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washed, and dried; -weight, 0.68 g.; n1.p. 137-173'; Beil- 
stein halogen test, negative. The infrared spectrum showed 
peaks a t  2.93 (hydroxyl), 5.89 (carbonyl), 6.03 (conjugated 
carbonyl), and 6.19 p (carbon-carbon double bond), but 
no acetate bands. Kumerous variations in the above pro- 
cedure gave similar poor results 

(b) Bg chromous chloride. To a solution of 500 mg. of VI1 
in 100 ml. of acetone at  room temperature nvas ~ l 0 ~ 1 y  added 
40 ml. of chromous chloride solution. Reduction was 
virtually instantaneous, as judged by color. Water (200 
ml.) was added and the acetone was removed under reduced 
pressure. The resulting suspension of crystals was chilled 
and filtered, yielding 400 mg. (98y6) of material giving a 
negative Beilstein halogen test and melting at  140-155" 
after softening a t  1150.13 To complete the isomerization of 
the double bond, 100 mg. of the material was dissolved in 2 
ml. of ethanol and 6 drops of N sulfuric acid in ethanol was 
added. The solution was refluxed for 6 min., then diluted 
with water. The progesterone was collected, washed, and 
dried; yield, 90 mg.; m.p. 120.5-122', undepressed on ad- 
mixture with authentic material; infrared spectrum identical 
with that of authentic material. 

17a-Hydroxyproyesttroe (S). The oxidation of 5a,6P- 
dichloro-3~,17a-dihydroxypregnan-20-one (I) was carried 
out. essentially as described for the preparation of IV. The 
yield 0' crude 5a,6P-dichloro-17a-hydroxypregnane-3,20- 
dione ( [X) was 60-70%, and the material decomposed 
unsharply in the range 145-170". Chromous chloride reduc- 
tion in refluxing acetone gave a halogen-free product rvhose 
infrared spectrum showed a t  peak at  5.78 p, indicating that 
the oxidation product had contained a considerable amount 

(13) 5-Pregnene-3,20-dione is reportedg to melt at 158- 
160'. 

-- 

of 17-ketone due to cleavage of the side chain. Isomeriza- 
tion with a trace of acid followed by recrystallization from 
methanol gave 17~~-hydroxyprogesterone, m.p. 219-222' 
(lit.,14 222-223'). The yield from I was about 30%. 
SP,l7~~-Dihydroxy-6-pregnen-2O-me (XI)  was prepared in 

80% yield by the reduction of 5 g. of I in 500 ml. of acetone 
with 400 ml. of chromous chloride solution. Recrystallized 
from methanol, the material melted a t  262-268' (lit.,lS 
2il-273"). 

3~,17a,4l-Trihydroxyd-pregnen-20-one 21-acetate (XII).  
Reduction of 10 g. of I11 in 250 ml. of acetone with 500 mi. 
of chromous chloride solution by heating for 5 min. a t  the 
reflux temperature afforded 8.0 g. (94%) of crude XI1 
This %-as recrystallized twice from acetonitrile, the first 
time involving a charcoal treatment, then from methanol, 
and finally again from acetonitrile to give 3.96 g. of XII, 
m.p. 209-213' (lit.,lO 211-213'). Acetylation of XI1 with 
acetic anhydride in pyridine gave the 3,2l-diacetate, m.p. 
196-199" 195'). 
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A variety of 6-substituted 5,6,7,8-tetrahydroquinazolines were prepared in n-hich the substituents a t  2 and 4 were mercap- 
tohydroxy, dihydroxy, dichloro, diamino, and bis(henzy1amino). The use of the dichloro-, diamino-, and bis(benzy1amino)- 
5,6,i,&tetrahydroquinazolines in synthetic schemes designed to prepare intermediates for the synthesis of 5,8-dideaza- 
5,6,7,8-tetrahydroarninopterin, is described. 

In  a preceding work of this series2 the synthesis 
of 5,8-clideaza-5,6,7,8-tetrahydrofolic acid (I) was 
described. The key compound in the synthesis of 

TOOH 
C H ~ N H ~ C O N H F H  - 

H*N A ?% N ICH, 2 

COOH 
I. R = OH 

11. R = NH2 

(1) This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Institute, Contract Yo. SA-43-ph-1892. For the pre- 
ceding paper of this series, cf. E. J. Reist, P. A. Hart, L. 
Goodman, and B. R .  Baker, J .  Am. Chem. SOC., 81, 5176 
(1959). 

(2) R. Koehler, L. Goodman, J. DeGrax, and B. R. 
Baker, J. Am. Chem. SOC.,  80,5779 (1958). 

I was 2-amino-5,G,7,8-tetrahydro-4-hydroxy-G-quifi- 
azolinecarboxylic acid (TWI). In  the course of that 
work a number of other substituted 5,G,7,8- 
tetrahydroquinazolines were prepared and, sub- 
sequent to that work, many more such compounds 
have been synthesized as part of an attempted 
synthesis of 5,8-dideaza-5,G,7,8-tetrahydroamin- 
opterin (11)) the 4-amino analog of I. Although the 
work has not achieved the synthesis of 11, the in- 
teresting chemistry involved prompts a description 
of the observations. 

Condensation of dimethyl 4-oxo-1,3-cyclohex- 
anedicarboxylate (111) with thiourea proceeded 
readily in the presence of sodium methoxide to give 
a good yield of methyl 5,6,7,8-tetrahydro-4- 
hydroxy-2-mercapto-6-quinazolinecarboxylate (V). 
In  contrast with the condensation of I11 with 
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guanidine, there was no evidence for the presence of 
the 6-carboxylic acid (IX) in the product. When 
the crude product from the condensation of I11 
and thiourea was saponified, the acid IX mas iso- 
lated as a chromatographically homogeneous solid 
in 87% over-all yield. The acid (IX) was converted 
to the acid chloride (XIV) with thionyl chloride 
and a trace of pyridine and XIV, in turn, was con- 
verted in low yield to the diethylamide (XI). 

The ester (V) was coiiverted to the 2-methylthio 
derivative (VI) by means of dimethyl sulfate in 
methanolic sodium methoxide. Compound T'I 
vias unstable in 0.1 41 hydrochloric acid and slowly 
changed to, presumably, the 2,4-dihydroxytetra- 
hydroquinazoline ester (TIT), This wa? showi by 
the coincidence of the ultraviolet absorption spectra 
of T-I anti the 2,4dihydroxy acid (X) after the 
dilute acid solution of V I  had stood for about 20 hr. 

V. R = SH VIII. R = FH, 
VI. R = MeS IX. R = SH 

X. R = OH VI1.R = OH 

?H 

XI. R = SH, X = Et 
XII. R = OH, X = Et 

XIII. R = OH, X = H 

XIV. R = SH 
XV. R = OH 

Although it is known that 2-alkylthio groups on a 
pyrimidine ring are hydrolyzed in hot the 
mildness of the hydrolytic conditions for T'I is 
surprising. 

The condensation of I11 with urea in the presence 
of sodium methoxide gave a mixture of products 
which was converted to the 2,4-dihydroxy acid 
(X) in fair yield by a further treatment with 
aqueous alkali. Attempted isolation of the direct 
product of the urea condensation, the methyl ester 
(VII), from the condensation mixture was un- 
successful. However, the acid (X) was converted 
to the crystalline n-butyl ester (ITT) in high yield. 
Conversion of the acid (X) to  the acid chloride 
(XV) was accomplished with thionyl chloride and 
a trace of pyridine. The crude acid chloride was 

(3) H. L. Wheeler and T. B. Johnson, Am. Chem. J., 29, 
492 (1903); H. L. Wheeler and G. S. Jamieson, Am. Chem. J., 
32, 349 (1904); T. B. Johnson and A. W. Joyce, J .  Am. 
Chem. SOC., 37,2151 (1915). 

converted to the diethylamide (XII) and to the 
carboxamide (XIII). 

