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Methyl Sulfate (3b). ‘H NMR (360 MHz, CDC13) 6 0.85 (d, J 
= 6.8 Hz, 3 H), 0.97 (d, J = 7.4 Hz, 3 H), 1.06 (9, 3 H), 1.09 (5, 
3 H), 1.19-1.29 (m, 1 H), 1.49-1.75 (m, 4 H), 1.88-1.96 (m, 1 H, 
2.31 (qqd, J = 7.4,6.8,4 Hz, 1 H), 2.85-2.94 (m, 2 H), 3.05 (dd, 
J = 20.9, 9.3 Hz, 1 H), 3.44 (s, 3 H), 3.73 (8 ,  3 H), 4.23 (br s, 1 
H), 4.53 (dd, J = 9.3, 6.7Hz, 1 H), 4.76 (br s, 1 H), 4.77 (ddd, J 
= 10.7,6.7,4 Hz, 1 H), 5.17 (dd, J = 10.7,9.3 Hz, 1 H); IR (CHC13) 
3090, 2960, 2455, 1650, 1470, 1445, 1395, 1380, 1220, 1000, 895 
cm-’. 
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We have previously reported “translocative 
rearrangements” in which the overall result that occurs 
during a reaction with formamidine is the removal of a 
C=N group from the quaternary carbon of a heterocycle 
and its translocation to a ring nitrogen two atoms removed, 
where it becomes attached as a X N H 2  function. Gen- 
erality has been shown to the extent that 4-substituted 
5-amino-4-cyano-4H-imidazoles are converted to 8-sub- 
stituted 4-aminoimidazo[ 1,5-a]-1,3,5-triazines by treatment 
with formamidine at  20 OC.’ It  was of interest to learn 
whether the scope of the reaction could be broadened to 
include the conversion of 4-substituted 5-amino-4-cyano- 
4H-1,2,3-triazoles to 8-substituted 4-amino-1,2,3-triazolo- 
[ 1,5-~]-1,3,5-triazines. In this category, 5-amino-4-cyano- 
4-methyl-4H-1,2,3-triazole (1) was considered a repre- 
sentative candidate for translocative rearrangement. 

(1) (a) Balicki, R.; Hosmane, R. S.; Leonard, N. J. J. Org. Chem. 1983, 
48,3. (b) Hosmane, R. S.; Bakthavachalam, V.; Leonard, N. J. J. Am. 
Chem. SOC. 1982, 104, 235. (c) Holtwick, J. B.; Leonard, N. J. J. Org. 
Chem. 1981,46, 3681. (d) Holtwick, J. B.; Golankiewicz, B.; Holmes, B. 
N.; Leonard, N. J. J. Org. Chem. 1979, 44, 2835. (e) Golankiewicz, B.; 
Holtwick, J. B.; Holmes, B. N.; Duesler, E. N.; Leonard, N. J. J. Org. 
Chem. 1979,44, 1740. 
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Several synthetic routes were examined for the prepa- 
ration of 1, including approaches through 2-azido-2- 
cyanopropionitrile (2). This proved to be the most ac- 
ceptable precursor, prepared successfully from 2-bromo- 
2-cyanopropionitrile (3), which was available in turn from 
the bromination of 2-methylmalononitrile (4) (Scheme I).2 
More direct approaches to 2-azido-2-cyanopropionitrile (2) 
from 2-methylmalononitrile (4) resulted in diversions. For 
example, a previous report of the reaction of the sodium 
salt of 2-methylmalononitrile with p-toluenesulfonyl azide 
in methanol detailed a condensation, rearrangement, and 
methanolysis that led ultimately to 4-methyl-2-[ (4- 
toluenesulfonyl)amino]-5-imidazolone.3 The sodium salt 
of 4, when treated with benzyl azide in methanol, gave a 
product consistent with the loss of one cyano group and 
the formation of the aromatized compound, 5-amino-l- 
benzyl-4-methyl-1,2,3-triazole. Reaction of the same so- 
dium salt with trimethylsilyl azide in tetrahydrofuran or 
in methanol did not give promising results. Also, reaction 
of the highly explosive 2-azido-2-sodiomalonitrile with 
methyl iodide failed to provide a route to 2. 

