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Abstract-The derivative produced by the reaction of meth&onic acid with p-chlotaniline reacts with 
formaldehyde and primary amine-s to form 1,3disubstituted S-nitro-1,2,3,4-tetrahydropyrimidinea These 
are readily trausam mated at the l- or 1,3-positions by warming with primary amines. Transamination 
involves (1) ring opening with loss of a mole of formaldehyde to form a Schiff’s base zwitterion, (2) replace- 
ment of the amine forming the Schiffs base. and (3) reclosure of the ring by formaldehyde. 

OUR researches on the formation of hetcrocyclic systems from primary nitroparafins. 
formaldehyde and amines, are now extended to methazonic acid (I).3 Compound I 
is an oxime as well as a primary nitroparalhm which could lead to products more 
complicated than previously. To avoid the instability of methazonic acid, we used the 
derivative (II), obtained by reaction with pchloroaniline.4 Spectroscopic properties 
of related compounds” suggest revision of the originally proposed Schifl’s base 
structure (IIS) to a nitroenamine with (cf. also Ref. 5b) resonance structures IIE 

- 
OsNCH,CH=NOH OsNCH,CH=N 

+ \ / 

1 IIS 

- 

OsNCH=CHNH OsN=CH-CH=;H 
u \ / c1 

IIE IISZ 

(enamine) and IISz (Schiffs base zwitterion), and this is conllrmed by the NMR spectra, 
see below. Nitroolefms do not normally Undergo aldol reactions with formaldehyde,6 
but the enamine function could modify this behaviour. Indeed II reacted with for- 
maldehyde in aqueous ethanol at pH of ca. 8 to yield the carbinol (IIIa) together with 

l Also considered as Part XXXII in the series “Applications of Proton Magnetic Resonance Spect.ro- 
scopy to Structural Problems.” 
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a little of the 1,2,3,4-tetrahydropyrimidine (Va). The origin of the cyclized product 
(Va) can be explained by partial hydrolysis of IIIa to give p-chloroaniline which 
then reacts with more IIIa and formaldehyde to yield Va. Although direct evidence 
is not available, diamine Va is probably an intermediate; the conversion (IIIa + IVa) 
may involve either dehydration followed by a Michael addition, or fission of IIIa 
back to II followed by a Man&h reactiou. 

oaN--C---CH-NH-R 
CH,OH 

111 

Illa: R = pCl*C6H, 
IIIb: R=Me 

IV 

IVa: R = pCl.C,H, 
IVb:R=Mc 
IVc: R=Et 
IVd: R = CHIPh 

W’J ‘R 
V 

Va: R = pCl~C6H, 
Vb: R = Me 
Vc: R=Et Vd: R = CH,Ph 

Treatment of the nitroolefin (II) with formaldehyde and the appropriate primary 
amine gave the four 5-nitro-1,2,3,4-tetrahydropyrimidines (Va-Vd). The yield was 
highest when the molar proportions of II, formaldehyde, and the amine were 1:3:2 
These reactions may be of the Mannich type or they may involve the formation of 
the carbinol (IIIa). As expected IIIa also reacts with formaldehyde and the amine 
in the proportions 1: 2 :2 to give products of type V. 

OzN 

VI: R=R VII: R # R’ 
Via: R=R’==Mc VIIa: R=Et,R’=Me 
VIb: R=R’=CH,Ph VIIb: R = CH,Ph, R’ = Me 

With amounts of the amine larger than 2 molar, transamination products (VI) 
were formed in addition to V; II with formaldehyde and benzylamine in boiling 
ethanol also gave both VIb and Vd. 

Transmination of preformed 5nitrotetrahydropyrimidines (V + VII) occured 
on treatment with various amines (see Scheme 1). The substituents at position 1 or 
at both positions 1 and 3 were changed depending on the amine used and the tem- 
perature: as a rule, both substituents were replaced in boiling ethanol. We did not 
examine closely the transaminating ability of amines, but the 1Jdibenzyl derivative 
(VIb) was formed particularly readily when benzylamine was used. Transaminations 
also occur with the amines formed by fission of the original tetrahydropyrimidine 
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(V). Thus, heating Vb in boiling ethanol (basilied with triethylamine to pH 8), re- 
arranges Vb into Va (a type of “so-~spro~~ionation”~ Boiling Vd in ethanol 
and methylamine gave some VIb by a similar “semidisproportionation”, although 
at 20” the intermediate product VIIb was formed. 

