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The reductions of a-haloacetophenones and a-halopropiophenones by 1,3-dimethy1-2-phenylbenzimidazoline 
(DMBI) have been reported to proceed via an electron-transfer free-radical chain mechanism. The reduction 
of a-haloisobutyrophenones did not proceed by the chain sequence. We now report that initiated reductions 
of a-bromo- and a-chloroisobutyrophenonea (IIIa,b) have been found to be promoted by the addition of thiophenol. 
Ieobutyrophenone was formed as the major product via a free-radical chain process. During the PhSH-promoted 
DMBI reduction of IIIa,b a minor product, a-(pheny1thio)isobutyrophenone (N), was also formed via nucleophilic 
substitution. The chain propagation steps involve the efficient hydrogen atom transfers between PhCOCMe2' 
and PhSH and between PhS and DMBI. The facile hydrogen transfer between PhS' and DMBI was confiied 
by carrying out the radical-chain reduction of PhSSPh with DMBI. 

Introduction 
The reduction of a-bromo- and a-chloroacetophenone 

(Ia and Ib) and a-bromo- and a-chloropropiophenone (IIa 
and IIb) by 1,3-dimethyl-2-phenylbemimidizoline (DMBI) 
was recently reported.2 The reduction products, aceto- 
phenone and propiophenone, were formed by an elec- 
tron-transfer hydrogen atom abstraction chain mechanism 
(see Scheme I).2 The reduction of a-bromo- and a-chlo- 
roisobutyrophenone (IIIa and IIIb), however, did not ap- 
pear to proceed by a chain sequence since the addition of 
either an initiator (AIBN) or an inhibitor (dinitrobenzene, 
DNB), additives which had been an effective chain initiator 
and inhibitor for the reduction of the primary (Ia,b) and 
secondary (IIa,b) halo ketones, did not significantly affect 
the yield of the reduction products. The tertiary halo 
ketones, IIIa,b, were involved in the radical process since 
they acted as efficient inhibitors when they were present 
during the reduction of the a-haloacetophenones and a- 
halopropiophenones. The observation that chain reduction 
did not take place with the a-haloisobutyrophenones was 
rationalized by assuming that hydrogen atom transfer 
between the tertiary radical PhCOCMe; and DMBI was 
too inefficient to carry the chain (eq 3). It was anticipated 
that the chain reaction would be facilitated by the addition 
of a chain-transfer agent which itself produces a radical 
that could carry the chain. As anticipated, the addition 
of thiophenol increases the yield of the reduction products 
significantly. The present report describes a study of this 
enhanced reduction. 

Results and Discussion 
Reduction of a-Haloisobutyrophenones by DMBI 

in the Presence of PhSH. The DMBI reductions of the 
a-haloisobutyrophenones (IIIa,b) were carried out using 
the same conditions as previously reported for the DMBI 
reductions of Ia,b and IIa,b (degassed, THF, 61 oC).z 
Radical initiation (AIBN) and inhibition Cp-DNB) were 
used to establish whether a free-radical chain mechanism 
is operative in the PhSH-promoted reduction. The results 
of these studies are summarized in Table I. 

The reduction of a-bromoisobutyrophenone (IIIa) which 
had been reported2 as relatively unreactive toward DMBI 
(reactions 1-3, Table I) was significantly accelerated by 
the addition of thiophenol (reactions 5-10). An optimum 
yield of reduction product was obtained when at  least 2 
equiv of thiophenol were used. In addition to the reduction 

(1) Killam predoctoral fellow, 1987-1990. 
(2) Tanner, D. D.; Chen, J. J. J .  Org. Chem. 1989,54, 3842. 
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product, isobutyrophenone, a-(pheny1thio)isobutyro- 
phenone (IV) was produced as a minor product (-1-5%). 
In the presence of p-DNB, the formation of the reduction 
product was inhibited (reactions 6,8, lo), but the yield of 
the substitution product IV increased significantly. 

