wo 2011/141805 A2 | I} 00010 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 0 R0 0 O A
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
17 November 2011 (17.11.2011) WO 2011/141805 A2
(51) International Patent Classification: Pune (IN). SINGH, Girij, Pal [IN/IN]; Lupin Limited
CO7D 411/04 (2006.01) (Research Park), 46A/47A, Village Nande, Taluka Mul-

shi, Maharashtra, 411 042 Pune (IN). SHRIVASTAVA,

(21) International Application Number: Dhananjai [IN/IN]; Lupin Limited (Research Park), 46A/

PCT/IB2011/001013 47A, Village Nande, Taluka Mulshi, Maharashtra, 411

(22) International Filing Date: 042 Pune (IN). JADHAYV, Harishchandra, Sambhaji
12 May 2011 (12.05.2011) [IN/IN]; Lupin Limited (Research Park), 46A/47A, Vil-

. ) . lage Nande, Taluka Mulshi, Maharashtra, 411 042 Pune
(25) Filing Language: English (IN). AHER, Umesh, Parashram [IN/INT; Lupin Limited
(26) Publication Language: English (Research Park), 46A/47A, Village Nande, Taluka Mul-
L. shi, Maharashtra, 411 042 Pune (IN). DEOKAR,
(30) Priority Data: Sharad, Chandrabhan [IN/IN]; Lupin Limited (Research
535/KOL/2010 14 May 2010 (14.05.2010) IN Park), 46A/47A, Village Nande, Taluka Mulshi, Maha-

(71) Applicant (for all designated States except US): LUPIN rashtra, 411 042 Pune (IN).

LIMITED [IN/IN]; 159 CST Road, Kalina, Santacruz (74) Agents: MAJUMDAR, Subhatosh et al.; S. Majumdar
(East), State of Maharashtra, 400 098 Mumbai (IN). & Co., 5, Harish Mukherjee Road, 700 025 Kolkata (IN).
(72) Inventors; and . . (81) Designated States (unless otherwise indicated, for every
(75) Inventors/Applicants (for US only): ROY, Bhairab, kind of national protection available): AE, AG, AL, AM,
Nath [IN/IN]; Lupin Limited (Research Park), 46A/47A, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

Village Nande, Taluka Mulshi, Maharashtra, 411 042

[Continued on next page]

(54) Title: AN IMPROVED PROCESS FOR THE MANUFACTURE OF LAMIVUDINE

(57) Abstract: The present invention relates to an improved pro-
cess for the Manufacture of Lamivudine. A process for the prepara-

NH, tion of essentially enantiomerically pure (-)-[2R, 5S]-4-amino-1-[2-

) (hydroxymethyl)-1,3-oxathiolan-5-y1]-2(1H)-pyrimidin-2-one ~ of

NF formula (I), from L-menthyl glyoxylate is described. Also provided

l is a process for preparation of (+)-1- (2R/S-Cis)-4-amino-1-[(2-hy-

)\ droxymethyl)-1,3-oxathiolan-5-y1]-2(1H)-pyrimidin-2-one of for-

0 N mula (XII), from L-menthyl glyoxylate.

NH NH,
N l N)\/‘\
N 0)\5
) . 03
Hﬂ/\( HO// «,l( :
S S



WO 20117141805 A2 I 0000 A0 0 O

84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

25

WO 2011/141805 PCT/1IB2011/001013

1
AN IMPROVED PROCESS FOR THE MANUFACTURE OF LAMIVUDINE

. Field of invention

The present invention relates to an improved process for the Manufaétu_re of Lamivudine.

Background of the invention

‘Lamivudine (I) (CAS No. 134678-17- 4) is chemically Lnown as (—)- [2R SS] 4 -amino- 1 [2-
§ (hydroxymethyl) 1,3- oxathlolan 5-yl] 2(1H)-pyr1m1dm 2-one.

N
N/
Formula (I)

Lamivudine is a reverse transcriptase inhibitor used alone or in combination -with other

* classes of Anti-HIV drugs in 'the treatment of HIV infection. It is available commercially as a
~ pharmaceutical composition under the brand name EPIVIR® marketed by G]axoSmlthI\hne

and is covered under US 5,047,407.

This molecule has two stereo-centres, thus giving rise to four stereoisomers: (+)-Cis

Lamivudine and (+)-Trans Lamivudine. The pharmaceutically active isomer however is the

(—)-Cis isomer which has the absolute configuration [2R,5S] as show in Formula (I).

Us 5,047,407 discloses the 1,3-oxathiolane derivativésé their géometric (cis/trans) and '

~ optical isomers. This patent describes the preparation of Lamivudine as.a mixture of cis and

- trans isomers (shown in scheme I). The diastereomers obtained are converted into N-acetyl

derivatives before separation by column chromatography using ethylacetate and methanol

-(99:1); however, this patent remains silent about further resolution of the cis isomer to the

" CONFIRMATINN C0PY
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'desned (—)-[2R,58]-Cis- Lamivudine. Secondly, as the ethoxy group is a poor leavmg group,
. ~ the condensation of cytosine with compound VI gives a poor yield, ie. 30 — 40%, of
- compound VII Thlrdly, chromatographrc separatlon that has been achieved only after _.
acetylation requlres a further step of de- acetylatlon of the cis-()-i -isomer. Also, separation of

- large volumes of a compound by column chromatography makes the process undesrrable on °

a commercral scale.

PCT/1IB2011/001013
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'nfforts have been made in the past to overcome the shortcommgs of low yield and

enantromerlc emlchment In general there ‘have been two approaches to synthesrze (-

. A[2R 5§]-Cis-Lamivudine. One approach involves stereoselective synthesis, some examples of

which are discussed below.