-1 

FH,.CU p ) 

/ I PhCH,NH2 

OaN 

Vd 

~ PbCH,NH, 

/PhCH,NH, \ 

CH,NHl 

Va VlIb 

Reaction mechanisms. Carbinol IIIa was tr ansaminated by heating with ethanolic 
methylamine to give p-chloroaniline and the new carbinol IIIb which reacted with 
fo~dehyde and various primary amines to form S-ni~~l~,3,~tetr~y~op~- 
dines (VI). We did not succeed in transaminating compound II by any of the methods 
successful with compounds V-VII. Tr ansaminations of carbinols of type III are 
analogous to the well-known properties of Schiff’s bases.’ Compound III is meso 
merit with enamine (IIIE) and SchifI’s base zwitterion (IIISz) canonical forms. 
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02N-_F=CH-NHR = -02N =y -CH=iHR 

CH,OH CH,OH 

IIIE IIISZ 

In anhydrous media, the tetrahydropyrimidine (V) form hydrochlorides, these 
are readily hydrolyzed by water to formaldehyde and the d&nine hydrochlorides 
(IV). The latter reform the tetrahydropyrimidines by treatment with formaldehyde 
at pH 8 (cf. Scheme 2). The hydrochloride (IV) gives an N-nitroso compound (VIII) 
with sodium nitrite. 

C,H,.Cl(p) 

A 

C,H,. Cl(p) 

L 
17, - 

k 
HCI 

‘\ 20 
4 

ysH,.CUp) 
FH4. c1(p) 

JO N-H 

OaN JL 

N-H 
NaNO, 

‘NY2 Cl- - 
OzN L 

1 NAR 

R ‘NO 
IV VII 

The novel transamin ations of the hydropyrimidine derivatives (V-VII) probably 
involve preliminary ring opening of these tautomeric N-pchlorophenyl-N’-alkyl 
(or aralkylh2-nitro-1,3diaminopropenes, where each of the two enamine forms 
(IVEa, b) is mesomeric with a Schiff’s base zwitterion (IV&a, b) contributing to the 
resonance hybrid. Each tautomer can react with amines at the C=N+HR group and 
thus transamination can occur successively at both positions 1 and 3. The formulae 
(IVEa, b and IV&a, b) also illustrate the possible formation of potentially tautomeric 
cyclic products (VII) ; the double bond shift in VII is of a different type from the known 
tautomerism of enamines6 

02N- y=CH-NHR 

CH,NHR’ 

IVEa 

0; l 

_,N=C-CH=I;HR 
0 I 

CH,NHR' 

IVSza 

02N-C -CH,-NHR 
Ii 
CHNHR 

IVEb 

o,+ 
o-,N=C-CH2-NHR 

I l 

CH=NHR’ 

IV&b 
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Spectroscopic proof of structure. Nitroolefins do not normally undergo aldol 
reactions with fo~dehyde6 which seemed originally to indicate addition to the 
primary nitro group of II& to give the hypothetical diol (IX) converted by a primary 
amine to an azetidine (X), which was tr ansaminated by R’NH2 to yield compounds 
of type XI and XIL However, the diol (IX) could not be isolated, and firm evidence 
for the tetrabydropyrimidine structure was Iater obtained from ultraviolet and NMR 
spectra. 

OaN 

VII 

IISZ - 
OaN, ,CH=N+CsH,.C!l(p) OaN CH=NT6H,.Cl(p) 

HOH,C +H,OH 
-0 

IX ‘;J 

OIN CH=NR’ 

n N 

d 
Xl: R#R 

XII: R=R 

TABLE i. w SPECTRA OF DfOXAN SOLUTIONS 

Compound 
mp 6 w E 

II 245 217=J 370 25,500 
IIIa 245 58,300 383 23,750 
IVa’ 240 17,900 380 22,700 
VW 245 2o;wo 380 21,250 
Va 250 24,500 385 22so 
Vb 250 20,750 385 26,500 
Vd gb 15,000 385 23,750 
Via c 365 20210 
Vlb 2w $ 365 22,900 

’ Not determined owing to the low solubility in a-hcxane. 
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UV spectml data are recorded in Table 1. Compounds II, IIIa, IVa and VIII, 
which all contain the p-chlorophenyl group, show two band spectra almost identical 
with those of the ring compounds (Va-d) containing the same substituent in position 
1 (or both 1 and 3) (Fig. 1). The bands are hypsochromically shifted in Via and VIb 
which do not contain conjugated aromatic rings. 

0.6 I 
0.5 

0.4 

03 

0.2 

0.1 

I 
200 300 400 

FIG. 1 UV spectra of dioxan solutions of II (- .-.-) and Vb ( x --x --x ) 

In the infrared spectra (Table 2), the heterocyclic compounds V, VI and VII show 
two characteristic bands in the region 132~1180 cm- ’ which do not appear in the 
ring opened derivatives IV and VIII, nor the acyclic starting materials. We assigned 
these bands to tetrahydropyrimidine ring stretching modes. The other bands agree 
with the suggested structures The nitro symmetric and asymmetric modes occur at 
the lower frequencies characteristic for conjugated systems. 