Two competitive processes appear to be operative: the 
reduction product, isobutyrophenone, is formed by a 
free-radical chain process, while the substitution product, 
the thio ketone IV, is formed by a heterolytic substitution. 
In the absence of DMBI, IIIa was unreactive toward PhSH 
even in the presence of AIBN (reaction 11, Table I). Since 
DMBI and PhSH are required both for the radical-chain 
reduction and heterolytic substitution of IIIa, the nu- 
cleophilic substitution appears to proceed via the thiolate 
anion, PhS-, eqs 5 and 6. 

N H  
H A*' H 

F 
xp, + PhSH xph + PhS- ( 5 )  
N N 

I 
CHl CH3 

PhS- + PhCOCMe2X - PhCOCMqSPh + X- (6) 
The reduction of a-chloroisobutyrophenone (IIIb) was 

enhanced by PhSH (reactions 12-17), albeit the thermal 
reaction was much slower than that of the bromide IIIa. 
Nevertheless, the reduction could be inhibited by DNB 
(reaction 16) and initiated by AIBN (reaction 17). The 
yield of the heterolytic substitution product (IV) also in- 
creased in the presence of DNB (reaction 16). 

Scheme I1 rationalizes both initiation (AIBN) and in- 
hibition (DNB) and seems to indicate that the thio- 
phenol-promoted reduction proceeds by a short-chain 
process, Table I, reactions 5-10. The two main chain- 
transfer steps involve hydrogen atom transfer from PhSH 
and DMBI (eqs 8 and 9). 

Although hydrogen abstraction form PhSH is well 
documented and hydrogen abstraction by PhS' from C-H 
has been observed, it is limited by re~ersibility.~*~ The 
major portion of the thiyl radicals produced results in 
dimerization (reaction 12). A similar mechanistic scheme 
involving hydrogen abstraction from RSH by an aminyl 
radical, followed by hydrogen abstraction from the a- 
carbon of an amine by the RS' radical, was proposed to 
explain the catalytic effect of thiols in the photoreduction 
of benzophenone by  amine^.^ In order to show unam- 

(3) Kice, J. L. In Free Radicals; Kochi, J. K., Ed.; Wiley: New York, 

(4) Tanner, D. D.; Wada, N.; Brownlee, B. G. Can. J.  Chem. 1973,51, 
1973; Chapter 24, pp 718-22. 

1870. 
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Scheme I 
0- 
I 
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CH3 CH3 

PhS' + o N x H  PhSH + ' N Ph 

2 PhS' - PhSSPh 

Table I. PhSH-Promoted Reduction of PhCOCMe,X (1IIa.b) by DMBI - .  . . -  
PhCOCMe- PhCOCMez 

X reaction condns' PhCOCHMe2 (IIIa,b) SPH (IV) 
Br (IIIa) 1 96 hb 5.4 89.6 

2 96 h, 4% AIBNb 11.4 79.7 
3 96 h, 5% p-DNBb 12.2 79.7 
4 104 h 19.1 63.4 
5 104 h, PhSH (0.5 equiv) 79.5 20.5 4.0 
6 104 h, PhSH (0.5 equiv), 10% DNB-p 0.2 57.0 18.6 
7 35 h, PhSH 46.9 43.0 4.6 
8 35 h, PhSH (1 equiv), 10% p-DNB 2.2 63.4 35.6 
9 20 h, PhSH (2 equiv) 92.7 1.7 
10 20 h, PhSH (2 equiv), 9% p-DNB 0.7 52.0 22.2 
11 104 h, PhSH (2 equiv), 8% AIBN' 2.6 92.9 

C1 (IIIb) 12 77 hb 4.7 84.8 
13 77 h, 3% AIBNb 14.8 81.7 
14 77 h, 3% p-DNBb 1.0 92.9 
15 27 h, PhSH (2 equiv) 14.5 77.8 8.0 
16 27 h, PhSH (2 equiv), 6% p-DNB 0.0 79.9 32.7 
17 27 h, PhSH (2 equiv), 6.7% AIBN 96.5 2.6 

