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order to examine the feasibility of retaining the acetate pro-
tecting groups under detritylation conditions, hydrogen
chloride gas was passed for 2 hr. at room temperature
through a solution of 1.4 g. of the trityl ether diacetate VIb
in 50 cc. of dry chloroform. The solvent was removed ¢n
vacuo and the residue was adsorbed from 1:1 hexane—ben-
zene on 70 g. of Merck alumina. Elution with this solvent
mixture gave 365 mg. of triphenylcarbinol, while benzene
led to an oil and then to a crystalline solid (265 mg.).
Crystallization from methanol-chloroform and from ben-
zene produced needles, m.p. 290-294°, which were shown
by mixture melting point determination, infrared compari-
son and analysis to be somewhat impure lactone diacetate
XIIIb.

Anal. Caled. for CuH;z0s: C, 73.61; H, 9.09; O, 17.31.
Found: C, 73.52; H, 9.21; O, 16.88.

Furtlier development of the chromatogram with benzene—
ether (1:1) and crystallization of the resulting solid from
methanol afforded 240 mg. of methyl treleasegenate 3,21-
diacetate (XIV) as needles showing m.p. 224-228°, [a]p
+80°; ASECL 2,85, 5.77 and 8.0 u.

Anal. Caled. for C35H54O7: C, 71.64;
19.09. Found: C, 71.74; , 9.26; 0, 19.19.

Treleasegenic Acid 28 — 21-Lactone 3-Acetate 30-Trityl
Ether (XVb).—The lactone XIIIa (1.3 g.) was heated on
the steam-bath overnight with 3.0 g. of trityl chloride in 60
cc. of pyridine.. The products were isolated with ether in
the usual manner and chromatographed on 70 g. of Merck
acid-washed alumina. Elution with hexane-benzene (1:1)
gave 2.69 g. of triphenylcarbinol, while benzene and ben-
zene—ether (9:1) removed 1.61 g. of oil, which appeared to
be the desired lactone trityl ether XVa by infrared examina-
tion. For adequate characterization, this material was
transformed into the acetate XVb, which crystallized from
methanol-chloroform as needles, m.p. 213-216°, [a]p +41°,
ASECL 5,65, 5.76, 6.7 (triplet) and 7.95 u.

Anal. Caled. for CHeO;: C, 81.13; H, 8.27; 0, 10.60.
Found: C, 80.73; H, 8.35; O, 10.70.

Cleavage of this acetate trityl ether (1.3 g.) was per-
formed with hyvdrogen chloride—chloroform exactly as de-
scribed above for the trityl ether diacetate VIb and there
was obtained in addition to 150 mg. of unchanged starting
material XVb (m.p. 211-215°), 360 mg. of the lactone 3-

H, 9.28; O,
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monoacetate XVIa, m.p. 300-304° (from methano.—chloro-
form), [a]p +16°; ASES 2,90, 5.65, 5.80 and 8.0 u.

Anal. Caled. for C32H45053 C, 74.96; H, 9.44; (), 15.60.
Found: C, 74.60; H, 9.44; O, 16.21.

Al2-QOleanene-38,218-diol-30-al-28-oic Acid 28 — 21-Lac-
tone-3-Acetate (XVIb) and Conversion to Methyl Machaer-
inate (XVIIa).—A solution of 250 mg. of the lactone 3-
acetate XVIa in 40 cc. of acetone (distilled from potassium
permanganate) was treated dropwise with 0.14 cc. of stand-
ard chromium trioxide-sulfuric acid reagent.® After 5
minutes, much water was added, the product was extracted
with ether and chromatographed on 7.5 g. of alumina.
Elution with benzene—ether (9:1) gave the aldehyde XVIb
as needles (104 mg.) from hexane—benzene, m.p. 290-295°,
[elp +42°; AZEM 5.60, 5.78 and 7.97 p.

Anal. Caled. for CpHy0s: C, 75.26; H, 9.08. Found:
C, 75.04; H, 9.01.

