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4-Cinnolinecarbxaldchyde has been prepared in good yield. It has aLqo been prcpared in the form of derivatives by two 
ddditiond methods. The ease of reduction of the cinnolhle ring with lithium nluminuni hydride and lithium tri-t-butoxy- 
aluminohyclride has heen studied. 

The fUst approach to the synthesis of 4-cinnoline- 
carboxaldehyde was the reduction of ethyl 4- 
cinnolinecarboxylate (I) with lithium aluminum 
hydride in dry ether to obtain what waa supposed 
to be 4-hydroxymethylcinnoline, but which was in 
rcali ty 4-liydroxymethyl-l,2dihydroci"inc (11) 
in 57% yield. Perhaps the facile reduction of the 
ring to the unstable 1,2ihydro compound I t  is 
not surprising in view of the work of Busch nnd 
Rast4 who converted khlorocinnoline into 1,2- 
dihydrocinnoline with iron and 15% sulfuric acid 
solution. Selenium dioxide oxidation of I1 in dioxane 
solution followed by treatment with semicarha- 
side hydrochloride produced 4cinnolinecarbox- 
aldehyde semicarhazone (III) in 58oJ, yield. 
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Brown and AIcFarlin5 discovcred that acid 
chlorides could 1~ converted into aldehydes io good 
yield by selective reduction with lithium tri-t- 
butoxyduniinohydride. 4Cinnolinccarbonyl chlo- 
ride (V) was prcparcd from the potassium ml t of the 
acid (IV) by a method prcviously described.' 
The acid chloride (V) in his-2-cthoxyethyl ether 
solution WAS allowed to mact with lithium tri-l- 
butoxyalunlinohydride. The reduction product was 
isoiakd 'as the semicarbazone in 32% yield. This 

(I)  For paper VI in this series see R. N. Castle and h.1. 
Ondq J .  Org. Chem., 26, 2374 (1961). 

(2)  Tho authors are grntcful to Dr. K. Abc of the Tanabe 
Sciyaku Company, Ltd., Tokyo, Japan for the carbon, 
hydrogen, and nitrogen analyses. 
(3) Sniith Kline and French Lrrborntorics Post-Doctoral 

Resoarch Fellow, 1958-60. Present 'address: Tokyo Research 
Lrboratory, Txnabe Seiyaku Company, La. ,  Toda-Cho, 
Saitaua-Ken, Japan. 

(4) $1. Busch and A. Rast, Der.. 30,FLl (1897). 
(5) H. C. Brown and R. F. hicFarlin, J.  Am. Chent. Soe., 

80, 53T2 (1958). 

compound proved to be 1,2-clihydro-4-cUinoliiic- 
carboxnldehyde semicarbazone (VI). Oxidation of 
VI with selenium dioxide in pyridine produced 
111. 
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The success in converting I1 to 111 prompted an 
additional attempt to oxidize 4methylcinnoline 
(VII) directly to 4-cinnolinecarboxaldehyde with 
selenium dioxide with subsequent isolation as the 
semicarbazone (III). This was accomplished in 
7% 

The method uscd by GincrSorolla et d. for tho 
syn thceis of purinc6-carboxaldehyde7 was adapted 
to the prepara tion of 4-cinnolincmrboxaldchyde. 
4-Methylcinnoline (VII) was converted into 4- 
cinnolylmethylpyridiniuni iodide (VIII) in 70% 
yield by refluxing with iodine and pyridine. Heating 
a suspension of VI11 with piiitrosodimethylaniline 
in water, followed by treatment with sodium hy- 
droxide, gave N,Ndimethyl-N'-(4cinnolylmethyl- 
ene)-p-phenylenediamine N'-oxide (IX) in 92% 
yield. Cleavage of IX with 2N hydrochloric acid 
and treatment of the acid solution with hydrazine 

(6) Previous attempts to prepare 4-cinnolinecsrboxalde 
hycle by direct oxidation of 4-methylcinnoline with selenium 
dioxide in several solvents (ethanol-dioxane mixtures and 
aqueous methanol) produced only intractable tars. 4 
Methylciunoline ethiodide when allowed to react with 
selenium dioxide in aqutwus solution also produced tars. 
D. B. Cox, dissertation, University of New Mexico, May, 
1953. 

