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198, 123, 88; exact mass calcd for CrsHuN20s 328.1787, obsd 
328.1788. .~~ ~ .~ 

(2) To the carbamate (13 mg, 0.039 "01) in chloroform (7 mL) 
was added iodotrimethylsihe (56 pL, 0.4 mmol), and the resulting 
solution was refluxed for 7 h. Methanol (5 mL) was added, and 
reflux was continued for 8 h. The solvents were removed by rotary 
evaporation, and the crude product was purified by flash chro- 
matography (silica gel half-saturated with ammonia) using 3% 
methanol in chloroform as eluent and then 50% methanol in 
chloroform to afford pyridone 42 (7 mg) in 70% yield R = 0.025 
(basic Si02, CHC13-acetone-MeOH 50:455, two runs); Id (Nujol) 
3149,3121,1651,1600,1152,1119 cm-'; 'H NMR (MeOH-d4) S 
7.66 (d, 1 H, J = 9.4 Hz), 6.44 (d, 1 H, J = 9.4 Hz), 5.46 (m, 1 
H), 5.36 (9, 1 H, J = 6.6 Hz), 3.64 (br, 1 H), 3.57 (dd, 2 H, J = 
8.5, 14.2 Hz), 2.86 (dd, 1 H, J = 4.8, 17.2 Hz), 2.64 (d, 1 H, J = 
16.9 Hz), 2.20 (d, 1 H, J = 16.5 Hzj, 2.02 (d, 1 H, J = 16.6 Hz), 
1.75 (d, 3 H, J = 6.6 Hz), 1.55 (s,3 H); mass spectrum, m/z  256 
(M+), 239,224,212,200,184,128; exact mass calcd for ClBH&JZ0 
256.1570, obsd 256.1576. 

5-(Aminomethyl)-2( 1H)-pyridinone (46). 5-Cyano-2- 
methoxypyridine (44,2 g, 14.9 mmol), prepared by the procedure 
of Forrest and Walker,27 was dissolved in 40 mL of ammonia- 
saturated methanol and hydrogenated over 0.8 g of Raney nickel 
at  a pressure of 45 psi. After 3 h the catalyst was filtered, the 
solvent evaporated, and the crude product dissolved in 20 mL 
of dichloromethane. The solution was cooled (ice bath), and 4 
mL of triethylamine and 2.3 mL of methyl chloroformate were 
added. After 2 h at  rt, the solvent was removed by rotary 
evaporation, and the residue was dissolved in water and extracted 
with 3 X 10 mL of ethyl acetate. The combined organic layers 
were washed with water, dried, and concentrated to afford 1.6 
g (55% overall yield) of the crude carbamate 45. The carbamate 
(116 mg, 0.59 mmol) was dissolved in 10 mL of chloroform and 
refluxed for 7 h with 1.68 mL (11.8 mmol) of iodotrimethylsilane. 
Methanol (5 mL) was then added and gentle reflux maintained 
for 8 h. The reaction mixture was concentrated, and the crude 
product was purified by flash chromatography over ammonia- 
saturated silica gel, using first 3% methanol in ethyl acetate and 
then 25% methanol in ethyl acetate to furnish 47 mg (75%) of 
the pyridone 46: R, = 0.1 (basic SOz, 7% methanol in ethyl 
acetate); IR (Nujol) 3387, 2922, 2856, 1653, 1606, 904 cm-'; 'H 

(d, 1 H, J = 9.3 Hz), 4.03 (8,  2 HI; lSC NMR (MeOH-d,) S 155.0, 
136.3,128.7,110.5, 106.4,31.2; mass spectrum, m/z 124 (M+), 108, 
96,78,53; exact mass calcd for CeHBN20 124.0637, obsd 124.0637. 

