 OO—SISO %NBZBU‘
F (wherein, R and Xl represent the sanme neaning as in (l), and X2 1is
defined in the same nmanner as x' in (1)) Conversion of a naphthylacetic
acid derivative (2-1) to 5 an acid chloride (2-2) using thionyl chloride
or the like (a), and subsequent redé®on with ethyl ene gas in the

presence of a Lewis acid catal yst such as alum num chl ori de produces a b
d 2 -5represented 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 (l1-2B), and
subsequent cyclodehydration using phosphoric acid or sulfuric
5 acid yields the encone represented by the general formula (1-
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
10 reaction with an alkyl or allyl halide. By converting the
carbonyl grouprﬁroduced by hydroiysis to a dithiane
derivative, for exampie, and then performing a reduction with
Raney nickel, compounds of the general formula (d), including
the general formula (I-3ah) and the general formula (I-3be)
15 can be produced.
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

20 described below.



2-6 2-7 3 0 JAN 2004 139 tetrahydrophenanthrene (2-3) (b). Next, inJigheN 2004
sane manner as described above in section (8-1), reaction with an
organonetal lic reagent (R-M (wherein Mrepresents a nmetal containing

group such as My, MyBr, MI, Li or B(OH 2), and 5 subsequent

dehydration and hydrogenation, folloved by elimnation of the protective
group with hydrobromc acid or the like yields a conmpound (2-4) (c).

React i on of ms conmpound with a fluorination age?t (such as F- TEDA- BF4)
produceg a c ound ( 2- 5) gY) . 4F Ik {:Hreactl fluorination

agent ( h_dS_E)AST)N;;” LMUQ}_,Q undw@e Reduct i on

of thi onpound |n" presence of a ter@ ﬁm ne such as

tri et hylg@dni ne usi n@-d - Pd-C catal yst enabl

di f | uorpigt r ahydr ophefathrene derivative (2(1-73p)to be produced (f). 15
I\/breover treatment of the conpound (2-7) with n-butyl [|ithium and
subsequent reactl on with a fluorination agent (such as NFSi) enables the
producti on of t hfl uor ot etrahydro nant hrene derivative gk-B) (g).
Furtherrm "'react?xﬂamw t O conp (2-4yNd th &80 fh_" nation agent
(such as - 31)y—yt+retds—a 2-9) — (wherei n0g 3

hydr ogey¥ oH) (h). Conversiong tHi s conpound to a @t Izﬂe (2-10) by
reaction (Y\-@lg)h 1-38) (136

Rl
_LHA REM H[H)
T2.N08 ENE ; TsOH - ‘@¢
H

3.PdH;
(1-3G) (1-3H)

(wherein, R', R’ and M’ are as described above) .
In other words, conversion of the cyclohexanone

défiﬁative represented by the gener%l formula (1-32) to an

5 enamine, and subsequent reaction with 3-buten-2-one yields the
diketone (1-3C). Cyclization of this compound through a
Robinson cyclization, and a subsequent reaction with 2-(2-
bromoethyl)-2-methyl-1,3-dioxolane, followed by a Birch
reduction, an aldol condensation, and a second Birch

10 reduction, yields the phenanthrene derivative represented by
the general formula (1-3H). Next, an R’ group is introduced by
reaction with an organometallic reagent R’-M?, and a
dehydration is carried out in the presence of an acid catalyst
such as p-toluenesulfonic acid, and by then performing a

15 dehydrogenation in the presence of a transition metal catalyst



trifluoronethanesul fonic anhydride (i),
cuprous cyani de using a palladiumconplex as a 5 U JAN 2004 140

enabl es a cyano derivative
conversion of the conmpound

and subsequent

(2-11) to be produced (j).
(2-9) to a sodiumsalt

30 JAN 2004

reaction with
cat al yst
Furt her nore,

usi ng sodi um hydri de

or the like, and subsequent reacti ont4f t h S-ethyl chl orodithi ocarbonate

produces a dithi ocarbonate

5 ester.

Fl uorination of this ester

using a

hydr og8Ach| asr PdeC, nBha@i nBtcOnpr eRd 6PH1 he qompeougisshlods thiee genedadt i on of

a trifluoronmethoxy derivative (2-12) (k).

B-3. Production of general

fornul agrhfi @ (hy3abhcl@dihg 368}, geRdfaDereFmbh14 of MU as) f rean (be 3da) to

(1-3db) (in the case in
hal ogen onLudagyano
descri BEQ9U68Fow. 3-1 34 R

CO X 3-2 3-5 b 3-3 3-6

10 which Z represents a polar group such as a
group) These conpounds can be produced in the manner

In the case of compounds represented by the general

5 formula (i), production can be carried out in the manner

described below.

/‘O
@ D ‘o* o~ wgie KMnO,
OHC CHO DI OHC CHO
OH OH
(1-3D
\/\§:%(\' lH W -
HO,C 00 T hHoc COH
0 O
(1-3]) 13K
o 0 — ) o D MeSiQ 0 0
OH OH 0 2) n-BulLi 0 2
3)REX
1-3L) 1-3M (1-3N)
DHENNE, ¢ 1) Me;SicCl o
N R Rl R R
(1-30) (1-3P)
1) HNNH,
S B
DI R R

{wherein, R'

(i)

, R and X are as described above)

In other words, reaction of phthalaldehyde with 3,3-

10

carbon atoms by six,

ethylenedioxypropylmagnesium bromide increases the number of

forming an hydroxyaldehyde derivative (1-



OH 15 (wherein, R represent the same neaning as in (1), R represenyf FRN 2004
al kyl group which may be substituted, and X represents a chlorine ato%1

a bromne atomor an iodine atom. Acylation of 9,10-di hydrophenant hrene

in the presence of alumnumchloride or the like (3-2) (a), and

subsequent 20 reduction of the carboh¥$ group using zinc amal gamor the

like 3 0 JAN 2004 141 produces a nonoal kyl conmpound (3-3) (b).

Hal ogedati.onOsfidahien obnpbisdcompognd wethl aorcaidtzahgsabénassach

catal yst yields a conpound (3-4) (c). Reaction of this conpound with

sodi u ' [ ce; a . GU s,iodide 5
o oducss BoRathosy Borfenpataeoshifled EREClURbaaLbt. T L RERS (12 g
hydrochl oric acid _or hydrobromc acid or the |ike produces a conpound

(3-6). 38y eAPRoyEARCERR sQheth®r GATEPTBL HEPHBESPHe3ERT haBahGBREOT N
section (8-2), this conpound can be converted to .a variety of

deri vatheetiké yepidsenhedchybbiplienachtt {orBK)a (Eycl8ddnyfradushi on of
general formulas from (I1-3ba) to (1-3bd), general fornulas from

(1 -g3da) s 41 38Hs s ARG PEN I f - | -3gd) (in the

case insﬁﬁgcé %?gep?égeﬁts §§9%0¥§? rgﬁpngQQ}gé ggﬁglége%h%rgék%yano

group) 15 These conpounds can be produced in the manner described bel ow
produces the octahydrophenanthrene dione derivative

represented by the general formula (1-3L). Next, following
protection of one of the carbonyl groups, a substitutent group
R’ is introduced via a silyl enol ether for example. By then

10 removing the protective group, and using a similar reaction to
introduce a substitutent group ﬁl'to the opposite side of the
molecule, compounds of the general formula (i), including the
general formula (I-3ae), can be produced.
7-4. Production of general formulas from (I-3ca) to (I-3ct),

15 general formulas from (I-3da) to (I-3dp), general formulas
from (I-3ea) to (I-3em), general formulas from (I-3fa) to (I-
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 L? are single bonds)

20 In general, these compounds can be produced by using
compounds represented by the general formulas shown below

instead of using the organometallic reagents R-M' or R'-M? or

the halogenated compounds R'-X' or R*-X? described above,



f OH 4-1 4-2 OCH3 4-3 Dibronination of the 9, 10-di hydrophenant hrene3 0 JAN 2004
derivative (3-4) described above in section (8-3) with N bronosuccinimde
20 in the presence of a peroxide, and subsequent dehal ogenation b 3 0 JAN
2004 142 wusing zinc or sodiumiodide enables the production of a
conpound (4-1) (d). This conpound cddbe easily converted to a hydroxy
derivative (4-3) using the nethod descri bed above in section (8-3)

(e-f). In o@n by oy Rg the sanme 5 production net hods descri bed
above in sectiteth (8-2), th conpound (4-3) can be converted to a variety
of derivatives represented by the general forrmula (I). 8-5. Production
of general formylas fromyl~3bi) to (1-3bu), .."'and general fornulas
from (I-3ge¥ ‘5’ K- 3gu) %i case in 10.. which Z represents a polar
group such as a halogen or a cyano group) In the case of conpounds wth

a fluorenerske etigd £idg)a ald QHECtH Yy can-diradievatt [ dhrd endBeY
descri bed bel ow. 5-1
as in (I), and R', R}, M!, M’, X' and X’ are as described above),
or alternatively by preparing the corresponding ketones or
5 aldehydes in advance. For example, as shown in the equations
below, by reacting l,4-cyclohexanedione monoacetal with an
organometallicﬁ;eagent incorporating a ring A, subsequently
performing a dehydration in the presence of an acid catalyst
such as p-toluenesulfonic acid, and then conducting a
10 reduction apd an elimination of the protective group by
hydrogenation in the presence of a transition metal catalyst

such as Pd-C, Rh-C, Pt-C or Pd(OH},, a cyclohexanone derivative

{(2-A) can be produced.

r! Mt
00— e DO e @O0

2-A)

15 (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
tetradecahydrophenanthrenone (2-B) can be produced. Moreover,

subsequent reaction with an organometallic reagent



5-4 d 5-2 5-5 b OCH3 5-3 e 5-6 OH 15 Using fluorene (5-1) as a staruigngn 2004
mat eri al and using the nethods described above in section (8-3), a

hydroxy derivative (5-6) can be produced easily (a-e). In addition, by
enpl oying the sanme production methods descri bed above in section (8-2),

t he conpound (5-6) can be converted ¥3d a variety of 20 derivatives
represented by the general fornmula (I). The descriptions above represent
only siigdrporitiats Hfrindk OB JANRWUcdHS]. @-atluci ry t he conpounds of
the present invention, and conpounds of the present specification can

also b r ced hy . ot ods. e | V. I

or of el HRay i ad e S o R O B R A

m xture with a conpound represented by the general fornula (1), then in

a conpusth iah Drivviurnepil il prazht 4 dpieprperforming a
hydrogenation in the presence of a transition metal catalyst

5 such as Pd-C, Rh-C, Pt-C or Pd(OH),, a compound (2-D) of the

general formula (I) can be produced.

M iy
RI~(Ay~ )0 --oomeeeee > R—(A) .. o—j@—»

2-A) @-B)
RS e (DI
2.0 OH 2-D) _

H, 1 (O 7
— K<)~ O OA¥®

2-B
(wherein, the ring A, the ring C, R', R?® and M’ are as
described above)

10 7-5. Production of general formula (3-C) (in the case in which
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

15 reagents R-M' or R'-M’ described in (1) above.

RL{ES}CEECWF thEEC*CD}R?
R'—( A )- CH,CH=PPh, PhyP=CHH,C~ C - R*



al t hough at | east one type of conpound represented by the general

formula (1) is included as a first conponent, it is preferable that“’-mN 2004
at. | east one type of conpound fromthe second 10 through fourth

conponents described belowis also included. Nanely, the second

conponent is a so-called fluorine sh%tem (halogen, systen) p-type liquid
crystal conpound,,and conprises a conpound represented by the general

f or mul shére¢in, tthe AIng Homrtle Dimg L a RAl R°a MABNd #°aare ag of r

| ...1 a (A3) wherein Rb represents an al kyl group of | to 12 carbon

at ons, d¥bEEHERYa R, &f L her a straight chain or contain methyl or ethyl
branches may contain a 3 to 6 nenbered ring structure, may have any

particul ar - CH2- structure thin the 20 gro pl aced by a -0-,
- CH=CH-, -(?r.h-—?:r—equa ]\'M TRV AN e’&%@flga?rﬁ W%ﬁ‘tf}e/tla‘?& particul ar
hydrogen atomw thin the 3 0 JAN 2004 144 group substituted with a

fl uorimetkovdmwivick vii¥izes otk ame noegmedd atwu@rB) rederhtichibhien al kyl
groups of 2 to 7 carbon atons, straight chain 1-al kenyl groups of 2 to 7

gﬁg:bonp?&?&@tioﬁtéﬁiﬂm A et detdty | cEHfP3Rsa Of 245§ 0 7 carbon at ons,
MC= [y
o ",4‘#'&.’ o C C<:> , R! ‘B’ "’!.’ CEC%C:}R?

2-B) @4 OH
0w Opeme@re o R DO
(3-B) -0 (

wherein, the ring A, the ring C, R', R?, and M’ are as
described above).
In other words, reaction of the
10 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
15 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,



5 al kyl groups of 1 to 5 carbon atons in which the termnal is 50 JAN 200¢
substituted with an al koxyl group of 1 to 3 carbon atons are preferred.
Furthernore, in those cases in which branching |eads to an asymetric
carbon atom either optically active conpounds or racem c m xtures may

be used. Ifl The ring A the ring B&®h the ring C each represent,

i ndependently, a trans-1, 4-cycl ohexyl ene group a trans-

decahydy opaphthal gAe- t r ampSHIREC B/l group d- phenyl e roup which
may beR[ -@ i @- 'Qh—one—orir@;r—er’f[{ . ,CECHz 1%

napht hal ene- 2, _gjyl group which may be substa@ ed 15 with one or nore
fluorine atons, a tetrahydronaphthal ene-2, 6- group whi ch may be
substituted with one or nore fluorine atons, 4- cycl ohexenyl ene group
whi ch may be substituted with a fluorine aton1 a

1, 3-di oxane-trans- 2, 5- | group, a pyrimdine-2,5-diyl group or a
pyrldlnéﬁz ne®2, 5-¢i y 0-al jugh a trans-1, 4- cyclohexylene group, a
trans- decahydro- p $-2,6-diyl group, a naphthal ene-2, 6-

di yl group which may bagsubstltuted with a fluorine atomor a

1, 4- phenyl ene group which may be substituted with one or two fluorine

at ons piRePELh Cr €8s rBagtAL URé | ¥ih§ ¢hoge aease3 dfe JAN d884riYdd whi ch
the ring Bis a trans-1,4-cycl ohexylene group or a

trans- % cahYdronaphthaIene trans-2,6-diyl group, it is preferable that
the ri § S atrans-1,4 cyclohexylene group, and in those cases in

which the ring Cis a trans-1,4
reaction of the tetradecahydrophenanthrenone (2-B) with a

5 Wittig reagent incorporating a ring C yields an olefin (3-D).
By performin; a subsequent hydrogenation in the presenceﬁof a
metal catalyst such as Pd-C, Rh-C, Pt-C or Pd(OH),, a compound
(3-C) of the general formula (I) can be produced.

In addition, production of the compound (3-C) can also be
10 achieved in the manner shown below.

1. PhyP=COCH,
R-@ {4 0 P - Ry cmo

(2-B) 3-B

phyp=cC) K

- ® D cnen(D

3-H

S DO
R OGa®asOds
30
(wherein, the ring A, the ring C, R' and R’ are as described

above) .

In other words, reaction of the



5 cycl ohexyl ene group or a trans-decahydronapht hal ene-trans-2, 6- diﬁU~Msz4
group, it is preferable that the ring B and the ring A are
trans-1, 4-cycl ohexyl ene groups. Furthernore in (A3), it is preferable

that the ring Ais a trans-1, 4-cyclohexylene group. 10 L a, L' and L

are |inkage groups, and each represe ? i ndependently, a single bond, an

et hyl ene group. (-CH CH -), a 1,-2- roPerne group (-CH(CE3)CH2- and

- CH2CHEefr3dgcahydraphengit by epengr bgp}? -k methexymethyd-ylideoo- 1

-CH=CH, -CH=CF-, -CF=CH, -CF=CF-, -C=-C or -CH=NN=CH, although a
Si ngl eah@nglubdéqaenet yd ooty gt oupieddd, 4n baldeleyde gr DUD) . - REXctiORF2_1
-CF20-, -CF=CF- or -C=-C are preferred, and a single bond or an

et hyl e p t | s ir jt i ferabl e
that oof) ALY PoBhoRR b IS WLEERL BRafent AR SRS Ao ' § 08 65 01
t he |inkage groups in (g%tare single 20 bonds. The ring Z is an aromatic
ring, dReldanapeclebivseitBl- byBY t Perfemeiig 3 ctyRFEUE¢NE) to (Lc) shown
below. 3 0 JAN 2004 146 (La) Y wherein, Ya to Y3 each represent,

i ndeperg@nddanatiomylhi oges wiosendce aof | alafiéte]l atralwdt hough 49 (La) it
is preferable that at |east one of Ya and yb is a fluorine atom 5 and
in (Lbﬁdlé,iﬁhfﬁgfﬁ%fﬁﬂé%t$§¥oﬁfuj%@%%d%gﬁngf(gchorggﬂéiéﬁted by
the general formula (I) can be produced.
8. Production of other compounds of the general formula (I)
8-1. Production of general-formulas from (I-3dd) to (I-3dg),
10 and general formulas from (I-3be) to (I-3bh) (in the case in
which 2 represents a polar group such as a haldgen or a cyano
group)

These compounds can be produced in the manner described

below.



fluorine atom wth the structure in which yd is a fluorine atornbépn@"’lmml
particularly desirable. The term nal group pa represents a fluorine atom

a chlorine atom a trifluoromethoxy group, a difluoronethoxy 10 group,

or an al koxyl group, al kyl group, alkenyl group or al kenyl oxy group of 2
or 3 carbon atons substituted with &3%rifluoronethyl group or a

di fl uoronethyl group or 2 or nore fluorine atons, although a fluorine

atom a trifluoromethoxy group of—a af f | uor omet hoxy group are preferred,
and a fluoring mis, paanﬂd{%€§Z desirabl e. Furthernore, conpounds
of the general f a-{+Hr—ef the ent invention are not included in

(A2). The third co ent is a so-ral Ked cyano systemp-type liquid
crystal conpound,l-land conprises a conpound represented 20 by the general
formulas (Bl) to (B3) shown below. |30 JAN 200 R (B3) wherein R represents
an al kyl group of 1 to 12 carbon twns, which may be either a straight
chain or contain nethyl or ethyl Qranches, may contain a 3 to 6 nenbered
ring 5 structure, may have any particular -CH - structure Wthin the
group replaced b ¥-, -CH=CH OHECF-, ¢ OF=CH, -CReCK or -GG,

y i C p replaced with
a fluorine atonror &<(yifl uoronmettox xgroup, alth %gight chain
al kyl groups of 2140 carbon. :. -3 14

k
" x! x!
g OGee 00
2 32
R/ e 19 X 16 X

x! X
" o -0+
tu X 1g X
(wherein, R and X! represent the same meaning as in (I), X* is
defined in the same manner as X' in (I), R' represents an alkyl
group, and X represents ilodine or bromine)
5 An enamine (1-2) is first prepared by reaction of a
ketone (1-1) with a secondary amine such as morpholine or
pyrreolidine (a). Reaction of this enamine (1-2) with methyl

vinyl ketone, followed by a cyclization under acid conditions

yields an enone derivative, which upon a Birch reduction



10 atoms, straight chain 1-al kenyl groups of 2 to 7 carbon atons, 30 JAN 2004

strai ght chain 3-al kenyl groups of 4 to 7 carbon atons, and al kyl groups

of 1 to 5 carbon atons in which the terminal is substituted with an

al koxyl group of 1 to 3 carbon atons are preferred. Furthernore, in

t hose cases in which branching 15 | édfls to an asymmetric carbon atom

either optically active conpounds or racem c m xtures nay be used. The

ring prddiwed g batrahidmphangrE heaote ridprdsdit),. iRededmdentf] thea

trans-1, 4--cycl ohexyl ene group, a trans-
S

decahy | ene-tar -2, 8- di , i en :QuUP whi ch
may béghﬁggﬁﬂ%ﬁﬁégﬂmf{tﬂg%g?égx%%¥gm%%ﬁggfhgE%gégﬁgﬁmgMg QU%QIQQQH

napht hal ene- 2, 6-diyl group which nmay be substituted (Bl) 147 (B2) 3 0 JAN
- 20041 mEpregant sofe Wt aoPTAIGENE FRVR SUEh &% 0@ rh A9de- 2, 6-
diyl group which may be substituted with one or nore fluorine atons, a
1, 4- cyed exH ) )gne ghaupubbeghenmaydbiydubstiohubedthai thua bdbtaihad at om

a 1, 3-di oxane-trans-2,5-diyl group, a 5 pyrimdine-2,5-diyl group or a

P R R N o R G T A

diyl group which may be substituted with a fluorine atomor a .
1. 4 pHEMA 1y RIS WMhiGST YIRS 8 St tlitled YT GBSt this

compound in the presence of a metal catalyst such as Pd-C,
Rh-C, Pt-C or Pd(OH), yields an octahydrophenanthrene
derivative (1-6) (e). Following subsequent conversion to a

10 halogenated compound (1-7) using metallic lithium and either
iodine or bromine (g), subsequent reaction with a compound
such as potassium fluoride prodﬁces a fluorine derivative (1l-
8) (h). Alternatively, the compound (1-8) can be derived
directly from the compound (1-6)} in a single step by using

15 metallic lithium and a fluorination agent such as MEC-31l.
Furthermore, reaction of the phenanthrenone (1-3) with a
Wittig reagent (CH,0CH=PPh,) and subsequent hydrolysis yields
an aldehyde (1-5) (d). Reaction of this aldehyde with a
Wittig reagent (RCH=PPh,) yields an olefin (1-12) (k).

20 Hydrogenation of this compound in the presence of an acid
catalyst such as Pd-C enables production of the compound (3-C)
in which L is an ethylene chain. (l). Furthermore, reaction
of the compound (1-6) with oxalyl dichloride or the like, in

the presence of a Lewis acid catalyst such as aluminum



. . . _ S0 JAN 2004
10 fluorine atons are preferred. Particularly in those,cases in which

the ring Eis a trans-1, 4-cycl ohexyl ene group or a

t rans- decahydr onapht hal ene-trans-2, 6-diyl 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 a trans-1,4 1B%ycl ohexyl ene group or a

t rans-decahydr onapht hal ene-trans-2,6- diyl group, it is preferable that
the riopglérade vhelds ngn Bachdechlemsdd, dl€yrl ohexyweneh grroups.
Furthernore in (B3), it 1is preferable that the ring Dis a

trans-1,4s §¥eé QP exYA 0 on K PHR- akfobfla +ferid 44 Shfad | PKkage) or pyps. and

each represent, 1ndependently, a single bond, an ethyl ene group

& 1, aa0d [y Ve RGN LERCR S T AP ANG (R BNriGAOE OF - GH-Cr!
-CF=CH, -CF=CF-, -C=C, -0OCH2-, -CH20O - or -CH=NN=CH-, 3 0 JAN 2004 149
al t houghespiso ngs eobprid] oahde) hy | eynengroempi vatiiee | ( :-O02-dan -K&20
-CF=CF- or -C=C- are preferred, and a single bond, an ethylene group or
a - riicularly desirable. Furthernore it is preferable that at
| east ﬁgé'g?g?hggﬁ | i nkage groups in (B2), and at |east two of the

| i nkage groups, in (B3) are single bonds. The ring Y is an aromatic ring,
and cafbe FTepieckitRCbyIered hehr B L35 iAMs( ¥ 1380k 9 L65-38RWwmn bel ow.
(Ld)

and general formulas from (I-3dh) to (I-3dp) (in the case in
which 2 represents a polar group such as a halogen or a cyano
group)

10 . These compounds can be produced in the manner described

below.



10 wherein, yk to YJ each represent independently a hydrogen. atom 50 JAN 2004
fluorine atom although in (Le) it is preferable that Y and Y are

hydrogen atons. The term nal group Pb represents a cyano group (-CN), a
cyanato group (-OCN) or a -C=CCN group, although a cyano group 15 is
preferred. Furthernore, conpounds oflithe general formula (1) of the

present invention are not included in (B2). The fourth conponent is a

non- pol ar Iiﬂﬂﬂﬂ ceystal  conmpoundCiog h the d|eIectr|c ani sotropy is
a val ue cl ose db anad conprrs ndbrepresented by the
gener al fornulas ( C3) shown bel o N 2004 150 e (C3)

wherein Rd and Pe eagh represent i ndepengently, an alkyl group of 1 to
12 carbon atons, which rmay be either a straight chain or contain nethyl
or ethyl branches, nay contain a 3to 5 6 nmenbered ring structure, nmay

have any partic - CH2 structure\M(*wrrthe group replaced by a -0-
CH=CH K6 - and _may have any particul ar
hydrogen a?;.r:n ?gtgroup sub (J vvlth a flporine atomor a

yl groups of 1 to 7
d/ carbon atons,
, Straight chain

trrfluoronethoxyzgroup, al t hough stra%@ht 10 chain al
carbon atoms, straight chain, 1- alkenyl groups of 2t
strai ght chaln 3- to 7 carbon ato
al koxyl

28 F
(wherein, R and X' represent the same meaning as in (I), and X*
is defined in the samne manner as X' in (I))
Conversion of a naphthylacetic acid derivative (2-1) to
5 an acid chloride {2-2) using thionyl chloride or the like (a),

and subsequent reaction with ethylene gas in the presence of a

Lewis acid catalyst such as aluminum chloride produces a



groups of | to 3 carbon atoms and straight chain alkyl groups of 13{alA 2004
carbon atons in which the termnal is substituted 15 with an al koxyl

group of 1 to 3 carbon atons are preferred, and noreover, conpounds in

whi ch at | east one of Rd and Pe represent a straight chain al kyl group

of 1 to 7 carbon, atoms, a straightlxhain 1-al kenyl group of 2 to 7

carbon atons, or a straight chain 3-alkenyl group of 4 to 7 carbon atons
are 20tparihgdtraphyndeshreadd e(2Ihe (bpg Gerthe in ngthdd sdoe mamged a&nd the
ring J each a (C2) SO JAN 2004 151 represent, independently, a

trans-1,4- h n ; . .

trans- e%%ﬁ%%%%n%%%%%af%%%g#ggﬁg-&?6%51y{e%ﬁ%ﬁﬁf %f?ﬁzﬁn|ohenylene group
whi ch may be substituted with one or two fluorine atons or nethyl

gr oupsOT GaRRIpRt bl bher eagent yi Ryl bupveidi k1 mgpIRsenisstd tg@edl wi t h one
or nore fluorine atons, a tetrahydronaphthal ene-2,6-diyl group which may

be subséhtai®ihg Wibupnsush dswauddtLprMe®r A, I8 loxt-EHsH phexamyl ene
group which may be substituted with one or two fluorine atons,.a

1, 3-di oxane-trans-2. 5-diyl gr , rlm.di ne- -diyl.group 10 or a
pyri di %%?5?%13%?%d%?’i%%%y%?rgh%ﬁtghhﬁp%%%@%%on%ouzfnoi]id(%‘yel‘qsgD%r ef erabl e t hat
there be no nore than one trans- decahydronapht hal ene-trans-2, 6-diyl

gr oup, ehiipit el @mee D, Bbe RIPLRF LS VT RYP it by anie R4 PHne or

nore fluorine atons, tetrahydronaphthal ene-2,6-diyl group which may be
the like yields a compound (2-4) (c). Reaction of this

compound with a fluorination agent (such as F-TEDA-BF,)
produces a compound (2-5) {(d). Further reaction with a

10 fluorination agent (such as DAST) yields a tetrafluoro
compound (2-6) {(e). Reduction of this compound in the
presence of a tertiary amine such as triethylamine using a v
Pd-C catalyst enables a difluorotetrahydrophenanthrene
derivative (2-7) to be produced (f).

15 Moreover, treatment of the compound (2-7) with n-butyl
lithium and subsequent reaction with a fluorination agent
{such as NFSi) enables the production of a
trifluorotetrahydrophenanthrene derivative (2-8) (g).
Furthermore, reaction of the compound (2-4) with a

20 fluorination agent (such as MEC-31) yields a compound (2-9)
(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



15 substituted with one or two fluorine atonms, 1,4- cycl ohexenyl ene b@dﬁ%zmu
whi ch may be substituted with a fluorine atom

1, 3-di oxane-trans-2, 5-diyl group, pyrimdine-2,5-diyl group or

pyridi ne-2,5-diyl group, and that the other rings in such cases should
preferably be a trans-1,4- cyclohexyléﬁe 20 group or a 1, 4-phenyl ene group
whi ch may be substltuted with one or two fluorine atons or net hyl

gr oupsatiedysith emadplles ar evlainek g igasdye, (dnd ldadle bepresemced (7).

i ndependently, a single bond, an ethylene group (-CH2CH2-), a

1,2- prf‘i’:%h"e%o%oul%o(m@i’(s@d%) gﬁ"th@“d:on?d%gd( Cgli&b {) tofal sbdiuth FAN 2004
152 butylene group - COO-, CH=CH, -CH=CF-,

e PR e TR IF ol AR S A,

-CF=CF-, -C=C-, or -CH=NN=CH are preferred Sand it is also preferable
t hat a;t—-elm cdmi@r@fdittﬂne'malrihmq:@ pgcdiwsesi @ @E2hiogadbanateast two of
the |linkage groups in (C3) are single bonds. Preferred forns for ()

cag befien esented ibhdike oFenefial ds@ePihas ngCathylde ogehnh)e 19w iel ow.
10°(Cfa) R9 (&G 9) N NR9 (CLh) o
melamine complex or the like enables the production of a
trifluoromethoxy derivative (2-12) (k).
8-3. Production of general formulas from {(I-3ab) to (I-3ad},

and general formulas from (I-3da) to (I-3db) (in the case in

10 which % represents a polar group such as a halogen or a cyano

group}

These compounds can be produced in the manner described

below.

RXL- RocH3 — >R @'@ oH

15 (wherein, R represent the same meaning as in (I), R’
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
aluminum chloride or the like (3-2) (a), and subsequent

20 reduction of the carbonyl group using zinc amalgam or the like



In each of the formulas above, Rf and Rl each represent, independeﬁtﬂl %N 2004
a straight chain alkyl group of 1 to 7 carbon atons, a straight chain

1-al kenyl group of 2 to 7 carbon atonms, a straight chain 3-al kenyl group

of 4 to 7 carbon 15 atons, a strai ght chaln al koxyl group of 1 to 3

carbon atons or a strai ght chain al I@I groups of 1 to 5 carbon atons in
which the termnal is substituted with an al koxyl group of 1 to 3 carbon
at ons,prmddummsgla atorcsddty omemgourid drdd3R9 (Irepr dedwaenatdaraiadhtthdifai n

al kyl group of 1 to 7 carbon 3 0 JAN 2004 153 atons, a straight chain

1-al ke‘&%ﬂ chrRiJFhsCif 4 Gk DAII0N TRINE st Bl Riadhil yehaiyt 3 kenyl

group o 4 to carbon atons. In those cases in which the rings G to G3
are aromatic the corresp ndi R e des 1-al ke roups,.and 5

al koxyFoRRBKE, (3fd i 4 X hog}éa&’é%gé’é1 Qﬁsc\ﬂl#’il@n GHEM §”1%l ETHE™ ar e
aromatic, the corresponding RO excludes 1-al kenyl groups and al koxyl

groupmet‘ﬁmcrdmgrﬁltmq)nd&enom@ﬂm sacia yspr egwit as iovgaearsddisdiye a
trans-1, 4-cycl ohexyl ene group, a trans- 10

deg ahﬁﬂf hal gngidd @i Rrdind  @-oup.( .1, suplserpiepte group which
may bé su stltuted W|th one or two quorlne atoms or rrethyl groups, a
naphthalene 2, 6- dlvhggrou i.ch .may 531 %} e O pre
f1 uor iTHedzg Sy H&Tﬁ{)ﬁ%ﬂaﬂﬁﬁ% YHI &H&fpa\ﬂ‘h ciPmay* e

substi t ut ed 15 with one or two fl uori ne atoms a 1, 4-cycl ohexenyl ene
group like produces a compound {(3-6). By employlng the same

production methods described above in section (8-2), this
compound can be converted to a variety of derivatives

10 represented by the general formula (I).
8—-4. Production of general formulas from (I-3ba) to (I-3bd),
general formulas from (I-3dgq) to (I-3du) and general formulas
from (I-3ga) to (I-3gd) (in the case in which Z represents a
polar group such as a halogen or a cyano group)

15 These compounds c¢an be produced in the manner described

below.

f
e G0 on
4-3
Dibromination of the 9,10-dihydrophenanthrene derivative

(3-4) described above in section (8-3) with N-bromosuccinimide

20 in the presence of a peroxide, and subsequent dehalogenation



whi ch may be substituted with one or two fluorine atons, a 30 JAN-2004
1, 3-di oxane-trans-2,5-diyl group, a pyrimdine-2,5-diyl group or a

pyridi ne-2,5-diyl group, although in each conpound it is preferable that
there be no nore than one trans 20 decahydronapht hal ene-trans-2, 6-di vyl
group, naphthal ene-2,6- diyl group vfih may be substituted mnth one or

nore fluorine atons, tetrahydronaphthal ene-2,6-diyl group which may be
substim$dmgiwﬁn¢1Qrmsqﬂiumwiddidﬁie&&bﬁaﬂﬁﬁhq”Fmodgmtbhexéhyiene gr oup

whi ch may be substituted with a fluorine 3'0 JAN 2004 154 atom

1,3-dig aa(w_ﬁ 5y Y| B IRpomYidd ddte-Be Ssadi W cAHRUA&] to
pyrldlne- 5 di yl group and that the other ring in ‘such cases should

D e oo AR S B S S Y B e o

groups. The r|ng & and the ring H2 each represent, |ndependently, a
t r ans-dedtiary cf HhexylenE) gr dup,additriors, ckaca&hwﬁ%niamwfaﬂ ereme r ans- 2, 6-
diyl group, a 1, 4-phenyl ene group which nmay be substituted wth one or

t fl ! : t
mmgch %&g&a@&%r&%ﬁﬁ&g c%’étchﬂ%%kpsab&elolrﬂ%%@”@&ﬁ dind group

or nore fluorine atons, or a
tetrah drona ht hal ene- 2 di oup which ~ be ubst ituted with
one or‘g‘?‘ﬂ\?)o‘f‘?‘f uotihe %ﬂ‘bgte "yorh‘f‘?qrh h-9 1ft €2 eaac‘ffyec VRt viSt erabl e
that there be no nore than one trans- decahydronaphthalene trans-2, 6-diyl
gr oup, rdpresgitdh| lmnetie cyetisgalyrionpmwkd chl hay be substituted with one

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
10.. which Z represents a polar group such as a halogen or a cyano
group)
In the case of compounds with a fluorene skeleton (IIe),

production can be achieved in the manner described below.

L x— > = =O-0em, —— r<(TH<O)-om

5-6
15 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). In addition, by employing
the same production methods described above in section (8-2),
the compound (5-6) can be converted to a variety of
20 derivatives represented by the general formula (I).

The descriptions above represent only sample methods of



or nore fluorine atons, or tetrahydronaphthal ene-2,6-diyl group whi &A JAN-2004
may be substituted with one or two fluorine atons, and that the other

ring in such cases should preferably be a trans-1, 4-cycl ohexyl ene group

or a 1, 4-phenyl ene group which 20 nay _be substituted with one or two
fluorine atons or methyl groups. TH&3ring G3 and the ring H3 each
represent, independently, a 1, 4-phenylene group which nmay be substituted
with areducing theuGompeusdsns fothee RS egitodpyent Logapflal ene- 2, 6- di yl
group which nmay be substituted with one SO JAN 2004 155 or nore fluorine

at ons cdpohirddd IoH KdeO paRidehdl epecd ficdition ghauplsi G Paydueed by
substituted with one or two fluorine atons, although in each conpound it

is preferable HQ%%;th re _be nQ re . t.han ha| - -diyl group
whi ch °r'f§9°’rbé“q§ St ?ﬁt &d rv%ptrﬁsorgﬁlé"%&rw%oree ﬁp&%ﬁ!&tge%gg%g%s&gg one
t et rahydronapht hal ene- 2, 6-diyl group which may be substituted with one
or twmematdd nd qricheryertefle cosnpousdss whaich Can bgn Wsedr dfr sent ed by t he
general formula (C2a) to (C2m shown below. (C2h) (C2i) 0 (C2j) 10 FV
(C8d) 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
preferable that at .least one type of compound from the second
10 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

comprises a compound represented by the general formulas (Al}

to (A3) shown below.

(DD
DD
s D (DD

wherein R” represents an alkyl 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 6 membered ring
structure, may have any particular -CH,- structure within the
20 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



RO (C2e) RO (U~ Ft9 (C2g) Fe (M R9 (C21) Rg (C2m) In each of the
formul as above, the ring GL, ring &, ring G3, ring Hl, ring H2 and the

30 JAN 2004

ring H3 each represent the sanme neaning as that described above, and the
ring Il represents the same neanin? gs the ring GL, the ring 12 the sane
as the 15 ring &, and the ring 13 ﬁ sanme as the ring G3. 3 0 JAN 2004

156 Furthernpre, in each of t compounds |isted _abaqve, it i

pr ef ePF&FLE ?HQ@tﬁﬁéFggbglﬁg ﬁo?gupﬁé CoR& Yy 8fis2 £21¢{%orome'thoxy
decahydr onapht hal ene-trans- 2, 6-diyl group, naphthal ene-2, 6- diyl group
whi ch greyphe adtthsuighutsedadighty cheior addyd fireupisnefs2atend, carbon

t et rahydr onapht hal ene- 2, 6-di yl group which may be substituted with

or twg fldor is!%?‘aﬁg‘ﬂ]'if chhifr 1%%%@1169}%%% @E0YP tWhi7Ch ARRB DR toms,

substituted with
pyrimdine-2,5-diyl _grqoup or p , | group,

ringssﬁﬁa}6h§u€ﬁaé£sé§ag qrd B%QPBPaBFy4b§°a¥tF§ﬁg9§,Eigﬁévoﬁgfylene
group or a 1, 4-phenyl ene group which may be substituted with

uorine atom

ridine-2,5-di nd that the

f 1 sior ian&yat ereups kit QylkogSogpsbon atoms in which the terminal is

10

15

20

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,
independently, a trans-1,4-cyclohexylene group, a trans-
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-
diyl group which may be substituted with one or more fluorine
atoms, a l,4-cyclohexenylene group which may be substituted
with a fluorine atom, a 1,3-dioxane-trans-2,5-diyl group, a
pyrimidine-2,5-diyl group or a pyridine-2,5-diyl group,
although a trans-1,4-cyclohexylene group, a trans-
decahydronaphthalene-trans-2,6-diyl group, a naphthalene-2,6-
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

di oxane-trans-2, 5-diyl group,

one

ot her

one or two



Preferred forns for (C3) can be represented by the general fornulasjUJAN2m4
(C3a) to (C3f) shown below. R Rf (C3a) (C3b) (C3c) (C3d) (C3e) 15 g (C3

fl I'n each of the fornulas above, the ring Gl, ring &, ring 3 0 JAN 2004
157 Hi, ring H2, ring I'1 and the rh g 12 each represent the sane

nmeani ng as that described above, he ring J1 represents the sane

meaning as the ring Gl, and the ring J2 the sane as the ring G2.

Furth Pethﬁnré&ShBoﬂstﬁetEéﬁﬁG&ng§CWF§P@&X§1§BSVSF°PP PE Preferable

that there be no nore than one trans- decahydronapht hal ene-trans-2, 6-diyl

gr oup t raaghdbelaéRdrdnaphtiallkengraanehi2c it —ddy lbgrsubst itutied wi th one or

nor e quorine atons t et rahydronapht hal ene- 2, 6-diyl group which nay be

Subst i LUt ¢ nfl HOLNE QLORS. 11’44c}g18¥185(9'|i§¥1%n3§]r%'ﬁ% group

whi ch B subs uté uorine
1, 3- dloxane trans- 2 5-diyl groug gyr|n1d|ne 2 5-diyl %roup or
pyri diane ipsthope §eses, 1andhikht thie réfleC ASnex§rpAs-1,4-

5 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.

10 L*, L and L° are linkage groups, and each represent,
independently, a single bond, an ethylene group. (-CH,CH,-), a
1;2<propylene group (-CH(CH,)CH,- and -CH,CH(CH;)~), a -1,4-
butylene group, -C00-, -0C0O-, -OCF,-, -CF,0-, -CH=CH-, -CH=CF-,
-CF=CH-, -CF=CF-, -C=C- or -CH=NN=CH-, although a single bond,

15 an ethylene group, a 1l,4-butylene group, -C00-, -0CF,-, -CF,0-,
—CF=CF- or -C=C- are preferred, and a single bond or an
ethylene group are particularly desirable. Furthermore it is
preferable that at least one of these linkage groups in (A2),
and at least two of the linkage groups in (A3) are single

20 bonds.

The ring Z is an aromatic ring, and can be represented by

the general formulas (La) to (Lc) shown below.



such cases should preferably be a trans-1, 4-cycl ohexyl ene group or 5010 JAN 2004
1, 4- phenyl ene group which may be substituted with 15 one or two fluorine
atons or methyl groups. EXAMPLES As follows is a nore detail ed

description of the present inventior}ébased on a series of exanples,

al t hough the present 20 invention i %n no way limted to the exanples
presented. (Exanple 1) Synthesis of 2-propyl-7-(3,4,5-trifl uorophenyl)

9, 10- di hydr oghenaat hrene 3 0Y3AN ¥004 158 n-C3H7 BrMy F a AJC13 , CH2Cl 2
r Pd(PPh3)4, 12, NalO4 n- H) 2, YXOH DEG A
suspensi on tayal um ridebin 1 + xet hyl{kgle chlori de
was cooled to " and a sol uti g of pr ..<g§> ehl oride in 800
nmL of met hyl ene | ori de was then added dropw se 6~ he suspensi on.
Fol | owi ng conpl etion of the. ye ' Yl

wherein, Y* to Y’ each represent, independently, a
hydrogen atom or a fluorine atom, although in (La) 1t 1is
preferable that at least one of Y*® and Y® is a fluorine atom,

5 and in (Lb) it is preferable that at least one of ¥’ to Y' is a
fluorine atom, with the structure in which ¥® is a fluorine
atom being particularly desirable.

The terminal group P*® represents a fluorine atom, a
chlorine atom, a trifluoromethoxy group, a difluoromethoxy

10 ggoup, 6f‘anraiko%yl group, aikyl group, alkenyl grdup 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

15 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
ligquid crystal compound, and comprises a compound represented

20 by the general formulas (Bl) to (B3) shown below.



addition, the mxture was stirred at the sane tenperature for 30 ninuggg;Asz
and a solution of 443 g of 9,10 di hydrophenanthrene in 800 niL of

nmet hyl ene chl ori de was then added dropw se. The reaction m xture was

stirred for a 10 further one hour, and the reaction then halted by

pouring the reaction mxture into i’éd water. The organi c | ayer was
separated, the_aqueous |ayer was extracted with nethylene chloride, and

t he extractpeuhp @i pedpew t 1t he organic layer. The organic | ayer was

t hen washed w wat & a saturated 15 aqueous sol ution of sodium

bi carbonate, and a saturated_ aqueous solution of sodiumchloride, and
was t hen drpicg@mwy @ sodi@en sul fate. The sol vent was renoved by
evapor ati on andg’t he product -subsequently purified by colum 3 0 JAN 2004
159 chromatography to yield 504 g of 1-(9, 10-di hydrophenant hr ene-

2-yl) propans <gﬂ;.d4 of i A£0- dghydr ophenant hr ene-
2-y|)propaﬂTI- elvﬁg:aﬁéﬁﬁglgﬁgn in 3qL}of di ethylene glycol, 421 g

of hydrazi ne hydrate was added, and the 5 suspension was stirred, with
heati ng, forthexesrhdiir represedts Thealkmpegaoupeofiad theh2rapsbant o 120C,
and followng renoval of any unreacted hydrazi ne by evaporation, the

t emperldpL, WASL NG AR e laner el sthdhiYyrr ¢haRof d3sident Adneda was
t hen added, and wth sufficient care taken over 10 foami ng, the i xture

was heal ed gty 160G W th stiriing,; for 5 o houes, The fegetion mxture

5 structure, may have any particular -CH,- structure within the
group replaced by a -0-, -CH=CH-, -CH=CF-, -CF=CH-, -CF=CF- or
-C=C-, and may have any particula? hydrogen atom within the -
group replaced with a fluorine atom or a trifluoromethoxy
group, although straight chain alkyl groups of 2 to 7 carbon:

10 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
preferred. Furthermore, in those cases in which branching

15 1leads 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-cyclochexylene group, a trans-
decahydronaphthalene-trans-2,6-diyl group, a 1,4-phenylene

20 group which may be substituted with one or more fluorine

atoms, a naphthalene-2,6-diyl group which may be substituted



0 JAN-200

tenperature, toluene and water were added, and the. organic |ayer mé
separated. The organic | ayer was then washed wth a saturated agueous
sol ution of sodium bi carbonate, water, and a 15 saturated aqueous
solution of sodiumchloride, and was, fhen dried over anhydrous sodi um
sul fate. The solvent was renoved by evaporation and the product

subsequent | urified by colum _chromatogra hexane), to vield. 361 g
of 2. YERyI S 168 BT o BN e oS AT A PR o4 - 6y o
2-propyl 20 9, 10-di hydrophenant hrene in 300 nL of 1, 2-dichl oroethane was
added Qi¢l lgodupocetich artay, bd 2subsoitsted with awial 060 rd. Dfuomixteer, 226
g of iodine and 165 g of periodic acid hydrate, and the resulting

m xt ur SLifrgC DY Fo i L 412 IS Ry USIRAIEY U6, 8dq S0C.
FoIIom?ﬁ%ﬁibd%i%ﬁfq%.egﬁﬁ%ous 30 J§5d€%04 160 " Sol Ution of sodium
hydrogen sulfite was added, and fol|ow ng deconposition of any residual
i odi ne¥1HetdyF BHREEM AR wist / %M%EW%%@%@OR@S a
separated. The organic |ayer was washed with a saturated aqueous

solsut i gy (i ¢k +2n D-dii whrduomad eor vaat ey r idiivck &2 Shidinel epragueous sol ution
of sodium chloride, and was then dried over anhydrous sodi um sul fate.

R kAl
(i o 299 GR o e F 0l R G H R DO P 4 JOPRANICTRE i added
599 giyl group which may be substituted with a fluorine atom or a
1,4-phenylene group which may be substituted with one or two
10 fluorine atoms are preferred. Particularly in those cases in
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-

15 cyclohexylene group or a trans-decahydronaphthalene-trans-2,6-
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.

20 LY, L* and L' are linkage groups, and each represent,
independently, a single bond, an ethylene group (-CH,CH,-), a
1,2-propylene group (-CH(CH,)CH,- and -CH,CH(CH,)-}), a 1,4~
butylene group, -C00-, -0CO-, -0OCF,-, -CF,0-, -CH=CH-,

-CH=CF-, -CF=CH-, -CF=CF-, -C=(-, -0CH,-, -CH, 0~ or -CH=NN=CH-,



tetrakis(triphenyi . phosphine)pal | adi um (0) and the mixture wasp.': 30 JAN 2004
stirred at roomtenperature. This mxture was then reacted wth a

Gignard reagent prepared from79 g of 3,4,5 15 trifl uorobronobenzene and
9.1 g of magnesium Following stirctipg for 2 hours at roomtenperature,

the m xture was allowed to cool t01?§0n1tenperature, wat er was added,

the product was.extracted into toluene, and the qgrganic | ayer was washed
sequeadithonghyit §ingler beRd a28aehyLed®adtedts 28%6rutP6h=0f sodi um

chl ori de before being dried over anhydrous sodium sulfate. The crude

pr oducicrobt pi Dep=0y- r erovekcofatdepredd yead, bynevapoirnglenbead, pani fi ed

by silica gel colum chromatography (hexane) and then recrystallized 3

times fro et hanol_ t ie 45 (o] I t : =propyl -7-(3,4,5
30 Jﬁﬁkfgb ©181°4% P Iéofggﬁen??f--6??6%§}%§é?og%§ﬁgﬁpﬁﬁéne. Measur enent
of the phase transition tenperature revealed a transition fromthe

cryst Furtherplease ito ignpreserspile thali atphgsetaPresetufdése rising
tenperature conditions. 5 NMR S = 0.99 (t, J=7Hz, 3H), S =1.65 (m 2H)
2.92 (tinkade’lgEoudld) .inS(B23.,88nds at4pass twb. Bft ahé. GifukageHyroMes ne =
352 (M+) The conpounds |isted bel ow can be produced in a simlar manner.
10 2- propyly-- 7-(4-f.l uqr.o | )-9, 10- di hydr ophenant hr ene,

2-proﬁ§|ﬂ¥§03? gaﬁﬁpﬁgﬁogﬁéﬁér)--Q,10-dihydrophenanthrene

The ring Y is an aromatic ring, and can be represented by

the general formulas (Ld) to (Lf) shown below.

Yk Yo
G- O &«
(Ld) (Le)
g @)
y" Yo

10 wherein, Y* to Y° each fépfeséht independently a hydrogen atom
or a fluorine atom, although in (Le) it is preferable that ¥"
and Y° are hydrogen atoms.

The terminal group P® represents a cyano group (-CN), a
cyanato group (-OCN) or-a -C=CCN group, although a cyano group

15 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
compound in which the dielectric anisotropy is a value close

20 to zero, and comprises a compound represented by the general

formulas (Cl) to (C3) shown below.



C 114 (N 82.0) 1, 50 JAN 2004
2-propyl -7-(3, 5-di fl uorophenyl ) -9, 10- di hydr ophenant hr ene,

2-propyl -7-(4-trifluoronet hoxyphenyl)-9, 10- 15 di hydrophenant hr ene,
2-propy|-7-(3-f|uoro--4-trif|uoroneth8xyphenyl)-9,10-

di hydr ophenant hr ene, 15

2-propyl -7-(3,5-di flugro-4-trifl uoronethoxyphenyl)-9, 10- -

di hydr ophepa -@ 2 @- propy! - 7- - (4- di f | uor onet hoxyphenyl ) - 9, 10-

di hydr ophenant-hf ene, -propyl -7-(4-trifluoronethyl phenyl)-9, 10-

di hydr ophenant hrene, _2-propyl--7-(3-fluoro-4-trifluoronethyl phenyl)-9,10
TO JAN t OOf&s 162 Vi aphenanitreengy)

2--propyl -7-(35-di f+doro-4ri fl uor omet hyl phenyl ) -9, 10-

di hydr ophenant hr ene,

2-propyl -7-(4 | or o Nyl Q- L op anthrene, 5

2- propyl - J%§<E$ﬁ%%3€§?€ﬁrgzzgﬁéﬁely¥g,10?%gihydrophenanthrene,

2- propyl -7- (3, 5-di fl uoro-4-chl orophenyl )-9, 10- di hydrophenant hr ene,

2- propy! - 7swhérlino RO paedyP) cadchorepaesemt, independently, an alkyl
2-propyl -7--(3, 4-di fl uorophenyl ) fl uorene,
Z'DrOEWOﬁB'b&3&5TQJﬁbu%%QBB%nﬁEbﬁbuth&%h may be either a straight

chain or contain methyl or ethyl branches, may contain a 3 to
5 6 membered ring structure, may have any particular -CH,-
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 group substituted with a
fluorine atom or a trifluorcmethoxy group, although straight

10 chain alkyl groups of 1 to 7 carbon atoms, straight chain 1-
alkenyl groups of 2 to 7 carbon atoms, straight chain 3-
alkenyl groups of 4 to 7 carbon atoms, straight chain alkoxyl
groups of 1 to 3 carbon atoms and straight chain alkyl groups
of 1 to 5 carbon atoms in which the terminal is substituted

15 with an alkoxyl group of 1 to 3 carbon atoms are preferred,
and moreover, compounds in which at least one of R? 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
straight chain 3-alkenyl group of 4 to 7 carbon atoms are

20 particularly desirable.

The ring G, the ring H, the ring I and the ring J each



2-propyl-7-(3,4,5-trifluorophenyl)fluorene C 136 I, 30 JAN 2004
2-propyl -7-(4-trifluoronet hoxyphenyl)fl uorene,

2-propyl -7-(3-fluoro-4-trifl uoronet hoxyphenyl)fl uorene, 15

2-propyl -7-(3,5-difluoro-4- trifluoranethoxyphenyl)fl uorene,
2-propy|-7-(4-dif|uoronethoxyphenylﬂﬁﬁuorene,

2-propyl -7-(4-trifluoronethyl phenyl)fl uorene,

2- pr opiHpresEet,| dadependantyor erettaiispterfyiovq kedyassyd engp group, a
2-propyl -7-(3,5-difluoro-4- trifluoromethyl phenyl) fluorene,

2- pr o ank-{dcainyRrenendhllas@-aiens -2, 6~diyl group, a 1,4-
2-propyl -7-(3-fluoro-4-chl orophenyl) fl uorene, and

2-propyl - 7-(3, 5-di f 1 uor.a- 4- chl or. ophenyl,).f.l yor - 163

( Exanﬁ:he%l HESNS w&lcg’- &agp)ﬁe?%u_b(ysglf u&eﬂe&%rtohpﬁé{r?? :éle]:‘t2 %&;&yl ) fluorene
F F n-CA Pd(PPh3)4 , Et3N, DW 5 2-iodo-7-propyl-fluorene in

di met Hlldarimeriademsn®r metduty [gnauRs was needdtied efiat? , 6-diyl group

4-et hynyl - 1, 2-di fl uorobenzene in the presence of

t etr akjrsildn inpiebd RiessitidaRpiat Wid Oy moryd gl iimedwionsgs apuri fi ed

by silica gel "col um
tetrahydronaphthalene-2,6-diyl group which may be substituted
with one or two fluorine atoms, a 1,4-cyclohexenylene group
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

10 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-
diyl group which may be substituted with one or more fluorine
atoms, tetrahydronaphthalene-2,6-diyl group which may be

15 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
group or pyridine-2,5-diyl group, and that the other rings in
such cases should preferably be a trans-1,4-cyclohexylene

20 group or a 1l,4-phenylene group which may be substituted with
one or two fluorine atoms or methyl groups.

