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534. New 5-Amiwglyomlines as Potential Adrenergic Agents. 
By H. BADER, J. D. DOWNER, and (MRs.) P. DRIVER. 

The preparation of a number of B-aminogl~-oxaIine hydrochlorides containing part of the 
%substituted ethylamine structure in the hetero-ring is described. -4 novel application of the 
Mannich reaction to the glyoxaline ring is also described, and a discussion on ultra-violet 
absorption spectra of the 5-aminoglyoxalines is given. The compounds are to be tested for 
sympathomimetic activity. 

WITH the exception of the carbonic acid derivatives for which “ pressor effects ” have been 
claimed (Fastier, Nature, 1944, IS, 429), compounds endowed with a true adrenergic or 
sympathomimetic action all appear to possess a stronglv basic character and the fundamental 
structure (I) where R is an alkyl, aromatic, or heterocyclic radical. 

(111.) 

The aim of the present work is to  find new drugs in this field possessing comparable activity 
to that of adrenaline and related compounds but without their instability and associated undesir- 
able side activities. It appeared to us that the most promising development might be the 
introduction of new ring systems in the basic structures, which incorporate the nitrogen atom 
in the ring. This development has already been successful in the employment of the dihydro- 
glyoxaline ring [e.g., Privine (11). which is now used clinically in peripheral vascular disorders] 
(Hartmann and Isler, Arch. Exp. Path. Pharm., 1939, 192, 141 ; Scholz, Ind. Eng. Clzem., 1945, 

This communication describes the preparation of a number of potential pressor amines of the 
type (111) with the nitrogen atoms of the basic structure (I) contained in a glyoxaline ring. 
The 6-aminoglyoxalines have been chosen because, unlike glyoxalines in general, which are 
conspicuously stable to degradative reagents, they are on the whole easily broken down under 
acid conditions. Existing information (Fargher and Pyman, J., 1919, 115, 217; Fargher, J., 
1920, 117, 668; Grant and Pyman, J., 1921, 119, 1893; Pyman, J., 1922,121, 2616; Balaban, 
J., 1930, 268) suggests that the fission may proceed in three ways (111; a, b, or c). Fission (a) is 
the more usual and is thought to proceed through the ketodihydroglyoxaline. The other 
degradations (b)  and (c) are more conspicuous where R is electropositive, e.g., Me (Pyman, Zoc. 
cit.). The fission (a) or (b) if occumng in glyoxalines of structure (111) would still preserve the 
basic skeleton (I) of adrenergic drugs. In  the main, therefore, 2-substituted 5-amino-4-phenyl(or 
carbethoxy)glyoxalines (type 111) have been prepared. The effect of substituents in the basic 
structure (I) on the physiological activity is fully reviewed elsewhere (Hartmann and Isler, EOG- 
cit. ; Hartung, Chem. Reviews, 1931,9,389 ; Rajagopalan, Current Sci. ,  1945,14, 56) and has been 
used in selecting the substituents R’ in (111). Many of the 5-aminoglyoxalines prepared, such as  
[ I I I ;  R = CO,Et, R = Ph; R = Ph, R’ = 3 : 4 : 5-C,H2(OMe),; and R = H, R’ = p-C,,H,], 
will, therefore, be found to contain substituents analogous to the aryl substituents in known 
effective adrenergic agents. 

The 5-aminoglyoxaline hydrochlorides (I11 ; R = C0,Et or Ph ; R = phenyl, nz- or p-substi- 
tuted phenyl, CL- or P-C,,H,) were prepared by the method of Cook, Davis, Heilbron, and Thomas 
(J. ,  1949, 1071) by condensing ethyl a-aminocyanoacetate or or-aminobenzyl cyanide with the 
appropriate thio-iminoether hydrochloride in boiling chloroform. This reaction proceeded 
smoothly in most cases to give excellent yields. In  a few cases yields were much reduced owing 
to the reverse condensation taking prominence with the formation of ammonium chloride and 
presumably the N-substituted thio-iminoether (Abraham, Baker, Barltrop, Chain, King, 
Robinson, and Waley, CPS. 549). This was most noticeable in attempts to condense the 
thio-iminoethers (IV; R = R’ = H, R = OMe, R’ = H) with ethyl a-aminocyanoacetate 

37, 120). 
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and the thio-iminoether (IV; RR’ = OCH,O) with x-aminobenzj-1 cyanide, in which the 
required glyoxalines could not be isolated. 

