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SCH 36392 is a new orably active azole antitungal, presentty
n Phise 1T clinicub trials 0D Bis superior 1o existing azole an-
ttunguls soainst aovariewy of fungasl intfections in bodh nomnad
aind immanocompromisad infection models T pariicular, i
shows enbanced activity against Candida and Aspereillies in-
Lections, L comuomen with uther azole sotiungids (Scheme 1)
SCH G392 (1) contains the azole rmg. adibdogenobenzene
ring wid a rigid side chain, distributed around a central five-
muember ring. Vinfike Ketocnnazole 130, Lruconazole (4 and
Saperconarole (31 which contain a central |3-divxolune ring.
SCH 536542 contains & mare robust lerahydrofuran ring.
which i belicved w be respoensible Tor i enhaneed oral
Pioavailability 123 10 also contains & hydroxylated side chain
at the extreme righi-hand side of tde molecole. the presence
vl which enhances aetivity compared Lo SCH 31048 {25, un
carlicr nonhsdrosylated version of the drug, The presence of
thase two moictios complicates the synthesis of SCH 3653492
tSchome 1y
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L D 1SCH56592 X =H,Y =OH
2SCH51048 X,Y=H

3 X=Cl Z=CH Ketoconazole

4 X=Cl Z=N Itraconazole

5§ X=F Z=N Saperconazole
SCHEME 1

Key intermediutes, Enzymes have become mcereasingly pop-
ular i recent years for the synihesis of chiral building blocks
(301 This 15 especially <o in the pharmaceatical indusiry
where regulimtory pressure hus encouraged the development and
marketing of chival driigs as single enantiomers (7,83, The two
chiral subunits 16 and 71 necessary oy the syisthesis ol optculls
pure SCH 36392 are shown retrosynithetivally in Schemwe 2
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Frisubstitnted tetraltvdrofuran (6). Chemoenzymatic ap-
proaches o the 2.2 d-risubsrituted tetrahivdioturan (60 have
been previously described (9123 In particular, the cnzye
matic desymmetrizaiion of diol (81 by € wrreererioa Hpase 13
(Novozvnwe -35) provides the (Y -monoacetate (99 o good
viekd with high enantiomeric excess {=9%% cmmntomenic ox-
cens tee [ {Scheme 3 The stereoselectivity of the subsequent
iodocyelizanion transleys the chirality generated by the en-
cvine o the newly Tormed benzylic ceonter, o lonm the re
gquired 2R 4N -termabvdrofuran ring (L0 (60-7114 averally,
Introduction of the miasole and replacement ol the aectute
with chlorebenzenesutionate complete the synthesis of the
hes intermediate 6,

(2838 Farmylhvdrarone (140 The required (25381
formyihydrasone (14 was prepared trom ety luctwe. which
provided the €2 chiral center iScheme 4 Subsequent chain
clongation vig the pyreolidine womde provided ketone 12,
How ever. under all conditions tricd. reduction of 12 resulied
o mixiure (S90010y af the (28.3/)- and 12535 2-hensyl-
axy- 3 pentanol (7 with separation of the minor (25 35-di-
astercomer at this or subsequent steps proving difficaht 1.
placenient of the chilorohenzenesultonate with hydeazine in-
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verted e O3 chirol center w the required E5-comlicuration
cled the synthesis ol 14 1Schenme 4.
Bevaase the chentical reduction of ketone 12w the aleo-

and oy Lation comp

hol 7 showed poor diastercoselectvity, virious chemoenyy
matic routes o pure 28381 2benyylosy - 3-pencinoel (74
were considered, These upproaches 1o 7 could include nuicra.
bial reduction of the ketone 120 hvidroxs Tativa of 2-henss
ey pentane af the C3 position. or selective enzs matic ses la-
ot ol 2-benzyioxy -3-pentanel (73 I this report, we de-
sorthe oor efforts 1o exploit enzvme diastercose

celivity 1o
preferentally exterify o single isomer of 2 bensyloxy-3pen-
tmol (7 with a switable acyl group o facihitate separation of
e desired 1253R8)-7 from unwanted 125.35-7.

MATERIALS AND METHODS

Anafvricead meshods, High-performance liguid chronttosr-
phy (HPEC) was carrted out on o Waters 713 Ultra Wisp
cquipped with o Daicel Chiralee! OF columm 10,460 s 25 oy
(Chiral Technolagivs Ine.. Exton, PAY 19 (PrOhevne: |
mlfmin: room lemperatre d$RT 0 detection at 208 nme reten-
ton times: (253RW2SIN-16a, 352612 min und
CAS ISP 28 3K-T0 L2000 3 49 nnin, respectinvely, Gas chio-
matearaphy (00 was pertormed an g Shimadso GO 143
Cloky o, Japant cquippoed with o DB -1 capillary column (&AW
Scientific) €13 m = .25 nun x 0235 s trun conditinns
EOOTC Tor Loain: 10 fmin o 2500 C For 2 min: relention times:
(2853828 3R 70605625 min: 1he bty rates 16a. propi-
vides 16h, and chiloroincetites 16e. w0 903, R ud and vosy
min, respectivel s, did nol resolver, Optical rotions were de-
termined on s Perkin-Elmer 243 B Patarimeter 1Palo Al
CAan Flsh chromastography was camied aut with Sorbisil
CO0 HYAOA Y tsher Saennilic, Picsburgh, P Karl tis-
cher titrations were carmed one on oo Menler DT KE
Coulomerer tMettder fnstrument Corpl, Fliohistown, NI,
Vvl butyrate (VIylOB, vinvl benzoite, viny | hexanoate,
viny | propronate. vinyl chloroacetate. i buats ric inhyvdride
were abtned from TCT USA (Porthnd, ORy and viny| ac-
clate from Abdeich Chemicul Company M ilwaukee. W i