LY, L" and L' are linkage groups, and each represent,
independently, a single bond, an ethylene group (-CH,CH,-), a

1,2-propylene group (-CH(CH,)CH,- and -CH,CH(CH;})-), a 1,4-



chromat ogr aphy (hexane) and then recrystallized fromethanol 10 to yiliagI*HNm4
2-propyl -7-(3, 4-di fl uor ophenyl et hynyl )fl uorene. The conpounds |i sted
bel ow can be produced in a simlar nanner.
2-propy|-7-(4-f|uorophenylethynyl)flg rene,

2-propyl -7-(3, 4-di fl uor ophenyl et hyn I?fluorene, 15

2-propyl -7-(3, 5-di fl uorophenyl et hynyl ) f | uor epe, _ _

2- pr ofM YA (F5FYR o1 ﬁoiﬁﬁ?e‘nyl"é@ijﬁyl 7??1%7'en‘eqﬂ_CH_ ¢ ~CH=CF-,
2-propyl -7-(3-fluoro-4 triifluoronethoxyphenyl et hynyl)fl uorene,

2- pr opyd =3, 5-adi=fdruqr o-C&C 20 drr i-dHrNETEt-hoaighemghe tehyaiylgife uor ene,
2-propyl -7-(3,4,5-trifl uorophenyl et hynyl)fl uorene,

2- - 7-(4-d] | 484 |l , —2dd-JAN 4 164
2. pr ot (2 (e R e R SR g, -bod-lotdld

2-propyl -7-(3-fluoro-4 trifluoronethyl phenyl et hynyl)fl uorene,

2- pr opyACEz=¢ 3-EFefd 4 UFIGE -5 1GT¢TuRt ot ARy | %ﬁﬁﬁ%qﬁﬁﬁ'ene,
2- propyl - 7- (4- chl or ophenyl et hynyl ) f | uor ene,

2- promla 7t 3o laleo-prafdradehamdetaty idasd woreernef, these linkage
2-propyl -7-(3, 5-di fl uoro-4-chl or ophenyl et hynyl ) f | uor ene,

2- propylsdsd 4d | (o OPERY AL Ny ol Bs LhelDHKRRNRAUIY 48P (C3)
are single bonds.

Preferred forms for {(Cl) can be represented by the

general formulas (Cla) to {Clh) shown below.
R ‘E’ ‘ﬁ’ R a R S
R 459 = ‘E} P _-W—‘E’—Jﬁ4‘l>_m (C1d)
F
Re {Cle) s} o (C1f)
Fl’ Rf@_[\:(F_@i
10 e G IR RN Ca i

In each of the formulas above, R’ and R? each represent,
independently, a straight chain alkyl group of 1 to 7 carbon
atoms, a straight chain l-alkenyl group of 2 to 7 carbon
atoms, a straight chain 3-alkenyl group of 4 to 7 carbon

15 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

represents a straight chain alkyl group of 1 to 7 carbon



2-propyl -7-(3, 4-di fl uorophenyl et hynyl )-9, 10- di hydr ophenant hr ene, 30 JAN 2004
2-propyl -7-(3,5-di fl uorophenyl et hynyl )-9, 10- di hydrophenant hrene, 15

2-propyl -7-(3,4,5-trifluorophenyl ethynyl)-9, 10- di hydrophenant hr ene,
2-propyl-7-(4-trifluoromet hoxyphenyl ethynyl)-9,10- di hydrophenant hrene,
2-propyl -7-(3-fluoro-4-trifluoronet hoxyphenyl et hynyl)- 20

9, 10- di ophe s e = pr 1 7-(3,5-di flupro-4-
trifIué?éﬁéfh%xgggég§ﬁgtﬁ9%§ )?8¥&5;B&gy8F8ﬁﬁeﬁgn?hF%n%,Carbon

2-propy|-7-(4-dif|uoronethoxaphenylethynyl)-9,10- di hydr ophenant hrene, 3
U JAN 2bomsicer 2- pEbpyghyz-caaini Brasckenkl hgrphenyt et hyoy?)ec8rion -
di hydr ophenant hr ene,

2- propytoms(3- thughesé- £aséL uonOWRE BY! Phen¥igtHYEY! 4o &3 are
10- di hydr ophenant hrene, 5

5 SoCobkhrbine, ShE s e AR BIOARCI R K. g
di hydr ophenant hrene, 2-propyl -7-(3-fluoro-4-chl orophenyl et hynyl)-9, 10- 10
diHydr@gh@ﬁﬁhtgr@ngg,aﬁ@d in those cases in which the rings Hl to H3
are aromatic, the corresponding R° excludes l-alkenyl groups
and alkoxyl groups.
The ring Gl and the ring H1 each represent,
independently, a trans-1,4-cyclohexylene group, a trans-

10 decahydronaphthalene-trans-2,6-diyl group, a 1l,4-phenylene
group which may be substituted with one or two fluorine atoms
or methyl groups, a naphthalene-2,6-divl group which may be:
substituted with one or more fluorine atoms, a
tetrahydronaphthalene-2,6-diyl group which may be substituted

15 with one or two fluorine atoms, a 1,4-cyclohexenylene group
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
preferable that there be no more than one trans-

20 decahydronaphthalene-trans-2,6-diyl group, naphthalene-2,6-
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



2-propyl -7--(3,5--difluoro-4-chl orophenyl et hynyl ) -9, 10- 30 JAN 2004
di hydr ophenant hrene. (Exanple 3) Synthesis of 8-fluoro-2-propyl-7-(3,4,5

15 trifluorophenyl)-9, 10-di hydr ophenant hrene and 6-fl uoro- 2-
propyl-?-(3,4,5-trif|uorophenyl)-9,19 gihydrophenanthrene 3 U JAN 2004

166 n- C3H7 n-C3H7 + n-C3H7 OCH3 HBr %CCH Fol | owi ng conversion of the

2-.10dQ;-7--propyl-9, 10: di hydrpphenanthrene obtai ned in anple 1 into
a phensFomde?F3é¥f9§aﬁgrﬁﬁa§Fégdgfglﬁgtﬁﬁag?'tﬁ%rfﬂh l%%fﬁfﬁégPprropyl 5
9, 10- di hydr ophenant hren-2-ol was di ssolved in nethylene chloride, and

N, N' - dgfbupror-pyridbney?i brdivin gbburet and| tbhabbohat et {&EC- 84y was added
gradually, and follow ng conpletion of the addition the m xture was

stirregduchOkaBeH05houdl pPOPRESBRGr BEURCLrYs €1 , Anch, &) d04pougQUS 10
solution of sodi um hydroxi de were then added, any residual™ fluorination

Pydr ocRPSPPCOBoRaLt 5 PAPHY hSPReSFBaR: PBACH it e TePEi beref cvithie, the
organi c | ayer was separated. The aqueous | ayer was extracted with
di ¢hl opneethabec aftiehige atoms or methyl groups. The ring G2 and
the ring H2 each represent, 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 two fluorine:atoms or methyl groups, a
10 naphthalene-2,6-diyl group which may be substituted with one L3
or more fluorine atoms, or a tetrahydronaphthalene-2,6-diyl
group which-may:be substituted with one or two fluornine atoms; - =
although in each compound it is preferable that there be no
more than one trans-decahydronaphthalene-trans-2,6-diyl group,
15 naphthalene-2,6-diyl group which may be substituted with one
or more fluorine atoms, or tetrahydronaphthalene-2,6-diyl
group which may be substituted with one or two fluorine atoms,
and that the other ring in such cases should preferably be a
trans-1,4-cyclohexylene group or a 1,4-phenylene group which
20 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

naphthalene-2,6-diyl group which may be substituted with one



15 extract was conmbined with the organic |ayer, which was subsequent‘ﬁ[&/JAN 2004
washed with water and then a saturated aqueous NaOCH3 _ n-C3H7 DMVA 3 O

JAN 2004 167 solution of sodium chloride before being dried over

anhydrous sodium sulfate. The cr udglﬁoduct obt ai ned by renoval of the

sol vent by evaporati on was separated and purified by silica gel colum

11 uor heEp L ERE Beins 6 e st CrdbiatoRfiin eng 1y 6oy

propyl -9, 10-di hydrophenant hren-2-ol. The thus obtai ned _
1- f | uogBOTP privpyh -2y Obeli iyl bbherrtht Wi dh-one| omaiwali Bestvidie | ators hyl ene
chloride, a suspension was forned by adding trifl uoromethanesul fontc 10

anhydr teno@ddl 1M ee&18 PESEHOIndast t N Lo Beh 1o Bifat WHdre the no xt ure
being stirred vigorously, pyridine was then added dropw se and the

m xture stirred for f her o our.. Water added,, the reaction
el t edroin iR it AretfAgEeneTE SR JENE WA Rs yer “vas
extracted with 15 dichloronethane and this extract was conbined with the
or gani gubs tifeptediivehh vare seb seeite nk 1 yomartheat o lPiang e hydrochl ori c
acid, a saturated aqueous sol ution of sodium bicarbonate, water, and

then %é@iéﬁﬁ&%%ﬁl&@@@ﬁeﬁ@lﬂmmﬂ FESlipirh LYl afd e efiier Daitwn dri ed
over anhydrous sodium sul fate. 20 The solvent was renoved by evaporati on,
and thgigﬁqgﬂgtor two fluorine atoms.

Preferred forms for (C2) can be represented by the

general formula (CZa) to (C2m) shown below.
n*ns (C2a) R'o—@—m (C2h)
_ 0 _
. . . ,—.- Ro -ﬁ:czb)‘ Hf C (Z@o@m (C2i)
R'O : Rf—@—éo @O@W (o)
F‘fF‘g ©2d) g :>—0 0~ : R (C2K)
EaCat

#~<e—~,

"y R (C2g = o_@m

In each of the formulas above, the ring Gl, ring G2, ring

{C2m)

10

G3, ring Hl, ring H2 and the ring H3 each represent the same
meaning as that described above, and the ring Il represents
the same meaning as the ring Gl, the ring I2 the same as the

15 ring G2, and the ring I3 the same as the ring G3.



purified by silica gel colum chromatography (hexane) to vyield 70 JAN 2004
1-fl uoro-7-propyl -9, 10-di hydrophenant hr en- 2-yl

trifluoronethanesul fonate. This conpound was conbi ned with
3,4,5-trifluorophenyl boric acid (which was produced by a 3 0 JAN- 2004 168
reacti on between a Gignard reagentléﬁepared from 3, 4, 5-
trifluorobronmobenzene and magnesi um and trinethyl borate,  foll owed by

hydr ol st ghegimarali | it 3ok Hig icompquyds listed above, it is

tetraki s(triphenyl phosphi ne) pal | adi um (0) and potassi um 5 phosphate in a

di et hyd erElidlec il ietdrarnsk was fdien tHdr rark frnsl0 hours at 80C. The
reaction mxture was then cooled to roomtenperature, water was added,

th i xt t t ed i th tpl il ic |
was ety LA SR e B R L R RS G o

10 sodiumchloride, and then dried over anhydrous sodium sulfate. The
crude giryldutousbtvei it My rheranRs it uted solthemnepr apforidiioni s
purified by silica gel columm':chromatography (hexane) and then

re@rYS$€5ﬂ§ZT¥E€%éﬂ¥&¥bﬂé e haol2 te-giiyal dyroup which may be
8-fl uoro-2-propyl - -(3,43%¥%rifluorophenyl)-9,10 15 di hydr ophenant hr ene.

e R el WU e B S bV U g 20l vas also

6-fl uoro-2-propyl -7-(3,4,5-trifluorophenyl)-9,10- di hydrophenant hr ene.
The corypoiehexanshent HEIGW cdh Pe Bo e st uhed vth 2 flaareine

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
10 such cases should preferably be a trans-1,4-cyclohexylene
group or a l,4-phenylene group which may be substituted with
one or two fluorine atoms or methyl groups. - -
Preferred forms for (C3) can be represented by the

general formulas (C3a) to (C3f) shown below.

ey iy oy (coa

@@L
@@
H'. . o 12y~ s2)—m  (C3e)

F“Z“"’ (o

In each of the formulas above, the ring Gl, ring G2, ring

15



8-l uor o- 2- propyl - 7- (4-f | uor ophenyl ) -9, 10- di hydr ophenant hr ene, 30 JAN 2004
8-fluoro-2-propyl--7-(3, 4-di fluorophenyl)-9,10- di hydrophenanthrene, 3 0
JAN 2004 169 8-fluoro-2-propyl-7-(3,5-difluorophenyl)-9,10-

di hydr ophenant hr ene, 8-f|uoro-2-propy|-7-(4-trif|uoronethoxyphenyl)-Q,lO-

di hydr ophenant hrene, 5
8-fluoro-2-propyl-7-(3-fluoro-4-trifluoronmethoxyphenyl)-

9, 10- dihydriophdianttimendl ! @14 |Whe e-ingrighgach (BE-afentydite: game
trifluoronmethoxyphenyl)-9, 10-di hydr ophenant hr ene,

8- 1 UGKOs 2 O | e/ %&éﬂi&&mywwﬁe % iHYy S0 represents
di hydr ophenant hrene, 8-fl uoro- propyl 7-(4-trifluoronethyl phenyl)-9, 10-

di hydr gphenant h
B 1 uoHE SHFOAANG 35 (%55 (G GRSkl i) Ehe same as

9, 10- di hydr ophenant hrene, 15 8-fl uoro-2-propyl -7-(3, 5-di fl uoro-4-
trif| udienetry | Gihe nyRyrtthethatiehy dimo gleaariamthrde compounds listed

8- quoro 2 propyl 7- (4-chl orophenyl )-9, 10- di hydr ophenant hr ene,
8

| ugg Propyis herdd O - A o & Ins ok t#an one trans-

ydro enanthrene
decahydronaphthalene-trans-2,6-diyl group, naphthalene-2,6-

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-

10 cyclohexenylene group which may be substituted with a fluorine
atom, 1,3-dioxane-trans-2,5-diyl group, pyrimidine-2,5-diyl
gfoup or pyridine—Z,S—diyl.group, and that the other rings in SR
such cases should preferably be a trans-1,4-cyclchexylene
group or a l,4-phenylene group which may be substituted with

15 one or two fluorine atoms or methyl groups.

EXAMPLES
As follows is a more detailed description of the present
invention based on a series of examples, although the present

20 invention is in no way limited to the examples presented.

(Example 1) Synthesis of 2-propyl-7-(3,4,5-trifluorophenyl)-

g, 10-dihydrophenanthrene



-fluoro-2-propyl-7-(3,5-difluoro-4-chl orophenyl)-9, 10- 30 JAN 2004
I hydr ophenant hrene, 6-fl uoro-2-propyl-7-(4-fl uorophenyl)-9, 10-
i hydr ophenant hrene, 3'0 JAN 2004 170

| uor o- 2-propyl -7-(3, 4-di fl uorophgmy ) -9, 10- di hydrophenant hrene,

uor o- 2- propyl - 7- (3, 5-di fl uorophenyl ) -9, 10- di hydr ophenant hrene, 5

uor o- 2- pro- | -7- (4 tbifluoronethox phenyl )-9, 10- di hydr ophenant hr ene,
uor o yphenyl ) -

~ i fluoro-4- 10

r

y
uor o- 2 propyl 7-(4- dlfluoronethoxyphenyl) 9, 10-- di hydr ophenant hr ene,

I

I

I

0

f

I

| uor o- 2- propyl - 4- trlfluoronethylphw 1 )-9,10- di hydrophenant hrene,
5 6-fluoro-2-pr, ( 31, haloJ 0- 4= tr|

0- di hydréghe e 1,06~ AdotioT 8- 2\ e,

i f

I

tpylphenyl)-
uoronethylphenyl) 9, 70- dlhydrophenanthrene

8

d
di h
6- f
6- f
6- f
6- f
9,1
tri
6- f
6- f
1
9, -(3,5-difluoro-4-
trifl

6- f | uor o- 2- pr opy ; (4-chl orophenyl )-9,10- 20 di hydr ophenant hr ene,

_"‘_H

BrMg
@
Pd(PPhy), , THF

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

5 added dropwise to the suspension. Following completion of the .
addition, the mixture was stirred at the same temperature for
50 minutes, and a solutio;uof 443 é of 9,10-
dihydrophenanthrene in 800 mL of methylene chloride was then
added dropwise. The reaction mixture was stirred for a

10 further one hour, and the reaction then halted by pouring the
reaction mixture into ice water. The organic layer was
separated, the aqueous layer was extracted with methylene
chloride, and the extract was combined with the organic layer.
The organic layer was then washed with water, a saturated

15 aqueous solution of sodium bicarbonate, and a saturated
agueous 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



6- f | uor o- 2- propyl - 7- (3-f 1 uor o- 4- chl or ophenyl ) -9, 10- di hydr ophenant hrkhdAN 2004
6- - fl uoro-2-propyl -7-(3, 5-di fluoro--4-chl orophenyl)-9, 10-

di hydr ophenant hrene, 3" 0 JAN 2004 171

8-fl uoro-2-propyl -7-(4-fl uorophenyl ); 5fd uorene,

8-fluoro-2-propyl-7-(3,4-difluorophenyl)fl uorene,

8-fluor,0-2-1ro 0= (03, R-.diqf |, f reeng, _
8-fl uo#%r-%'-la?cpor%%ﬁn%- 04341%]74 ﬂ% ?ﬂ%xﬂyp gé’%y ;Eﬁharéirréaﬁger?nthrene
8-fluoro-2-propyl-7-(3-fluoro-4- trif]uoromethoxyphenyl)fl uorene,

-1 UL IR LN 3, 10T [Qforhie k14 Mori R SEmANTEnsT ene,
8-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)fluorene, 10

8- f | uor Oy Rrpvainr = 17-drfe didd udrenneitupembtwnyin f3 wromeiethylene
8-fluoro-2-propyl-7-(4-trifluoronethyl phenyl)fluorene, 8-f

| uor 0- 2- propyl s/ (3-41 - A4- 11 Y. yl ) 41 ene,

8-fl uogrzlc}f)cf?lﬁr o4p€]I %%%@Qdcﬁ%ﬁﬁlﬂﬁ oringl]}l%g{%)%*uggﬁéﬁgt hy dpﬁtah%/l ) fl uor ene,
8-f | uoro-2-propyl -7- (4-chl orophenyl ) fl uorene .

8- 6| UCTUSRRI Y [Was (i nasho-Wiltdh| ltaipishy ID90 @feedour at 100°C.
8-fluoro-2-propyl-7-(3,5-di fluoro-4- chlorophenyl) fluorene, 20

6- f | uore Z:dupyyd turd 4edd ureapheniydad |w®riee,C, and following

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

10 foaming, thelmixture was heated at 160°C, with stirring, for
two hou?s. The reaction mixturerﬁas then returned Lo room
temperature, toluene and watef were added, and the organic
layer was separated. The organic layer was then washed with a
saturated agqueous solution of sodium bicarbonate, water, and a

15 saturated aqueous solution of sodium chloride, and was then
dried over anhydrous sodium sulfate. The solvent was removed
by evaporation and the product subsequently purified by coclumn
chromatography (hexane) to yield 361 g of 2-propyl-9,10-
dihydrophenanthrene. To a solution of 330 g of this 2-propyl-

20 9,10-dihydrophenanthrene in 300 mL of 1,2-dichloroethane was
added 2.4 L of acetic acid, 12 mL of sulfuric acid, 600 mL of
water, 226 g of iodine and 165 g of periodic acid hydrate, and
the resulting mixture was stirred for 3 hours with the

internal temperature at 50°C. Following cooling, an aqueous



r"‘-bCDCDCDCT}CDCDCD"’""'CDCDCT}CD

- N

(3,4
or o- 2- propyl -7- (3, 5-
oro-2-propyl -7-(4-tr
or o- 2- propyl - 7- (3-f1
uor onet hoxyphenyl ) fl uorene, 6-fl uoro-2-propyl-7-(3,5-difluoro-4-

I OX WP f . .
ISR WhESIen aysiss o s gas g1 ovin
oro- 2-propyl -7-(4-trifluqgronethyl henyl)fluorene

u i f1 uor ophenyl ) fl uorene, 50 JAN 2004
u
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|

|

u

u

LGRS OTEBE AR PR O3 2 GPELANAH r LPRGBRoIBE Y RBRy FiEPEsFEnYas
u

u

u

ugy;

Y

or o- 2- pr opyl - d
di fl uor ophenyl ) fl uorene,
[
u

i
i

i f1 uoronet hoxyphenyl ) fl uorene,
oro-4 3 UjdfN 2004 172

oro-2-propyl -7-(3,5-di fluoro-4- trifluoronethyl phenyl) fluorene, 10
Qiddted phdpthe’ of4aniilconapbenyk)f bepasnated. The organic layer
or o- 2- propyl - 7- (3 fl uoro- 4-chl orophenyl ) fl uorene, and

Yot GG i (8, Badliblyanosdnobhloaalend o ugkelf 15 (Bxamle

esl|s O uor o-

i fluorophenyl)-9, 10- dlhydrophenanthrene 3 i JAN 2004 173 CH2=CH2, A Cl 3
5 bicarbonate, 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 product
subsequently purified by column chromatography (hexane} to
yield 245 g of 2-iodo-7-propyl-9,10-dihydrophenanthrene. To a

10 solution of 100 g of this 2-iodo-7-propyl-9,10-
dihydrophenanthrene in 300 mL of THF was added 3.3 g of
tetraki;(tripheny&phosPhine)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-

15 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

20 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
chromatography (hexane) and then recrystallized 3 times from

ethanol to yield 45 g of white crystals of 2-propyl-7-(3,4,5-



CH2Cl 2 H JL AcONa Tol uene Tol uene AcOH, H2O NH3 Br2 CH2ClI 2 DDQ Tol JignaN 004
n-C3H (HO 2B n-C F Pd(PPh3)4, THE P. n-C3 1) BuLl, THE 2)12, THF

Fol I owi ng conversion of (3,5-difluorophenyl)-acetic acid to an acid
chloride with thionyl chloride, subigguent reaction wth ethylene gas at
-10C using nethylene chloride as thé™5 solvent and in the presence of

A S0l Ui SR oPRFY D a0 N GENE AL TR B KA ATERE ix ClFe was
heated for 3 hours, and any azeotropically distilled water was renoved.
Exces phaser diriatisrie iwas teimpe nagmee d ey adedotr dpieasitignsfiromatiien wit h
toluene, to yield 1-(5,7-difluoro-1, 4-
crystalline phase to an isotropic liquid phase at 68°C under
rising temperature conditions.
5 NMR: & = 0.99 {(t, J=7Hz, 3H), & = 1.65 (m, 2H), & = 2.52 (t,
J=7Hz, 2H), 6 = 2.88 (s, 4H), &6 = 6.9 to 7.6 (m, 8H),
MS: m/e = 352 (M+)
The compounds listed below can be produced in a similar
manner.

10 . 2-propyl-7-(4-fluorophenyl)-9,10-dihydrophenanthrene,
2-propyl-7-(3,4-difluorophenyl)-9,190-dihydrophenanthrene
C 114 (W 82.0) I,
2-propyl-7-(3,5-difluorophenyl)-9,10-dihydrophenanthrene,
2-propyl-7-(4-trifluoromethoxyphenyl}-9,10-

15 dihydrophenanthrene,
2-propyl-7-(3-fluoro-4-trifluoromethoxyphenyl)-9,10-
dihydrophenanthrene,
2-propyl-7-(3,5-difluoro~4-trifluoromethoxyphenyl)-9,10-
dihydrophenanthrene,

20 2~propyl-7-(4-difluoromethoxyphenyl)-9,10-
dihydrophenanthrene,
2-propyl-7-(4-trifluoromethylphenyl)-9,10-
dihydrophenanthrene,

2-propyl-7-(3-fluoro-4-trifluoromethylphenyl)-9,10-



di hydr onapht hal en-2- -yl ) pyrrol i dine. The crude product was cool et JA 04
is, toroomtenperature, nore toluene was added, the m xture was cool ed
in a water bath, and nethyl vinyl ketone was added dropw se over a
period of 1 hour at a 15 tenperatur? gf 25C or | ower. Foll ow ng
conpletion of the 3 0 JAN 2004 174 § dition, the mxture was immedi ately
heat ed and refluxed under heat for 20 hours. The solution was then

cool ed to AdBFCTOERBEARLILEN s puffer sol ution of pH 5 prepared from
sodium acetate, acetic acid and water was added, and the reflux was 5
conti nued fReprapklrrhesd,s-HadlaorA-etrtilid usabneitbylphdngégr9,ddel ed to
roomtenperature, the organic |ayer was separated and washed with water

and a satur l.uti on of sodium chloride. The organic | ayer
was t hen dpﬁégggggﬁgﬁéﬁﬁég?gﬁé sodi um sul fate, and the sol vent renoved by

10 evaporation to _yield 6,8-difluoro-trans-4,4a,9, 10-tetrahydro-
3H phenant Rreg&opydnd - (Arch lesppbeadle dndPofi PYIECPRERRNERERES radded

gradually, in small portions, to liquid ammonia and di ssolved. Wth the
i ngernal t enpebdpyl~e -fB-ilaoied 4aichd orephengly~0 ,fl0em 15 -30 to -40C, a
THE sol ution of 6,8-difluoro-trans-4,4a,9, 10-

t et rahydr o- -2--ane and t-butanol was then added dropw se.
Fol | owi ng g%#g?%?%@%hgp%gﬁén%ddition, stirring was continued for .a

further 30 minutes. Small quantities of _soli a ni chlori de were
added and ?GHQSRWAQ76%?dérg&ﬁISPrPﬁé‘ChlorOPgeanq99f%gL

dihydrophenanthrene,
2-propyl-7-(4-fluorophenyl)fluorene,

10 2-propyl-7-{3,4-difluocrophenyl)fluocrene,
2-propyl-7-(3,5-diflucrophenyl)flucrene,
2-propyl-7-(3,4,5-trifluocrophenyl)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-diflucro-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.



20 lithium the tenperature was raised to roomtenperature, and the3 U JAN 2004
ammoni a renoved by evaporation. water was then added, the m xture was
extracted with toluene, and the organic |ayer was washed with a

sat urated aqueous sol ution of sodiu hl ori de, and then dried over
anhydr ous magnesi um sul fate. The solvéent 3 0 JAN 2004 175 was then
renmoved by evaporation, and vacuumdistillation used to obtain

6, 8-di fl uoro-trans-3, 4, 4a, 9, 10, 10a- hexahydr o-|1 H phenant hren-2-one. This
conpound was reacted with propyl nagnesium brom de, and 10% hydrochl oric
aci d waExanpdre 20déyntdes isalof Zhenopydt-7on3 Bt-hyl acetate was then added,
the organic |ayer was separated, and the aqueous | ayer was extracted
with gt I@&ﬁkﬁﬁg,ﬁw e @enact being combined with the organic

| ayer .(ﬁT eoor gani ¢ Ieaygtrn@wa)s then washed with water, a saturated aqueous
sol ution of sodium bi carbonate, and Ehen a 10 .saturated aqueous sol ution
of sodium chloride before being dried over anhydrous sodium sulfate. The
sol vent was renmpued™Nhy evapor-asi -1 0l uenesyl foni c acid
nonohydr at en-CqH *@ lan @ ! ; —Fring, at
110C wi th any evaporatéd wat er ggjpgg"separate femoved.” 15 when the
wat er evaporati on had ceased, t ’ erature was returned to room
tenperature, water. was added, and the organic__|ayer was separated. The
or §ani ¢ | ayeriafes IwRsIeRy lnfliox engaigy didgtiydderdaddidst fd of sodi um

bi carbonate, water, and then a saturated aqueous sol ution of sodium

chl or itlei dfyQratmine 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
lp to yield 2-propyl-7-(3,4-difluorophenylethynyl)fluorene.

The compounds.listed below can be produced in a similar
manner.

2-propyl-7-(4-fluorophenylethynyl)fluorene,

2-propyl-7-(3,4-difluorophenylethynyl)}fluorene,

15 2-propyl-7-(3,5-difluorophenylethynyl)fluorene,
2-propyl-7-({4-trifluoromethoxyphenylethynyl)fluorene,
2-propyl-7-(3-fluocro-4-
triflucromethoxyphenylethynyl)fluorene,
2-propyl-7-(3,5-difluoro-4-

20 trifluoromethoxyphenylethynyl)fluorene,
2-propyl-7-(3,4,5-trifluorophenylethynyl)fluorene,

2-propyl-7-(4-difluoromethoxyphenylethynyl)fluorene,



20 being dried over anhydrous sodium sul fate. The sol vent was rennvé@«@@zmu
evaporation and the whol e crude product was then dissolved in tol uene,

DDQ (2, 3-di chl oro-5, 6-di cyano. 1, 4- benzoqui none) was added, and the

m xture was heated at 100C, wth sgipring, for a period of 5 hours. The
solvent was then 3 0 JAN 2004 176 renoved by evaporation, and the

d ified il .qgel el
RIS e e e e S R T

lithiated in an n- butyl |ithium hexane solution, and was then reacted
W th 5 i odi2reropydr-ddice fivosgo4t, 3-di f | uor o- 7- propyl - 9, 10-
di hydr ophenant hr ene.

2-i odo- 1, 3+giiff1uQrométhyaARpHend 1 hginkdrapbeeaet hr ene was conbined with
3,4,5-trifluorophenyl boric acid (which was produced by a reaction

between a Gignar 563%6 t p&ggar%g4_10 from 3,4,5-trifluorobronobenzene
and magnesi“GRr O8Ad ™ 'Tremt 6040, F ol | owed by hydrolysis with dilute
hydrochl oric acid), tetrakis(triphenyl phosphine)palladium (0) and
pobassi um prdSRvsreomet hy 1ghesyietharydnifdaoseingant and was then stirred
for 10 hours at 800C. The reaction mxture was 15 then cooled to room

t enper at ur g._giRMN -Wag 4adaadrophe nileltiivay Wl uetenagt ed wi th tol uene,
and the resul'ting organic |layer was washed sequentially with water and a

d I i f i hl i ied
saturst od gaucales SRIULAN R Sodmcelbarl s AR e leled over

sul f € crude pr renoval of the

2-propyl-7-(3,5-difluoro-4-chlorophenylethynyl)fluorene,
é—propyl—?—(4—f1uorophenylethynyl)-9,10—

10 dihydrophenanthrene,
2~propyl-7—(3,4—diflu6£ophenylethynyl)—9,10—
-dihydrophenanthrene,
2-propyl-7-(3,5-difluorophenylethynyl)-9,10-
dihydrophenanthrene,

15 2-propyl-7-(3,4,5-trifluorophenylethynyl)}-9,10-
dihydrophenanthrene,
2-propyl-7-(4-trifluorcmethoxyphenylethynyl}-9,10-
dihydrophenanthrene,
2-propyl-7-(3-fluoro-4-trifluoromethoxyphenylethynyl)-

20 9,10-dihydrophenanthrene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)-9,10-dihydrophenanthrene,
2-propyl-7-(4-difluoromethoxyphenylethynyl)-9,10-

dihydrophenanthrene;



20 sol vent by evaporation was purified by silica gel colum 3 U JAN 2004
chromat ogr aphy (hexane) and then recrystallized 3 tines from ethanol to
yield 6, 8-difluoro-2-propyl-7-(3, 4, 5-

trifluorophenyl)-9,10-di hydrophenan ggene. The conpounds |isted bel ow can

be produced in a sinilar 3 0 JAN 20 177 manner.

6, 8-di f| uor o- 2- prop uoro -9, 1 di_hydr p? nant hr ene,
6, 8- dlfIUOQUPEQBYépyrI? % ilyprp 8FH%E§H§P¥9§tEM“Y§?a§h rophenant hr ene,
6, 8-di fl uoro- 2-propyl -7- (3, 5-di fl uor ophenyl )-9, 10- di hydr ophenant hr ene,

6, 8-di f | uod@hgdpophghanthéenei f | uor omet hoxyphenyl ) -9, 10-
di hydr ophenant hrene, 10 6, 8-di fl uor o-2- propyl - 7-(3-fl uoro-4-

trifluoromgth géé?ﬁeeyké ?%ag 4LbyEr9PhEB2BREERY2phenylethynyl) -

6, 8-di fl uor o= | uor o- 4-
trifluoronmethoxyphenyl)-9, 10-di hydr ophenant hr ene,

6, 8- di f | uoPold-BibygropheRanthrEBPomet hoxyphenyl )--9, 10- 15
di hydr ophenant hr ene,

6, 8- di f| uopapZopyapyH{ 3, 64ditilhbuorererhy¥lpbeoperhglpbenylethynyl) -
di hydr ophenant hrene, 6, 8-difl uoro--2-propyl-7-(3-fluoro-4-

trifluoromgt hyl BRRGELLpReAInEhREHEOPhENant hrene,
2-propyl-7-{4-chlorophenylethynyl}-9,10-
dihydrophenanthrene,
2-propyl—7—(3—fluoro—4—chlorophenylethynyl)—9,10—

10 dihydrophenanthrene, and
2-propyl-7-(3,5-difluoro-4-chlorophenylethynyl)-9,10-

dihydrophenanthrene.

(Example 3) Synthesis of 8-fluoro-2-propyl-7-(3,4,5-
15 trifluorophenyl)-9,10-dihydrophenanthrene and 6-fluoro-2-

propyl-7-(3,4,5-trifluorophenyl)-9,10-dihydrophenanthrene



0 6, 8-di fl uoro-2-propyl - 7-- (3, 5-di f | uor o- 4 3 0 JAN 7004
rifl uoromethyl phenyl)-9, 10-di hydr ophenant hr ene,

, 8-di fl uoro-2-propyl -7-(4-chl orophenyl )-9, 10- di hydrophenant hr ene,
8-dif|uoro-2-propy|-7-(3-f|uoro-4igEIorophenyl)-9,10- 3 0 JAN 2004 178

ihydrophenanthrene,
8-di fluoro-2-propyl -7-(3, 5-difluora-4-chl orophenyl)- 9,

H@@ I wv ropyl 755, (4-f1 uor ophenyl)

uor ens; -P¢Htmn@5ﬂmnll fl uorene,
, 8-di fl uoro propy| - e 03 5-di f | uor op enyl)flugrene a
, 8-di fluoro-2-propyl-7-(3,4,5-trifluorophenyl)fl uorene,
, g gi ]1: : uoro- propyl 70{(4 triflu t hoxyphenyl ) f rene, 10
, 8-di fl uor, 1= -Meda3- - f fl.uor t fl uorene,
, 8-d|“f°F*fr*o = Q, M-ZricE; (Jﬂy ' thfl %gmg%yl ) f | uor ene,
, 8-di fl uor o- 2- propyl - 7 (4 15 di f 1 uor onet hoxyphenyl) f | uor éne,
, 8-di fl uoro-2-propyl -7-(4- trifluoronethylphenyl) fl uarene,
, 8-di fl uoro-2-propyl - 7- (3¢f | uor o- 4- uor omret WyJLBIF) fl uorene,

@’@ -
PyH, CH20I2 Pd{PPhy), , THF

CF,S0, =

n‘CaH7F + ncaHT

Following conversion of the 2-iodo-7-propyl-9,10-
dihydrophenanthrene obtained in éxample 1 into a phenol
derivative using standard methods, the thus obtained 7-propyl-

5 9,10—dihydrophenanthrén—Z—ol was éissolved 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

10 solution of sodium hydroxide were then added, any residual
fluorination agent was decomposed, and following the addition
of sufficient dilute hydrochloric acid to return the reaction
mixture to an acidic state, the organic layer was separated.
The aqueous layer was extracted with dichloromethane and this

15 extract was combined with the organic layer, which was

subsequently washed with water and then a saturated aqueous
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fluorene, 6,8-difluoro-2-propyl-7-(4-chlorophenyl)fl uorene,
6,8-dif|uoro-2-propy|-7-(3-f|uoro-4- chl orophenyl) fluorene, and 3 0 JAN
2004 179 6, 8-difl uoro-2- propyl (% -di fl uoro-4- chl orophenyl)fl uorene.
(Exanmpl e 5) Synthesis of 2-fluoro-4-(7-propyl-9,10 5

dlhydrophenanthren 2-y zonitrile n- C~H7 P C3H7 CN
o Y RIS GOFLR o BRI BUEHIET oV ARIHETO s

reacted with 4-(4,4-dinethyl -4, 5- dlhydrooxazol 2-yl)-2-fl uorophenyl boric
aci d idgodign puelseatee ofThHED ctmidealgrs:(dudqomemdipmsmy meEmadadladifurbh€@) , and
subsequent |y reacted wth phosphorus oxychloride to renove the cyano

group . brot ct Selsq%j“_%ﬁ U Budri-r,
di hydro ‘gnant ren- %y“ enzon%tr G!edjcorrpgjundlﬂqel(?jgt S?:jblilﬁi'ocv‘\all can be
produced in a simlar 15 manner.

4- ( 7- pFeolpydQlonmmy CHURARAQSHARIN hridirxans |3k badmians) &o yield both
2-fluoro-4-(7-ethyl--9,10-di hydr ophenant hr ene- 2-
5 1-fluoro-7-propyl-9,10-dihydrophenanthren-2-ol and 3-fluoro-7-

propyl-9,10-dihydrophenanthren-2-ol.

The thus obtained l-fluoro-7-propyl-9,10-
dihydrophenanthren-2-ol was dissolved in methylene chloride, a
suspension was formed by adding trifluoromethanesulfonic

10 anhydride, and the suspension was then cooled:to 5°C. With

Jthe 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

15 dichloromethane 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 aqueous solution of sodium
chloride before being dried over anhydrous sodium sulfate.

20 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-2-yl
trifluoromethanesulfonate. This compound was combined with

3,4,5-trifluorophenylboric acid (which was produced by a



yl ) benzonitrile, 4-(7-ethyl-9,10-di hydrophenant hrene- 2-yl)benzoni triq%JAN-ZUM

20 2-fluoro-4-(7-butyl -9, 10-di hydr ophenant hrene-2- yl)benzonitrile,
Pd(PPh3)4 , THE 3 u JAN 2004 180
4-(7-buty|-9,10-dihydrophenanthrene1 gyl)benzonitrile,
2-fluoro-4-(7-pentyl -9, 10-di hydr ophénant hrene-2- yl)benzonitrile,

(7- pentyl 9,10-di h drophenanth ene- 2- )benzon r
| udreRckion Re&y %1 lr%rmf&{)rre%?aﬂﬁﬂ?gfr *‘-’;ﬂt E@H&én?‘trﬁwe

7- hexyl -9, 10- dlhydrophenanthrene 2- yI)benzonltrlle

IuwmmfaddbdhﬂﬁmdbéhzumghdwiMmmmﬂﬂanmhr@m@rnymﬁﬂ@ﬂibmﬂaﬂa e, 10
7- heptyl 9, 10 di hydr ophenant hr ene- 2-yl ) benzonitril e,

| ugy )Ujﬁﬂ%ﬁ##ﬁéﬁ@”wf%ﬁuhiid¥%ﬂﬁgﬂﬁﬁﬂﬁﬂkﬂﬁﬁH“ﬁd%d

f
(
f
(
f
)benzonltrl uor o- 7- propyl 1 dlhydrophenanthrene 2-
)benzonltrlle

f

(

5

15
| udre-rakis (qub(?“ﬁlﬁwpr@“ﬁ?ﬁﬂwldﬁhéﬁdnﬂ%r?é’tfs%ﬂ%enzom trile,

8-fluoro-7-ethyl -9, 10-di hydrophenant hr ene--2- yl)benzonitrile,
| Ut pH(dBed | Lrpren dentertthyt I-£cmie0r idtieh yar lopsindn anmich warse then stirred

4-

2-

4-

2-

4-

2

y

y

2-

4-

2-
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

10 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-2-propyl-7-(3,4,5-trifluorophenyl)-9,10-

15 dihydrophenanthrene. The separated 3-fluoro-7-propyl-9,10-
dihydrophenanthren-2-o0l was also reacted in the same manner
and yielded 6-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)-9,10-
dihydrophenanthrene.

The compounds listed below can be produced in a similar

20 manner.

g8-fluoro-2-propyl-7-(4-fluorcphenyl)-9,10-
dihydrophenanthrene,
8—fluoro-2-propyl-7-(3,4-difluorophenyl)-9,10-

dihydrophenanthrene,



20 yl)benzonitrile, 4--(8-f|uoro-?-butyl-9,10-dihydrophenanthrene-z-gﬂJANZM4
yl ) benzonitril e,
2-fluoro-4-(8--fluoro-7-pentyl -9, 10-di hydr ophenant hr ene- 2-

yl ) benzonitrile, 3 U JAN - 2004 181

4-(8-fluoro-7-pentyl -9, 10-di hydr ophénant hr ene-2- yl ) benzonitrile,

2-fluoro-4-(8-fluorq-7-hexyl -9, 10-di hydr ophenant hrege~2- yl)benzonitrile,

5 4-(8-f|u@FgJ?pWEYg‘P§9§@¥dﬂﬁﬁéﬂéhﬁ§ﬁﬂﬁi Fgﬁgpfa)ypygénzonitrile,

2-fluoro-4-(8-fluoro-7-heptyl -9, 10-di hydr ophenant hr ene- 2-

yl ) benzoni diihlyel rophedanitianeae?- hept yl - 9, 10- di hydr ophenant hrene-2- .10

yl ) benzonitril e,

2- 11 uor 0- 45( 61 9 FrpR Y7~ 4l dif b remke AdRyPheng13~9 , 10-

yI)benzoniPriIeP 4-(6§fluoro-7?propyl-9,10-dihydrophenanthfene-Z-

yl)benzonitrile, 1

2-f|uor0-4ﬂ6@¥ﬁqﬂﬁaﬁpﬁﬂﬁﬂﬁﬁ“99,10-dihydrophenanthrene-z- yl Ybenzonitrile,

4-(6-fluoro-7-ethyl -9, 10-di hydrophenant hrene-2- yl)benzonitrile,

2- 61 uor o- 4G fdorer-@—priopyl~79, ( Bo-fdivppdr-dptieifiuerenethoxyphenyl) -
9,10-dihydrophenanthrene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-9,10-dihydrophenanthrene,
8-fluoro-2-propyl-7-(4-difluoromethoxyphenyl}-9,10-

10 dihydrophenanthrene,
8-fluoro-2-propyl-7-(4-trifluoromethylphenyl)-9,10-
dihydrophenanthrene, -
8§-fluoro-2-propyl-7-(3-fluoro-4-trifluoromethylphenyl)-
9,10-dihydrophenanthrene,

15 8-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)-9%,10-dihydrophenanthrene,
g-fluoro-2-propyl-7-(4-chlorophenyl)-9,10-
dihydrophenanthrene,
g8-fluoro-2-propyl-7-(3-fluoro-4-chlorophenyl)-9,10-~

20 dihydrophenanthrene,

8-fluoro-2-propyl-7-(3,5-difluoro-4-chlorophenyl)-9,10-
dihydrophenanthrene,
6-fluoro-2-propyl-7-(4-fluorophenyl})-9,10-

dihydrophenanthrene,



20 yl)benzonitrile, 4-(6-f|uoro-?-butyl-9,10-dihydrophenanthrene-Z-EUJANZM4
yl ) benzonitril e,
2-fluoro-4-(6-fluoro-7-pentyl-9,10-di hydr ophenant hr ene- 2-
yl)benzonitrile, 3 U JAN 2004 182 17p

4- (6-fluoro-7-pentyl -9, 10-di hydr ophenant hr ene-2- yl ) benzonitrile,

2-fl uor o- 4, l.uor - 7- | -9, 204di rege1d- yl)benzonitrile,
5 4-(6-f|uggg}gpﬁgxélﬁgp%g¥dfh§§f3pﬁgﬁgﬁgﬁpgﬁgﬁ¥@)fo%gnzonitriIe,
2-fluoro-4-(6-fluoro-7-heptyl -9, 10-di hydr ophenant hr ene- 2-

yl ) benzoni gahydrophesantisedes- hept yl - 9, 10- di hydr ophenant hr ene-2- 10

yl ) benzonitrile, 4-(6,8-difluoro-7-propyl-9, 10-di hydrophenant hr ene- 2-

yl ) benzoni fLifh@ord—Rl-peopy4-76.( 8- di-tiddnerépheagyl) -9, 10—

di hydr ophenant hr ene- 2-yl ) benzonitrile, 15

2-fluoro-4- -ditlugros7-ethyl-9, 10

dihydropheﬁégpﬁfg é?%%yﬁf%gn%dnitrile,
4-(6,8-difluoro-7-ethyl-9, 10-di hydr gphenant hr ene- 2- vyl benz?%itrile,

2- 51 uor o- 46¢& 18ogPH2uPrerY bdtyk~grigluoromethoxyphenyl)-9,10-

dihydrophenanthrene,
6-fluoro-2-propyl-7-(3-fluoro-4-trifluoromethoxyphenyl)-
9,10-dihydrophenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-

10 trifluoromethoxyphenyl)-9,10-dihydrophenanthrene,
6-fluoro-2-propyl-7-(4-difluoromethoxyphenyl)-9,10-
dihydrophenanthrene,
6-fluoro-2-propyl-7-(4-trifluoromethylphenyl)-9,10-
dihydrophenanthrene,

15 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-

20 dihydrophenanthrene,
6-fluoro-2-propyl-7-(3-fluoro-4-chlorophenyl)-9,10-
dihydrophenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-chlorophenyl)-%,10-

dihydrophenanthrene,
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4- (6, 8-di fluoro-7-butyl -9, 10-di hydr ophenant hrene-2 yl)benzonitrile,
-fluoro-4-(6,8-difluoro-7-pentyl -9, 10-

i ydrophenanthrene-Z-yI)benzonitriH + 3 0 JAN 2004 183

6, 8-di fl uoro-7-pentyl -9, 10- dihydrophenanthrene 2- yl)benzonitrile,

| uor o-4-(6,.8-difluoro-7-h

ydr ophefarftiiosoe: %%Wén%ﬁl% quUéaro;gmenyl )£luorene,

(6, 8-difluoro-7-hexyl -9, 10-di hydrophenant hrene-2 yl)benzonitrile,

| uor o- 4-8(—65,18}aiid42u-@1@97}]1‘+§p{()8| r8dlitluorophenyl)fluorene,

ydr ophenant hr ene- 2-yl ) benzonitril e,

h
(
f
h
:
h
6, 8-difl t X o t
1£ | uor oI 4 8?9; %r%@%l%%r%n%%%*ﬁ%%%m F1ubtefie,benzoni tri
%
(
B
(
f
(
f

€,

7-propyl fl orene 2 I nzonitril.e
tor o 4 BB ARG 234 BerasaTeEhoxypheny 1) £ luorene,

7-ethyl fl uorene- 2 yl)benzonitrile, 15
| uor o- 4-8(-Flmatryd A porogryd—2(| -tEnmonit4- | e,
7-butyl fl uorene-2-yl)benzonitrile,

| uor o- 4tfr| ﬂ%ﬁdﬂéeﬁ%@gﬁx& Al DgpaQRid /il e,

7-pentyl Tl uorene-2 onitrile,

| uor o- 4- ( 7-_hex Iquorenel_.Z7 yl3)t§erazo 'Jorrlcl S

2
di
4-

2-

di

4-

2

di

4-

2-

4-

2-

4-

2-

4-

2-

4-

2-

8-fluoro-2-propy
trifluoromethoxyphenyl)fluorene,
8-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)fluorene,

10 8-fluoro-2-propyl-7-(4-difluoromethoxyphenyl)fluorene,
8-fluoro-2-propyl-7-(4-trifluoromethylphenyl)fluorene,
8-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)fluorene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-

15 trifluoromethylphenyl)fluorene,
8-fluoro-2-propyl-7-(4-chlorophenyl)fluorene,
8-fluoro-2-propyl-7-(3-fluoro-4-chlorophenyl)fluorene,
B-fluoro-2-propyl-7-(3,5-difluocro-4-
chlorcophenyl)fluorene,

20 6-fluoro-2-propyl-7-(4-fluocrophenyl)fluocrene,
6-fluoro-2-propyl-7-(3,4-difluorophenyl)fluorene,
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-



2
2
4
2
4
2
(
2
4
2
4
2
4
2
4
2
4
2
4
2
4
2
4
2

0 4-(7-hexylfluorene-2-yl)benzonitrile,
fluoro-4-(7-heptyl fluorene-2-yl)benzonitrile,
(7-heptyl fluorene-2-yl)benzonitrile,
fluoro-4-(8-fluoro-7-propylfl uoregﬁ- -yl )benzonitrile,
(8-fluoro-7-propyl fluorene-2-yl)b nitrile, 3 0 JAN 2004 184
fluoro-4-(8-f]luoro-7-ethylfluorene-2- I%benzonitri le, 4-
-f1 uor o- -TE= it HAFIRSY phenyl b@rﬁ%‘ﬁ%’r{

| uor o-4- (8-fluoro-7-butyl fluorene-2-yl)benzonitrile,

8- f | uor cs7E husnd $ 1 1prraamel 27 -y{ J Pentofidord-el- 5

| uor o- 4- (8-fl uoro-7-pentyl fl uorene-2-yl)benzonitrile,

8-fluoraq-7- J“rﬁi = 2= pﬁ;}%o&i rile,

| uor o- 4%%%%%3 - e’%%ﬁ%irpene- -y %'benzoni trile,

8- fl uoro-7- hexyl f1 uor ene- 2- y{fé_:)e,nzoni trile,

| uor o- 4-§eEFuQER2RIRR Yt 11 Uordheluesanaidiomisny lo), £ lyprene,

f
(
f
(
f
%
(8-fluoro-7-heptyl fluorene--2-yl)benzonitrile,

f5l uor o- 4-¢-6¢ Tl aras-B ooy T4 ubrenef Rrod grikariadp Heriyle), f luorene,
(

f

(

f

(

f

(

f

il e,

6-f 1l uoro-7-propyifi.uorene-2-yl)benzonitrile,

| uor o- 4-{ 6-f 1= f4u : 2=Vl benzonitrile,
6-fl uoroé_7€le4cﬁl§(fﬁ &o&ﬂi 2-}-y Eﬂre%%rnél/t%i le, 15

| uoro-4- (6-fluoro-7-butylfluorene-2-yl)benzonitrile,
6- f | uor d-rAbtHgAIReigIERIeNyA ) &rile,

| uor o-4- (6-fl uoro-7-pentyl fl uorene-2-yl)benzonitrile,
6- f | uor c6—-£ st o I prospeyrie- 2- ¢ 3/) §-bkinZlormta-i4-e,

| uor 0- 4- (6-fl uoro-7-hexyl fl uorene-2-yl)benzonitrile,

trifluoromethylphenyl)}fluorene,

8

10 6-fluoro-2-propyl-7-{4-chlorophenyl) fluorene,
6-fluoro-2-propyl-7-(3-fluoro-4-chlorophenyl)fluorene,
and
6-fluoro-2-propyl-7-(3,5-difluoro-4-
chlorophenyl)fluorene.

15

(Example 4) Synthesis of 6,8-difluoro-2-propyl-7-(3,4,5-

trifluorophenyl)-9,10-dihydrophenanthrene

30 JAN 2004
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20 4-(6-fluoro-7-hexylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-heptyl fluorene--2-yl)benzonitrile,

4- (6-fluoro-7-heptyl fl uorene-2-yl)benzonitrile,

4- (6, 8-difluoro-7-propyl fluorene-2-yJ)penzonitrile,
2-fluoro-4-(6,8-difluoro-7-propyl fluorene-2 185 yl)benzonitrile,
2-fluoro-4-(6,8-difl yoro-7- ethylfluor@ne 2- yI)benzonltrlle
4-(6,8-difluoro-7 yl f rene- 2- enzgn tr|

2-flu oro4(6,8-' —eé—d—ﬁbu 6 bH zonltrlle

4-(6,8-di flubPe& 7 yIquoreﬁ@QZ- benzoﬁf IFle

2-fluoro-4-(6, 8- di f1 Gor o 7- pentylflu rene-2- yl)benzonitrile, 1.0
4-(6,8-difluoro peﬁtyt%%uore -2-~.-yl)benzonitril F

2-f1 uor o- 4- (698 uorQ-/7- h | uorgne- 2- il ) be {l e,
4-(6,8-difluoro YTIEAD! EdRare- Y AJORE AZD NINHG T P&
2-fluoro-4-(6,8-diflhoro-7- heptylfluorene 2- 15 yI)benzo gtrile, and
4-(6,8-difluoro-7-heptyl fluorene-2-yl)bepzonitrile. (Exanple 6) Synthesis

of 2-fluoro-4- (Tfyator o lspr opyI - P @

benzonitrile amdygr " UCHped(3
fluoro-7-propyl -9, 10- dlhydrop enanthren

_boa (@.@ 1) Buli, THF
“Toluene 2) I, THF
F [HO)28

"C’H* Pd(PPhy), . THF 0.0 @

Following conversion of (3,5-difluorophenyl)-acetic acid

hydrgphenanthren-Z-yl)

Cl,
yI) %enzonltrlle 3 u JAN 2004

to an acid chloride with thionyl chloride, subsequent reaction
with ethylene gas at -10°C using methylene chloride as the

5 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-2-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
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1-fl uoro-7-propyl -9, 10-di hydrophenant hren-2-yl trifl uoronet hanesul fonate
was reacted with 4-(4, 4-di net hyl - 4,5-di hydrooxazol -2-yl)--2-f

| uor ophenyl boric acid in the 5 prese of

tetraki s(triphenyl phosphi ne) pal | adi um  and subsequently reacted with

PhOSPNGHYT: PANCTLRL | 8k 0rL OTRY Ci ko SYETY- HLOUR PLRY CFLHY G, 8 OUP and
fluoro-trans-7-propyl -9, 10-di hydr ophenant hren-2-yl) benzonitrile. 10 The
conpouwndet i keat et o) choube. prBeiceal upien swas | then eembed to room

2-fluoro-4-(1-fluoro-trans-7-ethyl--9, 10-

di hydr ophsasat hr&€neatb@nsel- ¥b) PEIBRNGE Ik €5 prepared from sodium
4-(1-fluoro-trans-7- ethyl 9, 10- dlhydrophenant rene-trans- 15

2-yl)benzonjtri uoro-trans:7- et yl,-9, 10

i hy i SHRERERE hPEREER  AE AR HRNS s | §E0ed SRS Ak Lux was
4-(1-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene-trans-

2-\i ) beprbhheed | £or 28 QurtM%¥o44h0%nSflLkﬁtﬁtr%h% selution ohad 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
anhydrous sodium sulfate, and the solvent removed by

10 evaporétion 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 dissolved.
With the internal temperature maintained at a temperature from

15 -30 to -40°C, a THF solution of 6,8-difluoro-trans-4,4a,9,10-
tetrahydro-3HB-phenanthren-2-one and t-butanol was then added
dropwise. Following completion of the addition, stirring was
continued for a further 30 minutes. Small guantities of solid
ammonium chloride were added and following oxidation of the

20 lithium, the temperature was raised to room temperature, and
the ammonia removed by evaporation. Water was then 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
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di hydr ophenant hr ene-trans-2-yl ) benzonitrile,
4-(1-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hrene-trans-

2-yl)benzonitrile, 2-fluoro-4-(1-flyemo-trans-7-ethyl-9,10- 5

di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

2y ot EO (e el e SHE AR LR o veed
10

di hydr ophenant hr ene-trans-2-yl)benzonitrile,
4- ( 1f Iwrabtaign S B-at il ua o8 cotfendht i d Ove-hexahydro-1H-
2-yl)benzonitrile, 2-fluoro~4-(1-fluoro--trans-7-ethyl-9, 10-

di hydr FHene-ddans -ghid )JafirAid d<£ reacted with propyl
4-(1-f|uoro-trans-?-ethyl-9,10-dihydrophenanthrene-transF)1§Y

2-yl)benzonitrile, 2-fluoro;4-{3-fluorg--trans-7-ethyl-9, 10-

G VPG e &5 JOR gy Sl VB el addea <o
4-(3-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hrene-trans-

2- 91 ) Bexizorihe iteacta®em- { Byl Aqeddiaioras thtwns afidechy the porganic
di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

4- (3- fldyrowdanfepareitud ; Ankd-wid e anyureies lditSacted with

2-yl)benzonitrile,

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

10 . saturated aqueous solution of sodium chloride before being
dried over anhydrous sodium sulfate. The solvent was removed
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.

