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reaction of benzaldehyde with tert-butyl 2-bromothiolpro- 
pionate (1 b) using the NaH-DMF conditions, the trans iso- 
mer predominated, although the cis thiolglycidate was fa- 
vored in the reaction of tert-butyl2-bromothiolacetate (la) 
with benzaldehyde under the same conditions. Although 
the explanation for this result is not immediately apparent, 
the high percentage of the trans isomer obtained in the less 
polar T H F  solvent in the reaction of benzaldehyde with 
tert-butyl 2-bromothiolacetate (la) could be explained on 
the basis of steric considerations assuming that the last, in- 
tramolecular substitution step in the reaction is rate limit- 

We are continuing our studies with glycidic thiol es- 
ters in an attempt to determine the origin of these unusual 
stereochemical results. 
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Furfuryl Cationic Capture Processes. 5-Substituted 
A3~4-2,5-Dihydro-2-methylenefurans and Their 

Rearrangement to Furfuryl Derivatives 

Summary: Decomposition of ethyl (2-fury1)diazoacetate 
(9) occurs carbenically to 17 and cationically by 1,1 and 1,5 
solvent incorporation to derivatives of 2 and 3; ring clo- 
sures of 17 by hydroxylic solvents as catalyzed by silver(1) 
yield furans 3 which isomerize anionotropically to  2. 

Sir: Furfuryl cations (1) usually undergo nucleophilic con- 
version to furfuryl analogs (2, eq l).la Such cations (1) 

1 2 3 

4 

might also be expected to react a t  their 5 positions to give 
A3~4-2-alkylidene-2,5-dihydrofurans (3, eq 1) which tau- 
tomerize to 5-substituted 2-alkylfurans (4, eq l).1b-d,2 As 
yet, however, products analogous to 3 have been detected 
only in reaction of 2-furyldiphenylcarbinol ( 5 )  with metha- 
nolic hydrochloric acid to give A3,4-2-diphenylmethylidene- 
5-methoxy-2,5-dihydrofuran (6) and methyl 2-furyldiphe- 
nylcarbinyl ether (7).3 Methanolic hydrochloric acid then 
effects prototropic rearrangement of 7 to 2-diphenyl- 
methyl-5-methoxyfuran (8).3 

We now report a series of cationic reactions of ethyl (2- 
fury1)diazoacetate (9) in which nucleophiles are incorporat- 
ed a t  the 5-furan0 position (as 3 in eq 1); these products 
may then undergo anionotropic isomerization to ethyl cy- 
substituted ~~(2-furyl)acetates  (2, eq 1) rather than tau- 
tomerization to ethyl (5-substituted 2-fury1)acetates (4, eq 
1). Of further significance are that cationic conversion of 9 
by nucleophiles may be directed to  2 or 3 by appropriate 
catalysts and that carbenic decomposition of 9 (eq 3) and 
subsequent reaction with hydroxylic solvents (eq 4) serves 
as a new method for synthesis of derivatives such as 3. 

Diazo ester 9, prepared from ethyl (2-fury1)glyoxylate p -  
tosylhydrazone and tetramethylguanidine, reacts with ace- 
tic acid (eq 2) a t  25' to give (Z)-A3~4-5-acetoxy-2-carbo- 

10 
0,CCHs 

11 I I  

12 
ethoxymethylidene-2,5-dihydrofuran (1 1, 55%) and ethyl 
a-acetoxy-cr-(2-furyl)acetate (12, 45%).4 Esters 1 1  and 12 
are apparently produced by reactions of acetic acid with cy- 
carboethoxyfurfuryl carbenium ion 10 a t  its 5-furan0 and 
its furfuryl positions, respectively. It is not clear whether 
reaction to give 11 and 12 occurs by protonation of 9 or/and 
its subsequent carbene (16). The stereochemistry of 11 is 
assigned on the basis that it is not isomerized when heated 
and the supposition that the steric bulk about furano oxy- 
gen is less than that a t  C-3 H. 

Isomerization of 11 occurs in acetic acid a t  85' to give 12; 
prototropic rearrangement of 11 to ethyl a-(5-acetoxy-2- 
fury1)acetate (13) does not take place. Reaction of 9 with 
acetic acid thus reveals that 1,5-cationic addition to give 1 1  
is the major kinetic process, whereas 12, formally the prod- 
uct of 1,l-cationic addition of acetic acid to 9, may result 
from thermodynamic or kinetic circumstances. The present 
observations raise the possibility that solvolysis of furfuryl 
derivatives to furfuryl analogs (eq 1) may be more complex 
than has been apparent. 

A study has also been made of reactions of 9 with alco- 
hols. Thus 9 decomposes in methanol with nitrogen evolu- 
tion to (Z)-A3~4-2-carboethoxymethylidene-5-methoxy-2,5- 
dihydrofuran4 (14, 29%, eq 3) and ethyl a-methoxy-a-(2- 
furyl)acetate4 (15, 17%, eq 3) along with ethyl 5-formyl-cis- 
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(4)  
4-penten-2-ynoate4 (17, 34%, eq 4) and (E-A3,4-2-car- 
boethoxymethylidene-5-methoxy-2,5-dihydrofuran4 (21, 
21%, eq 4). Esters 14 and 15 are presumably formed by at- 
tack of methanol on 10 (Eq 3). Aldehydo ester 17 is a prod- 
uct of carbenic reaction5 of 9 (eq 4) even though the envi- 
ronment is protic. Indeed decomposition of 9 in methylene 
chloride results in evolution of nitrogen and stereospecific 
conversion to 17 (loo%, eq 4).5 The conclusion that 9 
undergoes competitive carbenic decomposition in methanol 
is consistent with the observation that upon addition of p -  
toluenesulfonic acid (0.5 equiv) the conversions to 14 (44%) 
and 15 (16%) are increased. 

Of particular note is that  17 reacts with methanol as cat- 
alyzed by protonic acids or much faster and more efficient- 

ly (100%) by silver nitrate to give 21, the E isomer of 14. 
Conversion of 17 to 21 is a new synthesis of A3t4-2-alkyli- 
dene-2,5-dihydrofurans and may be the source of 21 ob- 
tained from 9 and methanol via a mechanistic sequence as 
in eq 4. The stereochemistry of 21 is presumed on the basis 
that  protic attack is favored kinetically from the furano 
oxygen direction in 20 and in particular that  21 is convert- 
ed by heat or by uv irradiation to its less strained isomer 
14. 

Silver nitrate in methanol converts 9 rapidly to 14 (25%), 
15 ( l l%) ,  and 21 (65%), presumably by processes analogous 
to those of eq 3 and 4. Of interest is that cupric acetate 
reacts rapidly with 9 and methanol exclusively by 1,l addi- 
tion (100%) to give 15. The present example of 1,l rather 
than 1,5 addition of methanol to 9 with loss of nitrogen em- 
phasizes further the specificity possibly derived from reac- 
tions of diazo compounds as catalyzed by copper ions.6 
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