(7) A. Giner-%rolls, I. Zinuner", and A. Bendich, 
J .  Am. Chem. Soc., 81, 2515 (1959). 
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produced 4-cinnolinecarboxa!dehyde hydrazone (X) 
in 93% yield. When the acid solution of IX was 
treated with semicarbazide and potassium acetate, 
a quantitative yield of 111 was obtained. When 4- 
cinnolinecarboxaldehyde hydrazone (X) was treated 
with a hydrochloric acid solution of sodium nitrite, 
it was cleaved and 4-cinnolinecarboxaldehyde (XI) 
was obtained in 66% yield. For identification of the 
aldehyde it was converted into X and I11 by 
treatment with hydrazine and semicarbaxide hydro- 
chloride, respectively, and these two derivatives 
were compared by mixed melting points with X 
and I11 prepared as previously described. The 2,4- 
dinitrophenylhydrazone (XII) and the oxime (XIII) 
were prepared as additional derivatives of XI. 

The action of nitromethane and alkali on XI gave 
4- (2-nitroe thenyl) cinnoline (XIV) in quantitative 
yield. Attempts to convert XIV into 4-(2-amino- 
ethy1)cinnoline (XV) were not successful, presum- 
ably due to the formation of the unstable 1,2- 
dihydrocinnoline intermediate. Attempts to de- 
hydrogenate these dark red syrups with palla- 
dium on charcoal were unsuccessful. 

C H , - - N ~  I +  
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In order to be certain that lithium aluminum 
hydride and lithium tri-t-butoxyaluminohydride 
were producing 1,2-dihydrocinnolines, the reduc- 
tion of 4-methylcinnoline (VII) was studied. When 
VI1 was allowed to react with either lithium alumi- 
num hydride in dry ether or with lithium tri-t-butoxy- 
aluminohydride in bis-Bethoxyethyl ether 4-methyl- 
1,2-dihydrocinnoline (XVI) was obtained. This was 
established by conversion of XVI into 4-methyl- 
1,2,3,4-tetrahydrocinnoline (XVII) with hydrogen 
and platinum in acetic acid solution and by con- 
version of XVI into 5-methyl-S,13-dihydrophthala- 
zino [2,3-a]cinnoline-S, 13-dione (XVIII) by treat- 
ment of XVI with phthalic anhydride in pyridine 
solution. Further evidence that XVI is the 1,2- 

I dihydro derivative comes from the conversion of 

XVII into 5-.methyl-5,6,8,13-tetrahydrophthalazino 
[2,3-a]cinnoline-S, 13-dione (XIX) by treatment of 
XVII with phthalic anhydride in pyridine solution. 
That XVIII and XIX are not identical can be 
observed by examining the experimental details. 
Thus, it is clear that lithium aluminum hydride 
and lithium tri-t-butoxyaluminohydride readily 
reduce the cinnoline ring to the corresponding 1,2- 
dihydrocinnolines. Furthermore, when XVI was 
heated with palladium on charcoal in benzene 
solution, VI1 was obtained. It can now be stated 
with certainty that 11 is 4-hydroxymethyl-1,2- 
dihydrocinnoline even though it was not possible 
to analyze or characterize this compound due to 
instability. 
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EXPERIMENTAL* 

4-Cinnolinecarboxaldehyde semicarbazone (111). To a 
stirred and cooled solution of 0.42 g. of lithium aluminum 
hydride in 42 ml. of ether was added a solution containing 
3.0 g. of ethyl 4cinnolinecarboxylate in 10 ml. of ether. 
The mixture was stirred and heated for 2 hr. The excess 
lithium aluminum hydride was destroyed with moist ether 
and ethanol and the solution filtered. On working up the 
residue a light yellow syrup was obtained (1.4 g., 59% yield) 
boiling a t  150-155' a t  0.05 mm. This compound, which was 
shown to be Phydroxymethyl-l,2-dihydrocinnoline, is very 
unstable in air, darkening rapidly within a few minutes. 

