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SYNTHESI S OF BENZ(J F] QUI NOLI NONES. The present invention
bel ongswiod/iy®@sf i €l ds of organic 5 chem stry, phar magylydahsplen stry
and chem cal rmanufacture, and provi des a conveni ent and econom cal
process for preparing benzo[ f] qui nol i nones which are useful as
5[err]-reductase i nhibitors and_grovi des internmedi ate conpounds for
t he preparation of such pharnmaceuticals. 10 A
currently active field oSYNREESIS: F BENZGEERKUINOLGINONES the inhibition
of 5[err]-reductase, the enzyne which converts testosterone to
di hydro-testosterone, a nore potent androgen. 15 It has been
denonstrated that inhibitors of 5[err]-reductase can bl ock the
fOFnHthﬂ of dTH¥deEQ§hQSh%U§H%fHHjBﬁmﬂﬂégfﬁéf@he fielaBugber, %nEEghly
I ncl udi,ng pattern bal dness a eni gn

g§S|rabIe COﬂdItIOﬂﬁ
pr o5t at i CHSPET FF¥phhRaRpg Fguggcal Che@ﬂStr¥uﬂ¥§cﬁ§%mh%%H magufpetuse,

benzo[f]quumq¢roonaesoapcbnd&n&&nt anﬂﬂé&bﬁﬁﬁhéﬂrﬂﬁioééﬂgcfaﬁ pk%%&?hﬁ&rs

See: 239, 075 ,and 5, 54

(1993) Jbg‘?igpﬁqumdtﬁg%es g‘ 1 PRE g5t ujjar%F Eﬁ?oﬁ%g‘hcﬁafﬁnt

Publ i cat i Hhibitorsoaod2provides 1nterméﬂmaqﬂennmpoumﬂmnfoﬁntnéOV|des a
novel prqg§§§a§9£lg§ of sAEEPAkL aggﬂﬁ%h 1q@ui nol i nones which are effective

aw bitors S[err]-reductase e present process is nore

eff1 cient than prior processes, is anenable to |arge-scale

synt hesi s, and avoids the formation of unwanted by-products. This
i nvention al.so ovi d 3 i nter e.c ounds for t he preparation
of 30 sucH p%‘é’?ﬁﬁ’&gil¥l 88 dve fi ! ¥ a\ﬁ research is

PCT/ US97/ttg22nhibition of Sa-reductase, the enzyme whxéh converts

testosterone to dihydro-testosterone, a more potent androgen.
15 It has been demonstrated that inhibitors of 50-reductase can

block the formation of dihydrotestosterone and ameliorate a
numbexr of highly undesirable conditions, including male
pattern baldness and benign prostatic hypertrophy. Audia et
al., have disclosed a series of benzo[f]lquinolinone compounds

20 which are 50-reductase inhibitors. See: U.S. Patents
5,239,075 and 5,541,190; Tet. Let., 44, 7001 (1993); J. Med.
Chem., 36, 421 (1993), and European Patent Publication

0703221
The present invention provides a novel process for
25 preparing benzo[f]lquinolinones which are effective inhibitors

of 50-reductase. The present process is more efficient than

prior processes, is amenable to large-scale synthesis, and

avoids the formation of unwanted by-products. This invention

also provides intermediate compounds for the preparation of
30 such pharmaceuticals.



The present invention provides a novel process for 5 preparing

" benzo[ f] qui nolinones and provides internedi ates useful in preparing
benzol f bgi@binones.  More specifically, t he prespatusity@ido on i s
directed to a process for preparing a conmpound of the formula I
[err] wherein R err] represents: 2-ni trophenyl,
4-ni trophenyl, . 2-cyanophenyl, 4-cyanophenyl, 2- - ni tr onapht hyl ,
4-ni tronapht hyl , 2-cyanonapht hyl, 4- 15 cyanonapht hyl , 2-qui nolinyl,
4- qui nolinyl, 7-quinolinyl, 1- i soqui nolinyl, 3-isoquinolinyl,
8-isoqui nolinyl, 2- qui noxal i nyl 2- benzothlazolyl
3-1Hindazol yl, 2-benzoxazolyl, 3-1,2- benzoi sot hi azol yl ,
2-pyridinyl, 4-pyridinyl, 2-pyrazinyl, 2- 20 napht ho[ 2, 3- d]thiazolyl,
2- naphEho[l ZTﬂé:ﬁﬁﬁgéﬁ%,1ﬁb@ﬂtﬂ6ﬂ|prov1des a- hbbélob!bceﬁ?bibliWi?afO|y|

enz(g |no qui _nol.i,.n tetrazoly
EU|naz ring béhia[{hg%f%?%faoggglﬁva BFHVFde lniermedlates

4 10H—pyusﬁfuhuﬂﬂ%ﬁkéﬁaﬁing benzo {fij qainbilhipbned- 1, Holren zpdicdfileplly,
2-triazi azh.n - I.n - i0e;
wherein t e ove %(Hr ?%g%sl%rélgﬁgﬁgét%?u?eﬁgggggg %Ogrggggtlﬁggég
Wi th 1-3cogmaunshaf tthes whafEom t he group consi sting of
trifluoronmethyl, trifluoroethoxy, Cerr]-Cerr] alkyl,

trifluoronethoxy, hydroxy, (err]-Cerr] koxy,s-am,tro, (Jerr]-Cerr] 30
alkylthio, Cerr]-Clerr] al kanoyl, phen phenoxy, phenylthi o,
Cerr]-Cerr] alkylsulfinyl, (err]- Gy yl sul fonyl, cyano, am no,

Clerr]-Cerr] WO 98/ ™
- 3-
H

PCT/ US97/ 19229
10 CHs

wherein R! represents:
2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4-nitronaphthyl, 2-cyanonaphthyl, 4-

15 cyanonaphthyl, 2-quinolinyl, 4-quinolinyl, 7-quinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
quinoxalinyl,

‘2-benzothiazolyl, 3-1H-indazolyl, 2-benzoxazolyl, 3-1,2-
benzoisothiazolyl, 2-pyridinyl, 4-pyridinyl, 2-pyrazinyl, 2-

20 naphtho[2,3-d]lthiazolyl, 2-naphtho[l,2-d]thiazolyl, 9-anthryl,
2-thiazolyl, 2-benzimidazolyl, l-benz{glisoquinolinyl,
8-benz[glisoquinolinyl, 5-1H-tetrazolyl, 2-quinazolinyl,
2-thiazolo[4,5-blpyridinyl, 4-10H-pyridazino[3,2-b]-2-
guinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,

25 4-benzoxazine, 2-purine or 8-purine;

‘wherein the above R! groups are unsubstituted or

substituted with 1-3 functionalities chosen from the group
consisting of trifluoromethyl, trifluoroethoxy, C1-C4 alkyl,

trifluoromethoxy, hydroxy, C31-C3 alkoxy, nitro, C31-C3
30 alkylthio, C1-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthio,
C1-C3 alkylsulfinyl, C1-C3 alkylsulfonyl, cyano, amino, C1-C3



al kyl am no, di phenyl net hyl am no, tri phenyl nmet hyl am no, benzyl oxy,
" benzyl thio, (nmono-halo, nitro or CF3)benzyl (oxy or thi o), _

di ((erg) %Ehﬂ alkyl, Cerr]-Clerr] cycloal kyl, or ( er rdctaisenmndzzo

cycl oal kyq am no, (mono-Clerr]-Cerr] alkyl, C(err]-Cerr] al koxy or
5 hal o) (phenyl, phenoxy, phenylthio, phenyl sul fonyl or

phenoxysul fonyl), Cerr]-Cerr] al kanoyjam no, benzoyl am no,

di phenyl net hyl am no( err] err] alkyl), am nocarbonyl, C[ err]-Cerr]
al kyl ani mddas mimn %pip@ny m@[cgml]arrarrwl JEmdnReRmaf eskiy Llamino,

hi'allkoI qewe]nﬁmxﬂv benzylahkanoyhmmhwml errt;m‘lcS o erF] )-ﬁﬁlri(o?c]y o:lz'(
a am ngsul f on e an onyl , enyl (ox
or %/hl o)?%’é(r)r’j %‘[gff]é ﬁéf'ﬁ'l 6 CYCIoa err] rl‘E)‘fl‘%éal iyl (F;r Y Y
g[er r]- I C[carcl]oaqu}bhkhym(mmy dmo:nrl:x-lﬁt)](—q;aerarl]k}gj[,eraj ) ka;g[.]yqxnf or
enzo errl.a m no _Qr_ di err

ylyam %kﬁ% i% %%né% %henf& 10 r%éiﬁéﬁ% %ﬁ°fhe I nvention
conprlseQ'QﬂﬂﬁM§¥ fenyl ketGaeC§5alkanﬂyhﬁm§anwﬁRQ¥OYlamanr
[err] diphen 1metﬁ\p£aﬁrﬁoli2c SC|33|aQQ®'I) Pl v PP @ -dpdo; 20

to a prot ed ket al r ef enpl oyi
Ll ot AT e s AT BEY K 3& Chigkar 21k amingearbonyl, halo-C1-Ce
trinet hylasrnaﬂ@w pamnﬁodumfonymechylognalody]mmndm$ulfonyl rdtamflﬂmthe

pr tected II| hi um
n: @utyl i CHi G} rtéfgssu E‘fa BRa oy etélleot(clscé)cﬂpﬂk%) frhaf‘é
di sul fi d&11Gs aallgybl en 31 C3 alkom)wﬂemelddem #r ctdnqgohr@n, %mdalkyl),

depr ot eciidip JfIE, %mr@miﬁaedc&egl aqm%m% %Iafdpr@lﬁc;s

met hyl - t hi_ot et raI one: conpound formul a
[err] alkyl) aming) 68118353 1ky

PCT/U897/19229u1 as%lct of the invention comprises: ébnvertlng a ketone
Anot her asfpect of the_invention conprises preparing the conmpound of

0]

wherein R is halogen, preferably bromo or iodo;

20 to a protected ketal, preferably employing
trimethylsilyltrifluoromethanesulfonate and 1,3-bis-
trimethylsilyloxy propandiol in methylene chloride;
reacting the protected ketal with a reactive alkyllithium
compound, such as, n-butylithium and a sulfur transfer

25 reagent, such as, dimethyl disulfide, to afford an S-
methylated ketal compound; and
deprotecting the S-methylated ketal compound to afford a
methyl-thiotetralone compound of the formula IIX

/SCH3

ITI

30



by reacting a conpound of the formula

[err] with I'ithiumdiisopropylamde, n-butyllithium and
di et hy, di suI fide or by converting a conpound of therfigfaw.e X
[err] 0 9818757 to an acid halide, for exanple, an aci ﬂ{orlde
reacting the acid chloride with a Lewis acid and ethylene to afford
the conmpound of formula I1. -4ccording to another aspect, the
i nvention conprises 20 converting the conpound of forrmula Il to a
conmpound of the formula I. One such preferred process conprises
reacting the Wt 2 - byl am.ne to
af for d Bpothel MRSLEE, Ot HAE HhBepfdh' BohBribil pRRgAEIRY, 6
PCT/ US97/crpggpaind of formula II - 5-
[err]
|/SCH3
IT
5

by reacting a compound of the formula

Br

10

with lithium diisopropylamide, n-butyllithium and dimethyl
disulfide or by converting a compound of the formula XTI

SCH;

HO XI

)
15

to an acid halide, for example, an acid chloride;
reacting the acid chloride with a Lewis acid and ethylene to
afford the compound of formula II.
According to another aspect, the invention comprises

20 converting the compound of formula II to a compound of the
formula I. One such preferred process comprises reacting the
compound of formula II with (R)-(+)- phenethylamine to afford
a compound of the formula III



reacting the conpound of formula Il with a strong lithium base to
" afford a lithi oenam ne conpound of the formula IV 5

[err] wo98/18757 met hyl ati ng the resulting |ithi oeneermss7a229he
formula IV to a conmpound of the forrmula V, for exanple, by reacting
t he 10 resulting lithioenamne with nmethyl iodide in an ether sol vent
to prepare the conpound of fornula V -5- -

[err] 15 reacting the conpound of formula V with an acyl
hal i de or an anhydride of acryligracid 3prepare a conpound of the
formula VI WO 98/ 18757

PCT/ US97/ 19229

reacting the compound of formula III with a strong lithium
base to afford a lithioenamine compound of the formula IV

A~ SCH;

H3 CgHs

mllI 1an

methylating the resulting lithioenamine of the formula IV to a
compound of the formula V, for example, by reacting the

10 resulting lithioenamine with methyl iodide in an ether solvent
to prepare the compound of formula V

SCH3
HN
Hj EI CgHs ,
15 reacting the compound of formula V with an acyl halide or an

anhydride of acrylic acid to prepare a compound of the
formula VI




- 6- [err] guenchi ng

" the reaction wth base, and conbi ning the residue conprising the _
conpour\g,o%ng 7mJI aVl with an appropriate 5 si | ane gRenaidohmidger oaceti c
acid in thHe absence of a solvent to prepare a conpound of the fornula
VI | : ' [err] 10 reacting the
conpound of formula VII with a nethyl _galide, for- exanpl e, met hyl
iodide in a reaction mxture conprising an organi ¢ solvent and a
strong base to afford an aryl nmet h fi3conpound of the fornula
VI [err]

oxi di zi ng the conpound of fornula

sul f oxi de conpound of the
formula I X '

o]
w
Q
.?—
0
o
oo
v

e 1111

quenching the reaction with base, and combining the residue
comprising the compound of formula VI with an appropriate

5 silane and trifluoroacetic acid in the absence of a solvent to
prepare a compound of the formula VII

SCHj;

VIIT

10 reacting the compound of formula VII with a methyl halide, for
example, methyl iodide in a reaction mixture comprising an
organic solvent and a strong base to afford an
arylmethylsulfide compound of the formula VIII

’/,\\T/,SCHé
CHj3 '

X

VIIT

s

15 i CHi

oxidizing the compound of formula VIII to a sulfoxide
compound of the formula IX
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-7- [err]
reacti ngyé bg ey f oxi de conpound of the formula IX with an peymsermemey! ating

agent to afford a Pummerer rearrangenment product; 5 reacting the .

Punmrer er rearrangenent product with an el ectrophile selected from

the group consisting of A-Rerr] -7-wherein A-is a |l eaving group and

Rlerr] represents: 2-ni trophenyl, 4-nitrophenyl, 2-cyanophenyl,

4- cyanophenyl , 2- ni t ronapht hyl, 4-nitrbnapht hyl, 2-cyanonapht hyl,

4- 10 cyanonapht hyl, 2-qui nol i nyl, 4- qU|no@LEyl, 7-qui nolinyl, 1-
EN\2- qui noxal i nyl ,

I soqui nolinyl, 3-isoquinolinyl, 8-isoquiaoINY
2- benzot hi azol yl, 3-1H i ndazol yl, CH3 benzoxazol yl ,

3-1, 2- benzi sot hi azol ylI , 2-pyridin “ B pyridinyl, 2-pyrazinyl,
2-napht ho[ 2, 3-d] t hi azol yl, 2- 15 @ o[l,2-d]thiazolyl, 9-anthryl,

2-thiazolyl, 2- ben2|m oF g '-nz[g]Iﬁqu|noI|nyI 8-

benz[ g] i soqui nolinyl, 5- 1FFtetrazon 4{2 qui nazol i nyl, 2-

t hi azol o[ 4, 5-b] pyridi nyl, 4-10H pyrigigzi no[ 3, 2-b] - 2- qui nazol i nyl,
2-1, 4-benzodi oxi nyl, 2-triazine, 2-benzoxazine, 20’ 4- benzoxazi ne,
2-purine or 8-purine; wherein the above R err] groups are

unsubst i the 6k Dhg the su§EQ§EHEUE%g1PWuHa b3 tgfé)lfﬁasrmefkf @t&@ group

consi stin of trifluoraneth trifluoroet Cerr err] al kyl,
trifluor &ﬁ‘é{%&’;ﬁg h@%?’a;y,tocﬁéﬁprdcpePﬁmmwX;rewﬁqrwer@r& Profest] 25
zé|[ 5y | } hlq xeddteing - @e{thékaﬁorbarﬁb&@ﬂmerﬁrkﬁdﬂiﬁﬂ'@lf w:iupmyl thio,

err r sul fan ano, , am no,
Cerr]- C[eglrér e 24 %ﬁ%%ﬁ\e %“ %‘ﬁ’yl %%’&M%«?ﬁ {Ifq p#e/r@;ﬁ‘ret hyl ami no,
benzyl oxwhegsizy|A hie, a(hﬁﬁUlhglgronptandomlcEppmebpbamzyl(oxy or

t hi d L
50 " O] Akstrophengh, ek U 1 Sle oy ] o
al koxy oftronaphfgg( pﬁemtroaﬁgh@%y plaewlatrmr@p hatherlyd sér fonyl or

10 cyanonaphthyl, 2-quinolinyl, 4-quinolinyl, 7-quinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-
benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-
pyridinyl, 2-pyrazinyl, 2-naphtho([2,3-d)}thiazolyl, 2-

15 naphtho(1l,2-d]lthiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benz[glisoquinolinyl, 8-
benz[g]isoquinolinyl, 5-1H-tetrazolyl, 2-quinazolinyl, 2-
thiazolo[4,5-blpyridinyl, 4-10H-pyridazino([3,2-b]-2-
quinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,

20 4-benzoxazine, 2-purine or 8-purine;

wherein the above R! groups are unsubstituted or

substituted with 1-3 groups chosen from the group consisting
of trifluoromethyl, trifluorocethoxy, Ci-C4 alkyl,

trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C1-C3

25 alkylthio, C1-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthio,
C1-C3 alkylsulfinyl, C1-C3 alkylsulfonyl, cyano, amino, C1-C3
alkylamino, diphenylmethylamino, triphenylmethylamino, '
benzyloxy, benzylthio, (mono-halo, nitro or CF3)benzyl (oxy or
thio), di(C1-C3 alkyl, C3-Cg cycloalkyl, or C4-Cg

30 cycloalkylalkyl)amino, (mono-C1-C3 alkyl, C1-C3 alkoxy or
halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl or
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- - 8- phenoxysul fonyl), Clerr]-Cferr] al kanoyl am no, benzoyl am no,_
di pheny ?{ m no(Clerr]-Cerr] alkyl), am nocarbonyl, gehfidobndzherr]
al kyl am'nocarbonyl, di (C(Jerr]-Cerr] alkyl)am nocarbonyl, _
hal o-Cferr]-Clerr] al kanoyl, am nosul fonyl, Cerr]-Cerr]
al kyl am nosul fonyl, di(Cerr]-Clerr] _g_ al kyl }am nosul fonyl , phenyl (oxy
or thio)((err]-Cerr] alkyl), (halo, Cerr]-Cerr] alkyl or

Cerr]- Cbhenpxgblnd)fy))'mie)nylc@om csrl]tdﬁoyxdﬁimas ] ‘Herezaoylahieyd )

benzoyl r m '

al k)Z/I glam n%fl élghr & gr# q‘%y (_313 aall%f‘) %ﬁe%é%&ga (gf eé a phase
transferaé&Y Ry NOCHT 1t (C1-Grdiding anknpaarkonyl ko -C0-§F epare
a CO”pouaﬂkQBo§Qr”%hﬁnosulfoﬂyl Cl -C l&MEKHéHIEbﬁyﬂf“HEfﬁi @spect of
the inventjon, the npqund %or rru%a Vi |

[ePr] a Yl)am’-nosulﬁoé"‘yﬂr'eé%h%&’lbgp’i%é”-br'ﬁt’éé)s(%lCc3n Forpt} sedduct i ng

a conpougg-c3 alkydf dﬁ“ﬂﬂ4m3ﬂdlkdﬂy)phenyl(oxy or thio) (C1-C3 alkyl),

[err]
[ithium
et her

10

15

20

25

th t 1 b h
benzoyld' 'Ogop(faénﬁ'ﬁ ac&ee%? qf ) ugiaﬁgﬁﬁﬁ—léﬁl ZZI 326 aﬁgcanas

alkyl)amino) (C1-C3 alkyl);

in the presence of a phase transfer catalyst, ahydride
reducing reagent and a base, to prepare a compound of formula
I.

According to another aspect of the invention, the

V% SCH;
Ha I
X

VIII

compound of formula VIII

s

CH>

is prepared by the process which comprises reacting a compound

of the formula XII
Br
S
CH3 l

X

0] N

|
CH;

XI1

a1 111}

with a reaction mixture comprising a base, such as lithium
diisopropylamide or lithium hexamethyldisilazide, and an ether
solvent to afford an amide-enolate solution;

reacting the amide-enolate solution with an alkyllithium
compound to afford a dianion compound of the formula



.solvent to afford an am de-enol ate solution; 25 reacting the

am de-enol ate solution with an al kyllithium conpound to afford a

di ani onye@opp4gs of the fornmula WO 98/ 18757 pcruse7/19229 B
PCT/ US97/ 19229 - 9-

[err] reacting the dianion conpound with di nethyldisulfide
to afford 5 an aryl met hyl sul fi de cgopound of the formula VIII.

The preferred internedi ates of the present invention have t he
formulas Il, VI and VIII: [err]

-

\

LiO

reacting the dianion compound with dimethyldisulfide to afford
5 an arylmethylsulfide compound of the formula VIII.
The preferred intermediates of the present invention have
the formulas II, VI and VIII:

SCH;
Ix
O ;
10
SCH,
cuf ]
™
00 N
/J\ VI
HCj CgHs
and '
SCH
=z 3
CHs| |
\\7/’
o) N7 = VIII
| H
CH; .
15

or salts thereof.



15 or salts thereof. WD 98/ 18757

- PCT/ US97/ 19229 -10- _
Starti ng,v(ggi,%.,gal s for the conpounds in the clained PCPAUSSEDS20ar €
either commercrally available, known in the art, or can be prepared
by nethods known in the art, for exanple, see. Audia et al. in US
Pat ent 5,239, 075, issued August 24, 51p0- 1993 and European Patent
Publ i cation 0703221, . Throughout this docunent, al
t enper at ur es WFEarpéngomategaadsi fod ithed spreeunds snushen@l@imegpr essi ons
of PESEESH 5REI BRLHBEN E%ﬂ\h@&%i@.’i‘iﬁ/p%%qutam%,wﬂrﬂoﬁe igXRphReS e, N
wei ght units, except for mxtures of solvents, which wll b

e
descri bedP¥ 30| BRePHAPRE S RV B thoRS, fineams gy &dpe art, for examplenonces
to conpoussls. i Rulbasedoalnenh Ungl.udatiehe b5 239,013, THeeued augynsac oant abl e

vart ous phar1 1 SR BHePRE HoRBoERFBMRAACAS 1 Phg P22 indi cated bel ow

[err]

Throughout this document, all temperatures will be
10 described in degrees Celsius and all expressions of
concentration, percentage and proportion will be expressed in
weight units, except for mixtures of solvents, which will be
described in volume units, unless otherwise stated.
References to compounds in this document include the
15 pharmaceutically acceptable salts of such compounds, unless
otherwise stated.
The various positions on the benzo[f]quinoline ring are

indicated below.

