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Absttlrt-‘H SM(K spectra of dcrlratl\c\ of 5nirro.I .!.3.j.lcrr,h~drop)-rlmrdine uerc examined in WIuoroaccrlc 
.rird wlurron. II ~a\ found Ihal the compound\. un\uh\rlrured m powwn 2. prcwrbe rhcu rmp \rru<rurc. wherea 
!.alk+ and !.ar)I dcrl\art\c5 are suhpxcd IO rmp openmy 

(‘onlinuing the work on Snitro- I .!.3.J-lelra- 
hydropyrimidine- ’ we examined rhc ‘H SMK spectra of 

IIS dcriiativcs in rrifluoroacetic acid (TFA) 

The spectra of derlvarives of 1. unsubsMu[ed in posl- 

lion 2. Indicate Ihat the compounds preserve their ring 

structure. and the spectra differ from those in deuteroch- 
loroform’ only by broadening of the signals. 

Protonalion of pyrimidincs 1 produced only a partial 

inhibition of rhe inversion of the nitrogen atom N-3. The 
absence of complcrcl) inhibited inversion and of vicinal 

coupling with the 3-K’H proton seems to indicate the 

presence of an equilibrium between IWO monoprotonated 
forms of 1. \iz 1 -(I H)’ and 1 13 - HI’. and the 

diprotonatcd form I - (2H)” according IO Scheme I. 

.%hcme I 

We assume that the protonation of the nitroenaminc at 

the oxygen atom of the nitro group preserves the length 
of the conjugated system. It is also known that the 

amides are protonatcd mainly at the oxygen atom.’ 
The existence of form 1 -(I - H)’ explains the ab- 

sence of completely inhibited inversion at N-3. The 
equilibrium of mono- and diprotonatcd forms makes 
possible fast (in N%lR time scale) exchange of the am- 
monium proton with that of TFA. This is manifested b) 
the absence of the vicinal coupling as pointed out before. 

In the instance of 2-alkyi- and 7-arglsubstituted .(- 
nitro-l.2.3.4-tetrahydropyrimidines 2 the ‘H SMR spcc- 
tra indicate thal TFA brings about ring opening yielding 
two geometric isomers E and % (Scheme 2). The reaction 
is reversible and ring closure occurs with triethylaminc. 

Ehemc 2 

The following facIs help estabhsh the structure of the 

linear compounds 3. 

(a) The signal of the H-6 proton is a doublet with a 
vicinal coupling constant J,. 7 14.2 l4.9cps (‘Table 1). 

Almost the same signals arc prc\enI in rhe SpeCk3 of 

compounds Q and 4b.’ 

4s. K’ 7 CH,. S, .- X.24 ppm. J,, 7 14.5 cps 
4b. RI = CH:CbH.. 6, = X.14 ppm. J h = 14.6 cps 

Signals of protons of K’ subsritucnrs in compounds 4 are 

also doublets. Compounds 1 which prcscrvc their ring 
structure in TFA show H-6 protons as singlets. 

(b) Chemical shifts of H-2 protons are in the region 
6 = X.16 9.39ppm (‘l‘able IL Signals of protons in the 

system N = CH in TFA are in the same region: 6 = 
H. I9 - 9.22 ppm.’ ’ 

(c) Signals of the mcthylcnc group protons in com- 

pounds 3 in TFA arc singlets while in compounds 2 the) 

are AR quartet\. The latter shape is due IO the presence 
of as!mmetrlc carbon, whereas in TFA the asymmetric 

center disappeared through ring opening. 
Formerly we c\tablishcd? that compounds 2 in dcu- 

tcrochloroform or as crystals exist solely in the ring 
form. To investigate the trend of ring opening we ex- 
amined the NMR spectra of tetrahydropyrimidines 2 in 
deuterated trifluoroacetic acid (TFA-d). WC established 
the dcutcrium only at N-I, as doublets coupling with H-6 

protons and those in substituents H’ CH,, CH+I,H, dis- 
appeared. 



‘Table I. ‘H ZSIR Specua of compounds 3. 

NO H.! 
Compound &ppmb J(c!s) 4-CH,(s) 

H.h(d) 
b.(ppmJ I&/~) 
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h n.Yc(ql 6.1 !.I! 5.x 
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- U 8: 
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3 41(d). J - C 3 0.88 

0 I! 

3er(d,. J=53’ IO0 

4 64(d); J - 5.4 u 75 
469td,: J 5.4’ 025 

ddoublct: qquarlel. Ssingkl. 
‘In TFA.d this signal IS a rmglct “Molar fraclwn of the lsomcr cslahlrshed on rhc haw of SMK 

spectrum mlegrarron after !4 h m TFAd a~ rmrn rcmpcraturc (t-u !U’) ‘Tqethcr uith H’ - C.H.-(‘H, 
protons. ‘Together wlh aromatrc protons ‘CH: protons. 