15 When the water evaporation had ceased, the temperature was
returned to room temperature, water was added, and the organic
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

20 being dried over anhydrous socdium sulfate. The solvent was
removed by evaporation and the whole crude product was then
dissolved in toluene, DDQ (2,3-dichloro-5,6-dicvano-1,4-
benzoquinone) was added, and the mixture was heated at 100°C,

with stirring, for a period of 5 hours. The solvent was then
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di hydr ophenant hr ene-trans-2-yl ) benzonitrile,
4-(3--fluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene-trans-
2-yl)benzonitrile, 2-fluoro-4-(3-flugfo-trans-7-ethyl-9,10- 5
di hydr ophenant hr ene-trans-2-yl)benzonitrile,
4-(3-f|uoro-%rans-?-ethg{=9 10'@%¥‘ﬁ%‘3 he aq%hrene-

t - e
>yl ) GERIOTRS (7Y cevaSerdian u- 338 (Y MR dris EH A FA] P pilica gel

di hydr ophenant hr ene-trans-2-yl)benzonitrile, 10
4- ( 3- f¢yorma toGFRPITY etdyyield ol di +8/4f bitrenahtprapiel+ 3 aiks-
2-yl)benzonitrile, 2-fluoro-4-(3-fluoro-trans-7-ethyl-9, 10-

di hy dr @DRENCSH N eNeE fF SRS - 2-HHh ) D¢ bdrd lvas lithiated in an n-
4- (3-fluoro-trans-7-ethyl -9, 10-di hydr ophenant hrene-trans- 1
U

5
Rt R T R e
yl)benzonitrile, 20 2-fluoro-4-(1-fluoro-trans-7-ethylfluorene-trans-2-
y| Pbeniemhineg | t@ proquce | rovedar+ hnk=dd Bvyond4 Trprmpe X+ i -2-
yl ) benzonitrile,

dihydrophenanthrene.
2-iodo-1,3-difluoro~-7-propyl-9,10~dihydrophenanthrene was

combined with 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 aqueous
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



2-fluoro-4-(1-fluoro-trans-7-butylfluorene-trans-2 3 0 JAN 200+ 189 3“JAN2m‘
yl )benzonitrile, 4-(1-fluoro-trans-7--butylfluorene-trans-2-

yl )benzonitrile, 2-fluoro-4-(1-fluoro-trans-7-pentylfluorene-trans-2- 5
yl )benzonitrile, 4-(1-f|uoro-trans-%aﬂﬁntylfluorene--trans-2-
yl)benzonitrile, 2-fluoro-4-(1-fluoro-trans-7-hexylfluorene-trans-2-

yl )benzonitrile, 10 4-(1l-fluoro-trans-7-hexylfluorene-trans-2-

yl ) bePYM8Y 49 | e, 2-fluoro-4-(1-fluoro-trans-7-heptyl fluorene-trans-2-

yl )benzonitrile, 4-(1-fluoro-trans-7-heptylfluorene-trans-2- 15

yl ) benzoni t6,8-e)i 2id 1w+ D-phed By ¥4 oy H- f Inssrophenydr oy, ¥d-uor ene- t r ans- 2-
yl )benzonitrile, 4-(3-fluoro-trans-7-propylfluorene-trans-2-

yl ) benzoni t g4 - = ;4-(3-fluoro-trans-7-ethyl fl uorene-trans- 2-
yI)benzomt#ﬁdiﬁréﬁﬁééﬂqéﬁgéﬁ%?ans--7-ethyIfIuorene-trans-2-

yl ) benzonitrile,. .
6,8-difluoro-2-propyl-7-(3,4-difluorophenyl}-9,10-

5 dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(3,5-difluorophenyl)-9,10-
dihydrophenanthrene,
6,8-difluoro-2-propyl-7-{4-trifluoromethoxyphenyl)-9,10-
dihydrophenanthrene,

10 6,8-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)-9,10-dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-9,10-dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(4-difluoromethoxyphenyl)-9,10-

15 dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(4-trifluoromethylphenyl)-9,10-
dihydrophenanthrene,
6,8-difluoro-2-propyl-7-(3-flucro-4-
trifluoromethylphenyl)-9,10-dihydrophenanthrene,

20 6,8~difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)-9,10-dihydrophenanthrene,
6,8-difluoro-2-propyl-7~(4-chlorophenyl)-9,10-
dihydrophenanthrene,

6,8-difluoro-2-propyl-7-(3-fluoro-4-chlorophenyl)-9,10-



2-fluoro-4-(3-fluoro-trans-7-butylfluorene-trans-2 3 0 JAN 2004 19030JAN2M4
yl )benzonitrile, 4-(3-fluoro-trans-7-butylfluorene-trans-2-
yl)benzonitrile, 2 quoro-4-(3-quoro trans-7-pentyl fl uorene-trans-2- 5
yl)benzonitrile, 4-(3-fluoro-trans-7 %entylfluorene--trans 2-

yl )benzonitrile, 2-fluoro-4-(3- f I uord® rans- 7- hexyl f | uor ene-trans- 2-
yl)benzonitrile, 10 4-(3-fluoro-trans-.7-hexyl fluorene-trans-2-
yI)benzonlﬂihhﬁﬁr §9§9q23-fluoro trans-7-heptyl fl uorene-trans-2
yl)benzonitrile, and 4-(3-fluoro-trans-7-heptylfluorene-trans-2- 15

y|)ben20nitHiUiﬁlﬁﬂaﬁﬁﬁﬂZ}§Bo§§NHﬂ¥$§;54ﬂifluoro—4-chlorophenyl)—
2, 6- dlfluoro 4-(1-fluoro-trans-

propyl t frans-2-yl)benzonitrile 3'0 JAN 2004 191
Sccts he lfﬂq%%?%%%%mt% el

6,8-difluoro-2-propyl-7-(4-fluorophenyl)fluorene,

5 6,8-difluoro-2-propyl-7-(3,4-difluorophenyl)fluorene,
6,8-difluoro-2-propyl-7-(3,5-difluorophenyl)fluorene,
6,8-difluoro-2-propyl-7-(3,4,5-trifluorophenyl)fluorene,
6,8-difluoro-2-propyl-7-(4-
trifluoromethoxyphenyl)fluorene,

10 6,8-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)fluorene,
6,8-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)fluorene,
6,8-difluoro-2-propyl-7-(4-

15 difluoromethoxyphenyl)fluorene,
6,8-difluoro-2-propyl-7-(4-
trifluocromethylphenyl)fluocrene,
6,8-difluoro-2-propyl-7-(3-flucro-4-
trifluoromethylphenyl) fluorene,

20 6,8-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)fluorene,
6,8-difluoro-2-propyl-7-(4-chlorophenyl)fluorene,
6,8-difluoro-2-propyl-7-(3-fluoro-4-

chlorophenyl)fluorene, and



NH3 CO2H ON 1-f 1 uor o-trans-7- propyl - 2- (3, 5- di f | uor ophenyl ) -9, 10- 3 U JAN 2004
di hydr ophenant hrene produced using the sane nethod as Exanple 3 was
lithiated with a butyl 1ithiumhexane solution, and 5 subsequently
reacted with carbon di oxide gas to yreld 2, 6-

di fl uoro-4-(1-fluoro-trans-7-propyl -9, 10-di hydr ophenant hr en-

trans-2-yl) nd _ ented to an acid chloride
with thi ony%oedgﬁq%ofﬁiug&o yx}'oﬁ)gﬁl ?gggt g’d\a\?\nsftl%%@gm?mm atoyield
2,6-difluoro-4-(1-fluoro-trans-7-propyl-9,10 10

di hydr opheririariaaayanEoneNenzanm de. Subsequent reaction with
phosphorus oxychl ori de produci ng a dehydration vyiel ded
2,6-difluoro-4-(1-fluoro-trans-7-propyl -9, 10-

di hydr ophenant hren-trans-2-yl) benzonitrile The conpounds |isted bel ow

can be produce r 5 T _ _

6-dif I‘d%’faé“ ZLe( %’r)anrbsﬁfﬂe{%] E1a°f T I hydr oéﬁeﬁgr?lpﬁrler?é-lo

trans- 2lu6£benzon|trlle

2, §- didihpstrephenantdiremr-Zetyben zoidifdy@® ophenant hrene 1) BuLi n-(: 3H
2) CO2 3 0 JAN 2004 192 trans-2-yl)benzonitrile,

2,6-difl uoro-4- (trans 7-ethyl -9, %0 dlhydrophenanthrene-

2-iodo-7-propyl-9,10-dihydrophenanthrene produced in

Example 1 was reacted with 4-(4,4-dimethyl-4,5-dihydrooxazol-
2—ylj;2—fiuérophenylboric acid in the presence of
10 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
15 manner.
4-(7-propyl-9,10-dihydrophenanthrene-2-yl)benzonitrile,
2-fluoro-4-(7-ethyl-9,10-dihydrophenanthrene-2-
yvl)benzonitrile,
4-(7-ethyl-9,10-dihydrophenanthrene-2-yl)benzonitrile,
20 2-fluoro-4-(7-butyl-9,10-dihydrophenanthrene-2-

yl)benzonitrile,



trans-2-yl)benzonitrile, 3 U JAN 2004
2,6-difluoro-4-(trans-7-ethyl-9,10-di hydr ophenant hrene- 5
trans--2-yl)benzonitrile,
2,6--dif|uoro-4-(trans-7-ethy|-9,10-%ihydrophenanthrene-
trans-2-yl)benzonitrile, 150
2,6-difluoro--4--(trans-7--ethyl -9, 10-di hydr ophenant hrene-, .
trans-2-y|ﬁbéﬂz@m mjﬂmlQnglhydrophenanthrene—2—yl)benzonltrlle,
2,6-difluoro-4-(1,3-difluoro-trans-7-ethyl-9,1.0-

di hydr ophenaftlcgme-4i- (ampeirtyl )9 100w ihyidrphenanthrene-2-
2-fluoro-4-(1,3-difluoro-trans-7-ethyl-9, 10-

di hydr ophe r =t r -2-yl)benzonitrile,
4-(1,3--di3ﬁﬂ%§%ﬁ¥§%%3- §Bthyl-9,10-dihydrophenanthrene 15

trans-2-yl)benzonitrile, 2 , 6-difluoro-4- (1, 3-difluoro-trans-7-ethyl-9
, 10- di hydriogHerantylade 10-sdidyirpphenansiineng-@-yl)benzonitrile,
2-fluoro-4-(1, 3-difluoro-trans-7-ethyl -9, 10-

di Bydr ophenamiicare-4t-(@rdredyll-vhanzaiidyddophendthrene-2-

4- (1, 3-difluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene

trans-2-yl i tril e,
2,6-dif|uo$§52%%%#%95i lSBro-trans-?-ethyI-Q,lO-
dihydrophenanthrene-trans-2-¥I)benzonitriIe,

2- | uor o- 441,730 xS 3 O ediy dr cphRpang hre ngo 2raN ) Peggopgd rile,

di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

4- (1, 3- di f l2udrlactoaids-(7—dieiptly-1-9,, 10—l iydiraphenamthrene— 2 -
yl)benzonitrile,

10 4-(7-heptyl-9,10-dihydrophenanthrene-2-yl)benzonitrile,
2-fluoro-4-{8-fluoro-7-propyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
4-(8-fluoro-7-propyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,

15 2-fluoro-4-(8-fluoro-7-ethyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
4-(8-fluoro-7-ethyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(8-fluoro-7-butyl-9,10-dihydrophenanthrene-2-

20 yvl)benzonitrile,
4-(8-fluoro-7-butyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(8-fluoro-7-pentyl-9,10-dihydrophenanthrene-2-

vl)benzonitrile,



trans-2-yl)benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-ethyl-3UphN 1004
5 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)benzonjtrile,
4-(1,3-dif|uoro-trans-?-ethyl-9,10-&i dr ophenant hr ene-
trans-2-yl)benzonjtrile, 10 )

2, 6-di f1 uorb=b8tthuerer {rRRR oY 11% aifi-dikydrophenanthrene-2-

di hydr ophenant hrene-trans-2-yl ) benzonitrile,
2-fluoro-4-¢1)Bexkzdhitor Dré )y ans- 7- et hyl - 9, 10

di hydr ophenant hr ene-trans-2-yl ) benzonitrile,

4-(1,3-difl %%Pﬁéfé‘-“@-‘ gsﬁfmafo%l_%iw_dd PNV e st threne-2-~

trans-2-yl)benzonitri
2,6-difluoro-4-(1,3-dif]luoro-trans-7-ethyl-9,10-

di hydr ophenghtPREFAIEBRSE 2- y| ) benzonitril e,
2-fluoro-4-(1,3-difluoro--trans-7-ethyl -9, 10-

di Iydr ophensnt 8w Eneod d-anshekwl ) Darzaniiyddabhethnthrene-2-
4- (1, 3-difluoro-trans-7-ethyl -9, 10-di hydr ophenant hr ene-

trans-2-yl) {%?HQ ile 1.2, 6-difluoro-4-(1-fluoro-trans-7--ethyl-9, 10-
dihydrophe&gﬁ renéﬂ%%é%g%?-yl)benzonitriIe,
2,6-difluoro-4-(1-fluoro-trans-7-ethyl-9,10 3 0 JAN 2004 194
di hydr ophenzmt H¥Re=4 7 Et ViAo erhsthinli9 L 0-dihydrophenanthrene-2-
2,6-difluoro-4-(1-fluoro-trans-7-ethyl-9, 10-

yl)benzonitrile,

4-(8-fluoro-7-heptyl-9,10-dihydrophenanthrene-2-

10 yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-propyl-9,10-dihydrophenanthrene-2-
vyl)benzonitrile,
4-(6-fluoro-7-propyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,

15 2-fluoro-4-(6-fluoro-7-ethyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
4-{6~fluoro-7-ethyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
2~-fluoro-4-(6-fluoro~-7-butyl-9,10-dihydrophenanthrene-2-

20 yl)benzonitrile,
4-(6-fluoro-7-butyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-pentyl-9,10-dihydrophenanthrene-2-

yl)benzonitrile,



di hydr ophenant hrene-trans-2-yl ) benzonitrile, 30 JAN 2004
2,6-difluoro-4-(1-fluoro-trans-7-ethyl-9,10 5

di hydr ophenant hrene-trans-2-yl)benzonitrile,
2,6-difluoro-4-(1-fluoro-trans-7-ethyl.,9, 10-

di hydr ophenant hr ene-trans-2-yl ) benzonitril e,

2,6-difluoro-4-(3-fluorp-trans-7-ethy].-9,10-
dihydropheﬁﬁﬁ%ﬁ -ﬁﬂﬂi%ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁ%d%qﬁ4%QPQﬁ?anthrene—2'
2,6-difluoro--4-(3-fluoro-trans-7-ethyl -9, 10-

di hydr ophendntdemerevittrains ,2- yl ) benzonitril e,
2,6-difluoro-4-(.3-fluoro-trans-7-ethyl -9, 10-

di hydr ophenantiy a0 -4r @1 1200 PR 1119 | ®-dihydroph th -2-
2,6-dif|uoro-4-(3-f|uéro-trans-?-ethyl-QflO 1§'Y rophenanthrene

di hydr ophenant hr ene-trans-2-yl)benzonitrile,
2,6-dif|uoﬂﬂﬂﬁﬂﬂigﬂﬁﬁﬁilgwrans-?-ethyl-9,10-

di hydr ophenant hrene-trans-2-yl)benzonitrile,

2, 6- di f | uorde-(4—f3-ufdreei7o-tterans-97-1d-dilhy@irbphenanthrene-2-
di hydr ophenant hrene-trans-2-yl )benzonitrile, 20

2, 6-di Tl uora-yhefZcieri1@ hyl fl uorene-trans-2- yl)benzonitrile,
2,6-di fluoro-4-(trans-7-propyl fluorene-trans-2- yl)benzonitrile,

31y benzont Ao s (s T R R hrRney2-
yl)benzonitrile,
4-(6-fluoro-7-heptyl-9,10-dihydrophenanthrene-2-

10 yl)benzonitrile,
4-(6,8-difluoro-7-propyl-9,10-dihydrophenanthrene-2-
vl}benzonitrile,
2-fluoro-4-(6,8-difluoro-7-propyl-9,10-
dihydrophenanthrene-2-yl)benzonitrile,

15 2-fluoro-4-(6,8-difluoro-7-ethyl-9,10-
dihydrophenanthrene-2-yl)benzonitrile,
4-(6,8-difluoro-7-ethyl-9,10-dihydrophenanthrene-2-
vl)benzonitriile,
2-fluoro-4-(6,8-difluoro-7-butyl-9,10-

20 dihydrophenanthrene-2-yl)benzonitrile,
4-(6,8-difluoro-7-butyl-9,10-dihydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-pentyl-9,10-

dihydrophenanthrene-2-yl)benzonitrile,



30 JAN 2004

yl )benzonitrile, 2,6-difluoro-4-(trans-7-hexylfluorene-trans-2- 5
yl )benzonitrile, 2,6-difluoro-4-(trans-7-heptylfluorene-trans-2-
yl )benzonitrile, 2,6-difluoro-4-(1,3-difluoro-trans-7-propylfl uorene-
trans-2-yl)benzonitrile, 10 183

2-fluoro-4-(1, 3-difluoro-trans-7-propyl fl uorene-trans-2- yl)benzonitrile,

.4-.(1,3-di L g{;’% ?zaiﬁmogoﬁi}?@ﬁﬂriu@[ @ﬂsye?ﬁ Oraeénea{glapﬁpg,i%iﬁzi le,

-di fl uoro- ,3-di fluoro-trans-7-et e-trans-

, 6
yl)benzonitrile, . .
fIuoro-4-¥i?%§HF?PhBFbl?rans-7-ethyIfIuorene-trans-z- yl )benzonitrile,
(1,3-difluoro-trans-7-ethyl fluorene-trans-2- yl)benzonitrile, 20
6
y

-di fl uor 2-8144r3-4H ¢ 6 pdrdif laoseo77 bueyyI+Apr®Ne-t rans-
) benzonitrile,

-yl

-fluoro-4-41 | - - rans-2- yl)benzonitrile,
-(1,3-difI%%?%§€?ék§€%?%%{§$§léofg %%%%%ﬁ%f¥%F%'o JAN 2004 196

)

| Ybenzonitril e, , b6--difluoro-4-(1, 3-djfluoro-trans-7-pentyl fl uor ene-
$ £—(E,B-glfluoro—%ihexyl-g,10~dihydrophenanthre£g-zy

2

2

2

4

2,

2

2

4

y
yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-heptyl-9,10-
dihydrophenanthrene-2-yl)benzonitrile,
4-(6,8-difluoro-7-heptyl-9,10-dihydrophenanthrene-2-

10 yl)benzonitrile,
2-fluoro-4-(7-propylfluorene-2-yl)benzonitrile,
4-(7-propylfluorene-2-yl)benzonitrile,
2-fluoro-4~(7-ethylfluorene-2-yl}benzonitrile,
4~(7-ethylfluorene-2-yl)benzonitrile,

15 2-fluoro-4-(7-butylfluorene-2-yl)benzonitrile,
4-(7-butylfluorene-2-yl)benzonitrile,
2-fluoro-4-(7-pentylfluorene-2-yl)benzonitrile,
4-(7-pentylfluorene-2-yl)benzonitrile,
2-fluoro-4-(7-hexylfluorene-2-yl)benzonitrile,

20 4-(7-hexylfluorene-2-yl)benzonitrile,
2-fluoro-4-(7-heptylfluorene-2-yl)benzonitrile,
4-(7-heptylfluorene-2-yl)benzonitrile,
2-fluoro-4-(8-fluoro-7-propylfluorene-2-yl)benzonitrile,

4-(8-fluoro-7-propylfluorene-2-yl)benzonitrile,



ns-2-yl) benzonitrile, 2-f 50 JAN 2004
ro-4-(1,3-difluoro-trans-7-pentylfluorene-trans-2- 5 yl)benzonitrile,
1, 3-difluoro-trans-7-pentyl fluorene-trans-2- yl)benzonitrile,
-difluoro-4-(1, 3-difluoro-trans- ZB exyl fl uorene-trans-

I)benzonltrlle 10

| uor o- 4- di fl ugro-trans lLuorene-tra gnitrile,
1 T A Re RO An BT R Pr GBE NG EL PR ReRe- 2 V?ﬁ&ﬁ?&ﬁpﬁ? 18]
-difluoro-4-(1, 3-difluoro-trans-7- heptylfluorene-

s- 2-yl tbéBzdAubror-E - ethylfluorene-2- yl)benzonltrlle,

uoro-4-(1, 3-difluoro-trans-7-heptyl fl uorene-trans-2- yl)benzonitrile,

n

|

1,3 d'beQ&90E63ﬂ31§ E@BBYbLbUEh%Qﬁf&ﬁéBéng 2¥b) hBRASBhE Eirige , 20
|
|

Cﬁ
Evmm@/\—hm @A—h\< @Ao o)}

o

fluoro-4-(1-fluoro-trans-7-ethylfluorene-trans-2- yI)benzonltrlle
fl uoro- fluoro-tran ropyLfl ene-tr. 2- yl)benzonitrile,
fl uofad ﬁ Ef%‘lf’lrﬁ‘oﬁ bPFaﬂrzl?“’% L Prids BRBZEPAREL3es 0 JAN 2004 107
nzonitrile, 2,
Iuor024£QmotbuéP@BPEAngrarﬁeneptyﬂddneneneﬁaﬁgl2benzon1tr1le,

o< I\)I\)I\J-bl\)""l\)-bl\)l\)l\)-b_'_"
— -

d
- di
di
e
i f

4-(8-fluoro-7-pentylfluorene-2-yl})benzonitrile,
2-fluoro-4-(8-fluoro-7-hexylfluorene-2-yl)benzonitrile,
4-(8-fluoro-7-hexylfluorene-2-yl)benzonitrile,
2-fluoro-4-(8-fluoro~7-heptylfluorene-2-yl)benzonitrile,

10 4-(8-fluoro-7-heptylfiuorene-2-yl}benzonitrile,
2-fluoro-4-(6-fluoro-7-propylfluorene-2-yl)benzonitrile,
4-(6-fluoro-7-propvlfluorene-2-yl}benzonitrile, 7!
2-fluoro-4-(6-fluoro-7-ethylfluorene-2-yl)benzonitrile,
4-(6-fluoro-7-ethylfluorene~2-yl)benzonitrile,

15 2-fluoro-4-(6-fluoro-7-butylfluorene-2-yl)benzonitrile,
4-(6-fluoro-7-butylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-pentylfluorene-2-yl)benzonitrile,
4-(6-fluoro-7-pentylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-hexylfliuorene-2-yl)benzonitrile,

20 4-{6-fluoro-7-hexylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-heptylfluorene-2-yl)benzonitrile,
4-(6-fluoro-7-heptylfluorene-2-yl)benzonitrile,
4-(6,8-difluoro-7-propylfluorene-2-yl)benzonitrile,

2-fluoro-4-(6,8-difluoro-7-propylfluorene-2-



5o JaN 2004

yl)benzonitrile, 2,6-difluoro-4-(1-fluoro-trans-7-hexylfluorene-trans-2-
5 yl)benzonitrile,
2,6-difluoro-4-(1-fluoro-trans-7-heptyl fl uorene-trans-2- yl)benzonitrile,
2, 6-dif|uoro--4--(3-f|uoro--trans-zégropylfluorene-trans-2-
yl)benzonitrile, 10
2,6-difluoro-4-(3-fluorg-trans-7-ethylfluorene-trans-2- yl)benzonitrile,
2, 6-difl ugrdPenEenitgadlds-t r ans- 7- but yl f | uorene-trans-2- yl)benzonitril e,
2, 6-difluoro-4-(3-fluoro-trans-7-pentyl fluorene-trans-2- 15

yl ) benzoni prifllaord-a~disf, Buaidl4otd~f7-eahglfinareng-Rexyl f | uor ene-trans- 2-
yl ) benzonitrile, and

2,6-di fluorq-4-(3-fl.yor:q-trans-7-heptyl fl uorene-trans-2- yl)benzonitrile.
20 (Exanplgqgﬁe %ﬁtlggﬁgedf 4- cyano- 3-fl uor ophenyl trans-7

propyl -9, 10- di hydr ophenant hr ene- 2- car boxyl ate_3 0 JAN 2004 n- C3H7 PyH ,
CH2Cl 2 (Co@rﬂ@,8@@2@&20;987—ethylfluorene-Z-yl)benzonltrlle,

5 2-fluoro-4-(6,8-difluoro-7-butylfluorene-2-
yl)benzonitrile,
4-(6,8-difluoro-7-butylfluocrene-2-yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-pentylfluorene-2-
yl)benzonitrile,

10 4-(6,8-difluoro-7-pentylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-hexylfluocrene-2-
yl)benzonitrile,
4-(6,8-difluoro-7-hexylfluorene-2-yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-heptylfluorene-2-

15 yl)benzonitrile, and

4-(6,8-difluoro-7-heptylfluorene-2-yl)benzonitrile.

(Example 6) Synthesis of 2-fluoro-4-(l-fluoro-7-propyl-9,10-
dihydrophenanthren-2-yl) benzonitrile and 2-fluoro-4-(3-

20 fluoro-7-propyl-9,10-dihydrophenanthren-2-yl) benzonitrile



3 U JAN 2004

n- C3H7 COClI F 7-propyl -9, 10-di hydrophenant hrene produced in Exanple 1
was reacted with oxalyl dichloride, and subsequently reacted wth
2-fl uoro-4-hydroxybenzonitrile to yield 4-cyano-3 5 fl uorophenyl
7-propy|-9,10-dihydrophenanthrene-23§g{boxylate. The conpounds i sted
bel ow can be produced in a simlar nner. 4-cyanophenyl
7--propyl -9, 10-di hydrophenant hr ene- 2- car boxyl ate, 10
4- cyano- 3, 5- dlfluorophenyl 7- propyl -9, 10-
dihydrophenanthre far boxyl at e, cyanophemgls :k“

| d%?ydgg@he eqrs 2-.car boxyl at'gl™_POCh

4- cyano- 3- 7 dr\. eny | Uorol 7Npt/opyy 9, 10- AdgPPh;), , THF

di hydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3, 5-di fl uorophenyl

1-fluoro-7-propyl -9, 10- di hydrophenant hr ene- 2- carboxylate 4- cyanophenyl
| uor o- 7- propyl f | pe ené 2- cfar boxyl at e, yano 3Ff | uor ophenyl

| uor o-7- pr = -y 5-di fl uorophenyl

| uor o- 7- propy

1-f
1-f
1-f

l1-fluoro-7-propyl-9,10-dihydrophenanthren-2-yl
trifluoromethanesulfonate was reacted with 4-(4,4-dimethyl-
4,5-dihydrooxazol-2-yl)-2-fluorophenylboric acid in the
S presence of tetrakis(triphenylphosphine)palladium, and
subsequent}y reacted with phosphorus oxychloride to remove the
cyano. group protective group, and yielded 2-fluoro-4-(1-
fluoro-trans-7-propyl-9,10-dihydrophenznthren-2-yl)
benzonitrile.
10 The compounds listed below can be produced in a similar
manner.
2-fluoro-4-(l-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(1-fluoro-trans-7-ethyl-9,10-dihydrophenanthrene-trans-~
15 2-yl)benzonitrile,
2-fluoro-4-(1l-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(l1-fluoro-trans-7-ethyl-9,10-dihydrophenanthrene-trans-
2-yl)benzonitrile,

20 2-fluoro-4-{l-fluorc-trans-7-ethyl-9,10-



4- cyanophenyl 1, 3-difluoro-7-propyl--9, 10- 30 JAN:20
di hydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3-fl uorophenyl 200
1, 3-di fluoro-7-propyl -9, 10 5 di hydrophenant hr ene- 2- car boxyl at e,

4- cyano- 3, 5-di fl uorophenyl 1, 3-difl uoro-7-propyl -9, 10-

di hydr ophenant hr ene- - 2- car boxyl at e, 184- cyanophenyl

1, 3-difluoro-7-propyl fl uorene-2- carboxylate, and 10

4- cyano- 3- fdihydopipdrenant Ig-atieH umns-2-ylopdrfdarortend<- car boxyl at e

(Exampl e 9) Synthesis of 2-propyl-7-(3,4,5- trifluorophenyl)phenanthrene

n- C3H7 15 By Na FIRdCRPA ) tho— T DO, 12 o R hdhartel it e 1 C3HT

2-10do-7-propyl - phenant hrene was di ssolved in tol'uene, DDQ was added,
and the m xture was heated at 100C, with stirring, for a period of 5
hours. The SHWHRANZR T, ed by evaporation and the product purified
by silica gel 20 chromatography to yield 2--iodo-7-propyl phenant hr ene.
This 3 0 JANRGFo0-4~(1-fluoro-trans-7-ethyl-9,10-

5 dihydrophenanthrene-trans-2-yl}benzonitrile,
4-(1-fluoro-trans-7-ethyl-9,10-dihydrophenanthrene-trans-
2-yl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,

10 4-{1-fluoro-trans-7-ethyl-9, 10-dihydrophenanthrene-trans-
2-yl)benzonitrile,
2-fluoro~4-(l-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(l-fluoro-trans-7-ethyl-9,10-dihydrophenanthrene-trans-

15 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,

20 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-9,10-



200 conpound was then reacted with a Grignard reagent prepared from
3,4,5-trifluorobronobenzene and nagnesium Followng stirring for 2 § U JAN 2004
hours at roomtenperature, the m xture was allowed to cool to room
tenperature, water was added, the 5 product was extracted into tol uene,

and the organic |l ayer was washed seigentially wth water and a saturated
aqueous solution of sodiumchloride before being dried over anhydrous

sodi um sul f@tleydrdishenartien s mslugt a bt Bl ylerbdnzdiginidle of the sol vent by
evapor ati on mas purified by silica gel colum 10 chromatography (hexane)

2 or opyl - 743 SLU Y S%{ﬁ»f’%‘h%ﬁfadﬁafin‘lﬁy%r e it s

bel ow can be produced ina S|nllar manner .
2- propyl - 7-34¢x ¥ | henapretnd Je phenant hr ene,
2-propyl -7-(3, 4-di fl uor ophenyl ) phenant hr ene,

2-pr0py|'7'15%fhdﬁéi4K13H¥EHB@84¥¥HEHU1Ué¥H?l 9,10-
2-propyl -7-(3,4,5-trifluorophenyl)phenant hrene,

:)?g)pl)lyl 77433'324| 5 uor O %or? Lpfgrrad#b)‘ﬁé’sy%?ém }ﬁﬂhr er}ﬁ'ﬂ’eﬁﬁﬂ hr ene,

2 propyl -7-(3, 5- dlfluoro 4- trifluoronmet hoxyphenyl) phenant hr ene,

2- propyl - 7-4-4t 3 f lumrenetarsaybtetdy )-dhdia hsimopie e niAy 2@t rans ~
2-yl)benzonitrile,
2-fluoro-4-(3-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-ylj)benzonitrile,

10 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-

15 2-yl)benzonitrile,
2-fluoro-4-(l1-fluoro-trans-7-propylfluorene-trans-2-
vl)benzonitrile,
4-(1-fluoro~-trans-7-propylfluorene-trans-2-
yl)ibenzonitrile,

20 2-fluoro-4-(1-fluoro-trans-7-ethylfluorene-trans-2-
vl)benzonitrile,
4-(1l-fluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,

2-fluoro-4-(1-fluoro-trans-7-butylfluorene-trans-2-



201 2-propyl-7-(4-trifluoronethyl phenyl ) phenant hr ene, 20 JAN 200
2-propyl -7-(3-fluoro-4 trifluoronethyl phenyl) phenant hr ene,

2-propyl -7-(3,5-difluoro-4- 5 trifluoronethyl phenyl) phenant hr ene,

2- propyl - 7- (4- chl or ophenyl ) phenant hr ene,

2-propyl - 7- (3- f | uor o- 4- chl or ophenyl ) ph&nant hrene, and

2-propyl -7-(3,5-di fl uoro-4-chl orophenyl ) phenant hrene. 10 (Exanple 10)

Synt hesi s of Ll PeeRepRityike, 4. difl uorophenyl et hynyl ) phenant hrene F

n-C3H7-<( ))Z:~(( D-1 - - n-C3H7 Pd(PPh3)1, Et3N, DW

2-i odo- 7- propyl = pheswst tiF £ne- 7 oGl yeE b Fofebei glesand  triethyl am ne was
reacted with 4-ethynyl -1, 2-di fl uorobenzene 15 in the presence of

tetrakis(triphenyvl phosphi ne)pal | adium (0), and the product was purified
by silica d%frb%ﬁ%éghtéi#%hatography (hexane) and then recrystallized
fromethanol to yield

2- propy! - 7-3-3t el ¢+ 4rof ophiars @t tiyanys § prrenttt W orex e et campoinds | i st ed

bel ow can be produced in a simlar 20 manner.
2- mr opyl - 7 ¥yddnsropheind et hynyl ) phenant hr ene,

2-propyl -7-(3, 4-di fl uorophenyl et hynyl ) phenant hrene, S 0 JAN 200
4-(l-fluoro-trans-7-pentylfluorene-trans-2-
yl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-hexylflucrene-trans-2-
yl)benzonitrile,

10 4-(l-fluoro-trans-7-hexylfluorene-trans-2-
vl)benzonitrile,
2=fluoro-4-(1-fluoro-trans-7-heptylfluorene-trans-2- -
yl)benzonitrile,
4—(1-fluoro-trans-7-heptylfluorene-trans-2-

15 vl)benzonitrile,
2-fluoro-4-(3-fluocro-trans--7-propylfluorene-trans-2-
yl)benzonitrile,
4-(3-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,

20 2-fluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
4-(3-fluoro-trans-7-ethylfluorene~-trans-2-

vl)benzonitrile,

2-fluoro-4-(3-fluoro-trans-7-butylfluorene-trans-2-



202 2-propyl -7-(3,5-difluorophenyl et hynyl ) phenant hr ene,

2-propyl -7-(4-trifluoronet hoxyphenyl et hynyl ) phenant hr ene,

2-propyl -7-(3--fluoro-4 trifluoronet hoxyphenyl et hynyl ) phenant hrene, 5
2-propyl -7-(3,5-difluoro-4- trifluor Epthoxyphenylethynyl)phenanthrene,
2-propyl -7-(3,4,5-trifluorophenyl et yl ) phenant hr ene,

2-propyl -7-(4- d|f|uoronethoxyphenylethynyl)phenanthrene

2- propy! - 7¥(4h&n39 ‘hyl phenyl et hynyl ) phenant hrene, 10

2-propyl -7-(3-fluoro-4 trifluoronethyl phenyl et hynyl ) phenant hr ene,

2- propyl - 743, B-fdiddneerta-adrs 7-bultiydrfdneideynlephieanisehyny| ) phenant hr ene,
2-propyl -7- (4-chl or ophenyl et hynyl ) phenant hr ene, 15

2- propyl - | or ophenyl et hynyl ) phenant hrene, and

2- propyl - Y?g%g%%% 1ﬁgﬁgiﬁ_ chl or ophenyl et hynyl ) phenant hrene. 20 (Exanpl e

11) Synthe5|s of 8-fluorao-2-propy

- .trifluorophenyl)phenant hrene

and 6-f | uorofLuorempi-(3-E3 vere- ttrﬁnﬂ-&cﬁﬁﬁﬁéfﬁyﬂl)lﬁﬁeﬁamtﬁra@ﬁe28 0 JAN 2004
203 n- C3Fy n- C3H7

)

10

15

yl)benzonitrile,
4—(3—fluoro—trans—?—pentylfluorene—trans-Z-
v1l)benzonitrile,
2-fluoro-4-(3-fluocro-trans-7-hexylfluorene-trans-2-
vl)benzonitrile,
4-(3-fluoro-trans-7-hexylfluorene-trans-2-
yl)benzonitrile,
2-fluoro-4-(3-fluoro-trans-7-heptylflucrene-trans-2--
vl)benzonitrile, and
4-(3-fluoro-trans-7-heptylfluorene-trans-2-

yl)benzonitrile.

(Example 7) Synthesis of 2,6-difluoro-4-(1-fluoro-trans-7-

propyl-9,10-dihydrophenanthren~-trans-2-yl)benzonitrile

J0 JAN 2004



NBS, AIBN H2, Pd/C Benzene AcO Bt :
8-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)-9, 10- dihydrophenanthréﬂhJﬂszM
produced in Exanple 1 was dissolved in benzene, NBS (N bronpsuccinim de)
and AIBN (2, 2-azobis 5 isobutyronitrjile) were added, and the tenperature
was gradually raised to benzene refllux tenperature. Stirring was then
continued for a further 2 hours, before water was added and the reaction
hal ted, and the orgaRi cfl ayef was then separatg eous | ayer was
extracted w Q 10 thBeuextHaﬁt iLh the organic

| ayer, which S ¢d Wi hleopat er a . agtieous sol ution
of sodium chloride, before‘being dried over anhydrous sedium sulfate.

The sol vent was renoved by evaporation and the whol e crude product was

di ssolved in ethyl acetate, d 15 pal | adi um carbon (wet) was then
added, and the mox ure uas I./F Qx%ytocMgve under a hydrogen
pressure of 4 g A By rfi’ng at roomtenperature, the
catal yst was renoved by filtration threugh celite, and the sol vent was
then renoved by evaporagti ong The crude product was purificed by 20 silica
gel colum chrong ‘;'st hexane) t hen , al | jzeéd 3 tines from
et hanol to yf¢te - TONGA nZHi
propyl -7- (3, 4, 5-tT1 f | uor ophenyl ) phenant hr ene. mds |isted bel ow
can be produced in a simlar

l-fluoro-trans-7-propyl-2-(3,5-difluorophenyl)-9,10-
dihydrophenanthrene produced using the same method as Example
3 was lithiated with a butyl lithium-hexane solution, and
5 subsequently reacted with carbon dioxide gas to yield 2,6-
difluoro-4-(1-fluoro-trans-7-propyl-9,10-dihydrophenanthren-
trans-2-yl)benzoic acga. Thié Compound was converted to an
acid chloride with thionyl chloride, and then reacted with
ammonia to yield 2,6-difluoro-4-(l-fluoro-trans-7-propyl-9,10-
10 dihydrophenanthren-trans-2-yl)benzamide. Subsequent reaction
with phosphorus oxychloride producing a dehydration yielded
2,6-difluoro-4-(l-fluoro-trans-7-propyl-9,10-
dihydrophenanthren-trans-2-yl} benzonitrile.
The compounds listed below can be produced in a similar
15 manner.
2,6-difluoro-4-(trans-7-ethyl-9,10~dihydrophenanthrene-
trans-2-yl)benzonitrile,

2,6-difluoro-4-(trans-7-ethyl-9,10-dihydrophenanthrene-
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ner. 8-fluoro-2-propyl-7-(4-fluorophenyl)phenanthrene, 5
| uor o- 2- propyl -7- (3, 4-di fl uorophenyl ) phenant hr ene,

uor o- 2- propyl - 7- (3, 5-di fl uor ophenyl ) phenant hr ene,

uor o- 2-propyl -7-(3,4,5-trifluor nyl ) phenant hr ene,

uor o- 2- propyl 7-(4 trifluoronet hoXyphenyl)phenant hrene, 10

uor o-2-pro fluoro-4: trlfluoronethoxyphenyl) phenant hr ene,
o o- 7. SrabaT2 72 (et g PRE T 4

I
I
I
I
I
r fIuoronethoxyphenyl)phenanthrene 8-fluoro-2-propyl-7-(4 15

i f 1 uor omet hobkygphEhydy phenbtt dnene; e tigr 4 Udrb-dihpimyplera(threne-
rifluoronethyl phenyl)phenant hrene, 8-f |uoro-2-propyl-7- (3-fluoro--4 -
ri f1 uor onet byl pheny Jebenswi t¥ ene, 20

| uor o- 2-propyl -7-(3,5-di fluoro-4- trifluoronethyl phenyl)phenant hr ene,

I

I

{1 uor 0.2 Bk Dot SAEa Y BHe . 3 G AN dxtnenap ehrend- 7 "

uor o- 2- propyl - 7- (3, 5-di fl uoro-4- chl orophenyl) phenant hrene,
5 trans-2-yl)benzonitrile,

n
8-f
8-f
8-f
8-f
8-f
8-f
tri
di f
tri
tri
8-f
8-f
(3-
8-f

2,6-difluoro-4-(trans-7-ethyl-9,10-dihydrophenanthrene-
trans-2-yl)benzonitrile,
2,6-difluoro-4-(trans-7-ethyl-9,10-dihydrophenanthrene-
trans-2-yl)benzonitrile,

i0 2,6-difluoro-4-(1,3~-difluoro-trans-7-ethyl-9,10-

| dihydrOphenanthrene—trans—Z—yl)benzonitrilé,
2—fluor§—4—(1,3—difluoro—trans—7—ethyl—9,10—
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(1,3-difluoro-trans-7-ethyl-9,10-dihydrophenanthrene—

15 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-
dihydrophenanthrene-trans-2-yl)benzonitrile,

20 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-



6--fl uoro-2-propyl-7-(3,5-difluoro-4 3 0 JAN 2004 (110)28
chkor ophenyd )i3kEvpHdt Ritth r rexad il s -2y 1ISees it rifl e,

2--fluoro-4-(7-propyl phenant hren2
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,

10 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-.-
dihydrophenanthrene-trans-2-yl)benzonitrile,
4-(1,3~-difluoro-trans-7-ethyl-9,10-dihydrophenanthrene-

15 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-
dihydrophenanthrene-trans-2-yl)benzonitrile,

20 4-(1,3-difluoro-trans-7-ethyl-9,10-dihydrophenanthrene-
trans-2-yl)benzonitrile,
2,6-difluoro-4-(l-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,

2,6-difluoro-4-(1-fluoro-trans-7-ethyl-9,10-

30 JAN 2004

6-f | uor o- 2- propyl - 7- (4-f 1 uor ophenyl ) phenant hr ene,

6-fl uoro-2-propyl -7-(3, 4-di fl uor ophenyl ) phenant hrene, 5

6- fl uor o- 2- propyl - 7- (3, 5-di f | uor ophenyl ) phenant hr ene,

6-fl uoro-2-propyl -7-(3,4,5-trifluorophenyl)phenant hrene,

6-fl uor o- 2- propyl - 7- ( trifIuoronethB%@phenyl)phenanthrene,

6-fl uoro-2-propyl -7-(3-fluoro-4- 10 trifl uoronet hoxyphenyl ) phenant hr ene,
6-f|uoro-ZA;QﬁQ%QBhﬁQﬁQ$QHQWQnﬁﬁﬁﬁﬁ“%TH#lhﬁﬂ%ﬁﬁﬁ@ﬁ%@%ﬁenyl)phenanthrene
6- fl uor o- 2- propyl - 7- (4- di fl uoronet hoxyphenyl ) phenant hrene, 15

6-f | uor o- 2-4v (ApyA ~di-f{ Krorid 4  f a oy -onmed 4 i Ipleeyd Jdihgrardgi @it hrene -

6-fl uoro-2-propyl-7-(3-fluoro-4- trifluoromnethyl phenyl) phenant hrene,
6-fl uor o- 2- /5 1A -di.fiduoro; 4 20

trifluor orret?{]ag% h2e Sly]1 ’?’ﬁ:ﬁ ez(r?a&n r elnee',

6-fl uor o- 2- propyl - 7- (4- chl or ophenyl ) phenant hr ene,
6-f|uoro-Ziiﬁnggihnq29f41kﬁmi) l%@ﬂQﬁQnﬂﬁﬁﬂﬁj7jﬁﬁhkﬁﬂ%w¥he, and



yl )benzonitrile 5 CN 2-i odo-7-propyl phenant hrene was reacted with 455535H2m"

di net hyl - 4, 5- di hydr ooxazol - 2-yl)-2-fl uorophenyl boric acid in the
presence of tetrakis(triphenyl phosphine)palladium and subsequently
reacted wi th phosphorus oxychl oride féﬁ remove the 10 cyano group
protective group, and yielded 2-fluoro-4-(7- propyl phenanthren-2--yl)

benzonitrile. The conpounds |isted belo an be produced in a simlar
manner . 4~(éiR%QkﬂéﬁéﬁhéghqﬁQﬁﬁ§€§%ﬁ;1i§%ihﬁqqu%£rfiﬁ?
2-fluoro-4-(1-fluoro-7-propyl phenant hrene-2- yl)benzonitrile,

4- (1-f 1 uor ¢ Bt o qureerienit I felnves i ndrenerd tthni -6, 10-
2-fluoro-4-(3-fluoro-7-propyl phenant hrene-2- yl)benzonitrile, 20

4- (3- 1 uor Qi iy d¥ e A Y 88 Vi 18 HRid il 81206 a n-C3H N
Pd(PPh3) 4, THE 3 O JAN 2004 207
A (L, 3- At P o R RY! PN Y % 5 2 Y
5 dihydrophenanthrene-trans-2-yl})benzonitrile,
2,6-difluoro-4-{1-fluoro-trans-7-ethyl-9,10-
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-2-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-(3-fluoro-trans-7-ethyl-9,10-
dihydrophenanthrene-trans-2-yl)benzonitrile,
20 2,6-difluoro-4-(trans-7-ethylflucrene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(trans-7-propylfluorene-trans-2-
yvl)benzonitrile,

2,6-difluoro-4~-(trans-7-butylfluorene-trans-2-



| uor o- 7- pr opyl phenant hrene-2- yl)benzonitrile, 30 JAN 2004

, 3-di f

-di fl uoro-7- et hyl phenant hrene-2- 5 yl)benzonitrile,
-7-e

- di

= =

4
4
fl
4
f

t hyl phenant hr ene- 2-yl ) benzonitril e,

, i fluoro-7-butyl phenant hrene-2- yl)benzonitrile,

i f1 uor o- 7- but yl phenant hr ene-123y1) benzonitrile, 10

-4- (1, 3-di fl uoro-7-pentyl phenant hrene-2- yl)benzonitrile,

- di f IYiorkenzoieifisd kshenant . hr ene- 2-yl ) benzonitril e,

uor o- 4- (1, 3-di fl uoro- 7- hexyl phenant hrene- 2- yl)benzonitrile, 15

, 3- di f UG-G eyl hanartindy-engsedriy DieANd il s -2 -

uoro-4-(1, 3-di fl uoro-7- heptyl phenant hrene-2- yl)benzonitrile, and

- (1, 3-di fl.yar.o-7- hent yil.phenant hr ene- 2-yl ) benzonitrile. 20 (Exanple 13)

hesi s éﬁgfﬁq%ﬁﬂéiaék%Efluoro-7 propyl phenant hr ene- 2-yl ) benzonitrile
JAN 2004 208 CN NBS, AJBN H2, Pd/C Benzene AcOEt n-C3H V CN
u

or o- 4-,%d ifdrnero-diyang -Te-rdidwidrloshrenenttinears-2 -

5 yl)benzonitrile,

u -
u -
u

(
(
u
(

ROk

, 3
ro
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2,6-difluoro-4-(trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3~-difluoro-trans-7-propylfluorene-
trans-2-yl)benzonitrile,

10 2-fluoro-4-(1,3-difluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,
4-{1,3-diflucro-trans-~7-propylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans-

15 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-
vl)benzonitrile,

20 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-
vl)benzonitrile,

4-(1,3-difluoro-trans-7-butylfluorene-trans-2-
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yl )benzonitrile produced in Exanple 6 was dissolved in benzene, NBS
(N-bronmosucci nimde) and AIBN (2,2-azobis 5 isobutyronitrile) were
added, and the tenperature was gradually raised to benzene ref | ux
tenperature. Stirring was then continued for a further 2 hours, before
water was added and the reaction hd%ed, and the organic |ayer was then
separated. The aqueous | ayer was extracted with toluene and 10 this
extract wa¥lodasizeed ittt he organic |ayer, which was then washed with
wat er and a saturated aqueous solution of sodiumchloride, before being

dried over giudrus R Uy, 3 ifRtRrolte aHdide damdugt waenw i fied by
silica gel colum chromatography and then recrystallized 3 tines from

et hanol to 15 yield.2-fl uora-4-.(;1-fl uoro-7-propyl phenant hren- 2-
yI)benzonifWHQQéjgﬂﬁgaéﬁﬂ¥ﬁﬁﬂﬁi¥H%GSted bel ow can be produced in a sinilar
manner. 2-fluoro-4-(1-fluoro--trans-7-propyl phenant hrene-trans-2- 20

yl ) benzoni tZ-iflaom—~4 U JJordd-filugre-tnamspy|HHearigritfiinerener-ansud-23- 0 JAN
200, 209 yl)benzonitrile,

2- &l uor 0- 44 yHda-triars- 7- et hyl phenant hrene-trans-2- yl)benzonitrile,

4- (1-fluoro-trans-7-ethyl phenant hrene-trans-2- 5 yl)benzonitrile,
4-(1,3-difluoro-trans-7-pentylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-hexylfluorene-trans-
2-yl)benzonitrile,

10 2-fluoro-4-(1,3-difluoro~-trans-7-hexylfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-7-hexylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-heptylfluocrene-

15 trans-2-yl)benzonitrile,
2-fluoro-4-(1l,3-difluoro-trans-7-heptylfluorene-trans-2-
vl)benzonitrile,
4-(1,3-difluoro-trans-7-heptylfluorene-trans-2-
vl)benzonitrile,

20 2,6-difluoro-4-(l-fluoro~trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1l-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,

2,6-difluoro-4-(1-fluoro-trans-7-butylfluorene-trans-2-



2-fluoro-4-(1-fluoro-trans-7-butyl phenant hrene-trans-2- yl)benzonit gill ;AN 2004
4-(1-fluoro-trans-7-butyl phenant hrene-trans-2- yl)benzonitrile, 10
2-fluoro-4-(1-fluoro-trans-7-pentyl phenant hrene-trans-2- yl)benzonitrile,
4- (1-fluoro-trans-7--pentyl phenant hrene-trans-2- yl)benzonitrile,
2-f|uoro-4-(1--f|uoro-trans-?-hexylpH%%anthrene-trans-Z-- 15
yl)benzonitrile, 4-(1-fluoro-trans-7-hexyl phenanthrene-trans-2-

yl ) benzoni t¥} 1kenzofitmibe 4- (1-f | uor o- t rans- 7- hept yl phenant hr ene-t r ans- 2-
yl)benzonitrile, 20 4-(1-fluoro-trans-7-heptyl phenant hrene-trans- 2--

yl') benzoni t7 )4 edi 2rddter 0= ¢t Bid L 0r Ak SUTE= g PPyl hasantdy ane-4r ans- 2-
yl )benzonitrile, 4-(3-fluoro--trans-7-propyl phenanthrene-trans-2 3 0 JAN
2004 210 vyl ]geﬁ?zr?ni tlriJ!,ele

2-fluoro-4- ] ?L%ﬁ%»Er%ﬂsﬂ7-ethylphenanthrene-trans-Z- yl )benzonitrile,
4-(

3-fluoro-trans-7-ethyl phenant hrene-trans- 2- S:gl)benzonitrile,
hexylfluorene-trans-2-

2,6-difluoro-4-(1l-fluoro-trans-7-

5 yl)benzonitrile,
2,6-diflucro-4-(l-fluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-propylfluocrene-trans-2-
yl)benzonitrile,

10 2,6-difluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-
yl}benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-butylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-pentylfluorene-trans-2-

15 yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-hexylfluorene-trans-2-
yl)benzonitrile, and
2,6-difluoro-4-(3-fluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile.

