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mmol) in a mixture of THF (1.0 mL) and HMPA (0.5 mL) 
at —75 0C. After 30 min the reaction was warmed to —30 0C 
and a hydrocarbon (0.5-0.8 mmol) of known pK^ was added 
in THF (1 mL) to the well-stirred solution. After 15 min the 
reaction mixture was cooled to —75 0C and quenched by slow 
addition to a rapidly stirred mixture of D2O, dioxane, and 
AcOD. Deuterium distribution was measured by mass and 1H 
NMR spectra. 

In the case of all three dianions virtually no deuterium 
(~0.05D) was incorporated into the triphenylmethane (pA"a 
= 31.52') and the solutions showed little color change. With 
phenylxanthene (28.521) and fluorene (22.821) distinct color 
changes were observed with all three diester dianions. The 
fluorene was found to have incorporated 0.5D after equili
bration with any of the three dianions, whereas phenylxanthene 
had incorporated 0.5, 0.37, and 0.15D when equilibrated with 
3, 8, and 11, respectively.22 When 0.5 equiv of triphenyl
methane or phenylxanthene were used, the recovered diesters 
contained 1.4-1.6D,10 whereas upon treatment with 0.8 equiv 
of fluorene the diesters contained ~0.95D. Although only an 
estimate of the pKa values of the three diester dianions can be 
made, since 10 is unstable under the equilibrium conditions 
and 8 is only partially soluble at —30 0C, these data do suggest 
that all three dianions have a pK& close to that of phenylxan
thene (-28.5).23'24 

An increase in stability of the cyclic conjugated system over 
its acyclic analogue has been proposed as a criterion for de
termining the aromaticity of a molecule.27,28 Under such a 
criterion the dianion 3 is clearly nonaromatic since it is formed 
no more easily than its linear analogue 8. One could consider, 
however, that 3 should be destabilized compared with 8 be
cause of the greater enforced proximity of the two negative 
charges. That this does not follow is shown by the similar ease 
of formation of the dianion 11, in which a similar charge 
proximity is required. 

Does the nonaromaticity of 3 allow any comment to be made 
about the aromaticity of the parent dianion 1? Cyanocyclo-
pentadiene has a pA"a of 10, whereas cyclopentadiene has a pA"a 
of 16 and acetonitrile a pKa of 25.25'29 Clearly in this case the 
conjugative and cyclic derealization effects are supportive. 
Similarly, the kinetic acidity of 3-cyano-l,2-diphenylcyclo-
propene is 104 less than that of 3-cyano-l,2-diphenylcyclo-
propane,28 in this case the effects being opposed because of the 
antiaromaticity of the cyclopropenyl anion. Since the pK& for 
formation of dianion 8 is known, any supportive cyclic der
ealization effect in dianion 3 should be reflected in a significant 
decrease in its pÂ a value. The lack of such an effect strongly 
supports the inference that 1 is nonaromatic. 
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An N-S Bonded Cation Radical 
[R3N-SR2]+- and a Dication [R3N-SR2]

2+ from 
5-Methyl-l-thia-5-azacyclooctane 

Sir: 

We previously reported the formation of a long-lived 
thioether cation radical which was stabilized by a transannular 
thioether group.1 At that time we suggested that other lone-
pair donors might be capable of stabilizing a thioether cation 
radical if no steric or electronic effects prevented a transan
nular interaction. We now have formed both a long-lived N-S 
bonded cation radical and a dication of the mesocyclic amino 
thioether, 5-methyl-l-thia-5-azacyclooctane (I). 

Although aliphatic cation radicals and dications having the 
same heteroatoms bonded together are known, i.e., hydra
zines,2 ditertiary amines,3 dithioethers,4 diphosphites,5 and 
diselenoethers,6 this is the first example of an aliphatic cation 
radical and dication in which two different heteroatoms are 
bonded together. 

The mesocyclic amino thioether I was prepared by the 
method of Yethon.7 When I was oxidized with 2 equiv of 
NOBF4 in propionitrile, 2 equiv of NO was evolved. The 
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CH 3 

GO 
CH3 

+ 2 NOBF1 < ^ j ^ \ + 2NO + 2BF, 

mixture was filtered to give a colorless solid having an ele
mental analysis and 1 3C N M R 8 consistent with the tetraflu-
oroborate salt of the dication II . The structure of the solid di-
cation was substantiated by hydrolysis to the known sulfoxide, 
5-methyl-l-thia-5-azacyclooctane 1-oxide7 ( I II) . A hydrolysis 
reaction was previously used to confirm the formation of the 
1 ,5 -DTCO 2 + dica t ion . 4 