. US 5 248 776 descrrbes an asymmetrlc process for the synthesis of enantlomerlcally pure -
L- -(-)-1,3- oxathlolone nucleosides startmg from optrcally pure -1,6-thioanhydro- L- -gulose,
which in turn can be easily prepared from L-Gulose. The condensation of the 1 ,3- oxathlolane

| ..der1vatlve with the heterocychc base is carried out in the, Ppresence of a Lewrs ac1d most

- preferably SnCl4 to give the [2R 5R] ‘and [2R 5S] d1astereomers that are then separated

: ,chromatographrcally

US 5,756,706 relates a process where compound A is esterified and reduced to compound B.

" The hydroxy group is then conVerted to a leaving group (like acetyl) and the cis- and trans-

2R- tetrahydrofuran derivatives are treated Wlth a pyrimidine base, like N- acetylcytosme in

the presence trrmethylsﬂyl tnﬂate to give. compound C in the diastereomeric ratio 4: 1 of cis

and trans isomers.

2(_/v/—> RO 2(_7/ —— 0’ 2(jM \/\7/NH .

' Z=S.CH

Dissolving compound C in a mixture of 3:7 ethyl acetate- hexane separates the cis. isomer.

The product containing predommantly the cis-2R,5S isomer and some trans-2R,5R |

- compound is reduced with NaBH4 and subjected to column chromatography (30% MeOH-

EtOAc) to yield the below compound.
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US 6,175,008 describes the preparatlon of Lamrvudme by reactmg mercaptoacetaldehyde ,

dimer with glyoxylate and further with silylated pyr1m1d1ne base to give mamly the cis-

“ 1somer by using an appropriate Lewis acid, like TMS-1, TMS Tf,. T1Cl4 el cetera. However

the stereoselect1v1ty is not absolute and although the cis isomer is obtained in excess, this

process still requ1res its separatlon from the trans isomer. The separation of the diastereomers

is done by acetylation and chromatographrc separation followed by deacetylatlon Further

separat1on of the enantiomers of the cis-isomer is not mentloned

US 6,939,965 drscloses the glycosylat1on of 5- ﬂuoro -cytosine w1th compound E
'(conﬁguratlon 2R and 28)

.Clmi\z/\ /U\/\

S
(E)

|  the cis-2R,5S-isomer is obtained i in excess over the trans- 2S ,9S-isomer. These diastercomers

, are then separated by fract1onal crystalhzat1on

US 6,600,044 relates a method for converting the undesired trans-1,3-oxathiolane nucleoside

'to the desired cis isomer by a method of anomerization or transglycosylation and the
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- separation of the hydroxy-protected form of cis-, trans( )-nucleosides by . fractional

: _.crystalhzatlon of their hydrochlorlde hydrobromide, methanesulfonate salts However these

cis-trans isomers already bear the [R] conﬁguratlon at C2 and only d1ffer 1n the1r-

configuration at C5; i.e. the isomers. are [2R, SR] and [2R,5S]. Hence dlastereomerlc o

“separation directly yields the desired [2R, 58] enant1omer of Lamrvudme

In the second approach to prepare enantiomerically pure Lamivudine the resolution of

N racemic mixtures of nucleosides is carried out. US 5,728,575 prevides one such method by

using enzyme-mediated enantioselective hydrolysis of esters of the formula
| | R 0_ _RI
~ O/\(J/
s

wherein, ‘R’ is an'acyl groupv and ‘R1’ represents the purine or pyrimidine base. ‘R’ may be

alkyl carboxylic, substituted alkyl carboxylic and preferably an acyl group that is

' srgnlﬁcantly electron- w1thdraw1ng, eg. a-haloesters. After selective hydr01y51s the process
~ involves further separation of the unhydrolyzed ester from the enantlomerlcally pure 1,3-

‘oxathiolane- nucleoside. Three methods are suggested in this patent, Wthh are:

1. Separation of the more lipophilic unhydrolyzed ester by solvent extractlon with one
of a wide variety of nonpolar organic solvents. '

2. Lyophilization followed by extraction into MeOH or EtOH..

|8}

.Using an HPLC column designed for chiral separations.

In another of its aspects, thls patent also refers to the use of the enzyme cytidine-
deoxycytldlne deaminase, which is enantlomer-spemﬁc to catalyze the deamlnatlon of the

cytosine moiety and thereby converting it to uridine. Thus, the enantiomer that remains

~unreacted is still basrc and can be extracted by using an a01dlc solution.

HeWever, the above rnethods’su_ffer from the following drawbacks:
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(a) Enzymatic hydrolysis sets down limitations.on choice of solvents: alcohol solvents cannot

be used : as they denature enzymes.

'(b) Lyophilization on an industrial scale is tedious, (c) Chiral column chromatographic

separations are expensive.

WO 2006/096954 describes the separation of protected or unprotected enantlomers of the cis

. nucle051des of below formula by using a chiral acid to- form dlastereomerlc salts that are
 isolated by ﬁltratlon. Some of the acids used are R-(—)-Camphorsulfomc acid, L-(-)-Tartaric

- acid, L-(—)-Malic acid, er cefera. However, the conﬁguratlon of these CIS-nucleosides are

[2R,4R] and [2S 4S] as the heterocycllc base is attached at the 4 pos1t10n of the oxathiolane
ring and the overall stereo- structure of the molecule changes from that of the 2 5 substltuted '

oxathiolane ring.
_ . o
)
AN
G) . NH
Goodyear et al, [ Practical enantloselectlve synthe51s of lamivudine (3TCTM) via a dyanamic

k1net1c resolutlon Tetrahedron Letter, 46 (2005) 8535 - 8538] describes synthesis of
lamivudine from L-L- -menthy]l glyoxylate Wherein, L-menthyl glyoxylate (H) is condensed -

' ‘w1th d1th1ane 2,5- dlol () (i.e. dimer of mercaptoacetaldehyde) to obtain 5- hydroxy (1, 3]

oxathlolane 2- carboxyhc acid 2S- 1sopropyl SR- methyl IR- cyclohexyl ester (K), the

distribution of various isomers of compound K is as shown in scheme — II below:
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On treatment of the whole residue with triethylamine 2R5R i'sem.er could be enriched
“however, once hydroxy is converted to leaving group such as chloro, whrch is supposed to be

a leaving group of choice, position 5 gets racem1zed and further glycosylat1on lead to mixture

S | ‘of isomers, as per the literature cited hereinbefore, it is very difficult to separate cis (-) i isomer

from cis (+) isomer.

