o . : , Dg.Sachbearbene:
-1-: Descri:ption Process for preparing tert-butyl (3R 58) .
* -6-hydroxys3, 5-0- isopropylidene-3, 5-di hydroxyhexanoat e &4 7% 369-¢

(3R, 53) - 6- hydroxy 3, 5- O i‘'gopr opyl i dene- 3, 5- dlhydroxyhexanoate /hﬁ?
fornula |- i[erﬂ

HOECHST AKTIENG‘ESEL_LSCHAFT HOE 92/F 200 Dr. D/bs
'

Description

Process for'prepariﬁg'tert-butyl (3R,SS)?6-hydroxy-3,5-O-

isopropylidene-3,5-dihydroxyhexanoate '

5 tert-Butyl (3R,SS)-6-hydroxy-3,5-O—isopr6pylidene-3,5—
dihydroxyhexanoate of the formula I
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is a valuable structural ‘element for preparlng inhibitors
- of HMG-CoA reductase [EP-A-O319847 correspondlng to US
10 Patents No. 4,970,313 and No. 4,977,279; H. Jendralla et
al., J. Med. Chem. 34, 2962 (1991) and earlier works
cited therein, and German - Patent Application
P 4128345.7]. After oral administration, the latter lower
_ the plasma cholesterol level in humans (M.J.T.M. Mol et
15 al., Lancet 1986 936) and thereby reduce the risk of
coronary heart diseases [LRC-CPPT J.Am. Med. Assoc. 251,

351 and 365 (1984)].

A process for preparing the compound of the formula I,
starting from (48;68)-7—benzyloxy-4,6-dihydroxyhept-1-
20 ene, is proposed in German Patent Application.
P 41 28 345.7. |
The preparation of thé compound of the formula I, start-
ing from L-malic acid, is described in EP-A-0319847. Via
_the route described, inhibitors of HMG-CoA reductase are
25 readily accessible on a laboratory scale [see comparison
of the synthetic pathways ir: J. Med. Chem._ 34, 2962 -
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is a valuable structural elenent for preparing inhibitors of HV&G CoA

reductase [[EP- A-0319847 corresponding to US Patents No. -4,970, 313 and No.

4,977,279; H Jendralla et al., J. Mzd2 Chem 34, 2962 (1991) and earlier
works cited therein, and Ger man. Pate t li.cation 345.7].
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It has now been found that the compound of the formula I
can be advantageously prepared from the economically
priced ethyl' w-chlorocacetoacetate or, with the
elimination of one synthetic stép, from the likewise
commercially available ethyl w-benzyloxyacetoacetate.

The invention therefore relates to a process for prepar-

'ing the compound of the formula I, wherein ethyl o-

benzyloxyacetoacetate of the formula II

0 0

BnO_\/U\/“\ _ . II

Ot t

is asymmetrically hydrogenated to give éthyl_ 2(S)-hy-
droxy-3-benzyloxybutyrate of the formula III,

OH 0

BnO\/k/u\ III

ott

the ﬁ hydroxy ester of the formula III is converted by
means of a Claisen condensation into the B-keto-3- (S)-'

hydroxy ester of the formula IV,
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the route described, inhibitors of HMG CoA reductase are readily accessible
on a l.aboratory scale [ see conparison of the synthetic pathways in J. Md.
Chem 34, 2962 -3 - - 2 - (1991)]. However, on
an enlarged i ndustrial scale, this process,-too, gives rise to problens

The main problemis the non- crystalll e napure of all the internedi@tes and
of the synthon of the fornula |,9%n tlrn ki ng several chromatographic
purifications extrenely necessar now been found that the
conpound of the fornul aBn@ sly prepared fromthe
economically priced ethyl [ acet cadk+at-Bu or, W th t he
elimnation of one synthetic step, fromthe |ikew se commercially avail abl e
et hyl [err]-benzyl oxyacet oacet at e.

the resultant ester of the formula IV is converted by
diastereoselective reduction into tert-butyl 3(R),5(S)-
dihydroxy-6-benzyloxyhexancate of the formula V,

. . OH OH 0_ . ' ' .
5 . ' ' '
. BnO
h ' 0-t-Bu :

the hydroxyl groups in the dihydroxy ester of the formula
V are protected, with the formation of the acetonide of
the formula VI,

CH
H3‘:\(:/
' AN VI
0 0 '

BnO
Q0-t-8u

10 and the benzyl protective group is removed from the
acetonide of the formula VI, with the formation of the
compound of the formula I.

The compound of the formula II is commercially available
or can be obtained in a known manner from ethyl w-chloro-

15 “acetoacetate. The principle of the process is evident
from the following scheme:
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The'invention therefore relates to a process for prepar- |ng the corrpound

-of the formula I, wherein ethyl [err]- benzyl oxyacetoac

11 [err] is asymmetrically hygragenated to gi ve ﬂ“ml Imm”lm
dr oxy- 3- benzyl oxybutyrate of the formula II1,

[err] Scheme:

synthesis ‘of the lactone structural .element of the
formula I from ethyl w-chlorocacetoacetate

: _ 0 0
ethyl | ' NaQOBn
5 - w-chloroaceto- cl : : ' —>
acetate . OF{
[ ]
0 0 Hy: ow 0

300\)\'/“\ RuCl,((R)-BINAP) _BnO\M CHp-C(Ot~Bu)OH

0E1 : oEt ) >
' , 11

HO 0 0 BEL,; OH OH O

°"°\/\M NoBH,/UeOH sno‘\/'\/'\'/l\ KeyC(OHe);
——————— pTosOH ¢

) - . Ot-Bu
10 Ot-Bu v acetone

CH CH . CH
> s
e 0o 0 Byt PA/Cqy 6 o o
"o\)\)\/u\ e Ho\)\/\/l\
) . 0t=-Bw
vi i

0t-Bu
The process according to the invention is.expediently
carried out as follows. The f-keto ester II is obtained
in- a known manner from ethyl w-chloroacetoacetate, and
15 can be purified without difficulty on a multikilogram
scale by ‘vacuum distillation on a thin-film evaporator.
Asymmetric hydrogenation of compound II yields ethyl
2(S)-hydroxy-3-benzyloxybutyrate of the formula. III. The
asymmetric hydrogehation is preferably carried out
20 according to the principle. of Y. Noyori [M.Kitamura et
al., Tetrahedron Lett. 29. 1555 (1988)] with a
ruthenium(II)-(R)-BINAP catalyst (BINAP is '2,2’=bis-
(diphenylphosphino)-1, 1’-b1.naphthyl) using a s:mel:L:EJ.ed
in-situ preparation of the catalyst [M. K.Ltamura et al. ’
25 Tetrahedron Lett. 32, 4163 (1991)]. While the asymmetric
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the [err]-hydroxy ester of the formula Ill is converted by neans of a.
Cl ai sen condensation into the [err]-keto-[err]-(9)-

formul a 1V,

the formula, IV is converted
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hydrogenation on.%%e concrete substrate of the formula II
is described in the literature (M. Kitamura et al., J.
Am. Chem. Soc. 1988, 110, page 629-631), it is effected
therein, with relatively poor enantioselectivity (78 %
ee) and a relatively poor substrate/catalyst ratio (S/C
700/1), at high hydrogen pressure (100 atm) using “the

catalyst RuBr,[(S)-binap] which, according to footnote 9

(page 630), must be prepared by treating Ru(OCOCH,),(BINAP),
which is difficult to obtain, with two equivalents of HBr.

We have significantly improved the enantioselectivity (up

to 98 % ee), the practicability (use of the readily
available in¥éitu catalyst (in-situ ruthenium(II)
chloride-(R)-BINAP catalyst), use of a substantially
lower hydrogen pressure (<5 atm H,)) and the economy of
this reaction (S:C substantially greater than 1000:1). It
is preferably carried out in an autoclave using a polar
solvent at elevated températufe and under weak hydrogen
pressure, particularly preferably in ethanol at 100°C
under 4 atm hYdfogen for 6-12 hours. In the particularly
preferred procedure, the solvent is subsequently removed
in vacuo and the. residue is purified by vacuum
distillation on a thin-film evapofator. On the multi-
kilogram scale, this reaction can be carried out using a
substrate/catalyst ratio of up to about 2000:1. The
distilled compound of the formula III has a chemical
purity of >98 % (GC) and an optical.purity_of 96-98 % ee
(EPLC analysis on ®Chiralcel OD or 'H-NMR analysis using
®Optishift). The yield is 90-97 % after distillation. The
Claisen condensation of cbmpbund III with an excess of
the enolate of tert-butyl acetate yields the B-keto—&—
(S)-hydroxy ester of the formula IV. Preferably, 4
equivalents of the enolate are produced by reaction with
4 equivalents of LDA (LDA is lithium diisopropylamide) at
-40°C in THF and then reacted at room temperature with
compound III to give compound IV which is crystalline and
can be purified on the multikilo scale by recrystall-

ization or, alternatively, wvia its 1lithium bromide

complex (in analogy with US 4,452,994). The compound of

the formula IV, which is obtained in 75-90 % yield, has

hydr oxy ester of the
“[err] .~ the resultant ester
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di ast ereosel ective reduction into tert-butyl 3(R) ,5(S) -
di hydr.oxy- 6- benzyl oxyhexanoate of the formula V, [err] t he
hydroxyl groups in the dihydroxy esteT ®f~t he fornula V are protected, with

the forrratlé)xrll 8{: tiggla%el}ro. ydeonBS?g f%O”ml a% eé (;ig.rLC] analysis on
' Chiralcel OD). ‘The further reaction. of the crude,
unpurified compouﬁd of the formula IV (see examples) also

yields an end product of the formula I of high quality.

5 Within the whole of the synthesis sequence for preparing
the structural element of the formuia I, no chromato-
graphic purifications of intermediates need be carried
out, since the compounds of the formulae II and III can
readily be purified by distillation, and the compounds of

10 the formulae IV and (or) V can be readily purified via
lithium bromide complexes.

Purified or unpurified product of the formula IV can be
reduced with a very high level of diastereoselectivity to
give tert-bﬁtyl 3(R),5(S)-dihydroxy-6-benzyloxyhexanoate

15 - of the formula V. Preferably, this reduction is carried
out at a low temperature using sodium borohydride/tri-
ethylborane in methanol [ln analogy with K. Narasaka, F.-

C. Pai, Tetrahedron 40, 2233 (1984)]. The use of this
principle for generating the correct relative confiquration

20 of HMG-~CoA reductase inhibitors is known ([EP-A~0319847;
F.G. Kathawala et al., Helv. Chim. Acta 69, 803 (1986)].

The two hydroxyl groups of the compound V are protected

as an acetonide with the formation of compound VI.