9
10 8
: . 7
10
2
3
N 4a 6
20 4 5

The spatial configuration of the group at 10b and the
hydrogen atom at 4a are required. The reader will understand
that many of the compounds can exist in two or more

25 stereochemical forms, and that all stereochemical forms are
included in the present invention. In some of the compounds
prepared or described below, single enantiomers are prepared
in pure form and are identified by (+) or (-) nomenclature.
In other cases, the mixture of diastereomers is prepared.

30 The group S-R! occupies the 8 position.



The spatial configuration of the group at 10b and the hydr ogen at om
~at 4a are required. The reader w |l understand that many of the _
compoun -£Xist in two or nore 25 st ereochem cal petamo7/BBsh t hat
all stereochemcal forns are included in the present invention. In
sone of the conpounds prepared or described bel ow, single

enanti oners are prepared in pucgiformand are identified by (+) or
(-) nomencl ature. In other cases, the m xture of diastereoners is
prepared. 30 The termThealpaep"Sard bb@&pr'esnchédsSpG@lpurm bromo,

WO 98/ 1883 (ioro and lodo PCT/ US97/ 19229

-11- he, tern1" o] and ude | o ro

fluoro and i odd*® LR QX# 858??60553Fﬁy?sgpéué ib%ﬂ 8 che’TPke

CEerIr] C[mrdﬂu&é l@’ﬂ'o@gﬁléiléﬂ@magemeth%lf eaﬁy:ude?ngyms _s_@@%r?@ fAlble, |

e ro -, u n- bu and i sqbu en
yalkyhﬂ%gﬁ éght§y én%oﬁ%???ﬁ¥§‘li%&kﬁﬁygraéﬁsa YO E%Hfﬁalent gnd

are bOﬂd@@ﬂStltute 1imkimghgrogpsuwhlcharexhhphégne[and]a@bebbhd@ﬁkenyl

| ncl udes 1gih&pfer g:i’oups2 pFQPe?¥£mp§ebU&§”&4 éﬁﬁé&ypuiﬁ9¥hde§ngthen¥%

Jerr]-Cerr] alkyny udes, for exanple et hyn 2- propyn
2- but yny 7&%99%ﬂ¥141ﬁ‘bUt%0%ht?ﬂ?l2 -butenyl; andTRe-ge onbXp¥ir]- Jerr]

a|kan0y|1hﬁghﬂﬂ§§ SEICH g §ease£9§ﬂyi; 2-propyA¢el Vb -bRkOBANYhG iso-
I sQbut yr gélproplony and hexanoy The group err]-Cerr]

c}@loalk F s cycl opropyl, cyclobutyl cycl opentyl and
cycl ohexyl, arthe tm:@npm-@@ral]kﬁcgﬂr]lmhldmé ksph i kg:bowlﬁs as farhylﬂes

for exanple ycl o th CYC cIo utyl butyl and
cycl ohexy{ e t?%w SHSLHIE, qu% ﬁ% %ubh askﬂéhgrE?lPP 1 f 5%?

hal ophen{fheoorgun r93-QeeraycLloalkyl dinadysiemyayekanrorl ¢ have @b@éréd baS|c
group haek@dopentyl Sétbé%&é‘i@ﬂeﬁj}'l' tadd 2heOfrdupaby-0f é}smki@gaikyl

al kyl groups as nmay be described in_the individua
The presdRf b#dtﬁ?essf?ﬁ ePPATER L @ o NPT ReRT OPY 18R RRY 4 |05Fﬂ°hexyletm(\;png t he

benzo[f]qybmwﬂdgyﬁbu&yysan@ncyagobgﬁggmétnglof whi ch is substituted
o oo o ov e b ke chaRaton oo ane RSP ORAIRIARR A R eIy SUI T
organi ¢ gldyiphendl negféreato ashe 1nd1cated ba31c group having
substituted on it 1, 2, or 3 halo or C1-C3 alkyl groups as may
20 be described in the individual case.
The present process prepares compounds of formula I all
having the benzo[f]lgquinoline nucleus, on the benzo ring of
which is substituted a cyclic group R! linked to the
benzoquinoline through a sulfur linker. The Rl groups may be
25 substituted with additional organic groups, and may bear as
many as three of the indicated substituent groups. Multiple
substituents may all be the same or may be different.
Certain aspects of the process are preferred and will be
mentioned below specifically. It will be understood that the
30 following aspects are each important individually, and also
that preferred aspects may be combined to create further, more
limited or more expansive, preferred aspects.

Synthesis of 6-Methylthio-2-tetralone
35
The starting material for the synthesis of 6-methylthio-
2-tetralone is 4-methylthiophenylacetic acid.
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20
6-Methylthio-2-tetralone is prepared by reacting 4-

methylthiophenylacetic acid with thionyl chloride, phosphorus
trichloride, oxalyl chloride, or phosphorus pentachloride,
under conditions known to those skilled in the art, to afford

25 4-methylthiophenacetyl chloride (Scheme III). Preferably
thionyl chloride and N,N-dimethylformamide are employed to
afford the 4-methylthiophenacetyl chloride. By a Friedel-
Crafts acylation reaction of 4-methylthiophenacetyl chloride
with ethylene gas in the presence of a Lewis acid catalyst and

30 an inert or substantially inert solvent or mixture of




20 6- Methylthio-2-tetralone is prepared by reacting 4-
met hyl t hi ophenyl acetic acid with thionyl chloride, phosphorus

trichl okygleg1ga¥al yl chloride, or phosphorus pentachl ori depcrasori9ipgler
conditions known to those skilled in the art, to afford 25

4- et hyl t hi ophenacetyl chloride (Schene 111). Preferably t hi onyl

chl oride and N, N-di net hyl f or mam de arejsnpl oyed to afford the

4- nethylthrophenacetyl chloride. By a Friedel- Crafts acylation
react i on SOLVANE hW M opirsitcetis ehferted to affordhthehg-dedrgdonen t he
presenceraf. a Lewis acid catal yst and 30 an inert or substantially inert
sol vent or m xture of WO 98/ 18757

PCT/ US97/ 19229 -13- sol vent s,
ring closure is effected to afford sbnzﬁztgmmalone 1.

SCEEME 111 5 err]

Suitable Lew s acidéa_gglysts i ncl ude AIBréerr AlC [err], Alferr],
GaCl[err], Fed Cl[err], zrd Hna [err], BC[err

SbC [err] and i ke, prefer : AIBr[emm$amdSoIventh
this reaction i ncl ude casbon arsdl fi de, “nBthyighedes chl ¢

ni t r omet hgye- 1, 2-dichlorqg e, nitrobenzene, and t
preferably met hyl ene chl orf'de.” The cyclization of t®i“onst hyl
tetral one requires rigorous conditions and is difficult to isolate.

15 Inprovgﬁiﬂgﬂﬁg %'Hgfa”éégéﬁgéééniﬁ%ﬁ ?Afsfgh'ﬁiéﬁ39“ﬂir

ri gorous condi'tions and oyin
Cycli zat F8R1Bs E&Hized 5&9115at Zméﬁpbr #Anfles, (ﬂCb:bouBF3 78Speig] entlothe

ahout 251figer] breFefapian! Milmss tfﬁﬂl&%ﬂégrdééd for this reQQQEEhQn of

ethylene is_exothermc in nature and tenperatures from about -78

[err] C t 4P5PHEE S@Yony Fesaldide @g&a‘auylene chibonidet antibr dmebbhingeg

pr ocedur g$2-8ighilbireaittand, mﬂiﬁﬁaﬁenzene Sﬁﬁﬁc%hgfllke, preferably

6-met hyl t h tetral.one mere bser ved upon t he srnultaneous
addi ti on™ 8%ﬁ¥ﬁ ﬁ%&ﬁf SIGA IR RN ) thiomethyhyFeksalgne

nethyleneeqhhuesde1@@¢oﬁb8ﬁ&nﬂlﬂxﬁﬂyﬂéﬁdufgsdif&ﬁéﬁlt toabgdlabelerr]Cto

apgut - 19, heRGLS vields of 6-methylthio-2-tetralone are achieved under
rigorous conditions and employing AlBr3i as the Lewis acid.

Cyclization is carried out at temperatures of about -78 °C to
about 25 °C, preferably less than 0 °C.
Addition of ethylene is exothermic in nature and
20 temperatures from about -78 °C to about 30 °C are employed
using standard cooling procedures. Significantly improved
yields of 6-methylthio-2-tetralone were observed upon the

simultaneous addition of the 4-methylthiophenacetylhalide and
ethylene to methylene chloride and AlBr3 at temperatures from

25 about 5 °C to about -15 °C.
Alternatively, preparation of 6-methylthio-2-tetralone
may be afforded according to the following Scheme IV.




Al ternatively, preparation of 6-nethylthio-2-tetral one may be
- afforded according to the foll ow ng Schene | V. WO 98/ 18757
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where R is hal ogen, preferably brono.
tetralone is first protected as a 10 _j4_ketal. Preferably, ketalization
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The ketone group of the

to

fromabout -70 [err]C to about -60 [err]C are enpl oyed
cooling procedures. For exanple, 6-brono-2gtetral one

is 15 slowy addeq to solution of 1,3-bis-trinethylsj Ky
propandiol and trif et hanesTM$Qpat.e\j n oSyl ene chl or to
yiel d 6-brono-2-tet e prop . m1- et al
exchange i s then ded by reacting the pr ot e& fal with a
reactive organoli conmpound, 20 preferably n{buty Fhi um
Al kyl ation of ¥ | ting lithium species Wthan appropriate
sul fur transfer reagent, for exanple, a sulfenyl halide or dinethyl
disulfide affords a
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where R is halogen, preferably bromo.
The ketone group of the tetralone is first protected as a
10 ketal. Preferably, ketalization is afforded by slowly adding
1,3-bis-trimethylsilyloxy propandiol to a solution of
trifluromethanesulfonate in methylene chloride. Temperatures
from about -70 °C to about -60 °C are employved using standard
cooling procedures. For example, 6-bromo-2-tetralone is
15 slowly added to a solution of 1,3-bis-trimethylsilyloxy
propandiol and trifluromethanesulfonate in methylene chloride
to vield 6-bromo-2-tetralone propylene ketal.
Halogen-metal exchange is then afforded by reacting the
) protected ketal with a reactive organolithium compound,
20 preferably n-butyllithium. Alkylation of the resulting
lithium species with an appropriate sulfur transfer reagent,
for example, a sulfenyl halide or dimethyl disulfide affords a
6-methylthio-2-tetralone propylene ketal compound.
Deprotection of the S-methylated ketal compound is afforded by
25 treatment with aqueous acid, preferably hydrochloric acid, to

afford the desired 6-methylthio-2-tetralone compound.

A - -+ merne




~6-net hyl thio-2-tetral one propyl ene ketal conpound. Depr ot ecti on of

t he S—nethylated ketal conpound is afforded by 25 treatnent with
aqueous ef erably hydrochloric acid, to af f ired”

6- et hy Iv?@ sigf etral one conpound. WO 98/ 187%94[68%144%
PCT/U897/19229 -15- Alkylation
and Aza-annul ation A previsQus synthesis for the internediate
conmpound of the formula VIl 5 _

[err] Alkylation andadzaaasghuliatidnS. Patent 5,239,075 and U.S. Patent
Application Serial No. 08/443,994, each of which is 10 I ncor por ated by
reference herein. Another synthesis of the conpound of fornmula VII,
of which this #rRERYVieRsSceKBthesiss for the intiegmediatrentcompaurshadh the

Eur opean Rat@ita Ppbki cation 0564193. The nethylthio group of the
corgpound of forrmula VI Is located at the 8-position. This preferred
process of 15 preparing the conpound of forrmula VII, described bel ow,
can be carried out w thout purjpgegitOfi®or isolation of the

i nt er medi at e products. cg;[Thi ofet hyl -2-tetralone is reacted with
(R-(+)- phenet hyl am ne the internmediate of the fornula
11 20 [err]

VII

was taught in U.S. Patent 5;239,075 and U.S. Patent
Application Serial No. 08/443,994, each of which is

10 incorporated by reference herein. Another synthesis of the
compound of formula VII, of which this invention constitutes
an improvement, was shown in European Patent Publication
0564193. The methylthio group of the compound of formula VII
is located at the 8-position. This preferred process of

15 preparing the compound of formula VII, described below, can be
carried out without purification or isolation of the
intermediate products.

6-Thiomethyl-2-tetralone is reacted with (R)-(+)-

phenethylamine to prepare the intermediate of the formula III
20
SCH3

IIT.

CHj CgHs

xe

The reaction is conveniently carried out at elevated
temperature, particularly the reflux temperature, in toluene
25 in the presence of a strong acid such as p-toluenesulfonic
acid. Water must be removed as it is formed in this reaction,

and the absence of water being formed is an indication of
\



The reaction is conveniently carried out at el evated t enper at ur e,

~particularly the ref lux tenperature, in toluene 25 I n the presence of
a strong acid such as p-toluenesul fonic - acid. Wat TSh r enoved
as it i ¥ABRET in this reaction, and the absencee{q wat e?ﬁ%el ng
formed is an indication of WD 98/ 18757
PCT/ US97/ 19229 16— - -16- conpl etion

of the reaction. A slight excess of phenet hyl am ne, such as about
1.05- 1. 1QcaglierdlNtcE whowdhdeion. A sBbsht Abkessatbrel y,
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diisopropla ne an vl 4 thiumi before use t he
o ocons BteBTs bt il TR AL B ?fﬁ%ﬂ?ﬁopy Smide to

dﬂﬁsoprop)ilf@mdja simmn:quhrbia afsdthe ofotyesta rBgul ts. The lithium
di i sopropyl am de reaction is best carried out I n tetrahydrofuran at
a low tenperature in the range of about SCHa 100[err] to about O,
preferably about -78[err] to about -1 phenet hyl am no conpound
need not be purified or isolated,, but the first reaction mxture
shoul d be evaporated under vacuu d the residue taken up in
tetrahydrofuran. It is preferred to add the phenet hyl am no
material, in solution, toasoIHiti IvV.

CHj I§I CgHs

When the reaction is carried out, as is preferred, with
15 lithium diisopropylamide, the best results are obtained if the
lithium diisopropylamide is freshly generated from
diisopropylamine and n-butyllithium immediately before use in
the process. A substantial excess, about 15-25%, of lithium
diisopropylamide should be used for best results.
20 The lithium diisopropylamide reaction is best carried out
in tetrahydrofuran at a low temperature in the range of about
-100° to about 0°, preferably about -78° to about -10°. The
phenethylamino compound need not be purified or isolated, but
the first reaction mixture should be evaporated under wvacuum
25 and the residue taken up in tetrahydrofuran. It is preferred
to add the phenethylamino material, in solution, to a solution
of lithium diisopropylamide in cold tetrahydrofuran; the
opposite manner of addition is operable but provides lower
vields. In general, the reaction may be carried out in less
30 than one hour.
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um di i sopropylam de in cold tetrahydrofuran; the opposite
manner of addition is operable but provides | ower yields. In

gener al wd égag79action may be carried out in less 30 t BERuQeFioBRMT -
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The lithio conpound is difficult to isolate and purify,

t should be introduced into theyprocess of- the present

invention as a solution in the lithiation reaction mxture. 5
on The lithio qempoundli bscdnpbindlistoeibplatedantiopueidynl e by
reacti ng ahide gesitl tdm@ul d tihd OERARL 88 Wit t 1.0d] t rovi de
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It is

use about 15-25% of excess nmet hyl iodide, and to carry
%ﬁ% e?%ﬁ??easolvent, preferably an ether solvent, such as

et her, nethyl t- butyl ether or, preferably,

t et r ahydr of ' ' . e rapid at lo enperatures in
the range of ame ASHERRORbR o meelElXeLED £of oxRlRlEBRICL %50 To
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di i sopropyl am ne, that| am ffe nust be neutralized before

resi dual

15
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thio conmpound is in the form

Dimethyl sulfate, methyl bromide, methyl chloride, methyl

iodide, and the like, may be employed to methylate the

lithioenamine. It is advisable to use about 15-25% of excess

methyl iodide, and to carry out the process in a solvent,
preferably an ether solvent, such as diethyl ether, methyl
butyl ether or, preferably, tetrahydrofuran. The reaction
very rapid at low temperatures in the range of about -100°
about -50°, most preferably, about -80° to about -60°.
Reaction times in the range of from about a few minutes to
about one hour are adequate, and a 20 minute reaction time
rreferred.

If the lithio compound is in the form of the reaction
mixture from lithiation with lithium diisopropylamide, and
reaction mixture therefore contains the residual
diisopropylamine, that amine must be neutralized before

methylation. Most conveniently, the methyl iodide mixture

t_
is
to

is

the

is

allowed to warm to & temperature close to 0°, and a sufficient

amount of methanesulfonic acid is added to neutralize the
diisopropylamine. Other strong acids may be used, but

e rmaerearim g e e+



met hyl ati on. Most conveniently, the nethyl iodide mxture is “al | oned

"towarmto a tenperature close to O[err], and a sufficient 30 amount _of
met hanegylbonig,acid is added to neutralize the di p&PRISONV2E9T NE.
O her strong acids may be used, but WO 98/ 18757
PCT/ US97/ 19229 - 18-
met hanesul fonic acid is particularly cqpvenient and preferred because
the resulting methanesul fonate salt of diisopropyl- amine is only

slightly metb&hesahfiother atdde isppalreieadiaryy convendrmmiedriy iafemred
filtrati niyf LT h QG - ul.atyi.o _
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reaction which forns the conpound o ormul a

[er?] 15 It is best to generate the acrylic anhydride,
t he ApaehAnrnutdtioeagenep | Medi ately before use by the reaction of
acryloyl chloride and acrylic acid, using triethylam ne and a

stabilizer, such as hydroqui none and butyl ated hydroxytol uene, 20 I n

t et rahydr of ur afhe reaction miXburazaompmilsdimicortrhies desptowest rdfedhmit by
adding th acLyli dg i | @uli scal Qri ra |
formula vagk Ebﬁ\bgﬁgét 5{1%‘8;0%%10%%%%1“?%11 @ %%a?#}?}yciﬁ&’e acf)f]""oWi ng

tenperature, such as _from -/70]err],

t WEO i xt LRETY biGarfidery arBMilpvdi chlexide ngnt &hg Agke., tpripEitekaie in
the rangetré abouannddheibh teaadkavh Qhelchl fodmse\t®R Wompound 4O about

10[err]-2?¥err i @;Period of 12-15 hours is a reasonable period of
time to atPbWthe ' m xture to warm Wen the reaction has gone as far
toward conpletion as is desired, the reaction i s quenched by

addition of solid sodium bi carbonate. SCH3

VI

15
It is best to generate the acrylic anhydride, the
preferred reagent, immediately before use by the reaction of
acryloyl chloride and acrylic acid, using triethylamine and a
stabilizer, such as hydroquinone and butylated hydroxytoluene,
20 in tetrahydrofuran. |
The aza-annulation is best carried out by adding the
acrylic anhydride or acryloyl chloride at a very low
temperature, such as from about -100° to about -70°, and
allowing the mixture to warm very slowly with stirring to a
25 temperature in the range of about -20° to about 0°, or even up
to about 10°-20°. A period of 12-15 hours is a reasonable
period of time to allow the mixture to warm. When the
reaction has gone as far toward completion as is desired, the
reaction is quenched by addition of solid sodium bicarbonate.
30 It is preferred to use from about 1.5 to about 4 equivalents
of base, most preferably about 2 equivalents. The base may be



30 It is preferred to use fromabout 1.5 to about 4 equival ents
of base, nost preferably about 2 equival ents. The base nmay be
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-19- added as a solution, for exanple, in water or in an agueous
sol vent such as water/di net hyl am nopyridine, but it is preferred to
add t he base in solid form The reactipp-m xture - is stirred with

t he quenc base for_a brief _period, and 5 then the mxture is

filtered® \ﬂﬂeﬁ|§Q%P%&%Preﬁ%9eﬁxaﬁnée: in watefheoxolivenn mgpepbas

replacedsmﬂﬁ&nﬂ1éﬁ&ﬁﬁaéﬂwaﬁéﬁ/diﬁé&ﬁ%@QhYnopyrldlng'ebﬁ¥|lﬁtﬁg and the
aqueous base

organi c i_on washi n
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such as dswashrmed witl) the quénching base Eﬁkuélﬁﬂlef|£e§HBH WAL up

steps ar e 0, hen d ated and evaporated under
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appro ne .bej a solu or exa
Q@glk Is?%gﬁggg% %Fa dﬁ%%ﬁﬁ?(wti€;§qqm work-up Sqﬁ%saﬂH?tVéﬁdshBBPd
t ake plaéelatlanlew t@m@edahydrauedr&nd evaporam@@ @ﬁdéfoqaaﬂgmtto40[erﬂ
t o about d e I uantity of
oBtadfdRe S\Blf'x ko %t\i%.rl:t éiosrt_zlons o#" te%ouztfeal%t %HB%F%nt s,

trifluoroacetic aci e ran nost
preferabF?naﬁéﬁﬂngoﬁbG flnal #ﬂﬁﬁnmﬁdﬂﬂtﬁ|@fu®@dnuﬂmeVbref@nreHe other

trial kyl Rahanpethe re51duetWﬁﬂH“HH€|éﬁ5hcﬁgdr¥gggkféﬁr$§ % ?fé? eXCess

| sil i ke b
o%éprOpyCé%??%ﬁk?PsWF&ﬁﬁutlWOFWekggndéydgfggﬁﬂf g 20 eqU|vaIents, nost

preferably about 7-15 equivalents is used. The mxture is stirred
for abougedQz29oh0 ledit, is allowed to warm slowy to about
30[err], e&g %oﬂ F%ga@g FUFE Ps sl ow y heat ed to an el evat ed

tenperature, preferably the reflux tenperature, and is stirred at

t hat tenperatwﬁé fagiauvkewrBaukse %ﬁqléﬁhulatlon5§¥%ﬁjf% %‘ Ls, tfna a

eﬂyplete thf grnatlon of the conpound
led mixture of an appropriate silane and trifluoroacetic

acid is added. An appropriate silane being a soluble silane,
for example, a dialkylsilane or trialkylsilane or the like.
The addition should take place at a low temperature in the
range of from about -40° to about 0°, and no other solvent is

25 used. A large quantity of trifluoroacetic acid, in the range
of about 10-50 equivalents, most preferably about 20-30
equivalents is used. The preferred trialkylsilane is
triethylsilane, although trimethylsilane, tripropylsilane and
the like may also be used. A substantial excess of

30 trialkylsilane, in the_range of about 5-20 equivalents, most
preferably about 7-15 equivalents is used. The mixture is
stirred for about 10-20 hours while it is allowed to warm
slowly to about 30°, and then the mixture is slowly heated to
an elevated temperature, preferably the reflux temperature,

35 and is stirred at that temperature for a few hours, such as

about 2-6 hours to complete the formation of the compound of
formula VII
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- - 20- [err] _ _
Puri fi i99/‘i'8755 N The residue containing the ppeguihyi2g or mul a
VII may bé di ssol ved, preferably in a hal oal kane such as
di chl or onet hane, washed with base, such as aqueous sodi um
bi car bonate, and concentrat ed _ypder vacuum The residue nmay be
t hor oughly 10 washed with, for exanple, an ether solvent, preferably
di et hyl ether, to obtain the purified conpound of fornula VII.

