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iridinecarboxylate ( lb )  by comparison of the ir and nmr spectra 
with the spectra of a known sample. 

Reaction of trans-1-tert-Butyl-3-chloro-4-methyl-2-azetidi- 
none (212) with Sodium Hydroxide. The azetidinone (2c, 0.30 g, 
1.7 mmol) was dissolved in dioxane (1 ml), and the resulting solu- 
tion was added to a solution of sodium hydroxide (0.18 g, 45.0 
mmol) in water (2  ml). Water was added until the mixture be- 
came clear, and the resulting solution was left at  room tempera- 
ture for 21 days. It was washed with chloroform and evaporated 
to a white solid. Nmr observation showed that about 30% of the 
solid consisted of sodium trans-l-tert-butyl-3-methyl-2-aziridine- 
carboxylate ( IC) .  The other components of the mixture were not 
characterized. 

Registry No.-la, 24719-64-0; lb,  50562-57-7; IC, 50562-58-8; 
2a, 23120-47-0; 2b, 50562-60-2; 2c, 50562-61-3; 3b, 50562-62-4; 

methyl cis-l-tert-butyl-3-methyl-2~aziridinecarboxylate, 34863- 
28-0; methyl trans-l-tert-butyl-3-methyl-2-aziridinecarboxy~ate, 

3 ~ ,  50562-63-5; 4b, 50562-64-6; 412, 50562-65-7; 11, 574-45-8; 

34856-93-4. 

Supplementary Material Available. Nmr spectra of represen- 
tative key compounds described in this paper (e.g., Za, 2b, 2c, 3b, 
3c, and 4a) will appear following these pages in the microfilm edi- 
tion of this volume of the journal. Photocopies of the supplemen- 
tary material from this paper only or microfiche (105 X 148 mm, 
2 4 X  reduction, negatives) containing all of the supplementary 

material for the papers in this issue may be obtained from the 
Journals Department, American Chemical Society, 1155 16th St.,  
N.W., Washington, D. C. 20036. Remit check or money order for 
$3.00 for photocopy or $2.00 for microfiche, referring to code num- 
ber JOC-74-902. 
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6-Amino- and 6-hydrazinopyrimidines are shown to react with diethyl azodicarboxylate to give 5-(1,2-dicarbeth- 
oxyhydrazino) derivatives. The synthetic potential of this simple method for the direct introduction of nitro- 
gen into the 5 position of the pyrimidine ring is illustrated by a synthesis of 1,3-dimethyluric acid from 1,3-di- 
methyl-6-aminouracil by reaction with diethyl azodicarboxylate, reduction to 1,3-dimethyl-5-carbethoxyamino- 
6-aminouracil, and thermal ring closure. 

6-Aminopyrimidines unsubs t i tu ted  a t  position 5 react  
with a wide variety of electrophiles (NO+, N02+,  X+,  
RC=O+, etc.)  t o  give 5-subst i tuted derivatives which 
number  among t h e  most  versatile a n d  useful of pyrimi- 
dine intermediates.2 We have now examined t h e  reaction 
of a number  of 6-amino-  a n d  6-hydrazinopyrimidines with 
diethyl  azodicarboxylate a n d  have found t h a t  t h e  products  
a re  5-(1,2-dicarbethoxyhydrazino)pyrimidines.3 These 
Michael  adducts ,  which possess a reduced nitrogen sub-  
s t i tuent  at position 5 ,  have proved to  be versatile synthet-  
ic intermediates .  T h e  present  pape r  describes th i s  new 
procedure for C-5  functionalization of  pyrimidine^;^ sub-  
sequent  papers  will report t h e  codversion of these adducts  
t o  6- a n d  7-azapteridines, including t h e  antibiotics ferven- 
ulin4 and 2-methylfervenulone (MSD-92) ,5 

