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Abstract: Arylvinamidines (2-, 3- or 4-aryl-4-(N,N-dimethyl)al~no-l-azabuta-l,3-dienes), generated from 
1,1,5,5-tetramethyl-2- or -3-phenyl-1,5-diazapentadienium salts, cyclocondense orientation-specifically un- 
der two regioselections forming 1-4’ + 4-3’ and 1-2’ + 4-1’ bonds on exposure to ammonia. The ini- 
tial cyclates aromatise climinativcly to give mixtures of diarylpyridines and arylpyrimidines. The 2- 
arylvinamidines do not participate as 2-centre reactants and their 4-aryl isomers not as 4-centre reactants 
in the cyclocondensations which appear to be stepwise and not concerted. Reasons for the selective par- 
ticipation appear to be that the required eliminations from the initial cyclates are disfavoured in the first 
case and that a geometric factor prevents cyclate-formation in the second. \ 

Introduction 

Mixtures of 3,5-diarylpyridines (35dpy)’ and 5arylpyrimidines (5apym) are formed when so- 

lutions of cliaminopropenium (vinamidinium) salts InAd la in diethyleneglycol are maintained at 

ca. 160” under a slow passage of anhydrous ammonia (Table 1 a).” Vinamidines 2a (Scheme 1) 

appeared lo be the reactive intermediates, cyclodimerising in highly oricutalion-selective and non- 

regiospecific manner forming l-4’ -b 4-3’ and 1-2’ $ 4-1’ bonds4 and giving initial cyclates that can 

undergo eliminative aromatisation2’ (Scheme 2). Somewhat unexpectedly, the exposure of the C-2 

(-HN:, $H 4;;; 12~ 

22: R’=H;R*.Ar 
NH2 ’ 

2_b: R’=Ar; R2=H 
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Table 1. Product Patterns from Reactions of Salts la and lb. 

Reactants Products 

(ratio In mlxture~ 

I. ‘Sole’ Reactions 

a) la + la 

A: Ar = Ph or 

8: Ar = p-MePh or 

C: Ar = p-MeOPh 

b) lb + lb 

A: Ar T Ph or 

B: Ar = p-MePh or 

C: Ar = p-MeOPh 

II. ‘Mixed’ Reactions 

c) la A + la C 

A: Ar = Ph 

C: Ar = p-MeOPh 

d) lb A + lb C 

A: Ar = Ph 

C: Ar = p-MeOPh 

Ar Ar 

35d y 
P (0.8 Ar 

Sapym 
(0.2) 

26dw 4wm 
(0.5) (0.5) 

Ar(*) 

0 

li, Ar e 

ocp 
(+)’ 

Ar(C) 

=dw 
(0.2) 

3Ww 
(0.f) 

5opym 
(0.25) 

26dio’ 
(0.2) 

4Qawm 
(0.25) 

aw 
(+Y 

acp 
(*)’ 
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Table 1. (contd.) 
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III. ‘Crossed’ Reactions 

e) la C + lb A 
Ar 66& Ar @ 1 

A: Ar = Ph 26dw 

A gAr”’ 
C: Ar = p-MeOPh 

(0.2) :%f 

f) la A + lb C 

A: Ar = Ph 

C: Ar = p-MeOPh ,,&&A#) ArpAr’*’ 

26dw 25div 
(0.2) (0.25) 

5aivm 
(0.25) 

’ Approximate ratios of components averaged from different runs. 

b Presence detect%i (see Experimental). 

Art*) 

4afvm 
(0.3) 

e 

=p 
(+I’ 

A@) 

4awm 
(0.3) 

e 

acp 
(+I’ 

substituted salts lb2bJ*e to the cyclodimerising conditions gave mixtures of 2,6_diarylpyridines 

(26dpy) and 4-arylpyrimidines (lapym; Table 1 b), products whose structures constituted clear 

cvidcncc that both of the isomcric vinamidincs 2b and 2c (or their N,N-demethylalecl analogucs)s 

were being cogenerated on exposure of salts lb to ammonia (Scheme 1); their cyclocondensations 

are as highly orientation selective and poorly regioselective as the cyclodimerisations of vinamidiues 