The NMR spectrum of II (Fig 2) clearly indicates the olefinic structure. The tetra- 
hydropyrimidine spectra (Figs 3-5) show the signals from the CH2 groups as singlets : 
this is a result of rapid inversion of the rings (deformed chair + deformed chair). 

Fx.2 NMR spemum of II in dcuteriochlorofom: a, 2727; b, 3.317; c, 0607;d, 251-3Q27; 
J e 6.5 c/s. 
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Cc&I I6 
(01 H -5 

04 
$t42 lb) 

O$+C. ,N-'33 Id1 
a2 

TMS 

I 

w-1 2 3 4 5 6 7 8 9 40 

FIG. 3 NMR spectrum of Vb in deutcriochloroform!a, 157 r; b, 5.55 r; c, 6-W r; d, 7.47 r; 
e. 3.1-2.55 5. 

d 

TMS 

;- 3 i 0 

Ro. 4 NMR spectrum of Vd in deutcriochloroform : a, 1.55 z ; b, 5.62 s ; C, 606 s ; d, 632 T ; 

e, 2.13 z ; f, 3.12-255 T. 
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WH-~ 0N’C”2 (b) 

02N-C, /Ii-C”2-C”3 
C”2 (d) (e)‘ 
(C) 

CHCl3 
0 

I - . 
‘cbd 2 3 4 5 e 7 0 9 10 

FIG. 5 NMR spectrum of VIIa in deutcricchloroform: a, 1.91 r; b, 5.92 r; c, 615 5; d, 7.39 r; 
c. 8.84 T ; f, 6-88 r. 

EXPERIMENTAL 

Mps, crystal shapes and analytical data are collected in Table 3. Mel wts were determined by the 
ebulliometric method of Swietoslawski in benzene or dioxan as solvents. Water of crystallization was 
determined by the Karl Fischer reagent. 

Spectroscopy. UV spectra were obtained with a Unicam SP-700 spectrophotometer in cuvettes d 1 cm 
with dioxan or n-hexane as solvents. IR spectra were recorded for nujol mulls or KBr discs with Unicam 
SP-200 and Hilger 800 spectrophotometers fitted with a NaCl prism. 

NMR spectra were recorded on a Varian 4300-C (generator frequency 60 MHz) in deuteriochloroform 
or deuterioacetone with TMS as internal standard. 

l-N-(p-ChJorophenyJ)aino-2-hydroxy-2-nJtrome~hyJe~hyJene (IIIa) 
Compound IIa was obtained from methazonic acid and pchloroaniline,’ m.p. 162-163” (lit.’ 165”). 

Compound Ha (3.9 g OG2 mol), EtOH (60 ml), and aqueous 27% formaldehyde (204 ml, 0.2 mol), were 
mixed and brought to pH ca. 8, with Et,N or 2”/, NaOHaq. After 12 hr the nitroemnnine IIIa (3.8 g, 84%) 
separated. It crystallized from EtOH or nitromethane and is soluble also in acetone and (sparingly) in 
water. After 24 hr the by-product Va (004 g 1%) crystallized, see below. 

3-Substituted 1,2,3,4-tetrahydro-l-(p-chJorophenyJ)-5-nitropyrimidines (V). 
Mehod 1,from IIaAqueous (27%) formaldehyde (154 ml, @I5 mol) and the appropriate primary amine 

(0.1 mol) (methylamine, ethylamine, pchloroaniline or benzylamine) was added to Ha (99 g, 05 mol) 
suspended in EtOH (120 ml) (or MeOH for the preparation of Vc). For Va and Vd it was neaSsary to 
basify the mixture with Et,N to pH ca. 8. The solo was stirred for 1 hr, left for 10 hr, and the resulting 
ppt recrystallized; Vb and Vd from EtOH, Vc from MeOH and Va from benzene. The yields were S&84”/, 

Metw 2&m IIIa To a suspension of IIIa (1.14 g, Qoos mol) in EtOH (15 ml) aqueous (27yd formaldt- 
hyde (I+2 ml, 001 mol) and a primary amine (001 mol) as in method 1, were added. The mixture was 
heated on a steam-bath until the solid dissolved, and was kept 10 hr at 20”. ‘I& ppts were crystallized as 
in method 1. The yields were 60-75 % 
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The tetrahydropyrimidines V form bright yellow crystals, readily soluble in benzene, chloroform and 
dioxan, and sparingly solubk in water. 

