CHEMISTRY LETTERS, pp. 1163-1166, 1987. © 1987 The Chemical Society of Japan

Strong Participation of the 1-Methyl Group in

Diazotization Reaction of 9-Aminomethyl-1,4-dimethyltriptycene

Gaku YAMAMOTO* and Michinori OKI
Department of Chemistry, Faculty of Science,
The University of Tokyo, Bunkyo-ku, Tokyo 113

The title reaction in acetic acid gave 5-methyl-1,2,6,10b-
tetrahydro-6,10b-o-benzenocaceanthrylene and 1-acetoxymethyl-4,9-
dimethyltriptycene as major products and only small amounts of
skeletally rearranged homotriptycene derivatives to indicate

strong participation of the peri-methyl group in the reaction.

Insertion of a carbocationic species into an aliphatic C-H bond is of great
interest in organic chemistry both theoretically and experimentally. Several
examples indicative of such a process have been reported but they seem to be
limited to special cases: 1) reactions in the gas-phase such as CH3+ + CHy —>
C2H7+ have been studied,1) 2) carbocations produced in super acids insert into a
C-H bond to form pentacoordinated species,2) 3) formation of cyclopropanes that
results from intramolecular y-C-H insertion of appropriate carbocations is known
both in vitro3) and in X;gg,4) and 4) formation of four-membered and larger rings
is completely unknown except the formation of a cyclobutane ring in a highly
congested cage compound.s) The last example suggests that close proximity of the
cationic center and the C-H bond is a prerequisite for the insertion. Based on
our long experience in triptycene chemistry, we expected that, if a carbocation is
produced at the a-position of a bridgehead substituent and there is a methyl group
at one of the peri-positions of the triptycene skeleton, they would strongly
interact with each other, since the distance involved is very short (ca. 3.0 56)L
and that there might be a chance to afford C-H insertion products.

We report here the results of diazotization reaction of 9-aminomethyl-1,4-
dimethyltriptycene (2) which was shown to meet our expectation. Cristol and
Pennelle reported that the reaction of
the parent 9-aminomethyltriptycene (1)
with nitrous acid in acetic acid leads
to extensive skeletal rearrangement
affording 10-hydroxy-10,11-dihydro-5,10-
o-benzeno-5H-dibenzol[a,d]lcycloheptene

(3a: 42%) (hereafter referred to as 10-
hydroxyhomotriptycene) and its acetate
(3b: 56%L7) The plausible driving

force for the skeletal rearrangement
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should be the inherent strain of the triptycene skeleton: our molecular mechanics
calculation showed that 9-methyltriptycene is more strained than the isomeric
homotriptycene by 5.6 kcal/mol. Our results presented here indicate that the
presence of the peri-methyl group in the triptycene skeleton strongly prefers the
C-H insertion to the otherwise energetically favored skeletal rearrangement.

The synthesis of 2 was carried out as follows. 9-Anthracenecarboxaldehyde
was converted to its acetal with ethylene glycol and the acetal was treated with
3,6-dimethylbenzyne to produce the corresponding triptycene. Deacetalization,
oxime formation, and reduction with lithium tetrahydridoaluminate afforded the

8) The amine 2 was converted to its

desired compound in the overall yield of 22%.
hydrochloride and the salt was treated in acetic acid with 10 equivalents of
sodium nitrite at room temperature for 15 h. Preparative gel permeation chromato-
graphy gave five isolated products 4-8 (Table 1). The plausible mechanistic
pathways to the products are shown in Scheme 1.

Although the mechanism of nitrous-acid deamination of aliphatic primary
amines is still controversial in the details,g) general consensus is that the
rate-determining step is the formation of a nitrosoamine which isomerizes to a

diazonium salt in the presence of acid, the diazonium salt rapidly losing nitrogen

Hel — (e XCHy  CHs CHa CHs
CH C

CH3 CH C'
0
4 5 X=0COCHs3 7 8
6 X=Cl

Table 1. Yields, mp,and spectral data of the products

4 46%; 243-245 °C; ms: m/z 294(M*,100%), 279(80%); §(H): 2.380(3H, s), 3.15-
3.35(4H, m), 5.571(1H, s), 6.757(2H, s), 6.90-7.04(4H, m), 7.34-7.40(4H, m);
§(C): 17.20q, 23.05t, 32.77t, 51.124, 60.16s, 120.40d, 120.944, 123.944d,
124.504, 124.744, 127.784, 129.44s, 133.92s, 139.92s, 146.31s, 147.84s,
152.22s.

