
DEHYDROGENATIONS OF STEROIDS via ENE ADDUCTS 

was added 282 mg (2.52 mmol) of potassium tert-butoxide in a 
drybox operation, and the resulting mixture was boiled under 
reflux with a Dean-Stark trap for 16 hr, during which time 20 ml 
of solvent was removed from the trap. Then the reaction mix- 
ture was cooled and extracted with 100 ml of dilute HCI and this 
extract was extracted extensively with ether ("acid extract"). 
The reaction mixture was next extracted with 10% KHCOs solu- 
tion, and this extract was neutralized with hydrochloric acid and 
extracted extensively with ether ("basic extract"). The mother 
liquor (now DMSO-free) and the two extracts were dried sepa- 
rately (NazSOa), the solvent was removed under reduced pressure. 

The mother liquor gave, after recrystallization from methanol, 
30.6 mg of starling material, mmp 72-76', infrared spectra and 
Rr identical. 

The basic exi ract yielded, after recrystallization from meth- 
anol, 278 mg of' @-keto ester 5: mp 98-101"; [ a ] ~  $80.5" (c 
0.1, EtOH); ir (KBr) 5.73, 5.77, 6.05 p ;  RfBE 0.05 (silica). 
The acid fraction yielded in the same manner 65 mg of @-keto 
ester (total yield, 62%). 
A-Nor-5or-androstan-17@-01-2-one (6a).-To a solution of 30 

mg (0.077 mmol) of the @-keto ester 5 in 50 ml of a saturated 
solution of NanCOs in methanol was added 10 ml of water and the 
solution was stirred for 15 hr, then acidified with dilute HCl, and 
extracted with three 100-ml portions of ether. The extract was 
dried (NazS04) and the solvent was removed to give an oily resi- 
due. Tlc on silica with (1: 1) ether-benzene gave Rr 0.87 (prod- 
uct) and 0.12 (starting material). Column chromatography on 
silica and elution with (1: 1) benzene-ether gave 20 mg (95%) of 
A-nor-5a-androakan-17@-01-2-one (6a): mp 195-197" (lit.I3 mp 

J. Org. Chem., Vol. 36, No. 1,  1971 83 

197"); ir (KBr) 5.78, 5.83 p;  nmr 6 0.96 (18-CH3) and 1.23 (19- 
CH3). 

3~-Methyl-A-nor-5~-androstan-17p-ol-2-one 17-Propionate 
(6b).-To a solution of 62 mg (0.159 mmol) of the @-keto ester 
5 in the minimum amount of anhydrous benzene was added 5.0 
mg (0.20 mmol) (Nujol dispersion) of sodium hydride and the 
mixture was stirred 2 hr a t  room temperature until hydrogen 
evolution ceased. Then 312 mg (2.2 mmol) of methyl iodide was 
added and the solution was stirred at  room temperature for 9 hr 
and at  40" for 5 hr. Then 1 ml of methanol was added slowly 
followed by 5 mg of p-toluenesulfonic acid in 10 ml of acetic acid 
and 5 ml of water, and the resulting mixture was stirred at  60" 
for 9 hr. After cooling, the aqueous layer was removed and ex- 
tracted with ether, and the extract was added to the organic 
layer. This solution was then evaporated under reduced pres- 
sure, the residue was taken up in ether, and this solution was 
washed with saturated Na2C03 solution and with water, and 
dried (MgS04), and the solvent was removed under reduced pres- 
sure. The residue was recrystallized from methanol and gave 
30.5 mg (55%) in two crops: mp 169.5-171'; ir (KBr) 5.78 and 
5.82 p ;  [a]n f38.8" (c 0.01, EtOH); nmr 6 0.76 (c-3 CH3), 0.87 
(C-18 CHa), and 1.13 (C-19 CH3); Rr 0.76 (ether-methanol). 

Anal. Calcd for C22H3403: C, 76.26; H ,  9.89. Found: C, 
75.88; H,  9.64. 

