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The preparations of the dioxime and the dioxime diacetate of 1,3-diaeetylazulene are described. Studies on the re
arrangement of the dioxime and two geometric isomers of the dioxime diacetate are presented which include the characteri
zation of all of the major products formed, considerations of how these arose, and an assignment of the configurations of the 
isomeric dioxime diacetates as anti-anti and syn-anti with reference to the azulene ring. The visible absorption spectra of the 
new 1,3-disubstituted azulenes are tabulated and generally found to agree with Plattner's rule. 

In earlier work3 it was found that the oxime of 
1-acetylazulene (I) could be prepared readily and 
Beckmann rearrangement of this compound with 
phosphorus pentachloride gave 1-acetamidoazulene 
(II) in low (16%) yield. There was considerable 
decomposition during the rearrangement reaction 
and the only other simple product obtained ap
peared to be 1-acetylazulene, presumably formed 
by hydrolysis of unrearranged oxime during the 
work-up. This result could be interpreted in 
several ways: that only one form of the oxime was 
obtained (the derivative melted sharply), that one 
form rearranges and the other hydrolyzes, or that 
the N-methylamide product is unstable, etc. In 
any event, the fact that only one rearrangement 
product was obtained led to consideration of the 
method as one' means of preparing the 1,3-diacet-
amide derivative IV, a possible intermediate in the 
synthesis of the corresponding diamine. 

CH3 0 
Ii 

C=N-OH NH-C-CH3 
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Accordingly, the dioxime of 1,3-diacetylazulene 
(III) was prepared (82%) and, as with I, only one 
form was isolated. Treatment of III (a green 
solid) with phosphorus pentachloride in absolute 
ether gave two new products plus a small amount 
of the diacetylazulene. The products, obtained in 
21 and 25% yield, respectively, proved to be 1,3-
diacetamidoazulene (IV) and l-acetamido-3-acetyl-
azulene (V), which had been prepared previously.4 

Compound IV presumably was formed by bis 
rearrangement of that form of the dioxime in which 
the azulene ring was anti to the hydroxyl of both 
oxime functions. V must arise from hydrolysis 
during work-up, possibly of a chloroimine group 

? H ' ft ft 
C=NOH NHCCH3 NHCCH3 

(1) Taken in part from the Ph.D. Thesis of Charles G. Fritz. 
(2) Supported in part by contract DA-04-4200-ORD-235 with the 

Office of Ordnance Research, U. S. Army, and by the Agnes H. Ander
son Research Fund, 

(3) A. G. Anderson, J. A. Nelson and J. J. Tazuma, T H I S JOURNAL, 
75, 4987 (1953). 

(4) A. G. Anderson, R. Scotoni, E. J. Cowles and C. G. Fritz, J. 
Org. Ckem., 22, 1193 (1957). 

formed by reaction of the oxime with phosphorus 
pentachloride or, alternatively, unreacted oxime 
might have been hydrolyzed during the several 
chromatographic processes which were performed. 
As. will be shown later, the latter explanation is 
probably not the correct one. The results do not 
permit definite deductions regarding the configura
tion of the second oxime group in the precursor to 
V. 

The above observations led to a more thorough 
study of the reaction. When a catalytic amount 
of sulfuric acid was added to a solution of III in 
ethanol and dichloromethane, the only product 
was unchanged starting material. Repetition of 
this reaction in ethanol alone again gave mostly 
starting material plus small amounts of two prod
ucts, one of which was identified as V.6 Thus 
essentially no rearrangement or hydrolysis (the 
reactions were quenched with water) occurred with 
sulfuric acid. 

When a similar reaction was carried out using 
acetic anhydride and sodium acetate a diverse 
mixture of products was formed. Since the rear
rangement presumably proceeds via the acetylated 
oxime under these conditions, it was decided to try 
to isolate the intermediate diacetate of III. When 
the reaction was repeated and stopped after two 
minutes, two main products (one dark blue, the 
other pale violet) were obtained, both of which an
alyzed as the expected diacetate. As will be shown 
later, these compounds are probably the isomeric 
structures VI (68.5%) and VII (15.5%). In no 
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run was any product corresponding to the third 
possible geometric isomer observed. Also it was 
found that VII would not isomerize to VI under the 
conditions of the acetylation. 

The rearrangement of the two diacetates was 
investigated next. When a mixture of VI and VII 
as obtained from the acetylation of III was heated 
with the dilute acetic acid, IV (5.5%) and V (16%) 
were again the products formed. When a mixture 
of the diacetates was chromatographed over basic 

(5) The other product from the sulfuric acid-catalyzed reaction 
was not obtained from any other rearrangement nor characterized. 
It is possibly 1,3-diacetylazulene monoxime. 
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alumina, IV (ca, 30%) was again obtained along 
with either V (ca. 30%) or VI I I (11%), the oxime 
precursor of V. When V was formed there was 
also recovered some unrearranged diacetate VI. 
The identity of VI I I was shown by the preparation 
of this new product in 9 3 % yield from V. 

