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Evidence for “Naphtharadialene”
(1,2,3,4,5,6,7,8-Octakis(methylene)-A%-octalin)!
Sir:

Various precursors have recently been converted by pyrolysis
to the reactive and theoretically interesting hydrocarbon
hexaradialene (1).2-4 There is no indication yet that 1 cyclizes
to the isomeric tricyclobutabenzene (2). We describe here
novel pyrolysis results which suggest the intermediacy of

“naphtharadialene” (3),! although the isolated product is a
cyclized isomer.

1 2 3

Pyrolysis® of either 1,4,5,8-tetrakis(chloromethyl)-
2,3,6,7-tetramethylnaphthalene (4)° or its isomer 5,7 in which
the relative positions of the methyl and chloromethyl groups
are interchanged, in a quartz apparatus® at 620-640 °C and
10—4 Torr gave the same product, in ~15% yield. The product
was best separated from the crude pyrolyzate by sublimation
at 150 °C and 1073 Torr.? It is a yellow crystalline compound
(cubes from benzene) which may be handled at room tem-
perature, although samples darken and decompose gradually,
particularly in solution. Gradual heating gave no melting point
because of progressive decomposition. However, a sample
sealed in a capillary and plunged into a bath at 160 °C, and
then heated rapidly, melted reproducibly at 175-176 °C.

The product had the following spectral properties. The high
resolution mass spectrum showed a parent and base peak at
mye 232.12509 (caled for C1gH 6 232.12520). The 'H NMR
spectrum (CDCl;, 180 MHz) consisted of two singlets with
equal intensity at § 3.24 and 3.26,19 and the 13C NMR spec-
trum (CDCls) had aliphatic carbon signals at § 29.12 and
29.49 and aromatic carbon signals at 6 132.67, 137.39, and
139.95.11

These NMR data do not permit an unequivocal choice be-
tween structures 6 and 7 for the pyrolysis product (Scheme 1).
Both compounds have D,; symmetry and the proton and
carbon-13 chemical shifts of model compounds are similar.!2-13
Consequently it was necessary to carry out an X-ray structure
determination on a crystal. The correct structure is 7. The
molecule is essentially planar, with the bond angles and dis-
tances shown.!4
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The formation of 7 from both 4 and § is striking, since it
requires bond formation between methyl carbons in the pre-
cursors. This result strongly suggests the intermediacy of 3,
since stepwise elimination of hydrogen chloride and ring clo-
sure can only lead to 6. Experiments designed to isolate and/or
trap 3 are under way.!®

In partial support for the intermediacy of 3, pyrolysis of the
bis(chloromethyl)naphthalene 86 at 540 °C and 104 Torr
gave a good yield of the relatively stable radialene type product
9:'HNMR§2.13(s,6 H),2.31 (5,6 H),4.92(d,2H,J =15

CH3 Hy
CHa OO CH2CI
CHj CHzcl
CHy CHy
8 9

Hz), 5.17 (brs, 2 H), 6.30 (brs, 2 H), 548 (d,2H,/ = 1.5
Hz).
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A Radical-Chain Mechanism for Some Sulfur Dioxide
“Insertion” Reactions in Organocobaloximes
Sir.

Sulfur dioxide insertion is one of the more common reactions
of o-bonded organometallic complexes;! it occurs with many
organic derivatives of both main group and transition elements
(eq 1). However, despite the appreciable body of careful work
on the kinetics, products, and stereochemistry of these reac-

tions, there is no comprehensive picture of the mechanisms
which may operate.

RML, + SO, — RS§(0),ML, and/or RS(O)OML, (1)

We here describe some simple experiments which demon-
strate that, in the case of certain organocobaloximes,? orga-
norhodoximes, and possibly.in the case of some organoiron
complexes under appropriate conditions, the reaction is not a
true insertion into the carbon~metal bond, but is an intermo-
lecular process in which the organic and metal fragments of
the “insertion” product do not originate from the same mole-
cule of organometallic substrate.

Thus, 4-bromobenzylbis(dimethylglyoximato)pyridineco-
balt(1Il) (1) and benzylbis(dimethylglyoximato)pyridine-
rhodium(I11) (2) separately undergo “insertion” in liquid SO>
in sealed tubes at ambient temperature within 2 h to give the
corresponding products 3 and 4, respectively? (eq 2, 3). Under
identical conditions, an equimolar mixture of 1 and 2 reacts
to give four products, 3, 4, 5, and 6 (eq 4). In the early stages
product 4 is formed faster than 5 and 6, and 3 is formed slowest
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of all. No rearrangement of 1 and 2 into 7 and 8 takes place
during the reaction,* and separate experiments in which re-
action 3 is carried out in the presence of the insertion product
3 show that no conversion of 3 and 4 into 5 and 6 occurs.’

BrC¢H4CH,Co(dmgH),py + SO»

1
— BrC¢H4CH,SO,Co(dmgH)apy  (2)
3
PhCH;Rh(dmgH),py + SO; — PhCH,SO;Rh(dmgH)2py
2 4 (3)
1+ 2+ S0O; — 3+ 4+ PhCH,S0O,Co(dmgH),py
5
+ BrC¢HsCH,SO;Rh(dmgH)py  (4)
6
PhCH,Co(dmgH),py BrC¢H4CH>Rh(dmgH).py
7 8
PhCHzFC(CO)z(‘nC5H5)
9

Following our several recent observations of chain reactions
involving homolytic displacements at carbon centers,5 we
propose that these apparent sulfur dioxide insertion reactions
involve the radical-chain mechanism outlined below.

Initiation:’

RM=R.+ M. (5)

Propagation:
M. + SO; — MSO»- (6)
MSO; + RM — MSO3R + M. (7)

and/or

R. + S0O; — RSO (8)
RSOz + RM — RSO:M + R. 9)

Termination:
MSO; + M. = MSO,M (10)
RSO, + M. — RSO-M (1)

The radical nature of the reaction is apparent from obser-
vations that (i) the reactions of SO with alkylocobaloximes
at low temperatures, e.g., with PhCH;CH,Co(dmgH)py, are
markedly photocatalyzed® and (ii) the rates of thermal reaction
of SO, with alkylcobaloximes are variable and subject to in-
duction periods and to catalysis by admixture with the more
reactive benzyl- or allylcobaloximes or with cobaloxime(11).
While we cannot rule out some reaction through the propa-
gation steps 8 and 9, we prefer the mechanism involving pre-
dominantly reactions 5, 6, 7, and 10 for the following rea-
sons.

(a) «-Toluenesulfonyl radicals, generated by chlorine atom
abstraction from the corresponding a-toluenesulfonyl chloride
by cobaloxime(![) (eq 12), react with allylcobaloximes to give
high yields of the benzyl(allyl)sulfone (10, eq 13), but no
“insertion” product § can be detected.” Moreover, only small
yields of § are formed in the reaction of a-toluenesulfonyl
chloride with 7 despite significant formation of chloroco-
baloxime(l11) via eq 12.

PhCH»S0:Cl + Coll(dmgH),py — ClCo(dmgH),py
+ PhCH,S0,.  (12)

PhCH,SO,- + CHa=CHCH,Co(dmgH)1py
- PhCHzSOzCHzCHZCHz + Co(dmgH)zpy (13)
10
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