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The self-condensation of 2,4-dibenzylidenecyclobutanone (2a) in aqueous ethanolic sodium hydroxide pro-
duces a crystalline dimer, 7-benzylidene-3,4-diphenyl-2-spiro(2-0xo-3-benzylidenecyclobutyl)bicyclo[3.2.0]-

heptan-6-one (5a) in 20-30%, yield.

Its structure has been established from chemical and spectral evidence,

including nmr spectra of 5a and its di, da, dosy, and dos deuterio derivatives (Sb-e), prepared by dimerization of
2a, 2a-dy, and 2a-d;; in aqueous ethanol or deuterium oxide-ethanol-0-d. Other 2,4-diarylidenecyclobutanones

(4-methylbenzylidene and 3,4-dimethoxybenzylidene) form crystalline dimers (5f,g).

The base-catalyzed

dimerization reactions proceed through the unique 2,4-diarylidenecyclobutanone anion intermediate and involve

an intermolecular Michael addition followed by intramolecular Michael cyclization.

dimer 5a is discussed.

Many a,a’-diarylidenecycloalkanones (1, n = 2-T7)
have been prepared in good yields by base-catalyzed

(CHp,

ArCH CHAr:

1

condensation of aromatic aldehydes (2 molar equiv)
with cycloalkanones.?~5 The «,8-unsaturated ketones
obtained from cyclopentanone and larger ring cyclo-
alkanones are stable in basic media and undergo no
known self-condensation reactions under normal reac-
tion conditions. By contrast, 24-diarylidenecyelo-
butanones (1, n = 1) are sensitive to base and difficult
to purify.

Pure 2,4-diarylidenecyclobutanones (2a-d) were first
reported only recently by Thieme.! A substance pre-
viously described as 2a by Demjanov’ is believed to be
a dimer. In the present work a modified procedure has
produced 2b in improved yield and new ketones 2e,f.

R—@CH?CH@—R

(0]
2a,R=H
b,R = 4-CH;
¢, R=4-CH;0
d,R=4-Cl
e, R =3,4-(CH;0),
f, R =4~(CH;:,N

The only other aldehydes reported to undergo aldol
condensation with cyclobutanone are formaldehyde
and acetaldehyde. These produced 2,2,4,4-tetrameth-
yloleyclobutanone and epimeric 2-(1-hydroxyethyl)-
eyelobutanones, respectively.?
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The stereochemistry of

2,4-Dibenzylidenecyclobutanone (2a, mp 190-191°)
in basic media reacts rapidly to form dimers of unknown
structure, CgHy0s. Three such dimers have been
isolated in crystalline form, including a new one de-
scribed in the present work. By condensing benzalde-
hyde (2 molar equiv) with cyclobutanone in 609 eth-
anolic potassium hydroxide at ambient temperature,
Demjanov’ obtained a crystalline product (large yellow
leaflets from chloroform, mp 170-171°) which he de-
scribed as monomer 2a. It is now believed to be a
dimer of 2a. Conia,? in carrying out the same reaction
under similar conditions, obtained a dimeric product,
CseHs0z, mp 168-170°. Both workers experienced
great difficulty in securing a erystalline sample and sat-
isfactory elemental analyses. Yields were not stated.
Conia’s sample was amorphous and contained some
ketol impurity.

Thieme,® by treating pure 2,4-dibenzylidenecyclo-
butanone (2a) with 959 ethanolic sodium hydroxide
(ca. 0.075 M) at 50°, obtained a crystalline dimer in
209, yield (yellow cubes from acetonitrile, mp 223-
225°). In our hands his procedure gave amorphous
products. However, employing a lower concentration
of sodium hydroxide (0.01-0.035 M) in 85-959, aque-
ous ethanol at 25-45°, we obtained a new dimer in 20-
309, yield (mp 191-193°, yellow spear-shaped prisms
from acetonitrile). Heating a sample of our dimer in
refluxing ethanolic sodium hydroxide converted it into
an amorphous product from which no erystalline ma-
terial could be isolated. Thieme determined the nmr
and infrared spectra of his dimer but did not speculate
on its structure.

Conia, prineipally on the basis of ultraviolet and in-
frared spectra, suggested structures 3 or 4 for his

0 Cel;
O Cels C4H;CH CeH;
CH,CH CHC,H; Y
HCs O CHCH,
3 4
dimer.®! He noted that dimers of benzylidene «,3-

unsaturated ketones formed by irradiation, or in alka-
line media, may have a cyclobutane structure. How-
ever, we have demonstrated that such structures are
incorrect for dimers produced in alkali-catalyzed re-
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actions.’® Styryl alkyl ketones dimerize to 3,5-diaryl-
4-alkanoyleyclohexanones or 5-aryl-3-styryl-2-cyeclo-
hexen-l-ones in aqueous ethanolic sodium hydrox-
ide.1*~12 Thieme demonstrated that 2a dimer is not
produced photochemieally or thermally.®

We have established the structure of 2,4-dibenzyli-
denecyclobutanone dimer prepared in the present work
as  7-benzylidene-3,4-diphenyl-2-spiro(2-0xo0-3-benzyl-
idenecyclobutyl)bicyclo[3.2.0Jheptan-6-one  (5a) on
the basis of chemical evidence, spectral data, and deu-
terium-labeling experiments. The complete configura-
tion of 5a is unknown. It appears likely that dimers
of 2a described by Thieme® and Conia® are epimers of
Sa.

