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Conduritol B & C Enantiomers 6 Enantiomeric pairs
diacetate of conduritol

The first synthesis of all possible enantiomeric pairs of conduritol sterecisomers has been accomplished by efficient enzymatic resolution of
conduritol B and C derivatives, followed by oxidation/reduction and the Mitsunobu reaction in stereo- and regioselective manners.

Conduritols and their derivatives possess interesting biologi- litol,® pseudosugars,amino sugar analoguéssugar amino

cal properties; conduritol epoxides and aminoconduritols act acid analogues, etc. As pointed out in the recent reviews,

as inhibitors of glycosidaséscyclophellitols have proved  however, a number of difficulties have been encountered in

to be potent inhibitors of human immunodeficiency virus the syntheses of conduritols. Conduritols are cyclohex-5-

(HIV) and glycosidase3and conduritol A analogues modu-  ene-1,2,3,4-tetrols and exist as twesocompounds (con-

late the release of insulin from isolated pancreatic islets in

the presence of varying concentrations of glucoseumber (5) () Brammer, L. E., Jr.; Hudlicky, Tretrahedron: Asymmet998

of conduritol derivatives have also been found to possess? 2011-2014. (b) Desjardins, M.; Brammer, L. E., Jr.; Hudlicky, T.
G . . . ivithe Carbohydr. Res1997, 304, 39-42. (c) Hudlicky, T.; Mandel, M.; Rouden,

antlp!otlc, ant"eqkem'Ca and growt_h-regulatlng actvities. 3.\ ee, R. S.; Bachmann, B.; Dudding, T.; Yost, K. J.; Merola, JJ.S.

addition, conduritols have been widely used as |ntermed|ates$h§mé hSoc.,gerkir;) Trl'f_nsg.'994, ]%5755—7145167%‘(1%) Mandel, M.; Hudlicky,

H H H H H . H . J. em. SO0cC., Perkin lrans. , - .

in chemical syntheses of mosncﬂs;uercnols? deoxyinosi- (6) Hudlicky, T.; Cebulak, MCyclitols and Derivatives; VCH: New

tols,” aminoconduritol$;® conduritol epoxide$,cyclophel- York, 1993.

(7) (a) Drian, C. L.; Vionnet, J. P.; Vogel, Pely. Chim. Actal990,
73,161-168. (b) Drian, C. L.; Vieira, E.; Vogel, Helv. Chim. Actal989
(1) (a) Legler, G.; Herrchen, MFEBS Lett.1981,135, 139—144. (b) 72, 338—347.

Legler, G.Methods Enzymoll977,46, 368—381. (c) Legler, G.; Bause, (8) (a) Sanfilippo, C.; Patti, A.; Piattelli, M.; Nicolosi, @-etrahedron:

E. Carbohydr. Res1973,28, 45-52. (d) Legler, GMol. Cell. Biochem Asymmetn1997,8, 1569—1573. (b) Hudlicky, T.; Luna, H.; Olivo, H. F.;

1973,2, 31-38. Andersen, C.; Nugent, T.; Price, J. .Chem. Soc., Perkin Trans1991,
(2) (@) Atsumi, S.; linuma, H.; Nosaka, C.; Umezawa, X.Antibiot. 2907—2917.

1990,43, 1579. (b) Atsumi, S.; Umezawa, K.; linuma, H.; Naganawa, H.; (9) (a) Trost, B. M.; Hembre, E. Jetrahedron Lett1999,40, 219—

Nakamura, H.; litaka, Y.; Takeuchi, T. Antibiot.1990,43, 49. 222. (b) Takahashi, H.; limori, T.; Ikegami, $etrahedron Lett1998,39,
(3) Billington, D. C.; Perron-Sierra, F.; Beaubras, S.; Duhault, J.; Espinal, 6939—6942.