- Preferably, this reaction is carried out using acetone

25 dimethyl acetal (2,2;dimethoxypro§ane) with catalysis by
p-toluene-sulfonic acid (95-100 % vyield). The benzyl
protective group‘of compound VI can be removed by means

of catalyfic hydrogenation (cf. P 4128345.7), preferably

in ethyl acetate solution using palladium on charcoal and

30 under about 10 bar of hydrogen; The finished structural
element of the formula I can (with losses) be purified by
distillation or else by chromatography. After
purification, the compound I is obtained in about 70 %
yield (>95 % ee and >99 % chemical purity). Consequently,

35 the overall yield of compound of -the formula.I from
commercially available ester of the formula II is about

40 % over 5 steps.
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and 't he benzyl protective group is renoved fromthe acetonjde.of t he

. formul.a Vi

conmpound of the . fornula II

,.Wth the formation of the conpound of the fornmula I. The
is commerciahkl y avail able or can be obtained in

a known manner fromethyl [err]-chloro- acetoacetate. The principle of the
process is emidlapde f6ON:bhgohal! ewifog %ﬁ:lé@iﬁ:lng optically pure HMG-

-4- Scheme:

10

CoA reductase inhibitors is described in EP~A-0319847.

The following exémples correspond to a preferred embodi-
ment of the novel process. They are not limiting for the

' process with regard to the reagents, catalysts, solvents,

reaction temperatures, pressures, reaction times, and
methods for working up, purification and analysis, which
are used.

Example I

Ethyl e-benzyloxyacetoacetate II

0 0

3

cu-—’/u\”/u\‘°’/\\cu PRl T, <:::>*—— -/H\V/JL\ ’/\\cu, I1

15
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25

benzyl ~ 0 H

7.35 kg of a 55-60 % strength dispersion. of NaH are
suspended in 101.3 1 of toluene. 16.46 1 of benzyl
alcohol are added dropwise at 20-25°C within the space of
one hour. The reaction is slightly exothermic (slight
cooling with brine). The mixture is subsequently stirred
for about 2 hours, at which time no further hydrogen
evolution can be observed. 12.5 kg of ethyl chloroaceto-
acetate are added dropwise, also at 20-25°C, within the
space of 1.5 hours (slightly exothermic, cooling with
brine). Thereafter, the mixture is stirred at RT for a
further 2 hours. Monitoring with GC indicates complete
reaction of the ethyl chloroacetoacetate. The mixture is
made slightly acidic (about pH 4) using 75.50 1 of 2N
citric acid (9.64 kg of citric acid in 67.75 1 of water),
10.00 1 of toluene are added, and the mixture is
extracted with stirring. The agqueous phase is extracted
once again with 10.00 1 of toluene with stirring; The

combined organiq phases'are dried with sodium sulfate and
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synthesis of the |actone structural el ement of the formula | from et hyl

[err]-.chl oroacetoacetate _ - [err] ethyl
[err]-chl oroaceto- acetate [er8] -
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concentrated on a rotary evaporator. The resulting oil is
stirred twice with 2.5 1 of n-heptane on each occasion
(in order to remove the white oil of the NaH). The oil is
separated off. The combined heptane mixtures are left to
stand overnight in the stirrihg vessel, since_some more
oil separates out. The oil  is separated off on the
following morning. The whole of the oil is distilled in
a two-stage thin-film'evaporator at 0.5 mbar, lst mantle
temperature 130°C, 2nd mantle temperature 170°C.

Yield of cbmpound IT: 11.83 kg = 65.6 %, b.p. = 170°C/0.5

torr.

Analysis: 25 m "fused silica" OV1 capillary column,
injector 250°C, detector 280°C, column temp. 100°C for 2
min., at 30°C/min. to 140°C, there 6.5 mn. t_,: benzyl
alcohol 1.2 min., ethyl chlorocacetoacetate 2.0 min.,
compound of the formula II 7.1 min. '

- Example 2

Ethyl 2(8)-hydroxy-3-5enzyloxybutyrate IIT
Asymmetric hydrogenation using a solid in-situ catalyst

1) DMF, 100°C, 10 min
2) S0°C/HYy

1/2 lRuCiz(Ct"s)l: + (R)-BINAP - RuCl,[ (R)-BINAP ) rude
o o RuCl,((R)=81NAPI _ oH )u 0
ano\/l\/u\ et e S 9"0\)\)'\
ot _ 0Et

Principle: M. Kitamura et al., Tetrahedron Lett. 29, 1555
(1988); simplified catalyst preparation, M. Kitamura et
al., Tetrahedron Lett. 32, 4163 (1991).

a) Preparation of the catalyst

A 10.ml flask was M.s mg of benzeneruthenium
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The process according to the invention is expediently

carried out. as

follows. The [err]-keto ester Il is obtained in a known manner from et hyl
[‘err]-chl oroacet oacetate, and can be urified without difficulty on a
mul tikilogram scale by vacuumdistillation on a thin-film evaporator.
Asymmet ri c (B¥dr cdenatiiden dimeonpodndlBl. 7yimg dsf e{Ry+BINAP. 3 ml of

2('S) - hydr opye3- RRREY }gﬂX%EFEW a&goﬁf hgaebégﬁ%@aiéa fJPes x@fﬁ{m”@éféec .

hydrogenation'is pre

era car out accor he princi

Noyori [M RPu&@gr dreoncsg the féﬂ%@eﬂoﬁe%tﬁlu% wqusaagrgcqu
a rutheni gashl)-nd) -dﬂl'\ﬂﬂorﬁa(s?\h nsiéh NMPcotr8iig? tnblﬁtamura et

(diphe yl phgsphi_no pht usi Sl I fi I,n-Ss

pr epar tloﬁ of t‘Y@ é?ﬁT’ g L‘[ﬂ%le' raéﬁﬂ gt 1§I0 cnpél%f Sﬁe %’f‘PT
4163 - (1991hhaﬁd®IallfhaahynnﬁhE|dark-red solution was cooled and
concentrated under pump vacuum, at 50-70°C, while stir-
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ring vigorously (= 5 min), and the remaining solid was
dried for a further 30 min. under complete high vacuum.
It was cooled to RT, gassed with argon and scraped off
the wall with a spatula under argon.

b} Preparation of compound III

The solution of 41.1 o of keto ester (from'Exampie 1) in

40.0 ml of abs. ethanol had been bubbled through with
argon for 2 hr. in a 250 ml.glass'insert in a shaking
autoclave. 85.0 mg (107 pmol calculated as RuCi,[(R)-
BINAP]) of the above catalyst were added. The glass
insert was sealed with an argon-filled balloon. The
catalyst dissolved completely during agitation. The
insert was inserted into a N,-filled autoclave. Remnants

of air, N, and argon were eliminated by threefold
injection of 50 atm of H, and slow pressure release. 2

atm of H, were then injected. The autoclave was heated to
100°C. The H, pressure was then adjusted to 4 atm
exactly. Shaking took '‘place at 100°C for 6 hr. The
autoclave was left to cool down to RT overnight.

Flushing took place with N, and the autoclave was opened.
The solution was concentrated in a rotary evaporator. A
yellow Oll was obtained.

GC indicated quantitative conversion of the start. mat.
(starting material) into the product of (GC purity crude
pro@uct 98.5 %).

The crude product was fractionated under high vacuum via

a 3/8" cm Vigreux column: \i;;\\\“"\
. s Sh

wWith

32,
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~-5- " hydrogenation on the concrete substrate of the fornula Il is described
inthe literature (M Kitamura et al., J. Am Chem Soc. 1988, 110, page
629- 631) it.is effected therein, vmtfleﬂ?ulvely poor enantiosel ectivity
(78 %ee) and a relatively poor substrat e/catalyst ratio iS/C 700/ 1), at
hi gh hydr og€&SPesdure (10 R m8Usity’ ¢AR- Cht BPy5i RaBR[ dAPTLP8YChi nap]
whi ch, accorQ|n@ dOAJIE L4 pee 630), must be prepared by treating
Ru(C[II}{er (BINAP) whi ch. i s, di ult to obtain,
equi val ent s Z e haveb’sf?'gnf(ﬁ'éﬁﬂﬁé/f;rrpr oved th"é1 eném)t’gsel ectivity
(up to 98 %«Se)ss tcjwe:ﬁorcicﬂtombésélcbyl(use of the readily available in-situ
cat al ys(P I%Jrgl % tuj r ut hergl_kgpr( cm ?i.e (R) - Bl NAP, cat g%s&), use of a
i a r

subst an ower~ hydr ogen’ essure atan[err])) and~the'econony of
this reactloRQ(QOCgsmﬁtmcnalﬁwsgmht er than 1000:1). It is preferably

carried out g aut ocl ave, Usi N g-ppgég sol vent at el evaggdiggeper ature

and under meak drogen pressur e, particularly preferably in ethanol at
100[ err] C under® qf Iykkess o?1b- 12 hours. In the particularly
preferred p&oeed;u@,_ the- solyent=is subsequently renoved

10 39.37 g of colorless oil
Total yield: 39.37 g (165 mmol) = 95 % of theory

GC Analysis:

16.0 ¢ start. mat. --- discarded

Frctn. 1: Product purity 77.0 %

Frctn. 2: " 95.2 ¢ = 1.4 % start. mat.
15 Frctn. 3: " 99.7 % = 0 8 start. mat.
Frctn. 4: " 94.3 % = -

| Yield of the clean fractions (2-4): 38.37 g (161 mmol)
= 92.5 % of theory -

Optical rotation of frctns. 2 + 3:
20 59.0 mg/5 ml of abs. non-denatured EtOH, i.e. c=1.18;
measured: 20°C, D line: -0.105

-0.105 x 100
[E]DZO = = "'8.90°
1.18
25 Optical purity HPLC: Frctn. 3: 98 % ee

Optical purity (Optishift): Frctn. 2: >95 % ee
Example 3

" Ethyl 2 (S)-hydroxy-3-benzyloxybutyrate III
Asymmetric hydrogenation using an in-situ catalyst in DMF
30 solution
eplaced
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I n vacuo and the residue is purified by vacuumdistillation on a thin-film
.evaporator., On the nulti- kilogramscale, this reaction can be carried out
using a substrate/catalyst ratio of up to about 2000:1. The distilled
conmpound of the fornmula Il has a chemi tal -purity of >98 % (GC) and an
optical purity of 96-98 % ee (HPLC analysis on [err]Chiralcel OD or

[err] HNMR anal ysis using Optishift). The yield is 90-97 % after
distillation. The ¢l ai sen condensati on of conpound |11l owi th apn excess of
t he enol atseo toButyl BeEaht -Pil Bt O¥fie [err]-kgtplen]- J. :
(S)-hydroxy esUer 0Of theforawl acd®y, Prafergbléyprs equinval s qfe,t he
enol ate are produged by reaction with 4 equival ents of Lbﬁ)(LDA I'S

l'ithiumdiisopropylam de) at -40C in THF and then reacted ati room
tenperature with conpound Il to give conpound IV which is crystalline
and can be purified on the nultikilo scale by recrystall - | zation or,

alternativel | Aed b 1.t r QI | n 1L th .
4, 452, 994) . q/%%gic’gsn%ﬁrnécﬁ%gH%ﬁea%g’%ﬁfa"%}@,h‘%iéc%%% gh’t&%ﬁ?xe@éla&nl%%- 90 %
yield, has were effected according to Example 2 with the difference

that the DMF solution of the catalyst was not concen-

trated to dryness but was added as a solution to the
5 ethanolic substrate solution under argon.

