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The allene oxide-cyclopropancne isomerization poses a challenging mechanistic
prablem. The inaccessibility and the unstability of both the allene oxide and the cywlo-
propancne render experimental investigation difficult, On the other hand, it is a fertile
area for theoretical study. Indeed, several theoretical ccnputationsz_7, not necessarily
in general agreement, have appeared in the last several years. The latest (ND0O/2 calculation
indicated a mechanism through the intermediacy of oxyallyl (Scheme 1, path a) to be energeti-
cally unlikely, Instead, a novel pathway involving bending of the molecule has been suggested
(Scheme 1, path b). Existing experimental evidence® does not allow a distinction to be made
between these two possibilities. We wish to report on our results which appear to cast some
light on this difficult problem.

7

Scheme 1 \bA b/v

Recently we reported on the generation of the allene oxide system via vinylsilanes
according to scheme 27, The reaction was demonstrated by the isolation and characterisation
of 1-t-butylallene oxidel. When the alkyl substituent is sterically less bulky than the
t-butyl group, attempts to isclate the allene oxide have not been successful. The existence
of the allene oxide was however demonstrated by trapping with external nucleophiles.
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Thus when the epoxide I (a-d, 1 mmole} was stirred with cesium fluworide (0,18g) in
acetonitrile (4 ml) at 25° in the presence of a nuclecphile (HNu, 3 mmole) for 2 days, the
product isolated was the 3-substituted 2-ketone VIT (See Tables). The formation of VIT is
attributed to the reaction of the nueleophile with the transient allene oxide IV, in anal-
ogy with the case of l-t-butylallene oxidel. Under identical conditicns, the epoxide IIa
with cesium fluoride and a nucleophile gave as prodwet the l-substituted 2-ketone VIII
exclusively., The regiospecific nature of the reaction argques convincingly for the nucleo—
philic opening of the epoxide structure in the isomeric allene oxides IV and V as the mech-
anism for thereaction. Conversely, it alsoc rules out any common species, either the cyclo-
propanone or the oxyallyl, as the necessary intermediate for these reactions.

Table 1: Generation of allene oxide in the presence of nuclaophile-r
Al . -
o fiMe; ¢ 0 HNu 9
R — R\l):.—cuz ——— RCH-C-CH,
H 1 H Nu
I a: R=H v VII: Nu = OPh(77%)
b: CH Nu = N(iPr),{43%); OPh(78%)
et ity Mu = SEE(838):  OPh(73%)
ds n-Cy iy Nu = OCHs (60%) **
B -
. O, SiMe; -
H F H P HNu ?
R —— =CHR| ———— CH,C-CH,R
HoCl H Nu
T
: R= n'ClOH21 v VIII: Nu = OCH3(54%)**
b: R = P-CHRC H,- Nu = SC5Hg (81%)
C. . 0
A Q_SiMe; F- 0 il HNu (,?
r\()i —_— m#):cn2 = A | = ArcH.CHC-Ny
H 1 H
III VIa Vb ' X
a: Ar = Ph Nu = OCHg (95%); SC,H, (92%);NHPh (93%)
b: Ar = p—CH3—C6H4— Nu = OPh%SB%) ZHS
+

See text for experimental conditions. fThe isclated yields of IX to XII are given in
parenthesis.,

** pnr of the crude product mixture indicated the absence of the other iscmer.

The moderate yield was due to the reacticn of allene oxide with chloride ion,
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A dramatic change in the course of reaction occurs when the substituent at C-1 is
an aryl group. When the epoxide III was treated with cesium fluoride in the presence of a
nucleophile under identical corditions, the sole product isoclated was found to be the di-
hydrocinnamate IX. A reasonable pathway for the formation of IX from IIT is through the
intervention of theallene oxide VIa, thence to the cyclopropancne VIb, followed by a
Favorski type reacticn of the nmucleophile with VIb, Reaction of phenylcoyclopropancne with
nucleophiles to give dihydrocinnamates has been well documented,'® on the other hand, an
aryl substituent at C-3 does not lead to the intervention of the cyclopropanone intermediate,
Reaction of the epoxide ITb with cesium fluoride and a nucleophile gave VIII as the product.
Tt appears therefore that the nature of the substituent at C-1 of allene oxide has a
decisive effect on its rate of isomerization to cyclopropanone, When the substituent is
either an alkyl group {as in I b-d) or hydrogen (as in fa and IT), the allene oxide suffers
nucleophilic attack faster than rearrangement to cyclopropanone. When the substituent is an
aryl group, isamerizaticn of theallene oxide to cyclopropanone is faster than the nucleo-
philic attack, Such a substituent effect does not appear to be compatible with a mechanism
based solely on thebending of the molecule as outlined by path b, scheme 1. A reasonable
interpretation of the substituent effect is that, in the allene oxide-cyclopropanone
isomerization process, the rate determining step must involwve rupture of the C-1 -oxygen
bond with considerable charge developing at C~1, An oxyallyl intermediate, as outlined by
path a, scheme 1, would be in agreement with such a substituent effect,
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Table 2, Physical and Spectroscopic Data of Compounds According to Table 1,
Precursor Products?
Ia. b.p.81-3°/35mm VII Mu=OPh; % .15(s,3H) ,4.4{g,2H) ,6.6~7,4{m,5H) ;
pu.0.2{s,9),2,7(s,2H) ir:1720 om
3.5(AB,J=11Hz, 2H)}
Ib. b.p,.96-8°/48mn VII NMu=N(iPr) ., ;pror:0,9-1.2(m,15H),2,15(s,3H),2.6-3.3(m,

