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The 9,10-Dihydro-9,10-(1,2-tropylio)anthracene
Tetrafluoroborate. Transannular #—= Interaction
between Tropylium Ion and Remote Benzene Rings
Sir:

In the time since the 1942 publication by Bartlett and co-
workers of their first synthesis of triptycene,! the question of
transannular =-m interaction between the remote (nonconju-
gated) benzene rings in triptycene still remains a subject of
controversy.2 Previous UV3 and CD# spectroscopy measure-
ments of some heterocyclic triptycenes have revealed that m-=
interaction between all three rings in triptycene systems exists,
On the other hand, intermolecular charge-transfer complex
formation has been found between various stable carbonium
ions and aromatic hydrocarbons,> Quite recently, intramo-
lecular charge-transfer interaction was observed in the
[2.2](1,4)tropylioparacyclophane tetrafluoroborate inde-
pendently by two research groups.”:

In view of these precedents, the 9,10-dihydro-9,10-(1,2-
tropylio)anthracene tetrafluoroborate (1), which consists of
the tropylium ion and two benzene rings with rigid spacial
arrangement identical with triptycene, would be a pertinent
model for the intramolecular remote - interaction. In this
communication we wish to describe the synthesis and proper-
ties of 1.

Our synthetic approach to 1 is outlined in the following
scheme. The requisite tropone (2) was accessible conveniently
by the reaction of 4,5-dehydrotropone with anthracene.® Re-
action of 2 with a threefold excess of lithium aluminum hy-
dride!® in a mixture of benzene and ether for 2 h at ambient
temperature gave the dienol (3). Chromatographic (Al;O3,

CH,Cl) purification afforded a 35% yield of 3,11 pale yellow
prisms, mp 184-186 °C (IR 3300 cm~! OH; NMR 6 (in
CDCls, 100 MHz) 1.57 (d, J = 6 Hz, OH), 2.43 (dd, J = S and
4 Hz, -CH>-), 3.99 (dq, J = 6 and 5 Hz, >CHO-), 4.71 (s,
>CH), 5.75 (t, J = 4 Hz, -CH=), 7.00-7.38 (AA’BB’, aro-
matic)), along with 9% yield of the dienone (4). When the re-
duction was carried out at —70 to —65 °C with 3 molar equiv
of lithium aluminum hydride, the dienone (4),!! colorless
prisms, mp 230 °C dec (IR 1699 cm~! C=0; NMR § (in
CDCl;, 60 MHz) 3.04 (d, J = 5 Hz, -CH,CO-), 4.88 (s,
>CH), 5.74 (t, J = 5§ Hz, -CH=), 7.02-7.45 (AA’BB’, aro-
matic)), was obtained as a major product which afforded the
dienol (3) as the sole product (70% yield) through further re-
duction with lithium aluminum hydride.

H. OH Q

Attempts to prepare the cycloheptatriene (5) from 3 by di-
rect dehydration failed. Instead conversion of 3 to its mesylate
(CH3S80,Cl, Et3N, CH,Cly) which, without purification, was
subjected to elimination with 1,8-diazabicyclo[5.4.0]undec-
7-enel?in CH,Cl, gave the cycloheptatriene (§)'! in 33% yield,
colorless prisms, mp 196-199 °C (NMR § (in CDCl3, 100
MHz) 2.24 (t,J = 6.5 Hz, 2 H), 492 (s, 1 H), 4.95 (s, 1 H),
5.17(dt,J =9.8and 6.5Hz, 1 H),540(t,J = 6.5Hz, | H),
5.96 (dd, J = 9.8 and 6.0 Hz, 1 H), 6.54 (d, J = 6.0 Hz, | H),
6.95-7.40 (m, aromatic)).!3

Completion of the synthesis requires a hydride ion ab-
straction from 5 and was achieved by use of trityl tetrafluo-
roborate in CH,Cl,. The cation, 1 (as tetrafluoroborate),
which was obtained in ~70% yield as greenish yellow prisms,
decomposed at around 110 °C. The structure of 1 was sup-
ported by its spectroscopic data (IR 1030-1125 cm™! (broad
strong, BF;7); NMR 4 (in CD,Cl,, 100 MHz) 6.26 (s, 2 H,
H-9 and -10), 7.18 (AA’ part) and 7.69 (BB’ part of AA’BB’
system, 8 H, aromatic), 8.60-8.94 (m, 3 H, H-12, -13, and
-14),9.14-9.32 (m, 2 H, H-11 and -15); é (in CF3COOH, 100
MHz) 6.15 (s, 2 H, H-9 and -10), 7.22 (AA’ part) and 7.66
(BB’ part of AA’BB’ system, 8 H, aromatic), 8.74-8.92 (m,
3H,H-12,-13, and -14), 9.04-9.24 (m, 2 H, H-11 and -15)).
Although the NMR data obtained for the cation, 1 (slight
downfield chemical shifts of the aromatic protons of 1 com-
pared with those of § and triptycene'4), suggested a certain
degree of the positive charge delocalization over the two ben-
zene rings, because of the complexity of the factors affecting
the chemical shifts, no definite conclusion concerning the in-
tramolecular 7-# interaction could be made.

