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A new approach to the total synthesis of henzophenanthridine alkaloids is presented in the context of a prepara- 
tion of the antileukemic agent nitidine chloride (1 1). The route proceeds from a diastereomeric mixture of isoquino- 
lones 4 and 5 obtained in high yield by the addition of 4,5-dimethoxyhomophthalic anhydride (2) to 3.4-methyl- 
enedioxybenzylidenemethylamine (3). The pure trans isomer 5 is produced on heating the diastereomeric mixture 
in acetic acid. A classical Arndt-Eistert synthesis, followed by an intramolecular Friedel-Crafts acylation, affords 
intermediate 8, which on LiAlH4 reduction, dehydration, and dehydrogenation yields nitidine, isolated as the chlo- 
ride 11. 

The benzo[c jphenanthridine alkaloid nitidine was first 
isolated from the root bark and root wood of Zanthoxylum 
rzitidum, a woocly climber which grows in most areas of Hong 
Kong.l,z The structure 1 of nitidine was established by its 

1 
conversion to known compounds2 and by synthesis of dihy- 
dr~nitidine."~ Nitidine has since been isolated from a variety 
of Z a n t h o x y l u m  and Fagara species in yields ranging from 
0.003 to 0.07°h.5- 1;i Initial pharmacological testing of nitidine 
chloride uncovered high cytotoxicity, antileukemic activity 
in L1210 and P388 systems in mice, and inhibition of Lewis 
lung carcinoma. .u5 However, interest in nitidine chloride as 
a potential chemotherapeutic agent has now waned owing to 
its acute toxicity.16 Many of the reported s y n t h e s e ~ ~ - ~ ! ~ ~  are 
based on the method established by Bailey and Worthing in 
their synthesis of chelerythrine,18 which involves many steps 
and gives low overall yields. Recently we,I9 as well as Haimova 
et a1.,20 have been interested in synthetic applications of the 
condensation of Schiff bases with homophthalic anhydrides, 
and as a result of this work we now wish to report a new total 
synthesis of nitidine chloride. 

The addition of 4,5-dimethoxyhomophthalic anhydride (2) 
to a solution of 3,4-methylenedioxybenzylidenemethylamine 
(3 )  in chloroform resulted in a rapid exothermic reaction 
which afforded a diastereomeric mixture of cis and trans iso- 
quinolones 4 and .i (Chart I). The cis isomer 4 (JAB = 6 Hz) 
was insoluble in the reaction mixture and could be isolated in 
49% yield by filtration, while the trans diastereomer 5 (JAB 
= 0) could be isolated from the filtrate as a crystalline solid 
in 39% yield. On heating in refluxing acetic acid for 16 h the 
cis diastereomer 4 epimerized to the thermodynamically more 
stable trans isomer 5. In practice, the mixture of 4 and 5 ob- 
tained by evaporation of chloroform from the reaction mixture 
was heated in acetic acid, which afforded the trans diast- 
ereomer 5 in 92% overall yield. 

The low coupling constant ( J A B  = 0) observed for the trans 
diastereomer 5 is in agreement with a preferred conformation 
in which the carboxyl and aromatic substituents occupy the 
expected pseudoaxial orientations.19 By analogy to the effect 
of A strain in cyclohexenes,21 the vicinal nonbonded interac- 
tion between the N-methyl substituent and the aromatic ring 
is expected to force the latter into the pseudoaxial confor- 
mation. 

