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Synthesis of 1,1’-, 2,2’-, 1,2’-, and 2,6'-Biazulenes and
Their Derivatives by Ullmann Reaction®
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Four kinds of biazulenes, 1,1’- (1a), 2,2~ (2a), 1,2’- (3a), and 2,6’-biazulenes (4a), and their derivatives were
synthesized by utilizing Ullmann-type coupling of haloazulene derivatives. Ullmann reaction of ethyl 3-iodo-
(5a) and 2-iodoazulene-1-carboxylates (6b) gave diethyl 1,1’-biazulene-3,3'-dicarboxylate (1b) and diethyl 2,2’-
biazulene-1,1’-dicarboxylate (2b), respectively, in excellent yields. The reaction of 2-iodoazulene gave 2a directly.
Diethyl 2-chloroazulene-1,3-dicarboxylate (7a) and its 5-alkyl derivatives also reacted to give tetraethyl 2,2’-bi-
azulene-1,1",3,3'-tetracarboxylate (2d) and its 5,5'-dialkyl derivatives, respectively. A mixed Ullmann reaction of
5a and 6b afforded a mixture of 1b, 2b, and diethyl 1,2’-biazulene-1’,3-dicarboxylate (3b). Similarly, a mixed
Ullmann reaction of 7a and diethyl 6-iodoazulene-1,3-dicarboxylate gave a mixture of 2d and tetraethyl 2,6’-bi-
azulene-1,17,3,3'-tetracarboxylate (4b). The parent hydrocarbons of biazulenes, la, 2a, 3a, and 4a, could be de-
rived from the corresponding ethoxycarbonyl derivatives, 1b, 2b, 2d, 3b, and 4b, respectively, by decarboxylation.

The planarity of biazulenes and their ester derivatives is also discussed on the basis of the spectral data.

Although benzenoid biaryls, such as biphenyls and
binaphthalenes, have been known for a long time and
studied extensively from the chemical and physical
points of view, no biazulene, one of the non-benzenoid
biaryls, had been known until Hagen et al.? reported
the photochemical synthesis of 2,2- and 3,3’-biguaiazul-
enes. A number of positional isomers are possible for
biazulenes. Recently, 4,4-,» 5,5-% and 6,6'-
biazulenes® have been synthesized. The Ullmann-type
biaryl coupling of aryl halides using copper at elevated
temperature has been utilized for the synthesis of
benzenoid biaryls. This reaction was applied on some
haloazulene derivatives for synthesis of 1,1’- (1a), 2,2'-
(2a), 1,2'- (3a), and 2,6'-biazulenes (4a), and their
derivatives.

Results and Discussion

A mixture of haloazulene and activated copper® was
heated at about 200—220 °C in an evacuated sealed
tube and then the products were isolated. The results
are listed in Table 1.

1,1'-Biazulene. Ethyl 3-chloro- and 3-bromo-
azulene-1-carboxylates’ did not react at 220 °C, but
changed into an unidentified black resinous substance
at 250 °C. On the other hand, ethyl 3-iodoazulene-1-
carboxylate (5a)"@ easily reacted at 220 °C to give
diethyl 1,1’-biazulene-3,3’-dicarboxylate (1b), accom-
panied by a small amount of dehalogenated® ethyl
azulene-1-carboxylate (5b).%

The complete hydrolysis of 1b with alkali, and the
subsequent decarboxylation of the resulting dicarboxylic
acid (1c¢) upon heating gave the parent hydrocarbon, 1a,
in 559, yield. The mass spectrum of la shows a molecu-
lar ion peak at m/e 254. A partial hydrolysis of 1b with
alkali, followed by decarboxylation afforded ethyl 1,1’-
biazulene-3-carboxylate (1d) as a major product.
Methylation of 1¢ with diazomethane yielded a dimethyl
ester (le). Deuteration!® of 1a with D;PO, gave 1,1’-
biazulene-3,3'-d, (1f) and bromination of la with NBS
gave an expected 3,3'-dibromo derivative (1g).

2, 2'-Biazulene. 2-Iodoazulene (6a)’®) and ethyl
2-iodoazulene-1-carboxylate (6b)7 when heated with
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Chart 1.

activated copper, reacted to give 2,2'-biazulene (2a)
and diethyl 2,2’-biazulene-1,1’-dicarboxylate (2b), ac-
companied by small amounts of azulene and 5b,
respectively. 2-Iodoazulene-1-carboxaldehyde (6¢),
derived from 6a, also reacted to give 2,2’-biazulene-1,1'-
dicarboxaldehyde (2c). 2-Chloroazulene and ethyl 2-
chloroazulene-1-carboxylate’™) did not react at 220—
240 °C. However, diethyl 2-chloroazulene-1,3-dicar-
boxylate (7a),”>7®) in which two electron-withdrawing
ethoxycarbonyl substituents will activate the halogen,
easily reacted to give tetraethyl 2,2'-biazulene-1,1’,3,3'-
tetracarboxylate (2d) in an excellent yield, accompanied
by a small amount of dehalogenated diethyl azulene-1,3-
dicarboxylate (7d).? Similarly, 5-methyl (7b)™ and
5-isopropyl derivatives (7¢)™ also yielded tetraethyl
5,5'-dimethyl- (8a) and 5,5'-diisopropyl-2,2’-biazulene-
1,1",3,3'-tetracarboxylate (8b), respectively, along with
the dehalogenated azulenes (7e and 7f), although some
of the starting haloazulenes were recovered unchanged.
Besides the direct formation from 6a, the parant hydro-
carbon, 2a, was derived from 2b and 2d by deethoxy-
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Chart 2.
TaABLE 1. TaE ULLMANN-TYPE COUPLING OF

HALOAZULENES INTO BIAZULENES
Products (yield/%)

Haloazulene Tc:rnp Time
c h  Biazulenes Others
5a 200 5 1b (83) 5b(8)
6a 180 6 2a (54) Azulene(trace)
6b 220 6.5 2b (82) 5b (trace)
6c 220 4.5 2c (40)
7a 220 9 d (83) 7d(6)
7 220 6.5 8a (53) 7e (7)
7c 235 6 8b (11) 7f (trace)
1b (28) 5b (18)
5a+6b 200 5.5 {2b (27)
3b (22)
7at% 245 6 {ig g)l) 7d(28)

carbonylation. Thus, alkaline hydrolysis of 2b and 2d
and the subsequent decarboxylation of the resulting di-
(2e) and tetracarboxylic acids (2f) upon heating gave 2a.
Conveniently, 2a could be obtained directly from 2b
and 2d by deethoxycarbonylation upon heating with
1009, phosphoric acid’®7%11 in excellent yields. Similar
treatment of 8a and 8b gave 5,5’-dimethyl (8¢) and 5,5'-
diisopropyl-2,2’-biazulenes (8d), respectively. The mass
spectrum of 2a shows a molecular ion peak at m/e 254.

