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Abstract: Several acylations of pentitol derivatives mediated by Candida cylindracea have been
shown to be enantio-, or diastereo-, group selective; a pattern emerges from the selectivities of

these reactions which mav have some nredictive valne
these reactions which may have some predictive v

to the starting material. Some of these transformations are

highly stereoselective, giving products of excellent
stereoisomeric purity; a typical result is depicted below.

OBn OBn 4.0 mass eq. Candida cylindracea OBn OBn
HO AL A _OH — AcO A AL OH
\/\|/\/ vinyl acetate, hexanes (0.005 M) \/Y\/
0Bn O 2t OBn
25°C,30h
1

270%>95 % ee.

Diol 1 is conveniently prepared from adonitol via a three step sequence (tritylation, benzylation, detritylation).
When 0.005 M hexane solu

hen 0.005 M hexane solutions of this material are treated with excess vinyl acetate in the presence of a cru

presence of a cr
preparation of the lipase Candida cylindracea gives monoacetate 2 and the correspondmg diacetate. Kinetic

amplification of enantiomeric excess! "4 is operative, ie the optical purity of alcohol 2 is enhanced via

relatively rapid removal of the minor enantiomer in a second acylation step. Consequently, the enantiomeric
purity of 2 increases as the reaction proceeds, at the expense of chemical yield. In practice, good optical and
chemical yields are obtained if the reaction is stopped when diol 1 has disappeared (TLC). Diacetate formed
in this transformation can be hydrolyzed and recycled.5 Enantiogroup selective, enzyme-mediated reactions

are common,? but examples in which three synthetically useful asymmetric centers are generated are relatively
7
rare.

Diastereogroup selective acylation of the D-arabinitoi derivative 3 is aiso mediated by Candida
cvlindracea. This reaction transforms the stereochemically silent C3 carbon of the diol into a defined chiral
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center. Presumably, kinetic amplification of diastereomeric excess is operative in this reaction, as illustrated
below.

OBn OBn 4.0 mass eq. Candida cylindracea OBn OBn
HO 3 A _OH - AcO A_OH
vinyl acetate, hexanes (0.005 M)
OBn 25°C, 48 h OBn
3 4 58% 95 % de.
1 slow ¢ slow
OBn OBn OBn OBn
HO\)\|/E\/OAC fast AcO\/H/E\/OAc
............... .>
OBn OBn
diast-4 42 %

Absolute configurations of the product alcohols 2 and 4 were established by converting them to the

dithioacetals S and 6, respectively; the latter compounds (or their enantiomers) have been prepared in optically
active form from peﬂtoses.8

OBn OBn DMSO, (COCl), 0Bn OBn (i) EtSH, BF;.0Et,
AcO 1. OH ———————— = AcO £ .0 s
OBn OBn (11) TSOH, MeOH
(=)Bn OBn OBn OBn
HO AL _A_ _SEt HO A _SEt
OBn SEt OBn SEt
5 (from2) 6 (from4)

Group-selective acylations were also attempted using diols 7 and 8, derived from L-arabitol and xylitol,

respectively. However, acyl transfers to these substrates mediated by Candida cylindracea occurred in a
stereorandom fashion.

QBn OBn OBn OBn
HO A3 OH HO OH
OBn OBn

7 low selectivity 8 no selectivity
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It appears from these results that the stereochemical arrangement I is processed slowly by Candida
cylindracea, whereas hydroxyl groups of entities II - IV are acylated relatively quickly. This accounts for the
observed stereoselectivities for acylations of diols 1 and 3, and the lack of selectivities for substrates 7 and 8
(neither of which contain fragment I).

OBn OBn OBn OBn
‘;‘]/=\/°H PN }’J\/OH ‘;‘])\/OH
OBn dBn OBn OBn
I 1| I v
OBn OBn OBn OBn
HO__A_A_ _OH HO, A _OH
\/Y\/ ~ '{ ;
OBn s, L OBn
1 slow acylation of 3
this hydroxyl

In related work the meso diol 9, an erythritol derivative, was acylated with appreciable enantiogroup
selectivity. The absolute configuration of the predominant enantiomer of 10 was not established because the
selectivity is not sufficient for practical appliactions; however, on the basis of the preceding discussion it
seems likely to be that indicated below.?

OBn 0.3 mass eq. Candida cylindracea OBn
A _OH - A _OH
HO YT vinyl acetate, hexanes (0.005 M) i
OBn 25°C, 24 h OBn
9 10 70% 67 % e.e.

Chemical and optical yield information for all the acylations presented in this paper are

summaraized in the following Table.
Table. Optical and chemical yield information

compound mass equivalents of time monoacetate diacetate
Candida cylindracea (h)2 opt. purity (%) yield (%) vyield (%)d
1 4.0 48.5 >95¢ (d.e.) 58 42
3 4.0 30.0 >95b 70 28
7 4.0 24.5 12¢ 59 22
8 3.0 54.0 ~0b 84 6
9 0.3 24.0 67b 70 17

2 See the text for a representative experimental. b The enantiomeric excess was determined by 1TH NMR using

(+)-Eu(hfc)s. © The diastereomeric excess was determined by HPLC. d Isolated yields after flash
chromatography.
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Crude samples of Candida cylindracea are available for under $1 per gram (Sigma). Stereoselective

acylations mediated by this enzyme proceed at a convenient rate when comparable masses of substrate and
enzyme preparation are used; consequently, the experiments outlined in this paper are cheap and
experimentally simple.5 Moreover, some of these reactions have been performed using over 10 g of substrate,
and significant scale-up should be possible. Such facile preparations of chirons are of obvious importance for
contemporary asymmetric syntheses. Experiments are in progress to investigate biocatalytic
desymmetrizations of other substrates; it will be interesting to determine whether or not the stereochemical
bias observed for these acylations is exhibited in similar transformations mediated by Candida cylindracea.

