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Abstract. N-Methyl-, N-ethyl-, N-(n-propyl)-, N-(iso-propyl)- and N-phenyl-2-arylimidazolidines
proved to be ring-chain tautomeric mixtures in CDCl;. The ratios of the open and ring forms in the
tautomeric equilibria of these compounds is described by the equation log Ky = pc” + log Ky ;. used
earlier for the ring-chain equilibria of saturated 2-aryl-1,3-O.N-heterocycles. These are the first
examples among 2-arylimidazolidines of ring-chain tautomeric processes characterized by a Hammett-
type correlation. © 1998 Elsevier Science Ltd. All rights reserved.
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The structures and reactivities of numerous five- and six-membered, saturated. N-unsubstituted 1,3-
X N-heterocycles (X = O, S, NR) can be characterized by the ring-chain tautomeric equilibria of the 1,3-X,N-
heterocycles and the corresponding Schiff bases.'

The oxazolidines and tetrahydro-1,3-oxazines are groups of saturated 1.3-X,N-heterocycles whose
ring—chain tautomerism has been studied most thoroughly.'? For 2-aryl-substituted derivatives of these
types of compounds, a clear-cut correlation was found between the log Kx values of the equilibria (Kx =
[ring)/[chain]) and the Hammett-Brown constants ¢* of the substituents on the 2-aryl group. The ring-chain
tautomerism of these compounds could be described by Equation (1) in both the liquid and gas phases:**

log Kx = pc” + log Kx=p (Eq. 1)

In contrast. ring-chain tautomeric processes in the corresponding 1,3-N N-heterocycles have been
observed only in special cases.'* Very little is known concerning the effect of the substituents on the
tautomeric equilibria of these compounds. 1015 Therefore, our aim was to investigate the scope and limitations
of Equation (1) by studying the ring—chain tautomerism of some 2-aryl-substituted 1-alkyl- and 1-phenyl-
imidazolidines.

Model compounds 6-10 were prepared by the reactions of N-methyl- (1), N-ethyl- (2). N-(n-propyl)-
(3), N-(iso-propyl)- (4) and N-phenylethylenediamine (5) with equivalent amounts of substituted benz-
aldehydes (Scheme 1). The 'H NMR spectra of 6-10 revealed that all of these compounds (except 9i, in which
no ring form could be detected) participated in a ring—chain equilibrium in CDClj solution.

The ratios of the concentrations of the ring and chain forms for the tautomeric equilibria (log Kx),
determined by integration of the well-separated N-CHAr-N (ring) and N=CH (chain) proton singlets, seemed
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to correlate with the electronic effects of substituents X (Table 1). It is noteworthy that the ratio of the open
form of the p-nitrophenyl-substituted N-methylimidazolidine (6aA) in CDCI; is 6.6%, in contrast with the
literature'*' data (0%).

CHO
NH, @‘x N=CH—@ &
TGRSRl o't
NHR

S ——
N B

NHR R
R= Me: 1 6Aa-i 6Ba-i
R= Et: 2 7TAa-i 7Ba-i
R=nPr: 3 8Aa-i 8Ba-i
R= iPr: 4 9Aa-i 9Ba-i
R="Ph:i5 10Aa-i 10Ba-i

X =NOz(p):a, CN(p): b, Br(m): ¢, Br(p):d, Cl(p): e, H: f, Me(p): g, OMe(p): h. NMey(p): i

Scheme 1

Through the use of HMBC and HMQC spectroscopy, not only the characteristic N-CHAr-N and
N=CHAr singlets could be distinguished, but also the methylene signals of the ring and open forms. This was
especially useful in the case of some p-methoxy- and p-dimethylamino-substituted derivatives, where
tautomeric ratios could be determined only by integrating the methylene signals, because of the overlapping or
coalesced lines. Data on the aliphatic protons of 2-(p-bromophenyl) derivatives (6d-10d) was chosen to
demonstrate the '"H NMR spectra of the prepared 2-arylimidazolidines (see Experimental).

Table 1. The ratios (%) of the ring forms (B) in tautomeric equilibria for compounds 6-10°

Compdel ik 53 6’ 6 7 8 9 10" 10°
R=Me R=Me <R=Et R=nPr R=iPr R=Ph R=Ph
a pNO; | 0.79 93.4 94.8 84.0 85.4 334 68.6 56.0
b mNO, | 0.73 94.4 95.3 85.8 85.9 34.8 68.0 55.0
c mBr | 0.405 | 89.4 93.6 75.2 734 17.3 52.6 38.7
d pBr | 0.15 86.8 89.1 69.5 69.0 122 - 41 313
e pCl 0.114 | 86.6 90.1 686  67.8 10.5 424 29.6
f H 0 83.5 85.6 60.3 60.1 8.1 35.7 21.0
g pMe | -0311 | 789 79.7 482 50.3 5 27.5 14.7
h pOMe | -0.778 | 68.2 71.3 379" %870 3.1 15.8 8.3
i pPNMe, | -1.7 43.6 c 16.7 149  ~0 4.6 22

?For the equilibria in CDCl;. ®For the equilibria in DMSO-dg. “Due to overlapping coalesced lines, the tautomeric ratio
could not be determined at 300 K.

When Equation (1) was applied to the log Kx values, good linear correlations were obtained versus the
Hammett-Brown parameter ¢* for all five sets of imidazolidines 6-10 (Fig. 1, Table 2). To the best of our
knowledge. these are the first examples among 2-arylimidazolidines of ring—chain tautomeric processes
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characterized by a Hammett-type correlation. The first application of Equation (1) to describe a ring-chain
tautomeric process among 2-aryl-1.3-N,N-heterocycles was recently published for 2-arylhexahydro-
pyrimidines.'*

The interconversion of ring-chain tau-
tomers. i.e. the mobility of the equilibria, is

log K ; ; :
unequivocally proved by the difference in

2 -}
the tautomeric ratios for N-methyl- (6) and

N-phenyl-substituted imidazolidines (10)

s in CDCl; and DMSO-ds. For 1-phenyl-
imidazolidines 10, similarly to the analo-
0 gous ],3-0,N-heterocycles.”’ the cyclic
forms are preferred in CDCls, while the
-1 open forms are rather preferred in DMSO-

de, which is due to the different hydrogen-
24 tonding abilities of these solvents. How-
! ! ) T G ever, for 1-methylimidazolidines 6, the

proportions of the ring forms of these
compounds were somewhat higher in
Fig. 1. Plots of log K (in CDCl;) for 6 (@), 7 (0), 8 (¥), = DMSO-ds than in CDCls. The solvent had
9 (v) and 10 (M) vs Hammett-Brown parameter ¢* only small, but unequivocal effects on the
slopes of the regression lines in both series

of compounds.

The data in Table 2 shows that the constants p (in CDCl3) for 1-phenyl- (0.67) and especially 1-(iso-
propyl)imidazolidines (0.82) are greater than the usual p values' for oxazolidines (0.50-0.60). while those for
1-methyl- (0.53), 1-ethyl- (0.59) and 1-(n-propyl)imidazolidines (0.62) are very similar to the usual values for
oxazolidines. The significant differences in p for compounds 6-10 suggests that for imidazolidines, in contrast
to 1,3-O.N-heterocycles, the value of p is not characteristic of the ring system.

Table 2. Linear regression analysis data on compounds 6-10 and the parent 2-aryloxazolidines (11)

Compd. No. of points Sl(c:);;e’ Intercept” Sgg%lfitiﬁ? c’
6 9 0.53(2) 0.75(4) 0.990 1.85
6 8 0.61(4) 0.84(6) 0.970 &
7 9 0.59(3) 0.25(6) 0.984 1.35
8 9 0.62(2) 0.25(5) 0.989 1.35
9 8 0.82(5) -0.97(7) 0.973 0.13
10° 9 0.67(1) -0.20(3) 0.997 0.90
10° 9 0.72(2) -0.48(5) 0.993 =
11° 7 0.60(4) -1.10(2) 0.989 0

“Standard deviations are given in parentheses. bFor the meaning of c, see the text. “For the equilibria in
CDCl.. “For the equilibria in DMSO-ds.
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The equilibria of imidazolidines 6-10 in CDClI; involve a considerable amount of the ring form, des-
pite the 5-endo-trig ring-closure process of the tautomeric forms (A — B) according to Baldwin's rules.'” A
comparison of the intercepts (the ¢ value is the difference in intercepts of the given 2-arylimidazolidine and
the parent unsubstituted 2-aryloxazolidine®) reveals that the ratios of the ring forms in the tautomeric
equilibria of N-methyl-, N-ethyl-, N-(n-propyl)- and N-phenylimidazolidines are markedly higher than those
for oxazolidines. The steric effect of the a-carbon of the N-substituent plays a crucial role in the addition of
the NHR group to the C=N bond. An increase in the steric requirement of the N-substituent. i.e. the number of
methyl groups on the carbon adjacent to the nitrogen (N-Me — N-Et — N-iPr), decreased the ratio of the ring
forms in the tautomeric equilibria. However, introduction of a methyl group onto the B-carbon of the
N-substituent (N-Et — N-nPr) did not significantly influence the intercept values.

The above results indicate that the electronic effect of the substituent on the 2-aryl group definitively
determines the ratio of ring and open-chain tautomers in all series of imidazolidines 6-10. The ring-chain
ratios are influenced not only by the substituent X on the aromatic ring, but also by the substituent on the
N atom of the imidazolidine ring. The proportion of the ring form increases in the following sequence of
N-substituents: iPr < Ph < nPr =~ Et < Me. Efforts to elucidate the electronic effects of the substituents on the
N-phenyl group on the tautomeric equilibria of 2-arylimidazolidines are in progress.

EXPERIMENTAL

'H NMR spectra were recorded on a Bruker AVANCE DRX 400 spectrometer at 300 K, using a
"5 mm inverse Z gradient" probehead. The samples were dissolved in CDCI; or in DMSO-ds containing
0.03% TMS as reference. For the equilibria to be established,'® the solutions were left to stand at ambient
temperature for 1 day before the '"H NMR spectra were run. The number of scans was usually 64.

Melting points were determined on a Kofler micro melting point apparatus and are not corrected. The
physical data on compounds 6-10 are listed in Table 3.

General method for the synthesis of 2-arylimidazolidines

To a solution of the appropriate diamine (3 mmol) in 20 mL of absolute methanol. an equivalent
amount of aromatic aldehyde was added (in the case of liquid aldehydes, a freshly distilled sample was used),
and the mixture was left to stand at ambient temperature for 1 h. The solvent was evaporated off and the
evaporation was repeated after the addition of 10 mL of benzene. The oily products were dried in a vacuum
desiccator for 24 h. The NMR spectra proved that the purities of these compounds were greater than 95%.
Crystalline products were filtered off and recrystallized. All of the recrystallized new compounds (10b,d,g-i)
gave satisfactory data on elemental analysis (C, H, N £0.3%).

NMR speciroscopic data on the aliphatic protons of 2-(p-bromophenyl) derivatives 6d-10d in CDCl;

The protons of the open forms A are numbered according to the corresponding protons of the ring
forms B (6 in ppm; in brackets the multiplicity, couplings in Hz and assignment, respectively; om = over-
lapping multiplets).

6Ad: 828 (s, 1H, N=CH), 3.72 (¢, 2H, J = 6.0, 4-CH,), 2.91 (1, 2H, J = 6.0, 5-CH>), 2.47 (s, 3H,
NCH;); 6Bd: 3.86 (s, 1H, 2-CH), 3.32 (ddd, 1H, J = -16.4, 1.7, 2.5, 5-CH}), 3.24 (dd, 1H. J = -8.0, 7.7,
4-CH,), 3.08 (ddd. 1H, J=-8.0, 8.0, 2.5, 4-CH,), 2.44 (dd, 1H, J= 16.4, 8.0, 5-CH>), 2.20 (5. 3H, NCH3).
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Table 3. Physical data on imidazolidines 6-10

o 8 N=CHAr |3 N-CHAr-N
Compd. M.p. (°C) Formula M.W. chain (A) ring (B)
6a 37-39** C1oH)3N;0; 207.23 8.42 4.07
6b oil CioH13N30; 207.23 841 4.08
6¢c oil CioHj3N2Br 241.14 8.26 3.88
6d oil CoH13N2Br 241.14 8.28 3.86
Ge oil® CioH;3N-Cl 196.68 8.23 3.66
6f oil CioH1aN2 162.24 8.32 3.87
6g oil® Ci1HigN2 176.26 8.29 3.84
6h oil® C1HgN2O 192.26 8.25 3.89
6i oil® Ci3HoN; 205.31 8.17 3.76
Ta oil C1H N30, 221.26 8.40 4.20
7b oil Ci1HsN10, 221.26 8.56 422
Te oil CiH;sNaBr 255.17 8.26 4.02
7d oil Ci1H;sNaBr 255.17 8.28 4.00
Te oil C11HsN,Cl 210.71 8.28 3.76
" oil CiHigN2 176.26 8.34 4.02
7g oil Ci2HigN2 190.29 8.29 3.96
7h oil C2HisN2O 206.29 8.26 3.95
7i oil CiaHaiN; 219.33 8.20 3.69
8a oil C3Hi1N;0; 235.29 8.42 422
8b oil C12H19N10; 235.29 8.58 4.23
8c oil Ci2H;9N2Br 269.19 8.26 4.02
8d oil C2H;7N,Br 269.19 8.28 4.00
8e oil Ci2Hi:N:2Cl 224.74 8.29 4.01
8f oil CiaHisN2 190.29 8.33 4.01
8g oil C3HyoN> 204.32 8.29 3.97
8h oil Ci13HaoN20 220.32 8.26 3.95
8i oil CiqHasN; 233.36 8.20 3.69
9a oil C12H;7N10; 235.29 8.42 4.62
9b oil C12H7N;0; 235.29 8.58 4.63
9¢ oil Ci12H7N2Br 269.19 8.26 4.43
9d oil C2H7N2Br 269.19 8.28 442
9e oil C2H71N:-Cl 224.74 8.28 4,42
of oil Ci2HisNa2 190.29 8.34 4.43
9 oil Ci3HaoN2 204.32 8.30 438
9% oil C1aH20N:20 220.32 8.26 4.36
9i oil Ci14HaaN;3 233.36 8.20 3.84
10a oil CisHisNiO, 269.31 8.36 5.49
10b 66-71° CisHisN:0, 269.31 8.35 5.49
10¢ oil CysHsN,Br 303.21 8.19 5.34
10d 64-66° CisHsN;Br 303.21 8.23 5.35
10e oil Ci5HysNoCl 258.75 8.27 5.41
10f oil CisHigN2 22431 8.28 5.39
10g 60-62° CicHigN2 238.34 8.25 5.37
10h 31-33° CiHisN2O 254.34 8.21 5.35
10i 88-89° Cy7Ha1N; 267.38 8.18 5.35

*Recrystallized from n-hexane. °Lit.” m.p. 39-40 °C. “Lit."® oil. “Recrystallized from /Pr,O-EtOAc.
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7Ad: 8.28 (s, 1H, N=CH), 3.75 (1, 2H, J = 5.6, 4-CHy), 2.96 (t, 2H, J = 5.6, 5-CH,). 2.70 (¢ 2H, J =
7.3, CHyCH3), 1.11 (1, 3H, J = 7.3, CH,CHz); 7Bd: 4.00 (s, 1H, 2-CH), 3.40 (d, 1H, J = -8.2, 3.2, 5-CHy),
3.25 (dr. 1H, J = -10.7, 8.2, 4-CHy), 3.09 (ddd, 1H, J = -10.7, 8.2, 3.2, 4-CH,), 2.55 (dg, 1H. J = -11.8, 7.3,
CH:>CH;), 2.38 (¢. 1H, J = 8.2, 5-CHs), 2.18 (dg. 1H, J =118, 7.3 CH,CH;), 1.05 (1, 3H, J = 7.3 CH,CH).

8Ad: 8.28 (s, 1H, N=CH), 3.75 (1, 2H, J = 5.8, 4-CH,), 2.95 (1, 2H, J = 5.8. 5-CH,). 2.62 (1. 2H. J =
7.3, CH,CH,CH); 1.5 (om, 2H, CH,CHCHy), 0.91 (1, 3H, J = 7.5, CH,CH,CHs); 8Bd: 4.00 (s, 1H, 2-CH),
3.37 (om, 1H. 4-CHy) 3.24 (om, 1H, 5-CHy), 3.09 (om, 1H, 4-CHy), 2.39 (om, 2H, CH,CH:CHy), 2.13 (om,
1H, 5-CH,), 1.45 (om, 2H, CH,CH,CHs), 0.86 (¢, 3H, J = 7.5, CH,CH,CHs).

