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The spiro(styrene oxide-3,~dro-4-methyl-lH-1,4-benrodiazepine2,~one) structure postulated for 
cyclopenin, a metabolite of Penicillium cyclopium, has been confirmed by synthesis. The synthesis proceeded 
v i a  condensation of 3,4-dihydr&methyl-1H-l14-benzodiazepins2,5-dione with benzaldehyde to give a mixture 
of the 3-ci8- and trans-benzylidene compounds which were separated by chromatography and stereochemically 
cheract,erized by nuclear magnetic monance. Epoxidation of the trans isomer with m-chloroperbenzoic acid 
led to dhyclopenin whereas dhisocyclopenin was obtained by similar epoxidation of the cis isomer. Both 
cyclopenin and isocyclopenin give viridicatin on treatment with hydrochloric acid. 

Penicillium cyclopium and related mould species are 
the source of a number of nitrogeneous metabolites, 
including cyclopenin, cyclopenol, viridicatin, and vir- 
idicatol. The structures of viridicatin and viridicatol 
have been established as 3-hydroxy4phenyl-Zquin- 
olone and 3-hydroxy4(3-hydroxyphenyl)-2quinolone 
(Ia and Ib), respectively, by degradation and by syn- 
thesis.'-? Cyclopenin, C17H14N208, first isolated6 from 
P. yclop'um Westling, was subsequently shown6 to be 
accompanied by and separable from a closely related 
phenolic metabolite, cyclopenol, C1,Hx*N204. 

Cyclopenin and cyclopenol are optically active and in 
dilute acid or alkali their optical activity is lost with 
concomitant appearance in high yield of viridicatin 
(1a)S and viridicatol (Ib),6 respectively, and methyl- 
amine and carbon dioxide. To accommodate these 
observations, a quinolinooxazolidinone structure (I1 
or 111) was assignedS to cyclopenin, and it was sub- 
sequently pointed out* that fusion at the 3,4 position 
(IV) was also permissible. 

An extensive reinvestigation? of the metabolites of 
P .  yclopium and P .  viridicatum disclosed a number of 
features incompatible with the quinolinooxazolidinone 
structures. Cyclopenin-"C, prepared by in vivo in- 
corporation of anthranilic acid- WOOH, was degraded 
with loss of carbon dioxidel'C to radioinactive vir- 
idicatin by dilute acid. An enzyme preparation from 
the mycelium of P. viridicatum also converted cyclo- 
penin into viridicatin with carbon dioxide ev~lution.~ 
Biosynthetic studies further indicated that the intact 
carbon skeleton of phenylalanine serves as precursor 
for viridicatin and v i r i d i c a t 0 1 ~ ~ ~ ~ ~  and for cyclopenin 
and cyclopenol.lOb Incorporation of anthranilic acid 
and phenylalanine into cyciopenin accounted for all of 
the carbons except the N-methyl carbon, which pre- 
sumably was derived from methionine.? 

More cogent evidence for dismissing structures 11, 
111, and IV was the observation that oxidation of cyclo- 
penin with hydrogen peroxide in acetic acid yielded 

(1) (a) Supported in part by the U. 9. Army Research Office, Durham, 
N. C. (b) Part of these results have been reported in a preliminary com- 
munication [H. Smith, P. We.gfahrt. and H. Rapoport, J .  Amor. Cbm. Soc., 
90, 1668 (1968) I. 

(2) U. 8. Public Health Service Postdoctoral Fellow. 
(3) National Institutes of Health Predoctoml Fellow. 
(4) K. 0. Cunningham and G. G. Freeman, BiocAum. J., U, 328 (1963). 
(6) A. Bracken, A. Pocker, and H. &&istrick, ibid., 6T, 687 (1954). 
(6) J. H. Birkinshaw, M. Luckner, Y. 8. Mohammed, IC. Mothes, and 

(7) M. Luckner and Y. 8.  Mohammed, Teirahedron Lett., 1987 (1964). 
(8) J. T. Edwards. Ann. Repi. Pror. Chem. (Cham. Soc., London), 61,247 

(1954). 
(9) M. Luckner and K. Mothes, Tetrohedron La., 1036 (1962); Arch 

Phorm., as@, 18 (1963). 
(10) (a) Y. 8. Mohammed and M. Luckner, Teirabdron Lett., 1963 

(1963); (b) M. Luckner. European J .  Biochem., I, 74 (1967). 

C. E. Stickings. ibid., a9, 196 (1963). 

H 
II, X, Y 0, NCH3 111, X, Y = 0, NCH, Ia, R-H 

b,R=OH 

N, X, Y = 0, NC& v 

VIa, Rl =& =H VI1 
b,Rl-OHR,=H 
C, R' = OCH,; F& CH3 

VI11 IX 

3-methyl-2,4-quinazolinedione (V) benzoic acid, benz- 
aldehyde, carbon dioxide, and anthranilic acid, radio- 
active quinazoline V being obtained from radioactive 
cyclopenin. On the basis of these data Luckner and 
Mohammed' proposed that cyclopenin (VIa) and cyclo- 
penol (VIb) are seven-membered cyclic dipeptides 
formed from anthranilic acid and phenylalanine with 
an N-methyl group supplied by methionine. The ep- 
oxide moiety of VIa was suggested as more consistent 
with the ir absorption than hydroxyl or ketone groups. 
Further chemical and spectroscopic support cited' for 
the proposed structure of cyclopenin were (a) infrared 
(ir) absorptions at 3900 (NH), 1700, 1630 (CON), 990, 
and 885 cm-'; (b) nuclear magnetic resonance (nmr) 
singlet at 6 4.04 (benzylic epoxide proton); and (c) re- 
action with diazomethane in which cyclopenin and 
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cyclopenol form mono- and dimethyl derivatives, re- 
spectively. 