54 (Dimethylamino)methyl]-2( la)-pyridinone (48). Since 
the transformations employed to prepare compound 48 are routine 
and in part related to the methods described above, only spectral 
data follow R, = 0.15 (acetone-CHC13-MeOH 9101): IR (Nujol) 
2922,1672,1593,1543,1522,1377,1153,1005,949,721 cm-'; 'H 
NMR (D20) S 7.75 (d, 0.5 H, remaining portion of dd obscured 

NMR (DZO) S 7.75 (dd, 1 H, J = 2.4,9.3 Hz), 7.66 (8, 1 H), 6.67 

by proton at 7.71), 7.71 (br s, overlapping signals, 1.5 H), 6.67 (dd, 
1 H, J = 8.5, 1.5 Hz), 4.15 (e, 2 H), 2.62 (s, 6 H); 13C NMR 
(MeOH-d,) S 155.6, 135.4, 130.4, 112.0, 100.9, 48.9, 33.1; mass 
spectrum, m/z 152 (M+), 128,108,80,69,58; exact mass calcd 
for C8HlzNz0 152.0950, obsd 152.0949. 

Determination of AChE Activity. Rata were killed by de- 
capitation. Brains were extirpated rapidly. The hippocampus 
was dissected out on ice according to the method of Glowinski 
and Iverson.29 Samples were homogenized in ice-cold 0.32 M 
sucrose. Homogenates were centrifuged at  lOOOg for 10 min to 
remove cell nuclei and heavy debris. The supernatant was then 
aspirated off and spun again (12 Ooog) for 20 min to form a pellet 
(Whittaker's Pz fraction) that contained synaptosomes and mi- 
tochondria.% The pellet was resuspended in 0.32 M sucrose. A 
portion of this synaptosome-rich fraction was added in triplicate 
to ice-cold pH 7.4 Krebs-Ringer medium. 

Assay of AChE was carried out according to the method de- 
scribed in Mantione et al?l Tissue homogenate was incubated 
for 30 min at 30 OC in a final volume of 20 pL containing 75 mM 
sodium phosphate buffer, pH 7.0, containing 1.5 mM ["C]- 
acetylcholine (1.9 mCi/mmol). To each sample was added 25 pL 
of cold water, followed by 150 WL of tetraphenylboron solution?2 
The tubes were vortexed for 10 s and then centrifuged for 1 min. 
The bottom aqueous layer was quickly frozen in a dry ice/acetone 
bath, and the top organic layer was aspirated off. Finally, the 
buffer was allowed to thaw, and a 25-pL portion was counted for 
the amount of ["Clacetate formed. The amount of residual 
[ "C]acetylcholine left in the buffer by the extraction step alone 
was determined by subtracting from the tissue sample values of 
[ ''C]acetylcholine measured in a blank sample that contained 
buffer and substrate, but no tissue. 
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Aminopropanedinitrile 4-methylbenzenesulfonate (ammoniopropanedinitrile or aminomalononitrile p- 
toluenesulfonate (tosylate)) rea& with alkyl and aryl isothiocyanates in l-methyl-2-pyrrolidinone (NMP) to 
give 6-amino-2-(alkylamino)-4-cyanothiazoles and 5-amino-2-(arylamino)-4-cyanothiazoles (2,5-diamino- 
thiazole-4-carbonitriles), respectively, which react with amidines or ortho esters to afford 7-amino-2-(alkyl- 
amino)thiazolo[5,4-d]pyrimidines and 7-amino-2-amino-2-(arylamino)thiazolo[5,4-d]pyrimidines. 

Propanedinitrile (malononitrile, dicyanomethane, for the preparation of diverse substrates and  for the syn- 
thesis of a wide variety of  heterocycle^.'-^ Of particular CH2(CNl2) and ita derivatives are important compounds 
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interest is the highly functional and versatile amino- 
propanedinitrile (aminomalononitrile),14J which is usually 
employed in the more stable form as aminopropanedinitrile 
4-methylbenzenesulfonate (ammoniopropanedinitrile or 
aminomalononitrile p-toluenesulfonate (tusylate), AMNT, 
l).&l2 During studies on the synthesis of new heterocycles, 
it was observed that AMNT (1) reacts with alkyl and aryl 
isothi~cyanates'~ in 1-methyl-2-pyrrolidinone (NMP) to 
give 5-amino-2-(alkylamino)-4-cyanothiazoles (2a) and 
5amino-2-(arylamino)-4cyanothiazoles (2b-2f) in 44-81 % 
yields (eq l).14-17 The unsaturated 2-aminonitrile (o- 

