3974 J. Org. Chem., Vol. 35, No. 11, 1970

the spectrum of benzoyl chloride (C=0, 5.60). The decomposi-
tion products of II were analyzed and characterized as were those
of I.

Registry No.—1I, 5704-66-5; 1I, 25726-04-9.
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The literature contains few examples of the condensa-
tion of aldehydes or ketones catalyzed by alumina.?
During a study of the decarbonylation of 9-carbazolyl-
acetaldehyde* (I), we found that, when this aldehyde is
passed through a chromatographic column prepared
with neutral alumina (activity grade I), it undergoes
facile conversion to 2,4-dicarbazol-9-yl-2-butenal (II)
(209%,) and to an alcohol III (79}), which was assigned
the novel structure III, along with considerable poly-
meric solid.

O0——CHOH

7
CbCH,CH=C—C CbCHzéH—'EHCb

AN
b H
II II1
(Cb = 9-carbazolyl)

Structure II was assigned on the basis of information
obtained from its mass, infrared, and nmr spectra and
by conversion to derivatives which were characterized
by similar techniques (see Table I). Reduction of II
with sodium borohydride in 809, aqueous dioxane gave
an aleohol IV (769,) which when treated with pyridine—
acetic anhydride gave the monoacetate V (76%,).

CbCH,CH==C—CH:0R

b
IVVR=H
V,R = Ac

The elucidation of the structure of III was difficult
owing to its very low solubility in conventional solvents.
Its structure is based in part on spectroscopic data and
the properties of its derivatives given in Table I. Puri-
fied III gave one spot by tle, a correet analysis for Ces-
H3N:0,, and an ir spectrum which is consistent with the
proposed structure. In addition, mass spectroscopy
gave a molecular weight of 418 and a fragmentation
pattern similar to that of the dehydrated form II. The
reaction of IIT with base yielded, on neutralization, car-

#* T'o whom correspondence should be addressed.
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NoTtEs

bazole (279), a small amount of II, and considersble
amorphous solid. The isolation of IT from these hy-
drolyses confirms the conclusions reached from the mass
spectral data and establishes the presence of the carbon
skeleton of II as part of structure I1I. Evidently, the
reaction of ITT with base causes the oxetane ring to open
with the simultaneous formation of an aldehyde group
which activates the carbazole bearing 2 position toward
nucleophilic attack.

This possibility was supported when the hydrolysis of
III was carried out under reducing conditions with so-
dium borohydride. Under these conditions the alde-
hyde group was reduced as it formed yielding the diol
VI (909%) which gave a negative periodic acid test as
expected. The diacetate VII was prepared as usual
with pyridine and acetic anhydride.

(I)R
CbCH;CH—CH~—CHOR

b
VLR =H
VII, R = Ac

The amorphous solid obtained in the column reaction
could not be separated into components by either chro-
matography, sublimation, or attempted recrystalliza-
tion. Its infrared spectrum was identical with that of
the polymeric material obtained by the acid-catalyzed
condensation of L.

When III was acetylated, an acetate (VIII) formed
(67%,) which had a saponification equivalent consistent
with the monoacetate of I1I and showed a single acetate
carbonyl peak in the ir spectrum and one acetate peak in
the nmr spectrum. The saponification yielded the
same products as did the treatment of III with base.

The mass spectrum of VIII had a fragmentation pat-
tern very similar to that of III except for the parent
peak of ITI at m/e 418 and a peak at m/e 669 (8.1%).
We have not yet identified the latter peak but it seems
reasonable to assume that it is due to some decomposi-
tion product which could have formed at the near de-
composition temperature (about 300°) required to va-
porize this sample.®

In an effort to ebtain further confirmation of the mo-
lecular weight of III, eryoscopic and ebullioscopic mo-
lecular weight determinations were attempted. Unfor-
tunately, these attempts were not successful due to the
low solubility of III and its low stability. In hot sol-
vent (about 90°) nmr showed extensive decomposition
in a matter of minutes; at room temperature under dry
nitrogen, degradation became apparent by elemental
analysis after a few weeks. ‘

The mechanism of this reaction appears to be an acid-
catalyzed aldol condensation which must oceur in this
system because of high attraction of the carbazole nu-~
cleus for the activated alumina surface® and the in-
creased stability of the enol form of the aldehyde due to
its conjugation with the heteroaromatic ring system.
In strongly acidic solutions the condensation proceeds
rapidly to produce an insoluble material even at temper-

(5) We had also considered the dimer of structure III as & possibility for
III, but this seems unlikely because of the absence of a complicated frag-
mentation pattern above m/e 400.

