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BACKGROUND OF THE INVENTION

Compounds that exhibit biological activity
typically contain at least one asymmetric carbon
15 atom, i.e., at least ome chiral center. A particu-
lar stereoisomer of such a compound usually exhibits
excellent biological activity, whereas the other
stereoisomers exhibit no or little biological activ-
ity. Accordingly, investigators strive to synthe-
20 size the biologically active stereoisomer, while
minimizing or eliminating synthesis of the inactive
or less active stereoisomer.
Stereochemical purity is important in the
pharmaceutical field, where many of the most often
25 prescribed drugs exhibit chirality. For example,
the L-enantiomer of the P-adrenergic blocking agent,
propranolol, is known to be 100 times more potent ‘
than its D-enantiomer. Additionally, optical purity

is important in the pharmaceutical field because



than its D-enantionmer. Additionally, optical purity
is inportant in the pharnmaceutical field because WD
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stereoi sonmers inpart a deleterious effect, rather
than an advantageous or inert _effect. For exanple, it
is believed that the D-enanti 8m§r of thalidomde is a
safe and effective sedative when 5 prescribed for the
control of norning sickness dur- ing pregnancy,
wheeexasaiins stereessoneinsg irpaFant -dedmtreniouel Rt
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mixture which contains a large amount of inactive
stereoisomer.' This reduced dose of active stereo-
15 isomer also reduces adverse side effects compéred to
a dose containing a mixture of stereoisomers. In
addition, a stereoselective synthesis is more
economical because a step of separating the desired
stereoisomer from the undesired stereoisomer is
20 simplified or eliminated, and raw material wastes
and costs are decreased because reactants are not
»coﬁsumed in the s?nthesis of undésifea stereoiso-
mers.
Many biologically active compounds contain
25 two asymmetric carbon atoms, i.e., two stereogenic
centers, wherein each asymmetric carbon atom is a
member of a ring system and each is bonded to a
hydrogen atom and to a substituent different from a
hydrogen atom. The nonhydrogen substituents of the
30

asymmetric carbon atoms therefore can be in a cis or

a trans configuration. A particularly difficult



centers, wherein each asymetric carbon atomis a
menber of a ring systemand each is bonded to a
whyarogan at om and to a substituent different PEDISH03/022039
hydrogen atom The nonhydrogen substituents of the 30
asymetric carbon atons therefore can be in a cis or
a trans configuration. A particularly difficult WO
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synthetic pathway also should provide a high yield
of the desired diastereomer in as few steps as

15 possible, with a minimum of diastereomer separation

and purification.

For example, U.S Patent No. 5,859,006,
iﬁcorporated herein by reference, discloses the
synthesis of (6R,12aR)-2,3,6,7,12,1l2a-hexahydro-2-

20 methyl-6-(3,4-methylenedioxyphenyl)-pyrazino-

[2',1':6,1lpyrido[3,4-blindole-1,4-dione having a

structure (I):



structure (1) WD 2004/011463 PCT/ US2003/022039 4 O

* /[CH3 HNNO O (I) 5 Conmpound (I) has two
wW@syaoetdsd ¢ carbon atons, each denoted by an BST/E8108k022039

wherei n the nonhy- 10 drogen substituents of the

asymmetric carbon atons are ipn the cis configuration.

Conmpound (I) can be prepared by the two synthetic

pat h- ways disclosed in U S. Patent No. 5, 859, 006.

Compound (I) is a potent and selective inhib 15 itor

of the phosphodi esterase enzyne PDE5, and has various

t herapeutic uses, for exanple, the treatnent of male

erectile dysfunctig [ ynt heti c pathway (A),

fromD tryptophan, 2PS; b3t he yi el d of

the de- 20 sired dia i.e , Compound I1) is

poor and requires a sepggaN fromthe

trans- Memm-lsmmr(Cmmmde”). Pat hway (A) al so

utilizes the highly corrosizwe toifluoroacetic acid

(i.e., TFA or CF3CO2H). by step in pathway A is

a classic 25 Pictet- Spengl gacti on using

D-trypt ophan nethyl ester afid poperonal to yield
substituted tetrahydro- 0

(I)

Compound (I) has two asymmetric carbon atoms,
each denoted by an asterisk, wherein the nonhy-
10 drogen substituents of the asymmetric carbon
atoms are in the cis configuration. Compound
(I) can be prepared by the two synthetic path-
ways disclosed in U.S. Patent No. 5,859,006.
Compound (I) is a potent and selective inhib-
15 itor of the phosphodiesterase enzyme PDE5, and
has various therapeutic uses, for example, the
treatment of male erectile dysfunction. N
The first synthetic pathway (A), from D-
tryptophan, has few steps, but the yield of the de-
20 sired diastereomer (i.e., Compound II) is poor and
requires a separation step from the trans-stereo-
isomer (Compound IIa). Pathway (A) also utilizes
the highly corrosive trifluorocacetic acid (i.e., TFA
or CF3;CO,H). The key step in pathway A is a classic
25 Pictet-Spengler reaction using D-tryptophan methyl
ester and piperonal to yield substituted tetrahydro-

p-carboline Compounds (II) and (IIa). The second



3-carboline Conpounds (I1) and (lIla). The second WO

2004/ 011463 PCT/ US2003/ 022039 5 pathway (B) provides
w@2denirs3 yi el d of the desired Compound |, buPCT/US2003/022039

requires nunerous synthetic steps. In each synthetic

pat hway, the key internedi at g in the synthesis of

Conmpound (1) is Conpound (1)~ SCorrpound(I) then is

synt hesi zed from Conpound (I ) in tvvo stral ghtforvvard

synthetic steps. Pathway A CHO O . + r K.
CFBe0EMayHN NHP OGRS 2 Rt §e 3444@1@ qﬁ ybb%pﬁaﬁlred

Pi per onal t £
O %?fnpﬁuin I.Eﬂan‘p:)%lntd (%cg %S fam d}%: )S ( Ci s - sgrrgg)s'
(42% WerlHl)soittastsid Sp)ﬂﬁtv)ax(,ZS@bgl eéyl) intdenedédfe in
(undesired) 15 WO 2004/ 011463 PCT/ US2003/ OgZ?%% 6
paﬁﬁwafygthes1s of Compound (I) is Compoun ).

5 Compound (I) then is synthesized from Compound (II)

in two straightforward synthetic steps.

Pathway A
CHO
\‘\‘U\O/CHB + CF3CO,H
CH,C1
NH, o 2C12
- i, —
0 +4°C
D-Tryptophan Piperonal

methyl ester

0]
|
HN NH

10

-+

Compound (II) Compound (IIa)
(cis-isomer) (42% yield) {trans -isomer) (28% yield)
{(desired) {undesired)

15



CHO 0 ..,% O ,,CH3 HCL NH2,HCL 0O O-~ D Tryptophan

nmet hyl ester Et3N hydrochloride CH2C12 5 0 O CH3
wahawessams s N O H N reagent DVE 100% 0 O- - P¢T/L82003/022039

L,CH3 HN S HN CH3I 67%CHC12 O O0---, WD
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Pathway B

CHO
0]
L e
I = O/C ? e HC1
NH,, HC1 o
HN
o—/
D-Tryptophan ol
methyl ester Ets3N
hydrochloride CH,C1,
5
0
‘\\\lkO/CH3 ‘
Lawesson's
HN HN O reagent
o
DME
100%
O
o—/
10
0O
‘\\\U\O/CHa
aN HN S
CH3TI
_—
67% CH,Cl,
0



0 0/CH3 +HN S,, CH3 0 0--, O ,,Ko,,CH3 9%\NH+ McOH

NaBH4 O 10 - ,,.t0~CH3 HN NH (Conmpound (I1)) 62%
WQ@1d4/0046D j 10 WD 2004/ 011463 PCT/ US2003/ 022BGRUSB03/022039

Pat hway from Conpound (11) to Conmpound (I) o C

1C0CH2C1 ", ~O, CH3 MeNH2  Conpgund (11) 10 NaHCCB/ CHC13

| O MOH gHN ~C1 :

0O
‘niL\O//CH3

MeOH

NaBHy4

0O
ﬂﬂu\O/CH3

NH

(Compound (II))

62%

10



1 or EE3NCH2Cl12 84% O/ 50CH3 HINNO O ~JO
10 The overall yield of Conmpound (I) using syn- thetic
w@aiohmanel A) or (B) is about 25%to about 30%CPEb1ME22039

(B) requires several synthetic 15 steps, and,
therefore, was considered incpnvenient. A key step in
the synthesis of Conmpound (I) is the preparation of
Compound (I1) in the shorter syn- thetic pathway (A).

