
Reactions of Benzaldehyde with Ethyl Cyanoacetate 

Kinetic Determinations. Iodine and all salts were reagent 
grade chemicals. The salts were dried a t  120-140° overnight before 
use. The temperature of the kinetic runs was 30.00 f 0.05', except 
for those used to  determine the activation parameters, which var- 
ied from 15.0 to 50.0'. Complet,e stock solutions were made up a t  
the appropriate temperatures. The procedure for the kinetic runs 
was that  used before.2 All rate constants were determined by least- 
squares analysis, and the probable errors in individual rate con- 
stants averaged 0.5%. Duplicate runs were carried out for each set 
of conditions, except for runs used for the Harnniett plot, for which 
triplicate determinations were made. Rate constants of the dupli- 
cate or triplicate runs usually agreed within 2%. Additional deter- 
minations were made if the error was greater. All reported rate 
constants are the observed rate constants. The true third-order 
rate constants, kt  (eq l), can he obtained by dividing the observed 
rate constants by K (1.55 X lou3 a t  30°).20 Activation energies had 
least-squares errors of 0.1-0.2 kcal and activation entropies of 
0.1-0.4 eu. 
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Reactions of benzaldehyde and analogs with ethyl cyanoacetate in ethanolic ammonia produce tu-cyanohydro. 
cinnaniamides, 2,6-dihydroxy-3,5-dicyano-4-phenylp~ .ridines, and dimeric products. Similar reactions in aqueous 
ammonia or Cope-Knoevenagel condensations also produce some of these products. Those facts suggest that  the 
reaction mechanisms are the same. The report elucidates the structures of dimeric products such as 3,5-dicyano- 
4,6-diphenyl-5-ethoxycarbonyl-a-piperidones. 

LeMoal, et a1.,2 and Nagai, et a1.,3 have reported the  
Cope-Knoevenagel condensation of para-substituted heriz- 
aldehydes with excess ethyl cyanoacetate to produce ethyl 
a-cyano-para-substituted cinnamates 1, but have not yet 
reported that the reaction products were always accorr pa- 
nied by trace amounts of ,high melting by-products. In the 
case of p -  nitrobenzaldehykie, the above reaction gave a no- 
ticeable amount of a dimeric product (4d), which was as- 
signed a cyclobutane structure (6) by LeMoal, et al. From 
benzaldehyde and ethyl cyanoacetate, a similar dimeric 
product (4) was obtained by Carrick* with sodium ethoxide 
in ethanol or by Issoglio5 and GuareschF with aqueoi I S  am- 
monia; however, these authors did not elucidate the struc- 
ture of that product. 

Table I shows the results of the reactions of para- substi- 
tuted benzaldehydes with ethyl cyanoacetate in et hanolic 
ammonia a t  0'. The formula for 3, the ammonium salt of 
2,6-dihydroxy-3,5-dicyano-4-(para-substituted phc2nyl)py- 
r i d i n e ~ , ~ , ~  has been assigned on the basis of spectral data. 

Table I 
Product Yield (mol %) for the Reactions of 

Para-Substi tuted Benzaldehydes and  Ethyl 
Cyanoacetate i n  Saturated-Ethanolic Ammonia at 0" 

_I____ 

Producta 

x 2 3 6  4 

H 6.7 38.4 
Me0 10.1 9.6' 1 5 . 5  
c1 23.2 38.7' 
NO2 21.2 34.6' 

a At the simiiar reactions in concentrated aqueous ammonia, 
X = He and X = NO2,5 respectively, produced 2, 3, and 4. Ir data 
of 2a (Nujol) 3380 and 3195 cm-1 (NHz), 2250 cm-* (CN),  1660 and 
1620 cm-i (amide C-0). bYields of 3 of Cope-Knoevenagel con- 
densation: X = H, 0.00270; X = MeO, 0.001%; X = C1, 0.7270, 
X = NO*, 1.18'7o.These compounds are not dehydrated. Mono- 
hydrated. 
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Table IT 
Nmr and Uv Spectral Data of 2 

6 ppm in DMSO-d6 

<JAx = 3.5 BZ - J,, = 6 .5  HZ 
3.96 7.46 270 (3.89) 

3.88 7.70 203 (3.94), 227 (4.04), 

2a 

2b 6.85 7.18 3.72 3.03 - 7.38 276 (3.28), 283 (3.19) 
2 c" 7.33 3.11 3.98 7.50 202 (3.70), 2 2 1  (3.93) 

2d 8.20 7.60 3.30 4.08 7.83 202 (4.10), 215 s (3.85), 268 

aAnal data of 2c, mp 180-181". Calcd: C, 57.55; H, 4.31; N ,  13.43; C1,17.02. Found: C, 57.37; H, 4.07; N,  13.22; C1,17.06. 