Freeman and Kim 

Electron-attracting substituents on the isothiocyanates 
appear to enhance the yields of thiazoles 2b-2e.lg 1- 
Methyl-2-pyrrolidinone (NMP) serves as solvent and as 
a base to generate aminopropanedinitrile (aminomalono- 
nitrile)&12 and to neutralize 4-methylbenzenesulfonic acid. 
It is reasonable to expect the amino group of the liberated 
(from AMNT, 1) aminopropanedinitrile to attack the sp- 
hybridized carbon atom of the isothiocyanate to afford an 
intermediate 2-thiouracil 3a, which cyclizes via a nucleo- 
philic attack by sulfur at the carbon atom of a nitrile group 
to yield 3c, which undergoes tautomerism to thiazole 2. 
Alternatively, nucleophilic attack by sulfur a t  the carbon 
atom of an intermediate ketene imine 3d could also lead 
to thiazole 2. NC-CH-CN 

I +  
k-N=C=S 

aminonitrile) functionality (cf. 2) is well-known for its 
versatile reactivity and for ita importance in the synthesis 
of heterocycles.16 It is also of interest to prepare these 
compounds owing to the outstanding pharmacological 
properties1%l7 and the diverse applications of some of their 
derivatives.18 
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X-ray crystallographic data,20 infrared,1s*21-27 ultravio- 
let,1612' 13C NMR,2g30 and 'H NMR28-30 spectral data and 
mass spectrometry were used to establish the structures 
of thiazoles 2a-2f and to eliminate isomeric structures of 
thiouracils 3a and 3b and of 1-substituted 5-amino-4- 
cyano-1,3-dihydro-2H-imidazole-2-thiones 4.13-16 The 
thiazoles 2a-2f show N-H stretching in the region 
3420-3160 cm-' and nitrile stretching in the 2210-2195 
cm-' region. The secondary amino group proton shows a 
triplet a t  7.11 ppm for 5-amino-2-(butylamino)-4-cyano- 
thiazole (2a) and singlets in the 9.63-10.67 ppm region for 
the aryl-substituted thiazoles 2b-2f. The primary amino 
group protons show singlets in the 6.50-7.16 ppm region 
for thiazoles 2s-2f. 2-Aminothiazole5 can exist as the 
amino and imino tautomers (cf. 34,  although the former 
is generally predominant.2g30 The 13C NMR spectra of 
thiazoles 2 show resonances in the 158-160 ppm region 
(C-21, in the region 99-100 ppm (C-4), in the 15&153 ppm 
region (C-5), and in the 120-121 ppm region ((ZEN). 
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Aminopropanedinitrile Reactions 

Examples of the synthetic utility of the thiazoles (2) are 
shown in the reactions of formamidine acetatesb with the 
unsaturated 2-aminonitrile functionality in compounds 2b 
and 2c to afford 7-amino-2-[(4-methoxyphenyl)amino]- 
thiazolo[5,4-d]pyrimidine (5b) and 7-amino-2-(phenyl- 
amino)thiazolo[5,4-d]pyrimidine (5a), respectively. The  
reaction of thiazole 2b with triethyl o r t h ~ a c e t a t e , ~ ~ ~ ~ ~  fol- 
lowed by treatment with 8 M ethanolic ammoniat2 gave 
7-amino-5-methyl-2-(phenylamino)thiazolo[ 5,4-d]pyrimi- 
dine ( 5 4 .  Similarly, thiazole 2c reacted with triethyl or- 
thoformate to give thiazolo[5,4-d]pyrimidine 5a.17B1 
Compounds 5a-5c, which represent a relatively rare family 
of heterocycles, are structurally similar to other bioactive 
c o m p o ~ n d s . ~ ~ ~  
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Flash column chromatography was performed on 230-400 meeh 
silica gel. 

The commercially available isothiocyanatea were used without 
further purification. 