R”S NH,HCl 
\c/ 

I 
CH*OH 

C0,Et  
I 

+C.XH,,HCI 
I I  
N NH 
\c/ 

I 

KC==-C.XH,, HC1 
I I  
N NH 
\c/ 

1 

(IV ; R“ = Et or CH,Ph) Pr.) WI.) 
In  many cases, occurring only when a-aminobenzyl cyanide was used as one of the reactants, 

an abnormally long period of refluxing was necessary for a good yield of glyoxaline (see Table 111). 
When only the usual time of refluxing was given, besides a poor yield of glyoxaline, a-amino- 
benzyl cyanide hydrochloride was isolated. In this connection it was shown that a-amino- 
benzyl cyanide hydrochloride reacts slowly with 9-nitrophenylacetimino benzyl thioether base 
to give the required glyoxaline. When, however, the reaction between a-aminobenzyl cyanide 
and thio-iminoether hydrochlorides was performed in the presence of an excess of hydrogen 
chloride, no glyoxalines could be isolated. 

Condensation of a-aminopropionitrile with thio-iminoether hydrochlorides from substituted 
benzyl cyanides invariably proceeded in the reverse direction. With benzimino benzyl 
thioether hydrochloride, however, the expected 5-amino-2-phenyl-4-methylglyoxaline hydro- 
chloride was obtained. W e n  aminoacetonitrile reacted with thio-iminoether hydrochlorides 
under the usual conditions, its hydrochloride was precipitated and failed to react further. This 
was overcome by performing the reaction a t  room temperature in the presence of one equivalent 
of pyridine, the glyoxalines (e.g., 111; R = H, R = P-C,,H,) then being obtained. These last 
two a-amino-nitriles have not previously been employed in the thio-iminoether-a-amino-nitrile 
synthesis of glyoxalines. 

Reduction of the glyoxalines (I11 ; R = C0,Et or Ph, R’ = p -  or m-NO,*C,H,) with stannous 
chloride in hydrochloric acid readily gave the corresponding amino-derivatives. 

Refluxing of 5-amino-4-carbethoxyglyoxaline, trioxymethylene, and diethylamine in ethanol 
gave a good yield of 5-amino-4-carbethoxy-2-diethylaminomethylglyoxaline dihydrochloride 
(V). Only in a few isolated cases has the Mannich reaction been applied to azole rings, and in 
particular the thiazole ring (Albertson, J .  Amer. Chem. SOC., 1948, 70, 669). Reactions are 
known, however, where 1-awl- and 1-aralkyl-glyoxalines have been condensed with form- 
aldehyde to give 2-hydroxymethylglyoxalines (e .g . ,  Sarisin, Helv. Chim. Actu, 1923, 6, 377; 
Sonn et al., Ber., 1924, 57, 953; Grindley and Pyman, J., 1927, 3128; Jones, J .  Amer. Chem. 
SOC., 1949, 71, 383). In  the present case, the 4- and 5-positions being occupied, condensation 
has occurred in the 2-position, as proved by an alternative synthesis of (V) from diethylamino- 
acetonitrile by the general method. 

Since glyoxaline itself has pressor activity (Fastier, Brit. J .  Phuvmacol., 1948, 3, 198 ; Fastier 
and Reid, ibid., p. 205), and moreover the 5-amino-group introduces an additional amidino- 
grouping, it was considered possible that the 5-aminoglyoxaline moiety itself might possess 
pressor activity, especially in the case of the 4-phenyl derivatives which contain a hidden 
2-phenylethylamine structure. This possibility was examined by preparing a number of 
glyoxalines of the type (VI ; R = Me, Ph, or C0,Et ; R’ = H, C1, NO,, or NH, ; R’ = H ; R’ = 
R” = OMe) . These were found to possess little or no activity but were surprisingly non-toxic. 
They were all strongly fluorescent in solution. Succinyl derivatives (VII) in place of the more 
insoluble glyoxaline hydrochlorides were prepared. 

In  order to investigate the effect of the introduction of a pyrimidine ring on physiological 
activity, the purines (VIII; R = Me, R’ = NO, or NH,,HCl; R = Ph, R = H) have been 
prepared by ring closure of the appropriate 5-ureido-4-carbethoxyglyoxalines according to the 
method of Cook, Heilbron, Macdonald, and RSahadevan (J., 1949, 1064). 

In the aliphatic amines effective pressor activity is found in members with a chain of 6-8 
carbon atoms (Rohrmann and Shonle, J .  Amer. Chern. Soc., 1944,66, 1516). This prompted the 
preparation of 5amino-4-phenyl-2-n-heptylglyoxaline hydrochloride from n-amyl cyanide and 
the bisiminazole (IX) from sebaconitrile via the bisthio-iminoether hydrochloride. The latter 
might also be expected to exhibit trypanocidal activity (see King, Lourie, and Yorke, Lancet, 
1937, 233, 1360; Ann. Trop. Med. Parasit., 1938, 32, 177). 
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The biological results will be published elsewhere. 
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Light-absorption Properties of 5-Aminoglyoxalines.-With a view to assess the iduence of 
substitution in the glyoxaline ring, the ultra-violet light absorption of many of the compounds 
described in this paper has been determined. They wi l l  be 
seen to agree with the generally accepted basic structure (X) deduced from chemical evidence 
(Cook, Heilbron, et al., Studies in the Azole Series, J., 1948-1949). The glyoxaline hydro- 

The results are collected in Table I. 