- Thus various methods are descr1bed for the preparatlon of Lamlvudlne in the l1terature
7 ‘However there 1S no mention in the prior art about the separatron of an enant1omerlc pair,
- 10 - either cis- (+) or trans -(), from a mixture containing cis-[2R,55], [2S SR] and trans- [2R 3R],
o [2S 58] 1 1somers Further, there also is a need to provrde resolution of the cis-(¥) isomers to

yield the desired enantiomer in hrgh optrcal purlty



10

15

20

25

WO 2011/141805 PCT/1IB2011/001013

“CN 1223262 (Deng et al) teaches the resolution of a certain class of compou'nds called.
Prazoles by using chiral host compounds such as dinaphthalenephenols (BINOL),

diphenanthrenols or tartaric acid derivatives. The methodconsists of the formation'of al:l

' - complex between the chiral host (BINOL) and one of the enantiomers, the .guest molecule.
“The other enantiomer remains in solution. (S)-Omeprazole, which is pharmaceutlcally active
~as a highly potent inhibitor of gastric acid secretion, has been isolated from its racemic

' m1xture in this manner by using S-BINOL.

BINOL is a versatile chiral ligand that has found its uses in various reactions involving

asymmetric synthe51s (Noyorl R. Asymmetrlc Catalyszs in Orgamc Synthesis) and optical

" resolution (Cram D. J. etal J Org. Chem. 1977, 42, 4173- -4184). Some of these reactions
»mclude BINOL medlated ox1dat10n and reductlon reactlons C-C bond formation reactlons'

- such as Aldol reaction, Michael addltlon Mannich reaction et cetera (Brunel Chem. Rev. |

2005 105, 857-897) and kinetic resolutlon, resolutlon by inclusion complexatlon et cetera.

BINOL or 1,1’-bi-2-Naphthol, bemg an atrop01somer possesses the property of chiral

recogmtlon towards approprlate compounds One of the uses of BIN OL in resolutlon that is
known in literature is in Host Guest complexation. In one such example 1,1-binaphthyl
derivatives have been successfully mcorporated mto optically active crown ethers for the
enantioselective complexation of amino acid esters and chiral primary ammonium ions

(Cram D. J. Acc Chem. Res. 1978 11, 8-14). The chiral ‘host’ is thus able to discriminate

“between enantiomeric compounds by the formation of hydrogen bonds between the ether

‘oxygen and the enantiomers. The complex formed with one of the isomers, the guest will

: be less stable on steric grounds and this forms the bas1s for its separatlon

o It is evident from the 11terature c1ted that there ex1sts a need to (a) synthe31ze Lamivudine by -

a ‘process requlrmg less expensive, less hazardous and- easily available 1eagents and (b)'

- achieve good yields with - superlor quahty of product without resortmg to’ column
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'_ 'chromatography as a means of separation, thereby makmg the process of - Lamivudine

manufacture more acceptable industrially.

Our efforts on commercialization of Lamivudine process lead to the process desc'ri»bed in
- W02008053496, to ﬁthher 1mprove the process claimed i in the ‘496 appllcatlon w1th respect
to the cost, ease in the operation and minimization in the unit process operatlons we

.surprrsrngly found that if one react L- -menthyl glyoxylate with mercaptoacetaldehyde dlmer

under certain optimized conditions it lead to formatlon of cis (+/-) isomer of S-hydroxy [1,3]

_oxathrolane -2-carboxylic acid 2S- 1sopropy1 5R-methyl-1R- -cyclohexyl ester predommantly
‘Further, when cis (+/-)5- hydroxy [1, 3] oxathiolane-2- carboxyhc acrd 2S -isopropyl-5R-.

methyl-1R- cyclohexyl ester which was then further converted to cis racemate Lamivudine

~ with high yield; however, in the process described in the ‘496 apphcatlon lead to formatron_ .
- of crs(+/-)/trans (+/ -) Le four isomers. Further cis (+/—) lamivudine was further resolved by‘

~ formation of co- crystal with S- BINOL

) 'Oblect of the invention

- Thus, one object. of the present 1nvent10n is to prov1de a process for the synthesis of-
'Lamlvudlne which is cost effectlve uses less hazardous and easily avallable reagents, yet

) achieves good ylelds with superlor quahty of product w1thout resortrng to column

chromato graphy.

A further object of the present invention is to provide' an improved process for the synthesis

of Lamivudine, by separatlng the mlxture of dlastereomers Cis-[2R,5S], [28 5R] from'

_ V:Trans [2R 5R], [28S, SS] and then resolvrng the Cis isomers usmg BINOL to obtaln (=)--

[2R, SS] Cis-Lamivudine with at least 99% ee.
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Summary of the invention

Thus, according to one aspect of the present invention there is provided a process to

e predominantly form cis (+/-) lamivudine and resolve the product by forming co-crystals with

10

15

20
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S-BINOL, the process comprising the following steps:

‘a. dehydration of L- menthyl glyoxylate hydrate .