The substrate/catalyst ratio was 1000:1.

Hydrogenation took place for 6 hr. at 100°C/4 atm H,
pressure. . '

The crude product was fractionated under high vacuum: .

10. Frctn.l 90-110°C/= 0.01 torr 0.83 g of colorless oil -
' ' f ' discarded
Frctn.2 111-120°C/= 0.01 torr 11.84 g of colorless oil -

| | purity (GC): 98.0 %

Frctn.3 123-125°C/= 0.01 torr 27.74 g of colorless oil -~

15 ) purity (GC): 97.9 %

Yield of the clean fractions (2 + 3): 39.58 g (166 mmol)
=-95.4 % of theory;
Purity: 98 $%

Optical rotation of frctns. 2 + 3: 58.9 mg/5 ml of abs.
20 non-denatured EtOH, i.e. ¢ = 1.178;
measured: 20°C, D line: -0.107

This Sheet Has Been Repllaced
-0.107 x 100 |
[l = = -9.083°
1.178
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-6- " anm optical purity of 97.5 %[err] 1 %ee (HPLC analysis on Chiral cel
OD). The further reaction of the -crude, unpurified conpound.of the
formula |V (see exanpl es) also yields Bn end product of the formula | of
high quality. Wthin the whole of the synthesis sequence for preparing
the struct @rtiicikenparivy (@ptishibith:| Frabneh2onat 85 &raphic purifications
of internedi ates need be carried out, since the conpounds- of the fornul ae

Il and 11l can readily be purified by distillation, and the conpounds of
the fornul F&XaMPERh (or) V can be readily purified via lithium brom de
conpl exes. Purified or unpurified product of the formula IV can be

reduced w awv h.l evel di astergeosel ectiyity to give tert-butyl
3(R), 5(9)- B$HVGﬁgi§Sg %%ﬁ59¥8x95%§358 ?§Y§P§¥53€Fo¥kgla V. Preferably, this
reduction is carried out at a | ow tenperature using sodi um borohydride/tri -

o b o B Sy s y R e S

5 solution

Materials:

10 kg keto ester II

18.0 g (R} - (+) -BINAP _

7.0 g benzeneruthenium(II) chloride dimer
10 10 1 abs. ethanol, denatured with toluene

900 ml N,N-dimethylformamide

2.0 1 of N,N-dimethylformamide are freshly distilled off
.undef high vacuum from 4A nmlecular'sieves, a middle
fraction (b.p. 35-40°C) being collected. 900 ml of
15 freshly distilled N,N-dimethylformamide are initially
introduced into a two-liter flask having a stirring
magnet, argon feed-line and bubble counter, and argon is
bubbled through. 18.0 g of (R)-(+)-BINAP and 7.0 g of
benzeneruthenium(II) chloride dimer are added. The
20 - resulting solution is bubbled-through with argon for 15
minutes and then immersed deeply for 10 minutes into an
0oil bath which has been p:eheafed to 100°C, with the
argon being allowed to continue to bubble through the
solution. The resulting clear, dark-red-brown solution is
25 . allowed to cool down to room temperature under argon. In
the meantime, 10 1 of abs. ethanol (denatured with
toluene) and 10 kg of keto ester II (from Example 1) are
charged into a 30 1 steel autoclave. A vigorous stream of
argon is bubbled through the solution. The catalyst
30 solution is transferred under pressure to the substrate
solution with argorn using a double cannula.
The autoclave is sealed and then flushed with hydrogen.
2 bar of hydrogen are injected and the autoclave-is then
"heated to 100°C. Once this temperature has been reached,

Sheet Has Been Replaced
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principle for generating the correct relative configuration of HMG CoA
reductase inhibitors is known [EP-A-0319847; F.G Kathawala et al., Helv.
Chim Acta 69, 803 (1986)]. The two hydkdxyl groups of .the conpound V are
protected as an acetonide with the formation of conpound VI. Preferably,
this reacti éha S¥IHFIIHY BEeEsSYrAglacedivst@hdiny Baetgractly, and

(2, |2;j§1i rreL h@tﬁmﬁﬂﬂg’ll Sakudd fplcaaiealumﬂescf Rhelsd @lolﬂﬁfld i grairc 1ach‘dge§5-. 100 %
yi e . The bhenz r,ot ect.i ve .qrou conpound VI . can renmoyed.by neans
2t Ccatal vt O AEgRAYE e Lo Fo, 500 hnst v e SARYTRLRL (ol e
sol uti on usiangsgmapleadmwinhcin Thawdtshdramy umidicabest >P0 bar hyfirbgenegen.
The fi nigshed (St CtHETRH SRt #pg ;2 Eehao {EYiER lggsges) ke
purifi ed by g'ls"';dt’r#l Iﬂai{ll' or‘?ﬁ'1 gr S Ceqnse ,ﬁf)'y3 g%hror?agggylg\gg E quit er,e'Q
purificatio®f t hBecompimd Rradncibt alhed pRtasdave7olas ;ﬁllasi\e(d>9yl¢dlee and
>99 % chem edlt d¥4dd Y I thErseeriens | dre thetRILawh] dhal €hef eefgRBANGsOf the
formula I fromco rcially avai,labl e eéier QL téﬁFfornula [l .1s gbout 40 %
over 5 St,epg'.emove in vacuo. Subsequently, e is removed under
high vacuum at a bath temperature of 60°C. The residue is
10 distilled on a thin-film evaporator (140-150°C mantle
temperature, 0.1 torr). 9.70 kg (96.2 % of theory) of a
pale-yellow (almost colorless) oil are obtained, GC
purity: >98 %, optical purity (®Chiralcel OD): 97.1 %,
{«]2® = -8.3° (¢ = 1.2, in abs. ethanol).
15 (R)-(+)~BINAP can be ‘recovered from the distillation
bottom (black viscous oil).

Example 5
tert-Butyl 3-ox045(S)-hydroxy-G—benzYloxyﬁexanoate Iv

CHy

oH O O 0 O
v .
o n-8ull, [Pr NH O\Jl\/u\/ﬂ\
@"J\/\/‘KOACHS —eeeeate @._/ o l CHy

tert-butyl acetats
CHy

ittt 1y

20 Materials:
9.4 1 (66 mol) diisopropylamine
13.4 1 THF {(abs. aécording to Karl Fischer)
43.6 1 = 29.65 kg (69.76 mol) n-BuLi (15 % strength in
_ : ' hexahe)
25 9.0 1 (67.6 mol) tert-butyl acetate
4 kg (6.30 mol) compound III (from Example 2, 3 or 4)
32 1 toluene | - :

9.4 1 of.diiéopropylamine are dissolved in 9.4 1 of abs.
THF and 29.65 kg of n-Buli are added dropwise at 0°C. The

h Thi - eet Has Be,en.Replaced
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The 'use of conpound | for preparing optically pure HM CoA reductase

I nhibitors is described in EP-A-0319847. The foll ow ng exanpl es
correspond to a preferred enbodi - nent 14f ~t he novel process. They are not
limting faor the process with regard to the reagents, catalésts, sol vent s,

reaction tcnpetarearés, sybseaieasly efdmrad tathesoomnteRpers

yreofagor ki ng

up, purificagigdnatesandld/ tisen WBbsledr eoUsqdec. EXanpbe kertEbmtyl.

[err]-benzxggggg et oacet at

10

15

20

25

30

35

e are adaéd dL%%%kse at this temperature. The

mixture is -subsequently stirred at -40°C for 1 hour.
Then, 4 kg of compound III, dissolved in 4 1 of THF, are
added dropwise. The mixture is subsequently stirred at .
-40°C for 2 hours. After that, 7.4 1 of water are . added
without further cooling, and the mixture is then stirred
for 10 minutes. Subsequently, the mixture is extracted
twice with 16 1 of toluene on each occasion. The combined
toluene-hexane phases are dried and concentrated on a
rotary evaporator. The product becomes semi-solid on the
rotary evapo:ator.'Yield: 8.0 . kg = 155.7 % of compound
Iv.

Example 6

Option of purifying the keto ester IV from Example 5 via
a lithium bromide complex

62 g of the crude product from Example 5 are dissolved in
260 ml of petroleum ether (40-80°C) .(if necessary, then
add toluene dropwise until a clear solution is obtained).
55 g of anhydrous lithium bromide are added, and the
suspension is then stirred for one hour with the
exclusion of moisture. The lithium bromide complex is
filtered off with suction and washed with 50 ml of
petroleum ether. The crystals are introduced into 100 ml

. of water and 250 ml of methyl tert-butyl ether, and the

mixture is stirred vigorously for 30 minutes. The organic
phase is separated off and the solvent is removed in vacuo,
and the oily residue is taken up in 100 ml of diisopropyl
ether. In doing this, crystallization commences. The solid
is filtered off with suction, washed with 20 ml of diiso-
propyl ether, and dried in vacuo. 29 g (82 % of theory
based on f-hydroxy ester III) are obtained of colorless
solid IV which, in contrast to the crude product, is
present almost completely in the enol form (!H-NMR}),

melting point 136°C. )
eet Has Been Replaced
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7.35 kg of a 55-60 %strength dlsper5|on of NaH are suspW
of toluene, 16.46 1 of benzyl alcohol are added dropw se at g ﬁ{aMB'eémRtmlaced
the space of one hour. The reaction’i %1 sli ght | y exothermc (s&

with brine).. The m xture is subsequent “stirred for about 2 “ﬁ!\\!

whi ch ti rreEgg ypt her hydrogen evol ution can be observed. 12

chl or oacet 0- etate are added dropwi se, also at 20-25[err]C, within the
space of 1.5 hours (slightly exothermc, cooling with brine). Thereafter,
the ni Xtureere Bhicyied @, B &Hvaia, dr.f I@Ib@n ;ﬁ{hé\@@ﬁééﬁénﬁ wi th GC

I ndi cates conpl ete react’i on of tﬁ( chl oroacet oacetate. The m xture

IS made slightly acidic (about pH 4) usmg 75.50 1 of 2N citric acid
(9.64 kg of citric acid in 67.75 1 of water), 10.00 1 of toluene are -

added, and the m xt‘U‘ré [ cugxtracted with stirring. Thva aqueousc'ghase S
extract ed Q5o [4_10 00 YioPYibvsrite th st T F
conbi ned ani c phases afe rl’eq‘ W‘t Q“ le u;@fﬁ Ye and "s
. CHy .
ty A