O o] OH j)?-i
] |
~— .-"\ EtMgBr ..m\[:.)\\"/’ LiBH,4, ZnBr; - ~ . — i‘ .
. \ /' THF/TBME ORn o
OBn / OBn OBn OBn
11 12 25,3A)-7 (25,35)-7
| <90:10 I
HN-CHO
NHNE HN
(2s3m7 _1-PCICeHISOLCI < A~ HCO,Et /L/
O T NN I I
3 L l';‘“ |r; OBn L-DBTA salt reflux OBn
- o
13 14
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were tsed as received. Al other chemicals were obtimed
from Fisher Scientilic and were ised as received.

Fncvine souwrce. Enzyimes were abtained trom the follow-
mg commercial sources and were wsed as reccived: Lipase
CR Anadstical Grade 001, ChiroCLEC CR. ChireCLEC CR
tdrs boand O reegosa esterase Trom Adws Biologies Ineo iCam-
bricee. YA Lipase AY 30 from Amano Enzvine USA Ll
{Trov, VA Lipase €0 ovifndracea from Biocatalvsts 1,
iPontypridd, United Kingdom: Lipase 303, Chirasyime 1-3,
and chalesterol estevase from Bochringer-Munnheim Co. tln
diagnapolis, IND: Enzeco Lipase XX Cancentrate and Enzeco
S-4827 Basterase/ipase from Bnsyme Development Corp.
{New York, NYE lroan Fluka
Bawochimiki (Buchs, Switzerlandiz Lipuse O evlindracea
from Genzyime Corp. (Cambridge. MAL Piecantase A from
Gist-Brocades (Charlotte. NC Lipase OF OFGL OFC, and
MY rom Meios Saneyvo Coo Ld. (Tokyo, Japung: Liposyvine
EA-20 and IM-600 Lipozyme 100000 SP-524 and SP-326
from Novo Nordish Bioindustnals Inc i Danbury, CTy 1i-
pitse. 0 ovimdrucen T-83230 Tvpe VI and Type VLA,
Porcine Pancreatic Lipase (Type I and Acylase | tA.
nieffensy From Siema (S0 Louis, MO Lipase G- T from
Salvay Fnrymes, Ine (Elkbrts INDG Tovobo LPL-TO1 fron
Shinka Amertcan Tng, (New York, NY . Candida reegosa on-
terase CAs Biologies) 020 mb was dialyzed against ague-
ous buffer (300 mly (10 mM Triso {mM CaClL, pH 6.7 at
A0 overmeht and then against frash bulterd 200 ml.) tor 6
The contents of the dialysas bag were then frozen and

Mucor michel osterase

Ivaphilized and the Bvophifate (031 viusedas is,

(ISR -2-Benovlovy-F-pewivl burvrate, (28038 (1ha). A
nixture of 3 A molecular sieves ¢85 12 mesho 01,0 g vinyd
butyrate ¢ 1.3 mb 103 mmoln and Lipase OF 1) 25 was sus-
pended in res-buty |l metiel ether GBMEY (74 mby and
stirred it room wemiperature Tor 95 min, A solution ot 7 (1.0
g A ol (705 deyin tBME 200 iy was added. and
the mixture was stirred magnetically for 163 h. The reacuen
mivtiere was then filtered trough o Celite pad, which wis
wilsliod with (BME (10 mY and the combined tiltrate was
evaporated. The residue was placed ona SIO5 column (13 g
and eluted with hexane 130 mlo 2% 150 mly and 4% (50
by rBAE/hesane, and fractions of 1320 ml were col-
fected. The desired Tractions were combined und evaporated
to obtain o colorless Biguid (0097 a0 UK 2% des 60449 hased
on ot aleohol, 71.3% hased on (2838 starting material )
If'r_l‘\['%) 167 e L3230 FtOH s infrared ¢ IRy ety 1734 om”
L chemical onization—muass spectrometry (Cl-MS$) (CH)
265 (M + D 'H naclear mugnctic resonance (INMR ) (CDCLL)
SORT (50 3HL 093 (1 3Hy LS (3L 163 dHL 282
i 2HL 355 0 THD)L L33 0AR grers, 2HH 495 (e, THDL 729
i S PO NMRICDCT S 101, 137, 157, 18.6. 229,
IS T04. 755 7630 12750 12760 12830 1386, 1734,
Anal., cale™d tow Cralls O C, 7269, H. 9105 found: €,
FAROCH, 92T