(6) E. Funakubo, T. Nagai, and J. Moritani, Kogyo Kagukw Zasshi, 68,
782 (1962); Chem. Abstr., 59, 1445g (1963), Also, E. Funakubo, T. Nagai,
and G. Kon, Kogyo Kagaku Zasshi, 86, 33 (1963); Chem. Absir., 59, 12145/
(1963).
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NoTes
TasLe I
PHYSICAL PROPERTIES?
Compd Formula Mp, °C M Ir, em ™t Nmr, 7
1 Cu.HuNO 140.5-141.5 209b 2850 (ald C—H) 0.37 (¢, 1, J = 4.0 Hz), 2.5 (m, 8)
1730 (C—0) 524 (d, 2, J = 4.0 Hz) (CDCl)
II CyH2N0O 172-174 4000 2820 (ald C—H) 0.42 (s, CH==0), 2.50 (m, Cb protons), 3.10 (t, J = 6.6
2730 Hz, CH==) 5.06 (d, J = 6.6 Hz, CH,) (acetone-ds)
1690 (C=0)
1640 (C=C)
111 CyNaN,0, 221-226 418 3535|(OH) 2.5 {(m, Cb protons), broad unresolved bands between
1220 6.6 and 3.1, 8.0 (s, weak, OH) (nitrobenzene-~ds)
(C—0)
1150
1115
v CasH2 N0 164-165 3270 (O—H) 2.5 (m, 16), 3.59 (t, 1, J = 6.0 Hz, CH==), 5.24 (d, 2,
1675 (C=C) J = 6.0Hz), 5.5 (s, 2), 8.39 (s, 1, OH) (CDCly)
1060 (C—O)
A% CyHa N0, 145.5-146.5 441.5¢ 1745 (C=0) 2.5 (m, 16), 3.59 (t, 1, J = 6.4 Hz), 4.09 (s, 2), 5.31
16651(C=C) d, 2, J = 6.4 Hz), 820 (s, 3)}(CDCl;)
1215
1025] (€—0)
VI CopHas N0, 218-220 3400 (OH) Complex splitting between 6.6 and 3.0 (6 protons), 2.5 (m,
1150 16), 8.01 (s, 2, OH) (CDCls)
1110} (=0
VII CaHasN,O4 192.5-194.5 1745 (d, C=0) Two regions of complex splitting at 6.65-4.63 (m, 5) and
1230} (C—0) 4.0-1.7 (m, 17), acetate protons at 843 (s, 3), 8.30
1050 (s, 3) (CDCls)
VIII CioHauN,O;5 205 dec 46204 1750 (C=0) 2.5 (m, Cb protons), broad unresolved bands between
1225 8.4 and 3.6, 8.73 (s, strong) (pyridine-d;, 100 Mc)
1120} (€=0)

@ All spectra were taken in KBr.

New compounds gave elemental analyses that were within 0.309, of the theoretical value for C, H,

and N except for II and V which after many recrystallizations analyzed correctly for N but were off 0.5% in C and H. * By mass

spectroscopy. ¢ By saponification equivalent.

atures about 10°. In contrast to this, the aldehyde I
was recovered unchanged after 3 days at reflux in aleo-
holic potassium hydroxide solution. These facts sup-
port 8. mechanism involving acid catalysis.

The column appears to have two functions: (1) it
catalyzes the reaction, and (2) it prevents the complete
conversion of the aldehyde to polymeric materials.
The alumina, in effect, dilutes the aldehyde by allowing
reaction to occur only at separated active sites, thereby
causing a localized dimerization reaction. The aldol,
which could not be isolated, must dehydrate to II or re-
act to form III. Though structure III seems energeti-
cally unlikely, it might be the result of distortion in the
molecule caused by the steric repulsion of the large car-
bazolyl groups. A study of the mechanism of this reac-
tion with aromatic systems is in progress and will be
reported subsequently.

Experimental Section

All melting points are corrected and were determined on a
Thomas-Hoover melting point apparatus. The nuclear mag-
netic resonance (nmr) spectra were recorded on a Varian A-60
spectrometer at 60 Mc unless otherwise indicated using tetra-
methylsilane as an internal standard. Infrared spectra were
determined in potassium bromide on either a Beckman IR-8 or
a Perkin-Elmer Model 521 spectrophotometer. The micro-
analyses were performed by Micro-Analysis, Ine., Wilmington,
Del.

