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SYNTHESES, PHOTOCHEMICAL AND THERMAL ISOMERIZATIONS OF
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PYRAZOLOTROPILIDENES AND PYRAZOLONORCARADIENES
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Syntheses of several pyrazolotropilidene derivatives (g, 3, 4
and §) and irradiation of the phenyl derivative (g) were studied
to know the effect of the fused pyrazole ring on photochemicail and

thermal valence isomerizations of pyrazolonorcaradienes (7 and g).

For the past ten years, photoahemice\l2 and ther'mal3 isomerizations of
benzonorcaradienes have been extensively stud'i‘ed. Whereas, those of norcara-
dienes fused with hetero-aromatic rings are little known. In order to inves-
tigate the effect of the hetero ring on photochemical and thermal isomeriza-
tions of norcaradienes, syntheses and photochemistry of pyrazolotropilidenes
have been studied.

When the sodium salt of the tosylhydrazone (l) (mp l'I2"(3)I+ prepared from
the readily accessible corresponding ketone5 was decomposed in diglyme at
135°C, (2) (mp 104°C) was isolated in 92% yield [v<or, 2000 en™'5 ATEM, 246
nm (log €, 4.08); m/e, 208 (M, 100%), 207, 131, 104, 77]. On the other hand,
thermolysis of the sodium salt of the iroﬁ carbonyl complex (§) (mp 148°C,

[ 7
dec) in diglyme at 100°C resulted in the formation of (§) {mp 122°C, dec)
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in rather poor yield (28%) [v<or, 3300, 2050, 1985, 1950 ey AELH,

log €, 4.34) and 298 nm {sh, log e, 3.68); m/e, 272 (M+, not observed), 244,

220 (sh

216, 188 (106%), 132, 131, 105, 104, 77]. The silica gel - catalyzed equili-
brium among {2}, (3} and (4) was also found. Thus, upon treatment of {2) with
silica gel (WAKO Q-22) in benzene for 12 hr at room temperature, red colora-
tion developed on the surface of silica gel and (g), (§) and (ﬂ) were isolated
in 23, 15 and 23% yields, respectively.B The structures of these pyrazolo-

]
tropilicenes were straighiforwardly determined by their nmr spectra.
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Irradiation of (g) (Rayonet RUL 3000 A 1amps) in dioxane for 11 hr afforded
(3), (7), (8) and (gj in 6, 1, 62 and 6% yields, respectively. In order to
know the sequence of these transformations, the ratios of products were moni-
tored by the nmr spéctroscopy. 1t was found that the starting (g) disappeared
completely at the early stage of irradiation where the rapid formation of (Z)
was at its maximum, furthermore, the slow formation of (§) and the delayed but
rapid formation of (g) in proportion to the dQCrease of (Z) were also observed.

The formation of (4), however, could not be detected at all.
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From these results, the formation of (g), (Z), (§) and (g) from (g) can be
explained by the sequence, (g) -+ (Z) 2 (§) pa (§) + (g), which is easily fig-
ured by the results observed in benzonorcaradienes.? Intriguing features,
however, appeared in the directional selectivity of the photochemical carbon

1,5-shift termed a Berson-Willcott Bones rearrangement'®’ of (Z) and (§).
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There are two possible pathways, a and b, for 1,5-shifts in this system. In
pathway-a, the carbon C; migrates toward the pyrazole ring to give (g) and (g)
through (19) and (13), respectively, while (§) is given from (Z) and (§)
through (11) by an alternative pathway-b. Above results together with addi-
tional evidence that irradiation of (7) did not afford (2) but (3) and (8"
accompanying (g) instead of (ﬂ) at the early stage of irradiation should sug-
gest low efficiency of pathway-a both in (7) and (g). These selectivities are
of interest as compared with opposite directional selectivities in 6-cyano and
6-carbomethoxybenzonorcaradienes? which force the carbon migrations only
toward the benzene ring through pathway-a. The structures of the pyrazolo-
‘norcéradienef (Z) and (§) were determined by comparisons of their nmr spectra

with those of benzoates (13) and (14) shown in Table I.
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Table I. NMR Spéctraa of {7}, (§), (1§) and (lﬂ)