The preparation of Conpound I'1) in pathwa A
Ui 1 2o PAEIYRY EL o FaRREUD (Ag;&pi;gﬁgggggéﬁ%a)éﬂ

D-trypt ophan net hyl ester and pi peronal in

di chl oronet hane (CH2C12) with two equival ents of
trifluoroacetic acid at 4C which WO 2004/ 011463
PCT/ US2003/ 022039 9

ClCOCH,C1 U\ _CHy MeNH2
Compound (II) —_— l
NaHCO5; /CHC1, MeOH
or
Et3N/CH,yCl,
84%
0
o—/
5
*, \\u\\‘ /CH3
\ 0]
o—/
10

The overall yield of Compound (I) using syn-
thetic pathway (A) or (B) is about 25% to about
30%.
Pathway (B) requires several synthetic
15 steps, and, therefore, was considered inconvenient.
A key step in the synthesis of Compound (I) is the
preparation of Compound (II) in the shorter syn-
thetic pathway (A). The preparation of Compound
(IT) in pathway (A) utilizes a Pictet-Spengler
20 cyclization between D-tryptophan methyl ester and
piperonal in dichloromethane (CH,Cl;) with two

equivalents of trifluoroacetic acid at 4°C which



provi des, after five days, a mxture of two di-
astereoi soners, i.e., the desired cis-isoner

W@ edopalmey o- p- car bol i ne Conpound (11) ((1R, 3R)PCEHO2003/022039
the undesired trans-isonmer tetrahydro-R-carboline 5
Compound (lIla) ((1S,3R)) in ajratio of about 60/ 40.
Fromthis m xture, the pure c?s isoner (i.e., Com
pound (11)) can be obtained by fractional crystal -
lization in a 42%yvyield (ee>99% (chiral HPLC)). The
Pi @eevishengl afterafivendpgsa & MeXEUTre0Ofeied
prOV|d|n t he rahydr o- a o] m t hat

SR PR tEhpotind - (1 Fo0) Aoty peeE
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andthe awadas Bredt EARYEr 85P3SEatBEF R érP|‘|ﬁu§afé°°9ﬁé’teed
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ic or aromatic, for exanple, see U S. Patent
EMOBroﬁ 859s Ofbxande5, 8B&, BRTe @a@hlﬁnﬁeﬂpdﬁaﬁed Com-

e el by T Fragse 0% RO L MR LR

Ci s1dy3ci6hr ahydr 025t {ansal,(F<b-obrahydrieal HPLC)) .

bet a- carbol i ne bet a- carbollne 25
The Pictet-Spengler reaction is a direct

UT

10 method of providing the tetrahydro-p-carboline ring
system that is present in Compound (I). In general,
the Pictet-Spengler reaction utilizes a tryptophan
ester and an aldehyde to yield a mixture of the cis-
1,3- and trans-1,3-tetrahydro-f-carbolines illus-

15 trated below. R? typically is Cisalkyl and R' can be
aliphatic or aromatic, for example, see U.S. Patent
Nos. 5,859,006 and 5,981,527, each incorporated

herein by reference.

W COzR?
. NH2 (-H,0)
H

20

. CO» R? COzRZ
l +
NH NH
z N
H Rl H 2l
cis-1,3-tetrahydro- trans-1,3-tetrahydro-
beta-carboline beta-carboline

25
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substantially inproves the di- astereoselectivity of

the reaction. In particular, % it would be an advance

in the art to inprove pathway OAC which utilizes the

Pi ctet-Spengl er reaction be- tween commercially
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15 SUMMARY OF THE INVENTION

The present invention is directed to a
method of preparing a desired diastereomer, i.e.,
cis or trans, of a polycyclic compound having two
asymmetric ring carbon atoms. More particularly,

20 the present invention is directed to a method of
preparing a desired diastereomer of a tetrahydro-f-
carboline compound having two asymmetric carbon
atoms utilizing a modified Pictet-Spengler reaction.

Prior investigators attempted to prepare a

25 desired diastereomer of a polycyclic ring system
containing two asymmetric ring carbon atoms by per-
forming a Pictet-Spengler cyclization reaction.
These attempts generally were limited in success
because the reaction was performed in a corrosive

30 medium, led to mixtures of diastereomers that ad-



These attenpts generally were limted in success

because the reaction was perforned in a corrosive 30
wore@isiom4ded ed to m xtures of di astereoners thatP@duy¥003/022039

2004/ 011463 PCT/ US2003/ 022039 - 11 versely affected

reaction yield, and requiredqseveral days to perform

The present nethod pro- vides the desired diastereoner

in good yield and short reaction tinmes, and avoids

the use of TFA. 5 More particul arl

y, the present
i nveRrsehy A5TaFEeet §&aﬁ618nwé(tlﬁ&81'o1a“gr é’pﬁ%lﬁ‘geda
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the 10 reaction is perforned using a,solvent | i ch
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insoluble in the solvent, and undesired di astereoner

i s $el diubbeedlsoARomeshoss péc PrePagi@gprresianired di-

invention is_ta incr K frithe '
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t 0 pavihipbeabeasyimsehid earbony atide zddj td enalified
desi red di astereo- ner _that precipitates from,

sol BEFERT-GRENEREFelY Il 286 e 468 THET) (MBI T 1
1 flesired diaster el dled e X ReNRA Wind hey uidesl redy

di astereoner. These and ot her Taspects and novel
f eabneest thet e amtesmomens drt issiukle. besvrmreferred

apparent, from, the I ol awng el ailed descrd PLigh oo

in the solvent, and undesired diastereomer is sol-
uble.

15 Another aspect of the present invention is
to increase the yield of the desired diastereomer by
allowing the undesired diastereomer to equilibrate
in solution to provide additional desired diastereo-
mer that precipitates from solution, and thereby in-

20 crease the yield of the desired diastereomer at the
expense of the undesired diastereomer.

These and other aspects and novel features
of the present invention will become apparent from
the following detailed description of the preferred

25 embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to a
method of preparing a desired diastereomer of a
polycyclic compound having two asymmetric carbon

30 atoms as members of a ring system. The method



25 enbodi nents. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention is directed to a
woreiohodi4ed prepari ng a desired di astereoner ofPEI/US2003/022039

pol ycyclic conmpound having two asymmetric carbon 30

atons as nenbers of a ring Sypiem The nmet hod WO

2004/ 011463 PCT/ US2003/ 022039 - 12 wutilizes an

i mproved Pictet-Spengler reaction that provides a

desired tetrahydro-p-carboline diastereo- nmer in high
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Conpeunda hiph gheld,| hiahe mparittyculaard yirdiss cilssetd pro-

herein, the present nethod is not [jmted to these
conﬁsaﬁq&lmerheTg\ﬁegaar%@%n@d%%%@e%s%%ﬁﬁmn
SYNLhesi 260310t ke ded rBd Wiasteneumre it ider

tetrahydro-(3- carbolines by a judicious selection of
starting trypilopeaghesthe symtdiesiheo D Camoquri@s n{I)

s e 3801 AR e s e e

CyChiresdh tnaidt@bdr aciioan. 1 ikhinenldey/, tHd® compounds.
Pi ctet-Spengl er reaction proceeds through generatjon
of ZRe PERETTIECHHOR aLsq BhA] IHIRS ThevRiiettisg

ek pdiieneingn Sllian e, |
| n addbbilametso bysteartidiginush seldatiimm N ssbariingi on
of E@gp %%%én ester, e.g., the D- or L-form, the
starting aldehyde, and the reaction solvents util-
ized in the present modified Pictet-Spengler cycli-
-15 zation reaction.

