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Activation of Thiol Esters. 
Partial Synthesis of Cytochalasins A and B 

Sir: 
Activation of a 2-methylpropane-2-thiol ester with 

Hg11(CF3C02)2 in the presence of an alcohol leads to the ef- 
ficient formation of the corresponding ester or lactone (S - 
0 ester conversion) (reaction l ) , l  and has recently been utilized 

E Hg(C F3CO2 12 8 
R’-C-S-(- + R 2 - 0 H  P R 1 - C - 0 - R 2  

(1) 

in the synthesis of methymych2 Although this reaction in this 
original form is widely applicable (vide infra), the structures 
of R1 and R2 in some cases demand modification of the four 
variables (represented by S,3 tert-butyl, Hg(II), and CF3C02) 
in this reaction system in order to meet the restriction arising 
in each individual case.4 The modification invariably requires 
that the reactivities of the above variables be properly 

Table I. Selected Examples of Reaction 1 
0 

HglCH3S0312 ( 1 )  f 
Hg(CF3CO2I2 I21 

R1 - - S t  + RZ-OH c R1-C-OR2 

Entry R 1  Rz Reagent Buffer Yield ( % I  

1 0 f 1 100‘ 

3 M f lor2 ACH2CI 85 

Na2HP04 
lor none) 

2 90 t f A C H 2 C l  

4 F  1 Na2HP04 90 
CH3COz 

1 Na2HP04 100 
(No  deuter 

ium loss1 

aTaken from ref 1. 

“matched” to bring about the efficient S - 0 conversion. 
We have examined numerous combinations to this end and 
have significantly widened the scope of this type of reaction. 
For instance, a modification (use of benzenethiol and Ag- 
CF3C02) has led to the successful cyclization of the seco acid 
derived from cytochalasin B ( 1),6 a task that has never been 
achieved by any other known methods.’ This communication 
summarizes these developments. 

General Features of the S -, 0 Ester Conversion. With 
Hg(I1) (as well as other soft metal cations) the reaction has 
now been found to be more versatile than previously rep0rted.l 
As summarized in Table I, bulky substituents or double bonds 
located near the reaction centers, both the hydroxy and acyl 
groups, did not impede the reaction even at room temperature. 
Thus, tert-butyl pivalate and tert-butyl crotonate were pre- 
pared in excellent yields (entries 2 and 3) .  In the absence of 
alcohols, S-tert -butyl cyclohexanemethanethioate reacted with 
Hg(CF3C02)2 to form cyclohexanecarboxylic trifluoroacetic 
anhydrides1 However, the reaction of this mixed anhydride 
with tert-butyl alcohol to give tert-butyl cyclohexanecarbox- 
ylate proceeded -10 times more slowly than the above, direct 
S - 0 conversion. Thus this anhydride is not involved in the 
major course of the latter reaction. The full retention of the 
deuterium content shown in entry 5 as well as the formation 
of tert-butyl pivalate eliminates the possibility that the cor- 
responding ketene is an intermediate. These new pieces of ev- 
idence are in full accord with the involvement of intermediate 
I proposed earlier,’ and ensure the retention of stereochemistry 
at  the carbon CY to the carboxy group. 

I 
Use of Thiophilic Metal Cations Other Than Hg(1I). The 

above procedure can be applied successfully in most cases since 
Hg(I1) reacts with sulfur significantly more rapidly than with 
ordinary or electron-deficient (C=C-C=O) double bonds 
(e.g., those in most “polyoxo” macrolides8). However, the 
nondiscriminating reactivity of Hg(I1) toward electron-rich 
centers occasionally presents serious problems. Indeed, cyto- 
chalasins are such a case and have been found not to survive 
Hg(I1) treatment. Other thiophilic (soft) cations include 
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Table 11. Reactions of Ag(I), Cu(I), and Cu(I1) with Thiol Esters 
0 0 

R 1 - C - 0  
II +OH 

R1-C-SR2 + MX- 
25" 

Entry R' R 2  MX Solvent Time Yield (%) 

4 - 
" 

\r 
0 

7a 

C U C F ~ C O ~  f 

18 hr 
18 hr 

10 min 

10 min 

5 hr 

1.5 hr 
1.5 hr 

1 hr 
1 hr 

0 
0 

95 

100 

80 

24 
100 
< 5  
< 5  

CH3CN 0.5 hr 0 

C6H6 2 hr 100 
T H  F 18 hr recovered 

CH2C12 2 hr 100 

CH3CN 0.5 hr 0 
T H F  2 hr 95 

UCyclohexanol was used in place of tert-butyl alcohol. 