The aldehyde (90 mg.) was heated under reflux for 1 hr.
with 8 cc. of diethylene glycol and 0.4 cc. of 859 hydrazine
hydrate. Potassium hydroxide (0.4 g.) was added, the mix-
ture was heated under reflux for 30 min., the condenser was
removed and the temperature was allowed to rise to 205°.
After heating under reflux for an additional 3 hr., water and
hydrochloric acid were added, the precipitated acid was
collected and methylated with diazomethane. Crystalliza-
tion from aqueous methanol gave 50 mg. of methyl machaer-
inate (XVIIa)®¥ of m.p. 229-232°, [a]p +72°; identity
with an authentic sample!® was established by mixture
melting point determination and infrared comparison.

Acetylation with acetic anhydride-pyridine gave methyl
machaerinate diacetate (XVIIb), m.p. and mixture m.p.
275-278°, [e]p +89°. The infrared spectrum was identi-
cal with that of an authentic specimen.l

(80) See K. Bowden, 1. M, Heilbron, E. R. H. Jones and B. C. L.
Weedon, J, Chem. Soc., 39 (1946); A. Bowers, T. G. Halsall, E. R. H.

* Jones and A. J. Lemin, THis JoUrNAL, 78, 2548 (1953).

(81) For comparison with methyl treleasegenate (Ib), 50 mg. of
methyl machaerinate was boiled for 4 hr. with 10 cc. of 109, methanolic
potassium hydroxide, diluted with water and extracted with ether.
No neutral material was isolated, but acidification, extraction with
ethyl acetate and crystallization afforded 38 mg. of machaerinic acid.
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Azulenes. VIII.!

1- and 2-t-Butylazulene.

Migration of the ¢-Butyl Groiup

By WERNER HERz
RECEIVED OCTOBER 3, 1957

2-t-Butylazulene has been syntheslzed from 2-f-butylindan by the diazoacetic ester method. Application of this proce-
dure to 1-t-butylindan gave a mixture of 1- and 2-t-butylazulene, due to partial migration of the ¢-butyl radical, azuletie and a
small amount of a 1,3-disubstituted azulene, possibly 1,3-di-¢-butylazulene.

Because the position of groups on the azulene nu-
cleus determines the visible absorption spectrum,?
investigations in the azulene series afford a unique
and facile method for studying the migration of
substituents on an aromatic ring. It was this cir-
cumstance which led to the discovery that in the
dehydrogenation of guaiol with selenium, methyl
group migration takes place from the 1- to the 2-
position of the azulene nucleus.

Under the somewhat less rigorous conditions re-
quired by dehydrogenation with palladium—char-
coal, migration of alkyl groups seems to be sus-
ceptible to steric factors. Thus, 1-methyl, 1-ethyl-
and l-isopropylazulene all have been prepared in
pure form.? On the other hand, while no migration

(1) Paper VII, W, Herz, TE1s JOURNAL, T8, 1485 (1958).
(2) For a review, see M. Gordon, Chem. Rews., §0, 127 (1952).

occurs in the preparation of 1,4,8-trimethylazulene,?
replacement of the 1-methyl group by the bulkier
isopropy! radical results in isopropyl group migra-
tion and formation of vetivazulene.*® Similar re-
sults, apparently due to interference between iso-
propyl and methyl groups in position 1 and 8 of the
azulene nucleus, were reported subsequently® in
another series of compounds. Ukita and co-work-
ers’ also - observed isopropyl group migration
when the tertiary alcohol obtained from the reac-

(8) W. Herz, TH1s JOURNAL, T4, 1350 (1952),

(4) W. Herz, ibid., 75, 73 (1953).

(6) The same migration, but under very much milder conditions
(dehydrogenation with chloranil of the product which results when 1-
isopropylazulene is treated with excess methyilithium), has been ob-
served recently by K. Hafner and H, Weldes, Ann., 606, 90 (1957).

(6) W. Herz and B. E. Cleare, THIS JoURNAL, T7, 2318 (1955).

(7) T. Ukita, H. Watanabe and M, Miyazaki, #bid., 76, 4584 (1954).
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tion of a-kessyl ketone with isopropylmagnesium
iodide was dehydrogenated.