Vilsmeier reaction of 2a gave a diformyl derivative
which is identical with 2¢. Halogenation of the diester,
2b, with NBS or NIS gave diethyl 3,3'-dibromo- (2g)
or 3, 3'-diiodo-2, 2"-biazulene-1, 1’-dicarboxylates (2h).
Dimethyl 3,3’-dibromo-2,2’-biazulene-1,1’-dicarboxylate
(2i) was derived from 2g by alkaline hydrolysis, followed
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by methylation. When treated with acetic anhydride,
the tetracarboxylic acid, 2f, yielded a dianhydride (2j),
whose ethanolysis with sodium ethoxide followed by
decarboxylation upon heating afforded a mixture of
2a, 2b, ethyl 2,2'-biazulene-l-carboxylate (2k), and
diethyl 2,2’-biazulene-1,3-dicarboxylate (2m).

Cég@f%m

4a: R=H
3b: R=(202(32 5 4b: R—C02 21-15
3c: n-cozx-x
3d: R=CO,CH4

Chart 3.

1,2'-Biazulene. A mixed Ullmann reaction of 5a
and 6b afforded a mixture of 1b, 2b, and diethyl 1,2'-
biazulene-1’,3-dicarboxylate (3b). The parent hydro-
carbon, 3a, was obtained from 3b upon alkaline hydro-
lysis followed by decarboxylation of the resulting
dicarboxylic acid (3¢). Its mass spectrum shows a
molecular ion peak at m/e 254. Dimethyl 1,2’-biazulene-
1’,3-dicarboxylate (3d) was derived from 3¢ by
methylation.

2,6'-Biazulene. A mixed Ullmann reaction of
7a and diethyl 6-iodoazulene-1,3-dicarboxylate (9a)
prepared from 6-bromo compound (9b)!2 gave a
mixture of 2d and tetraethyl 2,6’-biazulene-1,17,3,3'-
tetracarboxylate (4b). The expected 6,6'-biazulene
could not be obtained. The parent hydrocarbon, 4a,
was obtained by deethoxycarbonylation of 4b upon
heating with 1009, phosphoric acid.

The structures of biazulenes and their derivatives
obtained here were confirmed on the basis of the
spectral data described below, as well as the above-
mentioned chemical evidence.

Infrared Spectra of Biazulenes. The C=0 stretching
vibrations in the ester derivatives of biazulenes are
listed in Table 2. Even for the sterically crowded
biazulene derivatives, 2b, 2d, 4b, 8a, and 8b, these
bands appear in the region comparable to those of the

TABLE 2. CARBONYL STRETCHING VIBRATION OF ETHOXY~
CARBONYL GROUP OF AZULENE AND BIAZULENES

v/cm-1
Compound —_——
CHCI,*» KBr
1b 1684sh 1680 1684
2b 1682sh 1678 1684
2d 1684sh 1678 1684
3b 1684sh 1678 1689 1684
4b 1684
8a 1683sh 1672 1685
8b 1684sh 1673 1684
5b 1683sh 1678
7d 1686sh 1681 1684

a) sh: Shoulder.
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TaBLE 3. LONG-WAVE ABSORPTION (BAND A) OF BIAZULENES

Tadayoshi MoriTA and Kahei TARASE

AND RELATED AZULENES 4/nm (log ¢)

Compound Solvent® Band A®
la iso 612(2.80)
id cyc 589(2.50)
1b iso 575(2.33)
2a chl 694(2.43) 635(2.91) 592(3.06)
554(2.97)
8c chl 650(2.61) 608(2.75) 564(2.67)
8d iso 712(2.50) 640(2.95) 603(3.04)
565(2.95)
2k cyc 644(2.91) 593(3.14) 554(3.10)
2b iso 640(2.59) 586(2.99) 552(3.01)
2m chl  627(2.66)™ 545(2.95) 510(2.89)
2d cyc  597(2.53) 547(2.97) 513(3.02)
8a iso  610(2.51) 550(2.98) 521(3.03)
8b iso 600(2.67) 548(3.10) 518(3.12)
3a iso  614(2.94) 579(2.96)
3b iso 564(2.89) 540(2.89)
4a chl 595(2.95)
4b chl 585(2.56) 530(3.04) 504(3.08)
Azulene cyc 693(2.24) 663(2.22) 633(2.54)
604(2.51) 580(2.56) 557(2.40)
540(2.37) 522(2.23)
5b iso 644(2.23) 587(2.60) 545(2.65)
7d cyc  601(2.21) 551(2.68) 514(2.74)

a) iso: Isooctane; cyc: cyclohexane; chl: chloroform.
b) sh: Shoulder.
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conjugated esters in azulene derivatives. This suggests
that, in these compounds, the ester groups are favorably
in the same plane with the azulene ring and, consequent-
ly, the two azulene rings in 2b, 2d, 4b, 8a, and 8b are
not coplanar.

Electronic Spectra of Biazulenes. Biazulenes show
four main electronic absorption bands (A, B, C, and D)
in analogy with azulene (shown in Tables 3 and 4). As
shown in Figs. 1 and 2, in the spectra of the parent
biazulenes, la, 2a, 3a, and 4a, the bands (B, C, and D)
in the ultraviolet region show large red shifts with
increasing intensities compared with those of azulene,
while the visible absorptions (A) exhibit increases in
intensities accompanied by loss of the fine structures
that appeared in the spectrum of azulene. Itis known!®
that the substitution of alkoxycarbonyl groups at C-1
and/or C-3 of azulenes results in blue shift of the band
(A) and in red shift of the bands (B and C). The
substitution of ethoxycarbonyl groups at C-3 (and C-3’)
of 1,1'-biazulene causes blue shifts while decreasing the
intensity of band (A), but no apprecible effect on band
(B). The substitution of ethoxycarbonyl groups at
C-1', 3 of 1,2'-biazulene results in blue shifts of the
bands (A and B).

In the case of 2,2'-biazulene, the substitution of
ethoxycarbonyl groups at C-1, 1’ (and C-3, 3') results
in blue shifts of the bands (A and B). Especially the
spectra of tetraesters, 2d, 8a, and 8b, are similar to
those of diethyl azulene-1,3-dicarboxylates, 7d, 7e, and

TaBLE 4. THE ULTRAVIOLET ABSORPTION SPECTRA OF BIAZULENES AND RELATED AZULENES A/nm (log ¢)