General Method. Preparation of 5-Amino-2-(alkyl- 
amino)-4-cyanothiazoles and 5-Amino-2-(arylamino)-4- 
cyanothiazoles (2). To an aluminum foil covered 25-mL 
round-bottomed flask containing a solution of aminomdononitrile 
tosylate (AMNT, 1, 1.17 g, 4.6 mmol) and anhydrous l-methyl- 
2-pyrrolidinone (NMP, 15 mL, 14.5 g, 147 mmol) was added 
isothiocyanate (4.6 mmol), dropwise, with stirring, at 22-24 "C. 
The reaction mixture was stirred at 22-24 "C for 12-20 h, diluted 
with 1:l ethyl ethanoate/diethyl ether (100 mL), transferred to 
a separatory funnel, and washed with water (2 X 100 mL), and 
the layers were separated. The organic layer was dried (MgS04) 
and filtered, and the solvent was removed in vacuo. The residue 
was chromatographed on silica gel (1:2 ethyl ethanoate/hexanes) 
to afford thiazoles (2). 
N-(5-Amino-4-cyano-2-thiazolyl)butanamine (2a): 44%; 

mp 125-126 "C; IR (Nujol, cm-') 3340,3320,3220,3210, 3180, 

(3.54); 'H NMR (300 MHz, DMSO-d6) 6 0.96 (t, 3 HI, 1.41 (m, 
2 H), 1.55 (m, 2 H), 3.19 (m, 2 H), 6.50 (8, 2 H), 7.11 (t, 1 H); '% 

121.03, 156.98, 157.88; HREIMS 196.0781 (calcd for C8Hl2N4S 
196.0783). Anal. Calcd for C8H1,N4S: C, 49.00; H, 6.17; N, 28.57. 
Found: C, 49.22; H, 6.05; N, 28.50. 

5-Amino-4-cyano-2-[ (4-methoxyphenyl)amino]thiazole 
(2b): 55%; mp 199-200 OC; IR (Nujol, cm-') 3405,3320, 2195, 

(s,2 H), 6.97 (d, 2 H), 7.47 (d, 2 H), 9.63 (s, 1 H); 13C NMR (75.5 

152.71,157.81,157.97; HREIMS 246.0556 (calcd for CllHl,,N4S0 
246.0575). Anal. Calcd for C11HloN4SO: C, 53.70; H, 4.10; N, 
22.77. Found: C, 53.97; H, 4.24; N, 22.47. 
5-Amino-4-cyano-2-(phenylamino)thiazole (2c): 66%; mp 

164-165 "C; IR (Nujol, cm-') 3360,3280,3160,2200,1630,1600, 
1250; UV (CH3CN) A,, (log c) 268 (3.991, 304 (4.04); 'H NMR 

124.94, 132.96, 145.09,151.96, 158.49; HREIMS 216.0487 (calcd 
for CloH8N4S 216.0470). Anal. Calcd for CloH6N4S: C, 55.59; 
H, 3.73; N, 25.93. Found C, 55.84; H, 3.70; N, 25.64. 

5-Amino-24 (4-chlorophenyl)amino]-4-cyanothiazole (2d): 
58%; mp 210-211 "C; IR (Nujol, cm-'1 3420,3300,3200,2210, 

(d, 2 H), 7.61 (d, 2 H), 10.00 (8,  1 H); '!C NMR (75.5 MHz, 

158.69; HREIMS 250.0067 (calcd for Cl&N4SCl 250.0080). 
5-Amino-4-cyano- 1-[(4-nitrophenyl)amino]thiazole (20): 

81%; mp 230-232 "C; IR (Nujol, cm-') 3310, 2205,1615, 1605, 

2205,1610, 1240,1080; UV (CHSCN) A, (log 6) 240 (3.52), 295 

NMR (75.5 MHz, DMSO-de) 6 17.68, 23.62, 34.82,47.06,99.97, 

1615,1605,1250,1235,1040; UV (CH3CN) A, (1% 6) 265 (4.04), 
304 (4.04); 'H NMR (300 MHz, DMSO-de) 6 3.79 (8,  3 H), 6.83 

MHz, DMs0-d~)  6 59.17, 99.68, 118.17, 120.80, 122.19, 138.56, 

(300 MHz, DMSO-de) 6 6.91 (9, 2 H), 6.99-7.59 (m, 5 H), 9.84 (5, 
1 H); 13C NMR (75.5 MHz, DMSO-de) 6 99.74, 120.46, 120.76, 