NH-C-CH, 

VTTT 
C=N-OH 

CH, 

A series of experiments was next carried out on 
the rearrangement of pure VI. When VI was 
warmed with a sodium acetate buffered ethanol 
solution, the same two compounds were formed; 
4 4 % of IV bu t only trace amounts of V. The pro
portions of sodium acetate, acetic anhydride and 
acetic acid were then varied in a regular manner for 
three runs such t ha t one was basic, one approxi
mately neutral and one relatively acidic. I t was 
observed t ha t the relative amounts of IV and V 
formed varied from 0% IV and 69.8% V with ex
cess sodium acetate to 46 .5% IV and 21.8% V with 
excess acetic acid. Also, in the basic and neutral 
runs a third product (VIII) was formed in 30 and 
2 % yields, respectively. The total yields for the 
three runs were 99.8, 95 and 68 .3%. 

On the basis of the above results certain state
ments may be made. The hydrolysis of the oxime 
acetate group to the free oxime occurs readily and 
the subsequent hydrolysis of the oxime to the ke
tone is, as expected, more nearly complete under the 
more acidic conditions. Apparently, also, the free 
oxime has a lesser tendency than the oxime acetate 
to go to the ionic species which rearranges. The 
lower total yield from the more acidic reaction con
ditions would seem to indicate t ha t either the ob
served rearrangement products are less stable in 
acid or that other unstable products are formed. 
I t was determined that IV did indeed undergo hy
drolysis readily under acidic conditions. None of 
the expected diamine could be isolated, however, 
so this compound, like 1-aminoazulene, is ap
parently quite unstable. I t may be argued tha t 
the two groups do not rearrange simultaneously to 
form IV and, also, tha t the first rearrangement proc
ess would be sufficiently slow (the intact oxime ace
tate group present is electron withdrawing, as evi
denced by its causing a hypsochromic shift of 12 
mfi in the visible spectrum, and might have some 
effect on the reaction) to permit the occurrence of a 
parallel reaction to form IX, either by a t tack of the 
positive nitrogen by the solvent or by base-cat
alyzed hydrolysis of the acetate ester. 
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x r-N0/v-
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to give VI I I and this, on hydrolysis, would give V. 
Alternatively I X could undergo further a t tack by 
the solvent to give I I I . This step might be re
tarded, and the rearrangement aided, by the in
fluence of the oxime group present which causes a 
bathochromic shift ( + 13 rmj) and thus is ap
parently electron donating. This would account 
for the formation of V and VI I I and of no dioxime 
I I I or hydrolysis products of I I I . 6 

When the first rearrangement precedes hydroly
sis, X is formed and this may now further rearrange 
to IV, a step which would possibly be favored by 
the presence of the acetamido group, or undergo 
hydrolysis to give VI I I and V. As the actual se
quence of reactions leading from VI to the various 
products was not determined (this would be ex
tremely difficult if possible a t all), the above com
ments are, for the most part , quite tentat ive con
clusions. I t should be noted t ha t the structures of 
the three products formed are consistent with the 
structure formulated for VI. 

The rearrangement of pure VII was now ex
amined. I t had been observed tha t some reaction 
took place when the purification of this compound 
was a t tempted by chromatography on acid-washed 
alumina. Repetition of this procedure with sep
aration and isolation of the products showed tha t V 
and VI I I were being formed by rearrangement on 
the column.7 Trea tment of VII with a buffered 
ethanolic solution of sodium acetate and acetic 
acid gave, surprisinglv, the same three products, 
IV (5.4%), V (2S.4%)"and VI I I (18.2%,), t ha t had 
been obtained from VI. I t will be noted t ha t the 
total yield (ca. 52%) was considerably lower than 
those from the rearrangement of VI, tha t none of 
the rearrangement product having an N-methyl-
carboxamido group (XII) was found, and tha t IV 
would not be formed directly from the structure 
given for VII . No reason was found for the lower 
total yield of products. The absence of X I I in the 
products may mean tha t the oxime acetate con
figuration having the methyl and acetate groups 
and underwent hydrolysis at a ra te exceeding tha t 
of rearrangement. An alternative explanation 
tha t the X-methylcarboxamido group was not 
stable under the conditions of the reaction was 
shown not to be the case when X I I was prepared 
from X I 4 by t reatment of the latter with methyl -
amine and was found to be stable. 

X> 
XL xn 

C-Nr'C!' 

8 

Either process would take place more readily in 
the more basic solutions. I X could then rearrange 

C-0CH, 

6 
The formation of the small amount of IV would 

be accounted for if V H I were contaminated with 
VI. This possibility seemed likely since the two 
isomers were separated by fractional crystalliza-' 
tion and, further, since in some runs of the rear
rangement of VTI no IV was obtained. To sub
stant iate this postulation the purity of VII was 

(0) In a few runs trace amounts of 1,3-diacetvlazulene were isolated. 
(7) In contrast, VI could be chromatographed repeatedly on acid-

washed alumina without appreciable rearrangement or decomposition. 
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TABLE I 

ABSORPTION SPECTRA (M^ AND C M . - 1 ) OF 1,3-DISUBSTITUTED AZULENES" 

Groups 

C H 3 C = N O H , C H 3 C = N O H ' 
I I 

O 
Il 

C H 3 C = N O H , - N H C C H 3 

Calcd. 