Trea tment of the dication II with I in acetonitrile gives a 
yellow solution. The solution exhibits a broad E S R signal (g 
= 2.02) which persists for a few days even at room tempera
ture. This result can be explained by an equilibrium involving 
the formation of a cation radical, IV. A similar equilibrium 
exists between the mesocyclic dithioether 1,5-DTCO, its di
cation, and its cation radical .4 The E S R signal exhibits some 

CH3 + c:o I 

CO 
E 

fine structure, but an assignment is difficult because of the 
nitrogen atom and the large number of nonequivalent protons 
which may couple with the electron. By comparison with re
lated cation radicals, the unpaired electron is most likely in an 
N - S a* orbital localized primarily on sulfur. 

Since we had proposed 1 ,5-DTCO 2 + as an intermediate in 
the rapid reduction of 1,5-dithiacyclooctane 1-oxide with HI , 1 ' 
we examined the kinetics of the reduction of III with H I to 
determine if II forms in this reduction. 

The reduction if III with HI to give I proceeds extremely 
rapidly. In fact, in 5 X 10~3 M H C l O 4 and 0.3 M N a I , III is 
reduced as rapidly as 1,5-dithiacyclooctane 1-oxide.11 I l l is 
considerably more reactive than 7V-(3-methylsulfinylpropyl)-
piperidine, a compound in which the amine and sulfoxide are 
also separated by a chain of three methylene groups, but are 
not part of a medium ring. The latter compound is reduced at 
a comparable rate only when the acid concentration is in
creased a thousandfold to 5.8 M. 

T h e rate of reduction of III is first order in III, first order 
in acid (Table I, runs a - d ) , and second order in iodide (Table 
I, runs e -h) . A proposed reaction mechanism for the reduction 
of III (Scheme I) is similar to that for simple sulfoxides12 and 
for 1,5-dithiacyclooctane 1-oxide." 

The first-order acid dependence is explainable in terms of 
the quanti tat ive initial conversion of III to V, a compound 
known to have a stable hydrogen bond between the nitrogen 
and oxygen atoms as determined by an X-ray analysis of its 
perchlorate salt.7 

In step 1, the sulfoxide oxygen is protonated to give a di-
cationic intermediate, IV. In step 2 the iodosulfonium salt VII 
is formed.1 3 Step 3 is the rate-determining step and leads to 
the sulfide and iodine. T h a t step 3 is ra te determining is in 
contrast to simple sulfoxides where the rate-determining step 
is the formation of an iodosulfonium salt1 2 and to 1,5-dithia
cyclooctane 1-oxide where the rate-determining step is the 
formation of the dication.1 1 Thus , in this reduction, steps 
leading to the formation of VII have been accelerated. 

The question of whether dication II is involved in the re
duction cannot be answered from the form of the rate law but 
can be inferred by analyzing the possible al ternatives which 
lead to an accelerated formation of VII . Step 2, the usual 
rate-determining step in sulfoxide reductions, proceeds by a 

Table I, The Pseudo-First-order Rate Constant k\ for the Reaction 
between ~1Q- 4 M III and T in HClO4 at 25.6 °C° 

run HClO41M NaI 1M NaClO4 1M \03k I1S 

a 
b 
C 

d 
e 
f 
S 
h 

0.0049 
0.0097 
0.0193 
0.049 
0.0193 
0.0193 
0.0193 
0.0193 

0.30 
0.30 
0.30 
0.30 
0.25 
0.20 
0.15 
0.10 

0.05 
0.10 
0.15 

1.97 ±0.02* 
3.81 ±0.04* 
9.76 ±0.16* 
43 ± lc 

9.1 ±0.K 
6.0±0.5f 

3.2±0.K 
1.46 ± 0.01 <• 

a Spectrophotometric rates at 353 nm on a Cary 17 spectropho
tometer in a thermostated cell. * Error indicates scatter in least-square 
plots of In (A -A1) vs. t. c Error indicates an average of values of 
separate runs. 

Scheme I 
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CH3 

CD 
M 

concerted iodide at tack and loss of water. However, there is 
no strong argument for proposing that VI would undergo a 
more rapid reaction with iodide than any other sulfoxide. Al
though the S - O bond is quasi-axial and could contr ibute to 
some acceleration,1 4 hydrogen bonding would decrease the 
vulnerability of sulfur to at tack by iodide and lead to a de
creased rate. 

