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CI-J:A.PTER...-I 

Cyc1oaddition Reactions of various 

1, 3-Diaza-1, 3-Butadienes with Conjugated 

and Ch1oroketenes 

1.1: General Introduction 

The Diels-Alder cycloaddition reaction, discovered in 1920s 

by Otto Diels and Kurt Alder in Germany, 1 is the most widely used 

and best known pericyclic reaction which turned out to be an 

important tool in synthetic organic chemistry. 2 It has been the 

. 3-10 11 12 subject of extensive preparat1ve, theoretical, ' and 

h . t. 13 mec an1s 1c studies contributing towards the ease and 

predictability with which these reactions may be carried out. For 

the recent dramatic advances in organic synthesis which have been 

accompanied by ever increasing pressures to attain greater levels 

of stereochemical control, the Diels-Alder cycloaddition has 

proved to be extremely useful. For many years, the capture of a 

diene by a dienophile was recognised to be capable of generating 

as many as four contiguous ste~ogenic centers in a single 

1 



laboratory step. 14 - 15 Subsequently asymmetric, 16 and 

. t 1 1 . 17 f h' 1n ramo ecu ar var1ants o t 1s process came to the fore and 

have been accorded widespread attention. To a significant extent 

the operatinq controlling factors in these modifications are 

quite well understood. 

Heterodienes have proved to be of great potential in 

heterocyclic synthesis. Extensive studies have been carried out 

on the Diels-Alder cycloadditions involvinq heterodienes 

containing one or more heteroatoms and some comprehensive reviews 

have appeared on oxazines, 5 nitrosoalkenes, 18 heterodienophiles 19 

and about intra- and intermolecular cycloaddi tion reactions in 

the synthesis 20 of heterocyclic natural products. The 

observation that the azadienes 3 •4 •6 • 9 •11 · 18 •21 •22 show diminished 

reactivity towards electron deficient dienophiles, lends credence 

to the electrophilic nature of such systems. These observations 

together with the recongnised shortcomings in att~mpting 

cycloaddition reactions with 2rr and 4n components of similar 

electrophilic nature led to the development of several general 

approaches for useful azadiene Diels-Alder cycloadditions. 

There are numerous reports concerning [ 4+2 j cycloaddi tion 

reactions of 1, 2- and 1, 4-diazabutadienes. In contrast, such 

cycloaddition reactions with 1,3-diaza-1,3-butadienes, 

especially, with their acyclic counterparts, are very rare and 

have not been much exploited in heterocyclic 
. 13-15a synthes1s. 

This may be atrributed to (i) the lack of suitable methods 

available for the preparation of stable 1,3-diaza-1,3-butadienes 

2 



and (ii) their reluctance to participate in Diels-Alder reaction 

because of their inverse electron demand tendency due to the 

unfavourable position of second nitrogen at position 3- of 

butadiene svstem. The successful attempts in this direction 

include the thermal isomerisation of an unsaturated N-Silylurea 1 

to 2-trimethylsilvloxv-1, 3-diaza-1, 3-butadiene 2. and their 

subsequent Diels -Alder reaction. Their efficiency towards the 

cycloaddition reactions was soon considered doubtful since such 

reactions involved lonq reaction times, poor yields 23 etc. 

Matsuda et al. observed that a similar 1,3-diaza-1,3-butadiene 

3, failed to react with dimethyl acetylene dicarboxylate and 

formed [2+2] cycloadducts 4 with diphenylketene (Scheme 1). 23 

Weidinqer et al. reported the [4+2] cycloaddition reactions of 

4,6-diaryl-1,2,3,5-oxathiadiazine-2,2-dioxides 5 with nucleo-

philic heterodienophiles 24 and electron-rich olef ins 2 5 (Scheme 

2). More et al. reported recently, in situ qeneration and 

subsequent intramolecular Diels-Alder reactions of 2-methylthio-

1,3-diaza-1,3-butadienes 626 (Scheme 2). 

Few reports of the successful participation of heterocyclic 

1,3-diaza-1,3-butadienes as 4n component in Diels-Alder 

cycloaddition reactions with dienophiles are also available in 

literature27 - 31 (Scheme-3). Recentl v, there have been reports 

concerninq the [4+2J cycloaddition reactions of simple, yet 

isolable and stable, 1, 3-diaza -1, 3-butadienes that concern the 

reactions of 7 and 8 with isocyanates 32 a 

nitriles 32b,c (Scheme-3) and k~tenes. 33 

3 
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Scheme- 2 

In view of the reported lack of synthetic approaches 

toqether with reports of failure of acyclic l r 3-diaza-l r 3-

butadienes as an effective 4n component in Diels-Alder 

cycloaddition reactions, we devised simple methods for the 

preparation of stable acyclic l,3-diaza-l,3-butadienes. 34 Such 

1,3-diazabutadienes with polarisinq functions at 4 and 2/4-

positions (Schemes 4 and 5) were successfully utilised in [4+2] 

cycloaddi tion reactions with various ketenes e.g. phenyl-, 

diphenyl-, chloro- r bromo- r iodo- r chloromethyl-, dichloro- and 

various other ketenes. 

The reaction of 1,3-diaza-1,3-butadienes lO with monophenyl 

ketene 13 resulted in the formation of L4+2] cycloadduct 3-aryl-

5 
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5-phenyl-2-phenyl/methylthio-4(3H)-pyrimidinone 14 via the 

elimination of dimethylamine function. Similar reactions with 

1,3-diaza-1,3-butadienes 11 and 12 resulted in the isolation of 

pyrimidinone 15 and 16 via the elimination of methylthio and 

secondary amine functions respectively 35 (Scheme 6). The 

6 
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reaction of 1, 3-diaza-1, 3-butadiene 10 with dipheny1 ketene 17 

was initially assumed to result in a [4+2] cvcloadduct 1936 via 

the zwitterrionic intermediate 18. Luthardt and Wurthwein 37 

reported that the intermediate 18 prefers the formation of ~-

8 
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lactam derivative via L2+2J cvcloaddition due to higher steric 

hindrance to the approach of two phenyl qroups to the 

dimethyl amine function leading to L 4+2] eye loadduct 19 as 

compared to the approach of two phenyl qroups to C-2, leadinq to 

[2+2] cycloadduct 20 ( Scheme-7). They extended the steric 

arguments to the formation of 22 and 24 in the reaction of 

diphenylketene 17 with 1,3-diazabutadiene 21 and 23 respectively 

9 
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(Scheme 7). Interestingly, the reaction of disubstituted,ketenes 

(diphenvl and dimethylketene), with 1,3-diaza-1,3-butadiene lOii 

having a polarising function at 2-position, which further 

stabilizes the initially found zwitterionic intermediate 25, 

resulted in good yields of L4+2J cycloadducts 26 38 which have 

been characterised as 3-aryl-6-dimethvlamino-5,5-diphenyl/ 

dimethyl-2-methylthio-3,5,6-trihydropyrimidin-4-ones (Scheme 8). 

Interestinq 1,2-alkylthio shift accompanying [4+2] cycloadditions 

have been reported in the reactions of 1,3-diaza-1,3-butadienes 

with halo ketenes. Thus the reaction of 1,3-diazabutadienes 11 

with haloketenes (chloro-, bromo-, and iodoketenes) resulted in 

the formation of pyrimidinones 29 invo1vinq 1,2-alkylthio shift 

in the initially formed [ 4+2] cycloadduct intermediates. These 

reactions presumably proceed via an episulphonium intermediate 

28.39 In reactions of 1, 3-diaza-1, 3-butadienes 12, havinq two 

secondaryamine functions at 4-position, with haloketenes no such 

rearranqement was observed and these reactions yielded 

pyrimidinones 31 with the elimination of one of the 

secondary amine functions from intermediate 30 (Scheme 9) • The 

treatment of 1,3-diaza-1,3-butadienes 11 with chloromethyl ketene 

32 gave another set of rearranqed pyrimidinones 34 via the 

esisulphonium intermediate 33. Further information about 

structure 34 was derived from the superimposable IR spectra and 

undepressed mixed melting point with a sample prepared from the 

reaction of ll with methvlketene 35. Similar reaction of ll with 

dichloroketene 36 resulted in pyrimidinone 37 via the loss of· 

11 
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methyl sulphenvl chloride from an intermediate of the type· 33 

(Scheme 10) . The reactions of 1, 3-diaza-1, 3-butadienes 10 with 

various haloketenes were assumed to proceed via L4+2] cycloadduct 

38 as intermediate, which in case of chloroketene, resulted in 

pyrimidinones 39 with the exclusive elimination of secondaryamine 

10 + 27 

+ 

41 

> 

Scheme- f 1 

X= I 
-HI> 

R= H,CI, CH3 
R1 =Ph, -SCH3 

functions and pvrimidinones 40 in case of iodoketene with the 

exclusive elimination of HI. In case of bromoketene, the 

15 



intermediate 38 underwent loss, both of dimethylamine and 

hydrobromic acid resulting in pyrimidinones 41 ( 34%) and 42 

(40%) respectivelv39 (Scheme 11). 

In continuation of our studies concerning 1,3-

diazabutadiene-ketene cvcloadditions, we have svnthesised various 

N-arvl-1, 3-diaza-1, 3-butadienes 43 40 and carried out their 

reactions with various ketenes in order to investigate the 

regiochemical aspects and to understand the nature of the 

reaction pathway followed in these reactions. The reaction of 43 

with phenyl- and chloroketenes underwent nucleophilic reaction 

followed by cyclisation to yield an intermediate 44 which on 

elimination of primary aromatic amines gave pyrimidinones 45. 

Similar reactions of 43 with bromo- and iodoketenes resulted in 

rearranged pyrimidinones 47 via an aziridinium intermediate 46 

followed by 1,2-(N-aryl) shift 40 (Scheme 12). 

In view of the interestinq results observed in various 1,~­

diazabutadiene-ketene cycloadditions and in order to exploit 

these reaction pathways for the synthesis of various 

substituted/fused pyrimidinones, we have investigated the 

reactions of a variety of 1,3-diaza-1,3-butadienes with vinyl-, 

isopropenyl-, butadienvl and chloroketenes. The results of these 

reactions are described in Section 1.2, I.3 and 1.4 of this 

Chapter. 

16 
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I.2: (4+2] Cyc1oaddition Reactions of 1,3-Diaza-1,3-Butadie~es 

with Viny1/Isopropeny1ketenes 

Introduction 

Ketene Chemistry is dominated by [2+21 cycloaddition 

reactions and such reactions with carbon-nitrogen double bonds of 

imines, monoaza-, and diazabutadienes have been shown to result 

. . t t f3 1 t d . t' 15a,41 1n ~mpor an - ac am er1va 1ves. However, very. few 

reports describe the synthesis of a-alkyl, a-acyl or a-alkylidene 

(3-lactams based on acid chloride imine cycloadditions. 42 

Synthesis of a-alkyl or a-acetyl (3-lactams became an important· 

target after the discovery of various carbepenem antibiot~cs 

which demanded the use of ketenes such as vinyl/ 

isoprepenylketenes to generate such (3-lactams. The reaction of 

acid chloride 48 with various Schiff bases 49 resulted in the 

f t . f . . 1/. 1 t. d. 43 - 46 th orma 1on o var1ous a-vlny 1sopropeny aze 1 1nones, e 

R~ + 
COCI 

48 -
3. R = H, CH3 

NEt 3 

R1 = P~, furfuryl, Ph-CH =CH:, C02 Me, COPh 

R2= Ph,C.H(C02 Me)CH2 OTBDMS
0

, CH(C02PNB)CH(CH3)0Hb 

CH2 C6H3 (0Me)2 {2,4), C5H40Me-p , CH(CH3)Ph, tBu 

0 TBDMS = tert- butyldimethylsilyl bPNB = p-nitrobenzyl 

Scheme-13 
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stereochemistry of which was found to depend on the substituents 

R1 and R2 (Scheme 13). This reaction, developed in 1971 by Bose 

et a143 was later utilised by Zamboni and Just 44 for preparing 

various a-vinyl ~-lactams, the potential synthones for ~-lactam 

antibiotics. Such a-vinyl azetidinones have been converted to 

1 . d. d . t. 45 . t d. t pyrro 1 1ne er1va 1ves, 1n erme 1a es for carbepenem 

antibiotics 46 and sulfur containing bicyclic ~-lactams. 47 

[2+2] cycloaddition reactions of in situ generated 

vinylketenes 52 to electron rich alkynes 51 have also been 

reported. 48 - 52 The 4-vinyl cyclobutenones 53 thus obtained were 

transformed to various 53 catJechols 

0 
R1 II 

~) + ~~R5 
R 

R4 

51 Qg 

OH 0 R*R5 R*R5 
2 =----' 4 2 I/. 4 

R R R R 
R3 ·R3 

55 

Scheme-14 

55 through putative 

R)kR5 
2 

R R3 R4 

53 

~ 
R~R5 
2 ~ I 4 

R - R 
R3 

54 

dienylketene intermediates 54 (Scheme 14) . Following the same 

strateqy, the judicious heteroatom permutations of dienylketene 

provided direct synthetic entry to a variety of valuable 

19 



heterocyclic systems via intramolecular vinylketene cyclisations 

on to the C=X (X=N, 0) double b d 54-56 on s. Using this 

methodology, a novel approach to1 indolizine-5, 8-dienes 54 was 

achieved and a new synthesis of a-pyridones 56 has also been 

developed. 55 Also, a large variety of substituted quinolizin-4-

ones 57 and ring fused a-pyridone derivatives have been 

synthesised by the thermal rearrangements of substituted 

cyclobutenones via vinylketene intermediates 56 (Scheme 15) . Ab 

initio calculations have also been carried out on all 

conformations and several reactions of 5-oxo-2,4-pentadienal 58 

57 vinylog of formylketne, as well as related systems. 

R
1 

= Et, n-Bu, Me, Ph, MEM-0-

R2 = Et,n-Bu,i-PrO,Me,Bn2N 

R3 = OAc;OH, n-Bu 
4 5 R , R = H , H ; benzo 

Z =CH=CH, C(OMe)=CH, S, NMe, N-MOM 

Scheme-15 

20 

. \ 



The metal bound ketenes and vinylketenes have frequently 

b 1 t d . . t d: t 58 , 59 h. h h t d een postu a e as react1ve 1n erme 1a es w 1c ave crea e 

considerable interest towards the reactivity of isolable metal 

bound ketene and vinylketenes. 60 ' 61 Thomas et al. extensively 

studied the fundamental reactivity of easily accessible and 

hiqhly stable iron centred vinylketene complexes 59 and have 

reported the results of their reactions with isonitriles, 62 

phosphonoacetate anions, 63 nucleophiles, 64 alkynes 65 and 

66 alkenes (Scheme 16) . Thus, there are reports of vinylketenes 

participating either as 2rr component in (2+2J cycloaddition with 

imines/azadienes or as a 4rr component in r 4+2] eye loaddi tions 

reactiGns. We have recently reported simple methods for the 

preparation of various acyclic l,3-diaza-1,3-butadienes 34 •40 and 
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successfully utilised these in [4+2] cycloaddition reactions with 

phenyl-, chloro-, bromo-, iodo-,' cliloromethyl-, dichloro- and 

various other ketenes. 35 • 39 • 40 It was thought that making a 

comparison of dienic properties 
I 

between various dienes and/or 
I 

heterodienes is an interesting scientific enquiry. However, 

little attention has been paid to such studies by carrying out 

cycloaddition reactions between such dienes. Accordingly, we got 

interested in investigating the cycloaddition reactions of 1,3-

diazabutadienes with isopropenyl/vinylketenes and these were 

found to follow (4+2] cycloaddition pathway in which these 

ketenes behaved as 2rr component. To our knowledge, this is the 

first report concerning the participation of such ketenes as 2rr 

component in [4+2] cycloaddition reactions. 

Results & Discussion 

The reactions of 1-aryl-4-dialkylamino-4-methylthio-2-phenyl 

-1,3-diaza-1,3-butadienes 11 with isopropenyl/vinylketenes 60, 

generated in situ from 3,3-dimethvlacroyl chloride/crotonyl 

chloride and excess of triethylamine in dry methylene chloride, 

resulted in very high yields ( 89-95%) of 3-aryl-5-isopropenyl/ 

vinyl-2-phenyl-6-dialkylamino pyrimidin-4(3H)-ones' 62 (Scheme 

17). The products were characterised on the basis of analytical 

and spectral evidences. Thus, compound 62a, for example, was 

analysed for c21H21N
3

o and its mass spectrum showed a molecular 

ion peak at m/z 331. Its IR spectrum (KBr) showed a strong 

absorption peak at 1654 cm-l due to a,a-unsaturated carbonyl 
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group. The 1H NMR spectrum of 62a showed the absence . of 

methylthio and the presence of d~al,kylamino functions. It also 

exhibited the presence of -cH3 proton at o 2.13 and two protons 

as two broad singlets due to Ha at o 5. 03 and due to Hb at o 

5.33. The 1H NMR spectrum of pyrimidinone 62g, in addition to 

aromatic and dialkyl amino protons showed the presence of three 

doublet of doublets due to vinylic protons. Ha proton appeared 

as a doublet of doublet at o 5.40 (JHaH = 11.4 Hz, JHaHb = 2.5 

Hz) , Hb exhibited another doublet of doublet at 6. 00 ( JHbH = 

17. 5 Hz, JHbHa = 2. 5 Hz) and the proton H also appeared as a 

doublet of doublet at 6.67 (J HHb = 17.5 Hz, JHHa = 11.4Hz). 

The downfield shift of proton Hb as compared to Ha in tlie 

pyrimidinones 62 may be due to the anisotropic deshielding of the 

carbonyl group. Similarly, the reactions of 4-dimethylamino-2-

methylthio/pheny1-1-pheny1-1,3-diaza-1,3-butadienes 10 with 

vinylketenes resulted in the formation of pyrimidnones 64 by the 

elimination of dimethylamino function from the initially formed 

[4+2] cycloadducts 63 as intermediates (Scheme 17). The 

pyrimidinones 64 were also analysed on the bas is of their 

analytical and spectral data. Compound 64a, analysed for 

c 19H16N20 showed the. molecular ion peak at m/z ':;;!88 in its mass 

spectrum. Its ir spectrum exhibited a strong absorption band at 

-1 1 1668 em due to a,a-unsaturated carbonyl group. The H nmr 

spectrum showed, in addition to other protons, the presence of an 

olefinic proton at 5 8.21 and the absence of dimethylarnine 

function. The formation of pyrirnidinones 62 and 64 in these 
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reactions requires the trans arrangement for H-5/methylthio 

functions and H-5/dimethy1amino functions in the intermediates 61 
' 

and 63, respectively. The intermediates 61 and 63 with the 

desired stereochemical arrangements may either be formed through 

highly stereoselecti ve and concerted [ 4+2] cycloaddi tion or via 

the equilibration of the intermediates possibly through 

'tt • • ' t d' t t d 1' 35b I 39 zw1 er1on1c 1n erme 1a e as repor e ear 1er. 

The pyrimidinones 62 and 64 having vinyl/isopropenyl 

functionalities at C-5 might prove to be biologically important 

since various pyrimidine nucleosides bearing an unsaturated side 

chain at C-5 are expected to exhibit biological activity. 67 

Uridine, having an unsaturated side chain (!-propenyl) at C-5 was 

recently shown to increase binding to both single strand RNA and 

double strand DNA. 68 The antiviral compound bromovinyluridine 

(A) is known to be one of the 

nucleosides 69 against herpes simplex 

most 

virus 

active pyrimidine 

type 1 (HSV-1). 5-

Bromoethynyl-deoxyuridine (B) have also been recently tested to 

be an active compound against HSV-1. 70 

0
H Br 

0 
,.....Br 

I ~c 
HN I HN C ~ 

OH 
(~) (8) 

The 5-isopropenyl/vinylpyrimidinones 62 and 64 so obtained 

were treated with phosphorus pentasulfide for their 
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possible conversion into.corresponding thiones. 
I 

But these 

reactions resulted interestingly in the removal of isopropenyl 

functionality in case of 5-isopropenylpyrimidinones. Thus, the 

treatment of 5-isopopenylpyrimidin-4(3H)-ones 62c,d,f with 

phosphorus pentasulfide in presence of sodium carbonate in dry 

tetrahydrofuran, followed by washing with aqueous sodium hydrogen 

phosphate resulted in very good yields (90-94%} of pyrimidinones 

65 (Scheme 18). The pyrimidinones 65 were also characterised on 

the basis of analytical and spectral data~ The compound 65a. for 

example, was analysed for c21a21N3o and showed the molecular ion 
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peak at m/z 331. Its IR spectrum showed a sharp band at 

-1 1 1654 em due to a,a-unsaturated carbonyl group and its H NMR 

spectrum exhibited, in addition to other protons, the 5-H 

olefinic proton at o 5.49. The possible mechanism leading to the 

formation of pyrimidinones 65 is not well understood but it is 

possible that the starting pyrimidinone first complexes with 

phosphorus pentasulfide to yield an intermediate of type 66 or 

67, which then decomposes to give the pyrimidinones 65. However, 

the reactions of 5-vinylpyrimidin-4(3H)-ones 62g-i with 

phosphorus pentasulfide resulted in an intractable mixture, from 

which no pure product could be-isolated. 

It was thought that the 5-isopropenyl/vinylpyrimidinones 62 

can be utilised for the synthesis of a large variety of 

5-substituted pyrimidinones by carrying out their reactions with 

various dienes and 1,3-dipoles. Keeping this in view, we 

investigated the reactions of pyrimidinones 62 with a-

nitrosostyrene 68, which have been reported to undergo [4+2] 

71 cycloadditions with carbon-carbon double bonds of alkenes, 

allenes, 72 and dienes 73 and unusual [3+2] cycloaddition with 

cabon-nitrogen double bonds. 74 • 75 Thus, the treatment of a-

. t 6 8 . t d . . t f h 1. \ . 7 6 d n1 rosostyrene , genera e ~n s~ u orm a-c oroox1mes an 

sodiuw carbonate, with 5-isopropenylpyrimidinones (62c,d) and 

5-vinylpyrimidinones (62i,k) resulted in nitrones 71 and oxazines 
\ 

72 arising from unusual [3+2] cycloadditions and [4+2] 

cycloadditions, respectively (Scheme 19). To our knowledge, this 

is the first report of unusual [3+2] cycloaddition of a-
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ni trosostyrenes with carbon-carbon double bonds. The products 

were characterised as nitrones 71 and oxazine derivative 72 on 

the basis of their analytical and spectral evidences. The IR 

spectrum (KBr) for nitrone 7la, for example, showed strong 

absorption band around 1662 cm-l due to u,a-unsaturated carbonyl 

group and 1208 
-1 

em for N-O of nitrone and its mass spectrum 

exhibited a weak molecular ion peak at m/z 518. The presence of 

two downfield protons for the ortho protons of 4-methylphenyl 

group attached to ni trone ring in its 1H NMR spectrum further 

supported the assigned structure. Similarly, the products 72 

were assigned the oxazine structure on the basis of their IR, 

mass, 1H and 13c NMR spectra and C,H,N analysis. The probable 

mechanism leading to the formation of these products is outlined 

in Scheme-19. In this Scheme, it is assumed that the reactions 

of 5-isopropenyl/vinylpyrimidinones 62 with nitrosoalkene 68 

yields interconvertible zwitterionic intermediates 69 and 70 and 

because of steric reasons, when R2 r \/ 
= CH3 , the tansiod form 69 , ) 

leads to nitrones 71, whereas in case R2 = H, the cisoid form 70 

gives oxazines 72. 

In summary, the [4+2] cycloadditions of various 1,3-diaza-

1, 3-butadienes with vinyl/ isopropenylketenes has 'resulted in a 

variety of pyrimidinones having an unsaturated side chain at C-5, 

which might prove t0 be biologically important and promising 

precurssors for 5-vinyl/isopropenyl pyrimidine nucleosides. The 

novel deisopropenylisation achieved by treating 5-isopropenyl 

pyrimidinones with P
4

s10 may prove to be a general 
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deisopropenylisation route for any similar system. Unusual [3+2] 

cycloaddition of nitrosostyrenes with isopropenyl functionality 

of 5-isopropenyl pyrimidinones, to our knowledge, is perhaps the 

first such report of nitrosostyrenes addition to any C=C double 

bond. 5-Vinylpyrimidinones on the other hand yielded the 

oxazines via [4+2] cycloaddition with nitrosostyrenes. 

1.3 : [4+2) Cycloaddit;ion React;ions of various 1,3-Diaza-1,3-

Butadienes wit;h But;adienylket;ene 

Various 1,3-diaza-1,3-butadienes synthesised in our 

laboratories 34 • 40 having polarised functions at 2 and/or 

4-positions have been found to behave as efficient 4n components 

in successful [4+2] cycloaddition reactions with large variety of 

monosubstituted ketenes. 35 • 39 • 40 Subsequently vinyl/isopropenyl 

ketenes, consisting of a diene unit were also found to act as 2n 

component in such cycloaddi tions with these diazabutadienes. 77 

In continuation of our pursuits in this direction and in order to 

have a further insight into the comparison of the dienic 

properties of 1,3-diazabutadienes and conjugated ketenes, we 

visualised to investigate the reactions of various 1,3-diaza-
. \ 

1,3-butadienes with butadienylketene. To our knowledge, the 

reports concerning the generation and synthetic utility of dienyl 
I 

keten~ are very rare and the only reported method involves the 

thermolysis of appropriatelY substituted cyclobutenones leading 

to various quinones and catechols 74 formed supposedly through 

putative dienylketene intermediate 7378 (Scheme 20). 
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Herein, we report a new method for the in situ generation 

of butadienylketene 75 from sorbyl chloride and successful 

utilization of this ketene in [4+2] cycloaddition reactions with 

a variety of 1, 3-diaza-1, 3-butadienes. To our knowledge, this 

involves the first use of butadienylketene in cycloaddi ton 

reactions. 
'I 

Resul~s and Discussion 

The treatment of 1, 3-diaza-1, 3-butadienes 10 with 

butadienylketene 75, generated in situ from sorbyl chloride and 

triethylamine in dry methylene chloride, resulted in the 

formation of previously unknown 5-(1',3'-butadienyl)pyrimidinones 
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78 in good yields (60-80%) (Scheme 21). The products were well 

characterised on the basis of analytical data and spectral 

evidences. The compound 78a, for example, analysed for 

c15H14N2os showed a molecular ion peak at m/z 270 in its mass 

spectrum. Its IR spectrum showed a strong absorption peak at 

-1 
1683 em due to u,~-unsaturated carbonyl group. The absence of 

N,N-dimethylamino function and the presence of an olefinic H at o 
1 7.90 in the H NMR spectrum of 78a indicated the elimination of 

dimethylamine function from the initially formed [4+2] 

cycloadduct intermediate. In addition, 1H NMR spectrum showed 

13 the presence of all dienyl protons. Its C NMR spectrum was also 

in agreement with the assigned structure 78a. As in earlier 

ketene reactions, the pyrimidinones 78 are clearly the result of 

[4+2] cycloaddition reactions involving 1,3-diaza-1,3-butadienes 

10 as 4n component and butadienylketene as 2n component. As 

proposed earlier, the mechanism involves the initial formation of 

a [4+2] cycloadduct intermediate 77 via a zwitterionic 
I 

intermediate 76, followed by the elimination of N,N-dimethylamine 

function from 77 to yield ?-dienyl pyrimidinones 78 (Scheme 21). 
I 

The formation of 5-dinenyl pyrimidinones 78 requires the trans 

arrangement of H-5/di~ethylamino function in the intermediate 77, 

which can arise either via highly stereoselective [4+2] 

cycloaddi tion or more probably through equilibration involving 

zwitterionic intermediate. 