606 
Obsd. 

610 
% dev. b 

0.7 

IAm 
Calcd. 
16500 

Obsd. 

16400 
% dev.b 

0.6 

633 630 15570 15870 l . t 

C H 3 C = N O H , - C O C H 3 556 552 .7 18080 18120 0.2 

- C - N H C H 3 , 
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Il 

- C - N H C H 3 , 
O 
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- C N H C H 3 ' ' 
O 
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- N H C C H 3 

O 
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- C C H 3 

C H 3 C = N O H 

526 

593 

510 

566 

525 

590 

510 

570 

18960 19050 

16800 

19620 

17730 

16950 

19610 

17540 

" All spectra were taken in alcohol. ' % deviation = difference + Xmal (obsd.) or 1/Xrc 
0.1. ' Average shift is + 1 4 m^ or —400 cm."1 . d Average shift is —26 m^ or +830 c m . - 1 

1.1 

(obsd.) X 100 to the nearest 

examined more closely. The color (VII was pale 
violet and VI dark blue), melting point (which 
was sharp) and ratio of the peak heights in the in
frared were all found to be constant for the samples 
of VII which gave IV and those which did not. 
This indicated that VII was a pure compound and 
that the two peaks at 5.7 and 5.85 /x resulted from 
the presence of two slightly different carbonyl 
groups rather than from the presence of IV (which 
showed a single peak at 5.7 M) as an impurity. 
Strong evidence for the correctness of this con
clusion was provided by the preparation of the ace
tate of the oxime of 1-acetylazulene. This com
pound should exist as a mixture of the syn (XIII) 
and anti (XIV) forms and, if the two carbonyls 
are different as postulated, show absorption at 
both 5.7 and 5.85 p. This was found to be the case. 
Indeed, no evidence for the presence of VI in VII 
was obtained. 

/OAc 

OAc 

X E W 

The partial isomerization of VII to VI would af
ford a second way in which IV could be formed. 
This isomerization did not take place on pro
longed standing of VII either in the solid or 
liquid phase or with an inert solvent. Further, no 
conversion to VI was effected by refluxing VII in 
a sodium acetate buffered acetic anhydride solution 
(the conditions of acetylation). In spite of these 
results, isomerization under the rearrangement re
action conditions is not precluded and, at this point, 
seems the more likely explanation. 

The assignment of the structures shown for VI 
and VII is reasonable with respect to the results of 
the rearrangement reactions and is supported by 
consideration of the infrared spectra and molecular 

models. The carbonyl absorption data discussed 
above are consistent with the configurations pre
sented. Further, in the models wherein the ace
tate group is anti to the azulene ring the entire 
oxime acetate substituent is free to rotate around 
the bond joining it to the ring and at no position is 
the ester group in close proximity with the 
7-membered ring. For the other configuration 
(acetate group syn to the azulene ring), however, 
free rotation cannot occur and the carbonyl group 
may get so close to the 7-membered ring that inter
action of the negative end of the carbon-oxygen di-
pole with the positive end of the azulene dipole 
would occur. This would account for the observed 
displacement of the carbonyl absorption from 5.7 
to 5.85 n. Finally, the molecular models show 
that the isomer in which both acetate groups are 
syn to the ring is sterically considerably less favored 
than either of the others. 

When the rearrangement products were first 
obtained we had not synthesized all of the com
pounds obtained and, indeed, anticipated that some 
would involve the N-methylacetamido group. 
Accordingly three other possible products of this 
type were prepared. The first (XV) was ob
tained (68%) from methyl 3-acetylazuloate4 by 
reaction with methylamine, the second (XVI) 
from the same intermediate but via the oxime and 
the third (XVII) by corresponding aminolysis of 
dimethyl 1,3-azulenedicarboxylate.4 

A number of the new compounds prepared have 
new substituent groups and it was of interest to 
continue with these the study of the approximate 
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additivity of the spectral shifts in the visible region 
for groups on the 1- and 3-positions>8 Average 
values for the shifts for the acetyl oxime and 
N-methylcarboxamido groups were determined 
using the previously calculated values for the 
acetamido, carboethoxy and acetyl groups4 when 
these were involved. The agreement between the 
calculated maxima thus obtained and the observed 
values (Table I) is seen to be, as found previously 
with other groups, quite good. 

Experimental910 

1,3-Diacetylazulene Dioxime (III).—A solution of 300 mg. 
(4.35 mtnoles) of hydroxylamine hydrochloride and 350 mg. 
of sodium acetate in 3 ml. of water was added to 42.5 mg. 
(0.2 mmole) of 1,3-diacetylazulene in 12 ml. of warm eth-
anol. The mixture was heated on a steam-bath for 3.5 hr. 
and during this period the color changed from red to blue. 
Warm water (20 ml.) was then added and the green crystals 
which separated (overnight) were collected and dried. 
They amounted to 42 mg. (87%) and did not melt at 250°. 
Ultraviolet absorption maxima were observed (m/j, Dm . i ) 
at 262, 2.78; 187, 2184; 310, 184; and 386, 0.59. The 
visible spectrum showed a single maximum at 610 mju. 