Registry N0.-3a, 521-18-6; 4a, 26686-22-6; 4b, 
26686-23-7; 5, 26731-53-3; 6a, 1032-10-6; 6b, 26686- 
25-9. 
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Tetracyanoethylene reacts with the steroidal ring-B dienes, ergosteryl acetate and 9(11)-dehydroergosteryl 
acetate, to give principally products of ene reactions. A by-product of both reactions is assigned the cycloadduct 
structure 7, chiefly from spectral data, including nmr solvent shifts, and is shown to arise from dehydrogenation 
reactions involving ene adducts. Other reactions between tetracyanoethylene and unsaturated steroids are 
also discussed. 

Tetracyanolethylene reacts rapidly with most cisoid 
1,3-dienes to :give Diels-Alder adducks  With dienes 
which cannot assume a cisoid configuration, cyclobutane 
derivatives are formedsr7 by 2 + 2 addition to one of the 
double bonds. In  a preliminary communication,2 we 
reported the first instances of Alder ene reactionss-"J 
between tetracyanoethylene and dienes, and recently 
some complementary results have been described by 
0thers.l' We now amplify the preliminary report and 
describe some further reactions of tetracyanoethylene 
with unsaturated steroids. 
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Tetracyanoethylene reacts rapidly with ergosteryl 
acetate 1 in benzene solution to give, after an initial 
olive-green coloration due to  a charge-transfer com- 
plex,12 a 1: 1 adduct, mp 135", in 65% yield, as previ- 
ously reported.2 The ene adduct structure 2 was as- 
signed to this compound, chiefly on the basis of uv and 
nmr data,13-16 and by analogy with the structures of 
the three adducts (3-5) formed between ergosteryl ace- 
tate and acrylonitrile. l 3  

The reactions of the adduct 2 are dominated by the 
lability of the tetracyanoethyl group. The compound 
is fairly stable in dry, nonprotic, neutral solvents, 
but loses hydrogen cyanide very readily in moist air, 
or with basic or protic solvents, apparently giving poly- 
meric products. When 2 was warmed with excess dry 
ammonia in chloroform, a compound was obtained, 
which analyzed correctly for the loss of hydrogen 

(12) C f .  C. A.  Stewart, Jr., J .  Oru. Chem., 28, 3320 (1963). 
(13) D. N. Jones, P.  F.  Greenhalgh, and I .  Thomaa, Tetrahedron, 84, 5215 
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(15) N. S. Bhacca and D .  H.  Williams, "Applications of N.M.R. Spectros- 

COPY in Organic Chemistry," Holden-Day, San Francisco, Calif., 1964, pp 
19 ff .  

(16) R. F .  Zilrcher, Hels. Chim. Acta, 46, 2054 (1963). 
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cyanide from 2. 
study and will be reported later. 

The chemistry of this reaction is under 

1 

dH, 
5 

In  an analogous reaction to that leading to 2, 9(11)- 
dehydroergosteryl acetate with tetracyanoethylene 
gives the ene adduct 6, mp 125", in 29% yield, as re- 
ported previously. 

CN 
AcO AcO 

1 O C N  NC CN 
HF\,, 

._ 

6 7 

The mother liquors from the reaction of tetracyano- 
ethylene with ergosteryl acetate 1 gave no As(g) com- 
pound analogous to 5 ,  which might have arisen from an 
ene reaction involving the 9a  proton of the steroid. 
There were obtained, however, a new compound, mp 
212", in 1.5% yield, and small quantities of tetracyano- 
ethane. The compound of mp 212" was also obtained, 
in up to 25% yield, from the mother liquors of the reac- 
tion between tetracyanoethylene and 9( 11)-dehydro- 
ergosteryl acetate after removal of the ene adduct 6. 
When this reaction was carried out in nitromethane- 
chloroform solution, no adduct 6 was obtained, but the 
yield of the compound of mp 212" was increased 
to 39%. The structure 7 is assigned to this compound 
from spectroscopic data and the reactions described 
below. Microanalyses did not conclusively distinguish 
between the formulas C36Hd4NJO2 (mol wt 564) and 
CaeH42N402 (mol wt 562), but the latter was established 
by mass spectroscopy. 