Two routes leading to the diaminotetrahydro- 
quinazoline ring system, of which I1 rvas the de- 
sired end product, were visualized. chlorination of 
the aminohydroxy acid (VIII) to the 2-amino-4- 
cliloro acid, followed by amination to the di- 
amino acid (XVIII), appeared to be one practical 
sequence, aiid chlorination of the dihydroxy acid 
(X) to the dichloro acid (XVI), followed by amina- 
tion to XT'III, seemed to represent a second 
method. However, attempts to  achieve the chlori- 
nation of TI11 using phosphoryl chloride and a 
variety of conditions gave heterogeneous products, 
while chlorination of X with phosphoryl chloride 
proceeded snioothly and gave a good yield of the 
Crystalline dichloro acid (XVI). Amination of XT'I 
with ethanolic ammonia a t  150" gave the diamino 
acid (XVIII) as a chromatographically homo- 
geneous solid. The acid (XVIII) could be con- 
verted to the n-butyl ester (XXIII) in good yield, 
but a number of attempts to convert the ester 
(XXIII) to  amides n-ere unsuccessful. The ester 
(XXIII) was smoothly acetylated n-ith acetic 

J. 
c1 C1 

XXII I .R=H XXIV. R = H 
XXIIIa. R = Ac XXIVa. R=p-CH1C6H,SOz 

A N b c o N R , . ;  -CIA\ y:bcoL 
HzN 

XXV. Ri= Rz= H 
XXVI. R1= R2= Et 

XX. Ri= Rz= H 
XXI. R1= Rz=Et 

XXVII. R i=  H,  XXII. R: = H 
R = P-ClCBH4 R = p-ClCsH4 

(4) H. C. Brown and B. C. Subba Rao, J. Am. Chem. SOC., 
77,3164 (1955). 
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anhydride to the diacetamido ester (XXIIJa) ; 
the N-acetyl groups represented, possibly, blocking 
groups for some other contemplated transforma- 
tions using diaminotetrahydroquinazoliiie deriva- 
tives. The butyl ester (XXIII), either as the free 
base or as the p-toluenesulfonic acid salt, was re- 
duced to the diamino-6-hydroxymeth~-l compound 
(XXIT') by means of the sodium borohydride- 
aluminum chloride reagent first reported by 
Brown .ind Subba Rao4 and used previously in the 
reduction of butyl 2-amino-5,6,7,8-tetrahydro-4- 
hydroxy-6-quinazolinecarboxylate. However, com- 
pound XXIV was not useful as a precursor for 11. 
A number of attempts to convert XXIV to the 6- 
chlororrtethyl compound by means of thionyl 
chloride were unsuccessful, as Tvere a variety of 
attempts to form the 6-bromomethyl compound 
x i th  hydrogen bromide and hydrogen bromide- 
sulfuric acid combinations. The p-toluenesulfonate 
ester (AXXIYa) of XXIV could be prepared but 
in such low yield that the approach to I1 through 
the tosylate was not practical. This same situation 
also wts true for the preparation of the 6-p- 
toluenesulfonate ester of 2-amino-5,6,7,8-tetra- 
hydro-4 -hydroxy-6-quinazolinemethanol. 

The cliamino acid (XVIII) could not be converted 
to an acid chloride by means of thionyl chloride un- 
der a variety of conditions. Alternately, however, a 
number of amides mere prepared in good yield from 
the acid chloride (XT'IJ) of the dichloroacid (XVT). 
The carboxamide (XX) was prepared from XVII 
in amnionia-saturated acetonitrile a t  0", the di- 
ethylamide (XXI) was prepared in refluxing meth- 
ylene cliloride, and the p-chloroanilide (XXII) was 
prepared in methylene chloride in the presence of 
pyridins a t  room temperature. Cnder these condi- 
tions there was no tendency for replacement of the 
ring chlorines of XTX. Ammonolysis of the amides 
(XX, XXI, and XXII) in ethanol a t  150" gave good 
yields of the diamino amides (XXT.', XXVI, and 
XXVII, respectively). As expwted, no amide inter- 
change occurred. 

The 'ability of the ring chlorines of XVI under 
acid conditions was demonstrated in several at- 
tempts to prepare esters of XVI. The use of ethane- 
sulfonic acid and butyl alcohol gave the dihydroxy 
butyl e5ter (IT') and the reaction of the acid chlo- 
ride (XVII) with methanol gave replacement of the 
ring chlorines by methoxyl. When pyridine was 
used as an acid acceptor in the reaction of XVII 
with methanol, the product could not be purified. 

The .a id  chloride (XVII) was reduced to  the 6- 
hydroxymethyl compound (XIX) with sodium 
borohydride in diglyme5 a t  -20". At this tempera- 
ture ring dechlorination and reduction of the pyri- 
midine ring were minimized and fair yields of XIX 
could be isolated. The reduction of the dichloro 
acid (XVI) with the sodium borohydride-alumi- 
num chloride combination was unsuccessful. A 
~- 

( 5 )  The dimethyl ether of diethylene glycol. 

number of attempts were made to oxidize XIX to  
the 6-aldehyde, which, in turn, could probably be 
ammonolyzed to 2,4-diamino-5,6,7,8-tetrahydro-6- 
quinazolinecarboxaldehyde, a probable precursor 
for 11. The chromic acid-pyridine reagent of Poos16 
et al., gave only tars and no reaction was observed 
with the sodium dichromate-acetic acid method of 
Friedman.' Attempts to reduce the acid chloride 
(XVII) to the dichloro aldehyde by the Rosenmund 
method or with lithium tri-t-butoxyaluminum 
hydride* were unsuccessful. The latter method gave 
mostly alcohol (XIX), even a t  -75". 

The utility of 2,4-bis- (benzylamino)-5,6,7,8-tetra- 
hydro-6-quinazolinemethanol (XXVIII) in the 
preparation of precursors of I1 was next investi- 
gated on the assumption that the benzyl groups 
could be removed a t  a later step in the synthesis. 
The alcohol (XXVIII) was prepared in high yield 
by the treatment of dichloro alcohol (XIX) with 
benzylamine a t  150". Thionyl chloride readily con- 

x b c H 2 0 H  - HA, N%cH20H 

XHCH-m 

C I A  QCH& s 
XIX XSYIII  

V 

NHCHzp 

- .  
XXIX xxx. x = c1 

XXXI. X = Br 

verted the alcohol (XXVIII) to the chloromethyl 
compound (XXX) and phosphorus tribromide con- 
verted XXVIII to the bromomethyl compound 
(XXXI). Reaction of the bromomethyl derivative 
(-1) with X-(p-aminobenzoyl) glutamic acid 
(PABGB) or the dimethyl ester of PABGA gave 
crude products which did not contain the desired 
precursors of I1 and which could not be purified to 
any well-defined compounds. Reaction of XXXI 
with p-aminobenzoic acid (PABA) gave a product 
which was insoluble in both acid and base and 
therefore could not have been the simple product of 
alkylation of PABA. 

Two attempts were made to prepare 2,4-bis(ben- 
zylamino)-5,6,7,8- tetrahydro- 6 - quinazolinecarbox- 
aldehyde (XXIX) , whose reductive coupling with 
PABGA might be expected to give the dibenzyl 
precursor of IIS9 Reaction of the bromo compound 
(-1) with pyridine N-oxide and treatment of 

(6) G. I. Poos, G. E. Arth, R. E. Beyler. and L. H. Sarett, 

( 7 )  Dr. L. Friedman, New York L-niversity, private 

(81 H. C. Brown and R. F. McFarlin. J .  Am. Chem. Soc.. 

J .  Am. Chem. SOC., 75,422 (1953). 

communication. 

78; 252 (1956). 

and M. Tischler, J .  Am.  Chem. SOC., 77, 6365 (1955). 
(9) M. Sleteinger, D. Rheinhold, J. Grier, M. Beachem, 



KOVEMBER 1939 POTEXTIAL ASTICASCER AGESTS. XXIV 1635 

c1 C1 

XXXIY 

Cl 

XXXIII 

1 
NHCH2.I 

XXXVIII J XXXVI 

XXXYII 

the crude product with aqueous sodium hydroxidelo 
failed to give any aldehyde. Hydrogenation of the 
bis(benzy1amino) nitrile (XXXIII) in the presence 
of 1Y,N'-diphenylethylenediamine according to the 
method of Plieninger" resulted in the uptake of 
about 8OCG of the theoretical amount of hydrogen 
but acid treatment of the residue, the supposed 
imidazolidine. gave no aldehyde. The nitrile 
(XXXIII) w a s  prepared by conversion of the di- 
chloro amide iXX) t o  the dichloro nitrile (-11) 
with phosphoryl chloride and reaction of the nitrile 
(XXXII) with ethanolic benzylamine a t  150". 
Reaction of the dichloro nitrile (XXXII) with al- 
coholic ammonia a t  150" gave the diamino nitrile 
(XXXIV) . However, the synthesis of 2,4-diamino- 
3,6,7,8-tetrahydro-6-carboxaldehyde has been suc- 
cessful and will be reported in a future paper. 

In  order to investigate the utility of the benzyl 
group as it blocking group in reactions directed to- 
ward the synthesis of 11, the bis(benzy1amino) 
acid (XXXT') TTas prepared by mild treatment of 
the dichloro acid (XVI) with benzylamine, or by 
hydrolysis of the dibenzyl nitrile (XXXIII). Ex- 
tended treatment of the dichloro acid (XT'I) with 
benzylamine gave another compound whose infra- 
red spectrum suggested it to be the bis(benzy1a- 
mino) benzylamide (XXXTTI), The bis( benzyla- 

Chem., 22,1135(1957). 

- 

(10) T V .  Feeley, IT. Lehn, and V. Boekelheide, J .  Org. 