Anal. Calcd. for Ci4H14N2O2: C, 69.36; H, 5.83. 
Found: C, 69.17; H, 6.00. 

Rearrangement of 1,3-Diacetylazulene Dioxime. A-
With Phosphorus Pentachloride.—To a solution of 22.9 mg. 
(0.095 mmole) of the above dioxime in 30 ml. of absolute 
ether was added 0.3 g. (1.4 mmoles) of phosphorus penta
chloride and the mixture shaken until a brown precipitate 
separated and the solution became a brown-green color. 
The mixture was poured into 50 ml. of water and the whole 
extracted with ether. After neutralization of the aqueous 
layer with a potassium carbonate solution saturated with 
sodium sulfate, it was again extracted with ether. The 
combined ether extracts were dried over sodium sulfate and 
the solvent was removed. Chromatography of the residue 
on alumina with dichloromethane gave two eluate fractions, 
red and light green. From the first was isolated 1.1 mg. 
of 1,3-diacetylazulene and from the second 2.4 mg. of 1-
acetamido-3-acetylazulene (V). Elution with chloroform 
yielded an additional 3 mg. of V from a blue-green eluate 
fraction (total yield of V, 3.4 mg., 25.1%) and elution with 
acetone gave a blue fraction from which was obtainea 4.8 
mg. (21%) of 1,3-diacetamidoazulene (IV). The identity 
of the products was determined by comparison of melting 
points and absorption spectra (infrared for IV and V) with 
authentic samples.3-4 

B. With Sulfuric Acid.—To a mixture of 37.5 mg. of 
the above dioxime and 30 ml. of ethanol was added with 
mixing 15 drops of concentrated sulfuric acid. The solu
tion became blue-green, then green with a blue fluorescence 
and, after 2 hr., showed a red-violet fluorescence. The 
mixture was poured into 100 ml. of water and extracted with 
ether. Concentration of the ether solution and chroma
tography of the concentrate on alumina with dichlorometh
ane gave mostly unreacted dioxime plus ca. 2 mg. of V, 
m.p. 200°, and ca. 3 mg. of an unidentified product as yel
low needles. 

1,3-Diacetylazulene Dioxime Diacetate (VI and VII).— 
A solution of 100 mg. (0.413 mmole) of 1,3-diacetylazulene 
dioxime and 1 g. of sodium acetate in 5 ml. of acetic anhy
dride was heated at the boiling point for 2 min. and then 
cooled. I t was then poured into a mixture of crushed ice 
and 3 g. of sodium bicarbonate and the whole stirred for 20 
min. The dichloromethane extract of the mixture was 
washed with water and the solvent removed. The solid 
residue was extracted with ether, the extracts evaporated 
to dryness and the residue again extracted with ether. The 
final ether solution yielded 17.5 mg. (15.5%) of diacetate 
VII as pale violet needles, m.p. 119-120° dec. This mate-

(8) E. J. Cowles, THIS JOURNAL, 79, 1093 (1937). 
(9) Melting points were taken on a calibrated Fisher-Johns ap

paratus and are uncorrected. Ultraviolet and visible spectra were 
taken in ethanol on a Cary model 115 recording spectrophotometer 
unless otherwise indicated. 

(10) Microanalyses were performed by B. Xist and C. H. Ludwig. 

rial exhibited absorption maxima (nni, £>max) at 236, 1.10; 
300,1.13; 374,0.28; and a single peak at 571 m,u. 

Anal. Calcd. for Ci8H18N2O4: C, 66.24; H, 5.56. 
Found: C, 66.02; H, 5.84. 

The ether-insoluble solid from the above procedure was 
triturated with dichloromethane and removal of the solvent 
from the organic solution afforded 72 mg. (68%) of diace
tate VI as dark blue crystals, m.p. 160-161° dec. Absorp
tion maxima were observed (m^t, £>max) at 247, 1.27; 298, 
2.37; 384, 0.40; and a single peak at 561 mM. 

Anal. Calcd. for Ci8Hi8N2O4: C, 66.24; H, 5.56. 
Found: C, 66.03; H, 5.65. 

l-Acetamido-3-acetylazulene Oxime (VIII).—A solution 
of 10.5 mg. (0.047 mmole) of l-acetamido-3-acetylazulene 
(V),4 50 mg. (0.77 mmole) of hydroxylamine hydrochloride 
and 200 mg. of sodium acetate in 3 ml. of water and 5 ml. 
of ethanol was heated on a steam-bath for 12 hr. It was 
then added to 200 ml. of water and extracted four times with 
ether. The ether extracts were concentrated and the resi
due chromatographed on alumina. Elution with ethyl 
acetate gave a. trace of starting material and 10.4 mg. 
(92.8%) of product as green needles, m.p. 219-220°. Ul
traviolet absorption maxima (imj, Anax) were found at 247, 
1.26; 289, 1.35; 302, 1.30, and 382, 0.39. The visible 
spectrum had a maximum at 630 imi. 