b. 'condensat1on of dehydrated L-menthyl glyoxylate with 1,4- dlthrane 2,5- dlol to form
5- hydroxy [1,3] oxathiolane-2-carboxylic  acid 2S-isopropyl-5R-methyl-1R-
cyclohexyl esier. _ o | "

c¢. Conversion of 5-hydroxy[1,3]oxathiolane-2-carb6xylic acid 2S-isopr0py1-5Rémethyl-
iR-cyclohexyl ester to 5-chlor6[1,3]0xathiolane-2-carboxylic acid ZS-isopropyl-SR—
methyl-1R-cyclohexyl ester by treating 5 -Hydroxy | [1 ,3]‘ oxathiolane-2-carboxylic acid
_ZS-rsopropyl-SR-methyl-lR-cyclohexyl " ester | with  thionyl  chloride in -
dichloromethane in presence of N,N- dlmethyl formamide.

d.” Condensation of 5-chloro[1,3]oxathiolane- 2- -carboxylic acid 28- 1sopropyl SR- methyl- :

| lR-cyclohexyl ester with sﬂylated cytosine o0 obtain racemic 5- (4 Amino-2-oxo-2H- |

.pyrimidin-1-yl)-[1, 3]oxath101ane 2-carboxylic acid (1R,2S,5R)-2- 1sopr0pyl 5- methyl—
cyclohexyl ester. . _
e Reduction of 5-(4-Amino-2-oxo-2pryrimidin-l-yl)-[l,3]oxat_hiolane-2-carboxylic? _
acid (iR 28,5R)-2-isopropyl-5- methyl Cyclohexyl ester using sodiumborohydride in
organic solvent like ethanol and further crystallization in methanol to obtam cis (3)-
Lamlvudrne
f. reacting Cis (+)-Lamivudine with a chiral host in an organic solvent, |
g. 'selective.ly crystallizing out _thé adduct formed by Cis (-)-L_amivudine and the chiral.
host, ' | B | | I
h. optionally treating the adduct with an acid and then neutralizing it to get (—)-[2R,5S]-
~ Cis-Lamivudine, R |
‘ Vi. .rlsolatmg the product us1ng surtable method such as partltromng in the brphasrc system

or crystalhzrng out from the solutlon
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j- optlonally purifying 1t by crystallization from a sultable organic solvent thereby
| obtamlng the (—)-[2R, SS] ClS Lam1vud1ne in a substant1ally opt1cally pure or

_ optrcally enriched form.

.Thus the yield loss problems ass001ated with distereomeric separation of- c1s(+/ )/trans(+/ -)

1nto cis (+/- ) and trans (+/-) i isomers was successfully eliminated and further resolut1on was

also 1mproved by removing ted1ous operat1ons like chromatographrc separatlons

| Detailed description of the'invention:

The process of the present invention for the manufacture of Lamivudine is as presented in

‘Scheme 2, and comprises Following chemistry

‘L-Menthyl Glyoxylate, toluene and catalytic quantity of acetic acid were heated to reflux and.

forme'd water was removed azeotropically, then the reaction mixture was cooled to room

temperature Then 1,4-Dithiane 2,5-Diol was added to the reaction mlxture and the reactlon

" mixture was heated to reﬂux and maintained for four to five hours or till completion of

react1on After completion of the reaction the mixture was cooled to 50 to 55°C and the
solvent was d1st1lled out at this temperature under vacuum to obtain sticky mass. Analysis of

this mass revealed composition of i 1somers as (+/-) cis around 95% and (+/-) trans around 5%.

Dichloromethane was added to the reaction mass obtained in step 1, to this mixture catalytic .

' iN N-dimethylformamide was added and then the mixture was cooled to 5 to: 10°C Thi’onyl
;chlor1de was added slowly to the m1xture keeping temperature between 5 to lO°C ‘The
'~ mixture was stlrred for half an hour mamtammg the temperature of reaction between 5to

25

10°C. Further the temperature was raised to 25 to 30°C and mamtamed at this temperature

.tlll completlon of reaction, which was mon1tored by TLC. Solvents were distilled completely
s 1n1tlally at atmospherlc pressure and at the end under vacuum to assure complete removal '

~Fresh d1chloromethane was added to the residue to obtain a clear solut1on (solut1on 1).Ina

separate Vessel was added cytosme HMDS and TMSCI, and the reactlon mass was heated to
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115 to l25° and marntarned till clear solutron was observed. Then the- reactron mass was

Acooled and excess HMDS and TMSCl ‘was distilled out under vacuum Obtamed res1due was 7

cooled to room temperature and to it was ‘added dichloromethane, triethylamine and solution

1 obtained above. The reaction mass was then heated to 35 to 40 °C and maintained the -

temperature. for 8 to 10 hours or till completion of the reaction, which was momtored by :

TLC The reactlon ‘mass was cooled to 25 to 30°C. Further, the reaction mlxture was

‘quenched into a mrxture of sodiumbicarbonate, trrethylamme drchloromethane ‘and water.

Organic layer was further washed with water and concentrated completely under Vacuum n-

heptane and water were added to the residue and the mrxture was st1rred for 2- 4 hrs at room

10 -

temperature The solidified ‘material was filtered, washed wrth water, slurry washed wrth

rsopropyl acetate at room temperature and the 1solated product was dried under vacuum.

‘A mixture of dipotassium hydrogen phosphate, water, ethanol and 5‘-(4-Amino‘-2-oxo-2H-

pyrimidin-l-yl)-[-l'3]oxathiolane-Z-carboxylic acid (IR,2S ,5R)-2-isopropyl-5- -methyl-

15

20

cyclohexyl ester was prepared at 25 to 30°C and cooled the reaction mass to lO to 15°C to
‘which - was added a solution -of sodium borohydrrde (prepared by drssolvmg sodium .

borohydrrde In aqueous sodium hydroxide solution) at 10 to 15°C slowly The reaction mass'

) was marntarned for 4 to 5 hours at 10 to 15°C or till completion of reactron ‘which was
- monitored by TLC: After completron of the reactron the layers were separated and the pH of