20

(Example 8) Synthesis of 4-cyvano-3-fluorophenyl trans-7-

propyl-9%,10-dihydrophenanthrene-2-carboxylate
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| uor o- 4- (3-fl uor o-trans- 7- but yl phenant hrene-trans-2- yl)benzoni t Gill s 2004
3-fluoro-trans-7-butyl phenant hrene-trans-2- yl)benzonitrile, 10

| uoro-4-(3-fluoro-trans-7-pentyl phenant hrene-trans-2- yl)benzonitrile,
3-fluoro-trans-7-pentyl phen ant hrene-trans-2- yl)benzonitrile,

| uor o-4-(3-fluoro-trans-7-hexyl pr]ré’r?ant hrene-trans-2- 15

benzonitrile, 4-(3-fluoro-trans-7-hexylphenant hrene-trans-2-

benzonitrile, Uor 0- 4-(3-f | uor o- t 43 hept yl phenant hr ene-t r ans- 2-
a 4-(—§§§cy—zuorftﬁs%r 1C9¢|phenant hr ene-trans- 2-

benzoni trGH;
ple 1 5‘2 éynthesis of

benzonitrile.
_difluoro-4-(1-fluoro-trans-7-

pyl phenant hr en -trans-yl)benzonitrile 3 OfFJAN 2004 211 n- C3H7 SCCl 2
- C (CH2) 2C10 BULi  2)
> o CN
DB B OO

7-propyl-%,10-dihydrophenanthrene produced in Example 1

was reacted with oxalyl dichloride, and subsequently reacted
with 2-fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-
fluorophenyl 7-propyl-9,10-dihydrophenanthrene-2-carboxylate.
The compounds listed below can be produced in a similar
manner.
4-cyanophenyl 7-propyl-9,10-dihydrophenanthrene-2-
- carboxylate,
4-cyano-3,5-difluorophenyl 7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyanophenyl l1-fluoro-7-propyl-9,10-dihydrophenanthrene-
2-carboxylate,
4-cyano-3-fluorophenyl 1-fluoro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyano-3,5-difluorophenyl 1l-fluoro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyanophenyl l-fluoro-7-propylfluorene-2-carboxylate,
4-cyano-3-fluorophenyl 1-fluoro-7-propylfluorene-2-
carboxylate,

4-cyano-3,5~-difluorophenyl 1-fluoro-7-propylfluorene-2-



CONH2 POCI 3 n-C3H 2H CoCl NH3 r n CN 1-fluoro-trans-7-propyl-2-(3, 550 JAN 2004
di f1 uor ophenyl ) phenant hrene produced using the sane nethod as Exanple 11
was |ithiated using a butyl |ithiumhexane 5 solution, and subsequently
reacted with carbon dioxide gas to ield
2,6-difluoro-4-(1-fluoro-trans-7-pr 4 phenant hren- trans-2-yl)benzoic
acid. This conpound was converted to an acid chloride with thionyl
chloride, aPrRIrhornlatected with ammonia to yield
2,6-difluoro-4-(1-fluoro-trans-7 10

propyl phenant &y eiophd @yis - 2 314 PENZewp de-pryisequeni- reaction wth
phosphorus oxychl ori de produci ng a dehydration yiel ded

2, 6-difluor .4~41-f|uoro-7- ropy! ph nantg%gn-trans-z- yl)benzonitrile.
The conpoué&?x R f%%é%ﬁ%ﬁﬁ% Sm a simlar 15 manner
2,6-di fluoro-4-(trans-7-ethyl phenant hrene-trans-2- yl)benzonitrile,

2, 6- di f | uorb-ayanae-shst Muguraghd nzhle nbnt +d eflerdreris-2 Pyl ~BAN (2004 212
yl)benzonitrile,

5 dihydrophenanthrene-2-carboxylate,
4-cyano-3,5-difluorophenyl 1,3-diflucro-7-propyl-9,10-
dihydrophenanthrene-2-carboxylate,
4-cyanophenyl 1,3-difluoro-7-propylfluorene-2-
carboxylate, and

10 4-cyano-3-fluorophenyl 1,3-difluoro-7-propylfluorene-2-

carboxylate.

(Example 9) Synthesis of 2-propyl-7-(3,4,5-

trifluorophenyl)phenanthrene

on GO B2 8 e (GO

F

Bng@ F @ F
Pd(PPh:,}qF. THE WC“H’F

15 F

2-iodo-7-propyl~phenanthrene was dissolved in toluene,
DDQ was added, and the mixture was heated at 100°C, with
stirring, for a period of 5 hours. The solvent was removed by
evaporation and the product purified by silica gel

20 chromatography to yield 2-iodo-7-propylphenanthrene. This



2, 6-di fluoro-4-(trans-7-butyl phenant hrene-trans-2- yl)benzonitrile,30 JAN 2004
2,6-di fluoro-4-(trans-7-pentyl phenant hrene-trans-2- 5 yl)benzonitrile,

2, 6-di fluoro-4-(trans-7-hexyl phenant hrene-trans-2- yl)benzonitrile,
2,6-dif|uoro--4-(trans-7-hepty|phen§§bhrene-trans-2- yl ) benzonitrile, 10
2,6-difluoro-4-(1, 3-difluoro-trans-.7-propyl phenant hr ene-
trans-2-vyl)benzonitrile, . .

2-f1 uocro(grﬁ)ﬁu(r%]é{a(ﬁ FAPLESAS SR § SRS feRgsns. prepared
trans-2-yl)benzonitrile,

4- - (1,f3at f3,dorso-tnifiigiorghropwihshnaeast ansheagnessade. 1Follldbemzpnitril e,
2,6-difluoro-4-(1, 3-difluoro-trans-7-ethyl phenant hr ene-

trans-gdiWnieNZH tf iloirs at room temperature, the mixture was |
2-fluoro-4-(1I, 3-difluoro-trans--7-ethyl phenanthrene--2- yl)benzonitrile,

AR R PR BT e R
trans-2-yl)benzonitrile,
2- bl uerednctl wsdietractedr dmdo7 tiodgineheradt thenergaanis 3a@erANaz004 213
2-yl)benzonitrile,
washed sequentially with water and a saturated aqueous
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

10 chromatography (hexane) and then: recrystalilized 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
manner.

15 2-propyl-7-({4-fluorophenyl)phenanthrene,
2-propyl-7-(3,4-difluorophenyl)phenanthrene,
2-propyl-7-{3,5-diflucrophenyl)phenanthrene,
2-propyl-7-(3,4,5-trifluorophenyl)phenanthrene,
2-propyl-7-(4-trifluoromethoxyphenyl )phenanthrene,

20 2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)phenanthrene,
2-propyl-7-(3,5-difluoro-4-

trifluoromethoxyphenyl)phenanthrene,

2-propyl-7-(4-difluoromethoxyphenyl)phenanthrene,



4- (1, 3-difluoro-trans-7-butyl phenant hrene-trans- 2- yI)benzonitriIe,30JAN2m4
2,6-difluoro-4-(1, 3-difluoro-trans-7-pentyl phenant hrene- 5
trans-2-yl)benzonitrile,
2-f|uoro-4-(1,3-dif|uoro-trans-?-peg%%lphenanthrene-
trans--2-yl)benzonitrile,

4--(1, 3-di fluoro-trans--7-pentyl phenant hrene-trans-2- yl )benzon.i.trile,
10 2, 6-di f |M@Wkﬁiﬁ-ﬁ?$ﬁ%§%ﬁ%%éﬂﬁﬁﬁ%ﬁ&e ’
trans-2-yl)benzonitrile, 2-fluoro-4- (1, 3-difluoro-trans-7-hexy i
phenant - hr @gerdgylars-( -fllydenzphi tril e,

4- (1, 3-di fluoro-trans-7- hexyl phenant hrene-trans-2- 15 yl)benzonitrile,

2, 6-difluor ‘f%ﬁﬁbf%ﬂq%ﬂﬂfﬂﬁﬁﬁ{fﬁﬁﬁé&éﬁﬂﬁf@n@henanthrene‘

trans-2-yl)benzonitri
2-fluoro-4-(1,3-difluoro-trans-7-heptyl phenant hrene- trans-2-yl)benzonitr
ie, 20 4- CrEFRHorG arsHEBIFRGn4 phenant hr ene-t r ans- 2-

| ) benzonitrile,

- di | vortr i l(ubrdmeato Iptasrsy INretendnithereaat,hr ene- - t r ans-

| ) benzonitrile,
'd'flL“”ikﬁkéény1¥F4¥éHfHPS§%éH¥ﬁ@dﬂ@ﬂ&%&%ﬂ%ﬁﬁﬁ'trans 3 0 JAN 2004 214
| ) benzoni tri I'e,

2-propyl-7-(3-fluoro-4-chlorophenyl)phenanthrene, and

2-propyl-7-(3,5-difluoro-4-chlorophenyl)phenanthrene.

10 (Example 10) Synthesis of 2-propyl-7-(3,4-

difluorophenylethynyl)phenanthrene

F

Et;N , DMF

2-iodo-7-propyl-phenanthrene in dimethylformamide and
triethylamine was reacted with 4-ethynyl-1,2-difluorobenzene
15 in the presence of tetrakis(triphenylphosphine)palladium (0),
and the product was purified by silica gel column
chromatography (hexane)} and then recrystallized from ethanol
to yield 2-propyl-7-(3,4-difluorophenylethynyl)phenanthrene.
The compounds listed below can be produced in a similar
20 manner.
2-propyl-7-(4-fluorophenylethynyl)phenanthrene,

2-propyl-7-(3,4-difluorophenylethynyl)phenanthrene,
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2,6-difluoro-4-(I-fluoro-trans-7-pentyl phenant hr ene-
trans-2-yl)benzonitrile,

2,6-di fluoro-4-(l-fluoro-trans-7-hexyl phenant hrene-trans- 5
2-yl)benzonitrile, 2,6-difluoro-4- (ZDZIuoro-trans-?-heptylphenanthrene-
trans- 2- yI)benzonitrlle
2,6-difluoro-4-(3-fluoro- trans 7rp pylghenanthrene-

trans- 2- yI?b@ﬁ?@ﬂlfﬂlﬂé -fi3 f luorophenylethynyl)phenanthrene,

2,6-difluoro-4-(3-fluoro-trans-7-ethyl phenant hrene-trans-
2-y|)benzoamebbgl—Z (@—dirfi f-llucuomethefkyphenyflethynyl )phenanthrene,
| uor o-trans-7-butyl phenant hrene--~i--rans- 2-yl)benzonitrile,

2, 6-di f | uoro; UQR0-¢hr - pent yl phenant hrene- 15
trans- 2- yI)b %Z%%It?lﬁ3 PERRR-E:

2, 6-di fluoro-4-(3-fluoro-trans-7-hexyl phepant hrene-trans-
2-yl ) benzofFaflugroneshgiypheny.- @t@inﬁﬂdap8nﬁpéﬁ§e?eheptyIphenanthrene-

trans-2-yl)benzonitrile, 20
2, 6-di f | uoReptopllans 3, st-ad!fllusawene- t rans-2- yl)benzonitrile,
2,6-difluoro-4-(trans-7-propyl fluorene-trans-2- yl)benzonitrile,

2, 6 di f1] UOEQ3 4 (e A hoRypHeby i 0k AYR71) BREnAnTnedl 2004 215

yI)benzom

2-propyl-7-(3,4,5-trifluorophenylethynyl)phenanthrene,
2-propyl-7-(4-difluoromethoxyphenylethynyl)phenanthrene,
2-propyl-7-(4-trifluoromethylphenylethynyl)phenanthrene,
10 ©  2-propyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)phenanthrene,
2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)phenanthrene,
2-propyl-7-(4-chlorophenylethynyl)phenanthrene,
15 2-propyl-7-(3-fluoro-4-chlorophenylethynyl)phenanthrene,
and
2-propyl-7-(3,5-difluoro-4-

chlorophenylethynyl)phenanthrene.

20 {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



2, 6-di fl uoro-4-(trans--7-pentyl fluorene-trans-2- yl)benzonitrile, 30 JAN 2004
2,6-di fluoro--4-(trans-7-hexyl fluorene-trans-2- 5 yl)benzonitrile,
2,6--difluoro-4-(trans-7-heptyl fluorene--trans-2- yl)benzonitrile,

2, 6- difluoro-4-(1,3-difluoro-trans-%bgropylfluorene-
trans-2-yl)benzonitrile, 10

2-f|uoro-4-(1,3-dif|uoro-tr%ns 7- propylfluorene trans-2, -
yl)benzonitrile, -dif}Juoro-trans-~f. -propylfluorene trans- 2-

yl ) benzoni tanLI-L NBS , AIBN H2 Pd/C

2,6-di fluoro-4- -t r 582 et 1%t uor ene-trans- 15

2- yI)benzonltrlle F

2-fluoro-4-(1, 3-di fLuoro-trans-7-ethyl fl uorene-trans-2- yl)benzonitrile,
4- (1, 3-difluoro- : aglfluorene--trans 2- yl)benzonitrile, 20

2, 6- dlfluoﬁﬁﬁﬁ-(_) Qop=Er ans- 7-but yl f | uor ene- -t r ans-
2-yl)benzonitril€]

2-fluoro-4-(1, 3-di fl uoro- trans 7-butyl fluorene-trans-2- yl)benzonitrile,
3| § éeﬁzglnr ltalr'l%lo YIS eEp ok pl‘o%'{}lyl (%Or erg,)e e %%o%o%h%n‘gﬁw —%OCH) 216

dihydrophenanthrene produced in Example 1 was dissolved in
benzene, NBS (N-bromosuccinimide) and AIBN (2,2-azobis

S iscbutyronitrile) 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 agueous 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 temperature, the catalyst was
removed by filtration through celite, and the solvent was then
removed by evaporation. The crude product was purified by

20 silica gel column chromatography (hexane) and then

recrystallized 3 times from ethanol to yield 8-~fluoro-2-
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2,6-difluoro-4-(1, 3-difluoro-trans-7-pentyl fl uorenetrans-
-2-yl)benzonitrile,
2--fluoro-4-(1,3-difluoro-trans-7-pentyl fluorene-trans-2- 5
yl )benzonitrile, 4-(1,3-dif|uoro-tr§%§-7-peptylfluorene-trans-2-
yl ) benzonitrile,
2,6-difl uor.o-;4 - %b_ I fluoro-trans ex ene- trans-
2.yl )wé% t7r|(l e,]?-l " cjtrM:L!Luoroph yl)pt}l ry nth
2-fluoro-4-(1, 3-di fluoro-trans-7-hexyl fluorene-trans-2- yl)benzonitrile,
4- (-1, 3- di fihsorapmpcansis Aisbed Haisveman theaps-oriugdd) denzors imdi 1 a;
2, 6- dlfluoro 4-(1, 3-difluoro-trans-7-heptyl fl uorene- 15
trans- yenzonitril e,
2- quoro 4- (1 3_difluoro-trans-7-heptyl fluorene-trans-2- yl)benzonitrile,
4- (1, 3-diflugro-trans-7-heptyl fluarene-trans- 5 yé% zonltrlle 20
2, 6- dlfluoﬁo%iuff' %héFﬁﬁi ans gﬁﬁﬁ PRSPt POERRLE BT QRS henzoni tri | e,
2,6-difluoro-4-(1-fluoro-trans-7-propyl fl uorene-trans- 2 yl)benzonitrile,
2, B- di f | uoBe-fAuorofH2rerenylans-(3- utdil fliugsophenyddphenra thrang , 2004 217
yl ) benzonitrile,
8—-fluoro-2-propyl-7-(3,5-diflucrophenyl}phenanthrene,
8-fluoro-2-propyl-7-(3,4,5-triflucrophenyl)phenanthrene,
8-fluoro-2-propyl-7-(4-
trifluoromethoxyphenyl)phenanthrene,

10 . 8-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)phenanthrene,
8-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)phenanthrene,
8-fluoro-2-propyl-7-(4-

15 difluoromethoxyphenyl)}phenanthrene,
8-fluoro-2-propyl-7-(4-
trifluoromethylphenyl)phenanthrene,
B-fluoro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl}phenanthrene,

20 8~-fluoro-2-propyl-7-(3,5-difluoro-4-

trifluoromethylphenyl)phenanthrene,
B-fluoro-2-propyl-7-(4-chlorophenyl)phenanthrene,
8-fluoro-2-propyl-7-(3-fluoro-4-

chlorophenyl)phenahthrene,



2,6-difluoro-4--(1-fluoro-trans-7-pentyl fluorene-trans- 2- 30 JAN 2004
yl )benzonitrile, 2, 6-difluoro-4-(1-fluoro-trans-7-hexylfluorene-trans-2-
5 yl)benzonitrile,

2,6-dif|uoro-4-(1-f|uoro-trans-?-heg | fl uorene-trans-2- yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-pr é%lfluorene-trans-Z- yl ) benzonitrile,
10 2,6-difluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-

yl ) benzoni t&if1g10r0-G-RIRYdrd 4 3¢ 3-141fdHe54ms- 7- but yI f | uor ene-t r ans- 2-
yl ) benzonitrile,

2, 6-di f | uorcdrl4ricptdnidr)phananthiepent yl f | uorene--trans-2- 15

yl )benzonitrile, 2,6-difluoro-4-(3-fluoro-trans-7-hexylfluorene-trans-2-
yl ) benzoni tgidse,  and _ A

D b 1 orts A SR s AR S B PSR S benzoni 1 1 .

20 (Exanpl e 15) Synthesis of 4-cyano-3-fl uorophenyl 7
pr opyl phen&mtieFe-2-p5opiidyi’atld - 3 -G LfANCrephenyd ) Rhesar tioerne .CH2Cl 2

5 6-fluoro-2-propyl-7-(3,5-difluorophenyl)phenanthrene,
6-fluoro-2-propyl-7-(3,4,5-trifluorophenyl)phenanthrene,
6-fluoro-2-propyl-7-(4-
trifluoromethoxyphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3-fluoro-4-

10 . trifluoromethoxyphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)phenanthrene,
6~-fluoro-2-propyl-7-(4-
difluoromethoxyphenyl)phenanthrene,

15 6-fluoro-2-propyl-7-(4-
trifluoromethylphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3-fluocro-4-
trifluoromethylphenyl)phenanthrene,
6-fluoro-2-propyl-7-(3,5-difluoro-4-

20 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-



n- C3H7 n- C3H7 COCA PyH , CH2CI 2 CO2H 2-i odo- 7- propyl phenant hr ene p%BdM@é@N
in Exanple 1 was reacted wth oxalyl dichloride, and subsequently
reacted with 2--fluoro-4-hydroxybenzonitrile to yield

4- cyano- 3-f | uor ophenyl 5 7-propy|ph?ﬂ?nthrene-Z-carboxylate The conpounds
| i sted bel ow can be produced in a sfiilar manner. 4-cyanophenyl

7- propyl phenant hr ene- 2- car boxyl ate, 4-cyano- 3, 5-di fl uor ophenyl

7- pr opyl phERARERPERBYZIPIGRARERERYPat e, 4- cyanopheny!
1--fluoro-7-propyl phenant hr ene-2- carboxyl ate, 4-cyano-3-fl uorophenyl

1-fl uoro-7-propyl phenant hrene-2- carboxyl ate, 15

4- cyano- 3, 5-di fl uorophenyl 1-fluoro-7-propyl phenant hrene- 2-carboxyl ate,
4-cya I fl - Propy HLuqr - - Gar -

4- cyagg‘?%-ﬁg’l\iﬁo?lgﬁhg%'l%%-sglsu%?fo??l-fg#%g% A-farheetytbhien BOXVFare™ 1) BuLi

, THE 1 2) CO2 n-C3H7 3 0 JAN 2004
"~ yl)benzonitrile

F

S o CPlacas SO, S SHCEE

2-iodo-7-propylphenanthrene 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 wlﬁh Ehbéphorus-oxychloride to remove the

10 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.

4~(7—propyléhenanthrene—2—yl)benzonitrile,

15 2-fluoro-4-(l-fluoro-7-propylphenanthrene-2-
yl)benzonitrile,
4-(1-fluoro-7-propylphenanthrene-2-yl)benzonitrile,
2-fluoro-4-(3-fluoro-7-propylphenanthrene-2-
yl)benzonitrile,

20 4~(3-fluoro-7-propylphenanthrene-2-yl)benzonitrile,



219 4-cyano- 3, 5-di fl uorophenyl 1-fluoro-7-propylfluorene-2- carboi@h&“&m4
4- cyanophenyl 1, 3-difluoro-7-propyl phenant hrene-2- carboxylate, 5

4- cyano- 3-f l uor ophenyl 1, 3-difl uoro-7-propyl phenant hrene- 2-carboxyl at e,

4- cyano- 3, 5-di fl uor ophenyl 1, 3-difl uagro-7-

propyl phenant hr ene- 2- car boxyl ate, 49%yanophenyl

1, 3-difluoro-7-propyl fluorene-2- 10 carboxyl ate, % no- 3-f | uor ophenyl
1,3-difl uor40-('/1-,@rdpﬁllﬂm@l-énmpymﬁﬂt&r@neaﬁle enzonitrile,

4- cyano- 3, 5-di fl uorophenyl 1, 3-difluoro-7-propyl fluorene- 2-carboxyl ate.

15 (Exanpl @ _k§);09611hq3i,3 ‘@hfl@%ﬁ&JﬂJ#ﬁU@yZp&b@ﬁﬁkhZeh&r4r5-
trlfluorophenyl)phenanthrene FnC H BrMg Fn-C3H/ Pd(PPh3)4 , THE
2-i odo- 7- prﬁg phenanthrene was fluorinated using xenon 20 fluoride or
the like, EOERM “ERSitat ogr aphy used to separate the isoners and
obtain 2-iodo-1,9-difluoro-7-
2-fluoro-4-(1,3-difluoro-7-ethylphenanthrene-2-

5 yl)benzonitrile,
4-(1,3-difluoro-7-ethylphenanthrene-2-yl)benzonitrile,
2-fluoro-4-{1,3-difluoro-7-butylphenanthrene-2-
yl)benzonitrile,
4-(1,3-difluoro—7-butylphenanthrene—2—yl)benzonitrile,

10 2—flﬁoro—4—(l,3~difluoro—7—pentylphenanthrene—2-
yl)benzonitrile,
4—(1,3—&ifluoro—7—pentylphenanthrenehZ—yl)benzonitrile,
2-fluoro-4~(1,3~difluoro-7-hexylphenanthrene-2-
yl)benzonitrile,

15 4-(1,3-difluoro-7-hexylphenanthrene-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-7-heptylphenanthrene-2-
yl)benzonitrile, and

4-(1,3-difluoro-7-heptylphenanthrene-2-yl)benzonitrile.

20 (Example 13) Synthesis of 2-fluoro-4-(1l-fluoro-7-

propylphenanthrene-2-yl)benzonitrile



propyl phenant hrene. To a solution of this conpound in THE was 3 0 JANJAN 7004
2004 220 added tetrakis(triphenyl phosphine)palladium (0) and the

reaction mxture was stirred at roomtenperature. This mxture was then
reacted with a Gignard reagent prepared from

3,4,5-trifluorobronobenzene and mag & um Follow ng stirring 5 for 2

hours at roomtenperature, the m xture was allowed to cool to room
tenperature, water , the product was extracted into toluene,

and the organic | el sequeBB j ABNy Wit IPdigit er and a saturated
agueous sol ' ‘ < {\'*H% Fﬁéﬁgﬁf@ﬁ'over anhydr ous

product obtal ned by renoval of the sol vent
by evaporation was purlfled by silica gel columm chromat ography (hexane)
and then recrystalll [ rom ethanol to yield crystals of
2-propyl -7-(3,4,5 I) 9, 10- di hydr ophenant hrene. 15 The
conpounds | n-Eghre 4::> s (p aoGHed inasimlar manner.

1, 9-di fl uor o- 2- pr opy A orophenyl ) phenanthrene

1, 9-di fl uorp- ropy ( 4- d|f uor

1. 9-di f1 uord: £ 4 UOTH ﬁ%ﬁgﬁe%l %ﬁ&an%en ~2-

1, 9-difl uoro-2- propyl-? (4 trifluoronethox phenyl)phenanthrene

1, 9- di¥1 Meereeh igroiphd -prqdrdaed)gimp-Exanglie I% i) phenant hr ene,

benzene, NBS (N-bromosuccinimide) and AIBN (2,2-azobis
5 isobutyronitrile) were added, and the temperature was
gradually raised to benzene reflux temperature. Stirring was
then continued for a fiurther 2 hours, before water was added
and the reaction halted, and the organic layer was then
separatga.A'The aqﬁéous layer was extracted with toluene and
10 this extract was combined with the organic layer, which was
then washed with water and a saturated aquecus solution of
sodium chloride, before being dried over anhydrous sodium
sulfate. The crude product was purified by silica gel column
chromatography and then recrystallized 3 times from ethanol to
15 vyield 2-fluoro-4-(l-fluoro-7-propylphenanthren-2-
vl)benzonitrile.
The compounds listed below can be produced in a similar
manner.
2-fluoro-4-(l-fluoro-trans-7-propylphenanthrene-trans-2-
20 yl)benzonitrile,

4-(l-fluoro-trans-7-propylphenanthrene-trans-2-



1, 9-di f | uor o- 2- propyl - 7- (3, 5-di f | uoro-4 SO JAN 2004 221 50 JAN 200
trifluoronethoxyphenyl)phenant hrene, 1,9-difl uoro-2-propyl-7-(4-
di f | uor onet hoxyphenyl ) phenant hr ene, 1 9-di fl uoro-2-propyl-7-(4 5
trifluoromnet hyl phenyl ) phenant hrene, 9-di fl uor o- 2- propyl - 7- (3-fl uor o- 4-
trifluoronethyl phenyl) phenant hrene, 209
1, 9-di fluoro-2-propyl -7-(3,5-di fluoro-4-

ri fl uor omstl\aesHEHd hyHEvant hr ene, 10
i fluoro-2-propyl -7-(4-chl orophenyl ) phenant hr ene,
i 1 uorx-2ryy e - (- fd mpria-ahs Chl axpiiptivd anphara -hienes - 2 -
i fluoro- 2 propyl -7-(3,5-di fluoro-4- chl orophenyl ) phenant hrene, 15
i fluor 0 4-f | uor ophenyl ) phenant hr ene,
|quoﬁg‘ pw%ﬁ%%tr%l%ﬁ 4-di f | uor ophenyl ) phenant hr ene,
i fluoro-2-propyl-7-(3,5-difl uorophenyl ) phenant hr ene,
i f 1 uorios (i leisyIa-trad s ot rRE TSR DNET2Tt hr ene, 20
i fluoro-2-propyl-7-(3-fluoro-4- trifluoromethoxyphenyl)phenant hrene,
if
uo

t

1,9
1,9
1,9
1,9
1, 9-
1,9
1,9
1,9
1,9 | uora- g Agnal tri-le3, S-di fl uoro-4
tri r omet hoxyphenyl ) phenant hr ene,

2-fluoro-4-(i-fluoro-trans-7-butylphenanthrene-trans-2-

d

d

d

d

di
di
d

d

d

I

rif

yl)benzonitrile,
4-(1-fluoro-trans-7-butylphenanthrene-trans-2-
yl)benzonitrile,

10 2-fluoro-4-(l-fluoro-trans-7-pentylphenanthrene-trans-2-
yl)benzonitrile,

- 4—(1-fluoro-trans-7-pentylphenanthrene-trans-2-
yl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-hexylphenanthrene-trans-2-

15 vl)benzonitrile,
4-(1-fluoro-trans-7-hexylphenanthrene-trans-2-
yl)benzonitrile,
2-fluoro-4-(l-fluoro-trans-7-heptylphenanthrene-trans-2-
yl)benzonitrile,

20 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-



1, 9-di fluoro-2-propyl-7-(4 3 0 JAN 2004 222 30 JAN 1004

di f1 uor onet hoxyphenyl ) phenant hr ene 1,9-difluoro-2
trifluoronethyl phenyl) phen ’ 9 di RSN by
5"t i 1 uor oot hyl phenyl ) phenant br ene, Lo o2 PropYi- (s Tiuore-4
1, 9- di f I uor o- 2- propyl - 7- (3, 5- di f | #d- 4-
trifluoromethyl phenyl)phenant hrene,
%,g:g!;:qpifbéhiwﬁmw&iﬂé(4-chlorophenyl)phenanthrene,

, i fluoro-2-propyl-7-(3-fluoro-4 10 chl orophenyl ) phenant hrene, and

1,9-difluor 'Z'P opy 7 = Chi

0pY| 175 { 3050 Ui £ 4 i P- e gt ropitaa epHerars

'ErE?(?InEl)(ra gzg)l‘glfl;éhes S o% trans- 2- propyl -Y%%rans-w 4@5 15 Hene.
ophenyl ) -trans-tetradecahydrophenant hr ene BrMy THE n-

n- C3H7 Hzyl PoezenBEOKLeACOEt DVF n- C3H7 41.6 g of rraNgnesi unm V\C;sm ’

suspended in 40 nL of THF, and a 3' 0 JAN 2004
4—(3-fluoro—trans—7—ethylphenanthrene—trans—z-

5 yl)benzonitrile,
2-fluoro-4—(3—f1uoro—trans-?—butylphenanthrene—trans—2-
yl)benzonitrile,
4—(3—fluoro—trans—?—butylphenanthrene—trans-2—
yl)benzonitrile,

10 2-f1uoro—4—(3—fluoro-trans—?—pentylphenanthrene-trans—Z—
yl)benzonitrile,
4—(3—fluoro—trans—?-pentylphenanthrene-transﬁ2-
yl)benzonitrile,
2~fluoro;4—(3—fluoro—trans—7—hexylphenanthrene—trans-Z—

15 yl)benzonitrile,
4—(3—fluoro—trans—?—hexylphenanthrene—trans—2—

yl)benzonitrile,

2-fluoro—4—(3—fluoro—trans-7-heptylphenanthrene—trans-z—
yl)benzonitrile, and

20 : 4—(3-f1uoro—trans—7-heptylphenanthrene—trans—2-

yl)benzonitrile.

(Example 14) Synthesis of 2,6—dif1uoro—4-(1—fluoro-trans—7—

propylphenanthrene-2—trans-yl)benzonitrile



. . _ 3 0 JAN 2004
223 solution of 361 g of brono-3,4,5-trifluorobenzene in 1.4 L of THE

was then added dropwi se to the suspension over an approxi mately one hour
period at such a rate that the THE refluxed gently. The m xture was then
stirred for a further 1 5 hour, and_ a_solution of 354 g of
trans- 7- propyl -trans- dodecahydr oph&hint hren- 2-one (synthesis of this
conpound was carried out using the nethod disclosed in D. Varech, L.
Laconbe and J. Lacgses,F Nouw. J. Chim, 8, 44 984)) in 700 nL of THE
was then added ' he mimdtiure Quer 0 re@friod.
Fol | owi ng &€t 't hery goadur, 10 chiefi ¢ ‘aci d was added
and the reaction halted. Ethyl acetate was then added, A he organic | ayer
was separated, and the aqueous |ayer extracted with additional ethyl
acetate which was conbi ned w the or/gani c | ayer. The conbi ned 15

organi c extract s then th ter., a swyurated aqueous sol ution
of sodiun1bica§§%%§Eeﬁ“é a gﬂﬂeous sol ution of sodi um

chl oride, and s®then dried over anhydrous sodium sul fate. The sol vent
was then renoved by evaporation, 2.9 L of toluene apd 136 g of

p-t ol uenesul f oni aci d ohydrate were ad”@ib" ¢ m xture was
heated at Ad#@ fal =,=€:Dm gar at ed and
renoved. Wen th an of water had ceased, gnperature was

reduced to roomtenperature, water was added, and the organic |ayer was

separated. The organic |ayer was 3 0 JAN 2004
1-fluoro-trans-7/-propyl-2-(3,5-

difluorophenyl)phenanthrene produced using the same method as
Example 11 was lithiated using a butyl lithium-hexane

5 solutiog, and subsequeﬁtly reacted with carbon dioxide gas to
yield 2,6-difluoro-4-(1-fluoro-trans-7-propylphenanthren-
trans—z;}l)bénzaic“acié. This compound was converééd to an
acid chloride with thionyl chloride, and then reacted with
ammonia to yield 2,6-difluoro-4-(l-fluoro-trans-7-

10 propylphenanthren-trans-2-yl)benzamide. Subsequent reaction
with phosphorus oxychloride producing a dehydration yielded
2,6-difluoro-4-(l-fluoro-7-propylphenanthren-trans-2-
yl)benzonitrile.

The compounds listed below can be produced in a similar

15 manner.

2,6-difluoro-4-(trans-7-ethylphenanthrene-trans-2-
yl)benzonitrile,

2,6-difluoro-4-(trans-7-propylphenanthrene-trans-2-



224 washed with a saturated aqueous sol ution of sodium bicarbonatépJAN2m4
wat er, and a saturated aqueous sol ution of sodium chloride, and was then
dri ed over anhydrous sodium sulfate. The solvent was renoved by
evaporation, and the entire residue_5 was dissolved in 2 L of ethyl
acetate. 52 g of 5% pall adi um carb%ﬁz(met) was then added, and the

m xture was stirred in an autoclave under a hydrogen pressure of 4

Kg/ cnR. Af yéjbesepnitnglPer 5 hours at roomtenperature, the catal yst was
removed by filtration through celite, and the solvent was 10 renoved by
evapor at i op. gEgliFonbpre-uereyahsol-bheyspheaahthreaereranatlon to the
trans formwas conducted using 16.5 g of potassiumt-butoxid-e-in 2.2 L
of ice coolid DMF, the.product was recrystallized, and then

recrystal | ¥ é89868pﬁtFﬁEﬁVethanol to yield 345 g of white crystals of
trans-2-propyl-7-trans 15

(3, 4, 5-tri 2l, Gedafhenyb)-4t-r &nansel-ngathpierBpRERERNRrERBNS—REasur enent  of
the phase transition tenperature revealed a transition fromthe

crystalling;phaseoh@tailesotropic liquid phase at 106C under rising
tenperaturé conditions, whereas the conpound displayed a nematic phase

0. 66 (0 0 PoCCHLTapPEog =678 TS g R TRERRE B ERREEE 0TS I

8H), 6 =2.47 (m 1H), 6 = 6.79 (dd, 2H, J=6.4 Hz, J=9.2 Hz) M5 me =

364 (M) 3ylobgamopdtzile,
2,6-difluoro-4-(trans-7-heptylphenanthrene-trans-2-
yl)benzonitrile,

10 2,6—difluoro—4—(1,3—difluoro—transﬁ7—propylphenanthrene—
trans-2-yl)benzonitrile,
2-fluoro—;—(1,3—difluoro—trans-7-propylphenanthrene—
trans-2-yl)benzonitrile,
4—(1,3-difluoro-trans—7—propylphenanthrene-trans—2-

15 yl)benzonitrile,
2,6—dif1uoro-4—(l,3—difluoro—trans-7—ethylphenanthrene—
trans-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-ethylphenanthrene-2-
yl)benzonitrile,

20 4-(l,3—difluoro—trans-7-ethylphenanthrene—trans—2—
yl)benzonitrile,
2,6—dif1uoro—4—(1,3—difluoro—trans—7—butylphenanthrene—
trans-2-yl)benzonitrile,

2-fluoro-4-(1,3-difluoro-trans-7-butylphenanthrene-trans-



225 The conpounds |isted bel ow can be produced in a simlar manned{ JAN 2004
trans-2-propyl -trans-7-(4-fl uorophenyl)-trans--

t et radecahydr ophenant hrene, 5

trans-2-propyl -trans-7-(3, 4-di fluorgpghenyl)-trans
tetradecahydrophenanthrene

trans-2-prapyl.-trans-7-(3, 5 difluorophenyl)-trans-
tetr adecah;l.z([;r ﬁi’ té:

trans- 2- propyl-trans 7- (4--tr|fluoronethoxyphenyl) trans- 10
t et r adecahyld (dpterbrftivogiee, t nangrs-busydpienandihy-eng-3-mangordo- 4-
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hrene,

trans- 2- pr gpysdd4mSt4-i0% ,5- di f | uor o- 4-
trlfluoronethoxyphenyl) trans t et radecahydr ophenant hrene, 15

trans-2-- pr Opy mtﬁ?a!_:nﬂsr 1d'3f | Y NPYRAEY el Al enanthrene-

tetradecah

trans- 2- propyl-trans 7- (4 trlfluoronethylphenyl) trans-

t ebr adecahyrasshénanitireneen L trids- 2- propyl -t rans- 7- (3-fl uoro-4 20
trifluoronethyl phenyl)-trans-tetradecahydrophenant hr ene,

trans- 2- pr g rddr@ne—1-1(,3 it 1fdi@-arkns-7-pentylphenanthrene-
trlfluoronethylphenyl) t'rans- t et radecahydr ophenant hr ene,

e AT g eny o
4-(1,3-difluoro-trans-7-pentylphenanthrene-trans-2-
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-hexyiphenanthrene-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-(1,3-difluoro-trans-7-heptylphenanthrene-
trans-2-yl)benzonitrile,

20 4-(1,3-difluoro-trans-7-heptylphenanthrene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1l-fluoro-trans-7-ethylphenanthrene~trans-
2-yl)benzonitrile,

2,6-difluoro-4-(1-fluoro-trans-7-butylphenanthrene-trans-



226 trans-2-propyl-trans-7-(3-fluoro-4-chlorophenyl)-trans- 30 JAN 1004

t et radecahydr ophenant hr ene, and
trans- 2- propyl -trans-7-(3, 5-di fl uoro-4-chl orophenyl ) -
trans-tetradecahydrophenant hrene. 5,(;Bxanple 18) Synthesis of
trans-2-propyl-trans-7-[2-(3,4,5
trifluorophenyl)ethyl].-tr.ans-tetradecahydrophenant hrene n- C3H7 CH30O PPH3
Ch J NOH E'rgld?}ﬁ“%’%”)r}(al * ¢CHO Tol uene | M UH3UH BrMy CH3O- PPH3 HC
n- C3H7 Tol uene THE n- C3H7 CHO HZ2Pd/C } n-C3H7 AcCEt THE KHSO4 Tol uene
Tr ans- 7- pr éni~dirfdnrfodeddmidisgitertaaif-errngyd phgnanthinesct ed with a
Wttig reagent prepared from

trans-2-yl)benzonitrile,

2,6-difluoro~4-{1-fluoro-trans-7-hexylphenanthrene-trans-

5 2-yl)benzonitrile,
2,6-difluoro-4-{1-fluoro-trans-7-heptylphenanthrene-
trans-2-yl)benzonitrile,
2,6-difluoro-4-{3-fluoro-trans-7-propylphenanthrene-
trans-2-yl)benzonitrile, -

10 2,6-difluoro-4-{3-fluoro-trans-7-ethylphenanthrene-trans-
2-yl)benzonitrile,
2,6-difiuvoro-4~({3-fluorn-trans-7-butylphenanthrene-trans— =-.=:..-
2-yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-pentylphenanthrene-

15 trans-2-yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-hexylphenanthrene-trans-
2-yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-heptylphenanthrene-
trans-2-yl)benzonitrile,

20 2,6-difluoro-4-(trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
2,6-diflucro-4-(trans-7-propylfluorene-trans-2-
yl)benzonitrile,

2,6-difluoro-4-(trans-7-butylfluorene-trans-2-



met hoxynet hyl t ri phenyl phosphoni um chl ori de and potassi umt - but oxi dd,0 142004
t he product enol ether was hydrol yzed using a 10% aqueous sol ution of
hydrochloric acid in THE , and then isonerized using an aqueous sol ution

of sodi um hydroxide in 15 nmethanol .,tQ yield trans-7-propyl-trans
tetradecahydrophenanthren-trans-2-c§#§aldehyde. Thi s conmpound was then
further reacted with a Wttig reagent prepared from

met hoxymet BHIEENFAEHALIHGphoni um chl ori de and potassiumt 3 0 JAN 2004

227 butoxide, and the product enol ether was hydrol yzed using a .10%
aqueous solytsi-@ii ffudrypdrdeqiraniss- 7agicth iyl fldgrene Stireing -2 -

(trans-7-propyl -trans-tetradecahydrophenant hren-trans- 2-

yl ) acet oal . i,S.:gonpound was reacted with a Giignard 5 reagent
pr epar ed fS§H¥%$gﬁ§g§% "5-"trifl uorobenzene and nagnesium and a

dehydration was then perfornmed using p-. toluenesul fonic acid nonohydrate
in t0|uene23@ﬁﬁgﬁLgogpaﬁgigrans-7~hexylfluorene—trans—2—

propyl -trans-7-[2-(3,4,5-trifluorophenyl)vinyl]-trans-

t esr adecahydnepieaittiiarg, whi ch was subsequently reduced in 10 the
presence of a 5% pal | adi um carbon (wet) catalyst to yield

trans-2-pr%p%t4¥fyy%fath§%&%ﬁ%d%jﬂéﬁﬁﬁﬁyﬁqggﬁﬁg)éygE%Lb;trans-

t et radecahydrophenant hr en € conp bél ow can be produced in

a simlar manner. 15

t r ans- 2- pr ¥gylanzend trifl®,4-f | uor ophenyl ) et hyl ] -t r ans-

t et radecahydr ophenant hr ene,
2,6-difluoro-4-(1,3-difluoro-trans-7-propylfluorene-
trans-2-yl)benzonitrile,

10 - 2-fluoro-4-(1,3-difluoro-trans-7-propvlfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-#“-propylflucrene~trans-2-
vl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans-

15 2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
4-(1l,3-difluoro-trans-7-ethylfluorene-trans-2-
yvl)benzonitrile,

20 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-



trans- 2-propyl -trans-7-[ 2- (3, 4-di f | uor ophenyl ) et hyl ] - 30 JAN 2004
trans-tetradecahydrophenant hr ene,

trans-2--propyl-trans-7-[2-(3,5-di fluorophenyl)ethyl] 20
trans-tetradecahydr ophenant hr ene, EE?ns-z-propyl-trans-?-[2-(4-
trifluoromethoxyphenyl)ethyl]-trans-"tetradecahydrophenant hrene,
trans-2-proEﬁg-trans-?:iz-(3-fluoro-4 50 JAN 2004 228
trifluoron¥tABRYBRBAYFY&€hyI]-trans- tetradecahydrophenant hrene,
trans-2-propyl -trans-7-[2-(3, 5-difl uoro-4-

trifluoronet bedyfhenyb)yétiyl, p-difhvors-tearadécraptybfhuasanaiteass-
trans-2-propyl -trans-7-[2-(4- difluoronethoxyphenyl)ethyl]-trans-
tetradecahyngFEEgaggﬁggggle'trans_:2-propy|-trans-?-[2-(4 10

trifluoronmeth enyl)ethyl]-trans- tetradecahydrophenant hrene,

L1 111 uor omet kYRBRENYr b AyRY L PARECE aP adeRayaH SINERSRERFERES 25

trans-2-propyl -trans-7-[2--(3,5-difluoro-4-

trgfl uoromgllhpepbenykyeéldbyl ] -trans-
4-(1,3-difluoro-trans-7-pentylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans-7-hexylfluorene-trans-
2-yl)benzonitrile,

10 2-fluore-4-(1,3-difluoro-trans-7-hexylfluorene~-trans-2-
yl)benzonitrile,
4~(1,3-difluoro-trans-7-hexylfluorens-trans-2- .. ...=
yl)benzonitrile,
2,6-difluoro-4-(1,3-difluoro-trans—-7-heptylfluorene-

15 trans-2-yl)benzonitrile,
2-fluoro-4-(1,3-difluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
4-(1,3-difluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,

20 2,6-difluoro-4-(1l-fluoro-trans—7-ethylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(l-fluoro-trans-7-propylfluorene-trans-2-

yl)benzonitrile,

2,6-difluoro-4-(1l-fluoro-trans-7-butylfluorene-trans-2-



t et radecahydr ophenant hr ene, 370 JAN 2004
trans-2-propyl -trans-7-[ 2-(4-chi orophenyl)ethyl]-trans-

t et radecahydr ophenant hrene, 20 trans-2-propyl-trans-7-[2-(3-fluoro-4-

chl orophenyl ) et hyl ] -trans-tetradecahydr ophenant hrene, and
trans-2--propy|-trans-?-[2-(3,5-difPﬁ8ro-4-

chl or ophenyl ) et hyl ] -trans-tetradecahydrophenant hrene. 3 0 JAN 2004 229
(Exanpl e 19))Bpnzbaditside,2-f| uoro-4- (trans-7-propyl -trans-

t et radecahydr ophenant hren-trans-2-yl)benzonitrile n-C3H7 POC13 n- C3H7 H2,

RaNi  AcOEb B-G3HT uBrdte-@-SNuoro-trans-7-pentylfluorene-trans-2-
Trans-7- propyl -trans-dodecahydr ophenant hren--2-one was 5 reacted with a

Gignard reiggnt preganjd from 2-(4--brono-2 fluorophenyl)-4,
4- di net hyl Y4)5€82Pd-58%820l e and magnesium the cyano group protective

group was then renoved and the aromatic ring dehydrated by addition of
phosphorus 2, 6-difluoro-4-(1-fluoro-trans-7-hexylfluorene-trans-2-

5 yl)benzonitrile,
2,6-difluoro-4-(l-flucro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-propylfluorene-trans-2-
yl)benzonitrile,

10 2,6-difluoro-4-(3-fluoro-trans-7-ethylfluorene-trans-2-
yl)benzonitrile,
2,6-difluoro-4-(3-~fluoro-trans-7-butylfluorene-trans-2--
yl)benzonitrile,
2,6-difluoro-4-(3-fluoro-trans-7-pentylfluorene-trans-2-

15 yl)benzonitrile,
2,6-difluoro-4~(3-fluoro-trans-7-hexylfluorene-trans-2-
yl)benzonitrile, and
2,6-difluoro-4-(3-fluoro-trans-7-heptylfluorene-trans-2-
yl)benzonitrile.

20

(Example 15) Synthesis of 4-cyano-3-fluorophenyl 7-

propylphenanthrene-2-carboxylate



oxychl oride, and a reduction was then perfornmed in the 10 presence %? JéN‘ZUM
Raney nickel catalyst to yield 2--fluoro-4-

(trans-7-propyl -trans-tetradecahydrophenant hren-trans-2- yl)benzonitrile.
Measur enent of the phase transiti on,,genperature revealed a transition
fromthe crystalline phase to an |so ropic liquid phase at 173C under

rising tenperature 15 conditions. The co unds |listed bel ow can be
produced in a s nan BULi, THF
4- (trans- 7—"%‘r A FEpadecal ?'&Féﬁbﬂc@% trans n-C3H7 CN +
n-C3H7 3- 0 JAN 004 30 2 yI benzonitrile,
2-fluoro-4-(trans-7-ethyl-trans-

t et radecahydr ophenant hrene-trans-2-yl ) benzopitrile,

4-(trans-7-ethyl -trans-tet G> cahydrophe tene-trans- 5

2-yl ) benzonj_t8PFk e, acyg ) a0s

tetradecahydﬂwﬁhenanthre tr.- -2- yI)b@ﬁz@hﬁbrlle

4-(trans-7-butyl -trans-tetradecahydrophenant hrene-trans-
2-yl)benzonitrile, 10 2-fluoro-4-(trans-7-pentyl-trans-

t et radecahydr ophen hrene-tran§-2-yl)benzonitrile,
4-(trans-?-g&g;x@iﬁi%@§>1§£ gaydr ophenant hrene-trans-

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
+§  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-
10 carboxylate,
4-cyanophenyl l-fluoro-7-propylphenanthrene-2-
carboxylate,
4-cyano-3-fluorophenyl 1-fluoro-7-propylphenanthrene-2-
carboxylate,
15 4-cyano-3,5-difluorophenyl l-fluoro-7-propylphenanthrene-
2-carboxylate,
4-cyanophenyl l-fluoro-7-propylfluorene-2-carboxylate,
4-cyano-3-fluorophenyl l-fluoro-7-propylfluorene-2-

carboxylate,



2-yl)benzonitrile, 2-fluoro-4-(trans-7-hexyl-trans- 15 50 JAN 2004
t et radecahydr ophenant hr ene-trans-2-yl)benzonitrile,

4- (trans-7-hexyl -trans-tetradecahydr ophenant hrene-trans-

2-yl)benzonitrile, 2-fluoro-4-(trans-Z--heptyl-trans-

t et radecahydr ophenant hr ene-tr ans- 2- ?ﬂ%benzonitrile and 20

4-(trans-7- heptyl-trans t rade ah nanthrene tr -
2-yl ) benzofirC¥dng-3¢ex %gﬁﬁ hg uggo-17 Zpropyltluorene-2-
2,6-difluoro-4-(trans-7- propyl

trans-tetr&de@ahydmmphenanthren-trans-z-yl)benzonitriIe 1 0 JAN 2004 231
n-C3H, SOCI2 n-C3H7 Ci(CH2)2CI n-C3H7 1) BuLi 2) C02 n-C3H7 cod CONH2

POCK n- C3H, ;Eg%ﬁ offtlehtANy 3R rm'o r_%nﬁ)éng{%pﬁeﬂhhk}l%aghgayI) trans-

tetradecahyd né “pro uce usi e sanme net ho

carboxylate,
5 4-~cyano-3-fluorophenyl 1,3-difluoro-7-propylphenanthrene-
2-carboxylate,
4-cyano-3,5-difluorophenyl 1,3-difluoro-7-
propylphenanthrene-2-carboxylate,
4-cyanophenyl 1,3-difluoro-7-propylfluorene-2-
10 carboxylate,
~4-cyano-3-fluorophenyl 1,3-difluoro-7-propylflucorene-2-
carboxylate, and
4-cyano-3,5-difluorophenyl 1,3-difluocro-7-propylfluorene-
2-carboxylate.
15
(Example 16) Synthesis of 1,9-difluoro-2-propyl-7-(3,4,5-

trifluorophenyl)phenanthrene

F

G e PG

2-iodo-7-propylphenanthrene was fluorinated using xenon

20 fluoride or the like, and column chromatography used to
separate the isomers and obtain 2-iodo-1,9-difluoro-7-

propylphenanthrene. To a solution of this compound in THF was



Exanple 1 was lithiated using a butyl Iithium hexane solution, 5 aﬁd]JAN2M4
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 conpoiyyyl was converted to an acid chloride
with thionyl chloride, and then reacted with ammonia to yield

2,5-difluoro--4-(traps: /i = :
tetraﬁggﬁﬁyﬁ?55%%%3ﬁ?ﬁ%%%$§§g%%9%é§¥§%g§%%%$ égmsﬁ%ée%%%n¥hereaction W th
phosphorus oxychl ori de produci ng a dehydration vyielded .

2, 5- dréaabion mixtane- 7apr opyrred aps room temperature. This

t et radecahydr ophenant hren-trans-2-yl) benzonitrile. The conpounds |isted

belo“h%?ﬁupé PAQULEEH +Badt8aNlel alor 1GHALH. reagent prepared from
2,6-difluoro-4-(trans-7-ethyl-trans-

t et radecahydr ophenant hrene-trans- 2-yl Ltril : S
276, o1 ot oF AL Lupanerosoap RS Apd AJRESHLAT! | Following stirring
t et radecahydr ophenant hr ene-trans-2-yl ) benzonitrile, NH3 3 0 JAN 2004
2% PoB- 2li houos 0ati- fopmNEERPEBALYTet rahg- mixture was allowed to

t et radecahydr ophenant hrene-trans-2-yl ) benzonitrile,

2, 6-dipELUOL Q- Aobhl BBRpdrACYYE; tw@DSr was added, the product was
tetradecahydrophenantﬁrene-trans-2-y|)benzonitriIe, and 5

et r aBBEERGBPAphBRANER BADC 230" 5081 opannic FaYPE. “PnRshetan)
Synt hesi s of 4-cyano-3-fluorophenyl trans-7 ,
sequentially with water and & saturated aqueous solution of
sodium chloride before being dried over anhydrous sodium
10 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.
15 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,
1,9-difluoro-2-propyl-7-(3,5-difluorophenyl)phenanthrene,
20 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-



propyl -trans-tetradecahydr ophenant hr ene- 2- car boxyl ate n-C3H SOC! - n;

CH2Cl 2 10 CHO COCl CN PyH, CH2Cl 2 30 JAN 2004
Trans- 7- propyl -trans-t et radecahydr ophenant hren-trans-2- car bal dehyde
produced in Exanple 18 was oxidizediﬁi;m)silver oxi de prepared from
silver nitrate and sodi um hydroxi de yi el ded

trans-7-propyl] -trans-tetradecahydrophenant hren-trans- 15 2-carboxylic

aci d. Thi s ‘CohpBitPRREComhardd Rt rantdgefe chl ori de usi ng t hi onyl
chloride, and then reacted with 2- fluoro-4-hydroxybenzonitrile to yield

4- cyano- 3- f1 unrdipfiamto-2-propyl-7-( 4-
trans-7-propyl -trans-tetradecahydrophenant hrene-trans-2- carboxyl ate.

A920 . “‘.Ccﬁ‘%1@05@%&%@}&&3%&%%@%&00@0””ds | i sted bel ow can be

produced ina’sim -cyanop ‘t rans-7- propyl -t rans-

t et radecahydr ophenant hr ene- 2- car boxyl at e,
1,9-difluoro-2-propyl-7-(4-

5 trifluoromethylphenyl)phenanthrene,
1,9-difluocro-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)phenanthrene,

10 1,9-difluoro-2-propyl-7-(4-chlorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3-fluoro-4-
chlorcephenylyphenanthrene,
1,9-diflucro-2-propyl-7-(3,5-difluoro-4-
chlorophenyl)phenanthrene,

15 1,9-difluoro-2-propyl-7-(4-fluorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,4-difluorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(4-
trifluoromethoxyphenyl)phenanthrene,

20 1,9~-difluoro-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)phenanthrene,

1,9-difluoro-2-propyl-7-(4-



5 4-cyano- 3, 5-di f| uor ophenyl trans-7-propyl-trans 30 JAN 2004
t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyanophenyl
trans-7-ethyl -trans- tetradecahydrophenant hrene-2-car boxyl at e,

4- cyano- 3-f | uor ophenyl trans-?-ethy52 rans 10
t et radecahydr ophenant hr ene- 2- car boxyl*ate, 4-cyano- 3, 5-di fl uorophenyl

trans-7-ethyl -trans- tetradecahydrophenant hr ene- 2- car boxyl at e,
4-cyanopheﬁﬁfhﬁ%ﬂﬂyﬁ&%ﬁyﬁ,gpg §penan€%rene,

t et radecahydr ophenant hr ene- 2- car boxyl ate, 15 4-cyano- 3-fl uorophenyl
t r ans- 7- butly|9-difAiso rver-pdepatiyd-dghenant hr ene- 2- car boxyl at e,
4- cyano- 3, 5-di f | uorophenyl trans-7-butyl-trans-

tetr adecah%if-%%%ﬂ\fe%%gh%-n nRweradlkrensd, cyanophenyl

trans-7-pentyl -trans 207t etradecahydr ophenant hr ene- 2- car boxyl at e,

4- cyano- 3-f 1 uor gphenyl trans-7--pentyl_-trans-

t et r adecahydPo PRI R-En®rePY Aoy £tl&°rordcyano- 3, 5- di f | uor ophenyl
trans-7-pentyl -trans- tetradecahydrophenant hrene-2-carboxylate, 30 JAN

2001 234 4rdyfdnomoaethylphesyl-) phenanthrens.,

t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyano-3-fl uorophenyl
trans-7- pent W_4 gl el hadesanydrankenant hieee42- car boxyl at e,

trifluoromethylphenyl)phenanthrene,
1,9~difluoro-2-propyl-7-(4-chlorophenyl)phenanthrene,
1,9-difluoro-2-propyl-7-(3-fluoro-4-

10 chlorophenyl)phenanthrene, and
1,9-difluoro-2-propyl-7-(3,5-difluoro-4-

chlorophenyl }phenanthrene.