Of the monosubstituted azulenes synthesized
thus far, only 1-phenylazulene has exhibited a tend-
ency to rearrange under dehydrogenating condi-
tions.® To which of several possible influences the
migration of the phenyl group in this particular in-
stance should be attributed cannot be decided on
the basis of the available evidence. However, 1-
benzylazulene does not rearrange under com-
parable conditions® and 1-benzhydrylazulene seems
to be stable under the conditions of the Ziegler—
Hafner azulene synthesis.!

It appeared plausible that if steric factors play a
role in these alkyl group migrations, an attempt at
synthesis of 1-t-butylazulene might give rise to a
certain amount of 2-f-butylazulene, due to the
greater bulk of the ¢-butyl group as compared with
that of the isopropyl radical. These expectations
were borne out by the experimental facts described
in this paper.

Authentic 2-t-butylazulene was synthesized by
the series of reactions which need not be described
in detail

CH:.C=CCN  CH;MgX
—_—
CH; CO:Et
C|3N
(CH;)CCHCN  NaOEt CH,CC(CHy)s
—_—
COEt CsH,CH,Cl CO.Et
Jon-
c,ogH
CH,CHC(CH:): A A—CHQCC(CHQ;
| <~ ' ’
CO:H N Co.H
| 1, soct,
¢ 2, AlICl,
AN
Zn ' ]
C(CH;); HCL N\ \\/——C(CHa)a
I
0
1, N,CHCO;Et
2o la, Pd-C

&Y Sctemy

2-t-Butylazulene, a violet solid, m.p. 70-71°, was
characterized through its trinitroberzene complex
and exhibited the expected peaks in the visible and
ultraviolet spectrum (Figs. 1 and 2).

When 1-t-butylindan, prepared as shown below,
was subjected to treatment with diazoacetic ester
and the resulting material hydrolyzed and dehydro-
genated with palladium—charcoal, the azulene pro-
duced was obviously a mixture.

(8) Pl A, Plattner, R, Sandrin and J. Wyss, Help. Chim. Acta, 29,
1604 (1948); Pl A. Piattner, A. Fiirst, M. Gordon and K. Zimmerman,
ibid., 88, 1910 (1950),

(9) A. G. Anderson, Jr,, and E, J. Cowles, THIS JOURNAL, T7, 4617
(1955).

(10) K. Hafner, Ann., 606, 79 (1957).
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A combination of chromatography, partition be-
tween acid and organic phases!! and fractional
crystallization permitted the isolation and identi-
fication of three substances: (1) 2-t-butylazulene,
whose identity was established by comparison with
the authentic material (vide supra); (2) 1-t-butyl-
azulene, a blue liquid, which was characterized
through its trinitrobenzene complex and exhibited
the expected peaks in the visible and ultraviolet
spectrum (Figs. 1 and 2); and (3) azulene which
was identified by its visible spectrum and conver-
sion to the trinitrobenzene complex. A fourth, deep-
blue fraction was isolated in very small amount,
but could not be characterized sufficiently to
permit identification. The visible spectrum, given
in the Experimental section, indicated substitution
in position 1 and 3 of the azulene nucleus and it is
reasonable to assume that we were dealing with
1,3-di-¢-butylazulene.?

The isolation of azulene and a 1,3-disubstituted
azulene fraction (di-f-butylazulene?) in the present
instance is analogous to the simultaneous formation
of azulene and a 1,3-disubstituted azulene (di-
benzylazulene?) from 1-benzylazulene on heat-
ing®!® where, however, no rearrangement to the 2-
position was observed. Although the evidence
gathered so far suggests it, it would be premature to
conclude that 1,3-disubstitution, which probably
involves an ionic process!* and must be preceded or
accompanied by dealkylation, and migration are
entirely separate, independent reactions. It is
conceivable that the products of dealkylation and
disubstitution escaped detection during -earlier
work which reported only on products of migra-
tion.4—%

Acknowledgment.—This work was supported in
part by a grant from the National Science Founda-
tion for which I express my thanks.

(11) Pl. A. Plattner, E, Heilbronner and S. Weber, Helo, Chim.
Acta, 83, 574 (1949); 88, 1663 (1950).