-the organic layer was adjusted to 4 to 4. 5 using conc. hydrochlorrc acid. Then the pH was

adjusted to 6.8 to 7.2 usrng M sodlum hydroxide solution. The reaction mrxture was then

strrred for 10 to 15 mmutes at 25 to 30°C. Further the reactron mass was concentrated under

__ vacuum Water and charcoal was then added to the residue and the mrxture was subjected to
o heatmg to 70 to 75°C and marntalned for 30 to 60 minutes. The reaction mass was then |
.25 cooled to 30 to 35°C and the charcoal was ﬁltered out usmg celite cake. The clear ﬁltrate was . -

" then concentrated under vacuum at 40 to 45°C. The mixture was then cooled and the aqueous

solut1on so obtained was Washed with Toluene and was concentrated under Vacuum to -

~ensure removal of water the residue was co-distilled wrthvmethanol. The residue so obtalned

was dissolved in methanol and the mass was heated to 60 to 65°C and sti_rred the solution for
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half an hour and then the solution was filtlered out. The filtrate was then subjected to

*concentration, The concentrated solution was then cooled to 25 to 30 and stirred for an hour_

- to obtain solid product The product was then filtered and dried.

cis (+/ ) lamivudine was treated with (-) Binol in methanol to obtain Binol addmon complex

of cis (- ) Lamivudine as a- crystalhne material. This complex was further treated with water -

' - at 35 to 40°C, which was further washed with ethyl acetate and the product was isolated from

the aqueous layer

10
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Hence .the aspect of the present 1nvent10n is to 1mprove the yield of cis (+) Lam1vud1ne by

utlhzmg the chemlstry provided below:

a.

b.

dehydration of L-menthyl glyoxylate hydrate.

condensation of dehydrated L-menthyl glyoxylate with 1,4- d1th1ane 2 5 diol to form
5 Hydroxy [1,3] oxathiolane-2-carboxylic acrd 2S-1sopropyl-5_R-methyl-lR-
cyclohexyl ester | A - ' N
Conversion of 5- hydroxy[l 3]oxath101ane 2- carboxyhc acid 28- 1sopropyl 5R—methyl~
IR-cyclohexyl ester to 5-chloro[1,{3]oxathrolane-2-carboxyhc acid 2S-isopropyl-5R-
methyl-1R-cyclohexyl ester by - treating 5-Hydroxy [1,3] exathiolane-2-carboxylic_
acid 2S -isopropyl-5SR-methyl- lR-cyclohexyl ester with thionyl cthride in
dichloromethane in presence of N N-dimethyl formamide. i

Condensation of 5- chloro[] 3]0xath101ane 2- carboxyhc ac1d 2S- 1sopropyl 5R methyl-

1R- cyclohexyl ester with srlylated cytosme to obtain racemic 5 -(4-Amino-2- -0X0- 2H-

yrlmldm 1-yl)- [1 3]0xath101ane 2- carboxyhc ac1d (lR 25,5R)- 2- 1sopropyl 5- rnethyl- '

chclohexyl ester.

Reduction - of 5-(4- Ammo -2-0X0- 2H-pyr1m1d1n- -yD-[1, 3]oxathlolane 2- carboxyhc

: ,a01d (lR 2S,5R)-2-isopropyl-5- methyl cyclohexyl ester usmg sodlumborohydrlde in

orgamc solvent like ethanol and further crystalhzatlon in methanol to obtain cis (+)

Lamivudine.

"Another aspect of the present 1nvent10n prov1des a method for the separatlon of ( )- [2R 5S]-

Cis- Lamrvudme from its (+)- enantlomer using optlcally pure (S)-2 2 dlhydroxy 1 1 -

 binaphthy! [(S)-BINOL].

- The process is Operationally'__simple and comprises the following steps:

a) treating the racemates with (S)-BINOL in the presence of a hydroxylic solverr_t like

- methanol,

o b) isolating the adduct formed by the enantlomer and the ch1ral host by ﬁltratlon

c) if desrred crystalhzlng the adduct
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d) opti.onally treating the adduct with an acid and then "neutralizing_it' to g.et- (-)-[2R,5S]-.
Cis-Lamivudine, _ |

e) isolating the product using suitable method such as partitioning in the biphasic system

| or crystallizing out from the solution, | ' » '

1) optionally purifying it by crystallization from a ‘suitable organrc- solvent, thereby

obtarnrng the (-)-[2R,5S]-Cis-Lamivudine - in a substantrally optically- pure or
~ optically enriched form ' '

Thereby - yielding the desrred ( )- [2R SS] -Lamivudine with an enantiomeric excess

greater than 99% .

Thus, reacting the racemates with (S) BINOL results in the formation of a clathrate of (-)-

[2R,5S]-Cis-Lamivudine by Host- Guest complexatron On ﬁltratron it affords a clean

separatron between the enantlomers In: the final step, the (-)-[2R,5S]- Crs-Lamlvudlne =(S)-

BINOL complex is broken in an acidic medium and then neutralized to obtarn the desrred'

'.'product ( -)- [2R 5S]- Lamrvudme in high optical purrty of greater than 97.5% before

purification. - Re- erystalhzatlon with isopropanol raises the enantiomeric excess to 99.5%.

: bThe IR spectra of racemic Lamivudine, S-BINOL and the Lamrvudrne — S-BINOL complex

. are provided in Figures 1, 2, and 3 respectrvely Iti is to be emphasrzed that when the same

separatron was attempted usmg R- BINOL no resolutron of enantiomers was. achreved

Resolution of the Cis enantiomers of Lamivudine by the formation of diastereomeric salts of

' eis-(i) lamivudine with acids like malic acid, mandelic acid, dibenz‘oy‘l tartaric acid, 3-

bromocamphor-8-sulfonic acid, 10- -camphorsulfonic acid, and di-p- toluoyltartarrc acid have

been attempted before by L10tta et al, one of the inventors named in US. 5,204,466.

However, these attempts were unsuccessful as revealed by a deela_rat1on attached with the

| prosecution history file of US 6,703,396.