Our resul ts  are  summarized in  Tables  I a n d  11. T h e  
reaction proceeds with remarkable  ease when r u n  in  sus-  
pension in hot  dichlorobenzene. Under  these conditions 
t h e  reac tan ts  slowly dissolve, a n d  t h e  product  t h e n  gener- 
ally crystallizes directly from t h e  hot  reaction solution. 
Electron-withdrawing subs t i tuents  which reduce t h e  nu-  
cleophilicity of t h e  pyrimidine ring towards electrophilic 
reagents (e .g . ,  5), not  surprisingly, re ta rd  t h e  reaction. 
Furthermore,  t h e  reaction is e i ther  re tarded or inhibi ted 
with 6-hydrazinopyrimidines if t h e  proton adjacent  t o  t h e  

ring is subs t i tu ted  by a n  alkyl group ( e .g . ,  13 a n d  15). 
T h i s  observation suggests that t h e  diethyl azodicarboxy- 
late-6-amino- (or 6-hydrazino-) pyrimidine reaction may  
involve a cyclic t ransi t ion s t a t e  similar t o  that proposed 
for t h e  reaction of diethyl azodicarboxylate with olefins,6 
where a concerted mechanism with l i t t le or no charge de-  
velopment is involved. Proton abstract ion from t h e  allylic 
position of t h e  olefin would thus have i ts  counterpar t  in 
t h e  present case in N-H abstract ion from t h e  6 subst i tu-  
en t .  When such  a cyclic t ransi t ion s t a t e  is no t  feasible 
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(e .g . ,  13, 15), competing tetrazene formation? may inter- 
vene, although no attempt was made to isolate and identi- 
fy these sensitive materials. It is interesting to note that 
elimination of this potentially competitive pathway by con- 
version of the -N(CHs)Nfiz substituent to a benzylidene 
(12, 16), formyl (14), or N1,Nz-disubstituted derivative 
(17) leads again to successful Michael addition a t  position 
5 of the pyrimidine ring, although yields are decreased 
and more drastic conditions appear to be necessary. 

The structures of the 5-(1,2-dicarbethoxyhydrazino)pyr- 
imidine Michael adducts were confirmed in every case by 
nmr spectroscopy (disappearance of the characteristic py- 
rimidine C - 5  aromatic proton resonance), and, in the case 
of 1,3-dimethyl-5-(1,2-dicarbethoxyhydrazino)-6-amino- 
uracil (18), by chemical evidence as well. Thus, Raney 
nickel or Leuckart (formic acid) reduction of 18 resulted 
in cleavage of the N-N bond to give 1,3-dimethyl-5-car- 
bethoxyamino-6-aminouracil (19), identical with an au- 
thentic sample prepared by the  reaction of 1,3-dimethyl- 
5,6-diaminouracil with ethyl chloroformate.8 Furthermore, 
heating of 19 resulted in ring closure to 1,3-dimethyluric 
acid (20), identical with an authentic sample. This latter 
reaction comprises a new synthetic approach to purines 
involving the direct introduction into position 5 of the py- 
rimidine ring of a reduced nitrogen substituent capable of 
eventual incorporation into the imidazole ring of the final 
purine. 
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Mos t  of the 6-aminopyrimidines examined were well- 

known, commercially available intermediates. 1,3-Di- 
methyl-6-hydrazino- (1 1) and 1,3-dimethyl-6-( l-methylhy- 
drazino)uracil (13) were prepared by treatment of 1,3- 
dimethyl-6-chlorouracil9 with hydrazine and methylhy- 
drazine, respectively, using chloroform as solvent rather 
than excess hydrazine solution as previously described.9 
The requisite 1,3-dimethyl-6-chlorouracil was prepared by 
chlorination of 1,3-dimethylbarbituric acid, which we 
found to be more conveniently prepared by acid hydrolysis 

of 1,3-dimethyl-6-aminouracil than by condensation of 
malonic acid with 1,3-dimethylurea.1° 

The structures of the 6-( 1-methy1hydrazino)uracils 13 
and 15 and of 1,3-dimethyl-6-hydrazinouracil (11) followed 
from the observation that they formed benzylidene deriva- 
tives with aromatic aldehydes. The product (12) of the 
reaction of 11 with benzaldehyde reacted with diethyl azo- 
dicarboxylate to give an adduct (21) identical with that 
formed by reaction of benzaldehyde with the initial ad- 
duct formed from diethyl azodicarboxylate with 11. 
3-Methyl-6-(l-methylhydrazino)uracil ( 1 5 p  and 3- 

methyl-6-( 1,2-dimethylhydrazino)uracil (17) were similar- 
ly prepared from 3-methyl-6-chlorouracil and methylhy- 
drazine or 1,2-dimethylhydrazine, respectively. 