(11) H.  Plieninger and B. Kiefer, Ber., 90, 617 (195;). 

mino) acid (XXXY) with thionyl chloride gave the 
acid chloride (XXXYIII) which, without purifi- 
cation, was converted to the diethylamide 
(XXXT'II). Attempts to remore the benzyl groups 
from XXXT'II by hydrogenation to give the dia- 
mino amide (XXT-) n-ere unsuccessful; there was no 
hydrogenolyqis of the benzyl groups but only re- 
duction of the pyrimidine ring v-hen platinum oxide 
Jyas used as the catalyst. A number of cases have 
been reported where benzylamiiio groups do not 
undergo hydrogenolysis. 

EXPERIMENTAL' 

Methyl ~,6,~,8-tetrahydro-~-hydrox~-Z-naercapto-6-quiii- 
azolinecarboxylate (V).  A mixture of 2.14 g. (10 mmoles) of 
dimethyl 4-oxo-1,3-cyclohexanedicarboxylate (111)) 1.20 g. 
(16 mmoles) of thiourea, and 16 ml. of methanolic 1 31 so- 
dium methoxide was heated under reflux for 3 hr. Water 
(40 ml.) was added, the solution was acidified with acetic. 
acid, and the resulting precipitate was collected, washed 
with water, and air-dried to give 1.75 g. (73y0) of product, 
m.p. 273-2'74". A portion of the crude product was recrya- 
tallized from ethyl alcohol-X,iC'-dimethylformamide and 
again from S,nT-dimethylformamide to give white crystals, 
m.p. 269-271O; A",:,,, 2.94 and 3.15 ( S H ,  OH), 5.i8 
(ester C=O), 6.05 and 6.42 (pyrimidine ring), 8.25 (ester 
C-0-C); A::&,, 276 ( E  25,200). On paper chroma- 
tography in either solvent A or C the product shon-ed B 

single spot with R4d 1.67 and RAd 1.59, respectively. 
Anal. Calcd. for C10H12S203S: C, 50.0; H. 5.00. Found: 

C, 49.6; H, 5.13. 
5,6,Y ,8-Tetrahydra-k-h ydroxy-2-mercapto-6-puinazolineca~- 

bozylzc acid (IX). h mixture containing double the amounts 
of reagents used in the preparation of V %-as heated under 
reflux for 3 hr., then allowed to stand overnight. After 5 ml. 
of 5oyO aqueous sodium hydroxide had been added, the mix- 
ture was refluxed 1.5 hr. The heavy precipitate that formed 

(12) J. A. Carbon, J .  Am. Chem. Sac., 80, GO83 (1958); 
R. G. Jones, J .  -4m. Chenz. Sac., 71, 383 (1949); V. du Vig- 
neaud and 0. K. Behrens, J .  Biol. Chem., 117, 27 (1937). 

(13)  Boiling and melting points are uncorrected; the latter 
were obtained XT-ith the Fisher-Johns Apparatus. Paper chro- 
matography was done by the descending technique, usually 
on Khatman S o .  1 paper, and the spots n-ere detected by 
visual examination under ultraviolet light. Adenine was used 
as a standard and the spots were located relative to R A ~  1.00. 
These solvent systems were used: A, l 4  methyl Cellosolve-HsO 
(9: 1);  B,l5 5% aqueous Sa2HP04 (no organic phase); C,16 

E," HzO sat'd. n-BuOH; F,'* benzene-Skellysolve C- 
RleOH-H20 (3.3:6.7:8:2); when Schleicher & Schuell 
acetylated paper was used, solvent system G,19 benzene- 
MeOH-H20 (2 : 6 : 1) was employed. 

Infrared absorption assignments for the common func- 
tional groups were made in accordance Kith the data of 
Bel larn~;~3 those of the substituted pyrimidine rings n-ere 
made according to the consistent bands noted in a given 
series (i.e., diamino, dihydroxy, dichloro, etc.) in this and 
in the previous paper.2 

(14) A. E. Bender, Biochem. J . ,  48, xv (1951) (Proc. 
Biochemical Society). 

(15) C. E .  Carter, J .  Ana. Chem. Sac., 72, 1835 (1950). 
(16) D. 11. Bronn, A. Todd, and S. T'aradarajan, J .  

(17) J. G. Buchanan, C. -4. Dekker, and X. G. Long, J .  

(18) I. E. Bush, Biochem. J . ,  50,  370 (1952 I .  
(19) T. Wieland and IT. Kracht, Angew. Chenz., 69, 1 i 2  

~~BuOH-HOAC-H~O (5: 2:  3); D, TL-BuOH-~N~\",OH; 

Chem. Sac., 2388 (1956). 

Chenz. Sac., 3162 (1950). 

(1957). 
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dissolved upon the addition of 30 ml. of water. The cooled 
solution was adjusted to  pH 4 with concentrated hydro- 
chloric acid; the odor of hydrogen sulfide was noticeable. 
The precipitate was collected, washed with water, and 
dried to  give 3.94 g. (87%) of product, m.p. >300°. A por- 
tion of this product (0.20 g.) was dissolved in 4 ml. of satu- 
rated aqueous sodium bicarbonate and the solution filtered. 
The fi1tr:tte was acidified with acetic acid to give 0.14 g. 
(617,) of product, m.p. >ROO0; AI::!,,) 2.94 and 3.15 (NH, 
OH), 3.7.5-3.89 (OH of COOH, SH), 5.77 (shouldrr, C=O 
of carhosyl), 5.95 and 6.40 (pyrimidine ring); h ~ ~ & ,  217 
i e  13,700), 278 ( E  19,700). On paper chromatography in 
o!vent A the prodiict shoved a single spot, wit,h Rad 1.24. 

Snal. Calcd. for CgHloX;z03S: C, 47.8; H, 4.42; N, 13.3. 
Found: C', 37.4; H, 4.53; S,  12.4, 12.3. 

S,~V-Diethyl-5,fi,7,8-tetrah~~lro-4-hyrlroxy-~-nzercapto-6- 
yzLi,tazolinecarbozurn~de (SI) .  A suspension of 0.23 g. (1 
mmole) of 5,617,8-tetrahytlro-4-hydroxy-2-mercapto-6-quin- 
azolinecarbosylic acid ( IX)  in 4 ml. of anhydrous ether, 
1.46 ml. (0.02 mole) of thionyl chloride, and 0.02 ml. of 
pyridine was stirred overnight. After addition of 20 ml. of 
anhydrocs ether, the precipitate was collected and vashed 
with tE-0 5-ml. portions of ether. The crude acid chloride 
(XIV) was added to a solution of 0.32 g. (4.2 mmolee) of 
diethylamine in 6 nil. of reagent acetone and the result,ing 
suspension n-as stirred for 2.5 hr. The mixture was evapo- 
rated to dryness in vacuo and the residue was washed with 
10 ml. of rrater and air-dried to give 0.11 g. (40y0) of a dark 
brown solid, m.p. 272-276'. Both paper chromatography 
and infrared spectrum indicated this material to be essen- 
tially thi: same as the purified product described below. 
The criide product (0.10 g.) was recrystallized from ethyl 
alcohol and mater to givr 0.09 g .  of a tan solid which, in turn, 
mas diPwlved in 15 ml. of sntmited sodium hicarbonat,e 
solution, drcolorizptl with Sorit ,  and reprecipitated n-ith 
0.1 JI hydrochloric ncid to yield 0.04 g. (leyo over-all 
yield) of solid, m.p. 286.5-287'; X ~ ~ ~ , w  2.90 and 3.19 (SH,  
OH), 6.12 (amide C=O and pyrimidine ring). On paper 
chromatcgraphy in solvent .A the product showed a single 
spot p-ith R A ~  1.37. 

Anal. Calcd. for Cl,Hl~9,02S: C, 55.5; H, 6.76; IT, 14.9. 
Found: C, 55.3; H, 6.90; N, 14.9. 

Methyl 6,6,7,8-tetrah1~dro-/t-hydroxy-b-(methylthio)-6- 
pzLinazolinccoibozi/lnte (VI).  To a stirred solution of 0.25 g. 
( 1.0 mmole) of methyl 5j6,7,8-tetrahydro-4hydroxy-2-mer- 
capt~o-6-qriinazolinecarboxylnte (V)  in 1.05 mi. of metha- 
nolic 1 d l  sodium methoxide was added dropwise 0.13 g. 
(1.0 mm.,le) of dimethyl sulfat'e. After the solution had 
st,ood 10 minutes the white solid which had precipitated 
was collected and washed. The crude product was treated 
Xyith hot aqueous sodiiini bicarbonate solution to remove 
iinchangtd V and t,here remaind 0.10 g. (40%) of crude 
Z'I, m.p. 371-274'. The an:ilytical sample mas ohtained 
by recrj,stallizntion from methanol-ll',.V-tlimethylfornia- 
mide (?:?I, m.p. 277-280'; X:Z(,,) 2.95 (OH), 5.78 (ester 
C=O), 6.11 :mtl 6.50 (pyrimidine ring), 8.18 (ester C-O- 
C). In  the uhiviolet .  fresh i.nliitions of VI gave the follom- 
ing resiilx: 230 ( e  O F X I ) ,  253 ( E  IO,AOO),  270-375 
( e  9670); and A ~ ~ ~ & , ~  318 ( E  l6,100), 252 ( E  9750), 270-275 
i e  7030). -4fter st,anding 3 clays the acid solut,ion gave 
X ~ ~ , ~ m u ,  2117 ( e  9840), 266 ( E  8440), which is in good agree- 
ment with the acid spectrum of X (v ide  infra); there was 
cssentially no change in the alkaline solution. On paper 
cnhromatcgraphy in solvents A or C, the product showed a 
single spot with R A d  1.65 or 1.72, respectively. 