Treatment of the acid chloride of 5 with an alcohol-free 
ethereal solution of diazomethane gave the crystalline dia- 
zoketone 6. Wolff rearrangement of 6 dissolved in methanol 
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and tetrahydrofuran was performed by addition of a silver 
benzoate suspension in triethylamine.22 The resulting methyl 
ester was hydrolyzed with potassium hydroxide in ethanol to 
the homologous acid 7. Intramolecular Friedel-Crafts acyla- 
tion of 7 with poly(phosphoric acid) yielded the tetracyclic 
ketone 8. The conversion of 7, in which the aromatic and 
carboxymethyl substituents are pseudoaxial, to the confor- 
mationally rigid tetracyclic system 8 was accompanied by a 
change in the NMR coupling constant between protons HA 
and HB from JAB = 0 to  JAB = 11 Hz, thus confirming the 
trans disposition of protons HA and H B . ~ ~  Lithium aluminum 
hydride reduction of 8 proceeded in 90% yield to a diastereo- 
meric mixture of amino alcohols 9 and 10 in a 9:l ratio as es- 
timated by integration of the N-methyl signals in the NMR 
spectrum. The major diastereomer 9 was isolated by fractional 
crystallization and shown to possess the expectedz4 pseu- 
doequatorial alcohol by the appearance of the methine proton 
CY to the alcohol as a doublet of doublets with coupling con- 
stants 5 and 1 2  Hz in its NMR spectrum.2:ia,d Examination of 
Dreiding models reveals that in the conformationally rigid 
system 9 a pseudoequatorial alcohol at C-12 and the 10b 
methine proton are trans. The minor diastereomer 10 was also 
isolated by fractional crystallization, and the alcohol was 
shown to be pseudoaxial and therefore cis to the 10b methine 
proton by the appearance of the methine proton (Y to the al- 
cohol as an unresolved multiplet having a width at half height 
of 6 H z . ~ ~ ~ , ~  Dehydration and dehydrogenation of the dia- 
stereomeric mixture of amino alcohols 9 and 10 with palladium 
on charcoal in refluxing acetic acid afforded nitidine, isolated 
as the chloride 11 in 47% yield, accompanied by a 24% yield 
of the hydrogenolysis product 12. 

Experimental Section 
All reactions were performed under a nitrogen atmosphere unless 

otherwise noted and solvents were removed on a rotary evaporator 
under reduced pressure. Melting points were taken on a Thomas 
Hoover Unimelt or a Meltemp apparatus and are uncorrected. NMR 
spectra were recorded on a Varian EM-360 60-MHz instrument or 
JEOL PFT-100 spectrometer, and, except where noted, in CDC1,I 
solvent. Chemical shifts are reported in ppm relative to MeiSi as in- 
ternal standard. IR spectra were recorded on a Beckman IR-33 
spectrophotometer. Mass spectra were determined on a Dupont 
21-492B double-focusing spectrometer using an ion source temper- 
ature of 200-280 'C, an ionization potential of 70 eV. and an ionizing 
current of 100 FA. Microanalyses were performed by Dr C. S. Yeh and 
associates of Purdue University. 

cis-N-Methyl-3-(3',4'-methylenedioxyphenyl)-4-carboxy- 
6,7-dimethoxy-3,4-dihydro-l(ZH)-isoquinolone (4 ) .  4,5-Di- 
methoxyhomophthalic anhydride (2,*j 2.22 g, 10 mmol) was added 
to a stirred solution of 3,4-methylenedioxybenzylidenemethylamine 
(3, 1.63 g, 10 mmol) in chloroform (10 mL) at  25 "C. An exothermic 
reaction occurred as the anhydride dissolved. .4fter 20 min the pre- 
cipitate was filtered and washed with chloroform to give a pale-yellow 
solid (1.88 g, 49%): mp 227-230 " C  (dec). An analytical sample was 
obtained by recrystallization from acetic acid: mp 229-230 O C  (dec); 
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Char t  I 
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UCHCl,, 25 "C (30 tnin).  bCH,COOH, reflux (16 h). C(1) 
SOCl,, C,H,, reflux (15 rnin), 25 "C (60 rnin);  ( 2 )  CH,N,, 
0 "C ( 5  min) ,  t hen  25 "C ( 2 0  rnin).  d (1) Silver benzoate ,  
CH,OH, T H F ,  25 "C ( 3  h ) ;  ( 2 )  KOH, 95% EtOH,  reflux 
( 1 . 5  h ) .  ePPA,  s team bath (35  min).  fLiAlH,,  T H F ,  reflux 
(16 h). g(1)  CH,COOH, 5 8  Pd/C,  ref lux (18 h ) ;  ( 2 )  a q  
NaC1. 