Experimental Section 
Formation of 5-(1,2-Dicarbethoxyhydrazino)-6-amino- (or 

hydrazino-) pyrimidines. General Procedure. To a suspension 
of the 6-amino- (or hydrazino-) pyrimidine in the appropriate sol- 
vent was added 1 equiv of diethyl azodicarboxylate, and the mix- 
ture was heated as specified in Tables I and 11. Depending on the 
solubility of the product in the solvent employed, the 5-(1,2-di- 
carbethoxyhydrazino) derivative was either isolated by filtration, 
or the solvent was evaporated under reduced pressure and the 
residue recrystallized (see Tables I and 11). 
1,3-Dirnethyl-B-( 1,2-dicarbethoxyhydrazin0)-6-aminouracil 

(18). A stirred suspension of 108.5 g (0.7 mol) of 1,3-dimethyl-6- 
aminouracil (9) in a mixture of 122.0 g (0.7 mol) of diethyl azodi- 
carboxylate and 300 ml of chlorobenzene was heated to reflux in 
an oil bath maintained at  150-160". A vigorous reaction accompa- 
nied by considerable foaming occurred, and it became necessary 
to remove the heat source. The reaction continued spontaneously 
for several minutes and, after it had subsided, heating was re- 
sumed for an additional 20 min. The reaction mixture was then 
filtered, the filtrate cooled, and the copious crop of ivory-colored 
crystals collected by filtration, washed with benzene followed by 
ether, and dried; yield (product solvated with chlorobenzene) 290 
g, mp 66-70". Repeated recrystallization of a small sample from 
benzene resulted in exchange of benzene for chlorobenzene of sol- 
vation: mp 88-90"; nmr (CDC13) 1.26 (t, 6, CH~CHZO) ,  3.30 (s, 3, 
CH3N), 3.39 (s, 3, CH3N), 4.21 (m, 4, CH~CHZO),  6.37 (s, 2, 
NHz), 7.35 (s, 6, C&), and 7.98 ppm (s, 1, NH). The remainder 
of the product (solvated with chlorobenzene) was dissolved in 
1500 ml of boiling water and the solution heated briefly until 
steam distillation of the chlorobenzene was complete. The solu- 
tion was then decolorized with charcoal, filtered, and cooled, and 
the colorless crystals which separated were collected by filtration: 
yield 165 g (70%) 6f the hemihydrate, mp 142-144" dec. 

Anal. Calcd for ClzHlgN5Oa.0.5Hz0: C, 42.60; H, 5.96; N, 
20.70. Found: C, 42.33; H, 5.85; N, 20.75. 

The anhydrous material, mp 146-148" dec, was prepared by re- 
crystallization from absolute ethanol followed by drying in vacuo 
at 65" for 24 hr. 

Anal. Calcd for CI2Hl9N506: C, 43.77; H, 5.81; N, 21.26. 
Found: C, 43.54; H, 5.87; N, 21.35. 
1,3-Dimethyl-5-carbethoxyamino-6-aminouracil (19). Meth- 

od A. To a suspension of 390 g of Raney nickel (Grace no. 28, 
freed of excess water by draining with slight suction on a Buchner 
funnel followed by repeated washing with absolute ethanol) in 750 
ml of absolute ethanol was added 25.0 g of 1,3-dimethyl-5-(1,2- 
dicarbethoxyhydrazino)-6-aminouracil (18) hemihydrate. The 
mixture was stirred and heated under reflux for 30 min, the nick- 
el allowed to settle, and the solution decanted. The residual nick- 
el was stirred four times with 500-ml portions of hot absolute eth- 
anol, and the combined decantations were evaporated to 250 ml, 
filtered, and cooled to give 13.4 g (75%) of 19, mp 212-213" (lit.8 
mp 206-207"; mixture melting point with authentic material pre- 
pared by the literature procedures was 212-2137. 

Anal. Calcd for CgH14N404: C, 44.62; H, 5.83; N, 23.13. Found: 
C, 44.32; H, 5.90; N, 22.93. 
Method B. A solution of 5.4 g of 1,3-dimethyl-5-(1,2-dicarbeth- 

oxyhydrazino)-6-aminouracil in 17 ml of 97-100% formic acid was 
heated under reflux for 1 hr and concentrated to dryness under 
reduced pressure. The residue was dissolved in 25 ml of water and 
again concentrated to dryness. This process was repeated, and 
the residue was triturated with 1:l ethanol-ether to give 1.62 g 
(47%) of crude 19. Drying and recrystallization from ethanol gave 
material identical with that prepared by method A.  
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1,3-Dimethyluric Acid (20). 1,3-Dimethyl-5-carbethoxyamino- 
6-aminouracil (19) (500 mg) was placed in a test tube, in which a 
slight positive pressure of nitrogen was maintained, which was 
immersed in an oil bath preheated to 175". The temperature of 
the heating bath was then raised to 235" over a period of 45 min. 
The contents of the reaction vessel were cooled, powdered, recrys- 
tallized from water, and dried: yield 0.38 g (93%) of colorless crys- 
tals, mp 412-415" (lit.12 mp 408-410" dec; mixture melting point 
with authentic material 412-415"). 