"All the reactions were carried out in THF at 61 "C with [PhCOCMe2X]:[DMBI] = 1:2 except where specified in the table [IIIa,b] = 0.05 
M. [PhCOCMe2X]:[DMBI] = 1:l. 'No DMBI was used. 
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Table 11. Reduction of PhSSPh bs DMBI at 61 O C  
reaction solvent condns; PhSH PhSSPh PhSCHt 

18 THF 0.9 f 0.9 73.4 f 10 2.4 f 0.7 
19 7% AIBN 69.0 * 0.4 20.7 f 3.0 6.4 * 0.4 
20 CsHs 94.0 f 9.0 
21 10% AIBN 72.2 f 0.2 24.7 f 5.0 1.2 f 0.2 

"[PhSSPh] = [DMBI] = 0.05 M, 10 h. bSmall amounts (<6%) 
1-methyl-2-phenylbenzimidazole was also observed. 

Scheme I11 

CH3 CH3 
A H  A 
N N 

ptls. + XPh = PhSH + Y P h  
CH3 

N 
>Ph + PhSSPh - PhS. + 

N 

I 

biguously that the abstraction reaction, eq 9, does occur, 
the reduction of phenyl disulfide by DMBI was investi- 
gated. 

DMBI Reduction of PhSSPh. The reductions of 
PhSSPh by DMBI were carried out in THF and in C6H6 
at 61 "C. The results are shown in Table 11. The re- 
duction can be initiated by AIBN to give thiophenol as the 
major product. Small amounts of methyl phenyl sulfide 
and 1-methyl-2-phenylbenzimidazole (<6%) were pre- 
sumably formed by an SN2 reaction of thiophenoxide with 
1,3-dimethyl-2-phenylbenzimidazolium cation (eq 13).6 

CH3 

PhS-+ v & P h  - PhSCH3 + n N F P h  (13)  
F! \ N  
I I 

CH3 CHI 

The initiated reduction of phenyl disulfide by DMBI via 
a free-radical chain sequence can be rationalized by the 
mechanistic scheme in Scheme 111. 

A similar radical chain sequence was proposed for the 
reduction of ArSSAr by N-benzyl-l,4-dihydronicotinamide 
(BNAH).7 

The chain propagation steps involve hydrogen abstrac- 
tion by PhS' from DMBI and the regeneration of PhS' 
from PhSSPh by electron transfer from the DMBI radical. 
Since the first step in the reaction sequence is no doubt 
reversible (eq 9, Scheme 111), the chain conversion of 
PhSSPh to PhSH is inefficient since the dimerization of 
PhS' limits the propagation of the chain, eq 9. In the 
mechanistic scheme the thiyl radical is regenerated via 
either electron-transfer fragmentation (eqs 14 and 15) or 
an s H 2  attack at  sulfur (eq 16).8 s H 2  displacement on 

(5) Stone, P. G.; Cohen, S. G. J.  Phys. Chem. 1981,85, 1719. 
(6) A closely related example is the demethylation of 7-methyl- 

guanosine by lithium 2-methylpropane-2-thiolate in HMPA. Hecht, S. 
M.; Kozarich, J. W. J. Chem. SOC., Chem. Common. 1973,387. 

(7) Oae, S.; Nagata, T.; Yoahimura, T.; Fuzimori, K. Tetrahedron Lett. 
1982,23, 3189. 

Table 111. PhSH-Promoted Reduction of 
PhCOCMe2SOzTol-p (V) and PhCOCMezSPh (IV) by DMBI 

product 
(%I 

PhCOC- 
reaction substrate condns" HMez 

22 IV 60 h, 5% AIBNb 16.0 
23 43 h, 6 equiv of PhSH, 5% 94.1 

AIBN 
24 V 45 h , 2 %  AIBN 4.4 
25 45 h, 2 equiv of PhSH, 8% 61.4 

2 equiv of DMBI were used in all reactions except where spec- 
ified. The reactions were carried out in THF at 61 OC [substrate] 
= 0.05 M. 