To 1.4 g. of the above syrup in 20 ml. of dioxane was 
added 0.7 g. of selenium dioxide. The mixture was heated 
with stirring a t  80" for 4 hr. The mixture was filtered and the 
solvent removed in uucuo. The residue was dissolved in 20 
ml. of ethanol and a solution containing 1.0 g. of semicar- 
bazidehydrochloride and 1.0 g. of potassium acetate in 1.0ml. 
of water was added and the reactants were heated for 1 hr. 
on the steam bath. After concentration of the reaction mix- 
ture water was added and the semicarbazone separated. A 
yield of 1.1 g. (58%) of the semicarbazone was obtained, 
m.p. 230-232' dec. The product was recrystallized from 
ethanol giving yellow granules, m.p. 234-235" dec. The 
infrared spectrum shows absorption peaks a t  3450(m) em.-', 
3140(m), 1695(s), 1585(m), 1555(m), 1410(s) in the range 
from 4000 cm.-l to 1300 cm.-l 

Anal. Calcd. for CIOHBN~O: C, 55.81; H, 4.21. Found: 
C, 55.81; H, 4.43. 

i',%-Dihydro-4-cinnolinecarboxaldehyde semicarbazone (VI) .  
To a suspension of 2.0 g. of potassium 4-cinnolinecarboxylate 

(8) -411 melting points are uncorrected. The infrared 
spectra were determined on a Perkin-Elmer Infracord. 
All were determined as Nujol mulls, except where noted. 
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in 20 ml. of bis-2-ethoxyethyl ether was added a solution 
of 1.3 g. of oxalyl chloride in 5 ml. of bis-2-ethoxyethyl ether 
while cooled in an ice bath. After the mixture was stirred 
for 15 min. while in an ice bath, it was then stirred 30 min. 
a t  room temperature and finally refluxed on the steam bath 
for 1 hr. The mixture was then stored in a Dry Ice-trichloro- 
ethylene mixture for 1 hr. during which time the lithium 
tri-t-butoxyaluminohydride was prepared. 

To a suspension of 0.38 g. of lithium aluminum hydride in 
10 ml. of bis-2-ethoxyethyl ether was added 2.2 g. of t-butyl 
alcohol over a period of 40 min. a t  room temperature. This 
lithium tri-t-butoxyaluminohydride solution was added to 
the cold acid chloride solution over a period of 1 hr., while 
stirring was maintained. It was stirred for an additional 1 hr. 
a t  room temperature. Wet benzene and ethanol were added 
to destroy the excess lithium tri-t-butoxyaluminohydride. 
The reaction mixture was filtered and evaporated to dryness 
in vacuo. The residue was heated with 30 ml. of water and 
treated with charcoal and filtered. To the aqueous solution 
was added 1.0 g. of semicarbazide hydrochloride and 1.0 g. 
of potassium acetate and this solution was heated on the 
steam bath for 1 hr. There was obtained 0.63 g. (32%) of 
the semicarbazone, m.p. 227-229" dec. Upon recrystalliza- 
tion from ethanol, yellow, silky crystals were obtained, m.p. 
228-229' dec. The infrared spectrum shows absorption 
peaks at  3450(m) cm.-', 3150(m) shoulder, 1725(s), 1670(m), 
1610(m), 1595(m), 1555(m) in the range from 4000 cm.-l to 
1300 em.-' 

Anal .  Calcd. for C10H11Ns0.1/2H20: C, 53.08; H, 4.90. 
Found: C, 53.11; H, 5.05. 

Oxidation of 1,2-dihydro-4-cinnolinecarboxaldehyde semi- 
carbazone. A mixture of 0.15 g. of 1,2-dihydro-4-cinnoline- 
carboxaldehyde semicarbazone and 0.1 g. of selenium dioxide 
in 15 ml. of pyridine was heated to 100' for 3 hr. with stirring. 
The selenium was removed by filtration, the solvent evapo- 
rated in vacuo and the residue recrystallized from ethanol. 
There was obtained 0.08 g. of yellow granules, m.p. 233-234' 
dec. A mixed melting point with a sample of this compound 
prepared by the previously described method showed no 
depression. The infrared spectrum was identical with that 
for I11 described above. 