(28 3R 1-2-Rensvinxv-S-penrvt chloroaceraie, (25 5R)-
{16 ) This was prepared as above fron o mixiure ol 7 (6.0
e 313 mmolt i82.6% ded vinyl chloroacetae 16,34 ml .
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62.6 numol and Novo Lipozyme 1M (332 grin (BME 60
by shaken af 230 rpincat RT for 160 h. While the Lipozyime
IM-cataly zed aeviation of 7 with vinyl chloroacetine is rela-
Lvely fast the reaction slows down considerably afler ~804%
conversion. This reaction was atlowed to proceed for longer
than usual 1o musimize conversion wd allow isolation of the
L2838 -diastercomer with good de, Removal of the enzyme
heads by filtration. Toltowed by column chromatogruphy,
vielded 12838 -16e 16,33 ¢  OR A5 de 7474 based on tond
aleohol. Q4% based on composition of the starting mix-
wred: [ +17R (002020 E1OHY: CI-MS (CH,) 271 (M +
12 THNMRACDCLy 6 0.94 12, 3HY. L2014, 3y, 1,68 (.
2y 360 g, THY OS5 (a0 21, 256 (50 2H) 3006 i, TH
733 (o SHy PO ONMR (DO S 100, 153,227 410,
FOO, 751 E27.60 12770028 40 13830 1642 Laler fractions
were ehuted with 309 LIOAC/hexane w yicld (2535 7 (083
g, BE2% bosed on composition of the starting nixiared
(95 T e

128 AR 2-Bensviovy-3 peny! proprionate 128, 3R 11 16D ),
This was prepured as above from o mixtwre of 7 {80 0. 5]
mmoby (705 des, vins ] propremate o3 mib TTY ook and
Lipase QFG A0 @i rBME cithmlor at 230 rpm and RT For
125 h. After workup and cobumn chronography, the rele
vt Fractions were combined to yichd aslishtly yellow lig-
unll L0 g 39.6% based un total starting material, 700375
conversion ol {28.3R)-7 (Y6.9% der: [al5+21.1 ¢ 1473,
FLOH) CI=MS (CH 3 25 1TM 4 1R tneaty 1738 em™': T
NMRACDCT ) S 080 v AHL 115 (0 3 T8 el 3L 6
(quei, 2Hy. 2035 (o, 200 359 g THDLAAA6 AR guasr, 2110
08 oa THE 732 0 5H DO NMR (CDCL) 6 9.3, 1001
156,220,278, 709, 754, 76,3, 1275, 127.7. 128.3. [38.0.
U743 Anal.ccaled. Tor C L0 0 CO 71970 HL 8860 Tound:
CoTLIS HU8TL

OSSR e:-2-Bensvioay-S-pewraned 125.3R0070 0 Lour
Lipozyme EM-catalvzed aeylations [ 12 g ol (2538 1-adcohol
per reaciion | were combined. and the butvrute 125 341164y
{536 2. 20,5 mmoeh obtuined by column chromaographs
wirs disselved ina mixtre of dPrOH (30 miL and 2 M NaOH
CH by The minture was heated at reflux Yor 173 hothen
couvled to KT and PrOH was removed. The residoc wits ox-
tracted twice with EtOAc 0100 aind 30 mloy, and the cont-
bined organic extravis were washed with sawrated agueous
Na€'l (30 mly, dried (MaSO, 3 lihered. and evaporated. The
crutde product was distiled in o Kugelrohr oven (oven win-
perature 1OG 105 ¢ 1.0 mm He) w obtain o caloriess vis-
cous liquid [3.70 g, Q3.5% 0 76.6% overall from sturting
2838 aleohol | {9749 e (o)), + 357 fe LISL EOH):

IAES, Vol T T innTy
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IR oeuty 3436 cm ™! bk THENMR GCDCT) 8 0.97 (7. AH).
LIS ted, 3H0. 225 thr o 110 351 (o EH L 3.66 i, TH).
155 (AB grearr, 2Hy 733 (e SHE UC NMR (CDCEHD
B 105, 13,2251, 706, 7.4, 774 127.6. 1284, 1385,
Amtl. cale’d, Tor (_'lzl-l]‘\.(_)lz Co73 s L 934 Tound: C.
741611, 9.32.

RESULTS AND DISCUSSION

Aetfrvelricle anad wntine acvlaiing agems, The ol ions stoitegy
was toexamnine the eizynutic acylation of 7 with sucetnic
anfvdride as acylating sgent becanse the product henisueei-
nate 131 would be casily separated From the unreacted mate-
riatl by extraction with alkali ¢ 13 [631Scheme 5.