2a (Scheme Z).‘j There was a further, and inleresting, implication lhat viuamidines 2b tendecl uot 

to react as 2-centre participants and vinamidines 2c not as 4-centre participants since none of the 

products from such participations (e.g. 4apy or 24dpym from 2c + 2b reactions, 2apy or 24dpym 

from 2b + 2b reactions or 24dpy from 2c + 2c reactions)7 were found. Since vinamidines 2a had 

not shown any preference in their mode of participation in their ‘sole’ reactions, the simplest way 

to confirm the existence of a difference in behaviour on the part of vinamidines 2b and 2c was to 

carry out ‘crossed’ cyclocondensations employing 1:l mixtures of salts la and lb bearing different 

p-substituents on the phenyls and noting the origins of the cyclising moieties in the products. 



8130 S. N. BALAWBIUHMANYAM et al. 

2b: R* _ Ar; R’ = R’ = H (1)) 
2~: RZ = R3 = H; R’ = Ar 

Scheme 2 

Results 

Independent ‘mixed’ reactions, where the reactants were 1:l mixtures of salts la or of salts 

lb hearing dissimilar substituents, were conducted prior to the ‘crossed’ reactions since the iden- 

tification of products exclusive to the latter was expected to he simplified when once those from 

concurrent ‘mixed’ reactions had been identified. The products formed in the ‘mixed reactions were 

as expected: 3,5-di-(p-anisyl)-, 3-p-anisyl-5-phenyl- and 3,5-diphenylpyridines as well as 5-p-anisyl- 

and 5-phenylpyrinudines from a mixture of salts la with phenyl aud p-anisyl as the substituents 

(Table 1 c) and, correspontlingly, mixtures of 2,G-tlisllbstitcttctl pyridines and I-substituted pyrim- 

idincs with the appropriate labels from a mixture of a similar pair of salts lb (Table 1 tl). The 

production of 25dpy viz. 2-phenyl-5-p-anisyl- and 2-p-anisyl-5-phenylpyridines, showing their ori- 

gins to be, respectively, in 2b + 2a and 2a + 2c reactions, was realised in the ‘crossed’ reactions 

(Table 1 e & f),8 together with all the proclucts to he expected from concurrent ‘mixed’ reactions. 

There was, here again, no evidence of products from either 2a + 2b reactions (e.g. a 3apy or a 

25dpym) or 2c + 2a reactions (e.g. a 54dpy), reconfirming the aforementioned propensities of 

vinamidines 2b and 2c. 

Acetophenone (acp) or a p-substituted acetophenone was found in traces3d (lH NMR evidence) 

in the product mixtures whenever salts lb were included in the reactions (Table 1 h-f). While 

the acp were presumed as formed by hydrolysis (during workup) of a-aminostyrenes (cY-amsty), 

eliminated during the aromatisation to the lapym (Scheme 2 ii), no similar evidence (e.g. the 

prcscuce of an aryl acctaldchytlc) could bc had for /3-aminoslyrencs (@amsty), cxpccletl to bc 

eliminated during the formation of 5apym (Scheme 2 ii). Reasons are suggested later for finding the 

acp in much less than molar equivalence of the 4apym and no evidence at all of aryl acetaldehydes. 

Discussion 

Concerted and stepwise possibilities9 had been considered for the formation of the initial cyclates 

leading to 35dpy from salts la. 3a Even though the cyclising reactions of many I-azabutadienes, 

seen earlier as concerted cycloadclitionslO, are now thought not to he ~0,~‘s~~ the FM0 method 

of simple prediction of orientations in [4 + 21 cycloadditions, employing Hiickel coefficients and 
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FM0 energies” way applied’” to check whether the orientations favoured for the formation of the 

precursor cydates (Scheme 2), initially bonding the softest centres,” would be the ones that would 

have led to the pyridines and pyrimiclines found. The FM0 method showed that the 1-4’ + 4-3’ and 

1-2’ + 4-1’ bond formations, leading respectively not only to the pyridines and pyrimidines formed 

but also to certain other products not formed (examples above), would indeed be associated with 

high energies of stabilisation (Esrab’s). ‘*Jo However, it was found that the same predictions would 

follow from a consideration of simple Hiickel net atomic charge distributions (Figure 1) which clearly 

reflect the alternate charge localisations to be expected in a dimethylalnino-ilnino propene. The 

N N N 

f’h 
-0.162 

(i) +o’!78 ‘N -0.407 \ +‘.‘;hAN -0.453 -,- o.165 k ,,, -0.427 

N -0.395 -0.214 

(ii) I 
-p:.l 99 

H N 
N f + 0.127 

Formamidine cy -amsty P -amsty 

Figure 1 

mechanism could, then, very well have been a stepwise one,” involving only the probable modes 

of charge transfers or relocations for forming the initial cyclates via zwitterions (Scheme 3), the 

orientations becoming electrostatically controlled. 