9Ad: 8.28 (s, IH, N=CH), 3.72 (1, 2H, J = 6.0, 4-CHy), 2.94 (¢, 2H, J = 6.0, 5-CHy). 2.84 (h, 1H, J =
6.3, CH(CHa),), 1.06 (d, 6H, J = 6.3, CH(CHs),); 9Bd: 4.42 (s, 1H, 2-CH), 3.10 (om, 2H, 4-CHy), 3.00 (om.
1H, CH(CHa),), 2.75 (om, 2H, 5-CHy), 0.98 (d, 6H, J = 6.2, CH(CH}),).

10Ad: 8.23 (s, 1H, N=CH), 3.83 (1, 2H., J = 5.5, 4-CHh), 3.47 (1, 2H, J = 5.5, 5-CHa); 10Bd: 5.35 (s,
1H, 2-CH), 3.24 (om, 2H, 4-CHb); 3.45 (m, 1H, 5-CHy), 3.63 (om, 1H, 5-CHb).
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SUBSTITUENT EFFECTS IN THE RING-CHAIN
TAUTOMERISM OF 1,2-DIARYLIMIDAZOLIDINES
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Institute of Pharmaceutical Chemistry, Albert Szent-Gybrgyi Medical University.,
H-6701 Szeged, POB 121, Hungary
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H-6701 Szeged, POB 121, Hungary

Abstract — 1.,2-Diaryl-substituted imidazolidines proved to be ring-chain
tautomeric mixtures in CDCl; at 300 K. Both 1- and 2-aryl groups exerted

significant electronic effect on the tautomeric equilibria, which could be described

by the equation log Kx = pcr+ + log Kx=h.

Physical and chemical properties of disubstituted organic compounds are influenced significantly by the
electronic or steric effects of both substituents.'™ This phenomenon plays a crucial role in the ring-chain
tautomerism of saturated 1,3-N,N-heterocycles.4'6 For 1l-alkyl- or 1-phenyl-substituted 2-arylimidazol-
idines, tautomeric equilibria were determined not only by the electronic effects of the substituents on the
2-aryl group, but also by the steric effects of the N-alkyl group, which could be described by Equation
m:*°

logKx=po’ +logKx-n  (Eq. 1)

As a continuation of our previous studies® on the ring-chain tautomerism of imidazolidines. our present
aim was to study the electronic effects of aryl groups in positions 1 and 2. Studies on the electronic effects
of aryl groups on the tautomeric equilibria of 1,3-X,N-heterocycles (X = O, N, S) are restricted mostly to
2-aryl derivatives:’ the effects of aryl substituents at other positions have been investigated in only a few
cases. For 4-aryl-2,2-dialkyl-substituted 1,3,4-oxadiazines, electron-withdrawing groups on the phenyl

ring increased the ratios of the ring-closed tautomers.® An aryl substituent at position 4 or 6 did not exert

*e-mail: fulop@pharma.szote.u-szeged.hu
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observable electronic effects on the ring-chain tautomeric ratios of 2,4- or 2,6-diaryl-substituted
tetrahydro-1 ,3-oxazines.9

N-Arylethylenediamines, the starting materials for the synthesis of 1,2-diarylimidazolidines, were

prepared according to the convenient method of Poindexter et al. by reacting equivalent amounts of
2-oxazolidinone (1) with the appropriate substituted aromatic amine hydrochlorides (Scheme 1).'0 To

provide large differences in electronic properties, p-nitro (2), m-chloro (3), p-methyl (5), p-methoxy (6)

and p-dimethylamino (7) derivatives were chosen besides the unsubstituted N-phenylethylenediamine (4).

i NH,- HCI
O [
; e,
[ = — - [
ﬁ ii NaOH NH,
1 273, 5=7

Y = p-NO;: 2; m-Cl: 3; p-Me: 5; p-OMe: 6; p-NMe;: 7

Scheme 1

The ring-closures of ethylenediamines (2, 3, 5-7) with equivalent amounts of substituted benzaldehydes
were carried out under mild reaction conditions (ambient temperature, 1 h) to give imidazolidines (8, 9,

11-13a-i) in good yields (Scheme 2). Compounds (10a-i) were prepared earlier.®

- g

CHO
4 @,x Y
@ O @
C 8
NH; N

=c H—@ E;)-@X

Y=p-NO;: 2 8Aa-i 8Ba-i
Y = m-Cl: 3 9Aa-i 9Ba-i
Y =H: 4 10Aa-i 10Ba-i
Y = p-Me: 5 11Aa-i 11Ba-i
Y=p-OMe: 6 12Aa-i 12Ba-i
Y =p-NMe,: 7 13Aa-i 13Ba-i

X =p-NO;: a; m-NO;y: b; m-Br: ¢; p-Br: d; p-Cl: e; H: f; p-Me: g; p-OMe: h; p-NMe;: i
Scheme 2
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The 'H NMR spectra of imidazolidines (8-13 a-i) unequivocally proved that these compounds exist as
ring-chain tautomeric mixtures in CDCl; at 300 K. Data on (11a) was chosen to demonstrate the "H NMR
spectra of the prepared 1,2-diarylimidazolidines. The chemical shifis and multiplicities of the aliphatic
protons in the spectra of (11a) correspond to the values for 2-(p-bromophenyl)-1-phenylimidazolidine
(1 Od).6 The ratios at equilibrium were determined by integration of the well-separated N-CHAr-N (ring)

and N=CJ (chain) singlets (Table 1).

Table 1 Ring (B) percentages at tautomeric equilibrium
for compounds (8-13) in CDCl; at 300K

Compd. 8 9 10° 11 12 13
Y p-NOy; m-Cl H p-Me p-OMe p-NMe;
X o 0.79 0.4 0 0311 -0778 -1.7
a p-NO; | 0.79 57.4 62.2 68.6 71.9 69.4 73.3
b m-NO, | 0.73 49.9 62.2 68.0 70.5 62.2 66.4
c m-Br | 0405 45.6 49.5 52.6 56.2 63.9 55.8
d p-Br | 0.15 39.4 41.6 46.1 48.1 46.0 46.6
e p-Cl 0.114 37.0 399 424 45.0 42.6 45.4
f H 0 37.7 35.2 35.7 37.1 333 34.5
g p-Me |-0.311 30.8 26.9 27.5 28.4 25.6 26.9
h p-OMe | -0.778 18.5 16.5 15.8 18.1 16.7 16.1
i p-NMe, | -1.7 6.2 5.6 4.6 52 4.3 2.7
aLiterature6 data.

When Equation (1) was applied to the log Kx values, good linear correlations were obtained versus the
Hammeti-Brown parameter o' of the substituent X on the 2-pheny! group for all five new sets of
imidazolidines (8, 9, 11-13) (Figure 1, Table 2).

According 1o the data in Table 2, the value of p in Equation (1) is markedly influenced by the electronic
character of substituent Y on the 1-phenyl group. A more electron-donating substituent Y produces a
higher p value. This means that differences in the ring-chain tautomeric ratios in a set of 2-aryl-spbstituted
imidazolidines are decreased by introducing an electron-withdrawing substituent on the nitrogen. Our
efforts 1o find a mathematical relationship between the electronic parameters of substituent Y and the
value of p have not resulted in an acceptable correlation. The electronic character of Y did not have any

significant effect on the log Kx=n values of Equation (1).
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Figure 1 Plots of log K for (8): e, (9): 0, (10): ¥, (11): V, (12): m

and (13): o vs Hammett-brown parameter o

Table 2 Linear regression analysis data on compounds (8-13)

Compd Y I:;'nc:sf Slope (p)®  Intercept” Sgg;l:;;?
p-NO, 9 0.49(3) -0.27(6) 0.991
9 m-Cl 9 0.58(0) -0.25(1) 0.999
10° H 9 0.67(1) -0.20(3) 0.997
11 p-Me 9 0.67(2) -0.15(4) 0.997
12 p-OMe 8 0.68(4) -0.20(9) 0.989
13 p-NMe; 7 0.7703) -0.20(6) 0.996

a S ; 7 b 6
Standard deviations are given in parentheses. ~Literature data.

The above results demonstrate that the ring-chain tautomeric equilibria of 1,2-diaryl-substituted
imidazolidines are significantly influenced by the electronic characters of both the aryl group at position 2
and (to a lesser extent) the aryl group at position 1. Efforts to explain the above results on the basis of

electon densities at amine (NHCgH4Y) and imine (N=CHC¢H4X) moieties are in progress.
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EXPERIMENTAL

'H NMR spectra were recorded on a Bruker AVANCE DRX 400 spectrometer at 300 K, using a "5 mm
inverse Z gradient" probehead. The samples were dissolved in CDCl; containing 0.03% TMS as a
reference. For the equilibrié 10 be established,'' the solutions were left to stand at ambient temperature for
1 day before the 'H NMR spectra were run. The number of scans was usually 64.

Melting points were determined on a Kofler micro melting point apparatus and are not corrected. The
physical data on compounds (8, 9, 11-13) are listed in Table 3. N-(m-Chlorophenyl)- (3). N~(p-tolyl)- (5),
N-(p>-methoxyphenyl)- (6) and N-(p-dimethylaminophenyl)ethylenediamine (7) were prepared by known

10
procedures.

N-(p-Nitrophenyl)cthylenediamine (2)

Equimolar quantities (0.2 mol) of 2-oxazolidone and p-nitroaniline were heated neat in a 160-170 °C oil
bath under nitrogen until all CO; evolution had ceased. The dark reaction mixture was allowed to cool to
rt. It was then dissolved in 150 mL of 10% NaOH and extracted with CHCls. The combined organic
extracts were washed with brine and then dried over anhydrous Na;SO,. The solvent was distilled off in -
vacuo and the resulting crystalline substance was purified by column chromatography on silica gel
(eluent: methanol). Yield: 5.41 g (17.3%). mp 135-137 °C (lit.,lz mp 139-141 °C). The NMR and IR

spectra of compound (2) correspond to the literature'? data.

General method for the synthesis of 2-arylimidazolidines (8, 9, 11-13a-i)

To a solution of the appropriate diamine (3 mmol) in 20 mL of absolute methano], an equivalent amount
of aromatic aldehyde was added (in the case of liquid aldehydes, a freshly distilled sample was used), and
the mixture was left to stand at ambient temperature for 1 h. The solvent was evaporated off and the
evaporation was repeated after the addition of 10 mL of toluene. The oily products were dried in a
vacuum desiccator for 24 h. The NMR spectra proved that the purities of these compounds were greater

than 95%. Crystalline products were filtered off and recrystallized.

'H NMR spectroscopic data on 2-(p-nitrophenyl)-1-(p-tolyl)imidazolidine (11a)

The protons of the open form (A) are numbered according to the corresponding protons of’ the ring form
(B) (3 in ppm; in brackets the multiplicity, couplings in Hz and assignment, respectively).

(11Aa): 8.35 (s, 1H, N=CH), 8.25 (d, 2H, J = 8.8, C¢HsNO,), 7.88 (d, 2H, J = 8.8, CcHsNQO3), 6.99 (d.
2H, J = 8.5, C¢HsMe), 6.58 (d, 2H, J = 8.5, C¢HsMe), 3.88 (d1, 2H, J = 5.8, 1.3, 4-CH,). 3.49 (1, 2H, J =
5.7, 5-CHy), 2.24 (s, 3H, CHs); (11Ba): 8.17 (d, 2H, J = 8.8, C4H:NO,), 7.58 (d, 2H. J = 8.8. C¢HsNOy).
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Table 3 Physical and analytical data on imidazolidines (8, 9, 11-13 a-i)"

Compd| mp(°C) | Yol | Formula Calculatoarbound (%) aN?SHAr SNf‘fﬁA"N
C H N chain (A) ring (B)
8a |179-181°| 72 | CiuHuN©O, | 2035 238 181 a3 5.61
8b oil | ~100| CisHiNeO, | 9732 449 1783 | g3 5.62
8¢ oil | ~100 | C;sHiN;OBr | 31.74 405 1207 | g3 5.48
84 |128-133°| 69 | CisHuN:OBr | 3178 203 1207 830 5.48
8¢ [140-143°1 76 | CisHiNsOCl | 3231 465 1383 | 4o 5.49
8f oil | ~100 | CisHisN;0, | 6690 561 1560 | gos 5.51
8z | 109-110°| 64 CigHiN:0, | 8782 g;gg }2;23 8.21 5.47
8h oil | ~100 | CiHiN;0; | 6420 572 1404 [ g4y 5.46
8i oil | ~100 | CiHyN,0, | 6337 645 1794 | gg 5.39
9a ol | ~100 | CisHWN,OCl | 5931 465 1383 | g3y 5.49
9b oil | ~100 | CisHN;0,C1 | 3931 465 1383 | g3 5.49
9¢ oil | ~100 | CjsHiNBrCl | 33-36 418 830 8.21 5.35
9d oil | ~100 | CisHiN;BrCl | 33-36 418 830 8.23 5.35
9e oil | ~100 | CiHiNCl, | 6145 481 935 8.24 5.36
of oil | ~100 | CiHiNcl | 6963 584 1083 | g9 5.39
9g oil | ~100 | CHpNc1 | 7045 628 1027 | g5 5.36
9h oil | ~100 | CieHpNOCI | 6655 593 9.70 8.22 5.35
9i oil | ~100 | - CHyNsCl | 6765 668 13921 g4 5.32
1a | 69-71° | 55 | CiHuN:O, | 783 005 12831 435 5.44
b | 7475 | 49 | CHmN0p | $783 693 12831 435 5.44
11c oil | ~100 | CiHiNBr | 6058 540  3.83 8.19 5.30
11d | 7274° | 64 | CieHoNBr | 058 240 883 8.22 531
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Table 3 (continued)
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Ile
11f
11g
11h
113
12a
12b
12¢
12d
12¢
12f
12¢
12h
12i
13a
13b
13c
13d
13e
13f
13¢
13h

13i

58-61¢
oil
68-70°
51-53¢
52-54°
oil
oil
oil
62-64°
51.53¢
oil
81-83¢
58-60°
80-82°
79-81°
oil
oil
89-91°
82-85°
oil
60-62°
78-79°

oil

52

~100

49

45

52

~100

~100

~100

48

51

~100

55

58

60

47

~100

~100

49

52

~100

52

48

~100

CisH17N.Cl
CicHigNa
Ci7Ha0N:

Ci7HoN,O
CisHaN;

Ci6H17N;0;

Ci¢H17IN30;

C,6H1:N,0Br
Ci6H17:N20Br
Ci6H17N20Cl

CigHisN20

Ci7HyN20

Ci7H20N;0;

CisH23N;0

Ci7H20N4O;

C17H20N40;

Ci7HoN3Br

Ci17H0N3Br

C17H0N3Cl
CiyHaiN;
CisHasNs

CisH23N30

CioHa6N4

70.45
70.18

80.63

80.91

81.03

76.09
75.84

76.83
76.62

64.20
64.20
57.67

57.67
57.40

66.55
66.34

75.56

76.09
76.18

71.81
71.64

72.70
72.56

65.37
65.37
58.97

58.97
58.71

67.65
67.49

76.37

76.83
76.70

72.70
72.58

73.51

6.28
6.07

7.6]

7.99
8.16

7.51
7.35

8.24
8.17

5.72
5.72
5.14
5.14

4.93

5.93
5.86

7.13
7.51
7.43

7.09
6.81

7.80
7.67

6.45
6.45
5.82
5.82

5.58

6.68
6.38

7.92
8.24

7.99

7.80
7.63

8.44

10.27
10.33

1.75

11.10
10.95

10.44
10.28

14.93
14.80

14.04

14.04

8.41]
841

8.26

9.70
9.71

11.01

10.44
10.38

9.85
9.78

14.13
14.14

17.94
17.94
12.13

12.13
12.04

13.92
13.75

15.72

14.93
15.08

14.13
14.01

18.05

8.23
8.28
8.24
8.2]
8.20
8.36
8.28
8.21
8.23
8.24
8.28
8.25
8.21
8.15
8.35
8.34
8.19
8.23
8.24
8.22
8.25
8.21

8.14

5.32

5.35

5.32

5.31

5.27

5.39

5.39

5.26

5.26

5.27

5.28

5.26

5.25

5.2]

5.37

5.37

5.24

5.24

5.25

5.28

5.25

5.23

5.19

? Analitical data were determined only for recrystallized new compounds.
cRecryslallized from n-hexane—iPry0. dRet:rystalliz.e.d from »-hexane.

PRecrystallized from iPri0- E1OAC.
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6.99 (d, 2H. J = 8.5, CsHsMe), 6.38 (d, 2H, J = 8.5, CsHsMe), 5.44 (s, 1H, 2-CH), 3.68 (ddd. 1H, J = -8.5,
6.9, 3.8, 5-CHy), 3.41 (g, 1H, J= 7.5, 5-CHh), 3.29 (ddd, 1H, J=-11.6, 6.6, 3.5, 4-CHy), 3.16 (ddd, 1H, J
=-11.6,7.5. 6.6, 4-CHy), 2.23 (s, 3H, CH).
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Szegedi Tudomanyegyetem, Gyogyszeranalitikai Intézet, 6701 Szeged, POB 121

Bevezetés

Szamos 6t- és hattagu, telitett N-szubsztitua-
latlan 1,3-X N-heterociklus (X = O, S, NR) szerke-
zete és reaktivitasa az 1,3-X,N-heterociklus és a
megfelelé Schiff-bazis gyliri-lanc tautomer egyen-
sulyaval jellemezhet.?