Journal of the American Chemical Society | 99.6 / March 16, 1977



log €

20 —_—

1 "
200 300 400 nm
Figure 1. Electronic spectrum of 1in CH3CN (—) and CH,Cl, (---).

However, the electronic spectrum of 1 (Figure 1) exhibited
a broad long wavelength absorption at 300-450 nm (log ¢
>3.0),!5 not found in the spectra of either tropylium tetra-
fluoroborate!é or 1,2-dimethyltropylium tetrafluoroborate,!’
clearly indicating a charge-transfer interaction between the
tropylium ion and remote benzene rings in 1. The substantial
blue shift accompanying the change from methylene chloride
to acetonitrile as solvent (Figure 1) is in accord with the solvent
sensitivity of the charge-transfer band.!®

An important aspect of the significance of the charge
transfer interaction in 1 is the fact that donor and acceptor are
not in parallel planes. In view of the fact that most charge-
transfer interactions both intra- and intermolecular usually
place the donor and acceptor in near parallel geometric ori-
entation, we think it worthy to note that in this molecule the
interaction is strong despite the minimized overlap of the or-
bital systems of both donor and acceptor. This of course raises
the question of how much through bond interaction is re-
sponsible for charge-transfer in this system.!® Experimental
and theoretical study on 1 with molecules containing much
stronger donor moieties, e.g., naphthalene and methyl sub-
stituted benzene frameworks, which will offer further evidence
on the charge-transfer interaction, is in progress.

References and Notes

(1) P.D. Bartlett, M. J. Ryan, and S. G. Cohen, J. Am. Chem. Soc., 64, 2649
(1942); for areview of triptycene, see V. R. Skvarchenko, V. K. Shalaev,
and E. |. Klabunovskii, Ups. Khim., 43, 1983 (1974); Russ. Chem. Rev., 43,
951 (1974).

(2) (a)P.D. Bartlettand E. S. Lewis, J. Am. Chem. Soc., 72, 1005 (1950); (b)
C. F. Wilcox, Jr., J. Chem. Phys., 33, 1874 (1960); (c) C. F. Wilcox, Jr., and
A. C. Craig, J. Org. Chem., 26, 2491 (1961); (d) |. Mori, T. Kadosaka, Y.
Sakata, and S. Misumi, Bull. Chem. Soc. Jpn., 44, 1649 (197 1); 45, 2836
(1972); (e) W. Theilacker, K. Albrecht, and H. Uffmann, Chem. Ber., 98,
428 (1965); (f) H. Birnbaum, R. C. Cookson, and N. Lewin, J. Chem. Soc.,
1224 (1961); (g) M. A. Battiste and M. W. Couch, Abstracts of Papers, 155th
National Meeting of the American Chemical Society, San Francisco, Calif.,
April 1968, p 202P; (h) P. H. Heller and D. H. Geske, J. Org. Chem., 31, 4249
(1966); (i) R. M. Dessau, J. Chem. Phys., 54, 5430 (1971); (j) C. M. Stock
and J. Suzuki, J. Am. Chem. Soc., 87, 3909 (1965).

(3) J. de Wit and H. Wynberg, Tetrahedron, 29, 1379 (1973).

(4) J. de Wit and H. Wynberg, Tetrahedron, 28, 4617 (1972).

(5) (a) M. Feldman and S. Winstein, J. Am. Chem. Soc., 83, 3338 (1961); (b)
M. Feldman and S. Winstein, Tetrahedron Lett., 853 (1962); (c) M. Feldman
and 8. Winstein, Theor. Chim. Acta, 10, 86 (1968).

(6) H.J. Dauben, Jr., and J. D. Wilson, Chem. Commun., 1629 (1968).

(7) H. Horita, T. Otsubo, Y. Sakata, and S. Misumi, Tetrahedron Lett., 3899
(1976). We wish to thank Professor Misumi, The Institute of Scientific and
Industrial Research, Osaka University, for communicating his results to
us prior to publication.

(8) J. G. O'Connor and P. M. Keehn, Abstracts of Papers, 172nd National
Meeting of the American Chemical Soclety, San Francisco, Calif., Aug-
Sept 1976, ORGN 85. J. G. O'Connor and P. M. Keehn, J. Am. Chem. Soc.,
98, 8446 (1976).