(12) The behavior of the corresponding naphthalene derivative is of
interest, E. Illingworth and A. T. Peters, J. Chem. Soc.. 1603 (1951),
state that 1-f-butylnaphthalene does not isomerize on heating except
in the presence of certain catalysts. However, reference is made to
unpublished work by N. G. Bromby, Thesis, Leeds University, 1941,
who observed that 1-f-butyl-3,4-d{hydronaphthalene was converted, on
dehydrogenation with sulfur, to naphthaiene, 2-f~butylnaphthaiene
and a small amount of oil whose picrate was identical with the picrate
of authentic 1-t-butylnaphthalene,

(13) Under very much milder conditions, dealkylation as well as
migration of an isopropenyl or isopropyl group was reported? as arising
during the hydrogenation of 3-isopropenyl-S-guaiazulene.

(14) A. G. Anderson, Jr., J. A. Nelson and J. J. Tazuma, THIS
JournNalL, 75, 4980 (1953).
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Fig. 1.—Visible spectrum: - - - -, 1-¢-butylazulene; s

2-¢-butylazulene in isoéctane solution.

Experimental’®

B-t-Butylhydrocinnamic Acid.—The procedure given for
the conjugate addition of ¢-butylmagnesium chloride to
cinnamic acid® was modified in several minor details.
The ether solution of the organic acids was concentrated
tn vacuo. The residual yellow solid, wt. 140 g., from a run
using two moles of cinnamic acid, was recrystallized once
from acetonitrile and once more from water—-acetic acid.
This resulted in 116 g. of pure product, m.p. 114-115°.

1-t-Butylindane.—The above acid was converted to 3-i-
butylindanone by the method of Koelscli.l? The dinitro-
phenylhydrazone was recrystallized from ethyl acetate and
melted at 177°, scarlet plates or orange needles depending
on speed of crystallization.

Amnal. Caled. for C19H2004N4: C, 6194,’ H, 547,‘ N,
15.21, Found: C, 62.06; H, 5.31; N, 15.6.

Clemmensen reduction of 103 g. of the inndanone with 250
g. of freshly cleaned and amalgamated zinc, 100 ml. of
water and 250 ml. of hydrochloric acid, accompanied by
addition of three 100-ml. portions of hydrochloric acid at 6-
hour intervals, resulted in isolation of 83 g. (87%) of 1-t-
butylindane, b.p. 67-68° (1.4 mm.), #%?p 1.5192,

Anal. Caled. for C3His: C, 89.59; H, 10.41.
C, 80.45; H, 10.28.

Ethyl Benzyl-t-butylcyanoacetate.—To a solution of
34.5 g of sodium in 1 1. of absolute ethanol was added 255 g.
of ethyl ¢-butyleyanoacetate!® with stirring, and then 189 g.
of benzyl chloride. The mixture was refluxed with stirring
for 18 hours, the alcohol was removed ¢n vacuo, the residue
cooled, diluted with water, and extracted with ether. The
ether extracts were washed, dried, and distilled; fore-
run (mixture of starting materials) wt. 80 g., main fraction,
b.p. 140-150° (2.5 mm.), wt. 280 g. (729%). The analytical
sample boiled at 142° (2 mm.), #23p 1.4982.

Anal. Caled. for CisHnO.N: C, 74.14;
Found: C, 74.11; H, 7.95.

2-Benzyl-3,3-dimethylpropionic Acid.—A mixture of 33
g. of ethyl benzyl-t-butyleyanoacetate, 350 ml. of ethylene
glvcol, 20 ml. of water and 80 g. of potassium hydroxide was
refluxed for six days in a copper flask, cooled, diluted with
water and extracted with ether to remove partially hydro-
lyzed neutral material. Evaporation of the ether extract
left no residue. The aqueous laver was acidified and ex-
tracted thoroughly with ether. The ether extracts were
washed thoroughly, dried, and concentrated on the steam-
bath. The residue crystallized on standing, wt. 16.5 g.
(63%). The substance was purified by distillation, b.p.

Found:

H, 8.18.

(15) M.p.'s and b.p.'s are uncorrected. Analyses by Drs, Weiler
and Strauss, Oxford, England. Uitravioiet and infrared spectra were
determined by Miss N. Esquivel on Beckman model DKi and Perkin~
Elmer model 21 spectrometers.

