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Table I. Fragmentation of Cyclohexanol 4 
SPh 

Grob-Type Fragmentation of Five- and 
Six-Membered Rings Promoted by Cuprous Ion 

Summary: Copper(1) salts, especially the triflate and triflu- 
oroacetate, promote efficier ' cleavage Gf l-hydroxy-2-[bis- 
(phenylthio)methyl]cyclohexane and cyclopentane; a cyclic 
intermediate is unlikely, as complete reaction requires more 
than 2 mol equiv of copper(1); the product contains aldehyde 
and latent aldehyde units. 

Sir: During studies directed toward the synthesis of natural 
sesquiterpene a-methyl-y-lactones,l we required a mild 
technique to convert the readily accessible perhydroindan 
skeleton (e.g., 1) into the open-chain homologue (e.g., 2) with 
a free aldehyde and a latent aldehyde for further elaboration. 
An obvious sequence is nucleophilic addition of LiCHY2 to 
some appropriate derivative of 1, followed by Grob-type 
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fragmentation2 of 3. The unit Y must stabilize the reagent 
LiCHY2 and also readily depart as Y- during the fragmen- 
tation. We have employed the anion of bis(pheny1thio)- 
methane3 and wish to report preliminary results which suggest 
a particularly mild and efficient fragmentation procedure. 

The reaction of lithio bis(pheny1thio)methide with 1,2- 
epoxycyclohexane produces the alcohol 4 in 73% yield. While 

SPh 0' LiCH(SPh12 a:;Ph - c : P h + P h S H  
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this compound is set up well for the Grob-fragmentation 
mechanism, the usual conditions required for parallel exam- 
ples4J are not mild. For example treatment of 4 with potas- 
sium tert-butoxide or sodium hydride (THF, 55 "C, 14 h) led 
to recovery of 4 (largely) accompanied by decomposition 
products (Table I, entries 1 and 2). None of the desired alde- 
hyde ( 5 )  was obtained. Monoxidation (m-chloroperbenzoic 
acid) produced the corresponding sulfoxide (6), but led to no 
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improvement in the ease and efficiency of fragmentation (5  
not detectable; NaH/THF, 65 "C, 24 h). 

Metal-promoted ionization of the carbon-sulfur bond was 
considered, with the possibility of a cyclic intermediate (e.g., 
7) during fragmentation.6 Treatment of 4 with n-butyllithium 
(to generate the alkoxide) followed by salts of mercury, silver, 
and copper produced positive results only in the case of copper 
(Table I). Cuprous triflate7 and cuprous trifluoroacetate 
(crude reagent) were most successful; optimum conditions 
promoted fragmentation a t  25 "C in high yields. 

Cuprous triflate has been used to bring about ionization and 
overall elimination from bis(pheny1thio) acetals' (e.g., 4) and 
this is the primary reaction of 4 with cuprous triflate in the 
absence of added strong base (entry 5), but initial treatment 
with n-butyllithium followed by 4 mol equiv of cuprous triflate 
led to smooth fragmentation (entry 8). The cyclic intermediate 
is not likely, considering the fact that 1 mol equiv of cuprous 
triflate does not promote fragmentation at  20 "C. Presumably, 
the usual stereoelectronic control of the Grob fragmentation 
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Entry 

SPh a. bore 

5 
a:H b. metal 10; 
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Conditionsa 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

NaH/THF, 55,14 
KOBu/DMSO, 90 ,48  
BuLi/THF, 20, 24 
BuLi/THF, 20, 3 
C,H,, 20" 3 
BuLi/THF, 20, 3.5 
BuLi/THF, 20, 3.5 
BuLijTHF; 20; 3.5 
BuLi/THF, 20, 72 
BuLi/THF, 20, 3 
BuLi/THF, 20, 3 

Metal ion Yield, %h 
(mol equiv) (conversion, %) _____ __ 

None 0 ( 0 )  
None 0 (90) 
HgCl, (1) 0 ( 0 )  
AgOTf (4)ctd 0 (> 80) 
CuOTf (2)dt" 0 (100) 
CuOTf (1)ctd 0 (0) 
CuOTf (2)c$d 30 (30) 
CuOTf (4)c,d 92 (100) 
CuOAc (8) 25 (50) 
CuOTFA (4)f 90 (100) 
CuOTFA (4)4 25 (40)  

0 Reactants, temperature ("C), time (hours). In cases 
where BuLi is indicated, n-butyllithium (1.0 mol equiv) was 
added to 4 in THF at -78 "C to generate the alkoxide. 
b The yield is based on isolated 5,  not corrected for recov- 
ered 4. C A solution of the metal salt in benzene or toluene 
was added to the alkoxide in THF. d A small molar excess 
of 2,&dimethylpyridine was present. e Strong base was not 
present. f Cuprous trifluoroacetate prepared in toluene solu- 
tion and used without purefication. g The cuprous trifluoro- 
acetate was purified by crystallization; see ref 12. 

is important, with at  least one cuprous ion to coordinate with 
the alkoxide unit and another cuprous ion to associate with 
the departing (anti) phenylthio unit (as depicted in 8).6 
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Consistent with this picture of the intermediate is predomi- 
nant formation of (E)-vinyl sulfide (5)s from the fragmenta- 
tion reaction. 

Other cuprous salts also bring about the fragmentation; the 
results of a number of experiments are summarized in Table 
I (entries 9-11). Anhydrous cuprous acetate has limited sol- 
ubility in a variety of polar aprotic solvents and induces 
fragmentation more slowly and less efficiently that cuprous 
triflate. Cuprous trifluoroacetate, prepared by reaction of 
cuprous oxide and trifluoroacetic anhydride in toluene and 
used without purification as a solution in toluene, gave es- 
sentially the same results as cuprous triflate (entry 10). 
However, purified cuprous trifluoroacetatelO gave slower 
cleavage, resulting in only 4 W  conversion under conditions 
where cuprous triflate gives complete reaction. The reason for 
the different reactivity of the crude and purified cuprous 
trifluoroacetate is not yet understood. 

The five-membered-ring analogue (9) was prepared in the 
same way, and found to undergo fragmentation efficiently 
using the standard conditions for 4 (n-BuLilTHFICuOTf, 20 
"C, 3 h, 93% yield). However, the mono(pheny1thio) derivative 
10 is inert to these conditions and does not fragment smoothly 
even at  higher temperature. 

Further questions of ring size and stereochemical require- 
ments, versatility in the unit Y in 3 and application in more 
complex systems are under consideration.11J2 
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