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Pyrrolo[l,2-a] [I ,3,5]triazine-2,4(1 H,3H)-diones. Part 11.l Synthesis 
from 3,4- Disu bstituted 2-Aminopyrroles 
By John R. Traynor and D. George Wibberley,' Department of Pharmacy, University of Aston in Birmingham, 

Treatment of 2-aminopyrroles, containing electron-withdrawing groups in positions 3 and 4, with aryl or alkyl 
isocyanates is shown to yield 3.7.8-trisubstituted pyrrolo[l,2-a] [1,3,5]triazine-2,4(1 H.3H) -diones. The inter- 
mediacy, in the reaction, of either (pyrrol-2-yl)ureas or 1 -amido-2-aminopyrroles i s  discussed. 

Gosta Green, Birmingham B4 7ET 

SEVERAL bicyclic and tricyclic heteroaroinatic systems 
containing a bridgehead nitrogen atom have been syn- 
thesised by reaction of carbonyl isothiocyanates (RCO*- 

heterocycles containing an amino-function a to a ring 
nitrogen atom.2 This reaction has not yet been extended 
to give a general method for the synthesis of ring systems 
derived from 2-amino~vrrole Drecursors. Such an 

under similar conditions. Attempts to isolate the inter 
mediate l-alkyl-3-pyrrolylureas were not so successful, 

NCS, where R = C0,Et or Ph) with various 5-membered 0 
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omission could be due to the lack of reactivity of the 
2-aminopyrroles or, more likely, to their scarcity or 
instability. An attempted synthesis, in these labora- 
tories, of the pyrrolopyrimidine (1) by treatment of 
2-amino-3,4-bisethoxycarbonylpyrrole (6) with phenyl 
isocyanate in refluxing pyridine afforded, instead, the 
pyrrolotriazine (9) .3 

We were thus led to investigate further the synthesis 
of pyrrolo[1,2-n][1,3,5]triazines from suitable 2-amino- 
pyrroles. A recently reported one-step synthesis of 
3,4-disubstituted 2-aminopyrroles has now made these 
compounds more readily available, and two suitable 

(1 )  R = Ph, R2 = CO2Et.  X = 0 
(2a) R = Me, R2= Ph, X = NH 
(2b)  R = Et, R2= Ph, X = NH 
( 2 ~ )  R = R2= Ph, X = NH 

C5HSN RNCO # ,,/ 
R '  

H2NDR2 HN / CsH5N 2RNCo 

( 3 )  R = R 2 =  Ph, R ' =  CN 

( 4 )  R = R ' =  R2= Ph 
( 5 )  R = Et, R'= R2= Ph 

CS"SN I..- 
I I  
0 aminopyrroles (7) and (S, were synthesised in this way. (6) R1= R 2 =  C02Et 

Treatment of 2-amino-3-cyano-4-phenylpyrrole (7) (7) Ri= CN, R 2 =  Ph 
with 2 mol. equiv. of methyl or ethyl isocyanate in dry (8) Ri= R 2 =  Ph (9) R = Ph, R '=  R2= CO2Et 

refluxing pyridine afforded the corresponding pyrrolo- 
[1,2-a][l,3,5]triazine-2,4(lH,3H)-diones (10) and (11). 
The yields were low (ca. 20%) and the product was 

the decomposition of the unstable 2-aminopyrrole pre- 
cursor, and isolation of NN'-disubstituted ureas (formed 
by the action of water on the isocyanates). The ethyl 
derivative (11) was isolated in two crystalline forms, one 

spectra. The pyrrolo [ 1,2-a J [ 1,3,5] triazine-2,4 ( 1 H ,3H) - 
diones (12) and (13) were similarly obtained although the 
yields were lower (ca. 10%). 