J.; Challal, SBioorg. Med. Chem. Letfl994,4, 2307—2312. (20) (a) Entwistle, D. A.; Hudlicky, TTetrahedron Lett1995,36, 2591 —
(4) (a) Balci, M. Pure Appl. Chem1997,69, 97104 and references 2594. (b) Pingli, L.; Vandewalle, MTetrahedron1994,50, 7061—7074.

therein. (b) Balci, M.; Sutbeyaz, Y.; Sew, H.Tetrahedron Lett1990,46, (11) Hudlicky, T.; Rouden, J.; Luna, H.; Allen, 3. Am. Chem. Soc

3715—3742 and references therein. 1994,116, 5099-5107.
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duritols A and D) and four enantiomeric pairs (conduritols
B, C, E, and F). Conduritols A and F are naturally occurring.

Kazlauskas' procedur.After 3 h the conversion reached
ca. 50% and the reaction mixture contained the unreacted

Conduritol isomers have been synthesized by several meth-diacetatg+)-4 (49%, >95% ee) and the monoacet#te)-5

ods: microbial oxidation of benzeHeor halobenzene®;3
followed by epoxidation-ring opening or dihydroxylation,
dedihydroxylation of inositol diol$} and otherg:'® Although

considerable progress has been made from enantiopure

unsaturated cyclicis-diols, obtained by microbial oxidation
of halobenzene®;**many other approaches result in racemic
mixtures. Recently, enantiopure conduritols have been

o o8z _ o@,
prepared by employing chiral starting materials such as sugarg,»~y"7o1  gig*

alcohold® and diethylL-tartrate!” Enantiopure conduritols
have also been obtained by chenfiéét'8or enzymatigé100-19
resolution of racemic conduritol derivatives or their precur-
sors. However, the systematic and practical access to all
enantiopure conduritols has not been realized. Thus we
undertook the synthesis of all possible enantiomeric pairs
of conduritol stereoisomers via efficient enzymatic resolution
of conduritol B and C derivatives and herein report the
results.

To obtain enantiopure conduritol stereoisomers, enanti-
oselective enzyme-catalyzed hydrolysis of conduritol B and
C derivatives was explored. First, conduritol C derivative

(48%, 95% ee) (Scheme 1).
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a(a) PPR, imidazole, }, toluene N, 77%; (b) NaOMe, MeOH,
N, 96%; (c) AgO, pyridine 97.5%; (d) see Table 1; () NaOMe,
MeOH, quant; (f) 80% ag. AcOH, 10TC, quant.

(2) was prepared fronmyo-inositol diol 12° under the
Samuelsson conditior’$?? The diacetate4, which was
derived from2, was exposed to lipase fro@andida rugosa
(CRL, Sigma) in a phosphate buffer (pH 7) according to the

(12) (a) Billington, D. C.; Perron-Sierra, F.; Beaubras, S.; Duhault, J.;
Espinal, J.; Challal, Bioorg. Med. Chem. Letll994,4, 2307—-2312. (b)
Carless, H. A. JTetrahedron: Asymmet4992 3, 795-826 and references
therein. (c) Ley, S. V.; Parra, M.; Redgrave, A. J.; Sternfeld;étrahedron
1990,46, 4995—-5026. (d) Carless, H. A. J.; Oak, O.Tétrahedron Lett.
1989,30, 1719—-1720.

(13) (a) Donohoe, T. J.; Moore, P. R.; Beddoes, RJLChem. Soc.,
Perkin Trans. 11997, 43-51. (b) Carless, H. A. J.; Busia, K.; Dove, Y.;
Malik, S. S.J. Chem. Soc., Perkin Trans1993, 2505—2506. (c) Carless,
H. A. J.J. Chem. Soc., Chem. Comm892, 234—235. (d) Hudlicky, T.;
Price, J. D.; Olivo, H. FSynlett1991, 645—646. (e) Johnson, C. R.{ Ple
P. A.; Adams, J. PJ. Chem. Soc., Chem. Commad®891, 1006—1007.

(14) (a) Mereyala, H. B.; Pannala, M. Chem. Soc., Perkin Trans. 1
1997, 1755—1758. (b) Innes, J. E.; Edwards, P. J.; Ley, S1.\Chem.
Soc., Perkin Trans. 1997, 795—796. (c) Mereyala, H. B.; Pannala, M.
Tetrahedron Lett.1995, 36, 2121—2124. (d) Akiyama, T.; Shima, H.;
Ohnari, M.; Okazaki, T.; Ozaki, Bull. Chem. Soc. Jpri993,66, 3760—
3767.

