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Summary: Treatment of a-allenic alcohols 1 with iodine 
provides a mixture of Z- and E-diiodides 2 and 3, 
respectively. When treated with base, the diiodides are 
efficiently converted in a highly diastereoselective manner 
into the trans-iodovinyl epoxides 4. 

Vinyl epoxides (also called alkenyl epoxides (oxiranes) 
or a,@-unsaturated epoxides) are useful intermediates in 
organic synthesis because of the potential that exists for 
the selective reaction of one of the four contiguous 
functionalized carbon atoms with a given reagent.' A 
variety of reactivity patterns have been elucidated for this 
moiety including, for example, the nucleophilic addition 
of heteroatoms and carbon based nucleophiles, both in 
the presence and absence of transition-metal catalysts.' 
As a result, several methods for the synthesis of vinyl 
epoxides have been developed in order to utilize their 
potential synthetic versatility? 

In the course of our work on the cyclofunctionalization 
reactions of the derivatives of cy-allenic alcohols 1 (H 
replaced by CONHX) in the presence of iodine? we noted 
that the initial products in these reactions were those 
derived from the addition of iodine across the terminal 
double bond of the allene moiety.39' We reasoned that if 
this were also the case with the free a-allenic alcohols 1, 
we could take advantage of the intermediate diiodides 2 
and 3 to effect an intramolecular sN2' displacement with 
the allylic oxygen atom (Scheme I). If successful, the 
resultant products 4/6 would be, as far as we are aware, 
aunique class of vinylepoxides (or vinyl iodides, depending 
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Scheme I 
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upon your point of view) and might exhibit unique and 
synthetically useful patterns of reactivity. Herein, we 
describe the highly diastereoselective preparation of this 
class of trans-iodovinyl epoxides. 

Our initial experiments were carried out with alcohol 
la6 (Scheme I). Treatment of an ethereal solution of la 
with iodine provided the somewhat unstable but isolable 
Z- and E-diiodides 2a and 3a, respectively, in a 7:l ratio! 
This mixture of diiodides was then treated under a variety 
of basic reaction conditions (NaOH/MeOH, NaH, LiN- 
('Pr)z, NaN(TMS12, KN(TMS)z, K2C03, Ag2COa; each in 
a variety of solvents), and the crude reaction mixtures 
were inspected by 'H NMR in order to measure the ratio 
of diastereomeric epoxides 4a and Sa that were produced. 
Optimum results were obtained using NaN(TMS)2 in 
ether.' The displacement reaction using this base was 
slow at -78 OC while, at 0 "Cy the reaction was complete 
within 15 min and provided in an extremely clean fashion 
the trans-iodovinyl epoxide 4a (Ja,b = 2.0 H Z ) . ~ ~ ~  since an 
authentic sample of the cis diastereomer Sa (J%b = 4.3 
Hz)* was available from the reaction performed using 
NaOH/MeOH (diastereoselectivity, tramcis = lSl), we 
were able to confidently measure the diastereoselectivity 
of the reaction to be >loO..l.'o There was no evidence for 
the formation of dihydrofuran products resulting from 
s N 2  reactions. Thus, starting from a 7:l mixture of 
diiodides 2a and 3a, the trans-iodovinyl epoxide 4a wae 

(5) The a-allenic alcohols were prepared by the method of: Cowie, J. 
S.; Landor, P. D.; Landor, S.  R. J. Chem. SOC., Perkin !bans. 1 l978,7M. 

(6) See ref 3a,b. The diiodides 2d3a can be purified by column 
chromatography, but the diiodidea used in theso experiments were worked 
up and used immediately as crude reaction mixtwea. 

(7) Note that the reaction conditions reported here differ signifhntly 
from those reported in ref 2j since no crown ether is ueed: the reaction 
temperatures are lower (0 va 20 OC) and the reaction t i"  are shorter 
(15 min va 12 h). 

(8) vdues of J.,b similar to those ohrved have been reported for 
adagous vinyl epoxides (JCL = 4 Hz, J- = 2 Hz). See, for example, 
ref 2b,d. 

(9) The relative stereochemistry about the epoxide wan confiied by 
difference NOE experiments (in a c e t o n d ) .  Irradiation of the Hb 
resonance (6 3.08) resulted in enhancement of the resonance of the 
methylene protona (6 1.55-1.65). Irradiation of the methylene protone 
(IS 1.55-1.65) resulted in enhancement of both the H, (6 2.86) and Hb 
resonances. 
(10) Becau!ae the lH NMR spectrum of the crude reaction mixture wan 

80 clean, we could easily compare the integrated valucw of the vinyl proton 
resonances in Sa with those of the 1% eatelliten of the vinyl proton 
resonances in 4.. This method indicated a ratio of k S a  of 1351. 
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Table I. Preparation of tnnr-Iodovinyl Epodder 4 from 
o-Allenic Alcoholr 1 

Communicationa 

worked up with water. Inspection of the crude reaction 
mixture by 1H NMR was followed by flash chromatography 
to provide the tram-iodovinyl epoxide 4a in 81% yield. 