The 2,4-dibenzylidenecyclobutanone anion 6 has
been postulated as an intermediate in the base-cata-
lyzed dimerization leading to 5a.! a,a’-Diarylidene-
cycloalkanones other than 1 (n = 1) cannot form such

an anion. Anion 6 is unique in that, unlike other «,8-
CeH;
2a g
slow

CGH;, CSH5

unsaturated ketone derived anions, it cannot participate
in classical enolate anion resonance. Charge delocaliza-
tion on oxygen {(6b) is believed to contribute to its
stabilization, however. It was observed that the anion
does not undergo rapid deuterium exchange under the
reaction conditions, since in ethanol-O-d the dimer
product is found to have but one deuterium.

The mechanism of the base-catalyzed formation of
2a dimer is believed to follow that of other base-cat-
alyzed o,8-unsaturated ketone dimerizations.’*=1% The
initial step is a Michael addition leading to anion 7, a
step faster than reprotonation of 6a to regenerate 2a.
A second, intramolecular Michael addition would pro-
duce anion 8, and protonation of 8 would lead to dimer
5a. The ring closure 7 — 8 is probably more rapid
than retrogression to 2a or protonation of 7, since in
ethanol-O-d only one deuterium is incorporated in
product 5b.

Other structures may be considered for 2a dimer.
An alternate Michael addition path involving C-3 of
anion 6 would produce a different bicyclo[3.2.0Thep-
tanone (11) »/a anion intermediates 9 and 10. C-Pro-
tonation of anions 7 and 9 would produce acyclic dike-
tones 12 and 13, respectively. Double-bond isomers
of these compounds might arise by prototropic rear-
rangement, e.g., 14 and 15; in ethanol-O-d such prod-

(10) A. T. Nielsen and H. J, Dubin, J. Org. Chem., 28, 2120 (1963).
(11) A, T. Nielsen and 8, Haseltine, tbid., 38, 3264 (1968).
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(18) A. T. Nielsen, H. Dubin, and K. Hise, ibid., 82, 3407 (1967).
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CH,CH cacd’ o
1
0
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CeHscH‘?CHCeHs CoH:CH CHCH;
0
13
0
CSHECH‘%>=CHZCGH5 CsHscH—é'CHzceHs
CeHj C#CHCGHS CoH,CH, CHC,H,
0
15

ucts would be expected to incorporate at least two deu-
terium atoms, however.

Spectral data support 5a over alternate structures.
The infrared and ultraviolet spectra of 2-benzylidene-
cyclobutanone (16) were determined by Conia,? who
first prepared this compound. When these data are
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Tasre I
INFRARED AND ULTRAVIOLET SPECTRA OF
2,4-DIBENZYLIDENECYCLOBUTANONE AND DERIVED COMPOUNDS

—v, em~1 (KBr)— Amax (EtOH),

Compd C=0 C=C nm {emax)
16 1735¢ 1645 223 (10,000)=
229.5 (11,500)

299 (27, 500)

2a 17200 1670 236 (18,300)
1635 349 (36, 500)

5a (mp 191~ 1746.4¢ 1638 227 (20, 500)
193°) 1734 233 (21,400)

318 (50, 500)

Conia’s dimer 310 (24,000)/

(mp 168-170°)
Thieme’s dimer

(mp 223-225°)

5a 2,4-DNP* 1735%¢ 1640

¢ Data of Conia, ref 8 ©®This work. ©¢ Thieme (ref 6)
reports 1721 (C=0), 1669, 1636 ¢cm~! (C=C) for 2a. ¢1In
chloroform solution a single carbonyl band is observed at 1739
em™~!; C=C at 1638 cm™!. ¢ Measurement with Perkin-Elmer
620 grating instrument. / A moderately intense band at 1770
em~* and a weak band at 3400 em™! (OH) are also present sug-
gesting the presence of ketol (ref 8). ¢ Data of Thieme, ref 6.
» Mono-2,4-dinitrophenylhydrazone of 5a, mp 279-280°.

1740/ 1645

1746¢ 1643

o

& CH CGH5

16

compared with the spectra of dibenzylidene derivative
2a and dimer 5a (Table I) it is clear, as Conia con-
cluded,® that the dimer contains two 2-benzylidene-
cyclobutanone ring units and that the 2,4-dibenzyl-
idenecyclobutanone structure is absent (13, 14, and
15 are excluded). Benzaldehyde is produced by
osmium tetroxide-sodium periodate oxidation of 5a.
That both oxygens in 5a are carbonyl groups was es-
tablished by preparing the mono-2,4-dinitrophenyl-
hydrazone derivative (reaction with excess 2,4-dinitro-
phenylhydrazine). It retained one ecarbonyl group
absorbing at 1735 cm~—!, suggesting that reaction had
occurred at the bicycloheptanone carbonyl while the
spirocyclobutanone carbonyl group did not react. The
dimer is stable in acidic medium under the conditions
of hydrazone formation.

Deuterium-labeled dimers were prepared and their
nmr spectra were determined to distinguish structure
5a from others. Monomers 2g and 2h were prepared
from cyclobutanone and benzaldehyde-2,3,4,6,6-d; and
benzaldehyde-dg, respectively. Dimerizations of 2a,g,h

C5D5CH=%CHCGD5 C6D50D<PKCDCGD5

0 (0]
2g 2h

were conducted in aqueous ethanolic sodium hydroxide
or ethanol-O-d—deuterium oxide-NaOD to prepare
deuterio dimers Sb-e. The nmr spectra of monomers
2a,g,h and dimers 5a-e are summarized in Table II.
Dimer 5b was prepared from 2a in ethanol-0-d-1,0.
The four ring protons which appear in 5a as a complex
multiplet at § 4.0-4.4 are reduced to three: the two
benzylic protons at C-3 and C-4 now appear as an AB