A telitett 1,3-X,N-heterociklusok ko6ziil az oxa-
zolidinek és tetrahidro-1,3-oxazinok gytiri-lanc tau-

i4jat tanulmanyoztik a legrészletesebben **
Az ilyen tipusu vegyiiletek 2-arilszubsztitudlt szar-
mazékai esetén linearis 6sszefliggést (I) talaltak az
egyensulyok log Kx = [gyliris]/[nyilt] értékei €s a
2-arilcsoport X-szubsztituensének Hammett-Brown
o konstansa kozétt. Megallapitottak, hogy a 2-aril-
oxazolidinek esetén az (I) egyenlet mind folyadék,
mind gazfazisban érvényes.*’

log Kx = po” + log Kx-n O

Az 1,3-O,N-vegyiletekkel ellentétben, a meg-
felelé 1,3-N,N-heterociklusok gytiri-lanc tautomé-
riajat csak néhany esetben irtak le.> '° Ennek meg-
felelGen, az 1,3-N,N-heterociklusok tautomer egyen-
sulyat befolyasold szubsztituenshatasokrol is csak
kevés ismerettel rendelkeziink.''®

Mindezek alapjan célszeriinek lattuk, hogy
megvizsgaljuk néhany 1-alkil- vagy arilszubsztitu-

alt 2-aril-imidazolidin modellvegyiilet gytiri-lanc
tautomer egyensulyat. Kisérleteinkkel tanulmanyoz-
ni kivantuk az (I) egyenlet érvényességi hatarat,
valamint az 1- és 2-helyzetli szubsztituensek tauto-
mer egyensulyra gyakorolt sztérikus és/vagy elek-
tronikus hatasat. Jol ismert jelenség, hogy a di-
szubsztitualt vegyiiletek fizikai és kémiai tulajdon-
sagait mindkét szubsztituens sztérikus és elektroni-
kus hatasa jelentésen befolyasolhatja,'”"® amit ko-
rabban a telitett 1,3-N,N-heterociklusok gyiiri-lanc
tautomériajaban is tapasztaltak.' '> '*

Eredmények

A terveinkben szereplé 2-aril-imidazolidinek
szintézisét N-szubsztitualt etilén-diaminok gyiiriiza-
rasaival kivantuk megvaldsitani. A gylirizarasok-
hoz sziikséges N-arilszubsztitualt etilén-diaminokat
(2-6) Poindexter és munkatarsai modszerével alli-
tottuk eld: ekvivalens mennyiségii 2-oxazolidinon €s
a megfeleléen szubsztitualt anilin-hidrokloridok re-
akcidjaval (1. abra).”® A szubsztitualt anilinek kiva-
lasztasa soran célunk volt, hogy minél valtozato-
sabb o'-értékii Y-szubsztituenseket tartalmazo6 dia-
minokat készitsiink. Az N-alkil- és N-fenil-etilén-di-
aminokat (7-11) kereskedelmi forgalombol szerez-
titk be.

NH,- HCI

i NaOH

(o

1

O ;
[NH
NH,

2-6

Y =pNO;: 2; mCl: 3; pMe: 4, pOMe: 5; pNMe,: 6

1. abra
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CHO
X X
NHR NHR R
o~ —
H
R= Me:7 12Aa-1 12Ba-i
R=Et 8 13Aa-1 13Ba-i
R=Pr. 9 14Aa-i 14Ba-i
R =iPr: 10 15Aa-1 15Ba-i
R = Ph: 11 16Aa-i 16Ba-i

X =pNO;: a; mNO,: b; mBr: ¢; pBr: d; pCl: e; H: f, pMe: g; pOMe: h; pNMe,: i
2. abra

Az N-metil- (7), N-etil- (8), N-propil- (9), N-i- trumai azt mutattak, hogy ezek a vegyiiletek (a 15i
zopropil- (10), N-fenil- (11) és N-(szubsztitualt-fe- kivételével, melyben gyiliris format nem lehetett
nil)-etilén-diaminokat (2-6) szobahémérsékleten, kimutatni) CDCl; oldatban, 300 K-en gyiiriis és
metanolos oldatban ekvivalens mennyiségii szubsz- nyilt lanci formdk elegyeként vannak jelen. A
titualt benzaldehidekkel reagaltattuk, s jo termelés- tautomer egyensilyok komponensaranyait a jol el-
sel kaptuk a megfelelé 1,2-diszubsztitualt imidazo- kilonilldé N-CHAr-N (gyiiriis) és N=CHAr (nyilt
lidineket (12-21) (2. és 3. abra). lanci) szingulett jelek integraljaibol hataroztuk meg

A 12-16 ill. 17-21 vegyiiletek '"H NMR spek- (1. és 2. tablazat).

@ j
-G
i
N X
= O
N
H
Y =pNO,: 2 17Aa-i 17Ba-i
Y=mCl. 3 18Aa-i 18Ba-i
Y=H: 11 16Aa-i 16Ba-i
Y=pMe: 4 19Aa-i 19Ba-i
Y =pOMe: 5§ 20Aa-i 20Ba-i
Y = pNMe;: 6 21Aa-i 21Ba-i

X =pNO;: a; mNO2: b; mBr: ¢; pBr: d; pCl: e; H: f; pMe: g; pOMe: h; pNMe: i
3. abra
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1. tablazat
A gyiiriis (B) formdk ardnya a 12-16 vegyiiletek 300 K-en mért tautomer egyensilyaiban

12°
R=Me

12

Vegyiilet X c R=Me

16* 16°
R=Ph R=Ph

13 14 15
R=Et R=nPr R=iPr

93,4
94.4
89,4
86,8
86,6
83,5

PNO;
MN02

mBr

0,79
0,73
0,405
PBr 0,15
pCl 0,114
H 0
pPMe -0,311
pOMe | -0,778
PNMe, | -1,7

94.8
95,3
93,6
89,1
90,1
85,6
789 79,7
682 713
43,6 c

B0 =0 Q 0 T P

85,4
85,9
73,4
69,0
67,8
60,1
50,3
37,0
14,9

33,4
348
17,3
12,2
10,5
8,1
5,1
3,1
~0

68,6
68,0
52,6
46,1
42,4
35,7
27,5
15,8

4,6

56,0
55,0
38,7
31,3
29,6
21,0
14,7

8.3

2,2

84,0
85,8
75,2
69,5
68,6
60,3
482
37,9
16,7

*Egyensiily CDCls-ban. *Egyensiily DMSO-ds-ban. 300 K-en az 4tfeds jelek miatt a tautomer arényokat

nem tudtuk meghatarozni.

2. tablazat
A gyliriis (B) formdk aranya a 16-21 vegyiiletek CDCl; oldatban, 300 K-en mért
tautomer egyensilyaiban

Vegyiilet 17

16 19 20 21

Y PNO,

mCl H

PMe POMe  pNMe;

0,79

0,4 0

-0,311  -0,778 -1,7

PNO;
mN02
mBr

57.4
49,9
45,6
39,4
37,0
37,7
30,8
18,5

6,2

DBr
pCl

PMe
pOMe
PNMe;

= - L SR I - R R - )

62,2
62,2
49,5
41,6
39,9
35,2
26,9
16,5

5,6

69,4
62,2
63,9
46,0
42,6
333
25,6
16,7

43

73,3
66,4
55,8
46,6
45,4
34,5
.26,9
16,1
2,7

68,6
68,0
52,6
46,1
42,4
35,7
27,5
15,8

4,6

71,9
70,5
56,2
48,1
45,0
37,1
28,4
18,1

5.2

Figyelemremélt6, hogy az 1-metil-2-(p-nitro-fenil)-
imidazolidin (12a) CDCl;-ban, az irodalmi adatok-
kal (0 %)'*"’ ellentétben, 6,6 % nyilt lanct format
(A) tartalmaz. Heteronuklearis korrelacios (HMBC,
HMQC) spektroszképiaval a jellegzetes N-CHAr-
N, ill. N=CHAr szinguletteken kiviil a gyiiriis és
nyilt formak metilénjeleit is meg tudtuk kiillénboz-
tetni. Ez kiilénésen hasznos volt néhany pOMe és

PNMe;-szubsztitualt szairmazék esetén, ahol az at-
fed6 jelek miatt a tautomer aranyokat csak a meti-
Iénjelek integralisaval lehetett meghatirozni. Az a-
lifas protonok NMR spektrumadatait a 12d-16d 2-
(p-brom-fenil)-szirmazékok példain keresztil mu-
tatjuk be (1d. kisérleti rész).

Amikor az egyenstilyi tautomer aranyok loga-
ritmusat (log Kx) a 2-arilcsoport X-szubsztituensé-
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nek Hammett-Brown o paramétere fiiggvényében
abrazoltuk, valamennyi imidazolidin-sorozat esetén
igen j6 korrelacioval jellemezhet6 linearis 6sszefiig-
gést talaltunk (4. abra, 3. és 4. tablazat), vagyis az
(I) egyenlet alkalmasnak bizonyult e vegyiiletek tau-
tomer egyensulyainak leirasara is.
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4. abra A 12 (e), 13 (0), 14 (), 15 (V) and 16 (m)
vegyiiletek log K értékei (CDCl;-ban) a ¢* Ham-
mett-Brown paraméter fiiggvényében

Tudomasunk szerint a 2-aril-imidazolidinek
esetén ez az elso példa gyiirii-lanc tautomer egyen-
suly Hammett-tipusi egyenlettel torténé jellem-

zésére. Az (I) egyenletet a 2-aril-1,3-N,N-hetero-
ként a 2-aril-hexahidropirimidinek esetén, a kézel-
multban alkalmaztak.'*

A gyliri-lanc tautomerek egymasba alakula-
sat, azaz az egyensuly mobilitasat az 1-metil- és 1-
fenil-imidazolidinek CDCl;-ban és DMSO-ds-ban
mért eltérd tautomer aranyai bizonyitjak (1. tab-
lazat). A 16 1-fenil-imidazolidinek, hasonléan az
1,3-O,N-heterociklusokhoz,* CDCl;-ban tébb, mig
DMSO-ds-ban kevesebb gyiiriis format tartalmaz-
tak, ami valosziniileg az oldoszerek eltér6é hidro-
génkotd képességével van Gsszefliggésben. Az 1-
doszerfiiggését vizsgalva az €l6z6tdl eltérd hatast
tapasztaltunk: a gyiris formak aranya valamivel
nagyobb volt DMSO-ds-ban, mint CDCl;-ban. Az
oldoészer mindkét vegyiiletsorozat esetén csak kis-
mértékben befolyasolta a regresszids egyenesek
meredekségét (p).

A 3. tablazat adatai azt mutatjak, hogy a
regresszios egyenes meredeksége (p) az 1-fenil-
(CDCls-ban: 0,67) és kiiléndsen az 1-izopropil-imi-
dazolidinek (0,82) esetén nagyobb, mint az oxazo-
lidinekre jellemzd p érték (0,50-0,60),> mig az 1-
metil- (0,53), 1-etil- (0,59) és 1-propil-imidazolidi-
nek (0,62) p értékei az oxazolidinekéhez hasonloak.
A 12-16 vegyiiletek p értékeiben mutatkozé jelentds
kiilonbségekbdl arra kovetkeztethetiink, hogy az

3. tablazat
A 12-16 vegyiiletek, valamint a 2-aril-oxazolidinek (22)*
linedris regresszids analizisének adatai

Vogsitlt:| Poocok svhma | NEEEISES [ AREIEHRTEREER )
12° 9 0,53(2) 0,75(4) 0,990 1,85
12¢ 8 0,61(4) 0,84(6) 0,970 =
13° 9 0,59(3) 0,25(6) 0,984 1,35
14° 9 0,62(2) 0,25(5) 0,989 1,35
15° 8 0,82(5) -0,97(7) 0,973 0,13
16° 9 0,67(1) -0,20(3) 0,997 0,90
16° 9 0,72(2) -0,48(5) 0,993 =
37 7 0,60(4) -1,10(2) 0,989 0

®A zarbjelben a standard deviaci6 értéke talalhaté. ®c érték az adott 2-aril-imidazolidinek és a
szubsztitudlatlan 2-aril-oxazolidin® tengelymetszetérték kiilénbsége. “Az adatok a CDCl5-ban
mért egyensiilyra vonatkoznak. ®Az adatok a DMSO-dg-ban mért egyenstlyra vonatkoznak.
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imidazolidinek esetén - ellentétben az 1,3-O,N-he-
terociklusokkal — a p értéke nem jellemz6 az adott
gytriirendszerre.

A 12-16 imidazolidinek egyensiilyi elegyei, no-
ha a nyitott formak gyiiriizarasa (A — B) a Bald-
win-szabalyok® szerint nem kedvezményezett

folyamat (S-endo-trig), jelentds mennyiségii gyiiris
format tartalmaznak. A tengelymetszetek Gsszeha-
sonlitasaibél kitiinik, hogy az N-metil-, N-etil-, N-
propil- és N-fenilimidazolidinek tautomer elegye-
iben a gyiiriis forma mennyisége jelentosen na-
gyobb, mint az oxazolidinek esetén.

4. tablazat
A 16-21 vegyiiletek linedris regresszids analizisének adatai

i Pontok | Meredekség | Tengely- | Korrelacios
Vegyilet | Y szima ®y metszet' | koefficiens

17 PNO, 9 0,49(3) -0,27(6) 0,991

18 mCl 9 0,58(0) -0,25(1) 0,999

16 H 9 0,67(1) -0,20(3) 0,997

19 PMe 9 0,67(2) -0,15(4) 0,997

20 pOMe 8 0,68(4) -0,20(9) 0,989

21 PNMe, 7 0,77(3) -0,20(6) 0,996

°A standard deviacitkat zardjelben adtuk meg.

Az N-szubsztituens a-szénatomjanak sztérikus
hatasa dont6 szerepet jatszik az NHR-csoport C=N
kotésre torténd addicidjaban. A nitrogén mellettei
szénatomon lévd metilcsoportok szamanak névelése
(N-Me — N-Et — N-iPr) csokkentette a tautomer
egyensilyban a gyiiriis formak aranyat. Az N-szub-
sztituens B-szénatomjahoz kapcsolédé metilcso-
portnak (N-Et — N-Pr) azonban mar nem volt je-
lent6s hatasa a tengelymetszet értékére. A gyiiriis
formék aranya az N-szubsztituensek kévetkezo sor-
rendjében novekszik: iPr < Ph < Pr =~ Et < Me.

Az arilcsoportok elektronikus hatasanak tauto-
mer egyensulyra gyakorolt hatasat az 1,3-X,N-he-
terociklusok esctén legtébbszor a 2-arilszarmazékok
esetén tanulmanyoztak,> mas helyzetii arilszubsz-
tituensek hatasardl csak kevés ismeretink van. A
2,2-dialkil-4-aril-szubsztitualt-1,3,4-oxadiazinok e-
setén a fenilgyiiriin 1évo elektronszivo csoportok né-
velték a gyiiriis forma aranyat.® A 4- vagy 6-hely-
zetben 1évo arilszubsztituens elektronikus hatasa vi-
szont nem befolyasolta szamottevéen a 2,4- vagy
2,6-diarilszubsztitualt tetrahidro-1,3-oxazinok gyii-
rii-lanc tautomer aranyait.?*

Az 1, 2-diarilszubsztitualt imidazolidinek (16-
21) regresszios egyenleteit 6sszehasonlitva azt talal-
tuk, hogy az egyenesek meredekségét (p) az 1-fenil-
csoport Y szubsztituensének elektronikus hatasa je-
lent6sen befolyasolja: minél ersebb elektronkiildd
tulajdonsagi az Y szubsztituens, annil nagyobb a p

értcke. Ez azt jelenti, hogy a gyiirii-lanc tautomer a-
ranyokban az egy adott 2-aril-imidazolidin vegyii-
letsorozaton beliil mutatkozo6 eltérések elektronszivo
csoportot tartalmazo N-arilszubsztituens esetén
mérséklodnek. Nem sikeriilt azonban elfogadhat6
korrelacidju 6sszefiiggést talalni az Y szubsztituens
elektronikus paraméterei és a p értékek kozitt. Az
Y elektronikus tulajdonsiga nem gyakorolt szigni-
fikdns hatést az (I) egyenlet log Kx-y értékeire.
Az 1-szubsztitualt 2-aril-imidazolidinek (12-
21) gytirii-lanc tautoméridjat tanulmanyozva megal-
lapitottuk, hogy e vegyiiletek tautomer egyensulyat
a 2-helyzetii arilcsoport X-szubsztituensének elekt-
ronikus hatasa, valamint az imidazolidingyiirii nit-
rogénatomjan lévé szubsztituens sztérikus, illetve
elektronikus batasai jelent6sen befolyasoljak. A fen-
ti eredményeknek az amin (NHC:H,Y) és az imin
=CHCH.X) részek elektronsiiniségével torténd
értelmezésén még jelenleg is dolgozunk.