These results suggest that ring opening occurs via the 
protonated forms of I .2.3.4-tetrahydropyrimidines 2 

(Scheme 3) and by analogy IO compounds 1 we may 

suggest three protonated forms: 2-(I - HJ’. 2-(3 - HI’ 

and 2-(ZH)” 

.Schcme 3 

To explain the part played by 
compound 2b were measured in 

TFA the ‘H MNR of 

deutcrochloroform in 
the presence of TFA in different molar ratios of 2h IO 

TFA t I:I and I:!..(). In the first instance (ratio I: I) the 
Hh signal was a singlet, i.e. the compound maintains the 

ring structure. When the amount of TFA was increased 

(ratio I:?..() the H-6 signal became a doublet indicating 
that ring opening occured. These facts suggest that the 
monoprotonated chain form containing the reacttve 
nuclcophilic center (nitroenaminej which is able IO react 

readily with the C = N double bond is less probable than 

the monoprotonated cyclic form 2-(3 - H)’ and/or 2-(I - 
HJ’. In excess TFA ~hc nitroenaminc part of the mole- 
cule can also be protonated. thus stabilizing the chain 
slruclurc in lhe diprolonaled form. 

The concentrations m question depend mainly on the 
substitucnts R’ and R’. When R’= I’ C,H- and R’ = 

p - Cl C,H, or CH:C,H,. the mixture contamed more of 
the less stable isomer (Fig. I). Its quantity diminished 

with time to give finally the cquihbrium conccntrdtion. 
With other substitucnts. R’ and R’. ~hc concentration of 
the two isomers found after co. X min did not change 
considerably with time. The difference in the isomer ratio 
under kinetic (not more then H min after dissolving in 
TFAJ and thermodynamic (24 h) control could only be 
observed when the isomers equihbraled slowly. In other 
instances the ratio of isomers measured after a few 
minutes represented rhe equilibrtum composition. 

The ring = chain laulomerism is known in several The equilibrium was also examined in TFA-d during 
groups of compounds, e.g. oxazolidincs.” 1.3~oxarincs’ 24 h. After this time no hydrogcns (except H-l) in com- 
and their derivatives.“’ I .3.4,-oxadiarincs’ and hexa- pounds 3 were exchanged with dcutcrium. ‘I%Is ob- 
hydropyrimidines.‘“” An essential condition for the tau- servation indicates that one geometrical isomer passes 
lomerism is the presence of a hydrogen atom attached IO into another through the protonatcd cyclic form. II also 
the ring nitrogen. seems that compounds 3 arc in dynamic equdibrium with 

As far as measurements in TFA are concerned, only 
3,4dihydro-ZH-1.3.benzorazines’ and 2.3.dihydro-IH- 

naphth-( l.2-e][ I.31 oxadncs’ were investigated. Smith 

and coworkers have found that most of the dihydrobenr- 
l.3-oxazines in TFA exist solely in the chain form. and 

only unsubstituted in position 2. or substituted by Ccl, 

preserve their ring structure. Howcvcr in the instance of 
dihydronaphth-l.3-oxarines a ring = chain equilibrium 
is found in TFA. 

Considering the former investigations’ and our findings 
it seems that the formation of the chain form in TFA can 

occur in compounds in which the N = C‘ bond is stabil- 

ized by hyperconjugation or conjugation. 

The formalion of E- and Z-3 isomers was found to be 
controlled by kinetic factors. The initial concentratton OI 

both isomers was determined after not more than X 

minutes after compound 2 was dissolved in TFA. 
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c) clic protonated form\. Comparison of coupling con- 

stants J,, in compounds 4r and M with J!, in the 
corrcspondinp compounds 3, R’ 7 11 Cl C.H, indicates 
Ihal the concentration of cyclic form\ does no! cncccd 5 
mole %. 

AlI ‘H Si(R \p-cclra ucrc rccordcd AI Ill0 MHI on Jeol JSM. 

hlH.loO yxctrumcler a~ !I * IX‘ a\ soluI~on~ of cu 0 2 mmol of 

compound 2 m I ml of ‘I’F.4 or TFh.d C‘hcmtzal shrflx arc pnen 

on 6 scale m ppm relalitc 10 ‘TMS a\ Internal *Iandard. 

~‘mpound LI C‘ompwnd & I I -X p. Il.78 p, II 01 nh)ll ua\ ad. 

dcd under ~~porou\ \rtrrmg IO a mlxlure of p-mrrohentaldch~dc 

11 Xp. 0 025 mall and pyndmc CC ml) m nwhanol 150 ml) (‘om. 

pound 2f prccrpwed OUI almo5l Immcdlarcl) The \!lrrmg ua\ 
;onnnucd for C h. and *a\ lcfl o\crmght. The prcclpllaw ua\ 
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