s, 2 (s,9H) ,1.3(4,
J=6Hz, 3H) ,2.75 (q,J=6Hz,
1H) ,3.25(AB,J=10Hz, 2H)

2H), 3.4 (q5T=THz, 1H) ; ir: 1705 cmL

Nu=CPh;prw:1.4(d, THz, 3H) ,2.0(s,3H) , 4.4 (q,J=6Hz,1H) ,
6.7-7.3(m,5H) ;ir:1720 an-1

Ic.

b.p.86-7°/1dmn
pr:0.2(s,9H),1.05(d,
J=6Hz,6H) ,1.2-1.7 (m, 1H},
2,4(4,J=9z,1H), 3.35(AB,
J=11Hz,2H)

Nu=SCoHg parr: 0.9-1, 3 (m, 8H) , 2. 15(9,3H) 2,45(q,J=Mz,2H) ,

2. 9(d J—lOHz 1H) ;ir:1700 el

Nu=OPh;pmr:0,9-1,2 (dd,J=7Hz,6H) ,2.1(s,3H) ,1.9-2.4 (m,
1) ,4.15(d,J=6Hz,1H) ,6.7-7.5{m,5H) ; ir:1715 e~

1d.

b.p.107-108.5°/0, Inm

p:0.25(s,9H),0.8-1.8
(br,218),2,75(t,J=6Hg,
]-H) ¥ 3- 35 (AB;J=1].HZ,2H)

Nu=OCH4; pr=0.7-1,7 (br, 21H} , 2,15(s, 3H) , 3.4 (s, 3H),
3.55(t,J=6Hz, 1H) ; ir:1720 an-1

ITa,

b.p. - b
por:0.0(s,9H),0.6-1.8(br,
21H) ,2.4-2.8(m, 2H} ,3.8-
4,2 (1, 1H)

VIix

Nu=O0CH.;p,r:0.7-1.7 (br, 21H) , 2, 3(t,J=6H, 2H} , 3.3
(s,38); 33, 65(s,2H) :ir:1720 cm-l

por:0.2(s,9H),2,3{s,3H)
3,25 (AB,J=11Hz,21) ,4.0
(s,1H),7.1(s,4H)

I1b.© b.p. - b VIIT Nu= SCoHg;pmw:l.35({t,J=7Hz,3H),2.4(s,3H),2.6 (q,J=
pr:0.0(2s,9H) ,2.4(s, Hz,2H) ,3.35(s,2H),3.95 (s, 2H) ,7.2(s, 4H) ; ir: 1700 cm~1
3H),2,95(m,2H) ,5.2(2s,
1H),7.1~7.6{(m, 4H)

ITTa. b.p.62-4°/0.05mm IX Nu=QCHq;pmrse {2.4-3.1{m,4H),3.6(s,3H) ,7.2(s,5H) ;
prar:=0, 2 (s, 9H) ,3.25 (AB,J= ir:1735 am-1
HHz,2H),3.95(s,1H},7.25
{s,5H) Nu=SEt;pmrs 1. 2(t,J=7Hz, 3H) ,2.6-3.1(m, 6H) , 7.2 (s, 5H) ;

ir:1685 cml
Nu=NHPh; pmr: 2, 3~3, 05 (m, 4H) ,6.7-7,4 (m,10H) , 8,0 (bread
s,11) ;ir: 3410, 1680 cm—

IITb, b.p.80~3°/0.1lmm Nu=OPh;pmr:2.3(s,3H) ,2.65-3,1 (m,4H) ,6.9~7,.5{m, 9H) ;

ir:1750 an-l

All products were purified by TILC
Decomposed on atterpted distillation
IIb is a mixture of two diastereamers