(15) (a) Sutbeyaz, Y.; Sea, H.; Balci, M.J. Chem. Soc., Chem.
Commun.1988, 1330—1331. (b) Knapp, S.; Ornaf, R. M.; Rodriques, K.
E.J. Am. Chem. S0d 983,105, 5494—5495.

(16) (a) Ackermann, L.; Tom, D. E.; Furstner, Aetrahedron2000,
56, 2195—2202. (b) Cere, V.; Mantovani, G.; Peri, F.; Pollicino, S.; Ricci,
A. Tetrahedror?00Q 56, 1225-1231. (c) Gallos, J. K.; Koftis, T. V.; Sarli,
V. C.; Litinas, K. E.J. Chem. Soc., Perkin Trans1999, 3075—3077. (d)
Cere, V.; Peri, F.; Pollicino, STetrahedron Lett2000, 38, 7797—7800.

(17) Lee, W. W.; Chang, STetrahedron: Asymmetd©99,10, 4473—
4475.

(18) Trost, B. M.; Patterson, D. E.; Hembre, E.JJ.Am. Chem. Soc
1999,121, 10834—10835.

(19) (a) Sanfilippo, C.; Patti, A.; Nicolosi, G.etrahedron: Asymmetry
2000,11, 1043—1045. (b) Sanfilippo, C.; Patti, A.; Nicolosi, Getrahe-
dron: Asymmetry1999,10, 3273—3276. (c) Yoshizaki, H.; Backvall, J. E.
J. Org. Chem1998,63, 9339—9341. (d) Sanfilippo, C.; Patti, A.; Piattelli,
M.; Nicolosi, G. Tetrahedron: Asymmetr§997,8, 2083—2084.

(20) Chung, S. K.; Chang, Y. T.. Chem. Soc., Chem. Commadf95,
11-12.

(21) (a) Liu, Z.; Classon, B.; Samuelsson, B.Org. Chem1990, 55,
4273—-4275. (b) Pakulski, Z.; Zamojski, Aarbohydr. Res1990, 205,
410-414. (c) Garegg, P. J.; SamuelssonSBnthesid4 979, 469-470; 813—
814.

(22) Chung, S. K.; Kwon, Y. UBioorg. Med. Chem. Let1.999,9, 2135—
2140.
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This observation was at minor variance with Béackvall's
results, which indicated the enzymatic resolution of the
diacetated by CRL produced the unreacted diacet@atg-4
and the diol(—)-3.1% It is clear that CRL showR stereo-
preference. Methanolysis and successive acid-catalyzed
hydroysis of compoundst)-4 and(—)-5 afforded ¢t+)-cond-
uritol C [(+)-6] and (—)-conduritol C [—)-6], respect-
ively.”013e19cThe reaction catalyzed by lipase frdPseudo-
monas cepaci@PCL, Amano) also gave comparable results
in terms of products, enantioselectivity, and reaction rate.
However, the alcoholysis of the diacetdtevith Novozym
435 (CAL, immobilized lipase fronCCandida antarctica
Novo Nordisk) or Lipozyme RM IM (RML, immobilized
lipase fromRhizomucor miehei, Novo Nordisk) iRBME
did not work at all (Table 1).

To obtain enantiopure conduritol B derivatives, the con-
duritol B derivativel0 was prepared according to Samuels-
son’s olefination procedutefrom compound,?® which was
derived from compound?® (Scheme 2). The diacetal®,
prepared by methanolysis and subsequent acetylation of
compoundL0, was exposed to CRL and PCL in a phosphate
buffer (pH 7), but the optical resolutions did not result.