Typically, the Pictet-Spengler reaction
proceeds through generation of an imine under neu-
tral conditions, then effecting cyclization using
trifluoroacetic acid (TFA) in dichloromethane

20 (CH,Cl,) at a low temperature (4°C). In addition to
starting with an imine, N-substitution of the tryp-
tophan amino (-NH,) group often is used to provide a
cis-diastereomer. The Pictet-Spengler reaction dis-
closed in U.S. Patent No. 5,859,006 uses such condi-

25 tions. As discussed above, the standard Pictet-
Spengler reaction has the disadvantages of a long
cycle time, a low yield of the desired cis-diaster-
eomer, and use of the corrosive TFA.

The present invention overcomes problems

30 associated with the classic Pictet-Spengler reac-

tion, e.g., improves the yield and purity of the



tophan amno (-NH2) group often is used to provide a

ci s-di astereoner. The Pictet-Spengler reaction dis-
web@sedi4sh U S. Patent No. 5,859,006 uses suchPCDIS1003/022039

25 tions. As discussed above, the standard Pictet

Spengl er reaction has the disgdvantages of a |ong

cycle tine, alowyield of—tﬁg desired cis-diaster-

eonmer, and use of the corrosive TFA. The present

|nvent|on overconmes problens 30 associated with the
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particular, the present inven- tion is directed to.
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S rans-'diaster- eoner can be prepared in high
yi eddhandaurbé yobypapedf bnnithght heeiéaendopunrntar by

solvent in which th d dd
DR (he TRAEEPBAI o aSPaPEBRer T LPASPEPS

-H“hé§¥¥£6fﬁh§3§E§£eéﬂe§pﬁgghﬁéo&ﬁBleaﬁdDEhbhande51red
present. invention also utilizes an N-unsubstituted

StaixaiFﬁrﬁ$F¢rais §oéubletryghgpmgﬁlfagdtﬁgctet—
1OT' éﬁ#%f%%tseggk o%Fgﬁf%hé”b{ﬁgéh%slhﬂén%ﬁ% aigak

on O rom reacti on
subst anizat advEntagebstinaked sgatbingpmenedial, e.g.,

isolation/identification of e tryptophan t hyl
hy dPECProPReR: af8 BYEr E‘éfﬁ'?fﬁﬁi”tlﬁélé@rrs itve & nﬁo‘%@f‘ﬂ es
of Eﬁgies the use of TFA. The elimination of TFA from
the reaction has substantial advantages, including
15 improved isolation/identification of the tryptophan
methyl hydrochloride and overcoming the corrosgive
properties of TFA.
The selection of a proper solvent for use
in the present modified Pictet-Spengler reaction is
20 well within the skill of persons in the art. For
example, in the preparation of Compound (II) by the
Pictet-Spengler cyclization reaction, isopropyl
alcohol was found to solubilize the undesired trans-
diastereomer, whereas the desired cis-diastereomer
25 precipitated from the reaction mixture. In addi-
tion, the solubilized trans-diastereomer is in
dynamic equilibrium with the desired cis-diaster-
eomer. Accordingly, as the cis-diastereomer Com-
pound (II) is formed in solution and immediately
30 precipitates, its concentration is lowered relative

to the remaining trans-diastereomer Compound (IIa),



The sel ection of a proper solvent for use in the

present nodified Pictet-Spengler reactionis 20 well
wowrahion4she skill of persons in the art. For eRERPEm®)3/022039

in the preparation of Conmpound (I1) by the

Pi ctet-Spengl er cyclization rgaction, isopropyl

al cohol was found to sol ubi—li§€ the undesired trans-

di astereoner, whereas the desired cis-diastereoner 25

precipitated fromthe reaction mxture. In addi- ti on
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a concent rat i on ferenti al that forces the
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temperature or below. This solubility difference
allows a fast and easy separation of the desired

15 disastereomer from the undesired disastereomer.
Furthermore, the dynamic cis-trans equilibrium in
sclution allows a more complete conversion of the
starting materials to the desired diastereomer, and
a more complete separation of the desired diastere-

20 omer from the undesired diastereomer. Accordingly,
another advantage of the present invention is a
decrease in costs attributed to a more efficient use
of reagents.

As previously stated, the selection of a

25 reaction solvent having the requisite solubility
properties is within the ability of a person skilled
in the art. The selection merely requires determi-
nation of the solubility of each diastereomer in a
particular solvent, and a solvent selection that

30 meets the above-described solubility/insolubility

parameters for the two diastereomers.



allows a fast and easy separation of the desired 15

di sastereoner fromthe undesired di sastereoner.
wao-eooklensdre, the dynam c cis-trans equili bri ureT/ms2003/022039

solution allows a nore conplete conversion of the

starting materials to the desicred di astereoner, and a

nore conpl ete separation of the desired diastere 20

oner fromthe undesired di astereoner. Accordingly,

anot her advantage of the present invention is a

decrease in cBResfatiPVbigedSt® BOROLLBLELRPCPERIPYSe OF
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25 Teaction solveén aving the requisite solubility

pr apefipéesd i 11 thynthbhemalifiey Bicaepefpengller] redc-

in the art. The sele%tion nerely re uireg det.erm.-
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shardd i arr oﬂl&ﬂtCoﬁﬁguﬁds‘?kigm(_S%@Jlo_@CBi andt aat, 30
nmeets the above-described solubility/insolubility
paraneters for the two di astereoners. WO 2004/011463

PCT/ US2003/ 022039 - 15 The foddepMing is a
nonlimting exanpl efof the prESEMted Riok,en,
il e Pyltt hesi s m_mxpmml_l_)_hy_.;he

nodi SpengbBr reac- _tjon tep. 2), and the
sub @ 51 s of Com.l 5M é’gn'ﬂs%r) R‘Qr om Conpound

(11 Step 110 RBRIz dFE€diBY HPLC H _
.11 OH i} MeOH under N2 iii) distill, cool
iv) MTBE, filter (92% yield)
10
Step 2
, H ﬁ\\ Monitored by HPLC
oV -
’ OMe . )
| i) i-PxOH under N;
: [:::]::;:]//\\iHZHCl ii) piperonal (reflux)
H iii) cool, filter (93% yield)
15
Step 3 A
H ﬁ\\ Monitored by HPLC
oY |
) OMe
[::::[:—:]::::1 1) THF/H,0 under Ng
. _NH HCL ii) EtaN
H H iii) ClCH,RC(0)C1
iv) i-PrOH/H,0, filter
(95% yield)
O
o—/

Compound (II)



NH2 ii) SOC12 (reflux) NHiii) distill, cool iv)
MIBE, filter (92%vyield) 10 Step 2 HO Mnitored by

WORW@01143 | - PrOH under N2 a.~CNH2HC Owe ii) pepeEsmn:d22039

(reflux) Hiii) cool, filter (93%yield) 15 Step 3 H
OVve Monitored by HPLC | i) THE/ H20 under N2 \ N NH
HClL ii) Et3NHiii) CICH2C (0) d iv) i-PrOH H20,
filter (95%yield) O O-j Conpound (I1) WD