~ Interestingly, the inventors have found that when the salts Cis-(i)-Lami‘Vudinewere prepared

with R-(-)-CSA or with D-(-)-tartaric acid, no separation of enantiomers was achieved.
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The following examples illustrate the practice of the invention without being limiting in any

‘way.

Example 1: Preparation of S-Hydroxy [1,3] oxathiolane-2- carboxyhc ac1d 28- 1sopropy1 SR-

- ‘methyl- lR eyclohexyl ester -

| : To a 1.0-1it 4- necked RB flask, charged 500 ml of Toluene, L-Menthyl Glyoxylate ( 100 gm)

10

15

20

Results: : _ : o _
Output | % Yield in Range Chiral purity by HPLC
(gm) y ‘ . % -
120-125 gm . 96-100 % - 41.90: 53.84:2.92:1.34

;followed by acetic acid (10 ml). Heated the reactlon mixture upto 110- 115°C to remove

water by azeotrope. After removal of water cooled the R.M., recovered the R.M. under

vacuum-up to 300 ml solvents remains in the flak Cooled the R.M. Charged 1,4- Dlthlane 2, 5-
'_Dlol (33.1 _gm) and heated the reaction mixture. Maintained the R.M. by TLC monitoring.

After completion of the reaction eooled'the mass and concentrate the mass at 50-55°C and '

._ degassed it to get Hydroxy compound Lami-1 ( 120-125 gm).

‘Example 2: Preparatlon of racemic 5-(4-Amino-2- -0X0- 2H-pyr1m1d1n—l -yD)-[1 3]oxath101ane-

2- carboxyhc acid (1R,28,5R)-2-isopropyl-5-methyl- -cyclohexyl ester.

Charged diehlor.omethane (500 ml) in 1.0 lit 4-neek RBF and 5-Hydroxy [1,3] oxathiolane-2- -

~ carboxylic acid 2S-'isopropyl-5R-vmethy1-l.R-cyclohe‘xyl ester (125 gm) followed by DMF

Y

(6.4 gm). Cooled the reaction mixture upto 5-10°C and thionyl chlorlde (61.2 gm) was added

by droppmg funnel. Stirred the mass for 30 min and raise the temp upto 25-30°C. Monitor i |
. the progress of reaction by TLC After consumption of startmg materials dlStIll out solvent _

,atmospherlcally To remove the traces of th10ny1 apply vacuum. Charged fresh DCM (125

ml) into concentrated residue.
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In another 2.0 lit round bottom flask charged cytosine (48.22 gm), HMDS (54.12 gm) and

-TMSCI (22.76 gm) and heated reaction mass upto 110-120°C, till clear solution appears.

Cooled the reaction mixture upto 90-100°C, distill out excess HMDS and TMSCl and cooled
the reaction mass. Charged DCM (250 ml), TEA (43 91 gm) in above resrdue Charged :

‘slowly. DCM solution of Chloro compound into the above reactron mass Heated reactlon

mass upto 30-35°C,-ma1nta1n the temperature with stirring for 8-10 hrs Monr_tor progress of

reaction by TLC after completion of the reaction cooled reaction mass. In another flask,

) chargedNaHCOg (125 gm) TEA (12.5 ml) and DCM (750 ml) and Water (1250 ml). Charged

the react1on mass into the above mrxture Stirred the reaction mass, settled the mrxture and

separate the DCM layer. Washed ‘the organic layer with 250.ml water and. concentrate the

: oroanrc layer completely under vacuum. Charged water (400 ml) in above residue followed

by n-Heptane (400 ml) and stir the mrxture for 2-4 hrs at RT. Filter the solid and suck dry

~under vacuum washed wet cake w1th 200 ml of water and suck.dry. Pour the above wet cake ,

in Isopropyl acetate (400 ml) Stir for 15-30 min at RT Filter the solid, wash wet cake with |

- with Isopropyl acetate (200 ml)-and suck dried Dry the solid under vacuum for 6-8 hrs to

afford condensed compound (Lami- 2)

Result: -
Chiral Purity o , ‘ _
‘Out put _ Yield . .| % Yield in Range Chiral purity by HPLC
(gm) - | Range(w/w) =~ S 1 %
' ' ' 46.98:53.02 (Crude
, | . _ _ Concentrated Mass)
- 62.5-87.5gm | - 0.6-0.7 45-53 % 50-72:49.28 ,
: o o __(Isolated solid)

Example 3: Preparation of Cis (+) Lamivudine

Charged Di-potassium hydrogen ‘phosphate (137 gm) in.DM water- (150- ml) follous}ed by -
Lami-02 (50 gm) at RT. Charged ethanol (375 ml) in above flask. In another flask prepared'

the NaBHy4 solutlon using the NaOH (0. 125 gm) in Dm water (100 ml) at 10-15°C and added

_the slowly 20 gm NaBH; Cooled the reactlon mass upto 10- 15°C Added the ‘sodium
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borohydride solution into the above solution at 10-15°C. Maintain the reaction mass at 10- -

*15°C and monitor by TLC/HPLC After completion of the reaction separate the layer adjusted
' the pH of organic layer to 4 to 4.5 using the con, HCI (11 ml), adjusted the pH to 6.8 -7.2
~ using 2M NaOH solution 40 ml (3.2 gm NaOH in 40 ml Water) stirred the R.M Concentrate

the mass under vacuum charged water (45 ml) followed by act. ‘Carbon (5 gm) in above mass

Heat the mass upto 70-75°C, maintain the temperature cool the mass filter actlvated carbon

through cehte Recover the solvent undeér vacuum upto 325 ml solvents remains in the flask

~ Cool the mass and wash above aqueous layer with Toluene (200 ml X 3 times). Concentrate

- the aqueous layer under vacuum Co distill traces of water with methanol (50 ml X2 times).