Kisérleti rész
Anyagok és médszerek

A 'H NMR spektrumok 5 mm-es, inverz Z
gradiensii prébafej hasznalataval, 300 K-en Bruker
AVANCE DRX 400 spektrométeren késziiltek. A
CDCl;-ban, vagy DMSO-ds-ban oldott mintak refe-
renciaanyagként 0,03 % TMS-t tartalmaztak. Az
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egyenstly beallasa céljabol,” a spektrumok felvéte-
le elétt az oldatokat egy napig, szobahmérsékleten
dllni hagytuk. Az olvadispontokat Kofler-mikro-
olvadaspont-méré késziléken mértiik, az értékek
nem korrigaltak. A 12-16 vegyiiletek fizikai adatait
az 5. tablazat, a 17-21 vegyiiletekét a 6. tablazat
tartalmazza. Az N-(m-klor-fenil)- (3), N-(p-tolil)-
(4), N-(p-metoxi-fenil)- (5) és az N-[(p-dimetil-ami-
no)-fenil)]etilén-diamint (6) irodalmi moédszer alkal-
mazisaval allitottuk €16.%°

Az N-(p-nitro-fenil)-etilén-diamin (2) szinté-
Zise

Ekvivalens mennyiségii (0,20 mol) 2-oxazo-
lidinon és p-nitro-anilin keverékét nitrogén atmosz-
féraban, a CO,-fejlodés befejezodéséig 160-170 °C-
os olajfiirdon tartottuk. A szobahémérsékletre hii-
tott s6tét reakcidelegyet 150 ml 10 %-os NaOH-ol-
datban oldottuk és kloroformmal extrahaltuk. Az e-
gyesitett szerves fazisokat sos vizzel mostuk,
Na,SO4-on szaritottuk, beparoltuk. A kristalyos
maradékot oszlopkromatografidsan (adszorbens:
szilikagél, eluens: metanol) tisztitottuk. Termelés:
5,41 g (17,3 %). Op.: 135-137 °C (irodalmi*® op.:
139-141 °C). A 2 vegyiilet NMR és IR spektruma
az irodalmi adatokkal azonos.?

Altalénos médszer az 1-szubsztitudlt-2-aril-
imidazolidinek (12-21) szintézisére

A megfelelé N-szubsztitualt etilén-diamin (3
mmol) abszolit metanolos (20 ml) oldatahoz ekvi-
valens mennyiségii aromas aldehidet adtunk (folyé-
kony aldehidek esetén frissen desztillalt mintat
hasznélitunk), majd az oldatot szobah6mérsékleten 1
oran at allni hagytuk. Az oldoszert bepéroltuk, majd
a beparlast 10 ml toluol hozzaadasa utin megismé-
teltiikk. A kristalyos termékeket sziirtik és atkns-
talyositottuk (termelés: 60-80 %). Az olajként ka-
pott termékeket 24 6ran at vakuumexszikkatorban
szaritottuk. Az NMR spektrumok az olajok 95 %-nal
nagyobb tisztasagat bizonyitottak. Valamennyi at-
kristalyositott j vegyiilet elemi analizis adata a
szamitottnak megfelel6 volt (C, H, N + 0,3 %).

A 12d-16d 2-(p-brom-fenil)-szdrmazékok ali-
Jas protonjainak NMR spektroszkdpids adatai
(CDCls, 300 K)

A nyilt lanca tautomereket (A) is a gyiiriis for-
maknak (B) megfeleloen szamoztuk. A kémiai elto-
l6dast (8) ppm-ben, a csatolasi allandét (J) Hz-ben
adtuk meg; om = atfed6 multiplett.

12Ad: 8,28 (s, 1H, N=CH), 3,72 (t, 2H, J =
6,0, 4-CH,), 2,91 (¢, 2H, J = 6,0, 5-CH>), 2,47 (s,
3H, NCH3); 12Bd: 3,86 (s, 1H, 2-CH), 3,32 (ddd,
1H,J=-16,4, 7,7, 2,5, 5-CH,), 3,24 (dd, 1H, J = -
8,0, 7,7, 4-CH,), 3,08 (ddd, 1H, J = -8,0, 8,0, 2,5,
4-CH,), 2,44 (dd, 1H, J = 16,4, 8,0, 5-CH>), 2,20
(s, 3H, NCH;).

13Ad: 8,28 (s, 1H, N=CH), 3,75 (t, 2H, J =
5,6, 4-CH)), 2,96 (¢, 2H, J = 5,6, 5-CH>), 2,70 (g,
2H, J = 1,3, CH,CH;), 1,11 (¢, 3H, J = 7,3,
CH,CH3); 13Bd: 4,00 (s, 1H, 2-CH), 3,40 (dt, 1H,
J=-82, 3,2, 5-CH,), 3,25 (dt, 1H, J = -10,7, 8,2,
4-CH,), 3,09 (ddd, 1H, J=-10,7, 8,2, 3,2, 4-CH,),
2,55 (dq, 1H, J = -11,8, 7.3, CH,CH;), 2,38 (g,
1H, J= 8,2, 5-CH,), 2,18 (dg, 1H, J=-11,8, 7,3
CH,CH;), 1,05 (¢, 3H, J= 7,3 CH.CH>).

14Ad: 8,28 (s, IH, N=CH), 3,75 (t, 2H, J =
5.8, 4-CH,), 2,95 (t, 2H, J = 5,8, 5-CH>), 2,62 (t,
2H, J = 17,3, CH,CH.CH;); 1,5 (om, 2H,
CHzCHzCH;), 0,91 (f, 3H, J= 7,5, CH;CH:CH;),
14Bd: 4,00 (s, 1H, 2-CH), 3,37 (om, 1H, 4-CH,)
3,24 (om, 1H, 5-CH,), 3,09 (om, 1H, 4-CH,), 2,39
(om, 2H, CH,CH,CH;), 2,13 (om, 1H, 5-CH,),
1,45 (om, 2H, CH,CH,CH3), 0,86 (¢, 3H, J = 7.5,
CH,CH,CHj;).

15Ad: 8,28 (s, 1H, N=CH), 3,72 (t, 2H, J =
6,0, 4-CH>), 2,94 (t, 2H, J = 6,0, 5-CH>), 2,84 (h,
1H, J = 6,3, CH(CH;),), 1,06 (d, 6H, J = 6,3,
CH(CH,),); 15Bd: 4,42 (s, 1H, 2-CH), 3,10 (om,
2H, 4-CH,), 3,00 (om, 1H, CH(CH3),), 2,75 (om,
2H, 5-CH>), 0,98 (d, 6H, J = 6,2, CH(CH5),).

16Ad: 8,23 (s, 1H, N=CH), 3,83 (t, 2H, J =
5,5, 4-CH>), 3,47 (t, 2H, J = 5,5, 5-CH>); 16Bd:
5,35 (s, 1H, 2-CH), 3,24 (om, 2H, 4-CH,); 3,45
(m, 1H, 5-CH>), 3,63 (om, 1H, 5-CH>).

Koszonetnyilvanitas

A szerzbk koszénetet mondanak az OTKA
(témaszdmok: T 20454 és T 015567) tdmogatd-
saért.

Osszefoglalas

Munkank sorin l-metil-, etil-, propil-, izo-
propil-, fenil- és arilszubsztitualt 2-aril-imidazoli-
dineket allitottunk el6, melyek CDCl;-ban, 300 K-
en gyliri-lanc tautomer elegyeknek bizonyultak.
Megillapitottuk, hogy a tautomer egyenstly kom-
ponensaranyai és a 2-helyzetii arilszubsztituens
elektronikus hatisa kozétt a log Kx =pc’ +
log Kx-u egyenlettel leirhaté 6sszefiiggés all fenn. .
Az éltalunk eldallitott vegyiiletek az elsé olyan 2-a-
ril-imidazolidinek, melyek gyiirii-lanc tautomériija
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5. tablazat
A 12-16 imidazolidinek fizikai adatai

5 N=CHAr (s) | 8 N-CHAr-N
Vegyiilet Op. (°C) Osszegképlet Moltémeg nyilt lanca (s) gyiiriis
forma (A) forma (B)
12a 37-39% CioH13N;0; 207,23 8,42 4,07
12b olaj CioHi3N;0: 207,23 8,41 4,08
12¢ olaj C]o[‘l];NzBl' 241,14 8,26 3,88
12d Olaj C\QI'I\;NQ_BI' 241 ’ 14 8,28 3,86
12e olaj° C]oH);NzCl 196,68 8,23 3 ,66
12f olaj CioHiaN; 162,24 8,32 3,87
12g olaj° CiHiN; 176,26 8,29 3,84
12h olaj* CuHieN,O 192,26 8,25 3,89
12i olaj* CioHioNs 205,31 8,17 3,76
13a olaj C] 1H| 5N30z 221 ,26 8,40 4,20
13b Ola_] C]1H15N302 221,26 8,56 4,22
13c olaj CuHisNBr 255,17 8,26 4,02
13d ola_] C]1H| sNzBl’ 255, 17 8,28 4,00
13e olaj CqusNzCl 210,71 8,28 3,76
13f olaj CiuHieN, 176,26 8,34 4,02
13g olaj CioHisN2 190,29 8,29 3,96
13h olaj C|2H| 3N20 206,29 8,26 3 ,95
13i olaj CisHaNs 219,33 8,20 3,69
14a olaj C]zI'I|7N302 235,29 8,42 ’ 4,22
14b olaj CanNgOz 235,29 8,5 8 4,23
14c Olaj CanNzBI' 269, 19 8,26 4,02
14d olaj Ci:Hi7N,Br 269,19 8,28 4,00
14e olaj C]anNzCl 224,74 8,29 4,01
14f olaj C1:HiN, 190,29 8,33 4,01
14g olaj CisHoN; 204,32 8,29 3,97
14h olaj C13HoN,0 220,32 8,26 3,95
14i olaj C1HxN; 233,36 8,20 3,69
15a ola,] C]zl'lnNst 235 ,29 8,42 4,62
15b olaj C]zli] 7N302 235,2_9 8,5 8 4,63
15¢ olaj ClenNzBl’ 269, 19 8,26 4,43
15d Ola_] CanNzBr 269, 19 8,28 4,42
15e olaj CanNzCl 224,74 8,28 4,42
15f olaj Ci:HisN; 190,29 8,34 4,43
15¢ olaj CisHzoN, 204,32 8,30 4,38
15h olaj Ci:HaoN>0 220,32 8,26 4,36
15i olaj CicHzN3 233,36 8,20 3,84
16a olaj C] 5H1 5N302 269,3 1 8,36 5 ,49
16b 66-71° CisHisN;0, 269,31 8,35 5,49
16¢ olaj C) 5H|5N2Bl' 303,21 8,19 5,34
16d 64-66‘I C]sH]sNzBr 303,21 ’ 8,23 5,35
16e olaj C] 5H1 sNzCI 25 8,75 8,27 5,4 1
16f olaj CisHigN; 224 31 8,28 5,39
16g .60-62° CisHisN; 238,34 8,25 5,37
16h 31-33° CisHi:N,O 254,34 8,21 5,35
16 88-89° CiHuN, 267,38 8,18 5,35

*Atkristalyositva n-hex4nbél. *Irodalmi'® adat: op. 39-40 °C. “Irodalmi®’ adat: olaj. *Atkristilyositva
iPr;0- EtOAc-bél.
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6. tablazat
A 17-21 imidazolidinek fizikai adatai®

8 N=CHAr (s) | 8 N-CHAr-N

Vegyiilet. Op. (°C Osszegképlet Moltéme nyiltlancd | (s) gyiiriis

gyl p. (°C) gkép g | 7 forea (B)
17a 179-181° CisH N0, 314,30 8,33 5,61
17b Olaj C1 5H14N404 3 14,30 8,32 5,62
17¢ olaj C15H|4N302Bl' 348,21 8,18 5,48
17d 128-133° C1sH.1.N;0,Br 348,21 8,20 5,48
17e 140-143° C.1sHi1N;0,Cl 303,75 8,21 5,49
17f olaj C.sHisNs0, 269,31 8,25 551
17g 109-110° CiéHi7N;0; 283,33 8,21 5,47
17h olaj C.16H17N;0;3 299,33 8,17 5,46
17 olaj C17:HzN,O, 312,38 8,08 5,39
18a olaj C]inuNgOzCl 303,75 8,37 5,49
18b ola_] C15H14N302Cl 303,75 8,36 5,49
18¢ olaj CisH,N,BrCl 337,66 3,21 5,35
18d olaj CisH14N,BrCl 337,66 8,23 535
18e olaj C:sH,N,Cl, 293,20 8,24 5,36
18f Ola_] CisHisNoCl 25 8,75 8,29 5,39
18g olaj CicHi:NoCl 272,78 8,25 5,36
18h olaj C,H;,N,0C1 288,78 8,22 535
18i olaj C;:HyoN5Cl 301,82 8,16 5,32
19a 69-71° CiH17N;0;, 283,33 8,35 5,44
19b 74-75° CieHiN;0, 283,33 8,35 5,44
19¢ olaj CieHN,Br 317,24 8,19 5,30
19d 72-74° C,eH;N,Br 317,24 8,22 531
19 58-6 lc C]J‘lnNzCl 272,78 8,23 5,32
19f olaj CiHisN, 238,34 8,28 5,35
19g 68-70° Ci7HaoN, 252,36 8,24 5,32
19h 51-53° Ci1HN,0 268,36 8,21 531
19i 52-54° Ci:H:N; 281,41 8,20 5,27
20a olaj C]J‘InN;O; 299,33 8,36 5,39
20b olaj Ci6H;N;05 299 33 8,28 5,39
20c olaj C|5H:1 7N20Bl’ 333,24 8,21 5 ,26
20d 62-64° C1eH;7N,0Br 333,24 8,23 5,26
20e 5 1-53‘: de‘[nNzOCl 288,78 8,24 5,27
20f olaj CiHisN,0 25434 8,28 528
20g 81-83° Ci17HoN;0 268,36 8,25 5,26
20h 58-60° C17H2oN,0, 284.36 8,21 525
20i 80-82° Ci:H»N;0 297,41 8,15 521
21a 79-81c C|1HzoN402 312,38 8,35 5,37
21b olaj C17H20N402 3 12,3 8 8,34 5,37
21c olaj Ci17HoN;Br 346,28 8,19 5,24
21d 89-91° C17H,N3Br 346,28 8,23 524
2le 82-85° Ci7HoN;Cl 301,82 8,24 5,25
21f olaj CiHuN; 267,38 8,22 5,28
21g 60-62° CisHzN; 281,41 8,25 5,25
21h 78-79° CisHN;0 297,41 8,21 5,23
21i olaj CisHzeN, 310,45 8,14 5,19

®Atkristilyositva iPr,O— EtOAc-bol. bAtkristalyositva #n-hexin—iPr,0-bol. °Atkristalyositva n-hexanbol.

Hammett-tipust egyenlettel jellemezhetd. A tauto-
mer egyensulyt az imidazolidingyiirii nitrogénatom-

jan 1évd szubsztituens sztérikus, ill. elektronikus ha-
tasai is jelent6sen befolyasoltak.
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Ring-chain tautomerism of 2-aryl-substituted
imidazolidines. A. Goblyos, L. Lazdr, F. Evanics,
G. Berndth and F. Fiilop

1-Methyl-, ethyl-, (n-propyl)-, isopropyl-, phe-
nyl- and aryl-substituted 2-arylimidazolidines
proved to be ring-chain tautomeric mixtures in
CDCl; at 300 K. The relation between the ratios of
the tautomeric forms and the electronic effect of the
2-aryl-substituent could be described by the
equation log Kx = po” + log Kx-i. The prepared
compounds are the first examples among the 2-aryl-
imidazolidines of ring-chain tautomeric processes
characterized by a Hammett-type correlation. The
steric and electronic effects of the substituents on
the nitrogen of the imidazolidine ring significantly
influence the tautomeric equilibrium.
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Abstract — 2-Aryl-substituted-1-isopropyl- and 1-phenylhexahydropyrimidines and 3-
isopropyl- and 3-phenyl-1,2,3 4-tetrahydroquinazolines proved to be ring-chain tautomeric
mixtures in CDCIl; at 300 K, whereas only ring-closed tautomers could be detected for the 1-
or 3-methyl-substituted analogues. The ratios of the ring-chain tautomeric forms at

equilibrium could be described by the equation log Kx = pc™ + log Kx=n.