The above spectroscopic, chemical, and biosynthetic 
data, while providing strong support, do not unam- 
biguously delineate the structure of cyclopenin. First, 
the facile acid or alkaline decarboxylation and rear- 
rangement of cyclopenin to viridicatin is not consistent 
with known decarboxylation rates of anthranilic acid 
and its derivatives." Opening of the epoxide to yield 
the suggested' intermediate VI1 followed by quanti- 
tative liberation of methylamine and carbon dioxide 
from the acylaminobenzamide derivative with ring 
closure to viridicatin seems unlikely under the mild 
conditions employed. 

Second, 0-methyl analysis of methylcyclopenin and 
dimethylcyclopenol indicated none in the former and 
one 0-methyl group in the latter, requiring that the 
other methyl be located on nitrogen or carbon. The ir 
assignments1° of the 1680- and 1655cm-l bands to the 
CONH group in methylcyclopenin and the 1690- and 
1645-cm-' bands to the CONH group in dimethylcyclo- 
penol imply that the other methyl group is on carbon, a 
conclusion in conflict with structure VI. 

Third, the reported spectroscopic properties of cyclo- 
penin are inadequate to differentiate VIa from related 
structures, e.g., VI11 and IX, which could accommodate 
the ir and nmr data. Therefore, our first objective 
was to prepare model compounds for spectral correl- 
ation with cyclopenin and this was closely followed by 
efforts to synthesize the postulated structure VIa. 

Results and Discussion 
Cyclopenin and cyclopenol were obtained12 from the 

culture filtrate of P. cyclopium Westling by a modi& 
cation of the described procedure.6 Since the styrene 
oxide portion should have little effect on the character- 
istic ultraviolet (uv) absorption of cyclopenin [A, 211 
nm ( 6  37,200), 290 (2060)], a reasonable model would 
be 3,4dihydro-lH-l,4-benzodiazepine-2,5-dione (Xa) .la 

The similarity of the spectra of Xa [Am,, 215 nm ( 6  

41,200), 272 (12,500), 293 (3500)] and cyclopenin 
prompted synthesis of 3,4-dihydro-4-methyl-lH-1,4- 
bemodiazepine-2,5-dione (Xb) l4 which waa accom- 
plished via ethyl o-nitrobenzoylsarcosinate without 
isolation of the intermediate amine. The uv absorp- 
tion of Xb [Am, 215 nm (e 32,100)) 291 (2180)l is in 
full correspondence with that of cyclopenin. 

To help to settle the question of the diazomethane re- 
action with cyclopenin and cyclopenol, 3,4-dihydro-1,4- 
dirnethyl-lH-1,4-benzodiazepine-2,5dione (Xc) was 
prepared by methylation of Xb with diazomethane or by 
the procedure of Lee.I6 The spectrum of Xc [Am- 288 
nm (t 1970)] is quite similar to that of methylcyclo- 
penin and dimethylcyclopenol. This indicates that 
diazomethane reaction has indeed led to N methylation 
and this was confirmed by repeating the methylation of 
cyclopenol with diazomethane. Dimethylcyclopenol 
haa threeproton singlets at 6 3.69, 3.43, and 3.72. 

(11) P. Leegate and 0. E. Dunn, Can. J. Chum., 48, 1158 (lees), and 

(12) The crude isolate WM obtained by R. R. while a gumt in the lab- 

(13) M. UskokoviC, J. Iaoobelli. and W. Werner, J .  Org. Chsm., ST, 3806 

(14) While this work was in progrgs the oynthwk of Xb wan reported 

(15) C. M. Lee. J. HelerocycI..Chum., 1, 236 (1964). 

referenced therein. 

o ~ t o r y  of Dr. H. Raistriok during March 1956. 

(1962). 

by P. M. Cbrabateaa and L. 8. Harris, J .  Mud. Chem., 9, 8 (1986). 

Since it has been established that dimethylcyclopenol 
contains one 0-methyl group, the other new methyl 
group must be N-methyl in accordance with its chemical 
shift, and the original ir wignmentslo are incorrect. 
Thus cyclopenin and cyclopenol contain an acidic NH 
group, aa does the model bemodiazepine Xb. 

Although no analogy could be found for the extremely 
facile loss of carbon dioxide from cyclopenin upon treat- 
ment with acid (e.g., the benzodiazepines X lost less 
than 10 mol % carbon dioxide upon boiling in 2 N hy- 
drochloric acid for 3 hr), the chemical and spectroscopic 
evidence now seemed sufficiently persuasive to accept 
structure VIa aa an objective for synthesis. However, 
before undertaking its synthesis, degradation of cycle 
penin to a simpler compound containing some of its 
unique features was undertaken. 