(16) J H.Wotiz, J.S. Matthews and H. Greenfield, THIS JOURNAL,
75, 6342 (1953). Iamindebted to Mr. C.J. Ciotti who carried out this
preparation,

(17) C. F. Koelsch, ibid., 68, 1640 (1943).

(18) E. R. Alexzander, J. D. McCollum and D. E, Paul, ibid., 72, 4791
(1950).
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Fig. 2.—Ultraviolet spectrum: ----, 1-f-butylazulene;

, 2-t-butylazulene in isodctane solution.

132-138° (1 mm.), and crystallization from pentane in
which it was quite soluble; m.p. 70°.

Anal. Caled. for Ci3sHis05: C, 75.69; H, 8.80. Found:
C, 75.69; H, 8.69.

In a subsequent run, 144 g. of ester on refluxing for seven
days in an analogous fashion, yielded only 46 g. (40%) of
the acid and 22 g. (199%,) of a neutral solid which on recrys-
tallization from petroleum ether (b.p. 30-60°) melted at
89.5-90°. Analysis and the infrared spectrum (NH at
3505, 3300 cm. "1, amide carbonyl at 1678 cm. 1) of the col-
orless needles showed that this material was the amide.

Anal. Caled. for CisH;sON: C, 76.05; H, 9.33; N,
6.82. Found: C, 75.81; H, 9.17; N, 7.25.

2-t-Butylindanone,—A mixture of 62 g. of the previous
acid and 70 ml. of thionyl chloride was warmed on the
steam-bath for several hours. The excess of thionyl chlo-
ride was removed 47 vacuo, the residue was- dissolved in 250
mi. of thiophene-free benzene and 45 g. of anhydrous alumi-
num chloride was added in small portions. The mixture
was allowed to stand for three hours and decomposed by
pouring over ice-hydrochloric acid. The organic layer was
extracted with ether. The ether layers were ‘washed
thoroughly with water, dilute base and again with water.
Distillation furnished a fraction boiling in the range 113~
120° (2.5 mm.), yield 47.5 g. (84%). Redistillation re-
sulted in a b.p. of 113-115° (2.5 mm.), #¥p 1.5332.

Anal. Caled. for C3H;O: C, 82.93; H, 8.57.
C, 82.69; H, 8.38.

The dinitrophenylhydrazone, orange-red needles from
ethyl acetate, melted at 200-201°. A mixed m.p. with di-
nitrophenylhydrazine was depressed to 178-182°,

Anal. Caled. for CyHO4N:: C, 61.94;
Found: C, 62.15; H, 5.30.

2-t-Butylindan,—Clemmensen reduction of 39 g. of 2-¢-
butylindanone in the manner described previously rasulted
in a main fraction, b.p. 75-82° (1 mm.), wt. 21 g., and a
higher boiling fraction, b.p. 83-110° (1 mm.), wt. 8.5 g.,
which consisted largely of starting material and was used
in another run. From a total of 86 g. of 2-¢-butylindanone
there was thus obtained, after repeated fractionation, 52 g.
(77%) of 2-t-butylindan, b.p. 69-73° (0.8 mm.), %2
1.5120, and 13 g. of higher-boiling material.

Anal. Caled. for CsHyst C, 89.59; H, 10.41.
C, 89.38; H, 10.54.

2-t-Butylazulene.—Reaction of 52 g. of 2-f-butylindan
with eight 10-12-g. portions of ethyl diazoacetate in the
manner previously described!? resulted in recovery of 19 g.
of crude indan and isolation of 38 g. of highly colored ester,
b.p. 130-180° (3.5 mm.). This was saponified by refluxing
with 150 ml. of ethanol, 40 ml. of water and 25 g. of potas-
sium hydroxide. The crude acid fraction, wt. 26 g., upon
distillation furnished 17 g. of viscous dark-green material,
b.p. 175-190° (2 mm.), which was dehydrogenated and de-

(19) W. Herz, ibid., 78, 4923 (1951).

Found:

H, 5.47.