sulfur (eq 16), although attractive, is less likely since 
displacement at sulfur by a tertiary radical would likely 
be sterically unfa~orable.~ 

Thiophenol-Promoted DMBI Reduction of a-Phe- 
nylthio- and a- (p  -Toluenesulfonyl)isobutyro- 
phenones. Since the DMBI reduction of a-halo-, a- 
(phenylthio)- and a-(p-toluenesulfony1)acetophenones have 
all been shown to proceed via the same ET hydrogen ab- 
straction chain mechanism,1° we can reasonably assume 
that the corresponding tertiary substrates, a-(phenylthio)- 
and a-(p-toluenesulfony1)isobutyrophenones IV and V 
would show a similar reactivity toward DMBI as that of 
a-haloisobutyrophenones. Table I11 summarizes the re- 
sults of the DMBI reductions of IV and V in the absence 
and presence of thiophenol. 

The initiated (AIBN) reductions of IV and V in the 
absence of PhSH proceed sluggishly to give low yields of 
isobutyrophenone. As in the DMBI reductions of IIIa,b 
reductions of IV and V could be promoted by PhSH, see 
Table 111. These results are consistent with the ET free- 
radical chain mechanism shown in Scheme I1 for the 
PhSH-promoted DMBI reductions of IIIa,b (Scheme 11, 
X = SPh or p-TolSOz). 

The resulta of the DMBI reductions of IV and V support 
the proposal made by Russell'l that the ketyl radical an- 
ions of a-thiylketones cleave to give an enolyl radical and 
a thiolate anion (eq 11, Scheme 11, X = SPh). However, 
a-phenylthio ketone radical anions have been proposed to 
undergo cleavage to give an enolate ion and a thiyl radical 
(eq 17);12 however no direct evidence was presented for this 
suggestion. 

AIBN 

1.2 equiv of DMBI were used. 

0- 

(17) 

Cleavage to give the enolate anion might be consistent 
with a mechanism which involves thiol-promoted reduc- 
tion, see Scheme IV. 

Scheme IV 
(a) ZH + PhSH + ZHz+ + PhS- 

I 
Ph-$-CH,SPh - PhCOCH; + PhS' 

(18) 
PhCOCRZSPh + PhS- - PhCOCR2SPh'- + PhS' (19) 

(20) 

(21) 

PhCOCRZSPW- - PhCOCRz- + PhS' 

PhCOCR2- + PhSH 4 PhCOCRzH + PhS- 

(8) (a) Pryor, W. A.; Pickering, T. L. J. Am. Chem. Soc. 1962,84,2705. 
(b) Otau, T.; Kinoshita, Y.; Imoto, M. Makromol. Chem. 1964, 73, 225. 

(9) Tanner, D. D.; Brownlee, B. G. Can. J. Chem. 1973, 51, 3366. 
(10) Tanner, D. D.; Chen, J.  J.; Chen, L.; Luelo, C. J. Am. Chem. SOC., 

in press. 
(11) Russell, G. A.; Mikol, G. J. J. Am. Chem. SOC. 1966, 88, 5498. 
(12) (a) Fox, M. A.; Triebel, C. A. J. Org. Chem. 1983, 48, 835. (b) 

Kunugi, A,; Muto, A.; Mirai, T. Bull. Chem. SOC. Jpn. 1985, 58, 1262. 
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or alternatively 

(b) PhCOCRzSPh + Z' - Zf + PhCOCR2SPh'- (22) 

(20) PhCOCR2SPh'- - PhCOCR2- + PhS' 

PhS' + ZH - PhSH + z' (23) 

PhCOCR2- + PhSH - PhCOCRzH + PhS- (21) 

Reduction by the sequence given in Scheme IVa uses 
DMBI as a base only, while in the mechanism depicted in 
Scheme IVb DMBI is a hydrogen atom source and its 
radical acts as an electron-transfer agent. Both alternative 
mechanisms describe a radical-chain process. The se- 
quence outlined in Scheme IVa could easily be tested since 
an alterntive proton acceptor should facilitate the reduc- 
tion. 