The successful synthesis of 5-amino-4-cyano-4-methyl- 
4H-1,2,3-triazole (1) was patterned after one described by 
Hohenlohe-Oehringen for the preparation of 5-amino- 
4,4-diphenyl-4H-1,2,3-tria~ole.~ 2-Azido-2-cyanopropio- 
nitrile was hydrogenated in ethyl acetate-ethanol using 
10% Pd/C catalyst. Ring closure of the putative inter- 
mediate4 triazene 5 or a tautomer gave the substituted 
triazole 1. A competing loss of nitrogen from 5 occurred 
to a nearly equal extent and yielded 2-amino-2-cyano- 
propionitrile (6). The two products, after filtration and 
evaporation, were readily separable by trituration with 
chloroform. Filtration followed by a chloroform wash of 
the insoluble solid afforded analytically pure 1, while 
evaporation and distillation of the filtrate provided 6. 

When 5-amino-4-cyano-4-methyl-4H-1,2,3-triazole (1) 
was treated with formamidine a t  room temperature, a 
C5H6N6 product was obtained that had spectroscopic 
properties satisfactory for the assigned structure 8, which 
would result by way of the presumed intermediate 7 

(2) Wideqvist, S.; Ramberg, L. Ark. Kemi. Mineral, Geol. 1937,12A, 

(3) Fleury, J. P.; Keller, G.; Libis, B.’Tetrahedron Lett. 1974, 751. 
(4) Hohenlohe-Oehringen, K. Monatsh. Chem. 1958,89, 557. 
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internal tetramethylsiie. The electron-impact mam spectra were 
run on a Varian MAT CH-5 low-resolution spectrometer with a 
620i computer and a STATOS recorder. Microanalyses were 
performed by Josef Nemeth and his staff. Infrared spectra were 
obtained on a Perkin-Elmer 337 spectrometer. 
2-Methylmal0nodiamide.'~ This preparation has worked 

equally well from a 1-g scale to the 500-g scale described below 
using a catalytic amount of NaOCH,. In a large ground-glass- 
stoppered bottle, methanol (1.3 L) was saturated during 1 h at 
0 "C with NH3 (approximately 200 mL), and 1 g of NaOCH, was 
added. To this solution was then added 500 g (2.87 mol) of diethyl 
methylmalonate. The bottle was stoppered, clamped, and allowed 
to stand at ambient temperature for 5 days. The colorless solid 
was collected, resuspended in hot methanol (300 mL), filtered, 
and dried, giving 315 g (95%) of 2-methylmalonodiamide, mp 
209-213 OC (lit. 208-210 "C,lb 216.5 "C'O). The product was 
sufficiently pure for further reaction: 'H NMR ((CD,),SO) 6 1.1 

2-Methylmalononitrile (4).lb In a 5-L flask, a 1.03-mol sample 
of 2-methylmalonodiamide (120 g), Pz06 (Fisher) (300 g), and sand 
(150 g) were mixed for 20 min. The mixture made clumps at first 
but was reduced to a powder by rolling it over and over. The 
product was distilled under aspirator vacuum through a bulb- 
to-bulb apparatus into an ice-cooled receiver over a 1-h period 
by strong heating of the mixture without stirring. Clogging of 
the receiver adapter was prevented by warming with a heat gun. 
The reaction mixture turned orange during the distillation and 
swelled greatly. The distillation was concluded when the still-pot 
was nearly filled with a thick, orange mass. The product was 
distilled at 90-100 "C/15 torr to give 60 g (73%) (generally 
70-80% on scales from 0.2 g to 120 g.) of a clear, colorless oil that 
crystallized immediately: mp 33-34 "C. Recrystallization of the 
product, if desired, was by dissolving in ether, adding pentane 
until the solution became cloudy, and cooling to -10 "C. The 
colorless needles that separated were washed with pentane: mp 
34-34.5 "C (lit.lb 32-34 "C); 'H NMR (CDCl,) 6 1.71 (d, 3, J = 
7 Hz, CH,), 3.82 (q,1, J = 7 Hz, CH); IR (neat, melt) 3006 w, 2930 
vs, 2255 s, 1455 vs, 1380 w, 1293 w, 1260 w, 1123 vs, 1065 vs, 1027 
vs, 915 w, 785 vw, 575 w cm-'. 

