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-d- | MPROVED PROCESS FOR THE SYNTHESIS 5

OF PROTECTED ESTERS OF (S) -3, 4-DI HYDROXYBUTYRI C ACI D
BACKGROUND OF THE I NVENTION 10 ( $)-3-Hydroxybut yrol actone and a
derivative, met hyl (S)-3, 4-0-isopropylidene-3, 4-di hydr oxybut anoat e,
are optically active starting materials in the preparation of

[R- (R, I:\’*)] 2- (4-f 1 uor ophenyimbrbffEh| HROCHSS ¥OR THE SYNTHESIS
di hydr oxy-5- (1- net hyl et hyl ) - 3- phen

- 4-
[ ( phenyl anPno) car bonyl ] - 1H pyrr ol 1%58§§§ﬂﬂQ:§ﬁ?§Fs OF cal cium sal t
(2:1) (atorvastatin), a new HW3 o3\ 4-DIHYDREXVBURYRICNACHDt or ( Nanni nga,

et al., Tetrahedron Lett., 1992;33:2279). 20 Chira

di hydr oxybutyric acids and the ~correspondi ng esters, |actones, and
derirvatives have proven to be val uable chem cal entities. 1In
;addition - to useful intergmiek éﬁhb . e ts towards

nat ural products (Cf Benezra, et a.Ié&E n0§ f%ﬁ &NQEQ&&gh 1985; 50: 1144;
Hanessi anlOet al., Can. J. Chem, . 1987 65: 195 Ahn et al.
Tetrahedron Lett.., 19?%)5Q7mYdroxybuEyf5EEEEoﬂé gﬁanhcagrgpabﬁwglons have
been di scl osed. (g dr oxybut yr o] act one_has _been re orted as a
satiety agent (CORGER¥d ( )?%' - Qs gop l%ﬁﬁejﬁn4 dlgﬁ Tox ?@§@F@?¢5025)

as well as a pot agki abltli@aag@ntadﬁve starting ch&périallsuga thexe, et al.

e S 2t Pl aration Sk (MBI 2 0; tlucronRLEgibp BT 19 @

Prefaratlmﬁdoa 381ihydre8y-3,-4-ldinstinokethy )y 1 2- pénly 1 ¢ &) - 3- hydroxybutﬁgo-

actone, an er r er
x% ex?é.yaﬂ{lhg;}%sa% o ]E‘ie iﬁﬂﬁ‘fﬂ &Ee f‘-hegaaao'l@ 4o Q!

of small scale c enDnstratlng
t he val ue of thesalednpogadsd (2:1) (atorvastatln), a new HMG-CoA

reductase lnhlbltor_(Nannlnga, et al., Tetrahedron
Lett., 1992;33:2279). .
20 Chiral dlhydroxybutyric acids and the
corresponding esters, lactones, and derivatives have
proven to be valuable_chemlcal entities. In addition
to useful intermediates in synthetic efforts towards
natural products (Cf Benezra, et al., J. Org. Chem.,
25 1985;50:1144; Hanessian, et al., Can. J. Chem.,
1987;65:195; Ahn, et al., Ietrahedron Letf., 1992:507),
a number of clinical applicatibns have been disclosed.
(S)-3-Hydroxybutyrolactone has been reported as a
satiety agent (Okukado, et al., Enlli_ghgm*_sggﬁ_lpn;,
30 1988;61:2025) as well as a potentiating agent to
neuroleptic drugs (Fuxe, et al., United States Patent
No. 4,138,484).
Clearly, there is a need for a simple and
N inexpensive method for the large scale preparation of
35 (S)-3,4-dihydroxybutyric acid, (S)-3-hydroxybutyro-
lactone, and derivatives of these chiral molecules. A

large number of small scale complex syntheses have been

reported demonstrating the value of these compounds.
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-2- WO 98 rsgpar ation of methyl (S)-3,4-0-isopropylidene- CT/US97/11654
3, 4- di hydr oxybut anoat e has been reported in the literature. It is
prepared by reduction of dinethyl mal ate with borane-di methyl

sul fide conplex/ NaBH4 5 fol l owed by aci® cat al yzed reaction with

di met hoxypropane to yield the ,acetg |de (yS_I.aI f . gg Lett.,
1984: 1389; Tet r ahedr oR X SPIFATASTY $y- '47?1&%‘3%{:%Wﬁ fi88 " been

prepared fromi seaaearib;Wroxybutambacte/llmaa beei | repepradgisentike but the

yield was quite Qw dye t.Q t tahi|i I nge | in the
synthetic strat eéﬁtﬁgﬁgfg étet S Pr}%fn eeagi%s}! }gégét%8#$§g£%g et hyl
ester of the acemadate @att}bborane digredgurle 5l Hid©-¢ompbex/BaBHaci d
(Abushanab et ah‘:‘ollowed Rﬁnz L Iyese'lzf@eégt]@&]? Mya a simlar

rrultl-step 15 utron starting wth racemc
di met hyl mal ate ﬁameau@@mapaaﬁamg/é@q%ﬁ gl reetopide (Saiteet 6hi ad- .

nmet hyl ester on gh_aﬁg_l%ﬁg?el(gmnqyw m:;ahﬂr@h,,wszcl;m 4679¢g1 1985;
50: 1144) . 0

|t|q repqQrte roced i ans et
al .. Tetrahedron Lett The)ggeton 1&?8 “F%ﬁcﬁ é??\aere °md+?‘é%§°8ﬂ°aﬁt|on
of the correspondechg @det @nmbdti- step eéeet;ai@rttaewlbxht aticehpl e d bwasi gaite

gi ve the et oni t oo . . t hough
there ar efg vari gf’y srer &&E@‘%&Q%SJZE&}Q aceljt'onl %?Je??etﬁgyﬂéﬁ
invol ve either espethietdic strategyar(Tanpket ert ks, , (ﬂiiﬂm&ist o handl e
reagents, or 1987 7Tl S! M MR Suter of the acdt6h£ad’ Eaft BUTDEr Of

procedures in the terat'ure € prep aratlon

(S) -3, 4-di hydr ox?EGP?urle@ fxom B isoasgrrhip %%W eé‘b‘b‘%ﬁﬁ%@abntﬁ—nal ester,
(S)-3- hu 31D ; ﬁwescwﬂa&wrh oéuw.aieef melthlstep
carbohydra es to 3 4- d|h drox butyrlc corresgondlng

| act one, ) 3- h¥i P butfr utl°n b%‘é?‘?’e‘b%r‘f%ﬁh racem
(Hol I'i ngswort h Blﬁ.mbt(lhyﬂl ataasaﬁat}mﬁ d\hm ﬁen emﬁl&ﬁéd 988 pbodideltBe and
g’rggﬁét???’)' Stoni¥R Grethyl edtelbdll SRS PNs@M OOVRiR52E! at e the

et al., J. 0rg. Chem., 1985;50:1144).
An additional reported procedure (Williams,

20 et al., Tetrahedron Lett., 1988;29:5087) involves the
direct oxidation of the corresponding-aéetonide
aldehyde with alcoholic bromine to give the acetonide
methyl ester in good yield.

| Although there are a variety of routes to this

25 acetonide ester,'they all involve either expehsive
starting materials, difficult to handle reagents, or
multi-step-sequenceé. '

There are a number of procedures in the literature
for the preparation of (S)-3,4-dihydroxybutyric acid
| 30 and the corresponding internal ester, (S)-3-
hydroxybutyrolactone. The oxidation of water soluble
carbohydrates to (S)-3,4-dihydroxybutyric acid and the
corresponding lactone, (S8)-3-hydroxybutyrolactone, has

_ been reported (Hollingsworth, United States Patent Nos——
35  5,292,939; 5,319,110; and 5,374,773). However, there
is no discussion on how to isolate the product,
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-3 - (S)-3-hydroxybutyrol actone, except by chromatography.

Thi s hydroxylactone is very difficult to isolate from - the reaction
m xture due to the high water solubility _3. of the nolecule and the
ease of decorrposition/ 5 dehydration at the high tenperatures required

for puri fig g&ﬂoﬂﬁiwi&ueeonzhee&e%w Hy Q!hromato?ﬂé.ﬁﬁylssed

in these patents |s p or med at dil utiqn, presunmab ue to
the highly exot fFdvi# d’lydroxYléféﬁ%% b8 VREYoSidfdict (4P a’o‘if?Jf?Bﬁ tars

preparation 10 ¢5d085 A0foRRiskeers h&uédeoﬂiEaQiﬁﬂﬁ wdtR¥r solubility
hydr oxybut yr ol actone) in the |eId regorted | S process is

not readily ame®dbitdia &PLE easgcg}; he&ﬁmﬁﬂ%’p‘é{] {ons of
(S)-3- hydBOXybU@é}Qﬁd%ﬁiﬁhrtﬁx at the Fmghetampheaam\es pa@nisediofopt di scuss
the 15 preparat| ester S ro

di hydr oxybut yr af& &Of:}'ecaqjsprf fbo‘?n ‘?:)%srés%l%r 3 g oxﬁ' at %répdd%etl?%act i on

m xt ures. dlscuﬂ@amttmefpéﬁngsmér pepifgirmesl @&t drnkglhas been

reported in a PR %ﬁghg t [ acid
(Plroestvm ch, . lut?'&%r 8‘510 b1y aht {%88%%61’112{%{1&)1’ é&é)tfﬂ@% fy shorter
route from elthellature off Yherpxidatiener ABpasditisi.d this tse@pﬁlé%we@l
(Larchevggue, ehdﬂs’néﬂ”ﬁfbvfxﬁﬁ%ﬁb h§§§5x}§aé%3he ((S)éﬂihOUQh t he

optical conversion of aslPartl acid t 00% due to

raceni zati on of hyRlroxybutyrplachone} e"nEEPErglﬁfl%fS)rer?ﬁmﬂce‘g B8 e al so

been uti kihaed :&a:etszs B mht, rmﬂyLamtenabJL@Btol:{&&)gejssmle,
bor ane- di net hyl sul fi de/ [ e r oxy
ester foll owed SYREHE c Péz%%o%‘g{%% c§gl Wi tléo%%ﬁ:oxybutyﬁgfag{wg

(S) - 3- hydr oxybuFyrdihext ,ortche above patentsi dosnof giseudls e om
D-i soasc b| c a e%u._ £905edsh Ianaka- i&lo A1 5354-
1987:570 ‘5 EJE':%pbﬁ%zdtullc?neso%e)l éstereom?'-.l\rlsc separ étl(gﬁcloapnﬂ een

per f or med onI y dﬁha{@mmb%%%tw dhrecklyi Eapmofagpoydraty I‘i”é’ad"g*é}on |

chromat ogr aphy. reaction mixtures.
Preparation of.{S)f3-hydroxybutyrolactone has been
‘reported in a multi-step procedure starting with
20 (S)-malic acid (Prestwich, et al., J. Org. Chem.,
1981;46:4319). A slightly shorter route from either
(S)-malic acid or aspartic acid has been reported
(Larcheveque, et al., Synth., Commun., 1986;16:183)
although the optical conversion of aspartic acid to
25 malic acid was not 100% due to racemization of an
intermediate. BEsters of (S)-malic acid have also been
utilized (Saito, et al., Chem. Lett., 1984:1389) using
borane-dimethyl sulfide/sodium borohydride to prepare
the dihydroxy ester followed by acid catalyzed
30 cyclization to (S)-3-hydroxybﬁtyrolactone.
A six-step procedure from D-isoascorbic acid has
been reported (Tanaka, et al., Synthesis, 1987:570) but
requires a diastereomeric separation and has been

performed only on a small scale with purification by
35 silica gel chromatography. '
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- 4- wo”’%?i%at ion and acid catalyzed cyclization of
6- (2, 3-di hydroxypropyl)-1, 3-di oxi n-4-one has provided
(S) 3- hydr oxybut yrol act one in hi gh opti cal purlty but entails a
Si x-step procedure (Sakaki, et al.; J, Chem?5s Soc., Chem Commun.
- 1991: 434). Rabpi t nuscl &gglase atad zedlcongensatlon of
- 3- hydr oxy- 4- oxobutano&F&qﬁ H?Qh atatyhezed” cYCLAgaLaRR: €% DHAP)

provi ded (S)-3- h;sdr(axyblﬂlmmtypmpyl) 1, W diorinektone bpsi pxbvideid y on
- small scale 10 7
- The preparation 6§)(§?%§%ﬁlj’hydséx a?tgneclﬂ agaﬁnbpti?ginﬁﬁr%%§ Lut

yri c aci

- (sR) - 3-chl oro- 1, 2 emtaidsedi calxn%tegfmq:@d]umdwakakl,h?ar 8llysi duoCheme.

di hydroxyngtriledhas b , 1991(45pye, et al., United States

- Patent No. 74, 994, atlon ]f the correspondi_ng h droxyketone

with perhexahﬁ@hﬁ?ﬁnﬂﬂﬁ?%ﬁn%ﬂ?ﬁ%ﬁ?ﬂe%aFﬁEYBeﬁyHPB§98§P ign of
~lactone (Cotarcagz-gfddoxyIHBidRitaisd tEUpi tEha@dhydroxy Reeebhe

Application, WO 94/29294) but no report rit rrade 20
The opposite enaRfPSRRate (Y ’g‘b %%‘Sby%easPngbe% )c(‘ﬁi:
~cyclization of thﬁxmpmmnamkﬁntl@@tmmabrpurlty ofSsmbithscafleal .

