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Summary: Homochiral vinyloxiranes and vinylaziridines 
were reacted with a series of organometallic reagents in 
order to determine the regio- and stereoselectivity of the 
ring opening with carbon nucleophiles. 

The behavior of both acyclic and cyclic vinyloxiranes 
toward carbon nucleophiles has been well studied, and 
ample parameters are now available for the control of 
regioselectivity.1,2 Although the opening of N-activated 
aziridines with various kinds of nucleophiles such as 
organocopper reagents3 or Grignard reagents4 has been 
reported and recently summarized,3g the reactions of 
vinylaziridines with nucleophiles have been limited to 
ring opening with iodide and subsequent rearrangements 
to pyrrolines,'a save for one example.lb In connection 
with a program that utilizes synthons 1 and 2 in rational 
approaches to C-disaccharides such as 3 and their amino 
derivatives, as well as to Amaryllidaceae alkaloids such 
as pancratistatin (41, Scheme 1, it became crucial to 
understand the modes of reactivity of the two title 
compounds toward carbon nucleophiles. 

Synthons 1 and 2 are readily available by means of 
our published biocatalytic protocol-oxidation of halo- 
arenes with microbial dioxygenase-followed by function- 
alization of the C4-C5 olefin in cyclohexadiene diols such 
as 5 to either l6 or 2.6 In this paper we report the initial 
findings relevant to the pursuits of the goals delineated 
in Scheme 1. Despite the volume of literature on the 
synthetic utility of cyclohexadiene-cis-diols of type 5' and 
their facile functionalization, reports of successful at- 
tachment of carbon residues to the inositol framework 
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are rare, confined thus far to only one report on the 
opening of a conduritol epoxide with acetylide.8 

Two series of compounds were examined for their 
reactive tendencies: the epoxides and aziridines contain- 
ing either the vinyl chloride unit (la, 2a) or their 
dehalogenated forms (lb, 2b). The two series were 
scrutinized in parallel in order to assess the influence of 
the electron-withdrawing properties of the halogen atom 
on the regioisomeric outcome of the reaction. Treatment 
of la with phenyllithium resulted in the formation of an 
elimination product 6: whereas aziridine 2a did not show 
any elimination under these conditions as it requires 
Lewis acid activation. Reactions of la with Grignard 
reagents and cuprates furnished producta of both s N 2  and 
S N ~ '  opening, Table 1. The expected SN2' mode was 
predominant with epoxide lb, which lacks the bulky, 
electron-withdrawing halogen atom. Only in one in- 
stance (entry 5 )  was the normal opening mode observed 
in low yield with a small nucleophile. The syn-stereo- 
chemistry of the s N 2 '  additions to 1 and 2 exhibited by 
the Gilman reagents and the cuprates derived from 
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Table 1. Reactions of Vinyloxiranes 
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Table 2. Reactions of Vinylaziridines 
~ _ _ _ _ _ _ _ _ _ _  

Entry I Nucleophile a / 
Electrophile condiibns Product(s),* (Oh) 

Entry I Nucleophile a I 
Electwhile condiibns Product(S),. (Yo) 

CI 

MeMgW 1O%Cul b;)( (58) 
THFI-78OC to -4OOC 

1 / l a  

OH 

RMgBr/lO% CUI 
THF/-7E°C to O°C 

R2CuLi Et20iTHF/-78°C R", &)( (14) + 8(4) 

OH 

3 

OH 
IO -4OOC 

Ph Ph 
aromatic 

4 Ph2CuLVEt20/0°C a;)( +products 

OH 10 

OH 11 OH 12 

R .. 

RMgBr / 10% CUI 
THFI-78'C to -1 O°C a:)( (83) 6 

OH 13 

OEx (37) +13(5) 
RpCuLi 

7 Et~O~HF/-78°C 
to -40% 

R" 
OH l4 

PhSnMedPd(0) 
9 DMF/H20lrl (lo) 

Ph 
OH 16 

a R = cyclohexylmethyl. 
Grignard reagent reflects the effect of the acetonide 
group, which directs the nucleophilic attack to the less 
hindered a-face. This observation contrasts with the 
expected anti - opening of vinyloxirane reported in the 
literature.1° Detailed investigations will be required to 
distinguish between the mechanistic possibilities. Open- 
ing of lb with phenyltrimethyltin under Pd(0) catalysis1' 
afforded the product of a formal S N ~  reaction, 16, in low 
yield. The stereochemistry of the products was deter- 
mined by NOE difference spectroscopy as well as by 
analysis of coupling constants and comparison with 
similar systems. The preparations of 7-9 as well as 13 
bode well for applications in the synthesis of C-disaccha- 
rides and cyclitol conjugates once the conditions are 
optimized for these reactions. 

The behavior of aziridines 2a and 2b was similar, 
Table 2. No normal opening was observed for lithium 

Ph 

I Ph2CuLi THFI-78OC to RT 
ph..'' 

N H T ~  17 

Ph Ph 
Ph2CdNF150°C 

(9) 
2 

Ph$WTHFI 17 + 18 (36) 
Et,O/RT 3 : l  3 

R 

R2CuLVE120flHF &x (89) 
4 -78OC to -4OOC R,,u 

. .  
NHTS 19 
CI 

MeMgBrICui 
THFIEt20I -45OC 5 

R2CULVEt20flHF 
2b -78OC to -40°C 

NHTS 21 
Ph 

Ph&uCNLi2/ 
THFb78OC 8 

PhMeaSn/Pd(0) 
DMFIH20IRT 9 

23 (23) 

23 (19) 

R = cyclohexylmethyl. See ref 12. 

cuprates, except for a low amount of 23 identified as a 
byproduct. As with epoxide la, Grignard reagents 
preferentially yielded products of normal S N ~  opening 
(path b). The use of cyanocuprates with 2b allowed for 
a reasonable initial yield of 23, whose synthesis serves 
as a model for an approach to pancratistatin. An 
interesting byproduct isolated from the Pd(0) catalyzed 
opening of 2b with trimethylphenyltin was the trans- 
amino alcohol 24, which may find use as an amino sugar 
synthon.12 

The exploratory results reported in this paper are 
exciting and will be carefully optimized and incorporated 

(11) For details on the mechanism of this reaction see: Tueting, G. 
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into the compendium of synthetic methods.ls For an 
approach to Amaryllidaceae alkaloids the cuprate derived 
from the aryl residue reported by Heathcock'* will be 
used.15 For an approach to C-disaccharides containing 
aminocyclitol units, products 19,21, and 22 of this model 
study are ideally suited. The cyclohexylmethyl moiety 
will be replaced with 29 derived from dehydroshikimate 
28, which is now available biocatalytidy via the shiltimic 
acid pathway.16 We will report on the optimization and 
further applications in due course. 
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