Compound Solvent® Band B Band C™ Band D»
la meth 384(4.19) 308(4.58)  300(4.54)% 263 (4.73)
245(4.51)
1d meth 375(4.07) 300(4.68) 287(4.72) 260(4.55)
238(4.53)
1b meth 382 (4.14) 304 (4.71) 279 (4.82) 239 (4.60)
2a chl 436 (4.76)  410(4.45) 328(4.82) 316(4.84) 250 (4.30)
390 (4.22) =
8c meth 438(4.82) 414 (4.63) 332(4.95)  324(4.91) 256 (4.38)
8d meth 434 (4.82) 409 (4.61) 329(4.99) 317(4.98) 248 (4.40)
2k chl 433 (4.45)  411(4.43) 317(4.96) 276(4.14)° 246 (4.47)
2b meth 410(4.08) 320(5.00) 245 (4.65)
2m chl 435(3.80)® 396 (4.28) 305(5.13) 270(4.64)° 237 (4 82)
2d meth 377(4.18)  348(4.37) 315(5.10) 303 (4.85) 238 (4.80)
275 (4.66) °
8a meth 379(4.30) 345(4.41) 317(5.09) 279(4.66)° 242 (4.78)
8b meth 380(4.25) 350(4.35) 319(5.02) 282(4.57)° 245 (4.67)
3a meth 461(4.27)  441(4.26) 311(4.64) 264(4.54) 232 (4.37)
3b meth 425 (4.09) 343 (4.40)=* 307 (4.69) 235(4.55)
289 (4.71)
4a chl 448 (4.01)" 418(4.55) 338(4.60) 317(5.01) 258(4.27)
410 (4.55)
4b meth 377 (4.44) 348(4.54)  317(4.95) 236 (4.78)
273 (4.62)°
Azulene cyc 353(3.14)  341(3.71) 280(4.72) 275(4.74) 238(4.24)
337(3.63)  326(3.54) 271(4.73)
322(3.47)
5b cyc 370(3.88)  354(3.78) 299 (4.60) 290 (4.55)" 234 (4.26)
7d cyc 371(4.14) 302(4.69) 291 (4.60)" 234(4.63)

272 (4.53)°

a) meth: Methanol; iso: isooctane; chl: chloroform; cyc: cyclohexane. b)e: A characteritic band in 1,3-bis(ethoxycar-
bonyl)azulenes and their derivatives; sh: shoulder.
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Fig. 1. Electronic Spevtra of la ( in methanol for

UV, isooctane for visible region), 2a (—-— in chloro-
form), and azulene (------ in cyclohexane).

7f, but the molar absorption coeflicients being approxi-
mately doubled. This observation suggests that the two
azulene rings in 2d, 8a, and 8b are twisted around the
2,2’-bond.

The NMR Spectra of Biazulenes. The NMR
spectra data of biazulenes and chemical shift differences
(Ad) between biazulenes and the reference compounds
are listed in Tables 5 and 6. A study using a Dreiding
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Fig. 2. Electronic Spectra of 3a ( in methanol for

UV, isooctane for visible region), 4a (—-— in chloro-
form), and azulene (...--- in cyclohexane).

model of 1,1’-biazulene shows that the steric interactions
for H-2.--H-8', H-2'..-H-8, and H-8:.-H-8' are signifi-
cant and sugests that the two azulene ring are not
coplanar with each other. In fact, in the NMR spectral
data of 1,1’-biazulenes, 1a, 1b, and 1d, it is observed
that there is no large chemical shift deference (Ad)
between the ring protons in 1a and those in azulene, and
between the ethyl protons in esters, 1b and 1d, and

TaBLE 5. NMR SPECTRAL DATA OF BIAZULENES (AT 60 MHz, IN CDCl,, cHEMICAL
sHIFTS®»® IN § FROM TMS, COUPLING CONSTANTS IN J/Hz)®>

Compound II:II:}, gg, g:g, g:‘;/ II:II:g, E:g, g:;/ g:g, Coupling constants OCHz—gtIl;Igrgj =7.0)
1a® 8.06¢ 7.48¢ 8.30¢ 7.06* 7.51* 6.96* 8.30¢ J2,3=3.9
J4.5=j5.o=.]7,s=9-5
1d 8.50¢ 9.60¢ 6.87 — 7.87™ 8.38¢ Jis=J2=9.5 4.4191.43"
8.01¢ 7.53¢ 8.32¢ 8.244 = Jo 5 =9.5
Jz',s'=4"0
1b 8.525 9.73 7.10 —  7.95% 8.40°  Jou=Jrs=9.5"  4.4671.45"
2ab  7.86° 7.86° 8.28° 7.13* 7.50° 7.13' 8.28!  Js=Jse=9.5
8c  7.68° 7.68° 8.17%¢ 7.370 6.970 8.13¢ <1 2.63*(CH,)
Js,7=J7,s—'10
84>  7.60° 7.60° 8.09° 7.28' 6.93 8.03% =] =12 3.05%» CH(CH,),
6,7=J7,6=10 1.40° CH(CH,).
2b 7.40° 8.39% 7.13 —  7.92® 9.680  Jog=Jpe=9.5 4.0810.85
2d 9.83 7.52 —  B.02% 9.83  J,y=J,s=9.5 3.9210.56¢
8a 9.81¢ 7.86% 7.58% 9.69%  J, (=1.5 J,,=9.7 3.90%0.53
Jee=2.0 Joe=9.5 2.81% (CH,)
8b 9.85¢ 7.880 7.63% 9.68%  J, =1.5 J,¢=9.7 3.9510.58"
Jee=2.0 Joe=9.7 3.16%" CH(CH,),
1,45 CH(CH.,
3a 8.25¢ 7.40¢ 8.16¢ 6.90 — 7.92= 8.96¢ J23=3.9
7.68° 7.68° 8.20° 8.200  Jie=Jis=9.5
vs=Jyg=
3b 8.56° 9.660 7.18 —  7.92m 8.50°  Jos=Js=9.5 4.431 1.434(C-3)
7.38° 8,334 9.51¢ APy S 4.06% 0.82(C-1")
4> 7.81° 7.81° 8.380 7.23¢ 7.60¢ 7.23° 8.380  J,.=Jpe=10
7,430 7.90° 7.43¢ 8.48¢ 7.93¢ 7.93: 8480 =35 Jus=10.5
b 9.83¢ 7.7 — B.1® 983  Joi=Jus=I1 4.00° 0.654(C-1,3)
8.90¢ 9.80¢ 7.73¢ 7.73¢  9.80¢ 4.451 1.464(C-1,3")

a) In symmetrical biazulenes (la, 1b, 2a, 2b, and 8a—d), the chemical shifts for two identical protons are listed

on upper line.
on lower line. c¢) 100 MHz. d) 100 MHz, FT-mode.
triplet; q: quartet; sept: septet; m: multiplet.

e) In CCl,. f) 200 MHz.