Synt hesi s, ,1986: 3 L- asgor bi % % (LgﬁE et n I\S,

1988: 226; Panaka,f Z%'tlt sides. ecta%n‘t EBB éetrzll%ut%l)l ized to
- synthesis 25 (R) - E'-lfg/(bmgdxamm aef oh%) v3 a4ndﬂ-bYdSPl§[ﬂ'bthé‘e§s@§ld

Optical resoluti [AC 3 A5E8P8Rediol vilSEPAnhitRBHE alds been
“reported (M yaza\%& > (R’a) ejﬁ&iypé%J ta?eéoPa?ént %on 5, 084, 392 but

suffers due to hYdrOldiﬁ%F (R hhe @M?W%FE%?CB@? bRgY s€PFehe 30
- opposite enanti Offahoue, 0Nt r£BCS i tedesSt@tesabatent No. @ePOALE®A).th

s rocsiure. GBS SP Ble ovrrpdiEh 8.0V E ReRaRRRE bt @ vt
- car bonyl atlon and>erhexahypimhzmom sagﬁdfpzamidqaanhletﬁ by donexybwtatred
ester. g Mol fedtiidn, Ry Caflol z%tégﬁaﬂieﬁiis plB1REREIe
optlcally active T actones |s not addre _
Patent Application, WO 94/ 9294) but no report of
chiral purity is made.
20 ' The opposite enantiomer has been prepared by yeast
reduction and cycllzatlonlof the appropriate ketoester
(Seebach, et al., sgn;hgsis, 1986:37). L-ascorbic acid
(Luk, et al., Synthesis, 1988:226; Tanaka, et al.,
Synthesis, 1987:570) has been utilized to synthesis
25 (R)—3-hydr6xybutyrola¢tone via multi-step processes.
Optical resolution of racemic hydroxylactones
using lipase has been reported (Miyazawa, et al.,
United States Patent No. 5,084,392) but suffers due to
.only moderate enantiomeric excess and loss of the
30 opposite enantiomer. Long.reaction times are also
reported with this procedure. Carbonylation of
glycidol using a cobalt catalyst has been employed but
requires high pressures to effect carbonylation and
produces a significant quantity of unsaturated ester.
35. The use of a chiral glycidol in the process to provide -

optically active lactones is not addressed (Brima,
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--5- et al., United States Patent No. 4,968,817). Acid

catal yzed deprotecti on and subsequent | actonization of nmet hyl

(R -3,4-0Oisopropylidene-3, 4-di hydr oxybut anqat.e has been enpl oyed to
prepare (R)-3- hydroxybutyrol actone 5 (Luk, et al., Synthesis, 1988: 226;
Tanaka, et al. (fp{@éé& sé%ZSSiéQ);en{hﬁocomr FRINY.  ac
cyclohexylldene protecte ester of hyl (S) - dlhydrox utyrate
has been depr ot ectadr laed aiqm&%'atlon an FHWW%&M&“ él?% of

provide (S)-3- 1 OXYD U Y6 01 36p2BBy I 1aeaied3 Qlt-dih dr%s@mﬁaﬁoate
1987: 570) . Qﬂethﬁyd‘ﬁ ect formatlo% 0 Yt he acet >

ni
froma sinmilar hydoBaei IRIeEed bE‘énPFEBBFFedRI)n%t dr°erB/‘?1f¥re‘?]aﬁ“E|1F%ne
but this pmsocedur@anpleysan. pusyitkdsis, 19Bactase as.riahm,startahg,

~materi al (Larchevegﬁgi et aI 7 570?T6t"bﬁgego%'}eé> G343 2303)

The object of th tion Xpensive, scal abl e,
direct route toeugqiuhaﬁylidene protected ester of methyl (8)-3,4-

(S)-3,4-0-isopropyl act%#%% §¥JW@rR§%bﬁE¥ﬁ'ﬁeﬁgb%é@%Q&aQnd lactonized

(S)-3- hydroxybutyr roma car drat e source
SUMVARY OF THE | MutimiddNute aqueous aqaidot@i RFPYyide (iS)st3-aspect of the

present 234 'mﬁ%x‘daﬁrﬂxﬁtﬁbia{@i@ﬁéd(@éﬁE%ﬁ ker atlhe HaRHeadi N of
a conpound of Fornmul a I7 [err] wherel n R and Rlerr] are each

i ndependent |y al @8765%
Direct formation of the acetonide methyl ester

from a similar hydroxylactone has been reported in the
literature, but this procedure émploys a purified
15 lactone as the starting material.(Larcheveque, et al.,
Tetrahedron, 1987;43:2303).
The object of the present invention is an
.inexpensive, scalable, direct route to esters of
(S)-3,4-0-isopropylidene-3,4-dihydroxybutyric acid and
20 (S)-3-hydroxybutyrolactone from a carbohydrate source.

SUMMARY OF THE INVENTION

Accordingly, a first aspect of the present
.25 invention is an improved process for the preparation of
a compound of Formula I
o] 0O o I

]
30 \—LCHz—c— orR?

wherein R and Rl are each independently alkyl of from
1l to 3 carbon afoms; and R? is alkyl of from 1 to
8 carbon atoms, which comprises:

35 Step (a) treating a carbohydrate substrate in a

solvent with hydrogen peroxide in the presence of a




1t0‘3 carb - and Rlerr] is alkyl of from1to 8 rhon_atons,
whi ch corrprl Ses: S? Step (a) treating a carbohydrate g&ﬁ'g?ﬁyw n a

sol vent with hydrogen peroxide in the presence of a WO 98/ 04543
PCT/ US97/ 11654 - 6- base and subsequent

acidification with an acid to
of Formula |V

HO CH err] - CI—I-_GH{%‘?rTEﬂI gpnppgpguent a

renoving the sql#pdtdte fmeRvatre compid sing anasisowid Fef BbambYat avt he

afford 'aﬁ‘m xt ure conprising a conpound

it ISR P St an acid to gep (b)

conpound of Fornula I [err] 15 Step (c) treating
the m xture containing the conpound of Formula Il with an al cohol of
Forrmul a VI : Giterr] - OH : Vi
20 erein R2 is as defined above i'1 t he presence of an aci ‘?cv
catal yst to afford a conpound oﬁ{(Fecmél-a::H/—cnzcozﬁ CH

10

15

- 20

25

30

35

and glycolic aciq;
Step (b) removing the solvent to convert the

compound of Formula IV to the compound of Formula II
o 0
; I

OH

Step (c) treating the mixture containing the

®

compound of Formula II with an alcohol of Formula VI
R2-o0H - VI

wherein R? is-as-défined above in the presence of an

acid catalyst to afford a compound of Formula V

OH
2 v
HO-CH,-CH-CH,-CO5R
wherein R2 is as defined above; and
Step (4d) treating the mixture containing a
- compound of Formula V with a compound of Formula III
il
rRl-c-R III
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HO-CH err]-CHCH err]-CJerr]R err] wherein R err] is as defined
above; and Step (d) treating the m xture containing a 30
conpound of Formula V with a conpound of Focpula I

[err]. 1] WO 98/ 04543

PCT/ US97/ 11654 ynerein R, R, and R? are as delned abovRer@l R Rerr],
and R[err] are as defined above in, the presence qof an acid catalyst

‘to afford a conp®Fesegrce of a?%ﬁ?&ﬂe??talYSt 2y atxozd: anFoRHRE &Y t he

present inventiogpdrmiala X. process for the preparation of a conpound of
Fornula la ein. R is aIkyI of

erk]
from1l to 8 carbon at&mfeQHﬂQﬂ?s?eCQ %%ﬁ%??s@ggsen@hgnventéf@blf
treating aScar bolpyeicstses Sidistitet piepardfion of| aenbmpouhdhpdr a@gmqaa e de

in the presence of a base and subsequent acidification with an acid
to afford a m xture conprising the conpound of Fornula IV
CH 2
H33<QR . . o
o o ﬁ Ia
10 _
A / CH,—C—0OR?

wherein R? is alkyl of from 1 ﬁo 8 carbon'atoms, which
comprises:
Step (a) treatlng a carbohydrate substrate in a
15 solvent with hydrogen peroxide in the presence of a
base and subsequent acidification with an acid to
afford a mixturé comprising the compound of Formula 1V

-OH

20 | R '__ v

and glycolic acid; _
Step (b) removing the solvent to convert the

25 -compound of Formula IV to the compound of Formula II
oy ° |
o II1;
' OH

30

Step (c) treating the mixture containing the
compound of Formula II with an alcohol of Formula VI

| . R2-0OH | vI
35 -

wherein R? is as defined above in the presence of an

acid catalyst to afford a compound of Formula V




[err] _ ' | ycolic aci d; Step (b) renoving the solvent to
convert the%ms%orrpound of Formula IV to the conpound of FBFRUSEV/}1654

[err] 30 Step (c) treating the m xture containing the
conpound of Forrmula Il with an al cohol of Fornula Vi

Rlerr]-OH _ VI 35 -8-wherein Rerr] is as defined
above in the presence of an aci d catahyst to afford a conpound of
Formula V WO 98/ 04543 0 :

PCT/ US97/ 11654 . ! - 8- v
oH HOHHH&-CH-CH2-CO R \
wherein R2 is as defined above; and 5 Steﬁz(d) treating the

m xture contai Rirelin R2 is comdefined &bovulaa¥aw th a conpound of
Formula Il a

co Herr] G Jerr])3
Al B8 % aher eiFR 49) FEeaking Fhe miRkGEel soptaihibel . o o
acid catalyst toompfdurd of Eompuedal %fwﬁbhnalaomaound of Formula IIla

H4C-C(OR?), IIla

10 wherein R? is as defined above in the presence of an
acid catalyst to afford a compound of Formula Ia.

DETAILED DESCRIPTION OF THE INVENTION

15
In this invention, the term "alkyl" means a
straight or branched hydrocarbon group having from 1 éb
8 carbon atoms and includes, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
20- tertiary-butyl, n-péntyl, tertiary-amyl, n-hexyl,

n-heptyl, n-octyl, and the like.

"Alkali metal" is a metal in Group IA of the
periodic table and includes, for example, lithium,
sodium, potassium, and the like.

- 25 ' "Alkaline-earth metal” is a metal in Group'IIA of
the periodic table and includes, for example, calcium,
barium, strontium, and the like.

The process of the present invention is a new,
improved, economical, and commercially feasible method

30 for preparing a compound of Formula I and Formula Ia.
The process of the present invention in its first
aspect is outlined in Scheme I. '

The compound of Formula IV is prepared from a
carbohydrate substrate such as, for example;—a—ﬁater

35 soluble carbohydrate, a disaccharide or greater

oligomer, for example lactose, maltose, maltodextrins,




DETAI LED DESCWOPI/@SH3OF THE | NVENTI ON 15 In this inwmmnmyuu&ﬁe

term"al kyl" nmeans a strai ght or branched hydrocarbon group having
from1l to 8 carbon atons and includes, for exanple, nethyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutylg- 20 tertiary-butyl,
n-pentyl, tertiary-anyl, n-hexyl, n- heptyl, x-octyl, and the |iKke.