Although 7 slowly decomposes under polar, acidic, or 
basic conditions, it is much less labile than the ene 
adducts 2 and 6. This fact, and the absence from the 
nmr spectrum of any signals due to isolated -CH(CN)2 
protons, eliminated ene adduct structures from con- 
sideration and showed that 7 is a cycloaddition product. 
The nmr spectrum of 7 shows signals from four vinyl 
protons. A 2 H multiplet a t  r 4.85 was assigned to  the 
side-chain unsaturation, in good accord with the nmr 
spectra of other ergosterol derivatives. The two re- 
maining vinyl protons appear a t  r 4.36 as a one-proton 
singlet and a one-proton doublet superimposed to give 
a broadened single peak. A Dreiding model of struc- 
ture 7 shows that the C-6 and C-70 protons have a di- 
hedral angle of almost 90°, and that the C- l l  proton 
has a dihedral angle of almost 90" with the C-12a proton, 
and one of ca. 30" with the C-l2p proton. Thus the 
shape of the r 4.36 signal is reasonable for the C-6 and 
C-11 protons, if virtually coincident chemical shifts for 
these protons are assumed. Upfield from the vinyl 
proton signals are three groups of signals for the seven 
methine protons of 7. A broad one-proton signal a t  
r 5.30 was assigned to  the C-3a proton, a broad two- 
proton peak a t  r 6.68 to the C-7p and C-15P protons, 
and a broad four-proton group of superimposed signals 
a t  r 7.34-7.55 to the C-17, C-20, C-24, and (2-25 pro- 
tons. The appearance of this latter signal is consistent 
with the observed splitting (5-6 Hs) of the side-chain 
methyl signals between T 8.92 and 9.18. Signals from 
13 protons appear between r 7.9 and 8.9. Structure 7 
contains eight allylic and six nonallylic ring methylene 
protons. The lower field group of these, near the ace- 
tate methyl signal a t  T 7.95, integrated for ea. seven 
protons, and the higher field group, between the acetate 
and side-chain methyls, for ca. six protons, consonant 
with structure 7. The C-19 and C-18 methyl signals 
appear a t  r 8.78 and 8.98. The values calculated16 
for structure 7 without the tetracyanoethano bridge are 
T 8.94 and 9.19, respectively, which implies that the 
bridging group exerts a similar considerable deshielding 
effect on each angular methyl group. This also is con- 
sistent with structure 7. 

All the signals except those for the vinyl protons and 
the C-3a proton are shifted upfield when the nmr spec- 
trum is taken in benzene solution. The greatest shield- 
ing effect was observed for the C-7p and C-15P protons. 
This is in accord with their closeness to  the nitrile func- 
tions, which are expected to be strongly solvated by ben- 
zene." In  a similar The shifts are listed in Table I. 

TABLE I 
NMR SOLVENT SHIFTS FOR ADDUCT 7 

Proton 
attached to 

C-6,11 
C-22,23 
c-3or 
C-76, C-15p 
C-17, C-20 
(2-24, (3-25 

CHsCOO- 
Ring -CHn's 
(3-19 
C-18 

TCoHe TCDCli 

4.15 4.36 
4.78 4.68 
5.30 5.30 
7.35 6.68 

7.34 
7.48 

8.22 7.95 
7.9-8.9 7.7-8.7 
9.14 8.78 
9.32 8.98 

p; 7.55 

rCefle-CDCl8 

-0.21 
4-0. 10 

0.00 
4-0.67 
4-0.36 
4-0.32 
f 0 . 3 3  
4-0.27 
4-0.20 
4 0 . 3 6  
4-0.34 

(17) Reference 15, pp 161 f f ;  oompare also R. C. Fort, Jr., and T. R. 
Lindstrom, Tetrahedron, 28, 3227 (1966). 
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way, the spectrum of adduct 2 in benzene solution shows 
large upfield shifts for protons adjacent to the nitrile 
groups; the C-2’ proton is shifted upfield by 1.57 ppm 
from chloroform to benzene solution, and the C-6 proton 
is shifted upfield by 0.50 ppm. 

