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Scheme III 
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deoxy-5'-benzoylamino-2',3'-<9-isopropylideneuridine (X) in 
a 75% yield. The X was treated with 20% acetic acid under 
reflux for 4 h to give 5'-deoxy-5'-benzoyIaminouridine in an 
80% yield as amorphous solid. 

The reaction sequence disclosed herein may provide a po
tential method for the synthesis of acylaminosugars and acy-
laminonucleosides.' ° 
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Specific Effects of Chloride Ion on Epoxide 
Hydrolysis. The pH-Dependence of the Rates and 
Mechanisms for the Hydrolysis of Indene Oxide 

Sir: 

The metabolism of aromatic hydrocarbons is thought to 
proceed via the intermediacy of arene oxides,1 and the carci
nogenic effects of certain hydrocarbons have been attributed 
to the covalent binding of the intermediate epoxide to cellular 
reagents.2 Recent reports suggest that the principal causative 
agent in the carcinogenicity of benzo[a]pyrene might be a 
dihydrodiol epoxide in which the epoxide group is located at 
a benzylic position.3 A more detailed knowledge of the hy
drolysis mechanisms and nucleophilic reactions of non-arene 
oxides (such as benzylic epoxides) is therefore desirable. 
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Figure 1, Plots of log &<,bsd vs. pH for the hydrolysis of indene oxide in 1 
M NaClO4 and 1 M KCl solutions at 25 0C. 

The rates and mechanisms for hydrolysis of various arene 
and non-arene oxides have been studied as a function of pH. 
It is common practice to carry out the hydrolysis studies of a 
given epoxide in solutions held at a constant ionic strength by 
addition of an electrolyte, and potassium chloride is often the 
electrolyte chosen.4 In this paper we wish to report the specific 
effects of added chloride ion on the hydrolysis of indene oxide, 
and to caution against the use of nucleophilic reagents such as 
potassium chloride to maintain constant ionic strength in so
lutions used for hydrolysis of epoxides highly susceptible to 
nucleophilic reagents. 

Various reports of the stereochemistry of the products from 
the hydrolysis of indene oxide (1) have appeared. Several 
publications have stated that trans and cis diols 2 and 3 from 
the hydrolysis of 1 are formed in ratios that depend on pH, 
reaction times, and reaction conditions.5 A more recent pub
lication appeared in which the authors obtained the same ratio 
(69:31) of 3 and 2 from the hydrolysis of 1 in both 0.1 and 1.0 
N sulfuric acid at room temperature, and demonstrated that 
some of the differences in the product distributions reported 
previously were not due to differences in acid concentration, 
but rather to secondary transformations of the diol products 
under reaction conditions.6 

00° 
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Because of discrepancies in the published data on the hy
drolysis of 1 at pH > 1 , and due to the importance of under
standing the mechanisms of epoxide hydrolyses, we undertook 
a study of the kinetics and stereochemical outcome of the hy
drolysis of 1 as a function of pH. Our results reveal that the 
product distributions and mechanisms for the hydrolysis of 1 
at pH 4-10 are indeed pH dependent, and are reported 
here. 

The rate expression for the hydrolysis of 1 in buffered 
aqueous 1 M NaC104 solutions, in which the rates were ex
trapolated to zero buffer concentration, is given by eq I.7 The 

£obsd = kn+an+ + ^o 0 ) 

values for the rate constants kn+ and /en are 8.9 X 102 M - 1 

s _ i and 1.3 X 1O-4 s - 1 , respectively. The pH-rate profile for 
the hydrolysis of 1 in 1 M NaC104 solutions is given in Figure 
1. Two distinct regions in the pH-rate profile between pH 4 
and 10 are apparent, one region at pH ca. 6 in which &H+«H+ 
> ko, and a plateau at pH ca. 7.5, where ko > kn+an+- From 
analysis of eq 1 (or the pH-rate profile), it is clear that there 
are two distinct mechanisms for the hydrolysis of indene oxide 
in 1 M NaC104. At pH 2 the acid-catalyzed mechanism pre
dominates, and yields 30% of 2 and 70% of 3. At pH 8.3, 
however, ko » ^ H + A H + , and the product mixture from hy-
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Figure 2. Plots of log A0bsd vs. pH for the hydrolysis of indene oxide and 
indene chlorohydrin in 1 M KCl solutions at 25 0C. 