\ . /  

I 

RC=C.SH,, HCl 

chlorides (XI ; R = H, CO,Et, or Ph; R’ = H or Me; R ’  = H, Me, or aralkyl) exhibit a wide 
absorption band, in general of high intensity and with a maximum in the 2650-2850-~. region. 
With regard to the effect of substitution in the 4-position in the unsubstituted glyoxaline (XI; 
R = R’ = H; R” = p-NO,=C,H,*CH,), the absorption curves (Fig. 1) of the corresponding 
4-carbethoxy- or 4-phenyl- compounds are essentially similar but are shifted by some 100 and 

FIG. 1. FIG. 2. 
Absorption curves showing effect of Absor9tion curves showing effect of 

4-substituent. acidification. 

FIG. 1 .-A. 5-A mino-2-p-nitrobenzylglyoxaline hydrochloride. B. 5-A mino-2-p-nitrobenzyl-4-carbethoxy 
glyoxaline hydrocldoride. C. 5-Amino-2-p-nitrobenzyl-4~henylglyoxaline hydrochloride. 

FIG. 2.-A. 5-Amino-4-carbetho~y-2-~henylglyoxaline. B.  5-Amino-4-carbethoxy-2-ph.enylglyoxaline hydro- 
chloride. C. 5-Amino-4-carbethoxy-2-phenyl-3-methylglyoxaline. D. 5-Amino-4-carbethoxy-2-phmyl- 
3-methylglyoxaline hydrochloride. 
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130 A. respectively to longer wave-lengths and possess higher maximum intensity. This is in 
accordance with the basic structure (X), both bathochromic and hyperchromic shifts resulting 
from the extra conjugation of a C0,Et or Ph group attached directly to the heterocyclic ring. It 
implies the presence in the ring of a double bond on the 4-carbon atom as existing in the partial 
tautomenc forms (XIIa) and XIIc). The existence of (XIIa) is confirmed by the ready methyl- 
ation of (XI; R = CO,Et, R = H, R” = Ph) with diazomethane, the methyl group attaching 
itself to the 3-nitrogen atom (Cook and Thomas, J., 1950, 1884). 

‘cH-c:x H I 1  
(XIIb.) (XIIa.) (XIIG.) 

s I I  x- 
\./ 

‘(2 
I 

/\ 

(XIId.) 

TABLE I. 
RC=C-NH,,HCl 

R’N N I t  
\cg’ 

Hydrochloride. 

I I  -x s 

(XIIe.) 

Base. 

No. 
1 
3 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

32 
23  
24 
25 

R. R’. 
C0,Et bi C H 

C0,Et Me 
H H 
H H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
Ph H 
C0,Et H 
C0,Et H 
C0,Et H 
Ph H 

Ph H 
Ph H 
C0,Et H 
C0,Et H 

COsEt H 

, -  
A=., A . C  

2740 
2730 
2705 
2640 
2660 
2875 
2800 
2 770 
2810 
2 800 
2835 
2 700 
2835 
2810 
2830 
2810 
2870 
2730 
2745 

2798; 2395 
3760; 3380 

3345; 3460 
3790 *; 3360 
3700; 3900 
2310; 31’70 

r 1 

A,,,., .4.= f .  

- - 
2810 13,650 

~~ 

E. 

14.450 
17,200 
12,750 
14,000 
6,600 

21,150 
21,150 
23,450 
12,600 
15,150 
19,500 
15,400 
10,550 
17,000 
20,150 
15,900 
14,650 
14,900 
21,150 

11,100; 6,100 
10,400 ; 17,400 

13,500 ; 18,050 
10,550 ; 23,600 
12,450; 13,150 - - 
13,050 ; 14,150 2365 ; 17,400 ; 

31‘75 16.400 

- - 
2330; 9,000; 
3370 13,900 

26 C0,Et b r d  31e Ph 2960 13,500 2325; 15;150; 
3050 12,900 

27 C0,Et H 3 : 4-(0Me),C6H, 2555; 3250 12,400; 20,400 - - 
a Inflexion. The preparation of these compounds is described in a later paper. For prepar- 

For preparation, see Cook and Thomas, ation, see Cook, Davis, Heilbron, and Thomas, Zoc. cit. 
Zoc. cit. * Ethanol was used as solvent. 