The Reaction of I with Alumina.—The 9-carbazolylacetalde-
hyde (5.0 g, 0.24 mol) was passed over 60 g of aluminum oxide
(Woelm neutral, activity I, pH 7.5) using eluents of increasing
polarity from benzene to methanol. The earlier fractions con-
tained II (~20%) and IIT (~7%) while in the later fractions
these were mixed with a red amorphous solid. These com-
pounds were separated by fractional recrystallization from
ethanol. The amorphous solid formed in this reaction gave an
ir spectrum which is essentially the same as that for the solid

4 No resolution of parent peak.

formed by acid-catalyzed polymerization (vide infra) of 9-carba-
zolylacetaldehyde. Its nmr spectrum (in acetone-ds) showed
strong carbazole type aromatic proton resonance (r 2.5) with
broad unresolved absorption between = 4.1 and 7.1, and three
weak peaks szbout = 8.9. The acetate, VIII, was prepared by
heating IIT (100 mg, 2.4 X 10~ mol) in 5.0 ml of pyridine (dried
over sodium hydroxide) and 3.0 ml (3.24 g, 0.032 mol) of acetic
anhydride on a steam bath for 1.5 hr to give a precipitate. The
mixture was poured over crushed ice and solids were removed
by suction filtration, washed with 29, hydrochloric acid, and
finally washed thoroughly with water. The acetate was re-
crystallized from 2-butanone to give white crystals (0.074 g,
1.6 X 10~* mol, 67%). The saponification of this acetate or
the treatment of III (100 mg) with base followed by neutraliza-
tion produced a precipitate in ~1009 yields. The precipitate
was resolved on g silica column to yield 30 mg of carbazole,
10 mg of II, and amorphous solid.

The Reduction of II by Sodium Borohydride.—To a stirred
solution of 0.350 g (8.7 X 104 mol) of IT in 25 ml of 809, aqueous
dioxane at 0° was added 0.050 g (1.3 X 1072 mol) of sodium
borohydride. This was followed immediately by 6 drops of
209, sodium hydroxide solution and the resulting solution was
stirred for 1 hr. Then it was allowed to warm to room tempera~
ture at which point it was made slightly acid to litmus with 209,
acetic acid and was poured into 200 ml of water. Stirring pro-
duced a curdy precipitate which was separated by filtration and
washed thoroughly with water. The crude material was re-
crystallized from carbon tetrachloride to yield 0.265 g of IV
(6.6 X 10~*mol, 76%).

The monoacetate V was prepared by the procedure used to
produce the acetate of II1 (769, yield).

Reduction of III by Sodium Borohydride.—The hemiacetal,
III, was reduced as was described above for the reduction of IT
to yield, after repeated recrystallization from ethanol, VI
(37%). The diacetate VII was prepared in 95% yield by the
procedure described above for the esterification of III.

The Acid-Catalyzed Condensation of I.—The aldehyde (1.0
g, 4.8 X 1073 mol) was dissolved in a stirred, cooled solution of
25 ml of acetic acid and 0.77 ml (1.4 g, 1.4 X 1072 mol) of sul-
furic acid. The starting material was completely converted
over a period of 24 hr to a highly insoluble grayish precipitate.
The product was repeatedly extracted with carbon tetrachloride
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to give a green material which decomposed at ~375°: ir
3410 (0—H), 1750 (C—O0), 1205, 1150, and 1120 cm ™~ (C—O).

Registry No.—I, 25557-77-1; 1II, 25894-27-3; III,
25894-28-4; IV, 25804-29-5; V, 25894-30-8; VI, 25894~
31-9; VII, 25894-32-0; VIII, 25894-33-1.
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In an earlier paper! we suggested that the oxygen-pro-
tonated c¢yclohexadienone formed from 4-dichloro-
methyl-4-methyleyclohexadienone (2) in concentrated
acid could be considered a good model for the first inter-
mediate in the dienone~phenol rearrangement.® The
structure of this ion as well as its equilibrium acidity
dependence in concentrated acid solution was firmly
established."® While this suggestion seemed entirely
reasonable, it lacked force because of the demonstrated
reluctance of 2 to undergo the dienone-phenol rear-
rangement. Thus, even at 60° in 809, sulfuric acid, 2
rearranges only slowly (half-life ~ 24 hr) to afford a
mixture of two rather unusual products.®

In this paper, we would like to report the results of a
similar investigation on a closely related system, 4,4~
dimethyleyclohexadienone (1). This substrate does
undergo the dienone—phenol rearrangement rapidly at
25° in 709, perchlorie acid to form a single major prod-
uet, 3,4-dimethylphenol, in >909, yield. Thus, we
reasoned that the detection of a protonated eyclohexa-~
dienone during the isomerization of this substrate would
not suffer from the deficiencies noted above for 2.