7.75 

7.26 3.10 i'- = l3 

7.97 

(4.01) 

Table I11 
Nmr and Uv Spectral Data of 3 

6 ppm in DMSO-d 

3a 10.85 7.32 7.55 206 (4.301, 259 (4.32), 345 (4.28) 
3b 10.55 7.05 7.00 7.33 207 (4.29), 263 (4.37), 287 (3.67), 

3c" 10.70 7.04 7.51 7.46 3.80 206 (4.33), 259 (4.34), 346 (4.24) 
3d 10.90 7.23 8.45 7.83 203 (4.40), 266 (4.42), 310 (4.08), 

344 (4.30) 

345 (3.97) 
aAnal.  (mp 320-325"). Calcd: C, 50.91; H, 3.59; N, 18.27; C1,11.58. Found: C. 51.66; H, 3.40; K ,  18.05; C1, 12.05. 

,CN 

COOEt COOEt 

1 

X 

3 4 , R = H  

6 

a, X = €I 
b, X = Me0 
c . x  = c1 
d,X = NO, 

The ir spectra of 3 have absorption bands a t  about 3200- 
3400 cm-l, attributable to N-H of the ammonium salts, 
and a characteristic very strong band a t  about 2200 cm-l 
due to CEN. The nmr spectra of 3 in DMSO-d6 (Table 
111) show a triplet signal a t  7.50-6.0 ppm, corresponding to 
14N-lH (J") = 50 Hz) of the ammonium salts; further- 
more, they show a signal a t  10.65 ppm of the OH or NH 
group. The base peak (M - 17)+ of the mass spectra of 3, 
generally, corresponds to the 2,6-dihydroxy-3,5-dicyano- 
4 -(para-substituted pheny1)pyridines. The second stron- 
gest peak is mle (M - 60)+, the fragmentation of (M - 
1'7)+-(M - 60)+ is supported by the following metastable 
peaks: 3a m* = 159,3b m* = 188,3c m* = 192. 

'The dimeric products (4) were assigned their structures 
on the basis of their similarity in nmr spectra to compound 
5 (4, N-CH3 for N-H)7 as shown in Table IV. We tried sev- 
eral chemical reactions on 4a to exclude the structures 6 
and 7 that were proposed by Bohme.8 On hydrolysis in con- 
centrated hydrochloric acid-acetic acid, 4a afforded 0- 
pheri,ylglutaric acid and benzaldehyde, the latter being 
characterized as a 2,4-dinitrophenylhydrazone. 4a does not 
possess a primary amino group as shown in 7 because it 
could not be acetylated with acetic anhydride. When 4a 
was distilled at  160-170" (3 mm) (bath 225-230"), it  af- 
forded a-cyanocinnamamide and ethyl a-cyanocinnamate 
in the ratio of 1:1, and no other substances were found in 
the diskillate. This fact also excludes the cyclopentane for- 
mula 7. Corresponding to this fact, the mass spectra of 4 
show tEie peak which agrees with the molecular weight of 
a-cyano- para-substituted cinnamamide as the base peak 
and the peak which agrees with the molecular weight of 
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ethyl a-cyano-para-substituted cinnamate in appropriate 
intensity (4a, 23%, 4b, 77%, 4d, 80%). 

The reaction of 4a with p-nitrobenzyl bromide in the 
presence of sodium carbonate in 95% ethanol produced 8, 
as the main product, and 9. Compound 8, a mono-para-ni- 
trobenzyl derivative of 4a, mp 256-267', was assigned its 
structure from the nmr spectrum. The spectrum lost the 
signal of AB type at  4.51 ppm (Ha, d)  and 4.75 ppm (Hb, d) 
of 4a and showed a new signal a t  3.92 ppm and a new signal 
of AB type at 4.32 ppm (Hh, d )  and 3.52 ppm (Hi, d), corre- 
sponding to the introduction of the p- nitrobenzyl group 
into Hb of 4a. The structure of compound 9, a di-p-nitro- 
benzyl derivative of 4a, mp 284-285', was also assigned 
from its nmr spectrum. The nmr spectrum of 9 is similar to  
that of 8, but shows another signal of AB type a t  a lower 
magnetic field corresponding to a N-p-  nitrobenzyl sub- 
stitutent with disappearance of the N-H signal of 8. 