1620,1600,1240,1230,1100~ UV (CHBCN) & (1% C) 272 (4.04), 
306 (4.15); 'H NMR (300 MHz, DMSO-d ) 6 6.96 (8, 2 H), 7.41 

DMSO-de) 6 99.67, 120.62, 121.84,128.13,132.73,143.95, 151.48, 

1270, 1115; UV (CHSCN) A, (log t) 253 (3.86), 376 (4.13); 'H 
NMR (300 MHz, DMSO-de) 6 7.16 (8,  2 H), 7.74 (d, 2 H), 8.2 (d, 
2 H), 10.67 (8 , l  H); 'F NMR (75.5 MHz, DMSO-@ 9998,119.71, 
120.30, 129.54,143.93,149.91, 150.81,159.97; HREIMS 261.0335 
(calcd for CloH7N,02S 261.0320). 
5-Amino-4-cyano-l-[(l-naphthyl)amino]thi (20: 74%; 

mp 190-191 "C; IR (Nujol, cm-') 3300,3180,2200,1630, 1590, 

(300 MHz,DMSO-d,) 6 6.97 (8,  2 H), 7.55-8.37 (m, 7 H),9.77 (8, 

125.83,126.27,129.09,129.50,130.07,137.89,140.50,153.33,159.16; 
HREIMS 266.0603 (calcd for C14Hl,,N4S 266.0626). Anal. Calcd 
for CI,HloN4S: C, 63.20; H, 3.79; N, 21.06. Found: C, 63.14; H, 
4.00; N, 20.83. 
7-Amino-2-(phenylamino)thiazolo[5,4-d]pyrimidine (sa) 

was prepared via a modification of a previously reported proce- 
dure.% To a solution of ~amin~4-cyano-2-(phenylamino)thiile 
(2c, 100 mg, 0.46 mmol) in dry 1-methyl-2-pyrrolidinone (NMP, 
7 mL, 7.23 g, 71 mmol) was added formamidine acetate (96 mg, 
0.92 mmol) in one portion. The reaction solution was refluxed 
for 2 h, cooled, diluted with 100 mL of 2 1  ethyl ethanoate/diethyl 
ether solution, washed with water (3 X 100 mL), dried (MgS04), 
and filtered, and the solvent was evaporated in vacuo. The reaidue 

1240; UV (CHSCN) A, (log C) 240 (4.04),325 (3.99); 'H NMR 

1 H); 13C NMR (75.5 MHz, DMSO-de) 6 99.54, 118.70, 120.76, 

50 Ar = CsHj 
Sb Ar = 4CH3OCat4 

H 
2 c  5c 

Experimental Section 
Melting points were determined in open capillary tubes with 

a Thomas-Hoover apparatus and are uncorrected. Elemental 
analyses were performed by Robertson Laboratory, Inc., Florham 
Park, NJ. 

High-resolution mass spectra (HRMS) were obtained with a 
VG 7070-HF mass spectrometer (70 eV). Chemical ionization mass 
spectra (CIMS, 2-methylpropane) and electron impact mass 
spectra (EIMS) were obtained with a Finnigan 9610 GC-EI-CI 
mass spectrometer with a Nova 3 data system operating at an 
ionization potential of 70 or 100 eV. 

Proton nuclear magnetic resonance spectra ('H NMR) were 
recorded on a General Electric Model QE 300 (300-MHz) spec- 
trometer, and chemical shifta (6) are reported in parta per million 
relative to intemal tetramethylsilane (0.00 ppm). Carbon nuclear 
magnetic r e m "  spectra ('F NMR) were recorded on a General 
Electric Model QE 300 (75.5-MHz) spectrometer, and chemical 
shifts are reported in parts per million relative to the central 
solvent (DMSO-dB) resonance at 43.5 ppm. 

IR spectra were obtained with a Perkin-Elmer 283 spectro- 
photometer, calibrated with the 1601 cm-' absorption of poly- 
phenylethene. 

Ultraviolet spectra were obtained in ethanenitrile on a Cary 
16 spectrometer. 

Analytical TLC wm performed on Analtech Uniplate 10 x 20 
cm (250 ctm thick) silica gel GF preacored glass plates, which were 
developed in a solvent mixture of 1:2 ethyl ethanoate/hexanes. 
After the solvent had risen to the top, the plates were checked 
under ultraviolet light and developed in a diiodine chamber to 
visualize the compounds. 

(31) Brown, D. J.; Ienaga, K. J. Chem. Soc., Perkin Tram. I, 1975, 
2182. 