N1ELSEN, WEISS, AND MOORE

CD, HO CD; po
C:Ds CsDs
H CHC;D; D CDCqDs
He - Ho et ||
N N\
o  crep, o oo,
5c 5d
¢D, DO
C6D5
b CDC,D,
D H
0 CDC,D,
Se

quartet at § 4.20 and 4.08 (/ = 7 Hz) and the C-1 pro-
ton as a doublet at & 4.14 (J = 1 Hz) due to weak cou-
pling to the C-7 benzylidene vinyl proton. The phenyl
protons appear as three sharp peaks at 6 7.25, 7.18, and
7.12. The methylene group protons of the spirocyclo-
butanone ring are structurally nonequivalent and ap-
pear as a poorly resolved ABX multiplet at § 2.80 owing
to a strong geminal spin coupling as well as the 2.5-Hz
coupling to the adjacent benzylidene vinyl proton. In
the monomer 2a the methylene protons are equivalent
and appear as a simple 2.5-Hz triplet, since each methyl-
ene proton is spin-coupled to two equivalent benzyli-
dene protons.

Structure 11a produced by deuteration of anion 10 is
not possible, since in it the C-2 and C-4 benzylic proton

1la

signals would not be coupled to each other. Also, in
11a the C-1 proton signal would be complex since it is
coupled to two protons; furthermore, the C-4 benzyl
proton signal should appear in 1lla as a singlet.

Dimer 5c¢ (dy) was prepared from monomer 2g (di)
in aqueous ethanol. Its nmr spectrum revealed two
vinyl proton signals. The one on the C-7 benzylidene
group appears as a doublet at 6 7.21 (/ = 1 Hz) due to
coupling with the C-1 proton. This signal is hidden
under the phenyl proton signal in 5a and 5b. The ben-~
zylidene vinyl proton signal in the spirocyclobutanone
ring appears as a triplet at § 6.64 (J/ = 2.5 Hz). The
bicycloheptane ring protons appear as a multiplet as in
5a. The appearance of only two vinyl proton signals
in 5¢ rules out dimeric structures such as 12 and 13.
Also, since only one of the vinyl proton signals is a
2.5-Hz split triplet, there is only one benzylidene group
having an adjacent methylene group; thus structures
3, 4, and 15 are eliminated.

Dimer 5d (dz) was prepared from monomer 2h (di2)
in aqueous ethanol. In deuteriochloroform its nmr
spectrum revealed the AB quartet of the C,~Cs protons
as two strong inner lines (§ 4.27, 4.22); the spirocyclo-
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TasLe I1
NMR SPECTRA OF 2,4-DIBENZYLIDENECYCLOBUTANONE AND ITs DIMERS,
§ Varuges 1N CDCl; (TETRAMETHYLSILANE INTERNAL STANDARD)
Cyeclobutanone and
Pheny! ~——sgpirocyclobutanone protons Bicyelo[3.2.0]heptane ring protong—————————0w—
protons =CH C=CH C-1 C-5 C-3 C-4
Compd cH (exocyclic) CH, (exocyelie) CH CH CcH CH
2a° 7.28m 7.051% 3.75 ¢
(J = 2.5Hz) J =2.5Hz)
2g (dw) 7.11% 3.77%
(J = 2.5 Hz) (J = 2.5 Hz)
2h (du) 3.78s
S5a 7.25,7.18, 6.63 t 2.88 me¢ Not visible [ 4.0-4.4 m———]
7.12¢ (J = 2.5Hz)
5b (dy) 7.25,7.18, 6.52 t 2.80 me Not visible 4.14d [4.20, 4.08 q]
7.120 (J = 2.5 Hz) (J = 1Hz) (J =T7Hz)
5¢ (dy) 6.64 t 2.83 me 7.21d [ 4.0-4.4m———]
(J =2.56Hz) (J = 1Hz)
5d (da) 2.79, 2.77 q,¢ [4.27,4.22 q9]
2.68 go/ [4.07, 3.88 g°]
(J = 9 Hz)
5e (das) 2.83,2.83 q,¢ 4.27 s

o Thieme (ref 6) reports 8 7.4 m, 7.2t (J = 2.5 Hz), 3.8t (J =
¢ The outer lines of the AB quartet are not visible.

nearly equal intensity., ¢ Unresolved ABX multiplet.
CDCYL. / Apparent singlet.

butanone methylene protons produced a similar signal
(6 279, 2.77). However, in 1:1 toluene-deuterio-
chloroform the C;~Cs protons appear as an AB quartet
with weak outer lines (5 4.07, 3.88, J = 9 Hz).

Dimer 5e (d»), prepared from monomer 2h (dy) in
ethanol-O-d-D,0, has but one proton in the bicyclo-
heptane ring (at C-1) which appears as a singlet at &
4,27. The spirocyclobutanone ring methylene signal
remains as an unresolved multiplet at § 2.84.

The stereochemistry of dimer 5a cannot be com-
pletely deduced from its nmr spectrum alone, even
though coupling constants have been obtained for the
C;-Cs and C3-C4 protons in deuterio derivatives Sb and
5d, respectively. The ring juncture in the bicyclo-
heptane ring is necessarily cis and the coupling con-
stant observed for the protons at this ring juncture in
5d (C~Cs J = 9 Hz) agrees with reported values for
cyclobutane systems; Jus = 812 Hz and Jyans =
8-10 Hz.»* The coupling constant for the Cs-C; pro-
ton coupling observed in 5b (J = 7 Hz) is within the
range of either a cis or trans configuration (2-8 Hz).'®
In studies of Michael addition stereochemistry the
initially formed carbon-carbon bond is observed to
have trans stereochemistry when produced under con-
ditions of kinetic or thermodynamic control.!%!67
In product 5a there is no possibility of subsequent base-
catalyzed epimerization at C; or Cy, exclusive of retro-
Michael reaction. Assuming trans stereochemistry at
C;-Cy, eight diastereoisomers of Sa are possible. The
dimers of 2a reported by Conia® and Thieme® are prob-
ably epimers of 5a; the method of their synthesis and
the observed similarity in their spectra (Table I) favors
this assumption. (The three known styryl isobutyl
ketone dimers formed in ethanolic sodium hydroxide
are epimers.'?) Although not shown in 5a, the exo-

(14) W. A, Thomas in “Annual Review of NMR Spectroscopy,”’ Vol. 1,
E. F. Mooney, Ed., Academic Press, New York, N. Y., 1968, pp 74~77.