Compd c(1) c(4) c(5) c(6) (7}
' exo endo
c.d 2.50 6.63 6,32 1.79 1.38 0.15
(7) ’ J;7,7.8(exo) JQS;‘0.0 J67,8.0(exo) Jab,4.0
v J17,5.6{endo) Js6 »5.0 J g7,5.6(endo)
J15,7.9
b.e exo endo
(Z) ! 2,57 6.23 6.23 1.9 1.5 0.03
‘b 4| 2.53 7.23 6.44 " 2.05 0.82
(]3) ’ J17,6.5 J45,10.0 J55,5.0 J57,6.5
- . J;5,7.0
b exo aendo
8y | 2.3 6.54 6.00 1.98 .38 0.08
b.d 3.34 6.45 6.12 2.19 0.91
(]4) ' J!7,7.0 Jys5,10.0 Js6 55.0 J57,7.0
o J1e,7.5

9 Chemical shifts in § units; coupling constant in Mz, P in cBCl ;.

=

in Cst.

13a

.~

~—

—296—

9100 MHz. © 60 MHz.
1 R1 ,';'
A —_— N _jiﬁ..
y = =
N N
RZ Rz
13
R1 R]
A
A —_— N
;‘ -~ }‘ -—h
N N
H R Rz ﬁ
14a ! {R1=CeHs 3 R.=COCgHs) 14h




HETEROCYCLES. Vol 11. 1978

The benzoyl group in (lg) shifts the C; hydrogen appearing at § 6.23 in (Z) to
§ 7.23, while in (13) the C; hydrogen is shifted to § 3.34 from & 2.31 in (§).
Additional differences were also oBserved in the chemical shifts of the cyclo-
propane methy]ene hydrogens. In (Z) and (§) the exo- and endo-C» hydrogen

appear separately, while in benzoates (1§) and (lﬂ) two hydrogens come togeth-
er at § 0.82 and 0.91, respectively. These suggest the occurences of the

tropilidene-norcaradiene valence isomerizations both in (lg) and (15) even at
room temperature. In fact, coalescence temperatures both for (Z) and (8)

(85°C) were found to be much higher than those for (13) and (14) {36 °C} by

12 Thys, activation parameters, =a = 10.6

1

temperature dependent nmr analyses.

£ 2.1 Keal/mol; log a = 11.38 £ 2.0 sec” for (13} {-38° . -103°C) and Fa =

12.4 + 2.0 Kcal/mol; Jog a = 13.3 = 2.1 sec!  for (15) (-43° . -100°C),
‘were obtained. The significantly low activation energies observed for (159)
2 (lgg) and (lﬂg) z (1&9) relative to that for benzonorcaradiene (za = 19.4
Keal/mol1)® could be accounted for mainly by the difference of resonance ener-

gies between benzene (36 Kcal/mol) and pyrazole (29.3 Kcal/mol).
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The corresponding pyrazolotropilidene without Fe(C0)}; has been prepared

in low yield by several steps starting from tropilidene and diazomethane.
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The Anax of (g) appears at 313 nm when (g) is adsorbed on silica gel
suspended in cyclohexane. This suggests the structural change of (g) on
the surface of silica gel.

NMR spectra of pyrazolotropilidenes (in CDC1,): (g) (100 MHzZ), & 11.28 (
s, TH), 7.25-7.55 (5H), 6.45 (dd, 10.8, 1.0 Hz); 6.10 (ddd, 10.8, 6.0, 1.5
Hz), 5.93 {ddd, 10.0, 6.0, 1.0 Mz), 5.63 (ddd, 10.0, 6,0, 1.5 Hz), 3.23
{d, 2H, 6.0 Hz); (g) (100 MHz), & 12.20 (s, IH), 7.2-7.8 (5H}, 6.56 (d,
9.5 Hz), 6.30 (d, 9.5 Hz}, 5.54 (dd, 9.5, 6.0 Hz}, 5.38 (dd, 9.5, 6.0 Hz},
2.60 (dd, 6.0 Hz, 2H}; (%) {60 MHz),811.0 (s, TH), 7.3-7.7 (5H), 6.7-7.0
(m, 1H), 5.9-6.4 (m, 2H), 5.2-5.8 (m, 1H), 3.1 (d, 6.0 Hz, 2H}; (6) (100
MHz),8 10.60 (s, 1H), 7.06 (s, IH), 5.45 {(dd, 9.0, 5.0 Hz}, 5.36 (dd, 9.0,
5.0 Hz), 3.74 (d, 9.0 Hz), 3.47 {d, 9.0 Hz), 3.04 (dd, 19.0 Hz), 2.82 (dd,
19.0 Hz}.
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