IR (KBr) 3300-2800,1740,1625,1600 cm-'; NMR (Me2So-d~) 6 8.37 
(s, 1 H,  exchangeable with DzO), 7.57 (s, 1 H), 7.13 (s, 1 H),  7.00-6.50 
(m, 3 H),  5.97 (s, $! H), 5.03 (d, 1 H,  J = 6 Hz), 4.63 (d, 1 H , J  = 6 Hz), 
3.87 (s, 3 H) ,  3.80 (s, 3 H), 2.90 (s, 3 H);  mass spectrum mle (re1 in- 
tensity) 385 (M+, 17). 339 (67), 222 (53), 178 (47), 164 (loo), 163 (60), 
162 (73). 

Anal. Calcd foi C ~ J H ~ ~ N O ; :  C, 62.33; H,  4.97; N, 3.63. Found: C, 
62.23; H, 5.12; N, 3.80. 

trans-N-Methyl-3-(~l',4'-methylenedioxyphenyl)-4-carb- 
oxy-6,7-dimethoxy-3,4-dihydro-1(2H)-isoquinolone ( 5 ) .  The 
filtrate from the previous experiment was concentrated and the res- 
idue recrystallized from ethyl acetate to give a colorless solid (1.52 g, 
39%): mp 208-209 "C; IF1 (KBr) 3400-2400, 1735, 1625, 1605 cm-'; 
NMR (MesSO-dsi 6 13.00 (br s, 1 H, exchangeable with D20), 7.50 (s, 

1 H),  7.00-6.33 (m, 4 H),  5.97 (s, 2 H), 5.18 (br s, 1 H),  4.00 (s, 1 H), 3.83 
(s, 3 H),  3.77 (s, 3 H), 2.98 (s, 3 H); mass spectrum rnle (re1 intensity) 
385 (M+, 21), 341 (lo),  222 (341, 194 (35), 165 (lo),  164 (loo), 162 
(10). 

Anal. Calcd for C ~ O H ~ ~ N O ~ :  C, 62.33; H,  4.97; N, 3.63. Found: C, 
62.10; H, 5.03; N, 3.47. 

Epimerization of cis- to trans-N-Methyl-3-(3',4'-methyl- 
enedioxyphenyl)-4-carboxy-6,7-dimethoxy-3,4-dihydro- 
l(2H)-isoquinolone ( 5 ) .  A solution of cis acid 4 (3.00 g, 7.78 mmol) 
in glacial acetic acid (150 mL) was heated at  reflux for 16 h. The acetic 
acid was evaporated under reduced pressure and the resulting yellow 
powder was triturated with hot benzene (100 mL). Filtration gave a 
very pale yellow solid (2.82 g, 94%): m p  208-210 "C. 

In later experiments, the cis acid 4 was not isolated but epimerized 
immediately to  the trans acid 5.  Thus, 4,5-dimethoxyhomophthalic 
anhydride (2, 26.85 g, 121 mmol) was added to a stirred solution of 
3,4-methylenedioxybenzylidenemethylamine (3,19.72 g, 121 mmol) 
in chloroform (450 mL) at  25 "C.  At the end of 30 min the chloroform 
was removed under reduced pressure. To  the residue was added glacial 
acetic acid (1200 mL) and the resulting mixture was heated at  reflux 
for 16 h. Removal of acetic acid followed by trituration with benzene 
gave a pale-yellow solid (42.85 g, 92%): mp 206-209 "C. 

trans-N-Methyl-3-(3',4'-methylenedioxyphenyl)-4-diazo- 
methylcarbonyl-6,7-dimethoxy-3,4-dihydro- 1 (2H)-isoquinolone 
(6). A mixture of trans acid 5 (21.00 g, 54.5 mmol) and thionyl chloride 
(21 mL, 272 mmol) in benzene (150 mL) was heated at  reflux for 15 
min and then stirred a t  25 "C for 1 h. Excess thionyl chloride and 
benzene were removed by distillation under reduced pressure. The 
resulting tan residue, dissolved in benzene (150 mL), was added to 
an ethereal solution of alcohol-free diazomethane (ca. 142 mmol) a t  
0 "C. After stirring at  25 "C for 20 min, the precipitate (17.69 g, 79%) 
was collected: mp 163.5 "C (dec). An analytical sample was obtained 
by recrystallization from hexane-ethyl acetate (1:l): mp 164 "C (dec); 
IR (KBr) 2120, 1650, 1610 cm-'; NMR 6 7.7'7 (s, 1 H), 6.40-6.80 (m, 
4 H) ,  5.93 (s, 2 H),  5.18 (d,  1 H , J  = 1 Hz), 4.90 (s, 1 H),  4.00 (s, 3 H),  
3.90 (s, 3 H), 3.62 (d, 1 H, J = 1 Hz), 3.07 (s, 3 H);  mass spectrum m/e 
(re1 intensity) 409 (M+, 16), 381 (681,340 (291,339 (25), 190 (loo), 164 
(26), 162 (24). 