Anal. Calcd. for Ci4Hi4N2O2: C, 69.36; H, 5.83. 
Found: C, 69.40; H, 6.02. 

l-N-Methylcarboxamido-3-acetamidoazulene (XII).—A 
solution of 25 mg. (0.1 mmole) of methyl 3-acetamidoazulo-
ate (XI) 4 in 10 ml. of methanol was combined with 15 ml. 
of 40% aqueous methylamine and the mixture allowed to 
stand for two weeks. During this time the color of the 
solution changed gradually from a light to a dark blue. 
After evaporation of the solvent and excess methylamine, 
the residue was chromatographed on acid-washed alumina. 
Elution with chloroform removed a small amount of starting 
material and acetone eluted the product. Recrystallization 
of the latter from ligroin and acetone gave 18 mg. (72%) 
of dark green needles, m.p. 213-214°. Ultraviolet absorp
tion maxima (rmt, Dms.K) were observed at 242, 0.90; 300, 
1.42; and 375, 0.29. The maximum in the visible region 
was at 590 m/j. 

Anal. Calcd. for Ci4H14K2O2: C, 69.36; H, 5.83. 
Found: C, 69.44; H, 5.91. 

1-Acetylazulene Oxime Acetate (XIII and XIV).—A 
solution of 37 mg. (0.2 mmole) of 1-acetylazulene oxime 
and 0.5 g. of sodium acetate in 3 ml. of acetic anhydride 
was heated at the boiling point for 3 min., then added to a 
mixture of crushed ice and 3 g. of sodium bicarbonate and 
the whole stirred for 20 min. The dichloromethane ex
tract of this mixture was evaporated just to dryness and the 
residue recrystallized to give 35.6 mg. (79%) of blue needles, 
m.p. 105°. Absorption maxima (imi, Umax) in the ultra
violet were found at 234, 0.98; 277, 1.95; 282, 1.84; 287,. 
1.56; 341, 0.27; and 354, 0.21. The maximum in the 
visible region was at 578 nni. 

Anal. Calcd. for C14Hi3NO2: C, 73.99; H, 5.77.. 
Found: C, 73.91; H, 5.76. 

l-N-Methylcarboxamido-3-acetylazulene (XV).—A solu
tion of 6.6 mg. (0.029 mmole) of methyl 3-acetylazuloate4 

in 4 ml. of 50% methanolic methylamine was allowed U> 
stand for 3 days. The solvent was then removed and the 
residue chromatographed on alumina. Elution with di
chloromethane removed a small amount of starting material 
and a 1:1 mixture of dichloromethane and chloroform re
moved the product. From the latter fraction was obtained 
4.4 mg. (67.7%) as red needles, m.p. 172°. Absorption 
maxima were observed (tmi, Dm»s) in the ultraviolet at. 
236, 1.92; 281, 2.10; 300, 1.75; 308, 1.83; 370, 0.65; and 
381, 0.67. The maximum in the visible region was at 510; 
nni. 

Anal. Calcd. for Ci4Hi3NO2: C, 73.99; H, 5.77.. 
Found: C, 74.02; H, 6.01. 

Methyl 3-Acetylazuloate Oxime.—A solution of 4.9 mg.. 
(0.0215 mmole) of methyl 3-acetylazuloate,4 20 mg. (0.288 
mmole) of hydroxylamine hydrochloride and 60 mg. of 
sodium acetate in 3 ml. of ethanol was heated on a steam-
bath for 5 hr. The reaction mixture was then added to 150 
ml. of water and the whole extracted with ether. The. 
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solvent was removed and the residue chromatographed on 
Florisil. Chloroform eluted the product which was iso
lated (5 mg., 95.8%) as violet needles, m.p. 186°. Ultra
violet absorption maxima were found (m^, 2?max) at 241, 
1.64; 279, 1.78; 306, 1.55; and 379, 0.48. The visible 
spectrum showed a single peak at 552 m/i. 

Anal. Calcd. for Ci4Hi3NO3: C, 69.11; H, 5.39. 
Found: C, 69.22; H, 5.35. 

l-N-Methylcarboxamido-3-acetylazulene Oxime (XVI).— 
The above methyl 3-acetylazuloate oxime (19.7 mg., 0.081 
mmole) was dissolved in 4 ml. of a 1:1 solution of 40% aque
ous methylamine and 50% alcoholic methylamine and the 
reaction mixture allowed to stand for 3 days. The solvent 
was then evaporated (air-stream) and the residue chromato
graphed on alumina. Chloroform eluted 9 mg. of starting 
material. The product (9.7 mg., 49.5%) was then removed 
from the column with acetone and obtained as pale violet 
crystals, m.p. 181° dec. The substance exhibited ultra
violet absorption maxima (m/i, Z>max) at 242, 1.55; 280, 
1.60; 303, 1.42; and 377, 0.35. The maximum in the 
visible region was observed at 570 m^. 