Anal. Calcd. for CI,H1,N2O3S: C, 52.0; H, 5.51; N,  11.0. 
Found: C!, 52.3;  H, 5.63; N, 11.0. 

5,6,7,8-Tetmh ytlro-b,~-dihydroxy-6-quinazolinecarboxylic 
acid (X). A mixture of 4.28 g. (0.02 mole) of dimethyl 4-OXO- 
1,3-cycloliexanedicarbo~~~late (III), 1.92 g. (0.032 mole) of 
iirea, and 32 ml. of 1 M sodium methoxide was refluxed 
3-2/3 hr.. then allowed to stand overnight. After the addi- 
tion of 5 ml. of 500/, sodium hydroxide, the reaction mixture 
was refluxed for 2 hr. Then 30 ml. of water was added and 

the solution was acidified n%h 6 AI hydrochloric acid with 
cooling. The resulting white precipitate was filtered and 
washed with mater to give 2.34 g. (55 .77 , )  of product, m.p. 
>300". ;In analytical sample was obtained by solution of 
the crude product in saturated aqueous sodium bicarbonate 
filtration, and reprecipitation m-ith acetic acid (over-all 
yield 31%), m.p. >300'; 2.90 and 3.15 (XH, OH), 
5.79 (carboxyl C=O and pyrimidine C=O), 6.05 (pyrimi- 
dine C=O); 207 ( E  10,700), 267 i e  9300); h~'~&,  
217 ( E  12,700), 275 ( E  6300). On paper chromatography in  
solvents A or C,, the product shoLved a siiigle spot, a t  R.4, 
1.02 or 1.00, respectively. 

Anal. Calcd. for C9H1ON2O4: C, 51.4; II, 4.76: X, 13.3. 
Found: C, 51.9; H, 4.78; N, 13.3. 
-4 large-scale run employing 500 g. of IietonP (111) give 

270 g. (55.4%) of dihydroxyacid (X). 
Butyl 5,6,7,8-tetrahydro-~,~-tlihydroxy-6-rlui,lnrolinec~r- 

bosylnte (IV). A mixture of 0.5 g. (2.4 mmoles) of 5,6,7,8- 
tetrahydro-2,4-dihydroxy-6-q~iinazolinecarboxylic acid (I), 
0.57 g. (3 mmoles) of p-toluenesulfonic acid monohydrate, 
and 23 ml. of butyl alcohol was refluxed 3.25 hr., then al- 
lowed to stand overnight a t  room temperature. The addi- 
tion of 20 ml. of saturated aqueous sodium bicarbonate gave 
2 layers and a suspended solid. The solid was filtered from 
t,he liquid phases, washed n-ith 5 ml. of aqueous sodium 
hicarbonate solution and with water, and air-dried to give 
0.13 g. of product, m.p. 260-265'. The two layers in the fil- 
trate were separated. The upper layer mas washed n-ith 10 
ml. of saturated aqueous sodium bicarbonate, then n-ith 10 
mi. of water, then concentrated to dryness in z'aczm. The 
residue n'as suspended in 10 ml. of water and filtered to give 
0.36 g. of product, m.p. 265' (total yield i 870 ) .  An analyti- 
cal sample was obtained by heating 0.30 g. of crude product 
in 3 ml. of saturated aqueous sodium bicarhonate solut'ion. 
The solid was removed by filtration, wshed  Ti-ith 10 ml. of 
water, then recrystallized from iY,X-dimcthylformamide- 
water to give white crystals, m.p. 273-374'; X ~ ~ ~ i p ,  2.89 and 
3.15 (NH, OH), 5.76 (ester C=O), 5.87 and 6.00 (pyrimi- 
dine C=O), 8.43 (ester C-0-C). On paper chroma- 
tography in solvent A, the product gave a single spot at  

A n d .  Calcd. for CljHl~?j,04: C, 58.6; H, 6.76; N, 10.5. 
Found: C, 58.4; H, 6.90; N, 10.5. 

X,.Y-Diethyl-5,6,7,8-tetrahydro-2,4-dihi~droxy-6-qu inazo- 
l inecarbomrnide (XII).  To a suspension of 0.21 g. (1 mmole) 
of ~5,6,7,8-tetrahydro-2,4-dihydroxy-6-quinazolinecar~~osylic 
acid (X)  in 4 ml. of anhydroue ether containing 0.02 nil. of 
pyridine was added 1.46 ml. (0.02 mole) of thionyl chloride. 
The mixture, protected from moisture, was stirred 5 hr., 
then 10 ml. of ether was added. The solid n-as collected on a 
filter, washed 2 times wit'h 10-ml. portions of ether, and 
added immediately to 6 ml. of acetone cont,aining 0.45 nil. 
(4.2 mmoles) of diethylamine. After being stirred for 1.5 hr. 
and standing overnight, the reaction mixture was concen- 
trated in vucuo. To the residue n-as added 10 ml. of 11-at'er. 
The irieolu1,le solid was collected on a filter, washed Tvith 
water, and air-dried; yield 0.21 g. (Slyo), n1.p. >300'. The 
crudr product KRE n-ashed vi th  3 ml. of ,saturated sodium 
bicarhonnte solution and with 5 ml. of cold witer, then re- 
crystallized from 35 ml. of hot m t e r  to give 0.12 g. (48%: 

-4nal. Calcd. for C13H1&303.H*O: C, 55.1; H ,  7.42. Foiind: 
C, 5R.3; H, T.16. 

!Then the material WRS redried a t  140" in high vacuum, 
the anhytlroiis amide was obtained, 2.90 and 3.19 
(NH, OH), 5.80 and 6.12 (amide C=O and pyrimidine 
C=O). On paper chromatography in solvents .A or C, the 
product shomd a single spot at, R,Ad 1.35 and 1.44, respec- 
tively. 

Anal. Calcd. for ClaH19S303: C, 58.9; H, 7.17; K, 15.9. 
Found: C, 59.0; H, 7.38; S, 16.1. 

6,6,7,8-Tetrah~dro-2,~-dihydrox~-6-qu~inazolinecarboxamide 
(XIII) .  The acid chloride (XV) was prepared from 0.50 g. 
(2.4 mmolee) of j,6,7,8-tetrah3.dro-2,4-~ihydroxy-G-quin- 

Rad 1.51, 
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azolinecarboxylic acid (X), 5 ml. of thionyl chloride, and 
0.27 ml. of pyridine according to the procedure detailed for 
the preparation of XII.  The crude acid chloride was sus- 
pended in 12 ml. of reagent acetone and the suspension was 
saturated with dry ammonia during 20 min. The mixture 
was concentrated to dryness in vacuo and the residue was 
washed with 10 nil. of imter and air-dried to yield 0.47 g. 
(9470) of a solid m-hich failed to melt a t  300'. Paper chroma- 
tography indicated that the crude product was cont>aminated 
with the 6-carbosylic acid (S). The crude product, was ex- 
tracted with 15 nil. of sat.urated sodium bicarbonate solu- 
tion and t,he resicliie, n-hich mas insoluble in organic solvents, 
\vas dissolved in 3 ml. of cold 10% aqueous sodium hydrox- 
ide, decolorized with Sorit, and reprecipitated with 6 -11 
hydrcrchloric acid. The solid was extracted with 3 ml. of hot 
saturated aqueous sodium bicarbonate solution, filtered, 
vashed with water, and air-dried to yield 0.24 g. (487,) of 
solid, n1.p. >300"; 2.90 and 3.15 (NH, OH), 5.86 
and 6.05 (amide C=O and pyrimidine C=O). On paper 
chromstogrnphy in solvent C t.he product gave a single spot 
v:ith RAcl 0.52 hiit, n-itli some streaking from the origin. 