pyrrole on the isocyanate afforded the intermediate 
pyrrolylureas (3)-(5) which would then further react but a small quantity of 1-(3,4-diphenylpyrrol-2-y1)-3- 
with a second molecule of isocyanate to give the pyrrolo- ethylurea (5) was isolated by reaction of 2-amino-3,4- 
triazinediones (9)-( 13). The pyrrolylureas (3) and (4) diphenylpyrrole and ethyl isocyanate in refluxing 
were obtained by treatment of the corresponding amino- pyridine, although this reaction failed to yield the ex- 
pyrroles with phenyl isocyanate in refluxing benzene. pected 3-ethyl-7,8-diphenylpyrrolo[ 1,2-a] [ 1,3,5]triazine- 
1 - (3-cyano-4-phenylpyrrol-2-yl)-3-phenylurea (3) was dione. 
caused to react, in refluxing pyridine, with a further In another reaction treatment of 2-amino-3,4-di- 
quantity of phenyl isocyanate to afford the dione (12) phenylpyrrole (8) with N-acetylurea or N-p-nitrobenzoyl- 
which was identical with the previously obtained sample. urea in refluxing pyridine afforded the corresponding 1- 
1-(3,4-Diphenylpyrro1-2-yl)-3-phenylurea (4) could not, acyl-3-(pyrrol-2-yl)ureas (15) and (16) but no evidence of 

Part I, J. R. Traynor and D. G .  Wibberley, preceding paper. ham, 1973. 
L. Caprano and J .  H. Schrepfer, Chem. Ber., 1971,104,3039. 

(10) R = Me, R'= CN, R2= Ph 

accompanied by much tarry material, presumably from 
C ~ H ~ N  

green and one colourless, which differed only in their i.r. 

(15) R1= R2= Ph, R3=Me (17) R'= RZ= Ph, R3= Me 
(18) R'= $= Ph, R3= C6HLN02-p It appeared possible that initial attack by the 2-amino- (16) R1= R2= Ph, R3 = C6H4NO2 - 

however, be induced to react with further isocyanate 
3 T. D. Duffy, Ph.D. Thesis, University of Aston in Birming- 

K.  Gewald, Z. Chew., 1961, 1, 349. 
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the pyrrolotriazines (17) and (18). 1-(3,4-Diphenylpyr- 
rol-2-yl)-3-(4-nitrobenzoyl)urea (16) also failed to cyclise 
on treatment with triethylamine or polyphosphoric acid. 
2-Amino-3,4-diplienylpyrrole (8) and biuret in refluxing 
p!'ridine gave an impure compound, the spectrum of 
which was consistant with the pyrrolotriazine structure 

In view of the fact that the compounds (3), (5), (15), 
and (16) could not be induced to cyclise on treatment with 
pyricline and, in the case of (3) and (5), further iso- 

(14). 

A 

cyanate, it would seem that the 1-amido-2-aminopyrroles 
(3a)-(5a) could be the normal intermediates in pyridine- 
catalysed preparations of the pyrrolotriazines. Re- 
action of a further mole of isocyanate with the two pos- 
sible intermediates i(3--5) or (3a-5a)l could then yield 
any of the three further intermediates (19)-(21) all of 
which could lose RNH, to give the pyrrolotriazines (9)- 
(13). Consideration of the expected acidities of the 
2-aminopyrroles and the intermediates concerned, to- 
gether with the yields obtained from, and course taken 
by, the various reactions would suggest ease of pyrrole 
anion formation to be a factor of major importance in the 
reaction. 

Throughout the work no evidence of the formation of 
any pyrrolo[2,3-d]pyrimidines (1) and ( 2 a - c )  was seen. 
On comparison with the reactions of other o-amino- 
nitriles and o-aminoesters such compounds might 
have been expected, although the delocalisation of the 

E. C. Taylor and A. RicKillop, 'The Chemistry of Cyclic 
Enaminonitriles and o-Aminonitriles,' Interscience, New York, 
1970. 

pyrrole nitrogen lone pair would serve to lessen the 
electrophilicity of the exocyclic groups at the pyrrole 
3-position. 