Further to these investigations, we have examined the 

reactions of butadienylketene 75 with various 1-Aryl-2-
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phenyl-4-methylthio-4-secondaryamino-1,3-diaza-1,3-butadienes 11. 

Interestingly, these reactions were found to result in a mixture 

(=1:1) of 5-(1' ,3'-butadieny~pyrimidinones 80 and 5-(1'-

butenyl)pyrimidinones 82. The separation of this mixture 

consisting of 80 and 82 with very close Rf values was 

accomplished by a careful silica gel column chromatography with 

natural loss of yields. The products were assigned the 

pyrimidinone structures BO and B2 on the basis of their 

analytical and specral data. The compound BOa, for example, 

analysed for c22H21 N3o exhibite~ in its mass spectrum a molecular 

ion peak at m/z 343. Its IR specrum show~d a sharp peak at 1649 

-1 em due to a., 13 -unsaturat~d carbonyl group. The appearance of 

carbonyl absorption at lower frequency in this case may be due to 

the weakening of C=O bond due to the possible push-pull mechanism 

involving secondary amine and carbonyl function. The 1H and 13c 

NMR spectra of BOa exhibited peaks for dimethylamino and dienyl 

functionalities in agreement with the assigned structure BOa. 

The product B2a, on the other hand, analysed for c 23 H25 N3os 

showed a molecular ion peak at m/z 391 in its mass spectrum and a 

sharp band at 1636 cm- 1 , due to a.,J3-unsaturated carbonyl group in 

its IR spectrum. 
• 1 • I 

Its H NMR spectrum exhibited a doublet (J = 

6.8 Hz) at 5 1.42 for -CH3 protons and a multiplet at 5 3.36-3.47 

for methine proton in addition to the signals for -SCH3 (5 2.04) 

and N,N-dimethylamine (o 3.11) functionalities. 

The probable mechanism leadinq to the formation of these 

pyrimidinones is outlined in Scheme-22. In this scheme it is 
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assumed that the react ions of diaz abutadiens 11 w i·th 

butadienylketene 75 proceeds via zwitterionic intermediate of 

type discussed earlier leading to the initial formation of 

intermediate 79. This intermediate persumably consists of a 

stereoisomeric mixture with H-5 being cis and trans to the 

methylthio at C-6. Based on this observations, the earlier 

assumed highly stereoselective cycloadditon mode for the 

formation of such an intermediate may clearly be ruled out. This 

intermediate then undergoes elimination of methanethiol, to yield 

pyrimidinone 80 when H-5 is trans to methylthio function. On the 

other hand the stereoisomer with cis H-5 and methylthio functions 

prefers [1,5] H shift over equilibration to trans stereomer and 

yields another intermediate 81, which in turn undergoes [1,5] SMe 

shift to yield pyrimidinone 82. Further, the formation of 

pyrimidinone 82 from intermediate 81 clearly indicates the 

preference for the methylthio shift over the shift of secondary 

amine function. A similar preference for [1,2] alkylthio shift 

has recently been reported in reactions of 1, 3-diazabutadienes 

with haloketenes. 39 In order to further confirm the structure of 

82 an~ to establish the exclusive migration of methylthio in 

formation of 821 it was thought worthwhile to investigate the 
I 

reactions .of butadienylketene with 1 I 3-diaza-1, 3-butadienes 12 

having two secondaryamino functions at 4-position. But these 

reactions resulted in the exclusive isolation of pyrimidinones 

80, formed presumably again via the elimination of secondary 

amines from the initially formed intermediate 83. The absence of 
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any rearranged product lends further support to the earlier 

assigned structure for pyrimidinones 82. The structure 80 was 

assigned to t~e products on the basis of undepressed mixed 

melting points and identical spectral features for the 

pyrimidinone obtained earlier in reactions of 1,3-

diazabutadienes 11 with butadienylketene. 

Keeping these observations in view, a generalised 

mechanistic picture for the formation of pyrimidinones 78, 80 and 

82 is presented in Scheme-23. It is assumed that the treatment 

of butadienylketene 75 with various 1,3-diaza-1,3-butadienes 

results in the initial formation of [4+2] cycloadduct {A) as 

intermediate which is in equilibrium with another intermediate 

{B) obtained by [1,5] H shift. In case, R1 = H, CH3 or secondary 

amine function, these intermediates (A, B) result in the 

elimination of secondary amine to yield pyrimidinones c {see 

reactions with 1,3-diazabutadienes 10 and 12) and when R1 = SCH3 , 

the intermediates (A, B) yield a mixture of C,in case of 

stereoisomer having trans H-5 and methyl thio rearrangement via 

elimination of methylmercaptan {see pyrimidinones 80) and D, for 

stereoisomer with cis H-5 and methyl thio rearrangeJil.ent via [l, 5] 
'I 

SCH3 shift {see pyrimidinones 82), respectively. 

The synthetic potential of 5-dienyl pyrimidinones 78 and 80 

was established by carrying out their Diels-Alder cycloaddition 

reactions with a variety of dienophiles. All these reactions 

resulted in very good yields ( 86-96%) of corresponding adducts 

which were unambiguously characterised on the basis of their IR, 
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1H NMR, 13cNMR and mass spectral evidences and analytical data. 

The reaction of dienyl pyrimidinones 78c and 80c with 

acrylonitrile (AN) in refluxing toluene for 25-26 h resulted in 

the formation of a mixture of regioiGs 84/84 1 (ratio 1:3) and X 
85/85 1 (ratio l: l. 2) (Scheme 24). The individual components of 

these mixtures could not be separated by silica gel column 

. ,r-\ . 
chromatography because of their almost 1dnent1cal Rf values. 
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products were analysed as 2,3-diphenyl-5-(6'/5'-cyanocyclohex-2'-

en-yl)-6-methyl-pyrimidin-4(3H)-ones 84/84 1 and 2,3-diphenyl-5-

(6'/5'-cyanocyclohex-2'-en-yl)-6-piperidinopyrimidin-4(3H)-ones 

85/85 1 on the basis of their analytical and spectral data. The 

mixture 84/84 1 for example, analysed for c24H21 N3o exhibited a 
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molecular ion peak at m/z 367. Its IR spectrum exhibited a peak 

-1 of medium intensity at 2234 em and a strong intensity peak at 

1659 cm-l due to C= N and a,~-unsaturated carbonyl groups, 

respectively. 1 13 Its H and C NMR spectra displayed spectroscopic 

signals/features fully compatible with the gross structural 

features. The ratio (3:1) for the regioisomeric mixture of 

84/84' could be inferred on the basis of the integration values 

of distinguishable methyl signals (o 2.58 and 2.65). In 

addition, the 1H NMR spectrum of 84/84' showed the presence of 

' all aromatic protons, olefinic protons and a series of multiplets 

for various methine and methylene protons. 13 The C NMR spectrum 

of this regioisomeric mixture also supported the assigned 

structures. Though, theoretically and mechanistically, the 

formation of regioisomers 84 and 85 as major isomers is more 

probable, but their relative specific regiochemistry in the 

mixtures could not be assigned on the basis of spectral data. 

The Diels-Alder cycloadditions of 5-dienyl-pyrimidinones 78c 

and BOa with ethyl acrylate (EA) in refluxing toluene for 15-16 h 

yielded a similar inseparable mixture of regioisomers 86/86' and 

87/87' (Scheme 24). The products were analysed as 2,3-diphenyl-

5-(6'/5'-ethoxycarbonylcyclohex-2'.-en-yl)]-6-methylpyrimidin-

4 (3H) -ones 86 /86' and 2,3-diphenyl-6-dimethylamino-5-(6'/5'-

ethoxycarbonylcyclohex-2'-en-yl]pyrimidin-4(3H)-ones 87 /87' on 

the basis of their analytical and spectral data. The mixture 

86/86' analysed for c26H26N2o3 showed a molecular ion peak at m/z 

414 in its mass spectrum. Its IR spectrum exhibited strong bands 
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-1 at 1726 and 1662 em assigned to the ester carbonyl and a, 13-

unsaturated carbonyl group of pyrimidinone ring, respectively. 

l The H NMR spectrum of this regioisomeric mixture showed the 

presence of two methyl signals (o 2. 50 and 2. 52) for 6-methyl 

group and the integration of these methyl signals indicated the 

presence of regioisomers 86/86 1 in approximately (1: 1. 2) ratio. 

However, again the specific structure to the individual 

regioisomers could not be assigned on the basis of spectral data. 

The signals observed in 13c NMR spectrum also attest to the gross 
! 

structural features of the mixture 86/86 1
• 

Further, the reaction of 80e with diethyl fumerate {DEF) in 

refluxing toluene for 5-6 h also underwent [4+2] cycloaddition 

reaction to result in an inseparable regia/stereoisomeric mixture 

of 88/88 1 in the ratio (1: 1. 5) (-Scheme 25). The mixture was 

assigned structures 88/88 1 on the basis of analytical data and 
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spectral evidences. Its mass specrum exhibited a molecular ion 

peak at m/z 569. The IR spectrum of 88/88' showed strong 

absorption bands at 1729 and 1661 cm-l due to bis(ethoxycarbonyl) 

group and a, f3-unsaturated carbonyl group of pyrimidinone ring 

respectively. Its 1H and 13C-NMR spectra exhibited spectroscopic 

parameters fully compatible with the gross structural features of 

the mixture. The ratio (1:1.2) for this mixture could easily be 

derived from the integration values of two methyl signals (o 2.25 

and 2.26) in its 1
H NMR spectrum. Here again the specific 

structure to the individual isomers could not be assigned on the 

basis of the gathered data. 

The reactions of 5-dien~{ --- pyrimidinones 78 and 80 with N­

Phenylma~de (NPM) and dimethyl acetylene dicarboxylate (DMAD) ~ 
resulted in the formation of Diels-Alder adducts which were 

characterised on the basis of their IR, mass, 1H and 13c NMR 

spectra and elemental analysis. The treatment of 5-dienyl 

pyrimidinone 80e with NPM in refluxing toluene for 1 h gave a 

single DielsGlder cycloadduct 89 (Scheme 26) . The product 89 J,-'~ 
+ + 

analysed for c 36H34N4o3 showed peaks at m/z 570 (M ) and 397 (M -

NPM) in its mass spectrum. Its IR spectrum exhibited intense 

peaks at 1701 and 1651 cm-l assigned to dicarboximido carbonyls . \ 

and a,,f3-unsaturated carbonyl group of pyrimidinone ring 

respectively. Its 1H NMR spectrum exhibited, in addition to 

aromatic proton signals, peaks ~to 1.65-1.69 (m, -cH2-cH2-cH2->; 

2.27-2.'31 [m, 4H; consisting in lH, H-1' and o 2.30 (s, -CH3 )J 

2.95-3.02 (m, lH); 3.29-3.43 (m, consistinq of -cH2- and -cH2-N-

42 



Jl:>. 
w 

BOe + 

0 

GN-Ph 
0 

Toluene 

reflux 

Ph ~
3 

~~N~O 0. 

N /. 

89 

Ph 
I 

78a/78c/80b + 
C02 Me 
I Toluene RliN 

Ill 
I 
C02 Me 

reflux N /. 

R1 

90 

Scheme- 26 

Ph 
I 

0 R N 
. C02 Me :> ll 0 

C02 Me 

,~co2Me C02 Me N'{ 
R1 ~ 

91. a. R = Ph , R 1 = C H 3 

b. R =Ph, R1 = NJ 
1 c. R = SCH3, R = H 



CH2->; 3.85 (d, J = 9.0, with fine splitting; lH} and 5.95-5.98 

(m, olefinic}. Its 13c NMR spectrum also supported the assigned 

structure 89. 

The reactions of 78a, 78c and BOb with DMAD, in refluxing 

toluene for 4-6 h, resulted in the isolation of products which 

could be assigned structure 91 on the basis of their IR, mass, 1H 

and 13c NMR spectra and elemental analysis. The spectral data 

for 91a, which was analysed for c 27H24N2o5 includes: molecular 

ion peak at m/z 456 in its mass spectrum; strong peaks at 1719 

-1 
and 1662 em due to methoxy carbonyl and n,~-unsaturated 

carbo~yl group of pyrimidinone ring, respectively, in its IR 

spectrum; and the presence, in addition to aromatic protons, of 

signals for methyl (s, o 2.41}, methylene (m, o 2.34-2.45}, two 

methoxycarbonyls (s, o 3.68 and s, o 3.76), and olefinic protons 

(m, o 5.58-5.64 and m, o 5.83-5.89) in its 1H NMR spectrum. 

Surpr1sing1y, the methine prot~ns could not be detected in the 1H 

NMR spectrum of 91a and 91b. However, their 13c NMR spectra 

exhibited the presence of all carbons including the methine 

carbon. 

The products 91 presumably arise from the rearrangement of 

the initially formed nonconjugated 2 1 ,5 I -cyclohexadienyl Diels-

Alder adducts 90. Any of the structures 90 and 91 may be 

assigned on the basis of the above mentioned data. However, 

structure 91 was tentatively assigned on the basis of the 

observed doublet (J = 9.5 Hz) for H-4 1 in the 1H NMR spectrum of 

9lb. Also, due to the presence of 6-pyrrolidino functionality in 
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9lb, the downfield shift of methylene (H-4') protons signal (o 

4.33-4.36; m) as compared to that in 9la (o 2.34-2.45, m) and 9lc 

( o 2. 95-3.20) suggests its close vicinity with the pyrrolidine 

functionality and hence further supports structure 91. In order 

to unambiguously assign the structures to these products and to 

detect the presence of methine proton, it is planned to take help 

of {1HJ- {1HJ NMR-homonuclear and {1HH 13 cJ-NMR heteronuclear 

spin correlation spectra for these compounds. 

In conclusion, the [4~2] cycloaddition reactions of various 
I 

1,3-diaza-1,3-butadienes with butadienylketene haveproved to be a 

convenient method for the synthesis of 5-dienyl pyrimidinones. 

Subsequent Diels-Alder cycloaddition of these pyrimidinones with 

various dienophiles yielded a variety of 5-substituted 

pyrimidinones. Further, the cycloadditions of butadienylketene 

with various heterodienes and imines may, in fact, prove to be a 

general method for the synthesis of various 1,3-butadiene-

substituted heterocyclic systems. 

1.4: Synthesis and [4+2] Cycloaddition Reactions of 4- (N-

Allyl/Cinnamoyl-N-Aryl)amino-1,3-Diaza-1,3-Butadienes with 

Conjugated Ketenes and Chloroketene: Entry to Novel 
• I 

Primidinone/Fused Pyrimidinone Derivatives 

The construction of functionalised nitrogen heterocycles is 

an important area of recent interest in medicinal and natural 

product chemistry. In particular, substituted pyrimidinones are 

attracting the increasing attention of synthetic community 
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because of the important role played by such systems in many 

t 1 d t 79 t. b. t. 80 d d 81 na ura pro uc s, an 1 10 1cs an rugs. The heterocycle-

fused pyrimidine derivatives have been shown to exhibit antitumor 

t . . t 82 ac lVl y and potent blood sugar lowering activity. 83 

Quinazoline derivatives have been found to act as neoplasm 

. h'b't 84 1n 1 1 ors and are widely used as 

86 antihypertensive drugs. 

d . t. 8 5 lUre lCS and 

A large variety of substituted pyrimidinones have been 

synthesised in our laboratories following extensive studies on 

[4+2] cycloaddition reactions of 1,3-diaza-1,3-butadienes with a 

variety of ketenes. Keeping in view the biological importance of 
- -\ 

fused pyrimidines, it was thouqht 1~rothwhile to utilise such .K 
:\,___../ 

[ 4+2] cycloaddi tion reactions for the synthesis of heterocycle/ 

benzo fused pyrimidinones. As an entry into this area, we have 

synthesised 4-(N-allyl-N-aryl)amino-1,3-diaza-1,3-butadienes 95 

and examined their reactions with chloroketene and conjugated 

keteneso. It was conceived that [4+2] cycloaddition reactions of 

95 with such ketenes could result in pyrimidinones having latent 

functionalities at 5- and 6-position and such pyrimidinones could 

then be transformed to several useful fused pyrimidinones. The 

reactions of l, 3-diazabutadienes 95 with various·· ketenes once 

again exhibited the preference for 95 to act as 4n-component, as 

compared to conjugated ketenes, which participate as 2rr-component 

in [4+2] cycloaddition reactions. 
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Results and Discussion 

In continuation of our pursuits to devise methods for the 

synthesis of newer 1,3-diazabutadienes, we have recently reported 

the synthesis of various l-aryl-4-(N-aryl)amino-2-phenyl-1,3-

diaza-1,3-butadienes 43 which underwent nucleophilic/ 

cycloaddition reactions with phenyl-, chloro-, bromo- and 

iodoketenes accompanied at times by interestinq rearranqements to 

. ld l . . d. d . t. 40 y1e nove pyr1m1 1none er1va 1ves. It was felt that the 

synthesis of targeted benzo/heterocyclic ring(s) fused 

pyrimidinones could be best realised by the initial [4+2] 

cycloaddition of 1-aryl-4-(N-allyl-N-arylamino)-4-methylthio-2-

phenyl-1,3-diaza-1,3-butadienes 95. The desired 1,3-

diazabutadienes 95 were synthesised by the reaction of 

benzimidoyl isothiocyanates 9287 with primary aromatic amines, S-

methylation of the resultant thioureas 93 followed by the 

treatment of hydroiodide salt 92 so obtained with allyl bromide 

in acetone in the presence of potassium carbonate. The attack of 

N-5 and not N-1 or N-3 at allyl bromide is in accordance with the 

earlier observed better nucleophilicity of N-5 compared to other 

1 h 'l' 't 40 nuc eop 1 1c s1 es. Such reqiochemical aspects concerning the 

cycloadditions of 95 with var'ious ketenes have been further 

investigated. 
1 

Thus, the treatment of 95 with isopropenyl/vinylketenes 60, 

generated in situ ~rom 3,3-dimethylacroyl chloride/crotonyl 

chloride and triethylamine, in methylene chloride, resulted in 

good (for vinylketene) to high (for isopropenylketene) yields of 
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3-aryl-6-(N-allyl-N-aryl)amino-5-isopropenyl/vinyl-2-phenyl-

pyrimidin-4(3H)-ones 97 (Scheme 28). The pyrimidinones 97 were 

assumed to be formed via the elimination of -HSMe from the 

initially formed [4+2] cycloadduct 96 as intermediate. The 

structure 97 was assigned to these products on the basis of 

analytical and spectral data. The pyrimidinone 97a, for example, 

analysed for c 28H25N3o .showed a molecular ion peak at m/z 419. 

Its IR spectrum exhibited a strong absorption band at 1651 cm-l 

due to a,~-unsaturated carbonyl group. Its 1H NMR spectrum 

showed in addition to aromatic protons, the signals for methyl (o 

1. 64) , olefinic and allylic protons (see experimental section) . 

13 c NMR signals were also in agreement with the assigned 

structure 97a. The reactions of (N-allyl-N-aryl)amino-1,3-diaza-

1,3-butadienes 95 with isopropenylketene were found to be quite 

efficient and pyrimidinones (97a-e) were isolated in very good 

yields. However, in reactions of 95 with vinyl ketene, even 

though the tlc of the reaction mixtures showed complete 

disappearance of the starting materials, the pure products could 

usually not be isolated, except pyrimidinone 97f. 

The pyrimidinones 97 having vinyl/isopropenyl function at 

C-5 and (N-allyl-N-aryl.)amino function at C-6 appeared to be 

potential auxiliaries for the synthesis of various 5, 6-fused 

pyrimidinones and. this possibility was exploited for the 

synthesis of desired fused pyrimidinones. Thus, the thermolysis 

of pyrimidinones 97 in refluxing xylene resulted in the formation 

of 3,9-diaryl-3,5,6,9-tetrahydro-5,5-dimethyl-2-phenylpyrimido-
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[4,5-b]azepin-4-ones 98, which were isolated in good yields as 

colorless crystals after purification by silica gel column 

chromatography. The pyrimido[4,5-b]azepin-4-ones 98, presumably 

are the result of an intramolecular ene reaction between N-allyl 

group at 6-positon and isopropenyl group as enophile at 5-

position of the starting pyrimidinone 97 (Scheme-29). Their IR, 
I 

1 13 H NMR•·, C NMR and mass spectral data clearly established the 

assigned structures 98. The compound 98a, for example, analysed 
I 

for c 29H27N3o, showed a molecular ion peak at m/z 433 in its mass 

spectrum and its IR spectrum (KBr) showed a strong peak at 1645 

cm-l due to a,a-unsaturated carbonyl group. Its 1H NMR spectrum 

showed the presence of three me thy 1 groups ( o 1. 59, s, 6H, 

2 x -cH3 and o 2.37, s, -CHa), a methylene group (o 2.43, d, J = 

7.1 Hz) and olefinic protons ( o 5. 54 and 6. 23) . Its 13c NMR 

spectrum exhibited apart from other carbons, the signals for 

three methyl carbons (oc 21.1, 2 x -CH3 and oc 29.2, -cH3 ) which 

attest well to the assigned structure 98a. 

Further, the treatment of 5- isopropenyl-6- ( N-allyl-N-aryl) 

amino-pyrimidinones 97 with aluminium chloride in refluxing 

benzene for about 30 minutes resulted in annelation reaction to 

yield novel pyrimidoquipoline derivatives 99 (S~heme 29). The 

products were characterised as 10-allyl-7-alkyl-3-aryl-2-phenyl-

3,5,10-trihydro pyr~mido[4,5-b]quinolin-4-ones 99 on the basis of 

their analytical and spectral data. The IR spectrum of 99a showed 

a sharp absorption band at 1652 cm-l due to a,a-unsaturated 

carbonyl group. Its 1H NMR spectrum exhibited the presence of 
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aromatic protons with expected splittings, three methyl protons 

(o 1.87, 2 x -CH3 and o 2.30, Ar-CH 3 ) and N-allyl protons. 

Presence of a molecular ion peak at m/z 433 in its mass spectrum 

and three methyl carbons ( oc 20.7, 2 x -CH3 and o 30.3, -CH3 ) 

along with allyl carbons and quartenary carbons in its 13c NMR 

spectrum further confirmed the assigned structure 99a. 

It was felt that the reactions of pyrimidinones 97 with 

dimethylacetylene dicarboxylate (DMAD) can follow a number of 

paths leading to the formation of fused pyrimidinones and these 

reactions were investigated in order to understand the reaction 

path followed and nature of the products formed in these cases. 

Thus, the treatment of 97 with DMAD in refluxing toluene for 17-

18 h resulted in the good yields of the product which was 

characterised as 7,8-bis(methoxycarbonyl)-5-methyl-2,3-diphenyl 

quinazolin-4(3H)-one 101. The guinazolinone 101 was assumed to 
I 

be formed via the elimination of (N-allyl-N-aryl)amino group from 

the initially formed [ 4+2] 1 eye loadduct 100 as intermediate. This 

was further confirmed experimentally by performing the DMAD 

cycloaddition under similar conditions by varying the function R1 

1 (R =H, CH3 , OCH3 ) in pyrimidinones 97; all of which were shown to 

give the same product 101. The quinazolinone stru~ture 101 could 

easily be assigned on the basis of analytical data and spectral 

evidences. The product 101, analysed for c 25 H20 N2 o5 showed a 

molecular ion peak at m/z 428 in its mass spectrum. Its IR 

spectrum exhibited stronq absorptions for two ester carbonyl 

-1 groups ( 1733 em ) and a sharp peak at 1674 cm-l due to a,l3-
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unsaturated carbonyl group. Its 1H NMR spectrum showed peaks for 

a methyl (o 2.91), two methoxy (o 3.97 and 3.99) and an aromatic 

proton at o 7. 87 (H-6) as sharp singlet, apart from other 

aromatic protons. The signals observed in its 13c NMR also attest 

to the assigned structure. 

· Radicals have recently attracted the attention of synthetic 

chemists due to their high stereo and regioselectivity in 

radical cyclisations and because of their potential utility in 

the synthesis of both carbocyclic and heterocyclic.compounds. 88 

Radical reactions can be classified into two types, based on the 

t t f d . 1 . . t. t 89 s rue ures o ra lea 1n1 1a ors (Scheme 30) . Type I radical 

cyclisations proceed by the formation of a carbon centered 

radical A generated by the homolytic cleavage of a carbon-hetero 

atom bond, such as e-x, c-s, C-Se etc. The resulting radical B 

adds to intramolecular multiple bond, generating the exocyclic 

radical C which is then trapped to form the cyclised product D. 

Alternatively, the type II radical cyclisation 90 is defined as 

one in which carbon centered radical F is generated by the 

addition of a radical y· to an olefin, which then undergoes the 

corresponding cyclisation process. 

In continuation of our studies on the synthesis of fused . \ 

pyrimidinones, we have investigated the use of sulfenyl radical 

in the cyclisation of pyrimidinones 97 having two different 

double bonds, isopropenyl group at 5-position and N-allyl 

function at 6-position. In order to know the nature of products 

formed we have carried out the reactions of pyrimidinones 97 with 
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thiophenol in the presence of n,n'-azoisobutyronitrile (AIBN) in 

refluxing benzene under nitrog~n atmosphere. Based on the above 

mentioned type II radical addition-cyclisation process, the 

expected products were pyrido pyrimidinones 103, involving the 

addition of the sulphenyl radical to the N-ally! function 

resulting in a radical intermediate 102 which on cyclisation can 

yield 103 (Path I): pyrido pyrimidinones 105, involving the 

addition of sulphenyl radical to the isopropenyl function leading 

to radical intermediate 104, which on cyclisation with N-allyl 

can yield 105 (Path II). However, Path I may be ruled out on the 

basis of the better stability of the isopropenyl radical in 

intermediate 104 as compared to that in intermediate 102. 

Further, the spectral data of the isolated products from the 

above reaction, ruled out the possibility of products 103 or 105. 

A careful examination of the spectral data revealed, 

interestingly, the formation of unusual cyclisation involving the 

N-aryl group in preference to N-ally! leading to the formation of 

10-allyl-2,3-diphenyl-5-methyl-5-phenylthiomethyl-3,5,10-

trihydro-pyrimido[4,5-b]quinolin-4-ones 107 via 104 as an 

intermediate (Scheme 31}. 

The structure 107 for these products was estpblished on the 

. 1 13 1 1 bas1s of IR, mass, H NMR, C NMR and { H}-{ H}-homonuclear 

correlation spectra (Fig.!). The compound 107a, for example, 

analysed for c34H29 N3os showed a molecular ion peak at m/z 527. 