2-Bromo-2-cyanopropionitrile (3).2 Caution: Compound 
3 is a very potent lachrymator. 2-Methylmalononitrile (42.1 g, 
0.526 mol) was melted and then suspended in 300 mL of water. 
Bromine (124.8 g, 40 mL, 0.78 mmol) was added, and the flask 
was stoppered. The reaction mixture was stirred for 11 h in a 
lighted hood, and sodium sulfite (Na2S03 E 30 g) was added in 
portions until the solution became colorless. The mixture was 
separated, and the aqueous layer was extracted with 2 X 50 mL 
of CH2C12. The combined organic layers were washed with 2 X 
30 mL of water and then dried with MgS04. Evaporation a t  30 
"C on a rotary evaporator (rinsed thoroughly immediately af- 
terwards with acetone) afforded a light yellow oil that was distilled 
through a 12-in. Vigreux column at 65-67 "C/15 torr and provided 
78 g (95%) of pure 3: mp -4 "C; IR (neat) 3008 w, 2930 w, 2250 
vw, 1445 vs, 1360 s, 1181 vs, 1110 vs, 1040 vs, 940 w, 816 w, 789 
s, 605 w cm-'; 'H NMR (CDCl,) 6 2.36 (s). 
2-Azido-2-cyanopropionitrile (2). Sodium azide (5.6 g) was 

dissolved in 25 mL of water and 85 mL of acetone was added, 
followed by cooling to 0 "C. To this suspension, compound 3 (11.4 
g) in 18 mL of acetone was added dropwise over 15 min. The 
mixture was stirred for 3 h and then allowed to warm to ambient 
temperature. Water (15 mL) was added, and the product was 
codistilled at 96-100 "C. The oil layer was separated, washed with 
2 X 5 mL of water, and dried with MgS04: yield 4.2 g (48%) of 
pure 2. After initial removal of 2 from unreacted 3 by codistillation 
with water, distillation of 2 (52-54 "C/15 torr) provides repuri- 
fication of a stored sample; IR (neat) 3003 w, 2920 m, 2400 br 
w, 2250 vw, 2140 vs, 2110 sh, 1455 m, 1395 m, 1210 br, vs, 1172 
sh, 1130 m, 1070 w, 920 w, 880 m, 735 w, 635 w cm-'; 'H NMR 

13C NMR (CDCl,) 6 112.3 (C=N), 49.5 (C-N,), 25.7 (CH,); mass 
spectrum (EI), m/z (relative intensity) 102 (M+ + 1,0.7), 121 (M+, 

(d, 3, J = 6 Hz, CH3), 2.97 (4, 1, J = 6 Hz, CH), 6.93 (4, NH2). 

(CDC13) 6 1.57 (d, 3, J = 7 Hz, CH3), 4.27 (4, 1, J = 7 Hz, CH); 

ll), 92 (M+ - 29,4), 91 (M+ - 30,5), 80 (M+ - 41,4), 79 (M+ - 
42, 371, 78 (M' - 43, 23), 77 (M' - 44, 4), 67 (M+ - 54, 15), 66 
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(and/or its tautomers). In fact, the physical, spectroscopic, 
and chromatographic properties of 1 a n d  8 were directly 
comparable t o  those of 5-amino-4-cyano-4-methyl-4H- 
imidazole and its product, 4-amino-8-methylimidazo[ 1,5- 
a]-1,3,5-triazine, respectively, in t h e  translocative rear- 
rangement initially observed.ldIe 

S t ruc ture  8, 4-amino-8-methyl-1,2,3-triazolo[l,5-a]- 
1,3,5-triazine, was confirmed by  an independent synthesis 
in which 4-amino-5-methyl-1,2,3-triazole (9) was caused 
t o  react with methyl  N-cyanomethanimidate ( as 
shown in Scheme 11. While a recently reported synthesis 
of 9 requires the use of trimethylsilyl azide and methyl 
2-butynoate as starting materials in a five-step procedure! 
the presently described synthesis starts with 2-bromo- 
propionitrile (1 1)7 in a two-step procedure based upon the 
methodology used for t he  preparation of 1 (Scheme I). 

Sodium azide in aqueous ethanol brought about the 
displacement of the bromide from 2-bromopropionitrile 
(1 l), providing, after codistillation of the  product with 
water, analytically pure 2-azidopropionitrile (12). Catalytic 
hydrogenation of 12 with 10% Pd/C in methanol provided 
a mixture of the desired triazole 9 and Z-aminopropionitrile 
13, in direct analogy to the  formation of 1 and 6 in Scheme 
I. The mode of cyclization of 5-amino-4-methyl-1,2,3- 
triazole (9) with methyl N-cyanomethanimidate (10) to  8 
is parallel to that of 5-amino-4-methylimidazole t o  4- 
amin0-8-methylimidazo[1,5-a]-1,3,5-triazine~*~~ and of 3- 
aminopyrazole to 4-aminopyrazolo[ 1 ,5-a] - I ,3 ,5- t r ia~ine .~  
Recently, we reported additional examples of cyclization 
reactions of 10 with aminoheterocyclic compounds: for 
which the product structures were confirmed by  single 
crystal X-ray analysis. T h e  samples of 4-amino-8- 
methyl-1,2,3-triazolo[1,5-a]-1,3,5-triazine (8) prepared by 
either t he  translocative rearrangement (Scheme I) or the  
direct route (Scheme 11) were identical. 