(Example 17) Synthesis of trans-2-propyl-7-trans-(3,4,5-
15 trifluorophenyl)-trans-tetradecahydrophenanthrene

F

Eng—QF F
: (O
o 0 et e L OO
F
F %
et N e e e S
Toluene
F F
F
Hp Pd/C  tBUOK o0 ... © F
AcOEt ~  DMF
F

41.6 g of magnesium was suspended in 40 mL of THF, and a




5 4-cyano- 3, 5-di fl uor ophenyl trans-7-pentyl-trans- 30 JAN 7004
t et radecahydr ophenant hr ene- 2- car boxyl ate, 4-cyanophenyl

trans-7-heptyl -trans- tetradecahydrophenant hr ene- 2- car boxyl at e,

4- cyano- 3-f | uor ophenyl trans-?--hem?Q-trans 10

t et radecahydr ophenant hr ene- 2- car boxy é%e, and

4- -3,5:-dif h [t -7- tyl - - .
ety Ao e T L A G ot £ LIS e nzens ig i rbdh O
trans-2-(3,4,5-trifluorophenyl) 15

trans-THE i was - themsaddad ahyaprvoire namt e e Foad sliaM 200k 286 Br My p- TsOH,
(CH2OH) 2 Tol uene Tol uene CH3O "' PPH3 Tol uene =PPH3 Tol uene THE HCO2H

Tol uengy bid i AR e MR IR aPU et -Pudte AHH (I Tar

refluxed gently. The mixture was then stirred for a further 1
5 hour, and a solution of 354 g of trans-7-propyl-trans-
dodecahydrophenanthren-2-one (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)) in 700
mL of THF was then added dropwise to the mixture over a one
10 hour period. Following stirring for a further 1 hour, 10%
hydrochloric acid was added and the reaction halted. Ethyl
acetate was then added, the organic layer was separated, and
the agueous layer extracted with additional ethyl acetate
which was combined with the organic layer. The combined
15 organic extract was then washed with water, a saturated
aqueous solution of sodium bicarbonate, and a saturated
agqueous 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
20 acid monohydrate were added, and the mixture was heated at
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



70 JAN 2004

t rans- dodecahydr ophenant hren- 2, 7- di one nonoet hvl ene acetal was reacted
with a Gignard reagent prepared from brono-3,4,5-trifl uorobenzene and
magnesi um and a dehydration 5 was then performed using

p-t ol uenesul foni ¢ aci d nonohydrate iﬁ& oluene to yield a m xture of
trans-7-(3,4,5-trifluorophenyl) -

3,4,4a,4h, 5,6, 8a,9, 10, .10a-trans- dodecahydro- 1H phenant hren- 2- one

ot hy! st e A SAE Faieoes T i icn R Fgedt o

3,4, 4a,4b, 5, 8, Ba, 9, 10, 10a-trans- dodecahydr o- | H phenant hren-2 10 one

et hy| dmicatsired t;e whrathe ma sarstibs espiant 4 yed exlpeossh s rsahecign esEneeddima 5%
pal | adi um carbon (wet) catalyst to yield

trans-Zi{ce fue; tddd :wa)g e dd ass Aodasaisi LRNsDA N el a s One

et hyl ene acetal . Follow ng renoval of the carbonyl™ group protective
group, _this co‘?rgound was reacted with a 3 0 9%3004 236 . Wttig, reagent

pr epar B FTONTSRY HERS RATIRNGT i PhRARMNRI Ao el zg g esidue

pot assi umt - but oxi de, and the product enol ether was hydrolyzed using a
10% aquee ubi s tedniof2 Hy drfocititorl caceatatte i n 5SPHg aihdb % hsanl 1asdian+ zed
usi ng an aqueous solution of 5 sodi um hydroxide in nethanol to yield

trans-dadibdt Gredy idddarmphemdda t rans-4d ahwdlephanantdy ehsd 1 A0ssg-

car bal dehyde. Thi's conpound was then reacted with a Wttig reagent

prepared from net hyl triphenyl phosphoni um bronm de and potassi um

- but GRERS YAVS P (2T q9E T BERTT 410 opndt /o 10 SEees
trans-7-vinyl -trans-tetrahydrophenant hrene. The conpounds |isted bel ow
can bestprmmiuceddy ¥ demtisn@t room temperature, the catalyst was

removed by filtration through celite, and the solvent was

10 removed by evaporation. Following removal of the solvent,
isomerization to the trans form was conducted using 16.5 g of
potassium-t-butoxide: in 2.2 L of ice cooled DMF, the product
was recrystallized, and then recrystallized again from ethanol
to yield 345 g of white crystals of trans-2-propyl-7-trans-—

15 (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
the compound displayed a nematic phase at temperatures of 73°

20 or lower under supercoocling conditions.
NMR: 6 = 0.66 to 0.79 (m, SH), & = 0.82 to 1.35 (m, 15H), &
=1.64 to 2.01 (m, 8H), 6 = 2.47 (m, 1H), & = 6.79 (dd, 2H,
J=6.4 Hz, J=9.2 Hz)

MS: m/e = 364 (M+)



30 JAN 2004

trans-7-(3,4,5-trifluorophenyl).--trans--tetrahydrophenant hren-
trans-2-carbal dehyde with a variety of Wttig reagents. trans-2-(4-f
| uorophenyl )--trans-7-vinyl-trans- 15 tetrahydrophenant hrene,
trans-2-(3, 4-difluorophenyl)-trans-3-¢inyl -trans- tetrahydrophenanthrene,
trans-2- (3, 5-di fluorophenyl)-trans-7-vinyl-trans- tetrahydrophenant hrene,

20 trans- 24 1] | IR RPOP ) -t E’r\éic@@e'dt ANy similar
tetrahydro Shant frene,
trans-2-(3-fluoro-4-trifluoronmethoxyphenyl)-trans-7-

vi nyl maraves--t et r ahydr ophenant hr ene

trans-2-(3,5-difluoro-4-trifluoronethoxyphenyl)-trans-7 5 0 JAN 2004 237

vi nyl - t r angraglstahytoppheraaink-ang 4 - f lLuorophenyl ) -trans-
trans- 2- (4-di fl uoronet hoxyphenyl)-trans-7-vinyl-trans-

t et r ahydr ophenant hr.ene,

trans-2-(4&FrFF%&SP@%@F@&WJ%%%& FPFHns-?-vinyl-trans- 5

t et r ahydr ophenant hr ene, _

t r &ns- 2- ( 3tmapsrd-propyli-teedset/mf3pedHDl orsRbe Py} mfprans -
trans-tetrahydrophenant hr ene,

trans- 2- ( 3 trtdiaded@hgddophiehnlandmhereie)y| phenyl ) -trans- 7-

vi nyl -trans-tetrahydrophenant hrene, 10

trans- 2- (4Gl 9oReR - LA 73 T¥ qil 3o pheh Ay drgpiaenant hrene,
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(4-trifluoromethoxyphenyl)-trans-

10 tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

15 trans-2-propyl-trans-7-(4-difluoromethoxyphenyl)-trans-
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(4-trifluoromethylphenyl)-trans-
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-

20 trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-(4-chlorophenyl)-trans-

tetradecahydrophenanthrene,
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trans-.2-(3-fluoro-4-chlorophenyl)-trans-7-vinyl~trans.--
t et rahydr ophenant hr ene,

trans-2- (3, 5-di fl uoro-4-chl orophenyl)-trans-7-vinyl 15
trans-tetrahydrophenant hr ene, 6
trans-2-(trans-|-propenyl)-trans-?-@f—fluorophenyl)-

trans-tetr ydr anthrene, . L _ _
trans-2-(t %g'ﬁaglaﬁh%rpt%ggebﬁ{/h] ?C-]{Hrnaéqngl 7(3( Sﬁlzl'l-o(ﬁ% I4u§rholﬁ1re°r§)yqe)qyl) trans
trans-tetradecahydrophenant hrene, 20

t rans- 2- ( t rtgradesiadywcsaphanahirenes, sind f | uor ophenyl ) -

trans-tetradecahydrophenant hr ene,

trans- 2- (t radsrd -Vl Jeddansr (-1, 34 iFluoro-4-chlorophenyl ) -
trifluorophenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-|-propenyl)-trans-7-(4.3 a JAN 2004 238

trifluor onetirﬁ&?y_p é:ﬂ%cg]e}/%%rg’ré%qpaernf é&ﬂ?ﬁr'ophenant hr ene,
trans-2-(trans-1|-propenyl)-trans-7-(3-fl uoro-4-

t ridf | uor onet hoxyphenyl ) -t rans-t et r adecahydr ophenant hr ene,
trans-2-(trans-|-propenyl)-trans-7-(3,5-difluoro-4 5

trifl ugtemgioxmheapionddansot elratecapdmphataidrene-(3,4,5-

trans-2-(trans-1|-propenyl)-trans-7-(4-

?i;Lg?%g%?i%ﬁg@ﬁﬂ%ﬁg%ﬁgﬁﬁgﬁﬁ%%é%ﬁ%%E%ﬁygggé§ﬁ¥a¥ggﬂgﬁg%%hrene

trifluoronethyl phenyl)-trans-tetradecahydr ophenant hrene

10
trans-2-(trans-|-4la, yI)-&{de$h]-(3-¥luoro-4- ﬁﬁhﬁé:gi:t:>—
trifluoro @ » éa Toluene 3 & ’ oo

: F

Bng@F
CHO“SPPH,  Ho) n-CaHTACQD—\ F_ _ KHSO, _
Toluene THF CHO THF Toluene
. . . o .
cens GO Gr iz sond G
F F

Trans—7—propyl—ﬁrans—dodecahydrophenanthren—2—one was

10 reacted with a Wittig reagent prepared from
methoxymethyltriphenylphosphonium chloride and potassium-t-
butoxide, and the product encl ether was hydrolyzed using a
10% aqueous solution of hydrochloric acid in THF, and then
isomerized using an agueous solution of sodium hydroxide in

15 methanol to yield trans-7-propyl-trans-
tetradecahydrophenanthren-~trans-2-carbaldehyde. This compound
was then further reacted with a Wittig reagent prepared from

methoxymethyltriphenylphosphonium chloride and potassium t-
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trans-2-: (trans-1-propenyl)-trans-7-(3,5-difluoro-4-.,
trifluoronethyl phenyl)-trans-tetradecahydr ophenant hrene,
trans-2-(trans-1|--propenyl)-trans-7-(4-chl orophenyl) 15
trans-tetradecahydr ophenant hr ene, 7
trans-2-(trans-|-propenyl)-trans-?-gé-fluoro-4-

chl orqphenyl ) -trans-tetradecahydr ophenant hr ene, .
B [0 S R LB AR pyaporyzea wsing s
chl orophenyl) -trans-tetradecahydrophenant hrene, 20

t r ans-1IDY tacareds matleryilon -af dysiraqiidrigoredidenyl JTHEaks yield

t et radecahydr ophenant hr ene,

trans-é%géﬂgyyr -duihe A d RS ald ity dH IR B Hrans -2 -

r
trans-tetradecahydrophenant hr ene, _
L A Al a0l Sl TP e s NP4 299

trans-2-(trans-1|-butenyl)-trans-7-(3, 4, 5-
t r 6f | ucraamEEn e daras -firetr damgEinddriofrarafiluoeedenzene and

trans-2-(trans-1|-butenyl)-trans-7-(4 5

tri 1yl QIREIAKY RN adHv@iiSed i3 AEAC Al QRIGRARIY R8ng p-

trans-2-(trans-1-butenyl)-trans-7-(3-fl uoro-4-

L1 ans A SR A 1] A o FedgPgea Lo YieTd erans-2-

trifluoronethoxyphenyl)-trans-tetradecaliydrophenanthrene, |o.,

t r ans-Reduylartsed net-ddH 3t dndrA flaorophenyl) vinyl ] ~trans-

di f | uor onet hoxyphenyl ) -trans-tetradecahydr ophenant hr ene,
tetradecahydrophenanthrene, which was subsequently reduced in

10 the presence of a 5% palladium-carbon (wet) catalyst to yield

trans-2-propyl—traﬁs—7—[2—(3,4,5—trifluorophenyl)ethyl]—trans—
tetradecahydrophenanthrene.

The compounds listed below can be produced in a similar
manner.

15 trans-2-propyl-trans-7-(2-(4-fluorophenyl)ethyl}-trans-
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3,4-difluorophenyl)ethyl]-
trans-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-{2-(3,5-difluorophenyl)ethyl]-

20 trans—-tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[2-(4-
trifluoromethoxyphenyl)ethyl]-trans-

tetradecahydrophenanthrene,

trans-2-propyl-trans-7-[2~-(3-fluoro-4-



trans-2-(trans-1|-butenyl)-trans-7-(4-

trifluoronethyl phenyl)-trans-tetradecahydr ophenant hrene,
trans-2-(trans-1|-butenyl)-trans-7-(3-fluoro-4 15
trifIuoronethylphenyl)-trans-tetradg@?hydrophenanthrene,
trans-2-(trans-1|-butenyl)-trans-7-(3,5-difluoro-4-

trans- 2. (¢ R e A T RN ST Tt Fane.

t et radecahydr ophenant hrene, 20

t rans- 2- (t t@tsadesahydophenand-hren®.f | uor o- 4-

chl or ophenyl ) -trans-tetradecahydr ophenant hr ene,

trans- 2- (t L3ass-20propyl)-tilads-7L103, (3, 8- ¥Qhord=—4 -
chl orophenyl ) -trans-tetradecahydr ophenant hr ene,

trans-2-(trans~l-pentenyl)-trans-7-(4-flyorophenyl) 3 0 JAN 2004
trans-tetr&ﬁé?& 5?@8&&%&%?%F@H§)et%yl]'%rans‘

trans-2-(trans-1|-pentenyl)-trans-7-(3, 4-difl uorophenyl) -
t rans-t et r 4¢dradesabydeephenaaidrene,
trans-2-(trans-1|-pentenyl)-trans-7-(3,5-difluorophenyl) 5

trans-tetr ageeabydioppenartaneny—(2-(4-
trans-2-(trans-1-pentenyl)-trans-7-(3, 4, 5-

Lri 1 uor ophemy kARl ebhadeagadphienanLr ene.

trans-2-(trans-1-pente

trifluor, omet hoxyphenyl)-trans-tetradecahydrophenant hrene, 10

trans- 2- - (tteifadecpbydessephpnanthsens;. 3-f | uor o- 4-

trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hr ene,
trans=2-propyl-trans-7-[2-(4-

10 trifluoromethylphenyl)jethyl]-trans-
tetradecahydrophenanthrene,
trans-2-propyl-trans-7-[{2-{3-fluocro-4-
trifluoromethylphenyl)ethyl]-trans-
tetradecahydrophenanthrene,

15 trans-2-propyl-trans-7-[2-(3,5-difluoro-4-

trifluoromethylphenyl)ethyl]-trans-

tetradecahydrophenanthrene,

30 JAN 2004

240

trans-2-propyl-trans-7-{2-(4-chlorophenyl)ethyl]-trans-

tetradecahydrophenanthrene,

20 trans-2-propyl-trans-7-[2-(3-flucro-4-

chlorophenyl)ethyl]-trans-tetradecahydrophenanthrene, and

trans-2-propyl-trans-7-[2-(3,5-difluoro-4-

chlorophenyl}ethyl]-trans-tetradecahydrophenanthrene.
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...--trans-2-(trans-1-pentenyl)-trans-7-(3,5--difluoro-4
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-1|-pentenyl)-trans-7-(4- 15
di f 1 uor onet hoxyphenyl ) --trans-t et ragegahydr ophenant hr ene,
trans-2-(trans-1|-pentenyl)-trans-7-(4-

trifl ugs(”a{]aélmp *ﬁtﬁé@ﬁ d£t7 agacahydr opheat NSRSyl -trans-

trans pent enyl ) -trans-7-(3-fl uoro-4-

trlfluoro -tr stetradec y henanthrene 20
{r ans- Sh AR T e e Lt o A

trifluor orret hyl phenyl ) -trans- tet r adecahydr ophenant hr ene,
trans-2-(trans-| -pentenyl )-trans;7- (4 chl or ophenyl ) -

trans- tetradecahyd henanta,hg F
trans- 2- (trans I traRs- 7- ro O\ 2004241
chl oropheny} ecahym;cophenanﬁ U Nj\\

trans-2-(trans-| -pentenyl )-trans-7-(3, 5-difl uoro-4-
chl orophenyl ) -trans-tetradecahydrophenant hr ene,

trans-2-(trans- 3- penteny trans- -~ (4-fl uorophe
trans-tetrageeq hy
trans- 2(trans-3p an I‘(‘34%fl

trans-tetradecahydr ophenant hr ene,
trans-2-(trans-3-pentenyl)-trans-7-(3,5--difluorophenyl) -
trans-tetradecahydroph, enant hrene, 10

trans-2-(trans- 3-pentenyl) - @, 4, 5-
trifluor opheuﬁl?ni@uan& 2 @ {ahye{Ophranant hr ene,
AJOEt ,

Trans-7-propyl-trans-dodecahydrophenanthren-2-one was

5 reacted with a Grignard reagent prepared from 2-(4-bromo-2-
fluorophenyl)—4,4—dimethyl—4,S—dihydrooxazole and magnesium,
the cyano group protective group was then removed and the
aromatic ring dehydrated by addition of phosphorus
oxychloride, and a reduction was then performed in the

10 presence of a Raney nickel catalyst to yield 2-fluoro-4-
{trans-7-propyl-trans-tetradecahydrophenanthren-trans-2-
vl)benzonitrile. Measurement of the phase transition
temperature revealed a transition from the crystalline phase
to an isotropic liquid phase at 173°C under rising temperature

15 conditions.

The compounds listed below can be produced in a similar
manner.

4—{trans-7-propyl-trans-tetradecahydrophenanthrene-trans-
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trans=2-(trans.-3-pentenyl)-trans-7-(4--
trifluoronmethoxyphenyl)-trans-tetradecahydrophenant hrene,
trans-2-(trans-3-pentenyl)-trans-7-(3-fluoro-4 15
triluoronet hoxyphenyl)-trans-tetradegghydrophenant hrene,
trans-2-(trans-3-pentenyl)-trans-7-(3,5-difl uoro-4-

trifluoro ggn ans-tetradecahydrophenant hr ene,
trans- 2- (F?%Hﬂ' -penteni%) t'rans- 7- (4-

dlfluoronethoxyphenyl) trans- tetradecahydrophenanthrene 20
trans- 2- (t Parfsuprserdiyiansmeshyl-4rans-

trifluoronethyl phenyl)-trans-tetradecahydr ophenant hrene,
t rans- 2- (t rRtTradtduarindphdmarthrene3-tidans-@—4-1 )benzonitrile,
trifluoronethyl phenyl)-trans- tetradecahydrophenanthrene

trans-2-(t Iy aﬁﬁ:lr%henyl ;é]ct)ﬂlj)l LAy & (t%% e%' ﬁo&h@n%n@h%@%q_%réllz

trifluoronet ans-tetradeca threne
trans-2-(trans- 3-pentenyl)-trans-7-(4- chlorophenyl)
tr&ns-tetradeda rene,
trans-2-(trans-3-pentenyl)-trans-7-(3-fluoro-4 5

chl or ophenyd)fltucans-4-qttredacahyrtgihananish ene,
trans-2-(trans-3-pentenyl)-trans-7-(3,5-difl uoro-4-

chl or ophen enani i ene,) b ril
trans- 2- (SX%%¥£ﬁﬁ¥%i aﬁgﬁg%%ﬂMg?ﬁgg%phenyl) %’) enzonitrile,

tetradecahydrophenanthrene

t rans- 2- ( 3-%UttERAR9~ 1QHE¥lrﬁﬁ?@f7£%ﬁﬁﬂﬂ%ﬁﬂh¥ﬂﬂ?PWﬂQ%%¥hre“e —trans-
. tetradecahydr ophenant hrene, -

2-yl)benzonitrile,

10 2-fluoro-4-(trans-7-pentyl-trans-
tetradecahydrophenanthrene-trans-2-yl)benzonitrile,
4—(trans—7—pentjlétrans-tetradecahydrophenanthrene—trans—
2-yl)benzonitrile,
2-fluoro-4-({trans-7-hexyl-trans-

15 tetradecahydrophenanthrene-trans-2-yl)benzonitrile,
4-(trans-7-hexyl-trans-tetradecahydrophenanthrene-trans-
2-yl)benzonitrile,
2-fluoro-4-(trans-7-heptyl-trans-
tetradecahydrophenanthrene-trans-2-yl)benzonitrile, and

20 4-(trans-7-heptyl-trans-tetradecahydrophenanthrene-trans-

2-yl)benzonitrile.

(Example 20) Synthesis of 2,6-difluoro-4-(trans-7-propyl-

trans-tetradecahydrophenanthren-trans-2-yl)benzonitrile



trans- 2- (3-butenyl ) -trans- 7- (3, 5-di f | uor ophenyl ) - tr ans- 30 JAN 2004
t et radecahydr ophenant hr ene,
trans-2-(3-butenyl)-trans-7-(3,4,5-trifluorophenyl) 15

trans-tetradecahydr ophenant hr ene, 231
trans-2-(3-butenyl)-trans-7-(4-trifluoronet hoxyphenyl) -

trans- tetradecahydrophenanthrene e
trans-2-(3-butenyl/J-trans-7 (3 fl uoro-4-
trifluoromgtdjoxy ~ atxsyial ¢
trans- 2- ( 3- but eny (-2 (3 5 8P4 | uor o- 4-

trifl uoronet hoxyphenyl)-trardfs- tetradecahydrophenanthrene
trans-2-(3-butenyl)-trans-7-(4- dlfluoropethoxyphenyl)

trans- tetradecahydrophenanthréEF
trans- 2- ( 3- butef r Ags; " , ot:hy fhlenyl ) 3 0 JAN 2004 243

trans-t et r adec@¥He@phenant irene
trans-2-(3-butenyl)-trans-7-(3-fl uoro- 4F

trifluoronethyl phe) transFt et radecahydr ophenhr ene,
trans-2-(3-bute (3 chndcqoro
trifl uorome? ‘ﬁ 0 Q c(5)?'ijzait1ecaﬁydroph NA Q @ N

trans- 2-( 3- butenyl) trans- 7-€4-chl orophenyl ) - trans-
t et radecahydr ophenant hr ene,

trans- 2- (3-prdpdyd-) Edﬁ?ﬁLﬂkiﬁ%jiiFHCB‘Hiﬂldﬁﬁ&ﬁﬁﬁh&ﬂr—trans-

trans- tetradecahydrophenanthrene and 10
trans-2- t,rans- 7 5-di
chl or oph éﬁ%é%cﬁhg§203Q5 cé%ydrd%%éﬁﬁ% égl%? the same method as

Example 1 was lithiated using a butyl lithium-hexane solution,

S and sﬁbsequently reacted with carbon dioxide gas to yield 2,5-
difluoro-4-(trans-7-propyl-trans-tetradecahydrophenanthren-
.tféné—Z—yl)benzoic acid. This compound was converted to an
acid chloride with thionyl chloride, and then reacted with
ammonia to yield 2,5-difluoro-4-(trans-7-propyl-trans-

10 tetradecahydrophenanthren-trans-2-yl)benzamide. Subsequent
reaction with phosphorus oxychloride producing a dehydration
yielded 2,5-difluoro-4-(trans-7-propyl-trans-
tetradecahydrophenanthren-trans-2-yl) benzonitrile.

The compounds listed below can be produced in a similar

15 nmanner.

2,6-difluoro-4-(trans-7-ethyl-trans-
tetradecahydrophenanthrene-trans-2-yl)benzonitrile,
2,6-difluoro-4-(trans-7-butyl-trans-

tetradecahydrophenanthrene-trans-2-yl)benzonitrile,



(Exanmpl e 23) Synthesis of trans-2-propyl-7-(3,4,5- 50 JAN 7004
trifluorophenyl)-trans-1,2,3,4,4a,9,10,10a- 15 oct ahydrophenant hr ene

n- C3H7 n-C H? Ch (HO 28 n-C,3H7 F Pd(PPh3)4 , THE . n-C 3H7 Tf20 OH PyH

CH Cl12 CF3SD2 = Tf A mixture of 20 gﬁgz 7- met hoxy-trans- 2- propyl -trans-

1,2, 3,4, 4a,9, 10 10a- oct ahydr ophenanttit’ene (synthesis of this conpound

was carrled t usin the met hod di sclosed in D. 20 Varech, L. Laconbe
and J. Lacq%m‘g ror 4 i ANS o R B G LA 2004 244 (1984)), 80 ni
of acetic acid and 80 nL of 40@6hydrobron1c acid was refluxed for 10
hours, and tetetabscdlddraptendmtdnené-trans-2-yl)benzonitrile,
propyl-trans-4b 5,6,7,8,8a,9, 10- octahydrophenanthren-2-o|. The thus
obtai ned cryde f&ﬂggo\qa 1 44Q . of S nmethyl ene chloride, a
suspensi on wWas en forne 15.8 mL of trifluoronmethanesul fonic

anhydri de, and th
tetradecahydrophenanthrene -trans-2-yl)benzonitrile, and

5 2,6-difluoro-4-(trans-7-heptyl-trans-

tetradecahydrophenanthrene-trans-2-yl)benzonitrile.

(Example 21) Synthesis of 4-cyano-3-fluorophenyl trans-7-

propyl-trans-tetradecahydrophenanthrene-2-carboxylate

’_d:b —gon " d b
CN
_S0Ch_ | ngH coc -
CHZCZ PyH CHzclz
F.‘
et
10

Trans-7-propyl-trans-tetradecahydrophenanthren-trans-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~trans-
15 2-carboxylic acid. This compound was converted to an acid
chloride using thionyl chloride, and then reacted with 2-
fluoro-4-hydroxybenzonitrile to yield 4-cyano-3-fluorophenyl
trans-7-propyl-trans-tetradecahydrophenanthrene-trans-2-

carboxylate.
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suspensi on was then cooled to 5C. Wth the m xture being stirred
vigorously, 15 nL of pyridine was then added dropw se and the m xture
stirred for a further one hour. 100 m. of 10 water was then added, the
reaction halted, and the organic %ﬁe was separated. The aqueous | ayer
was extracted mnth 80 nL of dlchlor thane and this extract was

conbi ned: wi,th the or whi ch S subsequently washed with
dilute hydr%ﬁﬂ“tpé’ ol el LB P R D b SR AR5
bi carbonate, water, and then a saturated aqueous sol ution of sodium

chl or imdenrief .or e being dried over anhydrous sodium sulfate. The sol vent
was renoved by evaporation, and the product purified by silica gel

colum chrq he&gQ%L7t 1d+24n,3_9 of
trans-7- propyl-tf@ﬂg Xg 5St0 20 oct ahydr ophenant hren- 2-yl

trlfluoronethanesulfo ThIS onp un onblned with 13.2 g of
3,4,5 trif % gEPP@ epang G % ﬁ% &d by a reaction

bet ween a C}ignard reagent prepared from 3,4,5-- trifluorobronobenzene
and nagnesM&mwamm}3L6Fdﬁﬁﬂwbh@p@bmyl$®r&hm—2@@fo®45—ttambemed by
hydrolysis with dilute hydrochloric acid), 1.5 g of

tetraki s(trdheud d%tﬁ%%m%h%ltm@nemi%&e@y%t% g of potassium

phosphate in 120 nL of di met hyl for mam de sol vént, 'and the reaction

m Xxture was, then s |rr d for 1 h%%gﬁ at 5 80C. The reacti on m xture was
t hen cool ed ¥ 3G nﬁéF&?G ee errfR&S-added, the mi xture was

extracted with
tetradecahydrophenanthrene-2-carboxylate,

4-cyano-3-fluorophenyl trans-7-ethyl-trans-

10 tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3,5-diflucrophenyl trans-7-ethyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyanophenyl trans-7-butyl-trans-
tetradecahydrophenanthrene-2-carboxylate,

15 4—cyano-3-fluorophenyl trans-7-butyli-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3,5-difluorophenyl trans-7-butyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4-cyanophenyl trans-7-pentyl-trans-

20 tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3-fluorophenyl trans-7-pentyl-trans-
tetradecahydrophenanthrene-2-carboxylate,
4—cyane-3,5-difluorophenyl trans-7-pentyl-trans-

tetradecahydrophenanthrene-2-carboxylate,
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toluene, and the resulting organic |ayer was washed sequentially with
wat er and a saturated aqueous solution of sodiumchloride, and then

dried over anhydrous sodium sulfate. 10 The crude product obtai ned by
removal of the solvent by evaporati was purified by silica gel colum
chromat ogr aphy (hexane) and then recrystallized 3 tines fromethanol to

yield 6.3 of trans-2-p - rlfluorophenyl) trans-

1,2, 3, 4, 4a, %ari?)% Z]a‘izﬁ‘f’}bl%ﬁ?réa ‘Hf?fg‘ AT NVR. 6 = 0.86 to 0.89 (m
5H), 6 = 1. 11 to 1.35 (m 15H) =1.74 to 1.86 (m 8H), $ =2.37 (m
1H), 6 = 6. ﬁ@tKiﬁEC&h¥erPﬁEHBnthr€mﬁhZ?¢ﬂ9b¢ﬁ¥laMeF:358 (Mt) The
conpounds | i sted bel ow can be produced in a simlar 20 manner.

trans- 2- pr opydyddans- frddrdppeiPoheryid -1 L3disey 1 -trans-
1,2,3,4,4a,9, 10 10a- octahyJLopﬁgﬁanthrene Y

o e A R IS8 e o0

trans- 2- propyl -trans-7-(3, 5-di fl uorophenyl)-trans-
1, 3, 3, 4, 4a, H-Arrde3 det i/ draopdrreny hrienans-7-pentyl-trans-
trans-2-propyl--trans-7-(4-trifluoromethoxyphenyl)-trans-

1,2,3,4, 4a-§b@§héé5hﬁ¥§ﬁ%?§% 2 dU RN rivxylate,
~f T uor o- 4-

trans- 2- propyl -trans
trifluor omef hoxélrpop?hé/ngl tanss L Zlieptyf"atrganlso 10a-

tetradecahydrophenanthrene-2-carboxylate,
4-cyano-3-fluorophenyl trans-7-heptyl-trans-

10 tetradecahydrophenanthrene-2-carboxylate, and
4-cyano-3,5-difluorophenyl trans-7-heptyl-trans-

tetradecahydrophenanthrene-2-carnoxylate.

(Example 22) Synthesis of trans-2-(3,4,5-trifluorophenyl)-

15 trans-7-vinyl-trans-tetrahydrophenanthrene
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trifluoronethoxyphenyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a 10

oct ahydr ophenant hr ene,
trans-2-propy|-trans-?-(4-dif|uorong%&gxyphenyl)-trans-

1, 2, 3,4, 4a,9, 10, 10a- oct ahydr ophenanttiene,

trans-2-propyl -trans-7-(4-trifluqromethyl phenyl)-trans-
1,2,3,4,4a,9, 10, 10a- oct ahydr ophepant hrene, 15

trans- 2-propyl -trans-7-(3- fBngF F
trifluoromethylghenyl )-trans-1,7233, 4, 43,8, OH ahydr ophenant hr ene,
trans-2-pr¢b,‘ ans -#o( 3; ' -4?? F
trifluoronmetthytphenyt)-trans- ,2,3,4,4aq%, ,10a 20

oct ahydr ophenant hrene, trans-2--propyl ztrans-7-(4-chl orophenyl)-trans-

1,2,3,4, 4a, 9,10 -oCt@ ne,
trans-2-pra§lE_'E.r‘ 9 M.g 2(8-1 @e h%%/&“ r-éﬁﬁr—. OK
1, 2, 3, 4, 4a, %oleee 108Y¥¢€t ahPdropheraht hrene, & 0 JAN 2004 247

trans- 2- propyl -trans-7- (3, 5-di f| uerseme- Ehl or ophenyl ) -
trans-1, 2, 3, 4, 4a,,89:10, 10a- ect ahydr ophenant (Beanpl e 24) Synt hesi s

of trans-2- HCO,H
di f | uor ophe sElqgmﬁeﬂ,g @EP Ehydrophenanthrene
n- C3H7 E F

F
v o
Toluene THF CH,OH
F

F
=PPH,
_— . F
Toluene / N

F
trans—dodecahydroPhenanthren—2,7-dione monoethylene

acétal ;;s ;éééfed @ith‘a éfignard reagent preparedﬁfrom
bromo-3,4,5-trifluorobenzene and magnesium, and a dehydration

5 was then performed using p-toluenesulfonic acid monchydrate in
toluene to yield a mixture of trans-7-(3,4,5-trifluorophenyl)-
3,4,4a,4b,5,6,8a,9%9,10,10a-trans-dodecahydro-1H-phenanthren-2-
one ethylene acetal and trans-7-(3,4,5-trifluorophenyl)-
3,4,4a2,4b,5,8,8a,9,10,10a-trans-dodecahydro-1H-phenanthren-2-

10 one ethylene acetal, which was subsequently reduced in the
presence of a 5% palladium-carbon (wet) catalyst to yield
trans-7-(3,4,5-trifluorophenyl)-trans-dodecahydrophenanthren-

2-one ethylene acetal. Following removal of the carbonyl

group protective group, this compound was reacted with a



air F r n-C3H Pd(PPh3)4 , Et3N, DVF 30 JAN 2004
Trans-7-propyl -trans-4b, 5,6, 7, 8, 8a, 9, 10- oct ahydrophenant hr en- 2-yl
trifluoronmethanesul fonate in 10 di net hyl fornmam de and tri et hyl am ne was
reacted with 4 ethynyl-1,2-difluoro ene in the presence of
tetrakls(trlphenylphosphlne)palIadlu and the product was purified

y silica col utm chr omat og hy exan and then e stalljzed
Y om HEGHES TOAGAEE TOBHEES LR Gy e Sia oy ey [t {pheny (EHdSpon it
di fl uorophenyl et hynyl )-trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene.

The coopbonide | arsd qmbtl:nﬁs:imm—atn—ﬂuetcpxixﬂmpemhd nclee pmdwert amarinerther
trans-2-propyl - 7-(4-fl uorophenyl et hynyl)-trans- 20

1,2, 3,44 )
trans- ah dzﬁwqﬁg%{% uor op%%&%yny ;[cﬁnanosf- -hyld,rzo,cgl,lfrzllé:, 9

10, 10a- octahydrwﬁhenanthrene 30 JAN 2004 248
trans"‘kC opy | THE ( gl o"re?‘ho]r%ﬁ?ﬁe%ﬁ W‘% an ragpeous sodukipn ®f 10,

10a- oct ahydr ophenant hr ene,

t r &ns- Redpiupyhydedrdide i i vor tdnetdibxyp heiwl etdnamd )+ (BS54, 2, 3, 4, 4a,

9, 10, 10a-oct ahydr ophenant hr ene,
trifluorophenyl)-trans-tetrahydrophenanthren-trans-2-
carbaldehyde. This compound was then reacted with a Wittig
reagent prepared from methyltriphenylphosphonium bromide and
potassium t-butoxide to yield trans-2-(3,4,5-trifluorophenyl)-

.10 trans-7-vinyl-trans-tetrahydrophenanthrene.

The compounds listed below can be produced by reacting
‘trans-?—(3,4,S—trifluoréphenyl}—trans~£etrahydrophenanthren—
trans-2-carbaldehyde with a variety of Wittig reagents.

trans-2-(4-fluorophenyl)-trans-7-vinyl-trans-

15 tetrahydrophenanthrene,
trans-2-(3,4-difluorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans-2-(3,5-difluorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,

20 trans-2-(4-trifluoromethoxyphenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
trans-2-(3-fluoro-4-trifluoromethoxyphenyl)-trans-7-

vinyl-trans-tetrahydrophenanthrene,

trans-2-(3,5-difluoro-4-trifluoromethoxyphenyl)-trans-7-



5 trans-2- propyl - 7- (3-f1 uor o- 4- §0 JAN 2004

trifluoronethoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-
oct ahydr ophenant hrene, trans-2-propyl-7-(3,5-difluoro-4-
trifIuoronethoxyphenylethynyl)-trans§§72,3,4,4a,9,10,10a- 10
oct ahydr ophenant hr ene,

trans-2-propyl -7-(4-di f| uor onmet hoxyphenyl et hynyl )-trans- 1,2,3,4, 4a, 9,
10, 10a- oct Ma‘é’ﬁ%‘h%ﬂf%?’é%?ér0pl¥gﬂam¥hrené/'
trans-2-propyl--7-(4-trifluoronethyl phenyl et hynyl)-trans-

1, 2, 3, 4, 4a, Brdms 4Dat bed ahide opivetizox ypleerey 1 15t rans-7-vinyl-trans-
trans-2-propyl -7-(3--fluoro-4-

trifluoromet byl phenyd etdyawinedn@ns-1, 2,3, 4, 4a, 9, 10, 10a-
oct ahydr ophenant hrene, trans-2-propyl-7-(3,5-difluoro-4-

trifluoronethyl ny| et hypyl )-trans-1,2,3,4,4a, 9,10, 10a- 20
octahydropH@ﬁ%ﬁgﬁfé%%Tt%*ﬁ#ﬁ&fﬁTﬁ%ﬁXﬁﬁqé?ﬁﬁkﬁﬁ%ﬁQﬁﬁ%ﬁﬁ&QXfEFﬁqﬁsTrans-
1,2,3,4, 4a, 9, 10, 10a-octahydrophenant hrene,

tr@ns- 2- - priopyfalivyd o phemrmsirete or ophenyl et hynyl ) - -trans-
1, 2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hrene, 3 0 JAN 2004 249

trans- 2- pr opydnd=4-3; P- £ f oL L= £l 5 e Tvinvl-
trans-1, 2,3, 4, 4a, 9, 10, 1Ch-octahydrophem]ﬁﬁew9 rans-7-viny

11575, 5, Sa. S Rt S R e,
trans-2-(3,5-difluoro-4-trifluoromethylphenyl)-trans-7-
vinyl-trans-tetrahydrophenanthrene,

10 : trans-2-{4-chlorophenyl)-trans-7-vinyl-trans-
tetrahydrophenanthrene,
-trans-2-(3-fluoro-4-chlorophenyl)-tranz-7-vinyl-trans--
tetrahydrophenanthrene,
trans-2-(3,5-difluoro-4-chlorophenyl}-trans-7-vinyl-

15 trans-tetrahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(4-fluorophenyl)-
trans-tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(3,4-difluorophenyl)-
trans-tetradecahydrophenanthrene,

20 trans-i—(trans-l—propenyl)-trans—?—(3,5—dif1uorophenyl)-
trans-tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(3,4,5-
trifluorophenyl)-trans-tetradecahydrophenanthrene,

trans-2-(trans-l-propenyl)-trans-7-(4-



et hyl - 7- (3, 4- di f | uor ophenyl et hynyl ) -t rans- 30 JAN 2004

5 trans-2-

1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans-2-ethyl-7-(3,5-di fl uorophenyl et hynyl)-trans-

1, 2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant ,

trans-2-ethyl -7-(3, 4, 5- trifluoropheny et hynyl . ~)-trans 10

1, 2, 3, 4, 4a, 10a- oct a dro hepant hr ene,

trans- 2- et h‘%ﬁl&‘é%m"ie? th 6t bRt UKy PR RAT I gphenanthrene,

trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene, -
trans-2-ethytaﬁ342%ftlﬂnsrkkproPenyl)—trans—?—(3—f1uoro—4—
trifIuoronethoxyphenylethynyl) trans-1, 2, 3,4, 4a, 9, 10, 10a- 15

OCtahydroph?ﬂ%§i£§l Edife t REANS f%fb@réh43%é%fﬁ&éé&ﬁfﬁfﬁphenanthrene,

trifluoro enylethynyl ans
octahydrophenanth ene,

trans- 2- et hyFa¥8 14- HF ¥R brRAIREEHhErA F syt 3 - 7dinfsluakp-4-
1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene,

tréhs-Z-ethytiﬂlid@¢méﬁﬂmxypheny&dfﬂmaqd{ﬂé@mgd@eahxdEBphenanthrene,
1, 2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hrene, trans-2-ethyl-7-(3-fluoro-4-

trifl uoronegmrgé)hfnygﬂt{ynylﬁriget Ty drah b Ad 4. 10, 10a 3 0 JAN 2004 250

octahydrophenanthrene trans -7- (3 5- dlfluoro 4-

ELL;L;S;SpHiHéhF tJQ?Bh n%fEHEEgﬂsit trY aé%é%ﬁghroéhenanthrene,

trans-2-(trans-l-propenyl)-trans-7-(4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,

10 ' trans-2-(trans-l-propenvl)-trans-7-(3-fluoro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-{trans-l«<propenyl)-trans-7-(3,5-difluoro-4-. :-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-l-propenyl)-trans-7-(4-chlorophenyl)-

15 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,

20 trans-2-(trans-1l-butenyl)-trans-7-(4-fluorophenyl)-trans-
tetradecahydrophenanthrene,
trans-2-(trans-1l-butenyl)-trans-7-(3,4-diflucrophenyl)-
trans-tetradecahydrophenanthrene,

trans-2-(trans-l-butenyl)-trans-7-(3,5-difluorophenyl)-



5 trans-2-ethyl -7-(4-chl orophenyl et hynyl ) -trans- 30 JAN 2004

1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans-2-ethyl -7-(3-fluoro-4-chl orophenyl et hynyl)-trans- 1,2, 3,4, 4a,

9, 10, 10a-oct ahydr ophenant hr ene,
trans-2-ethy|-7.-(3,5-dif|uoro--4-cH¥¥*ophenylethynyl) 10

trans-1, 2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hrene, trans-2-.butyl-7-(4-f
| uor opheny!taRAyiStTadeRANYArophenanthrene), 10a- oct ahydr ophenant hr ene,
trans-2-butyl-7-(3, 4-di fl uorophenyl et hynyl )-trans- 1, 2, 3,4, 4a, 9, 10,
10a- oct ahy drogpisrbnf tramns; 1 Iutenyl ) -trans-7-(3, 4, 5-
trans-2-butyl-7-(3,5-di fluorophenyl et hynyl)-trans-

1,2, 3,4, 4a,9,:10, - nggnﬁp ene

trans- 2- but%{l‘el- f g ﬁﬁé@rwl/ Tuor op_ﬁ{e%%}{aec[%cyanhﬁ%r-qtprhaer?sqntﬂrf,pfse,’4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

t rans- 2- butfAarE~( %= t¥5ansor-diieid et inifdrt ) - trans 20

1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hrene, trans-2-butyl-7-(3-fluoro-4-

t risf | uor onmetrhicyqreomd teidppHentlnantrah 2, th th e cdhhb@rtdrenant hrene,
oct ahydr ophenant hrene, trans-2-butyl-7-(3,5-difluoro-4 3'0 JAN 2004 251

trifluoromat gy phenyl etV dedd AN dhaned A (B ubdota:

oct ahydr ophenant hr ene,

trans-2-butyl -7-(4-di fl uor omet hoxyphenyl et hynyl )-trans-
1,2,3,4,4EL%%%ﬁi4hEgmﬁﬁQ9ﬁy éﬂéﬁgﬁyﬁéﬂgegé;éégahydrophenanthrene,

trans-2-(trans-l-butenyl)-trans-7-(3,5~difluoro-4-
trifluoromethoxyphenyl}-trans-tetradecahydrophenanthrene,

10 - trans-2-(trans-1-butenyl)-trans-7-(4--
difluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

. trans-2-(trans-1-butenyl)-trans-7-(4- -
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-1l-butenyl)-trans-7-(3-fluoro-4-

15 trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-1l-butenyl)-trans-7-(3,5-difluoro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-l-butenyl)-trans-7-(4-chlorophenyl)-trans-
tetradecahydrophenanthrene,

20 trans~-2-(trans-1l-butenyl)-trans-7-(3-fluoro-4-
chlorophenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-1-butenyl)-trans-7-(3,5-difluoro-4-
chlorophenyl)-trans-tetradecahydrophenanthrene,

trans-2-(trans-l-pentenyl)-trans-7-(4-fluorophenyl)-
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5 trans-2-butyl-7-(4-trifluoronethyl phenyl ethynyl)-trans 1,2, 3,4, 4a,
9,10, 10a-octahydrophenant hrene, trans-2--butyl-7- (3-fluoro-4-
trifluoronethyl phenyl ethynyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a-
oct ahydr ophenant hrene, 10 trans-2-butpd -7--(3, 5-difluoro-4-
trifluoronethylphenylethynyl) trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr op r chlorophenylethynyl) trans-
1,2, 3,4, 4a%g1aar£%hc g ﬂmdd'zoﬁ}%ynga“n ‘gele%he! 15

trans-2-butyl -7-(3- quoro 4- chlorophenylethynyl) trans- 1,2, 3,4, 4a,
9,10, 10a- detanddrophantimrantenyl)-trans-7-(3,4- -difluorophenyl)-
trans-2-butyl-7-(3,5-difl uoro-4- chlorophenylethynyl) trans--1, 2,3, 4,

4a, 9, 10, ¢i%arnaiavl. gHeatht hidrd)s- 2- pent yl - 7- (4-f
Iuorophenylethynyl) trans 20 1,2, 3,4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

trans- 2- pe}%%w r?gﬁ(tfﬁ‘r di | upoernqcp nly)|_ect hyny!)- H %leﬂuorop%enya“ﬁ 10,

10a- oct ahy

trans-2-pentyl--7--(3,5 dlfluorophenylethynyl) trans- 1,2,3,4, 4a, 9,10,
10&- oct ahyd:@gtﬁefmnﬂd@f@hw@pm 25D,
trans-2-pentyl-7-(3,4,5-trifluorophenyl ethynyl)-trans-- 1,2, 3, 4, 4a, 9,

10, 10a- OCtMizﬂlaimiéﬂle&féntenyl) trans-7-(3,4,5-
trans-2-pentyl -7-(4- trlfluoronethoxyphenylethynyl) trans- 1,2, 3,4, 4a,

9,10, 10a'Qﬁh§ﬂX&ﬁQﬁﬂﬁﬂ%ﬂ5—-%%%s-tetradecahydrophenanthrene,

trans-2-(trans-l-pentenyl)-trans-7-(4-~
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

10 trans-2-(trans-l-pentenyl)-trans-7-{3-fluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

4. - avkrans-2-(trans-l-pentenyl)-trans-7-¢3,5-difluoro-4--
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans-Z-(trans-l-pentenyl)-trans-7-(4-

15 difluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(tfans-l-pentenyl)—trans—?—(4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-l-pentenyl)-trans-7-(3-fluoro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,

20 trans-2-{trans-l-pentenyl)-trans-7-(3,5-difluoro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-l-pentenyl)-trans-7-(4-chlorophenyl) -
trans-tetradecahydrophenanthrene,

trans-2-(trans-l-pentenyl)-trans-7-(3-fluoro-4-



5 trans-2-pentyl-7-(3-fl uoro-4- 30 JAN 2004
trifluoronethoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophenant hrene, trans-2-pentyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl ethynyl)-transsg, 2,3,4,4a,9, 10, 10a- 10

oct ahydr ophenant hr ene,

trans-2- pen.gpdl%&l% s f L Qégggt@géygh QALY RN RS re,

1,2,3,4,4a rophénan renel
trans- 2- pentyl - 4- trlfluoronethylfhenylethynyl)-trans- 1,2,3,4, 4a,
9,10, 10a- o&% obkeRRSt hreeRtenyl | + tane-petd yi-dif{Bidtreroto- 4-

trifluoronethyl phenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr ophebst dysieaey 1 ;xtaf@ni-wmweaaﬁﬁdéoﬁéwﬂ&éhe,
trifluoromethyl phenyl ethynyl)-trans-1,2 9, 10, 10a- 20

1270 4, s et e B e - O LS Yoshdyy) 2 e

trans-2-pentyl-7-(3-fluoro-4 chIorophenylethynyl)-trans-
1, 2, 3, 4, 4a, ok ans 1Rt Rty Sperheia i eirne 253
trans 2-pentyl -7-(3,5-difluoro-4-chl orophenyl et hynyl)- trans-1, 2, 3,4, 4a,

9,10, 1Ca- mﬁwwmmenﬂm&&m&ym 74-(<ﬂ:cfluorophenyl)—
| uor ophenyl et hynyl )-trans- 1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant'hrene, 5

trans-2- hexﬁ’éar?si@eééﬁéééiﬂf&%tﬂ{aﬂﬂwﬁéﬂé trans-

trans-2-(trans-3-pentenyl)-trans-7-(3,5-difluocrophenyl)-
trans-tetradecahydrophenanthrene,

10 trans-<2-(trans-3-pentenyl)-trans-7-(3,4,5- - L
trifluorophenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(4-
trifluoromethoxyphenyl)-trans~tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(3-fluoro-4-

15 trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans—Z—(trans—3—pentenyl)—trans—?—(3,55difluoro-4—
trifluoromethoxyphenyl}-trans-tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(4-
difluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

20 trans-2-(trans-3-pentenyl)-trans-7-(4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(trans-3-pentenyl)-trans-7-(3-flucro-4-
trifluoromethylphenyl)-trans-tetradecahydrophenanthrene,

trans-2-(trans-3-pentenyl)-trans-7-(3,5~difluoro-4-



1,2,3,4, 4a, 9,10, 10a-octahydrophenant hrene, 30 JAN 7004
trans-2- hexyl -7- (3, 5-di fl uorophenyl ethynyl)-trans- 1,2, 3, 4, 4a, 9, 10,
10a- oct ahydr ophenant hr ene,
trans-2-hexy|-7-(3,4,5-trif|uorophegylethynyl)-trans 10
1,2,3,4,4a,9,10,10a-octahydrophenantﬁ ene,

trans-2- hexyl - 7-(4-trifl yoronethoxyphenyl et hynyl)-trans-
1,2,3,4-,4&F§F£@,f@ﬁﬁﬁéﬂﬁﬁ$§waéﬁéﬁé%ﬁﬁréﬁéfadFF ﬂfpﬁgﬁyﬁnfhg§ﬁﬂ'uoro-4-
trifluoromet hoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- 15

oct ahydr op heranst-2-€ e ans-3rpe-tieap)ll )—ErE3sb-7di (dl-abloréphenyl) -
trifluoronethoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-

oct ahydr op t R hvdrooh th
trans-2-he&§%l'-?figﬁgfggr et of?bnénfﬁgfﬁynyl)-trans- 20

1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,
trans-z-he%ﬁanﬁréaiFFPPﬁJ§r§ﬁ@FﬁyW&Héﬁﬁ@@ﬁﬁ]ﬁjﬁrfﬂP&ﬁgr4r,2,3,4, 4a,

9, 10, 10a-oct ahydrophenant hrene, trans-2-hexyl-7-(3-fluoro-4-

t r 6f | uor onetiygirpiphenlydt) rrmans—tedradecahydtophetab@htreéae3 0 JAN 2004 254
oct ahydr ophenant hrene, trans-2-hexyl-7-(3,5-difluoro-4-

trifluorongthylphenyhahly Ay bbnkbals)lisansd 7433951013980 r0-4-

oct ahydr ophenant hrene, 5 trans-2-hexyl-7-(4-chl orophenyl ethynyl)-trans-
chlorophenyl)-trans-tetradecahydrophenanthrene,
trans-2-(3-butenyl)-trans-7-(4-fluorophenyl)-trans-
tetradecahydrophenanthrene,

10 trans-2-(3-butenyl)-trans-7-(3, 4-difluorophenyl)-trans-
tetradecahydrophenanthrene,
trans-2-(3-butenyl}-trans-7-(3,5-diflucrophenyl}-trans-
tetradecahydrophenanthrene,
trans-2-(3-butenyl)-trans-7-(3,4,5-trifluorophenyl) -

15 trans-tetradecahydrophenanthrene,
trans-2-{(3-butenyl)-trans-7-(4-trifluoromethoxyphenyl)-
trans-tetradecahydrophenanthrene,
trans-2-(3-butenyl)-trans-7-(3-fluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,

20 trans-2-(3-butenyl)-trans-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-tetradecahydrophenanthrene,
trans-2-(3-butenyl)-trans-7-(4-difluoromethoxyphenyl)-
trans-tetradecahydrophenanthrene,

trans-2-(3-butenyl)-trans-7-(4-trifluoromethylphenyl)-



1,2,3,4,4a,9, 10, 10a-oct ahydrophenant hrene, 30 JAN 2004
trans-2- hexyl - 7- (3-fl uor o- 4- chl or ophenyl et hynyl ) -trans-

1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

trans- 2- hexyl - 7- (3, 5-di f | uor o- 4- chl gr gphenyl et hynyl ) 10

trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr og#énant hrene, ~trans- 2- heptyl - 7- (4-f

| uor ophenyl et hynyl )-trans- 1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,

t r ans- 2- hepinanse~ed: cadeicahysr@pi@nRANSDRERR,) - t r ans-

1,2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant hr ene, 15

trans- 2- hepipd pel-2{((S-Bdiddydoraphenyd ety filbrbrans- 1, 2, 3,4, 4a, 9, 10,

10a- oct ahydr ophenant hr ene,

trans-2-heptyl-.7-(3,4,5-t.riflugrophenyl eth | )-tr -

S e e R A A S Mk B0 8pnensntirene,
trans-2-heptyl -7-(4-trifluoronmethoxyphenyl et hynyl)-trans 20

1, 2, 3, 4, 4a,19;arG—L0d-2odudieparldpttadast1irdde S -difdnere-fept yl - 7- (3-f | uor o- 4-
trifluoronmethoxyphenyl et hynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a- -

octahy dr ophgnantiy it Hyldphend lhepindmsLtedraddchhydirophef@ntAies@)4 255
trifluoronmethoxyphenyl ethynyl)-trans-1, 2, 3, 4, 4a, 9, 10, 10a-
oct ahydr ophe

nant hy enge, _ :
trans-2--h %ﬂﬁégidﬁthﬁﬁﬂgﬂdﬁ%?ﬁ%&?ﬁhé#yFE%H§H€PfP¥%AnEFafF2,3,4,4a,9,
10, 10a- oct ahydr ophenant hrene, 5
t r ans- 2- heptei rapiqephydraphen@ndthin@nghenyl et hynyl ) -t r ans-
trans-2-(3-butenyl}-trans-7-(3-fluoro-4-chlorophenyl)-
trans-tetradecahydrophenanthrene, and

10 trans-2-(3-butenyl)-trans-7-(3,5-difluoro-4- L

chlorophenyl)-trans-tetradecahydrophenanthrene.

(Example 23) Synthesis of trans-2-propyl-7-(3,4,5-
trifluorophenyl)-trans-1,2,3,4,4a,9,10,10a-

15 octahydrophenanthrene

HBr I"I-CaH OH _Tf22___..
H-C:|H7 OCHS AcOH 7 PyH , CHZC|2
E

CF3802 = Tf

Qo
Pd{PPhy), , THF
F

A mixture of 20 g of 7-methoxy-trans-2-propyl-trans-

1,2,3,4,4a,9,10,10a~octahydrophenanthrene (synthesis of this
compound was carried out using the method disclosed in D.