ilnal. Calcd for C7HsN403: C, 42.63; H, 4.11; N, 28.56. Found: 
C, 42.70; H, 4.35; h', 28.60. 
1,3-Dimethyl-6-methylaminouracil (10). 1,3-Dimethyl-6-chlo- 

rouracil was prepared by the procedure of Pfleiderer and 
Schundehutteg except that  it was found more convenient to take 
up the crude product in chloroform, and to use the resulting solu- 
tion (dried and filtered) directly. Thus, to 500 ml of a stirred 
chloroform solution containing 50.9 g (0.30 mol) of 1,3-dimethyl- 
6-chlorouracil was added over a 20-min period a mixture of 250 ml 
of ethanol and 93.0 g of a 40% aqueous solution (37.4 g, 1.2 mol) 
of methylamine. After 24 hr the reaction mixture was concentrat- 
ed in uucuo and the residue washed with cold ethanol, acetone, 
and then ether to give 67.0 g (quantitative) of the hydrochloride 
monohydrate, mp 204-205" dec. A 37.4-g (0.182 mol) portion of 
this material was dissolved in 200 ml of boiling water, cooled 
slightly, and treated in small portions with 15.1 g (0.182 mol) of 
solid sodium bicarbonate. Cooling and filtering then gave 28.8 g 
(quantitative) of the free base of 10, mp 240-241" dec. 

Anal. Calcd for C7HllN302: C,  49.69; H, 6.55; N, 24.84. Found: 
C, 49.69; H, 6.36; N, 24.75. 
1,3-Dimethyl-6-hydrazinouracil (11). To a stirred solution of 

131.0 g (0.75 mol) of 1,3-dimethyl-6-chlorouracil in 11. of chloro- 
form was added dropwise over a period of 2 hr a solution of 120.0 
g (2.03 mol) of 85% aqueous hydrazine hydrate in 200 ml of etha- 
nol. The reaction mixture was maintained at  room temperature 
overnight and concentrated under reduced pressure, and the resi- 
due was triturated with 250 ml of ethanol. Filtration then gave 
108.1 g (84%) of 11, mp 239-240" dec. The analytical sample, re- 
crystallized from ethanol, melted at  240-241" dec (lit.9 mp 216- 
218"). 

Anal .  Calcd for CsHloN402: C, 42.34; H, 5.92; N, 32.92. Found: 
C, 42.60; H, 6.08: N, 33.13. 
1,3-Dimethyl-6-(benzylidinehydrazino)uracil (12). To a solu- 

tion of 1.70 g (0.01 mol) of 1,3-dimethyl-6-hydrazinouracil (11) in 
75 ml of hot aqueous ethanol (2:l)  was added a solution of 1.1 g 
(0.01 mol) of benzaldehyde. The voluminous solid which formed 
immediately was collected by filtration and recrystallized from 
ethanol to give 2.35 g (91%) of colorless crystals, mp 270-271" 
(lit.9 mp 253"). 

Anal. Calcd for C13H13N402: C, 60.68; H, 5.09; N, 21.78. 
Found: C, 60.50; H, 5.24; K, 21.54. 

1,3-Dimethyl-6-( 1-methylhydrazino)uracil (13). To a solution 
of 83.5 g (0.475 mol) of 1,3-dimethyl-6-chlorouracil in 1.5 1. of 
chloroform was added slowly, over a period of 30 min, a solution 
of 65.8 g (1.425 mol) of methylhydrazine in 500 ml of chloroform. 
After stirring for 48 hr at  room temperature, the mixture was fil- 
tered and the filtrate evaporated to dryness under reduced pres- 
sure. Trituration of the residue with 100 ml of cold ethanol fol- 
lowed by filtration gave 71.0 g (81%) of colorless crystals of 13, 
mp 133-134". The melting point was not changed upon recrystal- 
lization from ethanol. 

