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prepared through the enol lactone by the general
method of Fujimoto’ (m.p. 167-168.5°; caled. for
Co H3O,: C, 79.42; H, 10.00. Found: C, 79.21;
H, 10.29). The third peak comprised recovered
testosterone (recovery 339,) and was eluted with
ethyl acetate-benzene (1:9 and 1:4). Vields of
Ia and ITa were thus 149, and 669, respectively.
No evidence of O-alkylation at the 17-hydroxyl
was obtained.
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Testosterone on similar alkylation with allyl

bromide followed by chromatography of the crude
product on silica gave 178-hydroxy-4,4-diallyl-
androst-5-en-3-one (Ib) (conversion 119,; yield
149%; m.p.108-109.5°; [a]p —12° (¢ 0.66); infrared
2.92u, 5.84u, 5.93u, 6.04y, 6.11y; Caled. for
CuHy0.: C, 81.47; H, 9.85. Found: C, 81.13;
H, 9.84.) on elution with ethyl acetate~benzene
(1:19) and 4-allyltestosterone (IIb) (conversion
469%,; yield 559,; m.p. 124.5-125° with presoften-
ing; [alp +125° (¢ 1.11); Amax. 250mu (e 15,000);
infrared 2.87u, 2.94u, 6.04u, 6.20u; caled. for
CpH3:0:: C, 80.44; H, 9.82. Found: C, 80.64;
H, 9.99) with ethyl acetate—benzene (1.9). Tes-
tosterone (recovery 169;) was eluted with ethyl
acetate—benzene (1:4). When n-butyl iodide was
used in the alkylation 4-n-butyltestosterone (IIc)
(629%; m.p. 127.5-128.5°; [a]p +113° (¢ 1.02);
Amax. 251mu (e 15,000); infrared 3.11u, 6.00,
6.23x; caled. for CuHgO,: C, 80.18; H, 10.53.
Found: C, 80.24; H, 10.73) was obtained. A
material (109}) was eluted from the column before
IIc which showed no ultraviolet absorption in the
region of 250 mu and was assumed, without further
characterization, to be the dialkylated product.
19-Nortestosterone (with 1.25 moles methyl
iodide) gave 178-hydroxy-4,4-dimethyl-19-noran-
drost-5-en-3-one (Ic) (169;; m.p. 149.5-150°; [a]D
+33° (¢ 0.36); infrared 3.01u, 5.85u, 6.06u,;
caled. for CyHyO,.: C, 79.42; H, 10.00. Found:
C, 79.02; H, 9.96) and 4-methyl-19-nortestosterone
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(I1d) (509%; m.p. 158-159°; [a]p +52° (¢ 0.74);
Amax. 250 mu (e 15,400); infrared 2.82u, 6.04y,
6.22u). This material was shown to be identical
on the basis of its infrared spectrum and a mixture
m.p. with a sample of the compound prepared
through the enol lactone (m.p. 154-138.5°; caled.
for CisHxO,: C, 79.12; H,9.78. Found: C, 78.99;
H, 9.63); acetate® (Ile; m.p. 128-129°; [a]Dp +42°
(¢ 0.85); Amax. 249.5 mypu (e 17,100); caled. for
CaHs05: C, 76.32; H, 9.15. Found: C, 76.03;
H, 9.06).
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THE ADDITION OF TETRACYANOETHYLENE TO
DIPHENYLDIMETHYLENECYCLOBUTENE
Sir:

Possible synthetic routes to the still unknown
genuine cyclobutadienes, which might be effected
under mild conditions, are Diels—Alder additions
with dimethylenecyclobutenes. The principal ob-
jective of the reported synthesis of diphenyldi-
methylenecyclobutene (I)! was, in fact, to inves-
tigate this approach. We now wish to report the
first results of this study.

It was found that the triene I was unreactive
toward maleic anhydride, N-phenylmaleimide and
acetylene dicarboxylic ester at moderate tempera-
tures (25-75°), in sharp contrast to the high Diels-
Alder activity of the closely related miodel com-
pound 1,2-dimethylenecyclobutane.? At elevated
temperatures polymerization occurred in all in-
stances with 1no isolable crystalline products being
realized. Thus, from the reaction of I with acety-
lenedicarboxylic ester at 150°, there was obtained,
after careful chromatography, an amorphous prod-
uct in low yield which decomposed at 160-170°,
depending wupon the rate of heating. .Inal
Calced. for (CoH2004),: C, 77.40; H, 15.41. Found:
C, 77.60; H, 15.53. The infrared spectrum of this
polymeric product indicated that it comprised
combined I and dienophile.

The foregoing suggested that a dienophile of
unusual activity would be required to coax the
triene I into undergoing a Diels—Alder addition.
The recently described tetracyanoethylene® ap-
peared uniquely attractive for this purpose.
From this and I, in benzene at rooni temperature,
there was obtained a colorless crystalline stable
adduct (ca. 409, yield), m.p. 175-176° (dec.) after
recrystallization from ether. Caled. for C,HyNy:
C, 80.43; H, 3.94; N, 15.63. Found: C, 80.73;
H, 4.08; N, 15.39. The mild conditions employed
for the addition suggested that the adduct had
either the cyclobutadiene structure II or the spiran
structure III, resulting from 1,4- or 1,2-addition
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respectively. Only structure ITII was in accord with
all of the observed properties of the adduct.