EXPERIMENTAL 
Spectra were determined as describcd in the preceding 

paper. 
3,4-L)isubstituted 2-Awiinopy~~oZes.- w-Aminoacetophen- 

one hydrochloride (2.57 g) in ethanol (70%; 30 cm3), was 
added dropwise over 15 min to a mixture of benzyl cyanide 
(8.34 g) and sodium hydroxide (1.1 g )  which was stirred and 
vigorously refluxed in ethanol (70% ; 50 cm3). The mix- 
ture was refluxed for a further 0.5 h after the addition was 
completed then quickly cooled and poured onto crushed ice 
to yield 2-amino-3,4-diphenyZpyr~~ole (8) (1.45 g, 42qb), 
plates, m.p. 279-280" (from methanol) (Found : C, 8 1-8; 
H, 12-1; N, 6.0:/,; M + ,  234.114782. C1,H14Sz requires C, 
82.1; H, 12.0; K, G . O Y o ;  M ,  234.115693), vms. 3420 and 
3220 (NH) and 1605 ( C X )  cm-l. In a similar manner 
o-aminoacetophenone hydrochloride and malononitrile 
gave 2-amino-3-cyano-4-phenylpyrrole (7) (58O,:), grey 
plates, m.p. 175" (from benzene, subl.) (lit.,4 172---174"), 
vmx 3380, 3250 (NH), and 2200 ( E X )  cm-l. 

PyrroZo[ 1,2-a] [ 1,3,5]triazine-2,4( lH, 3H)-diones.- GeitevaZ 
method. The stated amount of the 2-aminopyrrole and 2 
mol. equiv. of the appropriate isocyanate were heated under 
reflux, in sufficient dry pyridine to  cause solution, for the 
stated time. The pyridine was removed under reduced 
pressure and the resultant oil triturated with chloroform to 
afford, either as the chloroform-soluble (superscript a) or 
chloroform-insoluble (superscript b) fraction, the pyrrolotri- 
azine. The corresponding NW-dialkylureas were obtained 
as by-products. The following compounds were thus syn- 
thesised : 8-cyano-3-~nethyZ-7-phenyZpy~roZo[ 1, %a] [ 1,3,5]tri- 
azine-2,4(1H,3H)-dionea (10) (22%) (0.01 mol; 5 h), needles, 
m.p. 338-340" (decomp.) (from dimethylformamide) 
(Found: C, 62.5; H, 4-2; N, 21-00,/,; M+, 266.079989. 
C,,HIoN,O, requires C, 63.2; H, 3.8; X, 21.1:;; 144, 

266-080370), v,,,. 3400 (NH), 2250 ( E X ) ,  1740, and 1680 
( G O ) ,  and 1640 (C=<:) cni-l; 8-cyano-3-ethyZ-7-phenyZpy~~oZo- 
[1,2-a][1,3,5]triazine-2,4( 1H,3H)-dione a (1 1) (14.5%) (0-01 
mol; 15h), recrystallisedfrommethanol asgreen needles, 1n.p. 
292-294" and (on concentration of the methanolic mother 
liquors) colourless needles, n1.p. 291-293" (Found: C, 64.0; 
H, 4.5; N, 20.00,/, ; M', 280.095719. C15H12X4O2 requires 
C, 64.0; H, 4-3; N, 20.00,/,; M ,  280-096019), v,,~, (green 
needles) 3140 (NH), 2850 (C-S), 1755 and 1710 ( G O ) ,  and 
1640 (GC) crn-l, vmhX (colourless needles) 3130 (SH), 2850 
( E N ) ,  1740 and 1695 (GO), and 1630 (C=C) cni-l, 7 (CDCl,) 