The route chosen waa to deepoxidize cyclopenin and 
then to synthesize the corresponding olefin. For ex- 
ample, ethyl phenylglycidate has been converted into 
ethyl cinnamate on treatment with thiourea16 or tri- 
butylpho~phorus.~~ Also, chalcone oxidels with chro- 
mous chloride in acetic acid waa rapidly deepoxidized. 
Cyclopenin waa unchanged on treatment with chro- 
mous chloride. Although cyclopenin reacted slowly 
with tributylphosphorus at 85' during 48 hr, most waa 
recovered; phenylglycidanilide afforded cinnamanilide 
under these conditions. Phenylglycidanilide also 
yielded cinnamanilide in excellent yield after 4-hr re- 
action with thiourea. Under similar conditions with 
thiourea cyclopenin was partially converted after 7 days 
reaction into a product, tentatively assigned structure 
XIa or XIb.19 Attempts to convert this thiourea de- 
rivative into deoxycyclopenin were not succrnful. The 
sluggish reactions with thiourea and thiosulfate,a re- 
spectively, indicate then the epoxide group of cycle 
penin is in an unusual and unreactive environment. 
Failure in these degradations attempts turned our ef- 
forts directly to synthesis. 

The synthesis of the isomeric dGcyclopenins of struc- 
tures XIIa and XIIb required a 3-substituted bemo- 
diazepine-2,.5-dione, and, among the numerous 1,4- 
benzodiazepine and 1,Pbenzodiazepinedione deriv- 
atives,31*12 few with 3 substituents have been de- 
scribed.1at2a Our approach waa to synthesize first the 
benzylidene compounds XIc and XId uia Xb in analogy 
to similar condensajion of amides, hydantoin, diketo- 
piperazine, an$ Creatine with benzaldeh~de.~'-~~ Con- 
densation of Xb with benzaldehyde using Perkin reac- 
tion conditions* gave the isomeric 3-benzylidene- 
4-methyl-1H-1,4-benzodiazepine-2,5-diones (XIc and 
XId) and the N-acetyl derivative XIe. An alternative 

(16) C. C. J. Culvenor, W. Davim, and N. 8. Heath, J .  Chum, Soc., 278 

(17) A. J. Speriale and D. E. Bisoing, J .  Amnrr. Cham. 800.. 86, 3878 

(18) N. A. Leiaterand D. 8. Tarbell, J. Org. Chcm., %8,1152 (1958). 
(19) F. G. Bordwell and H. M. Anderaon, J .  Amcr. Chum. Soc., 76, 4587 

(20) W. C. J. Rws, J .  Chum. Soc.. 2257 (1960). 
(21) 8. J. Childrgs and M. I. Gluckman, J .  P a n .  Sci., 68, 577 (1964). 
(22) F. D. Popp and A. C. Noble, Adman. HaaOcycl .  Chum., @, 61 (1967). 
(23) W. Leimgruber, A. D. Batcho, and F. Schenker. J .  A m .  Chum. 

Soc., n, 6793 (1965); W. Leimgruber, A. D. Batcho. and R. C. Csajkonski, 
ibid., 90, 6841 (1968). 

(24) E. C. Britton and H. T. Smith, Chum. Abdr., Q, 82610 (1969): 
U. 8. Patent 2,861,078 (1959). 

(25) A. R. Frasoa and E. B. Dennler, Chem. Ind. (London), 609 (1967). 
(26) D. M. von Schrilts, E. M. Kaiiaer. and C. R. Hauoer, J .  Ow. Chum.. 

(27) H. E. Carter, Org. Reactions, 8 ,  198 (1946). 

(1949). 

(1963). 

(1963). 

8% 2810 (1967). 
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synthesis of XIc and XId via o-nitrobenzoylsarcosine 
and condensation with bemddehyde to XIVa followed 
by reduction and ring closure gave an inferior yield. 
Also, Xc was unreactive under conditions which gave 
the monomethylbenzylidine derivative XIc. 

That XIc and,XId have the stereochemistry shown is 
evident from examination of their respective nmr spec- 
tra. The major product, mp 207-208", assigned struc- 
ture XIc, showed N-methyl and vinyl hydrogen reso- 
nances as singlets at 6 3.20 and 6.95, respectively. The 
minor isomeric product, mp 185O, exhibited N-methyl 
resonance at 6 3.50 and vinyl hydrogen resonance a t  
6.72. The upfield shift (18 Hz) observed for the N- 
methyl resonance of the major isomer (XIc), with re- 
spect to that of the minor isomer (XId), is consonant28 
with its interaction with the 7r electrons of the proximate 
benzene ring. This interaction requires a cis stereo- 
chemistry for the two groups. The expected"** down- 
field shift (13.8 Hz) of the vinylic hydrogen of XIc rel- 
ative to XId caused by interaction with the %carbonyl 
waa also observed. 