Structure (XIIb) can exist only in the free bases and should be eliminated by acidification. 
I f  it does exist in the free base a hypsochromic shift should be detectable on acidification. In 
the case of glyoxalines unsubstituted in position 3 (compounds 21 and 25, Table I) the spectra 
are not appreciably shifted on acidification, suggesting that the equilibrium is not in favour of 
the form (XIIb) (Fig. 2). On the other hand, comparison of the 3-methylglyoxaline bases with 
their hydrochlorides (compounds 3 and 26, Table I) reveals the existence of a hypsochromic 
effect of ca. 1 0 0 ~ .  in each case showing a definite contribution of the (XIIb) form to their 
resonance equilibrium (Fig. 2). 

Introduction of a methyl or aralkyl group in the 2-position of (XI ; R = CO,Et, R’ = R” = 
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€3) does not alter sensibly the position or intensity of the light-absorption maximum. With 
aryl substituents in the 2-position, however (compounds 25 and 27, Table I), the maximum is 
shifted some 600 A. to longer wave-lengths (Fig. 3). This again agrees with the basic structure 
resulting from the extra conjugating of an aryl group (attached directly to the heterocyclic ring) 
right through to the 4-carbethoxy-group. In addition the absorption curves of the 2 
arylglyoxalines exhibit a fine structure in the 2350-2550~. region. Again with 2-aryl-4- 
phenylglyoxaline hydrochlorides (compounds 2 1 to 23, Table I) the same effect is noticed and the 
bathochromic shift is even greater. This effect, therefore, agrees with the presence in the ring 
of a double bond on the %carbon atom as in the partial structures (XIId) and (XIIe). 

FIG. 3. FIG. 4. 
Absorption cwves showiirg e-ffef of ,-1 bsorption curves showing effect of 

2-substituen t . 3-methyl substitution. 

4.0 

3 -0 

FIG. 3.--4 . 5-A mino-4-carbethoxyglyoxaline hydrochloride. B. 5-Amino-4-carbethoxy-2-methyZglyoxaZine 
hydrochlmide. C. 5-Amin0-4-carbethoxy-2-p-nitrobenzylglyoxaline hydrochloride. D.  5-Amino-4-car- 
bethoxy-2-(3' : 4'-dimethoxyphenyl)glyoxaline hydrochloride. 

FIG. 4.-A. 5-Amino-4-cavbethoxy-2+henylgZyoxaline. B. 5-Amino-4-carbethoxy-2-phenyl-3-methylglyox- 
aline. 

Methylation of the nitrogen in the 3-position (e.g., compound 26) eliminates the partial 
structures (XIIc) and (XIIH) which account for the hypsochromic shift (Fig. 4) of 120 A. 

EXPERIMENTAL. 
(M. p.s are uncorrected. -Analyses are by Drs. Weiler and Strauss.) 

NifriZes.-The preparation of the required nitriles according to  methods described in the literature, 
in the main, presented no dacul ty .  Purification of the crude 
p-nitrobenzonitdeopper salt complex, prepared by Sandmeyer reaction on p-nitroaniline (Bogert 
and Kohnstamm, J .  Anzer. Chenz. Soc., 1903, 25, 479), was facilitated by Soxhlet extraction with carbon 
tetrachloride, giving a yield of 75% ; m. p. 146'. 

sn-Nitrobenzyl alcohol (required for the m-substituted benzyl cyanides) was prepared in improved yield 
:83%) [b. p. 166-169°/0-3-1.5 mm., n g  1.5760 (see Femer, Compt. vend., 1945, 220, 460)l by reduction 
of m-nitrobenzaldehyde (500 g . )  with aluminium isopropoxide (116 g.) and dry isopropyl alcohol (7 1.) 
with distillation of the acetone as i t  is formed through a Dufton column a t  ca. 60 drops/minutes for 
24 hours. Concentration in vacuo to  1 l., acidification with a mixture of concentrated hydrochloric acid 
(320 c.c.) and water (2.4 I.), and extraction with ether gave the alcohol on distillation. 

It was 
prepared as follows : Potassium cyanide (121.6 g . )  in ethanol (130 c.c.) and water (250 c.c.) was added 
t o  a boiling solution of m-nitrobenzyl chloride (321 g.) (from the alcohol by the method of Norris and 
Taylor, J .  Amer. Chem. Soc., 1924, 46, 755) in ethanol (1.5 1.). The resulting mixture was refluxed for 
3 hours and concentrated to 500 C.C. in uacuo. Addition of water (1 l.), extraction with ether (700 c.c.), 
and distillation in u a w o  gave yellow needles of m-nitrobenzyl cyanide (256 g . ,  84-5%), b. p. lSOo/1-5 mm. 

The following observations are made. 