The uv spectrum of 7 shows a solvent-invariant max- 
imum at  284 nm ( E  8550), which verified the presence of 
a homoannular diene. Although 7 is calculated from 
the Woodward-Fieser rulesIs to have Amax 293 nm, the 
ene adduct 6 ,  which contains the same array of double 
bonds as 7, has A,,, 280 nm ( E  6550),2 and the analogous 
adduct 8 has Amax 283 nm ( E  4200).19 

HNCOOCH, 

8 9 

The widely invoked “rule of rear attack” suggests 
that the bulky tetracyanoethylene would approach the 
steroid nucleus from the a face in most reactions; this 
has been established for the ene reactions of ring B 
dienes already described,2 and is implicit in structure 7. 
Some support for this suggested stereochemistry is 
given by the observations that 7 was unreactive to  
maleic anhydride or to further treatment with tetra- 
cyanoethylene. Rfodels show that ring C is shielded to  
the approach of dienophiles, by the angular methyl 
groups on the 0 face, and by the tetracyanoethano 
bridge on the a face, of the molecule. The unreactiv- 
ity of lumisteryl acetate 9 toward tetracyanoethylene“ 
is similarly explained. Also, in the present work, com- 
pounds 10 and 1lZo [prepared by reaction of tetra- 
cyanoethylene and maleic anhydride, respectively, with 
3~-acetoxyergosta-6,8(14),9( ll), 22-tetraenez0] were un- 
reactive to dienophiles. 

10 11 

A suggested sequence of reactions leading to 7 from 
9(11)-dehydrolergosteryl acetate is outlined in Scheme I. 

Elimination of tetracyanoethane from the ene adduct 
6 in this scheme gives the reactive pentaene 12, which 
with further tetracyanoethylene gives 7. The pentaene 
12 was not isolated in our work but was trapped by 
reaction of the ene adduct 6 with maleic anhydride 
in chloroform-nitromethane to give an adduct, mp 207”, 
C34H4405, whose spectral characteristics are fully in 
accord with stiructure 13. 

(18) L. F. Fieser and M. Fieser, “Steroids,” Reinhold, New York, N. Y., 

(19) A. van der Gen, W. A. Zunnebeld, U. K. Pandit, and H. 0. Huisman, 

(20) G. D. Laubach, E. C. Schreiber, E. J. Agnello, and K. J. Brunings, 

1959, p 17. 

Tetrahedron, 21, 3651 (1965). 

J. Amer. Chem. Soc., 78, 4743, 4746 (1956). 
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SCHEME I 

12 
4- ‘- (NC),CHCH(CN), . 

NC’ NC ‘CN ’CN / 
J 

7 

This is to our knowledge the first report of elimina- 
tion of tetracyanoethane from an isolated tetracyano- 
ethylene ene adduct. This reaction formally resembles 
the pyrolysis of the adduct 14, to l12-dicarboethoxyhy- 
drazine and cholestatriene derivatives. 2 1  Tetracyano- 
ethylene has, however, been known to aromatize 1,4-di- 
hydrobenzenes.22 The formation of small amounts of 7 
from ergosteryl acetate and tetracyanoethylene could be 
explained in three different ways. First, the ergosteryl 
acetate may have been contaminated by small quanti- 
ties of the 9(1l)-dehydro compound; secondly, dehydro- 
genation could have occurred by radical abstraction of 
the 9a  and l l a  hydrogens by tetracyanoethylene; or 
thirdly, a ene adduct with tetracyanoethylene 
analogous to 5 may have been formed, which then gave 
tetracyanoethane and 9, (11)-dehydroergosteryl acetate 
in a manner analogous to the reactions shown in 
Scheme I (cf. dehydrogenation of steroids by mercuric 
acetate23). Spectral examination of the ergosteryl ace- 
(21) A. van der Gen, J. Lakeman, M. A. M.  P. Gras, and H. 0. Huisman, 

Tetrahedron, 20, 2521 (1964). 
(22) D. T. Longone and G. L. Smith, Tetrahedron Lett., No. 5, 205 (1962); 

D. T. Longone and F.-P. Boettcher, J .  Amer. Chem. SOC., 86, 3436 (1963); 
J. A. Berson and M.  R .  Willcott, 111, %bid., 87, 2751 (1965). 
(23) W. V. Ruyle, T. A .  Jacobs, J. M. Chemerda, E. M .  Chamberlin, 

D. W. Rosenburg, G. E. Sita, R. L. Erickson, L. M. Aliminosa, and M .  
Tishler, ibid. ,  7 6 ,  2604 (1953). 
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tate used indicated that i t  was uncontaminated by the 
9(11)-dehydro compound, which suggests that either 
of the two latter possibilities is feasible. We have ob- 
served no A8(9)-ene adduct to be formed in the reaction 
between ergosteryl acetate and tetracyanoethylene, but 
as yet cannot distinguish between the latter two possi- 
bilities. 