"Al kal i netal*ishﬁﬁrﬁﬁéllinecbyucxiélaathba with hyiBfdgih (pdéabkedandn

i ncl udes, for ex le, lith n% Flm pot assi um d the I#E

"Al kal i ne-earth eamr?%exéc?m fi2 |Ra?oﬁﬁc &S df T exanpif ndtiod aiébl e
and includes, fometahhpdreaidenfor examphar isodiust tydrauidend the |ike.
The process of t | r egon 1 cal ,
and comrercially easse'éb)f% msf#e%%fgg §n§o?ggr%l§ﬁ’ngadargéo}%%oﬁh% 0 rmul a
| and Fornm®l a | ametal hydyexjieceferopxanplpr codeiumiwdrauide and thest
aspect is outlinedye ﬁpr@r@oivent such as, FB® eIRIRI QJatFé}.r rﬁ’zlui‘ iNe! s

prepared froma carbohydrate substrate_such as, for exanple, a water

35 sol ubl e carifishitl ARCUY 28 LG ERarPaEtoBOGFe £oat about 2 die gﬂ?@#t f or

Ieaé_la_/rrBlSS?} ig%gze 2BlHAGS ol ledextby nﬁc:.dlflcatlo\ﬁoo%lt@@%actlon h
e
like by oxidi zat PR HTH T ARr2pid oXrah af. . for exaﬂ?&epr é@&ﬁfbc}blpﬁlc

base suchl@s, _forace.xhnmmrmqmmla_\c:.d, and theallikedtoxiadpH faf #beupl e
sodi um hydr oxi deO outd O§ a?c?'é‘frfw&irgxlhg tu?gdﬁB§%a1 é %gqe[al kal i ne
o an

earth 5 net al roxi d rexanpl e ca ¢l um nydr oxXi
like in a.sol ven1°°§'|m9|‘|1 gk of &OMI% vwaleeokhig Pﬁéd and organde at about

25[err]Cto abOUBySQE%adéEJCH ROt rabl P, abRYt reaction 44 BAWYS dPldpved

by acidification qQf the reactlon m xture_ with an acid such as, for
exanpl e, hydr ochMdithc Lagfose apd hydgrgen Barexidedinaatere in 9o a pH
of about 15 presence of sodium hydroxide at about 65°C to 75°C for
about 4 to about 10 hours followed by acidification
with 37% hydrochloric acid solution to a pH less ~
than 1.5. '

. The solvent is removed, for example, by

- 20 distillation at a temperature of about 35°C to about
75°C under vacuum to convert the compound of Formula IV
to the lactone of Formhla II. Preferably, the solvent
is removed by distillation under vacuum at a
temperature of up to about 65°C.

25 The mixture containing the compouhd of Formula II
is taken up in an alcohol of Formula VI wherein R? is
alkyl of from 1 to 8 carbon atoms such as, for example,
methanol, ethanol, and the like, and the by-product
salts are removed by filtration. Preferably, the

30 compound of Formula II is taken up in methanol. An
acid catalyst such as, for example, hydrochloric acid,
sulfuric acid, para-toluenesulfonic acid, and the like
is addedlto the previous alcochol mixture, and the
mixture is reacted at about room temperature to about

35 the reflux temperature of the solvent for about

5 minutes to about 3 hours. Preferably, the acid




-0 to about 98@7 rd a mxture containing the conpo | a
Lv,'glycoligw%C| 5§ﬁd organi c by- product's. Preferably?efﬁggyggéfyon

is carried out with |lactose and hydrogen peroxide in water in the
15 presence of sodi um hydroxi de at about 65[err]C to 75[err]C for
about 4 to about 10 hours followed by aci dtPrcation with 37%

hydrochloric acid solution to.a gEbless . Hrqg}l.a.t' . The
solvent is renoSRE21¥YSF éﬁahﬁpg? o3gc acig. @Ang Jho ML W ehPerat ure of
about 35[err]C teaebedt at reflux7Fper apoutn@ethomaouum e corletiléseare

compound of For L8 LY, for exah®iLNpbAGQNS 0fu HOLMUR dlou Pt oferabl .

t he sol vent _ S'renove Latkon under vacuum at a
t enperature of apmosphevic PpFEesure tpsdistillatiphe yndemreagwwmadthi ng t he

compound of F’Of&ﬂ&%' p5oc unkinl BECRuuRHE By PRl Gfifirata dheaperein
Rerr] is _al k o] rom1l to 8 carbon’atons such as, for exanple,
met hanol , et handisthhlist hePErkErahhY ¢ kPP P VERIctls removed | BE are

removed by filtqpsto01aPiehentbhymobbheidc presdmaNEsiidweduba |1 is
taken up in methanol id catalyst such as, for

An . aci d X | e,
hydrochl oric acthstillation, ppfpr.vacuym é‘-ttcﬁ%ﬂﬁeon?ﬁ %En&dt and the
i ke i s 2sleied twot hheprewctdenamiciturenicdntraai nianyl the compound

m xture j S react ut. .r r re .t 0 e, refl ux
t enper atjU(?e of ?ﬁgFé%f"gg%t &11 Og%gg%gg@%da% %%c(nér?\c;t}t gisaﬁgabfoﬂ%'psl he(;%r S.
Preferably, theBacatbon atoms\\eugd/ @ss4For example, methanol, ethanol,

PCT/ US97/ 11654 5_pro , n-butanol, and the like Mhid an aciacatalyst is
hydr achl ori c ac?d?ragan?%e mxture 1§ : reacted at  ref] ux for about 2

hours. . The vol @aFat¥shy guch as, for,exampls, &IHer2lReHdtifPELi on at
about at nosphmple, Phgasuehlbeidi aldid andnrhadeike/acdneiganbe

about 75[err] C unti o_further by-prodyc | ycol.ate ester. istills.
Pr ef erabii ]theagbﬁll(/eﬁ?ri ?xwﬁgﬁéép%a_%otlu% |ssl‘fllaﬁcfré’tcf RiGe %??m%% eric
pressure, follokhtkebgnd the mdxstire| reagtedddr alzmitumedm kenpgeatevee of
about 75[ 8T EhE rLe1hle tefpelh®urd Hilithe W R FEdbeasOpound

30 minutes to about 8 hours to afford a compound of
Formula V, which is not isolated but reacted with a

20 compound of Formula III wherein R and r1 aré each

' independently alkyl of from 1 to 3 carbon atoms and R?
is alkyl of from 1 to B carbon atoms, for example,
diméthoxypropane, diethoxypropane and the like and the
mixture reacted at about room temperature to the reflux

25 temperature of the solvent for about 30 minutes to
about 8 hours and subseguent removal of the solvent,
for example, by distillation to afford a compound of
Formula I. The compound of Formula I is isolated from
the crude reaction mixture by distillation under

30 vacuum. Preferably, the reaction is carried out in
methanol and dimethoxypropane in the presence of para-
toluenesulfonic acid for about 1 hour with subsequent
removal of the solvent by distillation. After removal
of the excess solvent, a compound of Formula I is

35 isclated from the crude reaction mixture by

distillation under vacuum.




10 of Forfdybgiodslis | s charged an al cohol having from1 to PCT/US970136830N

atons such as, for exanple, nethanol, ethanol, 2- propanol ,

n- butanol, and the like and an acid catal yst such as, for exanple, a
m neral acid, for exanpl e, hydrochl 9%'%9 acid and the like, an
organic 15 acid, for exanple, para-tolu€ehesulfonic acid and the

i ke and the nixtureofggﬁ%ggcggsaggukhro%@éégggwfg+gﬁilon in §@st Beduald ux

tenperature of the s about nutes to about 8 hours to
afford a conpourmspéct is outdingdaiv Sghesme LI not isol ated but reacted

with a 20 Corrpounf nOhnFRHhAEbYOLS! mekered! mﬁx@dcﬂ%éihaaelathused

i ndependently al kyl of from1 to™3 carbon at ons, an ng% 9% I s al kyl
of from1 to 8 ctPrepRERE2 F@Flpeié&ﬁ‘p Formula df net HoRUBPBRGNLE

di et hoxyprppane goghiig hhk@nardihhe? is aslﬂéﬁiﬂéﬁréﬁ@*edlﬁtpﬁbpateﬂoom

tenperature to the reflux atur of t e sol v. 0t for ut 30
_minutes to r%mo%tcarﬁBBYQIQ%SWE : i b ﬁomggﬁggnpf

for exanple, by pomhulaavi ms toeakkdr wla:hccanpmm@éster of Formula MIII@he
O O O M dnds oS PLaLEIabElea apovd WUl L8, [ £OF! LRmBIE! LI © by

distillation un vacutm reaction is ca out
i'n net hamntumuhxalngmbpypc@p&ﬁee ‘trrnqtélspk @ehkeaeetahea- and the

Lol uenesyfoni ¢ peid {9ragbay 4 BeHpolind) cYNRAAHEN Ta.  removal of the
sol vent by disti i on ter renoval of the excess_solvent, a

conpound of Formul a 1C¢mp@snds ofsEpamudar Idd and Fommulaatiisnaftuture by

distillation undefty&sUkAibwn or mayWBb9%H@ﬁi¥éd by methods known in the
PCT/ US97/ 11654 -11- The process of the present

i nvention in its®%econd aspect is outlined in Scheme I1.

I n an anal ogous nmanne(sysBrgytrexybultydolagtamennd methyd pSépérré'Q‘
conpound Fornula | uRd 4Q xﬁﬁﬂf @ wergbacRigenl is as
defi ned ove is %ﬁ% ?gégaggg 3 E1h§%§§- %?Hééﬁsu stratec Thus, the
conmpound of pre¥bowaly)\Vcan bﬁe&!ﬂ@d-qmetfh a@w sharotng PaBeTEBLRUAR |11 a

wherein Rierr] is,as,fgbhpgtidRove eenyi1as.s)f-o- 19%GH®} 8- hydroxybutanoate
' o by treatment with HBr in acetic acid followed by -
esterification with ethanol (Taoka, et al., Japanese

20  patent application JP 90-271608, filed 10-09-90) or by

treatment with trimethylsilyl bromide and ethanol
(Larcheveque, et al. , Tetrahedron, 1990;46:4277).
Nanninga T., et al., Tetrahedron Letters,
1992;33:2279 disclose the use of ethyl (S)-4-bromo-3-
25 hydroxybutanoate in the preparation of ethyl (R)-4-
cyano-3-hydroxybutanoate which is employed in the
preparation of [R- (R*,R*)]-2- (4-fluorophenyl)-PB,d-
dihydroxy-5-(l-methylethyl)-3-phenyl-4-
phenylamlnocarbonyl lH pyrrole-1l-heptanoic acid,

30 calcium salt (2:1) (atorvastatln) which is useful as a
hypolipidemic and hypocholesterolemic agent. A
compound of Formula Ia also may be used in the
preparation of atorvastatin.

The following examples are illustrated to show the

35 present process, the preparation of starting materials,
and the use of methyl (S)-3,4-0-isoptopylidine-3,4-




trimethyl or ;@; triethyl orthoacetate, and the 10 i
afford a conpoun E‘?):‘tForrmI a la. Conmpounds of Forwéﬁfﬁgfhgﬁﬁ

Formula Illa are ei ther known or nmay be prepared by nethods known in
t he art. (S) - 3-Hydr oxyb grol actone and net hyl
(S)-3,4-0- 15 i sopropyl i dene- 3, 4-di hydroxybut anoat e (as descri bed

previ ously) can bhe enpl oyed as startln material s in reparation
bf ot hyl, 1)~ 4. BROFGIPARIH CAYPREanoR: BoRPOUnd 5 FRTHHEN T 1 THEAEHSY n

acetic acid fol b@V\Bihé))present psbeesfsl tat p@r&pmrteh (& nendlyddmokey tetoal .
Japanese 20 atent a‘f}lrlﬁgﬁltign % 271 :ief'(lke)d 41%()%%" 903 or by
€ an

treatnent with A br Bnt' ar chieveque, et
al ., Tetrahedrohydt@eﬁrmmmaﬁe), which is useldartm yeprre eathytl (R)-4-

Tet rahedrgn Let d f
(9" broo- 3. S42ropydE a‘%gg‘t‘ég?% t"’m"’@‘séﬁ Bapa R

cyano- 3- hydr oxy PFeRPads e(fvbﬁl tJar sdéﬁﬁFByéGtM]{ cyano- 5 -hydRa%H 1 DrPFP -

[R-(R*,R)]-2- (ﬁéHdﬂH&ﬂH“”Wﬁicﬁeiﬁ]tﬁ%hrhs used to prepare (4R-Cis)-
di hydr oxy-5- (I - et hyl et h

phenyl am nocar bdnyi~dim ¥Jc3?\%€¥1hépf’¥ﬁ8f’@e§m& BE- dlmeé’éWc:“t'd'rﬂ%hlt (2:1)
(atorvastatin) @ioxanes arcpdetats, awhich inhypaln disdesed iyl prepare

h hol | f, F | | b d
PO 81T O THRE AN of ety FIRU" S0 BRI fr TV ne v
illustrated to Shmethyl-B53-diprasent-pretete, tvhdglr dpartattmrisfusedrting

materials o Ylgdife UpfROLraRENVS - (B fiubrSgatygng  dine-3, 4-

-12- di Redhndsihahbl ¢4 -41eBRpYdnd ~dR “Ké&ehnahndrosih -hyidepxy -6 -
\% tﬂe pr esegtta&@o@ﬁ fta{%e@é\%ﬁ)é&yi]hlﬁV-WM—@*carbo:iadﬂiﬁ] Q:Ehﬁ

ich is_ used to pre e ichis
used to Beparet@l%nﬁp%(tt?ég the LYHD€§Xn8‘°%dh>I&-dg\/U%dﬁ¥ﬂ;a( Which in turn
is used to fluprepdreny 5} , 3; dibydeokyt-St-iiyl- @ thydediy 1y ¢ -plyerdy b o-
hexanoat e, “h'cq [Qdﬂ&ﬂ}iéﬁiﬁS?eéPth?&%r&HQ%BdeiE l-heptanoic acid b

. calcium salt (2:1), corresponding to the opened lactone
ring of the aforementioned compound, atorvastatin,
20 useful as a hypolipidemic and hypocholesterolemic

agent.




