Yz =23\
(e )
A v

Pergamon

TETRAHEDRON
LETTERS

Diastereoselective Peracid Epoxidation: Control of the Face Selectivity via Functional
Group Tuning and Proper Choice of Epoxidation Reagent
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Abstract: Peracid epoxidation of la-f with 3-chloroperbenzoic acid (m-CPBA) and trifluoroperacetic
acid (CF3CO3H) show different stereoselectivities. The olefins are substituted with two directing
groups which are expected to direct the peracid to opposite faces of the alkene. Optimal face
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seleciivities could be achieved by the proper choice of dirccting groups and epoxidation reagent.
© 1998 Elsevier Science Ltd. All rights reserved.

We report here on peracid epoxidation reactions of olefins 1a-f, in which two groups direct the attack of

the peracid to opposite faces of the alkene. Two peracids, m-CPBA and CF3CO3H,! were used and remarkable

differences in stereoselectivities were observed. The results are summarized in Table I. The stereoselectivity is

uggested to emanate from differe

t modes of coordination of the allylic functionalities to the peracid in the

Epoxidation of Allylic Carbamates 1a-f with m-CPBA and CF3CO3H
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1a-f 4a-f Ba-f
m-CPBA¢ CF3CO3H?
substrate R and R’ threo/erythro yield time (h) threo/erythro  yield time (h)
ratio® (%) ratio€ (%) B
1a  R=CHZ0H;R’=H 60:40 89 6 48:52 63 0.5
ib  R=CHz0Ac;R’=H 68:32 84 45 36:64 71 0.5
ic  R=COOMe; R'=H 62:38 80 44 37:63 75 0.5
1d  R=CH,0COCF3; R=H 71:29 644 48 27:73 72d 0.5
1le R=CHyOTBS; R'=H 81:19 93 43 76:24 93 0.5
1f  R=CH20COCF3; R’=COCF3 e e e 81:19 704 15

9m-CPBA epoxidations were run in CH2C12 at room temperature; see Refs 2a,b. bEpoxidations with CF3CO3H were run

in buffered CHCly at 0°C; see Ref 1
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. “The relative ratio of CPOXIGC isomers has been determined Dy HPLC and NMR

spectroscopy on the crude rgaghnn product, dysolated yields after deprotection to 1a. ¢After 3 days only a small amount

AREe GILR bl

of product had formed together with some byproducts; see Refs 2c and 5.

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved
PII: S0040-4039(98)00393-1



3214

TRC M soua 1a in OKOL wiald PR RPN B S o f mmmiAda A o o
1D0-\1 gVl A€ iil o yidia 1nc COTiigurat onal abblglllucutb Ul CPLAIUCS 4a-C 4l da-C Nave DECn
pcnomlea Dy X- ray crysmaliogrdpny and chemical correlation as described prewou‘uy Zab HPOdeCS 4d-f and

5d-f were never isolated but converted to the known alcohol epoxides 4a and Sa.Za.b

In epoxidations of 1a-f with m-CPBA the threo isomer of epoxides dominates, the highest ratio (81:19)
obtained for 1e (R=CH,OTBS). In contrast, when CF3CO3H is used, there is a preference for formation of the
erythro isomer for 1b (R=CH0Ac), 1¢ (R=COOMe), and 1d (R=CH,OCOCF3). With 1a (R=CH,OH) a 1:1
ratio of isomers is formed and with 1e (R=CH>OTBS) and 1f (R=CH,OCOCF3, R"= COCF3) the threo isomer

The strong threo-selectivity in the m-CPBA mediated epoxidaiions indicates that the peracid coordinates
strongest to the aliylic carbamate group. The differences in stereoselectivity indicate that m-CPBA coordinates
stronger to the alcohol, methyl ester and acetate functions than to the trifluoroacetate group, and probably not
at all to the TBS-ether. Using the same mode of analyses, CF3CO3H appears to coordinate strongest to the
trifluoroacetate function, slightly weaker to the acetate and methyl ester groups, and even weaker to the
alcohol and carbamate functions. It probably does not coordinate to the TBS-ether. Interestingly, in 1f it seems
tweighg that of the trifluoroacetate function. However, the

The mode of hydrogen bonding between the peracid and the coordinating group can influence ihe
stereoselectivity in the peracid epoxidations. For allylic carbamates the face selectivity is probabily due to
hydrogen bonding from NH to O-3 in the peracid. However, the peracid can also donate a hydrogen bond to
the carbonyl oxygen of the carbamate group.2¢ Such reverse hydrogen bonding could explain the directing
effects of the acetate, methyl ester, and trifluoroacetate functions in the present study. The higher acidity of

CF3COaH should make it more prone to coordinate to different functional groups through hydrogen bond

donation than m-CPRA. The inability of the TBS-ether to direct the incoming peracid is probably due to the
laur hacicity af tha avvaand Ar ta cterie hindranca nreuvanting antimal huvdragcan hand farmatinn
A vY UGDIUI\.] L LA UJ\-Y b\/ll WL VW Ol W LALEIUL QLA lll\/ lelbllls \.Il/bllll“l ll! i u&vxx LIVIIINE AL 1A KAviT,
Acknowledgments: Financial support was obtained from the Swedish Board for Industrial and Technical
Development (NUTEK) and The Swedish Natural Science Research Council (NFR). We thank Professor Uli
Tanlroall Fae Lin imbanact im thio urnel and fae valinahla Aigcrnoccinne
T1IAURADCTLL 1UL D IHIILCTLODL LT LD VWUILRN aliu 11Ul valuauiv Ulduvuodivie.
REFERENCES AND NOTES
- SNYY e ) T I L, Yol Y an) oo Vo WL N o Nt oy -~ RS e 8 & 5 YT o S M _ . WA
1 wr LU3I‘1 lS prepar ln S DY 4aAadIUon Ol (Lritul 2w 1o Uurea-nyurogenl peioxiae {unr). 5ec, Looper, vi
ol | & PRPSP IT o Adawsslen1.l A T Qhacadawane W D Cuwl.sae 100N £217 824K
D., FAEaii€y, ., INCWDOIU, A.J.] SANGCTSON, V. N, OYALEll 177y, 3353-333
o] Y Toamminalom A Raste W . T3 VT T nthman K « (CciArach T Harkecall TT T Mo om 1004 5Q 1120.114R-
L daj JCIITIANLLL, M.y DUy 77 .y kely £ oTRwey I ULLIALIGE 3.y NDULIWERl) 4oy LAAUROVEL, U v. W0 NI RS 7Ty Sy 12T LTO,
b) Jenmalm, A ; Rerts, W.: Tuthman K ; Cséregh, I.; Hacksell, U 7, Org. Chem. 1995, 60, 1026-1032 and
reference 1 therein; ¢) Kocovsky, P.; Stary, I J. Org. Chem. 1990, 55, 3236-3243
3. All compounds reported herein gave spectral data consistent with the assigned structures as well as satisfactory

elemental analyses.
4. Directing effects using different peracids: McKittrick, B. A.; Ganem, B. Tetrahedron Lett. 1985, 26, 4895-4898.
Low reactivity of disubstituted carbamates: Rotella, D. P. Tetrahedron Lett. 1989, 30, 1913-1916; see also ref. 2c.
6. Shambayati, S.; Blake, J. F.; Wierschke, S. G.; Jorgensen, W. L_; Schreiber, S.S. /. Am. Chem. Soc. 1990, 112,
697-703.

b