Experimental Section 
Melting points were determined on a Buchi capillary melting 

point apparatus and are uncorrected. lH NMR were recorded 
on a Varian EM-390, an XL-200, or a Nicolet NTC 360 Fourier 
Transform (FT) spectrometer, operating at 90,200, or 360 MHz, 
respectively. 13C NMR spectra were obtained on a Jeol FX-60 
or a Nicolet NTC 360 FT instrument, operating at 15.03 and 90.5 
MHz, and are reported in parts per million (ppm) downfield from 

(5) Hosmane, R. S.; Leonard, N. J. J .  Org. Chem. 1981, 46, 1457. 
(6 )  Klein, R. S.; De Las Heras, F. G.; Tam, S. Y.-K.; Wemper, I.; Fox, 

J. J. J. Heterocycl. Chem. 1976, 13, 589. 
(7) Available from Alfa Products; also prepared as described in the 

Experimental Section. 
(8) Tam, S. Y.-K.; Hwang, J.-S.; De Las Heras, F. G.; Klein, R. S.; Fox, 

J. J. J.  Heterocycl. Chem. 1976, 13, 1305. 
(9) (a) Leonard, N. J.; Hosmane, R. S.; Agasimundin, Y. S.; Kostuba, 

L. J.; Oakes, F. T. J .  Am. Chem. SOC. 1984,106,6847. (b) Agasimundin, 
Y. S.; Oakes, F. T.; Kostuba, L. J.; Leonard, N. J. J. Org. Chem. 1985, 
50, 2468. (c) Agasimundin, Y. S.; Oakes, F. T.; Leonard, N. J. J .  Org. 
Chem. 1985,50, 2474. (10) Fischer, E.; Dilthey, A. Ber. Dtsch. Chem. Ges. 1902, 35, 848. 
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(M' - 55, 8), 53 (M+ - 68,30), 52 (M+ - 69, loo), 51 (M+ - 70, 
24), 43 (M' - 78, 13). 

Anal. Calcd for C4H3N5: C, 39.67; H, 2.48. Found: C, 39.49; 
H, 2.54. 

5-Amino-4-cyano-4-methyl-4H-l,2,3-triazole ( 1). A solution 
of a freshly distilled sample of 2 (1.2 g) in 75 mL of absolute 
ethanol and 50 mL of ethyl acetate was deoxygenated with Nz 
and 120 mg of 10% Pd/C was added. Hydrogenation for 4 h 
resulted in a pressure drop of 6 psi from 45 psig initial in a 500-mL 
hydrogenation bottle. The solution was filtered through Celite 
and evaporated to provide 1.02 g of crude, yellow product. The 
sample was crystallized from 5 mL of ethanol, 20 mL of chloro- 
form, and 15 mL of cyclohexane: 406 mg (34%) as an off-white 
powder, mp 144-145 "C dec. Recrystallization from acetonitrile 
provided an analytically pure, colorless product, mp 153-154 "C 
dec; IR (KBr) 3330 vs, 3075 vs, 2750 w, 2235 w, 1655 vs, 1570 s, 
1455 m, 1400 m, 1200 s, 1038 s, 1115 s, 995 s, 955 vs, 938 s, 858 
w, 813 m, 735 m, 710 w, 664 m, 595 m, 545 m, 503 m cm-'; 'H NMR 
((CD,),SO) 6 1.74 (s, 3, CH,), 9.0 (br, 2, NHJ; 13C NMR ((C- 
D&SO) 6 20.33 (CH,), 75.74 (4-C), 113.86 (CEN), 176.04 (5-C); 
mass spectrum (FD), m/z  (relative intensity) 125 (M' + 2, 5), 
124 (M" + 1, loo), 124 (M', 6), 122 (M' - 1,5),  96 (M' - 27,6), 
95 (M+ - 28,3), 94 (M' - 29, l l ) ,  80 (M' - 43,16), 79 (M' - 44, 

Notes 

of 4.7 g (52%) (Yields range from 40 to 68%.), sufficiently pure 
for the following reaction. A sample was recrystallized from 
CHCl,: mp 123-125 "C (lit.12 123 "C); IR (mineral oil) 305C-3400 
br, 1640 s, 1425 m, 1200 s, 730 br cm-'; 'H NMR (CDC1,) 6 1.95 
(d, 3, CH3), 4.46 (9, 1, CH), 6.25 (br, 2, NHJ. 