N- Al kyl ati on Process 15 LS _paafpsary in the synthesis to

nmet hyl ate the nitrogen at &h¢ 4 q sition on the benzo[f]quinoline
ring. U S. Patent 5,239,¢€ 3 such al kyl ation by reaction with
an al kyl iodide in the prese Jt rong base such as sodi um

hydri de. An additional alkyl hown i n EPOIL publication
0703221. The N7 aty>on conprises reacting a conpound of the
formula VIl with a nethyl hal i de,®f or exanpl e, methyl iodide in a
reaction m xture conprising an’Brganic sol vent, for exanpl e a

sol vent chosen fromthe group consisting of 25 t et rahydr of ur an,

di met hoxyet hane, . di et hoxyet hane and net hyl t- butyl ether, and a
base, fo uﬁiiﬁﬁ?é}°§queous sodi um or pot assi um hydroxide to afford a
cofpound of the formula VIII

The residue containing the product of formula VII may be

h
).
-

dissolved, preferably in a haloalkane such as dichloromethane,
washed with base, such as agqueous sodium bicarbonate, and
concentrated under vacuum. The residue may be thoroughly

10 washed with, for example, an ether solvent, preferably diethyl
ether, to obtain the purified compound of formula VII.

N-Alkylation Process

15 It is necessary in the synthesis to methylate the
nitrogen at the 4 position on the benzo[f)guinoline ring.
U.S. Patent 5,239,075 shows such alkylation by reaction with
an alkyl iodide in the presence of a strong base such as
sodium hydride. An additional alkylation is shown in EPO

.20 publication 0703221.

The N-methylation comprises reacting a compound of the
formula VII with a methyl halide, for example, methyl iodide
in a reaction mixture comprising an organic solvent, for

, example a solvent chosen from the group consisting of

25 tetrahydrofuran, dimethoxyethane, diethoxyethane and methyl t-
butyl ether, and a base, for example, agueous sodium or
potassium hydroxide to afford a compound of the formula VIIT
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T -21- [err] Thi s
aIkyIatbﬁp %pss allows for an effective 5 al kyl at pegusyiase m | d
and easily controlled conditions, and allows for easy isolation of
t he products. The aIkyIation process is carried out in
conventi onal chem cal plant equppnent, preferably at anbient
pressure and at noderate tenperatures. It is preferably begun by
slurrying 10 the starting materigiZef{ _fechyla VI in the organic
sol vent at a tenperature nfg anbjjent, such as from about O[err] to
about 50[err], nore preis(3nn nrabout 15[err] to about 25[err].

The nost preferred or g
preferred to use about 5-15

PNt is tetrahydrofuran, and it is
50l vent per ¥xkagram of 15

starting material; nore pr-’er 2 3dlvent volune is about 10 liters
per kilogram The al kyl i odide Ht hen added as neat liquid A
substanti al excess of al kyl i odfi is preferably used, such as about
1.2-1.8 equivalents based on the starting material, nost preferably
about 1.5 equivalents. 20 The aqueous sodi um or potassi um
hydr oxi de i s then added, still at about anbient tenperature, in an
amount of abouthis 4a1kylat1bht BEScReE Kill1egisamaf a&i@rﬁﬂétg;lr% erial. The
%? ty cik 1 qﬂng 35 i S _sone at dependent on concentration
he = alkylafien, andaE @ﬁ c@ngfe§5&|Mﬂ9ﬂnﬁf Wtre;2Rthen

the 25 alkixsts pfef eeasy baskati6dn sddithe prddmdtee, |s used t he nost

pr ef err ed am)lr:ﬂ%%oil %l%t? ﬁ#ﬂ:?gegl tgls c%?frlieci %glrtar? con\{end: 3r?a[et i ng

material. The ere ure cons i Sti ria
slurried qhﬁmmlrahmtpﬁqsesment, mm@@rtably at agboen 2 Pws{sng and h

Vi gor ous AginiciidPak &Nt %@ré@éﬁ&bon e 3Q pre@lér‘&‘m@ B RIP AR & Alr AP0
constant tenperature with constant itation. The preferred reaction

t erfber at U %t %‘b’cﬁgﬁate“al °§0F8FF‘Pla &y &g |%ﬁ?aﬁr36%e%%i]s e
conpl eti an,tdnigesathfle near ambient, such as from about 0° to about

50°, more preferably from about 15° to about 25°. The most
preferred organic solvent is tetrahydrofuran, and it is
preferred to use about 5-15 liters of solvent per kilogram of

15 starting material; more preferable solvent volume is about 10
liters per kilogram. The alkyl iodide is then added as neat
ligquid. A substantial excess of alkyl iodide is preferably
used, such as about 1.2-1.8 equivalents based on the starting
material, most preferably about 1.5 equivalents.

20 The agueous sodium or potassium hydroxide is then added,
still at about ambient temperature, in an amount of about 1-4
liters per kilogram of starting material. The quantity of
agueous base is somewhat dependent on the concentration of the
base and the choice of sodium or potassium hydroxide; when the

25 most preferred base, 50% sodium hydroxide, is used, the most
preferred amount of it is about 2 liters per kilogram of
starting material. Then the reaction mixture, consisting of
solid material slurried in two liquid phases, is warmed to
about 25-65° with vigorous agitation and the reaction is

30 allowed to proceed at about constant temperature with constant
agitation. The preferred reaction temperature is about 35-
40°. As the reaction proceeds toward completion, the solid
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©-22- starting material and al kyl iodide will dissolve and react, so
t he dlsaﬂpﬁﬁ{ggpe of solids is a crude indication of pPCT/GS5PIo84d ON. The
reacti on nay 852 f ol | owed by hi gh pressure | i qui d chromat ography on.
C-18 silica gel colum, eluting with 5 1:1 acetonitril e:aqueous buffer
(5% anmoni um acet at e) and noni Leping at 220 nanonet ers.
When the reaction has gone as far as is desired toward conpl eti on,

the nm xt warsingohatetrbahband abkybniodndetwell dissodyeceusl Izgpart,i sso
separ at e%r?é‘ddféd%ééégfgncéoof soladds IQeapEELQérEﬂdPLHék:f:.bﬁaHP” and

| sol ati on proce rocee e organic layer with
wat er , rﬁpmpletlorheut'Fla¢|lzeﬁ@twnvmh laaué%éowﬁebm aghdprﬁéﬁesmrtane

sol ution 1iquid ¢Eré&hsetd f Ynbhl cle ¥aporat gaREEaLUME, rlei@?cltr@ PR 69-

err renDV| npst e tetrah r of Slom/coolln t about
oL r]) ol Ak beEs o 0te 8 TARERER K58 ommo R uE s tate) Baa quch
whi ch neeﬂmmmylmséntngzwmémmeeerand drying to be ready for use as

an internedieuﬁk @ﬁﬁargggEggﬁeﬂggcg%ne as far as lhge§|z¥ﬁ?t' ocess

provi des produc edehafi caF 18r meas I ng
naterlalCqmpkﬁﬂl%macth¢ym2@ture pﬁr¢©91¢@rt©hebpharnmbe&mﬁca&uiﬁﬂustry

and in yi W Phver is Ség_ygt?QW%ﬂgeglgegfaégd according to the

preferred Tanners. |oa ation The conpound of
fdrdula Vil rﬁ%ﬁaﬂ%%f%’ér%@elb‘&?bﬁl‘&?ﬁmn and {fPyAELAY RECSEIEE

(+) - (4aRprdddis oyedhyht BnfatBe 10Bganic layer with water, and
nmet hyl 4 4a. 5 10b- oc%ah dr obenzo f%gflnolln 3-

PreferaMRﬁzﬁﬁﬁ}%ﬁﬁ%% hot'ht SPYOrBeas c8ﬁﬁ§n|n6g59)the solution
(4aR) - (I am)dmt:mngd 8abi nthe Obapet hyembegaButedaiSes, tob-aBMmE 69-

oct ahydrm“d&l 'Hné‘st? 8f‘et t@e@réh#@#era%?ht §9bw coollh ! e,

| ithium organic vent drofuran.
Adgeak bakouts th %ermm@amd "ot abwésza#emyhaugﬁ srvgsalilii

sl oWl y aggesbantd, tdiRich needdl AW ewhShshyl wethalakaemahel "’l&gﬁltri# &0 I‘&; hyl
lithiumnm %/ g added to %aC|I¢tate hexanethg#d|3|lam
deproton&fqgi Fheuse as an InteHRediatReAr ¢85 BdPPETMAE SUELPE -and an
al kyll'ithium The alkylatiMh98rd8&69 provides product in the same
PCT/USqHé%é?%%chemical form as the starting material, in satisfactory
20 purity for the pharmaceutical industry, and in yields of or
above 90% when operated according to the preferred manners.

Thiocalkylation

25 The compound of formula VIII may also be prepared via
thiomethylation of (+)-(4aR)-{(10bR)-4-methyl-8-halo-10b-
methyl-1,2,3,4,4a,5,6,10b~octahydrobenzo[f)guinolin~3-one.
Preferably, the amide enolate is afforded by combining (+)-
{4aR) - (10bR) -4-methyl-8-bromo-10b-methyl-1,2,3,4,4a,5,6,10b-

30 octahydrobenzo[flquinolin-3-one with a lithium salt, for
example, lithium chloride in an organic solvent, preferably
tetrahydrofuran. A weak base, such as, lithium
hexamethyldisilazide (LiN(TMS)2) is slowly added and the
mixture is stirred at room temperature. Methyl lithium may be

35 added to facilitate hexémethyldisilazide deprotonation. The
reaction is then cooled to -70 °C and an alkyllithium



- 23- conpound, for exanple, n-butyllithium is enployed to aid in

“ the formation of the di ani on. . The am de-enol ate sol uti on may
al so be f sequential treatnent of CT/US97/19229
(+)-(4aF¥?I’ %%S? 4 et hyl - 8- hal o- 10b- 5 F
met hyl -1, 2, 3, 4, 4a, 5, 6, 10b- oct ahydr obenzo[ f] gui nol i n-3-one with a
strong base, for exanpl e, I|th|un1d||39#{opylanide.in an et her
sol vent, preferably tetrahydrofuran, followed by |ithium hal ogen

exchange abiboandd ﬁobuéthbhbunkz&&mﬂmﬂﬁdﬂﬂuﬂﬂtﬂn(nmployedtbe hiflein
(Schene ani ound is then reacted with
dlnethylg%sul OﬁmaFlO ghandgr 'hylsulfide'conpound of formul a
VIIl. A very hthe d@gﬂeeeoblemms@ue:dtdmimqy gflgthée affoxifladibym with

<[3“ met hyl déé&uéhéﬁamﬁﬁragiﬁéﬁ%dof (1+5)—(4aR)—(10bR) Amethylo8-hato ME V

V{)§8/187gqthyl -1,2,3,4,4a, 5 6 10b—octahydrobenqqﬁéiggﬁquggg —one w1th'
a strong base, for example, lithium diisopropylamide in an
ether solvent, preferably tetrahydrofuran, followed by lithium
halogen exchange with aged n-butylithium, sec-butyllithium or
the like (Scheme V).

10 The dianion compound is then reacted with

dimethyldisulfide to afford an arylmethylsulfide compound of
formula VIII. A very high degree of chemoselectivity of the.
dianion with dimethyldisulfide was observed.

15 SCHEME V

CH;

A1)

CHa

CHs3

| H

CH,
VIII

20 wherein R is halogen, preferably bromo.



- 24- El ectrophilic Coupling The el ectrophilic coupling

of the R err] substituent to the sul fur group on the ;
benzo[ f] qui nolinone ring may be afforded 5 accordi ng | owi ng ;
scheme Wi 98718757 SCHEME VI pEsHishS g
[err] 10 wherein R err] is as defined above in ]
formula I. (+)-(4aR)-(10bR)-QQQ§thyI-8-nEIhyIthio-lOb-nEthyI-
1,2,3,4,4a,5, 6, 10b- oct ahydr obenzo[ f] qlUrnolin-3-one is oxidized 15 to a

sul f oxi de16€FPEPRELicneEelibarager oxybenzoic acid is a preferred

oxi dizing agent. Wth or wthout isolation, the sul f oxi de compound i s
subjected to a Pummerer reaction as taught by Young, et al.,

Tetrahedr on LThé.e28¢ttdpBili®84pupling ofuthet RAt stbetiuhfert d® ithe eact ed

with an [ ent., . Is r [ ' afford
20 0 geYkeh p8eRcth cAL berdl iR SHAE 9368 WY it ke

tr3 f 1 uoraeeergingyhet iipefeldgwindgesebapeulid-is reacted with an :
el ectrophilic reagent, a hydride reducing reagent, such as

SCHEME VI
?
cx 3 : S<_~OCOCF,
3 ~N CH,
ox CH,
—— ——
0~ "NE 2
" o) N™ 2
| B 0Z N2 | H
CH, | B . CH,
CH,
VIII IX X
S~_~0COCF,
CH3 S-R,
CH,
B —a

(@]
Q—2,
3

w oo
(o)

—2Z

TIn

CH,
X
10

wherein Rl is as defined above in formula I.

(+)~-(4aR)-(10bR)-4-Methyl-8-methylthio-10b-methyl-
1,2,3,4,4a,5,6,10b-octahydrobenzo{flquinolin-3-one is oxidized
15 to a sulfoxide compound. m-Chloroperoxybenzoic acid is a
preferred oxidizing agent. With or without isolation, the
sulfoxide compound is subjected to a Pummerer reaction as
taught by Young, et al., Tetrahedron Lett. 25, 1753 (1984),
such that the sulfoxide is reacted with an acylating agent,
20 such as, trifluorocacetic anhydride to afford a
trifluoroacetyloxymethylene sulfide compound. The
trifluorocacetyloxymethylene sulfide compound is reacted with
an electrophilic reagent, a hydride reducing reagent, such as
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- 25- sodi um bor ohydri de, potassi um borohydride, |ithium borohydride

or the YigkRnsyd a base, preferably a hydroxide or car bonﬁéfmssmw?zs» most”

pref erably, potaSS|un1carbonate to prepare a conpound of rmul a X
For the purpose of this reaction, suitable 5 acyl ating agents include
acyl halides, such as, acetyl chtoride, sulfonic acid halides,
reactive anhydrldes such as, trichl oroacetic anhydride, phosphorlc
aci d anhp@digm bandlardcide, potass flumnbydohydr add, Inkenmmmﬂbbnunyﬁﬁfa@f
yi el di ng BETEY da dyc

known i no'? hg art Jg’{eh'e aerlu%act rop |1 rigfgggéaei%EQ g fl1"(1‘;'L8m""iebébtrl tc’%ébn%ahi

| eavi ng §P&kp Pr&farakly r%crt'cfg%?ﬂurmmb@nate, to pukpamgt @ montgwndkcee

The el ectfoephild & . emntthé pbose of tHngi'éQcEQohhes%liltfa‘}Hlém the
begzo[f]QU|aoI|non el ectrophilic reagent is

hl or o %%W%‘%&%g ]th‘g%Sr eSYeht a8s @SEWYEd with the
conpoundCbﬂOMmdaﬂzs@&ﬁanxﬁfauxﬁ(hélid@&@ tEEPR) vd- aRhipdlriStes, such as,

octahy i SHEREC ?{J&"’eﬁ% /el EhSNonde Lo o Canpoatitien purt fomie

exanpl e Beifa |anﬁ:&1ke ag@nt@emaﬁmbiateflylemﬂhnged tParthiegrant t he

coupllngrggrggggement ﬁga&ddgwoacetyloxynethylene sulfide with the
hgctrophll reagent. Sodi um bor ohydri de has been found to induce

r eB¥cTESHOSS RO i 41 Udhe %kt y| B netagrepphd diti deagemiouis.
AI so, fosobktddhyted mgﬂner aIe%erlrfg' disuphi Slich Sag5a ha€BYehonERAt@ldy and

phar mace I unac t sent process reduces the
fornalde%agggééﬁ%: i;i¥%() e%ﬁﬁ?é#ﬁﬁ.f%$sﬁea5886raﬁn§hﬁ§-the
present ppupésé t@lﬁhél&h&iur on Hhe rbergzd [ Dhapalnobkhdaki ednar.e meduced in
situ. Thb§e@é9§%§§electrdﬂﬂaifqlﬁﬁ%ﬁéﬁ?”téng JRigLLahs to be more fully

illlzed and I_gor ols exc ygen, Of inpurities which
pronot e ethylbegzpghiagely §f\§3nr?é'b3&§%ﬁé}gemddi$lgcmbe@ownhb et ure i s not

essent i abofnﬁoﬂh@ﬂ@tfe fb&a\quupd . af iRy of+) Ih@aﬁPSPﬂ@BﬁbthQﬁethyl g-of the

borohydrlg E&#ﬁ 3w§ ggthe r éﬂi&?ifOUp“

accel er at 83° R 8@& qqm?%%#Y%m}nﬁ @répéﬁapvéné°¢Urther

iIIustraoetahydpbbeeub[f]qulndnnﬁyu4dmeprocess The Preparations are not

intended to bgrefrarably a catalyst, for example tetrabutylammonium

20 hydrogen sulfate is employed to direct the coupling of the
trifluorocacetyloxymethylene sulfide with the electrophilic
reagent. Sodium borohydride has been found to induce the
reduction of the trifluoroacetyloxymethylene sulfide compound.
Also, formaldehyde is generated in situ which is

25 environmentally and pharmaceutically unacceptable. The
present process reduces the formaldehyde as it is formed to
methanol. Also, according to the present process, disulfides
forming from air oxidation are reduced in situ. This process
step allows starting materials to be more fully utilized and

30 rigorous exclusion of oxygen, or impurities which promote
oxidation, is unnecessary. Adding base to the mixture is not
essential to promote the coupling. However, the decomposition
of the borohydride is slowed, and the relative coupling rate
is accelerated, with added base.

35 The following Preparations further illustrate the present
inventive process. The Preparations are not intended to be
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- - 26- limting to the scope of the invention in any respect and
shoul d 0 construed. Unl ess ot herw se rtin
i pORRRYAbAr ti ng
naterlgpggl éﬁobtalned fromcomercial suppliers an@gused wi t hout
further 5 purification. Toluene, dinethylformam de, and methylene
chloride were stored over 4[err] nolggglar sieves. Tet r ahydr of uran
was distilled from sodi um benzophenone ketyl . React i ons using

or ganomgtiaitiing eagerhs secperafi thdeinventionnity agen reRgrectt arsl wer e
noni t or e, {y %E%@%#@oﬁéﬁ!ﬁhgdlo chr omat ogr aphy using the
cifi

condi ti ons spe ed b | ayer chromat ography was done
usi ng Merck pimkess optlprvigeGapted, stapfippt Maserigdsesana dhtdinedr
(F254) . £dd rddturene {8114 #8eghHAused withohe rf@&%é&d on a General

EI ectric Br uker 300 t rophqt_onet er i ent
erat‘ﬂ’%%&‘f% Thal [EPHyene- 1@1metﬁ§g%95 m&ﬁlees?néip&ﬁ I$t her wi se.

NIVR chelrn}ﬂairﬁié fvtréré\ﬂf}ﬁo:aed ovefenﬁrrliledebglaﬁms}wev@ssol vent as the

i nt er na { n_the . .4 SC an alu arelnHertz I.R UV,

o e PR Al Ay g erinBER ErBRC3a B BB (e

Chemi st r&ea_ca:tmm omt§ing organéinghaplissuesgenysi werr cmmt ogydsephy

condi ti Qﬁssraaéﬁchlaé@é@io@@ were Lméﬁg%rlaat g&l hgsﬂt p@@y%uwet f1 2P0

chr omat o- 1 nt egr at or
& err] @tmq[r@qrqq;agh:o Weing n\alﬂ@ copgitions smfclrfﬁjeéchedﬁw 1@11@ Gas

Chrolmat Q&ryﬂh)&(x%a&&méh NFas done ub'EnésﬂtQAcGCpWag:lé[sD%E Gi25 dLeradl x 25
m col u n, ur ln‘;?ﬂg ectl o
(FID; % %ﬁate{ Serr r#%??’gg %ndlca'r:nonut e§§ a) TL8eJ:rﬁ_;g“=“(r%11 null?redt 5%37&& C

t hen 25®Je[ra rdee dote@ Oomi mubeseral Electhéct QEner" BvkRker' BH0 MHAR' and/ or
T %térﬁ@ter at, aRbPEHE! L8R ggkaem@aas%al R4 ;and was

con5| stent W t desired structure
RBdepar atScdivent unless spegbhibed- othenwdae. pr YYRI ehemiced| shifts were

1, 3-bi SﬁéddiﬁiéH'ﬁU;)ﬁrﬁ’Wlﬂ'iOQ@DGéﬂl: &§8tﬁegaaﬂému5smdard on tHY epar ed
from13 ]lé)anelol trlet%amne and 35 hIorotrlrret S|Iane|n
t et rahy(ft‘t%f sV§Jr‘bea Bded Fﬁrtz IR, Wi'rﬁf‘ﬁgh@o“l

trinmet h)drﬁi]ly;ées were ddné |brebethabkgubhosateael( Chemilstry. Q.ahﬁ:ia)tdﬂ“y.

g%%?ﬁgg :gfessure f%&@ﬁéxégégmatography conditions: Hitachi model

20 L-6200A Intelligent Pump with D-2500 chromato-integrator. 25
cra Zorbax RX C-18 column, 60:40 CH3CN/H20, 1.0 mL/minute, 275
nm, Injection - 10 ul.. Gas chromatography (GC) Conditions:
HP 5890A GC with DBl 0.25 u x 25 m column; 300 °C injection
temperature; 300 °C detection (FID); column at 5 °C (5

25 minutes), 18 mL/minute to 250 °C then 250 °C for 20 minutes.
The terms “NMR”, “MS”, “IR” and/or “GC” indicate that the
product spectrum was analyzed and was consistent with the
desired structure.