XIa, R = H; X = C6Hs; Y = SC(=NH)N& 
b, R = €I; X SC(=NH)NH,; Y CsHr 
C. R = H: X = CfiHs.: Y H 

- "--" - I  ~- 
e, R = C6C-h; X I =  C*H~; Y =: H 
f, R = C1; X CsHs; Y = H 

XIIa, R1 = H Fh = C6H5 XIIIa, R,, & - 9 
b, R1=&Hj; & = H  b,RI=H; &-COCY, 

Alkaline hydrolysis of the N-acetyl compound XIe 
resulted in preferential cleavage of the benzodiazepine 
ring to yield XIIIb. However, in view of the ketonic 
character of imides, sodium hypochlorite was next tried 
and the N-acetyl group WM successfully removed, 
yielding the N-chloro derivative XIf. This was readily 
decomposed in ethanol or with potassium iodide and 
thiosulfate to give XIc. 

Epoxidstion of XIc was complicated by adverse steric 
and electronic features, and no precedent exists for 
epoxidation of a double bond so substituted. Nu- 

(28) E. Brocklehurst, H. S. Rice, and K. Williams, Cham. Commun., 884 
(1068). 

merous attempts were made, without success, to ep- 
oxidbe XIc with alkaline oxidizing agents20 and tri- 
fluoroperacetic acid;aO all gave complex mixtures of 
products. Prolonged reaction of XIc with m-chloro- 
perbenzoic acid gave a product in 37% yield, C17Hl4- 
NzOa, mp 194-195", which was readily hydrolyzed to 
viridicatin (I) in 2 N hydrochloric acid solution. The ir 
and uv spectra (Table I) of the product are identical 
with those of Lcyclopenin; the nmr spectrum of the 
epoxide shows the same aromatic hydrogens multiplet 
a t  6 6.6-7.8 m cyclopenin, and the N-methyl and ben- 
zylic hydrogens have the same chemical shift (6 3.20 
and 3.94, respectively) and the same ratio (3:l) aa 
those observed for natural cyclopenin. Further, the 
anomalous nmr singlets of cyclopenin at 6 4.51 and 2.55 
were observed in the synthetic product.a1 Finally, the 
mass spectra of dl-cyclopenin and Lcyclopenin were 
superimposable. C yclopenin is therefore assigned 
structure XIIa as required from the ci8 relationship of 
the N-methyl and phenyl groups of the immediate pre- 
cursor XIc. 

The product obtained by oxidation of XId, Cl,Hlr 
N208, was easily converted into viridicatin; ita uv spec- 
trum exhibited maxima at 290 and 211 nm; and its ir 
spectrum exhibited carbonyl absorptions at  5.85, 6.05 
and 7.2 p .  The nmr spectrum (Table I) showed proton 
resonances at 6 6.4-7.8, 3.82, and 3.11, in a ratio of 
9: 1 : 3 and were assigned to aromatic, benzylic, and 
N-methyl hydrogens, respectively; this product there- 
fore is isocyclopenin (XIIb). 

Experimental Section82 
Cyclopenin (VIa) and Cyclopenol (VIb).-Cultures of P. 

cyclopium LSHTM strain no. 72 were harvested after 15 days. 
The culture was filtered, the mycelium was pressed, the com- 
bined filtrates were adjusted to pH 2 with concentrated hydro- 
chloric acid, and the solution was treated with 120 g of charcoal. 
The mixture was stirred for 2 hr and filtered and the charcoal 
was washed with five 500-ml volumes of water. chloride ion 
wm not detected after the third wash. The charcoal was dried 
in uacuo, slurried with 1 1. of methanol, and packed into a column, 
eluting with four 2-1. portions of methanol. Evaporation of the 
first two portions and crystallization of the residue from methsnol 
gave 3.5 g as a mixture of cyclopenin and cyclopenol. Fractional 
crystallization of the mixture from ethyl acetatebenzene (1:3 
v/v) afforded impure cyclopenol. Cyclopenin was obtained 
from the mother liquors by (a) paper chromatography,6 (b) 
silica gel chromatography (elution with 3: 1 methylene chloride- 
benzene), or (c) alumina chromatography (elution with 3:l 
benzeneethyl acetate); the last procedure gave a poor recovery 
of cyclopenol. 

Recrystallization of chromatographed cyclopenin from ether- 
methylene chloride solution gave pure cyclopenin (VIa): mp 
179-180'; [a]& -301' (c 1.0, methanol) [lit.' mp 183-184'; 
[a]& -291' (c 1.0, methanol)]. 

(20) (a) W. C. Anthony, J .  Ow. Cham., 11, 77 (1066); (b) G. B. Payne, 
ibid.. 88,2048 (1068); (a) E. C. Kornfeld. E. J. Kornfeld, 0. B. Kline, M. J. 
Mann, and D. E. Morrison, J .  Amsr. Cbm.  Soc., T8,3087 (1068); (d) N. C. 
Yang and F. A. Finneean, ibid.. 80, 6848 (1068). 