The rapid reaction between the A7(I4)-diene ergos- 
teryl-Bz benzoate (3P-benzoyloxyergosta-7,14,22-triene) 
and tetracyanoethylene has already been reported ;2  

the sole product was the Diels-Alder adduct 15. 

HIG-COOCH, 
14 

C,,H ,COO 
NC CK 

15 

The mass spectra of these adducts, which will be dis- 
cussed in detail in a later publication, are of considerable 
interest. The Diels-Alder adducts on electron impact 
in general undergo retro-Diels-Alder reactions, and the 
subsequent fragmentations of the diene portions are 
usually strikingly similar to those of the dienes them- 
selves. The ene adducts undergo retro-ene reactions, 
in which the fragmentations after the loss of tetracyano- 
ethylene are again similar to those of the parent steroids. 
The mass spectral retro-ene reaction may be regarded as 
an analog of the well-known McLa fferty rearrange- 
mentaz4 

Tetracyanoethylene did not react with 30-benzoyl- 
oxyergosta-7,22-diene or with the transoid diene 3p- 
benzoyloxyergosta-7,9(11)22-triene, under the condi- 
tions used in the ene reactions described above. Fur- 
ther investigations of the mechanisms of the reactions 
described in this paper, and of reactions of tetracyano- 
ethylene with other unsaturated steroids, are in prog- 
ress. 

Experimental Section 
Analyses were performed by Spang Microanalytical Labora- 

tories, Ann Arbor, Mich. Melting points were determined on a 
Thomas-Hoover capillary apparatus and are uncorrected. 
Optical rotations were measured in a 0.1-dm cell with a Bendix- 
Ericsson automatic polarimeter, and nmr spectra with Varian 
A-60 or HA-100 spectrometers in deuteriochloroform solution 
unless otherwise specified, using tetramethylsilane as internal 
reference. Infrared spectra were taken with a Perkin-Elmer 237 
spectrophotometer, ultraviolet spectra with a Perkin-Elmer 202 
spectrophotometer, and mass spectra with an AEI MS-12 
spectrometer. 

Reaction of Ergosteryl Acetate 1 with Tetracyanoethylene in 
Benzene.-Ergosteryl acetate 1 (11.7 g, 0.027 mol) was dis- 
solved in sodium-dried benzene (75 ml) with gentle warming, and 
tetracyanoethylene (white crystals, 3.45 g, 0.027 mol, Aldrich 

(24) G. Spiteller and M .  Spiteller-Friedmann, Monatsh. Chem., 95, 257 
(1964). 

Chemical Co.) was added gradually to the cooled solution. 
The olive-green coloration initially observed rapidly changed to 
light amber. Dry heptane (75 ml) was then added, and the 
mixture concentrated to 50 ml under reduced pressure at  25'. 
The large pink crystals gradually deposited (ea. 9.6 g, 65%) had 
mp 112-118' but were the substantially pure (by ir) ene adduct. 
Repeated crystallizations of this material from benzene-heptane 
gave an analytical sample of 3~-acetoxy-701-(1',1',2',2'-tetra- 
cyanoethyl)ergosta-5,8( 14),22-triene (2)  as rosettes of needles: 

213 nm mp 135' dec; [ o ~ ] ~ ~ D  -170' ( e  1.0, CHCI,); uv X~y$hexane 
(e 8080); nmr 7 4.80-4.92 (3 H, m, C-6, 22, 23 H's), 5.43 (1 H, 
H-2'), -5.45 (1 H, m, C-301 H),  6.42 (1 H,  d, J = 4 Hz, C-7 H) ,  
7.98 (3 H ,  s, C-3 CH3COO-), 9.05 (6 H,  s, (3-18 and C-19 
CHs's). Anal. Calcd for CIBH~~N~OZ: C, 76.29; H, 8.18; N ,  
9.89. Found: C, 76.19, 76.28; H,  8.08, 8.21; N,  9.89, 9.86. 

A minor by-product from the recrystallization of this compound 
was tetracyanoethane (91.4 mg, 2.6oj,), mp 187-188', of identical 
infrared spectrum with an authentic sample kindly provided by 
Dr. D. T. Longone. 