Anal. Calcd. for C14H14N2O2: C. 69.36; H, 5.83. Found: 
C, 69.48; H, 6.06. 

l,3-Di-(N-methylcarboxamido)-azulene (XVII).—A solu
tion of 25.5 mg. (0.1045 mmole) of dimethyl 1,3-azulene-
dicarboxylate4 in 4 ml. of 40% aqueous methylamine and 4 
ml. of 50% methanolic methylamine was allowed to stand 
for 3 days and during this time the solution darkened con
siderably. Removal of the liquids (air-stream) left a residue 
which was chromatographed on alumina. Elution with di-
chloromethane gave 2.9 mg. of recovered diester. Acetone 
gave two darker red bands. The first yielded 2 mg. of a 
product which was not characterized but was thought to be 
methyl 3-N-methylcarboxamidoazuloate. The second, a 
dark violet-red in color and containing the main product, 
yielded 16.2 mg. (63.8%) of violet needles, m.p. 227-228° 
dec. Ultraviolet absorption maxima {van, Umax) were 
observed at 233, 1.39; 270, 1.20; 298, 1.76; 340, 0.34; 
and 366, 0.53. The visible spectrum showed a single peak 
at 525 m/i. 

Anal. Calcd. for C14Hi4N2O2: C, 69.36; H, 5.83. 
Found: C, 69.55; H, 5.99. 

Rearrangement of Mixed 1,3-Diacetylazulene Dioxime 
Diacetates (VI and VII). A.—A solution of 180 mg. (0.75 
mmole) of the diacetylazulene dioxime and 500 mg. of so
dium acetate in 7 ml. of acetic anhydride was refluxed for 
2 hr. during which time the color changed to lavender. 
Water (100 ml.) was then added and the mixture heated 
on a steam-bath for 2 hr. During this period the color 
gradually changed to a blue-green. After saturation with 
sodium bicarbonate and sodium sulfate the mixture was 
extracted with ether, the ethereal extracts dried over sodium 
sulfate and the solvent removed (air-stream). The residue 
was separated into two fractions by chromatography (sev
eral times) on alumina with dichloromethane. From the 
two eluate fractions were obtained 9.3 mg. (5.5%) of 1,3-
diacetamidoazulene (IV) as green needles, m.p. 245-250°,4 

and 21.5 mg. (16%) of l-acetamido-3-acetylazulene (V) as 
green needles, m.p. 200°.4 It was noted that some trans
formation of the products into an unidentified yellow com
pound occurred on the chromatograph column. 

B.—A solution of 180 mg. (0.75 mmole) of the diacetyl
azulene dioxime in 4 ml. of acetic anhydride was added to 
1.5 g. of sodium acetate. After 10 min. the mixture, which 
had changed rapidly to violet-blue in color, was heated to 
boiling for ca. 20 sec. and then allowed to stand overnight. 
Crushed ice was added, the mixture extracted with dichloro
methane, and the combined extracts washed with cold 
aqueous sodium bicarbonate. The solvent was evaporated 
from the dried (sodium sulfate) organic solution with final 
heating (steam-bath) under vacuum to remove acetic an
hydride present. The residue was extracted with ether and 
the extract solution chromatographed on alumina. A 2:3 
dichloromethane-hexane solvent w7as added and a green zone 
developed. Successive elution with dichloromethane, ether 
and ethyl acetate removed only traces of material but 
caused formation of green crystals in the column. The 
green product was eluted with methanol and rechromato-
graphed on acid-washed alumina. A mixture of ethyl ace
tate and methanol (96:4) removed one product (IV) which 
was isolated as green needles (50 mg., 27.8%), m.p. 252-

257°.4 A second fraction was eluted with a 9:1 ethyl 
acetate-methanol solvent and yielded 20 mg. (11%) of 
VIII as green needles, m.p. 218-219°, which showed the 
same infrared spectrum as an authentic sample. 

The products obtained from the above procedure varied 
somewhat from run to run. For example, one run starting 
with 50 mg. (0.21 mmole) of the dioxime yielded ca. 10 mg. 
(32%) of unrearranged dioxime diacetate (VI), m.p . 155-
160°, and ca. 15 mg. (30%) of V, m.p. 200°. The only 
evidence for the formation of any VIII was a small impure 
fraction which appeared to melt with decomposition at ap
proximately 220° and could not be purified further. 

Rearrangement of 1,3-Diacetyldioxime Diacetate (VI). A. 
—A solution prepared by dissolving 18.2 mg. (0.08 mmole) of 
the dioxime diacetate, 1 g. of sodium acetate and 0.1 ml. (1.0 
mmole) of acetic anhydride in 5 ml. of ethanol was heated 
under reflux on a steam-bath for 1 hr., then cooled and 
added to 100 ml. of water. The aqueous solution was ex
tracted with ether until nearly colorless and the solvent 
removed (air-stream) from the combined extracts. The 
residue was chromatographed on acid-washed alumina with 
chloroform and then acetone. The first eluate fraction con
tained 8.8 mg. (69.8%) of l-acetamido-3-acetylazulene (V), 
identified by its ultraviolet, visible and infrared spectra. 
From the second fraction was obtained 3.8 mg. (30%) of 1-
acetamido-3-acetylazulene oxime (VIII) as shown by com
parison of the melting point and absorption spectra with 
those of an authentic sample. 