3nri1. Calrd. for C~Hl,S,03: C, 51.7; H, 5.26; N, 20.1. 
Found: C, 51.5; H, 5.45; S,  19.9. 
2,~-Di~lil~)~o-~,6,7,S-tetrahydro-6-quinazolineearbox~l~c acid 

(XVI). A niixture of 10.0 g. (48 mmoles) of 5,6,7,8-tetra- 
liydro-2,~-dihydroxy-6-qiiinazolinecarboxylic acid (X)  and 
200 ml. of 1)honphoryl chloride was heated under reflux for 
2.5 hr. Most, of the phosphoryl chloride was evaporated 
at 50" using a water pump vacuum and the sirupy residue 
was poured, with stirring, over 250 g. of ice and water. 
Stirring TVBE continued for 30 min. to hydrolyze any acid 
chloride and. the resulting fine suspension was filtered. The 
filtrate was extracted with 50 ml. of chloroform and the fil- 
t,ered solid \vas extracted with two 50-ml. portions of chloro- 
form, filtering wch time. The combined chloroform ex- 
tracts \\-ere comlincd, dried Over magnesium sulfate, and 
waporated lo leave 7.0 g. (61 7,) of crude product. This rims 
recrystallized from 50 ml. of benzene-chloroform (2 :  1) to 
give 5 3 3  g. (47cpC) of product, m.p. 158-160, and a second 
crop of 0.54 g. ( 5 c / t )  of product, m.p. 161-164". The aiidyti- 
cal sample \v:zs 'obtained by furtjher recrystallization, m.p. 
159-160'; 5.77 and 5.90 (carboxyl C=O), 6.45 
and 6.55 (aromatic pyiiniidine); X Q 5 " ~ a t ~ ~ , , 1  218 (E SOOO), 
267 (E 5100); A::& 2 18 ( E  8500), 268 ( E  6000). On paper 
chromatogra,phy in solveiit I), the product showed a single 
Fpot at XAd 0.97. 

/lncd. Cal~rtl. for CJI8C12S~02: C, 43.7; H, 3.26; N, 11.3. 
Found: C, 4;<.9; H, 3.09; N, 11.:3. 

A large-scale run employing 270 g. of the dihydroxy acid 
( X )  gave 984 g. (88.5yo) of dichloro acid (XVI). 

~,~-Diamino-.~,~~7,8-tei~i~h,ytlro-6-yiiiiiaiolinecorboxylic acid 
(XITIII). To 10 ml. of :ibsolute ethyl alcohol, previously 
saturated Kith dry ammoni:L at  0", was added 1.00 g. (4.0 
mmoirs) of dichloro acid ( S V I )  and the solution vas heated 
a t  150' for 15 hr. in a st:tiiileas steel bomb. The bomb was 
cooled and the solut,ion was transferred and evaporated in 
tmcito. Tke rwiilue \vas dissolved in 35 nil. of water, t,he solu- 
tion was extriwttd vc-ith 5 nil. of chloroform, anti t.he pH of 
the solution m s  adjiisted to 6-7 n-ith 6 A t  hydrochloric acid. 
Upon stxiiding, 0.49 g. (5857G) of crystals deposited and n-ere 
collected. These m r e  redissolved in 1 '$1 hydrochloric acid, 
t,he solution T T ~ S  derolorizcd with Xorit, and, after filtration 
and neutralization of the filtrate, 0.15 g. (18Yc) of pure 
XVIII, m.p. >300", was obt,ained as a cryst:illine solid; 
A,.,,p, 2.98 and i3.12 ("2, S H ) ,  6.00 (carboxyl C=O and 
NH2), 6.35 (pyrimidine ring); XLy&p) 273 ( E  7000); 
385 ( E  6400). On paper chromatography in solvent I), the 
product moved as a single spot n-ith R A ~  0.40. 

Anal. Calcd. for C9H1&402.1/2H20: C, 49.8; H, 6.04; N, 
25.8. Found: C, 49.9; H, 5.67; N, 25.8. 

A large-scale run employing 100 g. of dichlora acid (XVI)  
gave 67.8 g.  (80.-Lc?,) of diamino acid (XT'III). 

Butyl 2~~-ilia~ni~~o-~~,h',~~8-tctr~h~~clro-6-yuinclzolinecarboxyl- 
ate (XXIII ) .  .\ mistiirtl of 1.00 g. (4.8 mnioles) of diamino 

KBr 

acid (XVIII), 1.3 g. (12 mmoles) of ethanesulfonic acid, 
and 32 mi. of butyl alcohol was heated to boiling and 20 
ml. of distillate mas collected during 1.5 hr. The solution 
was cooled to .50° and poured into 25 ml. of saturated so- 
dium bicarbonate solution. The butyl alcohol layer was 
separated, washed with an equal volume of water, and 
dried over mcignesium sulfate. The filtrate was evaporated 
in vacuo to leitve 0.90 g. of residue, Khich m-as extracted 
with 20 ml. of benzene leaving 0.71 g. (567,) of XSII I ,  
1n.p. 160-163". Previously, by using p-toluenesulfonic acid, 
an analytical sample had been obt:tined after recrystalli- 
zation from ethyl alcohol, m.p. 162-163"; A ~ ~ & ,  2.87, 2.98, 
and 3.15 (SH) ,  5.75 (est>er C-O), 6.15 (KHz),  6.30 and G.%3 
(pyrimidine ring), 8.55 (ester C-0-C); AmnxlmP) 2% 

Anal. Calcd. for C13H20N402: C, 59.1; H, 7.63; S! 21.9. 
Found: C, 58.7; H, 7.54; S,  21.5. 

A mixture of 10.0 g. (48 mmoles) of diamino acid (XVIII),  
21.9 g. (0.11 mole) of p-toluenesulfonic acid (monohydrat'e), 
and 350 ml. of butyl alcohol was heated to boiling and 
235 ml. of distillate collected. The solution, upon chilling, 
deposited 21.4 g. (100%) of product,, which was recrystal- 
lized from 200 ml. of 95% et,hyl alcohol to give 14 g. (66%) 
of the p-t,oluenesulfonic acid salt of XXIII,  m.p. 203-206'. 
The analytical sample had m.p. 204-206O; A~~~, , ,  2.95 and 
3.15 ( S H ) ,  5.76 (ester C=O), 5.95-6.30 and 6.60 (pyrimi- 
dine ring), 8.2-8.5 (ester C-0-C and sulfonate ion), 9.65 
and 9.85 (sulfonate ion). 

Anal. Calcd. for C20HdT10SS: C, 55.1; H, 6.46; S, 7.35. 
Found: C, 55.2; H, 6.40; S, 7.37. 

Butyl  b,~-diacetamitlo-~,6,~~~-tetl.ahydro-fi-tuina~olinec~~r- 
boxylate (XXIIIa).  A mixture of 0.50 g. (1.9 mmoles) of 
butyl ester (XXIII )  and 4.0 nil. of acetic anhydride was 
heated for 10 minutes on the st.eam bath, complete solution 
resulting. The solution n-ne evaporated to dryness in vacuo 
and the residue was dissolved in 10 nil. of chloroform. The 
chloroform solut'ion was washed n-it,h 5 ml. of satiirated 
sodium bicarbonate solution and 10 nil. of water and was 
dried over magnesium sulfate. Evaporation of the chloro- 
form in vacuo gave a white residue which was recrystallized 
from 5 ml. of benzene to yield 0.55 g. (837,) of product, 
m.p. 160-162". -4 second recrystallization from benzene gave 
the analytical sample, m.p. 163-165"; A::&,, 3.05-3.15 
(NH), 5.80 (ester C=O), 6.00 (amide C=O), 6.30 a i d  6.70 
(pyrimidine ring), 8.30 and 8.45 (est,er and amide C-O'i: 

Anal. Calcd. for C,:HZ41'\T4O4: C, 58.6; H, 6.94; X, 16.1. 
Found: C, 58.9; H, 7.11; N, 16.3. 

2~~-Dianiino-5,ij,~,8-tetrah~d~o-fi-yitinnzolinen~~thalzol 
(XSIT'). To 13.0 ml. of diglyme,' previously dried by dis- 
tillat,ion over lithium aluminum hydride, cooled to 0-5', was 
1.0 g. (7.5 mmoles) of anhydrous aluminum chloride tincl 
the misture was stirred until the salt had dissolved. Sodium 
borohydride (0.85 g., 23.6 mmoles) vas e.dded and the mis- 
ture was stirred until almost all the hydride had dissolved. 
A suspension of 1.0 g. (3.8 mmoles) of butyl ester ( S X I I I )  
in 10 ml. of dry diglyme was added dropwise and with good 
etirring over a period of 15 minrites, n-hile thc. temperature 
was maintained below 20". The resulting solution v-as 
st,irred at  room temperature for 50 minutes mid \XIS poured 
over 50 g. of ice. The aqueous solution was acidified with 
1.0 ml. of concentrated sulfuric acid, adjusted to pH 5 with 
5.0 ml. of 10% aqueous sodium hydroxide, and evaporated 
to dryness in vacuo at  about 60'. The residue was ponrdered 
and extracted with boiling methanol for 4 hr. in a Soxhlet 
apparatus. The methanol extract xas evaporated to dry- 
ness in vacuo and the residue (2.0 g.) was dissolved in 15 
nil. of water, the solution filtered, and the filtrate adjusted 
to pH 10 nit'h saturated sodium carbonate solution. The 
solution was chilled and the crystalline product, 0.49 g. 
(677,), was collected and recrystallized from water t,o give 
the analytical sample, m.p. 260-270" (dec.); A::&,) 2.95 
(XH, OH), 6.15 and 6.30 (pyrimidine ring), 9.55 (alcohol 
C-0); A::&,) 274 ( e  7580), A~~&,, 285 (E 7500). On paper 

85% EtOiI 

(E 7100), A.m,',:,p, 274 (E 7100). 