When the sulfide IV was allowed to react with thio- 
phenol in the presence of a tertiary amine, triethylamine 
(TEA), no reduction product was observed. The thiol- 
promoted DMBI reduction of IV, Scheme IVa, can, 
therefore, be eliminated as the mechanistic pathway 
leading to reduction product. Scheme IVb is also proposed 
to proceed via an enolate anion; however, in this scheme 
catalysis by thiolate is not required; i.e., PhSH only serves 
as a proton source after the product determining cleavage 
(eq 21). The proposal12 that sulfide cleavage of the ketyl 
of IV proceeds by a mechanism involving an enolate anion 
(eq 20) is not consistent with (DMBI/PhSH) catalysis. 
Ketyl cleave to give an enolate anion, eq 17, is therefore 
not a viable pathway. 

Reaction of a-Haloisobutyrophenones with Thio- 
phenol in the Presence of Triethylamine (TEA). Since 
a-(pheny1thio)isobutyrophenone (IV) was formed by a 
heterolytic pathway during PhSH-promoted DMBI re- 
ductions of the a-haloisobutyrophenones (IIIa,b), the re- 
action of IIIa,b with another tertiary amine, triethylamine 
(TEA), in the presence of PhSH was investigated. The 
results of these studies are shown in Table IV. 

The reaction of a-bromoisobutyrophenone (IIIa) with 
PhSH/NEb in THF and CH3CN gave both reduction and 
substitution products (reactions 26-32). The ratio of these 
two products depends upon the solvent used; more re- 
duction product was observed in THF than in the more 
polar solvent, CH3CN. Moreover, the reaction proceeds 
much more readily in CH3CN than in THF. Control ex- 
periments showed that the reduction product did not arise 
from the substitution product IV since IV was unreactive 
under the condition of the reaction. Similarly, IIIa is 
unreactive toward TEA in the absence of PhSH (rt, 
CH3CN, 10 h). In both solvents, the reactions carried out 
in the presence of either dinitrobenzene (DNB) or mo- 
lecular oxygen are not inhibited, nor is the product dis- 
tribution affected (reactions 27, 29, 30, and 32, Table IV). 

The reaction of a-chloroisobutyrophenone (IIIb) pro- 
ceeded more slowly than that of IIIa (reactions 33-39). In 
both THF and CH3CN no reduction product was observed. 
The reaction of IIIb was not affected by DNB or oxygen. 

Since the mechanism for the formation of the substi- 
tution product is proposed to be a heterolytic process, 
substitution reactions of the halo ketones at the least 
hindered carbon should be favored. In accord with this 
proposal the ratio of substitution vs reduction products 
for the TEA/PhSH reaction of Ia, IIa, and IIIa show this 
reactivity pattern, Table V. 

When a weaker base, NJV-dimethylaniline (DMA), was 
used in the reaction of IIIa with PhSH, the reaction pro- 
ceeded more slowly (compare reactions 40 and 26, Table 
IV). Qualitatively, this observation is consistent with a 
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reaction mechanism for TEA/PhSH halo ketone reactions 
where PhS- is involved in the ratedetermining step. Since 
neither inhibition nor initiation was observed, there is no 
evidence that a radical chain process is involved in the 
reaction. 

Substitution products are most likely formed by an 
sN2(c) process, see eq 24. 

PhCOCR1R2X + PhS- - PhCOCR1R2SPh + X- (24) 

Although the direct sN2 substitution on tertiary carbon 
in pure aliphatic systems is extremely rare because of a 
competing sN1 reaction, tertiary a-halocarbonyl com- 
pounds are believed to undergo sN2 rea~ti0ns.l~ Since the 
sN1 reaction is retarded by the electron-withdrawing 
carbonyl, a valence-bonding configuration mixing model 
has been proposed to account for the enhanced sN2 re- 
activity of a-halo ketones. This model might also explain 
the relative insensitivity of the sN2 reaction of a-halo 
ketones to steric effects. For the substitution reaction of 
thiophenoxide with a-haloisobutyrophenones three con- 
figurations (R, P, and C) are used to build the sN2 reaction 

CH3, ,CHI CHI kc /CHI \c 0 C H 3  

PhS- $ X' - PhS' II X- - PhS' II X' 
P h + S  Ph% PhO"O- 

R P C 

profile. The enolate configuration (C), which is impossible 
for pure alkyl halides makes an important contribution to 
the transition state and decreases the steric effect asso- 
ciated with the usual sN2 reaction. 