B.—A solution of 41.2 mg. (0.182 mmole) of the dioxime 
diacetate, 70 mg. of sodium acetate and 0.25 ml. (2.5 
mmoles) of acetic acid in 0.1 ml. of water and 6 ml. of eth
anol was refluxed on a steam-bath until the color changed 
from a violet-blue to a blue-green (1.5 hr.) . After neu
tralization with aqueous sodium bicarbonate, the mixture 
was extracted with ether until colorless and the combined 
extracts evaporated (air-stream) to dryness. The residue 
was chromatographed on acid-washed alumina. Dichloro
methane eluted a small red band containing 0.5 mg. of 1,3-
diacetylazulene. Elution with chloroform then removed a 
bluish-green fraction which yielded 18.3 mg. (64.2%) of 1-
acetamido-3-acetylazulene (V). Acetone eluted a fraction 
giving 0.6 mg. (2%) of l-acetamido-3-acetylazulene oxime 
(VIII) and then a fraction from which was obtained 8.7 mg. 
(28.6%) of 1,3-diacetamidoazulene (IV). The products 
were identified by mixed melting points and/or comparison 
of their ultraviolet, visible and infrared absorption spectra 
with those of authentic samples. 

C.—A solution of 48.6 mg. (0.21 mmole) of the dioxime di
acetate and 0.25 ml. (0.25 mmole) of acetic acid in 5 ml. of 
ethanol was refluxed on a steam-bath until the color changed 
from violet-blue to blue-green (5 hr . ) . The reaction mix
ture was worked up as described in B above. It was neces
sary to chromatograph the crude product several times in 
order to obtain a good separation. The last chromatogram 
was developed first with a 7:3 mixture of dichloromethane 
and chloroform which eluted 7.3 mg. (21.8%) of 1-acet-
amido-3-acetylazulene (V). Acetone then removed 16.6 
mg. (46.5%) of 1,3-diacetamidoazulene (IV). The products 
were identical (melting point, ultraviolet, visible and infra
red spectra) with those obtained as described above. 

Rearrangement of 1,3-Diacetyldioxime Diacetate (VII). 
A.—A solution of 57 mg. (0.25 mmole) of the dioxime di
acetate, 0.5 g. of sodium acetate and 0.25 ml. (0.25 mmole) 
of acetic acid in 7 ml. of ethanol was refluxed on a steam-
bath for 1.5 hr. After the addition of 150 ml. of water the 
mixture was extracted with ether until nearly colorless. 
Evaporation (air-stream) of the solvent from the combined 
extracts left a residue which was chromatographed on 
alumina. Elution with dichloromethane developed a small 
violet band which turned green as it moved down the column. 
This was probably unchanged VII undergoing rearrangement 
on the column (see B below). This fraction was not col
lected separately, but rather the column was stripped with 
methanol, the eluate concentrated and the residue rechro-
matographed. Two main fractions were now obtained, one 
with dichloromethane and then the other with acetone. 
Further chromatography of the first fraction (three times) 
separated it into two components from which were obtained 
11.2 mg. (28.4%) of l-acetamido-3-acetylazulene (V) and 
7.7 mg. (18.2%) of l-acetamido-3-acetylazulene oxime 
(VIII). The second fraction initially eluted with acetone 
yielded 2.7 mg. (5.4%) of IV. The identity of the products 
was shown by comparison of their melting points (except 



6516 W I L L I A M J. B A I L E Y AND HAROLD R. G O L D E N Vol. 79 

for VIII) and ultraviolet, visible and infrared (except for 
IV) spectra with those of authentic samples. 

B.—A small quantity of the dioxime diacetate VII was 
applied to a carefully prepared column of acid-washed 
alumina with dichloromethane. The violet layer which de
veloped slowly turned green as it moved down the column. 
When none of the violet color remained, the column was 
washed with acetone and ethanol, the eluate evaporated 

Cyclic dienes, such as 1,2-dimethylenecyclo-
hexane (I),6 have a t t racted interest because they 
produce multicyclic adducts through the Diels-
Alder reaction. Many uses of these interesting 
dienes and their Diels-Alder adducts already have 
been reported. For example, 1,2-dimethylene-
cyclohexane (I) was polymerized to produce the 
first synthetic all-cw diene polymer related in 
s t ructure to natura l rubber.6 The adduct from 
benzoquinone and the diene I was shown to be an 
excellent s tart ing material for the synthesis of 
pentacene,7 and the adduct of the diene I and ma-
leic anhydride was shown to be an excellent s tart
ing material for the synthesis of 2,3-dimethylene-
decalin.8 Related materials also have been pre
pared from the series of substi tuted dimethylene-
cyclohexanes.9 '10 

Since the Diels-Alder adducts are derivatives of 
A9(10)-octalin, it appeared tha t these bicyclic com
pounds could be used as start ing materials for the 
preparation of cyclodecane derivatives. Namet-
kin and Glagolew11 and Hiickel and Blohm12 de
veloped a procedure for the synthesis of cyclodec
ane derivatives through the ozonization of 
A9(10)-octalin. Improved variations of this pro
cedure have been reported more recently.1 3 - 1 6 

(1) Previous paper in this series, T H I S JOURNAL, 79, 3124 (1957). 
(2) Abstracted in part from a Dissertation submitted to the Gradu

ate Council of Wayne State University in partial fulfillment of the re
quirements for the degree of Doctor of Philosophy, February, 1950. 