Dissolve the above residue in methanol (600 ml) Heated the mass upto 60-65°C, stirred the

solution and filter the mass Recover the solvent under vacuum upto 2 volume. Stir the mass

‘and filter the sohd wash wet cake wrth methanol (50 ml), suck the solrd and dry under -

o Vacuum to afford racemic Lamivudine.

Result of Crude racemic Lamlvudlne

Output | Yield | Chiral purity by HPLC

| (gm) Range (w/w) % -

130 gm 1055065 Cis (-): 49.33 %

Cis (+): 50.67 %

| Trans (+): 0.18 %
Trans (-): 0.04 %

' 'Result of Purified racemic Lamivudine

[ Out put Yield Chiral purity by HPLC
(gm) = | Range (w/w) .
15-20 0304 Cis (+): 49.66 %

Cis ((-): 50.13 %
Trans (+): 0.18 %
| Trans (-): 0.04 %

. Example 4: Preparatron of ( ) 1-(2R-Cis)- 4 -amino-1- [(2 hydroxymethyl) 1 3 oxathiolan- 5-
yl]- 2(1H) pyrimidin-2-one- (S)-Binol Co Crystal '
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‘Charged S (-) Binol (50 g) followed by r‘nethanol (200 ml) in a RBF. Stirred to get clear

- solution at 30-35°C and charged racemic Lamivudine (25gm) and heated the mass upto 60-

65°C to get clear solution. Cooled the mass at amBie_nt_ temperature at 10 °C/ hr. Stirred the - :

‘mixture at_RT for 2-4.5 hrs, filtered the solid. Slurry washed the solid with methanol (25ml)
in the flask. Suck dry the solid, dried the solid under vacuum to get the S-BINOL Cocrystal.

. Results:

[Out put Yield % Yield in Range | Chiral purity by HPLC _

Range (w/w)

17.5:22.5g 0.70-0.90 T T63—82% [Cis (0:99.76 %
| | Cis (+);‘ 0.24%

Example 5: Preparation of 4- amino 1- [(2R SS) 2- (hydroxymethyl) 1,3- oxathlolan-S yl] _

| 1 2 drhydropyrrmrdrn 2-one; (Lamrvudme)

' 'Charged (S) BINOL Cocrystal (20g) in ethyl acetate (lOOml) and D.M. water (200m1) at RT

Heat the solut1on upto 35- 40°C Maintain the temperature Cool the solution upto RT and

N settle the layer separate the layer Charged ethyl acetate (100 ml) into the aqueous layer

Stirred the solution settle the layer Separate the layers Combine both the ethyl acetate. layer'
and charge water (100 ml). Stirred the solution Settle the layer Separate the layers. Com_bme
both the aq. layer and charge activated carbon (2.0 gm) Heated the reaction mixture upto 45-.

50°C and stirred the reaction mixture. Filtered the reaction mixture through celite bed. Wash

: cehte bed w1th 20 ml chloride free water. Recovered the solvent under vacuum at 45-50°C

t111 1.2 volumes left in the flask. Charged DNS (8 ml) to the reactlon mrxture and stirred the

_ reaction mixture Filter the solution through 0.5 p cooled the solution and seeded Wrth 0.025

-.gm of LamiVudine ferm-l at 30-32°C. Further cooled the mixture upto 8—.10°C and' stirred

the solid for 1 hrs. Filtered the solid and washed the wet cake with 4 ml of precooled DM
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- Water and DNS mixture (3:1) Sucked Dry the solid, dry the solid under vacuum to afford

_Lam1vud1ne form —1.

Results: ,
-Out put Yield (w/w) - |% Yield in |HPLC purity (RS) Chiral purity by
(Range) (Range) | Range - HPLC
7-8gm | 0.30-0.40 68-90% Cis (-): 99.93 % | Cis (-):99.94%
: ' Individual Impurity: | Cis (+): 0.06 %"
0.03 % : B

Example 6: Preparatlon of 4 -amino- l- [(ZR 5S)-2- (hydroxymethyl) 1,3- oxathlolan-S -yl}-
: 1,2- d1hydropyr1m1d1n 2-one; (Lamwudme) _ _

.'Charged S) BlNOL Cocrystal (20g) in ethyl acetate ( lOOml) and D.M. water ( 1 OOml) at RT.

‘Conc. Hydrochloric acid (4 to 5 ml) was added to the mixture gradually and stirred (pH of "

the mixture was between about 3 to 4) for an hour and allowed the layers to settle, separated

the layers. Aqueous layer was washed with fresh ethyl acetate to remove S(-) BINOL

- completely. pH of the solution was adJusted to about 7 using 10% sodium hydroxide
| solution. The solutlon was then passed though activated resin 225-H column The column
’ _Iwas then washed with purified water, thereafter w1th 15% aqueous ammonia solution.
"Combmed solutions were subJected to evaporation till 20 to 50 ml. To the mass was then
| added .8 ml of DNS and stirred to homogemze The solution was-then passed through 0.5

* micron filter and’ then the solution was seeded with Lamivudine form I. Further, the mixture

was cooled to around 8 —10°C and stlrred for an hour malntalmng the same temperature. The

'crystalline product was then filtered and washed with precooled water and DNS mixture. The

- product was then dried under Vacuum to afford Lamlvudrne form 1.

Results _ , 7 ,
Out put Yield (w/w) - | % Yield in HPLC purity (RS) Chiral purity by
| (Range) | (Range) | Range ' | HPLC-
6.5-8 gm | 0.30-0.40 -1 68-90% Cis (-): 99.94 % Cis (-):99.95%
' - |Individual  Impurity: | Cis (+): 0.06 %
0.03 % - - ’
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. CLAIMS

1) A process for the preparatlon of essentlally enantlomerlcally pure ( ) [2R SS] 4-

ammo 1-[2- (hydroxymethyl) 1,3-oxathiolan-5-y1]-2(1H)- pyr1m1d1n 2- -one of formula '

(I)a '.

from L-menthyl glyoxylate comprising the steps. of:

i

prepératioh‘ © o of

(+) 1 (2IUS CIS) 4 -amino-1- [(2 hydroxymethyl) 1,3-

oxathlolan 5-y1] 2(1H)-pyr1m1d1n 2-one of formula (XII),

'NHI .