1, 1- di met hy| §¥dos/0484yanonet h'yI -2, 2-di met hyl -1, 3- di oxapersdiaksy .

which in turn is used to prepare 10 (4R-Ci s)-1, 1-di met hyl et hyl

6- ( 2- am noet hyl") - 2, 2- di net hyl - 1, 3-di oxane- 4-acetate, which in turn
i s used to prepare (2R-trans)-5-(4- fluorophenyl) 2- (I-

met hyl et hyl ) - N, 4-di phenyl - 1-[ 2- (t et r ahydr o- 2 hydr oxy- 6-

ox0- 2H pyran-2-yl ) et hyl ] - 1H pyrrol e- 3-car boxam de or 15 the salt of the

hydroxy acid [R-(R*, R*)]-2-(4-
fl uorophenyl -[err],[err]-di hydroxy-5-(1-nethyl et hyl)-3-phenyl -

4-[ (phenyl am no) car bonyl ] -1 H pyrrol-e- 1- hept anoi ¢ aci d cal cium sal t
(2-1), corresponding to E@e opened | act one ring of the
af or ementi oned conpound,gatorvastatin, 20 useful as a hypolipidenm c and
hypochol est erol em ¢ agent . WD 98/ 04543 '
PCT/ US97/ 11654 lN -13- [err] WD 98/ 04543
PCT/ US97/ 11654 = -14- [err] -
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Y\?5_98/ 04543W098/04543 _ ' EXAMPLE 1 PCT/ kJ/gthg/l]'lGl’Séll‘lUSWlnﬁﬂ
(s)-3.4-0-1sopropylidene- 3, 4-di hydr oxybut anoat e To a 1 L round
bottom fl ask equi pped with mechani cal stirrer, thernocouple and
reflux condenser 5  was charged 250 g1¢694 mmvl) | act ose nonohydrat e,
250 nL of water and the m xture heated to 65[err]Cto 75[err]C - Once
the slurry was at tenperature, 200 niL of sodium hydr oxi de sol ution
(122 g, 1.53 nmol of 50% sodi um ~hydroxide diluted to volune) and 200
mL of hydrogen 10 peroxide (H202) (35% 75.0 g, 772 mmol diluted to
vol ume) were added si myktaneously via peristaltic punps over a
period of 7 to 10 hourag“The tenperature of the exot herm c reaction
was nai nt ai ned between @5[err]Cto 80[err]C . t hroughout the addition.
Once addition was conplete, 15 t he .tenperature was mai ntai ned at the
reaction tenper%£Ure for 1 hour, then allowed to slowy cool to
room tenperature. Upon negati ve peroxide test, the m xture was
acidified to a pH of <1}5 with 37% hydrochloric acid (HO) sol ution
(128 m., 1.54 nmol). 20 o The water was renoved by distillation at
Iaboratory vacuuntat a batch tenperature of up to 65[err]C The
sodi um chl ori de saturatged oil was cool%g slightly, 200 nL of
met hanol (MeCH) charged, the m xture qgated o reflux, and then
filtered through a fritted funnel. 25 The sal tscake was washed “With an
additional 2. x 50 nmL " of MeCOH. I—‘CI -(anhydroug 2 6 g) was chafged to
t he conbi ned netHanol filtratesesind the m xfpret heat ed at
reflux for 2 hours. Thelsol vent was refoved by o "di still atiorE®t
at nospheri c ‘pressure. en a short 30 pat h di sl | ati on col um has
attached and the m xtures di stilled under vacuum at a tenperatmre of
| ess t han ' 75[ errC unti| no OewOhe? r’re‘t‘ﬁw—g'l'm'dfe distill
additional 150 nmL MeCOH Fnd 3.5 g of H3 were chargy cq heated at
reflux for 1 tqG2 hagrsy then the remalami ng 35 (glycolat Bry
distillation ungder v m#+ The - pcontents cooled ( 0C 4o
- 55[err] C and 5}5 g of ' I : -
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- 16- par a-t ol uenesul fonic acid and 50 nL of MeCH were

charged. The reaction m xture was heated at 60[err]Cto 65[err] C
whi | e di net hoxypropane (400 niL) was charged-¢ga an addi tion funnel
over 1 to 2 hours, then held at 60[err]Cto 5 65[err]C for an
additional hour. Once reaction was . EXAMPNE ate, the soI vent was .
renoved at atnospheric ) nd, e tal ne df . cI' o Shor t

pat h di st M9 ettren
distilled at 63[err]C2w® £01a:riﬁzx(daimttbnnﬁéaakueq)n@peﬂ)wnh 3 4 mm Hg

was fetained as the.cr
i sopropyl i dene- Smfcgl%nl&(‘?oxy%p%/anoat e |e?11rrgozou?ée P"nd reflu&Q.C?ngd,ertsﬂef 5%
89. 9% pur e 5by vapms pharged 250 ¢hioWatmBehphlacvprep mphohydaadis.al was

sufficiently 50 Rt f QSEr atnd SHE hiRGuPB! Gehiled Rol B8R GRArAIION
15 of et hyl &W 4- cyano- 3- hydr oxybut anoate, an i méortan

internediate in sy D D rdhsteppaTature, 2 mingf sadiym
Tgtrahegrgn fLett hy &Qﬁ&&? AR ion (|12t2 Matfgrgal mef BEQB@% B@gltx?h nmay be
obtai ned by fractiopa ation if de r ot on

nucl ear magnet i c&ﬁyé@?ﬂ?‘é&% %’Hé&?‘%s%%p ? ??]ﬁnaﬂ\/é{?a uf of hydaager
CDCl[err] 1D [erlﬂeﬂ:ﬁ&ie{ MH,0H), B3, (76,0 Jg- 372, mmol d:.l&t&de:,o 1H),

3. 64 3 1 5 6
Cdd. Ss: 1208 7@%4§?e):gerézéghéékgﬁﬂ?{tanﬁ?ysl% gg gegég$al%gh ﬁ%ﬁb
Carbon NWVR ([ er r p@eVR) HOiadHoL @G&qewmourferr}‘hgmegpereguze of the

72.0, 69.1, 51.6¢ H%rd%%f%eégifbn was maintained between 65°C to 80°C

EXAMPLE 2 S) Hydr oxybutyr ol act one 30 To a 25Q nL flask
equi pped with a %@%tt ithe "additipp. wa%n%aaa@atienowg%fsoméete' :
acet oni deibr om Bxaeple erature (s Waint£ihyd VPEC eRal yeh&rioh0. 0

t et.r ahydr of THE m 1.0 M T
tirred O e S WU TR < hOYRIVEG. BRaTY; Soor to

room temperature. Upon a negative peroxide test, the"
mixture was acidified to a pH of <1.5 with 37%.
hydrochloric acid (HCl) solution (128 mL, 1.54 mol).
20 The water was removed'by distillation at laboratory
vacuum at a batch temperature of up to 65°C. The
sodium chloride saturated oil was cooled slightly,
200 mL of methanol (MeOH) charged, the mixture heated
to reflux, and then filtered through a fritted funnel.
25 The salt cake was washed with an additional 2 x 50 mL
| of MeOH. HCl (anhydrous, 3.6 g) was charged to the
combined methanol filtrates and the mixture heated at
reflux for 2 hours. The solvent was removed by
.distillation at atMOspheric pressure. Then a short
30 path distillation column was attached and the mixture
distilled under vacuum.at a temperature of less than
75°C until no further methyl glycolate distilled. An
additional 150 mL MeOH and 3.5 g of HCl were charged,
heated at reflux for 1 to 2 hours, then the remaining

35 glycolate removed by distillation under vacuum. The
contents were cooled to 50°C to 55°C and 5.0 g of




35 . I ndi P65 Q lesurrpt ion of starti ng material. The Pcffﬁ%;'ﬁﬂtsit of

the flask were |st|IIed to renove all WO 98/ 04543

PCT/ US97/ 11654 ' -17 - sol vent s
at | aboratory vacuum at. a terrperature of 50[err]C to 55[err]Cto
provide 5.80 g of dark amber oil, 95.7% pLﬂ' by VPC, 99.5%vyield. .

err]H NVR (200 MHz lerrl). .lerr] 4.6 dd 5 J =
[10 2] 4.3 Hg ?f)‘ra4t%)c Eﬁ?“%gnir%. 2,"]‘?. z‘n%z?%‘lﬂﬂ')df heth é’fes‘%e(bs, 1H),
2.73 (dd, J = 18h9rgéd9 Hrhelkac2idoh mixture( ges]) heat®d),atl . 60%€,tdH).
rr]C NVR (50 6 , .
b 5 g@zﬁhggg%%e ail“éth&%&hﬁéz’ zgl?tz)arx{%itg%sg ch¥rded vig an .
nL round bottonadfiitkonq@itpped avelr 4 to 2 homagnetthenstheld mf bl °@nko

nitrogen £N2) ipkte d g S rol act one
(Exanple 2) 15 856 £§§ 73 ﬁ?gﬁgahqg) hgu}s OQ@e f}cet.é@éﬁwy The fl ask

was cool ed usi ngo®R ?Eé bﬁ f ﬁﬁaVQnG WESOF3§§¥FﬁyGFO@&W°SPher1%Won1de

(HBr) in acetic %sQui\aSaﬁhatsedldéapWo&erevsyble A ssmqiatm nut es upon
whi ch the ice b th

d |1
room t enper at ur 8+&hy §5£$ggvg?}ga8dw8§e?ﬁtaﬁgegk @@T%E% é%g% qvfhgﬁ 1.0
mL of 3344isBt1iedaatt 68°aAcikd 9ESCadsrepowh denpedatndier)ataat

Lhat {herd eacti 90 Vg 80" R RLEREneNds! RECTORMC ity (o) 2141880

over ni gh roonlt
into ethyl al cohsbptépyhiiennd329- dlhyﬁ&mbué;tanmthmmm itied® ofaction

was conpl ete ? acés qurgké gbeggobﬁggtbyagab%gn%%gs%pd the residue

taken up in ethy fate ed Withdilute gueous

sod|un1b|carbonﬁk§°TRﬁPE£PEFY]fvgéputlgﬁlFZQaﬁsflal was ﬁMﬁ§%°¥%EFHI) and
brine (25 nlL). dhgeotganse héyarsﬁartlngamade&hbuld@.mmét

Fitle - 18” . afoafivl (o -o-FlpRproRRaR oS o 1[Zafr+% %ﬁ&"l 20

(m 1H), 4.18 (iptermediate in the synthesis of atorvastatin

, 1992;33:2279).
Material of higher purity may be obtained by fractional
distillation if desired.

20 Proton nucleer magnetic resonance spectroscopy (1H NMR)
(200 MHz, CDCl3): & 4.43 (m, 1H), 4.10 (dd, J = 8.4,
6.0 Hz, 1H), 3.64 (s, 3H), 3.60 (m, 1H), 2.66 (dd, J =
15.8, 6.0 Hz, 1H), 2.46 (dd, J = 15.8, 7.0 Hz, 1H),
1.35 (s, 3H), 1.30 (s, 3H).

25 carbon NMR (13c NMR) (50 MHz, CDClj): & 170.9, 109.2,
72.0, 69.1, 51.6, 38.8, 26.8, 25.5.