3-CH2Me), and 8-70 (3H, t, J 7 Hz, 3-CH2Me) ; 8-cyano-3,7- 
diphenyZpyrroZo[ 1,2-a] [l, 3,5]triazine-2,4( lH,3H)-dione ( 12) 
(8%) (0.003 mol; 3 li),  pale yellow plates, m.p. 305" (de- 
camp.) (subl. ; from ethanol-acetone) (Found: C, 66-1; H, 
3.7; N, 16.2% ; M \, 328.0'34710. CI9H,~N4O2,H2O requires 
C, 66-0; H, 4.0; N, 16.2%. C1,H12N,02 requires M ,  
328*096019), v,, 3400 (KH), 2250 (C-N), 1745 slid 1690 
(GO), and 1640 (C=C) cm-l; 3,7,8-triphenyZpyrroZo[l,2-a]- 
[1,3,5]t~iazine-2,4( lH,3H)-dione (13) (10.5%) (0.002 mol; 
3 h), prisms, m.p. 210-212" (from ethanol-acetone) 
[Found: Mf, 379; (M' - PhNCO), 260.095291. CZ4H17- 
N,O, requires M ,  379; ( M  - PhNCO), 260.0949581, vmL 
3350 (NH), 1700 and 1600 (GO), and 1595 (C=C) cm-1. 

6 A. H. Cook and G .  H. Thomas, J. CAem. Soc., 1960, 1888; L. 
Caprano, W. Ebner, and J .  H. Schrepfer, Chem. Ber., 1970,103,82. 

2.32 (lH, S, 6-H), 2.53 (5H, S, 8-Ph), 6.02 (2H, q ,  J 7 Hz, 
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1 -A lkyl (or A ryZ) -3- (3,4-disubstituted ppoZ-2-yE) ureas.-2- 

Amino-3-cyano-4-phenylpyrrole (7) (0-28 g) and phenyl 
isocyanate (0.18 g) were heated under reflux in dry benzene 
(10 cm3) for 0.5 h. The mixture was cooled and filtered to 
give 1-(3-cyan0-4-~henylpyr~ol-2-yl)-3-phenylurea (3) (0.23 g, 
!joy0), mauve needles, m.p. 269-271" (decomp.) (from 
dimethylformamide) (Found: C, 71.5; H, 4.8; N, 18.5%; 
M', 302. C18H14N40 requires C, 71.5; H, 4.6; N, 18.5% ; 
M, 302), v,, 3400 (NH), 2250 ( E N ) ,  1700 (GO), and 1640 
(CX) cm-1. 

The 2-aminopyrrole (8) (0.23 g) and phenyl isocyanate 
(0.13 g) were treated in a similar manner to give 1-(3,4-di- 
phenyZpyrrol-2-yl)-3-phenylurea (4) (0.32 g, 92%), needles, 
m.p. 204-205' (from ethanol) (Found: C, 76.3; H, 5-8; 
N, 11.2% ; M+, 353.153147. C2,H,,N,0,O.5H,O requires 
C, 76.2; H, 5-5 ;  N, 11.6%. C,,H,,N,O requires M, 
353.152804), v,, 3300 (NH) and 1660 (GO) cm-l. 
2-Amino-3-cyano-4-phenylpyrrole (7) (0.92 g) and ethyl 

isocyanate (0.35 g) did not react when similarly treated but 
when heated under reflux in pyridine (2 h and 10 h) afforded 
intractable tars. 

The aminopyrrole (8) (1.17 g) and ethyl isocyanate 
(0.089 g) similarly treated in dry pyridine (16 h) gave 
1-(3,4-diphenyl~yrroZ-2-yZ)-3-e~hylurea (5) (6.6%), needles, 
m.p. 328-330' (from ethanol) (Found: M+, 305.153371. 
CIoH,,N,O requires M, 305.152804), v,, 1660 (C=O) cm-1; 
no identifiable compounds could be gained from the pyridine 
mother liquors. 
Synthesis of 8-cyano-3,7-di~henyl~yrrolo[ 1,2-a][1,3,5]tri- 