A85% EtOH 
naxln,p) 230 ( E  23,800), 282 ( E  7530). 
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chromatography in solvent C, the product showed a single 

Anal. Calcd. for C ~ H I ~ N O :  C, 55.6; HI 7.27; N, 28.8. 
Found: C, 55.7; H, 7.29; N, 28.2. 

1,~-Diamino-5,6,7,8-tetrahydro-6-quinazolinylmethyl p- 
toluenesulfonate (XXIVa). To a suspension of 0.50 g. (2.6 
mmoles) of diamino alcohol (XXIV) in 3 ml. of dry pyri- 
dine was added dropwise and with stirring a solution of 0.60 
g. (3.2 mmoles) of p-toluenesulfonyl chloride in 2 ml. of dry 
pyridine. The solution was stirred 10 minutes more until 
complete solution was attained, the temperature reaching 
35', and was cooled and poured into 30 ml. of water. To the 
aqueous solution was added 10% aqueous sodium hydroxide 
until the color changed from yellow to pink (pH 9-10). 
On chilling, 0.06 g. (6.77,) of product precipitated, m.p. 
186-188". I t  was recrystallized from 4 ml. of absolute ethanol 
to give 1,he analytical sample, m.p. 188-193'; 2.91- 
3.06 and 6.19 (XHZ), 6.35-6.40 and 6.95 (pyrimidine ring), 
7.41, 8.43 and 8.53 (0-sulfonate), 12.30 (p-disubstituted 
phenyl). 
Anal. Calcd. for C ~ ~ H Z O N ~ O ~ S :  C, 55.2;  H, 5.78; S, 9.21. 

Found: C, 55.1; H, 6.82; S, 8.28. 
There was insufficient sample for further purification. 

d,4-Dichloro-5,6,7,8-tetrahydro-6-~uinazolinecarboxamide 
(XXIX) .  -1 mixture of 0.50 g. (2.0 mmoles) of dichloro acid 
(XVI) and 3.0 ml. of phosphoryl chloride was heated under 
reflux for 1.8 hr. The solution was evaporated in vacuo and 
the residue was dissolved in 4.0 ml. of dry acetonitrile. This 
solution was added dropwise, with stirring, to 3.0 ml. of 
acetonitrile xhich had been saturated with ammonia a t  
0". The solution was allowed to stand a t  room temperature 
for 15 hr. and was evaporated in vacuo. The residue was 
dissolved in 15 ml. of water and the pH adjusted to 9 with 
10yo aqueous sodium hydroxide. The precipitate, 0.44 g. 
(887,), 1n.p. 210-225", n-as collected, washed with wat.er, 
and dric:d.*" After several recrystallizations from ethyl 
alcohol-methanol (7: l ) ,  the analytical sample TTas ob- 
tained, n1.p. 220-225'; A",&, 2.95,3.00, 3.15 and 6.17 ("), 
6.00 (amide C=O), 6.43-6.50 (pyrimidine ring); X ~ ~ ( ~ ~ ~  
218 ( e  9800): 267 ( E  6230). On paper chromatography in sol- 
vent E, 7,he product showed a single spot with R.&d 2.0. 
Anal. Calcd. for CsHdClZN30: C, 43.9; H, 3.69; C1, 28.8. 

Found: (3, 44.2; H,  3.89; C1, 28.6. 
B,4-l)ichloro-S,N-diethyl-5,6,7,8-tetrah ydro-6-quinazoline- 

carboxarr:ide (XXI). The dichloro acid chloride (XVII) was 
prepared as in the preparation of XX from 1.05 g. (4.1 
mmolesj of XVI and 6.0 ml. of phosphoryl chloride. It was 
dissolved in 5 ml. of dry methylene chloride and the solution 
x i s  cooled to 0-5'. h solution of 2.0 ml. (27 mmoles) of 
diethylainine in 2 ml. of methylene chloride was added 
dropwise during 5 minutes and the resulting solution was 
heated a t  reflux for 1 hr., allowed to stand a t  room temper- 
ature fo1 15 hr., and evaporated to dryness in vacuo. Water 
(15 ml.) was added to the gummy residue, which then solidi- 
fied on standing. The aqueous mixture was adjusted to pH 
9 with 10% aqueous sodium hydroxide and the precipitate 
was collected and washed with water to give 1.27 g. (lOOyo), 
m.p. 108-109". Recrystallization from benzene-hexane ( I  : 1) 
gave thc analyt'ical sample, m.p. 109-110'; X ~ ~ ~ ( p ,  6.10 
(amide C=O), 6.45-6.50 (pyrimidine ring); X a 5 % ~ ~ ~ 2 , ,  267 ( e  
5300). On paper chromatography in solvent F, the product 
moved as a single spot with RrZ1 0.85. 
Anal. Calcd. for C,,H,,Cl?N,O: C, 51.7; H, 5.68; C1, 23.5. 

Found: ( 2 ,  51.5; H,  5.67; C1, 23.4. 
S,4,4 '-Trichloro-5,6,7,8-tetrahydro-6-quinazolinecarboxani- 

l ide  (X?:IIj. The dichloro acid chloride (XVII) was pre- 

spot a t  RAd 0.83. 

(20) I n  a later preparation, the precipitate was triturated 
Rith 1 11C hydrochloric acid to remove traces of ring amin- 
ated ma-cerial and gave 40 g. (90%) of product, m.p. 225- 
227'. 

(21) Adenine does not move in solvent F and so no RAd 
value is possible. 

pared in the usual way from 0.50 g. (2.0 mmoles) of XVI 
and was dissolved in 2 ml. of methylene chloride. This solu- 
tion was added dropwise to an ice-cold solution of 0.50 g. 
(3.9 mmoles) of p-chloroaniline in 2 ml. of dry pyridine, 
the resulting solution was allowed to stand 15 hr. a t  room 
temperature and was poured over 20 g. of ice. The aqueous 
mixture was extracted with 15 ml. of chloroform and the 
chloroform solution was washed with 10 ml. of saturated 
sodium bicarbonate solution and then with 0.5 111 hydro- 
chloric acid until the washings remained acidic. On chilling 
the chloroform solution, 0.50 g. of product, m.p. 9i-104', 
crystallized and was collected. The mother liquors were 
evaporated in vacuo and the residue u-as recrystallized from 
3 ml. of chloroform yielding 0.15 g. more of crude XXII  and 
giving a total crude yield of 87y0. Several recrystallizations 
of the crude product from methanol-water gave the analyti- 
cal sample, which showed a double melting point of 88-96" 
and 164-166" and had Xi:& 3.05 (XH), 5.98 (amide C=O), 
6.25 and 6.67 (aryl), 6.50 (fi" and pyrimidine ring), 12.00 
(p-disubstituted phenyl); XEz(E1p," 252 ( e  23,800). On paper 
chromatography in solvent GI the product showed a single 

Anal. Calcd. for C ~ S H ~ Z C ~ ~ N ~ O :  C, 50.6; H, 3.39; C1, 
29.8. Found: C, 50.6; H, 3.62; C1, 29.4. 

2,d-Diarnino 5,6,7,8-tetrahydro-6-quinazolinecarboxarnide 
(XXV). To 15 ml. of absolute ethyl alcohol previously satu- 
rated with ammonia at  0' was added 1.0 g. (4.2 mmoles) 
of dichloro amide (XX)  and the mixture was heated at  
150' for 15 hr. in a stainless steel bomb. The cooled solution 
was transferred and evaporated in vacuo. Water (10 ml.) 
was added to the residue and the pH was adjusted to 1 with 
concentrated hydrochloric acid. The solution v a s  filtered, 
the filtrate was brought to pH 9-10 with 10% sodium hy- 
droxide and chilled, giving 0.55 g. (66y0) of' product, m.p. 
>300'. This was recrystallized from X.S-dimethylform- 
amide-water i 1 : 1) to give the analytical sample, m.p. >300° : 
Amax(,, 2.95 (NH), 6.00 (amide C=O), 6.20-6.35 (XH2, S H  
and pyrimidine ring); ALtx& 272 ( E  7230), AL:x;m,, ( E  

6280). On paper chromatography in solvent C, the product 
showed a single spot Kith RAd 1.20. 