Its IR spectrum showed a strong absorption band at 1655 cm-l due 

to n,~-unsaturated carbonyl group. Its 1H NMR spectrum exhibited 
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two well separated doublets for -cH2 -SPh methylene protons at o 

3.24 and o 4.64 with J = 13.2 Hz each. The surprisingly large 

chemical shift difference between the two methylene protons is in 

agreement with the literature values 89 for such methylene 

protons. It also showed the presence of free N-allyl functional 

group includinq two terminal olefinic protons as doublets (o 

5.22, J = 10.5 Hz and o 5.36, J = 17.3 Hz), another olefinic 

proton (o 5.98, dddd, J = 17.3, 10.5, 4.4 and 4.4) and methylene 

protons (o 4.83, m). Further inference for N-aryl involvement in 

cyclisation was drawn from the appearance of two doublets (o 

6.92, J = 8.3 Hz and o 7.00, J = 8.3 Hz) for the two ortho 

protons of the fused aryl ring. The more conclusive evidence for 

I 1 
the as~igned structure for 107 was drawn from the H NMR spectrum 

of l07b which wxhibited, in addition to other protons, a doublet 

Co 6.82, J = 8.4) for Ha, a doublet of doublet (o 6.96, J = 8.4 

and 1.5 Hz) for Hb and another doublet Co 7.08, J = 1.5) for He. 

The observed splitting patterns for these three aryl protons 

clearly establish the assigned structure 107 for the radical 

cyclisation discussed above. 

It has been observed earlier that [4+2] cycloaddition 

reactions of butadienylketene with various 1, 3-0.iazabutadienes 

resulted in a variety of 5-dienyl/butenyl pyrimidinones 

(Chapter I, Section I.3). In continuation of our interest 

concerning the synthesis of fused pyrimidinones, it was thought 

worthwhile to carry out the cycloaddition reactions of 1-aryl-4-

(N-allyl-N-aryl)amino-4-methylthio-2-phenyl-1,3-diaza-1,3-butadi-
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enes 95 with butadienylketene, qenerated in situ from sorbyl 

chloride and triethylamine in methylene chloride, at room 

temperature, which resulted in the exclusive isolation of 6-(N-

allyl-N-aryl)amino- 3-aryl-5-(l' ,3'-butadienyl)-2-phenylpyrimidin 

4 ( 3H) -ones 109 (Scheme 32). The pyrimidinones 109 were 

characterised on the basis of IR, 1 H NMR, 13c NMR and mass 

spectral data. The compound 109a, for example, analysed for 
I 

c 29H25N3o exhibited molecular ion peak at m/z 431. Its IR 

-1 
spectrum showed a strong pe~k at 1644 em due to a,~-unsaturated 

carbonyl group. Its 1 Ht13c NMR spectra exhibited, apart from 

aromatic protons/carbon signals, the peaks for all the dienyl and 

allylic protons/carbons. 

As mentioned earlier (Chapter I, Section I.3), in reactions 

of 1-aryl-4-methylthio-2-phenyl-4-secondaryamino-1,3-diaza-1,3-

butadienes 11 with butadienylketene, the tlc of the reaction 

mixture showed two prominent but very close spots and the mixture 

was separated by careful column chromatography to yield 5-dienyl 

pyrimidinones 80 and 5-butenyl pyrimidinones 82 formed via the 

elimination of methylmercaptan and [1,5] SMe shift, respectively. 

However, reactions of 4-(N-allyl-N-aryl)amino-1,3-diaza-1,3-

butadienes 95 with butadienylketene resulted in the formation of 
' 

pyrimidinones 109 as the only isolable product formed presumably 

by the elimination of -HSMe from the initially formed [4+2] 

cycloadduct lOB as intermediate and no product corresponding to 

[1,5] SMe shift could be isolated or seen in the tlc. 

The 6-(N-allyl-N-aryl)amino-3-aryl-5-(1' ,3'-butadienyl)-2-
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phenyl pvrimidin-4(3H)-ones 109 appeared to be promising synthons 
I 

for the synthesis of 5, 6-fu.sed . pyrimidinones via 

ene/cycloaddition reactions~ For this purpose, thermolysis of 

pyrimidinones 109 was carried out. Thus, on refluxing a solution 

of 109 in dry toluene for 20-24 h, resulted in the isolation of 

isoquinolines 110, which persumably are the result of 

intramolecular [4+2] cyc1oaddition reactions involving diene 

function at C-5 and N-allyl double bond as dienophile. The 

structure 110 for these products was established on the basis of 

their analytical and spectral data. The compound 110a, for 

example, analysed for c30H27N3o2 exhibited a maolecular ion peak 

at m/z 461. Its IR spectrum showed a strong peak at 1651 -1 
em 

due to a,~-unsaturated carbonyl group. 1 The H NMR spectrum of 

110a showed, apart from aromatic protons, the presence of methoxy 

proton (o 3.79), two olefinic protons as multiplets (o 5.62-5.67 

and o 6.04-6.08) and a series of multiplets for various methine 

and methylene protons which were assigned on the basis of proton 

decoupling experiments (see experimental section}. Its 13c NMR 

spectrum also attest to the assigned structure 110. 

Interestingly, thermolysis of pyrimidinone 109 in refluxing 

xylene for 2-3 h and subsequent purification' by column 

chromatography resulted in the fromation of crystelline products 

111 (Scheme 32), the ~tructures of which could not be established 

. 1 13 
on the basis of available IR, mass, H NMR and C NMR spectral 

data. The IR spectrum of 11la, for example, showed a strong peak 

at 1657 cm-l indicating the presence of a,~-unsaturated carbonyl 
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group of pyrimidinone ring and its mass spectrum exhibited a 

(M++l) peak at m/z 432. The detailed examination of the 1H NMR 

spectrum of llla, showed the absence of dienyl proton signals, 
' 

indicating the involvement of 5-dienyl function in the formation 
1 

of product. Also, the presence of free N-allyl group is 

indicated by the signals for two terminal methy~ene protons (o 

5. 15; J = 10. 3 Hz, lH and o 5. 2 4; d, J = 17. 2 Hz, with fine 

splitting), a methine proton (o 6.06; dddd, J = 17.2, 10.3, 5.2 

and 5.2 Hz) and two methylene protons (o 4.72: dq, J = 16.5 and 

5. 2 Hz) . This indicated the possible participation of 5-dienyl 

and 6~(N-phenyl} group in the cyclisation. But the presence of 

all 15 aromatic protons again seem to rule out this possibility. 

Further, the spectrum indicated the presence of two methyl group 

signals, a doublet at o 1.07 (J = 6.8 Hz) and a singlet at o 

1.68. The spectrum also exhibited the presence of three more 

methine protons signals, a multiplet (o 2.85-2.90), a doublet (o 

5.84, J = 15.5 Hz) and a doublet of doublet (o 6.67, J = 15.5 and 

8.7 Hz). All these signals taken together were so confusing that 

none of the possible structures deduced for this transformation 

could satisfy the observed 1H NMR spectral features. 13c NMR 

spectra of lll also could not help in deducing. the actual . -, 

structure. Thus, in order to firmly establish the structure it 

is planned to have the X-ray crystallography data for these 

products. 

It has recently been reorted that [4+2] cycloaddition 

reactions of 1-ary1-4-methy1thio-2-pheny1-4-secondaryamino-1,3-
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diaza-1,3-butadienes 11 with haloketenes accompanied an 

interesting 1,2-SMe shift to result in various 5-methylthio 

. 'd. 39 pyr1m1 1nones . In continuation of our pursuits directed 

towards the construction of functionalised fused pyrimidinones 

and to further confirm and exploit this interesting 

rearrangement, we have carried out the reactions of various (N-

a11yl-N-aryl)amino-1,3-diaza-1,3-butadienes 95 with chloroketene. 

Thus, the reaction of 95 with chloroketene, generated in situ 

from chloroacetyl chloride and triethylamine in methylene 

chloride, resulted as expected, in various l-aryl-6-[N-ally1-N-

aryl)amino-5-methylthio-2-phenyl pyrimidin-4(3H)-ones 114 (Scheme 

33) The formation of pyrimidinones 114 was assumed to follow an 

ide n t i c a l p at h way a s o b s e r v e d in the r e act ions o f l , 3 -

diazabutadienes 11 with haloketenes 39 . Thus, initially formed 

[4+2] cycloadduct 112, as an intermediate, is transformed into an 

episulfonium intermediate 113 followed by the rearrangement of 

113 to yield pyrimidinones 114 (Scheme 33) . Clearly, the 

preferential migration of methylthio group requires a trans 

arrangement of chloride and methylthio groups in intermediate 

112. This intermediate with desired stereochemical rearrangement 

is obtained either through highly stereoselctive [4+2] 

cyc1oaddi tion or more probably via the equilibration through a 

zwitterionic intermediate. 

The structures of pyrimidinones 114 were deduced on the 

basis of analytical and spectral data. Compound 114a, for 

example, analysed for c26H23 N3os showed a molecular ion peak at 
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m/z 425. Its IR spectrum exhibited a strong band at 1657 cm-l 

characteristic of a,~-unsaturated carbonyl group. 1H NMR sectrum 

of 114a showed, in addition to aromatic protons, the presence of 

signals for both methylthio (o 2.15) and N-allyl functions. Its 

13c NMR spectrum was also in perfect aqreement with the assigned 

structure 114a. 

It was thought that the pyrimidinones 114 could easily be 

converted to 1,4-thiazines which over the years have proved to be 

of great biological importance 91 . Recently, various 1, 4-

thiazines have been found to exhibit antimicrobial activity92 , 93 . 

In view of the reported biological importance of 1, 4-thiazines 

and especially fused 1,4-thiazines, it was through worthwhile to 

devise suitable strategies for the synthesis of pyrimidinone 

fused 1,4-thiazines. Thus, stirring a solution of 114 in 

methylene chloride with I 2 resulted in the formation of desired 

pyrimidinone fused 1, 4-thiazines 115 (Scheme 33) . The products 

were characterised as 3,8-diaryl-6-iodomethyl-3,7,8-trihydro-2-

phenylpyrimido[5,4-b]-1,4-thiazine-4-ones 115 on the basis of 

1 13 their mass, IR, H NMR and C NMR spectral data. The product 

115a, for example, analysed for c26H
22

N3o
2
si showed a molecular 

ion peak at m/z 567. Its IR spectrum exhibited a strong peak at 
I 

-1 1 1649 em due to a,~-unsaturated carbonyl group H NMR spectrum 

of 115a showed, in addition to aromatic proton signals, a singlet 

for methoxy protons (o 3.82), a multiplet (o 3.53-3.75) 

comprising of a methine -cH
2
-I and a multiplet (o 4.30-4.34) for 

- N-cH
2 

-protons. Its 13c NMR spectrum exhibited in addition to 
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other carbon signals, a signal at i5 7.1 characteristic of 

methylene attached to Iodo group and further confirmed the 

assigned structure 115a. 

Continuing this area of study we have synthesised some 

N-cinnamoyl-1,3-diazabutadienes 116 and carried out their 

reactions with chloroketene. Various 1-aryl-4-(N-aryl-N-

cinnamoyl)amino-4-methylthio-2-phenyl-1,3-diaza-1,3-butadienes 

116 could easily be synthesized by treating N-arylamino-1,3-

diazabutadienes 43 with cinnamoyl chloride in methylene chloride 

in the presence of pyridine {Scheme-34) and were well 

characterised with the help of their analytical and spectral 

data. 

The treatment of 116 with chloroketne followed a reaction 

route similar to the reaction of 95 with chloroketene i.e. the 

formation of episulphenium intermediate 118 from the initially 

fromed [4+2] cycloadduct intermediate 117, and subsequent 

elimination of -HCl to give 1-aryl-6-(N-aryl-N-cinnamoyl)amino-5-

methylthio-2-phenylpyrimidin-4{3H}-ones 119 (Scheme 34). The 

pyrimidinone strtucture 119 was deduced on the basis of 

analytical and spectral evidences. The IR spectrum of 119a 

showed sharp absorption bands at 1644 and 1670 cm- 1 · due to a,~-
.' 

unsaturated carbonyl groups of pyrimidinone ring and cinnamoyl 

group respectively. Its 1H NMR spectrum showed the presence of 

signals for aromatic protons, singlets for methyl protons (i5 

2.41) and methylthio protons (i5 2.52) ~ and two identical doublets 

at i5 6.40, J = 15.9 and i5 7.68, J = 15.9 for olefinic protons of 
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cinnamoyl group. The structure 119 was further supported by 
13

c 

NMR and mass spectral data. 

The halo cyclisation of 6- (N-aryl-N-cinnamoyl) amino-5-

methylthiopyrimidinones 119 was attempted with Br 2 /I 2 in 

methylene chloride, but unfortunately the reaction did not take 

place and hence no product could be isolated from these reactions 

(Scheme 34). 

In conclusion, a suitable method was developed for the 

synthesis of (N-allyl-N-aryl)amino-1,3-diaza-1,3-butadienes 95 

and their reactions with various ketenes offer an easy access to 

various functionalised pyrimidinones. Careful manipulation of 

the functionalities present in these pyrimidinones led to the 

development of convenient routes for the synthesis of possibly 

biologically and medicinally important, heterocycle/benzo-fused 

pyrimidinones. 

Experimen~al Sec~ion 

Melting points were determined with a Toshniwal melting 

point apparatus and are uncorrected. IR spectra were recorded in 

a Perkin-Elmer 983 Infrared Spectrophotometer. 1H NMR were 

recorded in deuteriochloroform, with a Varian 390 · ( 90 MHz) and 
. ' 

Burker AC-F 300 (300 MHz) Spectrometer using TMS as internal 

standard. Chemical shifts are expressed as o ppm down field from 

TMS and J values are in Hz. Splitting patterns are indicated as 

s: singlet, d: doublet, t: triplet, m: multiplet, q: quartet and 

13 br: broad peak. C NMR spectra were also recorded in Bruker AC-F 
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300 in deuteriochloroform using TMS as internal standard. Mass 

spectra were obtained by electron impact at 70 eV. Elemental 

analysis were performed on a Heraeus CHN-0-Rapid Elemental 

Analyser. 

Starting Materials 

1,3-Diaza-1,3-butadienes 34 and a-chlorooxime of p-

methylacetophenone 76 were prepared by the reported procedures. 

Chloroacetyl chloride used was commercially available. 

Preparation of crotonyl chloride/3,3-dimethylacroyl chloride: An 

equimolar amount of thionyl chloride was added dropwise at room 

temperature to the crotonic acid/3, 3-dimethylacrylic acid. The 

acid immediately goes into solution accompanied by strong 

effervesce. After about 1.5-2 h, when the effervesce ceased, the 

reaction mixture was reluxed on water bath for 5-10 min to ensure 

complete elimination of HCl. The acid chloride thus obtained 

were used directly for these reactions. 

Preparation of sorbyl chloride: Equivalent amounts of sorbic acid 

(5.0 g, 45 mmol) and thionyl chloride (5.3 g, 3.3 ml, 45 mmol) 

were refluxed in dry toluene (20 ml) for 2.5-3 h. The solvent was 

removed under reduced pressure and the sorbyl chloride thus 

obtained was further purified by distillation under reduced 

pressure: yield 4.90 g (84%): bp (observed 75 °C, 20 mm; lit. 94 

. 7 5 o C , 2 0 mm ) . 
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Reactions of 1,3-Diaza-1,3-butadienes 10 and 11 with Ketenes: 

General procedure for pyrimidinones (62): To a well stirred 

solution of 1, 3-diaza -1 I 3-butadiene ( 4 mmol) and triethylamine 

(lg, 10 mmol) in dry methylene· chloride (30 ml) I was added 

dropwise, a solution of crotonyl chloride/3,3-dimethylacroyl 

chloride (6 mmol) in dry methylene chloride (30 ml) over a period 

of 1.5-2 h at room temperature. After completion of the reaction 

(tlc), the reaction mixture was washed several times with water 

( 5 x 50 ml) and the organic layer dried over anhydrous sodium 

sulfate. Removal of solvent under reduced pressure yielded the 

crude product, which was purified by silica gel column 

chromatography using 1:10 ethyl acetate:hexane mixture. 

6-Dimethylamino-2,3-diphenyl-5-isopropenylpyrimidin-4(3E0-one 

(62a): Yield 94%; mp l96-197°C; IR (KBr) v 1654 cm-l (C=O). 1H 

NMR (90 MHz) o 2.13 (s, 3H, -CH3 ); 3.13 (s, 6H,-N(CH3 ) 2 ); 5.03 

(br s, lH, Ha); 5.33 (br s, lH, Hb); 7.15-7.41 (m, lOH, arom). ms 

+ m/z: 331 (M ). Anal. Calcd for c 21H21N30: C, 76.11; H, 6.39; N, 

12.68. Found: C, 76.05; H, 6.34; N, 12.60. 

2,3-Diphenyl-5-isopropenyl-6-pyrrolidinopyrimidin-4(3E0-one 

-1 1 (62b}: Yield 93%; mp 221-222°C; IR (KBr) ')) 1652 em (C=O). H 
'' 

NMR (90 MHz) o 1.85-2.05 (m, 4H, -CH2 -cH2-); 2.16 (s, 3H, -CH3 ); 

3.51-3.75 (m, 4H, -c~2 -N-CH2 -): 4.91 (br S1 lH, Ha): 5.39 (br s, 

+ lH, Hb); 7.17-7.47 (m, lOH, arom). ms m/z: 357 (M). Anal. Calcd 

for c 23H23 N3o : C, 77.28; H, 6.49; N, 11.75. Found: C, 77.15; H, 

6.48; N, 11.69. 
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2,3-Diphenyl-5-isopropenyl-6-piperidinopyrimidin-4(3h0-one (62c): 

Yield 90%: mp 179-180°C. IR (K~r) V 1649 cm-l (C=O). 1H NMR (300 
' 

MHz) o 1.64 {br s, 6H, -CH2-CH
2

-cH
2
-): 2.10 (s, 3H, -CH3 ); 3.56 

(br s, 4H, -cH2-N-CH2->: 5.07 (br s, lH, Ha): 5.24 (br s, lH, 

Hb): 7.10-7.26 (m, lOH, arom). 13c NMR (75.5 MHZ) o 22.29 (-CH3 ); 

24.70 (-CH2-): 25.88 (2 X -CH2-); 48.27 (-CH2-N-CH2-), 101.30 (C-

5) , 116 . 6 0 ( = CH 2 ) , 12 7 . 50 , 12 7 . 6 5 , 12 8 • 3 3 , 12 9 • 12 , 12 9 . 15 , 

135.34, 137.87 (aromatic): 140.02 (-C=): 154.42 (C-6): 158.11 (C-
• 

+ 2) and 162.35 (C-4). ms m/z:37l (M ). Anal. Caled for c
24

H25N3o 

: C, .77.60; H, 6.78; N, 11.31. Found: C, 77.56; H, 6.77; N, 

11.22. 

2,3-Diphenyl-5-isopropenyl-6-morpholinopyrimidin-4(3h0-one (62d): 

Yield 89%: mp l86-187°C: IR (KBr) v 1654 em -l (C=O). 1H NMR (90 

MHz) o 2.13 (s, 3H, -cH3 ); 3.60-3.88. (br s, 8H, morpholine): 

5.18 (br s, lH, Ha): 5.33 (br s, lH, Hb): 7.17-7.50 (m, lOH, 

+ arom). ms m/z: 373 (M ) . Anal. Calcd for c 23H23 N3o2 : C, 73.97; H, 

6.21: N, 11.25. Found: C, 73.83: H, 6.18: N, 11.23. 

5-Isopropenyl-3-(4-methylphenyl)-2-phenyl-6-piperidinopyrimidin-

4 (3h0 -one (62e): Yield 93%: mp 199-201 oc: IR (KBr) v 1645 em -l 

- 1 (C-0). H NMR (90 MHz) o 1.57-1.73 (br s, 6H, -CH2 -cH
2

-cH2-): 

2.10 (s, 3H, -CH3 ): 2.30 (s, 3H, -CH
3

): 3.50-3.70 (br s, 4H, -

CH 2-N-CH2-); 5.13 (br s, lH, Ha); 5.30 (br s, lH, Hb): 7.09-7.47 

+ ·em, 9H, arom). ms m/z: 385 (M ). Anal. Calcd for c 25H27N3o: C, 

77.89; H, 7.06: N, 10.90. Found: C, 77.85: H, 7.06: N, 10.80. 
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5-Isopropenyi-3-(4-methylphenyl)-6-morpholino-2-phenylpyrimidin-

4(3Jn-one (62f): Yield 91%; mp 198-199.5°C. IR (KBr) v 1651 em-! 

(C=O). 1H NMR (90 MHz) o 2.09 [s, 3H, -CH3 ]; 2.30 (s, 3H,-CH3 ): 

3.50-3.87 (br s, 8H, morpholine): 5.10 (br s, lH, Ha); 5.30 (br 

s, lH, Hb); 6.93-7.47 (m, 9H, arom). ms m/z: 387 (M+). Anal. 

Caled for c 24H25 N3 o2 : C, 74.39; H, 6.50; N, 10.84. Found: C, 

74.31; H, 6.47; N, 10.71. 

6-Dimethylamino-2,3-diphenyl-5-vinylpyrimidin-4(3E0-one (62g): 

Yield 90%; mp 156-157°C; IR (KBr) V 1658 em-! (C=O). 1H NMR (90 

MHz) o 3.17 [S, 6H, -N(CH3 ) 2 J; 5.40 (dd, J = 11.4 and 2.5, lH, 

Ha); 6.~0 (dd, J 17.5 and 2.5, lH, Hb); 6.67 (dd, J = 17.5 and 

+ 11.4, lH, H); 7.13-7.47 (m, lOH, arom). ms m/z: 317 (M). Anal. 
I 

Calcd for c 20 H19 N30: C, 75.69; H, 6.03; N, 13.24. Found: C, 

75.51; H, 6.02; N, 13.18. 

2,3-Diphenyl-6-pyrrolidino-5-vinylpyrimidin-4(3H)-one (62h): 

Yield 95%; mp 199-200°C. IR (KBr) ')} 1653 em -l (C=O). 1H NMR (90 

MHz) o 1.83-2.01 (m, 4H, -cH2 -cH2 -); 3.53-3.80 (m, 4H, -CH
2

-N­

CH2-); 5.40 (dd, J = 11.4 and 2.3, lH, Ha); 5.73 (dd, J = 17.5 

and 2.3; lH, Hb); 6.77 (dd, J = 17.5 and 11.4, lH, H); 7.12-7.49 

(m, lOH, arom) . ms m/z: 343 (M+) . Anal. Calcd. for c22H21 N3o: C, 

76.94; H, 6.16; N, 12.24. Found: C, 76.77; H, 6.14; N, 12.24. 

2,3-Diphenyl-6-piperidino-5-vinylpyrimidin-4(3H)-one (62i): Yield 

88%; mp 163-164°C. IR (KBr) V 1650cm-l (C=O). 1H NMR (300 MHz) o 

1.75 (br s, 6H, -CH2-cu2-cu2-); 3.55 (br s, 4H, -CH2-N-CH
2
-); 

5 . 3 3 ( dd, J = 11 . 5 and 2 . 8 , lH, Ha) ; 6 . 21 ( dd J = 17 . 6 and 2 . 8 , 
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lH, Hb): 6.41 (dd, J = 11.5 and 17.6, lH, H): 7.10-7.23 (m, lOH, 

arom). 13c NMR (75.5 MHz) o 24.65 (-CH2 -); 26.27 (2 X -CH2 ->: 

49.99 (-CH
2

-N-CH
2
->: 98.62 (C-5); 115.41 (=CH2 ); 127.57, 127.90, 

128.55, 129.10, 129.17, 129.22, 129.58, 135.15, 137.83 (arom); 

129.17 (-C=): 154.39 (C-6): 161.05 (C-2): 162.41 (C-4). ms m/z: 

+ 357 (M ) . Anal. Caled for c23H23N30: C, 77.28; H, 6.49; N, 11.75. 

Found: C, 77.23; H, 6.47; N, 11.6~. 

2,3-Diphenyl-6-morpholino-5-vinylpyrimidin-4(3E0-one (62j): Yield 

90%; mp 180-182°C; IR (KBr) 111651 em -l (C=O). 1H NMR (90 MHZ) o 

3.53-3.90 (m, BH, morpholine); 5.43 (dd J = 11.3 and 2.6, lH, 

Ha): 6.23 (dd, J = 17.6 and 2.6, lH, Hb); 6.53 (dd, J = 17.6 and 

11.3 lH, H); 7.13-7.47 (m, + lOH, arom). ms m/z: 359 (M ). Anal. 

Caled for c22 H21 N3 o2 : C, 73.52; H, 5.89; N, 11.69. Found: C, 

73.42; H, 5.87; N, 11.63. 

3-(4-Methylphenyl)-2-phenyl-6-piperidino-5-vinylpyrimidin-4(3E0-

one (62k): Yield 93%; mp 177-178°C; IR (KBr)v 1641 em-l (C=O}. 

1 H NMR (90 MHZ) o 1.60-1.77 (br s, 6H, -CH2 -cH2 -cH2 -); 2.33 (s, 

3H, -CH3 ); 3.50-3.67 (br s, 4H, -CH2-N-CH2-): 5.38 (dd, J = 11.6 

and 2.5, lH, Ha); 6.23 (dd, J = 17.7 and 2.5, lH, Hb); 6.60 (dd, 
. ' 

J = 17.7 and 11.6, lH, H); 7.10-7.47 (m, 9H, arom). ms m/z: 371 

+ (M ) . Anal. Caled for c 24H25 N30: C, 77.60; H, 6.78; N, 11.31. 

Found: C, 77.49: H, 6.78: N, 11.23. 

3-(4-Methylphenyl)-6-morpholino-2-phenyl-5-vinylpyrimidin-4(3E0-

-l one (621): Yield 89%; mp 200-202°C; IR (KBr) J 1653 em (C=O). 
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l H NMR (300 MHz) o 2.30 (s, 3H, -CH3 ); 3.56-3.59 (br s, 4H, -CH2 -

N-CH2-); 3.76-3.79 (br s, 4H, -CH2 -0-CH2-); 5.37 (dd, J = 11.6 

and 2.4, lH, Ha); 6.21 (dd, J = 17.5 and 2.4, lH, Hb); 6.42 (dd, 

13 
J = 17.5 and 11.6, lH, H); 6.99-7.27 (m, 9H, arom). C NMR (75.5 

MHz) o 21.08 (CH3 ); 49.29 (-CH2 -N-CH2 -); 66.90 (-CH2 -0-CH2 -); 

99.99 (C-5); 116.76 (=CH2 ); 127.61, 128.66, 128.96, 129.12, 

129.32, 134.95, 135.04, 137.84 (arom). 129.12 (-C=): 154.98 (C-

6); 160.45 (C-2); 162.38 (C=O). ms m/z: 373 (M+). Anal. Calcd for 

c23 H23 N3o2 : C, 73.97; H, 6.20; N, 11.25. Found: C, 73.88; H, 

6.18; N, 11.23. 
' 

2,3-Diphenyl-5-isopropenylpyrimidin-4(3H)-one (64a): Yield 75%; 

mp l42-143°C; IR (KBr) v 1668 cm-l (C=O). 1H NMR (90 MHz) o 2.21 

(s, 3H,-CH3 ); 5.35 (br s, lH, Ha); 6.05 (br s, lH, Hb); 7.19-7.55 

(m, lOH, arom): 8.21 (s, lH, olefinic). ms m/z: 288 (M+). Anal. 