Anal. Calcd for C21HIgN306: C, 61.61; H, 4.68; N, 10.26. Found: C, 
61.74; H,  4.80; N, 10.41. 

trans-N-Methyl-3-(3',4'-methylenedioxyphenyl)-4-carb- 
oxymethyl-6,7-dimethoxy-3,4-dihydro-1(2H)-isoquinolone (7). 
To a solution of diazoketone 6 (17.59 g, 43.0 mmol) in methanol (300 
mL) and tetrahydrofuran (400 mL) was added a suspension of silver 
benzoate (2.29 g, 10 mmol) in triethylamine (60 mL) over a period of 
25 min a t  25 "C. Rapid gas evolution occurred after introduction of 
the silver benzoate-triethylamine suspension and the pink reaction 
mixture gradually darkened. A t  the end of 3 h. activated charcoal 
(Darco, 3 g) was added and the resulting mixture was heated on a 
steam bath. Hot filtration through Celite and concentration gave an 
orange oil. The orange oil was immediately hydrolyzed with potassium 
hydroxide (85%, 4.25 g, 64.5 mmol) in 95% ethanol (160 mL) at  reflux 
for 1.5 h. Most of the ethanol was removed under reduced pressure, 
and water (150 mL) was added to the residue. The solution was 
acidified with concentrated hydrochloric acid. The aqueous phase was 
extracted with chloroform (150 mL) and the organic phase was 
backwashed with 5% aqueous sodium bicarbonate (ca. 900 mL). The 
combined aqueous extracts were acidified and extracted with chlo- 
roform (250 mL). The chloroform was evaporated and the residue 
recrystallized from methanol, yielding a pale-yellow solid (11.16 g, 
65%): mp 203-206 "C. The  analytical sample was prepared by re- 
crystallization from methanol: mp 206-207 "C; IR (KBr) 3400-2800, 
1725,1635,1610 cm-I; NMR 6 10.60 (s, 1 H, exchangeable with D20), 
7.63 (s, 1 H) ,  6.80-6.35 (m, 4 H) ,  5.83 (s, 2 H),  4.76 (s, 1 H) ,  3.90 (s, 3 
H), 3.73 (s, 3 H), 3.60-3.23 (m, 1 H) ,  3.10 (s, 3 HI, 2.92-2.62 (m, 2 H) ;  
mass spectrum m/e (re1 intensity) 399 (M+, loo) ,  340 (17). 339 (25), 
208 (731,191 (351,164 (40). 

Anal. Calcd for C21H21NO;: C, 63.15; H. 5.31). N 
63.30; H,  5.46; N, 3.36. 

trans-N-Methyl-2,3-methylenedioxy-6,12-dioxo-8,9-dime- 
thoxy-4b,5,6,10b,ll,lZ-hexahydrobenzo[c]phenanthridine (8). 
The acid 7 (3.60 g, 9 mmol) was stirred with poly(phosphoric acid) (36 
g) exposed to air on a steam bath for 35 min during which time it 
changed from pale yellow through orange, then ruby, and finally to 
dark brown. The reaction mixture was hydrolyzed with water (400 
mL) and extracted with chloroform (300 mL). The chloroform extract 
was backwashed with 5% sodium carbonate (200 mL) and then water 
(400 mL). After drying over anhydrous magnesium sulfate, removal 
of chloroform and trituration of the pale tan residue with hot meth- 
anol (30 mL) gave felt crystals (1.77 g, 52"o): m p  272 "C (dec). An 
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analytical sample was prepared by column chromatography on silica 
gel (98:2 CHCl?/CH?OH as eluent): mp 274 "C (dec); IR (KBr) 1680, 
1650, 1605 cm-I; NMR 6 7.73 (s: 1 H). 7.53 (s, 1 H),  7.00 (s, 1 H), 6.73 
(s, lH),6.13(s. :!H'1.4. '35(d,1 H,J=l lHz) ,4 .00(s ,6H),3.70-3.20 
(m,  2 H).  i3.20 ( s ,  :? H).  2.77 (d. 1 H. J = 14 Hz); mass spectrum m/e 
(re1 intensity) 381 (M+.  7 j ) .  352 (12).  232 (14) ,  191 (34), 165 (1001,147 
(18). 