0

CH, CH; CH, CHCl,
1 2

Results and Discussion

1 was prepared in a straightforward manner by con-
densation of the pyrrolidine enamine of isobutyralde-

(1) PartI: V.P, Vitullo, J.Org. Chem., 34, 224 (1969).

(2) Presented in part at the 157th National Meeting of the American
Chemical Society, April 1969, Minneapolis, Minn., Abstract ORGN 163,

(8) Address all correspondence to Department of Chemistry, University of
Maryland, Baltimore, Md, 21228,

(4) For a discussion of possible mechanisms of the dienone—phenol re-
arrangement, see A. b3 Waring, Advan. Alicyel, Chem., 1, 207 (1966), and
references contained therein.

(5) E.C. Friedrich, J. Org. Chem., 88, 412 (1968).

(6) T. G. Miller, ¢bid., 27, 1549 (1962).

Notes

hyde with methyl vinyl ketone.”® The resulting 4,4-
dimethyleyclohexenone was oxidized to the correspond-
ing dienone using 2,3 dichloro-5,6-dicyanobenzoquinone
in refluxing earbon tetrachloride.

The uv spectrum of 1 in water is characteristic of a
AYS-cyclohexadienone.! However, in concentrated
sulfuric or perchloric acid solution the spectrum is com-
pletely different and nearly identical with that produced
by dissolving 2 in concentrated sulfuric acid. These
results are summarized in Table I.

, TasLE I

ULTRAVIOLET SPECTRAL PROPERTIES OF
NEUTRAL AND PROTONATED CYCLOHEXADIENONES

Dienone Solvent Amax (nm) Log ¢
1 H.0 235 4.17
20 H0 238 4.15
1 71.09;, HCIO, 260, 295 4.12,3.57
2¢ 90.59%, H,80, 262, 294 4.12,3.56

¢ Data fromref 1.

The long wavelength band of the species formed by
protonation of 1 can be used to monitor its concentra-
tion as a function of acid concentration. The results of
such an investigation for solutions of 1 in both sulfurie
and perchloric acids are reported in Tables II and III.

TasLE I1

EquiniBrium ProroNaTioNn DaTa For 11N HCIO, aT 25.3°

Absorbance* Wt % of HCIOs [DH*]/(D]P — Hye
0.215 41.03 0.157 2.26
0.355 44.35 0.292 2.81
0.573 47.61 0.576 3.18
0.812 50.50 1.076 3.55
1.058 53.556 2.07 4.00
1.200 56.44 3.26 4.47
1.395 59.03 8.08 5.02
1.605 64.16 6.26
1.538 63.83 7.45
1.542 70.95 8.01

« At 295 nm, concentration 4.12 X 10~¢ M, cell path 1 cm.
b Ratio of concentrations of protonated [DH™*] to neutral [D]
species. ¢ H, values from K. Yates and H. Wai, Can. J. Chem.,
43,2131 (1965).

TasLr 111
EquiLisriuM ProToNaTION DaTA FOR 1 1N HpS80, AT 25.3°

Absorbance® Wt % of HaSO4 [DH*}/ [P —Hye
0.149 36.28 0.102 2.15
0.276 42.10 0.200 2.57
0.445 46.57 0.383 3.01
0.668 51.75 0.712 3.56
0.842 54.34 1.100 3.84
1.188 60.07 2.83 4.46
1.402 65.02 6.82 5.09
1.633 94.70 9.79
1.583 94.70 9.79

@ At 205 nm, concentration 4.12 X 10~¢ M, cell path 1 om.
b Ratio of concentrations of protenated [DH™] to neutral [D]
species. ° Hy values from M. J. Jorgenson and D. R. Hartter,
J. Amer. Chem. Soc., 85, 878 (1963).

(7) E. Benzing, Angew. Chem., 71, 521 (1959).

(8 G. A. Smith, B. J. L, Hiff, W. H. Powers, 111, and D. Caine, J. Org.
Chem., 83, 2851 (1067).

(9) Reference 4, p 188.