30 Preparation 1

6-bromo-2-tetralone propylene ketal.
1,3-bis-trimethylsilyloxy propandiol (38.5 grams, 175 mmol,
prepared from 1,3-propanediol, triethylamine, and

35 chlorotrimethyl silane in tetrahydrofuran) was slowly added to
a stirring solution of trimethylsilyl
trifluoromethanesulfonate (0.5 mL, 2.6 mmol) in methylene




-27- chloride (100 nmL, -70 [err]C), while keeping the reaction

" tenperature between -70[err] and -60 [err]C. The solution was all owed -
to stirwlgyggés7m nutes at -70 [err]C. A solution of 6-broPOTAI897/19229
tetralone (35.5 grans, 158 mmol) in nethylene chloride (100 5 m.) was

slowy added over a 10 minute period. The resulting reaction
m xture was allowed to warmslowy to-2%-[err] C over 15 hours, after
which tinme thin layer chronmat ogoraphy (55:45 di et hyl ether: hexanes)

and hi gh lesdde (3Qimk chr Wmtdgr ile keepingdikel xeapEeee consunpti on

of the Simddittititd BOfeed he;d@ and LggcoEOn wAS guenehed Wdd Siswaded
sodi um bi car bonat and the Iaxers wer,e separated. The

200
aqueous [E& &3 °’-£ 10 ‘E’;(‘E‘F'é%? Ewrth Ret hyPeRlBREGR @& SPFANC-2he

conbi ned tetraldtd hyd e g;f&mj dBSSQhMlenlwaﬁeﬁﬁ§tne€leWcH1dﬂnld€ (29® nil),
dri ed w th .sodi um uI{ate concen{"éat ed reducgd 13&?5 ure to a

gol d col d %% y‘l‘?ﬁkge %V‘f'ﬂ?e d’“%ﬂ}‘ ﬁerlo %"\‘ Silica
gel and elestcdrion tm}et:llrdﬂexc‘ameslb@qu to warmasét:n!rﬂ-ﬂr tPha 5 i'Ft owee WEs

concent r gf gcbsat a[ftg%&c%{’ék?séﬁ& th:u% %%/9y| e%§?°ﬁ%‘°-g5%ta SFT e ald 1 zed from

hexanes to gr ans no- 2-tetral one
propyl enéueéthaal @&ther :hexgnes) capdihigh (RRRssWeR. liguicychmamgtpgraphy

C[err]H[@Hd#gd”ddﬂﬁleté:consumptE@nléf Ehe5s§értEﬁ§n@e@ré¥%ﬂg5 Hoheé. 52

paration 2 tetral

. ene
D B r AR SR It WL ES: saFSrateRasoRiRl pitarbontte (30811
granB 1o ramdd )the leferdywsos usapatated, -Tﬁe[aqnhGhs layer ﬁhéhﬂ

n-butyl | | 03 7 I d d W S
mai nt ai ni ng t t(et err"gler at uér%r?)g ():hi\gg %Q ﬁgo {785) gge c:omltﬁe resul ting
sol ut i on mekhydlenaveehlor kd¢ rS@lUtﬂmmﬂerW§§h6d withi batiee of2Qhtmd) no nore

starting gl 'ﬁtﬁ%&%rﬂ%ﬁl@&téh'ﬁnd concéﬁﬁ%ét@ﬁr arabeghaRly (70: 30
hexanes/ et hyl acet at e) upon enching an al i, quot of_ ,the reaction

nilet ure WEEFSUTeE %&ﬁﬂ’%%or%@té?s!t@uﬁr nutBds Wrsediliteried e gl. 18
m, 35 30D @}aﬁmlafVﬁlﬁ@&I@bﬂrm SBuBéd- wdth- 3 : Af hekasidd fdtily Bt -
gg/ 58];?7 2c0et:at:neUt es’l"h hfligxagtgéOv(r]a\sl\agonceggggtygg}:aéggl}lfﬁiz@ressure Vo
- 28- and the product recrystallized from hexanes to obtain 33.5
grams (75% vield) of 6-bromo-2-tetralone propylene ketal as
20 white crystals (NMR, MS). Calculated for C313H1502Br: C(C,

55.14; H, 5.34. PFound C, 55.05; H, 5.52.
Preparation 2

25 6-methylthio-2-tetralone propyvlene ketal.
To a stirring solution of 6-bromo-2-tetralone propylene ketal
(0.511 grams, 1.81 mmol) in tetrahydrofuran (5 mL, -75 °C),
2.5M n-butyllithium (0.76 mL, 1.90 mmol) was added dropwise
while maintaining the temperature between -73 °C and -70 °C.

30 The resulting solution was allowed to stir at -70 °C for 15
minutes or until no more starting material was evident by thin
layer chromatography (70:30 hexanes/ethylacetate) upon
gquenching an aliquot of the reaction mixture with
benzaldehyde. After 15 minutes, dimethyl disulfide (0.18 miL,

35 2.00 mmol) was added dropwise at -75 °©C. After stirring at -
75 °C for 20 minutes, the reaction was diluted with ethyl



acetate (25 nL) and quenched with saturated ammoni um chl ori de (10

" mL). The organic |ayer was separated, washed with brine (10 m.), _
dried o rous sodium sul fate and concentrat ed o/t ed
pressur éﬁgg%gllom10|l The crude product was 5 purFFF§§ by flash
chromat ography on silica gel (50 grans), eluted with 3:1
hexanes/ethyl acetate to obtain 0.39 gkgns {87% of
6-met hyl t hi o-2-tetral one propyl ene ketal as a cl ear viscous oil (IR

NVR, MB) .adesiacte at 2% mnr &har qhehehefiOvéth] saBurated aﬁﬁbﬂihmithﬂbﬁ&ﬂe

Found C, £ H,

6- et hyl tl}(i1 qét'tetr one &Qm'c la}ier aei onpgfaé"ercrlét ﬁ”a[ ed vg{‘tsrgt rIaJ(f one
propyl enel ¥etaly) ( 2dx Fed sover gaghygdroens gadipm ﬁqlétar%mmﬂfmﬁr(mm@ was
treated wg reduced ﬁ%ﬁ@yngCEboé'QeﬁibQ Ggl”L T@% BRide P¥bAidt gk at

rogm rature for hours or unti l | ayer chromatography
(83 20 rrmmg%? éwoﬂ%%?ﬂh%&aﬂr@gyogﬁamﬁ en é&&mca gel (50 gt i on of
E 28 ?rtL ?r telng:ermtveimld3 T meiéﬁékyéﬁhwsaagtagedItﬂoll;'fc&ﬂ:a'ﬂﬂ mlasdrﬁnx_draa@ﬁt ate
aturate i um bi car.bona e
brgani e | ok R Re Y IR To-2- teeaf o (DRI Warm L Al A kPR o h
et hyl acé'tlaﬁc@l(%cpﬁ)(IR NMR, THE) conBnhedlatgdhifers luaHiaP s Ghaken with

brine (1 r’rl1_7)., H, 7.2 drig tR spdi sul f at and concentrated at
reduced %g] ‘pr essur esto aﬁu}gqifev\h??eyg]ol |Hd 7 ?he’ crude product was

p#d fied by flash chromatography on si lica gel (400 granms) and el ut ed
with 5:1 hexanes/ethyl acetate to pbiphPadfon grans (85% of
6-methylthio-2-tetralone as a white solld(IR NIVR, MS). Cal cul at ed
for Jerr]Herr]0S: C, 68.71; H 6.29. Found C, 30 68.60; H, 6.31.

Prepar at i6cimethylthio- 26t=.eerénglbhhi.o 2-tetral one. 35 A sol ution of

hyl t;h 5
di me:E hgl }Aolrsfrbgw&?ggé g-ﬁgtgyﬁég]/grsnﬁ?trélgne prr’rggno% ene %ﬁ orﬁzose (50
mb5 at 3THEMNGS ltlr%anr@@lw in tetvahpydrofuran (50 mpp Q@qszmted with

PCT/ US97/6hP rochloric acid (9 mL, 54 mmel) and stird®d at roonthl Oride
(4.4 n, e sol ution was, maintained at 35 [err]C for

60. Th
30 m nut etsemp(ﬂx{aeq,u;,% £PF t hehQUFTeff WAkiLekBdBy 1Byer chromatography
(80:20 methylene chloride/hexanes) indicated complete

consumption of the starting material. The reaction was

20 diluted with ethyl acetate (60 mL) and saturated aqueocus
sodium bicarbonate (110 mL). The organic layer was separated.
The aqueous layer was extracted with ethyl acetate (30 mL).
The combined organic solution was shaken with brine (100 mL),
dried with sodium sulfate, and concentrated at reduced

25 pressure to an off-white solid. The crude product was
purified by £flash chromatography on silica gel (400 grams) and
eluted with 5:1 hexanes/ethyl acetate to obtain 19.5 grams
(85%) of 6-methylthio-2-tetralone as a white solid (IR, NMR,
MS). Calculated for C311H120S: C, 68.71; H, 6.29. Found C,

30 68.60; H, 6.31.
Preparation 4

6-methylthio-2-tetralone.

35 A solution of 4-methylthiophenylacetic acid (10 grams, 54.8
mmol) and dimethylformamide (0.1 grams, 1.37 mmol) in
methylene chloride (50 mL) at 35 °C was treated with thionyl



.distillation at reduced pressure and replaced with fresh met hyl ene
chloride (50 nL). The acid chloride solution and 5 ethyl ene (4.6 grans,

164 Moo ¥h{gdst Nt roduced si mul taneously over 25 Nipddesnrl16229
stirred mxture of al um num bromni de (36.5 granms, 137 mmol) 1n

met hyl ene chloride (450 nL) at -15 to - 10 [err]C. The resulting
reaction mxture was stirred for 2.5 _p9. hours at -10 to O [err]C. Water
(200 nL) was slowy added 10 (tenperature < 25 [err]C) and the | ayers
separ at ecthlomider é‘én-ﬁcmlﬂ 60.2bapmplhas thhsd)lsummssvaaalryamtmﬁ&/dsadl um

bi car bonajz d@0fbr 30 mlﬁﬁieénda?f:égewﬁzgﬂ Thh S '\% \c‘rgii ore%%}’ate

and _concentrated at reduced pressure to Vi e
The oi | VHSHi LRt #h B%\d\apeéhgre(sﬁgrmpndnereprlme@h Wik tthh %:rq@h

SO| uti on et HBadAEN cflthbH:idée($@2mﬁ)gr arhe hBiWALeN AddTdo BN ion ang 3A

feltTe Sihiahis o4 o8 SPuPE 01 FHR oMaa0) « PoReCoRpFOfuRAS Simul taneeerdy,
washed wiaverrdd I&l—’maﬂ:es)hbb é.15tm:j:ednﬂl1kbﬁlﬁeebl‘fehlumlnum (SfbrHde (H€.5

];)Iolt ggglegr%%%éd%onat eq%ggfytg??n%é{gég ;EQ?_&eZQQ(g gé‘g)l \féttrer)]n?\AHi’ er (75

m.), andi%G-ed Theoresisl ying peagbiehOnixture wasi Istihereshl ok vRSS
corml et elpudiss Al verh ddep w@amwatéiter(zoo nL) A 2%%3}{1?}%33 gdgshed with

hydrochl oric acid (100 ni ried over

s&&. um sUiSeTReLH PR e %Edala@ bhe laYPEﬂué@Haﬁlaé%r e The yexrganic g
grams (48%yeaf uﬁxsr&tat%édllﬁzé_’cessz.velytﬁiﬁm seesaalanbﬁﬁ%x%ﬂ&é h{ B0
g:g;zrgffg.qéﬁé)brlne (%ﬁgﬁgipgrggggdpggégysog " sulfate and

(4aR) - ( 16oRretmRted tat orddicedtbyésdule3td, defdbaldlark-colored oil.
Octahydrqﬁﬁn@&ﬂiwag'HHéébfbé@ % alcghﬁflxaboﬁLQfand crs %§ with 3

6- et hyl thio-2-tetral one, (1 gram;

t dPuene EPEURLPNNGSE 1Sediiw RiswlERye ((32. 85gramghennt w;alt@n n(e4q0n17)2 amd
g 7 mgaglalcmwlv?dhlezlﬂt:amand REdSHHBo m:;#ut%é ag)ong@ %QJthlt %\.W;asaft
p?ggzafe wa? n%%émprecié{hggﬁg]Eﬁ%gfgyge Qédigggﬂ ggmp%é%maaéve nitrogen
PCT/ US97/£1922%ed, washed with cold 3A alcohol (15 mi30and then ether

i nt ai i f d St ar k it t
Torove. vapS: Mo i MLASdE S0 el W0 CaRRATES Bl fixcre AnaTITd by
NRR  Aft 4208 Blijo@ns m:rotass:mmr@mrmange (22 s7 agramg , kd6dnewedul ,d be
det ect edgh¥ bR in Water O HENRL aSadlh SEi 412308 E gWblichi Ot vacwym and

under

until the solid was completely dissolved. The organic layer
was separated, washed with 1N hydrochloric acid (100 mL), then
water (200 mL), dried over sodium sulfate and concentrated at

25 reduced pressure to yield 5.8 grams (48%) of 6-methylthio-2-
tetralone as a beige solid (high pressure ligquid
chromatography purity: 88%).

Preparation 5

30
(+)-(4aR)-(10bR)~8-methylthio-10b-methyl-1,2,3,4,4a,5,6,10b-
octahydrobenzo[f]lquinolin-3~-one.
A solution of 6-methylthio-2-tetralone (1 grams, 5.2 mmol, 1
equivalent) in dry toluene (18 mL) was treated with (R)-(+)-
35 phenethylamine (0.72 ml, 5.7 mmol, 1.1 equivalent) and p-TsOH

(6 mg). The solution was degassed 3 times with light
vacuum/nitrogen and a positive nitrogen pressure was



nitrogen, being careful not to expose the mxture to air. Dry

" tetrahydrofuran (14 nL) was added to obtain a light purple sol ution
whi ch V\%#ﬁﬁ%scft -70 [err] C under nitrogen. Li t hi g@rgs9e7/19229
di i sopropylam de was generated by dropw se addition of 10 2. 5M hexanes
solution of n-butyllithium (2.4 n., 6.0 mmol, 1.15 equivalent) to a
solution of diisopropylamne (0.78 i, 3g- 6.0 mmol, 1.15 equivalent) in
tetrahydrofuran (19 niL) at - 45 [err] C under nitrogen. The

t enper at wedntasinapt DEhevesmludbon ewad Crefluxedannde30 Qean-{STaide i ng t he
add't'on'cdg&jgi[ér@]%@df%h&% &Qﬁe%g Thesskggg%%s‘ﬂ%% tiHd ragifor 10

m nutes at - lerr pon  coo0 I 't hi um di i sopropyl am de
sol ut i on foFmatn qre w3 Mkt oFedeby NMR. soREEREN 2wds e Ul opwi se over

15 m nut g% M GRS MWt€ing ketoABi BbALAI Be HRe e} Ure st ween - 70
C %nmd -75%The X refg%él ng yell o sh-orange sol uté[ong%s allowed to
warm to -rojgiene was @izt n?hiit Bt BN 4 10REN VAERYE &RG FNCRF C.

| odomet haneevdyedt, eirig Scamr@ful Indb equexpbeet shewad xaddesd to air. bebwgeen
-75 C ang. - T ol utj pn S r i.t.h . . al f acet one
bat h) ovg:ret%h%dnﬂ é‘éls o) {)i%m#ﬁo‘ﬁg\@ gggeg\rlwééo8 !E(r%ﬁntc? ]‘ol%@ p%rﬁf €

met hanes WAl ioraorhil ¢10. wiss kep 6. 8t mdP, °25under1nd tagpderal ents) was added

over 2 MAEPUNESSp2dpfi&fie was gdnbrafblhy dopilite Aad God SEBY

het er ogeneous m xture ] mxture was recooled to -75 C.
11f25M  2.35M hexangs qForurier sof uerBrtyi Lakhyrre (Znydili dé (OLrmmal, 12.5
mgol, 2|.{1.qcnt;ietﬁ{i]9f&§éntwa@oh aéidﬁﬁll@tli6ﬁ| yfhdIblgoﬁs?rbwa&nvme' 3 .d78 :lq:?{gt Ci n
the cool i at r ours urin | | it rmed to :
The reactélﬁl'g)n“ﬁ%() ’aﬁt' ae%lﬂjr‘?ﬁlﬂ) g%m%grahyg%ﬁﬂl&ar’( Z(Ir‘ﬁ\él;i P%dded and
t he m xt #Se ¢ iundsk whi teogem M NMhhe tempéhetoret was teptodre tvergera4 Jir &C
The sol ut A 'Iiﬂgg ] et hy e 5 Dy ed
successi %gﬁqy ﬁh&al q?g %%%i%wriﬁ& S/ égki défg%% %15% %ﬁ\ailhtyl?r}g'ch oér1i c acid
(2@ ), spdidion was sirred fent LY anépubgdestis ~46di°¢m bl arre £iga0

\r/r\LD) :%?Eg %1; littﬁf&@%i?&ﬁ%&py]ﬁkﬁié@déaﬁﬁE!bﬁaﬁ:apsc{l‘-'{}SllJthg/n 1%% gﬁﬁizﬁ‘éi,
-31- SOLutdate Mash1adPemh ATRRYEF A sAVERr bnaldGPESed $h ek gdrita oo

grans), elaimtegnirnd tie empeenestet bgtwaeat al@) °to apldt ai%6 °C. THe3
69%. i€l +) - (| bR -4-(2-(R) : |} ~8=

oo { sty Yedidutyeiladel 20 i PARTREDY Whiived. co warm to 5

(ROR) . A% wweni2Q minwgesiandetiier necopdedntio) -difd °C.

trifluorageidtpmid (A4 é M, 388 mmph) mt@goghﬁqvtaqe-rﬂé))[ 3;451 Gdaded

under nitrogen was added to (+%-§10 ?@4-(2-(R),-phenet hyl ) - 8- i
met hyl t hREEHSE ety 129, 308 778, 99b- hEREh§aALBE&RTo RSy HaFdeSh- (with the_ gpe

(2.76 graim of Grmadetdreqsptier dver 15[ aiah€ebath. 0TI .10 Upori Xt ure was

stirred Lo s H1L9 MUEDLLIR L0 220088 (0.43 mp, 6.6 mmol,

25 1.3 equivalents) was added over 2 minutes between -5 °C and

O

1 °Cc. After 5 minutes at 0 °C, a gray heterogeneous mixture
resulted. The mixture was recooled to -75 °C. A 1.125M
tetrahydrofuran solution of acrylic anhydride (11 mL, 12.5
mmol, 2.4 equivalents) was added quickly. The mixture was

30 kept in the cooling bath for 15 hours, during which time it
warmed to 13 °C. The reaction was allowed to warm to 15 °C.
Water (2 mL) was added and the mixture stirred while warming
the mixture to room temperature. The solution was diluted
with diethyl ether (50 mL) and washed successively with 1N

35 sodium hydroxide (20 mL), 1N hydrochloric acid (20 mL), water
(20 mL), saturated agqueous sodium bicarbonate (40 mL), and
brine (20 mL). The sodium sulfate solution was dried,



to 13 [err]C. Thin | ayer chromatography (70:30 hexanes/ et hyl :

" acetate) and hi gh pressure |liquid chromatography showed conplete _
di sappeﬁw&ﬁgé} (+)-(10bR) - 4-(2-(R) - phenet hyl ) - 8- PCT/US97/19229

met hyl t 1 L met hyl -1, 2, 3, 4, 6, 10b- hexahydr obenzo[ f] qui nol i n- 15 3-one
and the appearance of a new product, indicati ng conplete - doubl e bond
reduction. The m xture was then refluxgd-for . hours to renove the
chiral auxiliary. Upon cooling to room erature, the m xture was
concent r gea¢sntratrR can@reasuf dash Chromﬁéolgé WQFs Siskdern upein(120
net hyl engrGiOr, d@ldéﬂ@uleﬂdvaoso h\é@%ﬁ%@/@@h@@. \énctétascaéw@é esh 8HUROUS

sodi um bi,car bonat e é brine (50 niL The dried sodium

sul fate dnd GHAfhHt %dyleld) OEr&aé ArO8&F %\d@‘d&f’lﬁﬂ%ﬁ%'iplqbsﬁ"
chr omat ogleafhipl i &+ 1 016amethyl-192l, 3( 406, gmwxm)exaelwdweriads §f]¢f¢1ﬁoslﬁ—

hexanes/ et h tg re e.tr ehI5|Ia 140/
meehanol s EHEL P A mixenfel PR ¥R Rkt 1R G W o T heTh #Bny
solid. Redrifiistiatdacetionad¢idn hét Semby| 18B8etmad Jgawrecbdled to —1;15 ape

820 of i 0 I _

( /() Egﬁ?agx( %r%%%hy%g eér%g% qgr#oqlln g‘%r%e ((292(0R) prﬁ'gethyl) 8NNR
|vr5) Cal s tdndd e - Jql@vm?'ﬂp:é T}P\éJBE , 668 Oz hepahydrpbenza il @oinol -
69. 05; H3-6rtd.(2.76 grams mmo1l) precooled.lnPngamﬁlﬁﬁtﬁ. The

(1) <4aR;Hg<§0b@m %%ggﬁggo' b hgp%gfﬁ. Ag1hge which time it warmed

(+) ( 4aRko( 1BHRIC 8- Mt try| 1dver 16hr0’mhb¢brﬂap&y3 (4,043,05 Hexkiies /ethyl

oct ahydr f\] aui | - WO
98/ 18757%%%%%) Oaﬁci'%i&x PQSS& chrog%.zﬁagn%ﬂ}'#ngowed