Since neither the FM0 Eslob’ s nor electrostatic governance could account for the nonformation 

of products predicted by either as not disfavoured, the possible role of stereochemical factors in 

engendering specific discriminations was examined. An immediately apparent one was that vinami- 

dine 2c could prefer the s-E conformation about its C-2-C-3 formal single bond (Scheme 4) and 

were it to act as a 4-centre participant, the zwitterionic intermediate (Figure 2 i) would have its 

“C-2-C-3” double bond in the E-configuration, not conducive to collapse into a cyclate. 

A test for the presence of conformational biases in vinamidines 2a-c by the method of molecular 

mechanics,” while confirming that vinamidine 2a is relatively unbiased (s-E vs s-2; Table 2), 

showed a pronounced preference for the s-E conformation on the part of vinamidine 2c, accounting, 

as just argued, for its reluctance to participate as a 4-centre reactant.” But the similarly high 

preference for the s-2 conformation on the part of vinamidine 2b’s could not be advanced as a 

reason for its not having participated as a 2-centre reactant. The raising of steric congestion in 

the transition states pertinent to the modes of Schemes 2 i and ii could not be sustainedle as a 

significant factor since molecular models indicated (particularly clearly with two examples, Figures 
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2 ii and iii) that a 2b + 2c reaction would he likely as disfavoured as a 2b + 2b reaction. The 

first of these would have led to 26dpy which is formed, and the second to 24dpym which is not 

formed. 

dw 

Scheme 3 

Table 2. Stabilisation Parameters (k. Cal/mole) and Torsional 

Angles (“) from Molecular Mechanics 

System Nominal Heat of Steric Strain Torsional angles 
configuration’ formation energy energy NI-Cab Ph” 

2a S-Z, Z 21.92 24.37 23.90 20.64 82.24 
2a s-E, Z 22.22 24.60 24.12 179.94 88.18 
2b s-Z, E 20.79 21.15 20.65 26.19 33.57 
2b s-E, E 26.75 22.05 21.57 144.47 39.65 
2c s-z, E 56.46 23.36 22.88 40.36 73.07 
2c s-E, E 47.16 21.32 20.84 177.97 85.05 

n Of C-2-C-3 and C-3=C-4. b The N-l=C-2-C-3=C-4 dihedral angle. c The dihedral angles: 2a: 

C-4-C-3-ipso-ortho; 2b: C-3-C-L-ipso-ortho; and, 2c: C-3-C-4-ipso-ortho. 
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The possibility that a difference in the nature of the eliminations taking place during the aro- 

matisation of the initially formed cyclates could underlie the difference in behaviour of vinamidine 

2b and the other two vinamidines was examined. ” With vinamidines 2a and 2c as the 2-centre 

‘N’ 

+ ,,.k+y --x_* 
\ 

‘)-+ 
H N’ \ 

2_a or 2_b 
z!? 

Scheme 5 

participants, the eliminants would have been formamidine21 in the pyridine-forming reactions and 

(Y- or @aminostyrene in the pyrimidine-forming reactions (Scheme 2), apart from ammonia. Had 

vinamidine 2b participated as a P-centre reactant, the eliminants would have been, respectively, 

2_a or 2_b 

‘N/ 

NH 
2_a or 2_b 

NH 

+ 

N= NH2 or NMe2 

+ - Ar 

WY 
rcl 

a-amsty: N’ = H ; 
N* = NH2 or NMe2 

p-amsty : N’ = NH2 or NMe2 

N2 =H 

Scheme 6 
benzamidme and aminoethylene for the two cases, with the elimination of ammonia turning into a 