20 vVvarech, L. Lacombe and J. Lacques, Nouv. J. Chim., 8, 445



1,2,3,4, 4a, 9, 10, 10a-octahydrophenant hrene, 30 JAN 2004
trans-2-heptyl-7-(3-fl uoro-4-
trifluoronethyl phenyl ethynyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a-

oct ahydr ophenant hrene, 10 trans-2-hg§$%l-7-(3,5-dif|uoro-4-
trifluoronethyl phenyl et hynyl)-trans 3,4, 4a, 9, 10, 10a-

oct ahydr ophenant hrene, trans:2-hepty 4- chl or ophenyl et hynyl ) -trans-
157 LSBT ACBAURE CRE AR oo rOPLh ARGrE) Mot K0% Bydrobromic
trans-2- heptyl -7-(3-fl uoro-4- chlorophenylethynyl) trans

1, 2, 3, d¢ 3, Wa d Oy dOhuoed afyxlr bp Hiesxans hr ene, ybéillded 19.1 g of trans-7-
trans-2-heptyl -7-(3, 5-difluoro-4-chl orophenyl ethynyl)- trans-1, 2, 3, 4,
4a, 9, 0, 0 ren hesi s of

g |u0¢99?¥%n€r%?propd§ é’)h?“%“éi' &0 - 80: A RPB e bl e VAR PSS, S

tr quorophenyI) trans-1, 2, 3 4,4a,9, 10, 10a- , oct ahydr ophenant hr ene and

6- f | uoFlee t S-SR RRA qmq d¢ prpduct was dissolvéd in 100 mL of

tr quorophenyI) trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hrene N JAN
2064 2bdtliy X&tly chlorBy, Td ansspems Dy | wis attsedtbESrifed . By 88d&id§-
octahydrophenanthren 2-ol obtained from Exanple 23 was .dissolved in

g hyl Pé] uor O OI’ at %@%Sﬁvé%&gi 1%dlgI énr?ycpfjp&g,l (glpé Ut ©

bi st et raf

f
|
f
|

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

10 water was then added, the reaction halted, and the organic .
layer was separated. The agueous layer was extracted with 80
mL of dichloromethane and this extract was combined with the :
organic layer, which was subsequently washed with dilute
hydrochloric acid, a saturated agueous solution of sodium

15 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
product purified by silica gel column chromatography (hexane)
to yield 24.5 g of trans-7-propyl-trans-4b,5,6,7,8,8a,9,10-

20 octahydrophenanthren-2-yl trifluoromethanesulfonate. This
compound was combined with 13.2 g of 3,4,5-
trifluorophenylboric acid (which was produced by a reaction
between a Grignard reagent prepared from 3,4,5-

trifluorobromobenzene and magnesium, and trimethylborate,



gradual Iy, and follow ng conpletion of the addition the mixture was 3{ JAN 200
stirred for 5 hours at roomtenperature. Water and a 10% aqueous

sol ution of sodium hydroxide were then added, any residual fluorination
agent was deconposed, and 10 follomnn% the addition of sufficient dilute
hydrochloric acid to return the red@0ion mixture to an acidic state, the
organic | ayer was separated. The aqueous |ayer was extracted with

di chl of@keaveshdyary dunly sh& rvelcth sl e Bivse@hikar ih@cdiganile 5 1%yer ,

whi ch was subsequently washed with water and then a 15 saturated aqueous
sol ution it S0 4o el o i Hipi i a1 adiiivad (@yeranmantpidrous oFodi um

sul fate. The crude product obtained by renoval of the solvent by

d i f
chr onER A f@%%dﬁ%%ﬁ o Mg G420 g o

8-fluoro-trans-7-propy
trans-and 3ies x&c&ac@n mwwmmmmrﬂwré@dzf&r afd hpurs at
fluoro-trans-7-propyl-trans-4b,5,6,7,8,8a,9, 10-

octsahygly qphensd Wit d mixtiie thhi@ tligidtRded to room

8-fluoro-trans- 7 propyl -trans-

4b, 5,6, 7,8 8 10-0 ah ro ren I I n thyl ene
chl or |1EJE'(5>[[’l éar% sensyon qua %T@ne by hgedaaxqmr}tg??qﬁ%luo%?%ne%%aeﬁesu oni c
anhydri de, and the suspenS|on was then cooled to 5C. Wth the m xture
bei ng telyens) ENd it GiRFULE IR QIR Iad AV6dh WAGd @@ Steshwi se and t he

m xture stirred for a further one hour. water was then added, the

sequentially with water and a saturated aqueous solution of
sodium chloride, and then dried over anhydrous sodium sulfate.

10 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-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene.

15 NMR: 8 = 0.86 to 0.8%9 (m, 5H), & = 1.11 to 1.35 (m, 15H), o
=1.74 to 1.86 (m, 8H), 6 = 2.37 (m, 1H), 6 = 6.79 (dd, 2H,
J=6.4 Hz, J=9.2 Hz)

MS: m/e = 358 (M+)
The compounds listed below can be produced in a similar

20 manner.

trans-2-propyl-trans-7-(4-fluorophenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-propyl-trans-7-(3,4-difluorophenyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,



70 JAN 2004
reaction was halted, and the organic | ayer was separated. The aqueous
| ayer was extracted with dichloronethane and this extract was conbi ned
with the organic |ayer, which was 15 subsequently washed with dilute
hydrochl oric acid, a saturated agquequs sol ution of sodi um bi carbonat e,
water, and then a saturated aqueous 'solution of sodiumchloride before

being dried over, anhydroys sodi.um fate. The solvent was renoved by
ovapor at | o T AT 2 SR TR 1A b 151 S0 R Y Tt A S 20

chromat ography (hexane) to yield 8-fluoro-trans-7-propyl -

t rans- 4b, 5,16,27,33,43 8,39, 91,0-(o.clt Gehwedricadhyeirapherem thndne
trifluoronethanesul fonate. This conpound was conbi ned with

3,4,5-trifl hel i d A whi_Ggh. . UG RA neaGiy-Qn
bet ween a é%n%g%@g%lnﬁrﬁdesgaéﬁ ?é;f()l\rﬁﬁgm%rS 30 3%63’6’012 %%n%n

trifluorobronohenzene and magnesi u and trinmethyl borate, followed by
hydr ol ysi s W4 « i1 4@ & 'Hﬂ:trldgan‘l‘?‘}rﬁag}yé{ﬁod‘)h,enanth ene,

tetraki s(triphenyl phosphi ne) pal | adi um (0) and potassi um phosphate in a
di set hyl f ortrremisde -gpodoprit-tarahsadls- (el wtria+d4ed 5 for 10 hours at 80C. The
reaction mxture was then cooled to roomtenperature, water was added,

the m xtur e a8 iRy iddy 11 dien-137d 3 e 4Luhig NG or gani c |ayer

was washed sequentially with water and a 'saturated aquéous sol ution of
sodi um chl ori.de, and then dried over anhydrous sodiumsulfate. 10 The
crude prod®&t td%"r?é’tfwtﬂﬁﬁi\?al of the solvent by evaporation was
purified by silica gel colum chronmatography
trans-2-propyl-trans-7-{3,5-difluoro-4-

trifluoromethoxyphenyl)-trans-1,2,3,4,4a,9,10,10a-

10 octahydrophenanthrene,
trans-2-propyl-trans-7-(4-difluoromethoxyphenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-propyl-trans-7-(4-trifluoromethylphenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-propyl-trans-7-(3-fluoro-4-
trifluoromethylphenyl)-trans-1,2,3,4,4a,9,10,10a~
octahydrophenanthrene,
trans-2-propyl-trans-7-(3,5-difluoro-4-
trifluoromethylphenyl)-trans-1,2,3,4,4a,9,10,10a-

20 octahydrophenanthrene,
trans-2-propyl-trans-7-(4-chlorophenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-propyl-trans-7-(3-fluoro-4-chlorophenyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene, and



(hexane) and then recrystallized 3 tinmes fromethanol to yield 70 JAN 2004
8-fluoro-trans-2-propyl-7-(3,4,5-trifluorophenyl)-trans- 1,2, 3,4, 4a,

9, 10, 10a-oct ahydrophenant hrene. The separated 6 15
fluoro-trans-7-propyl-trans-4b,5, 6, 7,8, 8a,9, 10- octahydrophenant hren- 2- ol
was al so reacted in the same manner 2%4dnd yi el ded

6-fl uoro-trans-2-propyl-7-(3,4,5-trifluorophenyl)- trans-1, 2,3, 4, 4a,9, 10,
10a- oct ahy dr@giserfaminaie t IHS Jorfodmdd flliusred 4drabdwremheasy Iproduced in
a simlar 20 manner. 8-fluoro-trans-2-propyl-7-(4-fluorophenyl)-trans-
1,2, 3, 4, 4a+r%nkd1 , 203, acsahwdniepherarichia@Rerophenanthrene.
8-fluoro-trans-2-propyl-7-(3,4-difluorophenyl)-trans-

1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hrene, 3' 0 JAN 2004 259
8-fluoro-trans-2-propyl-7-(3,5-di fluorophenyl)-trans- 1,

2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene,

8- f | uorBxampdies 224 )pSopyiher i afy ithagsr@mareenipierlyd )4~ trans- 1, 2, 3, 4, 4a,
9

8

i
, 10, 10a- oct ahydrophenant hrene, 5
- Bl uQy Op i A 1Ry & 13t daier-a-, 4,3, 4, 4a,9,10, 10a-
trifluoronethoxyphenyl)-trans-1, 2, 3,4, 4a, 9, 10, 10a--
oct ahydr.onphenant hr en 8-fluoro-trans-2-propyl-7-(3,5-difluoro-4-
trifl %%#é&#&%"p"r?eaﬁ‘%r)@“ter ans- 1, 2, 3, 4, 4a, 9, 10, 10a 10

oct ahydr ophenant hr ene,

8-fluoro-trans-2-propyl-7-(4-difluor onet hoxyph ) - F
H—E—{:j}i
ﬁH’%“ T ‘ . - ‘ "

Et,N , DMF

Trans-7-propyl-trans-4b,5,6,7,8,8a,9,10-
Aoctahydrophenanthren—Z—yl trifluorcmethanesulfonate in
10 dimethylformamide and triethylamine was reacted with 4-
ethynyi—l,2~di£luorobenzene in the presence of
tetrakis(triphenylphosphine)palladium (0), and the product was
purified by silica gel column chromatography (hexane} and then
recrystallized from ethanol to yield trans-2-propyl-7-(3,4-
15 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-7-{4-fluorophenylethynyl)-trans-
20 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-propyl-7-(3,4-difluorophenylethynyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,



trans-1,.2,3,4,4a,9, 10, 10a- - oct ahydr ophenant hr ene; 50 JAN 1004
8-fluoro-trans-2-propyl-7-(4-trifluoronethyl phenyl)- trans--1, 2,3, 4, 4a,

9, 10, 10a-octahydrophenant hrene, 15

8-fluoro-trans-2-propyl-7-(3-fluoro-4-
trifIuoronethylphenyl)-trans-1,2,3,4%%%q9,10,10a- oct ahydr ophenant hr ene,
8-fluoro-trans-2-propyl-7-(3,5-difl uoro-4-

trifl uor ometFam ey afstd, -3l gluerephenniptipnyl) ~trans-

oct ahydr ophenant hrene, 8-fluoro-trans-2-propyl-7-(4-chl orophenyl)-trans-

1,2,3,4, 4a,3,34,440%; 0o} Bhy-sopdiepardpiieiienthrene,
8-fluoro-trans-2-propyl-7-(3-fl uoro-4-chl orophenyl) -

gr ?Inﬁo}ozt ?Calﬁasr?g_l%?%% 3 -P%é?%%ﬂ%%%%hop en‘%ﬁ?ﬁg}?j{f)ﬁ-ﬂs- 'S5 3, 4,

4a, 9,10, 10a- oct ahydr ophenant hr ene,

6- f | uor o- t rland+ 2+ brbnd » 1 (3t dprdrphenantixene,

1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hrene, 5

6- fsl uor o- t rfEn 2= PrEEypy V=13 A=t ddtwrpphenyl ) --trans- 1, 2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hr ene,

PRl RIS 9554, 10,5,10, 100

6--fluoro-trans-2-propyl-7-(4-trifluoromethoxyphenyl) 10

trans- 1, 2, Py aphamntdbianfdr ophenant hr ene,

6-fl uoro-trans-2-propyl -7-(3-fluoro-4-
trans-2-propyl-7-(3,5-diflucro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a4,9,10,10a-

10 octahydrophenanthrene,
trans-2-propyl-7-(4-diflucromethoxyphenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-propyl-7-(4-trifluoromethylphenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-propyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-

20 octahydrophenanthrene,
trans-2-propyl-7-(4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trang-2-propyl-7-(3-fluoro-4-chlorophenylethynyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,



triluor:onmethoxyphenyl)-trans--1, 2, 3,4, 4a,9, 10, 10a 30 JAN 2004
oct ahydr ophenant hrene, 6-fluoro-trans-2-propyl-7-(3,5-difluoro-4 15
trifluoronmethoxyphenyl)-trans-1, 2,3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene,
6-fl uoro-trans-2-propyl-7-(4-difluor t hoxyphenyl ) - -
trans--1,2,3,4,4a,9,10,lca-octahydrggﬁgnanthrene,

6-fluoro-trans-2-propyl -7-(4-trif] uqronethyl phenyl) 20
trans-l,2,@Fﬁﬂﬁxiﬁﬁéhﬂﬁﬁjﬁdﬁaﬁyﬂﬂé Qﬁﬁmdgiggéggenylethynyl)‘
6-fl uoro-trans-2-propyl-7-(3-fluoro-4-

t ri fl uor omatdarispherryl3),4t, tan 9-, 1,02 183 a4 otd syt ophen amtthatepdr,ophenant hr ene,
6-fluoro-trans-2-propyl-7-(3,5-difluoro-4 3 0 JAN ' 1004 261

trifluoronqg@ﬂdyyyg@ 1L?%?}}%1%0§0 h@ggﬁf%gpé s}_%&%$ dr ophenant hr ene,

6-fl uoro-trans-2-propyl - chl or ophen , 2,3,4, 4a, 9,10,
10a- oct ahydr ophenant hr en

e, 5
6- f | uor o- t farts-32-%ridp 1P+ 183065 AG YA O RGFHEFANe.,
trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene, and

6- | uor o- t RSS2 eyl 1-7--(( 3,, 3—diiff luorephetiylettynglyl-rrans -
trans-1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr ophenant hrene. 10 (Exanpl e 26)

??P:Pﬁzigpﬁgﬁ§{'gﬁﬂék?ﬂ%gg?g%ﬁgggég??gffggPaggpgﬁyg?ophenanthrene
trans-2-ethyl-7-(3,5-difluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-ethyl-7-(3,4,5-trifluorophenylethynyl)-trans-

10 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-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-

15 octahydrophenanthrene,
trans-2-ethyl-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl})-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-ethyl-7-(4-difluoromethoxyphenylethynyl)-trans-

20 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-ethyl-7-(4-trifluoromethylphenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-ethyl-7-(3-fluoro-4-

trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-



Sod 2 CH2=CH2, AIC 3 H a CH2CI 2 Tol uene Tol uene AcOH, H2 O NH3 CH30™ FHPHIBN 2004
HCl NaOH Tol uene THE CH3OH H2, Pd/C AcCEt F (HO 2B HC F Pd(PPh3),, THE
\- PPh3 Tol uene Follow ng conversion of (3,5-difluorophenyl)-acetic acid
15 to an acid chloride with thionyl ¢oride, subsequent reaction 3 0 JAN
1004 262 wth ethylene gas at -10C ng net hyl ene chloride as the
solvent and in th géesence of alum numchloride yielded 5 7- .
di 1 uor o- 3, A HRRY NePABLRYERE en- 2- one. A solution of pyrrolidine in
t ol uene was then added and the mxture was 5 heated for 3 hours, and any
azeot r opi catrgnsk3+ethed-Wwal 2y 5vasflueroved. Excess pyrrolidine was then
renoved by azeotropic
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

5 trans-2-ethyl-7-(4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-ethyl-7-(3-fluoro-4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-ethyl-7-(3,5-difluoro-4-chlorophenylethynyl)-

10 trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(4~fluorophenylethynyl)-trans-
'1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(3,4-difluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-butyl-7-(3,5-difluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(3,4,5-trifluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(4-trifluoromethoxyphenylethynyl)-trans-

20 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a~

octahydrophenanthrene,

trans-2-butyl-7-(3,5-difluoro-4-



distillation with toluene, to yield 1-(5,7-difluoro-1, 4- 50 JAN 2004
di hydr onapht hal en- 2-yl ) pyrrolidi ne. The crude product was cooled, as is,

to roomtenperature, nore toluene was added, 10 the m xture-was cooled in

a water bath, and methyl vinyl ketone was added dropw se over a period of

1 hour. at a tenperature of 25C or 4%wer. Fol |l ow ng conpletion of the
addition, the mxture was i medi ately heated and refluxed under heat for

20 hours. Tl Blolandmet sy nheny loodiwty 1 o-trooms 456, 2 ehpbrda 48 £1 0 al Ba f er
solution of pH 5 prepared fromsodium acetate, acetic acid and water was

added, and dhearwirdphen@ichfy, nued for a further 4 hours. After the
sol ution had been cooled to roomtenperature, the organic |ayer was

separated and e it ter_and a saturated ueous sol ution of 20
sodi um chl oww%%%aﬂw@&@f&um% YR R "y RS sodi um

sul fate, and the solvent renoved by evaporation to yield
6, 8- di f | uorlo 2 r s 48 A5, 19) 10 a-atatahydimmplghaptiersardg hr en- 2- one. At a
tenperature bel ow -40C, lithiumwas added SO JAN- 2004 263 gradually, in

smgl | portiQnsmsdQdy i.dm(rﬁmﬁiiaf1maaéég}lvgﬁg%n&,1\@én{y4ﬁd{)uéiﬂﬂ§ﬁl

tenperature maintained at a tenperature from to a THF sol ution

(- but anol v el aded b A ERI BRI ot  on of the addi ti on,

stirring was continued for a further 30 mnutes. Small quantities of

solid trans-2-butyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

10 trans-2-butyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-butyl-7-(4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-butyl-7-(3-fluoro-4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-butyl-7-(3,5-difluoro-4-chlorophenylethynyl)-
trans-1,2,3,4,4a2,9,10,10a-octahydrophenanthrene,
trans-2-pentyl-7-(4-fluorophenylethynyl)-trans-

20 1,2,3,4,4a,9,10,10a-coctahydrophenanthrene,
trans-2-pentyl-7-(3,4-difluorophenylethynyl)-trans-
1,2,3,4,42,9,10,10a-octahydrophenanthrene,
trans--2-pentyl-7-(3,5-difluorophenylethynyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,



ammoni um chl ori de were added, and follow ng oxidation of the Ilithiu Jhnq%4
tenperature was raised to roomtenperature, and the ammonia renoved” by
evaporation. Water was then added, the 10 mi xture was extracted with
toluene, and the organic |l ayer was washed with a saturated aqueous

solution of sodiumchloride, and th&®dried over-anhydrous nagnesi um

sul fate. The~solvent was then renoved by evaporation, and vacuum
distillatiohraped2-peneptain(3,4,5-trifluorophenylethynyl)-trans-

6, 8-di fl uoro-trans-3, 4, 4a, 9, 10, 10a- hexahydro-1H 15 phenant hren-2-one. This

conpound wag §P§§¢9&@n§|YUIﬁ@@;&ﬁkaH?&fbﬁhéﬁéﬂiﬁkéﬁ@Q?nt prepared from
nethoxynethyftrlphenyiphosphonlunlch oride and potassiumt- butoxide, and

t he product, enol ether s, hydrolyzed using a 10% ous solution of
hydr bhi or | £ A0 o TREHE Bt T R Do TR e PR TR e RAT Rl ut f on
of sodi um hydroxide in nethanol to yield

6, 8-di fl uorbr2 s 3nk-4a 29 31 %, Uda-oaahydrophenanthrene,
oct ahydr ophenant hr ene-trans- 2- car bal dehyde. This conpound was then

reacted W tranWithdn ¢ SROPNE 3 PFRRsFSdfrom et hyl triphenyl phosphoni um
brom de and potassiumt-butoxide to S 0 JAN 2004 264 vyield

gé?éﬁ;glgg%gﬁgéﬁ%%g%§¥éﬁgiﬁg%ééﬁ%ﬁﬁﬁpfggﬂ%gﬁﬁﬁahhEﬁ%ﬁ;ﬁ?ﬁ%YIQ¢ﬁ9%ﬁesence

of a 5% pal | adi um carbon (wet) catalyst to yield

6, 8- di f | uorectahydrophepythrengs- 1, 2, 3, 4, 4a, 9, 10, 10a 5

oct ahydr ophenant hrene. This conpound was lithiated in an n- butyl

|i t hi um hexeren S0 Ube oy 1-and( 3ps-d heTusescsed W th
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-

190 - octahydrophenanthrene,
trans-2-pentyl-7-(4-difluoromethoxyphenylethynyl)}-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-pentyl-7-(4-trifluoromethylphenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-pentyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-pentyl-7-(3,5-difluoro-4-
trifiuoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-

20 octahydrophenanthrene,
trans-2-pentyl-7-(4-chlorophenylethynyl)-trans-
1,2,3,4,4a,%,10,10a-octahydrophenanthrene,

trans-2-pentyl-7-(3-fluoro-4-chlorophenylethynyl)-trans-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
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i odine to produce 6, 8-difluoro-7-iodo-trans-2-propyl-trans-
1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr ene.

, 6,8-difluoro-7-iodo-trans-2-propyl-trans- 10

1,2, 3,4,4a,9, 10, 10a- oct ahydr ophenant hrene was conbi ned with
3,4,5-trifluorophenyl boric acid (vWﬂ%ﬁ? was produced by a reaction between
a Gignard reagent prepared from3,4,5- trifl uorobronobenzene and

nmagnesi um RS TRAMH o3y, 5 -G hurkat e yakaban sl ety ) ut e
hydrochl oric acid), 15 tetrakis(triphenyl phosphine)palladium (0) and

pot assi um yxhaspiatae, 3, a igEtdyl § pramyaie ispheerin eien@s then stirred
for 10 hours at 80C. The reaction m xture was then cooled to room

tenperatur%z\%gja;ﬂg§yfyyy¥ﬁ“éfg%é§é§§ﬂ§i%§§IPrfﬂ{gﬁé%gqthh t ol uene, and

t he resultiﬂﬁiorganlc ayer: was wa yWwth water and a
saturated aqueous solution of sodiumchloride, and then dried over

anhydr ous Sodiidmbslla @0, e gty drahaianiegingd by renmoval of the
sol vent by evaporation was purified by silica gel colum chronat ography

(hgxane) and-drher-meaipistzal (3 ,zed i¥ TidrpHammeatianal ) tiratisel d 30 JAN 1004
265 6-fluoro-trans-2-propyl-(4-trifluoronmethoxyphenyl)- 1,2,3,

4-tetrahyd t : Sl - -2 -(3--fl -4-
11 71 or o RSy o 20 e B
6--fl uoro-trans-2-propyl-(3,5-difluoro-4--

trifl uor ondtHREPARERAYLT A 33, -t huanpphseeairydne trans -

1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-hexyl-7-(3,4,5-trifluorophenylethynyl}-trans-

10 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-hexyl-7-(4-trifluoromethoxyphenylethynyl)-trans-
1,2,3,;4,4a,9,10,10a~octahydrophenanthrene,
trans-2-hexyl-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-

15 octahydrophenanthrene,
trans-2-hexyl-7-(3,5-difluoro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-hexyl-7-(4-difluoromethoxyphenylethynyl)-trans-

20 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-hexyl-7-(4-trifluoromethylphenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-hexyl-7-(3-£fluoro-4-

trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
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uor o-trans- 2- propyl - (4-di fl uor onet hoxyphenyl) -

3, 4-t etrahydr ophenant hr ene,

uor o-trans-2-propyl -(4-trifluoromnethyl phenyl) 10
3, 4-tetrahydrophenant hrene, 6-fluoro-trans-2-propyl-(3-fluoro--4-
Iuoronethylphenyl)-1,2,3,4-tetréﬁyhrophenanthrene,
uoro-trans-2-propyl -(3,5-difl uoro-4-

| uor ommdhAprdsrapemartig ena et r ahydr ophenant hrene, 15

uor o-trans- 2- propyl - (4-chl orophenyl ) -1, 2,3, 4- tetrahydrophenant hr ene,
u

3

u

3

r

—_ -

-
—_— — e — —h -

- 11 uor o- t AR AN r(A- (3 W A duaphenyl ) -
, 4-tetrahydrophenant hr ene,

00 e Ry TR RN i A9, 10, 10a-
ans-7-propyl -5, 6, 7, 8-tetrahydrophenant hrene-2- yl)benzonitrile,
uor o- 4-qatrandrophendntm@ng 8- t et r ahydr ophenant hr ene-
| ) benzonitrile, 25 4-(trans-7-ethyl 5,6, 7, 8-tetrahydrophenant hr ene- 2-
| sbenzoni tyrdrds - 2-Hdwar-orA-dtoarsrobatlethydyl)8tralnsahy dr ophenant hr ene
266 2-yl)benzonitrile, 4-(trans-7-butyl-5,6,7,8-tetrahydrophenanthrene- 2-

yl)benzonityij & 2-4] YN% Add Sy A nant kb,

f
2
f
2
i

f
i

f
f
2
f
2,
(t
fl
y

< NNPARPOFRPOODTOOTFRPORPO

trans-2-hexyl-7-{3-fluoro-4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-cctahydrophenanthrene,
trans-2-hexyl-7-(3,5-diflucro-4-chlorophenylethynyl)-

10 trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(4-fluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(3,4-difluorophenylethynyl)-trans-
1,2,3,4,4a,9%,10,10a-octahydrophenanthrene,

15 trans-2-heptyl-7-(3,5-difluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(3,4,5-trifluorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(4-trifluoromethoxyphenylethynyl)}-trans-

20 1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(3-fluoro-4-
trifluoromethoxyphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

trans-2-heptyl-7-(3,5-difluoro-4-
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t et rahydr ophenant hr ene- 2-yl ) benzonitril e,
(trans-7-pentyl-5,6,7, 8-tetrahydrophenant hrene-2- yl)benzonitrile,
fluoro-4-(trans-7-hexyl -5, 6,7, 8-tetrahydrophenant hr ene-
-yl )benzonitrile, 10 4-(trans-7-hex%l--5 6, 7, 8-t etrahydr ophenant hr ene- 2-
| Ybenzonitrile, 2-fluoro-4-(trans-#>Reptyl-5,6,7, 8-

5

4

2

2

y

t et rahydr ophenant hr ene- 2- yI)benzonltrlle
4- (tr ans- 7tHdlporone thayrhensledhapdnartmansmd 2 313 ,a)Berdfordida- | e,
2-fluoro-4-(8-fluoro-7-propyl-5,6,7, 8-

t
4-
2-
t

et r ahydr oplaeR® m@ym@ﬁ%ﬁ*hhﬁgﬁgonitrile
(8-fluoro-7- p?ggyl 5,6, 7, 8-tetrahydrophenant hrene-2- yl)benzonitrile, 20

fl uoro-4- oro 7- et
etrahydroﬁ%@ﬁgn hP@W@'g'g (beﬁﬁgéqﬂﬁqmethoxyphenylethyny1) trans-

4-(8-fluoro-7-ethyl-5,6, 7, 8-tetrahydrophenant hrene-2- yl)benzonitrile,
2-f1 uor o- 41(8-8I, dorda-, B0, Wlasogtahgdrpphenanthrene,
t et rahydr ophenant hrene- 2-yl ) benzonitril e,

4-68-f1 uor @.r&n%utzwhn@,t@1L7&-(me1t&aw@mmﬁ@%m@ufyh@w1%tmyln)yl;q nzeaintyi le, 3 0

JAN 2004 267 2-fluoro-4-(8-fluoro-7-pentyl-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
trans-2-heptyl-7-(3-fluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

10 - trans-2-heptyl-7-(3,5-difluoro-4-
trifluoromethylphenylethynyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
trans-2-heptyl-7-(4-chlorophenylethynyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 trans-2-heptyl-7-(3-fluoro-4-chlorophenylethynyl)}-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene, and
trans-2-heptyl-7-(3,5-difluoro-4-chlorophenylethynyl)-

trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene.

20 (Example 25) Synthesis of B8-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-
trifliuvorophenyl)-trans-1,2,3,4,4a,9,10,10a-

octahydrophenanthrene



t et r ahydr ophenant hr ene- 2-yl ) benzoni tril e, S0 JAN 2004
4-(8-fluoro-7-pentyl-5,6,7, 8-tetrahydrophenant hrene-2- yl)benzonitrile, 5
2-fluoro-4- (8--fluoro-7--hexyl-5, 6, 7, 8- -

t et r ahydr ophenant hr ene- 2- yI)benzonlt r|Ie 4-- (8-fluoro-7-hexyl-5, 6, 7,

8-t etrahydrophenant hr ene- - 2- yI)ben trile,
2-fluoro-4-(8-fluoro-7-heptyl-5,6,7, 8- 10

tetrahydrophe t hrene- 2- yI)benzonqu’
4- (8-l 4 | 0P MECIL 8k Qt,mgle, hegzonitrile,
2-f uoro 4- fl o-7- (Eﬁz@pylnh;6 . °

t et rahydr ophenant hr ene- 2- yI)benzonltrlle
4-(6-fluoro-7-propyl-5,6,7, 8- tetrahydrophenanthrene Eﬁ )benzonltrlle

fluoro-4-(6-fluoro-7 -,hy1 5,6, 7, 8- {HO)B
r ahydygphenant hr end y )benzonltr
6- frgﬁﬁgﬁ?'éfﬁy ‘5'. 8P Wénq@¢pm50TM¢7benzonltrlIe

2-

tet

4-

2-fluoro-4 66 fluoro-7-butyl - 5 6 7 8-
tet

4-

2-f

tet

4

(

rah?ﬁﬁ@ﬁﬁ@nanthrene 2-yi )benzonitrile,

(6-fluoro- 7--but¥J S5, 8,7, 8-tetrahydrophenanthrene-2- yl)benzonitrile, 25
&

-fluoro-4-(6 -@entyl 5, 6,
e By a1 o HE) (-
-(6-fluoro- ' S, , 7, 8-t etranydr ophgnanthr ene- 2

Trans-7~propyl-trans-4b,5,6,7,8,8a,9%,10-

octahydrophenanthren-2-ol obtained from Example 23 was
.dissolved in methylene chloride, and N,N'-difluoro-2,2'-

5  Dbipyridinium 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
added, any residual fluorination agent was decomposed, and

10 following the addition of sufficient dilute hydrochloric acid
to return the reaction mixture to an acidic state, 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 water and then a

15 saturated agqueous solution of sodium chloride before being
dried over anhydrous sodium sulfate. The crude product
obtained by removal of the solvent by evaporation was

separated and purified by silica gel column chromatography



3'U JAN 2004 268 yl)benzonitrile, 2-f|uoro-4-(6-f|uoro-?-hexyI-S,éﬁHJ%szu
t et rahydr ophenant hr ene- 2-yl ) benzonitril e,
4-(6-fluoro-7-hexyl-5,6, 7, 8-tetrahydrophenant hrene-2-- 5 yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-heptyl-5,6,7, 8-

t et rahydr ophenant hr ene- 2-yl ) benzoni t2457 e,
4-(6--fluoro-7-heptyl -5, 6, 7, 8-tetrahydr ophenant hrene-2- yl)benzonitrile,

10 4- (Ghexamk fdnbrislzgnepyte SyteId Sdieh rahfdiaphetnzat sw Brgropy 1 -
2-yl)benzonitrile, 2-fluoro-4-(6,8-difluoro-7-propyl-5,6,7,8-

;?}{39%0_65%%§E§%ﬁﬁfqﬁzéﬁ%ﬂ%i?%ﬁ%g%%g%%é?qﬁPanthren—2—ol and 6-

t et r ahydr ophenant hr ene- 2-yl ) benzoni tril e,

4- (6, EHITUTAE et BIBY 16, tE aNG-AR dinbr bhdfrt tk&mne- 2- yl ) benzonitril e,
2-fluoro--4-(6,8-difluoro-7-butyl-5,6,7, 8-

t et r alyi diphirpstidnansheend -helnzonitrile, 20
4-(6,8-difluoro-7-butyl -5, 6, 7, 8-tetrahydrophenant hrene-2 yl)benzonitrile,

2- £l uoro- 4- 81 d | - Lo petyl -3, 6,7, 8- 4 _ _
te%rahydro%h%ngcnﬁgr e&nbg{%ri/elcfebg;nﬁzﬁourﬁ%orﬁrea%s 7-propyl-trans

4-(6,8-difluoro-7-pentyl-5,6,7, 8-tetrahydrophenant hrene-, )
4b,5,6,7,8,8a,9,I0-octahydrophenanthren-2-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

10 wvigorously, pyridine was then added dropwise and the mixture
stirred for a further one hour. Water was then added, the
reaction was halted, and the organic layer was separated.: The
aqueocus layer was extracted with dichloromethane and this
extract was combined with the organic layer, which was

15 subsequently washed with dilute hydrochloric acid, 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 product purified by silica gel column

20 chromatography (hexane) to yield 8-fluoro-trans-7-propyl-
trans-4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-yl
trifluoromethanesulfonate. This compound was combined with
3,4,5-trifluorophenylboric acid {(which was produced by a

reaction between a Grignard reagent prepared from 3,4,5-



25 2-yl)benzonitrile, 2-fluoro--4-(6,8-difluoro-7-hexyl-5,6,7, 8 30 JAN2004
t et rahydr ophenant hr ene- 2-yl ) benzonitrile, 3'0 JAN 2004 269

4- (6, 8-difluoro-7-hexyl -5, 6,7, 8-tetrahydrophenant hrene-2- yl)benzonitrile,
2-fluoro-4-(6, 8-difluoro-7-heptyl-5,6,7, 8-
tetrahydrophenanthrene-z-yl)benzomtﬁﬁqe, and 5
4-(6,8-difluoro-7-heptyl -5,6, 7, 8-t etrahydrophenant hr ene-

2-yl ) benkbhierehrongisagsne R eEkin, ¢nd rtgrHgethlgmaate 4, 5 6,7, 8

t etrahydr o- 1H - phenant hren-2-one 10 HCO2H Y Tol uene OH H2, Pd/C H2, Pd/C

, 1 - BUEKL 16k LD dhsnanthnenc?, Jrditd marrdadeaad widimhydrogen in the

presence of a 5% pal | adi um carbon (wet) catal yst, and then oxidized using

5.6 Sk Ao RS St B BE' &) YR IR BT groups of
this conpound was protected with
phosphate in a dimethylformamide solvent and was then stirred
5 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 agueous solution of
sodium chloride, and then dried over anhydrous sodium sulfate.
10 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-triflucorophenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene. The separated 6~
15 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-flucro-trans-2-propyl-7-(3,4,5-trifluorophenyl)-
trans-1,2,3,4,4a,9%,10,10a-octahydrophenanthrene.
The compounds listed below can be produced in a similar
20 manner.
B-fluoro-trans-2-propyl-7-{4-£fluorophenyl)-trans-
1,2,3,4,4a,9,10,10a-coctahydrophenanthrene,
8-fluoro-trans-2-propyl-7-(3,4-difluorophenyl)-trans-

1,2,3,4,4a,9,10,10a~-octahydrophenanthrene,



an ethyl ene glycol, and the conpound was then reacted with 30 JAN 2004
propyl magnesi um brom de, dehydrated in the presence of an acid catalyst,
and the partially deprotected group reforned to vyield

7-propyl -3,4,5,6-tetrahydro-1.H phe hren-2-one 20 et hyl ene acetal. This
conpound was then reduced mﬁth hydr 3" 0 JAN 2004 270 in the presence
of a 5@6pal|ad|un}carbon t) catalyst, and _then isonerized using

pot assi um t< Tﬁ&?ﬁﬁ?ﬁF??P?mﬁTEEPQW%ﬁZr(3 5-difluorophenyl)-trans-
trans-7-propyl-3,4,5,6,7,8-tetrahydro-| H phenant hren-2-one. This conpound

was react edlj:n,?.m,m, m—mahwr@tﬁwidm&éﬁ Exanple 17 to
Exanpl e 22, and yielded the conpounds |listed bel ow.

t rans- 2- pr apy. f nyl )

oct ahydr opﬁée)n%%l%"?&eﬁ%rgrﬁ glznsFL 2-]§|§o)|E OB’; é’% I‘%II]’llS ]ﬁ?é”%tgq?’fﬁ’or oﬁhe)nyl )- 10
1,2,3,4,5,6, 7, 8-oct ah henanthrene

trans- 2- pr dghA n%r%h%'¥ L3, 9 ¥4 it apAiahydrophenanthrene,
1,2,3,4,5,6,7, 8- octahydrophenanthrene

tréns-2-prdﬁwﬁLudEbEmﬁhdé%Zhﬁbdgjf41KW3HﬁEHQﬁ@*4—
1,2,3,4,5,6,7, 8 octahydrophenant hrene, 15

trans-2- proaqylffam e Oﬁﬁﬂéﬁégpr%éﬁwp@wwa 9,10,10a-

1,2,3,4,5,6 ena rene
trans- 2- pné? | -trans 3 fl uoro-4-
trifluoro gﬁﬁgﬁé%ﬂﬂﬂ YIrene s g 7 8- oct ahydr ophenant hr ene,

8-fluoro-trans-2-propyl-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-trans-1,2,3,4,4a,9,10,10a- v

10 octahydreophenanthrene,
8-fluoro-trans-2-propyl-7-(4-difluoromethoxyphenyl)-
trans-1,2,3,4,4a,9,10,10a~-octahydrophenanthrense;
8-fluoro-trans-2-propyl-7-(4-trifluoromethylphenyl)-
trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,

15 B-fluoro-trans-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)}-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
8-fluoro-trans-2-propyl-7-(3,5-difluoro-4-
trifluoromethylphenyl)-trans-1,2,3,4,4a,9,10,10a-

20 octahydrophenanthrene,
8-fluoro-trans-2-propyl-7-(4-chlorophenyl)-trans-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
8-fluoro-trans-2-propyl-7-(3-fluoro-4-chlorophenyl)-

trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,



20 trans-2-propyl-trans-7-(3,5-difluoro-4- trifluoronmethoxyphenyl) 59AA§}W4

3, 4, 5, 6, 7, 8- octahydrophenanthrene, trans--2-propyl-trans-7-
(4-difluoromet hoxyphenyl) - 1,2,3,4,5,6,7,8-octahydrophenant hrene, 25
trans- 2- propyl-trans 7-(4- trlfluoronethylphenyl)

1,2,3,4,5,6,7, 8- octahydrophenanthreﬁé trans-2-propyl -trans-7-(3-fluoro-4
30 JAN 2004 271 trifluoronethylphenyl)-1,2 3,4,5,6,7,8-
octahydropH%ﬂ%ﬁRQﬁQﬂR¥a“%1%nE§QPMﬁ7ﬂﬂﬂ3457%%5#“%3?1419WMQR9RﬁQPYl)-

trifluoronethyl phenyl)-1,2,3,4,5,6,7,8 5 octahydrophenant hr ene,

trans- 2- pr iy nd18185,-37,-4(,4a, @) 1cnr,the—r¢gdf)ah&cﬁsoimbrﬁrﬁ;h7ne8re,
oct ahydr ophenant hrene, trans-2- propyl-trans-?- (3-fluoro--4--chl orophenyl)

- 1,2,3,4,
trans-2- pr§%§1l{rangﬁ%§%%q%%§% gﬁgf- - 6¥%ﬂﬂ$ﬁ%ﬁ5"trans‘

1,2,3,4,5, 8- oct ahydr ophenant hr ene,

trans- 2- - pI’]O[:%/vllrthréT'?S' 9102 J0e-fack@hgistramhenanhjigene,

1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,

trgns'2'F”(H%ﬂkddﬁvltfédéﬁiibr%pyHﬂlﬂﬂjﬂﬂﬂaﬁﬁDdﬁﬁbﬂﬂedyi)—trans—
1,2,3,4,5,6,7, 8- octahydrophenanthrene

trans-2- prolpﬂ 14208 07 1l 1l0%-F A AV PRI e | -
6-fluoro-trans-2-propyl-7-(3,5-difluorophenyl)-trans-
1,2,3,4,4a,9,10,10a~octahydrophenanthrene,
6-fluoro-trans-2-propyl=7-(4-trifluoromethoxyphenyl)-

10 trans-1,2,3,4,4a,%9,10,10a-octahydrophenanthrene,
6-fluoro-trans-2-propyl-7-(3-fluoro-4-
trifluoromethoxyphenyl)-trans-1,2,3,4,4a4,9,10,10a- .-
octahydrophenanthrene,
6-fluoro-trans-2-propyl-7-(3,5-difluocro-4-

15 trifluoromethoxyphenyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,
6-fluoro-trans-2-propyl-7-(4-difluoromethoxyphenyl) -
trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene,
6-fluoro-trans-2-propyl-7-(4-trifluoromethylphenyl)-

20 trans-1,2,3,4,4a,%,10,10a-octahydrophenanthrene,
6-fluoro-trans-2-propyl-7-(3-fluoro-4-
trifluoromethylphenyl)-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene,

6-fluoro-trans-2-propyl-7-(3,5-difluoro-4-



1,2,3,4,5,6,7, 8 octahydrophenant hrene, trans-2-propyl-trans--7- [2-3&ﬂANﬂm4
4, 5-trifluorophenyl) ethyl] - 1,2,3,4,5,6,7,8-octahydrophenant hrene, 20
trans-2-propyl -trans-7-[2-(4-

trifluoromethoxyphenyl)ethyl]-1,2,3,4,5,6,7,8- octahydrophenant hrene,
trans-2-propy|-trans-?-[2--(3-f|uorcﬂé@
trifluoronethoxyphenyl)ethyl]-1,2,3,4,5,6,7,8 25 octahydr ophenant hr ene,
trans- 2- pr opsd £ ivearenathiplpltemy b} ft xano-4,.2,3,4,4a,9,10,10a-
trifluoronethoxyphenyl)ethyl]-1,2,3,4,56,7,8 3 0 JAN 2004 272

OCtahydrODW%%%BiyﬁﬁﬁhenéﬁﬁﬁEEHQ propyl-trans 7- [2- (4-
di f1 uor onet hoxyp ) et hyl ] 3,4,5,6,7,B octahydrophenant hrene, 5

t 2- t
t:??FuorgLé?ﬁéyﬁﬁggiﬁﬁ%é%yéTEWOEY%FZF%ﬁ??%l?foQﬂﬁQMﬁ&ﬁ o SiTant hr ene,

trans-2-propyl -trans-7-[2-(3-fl uoro-4-

trifl uoromel /) phena ) et hy) 10d-a; Sy dy dpligrgartthmegteghy dr ophenant hr ene,
trans-2-propyl -trans-7-[2--(3,5-difluoro-4-

trigf | uor omeg Iwy phesvil 2 £k W3 1 do iy B 4 B3 S5 1ot @slichgRant hr ene,

trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene, and
6-fluoro-trans-2-propyl-7-(3,5-difluorc-4-chlorophenyl)-

trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene.

10 (Example 26) Synthesis of trans-2-propyl-7-(3,4,5-
trifluorophenyl)-trans-1,2,3,4,4a,9,10,10a-

octahydrophenanthrene

F
_S0Ck CH,=CH, , AlCI
0co cco CH,Cl,
F
F
0 (E) \\/1\ AcONa b, o
Toluene. Toluene ACOH,H,0 NH;
F

F

F
o pp ‘I’ N
_GH0” TPPHy | HCI _ NaOH , 40 . ﬂ,

Toluene THF  CH,;0H Toluene

_Hp PUC 1) Buli , THF
" ~AcoRt 2)1,, THF
F (HolzB

Pd(PPhy), , THF s ..O @

Following conversion of (3,5-difluorophenyl)-acetic acid

15 to an acid chloride with thionyl chloride, subsequent reaction



trans-2--propyl-trans-7- [2- (4-chlorophenyl) ethyl] 15 50 JAN 2004
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2-propyl -trans-7-[2-(3-fl uoro-4-

chl orophenyl )ethyl]--1, 2, 3,4,5,6,7,8-_octahydrophenant hr ene,
trans-2-propy|-trans-?-[2-(3,5-dif|L&ﬁ%-4 20

chl orophenyl )ethyl]-1,2,3,4,5, 6,7, 8- octahydrophenanthrene, 2-fluoro-4-
(trans¥¥threthyléne gas |t 4-16°Cgusinggrethylene chloride as the

oct ahydr ophenant hrene-trans-2-yl)benzonitrile,

4- (trapsivept opyd - id, 2h 8, Pr&sénde 8o HCa By TP hembot hdengi@bded 5,7-
trans-2-yl)benzonitrile, 2-fluoro-4-(trans-7-ethyl-1,2,3,4,5,6,7, 8-

oct ahy h hr ene- St - [ tgi 3 2004 273
Ptk bt e R U R S N R T
benzonitrile, 2-fluoro-4-(trans-7-butyl-1,2,3,4,5,6,7, 8-

oct ahypY phehdineg rehetekugre -wasy | jivemzadded jard the mixture was
4-(trans-7-butyl -1, 2, 3,4,5, 6,7, 8 octahydrophenant hrene trans-2-yl)

berzonhésté®, fdr 1 upsorsl; 4dd adwy Tapedvtydpically Hidkibled wateB-was
oct ahydr ophenant hrene-trans-2-yl ) benzonitrile,

f; ((a L;?géra%%&!“ yé;zcé'e@% };ﬁr?ofi&i&‘e‘ QFd &yl P PNERRM D TSNe: . d Sk ropic
y enzonitril e,
distillation with toluene, to yield 1-(5,7-difluoro-1,4-
dihydronaphthalen-2-yl)pyrrolidine. The crude product was
cooled, as is, to room temperature, more toluene was added,

10 the mixture was cooled in a water bath, :‘and methyl vinyl
ketone was added dropwise over a period of 1 hour at a
temperature of 25°C or lower. Following completion of the
addition, the mixture was immediately heated and refluxed
under heat for 20 hours. The solution was then cocled to room

15 temperature, a buffer solution of pH 5 prepared from sodium
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

20 sodium chloride. The organic layer was then dried over
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



2--fluoro-4- (trans-7--hexyl-1, 2, 3, 4, 5, 6, 7, 8- 30 JAN- 2004

oct ahydr ophenant hrene-trans-2-yl ) benzonitril e,
4-(trans-7--hexyl -1, 2, 3,4,5, 6, 7, 8-oct ahydr ophenant hr ene-

trans-2-yl)benzonitrile,

octahydrophenanthrene-trans-z-yl)beﬁ%ﬁ%itriIe,
4-(trans-7-heptyl-1,2,3,4,5,6, 7, 8-octahydr ophenant hr ene-

tr ans- 2r§dyab

oct ahydr ophenant hrene-trans-2-yl)benzonitrile,

2, 5-difii torend-{h€@nsal - psmpetatdure mdi St Hied-at a temperature from
oct ahydr ophenant hrene--trans-2-yl ) benzonitrile,

oct ayTH Dot

oM 1 ot {Fart begi b o F1d4 Eluogo-rrans=a 42, 9, 10-

2,5-difluoro-4-(trans-7-pentyl-1,2,3,4,5,6,7, 8-

oct ahytie ohieydre i Erighenanshpeny? yore 220 t tThutanol was then added
2,5-difluoro-4-(trans-7-hexyl-1,2,3,4,5,6,7,8 3 0 JAN 2004 274
octsahygF SRSt et ENEow 1 @ Scamyl ¢ DESZ 0N tEhd eaddition, stirring was
2,5-difluoro-4-(trans-7-heptyl-1,2,3,4,5,6,7, 8-

hydr oph - -2- itri ; .
Cr ano. SORPHENRE. FAELE LA I BENREL, { srban, iR E 50 3ie.

4-cyano- 3, 5-di fl uorophenyl trans-7-propyl -- ) ] ]
1, 2, 3, FIWoBiym sclbkeBigel repir mraiief ek - Eak idnqrexidation of the

10

15

20

lithium, the temperature was raised to room temperature, and
the ammonia removed by evaporation. Water was then 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
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
methoxymethyltriphenylphosphonium chloride and potassium-t-
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 6,8-difluoro-trans-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene-trans-2-carbaldehyde. This compound was
then reacted with a Wittig reagent prepared from

ethyltriphenylphosphonium bromide and potassium t-butoxide to

15 2-fluoro-4-(trans-7-heptyl-1,2,3,4,5,6,7, 8-

oniBrsmall poOGtHPR$ uok®- hiquidmupridand Pissalved; 7,8 20



4-cyanophenyl trans-7-ethyl-1,2, 3,4,5,6,7, 8- T0U JAN 2004
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 at e,26#4- cyanophenyl
trans-7-butyl-1,2,3,4,5,6,7,8 15 octahydrophenant hr ene- 2- car boxyl at e,

4- cyanpieitd |a-ahihfEinyd rd+arens~buindpdnl, - darts 4, ,2 8,4 ,4a,9,10,10a~
oct ahydr ophenant hr ene- 2- - car boxyl ate, 4-cyano- 3, 5-di f|l uor ophenyl

1 2SSy O N QAP R0 AN 1 20

oct ahydr ophenant hr ene- 2- car boxyl ate, 4-cyano-3-fl uorophenyl )

tr ans-theanggence & A 5% palgladiiRiArRih el ith et L sdariso gi ke,

4- cyano- 3, 5-di fl uorophenyl trans-7-pentyl 25

1, 2, 3, &, -6 f.oras i -ophara e s2- C a1 oy, 4l 8, 1 04-1anophenyl
trans-7--pentyl-1,2,3,4,5,6,7,8- octahydrophenant hr ene- 2-carboxylate, 3 0

e Pahy i BINHIRT R 8 Do T o, oy el et e o ©
trans-7-pentyl- 1,2,3,4,5,6,7, 8-octahydrophenant hrene-2-car boxyl ate,
butyl Iithium-hexane solution, and was then reacted with
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-

10 1,2,3,4,42,9,10,10a-octahydrophenanthrene was combined with
3,4,5-trifluorophenylboric acid {(which was produced by a
reaction between a Grignard reagent prepared from 3,4,5-
trifluorobromobenzene and magnesium, and trimethylborate,
followed by hydrolysis with dilute hydrochloric acid),

15 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 then cooled to
room temperature, water was added, the mixture was extracted
with toluene, and the resulting organic layer was washed

20 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

(hexane) and then recrystallized 3 times from ethanol to yield



5 4-cyanophenyl trans-7-heptyl-1,2,3,4,5,6,7, 8- U JAN 2004

oct ahydr ophenant hr ene- 2- car boxyl ate, 4-cyano- 3-fl uor ophenyl
trans-7-heptyl -1, 2, 3,4,5,6,7,8- octahydrophenant hrene- 2- car boxyl at e,

4- cyano- 3, 5-di f| uor ophenyl trans-?-hgggyl 10
1,2,3,4,5,6,7, 8 -oct ahydr ophenant hr ene- 2- car boxyl at e,
trans-2-(4-fluorophenyl)-trans-7-yinyl-trans- tetrahydr nt hr ene,
trans-2--(3§ﬂf8?@¥%6F6ﬁ%§ﬁ F?F?P¥x§?¥75Fﬁ§EPP 8W§Pg éypaﬁgggiphenanthrene,
15 trans-2-(3,5-difluoro henyl%-trans-?-vinyI-trans-

t et r ahydr ophedaht AT BpEranydrophenantarene,

trans-2-(4-trifl uoronet hox phenyl{-trans-?-vinyI-trans-

t et r ahydr opprefbmehpeksans-2-propyl-{3-fluoro-4-
trans-2-(3-fluoro-4-trifluoronmethoxyphenyl)-trans-7- 20

vi nyl -t r anstteftabydmephemaphRnghe-1,2, 3, 4-tetrahydrophenanthrene,
trans-2-(3,5-difluoro-4-trifluoronethoxyphenyl)-trans-7--

vi g/l -t r ansétEluahydtopherdnphppwé (3, 5-difluoro-4-

trans- 2- (4--difl uoronet hoxyphenyl)-trans-7-vinyl-trans-
tetrahydrophemamubremethaﬁyphenyl)-1,2,3,4-tetrahydrophenanthrene,
trans--2-(4-trifluoronethyl phenyl)-trans-7-vinyl-trans-

t et r ahydr opbefpanbbbeneans-2~propyl- (4-difluoromethoxyphenyl) -
trans-2-(3-fluoro-4--trifluoromethyl phenyl)-trans-7-vinyl 3 0 JAN 2004 276
trans-tetrahydr gphenantrbhedecophenanthrene,

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)-1,2,3,4-
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—?—propyl—S,6,7,8—tetrahydrophenanthrene—2—
yl)benzonitrile,
2-fluoro-4- (trans-7-ethyl-5,6,7,8-tetrahydrophenanthrene-
2-yl)benzonitrile,

25 4-{trans~7-ethyl—5,6,7,8—tetrahydrophenanthrene-2-
yl)benzonitrile,

2-fluoro-4- {trans-7-butyl-5,6,7,8-tetrahydrophenanthrene-



trans-2- (3, 5--difluoro--4-trifluoronethylphenyl) -trans--7 30 JAN 1004

vi nyl -trans-tetrahydrophenant hr ene,

trans- 2- (4-chl orophenyl)-trans-7-vinyl -trans- 5 tetrahydrophenant hrene,
trans-2-(3-f|uoro-4-ch|orophenyl)-trang-?-vinyI-trans-

t et r ahydr ophenant hr ene, 26

trans-2-(3, 5-difluoro-4-chlorophenyl)-trans-7-vinyl --

trans-t et r ahydr)dprgemitreh®; 10 trans-2-- (trans-|-propenyl) -7-
(4-fluorophenyl) 1,2,3,4,5,6,7,8-octahydrophenant hrene,

trans- 2- (t ransttamps-openyty175¢ 6, 4, 8rtetvabpasaphpnanthrene-2-
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (t rpnseénpsepenyl e, 7- (3, 5-di fl uor ophenyl ) -trans 15
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,

trans- 2- (transthopsopenytang-(3pénbylrbf budy 8phenyl ) -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans-2- (tragsednpd OEA¥han¥hidner il Upbenebhaxyphenyl ) -
1,2,3,4,5,6,7, 8 octahydrophenant hrene, 20

tranS-Z-(tr@ﬂ?gfaﬂ§ﬂ@ﬁ?¥hi 1=636f hyereedrahydrophenanthrene-2-
trifluoronmethoxyphenyl -1,5,3,4,5,6,7,8- oct ahydr ophenant hr ene,

trans-2-(tr £§5éﬁﬁéggggyhg-7-(3,5-difIuoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7,8 25 octahydr ophenant hr ene,

1505 4.5, 67 bRy ar SpRananth des oo P eRReRophenanhrene-
2-yl)benzonitrile,

10 4—(trans—?—hexyl—5,6,7,8—tetrahydrophenanthrene—2—
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—Z—

15 yl)benzonitrile,
2-fluoro-4-({8-fluoro-7-propyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
4—(8—fluoro—7—propyl-5,6,7,8—tetrahydrophenanthrene—2—
yl)benzonitrile,

20 2-fluoro-4- (8-fluoro-7-ethyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
4-(8-fluoro-7-ethyl-5,6,7,8-tetrahydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(8-fluoro~-7-butyl-5,6,7,8-

25 tetrahydrophenanthrene-2-yl)benzonitrile,
4-(8-fluoro-7-butyl-5,6,7,8-tetrahydrophenanthrene-2-

yl)benzonitrile,



3 0 JAN 2004 277 trans-2-(trans-I|-propenyl)-7-(4- trlfluoronethylpheﬁ
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans- 2- (trans | - propenyl)-7-(3-fluoro-4-
trifluoronethyl phenyl)-1,2,3,4,5,6,7 g- 5 oct ahydr ophenant hr ene,
trans-2-(trans- I-propenyl) 7 (3 5- di? Loro 4-
trifluoroneth |pheny 5,6,7,8-.0 h¥d ophenant hr ene,
trans-2-(tr& mO@moﬁeh§rilv0(a ZHPBPgﬁ%eﬁyg) E
1,2,3,4,5,6,7, 8 octahydr ophenant hr ene .
trans- 2 (treelrahydopehgnanyhrgneradoydl bangansEspRENYI ) -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans- 2- (t rént8+Ebropenytpentys-5, i 7 orgtgahydrophenanthrene-2-
chl orophenyl )-1, 2, 3, 4,5, 6,7, 8 octahydrophenant hrene, 15
trans-2-(tr@hﬁbénb@hébyi)e?-(4-fIuorophenyl)-
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans- 2- (transthobot ényBy £Tuetd;-4-dekylobophéngl) - -
1,2,3,4,5,6,7, 8 oct ahydr ophenant hr ene,
trans-2- (treagrhhpatepybhanthednb-adi-iylubeapbehykiierans 20
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans-2-(t r@“%BLfDU6§8¥W)h$XQ3 4,5, U BFkwaraphenybhenanthrene~-2-
1,2,3,4,5,6,7, 8- octahydrophenanthrene

(

trans 2- rg@gbgnggggayhXEY--(4 trifluoronmethoxyphenyl) -
1.,2,3,4,5, oct ahydr ophenant hr ene,

2-fluoro-4-(8-fluoro~-7-heptyl-5,6,7,8-

t
5
10 tetrahydrophenanthrene-2-yl)benzonitrile,
~(8-fluoro-7-heptyl-5,6,7,8~tetrahydrophenanthrene-2-
yl)benzonitrile,
2-fluoro-4-(6-fluoro-7-propyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
15 4-(6-fluoro-7-propyl-5,6,7,8-tetrahydrophenanthrene-2-
ylibenzonitrile,
2-fluoro-4-{6-fluoro-7-ethyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
4-(6—fluoro—7—ethyl—5,6,7,8—tetrahydrophenanthrene—Z"
20 yl)benzonitrile,
2-fluoro-4-(6-fluorc~-7-butyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
4- (6-fluoro-7-butyl-5,6,7,8-tetrahydrophenanthrene-2-
yl)benzonitrile,
25 2—-fluoro-4-{6-fluoro-7-pentyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,

- (6-fluoro-7-pentyl-5,6,7,8-tetrahydrophenanthrene-2-

A o



25 trans-2-(trans-|-butenyl)-7-(3-fl uoro-4- 30 JAN 2004
trifluoronethoxyphenyl)--1,2,3,4,5,6,7,8- octahydrophenanthrene, 3 0 JAN
2004 278 trans-2-(trans-I|-butenyl)-7-(3,5-difl uoro-4-
trifluoromethoxyphenyl)-1,2,3;4,5,6, %8 octahydrophenant hrene,
trans-2-(trans-1|-butenyl)-7-(4-difluoronethoxyphenyl)- 5

1,2,3,4,5,6 - oct ahydr.ophenant hrene, trans-2- (trans--1|-butenyl) -7--
(4-trif|uorgéggﬁyféﬂéﬁgﬁggf 1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
trans-2-(tr 3-fluor

ns-|-butenyl)-7- 1-UQr o- 4-_ —
trifIuorone?ﬁ?ﬂﬁﬁ&ﬁ??)ff,5?@%59576, ﬁ¥ﬁ 20 Ssdvdhydr ophenant hr ene,

trans-2-(trans-1-buytenyl)-7-(3,5-difluqro-4- , .

