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Studies on the reactions of 8-substituted and 8&dlsubstltuted heptafulvenes have revealed 

that the electrophillc' and nucleophillc2 substitutions occurred at 8-posltlon and at seven- 

membered ring, respectively, halogen added at seven-membered ring under photo-lrradlatlon,3 and 

cycloaddltlon with dlenophlles, enamlnes and benzyne occurred at l,F&posltlon of heptafulvenes 4 

However, reactions of 8-haloheptafulvene having reactive substltuents at 8-position have not 

been studied In the present paper, further preparation of 8_haloheptafulvenes, and nucleo- 

phlllc, coupling and cycloaddltlon reactions of 8-bromo-8-cyanoheptafulvene have been studled, 

the results will be reported herein 

The reaction of 8-cyanoheptafulvene (L)5 with 1 5 equivalents of NBS in methylene chloride 

at ice cooling temperature for a few minutes afforded unstable known 8-bromo-8-cyanoheptafulvene 

(2)l in 93% yield after a careful chromatographic separation on silica gel under nitrogen atmos- 

phere The reaction of 1 with NCS also gave 8-chloro derivative (2) as fairly stable crystals 

in 54% yield Similarly, 8-bromo- and 8-chloro-(2',2'-dicyanovinyl)heptafulvenes (5 and 5) were 

obtained from the corresponding heptafulvene ($)6 ln the yields of 47 5% and 83 5%, respectively 

Physical properties of these 8-haloheptafulvenes are shown ln Table 1 
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A reaction of 8-bromo-8-cyanoheptafulvene (2) with excess Cu2(CN)2 in refluxlng pyrldlne 

gave 8,8-dicyanoheptafulvene (1)7 in 9% yield, the reaction 15 the first example of nucleophlllc 

substitution at theoretically less reactive &position of heptafulvenes 

Attempted Ullmann coupling of 1. using copper, zinc or zinc-copper in pyndlne afforded an 

unexpected reduction product,8 8-cyanoheptafulvene (l_), however, the reaction In dlmethylform- 

amide afforded tncycllc product (R), ?n 40 5% yield, accompanying 1 

CN 

@I (1) cg 
The mechanism of the formation of 8 can be rationalized as shown below which Tnvolves the 

initial Ullmann coupling of 2 giving 2 followed by a thermal conrotatory electrocyclic reaction, 

although the intermediate (2) was not isolated 9 

Further thermal isomerlzatlon of S afforded a mixture of sigmatropic rearrangement products 

mainly consists of the compound (IO) - However, attempted synthesis of fully conjugated compound 

(n) from 8 or JO-was unsuccessful 

Since the reaction of 1 with 

reported to give azulenes by [8 + 

cycloaddltlon of 2 was studied in 

dimethyl acetylenedicarboxylate (DAC) or enamines has been 

21 cycloaddltron followed by dehydrogenation, 4a.c the similar 

the expectation to obtain the corresponding azulenes in higher 

yield by the facile elimlnatlon of hydrogen bromide from the initially formed adducts However, 

the reaction of 2wlth UAC and cYclo!Xntanonemoroholinoenam~ne afforded the azulenes (E)4 and 

(EL4 respectively, in lower yield than In the case of 8-cyanoheptafulvene (i), which must be 

due to instability of 2 and stenc hindrance of bulky bromine atom for the cycloadditlon 
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COOCH3 

COOCH3 

(2) R = CN 

CN 

w (16) (fl)R= CN _ (21) R = CHO 

In the reaction of 2 with tn- and tetracyanoethylene, 1,1,2,3-tetracyano-1,8a_dihydroazulene 

(15) and 1,1,2,2,3-pentacyano-1,2-dihydroazulene (17) were obtained respectively, after a rapld 

chromatographic separation on silica gel, which must be formed by the elimination of hydrogen 

bromide from the initial [8 + 21 cycloadducts (14 and 16) - However, rechromatography of not only 
.r. 

15 and 17 but also cycloadduct (18)"' -- 

tricyanoazulene (2)" - 

of 1 and tetracyanoethylene on silica gel afforded 1,2,3- 

althouqh in very low yields The same reaction also occurred on alumina 

column The reaction of 8-bromo-8-formylheptafulvene (2J)'* and tetracyanoethylene afforded an 

unstable compound (11). mp 203-204"C, whose treatment with silica gel afforded 1,2-dicyano-3- 

formylazulene (2J11 in 4 7% yield 

This unusual decyanogen reaction of 17 and 21 is the first example in our knowledge, and the - 

following mechanism can be tentatively proposed 

R 

-W (19, 22) + B-CN + CN- 
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Table 1 Physical properties of the products 

COlllp- Color "" lmax nm (log E) [a3' Nmr 6 ppm (J in Hz) Ibl 
ound mp ("Cl 

3 red needles 242(4 09) 354(4 24) 6 32(m, 4H) 6 74(m, 2H) 
68-69 

2 reddish purple 273(3 95) 473(4 44) 
needles 
124-125 

6.80(m, 6H) 7 7O(s, 1H) 

5 r-;z-;:"""pple 275(3 81) 283(3 78) 6 75(m, 6H) 7 66(s, 1H) 
477(4 43) 

146-147 

ii reddish orange 240(4 51) 294(4 06) 2 15(d, J=6 0, 2H) 
plates 409(4.31) 5.11(d,d, J=6 0, 9 0, 2H) 
186-187 6 31(m, 2H) 6 95(m, 6H) 

_ _ 
15 - orange solld 3 85(m, 1H) 5 80(d,d, J= 

4 0, 10 0, 1H) 6 53(m, 2H) 
7 Ol(m, 2H) 

17 red needles - 366(4 73) 382Sh(3 60) 6 85(m, 4H) 7 40(m. 1H) 
200 5 

1) 
2) 
3) 
4) 

5) 
6) 

7) 

81 

9) 

10) 

11) 
12) 

[a] in CH2C12, [b] In CDC13 except 17 (In DMSO-d6) 
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