Ag(I), Cu(I), and Cu(II), and their reactions with a variety 
of R1COSR2 compounds in the presence of tert-butyl alcohol 
have been examined and are summarized in Table 11. Some 
trends are evident. The more acidic the reacting thiol is, the 
less thiophilic metal cation is suitable for effecting the reaction 
(cf. entries 1 and 3).  In many cases Cu(I), Cu(II), and Ag(1) 
are even superior to Hg(I1) and a remarkable difference in 
reactivity between Ag1CF3C02 and Ag1BF4 is noted (entry 
5 ) .  Gerlach's earlier report7b that Ag'C104 or Ag'BF4 activates 
2-pyridinethiol esters appears to comply with all these obser- 
vations. Entries 7 to 9 constitute model studies for the cycli- 
zation of the seco-acid derivatives corresponding to pikromycin 
(a 14-membered P-ketolactone). 

Partial Synthesis of Cytochalasins A and B. If one succeeds 
in lactonizing the seco acid derivatives related to cytochalasin, 
the problem associated with the total synthesis of the latter 
compound will be greatly simplified. The scope of the S - 0 
ester conversion has now been significantly broadened and can 
be performed without Hg(I1). Thus the important transfor- 
mation of cytochalasin B (1) has been achieved as outlined in 
Scheme I.9 

Alkaline hydrolysis (1 N ethanolic NaOH,  60 OC, 1 h) of 
an isomeric mixture of cytochalasin B cis-tetrahydropyranyl 
ethers (2) provided the corresponding seco acid (3) which was 
converted into the benzenethiol ester (4) with diethyl phos- 
phorochloridate and then thallium benzenethiolate.I0 Acid 
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Scheme I 

..-,&OR1 

i 

-.A 
H 

'.&OR2 

2 R=THP 

H ...p.yO" 

12 R = CH3CO L3 

treatment (aqueous CH3C02H) of 4 and then acetylation 
afforded the diacetate-thiol ester ( 5 ) .  A stirred mixture of 16 
mg of 5 and 27 mg of Na2HP04 and 22 mg of AgCF3C0Zi I 
in 8 mL of benzene was heated at reflux for 2 h under an argon 
atmosphere. Upon the usual workup there was isolated 4.8 mg 
(36%) of the cyclized product (6 ) ,  which afforded 1 upon mild 
alkaline hydrolysis. Identification of these products obtained 
by cyclization was established in the standard fashion. 

Partial hydrolysis of 6 proceeded efficiently to afford mo- 
noacetate 7 (in >70%), which after the protection (THP) of 
the liberated hydroxy group was converted into the hydroxy 
compound (8). Treatment of 8 with methanesulfonyl chloride 
followed by sodium cyanoborohydride effected reductive mi- 
gration of the double bond, and the resulting A6 compound (9) 
upon alkaline hydrolysis was converted into the corresponding 
seco acid (10). The preparation of the benzenethiol ester of 10 
and then conversion of the 20-0-THP into the 20-0-acetate 
(11) proceeded well in a manner analogous to that described 
for 5 (vide supra). Treatment of 11 with tert-butyl hydroper- 
oxide and vanadyl acetylacetonate (Sharpless' procedure)I2 
provided the 6,7-epoxide (12) (in 50 - 600h based on consumed 
l l) ,  which was subsequently transformed into 5 upon acid 
treatmentI3 (2 N HCl in 50% aqueous acetone for 18 h), fol- 
lowed by acetylation. The Ag(1)-assisted lactonization of 5 in 
the manner described above completes a conversion of 10 into 
1. The latter compound has already been reported to provide 
cytochalasin A (13) upon oxidation with Mn02. '4 . i 5  

Utility of 10 as a relay compound in the synthesis of 1 and 
13 is evident. The stereochemistry of the tetrahydroisoindole 
moiety of 10 is such that a Diels-Alder reaction of two ap- 
propriately functionalized components would directly lead to 
the construction of the system. In fact, Auerbach and Weinreb 
have recently demonstrated that the reaction indeed proceeds 
in this predictable manner.16 Thus dissection of 10 into three 
synthetic units now constitutes a rational synthetic scheme. 
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Bent Bonds in the Bridgehead Triptycyl Radical 

Sir: 
Magnetic resonance experiments have provided most of the 

present information of the geometry of reactive free radicals 
and carbenes.' A particularly powerful technique involves 
determining the hyperfine splitting of the atom with an un- 
shared valence. The isotropic and anisotropic components of 
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