Calcd for c19H16N2o: C, 79.14; H, 5.59; N, 9.72. Found: C, 79.04; 

H, 5.57; N, 9.69. 

2,3-Diphenyl-5-vinylpyrimidin-4(3H)-one (64b): Yield 78%; mp 137-

l390C; IR (KBr) V 1661 cm-l (C=O). 1H NMR (300 MHz) o 5.45 (dd, 

J = 11.4 and 1.7, lH, Ha); 6.35 (dd, J = 17.6 and 1.7, lH, Hb); 

6.66 (dd, J = 17.6 and 11.4, lH, H); 7.09-7.31 (m~· lOH, arom);. 

+ 8.10 (s, lH, olefinic). ms m/z: 274 (M ) . Anal. Calcd. for 

c18H14N2o: C, 78.81; .H. 5.14; N, 10.22. Found: C, 78.69; H, 5.14; 

N, 10.17. 

5-Isopropenyl-2-methylthio-3-phenylpyrimidin-4(3H)-one (64c): 

Yield 79%; mp 89-9l°C; IR (KBr) V 1673 cm-l (C=O). 1H NMR (90 
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MHz) o 2.13 (s, 3H, -CH3 ): 2.4p (s, 3H, -SCH3 ): 5.29 (br s, lH, 

Ha); 5'~95 (br s, lH, Hb); 7.30-7.50 (m, 2H, arom); 7.57-7.77 (m, 

+ 3H, arom); 8.05 (s, lH, olefinic). ms m/z: 258 (M). Anal. Calcd 

for c 14H14N2os: C, 65.09; H, 5.46; N, 10.84. Found: C, 64.98; H, 

5.45; N, 10.83. 

Reactions of 3-Aryl-5-isopropenyl/vinyl-2-phenyl-6-dialkyl 

aminopyrimidin-4(3H}-one 62 with Phosphorus Pentasulfide: 

General Procedure: Phosphorus pentasulfide (2.0 g, 4.5 mmol) and 

sodium carbonate (0.47 g, 4.5 mmol) were added to dry THF (30 ml) 

under dry conditions. The mixture was stirred vigorously for 15-

25 min till the contents dissolve and then the pyrimidinone 16 (4 

mmol) is added. After about 10 min, a 10% aqueous solution of 

disodium hydrogen phosphate (25 ml), ethyl acetate (20 ml) and 

hexane (20 ml) are respectively added. The aqueous layer is 

extracted with ethyl acetate (1 x 10 ml) and the organic layer is 

dried with magnesium sulfate. The removal of solvent under 

reduced pressure yielded the crude product, which was 

recrystallised form chloroform-hexane mixture. 

2,3-Diphenyl-6-piperidinopyrimidin-4(3JD-one (65a): Yield 91%; mp 

184-185°C; IR (KBr) V 1654 em -l (C=O). 1H NMR (300 MHz) o 1.66 

(br s, 6H, -CH2 -cH2 -cH2 -); 3.61 (br s, 4H, -CH2 -N-CH2-): 5.49 (s, 

lH, olefinic); 7.08-·7.25 (m, lOH, arom). 13c NMR (75.5 MHz) o 

24.56 (-CH2-); 25.41 (2 X -CH2-); 45.45 (-CH2-N-CH2-); 84.02 (C-

5); 127.49, 127.77, 128.46, 128.96, 129.06, 129.12, 135.47, 

137.63 (arom); 157.66 (C-6); 160.17 (C-2); 163.25 (C-4). ms m/z: 
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+ 3 31 ( M ) . An a 1 . C a 1 c d for C 21 H 2 l N 3 0 : C , 7 6 . 11 ; H , 6 . 3 8 ; N , 

12.68. Found: C, 75.97; H, 6.35; N, 12.60. 

2,3-Diphenyl-6-morpholinopyrimidin-4(3Jn-one (65b): Yield 94%; mp 

189-191°C; IR (KBr) 'Y 1657 cm-l (C=O). 1H NMR (90 MHz} o 3.43-

3.83 (m, 8H, morpholine); 

lOH, arom) . ms m/z: 333 

5.49 (s, lH, olefinic); 7.00-7.38 (m, 

+ (M ) . Anal. Calcd for c20H19N3o2 : C, 

72.05; H, 5.74; N, 12.60. Found: C, 72.00; H, 5.74; N, 12.56. 

3-(4-Methylphenyl)-6-morpholino-2-phenylpyrimidin-4(3Jn-one 

-1 1 (65c): Yield 93%; mp 212-214°C; IR (KBr) v 1673 em (C=O). H 

NMR (90 MHz) o 2.30 (s, 3H,-CH3!; 3.57-4.03 (m, 8H, morpholine); 

5.57 (s, lH, olefinic); 6.97-7.52 (m, 9H, arom). ms m/z: 347 

+ (M ). Anal. Calcd for c21~21N3 o2 : C, 72.60; H, 6.09; N, 12.09. 

Found: c, 72.47; H, 6.07; N; 11.99. 

Reac~ions of 3-Aryl-5-isopropenyl/vinyl-2-phenyl-6-dialkyl 

aminopyrimidin-4(38}-ones 62 wi~h a-Ni~rosos~yrene 68: 

General Procedure: A solution of 3-aryl-5-isopropenyl/vinyl-2-

phenyl-6-dialkyl amino-4(3H)-pyrimidinone 62 (4 mmol) and a-

chlorooxime (4.2 mmol) in dry methylene chloride (40 ml) was 

stirred at room temperature in the presence of anhydrous sodium 

carbonate (0.64 g, 6 mmol) for 24-26 h. The separated salt and 

excess of sodium carbonate were removed by filtration and the 

residue was extracted with small portions (2xl0 ml) of methylene 

chloride. The combined filtrate was washed with water (3 x 50 

ml), dried over anhydrous sodium sulfate and freed from solvent 
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under. reduced pressure. The crude mixture was then 

chromatographed over silica gel. Elution with ethyl acetate: 

hexane ( l: 10) resulted in the isolation of unreacted starting 

pyrimidinones. Further elution with ethyl acetate: hexane 

(1.5:10) in case of 5-vinyl substituted and 2.5:10 in case of 5-

isopropenyl substituted pyrimidinones resulted in the isolation 

of ,oxazine 27 and nitrone 26 derivatives respectively. 

3,4-Dihydro-5-methyl-2-(4-methylphenyl)-5-[2',3'-diphenyl-6'-

piperidinopyrimidin-4' (3'H)-onyl]-5H-pyrrole-l-oxide (7la): 

+ -Yield 21%; mp 210-2l2°C; IR (KBr) J 1662 (C:::O), 1556, 1208 (N -0 ) 

-1 1 and 1120 em H NMR (300 MHz) o 1.66 (br s, 6H,-CH2 -cH2 -cH2 -); 

2.00 (s, 3H,-CH3); 2.19-2.25 (m, lH, H-3); 2.36 (s, 3H,-CH3); 

2.71-2.81 (m, lH, H-3); 3.03-3.33 (m, 2H, H-4); 3.40 (br s, 4H, 

-CH2 -N-CH2 -); 7.14-7.32 (m, 12H, arom); 8.22-8.25 (d, J = 8.3, 

+ 2H, arom}. ms m/z: 518 (M }. Anal. Calcd for c 33H34N4o 2 : C, 

76.42; H, 6.60; N, 10.80. Found: C, 76.33; H, 6.54; N, 10.76. 

3,4-Dihydro-5-methyl-2-(4-methylphenyl)-5-[2',3'-diphenyl-6'-

morpholinopyrimidin-4' (3'H)-onyl]-5H-pyrrole-l-oxide (7lb): Yield 

23%; mp 205-207°C; IR (KBr) v 1654 (C=O), 1558, 1204 (N+ -0-) and 

-1 1 1110 em . H NMR (300 MHz} o 2.06 (s, 3H, -CH3 ); 2.17-2.26 (m, 

lH, H-3); 2.35 (s, 3H, -CH3}; 2.71-2.79 (m, lH, H-3); 3.16-3.29 

(m, 2H, H-4}; 3.54 (br s, 4H,-CH2-N-CH2-); 3.81 (br s, 4H, -CH2-

·o-cH2->:, 7.14-7.35 (m, 12H, aro'm); 8.21-8.24 (d, J = 8.3, 2H, 

13 arom). C NMR (75.5 MHz) o 21.54(-CH3 ); 25.91 (-CH3 ); 28.38 (C-

' 3); 31.33 (C-4); 51.96 (-CH2 -N-CH2-); 66.85 (-CH2 -0-CH2-); 80.43 
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(C-5); 108.15 (C-5'); 127.37, 127.70, 128.17, 128.25, 128.79, 
' 

129.31, 129.67, 134.42, 137.45, 138.05, 139.76 (aromatic); 154-95 

+ (C-2' and C-6'); 163.30 (C-2); 163.51 (C-4'). ms m/z: 520 (M ). 
I 

Anal. Calcd. for c 32 H
32

N
4
o

3
: C, 73.82; H, .6.19; N, 10.76. Found: 

C, 73.77; H, 6.17; N, 10.68.1 

5,6-Dihydro-3-(4-methylpheny1)-6-[2',3'-dipheny1-6'-piperidino 

pyrimidin-4'(3'H)-ony1]-4H-1,2-oxazine (72a): Yield 30%; mp 209-

2ll0C; IR (KBr) Y 1648 (C=O), 1510, 1407, 1006 and 892 cm- 1 • 1H 

NMR (300 MHZ) o 1.67 (br s, 6H, -CH
2

-cH
2

-cH
2
-); 1.98-2.05 (m, lH, 

H-4); 2.36 (s, 3H, -CH
3

); 2.69-2.82 (m, 2H, H-5); 3.33-3.41 (m, 

lH, H-4); 3.56-3.70 (m, 4H, -CH
2

-N-CH
2
-); 4.65-4.71 (m, 1H, H-6); 

13 7.14-7.30 (m, 12H, arom); 7.59-7.62 (d, J = 8.3, 2H, arom). C 

NMR (75.5 MHZ): 21.24(-CH
3

); 21.69 (C-4); 23.49 (C-5); 24.61 

(-CH
2
-); 26.40 (2 x CH

2
-); 50.68 (-CH

2
-N-CH

2
-); 74.31 (C-6); 

97.98 (C-5') 125.35, 127.69, 127.95, 128.51, 128.97, 129.23, 

129.47, 133.55, 135.14, 137.63, 139.03 (aromatic); 154.98 (C-6); 

+ 156.06 (C-2); 163.38 (C-3); 163.75 (C-4'). ms m/z: 504 (M ) . 

Anal. Calcd for c 32H32N4 o2 : C, 76.16; H, 6.39; N, 11.10. Found: 

C, 76.08; H, 6.37; N, 11.07. 

5,6-Dihydro-3-(4-methy1pheny1)-6-[3'-(4'-methy1pheny1)-2-pheny1-

6'-piperidinopyrimidin-4' (3'H)-ony1]-4H-1,2-oxazine (72b): Yield 

32%; mp 208-210°C; IR (KBr) y 1654 (C=O), 1514, 1418, 1015 and 

-1 1 893 em . H NMR (300 MHz) o 1.67 (br s, 6H, -CH2 -cH
2

-cH2 -l; 

1.97-2.06 (m, lH, H-4); 2.28 (s, 3H,-CH
3
); 2.36 (s, 3H, -CH3 ); 

2.69-2.83 (m, 2H, H-5); 3.34-3.43 (m, lH, H-4); 3.55-3.69 (m, 4H, 
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-CH
2

-N-CH
2
-); 4.65-4.71 (d, lH, H-6); 6.99-7.32 (m, llH, arom); 

13 7.59-7.62 (d, J = 8.2, 2H, arom). C NMR (75.5 MHz) o 21.10 

(-CH
3

) ;21.15 (-CH
3
); 21.67 (C-4); 23.50 (C-5); 24.62 (-CH

2
); 

,26.39 (2-CH
2
-); 50.69(-CH

2
-N-CH

2
-); 74.35 (C-6); 98.12 (C-5 1

); 

125.34, 127.68, 128.88, 128.96, 129.20, 129.24, 129.40, 133.56, 

134.91, 135.27, 137.76, 139.01 (aromatic); 155.00 (C-6 1
); 156.17 

+ ( c- 2 1 
) ; 16 3 . 14 ( c- 3 ) ; 16 3 • 7 9 ( C- 4 1 

) • m s m / z: 51 8 ( M ) • An a 1 • 

Calcd for c
33

H
34

N
4
o

2
: C, 76.42; H, 6.60; N, 10.80. 

76.33; H, 6.59; N, 10.76. 

Found: C, 

Reactions of 1,3-diaza-1,3-butadienes 10 with butadieny1ketene: 

General procedure for pyrimidinones (78): To a well stirred 

solution of 1,3-diaza-1,3-butadienes 10 (4.0 mmol) and 

triethylamine (1.0 g, 10 mmol) in dry methylene chloride (30 ml), 

was added dropwise, a solution of sorbyl chloride (6.0 mmol) in 
chLoride 

dry methylene~ (30 ml). A similar workup as employed for 

pyrimidinones 62 gave the crude products 78 which were purified 

by column chromatography (eluent: a mixture of EtOAc/hexane in a 

1:10 ratio). 

5-(l 1 ,3'-Butadienyl)-2-methylthio-3-phenylpyrimidin-4(3Jn-one 

(78a): Yield 86%; mp 310-312 °C; IR (KBr) V 1683 (C=O), 1480 cm-l 

1H NMR (300 MHz) o 2.44 (s, 3H, -SCH
3

), 5.15 (d, J = 10.2, with 

fine splitting, lH, J:fa), 5.29 (d, J =16.9, with fine. splitting, 

lH 1 Hb) 1 6.37-6.50 [m, 2H; consisting in at 6.40 (dl J = 15.61 

lH1 He) and 6.44 (ddd 1 J = 16.9, 10.6, 10.2, lH, He)], 7.25-7.28 

(m 1 2H, arom), 7.39 (dd, J ·= 15.6 and 10.6, lH1 Hd) 1 7.51-7.56 
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(m, 3H, arom}, 7.90 (s, lH, olefinic}. 13c NMR (75.5 MHz} o 15.3 

(-SCH
3
), 118.4 (C-4'), 119.6 (C-5}, 125.1 (C-2'}, 128.4, 129.8, 

130.1, 133.3 (C-1'), 135.8, 137.8 (C-3'), 149.7 (C-6), 160.8 (C-

+ 2}, 161.7 (C-4). ms m/z: 270 (M }. Anal. Calcd for c 15H14N2os: C, 
I 

66.64; ~. 5.22; N, 10.36. Found: C, 66.73; H, 5.18; N, 10.30. 

5-(1',3'-Butadienyl)-1,2-diphenylpyrimidin-4(3EO-one (78b): Yield 

63%; mp 109-111 °C; IR (KBr) Y 1660 (C=O), 1481 cm-1 . 1H NMR (300 

MHz) o 5.23 (d, J = 10.0, lH, Ha), 6.34-6.46 [m, 2H; consisting 

in at 5.41 (d, 17.0, lH, Hb) and 6.43 (ddd, J = 17.0, 10.3, 10.0, 

lH, He) 1, 6.58 (d, J = 15.4, lH, He), 7.13-7.37 (m, lOH, arom), 

7.74 (dd, J = 15.4 and 10.3, lH, Hd), 8.10 (s, ~H. olefinic). ms 

+ m/z: .300 (M }. Anal. Calcd for c 20H16N20: C, 79.97; H, 5.36; N, 

9.32. Found: c, 79.83; H, 5.41; N, 9.39. 

5-(1',3'-Butadienyl)-2,3-diphenyl-6-methylpyrimidin-4(3EO-one 

(78c): Yield 89%; mp 114 °C; IR (KBr) V 1656 (C=O), 1480 cm-l 1H 

NMR (300 MHz) o 2.55 (s, 3H, -CH3 ), 5.18 (d, J = 10.1, lH, Ha}, 

5.34 (d, J = 16.9, lH, Hb), 6.44-6.60 [m, 2H; consisting in at 

6.50 (ddd, J = 16.9, 10.5 and 10.1, lH, He) and 6.58 ( d I J = 

15.5, lH, He) 1 , 7.10-7.35 (m, lOH, arom), 7 .·73 (dd, J = 15.5 and 

10.5, lH, Hd). 13c NMR (75.5 MHz) 0 22.4 (-CH
3

) ,:,'118.6 (C-5), 

118.8 ( C-4 I ) I 124.4 (C-2'), 127.9, 128.5, 128.7, 129.0, 129.1, 

129.5, 134.7,136.2 (C-1'), 137.4,138.5 (C-3'), 155.5 (C-6), 

'159.1 (C-2), 161.0 (C-4). 

Anal. Calcd for c 21H18N20: 

80.35; H, 5.72; N, 8.97. 

+ ms m/z: 314 (M), 271, 196, 180, 77. 

c, 80.23: H, 5.77: N, 8.91. Found: C, 
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Reactions of 1, 3-diaza -1, 3-butadienes 11 with butadieny1ketene: 

General procedure for pyrimidinoes (80/82): A similar procedure 

as employed for pyrimidinones 78, yilded the crude product 

consisting in a mixture of 80 and 82 which were separated by 

column chromatography on silica gel. Elution with a mixture of 

EtOAc/hexane (l: 49) for about 5-6 h resulted initially in the 

separation of pure 80, then a mixture of 80 and 82, and finally 

pure 82. (The overall yield in these reactions is about 80-90%, 

but because of very close Rf values of the products 80 and 82, 

the separation by column chromatography was accompanied by the 

loss of the individual products. 
I 

5-(1',3'-Butadienyl)-6-dimethylamino-2,3-diphenylpyrimidin-4(3E0-

one (80a): Yield 29%; mp 135-137 °C; IR (KBr) ~ 1649 (C=O), 1517, 

-1 l 1473, 1391 em . H NMR (300 MHz) 5 3.14 [s, 6H, N(CH
3

)
2

J, 5.01 

(d, J = 10.1, with fine splitting, lH, H-4'), 5.22 (d~ J = 16.9, 

with fine splitting, lH, H-4'), 6.41-6.55 [m, 2H; consisting in 

at 6.43 (d, J = 15.5, lH, H-1') and 6.47 (ddd, J = 16.9, 10.5 and 

10.1, lH, H-3')], 7.11-7.31 (m, llH, H-2' and arom). 13c NMR 

(75.5 MHz) 5 41.3 [N(CH
3

) 2 J, 96.9 C-5), 115.2 {C-4'), 126.6 (C-

2'), 127.7, 128.0, 128.7, 129.1, 129.3, 129.5, 130.5 (C-1'), 

135.0, 137.8, 139.0 (C-3'), 153.9 (C-6), 161.1 (C-2), 162.5 (C-

4). ms m/z: 343 (M+, 17%), 315 (4%), 300 (4%), 271 (2%), 180 

(76%), 104 (5%), 77 (98%). Anal. Calcd for c
22

H
21

N
3
0: C, 76.94: 

H, 6.16; N, 12.23. Found: C, 77.05; H, 6.12; N, 12.29. 
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6-Dimethylamino-2,3-diphenyl-5-(3'-methylthiobut-1'-en-yl) 

pyrimidin-4 (3H) -one ( 82a): Yield 41%; mp 112-113 °C; IR (KBr) 
I 

V 1637' (C=O), 1548, 1517, 1473, 1390 cm- 1 . 1H NMR (300 MHZ) o 

1.42 (d, J = 6.8, 3H, -CH
3
,), 2.04 (s, 3H, -SCH

3
), 3.11 [s, 6H, 

-N(CH
3

>
2

J; 3.36-3.47 (m, lH, H-3'); 6.33-6.38 (m, 2H, olefinic); 

7.09-7.30 {m, lOH, arom). 13c NMR {75.5 {MHz) o 14.2 {-SCH3 }; 

2 0 . 8 ( - CH 3} ; 41 . 2 [ - N ( CH 3} 2 J , 4 5 • 3 ( c-3 I } , 9 6 . 4 ( c- 5} , 12 2 • 8 ( c-

2 1
), 127.6, 127.9, 128.6, 129.1, 129.2, 129.3, 133.0 (C-1 1

}, 

135.0, 137.8, 153.8 (C-6), 160.7 (C-2), 162.7 (C-4). ms m/z: 391 

(2%), 314 (4%); 180 (45%), 77 (98%). Anal. Calcd for c
23

H
25

N
3
os: 

C, 70.55; H, 6.43; N, 10.73. Found: C, 70.70; H, 6.39; H, 10.81. 

5-(1',3'-Butadienyl)-2,3-diphenyl-6-piperidinopyrimidin-4(3Jij-

one (80b): Yield 31%; mp 163-164°C; IR (KBr} V 1651 (C=O}, 1545, 

-1 1 1507, 1486, 1428 em • H NMR (300 MHz) o 1.70 (brs, 6H, -CH
2

-

CH2-cH2-}, 3.57 (br s, 4H, -CH
2

-N-CH
2
-}, 5.03 (d, J = 10.1, lH, 

H-4 1
), 5.23 (d, J = 16.9, lH, H-4 1

), 6.33 (d, J = 15.5, lH, 

H-1 1
), 6.49 (ddd, J = 16.9, 10.6 and 10.1, lH, H-3'), 7.12-7.31 

(m, lOH, arom}, 7.47 (dd, J = 15.5 and 10.6, lH, H-2 1
). 

13c NMR 

{75.5 MHz) o 24.7 (-CH
2
-), 26.4 (2 x -CH

2
-), 50.2 (-CH

2
-N-CH

2
-), 

9 8 o 6 ( C - 5 ) r 115 o 5 ( C- 4 I ) r 12 6 o 5 ( c - 2 I ) r 12 7 o 7 t .12 8 o 1 r 12 8 o 7 t 

129.1, 129.3, 129.4, 130.9 (C-1 1
), 135.1, 137.9, 139.2 (C-3 1

), 

+ 154.2 (C-6), 161.2 ~C-2), 162.6 (C-4). ms m/z: 383 {M } • Anal. 

Calcd for c 25 H25 N
3
o: C, 78.30; H, 6.57; N, 10.95. Found: C, 

78.38; H, 6.55; N, 11.03. 
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2,3-Diphenyl-5-(3'-methylthiobut-1'-en-yl)-6-piperidino-

pyrimidin-4(3H)-one (82b): Yield 26%; mp 101-102 °C; IR (KBr) 

v 1649 (C=O) , 1545, 1518, 1469, 1390 em -l. 1H NMR ( 300 MHz) o 

1.42 (d, J = 6.8, 3H, -CH
3

), 1.69 (br s, 6H, -CH
2

-cH
2

-cH
2
-), 2.06 

(s, 3H, -SCH
3

), 3.37-3.48 (m, lH, H-3'), 3.57 (br s, 4H, -CH
2

-N­

I 
CH

2
-), ,6.24 (d, J = 15.7, lH, H-1'), 6.65 (dd, J = 15.7 and 8.5, 

lH, H-2'), 7.09-7.33 (m, lOH, arom). ms m/z: 431 (M+). Anal. 

Caled for c
26

H
29

N
3

0S: C, 72.35; H, 6.77; N, 9.73. Found: C, 

72.42; N, 6.71; N, 9.63. 

5-(1',3'-Butadieny1)-2,3-dipheny1-6-morpho1inopyrimidin-4(3H)-one 

(80e): Yield 30%; mp 133-134 °C; IR (KBr) v 1661 (C=O), 1541, 

-1 1 
15 0 4 , 14 8 4 em . H NMR ( 3 0 0 MHz ) o 3 . 59- 3 . 6 2 ( m , 4H, - CH

2
- N-

CH2 -~, 3.80-3.83 (m, 4H, -CH
2

-0-CH
2
-), 5.07 (d, J = 10.0, lH, H-. 

4'), 5.25 (d, J = 16.9, lH, H-4'), 6.33 (d, J = 15.6, lH, H-1'), 

6.48 (ddd, J = 16.9, 10.7 and 10.0, lH, H-3'), 7.12-7.33 (m, lOH, 

arom), 7.46 (dd, J = 15.6 and 10.7, lH, H-2'). 13c NMR (75.5 MHZ) 

o 49.4 (-CH
2

-N-CH
2
-), 67.1 (-CH

2
-0-CH

2
-), 99.6 (C-5), 116.5 (C-

4'), 125.5 (C-2'), 127.8, 128.3, 128.8, 129.0, 129.3, 129.6, 

132.2 (C-1'), 134.8, 137.6, 138.8 (C-3'), 154.2 (C-6), 160.6 (C-

+ 2), 162.5 (C-4). ms m/z: 385 (M ) . Anal. Caled for c
24

H
23

N
3
o

2
: C, 

74.78; H, 6.01; N, 10.90. Found: C, 74.74; H, 6.05; N, 10.85. 

2,3-Diphenyl-5-(3'-methy1thiobut-1'-en-y1)-6-morpho1ino-

pyrimidin-4(3H)_-one (82e): Yield 33%; mp 116-117.5 °C; IR (KBr) 

V 1660 (C=O), 1548, 1507, 1487 em- 1 . 1H NMR (300 MHz) o 1.42 (d, 

J = 6.9, 3H, -CH
3

), 2.05 (s, 3H, -CH
3

), 3.34-3.45 (m, lH, H-3'), 
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3.57-3.60 (m, 4H, -CH
2

-N-CH
2
-), 3.79-3.82 (m, 4H, -CH

2
-o-cH2 -), 

6.26 (d, J = 15.8, 1H, H-1'), 6.66 (dd, J = 15.8 and 8.5, 1H, H-

2'), 7.11-7.33 (m, 10H, arom). 13 c NMR (75.5 MHz) ~ 14.1 (-SCH3 ), 

20.7 (-CH3) I 45.2 (C-3'), 49 2 (-CH2-N-CH2-), 67.0 (-CH2-0-CH2-), 

99.8 (C-5), 122.0 (C-2'), 127.8, 128.2, 128.8, 129.0, 129.2, 

129.6, 134.6 (C-1'), 134.8, 137.7, 154.7 (C-6), 160.4 (C-2), 

162.7 (C-4). ms m/z: 433 (M+, 6%), 386 (98%), 358 (22%), 344 

(10%), 326 (5%), 298 (6%), 225 (5%), 180 (100%), 77 (88%). Anal. 

Calcd for c 25 H27 N3 o
2
s: C, 69.25; H, 6.27; N, 9.69. Found: C, 

69.31; H, 6.24; N, 9.77. 