Materials:
5 2.77 kg (100 £ =1.94 kg 6.29 mol) compound IV (Example 5)
-24.5 1 THF
13.3 1 triethylborane, 1 molar in hexane
680.9 g sodium borohydride
17.5 1 methanol
10 13.75 1 hydrogen peroxide

2.77 kg of compound IV are dissolved in 24.5 1 of THF at
20-25°C. 13.3 1 of triethylborane are allowed to run in
relatively quickly at the same temperature. The reaction

is endothermic. The mixture is subsequently stirred at

15 20-25°C for 10 minutes and then cooled to -60°C. 680.9 g
of sodium borohydride are added at this temperature. This
"addition is also not associated with any exothermic
reaction. Immediately thereafter, the dropwise addition

of 11.5 1 of methanol is begun (duration about 1.5-2

20 hours, 'exothermic reaction up to max. -60°C). Once
addition is complete, the mixture is subsequently stirred

at -60°C for 2 hours. After about i.S hours (monitoring
with TLC), the mixture is taken out of the reactor and
added to the feed vessels. 13.75 1 of 35 % strength

25 hydrogen peroxxde are added, together with 13.75 1 of
' water and 6 1 of methanol, to the eold reactor, and the
mixture is metered in, with stirring and cooling, at
initially 0°C to max 15°C, from the feed vessels in
association with complete dry-ice cooling (duration about

30 1 hour). Once addition is complete, the mixture is

THIS SHEET HAS BEEN
REPLACED
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-8- concentrated on a rot ary evaporator. The resulti ng oil H
twce with 2.5 1 of n-heptane on each occasion (in order to [ ﬂ
white oil of the NaH). The oil is separated of f. The conbi ned heptane

m xtures are left to stand over ni ght™ iHetTe stirri ng vessel, since sone
nore oil separates out

separated of{ onthe rnin
The whol e $F8atediTIER %ﬁ tl*?%da$$e u$ \Bhasg LSt APRAFA ﬁ#e?ggog ggr e
0.5 nbar, knsitrested benperating t8Dferwith 2Bdlnafit keluemeerat ma@h170 C

vield of cg c%Js.nJ?orlxl chi‘]q e %qsa‘ § % Qt’?xgll[ Gk re]l::ﬂ'jO[ Pl gf%g?tt-o

Anal ysi s: use I'ca Y m, 1 nj ector
det ect or 280jerofgdniw|phase e@cm@ﬂqt@d on 2 WpﬁarYaleVa@Péf mn to

140Terrd C 481 &: 6 220kg 4 4796 R bale yellow oil (compound V).
Example 8

tert;Butyl (3R,SS)-6-benzyloxy-3,S-O-isoprdpylidene-s,s—
dihydroxyhexanoate VI

@. _/\)\/\ +CH £-T0S @_c“_/\/\)\ ‘T‘H;“*

CHy - CHy
Y . vi

Materials:
10 2.2 kg (7.087 mol) "diol" (compound V from Example 7)
30 1 acetone
1.506 kg (14.17 mol) 2,2-dimethoxypropane
0.135 kg (0.708 mol) p-toluenesulfonic acid
51 ethYl acetate

15 2.2 kg of compound V are dissolved at room temperature in
30 1 of acetone. At temperatures of 20 to 25°C, 1.506 kg
of 98 % strength 2,2-dimethoxypropane (= 1.778 1) and,
subsequently, 0.135_kg of p-toluenesulfonic acid hydrate -
are added, and the mixture is subsequently stirred at

20 these temperatures for 3 hours. The original colorless
solution turns slowly yellowish after 1-2 hours. The
mixture is left to stand at 25°C overnight. It is
concentrated in vacuo on the following morning, and the
residue (o0il) is dissolved in 5 1 of ethyl acetate. The

25 organic phase is then washed once with 2.5 1 of saturated
NaHCO, solution and once with 2.5 1 of saturated NaCl

" solution. It is then dried over Na,SO,, clarified and

THIS SHEET HAS BEEN
REPLACED

« oeoa PLIcEa




S AR LV VL L do OO K

al cohol 1.2 mn., ethyl chloroacetoacetate 2.0 mn. corrpounH!ﬂlJUlﬂEmumm
formula I'l 7.1 mn. Exanple 2 Et hyl 2(S)- hydroxy 3-benzy

[ Asynnetrlc hydrogenation using asgldd in-situ catalyst [err]
Principle: M Kitanura et al., Tetrahedron Lett. 29, 1555 (1988);

sinplified eshdleytiraeRPaiat valdudd ¢it@dUkdedld: 2.38 kg (96 % of
theory) of oil.

Example 9

tert-Butyl (3R,5S)-6-hydroxy-3,5-0O-isopropylidene-3,5-
5 dihydroxyhexanoate (I)

. 0 0 0
' _/\/\)j\ CHy Pd/c (10 v) j\)\)\ §s
B,
. @-CH;O o_.l_ CH, ethyl acetate HO 0+CH3

CH,

HSC CH, . . K,C CH,

Vi

Materlals.

2.38 kg (6.79 mol) compound VI from Example 8
10 30 1 ethyl acetate
' 0.238 kg Pd/C (10 %)

'2.38 kg of compound VI are dissolved in 30 1 of ethyl
acetate. 0.238 kg of Pd/C (10 % strength) is added under

N,, and hydrogenation takes place at 10 bar H, for 8 hours

15 in a stirring autoclave. On the following morning, the
reaction is checked by TLC. If the reaction is still not

' finished, filtration with suction takes place, new
catalyst is added and the hydrogenation is continued. If

. the hydrogenation is complete, the mixture is filtered
20 off from the catalyst with suction and concentrated on a
rotary evaporator. Crude yield: 1.55 kg (87.9 % of
theory, oil). The resulting oil is purified in two
chromatography columns. For this, 8 kg of crude oil,
together with 8 1 of MTB ether (methyl tert-butyl

25 ether)/cyclohexane 1:1, are adsorbed onto a 15 kg silica
gel column which has been flooded - with MTB
ether/cyclohexane 1 1, and eluted with the same runnlng
mixture. The first eluate of 50 1 is discarded. After
that, 20 fract;ons of 5 1 each are taken off and checked

30 using TLC. The product fractions are concentrated on a.

THIS SHEET HAS BEEN
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~al., Tetrahedron Lett. 32, 4163 (1991). a) Preparation of the catalyst
A 10 nl flask was filled with 43.5 of benzener ut heni um (rn)
chloride dinmer and 113.7 ng of (R~ BtfiapP. 3 m of DMF, through which argon
had been bubbled for 5 nmin, were poured in once the flask had been filled
WI th argorPtaRe ‘?‘é%BPFFﬁBrSOI ution (suspension according to Kitanura et

) was hsled #oder gargbncampbiderE | (Ia‘tm:ﬂ:ﬁxgn gGropr ethéemsdewi | bath).
The dar k- S .CO c N er.p a m at
50-70[ err %@dﬁé#{ié}{}rv‘@ ﬁ'n%%o;}q{] ?PB?[ 5 m@g aagggtl\ﬁe%rml ni ng
solid was#3.6 % consequently results over 4 st

cen Replaced
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dri'ed for a further 30 min. under conplete high vacuum It was cooled to
RT, gassed with argon and scraped off the wall with a spatula under argon.
b) Preparation of conpound |1 ThejigolLution of 41.1mpmfokat @Ester
(fromExanple 1) in 40.0 ml of abs. ethanol had been bubbled through with
argon for 2p&tentncaa2me m glass insert in a shaking autoclave. 85.0 ng
(107 [err]nol calculated as RuC[err][(R)- BINAP]) of the above catal yst
wer e added. The gl ass insert was sealed wi-th an argon-filled balloon. The
catal yst ditsol v&d pawglestel Eur ipreRaF ingi oher¥hbutider t( 3PS rsher t ed
into a Nerr]-fihigdoRYl9ctaye; 58858 glidehealsr 5 bl Bl AiYh A BB LT €
“elimnated by threef ld_inje t|on of 50 atmof Herr] and sl ow pressure

rel ease. 2 atm oPf H g 3 fan i njected. The autoclave was heated to
100[err]C. The Herr] pressure was then adjusted to 4 atm exactly.
Shaki ng took place at 100C for 6 hr. The autoclave was left to cool down to
RT overnight. Fl-ushing tonﬁcplace mﬁtbu&[err] and t he aut ocl ave was
opened. The solution was co ceqifatsg/1n a rotary evaporator. A 1

c

5 o/\o | 0

Ot-Bu

-wherein_ethYl w-benzyloxyacetoacetate of the formula
IT

o 0 o
BnoO )
. OEt .

is asymmetrically hydrogenated to give ethyl 2(S)-hydr-
10 oxy-3-benzyloxybutyrate of the formula III,

OH 0

_ it
Bno

o I “lllj LT

the f-hydroxy ester of the formula III is converted by

Sheet Has Been Replaced
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yellow oil was obtained. GC indicated quantitative conversion of the

start. mat. (starting material) into the product of (GC purity crude
product 98.5 % . The crude product YRS fractionated under- high vacuum
Vi a a 3/ 8" cm Vigreux colum: - 10 -
Fretn. OChUIT, Modghsssbibh 1600150erpIRatd-00(9) of
colorless RN Wg)gf 4 ngi °3 ﬁtgrr _S 156C) 8.55 ¢
of col orl ewdﬁqxﬂzr%ﬁ?\er Pt the %°5mu §4 16[err] a " 150G

29.20 g of colorless oil Frctn. , b. p 116-118C"
150- 180[err] C

on O 0

Bno\w : o LA
' : 0-t-Bu

the resultant ester of the formula IV is converted by
5 diastereoselective reduction into tert-butyl 3(R),5(S)-
dihydroxy-6-benzyloxyhexanocate of the formula V,

y OoH O

BnOM !
' 0-t-Bu

the hydroxyl groups in the dihydroxy ester of the formula
V are protected, with the formation of the acetonide of

10 the formula VI, I

as Been Replaced

IENL 7 " T I

SN

. - 9 ° _ Vi
BNOM
' 0-t-Bu

and the benzyl protective group is removed from the

acetonide of the formula VI, with the formation of the

compound of the formula I.