Oxidation of 4-methylcinnoline with selenium dioxide. A 
mixture of 1.0 g. of 4-methylcinnoline and 1.8 g. of selenium 
dioxide in 15 ml. of dioxane was refluxed with stirring for 
10.5 hr. The reaction mixture was diluted with ether, fil- 
tered and evaporated in vacuo. The residue was dissolved 
in 10 ml. of ethanol, treated with charcoal and filtered. 
To this ethanolic solution was added a solution containing 
0.8 g. of semicarbazide hydrochloride, 0.8 g. of potassium 
acetate and 1 ml. of water in 5 ml. of ethanol and the mix- 
ture refluxed for 10 min. The hot solution was treated with 
charcoal, filtered, concentrated, and water added. There 
was obtained 0.1 g. (7%) of yellow crystals, m.p. 233' dec., 
of 4-cinnolinecarboxaldehyde semicarbazone identical in all 
respects with the other samples of this compound prepared 
by the two previous methods. 
4-Methyl-l,Z-dihydrocinnoline. (XVI). (a) B y  reduction 

with l i thium aluminum hydride. To a suspension of 0.76 g. 
of lithium aluminum hydride in 76 ml. of ether was added 
1.4 g. of 4-methylcinnoline. The mixture was refluxed with 
stirring for 2 hr. Wet ether and methanol were added, the 
mixture filtered, evaporated, and the residue distilled under 
reduced pressure. There was obtained 1.2 g. of pale yellow 
distillate, boiling a t  94-99" a t  0.2 mm., m.p. 58-62'. Upon 
recrystallization from petroleum ether (b.p. 60-90') 0.98 
g. of colorless needles, m.p. 64-65', of Pmethyl-l,2-dihydro- 
cinnoline was obtained. The infrared spectrum shows 
absorption peaks a t  3340(m) cm.-', 1625(w), 1585(m), 
1340(m), 1295(m), 1260(m), 1245(m), 119O(w), 1150(w), 
1080(m), 1055(w), 1040(m), 1020(w), 988(w), 943(w), 875(w), 
847(m), 795(w), 752(s). 

Anal .  Calcd. for COH10N2: C, 73.96; H, 6.90; N, 19.15. 
Found: C, 74.12; H, 7.20; N, 18.82. 

The picrate, m.p. 165-168', was formed in brown granules 
from ethanol. 

Anal .  Calcd. for C16H13NaO7: C, 48.00; H, 3.49; N, 18.66. 
Found: C, 48.01; B, 3.69; N, 18.62. 

5-Methyl-8, IS-dihydrophthalazino [Z,S-a] cinnoline-8,l S- 
dione. (XVIII). In order to establish further the identity of 
4-methyl-l,2-dihydrocinnoline, a solution of 0.14 g. of XVI 
and 0.15 g. of phthalic anhydride in 1 ml. of pyridine was 
refluxed for 4 hr. The reaction mixture was diluted with 
benzene and washed first with dilute hydrochloric acid solu- 
tion and then with dilute sodium carbonate solution. After 
evaporation of the solvent, 0.2 g. of an orange solid was ob- 
tained, m.p. 183-184'. Recrystallization from a benzene- 
ether mixture gave yellowish orange needles, m.p. 185-186'. 
The infrared spectrum shows absorption peaks a t  1665 
(v.s.) cm.-', 1610(m), 1580(w), 1490(w), 1450(s), 1390(w), 
1335(s), 1305(w), 1290(s) 1275(m), 1235(m), 1145(w), 1105 
(w),  812(m), 795(s), 753(s), 744(m), 725(w), 708(s), 680(m). 

Anal .  Calcd. for C1vH21N202: C, 73.89; H, 4.38; N, 10.14.. 
Found: C, 74.01; H, 4.36; N, 10.17. 