(30) W. D. Emmons and A. 8. Pagano. ibid., W ,  89 (1066). 
(81) Theae anomalous minor peaks are tentatively auggeated to rwult 

from conformational equilibria snd will be considered in detail in a future 

(32) Nmr spectra were determined with Varian A 4 0  and HA-100 in- 
strumenta, using tetramethybilane as internal reference (d 0). Melting 
pointa, uncorrected. were determined on a Mel-Temp melting point ap- 
paratus. Ir spectra were determined for Nujol suepensions with Perkin- 
Elmer Model 127 and Model 137 instruments unlsas othsrriSe noted. Uv 
spectra were obtained with a Caw Model 14 spectrophotometer. MaM 
spectra were obtained with a Varian M-66 speotrometar; microanslysea we.re 
performed by the Micro Analytioal hboratoriea, University of California 
at Berkeley. Berkeley, Calif. 

paper. 
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CO mpound 

Xa 

Xb 

x c  

XIC 

XId 

1 XIIa 

dl XIIa 

XIIb 

VIC 

0 In ethanol. 

TABLE I 
SPECTROPH~T~METRIC PROPEBTIES OF CYCL~PENIN AND SOME RELATED COMPOUNDS 

MP, ' C  uv, nm G ) O  Nmr, 8 Ir, re 
327-327.5 293 (3,500) 3.07 (NH), 5.85, 

272 (12,500) 5.93 (CONH) 
215 (41,250) 

215 (32,140) 
241-242 291 (2,180) 7-7.9 (m, 4, ArH), 3.38 5.89 (CONH), 

(in &DMSO) 
(8, 2, CHI), 3.11 (8, 3, NCH:) 6.10 (CONCH:) 

142-143 288 (1,970) 7.2-8.2 (m, 4, ArH), 4.05 (q, 2, 5.97, 6.09 
CHI), 3.4 (8, 3, NCH:), 3.4 
(8, 3, NCHa), 3.52 (8, 3, NCHa) 

3.20 (8, 3, NCH:) 

(CONCHa) 

207-208 286 (12,400) 7.38 (m, 9, ArH), 6.95 (8, 1, = CH), 3.05 (NH), 5.90, 
6.10 (CON), 255 (14,200) 

239 (15,800) 6.20 
213 (37,400) 

245 (18,300) I C H ) ,  3.50 (8, 3, NCHa) (CON) 
215 (43,700) 

211 (37,200) 

185 276 (15,800) 7.27 (m, 9, ArH), 6.72 (s, 1, 5.93, 6.15 

7.30, 7.10, 6.56 (m, 9, ArH), 2.97, 3.11 (NH), 179-180 290 (2,060) 
3.95. (8, 1, CHAr), 3.20 (s, 3, 
NCH,) [4.51 (8, 0.08, CHAr), 
2.56 (8, 0.24, NCH,)] 9.12 

3.94 (8, 1, CHAr), 3.20 (s, 3, 

2.56 (8, 0.24, NCHa)] 9.12d 

7.12, 6.46 (m, 9, ArH), 3.82 
(8, 1, CHAr), 3.14 (8, 3, NCH,) 

5.85 (CONH), 6.0 
(CONCH,), 7.22, 

7.30, 7.10, 6.56 (m, 9, ArH), 2.97, 3.11 (NH), 193-195 290 (2,100) 
211 (37,900) 5.84 (CONH), 6.05 

NCHa) [4.51 (s, 0.08, CHAr), (CONCHa), 7.22, 

210-213 290 (2,200) 7.85, 7.12, 6.46 (m, 9, ArH), 2.95 (NH), 5.85 
(CONH), 6.05 212 (34,200) 
(CONCH,), 7.20 

168-168.5 284 (3,340) 6.8-7.7, 6.12 (m, 8, ArH), 3.85 
(8, 1, CH), 3.69 (9, NCH,), 3.43 
(8, 3, NCHa), 3.72 (8, 3, OCH:) 

* In CDCl: with internal tetramethyhilane (TMS) unless otherwise stated: s, singlet; m, multiplet; q, quartet. 
c In Nujol except where indicated. d In chloroform. 

A d .  Calcd for CIIHISIO:: C, 69.4; H, 4.8; N, 9.5; 
mol wt, 294. Found: C, 69.2; H, 4.9; N, 9.3; mol wt, 294 

Cyclopenol (VIb) was recrptallized from ethyl scetate- 
benzene: mp 210-=l1°; [alum -310' (e 1.0, methanol) 
[lit.'mp 215'; [a]wl -309' (c 1.3, methanol)]; uv A,, 285 
nm (e 3740); nmr (CDaOD) b 3.11 (s, 3, NCH:), 3.94 (s, 1, 
CHAr), 6.07-7.8 (m, 8, ArH). 

Anal. Calcd for CnHl,N*O,: C, 65.8; H, 4.6; N, 9.0. 
Found: C, 66.1; H, 4.8; N, 9.2. 

Dimethylcyclopenol (VIc).-A solution of 200 mg of cyclo- 
penol (VIb) in cold methanol was treated with a 4 M excass of 
ethereal diazornethane for 18 hr. The solution was filtered, 
evaporated to dryness, and chromatographed on silica gel to 
yield 62 mg of dimethylcyclopenol: mp 168-168.5' (lit.6 mp 

Anal. Calcd for ClpHuNlO,: C, 67.4; H, 5.4; N, 8.3; 
mol wt, 338. Found: C, 67.4; H, 5.2; N, 8.1; mol wt, 338 

Ethyl o-Nitrobenzoylrarcosiiuite.-A suspension of 15.35 g 
(0.1 mol) of ethyl sarcosinate hydrochlorides* in 150 ml of chloro- 
form was stirred vigorously at  0' while 18.5 g (0.1 mol) of &nitro- 
benzoyl chloride" in 20 ml of chloroform was added slowly. 
Stirring was continued for 21 hr at  room temperature followed 
by succassive washings with water, 0.1 N hydrochloric acid, 
0.01 N sodium hydroxide, and water. Drying and removal of 
solvent gave a residue which was short path distilled at  110' 
(50 p )  to afford 26.6 g (75% yield) of ethyl 0-nitrobenzoylsar- 
cosinate. 