(15) A, A, Bothner-By in *“Advances in Magnetic Resonance,”’ Vol. 1,
J, 8. Waugh, Ed., Academic Press, New York, N. Y., 1965, pp 289-243,

(16) L. Gorrichon-Guigon, Y. Maroni-Barnaud, and P. Maroni, Bull.
Soc. Chim. Fr., 128 (1970).

(17) A.-M. Baradel, J. Dreux, and R. Longeray, 1bid., 3543 (1566).

2.5 Hz) in CDCl;.  ° Signal appears as three principal peaks of

¢ Solvent is 1:1 toluene-ds—

cyclic benzylidene groups are presumed to have the
favored trans stereochemistry; structure 6a illustrates
the preferred configuration.!®19

The base-catalyzed dimerization reaction has been
extended to other 2,4-diarylidenecyclobutanones. 2,4~
(4-Methylbenzylidene)cyclobutanone (2b) forms a crys-
talline dimer (assigned structure 5f) in 329, yield in

Ar HO
Ar
CHAr
H
H H
0 CHAr

5f, Ar =4-CH;C;H,
g Ar =3,4(CH;0),C:H,
h, Ar = 4-CH;0C:H,

aqueous ethanolic sodium hydroxide at 50-68°, mp
215-218°. Its nmr and infrared spectra are very simi-
lar to those of 5a. 2,4-Bis(3,4-dimethoxybenzylidene)-
eyclobutanone (2e) by reaction under the same condi-
tions as employed with 2b gave crystalline dimer 5g by
fractional crystallization from acetonitrile, mp 232-
235° (19, vyield). 2,4-Bis(4-methoxybenzylidene)cy-
clobutanone (2¢) under similar conditions gave a trace
of product (mp 240-260°), believed to be principally
dimer 5h. 2,4-Bis(4-chlorobenzylidene)cyclobutanone
(2d) gave an amorphous product from which no erys-
talline product could be isolated; its infrared spectrum
resembles that of dimers 5a-h, except for the presence
of bands at 3500 and 1770 em—! which suggest ketol
impurity. The effect of aryl substituents on the di-
merization of 2,4-diarylidenecyclobutanones parallels re-
sults for dimerization of styryl alkyl ketones to 3,5-
diaryl-4-alkanoyleyclohexanones  (13-229, yield);*
electron-releasing groups such as alkyl and alkoxy

(18) D. N. Kevill, E. D, Weiler, and N, H, Cromwell, J. Org, Chem., 29,
1276 (1964).
(19) M. Brink, Tetrahedron, 25, 995 (1969).
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favor these reactions, which involve a Michael eycliza-
tion in an acyelic dimer intermediate.

The preparation of 2,4-bis(4-dimethylaminoben-
zylidene)cyclobutanone (2f) deserves comment. Under
conditions used for preparing 2a-e (43699, yield) this
compound is formed much more slowly and in lower
yield (149%). It is isolated as deep-red prisms having
a relatively high melting point (274-275°) and, unlike
2a-e, is very insoluble in most organic solvents. a,a’-
Bis(4-dimethylaminobenzylidene)cycloalkanones  pre-
pared from cyclopentanone, cyclohexanone, and cyclo-
heptanone are orange, high-melting substances, but
are more soluble in organic solvents than is 2f.2 The
carbonyl stretching frequency of 2f (1680 em™1) is rel-
atively low compared to that of 2a (1720 em~1), char-
acteristic of charge delocalization in B-amino ketones.
The delocalized structure of 2f (17) and its physical
properties resemble somewhat the highly colored, high-
melting cyclobutendiylium dyes (e.g., 18, deep blue,
mp 276°).20

o
CH3\+ /CH3
2 <« /N CH CH-—@—N\
CH, CH,
17
o
CH3\ /CHS
+
OO
/ N\
CH; CH,
0
18

The prineipal product of condensation of 4-dimethyl-
aminobenzaldehyde (2 molar equiv) with cyclobuta-
none at 25° is the 2-benzylidene derivative 19 (scarlet
prisms from acetone, mp 181-183°, 389 yield). Only

o)
CH,
< > /
CH N
AN
CH,
19

one monoarylidenecyclobutanone other than 19 is
known, <.e., 2-benzylidenecyclobutanone (16). The
latter was prepared in a pure state with some difficulty
by condensing benzaldehyde with excess cyclobu-
tanone.?

Experimental Section?!

Materials.—Cyclobutanone (99.7%) from Columbia Chem-
icals Co., n®p 1.4198, was assayed by vpe. Aldehydes were com-
mercial samples, distilled immediately before use if liquid; melt-
ing points of solid samples were checked before use.

