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process ky, kc competes favorably. The oxidation of an
amino acid may take a similar course, loss of CO; from a
radical zwitterion, and differ from that of an amine, loss of
a-proton from a radical cation. The importance of alkali in
reduction by N-acetylmethionine indicates that alkali may
remove the amide proton in the CTC-S, facilitating electron
transfer from N to S, and then loss of CO,. The a-acet-
amido radicals may be ionized at pH 12,2 and dispropor-
tionate rather than reduce ground state ketone efficiently.
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Stereochemical Course of an Associative Nucleophilic
Displacement at Tetracoordinate Sulfur(IV). An
Optically Active Trigonal Bipyramidal Molecule,

a Chlorosulfurane!

Sir:

We report the synthesis of optically active chlorosulfu-
rane 1 in 95% enantiomeric purity by the route indicated in
Scheme I, the first example of an optically active tetracoor-
dinate sulfur(IV) species. It is hydrolyzed in base by an as-
sociative mechanism to give sulfoxide 2 with retention of
configuration about sulfur.

The stability of fluorosulfuranes is sufficiently high that
many examples of this class of compound have been isolated
and studied.? The chlorosulfuranes, in contrast, are much
less stable. Several have been observed, without isolation, as
reaction intermediates.’ Those which have been isolated2-d
have usually been thermally unstable*¢ and easily hydro-
lyzed. Chlorosulfurane 1, which includes one oxygen ligand
and one carbon ligand to sulfur in a five-membered ring,*
is stable in crystalline form indefinitely at room tempera-
ture. Racemic 1 (mp 125-126°) is only slightly decomposed
after two melting-cooling cycles (ca. 1° lowering in melting
point). Less than 15% hydrolysis was noted by NMR after
overnight exposure of crystalline 1 to air.

Racemic 1 and its substituted analogs, 6a—e, are easily
formed from the corresponding sulfoxides in chloroform by
treatment with acetyl chloride or anhydrous HCI or from
the corresponding sulfides by treatment with zer¢-butyl hy-
pochlorite. Removal of the solvent from a chloroform solu-
tion of acetyl chloride and 2 gave 1 in 100% isolated yield:
NMR (CDCl3) & 1.26 (s, 3), 1.68 (s, 3), 7.44 (s, 7), 7.70
(m, 2), 9.33 (m, 1); ir (CHCl;) 2980 (s), 1448 (m), 1240
(m), 1150 (m), 997 (s) cm~!. This compound, and all oth-
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The covalent nature of the S-Cl bond in chlorosulfuranes
1 and 6a-e is indicated by the presence of a molecular ion
at m/e 278 in the field desorption mass spectrum of 1 and
by several NMR comparisons. The 'H NMR peaks for the
proton ortho to sulfur in the disubstituted ring of 1 and the
analogous protons in 6a-e occur at lower field than & 9.10.
The analogous protons occur at higher field than é 8.35 for
the ionic fluoroborates or trifluoromethanesulfonates. The
separation between the two gem-dimethyl signals is consis-
tently more than 25 Hz for covalent derivatives, including
alkoxysulfurane analogs of the chlorosulfuranes, and less
than 15 Hz for the ionic species. The NMR of 1 in CDCl; is
independent of the concentration of added tetraethylammo-
nium chloride from 0 to 2.25 M. This evidence for the cova-
lent character of the S-Cl bond parallels that from earlier
studies®® of unisolated chlorosulfuranes studied in solution
by '"H NMR.

The relative rate constants for hydrolysis of 1 (1), 6a
(0.3), 6b (1.15), 6c (2.8), 6d (1.54), and 6e (26.0) show that
substituents, Y, in the fused-ring system are much more ef-
fective than those, X, in the freely rotating aromatic ring
(py = 2.0, px = 0.3). Both are positive, consistent with the
operation of an associative mechanism involving the devel-
opment of negative charge on sulfur in a transition state re-
sembling 5. There are 24 stereoisomers (12 pairs of enantio-
mers) of the general octahedral structure §, and the some-
what arbitrary choice of 5 for illustration in Scheme I will
be discussed in a later paper. Known analogs of 5 include
the SFs~ species reported by Christe® and Muetterties.3®

The silver assisted ionization of Scheme I initiates a dis-
sociative route for displacement via sulfonium salt 4. If this
ionization can be considered to proceed with retention of
configuration at sulfur and the further reaction with hy-
droxyl ion is considered to proceed to give 4 and 2 by the
stereochemical route demonstrated for the basic hydrolysis
of acyclic alkoxy sulfonium salts,® the relationship between
1 and 2 is established as that shown in Scheme I. Associa-
tive displacement of the chloride of 1 by hydroxide, under
the same conditions used for the competitive rate studies,
proceeds to give 2 of the same configuration with less than
9% racemization. This direct displacement must therefore
also proceed with retention of geometry.

The synthesis of 2 by a Grignard displacement’ on men-
thyl (S)-benzenesulfinate ([a]D —202°, acetone; lit.® [a]D
—206°, acetone), a reaction known to proceed with invers-
ion,”® completes the definition of stereochemistry as that
shown in Scheme I. Enantiomeric purities® of 1 and 2 were
determined by the method of Pirkle!® using (S)-(+)-1-(10-
methyl-9-anthryl)-2,2,2-trifluoroethanol!! (7) in CDCl; to
provide the chiral medium in which the methyl signals for
enantiomers of 1 and 2 were clearly resolved.!2:13
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Generation of Photochemical Species on Ground,
Excited Singlet, and Triplet Hypersurfaces in
Barrelene Photochemistry!:2

Sir:
The di-wr-methane rearrangement? has developed into one
of the most general of photochemical reactions and its

mechanism has been the subject of considerable study.* The
cyclopropyldicarbinyl diradical species 1 has been postu-

1
lated* to be involved in both cyclic and acyclic examples of
the rearrangement. In the specific examples of the di-=-
methane rearrangements of barrelene (2), benzobarrelene
(3), and 2,3-naphthobarrelene (4) the mechanism® in Chart
I is seen to involve the triplet cyclopropyldicarbinyl diradi-
cals 5, 6, and 7,

That such cyclopropyldicarbinyl diradical species should
lead onward to di-w-methane products poses a dilemma,
since ground®?-4 and excited®ef state precedent give no evi-
dence of such rearrangements but rather suggest that dirad-
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