2004/ 011463 PCT/ US2003/022039 - 16 O Step 4 H I

Monitored by HPLC Qwve Step 4 .
H u\ Monitored by HPLC
" Some >
! N i) THF under Njp
N7 N \”Aa ii) MeNH, (40% aq)
H = 0 iii) agueous HC1
iv) i1i-PrOH/H,0, filter
(95% vield)
0
O\/

Compound (I)

In general, the synthesis of compound (I)
10 using the method of the present inventionrinvolves a
four-step synthetic pathway. The first step is an
esterification infmethanol (MeOH) using thionyl
chloride (80Cl,) under reflux. The product is crys-
tallized and isolated by filtration. The second

15 step involves the present novel and simplified
variation of the Pictet-Spengler reaction, wherein
D-tryptophan methyl ester hydrochloride is admixed
with piperonal in isopropyl alcohol (i-PrOH) and

heated under reflux to form a mixture of diaster-



i) THE under N2 N N~Cl ii) MeNH2 (40%aq) HOiii)

aqueous HCL 1:; 1 iv) i-PrO4/ H20, filter (95%yield)
w®200901546) H-Me NN H OO O0-j 5 Conpoundp€1/pS1003/022039

general, the synthesis of conpound (1) 10 using the

met hod of the present inventi,en_involves a four-step

synthetic pathway. The first "step is an :

esterification in nmethanol (MeOH) using thionyl

chloride (SOC12) under ref lux, The uct, i s .cr

t al ddmeaxi arrddeet at edBBGaRFRL FAR B ﬁSlifﬁgl SdSofid2 er-

step | nvolaé(grﬁ?{s]&%% ?2?5“ ; Boyehsandyskamli ingdiuple in

variation Spengler reacti on, wherein
D- t 1y 10 med:daly[bleaterelﬁydxothmpeufdteuufe @i Yoed-ow,

10D peonel 10, Laopropyl eloohol (15 B0 o0 on

SZOOfé§GQé§3aP&;ﬂ&ﬁggogﬁgz%ggﬁs equilibrium in solution.
As the cis-diastereomer precipitates ﬁrom the iso-
propyl alcohol, the equilibrium is driven towards
the cis-diastereomer until the concentration of the
cis-diastereomer is sufficiently low to remain in

10 solution. The desired diastereomer is isolated in
greater than 90% yield by crystallization and
filtration.

The third step involves an aqueous tetra-
hydrofuran (THF) acylation of the amino (NH;z) moiety

‘15 of Compound (II), followed by crystallization and
filtration. Ring closure with methylamine (MeNH;)
completes the ring-forming sequence. After solvent
exchange, the product is crystallized from aqueous
isopropyl alcohol or other suitable solvent, and

20 filtration provides Compound (I) in an overall yield
of about 77%.

In general, the present modified Pictet-
Spengler reaction can be used to prepare the desired
diastereomer of tetrahydro-f-carboline-based com-

25 pounds without limitation. For example, the present
modified Pictet-Spengler reaction can be used to
synthesize the desired diastereomer of classes of
compounds disclosed in U.S. Patent Nos. 5,859,006;
5,981,527; 6,001,847, WO 02/28859, WO 02/28865,

30 WO 02/10166, WO 02/36593, WO 01/94345, WO 02/00658,
WO 02/00657, WO 02/38563, WO 01/94347, WO 02/94345,



17 eoneric adducts. Because the desired

ci s-diaster- eoner (Conpound (I1)) is substantially

wo p@aloulzb® i n i sopropyl al cohol at ref |ux tePEEDS1003/€22039

and bel ow, the cis-diastereoner crystallizes from
solution 5 leaving a dynamc gis-trans equilibriumin
solution. As the cis-diastereoner precipitates from
the iso- propyl alcohol, the equilibriumis driven
towards the cis-diastereoner until the concentration

of WRe02¢0§5Fi6as PET/EIREYL /149 3945 f RGBSR (bW 1D r enmi n

- in
in
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fil prayiven2 /Theotihi rachds trgT AUBOH MR8 Fh, aspeousntcetpa-
hydrof uran (THF) _acylation of the_am_no (NHZ% oI et
15, BREESMBOERIT ) CHTORR QS | T2 b e
EERREX) 'a?l'}dﬁ%'—:ch@ ri&, M th methyl am ne (MeNH2)

e ri

conpletes-t

ng-farmng sequence. After solvent

exchange, the Ipr edidittiicn droysthe |prephfzoieRg@eoustra-

i SO
fil

| _al cohol. . , i tabl |
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of ghqut +HEYpdsaANeiaihod EarPNes e edogs fbedp&iet et -
Spengl er reaction can be used to prepare_the desired
di asesredysir off tarhhyine - prantoline BhsbdoEofeosred

L e

nodi

on can De use

synichegicimd he Hesiirted ah astareonere diavingsasfofmula
corr%qll\Jngs di scl gsed,in U fipﬁatent Nos. 5 %59 00

15

20

O, wherein R° 1s a atic or aroma

Patent No. 6,001,847, incorporated herein by refer-

ence.

The following provides a detailed exem-
plary preparation of Compound (I) utilizing the

method of the present invention.

ic. ee U.S.



5,981, 527; 6,001, 847, WD 02/ 28859, WO 02/ 28865, 30 WO
02/ 10166, WD 02/ 36593, WO 01/94345, WD 02/00658, WD
wO200906663 WO 02/ 38563, WO 01/94347, WO 02/ 943BGT/UNY003/022039
2004/ 011463 PCT/ US2003/ 022039 - 18 WD 02/ 00656,
PCT/ US01/ 49393, PCT/ US02/ 137 _ PCT/ USO02/ 00017,
PCT/ US02/ 10367, PCT/ US02/13703, PCT/US02/11791, and
PCT/ US02/ 13897, each incorpo- rated herein by
reference, and other substituted 5
tetrahydro-(3-carbolines. In addition to the
preparation of tetra hydr@%eRchrboline
di ket o- pi perazi nes, |ike Conpound (I), the present
nmet hod can be used to prepare tetrahydro-(3-carboline
hydantoins (111) of Qdesired M) StereQchemmidy by
reactlng a conpou'dl uch as__Conpound (11) with gn
a foamul a | RANCO, erein R4 is
ic. See U)sMOBatBfier NB 6, 001, 847,
g 2by referii)e®O€l2165<5INRA N N H
RL O (IIIﬁIThe foll ow ng priaviydasseitet aidead exem 20

plary preparation of Conpound,(hjreeli bizZid}d (B vielq)
gethod of the present |nvent|on

10 D-Tryptophan (50.0 kg, 245 mol) was sus-
pended in MeOH (270 L), then added to a prepared
solution of SOCl, (67.0 kg, 563 mol) in MeOH (250 L)
at ambient temperature under a nitrogen (N;) atmo-
sphere. The resulting solution was stirred at

15 reflux for 1 to 2 hours, then MeOH was distilled
from the reactlon mlxture to about 50% of orlglnal
volume. Methyl t-butyl ether (MTBE) (350 L) was
added, and the solution was cooled to 0° to 5°C,
with continued stirring for 1 hour. The product was

20 filtered, washed with cold MTBE (150 L), and dried
in vacuum at 60°C to yield 57.6 kg (92.4%) of D-
tryptophan methyl ester hydrochloride. 'y NMR (400
MHz DMSO) &: 11.15 (1H, s), 8.70 (2H, exch.), 7.50
(1H, 4, J=8.2 Hz), 7.35 (1H, d, J=8.2 Hz), 7.24 (lH,