5-(1',3'-Butadienyl)-3-(p-methylphenyl)-2-phenyl-6-piperidino-

pyrimidin-4 (3H) -one (SOd}: 

y 1652 (C=O), 1548, 1507, 

(br s, 6H, -CH
2

-cH
2

-cH
2
-), 

-CH
2

-N-CH
2
-), 5.02 (d, J = 

Yield 

1488 

2.29 

10.1, 

36%; mp 156-158 oc; IR (KBr) 

-1 lH NMR (300 MHZ) 0 1.69 em 

( s, 3H, -CH
3

) , 3.55 (br s, 4H, 

with fine splitting, lH, H-4'), 

5.22 (d, J = 16.9, with fine splitting, lH, H-4'), 6.32 (d, J = 

15.4, with fine splitting, lH, H-1'), 6.47 (ddd, J = 16.9, 10.7 
I 

and lO.J, lH, H-3'), 7.00 (d, J = 8.4, with fine splitting, 2H, 

arom), 7.08 (d, J = 8.4, with fine splitting, 2H, arom), 7.14-
' 

7.32 (m, 5H, arom), 7.46 (dd, J = 15.5 and 10.7, with fine 

splitting, lH, H-2'). 13c NMR (75.5 MHz) ~ 21.1 (-CH
3

), 24.7 (­

CH2-), 26.4 (2 x -CH
2
-), 50.2 (-CH

2
-N-CH

2
-), 98.7 (C-5), 115.4 

(C-4'), 126.6 (C-2'), 127.7, 128.8, 129.3, 129.4, 130.8, 132.1 

(C-1'), 135.19, 135.22, 138.0, 139.2 (C-3'), 154.3 (C-6), 161.2 

(C-2), 162.7 (C-4). ms m/z: 397 {M+). Anal. Calcd for c
26

H
27

N
3

o: 

C , 7 8 • 56 ; H 1 6 • 8 4 ; N 1 1 0 • 57 • Found : C 1 7 8 • 6 4 ; H , 6 • 8 2 ; N I 1 0 • 50 • 
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3-(p-Methylphenyl)-5-(3'-methylthiobut-1'-en-yl)-2-phenyl-6-

piperidinopyrimidin-4(3E0-one (82d): Yield 28%; mp 101-103 °C; IR 

(KBr) v 1653 (C=O), 1548, 1515, 1481 cm-l. 1H NMR (300 MHZ) o 

1.41 (d, J = 6.8, 3H, -CH3 ), 1.70 (m, 6H, -CH2 -cH2 -cH2 -), 2.27 

(s, 3H, -CH3 ), 3.36-3.47 (m, lH, H-3'), 3.56 (br s, 4H, -CH2 -N­

CH2-), 6.25 (d, J = 15.8, lH, H-1'), 6.64 (dd, J = 15.8 and 8.5, 

lH, H-2'), 7.04 (d, J = 8.4, with fine splitting, 2H, arom), 7.09 

(d, J = 8.4, with fine splitting, 2H, arom), 7.14-7.30 (m, 8H, 

+ arom). ms m/z: 445 (M ) • Anal. Calcd for c 27H31N3os: C, 72.77: H, 

7.01; N, 9.43. Found: C, 72.69; H, 6.98; N, 9.49. 5-(1',3'-5-

(1',3'-Butadienyl)-3-(p-methylphenyl)-6-morpholino-2-phenyl-

pyrimidin-4(3E0-one (80e): Yield 39%; mp 180-181 °C: IR (KBr)· 

\!1652 (C=O), 1550, 1507 cm-l; 1H NMR (300 MHz) o 2.29 (s, 3H, 

-CH3 ), 3.57-3.61 (m, 4H, -CH2 -N-CH2 -), 3.78-3.82 (m, 4H, -CH2 -o­

CH2->, 5.06 (d, J = 10.0, lH, H-4'), 5.24 (d, J =16.8, lH, H-4'), 

6.31 (d, J = 15.6, lH, H-1'), 6.46 (ddd, J = 16.8, 10.6 and 10.0, 

lH, H-3'), 7.00 (d, J = 8.4, 2H, arom), 7.09 (d, J = 8.4, 2H, 

arom), 7.17-7.30 (m, 5H, arom), 7.45 (dd, J = 15.6 and 10.6, lH, 

H-2'). 13c NMR (75.5 MHZ) o 21.1 (-CH3 ), 49.4 (-CH2 -N-CH2 -), 66.9 

(-CH2 -o~cH2 -), 100.1 (C-5), 116 .. 4 (C-4'), 125.4 (C-2'), 127.7, 

128.6, 129.2, 129.4,132.1 (C-1'), 134.9, 138.1,138.8 (C-3'), 

+ 154.7 (C-6), 160.5 C<;!-2), 162.5 (C-4). ms m/z: 339 (M , 6%), 358 

(7%), 314 (3%), 225 (7%), 194 (43%), 104 (19%), 91 (99.8%), 77 

(32%). Anal. Calcd for c 25H
25

N3o 2 : C, 75.16; H, 6.30; N, 10.52. 

Found: c, 75.07; H, 6.35; N, 10.58. 
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5-(3'-methylthiobut-1'-en-yl)-3-(p-methylphenyl)-6-morpholino-

I pyrimidin-4(3H)-one (82e): YielEl 32%; mp 130-132 °C; IR (KBr) y 
I 

1667 (C=O), 1550, 1512, 1487 cm-1 : 1H NMR (300 MHz) o 1.41 (d, J 

= 6.8, 3H, -CH3 ), 2.05 (s, 3H, -SCH3), 2.29 (s, 3H, -CH3 ), 3.34-

3.45 (m, lH, H-3'), 3.56-3.60 (m, 4H, -CH2-N-CH2-), 3.79-3.82 (m, 

4H, -CH2-0-CH2-), 6.26 (d, J = 15.7 I lH, H-1 I), 6.66 (dd, J = 

15.7 and 8.5, lH, H-2'), 7.00 (d, J = 8.3, 2H, arom), 7.09 (d, J 

= 8.3, 2H, arom), 7.14-7.30 (m, 5H, arom). 13c NMR (75.5 MHz) o 

14.1 (-SCH3 ), 20.7 (-CH3 ), 21.1 (-CH3 ), 45.1 (C-3'), 49.3 (-CH2 -

N-CH2-), 67.0 (-CH2 -0-CH2-), 99.9 (C-5), 122.0 (C-2'), 127.7, 

128.6, 129.2, 129.5, 134.5 (C-1'), 135.0, 138.2, 154.8 (C-6), 

160.4 (C-2), 162.8 (C-4). ms m/z: 447 (M+, 2%), 400 (98%), 372 

(10%), 358 (6%), 194 (100%), 91 (80%), 77 (18%). Anal. Calcd for 

c26H29 N3o2s: C, 69.77; H, 6.53; N, 9.39. Found: C, 69.87; H, 

6.59; N, 9.32. 

2,3-Dipenyl-5-(6'/5'-cyanocyclohex-2'-en-yl)-6-methylpyrimidin-

4(3H)-ones (84/84'): To a solution of 78c (0.5 g, 1.6 mmol) in 

dry toluene (6 ml) was added excess of acrylonitrile and the 

mixture was refluxed for 25-26 h. The solvent and excess 

acrylonitrile were removed under reduced pressure and the residue 

purified by column chromatography on silica gel (eluent: a mixure 

of EtOAc/hexane in a 1:4 ratio) affording a colourless solid 

(0.52 g, 89%) consiiting in a mixture of regioisomers 84/84' in 

1:3 ratio. mp 138-140 °C; IR (KBr) V 2234 (CN), 1659 (C=O), 

1584, 1516, 1485 cm- 1 . 1H NMR (300 MHz) o 1.94-2.30 (series of m, 

8H, 4 x -cH2-, both isomers), 2.58 (s, 3H, -cH3 , major isomer), 
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2.65 ( s, 3H, -CH
3

, minor isomer) , 3.47-3.51 (m, 1H, H-1 I, minor 

isomer) , 3.66 (dt, J = 12.6 and 2.5, lH, H-6 1
, major isomer) , 

3.84-3.89 (m, lH, H-1 I, major isomer} , 4.26-4.30 (m, lH, H-5 1 

minor isomer), 5.54 (dd, J = 10.1 and 1.8, lH, H-2', major 

isomer), 5.81-5.86 (m, 2H; H-3~, major isomer and H-2 1
, minor 

isomer), 5.87-5.91 (m, lH, H-3~, minor isomer), 6.97-7.30 (m, 

20H, arom, both isomers). 13 c NMR (75.5 MHz) 5 22.3, 23.6, 27.5, 

39.3 (major isomer); 21.3, 23.9, 25.4, 29.3, 36.1 (minor isomer); 

121.2, 121.3, 121.7, 122.5, 126.4, 126.9, 127.6, 128.0, 128.6, 

128.9, 129.0, 129.1, 129.7, 134.4, 136.9, 137.3 (both isomers); 

156.4 (C-2, minor isomer); 157.3 (C-2, major isomer); 161.2 (C-4, 

major isomer); 161.4 (CN, major isomer); 161.5 (C-4, minor 

isomer) , 162.9 ( CN, minor isomer) • ms m/z 367 (M+) Anal. Calcd 

for c
24

H
21

N
3
0: C, 78.45, H, 5.76; N, 11.43. Found: C, 78.50; H, 

5.74; N, 11.37. 

2,3-Dipheny1-5-(6'/5'-cyanocyc1ohex-2'-en-y1)-6-piperidino-

pyrimidin-4(3E0-ones ' ( 85/85 •): To a solution of 80c ( 0. 5g, 1. 3 

mmol) in dry Toluene (6 ml) was added excess of acrylonitrile and 

the mixture was ref1uxed for 2 5-26 h. A similar work up, as 

employed above, afforded a colourless solid t0.50 g, 88%) 

consisting in a mixture of regioisomers 85/85' in 1:1.2 ratio. 

mp 169-171 °C; IR (KBr} ~ 2228 (CN), 1636 (C=O), 1555, 1508, 1487 

'cm- 1 .. 1 H NMR (300 MHz) 5 1.66-1.72 (m, 12H, -cH
2

-cH
2

-cH
2
-, both 

isomers); 1.96-2.41 (seris of m, 8H; 2 x -cH
2
-, both isomers), 

3.39-3.43 (m, 8H, -cH
2

-N-CH
2
-, both isomers), 3.66-3.96 (series 
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of m, 4H, H-1', both isomers; H-6', major isomer; H-5', minor 

isomer), 5.64 (dd, J = 10.1 and 1.8, lH, H-2', major isomer); 

5.82-5.95 (m, 3H, H-3', both isomers; H-2', minor isomer}, 7.08-

7.32 (m, 20H, arom, both isomers}. 13c NMR (75.5 MHz) o 22.0, 

23.8, 24.4, 24.5, 25.1 (both isomers); 26.0, 26.1 (-CH2 -cH2 -cH2 -, 

both isomers): 27.0, 27.3, 29.2, 35.9, 38.7 (both isomers); 51.2, 

51.9 (-CH
2

-N-CH
2
-, both isomers); 103.6, 122.0, 122.7, 125.6, 

126.9, 127.1, 127.3, 127.7, 128.2, 128.8, 129.1, 129.2, 129.3, 

129.'4, 129.5, 134.8, 134.9, 137.4, 137.6 (both isomers}; 155.2 

(C-2) 163.1 (C-4), 164.5 (CN) (major isomer): 155.8 (C-2), 163.2 

+ ( C-4} , 164.3 ( CN) (minor isomer) . ms m/z 436 (M ) . Anal. Calcd 

for c
28

H28 N40: C, 77.04; H, 6.46; N, 12.83. Found: C, 77.21; H, 

6.40; N, 12.91. 

2,3-Diphenyl-5-(6'/5'-ethoxycarbonylcyclohex-2'-en-yl)-5-methyl-

pyrimidin-4(3E0-ones (86/86'): To a solution of 78c (0.50 g, 1.6 

mmol) irt dry toluene (6 ml) was added ethyl acrylate (0.40 g, 4.0 

mmol) and the reaction mixture was refluxed for 15-16 h. 
! 

The 

solvent was removed under reduced pressure and the residue 

purified by siliqa gel column chromatagraphy (eluent: 

EtOAc/hexane, 1:3) affording a viscous liquid (0.57 g, 86%) 

consisting in a mixture of regioisomers 86/86 • in 1 :'1. 2 ratio. IR 

(CC1
4

) Y 1726 (-C0
2
Et}, 1662 (C=O), 1523 cm~ 1 . 1H NMR (300 MHZ} o 

1.15-1.25 (m, 6H, -CH
2
cn3 , both isomers), 1.81-2.30 (series of m, 

8H, 2 x -CH
2

, both isomers), 2.50 (s, 3H, -cH
3

, major isomer), 

2.52 (s, 3H, -cH3 , minor isomer), 3.14-3.19 (m, 1H, H-5', major 

isomer), 3.44 (unresolved dt, J = 12.1 and 1.0, lH, H-6', minor 
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isomer}, 3.92-4.10 (m, 5H; 4H, 2 x -cH2cH3 , both isomers and lH, 

H-1 1
, minor isomer}, 4.21-4.24 (m, lH, H-1 1

, major isomer), 5.24 

(d, J = 10.0, with fine splitting, lH, H-2 1
, minor isomer}, 5.73-

5. 92 (m, 3H; H-3 1 
, both isomers and H-2 1 

, major isomer} , 7. 09-

7.24 (m, 20H, arom, both isomers). 13 c NMR (75.5 MHz} i5 14.1 

(-CH2 CH 3 , minor isomer}, 14.2 (-CH 2 CH 3 , major isomer): 22.2, 

22.8, 23.2, 24.4, 26.3, 35.6, 38.2, 41.8, 42.0 (both isomers}; 

60.0 (-CH
2

cH3 , minor isomer), 60.1 (-CH2 cH3 , major isomer); 

115.8, 123.0, 123.5, 126.9, 127.0, 127.1, 127.6, 127.9, 128.4, 

128.7, 128.9, 129.4, 129.5, 134.6, 137.2, 137.5, 149.6, (both 

isomers}: 156.1, 156.6 (C-6, both isomers); 160.2, 160.3 (C-2, 

both isomers): 161.4, 162.5 (C-4, both isomers); 174.4 (C02Et, 

major isomer): 175.9 ( co2Et, minor isomer). ms m/z: 414 (M+). 

Anal. Calcd for c 26H26 N2o3 : C, 75.34; H, 6.32; N, 6.76. Found: C, 

74.41; H, 6.39; N, 6.68. 

2,3-Diphenyl-6-(N,N-dimethylamino)-5-(6'/5'-ethoxycarbonyl-

cyclohex-2'-en-yl)pyrimidin-4(3H)-ones (87/87'): To a solution of 

80a (0.5 g, 1.45 mmol) in dry toluene (6. ml) was added ethyl 

acrylate (0.36 g, 3.6 mmol) and the mixture was refluxed for 15-

16 h. A similar work up, as employed above, afforded a viscous 

liquid ,(0.55 g, 87%) consisting in a mixture of regioisomers 

87/87' in 1:1.2 ratio. IR (CC1 4 ) V 1724 (C02Et), 1660 (C=O), 1531 
1 

-1 1 em H NMR (300 MHz) i5 1.01-1.08 (m, 6H, -CH 2 CH3 , both 

isomers), 1.62-2.30 (series of m, 8H, 2 x -cH2-, both isomers), 

2.93-2.96 (m, lH, H-5 1
, major isomer), 3.47 (dt, J = 12.4 and 
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2.5, lH, H-6', minor isomer), 3.60-3.66 (m, lH, H-1', minor 

isomer), 3.70-3.79(m, lH, H-1', major isomer), 3.84-4.01 (m, 4H, 

-cH2cH 3 , both isomers), 5.65-5.85 (m, 4H, olefinic H-2' and H-3', 

both isomers), 7.02-7.20 (m, 20H, arom, both isomers). 13c NMR 

(75.5 MHz) o 13.3, 13.4 (-CH2 ~3 , both isomers): 20.9, 22.8, 

23.5, 25.2, 25.9, 34.2, 37.6, 44.1 (both isomers); 40.7, 41.0 

[-N(CH
3

)
2

, both isomers]; !?8.7, 58.8 (-rn
2

-cH
3

, both isomers}; 

99.5 (C-5, minor isomer), 100.2 (C-5, major isomer): 125.6, 

125.9, 126.59, 126.64, 126.7, 126.8, 126.9, 127.5, 127.6, 128.0, 

128.1, 128.2 128.3, 134.1, 136.8, 136.9, 153.3 (both isomers); 

161.9 (C-2, major isomer), 162.2 (C-2, minor isomer); 162.4 (C-4, 

major isomer), 162.7 (C-4, minor isomer); 173.5 (C0
2
Et, minor 

isomer), 175.2 (C0
2
Et, major isomer). ms m/z: 433 (M+). Anal. 

Calcd for c 27 H29 N3 o
3

: C, 74.80; H, 6.74; N, 9.69. Found: C, 

7 4 . 9 3 ; H , 6 . 6 9 ; N , 9 . 7·6 . 

3-(p-Methylphenyl)-6-piperidino-2-phenyl-5-[(5'R, 6'S)/(6'R/5'S) 

-bis(ethoxycarbonyl)cyclohex-2'-en-yl]pyrimidin-4-(3H)-ones 

(88/88'): To a solution of 80e (0.5 g, 1.26 mmol) in dry toluene 

( 6 ml) was added DEF ( 0. 24 g, 1. 40 mmol) and the mixture was 

refluxed for 5-6 h. The solvent was removed under reduced 

pressure and the residue purified by column chromatography on 

silica gel (eluent: a mixture of EtOAc/hexane in a 1:3 ratio) 

affording a viscous· liquid (0.61 gl 85%) consisting in a mixture 

of regia/ stereoisomers 88/88' in 1:1.5 ratio. IR (CC14 ) V 1729 

(2 x -co
2
Et) I 1661 (C=O) I 15621 1521 em -l. 1H NMR (300 MHz) o 

1.01-1.24 (m, 12H,. 2 x -CH
2

cH
3

, both isomers); 1.61-1.76 (m, 12H, 
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-cH2-cH
2

-cH2-, both isomer~), 1.99-2.10 (m, 2H, both isomers), 

2.25 (s, 3H, -cH3 , major isomer), 2.26 (s, 3H, -CH 3 , minor 

isomer), 2.45-2.65 {m, lH, minor isomer), 2.58-2.68 (m, lH, major 

isomer), 3.05-3.14 {m, lH, minor isomer}, 3.23-3.40 (m, 6H; 4H, 

-cH2 -N-CH2-, both isomers and 2H, both isomers) , 3. 65-3.73 {m, 

lH, minor isomer), 3.76-3.84 {m, lH, major isomer), 3.95-4.13 (m, 

9H; 8H, -cH2-N-CH2-, both isomers and lH, major isomer), 5.73 (br 

d, J = 10.3, olefinic H-2', minor isomer), 5.79-5.94 (m, 3H, 

olefinic; H-3', minor isomer and H-2', H-3', major isomer), 7.02-

7.30 (m, 18H, arom, both isomers). 13c NMR (75.5 MHz) o 14.1, 

14.2, 14.3, 21.1, 24.6, 26.0 26 .. 2, 28.1, 35.0, 38.0, 39.6, 42.7, 

43.1, 46.6, 51.1, 51.3, 59.9, 60.1, 60.4 (both isomers); 102.4 

(C-5, major isomer), 103.9 {C-5, minor isomer); 125.2, 125.9, 

126.21 127.6, 127.71 128.61 128.71 129.11 129.21 129.4, 135.0, 

135.1, 135.2, 137.8, 137.9 (both isomers); 155.2 {C-6, major 

isomer), 155.4 {C-61 minor isomer); 163.2 (C-2, minor isomer} 1 

163.3 (C-2, major isomer); 164.0 {C-4, major isomer), 164.6 {C-4, 

minor isomer); 173.61 176.6 {C02Etl major isomer); 174.1, 175.1 

(co 2Et, minor isomer}. ms m/z: 569 (M+) Anal. Calcd for 

c 34H39N3o5 : C, 71.68; H, 6.90; N, 7.38. Found: C, 71.53; H, 6.98; 

N, 7.29. 

3-(p-Methylphenyl)-6-piperidino-2-phenyl-5-[(N-phenyl)cyclohex-

2'-ene-5',6'-dicarboximido)pyrimidin-4(3H)-one (89): To a 

solution of 80e { 0. 50 g I 1. 26 mmol) in dry toluene ( 8 ml) was 

added NPM (0.22 g, 1.26 mmol). The mixture was refluxed for l h1 
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whereupon the solvent was removed under reduced pressure. The 

crude product thus obtained was purified by recrystallisation 

(solvent: a mixture of EtOAc/hexane in 3:1 ratio) to give 0.66 g 

(92%) of crystalline adduct 89. mp 196-l97°C; IR (KBr) v 1701 

(-CO-N-CO-), 1651 (C=O), 1567, 1524 cm-l. 1 H NMR (300 MHZ) o 

1.65-1.69 (m, 6H, -CH2 -cH2 -cH2-), 2.28-2.31 [m, 4H; lH1 H-1' and 

at 2.30 (sl 3HI -CH3 )] I 2.98 (dml J = 16.41 lH1 H-5') I 3.29-3.43 

(m, 6H; 4H, -CH2 -N-CH2 - and 2H, -cH2 -), 3.85 (br d, J = 9.0, lH, 

H-6') 5.95-5.98 (m, 2H, olefinic), 6.89 (br d, J = 8.2, 2H, 

13 arom) 1 7.03 (d, J = 8.2, 2H, arom), 7.13-7.31 (m, l2HI arom). C 

NMR (75.5 Mz) o 21.2 (-CH3 ), 22.0 (-CH2->, 24.5, 26.3 (-CH2 -cH2 -

CH2-), 33.7, 40.6 (-CH2-) I 42.5, 51.4 (-CH2-N-CH2-), 102.3 (C-5), 

125.1, 127.01 127.71 127.9, 128.6, 129.2, 129.3, 129.4, 130.9, 

132.7, 135.0, 135.2, 137.8, 155.4 (C-6), 163.4 (C-2), 164.2 (C-

4), 177.3 (-N-CO-), 178.6 (-CO-N-). ms m/z 570 (M+), 379 (M+-

NPM). Anal. Calcd for c 36H34N4o3 : C, 75.77; H, 6.00; N, 9.82. 

Found: C, 75.70; H, 6.98; N, 9.89. 

General procedure for Diels-Alder adducts (91}: Equivalent 

amounts of 5-butadienyl pyrimidinones 78/80 and DMAD were 

refluxed in dry toluene for 4-6 h. The solvent was removed under 

reduced pressure and the crude product thus obtained was purified 

by recrystallisation from a benzene:hexane (3:1) mixture. 

·2~3-Diphenyl-5-[(2',3'-bis(methoxycarbonyl)-2',4'-

cyclohexadienyl]-6-methylpyrimidin-4(3B1-one (9la): Yield, 93%; 

-1 1 mp l73-174°C; IR (KBr) Y 1719 (C02Me), 1662 (C=O) I 1524 em . H 
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NMR (300 MHz) o 2.41 (s, 3H, -CH
3

), 2.34-2.45 (m, 2H, -CH
2
-), 

3.68 (s, 3H, -co
2

cH
3

), 3.76 (s, 3H,-co
2

cH
3

), 5.58-5.64. (m, lH, 

olefinic), 5.83-5.89 (m, lH, olefinic), 7.05-7.28 (m, lOH arom). 

13c NMR (75.5 MHz) o 21.6 (-CH
3

), 27.1 (-CH
2
-), 35.8 (C-1 1

), 52.1 

(C0
2

CH
3

), 52.1 (-OCH
3

), 96.1 (C-5), 121.3, 122.8 1 123.7 1 127.9 1 

128.4, 128.7, 128.9, 129.0, 129.5, 130.6, 134.6, 136.2, 137.41 

156.8 (C-6), 161.0 (C-2), 162 1.1 (C-4), 167.3 (C0
2

CH
3
), 168.1 

( cu
2

cH
3

). ms m/z 456 (M+), 423, 409, 397. (M+- -co
2

Me), 365, 337, 

I 
262, 180. Anal. Calcd for c

27
H

24
N

2
o

5
: C, 71.04; H1 5.30; N1 6.14. 

Found: C, 70.95; H, 5.35; N, 6.20. 

2,3-Dipheny1-5-[2',3'-bis{methoxycarbony1)-2',4'-

cyc1ohexadieny1]-6-pyrro1idinopyrimidin-4{3h0-one {91b): Yield 

94%; mp 172-173 °C, IR (KBr) ~ 1728 (C0
2

Me), 1704 (C0
2

Me) 1 1642 

-1 1 
(C=O), 1558, 1524 em • H NMR {300 MHz) o 1.80-1.87 {m, 2HI 

-cH
2
-) I 1.98-2.03 <m~ 2H, -cH

2
->, 3.44-3.50 {m, 2H, -N-CH

2
->, 

3.61 (s, 3HI -co
2

cH
3
), 3.70 (s, 3H, -co

2
cH

3
), 3.72-3.78 (m 1 2H, 

-CH
2
-N-), 4.33-4.36 {m, 2H, -CH

2
-), 6.01 {ddd, J = 9.5, 5.9 and 

2 . 3 , 1H, H- 5 1 
) , 6 • 21 ( d, J = 9 • 5 , 1H, H- 4 1 

) , 7 • 0 7 -7 • 10 ( m I 1H, 

arom), 7.12-7.31 (m, 9H, arom). 13c NMR (75.5 MHz) o 25.6 (-CH
2

-

CH 2- ) ' 3 8 • 0 ( c- 4 I ) ' 4 5 • 8 ( c -1 I ) 50 • 5 ( - CH 2-N- CH 2- ) ' . 51 . 6 (-OCH 3) ' 

51.8 (-OCH
3

), 96.7 (C-5), 120.4, 125.7, 127.7, 127.9, 128.6, 

129.3, 129.5, 134.0, 135.1, 137.7, 138.4; 154.9 (C-6), 158.2 {C-

+ 2), 163.3 (C-4), 167.1 (CU
2

Me), 176.4 (CU
2

Me). ms m/z 511 (M ). 

Anal. Ca1cd for c
30

H
29

N
3

o
5

: C, 70.44; H, 5.71; N, 8.21. Found: C, 

70.52, H, 5.69; N, 8.15. 
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5-[2',3'-Bis(methoxycarbonyl)-2',4'-cyclohexadienyl]-2-

methylthio-3-phenylpyrimidin-4(3JD-one (9lc): Yield, 96%; mp 

185-186 °C, IR (KBr) 'I) 1732 ( co2Me) , 1709 ( C02Me) , 1675 ( C=O} , 

-1 1 1490 em . H NMR (300 MHZ) 0 2.40 (s, 3H, -SCH3 ), 2.95-3.20 [m, 

2H, -cH2-; consisting in at 3.01 (ddd, J = 23.1, 6.8 and 2.9, lH} 

and 3.14 (dddd, J = 23.1, 7.5, 2.0 and 2.0, lH}], 3.72 (s, 3H, 

-OCH3}, 3.78 (s, 3H, -OCH3), 4.55-4.62 (m, lH, H-1'}, 5.77-5.86 

(m, 2H, olefinic), 7.24-7.27 (m, 2H, arom}, 7.50-7.55 (m, 3H, 

arom}, 7.72 (s, lH, olefinic H-6}. 13c NMR (75.5 MHz,) o 15.3 

(-SCH3 ), 27.3 (-CH2-), 35.8 (C-1'), 52.3 (-OCH3 ), 52.4 (-OCH3 ), 

122.7, 123.2, 125.1, 128.4, 129.80, 129.84, 130.1, 132.4, 135.4, 

135.8, 150.5 (C-6}, 161.4 (C-2), 162.8 (C-4), 167.6 (C0 2Me}, 

+ 168.0 (002Me). ms m/z 412 (M }. Anal. Calcd for c21H20 N2o5s: C, 

61.15; H, 4.89; N, 6.79. Found: C, 61.21; H, 4.81; N, 6.89. 

