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(Scheme 11). Thus, a,&unsaturated carbonyl com- 
pounds are readily homologated to the acetic esters by 
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treatment with 7 followed by hydrolysis and trans- 
esterification. In  this manner, 2-cyclohexenone was 
converted to the keto ester (benzene, SO", 3 hr) 10 in 
55yG yield and 2-acetylcyclohexene was transformed 
into the kcto ester 11 (toluene, l l O o ,  3 hr) in 62y0 yield. 
Although these compounds could conceivably be pre- 
pared using sodio malonate, the absence of the hydroly- 
sis-decarboxylation step in the present method is 
significant . 

Addition of the ketene N,O-acetal 7 to the cyclo- 
pentenone 6 (3 hr, 135') afforded the keto ester 8 after 

quenching in water. Transesterification using meth- 
anol and a catalytic amount of p-toluenesulfonic acid 
led to (&)-methyl jasmonate (1) (40y0 based on 6 
recovered) whose properties were identical with those 
reportede4 
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The Photochemical Decomposition of 
Triphenyltriazafulvenes 

Summary: Dehydrohalogenation of la,  lb,  and 3 a t  
-78" affords the triazafulvenes 2a, 2b, and 4, photo- 
lysis of which affords a mixture of products; the inter- 
mediacy of the em-methyleneazirine (triphenylazatria- 
fulvene) 10 is strongly implicated. 

Sir: An elegant approach to  the synthesis of the 
theoretically interesting heterocyclic variant of cyclo- 
propenone, azirinone, via decomposition at  - 30" of 
a-azidophenylketene gave only carbon monoxide 
and benzonitrile.' An analogous reaction an a- 
azidoallene or an isomeric triazafulvene might provide 
evidence for the presence of an equally interesting 
azatriafulvene. We now wish to  report our observa- 
tions on the photochemical decomposition of the tri- 
phenyltriazafulvenes, 2 and 4. 

The substituted 2-(1,3,4-triazolyl)diphenylcarbinol 
(3, X = OH) and 4-(1,2,3-triazolyl)diphenylcarbinols 
(la, lb,  X = OH)213 were converted to  the hydro- 
chloride salts of the chlorides (la, lb ,  3, X = C1) by 
thionyl chloride in benzene a t  30". Dehydrohalo- 
genation of these salts with triethylamine in THF a t  
-78" gave intensely colored solutions of 2a (Amax 
463 nm), 2b (A,,, 454 nm), and 4 (A,,, 442 nm) which 
appeared to be quite stable for a long period of time 
a t  this temperatures4 However, warming the T H F  
solutions t o  30" led to rapid dimerization to give the 
photochemically inert 4H,lOH-ditriazo [1,2-a: 1',2'-d]- 
pyrazines, 5, mp 278-280°, and 6, mp 291-293", 
characterized by their acid-catalyzed hydrolysis to 
la (X = OH) and 3 (X = OH).s5 The fulvenes 
(1) A. Hassner, R. J. Isbister, R. E. Greenwald, J. T. Klug, and E. C. 

Taylor, Tetrahedron, 25, 1637 (1969). 
(2) These precursors resulted from the addition of excess phenyllithium 

to the corresponding carbomethoxytriasoles. Complete synthetic details 
and physical properties will appear in our full paper. 
(3) All new compounds reported herein gave satisfaotory elemental 

analyses and displayed structurally consistent ir, nmr, and mass spectra in- 
cluding an exact mass determination. 

(4) A phenyl substituent a t  C-5 appears to be a requirement for stability 
in !2 based on the observation that  when R = H the lifetime of this fulvene 
was < 3  see at -78O. 
(5) Analogous (1,3) cycloadditions of 6,6-diphenyl-l,4-diazafulvene and 

6,6-diphenyl-l,2,3,4-tetraasafulvene have been reported: W. Rohr, R. 
Swoboda, and H. A. Staab, Ber., 101, 3491 (1968); H. Behringer and M. 
Matner, Tetrahedron Lett., 1663 (1966). 
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were further identified by their rapid reaction with 
methanol a t  -78" to give the ethers, l a  (X = OCHB), 
mp 101-102°, and3 (X = OCH3), mp 134-135'. 