Benzaldehyde-ds was prepared from toluene-ds by chlorination

(20) H.-E. Bprenger and W. Ziegenbein, Angew. Chem., Int. Ed. Engl., 7,
530 (1968),

(21) Melting points were determined on a Kofler block and are corrected.
Ultraviolet spectra were determined on a Cary Model 11 spectrophotometer
(95% ethanol solvent); infrared spectra were determined on a Perkin-
Elmer Model 137 spectrophotometer unless otherwise stated; nmr spectra
were determined on a Varian A-80 spectrometer (10~20% solutions) in
CDCls unless otherwise stated. Mass spectra were determined on a Hitachi
Model RMU-6E. Magnesium sulfate was employed as drying agent.
Elemental analyses were performed by Galbraith Laboratories, Knoxville,
Tennessee.
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to benzal dichloride-ds followed by alkaline hydrolysis;?2 assay by
mass spectrum 969, de (112), 49, ds (111).

Benzaldehyde-2,3,4,6,6-ds.—Benzyl alcohol-2,3,4,6,6-ds (2.49
g), prepared by lithium aluminum hydride reduction of benzoic
acid-2,3,4,6,6-ds,* was dissolved in 200 ml of ether and shaken
with 15 g of activated manganese dioxide (catalyst B)?* at ambient
temperature for 118 hr. The solution was filtered and the fil-
trate was distilled to yield 1.81 g (75%) of benzaldehyde-2,3,4,-
§,6-ds, bp 179-180°, assay by mass spectrum 969, ds (111), 4%,
de (110).

2,4-Dibenzylidenecyclobutanone (2a) was prepared by the pro-
cedure of Thieme® as flat yellow prisms from acetone, 477, yield,
mp 191-193° (lit.* mp 191-192°, 479 yield).

2,4-Di(benzylidene-2,3,4,6,6-ds)eyclobutanone (2g).—A solu-
tion of cyclobutanone (0.57 g, 0.00815 mol) and benzaldehyde-
2,3,4,6,6-ds (1.81 g, 0.0163 mol, 969, assay d;) in 10 ml of 959,
ethanol was added dropwise during 2 hr to 40 ml of agueous
ethanol (759 ethanol) containing 4 ml of 1%, aqueous sodium hy-
droxide solution (temperature 20°). After standing for 4 hr at
20° the mixture was chilled in an ice bath for 20 min and filtered
to yield 0.30 g of crystals, mp 185-192°; standing at 25° for an
additional 17 hr deposited 0.54 g of additional crystalline product,
mp 170-185° (469 total yield); recrystallization from acetone
gave 2g as prisms, mp 193-195°, 999, pure by nmr assay.

2,4-Di(benzylidene-«,2,3,4,5,6-ds)cyclobutanone (2h).—A so-
lution of cyclobutanone (0.78 g, 0.011 mol) and benzaldehyde-ds
(2.77 g, 0.022 mol, 969, assay) in 15 ml of 959, ethanol gave, by
the procedure used for preparation of 2g, 1.15 g (429%,) of crude
2h, mp 175-185°; recrystallization from acetone gave prisms, mp
191-194°; 989 pure by nmr assay.
7-Benzylidene-3 ,4-diphenyl-2-gpiro(2-oxo-3-benzylidenecyclo-
butyl)bicyclo[3.2.0]heptan-6-one (5a).—2,4-Dibenzylidenecyclo-
butanone (1.0 g, 0.0046 mol) was pulverized in a mortar and dis-
solved in 25 ml of absolute ethanol at 45°; 4.0 ml of 19 aqueous
sodium hydroxide solution was added and the solution was heated
at 45° for 10 min, The solution after cooling to 25° was shaken
in a mechanical shaker for 50 min, The mixture was filtered to
vield 0.27 g of dimer 5a, mp 190-191°. The filtrate was acidified
with 20 ml of 2 N sulfuric acid, diluted with 50 ml of water, and
allowed to stand overnight to deposit 0.70 g of a solid which was
crystallized from acetonitrile to yield 0.13 g of additional prod-
uct, mp 170-185° (0.40 g total); recrystallization from acetoni-
trile gave 0.30 g (309;) of small, yellow, spear-shaped crystals,
mp 191-193°; when mixed with 2,4-dibenzylidenecyclobutanone
(mp 191-192°) the melting point was depressed to 155-160°. In
a parallel run (2.0 g of monomer, sodium hydroxide 0.011 M in
95% ethanol) 5a was obtained in 239 yield, mp 188-192°.

Anal. Caled for CsHes0y: C, 87.77; H, 5.73; mol wt 492.6.
Found: C,87.55; H, 5.65; mol wt 492 (mass spectrum).

Reaction of 2a by the procedure of Thieme® gave an amorphous
product, mp 108-118°, from which no crystalline product could
be isolated by crystallization from various solvents, including
acetonitrile. The infrared spectrum [» XBr 1745 s (C==0), 1770
m (C=0), 1640 s (C=C), 3500 w em™! (OH)] suggested the
presence of ketolin the crude product.

A 10-mg sample of dimer 5ain 5 ml of 95% ethanol containing 2
drops of concentrated hydrochlorie acid was heated under reflux
for 1 hr. Removal of the solvent gave recovered dimer, 10 mg,
mp 192-194°.

A 10-mg sample of dimer 5a in a solution of 10 ml of absolute
ethanolic sodium methoxide (prepared from 10 mg of sodium)
was warmed on the steam bath for 10 min; 1 ml of water was
added and the solution was heated for an additional 15 min.
Cooling, followed by addition of 10 m! of water and 10 ml of 2 N
sulfuric acid, gave 10 mg of amorphous solid, mp 75-80°, from
which no crystalline material could be isolated by crystallization
from acetonitrile.

A 30-mg sample of dimer 5a in a solution of 1 ml of acetonitrile
and 1 ml of 19, sodium hydroxide in 709, ethanol was heated on
the steam bath for 15 min. After standing at 25° for 15 min there
precipitated 20 mg of recovered 5a, mp 184-189°.