(Nanninga, et al.,

EXAMPLE 2

£8)-3-Hydroxybutyrolactone

30 To a 250 mL flask equipped with a magnetic stir
bar was charged 10.0 g of the acetonide from Example 1
(95.1% pure by VPC analysis), 50.0 mL tetrahydrofuran
(THF), and 10 mL 1.0 M HCl. The contents were stirred
at room temperature for 6 hours until VPC analysis

35 indicated consumption of starting material. The

contents of the flask were distilled to remove all




J =7 1He, 2+¢v0,3,04g.3(m 2H), 3.34 (d, J = 5.0 Hz, 35  1H), 2peGuisHhads).
s |

1.-28 (t, J=7.1 3H). WD 98/ 04543

PCT/ US97/ 11654 -18- [err] C NWR
(50 MHz, CDCl[err]): [err] 171.5, 67.6, 60.939.4, 37.2, 14.0.
EXAMPLE 4 5 (5R) -1, 1- D met hyl et hyl 6-cyano-5- hydr oxy- 3- oxo-

hexanoat e s5160rs RERAIALEY {RadnCLEnd TR 5 CSocc

acid, ethyl este n reactor aining a solution
of 10 2.2 kgt€>455r?\§1 )tq)fprsvmctﬁn% Qi decfi daskvembex 31, H5.7% pure

dem neral i zed wajer yogs agded 4 idnd 33 nol) of (S) 4-
br ono- 3- hydroxybE yric ‘acid, et hyl ester di ssolved in 8

_(Exanple
L of ethanol. TheHr BME: (20 0MHzr LRk * %g sﬁ?rﬂ@d 80 .14 -Aurl@% room
tenperaturs. Et hyl =13%0.2, ac ai=x, (Gh) L)4ves addeds &haeonxt w.e ayd f atief,

and 't he y | o o] pa ate The Lo aq us

| ayer was transfél sgd( 5 ! a@d \gedé] V‘ch apm hgwahz' L‘ﬁg.'S %('g‘qﬁ
sodi um chl ori de @add 65=L 1@f. Ost Hylz &Iza,t aln) : the m xture was agitated
and the l.ayers aihBMﬁﬁR 5%0 Hz te, @nﬂ7gh§ I9ge5 agyequs 4 geﬁﬁr was

cut off. The organic ers mé%e conbl ned” and ¢ohcent 4t
vacuo. The residue was dlstllled to afford 3.1 kg of the title
conpound;ydp 110-125[err]C. 0.5 nm Hg; Qﬂ*AﬁgiErgtatlon [[err]][err]

= - 33.1[err] (C = 1.CB chlorofor 30 neter DB-5 capillary
col uim 100 (2) t8&% ] 4 ) &8E 7.28 minutes
retention tine, To95 G% aﬂeacound botimrfh%ﬁﬁﬁﬁpyﬂzwleﬁcﬂ err])
[err] 4.36 (q, 1.29

(t, 3H. 30 1‘E‘D‘9%?Eb°8.g"%lrnl9rgeﬁ’aﬁratar‘b% ’b’rt’%%‘iz?!‘l,k%zh ﬁﬁiﬁ;%

6- cyano- 5- hydr oxgh3r9#d- Beidngat(é ) - 3-hydroxybutyrolactone (Example 2)
15 (95.7% pure by VPC) and 5.0 mL acetic acid. The flask
was cooled using an ice bath and 9.0 mL of 33% hydrogen

VPC

bromide (HBr) in acetic acid was charged dropwise ovelt
several minutes upon which the ice bath was removed and
the mixture allowed to warm to room temperature and
20 R stirred overnight under N,. An additional 1.0 mL of
33% HBr in acetic acid was added when VPC indicated
that the reaction was not complete, and the mixture was
stirred overnight -at room temperature. The reaction
was quenched by pouring into ethyl alcohol (85 mL) and
25 heated at reflux until the reaction was complete
(8 hours). The solvent was removed and the residue
taken up in ethyl acetate (100 mL), washed with dilute
aqueous sodium bicarbonate (NaHCO3) solution (25 mL),
water (25 mL), and brine (25 mL). The organic layer

30 was distilled and the residue purified by silica gel
chromatography to yield 1.74 g (41.5%) of the title
compound. '

1H NMR (200 MHz, cnc13) 5 4.20 (m, 1H), 4.18 (t,
= 7-1-Hz, 2H), 3.48 (m, 2H), 3.34 (d, J = 5.0 Hz,
35 1H), 2.65 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H).




To a eti rred C solution of lithiumdiisopropylamde (1
intet rahydr&cgga‘ﬁ{ hept ane was added tertiary-butyl g’@(‘%’(’?ﬁs‘kg

255 nol) foll owed by a rinse of 3 kg of ' WO 98/ 04543

PCT/ US97/ 11654 : -19- . S

tetrahydrofuran, and the mixture was stirreb8to -45[err]C to

~-5[err]C for 50 nutes. (R)-4-cyano- 3- hyd%o gbutyrl C aC| d et hyl

ester (Step A) (I PR gb Gz qsCRCL3) : di'dt-Pan &7n 630 88 i

t et rahydrof uranawa . t hen @dded to 5 the previous m xture. The

reaction mxture was stirred for 30 minutes at -5[err]Cto

-30[err]C, and transferred to 240 L of O[err]C 2. 8N aqueous

hydrochl oric acid sol ution. The mams':: I4ayer was extract ed with 50

kg of et h§ ' i

reextracted with38* ' ' } '

and concentr at ethexancatien to afford crude (5R) 1,1-di rret hyl et hyI
ahi_ah \ y

6- cyano- 5- hydro&%_%g)- L >
sanpl e was Uri1ied Dy col Unm. Chr omat ogr aphy
eluting with 1:1 hexane: eta§ddaceil¥d-ester “[err]H NVR (200 Mz,

CDCl[err]): 4.40 (m TJd‘Da 50 S5¥albén i:élictor cont&ﬁﬁ.n(g&a FILuthiSS df, 2H),

2.61 (m , 1.4 pectruy 29
(3), 2281?’26) R 1‘7@ @) ‘i%zs‘("‘ib c¥§£‘l?€2¥5 Sf%’;‘)(%cgi i 5‘@0/%’5633
57 (77). demineralized water was adH&ﬂNPLEgS(BB mol) of (S)-4-
(4R-Cis)-1-1-Di y ) _

1, 3-di oxane- 4- acli:r)gta e%?@d?o@ﬁ@?gﬂg bcadar a'ttﬁr'g’tl ter (Example 3)

[R- (R, R*)] -1, | dbisastliwactiy|8 L of ethano The reaction mixture was

6-cyano- 3, 5- di he@Pede@iwai € hours at :rooﬁ?rr wde n]zﬁel dig@ishy! et hyl
6- cyano- 5- hydr oxy- 3- 0XO0- hexan ate %%arrp e 4 pI’OXI nmat el 52

mol , wasi3 ° agetahs df3 - bovas orddety o fedy
met hanol under aayéﬁsuyﬁréuammeheaeto Ebpsraebutrume 1ower\u§hé5u&ed to

-85[err] C and 2& é¥ é%éxgggﬁg OLO a 50 gallon vessel contalnlng
' 2.5 kg of sodium chloride and 65 L of ethyl acetate,.
the mixture was agitated and the layers allowed to
20 separate, and the lower agqueous layer was cut off. The
organic layers were.cohbined_and concentrated in vacuo.
The residue was distilled to afford 3.1 kg of the title
compound; bp 110-125°C. 0.5 mm Hg; optical rotation
[@}3> = - 33.1° (C = 1.08, chloroform);
25 VPC: 30 meter DB-5 capillary column 100 (2) to
280 (15) at 15°C/minute, 7.28 minutes retention time,
95.6% area. _
1p NMR (200 MHz, CDCl3): & 4.36 (q, 1H), 4.18 (q, 2H),
3.84 (bs, 1H), 2.64 (m, 4H), 1.29 (t, 3H).
30

Step B: Preparation of (SR)-1.1-Dimethylethyl
bt — d = (o)

To a stirred -50°C solution of lithium
diisopropylamide (100 kg of 2 M) in tetrahydrofuran-
35 heptane was added tertiary-butyl acetate (30 kg,

255 mol) followed by a rinse of 3 kg of




-~

met hoxy- di ey bfgdsgne i n tetrahydrofuran was added. The reagidofs zq
cooled to -97[err]C and 3.6 kg (126 nol) of sodi um borohydri was
added in 0.2 kg portions over 35 3 hours.. The reaction was maintai ned
bet ween -93[err] C and -85[err]C for ; hours and allowed to warmto
room WO 98/ 04543 PCT/ US97/ 11654

- 20- ta 1 I ; n_

at nosphere. Th%ﬁf%ﬁoﬁgagueﬁgﬁeghe q‘t’%g%%d:{{hc? sﬁﬂéd(]&? 4% E .
(118.5 nol ) acetd c 3¢ dfandS6omdertested (BY -4~ cyanoznhyderbutarion to
an oil. Ther de é‘@ﬁy15este£1' §§Q5¥eg)w(tllb 4& L & )h la

concentrated by vacuum I'Tation, redissol ved wi_t h 44 L of
net hanol , and 501Ut1?@cbﬂc%ﬁt ?‘at E‘G betradydrofiusan was dhan %ﬁ@%ﬂ at®r own

oi |. Thi% oi | léﬁslﬁlﬁﬁukeof ehiay reacdlide mixture antk Wsiegedi t h

30°'L of ‘deioniz The et tate lLuti on. wa oncentrated -
by vacuum fe‘tﬁ%l’f‘ﬁ??ﬁﬁstﬁggi'é t k8 tgﬁg &ﬂ?g r‘? W‘f

1, 1-di et hyl et 1240 & oy£in0°8, 3- th;duemybehydmﬁc&;lmq:racld solmwed

wi t hout further ur|f| o] 1

(4R-Gi s)-1, 1-dix Hs hyqlé%%g fayer é%sc%‘%%egﬁgdl ’thgqifofthyl

3- di oxane- 4 acetceitate, the aquegnaddayrx( Rasts)e]palram mgtdqyl et hyl
6-cyanoy3, reext%MQaO%yieﬁxga%eo&s&ny&) a(:%%wl rﬂi;eeléscé&é@é) was

di ssol ve |n 67 2, 2-di net'hox Qane and 38 of acet one.
Met hanesul f oni @%&iGPRRETeq ) av«sscaaa@a rated maﬁ’&"c“t‘?e %lﬁﬁﬁ‘tﬁfi FFY4e

for 2 hours at rscrﬂml ,1-diméehPpeethiile6- A&hﬁb-Bhﬁyﬁi@xﬁﬂ-@ncﬁ:fo-50 L of
aqueous i um bi car bopat e _and, 80 acetlalte

. Lhe
reaction was afiTRIRPTE N +‘é eV28SsBgk, éf%atgﬁ s@f‘&’grﬁ M3hyer
diluted with 8@>1jrnﬁlém>dajnecolﬂ'zhn ohgamatography Iomydfrla\sas sidsite] ge times

W th 109_5L of W‘?Ltuegz.énﬁfvse{h ’gﬁﬁﬁﬂgegiﬁﬁi' %’&e@é gLacuum distillation, the

resi due~Was Crystals forned upon
cooling to prO\}lfbléTMB) 1260 mzpr@ﬂ%’lbj)as 4n48f KmphilHa, 3.58 (bs, 1H),

3.43 (s, 2H), 2.88 (d, 2H), 2.61 (m, 2H), 1.48 (s, 9HY.

Mass spectrum (MS) (EI) m/e, (%): 229 (3), 228 (26),

173 (10), 172 (100), 154 (62), 112 (30), 59 (50), '
20 57 (77). - ' ' o

EXAMPLE 5

- 25 Step A: Preparation of [R-(R* . R*)1-1.]1-Dimethylethyl
Crude (5R)-1,1-dimethylethyl 6-cyano-5-hydroxy-3-

oxo-hexanoate (Example 4), approximately 52 mol, was
dissolved in 90 L of tetrahydrofuran and 19 L of

30 methanol under a nitrogen atmosphere. This solution
was cooled to -85°C and 24 L of a 50% solution of
methoxy-diethylborane in tetrahydrofuran was added.
The reaction was cooled to -97°C and 3.6 kg (126 mol)
of sodium borohydride was added in 0.2 kg portions over

35 . 3 hours. The reaction was maintained between -93°C and

-85°C for 5 hours and allowed to warm to room




30 _- solid |l ection by filtration and dryi ng.. Thi s
mat eri al ‘?éé?’@??gl lized by dissolving in 80 L of heﬂ’tq‘ﬁlésgﬂglm

vvarm'ngto 50[err]C cooling slowy to 10[err]C, and col l ecting the
product by filtration. After dryi ng, 9.1 kg of (4R-cis)-1,1-dinethyl
6- cyanonet hyl -2,2- 35 - dinethyl -1, 3-di oxak@-4-acetate was obtai ned as an
off-white solid; np 64.7-68[err]C WO 98/ 04543

PCT/ US97/ 11654 temperature and stand for 10 hours umder a nltrogFgrr]H

NVR (200 Mz, QQEH@%phére [ erhi 4e3&uwaniuas dudiscked By)the addit2ohb
(d, 2H, J =6 g54Hz

1H), 1.79. (dt <|3_¥ 7 g El_‘ilze(g]molf)j?zaf%%c( ﬁ%ld a% c('%nc%ln_f):ra?égg

9H), 1.42-(s, SH)acuﬁm distilBatipnlip an oil. [ efheé CrédRIGEOwasiz,

5 81, 50,57, otigsolfsachti 48 r e, Mrthnor, contbesEul. o0 il

Spect r omet ry (GGlmllﬂ-%tlQEAf redissolyedl wigh 44880 qi?one‘s@anglz, 48d 41.