( b )  Reduction of 4-methylcinnoline with l i thium tri-t-butoxy- 
aluminohydride. To a suspension of 0.38 g. of lithium alumi-- 
num hydride in 15 ml. of bis-2-ethoxyethyl ether was added' 
2.2 g. of t-butyl alcohol and the reaction mixture was stirred 
at  room temperature for 0.5 hr. It was then cooled in a Dry 
Ice-trichloroethylene bath for 1 hr. A solution of 1.4 g. of 
4-methylcinnoline in 10 ml. of bis-2-ethoxyethyl ether was 
added to the cold solution of the hydride over a period of 
30 min. This mixture was then stirred at  room temperature 
for 1 hr. Ethanol and moist ether were added, the mixture 
was treated with charcoal, and filtered. There was obtainecf 
1.2 g. of a semisolid substance boiling at  108-121" a t  0.1 
mm. The distillate was dissolved in 10 ml. of ether and 
cooled in a Dry Ice bath whereupon a solid separated. This 
solid proved to be 0.6 g. of 4-methylcinnoline and was re- 
moved by filtration. The filtrate was concentrated to about, 
0.5 g. of a syrup. This was added t o  0.5 g. of phthalic an- 
hydride in 5 ml. of pyridine and the mixture heated a t  140" 
for 4 hr. The product was worked up as described above 
giving 0.6 g. of a neutral compound, m.p. 182-184'. On 
admixture with XVIII, there was no depression of the 
melting point and the infrared spectrum was the same. 

Oxidation of 4-methy1-1,Z-dihydrocinnoline (XVI) to 4- 
methylcinnoline (VII). A mixture of 0.2 g. of 4-methyl-1,Z- 
dihydrocinnoline and 0.2 g. of 5% palladium on charcoal 
in 5 ml. of benzene was refluxed for 8 hr. After atration and 
evaporation a syrup was obtained, which upon treatment 
with picric acid formed 0.37 g. of a picrate, m.p. about 165". 
The picrate was recrystallized twice from ethanol (charcoal 
treatment) to give 0.21 g. of yellow crystals, m.p. 177-179'. 
On admixture with an authentic specimen of 4-methyl- 
cinnoline picrate,g there was no depression of the melting 
point and the infrared spectrum was identical with that of 
authentic 4-methylcinnoline picrate. The infrared spectrum 
shows absorption peaks at  1640(m) cm.-', 1625(m), 1575(m), 
1560(m), 1510(m) shoulder, 1385(m), 1340(m), 1315(m), 
1275(m), 1240(m), 1160(m), 1080(m), 1035(m), 943(m),, 
927(m), 915(m), 885(m), 815(m), 700(m), 780(m), 74i(m), 
i24(m), 710(m). 

4-dleth,  yl-1 ,Z,S,&etrah ydrocin noline (XVII ). A solution of 
0.65 g. of 4-methyl-l,2-dihydrocinnoline in 10 ml. of glacial 
acetic acid was reduced at  atmospheric pressure in the 
presence of 0.1 g. of Adams' catalyst. One molar equivalent 
of hydrogen was absorbed during 2.5 hr. The mixture wa3 
filtered, washed with water and made alkaline with sodium 
hydroxide. The oily precipitate was taken up in ether. There 
was obtained 0.48 g. of a syrup boiling a t  84-83' at 0.02 mm. 
A picrate was prepared from a portion of this residue, 
yellowish brown granules from ethano1-ether mixture, m.p. 
109-1 10" dec. The infrared spectrum shows absorption 
peaks at  3280(m) cm.-l, 2950(m), 1610(m), 1585(m), 

(9) C. M. Atkinson and J. C. E. Simpson, J. Chem. SOC. 
811 (1947). 
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149O(s), 1450(s), 1370(w), 1320(m), 1300(m), 1260(m), 
118o(w), 116O(w), 1135(w), 1075(w), 1035(w), 1010(w), 
950(w), 753(s). This spectrum was determined on the liquid 
without Nujol. 

A d .  Calcd. for c&a& C, 47.75; H, 4.00; N, 18.56. 
Found: C, 47.89; H, 4.35; N, 18.28. 

