
J.  Org. Chem. 1988,53, 3893-3894 3893 

was confirmed by GC and GC-MS using an authentic 
sample (Research Plus) as reference (SPB-1 column, 30 
m, 0.32-mm i.d. 0.25-bm coating at 260 OC; retention time 
26.4 min). The MS displayed peaks at m l z  (relative in- 
tensity) 402 (24), 384 (loo), 369 (47), 367 (13), 351 (36), 
300 (28), 299 (33), 273 (38), 271 (69), and lower m / z  
steroidal clusters. Similar oxidation of cholesterol in a 
homogeneous solution gave small amounts of many prod- 
ucts. 

We have shown that a steroidal manganese(I11) por- 
phyrin catalyst intercalated in a synthetic bilayer is capable 
of the hydroxylation of hydrocarbons in moderate yields. 
This assembly also selectively hydroxylated cholesterol at 
carbon 25. The Oz/ascorbic acidlmanganese porphyrin 
system has been shown in other studies to generate an 
oxomanganese(1V) porphyrin as the reactive intermedi- 
ate.lzb,l3 The selectivity observed here must be due to the 
enforced proximity of the tertiary hydrogen at C-25 to the 
incipient manganyl group of the oxidized catalyst (1) at 
the catalytic center (Figure l), precisely the motif that has 
been revealed in the X-ray crystal structure of the en- 
zyme-substrate complex of cytochrome P-45O,,.l4 
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Use of the Brernsted Relationship To Detect a 
Mechanistic Shift for Reaction of 
2 4  Met hylt hio)ethyl Chloride with Thiophenoxide 
Anions 

Summary: The linear Brcansted plot for reaction of thio- 
phenoxide ions with 2-(methy1thio)ethyl chloride in DMSO 
changes slope for highly deactivated thiophenoxides, thus 
suggesting a mechanism change. Attack of a neutral nu- 
cleophile on an anionic electrophile may be involved. 

Sir: We recently demonstrated that p-aminothiophenoxide 
reacts with 2-(methy1thio)ethyl chloride (1) or 24phe- 
ny1thio)ethyl brosylate in dimethyl sulfoxide (DMSO) by 
a direct displacement s N 2  mechanism.l On the other 
hand, solvolysis of these derivatives in DMSO proceeds 
by neighboring sulfur participation to give a cyclic sulfo- 
nium ion (a k A  mechanism).' In this paper we report that 
a series of seven highly nucleophilic thiophenoxide anions 
undergo reaction with 1 in DMSO to provide second-order 
rate constants, Table I, which give a linear Brernsted plot: 
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Table I. Second-Order Rates for Reactions of ArS- Ions 
with MeSCH2CH&l (1) and n -Butyl Chloride in 

DMSO at 25 "C 
103k2 ( ~ - 1  5-1) 

PK,O 
11.2 
10.3 
9.5 
9.0 
8.57 
8.5 
8.1 
6.00 
5.5 
3.3 

I* 
95.4 f 2.4 
41.8 f 0.2 
26.6 f 1.5 
18.3 f 2.8 
12.1 f 1.1 
13.7 f 0.5 
9.86 f 0.20 
8.62 f 0.86 

22.9 f 3.1 
23.8 f 6.7 

n-BuCIC 
105 f 20 (100) 
44.2 (42.6) 
25.6 f 0.6 (25.4) 

(13.3) 

9.01 (8.77) 
7.54 f 0.60 (5.78) 
1.04 f 0.18 (0.852) 
0.313 f 0.029 (0.279) 
0.099 f 0.0045 (0.0581) 

From ref 2. *Rates were run as pseudo first order by following 
the disappearance of the thiophenoxide by UV as described in ref 
1. cThe values in parentheses are from ref 2. 
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Figure 1. Brransted plot for reaction of 2-(methy1thio)ethyl 
chloride (1) with thiophenoxide anions in DMSO. 

Figure 1. The log k values for reaction of the same seven 
nucleophiles also plot linearly against log k values for their 
SN2 reaction with n-butyl chloride, Table I.2 With the 
p-thioethyl substrates, we anticipated a break from the 
linear relationship with weakly nucleophilic thiophenoxide 
ions because at some point the first-order kA process should 
be faster than the second-order sN2 reactions. We did 
indeed find a break in the linear relationship but, sur- 
prisingly, the weakest thiophenoxide nucleophiles react 
more rapidly, indicating that some mechanism other than 
k, is involved, Figure 1. 

The thiophenoxides with pK, values less than 8.1 still 
follow second-order kinetics. The calculated pseudo- 
first-order rates for the least reactive anions are still more 
than an order of magnitude greater than the measured 
first-order rate for 1 in DMSO in the absence of any 
thiophenoxide ion (k = 8.5 X s-l). The rate increase 
observed for the 4-nitro- and pentachlorothiophenoxide 
ions, Figure 1, is not predicted by either the normal S N ~  
process or by the neighboring sulfur-assisted process. With 
regard to the mechanism, it is instructive to note that the 
deviating substrates follow second-order kinetics and give 
substitution products expected for a n  S N 2  process. 