Keywords: diamines, tautomerism, pyrimidines, quinazolines

Introduction
The ring-chain tautomerism of five- and six-membered 1,3-X,Y-heterocycles (X,Y = O, S, NR)
has been studied thoroughly in recent years.' This phenomenon allows 1,3-O,N-heterocycles
to be exploited as intermediates in the synthesis of N-substituted-amino alcohols? or as-
aldehyde sources in carbon transfer reactions.’ Depending on the nature of the substituent at
position 2 selective functionalizations of N-monosubstituted-ethylene- or propylene-diamines
can be achieved on the basis of the ring-chain tautomeric character of their 2-substituted 1,3-
N,N-heterocyclic derivatives.*
For the ring-chain tautomerism of 2-(X-phenyl)-substituted-oxazolidines and tetrahydro-1,3-
oxazines, a linear correlation was earlier found between the equilibrium ring-chain ratio (K =
[ring)/[open]) and the electronic character (¢*) of the substituent X on the 2-phenyl ring (Eq.
1)

log Kx = po” + log Kx=x ¢))
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The ring-chain tautomerism of 1,3-N,N-heterocycles has been observed in only a few

cases'*® and, in contrast with the five- and six-membered 2-aryl-1,3-O,N-heterocycles,

157 are known among the

merely a limited number of examples of the application of Eq.
analogous 1,3-N,N-heterocyclic compounds.

Previous studies on 1-substituted-2-arylimidazolidines showed that these five-membered 1,3-
N,N-heterocyclic compounds participate in ring-chain tautomerism, the equilibria of which
can be described by Eq. 1.7 Substituents at position 1 caused a significant effect on the ring-
chain tautomeric ratios. However, less is known about the ring-chain tautomerism of the
corresponding six-membered analogues. Of this type of compounds, only N-unsubstituted-2-
arylhexahydropyrimidines (1) were investigated earlier; they proved to be the first example of
2-aryl-1,3-N,N-heterocycles that participate in a ring-chain tautomeric equilibrium (CDCls)
characterized by Eq. 1.5 It is noteworthy that the benzologues of 1, 1,3-unsubstituted-2-
aryltetrahydroquinazolines, were described as ring-closed tautomers in DMSO-ds, without
detectable amounts of the open forms.®

As a continuation of our previous studies on 1,2-disubstituted-imidazolidines,” our present
aim was to investigate the substituent effects on the ring-chain tautomeric character of some
1-substituted-2-arylhexahydropyrimidines and 3-substituted-2-aryl-1,2,3,4-
tetrahydroquinazolines for the purpose of refining the scope and limitations of application of

Eq. 1 among six-membered 1,3-N,N-heterocycles.

Results and discussion

The condensation of N-monosubstituted-1,2- or 1,3-diamines with the appropriate aromatic
aldehydes provides a convenient method for the synthesis of saturated 2-aryl-1-substituted-
N,N-heterocycles.®” Of the 1,3-diamines required for the synthesis of hexahydropyrimidines,
N-methyl- (12) and N-isopropylpropylenediamine (13) were commercial products, while N-
phenylpropylenediamine (4) was prepared by the reduction of B-alanine anilide (3) with
LiAlH,. The starting materials for the tetrahydroquinazolines, 2-(methyl-, isopropyl- or
phenylaminomethyl)anilines (9-11), were synthesized by similar reductions of the appropriate
N-substituted-aminocarboxamides (6-8), obtained by the ring-opening reactions of isatoic

anhydride (5) with the appropriate amines (Scheme 1).°

- Insert Scheme 1 -



Model compounds 14-16 and 17-19 were prepared by the condensation of propylenediamines
(4, 12, 13) or o-aminobenzylamines (9-11) with equivalent amounts of the appropriate

substituted benzaldehydes under mild conditions (ambient temperature, 1 h) (Scheme 2).
- Insert Scheme 2 -

The '"H NMR spectra of 15, 16, 18, and 19 (in CDCIl; solution at 300 K) revealed that these
compounds participate in ring-chain tautomeric equilibria of the 1,3-N,N-heterocycles (B) and
the corresponding Schiff bases (A), while in the spectra of the N-methyl-substituted-
hexahydropyrimidines (14a,g) and tetrahydroquinazolines (17a,g) no open-chain form could
be detected. Despite the electron-donating p-dimethylamino substituent on the 2-phenyl ring,
which is favourable for the shift of the equilibrium towards the open tautomer, 14g and 17g
proved to be exclusively ring-closed tautomers. The predominance of the ring-closed forms in
the case of the N-methyl-substituted-hexahydropyrimidines (14a,g) is in accordance with the
literature data on 2-phenyl and 2-(p-nitrophenyl) derivatives.**

The equilibrium ratios were determined by integration of the well-separated N-CH-N (ring,
B) and N=CH (chain, A) singlets (Tables 1 and 3). The selected data on 15¢ and 18f reflect
the '"H NMR spectra of the prepared hexahydropyrimidines and tetrahydroquinazolines

exhibiting a tautomeric character (see Experimental).
- Insert Table 1 -

When Eq. 1 was applied to the log Kx values, good linear correlations were obtained vs. the
Hammett-Brown parameter 6" of the substituent X on the 2-phenyl group for compounds 15,

16, 18 and 19 (Figure 1, Table 2).

- Insert Figure 1 and Table 2 -

The linear regression analysis data in Table 2 show that the slope p for 1-
isopropylhexahydropyrimidines (15: 0.77) has approximately the same value as that for the
corresponding  six-membered 1,3-O,N-heterocycle''® (20: 0.74), while p for 1-
phenylhexahydropyrimidines (16: 0.42) is considerably smaller. The 3-phenyl-substituted-
tetrahydroquinazolines (19) have a markedly higher p value (0.93) than those for the 2-



isopropyl-tetrahydroquinazolines (18) and 2-aryl-3,1-benzoxazines (21). The significant
differences in p for 1, 15 and 16 or for 18 and 19 suggest that for the six-membered 1,3-N,N-
heterocycles, in contrast with the 1,3-0,N-heterocycles‘a and similarly to the imidazolidines,’
the value of p is not characteristic of the ring system, and depends strongly on the N-
substituent. While N-isopropyl-heterocycles 15 and 18 have very similar p values, the p
values for N-phenyl derivatives 16 and 19 are very different.

The nitrogen substituent causes a marked effect not only on the value of p, but also on the
intercept. The effects of the substituents on the stability of the ring form relative to the
analogous 1,3-O,N-heterocycle can be expressed by a value ¢, which is the difference in
intercept for the given 2-aryl-1,3-N,N-heterocycle and the corresponding unsubstituted
saturated 2-aryl-1,3-O,N-heterocycle. A positive ¢ value means a more stable riné form than
that of the corresponding 2-aryl-1,3-0,N-heterocyc1e.7“"° For the six-membered 1,3-Y,N-
heterocycles 1, 14-16 and 20, the value of ¢ is minimal for the N-phenyl substituent, and the
stability of the ring-closed form increases in the following sequence of ¥: NPh < NiPr <O <
NH <NMe.

Similarly as with the analogous 1,3-0,N-heterocycles,'9 a condensed benzene ring increases
the stability of the ring form (cf’ 15 and 18 or 16 and 19). For the tetrahydroquinazolines 17-
19 and the related 3,1-benzoxazine 21, the N-phenyl substituent again causes the strongest
destabilizing effect and the stability of the ring-closed form increases in the following
sequence of ¥: NPh < O < NiPr < NMe.

Conclusion

In conclusion, the ring-chain tautomerism of six-membered saturated 1-substituted-2-aryl-1,3-
N,N-heterocycles is strongly dependent on the substituents on the nitrogen and on the
presence of a condensed benzene ring. Compounds with a small N-substituent (Me) exist
exclusively in ring-closed form. Compounds with larger substituents (iPr or Ph) participate in

ring-chain tautomeric equilibria that can be characterized by the Hammett-type Eq. 1.

Experimental

"H NMR spectra were recorded on a Bruker Avance DRX 400 spectrometer. Chemical shifts
are given in & (ppm) relative to TMS (CDCl;) or to TSP (D,0) as internal standards;
multiplicities were recorded as s (singlet), d (doublet), dd (double doublet), ¢ (triplet), m

(multiplet) and om (overlapping multiplet). For the equilibria of tautomeric compounds to be



established,®”!" the samples were dissolved in CDCl; and the solutions were left to stand at
ambient temperature for 1 day before the 'H NMR spectra were run. The number of scans was
usually 64.

IR spectra were run in KBr discs on a Perkin-Elmer Paragon 1000 PC FT-IR spectrometer
controlled by GRAMS Analyst for PE 1000 3.01A software. Mass spectra were recorded on a
Shimadzu QP 8000 instrument using electrospray ionization. Melting points were determined
on a Kofler micro melting point apparatus and are not corrected. The physical data on
compounds 14-19 are listed in Table 3.

Compounds 6%, 7°° and 8°° were prepared according to known procedures.

B-Alanine anilide (3)

To a stirred and cooled (ice-salt bath) solution of N-benzyloxycarbonyl-B-alanine (2, 22.32 g,
0.10 mol) and triethylamine (10.12 g, 0.10 mol) in dry toluene (150 mL), ethyl chloroformate
(10.85 g, 0.10 mol) was added dropwise at a rate to keep the internal temperature below —10
°C. After 15 min, a solution of aniline (9.31 g, 0.10 mol) in dry CHCIl; (20 mL) was dropped
to the mixture, the internal temperature being kept below —10 °C. Stirring was continued for
30 min with cooling and for 30 min without and the mixture was then heated slowly to reflux
and refluxed for 5 min. The mixture was allowed to cool down and washed with saturated
aqueous NaHCO; solution (2 x 100 mL) and water (100 mL) after the addition of CHCl; (250
mL). The combined organic phases were dried (Na,SO,) and evaporated under reduced
pressure to give N-benzyloxycarbonyl-B-alanine anilide as a white crystalline residue, which
was filtered off, washed with Et,O and recrystallized from EtOAc. Yield 21.96 g (75%), mp
135-136 °C (lit.,"”> mp 137-138 °C); '"H NMR (CDCl) 8: 2.59 (m, 2H, CH,CO), 3.55 (m, 2H,
CH,N), 5.10 (s, 2H, OCH,), 5.45 (br s, 1H, NH), 7.11 (m, 1H, NC¢Hs), 7.26-7.38 (om, TH,
CH,CsHs, NCgHs) 7.49 (d, 2H, J = 7.8 Hz, NCeHs), 7.55 (br s, 1H, NH); IR vimay 3329, 3293,
1686, 1657, 1533, 1247 cm™'; MS m/z 299 [M+1]". Analysis: calculated for C,7H;sN;0s: C,
68.44; H, 6.08; N, 9.39; found: C, 68.24; H, 5.85; N, 9.12.

N-Benzyloxycarbonyl-p-alanine anilide (21.96 g, 0.07 mol) was suspended in 33% HBr in
AcOH (90 mL) and the mixture was left to stand at room temperature for an hour with
occasional shaking. The crystals of 3 hydrobromide that were formed were filtered off and
dissolved in ice-cold water (75 mL). The solution was made alkaline with 20% NaOH and
extracted with CHCI; (5 x 100 mL). The combined organic phases were dried over Na;SOy

and evaporated under reduced pressure. The crystalline residue was purified by column -



chromatography on silica gel (eluent: toluene : MeOH =1 : 1). Yield 9.10 g (74%), mp 190-
192 °C, '"H NMR (CDCl;) &: 2.47 (m, 2H, CH,CO), 3.12 (m, 2H, NCH,), 7.07 (m, 1H, CeHs),
7.31 (m, 2H, CeHs), 7.54 (d, 2H, J=7.8 Hz, C¢Hs), 9.92 (br s, 1H, NH); IR vmex 1659, 1599,
1556, 1498, 1445, 751 cm™; MS m/z 165 [M+1]". Analysis: calculated for CoH;,N,0: C,
65.83; H, 7.37; N, 17.06; found: C, 65.71; H, 7.12; N, 16.87.

General method for the synthesis of N-phenylpropylenediamine (4) and 2-(methyl-,
isopropyl- or phenylaminomethyl)anilines (9-11)

To a stirred suspension of LiAlH,4 (11.39 g, 0.30 mol) in dry THF (350 mL), a solution of B-
alanine anilide (3) or the appropriate 2-amino-N-substituted-benzamide (6-8) (0.10 mol) in
dry THF (3: 200 mL, 6-8: 50 mL) was added dropwise. The mixture was stirred and refluxed
for 7.5 h and then cooled and the excess of LiAlH,; was decomposed by addition of a mixture
of water (20 mL) and THF (50 mL). The inorganic salts were filtered off and washed with
EtOAc (3 x 200 mL). The combined organic filtrates and washings were dried over Na,SO4
and evaporated under reduced pressure to give the crude diamines as oily (4, 9, 10) or
crystalline products (11, mp 80-81 °C, 1it.** mp 81-83 °C).

Crude diamine 4 was distilled in vacuo. Yield 14.08 g (93%). Bp 100-105 °C/1-2 mm. The 'H
NMR data on the product correspond to the literature'* data.

For purification, crude diamines 9-11 were converted to the crystalline dihydrochlorides by
treatment of their ethanolic (10 mL) solutions with an excess of 22% ethanolic HCI and Et,0.
The crystalline dihydrochlorides were filtered off and recrystallized from MeOH-Et,0.

(9): Yield 16.35 g (78%), mp 210-212 °C (lit."* mp 236-238 °C), '"H NMR (D,0) &: 2.84 (s,
3H, CHs), 4.36 (s, 2H, CH>), 7.46 (m, 1H, C¢H,), 7.50-7.61 (om, 3H, CeHy); IR Viax 2773,
2565, 1538, 1496, 1454, 766, 754 cm'l; MS m/z 137 [M+1]+. Analysis: calculated for
CsH14CLN,: C, 45.95; H, 6.75; N, 13.40; found: C, 45.68; H, 6.57; N, 13.26.

(10): Yield 18.65 g (79%), mp 193-195 °C (lit."* mp 191 °C), 'H NMR (D,0) &: 1.42 (d, 6H, J
= 6.6 Hz, 2 x CH»), 3.62 (m, 1H, CH), 4.36 (s, 2H, CH,), 7.46 (m, 1H, C¢H,), 7.50-7.63 (om,
3H, CsHa); IR Vimax 2800, 1561, 1502, 1444, 1392, 1145, 763, 754 cm™; MS m/z 165 [M+17".
Analysis: calculated for CoH;2N,0: C, 65.83; H, 7.37; N, 17.06; found: C, 65.71; H, 7.12; N,
16.87.

(11): Yield 23.79 g (88%), mp 165-167 °C, "H NMR (D,0) &: 4.76 (s, 2H, CH,), 7.34 (m, 2H,
CeHa, CsHs), 7.40-7.60 (om, TH, CeHa, CsHs); IR vmax 2727, 2583, 1497, 1478, 1430, 760,



690 cm™; MS m/z 199 [M+1]". Analysis: calculated for C;3H;6CLN,: C, 57.58; H, 5.95; N,
10.33; found: C, 57.33; H, 5.67; N, 10.21.

Pure diamine bases 9-11 were obtained from the above dihydrochlorides by alkaline treatment
(20% NaOH), extraction (CH>Cl;) and evaporation under reduced pressure. The free bases

were dried in a vacuum desiccator for 24 h before further transformations.

General method for the synthesis of 2-arylhexahydropyrimidines (14-16) and 2-aryl-
1,2,3,4-tetrahydroquinazolines (17-19)

To a solution of the appropriate diamine (4, 9-13, 3 mmol) in absolute MeOH (20 mL), an
equivalent amount of aromatic aldehyde was added (in the case of liquid aldehydes, a freshly
distilled sample was used), and the mixture was left to stand at ambient temperature for 1 h.
The solvent was evaporated off and the evaporation was repeated after the addition of toluene
(10 mL). The oily products were dried in a vacuum desiccator for 24 h. The NMR spectra
proved that the purities of these compounds were greater than 95%. Crystalline products were
filtered off and recrystallized. All of the recrystallized new compounds (17a, 18a-g, 19a-f)
gave satisfactory data on elemental analysis (C, H, N +0.3%).

- Insert Table 3 -

'"H NMR spectroscopic data on 1-isopropyl-2-(4-bromophenyl)hexahydropyrimidine
(15c¢) and 3-isopropyl-2-(4-methoxyphenyl)-1,2,3,4-tetrahydroquinazoline (18f) in CDCl;
The protons of the open form (A) are numbered according to the corresponding protons of the
ring form (B) (6 in ppm, in brackets the multiplicity, couplings in Hz and assignment,
respectively).

(15¢cA): 1.00 (d, 6H, J = 6.3 Hz, 2 x CH3), 1.80-1.87 (m, 2H, 5-CH>), 2.66 (¢, 2H, J = 7.0 Hz,
6-CH,), 2.68-2.80 (m, 1H, CH), 3.63 (¢, 2H, J = 6.5 Hz, 4-CH>), 7.52 (dd, 4H, J= 20.3, 8.5
Hz, C¢Ha), 8.19 (s, 1H, N=CH); (15¢B): 0.75 (d, 3H, J = 6.5 Hz, CH3), 0.85 (d, 3H, J=6.8
Hz, CH3), 1.59-1.71 (m, 2H, 5-CH;), 2.39-2.45 (m, 1 H, 6-CH,), 2.62-2.74 (m, 1 H, CH),
2.63-2.72 (m, 1 H, 4-CH>), 3.01-3.05 (m, 1 H, 6-CH>), 3.13 (¢, 1 H, ] = 6.96 Hz, 4-CH>), 4.14
(s, 1H, NCHN), 7.29 (d, 2H, J= 8.1 Hz, C¢H.), 7.42 (d, 2H, J = 8.1 Hz, CcH,).