5-Methy15,6,8,1 S-kirahgdrqhihlazino [2,3-a] einnoline- 
8,13-dh. (XIX). The procedure for the preparation of this 
compound was the same as that described for XVIII. 
There was obtained 027  g. of a neutral compound, m.p. 
108-110° from 0.2 g. of XVII. The yellow granules had a 
m.p. of 11O-11lo when recrystallized from ether. The 
infrared spectrum w u  different from that of XVIII. The 
infrared spectrum shows absorption peaks a t  167qw) cm.-1, 
l w m ) ,  1605(w), 1590(w), 1410(m), 1350(m), 1335(m), 
1315(m), 1280(m), 1240(m), 1175(w), 1135(m), 1030(w), 
975(w), 795(m), 760(m), 755(w), 740(w), 717(w), 693(m). 

A d .  Calcd. for C17H,,N,4: C, 73.36; H, 5.07; N, 10.06. 
Found: C, 73.24; H, 5.12; N, 9.96. 
4-Cinndylmethylpymlinium iodide (VIII). A solution of 

28.8 g. of Pmethylcinnoline and 56 g. of iodine in 300 ml. 
of pyridine was refluxed with stirring for 3 hr. during which 
time the dark red solution turned green. After cooling the 
solution 800 ml. of benzene was added and the slurry stirred 
for 5 min. The product was removed by filtration and mashed 
with benzene. The green solid was added to 300 ml. of boiling 
water, treated with charcoal, and the charcoal removed by 
filtration. The charcoal was washed with 100 ml. of hot 
water and the filtrate and washings combined and reduced 
to a volume of 200 mi. in vaeuo. On standing overnight in the 
refrigerator, there was obtained 48.9 g. (70%) of light green 
crystals, m.p. 185-186" dec. When recrystallized from 
ethanol, pale yellow prisms, m.p. 186-187" dec., were ob- 
tained. The infrared spectrum shows absorption peaks a t  
163O(w) em.-', 1575(w), 1420(m), 1320(m), 1215(w), 

875(w), 85O(w), 825(w), 770(s), 725(s), 677(s). 
Anal. Calcd. for Cl,HuNJ.l/,H~O: C, 47.53; H, 3.56; N, 

11.88. Found: C, 47.47; H, 3.26; N, 11.95. 
N ,  N-oimeUrl l l -N' - (d- l~ l~hylenetpphen ylenedi- 

amine N'-ozide (IX). A suspension of 45.4 g. of VI11 and 
19.5 g. of pnitrosodimethylaniline in 500 ml. of water was 
heated with stirring until a ciesr solution was obtained; 
then a solution of 10.4 g. of sodium hydroxide in 100 ml. of 
water waa added with stirring, whereupon the dark green 
solution turned brown. The solution ww stirred for an addi- 
tional 30 min. After cooling the reaction mixture, the sepa- 
rated .solid was removed by filtration, washed with water, 
and dried a t  100". There was obtained 34.9 g. (92%) of a 
brown powder, m.p. 184-185' dec. Brown needles, m.p. 
191-192" dec., were obtained after crystahation from 
ethanol. The infrared spectrum shows absorption peaks a t  
1610(m) cm.-', 1540(m), 1515(m), 1395(w), 129o(w), 
1235(w), 1180(m), 1165(m), 1115(w), 109o(w), 1075(w), 

1185(m), 1150(m), loSO(w), 970(w), 935(w), W w ) ,  

95o(w), 923(w), 907(w), W W ) ,  W W ) ,  815(W)l 795(w), 
7%"), 728(w). 

A d .  Calcd. for c1&,"0: C, 69.84; H, 6.52; N, 19.20. 
Found: C, 69.50; H, 5.56; N, 19.76. 

4-Cinnolineua-g& hydrazone (X). TO a stirred 
suspension of 2.0 g. of IX in 25 ml. of water was added 25 
ml. of 2N hydrochloric acid solution, whereupon the solution 
became red. After the solution was stirred for 30 min., 20% 
hydrazine solution was added until the pH of the solution was 
7. The precipitate was filtered and washed with water and 
ethanol. There was obtained 1.1 g. (93%) of a green solid, 
m.p. 292-294" dec. Upon recrystabation from dimethyl- 
formamide, yellow needlq m.p. 297" dec., were obtained. 
The infra& spectrum shows absorption peaks a t  1620(w) 
em.-', 1570(w), 1410(w), 1335(w), 126o(w), 1185(w), 

83O(w), 795(w), 790(w), 767b). 
And .  Calcd. for C-,: C, 62.77; H, 4.68; Found: C, 

1175(~), 1130(~), 1100(w), 104O(W), W m ) ,  %5(W), 

62.85; H, 5.21. 

