
The Darzens Synthesis of Glycidic Thiol Esters' 

Summary: Using select conditions including polar, aprotic 
solvents, and nonnucleophilic bases, glycidic thiol esters 
have been prepared in high yield with the Darzens method 
when a-bromo thiol esters are used in place of a-chloro 
thiol esters. 

Sir: Despite the involvement of the thiol ester functional 
group in many metabolic transformations it has received 
much less attention in the literature than many other func- 
tional groups with little or no biological importance. There 
has been relatively little interest in the preparation of poly- 
functional compounds containing the thiol ester group.2 In 
connection with our interest in glycidic thiol esters,3 we 
have developed the first Darzens synthesis of these com- 
p o u n d ~ . ~  Interestingly the Darzens synthesis of glycidic 
thiol esters requires a nonnucleophilic base (NaH or LiN- 
[Si(CH3)3]2] and a polar, aprotic solvent (DMF or THF).5 I t  
is also important to use a-bromo thiol esters rather than 
a-chloro thiol esters. Chloro derivatives have been used in 
preference to bromo derivatives or iodo derivatives in the 
Darzens synthesis of epoxides substituted with all other 
types of electron-withdrawing groups reported to date.6 
Presumably the greater effectiveness of a-bromo thiol es- 
ters in the Darzens synthesis of glycidic thiol esters is due 
to an intramolecular nucleophilic acyl substitution reaction 
involving attack of the intermediate halohydrin oxyanion 
a t  the thiol ester group. This process may be expected to 
compete effectively with epoxide formation when the leav- 
ing group ability of the halogen is reduced. 
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To benzaldehyde (0.010 mol) and tert-butyl 2-bromothi- 
olacetates (la, 0.010 mol) in dry T H F  (10 ml) at  0" under a 
nitrogen atmosphere was added LiN[Si(CH3)3]2 (0.010 mol) 
in T H F  (12 mml) a t  a rate of 1 ml/min. The reaction was 
stirred at  0" for an additional 30 min and a t  room tempera- 
ture for 30 min. Work-up followed by column chromatogra- 
phy on silica gel (Baker 60-200 mesh) eluting with petrole- 
um ether followed by benzene-petroleum ether (1:l) gave a 
9:l mixture of trans and cis thiolglycidates (2a) in 59% 
yield. The pure trans isomer was obtained after preparative 
thin layer chromatography on silica gel (Merck GF254) de- 
veloping five times with benzene-n-hexane (3:7). Recrys- 
tallization (n- hexane) gave S-tert- butyl (E)-3-phenyloxir- 
anecarbothioate (2a) as colorless plates: mp 43-44"; nmrg 
(cc14, TMS) 6 7.20 (s, 5 H), 3.90 (d, 1 H, J = 1.5 Hz), 3.33 
(d, 1 H, J = 1.5 Hz), 1.45 (s, 9 H); ir (KBr) 1660, 1690 cm-1 
(sh). Anal. Calcd for C13H1602S: C, 66.07; H, 6.82; S, 13.57. 
Found: C, 65.91; H, 6.99; S, 13.34. 

The cis isomer, S-tert- butyl (2)-3-phenyloxiranecarbo- 
thioate (2a), was the major product (70% 2, 30% E )  when 
benzaldehyde and tert-butyl2-bromothiolacetate (la) were 
allowed to react with NaH in DMF solvent. The cis isomer 
was obtained as a colorless oil after short-path distillation 
[bath temperature 130-135" (1.0 mm)] of the mixture fol- 
lowed by thin layer chromatography on silica gel: nmr9 
(CC14, TMS) 6 7.25 (s, 5 H), 4.13 (d, 1 H, J = 4.5 Hz), 3.72 

(d, 1 H, J = 4.5 Hz), 1.20 (s, 9 H); ir (thin film) 1665, 1695 
cm-l. Also of interest is the reaction of benzaldehyde with 
tert-butyl 2-bromothiolpropionate10 (lb). A 57% sodium 
hydride dispersion in mineral oil (0.013 mol) was washed 
with n-hexane, and dry DMF (20 ml) was added at  0" 
under a nitrogen atmosphere. Benzaldehyde (0.010 mol) 
and tert-butyl 2-bromothiolpropionate (Ib, 0.010 mol) in 
dry DMF (10 ml) were added dropwise over a period of 
10-15 min. The reaction was stirred for an additional 30 
min a t  0" and then at  room temperature for 30 min. Col- 
umn chromatography on silica gel gave a 58% yield of a 9:1 
mixture of trans and cis thiolglycidates (2b). The product 
was subjected to short-path distillation [125-130° bath 
temperature (0.15 mm)] to give pure S-tert-butyl (E)-2- 
methyl-3-phenyloxiranecarbothioate as a colorless oil: n 2 6 ~  
1.5287; nmr (CC14, TMS) 6 7.25 (s, 5 H),  4.05 (s, 1 H), 1.46 
(s, 9 H), 1.20 (s, 3 H); ir (thin film) 1670 cm-l. Anal. Calcd 
for C14H1802S: C, 67.16; H, 7.25; S, 12.81. Found: C, 67.29; 
H, 7.15; S, 12.68. 

The stereochemistry of this product was unequivocally 
established by independent synthesis using an exotic 
Schotten-Baumann procedure. Sodium (E)-2-methyl-3- 
phenyloxiranecarboxylatell (0.010 mol) was suspended in 
dry T H F  (25 ml) under a nitrogen atmosphere and the 
mixture was cooled to 0'. Pyridine (3-5 drops) was added 
followed by the dropwise addition over a period of 1 hr of 
freshly distilled oxalyl chloride (0.016 mol) in dry T H F  (5 
ml) and the reaction mixture was stirred for an addditional 
30 min a t  0". The THF was removed (below 15') and DMF 
(40 ml) was added a t  0" followed by immediate, separate, 
and simultaneous addition over a period of 20 min of tert- 
butyl mercaptan (0.010 mol) in DMF ( 5  ml) and Dabco 
(0.010 mol) in DMF (5 ml). The reaction was stirred a t  0' 
for 4 hr and then at  room temperature for an additional 2 
hr before work-up. Column chromatography gave S-tert- 
butyl (E)-2-methyl-3-phenyloxiranecarbothioate (2b, 37%, 
n 2 6 ~  1.5282). This compound had the same nmr and ir 
spectrum as the thiolglycidate prepared using the Darzens 
method. 
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Solvent 5. CIS c trans % yield 

THF 10 90 59 
DMF 70 30 67 
DMF 10 90 <X1* 
DMF 55 45 61 

Bachelor and Bansal13 have found that the per cent of cis 
isomer increases as the size of the ester alkyl group is in- 
creased in the reaction of benzaldehyde with alkyl 2-chlo- 
roacetates using KO-t-Bu in t-BuOH. This has also been 
our experience with the a-halopropionate oxygen esters. 
The cis isomer predominated in the reaction of benzalde- 
hyde with tert-butyl 2-chloropropionate or tert-butyl 2 -  
bromopropionate (IC) using either the KO-t-Bu-t-BuOH 
conditions (-75% cis) described by Bachelor and Bansal13 
or our NaH-DMF conditions (-55% cis). In contrast, in the 
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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) 
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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) at  25' to give (Z)-A3~4-5-acetoxy-2-carbo- 
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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- 