(18fA): 1.06 (d, 6H, J = 6.2 Hz, 2 x CH3), 2.77-2.80 (m, 1H, CH), 3.87 (s, 3H, OCHs3), 3.90
(s, 2H, CH,), 6.96-7.05 (om, 3H, C¢Hy), 7.14-7.18 (m, 1H, CsHas), 7.26-7.28 (m, 1H, CsHy),
7.31-7.32 (m, 1H, CsH,), 7.85 (d, 2H, J = 8.7 Hz, CsHy), 8.38 (s, 1H, N=CH); (18fB): 1.01 (d,
3H, J= 6.4 Hz, CH3), 1.17 (d, 3H, J = 6.5 Hz, CH3), 2.89-2.80 (m, 1H, CH), 3.76 (s, 2H,



CHb), 3.79 (s, 3H, OCH), 4.14 (br s, 1H, NH), 5.14 (s, 1H, NCHN), 6.54 (d, 1H, J= 7.9 Hz,
CgHy), 6.63-6.66 (m, 1H, CsHy), 6.83-6.90 (om, 3H, CsHa), 6.96-7.04 (m, 1H, CsHy), 7.37-
7.40 (m, 2H, CsHy).
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Table 1 Proportions (%) of ring forms (A) in tautomeric equilibria
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(CDCl3, 300 K) for compounds 14-19

Compd. X o 14 15 16 17 18 19
a pNO; 0.79 ~100 262 112 ~100 992 975
b mNO,  0.73 - 24.4 9.2 - 99.2  96.4
c pBr 0.5 - 12.3 55 - 97.9  83.1
d H 0 - 7.6 5.9 - 959 752
e pMe  -0.311 - 49 3.0 - 92.1 64.1
f pOMe -0.778 - 2.2 2.3 - 87.3  46.8
g pPNMe; -1.7 ~100 ~0 1.1 ~100 726 165
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Table 2 Linear regression analysis data on compounds 15, 16, 18 and 19,
2-arylhexahydropyrimidines (1), 2-aryl-1,3-oxazines (20)'° and
2-aryl-3,1-benzoxazines (21)"°

: 3 a Correlation b

Compound  No. of points Slope (p) Intercept AR it c
15 (NiPr) 6 0.77(3) -1.04(4) 0.997 -0.89
16 (NPh) P 0.42(3) -1.28(6) 0.988 -1.13
1 (NH) 7 0.84(1) 0.93(1) 0.99 1.08

20 (O) 7 0.74(6) -0.15(5) 0.984 0
18 (NiPr) 7 0.72(7) 1.49(14) 0.978 0.38
19 (NPh) 7 0.93(8) 0.67(16) 0.984 -0.44

21 (0O) 7 0.78(3) 1.11(2) 0.997 0

(\NH (\o @\/\o
achachage!
1 20 21

“Standard deviations are given in parentheses. "Relative ring stability constant, see the text.
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Table 3 Physical data on compounds 14-19

Yield MSm/z dN=CH 6 N-CH-N

0 -1
Comp. Mp(°C) iy M1} IR Vinax (cm07) chain (A) ring (B)

142 88-90% 85 222 1517, 1346, 1101, 972, 838 - 3.82
14g ol d 220 2941, 1608, 1525, 1352, 815 - 3.58
152 oil d 250 2965, 1645, 1602, 1520, 1346 8.38 435
15b  oil d 250 2965, 1648, 1529, 1349, 720  8.36 4.36
15¢  oil d  283/285 2965, 1645, 1486,1011,819  8.19 4.14
15d  oil d 205 2964, 1645, 1451, 755, 694 8.28 4.19
15¢  oil d 219 2965, 1647, 1379, 1174, 813 8.24 4.16
15 oil d 235 2962, 1645, 1607, 1513,1251  8.21 4.16
15 oil d 248 2962, 1608, 1526, 1361, 1179  8.14 -

16a ol d 284 1602, 1519, 1345, 749, 693 8.37 5.32
16b  oil d 284 1603, 1529, 1506, 1350, 751  8.57 5.33
16c  oil d 317319 1602, 1504, 1486, 1010, 749  8.23 5.21
16d  oil d 239 1645, 1603, 1505, 750, 693 8.28 5.29
16e  oil d 253 1645, 1603, 1507, 749, 693 8.24 5.27
16f  oil d 269 1605, 1510, 1252, 1167, 750 8.1 5.20
16g  oil d 282 1604, 1526, 1365, 745, 694 8.15 5.24
17a  101-103° 67 270 3393, 1519, 1489, 1345, 749 - 431
17g ol d 268 1607, 1523, 1490, 1346, 749 - 4.63
182  58-61° 83 298 1518, 1499, 1348, 1267, 743 5.41 8.58
18b 132-134° 72 298 3429, 1528, 1348, 1266, 747  5.42 8.57
18c 103-105* 75  331/333 1497, 1484, 1268,1008,749 5.1 8.39
18d  92-94° 75 253 3412, 1607, 1486, 1267, 747  5.25 8.46
18e  85-88° 82 267 3410, 1607, 1502, 1486, 745  5.19 8.42
18f  104-106° 69 283 3410, 1607, 1510, 1245,749  5.17 8.38
18g  58-60° 70 296 1661, 1598, 1370, 1164, 813 5.14 8.38
19a 103-107 87 332 1592, 1519, 1499, 1344, 753  6.05 8.52
19b  55-57° 89 332 1526, 1493, 1347, 749, 694 6.04 8.58
19c 7982 92 365/367 3397, 1596, 1500, 1010, 756 5.8 8.30
194 9495 73 287 3413, 1596, 1494, 1445, 746 6.05 8.46
19¢  80-82° 84 301 3401, 1494, 1264, 755, 743 6.02 8.42
19f  73-75° 87 317 1605, 1508, 1495, 1247, 753  5.89 8.27
19¢  oil d 330 1603, 1588, 1527, 1166,749 495 8.28

®Recrystallized from n-hexane. °Recrystallized from n-hexane—iPr,Q. °Recrystallized
from iPr,0. 9The conversion was quantitative according to the '"H NMR spectra.
°Lit.** mp 90-91 °C.
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Abstract - In CDCl; at 300 K, 2-aryl-substituted cis- and trans-3-isopropyldecahydro-
quinazolines and trans-3-phenyl-decahydroquinazolines proved to be three-component (t'-o-
r?) ring-chain tautomeric mixtures, whereas only ring-closed tautomers could be detected for
the 3-methyl-substituted analogues. The proportions of the ring-chain tautomeric forms at
equilibrium were strongly influenced by the N-substitutents and the ring anellation, and could
be described by the equation log Kx = pc” + log Kx=x. These are the first examples among 2-
aryl-1,3-N,N heterocycles of a three-component ring-chain tautomeric equilibrium

characterized by a Hammett-type equation.

Keywords: tautomerism; diamines; quinazolines; electronic effect.

Introduction
A large number of examples have emerged in recent years demonstrating that ring-chain
tautomerism occurs not only among N-unsubstituted saturated 1,3-O,N heterocycles, but also
among their 1,3-N,N analogues."5 On the basis of their ring-chain tautomeric character, 1,2-
disubstituted saturated 1,3-NV,N heterocycles can be exploited as intermediates in the selective
functionalization of N-monosubstituted ethylene- or propylenediamines; the selectivity of the
reaction is strongly influenced by the nature of the substituent at position 2.5
For 2-aryl-substituted imidazolidines, hexahydropyrimidines and 1,2,3,4-tetrahydro-
quinazolines, similarly to their 1,3-O,N analogues,' a Hammett-type linear correlation was
found between the ring-chain ratios for the tautomeric equilibria (K = [ring]/[open]) and the
electronic character (o) of the substituent on the 2-phenyl ring (Eq. 1):**

log Kx = pc” + log Kx=x ¢))



For N-substituted 2-aryl-1,3-N,N heterocycles, the ring-chain tautomeric process and the
values of p and log Kx-i in Eq. 1 depend strongly on the steric and electronic characters of
the substituent on the nitrogen.*’ In contrast with the 1,3-ON analogues, the value of p
proved not to be characteristic of the 1,3-N,N ring system.>

As a continuation of our previous studies on five- and six-membered 1,3-N,N heterocycles,*’
our present aim was to investigate the effects of substituents and the geometry of the ring
anellation on the ring-chain tautomeric character of some 3-substituted 2-aryldecahydro-
quinazolines for the purpose of refining the scope and limitations of application of Eq. 1

among six-membered 1,3-N,N heterocycles.

Results and discussion

Starting materials for the synthesis of decahydroquinazoline model compounds were prepared
from cis- and trans-2-aminocyclohexanecarboxylic acid (1a,b) by a combination of standard
chemical procedures (Scheme 1).”'° cis- and trans-2-(Methyl- or isopropyl or
phenylaminomethyl)cyclohexyl amines (9a,b, 10a,b and 11a,b) were synthesized by LiAlIH4
reduction of the corresponding N-substituted amino carboxamides (6a,b, 7a,b and 8a,b),
which were obtained either by the direct amidation of amino esters 2a,b with methylamine’®
or via the N-protected amino acids 3a,b by using the mixed anhydride method."°

Model compounds 12-17 were prepared by the reactions of diamines 9-11a,b with equivalent
amounts of substituted benzaldehydes (Scheme 2). The 'H NMR spectra of 12-17 revealed
that, in CDCIl; solution at 300 K cis- and trans-3-isopropyl-2-aryldecahydroquinazolines
(14a-g and 15a-g) and trams-3-phenyl-substituted 2-aryldecahydroquinazolines (17a-g)
participate in three-component (r'-0-r) ring-chain tautomeric equilibria, having both electron-
donating and electron-withdrawing substituents on the 2-phenyl ring. For cis-3-phenyl-2-
aryldecahydroquinazolines (16), ring-chain tautomeric equilibria could be detected only for
compounds bearing an electron-withdrawing substituent X (16a-c); for the 2-phenyl
derivative (16d) and the compounds with an electron-donating substituent X on the 2-phenyl
ring (16e-g), only the presence of the open-chain tautomer was observed. Similarly to other
N-methyl-substituted six-membered 2-aryl-1,3-N.N heterocycles,5 in the cases of cis- and
trans-3-methyl-2-aryldecahydroquinazolines (12a,g and 13a,g), no open-chain tautomeric
forms (A) could be detected. Despite the presence of the electron-donating p-dimethylamino
substituent on the 2-phenyl ring, which is favourable for the shift of the equilibrium towards
the open tautomer,' the NMR spectra of 12g and 13g showed exclusively the presence of ring-

closed tautomers.



The proportions of the chain (A) and diastereomeric ring forms (B and C) of the tautomeric
equilibria (Kx) were determined at 300 K by integration of the well-separated N-CHAr-N
(ring) and N=CH (chain) proton singlets (Table 7) in the "H NMR spectra of compounds 12,
13, 14, 15 and 16. For compounds 15, the ratios of the ring-closed tautomers were calculated
by deconvolution because of their partly overlapping N-CHATr-N singlets (Tables 1 and 2).
For compounds 17, tautomeric ratios (Kx) could not be determined at 300 K because of the
fast interconversion of the tautomeric forms; the signal of the minor ring form therefore
appeared only at lower temperatures in the 'H NMR spectrum. Values of Kx and the ratios of
the ring forms at 300 K for compounds 17 (Tables 2 and 3) were calculated according to the
van’t Hoff equation (2) on the basis of the tautomeric ratios determined at lower temperatures
(Table 4):"
In Kx =-AHRT + AS’R )]

In consequence of the very similar NMR spectroscopic characters of these 2-
aryldecahydroquinazolines, with the same N-substituent and ring anellation, determination of
the relati\'/e configuration of the major and minor ring-closed tautomers and conformational
analysis were performed only for the p-nitrophenyl derivatives 12a-17a (Table 5). Data on
12aB and 16aA were chosen to illustrate the '"H NMR spectra of the prepared tautomeric
compounds (see Experimental). 2-Aryl substituents did not change the sequence of the
chemical shifts of the characteristic N-CHAr-N and N=CHAr protons.

In the EXSY spectra of 14a and 15a, there is a negative cross-peak between the N=CHAr
singlet of the open form and both N-CHAr-N signals of the major and minor ring forms,
while there is no negative cross-peak between the N-CHAr-N signals of the cyclic tautomers.
This proves the interconversion of the ring-closed tautomers (B and C) through the open-
chain form (A). The relative configurations of the major ring-closed tautomers of 14a and 15a
were deduced from the NOESY spectra, in which the cross-peak for the protons at positions 2
and 8a proves their cis arrangement (B) (Scheme 2). The same relative configuration of H-2
and H-8a for the major ring-closed tautomer was found for all the remaining 2-(p-
nitrophenyl)decahydroquinazolines (12a, 13a, 16a and 17a). In the ring-chain tautomeric
equilibria of the corresponding 2-aryldecahydro-3,1-benzoxazines (18, 19), the major ring-
closed tautomeric form also had cis arranged H-2 and H-8a.'

The configuration of the azomethine double bond was determined by observing the intensity
of the NOE interaction between H-2 and H-8a in model compounds which contain the open

tautomeric form in a higher proportion (16a and 17a). A high-intensity NOESY cross-peak



can be detected for both compounds, which suggests the E configuration of the C=N double
bond and shows that the H(8a)-C(8a)-N(1)-C(2) torsion angle is within the region of +60°.
The data in Tables 1 and 2 indicate that the proportions of the diastereomeric ring-closed
tautomers in the equilibria, which are proportional to the relative stabilities of these ring
forms, are greatly influenced by the relative configurations of the chiral centres. In an attempt
to find a relationship between the relative stability and the predominant conformation of the
ring epimers, a conformational analyis of cis- and trans-3-isopropyl-2-(p-nitrophenyl)-
decahydroquinazolines (14a and 15a) was performed by using NMR and modelling means.
An earlier conformational analysis on decahydroquinazoline derivatives led to the conclusion
that cis-fused derivatives could exist in two interconvertible chair-chair conformations (N-in
or N-out), the equilibrium of which was strongly dependent on the substitution of the nitrogen
at position 1. For 1-unsubstituted cis-decahydroquinazolines, the conformational equilibrium
is shifted dominantly towards the N-in conformer, while the 1-methyl cis derivative can be
characterized by a dominant N-out conformation.*'*'?

The conformation for 14aB (major ring form) can readily be determined by analysis of the
crucial NMR spectral parameters. The coupling constants of the signals of the protons at
positions 4a and 4 are similar, >J (H-4.,, H-42) = 2.27 Hz and *J (H-4,;,, H-4a) = 3.27 Hz, and
low value, which suggests an equatorial orientation of H-4a relative to the heterocyclic ring.
NOE interactions can be detected from H-2 to H-4,, and H-8a, which is evidence of a
predominantly equatorial aryl group in accordance with its steric demand. On the basis of
these results, it can be concluded that the major ring-closed tautomer 14aB predominantly
occupies an N-in conformation (Scheme 3). The low relative concentration of the minor ring-
closed tautomer 14aC did not facilitate the extraction of useful NMR data and therefore a
standard conformational search procedure'® was carried out to find the lowest energy 7
conformation. The resulting structure (Scheme 3) of 14aC shows an N-out conformation with
the sterically demanding aryl group in the equatorial position. The energy difference between
14aB and 14aC, estimated from the average ring-ring tautomeric ratio, is approximately 6.6
kJ/mol. The steric repulsion between H-4,, and H-5,x and the repulsion between H-2 and H-
7ax in 14C may account for the observed stability difference.

The major trans ring-anellated diastereomer 15aB exhibits a vicinal coupling constant CrH-
4a, H-4.,) = 3.53 Hz and 3J(H-4a, H-4,,) = 9.06 Hz) and NOE interaction (H-2-H-4,,, H-2-H-
8a) pattern, which is in accordance with the expected conformation with the aryl group in an
equatorial position (Scheme 4). The residual amount of the minor component in the sample

made molecular modelling necessary. The conformational search for the minor epimer 15aC



gave a chair-chair conformation in which the aryl group has an axial orientation (Scheme 4).
The axial position of the 2-aryl group explains the lower stability (AG = 2.9 kJ/mol) of 15aC
as compared with 15aB.

When Eq. 1 was applied to the log Kx values, good linear correlations were obtained vs. the
Hammett-Brown parameter ¢ of the substituent X on the 2-phenyl group for compounds 14,
15 and 17 (Figure 1 and Table 6), which are the first examples among 2-aryl-1,3-N,N-
heterocycles of three-component ring-chain tautomeric processes characterized by a
Hammett-type correlation. The shift of the tautomeric equilibrium towards the open-chain
tautomer meant that a linear correlation could not be calculated for the few plots of
compounds 16.