Mono-2,4-dinitrophenylhydrazone of Dimer 5a.—A 100-mg
(0.0204 mmol) sample of dimer 5a and 150 mg (0.076 mmol) of
2,4-dinitrophenylhydrazine were dissolved in 50 ml of hot 95%

(22) J. Ronayne, D, H. Williams, and J. H. Bowie, J. Amer. Chem. Soc.,
88, 4980 (1966).

(23) J. C. Evans, Spectrochim. Acta, 17, 129 (1961).

(24) M. Harfenist, A. Bavley, and W. A, Lazier, J. Org. Chem., 19, 1608
(1954).
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ethanol. Concentrated hydrochloric acid (10 drops) was added
and the mixture was heated on the steam bath for 1 hr. After
standing at 25° for 14 hr there was obtained 130 mg (95%) of 5a
mono-2,4-dinitrophenylhydrazone, mp 271-273°; recrystallization
from ethylene dichloride gave small orange prisms, mp 279-280°.

Anal. Caled for CpHpNOs: C, 74.98; H, 4.79; N, 8.33.
Found: C,74.72;H,4.91;N, 8.25.

Sodium Periodate-Osmium Tetroxide Oxidation of Dimer
5a.%—To dimer 5a (0.40 g, 0.08 mmol)in 15 ml of acetonitrile was
added 7 ml of water and, with stirring, 25 mg (1.0 mmol) of osmic
acid (nitrogen atmosphere maintained). The brown solution
was treated with sodium periodate (0.67 g, 3.3 mmol), added in
small portions at frequent intervals with stirring during 30 min,
causing the color to change to yellow. After stirring for an addi-
tional 90 min, the solution was diluted with 100 ml of water and
steam-distilled; 150 ml of distillate was collected, diluted with
water, and extracted several times with ether. The dried ether
extracts were distilled, leaving 0.10 g of crude benzaldehyde which
was isolated as its 2,4-dinitrophenylhydrazone, 0.185 (409,), mp
225-236°; recrystallization from ethyl acetate gave orange prisms,
mp 240-242°; when mixed with an authentic sample (mp 242-
243°) the melting point was not depressed (lit.? mp 241-242.5°).
In the flask remaining after steam distillation was 0.17 g of amor-
phous material, from which no crystalline product could be iso-
lated, mp 185-195°, having an infrared spectrum characterized
by broad bands, » (KBr) 1720 em ™! (C==0).

7-Benzylidene-3,4-diphenyl-2-spiro(2-0x0-3-benzylidenecyclo-
butyl)bicyclo[3.2.0]heptan-5-d-6-one  (5b).—2,4-Dibenzylidene-
cyclobutanone (0.50 g, 2.03 mmol) was dissolved in an alkaline
solution, prepared by dissolving 20 mg of sodium in 30 ml of abso-
lute ethanol-O-d and 2 ml of D,0, and the solution was kept at
45° for 10 min. The clear solution was then shaken mechanically
for 50 min while allowing it to cool to 25°. Deuterium oxide (10
ml) and N-deuteriosulfuric acid in DO (10 ml) were added and
the mixture, now containing a yellow precipitate, was allowed to
stand at 25° for 16 hr. Filtration gave 0.47 g of product, mp
130-180°; crystallization from acetonitrile gave 0.10 g (209;) of
crystalline dimer 5b, mp 180-190°; recrystallization gave 0.05 g,
mp 188-190°,
7-(Benzylidene-2,3,4,6,6-d;)-3,4-di(phenyl-2,3,4,5,6-ds)-2-
spiro[2-0x0-3-(benzylidene-2,3,4,5,6-d;)cyclobutyljbicyclo[3.2.0]-
heptan-6-one (5¢).—A solution of 2,4-di(benzylidene-2,2,4,5,6-
ds)eyclobutanone (2g, 0.40 g, 1.56 mmol) in 25 ml of absolute
ethanol and 2.5 m} of 19, aqueous sodium hydroxide was kept at
45° for 10 min. After shaking at 45-25° (self-cooling) for 50
min the mixture was diluted with 10 ml of 2 N aqueous sulfuric
acid and 100 ml of water. Standing at 25° for 16 hr deposited
0.3 g of product, mp 92-100°, which was crystallized from aceto-
nitrile to give 0.09 g (239) of dimer 5c¢ as small prisms, mp 190-
193°.
7-(Benzylidene-«,2,3,4,6 ,6-ds)-3,4-di(phenyl-2,3,4,5 ,6-
ds)-2-spiro{2-0x0-3-(benzylidene-«,2,3,4,56 ,6-ds )cyclobutyl] bicyclo-
[3.2.0lheptan-3,4-ds-6-one (5d).—2,4-Di(benzylidene-«,2,3,4,5,6-
dg)cyclobutanone (2h, 220 mg) was dissolved in 12 ml of absolute
ethanol and 1.2 ml of 19, aqueous sodium hydroxide at 45°; after
keeping at 45° for 15 min and shaking for 45 min while cooling to
25°, water (25 ml) and 2 N sulfuric acid (5 ml) were added and the
mixture was stored at 25° overnight. Filtration gave 0.20 g of
product, mp 98-103°, which was recrystallized from acetonitrile
to yield 31 mg (149%,) of crude dimer 5d as spear-shaped crystals,
mp 168-188°. This sample was not purified further; assay 909,
dimer 5d and 10%, monomer 2h by nmr.
7-(Benzylidene-«,2,3,4,6 ,6-d;)-3 ,4-di(phenyl-2,3,4,5,6-
ds)-2-spiro[2-ox0-3-(benzylidene-«,2,3,4,5,6-ds] cyclobutyl bicyclo-
{3.2.0lheptan-3,4,6-d,-6-one (5e).—2,4-Di(benzylidene-«,2,3,4,-
§,6-dg)cyclobutanone (2h, 0.50 g, 1.94 mmol) was dissolved in a
solution prepared by dissolving 20 mg of sodium in 30 ml of
ethanol-O-d and 2 ml of D,O and the solution was kept at 45° for
10 min. The clear orange solution was allowed to cool to 25°
during 50 min; D,0 (10 ml) and N-deuteriosulfuric acid in D,O
(10 ml) were added and the mixture was allowed to stand over-
night. Filtration gave 0.45 g of solid, mp 122-130°, which was
crystallized from acetonitrile to yield 80 mg (169) of dimer Se,
mp 191-192°, as clusters of pale-yellow spear-shaped crystals.
2,4-Bis(4-methylbenzylidene)cyclobutanone (2b).—A solution
of cyclobutanone (1.0 g, 0.0143 mol) and p-tolualdehyde (3.5 g,
0.029 mol) in 16 ml of 95% ethanol was added dropwise, with