b) In asymmetrical biazulenes, the chemical shifts for protons numbered with prime are listed
g) s: Singlet; d: doublet; t:
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TaBLE 6. CHEMICAL SHIFT DIFFERENCE (A0=0pszu10n0— Oazutene) '’
BETWEEN BIAZULENES AND REFERENCE AZULENES
Compound II:II:} , g:g ’ g:g/ %-Il:i’ g:g, II}:S’ g:;; g:g, OCH,-CH, Others
la 0.11 0.06 —0.01 —0.09 —0.04 —0.19 -—0.01
1b 07 0.01 0.09 —0.09 0.02
2a 0.44 0.44 —-0.03 —0.02 —0.05 —0.02 —0.03
8c 0.35 0.35 —0.29 —0.20 —0.09 —0.15 0.00(CHg)
8d 0.39 0.39 —0.10 —0.13 —0.03 —0.09 0.06CH(CH,),
0.08CH(CH,),
2b 0.09 —-0.10 —0.04 —0.40 —0.85
2d —0.09 0.09 —0.51 —0.56
8a —0.03 —0.06 —0.3¢4 0.01 —0.56 —0.93 0.01(CH,)
8b —0.03 —0.02 0.00 —0.05 —0.48 —0.87 0.08CH(CHj),
0.03CH(CHs,),
3a 0.30 —0.02 —0.15 0.25 0.65
0.26 0.26 —0.11 —0.11
3b 0.11 —0.06 0.01 0.05 0.00
0.07 —0.16 -—0.21 —0.42 —0.61
4a 0.39 0.39 0.07 0.08 0.05 0.08 0.07
0.01 —0.05 0.01 0.17 0.78 0.78 0.17
4b 0.09 0.09 —0.43 —0.79
0.09 —0.01 0.06 0.02 0.02

a) In symmetrical biazulenes (1a, 1b, 2a, 2b, and 8a—d), the chemical shift differences for two identical protons are

listed on upper line. b) In asymmetrical biazulenes (3a,
numbered with prime are listed on lower line.

those in 5b. So, it seems that the two azulene rings in
1,1’-biazulenes, 1a, 1b, and 1d, are not coplanar. In
contrast with this, in the NMR spectra of 2,2'-
biazulenes, 2a, 8¢, and 8d, it is shown that the ring
protons (H-1, 1’, 3, and 3’) at the 1 and 3-positions of
azulene rings are shifted markedly downfield by 0.35—
0.43 ppm and the other ring protons slightly upfield.
The downfield shifts of H-1, 1’, 3, and 3’ in 2,2’-bi-
azulenes suggest that these protons are located in the
peripheral zone of another azulene ring and consequent-
ly, 2,2'-biazulenes, 2a, 8c, and 8d, exist in such a
conformation that the two azulene rings are coplanar
or nearly coplanar. This result is consistent with the
conclusion from the ESR study on 2,2’-biazulene anion
radical in which the two azulene rings were found to be
coplanar.’ The NMR spectrum of 2,6"-biazulene, 4a,
also shows downfield shifts of H-1, 3 and H-5", 7' by ¢
0.39 and 0.78 ppm, respectively, compared with the
corresponding protons of azulene. This fact suggests
that 4a also exists in a coplanar conformation.

On the other hand, in the NMR spectra of sterically
crowded ester derivatives of 2,2’-biazulenes, 2b, 2d, 8a,
and 8b, the ethyl proton signals of the ethoxycarbonyl
groups appear at higher field than of 5b and 7b. Such a
large upfield shift of ethyl proton signals presumably
arises from long-range shielding by another azulene
ring. This fact suggests that ethoxyl groups are located
above the plane of another azulene ring and consequent-
ly, that the two azulene rings in ester derivatives, 2b,
2d, 8a, and 8b, are twisted to avoid the large steric
interactions between the ethoxycarbonyl groups at
C-1, 3 and C-1', 3.

Experimental

All mp’s were uncorrected. Electronic spectra were

b and 4a, b), the chemical shift difference for the protons

measured on a Hitachi EPS-3 Spectrometer and IR Spectra
on a Shimadzu IR-27 infracord. NMR spectra were obtained
by a Varian A-60 D Spectrometer and in some cases on a
JNM-100 instrument in Fourier transform mode. Mass
spectra were recorded on a Hitachi RMU-6 mass spectrom-
eter at 25 eV.

General Procedure for Ullmann Reaction of Haloazulenes. A
mixture of haloazulenes and activated copper® was heated
in an evacuated, sealed glass tube (see Table 1). After
cooling, the reaction mixture was extracted with chloroform.
The solvent was evaporated in vacuo and the resulting residue
was chromatographed.

Reaction of 5a. A mixture of 5a™ (500 mg) and copper
(500 mg) was treated according to the general procedure. A
green residue from the extract was chromatographed on a
silica-gel column with benzene as an eluent to give two frac-
tions. The first fraction gave 23 mg of 5b.» The second
fraction gave 254 mg of 1b as bluish green needles (from
cyclohexane-benzene): mp 211—212°C; IR (KBr) 1684,
1449, 1414, 1285, 1205, 1044, 781, and 741 cm~!. Found: C,
78.62; H, 5.84%,. Calcd for C,H,,0,: C, 78.37; H, 5.57%,.

Reaction of 6a. A mixture of 6a’™ (300 mg) and
copper (600 mg) was treated according to the general
procedure. The products were chromatographed on an
alumina column with benzene. The first fraction gave a
small amount of azulene. The second fraction gave 81 mg
of 2a as green scales (from chloroform) : mp 320 °C.

Reaction of 6b. A mixture of 6b™ (100 mg) and
copper (200 mg) was treated in the usual way. The products
were chromatographed on an alumina column with benzene
to give three fractions. The first fraction gave a small amount
of a mixture of 5b and 6b. The second fraction gave 50 mg
of 2b as bluish needles (from ethanol); mp 151.5—152 °C,
Found: C, 78.63; H, 5.53%,. Calcd for C,,H,;0,: C, 78.37;
H, 5.57%. The third fraction eluted with chloroform gave
4 mg of brown needles'® (from benzene); mp 245—246 °C.
[MS, mfe: 352 (M+, 100%,); caled for C,,H,40;, 352 (M)].

Reaction of 6¢. A mixture of 6¢ (363 mg) and copper
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(700 mg) was treated according to the general procedure.
The products were chromatographed on an alumina column
with chloroform to give 160 mg of 2c as dark violet scales
(from chloroform); mp 284—285 °C (dec); IR (KBr) 1635
cm~'; NMR (CDCl;) 6=7.45 (2H, s, H-3,3"), 7.6—8.1 (6H,
m, H-5,5",-6,6" and -7,7), 8.55 (dm, J=10 Hz, H-4,4’), 9.90
(2H, dm, /=10 Hz, H-8,8’), and 10.37 (s, 2 CHO). Found:
C, 85.10; H, 4.34%. Calcd for C,H,,0,: C, 85.14; H,
4.55%,.

Reaction of 7a. A mixture of 7a’™ (100 mg) and copper
(200 mg) was treated in the usual way. The products were
chromatographed on a silica-gel column with benzene to
give three fractions. The first fraction gave 5 mg of 7d.»
The second fraction gave 8 mg of 7a. The third fraction
eluted with chloroform gave 73 mg of 2d as red prisms (from
ethanol); mp 181—182 °C. Found: C, 71.01; H, 5.72%,.
Calcd for C,,H,,0O4: C, 70.83; H, 5.57%,.