2-Bromopropionitrile (1 1). 2-Bromopropionamide (20.05 g, 
0.132 mol), Pz05 (32.8 g, 0.231 mol), and sand (27 g) were shaken 
together for 5 min. The mixture was heated strongly and the 
product was distilled into an ice-cooled receiver under aspirator 
vacuum. 2-Bromopropionitrile was collected a t  46 "C/15 torr: 
16.9 g (96%). Caution: the reaction vessel cracked unless ethanol 
was added prior to cleaning with water. IR (neat) 2990 vs, 2935 
m, 2855 w, 2245 vs, 1445 vs, 1385 vs, 1295 w, 1187 vs, 1082 vs, 
987 vs, 868 m, 844 s, 665 w, 628 s cm-I; 'H NMR (CDCl,) 6 2.0 
(4 3, CH3), 4.40 (4, 1, CHI. 

2-Azidopropionitrile (12). Sodium azide (12.4 g, 0.191 mol) 
(Sigma) was dissolved in 25 mL of water in a 250-mL round- 
bottomed flask. 2-Bromopropionitrile (11) (14.8 g, 0.111 mol) 
dissolved in 12 mL of ethanol was added slowly to the sodium 
azide solution over a 5-min period. The mixture was heated at 
reflux for 35 min and then 30 mL additional of water was added. 
The product was codistilled with water. The oil layer was sep- 
arated from the fraction that distilled from 96 to 100 "C and was 
combined with a 50 mL ether extract of the combined aqueous 
distillate. The product was washed with water and was dried with 
MgSO,. Removal of the solvent provided 12: 7.9 g (74%) of 
analytical purity; IR (neat) 3000 w, 2950 w, 2470 br w, 2250 w, 
2150 vs, 2100 sh, 1455 m, 1395 m, 1310 br m, 1230 s, 1085 s, 1020 
s, 1008 sh, 883 s, 718 w cm-'; 'H NMR (CDCI,) 6 1.60 (d, 3, J = 
7 Hz, CH,), 4.30 (9, 1, J = 7 Hz, CH); 13C NMR (CDCl,) 6 117.3 
(C=N), 46.6 (CN,), 18.6 (CH,); mass spectrum (EI) m/z 96 (M'), 
81 (M' - 15), 67 (M+ - 29), 54 (M' - 42), 53 (M' - 43), 43 (M+ 
- 53), 27 (M+ - 69). 

Anal. Calcd for C,H,N,: C, 37.51; H, 4.19; N, 58.32. Found: 
C, 37.50; H, 3.96; N, 58.26. 
4-Amino-5-methyl-1,2,3-triazole (9). A solution of 12 (3.0 

g) in 50 mL of methanol was deoxygenated with nitrogen in a 
500-mL hydrogenation bottle and then hydrogenated over 10% 
Pd/C (0.32 g) from 43 to 36 psig during 1 h. The solution was 
filtered through Celite and evaporated. The oil was dissolved in 
CHC1, and the solution was decanted from a small amount of 
sticky, grey material. Crystallization a t  -10 "C gave 4-amino-5- 
methyl-1,2,3-triazole (9): 0.55 g (18%); mp 99.5-101.5 "C. Re- 
crystallization from CHCl, provided pristine colorless, crystalline 
9, mp 104-105 "C (lit.6 102-104 "C); 'H NMR (CDCl,) 6 2.07 (s, 
3, CH,), 4.75 (br s, 2, NH2, exchangeable with DzO), 13.08 (br s, 
1, NH, exchangeable with DzO); mass spectrum (EI), m/z 98 (M'), 

2-Aminopropionitrile (13). The mother liquor from the 
crystallization of 9 was evaporated to give 1.3 g of oil which was 
found to be 2-aminopropionitrile (13) with traces of 12. Puri- 
fication by chromatography (silica gel, elution with chloroform- 
acetone 1:l) gave a sample that was identical by IR with authentic 
material; mass spectrum (EI), m/z 70 (M'), 69 (M+ - l ) ,  55 (M+ 