A sereen of 148 engvines wus undertuken with 7y (499
dey (30 ek enzyme (Ohmg). and sucemiv anhyvdride (five
cyguividents) intetrabvdrofaran (THE 20 mbo a RT. Alter
67 W thin-faver chiromatography (TLCT shiowed thad onty
clafil enzymes displayed significant catalyviice soivity, and
FIPT.C showed that ainly Tour displayed significant selectiv-
iy, The dinstercomeric eacesses of the hesnixoecinawe prod-
uct 13 were poor (67=580% deb In erms of selectivily/freac-
(v ity the best enzyme was Tovobo LPT 701 which acylated
e (25308 -diastercomer. With LPL 7010 the acylation was
cramtoed in 14 solventss ranging mopolarity from ethanol w
hexane, Best results were ohserved with (BME. T d-dioxane,
ayl aleohol and -butyl aleohol. but selectvity/reactivity
wis sl Tow: de values of 72-7749 were observed at 54 689%

TABLE 1
Enzymatic Butyrylation of 2-Benzyloxy-3-pentanol (77
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Butyrate
Hexanoate
Propionate
Benzoate
Acetate

FYG. 1 The el od acvhaling agent ce e acvlating of 7 in ferf bty
el ether s Conditions: 7002 @ 00 &30 der enavmie
[FRE T (R BT I vinvl ester taas r.'<_i,l_12\-'(1|r.‘|1‘.k_: FOom femiperature,
Copmversion e was mvasured at 2000 bor Sezloc CF and at 67 D
| i['lt:Z\'ml_’ [y 20

conversion alter 64 b A number of ather anhyvdride acylating
agents were examined. Glutaric anhyvdride (17,18} showed
[ow reactivity (~12% conversion alter 44 [y, while maleic
and phithalic anhydride and Meldrum’s sed showed no signs
ol reaction. Hvdrolvsis of the hemisuccimaie 13 (49% Jde)
with Tovoho LPL-701 w10 mM phosphate botler/THE
CH 2 mbAmbapiE 700 was also slows Afier 44 b the reac-
ton showed ~30% conversion with 30% de in the product.

A series of nitrogen-contianimg acylating agents was also
examined, again Tor the purpose of effecting separation by
acidMase extraction. However, treatment of 73 with ethyl
dimethy liminopropionate, ethyl dimethyl wiminaglycine.
eyl dimethyluminobenzoate. or sarcosine cthyl ester (five
cytttvalentsy in fBME {2 mly in the presence of Tovobo
LPL 700 tone weight equivalenty showed ne sign of reac-
ton alter 62 1.

Vinyvt exter acviating agents. Because it seemed unlikely
thai funcuonaiized esters would be obtained cnzvimatically
with high diasterenselectivity, we examined the enzyne-cat-
abyzed acvlation of 2-benzyloxy-3-pentanel (71 with vinyl
butyrite as acyluting azent. From a screen of 147 hvdrolytic
craymes, aonumber of enzymes showed pramising reactivity
(Table Ty, However, in all cases. the mujor digsiereomer
{25 387 reacted preferentially. resulting ina tess convenment
diveet puritication. Beciuse of their high diastercoselectivity,
reasonable reactivity, cost and commercial availability, Meio
Lipase OF (€. rugosa) ind Novo Lipozyme IM-200 (A
srichieit were chosen for further development. (Canedide -
aorva was formerly called O cvfindracen. Candida ragosa
will be used throughout the text except when referring o
manulacturers” labeling, Nove Liporyme IM is Novo Lipoe-
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60 —
[ Meito OF

— B LipozymeIM-20

Conversion (%)

DIPE
tBME

Heptane
Hexane
tAmyIOH
VinylOBu
Toluene
EtOAc

Cyclohexane

FIG. 2. The erfect of solvent an the butyrylation o1 7. Conditions: 7,
S0 g, A% ey engyme, SO mgs solvent, 2 mb; vinylOBL, Tive eqguiv-
alents; room temperature: 16 b Abbreviation: DIPE, diisopropyl
cther. For other abhrevidions see Figure 1,

zyme immohilized on a macroporous resin: IM-23 and 1M-60
are dilfferent loadings.)

The [4 best enzymes from the vinyl butyrate screen were
also serecned for their ability to use trifluoroethy] hemisuc-
cinate as an acylating agent (Scheme 63, While three en-
zymes showed some selectivity [{25,3R)-15 80-90% de|. the
reactivily was low (3—14% alter 635 h).

Effect of aevlating agent/sofvent. The inlluence ol acylat-
ing agent on the degree of conversion was examined, and
both enzymes showed similar behavior (Fig. 1) Vinyl ac-
etite was a poor acylating agenl for both enzymes, and vinyi
benzoate was stuggish. The vinyl esters ol propionic. bu-
tyric, #nd hexanoic acid showed similar degrees of conver-
sion, with viny] butyrate performing hest. The magor differ-
ence was observed with vinyl chloroacetate. which per-
formed best for Lipozyme IM-20. while reacting poorly with
Meito OF. Acylation with butyric anhydride was slower than
for vinyl butvrate with hoth enzymes. and diastereoselective
ity was lower owing to chemical acylation. For a compari-
son of different enol esters in O rugose (Sigma Type VII)-
catwlyzed transesterification, see Reference 19, and for a
demonstration of the effect of acid chainlength on the Novo
Lipozyme-catalyzed esterification of alcohols, see Reference
20. For both enzymes, the enzymatic butyrylation was ex-
amingd in 20 common selvents {the most promising solvents
are compared in Fig. 23, The best results were obtained in
ether and hydrocarbon solvents such as diisopropyl ether
{(DIPE}). tBME. heptane. or hexane, :BME was the solvent of
choice tor turther reactions. Generally reactions were laster
with Meito OF than with Lipozyme [M-20.

