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F i g u r e  2. T h e  relat ive rates o f  react ions o f  a l k y l  hal ides w i t h  
magnesium correlate be t te r  w i t h  hal f -wave potent ia ls fo r  t h e i r  re-  
d u c t i o n  a t  a dropping mprcury  electrode t h a n  w i t h  the i r  rates o f  
react ion w i t h  t r i - n - b u t y l t i n  hydr ide.  In t h i s  figure, p r i m a r y  h a -  
l ides are represented by ~ secondary by E, the  single te r t ia ry  
ha l ide  by A, a n d  phenyl ,  inc luded o n  the  p l o t  fo r  comparison, by 
U. 

the energy required to convert RX to RX.- (2), we have 
used half-wave potentials, El12, for reduction of alkyl ha- 
lides.ll For a reaction generating 2, the log of the rate of 
electron transfer to RX at  constant potential should be 
approximately proportional to E ~ I P ?  provided, as we ob- 
serve, that  the rate is not diffusion limited. The cor- 
relation between log (kRX /kEtBr) from the Grignard reac- 
tions and E1/2 for the corresponding alkyl bromides is 
again not particularly close over the limited range of com. 
pounds for which consistent electrochemical data are 
available, but appears better than that characterizing the 
tri-n-butyltin hydride reductions .12,13 

These rate studies indicate that the rate-determining 
transition state in the formation of an alkyl Grignard re- 
agent does not involve a heterolytic fission of the C-X 
bond, nor is it diffusion limited. The superiority of the 
correlation of log (kRX/kEtBr)Mg with E112 to that with 
log(kRX/kEtBr)triBUs~~ suggests, but does not prove, that  2 
rather than 3 describes the transition state for the reac- 
tion. Evidence implicating 2 as an intermediate in the for- 
mation of Grignard reagents has been described by oth- 
e r ~ , 3 * ~  but these data have not been sufficient to charac- 
terize the rate-determining step, or, in the instance of 
CIDNP experiments, to establish that the 2 lies along the 
principal reaction path leading to product. 
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An Unusual Simmons-Smith Reaction Affording 
Noncyclopropyl Compounds. A New Route to 

2-Methylenecycloalkanols from Silyl Alkenyl Ethers1 

Summary: Reaction of silyl cycloalkenyl ethers under a 
certain Simmons-Smith reaction conditions gives si131 
ethers of 2-methylenecycloalkanols, and these noncyclo- 
propyl products have been shown to arise by the isomer- 
ization of initially produced silyl cyclopropyl ethers with 
zinc iodide which is formed during the course of Sim- 
mons-Smith reaction. 

Sir: During the course of OUT study on the synthesis of cy- 
clopropanols,2 we found an interesting and unusual Sim- 
mons-Smith reaction which gave noncyclopropyl com- 
pounds. 

The reaction of trimethylsilyl cycloalkenyl ethers l 3  
(0.05 mol) with methylene iodide (0.08 mol) and zinc-cop- 
per couple4 (0.16 mol) in 110 ml of anhydrous ether at 34" 
for 40 hr (procedure A) gave the silyl cyclopropyl ethers 2 
as expected. A dramatical change of the product was ob- 
served by merely changing the amount of the solvent in 
this reaction (Scheme I) .  When the same reaction was 
carried out using 40 ml of anhydrous ether as a solvent 
while keeping all other reaction variables unchanged (pro- 



Communications J. Org. Chem., Vol. 39, NO. 6, 1974 859 

Table I 
Normal  and Unusua l  Simons-Smith Reactions 
Compd ]Procedure Product Yield, %" Purity, 70 

l a  A 2a 76 >97* 
l a  B 3a 71 100 
l b  A 2b 71 >92* 
l b  B 3b 68 100 

a Isolated by distillation. b Impurities included were the 
starting olefin 1 and the isomeric product 3, which could be 
easily removed. 