T



0.62 g of colorless oil = =========39.37 g of colorless oil

Total yield: 39.37 g (165 mol) = 95 % of theory GC Anal ysis: Frctn. 1:
Product purity 77.0 % [err] 16.0 %s®art. mat. --- discarded Frctn. 2:

" T 95.2 % [err] 1.4 %start. mat. Frctn. 3: " 99.7 % J[err]
0 %star2., maTheFprooesd:as cldimed in 9 &iMol ] ewhidrein theiadyinef the

clean fracti Onsmé%r@z hggrgésgs{:}:g;%méQn]ppoggdSI1/0cha e%{\?gré/dm%%_iﬁcal

rotation of .frctns non-d ure
c=1.18: neasure8II2(ic parried @ugogt a high substrate/catalyst

.ratio using an in-situ ruthenium(II) chloride-~(R)-
5 BINAP catalyst. '

3. - The process as claimed in claim 1, wherein the
asymmetric hydroéenation of compound II to give
compound III is carried out '

a) at a high substrate/catalyst ratio (>>1000:1),
10 'b) using an in-situ ruthenium(II) chloride-(R)-BINAP
' catalyst which is very readily accessible and "
c) under a low hydrogen pressure (<5 atm H,) which
is simple to implement from an industrial point
of view.

15 4, The process as claimed in claim 1, wherein the com-
pound I is obtained at high chemical and optical
purity without having to subject intermediate stages
to chromatography.

r.

| aalll 3
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-0.105 x 100 [err] = = 8.90[err]

1.18. Qptical puri ty HPLC: Frctn. 3: 98 %ee tical guri ty
(Optishift): Frctn. 20 >95 %ee . EXahpre 3 Et hyl HOE 92/F 200 :
2(S) - hydroxy- 3- benzyl oxybut rate I'll Asymmetric hydrogenation using an
in-situ ca@é o‘}/ tpsure _ :

Process fbr:preparing'tert-butyl (3R,58)-6-hydroxy-3,5-0-
isopropylidene-3,5-dihydroxyhexanoate

A novel process is described for preparing tert-butyl
(3R, 58) 6-hydroxy-3,5-0-isopropylidene-3,5-dihydroxyhexan-
oate of the formula T

HyC CHj

\ /
c
7/ \ | | i
0

0 0
HO\\V/)\\//l\\/)L\ t-Bu
. 0 yd

which is a valuable structural element for preparing
inhibitors of HMG-CoA reductase.

I
et Has Been Replaced
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- 11 - [err] Catal yst preparation and performnce of Z6€ 8 3 £9-4
hydr ogenati on were effected according to Exanple 2 with the differqﬂg t hat
the DMF solution of the catal yst was not concen- trated to

‘ i) de
VAR R
added as a solution to the ethanolic substrate solution undgr P&Pbﬁ@ﬁ\ﬁfﬂTﬁéEET

substrate/catal yst -ratio was 1000:1. _, Hydrogenation took pllacie for 6 hr
at 100[err]C 4 atmH err] pressure. he crude product was if riachiepsEe®os
under high vacuunl.

Description

Process for preparing tert-butyl (3R,5S)-6-~hydroxy-3,5-0~
isopropylidene-3,5-dihydroxyhexanoate

tert-Butyl (3R,58)-6-~hydroxy~3,5-0-isopropylidene-3,5-
dihydroxyhexanoate of the formula I

H Hs

3C ¢
\ /
¢
/' \

0 0

0
HO\)\)\)l\ t-Bu
e

is a valuable structural element for preparing inhibitors
of HMG-CoA reductase [EP-A-0319847 corresponding to US
Patents No. 4,970,313 and No. 4,977,279; H. Jendralla et
al., J. Med. Chem. 34, 2962 (1991) and earlier works
cited therein, and German Patent Application
P 4128345.7]. After oral administration, the latter lower
the plasma cholesterol level in humans (M.J.T.M. Mol et
al., Lancet 1986, 936) and thereby reduce the risk of

corénary heart diseases [LRC-CPPT J.Am. Med. Assoc. 251,
351 and 365 (1984)].

A process for preparing the compound of the formula I,
starting from (48,68)-7-benzyloxy-4,6-dihydroxyhept-1-
ene, is proposed in German Patent Application
P 41 28 345.7. _

The preparation of the compound of the formula I, start-
ing from L-malic acid, is described in EP-A-0319847. Via
the route described, inhibitors of HMG-CoA reductase are
readily accessible on a laboratory scale [see comparison
of the synthetic pathways in J. Med. Chem. 34, 2962




Frctn.1 90-110[err]C/ s[err] 0.01 torr 0.83 g of colorless oil
Jdiscarded Frctn.2 111-120C/[err] 0.01 torr 11.84 g of color

purity (GC): 98.0 % Frctn.3 123-125[err]C/[err] 0.01 torr
colorless oil - purity

Yield of the clean fractions (2 + 3)= 2958 g (166 mmol)

t heory; Purlti % Optical rotation of frctns. 2 + 3:
abs. non- Gt%& Qur]ed Hwayer, eoncan enilzggedieindnetiriald] ecd

-0. 107 process, too, gJ.ves rlgs@ét?Jf?Zafii%s. The ma.:uk% ] 1 178
thhe non=crystalline nature of "all the intermediates and '

of the synthon of the formula I, in turn making several
chromatographic purifications extremely necessary.

It has now been found that the compound of the formula I
can be advantageously prepared from the economically
priced ethyl @-chloroacetoacetate or, with the
elimination of one  synthetic step, from the likewise
commercially available ethyl u-bénzyloxya.cetoacetate.

The invention therefore relates to a process for prepar-

ing the compound of the formula I ¢« Wwherein ethyl 0-
benzyloxyacetoacetate of the formula II

0 -0

Bno\/U\JJ\ S &

ott

is asymmetrically hydrogenated to give ethyl 2 (S)~hy-
droxy-3-benzyloxybutyrate of the formula III,

OH 0

BnO\/k)]\ III

OEt

the fi~-hydroxy ester of the formula III is converted by

means of a Claisen condensation into the B-keto-&-(S)-
hydroxy ester of the formula IV,



- 12 - Optical purity (Optishift): Frctn. 2: > 95 % ee.

2(S) - hydroxy- 3-benzyl oxybutyrate I11. Asymretric hydrogen tﬁg_
in-situ catalyst in DW solution Materials: 10 kg

(R-(+)-BINAP 7.0 g benzenerut heniun(11) chloride diner
et hanol, denatured with toluene 900-n8 - N, N-di net hyl f or marh
N, N-di net hyl fornmam de are freshly distilled off

. oW O 0 —1

BnoO
0-t-Bu

the resultant ester of the .formula IV is converted by
diastereoselective reduction into tert-butyl 3(R),5(S)-
dihydroxy-6-benzyloxyhexanoate of the formula V,

oy OH O

0-t-Bu

the hydroxyl groups in the dihydroxy ester of the formula

V are protected, with the formation of the acetonide of
the formula VI,

CH
Hsc\\c//. 3

AN | Vi
0 0 0

_BnO\*U\
_ 0-t-Bu

and the benzyl protective group is removed from the

acetonide of the formula VI, with the formation of the
compound of the formula I.

The compound of the formula II is commercially available
or can be obtained in a known manner from ethyl w-chloro-

acetoacetate. The principle of the process is evident
from the following scheme:



under hi gh vacuum from 4A nol ecul ar sieves, a middle fractio
35-40[err]C) being collected. 900 mM of freshly distilled

N, N-di net hyl formam de are initially introduced into a two-1i
having a stirring magriet, argon feed-line,and bubbl e counter
bubbl ed through. 18.0 g of (R)-(+)-BI NAP 4nd 7.0 g of benzerferjut Bgnfpp(

chl ori de di rre.gcﬁgﬁ\eadded. The resulting solution is bubbl ed4t Hrough w't
argon for 15 mnutes and then i mersed deeply for 10 minuteg i '

bat h which has been preheated to 100[err]C, with the argon | allowed to
gonL I nug L 0 b%%'t?‘u%é_lr-ﬁu% t :&i?xesotlhl%:'t%&e lTlagrﬁeagL-hlngethsﬁéﬁt of the
ark-red-browy so ion is allowed to cool do 0 yopom tenperature -under
argon. In th\éw}mliianef 1%1"5"‘1 %‘Fhﬁﬂs@"é@ﬁ%ﬁ?c%\g‘éﬁﬁ?g?gﬁ with toluene) and
10 kg of keto ester Il (from Exanple 1) are charged into a 30 1 steel

aut ocl ave. A vigorous stream of argon is bubbled through the solution. The
catal yst solution is transferred under messurQ to the substrate solution

wi th argon usietth¥l doubl e cannul a. The tocl a is sealed gpd gBen flushed
W t h hydrogen.,2iPPér8icdlydrogen are injlected 4nd the autoclave is then,
heated to 100[err]C. Once this Cehpgratidte h en reached,

acetate OF
]
) o 0 Wy oOH 0
T "‘°\)\)’\ Rucl, ((2)-81NAP) '"°\/\/"\ CH,-C(0t-Bu) 0K
——
oL oct
X 1
v i BEs: oo Me5C(O0HB ) 2;
uoW\)'\ . NeBH,/MeOH lno\M/"\ T::.:m ®)2i
01-8y : 0t-8u B cat
v acetone
iy
cu><:u; c"><“‘
e 9o 0 Hyt Pd/Cope ¢ o o
'“°\\¢/L\v/1\~/ﬂ\\ -_— “°\\v/1\v/l\y/j\\
. 0l=8u -
vt . 0t~8u

The process according to the invention is expediently
carried out as follows. The f-keto ester II is obtained
in a known manner from ethyl e-chloroacetoacetate, and
can be purified without difficulty on a multikilogram
scale by vacuum distillation on a thin-film evaporator.
Asymmetric hydrogenation of compound II yields ethyl
2(S) ~hydroxy-3-benzyloxybutyrate of the formula III. The
asymmetric hydrogenation is preferably carried out
according to the principle. of Y. Noyori ([M.Kitamura et
al., Tetrahedron Lett. 29. 1555 (1988)] with a
ruthenium(II)~(R)~BINAP catalyst (BINAP is 2,2’~-bis-
(diphenylphosphino)~1,1’~binaphthyl) using a simplified
in-situ preparation of the catalyst [M. Kitamura et al.,
Tetrahedron Lett. 32, 4163 (1991)]. While the asymmetric



- 13 - the hydrogen pressure is adjusted to 4 bar exactly,
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fromthe di 88l PAG éh ERtabHYeLY BROY| Substratey/catalyst ratio ecovered
700/1), at high hydrogen pressure (100 atm} using t:he
catalyst RuBr,[(S)-binap} which, according to footnote 9
(page 630), must be prepared by treating Ru(OCOCH,), (BINAP),
which is difficult to obtain, with two equivalents of HBr.
We have significantly improved the enantioselectivity (up
to 98 % ee), the practicability (use of the readily
available in-situ catalyst (in-situ ruthenium(IT)
chloride-(R)~BINAP catalyst), use of a substantially
lower hydrogen pressure (<5 atm H,)) and the economy of .
this reaction (S:C substantially greater than 1000:1). It
is preferably carried out in an autoclave using a polar
solvent at elevated temperature and under weak hydrogen
pressure, particularly preferably in ethanol at 100°C
under 4 atm hydrogen for 6-12 hours. In the particularly
preferred procedure, the solvent is subsequently removed
in vacuo and the residue is purified by vacuum
distillation on a thin-film evaporator. On the multi-
kilogram scale, this reaction can be carried out using a
substrate/catalyst ratio of up to .about 2000:1. <The
distilled compound of the formula III has a chemical
purity of >98 § (GC) and an optical purity of 96-98 % ee
(HPLC analysis on ®Chiralcel OD or !H-NMR analysis using
®optishift). The yield is 90-97 % after distillation. The
Claisen condensation of compound III with an excess of

the enolate of tert-butyl acetate yields the f-keto-6-
(S)~hydroxy ester of the formula IV.