General procedure for the preparation of 4-(N-allyl-N-aryl)amino-

1-aryl-4-methylthio-2-phenyl-1,3-diaza-1,3-butadienes (95): To a 

solution of 1-aryl-4-(N-arylamino)-4-methylthio-2-phenyl-1,3-

diaza-1,3-butadienes 40 (5.0 mmol) in acetone (25 ml) was added 

K2co3 ( 1. Og, 10 .1 mmol) . The mixture was refluxed for 2 h and 

then allowed to reach rt. Allyl bromide (0.91 g, 7.5 mmol) was 

then added and the reaction mixture stirred at rt for 7-9 h. It 

was then filtered and the residue washed with acetone (10 ml}. 

The combined filtrate was concentrated under reduced pressure, 

diluted with CH2 c12 and washed with water (4 x 100 ml). The 

organic layer was dried (Na2 so4 > and evaporated under reduced 
I 

pressure to give the crude product which was purified by column 
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chromatography on silica gel (Eluent: a mixture of EtOAc/hexane 

in a 1:10 ratio). 

1,2-Diphenyl-4-methylthio-4-(N-allyl-N-pheny1)amino-1,3-diaza-

1,3-butadiene (95a): Yield 83%; Viscous liquid; IR (CC1
4

) v 1603, 

-1 1 
1590, 1567, 1490 em H NMR (90 MHz) o 1.97 (s, 3H, -SCH

3
), 

4.30 (d, J = 6.0, 2H, -CH
2
-), 5.07 (dd, J = 17.0 and 9.2, 2H, 

=CH
2
), 5.63-6.03 (m, lH, -CH=), 6.83-7.63 (m, 13H, arom), 8.10-

8.33 (m, 2H, arom). ms m/z: 385 (M+). Anal. Calcd for c
24

H
23

N
3
s: 

C, 74.77; H, 6.01; N, 10.90. Found: C, 74.70; H, 6.03; N, 10.93. 

1,2-Diphenyl-4-methy1thio-4-[N-al1yl-N-(p-methylphenyl)]amino-

1,3-diaza-1,3-butadiene (95b): Yield 79%; viscous liquid; IR 

-1 1 . 
(CC1

4
) v 1608, 1596, 1566, 1507 em • H NMR (90 MHz) o 2.00 (s, 

3H, -SCH
3

), 2.30 (s, 3H, -CH
3

), 4.30 (d, J = 6.0, 2H, -CH
2
-), 

5.08 (dd, J = 16.5 and 9.0, 2H, =CH
2

, 5.70-6.15 (m, lH, -CH=), 

6.85 (d, J = 8.5, 2H, arom), 7.03-7.67 (m, lOH, arom), 8.10-8.43 

(m, 2H, arom). + ms m/z: 399 (M ). Anal. Calcd for c
25

H
25

N
3
s: C, 

75.15; H, 6.30; N, 10.52. Found: C, 75.05; H, 6.33; N, 10.58. 

' 
1,2-Dipheny1-4-methy1thio-4-[N-a1lyl-N-(p-methoxypheny1)]amino-

' 
1,3-diaza-1,3-butadiene (95c): Yield 83%; viscous liquid; IR. 

I -1 1 
(CC1

4
) V 1601, 1594, 1561, 1498 em • H NMR (90 MHZ) o 2.00 

( s , 3H, -SCH
3

), 3.73 ( s, 3H, -OCH
3

) , 4.30 ( d, J = 6. 0, 2H, 

-CH
2

-) , 5.07 (dd, J = 17.5 and 9. 0, 2H, =CH
2

) , 5.67-6.08 (m, lH, 

-CH=) , 6.77-6.97 (m, 4H, arom) , 7.20 (d, J = 7.5, 2H, arom) , 

7.33-7.70 (m, 6H, arom), 8.08-8.40 (m, 2H, arom). ms m/z : 415 
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+ (M ) . Anal. Calcd for c25H25N3 SO: C, 72.26; H, 6.06; N, 10.11. 

Found: c, 7 2. 3 0; H, 6. 0 3; N, ·1 0. 17. 

1-(p-Methy1pheny1)-4-methy1thio-2-pheny1-4-(N-a11y1-N-pheny1) 

amino-1,3-diaza-1,3-butadiene (95d): Yield 79%; viscous liquid; 

IR (CC14 ) V 1608, 1568, 1490 em -l. 1H NMR (90 MHz) 5 1.90 (s, 

3H, -SCH3 ), 2.33 (s, 3H, -CH3 ), 4.33 (d, J = 6.0, 2H, -CH2-), 

5.00 (dd•, J = 17.5 and 9.0, 2H, =CH2 ), 5.63-6.17 (m, lH, -CH=), 

6.80-7.53 (m, 12H, arom), 8.07-8.33 (m, 2H, arom). ms m/z: 399 

+ (M ) . Anal. Calcd for c25H25 N3 S: C, 75.15; H, 6.30; N, 10.52. 

Found: c, 75.20; H, 6.26; N, 10.44. 

1-(p-Methy1pheny1)-4-methy1thio-2-phenyl-4-[N-a1lyl-N-(p-

methy1pheny1)amino-1,3-diaza-1,3-butadiene (95e): Yield 89%; 

-1 1 viscous liquid; IR (CC1 4 ) v 1609, 1556, 1506 em . H NMR (90 

MHz) 5 2.16 (s, 3H, -SCH3 ), 2.31 (s, 3H, -CH3 ), 2.36 (s, 3H, 

-CH3 ), 4.28 (d, J = 6.0, 2H, -CH2-), 5.15 (dd, J = 17.2 and 9.4, 

lH, =CH2 ), 5.69-6.11 (m, lH, -CH=), 6.92 (d, J = 7.8, 2H, arom), 

7.10-7.53 (m, 9H, arom), 7.64 (d, J = 7.8, 2H, arom). ms m/z: 413 

+ (M ) . Anal. Calcd for c26H27 N3 S: C, 75.51; H, 6.58; N, 10.16. 

Found: c, 75.45; H, 6.57; N, 10.11. 

1-(p-Methy1pheny1)-4-methylthio-2-phenyl-4-[N-a11yl-N-(p-

methoxyphenyl)amino-1,3-diaza-1,3-butadiene (95f): Yield 81%; 

viscous liquid; IR (CC1
4

) v 1608, 1596, 1558, 1506 cm- 1 1H NMR 

(90 MHz) 5 2.00 (s, 3H, -SCH3 ), 2.37 (s, 3H, -CH3 ), 3.76 (s, 3H, 

-OCH3 ), 4.28 (d, J = 5.5, 2H, -CH2-), 5.23 (dd, J = 17.5 and 9.0 

2H, =CH2 ), 5.67-6.10 (m, lH, -CH=), 6.80-7.73 (m, llH, arom), 
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8.10-8.46 (m, 2H, arom). ms m/z: 429 + (M ) . Anal. Calcd for 

c 26H27 N3os: C, 72.69; H, 6.33; N, 9.78. Found: C, 72.61; H, ·6.30; 

N, 9.82. 

Reactions of (N-a11y1-N-ary1)amino-1,3-diaza-1,3-butadienes (95) 

with viny1/isopropeny1ketenes (60): General procedure for 

pyrimidinones (97): Same as employed for pyrimidinones 62. 

97. a-e 

~r 

PhOHOHa 
N /. 

N He 
Ar"" ~Ht 

Hb 

"t-Hd 
He 

97.f 

2,3-Dipheny1-5-isopropeny1-6-(N-al1y1-N-pheny1)aminopyrimidin-

4 (3In -one (97a) : Yield 91%; mp 162-163 oc; IR (KBr) j) 1651 (C=O) , 

1552, 1517, 1490 -1 lH NMR (300 MHZ) 0 1.64 ( s , 3H, -CH3 ) , em . 
4.61 ( d, J = 5.8, 2H, -CH

2
-), 4.79 (br s, lH1 Ha), 4.85 (br s, 

lH, Hb), 5.15 (unresolved dd, J = 17.3 and 10.31 2HI He and Hd) 1 

6. 0 5 ( dddd, J = 17. 3 , 10. 3, 5. 8 and 5. 8 1 lH, He) , 7. 0 4-7. 3 3 ( m, 

15H 1 arom). 13 c NMR (75.5 MHz) o 21.1 (-CH3 } 1 55.1 (-cH2 ->, 106.4 

(C-5) I 116.9 (C-8), 118.4 {C-11), 124.3, 125.3, 127.7, 128.0, 

128.6, 128.7, 129.0, 129.2, 129.4 (C-10}, 135.0, 135.1, 137.6 (C-

7), 138.0, 146.1, 155.2 (C-6), 157.1 (C-2), 162.7 (C-4). ms m/z: 

+ 419 (M ) . Anal. Calcd for c28H25 N30: C, 80.16; H, 6.00; N, 10.02. 

Found : C, 80.06, H, 6.03; N, 10.07. 
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2,3-Diphenyl-5-isopropenyl-6-[N-allyl-N-(p-methylphenyl)]amino 

pyrimidin-4(3E0-one (97b): Yield 93%; mp 174-175 °C; IR (KBr)v 

1658 (C=O), 1554, 1507, 1485 em- 1 . 1H NMR (300 MHz) o 1.62 (s, 

3H, -CH
3
), 2.32 (s, 3H, -CH

3
), 4.58 (d, J = 5.8, 2H, -CH2-), 4.77 

(br s, with fine splitting, lH, Ha}, 4.85-4.86 (m, lH Hb}, 5.11 
' 

(dd, J = 10.0 and 1.5, 1H, He), 5.16 (dd, J = 16.9 and 1.5 , lH, 

Hd)~ 6.05 (dddd, J = 16.9, 10.0, 5.8 and 5.8, lH, He), 6.99 ,d, J 

= 8.5, with fine splitting, 2H, arom), 7.07 (d, J = 8.3, 2H, 

arom), 7.15-7.34 (m, lOH, arom). 13 c NMR (75.5 MHz) o 20.9 

(-CH 3 ), 21.2 (-CH 3 ), 55.4 (-CH2 -), 105.8 (C-5), 116.~ {C-8), 

118.4 {C-11), 125.6, 127.7, 128.0, 128.6, 129.1, 129.3, 129.4 {C-

10), 134.1, 135.1, 135.3, 137.8 (C-7), 138.2, 143.5, 155.1 (C-6), 

157.4 (C-2}, 162.8 (C-4}. ms m/z: 433 (M+). Anal. Caled for 

c29H27 N30: C, 80.34; H, 6.27; N, 9.69. Found: C, 80.43; H, 6.25; 

N, 9.74. 

2,3-Diphenyl-5-isopropenyl-6-[N-allyl-N-(p-methoxyphenyl)]amino 

pyrimidin-4(3H)-one (97c): Yield 87%; mp 179.5-180.5 °C; IR 

{KBr) V 1655 {C=O), 1556, 1508 em- 1 . 1H NMR (300 MHz) o 1.59 (s, 

3H, -CH3 ) , 3. 7 8 ( s, 3H, -OCH
3

) , 4. 54 ( d, J = 5. 9, 2H, -CH
2

-) , 

4.71-4.72 (m, lH, Ha), 4.85-4.86 (m, lH, Hb), 5.12 (unresolved 

dd, J = 17.4 and 10.1, 2H, He and Hd), 6.04 (dddd, J = 17.4,· 

10.1, 5.9 and 5.9, lH, He), 6.78 (d, J = 8.9, with fine 

splitting, 2H, arom)·, 7.03 (d, J = 8.9, with fine splitting, 2H, 

arom), 7.14-7.32 (m, lOH, arom). 13c NMR (75.5 MHz) o 21.3 

( - CH3 ) , 55 . 2 ( - OCH3 ) , 55 . 7 ( - CH2 - ) , 10 4 . 7 ( C- 5) , 113 . 8 , 116 . 9 

(C-8), 118.2 (C-11), 12.,7.6, 127.8, 127.9, 128.5, 129.1, 129.2, 
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129.3 (C-10), 135.1, 137.7 (C-7), 138.3, 138.9, 154.9 (C-6), 

+ 15 6 . 7 , 15 7 . 3 C- 2 ) , 16 2 . 5 ( c- 4 ) • m s m / z: 4 4 9 ( M ) • An a 1. C a 1 e d 

for c
29

H
27

N
3
o

2
: C, 77.48; H, 6.05; N, 9.35. Found: C, 77.41; H, 

6.05; N, 9.37. 

5-Isopropenyl-3-(p-methy1pheny1)-2-pheny1-6-[N-a11y1-N-(p-

methy1pheny1)]aminopyrimidin-4(3E0-one (97d): Yield 83%; mp 183-

184 °C; IR (KBr) V 1657 (C=O), 1558, 1528, 1508 em -l. 1H NMR (300 

MHZ) 0 1.62 ( s, 3H, - CH
3

) , 2.27 ( s , 3H, - CH 3 l , 2.30 ( s , 3H, 

-CH
3

) , 4.57 (d, J = 4. 7, 2H, -CH
2
-l, 4.77 ( s , lH, Ha), 4.84 ( S r 

lH, Hb), 5.14 (unresolved dd, J = 16.9 and 10.1, He and Hd), 6.04 

(dddd, J = 16.9, 10.1, 5.8, 5 • 8 ~ lH, He) , 6.98 ( d, J = 8.4, 2H, 

arom), 7.02-7.08 (m, 6H, arom), 7.15-7.24 (m, 3H, arom), 7.34 {d, 

J = 8.2, with fine splitti~g, 2H, arom). 13 c NMR (75.5 MHz) o 

20.9 {-CH
3

), 21.1 (-CH
3

), 21.2 (-CH
3

), 55.3 (-CH
2
-), 105.9 (C-5), 

116.8 (C-8), 118.3 (C-11), 125.6, 127.8, 128.8, 129.3 (C-10 and 

one arom C), 134.0, 135.1, 135.3, 135.4, 137.9 (C-7}, 138.3, 

143.6, 155.2 (C-6), 157.3 (C-2}, 163.0 (C-2). ms m/z: 447 (M+). 

Anal. Caled for c 30H29 N30: C, 80.50; H, 6.53; N, 9.38. Found: C, 

80.42; H, 6. 50; N, 9. 41. 

5-Isopropeny1-3-(p-methy1pheny1)-2-pheny1-6-[N-a1ly1-N-(p-

methoxypheny1)]aminopyrimidin-4(3EO-one (97e): Yield 91%; mp 180-

181 °C; IR (KBr) v 1652 (C=O), 1556, 1521, 1506 em- 1 . 1H NMR (300 

MHz) o 1.60 (s, 3H, -CH
3

), 2.28 (s, 3H, -cH
3
l, 3.79 (s, 3H, 

-OCH
3

), 4.55 (d, J = 5.9, 2H, -CH
2
-), 4.73 (br s, lH, Ha), 4.85 

(br s, lH, Hb), 5.12 (unresolved dd, J = 17.2 and 9.7, He and 
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Hd), 6.05 (dddd, J = 17.2, 9.7, 5.9 and 5.9, lH, He), 6.80 (d, J 

= 8.9, with fine splitting, 2H, arom), 7.02-7.09 (m, 5H, arom), 

13 7.17-7.27 (m, 4H, arom), 7.33-7.36 (m, 2H, arom). C NMR (75.5 

MHz) o 21.1 (-CH
3

), 21.3 (-CH
3
), 55.4 (-OCH

3
), 55.8 (-CH

2
-), 

106.2 (C-5), 113.9, 116.9 (C-8), 118.2 (C-11), 127.7, 127.8, 

128.8, 129.3 (C-7), 129.4 (C-10), 135.3, 137.8, 138.5, 139.2, 

+ 155.1 (C-6), 156.7, 157.4 (C-2), 162.9 (C-4). ms m/z: 463 (M). 

Anal. Calcd for c
30

H29 N3 o2 : C, 77.72; H, 6.30; N, 9.06. Found: C, 

77.80; H, 6.29; N, 9.03. 

2,3-Diphenyl-5-ethenyl-6-[N-allyl-N-(p-methoxyphenyl)]amino-

pyrimidin-4(3ffl-one {97f): Yield 63%; mp 66-67 °C; IR (KBr))J 

1638 (C=O), 1548, 1497, 1485 cm- 1 . 1 H NMR (300 MHz) o 3. 78 (s, 

3H, -OCH 3 ), 4.67 (d, J = 5.5, 2H, -CH
2
-), 4.85 (d, J = 9.8, lH, 

Ha) , 5. 0 5 ( d, J = 16. 5, lH, Hb) , 5. 15 ( d, J = 10. 3, lH, He) , 

5.19 (d, J = 17.3, lH, Hd), 5.86-6.03 (m, 2H, He and Hf), 6.82 

(d, J = 8.9, 2H, arom), 7.09 (d, J = 8.9, 2H, arom), 7.16-7.37 

13 (m, lOH. arom). C NMR (75.5 MHz) o 55.5 (-OCH
3

), 55.6 (-CH
2
-), 

106.5 (C-5), 114.3, 115.7 (C-11), 116.7 (C-8), 125.4, 125.9, 
1 

127.8, 128.3, 128.8, 129.1, 129.4, 129.5, 132.0, 135.2, 137.8, 

139.1, 139.8, 155.1 (C-6), 156.3, 157.2 (C-2), 162.6 (C-4). ms 

+ m/z: 435 (M ). Anal. Calcd for c
28

H
25

N
3

o
2

: C, 77.22; H, 5.79; N, 

9.65. Found: c, 77.28; H, 5.79; N, 9.62. 

5,5-Dimethyl-2,3-diphenyl-9-{p-methylphenyl)-3,5,6,9-tetrahydro 

pyrimido [4, 5-b] azepin-4-one ( 98a): A solution of 97b ( 0. 50 g, 

1.08 mmol) in xylene (6 ml) was The solvent 
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was concentrated under vacuo and the residue thus obtained was 

purified by column chromatography (silica gel, Et0Ac/hexane 1 1:9) 

to give 0.38 g (76%} of 98a. mp 182-183 °C; IR (KBr) lJ 1645 

(C=O} I 1560, 1507 1 1360 cm- 1 . 1H NMR (300 MHz) o 1.59 (s~ 6H1 2 x 

-CH3 ), 2.37 (s, 3H, -cH3 ), 2.43 (br d, J = 7.1, 2H, -CH2 -), 5.54 

( ddd , J = 17 . 4 , 7 . 4 and 7 . 4 , lH, H -7 } , 6 . 2 3 ( d I J = 7 . 4 , lH 1 H-

8}1 6.99-7.02 (ml 4H, arom), 7.09-7.12 (m, 3H, arom), 7.19-7.28 

13 
(ml 7H, arom). c NMR (75.5 MHz) o 21.1 (-CH3 ), 29.2 (-CH3 ) I 

41.1 (C-6}, 42.3 (C-5}, 108.8 (C-4a}, 117.0 (C-7}, 127.5, 127.91 

128.0, 128.7 (C-8), 129.1, 129.3, 129.4 1 129.5 1 133.5, 134.3, 

136.0, 138.11 143.11 151.6 (C-9a), 155.2 (C-2} I l63.3 (C-4). ms 

+ m/z: 433 (M } . Anal. Calcd for c 29H27 N3o: C, 80.34; H, 6.27; N 1 

9.69. Found: C, 80.25; Hl6.27; Nl 9.73. 

5,5-Dimethyl-9-(p-methoxyphenyl)-3-(p-methylphenyl)-2-phenyl-

3,5,6,9-tetrahydropyrimido[4,5-b]azepin-4-one (98b): A solution 

of 97e (0.501 1.08 mmol} in xylene (6 m1} was ref1uxed for 1.5 h. 

A similar work up, as employed for 98a 1 yielded 0.42 g (82%) of 

98b. mp 185-187 °C; IR (KBr) v 1645 (C=O) I 15581 1506, 1360 cm- 1 ; 

1 H NMR (300 MHz) o 1.58 (s, 6H, 2 x -CH3 ), 2.26 (s, 3H, -CH3 )1 

2.42 (br d1 J = 1.31 2H~ -cH2-> 1 3.80 (s, 3HI -OCH 3), 5.52 (dddl 

J = 17.4 1 7.3 and 1.31 1H 1 H-7}1 6.18 (d, J = 7.3, lH, H-8}1 6.91 

(d 1 J = 8.8, with fine splitti~g, 2H, arom}, 6.97-7.11 (ml 9H, 

arom}, ~.21 (d, J = 8.7, with fine splitt~ng, 2H, arom}. 13c NMR 

(75.5 MHZ) 0 21.1 (-CH3), 29.2 (2 X -CH3) I 41.0 (C-6}, 42.5 (C-

5}, 55.4 (-OCH3 ), 108.5 (C-4a), 113.9, 116.7 (C-7} I 127.5, 128.7 
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(C-8), 129.2, 129.3, 129.5, 133.7, 134.4, 135.3, 137.7, 138.6, 

151.6 (C-9a), 155.1 (C-2), 157.8, 163.3 {C-4). ms m/z: 463 {M+). 

Anal. Calcd for c30H29N3o 2 : C, 77.73: H, 6.30: N, 9.06. Found: C, 

77.67: H, 6.28: N, 9.11. 

10-A11y1-2,3-dipheny1-5,5,7-trimethy1-3,5,10-trihydro 

pyrimido[4,5-b]quino1in-4-one (,99a): To a solution of 97b (0.50 

g, 1.16 mmol) in benzene (10 ml) was added catalytic amount of 

AlC1 3 . The mixture was refluxed for 30 min, cooled to rt and 

diluted with benzene (10 ml). The organic phase W?S then washed 

with saturated NaHco 3 and water and dried over anhydrous Mgso 4 . 

The solvent was removed under reduced pressure and the residue 

purified by column chromatography on silica gel {eluent: a 

mixture of EtOAc/hexane in a 1:9 ratio) to give 0.47 g (94%} of 

99a. mp 216-217 °C; IR (KBr) v 1652 (C=O), 1595, 1558, 1525, 

-1 1 1496, 1443 em ; H NMR (300 MHz) o 1.87 (s, 6H, 2 x -CH3 ), 2.30 

(s, 3H, -CH3), 4.83-4.85 (br s, with fine splitting, 2H, -cH2-), 

5.18 {d, J = 10.2, with fine splitting, lH, =CH
2
), 5.23 (d, J = 

17.3, with fine splitting, lH, =CH 2 ), 5.96 (dddd, J = 17.3, 

10.2, 4.5 and 4.5, lH, -CH=), 6.79 (d, J = 8.4, lH, H-9), 6.94 

(dd, J = 8.4 and 1.8 lH, arom H-8), 7.12-7.30 {m, llH, arom). 

13 C NMR {75.5 MHz) o 20.7 (-CH3 ), 30.3 (2 x -CH3 ), 35.4 (C-5), 

4 5 . 6 ( - CH2 - ) , 1 01 . 6 ( C- 4 a ) , 113 . 9 , 116 . 0 ( C -13 ) , 12 7 . 4 , 12 7 . 7 , 

127.8, 128.1, 128.7, 129.2, 129.3, 129.4 (C-12), 131.7, 133.3, 

133.5, 134.2, 137.9, 152.0 {C-lOa), 156.2 (C-2), 161.5 (C-4). ms 

+ m/z: 433 (M ) . Anal. Calcd for c29 H27 N30: C, 80.34; H, 6.27; N, 

9.69. Found: c, 80.20; H, 6.30; N, 9.75. 

103 



10-A11y1-5, 5-.dimethy1-2, 3-dipheny1-7-methoxy-3, 5, 10-trihydro 

pyrimido[4,5-b]quino1in-4-one (99b): To a solution of 97c (0.50 

g, 1.12 mmol) in benzene (10 ml) was added catalytic amount of 

AlC1 3 . An identical procedure, as employed for 98a, resulted in 

the isolation of 0.45 g (90%) of 99b. mp 205-207 °C; IR (KBr)l) 

1650 (C=O), 1603, 1562, 1528, 1494, 1438 cm- 1 . 1H NMR (300 MHz) o 

1.88 (s, 6H, 2 x -cH
3

), 3.80 (s, 3H, -OCH3 ), 4.84-4.85 (br s, 

with fine splitting, 2H, -cH2 ->, 5.19 (d, J = 10.3, with fine 
' 

splitting, lH, =CH2 l, 5.23 (d, J = 17.4, with fine splitting, 1H, 

=cH2 ), 5.96 (dddd, J = 17.4, 10.3, 4.5 and 4.4, lH, -CH=), 6.71 

(dd, J = 8.9 and 2.9, with fine splitting, lH, arom H-8), 6.84 

(d, J = 8.9, lH, H-9), 7.00 (d, J = 2.91 lH1 arom H-6) I 7.12-7.30 

(m 1 10HI arom) . 13c NMR (75.5 MHz) 0 30.2 (2 X -CH3 ) , 35.8 (C-5), 
I 

45.7 ( -CH2-) I 55.4 (-OCH3), 100.5 (C-4a), 111.7, 113.3, 114.8, 

116.1 (C-13), 127.7, 128.1, 128.7, 129.2, 129.3, 129.4 (C-12), 

130.41 133.61 135.0, 135.2, 137.91 152.0 (C-lOa) I 155.2, 156.2 

(C-2), 161.5 (C-4). m/z: 449 (M+). Anal. Ca1cd for c 29H27N3o
2

: C, 

77.48; H, 6.05; N, 9.35. Found: C, 77.54: H1 6.07: N, 9.31. 

7,8-Bis(methoxycarbonyl)-2,3-diphenyl-5-methylquinazo1in-4(3Jij-

one (101): Equivalent amounts of 97a/97b/97c and DMAD were 

refluxed in dry toluene for 17-18 h. The solvent was removed 

under reduced pressure and the crude product thus obtained was 

purified by column chromatography on silica gel (eluent: a 

mixture of EtOAc/hexane in a 1:6 ratio) to give 90-95% of lOla. 

mp 192-193 °C; IR {KBr) V 1733 (2 x -C02Me), 1674 {C=O), 1588, 

1559 cm- 1 . 1H NMR (300 MHz) o 2.91 (s, 3H, -CH3 ) I 3.97 (s, 3H, 
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-co2 cH3 ), 3.99 (s, 3H, -co
2

cH
3
), 7.13-7.35 (m, lOH, arom), 7.87 

13 (s, lH, H-6}. C NMR (75.5 MHz} o 23.2 (-CH
3

}, 52.8 (-OCH
3

}, 

52.9_ (-OCH
3

}, 122.2, 127.7, 128.6, 129.0, 129.1, 129.5, 129.6, 

129.7, 138.8, 132.7, 134.7, 137.5, 143.2, 146.6, 155.5 (C-2), 

+ 162.1 (C-4}, 165.1 (-CD
2

Me), 168.3 (-CD
2

Me). ms m/z: 428 (M } • 

Anal. Calcd for c
25

H
20

N
2

o
5

: C, 70.08; H, 4.70; N, 6.54. Found: C, 

70.15; H, 4.71; N, 6.50. 