-32- compdplies alissanyeavaance eaf ed+n-tl hOpBD adsi(@m (R)butheaethyl) 88-nl as
al0M ﬁ@t‘l‘f}(‘l@(}xl&'—f@:@i’%i’iwﬁ% 4. %5|1 G,uh\éi' )oldé}xzo[f]qumolm—_

di et hyl f or mam ) at approxi mately 0 [err stirring

51Ri nut es-omet RS .w o@p%aq%cmoflaleeyqer@%ﬁvs)mdstcatm RrRYeERAd
the m Xt doRidld BEH edidtid@l 2THeURSxBULre WAk kken reflu;zréw fHXt2re was
thentrﬁglted vmth a%)ﬂlg)rom teI .102 ngo&. cetlc | nd sol vents
were rem\EFS T P bre i"’éa ndeXLLL8I¥The ESH &9 550l Y8 n
appr oxi rré;team::a):mt_e,oftmmyxelmee was conhboth:deedn@mmme&\nwee%mhe

wat er . T%ee Qizuseg Wl & kel &19 m méé WEF%'?;%U' ?ﬁlo%ll@ées()S@%)f atgred

over silica rans, acetate containing 2%

nméChanol yfasm@ darigp with swwtﬁ@ aqgupenst s@ﬁh@m HHearmnatne( Thisk) de

extract s a2¢@S brine (SRR O0fRENEHiel sbhiGa Sah ruirlh AR! BdRivnerieeade,

ethyl crude product was purified by flash chromatography on silica

gel (100 grams), eluting first with 3:1 hexanes/ethyl acetate

to remove triethylsilane and then with 14% methanol in

25 methylene chloride with 1% acetic acid to obtain a foamy
solid. Recrystallization from hot ethyl acetate gave 1.6
grams (82%) of (+)-(4aR)-(10bR)~8-methylthio-10b-methyl-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolin-3-one (92%ee, IR,
NMR, MS). Calculated for Ci1s5H19N0S: C, 68.93; H, 7.33. Found

30 C, 69.05; H, 7.44.
Preparation 6

(+)-(4aR) - (10bR)-4-methyl-8-methylthio-10b-methyl-

35 1,2,3,4,4a,5,6,10b-octahydrobenzo[flqgquinolin-3-one.
(+)-(4aR)-(10bR)-8-methylthio-10b-methyl~-1,2,3,4,4a,5,6,10b-
octahydrobenzo[f]lgquinolin-3-one (0.423 grams, 1.62 mmol, 1.0

[ T T T o o S U



acetate and net hanol (50:50:1) as the eluent. (GC). 15
" Preparation 7 (+)-(4aR) - (10bR) - 4- net hyl - 8- net hyl t hi o- 10b- nethyl
1,2,3, 4,458 a%alob oct ahydr obenzo[ f] qui nol i n-3-one. 20  perwsenee
(+) - (4aBPLB6R) - 4- met hyl - 8- br omo- 10b- et hyl -
1,2, 3,4, 4a,5, 6, 10b- oct ahydr obenzo[ f] qui nol i n-3-one (20.0 grans, 64.9
nnnle, in 150 nL of tetrahydrofuran) was_added to- a freshly prepared
solution of |ithiumdiisopropylamde in 500 nm. of tetrahydrofuran at
-20 [err]e@:uiAzfatJeenmhmhsngtﬁ@aUéﬂuw‘eshipoﬁsssiunart—hﬂ:daaitda the86 eslul a8 ng

am de-enq] af g 13&"éﬁi&&éﬁ@slz‘fogé@f’%wdrof&gn,_79 E} %ﬁiﬁ%%ﬁ@fﬁ vha

cannul a over mnutes to a
n- but yl | idimethyletoonamide 2( 546 N-h ehéxanéroxmatel%@ Mfl e Abtem

eqw val ergu%)rﬁtng 7@ thihutes [ Ghéthyl nléaﬂdat(gf 115 mL, tietyahygl DFai 8 s The
rr;)ogeneous solution was allopwed to stir proximately - 75 err]C

45 niRf &A9RR R’ MFERre allow@firréf’hy“lt&lrs T d hours a0
rmDI e, 1'18163(itlﬁlw6u18é was thex@p@f@a(téat@iyh &bplretdijia t it eer(Banjﬂ St es at
-75 [err] C themé s treated with.aceti aC|d ifl and al |
vol ati | eV F e a1 A ?m?/%c‘ﬁﬁﬁ? TRROVEL Y r‘-i‘g e
treated \Mh;eh B B5vas ddseblvedt ineapprerinatelyv/S0) na.ncbﬁ hmei;iﬁfhei]lelst ed
to 3 wit Q: loride %%Xﬁa{% é&'iéétﬁltﬁhﬁagleghas'I%eme)SétfiraF‘ctY@Swéfét&ffgdand

the wet cake was wa 1% aqueous sodi um bi car bona (2
Wb 0g/ 18747 molecular sieves) and filtered over sipdpaygsed 102 arams,

- 33- wasHécﬁQv:[ﬁh PSRy D c @@l deé 6kt & 2ROnFL R % m&ﬂmicﬂr)i al mas ssled
at 50 [er er vacuum af f or nﬁ; (+ £4?R2_1 (1%[1 met hé/l - 8-

met hylthu%%‘b& tFARAT B 200 g% B, ‘T%B yiene ¢ Jridd exbracts was
oct ahydr ciiarae] fdapapiodd ner3- ohki ¢4 Rye NMRL t WOine tBgllemeataddl dmoide 5 ethyl

Cerr]H %?g% éﬁd(%%égan$i ZS@QSOhh) aggtheF%Hg%ng 69 d% H

7.62, N paratlon 8 10
(41)5-(4aR) (10bR) 4- et hyl - 8- net hyl t hi o- 10b- net hyl -

1,2,3,4,4a,5, 6, 10b- oct ahydr obenzo[$ 4L ARE { Hn370Ne. Li t hi um chl ori de
(1.80 grams, 2.46 mmole; 10 equival ents) was rapi dly wei ghed and
placed in a 500 M flask equi pped with mechani cal stirring, pressure

equal i zi n@ )addidR on( Tamet 4 ~Mbthy 1 - 8 hes thgbuplie - lok-eeitnsi-sept um and

nitrOgenf)yf§;4,45?5ﬁé&fﬂﬁ—octahydrobenzo[f]quinolin—3-one.

20 (+)-{4aR)-{10bR) -4-methyl-8-bromo-10b-methyl-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]lgquinolin-3-one (20.0
grams, 64.9 mmole, in 150 mL of tetrahydrofuran) was added to
a freshly prepared solution of lithium diisopropylamide in 500
mL of tetrahydrofuran at -20 °C. After standing 90 minutes in

25 an ice bath, the resulting amide-enolate solution was cooled
to -70 °C and added via cannula over 10 minutes to a freshly
mixed solution of n-butyllithium (60.0 mL = 2.54 M in hexane,
152 mmole, 2.34 equivalents) at -72 to -75 °C in 300 mL of
tetrahydrofuran. The homogeneous solution was allowed to stir

30 at approximately ~75 °C for 45 minutes and quenched with
dimethyldisulfide (11.0 mL, 123 mmole, 1.9 equiv) at
approximately -75 °C. After 30 minutes at -75 °C, the mixture
was treated with acetic acid (18 mL) and all volatiles removed
under vacuum. The resulting white solid was treated with 300

35 mL of heptane-water (1:1, v/v) and the pH adjusted to 3 with
1N hydrogen sulfate. The biphasic mixture was filtered and
the wet cake was washed with 1% aqueous sodium bicarbonate (2



(10bR) - 4- Met hyl - 8- br onp- 10b- et hyl -1, 2, 3, 4, 4a, 5, 6, 10b-

" octahydrobenzo[ f] qui nolin-3-one (13.09 grams, 2.46 nmmle; 1.0

equi val %? ,}@551 100 nL of dry tetrahydrofuran were added wfghyse7/19229
S

stirred un solved (10-15 mnutes.). Then, 46.71 nL of 20 l'ithium
hexanet hyl di sil azide (Li N(TM5)2, 46.71 mole; 1.1 equi valents) in
t et rahydrof uran was added via syringe oyer 40 - mnutes (1 degree
exotherm. A clear yellow solution resulted and was stirred at room

t enper at Uk €59 orL1phogdonVeEamd Matleni200 mL) (1. Bhvei matderih}l waisheiriedB. 36
nL; 46. 71a£m9b e"cluﬁd%? vac R 6 S Sy )ﬁ@'@lsm dr(@@we@qnetﬁy/r-we

over 50 m nut Gas evol ution vvas 0 serve he reacti on was

exot her m‘BethYlthF-PGHﬂO%mleGh’!@-‘&eg% ebd/ dhed K Wé‘rm c reaction was
contr ol | e@lctahydraeveaeoqtfqe%a%mrrp@adsﬁésuﬂ henMrACKEPN BRAEUNALERS for

al | tif a r FOra45 Scan t n

coo ed 30 16H2#ﬁ0§705[e%9]29n]%Fgﬁffﬁi |d§1?€ R%QHL exanggmgé EF

46. 71 7.62m0Ne; 5106 .equi val ents) was added via syringe over 25 n1nutes
while the reaction tenperature was nmaintained at -71/-70 [err]C. The
remai ni ng yell ow sol ution was nmaintained at -70 C and stirred for 35
m nutes. H gh pressure |iquid chrofeeranasiiorsss showed nearly conpl ete
di ani on fornatlon after 15 m nutes. Di et hyl di sul fide (4.00 gr ans;
42. 46 mmol 1.0 _equival ents) di ssol ved_in 25 nlL_of

t cb¥ ahydr bt Lt KAaBhd (308E) -dviie tdyy 1 -8 methy L chi g7 9 ragyEy 1 -

PCT/ US97/19229, 4, 4a,5, 6 lOb—octahydrobenzo[f]qu1n011343 -one. m nut es.

The m xture_was st f or m nutes (57 rLessure I|qU|d
chr omat o%hﬁ‘i‘}?u@hﬁ arﬁﬁ‘g r(&a%t G SF 3y 2 4 ’2‘%%}7%! et Sﬂﬁé}’g "rsﬁ Auies
The mi xt wrapiddyquwenghed winchplldced in ahyER®ohl of laskcequipped witko
[err]C). i r e e ehhe
aqueous I%%%ﬁaé\gggﬁéxtg?éct eg\éa %f&ré equainfgﬂf\é QBﬂiFEBﬁbS{ﬁ% g’t her. The
oqug‘:enl c |He¥rogeprpleoniniegtion septm \msche%llW?%eBolﬁ%Etef Bt d AaRie

Orgamf Ifw%bﬁ)metﬁethyl S—Qﬁog}é-q\&%—nmlﬁeﬁiynzsﬁwﬁhﬁ 8ng, flgb\t;ﬁrted anfl 4
concentrat e ova nd_house-vag. i.te solj

formed as® ?'ﬁ%hjigrobeyapd%é%%pg%ggs JnI"n @r%aﬁ?c%r%?e éoﬁéeﬁ'f“ro&?ed ““om
550 nL equivadenpph orndntl@lOy rid0-of0 ddy teitwahlwhitefstanr yereTheédedummnd was

o S LR, AR BRI 0o (Pl e PEY Ben g6, 201 B/ B 01

W th snal por 'oNs "0 Shes were

cotdrl essl 1qiheu%h?§a§@ltbal\ﬁé§ldﬁzé@%n@l%(mshz f $éeld- ?m@%;?r a1=ns1(66% of

(+) - (4aR) e L1 OPR) A BBt BYl @t ranydrof dded 40
et hy| t h| O&‘J_]_Ob n‘%t h;g/‘F- ra y 5]:'06 Ufoabl'l was a v1a syrlnge over

octahydrdHEH%BfF]&alﬁSgFﬁeSQﬁ%§herm) A clear yellow solution resulted
and was stirred at room temperature for 1 hour. Methyllithium

(1.4M in diethyl ether; 33.36 mL; 46.71 mmole; 1.1

25 equivalents) was added dropwise via syringe over 50 minutes.
Gas evolution was observed and the reaction was exothermic
from 23 to 26 degrees. The exothermic reaction was controlled
using standard procedures. The reaction mixture was allowed
to stir at room temperature for 45 minutes and was then cooled

30 to =70 °C. n-butyllithium {(1.6M in hexane; 29.2 mL; 46.71
mmole; 1.1 equivalents) was added via syringe over 25 minutes
while the reaction temperature was maintained at -71/-70 °C.
The remaining yellow solution was maintained at -70 °C and
stirred for 35 minutes. High pressure liquid chromatography

35 showed nearly complete dianion formation after 15 minutes.
Dimethyldisulfide (4.00 grams; 42.46 mmole; 1.0 equivalents)
was dissolved in 25 mL of tetrahydrofuran and added over 50



Preparation 9 20

" (+)-(4aR)- (10bR) - 4- et hyl - 8- (4- et hyl - 2- benzot hi azol yl t hi 0) -
| Cb- net h I-1 2,3,4,4a,5, 6, 10b- oct ahydr obenzo[ f ] qui nol i n- 3;

sol uti oW}S Wé?a chl or oper oxybenzoi c acid (approxi mately g@f}%sgwwzm _

potency, 6.32 grans as a solution in nethylene chloride) was 25 added

to a mxture of (+)-(4aR)-(10bR)-4- metp%l-S met hyl.t hi o-

| Go-net hyl -1, 2, 3, 4, 4a, 5, 6, 10b- oct ahydrobenzo[ f ] qui nol i n- 3- one. (5.50

gr arrsbl nmiiaatéis of TR yAlene- < Rby @ke;)rﬁékd ﬁ@#eQUSmlnutes gedioumc) .

I car bon ramsml of water) at 0 t C over
appr oxi Eﬁé 1? SR hYaf/%?‘gegothe \fglaézjtg% P'Jzi\sed and
t he or ganompé)eﬂ:leacaﬁamer}é) weishates Wi CBhevinixture waaqgeeushe® mmmrihN
bi car bon [ 4 N@H Si sd~and rated
wei ght of&grsghl%q:l(c 2 re(tClLHo(ﬁ‘[L(Z S}{&I cf The r?aé}éi% S %or‘?’ta %l?%#led
subf oxi deopmr Lsm@r@h‘tqr@ @Kk td{eerarqueous lawag wnas@@rmcmdzmhnzw
trifluorgacek ﬁ\e%mngndre%t% Stpdx. THé &@gaﬂ;& &y@&s?»@e@en%%ﬁme[aerr] H

NMR anal ysi_.s of _a uot showed none’ of _the starting
sul f oxi d\én@A?"éééﬁFeW']tbsPr?gl“gt of N sentRgt OHIN3C23 Y6 HSF S he

excl usi vartieanstiean mefgrddi@um sulfate and\FPBLdBE87and concentrated on
PCT/ US97/ 1%229 R mer er

roduct “PRPSRREE: & 3308 &R PURTRS at B WhktS;SpRAR FopRgd as €
rdlct i onvmlumar elemaaﬁbi -ectiiee targarinsnySrdOconcentiated) from 550 milnut es
after whi h g ed e

nit rogen%zgo B‘Eo?t‘iﬁx%a‘?:’étlﬁz W eo'?q% n-ép % ﬁi%é g%‘éﬁﬁ%hi um Iﬁy ‘riggré:(%z”glfé%][ ate

(0.1 grafifirzed ?tlr@pnbfte\meeﬁature for sp| @V ehovrsnfatileredi % by wei ght

gg sodi ;Jﬂmefahléhl ¢4 i shéa1l portlchhéQij U B¢l oxi-Bakryat evhk? heigiliC over
m nu

i 0
>-chl or obieetsPEEANsER £rderlEr e The White 58T4a yas, Arigd b 0.5 m
o015t ol ueaéfdided] )V .d3d gaaatshar6 6%)0 of oY + | HaR pf ( L ©DRA-A-bgtthlydm8eni um
hydr oge 0 _ r ded, ofhe reaction was stirred at
37-39 [gtrnréi:waf{’gg:ﬁlQD 128 g{e%%l ]Hzf3o\l,1$ lgaag ﬁt %%-rtlons were renoved for
direct [@ﬁtPPNﬂWRbenZO[flmlaﬁu'}anressure | i qui d chromat ography for
anal ysi s of t he conversion and product distribution. After 26 hours
the 15 top-nost |ayer (toluene containjng §+) (4aR) - (10bR) - 4- et hyl -
8- (4- et hyl - 2- benzot hi azol yl t hi o) - FFERARAHRAD
12@, 3, 4, 4a, 5, 6, 10b- octahydrobenzo[f]qU|noI|n 3-one and excess

cepar at o4 Ard AR ctaa i R T PR B R R e d shio < gani o
| ayer vvaéohamhbhyw-tlh 2agdudoyéa B .9 ﬁﬂﬁm¢bamuoben20[f]elql}@@|lsrﬁ%m um
bi car bongt Eolgkiéﬁ Wit Qle‘tagdm&‘aﬂé’iroxybenzo:?é exesd aPprBRGRAiALLG dender

A -

vacuumto . grans.
potency, 6.32 grams as a solution in methylene chloride) was
25 added to a mixture of (+)-(4aR)-(10bR)-4-methyl-8-methylthio-

10b-methyl-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolin-3-
one.(5.50 grams in 110 mL of methylene chloride) and aqueous
sodium bicarbonate (9.4 grams in 110 mL of water) at 0 to -
1 °C over approximately one hour. After 8 hours, the layers
30 were separated and the organic extracts were washed twice with
aqueous 1% sodium bicarbonate, dried (4A molecular sieves) and
evapofated to a total weight of 5.90 grams. A portion (2.91
grams) of this non-purified sulfoxide in 10 mL of toluene-dg
was treated with 2.20 mL of trifluorocacetic anhydride at 5-
35 10 °c. After 30 minutes., lH NMR analysis of a 0.50 mL
aliquot showed none of the starting sulfoxide (ArSOCH3 singlet

absent at 4 = 2.25 ppm) and the exclusive formation of the



resulting solid was digested with hot nethyl t-butyl ether (30 m.)
after which it was concentrated under vacuumto 20 nL and 25 t hen

cool ed two@s/igst] C.  The mixture was filtered and the whit lid ~
was dried affordi ng 2.92 granms of (+)-(4aR)-(10bR)-4- PeTiussmnsd

met hyl - 8- (4- et hyl - 2- benzot hi azol yl t hi 0) - 10b- net hyl -

1,2,3,4,4a,5, 6, 10b oct ahydr obenzo[f] quif®li n-3-one-(I R, NWR VS) .
Calculatedfor Cerr]Herr]Nerr]OS[err]: C 67.93; H 6.16; N, 6.83; 30
S, 15.08. PURBGRErCPrOgUEt  HARSCHROQQCK: 63 irglds 46.d = 5.31 ppm). The

Preparatlﬁeaéelon mixture yas, su 5 c%?%enzo ?%%OléPthIOfoFig for 30

(+)-(4aR) - i OgR% fmet hyl - 8- (4-et
| Ob- et hyP1455 3! &&%Wénf@b%mmmn}qeadgm MOSa)rE!:.J.rred

WO 98/ 187B¥xture (under nitrogen) of water (20 mbf)/ gé gl
ben20| c aci g rrrml e in 100

-3 en_o a- chl or.oper ox
65f net%yf%%%‘%{épéﬁnd&?{g%ﬁg ey far g +0Q (UagyaplobRRd 7.1 mL of water
met hyl - 8-stwple hborﬂzﬁhdm’dleyl(lﬂ%Zb’iz 4uetiagth: 6o 4 08odium boroh dride

hydr qbesgg iy
gtcgﬁd)a/trtrjq#)oten%:%/&'giggaggkgEé%OQ% I(Sés X %a‘fﬁ%%@ NS m Rifres @Fll onte
Om

met hyl ené?*ht btpaal (200mpnptesd 2qeddus sotienhylbenzbthaskonat g 3($.090

grams in @Qam WBtRr dnakdd2tien 1] er 5] o\ t?oluene 8g Iggdogn%tgxour The
ara ed and the et hyl ene | or |de ayers was &d once

rs vvere
wua’t sodif réb? Nadzd:N (‘IbBGYi-Gmowm}}YfﬁlZEm)s\ahﬂathr d@ .50mesawi)t h
sodi um blvméacmkﬁ@d(l Dhe react@bﬁrmla@.: ¥ rHaaq atThe7dsbhedo( 4 él | ecul ar

si eves) ride extract was concentrated to ap xi mately
20 nL an o, nf(;Imllut ed2§ IP% RESEAPIST WediSudRioveR fn‘i’&t@?ﬁeﬁés Hh@MR

concent r &SERWIRRG Nighupress8fe3fifalit] Ghr'EIﬂclaa:dyz.EE;ﬁ&ﬁ res éﬁalﬁsﬁgpgaﬁ ed

tvm ce W tdhd reeshis e r agt af t
|fo><| d g?sueu |G§I£)’4'cirj‘$‘2taﬁ(’%0€ gt gl%%?eg’ thnn e’{ft?ﬂ%éwg"tl{éothﬁ)
m xt 3’1" MRS heaver eb%%luwxﬁhcontamumf | {dOr-oledeeR ) € ( hObRHIF L dmetRy30 nl)
over 10 rsl—mm—@:l—@tlm-tmanzothlggoiﬂghg;o Af g Hjnutes at 0 [err]C, this

sol ution S Dj cuum (<10 torr for 30 m nutes and added
over 30 %‘A@ut@% 4z, §d6 z‘gm%"%b%@é%ﬁ%’ﬁpﬁﬁ’éééSP%%W@D@nﬁo@aésﬁaqess

car bonatg-@lﬂ.oro -4~ e@mlmanzsbﬂiu%meoobfyfdth@e thde8 i @é@)muét%rehw .
tet ra- n- i y e a ams). an or o- 4-
pyl benzo hlfgz@ogal é?gﬂ %llguf%?rcg vg{.ggé'g /‘%u?%t V%}’é&ﬂqﬁ 1%‘1'10’51‘235 Thisof
t 6Puene) CZHAWSt Y7 WA waslped @ithThgeemist dr & wasl furic aeidpd to 40 C

over oneabueousndy M IS RhAboARL, 8E18 wicn MWRs1dBEL0! vene

| ayer vag sv%ara % | e war
oncentrated under vacuum to 5.24 grams. The

resulting solid was digested with hot methyl t-butyl ether (30
mL) after which it was concentrated under vacuum to 20 mL and

25 then cooled to 0 °C. The mixture was filtered and the white
solid was dried affording 2.92 grams of (+)})~(4aR) - (10bR) -4~
methyl—8-(4—ethyl-2—benzothiazolylthio)—10b—methyl—
l,2,3,4,4a,5,6,10b—octahydrobenzo[f]quinolin—3-one (IR, NMR,
MS). Calculated for C24H2gN20S2: C, 67.93; H, 6.16; N, 6.83;

30 S, 15.08. Found C, 68.21; H, 6.20; N, 6.63; S, 15.17.

Preparation 10

(+)-(4aR)-(10bR) -4-methyl-8- (4-ethyl-2-benzothiazolylthio) -
35 10b-nethyl-1,2,3,4,4a,5,6, 10b-octahydrobenzo [£f] quinolin-3-one.