1,Creaction (Scheme 5). While it is doubtful if the elimination of benzamidine or aminoethylene 

could have been anticipated as more difficult than that of formamidine or the aminostyrenes, the 

existence of such a difference could have made vinamidine 2b appear not to have reacted as a 

2-centre participant. 
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Both formamidine and the aminostyrenes can stand in for vinamidine 2a or 2c as P-centre 

participants in the cycbsations, complementary to the main ones: formamidine, eliminated during 

pyridine-formation (Scheme 2 i), to produce the pyrimidinesz2 and the styrenes, eliminated during 

pyrimidineformation (Scheme 2 ii), to produce the pyridines (Scheme 6). The net electron density 

distributions in both formamidine and the aminostyrenes (Figure 1 ii) indicate that the favoured 

orientations relative to the vinamidine 2a or 2b would be just the ones that would have led to 

the pyrimidines and pyridines found in the main cyclisations (Table 1). While the reactivity of the 

a-aminostyrenes could be a reason for not finding the acetophenones in the appropriate abundance 

of molar equivalence of the 4-arylpyrimidines, a somewhat higher reactivity could be that for lack 

of evidence of /%aminostyrenes (e.g. in the form of aryl acetaldehydes) which can uudergo various 

condensations under the reaction conditions. 

Conclusion 

Vinamidinium salts have been employed for the construction of various pyridines and other aza- 

aromatics.2c*3e~23 The cyclocondensations of two similar or different pairs of mono-arylvinamidines 

leading to the formation of mixtures of diarylpyridines and arylpyrimidines through the eliminative 

aromatisation of the initially generated cyclates appears to have remained hitherto unreported, 

however. The cyclocondensations are more likely to be stepwise, involving the intermediacy of 

zwitterions, rather than concerted [4 + 21 processes, since the vinamidines cannot, apparently, 

meet various criteria of concertedness. High orientation selectivity seems ensured when the most 

negative centre (the imino nitrogen) on the vinamidine that acts as the 4-centre participant is seen 

as attacking the most positive centre on the molecule which acts as the 2-centre participant. The 

availability of two such centres on the latter leads to a lack of regiospecificity, allowing the formation 

of both diarylpyridines and arylpyrimidines. 

An interesting further aspect of selectivity surfaces when it is noticed that no products are 

formed from the C-2 aryl substituted vinamidine 2b having acted as a 2-centre reactant and from 

the C-4 aryl substituted vinamidine 2c as a 4-centre reactant. Molecular mechanics have shown that 

the latter vinamidine has a high preference for the s-E conformation about its C-2-C-3 formal single 

bond. That preference can only lead to (reversibly formed) intermediates that are geometrically 

constrained from undergoing cyclisation. A high preference for the s-Z conformation about its 

C-2-C-3 formal single bond, shown to be the case for vinamidine 2b, cannot prevent its acting as 

a 2-centre participant. However, the elimination of benzamidine or of aminoethylene, required to 

aromatise the initial cyclates formed whenever vinamidines 2b participate as 2-centre reactants, may 

not be as favoured as the eliminations of formamidine and LY- or P-aminostyrene when vinamidines 

2a or 2c are the P-centre participants and, under a clear possibility that initial cyclate-formation 

would be reversible, vinamidine 2b would appear not to have acted as a 2-centre participant. 

The eliminated formamidine and aminostyreues can stand in for vinamidines 2a or 2c in reac- 

tions complementary to the main cyclocondensations. 
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Experimental 

Melting points, determined for samples taken in open capillaries using a standardised ther- 

mometer, are reported as observed. Infrared spectra were recorded on a Perkin-Elmer Model 721 

IR spectrophotometer. *H and 13C (‘H decoupled and off-resonance irradiated) NMR spectra were 

recorded with a JEOL FXSO-Q FT NMR instrument with TMS as the internal standard and CDCls 

as the internal lock. Mass spectra, low and high resolution (LR and HR), were obtained under 70 

eV EI conditions employing a JEOL JMX-DX 303 mass spectrometer equipped with a D-5000 data 

processor. TLC tests were carried out by standard procedures. Separation and isolation of com- 

ponents of the product mixtures were carried out by centrifugal TLC employing a Chromatotro@ 

(Harrison Research, USA) in conjuncti’on with a precision fraction collector (Retriever IV, ISCO, 

USA). Diethylene glycol was a commercial product redistilled under reduced pressure prior to use. 