Compound IO, mp 192-193', is produced by the hydroly- 
sis of 8 with concentrated hydrochloric acid-acetic acid. 
The ir spectrum of 10 has the bands 3100-3200 cm-l (NH), 
and the bands 1725 and 1685 cm-l (C=O); these absorp- 
tion bands, characteristic of glutarimide, indicate that 
structure IO is correct. 
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The proposed reaction mechanisms for the formation of 
2, 3, and 4 are considered as follows. First, the para-substi- 
tuted benzaldehydes react with ethyl cyanoacetate to pro- 
duce ethyl para-substituted benzylidene cyanoacetate (may 
be phenyl group us. ester group are trans). For electron at- 
tracting substituents (N02, Cl), the esters undergo rapid 
ammonolysis to the amides, which in turn react with excess 
ethyl cyanoacetate to produce the intermediate 11. The 
ring closure of the intermediate 11 affords the 4-(para-sub- 
stituted phenyl)dihydropyridines, which would give 3 by 
oxidation-reduction reactions with the para-substituted 
benzal cyanoacetamides, through the intermediate 12. The 
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X 
L 

H 

co ,co 
EtO' SH, 

11 12 

13 

para-substituted benzal cyanoacetamides were reduced to 2 
at  this stage. Compound 3 may be partly formed by the air 
oxidation of the dihydropyridines. On the other hand, the 
ethyl a-cyanocinnamates with an electron donating group 
in the para position, owing to the slow formation of amides, 
as Dietz suggested, react with the para-substituted benzyl- 
idene cyanoacetamides, and then afford ring closing prod- 
ucts (4). Compound 4 were obtained in a single stereoiso- 
mer. The formation of these compounds is apparently ther- 
modynamically controlled; therefore, the conformation is 
the most stable one in 13, proposed by the inspection of the 
Dreiding model. 

Experimental Sectiong 
The Cope-Knoevenagel Condensation of p -  Nitrobenzal- 

dehyde with Ethyl Cyanoacetate, In a 200-ml round-bottomed 
flask with a continuous water separator, a mixture of 25 g (0.17 
mol) of p -  nitrobenzaldehyde, 38 g (0.34 mol) of ethyl cyanoace- 
tate, 13 g (0.17 mol) of ammonium acetate, and 32 g (0.53 mol) of 
acetic acid in 100 ml of benzene was refluxed in an oil bath a t  
140-150' for 5 hr, while 5.6 ml of an aqueous layer containing ace- 
tic acid and ammonium acetate separated. Yellow crystals sepa- 
rated out in the flask and were collected by vacuum filtration and 
recrystallized from 1..4 1. of 99% ethanol. The crystals that  sepa- 
rated first contained 13.6 g of l and were identified by ir analysis. 
The mother liquor was concentrated to 250 ml, and the crystals 
that  separated out were collected and recrystallized from 300 ml of 
99% ethanol. These crystals contained 1.95 g of 1, and subsequent- 
ly 0.9 g of 4 was separated and identified by ir analysis. On the 
other hand, the mother liquor (250 ml) that  was concentrated and 
the crystals which separated already were again concentrated to  
100 ml; 0.6 g of 3 was separated out from this solution. 

The benzene layer, after it was washed with a saturated sodium 
carbonate solution and 10% sodium chloride solution, was dried on 
sodium sulfate, and then concentrated. The residual crystalline 
substance produced 5.1 g of 1 by recrystallization with 400 ml eth- 
anol. 