Anal. Calcd for C ~ I H I & O ~ :  C. 66.13; H, 5.02: N, 3.67. Found: C, 
66.34; H,  5.16; h'. i3.69. 
N-Methyl-2,3-methylenediox~-8,9-dimethoxy-l2a-hy- 

droxy-4b~,5,6,10b~,11,12-hexahydrobenzo[c]phenanthridine 
(9). A mixture of keto amide 8 (778  mg. 2.04 mmol) and lithium alu- 
minum hydride ( 9 5 O j o .  163 mg, 4.08 mmol) in THF (100 mL) was 
heated a t  reflux for 16 h. The reaction mixture was decomposed by 
addition of water (1 mLi. 15"" sodium hydroxide (1 mL), and water 
(3 mI,) at 0 "C. The residue was filtered and washed with chloroform 
(75 mL). and the comhined filtrates were dried over anhydrous 
magnesium sulfate. Removal of solvent and column chromatography 
on silica gel afforded colorless crystals (680 mg, 900/0), mp 180-193 "C. 
which by NMR is a diastereomeric mixture as evidenced by the 
presence of two N--CH eaks at 6 2.23 and 2.16 in the ratio of 1 to  9. 
Two recrystallizations om benzene gave a colorless soft solid (437 
mg, 58O6): mp 211L212 : IR (KBr)  3600-3100 cm-'; NMR 6 7.22 (s, 
1 HI, 7.10 (s, 1 El).  6.90 (5 .  1 HI. 6.60 ( a ,  1 H). j.95 (br s, 2 H), 4.90 (d 
0 = -  1 2 H z )  ~ 1 . 1 7 t d , 1 H . J = 1 6 H z ) , 4 . 1 0 - 3 . 5 0 ( m , 2 H ) ,  
3 ,G2,511 (m.  2 Hi. 2.16 (s. 3 HI, 2.00-1.20 (m, 2 H, one 
e D:O I :  mass spectrum mlc (re1 intensity) 369 (M +, 

3 ,361. M8 (1001, 192 (45). 
C21HIcNO->: C. 68.27; H ,  6.27; N, 3.79. Found: C, 

methylenedioxy-8,9-dimethoxy-l2~-hy- 
6 '1.5 1 , 

droxy-4ba,5,6,10b~,l1,12-hexahydrobenzo[ clphenanthridine 
(10). The mother liquors from above were combined and evaporated 
to dryness, and the residue was subjected to  fractional crystallization 
from benzene to give co orless crystals (19 mg, 2.590): mp 193-195 "C; 
NMR 6 7.30 (s,  1 HI. 10 (s .  1 H) ,  6.87 (s, 1 H) ,  6.60 (s, 1 H), 5.93 (s, 
2 H),  4.87 (m. 1 €1, Mi = 6 Hz), 1.47 (d, 1 H, J = 16 Hz), 3.90 (s, 6 H),  
3.80-2.52 im. 4 €1).  2. (s. 3 HI. 2.13-1.50 (m,  2 H, one exchangeable 

m m/e (re1 intensity) 369 (M+,  loo), 351 (63). 
338 (331, :336 129). :120 (401, 192 (45 ) .  