Solvents used for extractions, TLC separations and recrystallisations were purified by recommended 

methods.” 

Procedure for the Cyclocondensations 

A slow stream of anhydrous ammonia was passed through stirred solutions of the well-chara- 

cterised perchlorate salts 1 prepared by known methods2 (single materials in the ‘sole’ reactions 

and equimolar mixtures of the two components in the ‘mixed’ and ‘crossed’ reactions; see text; 20 

mmol) in diethylene glycol (50 ml) while being brought to 155-165”. The solutions were maintained 

within this temperature range for 2 hr under continued slow streaming of ammonia, cooled there- 

after, diluted with water and extracted with ether (2 x 100 ml). Th e combined ether extracts were 

re-extracted with dil. hydrochloric acid (2N; 2 x 100 ml). A light to deep yellow semisolid which 

separated on rendering the aqueous acidic extracts basic (pH 8) with 5N sodium hydroxide solution 

was isolated by extraction with ether (3 x 100 ml). The partly crystalline residues obtained on 

removal of the ether from the dried, combined extracts were taken to separation by the Chroma- 

totton after preliminary TLC tests. The identity of products from different experiments in a series, 

thought to be the same, was always confirmed by infrared spectroscopy before any of the fractions 

were mixed. 

The neutral residues, always obtained in small quantities on drying and concentrating the 

ether layers after extracting the basic components out, were analysed by TLC. Phenylacetalde- 

hydes and acetophenones (acp) were expected as the respective products of hydrolysis of p- and 

cr-aminostyrenes formed during the aromatisation of the initial cyclates (see text). Only the ace- 

tophenones (p-H, p-Me and p-OMe) were isolated and the evidence for their identification consisted 

in the presence of a carbonyl band in the infrared spectra and features in the ‘H NMR spectra 

attributable to ar-Me, acetyl Me or OMe (singlets in the appropriate regions) and the aryl ring (a 

broadened resonance or an AA’BB’ pattern).2s 

Certain weak bases, notably the substituted pyridines, were not fully extracted out by aqueous 

acid. When once product profiles and patterns of separation by TLC were established, the extracts 

of TLC bands corresponding to the bases still present in the neutral fractions were mixed (after 

confirmation of the identification by infrared spectroscopy) with the corresponding materials isolated 

from separations using the Chromatotron, prior to repurification by crystallisation. 
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The components were well-separated by mixtures of lo-20% EtOAc with the ‘hexane’ fraction 

(b.p. 75-85”) of light petroleum. Diffuse, light yellow, bands remained near the starting positions in 

the initial chromatographic separations. Material balance based on the formation of the identified 

pyridines and pyrimidines accounted for conversions to extents of 80% on the average, neglecting 

losses during the extractions or separations. 

Characterisation data on compounds identified have been gathered in Table 3-5. 

Table 3 Melting Points and Molecular Weights of 

Diarylpyridines and Arylpyrimidines 

MP (“C) MF MW 
lit. obsvd. calcd. obsvd.” 

A. Diarylpyridines 

1. 36dpy AAb 136-7” 138-9 CI~HI~N 231.1048 231.1056 
35dpy BB - 194-6 ClsHl7N 259.1361 259.1354 
35dpy CC 173-5 CIsI-I17NOz 291.1259 291.1256 

2. 26dpy AA 82-3d 80-2 &T&N 231.1048 231.1057 
26dpy BB 165-6d 163-4 (&HUN 259.1361 259.1337 
26dpy CC 197-gd 197-8 C1sH17N0z 291.1259 291.1263 

3. 26dpy CA 125d 126 ClsHIsNO 261.1154 261.1155 
25dpy CA - 154-5 ClaH1sNO 261.1154 261.1162 
36dpy CA - 158 CIsH1sNO 261.1154 261.1155 
35dpy CA - 167-8 C$,&NO 261.1154 261.1153 

B. Arylpyrimidines 

1. Bapym A 40= 40-l &oHsNz 156.0688 156.0697 
5apym B 78 &IH,oNz 170.0844 170.0015 
Sapym C a4 '&HloN~O 186.0793 186.0795 