-~ j

' XII

z ‘.
\N__ N::‘

Vj

‘ from L-menthyl glyoxylate compﬁsing thevsteps of' :

a.
b

dehydration of L- -menthy]l glyoxylate hydrate. _
condensation of dehydrated L- menthyl glyoxylate Wlth 1 4 d1th1ane 2,5-
diol to form 5- -Hydroxy [1,3] oxathlolane 2- carboxyhc a01d ZS 1sopropyl- » |

‘5R-methyl-1R-cyclohexyl ester,
I'Conversmn of 5- hydroxy[l 3]0xath101ane 2- carboxyhc ac1d 2S- 1sopr0pyl-

. 5R-methyl- 1R cyclohexyl ester to 5- chloro[l 3]oxath101ane 2- carboxyhc :
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acid 28-isopropyl-5R-methyl_-IR—cyCI()_hexyl ester by treating 5-Hydroxy

[1.3]  oxathiolane-2-carboxylic  acid  2S-isopropyl-SR-methyl-1R-

- cyclohexyl ester with thionyl chloride in dichloromethane in presence of

N,N- dlmethyl formamide.

Condensatlon of 5-chloro[1, 3]oxath101ane 2- carboxyhc a01d 28S- 1sopropy1-

'5R-methyl-1R-cyclohexyl ester with silylated cytosine to obtam racemlc'

5-(4-Amino-2-oxo- 2H-pyrimidin-1-yl)-[1,3]oxathiolane-2-carboxylic ac1d
(1 R,2S,5R)-2-1sopropyl_-5-rnethyl_-cyclohexyl ester.

. Reduction of 5-(4-Arriino-2-oxo-ZH-py’rimidin-zl-yl)-[l'3]oxathiolane 2-

carboxylic acid (1R,2S,5R)-2- 1sopropyl 5-methyl-cyclohexyl ester using.

sodlumborohydrlde in organlc solvent like ethanol and further

, crystalhzatlon in methanol to obtain cis (+)-Lamivudine.;

ii. _preparation of essentlally enantlomerlcally pure (-)- [2R 5S]- 4 amlno 1-[2-

(hydroxymethyl) 1 3- oxathlolan 5-yl}- 2(1H)-pyr1m1d1n 2- one of formula (I)

R(j

ez

~ from a,mix.ture of racemic ms-(i)-Lamlvudme of formula (X1I),

NHz NH,

I|||Z

; HOA(:} (_7 |

‘_XII ,

- comprising the steps of: o
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treating . (i)el-(2R/S#Ci_s)-4_-amin0-1-[(Z-hydroxymethyl)-l,3-0xathi01an--
5-y1]-2(1H)-pyrimidin-2-one of formula (XI) with S-Binol in an organic
solvent such as C1 to C8 alcohol; |
isolating the adduct formed by the cis (-) enantiomer and S-Binol; N

optionally purifying the adduct by crystallizing,

optionally treating the adduct with an acid and then neutralizing it., ,‘

iselating the product using suitable method such as partitiOhihg in the
biphasic system or crystallizing out from the solution,

optionally purifying it by crystallization from a suitable efganic solvent,

. thereby obtamlng the (- )[2R 5S]-Cis- Lamivudine in a substantlally”

optically pure or optlcally enriched form

2. A process for preparatlon of (+) 1- (ZIUS C1s) -4-amino- 1 [(2 hydroxymethyl) 1,3-

oxath101an-5 -yl 2(1H)-pyr1m1d1n 2-one of formula (XII)

NH, 'NH,

-~ j

ulIZ

XII

~from L-menthyl glyoxylate corhprising the'steps of:

a. 'dehydration of L-menthyl glyoxylate hydrate

b. condensation of dehydrated L- menthyl glyoxylate with 1,4- d1th1ane 2,5- d101

to form 5-Hydroxy [1,3] oxathlolane 2- carboxyhc ac1d 28S- 1sopr0pyl SR-

methyl-1R- cyclohexyl ester.

Conversion of 5-hydroxy[1 ,3]oxathiolane- 2 -carboxylic a01d 2S 1sopropyl SR- ;

methyl-1R-cyclohexyl ester to 5- chloro[l 3]0xath101ane-2 carboxyhc acid 2S-
. 1sopropyl 5R-methyl-1R- cyclohexyl ester by treating 5-Hydroxy [I, 3]

: oxath101ane-2-carboxyhe acid 28-1_sop10py1-5R-methyl-lR-cyelohexyl ester
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with thionyl chloride in dichloromethane in presence of N,N—dimethyl

- formamide.

Condensation of 5- -chloro[1 3]oxath101ane-2 carboxyhc acid 2S- -isopropyl- SR-

methyl- lR-cyclohexyl ester with s11ylated cytosme to- obtain racemic 5-(4-

- Amino-2-0x0- -2H- pyrlmldln 1-yD)-[1 3]0xath101ane 2- carboxyhc o acid

( lR 2S,5R)-2- 1sopropy1 S—methyl cyclohexyl ester. c
Reduction of  5-(4-Amino-2-oxo0-2H-pyrimidin-1 '-yl) [1, 3]oxath101ane 2-
carboxylic acid’ (1R,2S ,5R)-2- 1sopropyl 5-methy1 cyclohexyl ester usmg

: sodlumborohydrlde in orgamc solvent like ethanol and further optlonal

10

15 .

crystallization in methanol to obtam cis (+)-Lamivudine. .
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