Anal. Calcd for C~H12N402: C, 45.64; H, 6.56; N, 30.42. Found: 
C, 45.54; H, 6.08; N, 30.21. 
1,3-Dimethyl-6-(3,4,~-trimethoxybenzylidene-l-methylhy- 

drazino)uracil was prepared in 92% yield as described above for 
the preparation of 12, mp 177-178". 

Anal Calcd for C17H22N4O5: C, 56.34; H, 6.12; N, 15.47. 
Found: C, 56.62; H, 5.96; N, 15.25. 
1,3-Dimethyl-6-(2-formyl-l-methylhydrazino)uracil (14). To 

a mixture of 22.5 g (0.22 mol) of acetic anhydride and 150 ml of 
formic acid, maintained at  O",  was added gradually 32.0 g (0.20 
mol) of 1,3-dimethyl-6-(l-methylhydrazino)uracil (13). The mix- 
ture was stirred at  0" until solution was complete and then heat- 
ed a t  50-55" for 1 hr. Concentration of the resulting solution 
under reduced pressure, trituration of the residual oil with cold 
ethanol, and filtration then gave 23.6 g (55%) of colorless crystals 
of 14, mp 169-170". 

Anal. Calcd for CSH12N403: C, 45.28; H,  5.71; N, 26.41. Found: 
C, 45.10; H, 5.71; N, 26.25. 

3-Methyl-6-( I-methy1hydrazino)uracil (15). To a stirred solu- 
tion of 23.0 g (0.5 mol) of methylhydrazine in 100 ml of ethanol 
was gradually added a hot solution of 16.1 g (0.1 mol) of 3- 
methyl-6-chlorouracil~~ in 300 ml of dioxane. After 16 hr at  room 
temperature, 5.4 g (0.1 mol) of sodium methoxide in 100 ml of 
methanol was added, the mixture filtered from precipitated sodi- 
um chloride, and the filtrate concentrated to give 14.0 g (76%) of 
colorless crystals of 15, mp 205-207" (!it.11 mp 207-209"). 
3-Methyl-6-@-anisylidene-l-methylhydrazini,)uracil (16) was 

prepared in the usual manner from 3-methyl-6-(l-methylhydra- 
zino)uracil and p-anisaldehyde in hot ethanol: yield 9270, mp 227- 
228" dec. 

Anal. Calcd for C14H15N405: C, 58.52; H, 5.26; E, 19.50. 
Found: C, 58.32; H, 5.47; K, 19.27. 

3-Methyl-6-( 1,2-dimethylhydrazino)uracil (17). A stirred, ice- 
cooled solution of 13.3 g (0.10 mol) oE 1,2-dimethylhydrazine dihy- 
drochloride in 25 ml of water was treated with 8.0 g (0.20 mol) of 
solid sodium hydroxide, the mixture was filtered, and the filtrate 
was added to a solution of 4.0 g (0.025 mol) of 3-methyl-6-chlo- 
rouracil13 in 300 ml of hot ethanol. The reaction mixture was 
heated under reflux for 4.5 hr and filtered, and the filtrate was 
concentrated under reduced pressure. The residual solid was ex- 
tracted with 100 ml of hot ethanol, and the extract was filtered 
and again concentrated under reduced pressure. This time the re- 
sidual solid was extracted with 10 ml of hot acetonitrile and the 
extract (after filtration) concentrated and cooled to give 3.5 g 
(76%) of colorless crystals of 17, mp 179-181". 

Anal. Calcd for C7H12h'404: C, 45.64; H, 6.56; N, 30.42. Found: 
C, 45.67; H, 6.72; N, 30.40. 

Registry No.-I, 1193-22-2; 2, 1004-38-2; 3, 49753-53-9; 4, 
49810-25-5; 5, 156-83-2; 6, 56-06-4; 7,  1005-39-6; 8, 873-83-6; 9, 
6642-31-5; 10, 5770-42-3; 11, 40012-14-4; 12, 25754-97-4; 13, 4318- 
53-0; 14, 49810-09-5; 16, 42748-18-5; 17, 49810-11-9; 19, 49810-21-1; 
20, 944-73-0; diethyl azodicarboxylate, 1972-28-7; 1,3-dimethyl-6- 
chlorouracil, 6972-27-6; 1,3-dimethyl-6-(3,4,5-trimethoxybenzyli- 
dene-I-methylhydrazino)uracil, 49810-23-3. 
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