General procedure for pyrimidoquinolines (107}: A solution of 

thiophenol (0.3 g, 2.74 mmol} and AIBN (0.23 g, 1.40 mmol} in dry 

benzene was added dropwise, over a period of 2 h, to a solution 

of 97 (2.5 mmol) in boiling benzene while stirring under 

nitrogen. The solution was further refluxed for 5-6 h and the 

solvent was removed under vacuo. The resulting residue was 

purified by column chromatography on silica gel (eluent: a 

mixture of EtOAc/hexane in a 1:9 ratio} 

10-A11y1-2,3-dipheny1-5-methy1-5-pheny1thiomethy1-3,5,10-

trihydropyrimido[4,5-b]quino1in-4-one (107a): Yield 61%; mp 161-

1620C; IR (KBr} V 1655 (C=O), 1598, 1563, 1560, 1525 cm- 1 • 1H NMR 

(300 MHz) o 1.99 (s,3H,-CH
3

}, 3.24 (d, J = 13.2, lH, 

-CH
2

-SPh), 4.64 (d, J = 13.2, 1~, -CH
2

-SPh), 4.83-4.95 (m, 2H, 

-N-CH
2

-}', 5.22 (d, J = 10.5, lH, =CH2 }, 5 .. 36 (d, J = 17.3, lH, 

_=CH
2

) 5.98 (dddd, J ·= 17.3 11 10.5, 4~4 and 4.4, lH, -CH=), 6.92 

(d, J = 8.3, lH, H-9}, 7.00 (d J = 8.3, lH, H-6), 7.09-7.32 (m, 

13 17 H, arom}. C NMR (75.5 MHz) o 29.3 (-CH3 }, 41.6 (C-5), 45.5 

(-CH
2

-SPh}, 47.0 (-N-CH
2
-}, 98.5 (C-4a}, 114.1, 116.1 (C-13}, 
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119.1, 125.7, 126.9, 127.4, 127'.6, 128 .1, 128.4, 128.6, 128.7, 

129.0, 129.1, 129.3, 129.4 (C-12); 130. 9 ,· 133.1, 134.9, 137.5, 

' 138.0, 116.1, 153.2 {C-lOa), 156.3 (C-2), 161.1 (C-4). ms m/z: 

527 {M+) . Anal. Calcd for C34H29N30S: c, 77.39; H, 5.54; N, 7.96. 

Found: c, 77.46; H, 5.55; N, 7.98. 

10-Allyl-5,7-dimethyl-2,3-diphenyl-5-phenylthiomethyl-3,5,10-

trihydropyrimido[4,5-b]quinolin-4-one (107b): Yield 73%; mp 181-

1830C; IR (KBr) v 1652 (C=O), 1598, 1561, 1557, 1530, 1497 cm-l~ 
1H NMR (300 MHz) o 1.98 (s, 3H, -CH3 ), 2.26 (s, 3H, -CH3 ) i 3.24 

(d, J = 13.1, lH, -CH2 -SPh), 4.64 (d, J = 13.1, lH, -CH2 -SPh), 

4.79-4.97 (m, 2H, -N-CH 2 ->, 5.22 (d, J = 10.4, with fine 

splitting, lH, =CH2 >; 5.35 (d, J = 17.3, with fine splitting, 1H, 

=CH2 ), 5.97 (dddd, J = 17.3, 10.4, 4.3 and 4.3, 1H, -CH=), 6.82 

(d, J = 8.4, lH, H-9), 6.96 (dd, J = 8.4 and 1.5, 1H, H-8), 7.08 

(d, J = 1.5, lH, H-6), 7.11-7.29 (m, 15H, arom). 13c NMR (75.5 

MHz) o 20.8 (-CH3 ), 29.3 (-CH3 ), 41.7 (C-5), 45.4 (-CH2 -SPh), 

47.0 (-N-CH2-), 98.2 (C-4a), 114.1; 116.1 (C-13), 125.6, 127.5, 

127.6, 128.0, 128.1, 128.3, 128.6, 128.8, 129.2, 129.4) 129.7 

(C-12) 130.9, 131.9, 133.3, 135.0, 135.7, 137.5, 137.6, 153.2 

(C-lOa), 156.3 (C-2), 161.1 (C-4). ms m/z 541 (M+). Anal. Calcd 

for c35H31N3os: C, 77.60; H, 5.77; N, 7.76. Found: C, 77.71; H, 

5.77; N, 7.79. 

Reactions of N-a11y1-N-aryl-1,3-diaza-1,3-butadienes 95 with 

butadieny1ketene: General Procedure for pyrimidinones (109): Same 

as employed for pyrimidinones 78. 
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109 • 

5-(1',3'-Butadienyl)-2,3-diphenyl-6-(N-allyl-N-phenyl)amino-

pyrimidin-4(3H1-one (109a): Yield 73%; viscous liquid; IR (CC1
4

) 

v 1644 (C=O), 1547, 1488, 1439, 1403 em -l 1H NMR (300 MHz) o 

4.72 (d, J = 5.1, 2H, -CH
2
->, 4.85 (d, J = 10.0, lH, Ha), 5.07 

(d, J = 16.8, lH, Hb), 5.14 (dd, J = 10.3 and 1.3, lH, Hf), 5.23 

(dd, J = 17.2 and 1.3, lH, Hg), 5.85-6.09 (m, 3H, He, He and Hh), 

6.94-7.01 (m, lH, arom), 7.10-7.32 (m, 14H, arom), 7.44 (dd, J = 

13 14.9 and 10.2, 1H Hd). c NMR (75.5 MHz) o 54.8 (-CH
2
->, 102.7 

(C-5), 116.1 (C-10), 116.5 (C-13), 122.7, 123.5, 125.8, 127.7, 

128.2, 128.3, 128.6, 128.8, 128.9, 129.0, 129.1, 129.3, 129.5, 

132.5, 134.7, 135.0, 137.6, 138.8, 146.4, 154.6 (C-6), 157.3 (C-

2), 162.5 (C-4). ms m/z: 431 (M+). Anal. Calcd for c
29

H
25

N
3
o: C, 

80.71; H, 5.84; N, 9.74. Found: C, 80.65; H, 5.85; N, 9.79. 

5-(1',3'-Butadienyl)-2,3-diphenyl-6-[N-allyl-N-(p-methylphenyl)]-

aminopyrimidin-4 (3H} -one (109b}: Yield 63%: viscous liquid; IR 

. (CC1
4

) V 1663 (C=O); 1548, 1504, 1487, 1436, 1398 cm-l. lH NMR 

(300 MHz) o 2.29 {s, 3H, -cH3 ) •' 4.70 (d, J = 5.3, 2H, -cH2 ->, 
4.86 (d, J = 9.9, with fine splitting, lH, Ha), 5.05 (d, J = 

16.9, with fine splitting, iH, Hb), 5.15 (dd, J = 10.3 and 1.4, 
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lH, Hf) , 5. 21 ( dd, J = 17. 2 and 1. 4, lH, Hg) , 5. 8 6-6. 11 ( m, 3H, 

He, He, Hh), 7.02 (d, J= 8.7, with fine splitting, 2H, arom), 

7.08 (d, J = 8 .. 7, with fine.splitting, 2H, arom), 7.15-7.37 (m, 

lOH, arom), 7.41 (dd, J = 15.3 and 10.3, partially merged with 

13 arom, lH, Hd). C NMR (75.5 MHz) o 20.8 (-CH
3

); 55.1 (-CH
2
-), 

101.9 (C-5), 115.9 (C-10), 116.5 (C-13}, 123.2, 125.9, 127.7, 

128.3, 128.6, 128.8, 129.1, 129.4, 129.5, 129.6, 130.4, 132.1, 

133.5, 134.8, 135.2, 137.8, 139.1, 144.0, 154.5 (C-6), 157.7 (C-

+ 2), 162.6 (C-4). ms m/z: 445 (M ). Anal. Calcd for c
30

H
27

N
3
o: C, 

80.87; H, 6.11; N, 9.43. Found: C, 80.84; H, 6.08; N, 9.45. 

5-(1',3'-Butadieny1)-2,3-dipheny1-6-[N-a11y1-N-(p-

methoxypheny1)]aminopyrimidin-4(3H)-one (109c): Yield 67%; 

viscous liquid; IR (CC1
4

) v 1658 (C=O), 1544, 1484, 1432 cm- 1 • 1H 

NMR (300 MHz) o 3.76 (s, 3H, -OCH
3

), 4.68 (d, J = 5.5, 2H,-CH
2
-), 

4.85 (d, J = 9.8, with fine splitting, lH, Ha), 5.04 (d, J = 

16.7, with fine splitting, lH, Hb), 5.14 (dd, J = 10.3 and 1.3, 

lH, Hf), 5.20 (dd, J = 17.3 and 1.3, lH, Hg), 5.86-6.12 (m, 3H, 

He, He, Hh), 6.82 (d, J = 8.7, with fine splitting, 2H, arom), 

7.10 (d, J = 8.7, with fine splitting, 2H, arom), 7.11-7.38 (m, 

lOH, arom), 7.45 (dd, J = 15.3 and 10.2, 1H, Hd). ms m/z: 461 

+ (M ) • Anal. Calcd for c
30

H
27

N
3
o

2
: C, 78.07; H, 5.89; N, 9.10. 

Found: C, 78.11; H, 5.91; N, 9.11. 

5-(1',3'-Butadienyl)-3-(p-methylphenyl)-2-phenyl-6-[N-ally1-N-(pr 

methylphenyl)]aminopyrimidin-4(3JD-one (109d}: Yield 72%; viscous 

liquid; IR (CC1
4

) v 1661 (C=O), 1547, 1507, 1488, 1436 em -l. 
1

H 
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NMR (300 MHz) 0 2.33 ( s, 3H, -CH
3

) , 2.38 ( s , 3H, -CH
3

) , 4.73 ( d, 

J = 5.2, 2H, -CH
2

) , 4.85 ( d, J = 10.1, with fine splitting, lH, 

Ha}, 5.06 {d, J = 16.9, lH, Hb), 5.15 {dd, J = 10.2 and 1.3, lH, 

Hf) I 5.24 (dd, J = 17.1 and 1.3, lH, Hg), 5.85-6.10 (m, 3H, He, 

He, Hh), 7.00 (d, J = 8.3, 2H, arom), 7.03-7.10 (m, 6H, arom), 

7.14-7.22 (m, 3H, arom), 7.36 (d, J = 8.2, with fine splitting, 

2H, arom), 7.47 {dd, J = 15.1 and 10.1, lH, Hd}. ms m/z: 459 

+ (M ). Anal. Calcd for c
31

H
29

N
3

0: C, 81.02; H, 6.36; N, 9.14. 

Found: C, 80.97; H, 6.34; N, 9.17. 

2,3-Diphenyl-5-(p-methoxyphenyl)-2,5,6,6a,7,8,10a-

heptahydro pyrimido[4,5-c]isoquinolin-l-one (llOa): A solution of 
' 

pyrimidinone 109c (0.50 g, 1.09 mmol) in ·dry toluene (6 ml) was 

refluxed for 20-24 h. The solution was concentrated under vacuo 

and the residue purified by column chromatography (silica gel, 

EtOAc/hexane, 1:6} to give 0.33 g (66%) of 110a. mp 194-195 °C; 

IR (KBr) v 1651 (C=O), 1566, 1517 cm- 1 . 1H NMR (300 MHz) o 1.76-

2.09 (series of m, 4H, 2 x -cH
2

), 2.38-2.44 (m, lH, H-6a), 3.47 

(dd, J = 11.8 and 3.7, with fine splitting, lH, H-lOa); 3.70-3.74 

(m, ·lH, -N-CH
2
), 3.79 (s, 3H, -OCH

3
), 3.83 (dd, J = 11.5 and 

11.5, merged .with -ocH
3

, lH, -N-cH
2
->, 5.62-5.67 (m, lH, H-9), 

6.04-6.08 (m, lH, H-10), 6.87 (d, J = 8.9, with fine splitting, 

2H, arom),· 7.03-7.14 (m, 7H, arom), 7.22-7.28 (m, 5H, arom). 
13

c 

NMR (75.5 MHz) o 21.1 (C-7), 24.3 (C-8), 29.9 (C-6a), 32.5 (C­

lOa), 51.8 (-N-CH
2
-), 55.3 (-OCH

3
), 97.9 (C-lOb), 113.7, 123.6, 

127.3, 127.5, 127.9, 128.6, 129.1, 129.2, 129.3, 135.1, 137.8, 
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138.0, 155.6 (C-4a), 155.7 (C-3), 156.9, 162.1 C-1). ms m/z 461 

+ 
(M ) , 432, 382, 180, 77. Anal. Calcd for c

30
H

27
N

3
o

2
: C, 78.06; H, 

5.90; N, 9.10. Found: C, 78.15; H, 5.85; N, 9.11. 

2,5-Bis(p-methylphenyl)-3-phenyl-2,5,6,6a,7,8,10a-heptahydro­

pyrimido[4,5-c]isoquinolin-1-one (llOb): A solution of 109d (0.50 

g, 1.09 mmol) in dry toluene (6 ml) was refluxed for 22-24 h. A 

similar work up (as llOa) gave 0.36 g, (72%) of llOb. mp 210-212 

°C; IR (KBr) V 1656 (C=O), 1568, 1526, 1507 cm- 1 . 1H NMR (300 

MH z ) o 1 . 7 6 - 2 . 11 ( series of m , 4 H , 2 x - C H 
2 

- ) , 2 . 2 8 ( s , 3 H , 

-CH3 ), 2.30-2.36 [m, 4H; lH, H-6a and at 2.33 (s, 3H, -CH
3
)], 

3.50 (dd, J = 11.8 and 2.8, with fine splitting, lH, H-lOa), 

3.68-3.72 (m, lH, -N-CH2 -), 3.83 (dd, J = 11.4 and 11.4, lH, -N­

CH2-), 5.62-5.67 (m, lH, olefinic H-9), 6.06 (br d, J = 9.8, lH, 

13 H-10), 6.99 (d, J = 8.1, 2H, arom), 7.05-7.25 (m, 12H, arom). C 

NMR (75 •• 5 MHZ) o 21.0 (C-7), 21.1 (-CH
3

), 21.2 (-CH
3

), 24.3 (C-

8), 29.9 (C-6a), 32.6 (C-l9a), 51.6 (-N-CH
2
-), 98.4 (C-lOb), 

123.8, 125.8, 126.0, 126.2, 127.5, 128.3, 128.9, 129.1, 129.3, 

129.4, 134.6, 135.3, 137.8, 142.2, 155.5 (C-4a), 155.7 {C-3), 

+ 162.4 (C-1). ms m/z: 459 (M ) . Anal. Calcd for c
31

H
29

N3 o: C, 

81 • 0 1 : H , 6 . 3 6 : N , 9 . 14 • Found : C , 81 . 14 : H , 6 • 3 0 ; N , 9 . 19 • 

Procedure and data for (llla}: A solution of 109a (0.50 g, 1.16 

mmol). was refluxed in dry xylene ( 6 ml) for 2. 5-3 h. The solvent 

was removed under reduced pressure and the crude product thus 

obtained was purified by column chromatography on silica gel 

(eluent: EtOAc/hexane in 1:6 ratio) to give 0.40 g (80%) of llla. 
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mp 110-111 °C; IR (KBr) v 1657, 1546, 1507, 1487, 1401 cm-1 • 1H 

NMR (300 MHz) o 1.07 (d, J = 6.8, 3H), 1.68 (s, 3H), 2.85-2.90 

(m, lH), 4.72 (dq, J = 16.5 and 5.3, 2H), 5.15 (d, J = 10.3, lH), 

5.24 (d, J = 17.2, with fine splitting, lH), 5.84 (d, J = 15.5, 

lH), 6.06 (dddd, J = 17.2, 10.3, 5.2 and 5.2, lH), 6.67 (dd, J = 

13 15.5 and 8.7, lH), 6.96-7.01 (m, lH), 7.09-7.34 (m, 14H). C NMR 

(75.5 MHz) o 13.8, 20.0, 45.1, 54.8, 103.2, 116.5, 121.8, 122.6, 

123.3, 127.8, 128.3, 128.9, 129.0, 129.2, 129.3, 129.5, 134.8, 

135.3, 135.4, 137.7, 146.9, 154.8, 157.3, 162.7. ms m/z 432 

(M++l, 81%), 404 (11%), 390 (20%), 376 (27%) 259 (5%), 180 

(100%), 77 (46%). 

Procedure and Data for (lllb): A solution of 109b (0.50 g, 1.13 

mmol) was refluxed in dry xylene {6 ml) for 2.5-3 h. A similar 

procedure, as employed for 111a, afforded 0.37 g (74%) of 11lb. 

mp 135 °C; IR (KBr) y 1664, 1543, 1506, 1486, 1401. 
1

H NMR (300 

MHz) o 1.09 (d, J = 6.7, 3H), 1.66 (s, 3H), 2.27 (s, 3H), 2.83-

2.93 (m, 1H), 4.58-4.78 (m, 2H), 5.14 (dd, J = 10.3 and 1.5, 1H), 

5.21 {dd, J = 17.2 and 1.5, 1H), 5.82 (d, J = 15.5, with fine 

splitting, lH), 6.05 (dddd, J = 17.2, 10.3, 5.4 and 5.4, 1H), 

6.61 {dd, J = 15.5 and 8.8, lH), 7.01 (d, J = 8.6, 2H), 7.07 (d, 

13 
J = 8.6, 2H), 7.14-7.32 (m, lOH). C NMR (75.5 MHz) o 13.6, 

20.1, 20.7, 45.3, 55.1, 102.1, 116.5, 122.0, 123.2, 127.8, 128.3, 

128.8, 129.1, 129.3, 129.5, 129.8, 133.2, 134.9, 135.4, 137.8, 

+ 144.5, 154.7, 157.5, 162.7. ms m/z 447 (r-1 +2, 96%), 418 (10%), 

404 (25%) , 390 (31%) , 180 (100%) , 91 (15%)' 77 (48%). 
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Reactions of (N-a11y1-N-ary1)amino-1,3-diaza-1,3-butadienes 95 

with ch1oroketene: General procedure for pyrimidinones (114): To 

a well stirred solution of 95 (4.0 mmol) and triethylamine (1 g, 

10 mmol) in dry methylene chloride (30 ml), was added dropwise, a 

so 1 uti on of c h 1 oro ace t y 1 c h 1 or ide ( 0 . 6' 8 g , 6 m m o 1 ) in dry 

' 
methylene chloride (30 ml) over a period of 1.5-2h at rt. A 

similar workup, as employed for pyrimidinones 62, yielded the 

crude products 114 which were purified by column chromatography 

on silica gel (eluent: a mixture of EtOAc/h~ane in a 1:10 ratio) >( 
/ 

2,3-Diphenyl-5-methylthio-6-(N-allyl-N-phenyl)aminopyrimidin-

4(3H)-one (114a): Yield 89%; mp 125-126 °C; IR (KBr) v 1657 

-1 1 (C=O), 1549, 1549, 1484 em H NMR (300 MHz) o 2.15 (s, 3H, 

-SCH3 ), 4.73 (d, J = 5.1, with fine splitting, 2H, -CH2 -), 5.16 

(dd, J = 10.3 and 1.6, with fine splitting, lH, =CH2 ), 5.28 (dd, 

J = 17.2 and 1.6, with fine splitting, lH, =CH2), 6.05 (qddd, J = 

13 17.2, 10.3, 5.1 and 5.1, lH, -CH=), 7.03-7.34 (m, 15H, arom). C 

NMR (75.5 MHz) o 16.3 (-SCH3 ), 55.1 (-CH2 -), 100.8 (C-5), 116.5 

(C-9), 123.1, 123.9, 127.8, 128.3, 128.8, 129.0, 129.1, 129.3, 

129.4, 129.6 (C-8}, 134.7, 134.9, 137.7, 146.6,_155.6 (C-6), 

+ + 160.1 (C-2), 162.6 (C-4). ms m/z: 425 (M), 378 (M -SCH 3). Anal. 

Calcd for c26H23N30S: C, 73.38; H, 5.45; N, 9.87. Found: C, 

73.33; H, 5.44; N, 9.83. 

2,3-Diphenyl-5-methylthio-6-[N-allyl-N-(p-methoxyphenyl)]amino 

pyrimidin-4(3H)-one (114b): Yield 91%; mp 158-159 °C; IR (KBr)v 

1661 (C=O), 1540, 1506, 1482 cm-l. 1H NMR (300 MHz) o 2.11 (s, 
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3H, -SCH
3
), 3.79 (s, 3H, -OCH

3
), 4.65 (d, J = 5.4, 2H, -CH

2
-), 

5.14 (dd, J = 10.3 and 1.3, lH, =cH2 ), 5.20 (dd, J = 17.2 and 

1.3, lH, =cH
2

>, 6.04 (dddd, J = 17.2, 10.3, 5.5 and 5.5 lH, 

-CH=), 6.85 (d, J = 8.9, with fine splitting, 2H, arom), 7.08-

7.32 (m, 12H, arom). 13 c NMR (75.5 MHz) o 16.5 (-SCH
3

), 55.4 

(-OCH
3
), 55.8 (-CH

2
-), 98.2 (C-5), 114.2,116.8 (C-9), 125.7, 

127.8, 128.2, 128.7, 129.0, 129.3, 129.6 (C-8} r 134.8, 134.9, 

137.8, 139.6, 155.5 (C-6), 156.6, 160.4 (C-2), 162.7 ( C-4) • ms 

m/z: 455 (M+) , 408 
+ (M -SCH

3
) . Anal. Calcd for C27H25N302S: C, 

71.18; H, 5.53; N, 9.22. Found: C, 71.24; H, 5.51; N, 9.25. 
I 

3-(p-Methylpheny1)-5-methylthio-6-[N-allyl~N-(p-

methylphenyl)]amino-2-phenylpyrimidin-4(31D-one (114c): Yield 

86%; mp 154-155 °C; IR (KBr) ).) 1652 (C=O), 1550, 1497, 1480 cm-l 

1H NMR (300 MHz) o 2.14 (s, 3H, -SCH
3

), 2.28 (s, 3H, -CH
3

), 2.31 

(s, 3H, -CH
3

), 4.69 (d, J = 5.1, 2H, -CH
2
-), 5.14 (dd, J = 10.3 

and 1.1 lH, =CH
2

), 5.25 (dd, J = 17.2 and 1.1 Hz, lH, =cH
2

), 6.03 

(dddd, J = 17.2, 10.3, 5.1 and 5.1, lH, -CH=), 7.03 (d, J = 8.4, 
'---

2H, atom), 7.07-7.32 (m, llH, arom). 
13

c NMR (75.5 MHz) o 16.3 

(-SCH
3
), 20.9 (-CH

3
), 21.1 (-CH

3
), 55.2 (-CH

2
-), 99.9 (C-5), 

116.4 (C-9) r 123.3, 124.6, 127.7, 127.8, 128.6, 128.7, 129.2, 

129.3, 129.4, 129.5 (C-8), 129.6, 133.6, 134.6, 134.9, 135.0, 

135.1, 138.2, 144.0, 155.6 (C-6), 160.1 (C-2), 162.7 (C-4). ms 

/ 3 ( M+} r { • + } 1 1 d f H .m z: 45 406 M -SCH
3 

. Ana . Ca c or c 28 27 N3 0S: C, 

74.14; H, 5.99; N, 9.26. Found: C, 74.07; H, 5.97; N,· 9.20. 
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Representative procedure for pyrimidinones (115): To a solution 

of 114a ( 1.18 mmol) in CH2c12 at rt was added r 2 ( 0.16 g, 1. 27 

mmol) and the mixture was allowed to stir for 15h. The reaction 

mixture was washed with aqueous NaHso3 solution (50 ml) and then 

with water ( 3 x 50 ml) . The organic layer was dried over 

anhydrous Mgso 4 , evaporated under vacuo and the resulting residue 

purified by column chromatography on silica gel (eluent: mixture 

of EtOAc/hexane in 1:7 ratio). 

6-Iodomethyl-3,7,8-trihydro-2,3,8-triphenylpyrimido[5,4-b]-1,4-

thiazine-4-one (115a): Yield 0.48 g (76%) from 0.50 g of 114a; 

mp 184-186 °C; IR (KBr) v 1652 (C=O), 1554, 1499, 1246 cm-l. 1H 

NMR (300 MHz) o 3.49-3.71 (m, 3H; 2H, -CH2-I and lH, methine), 

4.28-4.32 (m, 2H, -NCH
2
->, 7.05-7.34 (m, 15H, arom). ms m/z: 537 

+ + (M), 410 (M -I). Anal. Calcd for c 25H20 N30SI: C, 55.87; H, 3.75; 

N, 7.82. Found: C, 55.71; H, 3.79; N, 7.89. 

2,3-Diphenyl-6-iodomethyl-8-(p-methylphenyl)-3,7,8-

trihydropyrimido[5,4-b]-1,4-thiazine-4-one (115b): Yield 0.51 g 

(81%) from 0.54 g of 114b; mp 219-221 °C; IR (KBr) y 1649 (C=O), 

1582, 1559, 1507, 1249 cm-1 . 1H NMR (300 MHZ) o 3.53-3.75 (m, 3H; 

2H, -CH2-I and lH, methine), 3.82 (s, 3H, -OCH3 ), 4.30-4.34· (m, 

2H, -N-CH2-), 6.92 (d, J = 8.9, with fine splitting, 2H, arom), 

7.04-7.08 (m, 5H, arom), 7.12-7.17 (m, 2H, arom), 7.26-7.31 (m, 

. 13 . ) 5H, arom). C NMR (75.5 MHz) o ,7.1 (-CH2 -I), 37.8 (meth1ne C , 

54.7 (-N-CH
2
-), 55.4 (-OCH3), 92.2 (C-4a) '· 114.1, 127.6, 128.2, 

128.4, 128.8, 129.4, 134.2, 137.3, 152.6, 153.3, 157.7, 159.8. ms 
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m/z: 567 (M+), 440 (M+-I). Anal. Caled for c
26

H
22

N
3

o
2
sr: C, 

55.03; H, 3.91; N, 7.40. Found: C, 54.89; H, 4.01; N, 7.36. 

2,3-Diphenyl-5-methylthio-6-[(N-cinnamoyl-N-(p-methylphenyl)]-

aminopyrimidin-4(3E0-one (ll9a) : Yield 83%; mp 186-187 oc; IR 

(KBr) y 1670 (C=O) , 1644 ( C=O) , 1517, 1505, 1481 
-1 lH NMR em . 

(300 MHz) 0 2.41 ( s, 3H, -CH
3

) , 2.52 ( s , 3H, -SCH
3

), 6.40 ( d, J = 

15.9, lH, Ph-CH=), 6.77 (d' J := 7.9, with fine splitting, 2H, 

arom), 7.02-7.07 (m, lH, arom), 7.21-7.35 (m, llH, arom), 7.45-

7.48 (m, 3H, arom), 7.68 (d', J = 15.9, lH, Ph-CH=CH-), 8.11-8.15 

13 (m, 2H, arom). C NMR (75.5 MHz) o 15.6 (-SCH
3

), 21.4 (-CH
3

), 

113.3 (C-5), 121.6, 123.5, 127.8, 128.20, 128.24, 128.6, 128.7, 

129.6, 129.8, 130.4, 140.7, 147.3, 149.4, 156.5, 157.9, 158.8. ms 

m/z: 529 (M+), 482 (M+ -SCH
3
). Anal. Caled for c

33
H

27
N

3
o

2
s: C, 

74.83; H, 5.14; N, 7.93. Found: C, 74.80; H, 4.15, N, 7.91. 