The mother liquors after the removal of the adduct 2 yielded 
7 (0.13 g), mp 196', of virtually identical ir spectrum with that 
obtained from 9( 11)-dehydroergosteryl acetate (below). Re- 
peated crystallization from toluene-heptane gave an analytical 
sample of 3~-acetoxy-7a,l501-tetracyanoethanoergosta-6,8(14),- 
9(11),22-tetraene (7) as fine needles: mp 212' dec; [ a I z 6 ~  
-236" (C 1.0, CHC13); uv X~$hexane  284 nm"(e 8500); nmr cited in 
full in text. Anal. Calcd for C I ~ H ~ ~ N , ~ ~ :  C, 76.83; H,  7.52; 
N, 9.96. Calcd for CsaHllN40z: C, 76.,56; H ,  7.85; N, 9.92. 
Found: C, 76.76; H ,  7.69; N,  10.02. 

Reaction of Tetracyanoethylene with 9( 11 )-Dehydroergosteryl 
Acetate. A. In Benzene.-A solution of tetracyanoethylene 
(386 mg, 0.003 mol) in dry benzene (25 ml) was added dropwise 
to a stirred solution of 9(11)-dehydroergosteryl acetatez6 (1.315 g, 
0.003 mol) in dry benzene (10 ml) a t  5' under nitrogen. The 
initially green solution turned yellow, and after 4 hr the solution 
was concentrated under reduced pressure and crystallization 
induced by addition of heptane and setting aside at  5'. Crude 
yields of products ranged from 50 to 75%; the first compound 
obtained in the fractional crystallization was the ene adduct 6 ,  
3P-acetoxy-701-(l',l',2',2'-tetracyanoethyl)ergosta-5,8( 14),9( ll),- 
22-tetraene, an analytical sample of which crystallized as needles 
from benzene-heptane: mp 125-126'; [ o ~ ] ~ ~ D  -99' (c 1.0, 
CHCls); uv X$i:hexnne 280 nm ( E  6550); nmr 7 4.39 (1 H, m, 
C-11 H),  4.68 (1 H,  d, J = 2.5 Hz, C-6 H), 4.87 (2 H,  m, C-22, 
23 H's), 5.41 (1 H,  m, C-3a H) ,  5.33 (1 H, s, C-2' H) ,  

8.73 (3 H ,  s, '2-18 CHI), 9.17 (3 H,  s, C-19 CHa). Anal. 
Calcd for CssH44N40z: C, 76.56; H,  7.85; N,  9.92. Found: 
C, 76.46; H, 7.91; N, 10.01. This compound was obtained 
pure in 29% yield. The mother liquors after removal of 
the adduct 6 yielded adduct 7 in variable (4-25%) yield. 
Relatively greater yields of 7 were obtained from reactions which 
appeared to contain traces of water and which gave a lower yield 
of the ene adduct 6 .  The adduct 7 obtained from these reactions 
was identical in all respects with that obtained from the reaction 
of tetracyanoethylene with ergosteryl acetate (see above). 

B. In Nitromethane-Chloroform.-A solution of 9(11)-de- 
hydroergosteryl acetate (4.85 g, 0,011 mol) in dry chloroform 
(30 ml) was diluted with dry nitromethane (90 ml) and stirred 
in an ice bath. A suspension of tetracyanoethylene (1.42 g, 
0.011 mol) in chloroform (50 ml) was added dropwise, and the 
residue rinsed through the dropping funnel with further nitro- 
methane (10 ml). The green color initially observed changed to 
amber within 25 min, and after 1 hr the solvent was removed 
under reduced pressure a t  20" and replaced by anhydrous ether. 
Adduct 7 crystallized in several crops of needles, mp 211-212" 
(total 2.48 g, 39%), identical with that obtained previously. 
The last two of five crops were obtained after addition of 30-60' 
light petroleum and standing at  5'. Concentration of the mother 
liquors, further standing at  So, and final addition of a little 
methanol gradually returned the crystalline starting steroid (1 .I1 
g, 23%). None of the ene adduct 6 was obtained. 