We then investigated the system with Novozym 435 and
n-BuOH in t-BME at 45 °C. After 30 min, the reaction
mixture was found to contain the unreacted diacefate
12, the monoacetaté—)-13, and the diol(—)-11. The
monoacetaté—)-13 was slowly converted t¢—)-11. This
reveals that this enzyme also Hastereopreference and can
recognize both acetyl groups since the diacefadel2 has
aC, symmetry axis. After 3 h, the reaction mixture contained
(+)-12 (49.5%, 98% ee) and—)-11 (48.5%, >99% ee).
Compound(+)-12 was treated with NaOMe in MeOH to

(23) Kazlauskas, R. J.; Weissfloch, A. N. E.; Rappaport, A. T.; Cuccia,
L. A. J. Org. Chem1991,56, 2656—2665.
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Table 1. Lipases-Catalyzed Resolution of Conduritol B and C
Derivatives

time yield enantioselectivity
substrate lipase (h)e (%) of products (% ee)d
4 CRL? 3 48 95 (>99)¢
4 PCL? 3 48 95 (>99)°
4 CALP no rxn
4 RMLP no rxn
12 CRL? no rxn
12 PCL? no rxn
12 CALP 3 48.5 >99
12 RMLP 36 48.5 >99

aCRL, lipase fromCandida rugosgSigma); PCL, lipase frorRseudomo-
nas cepacigAmano). Experimental conditions, enzyme (100 mg/substrate
1 mmol), 0.5 N buffer (pH 7.0, 5 mL/substrate 1 mmol), 0.5 N NaOH, rt.
b CAL, Novozym 435 (immobilized lipase fro@andida antarcticaNovo
Nordisk); RML, Lipozyme RM IM (immobilized lipase frorRhizomucor
miehej Novo Nordisk). Experimental conditions: enzyme (300 mg/substrate
1 mmol), n-BuOH (10 mmol/substrate 1 mmot}BME (15 mL/substrate
1 mmol), 45°C. ¢ At ca. 50% conversiorf Determined by NMR analysis
of the diacetates using Eu(hi@s the NMR shift agen€ After recrystal-
lization.

give (+)-11. The reaction catalyzed by Lipozyme RM IM
gave comparable results in terms of products and enantio-
selectivity but showed a lower reaction rate (Table 1). The
enantiomerically purérans-diols(+)-11 and (—)-11 were
hydrolyzed in 80% aqueous AcOH to yieldY-conduritol
B [(+)-14] and (9)-conduritol B [—)-14], respectively14d
Conversions of the enantiomeric digl$)-3/(—)-3 and
(+)-12/(—)-11 to enantiomeric pairs of conduritol stereo-
isomers follow the same procedures except that the corre-
sponding products involved in each route have opposite

configurations. Accordingly, the procedures starting from
(+)-3 and (+)-11 only are described as the representative.

Because our initial synthetic plan for enantiopure cond-
uritol stereoisomers involved the inversion of the allylic
alcohol stereochemistry in selectively protected conduritol
derivatives under the Mitsunobu conditions, the monoben-
zoate (+)-15 was preferentially prepared by treatment of
(+)-3 with BzClI (1.0 equiv) in pyridine (Scheme 3).
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a(a) BzCl (1.0 equiv), pyridine; (b) S&-pyridine complex, TEA,
DMSO; (c) NaBH, MeOH—CH,Cl,, 74.5% from(+)-15; (d) (i)
NaOMe, MeOH, N, (i) 80% aqg. AcOH, 100°C, 92%; (e) (i)
MOMCI, (i-Pr);NEt, (i) NaOMe, MeOH,}, 97.1%; (f) BzOH,
PhP, DEAD, toluene, 97.1%; (g) (i) NaOMe, MeOH, (ii) 80%
ag. AcOH, 100°C, 89%.
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a(a) 80% ag. AcOH, 100C, quant; (b) 2-methoxypropene, TSA,
DMF, 43%; (c) PPk imidazole, b, toluenelN, 78%; (d) NaOMe,
MeOH, N, 97.4%; (e) AgO, pyridine 98.8%; (f) see Table 1; (g)
NaOMe, MeOH, quant; (h) 80% aq. AcOH, 106G, quant.
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In the preliminary experiment, the Mitsunobu reaction of
the racemic monobenzoat® with BzOH, PhP, and DEAD
in toluene at room temperature was found to give the
expected conduritol D derivatives (8.5%) as the minor
product and the rearranged conduritol C derivatR@
(73.1%) as the major product in stereo- and regioselective
fashions. That is, the reaction was found to proceed
predominantly with both inversion and allylic rearrangement,
presumably via the intermedia®@ by S,2' replacement to
afford compound6 (Scheme 4). These unexpected results
suggest that the reaction of a carboxylate anion with an
alkoxy phosphonium salt is better described as proceeding
through an intimate ion pair rather than a free allylic
carbonium ior?* When (+)-(1,2,3/4)-1-O-methoxymethyl-
2,3-0-isopropylidene-cyclohex-5-ene-1,2,3,4-tetrol aig-(
(1,2,3/4)-1,2,3-tri©-methoxymethylcyclohex-5-ene-1,2,3,4-
tetrol, derived from the racemaB; were subjected to the
Mitsunobu conditions, similar results were obtained, indicat-
ing that the nature of the protecting groups made little
difference. The stereochemistry of the transformation does
not significantly depend on steric and electronic effects but
rather on the substrate structure.