I-Amino-8-methyl-l,2,3-triazolo[ 1,5-a ]-1,3,5-triazine (8). 
Method B. A solution of 9 (0.097 g, 0.99 mmol) in 10 mL of 
methanol was treated dropwise via syringe with a solution of 
methyl N-cyanomethanimidate (0.13 g, 1.56 mmol) in 2 mL of 
methanol over a 10-min period and stirred at reflux for 12 h. The 
mixture was then stirred for 3 days at ambient temperature. The 
colorless solid that separated was collected and washed with 
methanol: yield 0.088 g (58%); mp 221-221.5 "C. This compound 
was found to be identical, by TLC in several solvent systems and 
by 'H and 13C NMR, IR, and mass spectra, with 8 prepared by 
Method A. Elemental analyses were equally acceptable. 
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search Grants CHE 81-21796 and CHE 84-16336 from the 
National Science Foundation. NMR data were obtained 
in  part with support  from the University of Illinois NSF 
Regional Instrumentation Facility, Grant NSF CHE 79- 
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69 (M+ - 29), 57 (M+ - 41), 42 (M' - 56), 38 (M+ - 60). 

- 15), 42 (M+ - 28), 28 (M' - 42). 

7), 69 (M' - 54, 3). 
Anal. Calcd for C4H5N5: C, 39.02; H, 4.09; N, 56.88. Found: 

C, 39.18; H,  3.90; N, 56.89. 
2-Amino-2-cyanopropionitrile (6). The mother liquor from 

the crystallization of 1 was evaporated on a rotary evaporator, 
and the residual oil was distilled to provide 2-amino-2-cyano- 
propionitrile (6) (35% yield) that was identical with an authentic 
samp1e.lb 
4-Amino-8-methyl-1,2,3-triazolo[ 1,5-a ]-1,3,5-triazine (8). 

Method A. A sample of 1 (0.061 g, 0.5 mmol) was combined with 
formamidine acetate (0.061 g, 0.54 mmol) and dissolved in 8 mL 
of anhydrous ethanol. A solution of sodium ethoxide from 12 mg 
of sodium (0.52 mmol) and 4 mL of ethanol was added dropwise 
and slowly over a 1-h period. After the reaction had been stirred 
for 9 h, a colorless crystalline product was obtained by filtration 
followed by an ethanol wash. The product was vacuum dried: 
0.025 g (33%) of 8, mp 221-222 "C. The same mp was found for 
samples recrystallized from methanol or ethanol. IR (KBr) 3245 
s, 3060 m, 1710 vs, 1600 m, 1590 s, 1540 s, 1370 s, 1310 m, 1270 
s, 1190 s, 1150 w, 1015 s, 905 m, 790 w, 796 m, 758 m, 675 w, 605 
m, 560 w, 549 w cm-'; 'H NMR ((CD3),SO) 6 2.47 (s,3, CH3), 8.17 
(s, 2, 2-H), 9.09 (br, 2, NH2); 13C NMR ((CD,),SO) 6 9.25 (CH,), 
131.39 (8-C, 2 J p ~ ~ ~ ,  = 7.15 Hz), 141.17 (8a-C, 3J&.c.2.~ = 12.3 Hz, 

'J2.C.2.H = 204.2 Hz);" mass spectrum (EI), m/z (relative intensity) 
3J&.CCHa = 3.9 HZ), 149.10 (4-C, ,J~.c.~.H = 11.4 Hz), 154.63 (2-C, 

151 (M' + 1, 2), 150 (M', la), 122 (M' - 28, 5 ) ,  96 (M+ - 54, 5), 
95 (M+ - 55,12), 81 (M' - 69,14), 80 (M+ - 70, 13), 54 (M+ - 96, 
26), 53 (M' - 97,33), 52 (M' - 98,14), 42 (M' - 107, 100), 42 (M' 
- i08,38). 

Anal. Calcd for C,H,N6: C, 40.00; H, 4.03; N, 55.97. Found: 
C, 39.80; H, 4.01; N, 55.93. 

2-Bromopropionamide. Ethyl-2-bromopropionate (Aldrich) 
(10.0 g, 60 mmol) was dissolved in 65 mL of methanol, 30 mg of 
sodium methoxide was added, and the solution was cooled to 0 
OC and saturated with NH, during 12 min. A silicone stopper 
was wired on, and the flask was allowed to remain in the ice bath 
for 4.5 h. The solvent was then removed a t  30 "C on a rotary 
evaporator, and the product was recrystallized by dissolving the 
solid in 200 mL of ether at reflux and decanting the solution away 
from the gummy residue. The product was obtained upon ad- 
dition of 40 mL of low-boiling petroleum ether. The crystals were 
collected and washed with pentane: 2.8 g of amide, mp 116-118 
"C. The mother liquor was concentrated, and 1.9 g additional 
of 2-bromopropionamide, mp 117-120 "C, was obtained for a total 