Anal. Calcd for C11H14N*Os: C, 54.1; H, 5.3; N, 10.6. 
Found: 
3,rl-Dihydrd-methyl-lH-1,4-bensodiazepine-2,5-dione (Xb). 

-A solution of 15 g (56 mmol) of ethyl o-nitrobenzoybarcosbate 
(XIa) in 120 ml of ethanol containing 800 mg of platinum oxide 
was hydrogenated at 40 psi for 45 min. The residue from filtra- 
tion and evaporation of the mixture was recrystallized from 

(maas SpectrOscoPY). 

167-169'). 

(maas speotrycw).  

C, 53.7; H, 5.1; N, 10.7. 

(33) W. Stsudt, Z. PhuSid. Chsm., 144,286 (1921). 
(34) E. W. Psmell. J .  Chsm. Soc., 2369 (1969). 

methanol to give 6.7 g (63% yield) of Xb: mp 241-243' (1it.l' 
mp 246-247'1, uv Am, 215 nm (e 32,140), 291 (2180); ir (Nujol) 
5.88 (CONH), 6.10 p (CONCH& nmr (&DMSO) 8 7-7.9 
(m, 4, ArH), 3.83 (8, 2, CH,), 3.11 (s, 3, NCH:). 

Anal. Calcd for CIOHI$J,OS: C, 63.1; H, 5.3; N, 14.7; 
mol wt, 190. Found: C, 63.0; H, 5.2; N, 14.5; mol wt, 190 
(maas spectroscopy). 

3,4-Dihydro-l,4-dimethyl-lH-l,4-benzodiazephe-2,5-dione 
(Xc).-A solution of 190 mg (1 mmol) of Xb in 30 ml of methanol 
was treated with 50 ml of ethereal diazomethane (5 mmol) and 
the solution was stored at  0' overnight. Evaporation of solvent 
gave 140 mg of product which contained some Xb. Fractional 
recrystallization from an ethanol-water solution gave 40 mg of 
xc:  mp 142-143' (lit.16 mp 146-147'); uv Am, 288 nm (e 

A d .  Calcd for C I ~ H I ~ N ~ O ~ :  C, 64.7; H, 5.9; N, 13.7; 
molwt, 204. Found: C, 64.8; H, 5.9; N, 13.7; molwt, 204 
(maas spectroscopy). 

Decarboxylation of 3,4-Dihydro-4-rnethyl-lH-1,4-benzodiaze- 
pine-2,l-dione (Xb).-A suspension of 380 mg (2 mmol) of 
Xb in 30 ml of 2 N hydrochloric acid was boiled in a stream of 
carbon dioxide free nitrogen. The effluent gas was passed 
through two bubblers containing carbon dioxide free 0.1 N 
sodium hydroxide for 3 hr. Addition of saturated barium 
chloride solution to the bubblers gave a precipitate of barium 
carbonate (40 mg) indicating that -10 mol '% of the theoretical 
amount of carbon dioxide had been evolved. The hydrolysis 
solution was evaporated to drynm and a small portion of the 
residue was examined by paper chromatography. Sarcosine, 
0-aminobenzoylearcosine, and 0-methybminoacetylaminoben- 
zoic acid were identified by comparison with authentic 
sample using 1-butanol-acetic acid-water (4: 1: 5) as the chroma- 
tographic solvent. 

l-Acetyl-3-tram-benzyUdine-3,4-dihydro-4-methyl- 1H- 1,4- 
benzodiazepine-2,5-dione (XIe).s-A mixture of 2.66 g (14 
mmol) of Xb, 2.2 g (10.8 mmol) of benzaldehyde, and 125 g 

1970); 6 3.4 (8 ,  3, NCH:), 3.52 (8, 3, NCH:). 

(35) n's and trona deaitgA8tions are bssed on the oinnsrnste portion of the 
molecule. 
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(15.2 mmol) of sodium acetate in 4 ml of acetic anhydride was 
heated with stirring at 140' for 2 hr. Water was added, the 
solution was stirred, and the aqueous phase was decanted. The 
oily residue was trituated with ether and unreacted Xb was 
removed by filtration. The filtrate was evaporated. The 
residue was dissolved in chloroform, washed successively with 
sodium bisulfite and water, dried, and evaporated to a red viscous 
liquid which deposited 0.9 g of XIe: mp 177-179' from methanol 
solution; uv XmSr 245 nm (e 14,500). 283 (13,320); nmr (CDCL) 
d 7.5 (m, 9, ArH), 7.16 (s, 1, =CH), 3.3 (s, 3, NCH:), 2.68 (s, 

Anal. Calcd for Cl~H16N~O:: C, 71.2; H, 5.0; N, 8.7. 
Found: C, 71.0; H, 5.0; N, 8.7. 