The reduction product formed from the reaction of PhS- 
and PhCOCMe2X (IIIa-b) could be formed by an electron 
transfer (ET) sequence, eq 24, or by a nucleophilic sub- 
stitution on the halogen atom (SN2(X)),15 eq 25. Although 

Et PhCOCMe2X + PhS- - PhCOCMe2Xm- + PhSm (24) 

J 
PhC&Mep + X- 

JPhSH 
PhCOCHMe2 

SN2(X) PhCOCMe2X + PhS- .-) PhCOCMeT + PhSX (25) 

IPhSH 

PhCOCHMe2 

these two processes have been proposed for the reactions 
of PhS- or other nucleophiles with a-substituted alkyl 
halides,l6-lg we have no direct evidence to support or 
differentiate between these two mechanistic pathways. 

The competition between S$(c) and ET or sN2(x) is 
controlled by steric crowding at the a-carbon and the 
halide being substituted. S&(c) substitution is favored 
for the less sterically hindered primary and secondary keto 

(13) Edwards, 0. E.; Grieco, C. Can. J .  Chem. 1974,52,3561. Thorpe, 
J. W.; Warkentin, J. Zbid. 1973, 51, 927 and references cited therein. 

(14) Mclennan, D. J.; Prow, A. J. J.  Chem. Soc., Perkin Tram. 2 1984, 
981 and references cited therein. 

(15) Zefirov, N. S.; Makhonkov, D. I. Chem. Reu. 1982,82,615. 
(16) Russell, G. A.; Jawdosiuk, M.; Makosza, M. Ibid. 1979,101,2355. 
(17) (a) Bowman, W. R.; Rakshit, D.; Valmas, M. D. J.  Chem. Soc., 

Perkin Tram 1 1984, 2327. (b) Al-Khalil, S. I., Bowman, W. R. Tetra- 
hedron Lett. 1984,25, 461 and references cited therein. 

(18) Bowman, W. R.; Richardson, G. D. Tetrahedron Lett. 1981,22, 
1551. 

(19) Beadle, C. D.; Bowman, W. R.; Prousek, J. Ibid. 1984,25, 4979. 
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Table IV. Reaction of PhCOCMelX (IIIa,b) with PhSH/NEt, 
X reaction solvent condns" PhCOCHMez PhCOCMezSPh PhCOCMezX 
Br 26 THF l h  55.2 18.5 22.1 

27 1 h, 5% p-DNB 53.8 20.8 26.3 
28 20 min 39.1 11.7 41.0 
29 
30 
31 
32 

c1 33 
34 
35 
36 
37 
38 
39 

Br 40 

20 min, 100% m-DNB 

2.5 min 
67% p-DNB 

17 hd 
86 hd 

CHSCN 12 min 
12 min, Oz* 
12 min, 6% n-DNB 
50 min 

CHSCN OZ,b 1 min 

THF 18 h 

HF DMA,C 64 hd 

36.3 12.3 
2.4 99 
3.5 98 
2 97 

6.5 
15.3 
54.3 
26.9 
26 
31.3 
86.0 

8.3 2.8 

51.5 

98.8 
87.4 
44.6 
68 
75.7 
69.6 
5.7 

79.7 

"All reactions were carried out at room temperature in degassed solvents unless specified with [PhCOCMezX]:[PhSH]:[NEtS] = 1:2:2 
[IIIa,b] = 0.05 M. *In the presence of air. 'NJV-Dimethylaniline (DMA) was used instead of TEA. dThe returns were carried out at 61 O C .  