Mi-Nitrobenzyl cyanide is not adequately described nor is its b. p. given in the literature. 
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Thio-iminoether Hydrochlorides.-The following general method, essentially that of Pinner (" Die 

Imido Ether "), was employed for their preparation : Dry hydrogen chloride was passed into a mixture 
of the nitrile (1 mol.) and the thiol (1-2 mols.) a t  0-5" until 1-1 mols. of hydrogen chloride had been 
absorbed. (In most cases a diluent, chloroform or ether, was employed to  effect dissolution of the 
nitrile or aid subsequent filtration.) The resultant product was then kept for 1-10 days a t  0" until the 
thio-iminoether hydrochloride separated. Most of these hydrochlorides are new, and where possible 
they have been titrated against standard alkali and in nearly all cases characterised by their m. p. In 
some cases, however, the thio-iminoether hydrochloride failed to  crystallise (usually when chloroform 
was employed) or separated as a gum. In these cases either the excess of hydrochloric acid was removed 
in vucuo and the chloroform solution used as such, or the diluent was completely removed, leaving a 
somewhat crude product which was employed in the condensation. The data, therefore, for the thio- 
iminoether hydrochlorides prepared as summarised in Table I1 are not complete. 

TABLE 11. 
Thio-iminoether hydrochlorides, R'S-CR:NH.HCl. 

R. 
Ph ........................... 
P-NO,*C,jH, ............... 
P-Cl*C,H, .................. 

3 : 4-(O&Te),C6H3 ......... 
P-OAC*C~H~ ............... 

3 : 4-(OMe),C6H, ......... 

CH,Ph ..................... 
CH,Ph ..................... 
P-NO,.C6H4.CH, ......... 
P-Cl*C6H4.CH2 ............ 
P-OHC6H4CH2 ......... 

m-NO,*C6Hp.CH2 ......... 
WZ-OH'C~H~.CH, ......... 
$-OMeC,H,*CH, ...... 

3 : 4-(OMe),C6H,.CH, ... 
3 : 4 : 5-(OMe),C6H,.CH2 

a-C ,,H ,*CH, ............... 
Ph*CH(OH) ............... 
Bis-compound -[CH2J 

3 : 4-(0,CH2):C6H,.CH2 

p-C,,H,.CH, ............... 

R' 
CH,Ph 
CH,Ph 
CH,Ph 
CH,Ph 
E t  
CH2Ph 
CH,Ph 
E t  
CH,Ph 
CH2Ph 
E t  
CH,Ph 
E t  
E t  
E t  
CH,Ph 
CH,Ph 
Et 
E t  
CH,Ph 
E t  

* After 36 hours. 

Solvent, 
(Nil) 
Et20 

Ekcess EtSH 
CHCI, 
(Nil) 
Et20 
CHCl, 
Et,O 

E&O-CHCI, 

CHCi,' 

Ei2'0 
CHCl, 
Et,O 

CHCI, or Et,O 

Yield, 

94 
60 
64 
5 *  

94 
63-8 
69 
63 

100 
62 
96 

100 
81.8 
76.2 
49 
61 
64 
90 
66 
58 
90 

%. 

HCI : 
Found, Req., 

M. p. t  Formula. yo. yo. 
172-174" t C,4H14KSCl 12-55 13.85 

180-1 81 
191-193 - - - 

166-170 t - - - 
- - - 

- - - 190 t 
215 C16H160,NSC1 11-4 11-35 
141 t C15H16NSC1 13.25 13-15 
117 C,,HI4NSCl 16.1 16.9 
174 t C1,H1502N,SCl 11.35 11-30 

171 CloH140NSC1 15.75 15-75 
- C,6H18O=U'SC1 12.3 11.9 
142 C10H130,N2SCl 14-05 14.0 

152-153 C,,H,,ONSCl 15-3 16.3 
163 C12H1802NSC1 13-9 13-2 

140-145 C,,H2,03NSCl 9-6 9.9 

155-156 C15H15NSCl, 11-35 11.70 

123-125 Cl,H160,NSC1 11.35 11.35 
- - - - 
- C,,HI6NSCl 14.05 13-8 
- Cl5Hl6ONSC1 13.15 12.4 

t With decomposition. 

I - - ca. 80 

The glyoxaline hydrochlorides summarised in Table 111 were prepared by the following general method. 
essentially that of Cook, Davis, Heilbron, and Thomas (Zoc. cit.). The thio-iminoether hydrochloride 
(1 mol.), the a-amino-nitrile (1 mol.), and chloroform (10 mols.) were mixed, usually giving a clear solution, 
and refluxed for 1-2 hours (unless otherwise stated), and the glyoxaline hydrochloride which separated 
was collected. They could all be diazotised, the diazonium solutions giving red dyes with sodium 
B-naphthoxide. With aldehydes they produced coloured Schiff's bases. They were soluble t o  
difficultly soluble in water according to substituents, the addition of alkalis precipitating the 
bases. They were soluble to difficultly soluble in hot methanol and ethanol but usually insoluble in 
other organic solvents. 