LE 1T uor oL AYFBRUHY OPREN2NS NE B 27 KAEaddifenant hr ene,

trans-2-(trans-|-butenyl)-7-(4-chl orophenyl)- 15

1,2, 3, 4, 5, 647 (8- £dBPARY T BHeHam frdnd ~tetrahydrophenanthrene-2-

trans-2-(trans-I-butenyl)-7-(3-fluoro-4-chl orophenyl) -

1, 25 3, 4, 5, 6Y}) Beséeanfdidghenant hr ene,

trans-2-(trans-1-butenyl)-7-(3,5-difluoro--4-

chl or ophenyRyf1ppre-4:-3 66 L1 ugrect/aamtaidendnt/hiBene, 20

trans-2-(trans-1-pentenyl)-7-(4-fluorophenyl)-

1, 2, 3, 4, 5, 6L8L8abgtiabplicophdhasne-eney;l) benzonitrile,
4-(6~fluoro-7-heptyl-5,6,7,8-tetrahydrophenanthrene-2-
yl)benzonitrile,

10 4-(6,8-difluoro-7-propyl-5,6,7,8-tetrahydrophenanthrene-
2-yl)ybenzonitrile,
2-fluoro-4-(6,8-difluoro-7-propyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)pbenzonitrile,
2-fluoro-4-(6,8-difluoro-7-ethyl-5,6,7,8-

15 tetrahydrophenanthrene-2-yl)benzonitrile,
4-(6,8-difluoro-7-ethyl-5,6,7,8-tetrahydrophenanthrene-2-
yl)benzonitrile,
2-fluoro~-4-(6,8-difluoro-7-butyl-5,6,7,8-
tetrahydrophenanthrene—E-yl)benzonitrile,

20 4-(6,8~difluoro-7-butyl-5,6,7,8-tetrahydrophenanthrene-2-
vl)benzonitrile,
2-fluoro-4-(6,8~-difluoro~7-pentyl-5,6,7,8-
tetrahydrophenanthrene-2-yl)benzonitrile,
4-{6,8-difluorec-7-pentyl-5,6,7,8-tetrahydrophenanthrene-

25 2-yl)benzonitrile,
2-fluoro-4-(6,8-difluoro-7-hexyl-5,6,7,8-

tetrahydrophenanthrene-2-yl)benzonitrile,
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trans-2-(trans-1|-pentenyl)-7-(3, 4-di fl uorophenyl) -

1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- (trans | - pentenyl)-7-(3,5-di fl uorophenyl)-trans 25
1,2,3,4,5,6,7,8-octahydrophenant hr eng,q

trans- 2- (trans | - pentenyl )-7-(3,4,5-trifluorophenyl) -

1,2,3,4,5,6, cta draph thr : JAN 2004 279

trans-2-(tr gné%l’%pen{%)einﬂr% ?n%%xtrlf u%%dr?gt e(Scxyap ecﬁry Bhenanthrene 2-
1,2,3,4

oct ah drqphenanthrene

trans- 2- (trgiggp NGeRt ey 7- (3- f I uor o- 4-
transoo (tranel %%Béﬂt%'erml i *fil(fﬁt@rmﬁ Teegaos, B, Fprenant hrene.

trifluoromethoxyphenyl)-1,2,3,4,5,6,7, 8- octahydrophenanthrene

trans-2- (tr&8§rR ﬁ@lﬁpéﬁmantﬁr@md@ﬂmm?&%)@fw&mn 10

1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trahs- 2- ( t r 4Bl BpeAfdmpro-7-tentyilH udr dmithatseda naphenant hrene-

1,2,3,4,5,6, 7, 8 oct ahydr ophenant hr ene,

trans-2-(trénylnbseﬁp@ﬁﬁmﬁlﬁn(B-fIuoro-4-

trifluoronethyl phenyl)-1,2,3,4,5,6,7,8- 15 octahydrophenant hr ene,

trans-2-(trans-1-pentenyl)-7-(3,5-difluoro-4-

trifluoromethyl phenyl)-1,2,3,4,5,6,7,8- octahydrophenant hrene,
(Example 31) Synthesis of trans-7-propyl-3,4,5,6,7,8-

tetrahydro-1H-phenanthren-2-one

{(CH0H), j] “”‘MgBr KHSO, _(CHOH),
TsOH Toluene
O\ _Hp Pd/C _ _tBuOK -/_d@b )
0 hcOEt ~ T OMF

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-l1H-phenanthren-2-one

20 ethylene acetal. This compound was then reduced with hydrogen
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trans-2-(trans-|-pentenyl)-7-(4-chlorophenyl)- 20

1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
trans-2-(trans--1--pentenyl)-7-(3-fluoro-4-chlorophenyl) -
1,2,3,4,5,6,7, 8- octahydrophenanthren?

trans-2-(trans-1|-pentenyl)-7 (3 5-di fluoro-4-

chl orophe I , 7 r e hr

trans- g(?rgng%fggéﬁéégy ) ;éz aj'E%ro ghy (et CatalySt and
1,2,3,4,5,6,.7, 8- octah drophe ren

Ut ans. ShEp 1fonet AT IR AR hhreris 4 PUBnF 206k b0
1,2,3,4,5,6, 8 oct h dr.ophe t rene,

Lhans. SEenssAs PR SRUAaA B B S R Al Bhaai ren—2 -one
1,2,3,4,5,6,7, 8- octahydrophenanthrene

trans- ﬁ‘h(LtSr SREPIVPEN t&Ty INRaf el 45 e 19aRs SHAERA )2 that described

1,2,3,4,5,6, 7, 8-octahydrophenant hr ene,
tr ahs- 21 ExaRe1s- pdnttenyiamples A%, ansbroikdaskyigiersanpounds listed
1,2,3,4,5,6,7, 8 oct ahydr ophenant hr ene,
trans-EEGDWans-S-pentenyl)-7-(3-f|uoro-4-
trifluoronethoxyphenyl)-1,2,3,4,5,6,7,8- 10 oct ahydrophenant hr ene,
trans- 2- (t r anen3-geptropyll+tza03 -5-di4fHflorcgophenyl)-1,2,3,4,5,6,7, 8-
trifluoronethoxyphenyl)-1,2,3,4,5,6,7,8- octahydrophenant hr ene,
trans- 2- (tr ansaBypepphrylanthrehedi f | uor onet hoxyphenyl ) - 15
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,
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~(4d-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-difluoro-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-Z2-propyl-trans-7-(3-fluoroc-4-



trans-2-(trans-3-pentenyl)-7-(4--trifluoronethyl phenyl)- 1, 2, 3, 4,3§Aﬁ52m4
7, 8-octahydrophenanthrene, trans--2- (trans-3-pentenyl) -7- (3-f luoro-4-
trifluoronethyl phenyl)-1,2,3,4,5,6,7,8- 20 octahydrophenant hr ene,
trans-2-(trans-3-pentenyl)-7-(3,5-dif I%oro-4-

tr|fluoronethylphenyl) 1,2,3,4,5,6,7, 2g.- octahydrophenanthrene,
trans-2-(trans pent en 7- (4 chlorophenyl)

1,2,3,4,5, 6t7l§18€ﬂfaﬁ‘?&¥w dnés 3:4,5,6, 7 3-

trans-2-(trans- 3-pentenyl)-7-(3- quoro 4- chl or ophenyl ) -

1, 2, 3, 4, 5, 6°¢L8hydtrarienephdyanchr ene, 3 0 JAN 2004 281

trans 2-(trans-3-pentenyl)-7-(3,5-difl uoro-4-

chl or ophenyk¥yans223p£0pya T r@nsoot-diRy drojdHdnatchriene,
trans-2-(3-butenyl)-7-(4-fluorophenyl)-1,2,3,4,5,6,7, 8-

oct ahydr ophenanfibpepse thyilpluesy2-) (3- Rutdedy|5),67-1(,3,4- di f | uor ophenyl ) -
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trahms- 2- ( 3- buatehytyophedabhtdirielnegr ophenyl ) -t rans-
1,2,3,4,5,6,7, 8 oct ahydr ophenant hr ene,

trans- 2- ( 3- buhasyl)yptobp3l4 tratvsi-fl-uarephendphet®1) -1, 2, 3,4,5,6, 7, 8-
1,2,3,4,5,6, 7, 8-oct ahydr ophenant hr ene,

trans- 2- ( 3- butaAybyophehahtinibemer, onet hoxyphenyl ) -

1,2,3,4,5,6,7, 8 octahydr ophenant hr ene,
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-2-propyl-trans-7-[2-(4-fluorophenyl)ethyl] -
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-(3,5-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-Z2-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-diflucro-4-

trifluoromethoxyphenyl)ethyl]-1,2,3,4,5,6,7,8-



trans-2-(3-butenyl)-7--(3-fl uoro-4- 30 JAN 2004
trifluoronethoxyphenyl)-1,2,3,4,5,6,7,8 15 octahydrophenant hrene, trans-2-
(3-butenyl) -7- (3, 5-difluoro-4- trifluoronethoxyphenyl)-1,2,3,4,5,6,7, 8-
oct ahydr ophenant hr ene, trans-2-(3-bg5%nyl)-7-(4-difIuoronethoxyphenyl) 20
1, 2,3,4,5,6, 7, 8 oct ahydr ophenant hr ené,
trans-2-(3-butenyl)-7-(4-trifl uoronethyl phenyl) -

ShYek ahye

1,2, 3, 4,5, 6°¢t DGR ERENEhr ene,

trans-2-(3-butenyl)-7-(3-fluoro-4-trifluoronethyl phenyl) -

1, 2, 3, 4, 5, 672855 RAPAYIpH&RasTrdre, (425

trans--2-(3-butenyl)-7-(3,5-difluoro-4-

trifluor omeehflprEaerhexyrbenyd Jethyd] -dotlaldpdr-dplfarfarthrene, 3' U JAN

2004 282 trans-2-(3-butenyl)-7-(4-chlorophenyl)-1,2,3,4,5,6,7, 8-

oct ahydr ophesaahidspehenaatdr2ne3- but enyl ) - 7- (3-f | uor o- 4- chl or ophenyl ) -

1,2,3,4,5,6, 7, 8-octahydrophenant hrene, and 5

t rahs- 2- ( 3- bueeayR)ypropF l5tdiaklsudr-d24-(@kl or ophenyl ) -

1,2,3,4,5,6,7, 8 octahydrophenant hrene. (Exanple 32) Synthesis of

2- (4- et hyl phenybhprémenhplepenyl)ethyl]-1,2,3,4,5,6,7,8-

4aa, 4b( 3, 8aa, 8b{ 3-t et radecahydrophenant hrene (I11-A) O
octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3-fluoro-4-
trifluoromethylphenyl)ethyll-1,2,3,4,5,6,7,8-

10 octahydrophenanthrene,
trans-2-propyl-trans-7-[2-(3,5-difluoro-4-
trifluoromethylphenyljethyl])-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)ethyll}-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-
octahydrephenanthrene,
2-fluoro-4-(trans-7-propyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-trans-2-yl)benzonitrile,
4-(trans-7-propyl-1,2,3,4,5,6,7,8-octahydrophenanthrene-

25 trans-2-yl)benzonitrile,

2-fluoro-4-(trans~7-ethyl-1,2,3,4,5,6,7,8-

octahydrophenanthrene-trans-2-yl)benzonitrile,
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C3H7 H C3H7 11 2C=CHCOCH3 C3H7 OIl'N OO (J-1) NaOCH3 . L- | H (J-2) (J-3)
1.HC1 2. NaCH C3H7 LiINH3 10 (J-6) (J-7) 3 0 JAN 2004 283 H (J-8) t-But
C3H7 Im Br C3H7 CH3 C3H7 C3H7 (1) Synthesis of

1- mor phol i ne- 4-n-propyl -1 -cycl ohexeng-(3J- 2)

10

15

20

25

4~(trans—7—ethyl—1,2,3,4,5,6,7,8—octahydrophenanthrene—
trans-2-yl)benzonitrile,
2-fluoro-4-(trans-7-butyl-1,2,3,4,5,6,7,8~-
octahydrophenanthrene-trans-2-yl)benzonitrile,
4-(trans-7—butyl-l,2,3,4,5,6,7,8-octahydrophenanthrene—
trans-2-yl)benzonitrile,
2-fluoro-4-(trans-7-pentyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-trans-2-yl)benzonitrile,
4—(trans—7—pentyl-1,2,3,4,5,6,7,8—octahydrophenanthrene-
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-7-hexyl-1,2,3,4,5,6,7,8-octahydrophenanthrene-
trans-2-yl)benzonitrile,
2-fluoro-4-{trans-7-heptyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-trans-2-yl)benzonitrile,
4-(trans-7-heptyl-1,2,3,4,5,6,7,8-octahydrophenanthrene-
trans-2-yl)benzonitrile,
2,5-diflucro-4-(trans-7-ethyl-1,2,3,4,5,6,7,8-
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-7-butyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-trans-2-yl)benzonitrile,
2,5-difluoro-4-(trans-7-pentyl-1,2,3,4,5,6,7,8-
octahydrophenanthrene-trans-2-yl)benzonitrile,

2,5-difluoro-4-(trans-7-hexyl-1,2,3,4,5,6,7,8~



A mixture of 44.9 g of 4-n-propyl cycl ohexanone (J-1), 5 33.2 g of 50 JAN 2004
nor phol ine and 0.32 g of p-toluenesulfonic acid was dissolved in 200 n

of toluene, and then using a water renoval device, was refluxed under

heat until water ceased to be produaﬁ%, and the resulting product was
vacuumdistilled to vyield 61.4 g of e enamne (J-2). 10 (2) Synthesis

of 4-n-propyl -2-(3 oxobut¥%&%%§Johexanone (J-3 of the enam ne

29.3 g

(J-2) and 28SKRhgATrPHGNER WP SIS Y PEI ZR G0 1R of tol uene, and
then reacteq for 4. hours at 100C_ The sqlution was then treated with 6N
15 hydr ochl ér P¢ IA&Lee tRadindd SansT WaetY land 2dri«éd 3 dfeflor® being  purified
by silica gel chromatography (hexane:rnethylene Pc-GH2 C3H7 Ts OH 3' G JAN
2004 284 chP&tpdydEophenanshyesies trans ¢ ¢l ) bwa 2opditdhids@anone (J-3). (3)
Synt hesi s of 6-n-propyl-4,4a,5, 6,7, 8-hexahydro-2(3H)- napht hal enone (J-4)
5 21.5 g of irR¥aepehehetaidrd s-J-Pramyd dirgsdl fed in 250 m  of net hanol ,
a sodi um net hoxi de solution (4.6 g of sodiumin 250 m of nethanol) was
added, and Phéahiydropbenas thiveme Reldantedkywlader, heat, under an at nosphere
of nitrogen for 90 mnutes. Follow ng neutralization with hydrochloric
acid, the 4-cyano-3,5-difluorophenyl trans-7-propyl-

1,2,3,4,5,6,7,8-octahydrophenanthrene-2-carboxylate,

4-cyanophenyl trans-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-Z-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-2~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-2-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-pentylil-1,2,3,4,5,6,7,8-

octahydrophenanthrene-2-carboxylate,
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10 net hanol was renoved by evaporation and the product extracted into
tol uene. The tol uene extract was washed with water and dried, and then
purified by silica gel chromatography (hexane:nethylene chloride = 1:1)
to yield 13.7 g of the naphthalenong %9-4). 15 (4) Synthesis of
6-n-propyl - 4, 4a, 5, 6, 7, 8- hexahydr o- | - FZ=( 2-

nmet hyl - 1, 3- di oxol an-.2-yl ) et hyl ] - 2( 3H) - napht hal enone (J-5) Under an
at nospher e FCH?PPG&éﬁ“%’.]’?%‘%‘fﬁS%W%‘ﬁwli%éb% per i 6n§ ~was
di spersed in 100 m of dry dinmethyl 20 sul foxide (DVMSO and was then
heated for BRE2RYELCRNFSOLNIERE Wafseairléifas returned to room
tenperature, and a solution of 9.6 of the napht hal enone (J-4) in DMSO
(100 m) wéscyaned3amdittHaosepie; gtharysed fRntaile hour. A sol ution  of
9.8 g of 2-(2-brononethyl)--2-nmethyl-1, 3-di oxolane in DMSO 25 (50 m) was
t hen added, ladd 3t He o &s Ul t8i-og trahwidunop hgas rdth nrered- 2 faarcddx hioar s, 250 . of
a saturated aqueous solution of ammonium chloride was added at 0C, and
t heS pr oduct 4wagatnhehedylUtrANs-Z2004 0289 - 16X, r3act,&d 4,1t,8+ ol uene, dri ed,
and purified by silica gel chromatography (hexane: nmethyl ene chloride =
1:1) to yi ebdt8h4drgpbiname heplkif2alcandexy(lkts),. 5 (5) Synthesis of
6- n- propyl oct ahydro-1-[ 2-(2-net hyl -1, 3- di oxol an-2-yl)
et hyl ] - 2( 1Hi-8gphbhal-Enane opheb)y 1A tiratrsalTy-drepftiyriarL ,(CTHE)4 5®) 611 7 o5 (80 )
of 6.2 g of the

octahydrophenanthrene-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-7-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-triflucromethoxyphenyl)-trans-7-
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-7-vinyl-



napht hal enone (J-5) was added dropwise to a liquid ammonia solution 30 JAN 7004
(approximately 600 m) conprising 0.8 g of lithium 10 Follow ng stirring

for 90 m nutes, 8.0 g of ammonium chloride was added, the amoni a was
removed by evaporation, and the proq¥ﬂ§ was extracted into nethyl ene
chloride. The crude product was purified by silica gel chromatography

(hexane: net hyl ene .chloride =.1:1) to yield 3.7 g of the 15 naphthal enone
(J-6). (6) ﬁ%ﬁé&e&r&hyfﬁﬂpﬁ}e&b{ﬂt—%%ﬁ?’4b,5, 6,7, 8, 8a, 9, 10- decahydr o-
2(3H) - phenant hr engne (J-7). To a soJution of 3.7 of the napht hal enone
(J-6) in 106 £356 11~ (G 5["&?%@@%‘5‘4* UQF e 1Y B Rt behFRs e/ aci d,
and the reactigon was allowed to proceed for 2 hours at 80C. The organic

| ayer was sé&pavatédans hetgrrhiderpieiidudingm hydroxi de was added, and
then using a water renoval device, was refluxed under heat until water
ceased to bé&rgnsddcdd - omphanitle pPricduct’ s iWesthieth sequential ly with a
saturated aqueous solution of sodium bi carbonate and a saturated aqueous
sol Bti on of tetdialmvwdsivrdreardatarahng ol | owi ng drying was purified 3"D JAN
2004 286 by silica gel chromatography (hexane: nethylene chloride = 1:1)
to yield 2. 4rgnef2-He fHermantHr-artdimer dphef)y 1 (A r Byt hesisy bf trans -
7-n-propyl -t et radecahydr o- 2- phenant hrenone 5 (J-8) A tetrahydrofuran (THF)
sol uti on (4@etreheidrdphenaoftidmne,

trans—-2-(3,5~difluoro—-4-chlorophenyl)-trans-7-vinyl-
trans-tetrahydrophenanthrene,

10 trans-2-(trans-l-propenyl)-7-{(4~fluorophenyl} -
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-(trans-l-propenyl)-7-(3,4-diflucrophenyl} -
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}-7-(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-1l-propenyl)-7-(3,5-difluoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7,8~-

25 octahydrophenanthrene,
trans-2-(trans-l-propenyl)-7-(4-difluoromethoxyphenyl) -

1,2,3,4,5,6,7,8-octahydrophenanthrene,



phenant hrenone (J-7) was added dropwi se to a |liquid amoni a solutioﬁOJAN2m4
(approximately 300 m) conprising 0.4 g of lithium Following stirring

for 90 m nutes, 4.0 g of ammonium chloride 10 was added, the amoni a was
removed by evaporation, and the pro%f was extracted into nethyl ene
chloride. The crude product was purified by silica gel chromatography

(hexane: net hyl ene chloride = 1:1) to yield 1.5 g of the  phenanthrenone
(08 15 ( BFe8gnehastaror Rty et s i f Bohaabbhy dr o-
2- phenant hrenal (J-9) 8 mM_ of a Gignard reagent (1 nol/|/THF) prepared
from 1.20 gr6f 3pit ol PG il PRIE P filfresi um was added 20
dropwi se over a period of one hour to a THF (20 m) solution of 1.5 g of
t he phenant krensnd -((Frens-fhe rapaile was! sthiyxab-4or a further 2 hours,
cooled to roomtenperature, and 10 m of a 10% aqueous sol ution of

hydr ochl ori ¢ raéilaowgaetiven piddett ) dnd sti4rd, THe product was extract ed
into toluene, and then 25 washed sequentially with a saturated aqueous

sol biti on of ocsediydmopheadydriateseand a sat urat ed aqueous sol ution of sodi um
chloride. Follow ng drying, the solvent was renoved by 3 0 JAN 2004 287
evapor at i on trangi-@l-d t2ah sg- lofp ddperphanaht (,eénali {lu®o-Fhi s product was
used without purification in the subsequent reaction.
trifluoromethylphenyl)-1,2,3,4,5,6,7,8-
octahydrophenanthrene,
trans-2-(trans-l-propenyl)-7-(4-chlorophenyl) -

10 1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-{trans-1l-propenyl)-7-(3-fluoro~4-chlorophenyl) -
1,2,3,4,5,6,7,8~-octahydrophenanthrene,
trans-2-{(trans-1l-propenyl)-7-(3,5-difluoro—-4-
chlorcophenyl)-1,2,3,4,5,6,7,8-octahydrophenanthrene,

15 trans-2-(trans-l-butenyl)-7-(4-flucrophenyl} -
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-(trans-1l-butenyl)-7-(3,4-diflucrophenyl) ~
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-(trans-1l-butenyl)-7-(3,5-diflucrophenyl)-trans-

20 1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-{trans-1l-butenyl)-7-(3,4,5-trifluorophenyl)~
1,2,3,4,5,6,7,8-cctahydrophenanthrene,
trans-2-(trans-1l-butenyl)-7-(4-triflucoromethoxyphenyl) -
1,2,3,4,5,6,7,8-cctahydrophenanthrene,

25 trans-2-(trans-1l-butenyl)-7-(3-fluoro-4-
trifluoromethoxyphenyl)-1,2,3,4,5,6,7,8-

octahydrophenanthrene,



5 (9) Synthesis of 2-(4-nethylphenyl)-7-n-propyl - 30 JAN 2004

4,4a, 4b,5,6,7, 8,8a, 9, 10-decahydro- (3H and/ or 1H)-phenanthrene (J-10) 2.1

g of the phenanthrenol (J-9) (crude product) was dissolved in 30 m of

toluene, 0.1 g of paratoluenesulfoniﬁ 810 aci d nonohydrate was added, and

then using a water renoval device, t L8nixture was refluxed under heat

until water cease to be produced T&Z gegpgrature was then returned to
“wad3add

room tenpetEdRF o4 ahbiransn ~BRLRAYL} dEL¥RECGfAGani c | ayer was
separated and washed sequentialli with a saturated aqueous 15 sol ution of
sodi um bi cafbbhhier RYtRoREPheaYed-bgtedud s 2sbr it Pon of sodi um chl ori de.
Fol |l ow ng drying, the solvent was renoved by evaporation to yield 2.0 g
of the phene@taledecriigunapyhyrenrade product). This product was used without
purification in the subsequent reaction. 20 (10) Synthesis of
2- (4- et hy | prgt3 = tpapeopypbuteryt hdécabydi bphenanehhenyphenil)) -A
solution of 2.0 g of the phenanthrene (J-10) (crude product) in 30 m of
et Byl acet at &2 ahdd 35 gb of  S9pphbhydirapheasnthrdoa, (wet) were placed in an
autocl ave, and stirred for 5 hours at room tenperature under a hydrogen
pressure oftdankglerafotlemmngnyehovValdoetrihtucabakystylbhehiiiti-ation 3 0
JAN 2004 288 through celite, the solvent was renoved by evaporation to
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-{trans-l-butenyl)-7-(3-fluoro-4-
trifluoromethylphenyl)-1,2,3,4,5,6,7,8-

10 octahydrophenanthrene,
trans—-Z2-(trans-1-butenyl)-7-(3,5-difluorc-4-
trifluoromethylphenyl)-1,2,3,4,5,6,7,8-
octahydrophenanthrene,
trans-2- (trans-1-butenyl)-7-(4-chlorophenyl) -

15 1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2- (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-{trans-1l-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-coctahydrophenanthrene,
trans-2-(trans-l-pentenyl)-7-(3,4,5-trifluorophenyl)-

1,2,3,4,5,6,7,8-coctahydrophenanthrene,



0
yield 2.0 g of the phenanthrene (J-11) (crude product). This product:ivxra‘lsmm4

used without purification in the subsequent reaction. 5 (11) Synthesis of
2- (4- met hyl phenyl ) - 7- n- propyl -

4aa, 4b13, 8aa, 8b( 3-t et radecahydr ophenaér}tghr ene (I1-Al') 2.0 g of the

phenant hrene (J-11) (crude product) was dissolved in 30 m of

di met hyl f or panm de,( 0.7 f ot gssi um.t - but oxi.de was then added
and the nixgg?gswés?gg%Pﬁxédp%ﬁ@é?“ﬁgép ﬂgr%§ JuieEe QQgﬁh?%%thxture
was then cooled to_rqo enperature, 10 m_of water was added, and the
m xture was ekt Saétéd%md[}]rh_ﬁﬁgag@‘{ﬂowme@fe'tol uene. The organic

| ayers were conbined, and then washed sequentially 15 with 200 nL portions
of a 10@6aqEEBD§'§6Nﬁfﬁ@ﬁ'&rpﬁy&ﬁﬁﬁﬂﬂGﬂ' 3-4div®rox dsat ur at ed aqueous

sol ution of sodium bicarbonate, and_ a saturated aqueous sol ution of

sodi um chl oEFdélupsprghheg yPdegivdd, ~ e 3 dive® \ds renoved by

evaporation, and the crude product purified by silica gel chromatography

(t ot uene) teckehydspghenenghgen®, (4-net hyl phenyl) -7-n-propyl-4aa, 4b(3,

8aa, 8bR- tetradecahydrophenanthrene (11-Al). (Exanple 33) Synthesis of

trans- 2- - propghs72td krkosr-dmpendey-y8. ) fH7udrke Stddfdubrd, -3 4, 4a, 9,

10, 10a- oct ahydr ophenant hrene (I-Al) 3 0 JAN 2004 289 J-1 HBr
trifluoromethoxyphenyl)-1,2,3,4,5,6,7,8-
octahydrophenanthrene,
trans-2-(trans-l-pentenyl)-7-{4-difluvoromethoxyphenyl) -

10 1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-({trans-l-pentenyl)-7-(4-trifluoromethylphenyl) -
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-(trans-l-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}-7-(4-chlorophenyl) -

20 1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans-2-(trans-1l-pentenyl)-7-(3-fluoro-4-chlorophenyl) -
1,2,3,4,5,6,7,8~octahydrophenanthrene,
trans-2-(trans-l-pentenyl)-7-(3,5-difluoro-4-
chlorophenyl)-1,2,3,4,5,6,7,8-cctahydrophenanthrene,

25 trans-2-(trans-3-pentenyl)-7-(4-flucrophenyl) -

1,2,3,4,5,6,7,8~octahydrophenanthrene,

trans-2-(trans-3-pentenyl)-7-{3,4-diflucrophenyl)-



10 AcOH J-2 CICSZCxHS F n F CA-- xUrOH C3147 --(\ ~U-OCF3 J-3 1-A 30 JAN 2004
MEEC- 31 (1) Synthesis of trans-2-propyl-trans-4b,5,6,7,8,8a,9, 10-

oct ahydr ophenant hren-7-0ol (J-2) 5 A m xture of 20 g of -

7- met hoxy-trans--2-propyl -trans- 4, 4a, 9, 10, 10a- oct ahydr ophenant hr ene
(J-1) (synthesis of this corrpound V\% carried out using the method

di scl osed | ., Vi onhe a . ues, Nouv. J. Chim, 8, 445

(1984)), SOPﬁ5:%¢ gie%i% gﬁ?ﬁ Rggéﬁpﬁfnaﬂthé@ ﬁydrobronlc 10 acid was

refl uxed under heat for 10_hours ¥i§ % g %f t he

oct ahydr ophehii T ent 5286 - %Jp%lte{'iy ) 3ynt A fuorop enyl) -trans-

1-fluoro-trans-7- 8ropgl-t

4b, 5,6, 7, 8, B2 93+ a?my%r%ﬁ%éhéﬂ%ﬂ%ﬁné%hr?@es) 15 12.2 g of the

oct ahydrophenant hren-2-ol (J-2) was dissolved in 60 nl of mnet hyI ene

chl oride, OtxaRsvf- sbERLAT 3 rPeRTeBYbhef haheduPronaféupasrhgaed,) and t hen

with constant stirring, 10.7 g of MEC- 31 was added in four separate

porxions at,dnd hobirti ntéreatshy@pbpbenagtbubsequent stirring for 5 20

hours, 20 m of water was added, the product was extracted
trans-2-(trans-3-pentenyl)-7-(4~trifluocromethoxyphenyl} -
1,2,3,4,5,6,7,8-octahydrophenanthrene,
trans—-2-~(trans-3-pentenyl)-7-(3-fluoro=-4-
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-flucro-4-chlorophenyl} -

1,2,3,4,5,6,7,8-octahydrophenanthrene,



30 aIAN 1004

into nethylene chloride, and then washed sequentially with water an
satur ated aqueous sol ution of sodiumchloride, 30 JAN 2004 290 before
being dried and the solvent renoved by evaporation to yield 10.5 g of the
conmpound (J-3). This product was useg Wi t hout purification in the
subsequent reaction 5 (3) Synthesis 8t

trans-2-pro %rlfluoro t hoxy-8-fI

trans-1, 2, 3 aﬁﬁ 16X 28 Qﬁ%ﬁﬁ%ﬁﬁeﬁaﬁ%hﬁeﬁéq%HQQ% 4K suspensi on was
formed of 1.7 of sodi_.um_hydri de of tetrahydrofuran (THF), and a
sol ution ofCEQOSOQhSﬂYﬂHel @o@p&uﬁﬂEKj4§ﬁQQﬁ@RJQﬁORﬂe”ﬁq§ﬂ&%PQMen added
dropwi se to the 10 suspension. Foll ow ng stlrrlng for one hour, a solution

of 8.1 g ofrsnatRyll3chusesdilt mloddridnarenhensd iml é% 37Hg e 7 dttded
dropwi se to the reaction m xture. Following stirring for a further one
hour, 20 m ootahwtisrphesaaddaengnd the mixture was extracted with 60 m

of ethyl acetate. The 15 organic |ayer was washed with water, dried, and

t heb sol vent trappp?ed 3bpudeaydn at/i-diB , 4o diifdlud ropHeny 10f- S- et hyl - 8-f | uor o- 2-
propyl -trans-4b, 5, 6, 7, 8, 8a, 9, 10- - oct ahydr ophenant hren- 7- vyl

chl or odi t hi b¢ay Bpaate 6, Thiss cearhguind ph@asatitdseineed in 50 m of net hyl ene
chloride, and then added dropwi se to a cooled 20 solution at 0C of 300g of
a hydrogen tkuasi-de-debatiensl)comlied—and Luorophenyl)-trans-

1, 3-di brono- 5, 5-di net hyl hydantoin in 1 1 of methylene chloride. Follow ng

stlrrlng for, §Q3nung§@$n 300 dHlah vefr opie@la s cd@ded, the organic layer was
separ at ed and washed
trans-2-(3-butenyl)-7-(3,4,5-trifluorophenyl) -

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~-occtahydrophenanthrene,
trans-2-(3-butenyl)-7-(4-triflucromethylphenyl) -
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,



with water, and follow ng drying, the solvent was renoved by 25 50 JAN- 200k
evaporation to produce a reside, which was subsequently purified by
silica gel chromatography (devel opi ng solvent: hexane). The purified
product was dissolved in 50 m of THE_, 3 a JAN 2004 291 and with the
tenperature at -78C, 50 mMl of a 1.6 ﬁﬁﬁ-butyl l'i thi um hexane sol ution was
t hen added dropw se. Follomﬁn? stirring for 20 mnutes, 10 m of water
was added, thensrganpcbukgped’wds (dephitareghgnd adhed ni% e vfat Br€-and
following 5 drying, the solvent was renoved by evaporation to produce a
resi de, whichtahgdsapbenasthirgngurified by silica gel chromatography
(devel opi ng sol vent: hexane/ethyl acetate 9/1), and then recrystallized
from et hanotransyPel(d-Buegydf -7- (3-fluocro-4-chlorophenyl) -
trans-2-propyl -7-trifluoronethoxy-8-fluoro-trans 10 1, 2, 3, 4, 4a, 9, 10,
10a- oct ahydrpphenanptheene 8t bchAlahydadsphehbowhrietiea degrri ption of specific
exanpl es of preferred conpounds. In the description of these specific
exagpl es, theahelbowsrpudbbreyi-ati(Gns-ane lused- 43 ch LANpHMIM, 1292 B 10:
B50: Al10: -0- A20: -G A30: U A40: R: ROL:CH3 RO02: Al ky(C2-C5)
1,2,3,4,5,6,7,8~octahydrophenanthrene.

(Example 32) Synthesis of 2-(4-methylphenyl)-7-(n-propyl)-

dact, 4bp, 8ac, 8bp-tetradecahydrophenanthrene (II-Al)

0
(]
Q C3H, N GH; H,C=CHCOCH; CsHy
i
0 ¢~ N 00
o/ H

@-1) J2)
J-3)

_NaOCH; gcﬁ “~5 _ ro Cyth
"o
A 1\/062“

-4

) C;H i
_LNEy 0 7 LEa " @ GHy Li/NH,
o - 2. NaOH @
0o 0

10 J-6) {J-7



RG3: CH22 RO4: CHZ CHCH3 RO5: CH2CH-CH2 R06:CH2 | CH2CH3 RO7: CH2Cl1- HCSH%F%N "

RO8: CH2CH2CHCH2 R09: CH2- CHCH2CH2CH3 Ri O CH2CH CHCHZCH3 R |
CH2CH2CH=CHCH3 R12: CH2CH2CH2CHCH2 L: LIiOCHCH2 XI, X2 : XOO=H X 1 O= F
Z: ZOO =H Z1C=F Z20=0CF3 Z21=0CHF2 _Z22=0CHZF Z30=CF3 Z40=CN In the
above, partial structures or acconpagﬁﬁng items or synbols represent the
sane neaning as described in claiml. Preferred conpounds can be

di spl ayed by usﬁ e OOHDI natigns of 5 the abbredialNy 5% for these parti al
structures. For g¥dnple, Br fmul a RO5- Ad B42- X10ps¥80- 222
( a
H

represents @@ npound—stTown bet oM.

(J-8) J-9)

(1) Synthesis of l-morpholine-4-n-propyl-i-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
yield 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



3 0 JI.N 2004 293 F CH2=CHCH2- ~ )}- CHZCHL U () OCH2F F 30 JAN 2004
RO5- A40- L10O B42- X10- X00- 222 X1, X2 and Z are recorded in this order.
Furthernore, the specific exanples listed below represent only a portion
of the 5possible sanple conpounds, and do not in any way limt the scope
of the present invention. 284
R02- B10- H H- ZOOR02- B10- H H- ZI ORO2- B10- H H Z20R02- BLO- H- H- Z30
R02- B1OhHor HdZ48R02 1Bl OoHYREE200RA25B80o HhE ozl aBleangner- 1p03) -
10R02- B10- H F- Z30R02- B10- H F- Z40R02- B10- F- - H ZOOR02- B10- F- H Z10
RO2- B10- F- H Z20R02- B10- F- H Z30R02- B10- F- H Z40R02- B10- F- H- 740
R0O2- B10- F- F- ZOOR02- B10- F- F- Z10R02- B10- F- F- Z20R02- B10- F- 15F--2Z30
RO2- B1Q3F- ByA4bRe2sB2E- d-H-LOORY2—4BAG- 15 14, 71 GROZ B0 12 ZHD) -
RO2- B20- H- H- Z30R02- B20- H- H- Z40R02- B20- H- F- ZOOR02- B20- H- 20F- Z10
RO2- B2QaphthZ36R0AeB30-H F- Z40R02- B20- F- R02- B20- H- F- Z20
5 21.5 g of the cyclohexanone (J-3) was dissolved in 250 ml
of methanol, a sodium methoxide soclution (4.6 g of sodium in
250 ml of methanol) was added, and the mixture was then
refluxed under heat, under an atmosphere of nitrogen for 90
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-1,3-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 sulfoxide (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 agueous soclution of

ammonium chloride was added at 0°C, and the product was then



30 JAN 2004
H Z0O RO2- B20- F- H- Z20R02- B20- F- H- Z30R02- B20- F- R02- B20- F- H-Z10 H- Z40
RO2- B20- F- H- Z40R02- B20- F- F- ZOOR02- B20- F- F- Z10R02- B20- F- 30 JAN 2004 294
F-Z20 RO2-B20- F- F- Z30R02- B20- F- F- Z40R02- B30- H- H- ZOOR02- B30- H- H- Z10
ROZ-BBO-H-H-220R02-BBO-H—H—ZBOROZ-BBgéH:H-Z4OR02-BBO-H- 5F-Z00
RO2- B30- H- F- Z10R02- B30- H- F- Z20R02- B3 F- Z30R02- B30--H F-240

RO2- B30- F- H ZOOR02- B30- F- H-ZlO 0- F- zzo 730
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5 (5} Synthesis of 6-n-propyloctahydro-1-[2-{2-methyl-1,3-
dioxolan-2-yl)ethyl] -2 (1H) -naphthalenone (J-6)

A tetrahydrofuran (THF) solution (80 ml) of 6.2 g of the
naphthalenone (J-5) was added 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 intoc methylene chloride. The crude
product was purified by silica gel chromatography
(hexane:methylene chloride = 1:1) to yield 3.7 g of the

15 naphthalencone (J-6).

(6) 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 hydrochleric acid, and the
reaction was allowed to proceed for 2 hours at 80°C. The
organic layer was separated, 3 ml of 1N agueous sodium
hydroxide was added, and then ﬁsing a water removal device,
was refluxed under heat until water ceased to be produced.
25 The crude product was washed sequentially with a saturated
agueous solution of sodium bicarbonate and a saturated aqueous

solution of sodium chloride, and following drying was purified
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{7) Synthesis of 7-n-propyl-tetradecahydro-2-phenanthrenone
5 (J-8)

A tetrahydrofuran (THF) solution (40 ml) of 2.4 g of the
phenanthrencne (J-7) was added dropwise to a liquid ammonia
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/l/THF) prepared from
1.20 g of p-teolylbromide 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 agqueous solution of
sodium bicarbeonate and a saturated aqueous solution of sodium

chloride. Following drying, the solvent was removed by
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3 (9) Synthesis of 2-(4-methylphenyl)-7-n-propyl-
4,4a,4b,5,6,7,8,8a,9,10-decahydro-(3H and/or 1H)-phenanthrene
(J-10)

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 aqueous
15 solution of sodium bicarbonate and a saturated agqueous
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
purificaticon 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
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reaction.

(11) Synthesis of 2-(4-methylphenyl)-7-n-propyl-
dao, 4bp, 8aa, 8bp-tetradecahydrophenanthrene (II-Al)
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 aqgqueous 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 vyield 1.0 g of 2-{4-methylphenyl)-7-n-propyl-4aca, 4bf3, 8ac, 8bp-

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}
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(1) Synthesis of trans-2-propyl-trans-4b,5,6,7,8,8a,9,10-
octahydrophenanthren-7-ol (J-2)

S 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)), B0 mL of acetic acid and 80 mL of 40% hydrobromic

10 acid was refluxed under heat for 10 hours, and yielded 192.1 g

of the octahydrophenanthren-2-ol (J-2}.

{2} Synthesis of 1-fluoro-trans-7-propyl-trans-
4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-0l (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 agueous solution of sodium chloride,



F- 20O RO5- B30- H E- Z20R05- B30- H- F- Z30R05- B30- H- R05- B30- H- F- Z10 5F-238JANZMM

RO5- B30- F- H- ZOOR05- B30- F- H- Z10R05- B30- F- H Z20R05- B30- F- H-Z30

RO5- B30- - F- H- Z40R05- B30- F- H- Z40R05- B30- F- F- ZOOR05- B30- F- F-Z10
10R05-830-F-F-ZZOROS-BBO-F-F-ZBOROS-?%B F- F- Z40R05- B40- H H ZOo
RO5- B40- H- H- Z20R05- B40- H- H- Z30R05- B40--"H- R05- B40- H- H-ZI O H- Z40

RO5- B40- H- F- ZOOR05- 0- H-F- ZZOR05 0- H_ 15F- Z30
RO5- 548 Hoﬁezﬁﬁﬂzﬁﬁ ée gc%%ﬁd 0-F 2R Agron to

RO5- B40- F- H Z30R05- B40- F- - H Z40R05- B40- F H—Z4OR05 B40- F- 20F- ZOO
RO5- B4Giplp. 290R05- BA0tPer-CPRRRYS\ BRI B -RoS-BA) FEGE SO a7 4p5ed
RO5- B50- H- H- ZOOR05- B50- H- H- Z10R05- B50- H- H- Z20R05- B50- H H- Z30

RO5- B5@1iHhpuz4pRYS IRSE-LHOR. Z0000S BRI anefORBRGEMN -H  25F- 720

5 {3) Synthesis of trans-2-propyl-7-triflucromethoxy-8-fluoro-

trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (I-Al)
A suspension was formed of 1.7 g of sodium hydride in 5

ml of tetrahydrofuran (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-dimethylhydantein 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 THEF,
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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 1,2,3,4,4a,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.
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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-Z22 represents the

compound shown below.
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X!, X? and Z are recorded in this order.
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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.
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R0O4~A20-Bl0O-F-F-210
RO4-A20-B10-F-F-240
R04-A20~-B20-H-H-220
R04-A20-B20-H-F-200
R04-A20-B20-H-F-230
R04-A20-B20-F-H-Z210
R04-A20-B20-F-H-Z40
RO4-A20-B20-F-F-220

R04-A20-B40-H-H-Z00

R04-A10~B50-F-H-Z240

R04-A10-B50-F-F-220

R04-A20~-B10-H-H-Z20
R04-A20-B10-H-F-Z00
RO4-A20~B10-H-F-Z30
R04-A20~-B10-F-H-Z210
R04-A20-B10-F-H-Z40
R04-A20-B10-F-F-220
R04-A20-B20-H-H-Z00
RO4-A20-B20-H-H-Z30
R04-A20-B20-H-F-210
R04-A20-B20~H-F-240
RQ4-A20-B20-F-H-220
R04-A20-B20-F-F-Z00
R0O4~-A20-B20-F-F-230

R04-A20-B40-H-H-210

30 JAN 2004



3 0 JAN 2004 (K-1) C3H7 5) C2HS000l AlCl3 (K-3) 31#
~2) H+ (K-2) H2~(~<1) n-BuLi

Pd( PPh3) 4/ Na2CO3 C3H7 (0-u) (1) Synthesis of

2- propionyl -1,

of

10

15

20

25

-10C,

-10C, 25.4

R04-A20-B40-H-F-230
R04-A20-B40-F-H-210
R04-A20-B40~F-H-240
R04-A20-B40-F-F-220
R04-A20-B50-H-H~-Z00
R04-A20-B50-H-H-Z30
R04~A20-B50-H-F-210
R04-A20-B50-H-F-Z240
R04-A20-B50~-F-H-220
R04-A20-B50-F-F-200

R04-A20-BS0-F-F-230

RO4-A30-B10-~-H-H-Z00
R04-A30-B10O-H-H-Z30
R04-A30-B10-H-F-210
R04-A30-~-B10-H-F-740
R04-A30-B10O-F-H-220
R04-A30-B1l0-F-F-200
R04-A30-B10-¥-F-230
R04-A30-B20-H-H-Z10
R04-A30-B20-H-H-Z40
R04-A30-B20-H-F-Z20
R04-A30-B20-F-H-Z00
R04-A30-B20-F-H-Z30

R04-A30-B20-F-F-210

R0O4-A20-B40~H-F-Z40
R04-A20-B40-F-H-220
RO4-A20-B40-F-F-Z00
RO4-A20-B40-F-F-230
R04-A20-B50-H-H-Z10
R04-~A20-B50-H-H-240
R04-A20-B50-H-F-220
R04-A20-BS0-F-H-Z00
R04-A20-B50-F-H-Z230
R04-A20-B50-F-F-210

R0O4-A20-B50-F~F-7240

R04-A30-B10~H-H-210
R04-A30-B10-H-H-Z40
R04-A30-B1l0-H-F-~Z220
R04-A30-B10-F-H-Z00
R04-A30-B10-F-H-Z30
R04~A30-B1l0-F-F-210
R04~A30-B10~F-F-Z40
R04-A30-B20-H-H-Z20
R04-A30-B20-H-F-ZC0
R0O4-A30-B20-H-F-Z230
R04-A30-B20-F-H-Z10
RO4-A30-B20-F-H-Z40

R04-A30-B20-~-F-F-Z20

Pd- CC 2) B(OCH3)3 3 (

bon di sul fi de,

R R R R T T R T

ﬁrO%QOHXEOCEM%rhde

2100 X

1C-4)3) H' B(OH)2

-1, 8-di fl uorof | uorene (K—g; 50.5 g of 1,8-difluorofluorene
(K-1) was dissolved in 150 5 ml of P

was | owered to
anRO4rda4- %ﬂGWﬁnﬂnz
hel d at
peri odRBf - B@bn5ﬁ9r5§F ﬁﬁ

Wed A e se-vso
R04-A20-B40~F~H-200
RO4-A20-B40-F-H-230
RO4-A20-B40-F-F-210
RO4-A20-B40-F-F-240
RO4-A20-B50-H-H-220
RO4-A20-B50-H-F-Z00
RO4-A20-B50-H-F-Z30
R04-A20-B50-F-H-Z10
RO4-A20-B50~F-H-Z40

R0O4-A20~B50-F-F-220

R04~-A30-B10~H-H-Z20
R04-A30~-B10-H-F-200
R04-A30-B10-H-F-230
R04-A30-B10-F-H-210
R04-A30-B10-F-H-Z40
R04-A30~-Bi0-F-F-220
R04-A30-B20-H-H-200
R04-A30-B20-H-H-Z30
R04-A30-B20-H-F-2Z10
R04-A30-B20-H-F-Z40
R04-A30-B20-F-H-220
R04-A30-B20-F-F-Z200

R0O4-A30-B20-F-F-230

F 1) NaBH4 CH oAl 2004

and the tenperature

30 g
Q stirl



10 mi xture was then stirred at the sanme tenperaturé for 2 hours.

Fol | ow ng conpl etion of the stirring,
into 200 m of cooled 1N dilute hydrochloric acid,
with 250 ml of tol uene.
with 100 ml portions of water.
renmoved by
chronaBB@F

2- propi onyl -

> £1propenanzgrg-a-BoaRer LBPETRabrarb iyt s NGAoh Dsa R er o
S St

tenperature was 5

The t hus obt ai ped

f 20.5 % of
HanBP4af38-£4

the reaction m xture was

t he sol vent was

3U JAN 2004

pour ed

and was then extracted
} organi c | ayer was washed tw ce

15 Fol'TOow ng dryi ng,

%gﬁgﬁé’ b %F'aﬁ% g?Bf ORbgigéE@Qggﬁ%HSH%%UOed RBY -2130-23 9% -K-210

is of
ride

B SPaA Fd RaSlr

radual Iy rai sed, and then held at for two hours to

g Q
aIIOM/RBheAB@aEﬂ00H—FOZ§900886TAﬁQFBGQngFESﬁSIe@pﬁﬁﬁﬁsﬂﬁﬂg'ﬂ?ﬂﬁﬁq n, 30
m of 1N dilute hydrochloric acid was added to
ni x@ ur B0 4aAd0tBA0EtHaRal wRE RS -BéRoVed -Z8Y eRddoreli& Afadl-47uced

pressure.

the cool ed reaction

The residue was then 10 extracted into 100 m of tol uene.

The

or gani R0kanadp-BAas-FnisAed WROH-2G0 B 0oF HalZ@f. RO-GWOTRAPEHT,ZH0 0 g of
p- toluenesul fonic acid nonohydrate was added,
ref | uxed4underBhsar-Fok26ne RIGuA30TRE Or&adt-iZéf niRetdmPs 0 idd i 2Hbl ed to

room tenperature,

and the m xture

was

7 m of a 1IN aqueous 15 solution of sodi um bicarbonate

was added-be0oReBOFHFHZE 0Dhe ROA-ABOF® 5 Oahiat H-11d Oni »ROdr-é ke X0rdhr ivasded wit h
100 M of water.