Reaction of Diethyl 2-Chloro-5-methylazulene-1,3-dicarboxylate
(7b). A mixture of 7b™ (1.09 g) and copper (2.18 g)
was treated in the usual way. Chromatography of the
products on a silica-gel column with benzene gave two frac-
tions. The first fraction gave 140 mg of a mixture of 7b and
diethyl 5-methylazulene-1,3-dicarboxylate (7e)'® (1 : 1 ratio
by NMR). The second fraction gave 515 mg of 8a as red
prisms (from benzene—cyclohexane) ; mp 179—180 °C. Found:
C, 71.69; H, 6.25%. Calcd for C3H,O4: C, 71.56; H,
6.019%,.

Reactior of Diethyl 2-Chloro-5-isopropylazulene-1,3-dicarboxylate
(7c). A mixture of 7¢™ (500 mg) and copper (1.0 g)
was treated in the manner described above. The chromatog-
raphy of the products on a silica-gel column with benzene
gave two fractions. The first fraction gave a small amount
of a mixture of 7c and diethyl 5-isopropylazulene-1,3-dicarbo-
xylate (7£).1» The second fraction gave 50 mg of 8b as red
prisms (from ethanol); mp 174—175 °C. Found: C, 72.93;
H, 6.90%. Calcd for C;sH,,04: C, 72.82; H, 6.76%,.

Reaction of a mixture of 5a and 6b. A mixture of 5a
(200 mg), 6b (200 mg), and copper (400 mg) was treated in
the usual way. The chromatography of the product on a
silica-gel column with benzene gave fractions, a, b, c, and d.
The fraction a, b, and d gave 5b (45 mg), 1b (68 mg), and
2b (65 mg), respectively. The yellow fraction ¢ gave 53 mg
of 3b as dark green needles (from cyclohexane); mp 119—120
°C. Found: C, 78.12; H, 5.74%. Calcd for Cy,H,,0,: C,
78.37; H, 5.57%. TNB-complex: brown needles (from
ethanol); mp 130—131 °C. Found: C, 63.04; H, 4.42; N,
6.73%. Calcd for C3,H,;0,0N;: C, 62.80; H, 4.12; N, 6.879%,.

Reaction of a Mixture of 7a and 9a. A mixture of diethyl
6-bromoazulene-1,3-dicarboxylate (9b)!® (900 mg), potassium
iodide (17 g), water (10 cm?), and acetic acid (80 cm®) was
treated under reflux for 50 h. The reaction mixture was
diluted with water and the resulting precipitate was collected
by filtration and dried in vacuo. Chromatography on a silica-gel
column with benzene gave a mixture of diethyl 6-iodoazulene-
1,3-dicarboxylate (9a) and 9b (1 : 5 ratio by NMR), which
could not be separated by thin layer chromatography. NMR
of 9a: 6=1.45 (t, J=7.0 Hz, 2 OCH,CH;), 4.45 (q, J=7.0
Hz, 2 OCH,CH,), 7.81 (d, J=11.5 Hz, H-5,7), 8.80 (s, H-2),
9.61 (d, /J=11.5 Hz, H-4,8). This mixture of 6-haloazulenes
(680 mg) was mixed with 7a (1.0 g) and copper (2.0 g) and
the mixture was treated in the manner described above.
The chromatography of the crude products on a silica-gel
column with benzene gave six bands. The fifth band afforded
61 mg of 4b as red needles (from ethanol); mp 257—258 °C.
Found: C, 70.50; H, 5.31%,. Calcd for C3,H,,0,: C, 70.83;
H, 5.51%. From the sixth band 276 mg of 2d was obtained.

1,1’-Biazulene-3,3 -dicarboxylic Acid (Ic). A solution

Synthesis of Biazulenes

1149

of 1b (256 mg) dissolved in a solution of potassium hydroxide
(100 mg) in ethanol (25 cm?®) containing water (0.5 cm3) was
heated under reflux for 5 h. After cooling the solution was
diluted with water (30 cm3) and acidified with 2 mol dm-3
HCIL Greenish crystals separated out were collected by

- filtration and washed repeated with water, to afforded 224 mg

(98%) of lc as microcrystals, mp 290—293 °C (dec). IR
(KBr): 3000—2570, 1647, 1456, 1287, 1236, 1029, 755, and
732 cm='. Found:C, 77.02; H, 4.24%,. Calcd for C,,H,,0,:
C, 77.18 ; H, 4.129%,.

1,I'-Biazulene (1a): Heating of le (280 mg) at 250 °C/15
Torrt in a sublimation apparatus afforded 120 mg of blue
crystals which were chromatographed on an alumina column
(benzene) to give a single bluish green fraction, yielding 115
mg (55%) of la as bluish green scales (from hexane): mp
104—105 °C; MS, mfe, 255 (Mt +1, 21.4%,), 254 (M+, 100),
253 (M+ —1, 18.5), 252 (41.4), and 251 (22.8); IR (KBr)
2990 (w), 1567 (s), 1488 (m), 1453 (m), 1406 (w), 1389 (vs),
1304 (m), 1290 (m), 1269 (w), 1212 (m), 1142 (w), 1130 (w),
1043 (w), 967 (w), 961 (w), 943 (m), 900 (m), 877 (w), 855
(w), 827 (m), 787 (vs), 747 (m), 735 (m), and 727 (s) cm-1.
Found: C, 94.35; H, 5.83%,. Calcd for C;0H,,: C, 94.45; H,
5.55%,.

TNB Complex of 1a: Dark blue neeldes (from ethanol):
mp 200—201 °C. Found: C, 56.23; H, 3.17; N, 12.06%,.
Calcd for C;,H,,0,,N;: C, 56.52; H, 2.96; N, 12.13%. IR
(KBr) 2990, 1972, 1569, 1488, 1453, 1389, 1304, 1290, 1269,
1212, 1147, 1130, 1043, 967, 961, 943, 936, 900, 877, 855, 827,
787, 741, 735, and ,727 cm-1.

Ethyl 1,I'-Biazulene-3-carboxylate (1d). To a warmed
ethanol solution (25 cm3) of 1b (76 mg, 0.19 mmol) was added
1 cm?® of aqueous KOH (11 mg, 0.19 mmol) . The solution
was heated under reflux for 15 min and then diluted with
water (50 cm3). The precipitated 1b (3 mg) was colloected
by filtration. The filtrate was acidified with diluted HCI to
give a mixture of di- and monocarboxylic acids which was
collected by filtration and dried. The mixture, without
further purification, was heated at 270—280 °C/10 Torr in
a sublimation apparatus to give a mixture of the decarboxyl-
ated products, which was chromatographed on an alumina
column with benzene. The first elution with benzene afforded
4 mg of la. The second elution with benzene yielded 18 mg
of 1d, blue needles (from ethanol), mp 137—138 °C. Found:
C, 84.89; H, 5.72%. Calcd for C,H,s0O,: C, 84.64; H,
5.56%,.