Anal. Calcd for C ~ I H ~ I K O ; :  C,  68.27; H ,  6.27: K, 3.79. Found: C, 
68.06; H. 6.43; N, 5.51. 
Nitidine Chloride ( L 1). A 9:l mixture of amino alcohols 9 and 10 

(0.52 g, 1.41 mmol) and 5% palladium on charcoal (180 mg) in glacial 
acetic acid (100 inL) was heated a t  reflux for 18 h. After cooling, the 
catalyst was removed h!: filtration through a pad of Celite. Evapora- 
tion of the yellow filtrat,? gave a green-yellow residue which was then 
dissolved in water (50 inLi and ethanol (10 mL). To  the resulting 
yellow solution was added 10 mL of 1590 sodium chloride solution. An 
immediate precipitatio.1 of flocculent material was observed. This 
was filtered, washed with water (25 mL), and dried over phosphorus 
pentoxide at 25 c'C under vacuum. In this manner. a greenish-yellow 
residue 1278 mg, .17O.oJ, m p  274-278 "C idec, 1 k l 7  mp 275-277 "C), was 
obtained. The  infrared Zpectrum IKBr) was identical with that of an 
authentic sample of nit idine chloride obtained from the National 
Cancer Institute. Recr:;stallization from methanol (50 mL) gave 
yellow needles (212  me. 41%): mp 284-286 "C (dec), mixture mp 
281-286 "C (decl. An authentic sample melted a t  281-286 "C (dec): 
NMH (MesSO-d,;) ii 9.86 IS,  1 H),  8.95 Id, 1 H ,  J = 8 Hz), 8.40 (s, 1 H) ,  
8.32 is .  1 HI. 8.30 id. 1 H J  = 8 Hz), 7.92 (s. 1 H). 7.80 (s, 1 H), 6.36 (s, 
2 H ) .  -1.90 (s, :i H I .  4.21 ( 5 .  :i H ) .  4.05 (s. 3 H): mass spectrum m / e  (re1 
intensity) 333 ( M i .  - C11 C1 - ~ H L O ,  100),52 i18), 50 (CH,ICl, 60). 

Anal. Calcd for C ~ I H I , N C l O ~ . 2 H ~ O :  C,  60.07: H, 5.28: N, 3.34; C1. 
8.46. Found: C, 59.95: H. 5.44; N. 3.14; C1, 8.60. 
trans-N-methg L2,3 -methylenedioxy-8,9-dimethoxy- 

4b,.i,6,10b,l1,12-hexahydrobenzo[c]phenanthridine (12). The 
filtratt. from above Lvas #extracted with chloroform (75 mL), and the 

extracts were combined and washed once with water (100 mL). After 
drying over anhydrous magnesium sulfate, the chloroform was re- 
moved under reduced pressure. The  residue, upon chromatography 
on silica gel (chloroform as eluent), gave a pale yellow solid (120 mg, 
24%): m p  190-196 "C. One recrystallization from methanol afforded 
colorless plates: mp 19S200 "C; IR (KBr) 3100-2700,1600,1500,1465 
cm-';NMR6 7.30 (s,lH),6.93 (s,lH),6.63 (s,2 H),5.93 (s,2 H),4.47 
(d ,  1 H, J = 16 Hz), 4.13-3.30 (m, 8 H), 3.30-2.37 (m, 3 H), 2.22 (s, 3 
H), 2.10-1.33 (m,  2 H); mass spectrum mle (re1 intensity) 353 (M+,  
351,352 (241,323 (24), 322 (loo), 84 (16). 

Anal. Calcd for C21H2aNOd: C, 71.36; H: 6.56; N,  3.96. Found: C, 
71.12; H, 6.51; N, 4.01. 

Acknowledgment. We are grateful to Dr. Harry B. Wood, 
Jr., of the National Cancer Institute for information con- 
cerning the present preclinical status of nitidine chloride and 
also for a generous sample of authentic nitidine chloride. We 
are also indebted to Dr. Kwang-Yuen Zee-Cheng, Midwest 
Research Institute, for IR and UV spectra of authentic niti- 
dine chloride. This investigation was supported by Grant 1 
R01 CA19204-01, awarded by the National Cancer Institute, 
DHEW. 

Registry No.-2, 5653-42-9; 3, 63254-38-1: 4, 64036-07-3; 5, 
64036-06-2; 6,64036-05-1; 7,64036-04-0; 8,64036-03-9; 9,64069-82-5; 
10, 64036-02-8; 11, 13063-04-2; 12, 64036-01-7: diazomethane, 334- 

References and Notes 

88-3. 