washed wi th 3x100-nL portions of water. The toluene | ayer was di |l uted
"with 125 nL ethyl acetate and then washed in sequence 30 w th 3x200 nL
portions of 0.25 N hydrochloric acid, 100 nL of 1/$59H}S 9229 -
bi car boWRB8M the 100 nlL of saturated aqueous sodirum chli’6r1 de. The
organic |l ayer was dried (10 granms of 4A nol ecul ar si eves),
concentrated to a total volune of 25 m gqnd .treated with 100 nm_ of
met hyl t-butyl ether (refluxed for 30 m nutes then, 0 C for 1 hour)

affﬁr?igg&gﬁﬂrﬁfE6ﬁ 6ﬁoﬁE&a4ch1Ferﬁroxy?enzoiﬁ}acid {35.2 mmole in 100
net ny e enzot hiazo thio)- - et hyl -

o LU St MR SLehny HRYBEATE) | MRS RO S - (4aR) - (106R)
98/18757methy1 8-methylthio-10b-methyl-1, 2,3,4%1&15%6/1&629

Egz;] octahydrobe%zo[f]quinolin—3—on%rqw3?3'éybﬁgy 98% purity by
(+)3 (4aRmiglBRd 4s hendgrdsposenchy Rszayen 36t 16 axetleshi)-a biphasic

| Co- met hyidoireds éf%eéh@léﬁg eﬁ&ek}x%ot@w[u&])q%wlacgléowesodbramsThgg .

dry sul foxide I X ( 96%§ur|t by gas chronato rlo o
Mol cor rOGHRFRNORRTR E8spRnIFBRSI A7t §PuBfe YEEEMLIEE —2 to\Rs ¢ re¥eEqR
dr opwi se pumh;d raflyomaget | whantnyas}éh:dew@rez separklted ar&?d thé héthyLens 20

m nut es lessol £o,9ccur s

ot o IR LR RnCA" bRt hirh soail Bdfunidly 2L 1 PM048° |

t tr abut yjmmlm s mL) anflythogentsmefsatwe ti2 . s@iligmaris)gasiokhane bot odfdri de
1.0 t 2-C r | ke
( grar&%ﬁm 1]% 100 1818) /}f'iag arée mﬁa% I terytﬁza&l esnﬁ]gxggg) rlene

appr oxi mat urirty ronato ra tof uene (10
m.) at chlorla%ﬁ)r%&tm&sélyas EsnFénIt]ret@@ert%@nﬁmﬂégatqhé %@ptnTas%d

mxture diluted@sitRenostms,r 88 teludBehoumhaaimidd e rfds afhen Which a
ST onc AN 9T uagth A as h Liehgdsly a the, [ sactlon Jixtgre. The
15 repeated twice with fresh toluene (100 mL portions each) after
which the sulfoxide (usually crystalline) was diluted with
toluene (100 mL). The mixture was then treated with
trifluoroacetic anhydride (7.30 mL) over 10 minutes at 0 to
10 °c. After 30 minutes at 0 °C, this solution was subjected
20 to vacuum {<10 torr) for 30 minutes and added over 30 minutes
to a degassed (nitrogen) mixture of potassium carbonate (41
grams), sodium borohydride (2.88 grams), tetra-n-butylammonium
hydrogen sulfate (2.00 grams), and 2-chloro-4-
ethylbenzothiazole (8.20 grams at 96.5% purity dissolved in 5
25 mL of toluene) and water (87 mL) at 0-5 °C. This mixture was
warmed to 40 °C over one hour and then stirred at 40 °C for 26
hours. The toluene layer was separated (while warm) and
washed with 3x100-mL portions of watexr. The toluene layer was
diluted with 125 mL ethyl acetate and then washed in sequence
30 with 3x200 mL portions of 0.25 N hydrochloric acid, 100 mL of
1% sodium bicarbonate and the 100 mL of saturated agueous
sodium chloride. The organic layer was dried (10 grams of 4A
molecular sieves), concentrated to a total volume of 25 mL and
treated with 100 mL of methyl t-butyl ether (refluxed for 30
35 minutes then, 0 °C for 1 hour) affording (+)-(4aR)-(10bR)-4-
methyl-8-~(4-ethyl-2-benzothiazolylthio)-10b-methyl-
1,2,3,4,4a,5,6, 10b~octahydrobenzo[flgquinolin-3-one.



_warm toluene | ayer was washed once with 400 nL of water 20 (45 [err] O
and t hen evaporat ed under vacuumyielding 13.86 grans of white solid
consi st § inly (+)-(4aR) - (|l QR) - 4- net hyl - -
8- (4- et Wgagﬁsgﬁzot hi azol yl t hi o) - 10b- met hyl - PCTUSIT22S

1,2, 3,4, 4a,5, 6, 10b- oct ahydr obenzo[ f] qui nol i n-3-one and 2-

chl oro-4-ethyl benzot hi azole. 13.0 gramgxf this mxture was 25 treated
with nmethyl t-butyl ether (50 nL at reflux then O [err]C for 2

hours) affording 11.05 granms of (+)-(4aR) - (| QR)-4-

met hyl - 8- (4- et hyl - 2- benzot hi azol ylg$.hi 0) - - yl -
1,2,3,4,4a,5,6,10b-octahydrobenzcﬂ% cﬁ%ﬁu)¥%£§§ghe (IR, NMR WO
98/ 18757 0 PCT/ US97/ 19229

- 38- MS). Cal cul ajed for C, 68.21; H 6.20; N, 6.63. Found C

68.29; H 6.15; N, 6 Prep O 2

5 (+)-(4 ol Bl-+1 0)

| Cb- net hyl - 1, ne. 8§

met a- Chl or op
50% pot ency L i
to a sol uQo%n™N
met hyl t hi o- 10bt

hyl -1, 2, 3, 4, 4a, 5, 6, 10b- oct &hydrN

quinolin-3-onés 9.5 granms, 92.9% potency, 0.269 ho s) in met hyl ene
chloride (2.2 L). The progress of the reaction Ha nonitored by high
pressure |iquid ax omatography (240 nnm) for 15 t he oxi dation of
(+)-(4aR) - (10bR) - 4- et hyl - 8- et hyl t hi o- 10b-

met hyl -1, 2, 3, 4, 4a, 5, 6, 10b- oct ahydr obenzo[ f] qui nolin-3-one to a | evel
of A ess tidmr ((ﬁ.ae‘b)b-bg/l%h%h-/imt%ygaa'ré4se|t¢nm'1@r2mzothiazelﬁthﬂow h a

sodi um bilsw-ridtgysial 13 0N, £ 755 95 2851 HB- } Oy ; e
organi c |ayer magg%ﬁpara ed aﬁg 32%bgd$§%ahydﬁﬂg%¥%$2%§%€h%§ ?%a?b%ﬁ%fe
squtionT%% o e QWké%rﬁﬁnf%s% purlty,Par dids GHUeR ererarhbdi ubr 801 f at e
an?f Cong@mamw,edw Jolmmesle correctéd) Laswas s&@ﬂ;@&stig)rl h%’x | 9 praRdi @8% mL,)
sul f oxi n i sol utiaon s-concentrat.ed under vacu Thi s was
repeated%a% %fg%§%§x9ﬁ39W3€ré@hg?o%%éﬁguffpfcf% cﬁﬁ%ﬁ#ﬁﬁgﬁhrghzt%E)ZS
s&0f oxi d@twlls 3di%sdivel iminutles 6dissbliendoandcrantsd. | maer 30  ice
bath. Tr infilh@eRacelyL Mtgfdrgewéélaghédv\?g gdgg.g(ture of .Cg]c? Yise fo the

0 C tes. After mmnu

sul foxi de a [err over 15 m nute €S SP“stirring

at 0 [er FPEPOPRE P dferEramtbdueater (45 miy sCHesmEotoGRirmeljumas added

via cannbyadrogen Wil fald I (2R 31 f4448) 30s0aiutl pdRiMdeddal£ro (4déns) -

pOtaSSIu%h%aﬁggﬁfggés%géégfyggﬁzothiazole (7.07 grams, approximately

15 96.5 % purity by gas chromatography), and toluene (10 mL) at
approximately 5-15 °C over 30 minutes. The biphasic mixture
was then stirred for 20 hours at 43 °C after which a small
amount of solid was filtered from the reaction mixture. The
warm toluene layer was washed once with 400 mL of water

20 (45 °C) and then evaporated under vacuum yielding 13.86 grams

' of white so0lid consisting of mainly (+)~-(4aR)-(10bR)-4-methyl-
8-(4-ethyl-2-benzothiazolylthio)-10b-methyl-
1,2,3,4,4a,5,6,10b—octahydrobenzo[f]quinolin—3—one and 2-
chloro-4-ethylbenzothiazole. 13.0 grams of this mixture was

25 treated with methyl t-butyl ether (50 mL at reflux then 0 °C
for 2 hours) affording 11.05 grams of (+)-(4aR)-(10bR)-4-
methyl-8-~(4-ethyl-2-benzothiazolylthio)-10b-methyl-
1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolin-3-one (IR, NMR,



sodi um bor ohydride (15.2 grans), 2-chloro-4-ethyl benzothi azol e (65.7

" grans approxi mately 96.5% purity), tetrabutyl amonium hydr ogen
sulfate“kgﬁ ams), and toluene (170 nm) at 10 [err]C poyusoriddsy
reaction vvaélgﬂgét ed slowy to 42 C while nonitoring the 35 progress by
hi gh pressure liquid chromatography. After 18 hours, an additional
volume of toluene (1.0 L) was added andg_ t he .t ol uene | ayers washed
wi th deionized water (3x1 L, 45 [err] Q. WO 98/ 18757

PCT/ US97/M9P29%Calculated for C, 68.21; H, 6.20; N, 633. FoundoC}he
organic | d etate (1 L) then the organi c | ayer
washed MAfie%gmgéhﬂﬁ gréc VorlcgaC|d solution (3x1 L), 1IN sulfuric
acid solution (3x1 L) 6% sodi um bi carbonate solution (1.5 L), and
saturated sodiumchloride 5 sl P {dnliz The organic extracts were
dri ed over 4A nol ecul ar sieves (500 grans) then concentrated. Mt hyl
t- > butyl ether was added (400 nL) and the m xture heated to

reflux. Af£ps (/-B@Rm- NULBR) 0f4-ﬁ\blth&lln@—émJﬁﬂml%ﬂﬂdﬁhﬂf@zolﬁlthwﬁ—COO| ed

to 5 [err spens s fil d 10 t
t-but yl e]][cﬁ?-: %EHE)E gl‘ 4. 851 50 q‘P*’E"é’ enzc’[f]‘&h’on?ﬁenp?o%%t
was dri ednata%l.eroj:@rakybpplzoﬁlcrmrca@/ (&ppnd:ormately 9218g:ha:mms af f ordi ng

et iyl B TR ROT S e b S SR E S pitd) L1l i gfechiviene chloride) was
1,30 3, 4, Aded, q@bﬂoeﬁahydaogéﬁp@[lfommfndlﬁ)rr @-adﬁe'( HOPR) -4-methyl-§O

98/ 18757 methylthlo -10b-methyl-1,2, 314 4a,5, 6, 10bH N IRTL 2P0 [ £1

40 W ¢l ai A process fo reparjn conpound
of the1ﬁﬁQ&ﬂ%ﬁ+n 91one (79.5 grams, 92.9% potency, J f) p ieg T%VPF
methylene chloride (2.2 L). The progress of the reaction was

monitored by high pressure liquid chromatography (240 nm) for
15 the oxidation of {(+)-(4aR)-(10bR)-4-methyl-8-methylthio-10b-
methyl-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]lquinolin-3-one to a
level of less than 0.3% by area. The organic solution was
stirred with a sodium bisulfite solution (75 grams in 1 L
deionized water). The organic layer was separated, and washed
20 with 6% sodium bicarbonate solution (3 X 1 L). The organic
layer was dried over sodium sulfate and concentrated. Toluene
({1 L) was added to the intermediate sulfoxide and this
solution was concentrated under vacuum. This was repeated
twice with fresh toluene (1.1 L each) after which the
25 sulfoxide was dissolved in 1.1 L of toluene and cooled in an
ice bath. Trifluoroacetic anhydride (51 mL) was added
dropwise to the sulfoxide at 0 °C over 15 minutes. After 30
minutes of stirring at 0 °C, the Pummerer product
(ArSCH20COCF3) was added via cannula to a well stirred mixture
30 of deionized water (414 mL), potassium carbonate (319 grams),
sodium borohydride (15.2 grams), 2-chloro-4-ethylbenzothiazole
(65.7 grams approximately 96.5% purity), tetrabutylammonium
hydrogen sulfate (21.6 grams), and toluene (170 mL) at 10 °cC.
The reaction was heated slowly to 42 °C while monitoring the
35 progress by high pressure ligquid chromatography. After 18
hours, an additional volume of toluene (1.0 L) was added and
the toluene layers washed with deionized water (3x1 L, 45 °C).



wherein R err] represents: 2-ni trophenyl, 4-nitrophenyl,

" 2-cyanophenyl, 4- cyanophenyl, 2- ni tronapht hyl, 4-nitronaphthyl,
2- cyangpg @Q,?@,gl,, cyanonapht hyl, 2-qui nolinyl, 4pguiusei/iazyd ,
7- qui nol 1 ny 1 10 i soqui nolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
qui noxal i nyl, 2-benzot hi azolyl, 3-1Hindazolyl, 2- benzoxazol yl ,
3-1, 2- ben2|soth|azolyl 2-pyridinyl, 439_ pyridinyl, 2-pyrazinyl,
2- napht ho[ 2, 3- d]thlazolyl 2- napht ho[ 1, 2- d]thlazolyl 9- anthryl

2-t hi azofgl the organic Hmnnmoﬁs}dedlebbmi[ greseds nich |In>ylth581 the

benz[g]i 69&%’1@' 1Wer YyaldhdEthaae! y! ZSZMQHgai‘%%HlWLc 4cid solution
t hi azol ok b] pyr.idi nyI 4- 10H pyri dazi no[ qui nazol i nyl ,

2-1, 4- be 35 SN SHUNTES RE1S_$RASEXED] ,géxl L), 6% 344 8%azi ne,
2- pur i nebEaGbematee soa_QJtlon (1.5 VibpJ eaAqt bataba\t%d?lscgimw&m&lde

bstit tituted, wt f
ureuost LS (3, PHIEL ARSI LDt i, S uamage srow
trifluoroodecodpr lpidrvesy, (SOErgtams er thenl kornygentirtarted . dfefhy] et+ |

al kylth el 0 0 ]{gﬁy thi o,

d e)r/r] IC%er%]EL tk’ﬁgsﬁ{%g aq% g:]glir?? %g)rllﬁqd é&? E\B%Eg?r%% cyan% &gm no,

d err] - ckefipx. A tey mnibte%ll?)ﬁeﬁyl'-ﬁﬁﬂ-ﬁgl ai pr@flﬂx MWWM am no,
benzyl OX%asb%%Wer””t% 5 Rno- gl o, s@sﬁéﬁs%ncﬁhgr Eihkenad (@Y wshed

9T oat KSR ooy axea | P& oy P Gediiaitt e H ks

3ﬁ hah;i) th:&emdqdwtew dﬁm] l)éekt h§o, °phanyt;h§>pt:foedil vlatly 5 mm for
enoxys al kano L No oyl ,ang\no WO
88/ 187¥7E% g%z)s agf:e Irc‘llng Yd 11 gramsy 80%Y°6£°973 —%’(éﬁrﬂjs—g%%%)z—gl;-

41 me tiyph@mylldmettinppt lard G et i a gp by L Ehabk y LOb-aneitiadlar bonyl
Cerr]-Cheprk,s,4a,5,3 M@Bé%@é%ng'[é%&hh%ﬁhﬂone

al kyl ) am nocar bonyI ‘halo-Clerr]-derr] al kanoyl”, am nosul f onyl ,
C{-%rr] Cerr] al kylamnosulfonyl di(derr]-Cerr]

al kyl ) am nosul fonyl, phenyl (oxy or thio)(([err]-Cferr] alkyl), (halo, 5
Cerr]-Cerr] alkyl or (Qerr]-Cerr] al koxy)phenyl (oxy or
thio)(Cerr]-Cferr] alkyl), benzoyl, or (amno, Cerr]-Cerr]

al kylamno or di(([err]-Clerr] al kyl)yam no)(Cerr]-Cerr] alkyl);



whi ch conprises: converting a ketone of the fornula 10

15

a

[err] wherein R is hal ogen; to a protected ketal;
reacti ng,otﬁﬂsgt?g,,ot ected ketal with a reactive al kyl lithi unmperseziisgsmpound
and a sulfur transfer reagent to afford an S- met hyl at ed ket al
conmpound; deprotecting the S-nethylated ketal conpound to afford
nmet hyl -t hi ot etral one conpound of the fogpmula Il 20
[err] reacting the conpound of formula Il with (R-(+)-
phenet hyl.am .afford a conpound of the fornula Il 25
g/ 1575y 18 Efaldll: PCT/ US97/ 19229
42 [err]

1. A process for preparing a compound of the formula I

SR’
o I
5 i

10

i5

20

25

30

wherein R! represents:
2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4—nitronaphthy1, 2-cyanonaphthyl, 4-
cyanonaphthyl, 2-quinolinyl, 4-guinolinyl, 7-guinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-
benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-
pyridinyl, 2-pyrazinyl, 2-naphtho[2,3-d]thiazolyl, 2-
naphtho([l,2-d]thiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benz{glisoquinolinyl, 8-
benz[g]isoquinolinyl, 5-1H-tetrazolyl, 2-quinazolinyl, 2-
thiazolo[4,5-blpyridinyl, 4-10H-pyridazino[3,2-b]-2-
guinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,
4-benzoxazine, 2-purine or 8-purine;

wherein the above R! groups are unsubstituted or

substituted with 1-3 groups chosen from the group consisting
of trifluoromethyl, trifluoroethoxy, C1-C4 alkyl,

trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C1-C3
alkylthio, C1-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthiq,
C1-C3 alkylsulfinyl, C31-C3 alkylsulfonyl, cyano, amino, C1-C3
alkylamino, diphenylmethylamino, triphenylmethylamino,
benzyloxy, benzylthio, {(mono-halo, nitro or CF3)benzyl{oxy or
thio), di(C1-C3 alkyl, C3-Cg cycloalkyl, or C4-Cg
cycloalkylalkyl)amino, (mono-C1-C3 alkyl, Ci1-C3 alkoxy or
halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl or
phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,

I



reacting the conpound of formula Il with a strong lithium base to
“afford a |ithi oenam ne conpound of the formula IV 5

[err]  waoss7s7 met hyl ating the resulting |ithi oeng@mgseofotabe
formul a |l (o a conmpound of the formula V 10

[err] reacting the conpound of formula V with an acyl
hal i de or an anhydri de of acrylig acid to prepare a conpound of the
formula 15 Vi WO 98/ 187 }

PCT/U397/é§333nylmethylamino(C1-C3 alkyl), aminddarbonyl, C1-C3

Lerr] alkylaminocarbonyl, di(C1-C3 alkyl)aminocarbonyl, halo-C1-Cg

alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, di(C1-C3

alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,

5 C1-C3 alkyl or C1-C3 alkoxy)phenyl(oxy or thio) (C31-C3 alkyl),
benzoyl, or (amino, C1-C3 alkylamino or di(C1-C3

alkyl)amino) (C1-C3 alkyl);

which comprises: converting a ketone of the formula

10
R

wherein R is halogen;
to a protected ketal;

15 reacting the protected ketal with a reactive alkyllithium
compound and a sulfur transfer reagent to afford an S-
methylated ketal compound; '
deprotecting the S-methylated ketal compound to afford a
methyl-thiotetralone compound of the formula II

20
_SCH;

II

reacting the compound of formula II with (R)-(+)-
phenethylamine to afford a compound of the formula III
25

W



guenching the reaction with base, and conbi ning the residue

" conprising the conmpound of formula VI with an appropriate 5 si | ane and
triflu iz acid in the absence of a solvent to PTG 228
corrpou(r?gag&ﬁ*ﬁz formula VII [err]

10 reacting the conpound of formula VIl with a nethyl halide in a
reaction m xture conprising an organi% sol vent and a strong base to
afford an aryl net hyl sul fi de conpound o? the formul a VITIT [err]
oxi di zing the conmpound of fornmula VII W§@H§oxi de conpound of the
formula I X WO 98/ 18757 ! ]
PCT/ US97/ 19229 e 44
[err]
HN III
Hj I—‘I CeHs

reacting the compound of formula III with a strong lithium
base to afford a lithioenamine compound of the formula IV

5
SCH
/\‘/ 3
™=
LiN v
Hj I;I CeHg _
methylating the resulting lithiocenamine of the formula IV to a
compound of the formula V
10

SCH,

v
CH,

! v

H3c/J§\c5H5

reacting the compound of formula V with an acyl halide or an
anhydride of acrylic acid to prepare a compound of the formula
15 vI

o

) O R




.reacting the sul foxide conpound of the fornula I X wth an acyl ating

agent to afford a Pummerer rearrangenent product; 5 reacting the _
Punmrer ewwg gsirgyengenent product with an el ectrophi | ecagd@oliegdof rom
the group consisting of A-Rlerr] wherein Ais a |eaving group, in
the presence of a phase transfer catal yst, a hydride reducing
reagent and a base, to 10 prepare aggonpound of -the forrmula I.