3-trum-Benzylidine-I-chloro~,4-dihydrd-methyl- 1R- 1,4- 
benzodiazepine-2,s-dione (=).-A solution of 0.192 g (0.6 
mmol) of N-acetyl compound XIe in 2 ml of dioxane and 1 ml 
of 5.25% sodium hydrochlorite solution was stirred a t  room 
temperature for 5 min. The solution was diluted with water 
and extracted with chloroform and the combined extracts were 
washed with water, dried, and evaporated to a residue. The 
residue was recrystallized from chloroform-petroleum ether to 
aive 0.131 of XIf: mp 129-130'; uv Am.. 213 nm (e 40,000), 

3, NCOCHa). 

243 (16,300-), 283 (13,570). 

Found: C. 65.2; H, 4.3: N. 9.0. 
Anal. Calcd for C17Hl*N10&1: C, 65.3; H, 4.2; N, 9.0. 

3 - t r u m ~ B e n z y ~ d ~ e - 3 , 4 - d ~ y ~ ~ - m e t h y l - l H - l , 4 - b e n z ~ ~ e -  
pine-2,s-dione (XIc) from XU.-Potassium iodide in 1 ml 
of 3% aqueous acetic acid w.as added in portions to a solution 
of 0.131 g of XIf in 1 ml of dioxane followed by decolorization 
with 0.1 M sodium thiosulfate solution. The reaction mixture 
was extracted with chloroform. The extract was dried and 
evaporated to a semicrystalline residue, which was recrystallized 
from chloroform-petroleum ether solution to yield 0.11 g of 
XIC: mp 201-2020. 

- 

348- and -tru~as-Benzvlidine-3.4-dihvdro~-meth~l-lH-rl-benzo- 
diazepine-2,s-diones (& and xId).LA solution bf Xb (5.32 g) 
in 8 ml of acetic anhydride was treated with 2.5 g of fused sodium 
acetate and 4.4 g of benzaldehyde. The mixture was heated at 
gentle reflux temperature for 2 hr and evaporated to a semisolid 
m a ,  and the residue waa repeatedly concentrated from toluene, 
then suspended in water. The oily precipitate was extracted 
into methylene chloride, washed with 5% sodium bicarbonate, 
dried, and evaporated and the residue was placed onto a solumn 
of 60 g of activity 111 Woelm alumina. Elution with benzene 
gave 0.87 g of trans XIc, mp 201-205', and further elution with 
benzene-methylene chloride (3: 1) gave eis XId, mp 185". 

Anal. Calcd for Cl7HI4N2O2: C, 73.4; H, 5.1; N, 10.1. 
Found for XIc: C, 73.0; H, 5.4; N, 10.2. Found for XId: 
C, 73.1; H, 5.0; N, 10.1. 
cr-(N-Methyl-N-o-nitrobenzoyl)aminocinnamic Acid (XIIIa).- 

A mixture of 3.33 g (14 mmol) of o-nitrobenzoylsarcosine,w 2.2 
g (20.8 mmol) of benzaldehyde, and 1.25 g (15.2 mmol) of sodium 
acetate in 4 ml of acetic anhydride was heated for 4 hr. Ice- 
water was added to the stirred solution, the aqueous layer was 
decanted, and the residual oil was dissolved in 5% sodium bi- 
carbonate solution and washed with methylene chloride. The 
aqueous layer was acidified to pH 2 and extracted with chloro- 
form. The extract was dried and evaporated and the residue 
was recrystallized from methanol-petroleum ether to yield 
3.96 g of XIIIa: mp 182-183'; uv X- 264 nm (e 20,100); 
nmr d 7.3-8.5 (m, 10, ArH and =CHAr), 3.59, 3.06 (d, 3 H, 

Anal. Calcd for C17H14NIOI: C, 62.6; H, 4.3; N, 8.5. 
Found: 

~-(N-Methyl-N-o-ace~lylaminobenzoyl)aminoc Acid 
(XIIIb).-A solution of XIe (50 mg) in 5 ml of methanol was 
treated with 0.5 ml of 2 N sodium hydroxide and 1 ml of water 
and the solution was heated a t  reflux for 10 min. The solution 
was diluted with water and acidified with 5% HsP04, forming a 
precipitate which was atered and dried to yield 38 mg of XIIIb. 
Recrystallization from ethyl acetate-hexane gave material of 
mp 231-232" dec; uv Xm, 280 nm (sh) (e 13,600), 245 (16,400); 
nmr (dpDMSO) d 6.8-8.1 (m, 10, ArH, ==CHAr), 3.13, 2.79 

dLCyclopenin (XIIa).-A solution of XIc (0.176 g) in 10 ml 
of methylene chloride was treated with 85% nz-chloroperbenzoic 
acid (1.06 g) and the solution was stored a t  25' for 17 days. 

NCH,). 

C, 62.7; H, 4.1; N, 8.6. 

(d, 3, NCHa), 2.12, 1.97 (d, 3, CH,CON). 

(36) L. H. Sternbach. U. S. Patent 2,893,992 (July 7,1959). 