The most logical explanation for the break in the 
Brernsted plot, Figure 1, is that there has been a change 
in mechanism to some bimolecular substitution process 
other than that followed by the seven more nucleophilic 
thiophenoxide anions. The mechanism must account for 
a nucleophilic reactivity order which is the inverse of the 
intrinsic nucleophilicity of the thiophenoxide ions! Since 
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the anomalous reaction only occurs when strong elec- 
tron-withdrawing groups are substituted on the aryl nu- 
cleus, involvement of the aryl ring is suggested. Recent 
studies have reminded us of the high nucleophilicity of the 
sulfur atom in l.3-5 Thus a possible mechanism for the 
anomalous nucleophiles involves attack by the sulfur of 
1 on the electrophilic thiophenoxide aromatic ring by an 
SNAr mechanism,6 eq 1. Provided that the first step of 

S- CI \r, n .JMe 
I 

N+ NO2 
/ \  

-0 0- 
/T NO2 

-0 0- 
the mechanism is rate-determining, this mechanism pre- 
dicts the observed reactivity trend of faster rates as the 
thiophenoxide anions are substituted with stronger elec- 
tron-withdrawing groups. A rapid second step is antici- 
pated since it involves a favorable ring closure to a five- 
membered ring.7 The rate of the third step is more dif- 
ficult to estimate. We attempted to find evidence for the 
mechanism by substituting MeSCH2CH20H for the chlo- 
ride 1 in the reaction with p-nitrothiophenoxide in DMSO, 
but we observed no UV evidence for complex 2, eq 2. This 

Me 

( 2 )  

NO2 N +  

/ /  
-0 0- 

may be because it is reversibly formed in a fast reaction, 
which, of course, would be consistent with a fast third step 
in eq 

Alternatively, we have considered rate-limiting forma- 
tion of the dimer of 1,394 i.e., MeSCH2CH2S+(Me)- 
CH2CH2C1-, which could subsequently react with the 
thiophenoxide ions by displacement of 1 and give the ob- 
served SN2 product. However, in the absence of thio- 
phenoxide ion, l (at a concentration of 0.4 M) is stable at 
25 “C in DMSO-d6 for at least 1 2  h as determined by 
NMR. 

A third mechanistic possibility is a shift to a single 
electron transfer (SET) process involving the sulfonium 
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ion formed by the k A  mechanism.*12 Bordwell and 
Harrelson have shown13 that primary alkyl chlorides have 
reduction potentials which are too low for SET reaction 
with ArS-, but the inteimediate sulfonium ion could well 
have a sufficiently positive reduction potential. Two 
problems are apparent with this proposed mechanism. 
First, one would expect the oxidation potentials of the 
thiophenoxides to be roughly proportional to Hammett u 
values of the ring substituents, so that the p-nitro and 
pentachloro derivatives would probably have less negative 
oxidation potentials than the trichloro derivative and 
should thus react more slowly by the SET mechanism. 
Secondly, this mechanism would appear to require rate- 
limiting formation of the sulfonium ion, a fact we ruled 
out above. 

Future work will concentrate on elucidating this pre- 
viously unobserved mechanism for reaction of nucleophiles 
with 2-(alky1thio)ethyl derivatives. 
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Dual Hydrogen Bond Association of 
(R 3))-N,N’-Diisopropyltartramide with 
(S,S)-9,10-Dimethyl-9,10-dihydrophenanthrene-9,10- 
diol 

Summary: (S,S)-9,10-Dimethyl-9,lO-dihydro- 
phenanthrene-9,lO-diol (2) associates more strongly with 
(R,R)-N,”-diisopropyltartramide (1) than its enantiomer 
through dual hydrogen bonds in nonaqueous media. The 
X-ray crystal structure of the 1:l complex of (S ,S) -2  and 
(R,R)-l identified the interaction of these species as two 
sets of hydrogen bonds between the gauche hydroxyls of 
(S,S)-2 and two amide carbonyls of (R,R)-1. 

Sir: The enantiomers of 1,2-diols undergo enantioselective 
association with (R,R)-N,N’-diisopropyltartramide (1) 
through hydrogen bonds in nonaqueous media. In our 
previous resolution of a series of enantiomers of 1- 
phenyl-2-alkyl-1,2-ethanediols using (R,R)-l as the chiral 
mobile-phase additive in silica gel chromatography, dual 
hydrogen bonds of (R,R)-1 and gauche hydroxyls of diol 
enantiomers were proposed as the mode of association 
responsible for the observed enantioselection although the 
bonding sites in (R,R)-1 remained obscure.’ In the present 
study, the dual hydrogen bond association of (R,R)-1 with 
a 1,2-diol is clearly demonstrated by an X-ray crystal 
analysis of the complex of (R,R)-1 with (S,S)-g,lO-di- 
methyl-g,lO-dihydrophenanthrene-9,10-diol (2)2 and the 
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