The linear regression analysis data in Table 6 show that the slopes for 3-substituted-2-
aryldecahydroquinazolinés (14, 15 and 17) lie within a wider range (0.51-1.21) than those for
the corresponding 2-aryldecahydro-3,1-benzoxazines (18 and 19: 0.55-0.64) and, similarly as
for other 2-aryl-1,3-N,N heterocycles exhibiting ring-chain tautomerism, the value of p is not
characteristic of the ring system. Ring anellation does not seem to influence the value of p:
cis- and trans-3-isopropyl-2-aryldecahydroquinazolines have very similar values of p (0.51
and 0.57).The substituent on the nitrogen exerted a similar effect on the value of p to that
found for 3-isopropyl and 3-phenyl-substituted 2-aryl-1,2,3,4-tetrahydroquinazolines:’ the
value of p was somewhat higher for 3-phenyl derivatives for the equilibria involving either
the major (15B-17B) or the minor (15C-17C) ring forms.

Both the substituent on the nitrogen and the ring anellation caused marked effects on the
value of the intercept. To characterize the effects of the anellated ring on the stability of the
ring form, a substitution effect parameter (c;) was calculated as the difference in the intercepts
for the given 2-aryldecahydroquinazolines and the corresponding 2-arylhexahydropyrimidines
(20 and 21) bearing the same substituent on the nitrogen. This kind of relative ring stability
constant was introduced earlier for the saturated 2-aryl-1,3-O,N heterocycles bearing
substituents at positions 4-6."'2 Positive values of c; mean a more stable ring form relative to
the corresponding 2-arylhexahydropyrimidine. The values of c; for compounds 14B, 15B,
15C, 17B and 17C indicate that the anellated ring had a considerable stabilizing effect on the
ring form for each compound except 17C. This effect was more pronounced for the N-
isopropyl-substituted derivatives (14 and 15) than for the N-phenyl compounds (17). For 3-
isopropyl- and 3-phenyldecahydroquinazolines, the trans-anellated cyclohexane ring (15B: c;
= 2.00) had a higher stabilizing effect than that of the cis ring anellation (14B: ¢, = 0.98). The



lack of a stabilizing substituent effect in the cis-3-phenyldecahydroquinazolines (16) led to a
nearly quantitative shift of the equilibria toward the open-chain tautomers (16A).

The effect of the substituted nitrogen atom at position 3 on the stability of the ring-closed
tautomeric form can be expressed by a heteroatom effect parameter (cy), which is calculated
as the difference in intercept for the given 2-aryl-decahydroquinazoline and the corresponding
2-aryldecahydro-3,1-benzoxazine (18B,C and 19B,C).** The value of c, refers to the stability
difference of the given 1,3-O,N and 1,3-N,N heterocycles. There is no clear connection
between the values of c, and the type of the substituent on the nitrogen, but the data in Table 6
demonstrate that the ring form for compounds 14B, 15B, 17B and 17C is less stable than that
for the corresponding decahydrobenzoxazine. Since the ring-chain tautomeric equilibria of
cis- and trans-3-methyl-substituted decahydroquinazolines (12 and 13) are appreciably shifted
towards the ring-closed tautomer, the stability of the ring-closed form of cis and trans-2-
aryldecahydroquinazolines and -3,1-benzoxazines increases in the following sequence of the

heteroatom at position 3: NPh < NiPr < O < NMe.

Conclusions

In conclusion, the ring-chain tautomerism of cis- and trans-3-substituted-2-aryldecahydro-
quinazolines is strongly dependent on the substituents on the nitrogen and on the cis-trans
ring anellation. Compounds with a small N-substituent (Me) exist exclusively in the ring-
closed form, independently of the type of ring anellation. Compounds with larger N-
substituents (iPr or Ph) participate in three-component ring-chain tautomeric mixtures
involving diastereomeric ring-closed forms besides the open-chain tautomer. In all cases, H-2
and H-8a of the major ring form (B) are cis-arranged. The ratios of the ring-closed tautomers
were higher for the trams-anellated compounds. For the cis- and frans-3-isopropyl-2-
aryldecahydroquinazolines (14 and 15) and frans-3-phenyl-2-aryldecahydroquinazolines (17),
three-component ring-chain tautomeric equilibria characterized by a Hammett-type equation

have been detected for the first time among 2-aryl-1,3-N,N heterocyles.

Experimental
'H NMR spectra were recorded on a Bruker AVANCE DRX 400 spectrometer at 300 K.

Chemical shifts are given in 8 (ppm) relative to TMS (CDCls) or to TSP (D,0) as internal
standards; multiplicities were recorded as s (singlet), d (doublet), dd (double doublet), ddd
(double double doublet), dt (double triplet), ¢ (triplet), m (multiplet) or om (overlapping



multiplet). For the equilibria to be established in tautomeric compounds,*'S the samples were
dissolved in CDCl; and the solutions were left to stand at ambient temperature for 1 day
before the 'H NMR spectra were run. The number of scans was usually 64.

Melting points were determined on a Kofler micro melting point apparatus and are not
corrected. The physical data on compounds 12-17 are listed in Table 7.

Compounds 3a,b'? and 6a,b® were prepared according to known procedures.

General method for the preparation of cis- and trans-N-isopropyl- and N-phenyl-2-
(benzyloxycarbonylamino)cyclohexanecarboxamides (4a,b and 5a,b)

To a stired and cooled (ice-salt bath) suspension of cis- or trans 2-(benzyloxy-
carbonylamino)-cyclohexanecarboxylic acid (3a,b) (2.77 g, 0.01 mol) and triethylamine (1.01
g, 0.01 mol) in dry toluene (100 mL), ethyl choroformate (1.08 g, 0.01 mol) was added
dropwise at a rate low enough to keep the internal temperature below —10 °C. After 15 min, a
solution of isopropylamine or freshly distilled aniline (0.01 mol) in dry CH,Cl, (10 mL) was
added dropwise to the mixture, the internal temperature being kept below —10 °C. Stirring was
continued for 30 min with cooling and for 30 min without, and the mixture was then heated
slowly to reflux and refluxed for 5 min. The mixture was allowed to cool down and washed
with saturated aqueous NaHCOs solution (2 x 50 mL) and water (80 mL) after the addition of
CHCI; (200 mL). The combined organic phases were dried (Na,SO4) and evaporated under
reduced pressure to give a white crystalline residue, which was filtered off, washed with Et,O
and recrystallized from iPr,O-EtOAc.

(4a): Yield: 2.75 g (86%); mp 129-130 °C; '"H NMR (CDCl3) &: 1.08 (d, 3H, J = 6.6 Hz,
CH5), 1.08 (d, 3H, J = 6.6 Hz, CH3), 1.40 (m, 2H, (CH)4); 1.50-1.78 (om, 5H, (CH,)s), 2.01
(m, 1H, (CH,)s), 2.53 (m, 1H, COCH), 3.87 (m, 1H, NCH), 4.04 (m, 1H, NCH(CH3),), 5.08
(s, 2H, OCH,), 5.44 (br s, 1H, NH), 5.68 (br s, 1H, NH), 7.27-7.37 (om, 5H, Cg¢Hs). Analysis:
calculated for C,3H,6N.03: C, 67.90; H, 8.23; N, 8.80; found: C, 67.72; H, 8.15; N, 8.69.

(4b): Yield: 1.20 g (38%); mp 201-202 °C; 'H NMR (CDCl;) &: 1.03 (d, 3H, J = 6.6 Hz,
CH3), 1.06 (d, 3H, J = 6.6 Hz, CH3), 1.13-1.51 (om, 4H, (CH3)4), 1.75 (m, 2H, (CH:)4), 1.98
(m, 2H, (CH3)4), 2.27 (m, 1H, COCH), 3.51 (m, 1H, NCH), 4.02 (m, 1H, NCH(CH3s),), 5.02
(d, 1H, NH, J = 8.6 Hz), 5.08(s, 2H, OCH,), 5.78 (br s, 1H, NH), 7.33 (m, 5H, C¢Hs).
Analysis: calculated for C,sHN;03: C, 67.90; H, 8.23; N, 8.80; found: C, 67.69, H, 8.08; N,
8.68.



(5a): Yield: 2.86 g (81%); mp 169-172 °C (lit."® mp 172-173 °C); 'H NMR (CDCl3) &: 1.45
(m, 2H, (CHy)s), 1.57-1.70 (om, 3H, (CH,)s), 1.84 (m, 2H, (CH,)s), 2.07 (m, 1H, (CHa)a),
2.80 (m, 1H, COCH), 3.99 (m, 1H, NCH), 5.08 (s, 2H, OCH,), 5.55 (d, 1H, J = 6.7 Hz, NH),
7.10 (t, 1 H, J = 7.4 Hz, C¢Hs), 7.28-7.32 (om, 7H, CsHs), 7.46 (d, 2H, J = 7.9 Hz, CeHs) ),
7.55 (br s, 1H, NH).

(5b): Yield: 1.17 g (33%); mp 217-218 °C; '"H NMR (CDCl;) &: 1.15-1.85 (om, 6H, (CH,)s),
1.99 (m, 1H, (CH,)4), 2.10 (m, 1H, (CHb)s), 2.52 (m, 1 H, COCH), 3.66 (m, 1 H, NCH), 4.98-
5.13 (om, 3H, OCH,, NH), 7.08 (t, 1H, J = 7.4 Hz, CsHs), 7.18-7.32 (om, 7H, 2 x CHs), 7.48
(d, 2H, J = 7.7 Hz, CsHs). Analysis: calculated for C;H,4N,03: C, 71.57; H, 6.86; N, 7.95;
found: C, 71.34; H, 6.63; N, 7.82.

General method for the preparation of cis- and trans-N-isopropyl- and N-phenyl—2-.
aminocyclohexanecarboxamides (7a,b and 8a,b)

The appropriate N-substituted cis- or trans-2-(benzyloxycarbonylamino)cyclohexane-
carboxamide (4a,b or 5a,b) (0.01 mol) was suspended in 33% hydrobromic acid in acetic acid
(12 mL) and the mixture was left to stand at room temperature for 1 h with occasional
shaking. The crystalline hydrobromide salt of 7a,b or 8a,b that was formed was filtered off
and dissolved in ice-cold water (75 mL). The solution was made alkaline with 10% NaOH
and extracted with EtOAc (5 x 50 mL). The combined organic phases were dried over Na;SO4
and evaporated under reduced pressure. The crystalline residue was recrystallized from EtOH.
(7a): Yield: 1.44 g (78%); mp 83-86 °C; 'H NMR (CDCls) &: 1.14 (d, 6H, J = 6.5 Hz,
CH(CHs)y), 1.29-1.68 (om, 7H, (CH)4), 1.74 (br s, 2H, NH>) 1.83 (m, 1H, (CH>)4), 2.31 (m,
1H, COCH), 3.28 (m, 1H, NCH), 4.06 (m, 1H, NCH(CHj3),), 7.80 (br s, 1H, CONH).
Analysis: calculated for C,0H20N>O: C, 65.18; H, 10.94; N, 15.20; found: C, 64.92; H, 10.73;
N, 14.96.

(7b): Yield: 1.56 g (85%); mp 105-108 °C; 'H NMR (CDCls) &: 1.08-1.52 (om, 12H,
CH(CH3),, (CH3)s, NH3) 1.73 (m, 3H, (CH3)4), 1.80-1.90 (om, 2H, (CH)s, COCH); 2.92
(ddd, 1H, J = 7.32, 11.58, 4.03 Hz, NCH); 4.09 (m, 1H, NCH(CH3),) 5.92 (br s, 1H, CONH).
Analysis: calculated for C;oH20N,0: C, 65.18; H, 10.94; N, 15.20; found: C, 64.95; H, 10.72;
N, 15.01.

(8a): Yield: 1.84 g (84%); mp 122-124 °C (lit."" mp 143-144 °C); "H NMR (CDCl) &: 1.36-
1.73 (om, 7H, (CH>),), 1.84 (br s, 2H, NH>), 1.98 (m, 1H, (CH>)4), 2.50 (m, 1H, COCH); 3.36



(m, 1H, NCH); 7.05 (t, 1H, J =7.4 Hz, C¢Hs); 7.29 (t, 2H, J = 8.36 Hz, C¢Hs), 7.58 (d, 2H,J =
8.44 Hz, C¢Hs), 11.31 (br s, 1H, CONH).

(8b): Yield: 1.90 g (87%), mp 108-110 °C, 'H NMR (CDCl;) &: 1.13-1.55 (om, 6H, (CHa)a,
NH>), 1.77 (m, 2H, (CH>)s), 2.15 (m, 1H, COCH), 2.91 (ddd, 1H, J = 10.58, 10.83, 4.28 Hz,
NCH), 7.06 (t, 1 H, J = 7.40 Hz, CsHs), 7.29 (t, J = 7.9 Hz, 2H, CsHs), 7.55 (d, 2H, J=17.9
Hz, C¢Hs), 9.55 (br s, 1H, CONH). Analysis: calculated for C;3H;sN,O: C, 71.53; H, 8.31; N,
12.83; found: C, 71.29; H, 8.08; N, 12.60.

General method for the preparation of cis- and trans-2-(methyl, isopropyl- or
phenylaminomethyl)cyclohexylamines (9a,b, 10a,b and 11a,b)

To a stirred suspension of LiAIH, (2.28 g, 0.06 mol) in dry THF (50 mL), a solution of the
appropriate amide (6a,b,7a,b or 8a,b) (0.02 mol) in dry THF (20 mL) was added dropwise.
The mixture was stirred and refluxed for 4 h and then cooled, and the excess of LiAlH,; was
decomposed by addition of a mixture of water (4.5 mL) and dry THF (30 mL). The inorganic
salts were filtered off and washed with EtOAc (3 x 75 mL). The combined organic filtrate and
washings were dried over Na,SO4 and evaporated under reduced pressure to give crude
diamines as oily (9a,b and 10a,b) or crystalline (11a,b) products.

The crude diamines were purified by distillation (9a,b and 10a), by column chromatography
on silica by using a mixture of CHCl; and MeOH (1 : 1) as eluent (11a), or as hydrochloride
salts (10b and 11b).

(9a): Yield: 1.55 g (54%); bp 82-90 °C (6 mmHg); The '"H NMR data on the product
correspond to the literature’ data.

(9b): Yield: 2.30 g (81%); bp 80-85 °C (4 mmHg); "H NMR (CDCls) &: 0.92-1.30 (om, SH,
(CH>)4), 1.62-1.84 (om, 4H, (CH,)s, CCH), 2.38-2.60 (om, 4H, NCH, CH5), 2.50 (dd, 1H, J =
5.9, 11.6 Hz, NCH,), 2.71 (dd, 1H, J = 5.6, 11.6 Hz, NCH,). Analysis: calculated for
CsH;sNs: C, 67.55; H, 12.76; N, 19.69; found: C, 67.36; H, 12.95; N, 19.48.

(10a): Yield: 2.56 g (75%); bp 85-89 °C (2-3 mmHg); '"H NMR (CDCl;) &: 1.05 (d, 6H, J =
6.3 Hz, CH(CH3)), 1.20-1.68 (om, 12H, (CH,)4, CCHC, NH,, NH); 2.47 (dd, 1H, J = 6.6 Hz,
11.5 Hz, NCH,); 2.62 (dd, 1 H, J = 7.4 Hz, 11.5 Hz, NCH,); 2.75 (m, 1 H, CH(CHj3),), 3.11
(m, 1 H, NCH). Analysis: calculated for CioH2:Ny: C, 70.53; H, 13.02; N, 16.45; found: C,
70.36; H, 12.75; N, 16.19.

(11a): Yield: 2.90 g (71%); mp 44-46 °C; 'H NMR (CDCls) &: 1.29 (m, 1H, (CHb)s), 1.37-
1.71 (om, 7H, (CH3)s), 1.80 (m, 1H, CCH), 3.02 (dd, 1H, J = 6.3 Hz, 12.5 Hz, NCH,), 3.14-
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3.21 (om, 2 H, NCH,, NCH), 6.61 (d, 2H, J = 7.8 Hz, Ce¢Hs), 6.67 (t, 1H, J = 7.3 Hz, C¢Hs),
7.16 (m, 2 H, C¢Hs). Analysis: calculated for Cy3HyoNz: C, 76.42; H, 9.87; N, 13.71; found: C,
76.21; H, 9.65; N, 13.59.