CsHs—U (CN)z
CeH;— (CN).
II

In the ultraviolet the adduct, in isodctane,
showed Amay 245 mu (broad) (log € 4.30) and Amax
308 mu (log e4.07). The infrared spectrum showed
weak absorption at 4.46 p (—C=N), characteristic
aromatic absorption and absorption at 5.97, 11.40
and 11.60 u characteristic of the methylenecyclo-
butene system.* In carbon tetrachloride at room
temperature the adduct absorbed one molar equiva-
lent of bromine to give a crystalline dibromide
IV, m.p. 162.5-163°. Anal. Caled. for CoH 1N Br,:
C, 55.62; H, 2.72; N, 10.81; Br, 30.84. Found:

(CN):
CeHs—‘u‘—“ _‘( CN )2
CsHs—‘——=CH2

III

C, 55.92; H, 2.92; N, 10.73; Br, 31.07. The
infrared and ultraviolet spectra of IV were similar
.—‘l—‘(CN )2
CeHa'—‘H—‘ ——'—‘( CN)z
CsH;—4——CH;Br
Br IV

to those of the tetrabromide of I.! IV showed
weak absorption at 6.06 p in the infrared and Amax
285 mp (log € 4.25) in the ultraviolet (chloroform
solution).

Finally, the nuclear magnetic resonance spec-
trum of the adduct in hexadeuteroacetone solution
shows three peaks approximately in the weight
5:1:1 and at about the correct positions for phenyl
hydrogen (C¢Hs—), exomethylenic hydrogen (=CH,)
and saturated ring methylene hydrogen (—CH,—)
respectively.

This unique cycloaddition of tetracyanoethylene
to form a four-membered carbon ring under such
mild conditions is attributed to the extreme re-
activity of the reactants and their refusal to form a
stable, isolable cyclobutadiene. Further study of
the triene I and related compounds is in progress.
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DIPHENYLDIMETHYLENECYCLOBUTENE
Sir:

We wish to report the synthesis of diphenyldi-
methylenecyclobutene (I), the most highly un-
saturated four-menibered ring hydrocarbon known.!

(1) For an interesting theoretical discussion of this system see

J. D. Roberts, A, Streitwieser and C. M. Regan, THIS JOURNAL, 74,
4579 (1952).
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It is isoelectronic with the recently reported ‘Cyclo-
butadienoquinones.’’2

CH
©\C—-C/ ’ CoHs—8———R

Cc—C CsHs—o R
©/ I NcH, II, R = COEt
III, R — CH,0H
IV.R = CH;Br
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Diethyl p-truxinate® (II) was reduced with
lithium aluminum hydride to give the glycol III,
m.p. 110-111°. Amnal. Caled. for CiHwnO.: C,
80.56; H, 7.51. Found: C, 80.83; H, 7.23.
Treatment of III with phosphorus tribromide gave

the dibromide IV, m.p. 95.5-96.5°. Amnal. Calcd.
for CyHyisBr,: C, 54.85; H, 4.60; Br, 40.55.
Found: C, 55.04; H, 4.64; Br, 40.40. IV reacted

smoothly with one equivalent of N-bromosuc-
cinimide in refluxing carbon tetrachloride yielding
the tribromo compound V, m.p. 105-105.5° (dec).
Anal. Caled. for CgHy:Brs: C, 45.70; H, 3.62;
Br, 50.68. Found: C, 45.74; H, 3.61; Br, 49.96.
Simultaneous elimination and displacement could
be brought about by treatment of V with excess
trimethylamine at 50°. The bis-quaternary salts,
VI and VII, were separated by virtue of their
differing solubility in methylene chloride. The
more soluble isomer was recrystallized from water
to give colorless needles, m.p. 185-187° (dec).
Anal. Caled. for CuHuN,Br,: C, 56.48; H,
6.71; N, 5.49; Br, 31.32. Found: C, 56.23;
H, 6.76; N, 5.49; Br, 31.46. The less soluble
isomer, m.p. 200-202° (dec.), was characterized as

its dipicrate, m.p. 228-230° (dec.). Amal. Calcd.
for C36H33014N33 C, 5360, H, 475, N, 13.89.
Found: C, 53.73; H, 4.61; N, 13.95. Either

isomer, when converted to the bis-quaternary
hydroxide and subjected to Hofmann degradation
at 120-140° (0.5 mm.), yielded the triene I as a
colorless crystalline solid. After resublimation at
40° (0.3 mm.), I showed m.p. 44-45°. Anal.
Caled. for CiHye: C, 93.87; H, 6.13. Found:
C, 93.65; H, 6.05. The triene I could be kept at
0° under nitrogen for several days without visible
change. However, at room temperature it rapidly
turned yellow within a few hours and eventually
formed a polymer. In the ultraviolet I (isobctane
soln.) showed the following maxima (log ¢'s in
parentheses): 237 mp (4.42); 262 mp (4.50);
328 mu (4.20). The infrared spectrum revealed
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