4-Cinnol i~-y& (III). To a SUB- 
pension of 1.6 g. of I X  in 20 ml. of water was added 20 ml. 
of 2N hydrochloric acid solution and this mixture was 
stirred for 30 min. A mixture of 0.8 g. of semicarbazide 
hydrochloride and 4.8 g. of potassium acetate was added to 
the acid solution and the mixture heated on the s t "  bath 
for 5 min. The precipitate was co1iecter.l by suction filtration 
and successively washed with dilute sodium carbonate solu- 
tion, water, and then ethanol. There was obtained 1.1 g. 
(quantitative yield) of yellow crystals, m.p. 233-234" dec. 
When admixed with previous samples of III no depresgion 
in melting point was okrved and the infrared spectrum was 
identical. 

4-Cinnolineuadwmldehyde (XI). To a stirred solution of 
8.7 g. of X in 76 ml. of 4.N hydrochloric acid solution, to 
which 20 ml. of ether was added to prevent foaming, was 
added a solution containing 6.8 g. of sodium nitrite in 15 ml. of 
water a t  0-2" over a period of 1 hr. The mixture was stirred 
a t  about 5" for an additional 1 hr. The solution was treated 
with charcoal, filtered and the filtrate evaporated to a volume 
of 20 ml. while kept below50" in mew. The concentrated wlu- 
tion was made alkaline with potssSium carbonate and ex- 
tracted with benzene. The benzene solution was evaporated 
to dryness in mcw while kept below 40". There was obtained 
5.25 g. (66%) of yellow crystals, m.p. 145-147". Upon recrye- 
tallbation from benzenepetroleum ether (30-60"), yellow 
needles, m.p. 147-149", were obtained. The aldehyde is not 
stable on standing. The infrared spectrum shows absorption 
peaks a t  169x8) em.-', 1620(w), 1550(w), 1525(w), 1510(m), 
138O(w), 1245(w), 119O(w), llWs), 1090(w), 1050(m), 
935(w), 920(w), 825(w), 762(s), 72qm). 

A d .  Calcd. for C,H&O: C, 68.34; H, 3.82. Found: 
C, 68.70; H, 4.12. 

The semicarbazone and the hydrazone were both prepared 
from 4cinnolinecarboxaldehyde in the usual manner. 
Both of these compounds, when mixed with the respective 
authentic samples as described above, did not depms the 
melting point. The infrared spectrum of each was identical 
with those described above for each of them compounda. 

& X " r - y &  2 , 4 4 i n i & u p h e n y L h y ~  
( X I ) .  To 10 ml. of ethanol were added 0.1 g. of XI, 0.14 g 
2,Pdinitrophenylhydra9ine, and 0.4 ml. of 50% acetic acid 
and the mixture was refluxed for 10 min. After cooling the 
reaction mixture there was obtained 0.19 g. of orange 
crystals, m.p. 316-317" dec. Recry&dlhtion from di- 
methylformamide gave orange needles, m.p. 316-317" dec. 
The infrared spectrum shows absorption paks at 3300(m) 
em.-', 1620(m), lsoo(m), 1590(s), 1550(m), 1515(m), 
1495(s), 1410(m), 133O(s), 1310(s), 1290(m), 1265(s), 
1220(s), 1185(w), 1165(w), 1145(s), 1110(w), ~WW), 
106o(w), 935(m), 918(m), W m ) ,  837(w), 773(8),740(m), 
720(m), W W ) .  

A d .  Calcd. for C & & J & :  C, 53-25; H, 2.98. Found: 
C, 53.51; H, 2.89. 