Dimethyl 1,1'-Biazulene-3,3'-dicarboxylate (1Ie). Treat-
ment of lc (51 mg) with ethereal diazomethane gave 39 mg
of 1e as bluish green needles (from benzene-cyclohexane): mp
232—233 °C; UV,,, (MeOH), nm (log ¢), 240 (4.64), 279
(4.83), 304 (4.71), and 405 (4.14), [575 (2.30) in isooctane];
IR (KBr) 1701, 1200, 1029 cm~!. Found: C, 77.76; H,
4.66%,. Calcd for C,,H,40,: C, 77.82; H, 4.90%,.

1,I'-Biazulene-3,3’-d, (1f).  This compound was prepared
by a modification of the method reported.’® To a solution of
la (50 mg) in cyclohexane (5 cm?®) was added 859% D,PO,
(3 cm?®) under a nitrogen atmosphere. The solution was
shaken until 1a in the organic layer had transferred completely
into the D,PO, phase and then the upper layer was removed
by using a small pipette. To the brown phosphoric acid
layer obtained was added 3 cm?® of deuterium oxide. The
resulting solution was extracted with cyclohexane. The
organic layer was passed through anhydrous sodium sulfate
and evaporated under a reduced pressure. The crude
product was recrystallized from pentane to give 39 mg of 1f
as bluish green scales: mp 103—104 °C; MS, m/e, 256 (M,

t 1 Torr~133.322 Pa.
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100%); NMR (CDCl,) 6=6.97 (t, J=9.5 Hz, H-7,7’), 7.05
(t, J=9.5 Hz, H-5,5"), 7.50 (t, J/=9.5 Hz, H-6,6"), 8.04 (s,
H-2,2’), 8.25 (d, J=9.5 Hz, H-4,4’ or H-8,8’), and 8.29 (d,
J=9.5 Hz, H-8,8’ or H-4,4").

3,3’-Dibromo-1,1'-biazulene (1g). To a solution of la
(50.8 mg) in benzene (2 cm3®) was added NBS (72 mg) with
stirring at room temp. After stirring for a day, the reaction
mixture was chromatographed on an alumina column with
benzene to give 52.8 mg of 1g as blue needles (from
cyclohexane-benzene 9 : 1 mixture): mp 173—175°C; IR
(KBr) 1579, 1381, 862, and 737 cm~!; NMR (CDCl,) 6=
7.20 (t, J=10Hz, H-5,5" and H-7,7"), 7.78 (t, J=10 Hz,
H-6,6"), 7.96 (s, H-2,2), and 8.20 and 8.35 (d, J/=9.5 Hz,
H-4,4 and H-8,8’). Found: C, 58.00; H, 3.079%. Calcd
for CyH,,Br,: C, 58.29; H, 2.949,.

2,2'-Biazulene-1,1'-dicarboxylic Acid (2e). A solution of
2b (180 mg) and potassium hydroxide (60 mg) in 0.5 cm?® of
water and 5 cm? of ethanol was heated under reflux for 3 h,
and diluted water (10 cm?). After cooling, the solution was
acidified by 1 mol dm~23 HCI to give 150 mg (97%) of 2e as
red crystals (from ethanol): mp 160—165 °C (dec); IR (KBr)
3030, 1650, 1395, 1239, 950, and 814 cm~1. Found: C, 77.08;
H, 4.30%. Calcd for C,,H,,0,: C, 77.18; H, 4.12%,.

Dimethyl 2,2’-Biazulene-1,1’-dicarboxylate was obtained by
treatment of 2e with ethereal diazomethane as blue-violet
needles (from methanol): mp 183—184 °C; IR (KBr) 1689
cm~1; NMR (CDCl,) 6=3.63 (s, 2 CO,CH,), 7.40 (s, H-3,3"),
7.3—7.9 (m, H-5—7 and H-5"—7’), 8.38 (d, /=9 Hz, H-4,4'),
and 9.56 (d, /=9 Hz, H-8,8"). Found: C, 77.73; H, 4.819%,.
Caled for C,,H,50,: C, 77.82; H, 4.90%,.

2,2'-Biazulene-1,1',3,3 -tetracarboxylic Acid (2f). A solu-
tion of 2d (300 mg) and potassium hydroxide (320 mg) in
0.5 cm?® of water and 8 cm?® of ethanol was refluxed for 10 h.
The solution was diluted with 20 cm?® of water and filtreted
through a glass-filter to remove an insoluble material. The
filtrate was acidified with 2 moldm=2 HCI and then red
crystals separated out were collected by filtration and
repeatedly washed with water to give 231 mg of 2f as red
crystalline powder, mp 210—215 °C, which is sparingly soluble
in organic solvents. IR (KBr) 3030, 1701 sh, 1658, 1449,
and 1229 cm-!. Found: C, 67.03; H, 3.41%. Calcd for
C,H,,05: C, 66.98; H, 3.289%,. _

Treatment of 2f with diazomethane afforded the tetra-
methyl ether as red prisms (from chloroform): mp—320 °C;
NMR (CDCl;) 6=3.45 (s, OCH;), 7.5—8.0 (m, H-5—7
and H-5—7"), 9.75 (br d, J=9 Hz, H-4,4 and H-8,8);
IR (KBr) 1695, 1451, 1391, 1193, and 1151 cm~*. Found:
C, 68.81; H, 4.549%,. Calcd for C,sH,,04: C, 69.13; H,
4.569%,.

2,2"-Biazulene (2a). Decarboxylation of 2e: Heating of
2e (100 mg) at 250 °C/0.5 Torr in a sublimation apparatus
afforded green solid which was dissolved in chloroform and
the solution was passed through an alumina column. The
solvent of the eluent was removed in vacuo. The residue was
recrystallized from chloroform to give 43 mg of 2a as green
scales with metallic luster: mp>320 °C; IR (KBr) 3030 (w),
1567 (m), 1534 (m), 1451 (m), 1408 (s), 1389 (m), 1359 (m),
1299 (w), 1248 (w), (1096 w), 1012 (w), 989 (w), 971 (w),
899 (w), and 720 (s) cm~'; NMR (DMSO-d;, at 150 °C) 6=
7.15 (br t, J=9 Hz, H-5,5,7,7), 7.40 (br t, /=9 Hz, H-6,6"),
7.85 (s, H-1,1’, 3,3), 8.31 (br d, /=9 Hz, H-4,4',8,8"); MS,
mfe, 255 (M*+ +1, 20.6%), 254 (M, 100), and 252 (27.4).
Found: C, 94.47; H, 5.41%. Calcd for CyH,,: C, 94.45;
H, 5.55%.

Decarboxylation of 2f: The treatment of 2f in a manner
similar to that described above gave 23 mg of 2a.

Deethoxycarbonylation of 2b with 100%, Phosphoric Acid: A
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mixture of 2b (300 mg) and 1009, phosphoric acid (3 cm?®) was
heated at 95 °C for 1 h. The reaction mixture was diluted
with ice-water (10g). Green crystals were collected by
filtration, washed repeatedly with water and dried, yielding
19 mg (99%) of 2a.