Fouri er TranSf0rP&é@ﬂééﬁ€9a§eecBYO%%%H&AHEB§9111§¥ion to %iv84; ﬂro&ﬁlG 2,
1154.8, 1188.3, 1257.7, 1293 .

2983.5, 2996. 4 dﬁf%fr]Thlslgll was taken up in 90 L of etgg%magpgate

84R'O s)-1,1-di r@ﬁ@%&éﬁ&& ﬁi(:ﬁ 30i noeifhdeiohized waterdl nMeheyethy3
i oxane

cet at ution of 1 d| met hyl et hyl
6 cyanonely! - 5. SEEFAEEHGPLIEIOR; ok ORRRIRESS Y VaoslLE £ ™5 5 kg
(30.5 nmol) in 10@1¢tbila‘eibnnub give theortitile rtgarﬂﬁoxhgdpf[nﬂhgdrnas]-
amoni a was reacje yr sq
inch (psi) at i f‘ %F ¥ &thxlit %ei%eé.g.ﬁszeéj%%gé?o %’@gﬁe’ ?ﬁ&aney
ni ckel doped wi twa%mngmnﬁ Apgdheg Rt igat k- 25 of hydrogen
had ceased, the m xture was cooled to 20[err]C, t he at nosphere was

vent ed and exchanged for nitrogen,, _and_the sl urm gs Ii I teEed,
concent r at®d by - - =

crude [R-(R*,R*)]-1,1-dimethylethyl 6-cyano-3,5-

-dihydroxyhexanoate (Step A) (approximately 50 mol) was
dissolved in 67.5 L of 2,2-dimethoxypropane and 38.0 L

20 of acetone. Methanesulfonic acid (167 mL) was added,
and the solution stirred For 2 hours at room
temperature.. After the addition of 50 L of agqueous
‘'sodium bicarbonate and 80 L of ethyl acetate, the
reaction was agitated, the layers separated, and the

25 organic layer diluted with 80 L of hexane. The organic
layer was washed two times with 100 L of water. After
concentration by vacuum distillation, the residue was
dissolved in 80 i of warm hexane. Crystals formed upon
cooling to provide 10.1 kg of product as an off-white

30 solid after collection by filtration and drying. This
material was recrystallized by dissolving in 80 L of
heptane by warming to 50°C, cooling slowly to 10°C, and
collecting the product by filtration. After drying,
9.1 kg of (4this)-l,1-dimétﬁyl-6-cyanomethyl-2,2-

35 dimethyl-l,3-dioxane-4-acetaté was obtained as an

off-white solid; mp 64.7-68°C.




di st~i |l ati on wo®s04s3si | | ed under vacuumto give 7.8 kg *lCTI0SETAES]
(4R-cis)-1,1-dinmethylethyl 6-(2- 30

am noet hyl ) -2, 2-di net hyl - 1, 3-di oxane-4-acetate as a clear oil; bp
125-135[err]C at 0.5 nmm Hg. 1H NWR (290 MHz, CDCl[err]): 4.12 (m
1H, 3.82 (m 1H), 2.66 (t, J =6.6 , 2H), 2.29 (dd, J = 15.1 Hz,

7.0 H, 1H), 2. (H?R 200103, Hepch 3 :H2 514). 3233 m, 1ﬁbéﬂiﬂi@BSﬁﬂllﬁ :
1.31 (s, 12H), 1. s, 3H), 1.0-1.72 (1R WD 93] 0454
PCT/ US97/ 11654 2.55 (d, 28, J = 6.1 Hz), 2.5-2.7 "(my1H), 2.40[é§¢]c NVR
ggosl\ﬁéé gDC%%erSﬁ]%é)e([Jﬁrgk,é@@-.g,'nﬂ&iH)$0-12.,7967(d%, J =22.§8%21, 171:2), 6,58
.0, .o, . .U, . U, . e: , , ,
142, 140, 114, 143;1 Hz, §Hiooi-§g, (§7, 3‘7‘2:%. §s/ 9%1%14 é'("r?eaei’f 31%%1. 6,
1159.9, 1201.1; 12%6.@n, 138%.3, 1368.3, 1381.2, 1731.0, 2870. 3,

2939.8, 2980.9, 13 3382. 2-cni L
EXAMPLE 7 10 c nMr3P86 Mmg M 8bELyy: 5 19.74, 25.09, 28.24, 29.88,

(+)4-Fluoro-[err35[28ne4Ryb01-6RegPon§b] Bfler BP-8Xo- K9 -dib,] -116 .68,

di phenyl benzenebj[,uésgpf:gm de mxture of [RR(R*.R], [R-(R*.S*)],
[S(R.R*)] and -(R*,S*)L | soners Step A Pr epar ati on of

4- Met hyl - 3- oxo- NephePipropatography /Mass SpectrgRgfyynd YhEht anddd de
15t _1do ?EimlﬁSiAsw, Oi%%QO%ho,?éaéf-sethxta-,?»?qxo;Naphenyl- .

~pent anam de anpl e, L n exane was treated W

Dot at on undor FRRTHGETRRRRTETR, BETREF SRRRRERECORY (FTIR) (R
benzal dehyde, arghil34 kgrbi6egRaclab4aBetings.3, 124&Gi.4, T2O3r.&s5ulx309.1,

suspensi-on was hff% .to | biX | r eno of, t-gr for 20 hours.
An addi ti onal E%QGJ'?(EQ%()?’ h%gg%élé\r,l\%ggzikg'oﬁgglsééi al acetic acid was
added and reflux continued with water renoval for 1 hour. The

reaction yg xture was cooled to 20[err] Cgkampr,e 6 25[err]C and the product
was isolated by filtration. The 25 roduct was purified by slurring in
hexane at 50[-er rwmmmxﬁu_ﬁ;mmm;iz;
3 hvl 1.3 di -4- tai _ b
A solution of (4R-cis)-1,l-dimethylethyl
6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate
20 (Example 5), 8.2 kg (30.5 mol) in 100 L of methanol
containing 15 kg of anhydrous ammonia was reacted with
hydrogen gas under 50 pounds per square inch (psi) at
30°C in the presence of a slurry of 8 kg of Raney
nickel doped with 1% molybdenum. After 6 hours, uptake
25 of hydrogen had ceased, the mixture was cooled to 20°cC,
the atmosphere was vented and exchanged for nitrogen,
and the slurry was filtered, concentrated by
distillation and distilled under vacuum to give 7.8 kg
of 96% pure (4R-cis)-1,1-dimethylethyl 6-(2-
.-30 aminoethyl)-2,2-dimethyl-1,3-dioxané-4-acetate as a
clear oil; bp 125-135°C at 0.5 mm Hg. | .
1H NMR (200 MHz, CDCl,): 4.12 (m, 1H), 3.82 (m, 1H),
2.66 (t, J = 6.6 Hz, 2H), 2.29 (44, J = 15.1 Hz,
7.0 Hz, 1H), 2.15 (dd, J = 15.1 Hz, 6.2 Hz 1H),

35 1.35-1.45 (m, 3H), 1.31 (s, 12H), 1.22 (s, 3H), 1.0-1.2
(m, 1H) .




60[err]C co d filtréting. The product was slurred | _
w th water gglerric to 25[err]C, filtered, and dried - 'PFﬁnéﬁﬂﬁgﬁfo

yield 110 kg of 4-net hyl - 3- oxo- N- phenyl -
(phenyl net hyl ene) pent anam de, np 143.7-154.4[err]C. 30 - VPC. 30 neter
DB-5 capiltlary colum 50[err]C to 270[err]t? - 15[err]C/mn; 19.33

] t 99. 7% ( Z 2 200
WZ‘“ (Caf)Cl[err]) f%rl%’fRs(ER MHzg: J;/&fl”&, "49 (E'nwa 8.4y | b?/r;]sﬁ(i\ln%;m
7.09 (m 1H), 3.86.{guinte,18H.81. 36.35 36.5,d3066),. 28.0, 196D 98/ 04543
PCT/ US97/ 11654 ' ) - 23- B:
Prepar ati on of (qs/%sF$6%Fo 8?!]?P85n%?ﬁyl}f§' 142'_%40' 114, HFP

pxopropyl J[err] b&@;hB?erBY dVghehyl-benzene- but aneami de
mxture ofg[R (Fiﬁrf%) neat): 951.6, 1159[? (E§*zo§* 1§15(0R*31 Ry)3d1 204,

[ S(R*. Sﬁ)]lsoners sol ution o o -e t hyl™-5-(2-
hydr oxyet hyl ) - 4- h%@ﬁy3thl&ﬁék?uniﬁ?éﬁpde2ﬁﬁ°3ée @9g§ 8, d; rfhydr ous

et hanol was concgfgpapednb¥y . distillation of 275 L of t he et hanol .
Under an argon atnnsphere, . 100 kg (340 nol) of

4- et hyl - 3- oxo- N- phenyl -2- 10 (phenyl net hyl ene) pent anam de (Step A)
47.5 L (340 nol) of trlethylanlnExAmmmE4O L (375 nol) of

4-f| uorobgnz- de we Wi igon was
stirred éﬁ heat-£t : ﬁg;&l slurry

was di ssol ved i ul ting

sol ution was slo~ y poked,; apd. .é * r Qau gé?gfﬁjaédahgéltration.
Washi ng t he ik_%éecrﬁégafe mniﬁ |sopropanoi and drying LN vacuo
afforded 99 kg m#flmaam{-ﬁﬂiﬂﬂhﬂ:“ - NT ~ 2z

oxopropyl]-[err]-oxo-N[ergbheh , , prtanagiiigde as a 20 m xture

o LI 7 C5 Sobbenbebrontyabl 30, -mes TS Moo

(bs, 1H), 8.17 (pentanamideiExafnpde- l)43n(6§012§)0ﬂ5ﬂﬁkdh¢ th=ﬂne&t¢d

1 ?a,glsw. whfn doTedlabe wllbr BiR3cGll brenld) wol o fihadiine 72

47 kg o% benzaldehyde, and 13 kg o glac1al acetic

acid. The resultlng suspension was heated to reflux
20 with removal of water for 20 hours. An additional
396 kg of hexane and 3 kg of glacial acetic acid was
added and reflux continued with water removal for
1 hour. The reaction mixture was cooled to 20°C to
25°C, and the product was isolated by filtration. The
25 prbduct was purified by slurring in hexane at 50°C to
60°C, cooling, ahd filtrating. The product was slurred
twice with water at 20°C to 25°C, filtered, and dried
in vacuo to yield 110 kg of 4-methyl-3-oxo-N-phenyl-2-
(phenyimethylene)pentanamide, mp 143.7-154.4°C.
30 VPC: 30 meter DB-5 capillary column 50°C to 270°C at
15°C/min; 19.33 minutes, 99.7% (area).
GC/MS: M/Z 293 [M]™*. '
g NMR (200 MHz, CDCly): & 8.01 (bs, 1H), 7.49 (m,
5H), 7.28 (m, 5H), 7.09 (m, 1H), 3.30 (gquint, 1H), 1.16

35 © (d, 6H).