(32) The saturated (8 M) ethanolic ammonia was prepared by bub- 
bling dry ammonia gaa in dry ethanol at 22-24 OC until the ammonia gas 
did not appear to dieeolve in ethanol. Dry ammonia gee wee bubbled in 
30 min lower to emure eatwation. and the nolution wee uwd immediitelv 
after preparation. 

1988.61.3794. 
(33) El-Bayouki, K. A. M.; Baayouni, W. M. Bull. Chem. SOC. Jpn. 

(34) Ram, S.; Evans, W.; Wise, D. S., Jr.; Townsend, L. B.; McCall, J. 

(36) Kanazawa, H.; Ichiba, M.; Tamura, 2.; Senga, K.; Kawai, K.; 

(36) Hurat, D. T.; Atcha, S.; Marshall, K. L. Awt.  J. Chem. 1991,44, 

W. J. Heterocycl. Chem. 1989,2.6, 1053. 

Otomaau, H. Chem. P h r m .  Bull. 1987,35,36. 

129. 
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was purified by column chromatography with 1:l ethyl etha- 
noate/hexanea to give 50 mg (44%) of pyrimidine 5a: mp 274-276 
OC; IR (Nujol, cm-') 3480,3100,1620,1580; UV (CH3CN) A, 
(log e) 230 (4.191, 285 (4.23), 303 (4.21); 'H NMR (300 MHz, 
DMSO-de) 6 7.11 (m, 1 H), 7.27 (9, 2 H), 7.43 (t, 2 H, J = 7.93 
Hz), 7.97 (d, 2 H, J = 7.91 Hz), 8.21 (8 ,  1 H), 10.64 (8 ,  1 H); 13C 

144.36,155.88,158.20,161.18, 161.25; HREIMS 243.0585 (calcd 
for CllH&S 243.0579). 
7-Amino-2-(phenylamino)thiazolo[5,4-d]pyrimidine (5a) 

was also prepared (75%) from the reaction of thiazole 2c with 
triethyl orthoformate (see procedure for the preparation of 5c 

C, 54.34; H, 3.60. 
7-Amino-2-[ (4-methoxyphenyl)amino]thiazolo[5,4-d]py- 

rimidine (Sb, 42 mg, 38%, mp 260-262 "C) was prepared as 
described above using 5-amino-4-cyano-2-[ (4-methoxypheny1)- 
aminolthiazole (2b) and formamidine acetate: IR (Nujol, cm-9 

7.00 (d, 2 H, J = 8.95 Hz), 7.19 (8 ,  2 H), 7.88 (d, 2 H, J = 8.86 

6 59.17,118.09,123.45,137.82,155.58,157.98,158.51,161.55,174.49; 
HREIMS 273.0673 ( d c d  for Cl2HllN6Os 273.0684). And. Cdcd 
for Cl2Hl1N6OS: C, 52.73; H, 4.06. Found C, 52.81; H, 3.89. 

7-Amino-5-methyl-2-( phenylamino)thiazolo[ 5,4-d]pyri- 
midine (5c)."'3' Ethanoic anhydride (0.23 mL, 25 mg, 0.24 "01) 
was added to a round-bottom flask containing thiazole 2c (100 
mg, 0.46 mmol) and triethyl orthoacetate (5 mL, 4.4 g, 30.9 mmol). 
The mixture was refluxed for 1 h and cooled, and the unreacted 
triethyl orthoformate was removed under vacuo. To the residue 
(a red oil) was added 10 mL of 8 M ethanolic and the 

NMR (75.5 MHz, DMSO-d6) 6 121.78, 126.02, 132.39, 132.97, 

bel~w)."b' And. Cdcd for C ~ ~ H ~ N , S :  C, 54.31; H, 3.73. Found: 

3100,1620,1580,1520; UV (CHSCN) X, (log e) 228 (4.16), 292 
(4.23), 300 (4.16); 'H NMR (300 MHz, DMSO-de) 6 3.83 ( ~ , 3  H), 

Hz), 8.18 (8 , l  H), 10.47 (s , l  H); 'W NMR (75.5 MHz, DMSO-d6) 

mixture was stirred at 22-24 "C for 24 h and filtered to afford 
pyrimidine Sc. Recrystallization from petroleum ether/propanone 
gave 57 mg (48%) of pyrimidine Sc (mp 277-278 OC): IR (Nujol, 
cm-') 3100,2980,1610,1040; UV (CH3CN) X, (log e) 233 (4.08), 