ape—stirri Ny '“‘”‘.‘,".,;' 1

Preferably, 4
equivalents of the enolate are produced by reaction with

4 equivalents of LDA (LDA is lithium diisopropylamide) at
-40°C in THF and then reacted at room temperature with
compound III to give compound IV which is crystalline and
can be purified on the multikilo scale by recrystall-
ization or, alternatively, via its 1lithium bromide
complex (in analogy with US 4,452,994). The compound of
the formula IV, which is obtained in 75-90 % yield, has



Exanpl e 5 tert-Butyl 3-o0x0-5(S)-hydroxy-6-benzyl oxyhexanoa egu(;u-;

CEENT SHEE
Jerr] Materials: - 9.4 1 (66 nol) diisopropylam ne *ZL Pi! -
(abs. according to Karl Fischer) 43.6 1 = 29.65 kg (69.76 I -BuLi (15
% strength in -6 - eﬂﬁé)ib BT
1 (67.6 nmol) tert-butyl acetate kg g6 30 nol ) conpound 11 from Exanpl e
2, 3 or 4) an) optigalopurity of 97 ¥ ee (HPLC analyysis™on

Chiralcel OD). The further reaction of the -grude,
unpurified compound of the formula IV (see examples) also
yields an end product of the formula I of high quality.

Within the whole of the synthesis sequence for preparing
the structural element of the formula I, no chromato-
graphic purifications of intermediates need be carried
out, since the compounds of the formulae II and III can
readily be purified by distillation, and the compounds of

the formulae IV and (or) V can be readily purified via
lithium bromide complexes.

Purified or unpurified product of the formula IV can be
reduced with a very high level of diastereoselectivity to
give tert-butyl 3(R),5(S)-dihydroxy-6-benzyloxyhexanoate
of the formula V. Preferably, this reduction is carried
out at a low temperature using sodium borohydride/tri-
ethylborane in methanol [in analogy with K. Narasaka, F.-

- C. Pai, Tetrahedron 40, 2233 (1984)]. The use of this

principle for generating the correct relative configuration
of HMG-CoA reductase inhibitors is known (EP-A-0319847;
F.G. Kathawala et al., Helv. Chim. Acta 69, 803 (1_986.)].
The two hydroxyl groups of the compound V are protected
as an acetonide with the formation of compound VI.
Preferably, this reaction is carried out using acetone
dimethyl acetal -(2,2'-dimethoxypropane.) with catalysis by
p-toluene-sulfonic acid (95-100 % yield). The benzyl
protective group of compound VI can be removed by means
of ca.ta.lyfic hydrogenation (cf. P 4128345.7), preferably
in ethyl acetate solution using palladium on charcoal and
under about 10 bar of hydrogen. The finished structural

element of the formula I can (with losses) be purified by

distillation or else by chromatography. After

purification, the compound I is obtained in about 70 %
yield (>95 % ee and >99 % chemical purity). Consequently,
the overall yield of compound of the formula I from

commercially available ester of the formula II is about
40 % over S steps.




9.4 1 of diisopropylam ne are dissolved in 9.4 1 of abs. T
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of n-BuLi are added dropwise at O[err]C. The
-14- mxture is subsequently stirred at roomtenperature far m
and then cooled to -40[err]C. 9 1 of tert-butyl acetate are'adde vvlse
at this terrperature The mxture i s=sdbsequently stirred at
1 hour. Then ;?q % oun di ssolved in
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m xture is then stirred for 10 m nutes. Subsequently, the mxture S
extracted twice with 16 1 of toluene on each occasion. The conbi ned
t ol uene- hex@he fpblevingceypmplesngorsreprndatedaoprefesredy embeddrat or .
The pr oductm@ﬁ@oaﬂsr.nerrhoeetu firogebBe THeg Mrevapd Aisitidgelfdr &he kg =

0
155.7 % of CCmgess with regard to the reagents, catalysts, solvents,
reaction temperatures, pressures, reaction times, and

methods for working up, purification and analysis, which
are used.

Example I

Ethyl e-benzyloxyacetoacetate II1

0 0

ctM°ACH e Q- M"/\c“: ir

benzyl -0 [}

7.35 kg of a 55-60 % strength dispersion.of NaH are
suspended in 101.3 1 of toluene. 16.46 1 of benzyl
alcohol are added dropwise at 20-25°C within the space of
one hour. The reaction is slightly exothermic (slight
cooling with brine). The mixture is subsequently stirred
for about 2 hours, at which time no further hydrogen
evolution can be observed. 12.5 kg of ethyl chloroaceto-
acetate are added dropwise, also at 20-25°C, within the
space of 1.5 hours (slightly exothermic, cooling with
brine). Thereafter, the mixture is stirred at RT for a
further 2 hours. Monitoring with GC indicates complete
reaction of the ethyl chloroacetoacetate. The mixture is
made slightly acidic (about pH 4) using 75.50 1 of 2N
citric acid (9.64 kg of citric acid in 67.75 1 of water),
10.00 1 of toluene are added, and the mixture is
extracted with stirring. The aqueous phase is extracted
once again with 10.00 1 of toluene with stirring. The
combined organic phases are dried with sodium sulfate and
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Exanpl e 6 Option of purifying the keto ester 1V fro

eunst al s

a lithium brom de conpl ex 62 g of the crude product from _ﬁjﬁéﬁ*ﬁﬁ?éﬁﬁET;
di ssolved in 260 mM of petroleumether (40-80[err]C) (if negepsary, then
add toluene dropwise until a clear sol-ut8oen is obtained). 5 oo yﬁ@y%us
l'ithium brom de are added, and the suspension is then stirrged for one hour

phase i s sepsepardtefif offid The sombimed heptamecixturesuare left tioe oily
residue i-s t UR s fatdd i r. (o] t b
crystalIizat?gﬁﬂgo%XS%gggﬂﬂnﬁélﬁﬁ%déef%gfyélYggggfbffiafg sBfie! ficte

0 th suction, washed
with 20 m opidi i separagespyulet h&he afdldried separatiad o6fy oo the

t heory

following morning. The whole of the oil is distilled in
a two-stage thin-film evaporator at 0.5 mbar, lst mantle
temperature 130°C, 2nd mantle temperature 170°C.

Yield of compound II: 11.83 kg = 65.6 %, b.p. = 170°C/0.5
torr. ’

Analysis: 25 m *“fused silica“ OVl capillary column,
injector 250°C, detector 280°C, column temp. 100°C for 2
min., at 30°C/min. to 140°C, there 6.5 mn. t,.: benzyl
alcohol 1.2 min., ethyl chloroacetoacetate 2.0 min.,
compound of the formula II 7.1 min.

Example 2

Ethyl 2(S)-hydroxy-S-Eenzyloxyhutyrate III )
Asymmetric hydrogenation using a solid in~situ catalyst

1) OMF, 100°C, 10 min
2) S0°C/Hy

172 taucl,(b.u.)l, + (R)~BINAP RuCly[ (R)=BINAPIcruae

o o RUCI,((R)=BIKAPI oF B o

enox\\/,ﬂ\\/,ﬂ\\ CEIOM, 100°C, 4 otm K,, 6 hr o o \\\,><:~,JL\

0Et (s)

oEt

(1 (NN
Principlé: M. Kitamura et al., Tetrahedron Lett. 29, 1555
(1988); simplified catalyst preparation, M. Kitamura et
al., Tetrahedron Lett. 32, 4163 (1991).

a) Preparation of the catalyst

A 10 ml flask was filled with 43.5 mg of benzeneruthenium



based on [err]-hydroxy ester
‘Wwhi ch,
t he enol

3(R), 5(S)-di hydr oxy- 6-benzyl oxyhexanoate V [err]

in contrast to the crude product, is

I11) are obtained of colorless

present al nost
form (' H NWR), melting point 136[err]C

- 15 - Exagple 7 tert-Butyl

(II) chloride dimer and 113.7 mg of (R)-BINAP. 3

DMF, through which argon had been bubbled for 5 min; were—

poured in once the flask had been filled with argon. The
resulting solution (suspension according to Kitamura et
al.) was heated under argon at 100°C for 10 min (pre-
heated oil bath). The dark-red solution was cooled and
concentrated under pump vacuum, at 50-70°C, while stir-
ring vigorously (= 5 min), and the remaining solid was
dried for a further 30 min. under complete high vacuum.

It was cooled to RT, gassed with argon and scraped off
the wall with a spatula under argon.

b) Preparation of compound III

The solution of 41.1 g of keto ester (from Example 1) in
40.0 ml of abs. ethanol had been bubbled through with
argon for 2 hr. in a 250 ml glass insert in a shaking
autoclave. 85.0 mg (107 pmol calculated as RuCl,[(R)-
BINAP]) of the above catalyst were added. The glass
insert was sealed with an argon-filled balloon. The
catalyst dissolved completely during agitation. The
insert was inserted into a N,-filled autoclave. Remnants
of air, N, and argon were eliminated by threefold
injection of 50 atm of H, and slow pressure release. 2
atm of H, were then injected. The autoclave was heated to
100°C. The H, pressure was then adjusted to 4 atm
exactly. Shaking took place at 100°C for 6 hr. The
autoclave was left to cool down to RT overnight.

Flushing took place with N, and the autoclave was opened.

The solution was concentrated in a rotary evaporator. A -
vellow oil was obtained.

GC indicated quantitative conversion of the start. mat.