A mixture of p-nitrophenylacetimino benzyl thioether hydrochloride (1-5 g.) and anhydrous potassium 
carbonate (0-41 g., 1 mol.) was mixed into a paste with chloroform. The volume was adjusted to 20 C.C. 
with chloroform, a-aminobenzyl cyanide hydrochloride (0.75 g.) added, and the mixture refluxed for 
several hours. The cold crude product was filtered off, ground with water, filtered off, and washed with 
water. The dried crude solid (0.4 g.), m. p. 220-222" (decomp.), was crystallised from methanol, 
giving pale lemon-coloured needles of 5amino-2-p-nitrobenzyl-4-phenylglyoxaline hydrochloride, m. p. 
and mixed m. p. 232" (decomp.). 

Glyoxaline Buses.-5-Amino-2 : 4-diphenylglyoxaline hydrochloride (1 2 g.) was triturated with 
3~-sodium carbonate (excess), diluted with water, warmed to  50°, and filtered to give the crude base 
(9 g.) which crystallised from benzene in prismatic needles of 5-amino-2 : 4-diphenyZgZyuxuZ~ne, m. p. 165" 
(Found : C, 76.3; H, 5.5; N, 17.6. C15H,,N3 requires C, 76.55; H, 6-55; N, 17.9y0). It was very 
soluble in methanol, ethanol, and ethyl acetate. The crude base (4.5 g.) was precipitated when 
a lukewarm solution of 5-amino-4-carbethoxy-2-(3 : 4-dimethoxypheny1)glyoxaline hydrochloride (6 g.) 
in water (250 c.c.) was neutralised with 3~-sodium carbonate ; it crystallised from ethyl acetate in 
colourless prisms, m. p. 198" (Found : C, 57.5; H, 5-4 ; N, 14-4. C,,H,,O,N, required C, 57.7 ; H, 5.9 ; 
N, 14.4%). 

Neutralisation of a solution of 5-amino-4-phenyl-2-p-chlorophenylglyoxaline hydrochIoride (10 g.) 
in boiling water (2 1.) with 3~-sodium carbonate gave the crude base, which crystallised from aqueous 
methanol in greenish-yellow prisms (6-5 g.), m. p. 2 8 L 2 9 0 "  (decomp.) (Found : C, 66.5; H, 4-7; N, 
15-7. C,,H,~,Cl requires C, 66.8; H, 4-5; N, 15.6%). I ts  solution in methanol, ethanol, or ethyl 
acetate had a green fluorescence. Similarly, the crude base (4 g.) from 5-amino-4-carbethoxy-2-phenyl- 
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glyoxaline hydrochloride crystallised from aqueous ethanol in colourless prisms, m. p. 21 9" (decomp.) 
(Found : C, 62.2 ; H, 5-8. 

Refluxing of 5-amino-4carbethoxy-2+nitrophenylglyoxaline hydrochloride (7 g.) with methyl 
isothiocyanate (4.5 c.c.) in pyridine (60 c.c.) for 1 hour failed to give the methylthioureido-derivative. 
Instead, the unaltered base (4-4 g.), m. p. >280° (decomp.) (Found: C, 52.7; H, 4-55; N, 20.5. 
C,,H,,01N4 requires C, 52.2; H, 4-4; N, 20-3y0), crystallised from the pyridine liquor in colourless 
small pnsms. 

SuccinyZ Derivatives.-5-Amino-4-phenyl-2-p-nitrophenylglyoxale hydrochloride (6 g.) was 
refluxed in pyridine (40 c.c.) with succinic anhydride (3-3 g.) for 1 hour. The thick syrup obtained on 
evaporation in vucuo was crystallised from aqueous ethanol give golden-yellow hair-llke needles of 
5-(~-carboxypropionamido)-4-phenyl-2-p-nitr@henylgZyoxaZine (3.5 g.), m. p. > 300" (Found : N, 15.0. 
C,,H1605N4 requires N, 14.75%). 

Refluxing of a suspension of 5-amino-4-phenyl-2-~-chlorophenylglyoxaline (4 g.) in benzene (70 c.c.) 
with succinic anhydride (2 g.) for 30 minutes and crystallisation of the crude product (5.6 g.) from 
aqueous ethanol gave pale greenish-yellow needles of 5-(/3-carboxy~r@ionamido)-4-phenyZ-2-p-chloro- 
phenylglyoxaline, m. p. 223" (decomp.) (Found : C, 61.5; H, 4.6; K, 11-2. C,,H,,O,N,Cl requires 
C, 61.7; H, 4.4; N, 11.4%). 

