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ment against the formulation of naphthazarin in the tauto-
meric form 5.2 With regard to the strong hydrogen bond in
naphthazarin,?! 5§ should have a strong shift to lower wave
numbers for the C=O vibration compared with 1a,22
whereas the observed value for naphthazarin is 1623 cm™!
(CCly).

H A
o~ 0 0" o
0 0 0 0

~Ng H/
4 5

A similar conclusion can be drawn from the shift of the =
— * transition?? from 1,4-naphthoquinone (Amax (CHCl3)
335 nm (e 3040)) to 5-hydroxy-1,4-naphthoquinone (A,
(CHCI3) 429 nm (e 3800)) and to naphthazarin (Amax
(CHCI3) 524 nm (e 6050)). Assuming a shift of a compara-
ble order (90-100 nm/OH) on introducing one hydroxy
group in the peri position of 1 the absorption of 5 should
occur at much longer wavelengths than observed for na-
phthazarin.?*

Further evidence for the structure of naphthazarin as
5,8-dihydroxy-1.4-naphthoquinone follows from the calcu-
lated standard heats of formation'’ for 4 (AH® = —~99, 1
kcal/mol) and § (AH® = ~85, 1 kcal/mol). Neglecting en-
tropy and solvation effects the value for the equilibrium
constant K (25°) = [5]/[4] should be K = 4.9 X 10~ 26

Our results show that former X-ray studies which de-
scribe one modification of naphthazarin as 1.5-quinoid?
permit no conclusions to be made as to the structure of na-
phthazarin in solution.
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o—7 Interaction. A Cyclopropyl-w-methane
Rearrangement. Mechanistic and Exploratory
Organic Photochemistry’?

Sir:

One of the most general and synthetically useful of pho-
tochemical reactions is the di-m-methane rearrangement.?
It was therefore of interest to ascertain if the counterpart
process in which one = bond is replaced by a three ring will
occur.

Presently, (A) we report the photochemistry of 3-(2,2-
diphenyleyclopropyl)-3-methyl-1,1-diphenyl-1-butene (1)
to afford 1,1-diphenylethylene (2), 1,1-diphenylisobutylene
(3), 1,l-diphenyl-1,3-butadiene (4), 1,1-diphenyl-4,4-di-
methyl-1,3-butadiene (5), and 3-(2,2-diphenylvinyl)-2,2-
dimethyl-1,1-diphenylcyclobutane (6). (B) We also note ev-
idence that diphenylethylene (2) and diphenyldimethylbu-
tadiene (5) are primary photoproducts, while diphenyliso-
butylene (3) and diphenylbutadiene (4) are secondary. (C)
We describe the photochemistry of vinylcyclobutane 6 and
give evidence that it is the reaction intermediate leading to
diphenylisobutylene (3) and diphenylbutadiene (4). Inter-
esting regiospecificity is noted. (D) We provide evidence
that both steps of the reaction are singlet processes. (E) We
give results which exclude 3,3-dimethyl-1,1-diphenyl-1-bu-
tenylidene (7) as an intermediate. (F) We present a mecha-
nism for formation of the primary products which is pre-
cisely parallel to that of the ordinary di-wm-methane rear-
rangement.

Direct irradiation* of 3-(2,2-diphenylcyclopropyl)-3-
methyl-1,1-diphenyl-1-butene (1) gave five products (2, 3,
4, 5, and 6) as depicted ineq 1.

Ph Ph Ph
- >= * >=< * ﬂ *
o p}?h Ph Ph Ph Ph =
. 2 3 4
Ph Phy
Nt g
PR |
5 Ph” "Ph

6

Journal of the American Chemical Society / 97:2 / January 22, 1975



Table I. Quantum Yield Determinations
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Quantum yield

Diphenyl Diphenyl Diphenyl
Nirrads A ethylene Diene isobutyl- butadiene
Run Reactant nm Conv 2 5 ene 3 4
1 1 250 4.3 0.018 0.018 0.0010 0.0009
2 1 250 8.4 0.017 0.016 0.0019 0.0016
3 6 250 1.8 <107 %e <107 %@ 0.056 0.054
4 6 250 4.9 <1074 <107 4@ 0.060 0.058
5 6° 325 0.4 <1078« <1073« 0.0011 0.0010

@ Maximum value, below the limits of detection. ® m-Methoxyacetophenone, 4.4 X 10~3 M, was added.

The quantum yields for formation of diphenylethylene
(2) and diphenyldimethylbutadiene (5) remained constant
at low conversions (<9%) where product light absorption
was not a problem. In contrast, diphenylisobutylene (3) and
diphenylbutadiene (4) exhibited quantum yields which in-
creased with extent of conversion. This suggests that these
arise from some primary product. Note Table I.

This primary product proved to be vinylcyclobutane 6
which could be detected using 270-MHz nmr. This com-
pound was independently synthesized, and it was found that
direct irradiation of vinylcyclobutane 6 indeed does give di-
phenylisobutylene (3) and diphenylbutadiene (4) but no di-
phenylethylene (2) or diphenyldimethylbutadiene (5). This
regiospecificity, while interesting in itself, provided support
for the postulated secondary nature of products 3 and 4.

Both steps of the reaction, namely reaction of cycloprop-
ylvinylmethane 1 and reaction of vinylcyclobutane 6,
proved to be singlet processes. m- Methoxyacetophenone
sensitization gave no reaction from 1 and little from 6. Note
Table I.

Of the four alkene and diene products (2, 3, 4, and 5), the
diphenylethylene (2) and the diphenyldimethylbutadiene
(5) could conceivably have arisen by a Griffin fragmenta-
tion> of cyclopropylvinylmethane 1 to give carbene 7 and di-
phenylethylene (2). Rearrangement of this carbene with
vinyl migration might then afford diphenyldimethylbuta-
diene (5). This mechanism is shown in eq 2.

ﬂ DU U W
ph Ph 7 py Ph o py Ph
) Ph

Ph Ph
1

7 Ph

5
(2)

To test this possibility the carbene (i.e., 7) was generated
independently, both from diazo compound 8 and from tos-
ylhydrazone anion 9. Interestingly, the product distribu-
tions from thermal and photochemical generation of the
carbene depended on the mode of generation and differed
from that observed in the photochemistry of cyclopropylvin-
ylmethane 1. Note eq 3. Thus, evidence is available that
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Chart I. Mechanism for the Cyclopropylvinylmethane Rearrangement
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carbene 7 is not involved in the photochemistry of cyclopro-
pylvinylmethane 1.

Finally, we note that a single mechanism is capable of ac-
counting for both the fragmentation products and for the
vinylcyclobutane (i.e., 6). This mechanism is precisely par-
allel to that of the normal di-wm-methane process with cyclo-
propyl-vinyl bridging of the excited state replacing the
usual vinyl-vinyl bonding. However, presently, there is par-
tial diversion of the biradical species involved (12 or 13) re-
sulting in fragmentation (Chart I).
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