(s, 2 H), 6.98-7.98 (m, 5 H), 10.42 (8, 1 H); 13C NMR (75.5 MHz, 

154.00, 156.49, 157.83, 160.46; HREIMS 257.0760 (calcd for 
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7-Aminoleucoaziridinomitoeene (2a) has been proposed as a key intermediate in the reductive activation process 
for the antineoplastic agent, mitomycin C (la). Little is known about 2a and ita oxidized equivalent, 7- 
aminoaziridinomitosene (3a). An expedient electrochemical procedure for 3a and the corresponding N-methyl 
analogue 3b has been developed. NMR spectral studies of 3a in DMF-d, and DMSO-d6 provided important 
information concerning the solution-state structure for this adduct. Factors controlling the aziridine ring-opening 
process under reductive and nonreductive conditions have been determined, aa well as evidence for the intermediacy 
of 2a in the reductive activation cascade of la. 

In most commonly accepted proposals pertaining to the 
mode of action of mitomycin C (la), reductive activation 
of the antineoplastic agent is believed to generate 7- 
aminoleucoaziridinomitosene (2a), which then undergoes 
further reaction permitting covalent bonding of the drug 
to DNA.*l2 Despite the central importance of this inter- 
mediate, few reports have focused on 2a or its oxidized 

(1) (a) Iyer, V. N.; Szybalski, W. Science 1964,146,66. (b) Patrick, 
J. B.; Williams, R. P.; Meyer, W. E.; Fulmor, W.; Coeulich, D. B.; 
Broschard, R. W. J. Am. Chem. Soc. 1964,86,1889. (c) Moore, H. W.; 
Czerniak, R. Med. Res. Rev. 1981, 1,249. (d) Tomaez, M.; Lipman, R.; 
Chowdary, D.; Pawlak, J.; Verdine, 0.; Nakanishi, K. Science 1987,235, 
1204. (e) Li, V.-5.; Kohn, H. J.  Am. Chem. SOC. 1991,113,276. (0 Kohn, 
H.; Hong, Y. P. Ibid. lSBo,112,4696. (g) Hong, Y. P.; Kohn, H. Zbid. 
1991,119,4634. 

(2) For reviews, see: (a) Carter, 5. K.; Crooke, S. T. Mitomycin C. 
Current Status and New Developments; Academic Prese: New York, 
1979. (b) Remen, W. A. The Chemistry of Antitumor Antibiotics; Wiley: 
New York, 1979; Vol. 1, pp 221-276. (c) Franck, R. W.; Tomaez, M. In 
The Chemistry of Antitumor Agents; Wilman, D. E. V., Ed.; Blackie and 
Son, Ltd.: Clasgow, 19Bo; pp 379-394. (d) Fisher, J. F.; Aristoff, P. A. 
h o g .  Drug. Res. 1988, 32, 411. 

0022-3263/91/1956-4648$02.50/0 

equivalent 3a,3 a situation fostered by the inherent re- 
activity of this  specie^.^ In this paper, we describe an 
expedient synthesis of 7-aminoaziridinomitosenes 3 and 
their spectral and chemical properties. 

0 0 0 

H.N% II H ~ N  I1 HeN&; I1 
OH CH2CCNH2 

R 
N 

H& H& H3C 
0 OH 0 

U , R - H  ZB,R-H i k R - H  
be R - CH3 b, R - CHI k,R-CH:, 

Synthesis. We have reporteds that electrochemical 
reduction (-1.0 V, Pt electrode) of 1.5 mM methanolic 

(3) For early descriptions of S (2), see: ref lb; Rao, C. M.; Begleiter, 
A.; Lown, J. W.; Plambeck, J. A. J. Electrochem. SOC. 1977, 124, 199. 

(4) For descriptions of 7-methoxyaziridinomitoeewe, see: ref lb; (a) 
Cheng, L.; Remere, W. A. J .  Med. Chem. 1977,20,767. (b) Danilefsky, 
5. J.; Egbertson, M. J. Am. Chem. SOC. 1986,108,4648. 

(5) Kohn, H.; Zein, N.; Lin, X. Q.; Ding, J.-Q.; Kadiah, K. M. J.  Am. 
Chem. Soc. 1987,109,1833. 
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