1365

80 ~
60 —
<
c
2
[
4]
240 -
S
—N— 096 M
—0— 048 M
20 o —1}— 024 M
—9—0.16M
—m— 0.48 M, no sieves
0 L ] T I 1
0 20 40 60 80
Time (h)

FIG. 3. The elfect an concentration on Meite OF-catalyzed bubyryla-
tion of 7. See Figure 1ior company source.

Effects of molecular sievesftemperature/cencenpration. In
an attempt o speed up the reaction. the effects of heating and
molecular sieves on the Meo QF-catalyzed butyrylation
were examined. The reaction was examined in 1BME at am-
bient temperature, 42 and 35°C. Increasing temperaiure re-
sulted in increased conversion without compromising selee-
tvity [(28.353-7 > 0.97 de]. The presence of sieves (g/g) re-

B0 S
60 A
s
2 40 o
o
E 1 equiv.
Q
—O—  2equiv.
20 —V—  3equiv.
—¥—  4equiv.
——  Sequiv.
0 {% T T Ll 1 T T 1
0 25 50 75 100 125 150 175
Time (h)

FIG. 4. The effect of vinyl butvrate concentration on Meito OF-cat-
alvzed buterylation of 7. See Figure 1 for company source.
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TABLE 2
Scale Up of Enzymatic Bulyrylation of 2-Benzyloxy-3-pentanol 79
Yielet
ke kg s des 15 oo
7 7.00 748 U7
125, 4Ki-1ba 667 24,1 EIERY) L
[ERRY. o) 4.48 b7 ELN g

“Conditions: 7.7 kg7 8% deis Meilo OF, 7 kg Ving OB, 8.2 kp: 3
A sioves, 7 ki tBME, 77 L room tempersure: 1490 d,

Pee, enantiomeric excess. See Tabte 1 for ather abbreviations and
VOMPINY SOUrees,

sulted in a 10-20% higher conversion, compared o identical
reactions without sieves, and the obvious explanation was
that the sieves were removing water from the system. Karl
Fischer titrations were carried out o determine if differences
i moisture content could be measured. A mixiure of sub-
strate €10 g3 and 3A molecular sieves (10 2) m /BME (100
mb} was stirred Tor [ b, and a sample was withdrawin, Mcito
OF (10 gy was added, the misture was stirred for 0.3 h. and
another sumple was withdrawn, A parallel reaction in the ab-
sence of sieves was set up and anadyzed simultancously. No
differcnee in moisture content was observed by Karl Fischer
titration {0.17-0.20% betore and 0.37-0.41% after addition
ol enzyme}. and after addition of vinyl butyrate, the reaction
in the absence ol sieves was signilicantly slower. In two si-
nwlanecus reactions, with and without molecular sieves, the
two reactions were pre-stirred in the absenge of substrate lor
5 Iz we hoped that bulk witer would be consamed in the hy-
drolysis of vinyl butyrate. and that the subsceguent acylation

on addition of substrate would not depend on the presence of

sicves. On addition of substrate and stirring tor a further

153.75 h. conversion in the presence and ahsence of molecular

sieves was 26,8 and 17.1% ., respectively (increasing to 67.8
and 45.3% alter 89 k). Tt is possible that water in the reaction

BO
&0
A IBME
= —O— 5% Pyrrolidine
[ . OIE
S n —{1— 5% DME
@ 40
o —F— 0.8% Compound 11
[=
o -
6] —k— BME
20 —®— 5% Pyrrolidine
—l— 5% DME
—%— 0.8% Compound 11

Time (h)

FIG. 5. The eftect of putential contaminants on the enzymadic butyryl-
ation o 7; puritied distillod 25,387 1977% den open symbols: crogde
7 078%: ey, closed symbiods, Conelitions: 7, 92 mg: Moeblo OF, 100
i VinvtOBD, o cguivalents; 1A sicves, 100 mg; iI38ME, 1 mi
roon lemperaiure. TE, dimethoxyethane, See Figuee | ior company
souree and other abbrevialion,
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mixture. or the butyric acid or acetaldehyde resulting (rom
hydrolysis of the acylating agent. adversely allects the en-
zyme’s performanee (21,

n parallel reactions, the best rate was observed at (.48 M
7 with two eyuivalents of vinyl butyrate in the presence of
sieves: again, the reaction was noticeubly slower in the ab-
sence ol steves (Fig. 3) With 2-5 equivalents of acylating
agent. there was no major difference in rate with cither Melio
OF or Lipozyme IM. However, with one cquivalent, some
hatches of starting material showed incomplete reaction for
both enzymes (Fig. 43, Varizbility in the performancee of some
batches of substrate was ohserved. and the passibility that
seine samples of 7 contained an cozyme inhibitor was brietly
cxamined. Pyrrohiding. dimethoxyethane (DME). and resid-
ual pyrrolidine amide 11 were considered as potential conta-
minants, wed their effect on the Meito OF-calatyzed acylation
i~ shown in Figure 5. Under identical conditions. distilled pu-
pitied (285.3R)-7 (97% deb reacted Faster than crude nuaeriul
{78% de), even though the fatter contains less active sub-
strate, Of the three contaminants ested. only pyrrolidine
showed a significant inhihitory effect on the enzymuiic acy-
lation: i the presence of 3% (vol/vol) (1.25 equivalent)
pyrrolidine. only ~10% reaction was observed after 30 h Guo
and Sih 22y have shown that some chiral amines are eflec-
live inhibitors of O rugosa lipase. However, the level of
pyrrotidine in crode samples was not established. In additgon.
the presence of 3% of the enantomerte (2R.35VI2R.3R-7
pair (86% dey had no elfect on the rate of acylation of 7 (duta
nol shown.