25 s), 7.08-7.05 (1H, m), 7.00-6.97 (1H, m), 4.18-4.16
(1H, m), 3.61 (3H, s), 3.36-3.25 (2H, m). HPLC



WD 2004/ 011463 PCT/ US2003/ 022039 - 19 Step 1 HO
Monitored by HPLC J \ | ' 2 OH i) MeOH under N2 NH

WO 2g04803@82 (reflux) NHiii) distill, cool i viCVIBH)3/022039
filter (92%yield) 50 H Ow NRHCI N H 10

D Trypt ophan (50.0 kg, 245 _m:da was sus pended in MOH
(270 L), then added to a prepared solution of SOC12
(67.0 kg, 563 nmol) in MeOH (250 L) at anbient

tenperature under a nitrogen (N2) atno-_sphere._ The
resbetah§ssol GelLsANwas SBPRESY latd - £5 % 450 i dFluenty

2 hours hen di st & ' ]
i EAP T RE B0 80E SORTol bfi SRR 2 b0l e, e Ryt L)
t - bukbeebhare( MIBBPC(3500k) Raae =added,;/raind; tUie Detec-
solution was cooled to 0.to 5C_. w th conti nue].glJOIJ _
sti EEPRG=F 8851 TROUANI PR 1PF0 YOS 20 itk diedient =

ashed ﬁhﬁbﬂﬁ@&daﬁgsﬁéQQQQiéﬁ'TQH@ driedo min.

Step 2

H u\\ Monitored by HPLC

i) i-PrOH under Ny
NH,HC1 ii) piperonal (reflux)

H iii) cool, filter (93% yield)
10 ‘

O
o/

15 (Compound IT)

D-Tryptophan methyl ester hydrochloride
20 (50.0 kg, 196 mol) was suspended in isopropyl
alcohol (500 L) and treated with piperonal (32.4 kg,
216 mol) at ambient temperature under an N; atmo-
sphere. The mixture was stirred between 70°C and
reflux (82°C) for 16 to 18 hours. At this time, the

25 reaction mixture contained less than 3% Compound



in vacuum at 60C to yield 57.6 kg (92.4% of D

trypt ophan nethyl ester hydrochloride. 1H NVR (400
worm4OM3e) 5: 11.15 (1H, s), 8.70 (2H, exch.),P@r/B682003/022039

(1H, d, J=8.2 Hz), 7.35 (1H, d, J=8.2 Hz), 7.24 (1H,

25 s), 7.08-7.05 (1H, m, 7.00-6.97 (1H m, 4.18-4.16

(1H, m, 3.61 (3H, s), 3.36- 5 (2H, m. HPLC WO

2004/ 011463 PCT/ US2003/ 022039 - 20 Details: Col um:

SB- Phenyl 4.6 x 250 mm Eluent: Isocratic 80%
( H2DZQ, 1"/&‘EEA)feﬁSZ@9@ACNl€(§@éteoﬁ S CoRdrshrir 1

nj ELLFBheGol RE 2B I et e LS

€Qol Gire 2

and (Repeni. OnTiEkenpredi&tOmmm drﬁd,bpm&ieht Ovabnist o‘:riedless
by HPLC i) 1-PrOH under

pi p§héﬁal50(’€e1tlou¥)leﬂid1 i) Cé&g (Qf%]g‘ite‘? %%//:jy Qd% 10
D)) BezBabloR-sMahCh 5 o- Gt dar difs I i S EnmpEINg-

blindole-3-carboxylic acid methyl ester (Compound
IT)). IH NMR (400 MHz DMSO) &: 10.81 (1H, s), 10.67
(1, exch.), 10.21 (1H, exch.), 7.52 (1H, 4, J=8.0
Hz), 7.27 (1H, d, J=8.0 Hz), 7.11 (1H, m), 7.05-6.95

10 (4H, m), 6.08 (2H, s), 5.85 (1H, m), 4.71 (1H, m),
3.82 (3H, s), 3.39-3.23 (2H, m). HPLC Details:
Column: SB-Phenyl 4.6 x 250 mm; ACN/ (Hz0+0.1% TFA)
gradient; Temperature: 40°C; Flow Rate = 1 mL/min;
UV Det. = 285 nm; Injection Volume = 20 uL; Diluent

15 = 1:1 ACN/H,O; Sample concentration: about 0.1
mg/mL; and Retention time = 6.0 min.

In a preferred method of preparing Com-
pound (II) by the present method, a small seed
amount of Compound (II), i.e., about 0.05% to about

20 1%, and preferably about 0.05% to about 0.25%, based
on the welght of D~ tryptophan methyl ester hydro-
”chldrlde, is added to the reaction mixture prlor to
heating. This seed amount induces crystallization
of the cis-carboline Compound (II) in the reaction
25 mixture.

When isopropyl alcohol is used as the sol-
vent, it is preferred that the alcohol is anhydrous,
e.g., 0.1% water or less, by weight, because appre-
ciable amounts of water can adversely affect the

30 rate of reaction. It is especially preferred that

the isopropyl alcohol is essentially free of



D- Trypt ophan net hyl ester hydrochloride 20 (50.0 kg,
196 nol) was suspended in isopropyl alcohol (500 L)
wapa4brgat ed with piperonal (32.4 kg, 216 nol PCHUS2003/022039
anbi ent tenperature under an N2 atno- sphere. The
m xture was stirred between 79? and ref lux (82C) for
h

16 to 18 hours. At this tine, e 25 reaction m xture

cont ai ned | ess than 3% Conpound WD 2004/ 011463
PCT/ US2003/ 022039 - 21 Ila. The reaction mixture
t heacw&onsoolied .o o taimy tkr¥d, 2egiePRRsPHed 9F¢ h &%l d

- i sopropyl._ alcohol . . e pr ied_
undg’lel%é:wrgoatavloelsés]éotqﬁrlz??nt]ég% ?% é&?éﬁdﬁ%%.f%%g&?%%
of eredlrdtl, 3 5
benzodi oxol -5-yl)-2, 3,4, 9-tetrahydro-I H pyri doLS, 4-

b] i ndol e- 3- ca%)ﬂﬁ @ dighertryt 1 ¥ e?of‘(%%o Add - T

Rl o G S« G N o
Hz) or7 azetiHadld))3edidHA)q Tadtie Irbapyio. Obnes 98ith
10 (4H,, .. 6.08 (2H, s, .85.(1H, . m, 4.71 (1H, :
3. 82:0(@%{%31,6 PG tz@’%éz%? 9 Rttt Petai | s: ( "
Col um: SB- Phejptled. $oXredbs nige ACN (#2018, 3ed&ftion
gradi ent; Tenperature: 40C, Flow Rate = 1. nm/mn; W

Det .of= Cz8®awRd | 1} B4 BHRVA UREC £ DOSPERIBRT uBRRC 1501

01 ; ration: : abo ;
140 SR oo T SRR [ Bt B Othc Dude, THhBLaze
pr epryd MginGared poundafdhgthy sbevenesehe. get hbdluene,
smal | seed anount_ of Cog?poun 0?24)

o AHSTy 1 FAFHEof of dbt §TEbBul 20059AE BUABBOE

0. 25% ﬂ%ﬁﬁﬁbnitrile), an ester (e.g., ethyl acetate),

an alcohol (e.g., a propanol or butanol), an ether

- 15 (e.g., THF, MTBE, or dioxane), an aliphatic hydro-
carbon (e.g., hexane, heptane), an organic acid

(e.g., acetic acid), mixtures thereof, and aqueous

solutions thereof.