(11) The 13C NMR spectra for 4-amino-8-methylimidazo[l,5-a]-1,3,5- 
triazine in reference lb and analogous compounds in reference l a  should 
have the assignments for 2-C and 6-C reversed. A 6-deuterio derivative 
was prepared by using trimethyl [1-*H]orthoformate in place of trimethyl 
orthoformate as in reference Ib, which provided a sample for unequivocal 
13C NMR assignments in the methyl-substituted species and, by analogy, 
for 13C assignments in the analogues in reference la. 'H NMR spectral 
assignments were reported correctly for these compounds. (12) Raggio, M. L.; Watt, D. S. J. Org. Chem. 1976, 41, 1873. 
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Although the majority of heme-containing proteins 
found in nature possesses iron porphyrins as the prosthetic 
group, a significant number of organisms have now been 
shown to contain pyrrolic macrocycles based on C-sub- 
stituted chlorins and isobacteriochlorins. Examples in- 
clude bonellin (1) isolated from the green echurian worm 
Bonellia viridis,’ Faktor I from the B,,-producing Clos- 
tridium tetanomorphum,2 heme d (which has just been 
determined3 to have a structure derived from 2) of Es- 
cherichia coli, heme dl from Pseudomonas aeruginosa; 
and sirohydrochlorin of nitrite and sulfite reductases as 
well as a B12 intermediates5 The principal difference 
between these macrocycles and the unsubstituted hydro- 
porphyrins is that the C-substituted compounds can resist 
dehydrogenation (back to porphyrin) and, therefore, are 
better suited for undertaking the redox processes with 
which they may be associated in vivo. As the structures 
of these unique molecules are being elucidated, it has 
become timely to investigate the chemistry and to identify 
their functional roles in their respective host systems. To 
realize such goals, however, requires workable quantities 
of materials which are often difficult to obtain from natural 
sources. 

Several rational approaches toward the synthesis of 
C-alkylchlorins have been described very recently.6-s 
Unfortunately these lengthy and demanding syntheses do 
not seem to lend themselves easily as a serviceable route 
a t  providing the compound. Short and reliable syntheses 
thus far have not been available a t  producing function- 
alized C-substituted chlorins for general reactivity and 
biomimetic studies. This paper presents a very simple 
solution to this problem and, in addition, reports for the 
first time, several purified and well-characterized vicinal 
dihydroxychlorin containing the core structure of heme d. 

Dihydroxychlorin was first discussed by Fischer who 
reacted porphyrin with hydrogen peroxide in concentrated 
sulfuric acid and obtained what he thought at first was the 

(1) Agius, L.; Ballantine, J. A.; Ferrito, V.; Jaccarini, V.; Murray-Rust, 
P.; Pelter, A.; Psaila, A. F.; Schembri, P. J. Pure Appl. Chem. 1979,51, 
1847. 

(2) Imfeld, M.; Arigoni, D.; Deeg, R.; Muller, G .  In ”Vitamin BIZ”; 
Zagalak, B. J., Friedrich, W., Eds.; de Gruyter: Berlin, 1979; p 315. 

(3) Timkovich, R.; Cork, M. S.; Gennis, R. B.; Johnson, P. Y. J. Am. 
Chem. SOC., in press. 

(4) (a) Timkovich, R.; Cork, M. S.; Taylor, P. V. J .  Bid.  Chem. 1984, 
259, 1577, 15089. (b) Chang, C. K .  J .  Biol. Chem. 1985,260, 9520. 

(5) (a) Scott, A. I.; Irwin, A. J.; Siegel, L. M.; Shoolery, J. N. J .  Am. 
Chem. SOC. 1978,100,7987. (b) Battersby, A. B.; McDonald, E. Bioorg. 
Chem. 197% 7. I f i l .  - . . . . . . . -. . , . , - - - . 

(6) Battersby, A. R.; Fookes, C. J. R.; Snow, R. J. J .  Chem. SOC., 

(7) Montforts, F.-P. Angew. Chem., Int. Ed. Engl. 1981,20, 778. 
(8) Battersby, A. R.; Dutton, C. J.; Fookes, C. J. R.; Turner, S. P. D. 

Perkin Trans. 1 1984, 2725. 