Seale-npr. We still hoped that alter the enzyme-catalyzed
butyrylation, the crude reaction mixture might be aeylated
chemically with succinic anhydride. and the (25.35)-
hemisuceinate 135 so formed. containing all of the unwanted
(28.35)-7 diustercomer. could then be removed by alkaline

100

3X Meito OFG

Conversion (2

Meito OF/Sieves
Lipozyme IM-20

Lipozyme IM-60

Lipozyme IM-60

Meito OFG

T T -1
0 50 100 150 200

Time (h)

FIG. 6. Forymatic Ingerlatient of 7 with immehilized cosvmes, Con-
7oL el des enzvime, T ooxcoepl
OFG o VinylOBu, fwo cguivalents; BME, T00ml: 4 A sieves, 1 g
1O onlve room temperature: (b closed symbaols 70001 g 7404 des
e, U0 g VinvlOBu, teea cquialents: (BME, T.00ml: coom 1em-

perature, See Figure 3o abbreviations: see Figure | lor other Lom-

ditions: v upen svimbls;
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TABLE 3
Butyrylation of Compound 7 with Selected Candida rugosa and Mucor mivhei Enzymes?
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ey

Vendor

Proclugs

O rugesa enzymessvingl hutyrate

1
:
5
4

i
B!
It

l

13
1.3
5

16

17

[k

-

1M
0
21
2
3y
74

3

26
K
K
2y

i

Atus
Sigma
Allus

Allus

e atalvsts
Ernzviie
Divelopment
Carp,
Mero
Mo
e
Amnann
Reswhranger-
Mannhicm
Bechiing-
Mannheire
Lronyyime
Mlesitn
Sigima
Siama

Albis
Bochringer-
SMannheim

Allus
kI
Altus

Mot

Rio atalvsts
Amanc
Bochringer-
Aanniieim
Cienaag
it
Stama
M

Alrus

Pipase CR Analvtical Graede 001
Lipase 4.68525 ipurified:
ChiraCTFC CR ey

ChiraCHEC CR gbng

Fipase €0 vlindniced

Enceco Lipase XX Concenlrate

Lipnise OIF
Lipase QF
Lippase OIFE

[ iprase AY-30
Lifkases 335

Chirazyme |4

Vipase € ovlindricea

lipase MY

Pipases Type VI

Lipase Type VLA
timmohilizeds

Crugnsa esterase thvophilate:
Cholestorof esterase

Lt cnsymesdiitiuorocthyl butvrate

Lipase CR Analytical Grade (i
Lipase L3235 pwariniedh

Chira LEC CR ielrve

[apase €]

Lipase € ovlinddraco

[ aynse AY- 30

Clirdsvme B

Lipase € cvdinedea ca

[ fpwase MY

Lipase Tvpe VI

Figrases Tvpe VIEA timimebilized
O rogosa bsterase yophilaie:

Meher cneymesavingd Butvrale

i
W2
b

t

\
H
b

iRy
NIV
Nrives

(udia

I v
I“J(_‘V("]upmmﬂ
o,
Citst-Brocades
Stlvay

| ipozyrme 1-20

[ipoesynae 1660

5P A2 Tipase
moniremabiilized -2 0060
[ESTERINY

S 4827 Foseco Faterasedlipase

Pic cantase A
Fipase G- 10200

Wy Time b 7 0% cder Toa fader Conversion (%,

e

1M,

ED
Bl

44
fo

Ity
-1
(W18
114
RIS

IR
1o
122

145
S0

[E]
15
i
i
e
|34
1TH

2y
Eh

2

BT

I3

thiy
{il
72

i

114

i1
(e

.{P
A

4
Ki]
A
At
B

K3

Y
03
B
03
B
B3O

at
a4
a4
84

R

i

e
H4
B4
e

i
B

R
94
R}
Bt
BN
ER)
i

4y
93
91
91

HY

a8
[$38]
]

hy

N

#4
Ho

334 niel” <
456 néed 1.2
1201 R 0.2
d2.6 Hid b 131
11,8 Hin 410
2.2 Ul 434
a4 )2 417
Jah B 3703
E3d )7 RIS
G1.1 0 EERY)
312 1.4 4.8
ERIRE A 1.0
1.0 T3 13,5
BIN:] 2i0 262
570 232 BIVIE]
7444 0.7 2
AT [EEEN] 7.4
43,6 426 9.4
Fib 4401 1.3
45.0 Hin (¥
407 (a4 t.t
270 41,5 RAT
121 Il 234
4.4 ) 240
33,7 4.5 244
1i.0 X7 .0
] 1260 [KFN
EERD Lin 254
174 ity (TR
452 r#id 1.4
2h 914 5.0
274 H15 376
Ian arn IR
BT EENY 10,4
23 il -
450 niel =]
0 néel EY