20 . Step 3

- SN Monitored by HPLC - - - -
| j\ -

i) THF/H,;0 under Nj

H : iii) ClCH,C(0)Cl
iv) i-PrOH/H,0, filter
(95% yield)
O
OJ

Compound (IT)

25



on the wei ght of D-tryptophan nethyl ester hydro-
chloride, is added to the reaction mxture prior to

wheaiongse3d Thi s seed anount induces crystallizap@DDNS200$/022039

10

the cis-carboline Conpound (Il) in the reaction 25

m xture. \When i sopropyl algoﬁgl_is used as the sol -
vent, it is preferred that t al cohol is anhydrous,
e.g., 0.1%water or |less, by weight, because appre-

ci abl e ambunts of water can adversely affect the 30
rate of reaction. It is especially preferred that the
i sopropyl al cohol is essentiall @%ee of WO

w284y acetone, i.e.,

2004/ 011463 PCT/ US2803

contains 0.3% acet y wel ght, to avoid
formati on of an unds . Use of a higher
boi ling solvent (e.g. 5 propa ol , 9oluene
t
[

di met hyl f or mam de, acetonl , Oor acetic acid)

| eads to faster reaction t ith conparable
product yield and purity. sol vents useful in the
preparation of Conpound (11){usigng a Pictet-Spengler
reaction 10 (Step 2) of the prefdent invention
include, but are not |imted to, aromatic sol vents
(e.g., toluene, Dbenzene, or xylene), a nitrile (e.g
acetonitrile or propionitrile), an ester eth I
acetate), anThecewestisuged hebrapuAsr- 8rcﬁﬁgﬁﬁé

2 SHELaARo el (ol by YA, p9E0KR1E) e cned

Or gafi CHRCI 835 L) and delonlzed water (84 L), and
treated with triethylamine (Et3N) (57.0 kg, 560 mol)
at 0°C to 20°C under an N; atmosphere. Chloroacetyl
chloride (ClCH,C(O)Cl) (34.2 kg, 300 mol) in dry THF
(0.6 volumes) then was added at a rate to maintain
the temperature at 0°C to 10°C, followed by stirring
the reaction mixture for two hours. The reaction

was monitored by HPLC for a Compound (II) content of

4%, by weight, or less. After the acylation reac-

15 tion was completed, the reaction mixture was sub-

" jected-to ‘distillation, under vacuum at-30°C to - - -
50°C, to reduce the volume by about 30%. Then,
water (84 L) and isopropyl alcohol (335 L) were

added, and the reaction mixture was distilled a

20 second time under reduced pressure at 30°C to 50°C

to remove about 20% of the volume. The reaction
mixture then was cooled to 20°C to 25°C and stirred
for two hours. The reaction product crystallized,

and was filtered and washed with isopropyl alcohol.

25 The reaction product was dried under wvacuum at 80°C

to yield 86.7 kg (95%) of chloroacetyl carboline



(e.g., acetic acid), mxtures thereof, and aqueous
solutions thereof. 20 Step 3 0 - - Mnitored -by- HPLC
WOR®4/i0)146HF/ H20 under N2 NH HCL ii) Et3N H = PCT/S2003/022039

acH2C (0) d iv) i-PrO/H20, filter (95%yield) O
0--/ Compound (I1) 25 WO 20044011463
PCT/ US2003/ 022039 23 0 H Il 1' T H-~Ad H O

0O O0-, The substituted tetrahydro p- carboline 5

hydrochloride (Il) (83.7 k 216 nol) was suspended
in THE- @335:@)‘%@@0@@%‘@ o Yt {84 1) tetrrhydro-1H-

- tregted with i ethyhamng LHEN) (& K a8 Dder .
'y NMR (400 MHz DMSO) &: 10.86 (1H, s), 7.54 (1H, 4,
J=7.4), 7.27 (1H, 4, J=8.0), 7.11-6.99 (2H, m),

5 6.81-6.75 (2H, m), 6.63 (1lH, s), 6.45 (1lH, 4,
J=8.2), 5.97 (2H, 4, J=5.8), 5.19 (1H, 4, J=6.6),
4.83 (1H, 4, J=14), 4.43 (1H, 4, J=14), 3.45 (1H, 4,
J=16), 3.10-3.03 (4H, m).

‘ Alternative solvents for Step 3 include

10 low molecular weight alcohols, such as isopropyl

alcohol or n-propyl alcohol; acetone; and methylene

chloride.
: Step 4
15
o) . \
H lL\ Monitored by HPLC
W P
= OMe
] i) THF under Ny
N N : -
NN \ﬂ//\\c1 ii) MeNH, (40% aq)
H = o) iii) agueous HC1
iv) 1-PrOH/H,0, filter
(95% vyield)



at 0C to 20C under an N2 at nosphere. Chl oroacetyl
chloride (C1CH2C(O Cl1) (34.2 kg, 300 nol) in dry THE
waogo186yol unes) then was added at a rate to PEI/DEZ2008/022039
the tenmperature at 0OC to 10C, followed by stirring
the reaction m xture for two ggurs. The reaction was
nmoni tored by HPLC for a Conpotind (11) content of 4%
by weight, or less. After the acylation reac 15 tion
was conpleted, the reaction m xture was sub --- - |
ected -to distillaton, under-vacuumat- 30-OCto - --
50C, to reduce the volune by about, 30% Then, water
(84 L) and isopropyl alcohol (33b were added, and
the reaction m xturgswas di stiNJe %?secondtima
under reduced press At 3C to 50 0 renove about
20% of the vol une. ure then was
cooled to 20C to 25C and S8tirred or two hours. The
reaction product crystallirzedx_amg was filtered and
washed with isopropyl alcoh 5 The reaction product
was dried under vacuum at 8 yield 86.7 kg (95%
of chl oroacetyl carboline WO 2004/011463
PCT/ US2003/ 022039 - 24 O___/
cis-1-(1, 3-benzodi oxol -5-yl)-2,3,4,9-tetrahydro-1 H
pyri do[ 3, 4- b] i ndol e- 3- caFBBRYIPE 4&id methyl ester.
1H NWVR (400 Mz DMSO 6: 10.86 (1H, s), 7.54 (1H, d,
9=7.4), 7.27 (1H, d, J=8.0), 7.11-6.99 (2H, m, 5
6.81-6. 75 (2HTh‘E) .ol &34 detyE) catbdbifeH(84d,0 Bg8. 2p1

5.97 2H 6.6
d, ( ¢ﬁ9§%§?t%iT%E1§4§53Lh5 ? %%e rg&&%}lng
3. 19&1%{19?&:4 %s Meated to 30°C to 55°C under an N

atmosphere and stirred. The resulting solution then

10 was filtered at a temperature of 45°C to 50°C to
remove undissolved particles. Methylamine (78.2 kg,
1000 mol) then was added to the solution at a
temperature of 5°C to 25°C. The resulting mixture
was stirred at a temperature of 30°C to 55°C for

15 abbut 1 hour, or until HPLC analysis indicated a
complete reaction, i.e., less than 1% of the
chloroacetyl carboline remained. The mixture was
cooled to 0°C to 30°C, isopropyl alcohol (344 L) and
water (175 L) then were added, followed by 12M

20 hydrochloric acid (67 L) to neutralize the excess
methylamine, i.e., to pH 2 to 9.4. Upon essentially
complete removal of THF by distillation, the solu-
tion was treated with isopropyl alcohol (260 L) and
water (75 L) and cooled to -5°C to 30°C, followed by

25 stirring for two hours to crystallize the product.