2 5 1 
a , R = P h  
b, R = pC1Ph 

x 

3 4 6 

The irradiation6 of either 2a or 4 in THF-benzene 
(1: 1) solution (0.025 M )  at -78' for 4-5 hr led (>95y0 
conversion) to a chromatographically separable mix- 
ture (see Table I) of benzonitrile,' diphenylacetylene,7 

TABLE I 
RATIOS OF PHOTOLYSIS PRODUCTS 

Compd PhCN PhC=CPh 7 8 9 

2a 7 7 1 1 4 
2b 13 13 2 1 1 
4 6 6 1 1 1 

14 10 10 1 2 - 

2 ,3-diphenylquinoline (Sa) ,I- * triphenylacr ylonitrile 
(7a),7J' and a yellow crystalline dimer of C?,lH15x~~, mp 
230-232'. Anal. Calcd for C42H&2: C, 89.65; H,  
5.37; N,4.98. Found: C,89.55; H, 5.39; N,4.99. This 
latter substance had ir absorbance at  1618 (C=N)) 1.598 
(C=C), and 1577 (C=C) cm-I and only aromatic proton 
resonances in the nmr spectrum while the structural sym- 
metry present could bc inferred from the mass spectrum 
(-70 eV) which displayed major ions a t  mle 562 
(C42H3ON2+), 281 (CalHIE"), and 204 (C~IHI~N+-  
C6H6). The A,,, in EtOH occurred a t  258 nm as- 
sociated with the formation of a cation in concentrated 
sulfuric acid which had A,, a t  618 nm. This informa- 
tion, coupled with the observation that pyrolysis a t  
300" gives in >98% conversion only benzonitrile7 

R ,  
Ph 

Ph 

7 'R 8 
9 

a , R = P h  
b, R = p-C1Ph 

(6 )  Photolyses were conducted using a 450-W Hanovia high-pressure 

(7) Identified by ir spectral comparison with an  authentic sample and 

(8) W. Pfitzinger, J .  Prakt. Chem., 66, 304 (1897). 
(9) S. Wawsonek and E. M. Smolin, "Organic Syntheses," Collect. Vol. 

mercury discharge lamp in a Pyrex probe. 

mixture melting point where applicable. 

IV, Wiley, New York, N. Y., 1963, p 387. 

and he~aphenylpyridine,~~'~ provides a basis for a 
tentative structural assignment of hexaphenyl-l,5- 
diazocine (sa) to this dimer.l' 

The photolysis of 2b under the previously described 
conditions afforded only diphenylacetylene, p-chloro- 
benzonitrile, l-(p-chlorophenyl)-2,2-diphenylacryloni- 
trile,'t12 mp 142-143", 2-(p-chlorophenyl)-3-phenyl- 
quinoline,7?l3 mp 93-95', and the diazocine3 9b, 
mp 243-244'. 

The two structurally diverse fulvenes 2 and 4 appear 
to undergo photochemically fragmentation by loss of 
nitrogen to common intermediates. This mecha- 
nistic symmetrization is best accommodated by the 
intervention of the triphenylazatriafulvene 10 which 
rearranges by a (1,2) phenyl shift to 7 and is an espe- 
cially compelling intermediate in the conversion of 
4 to 7.14 The appearance of 8 and 9 as photoproducts 
probably represent the ultimate result of further 
transformations of an intermediate triphenylazete 
(13) which arises from 11 or 12 by phenyl migration 

2 -..+ phpyph 
N. 

11 

Ph 
Ph 

10 12 

7 

and closure. The hypothesis that  8 and 9 are uniquely 
derived from 13 is supported by a ree~aminationl~ 
of the photochemistry of the triphenyl-v-triazine 14 
which in benzene-THF (1:l)  solution (0.025 M )  
upon irradiatione a t  30" for 5 hr gave in addition to 
benzonitrile and diphenylacetylene both 8a and 9a. 
The [,2, + T4s] dimerization16 of 13 followed by elec- 
trolytic17 opening would yield 9. The path for con- 
version of 13 to 8 remains obscure; a speculative 

(10) We wish to thank Dr. Merle Battiste for an authentic sample of this 
compound. 

(11) The mass spectrum of 9a resembles that of octaphenylcyclooota- 
tetreene: 

(12) G. H. Hitching*, P. B. Russell, and N. Whittaker, zbzd., 1019 (1956). 
(13) K. Mukherjee, G. B. Behera, and M. K. Rout, J .  Inst. Chem., 

Calcutta, 41, 138 (1969). 
(14) Mechanistio interpretation of the photochemical conversion of 8- 

styryl azide to phenylacetonitrile follows a parallel proposal: J. H. Boyer, 
W. E. Xrueger, and G. 3. Mikol, J .  Amer. Chem. Soc., 89, 5504 (1967). 