“Conditions: Sulstrate, 001 200206 80 vined butveate, Three equivalents, or tritbuormethyl butvrate, tive eouivalonts

AL 20 il oo lemperatures 230 epme. See Table [ or abbreviations,

4 N .
el ot determined.

H

OBn

o

S

2

Meta Lipase OF H

. . - /"‘\/’
O 1
oy OBn
{BME

(253R-16a

+

OH

N

CBr

(25357

SCHEME 7

oH
1 aph :
Cliromatography e
2 NaOH, (ErH
Aethux Lbn
125.5RT
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extraction. However. it proved difficult to cleanty und com-
pletely acylate all of the unreacted alcohol. so we decided 1o
proceed with a convenient column chromatographic separa-
tion of the (25.3R)-butyrate 16a from the unreacted (25.35)-
aleohal 7. The reaction sequence was successfully scaled up
in a pilot plant as shown by the resulls in Table 2 for a 7-kg
reaclion {Scheme 7). Aller complele acylation [10 d for
>05% conversion of the (253K )-isomer|. the bulyrale 16a
was isolaled by column chromatography (5X 5i0,), then hy-
drolyzed 1o yield enanliomerically and diastereomerically
pure (25.35)-7.

There were some process problems on scaling up the reac-
tion: the high enzyme loading and the presence of sieves
caused problems in filtration: the reaction required extended
periods to approach completion: cost of the enzyme; and chro-
matography was required for tsolation. Because an immobi-
lized enzymue would greatly lacilitate liliration, Meito Lipuase
OFG (C. rugosa. immobilized on granulated diatlomaceous
earthy was compared with Meito OF (acctone powder). The
best results were observed with Lipozyme IM-60 (activity
three times that of [M-20) or 3-g equivalents of Meito OFG
(the activity of OFG is listed as one-third that of OF) (Fig. 6).
The use of Lipozyme IM-60 with vinyl chloroacetate as acy-
lating ugent looks promising: the faster reaction. simplified
and less odorous workup. and the possibility of enzyme reuse
potentially outweigh the increased costs of enzyime and acy-
lating agent.

TABLE 4

B MORCAN ET AL

A

FIG. 7. 170 Empirical rale that prodicrs the faster reacting enantiomer
of secondary alcohols with hvdrolases, ep., Candicle rugosa wadapned
from Rof, 161, iR The fastor reacting 12 5. 3R0-7 obeys the model.

Erzvae sowrce, Becawse of the low rate of enzymatic bu-
tyrylation, Candide and Mucor enzymes [tom different com-
mercial sources were compared. While different reacuivities
were to be expected, given the dilTereim activities of the en-
Zyme preparations. a surprisingly wide vartation in selectivity
was also observed. Of the seven M. iniefted preparations ex-
wmined. only Novoe Lipozyme IM-20¢60 and the correspond-
ing nonimmobilized form. Lipase SP 524, showed any reuc-
tivity under acylating conditons. The 17 O rgosa enzyvme
preparations that were surveyed fell into three groups (Table 3
for acylation conditions, und Table 4 for hydrolysis condi-
tonsp. In general, the purified enzyme preparations showed
poor activity {Table 3. entries -4y Alws Analytical Grade
Lipase CR is a purified form of Meito OF and is known ta be

Hydrolysis of Compound 16a with Selected Candida rugosa and Mucor miehei Enzymes”

vondor Prowtuct

Lime B Breevime omgh Tea Cede 70 den Conversion e
; B

(. rugosa enzvmes

1 Alus ChirC|LEC CRP 5.0 .1 ml 434 67 ER

A Alus Liprase CR Analvticad Grade 001 4.0 51.7 120 IRV 26

2 Allus € rugasa Esterase iquid .75 1.5 ml b Hi.6 17.1

3 Altus €. rugosa 1Dialyzed soliel! 1.0 3701 407 hsfr SRR

5 Amang [ ippase AY-30 3. 103, 320 bal 4704

f Bochringoer- Chaoloesterol osterase 3.0 isn 4.1 46.4) Hib. 1
mMannheim
7 Boehringoer- L ipase 305 1.4 [ 457 R 2004
Mannheim

4 Enzvme Lipase XX Concentrate 2.0 RN b1l ELENY B
Develnpment
Corp.

9 Cenzyme Lipase Candida oviindraceas 4.0 195 44 4 422 Sihh
1Y Meito [ ippase MY 5.0 I K3 EE 141 4503
11 Muito laprase O i T2 RN 000 in.7
12 Sipma L8525 (Puritieeh 4.0 15.4 ER) IR R

M, michel engymos
13 Eneyme 54827 Enzeco Fih 1056 il réeh” 0
Dovelopment Esterasedapase
Carp.
14 Gist-Brocades  Piccantase A R 1081 444 nd 8]
I3 Navo Lipozyme [0 0001 4710 boaoml 4003 i [} FE
16 Novo Lipozyme 1M-20 R 12605 452 el 0

*Conelitions: Substrate, 91 mg i0.34 mmob; 50 md phosphate buiter pti o8 110 mi, oom temperature.