10

15

20

25

R04-A30-B50-H-H-230
R04-A30-B50-H~-F-210
R04-A30-BSO-H-F-Z40
R04-A30-B50-F-H-Z20
R0O4-A30-B50-F-F-Z00

R04-A30-B50-F-F-230

R04-A40-B10-H-H-200
R04-A40-B10-H-H-Z30
R04-A40-B10-H-F-Z10
R04-A40-B10-H-F-Z40
R04-A40-B10-F-H-220
R04-A40-B10-F-F-Z00
R04~A40-Bl0-F-F-Z30
RO4-A40-B20-H-H-Z10
R04-A40-B20-H-H~-Z40
R04-A40-B20-H-F-220
R04-A40-B20-F-H-200

R04-A40-B20~F-H-230

RO4-A30-B50~H-H-Z40

RO04-A30-B50-H-F-220

R04-A30~B50-F-H-Z00

R04-A30-B50-F-H-Z30

R0O4-A30-B50-F-F-Z10

R04-A30-B50-~-F-F-240

R04-A40-B10-H-H-Z10

R04-A40-B10-H-H-240

R04-A40-B10-H-F-220

RO4-A40-B10-F-H-Z00

R0O4-A40-B10-F-H-230

R04-A40-B10-F-F~210

R04-A40-B10-F-F-Z40

R04-A40-B20-H-H-Z220

R04-A40-B20-H-F-200

R04-A40~B20-H-F-230

R0O4~A40-B20-F-H-210

R04-A40-B20-F-H-Z240

RO4-A30-B50-H-F-Z00
R0O4-A30-B50-H~F-230
R04-A30-B50-F-H-Z10
R04-A30-BS50-F-H-Z240

RO4-A30-B50-F-F-220

R0O4-A40-B10-H-H-Z20
R04-240-B10-H-F-Z00
R0O4~-R40-B10-H-F-Z230
R04-A40-B10-F-H-210
R04-A40-B10-F-H-Z40
R04~A40-B10~F-F-220
R04-A40~B20-H-H-Z200
R04-240-B20-H-H-230
RO4—A40—B20—H-F—ZIO
R04-A40-B20-H-F-240
R04-A40-B20-F-H-220

R0O4-A40-B20-F-F-Z00



Fol | owi ng drying, the solvent was renoved by evaporation to yield 15&?4?2W4
(crude product) of 2-(l-propen-1-yl)--1,B- difluorofluorene (K-3). This
product was used wi thout 20 purification in the subsequent reaction. (3)
Synthe3|s of 2-propy|-1,8-dif|uoroflgggene (K-4) A mxture of 19.3 g of
2-(1-propen-1-yl)-1,8 difluorofluore (K-3) (crude product), 1.5 g of 5%
pal | adi um 25 carbon, 80 m of ethangl and t ol ue
hydr ogBRhtAH0-B@r Faf-81AouROAAA8GBAP - Fognﬁggnp A éﬁﬁ)n@d%r23o
at nospheric pressure, with constant stirrin The paIIadlun13 0. JAN 2004
321 cBPbhohi\aB2PeRoieddBy ROArA4PBAD-HE- g@@veﬁ@*mﬁﬁQﬂﬁﬂﬂl 7% the
filtrate by evaporation under reduced pressure, and the reS|due was t hen
pur|f|Ed4b&4@r$4@aﬂgéfZ&@Iuﬁﬁ4cﬁﬁ8n§ﬂﬁgﬁaﬁhﬁ30(h@@émﬁﬂQT?%ﬂeﬂ?ﬁ?ﬁ%pg of
2-propyl -1, 8-difluorofluorene (K5 4). (4) Synthesis of
7- (2- prROPyALQ; B0 dHEFuBPOf | BOReAYO)BEPHE -EciZa O( KRSY 28 OmiB4f-Hr A=%D M
n-butyl |ithium hexane solution was 10 added dropw se, over a 30 m nute
perg odranda ab-n40 eAPEFABOr e ROR ~ARBEB 400 Ha FmigsdtOur & Odif- 2805 Bt (bfF-H-Z00
2-propyl -1, 8- difluorofluorene (K-4) and 50 nl of THE, and the resulting
n1xturgoma§4gh3mosFLHLedofORO@na4meBmD—WFHhZQ@e tRerip A4 - Frell 1% 30 ned at
this level, a solution of 5.2 g of 15 trinethylborate in 20 mM of THE was

added dpopuisesho-thg-z40

R04-A40-B40-F-F-220

RO4-AR40-B50~H-H-Z200

R04-A40-B40-F~-F-Z00

R04-A40-B40-F-F-230

R04-A40-B50-H-H-210

R04-A40~B40-F-F-210
R04-RA40-B40-F-F-240

R04-A40-B50-H-H-220

10 R04-A40-BS0-H-H-Z30 RO4-A40-B50-H-H~Z240 RO4-A40-B50-H-F-Z00
R04-A40-B50-H-F-Z10 RO04-A40-B50-H-F-220 RO04-A40-B50-H-F-Z30
RO4-A40-B50-H-F-240 R04-A40-B50-F-H~-Z00 RO04-A40-B50-F-H-Z10
RO4-A40-B50-F-H-220 R04-A40-B50-F-H-Z30 R04-A40-B50-F-H-Z40
RO4-A40-B50~-F-F-Z00 R04-A40-B50-F-F-Z10 R04-A40-B50-F-F-220

15 R04-R40-B50-F-F-Z30 RO04-A40-B50-F-F-Z40
R10-A20-B10-H-H-Z00 R10-A20-B10-H-H-Z10 R10-A20-Bl0-H-H-Z2Q
R10-A20-B10-H-H-Z30 R10-A20-Bl0-H-H-Z40 R10-A20-B10-H-F-Z00
R10-A20-B10-H-F-Z10 R10-A20-B10-H-F-Z20 R10-A20-B10-H-F-Z30

20 R10-A20-B10-H-F-z40 R10-A20-B10-F-H-200 R10-A20-Bl0-F-H-Z10
R10-A20-B10-F-H-220 R10-A20-Bl0-F-H-2Z30 R10-A20-B10-F-H-Z40
R10-A20-Bl0-F-F-Z00 R10-A20-B10-F-F-2Z210 R10-A20-B10-F-F-220
R10-A20-B10-F-F-230 R10-A20-B10-F-F-Z40 R10-A20-B20-H-H-Z00
R10-A20-B20-H-H-7210 R10-A20-B20-H-H-Z20 R10-A20-B20-H-H-Z30

25 R10-A20-B20-H-H-Z40 R10-A20-B20-H-F-zZ00 R10-A20-B20-H-F-Z10

R10-A20-B20-H-F-Z20

R10-A20-B20-F-H-200

R10-A20-B20-H-F-Z230

R10-A20-B20-F-H-Z10

R10-A20-B20-H-F-240

R10-A20-B20-F-H-Z20



! :
reaction mixture over a 30 minute period, and the tenperature was §HeHN2m4
gradually raised to roomtenperature, and the mxture stirred for a
further 2 hours. Followi ng conpletion of the reaction, the reaction

m xture was poured into 80 m of 2N 20 dilute hydrochloric acid, and then
extracted with 300 mi of toluene. TR&° hus obt ai ned organi c | ayer was
washed with water, dried, and the solvent renoved by evaporation_ under
reduce®1prégouB@0-ThE-289i did dnds ey iadhed Wi th HddheE 1o §ikral8. 2 g

of 7-(2-propyl-1,8-difluorofluorenyl)boric acid 25 (K-5). (5) Synthesis

of 7-( &16eRRPHBROMFT-F-210n- RilopA0-BLR 08 F3* By ZPAN RIoU- 7822~ BE 41 (iof of BQor ene
(I'r-11) To 200 mM of toluene was added 8.2 g of (2-propyl-1, 8--

di f | uoraDl-aa0eBI0)-Fofi-C 4dci ®R1OKEE)0-BA 4 Hy Hof2 08 | Rt AAUeTRE0-FH-HnEl1df 2M
aqueous sodi um carbonate, 0.5 m of ethanol and 1.0 g 5 of

t et r akirg Ot-e2pReaY-pheisZI2i0n e )R8l -2 B0 -dhd 4230 mBAAHAL Gveld O rlefHuX €@ under
heat for 20 hours. The reaction m xture was then washed sequentially with
water ang-a2zgabunatsd-agqueors 0 -F3]OHE 4 P -gadi urR loiv Al 0 €4 0 €k + BelZ 2 @ind

then purified by silica gel chromatography to yield 7.1 g of 7-(4 10

net hyl phenybh—240n-Hrropylo) - R18--diXd i -worerte (16440~ K Exarvpil ez 35)
Preparation | of a liquid crystal conposition A host

liquid crystal

CoNpos ighigQR 20HpLh -&i- H-78 ¢ 0 @S2 03B AN awH -3l (OW RS- AT BPRM @ -H-2 30

10

R10-A20-B40-F-H-Z240
R10-A20-B40-F-F-220
R10-A20-B50-H-H-Z00
R10-A20-B50-H-H-230
R10-A20-B50-H-F-210
R10-A20-B50-H-F-Z40

R10-A20-B50-F-H-220

R10-A20-B40-F-F-200

R10-A20-B40-F-F-Z30

R10-A20-B50-~-H-H-Z210

R10-A20-B50-H-H-240

R10-A20-B50-H-F-220

R10-A20-B50-F-H-Z200

R10-A20-B50-F-H-Z30

R10-A20-B40-F-F-210
R10-A20-B40-F-F-240
R10-A20~-B50-H-H-Z20
R10-A20-B50-H-F-Z00
R10-A20-B50~-H-F-230
R10-A20-B50-F-H-210

R10-A20~-B50-F-H-Z40

15 R10-A20-B50-F-F-200 R10-A20-B50-F-¥-Z10 R10-A20-B50-F-F-220
R10-A20-B50-F-F-Z30 R10-A20-B50-F-F-Z40
R10-A30-Bl0-H-H-Z200 R10-A30-Bl0-H-H-Z210 R10-A30-B10-H-H-Z20
R10-A30-B10-H-H-230 R10-A30-B10-H-H-Z40 R10-A30-Bl0-H-F-Z00

20 R10-A30-B10-H-F-210 R10-A30-B10-H-F-220 R10-A30-B10-H-F-Z30
R10-A30-B10-H-F-240 R10-A30-B10-F-H-Z200 R10-A30-B10-F-H-Z10
R10-A30-B10-F-H-220 R10-A30-B10-F-H-Z30 R10-A30-B10-F-H-Z40
R10-A30-B10-F-F-Z00 R10-A30-Bl0-F-F-210 R10-A30-Bl0-F-F-220
R10-A30-B10-F-F-230 R10-A30-Bl0-F-F-Z240 RI10-A30-B20-H-H-200

25 R10-A30-B20-H-H-7210 R10-A30-B20-H-H-z20 R10-A30-B20-H-H-Z30

R10-A30-B20-H~H-240

R10-A30-B20-H-F-Z20

R10-A30-B20-H-F-Z00

R10-A30-B20-H-F-230

R10-A30-B20-H-F-210

R10-A30-B20-H-F-240



50% (H1) 50% 15 The physical properties of this conposition (H1) %péAgé%#
shown bel ow. Nematic phase upper limt tenperature (TN 1):116.7C Solid
phase or smectic phase to nematic phase 11C transition tenperature (T-+N)
Threshol d voltage (Vth):2.14 V D elegggic ani sotropy (0e):4.8 3 0 JAN 2004
323 Birefringence (An): 0.090 Measured at 20C. Wien a liquid crystal

e R e
e Phushcghopeopert hes 8!, Lhe cambashivon OIGL) SELS A e belw

phase to nematic

phase
R10-A30-B20-F-F-210

R10-A30-B20-F-F-Z40

R10-A30-~-B20-F-F-220

R10-A30-B40-H-H-Z200

R10-A30-B20-F-F-230

R10-A30-B40-H-H-Z10

5 R10-A30-B40-H-H-220 R10-A30-B40-H-H-Z30 R10~-A30-B40-H-H-Z40
R10-A30-B40-H-F-200 R10-A30-B40-H-F-210 R10-A30-B40-H-F-220
R10-A30-B40-H-F-230 R10-A30-B40-H-F-Z40 R10-A30-B40-F-H-2Z00
R10-A30-B40-F-H-210 R10-A30-B40-F-H-Z20 R10-A30-B40-F-H-Z30
R10-A30-B40-F-H-Z240 R10-A30-B40-F-F-200 R10-A30-B40-F-F-Z10

10 R10-A30-B40-F-F-Z20 R10-A30-B40~F-F-Z30 R10-A30-B40-F-F-Z40
R10-A30-B50-H-H-Z00 R10-A30-B50-H-H~Z10 R10-A30-B50-H-H-Z20
R10-A30-BS50-H-H-230 R10-A30-B50-H-H-Z40 R10-A30-B50-H-F-Z00
R10-A30-B50-H-F-210 R10-A30-B50-H-F-220 R10-A30~B50-H-F-Z30
R10-A30-B50-H-F-240 R10-A30-B50-F-H-200 R10-A30-B50-F-H-Z10

15 R10-A30-B50-F-H-220 R10-A30-B50-F-H-230 R10-A30-B50-F-H-Z40
R10-A30~-B50-F-F-200 R10-A30-B50-F-~F-210 R10-A30-B50-F-F-Z20
R10-A30-B50~-F-F-Z30 R10-A30-B50-F-F-240
R10-A40-B10-H-H-200 R10-A40-B10-H-H-Z10 R10-A40-B10-H-H-Z20

20 R10-A40-B10-H-H-230 R10-A40-B10-H-H-Z40 R10-A40-B1l0-H-F-Z00
R10-A40-B10-H-F-210 R10-A40-B10-H-F-220 R10~A40-B10-H-F-Z30
R10-A40-B10-H-F-Z40 R10-A40-B10-F-H-Z00 R10-A40-B10-F-H-Z10
R10-A40-B10-F~H-220 R10-A40-B10-F-H-Z30 R10-A40-B10-F-H-Z40
R10-A40-B10-F-F-Z200 R10-A40-B10-F-F-210 R10-R40-Bl0-F-F-Z20

25 R10-A40-B10-F-F-Z30 R10-A40-B1l0-F-F-2Z240 R10-A40-B20-H-H-Z00

R10-A40-B20-H-H-210

R10-A40-B20-H~-H-Z240

R10-A40-B20-H-H-220

R10-A40-B20~-H-F-200

R10-A40-B20-H-H-Z30

R10-A40-B20-H-F-210



17C transition tenperature (T-.N) Threshol d voltage (Vth):1.91 @UJAN3W4
Dielectric anisotropy (AE):5.5 Birefringence (in):0.116 Fromthese results
it is evident that the conpound of the formula (lgc-1) is able to
effectively reduce the threshold 10 tage without significantly reducing
the liquid crystal phase tenperaturérange, and furthernore On al so

i ncrea
When a
above
(ljec-1
proper
upper

nemati ¢ phase 27C transition tenperature
(Vt h) : R1§9A¢0pPELerFi-é1&ni SIO8%Y -BaY-I5 Fg 280 e R litidettB4rh 07439 From

is evident that the conpound of the

t hese
5

10 R10-A40-B40-F-H-Z40 R10-A40-B40-F-F-200 R10-A40-B40-F-F-210
R10-A40-B40-F-F-220 R10-R40-B40-F-F-230 R10-A40-B40-F-F-Z40
R10-A40-B50-H-H-Z200 R10-A40-B50-H-H-Z10 R10-A40-B50-H-H-Z20
R10-A40-B50-H-H~-Z230 R10-A40-B50-H-H-240 R10-A40-B50-H-F-Z00
R10-240-B50-H-F-Z10 R10-A40-B50-H-F-220 R10-A40-B50-H-F-Z30

15 R10-A40-B50-H-F-Z40 R10-A40-B50-F-H-Z00 R10-A40-B50-F-H-Z10
R10-A40-B50-F-H-Z20 R10-A40-B50-F-H-Z30 R10-A40-B50-F-H-Z40
R10-A40-B50-F-F-Z00 R10-A40-B50-F-F-Z10 R10-A40-B50-F-F-220
R10-A40-B50-F-F-Z30 R10-A40-B50-F-F-Z40

20 (Example 34) Synthesis of 7-{4~methylphenyl)-2-(n-propyl)-1,8-

D B S TaF 2aoS s Gt (RS ks Ao o e orR 58 B0k5 101 ne

ositi on (

R0 pancdat el o 03 -Hae Boor AR Ao 1 iRgRTEY

ties_of the conpo

results it
R10-A40-B20-F-F-240

R10-A40-B40~H-H-Z20
R10-A40-B40-H-F~200
R10-A40-B40-H-F~230

R10-A40-B40-F-H-Z10

difluorofluorene

as S

T-+

R10-A40-B40-H-H-Z00
R10-A40-B40-H-H-Z230
R10-A40-B40-H-F-Z10
R10-A40-B40-H-F-Z40

R10-A40-B40-F-H-220

(II-I1)

own _bhel

SRRV iV ) AR e Lo R gy B

R 208"
Threshol d vol t age

R10-A40-B40-H-H-210
R10-A40-B40-H-H-240
R10-A40-B40-H-F-220
R10-A40-B40-F~-H-Z200

R10-A40-B40~F-H-230



|
5 formula (ljc-1) is able to effectively reduce the threshold vol tag® JAN 2004
even further without significantly reducing the liquid crystal phase
tenperature range, and furthernore An also increases. 10 (Conparative
Exanpl e 1) Wien 30% by wei ght of a c;ggound (R-1) with a structure
simlar to the conpound (lac-1) was ed to the conposition (H1), (R1)
15 the physical prgperties of the thus 0lptalnedFquuid crystal conposition
(MR--1) werg_g hBwn @2 ever 3 0 JAN 20 hb@ﬁ%mgdphase upper limt
t enper ature @ 1 i pI‘Hg@Hzcm emati ¢ phase
39C transition terrperat g-”(T-N) Thresho d vo t ag ) Vth):2.09 V
Dielectric ani@apropy (oe): 7.7 Blrefrlngeneé (An):0.133 Wen (R1) 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 |arge, the threshold voltage reducing effect |argely

di sappeared. (ExamH e 7) IPrepi{atl on 3 T . I |E]U|q cLyst al conposition
) ni- A
CI{3CH=CH @ @ @ @ 2) B(OCH;); >

(K-3) (K4) HH
Je el <O o ®
<O O Pd(PPh;),/Na,COy Cth @ @ Orcn
(K5) (@-I1)

(1) Synthesis of 2-propionyl-1,8-difluocroflucrene (K-2)
50.5 g of 1,8-difluorofluocrene (K-1) was dissclved 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 1IN 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-diflucrofluorene (K-2).



A host liquid crystal conposition (H2) of the conmposition shown bel AN
prepared. 3 0 JAN 2004 326 n-C3H7 n-C5Hi i rl-C7/H, s n-C3H7 n-C3H7 n- C4H9
n-C5H 11 n- C5H11 C02 C02 CN 20% CN 16% CN 16% (H2) OC2H5 OC2H5 8% 8% 8%
The physical properties of this conpgsition (H2) are as shown bel ow.
Nemati c phase upper limt tenperat ur%zQTN_I ):54.5C

10

15

20

25

(2} Synthesis of 2-(l-propen-1-yl)-1,8-difluoroflucrene (K-3)
1.5 g of sodium borohydride was added to a mixture of
20.5 g of 2-propionyl-1,8-difluorofluorene (K-2) and 100 ml of
methanol at a temperature of -10°C, and the temperature was
gradually raised, and then held at 0°C for two hours to allow
the reaction to proceed. Following completion of the
reaction, 30 ml of 1IN dilute hydrochloric acid was added to
the cooled reaction mixture, and the methanol was then removed
by evaporation under reduced pressure. The residue was then
extracted into 100 ml of toluene. The organic layer was
washed with 100 ml of water. Following 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 aqueous
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-(l-propen-1-yl}-~-1,8-
difluorofluorene (K-3). This product was used without

purification in the subsequent reaction.

(3) Synthesis of 2-propyl-1,8-diflucrofluorene (K-4)

A mixture of 19.3 g of 2-(l-propen-1-yl)-1,8-
difluorofluorene ({(K-3) (crude product), 1.5 g of 5% palladium-
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-



Solid phase or snectic phase to nematic phase -40C transition terrpegegt‘usﬁ"'em[M
(T--.N) : Threshold voltage (Vth):1.60 V Dielectric anisotropy (Lc):6.7
Birefringence (on):0.092 Measured at 20C. 5 Wien a liquid crystal
conposition (M3) was prepared from 383% of the above host Iiquid crystal
(H2) and 20% of the conpound (lic-1) produced in Exanple 7, 3 U JAN 2004

327 CN (lier 1) the Bhysicq, Wiqg:e{atéi%,Oftk¥ehesoclq;3??§1r‘$l\%é))rké%§édV‘f]EIS-raaS

Phase of smectic phase Lo nelhiic. phase. 700 L1 ANSiland enpes atpse (T--N)
i3 i 'rI'Q][ ??ﬁgl g%\j%lrta&&g (thel'nV)a:prg’g: ]\?%bi e eegi 5 arﬁ fsg%}r op%%E;q:Jrg. 8
compourdSauene 8 TaAMEA (I L e g s & e et 1y
eduC NG exSne o (TETRES ¢ FUYMSE1-1, 8-difluorofluorene (K-

5 4).

(4) Synthesis of 7-{2-propyl-1,8-difluorofluorenyl)boric acid
(K-35}
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 ZN

20 dilute hydrochleric 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-



I :
When the same armount (20% by wei ght) of a conpound (R-2) 10 with a30JAN2m4

structure simlar to the conmpound (lic-1) was added to the conposition
(H2), CN (R 2) the physical properties of the thus obtained liquid
crystal conposition (MR2) were as wn bel ow. Nematic phaseupper limt
tenperature (TN-1):69.2C Solid phase snmectic phase to nemati c phase-70C

1 0 JAN.2004 3 transitj enperature (T-.N) : Threshol d vol tage
(Vth):gﬁgguvr %gﬁﬁﬁFVFt Qﬁ?ﬁgﬂropy (LE): 9.8 Birefringence (On):0.134 It is

evident that the threshold voltage reducin%Seffect of (R2) is_inferior to
that of (1idCLE9% Blaf &38)ens it A9 £ of % 9f gld PEPHELaAL 8-
conposition 5 Wen a Ii%uid_crystal conmposition (M4) was grepared from
80% of ditd uereid ussenyldad crasidhl (K1) arfd 2096 oP-iP@dotedupband3l
(lac-1) produced in Exanple 17, (lac-1) the physical properties of the
conpositli of @M Adusss £ EHhewe AP are iy, I opretanppeandi k.0 g
tenperature (TN-1):107.9C Solid phase or snectic phase to nematic phase
-138 of tetrakis(triphenylphosphine)palladium, and the mixture was

refluxed under heat for 20 hours. The reaction mixture was

then washed sequentially with water and a saturated agquecus

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-wy):

Threshold voltage (Vth): 2.14 v

Dielectric anisotropy (Ag): 4.8




| ,
transition tenperature (T-.N): Threshold voltage (Vth):1.92 V u<ﬂ(ﬂ§Q#%F2W4
ani sotropy (Ae):4.5 Birefringence (nn):0.085 Fromthese results, it is
evi dent that the conpound of the forrmula (lac-1) reduces the threshold
voltage, and is also able to effectikygly reduce the value of T-N wi thout
significantly affecting the other properties. 15 329 (Conparative Exanple

3) WeR TR SANELAROYRE (209 by weT ght)of —aconpoumd—(R—3 gt h a
structure S|n1§ap toqthg'conpound (lac-1) was added to| the conposition
(H 1) R3S thesghystcal—properties—of—thethus—obtarred—t+iegui d crystal
conposw FSﬁ*?ER?§)2ReFé as shown bel ow. Wematic phase upper limt

t t TN-1)5109..4C Sol i.d.ph . ti h t ' h
15C transi ¢ FOR™ EpeRaior 2R R). SPNRSSRA A OF CAge vt IEoE ey £rom o
addca. PO PE1F RS RBOVEfeksg 1orradl oy otng. (1) and 308" of dng %) 1S

compound (Igc-1) produced in Example 1,

e e ium

the physical properties of the composition (M-1l) 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 (Ag): 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 wvoltage 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,



| 50 JAN 2004

threshol d voltage was extrenely large, but it is evident that 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 cryé%t al (H2) and 20% of the 15
conpound (I ah-1) produced in Exanple é CN (lah-1) the physical
properties of the conposition (A&S) were as shown 330 bel ow. Nenatic phase
upper limt tenperagdre (TN 1):64.5C Solid phase or snectic phase to
nemati ¢ phase - 6@EN rfa rz. _ﬁg (T-N): Threshol d vol t age
(Vth):1.49 Vv 'e R\ y ( E}J: .2 Fromthese results it is

evi dent that the conpound of the-fornula (lah-1) al so possesses a T-'N
reducing effect. 5 (Conparative Exanple 4) When the sanme anount (20% by
wei ght ) . of compound (R-4). wt structure sim]jar_to the conpound

(T 1R AEaEa L BTobRT Bigi6t (hsn SRt K2 G He Shyahedr
properties of the thus obtained liquid crystal conposition (MR-4) were as
shown BEESYW: Nemmtic phase upper linmit tenperature (TN I):67.2C

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 Vv
Dielectric anisctropy ({(Ag): 5.9
Birefringence (An): 0.119

From these results it is evident that the compound of the

5 formula (Iic-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-1),

15 the physical properties of the thus obtained liquid crystal

composition {(MR~1l) were as shown below.



| ‘
Sol i d phase or smectic phase to nematic phase -40C'transition terrperétUuIJ%N 20
(T-N): Threshold voltage (Vth):1.44 V Dielectric anisotropy (AE): 9.1 Wen
(R-4) was added to (H2), the reducing effect on the threshold voltage
was extremely large, but it is evidegtcthat the reducing effect on TAN is
al nost non- exi stent 15 331 (Exarrpl e 30) Prepar atlon 6 of aliquid

crysta Tiggggmﬁ—the
conpos . ) 4% 3% CH3
C3H7- | }-_C02- ) QC2HS 3% C3H7Z - 0-.&—4% C3H7—CSH—i 1 1

Solid phase or smectic phase to nematic phase SyHzge¢

transition temperature {(T-y):

Threshold voltage (Vth): 2.09 v
Dielectric anisotropy (Ag): 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.



C2H5 C5Hii CN 3% CN 4%0-0 0 O r-~- N ON OCN 3%)CN 3% CN F 3% Cal
CSH11 C3H7 C5H 1 o=o0 CH3OC3R6 4% 3% (H3) CN 3%

30 JAN 2004
S

326

n-CJH',r CN 20%

:

n-CsHq, CN 16%

:

n-CsHg

:

CN  16% (H-2)

ﬂ-C3H7 COZ OCsz 8%

0

n-C3H7 COZ O'n-C4Hg 8%

n'C4Hg COZ OCHQ 80/0

P QQ

n-C4H9 COZ OCsz 8%

Q
00 Q

n-CsH1 ¥ COZ OCH3 8%

n'05H1 [ Coz OCZHS 8%

e
QO

The physical properties of this composition (H-2Z2) are as

shown below.

Nematic phase upper limit temperature (Ty-1): 54.5°C

Solid phase or smectic phase to nematic phase -40°C

transition temperature (T-y):

Threshold voltage (Vth): 1.60 V
Dielectric anisotropy {Ag): 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,



| SINITE:
0C2H5 4% C3H7 F C3H7 3% CAH9 3% C3H7 0 0 F 4% 3% C3H7 0-0 C02 3% 3%&\&&% 004
F3% 5 The physical properties of this conposition (H3) are as 332 shown
bel ow. Nematic phase upper linit tenperature (TN_r):75.0C Solid phase or
snmectic phase to nematic phase -70C transition tenmperature (T--+N):
Threshol d vol tage (Vth):1.49 V Diel eé@?i c anisotropy (As):10.3

CHL~Ch-on 1

the physical properties of the composition (M-3) were as shown

below.
Nematic phase upper limit temperature (Ty-1): 63.6°C
Solid phase or smectic phase to nematic phase -70°C

transition temperature (T-x):

Threshold voltage (Vth): 1.23 vV
Dielectric anisotropy {Ag): 8.8
Birefringence {(4n): 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)
10 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




|

|
Birefringence (on):0.142 A liquid crystal conposition (M6) was pregdd ¢&N 2004
from90% of this host liquid crystal (H3) and 10% of the conpound
(lac-1) produced in Exanple 17. (lac-1) 5 This conposition also displayed
favorabl e | ow tenperature stability, %nd t he conpound (lac-1) displays
superior conpatibility with a w de ge of liquid crystal materials. 10

(Exa — f | —eA—A—-qui d

cryst alt Z@3Fp&LPH SFMPRTAT WS @‘é‘&ar ed from90% of thg above hopst liquid

crystal (H3) and 10%of the conmpound . (ljc-1) produced.in Exanple 1.

(1j c- 1Fhreshrddprpditegle piVdderties of the conposition ([M7%%rMe shown

bel ow| 30JAN2004 333 Nematic phase upper limt tenperatiure (TN ):72.6C

Sol i d [ priadectr ismeatiisotpiepte ¢ Ifenati ¢ phase - 70C trarisiti &n8jenperature

(T-N):| Threshold voltage (Vth):1.47 V Dielectric anisot{ropy (Ac):10.4

Bi r ef I Bigerfice ngAmce0. (05 :From t he fact that there is ng vérilddion in the

val ue|of T-N
It is evident that the threshold voltage reducing effect of

(R-2) is 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
B0% of the above host ligquid crystal (H-1) and 20% of the

compound (Iac-1) produced in Example 17,

F
... @ F (lac-1)
F

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 Vv
Dielectric anisotropy (4cg): 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 1s also
able to effectively reduce the value of T-y without
significantly affecting the other properties.

15



| |
it is evident that the compound (1jc-1) displays superior conpatibili59JANZM4
with a wide range of liquid crystal materials. 5 (Exanple 42) Preparation
8 of aliquid crystal conposition Aliquid crystal conposition was
prepared from 90% of the above host _Liquid crystal (H3) and 10% of the
conmpound (I1- Al) produced in Exanplézgz. C3H7 (~ CH3 (1Al) 10 Wen a
liquid crystal elenment was forned in a simlar nmanner, and the
el ect r dCopppEat i¥Rak&éMeliestSiics were neasured, TN-1 was 82.5C and An was
0.134. (Exanple 43) Preparation 9 of a liquid crystal conposition 15 A
liquid crysihencshposipmcormpas tpr@ddr &y medahddoedt & rrempmvve Host) 1i qui d
crystal (H3) and 10% of the conpound (1-Al) produced in Exanple 33. F
C3$-- ¥ith @CE8r(ktAre Wiev lan itguitdec opsaung efan- Mas'dor drta
simlar 334 nmanner, and the electro-optical characteristics were
measur etle ctpdswasoB8.(5cland an was 0.137. | NDUSTRI AL APPLI CABILITY 5 A
conpound represented by the general fornmula (1) according to the present
i nvention, can be produced industrially extrenmely easily, as shown in the
exanpl es, displ ays ,supgrior goRpatibility with current general purpose
host liquid cr) : phage3) and al so shows little

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-oy}:

Threshold voltage (Vth}: 1.79 vV
Dielectric anisotropy (Ag): 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 liguid 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,

E
... @ CN (lah-1)

the physical properties of the composition (M-5) were as shown



10 crystal precipitation at | ow tenperatures. Mreover, by addition of a
smal | amobunt of a conpound of the present invention to a host liquid
crystal, the liquid crystal tenperature range at |ow tenperatures can be
effectively w dened without any siggkficant worsening of the various 15
characteristics of the liquid crystal material. Consequently, a conpound

of thebgigéent I nvention is an extrenely useful liquid crystal materi al
which TS Suitable for the various liquid crystal display el enents which
requi gag—operatiig—tenpera e—faRee S S—J-AN-2 35 CLAI MS 1.
A fusk OABBENEPPEpr & ‘ ' 1 %/ L%/ |

% | I_g4iTguhﬁ%e+nT—EL#ep#esengs—an-akaL—g%oup—gL_a!koxy! group of 1 to
16 cafBohldtBRRSeanT aPRERYEgPAES SofO2NEB26CCc RIBSR at ons, 6 G al kenyl oxy
group{ of 3 to. 16 carbon atons, or_ an alkyl group of 1(to 12 carbon atons
subst | FERRY W-PR BAMBEKBXYESgl{dup’ of 1 to 10 10 carbon atons, |and said
groups_may bhe substituted with a halogen, and in caseslin which an
asymmpthresiatdonchiages (MGB) :to substitution or branchihg#may be either

one of optically
Dielectric anisotropy (Ag): 8.2

From these results it is evident that the compound of the

formula {Iah-1) also possesses a T-y reducing effect.

5 (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

10 the physical properties of the thus obtained liquid crystal

composition (MR-4} were as shown below.

Nematic phase upper limit temperature (Ty-1): 67.2°C

Solid phase or smectic phase to nematic phase -40°C

transition temperature {(T-y}:

Threshold voltage (Vth): 1.44

Dielectric anisotropy {ag): 9.1

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.

15

3.0 JAN 2004



0 1
active and a racemc mxture; ring A and ring C each represent, 50 JA 10
i ndependently, any one of a trans-1|, 4-cycl ohexylene 15 group in which one

CH2 structure within said group or two or nore non-adjacent CH2

structures within said group may be 3rﬁplaced with -0- and/or -S-, a

1, 4- phenyl ene group in which one CH Structure within said group or two or
nore non-adjacent CH structures within said group may be replaced with

-Ne, a (Bgampiecyf) oREREAIEAC Yo Rf, 4 1 Wi GriiHEl EIRRIYFEMR gr oup,

a piperidine-1,4-diyl group, a naphthal ene-2,6-diyl group, a

t r ans- decahPdPef&p ALEAILEN EryiSdidh ECGLRﬂ%Htlg?ﬁbu(&‘%ﬂnd)% the

1, 2,3, 4-tetrahydronapht hal ene-2, 6-di yl group, and said groups nay be

subst i CORESSWtERNeistipen d&ed af wascypitPadiesp and a 25 hal ogen; ring B

represents any one of general formulas (I-1 to (1-9) 3 U JAN 2004 336 x4
X3 X6 x4 =8¢.H{ 1-9) (wher aiyp , X5, M6, X8, X9 and X10
f

each repre t, dependently, any on ydrogen atom a chlorine atom

and a fluorine atom provided th
sati sficg}d,tmz @ apnd (13%2), | e© @hi ch at”% | east one of X3,

X4, X5 and represents a fluorine at and a renmai nder represent

hydr ogen at , then,at |east onem@@_ d %
CaH; WZ@OQH5 3% & 3%

CHy 3% CSH"CN *

N
CsHyg O CN 4%
wOCen o O
QO
7O~ e “ - )

c4H9—©—coz—©—m 4%
Do Op-en o
CyHy @ = @ CHs; 4% £ .

e Oe G A OO-T
/ @ = @ \ 3% CaH70¢2H5 A%
i - OO
F
/_O_O@ F 4% QHT—O—Q/\@‘F 3%
F
F F
%HYM@F 4% C’-*HT—O—@COr@—CN 4%

E F
CgH; F 3% CaHv F o 3%

5 The physical properties of this composition (H-3) are as

copdj tiens described below are 5
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X10 represents either one of a chlorine atomand a:fluorine 10 ato

In (1-1) and (1-2), in a case in which at |east one of X1, X8, X9 and Xl
represents a fluorine atom and a remainder represent hydrogen atons,
then at | east one of X3, X4, X5 and 1%6 represents ei ther one of a
chlorine atomand a fluorine 15 atom "and c¢c. In (1-3) to (1-9), hydrogen
atons wthin ring may be 337 replaced wwth a cyano group or a hal ogen);

a
L1 andP9"BaBRlP¥present, independently, any one of -CH2CH2-, -C-C-, -
( CH2) 4d- - CE=CFE- CH20 2 CE2N

—=CE=CF- = OCH2- - CHR0- - 0CF2— O————C02 sacll

- oH=Nf Nelp o BPaBR BRPSIOIT & GRER T ad a 5 |s/ RgPecond; m and
n eacl . i > of 0,1 gnd_QT_aﬁﬁggagh m-ns2
and i pSalédsehpgewkicc FMeitier e 3P MeARE i P&ase t hén af Ol kgst one of
L1 ang L2, when present, represents a single bond; Y rlepresentis any one
of a hydrogétioat sempgrEltyds fd-al ém a chlorine atom |a trifl doronet hoxy
10 group, a_difluoronmethoxy group, a trifluoronethyl grloup, a
2, 2, 2{ Thrkbhoddetldxyggr d¥ghla cyano group, a straight |{chatf Vgl kyl group
of 1 {o 16 carbon atons, a straight chain alkenyl qgroup of 2 tijo 16 carbon
at ons, Dae3kEairght achaiot ralgyyl(@ey) :group of 1 to 12 carhon &boedy, and a
strai ght chain al kenyl oxy group 15 of 2 to 16 carbon atjons, pravided that
cases | geserirbagehelowarar:é excluded: 7. a case I n which rong4B |represents
(1-2)} mand n represent

A liguid 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.

F
... @ F (lac-1)
F

5
This composition alsoc displayed favorable low temperature
stability, and the compound (Iac-1) displays superior
compatibility with a wide range of liquid crystal materials.
10 (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
=L~ e
F
15 The physical properties of the composition (M-7) are

shown below.



0, Rrepresents an alkyl group and Y represents an al kyl group, 20 i 3 0 JAN 2004
case in which ring B represents (1-3), mand n represent 0, R represents

an al kyl group and Y represents an al koxy group, iii. a case in which

ring B represents (1-4), mand n repgrgsent 0, R represents an alkyl group

and Y

represents 25 either one of an al kyl group and a cyano group, iv. a

case Fﬁ—wr ‘“" B—represet o reset represents
an al ky ﬁFoﬁp %eYu S%re3§ﬁ{§ g#@ngqﬂuqé (ﬁﬁﬁﬁpzoo4 3%% group, V. a
case in whi-ch—rg-—B—F At-s—0—and 35 resents 1,
T Lo EBRsE Rty SHes ey PR LB e 5 Edont - 2. C R

represents an  al k Iggroup andd¥ spresents 5 any one of| an alkyl group, an
N

al koxy t§rags taRE

(1-4)

a case in which rijng B regresents
mrepresents 0 and n represents 1 ring C reprasents a

1, 4- ph&hyreehelgr segtader (V&esents -00O-, R representq an4dl Byl group and
Y repLesenLs_gn_g_KQx¥_gLQup+_1Q_MLL__a_Qase_Ln_mhrch rling B represents

(1-2),
1,4-c

DiedeptedeneniGotaimpyh (Adpriesents 1, ring C reprgseni§.4
cl ohexyl ene _group, L2 represents -CO2-, R represents an jal kyl group

and Y
(r--1

10

15

Biepfesegescan (@rkyl group, viii. a case in which rdndsSB |represents
, and X9 and X1
From the fact that there is no variation in the value of T-y

it is evident that the compound (Ijc-1) displays superior

compatibility with a wide range of liquid crystal materials.

(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.

CsHy ... Orcwy @an

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 liquid crystal composition
A liguid crystal composition was prepared from 90% of the
above host liquid crystal (H-3) and 10% of the compound (I-Al)

produced in Example 33.

F
C3Hr<__—Q®- OCF; (A1)

When a liguid crystal element was formed in a similar
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15 represent fluorine atons, and ix. a case in which ring B represents
(1-3), and X3, X4, X5 and X6 sinmultaneously represent fluorine atons, and
applying simlarly to conpounds equivalent to those above descri bed

usi ng conbi nati ons of abbreviations) 0 2. A compound according to claim
1, whereinring A and ring C each r%present i ndependently, a

1, 4- phenyl ene grqup, or rans-1.4-cycl ohexyl ene, grou

subst | FAPREE ni ’ﬂg gh?l ﬁgﬁFﬁiéoéPB%ﬂC?g §ha5\a8éﬁﬁ(}3ﬁgcgccgrr§ rrlnéeatsyrelcgﬂ m 1,
mhereln L' and_L2_gach resen dependently, any one of -Q0CO -
- COR- Nﬂ}ﬁﬁfﬁ6saﬁdCSaﬂdJﬂ Y864 Séé a single bond. 4. A conpound
accordlng to claiml1l, wherein mrepresents 0, and n represents 0 or 1. 5 -
5. A conmpound according to claim 1, wherein L1 and L2 each represent a
single bond. 6. A compound according to claim1, wherein ring B 10
represents (1-3) or (1- 4)RMﬂuﬁTRﬁﬂﬁlﬁfﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁm with a halogen. 7. A

conpound according to claim1l, wherein ring B represents (I-l) or (1-2).
5 A compound represented by the general formula (I

according to the present invention, can be produced
industrially extremely easily, as shown in the examples,
displays superior compatibility with current 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 wvarious

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



15 B. A compound according to claim1, wherein ring B represents ("ZWUJANZMM
and X9 and X10 both represent hydrogen atons. 9. A conpound according to
claiml1, whereinring A and ring 20 C each represent, independently, a

1, 4- phenyl ene group or a trans-l,4-c§§gohexylene group which may be
substituted wwth a fluorine atom and“ring B represents any one of (I-1),
(1-2), (1-3) and (1-4) which may q@#ﬁﬂﬁftitUted with a hal ogen. 25 10. A
conpound according to claim1, wherei ng A and ring C each represent,

i ndependently, a 1, 4-phenyl ene group or a trans-1, 4-cycl ohexyl ene group
whi ch may be substituted with a .1UJANLI 1U4 340 fluorine atom ring B
represents any one of (1-1), (1-2), (1- 3) and (1-4) which may be
substiﬂutedAw¥Pﬁe§ K&ANEgERMPRNG I FePZrFerEesa by el £aimgl@ bond. 5
11. A compound according to claim1, wherein ring A and ring C each
represéht, independently, a 1, 4-phenyl ene group or a

trans-1, 4-cycl ohexyl ene_group which may be substituted with a fluorine
atom ring ,gLQ\L-](),) (1-2), (1- 3) and (1-4) which
may. be substi\t\ut ¢d Whi —& Ral og o n 1d represents 0 and n represents 1,
and L2 represents a single bond. 12. A conpound according to claim1,

wher ei nyuhbpgiA aﬁdrétf@gseﬁt%a% HaRASoup RIERANEBALT Yyrdud & - Pheny! ene
group or a 15 trans-1, 4-cycl ohexyl ene group which may be substituted with
a 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 cof
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 -0- and/or -5-, 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-cyclohexenyléne 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-2,6-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)



fluorine atom ring B represents any one of (I-1), (1-2), (1- 3) and QQJA¥2W4
whi ch may be substituted with a halogen, m represents 0 and n represents

1, and L2 represents a single bond, and in a case in which ring B

represents (I-1)which may 20 be subsgikputed with a hal ogen, X9 and X10

both represent hydrogen atons. 13. A conpound according to any one of

claims 1, wherein R rgpresents either one of a straight chain alkyl 25

group of 1 tgg1Z\capDonatons and a stragjght ai n al ken group of 2 to

12 carbon at ONg “ Y’?epresﬁ ts one of f |l 0K ne/fat om a chlorine
atom a trifl uor oret hyl group,

a difluoronetNi nd a cyano group.

14. A liquidg %%l )lzgpositin \ pat i nggat M4 one conpound
e of B 1 13

accordi ng to“any cl ai g\oug i qui & crystal display
el ement utilizin é)liquid cryst F)conposition acéo?ding to claim14. 16.
An active matrix driven liquid c -stqkodisplay el gmentyqditilizing a liquid
crystal conposition according to ¢].aj . %vwsted nemat i c
liquid crystal dj ay el enent %ii} ' al conposition
according to ¢ 8. A fpsed \fed by a general
formula (1) M\(wWiere R reprases 3 koxyl group of 1
to

(-4)

xR
(I-7)

(wherein, X!, X3, x% x°, x% X% 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 X3,
Xq, X% and X° represents a fluorine atom, and a remainder
represent hydrogen atoms, then at least one of x*, X%, %° and
x10 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 X!,
X8, ¥x° and X0 represents a fluorine atom, and a remainder
represent hydrogen atoms, then at least one of X3, x4, 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



16 carbon atons, an al kenyl group of 2 to 16 carbon atons, an al kenyl%p(ymnmm
group of 3 to 16 carbon atons, or an alkyl group of 1 to 12 carbon atons
substituted with an al koxyl group of 1 to 10 carbon atons, and said

groups may be substituted with a hakggen, and in cases in which an

asymmetric carbon arises due to substitution or branching, may be either

one of optically. active_and a raeem ¢ mxture:; ring A and ring C each 30

JAN ZOEﬁBgﬁﬁe?e%FE efit SYPRGeFE&NdENOY 2 gﬁ?éﬁ%?%ﬁ a trans-

1, 4-cyc| ohexylegne grouE in ich

ne CH2 siructure W t hi.n_sal d.group or
two or L At hofasd] SR 15 t TR N t i P 3% %In%rgtp ﬁE? ‘
replaced with -0- and/or_ -S-, a 1 4-pheny|ene gr in E;F one CH
st ruct 0F&CW t il ke d gﬁ&ﬁ§$ﬁ'tﬂQp%ﬁ”nﬁ' 2 6n-5§?§ééhtM@ étrI@@{ﬁ@s
within said group may be replaced with -N-, a 1 4-cyclohexenyl ene group,
a 1, 4- bPEYTH ot SHIN2NGEHY I ené gy 2~ GHpT pert el CA=GH V12 %%Y Gup, a
napht hal ene-2, 6-di yl grouup, a_ trans-decahydronaphthal ene-trans-2, 6-diyl
gr cup, sanale, bopda: Meenghyid EGEp FERASSTEL 2 IGBRANARTHUDY » AT s&f? §F oups
may be substituted with either one of a cyano group and a _halogen; ring B
represént$ ang 8neadthgugdr A+nS@r mncdad (|14 Daseq ¢ HIYHCX oBEhRr ) Pre(1-7)
(1-8) (1-9) 3 Li JAN 2004 343 . )
of m and n is 2, then at least one of L~ and L°, when present,
represents a single bond; Y represents any one of a hydrogen
atom, a fluorine atom, a chlorine atom, a trifluoromethoxy
10 group, a difluoromethoxy group, a trifluoromethyl group, a
2,2,2-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 alkyloxry 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 ii. a case in which ring 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
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(wherein, X1, X3, X, X5, Xb, X8, X9 and X1 each represent, independently,
any one of a hydrogen atom a chlorine atomand a fluorine atom provided
that conditions described below are satisfied: a. In (lI-1), in a case in
which at least one of X3, ", ' XX apggX6 represents a fluorine atom and
a remai nder represent hydrogen atons, then at |east one of X1, X8, Xg and
X10 re8r8§§nts either one of a chlorine atomand a fluorine atom b. In

(-2 case in which at |east one of X1, X8, X5 and X1 represents a

quorlne ato g a?é%re regentggg&ggggksherqgennﬁﬁgﬁ%eg @st

one of XB Rer  one of ne a on1an

fluorine 1-4 to 1 9 hyd b
repl acBd*® ﬁPFﬁné E?aho 3&8&% of < rgg%@& y rgg%n %ﬁ?iéﬁ%IQW n ’Ehggprzgenfs
Any one of-general fornulas as

L
r epr es6RPEEARYT8NECEr " ge eF%Pr?%? Fa@n §£F3FI8ﬁ8Yg 38 Jkaggﬁf%iﬂf%

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,
L2 represents -0CO-, R represents an alkyl group and Y
represents an alkoxy group,

10 wvii. 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 -CO;-, 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 and
¥X® 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-, -COz-, -CH;CH>- and



L1 and L° each represent, independently, any one of -CH CH2-, -C :G§BJANZW4
(CH,,) ,,-, -CF=CF-, -OCH2-, -CH20O, -0OCF2-, --CF20-, -CQz-, -0CO
-CH=EN-NCH, -CHCHCH2 -CH2-, -CH2-CH2-CH CH and a single bond; m
represents 0, and n represents 0 or é then at |east one of L1 and L2,
when present, represents a single b 33; Y represents any one of a

hydr ogen at om fluorine atom a chlorine atom a trifluoronethoxy
group,aa?l“H#FIEBPQHEthoxy group, a trifluorornethyl group, a 2,2, 2-
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 3.6 carbon
atons, a, straight chain alkyloxy group of ]. to 12 carbon atons, and a
strai gt ch&i RoBPREAY G8FF oo rlaig fe cdyarenimtbEeP IR t hat
cases described below are excluded: t- a case in which ring B represents
(1-2), andandrapregeasentd oF, IR represents an alkyl group and Y -represents

an al kyl group, 3 0 JAN 2004 345 ii__ a case in which ring B represents
(1-8), mand n represent 0, R represents an al kyl group and Y represents
an al koxy group, iii. a case in which ring B represents (1--4), in and n

represént 0A Bomepueskenicscantialgkyo griaim dnd wampiredénasd éi°t hechone of
an al kyl group and a cyano group, iv. a case in which ring B represents
(1-8), reprapdnn mepr@gert bond.

6. A compound according to claim 1, wherein ring B
10 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}.

15
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
20 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.

25 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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0, R -represents an al kyl group and Y represents an al kyl group, v. a
case in which ring B represents (1-4), mrepresent$s 0 and n represents 1,

ring C represents a 1, 4-phenyl ene group, L" represents -CO -, R
represents an alkyl group and Y repreggnts any one of an alkyl group, an
al koxy group and a cyano group, Vi.. a case in which ring B represents

(1-4), mrepresents O and_n represents _1, ring refraesents_ I~

1, 4- pamframe grtiip, rL@GrEpFEEEEF§”FécEP? ﬁh%eggéégﬁﬁg'angglfyi éroup and
Y represents an al koxy group, vii. a .case in.which.rin re sent s
(1-2) 3) ramceptesehtehdchandynbeefrbssntated ping élﬂﬁ%éﬁéﬁﬁsgg& £

1, 4-cycl ohexylene group, L represents -CO, R represents an al kyl group
and Y aricefliesentrs rap ket g2 ouphdvEi PORAeasce in which ring B represents
(1-1), and X3 and X' represent fluorine atons, and 3 0 JAN 2004 346 ~ 5
A. a case in which ring B represents (1--3), and 3, Y, Y and X

simul taneously represent fluorine atons, and applying simlarly to
cogpounds equi¥abshhdt 8ctbesg nabave aesicr ilbeavhengsitgr Eo@bf naf loR3nBf

abbrevi ations).
C each represent, independently, a 1,4-phenylene group oOr 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 halcgen, m

2 .
10 represents 0 and n represents 1, and L? represents a single

bond.

12. A compound according to claim 1, wherein ring A and ring

C each represent, independently, 2 1, 4-phenylene group or &
15 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 mey be substituted with a halogen, m

represents 0 and n represents 1, and 1? represents a single

bond, and in a case in which ring B represents {I-1)which may
50 be substituted with a halogen, X and X!° both represent

hydrogen atoms.

13. A compound according to any one of claims 1,
wherein R represents either one of a straight chain alkyl

25 group of 1 to 12 carbon atoms and a straight chain alkenyl
group of 2 to 12 carbon atoms, and Y represents any Ohe€ of a

fluorine atom, & chlorine atom, & trifluoromethoxy group, a
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trifluoromethyl group, & difluocromethoxy group, & 2,2,2-

trifluorcethoxy group and & <¢yano group.

14. A liquid crystal composition incorporating at least one

compound according to any cne of claims 1 through 13.

15. A liquid crystal display element utilizing a liguid

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 liguid crystal composition according to claim 14.

18. A fused ring compound represented by a general formula (I)

AR
™ n

{(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
1l to 12 carbon atoms substituted with an alkoxyl group of 1 to
10 carbon atoms, and said groups may be substituted with =
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



342

represent, independently, any one of & trans-l,4-cyclohexylene
group in which one CH; structure within sald group or two or
more non-adjacent CH; structures within szid group may be
replaced with ~-0- and/or -8-, a 1,4-phenylene group in which
one CH structure within said group or two or more neon-adjacent
CH structures within szid group may be replaced with -N=, a
1,4-cyclohexenylene group, a2 1,4-bicyclo(2.2.2)octylene group,
a piperidine-1,4-diyl group, a naphthzlene-2,6-diyl group, &
trans-decahydronaphthalene-trans-2, 6-diyl group, and a
1,2, 3,4-tetrahydronaphthalene~-2,6-diyl group, and sald groups
may be substituted with either one of a cyano group and a

halogen; ring B represents any one of general formulas {I-1)

to (I-9)

30 JAN 2004
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(wherein, x*, %%, x% x> %% X%, X' and X'° each represent,
independently, any one of a hydrogen atom, a chlerine atom and

a fluorine atom, provided that conditions described below arxe

satisfied:

a. In (I-1}, in a case in which at least one of X’,

X*, %x® and X°® represents a fluorine atom, and a remainder
1 B 9

represent hydrogen atoms, then at least one of X', X', X and

X!* represents either one of a chlorine atom and a fluorine

&tom,

b. In {I-1), in a case in which at least one of X',
XB, X® and X! represents a fluorine atom, and a remainder
represent hydrecgen atoms, then at least one of X3, %', x® and
X* represents either one of a chlorine atom and a fluorine
atom,

c. In {I-4) to (I-9), hydrogen atoms within a ring may be
replaced with a cyano group or a halogen:

d. In {1-2}, ring B represents any one of general formulas as

follows:

and in (I-3), ring B represents any cne of general formulas as

follows},

3 JAN 2004
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L! and L? each represent, independently, any one of -CH:CH.~, -C
=C-, ~{CHz)4~, -CF=CF-, -OCHz-, -CH,0-, -OCF:-, -CF;0-, -CO;-, -0CO
-, ~CH=N-N=CH-, —-CH=CH-CH;-CHz~, -CH;-CH,-CH=CH- and a single

bond; m represents 0, and n represents 0 oxr 1, then at
least one of L' and L”, when present, represents a single
bond; Y represents any one of a hydrogen atom, a fluorine
atom, a chlorine atom, a trifluSromethoxy group, 2
difluoromethoxy group, a trifluoromethyl group, a 2,2,2-
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 J
to 12 carbon atoms, and a straight chain alkenyloxy group of 2
to 16 carbon atoms, provided that cases described belcw are
cxcluded:

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,
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1i. a case in which ring B represents (I-3), m and n represent
¢, R represents an alkyl group and Y represents an alkory
group,

iii. & vcase in which ring B represents ({(I-4), m and n
represent 0, R represents an alkyl group and Y represents
either one of an alkyl group and a cyano grcup,

iv. a case in which ring B represents (I-8), m and n represent

0, R represents an alkyl group and Y represents an alkyi
group,

V. é case in which ring B represents (I-4}), m represents { and
n represents 1, ring C represents a 1,4-phenylene grcup, L*
represents -CO;-, R represents an alkyl group and Y represents
any one of a2n alkyl group, an alkoxy group and & CYya3NnC 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,
1?* represents -0CO-, R represents an alkyl group and Y
represents an alkoxy group,

vii. a c¢ase in which ring B represents (I-2), m represents 0
‘and n represents 1, ring C represents a l,d-cyclohexylené
group, L° represents ~-CO;-, R represents an alkyl group and Y
represents an alkyl ¢roup,

viii. a case in which ring B represents (I-1}, and X’ and X

represent fluorine atems, and
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ix. 2 case in which ring B represents (I1-3), and X, X', % end
x® simultaneously represent fluorine atems, =and 2pplying
similarly to compounds eguivzlent to those above described

using combinations of zbbreviations).



