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The formation of simple alkylchromium species is
reminiscent of benzylchromium reported earlier'®® and
recently isolated as the pyridine complex.?® The sta-
bilities of these organochromium complexes are:
benzyl > tertiary > secondary > primary. z-Butyl-
chromium complex without its nitrogen-containing
ligands can also be detected spectroscopically (4260 A)
in the reaction between z-butyl iodide and chromous
perchlorate in DMF. By analogy with benzylchro-
mium, we postulate that these alkylchromium species are
of the type RCrL,t* L = en, ethanolamine, etc.).

Further studies on the use and identification of these
chromium(ll)-amine complexes as potent reducing
agents, and characterization of the attendant chro-
mium(III) species, are in progress.
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Radical Reactions of Organic Sulfides. II.?
Behavior of the 2-(2’-Methylthio)biphenylyl Radical?
Sir:

The role of the sulfur atom in free-radical reactions of
organic sulfides and disufides has been investigated
previously because of the possible importance of octet
expansion by sulfur. Various lines of evidence indicate
that radicals are stabilized by an adjacent sulfur atom.?
Bentrude and Martin® have presented striking kinetic
evidence of anchimeric assistance by sulfides in homo-
lytic perester decompositions. Radical displacements
on the sulfur of disulfides have been recognized for some
time? and have recently been studied in detail by Pryor
and Guard.® We wish to report chemical evidence for
the involvement of neighboring sulfur in the reactions of
the 2-(2’-methylthio)biphenylyl radical (2). The gen-
eral behavior of this radical constitutes the first example
of a radical displacement’ on the sulfur atom of a sul-
fide.

Photolysis of benzene solutions (102 to 10-2 M) of 2-
iodo-2’-methylthiobiphenyl® (1) in a Vycor vessel with
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an external mercury resonance lamp!® for 45-60 hr
gives dibenzothiophene!! in quantitative yields, toluene!?
(37-45%), and iodine (82%). Photolysis of 1 in a
better hydrogen donor solvent, cyclohexane, is equally
successful, giving dibenzothiophene in quantitative
yield and iodine (65-70%). These observations are
readily accommodated by a simple homolytic dissocia-
tion of the carbon—iodine bond of 1, followed by rapid
reaction of the carbon radical with the neighboring

sulfide group.!?
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Several observations support the key role of the 2-(2'-
methylthio)biphenylyl radical (2) in the ring closure to
dibenzothiophene. Wolf and Kharasch'? and others'4
have examined the photolyses of aryl iodides. These
studies clearly indicate the formation of aryl radicals by
dissociation of the carbon-iodine bond and therefore
provide analogy for the production of radical 2. More
cogent is the fact that the 2-(2’-methylthio)biphenyl
radical can be partially diverted by hydrogen transfer.
Photolysis of 1 for 50 hr in n-butylthiol as solvent still
gives dibenzothiophene as the major product (ca. 90 57).
Vapor phase chromatography of the reaction mixture,
however, shows the product of hydrogen transfer to the
radical, 2-thiomethylbiphenyl,!! dibenzothiophene, and
starting material in relative areas of 6:86:8.

Two further observations demonstrate that the for-
mation of dibenzothiophene is a nonphotochemical,
free-radical process. Reaction of 1 with 2 equiv of
tri-n-butyltin hydride in refluxing toluene in the dark
for 4.5 hr gives essentially quantitative conversion to
dibenzothiophene. The rate of this reaction is mark-
edly decreased by the presence of 7 mole 7 of a radical
scavenger, trinitrobenzene, Since it is likely that the
reaction of 1 with tri-n-butyltin hydride involves a radi-
cal chain mechanism,!® radical 2 is implicated as a
thermal precursor of dibenzothiophene. In addition
2-iodo-2’-methoxybiphenyl!¢ was photolyzed in cyclo-
hexane under conditions identical with those used for
quantitative conversion of 1 to dibenzothiophene.
Straightforward radical chemistry obtains, giving iodine
(75%) and hydrogen transfer product, 2-methoxybi-
phenyl!! (6497). The ratio of quantum yields for the
initial production of iodine in cyclohexane from 2-iodo-
2’-methoxybiphenyl and 2-iodo-2’-methylthiobiphenyl
(1,°M¢/p,SMe) is approximately 1.1. The similarity
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of the quantum yields for the O-methyl and S-methyl
compounds suggests that the photochemical processes
are similar.” Product differences are determined in
subsequent free-radical reactions.