2-Hydroxymethyl-1-N-methylrrmine-2-nitroethylene (IIIb) 
Aqueous MeNH, (4@& 1.5 g 002 mol) was added to a suspension of IIIa (2.28 g O-01 mol) in EtOH 

(15 mol). The yellow enamine IIIb (l-2 & 9o”/J soon crystallixed. 
1,23,4-Tetrohydro-l,3dimethyl-5-nitropyn’midine (Via). Aqueous formaldehyde (270/, 04 ml, OGO4 mol) 

and aqueous MeNH, (40%, O-3 ml, 004 mol) were added to a suspension d IIIb (026 g 0002 mol) in 
EtOH (5 ml). The mixture was heated on a steam-bath until the solid dissolved, then 1eA at room temp for 
a few hr. The prcdud Via separatai and was recrystallixcd from MeOH or EtOH, m.p. 161-162” (0.1 g, 

3%). 

Transamination of the tetrahydropyn’midines V, VI and VII 
1. Reaction of Vb or Vd with methylamine. Aqueous MeNH, (4C%, 1.5 ml, 002 mol) was added to a 

suspension of Vb or Vd (001 mol ; 2.5 g or 3.3 g, respectively) in EtOH (30 ml). The solid dissolved rapidly 
and immediately a yellow product, Via (1.5 g, 90%) or VIIb (1.95 g 85%) precipitated. 

2 Reaction ojVc or Va with methylamine. Aqueous MeNH, (40%, 1.5 ml, Oa2 mol) was added to a 
suspension of Vc or Va (267 g, and 3.5 g respectively, Ml mol) in MeOH (30 ml). For Va the mixture was 
relluxed for 45 min. When the solid had dissolved, the solvent was evaporated at 20” and ether was added. 
Yellow crystal8 of VIIa (1.2 g 70%) or Via (04 g WA) resulted. 

3. Reaction ofVb with pchloraniline. pChloroaniline (1.27 g, ml mol) was added to a suspension of Vb 
(1.26 g OGO5 mol) in EtOH (15 ml) and the whole made alkaline with Et,N to pH ca 8, and refiuxed for 
30 min. Two products (Vb and Va) were detected by TLC; the latter was isolated by its lowa solubility. 

4. Reaction ofVa, Vd, Via or VIIb with benzylamine. Benxylamine (OG2 mol) was added to a suspension 
of Va, Vd, Via or VIIb (001 mol) in EtOH. With Va, Via and VIIb, the mixture was relluxed for 30 min, 
but with Vd the reaction occurred at room temp. After cooling, yellow crystals d Va, Vd, VIIb (70-90%) 
or Via (15%) were collected. 

5. Reaction of Vb in basic medium. A suspension of Vb (1 g) in EtOH was brought by EtaN to pH ca. 8 
and refluxed for 40 min. Afier cooling. the product (@8 g) was collected and identified as Vb with a smaller 
amount of Va by TLC. 

6. Reocticm ojVd with on excess dmethylamine. A suspension of Vd (066 g m2 mol) in MeOH and 
aqueous MtNHl (40”/,, 1.5 ml, 002 mol) were relluxed for lf hr. The product, VIb (05 g, 25’/,) was collected. 

Hydrochlorides of the tetrohydropyrimidines V and VI 
Compounds Vb, Vc or Via (1 g) were kept overnight in anhyd EtOH and ethereal HCI (5 ml). Light 

yellow hydrochlorides of Vb or Vc, or the colourless hydrochloride of Via were collected (yields 1.1 g, 
1-l g and 1.2 g respectively). The hydrochloride of Via was recrystallized from MeOH, the others could 
not be puriiied by crystallization because of low solubihty, rapid decomposition when heated, and easy 
hydrolysis. To the suspension of hydrochloride Vb, Vc or Via (00X5 mol) in EtOH, NHCOa aq (ooO5 mol) 
was added. slightly warmed and filtered: Vb. Vc or Via precipitated. 

Hydrolysis of the teMzydropyrimidines V 
Compound Vb, Vc or Vd (1 g), EtOH (15 ml) and cone HCI (03 ml) were boiled until the solid dissolved. 

The hydrochloridea IVb, IVc or IVd resulted (yields 07 & 64%; O-8 g, 75%; 06 g 537’ respectively), and 
were crystallized from EtOH. 

Reaction of the diamine hydrochloride IVb with sodium nirrite 
Saturated NaNO,aq (@5 g) was added to the soln of IVb (09 g) in water (30 ml). A w8tallhe Yellow 

ppt of VIII (0.7 g) was collected. It gave a positive Liebermann test. 

Reaction of rhe diamine hydrochlorides IV with formaldehyde 
Aqueous formaldehyde (27%. la2 ml, O-01 mol) was added to a suspension d hydrochloridea IVb, 

IVc or IVd (0005 mol, 1.4 g and 1.85 g respectively) in EtOH, and NaHCO,aq or Et,N was added to pH 
ca. 8. The products were identifiai as Vb. Vc or Vd (yields 1 g. 1.1 g and 14 g respectively; ca. 85%). 
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