(1 )  H. R. Arthur, W. H .  Hui,  and Y. L. Ng, Chem. Ind. (London), 1514(1958). 
(2) H. R. Arthur, W. H. Hui, and Y. L. Ng. J. Chem. Soc., 1840 (1959). 
(3) H. R. Arthur and Y. L. Ng, J. Chem. SOC., 4010 (1959). 
(4) K .  W. Gopinath, T. R. Govindachari, P. G.  Parthasarathy, and N. Viswana- 

(5) H .  R. Arthur, S. W. Tam, and Y. L. Ng, J. Chem. SOC., 3551 (1961). 
(6) K. W. Gopinath. J. M. Kohii, M. S. Y. Khan, and A. R. Kidwai. Indian J. Chem., 

(7) H.  lshii and T. Komaki, Yakugaku Zasshi, 86, 631 (1966). 
(8) A. M. Kuch, S. M .  Albonico, and V. Deulofeu, Chem. Ind. (London), 945 

(9) A. M. Kuch, S. M .  Albonico, V. Deulofeu, and M. G. Escalante, Phytochem., 

(10) J .  M. Calderwood, N .  Finkelstein, and F. Fish, Phytochem., 9, 675 

(1 1) F. G. Torto and I .  A. Mensah, Phytochem., 9, 91 1 (1970). 
(12) F. Fish and P. G. Waterman, J. Pharm. Pharmacal., 23, 67 (1971). 
(13) H. Ishii, H. Ohida, and J. Haginiwa, Yakugaku Zasshi, 92, 118 (1972). 
(14) M. E. Wall, M. C. Wani, and H. L. Taylor, 162nd American Chemical Society 

(15) R. K.-Y. Zee-Cheng and C. C. Cheng, J. Med. Chem., 18, 66 (1975). 
(16) Dr. Harry B. Wood, Jr., personal communication. 
(17) K.-Y. Zee-Cheng and C. C. Cheng. J. Heterocycl. Chem.. I O ,  85 (1973): 

T. Kametani, K .  Kigasawa, M. Hiiragi, and 0. Kusama, ibid., 10, 31 (1973); 
S .  V .  Kessar, G. Singh. and P. Salakrishnan. Tetrahedron Lett., 2269 
(1974). 

(18) A.  S .  Bailey and C. R. Worthing, J. Chem. SOC., 4535 (1956). 
(19) M .  Cushman, J. Gentry, and F. W. Dekow, J. Org. Chem., 42, 1111 

(20) M .  A .  Haimova, N .  M .  Mollov, S. C.  Ivanova. A .  I .  Dimitrova, and V.  I, 
Ognyanov, Tetrahedron, 33, 331 (1977). 

(21) F. Johnson, Chem. Rev., 68, 375 (1968). 
(22) M .  S. Newman and P. F. Beal, J. Am. Chem. Soc., 72, 5162 (1950). 
(23) (a) L. M .  Jackman and S. Sternhell. "Applications of Nuclear Magnetic 

Resonance Spectroscopy in Organic Chemistry', 2nd ed, Pergamon Press, 
Elmsford, N.Y., 1969, p 288, and references cited therein; (b) I .  Ninomiya, 
T. Naito, T. Kiguichi, and T. Mori, J. Chem. SOC., Perkin Trans. 7, 1696 
(1973): (c) I. Ninomiya, T. Naito, H. Ishii, T. Ishida, M. Ueda, and K. Harada, 
ibid., 762 (1975): (d) I. Ninomiya, 0. Yamomoto, and T. Naito, Heterocycles, 
4, 743 (1976). 

(24) H .  0. House, "Modern Synthetic Reactions", 2nd ed, W. A. Benjamin, New 
York. N . Y . ,  1972, pp 62-65. and references cited therein. 

(25) S .  N .  Rastogi, J. S. Bindra, and N .  Anand, Indian J. Chem., 9, 1175 

than, J. Chem. Soc., 4012 (1959). 

1, 99 (1963). 

(1966). 

6, 1541 (1967). 

(1970). 

National Meeting, Washington, D.C., MEDi-34. (1971). 

(1977). 

(1971). 