J. Chem. Soc.,  Chem. Commun. 1983, 1235. 
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dihydroxy a d d ~ c t . ~  This product was later determined 
to contain only one oxygen.1° It  was not until 1960s that 
the keto-gem-dialkylporphyrin (oxochlorin) structure was 
~haracterized.l’-~~ The acidic hydrogen peroxide oxida- 
tion, which yields not only oxochlorins but diketo- (di- 
oxoisobacteriochlorins and dioxobacteriochlorins) and 
triketoporphyrins arising from pinacolic rearrangements, 
has prevented the isolation of the expected dihydroxy 
intermediate. Fischer, however, demonstrated that hy- 
droxylation of type IX porphyrins can be achieved with 
osmium tetraoxide although the resultant isomeric di- 
hydroxychlorins were not individually identified.1°J4 

In an effort to synthesize 2, we added 1.2 equiv of OsO, 
to 2,4-dimethyldeuteroporphyrin IX dimethyl ester15 in 
CH2C12 The reaction was quenched after 20 h to yield the 
two dihydroxychlorins 3a (37%) and 4a (8%)) plus the 
unreacted porphyrin (30%). Increasing the amount of 
OsO, and lengthening the reaction time invariably led to 
the formation of tetrahydroxybacteriochlorin at the ex- 
pense of the dihydroxy product. A similar reaction was 
tested on dimethyl 5,8-dimethyl-1,2,3,4-tetraethyl- 
porphinedipropionate.16 With this porphyrin apparently 
for steric reasons, the dihydroxylation occurred favorably 
at  the “southern” pyrroles affording nearly 1:l ratio of 3b 
and 4b. Treating the dihydroxychlorin 3b in CH2C12 with 
70% HClO, cleanly produced the rearranged ketones 5b 
and 6b in equal amount. The two isomers were separated 
by chromatography and their structures were determined 
by nuclear Overhauser enhancements (NOE) on the proton 
resonances. Selective irradiation of the methyl substitu- 
ents resulted in NOES (>5%) at  the adjacent positions; 
by determining the nearest meso protons, it is possible to 
assign the structures unambiguously. Similar reaction and 
characterization were applied successfully for the tetra- 
methyl homologues 5a and 6a. It is interesting to note that 
the NH protons of 5b and 5a should appear as two peaks 
while they remain as singlet in 6a and 6b. It is not evident 
whether an alteration of the tautomeric patterns or 
structural distortions is a possible cause for the splitting 
of the NH resonance. 

The oxochlorin 6a reacted sluggishly with methylene- 
triphenylphosphorane. The excess Wittig reagent present 
in the reaction invariably converted the ester group into 
the P-keto methylphosphonium salt.17 Thus the methyl 
ester 6a was first hydrolyzed in aqueous KOH, and the 
carboxyl groups were protected as the carboxylate ion 
during the Wittig reaction.18 The resultant methylene- 
chlorin was esterified and then hydrogenated quantita- 
tively to the methylchlorin 8 with PtOz in formic acid. 

The dihydroxychlorin isomers 3a/4a and 3b/4b have 
almost identical visible absorption spectra whose overall 
features are indistinguishable from that of the common 
dihydroporphyrins or the methylchlorin 8. The di- 

(9) Fischer, H.; Orth, H. “Die Chemie des Pyrrols”; Akademische 

(10) Fischer, H.; Pfeifer, H. Justus Liebigs Ann. Chem. 1944,556,131. 
(11) Bonnett, R.; Dolphin, D.; Johnson, A. W.; Oldfield, D.; Stephen- 

(12) Bonnett, R.; Dimsdale, M. J.; Stephenson, G. F. J.  Chem. SOC. C 

(13) Inhoffen, H. H.; Nolte, W. Justus Liebigs Ann. Chem. 1969, 725, 

(14) Fischer, H.; Eckoldt, H. Justus Liebigs Ann. Chem. 1940, 544, 

(15) Araiso, T.; Dunford, H. B.; Chang, C. K .  Biochem. Biophys. Res. 

Verlagsgesselschaft: Leipzig, 1937; Vol. 11, Part I, p 269. 

son, G .  F. Proc. Chem. Soc., London 1964, 371. 

1969, 564. 

167. 

138. 

Commun. 1979,90, 520. 
(16) Synthesized by condensing (5,5’-dimethyL3,3’,4,4’-tetraethyl- 

2,2’-diuvrrvl)methene hvdrobromide and the same (5,5’-dibromodi- 
pyrryljmeihene as described in ref 15 following the same procedures. 

(17) Trippett, S.; Walker, D. M. J. Chem. SOC. 1961, 1266. 
(18) Bhalerao, U. T.; Plattner, J. J.; Rapoport, H. J .  Am. Chem. SOC. 

1970, 92, 3429. 
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