In conclusion, these observations demonstrate an
extremely rapid and efficient capture of an aryl radical
by a neighboring sulfide group. The chemical conse-
quence of this capture is an apparent displacement re-
action at sulfur.
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if both compounds were photolyzed with quantum yields of unity.
The S-methyl and O-methyl compounds, however, yield iodine with a
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conditions. Although several values have been reported for the
quantum yield for ethyl iodide in solution, the number is certainly less
than one.’* A quantum vield of 0.08 has been reported for the forma-
tion of iodine from 4-iodobiphenyl.13
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Displacement Reactions on
2-Acetyl-3,4-dimethylthiazolium Iodide
Sir:

2-Acetyl-3,4-dimethylthiazolium iodide (I) serves as a
model for 2-acetylthiamine, an intermediate in the phos-
phoketolase and a-keto oxidase reactions for which
thiamine pyrophosphate is a cofactor.! Compound I
has been prepared and noted to be unstable in aqueous
or alcoholic solution? and to undergo reaction with
water, hydroxylamine, and mercaptide ions to yield
acetic acid, acethydroxamic acid, and thiolacetates,
respectively.?  Also, 2-benzoyl-3-methylthiazolium salts
readily undergo solvolysis in methanol to give a 687
yield of methyl benzoate.* Aside from these few ob-
servations no one has carried out a general study of the
susceptibility of I to nucleophilic attack nor have any
kinetic studies of the displacement of the acyl group
from I been reported. In the present communication
we describe studies on the hydrolysis and hydroxyl-
aminolysis of I; these studies provide an understanding
of the nature of the acyl group of 2-acetylthiamine.

The hydrolysis of I was studied at 30° in water at an
ionic strength of 1.0 (with KCl) by observing its con-
version to 3,4-dimethylthiazolium ion at 292 mu with
the aid of a Gilford Model 2000 spectrophotometer or a
stopped-flow spectrophotometer.® At each pH the ob-
served pseudo-first-order rate constant (Kgpea, min—!)
was determined at ten buffer concentrations. Since the
buffers did not influence the value of k.4, the value of
the first-order solvolysis constant (k1, min—') at each pH
was taken as the average of the ten kq,,q CoOnstants.
Buffers employed were: acetate (pH 4.07-5.18),
succinate (pH 5.68), imidazole (pH 6.40-7.72), and
Tris (pH 8.35-8.95). In Figure 1 are plotted the values
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Figure 1.

of log ki vs. pH. It should be noted that the experi-
mental points provide a precise fit to the theoretical
line of slope 1.00 anticipated for a specific base cata-
lyzed reaction and that the specific base rate law holds
over 10% in hydrogen ion activity (ay).

From the knowledge that specific base catalysis pre-
dominates to pH 3 (and presumably to even lower pH
values since the rate of hydrolysis of I is quite slow at
pH values more acidic than 3) and that the nucleophilic
species of the buffers employed do not enhance the rate
of disappearance of I from solution, we conclude that
the mechanism of hydrolysis of I is that shown in Scheme
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I. For Scheme I in the pH range below pK,’
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where X, is the autoprotolysis constant for water at

30°. Comparison of (2) to the experimental rate law

(3) establishes the second-order rate constant for alkaline
—d

=0 = konloH-J11] + 111D ©

hydrolysis (kox) to be
k.K\K,' .
k = e = . + 6 . —1 -1
OH K+ D 5.64 X 10*¢1, mole~! min 4

That kom could not represent the second-order rate
constant for direct nucleophilic attack of [OH—] on the
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