2. A process for preparing the conpound of fornula I

SCH3 15 whi ch conprises: cony# @lket one of the fornula
[err] 20 wherein Ris halog@% to a protected ketal;
reacting the protected ketal with g~y gag al kyl'l'i thium conpound
and a sul fur transfer reagent tofaffo nmet hyl at ed ket al

conpound;
0° TN VI

H =
3 g CgHs

quenching the reaction with base, and combining the residue
comprising the compound of formula VI with an appropriate

5 silane and trifluorocacetic acid in the absence of a solvent to
pPrepare a compound of the formula VII

SCH
Ve 3

VII

10 reacting the compound of formula VII with a methyl halide in a
reaction mixture comprising an organic solvent and a strong
base to afford an arylmethylsulfide compound of the formula
VIII

SCH-
= 3

CH, l
X~

VIII

M

15 CHjy

oxidizing the compound of formula VIII to a sulfoxide compound
of the formula IX

%* [ L M S *
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45 deprotecting the S-nethylated ketal conpound to afford the
met hyl %P&gﬁgl one conpound of the fornmula I1. PCT/USOP19229 The
process 0 arm 2, wherein the sulfur transfer 5 reagent is dinethyl
disulfide and the protected ketal is
[err] 4. A proggss for preparing a conpound of the
formula I'l 10 : [err] whi ch
conprises: reacting a conpound of the fornula®©
[err] wth Iithiun1diisopropy|aﬁide, n-butyl lithium and
di nmet hyl di sul fide. 20 process for preparing the
conmpound of forrmula I CH,
07 “N7: 1X
| H
CH,

reacting the sulfoxide compound of the formula IX with an

acylating agent to afford a Pummerer rearrangement product;

5
reacting the Pummerer rearrangement product with an
electrophile selected from the group consisting of a-rl
wherein A is a leaving group, in the presence of a phase
transfer catalyst, a hydride reducing reagent and a base, to
10 prepare a compound of the formula I.
2. A process for preparing the compound of formula II
SCH3
II
O !
15
which comprises: converting a ketone of the formula
R
O
20 wherein R is halogen;

to a protected ketal;

reacting the protected ketal with a reactive alkyllithium
compound and a sulfur transfer reagent to afford an S-
methylated ketal compound;

A




WD 98/ 18757 PCT/ US97/ 19229

" 46 [err] ' whi ch conpri ses:
_convertwagsﬁs.)ggnpound of the fornmula Xl PCT/US97/19229
[err] to an acid halide; reacting the acid halide
with a Lews acid and ethylene to afford the conpound of forrmula I1I.
10 6. The process of C aipgg5, wherein nethylene chloride,
thionyl chloride and a catal ytic anount of dinethylfornmam de are

e”p|OyeddéﬁréééeEQn%h%h%C@ddaﬂﬂj¥%éﬂﬁiﬁ%é@l”&&hﬁé@ﬁtho'ﬁfford £henpl oyed

he Lew s acl d process of _any one of Cainms 2, 3,
4, 5 or wethylthiopgtradenesammauns hvierei ForMeacbipound of formul a |

[err] 20 to a conmpound of the formula I
3. The process of Claim 2, wherein the sulfur transfer
5 reagent is dimethyl disulfide and the protected ketal is
F l Br
N

()

4. A process for preparing a compound of the formula II
10
= SCH;
\ .
II
O ’
which comprises: reacting a compound of the formula
Br
15 (o)
with lithium diisopropylamide, n-butyllithium and dimethyl
disulfide.
20 5. A process for preparing the compound of formula II

R )RR A
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© 47 [err] wher ei n
Rl err] ts: 2-ni trophenyl, 4-nitrophenyl, Zada9p6mey!
4- cyan&%ﬁg%§§$92- ni tronapht hyl, 4-nitronaphthyl, 2-cyanonaphthyl,
4- cyanonapht hyl , 2-qui nolinyl, 4-quinolinyl, 7-quinolinyl, 1-
isqu|noI|nyI, 3-isoqui nolinyl, 8- |sogg|nollnyl 2- qui noxal i nyl ,
2- benzot hi azolyl, 3- 1H—|ndazonI 2- benzoxazolyl

3-1, 2- benzi sot hi azol yl, 2- pyrldlnyl, 4s SCHj3 pyri di nyl, 2-pyrazinyl,
2-naphtho[2,3-d]thiazonI, 2- 10 t ho[ 1, 2- d]thlazolyl 9-ant hryl,
2-thiazolyl, 2- benzi m dazol benz[g]lsqu|noI|nyI 8-

- qui nazol i nyl, 2-

benz[ g]i soqui nolinyl, 5-1Htetrazq
t hi azol o[ 4, 5- b]pyrldlnyl 4- 10H py ]

ino[3,2yR] - 2- qui nazol i nyl,
2- 1, 4- benzodi oxi nyl , 2-tr|azineo"-. zoxazi ne, 15 4- benzoxazi ne,
2-purine or 8-purine; wherein the above Rlerr] groups are
unsubstituted or substituted with 1-3 groups chosen fromthe group

consi sti@Hich compglsgéfld&fm.ﬁ'g a lddip B RS HYe £beRalaCkerr] al kyl,
trifluoronethoxy, hydroxy, (err] err] alkoxy, nitro, (err]-Cerr] 20

al kylthio, (Jerr]-Cerr] al kanoyl, phenyl, oxo phenoxy, phenylthio,
Cerr]-Cerr] alkylsulfinyl, C[err] v §§4sulfonyl, cyano, am no,
Cerr]-Cerr] al kyl am no, dlph- } t hyl am no, triphenyl net hyl am no,
benzyl oxy, benzylthio, (nono-hal o, 0 0r CF[err])benzyl (oxy or

thio), di(C[err]-Cerr] alkyl, Jerfr]-err] cycloalkyl, or (err]-Jerr]
25 cycl oal kyl al kyl )am no, (nmogo-Clerr]-( eryy aIkyI, Cerr]-Cerr]

al koxy or hal o) (phenyl , Iﬁhen\\ , phenyl t hio, phenyl sulfonyl or
phenoxysul fonyl), Cerr]- C[err] alkanoylanlno benzoyl am no,

di phenyl net hyl am no(C[err]-Clerr] alkyl), am nocarbonyl, Cerr]-Cerr]

al kyl am pgcghbgpyl, ndiiGgeerr]-Cerr] al kyl)am nocarbonyl,

hal o- | f
o L ehEhe Fhor kndoacac, Bai s A 4 S I 50 Gt r%r&ﬁwé Bleny! (oxy
or thio)af€pedr the eompoaindylof fidahda II.

10
6. The process of Claim 5, wherein methylene chloride,
thionyl chloride and a catalytic amount of dimethylformamide
are employed to afford the acid halide and aluminum bromide is
employed as the Lewis acid.
15
7. The process of any one of Claims 2, 3, 4, 5 or 6,
further comprising converting the compound of formula II
_SCHy
II
20

to a compound of the formula I

%* c L M S *
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" 48 Cerr]-Cerr] alkyl or (JQerr]-Cerr] al koxy)phenyl (oxy or -
t hi o) (Ciags sdrsberr] al kyl ), benzoyl, or (am no, ( erckAsShrinis
al kylamno or di(C[err]-Clerr] al kylyam no)(Cerr]-Cerr] alkyl).
5 8. The process of any one of Clains 2, 3, 4, 5 or 6,
further conprising converting the conpgund of the formula |

[err] 10 to (+)-(4aR)-(10bR) - 4-net hyl - 8- (4-ethyl - 2-
benzot hi azol yl t hi 0) - 10b- et hyl - 1, 2, 3, 4, 435 _6,.860-

oct ahydr obenzo[ f] qui nol i n- 3- one. 9.. The process as in any one
of Clains 2, 3, 4, 5, or 15 6, onprising: reacting the

conmpound of the formula I1 20 with (R-(+)-
phenet hyl am ne to afford a conpo formula I11

[err] WO 98/ 18757 0% “N7: I

PCT/ US97/ 19229 L H

wherein Rl represents:
2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4-nitronaphthyl, 2-cyanonaphthyl, 4-

5 cyanonaphthyl, 2-quinolinyl, 4-quinolinyl, 7-quinolinyl, 1-
isogquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-
benzoxazolyl, 3-1,2-benzisothiazolyvl, 2-pyridinyl, 4-
pyridinyl, 2-pyrazinyl, 2-naphtho(2,3-d}thiazolyl, 2-

10 naphtho[l,2-d]thiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benz[glisoquinolinyl, 8-
benz[glisoquinolinyl, 5-1H-tetrazolyl, 2-guinazolinyl, 2-
thiazolo(4,5-blpyridinyl, 4-10H-pyridazino([3,2-b]-2-
quinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,

15 4-benzoxazine, 2-purine or 8-purine;

wherein the above Rl groups are unsubstituted or

substituted with 1-3 groups chosen from the group consisting
of trifluoromethyl, trifluoroethoxy, C1-C4 alkyl,

trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C1-C3

20 alkylthio, C1-Cg¢ alkanoyl, phenyl, oxo, phenoxy, phenylthio,
C1-C3 alkylsulfinyl, C31-C3 alkylsulfonyl, cyano, amino, C31-C3
alkylamino, diphenylmethylamino, triphenylmethylamino,
benzyloxy, benzylthio, (mono-halo, nitro or CF3)benzyl(oxy or
thio), di(Ci-C3 alkyl, C3-Cg cycloalkyl, or C4-Cg

25 cycloalkylalkyl)amino, (mono-C31-C3 alkyl, C3~-C3 alkoxy or
halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl ox
phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,
diphenylmethylamino{(C1-C3 alkyl), aminocarbonyl, Ci-C3
alkylaminocarbonyl, di(C1-C3 alkyl)aminocarbonyl, halo-C1-Cg

30 alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, d4i(C1-C3
alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,

‘H!IIIICI AR



49 reacting the conpound of formula Il with a strong lithium
" base to afford a |ithioenam ne conpound of the fornmula IV

[err] met hyl ating the resulting |ithi oenaggfpsdfioidoe

f or mul a7 conpound of the fornula V

[err] reacting the conpound of formula V with an acyl
hal i de or an anhydride of acryliggacid to prepare a conpound of the
formul a VvVl 15 [err]

quenchi ng-jfiey renebi 00z i behageioRplioRenpl bRy bRethes)deq-cs alkyl),
Conprlml%%nzé;fP gu?amgno,oégycg alk&&amigg 3Bp&9353§c§

alkyl)amino) (C1-C3 alkyl).

5 8. The process of any one of Claims 2, 3, 4, 5 or 6,
further comprising converting the compound of the formula II

_SCH;

I

10 to (+)-{4aR)-{10bR)-4-methyl-8-(4~ethyl-2-
benzothiazolylthio)-10b-methyl-1,2,3,4,4a,5,6,10b-

octahydrobenzo[flquinolin-3-one.

9. The process as in any one of Claims 2, 3, 4, 5, or
15 6, further comprising: reacting the compound of the
formula II

SCH3

/\

II

20
with (R)-(+)- phenethylamine to afford a compound of the
formula III

SCH
/\‘/ 3
N
HI IIT
H3Cf/%\‘C5H5

-
!

e
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50 ' silane and trifluoroacetic acid in the absence of a solvent to
preparqwg9gqg39und of the formula VI PCT/US97/19229

[err] 10. The process of Caim9, further

conpri si ng: reacting t he conpound of fornula VII with a nethyl
halide in a reaction m xture cqmprising an -organi c solvent and a
strong base to afford an aryl net hyl sul fi de conpound of the fornula
Vil 10 [err] oxidizing t he

conmpound_ of fornuk%.VIll to a_ sulfoxide con?lund

rmula | X 15
[err] reacting e compound o ormula

of th
with a strong iltglum
base to afford a lithioenamine compound of the formula IV

SCH
/\l/ 3
™
LiN v
. Ha IEI CgHs

methylating the resulting lithioenamine of the formula IV to a
compound of the formula V

SCH
/ 3
CHj
v
: Hac/)‘.\c H
10 H 6ris

reacting the compound of formula V with an acyl halide or an
anhydride of acrylic acid to prepare a compound of the formula

VI
15
A~ SCHs
P §§;/J
o” er\ ~ VI
Ha I-:"I CsHs ;

quenching the reaction with base, and combining the residue
comprising the compound of formula VI with an appropriate

0] O A

e e —— -



reacting the sul foxide conpound of the formula I X with an acyl ating
" agent to afford a Pumrerer rearrangenent product; 20 WO
98/ 18750 93/18757 PCT/ pE90s391225
51 reacting the Pummerer rearrangenent product with an
el ectrophile selected fromthe group consisting of A-R err]
wherein A | eaving group and Rl represgpts: - 2-nitrophenyl,
4-ni trophenyl, 2-cyanophenyl, 4-cyanophenyl, 2- 5 ni t ronapht hyl ,
j nrtr Oréﬁllltamé'? ardl OBiail ﬁ%ﬁﬁétlé acid in tl’?é/aél E&@P&l ESWf1a2s<§]l‘\'lré‘in:: eyl
qui nolin ui nol i soqui hol i ny i soqui nol i ny
8- |squ|P6y |e(%2compoahd QﬁlFR&af??WWlaqwﬁgnzothlazonI 3- 1H- i ndazol yl ,
2- benzoxazol yl, 3-1, 2-benzi sot hi azolyl, 2- pyrldlnyl, 4- 10
pyridinyl, 2-pyrazinyl, 2-naphtho[2,3_g th'samﬂy1, 2-

napht ho[ 1, 2-d] t hi azol yl , 9- anthryl L yazol yl, 2- benzi m dazol yl ,
1- benz[ g]i soqui nolinyl, 8- ﬁ; ji soqui nolinyl, 5-1Htetrazolyl,
] pyri di nyl,

2- qui nazol i nyl, 2- t hi @Zol™g
4- 10H pyri dazi no[ 3, 2-b] - 2- azol i nyl, 2- % 4- benzodi oxi nyl,
2-triazine, 2-benzoxazine, Nd_AMenzoxazi ne, purine or 8-purine;

wherei n the above Rl groups are'uﬁsubstltuted or substituted with

1-3 groups chosen fromthe grouB consisting of . trifluoronethyl,

trgfluoroethoxy, Cerr]-Cerr] alkyl, 20 trifluoronethoxy, hydroxy,
rr]-Cerr] alkoxy, nitro, (Jerr]-Cerr] al kylthio, (err]-(err]

al kanoyl, phedyl., dmm meresy , ophelydn 9 0, further d@mprisfﬁ@rr#eactlng
| kyl sul I I

o1 S0l LY bonflbiid ff oM OFEH 0 o e A8 SeLTlaglErs]

benzyl t hméxtpm@qmms:mq ran cﬂrqafmf%esﬁzlﬂe(rcsqarbi @5strong page to

di (C err hrebed hrdldotimddifIdult £dd |csmisham kvt e £danila Grett]
hiﬁloalkylalkyl)amno (mono-Clerr]-Cerr] alkyl, C[err] C err] al koxy or

0) (phenyl , phenoxy, phenylthio, phenylsulfog%%h

phenoxysul fonyl), Cferr]-Clerr] alkano zoyl am no,

di phenyl net hyl am no(([err]-Cerr] akﬁy ), an nocarbonyl, Cerr]-Clerr] 30
al kyl am nocarbonyl, di (Cerr]-C exr] 1) ninocarbonyl,

hal o-Cferr]-Clerr] al kagoyl , ul fonyl, Cerr]-Cerr]

al kyl am nosul fonyl, di((err]- al kyl ) am nosul fonyl, phenyl (oxy
or thio)((err]-Cerr] alkyl 2 C[err%;CIerr] al kyl or
Cerr]-Cerr] al koxy)phenyl (foxy df &ﬂlo)(CIerr] Yi r] al kyl),

benzoyl, or (am no, C[err]-C[err]Cg ylamno or di ([err]-Cferr]

oxidizing the compound of formula VIII to a sulfoxide compound
of the formula IX

15
0
'Y
S\
CH3
07 N7 X
I H
CHy ;
reacting the sulfoxide compound of the formula IX with an
acylating agent to afford a Pummerer rearrangement product;
20

) OB O




35 al kylyam no)(Cerr]-Cerr] alkyl); WO 98/ 18757

PCT/ US97/ 19229 52 in the
pr esencogiigrgyhase transfer catal yst, a hydride peTNOSITIY219cagent
and a base, to prepare a conpound of formula I

[err] 11. A process for preparing a conpound of the
formul a 51 - [err]

wherein R err] represents: 10 2-ni trophenyl, 4-nitrophenyl,

L PRl T RIS omprangeest ROy s o
qui noxal FISEESR R SR ISR | £aem ) Foe andny co3s 1 qking osoRafincol vl
> hapht BPSERAN thiryipfs RS Wna L remmase¥ei o v P 6 ant he i
2-t hi azoRyhitZophenyl, denvtwephedyl, 2-teaupphesvlui Aokiyapophgnyl, 2-
ChPazol of g EoRPEbhy L A B G R E SRRy, 0 oty
2- 1, 4- beRY88P hyl” (31 @Rl 1oy bendoXarppeinyl, 7-auipedivyazi de,
2-purineigbqBiPiliiigil, 3-isoquinolinyl, 8-isoquinolinyl, 2-

quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-

benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-

10 pyridinyl, 2-pyrazinyl, 2-naphtho(2,3-d]lthiazolyl, 2-
naphtho[l,2-d])thiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benz[glisoquinolinyl, 8-
benz[g]isoquinolinyl, 5-1H-tetrazolyl, 2-quinazolinyl, 2-
thiazolo([4,5-blpyridinyl, 4-10H-pyridazino[3,2-b]-2-

15 quinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,
4~-benzoxazine, 2-purine or 8-purine;

wherein the above Rl groups are unsubstituted or

substituted with 1-3 groups chosen from the group consisting
of trifluoromethyl, trifluorocethoxy, C1-C4 alkyl,

20 trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C1-C3
alkylthio, C31-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthio,
C1-C3 alkylsulfinyl, C1-C3 alkylsulfonyl, cyano, amino, C1-C3
alkylamino, diphenylmethylamino, triphenylmethylamino,
benzvloxy, benzylthio, (mono-halo, nitro or CF3)benzyl (oxy or

25 thio), dAi(C1-C3 alkyl, C3-Cg cycloalkyl, or C4-Cg
cycloalkylalkyl)amino, (mono-Cj-C3 alkyl, C1-C3 alkoxy or
halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl or
phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,
diphenylmethylamino (C1-C3 alkyl), aminocarbonyl, C1-C3

30 alkylaminocarbonyl, di(C1-C3 alkyl)aminocarbonyl, halo-C1-Cg
alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, d4di(Ci-C3
alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,
C1-C3 alkyl or C31-C3 alkoxy)phenyl{oxy or thio)(Cl—C3'alkyl),
benzoyl, or (amino, C1-C3 alkylamino or di(C1-C3

35 alkyl)amino) {C1-C3 alkyl);

H!Illlj N )G A




.wherein the above Rl err] groups are unsubstituted or substituted

with 1-3 groups chosen fromthe group consisting 25 of trifluoronethyl,
trifluoaségdr@sss Clerr]-Clerr] al kyl, ~trifluoronetfeNysoTA¥EOOXY,
Cerr]-Cerr] alkoxy, nitro, (Jerr]-Cerr] WO 98/ 18757

PCT/ US97/ 19229 53

alkylthio, (Qerr]-(ferr] alkanoyl, pheqtyl, oxo, phenoxy, phenylthio,
Cerr]-Cerr] alkylsulfinyl, Cerr]-Cferr] alkylsulfonyl, cyano, ani no,
Jerr] - rdhe presen@éKMEaH‘%Hasg'EQSH!EQ?tBXkQE&QE

tri phenyl J am no enz enzylthi© (rmnoyﬁgﬁo nitro or
CF3) benz\i ?%reﬁ rgagent; ang)a BPEEE egf’] PEFEPF? al Rgmpoendr pE- Epsmufla
cycloal kyl, or CJerr]-Cerr] cycl oal kyl al kyl ) am no,
(nnno-C[err]-C[err] al kyl, (err]-Cerr] alkoxy or hal o) (phenyl
phenoxy, phenylthio, phenylsul fonyl or phenoxysul fonyl ), C2-C6

al kanoyl am no, benzoyl am no, [ Yethyl am no(Cerr]-Cerr]

al kyl'), am nocarbonyl, Clerr]-Clerr] &9 al kyl am nocar bonyl ,

di ((err]-Cerr] al kyl)am nocarbopy » S err]-Cerr] al kanoyl ,
am nosul fonyl, Clerr]-(err] alk Ian1 fonyl, di((err]-Cerr]
alkyl)an1nosulfonyl phenyl (oxy_#g Clerr]-derr] alkyl), (halo,
Cerr]-Cerr] alkyl or CJerr]- erPﬂ oxy) phenyl (oxy or
thio)((err]-Cferr] alkyl), Hggnzoyl or (amno, Cerr]-Cerr]

al Ryl am no or di(Clerr]-Clerr] 15 aIkyI)anino)(C[err] Clerr] alkyl);
}A/m chI CO\r;}olrll sag oxixigtsge 8 ﬁéylﬁ?é;bé{ffﬂ&fad@oxﬁﬁaipﬂangfoéhéhﬁormula

ormul a
to a sul foxide conpound of the fornmula I X [egg

wherein Rl represents:

10 2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4-nitronaphthyl, 2-cyanonaphthyl, 4-
cyanonaphthyl, 2-quinolinyl, 4-quinolinyl, 7-quinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-
quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-

15 benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-
pyridinyl, 2-pyrazinyl, 2-naphtho(2,3-d]thiazolyl, 2-
naphtho(1l,2-d]lthiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benzlglisoquinolinyl, 8-
benz{glisoquinolinyl, 5-1H-tetrazolyl, 2-quinazolinyl, 2-

20 thiazolo[4,5-blpyridinyl, 4-10H-pyridazino([3,2-b]-2-
quinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,
4-benzoxazine, 2-purine or 8-purine;

wherein the above R! groups are unsubstituted or

substituted with 1-3 groups chosen from the group consisting
25 of trifluoromethyl, trifluoroethoxy, C1-C4 alkyl,

trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, Ci-C3

* c L M 1 *




.25 WD 98/ 18757 PCT/ US97/ 19229

54 reacting the sul foxide conmpound of the fornmula I X with an

acyl ati ngoagastsst o af ford a Pummerer rearrangenent productpcr/use7/19229 -
reacting the Pummerer rearrangenent product with an 5 el ectrophile
selected fromthe group consisting of A-Rl wherein Ais a | eaving
group, in the presence of a phase s3transfer catalyst, a hydride
reduci ng reagent and a base, to prepare a conpound of the fornula I.
10 _— alkplthiifes Mp«mamaﬁ@lmﬁﬂewbﬁr@x@ tbﬁeﬁ&éﬂ(ai pﬂar@rq%ﬁ&od t
is triflugtoacetiy e rearrangenen roduc
is a trifFEo?ga%ét éggenéls %€F§%%£gﬁﬂﬁ of €¥ano, apinp fir&3x
[err] alkylamlno, dlpheﬁ&ﬂmeﬁhyﬂdm&ﬁé fof i P &AL 8Ghy lamino,

+ 4aR
( )gghsl)bé%g%§§t |azoc¥Ith|o) Jiﬁﬁono hﬁlo ﬁnﬁtr°4a 5C%3l88nzyl(°xy or
oct

hydroEEﬁ?&[fF&inﬂ agllgRle, Qﬁﬂ@ﬁ]?ﬂﬁ#ﬁ@%ﬁ% , remc€angsa 20
trifluoroegelypbdxyTRilkg19nenins f | Gforkermouryd Hixyhe ¢PLayl 81¥oxy or

[err]

halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl or
phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,

diphenylmethylamino (C1-C3 alkyl), aminocarbonyl, C1-C3

10 alkylaminocarbonyl, di(C1-C3 alkyl)aminocarbonyl, halo-C31-Cg
alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, di(C3-C3
alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,
C1-C3 alkyl or C1-C3 alkoxy)phenyl(oxy or thio) (C1-C3 alkyl),
benzoyl, or (amino, C1-C3 alkylamino or di(Ci-C3

15 alkyl)amino) (C1-C3 alkyl);

which comprises oxidizing an arylmethylsulfide compound of the
formula VIII

T

20 CHs

H
CHi

25
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Wi th 2-hal o-4-et hyl benzot hi azole in the presence of a phase transfer

" catal yst, a hydride reducing reagent and a base. 25 14. The _
process wHoghsism 11 or 12, wherein nonoper oxypht hal PCTAISPTI19329
3-chl oroperoxybenzoic acid is the WO 98/ 18757
PCT/ US97/ 19229 55 oxi di zi ng
agent, 2-hal o-4-ethyl-benzothi azol e i ssghe el ectrophil e, potassium
carbonate is the base, sodium borohydride is the reducing reagent

?n? EzeRgeﬁ?@ﬂ§hZJEﬁE”éﬁhgfxlde ¢Smpound of %he f?rTu%a IX with an
+ a net hyl - enzot hi azol yl t hi

| b frot hy ACF IR g Agellt afoba%ﬁ?ﬁ%yﬁz%w&n%ﬁ]ﬁ%ﬁ%me%g%eproduct
15. A process for preparlng a conmpound of the formula VIII

Lerr] reacting the VﬁUr&Kéfgﬁpfééféaﬁ&éﬁéﬂ@gpﬁo&Qf@%?ghognt he formula

5 electrophile selected from the group consisting of A- RL
wherein A is a leaving group, in the presence of a phase
transfer catalyst, a hydride reducing reagent and a base, to
prepare a compound of the formula I.