(24) Grynkiewicz, G.; Burzynska, H.etrahedronl 976 32, 2109-2111.
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Scheme 4 Scheme 8
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a(a) BzOH, PP, DEAD, toluene. i
(@) i (Scheme 5§16 The monobenzoatét)-29 was obtained

by treatment of the dio(+)-11 with BzClI (1.05 equiv) in

Thus, the possibility of obtaining conduritol D by way of ~ Pyridine in 61% yield. The Mitsunobu reaction ¢f)-29
oxidation and subsequent stereoselective reductiqa-pf ~ With BzOH, PhP, and DEAD in toluene provided the
15 was investigated (Scheme 3) CompOL(HleD_l5 was Conduritol F deriVatin_)'3o in 98% y|e|d A” proteCting
treated with S@-pyridine complex and TEA in DMSO to ~ 9roups of (—)-30 were removed by methanolysis and
furnish an enong+)-17. Although conduritol D itself is a ~ Subsequent acid-catalyzed hydrolysis to yield conduritol F,
meso compound, reduction of the engrg-17 with NaBH, (—)-317a13d 140,160
gave stereoselectively an enantiopure conduritol D derivative In sum, we successfully developed synthetic routes to
(—)-18 in 74.5% overall yield from(+)-15. Methanolysis enantiomeric pairs of all possible stereoisomeric conduritol
and successive acid-catalyzed hydrolysié-of-18 provided derivatives by efficient enzymatic resolution of conduritol
achiral conduritol D (19§>12d.13 B and C derivatives, followed by oxidation/reduction and

On the other hand, the allylic alcoh@t)-20, derived from the Mitsunobu reaction in stereo- and regioselective manners.
(+)-15 by treatment with MOMCI andi{Pr),NEt in CHCE, We are currently examining the utility of enantiopure
followed by debenzoylation, was treated with BzZOHg?h  conduritol stereoisomers in the syntheses of inositol stereo-
and DEAD in toluene to afford the conduritol A derivative isomers and various cyclitols.
(—)-21 with inversion of the stereochemistry but no allylic ]
rearrangement in 97.1% yield. All protecting group<-6j- Acknowledgment.  This work was supported by
21 were removed by treatment with NaOMe and subsequentPOSTECH/POSCO and the Ministry of Education/Basic
acid-catalyzed hydrolysis to give achiral conduritol A Scieénce Research Institute.
(19)_12d,15a ) . . )

The double inversion of two allylic hydroxyl groups of Supporting Information Ava!lable: Experimental pro-
(+)-11might be expected to give the conduritol E derivative. cedures and full characterization for compougdst, (+)-
The treatment of+)-11 with BzOH, PhP, and DEAD in 4, (5)-5, (D/(7)-3,10-12, (1)-12, (=)-13, (H)/(-)-1L (+)/
toluene at room temperature indeed provided the- ( (5)-15, (H/(7)-16, (D/()-2, (D/(7)-17. (H)/()-18, (+)/
conduritol E derivative [(—)-27] without allylic rearrange- (7)-20, (1)/()-21, 25, 26, (1)/(—)-27, (H)/()-29, (+)/
ment in 90% yield. The protecting groups ©f)-27 were (—)-10, qnd(+)/(—)-30. This material is available free of
removed by successive reactions with NaOMe in MeOH and charge via the Internet at hitp://pubs.acs.org.
80% aqueous AcOH to yield—)-conduritol E [—)-28] 0L0164233
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