The one-pot reaction sequence was then applied to a 
variety of a-allenic alcohols lb-h? and the results are 
summarized in Table 1." In each case, the tram-iodovinyl 
epoxide 4 was the major diastereomer produced (diaste- 
reoselectivity >100:1).12 Most of the epoxides 4 are stable 
to silica gel flash chromatography and survive for extended 
periods of time if stored under argon in the freezer. 
However, the isolated yields in several cases are lower than 
we had expected based upon inspection of the 'H NMR 
spectra of the crude reaction mixtures (entries 4 and 6) 
but we believe that this is due to the volatility and/or 
chromatographic instability of these particular com- 
pounds. As mentioned previously, the crude reaction 
mixtures are extremely clean with resped to the production 
of byproducta, and therefore, if these epoxides are to be 
used for subsequent reactions, the potentially problematic 
purification step can be omitted. 

The diastereoselectivity of the overall reaction process 
can be explained by inspection of the interactions that are 
present in the sN2' transition states leading from the 
diiodide intermediates to the epoxide products (Scheme 
11). In the reaction transition states arising from con- 
formers C and D, there is a severe steric interaction 
between the R group and either the iodine atom or the 
iodomethylene fragment, respectively. These steric in- 
teractions are absent in the transition states arising from 
conformers A and B. Thus, the latter SN2' pathways would 
be energetically more favorable and produce preferentially 
the tram-epoxides 4. 

In any event, the overall process for the preparation of 
4 from 1 is simple to carry out experimentally and is 
extremely diastereoselective. The limitation to the range 
of iodovinyl epoxides that are available by this method is 
presently under investigation. In addition, we are actively 
exploring the reactivity patterns of these novel compounds. 

product 4, *H NMR 
en- alcohol 1 ratio yieldb 6 Ha, Hb 
try (R) of 2:P (%) (Ja,b (HZ))' 
1 la, R = n-heptyl 7:l 4a, 81 2.86,3.08 (2.0)d 
2 lb, R = BnOCHzOC4He 2 1  4b, 81 2.89,3.09 (1.9) 

4 Id, R = isobutyl 9 1  ad, 70 2.87,3.07 (2.0) 
5 le, R = c-hexyl 7:l 4e, 93 2.66,3.17 (2.0) 
6 1 f , R =  e 4f, 66 3.82,3.38 (1.8) 

3 IC, R TIPSOCdHs 7.51 4c, 81 2.89,3.09 (2.0) 

3,4-(OCHzO)CeH3 
7 le, R = 4-MeOC& e &,78 3.83.3.39 (1.9) 
8 l h , R = P h C &  7.51 4h, 88 2.93,3.07 (2.0) 

0 From the integrated lH NMR spectrum of the crude reaction 
mixture (see ref 11). Yield of isolated, purified product in a one-pot 
reaction from 1. These compounds were characterized by IR, 'H and 
13C NMR, and high-resolution mass spectroscopy. e Spectra obtained 
in acetone-de. Minor cis isomer Sa: S 3.17, 3.67 (4.3 Hz). e Could 
not be determined. 
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formed in an extremely clean reaction and with excep- 
tionally high diastereoselectivity. 

With this result in hand, we developed a one-pot 
procedure to effect the overall transformation from 1 to 
4. An ethereal solution of the alcohol la (0.4 M) at room 
temperature was treated with solid iodine (1 equiv) 
periodically until the iodine color persisted (typically over 
0.5-1 h). Ether was added to make the solution 0.3 M, 
and the mixture was then cooled to 0 OC. A 1 M solution 
of NaN(TMS)z in THF (1.2 equiv) was added dropwise. 
The mixture was stirred for 15 min at 0 O C  and was then 

(11) Nota that separate experiments were performed in order to obtain 
the ratio of diiodides for each example. 

(12) In each of these examples, we did not have access to the minor 
cis-epoxides 5 since they were produced in such small amounts. Instead, 
the integrated 1H NMR spectrum of the crude reaction mixture was 
inspected in the vinyl proton region (6 5.5-7.0 ppm). The largest minor 
resonances were compared to those of the l9C satellites of the vinyl protons 
in the major tram-epoxides 4 in order to obtain the diaetereomeric ratios. 
All of thew ratios were >100:1. 
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