And .  Calcd. for C&N&O: C, 52.2: H,  6.32; N, 33.8. 
Found: C, 51.7; H,  6.15; S,  32.8. 

dJ4-DiarninoN,~~-d~eth y1-5,6,7 8-tetrah ydro-6-quinazoline- 
carboxamide (XXVI). A mixture of 1.0 g. (3.4 mmoles) of 
dichloro amide (XXI)  in 10 ml. of ahsolute ethanolic 
ammonia (saturated at  0') was heated at 1-50' for 10 hr. in a 
stainless steel bomb. The cooled solution TWS transferred, 
evaporated in vacuo, and the residue was dissolved in 5 ml. 
of water. The solution was filtered and the filtrate adjusted 
to pH 10 with saturated sodium carbonate solution. The 
precipitate, 0.59 g. (68y0), was collected and w s  recrys- 
tallized from water to give the analytical sample, MThich 
showed a crystal transition at 70-75' and a double melting 
point of 115-118' and 231-234'; X:$, 3.00 (NH) ,  6.10 
(amide C=O and pyrimidine ring), 6.90 (pyrimidine ring) ~ 

C it showed a single spot with RAd 1.14. 
Anal. Calcd. for C13HLNbO: C, 59.3; H, 8.04; S,  26.6. 

Found: C, 59.1; H, 8.09; N, 26.3 
1,4-Diamino-4 '-chloro-5,6,7,8-tetrahydro-6-quinazolinecar- 

boxanilide (XXVII). The dichloro anilide (XXII),  1.0 g. 
(2.9 mmoles) m s  ammonolyzed by the procedure used for 
the preparation of XXS'I except that the time of heating 
was 15 hr. The solution was evaporated in vacuo and the 
residue was dissolved in 10 ml. of n-ater. The solution was 
brought to pH 10-11 with 107, aqueous sodium hydroxide 
and mrmed on the steam bath for 10 minutes. Sfter i t  had 
stood 3 hr. a t  room temperature, the mixture mas filtered 
and the precipitate Tyashed with water to give 0 48 g. (557") 
of product, which was recrystallized from 4 ml. of S,S- 
dimethylformamide-water (4: 1) to  give 0.44 g. (50y0) 
of product, m.p. 285-286'; 2.95-3.00 (YH), 5.92 
(amide C=O), 6.05 (SHZ), 6.30 and 6.70 (aryl), 6.50 (NH 
and pyrimidine ring), 6.95 (pyrimidine ring), 12.15 (p-disub- 

spot a t  RAd 1.23. 

XBr 

~ 0 5 %  mar(mp) EtOH 285 ( E  7250). On paper chromatography in solvenc 
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stituted phenyl). On paper chromatography in solvent C, 
the product showed a single spot with R A d  1.27. 

Anal. Calcd. for C15H1~C1N50: C, 56.7; H, 5.08; C1, 
11.2. Found: C, 56.6; H, 5.29; C1, 11.2. 

dJ4-Dichbro-6,6, 7,8-tetrah ydro-6-quinazolinemethanol 
(S IX) .  A mixture of 10.0 g. (40.5 mmoles) of dichloro acid 
( S V I )  and 50 ml. of phosphoryl chloride was heated under 
reflux for 2 hr.. evaporated in vacuo, and the residue dis- 
solved in 50 ml. of dry diglyme.5 The solution was added 
droprrise during 25 minutes to  a suspension of 3.0 g. (78 
mmoles) of sodium borohydride in 50 ml. of dry diglyme, 
cooled to -40' in a Dry Ice, carbon tetrachloride-chloro- 
form (95:5) bath. The temperature was maintained at  -20 
to  -15' during the addition, then was stirred 5 minutes 
longer a t  that temperature and poured into a mixture of 
300 ml. of saturated sodium bicarbonate solution and 200 g. 
of ice. The resulting solution was extracted with 250 ml. of 
chloroform, the chloroform was washed with 250 ml. of 
vater and \vas dried over magnesium sulfate. Evaporation 
of the chloroform zn vacuo left 6.4 g. of oil rrhich was taken 
up in 100 ml. of chloroform and the solution washed with 
20 ml. of saturated sodium bicarbonate solution and 100 
nil. of v ater, then dried over magnesium sulfate. Evapora- 
tion of the chloroform in vacuo left 4.9 g. (527,) of a vis- 
cous oil n-hich crystallized on standing but which resisted 
further purification efforts. It had A::(,,) 2.92 (OH), 6.50 
(pyrimidine ring), 9.30 (alcohol C-0), and 218 
( E  7300), 267 ( e  4700). 

Anal. Calcd. for CsHloC12S20: C, 46.6; H, 4.33; C1, 30.5. 
Found: C, 46.8; H,  4.82; C1,28.2,28.3. 

Compound XIX was unstable and lost hydrogen chloride 
slowly on standing at  room temperature. 

2,Q-Bis( benzylamino)] -6,6,7,8-tetrahydro-6-quinazoline- 
?nethand (SXVIII ) .  To a solution of 3.28 g. (14.1 mmoles) 
of dichloro alcohol ( S I X )  in 18 ml. of absolute ethyl alcohol 
was added 10 m1. (90 mmoles) of benzylamine and the mix- 
ture was heated at 150' for 15 hr. in a stainless steel bomb. 
The cooled solution was transferred, evaporated in vacuo, 
and to the residue \vas added 25 ml. of water. The aqueous 
mixture was extracted with 25 ml. of chloroform, the chloro- 
form solution mas dried over magnesium sulfate and evapo- 
rated in vacuo. The residue mas carefully triturated with 25 
ml. of hexane and the undissolved solid was recrystallized 
from 18 ml. of benzene-hexane (5:1), yielding 4.17 g. 
(79%) of product, m.p. 130-131'; A::&, 2.90 (OH), 3.05 
(SH) ,  6.30 (aryl and pyrimidine ring), 6.60 (aryl, pyrimidine 
ring, and S H ) ,  9.35 (alcohol C-0), 13.60 and 14.30 (mono- 
substituted phenyl). 

Anal. Calcd. for C23H26?;40: C, 73.8; H, 7.00; N, 15.0. 
Found: C, 73.8; H, 7.28; S, 14.7, 14.9. 

2,4-Bi4 benzylamino)-6-( chloromethyl)-5,6,7,S-tetrahydro- 
quinazoline (SSS). To 3.0 ml. of thionyl chloride was 
added 0.30 g. (0.80 mmole) of bis-(benzylamino) alcohol 
(XXVIII) and the mixture was heated under reflux for 2 
hr., evaporated in vacuo to about 1 ml., and poured over 10 
g. of ice. The niixture TTas extracted with 10 ml. of chloro- 
form, the (chloroform solution Fas mashed with 5 ml. of 
saturated sodium bicarbonate solution and 5 ml. of water, 
and dried over magnesium sulfate. The solution was evapo- 
rated in vacuo to give 0.25 g. (807,) of product, m.p. 138- 
140°, which T ~ S  recrystallized from 2 ml. of benzene to give 
0.15 g. (487c) of the analytical sample, m.p. 141-142'; 

ring), 6.45-6.60 (aryl, pyrimidine ring, and SH) ,  13.55- 
13.70 and 14.30 (monosubstituted phenyl). 

Anal. Calcd. for C23H~jClN4: C, 70.4; H, 6.42; C1, 9.04. 
Found: C, 70.9; H, 6.35; C1, 9.38. 

2,4-Bis( benzylanaino)-6-( bromomethyl)-5,6,7,8-tetrahydro- 
quinazoline (XXXI).  A mixture of 1.0 g. (2.7 mmoles) of 
bis-(benzylamino) alcohol (XXVIII) and 5 ml. of phos- 
phorus tribromide was heated with stirring for 2.5 hr. a t  
90-100". The solution was cooled and poured into 50 g. of 
ice and the resulting solution stirred for 15 minutes. The 
solution was extracted with 25 ml. of chloroform, which was 

AXE' mlu(P) 2.95 and 3.10 ( S H ) ,  6.27 (aryl and pyrimidine 

washed with 15 ml. of saturated sodium bicarbonate solu- 
tion and then 20 ml. of water, and dried over magnesium 
sulfate. The chloroform solution was evaporated zn vacuo 
to give 0.80 g. of white solid, which was recrystallized from 
6 ml. of benzene-hexane (9: I) to give 0.68 g. (58%) of prod- 
uct, m.p. 140-143". A further recrystallization gave the 
analytical sample, m.p. 140-143'; 2.90, 3.10 and 
6.50 (KH), 6.25-6.30 and 6.60 (aryl and pyrimidine ring), 
13.50 and 14.50 (monosubstituted phenyl); there was no 
alcohol C-0 band near 9.30. 

Anal. Calcd. for CzaH2bBrNa: C, 63.3; H, 5 77; S, 12.8. 
Found: C, 63.2; H, 5 66; N, 13.1. 

2,4-Dichloro-5,6,7,8 - tetrahydro - 6 - quinazolii2ecarbonztrzle 
(XXXII).  X mixture of 2.4 g. (10.0 mmoles) of dichloro 
amide (XXIX)  and 12 ml. of phosphoryl chloride was 
heated under reflux for 2 hr. The solution 11-as evaporated 
in vacuo and 15 ml. of cold water was added to  the residue 
The aqueous solution was extracted with 20 ml. of chloroform 
and the extract was washed Kith 15 ml. of saturated sodium 
bicarbonate solution, then 15 ml. of water, and dried over 
magnesium sulfate. The chloroform solution was evaporated 
zn vacuo leaving 2.18 g. of residue, which was recrystallized 
from 12 ml. of benzene-hexane (1 : l )  to yield 1.77 g. (80%) 
of product, m.p. 108-109'; A%(,,) 4.50 (C=N), 6.45 and 
6.55 (pyrimidine ring). 