Crude diamines 10b and 11b were converted to crystalline dihydrochloride salts by treatment
of their ethanolic solutions (10 mL) with an excess of 22% ethanolic HCI and Et,O. The
crystalline dihydrochlorides were filtered off and recrystallized from MeOH-Et,0.
(10b.2HCI): Yield: 3.84 g (79%); mp 200-203 °C; 'H NMR (D20) &: 1.17-1.56 (om, 10 H,
CH(CH3)2, (CHa)a), 1.80 (m, 2H, (CH.)4), 1.98 (m, 2H, (CH,)4), 2.08 (m, 1H, CCH), 3.03 (dd,
1H, J=10.4 Hz, 12.6 Hz, NCH), 3.14 (ddd, 1H, /=4.0, 10.3, 10.6 Hz, NCH), 3.29 (dd, 1 H,
J=3.3 Hz, 12.7 Hz, NCH,), 3.47 (m, 1 H, CH(CH3),). Analysis: calculated for C;gH24CLoN>:
C, 49.38; H, 9.95; N, 11.52; found: C, 49.22; H, 9.78; N, 11.36.

(11b.2HC): Yield: 4.81 g (87%); mp 193-195 °C; 'H NMR (D:0) &: 1.14-1.44 (om, 4H,
(CH>)4), 1.71 (m, 2H, (CH>)4), 1.88-2.05 (om, 3H, (CH)4, CCH), 3.09 (dt, 1H, J= 3.9, 10.3
Hz, NCH), 3.39 (dd, 1H, J = 10.1 Hz, 12.8 Hz, NCH,), 3.57 (dd, 1H, J = 3.7 Hz, 12.8 Hz,
NCH,), 7.35-7.53 (om, SH, C¢Hs). Analysis: calculated for C,3H,CLLN,: C, 56.32; H, 8.00;
N, 10.10; found: C, 56.06; H, 7.85; N, 9.88.

Pure diamine bases 10b and 11b were obtained from the above dihydrochlorides by alkaline
treatment (20% NaOH), extraction (CH,Cl,) and evaporation under reduced pressure. The
free bases were dried in a vacuum desiccator for 24 h before the further transformations.
(10b): 'H NMR (CDCls) 8: 0.92-1.32 (om, 6 H, (CHa)s), 1.04 (d, 3 H, J= 6.3 Hz, CHs), 1.05
(d, 3 H, J=6.3 Hz, CH3), 1.60-1.87 (om, 7H, NH,, NH, (CH>)s), 2.42 (dt, 3.8, 10.2 Hz, 1H,
NCH), 2.52 (dd, 1H, J = 5.8, 11.4 Hz, NCH,), 2.69-2.78 (om, 1H, NCH,, CH(CHs),).
Analysis: calculated for CyoH2,N,: C, 70.53; H, 13.02; N, 16.45; found: C, 70.36; H, 12.84; N,
16.22.

(11b): mp 38-39 °C; '"H NMR (CDCls) &: 0.98-1.39 (om, 5H, (CH,)4), 1.69 (m, 2H, (CH,)a),
1.69 (m, 2H, (CH>),), 1.75-1.84 (om, 2H, (CH)s, CCH), 2.44 (dt, 1H, J = 4.0, 10.3 Hz,
NCH), 3.04 (dd, 1H, J= 5.5 Hz, 12.2 Hz, NCH>), 3.21 (dd, 1H, J= 6.2 Hz, 12.2 Hz, NCH,);
6.61 (d, 2H, J = 7.7 Hz, C¢Hs), 6.66 (t, 1H, J= 7.3 Hz, C¢H5), 7.15 (m, 2H, C¢Hs). Analysis:
calculated for Ci3H,N3: C, 76.42; H, 9.87; N, 13.71; found: C, 76.27; H, 9.63; N, 13.48.

General method for the synthesis of 3-substituted 2-aryldecahydroquinazolines (12-17)
To a solution of the appropriate diamine (9-11a,b, 3 mmol) in absolute MeOH (20 mL), an
equivalent amount of aromatic aldehyde was added (for liquid aldehydes, a freshly distilled
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sample was used), and the mixture was left to stand at ambient temperature for 1 h. The
solvent was evaporated off and the evaporation was repeated after the addition of toluene (10
mL). The oily products were dried in a vacuum desiccator for 24 h. The NMR spectra proved
that the purities of these compounds were greater than 95%. The crystalline products were
filtered off and recrystallized. All of the recrystallized new compounds (12a,g, 13g, 14g, 15a
and 17c-g) gave satisfactory data on elemental analysis (C, H, N £0.3%).

'H NMR spectroscopic data on (4ar,2c,8ac)-3-methyl-2-(4-nitrophenyl)decahydro-
quinazoline (12aB) and cis-N-(4-nitrobenzylidene)-2-(phenylaminomethyl)cyclohexyl-
amine (16aA) in CDCl;

The protons of the open form (A) are numbered according to the corresponding protons of the
quinazoline ring form (B) (6 in ppm, in brackets the multiplicity, couplings in Hz and
assignment, respectively). t

(12aB): 1.31 (m, 1H, (CH)4), 1.27 (m, 1H, (CH)s), 1.49 (m, 1H, (CH)s), 1.55 (m, 1H,
(CH)4), 1.59 (m, 1H, (CH,)s), 1.63 (m, 1H, CCH), 1.75 (m, 1H, (CH,)s), 1.78 (m, 1H,
(CH,)s), 1.86 (s, 3H, CH3), 2.43 (dd, 1H, J = 3.5 Hz, 11.6 Hz, NCH,), 2.88 (dd, 1H, J=2.0
Hz, 11.6 Hz, NCH,), 3.05 (m, 1H, NCH), 3.81 (s, 1H, CH), 7.65 (d, 2H, J = 8.5 Hz, C¢H,),
8.21 (d, 2H, J=8.7 Hz, CsH.).

(16aA): 1.47 (m, 1H, (CH,)s), 1.51 (m, 1H, (CHa)s), 1.63 (m, 1H, (CH3)s), 1.73 (m, 2H,
(CH)4), 1.82 (m, 2H, (CH>)4), 1.85 (m, 1H, (CHa)4), 1.99 (m, 1H, CCH), 2.93 (dd, 1H, J=5.8
Hz, 12.3 Hz, NCH>), 3.10 (dd, 1H, J = 7.8 Hz, 12.3 Hz, NCH,), 3.66 (bs, 1H, NCH), 6.52 (d,
2H, J = 8.1 Hz, C¢Hs), 6.65 (t, 1H, J = 6.6 Hz, C¢Hs), 7.11 (¢, 2H, J = 7.6 Hz, C¢Hs), 7.89 (d,
2H, J= 8.5 Hz, C¢Hy), 8.26 (d, 2H, J = 8.5 Hz, C¢H.), 8.35 (s, 1H, NH=CH).
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Table 1 Proportions (%) of tautomeric forms (A, B and C) in tautomeric equilibria
for cis compounds 12, 14 and 16 (CDCl3, 300 K)

Compd. X o 12A 12B 12C 14A 14B 14C 16A 16B 16C
a pNO,  0.79 ~0 913 87 274 666 6.0 833 114 53
b mBr 0.405 398 572 3.0 98.4 1.6 ~0
c pCl 0.114 474 483 43 98.5 1.5 ~0
d H 0 559 428 1.3 ~100 ~0 ~0
e pMe -0.311 62.5 375 ~0 ~100 ~0 ~0
f pOMe -0.778 743 25.7 ~0 ~100 ~0 ~0
g pPNMe, -1.7 ~ ~100 ~0 889 111 ~0 ~100 ~0 ~0

Table 2 Proportions (%) of tautomeric forms (A, B and C) in tautomeric equilibria
for trans compounds 13, 15 and 17 (CDCl3, 300 K)

Compd. X st 13A 13B 13C 15A 15B* 15C: 17A 17B® 17C°
a pNO; 079 ~0 ~100 ~0 59 895 46 320 540 140
b mBr  0.405 155 737 108 641 293 66
c pCl  0.114 122 824 54 719 245 36
d H 0 110 850 40 779 182 39
e pMe  -0.311 174 777 49 884 103 13
f pOMe  -0.778 336 638 26 945 50 05
g  pNMe, -1.7 ~0 ~100 ~0 677 323 ~0 989 11 ~0

*The proportions of the nng forms were determined by deconvolution because of
the overlapping lines. °The proportions of the tautomeric forms of 17a-f,
measured at 233 — 273 K, were extrapolated to 300 K by using the van’t Hoff
equation.



Table 3 Proportions (%) of ring forms (B and C) in tautomeric equilibria
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for compounds 17a-f in CDCl; at 233 — 273 K

Compound 233K 237K 241K 245K 249K 253K 263K 273K
17aB 59.3 55.3 55.9 56.0 56.6 57.0 55.6 56.8
17aC 31.9 29.9 28.8 26.4 25.9 241 21.8 19.0
17bB 51.2 50.5 50.6 50.6 47.9 47.6 473 51.2
17bC 22.0 20.1 18.2 16.7 14.5 12.8 ~0 ~0
17¢B 36.3 36.4 36.6 36.6 35.9 35.4 31.6 30.9
17¢C 20.6 18.9 17.3 15.9 14.5 12.3 8.5 2.1
17dB 29.1 29.6 29.3 28.9 28.7 28.4 25.7 23.2
17dC 14.4 13.1 11.8 10.0 8.7 6.0 ~0 ~0
17¢B 19.2 18.6 19.3 17.7 18.7 17.0 14.1 14.6
17¢C 16.4 15.4 13.0 11.6 8.5 7.0 1.4 ~0
17fB 9.1 9.6 9.4 9.2 83 83 6.8 6.8
17fC 4.4 4.3 4.1 3.7 31 23 1.6 ~0

Table 4 Values of ~AH%R and -AS%R for compounds 17a-f

Correlation

0 b
Compound®  -AHYR® ~-AS"R coefficiont K (300K)
17aB 906 (81)  2.50 (0.04) 0.961 1.693
17aC 1797 (129)  6.87 (0.04) 0.980 0.418
17bB 1525(113)  5.87 (0.05) 0.973 0.457
17bC 2438 (310)  10.65 (0.07) 0.953 0.081
17¢B 1009 (88) 4.4 (0.05) 0.957 0.342
17¢C 2433 (192) 11.10 (0.08) 0.970 0.050
17dB 902 (91)  4.46 (0.05) 0.942 0.234
17dC 2855 (385) 13.53 (11) 0.970 0.050
17¢B 1025 (126)  5.57 (0.07) 0.917 0.117
17¢C 3069 (314)  14.44 (0.09) 0.960 0.015
17fB 855(90)  5.79 (0.04) 0.947 0.053
17fC 2716 (271)  14.35 (0.09) 0.961 0.005

*For compound 17g, the value of K for the equilibrium
17gB = 17gA was determined from the spectrum at 300
K, as the amount of the minor ring form (17gC) was ~0.
*Standard deviations are given in parentheses.
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Table 5 Selected characteristic "H chemical shifts (ppm, S1vs = 0 ppm)
and coupling constants (Hz) for compounds 12a-17a

Compound H-2 H-4,, H-4,, H-4a H-8a 3J(4,gq,4a) 3 J(4x,49)

12aB 3.81 2.87 242 1.60 3.05 2.01 3.53
12aC 4.07 2.70 2.63 1.67 2.80 5.29 <1
13aB 3.88 2.97 2.02 1.45 2.27 3.53 11.08
14aA° 8.39 2.46 2.36 1.79 3.61 b b
14aB 4.39 2.81 2.59 1.67 3.02 2.27 3.27
14aC 4.58 3.16 2.62 1.66 2.96 b b
15aA° 8.39 2.40 2.54 1.33 3.10 b b
15aB 4.44 2.97 2.18 1.39 2.28 3.53 9.06
15aC 5.04 2.85 2.54 1.32 3.08 3.02 11.58
16aA® 8.35 3.06 2.92 1.98 3.66 7.55 5.79
16aB 5.90 3.32 3.20 1.70 3.20 b b
16aC 5.03 3.67 3.35 222 3.72 <1 5.38
17aA** 8.38 2.98 2.87 2.05 3.07 b b
17aB° 5.94 3.63 2.81 1.45 2.28 3.27 11.58
17aC* 5.06 3.51 2.75 1.63 2.47 3.02 11.33

The protons of the open form (A) are numbered according to
the corresponding protons of the quinazoline ring forms (B and
C). °Coupling constants were not available due to overlapping
of the lines and the low proportion of the tautomeric form at
equilibrium. “Data from the spectra run at 253 K.
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Table 6 Linear regression data on compounds 14, 15, 17, cis- and trans-2-aryldecahydro-3,1-
benzoxazines (18 and 19) and 3-substituted 2-arylhexahydropyrimidines (20 and 21)

P - a a Correlation ~ Substitution ~ Heteroatom
Equilibrium  No. of points  Slope® (p) Intercept e offoct (o) aTecr it
14A = 14B 1 0.51(2) -0.06(4) 0.994 0.98 -0.72
ISA =% 158 7 0.57(8) 0.72(16) 0.957 2.00 -0.40
15A == 15C 6 0.71(10) -0.43(12) 0.952 0.85 0.26
17A %= 178 7 0.85(5) -0.59(10) 0.985 0.69 -1.71
§78 L0 6 L21(9) -1.39(11) 0.988 -0.11 -0.70
18A == 18B° 7 0.60(2) 0.66(3) 0.998 0.81 0
18A == 18C° 7 0.60(6) -0.45(12) 0.978 -0.30 0
19A, == 19B° 7 0.55(6) 1.12(12) 0.973 127 0
194 = 19C° i 0.64(3) -0.69(6) 0.995 -0.54 0
20A = 20B° 6 0.77(3) -1.04(4) 0.997 0 -0.89
21A = 21B° 7 0.42(3) -1.28(6) 0.988 0 -1.13

“Standard deviations are given in parentheses. "Relative ring stability constant: see the
text. “For compounds 18 and 19 (ref. 12), linear regression analgfsis was performed
separately for the equilibria involving C-2 epimeric ring forms. “Data from ref. 5.

H H H
Qi/\o (i\OH (j\/\o

N N N™ £

HHH X H X HHH X

Cls: 18B 18A 18C
trans: 19B 19A 19C
(\NHR NR
- Ngpre——_— N
gchmhac’
R =iPr: 20A 20B
R =Ph: 21A ‘21B

X = pNO,, mBr, pCl, H, pMe, pOMe, pNMe,
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Table 7 Physical data on decahydroquinazolines 12-17

0 Yield 8 N=CHAr 8 N-CHAr-N
Compd. M. p. (°C) %) Formula M. W chain (A)  ring (B)  ring (C)

12a 50_53a 82 C]5H21N302 275.35 - 3.81 4.06
12g 55-57° 87 C17H27N3 273.43 - 3.59 -
13a oil C C|5H21N302 275.35 - 3.88 -
13g 78-81° 76 Ci7H27N3 273.43 - 3.67 -
14a oil Cc C17H25N302 303.41 8.39 4.39 4.58
14b oil c Ci7H25BrN, 337.31 8.22 4.23 4,39
14c oil c Ci7HsCIN,  292.86 8.25 4.25 4.43
14d oil c Ci7H26N; 258.41 8.29 426 4.42
14e oil c CisHagN> 272.44 8.25 4.23 -
14f oil c CisHasN,O  288.44 8.22 422 -
14g 58-60° 79 CioH3 N3 301.48 8.16 4.25 -
152  100-103° 85 Ci7Ha2sN30,  303.41 8.39 4.44 5.04
15b oil c Ci7HasBrN, 33731 8.18 424 431
15¢ oil C C|7H25C1N2 292.86 8.24 4.26 4.32
15d oil c Ci17H26N> 258.41 8.28 4.27 437
15e oil c CisHzsN, 272.44 8.18 4.25 429
15f oil c CisHsN,O  288.44 8.20 423 427
15g oil c CioH31N3 301.48 8.13 4.19 -
16a oil Cc C20H23N302 337.43 8.35 5.90 5.03
16b oil C C20H23B1'N2 371.33 8.21 5.89 -
16¢ oil C C20H23C1N2 326.87 8.19 5.89 -
16d oil c CaoH24N; 292.43 8.30 5.88 -
16e 62-63% 89 Cy1Ha6N> 306.46 8.24 5.87 -
16f oil Cc C21H26N20 322.46 8.22 5.88 -
16g oil c Ca2HaoN; 335.50 8.16 - -
17a oil c CpoH2sN:0,  337.43 8.38" 5.94° 5.06°
17b oil c CypoHyBrN,  371.33 8.21° 5.85° 4.88°
17¢ 83-85° 72 CaoHaCIN,  326.87 8.24° 5.86° 4.89°
17d 77-80° 75 CaoH24N, 292.43 8.30° 5.93° 4.90°
17e 68-70° 83 Ca1HyeN, 306.46 8.26° 5.91° 4.89°
17¢ 92-93% 74 CaiHgN,O  322.46 8.21° 5.89° 4.84°
17g 83-85° 86 C22HagN;3 335.50 8.14 5.88 -

“Recrystallized from n-hexane. "From the spectra run at 253 K.
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Figure 1 Plots of log K (in CDCl;) for 14B (), 15B (m), 15C (a), 17B () and 17C (0)
vs Hammett-Brown parameter o
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