Deethoxycarbonylation of 2d with 1009, Phosphoric Acid: A
mixture of 2d (50 mg) and 100%, phosphoric acid (3 cm?) was
heated at 95 °C for 2h. The reaction mixture was treated
in a manner to the above, yielding 20 mg (95%) of 2a.

5,5’-Dimethyl-2,2'-biazulene (8c). A mixture of 8a (55
mg) and 1009 phosphoric acid (3 cm3®) was treated in a
manner similar to the above, yielding 28 mg (99%) of 8¢
as green needles (from chloroform): mp 244—245 °C; MS,
mfe, 282 (M*, 100%), 265 (14), 141 (M?+, 11); IR (KBr)
2985 (w), 2890 (w), 1572 (m), 1522 (m), 1464 (m), 1418 (m),
1391 (s), 1376 (m), 1302 (w), 1250 (w), 1218 (m), 1157 (w),
1057 (w), 979 (m), 936 (m), 910 (m), 837 (m), 804 (s), 794
(m), 763 (w), and 733 (m) cm~!; NMR (DMSO-d,) 6=2.58
(s, 2 CHy), 7.05 (t, J=10Hz, H-7,7'), 7.47 (d, J=10 Hg,
H-6,6"), 7.72 (s, H-1,1',3,3"), 8.18 (d, J=10Hz, H-8,8"),
and 8.27 (br s, H-4,4'). Found: C, 93.13; H, 6.48%,. Calcd
for C,,H,4: C, 93.57; H, 6.439%,.

5,5’-Ditsopropyl-2,2'-biazulene (8d). Deethoxycarbonyla-
tion of 8b with 100%, Phosphoric Acid: A mixture of 8b (40
mg) and 1009 phosphoric acid (3 cm3) was treated in a
manner similar to the above, afforded 20 mg of 8d (from
pentane): mp 150—151 °C; MS, mfe, (Mt 42, 40%), 339
(M* +1, 30), 338 (M, 100), 323 (M* —15, 40), 308 (M+
—30, 6), 265 (12), and 169 (M2+, 9); IR (KBr) 2985 (m),
2959 (m), 1572 (m), 1520 (m), 1460 (m), 1445 (m), 1403 (vs),
1381 sh (m), 1333 (w), 1299 (w), 1250 (w), 1220 (w), 1182
(w), 1136 (w), 1101 (w), 1012 (w), 941 (w), 928 (m), 882 (w),
815 (vs), and 770 (m) cm~1. Found: G, 91.86; H, 7.63%.
Calcd for CoH,g: C, 92.26; H, 7.749,.

With Alkaline Hydrolysis: A solution of 8b (100 mg) and
potassium hydroxide (80 mg) in a mixture of water (0.3 cm?)
and ethanol (5 cm?®) was heated under reflux for 3h. After
cooling, the solution was diluted with water (10 cm®) and
acidified with 1 mol dm=2 HCI to give 72 mg of a tetracar-
boxylic acid. Decarboxylation of the acid (60 mg) by heating
at 260 °C/0.5 Torr in sublimation apparatus afforded 37 mg
of 8d as green needles, mp 150—151 °C (from pentane).

2-Iodoa zulene-1-carboxaldehyde (6c). To a solution of
6a’™ (100 mg) in DMF (0.5cm®) was added phosphoryl
chloride (0.1 cm?®) at room temp with stirring. After being
stirred for another 1 h, the reaction mixture was poured into
sat. aq NaHCO; and extracted with ether. The organic
extract was washed with water, dried over Na,SO,, and
evaporated. The residue was chromatographed on an
alumina column with benzene to give 110 mg (99%) of 6¢c
as red prisms (from ethanol); mp 140—I141 °C; IR (KBr)
1639 cm-1; NMR (CDCl;) 6=7.43 (s, H-3), 7.3—8.0 (m,
H-5—7), 8.33 (d, /=10 Hz, H-4), 9.70 (d, /=10 Hz, H-8),
and 10.12 (s, CHO). Found: C, 47.18; H, 2.70%. Calcd
for G,,;H,0O1I: C, 46.85; H, 2.52%,.

Formylation of 2a. To a suspension of 2a (20 mg) in
DMF (3 cm®) was added POCI; at room temp with stirring.
The mixture was heated at 60 °C for 1 h and then quenched
with water to give green crystals, which were collected by
filtration, dried over CaCl,, in a desiccator. The chromatog-
raphy of the crude products on an alumina column with
chloroform gave 24 mg (989%) of 2¢, dark violet scales, mp
284—285 °C (dec).

Diethyl 3,3'-Dibromo-2,2'-biazulene-1,1’-dicarboxylate (2g).
To a solution of 2b (580 mg) in dry benzene (50 cm3) was
added NBS (636 mg). The mixture was stirred overnight
at room temp. The color of the solution turned bluish violet
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from reddish violet. The solvent was evaporated and the
residue was chromatographed on a silica-gel column with
benzene to give 569 mg of 2g as blue needles (from ethanol):
mp 178—179°C. 1,,, (MeOH), nm (loge¢), 239 (4.37),
315 (4.78), 364 sh, and 380 (3.93) [560 (3.00), 598 (2.97),
656 (2.62) in benzene]; IR (KBr) 1686 cm—'; NMR (CDCl,)
0=0.65 (t, J/=7.0Hz, 2 OCH,CH,), 4.00 (q, /J=7.0Hz,
2 OCH,CH,), 7.35—8.10 (m, H-5—7 and H-5'—7’), 8.58
(d, J=9Hz, H-4,4’), and 9.73 (br d, J=9 Hz, H-8,8").
Found: C, 56.30; H, 3.729%. Calcd for C,eH,,O,Br,: C,
56.16; H, 3.63%,.

Diethyl 3,3'-Diiodo-2,2'-biazulene-1,1’-dicarboxylate (2h).

To a solution of 2b (292 mg, 0.73 mmol) in CH,Cl, (3 cm?3)
was added N-iodosuccinimide (352 mg) with stirring at room
temp. After stirring for 1.5h, the reaction mixture was
chromatographed on an alumina column with benzene to
give violet crystals (496 mg) of 2h. Recrystallization from
EtOH-CH,CI, (9 : 1) afforded blue prisms: mp 207—208 °C;
IR (KBr) 1675, 1195, and 1031 cm~'; NMR (CDCl;) 6=
0.60 (t, J=7.0Hz, 2 OCH,CH,), 3.90 (q, J=7.0Hz, 2
OCH,CH,), 7.36—7.96 (m, H-5—7 and 5—7’), 8.65 (br d,
J=9.5Hz, H-4,4), and 9.75 (br d, J=9.5Hz, H-8,8").
Found: C, 48.26; H, 3.13%. Calcd for C,H,,0,l,: C,
48.04; H, 3.10%,.

Dimethyl 3,3’-Dibromo-2,2’'-biazulene-1,1’-dicarboxylate (2i).