(15) Smolinsky and Chmdross obtained I 4  from the rearrangement of 
triphenylcyclopropenyl azide and report its photodecomposition to only 
diphenylacetylene and benzonitrile. A compound of constitution CeHanNs 
with spectral properties similar to 9a wae isolaied by Smolinsky from this 
azide rearrangement reaction: E. A. Chandross and G. Smolinsky, Tetra- 
hedron Lett., 19 (1960). More recently Closs and Harrison reported tha t  
the photolysis of trimethyl-u-triazine gives 2-butyne and acetonitrile: G. L. 
Coss and A. M. Harrison, J .  Org. Chem., 87, 1051 (1972). 

(16) If the cycloaddition proceeds through a polar transition state, charge 
development is best accommodated by bond formation a t  the heteroatom 
sites. Of course, one other combination is possible to give ultimately a sym- 
metrical diazooine. 

(17) The ground-state conrotation required by orbital symmetry for the 
opening of 111 can avoid the strain of a, developing trans bond by inversion 
a t  nitrogen. R. B. Woodward and R.  Hoffman, "The Conservation of 
Orbital Symmetry," Verlag Chemie GmbH, Weinheim, West Germany, 
1970, p 51. 

R. C. Cookson, et al., J .  Chem. Soc., 2052 (1965). 
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proposal might invoke a [,2 + 1r2] intramolecular 
cyclization to  15 which by suitable hydrogen shift and 
bond reorganization is transformed into 8.18 

Ph 
Ph 

Ph Ph 
13 

14 
H 

15 
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(18) An analogous sequence has been proposed for the transformation of 
G. Buchi, C. W. 

Other mechanistic 
tetraphenylcyclobutadiene to 1,2,3-triphenylnaphthalene: 
Perry, and E. W. Robb, J. Ore. Chem., 27, 4106 (1962). 
proposals may, of course, be offered for this reaction. 
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Bruceantin, a New Potent Antileukemic 
Simaroubolide f rom Brucea antidysenterical-3 

Summary:  Bruceantin and bruceantarin, new anti- 
leukemic simaroubolides from Brucea antidysenterica, 
a plant used in Ethiopia in the treatment of cancer, 
are shown to have structures 1 and 2, respectively. 

Sir: Brucea antidysenterica Mill. is a simaroubaceous 
tree which is used in Ethiopia in the treatment of 
~ a n c e r . ~  In the course of a continuing search for 
tumor inhibitors from plant sources, we found that an 
alcoholic extract of Brucea antidysenterica R'IilL5 showed 
significant inhibitory activity in vitro against cells 
derived from human carcinoma of the nasopharynx 
(KB) and against two standard animal tumor systems.0 
We report herein the isolation and structural elucida- 
tion of a new potent antileukemic simaroubolide tumor 
inhibitor, bruceantin (l),' and the companion sima- 
roubolide bruceantarin (2), from Brucea antidysenterica. 

Flractionation of the alcohol extract, guided by assay 
against KB and P-388, revealed that the inhibitory 
activity was concentrated, successively, in the chloro- 
form layer of a chloroform-water partition, the meth- 
anol layer of a 10% aqueous methanol-petroleum 
ether partition, the methanol layer of a 20% aqueous 

(1) Tumor Inhibitors. LXXXII.  Part  LXXXI is ref 2. 
(2) 8. M. Kupohan and G. Tsou, J .  Ore. Chem., in press. 
(3) Supported by grants from the National Cancer Institute (CA-11718) 

and American Cancer Society (T-276 and IC-57H), and a contract with the 
National Cancer Institute (NIH-NCI-C-71-2099). 

(4) J. L. Hartwell, Lloydza, 84, 221 (1971). 
(5 )  Stem hark was collected in Ethiopia in June 1971. Leaves and the 

wood of stems from Ethiopia also yielded active extracts. We thank Dr. 
Robert E. Perdue, Jr., USDA, Beltsville, Md., for supplying the plant 
material. 

(6) Activity was noted against P-388 leukemia in the mouse and Walker 
256 intramuscular carcinosarcoma in the rat. Cytotoxicity and zn uzuo 
activity were assayed as in Cancer Chemother. Rep . ,  26,  1 (1902). 