5 34%; mp 121-122 °C; 6(H): 2.056(3H, s), 2.517(3H, s), 2.650(3H, s), 5.356(2H,
s), 5.672(1H s), 6.814 and 6.865(2H, AB-q, J=7.7 Hz), 6.96-7.10(4H, m), 7.34-
7.44(4H, m); 6(C): 16.28gq, 19.20q, 21.14q, 50.464, 51.39s, 65.47t, 121.424,
123.224, 125.094, 125.164, 126.87d, 128.31s, 129.39d, 132.54s, 145.14s,
145.74s, 146.63s, 147.80s, 170.71s.

6 8%; mp 236-237 °C; ms: m/z 330(M*,80%), 281(100%), 266(92%); &(H): 2.514(3H,
s), 2.826(3H, s), 4.899(2H, s), 5.662(1H, s), 6.807(2H, s), 6.96-7.10(4H, m),
7.30-7.46(4H, m).

7 4%; ms: m/z 354(M*,41%), 312(100%); S(H):1.992(3H, s), 2.465(3H, s), 2.667(3H,
s), 3.101(2H, s), 5.492(1H, s), 6.773 and 6.864(2H, AB-gq, J=7.7 Hz), 7.13-
7.37(8H, m).

8 2%; 6(H): 2.407(3H, s), 2.480(3H, s), 2.490(3H, s), 3.302 and 3.523(2H, AB-q,
J=16.1 Hz), 5.174(1H, s), 6.863 and 6.925(2H, AB-q, J=7.7 Hz), 6.96-7.04(2H,
m), 7.12-7.28(4H, m), 7.32-7.38(2H, m).
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Scheme 1.

to form a carbocation. In the usual case, the cation is immediately attacked by a
nucleophile in the reaction media or after Wagner-Meerwein rearrangement(s) caused
by participation of a neighboring bond.

The present results show that no direct attack of a nucleophile at the a-
carbon took place and Wagner-Meerwein rearrangements to homotriptycene skeleton
occurred only to a small extent. Instead, the compounds that are thought to be
derived from insertion of the a-cation into a C-H bond of the 1-methyl group, 4,
5, and 6, are the major products. We assume for the convenience of discussion
that these compounds are formed by way of a pentacoordinated species 10, or the
like, as an intermediate, although we cannot remove the possibility that 10
corresponds to a transition state. If a proton is removed from 10, the hydro-
carbon 4 is formed. 5 and 6 are formed if the hydride shift occurs in 10 to form
the stable benzylic cation 11 followed by attack of a nucleophile. It may also
be possible to argue that 5 and 6 are formed by direct attack of the nucleophile
on 10, of which the 9-methyl moiety is not attacked by the nucleophile because of
steric hindrance.

In discussing the relative amounts of the products from C-H insertion and
Wagner-Meerwein rearrangement, we must consider the following points. Firstly, 9-
(prim-alkyl)-1,4-dimethyltriptycenes so far studied all exist almost exclusively
as ap-rotamer and the rotational barrier about the Cy-C, bond is about 15
kcal/mol.10) These will apply to the present system: the diazonium ion 9, the
direct precursor of the carbocationic species in the reaction, will exist
predominantly as ap-rotamer (ap-9), and the rotational entity will be retained
during the reaction. Secondly, in Wagner-Meerwein rearrangements, the migrating
group is always antiperiplanar to the departing species. Thus it is probable that
the homotriptycyl cation 12 is formed by participation of the Cg-Cg, bond in ap-9
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while 13 by participation of the Cg9-Cggq bond in *sc-9 that is present only in a
minute amount; 7 and 8 are produced from 12 and 13, respectively. It may also be
reasonable to assume that participation of the 1-methyl group to form 10 occurs
also from the rear of the departing nitrogen, namely in ap-9. Therefore, the
predominance of the ap-rotamer in the diazonium species as well as the inherent
ease of C-H insertion results in the predominant formation of the products via C-H
insertion.

Of another interest is the fate of the carbocationic species 10, that is, the
relative ease of proton loss and hydride shift in 10. Many examples of intra-
molecular 1,n-hydride shifts, where n is 3 or higher, are known but they usually
are not accompanied by proton loss to form cyclized hydrocarbon productsj1)
Probably the distance between the relevant carbon atoms is important and the close
proximity of the carbons in 10 should favor the ejection of a proton.

In conclusion, we have found that, when a methyl group is placed in a highly
congested state with an alkyl cation or its predecessor, the methyl group strongly
interact with it to form a pentacoordinated species. This is in accordance with

the results of theoretical calculation on the protonated ethane.12)
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