On the whole, three kinds of the following pure products were 
obtained in this experiment. Id, 20.7 g (yield 49.5%), mp 172-174', 
light yellow needles. 3d, 06. g (yield l . l l%) ,  mp over 300', yellow 
needles; ir (KBr) 2840-3540 cm-' (NH4+), 2220 cm-l (CN), 1630 
cm-' (2,2-dihydroxypyridine), 1525, and 1365 cm-' ( N o d .  4d, 0.9 
g (yield 2.36%), mp 202-204', white scales or fine white needles; ir 
(Nujol) 3200 cm-I (NH), 2260 cm-' (CN), 1755 cm-' (ester C=O), 
1690 cm-' (amide C=O), 1520, and 1350 cm-l ( N o d .  
A similar procedure was used for the condensation of 25 g (0.18 

mol) of p -  chlorobenzaldehyde and 35 g (0.31 mol) of ethyl cyano- 
acetate. This procedure produced 24.84 g (yield 62.3%) of I C  (white 
plates. mp 91-92.5') and 233 g (yield 0.72%) of 3c (pale yellow fine 

needles, mp 320-325'; ir (Nujol) 3440, 3200, and 3070 cm-' 
(NHd'), 2210 cm-l (CN), 1610 cm-I (2,2-dihydroxypyridine), 830 
cm-' (para-substituted benzene), 770 cm-' (C-Cl)). 

Reaction of Benzaldehyde and Ethyl Cyanoacetate in Etha- 
nolic Ammonia. To a solution of ammonia, 14 g (1.0 mol) in 200 
ml of 95% ethanol, 53 g (0.5 mol) of benzaldehyde and 113 g (1.0 
mol) of ethyl cyanoacetate were added; the mixture was kept in a 
refrigerator for 10 days with occasional stirring. Yellow crystals 
precipitated from the solution and were collected by vacuum fil- 
tration, washed twice with 100-ml portions of ethanol, and dried. 
The crude material, mp over M O O ,  weighed about 87 g. Further, 
the filtrate was allowed to  stand in the refrigerator, to produce 1.51 
g of the crystals (4a), mp 207-209'. The crude substance (87 g) 
having three kinds of CN bands was recrystallized several times 
from 95% ethanol (1000 ml in total) under continuous monitoring 
of the infrared spectra, to afford the following three kinds of pure 
compounds. Cyanoacetamide, 4.3 g, mp 118-121' (lit.lo 119.5'). 
3a, 8.5 g (yield 6.7%), mp over 300', white or pale yellow needles, ir 
(KBr) 3400 cm-I (OH), 3200-2400 cm-l (NHd+), 2200 cm-' (CN), 
1600 cm-I (2,2-dihydroxypyridine), 1510 and 1470 cm-' (hetero 
C-N), 1390 cm-l (pyridine ring C-N), 1250 and 1220 cm-' (C-0), 
700-680 cm-I (monosubstituted benzene). 4a, 35.8 g (38.4%), mp 
208-210', white needles; ir (Nujol) 3250 cm-1 (NH), 2255 cm-' 
(CN), 1740 cm-1 (ester C=O), 1679 cm-I (amide C=O), 1270, 
1250 and 1005 cm-1 (ester C-0-C). 2a was not afforded in any 
amount. 

Similarly, 68 g (0.5 mol) of p -  methoxybenzaldehyde afforded 
the following three pure compounds. Zb, 10.3 g (yield lO.l%), mp 
170-171', white needles; ir (Nujol) 3400, 3320 and 3210 cm-' 
(NHz), 2255 cm-' (CN), 1670 and 1620 cm-' (amide C=O), 1245 
cm-' (aromatic ether). 3b, 14.6 g (yield 9.7%), mp 302-305', color- 
less fine needles, ir (Nujol) 3400-3200 cm-' (OH and NH4+), 2215 
cm-' (CN), 1600 cm-' (amide CEO), 1250 cm-l (arom. ether), 840 
cm-' (para-substituted benzene), 1180 and 1030 cm-I (C-OX).  
4b, 16.8 g (yield 15.5%), mp 211-21J0, white needles; ir (Nujol) 
3300 cm-1 (NH), 2255 cm-I (CN), 1735 cm-l (ester C=O), 1690 
cm-l (amide C=O), 1610 cm-' (C=C), 1250,1180, and 1090 cm-' 
(ester C-0-C), 1020 cm-' (arom. ether), 850 and 830 cm-l (para- 
substituted benzene). 

p -  Chlorobenzaldehyde (25 g, 0.18 mol), under a similar proce- 
dure, afforded the following two pure compounds. 2c, 8.2 g (yield 
23.2%), mp 180-18lo, colorless prisms; ir (Nujol) 3380 and 3180 
cm-l (NHz), 2250 cm-l (CN), 1685 cm-l (amide C-0), 1095 and 
1015 cm-l (C-H), 840 cm-' (para-substituted benzene), 790 cm-' 
(C-CI). 3c, 20.2 g (yield 38.7%), mp over 300°, fine long needles. 

p-Nitrobenzaldehyde (25 g, 0.17 mol), under a similar proce- 
dure, afforded the following two pure compounds. Zd, 7.7 g (yield 
21.2%), mp 169-170°, pale yellow needles; ir (Nujol) 3440 and 3300 
cm-l ("3, 2240 cm-I (CN), 1670 cm-I (amide C=O). 1610 cm-' 
(C=C), 1510 and 1340 cm-' (NOz), 850 cm-I (para-substituted 
benzene). 3d, 18.1 g (yield 34.6%), mp over 300", deep yellow long 
needles. 