Stannous Chloride Reductions.-~-Amino-4-phenyl-2-~-nitrobenzylglyoxaline hydrochloride (15 g.) 
was added in small portions during 2 hours to a solution of hydrated stannous chloride (36 g.) in concen- 
trated hydrochloric acid (90 c.c.) with stirring a t  0-5". A further 50 C.C. of the acid was then added, 
and stirring continued for 1 hour a t  0". After 12 hours a t  0", the mixture was evaporated to dryness 
in vucuo (at 60-70"), the residue dissolved in water (300 c.c.), and the tin precipitated with hydrogen 
sulphide. Filtration, and evaporation of the filtrate in vatuo a t  60-70". gave a crude solid (8 g.) which 
crystallised from methanol-ethyl acetate in colourless needles of 5-aminu-4-phenyZ-2-p-aminobenzyl- 
glyoxaline dihydrochloride (7.6 g.), decomp. above 260" (Found : C, 56.8 ; H, 5.35 ; N, 16-3 ; C1, 20-95. 
C,,H,,N4C12 requires C, 56.95; H, 5-35; N, 16.6; C1, 21.05~0). It was soluble in water and ethanol 
but insoluble in ether and ethyl acetate. Under similar reduction conditions, 
the analogous 2-p-nitrophenyl hydrochloride (10 g.) gave a crude product (8 g.) which crystallised from 
aqueous ethanol, giving colourless prisms of 5-amino-4-phenyZ-2-p-aminophenylglyoxaline dihydro- 
chloride dihydrate, m. p. 258" (decomp.) (Found : N, 15.4. C15H16N4C1,,2H,0 requires N, 15.6%), and 
5-amino-4-phenyl-2-m-nitrobenzylglyoxaline hydrochloride (15 g.) gave a crude product which, after 
charcoal treatment in methanol, crystallised from ethanol-thy1 acetate t o  give colourless micro-crystals 
of 5-amino-4+henyZ-2-m-aminobenzylglyoxaline dihydvochtoride (6.7 g.), m. p. 233" (Found : C, 56-95 ; 
H, 5-45; N, 16-3. All were soluble in water, 
their bases being precipitated with alkali. 

Xanthines.-5-Amino-4-carbethoxy-2-p-nitrobenzylglyoxalie hydrochloride (52 g.) , suspended in 
pyridine (200 c.c.) containing methyl isocyanate (20 c.c.), was slowly heated, and finally refluxed for 
1 hour. Two further portions (20 C.C. each) of methyl isocyanate were added a t  hourly intervals to the 
mixture a t  0", and refluxing continued for 3 hours in all. About 70 C.C. of pyridine were removed in vacuo 
at 60-80", methanol (500 c.c.) was added, and the crude solid (37.4 g.) crystallised from pyridine- 
methanol to  give colourless needles of 5-methyZureido-4-ca~bethoxy-2-p-n~trobenzyZgZyoxaZine, m. p. 242" 
(decomp.) (Found : C, 62.0; H, 5-05; N, 20-2. C15H,,0,N5 requires C, 51.85; H, 4.95; N, 20.2%). 
The preceding ureido-compound (2 g.) was boiled for 1 minute in a mixture of 10% aqueous sodium 
hydroxide (15 c.c.) and water (45 c.c.). Repeated 
precipitation with acid from its solution in dilute ammonia gave 8-p-nitrobenzyl-l-methyZxanthinc 
(1-4 g.), m. p. >300" (decomp.), as a yellow solid (Found : C, 51.5; H, 4.0. ClSH,,O4N5 requires C, 

5-Methylureido-4-carbethoxy-2-~-nitro~nzylglyoxaline (4.5 g.) was reduced with stannous chloride 
and concentrated hydrochloric acid, as above. The crude reduction product (2.5 g.), m. p. 194" (decomp.), 
was boiled for 1 minute in 5% aqueous sodium hydroxide solution (100 c.c.), acidified with acetic acid, and 
the precipitate converted into the hydrochloride by boiling with 8% ethanolic hydrochloric acid (35 c.c.) 
and ethanol (20 c.c.) . Crystallisation from water gave lustrous needles of 8-p-aminobenzyl-l-methyl- 
xanthine hydrochloride (2 g.), m. p. 349-350" (decomp.) (Found : C, 51.3; H, 4.95; N, 22.8; C1, 11-3. 
C,,H,,02N5Cl requires C, 50-7 ; H, 4.6 ; N, 22-8 ; C1, 11.5%). It was very sparingly soluble in hot ethanol 
and cold water. 