Scheme I 

drdlysis of 1 contained 37% of 2,2% of 3, and.38% of 4.8 Pos
sible mechanisms for hydrolysis of 1 by the AH+ and Ao pro
cesses are outlined in Scheme I,9 Of significance is the fact that 
the Ao process gives rise to 38% of 4, which is most likely 
formed by "NIH shift-related" mechanism.4e 

The pH-rate profile for the hydrolysis of 1 in 1 M KCl so
lutions was more complicated than the profile in 1 M NaClO4 
solutions, and is also given in Figure 1. A distinguishing feature 
is the presence of an inflection point at pH ca. 8.5 in the KCl 
profile. The lack of a similar inflection point in the NaClO4 
profile indicates that chloride ion introduces a specific effect 
in the hydrolysis of 1. 

Analysis of the kinetic data for the hydrolysis of 1 at pH 4-5 
in 1 M KCl solution revealed that in addition to the acid-cat
alyzed hydrolysis of 1, a secondary reaction occurred with a 
rate constant of 3.4 X 1O-3 s_1. The material that gave rise to 
the secondary reaction was isolated from the hydrolysis of 1 
in 0.25 M HCl solution that was also 3 M in KCl. This material 
possessed an NMR spectrum that was consistent with that 
expected from a mixture of cis and trans chlorohydrins 8. A 
mixture of these same chlorohydrins was prepared by addition 
of HCl to 1 in dioxane,10 and therefore intermediate 5 must 
collapse with chloride ion to yield 8 when the hydrolysis of 1 
is carried out in the presence of significant amounts of chloride 
ion at low pH. 

The pH-rate profile for the solvolysis of the chlorohydrin 
mixture 8 is given in Figure 2." The rate for hydrolysis of 8 
is independent of pH at <ca. 8.5, and therefore hydrolysis of 
8 in this region must occur via the benzyl cation 5. At pH >ca. 
8.5, the solvolysis rate increases with a rate proportional to 
1/OH+, and a secondary, slower reaction with a rate equal to 
that for hydrolysis of 1 is observed. Thus, epoxide 1 must be 
forming from 8 at high pH. 

The product mixture from the hydrolysis of 1 in 3 M KCl 
solution at pH ca. 1.5, after complete reaction of the inter
mediate chlorohydrin 8, consisted of 25% of 2 and 75% of 3. 
Therefore, the product mixture from solvolysis of the chlor
ohydrin mixture 8 is very similar to that from the hydrolysis 
of 1 in the absence of chloride ion. At pH 8, in the presence of 
1 M KCl, hydrolysis of 1 yielded a product mixture in which 
the ratio of 2:3 was 32:68. This ratio is vastly different from 
that obtained in the hydrolysis of 1 in NaClO4 solution (or in 
the absence of salt) at pH 8.3, and suggests that chlorohydrin 
8 is also an intermediate in the hydrolysis of 1 at pH 8 in 1 M 
KCl solution. 

A mechanistic scheme that provides an explanation for the 
pH-rate profile observed in 1 M KCl solution, and also for the 
product ratios observed throughout the pH range, is given in 
Scheme II. Steady state approximations for intermediates 7 
and 8 provides the kinetic expression given in eq 2. The data 

— 2+3 + 4 

were fit to eq 2, and yielded values of AH+ = 5.5 X 102M 's ', 
A:i[Cl-] = 2.6 X 10-4 s-', Ar0 = ca. 1.6 X 10~4 s"1, and 
k-\K^jki = ca. 10-8'6.7 The pH-rate profile can be divided 

A1[Cl-] 
vobsd = AH+flH+ + 

1 + 
k-,K, 

+ A0 (2) 

A2^H + 
into three distinct regions, each with a different rate-deter
mining step. 

A. pH Range 4-6. In this region, the hydrolysis of 1 is acid 
catalyzed via the AH+ process. Intermediate 5 is captured in 
part by Cl - to yield 8, which undergoes solvolysis (A2) to give 
a mixture of 2 and 3 similar to that obtained by direct collapse 
of solvent with 5 in the absence of chloride ion. 

B. pH Range 7-8.5. The rate-limiting steps in the hydrolysis 
of 1 in this pH range are nucleophilic addition of Cl - to 1 (A|) 
and spontaneous reaction of 1 with solvent (Ao).9 In 1 M KCl 
solution, Ai [Cl-] » 2Ao. In this pH range, however, 7 rapidly 
protoriates to form 8, which then solvolyzes (A2) to give 2 and 
3 in the ratio of ca. 25:75. 

C. pH Range 9.5-10. At pH > ca. 9.5, the pH-dependent 
equilibrium between epoxide 1 and chlorohydrin 8 shifts suf
ficiently in favor of epoxide such that Ao[I] > A2[8]. The 
rate-limiting step in this range therefore becomes the Ao pro
cess. The product mixture from hydrolysis of 1 in 1 M KCl at 
pH 10.5 contained 29% of 2, 3% of 3, and 19% of 4.8 The 
change in product distribution at pH 10.5 from that at pH 8 
in 1 M KCl verified the change in rate determining step be
tween these pH values. 