(starting material) into the product of (GC purity crude
product 98.5 %). '

The crude product was fréctionated under high vacuum via
a 3/8" cm Vigreux column:



Materials: 2.77 kg (100 %.94 kg= 6. 29 nol ) conpound |V (Exa o2

A

(a'l

- L
THF 13.3 1 triethyl borane, 1 nolar in hexane 680.9 g sodium ofeﬁVﬂ%Fdé’Sﬁﬁt
'17.5 1 methanol 13.75 1 hydrogen peroxide 2.77 kg of conpoundilV are )
dissolved in 24.5 1 of THF at 20-25[ekrj@. -13.3 1 of triethylb ragng@gsean
allowed to run in relatively quickly at the same tenperature he reaction
i s endot her nfFectiihe Im xt ureu.@.sma@sem/lw Gl itomry datdD-

m nut es and thaocgolonctoq_ (§ 680.9 g of sodi um borohydride are
ature s a

added at this tenpér dition is al so not associated WTh any
exot hernic r E&6tRon2 | medi &-@y ]tWeT]éeﬂ%/r" the dropw se BR1@ion of 11.5

1 of methanol gi.$50UWTE (EBYcHlgyEs it 1.5-2 hours, exothermic reaction up
to max. -60] Once additio je, the mxjure,|j ubsequently
stirred at g@f’&l’g]é f or ﬂ%lﬁ'sri%s éféméﬁgut 1.5 hours (nﬁ%ﬁ?t%h ng with
TLC), the m xt2%.20 sgta&emhmleﬁs teel react or and added to the feed

vessel s. 13. f 5 %str d peroxi de arg ad 1869 ther
with 13.75 1.oc]tvvat e‘tro, and 6 {?hgggfe to the cold reagﬁe 6gn
0.62 g of colorless oil

39.37 g of colorless oil

Total yield: 39.37 g (165 mmol) = 95 % of theory

GC Analysis:

Frctn. 1: Product puritj( 77.0 ¥ = 16.0 & start. mat. ——-- discarded

Fretn., 2: - 95.2 ¢ = 1.4 % start. mat.
Frctn. 3: " 99.7 % = O ¢ start. mat.
FICtno 4: «. 94.3 % = -

Yield of the clean fractions (2-4): 38.37 ¢ (161 mmol)
= 92.5 % of theory

Optical rotation of frectns. 2 + 3:

59.0 mg/5 ml of abs. non-denatured EtOH, i.e. c=1.18;
measured: 20°C, D line: -0.105

-0.105 x 100
[a]n“ = = "8.9°°
' 1.18
Optical purity HPLC: Frctn. 3: 98 % ee

Optical purity (Optishift): Frctn. 2: >95 % ee

Example 3

Ethyl 2(S)-hydroxy-3-benzyloxybutyrate III
Asymmetric hydrogenation using an in-situ catalyst in DMF
solution



m xture is netered in, wth stirring and cooling, at
max 15[ err]C, fronlthe feed vessels in association wth conp eﬁgﬁ :
‘cooling (duration about 1 hour). Once addition is conplete, _ﬁrxtu¢e. GSIEET

-16- treated with THF. The aqueous phase is separated off nq extracf@ﬁ*by7
stirring twice with 13 1 of toluene anjgach occasion and onge] !
ethyl acetate.. The result- ing organic phase is concentrate
evapor at or . Yield: 2.20 kg = 122.6 % of pale yellow oil (co
Exanpl e 8 tertg Butyyl (3R 5S)-6-benzyl oxy-3, 5-O i sopropyy i

'“°\\~/JL\¢/”\\ RuCt{(R)~BIKAPI/DUF ﬁn0~\~:><;v/n\\ '
e
0Ct ELOH, 100°C, & «lm Hy, 6 hr () .
. '
1t

Catalyst preparation and performance of the hydrogenation
were effected according to Example 2 with the difference
that the DMF solution of the catalyst was not concen-
trated to dryness but was added as a solution to the
ethanolic substrate solution under argon.

The subétrate/catalyét ratio was 1000:1.

Hydrogenation took place for 6 hr. at 100°C/4 atm H,
pressure.

The crude product was fractionated under high vacuuﬁ:

Frctn 1 90-110°C/= 0.01 torr 0.83 g of colorless oil -

: discarded
Frctn.2 111-120°CI= 0.01 torr 11.84 g of colorless oil -

purity (GC): 98.0 %
Fretn.3 123-125°C/s 0.01 torr 27.74 g of colorless oil -~

purity (GC): 97.9 %

Yield of the clean fractions (2 + 3): 39.58 g (166 mmol)
=-95.4 % of theory;
Purity: 98 %

Optical rotation of frctns. 2 + 3: 58.9 mg/5 ml of abs.
non-denatured EtOH, i.e. ¢ = 1.178;
measured: 20°C, D line: -0.107

[2],® = = -9.083°
1.178




di hydr oxyhexanoat e VI

Materials: 2.2 kg (7.087 nol) "diol" (conpound V from Exanpl

p-tol uenesul fonic acid 5 1 ethyl aceth2e- 2.2 kg of conpoy
di ssolved at roomtenperature in 30 1 of acetone. At tenperg
25C, 1.506 Qptieal %u%EYréﬂgthsblétMr nBrabRypRépAn8S( % eez7d

é

acetone 1.506 kg (14.17 nol) 2, 2-di net hoxypropane 0.135 kg (G
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Example 4

Ethyl 2(S)-hydroxy-3-benzyloxybutyrate III.

Asymmetric hydrogenation using an in-situ catalyst in DMF
solution

Materials:

10 kg keto ester II

18.0 g (R)~(+)-BINAP

7.0 g benzeneruthenium(IX) chloride dimer
10 1 abs. ethanol, denatured with toluene

900 ml N,N-dimethylformamide

2.0 1 of N,N-dimethylformamide are freshly distilled off
under high wvacuum from 4A molecular sieves, a middle

fraction (b.p. 35~40°C) being collected. 900 ml of

freshly distilled N, N-dimethylformamide are initially
introduced into a two-liter flask having a stirring
magnet, argon feed-line and bubble countet, and argon is
bubbled through. 18.0 g of (R)=-(+)-BINAP and 7.0 g of
benzeneruthenium(II) chloride dimer are added. The
resulting solution is bubbled-through with argon for 15
minutes and then immersed deeply for 10 minutes into an
0il bath which has been preheated to 100°C, with the

argon being allowed to continue to bubble through the

solution. The resulting clear, dark-red-brown solution is
allowed to cool down to room temperature under argon. In
the meantime, 10 1 of abs. ethanol (denatured with
toluene) and 10 kg of keto ester II (from Example 1) are
charged into a 30 1 steel autoclave. A vigorous stream of
argon is bubbled through the solution. The catalyst
solution is transferred under pressure to the substrate
solution with argon using a double cannula.

The autoclave is sealed and then flushed with hydrogen.
2 bar of hydrogen are injected and the autoclave is then
heated to 100°C. Once this temperature has been reached,




subsequently, 0.135 kg of p-toluenesulfonic acid hydrate areradded

the m xture is subsequently stirred at these tenperatures forf F= ‘hottr-g- Fhe-*-:*
original colorless solution turns slowy yellow sh after 1-24 '

thgur h
mxture is left to stand at 25[err] G oyeraight. It is concentrdt el ’I(i:'\'_ 819%
vacuo on the follow ng norning, and the residue (oil) is dls'olaived Ln.5.1
of et hyl adﬂteatleydﬁds@enopgessurphiseadsmslterd \Aa:shbcbamcecmt 2. Snd of

kT S B S Ge b ot s,
-17-  concéthe AWPFIAYRR 2 q«gUegegwsfapﬁézs§»y.of oi | .
Exanple 9 a sample which is withdrawn indicates >99 % hydrogen-
ation. HPLC analysis on "Chiralcel OD indicates 97.4 % ee
of the crude product. The autoclave is flushed with
nitrogen, the contents are withdrawn, and the ethanol is
removed in vacuo. Subsequently, the DMF is removed under
high vacuum at a bath temperature of 60°C. The residue is
distilled on a thin-film evaporator (140-150°C mantle
temperature, 0.1 torr). 9.70 kg (96.2 % of theory) of a
pale-yellow (almost colorless) oil are obtained, GC
purity: >98 %, optical purity X‘Chifalcel OD): 97.1 &,
(€] = -8.3° (¢ = 1.2, in abs. ethanol).
(R)-(+)~BINAP can be ‘recovered from the distillation
bottom (black viscous oil).

Example S

tert-Butyl 3-~oxo-5(S) -hYdroxy—6-beniylo_xyﬁexanoa.te Iv

CHy

oK 0 0K 0 0
o, X n-Qull, 1PryNH °\/‘\)’\/‘k
@_/ \/\)\0/\683 — @_/ 0."""":“3

tert-butyl acetate
CHy

1t v

Materials:

9.4 1 (66 mol) diisopropylamine

13.4 1 THF (abs. according to Karl Fischer)

43.6 1 = 29.65 kg (69.76 mol) n-BuLi (15 % strength in

hexane)
9.0 1 (67.6 mol) tert-butyl acetate

4 kg (6.30 mol) compound III (from Example 2, 3 or 4)
32 1 toluene '

9.4 1 of diisopropylamine are dissolved in 9.4 l- of abs.
THF and 29.65 kg of n~BuLi are added dropwise at 0°C. The



tert-Butyl (3R, 58) 6- hydr oxy- 3, 5- O-i sopropyl i dene- 3, 5- di hydr oxyhex
.gléo_[farr]h I - Materials: 2.38 kg (6.79 nol) conpound ¥l f.rany EXATEMEET
et hy

acetate 0.238 kg Pd/C (10 %  2.38 kg of conpbupd-Vi-are—— |

dissolved in 30 1 of ethyl acetate. ©.288-kg of Pd/C (10 % tcen
added under N2, and hydrogenation takes place at 10 bar H2 ﬁhé@%ﬁ?‘#’a

stirring autinct e . iénsubesefiuentilyngtinmed@t treom ctempera \sl'-‘%h

TLC. If theyqdegehifBs! and itHer'®ooled to -40°C. 9 1 of te't-butyl
acetate are added dropwise at this temperaturz:™ The
mixture is subsequently stirred at -40°C for 1 hour.
Then, 4 'kg of compound III, dissolved in 4 1 of THF, are
added dropwise. The mixture is subsequently stirred at
-40°C for 2 hours. After that, 7.4 1 of water are added

without further cooli.tig, and the mixture is then stirred
for 10 minutes. Subsequently,

the mixture is extracted
twice with 16 1 of toluene on each occasion. The combined

toluene-hexane phases are dried and concentrated on a
rotary evaporator. The product becomes semi-solid on the

rotary evaporator. Yield: 8.0 kg =

155.7 % of compound
Iv.