cedure B), the products obtained were trimethylsilyl 
ethers of 2-methylenecycloalkan-1-01s 3: 3a, bp 60-61" (18 
mm), ir (direct) 1666 cm-1, nmr (CC14) 6 4.26 (1 H, CH) 
and 4.85 (2  H,  =CH2); 3b, bp 60-65" (10 mm), ir (direct) 
1660 cm-l, nmr (CC14) 6 3.90 (1 H, CH) and 4.62 and 4.75 
(2 H, =CH*). The results are summarized in Table I. 
Both procedures A and B gave reproducible results and 
worked well on larger (fourfold) and smaller (one fifth) 
reaction scales. Under the reaction conditions of proce- 
dure B, lb  gave no trace of a spiro compound 6 which 
would result from further cyclopropanation of 3b. How- 
ever, 6 was obtained in 42% yield in addition to 3b (14%) 

Me,8iO Me,SiO 

0" 6 

Zn-I, b- 
7 

under more forcing reaction condition, i.e., when addi- 
tional methylene iodide (0.13 mol), zinc-copper couple 
(0.26 mol), and ether (15 ml) were added a t  40 hr and the 
reaction was continued for another 24 hr. 

Scheme I 
MenSiO HO 

CH,12-Zn (Cu) 

\ Me,SiO 
I 

HO 
I 

3 5 

To clarify the nature of the unusual Simmons-Smith 
reaction, the product distribution was followed as a func- 
tion of time by glc. This revealed that the reaction of lb  
using procedure B did afford cyclopropyl ether 2b as the 
initial product. Its concentration increased with the de- 
crease in that of lb;  it reached maximum concentration 
after about 5 hr and then decreased with concomitant in- 
crease in the concentration of 3b. This clearly demon- 
strates that  3b is obtained by in situ isomerization of the 
initial product 2b. This isomerization has been shown to 
be caused by zinc iodide which is produced during the 
course of the Simmons-Smith reaction. In a control ex- 
periment, cyclopropyl ether 2b (0.01 mol) was treated 
with zinc iodide (0.01 mol) in 7 ml*of ether at 34" for 40 hr 
to give a mixture containing 2b (12%) and 3b (88%). On 
the other hand, when 35 ml of the same solvent was used 
3b was not formed; 2b was recovered unchanged. 

Just as 2 have been converted to cyclopropanols 4,* so 
the silyl ethers 3 can be hydrolyzed to 2-methylenecycloal- 
kan-1-ols5 (5) in quantitative yields by treating 3 (0.01 

mol) with a mixture of 30 ml of CH30H and 3 ml of 1 N 
NaOH at room temperature for 3 hr. Thus, the above-de- 
scribed unusual Simmons-Smith reaction provides a new 
convenient synthetic route to 2-methylenecycloalkan-1-01s~ 
whose synthesis is otherwise somewhat troublesome.5.' 

By procedure B 2-methylene compounds similar to 3 
were also obtained from 4-methyl and 4-tert-butyl deriva- 
tives of lb, but no unusual product was detected in the 
case of 1-trimethylsiloxycyclohept-1-ene and l-trimeth- 
ylsiloxy-5,6-benzocyclohex-l-ene.~ The product obtained 
from 1-trimethylsiloxy-6-methylcyclohex-1-ene contained 
both the cyclopropanated and the allylic compounds. 

It is tentatively assumed that the isomerization of 2 
with zinc iodide proceeds uia an intermediate 7.$ Internal 
strain of 2 and stabilization of the positive charge in 7 by 
the siloxy group would account for the ease of the isomer- 
ization. The reasons why procedure A and B give different 
results is not clear a t  this time. It could be attributed to 
the difference of coordination pattern around the zinc 
atom or merely to the function of reaction rate (Le., con- 
centration of the reactants). 

There has been no report,lO to our knowledge, on the 
formation of noncyclopropyl compound by the reaction of 
an olefin under Simmons-Smith reaction conditions. The 
present results suggest that one should be very careful to 
identify products of the Simmons-Smith reaction, a t  least 
in the case of enol ethers. Indeed, preliminary result in 
this laboratory shows that 1-ethoxycyclohex-1-ene also 
gives 1-ethoxy-2-methylenecyclohexane. Further study of 
the scope and limitation, as well as mechanism, of this 
unusual Simmons-Smith reaction is in progress. 
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