A solution of 2g (988 mg) and potassium hydroxide (1.5 g)
in a mixture of water (5 cm?®) and ethanol (10 cm?) was heated
under reflux for 15h. The solution was diluted with water
and acidified with dilute HCl. The precipitates were collected
by filtration, washed with water, dried over CaCl,, and
recrystallized from ethanol to give a dicarboxylic acid as
black prisms; mp near 300 °C (dec); IR (KBr) 2940 and 1630
cm-!. Found: C, 53.17; H, 2.73%,. Calcd for C;,H,,0,Br,:
C, 52.84; H, 2.24%,. This acid was treated with ethereal
diazomethane to give 2i as violet needles (from ethanol):
mp 285—286 °C; IR (KBr) 1684 cm~'; NMR (CDCl;) =
3.55 (OCH,). Found: 54.28; H, 3.20%,. Calcd for CoH ¢~
O,Br,: C, 54.27; H, 3.04%.

2,2'-Biazulene-1,1" : 3,3 -tetracarboxylic Dianhydride (2j).

A mixture of 2f (1.89 g) in acetic anhydride (15 cm3®) was
heated under gentle boiling for 2 h to give 1.6 g of 2j as red
crystals: mp>300 °C; IR (KBr) 1706, 1133, 1016, and 762
cm~!. Found: C, 72.81; H, 2.65%. Calcd for CyiH,,04:
C, 73.10; H, 2.56%,.

Ethanolysis of 2j. To an ethanol solution of sodium
ethoxide, prepared from 207 mg of sodium, was added 1.3 g
of 2j and the mixture was heated for 1 h. After cooling, the
solution was diluted with water (50 cm?®) and acidified with
dilute HCl to give precipitates which were collected by
filtration, washed with water and dried over CaCl, in a
desiccator. Decarboxylation of the mixture of carboxylic
acids by heating at 260—280 °C/10 Torr gave a brown violet
substance. Chromatography over a silica-gel column using
benzene as an eluent gave four fractions, a, b, ¢, and d. The
fraction a gave 7mg of 2a. The fraction b gave 183 mg
(15%) of ethyl 2,2’-biazulene-1-carboxylate (2k) as blue sacles
(from cyclohexane): mp 145—146 °C; IR (KBr) 1682 cm~*;
NMR (CDCl,) 6=1.26 (t, J=7.0 Hz, OCH,CH,;), 4.41 (q,
J=17.0 Hz, OCH,CH,), 6.78—7.83 (9H, m, H-1",3,3", H-5—7,
and H-5—7’). 8.26 (3H, br d, J=9.5 Hz, H-4,4',8'), and
9.28 (br d, J=9.5 Hz, H-8). Found: C, 84.35; H, 5.70%.
Calcd for C,H,;0,: C, 84.64; H, 5.56%. The fraction c
gave 323 mg (22.4%) of diethyl 2,2’-biazulene-1,3-dicarbox-
ylate (2m) as blue scales (from ethanol): mp 151—152 °C;
IR (KBr) 1677 cm~!; NMR (CDCl;) 6=0.80 (t, /=7.0 Hz,
2 OCH,CH,), 4.08 (q, /J=7.0Hz, 2 OCH,CHj;), 7.46 (s,
H-1,%), 7.0—8.0 (m, H-5—7 and H-5—7’), 8.30 (br d,
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J=9.5Hz, H-4,8’), and 9.58 (br d, J=9.5Hz, H-4,8).
Found: C, 78.64; H, 5.79%,. Calcd for C,sH,,0,: C, 78.37;
H, 5.57%,. The fraction d afforded 528 mg (36.6%,) of 2b.
1,2"-Biazulene-1,3-dicarboxylic Acid (3c). A mixture
of 3b (123 mg) and potassium hydroxide (166 mg) in a mixture
of water (0.5 cm?3) and ethanol (3 cm®) was heated under
reflux for 5 h. The solution was diluted with water (10 cm?)
and acidified with 2 mol dm~—3 HCl. The brown precipitates
separated out were collected by filtration, repeatedly washed
with water and dried over CaCl, in a desiccator to give 97 mg
of 3c as brown crystals (from ethanol): mp 240—243 °C
(dec); IR (KBr) 2915, 1650, and 1645 cm-1. Found: C,
77.31; H, 4.20%,. Calcd for C,,H,,0,: C, 77.18; H, 4.129%,.
Dimethyl 1,2'-Biazulene-1',3-dicarboxylate (3d). Treatment
of 3c with diazomethane gave 3d as dark brown-blue needles
(from ethanol): mp 124—125 °C; IR (KBr) 1686 and 1684
cm~t; UV, (MeOH), nm (log &), 237 (4.58), 288 (4.71),
306 (4.70), 344 sh (4.45), and 426 «(4.14). Found: C, 77.76;
H, 4.669%. Calcd for C,,H,30,: C, 77.83; H, 4.86%,.
1,2'-Biazulene (3a). Heating of 3¢ (64 mg) at 215—
220 °C/15 Torr afforded 43 mg of crude crystals which were
chromatographed on an alumina column with benzene as
an eluent to give 34 mg of 3a as green scales with metallic
luster (from pentane): mp 144—145 °C; MS, mfe, 255 (M*
+1,20.7%), 254 (M+, 100), 253 (M*+ —1, 65.1), 252 (M+ —2,
81.7), 226 (12), 148 (33), 127 (M?*, 15), and 126 (37); IR
(KBr) 3030 (w), 1590 (w), 1565 (s), 1513 (vs), 1468 (w),
1412 (s), 1391 (vs), 1337 (m), 1297 (m), 1261 (w), 1215 (w),
1193 (w), 1110 (w), 1017 (w), 988 (w), 971 (w), 965 (w),
943 (m), 908 (w), 898 (m), 885 (w), 852 (w), 827 (m), 810 (s),
780 (s), and 722 (s) cm~!. Found: C, 94.29; H, 5.55%,.
Calcd for CyH,,: C, 94.45; H, 5.55%,. '
TNB-complex: Brown scales (ethanol); mp 189—190 °C.
Found: C, 67.20; H, 3.51; N, 8.749%,. Calcd for CysH,,0,N,:
G, 66.81; H, 3.67; N, 8.99%,.
2,6’-Biazulene (4a). A mixture of 4b (13 cm?) in 5
cm?® of 1009, phosphoric acid was heated at 95 °C for 2 h.
The reaction mixture was treated similarly to the cases of 2a
from 2b, giving 5mg (90%) of 4a as green scales (from
chloroform): mp 300 °C; MS, mfe, 255 (M+ +1, 21.0%),
254 (M+, 100), and 252 (35.2); IR (KBr) 3070 (w), 1570 (w),
1445 (w), 1399 (m), 1370 (m), 1227 (w), 1196 (w), 1186 (w),
1110 (w), 1014 (w), 990 (w), 971 (w), 909 (w), 899 (w), 876
(m), 810 (vs), 885 (w), and 727 (m) cm~!. Found: C, 94.70;
H, 5.52%,. Calcd for CyH,,: C, 94.45; H, 5.559%,.
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