10 12. The process of Claim 11, wherein the acylating agent
is trifluorocacetic anhydride and the Pummerer rearrangement
product is a trifluoroacetyloxymethylene sulfide compound of
the formula X

OCOCF,

15

13. A process for preparing (+)-(4aR)-(10bR)-4-methyl-8-
(4-ethyl-2-benzothiazolylthio)-10b-methyl-1,2,3,4,4a,5,6,10b-
octahydrobenzo[flguinolin-3-one, which comprises: reacting a

20 trifluorocacetyloxymethylene sulfide compound of the formula X

S._ _OCOCF,

~

| H
with 2-halo-4-ethylbenzothiazole in the presence of a phase
transfer catalyst, a hydride reducing reagent and a base.

25

14. The process of Claim 11 or 12, wherein
monoperoxyphthalic acid or 3-chloroperoxybenzoic acid is the

* [+ L M S *



15 with a reaction mxture conprising a base and an et her sol vent

"to afford an ami de-enol ate sol ution; reacting the am de-enolate _
sol uti ¢fp widdrsan al kyl I'i t hi um conmpound to afford apdrassomeonpound
of the formula 20 WD 98/ 18757
PCT/ US97/ 19229 56
[err] reacting the ggani on conpdbund with
di ret hyl di sulfide to afford an aryl met hyl sul fi de conpound of the
for ml a é&idhﬁ:.ﬁg agent, 2- hajlfb 4%?8}10%?&@}11(52%1@ _}_% wher ein tpedbase

i u Li soprop e process o aim
15 V\her%Jr?lcPﬁ%pg]ég& ’j §°f6*5ysj'u“} ﬁ%%%d’rﬁet% &?"’hﬁq'a

18 The mmbgdrmﬂeeutshmeﬂrmdﬁch&g)rrdagﬂm Bhd the conipusﬁrmarpmnmrédi ng

addi ng u LY e drifiigimy, _ (o] ss of
any one B b iRy - (GEBRTZ D1 Ra- gk o2 -nengaianc IR AET 2
t He corrprhtmethYérﬁmBa3V|4l 4a,5, 6, 10k e tedysbinienso tihenfinodda-3-one.

15. A process for preparing a compound of the

formula VIII
SCH;
s
CH> ’

X

T

10 CHs>

VIII

e of 11X

which comprises reacting a compound of the formula XII

o

\
0 N7z XIT
{ H
CH,
1S5
with a reaction mixture comprising a base and an ether solvent
to afford an amide-enoclate solution;
reacting the amide-enolate solution with an alkyllithium
compound to afford a dianion compound of the formula '
20
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[err] 20 wherein R err] represents: 2-ni trophenyl,

" 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2- ni t ronapht hyl , -
4- nlteragg$g%y, 2- cyanonapht hyl , 4- cyanonapht hyl pczageyimate nyl ,
4- qui nol I ny 7-qui nolinyl, 1- i soqui nolinyl, 3-isoquinolinyl,
8-isoqui nolinyl, 2- 25 qui noxal i nyl, 2-benzot hi azolyl, 3-1Hindazolyl,
2- benzoxazol yl, 3-1, 2-benzi sot Bgazol yl, 2-pyridinyl, 4-
WD 98/ 18757 . PCT/US97/ 19229
57 pyridinyl, 2-pyrazinyl, 2-naphth tthi azol yl, 2-
napht ho[ 1, 2-d] t hi azol yl, 9-anthryl, 2-thi - benzi m dazol yl ,
1- benz[ g]i soqui nolinyl, 8- ' benz| linyl, 5-1Htetrazolyl,

2-qui nazolinyl, 2- 5 t hi azol of
4- 10H pyri dazi no[ 3, 2-b] - 2-
2-triazine, 2-benzoxazine,

2 1, 4- benzodi oxi nyl,
e, 2-purine or 8-purine;

wherein the above Rferr] groupsba@e un¥abst™ut ed or substituted
with 1-3 groups chosen fromthe group koﬁélstlng 10 of trifluoronethyl,
trifluoroethoxy, Jerr]-Cerr] alkyl, CHs trifluoronet hoxy, hydroxy,
Cerr]-Cerr] alkoxy, nitro, CJerr]- C[err] aIkyIthio C[err]-C[err]
al kanoyl, phenyl, oxo, phenoxy, phenylthio, éierr Cerr]

al kyl sul freﬁgtrtlng[ dhe d@[aéqu Aampand orith Eesiohy bdt sel fOfler £p- gf ford

al kyl am gg, i AhrRHyRIV E tomdduRiesy | vmd hybam0g. vibr.  benzyl oxy,
benzyl t hi o, (nDno hal o, nitro or CF3)benzyl (oxy or thio),

?C[err] Cerr] alkyl, (Qerr]-Cerr] cycloalkyl, or err]-Cerr]
ﬁyflg?lﬁylalkyb%ammna gﬁauuggifﬂrdkiﬁmw¥ﬂ,?¥MQ$Tiﬁiemé]b£ger£$ al koxy or
alo)(p QX 0, phenyl sul fonyl or
phenoxys§ﬁ¥§ﬁyﬁ5%ﬂff%FFp daJkanoyIamno benzoyl am no, 20
diphenylnethylanlno(C[err] Cerr] alkyl), am nocarbonyl, Cerr]-Cerr]
al kyl am nocar henyl j : r k I

y eny! md ("%é%ﬁ(an‘% cf]laﬁ& ﬂd)%@é@éﬁﬁ %%rl? se_is

hal o-C[ err err] am nosul T ony err]
altRyl ani hé BFP@nFPxﬂm%ﬁﬁﬁiﬁﬂskﬁ%ﬁ# aIkyI)anlnosquonyI
phenyl (oxy or thlo)(C[err] Cerr] aIkyI) (hal o, Jerr]- C[err]

envoyl . or (& no 7 BHICAIBIT] RS TR T G Ay

further comprlslng adding a lithium salt and methyl lithium.

15 19. The process of any one of Claims 15, 16, 17 or 18,
further comprising converting the compound of formula VIII
to a compound of the formula I

20 wherein Rl represents:
2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4-nitronaphthyl, 2-cyanonaphthyl, 4-
cyanonaphthyl, 2-quinolinyl, 4-guinolinyl, 7-quinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoquinolinyl, 2-

25 guinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-
benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-

) O A

e et




al kylyam no)(Clerr]-Cerr] alkyl). 20. The process of any

“one of Clains 15, 16, 17 or 18, further conprising oxidizing the-
conpoungy@bs/idyerformula Vill 30 PCT/USPH19229
WD 98/ 18757 PCT/ US97/ 19229
58 to a sul foxide conpound of the fornmula I X
[err] 5 reacting thessul foxi de conpound of formula I X
with an acylating agent to afford a Pumrerer rearrangenment product;

reacting pyeiRUAYERS, eR-peaazdngane B-rapdtite  2WiX-4dlathiazolyl, et-ectrophile
sel ected fr he.gLo aQnsi sti,ng of A- rrl,_ .10 e]ﬁ%//\ﬂner_inAisa
| eavi ng g?%ﬂogkéﬁglRFeaﬁ]t S‘ﬁf’éy té:'anth ﬁ'z-zni%\}c?ﬁ? ' “4-nitrophenyl,

2- cyanopheeytimddegedyphedyberz[g] isoquimaligndpht&yl , 4-nitronapht hyl, 1
2-cyanon ' 4- . . an@hapht i neJ_i pyl ~qui.pol inyl t
?’BQ’IHQYJ'P ifoquinoliz ﬁil'n%{]?i%pﬁ{ggfﬁzs%g A g ety A c 2o

y 2 q y

7-q5ui nol i nyl ] _ ,
15 qu’F%bﬁéPi‘-ﬁ)&ﬁ,r S2 b pradiingZol ﬂ—,lozi—mmwzmqﬁg,, -b]-2-

benZOxa_Z%ﬂima§oin‘.ﬁy@€néi—i(?mh-ib’é}&'ddi,oﬁ‘ng»ﬂ!,i Htiadine, 2-berl¥diah il

2- pyr azi nXI , 2-napht ho[2,3-d]thiazolyl, 2- naphtho[ 1, 2-d]'t hi azol yI ,
9- ant hryl 4" 2eRRPX2EEPE! g-purine o Srmrdass| yl, 1-benz[g]i soqui nolinyl,
8- 20 benzypeireaauithel afyve Rllgritbsaagkynsabguiitaiedd md , 2-

thia20|0[éﬁ§éng¥Eggi@¥%h ilﬁoﬁﬁgﬂﬂé“%ﬁo%%k3f%3%'é%é group consisting

10 of trifluoromethyl, trifluoroethoxy, Ci1-C4 alkyl,
trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C3-C3
alkylthio, C1-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthio,
C1-C3 alkylsulfinyl, C1-C3 alkylsulfonyl, cyano, amino, C1-C3
alkylamino, diphenylmethylamino, triphenylmethylamino,

15 benzyloxy, benzylthio, (mono-halo, nitro or CF3)benzyl(oxy or
thio), di(C1-C3 alkyl, C3-Cg cycloalkyl, or C4-Cg
cycloalkylalkyl)amino, (mono-C31-C3 alkyl, Ci-C3 alkoxy or

bt e e o gm 1

halo) (phenyl, phenoxy, phenylthio, phenylsulfonyl or
phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,

20 diphenylmethylamino (C1-C3 alkyl), aminocarbonyl, C31-C3
alkylaminocarbonyl, di(Ci-C3 alkyl)aminocarbonyl, halo-C31-Cg
alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, di(C1-C3
alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,

C1-C3 alkyl or €1-C3 alkoxy)phenyl(oxy or thio) (C1-C3 alkyl),

25 benzoyl, or (amino, C1-C3 alkylamino or di(C31-C3 i
alkyl)amino) (C1-C3 alkyl). !

20. The process of any one of Claims 15, 16, 17 or 18, §
further comprising oxidizing the compound of the formula VIII

/Y SCH;
CH, l

X

30

o) N VIII

|
CHa

e

s



qui nazolinyl, 2-1,4-benzodi oxinyl, 2-triazine, 2-benzoxazine,

" 4-benzoxazi ne, 2-purine or 8-purine; wherei n the above R err]
groups YFediasypstituted or 25 substituted with 1-3 gserpserabzmsen from
t he group consisting of trifluoronethyl, trifluoroethoxy,
Cerr]-Cerr] alkyl, trifluoronethoxy, hydroxy, (err]-(err]
al koxy, nitro, Cerr]-Cerr] aldylthio, Cerr]-Cferr] al kanoyl,
phenyl, oxo, phenoxy, phenylthio, Cerr]-Cerr] al kylsulfinyl,
Cerr]-Cerr] al kylsulfonyl, cyano, amno, Cferr]-Clerr] 30 al kyl am no,
di phenyl net hyl am no,  tri phenyl net hyl am no, . WO 98/ 18757
PCT/ US97/ 8922gsulfoxide compound of the formula IX 59

benzyl oxy, benzylthio, (nmono-halo, nitro or CF3)benzyl (oxy or

thio), di(derr]-Cerr] alkyl, Cerr]-Cerr] aycloalkyl, or (Jerr]-Cerr]
cycl oal kyl al kyl )am no, (nmono-Clerr]-Clerr] alkil, Cerr]-Cerr] alkoxy or
hal o) (phenyl, phenoxy, phenylthio, phen Y Wl or 5

phenoxysul fonyl), Clerr]-Clerr] alkamgy benzoyl am no,

di phenyl net hyl am no(Clerr]-Clerr] a

al kyl am nocar bonyl, di (Cerr]-( H
hal o-Clerr]-C err] al kapgy/l , & osul fonyl,, Jerr]-derr]

al kyl am nosul fonyl, di(C[err]-E€ % al ky1) am nosul f onyl ,

phenyl (oxy or thio)(Cerr]-Cerr] qh%yl), (hal o, 10 Cerr]-Cerr] alkyl
or (Jerr]-Cerr] al koxy)phenyl (oxy or thio)((err]+<Cerr] alkyl),

bemgoyl, or (amno, C(err]-Clerr] alkylamno or di((err]-Cerr]

al kyl)am no errl:Cer al kyl ) : in the.pr nce .of _a phase
transfer E%%é%@%?,égeh§3;¥8§lég mep°?88u8?n§°F€%& n?igﬁﬁﬁglﬁgée to prepare
a conpoungcyiatonguhgentlbo afford a Pummerer rearrangement product;

[err] 21. A process for preparing
(+)-(4aF§r§¢qx¢gg4thgtﬁymmgrer rearrangement product with an

(4- et hyl - 2- benzot hi azol yl t hi 0) - 10b- et hyl - 1, 2, 3, 4, 4a, 5, 6, 10b-

oct ahydr oBERG BT PPRLERoPPRESE 8 EXQM ERSC GRAIPs EONS1ESARG R &7

conpound of the forpula ||
[éf$] wherefn A Eg a leaving group and R! represents:

0,
i nocar bonyl, Clerr]-Clerr]
) am nocar bonyl ,

2-nitrophenyl, 4-nitrophenyl, 2-cyanophenyl, 4-cyanophenyl, 2-
nitronaphthyl, 4-nitronaphthyl, 2-cyanonaphthyl, 4-
cyanonaphthyl, 2-quinolinyl, 4-quinolinyl, 7-qguinolinyl, 1-
isoquinolinyl, 3-isoquinolinyl, 8-isoguinolinyl, 2-

15 quinoxalinyl, 2-benzothiazolyl, 3-1H-indazolyl, 2-
benzoxazolyl, 3-1,2-benzisothiazolyl, 2-pyridinyl, 4-
pyridinyl, 2-pyrazinyl, 2-naphtho{2,3-d]thiazolyl, 2-
naphtho({l,2-d]lthiazolyl, 9-anthryl, 2-thiazolyl, 2-
benzimidazolyl, l-benz[glisoguinolinyl, 8-

20 benz[glisoquinolinyl, 5-1H-tetrazolyl, 2-guinazolinyl, 2-
thiazolo[4,5-blpyridinyl, 4-10H-pyridazino[3,2-b]-2-
quinazolinyl, 2-1,4-benzodioxinyl, 2-triazine, 2-benzoxazine,
4-benzoxazine, 2-purine or 8-purine;

wherein the above Rl groups are unsubstituted or

25 substituted with 1-3 groups chosen from the group consisting
of trifluoromethyl, trifluoroethoxy, C1-Cg4 alkyl,

trifluoromethoxy, hydroxy, C1-C3 alkoxy, nitro, C1-C3

alkylthio, C1-Cg alkanoyl, phenyl, oxo, phenoxy, phenylthio,

C1-C3 alkylsulfinyl, C3-C3 alkylsulfonyl, cyano, amino, C1-C3
30 alkylamino, diphenylmethylamino, triphenylmethylamino,
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wth (R-(+)- phenethylam ne to afford a conpound of the 25 formul a
" WD 98/ 18757 PCT/ US97/ 19229

60 WO 98/18757 _ [err] prCRUsITNgE2b he

conmpound of forrmula Il with a strong |ithium base to afford a

| i t hi oenam ne conpound of the fornula IV 5

[err] nmet hyl ati ng thgoresulting I'ithi oenam ne of the

formula IVto a conmpound of the formula V 10

[err] benzyloxy, benzylthio, (mono-halo, nitro or CF3)benzyl(oxy or
thio), di(Ci-C3 alkyl, C3-Cg cycloalkyl, or Cg-Csg
cycloalkylalkyl)amino, (mono-C1-C3 alkyl, C1-C3 alkoxy or
halo) {phenyl, phenoxy, phenylthio, phenylsulfonyl or

5 phenoxysulfonyl), C2-Cg alkanoylamino, benzoylamino,

diphenylmethylamino (C1-C3 alkyl), aminocarbonyl, C1-C3

alkylaminocarbonyl, di(C3i-C3 alkyl)aminocarbonyl, halo-C31-Cs

alkanoyl, aminosulfonyl, C1-C3 alkylaminosulfonyl, di(Ci-C3

alkyl)aminosulfonyl, phenyl(oxy or thio) (C1-C3 alkyl), (halo,
10 C1-C3 alkyl or C1-C3 alkoxy)phenyli{oxy or thio) (C1-C3 alkyl),

benzoyl, or (amino, C1-C3 alkylamino or di(C1-C3

alkyl)amino) (C1-C3 alkyl);

in the presence of a phase transfer catalyst, a hydride

reducing reagent and a base to prepare a compound of formula I

15
s-R'
I
21. A process for preparing (+)-(4aR)-{(10bR)-4-methyl-8-
(4-ethyl-2-benzothiazolylthio)-10b-methyl-1,2,3,4,4a,5,6,10b-
octahydrobenzo{flquinolin-3-one, which comprises: reacting a
20 compound of the formula IIX

I

with (R)-(+)- phenethylamine to afford a compound of the
25 formula III

T




reacting the conpound of formula V with an acyl halide or an

“anhydride of acrylic acid to prepare a conpound of the formula 15 VI _
WO 98/ 1§:69%/18757 PCT/ US97/¢k520$97/19229
61 [err] guenchi ng the
reaction with base, and conbining the residue conprising the conpound
of formula VI with an appropriate 5 gg silane and trifluoroacetic acid in
t he absence of a solvent to prepare a cogpound of the fornula VII
[err] SCH;
|
HI III

H3C/1§\C5H5

reacting the compound of formula III with a strong lithium

base to afford a lithioenamine compound of the formula IV

5
CH
N
LiN IVv.
Hj Ii CgHs ;
methylating the resulting lithioenamine of the formula IV to a
compound of the formula V
10

SCH,

v
CHs

HN v

H3C” 3 "CeHs

H

reacting the compound of formula V with an acyl halide or an
anhydride of acrylic acid to prepare a compound of the formula
15 VI

T




10 reacting the conpound of formula VIl with a nethyl halide in a

" reaction m xture conprising an organi c solvent and a strong base to
af ford @ip swpigheret hyl sul fi de conpound of the fornula PE/T/UB97/19229
[err] oxi di zing the conpound of formula VIIl to a
sul f oxi de conpound of the formula I X WO 98/ 18757
PCT/ US97/ 19229 61 62 :
[err] reacting the sul foxide Egnpound of the formula I X
with trifluoroacetic anhydride t for 483 5

trifluoroacetyl oxynmet hyl ene sul fide qafp of .the formula X

[err]

O VI

)—-z

H,C 2

& CeHs

quenching the reaction with base, and combining the residue
comprising the compound of formula VI with an appropriate
5 silane and trifluorocacetic acid in the absence of a solvent to

prepare a compound of the formula VII

SCH;3

VII

10 reacting the compound of formula VII with a methyl halide in a
reaction mixture comprising an organic solvent and a strong
base to afford an arylmethylsulfide compound of the formula
VIII

oens

15 CHs

oxidizing the compound of formula VIII to a sulfoxide compound
of the formula IX

L]



reacting the trifluoroacetyl oxynet hyl ene sul fi de conpound W th

2- hal o- 4- et hyl benzot hi azol e in the presence of a phase 10 transfer

cat al ys¥yo dgadbg3m bor ohydri de and a base to prepare PCT/US97/19229
(+)-(4aR) - (10bR) - 4- et hyl - 8- (4- et hyl - 2- benzot hi azol yl t hi 0) -

| Gb- et hyl -1, 2, 3, 4, 4a, 5, 6, 10b- oct ahydr obenzo[ f] qui nol i n- 3- one. 15

22. A process for preparing (+)-(4aRs2(! QbR) - 4- net hyl - 8-

(4- et hyl - 2- benzot hi azol yl t hi 0) - 10b- et hyl - 1, 2, 3, 4, 4a, 5, 6, 10b-

oct ahydr obenzo[ f] qui nol i n-3-one substantially s described in any
one of the Exanpl es. 20 23. A conpgund of the formula I

[err] WO 98/ 18757
PCT/ US97/ 19229 63 24. A
process for preparing a conmpound I
SCH3 1 5 as descri bed
in any one of the Exanples. 0 % A cpgopound of the formula VI
[err] | H
CH; ;
reacting the sulfoxide compound of the formula IX with
trifluorocacetic anhydride to afford a
5 trifluoroacetyloxymethylene sulfide compound of the formula X
$<_~0OCOCF,
b.4

reacting the trifluoroacetyloxymethylene sulfide compound
with 2-halo-4-ethylbenzothiazole in the presence of a phase

10 transfer catalyst, sodium borohydride and a base to prepare
(+)~-(4aR) - (10bR)-4-methyl-8- (4-ethyl-2-benzothiazolylthio) -
10b-methyl-1,2,3,4,4a,5,6,10b-octahydrobenzo[f]quinolin-3-"
one.

15 22. A process for preparing (+)-(4aR)-(10bR)-4-methyl-8-
(4-ethyl-2-benzothiazolylthio)-10b-methyl-1,2,3,4,4a,5,6,10b-
octahydrobenzo[f]quinolin-3-one substantially as described in

any one of the Examples.

20 23. A compound of the formula II

SCH;

i

) O 00 R0




or a salt thereof. 26. A conpound of the fornmula VIII
[err] or a salt thereof.
WO 98/18757 PCT/US97/19229

63

24. A process for preparing a compound of formula II

H
Z SCH3
x
II
5 as described in any one of the Examples.

25. A compound of the formula VI

SCH;
CH.
0] N VI
10
or a salt thereof.
26. A compound of the formula VIII
\I/SCH3
0 N7 s VIII
| B
15 CHy

or a ‘salt thereof.
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