2. 4apym A 62-3’ 62 Cl oHsNz 156.0688 156.0689 
4apym B 76-7 &lHloNz 170.0844 170.0830 
lapym C 109-11 C$lH,oNzO 186.0793 186.0782 

o By HRMS. b Refer to Table 1 and note 1 for abbreviations used. c Miel, E.L.; McBride, R.T.; 
Kaufmann, St. J.Am. Chem. Sot., 1953, 75,429l. ’ Newkome, G.R.; Fisher, D.L. J. Org. C/&em., 

1972, 37, 1329. ’ Wagner and Jutz in ref. 22. 
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Table 4 ‘I-I NMR Chemical Shifts (6 ex-TMS; 90 MHz; CD&) on 

Diarylpyridines and Arylpyrimidines 

Ilclcroring nntl Aryl 

A. Diarylpyridines 

1. 35dpy AA 8.90 (br, 2H) 7.55 (m, IOH) 
8.24 (br, 11.1)” 

35dpy DB 8.7G (br, 21~1) 7.20 (AA’BB’, 
8.00 (t, 1H)’ 2 x 4H) 

35dpy CC 8.69 (br, 2H) 7.23 (AA’BB’, 
7.89 (s, 1H)” 2 x 4H) 

2. 26dpy AA 7.86-7.48 8.24-8.00 (m, 4H) 

(AS, 3ti) 7.48-7.27 (m, 6H) 
26dpy BB 7.85-7.63 8.35-7.32 (AA’BB’, 

(A&, 3H) 2 x 4H) 
26dpy CC 7.85-7.30 8.30-6.80 (AA’BB’, 

(Ah, 3H) 2 x 41-l) 

2.44 (s, GII, 
2 x C-Me) 
3.80 (s, 6H, 
2 x OMe) 

2.29 (s, 6H, 
2 xIC-Me) 
3.89 (s, 6H, 
2 x OMe) 

3. 26dpy CA 8.30-6.90 (AA’BB’ & ABz, 12H) 3.87 (s, 3H, OMe) 

25dpy CA 

36dpy CA 

35dpy CA 

8.84 (br, lH, H-6)” 3.83 (s, 3H, OMe) 
7.956.85 (AA’BB’& ABz, 11H) 
8.82 (br, lH, H-G) 3.84 (s, 3H, OMe) 
8.05-6.8G (m, AB & AA’BBI, 11H) 
8.87 (br, 2H, H-2 & G), 8.18 (Lr, 3.85 (s, 3H, OMe) 
lH, H-4), 7.80-6.92 (In, 913) 

B. Aryipyrimidines 

1. 5apym A 9.21 (br, 11-I, H-2)” 
8.93 (br, 2H, H-4&G) 

Sapym B 9.20-8.94 (br, 3H) 

Sapym C 9.16 (br, IH, H-2)” 
8.91 (br, 2H, H-4&6) 

2. 4apym A 9.30 (Is’, 11-I) 
8.7G (Id’, 1H) 
7.74 (dd, IH) 

4apym B 9.26 (Is’, 1H)’ 
8.74 (‘cl’, 1H) 
7.72 (dd, 1H) 

4apym C 9.21 (Is’, 1H)’ 
8.70 (Id’, 1H) 
7.70 (dd, 1H) 

7.GO (br, 5H) 

7.40 (AA’BB’, 4H)* 

7.27 (AA’BB’, 4H)* 

8.15 (m, 21-I) 
7.53 (m, 3H) 

8.04-7.29 (AA’BB’, 
41-i) 

8.11-7.03 (AA’BB’, 3.90 (s, 3H, 
411) OMe) 

D Not evident as AD1 spectrum. b Centre of AA’BB’ systenl. c ABX or AMX pattern. 