5-Amino-4-carbethoxy-2-benzylglyoxaline hydrochloride (3 g.), pyridine (10 c.c.), and phenyl 
isocyanate (1.5 c.c.) were refluxed for 1 hour. Treatment with ethanol (10 c.c.) and water (20 c.c.) gave 
a crude solid (3 g.) which crystallised from methanol (20 c.c.) to give colourless hair-like needles of 
5-phenylureido-4-carbethoxy-2-benzyZgZyoxaline, m. p. 186-187" (Found : C, 65.9 ; H, 5.5 ; N, 16.4. 
C,oH,,0,N4 requires C, 66.1 ; H, 5.9 ; N, 15.1%). It was moderately soluble in methanol, ethanol, and 
ethyl acetate. The phenylureido-compound (1-77 g.) was converted with alkali, as above, into l-phenyl- 
8-benzyzxanthine (0.68 g.), m. p. 316-318" (decomp.) (Found : N, 17.6. C,,H,,O,N, requires N, 1705%). 
It gave a positive murexide test. 

Mannich Reaction.-5-Amino-4-carbethoxyglyoxaline (3.1 g.) (Cook, David, Heilbron, and Thomas, 
Zoc. cit.), trioxymethylene (0-66 g.), diethylamine (1.68 g.). and ethanol (15 c.c.) were refluxed for 2 hours 
and then concentrated in vacuo. The red gummy residue was dissolved in 7.8% ethanolic hydrochloric 
acid (30 c.c.), kept for 3 days a t  0", and the jelly-like product was poured into ether and filtered off. 
Crystallisation of the crude product (4-4 g.) from ethanolic hydrochloric acid gave colourless micro- 
crystals of 5-amino-4-carbethoxy-2-diethyZuminumethylglyoxaline dihydrochloride, m. p. 192-193" (Found : 
C, 42-0; H, 7.2;  N, 17.8. C,,H,,O,N,Cl, requires C, 42.2; H, 7.1 ; N, 17.970). The reaction can also 
be performed in ethanolic hydrochloric acid (2 rnols. of HCl). 

C,,H,,O,N, requires C, 62.3 ; H, 5.7%). 

It was insoluble in water and common organic solvents. 

It was soluble in dilute aqueous sodium hydrogen carbonate. 

It could be diazotised. 

Cl6H,,N4C1, requires C, 56-95; H, 5.4; N, 16.65%). 
They could all be diazotised. 

On acidification the crude purine was precipitated. 

51-8; H, 3.7%). 

The compound could be diazotised. 
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Dry hydrogen chloride was passed into a solution of diethylaminoacetonitrile (15 g.), chloroform 

(250 c.c.), and ethanethiol(30 c.c.) a t  0" for 2 hours. The hydrochloride of the nitrile was first precipitated 
and then further reacted, forming an upper oily layer. After being left for 2 days at 0", the oily layer 
solidded, giving colourless prisms of diethylaminoacetimino ethyl thioether dihydrochloride (22 g.) . It 
was very hygroscopic. The preceding thioiminoether dihydrochloride (10.5 g.), ethyl a-aminocyano- 
acetate (6.6 g.), and pyridine (4 g.) in chloroform (20 c.c.) were refluxed for 1 7  hours, then filtered from 
ammonium chloride (0.95 g.) ; the filtrate was evaporated to dryness in vacuo, and the black oily residue 
purified by crystallisation from 7.8% ethanolic hydrochloric acid (45 c.c.) to give the above glyoxaline 
(4 g.), m. p. and mixed m. p. 192-193". 

Aminoacetonitrile Condensations.-,4minoacetonitrile (1.75 g.) was added to a partial solution of 
$-nitrophenylacetimiao benzyl thioether hydrochloride (10 g.) in chloroform (25 c.c.) containing pyridine 
(2.5 c.c.), shaken in an atmosphere of nitrogen for 7 hours, and left overnight a t  0" ; 8% ethanolic hydro- 
chloric acid (20 c.c.) was added, and the crude solid (2.8 g.) filtered off. Crystallisation from methanol 
(120 c.c.) gave yellow needles of 5-amino-2-p-nitrophenyZgZyoxuZine hydrochloride, m. p. > 250" (decomp.) 
(Found : N, 22.4; C1, 13-7. C,,,Hl1O,N4C1 requires N, 22.0;  C1, 13.9%). It was moderately soluble in 
water; after diazotisation i t  coupled with sodium 8-naphthoxide to give a red dye. Similarly, 
8-naphthylacetimino ethyl thioether hydrochloride (9.4 8.) gave a crude solid (7 .8  g.) which crystallised 
from methanol to give small colourless needles of 5-amino-2-~-naphthyZmethyZgZyo%aZ~ne hydrochloride, 
m. p. 15A155O (decomp.) (Found : C, 64.9 ; H, 5.45 ; C1, 14-2. C,,HI,N,CI requires C, 64.7 ; H, 5-45; 
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C1, 13.7%). 

paper, and Mr. L. J. Edwards for the determination of the absorption spectra. 
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