Found:
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carboxylated by mixing with 3 g. of 109, palladium-on-char-
coal and distilling over an open flame. The azulene was
separated from the violet-blue distillate by extraction with
85% phosphoric acid; dilution of the phosphoric acid layer
with water and extraction with petroleumn ether gave, upon
removal of solvent, 3.1 g. of solid violet-blue azulene. The
non-azulenic fraction was dehydrogenated once more with
2 g. of 109, palladium-on-charcoal. An additional 1.1 g.
of 2-t-butylazulene could be obtained in this way.

The azulene was converted to the trinitrobenzene complex;
wt. of first crop 5.3 g. (the mother liquors yielded additional
material which was not used in the purification procedure).
Decomposition of the complex over alumina (solvent and
eluent petroleum ether) yielded violet-blue needles which
were sublimed at 70° (0.5 mm.) and melted at 70-71° with
previous softening near 67°.

Anal. Caled. for CyHis:
C, 91.10; H, 8.71.

A solution of 7.9 mg. in 5 ml. of spectral grade isodctane
was used for determining the ultraviolet and visible spectrum.
Maxima in the visible were at 679 mu (e 92), 668 (86), 651
(83), shoulders at 637 and 625, 614 (246), 607 (234), 594
(224), 580 (shoulder, e 274), 570 (280), 562 (280), 551
(shoulder), 544 (224), 537 (212) and 527 (shoulder). Max-
ima in the ultraviolet occurred at 344 mu (log ¢ 3.74), 328
(3.60), 316 (3.43), 300 (3.79), 282 (4.97), 275 (4.92) and
237 (4.30).

The trinitrobenzene complex was recrystallized three times
from absolute ethanol. The rust-colored needles melted at
148.5-150° dec.

Anal. Caled. for CyHpsN3;Os: C, 60.41;
10.6. Found: C, 60.64; H, 4.97; N, 10.5.

1-t-Butylazulene.—Treatment of 50.5 g. of 1-t-butylindan
with eight 11-g. portions of ethyl diazoacetate resulted in
recovery of 19 g. of crude starting material (b.p. up to 125°
at 1 mm.) and 45 g. of product, b.p. 125-160° (2 mm.).
This was hydrolyzed with 150 ml. of ethanol, 45 ml. of water
and 25 g. of potassium hydroxide. The acid fraction, b.p.
170-180° (2 mm.), wt. 29.5 g., was dehydrogenated and de-
carboxylated by distilling over an open flame from 4 g.
of 109, palladium-on-charcoal. The blue distillate (azulene
mixture I) was collected at 80-130° (2 mm.)?; the forerun
and residue were subjected to another dehydrogenation with
palladium-on-charcoal and yielded more azulene mixture I,
b.p. 80-130° (2 mm.). A higher boiling fraction, b.p. 130-
190° (2 mm.), which appeared to be more violet was col-
lected separately (azulene mixture II).

The combined fractions of b.p. 80-130° (2 mm.) were
percolated through an alumina column (solvent and eluent
petroleum ether). The first colorless eluate yielded a vis-
cous high-boiling fraction, wt. 1.9 g. The color of the
azulene which was eluted subsequently changed gradually
from blue to blue-violet, The last more dilute fraction was
collected separately and evaporated to dryness. The violet-
blue crystalline residue was sublimed, but could not be in-
duced to melt sharply, m.p. 65-70°. That this material
was impure azulene (lit.2 m.p. 99.5-100°) was shown by its
visible absorption spectrum whose sharp bands and extinc-
tion coefficients (Amax 698, 663, 634, 604, 580, 555, shoulders
at 535 and 515 mu; emax 115, 132, 299, 295, 329, 269) coin-
cided almost exactly with the reported spectrum of azulene,!
as well as by conversion to a trinitrobenzene complex, m.p.
165-166° (lit.2 166.5-167.5°).

The remaining azulene mixture I, wt. 6.3 g., was mixed
with a solution of 7 g. of trinitrobenzene in 200 ml. of hot

C, 91.23; H, 8.77. Found:

H, 4.82; N,

(20) The phosphoric acid extraction procedure was not used, in
order to minimize possible migration of the ¢-butyi group under the
influence of an acid catalyst.