Acknowledgements: We would like to thank Dr David Chaplin and Lee D. Jennings for helpful discussions.
Financial support for this work was obtained from the National Institutes of Health (AI28204A).

References and Notes

o o0

nph LN

Wang, Y.; Chen, C.; Girdaukas, G.; Sih, C.J.J. Am. Chem. Soc. 1984, 106, 3695.

Bergens, S.; Bosnich, B. Comments Inorg. Chem. 1987, 6, 85.

Dokuzovic, Z.; Roberts, N. K.; Sawyer, J. F.; Whelan, J.; Bosnich, B. J. Am. Chem. Soc. 1986, 108,
2034.

Schreiber, S. L.; Schreiber, T. S.; Smith, D. B. J. Am. Chem. Soc. 1987, 109, 1225.

Preparation of (28, 3R, 4R)-1-O-Acetyl-2,3,4-tri-O-benzyladonitol (2): Hexane (232 mL) followed by
1.96 g (4 mass eq.) of the crude lipase obtained from Candida cylindracea (Sigma, EC 3.1.1.3) was
added to a solution of 0.490 g (1.16 mmol, 1.00 eq.) of 7 in 2.14 mL (23.2 mmol, 20.0 eq.) of vinyl
acetate. The resulting suspension was stirred at 25 oC for 30 h. The reaction was filtered through celite
(washing with Et20). The volatiles were removed in vacuo to give an oil which was purified via by
flash chromatography (10-20% EtOAc in hexane). The monoacetate 2 (0.38 g, 70%) is a yellow oil: Rf
0.3 (20% EtOAc in hexane); [a]25D -9.00 (c 3.40, CHCI13); >95% ee (from 1H NMR using (+)-
Eu(hfc)3); 1H NMR d 7.26-7.41 (m, 15 H), 4.71 (s, 2 H), 4.62 (m, 4 H), 442 (dd, J =2.8 & 12.2 Hz, 1
H), 4.19 (dd, J = 5.7 & 12.2 Hz, 1 H), 3.86 (m, 2 H), 3.74 (br s, 2 H), 3.70 (m, 1 H), 2.00 (s, 3 H); 13C
NMR d 170.0 (C), 137.9 (C), 137.8 (C), 128.5 (CH/CH3), 128.4 (CH/CH3), 128.2 (CH/CH3), 128.1
(CH/CH3), 128.0 (CH/CH3), 127.9 (CH/CH3), 78.6 (CH/CH3), 78.5 (CH/CH3), 77.0 (CH/CH3), 74.0
(CH2), 72.2 (CH2), 72.1 (CH2), 63.6 (CH2), 61.2 (CH2), 21.0 (CH/CH3); IR (neat) 1740 (st). Anal.
Calcd for C28H3206: C, 72.39; H, 6.94. Found: C, 72.20; H, 7.03. 1,5-Di-O-acetyl-2,3,4-tri-O-
benzyladonitol (0.16 g, 28%) was also obtained as a yellow oil.

For recent examples see:“Wang, Y.; Wong, C. J. Org. Chem. 1988, 53, 3127,/ Wp Y.; Lalonde,J. J,;
Momongan, M.; Bergbreiter, D. E.; Wong, C. J. Am. Chem. Sgc /1988, 110,72 taniello, E.;
Ferraboschi, P.; Grisenti, P. Tetrahedron Lett. 1990, 31, 5657Z anti, G.; 'Banfi, L.; Narisano, E.
Tetra ﬁon Lett. 1989, 30, 2697 ,L.K.P.; Hui,R. A.H.F,; Jones, J. B.J. Org. Chem. 1986, 51,
2037 er, U.; Breitgoff, D.; Klein, P.; Laumen, K. E.; Schneider, M. P. Tetrahedron Lett. 1989, 30,
1793.

For examples see: Tschamber, T.; Waespe-Sarcevic, N.; Tamm, C. Helv. Chim. Acta. 1986, 69, 621.
Mohr, P.; Waespe-Sarcevic, N.; Tamm, C.; Gawronska, K.; Gawronski, J. K. Helv. Chim. Acta 1983,
66, 2501.

Tadano, K.; Maeda, H.; Hoshino, M.; limura, Y.; Suami, T. J. Org. Chem. 1987, 52, 1946.

For a recent report of biocatalytic resolutions of other tetratol derivatives, see: Bestmann, H. J.; Philipp,
U. C. Angew. Chem. Int. Ed. Eng. 1991, 30, 86.

(Received in USA 12 July 1991)