Alternatively, if II forms by loss of water from VI (step 2a), 
a rapid reaction with iodide would be expected since there are 
fewer steric or electronic constraints. It may be recalled that 
the reverse reaction of II with water is known to give V. Thus, 
the simplest mechanism which is consistent with both the rate 
law and the accelerated reduction of III proceeds via the di
cation II. 

The observation that a tert iary amine accelerates the re
duction of sulfoxides in acid aqueous solution and stabilizes 
a thioether cation radical and dication in nonaqueous media 
indicates the diversity of intramolecular effects on the reac
tivity of thioethers and sulfoxides. Similar intramolecular in
teractions involving the thioether sulfur may be extremely 
important pathways for electron transfer reactions in pro
teins. 
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Synthesis of Nucleoside [180]Pyrophosphorothioates 
with Chiral [180]Phosphorothioate Groups of Known 
Configuration. Stereochemical Orientations 
of Enzymatic Phosphorylations of 
Chiral [180]Phosphorothioates 

Sir: 

The study of enzymatic transformations of chiral phos-
phorothioates is recognized as a means for delineating the 
stereochemical courses of reactions catalyzed by phospho
transferases and nucleotidyltransferases.2 The capability to 
synthesize chiral [I80]phosphorothioates of known configu
ration will facilitate these investigations. We report here syn
theses of 4 and 5, the diastereomers of ADP/3S,/31803 which 
are epimeric at Pp. 

The synthesis is outlined in Scheme I. H2 l sO (0.5 g, 99% 
enriched) is introduced in aqueous workup after reacting 
adenosine with thiophosphoryl chloride.4 The yield is 50% 
relative to adenosine, and the enrichment of 18O at each 
thiophosphoryl oxygen is 80-90%. Activation with diphenyl 
phosphorochloridate5 followed by coupling to methoxy-
methylidene-AMP6 yields 2 and 3 in 50-60% total yields. 
These are separated in 80-90% isomeric purity7 by column 
chromatography on DEAE-Sephadex A-25. Cleavage of un
blocked ribosyl rings in 2 and 3 with NaIC>4, deblocking in acid, 
and alkaline elimination of the cleaved nucleoside fragments 
yield 4 and 5 in ~75% yield.8 
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Table I. Enzymatic and Mass Spectral Analyses of [ 
Thiophosphoryl Groups in 4 and 5 

8O]-

compd 
phosphoryl-

ated 

4 

5 

phosphorylat-
ing* 

system 

acetate kinase 
pyruvate 

kinase 
acetate kinase 
pyruvate 

kinase 

mass 
trimethyl 
phosphate 

20.7 ± 1.1 
7.4 ±2.0 

1.4 ±0.5 
17.4 ± 1.0 

% 

Ph 

ISO* 
trimethyl 

osphorothioate 

40.5 ± 1.8 
71.6 ± 0.1 

78.6 ±4.2 
46.6 ± 1.8 

" The phosphorylating systems acting on 4 or 5 were either acetyl 
phosphate and E. coli acetate kinase (Sigma Chemical Co.) or 
phosphoenol pyruvate and rabbit muscle pyruvate kinase (Sigma 
Chemical Co.). * Trimethyl phosphate and trimethyl phosphoro-
thioate obtained in the degradation outlined in Scheme III were 
subjected to gas chromatographic-mass spectral analysis using a Du 
Pont 21-490 spectrometer coupled to a Perkin-Elmer 990 gas chro-
matograph. Oxygen-18 enrichments were calculated from the relative 
parent ion and m + 2 intensities after correcting for the natural 
abundances of 18O and 34S. 

Since compounds 3,5, and 7 (or 2,4, and 6)9 are identical 
in configuration at the chiral phosphorus, determination of this 
configuration in one defines it in the other two. Scheme II 
shows how 6 or 79 derived from 2 or 3 may be converted to 
mixtures of ADPaS,a l g O and ADP1SS51S

18O. Treatment of 6 
(containing no 18O) led to 8 which, by 31P NMR,10 was shown 
to have the 5 configuration at P„. ' ' Similar treatment of 7 led 
to 9 with the R configuration. Inasmuch as maximum yields 
of ADP/3S from 6 or 7 are low, 2 and 3 were the compounds 
actually used as precursors for chiral ADP^S,/?18O. Therefore, 
the configurations at P n of 2 and 3 had to be correlated with 
those of 6 and 7. This was done by deblocking 2 and 3 in dilute 
acid8 and comparing 31P NMR spectra of the products with 
those of 6 and 7, whose configurations had been determined. 
The spectrum of the compound obtained from 2 was super-
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