(21) Pi. A, Piattner and E. Heiibrouner, Hely. Chkim. Acta, 80, 810
(1947).
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ethanol. On standing, there precipitated 6.5 g. of a mix-
ture of trinitrobenzene complex and trinitrobenzene. On
concentrating the filtrate to 30 ml., a second crop weighing
3.0 g. was obtained. The mother liquors were allowed to
evaporate to small volume and filtered. The blackish solid
residue was passed through an alumina column (solvent and
eluent petroleum ether). Tlie eluate portion containing
the azulene was extracted repeatedly with 30-ml. portions
of 859, phosphoric acid in which the azulene appeared to be
relatively insoluble. The first three 30-ml. phosphoric acid
portions were combined and diluted with water, the azulene
was extracted with petroleum ether, the solvent removed
and the azulene distilled in a sublimation apparatus. The
blue-violet oil, wt. 0.106 g., was dissolved in 10 ml. of warm
ethanol containing 75 mg. of trinitrobenzene, the mixture
was heated to boiling and allowed to stand. The long, vio-
let-black needles were recrystallized once more from ethanol
and then melted at 123.5-124.5°. The spectrum identified
this material as 1-t-butylazulene.

Anal. Caled. for CyHppN3zOs: C, 60.41;
10.6. Found: C, 60.23; H, 4.75; N, 10.6.

For spectral measurements 23.4 mg. of the coniplex was
decomposed on a small alumina column (solvent and eluent
spectral grade isoéctane). Maxima in the visible region
occurred at 742 mu (e 30), 710 (shoulder, 42), 668 (165), 659
(143), 637 (shoulder, 168), 627 (shoulder, 184), 608 (220),
583 (186), 565 (shoulder, 164) and 535 (shoulder, 107).
Bands in the ultraviolet were found at 362 mu (log € 3.55),
346 (3.72), 337 (3.51), 331 (8.50), 208 (3.73), 284 (4.78),
278 (4.81) and 274 (4.75).

The first two crops of trinitrobenzene complex from azu-
lene mixture I were combined and decomposed by passage
through an alumina column (eluent petroleum ether). The
violet-blue eluate was concentrated on the steam-bath,
but did not solidify (azulene mixture III). A 0.35-g. por-
tion of this material in 10 ml. of ethanol was mixed with
0.4 g. of trinitrobenzene in 10 ml. of ethanol, heated and
allowed to cool. After two recrystallizations from ethanol,
the rust-colored needles melted at 150.5-151°, no depres-
sion on mixing with trinitrobenzene complex of authentic
2-t-butylazulene. Decomposition of the complex on an
alumina column gave a solution whose visible spectrum was
identical with the visible spectrum of authentic 2-t-butyl-
azulene.

Similarly, azulene fraction II, after percolation through
an alumina column, was converted to the trinitrobenzene
complex. Two recrystallizations from ethanol furnished
crystals of m.p. 146.5-147.5° (the lower m.p. may be due
to slight contamination by other azulenes). The visible
spectrum of the azulene recovered by decomposition of the
complex was identical with the visible spectrum of authentic
2-t-butylazulene.

A sample of azulene mixture III was chromatographed
over a large amount of alumina. The initial drops of azu-
lene eluate appeared to be pure blue, rather than blue-violet,
and were collected separately. The comparative sharpness
of the bands in the visible spectrum of this material indi-
cated a reasonable degree of purity; maxima were observed
at 774, 690 (center of a relatively broad band with indica-
tions of sub-peaks near 680 and 700 mu), 662 (shoulder),
634, 631 (strongest band), 604 and 579 mu (shoulders).
These maxima are characteristic of 1,3-disubstituted azu-
lenes. Evaporation of the solvent left 21 mg. of a blue oil
which was mixed with 25 mg. of trinitrobenzeue in 2 ml. of
warm ethanol. On chilling there separated violet-black
needles, m.p. 101~112°, mixed with crystals of trinitroben-
zene. Because of the relatively great solubility of this com-
plex in ethanol, it was not possible to recrystallize this
material to a constant sharp m.p.

H, 4.82; N,
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