The product was filtered and washed with cold (0°C



Al ternative solvents for Step 3 include 10 |ow,
nol ecul ar wei ght al cohols, such as isopropyl alcohol

woerooprsepyl al cohol ; acetone; and net hyl ene Peil/082008022039

10

Step 4 15 0 Monitored by HPLC Owe i ) THE under iJ2

NG Ni) MNH2 (400 aq) HO jii) aqueous HCL iv)

i-PrOH/ H20, filter (95%vyiel 0 WD 2004/011463

PCT/ US2003/022039 25 0 HI NM NN H 00 O]

Conpound (1) 5
to 5°C) 50% aqueous isopropyl alcohol. The wash
solvent was filtered at -5°C to 30°C, and the prod-
uct was dried under vacuum at 80°C or less (e.g.,
70°C to 80°C) to yield 75 kg (94.6%) of Compound
(I). For increased purity, Compound (I) optionally
can be recrystallized from acetic acid.

A reference standard was prepared in the
same manner, with additional purification by double
recrystallization from glacial acetic acid (HOAc).
Compound (I) was dissolved in 13 volumes of HOAc at
g80°C, and the solution was concentrated to one-third
original volume and then cooled to ambient tempera-

ture. The product was filtered, washed with MTBE,
and dried in vacuum at 80°C. 'H NMR (400 MHz, DMSO)

15 &: 11.0 (1H, s), 7.52 (iH, 4, J=7.3 Hz), 7.28 (1lH,

4, 7.9 Hz), 7.28 (1H, 4, J=7.9 Hz), 7.06-6.98 (2H,
m), 6.85 (1H, s), 6.76 (2H, s), 6.11 (1H, s), 5.91
(2H, s), 4.40-4.35 (1H, dd, J=4.27, 11.6 Hz), 4.17
(18, d, J=17.1 Hz), 3.93 (1H, d, J=17.1), 3.54-3.47

20 (1H, dd, J=4.6, 11.3 Hz), 3.32 (1lH, s), 3.00-2.91

(4H, m). HPLC Details: Column: Zorbax SB-Phenyl,
4.6 mm i.d. x 25 mm; 2.5 um particles; Mobile Phase:
acetonitrile, 0.1% TFA in water; Flow rate = 1.0

mL/min.; Detector wavelength =285 nm; Injection

25 volume = 20 pL; Column temperature = ambient; and

Retention time = 9.0 min.

Obviously, many modifications and varia-

tions of the invention as set forth above can be

30 made without departing from the spirit and scope

thereof, and, therefore, only such limitations



The chl oroacetyl carboline (86.0 kg, 201 nol) was
added to THE (430 L), and the resulting mxture was
wheaspti4sd 30C to 55C under an N2 at nospher e PEMUS2003/022039
stirred. The resulting solution then 10 was filtered
at a tenperature of 45C to 5 to renove undi ssol ved
particles. Methylamne (78.2 kg, 1000 nol) then was
added to the solution at a tenperature of 5C to 25C
The resulting m xture was stirred at %1te erature qi
30Cshoub8Cheoimpesgioas BrfodRdigatsst Y HPtC 3RRINAT
indicated a conplete reaction, i.e., less than 1% of
t he©+8h"8r oacet yl carbol i ne remai ned. The ni xture was
cooled to OC to 30C, isopropyl alcohol (344 L) and
water (175 L) then were added, followed by 12M 20
hydrochloric acid (67 L) to neutralize the excess
nmethylamne, i.e., to pH 2 to 9.4. Upon essentially
conpl ete renoval of THE by distillation, the sol u-
tion was treated with isopropyl alcohol (260 L) and
water (75 L) and cooled to -5C to 30C, foll owed by 25
stirring for two hours to crystallize the product.
The product was filtered and washed with cold (0C WD
2004/ 011463 PCT/ US2003/ 022039 - 26 to 5C) 50%
aqueous isopropyl alcohol. The wash solvent was
filtered at -5C to 30C, and the prod- uct was dried
under vacuum at 80C or less (e.g., 70Cto 80C) to
yield 75 kg (94.6% of Conmpound 5 (l). For increased
purity, Conpound (1) optionally can be recrystallized
fromacetic acid.



A reference standard was prepared in the sane manner,
Wi th additional purification by double

wo eangpstded | | zati on fromglacial acetic acid (HEWYS2008022039
Compound (1) was dissolved in 13 vol unmes of HOAc at
80C, and the solution was qpqg ntrated to one-third
origi nal volune and then cool to anbi ent tenpera-
ture. The product was filtered; washed with MIBE, and
dried in vacuum at 80C. 1H NWR (400 MHz, DVSO) 15 5:
11. QuatHrsSrratmed 84 d, J=7.3 Hz), 7.28 (1H, d,

- 7.9 Hz), 7.28 (1H, d, J=7.9 Hz), 7.06-6.98 (2H, m,
6.85 (1H, s), 6.76 (2H, .s), 6.11 (1H, s), 5.91 (2H,.
S), 4.40-4.351¢1H, Ad@ethosl % premenind  desiyaq dip-
J=1 3..93 _( ossblal) x ,

N S PRl St v e v R i T
HPLEobetiabl s: Col utm: Zor bax SB-Phenyl, 4.6 nmi.d. X
25 mm 2.5 pmparticles; Mbile Phase: acetonitrile,
0.1% TFA in water; Flowrate = 1.0 nlL/mn.; Detector
wavel engt h =285 nm Injection 25 vebiwe = 20 }1L;

Col unm t enper at ure T-angj-ent;~amg” Retention tine =
9.0 mn. Oobviously, tions and vari a-
tions of. the invention 5 above can be 30
made without departing framthe spirit and scope

t hereof, and, therefore, only &hGch linitations WO
2004/ 011463 PCT/ US2003/ 022039 - 27 should be inposed
as are indicated by the appended clains. WO

2004/,Q11483 R ThEdSZAYD22039

(a) providing a tryptophan esterified

using an alcohol having a formula R?°0H; and

(b) reacting the tryptophan ester of step
(a) with an aldehyde having a formula R'CHO to pro-
vide the desired diastereomer and an undesired dia-
stereomer, wherein the reaction is performed in a
solvent in which the desired diastereomer is insol-

uble and the undesired diastereomer is soluble.

2.  The method of claim 1 wherein the
degsired diastereomer is insoluble in the solvent of
step (b) at reflux temperature or lower, and the

undesired diastereomer is soluble in the solvent of

step (b) at reflux temperature or lower.



- 28 WHAT IS CLAIMED IS: 1. A method of preparing a

desired dia- stereoner of a tetrahydro-R-carboline
whaooifogi4e3 fornmula CO2RZ clll::::izizizl:I11;PCT/LIB2003/622039

Rl conprising the steps of: (a) providing a

tryptophan esterified using g al cohol having a

formula RROH, and (b) reacting the tryptophan ester of

step (a) with an aldehyde having a formula R CHO to

pro- vide the3desi & diedtest Oheflary hivheEesnr ke

di a- rQo eLel ti [ f L. 4
- cor AEPERL OB, MERLE B FRRE R M AR of
ubl eecahcridie witdesialed iHastareomelcolsokpol mbpeopPl The

nmet hod of claim 1l wherein the desired diastereomer.is
i nsBIGEROYL n 0T VO SIRp IH)Y htBTephPhx t-Putyl

t eNpeLAe ¥nd MWefou,A tile-edindesi red di aster eoner
is soluble in the solvent of step (b) at reflux

tenperature or |ower. W 2004/011463 PCT/ US2003/ 022039

- 29 3. The nmethod of claim1l wherein the alcoho
R2OH is sel ectded f i3 MRERADRE colxint] ngherein the

nmet € ol i ropyl..al ol , n-propyl
al cc%]iiglgl,honl- %43?% ComEILES éé?é?’ﬁu%' al cohol , t-butyl
al cohol ,. and m xtures thereof.

5. The method of claim 1 wherein the

aldehyde is an aliphatic aldehyde.

6. The method of claim 1 wherein the

aldehyde is an aryl aldehyde.