2.46 (s, 3H, 
C-Me) 
3.86 (s, 3H, 
OMe) 

2.46 (s, 3H, 
C-Me) 
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Table 5 13C NMR Chemical Shifts (6 ex-TMS; 22.49 MHz; CDC&,) on 
Diarylpyridinea and Arylpyrimidinea 

A. Diarylpyridines 

n 
‘ 

I. 36dpy AA 147.04 137.86 132.85 136.75 127.38 
35dpy BB 146.22 138.31 132.78 134.84 127.15 
36dpy CC 145.18 135.04 130.70” 130.50@ 127.96 

2. aadpy AA 156.51 118.48 137.33 139.39 126.93 
26dpy BB 156.73 118.05 137.33 138.85 126.93 
26dpy CC 155.22 116.54 131.27 137.12 127.48 

2 3 4 5 6 

3. PBdpy CA 156.34’ 117.72 137.27 117.72 156.34b 

25dpy CA 156.40 117.18b 135.06 137.87 148.06 

30dpy CA 159.90 120.50 134.73 139.22 147.89 

35dpy CA 146.27 136.48b 132.40 136.48’ 146.05 

8. Arylpyrimidines 

2 4d 5 6d I’ 2’ 3’ 4’ Me 

3 4 1’ 2’ 

I’ 

1” 

139.53 

132.02 

137.33 

132.46 

130.25b 

130.25’ 

137.71 

157.43 

3’ 4’ 

129.16 128.33 
129.96 138.31 
114.39 159.34 
128.67 128.88 
129.42 136.90 
113.72 159.98 

2’ 3’ 4’ 

2” 3” 4” 

Me 

- 
21.29 
55.04 

- 
21.40 
54.78 

Me 

126.90 128.57 127.50 
55.27 

128.21 114.03 160.51 

127.04 129.21 l17.18b 
55.42 

128.23 114.15 160.63 

126.93 128.20 -= 
55.55 

128.97 114.74 159.89 

127.20 128.18 129.37 
55.26 

129.04 114.52 159.81 

I. Lapym A 157.27 154.56 133.97” 133.97b 126.71 129.20 128.77 - 
Bapym B 157.02 154.37 138.78 131.15 126.51 129.94 133.92 21.04 
Sapym C 156.62 154.02 133.54 126.17 127.80 114.69 160.19 55.10 

2. 4apym A 158.57 163.01 116.42 156.84 135.92 126.61 128.45 130.51 - 
4apym B 158.72 163.49 116.29 156.93 133.45 126.78 129.52 141.20 21.18 
4apym C 158.60 161.94 115.81 156.81 129.75 128.45 114.04 163.01 55.10 

’ May be interchanged. ’ Accidentally isochronous. c line not seen. d C-4 = C-6 in Sapym. 
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Computational 

Computation of simple Hiickel net atomic charge distributions’3 (Figure 1) was carried out 
by implementing a publisbed26 Fortran program after suitable updating and including a subroutine 
capable of diagonalising nonsymmetric square matrices (DIRNM).” The complete modified program 
was tested with pyridine and l- and 2-azabutadienes as examples.30*b 

The molecular mechanics calculations were carried out using an available version of the MMPMI*s 
program which employs a well-tested force field (termed MM2) together with the VESCF proce- 
dure for the z-energy calculations. Geometry optimisations were started with N-l-C-2-C-3-C-4 

as a planar array (s-2 and 3-E) in each case, taking into account that pairs of possibilities arise 
when the s-2 and s-E conformations about the C-2-C-3 formal single bond are combined with 
the E- and Z-configurations of the C-3-C-4 double bond (with reference to C-2-C-3-C-4-NMq). 

Results gathered in Table 2 (from which data pertinent to the highly destabilised forms with the 

Z-configuration about the C-3-C-4 double bond have been omitted) show that local minima are 
reached at the roughly planar s-Z and s-E conformations. The absence of a crossover from an 
s-Z to an s-E conformation or vice versa in any of the cases during the geometry optimisations 
was taken as indicating that the pertinent energy minima are separated by high barriers. The s-Z 

and s-E conformations, conjectured as respectively favoured by vinamidines 2b and 2c before the 

calculations (Scheme 4), are the ones stabilised in terms of both steric and strain energies, the 

two parameters significant when the relative stabilities of different conformations are compared.‘* 

The differences in the beats of formation follow the same trend and appear sharper. Interestingly, 

the departure of the N-l-C-2-C-3-C-4 array from uniplanarity, small in others, is large for the s-E 

conformation of 2b and the s-Z conformation of 2c, indicating that the conjugative stabilisation at 
uniplanarity is mostly lost in them for steric reasons. The phenyl groups tend to get twisted out of 

conjugation’ in all the cases, even coming into near orthogonality in systems 2a and 2c. 
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