(7) Bruoeantin showed significant antileukemic activity against P-388 
lymphocytic leukemia over a 50-100-fold dosage range at the d k g  level, 
and cytotoxicity (EDsa) against IIB cell culture a t  10-3 pg/ml. Brucean- 
tarin showed only moderate activity against P-388, and the previously 
isolated8 bruceine B showed only marginal activity against this system. 

(8) J. Polonsky, Z. Baskevitch, A. Gaudemer, and B. C. Das, Ezperzentza, 
28 ,424  (1967). 

?H 

t- 
1,R-OC f i  
2, R = OCCBH5 
3, R = OCCHj 
4 , R = H  
5, R =OCCHjCH(CH,)CH(CH3)2 

methanol-carbon tetrachloride partition and, finally, 
in the chloroform layer of a chloroform-40% aqueous 
methanol partition. Column chromatography of the 
final chloroform-soluble material on SilicAR CC7 
yielded two KB cytotoxic fractions (A and B) on elu- 
tion with 1% methanol in chloroform. Continued 
elution with 2% methanol in chloroform gave a third 
cytotoxic fraction (C) . Careful rechromatography of 
fraction A on SilicAR CC7 with 20% ether in benzene 
gave bruceantin (1 ,  O.O1yo): C28H36011; [ C X ] ~ ~ D  -27.7' 
(c  3.0, pyridine); uv max (EtOH) 280 nm (e 6450) 
and 221 (14,100), uv max (EtOH + NaOH) 328 nm 
( E  4260) and 221 (15,500); ir (KBr) 2.90, 5.76, 6.05, 
6.13, 8.70, and 9.45 p ;  mass spectrum m / e  548.222 
(M", calcd 548.225), 438, 420, 402, 297, 151, 111.0819 
(calcd, C~HUO, 111.0809); nmr (CDCL) T 8.88 [6 

8.11 (3 H, br s, 4-CH3), 7.82 [3 H, s, CH=C(CH3)], 
7.29 (1 H, br m, OH), 6.47 (1 H, br s, OH), 6.24 (3 
H, S, OCH,), 4.39 [l H, br s, 02CCH=C(CHa)], 
3.87 (1 H, br s, OH), and 3.79 (1 H, d, J15,l.I = 13 He, 

Rechromatography of fraction B on SilicAR CC7 
with 3001, ether in benzene gave bruceantarin (2, 

( c  0.6, pyridine); uv max (EtOH) 278 nm (e 7000) and 
231 (10,500), uv max (EtOH + XaOH) 330 nm (r  
4480) and 230 (9030); ir (KBr) 2.9, 5.78, 6.03, 6.08, 
6.12, 7.88, 8.70, 9.0, 9.45, and 13.8 p ;  mass spectrum 
m / e  542 (M+), 437, 420, 402, 297, 151, 105, and 77; 
nmr (CDC13) T 8.63 (3 H, s, 10-C&), 8.20 (3 H, br 

13 Hz, 15-H), 2.60 (3 H, m, B2X portion of AzBzX, 
m and p-benzoate protons), and 2.07 (2 H, d of d, 
A2 part of AzBzX system, J A B  = 7.5, JAX = 1.5 Hz, 
o-benzoate protons). 

Rechromatography of fraction C on SilicAR c c 7  
using 2: 1 ether in benzene gave the known bruceine 
B (3, 0.002%), characterized by comparison of its 
melting point, [CU]D, and ir, nmr, uv, and mass Spectra 
with those previously reported.8 

Bruceantin (1) and bruceantarin (2) gave a positive 
ferric chloride test, and displayed in their uv spectra 
the large bathochromic shift with alkali character- 
istic of diosphenols. In  addition, acetylation of bru- 
ceantin ( 1 )  gave a triacetate which displayed neither 
the uv absorption at  280 nm nor the associated bath- 
ochromic shift. The mass spectra of 1 and 2 displayed 
as primary fragmentations peaks corresponding to a 

H, d, J = 6.5 Hz, CH(CH3)2], 8.56 (3 H, S, 10-C&), 

15-H). 

0.002%): Cz8H30011; mp 182-185'; [(YIz6D -20.7" 

S, 4-CH3), 6.56 (3 H, 5, OCH3), 3.58 (1 H, d, J 1 6 , 1 4  = 