(25) Procedure of R. Pappo D. 8. Allen, Jr., R. U. Lemieux, and W, §.
Johnson, J. Amer. Chem. Soc., 21, 478 (1956).
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stirring, to 80 ml of 0.19, sodium hydroxide in 709, ethanol dur-
ing 4 hr, keeping the temperature at 18~-20°; stirring was contin-
ued at 20° for an additional 4 hr. The mixture was filtered and
washed with 709, ethanol to yield 3.19 g of ketone 2b, mp 191--
201°; recrystallization from acetone gave long yellow needles, 1.95
g (619%), mp 205-207° (1it.* mp 200-202°) (43%,); » (KBr) 1720
(C==0), 1670, 1635 cm™! (C=C); nmr (CDCl;) § 7.37, 7.17 (q,
J = 8.0Hz, 8, aryl),7.12 (t,J = 2.5 Hz,2, =CH), 3.71 (t,J =
2.5 HZ, 2, CHQ), 2.37 (S, 6, CHg).
7-(4-Methylbenzylidene)-3,4-di(4-methylphenyl)-2-spiro[2-
0x0-3-(4-methylbenzylidene )| bicyclo[3.2.0]heptan-6-one (5f).—
3,4-Di(4-methylbenzylidene)cyclobutanone (2b, 0.50 g, 1.82
mmol) was dissolved in 50 ml of absolute ethanol and heated to
45°, Aqueous sodium hydroxide solution (4 m!l of 19, solution)
was added and the solution was kept at 50° for 30 min and at 68°
for 20 min. The clear orange solution was allowed to cool to 25°
during 1 hr; it was then treated with 20 ml of 2 N sulfuric acid and
diluted with water. The following day the solid was filtered,
0.48 g, mp 98-100°. Recrystallization from acetonitrile gave
0.23 g of crude crystalline dimer Sf, mp 204~207°; one recrystal-
lization gave small prisms, 0.16 g (329,), mp 213-217°. Further
recrystallization from acetonitrile raised the melting point to 215-
218°: » (KBr) 1740 (C=0), 1635 cm~* (C=C); nmr (CDCl,) &
7.0-7.4 (m, 17, aryl and =CH), 6.67 (m, 1,=CH), 4.0-4.3 (m,
4, ring CH), 2.78 (m, 2, CH,), 2.30 (s, 6, CH;), 2.22 (s, 6, CH,).

Anal. Caled for CiuHe0:: C, 87.56; H, 6.61; mol wt 548.7.
Found: C,87.52;H, 6.62; mol wt 548 (mass spectrum).

The above procedure applied to 2,4-bis(4-methoxybenzylidene)-
cyclobutanone® (2¢, 0.5 g) gave recovered reactant (109,) and an
amorphous product, mp 105-108°. Fractional crystallization of
the product from acetonitrile ultimately gave 2 mg of amorphous
product which forms tiny erystals near the melting point, 240—
260° [» (KBr) 1725 cm ™! (s, C=0), 1635 (s, C=C)]. With 2,4-
bis(4-chlorobenzylidene)cyclobutanone (2d)® the procedure gave
an amorphous product, mp 125~138° [» (KBr) 3500 (w, OH),
1770 (m), 1740 (s, C=0), 1640 em~! (C=C)]; no crystalline
material could be isolated from this product.

2,4-Bis(3,4-dimethoxybenzylidene )cyclobutanone (2¢).—Cy-
clobutanone (1.0 g, 0.0143 mol) and 3,4-dimethoxybenzaldehyde
(4.82 g, 0.029 mol) were condensed employing the procedure used
in preparation of 2b; crude crystalline product, 3.38 g, mp 174—
178°, was obtained. Recrystallization from acetone gave 2.23 g
(52%) of 2e, mp 182-186°; two more recrystallizations gave long
yellow needles, mp 191-193°; » (KBr) 1710 (C=0), 1650, 1620
em 1 (C=C); nmr (CDCl;) § 6.3-7.8 (m, 8, aryl and =CH), 3.90
(s, 12, CH;0), 3.75 (t, J = 2.5 Hz, 2, CH,).

Anal. Caled for CpoH:05:  C, 72.11; H, 6.05; mol wt 366.4.
Found: C,71.91;H,6.10; mol wt 370 (osmometry).

Dimerization of 2e (0.50 g) employing the procedure used in
the preparation of dimer 5f gave an amorphous product, mp 109
120°, from which 5 mg (19%) of dimer 5g was isolated by fractional
crystallization from acetonitrile, small prisms, mp 232-235°; »
(KBr) 1740 (C=0), 1635 cm ! (C=C).

Anal. Caled for CuHuO: C, 72.11; H, 6.05; mol wt 732.8.
Found: C,71.98;H, 5.95; mol wt 741 (osmometry).