(Acetoni tri | Wao28/04888/dr of ur an: water) (40: 25:55) Econosi [POTyusa7i11654

5(err], 25 cm 1.0 nL/mn, 254 nm 16.77 mnutes, 99.2% (area). 30
EXAVPLE 8 [R-(R*, R*)1-2-(4-Fl uorophenyl)-[err],

[err]-dihydroxy-5-(I- . nethylethyl)-Zphenyl -4- rpheny

am nocar bonyl ] -1 H pyrrol e-1-heptanoic acid, calci um salt (2:1) 35
Asolutlonof( -1, +0 24 - -1-

am noet hyl ) - 2, nmet hyl - 1, 3-di ox -4-acetahe,. . 7,8 k WO 98/ 04543

PCT/ US97/ 11654 — (Exanpl e 6),
()4-fluoro-a-[2-nethyl - o : 4 , R
-di phenyl benzenebut aneam q n
[SR,R*)] and [ S (F KT
5 of Bivalic acid |sollmq_n fﬂeﬁath’he& 3b9L°fH3' :
reflux for 40 h Lt t

&Ly' = ﬁ(?&hﬁﬁl.) 4%1&’1‘?3?1191995@311um brondideltied 3¥d Iy, We L

tert-butyl neth nmet hanol then washed with dilute
sodi um hydr oxi d@anhydrousg @lt}@ch)l VR § lﬁ%nthBEeé by, disdd il ion bt

renoved 10 By sdirSidd td QUthandlE. Prosist ghl avgont Akaidsphdre,

nmet hanol (75.0 L) and 1. 7% charged and
the reaction m 208 &t |3\A1'°eg“9§'t %grﬁ met;.lhyk ganﬁﬁf’agaﬁ’gef’é’rl'lzz hour s. '
sol utioniof 4.0 (b@e@ﬁ;l&%hylene)mthmﬂwdeoxsdepl n)20 417 . D/ve(t3am \ml)

mixtire ws di) fed RS A RETE (ATR b5, RS eLabiDSRE PT

- w——

met hyl et her (4@adle)1ydﬁmvmjmd -ayéI‘he resultingaseilig icne V{ﬁﬂ)duct was
acidified wth gglf%%dB aiiﬁ heated 3a7t/‘)75‘b 1'Qo|-8WaE:e'fo§n§3t HRALP ih

tert-butyl neth (200.L) . product acid was Iuted W th
net hanol ~ (66. 0 §)1ua'ﬁar Q@ﬁorﬂﬁ%mq Hn %oQgLo‘PfSQWPr°Pan°§od‘i%rﬁ%ﬁf oxi de
in 134 Laef watQhefﬁbé%lﬁﬂdyﬂsaiu£33h was sléwligoudopedjueind ayps was

i sol ated and heate refl.u 16. hours € soI t| on was cool ed
then washed witRT & ’tsé’ilt‘tﬁﬁﬁy r&’tlzva%f‘ﬁ%r (Y%?p’%ng) ®The product
sal t precipltate with isopropanol and drying in vacuo . s

afforded 99 kg of (*) 4-fluoro-a-[2-methyl-1-
oxopropyl] -y-oxo-N-B-diphenylbenzenebutaneamide as a
20 °  mixture of [R-(R*,R*)], [R-(R*,8*)], [S-(R*,R*)] and
[S-(R*,S*)] isomers; mp 206.8-207.6°C. _
1y NMR (200 MHz, CDCly): & 9.41 (bs, 1H), 8.17 (44,
2H), 6.98-7.43 (m, 12H), 5.51 (4, J = 11 Hz, 1lH), 4.91
(d, J = 11 Hz, 1H), 2.98 (quin., 1H), 1.22 (d, 3H),
25 1.03 (4, 3H).
High Pressure Liguid Chromatography (HPLC):
(Acetonitrile:tetrahydrofuran:water) (40:25:55)
Econosil Cqg, 5u, 25 cm, 1.0 mL/min, 254 nm,
16.77 minutes, 99.2% (area).
30

EXAMPLE 8

35 A solution of (4R-cis)-1,1-dimethylethyl 6-(2-
aminoethyl)-2,2-dimethyl-1,3-dioxane-~4-acetate, 7.8 kg




was di | ut ed (134 L) and 2.50 kg of cal cium | I.n_66
L-water was a agkﬂ)\ﬁgr?d the reaction m xture stirred at %ﬁ@g&“l&‘

tenperature for 1.2 hours as t he product precipitated. The cal ci um
salt was taken 30 up in ethyl acetate/ hept ane (128 L/70 L) at 50[err]C,
and the aqueous phase extracted aga “with ethyl acetate/.

hept ane (60.0 L/42.0 t 50 r The ¢ extracts
were washed wi t AEXAPRES %ds (,‘Erkle) thgl‘%?cr&ﬁg[;? &ﬁ%t%%f°ggi‘&t ¥on (0.63
kg cal ci um acet eke- NHBJ:aaplhesﬁrl benmﬂmdmmic_ielanm)tunedofhe pr oduct
preci pi t at ed fr?ﬁ]mb%s}‘&ézg [tkqt(R(*S’(H,e)r]r'] Ci)s_q{,g’aﬁuﬁ sgglaent s. The product

salt cake
PCT/ US97/ 11654 [S-(R*,S*)]isomers, 12.8 kg (Example57), and 2.hakgwashed

i th hept /et t t kgld 10.1
LG et 0! pa6anaLte 04 ifherlzcbr ILe%eﬁFgan%/wqgrmﬁ%&egﬁ{;ceh o

9.82 (s, 1H) 7a52reélux for 424)?10117-”922 (Fhe fﬁ‘l)lutrl% L e a%£e¢'oo (m
2H), 5.75 (5 QilutedHwith 99 €S tel)-butyd6 rethyl)etBer 9and) 52601, 3

51y, 1061 57 paraappl cheh vashiad @w@%”%%wéo%é@méwﬁée[em

178.4, 166.2, 168126 L), dilbfe GCI113%$24.6 136, G;hé:B4t193 d38Bvédnt 188mdved

1175 10 " iy gustilifrign’s e o o gy eqten fy 157 3

PREPARATI ON OF sEpRantbG WRﬁERIADSaﬂg 1.6 kg 37% HCl in 15 L water WxaMPLE

A 4- thh?* aOaHapQﬁ@VH@@Bﬁ%ﬁﬂ“ﬁ%&ture stlrredpaﬁhfgsmneCked 12
L-round bottom equl p with a mechanjcal stirrer,

t her monet er, anEIeBEFrB‘p'uEG For ficr b(ﬂ"srﬁ 11 & iHWtelor Hat g%dov\l‘?hoﬁ BOB of
t ol uene, s&diﬁmkﬁ a¥dxTde) if 2UGE 4rad WaS- SkLPead aanat e and

729, (198 o) ot el Cned g T e Moy ahEEd L 0o
brought to reflﬂixauﬂedwablmeutad\mith water (112 L) and washed with
tert-butyl methyl ether (400 L). The aqueous layer -
- containing the product was. acidified with HCl (3.8 kg -
37%) in 10 L water and taken up in tert-butyl methyl
20 ether (200 L). The product acid was diluted with
methanol (66.0 L) and saponified with 1.8 kg of 50%
sodium hydroxide in 134 L of water for 30 minutes. The
aqueous product layer was isolated and heated at reflux
for 16 hours. The solution was cooled then washed with
- 25 tert-butyl methyl ether (167.5 L). The product salt
was diluted with water (134 L) and 2.50 kg of calcium
acetate in 66 L water was added and the reaction
mixture stirred at room temperature for 1.2 hours as
the product precipitated. The calcium salt was taken
30 up in ethyl acetate/heptane (128 L/70 L) at 50°C, and
' the aqueous phase extracted again with ethyl acetate/
heptane (60.0 L/42.0 L) at 50°C. The combined organic
extracts were washed with an agqueous calcium acetate/
methanol solution (0.63 kg calcium acetate in 165 L
35 ‘water/methanol 10:1), and the product precipitated from

the hot (50°C) organic solvents. The product salt cake




25 “start ewp9s/dsser 40 nminutes, a further 0.245 kg of PCWTUSITNE6540S
charged and, at 40 mnute intervals, a - further two portions of

aniline (0.245 and 0.25 kgQ) were charged. Distillation was continued
for a further 1 to 5 hours until a tewal of 985 nL of solvent was 30
renoved. The solution was stirred at roomtenperature for 16 hours,

and a further 550, glygfnsal wekh Weptane/etKENDHEEtRYevanduihensdiriledt i on
(at approxi mately

- 85 mm .. .The m xture s,cool ed, . and 2 L .of

wat er mas“%@%FgEGCPBmpFBUgéglgh%61Ff k9t '%%br%gmﬁgl&ﬁrﬁﬁhl%s -
t_oI 140|[_err]C, ?no;in ﬁmn} beoolMAzl DMSEeldy) wasd 'cmasgeds; 1H), 7S&2edhundred
MV ters of ‘tgl yens ugt of, MokUr e W (m, 4my, P48/ 04543y, 575 (o
PCT/ US97/ 11654 e , BHYT s @Y M 2H) y 2 dVed Sy
vacuum di i | | at1®n, (4pPPoxsmafl8)y 3.96 (mR0 M Hg3 : 79 T, | RHEr s 3eh4ndmer
were charged, a he hhur ¢ alil qued 3@y standgf og, 19n§ays. s§hey,
product was Ti;ifs%fgéeémggthlti%gﬁbﬁ andjgéshed mﬁ?ﬁ thrge portigﬁé 5
of hexane. Dryi4®)inlvatnéd-davém:, g of 4-nmethyl-3-
08806 ¢ et ent 1 on 1 e . ol (r o) v et 85055 op a

. 8% - 3, , :
dry basis. 15‘5/@.3 é%i;fs%-lggr@m ¢ Tﬁ'né%:‘gs #f’%u{’es-{‘sérgo ig.889/o’10
ani | i ne (econpasision)127.6, 12W0O398A24643 123.0, 120.6, 119.4, 117.S,

PCT/US97/ 11654 145 5, 11648 MBs.3, 43.9L 4 &7 046§, 195.11e2BT gPaBR3L 50N
of* a conmpound of : _

PREPARATION OF STARTING MATERIALS

15 :
EXAMPLE A
‘A three-necked, 12 L round bottom flask equipped
with a mechanical stirrer, a thermometer, and set up
20 for distillation was charged with 2.6 L of toluene,

1.73 kg (12 mol) of methyl 4-methyl-3-oxopentanoate and
72 g (1.18 mol) of ethylenediamine. The mixture was
heated to 80°C and charged with 0.49 kg of aniline.
The mixture was brought to reflux and distillation was
25 started. After 40 minutes, a further 0.245 kg of
aniline was charged and, at 40 minute intexvals, a
further two portions of aniline (0.245 and 0.25 kg)
were charged. Distillation was continued for a further
1l to 5 hours until a total of 985 mlL of solvent was
30 removed. The solution was stirred at room temperature
for 16 hours, and a further 550 mL of solvent was
removed by vacuum distillation (at approximately
85 mm Hg). The mixture was cooled, and 2 L of water

was charged to provide an oil. The mixture was warmed
35 to 40°C, and a further 1.0 L of water was charged.

Seven hundred milliliters of toluene/water mixture was




Formula | [er wherein R and Rlerr] are each independentl|y
al kyl of ‘{’b”m‘??om 1 to 3 carbon atonms; and Rerr] is al ky?c S$f1d6841 0
1 to 8 carbon atons, which conprises: Step (a) treating a
car bohydrate substrate in a solvent with hydrogen peroxide in the
presence of a base and subsequent 2&ci dification with an

acid to afford a m xture_conprising, a conpound of 15 Formula IV

OH removed by vacuum distillation (approximately

[err] 20 20 manggyl yC@wioC ldtiets of water were Sh&pgel) aa@dthey the

Formula Il 25 _
11; 30 isolat&epy( €)iltradtiiory dde washedewitht ahpeegpbitions

sompound of For kbt N BAWGPS] lowg. gas 1, TOR'6E Ymetnyr 310

sol vent o comvell the. u1iovea &AM £l PSS!V hRe eosRmROud ©f

oxo-N-phenylpentanamide as a hydrate; mp 46.5-58.8°C.
HPLC: 98.8% - retention time 3.56 minutes,
abetonitrile/water 65:35 on a dry basis.
_ VPC: 87.6% - retention time 12.43 minutes, also 10.8%
10 aniline (decomposition). |




-28- - WO 98/04543 Rlerr]-CH VI pcT/@BoTriess

~wherein err] is as defined above in the presence of an acid
catal yst to affor nd of Fornula V 40

[err] n R2 is as defined spove; and Step

(d) trear”'m,l ”,g, m'm, ontaining a 7 conpound of Forrmula V with

-a conpound of 4 Fornula 1] {# 50 wherein R
Rlerr], and Rerr] are as defi ned above |n t presence of an
acid catalyst to afford a compound 55 of Formula I. 2. A

process according to £l d@iabésﬂhféﬁlahéhpreparatlon oF Rokydipdhme Wt rat e
in Step (a) is selecte fromthe group consisting of: a water

sol ubl e~ cartRRputat L, a dlsaccharlde and a water soluble 5
car bohydrate, a higher oligoner. . A process according to Claim2
wherein the car bohydrate swm %aie is selected fromthe group
consisting of: lactose; maltose; and ;>Zf mal t odextrins.

I

5 o” o

' O
. f -
CHz“"‘"C— OR

wherein R and Rl are each independently alkyl of
from 1 to 3 carbon atoms; and R? is alkyl of from
10 1 to 8 carbon atoms, which comprises:
Step (a) treating a carbohydrate substrate in -
a solvent with hydrogen peroxide in the presence
of a base and subsequent acidification with an
acid to afford a mixture comprising a compound of

L3

15 | Formula IV .