(3) Department of Chemistry, University of Maryland, College 
Park, Md. 

(4) Atomic Energy Commission Fellow, 1949-1950. 
(5) W. J. Bailey and H. R. Golden, T H I S JOURNAL, 75, 4780 (1933). 
(6) W. J. Bailey and H. R. Golden, ibid., 76, 5418 (1954). 
(7) W. J. Bailey and M. Madoff, ibid., 75, 5803 (1953). 
(8) W. J. Bailey, C-W. Liao and G. H. Coleman, ibid., 77, 990 

(1955). 
(9) W. J. Bailey and C-W. Liao, ibid., 77, 992 (1955). 
(10) W. J. Bailey, J. Rosenberg and L. J. Young, ibid., 76, 3009 

(1954). 
(11) S. S. Nametkin and E. V. Glagolew, Ber., 62, 1570 (1929). 
(12) W. Hiickel and M. Blohm, Ann., 502, 114 (1933). 
(13) J. R. Durland and H. Adkins, T H I S JOURNAL, 61, 429 (1939). 
(14) P. A. Plattner and J. Hulstkamp, HeIv. CMm. Ada, 27, 211 

(1944). 
(15) P. D. Bartlett, F. K. Condon and A. Schneider, T H I S JOURNAL, 

66, 1531 (1944). 

and the residue rechromatographed. Chloroform eluted a 
fraction containing 14.3 mg. of l-acetamido-3-acetylazulene 
(V), and acetone containing a little ethanol removed a 
second fraction which yielded 10.4 mg. of l-acetamido-3-
acetylazulene oxime (VIII). The products were identified 
as in A above. A relatively large amount of brown material 
remained on the column. 
SEATTLE 5, WASH. 

Since normal ring closures give poor yields for ten-
membered carbocyclic rings,16 several alternative 
processes have been developed. The most a t t rac
tive methods for the preparation of cyclodecane 
derivatives include the rearrangement of the ben-
zoate of decalin hydroperoxide17 and the acyloin 
condensation of diethyl sebacate.18 '19 However, 
none of these methods is well adapted for the prep
aration of highly substituted cyclodecane deriva
tives. These derivatives are of interest as possible 
starting materials for the preparation of cyclodec-
apentaene, bu t the introduction of five double 
bonds into a ring with only two functional groups 
would be quite difficult. I t seemed reasonable 
that , since the synthesis of 1,2-dimethylenecyclo-
hexane (I) can be modified to introduce additional 
functional groups, :o '21 the synthesis of highly sub
sti tuted cyclodecane derivatives from their inter
mediate Diels-Alder adducts would be practical. 
For this reason the preparation of a series of Diels-
Alder adducts of 1,2-dimethylenecyclohexane (I) 
was undertaken and the conversion of these adducts 
to cyclodecane derivatives was studied. 

When nitroethylene, prepared by the pyrolysis 
of 8-nitroethyl acetate, was allowed to react with 
1,2-dimethvlenecyclohexane (I), an 8 5 % yield of 
the Diels-Alder adduct, 2-nitro-A9<10)-octalin (Ha), 
was obtained. Since mechanical difficulties were 
encountered in the ozonization of Ha, several varia
tions were tried. The most satisfactory procedure 
was to bubble the ozone through a gas-washing 
bott le containing a solution of H a in 7 5 % acetic 
acid a t 0°. Under these conditions, the ozone was 
absorbed slowly, the ozonide was hydrolyzed and 
the resulting 3-nitro-l,6-cyclodecadione ( I l ia ) pre-

(16) L. Ruzicka, M. Stoll and H. Schinz, IIclv. Chiin. Ada, 9, 299 
(1920). 

(17) R. Criegee, Ber., 77B, 22, 722 (1944). 
(18) V. Prelog, L. Frenkiel, M. Kobelt and P. Barman, HeIv. Chim. 

Ada, 30, 1741 (1947). 
(19) M. Stoll and J. Hulstkamp, ibid., 30, 1815 (1917). 
(20) W. J. Bailey and J. Rosenberg, THIS JOURNAL, 77, 73 (1955). 
(21) W. J. Bailey and C. E. Knox, Abstracts of the 131st National 

Meeting of the American Chemical Society, Miami, Florida, April, 
1957. 
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The reaction of 1,2-dimethylenecyclohexane with a wide variety of dienophiles produced a series of A9(10!-octalin deriva
tives. These Diels-Alder adducts were transformed into several other substituted A9U0)-octalins by conventional reactions. 
Ozonization of these octalin derivatives produced directly a series of highly substituted cyclodecane derivatives, which 
might serve as starting materials for the synthesis of cyclodecapentaene. The diketones containing electron-withdrawing 
groups were extremely susceptible to intramolecular condensation, but the other derivatives were somewhat more stable. 