Example 6

Option of purifyiﬁg the keto ester IV from Example 5 via
a lithium bromide complex

62 g of the crude product from Example 5 are dissolved in
260 ml of petroleum ether (40-80°C) (if necessary, then
.add toluene dropwise until a clear solution is obtained).
55 g of anhydrous lithium bromide are added, and the
suspension is then stirred for one hour with the
exclusion of moisture. The lithium bromide complex is
filtered off with suction and washed with 50 ml of
petroleum ether. The crystals are introduced into 100 ml
of water and 250 ml of methyl tert-butyl ether, and the
mixture is stirred vigorously for 30 minutes. The organic
phase is separated off and the solvent is removed in vacuo,
and the oily residue is taken up in 100 ml of diisopropyl
ether. In doing this, crystallization commences. The solid
is filtered off with suction, washed with 20 ml of diiso-
propyl ether, and dried in vacuo. 29 g (82 % of theory
based on p-hydroxy ester III) are obtained of colorless
solid IV which, in contrast to the crude product, is

present almost completely in the enol form (‘H-NMR),
melting point 136°C. '



finished, filtration with suction takes place, new catalys :ﬁ?g{%fﬁﬁngﬁﬂ

.t he .hydrogenation is continued. |If the hydrogenation is co JeL

m xture is filtered off fromthe catalyst wi th suction andjjcgncentrated on

a rotary evaporator. Crude yield: 1.55 kg (87.9 % of theor ,;[oiﬂ??.f{)"a’@qg%
resulting oil is purified in two chrategraphy col ums. rijthis, 8 kg of

crude oil, together with 8 | of MIB ether (nethyl tert-butyl
ether)/cy@’?ﬂ‘f&iﬁn

& 1:1, are adsorbed onto a 15 kg silica dgel..colum which

has been flooded wth MIB ether/cyclohexane 1:1, and eluted with the

same runni 1| ca LSt .eluate of 50 | g discarded, After that,
fractions tr(%q‘:@.qﬁ%]gh:i Qgg' %géindﬁ‘wgﬁﬂﬁyEﬁé'gﬁ&&yE??‘ﬁ expRoatRe Vor oduct
fractions are concentrated on a

evapor at or.

, oo ok 0w o cn,
"0 _WI\ triethylborane
CHy o-l- CHy +<II,

- 18 - rotary

- CH,0
CHy NeBH, 7CH OH Hy

1 _ : v

Materials:

2.77 kg (100 $=1.94 kg =6.29 mol) compound IV (Example 5)
24.5 1 THF

13.3 1 triethylborane, 1 molar in hexane

680.9 g sodium borohydride '

17.5 1 methanol

13.75 1 hydrogen peroxide

2.77 kg of compound IV are dissolved in 24.5 1 of THF at
20-25°C. 13.3 1 of triethylborane are allowed to run in
relatively quickly at the same temperature. The reaction
is endothermic. The mixture is subsequently stirred at
20-25°C for 10 minutes and then cooled to -60°C. 680.9 g
of sodium borohydride are added at this temperature. This
addition is also not associated with any exothermic
reaction. Immediately thereafter, the dropwise addition

of 11.5 1 of methanol is bequn (duration about 1.5-2
hours, exothermic reaction up to max. =-60°C). Once
addition is complete, the mixture is subsequently stirred
at -60°C for 2 hours. After about 1.5 hours (monitoring
with TLC), the mixture is taken out of the reactor and
added to the feed vessels. 13.75 ‘1 of 35 % strength
hydrogen peroxide are added, together with 13.75 1 of
water and 6 1 of methanol, to the cold reactor, and the
mixture is metered in, with stirring and cooling, at
initially 0°C to max 15°C, from the feed vessels in
association with complete dry-ice cooling (duration about
1 hour). Once addition is complete, the mixture is

20




Yield: 600 g of conpound | (starting. fromthe ester condersaﬁﬁmﬁ' Hg
.starting fromExanple 5, a yield of 43.6 % consequently resdlt;

st eps).
tert-butyl
hydr oxy- 3, 5
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extracted by stirring twice with 13 1 of toluene on each
occasion and once with 13 1 of ethyl acetate. The result-
ing organic phase is concentrated on a rotary evaporator.:
Yield: 2.20 kg = 122.6 % of pale yellow oil (compound V).

Example 8

tert-Butyl (3R,5S)-6-benzyloxy-3,5-0O-isopropylidene-3,5-
dihydroxyhexanoate VI

X

<::>»-ca o_/’l\\/’L\\/JL\\°_+_c“ p-t0s <::>>,c"zo_,/l‘\/’l\\/’l\\ [

Fom
CHy :

CH,

v vi

Mater1a13°

2.2 kg (7.087 mol) “diol" (compound V from Example 7)
30 1 acetone ) _
1.506 kg (14.17 mol) 2,2~-dimethoxypropane

0.135 kg (0.708 mol) p-toluenesulfonic acid
5 1 ethyl acetate

2.2 kg of compound V are dissolved at room.temperature in
30 1 of acetone. At temperatures of 20 to 25°C, 1.506 kg
of 98 % strength 2,2-dimethoxypropane (= 1.778 1) and,
subseqguently, 0.135-kg of p-toluenesulfonic acid hydrate
are added, and the mixture is subsequently stirred at
these temperatures for 3 hours. The original colorless

-  solution turns slowly yellowish after 1-2 hours. The

mixture is left to stand at 25°C overnight. It is
concentrated in vacuo on the fbllowing morning, and the
residue (oil) is dissolved in 5 1 of ethyl acetate. The
organic phase is then washed once with 2.5 1 of saturated
NaHCO, solution and once with 2.5 1 of saturated NaCl
solution. It is then dried over Na,80,, clarified and



wherein ethyl [err]-benzyl oxyacetoacetate of the formula - L.

Vi

theory) of oil.

[errl]
.is asymmetrically hydrogenated to give ethyl 2(S)-hydr- {REPLACEMENT BHEET
oxy- 3-benzyl oxybutyrate of the fornmula I, [err] 1 :_
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concentrated in vacuo. Crude yield: 2.38 kg (96 EngE £

Example 9

tert-Butyl (3R,5S5)-6-hydroxy-3,5-0O-isopropylidene-3,5~
dihydroxyhexanocate (I)

u,c><cu, H:°><Cﬂa

0 0 0 . 0 ¢ 0

_/l\)\)\ CH, Pd/C (10 &) _N\/u\ CH,
—————————————
O—CH,O °+ CH, ethyl acetate HO 0+ CH,

cH, : ‘ cH,
vl _

Materials: : .

2.38 kg (6.79 mol) compound VI from Example 8 .
30 1 ethyl acetate

0.238 kg Pd/C (10 %)

2.38 kg of compouﬁd VI are dissolved in 30 1 of ethyl
acetate. 0.238 kg of Pd/C (10 % strength) is added under
.N,, and hydrogenation takes place at 10 bar H, for 8 hoy.rs
in a stirring autoclave. On the following morning, the
reaction is checked by TLC. If the reaction is still not
finished, filtration with suction takes place, new
catalyst is added and the hydrogenation is continued. If
the hydrogenation is complete, the mixture is filtered
off from the catalyst with suction and concentrated on a
rotary evaporator. Crude yield: 1.55 kg (87.9 % of
theory, o0il). The resulting oil is purified in two
chromatography columns. For this, 8 kg of crude oil,
togei:her with 8 1 of MTB ether (methyl tert-butyl
ether)/cyclohexane 1l:1, are adsorbed onto a 15 kg silica
gel column which has been flooded with MTB
ether/cyclohexane 1:1, and eluted with the same running
mixture. The first eluate of 50 1 is discarded. After
that, 20 fractions of 5 1 each are taken off and checked
using TLC. The product fractions are concentrated on a
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hydroxy ester of the fornula IV,

hydroxy ester of the formula Il is converted by

[err]
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rotary evaporator.

Yield: 600 g of compound I (starting. from
condensation, i.e.

43.6 % consequently results over 4 steps).
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the resultant ester of the fornula IV is converted by dlastereoselectlve

ninto t utyl 3(R) ,5(S)- dihydroxy-6- benzyloxyhgff,
for“““ﬂlﬂlﬂ““lﬁ‘imlﬁ the hydroxyl groups in the di hyHtoxe
t he rotected with the formation of the acétohlde 0
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Patent Claims

1. A process for preparing tert-butYl (3R, SS)-G-
hydroxy-3,5-0-isopropylidene-3, S—dihydroxyhexanoate
of the formula I,

Ot-Bu

wherein ethyl e-benzyloxyacetoacetate of the formula
IT -

0 0

\J\)\\ !
BnO .
Ot ’

is asymmetrically hydrogenated to give ethyl 2(S)-hydr-
oxy-3-benzyloxybutyrate of the formula III,

OH 0

°n°\)'\)\' | -

Ottt

the f-hydroxy ester of the formula III is converted by
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means of a Claisen condensation into the f-keto-§=(8)<

hydroxy ester of the formula IV,

0

on © o
BnO\)\)U‘\ .
0-t-8Bu

v

the resultant ester of the formula IV is converted by
diastereoselective reduction into tert-butyl 3(R),5(S)-

dihydroxy-6-benzyloxyhexanoate of the formula V,

oH OH O

Bno\)\-)\/u\
0-t~-Bu

the hydroxyl groups in the dihydroxy ester of the formmla
V are protected, with the formation of the acetonide of

_the formula VI,

HyC_ s
¢
/7~ \
0 0 0

Bn0~\\//1\\//l\\¢/JL;\ |
' 0-t=-Bu

vi

and the benzyl protective group is removed from the
acetonide of the formula VI, with the formation of the

compound of the formula I.




The process in.claimil, wherein the asym netric |}

ocess as—ehai-med TN ur_%ggma 1
suwstrar R \m\mmﬂ\mg?agda'n' | gy carried out a8 z'h?t;fdle e
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catal yst. heitprbcels as clained in claimi1, wherein the a$ 09 B=C 995
hydr ogenation of conpound Il to @&\ conmpound Il is carri ed a) at a
hi gh substrate/catal yst ratio (>>1000:1), b) using an in-si tl:l LIUUED)

chl ori de- ( R'Tlidt \pFocesesatsl glaimedc ini eladmny r,eadidx;emdﬂssldﬁ -and c)

d |
incer o | G DSBS o BTG, 16D e o BOLE L0
in claiml, WRErds cernisd Opi(tunatl 4 s hdghi M@r&ﬁ%Msul and

optical purih¥iW WiPihg hayi ﬂﬁ-%@.twbmeﬁehﬂﬁﬁr('ﬁq' BRLSELEES (R) 2
chromat ogr aph%NAP catalyst.

The process as claimed in claim 1, wherein <the

asymmetric hydrogenation of compound II to give

compound III is carried out

a) at a high substrate/catalyst ratio (>>1000:1),

b) using an in-situ ruthenium(II) chloride-(R)~BINAP
catalyst which is very readily accessible and

c) under a low hydrogen pressure (<5 atm H,) which

is simple to implement from an industrial point
of wview.

The process as claimed in claim 1, wherein the com-
pound I is obtained at high chemical and optical

purity without having to subject intermediate stages
to chromatography.
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i
PROCESS FOR PREPARING TERT-BUTYL (3R.-SS)-6—HYDROX'§_L_-__3,5—O-
ISOPROPYLIDENE-3,5-DIHYDROXYHEXANOATE —

ABSTRACT

A novel process is described for preparing tert-butyl
(3R,58) 6-hydroxy~-3,5~0-isopropylidene~3,5-dihydroxyhexan~
- oate of the formula I

HsC C

N/
/N e
0 0 0 |

Ho\\v7l\\/)\§/)L\ o8

which is a valuable structural element. for preparing
inhibitors of HMG-CoA reductase.

Hs