Anal. Calcd. for CeHdXXa: C, 47.4; H, 3.09; C1, 31.1. 
Found: C, 47.4; H, 3.28; C1, 31.4. 

2,4-Bis( benzylamzno)-5,6,7,8-tetrahydro-6-yziznazolznecarbo- 
nitrzle (XXXIII).  To 5 ml. of a 3570 solution of benzyl- 
amine in absolute ethyl alcohol was added 0.50 g. (2.2 
mmoles) of dichloro nitrile (XXXII)  and the mixture was 
heated a t  150' for 9 hr. in a stainless steel bomb. The cooled 
solution vas transferred and evaporated in uacuo and the 
residue was thoroughly triturated a i th  20 ml. of water, 
then with 20 ml. of hexane. The undissolved solid was re- 
crystallized twice from toluene-ethyl alcohol ( 5 :  1) to give 
0.30 g. (37%) of product, m.p. 212-214'; 3.00 and 
3.10 (NH), 4.50 ( C z N ) ,  6.25-6.30 (aryl and pyrimidine 
ring), 6.50 ( S H  and pyrimidine ring), 13.65 and 14.30 
(monosubstituted phenyl). 

Anal. Calcd. for C2JH23Sh: C, 74.8; H, 6.28; S, 19.0. 
Found: C, 75.0; H, 6.29; N, 18.9. 

2 4 -  Dzamzno-5,6,7,8- tetrahydro - 7 - quinazolznecarbonitrzle 
(XXXIV). A mixture of 0.70 g. (3.1 mmoles) of dichloro- 
nitrile (XXXII)  and 7 ml. of absolute ethanolic ammonia 
solution (saturated at  0 ' )  was heated for 15 hr. a t  150" 
in a stainless steel bomb. The cooled solution v a s  trans- 
ferred, evaporated in vacuo, and the residue stirred in 10 
ml. of 0.1 M hydrochloric acid for 1 hr., most of the material 
remaining undissolved. The mixture was filtered and thc, 
filtrate adjusted to pH 10 n i th  10% aqueous sodium hy- 
droxide, giving 0.10 g. of white solid. The acid-insolublc> 
material Tyas stirred n i th  aqueous sodium hydroxide (pH 11 '), 
the mixture filtered, and the solid mashed thoroughly with 
water, yielding 0.35 g. of solid. The total of the crude solids 
(0.45 g ) was extracted with 2 ml. of hot S-S-dimethyl- 
formamide and the undissolved solid collectcbd to give 0.28 
g. (48%) of product, m p. >290°, 2.95 and 3 20 (NH) ,  
4.50 ( C E N ) ,  6.02 and 6.18 (SH& 6 35 and G 90 (pyrimidine 
ring). On paper chromatography in solvent C, the product 
moved as a single spot n-ith R4.d 0.90. 

Bnal. Calcd. for C9H11N5: C, 57.1: H, 5.86: S, 37 0. Found. 
C, 57.2; H, 6 00; S, 37.4, 37.7. 

2,4-Bis-( benzylamino)-6,6,7,8- tetrahydro - 6 - yziinazolznecar- 
borylic acid (XXXV). ( A )  A mixture of 0.50 g. (1.4 mmoles) 
of bis-(benzylamino) nitrile (XXXIII )  and 4 ml. of 257, 
aqueous sulfuric acid mas refluxed for 15 hr. The mixture 
was made basic with 107, aqueous sodium hydroxide until 
complete solution resulted (pH -12) and the product was 
reprecipitated with 0 5 M sulfuric acid by adjusting the 
pH to 4-5 The solid, 0.47 g. (907,) was recrystallized sev- 
eral times from N,N-dimethylformamide-water; the various 
recrystallization products showed widely variable melting 
points, 152-156', 214-219' and 168-195'. The sample for 
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analysis had m.p. 168-195’ and X ~ ~ ~ f : O l , , )  3.05 and 6.40 (NH), 
3.6-3.9 I broad carboxyl OH), 5.95 (carboxyl C=O),22 
6.05 (pyrimidine ring), 13.30 and 14.35 (monosubstituted 
phenyl). On paper chromatography in solvent C, the 
product moved as a single spot with RAd 1.50. 

Anal. Calcd. for C Z ~ H ~ ~ N ~ O Z :  C, 71.1; H, 6.23; N, 14 4. 
Found: C:, 70.2; H, 6.29; N, 14.1. 

(B) A better method of preparation of XXXV was avail- 
able by the reaction of 0.50 g. (2.0 mmoles) of dichloro acid 
(XS’I) with 2 ml. of benzylamine, the mixture heated for 
17 hr. on the steam bath. Water (10 ml.) was added to the 
residue along with enough 10% aqueous sodium hydroxide 
to dissolve all the solid. The basic solution was extracted 
with two 10-ml. portions of ethyl ether and was neutralized 
with glacial acetic acid. The precipitate, 780 mg. (loo%), 
was n-ashed and dried and shown to be identical with the 
acid from the nitrile hydrolysis by identical infrared spectraz3 
and paper chromatographic behavior. 

Khen the mixture of dichloro acid (XVI) and benzylamine 
was refluved for 3 hr., a solid product was obtained whose 
infrared spectrum suggested that i t  was the bis-(benzyl- 
amino) benzylamide (XXXVI). Bfter recrystallization 
from ethyl alcohol the compound melted at  169-170°; 

pyrimidirie ring), 6.56-6.68 (aryl, pyrimidine ring and 
NH), 13.68 and 14 33 (monosubstituted phenyl). There was 
no broad carboxyl OH absorption in the 3.5 t o  4.0 p region 
and the intensity of the 13.7 and 14.3 p bands was greater 
than in the acid (XXSV) spectrum. The material was not 
otherwise characterized. 

2,4-Bis-(benzylamino)- N , N  - diethyl -6,6,7,8- tetrahydro-6- 
quinazoliizecarbozamide (XXXVII). A mixture of 3.0 g. 
(7.8 mmcdes) of bis(benzy1amino) acid (SXXV)  and 7 mi. 
of thionyl chloride was heated under reflux for 45 minutes. 

Xmas+) KBr 2.95-3.05 (NH), 6.05 (amide C=O), 6.32 (aryl and 

The mixture was evaporated in  vacuo and two 5-ml. por- 
tions of benzene were separately evaporated in  vacuo from 
the residue. The final residue was dissolved in 20 ml. of 
methylene chloride and added dropwise to a stirred solution 
of 9 ml. of diethylamine in 10 ml. of methylene chloride. 
After the mixture had stood overnight, it was evaporated 
in  vacuo and 25 ml. of water was added to the residue. The 
aqueous mixture was extracted with 25 ml. of methylene 
chloride, the organic solution was washed with 20 ml. of 
0.1 Jl aqueous sodium hydroxide and two 20-ml. portions of 
water and was dried over magnesium sulfate. Evaporation 
of the methylene chloride solution left 3.1 g. of residue, which 
was recrystallized from 10 ml. of benzene to give 1.7 g. 
(5070) of product, m.p. 82-90’. A small amount of material 
was recrystallized from benzene-hexane (9 : 1) to give a solid, 
m.p. 82-85’; 3.00 and 6.52 (NH), 6.14 (amide C=Oi. 
6.30 (aryl and pyrimidine ring), 6.89 (pyrimidine ring), 
13.60 and 14.30 (monosubstituted phenyl). This material 
was not analytically pure. 

Anal. Calcd. for Cz,HsaNaO: C, 73.1; H, 7.50; N, 15.8 
Found: C, 74.1; H, 7.53;N, 15.3. 

httempts to cleave the benzyl groups of XXXT’II 171- 
hydrogenolysis to give the diamino amide (SXV)  were 
unsuecessful. The use of platinum oxide as catalyst gave :111 

excessive uptake of hydrogen but infrared examination 
of the product showed no loss of benzyl groups. The use of 
57, palladium-on-charcoal led to no uptake of hydrogen. 
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The reaction of chloromercuri derivatives of purines with the appropriately blocked derivatives of D-fructose has been 
utilized to synthesize 9-a-n-fructofuranosyladenine (11) and 9-P-D-fructopyranosyladenine (111). The stereochemistry of 
these ketose nucleoside condensations is discussed. 

As part of an intensive program on the synthesis 
of C’-methyl . and C’-hydroxymethylpentofuran- 
osyl nucleosides, the syntheses of a number of 
C6’-metliylpentofuranosyl nucleosides have heen re- 
ported from this Laboratory.2-6 A logical coiitinua- 
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