Synthesis of Adduct 7 from Adduct 6 and Tetracyanoethylene. 
-Adduct 6 (924 mg, 1.64 mmol) and tetracyanoethylene (219 
mg, 1.71 mmol) were stirred in solution in chloroform-nitro- 
methane at  0" for 0.5 hr and a t  20" for 1 hr. Removal of solvent 
under reduced pressure and addition of chloroform precipitated 

6.33 (1 H, d ,  J 2.5 Hz, C-7 H), 7.99 (3 H,  S, CHICOO-), 

(25) A. Zhrcher, H. Heusser, 0. Jeger, and P. Geistlich, Helu .  Chim. 
Acta, 87, 1562 (1954). 
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tetracyanoethane (63 mg, 29%), identified by ir comparison with 
authentic material. Replacement of the chloroform by ether- 
heptane gave crystalline adduct 7, mp 210-211' (518 mg, B6%), 
identical with material obtained above. 

Reaction of Adduct 6 with Maleic Anhydride in Nitromethane- 
Chloroform.-The adduct (718 mg) and maleic anhydride (155 
mg, 20% excess8) were dissolved in chloroform (5 ml) and nitro- 
methane ( 5  ml) and kept a t  55' for 3 hr and then a t  0" overnight. 
Solvents were removed under reduced pressure, and chloroform 
was added to precipitate tetracyanoethane (106 mg, 64%), 
identified by ir comparison with authentic material. The chloro- 
form was replaced by methanol, which caused crystallization of 
slightly impure 3~-acetoxy-7a,l5a-ethanoergosta-5,8(14),9(11),- 
22-tetraene-l',2'-dicarboxylic acid anhydride (13), mp 194-200' 
(orange melt) (465 mg, 69%). Recrystallization from chloro- 
form-methanol or benzene-heptane gave an analytical sample 
as feathery needles of the same melting point in air, but mp 
(evacuated tube) 207-208' (colorless melt); [ a I z 3 ~  -70' (c 1.0, 
CHCL); uv X:::" 280 nm (e 4360); ir (CHCls) 1840, 1780 
(anhydride C=O), 1725 (acetate -C=O) cm-1; nmr T 4.49 
(1 H ,  m,  C-11 €I), 4.68 (1 H ,  m, C-6 H),  4.82 ( 2  H, m, C-22, 23 
H), 5.42 (1 H,  m, C-3a H),  6.68 ( 2  H, m, C-7p,15p H), -7.2 
(2 H,  m, C-l',2' H), 8.05 (3 H,  s, CH3COO-), 8.89 (3 H,  s, 
C-19 CHs), 9.18 (3 H,  s, C-18 CH.3). Anal. Calcd for C&&s: 
C, 76.66; H, 8.33. Found: C, 76.74; H, 8.39. 

Reaction of Tetracyanoethylene with Ergosteryl-B3 Benzoate 
(3p-Benzoyloxyergosta-7,14,22-triene).-To a stirred solution of 
tetracyanoethylene (100 mg) in dry benzene (3 ml), ergosteryl-B3 
benzoatez6 was ,added in small portions. Each addition caused 
an immediate lightening of the yellow color of the solution, which 
became colorless after the addition of 497 mg of the steroid. 
The solution was then heated to boiling, diluted with dry heptane 
(5  ml), and let cool. The crystalline product (422 mg, mp 211- 
212', 86%) was recrystallized once for analysis to give fine 
needles of 15, 3~-benzoyloxy-7a,15a-tetracyanoethanoergosta- 
8(14),22-diene: mp 212'; [ C Y ] ~ ~ D  -93' (c 1.0, CHCla); UV 

229 nm (e  16,800, benzoate); nmr 7 2.3 (5  H, m, C&- 
COO), 4.75 ( 2  H ,  m, C-22,23 H),  -5.2 (1 H ,  m, C-30 H) ,  
9.00 (3 H ,  s ,  C-18 CHI), 9.17 (3 H, s, C-19 CH.3). Anal. Calcd 
for C41H48Nd02: C, 78.31; H, 7.69; N, 8.91. Found: C, 
78.37; H ,  7.54; N,  8.88. 