Hydrolysis of 4a with Concentrated Hydrochloric Acid and 
Acetic Acid Solution. A mixture of 19 g (0.051 mol) of 4a, 200 ml 
of concentrated hydrochloric acid, and 100 ml of acetic acid was re- 
fluxed for 4 hr (bath temperature 130-140'). After cooling, the 
reaction mixture was diluted with 600 ml of water, then extracted 
with three 150-ml portions of ether. The ethereal solution was 
dried and evaporated. The residual oil was allowed to crystallize; 
the crystals were collected, and dried, weighing 6.83 g. Recrystalli- 
zation from water gave white crystals, 5.23 g (yield 49.3%), mp 
141-142'. From elementary analysis, melting point, and nmr spec- 
tra, this substance was found to be o-phenylglutaric acid (lit." mp 
142'): nmr (acetone-cis) 6 10.28 (s, 2, COOH), 7.25 (5, benzene), 
3.63 (q, 1, HJ, 2.75 (d, 2, JAC = 6 Hz, HA), 2.73 (d, 2, JBC = 8 Hz, 
HB), JAB, under investigation. Anal. Calcd for CiiH1204: C, 63.45; 
H, 5.81. Found: C, 63.40; H, 5.64. 

Hydrolysis of 4a with Ethanolic Hydrochloric Acid in Pres- 
ence of 2,4-Dinitrophenylhydrazine. A mixture of 10.0 g (0.027 
mol) of 4a, 5.5 g (0.028 mol) of 2,4-dinitrophenylhydrazine, 200 ml 
of concentrated hydrochloric acid, and 200 ml of 95% ethanol was 
refluxed for 7 hr a t  a bath temperature of 110-120°. The mixture 
was filtered while hot, to give orange-red crude crystals, mp 245- 
246', which weighed 7.76 g (yield 99%), and recrystallization from 
99% ethanol yielded the pure substance, mp 245-246'. Anal Calcd 
for C13H10N404: C, 54.54; H, 3.52; N, 19.58. Found: C, 54.50; H, 
3.68; N, 19.71. 

Pyrolysis of 4a. Compound 4a, 2.0 g (5.3 mmol), was distilled in 
a Hauben flask a t  160-170° (3 mm) (bath temperature, 225-230'). 
The fore run (783 mg) crystallized upon standing. The nmr spec- 
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trum showed this fraction to  consist of 70.5% of a-cyanocinna- 
mamide and 29.5% of ethyl a-cyanocinnamate. The after run (730 
mg) is a pale yellow oil which crystallized gradually too. The nmr 
spectrum indicated this fraction to  be composed of 27.7% of a-cy- 
anocinnamamide and 72.3% of ethyl a-cyanocinnamate. Thus, a- 
cyanocinnamamide and ethyl a-cyanocinnamate were obtained in 
56.7 and 43.3% yield in total. 