(9) ;I'1.9Nakazawa and |. Murata, Angew. Chem., Int. Ed. Engl., 14, 711

75).
(10) For reduction of tropone with LiAlH,, see O. L. Chapman, D. J. Pasto, and
A. A. Griswold, J. Am. Chem. Soc., 84, 1213 (1962).
(11) All new compounds described in this paper gave acceptable C and H
analyses (£0.3%).
(12) We thank San-Abbott Ltd. for the generous gift of DBU.
(13) Compound § shows ultraviolet absorption maxima in cyclohexane at 271

1997

nm (sh, log € 3.78) and 276.5 (3.83).

(14) K. G. Kidd, G. Kotowycz, and T. Schaefer, Can. J. Chem., 45, 2155 (1967);
M. A. Cooper and S. L. Manatt, J. Am. Chem. Soc., 92, 1605 (1970).

(15) The catlon 1 showed, in addition to the long wavelength absorption, ultra-
violet maxima at 240 nm (log ¢ 4.62), 279 (3.84) in CH,Cl, and at 235 (4.69),
276 (3.86) in CH;CN.

(16) K. M. Harmon, F. E. Cummings, D. A. Davis, and D. J. Diestler, J. Am. Chem.
Soc., 84, 3349 (1962): Amax (in CHClo) nm () 27 1.5 (sh), 278 (4270), 283

(sh).

(17) (a) E. Muller, H. Kessler, H. Fricke, and W. Kiedaish, Justus Liebigs Ann.
Chem., 875, 63 (1964): Amayx (in concentrated H,S0,) nm (log €) 287 (sh),
293 (sh), 297 (3.8), 305 (sh); (b) K. Takeuchi, K. Komatsu, K. Yasuda, and
K. Okamoto, Tetrahedron Lett., 3467 (1976): 1,2-dimethyltropylium per-
chlorate exhiblts Amax (in 10% HCI) 232 nm (¢ 46 100), 296.5 (5160). We
thank Professor Okamoto and Dr. Takeuchi for informing us of the data.

(18) See, e.g., E. Kosower, J. Am. Chem. Soc., 80, 3253 (1958); K. Dimroth,
C. Reichardt, T. Siepmann, and F. Bohlmann, Justus Liebigs Ann. Chem.,
661, 1(1963); C. Reichardt and K. Dimroth, Fortsch. Chem. Forsch., 11,
1(1968).

(19) We thank a referee for drawing our attention on this point.

Tomoo Nakazawa, Ichiro Murata*

Department of Chemistry, Faculty of Science
Osaka University, Toyonaka, Osaka 560, Japan
Received October 13, 1976

The Mechanism of Action of Coenzyme By;. The Role of
Thioester in a Nonenzyme Model Reaction for Coenzyme
Bi2 Dependent Isomerization of Methylmalonyl
Coenzyme A to Succinyl Coenzyme A
Sir:

Although much interest has been focused on the search for
a mechanistic rationale for the biological reactions of ade-
nosylcobalamin,! little parallel exists in organic chemistry for
many of the processes involved. The evolution of working,
nonenzymic models to uncover the requisite analogies has al-
ready led to some suggestive experiments.? In the case of the
methylmalonyl CoA = succinyl CoA (I = II) conversion, such
a model in its most sophisticated form would be required to
simulate the following salient features of the enzyme catalyzed

COSCoA 8 COSCoA
: coenzyme 2
CHS mutase (
COOH COOH
I II

process. (1) The thicester (COSCoA) group migrates? in an
intramolecular 1,2 shift.* (2) Intermolecular hydrogen atom
transfer from the CH3 group via the 5’-methylene of deoxy-
adenosine and return to substrate is observed.’ (3) Configu-
ration at both termini of the rearranging species is retained,®
a process which does not necessarily involve a o-bonded or-
ganocobalt derivative of the substrate.

Recent nonenzymic studies of this reaction have uncovered
(a) the conversion of the metastable alkyl cobalamin dimethyl
ester III to succinic acid” and (b) the rearrangement of the
capped cobaloxime complex of dimethylmalonic acid (IV) to
methyl succinic acid in an intramolecular process.® It has also

COOMe Me

('—OOC COh

COOMe (CHY, (CH),

I, @ = cobalamin

been suggested® that the low yield in reaction a is due to loss
of contact of the radical (or ionic) substrate species with the
central cobalt of reduced coenzyme or cobaloxime. As far as
we are aware, the role of the thioester has not yet been evalu-
ated in terms of stabilization of radical (or ionic) intermediates,
reaction yield, or migratory aptitude. To this end we have

[Co]
IV, [Co] = cobaloxine
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