azine-2,4( lH,3H)-dione (12) from the phenylpyrrolylurea (3). 
The pyrrolylurea (3) (0.6 g) ,  phenyl isocyanate (0.25 g), and 
dry pyridine (10 cm3) were heated together under reflux for 
15 h. Removal of the pyridine under reduced pressure 
gave a dark brown oily solid which on tritplration with 
chloroform gave (3) (0.35 g). The chloroform washings 
evaporated to  dryness gave a dark green solid. T.1.c. 
(alumina with acetic acid, or silica with ethanol) showed the 
presence of two components; the pyrrolylurea (3) as a 
minor component, and a component with the same RF value 
as the authentic pyrrolotriazine as the major component. 
Repeated recrystallisation of the green solid from the 
minimum of ethanol gave the pyrrolotriazine (12) (0.03 g, 
4.5%) as off-white plates identical (m.p., i.r. and mass 
spectra, and RF value) with an authentic sample. 

1- (3,4-Diphenylpyrro1-2-y1) -3-phenylurea (4) (0.53 g) and 
phenyl isocyanate were similarly treated. A quantitative 
recovery of (4) was obtained. 
Reaction of 2-Aminopyrroles with 1-AcyZureas.-2-Amino- 

3,4-diphenylpyrrole (8) (0.48 g), pyridine (5  cm3), and 1- 
acetylurea (0.21 g) were refluxed for 2 h. Removal of the 
pyridine under reduced pressure afforded a brown solid 
which was washed with chloroform to  give l-acetyl-3-(3,4- 
diphenylPyrrol-2-yZ)urea (15) (0.43 g, 66%), needles, m.p. 
249249' (decomp.) (from methanol) (Found: C, 71.1; H, 
5.3; N, 13.2%; M+, 319. Cl,H,,N,O, requires C, 71.6; 
H, 5.3; N, 13.2%; M, 319), v,, 3300 (NH) and 1710 and 
1670 (C=O) cm-l. 

The aminopyrrole (8) (0.88 g) ,  N-fi-nitrobenzoylurea (1.0 
g) ,  and pyridine (10 cm3) when heated under reflux (16 h) 
gave 1- (3,4-diphenyl~yrrol-2-yl)-3-(4-nitrobenzoyl)urea ( 16) 
(1.48 g, 96%), orange needles, m.p. 230-231' (from 
dimethylformamide) (Found: C, 65.9; H, 4-5; N, 12.9. 
C,4H,8N40,,0~5H,0 requires C, 66.2; H, 4.4; N, 12-9%), 
vmX 3400, 3300 (NH), 1695 and 1660 (GO), 1530, and 1350 
(NO,) cm-l. 
2-Amino-3-cyano-4-phenylpyrrole (7) ( 1.22 g) , l-acetyl- 

urea (0.68 g), and pyridine (10 cm3) were refluxed (3 h) to 
afford a dark purple solid, from which a quantitative re- 
covery of l-acetylurea was made. No unchanged amino- 
pyrrole could be isolated. 

All attempts t o  cause ring closure of 1-(3,4-diphenyl- 
pyrrol-2-yl)-3-(4-nitrobenzoyl)urea (16) to 4-(4-nitrobenz- 
oyl)-7,8-diphenylpyrrolo[l,2-a] [ 1,3,5]triazin-2( 1H)-one (18) 
using triethylamine, NN-diethylaniline, or polyphosphoric 
acid were unsuccessful. 
Synthesis of 7,8-Diphenylpyrrolo[ 1,2-a] [ 1,3,5]triazine- 

2,4( 1H,3H)-dione (14) .-2-Amino-3,4-diphenylpyrroIe (8) 
(0.47 g), biuret (0.21 g), and pyridine (6  cm3) were heated 
under reflux for 15 h. Removal of the pyridine under 
reduced pressure gave a fawn solid which was washed with 
water, ethanol, and acetone to give the pyrrolotriazine, 
prisms (0.57 g, 94%), m.p. 303-305' (decomp.) (Found: 
M+, 303.101349. Cl,H13N30, requires M, 303.100770), 
vm, 3400, 3300, 3230 (NH), and 1700 and 1680 (GO) cm-l. 

We thank the S.R.C. for financial support (to J. R. T.) 

[4/580 Received, 22nd March, 19741 