2,4-Bis(4-dimethylaminobenzylidene)cyclobutanone (2f).—A
solution of cyclobutanone (1.0 g, 0.0143 mol) and 4-dimethyl-
aminobenzaldehyde (4.32 g, 0.029 mol) in 16 ml of 959 ethanol
was added dropwise, with stirring, during 2 hr to 80 ml of 0.1,
sodium hydroxide in 709, ethanol, keeping the temperature below
20°; stirring was continued at 20° for 5 hr. After standing at 25°
for 10 days there was obtained in several crops a total of 2.50 g of
scarlet needles, mp 171-180°. The filtrate on standing at 25° for
4 weeks deposited 0.07 g of 2f, mp 271-273°. Crystallization of
the first crop from 250 ml of boiling acetone gave 0.60 g of 2f, mp
270-275°; total yield, 0.67 g (14%,). Recrystallization from di-
methylformamide gave flat, dark-red prisms, mp 274-275°; »
(KBr) 1680 (C=0), 1640 em~* (C=C). The material is only
very slightly soluble in most organic solvents (hot), including
acetone, acetonitrile, dimethyl sulfoxide, ethylene dichloride,
pyridine, chloroform and nitromethane; nmr (CF;CO.H) 6 7.85,
8.02 (m, 8, aryl), 7.68 (t, poorly resolved, 2, J = 2.5 Hz, =CH),
4.22 (m, 2, CH,), 3.60 (s, 12, CH,).

Anal. Caled for Co2HoN,0: C, 79.48; H, 7.28; N, 8.43; mol
wt332.4. Found: C,79.32;H,7.27; N, 8.30; mol wt 332 (mass
spectrum), 342 (vapor osmometry in dimethylformamide).

2-(4-Dimethylaminobenzylidene )cyclobutanone (19).—The fil-
trate (acetone solvent) remaining from crystallization of 2f above
was concentrated to ca. 60 ml and filtered hot to remove addi-
tional 2f (0.05 g, mp 269-270°). Chilling the filtrate to 0° de-
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posited 1.11 g (389) of 19 as scarlet prisms, mp 178-182°; re-
crystallization from acetone gave long scarlet needles, mp 181~
183°; » (Nujol) 1715 em ™1 (C==0).

Anal. Caled for CsHsNO: C, 77.58; H, 7.51; N, 6.96; mol
wt 201.3. Found: C, 77.86; H, 7.53; N, 6.96; mol wt 170
(vapor osmometry in dimethylformamide).
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The Synthesis of 2-Keto-4a-phenyloctahydro-As-naphthyridine and
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The synthesis of 2-keto-4a-phenyloctahydro-AS-naphthyridine (10) and 2-keto-8-methyl-7-oxa~AS-1-azabicy-
clo[.4.3.0] nonane (16) is presented. A number of new 2,2-dialkylphenylacetonitrile and N-alkylglutarimide
derivatives were synthesized as intermediates in the formation of 10 and 16.

The synthesis of 5-phenyl-2,9-diketo-1-azabicyclo~
[3.3.1]nonane (1) was proposed as part of a continuing
study of the steric aspects of the antiepileptic action of
drugs having the ureide or imide function. The major
anticonvulsant drugs all contain this function and it was
desired to prepare a bridged analog of the toxic but
efficacious drug aminoglutethimide (2).

0
H,N.

1

The initial approach to the desired bicyeclic glutar-
imide ring system involved the attempted synthesis of
compound 3. It was predicted that a base-catalyzed

0
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PhC——-ngCHzCHs

|
CH,CH:CH:NH,

3

intramolecular attack by the amino group on the ester
funetions would produce 1.

Phenylacetonitrile was allowed to react with 2-(3-
bromopropoxy)tetrahydropyran (4) to yield 2-{3-(2-
tetrahydropyranyloxy)propyl]phenylacetonitrile ~ (5).
The latter compound (3) was converted to 2-ecyano-
ethyl-2-[3- (2-tetrahydropyranyloxy)propyl iphenylace-
tonitrile (6) wvie cyanoethylation. The protecting
group (pyranyl ether) was removed under acidic condi-
tions to give 2-cyanoethyl-2-(3-hydroxypropyl)phenyl-
acetonitrile (7). The alecohol 7 was converted to the p-
toluenesulfonate 8 and the tosylate funection was dis-
placed by ammonia to yield 2-(3-aminopropyl)-2-
cyanoethylphenylacetonitrile (9). Treatment of 9
with ethanolic hydrogen chloride did not convert the

(1) Taken in part from the dissertation presented by J. W. Ayres, Aug
1970, to the Graduate School of the University of Kansas in partial fulfill-
ment of the requirements for the Doctor of Philosophy Degree.
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dinitrile to the diester 3 as expected but to a produect
which was assigned the structure 10 on the basis of
spectral and elemental analysis. The treatment of 9
with base afforded the same product. When the reac-
tion was performed in the presence of aqueous hydro-
gen chloride no identifiable products were obtained.

The failure of 9 to yield 3 can be rationalized by the
apparent facility of the intramolecular attack by the
primary amine function to yield 10 as compared to the
less facile intermolecular attack by ethanol.

A previous publication? reported the light-catalyzed
addition of hydrogen bromide to 5-phenyl-5-allyl-
barbituric acid (11) to produce the primary bromo com-
pound 12. In a similar manner, the treatment of N-
allylglutarimide (13) was found to yield N-(3-bromo-

(0]
12,R = CHQCHzBr 14, R = CH-}CHzBT

15,R = CHBrCH;

(2) E. E, Smissman, R. A. Robinson, and A. J. B. Matuszak, J. Org.
Chem., 85, 3823 (1870).