S50 mb KCLT0 mLi, pH stat,
CLEC CR s ajormutated suspension tor hydrolytic use,

Sanedda rogosa cslerase s sopplicd as o solobion; sohd engvmie was obtarned by dialysis and lvophilization.
A anddidl, ! 1 pylived I liel \ bt I hy dialy [ Ivephilizat

Unfed, not determineed.
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inactive under acylation conditions. Sunilarly. purified Sigima
Hpase (L-8325) showed no activity in (BMIE This may be due
to the loss of constituent sugars during purification: the en-
zyme is 7% glycosylated (22), In contrast. the crude Sigma [i-
pase preparation (Type VID, which contains 38% added lac-
tose, showed 406 conversion after 89 h, Additon of carho-
hydrates to previously diatyzed C ragose has been shown to
aftect the enzyme’s behavior under both hydrolytic and acyla-
tion conditions (24}, The highly puritied crosslinked enzyme
crystal formulaton [Altws ChirgCLEC-CR (drv)] also showed
poor reactivity at 5% w/w toading. Athigher loading (10-30%
w/w) with viny] butyrate as acylating agent, CLEC showed
fower selectivity, and the reactions scemed to stall at <20%
conversion in fBME and isooctane with pure (28.3R8)-7 (data
not shown . Similar behavior in the presence of vinyl acetate
has recently been reported (25), CLEC-CR also showed poor
reactivity with wrifluoroethyl butyrate as acviating agent. and
the reaction terminated at ~1 14 conversion. Optimal water
activity and the presence ol surfactants have been shown to
he important determinants of the reactivity/selectivity of
crass-linked enzyme erystals (26) und purified preparations of
C. rugose lipase (27) but were not addressed in the present
study.

Candida rngosa Mcito OF and its immobilized forms,
OFG and OFC, showed 40-60% conversion aller 89 h. us did
Biocutalysts” O evlindroacea and EDC Lipase XX Concentrate
{Table 3. cntries 5-9). This set of enzymes also showed good
diastereoselectivity and formed (25.37)-16a with 89 .92¢ de
[The de was lower than previously recorded above because an
impurity cocluted on HPLC with {28.35)-16a. (o depress the
observed de). The chiral preterence shown by this group of
enzymes agrees with the model proposed by Kazlauskis e al.
ond Franssen er of. (28.29) and is supported by X-ray crystal
structures of the puritied enzyme (30) il the medium and large
groups are assigned 1o the ethyl and benzyloxy groups. respee-
tively (Fig. 7).

A third group of enzymes, comprising Sigima Type VIL
Meita MY, Amuno AY-30. Boehringer-Munnheim Chirazyme
L-3 und Lipase 305 (Candida sp.). und Genzyme C. exlin-
druced, all showed poor selecuvity (Table 3, entries 10- 16).
In fact, the de of the product butyrate 16a was less than that
of the starting material (379 de ). indicating a preterence lor
acylation of the minar (25.35)-diastercomer. While Sigma
Type VI has heen shown to be heterogencous (31-33)0 i is
also reported 1o be free of contaminating enzymes that dis-
play opposite stercochemical preference Tor the enantioselec-
tive hydrolysis of racemic aryl- and (aryloxy)propionic esters
{34). However. the present study suggesis that some C. ru-
posa preparations contain fractions with opposing diastereo-
selectivity under acylating conditions.

A similar grouping of enzymes was observed when (riflu-
oroethy] hutyrate was used as acylating agent (Table 3. en-
tries 19-30). The reactions were slower than with vinyl bu-
tyrate, but Meito OF and Biocatalysts™ C. eviindroced wey-
lated the (25 3R)-1sonwer with 90-91% de. while Amano
AY-30. Meito MY. Chirazyme L.-3 and Genzyme C. oviin-

[AhY

draceqd showed o preference for the minor (28,35 -1somer |de
ol the product { 14=2 1% 1 was less than that ol the starting ma-
terial t47% ded|. While crude € rugosa (Meito OF) report-
edly consists of several hydrolases and at least one protease
(35). the lack of reactivity ol the esterases from Boehringer-
Munnheim and Altus suggests that @ contaminating esterase
is not responsible for Meito OF s reactivity in the present
study.

[n contrast to their behavior under weylating conditions,
all Candida enzymes were hydrolytically viable but showed
uniformiy poor selectivity (Table 4). As before. \he increase
in de of the unreacted starting material with increasing con-
version indicates that Amano AY-30. Meito MY, und Sigma
Type VI prefer the minor (25,35)-1somer. Of the Mucor en-
ymes lested, only Novo Lipozyme 10.000L (a liquid prepa-
ration} showed actlivity: the immobilized [M-60 showed no
activity under similar conditions,

The disadvantages of using crude commercial enzyme
preparations in synthetic reactions have long been recog-
nized, and muny altempts W improve the enantiosclectivity
ol € rugosa lipases have been reported (35.36). Qur results
reinforee the observation that an enzyme’s peeformunce may
eritically depend on commercial source and purity.
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