3,5-Dicyano-5-ethoxycarbonyl-3-p -nitrobenzyl-4,6-diphe- 
nyl-2-oxopiperidine (8) and 3,5-Dicyano-5-ethoxycarbonyl- 
1,3-di-p- nitrobenzyl-4,6-diphenyl-2-oxopiperidine (9).12 A 
mixture of 3.6 g (9.6 mmol) of 4a and 21 g of anhydrous sodium 
carbonate in 100 ml of 95% ethanol was refluxed to  produce a clear 
yellow solution. To this solution was added a hot solution of 42 g 
(20 mmol) of p -  nitrobenzyl bromide in 100 ml of 95% ethanol. The 
mixture was refluxed for 3 hr on a steam bath. Pale yellow crystals 
precipitated out. The organic layer containing the yellow crystals 
was separated by decantation from the insoluble sodium carbonate 
while hot Pale yellow crystals were collected by vacuum filtration 
from the ethanol solution, washed with a small amount of water, 
and then dried. The crude white crystals, mp 275-279', weighed 
1.01 g (yield 16.3%); 1.0 g of the crude crystals were recrystallized 
from 60 ml of acetone to afford 255 mg of a pure substance (9) ,  mp 
284-285". The filtrate from the crude crystals stood at  room tem- 
perature and precipitated white crystals, 1.24 g (yield 25.4%), mp 
247-249'. The crude white crystals, 1.2 g, were recrystallized from 
200 ml of 99% ethanol to give 930 mg of a pure substance (8), mp 
265-267", as white crystals. 9, ir (Nujol) 2250 cm-I (CN), 1745 
cm-l (ester C=O), 1655 cm-I (amide C=O), 1605 cm-l (C=C), 
1520 and 1350 cm-l (NOz), 1260 or 1220 and 1110 cm-l (ester C- 
0-C), 855 and 840 cm-I (para-substituted benzene), 700 cm-l 
(monosubstituted benzene). 8, ir (Nujol) 2250 cm-l (CN), 1733 
cm-l (ester C=O), 1695 cm-1 (amide C=O), 1520 and 1340 cm-1 
( N o d ,  1250 and 1110 cm-' (ester C-0-C), 850 cm-l (para-substi- 
tuted benzene), 700 cm-l (monosubstituted benzene). 

3-p- Nitrobenzyl-4-phenyl-2,6-dioxopiperidine (10). Com- 
pound 8, 7.10 g (0.014 mol), was refluxed in a mixed solution of 50 
ml of concentrated hydrochloric acid and 100 ml of acetic acid for 
8 hr, t o  give a yellow solution which contained a small amount of 
insoluble substance 9. After cooling, the insoluble 9 was filtered 
off, 500 ml of water was added to the filtrate, and the mixture was 
extracted with three or four portions of 200 ml of ether. The ether- 
eal solution was dried and distilled, to give 4.60 g of the residue 
The residue was dissolved into 10 ml of hot 95% ethanol, and stood 
for several days at  room temperature to precipitate considerable 
amounts of crystals. The crystals were collected, washed with 5 ml 
of cold ethanol, and then dried. The crude product, mp 155-160°, 

1.86 g (yield 41.1%), was recrystallized from acetone to give pure 
10: mp 191-192'; ir (Nujol) 3200 and 3100 cm-' (NH), 1725 and 
1685 cm-* (imide C=O), 1959 cm-I (C=C), 1510 and 1350 cm-I 
(NOz), 1320 cm-I (-CHz-), 1240 cm-' (C-C-C-C), 1170 cm-I 
(C-CH*-C), 860 cm-' (para-substituted benzene); uv max (95% 
CPHSOH), in neutral medium, 206 mp (log e 4.511, 275 (4.00); in al- 
kaline medium, 206 mp (4.67), 235 (4.14). 278 (4.05); in acidic me- 
dium, 205 m p (4.43) and 276 (4.02); nmr (acetone-de) 6 9.61 (s, 2, 
NH), 8.01 and 7.25 (AzB2, 4, para-substituted benzene), 7.33 (s, 5 ,  
monosubstituted benzene), 3.45-3.73 (m, 6, CHz-CH=CH- 
CHd. 
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Alkylations of heterocyclic anion 7 with chloromethyl ethers followed by photooxidation afforded products with 
the essential framework of the mitomycin antibiotics. A generalized scheme for attaching aziridines to  this carbon 
framework was developed. I t  involved a photochemical ring contraction of triazolines in the presence of a triplet 
quencher so as to suppress subsequent photochemistry of the tetracyclic products which may serve as mitomycin 
models. 

ranging The mitomycins activity. Since (1) their are a structures class of were antibiotics first elucidated of wide- "%II:' c;& 0% 
in 1962,IJ there have been a variety of synthetic approach- 
es to their framework and that of the closely related aziridi- 
nomitosenes (2). The majority of published routes are con- ,:s-z 

CHJ 
cerned with the formation of the tricyclic pyrrolo[l,2-a]in- 0 0 
dole ring system A. The choice of the ultimate bond to be 1 2 

3 

mitomycin .4, X = CH,O; Y = CH,; Z = H 
mitomycin B, X = CH,O: Y = H; 2 = CH, 
mitomycin C,  X = KH2: Y = CH,, Z = H 
porfiromycin, X = NH,: Y = CH,; Z = CH, 