OH

HO-CH, - CH-CH,CO,H o
20

and glycolic acid;

Step (b) removing the solvent to convert the

compound of Formula IV to the compound of

FPormula II
25

IX;

OH

30 Step (c) treating the mixture containing the
compound of Formula II with an alcohol of

FPormula VI




4. A process according to Caim3 wherein the car bohydr at e
4;44+4Q£§Q§ﬁ§-————4w0

subst r at , 98/ 04543 - PCT/US97/11654
PCT/ US97/ 11654 - 29- 5. A process
accor di nglumm“lumﬁnlm{eﬂﬂl n the base in Step (a) is selected from
t he group an aIkaI| ne@&f hydr oxi de; and an al kal i ne
earth nmet al hydr oxi de. . 6. prgcess according to-Caim5
wherein the base is sodlun1hydrOX|dB “OH 7. A process accordi ng
to daiml mherein the acid in Step (a) is selected fromthe group

onS|st|ng hydrochl aori c acjd;, and hydrobrom-c acid. A
process a8cor di ng toWQQIQ%n7Rwhéﬁeﬂ§IQﬁf¥Rﬁ 4y 3Rove in thﬁyHFSEﬁPSP|9faC|d

9. A process accor diag ale@ dCcaitaly sthaicei 1 £dred S9! ¥&fpound of FoRmBIaP W 2)

s water. 10. A process according to Claim1 wherein in Step (b)
the solvent is renoved under vacuum at a tenperature of about
35[err]C to about 75[err]C. 11. A process @Hcording to Claim1l wherein
in Step (c) the al cohol of Formula VI i¥ selected fromthe v
group consisting of: methanol; and et haI?@'-CH2-CH-CH2-C02R2
. 40 '
wherein R2 is as defined above; and
Step (4) treating the mixture containing a
compound of Formula V with a compound of
45 Formula III
I
Rl 1: R III
50

wherein R, R, and R? are as defined above in the
presence of an acid catalyst to afford a compound
55 of Formula I.

2. A process according to Claim 1 wherein the
| carbohydrate substrate in Step (a) is selected
érom the group consisting of: a water soluble
carbohydrate, a disaccharide; and a water socluble
5 carbohydrate, a higher oligomer.

3. A process according to Claim 2 wherein the
carbohydrate substrate is selected from the group
consisting of: 1lactose; maltose; and
maltodextrins.

4. A process according to Claim 3 wherein the

carbohydrate substrate is lactose.




12. A proces g@@( ng in the al coho CTiUSY 7!
nmet hanol . wo o Mﬁl gmammn‘ro Claim1l wherein in gt ep %)11654
the acid catalyst is sel rom t he "group consi sting of:
hydrochl oric acid; sulfuric acid; and par a-t ol uenesul foni ¢ aci d.

14. A process accordlng to Oaim13 wherein tHe acid catal yst is

hydr ochl ori c aci WO 4 . .
PCT/ US97/ 11654 A process acg ?é%ng to Claim ;*ﬁkereln thi5§asi in

process according to Stepmd)wherseherhedt gopdfthe group consbstbngorfid of
Formula 111 is selectgg Liﬁglihﬂegal RgdrOXLQ%puﬁdaﬂgﬁEﬁlﬁﬁhfﬁe earth

di met hoxypr opane; and Xypr opane process
according to d ai m 15nekel ehpdraside. conmpound of Forrmula IIl is
di met hoxypr opane. 17. A process according to aim1 wherein the

aci d catalyst in Ste d) .is sele ed fron1the ro .
- consisting of: &-ni r%F°§E?ﬂ;g§%8}§ﬁn8r§8 ﬁ Whereéhﬂéﬁg base is,g

A process accordi ng tsodiamnhidrokedein the acid catal yst is
selected fromthe group consisting of: hydrochl ori ¢ acid; and
par a- tol uenesul foni ¢ aci d. 19. A process according to C aim 18
wherein the aci d7. A process according to Claim 1 wherein the acid in

Step (a) is selected from the group consisting of:
hydrochloric'acid; and hydrobromic acid.

B. A process according to Claim 7 wherein the acid is

hydrochloric acid.

9. A process according to Claim 1 wherein the solvent

in Step (a) is water.

10. A process according to Claim 1 wherein_inlstep {(b)
the solvent is removed under vacuumlat a
temperature'of about 35°C to about 75°C.

11. A process according to Claim 1 wherein in Step (c)
the alcohol of Formula VI is selected from the

group consisting of: methanol; and ethanol.

12. A process according to Claim 11 wherein the
alcohol is methanol.

13. A process according to Claim 1 wherein in Step (c)
the acid catalyst is selected from the group
consisting of: hydrochloric acid; sulfuric acid;
and para-toluenesulfonic acid. '

14. A process according to.Claim 13 wherein the acid

catalyst is hydfochldric acid.




st T, " S

(S)-3,4-0isopropyl i dene'3, 4 * dlhydroxybutanoate 21. A
process for the preparation of a conpound of Formula Il a

[err] wherein Rlerr] is alkyl ot3from1 to 8 carbon atons,

whi ch conprises: 10 Step_(a) treating a carbohydrate substrate
in a éélveﬁ:RMQQ?%ENRQER##%ESo&?d%lFﬁmtHeWBF§§éHcén Step (d)

of a base and subsequaeMe aInPpdur@tioPNFPtHBLANITIT 1s s&ﬁb&ﬂéﬁ4$43m the

PCT/ US97/ 11654 acid to

afford a mxture compFRaURy GRS L RAInet dlmethongr?BPﬁﬁr apd 15

CH _ ~ diethoxypropanéV [err]

20 and gl ycolic acid; Step (b) renoving the sol vent
to convert the conpound of Fornmula IV to the conmpound of

Formul a 1|1 16. A process according to Claim 15 wherein the

compound of Formula III is dimethoxypropane.

17. A process according to Claim 1 wherein the acid
catalyst in Step (d) is selected from the group
consisting of: a mineral acid; and an organic
acid. |

18. A process accofding to Claim 17 wherein the acid
" catalyst is selected from the group consisting of:
hydrochloric acid; and para-toluenesulfonic aciq.

19. A process according to Claim 18 wherein the acid
catalyst is para-toluenesulfonic acid.

20. A process according to Claim 1 for the preparation
of methyl (S)-3,4-0O-isopropylidene-3,4-
dihydroxybutanoate.

21. A process for the preparation of a compound of
Formula Ia

2 .
H3?><?R
5 ' , _ Ia

Q O

1,

Q=0

OR?

‘wherein R? is alkyl of from 1 to 8 carbon atoms,
which comprises: .

10 Step (a) treating a carbohydrate substrate in
a solvent with hydrogen peroxide in the presence

of a base and subsequent acidification with an




['err’] WO 98/04543 ng the m xture contai Nppgnistfiess
corrpound of Formul a II mlmgm(l IHﬂ“m Formul a Vi

Rl err]- rein Rlerr] is as defined above in
t he presence of an acid catal yst tglafford a corrpound of Formul a
\% 40 [err]

wherein Rerr] is as Jald 080 AORYAL Mlixture comprisind O éhdao,a 53hiN
the m xture containing a conpoung Ig—?mpnuJ] a a conmpound of
Formula Illa of FormUJ-a Iv H[err]C-C(OQ[err])[err]

I11a 15 -32- 50 wherein R2
I s*as .defined above in the presence of an acid catalyst to

af ford a conmpound of Fornula la. QH

Iv

20 and glycolic acid; _
Step (b) removing the solvent to convert the
compound of Formula IV to the compound of
Formula II

25 - o]
II;

OH

Step (c) treating the mixture containing the
30 compound of Formula II with an alcohol of

Formula VI
R?-0H - vI
35 wherein R? is as=definea'above in the presence of
an acid catalyst to afford a compound of Formula V

OH

wherein R? is as defined above; and
Step (d) treating the mixture containing a
45 compound of Formula V with a compound of

Formula IIIa

' H3C-C(OR?), _ IIIa




—————

o AR <7 7, R

a water sol uble * ¢ cdrbd hydrate a di saccharide; and a water
soluble 5 car bohydrate, a higher ol | oner . 23. A process
according to Caim 22 wherein the 2arbohydrate substrate is

sel ected fromthe group consisting of: lactose; naltose; and
mal t odex@Q i ns. wherein R pridc & Agiddred RPP¥e 3-8 Fe3PHAEPEFR Phe

carbohydrate substragg heibach®3yst to affdbd A pompeandaetording to
Claim 21 wherein the_base in Step (a) is selected fromthe

group consi sting Formula I3 an alkali netal hydr oxi de; and an al kal i ne
earth metal hydroxi de. 26. A process according to Claim 25 wherein

the bdse %hgrggggﬁméaﬂg¥a&ﬁ§3to aﬁm(2% whefeRhOt ﬁ%s accordi ng

to daim21 whef8in I's selected fromthe
group consi sting carbohydnﬂtetﬁnhak#ﬁtﬁlknaﬁtﬁP had h?dﬁ@%ﬁ@#ﬁé aci d.

28. A process accor dj [ @ne Yy S Eididdeoscid water solubile
hydr ochl ori ¢ aci d. £28n 3 u%|>Z)rocess acc%r (leng ta8 Claim 21 whe (il n the

solvent in Step (a) Férhﬁ’?‘éﬂdrate' \RD D arenr vater solu
PCT/ US97/¢.1654 ~ carbohydrate, a higher oligomer.

23. A process according to Claim 22 wherein the
carbohydrate substrate is selected from the group
consisting of: lactose; maltose; and '
maltodextrins.

24. A process according to Claim 23 wherein the
carbohydrate substrate is lactose.

'25. A process according to Claim 21 wherein the base
in Step (a) is selected from the group consisting
of: an alkali metal hydroxide; and an alkaline
earth metal hydroxide.

26. A process according to Claim 25 wherein the base
is sodium hydroxide. '

27. A process according to Claim 21 wherein the acid
in sStep (a) is selected from the group consisting
of: hydrochloric acid; and hydrobromic acid.

28. A process according to Claim 27 wherein the acid
is hydrochloric acid.

29. a procéss according to Claim 21 wherein the

solvent in Step (a) is water.




-33- 30.whoBHPRsSS aﬁ ﬂ 21 wherein in PCTAISHF/1 1634
the solvent is renoved u mﬂmﬂ"m" ,ﬂ"r tenperature of about

" 35[err]C to about 75[err]C. © ' #1.SA process according to Oaim 21

wherein in Step (c) the alcohol of Foggula VI is selected
fromthe group consisting of: nethanol; and et hanol . 32. A
process accor di t0,Cl i whedSids 4 1aim 3hcohkeis §®t hanol

33. A process aggdrdf‘né&'ltd(?%sai m 21 %eé]gtl;?l cl:na:.m _ St gp (c) the acid
catalyst is sel ect edStedmithe the solveplubs corPEednynder HpgRIBhRS: A
acid; sulfuric tenprbt A PRI Pt UPHes UL 0gbsuCgec, 34, A
process according to Claim33 wherein the acid catal yst is
hydrochloric acid.- =~ - 35. A process according to Caim21 wherein in

Step (d) the coppQundl @frdceissilacdddding &l @it 21 whereinommt he group
consisting of: trimethyl ort hgacetate:, and.trjethyl orthoacetate.
36. A process accord%’ﬁ"&ﬂ d étlrfﬁ ﬁﬁé&gi% t %rmula Vi t‘,‘%nﬁSEﬁﬁgg For mul a
Il1la is trinmethyl from tire loangt atansisting@7of A pmetbhasod¢ccanding to
Claim 21 wherein the %%iaqlo catalyst in Step (d) is selected fromthe
gr oup consi sfi ng ofl:’ a mneral acid; and an organic aci d.

32. A process according to Claim 31 wherein the
alcohol is methanol.

33. A process according to Claim 21 wherein in
Step (c¢) the acid catalyst is selected from the
group consisting of: hydrochloric acid: sulfuric
acid; and p.ar'a-toluenesulfonic acid.

L

-

34. A process aqéordipg”to Claim 33 wherein the acid
catalyst is hydrochloric acid.

35. A process'according to Claim 21 wherein in
Step (d) the compound of Formula IIIa is selected
from the group consisting of: trimethyl
orthoacetate; and triethyl orthoacetate.

36. A process according to Claim 35 wherein the
' compound of Formula IIIa is trimethyl
orthoacetate.

37. A process according to Claim 21 wherein the acid
catalyst in Step (d) is selected from the group
consisting of: a mineral acid; and an organic

acid.




- 34- 6; I“m‘ 37 wherein the acid catal yst is
sel ect ed fro rou mﬂ Hﬂﬂt““ﬂ‘ hydrochl oric aci d; PEHHSI/11654 .
par a- toluenesulfonlc aci m ASprbcess accordlng to O ai m 38 wherein

the acid catal yst is para- toI uenesul foni ¢ aci d.
' -34-

38. A process according to Claim 37 wherein the acid
catalyst is selected from the group consisting of:
hydrochloric acid; and para-toluenesulfonic acid.

39. A process according to Claim 38 wherein the acid

catalyst is para-toluenesulfonic acid.