.&%noli-* ozime (Xm). To 2 ml. of 
ethanol were added 0.06 g. of hydroxylamine sulfate, 0.05 g. 
of potassium carbonate in 0.5 ml. of water and the aolution 
was fltered. To this 6ltered solution 0.1 g. of XI w88 added 
and the mixture refluxed for 10 min. After concentration of the 
solution, water waa added to precipitate 0.1 g. of the oxime, 
m.p. 221-222" dec. Orange needla, m.p. 223" dec., were 
obtained by recryatdimtion from ethanol. The infrared 
spectnun shows absorption peaks at 1-w) em.-', 1565(m), 
1550(m), 1520(m), 1335(m), 1280(m), 126O(w), 1175(m), 
1140(m), 1115(m), 1060(m), 1005(d, 975(m), W m ) ,  
fwm),  7"), 775(8). 

A d .  Calcd. for C,H,NIO: C, 62.41; H, 407. Found: C, 
62.31; H, 3.87. 

4 - ( . % ? - N ~ o e & n y l ~ d i n e  (XIV).  To a solution of 2.4 g. 
of XI and 1.0 g. of nitromethane in 7.5 ml. of ethanol was 
added 0.72 g. of sodium hydroxide in 3.5 ml. of water at 5". 
The reaction mixture was stirred at 5 O  for 20 min. and then 
1.0 g. of acetic scid in 20 ml. of n t e r  WBB added. The yellow- 
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7-Substituted 7E-purineS1 

JOHN A. MONTGOMERY AND KA” HEXSON 

RGwioad June 6 , lMl  

A general method for the preparation of 7-mbetituted 7H-pUrinee has been developed. The key eteps in th ia eyntheeie 
are the dl+tion of N-(4+”&pyrimidinyl)fo”idm in Nfl-dimethylformamide followed by ring closure in thia 
medium. 

Although the syntheses of a number of 7-substi- 
tuted 7H-purines have appeared in the literature, 
none of the methods employed is generally appli- 
cable to the preparation of this type of compound. 
For example, a variety of 2,6disubstituted 7- 
methyl-7H-purines have been prepared from 2,6- 
dichlop7-methyl-7H-purine2-‘ which in turn is 
obtained by the phosphorus oxgchloride chlorina- 
tion of theobromine! Thus theae compounds come 
from a natural product and are limited to 7- 
methyL7H-purines. Another method of preparation 
of 7-methylpurinest7 depends on the cyclization 
of N,”dimethyloxamide to l-methy14khloroimid- 

In addition to being lengthy, this method 
is also confmed to 7-metJryL7H-purines. Other 7- 
substituted 7H-purines have been prepared by the 
N-alkylation of purines.’ In the case of theophyl- 
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line, and closely related compounds,’o a variety of 
7-substituted derivatives have been prepared in 
good yield, but in most c88e8 the directive influence 
of the pyrimidine substituents give rise to a mix- 
ture of 7- and %isomers, with the 4 i m e r  pre- 
d~mina t jng .~*~~  In these cases, although the %isomer 
can usually be obtained pure, the 7-isomer ususlly 
m o t  be” and, therefore, this approach, with 
one or two exception~,~J~ is not applicable as a 
practical method of preparation of 7-substituted 

We have now developed a synthesis of this type 
of compound that seems to have wide potential 
application. This method depends upon the alkyla- 
tion of N-(4-a”&pyrimidinyl)formamides (V- 
VIII) with an alkyl halide and potassium carbonate 
in N,N-dimethylfor”ide, a solvent which has 
proven its utility in many other alkylations.1~1* This 
reaction was h t  applied to N-[4”-6(benzyl- 
thio)-5pyrimidinyl]formamide 01’ and a-chlore 
toluene and was carried out at room temperature 
giving a good yield of N-[4-amin&(bemylthio)- 
5-pyrimidinyl]-N-benzylformamide (E). Cycliza- 
tion of this compound to 7-benzyl-6(benzylthio)- 
7H-purine was accomplished by heating it 
in f o d d e .  Although the reaction solution dis- 
colored badly, a good yield of the purine was iso- 
lated. 

In order to extend this reaction to chloropyrjmi- 
dines, it wss nemsmuy to prepare the requisite 5- 
pyrimidinylfonnamides (VII and VIII). Since it is 
known that the chlorine atoms of these pyrimidines 
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