The suspension was diluted with methylene chloride to dissolu- 
tion of suspended material and washed successively with 2% 
sodium thiosulfate, 2% sodium bicarbonate, and sodium chloride 
solutions. The methylene chloride phase was dried and evapo- 
rated to a viscous residue which afforded 70 mg of dl-cyclopenin: 
mp 189-191' after crystallization. Pure dl-cyclopenin was 
obtained by recrystallization from ether-hexane solution: mp 

Anal. Calcd for CI~HI~NIOJ: C, 69.4; H, 4.8; N, 9.5; 
mol wt, 294. Found: C, 69.6; H, 4.8; N, 9.5; mol wt, 294 
(mass spectroscopy). 

dl-Imeyclopenin (-).-A solution of XId (30 mg) in 
methylene chloride was treated with 85% m-chloroperbenzoic 
acid (200 mg) and the solution was allowed to stand a t  25' for 
30 days. It was then washed successively with sodium thio- 
sulfate, sodium bicarbonate, and sodium chloride solutions. 
Drying and evaporating the methylene chloride gave a residue 
from which 10 mg of dl-isocyclopenin (XIIb) was obtained after 
two crystallizations from ether-hexane solution. The melting 
point was very sensitive to the rate of heating and at 10°/min 
was 210-213'. 

Anal. Calcd for C~~HI~N~O:: C, 69.4; H, 4.8; N, 9.5; 
mol wt, 294. Found: C, 69.3; H, 5.0; N, 9.5; mol wt, 294 
(mass spectroscopy). 

Conversion of dGCyclopenin m) into Viridicatin (In).- 
A suspension of 0.054 g of dhyclopenin in 5 ml of 2 N hydro- 
chloric acid was heated a t  87' for 3 hr. The suspension was 
cooled and the crystalline precipitate was filtered to yield 0.042 g 
(97% yield) of crude product. Recrystallization from ethanol 
gave viridicatin: mp 265' (lit! mp 269'); uv Am, 329 nm 
(e 8300), 317 (11,200), 307 sh (9100), 285 (9100), 220 (42,800). 

Anal. Calcd for C1sH1lNOr: C, 75.9; H, 4.7; N, 5.9. 
Found: C, 76.1; H, 4.7; N. 6.1. 

Conversion of dG1mcyclopenin (Xnb) into Viridicatin (In).- 
A suspension of 1.0 mg of XIIb in 1 ml of 2 N hydrochloric acid 
and 1 ml of ethanol was heated at reflux temperature for 3 hr. 
Evaporation of solvent and washing of the residue with water 
afforded viridicatin. 

Reaction of Cyclopenin with Thiourea.-A solution of 5 mg of 
cyclopenin and 2.5 mg of thiourea in 2 ml of absolute butanol-1 
was heated a t  80-90' for 7 days. The solvent was evaporated 
and the residue was chromatographed by preparative tic. The 
uv fluorescent band waa eluted with methanol and evaporation 
of the methanol gave a white crystalline product (XIa-XIb): 
mp 232-235'; uv Am, 230 sh, 267, and 319 nm; nmr (&-DMSO) 
d 7.1-7.8 (m, 10, ArH and NH), 2.83 (d, 3, NCH:). 

Anal. Calcd for C I ~ H I ~ N ~ W :  C, 61.3; H, 4.6; N, 15.9: 
mol wt, 352. Found: C, 60.9; H, 4.8; N, 16.6; mol wt, 352 
(mess spectroscopy). 

Phenylg1ycidanilide.-To 1 g (4.48 mmol) of trans-cin- 
namanilidelt in 75 ml of chloroform was added 1.72 g (10 m o l )  
of m-chloroperbenzoic acid and the solution was allowed to 
stand et room temperature for 18 hr. The reaction mixture 
was extracted several times with 50 ml of 5% sodium bicarbonate 
solution followed by one extraction with 50 ml of water. The 
resultant red organic phase was dried over sodium sulfate and 
filtered, and the solvent was removed by evaporation. This 
left a red oil which was dissolved in a minimum of warm ethanol; 
water was added until the solution became cloudy. Cooling 
produced crystals and several crops were obtained by the further 
addition of water to give a total of 0.5 g (47%) of the epoxide: 
mp 142' (lit." mp 142'). 

Reaction of Phenylglycidanilide and Thiourea.-A mixture 
of 100 mg (0.7 mmol) of phenylglycidanilide, 53.6 mg (0.7 
mmole) of thiourea, and 10 ml of absolute ethanol was heated 
on a steam bath for 4 hr. Water was added until the solution 
became cloudy, and storage in a refrigerator gave crystals, 84 
mg (90%), mp 151-152', identical with trum-cinnamanilide. 

193-195'. 

Registry No.-VIc, 19581-62-5; Xa, 5118-94-5; 
Xb, 3415-35-8; Xc, 1015-77-6; XIa, 19581-63-6; 

XIe, 19553-23-2; XIf, 19614-24-5; 1 XIIa, 10088-76-3; 
dl XIIa, 19357-57-4; dl XIIb, 19553-26-5; XIIIa, 
19543-44-3; XIIIb, 19600-43-2 ; ethyl o-nitrobemoyl- 
sarcosinate, 19543-45-4. 

XIb, 19553-21-0 XIC, 191 13-24-7 i XId, 19553-22-1 ; 

(37) 8. Bodforss, Ba. BS, 142 (1919). 