Table V. Reaction of PhCOC(R,)(&)Br with TEA/PhSH 
in THF in 23 "C 

~ ~ ~~ ~~ 

reaction 
time" 

reactants (mid Droducts ratio 
Ia 0.8 PhCOCHB/PhCOCHzSPh 0/100 

IIa 12 PhCOCHz(CH&/ 0/1m 
PhCOCHCHSSPh 

IIIa 60 PhCOCH(CHJz/PhCOC- 55/100 

"AU the reactions were carried out in THF at room temperature 
under oxygen. [Reactant] = 0.05 M; [PhSH] = [NEh] = 0.1 M. 

halides. The ET or sN2(x) pathways are more favorable 
for the bromides than for the chlorides. Only in the case 
of the sterically hindered bromo ketone IIIa is the sN2(c) 
pathway in competition with either the ET (or sN2(x)) 
pathway. 

Experimental Section 
Materials. The preparation or purification of a-haloiso- 

butyrophenones, isobutyrophenone, 1,3-dimethyl-2-phenylbenz- 
imidazoline, 1,3-dimethyl-2-phenylbenzimidazolium iodide, and 
p-di-tert-butylbenzene has been described previously.2 THF 
(Aldrich HPLC grade) was freshly distilled from LiAlH,, and 
CH&N (Aldrich, HPLC grade) was distilled from CaH2 

Phenyl disulfide (Eastman) was recrystallized from ethanol 
whereas hexamethylbenzene (Aldrich) from ether. 

Thiophenol, thioanisole, and 1-methyl-2-phenylbenzimidazole 
were obtained from Aldrich and used as received. 
a-(Pheny1thio)isobutyrophenone was prepared according 

to the literature procedure:m bp 160-170 O C  (3.5 mmHg) [lit.m 

(CH3)zSPh 

141 O C  (0.45 mmHg)]; 'H NMR 6 1.6 (8,  6 H), 7.25-7.6 (m, 8 H), 
8.2-8.32 (m, 2 H); MS m/e 256 (M'), 238, 223,151, 105, 91,77, 
51, 41, and 28. 

General Procedure for the Reaction of u-Substituted 
Isobutyrophenones with Thiophenol in the  Presence of 
Triethylamine or  DMBI. An aliquot of a THF solution of the 
ketone (0.05 M), a standard (p-di-tert-butylbenzene or hexa- 
methylbenzene, 0.02 M), the amine (DMBI or Et.& 0.1 M), PhSH 
(0.1 M), and the additive was placed in a reaction ampoule, 
degaseed, sealed under vacuum, and thermostated at the specified 
temperature for the specified time (see Tables I-IV). The ampoule 
was opened and analyzed by GC using a HP5840A gas chroma- 
tograph interfaced to a HP5840A integrator. A stainless steel 
column (20 ft X 1/4 in.) packed with 5 %  SE-30 on chromsorb 
WAW DMCS 60/80 mesh was used. The area ratios were con- 
verted to concentration ratios by using standard calibration curves 
constructed from known mixtures of reactanta and produds. The 
yields listed in Tables I-IV were calculated from the curves. 
Produds were identified by a comparison of their retention times, 
GC/MS and GC/IR spectra with those of authentic samples. 

General Procedure for the Reduction of Disulfides by 
DMBI. An aliquot of a THF solution of PhSSPh (0.05 M), 
p-di-tert-butylbenzene (0.02 M), DMBI (0.05 M), and the additive 
was placed in a reaction ampoule. The same procedure as was 
used for the reduction of a-haloisobutyrophenone was followed. 
A partially soluble light yellow salt, 1,3-dimethyl-2-phenyl- 
benzenedazolium phenylthiolate (IV), precipitated from the re- 
action mixture and was isolated by filtration: mp 121-132 "C; 
'H NMR 6 3.86 (6 HI, 7.3-8.0 (m, 14 H). Although no direct 
evidence for the saltlike structure is available the chemcial shifta 
of the protons in IV are identical to those of its perchlorate salt. 
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