In conclusion, specific effects induced by chloride ion on 
indene oxide hydrolysis have been demonstrated. Care should 
therefore be taken to ensure that specific effects are not in
troduced when epoxide hydrolysis is carried out in solutions 
containing chloride or other nucleophilic ions.'2 The use of a 
nonnucleophilic salt like NaClO4 to maintain constant ionic 
strengths is to be preferred over the use of a nucleophilic salt 
such as KCl.13 
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Figure 1. The lower field portion of the H NMR spectra of 1,1-di-
methyl-A5-arsa benzene, 3 (above), and 1,1 -dimethyl-X5-phosphabenzene, 
lb (below). Peak positions are indicated downfield (<5) from internal 
Me4Si. 
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l,l-Dimethyl-\5-phosphabenzene and 
1,1 -Dimethyl- A5-arsabenzene 

Sir: 

Despite rather extensive investigation of the chemistry of 
X5-phosphabenzenes I,1,2 the question whether these structures 
possess appreciable aromatic stabilization (I') or whether they 
are better represented as delocalized ylides ( I" , 1'", 1"") re
mains open. The basicity of the ring-unsubstituted 1,1-di-
phenyl-X5-phosphabenzene la, prepared by a rather laborious 
route, suggests an ylide type of bonding.3 Unfortunately, data 
are limited and no NMR spectra have appeared for la. Most 
of the investigations have focused on the more readily available 
l,l-disubstituted-2,4,6-triaryl-X5-phosphabenzenes 2.' The 
chemistry and spectra of 2 have usually been discussed in terms 
of an aromatic model.' -2 Since the heavy substitution of 2 may 
mask the properties of the parent ring system, a reinvestigation 
of the ring-unsubstituted-X5-phosphabenzenes seems war
ranted. We now wish to report on a facile synthesis of 1,1-
dimethyl-A5-phosphabenzene, lb, and on a similar synthesis 
of the first X5-arsabenzene 3.3 

The readily available l-methyl-2,4-phosphacyclohexadiene, 
44 may be quaternarized with methyl iodide to give 50% of the 
phosphonium salt 5, mp 198-1990C dec. 1H NMR 5 

(Me2SO-J6) 8 7.1 (ddd,7 = 35, 12, 5.5 Hz, 1 H), 6.6-6.0 (m, 
3 H), 3.3 (dd, J = 17, 4 Hz, 2 H), 2.0 (d, J = 15 Hz, 6 H). 
Addition of this salt to Me2SO containing excess dimsyl anion 
produced the desired l,l-dimethyl-X5-phosphabenzene, lb. 
The proton NMR spectrum illustrated in Figure 1 shows sig
nals for H3 (H5) centered at <5 6.70 (7 P H = 34 Hz), for H 4 as 

0_^0 
I 

CH3 

8, E - P 
9, E = As 

E ' 
I 

CH3 

4, E = P 
6, E = As 

CH,I -[H+ 

/IN 
CH3 CH3 

5, E = P 
7, E = As 

+ [H+] 0 
CH3 CH3 

lb, E = P 
3, E = As 

a triplet at 0 4.62 (J = 7.5 Hz), for H2 (H6) as doublet of 
doublets at 8 3.98 (J = 17, 11 Hz), and for the methyl groups 
as a doublet at 5 1.5 (J = 13.5 Hz). 13C NMR (Me2SO) 0 
139.2 (s for C3, C5), 94.0 (d, J = 22 Hz for C4), 67.5 (d, J = 
94 Hz for C2, C6), 24.7 (d, J = 57 Hz for CH3) . Treating lb 
with acid leads back to the phosphonium salt 5. Four P-ring 
protons of 5 readily exchange for deuterium in Me2SO-J6 

containing D2O and base. The H NMR signals for the protons 
at H2, H4, and H6 completely disappear while the peaks for H3 

(a 35 Hz doublet at 5 7.1) and for H5 (a 22 Hz doublet at 8 6.1) 
and for the methyl groups remain undiminished. The facile 
interconversion of 1 and 5 is similar to that reported by Markl 
for la.3 

In a completely analogous manner l-methyl-2,4-arsacy-
clohexadiene, 6,4 can be quaternarized to salt 7, mp 195-197 
0 C. 1H NMR (Me2SO-J6) 5 7.0 (dm, J = 12 Hz, 1 H), 6.6 (d, 
J =12 Hz, 1 H), 6.2 (m, 2 H), 3.4 (d, J = 3 Hz, 2 H), 2.2 (s, 
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