Diels-Alder Adducts of 3p-Acetoxyergosta-6,8( 14),9( 11)-22- 
tetraene. 1. With Tetracyanoethy1ene.-A solution of 3p- 
a~etoxyergosta-6,8(14),9(11)-22-tetraene~~ (323 mg, 0.74 mmol) 
and tetracyanoethylene (112 mg, 0.88 mmol) in benzene was held 
a t  20' for 12 hr. Solvent was removed under reduced pressure; 
the residue was triturated with chloroform and unreacted tetra- 
cyanoethylene filtered off. The chloroform-soluble fraction was 
recrystallized from benzene-heptane to give the adduct, mp 
207-208' (290 mg, 69%). One recrystallization from ethyl 
acetate gave an analytical sample of the adduct 10, 3p-acetoxy- 

X;;ohohexsne 
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lla,14a-tetracyanoethanoergosta-6,8(9),22-triene, as needles: 
mp 210-211'; [a Iz3D -82' (c 1.0, CHCls); uv 280 nm ( B  

5300); nmr 7 3.97, 4.30 (2 H ,  AB quartet, JAB = 9 Hz, C-6, 7 
H), 4.74 ( 2  H, m, C-22,23 H),  5.25 (1 H, m, C-3a H) ,  7.98 (3 H,  

Anal. Calcd for C36H44N402: C, 76.56; H,  7.85; N, 9.92. 
Found: C, 76.48; H, 7.88; N, 9.88. 

2. With Maleic Anhydride.-The adduct 11, 3p-acetoxy-lla,- 
14a-ethanoergosta-6,8 (9)22-triene- 1 ',2'-dicarboxylic acid anhy- 
dride, had the physical constants described in ref 20. In  addition, 
nmr T 4.13, 4.60 ( 2  H, ABq, JAB = 9 Hz, C-6, 7 H), 4.75 (2 H,  
m, C-22,23 H), 5.25 (1 H, m, C-3a H),  8.02 (3 H, s, CH&OO-), 

Both of these adducts were inert to tetracyanoethylene or 
maleic anhydride in refluxing benzene or refluxing 1,2-dichloro- 
ethane, pure starting materials being recovered in good yields 
from attempted reactions. 

Attempted Reactions of Tetracyanoethylene with 36-Benzoyl- 
oxyergost-7-ene and 3p-Benzoyloxyergosta-7,9( 11 )-diene.-Tetra- 
cyanoethylene (9 mg, 0.070 mmol) was dissolved in a solution 
of 3~-ben~oyloxyergost-7-ene~~ 138 mg, 0.075 mmol in benzene 
(5 ml)] and the solution heated under reflux for 1 hr and then 
held at  20' for 12 hr. Solvent was removed under reduced pres- 
sure, chloroform added, and tetracyanoethylene filtered off. 
The chloroform soluble fraction crystallized on addition of 
heptane and was identified as the starting steroid (13 mg, 33%), 
identified by melting point (179") and ir. No other steroidal 
derivatives were detected. 

Similar experiments were performed with 3p-benzoyloxy- 
ergosta-7,9(11)-dieneZ* as steroidal substrate, and with refluxing 
benzene or chloroform-nitromethane a t  0' as solvents. Re- 
actions were monitored by ir and nmr. No reaction products 
could be detected. Pure starting materials were recovered. 

S, CH,COO-), 9.03 (3 H, S, C-19 CHs), 9.20 (3 H ,  S, C-18 CHa). 

9.14 (3 H ,  S, C-19 CHa), 9.33 (3 H, S, C-18 CH3). 

Registry No. -Tetracyanoethylene, 670-54-2; 2, 
21549-35-9; 6, 21549-36-0; 7, 26885-77-8; 10, 26929- 
70-4; 11,26885-78-9; 13,26885-79-0; 15,21549-37-1. 

Acknowledgments. -We gratefully aclinowledge val- 
uable discussions with Professors Ernest Wenkert, 
Daniel T. Longone, and Mark M. Green, and the 
assistance of Miss Mary Birckelbam and Rilr. Jack 
Eyman with some spectral data. We thank the Ameri- 
can Cancer Society for partial support of this work 
through institutional research grants to The University 
of Michigan, and the National Science Foundation for 
funds to purchase the mass spectrometer at  Kent State 
University. 

(27) H. Wielsnd and W. Benend, Justus Lzebigs Ann. Chem., 664, 1 
(1943). 

(28) R. C. Cambie and P. W. Le Quesne, Ausl. J .  Chem., 22, 2501 (1969). 