7. The method of claim 1 wherein the

aldehyde R'CHO is piperonal.

8. The method of claim 1 wherein the

desired diastereomer is the cis-diastereomer.

9. The method of claim 1 wherein the

tryptophan is D-tryptophan.

“10. The method of claim 1 wherein the

desired diastereomer is trans-diastereomer.



4. The method of claim 1l wherein the alcohol R2CH
conprises nethanol. 5. The nethod of claim1l wherein

wo b@4/oal46hyde i s an al i phatic al dehyde. 6. TheCTES10081022039
of claim1l wherein the aldehyde is an aryl al dehyde.
7. The nmethod of claim1 whergin_the aldehyde R1CHO
is piperonal. 8. The nethod of claim1 wherein the
desired diastereoner is t |s dlaster

oner. 9. The
met hod of claitrh-1 Wi 8ISt Whgtein the
D- t Lyhtephany %Q:epTWQ))”Eltéwgéngc@@' fEFQmV\@l@é edFolihe

- desired diastereoner is trans-di astereoner. WO
200¢k®$1$@3dgfﬁﬂﬁﬁnG@k@22039an ggoomatic THelveRthod? of

I 1, I | S: d
Fr ofcha vods COhEi < i Bl an 1 conotne Sh pEREET

SO'%%ﬁ&mna dﬁ‘dﬁdéhldﬂhdﬁﬁEﬂmliﬁhﬁﬁéﬁﬂheﬁébﬁJI@ﬁ@tlc
hydr o- carbon, an organic acid, mxtures thereof, and

aqu@@m@qyﬂlﬂQLH?§QHﬁHQRﬁreq@ The method of claim 1
wherein the solvent in step (b) is selected fromthe
group consisting of isopropyl alcohol, n-propanol, n-

but anol , tol ugne, %@%tﬁw@pe@wﬁﬁtp%ﬁéf@n the
proplonltrlle acetic acid, ethyl acetate, tetra-

hy drsaflwregnt, dmetshep t Chutig st hertedi bramethei groves

t herceo%f51stnldnga%u§ olussopsroépl’ls}i nfccglg]oef € oxflépropanol, n-
butanol, toluene, xylene, benzene, acetonitrile,
propionitrile, acetic acid, ethyl acetate, tetra-
hydrofuran, methyl t-butyl ether, dioxane, mixtures

thereof, and aqgueous solutions thereof.

13. The method of claim 1 wherein the
desired diastereomer is the cis-diastereomer, and

the solvent of step (b) is an alcohol.

14. The method of claim 13 wherein the
alcohol is selected from the group consisting of
isopropyl alcohol, n-propyl alcohol, n-putanol, and

sec-butyl alcohol.

15. The method of claim 13 wherein the

alcohol is isopropyl alcohol.



13. The nmethod of claim 1l wherein the desired

di astereoner is the cis-diastereoner, and the solvent
w@boogterei b) is an al cohol. 14. The nethod of PCHUA023022039

wherein the alcohol is selected fromthe group

consi sting of isopropyl alcohlel . n-propyl alcohol,

n- butanol, and sec-butyl alcohol. 15. The nethod of

clai m 13 wher [ y

2004/ 011463 Pgwg]usgkod%%‘g‘gs‘%f 51’%3’;}89{1‘28 %é&@ﬁggh
prepaiiing & cwpeilrd having a formula 0 ~R3 NN H
1) R O conprising the steps of: (a) providing a
desired di astereonmer of a tetrahydro-p-carboline by
the method of claim1; (b) reacting the
tetrahydro-j3-carboline wth chlopoacetyl chloride to
provide an N-substi- tuted tetrahyro g;carbol i ne; and

(c) reacting the N & ra

hydr o- P- car bol i ne avimg a structure
R3NH2, wherein R3 i 68 dro. 17. The
nmet hod of claim 16 v\,helrelﬁth1 !

comprising the steps of:
' (a) providing a desired diastereomer of a
tetrahydro-p-carboline by the method of claim 1;

(b) reacting the tetrahydro-p-carboline
with chloroacetyl chloride to provide an N-substi-
tuted tetrahydro-pB-carboline; and

(c) reacting the N-substituted tetra-
hydro-p-carboline with an amine having a structure

R’NH,, wherein R® is Ci¢alkyl or hydro.

17. The method of claim 16 wherein the
amine is selected from the group consisting of
.ammonia, methylamine, ethylamine; propvlamine,--

isopropylamine, butyl amine, and sec-butyl amine.

18. The method of claim 15 wherein the

amine is methylamine.



amne is selected fromthe group consisting of
-ammoni a,, nethylam ne, ethylam ne, p-r-opylam ne,--
WO s@pooryd ani ne, butyl am ne, and sec-butyl anmPeEUSH83/022039
The nmet hod of claim 15 wherein the amne is
met hyl am ne. WD 2004/ 011463- PGI/ US2003/ 022039 - 32
19. The net hod of claim 16 wherein the conpound has a
structure 0 | f d
of claim 19 ereln SSmEtuoﬁégﬁy%lang1Fﬁgﬂhe 5gﬁ%?9
cl atompSumbiehaksnat bérucanpeund is purified by
recrystallization from glacial acetic acid. 22. The
nmet hod of claim 23 wherein step (c) is perforned in
tetrahydrofuran, and wherein the tetrahydrofuran is
renmoved and replaced with an alcohol for isolation
and purification of the com pound W 2004/011463
PCT/ US2003/ 022039 - 33 23. A netjod ﬁg preparing a
compound SO

|

* N

0
o—/

20. ‘The method of claim 19 wherein R® is
methyl.

21. The method of claim 19 wherein the
compound is purified by recrystallization from

glacial acetic acid.

22. Thé method of claim 23 wherein step
(c¢) is performed in tetrahydrofuran, and wherein the
tetrahydrofuran is removed and replaced with an
alcohol for isolation and purification of the com-

pound.



having a structural formula: ON,,CH3 HNNO O
conprising the steps of: (a) esterifying D tryptophan

wo eooa@itaehol and thionyl chloride to provide PCT/US2003/022039
D-trypt ophan nethyl ester hydrochloride; (b) reacting
the D-tryptophan nethyl estey3z hydrochloride with
pi peronal in refluxing iso- propyl alcohol to provide

cis-1-(1, 3-benzodi gxgl - 5- :

yl)-2,3, 4, 9-t g?ﬁahg’d?‘c???ﬁdpﬁfi RSERCFEE Sydicmegund

carhg¥yhgca serdcruehhylforestler:; (c) reacting the

product of step (b) with chloroacetyl chloride and

triethylam ne to provide

cis-1-(1, 3-benzodi oxo-5-yl)-2,3,4,9-tetrahydro-| H

pyri do[ 3, 4-b] i ndol e- 3-car boxylic acid nmethyl ester;

and (d) reacting the_product of step (c) with

nmet hyl am ne to provi { he comnpouind.
7~

LN

[y

CHs

comprising the steps of:

(a) esterifying D-tryptophan in methanol
and thionyl chloride to provide D-tryptophan methyl
ester hydrochloride;

{(b) reacting the D-tryptophan methyl
ester hydrochloride with piperonal in refluxing iso-
propyl alcohol to provide cis-1-(1,3-benzodioxol-5-
v1)-2,3,4,9-tetrahydro-1H-pyrido(3,4-blindole-3-
carboxylic. acid methyl .ester; ,

(c) reacting the product of step (b) with
chloroacetyl chloride and triethylamine to provide
cis-1-(1,3-benzodioxo-5-yl)-2,3,4,9-tetrahydro-1H-
pyrido[3, 4-b]lindole-3-carboxylic acid methyl ester;
and

(d) reacting the product of step (c) with

methylamine to provide the compound.