2-Phenyl-3-(p-methylphenyl)-5-methylthio-6-(N-cinnamoyl-N-

pheny~)aminopyrimidin-4(3EO-one (ll9b): Yield 76%; mp l95-l96°C. 

-1 l 
IR (KBr) V 1682 (C=O), 1647 (C=O), 1526, 1499, 1477 em • H 

NMR (300 MHz) o 2.29 (s, 3H, -CH3 ), 2.52 (s, 3H, -SCH3 ), 6.43 (d, 

J = 15.9, lH, Ha), 6.68 (d, J = 8.1, 2H, arom), 7.04 (d, J = 8.1, 

2H, arom), 7.23-7.36 (m, 5H, arom), 7.44-7.55 (m, 7H, arom), 7.67 

(d, J = 15.9, lH, Hb), 7.92-7.95 (m, lH, arom), 8.12-8.15 (m, 2H, 

arom). 13c NMR (75.5 MHz) o 15.5 (-SCH
3

), 20.8 (-CH
3

), 113.4, 

116.0, 121.5, 127.8, 128.0, 128.2, 128.3, 128.5, 128.6, 128.8, 

129~3, 129.4, 129.5, 129.7, 129.8, 129.9, 130.1, 130.3, 132.9, 

134.3, 135.3, 135.4, 136.4, 140.5, 144.7, 149.4, 156.6, 157.6, 
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+ + 158.8, 159.5, 160.3. ms m/z: 529 (M ) , 482 (M -SCH
3
). Anal. Calcd 

for c33H27N3o2 s: C, 74.83; H, 5.14; N, 7.93. Found: C, 74.88; H, 

5.14; N, 7.89. 
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Introduction 

CI-I.APTER...-II 

Diastereoselective Synthesis of a-Buta­

dienyl P-lactams and some Stereochemical 

Aspects of their Diels-Alder Adducts 

More than 50 years after the discovery of the antibacterial 

effect of penicillin in man, ~-lactam antibiotics are still under 

active investigations by organic chemists . 1 The importance and 

structural diversity of biologically active ~-lactam antibiotics 

led to the development of numerous novel methods for the 

construction of appropriately substituted azetidin-2-ones with 

attendent control of functional groups and stereochemistry. 2 

There is growing demand for selective antibiotics or antibiotics 

with a broad spectrum of action, since the frequency of the 

antimicrobial resistant infections has increased in both the 

hospital and the community. 3 Intense investigations have resulted· 

in the discovery of several natural and synthetic biologically 
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active substances containing B-lactam ring, including 

cephalosporins, 4 carbepenems, 5 6 7 penems, oxa and carbacephems as 

well as monolactams, 8 nocardicin derivatives,
9 10 clavams or 

other spiranic11 or multicyclic ring systems. 12 Most of the 

variations have been introduced by keeping the 13-lactam moiety 

intact but changing the atoms, functional groups and size of the 

B 
. 13 r1ng. 

In recent years, several natural monocyclic 13-lactams have 

been shown to exhibit high activity against gram-negative 

organisms 2a,c and it is felt that suitably substituted monocyclic 

13-lactam ring might perhaps be the minimum requirement for 

biological activity. 14 In view of the reported importance of 3-

1~ 16 alkyl(3-acetyl 13-lactams and 4-vinyl 13-lactams as 

intermediates in the synthesis of B-lactam antibiotics, efforts 

to devise/improve synthesis of suitably substituted 13-lactams is 

an ongoing challenge and is attracting the increasing attention 

of synthetic community. 

Ketenes have received much wider attention mving to their 

b . 1. t t t 2 . 1 dd. . t. 17 a 1 1 y o ac as rr component 1n eye oa 1t1on reac 1ons. 
'0 

[ 2+2] eye loaddi tion react ions of ketenes are mast commonly 

encountered and has become an established synthetic route to the 

valuable intermediates for various antibiotics and natural 

18 19 products. ' The imine-ketene cycloaddition reaction, referred 

as Staudinger reaction, was the first method by which an 

azetidinone was synthesised20 and was extensively studied after 

the discovery of penicillin, cephalosporin and later the 
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carbepenem antibiotics. This reaction is now well established 

and has proven to be a versatile route to various ~-lactam 

derivatives. Initial studies were directed towards the 

preparation of intermediates for the synthesis of pencillin and 

cephalosporin, i.e. 3-amino-2-azetidinones that contain sulfur 
' 

atom directly attached to the 4-position of the ~-lactam ring, 21 

and were extended later to constructing intermediates for several 

other 13 -lactam antibiot ics 21 (Scheme 1) . Various azetidinones 

obtained by the imine-aminoketene cycloaddition e.g. a-azido-~­

lactams, were eventually transformed to penicillins, 22 ' 23 

cephalosporins, 24 - 26 nocardicin 27 and a number of their 

28 analogues. 

R3 H y 
• 
II 
0 

Scheme-1 

The carbepenem antibiotics, namely PS-5, PS-6, thienamycin, 

asparenomycin, meropenem and bipenem constitute an important 

class of drugs and are the object of ongoing pharmaceutical 
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development. The novel chemical features and potent 

antibacterial properties of these new bicyclic ~-lactams together 

with t~e reported low yield fermentation processes as compared to 

those in other ~-lactam antibiotics have made carbepenems 

attractive target molecules for many research groups. Synthesis 

of a.-alkyl, a.-acetyl or acetoxy ~-lactams became an important 

29 target after the discovery of carbepenem antibiotics which 

possess an alkyl, hydroxyalkyl or acetyl side chain at C-6 

position. The main strategies towards carbepenem synthesis 

usually involves first construction of appropriately substituted 

monocyclic ~-lactams with correct stereochemistry at C-3 and C-4 

of ~-lactam ring, followed by the chemical manipulation at N-1 

and C-3 and subsequent ring closure to form bicyclic ring 

29-35 system. However, very few reports describe the synthesis of 

a.-alkyl, a.-alkylidene or a.-acyl azetidinone based on acid 

chloride-imine cycloaddition reaction. 28 According to one such 

example, the acid chloride 2, derived from D-allothreonine was 

treated with triethylamine to generate a chiral ketene 3, in 

situ, and subsequent [2+2] cycloaddition reaction with achiral 

imine 4 afforded azetidinone 5. 36 Known procedures were then 

employed to carry 5 forward to 6, involving dehalogenation, 

nitrogen deprotection and transformation of the ester to acetoxy 

with correct C-4 'configuration and subsequently to the 

I .a 31 ( h ) meropenems b1penems Sc erne 2 . 
1.:. 

The reactions of conjugated ketenes viz. vinyl/ 

isopropenylketenes with various Schiff bases continues to be a 
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subject of intense research owing to ( i) the 1 ack of proper 

generalisation in the formation of cis/trans a-vinyl/isopropenyl 

~-lactams with different substituents and (ii) the conversion of 

the resulting azetidinones to key intermediates for various 

carbepenem antibiotics. Bose, Spiegelman and Manhas 37 reported 

the exclusive formation of trans B-lactams from the reactions of 

trans crotonyl chloride and benzylidene aniline at elevated 

temperatures (Scheme 3). Zamboni and Just treated both crotonyl 

chloride and dimethylacroyl chloride with various Schiff bases 

and utilised this reaction for preparing a variety of a-vinyl ~-

lactams as potential synthons for ~-lactam antibiotics. It was 

observed that all a-vinyl ~-lactams, obtainted from Schiff bases 

derived from aliphatic amines had cis stereochemistry whereas 

when the Schiff base was derived from aniline and cinnamaldehyde, 

a mixture of cis and trans ~-lactams was obtained (Scheme 3, 

entry 2, ll and 12); the relative proportion of isomers appeared 

to depend on the temperature of the reaction. Other reports of 

formation of similar cis ~-lactams involve reactions of 

vinyl/isopropenyl-ketenes with Schiff base derived from 

t-butylamine. 40 The ~-lactams so obtained (Scheme 3, entry 12) 

was then converted to thiaalkanams and thiaisoalkanams, 41 the 

compound expected to be of great interest in terms of 

antibiotics. Also,· the B-lactams derived from the reaction of 

vinyl/isopropenyl ketenes with the Schiff base derived from di-p-

anisylmethylamine (DAM-NH 2 ) was smoothly converted to acetoxy 

a~etidinones (Scheme 3, entry 13}, which have proven to be potent 
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COCI 

Entry R cis 3,% trans 3,% Ref 

1 H Ph Ph 40-65 37,38,39 

2 Me furfuryl Ph 70 38 

.3 Me furfuryl CH(C02Me}CH 20TBDMSa 30 38 

4 H furfuryl CH(C0 2PNB)CH(CH 3)0Hb 15 39 

5 Me PhCH=CH CH(C02Me}CH 20TBDMS 70 38 

6 H PhCH=CH CH(C02PNB)CH(CH 3)0H 54 6 39 

7 H co2Me CH 2c6H3{0Me} 2{2,4) 40 38 

8 H CO Ph c6H40Me-p 50 30 39 

9 H CO Ph CH(CH3)Ph 55 39 

10 H PhCH=CH Ph 7 35 38 

llc H PhCH=CH Ph 25 5 38 

12 H Ph-CH=CH tBu 50 40 

13 H co 2Bu DAM 94 42 

14 Me co2Me c6H40Me-p 68 15b 

a TBDMS tert-butyldimethylsilyl = 
b PNB p-nitrobenzyl = 
c Reaction conducted at room temperature 

Scheme-3 

132 



synthons for various antibiotics. 42 In contrast, Bose et al. 

observed that reactions of Schiff base derived from methyl 

glyoxalate and p-anisidine with vinylketene led exclusively to 

cis n-vinyl B-lactams, 40 which were further converted to key 

. t d' t f b t'b' t' 39 111 erme 1a es or car apenem an 1 10 1cs. Evidently, no clear 

cut generalisation could be made on the steric composition of a­

vinyl P-lactams from a variety of Schiff bases. 39 

Thus, all proposals to rationalise the steric course and 

predict the stereochemistry of a-vinyl B-lactam formation seem to 

be inadequate (see Scheme 3 for summary}. Interestingly, the 

Schiff base derived from furfuraldehyde and aniline produces only 

trans p-lactam on reaction with crotonyl chloride 38 and only a 

cis B-lactam on reactions with azide acetyl chloride. This 

complete reversal of steric course of annelation is not obvious 

on the basis of proposed rationalisations concerning B-lactam 

f t
. 38 orma 1ons. In such a dilemma of steric routes in these 

reactions, and in view of synthetic scope of functionalised 1,3-

butadienes and biological importance of B-lactams in general and 

a-substituted B-lactams in particular, we initiated the reactions 

of various Schiff bases with butadienylketene. To our knowledge 

this is the first report concerning imine-butadienylketene 

cycloaddition. During the course of ongoing investigations 
I 

concerning azadiene-ketene cycloaddition in our laboratory, 43 we 

have discovered that the use of butadienyl ketene in such 

cycloadditions proved to be an efficient route to the synthesis 

of 5-dienyl pyr irrd dinones {Chapter- I, sect ion I. 3) . The only 
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method for the generation of putative and transient dienylketenes 

reported earlier was in the synthesis of various quinones and 

catechols by the thermolysis of appropriately substituted 

cyclobutenones. 44 - 46 (Scheme 20·, Chapter I). 

It was thought that the reaction of butadienylketene with a 

variety of Schiff bases and the study of the stereochemistry of 

the resulting a.-dienyl 13 -lactams, with different Schiff bases, 

could be an important scientific enquiry. As an entry into this 

area we describe here the diastereoselective synthesis of a.-

butadienyl 13 -lactams which apparently could prove as versatile 

synthetic intermediates for the synthesis of a large variety of 

targeted a.-substituted 13-lactam derivatives. 

Results and Discussion 
' 

As mentioned earlier the reactions of various Schiff 

bases with vinyl/isopropenylketenes were shown to result in 

trans, cis or a mixture of trans and cis 13-lactams. 15b• 37 • 38 

Keeping in view the importance of appropriately substituted 13-

lactams and in order to know the nature of 13-lactams formed, we 

have carried out the reactions of various Schiff bases with 

butadienylketene. Thus, the treatment of Schiff bases 8, derived 

from aromatic amines, with butadienyl ketene 9, generated in situ 

from sorbyl chloride in the presence of triethylamine, in 

methylene chloride at room temperature resulted in good yields 

(48-63%) of diastereoselective formation of previously unknown 

trans-3-butadienyl 13-lactams 10 47 {Scheme 4). The trans 
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structure 10 was assigned to these azetidinones on the basis of 

analytical and spectral data. Their IR spectra exhibited a 

strong absorption around 1735 cm-l characteristic of the ~-lactam 

ring. Their 1H NMR spectra showed, in addition to aromatic 

protons, the presence of two methine protons and olefinic 

protons. The assignment of trans stereochemistry to the ~-

lactams 10 was based on the observed coupling constant of about 

2.4 Hz for methine protons H-3 and H-4. 38 • 44 Their mass spectra 

exhibited in addition to the molecular ion peaks, the peaks for 

(M+ - Ph-N=C=O). 

Similar reactions of butadienylketene with the Schiff bases 

11 derived from aliphatic amines viz. cyclohexylamine, 

furfurylamine and n-butylamine resulted in the formation of 

either cis or a mixture of cis and trans ~-lactams. For example, 

the reaction of butadienylketene with the Schiff bases derived 
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from cyclohexylamine/furfurylamine and benzaldelhyde resulted in 

the exclusive isolation of cis B-lactams 12a and 12b (Scheme 5). 

The products 12a,b were analysed on the basis of their analytical 

-1 
and spectral data. The strong absorption band around 1749 em 

in the IR spectra of 12a,b was typical of B-lactam ring. 1H NMR 

spectrum of 12a showed, in addition to aromatic protons, a series 

of multiplets (o l.Ol-1.30, 1.52-1.86 and 2.00-2.05) for 

cyclohexyl group, the presence of olefinic protons and two 

methine protons H-3 (o 4.08) and H-4 (o 4.85). The assignment of 

the cis stereochemistry to the B.-lactam 12a was based on the 

observed coupling constant of 5.6 Hz for methine protons H-3 and 

H-4. 38 1H NMR spectrum of 12b (Fig. l) exhibited, apart from 

phenyl, furfuryl and olefinic protons, a d0ublet of doublet for 

H-3 and a doublet for H-4. The observed coupling constant of 5.3 

Hz for H-3 and H-4 protons was again characteristic of cis B­

lactams.38 

On the other hand, the reactions of Schiff bases, derived 

from furfurylamine and p-anisaldehyde, with butadienylketene 9 

resulted in the diastereoselective formation of a mixture (6.5:1) 

of cis/trans B-lactam 12c/13c (Scheme 5). Several attempts at 

chromatographic separations of these two diastereoisomers failed 

because of their similar Rf values. The B-lactams 12c/13c 

displayed spectroscopic parameters fully compatible with the 

gross structural features. The relative stereochemistry at C-3 

and C-4 in case of 12c/13c was assigned on the basis of 1H NMR 

spectrum (Fig. 2). The cis and trans isomers were identified 
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mainly through the observed two signals for H-4 protons; a 

doublet at 5 4.72 (J = 5.4 Hz) indicated the formation of cis p-

lac tam and another doublet at 5 4. 26 { J = 2. 2 Hz) showed the 

presence of trans isomer in the mixture. The relative cis/trans 

(6.5:1) ratio was calculated from the integration values of the 

corresponding two aromatic protons signals of the two isomers and 

also from the integration values~two signals for one of the 

furfuryl protons. Further the reaction of butadienylketene with 

schiff base derived from n-butylamine and p-anisaldehyde also 

resulted in the formation of a mixture (4:1) of cis/trans p-

lac tams 12d/ l3d (Scheme 5) . Thus, it may be inferred that the 

treatment of butadienylketene with Schiff bases derived from 

benzaldehyde exclusively yield cis P-lactams whereas those 

derived from p-anisaldehyde result in an inseparable mixture of 

cis and trans isomers. 

In continuation of our studies we have investigated the 

reactions of various 1-azadienes with butadienylketene. Thus, 

the treatment of 1-azadienes 14 with butadienylketene 9, 

generated in situ from sorb¥1 chloride and triethylamine in 

• 
methylene chloride, resulted exclusively in the formation of cis 

P-lactams 15 irrespective of the nature of the substituent at 1-

position of 1-azadiene {Scheme 5). The products were identified 

on the basis of· IR, mass, spectra and 

microanalysis. The P-lactams 15 were assigned cis stereochemist] 

on the basis of the observed coupling constant of about 5. 5 H· 

between H-3 and H-4 protons. 
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In order to establish the synthetic potential of the a-

dienyl substituted azetidinones, 10, 12/13 and 15, we initiated 

the Diels-Alder cycloaddition reactions of these ~-lactams with 

various dienophiles. All these reactions resulted in very good 

yields (89-97%} of the corresponding adducts which were well 

characterised (elemental analysis, IR, 1H NMR, 13c NMR and mass 

spectral data). The reactions of 10 with dimethylacetylene 

dicarboxylate (DMAD) in refluxing toluene resulted in the 

exclusive isolation of the conjugated cyclohexad{enyl adducts 17 

(Scheme 6}. The products could be assigned either structure 16 

or 17 on the basis of IR, mass spectra, 13c and simple 1H NMR 

spectra. However, the adducts were assigned structure 17 on the 

basis of a l 1Hl- £
1Hl NMR homonuclear spin correlation spectrum 

(Fig. 3} which indicated that both the_ methylene protons were 

coupled to H-1', which in turn was coupled with only one of the 

olefinic protons. Further, the coupling constants observed, in 

the 300 MHz 
_.:-..;, 

1 ' I 

H NMR spec~um between H-1' 
'---- -

and the two methylene '" 

protons were ca. 7. 0 Hz and 5. 0 Hz. Values such as these are 

only possible when H-1' is adjacent to the methylene protons; 

such large coupling constan~s between the two cannot be 

. . ' ant1c1pated based on structure 16. The. adducts 17 presumably 

arise from the rearrangement of the initially formed 

nonconjugated 2' ,5'-cyclohexadienyl Diels-Alder adducts 16. 

The reaction of lOa with 4-phenyl-1,2,4-triazo-3,5-dione 

(PTAD}, in methylene chloride at 0°C, also resulted in the 

diastereoselective synthesis of the corresponding Diels-Alder 
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adduct 18 (Scheme 6). Interestingly, the reaction of cis ~-

lactam 15a, wtih PTAD under similar conditions also resulted in 

the synthesis of trans adducts 18b (Scheme 6). It is interesting 

to note that despite severe steric constraints the reaction of 1-

azadienes with butadienylketene favours the exclusive formation 

cis (3-lactams which on treatment with PTAD led to the 

thermodynamically more stable trans eye loadduct 18b. The 

products 18a,b were purified by silica gel column chromatography 

and characterised with the help of their analytical and spectral 

data. The compound 18b for example, exhibited strong absorption 

peaks at 17 41 and 1704 em -l due to carbonyl groups. Its mass 

spectrum exhibited a molecular ion peak at m/z 4 76 (M+) and a 

peak at 357 + (M - Ph-N=C=O) . Its 1H and 13c NMR spectra were 

also in agreement with the assigned structure 18b. The 

assignment of the trans stereochemistry was based on the observed 

coupling constant of 2.3 Hz for H-3 and H-4 protons. 

However, the reactions of lOa with maleic anhydride (MA) and 

N-phenylmaleimide (NPM) in refluxing toluene yielded a mixture 

(2:1) as evidenced by 1H (Fig. 4, 5) and 13c NMR spectra, of 

diastereoisomers 19/19' and 20/20' respectively (Scheme 7). 

Several attempts at chromatographic separations of the two 

diastereoisomers 19/19' and 20/20' failed because of their 

similar Rf values.· The assignment of the stereochemistry of 

these adducts by NMR is complicated. Although the mixtures 

19/19' and 20/20' displayed spectroscopic parameters fully 

compatible with the gross structural features, but the assignment 
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of specific stereochemistry to the individual isomers of the 

mixtures is rather difficult. The NOE experiments also proved to 

be inconclusive and could not help in assigning their specific 

relative stereochemistry. However, a reaction of lOa with NPM in 

5M lithium perchlorate-ether solution at room temperature, 

resulted in the isolation of a single diastereoisomer as 

1 13 evidenced by its H (Fig. 6) and C NMR spectra. The comparison 

1 13 of the H and C NMR spectra of this single diastereoisomer with 

that of 1H and 13c NMR spectra of the mixture 20/20' indicated 

its identical nature with that of the major isomer 20 in the 

mixture of 20/20'. This single diastereoisomer could now be 

assigned the endo configuration on the basis of NOE experiments 

(Scheme 7). The problem of assigning stereochemistry to the 

individual isomers in the mixtures, 19/19' and 20/20' obtained by 

the reactions of lOa with MA and NPM could thus be resolved and 

the major isomers in these mixtures were assigned the endo 

configuration while the minor isomers were assigned exo-

configuration. 

Unexpectedly, the reaction of 15b with NPM in refluxing 

toluene, also resulted in the formation of a single cis 

diastereoisomer 21 (Scheme 7). Also, interestingly, the 

cis stereochemistry at C-3 and C-4 of the starting ~-lactam 15b 

t.Jas retained in the ·adduct 21 despite steric constraints, unlike 

the reaction of 15a with PTAD. The structure 21 was easily 

established on the basis of its analytical and spectral data. Its 

mass spectrum exhibited a molecular ion peak at m/z 480 and a 
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-1 peak at 355. Its IR spectrum showed peaks at 1726 and 1700 em 

due to 13-lactam ring and dicarboximido carbonyls respectively. 

1 Its H NMR spectrum (Fig. 7) showed all the charactristic proton 

signals and the cis stereochemistry was assigned on the basis of 

the observed coupling constant of 5.3 Hz between H-3 and H-4. Its 

13c NMR spectrum further supported the assigned structure 21. 

Keeping in view the interesting stereochemical observations, 

in the Diels-Alder reactions of various a-dienyl 13-lactams with 

DMAD, PTAD, MA and NPM, it was thought worthwhile to investigate 

the reaction of 10 with diethyl fumerate (DEF) and ethyl acrylate 

(EA}. Thus, the reactions of 13-lactam lOb with DEF in refluxing 

toluene resulted in the isolation of an inseparable mixture 

(1:1.5} of diastereoisomers 22 and 23 (Scheme 8}. The products 

in the mixture were assigned the structures 22 and 23 on the 

basis of the 1 H and 13 c NMR spectra which exhibited signals 

corresponding to the gross structural features of 22 and 23. The 

trans stereochemistry was assigned to the 13-lactam moiety of 

isomers 22 and 23 on the basis of the observed coupling constants 

of about 2. 3 Hz between H-3 a~1d H-4 protons. Because of the 

presence of the complex multiplets in ~he 1 H NMR spectra the 

exact nature of the individual Diels-Alder cycloadducts 22 and 23 

could not be firmly established. Even the NOE experiments in this 

regard proved to b·e inconclusive and hence, their specific 

relative stereochemistry could not be assigned. 

Similar reaction of DEF with a-dienyl (3 -lac tam 12/13d also 

resulted in a mixture of diastereoisomers 24 and 25. The 
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stereochemistry at C-3 and C-4 in these cases was retained as cis 

in contrast to the reaction of 15a with PTAD where it changed 

from cis in a-dienyl 13-lactam 15a to trans in adduct 18b. The 

said cis stereochemistry for isomers 24 and 25 was assigned on 

the observed coupling constant of about 5.3 Hz between H-3 and H-

4 protons. In this case also the relative specific 

stereochemistry could not be assigned to 24 and 25 even with the 

help of NOE experiments. All efforts at chromatographic 

separations of the isomers 22/23 and 24/25 also failed because of 

their close Rf values. In an attempt to isolate a single 

specific isomer, the reactions of a-dienyl 13-lactams with DEF 

were carried out in 5M LiClo 4 solution in ether, but the reactins 

failed and the starting material was recovered unreacted. 

The situation was further complicated in reactions of a-

dienyl-13-lactams 10 and 12/13 with ethyl acrylate (EA) which were 

shown to afford a mixture of stereo as well as regioisomers. For 

example, the reaction of trans 13-lactam lOa with ethyl acrylate 

afforded an inseparable mixture of products which was 

characterised mainly on the basis of 1H NMR specrum and was 

identified as a mixture (5:4:2:1.2) comprising of 26, 27, 28 and 

29. The formation of these four isomers could be attributed to .. 
the four sets of signals observed for H-4 protons and their ratio 

was based on integration values these signals in the 1 H NMR 

spectrum of the mixture. The uni~orm coupling constant value of 

1.9-2.5 Hz (between H-3 and H-4 protons) for these four sets of 

signals for H-4 proton further indicated trans relative 
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stereochemistry at C-3 and C-4 in case of these stereo/ 

regioisomers 26/27 I 28 /29 (Fig. 8) . Because of the complex nature 

of 1H and 13c NMR spectra the assignment of exact structure to 

the individual isomers or the assignment of specific relative 

regio/stereochemistrv is rather difficult. 

Similarly, the ~ re@n of 

acrylate also yielded an inseparable 

13-lactam 12/13d with ethyly 

mixture (11:4:2.5:1) of four 

stereo/regioisomers 30, 31, 32 and 33. The formation of these 

four isomers and their ratio could mainly be inferred from the 

observed four sets of signals for H-4 proton in its 1 H NMR 

spectrum and from their relative integrations, respectively. The 

13 c NMR signals also attest to the presence of these four 

isomers. From the coupling constant value of 5.1-5.3 Hz between 

H-3 and H-4 protons it was inferred that all these isomers have 

cis-relative stereochemistry at C-3 and C-4. Here again, because 

1 13 of the complex nature of H and C NMR spectra, the specific 

relative regia/stereochemistry, for the individual isomers in the 

mxitrue could not be assigned even, with the help of NOE 

experiments. In an attempt to isolate a single diastereoisomer, 

the reaction of a-dienyl-13-lactams 10 and 12/13 were carried out 

with EA in 5M LiClo4 -Et 2o solution. It was thought that the 

formation of a single isomer might help, to some extent, in 

resolving the relative regia/stereochemistry in the above 

mixture. But these reactions also failed and hence the relative 

regia/stereochemistry of the individual isomers was not 

assigned. 
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In summary, the use of butadienylketene resulted in 

convenient method for the synthesis of a-bu.tadienyl-13-lactams. 

Also, the reactions of butadienylketene with 1,3-diazabutadienes 

resulted in various 5-dienyl pyrimidinones (Chapter I, Section 

I.3}. Thus, the cycloadditions of butadienylketene with various 

imines and heterodienes appear to be a general method for the 

synthesis of 1,3-butadiene substituted heterocyclic systems. The 

reactions of a-butadienyl 13-lactams with various dienophiles 

resulted in stereochemically interesting [4+2] cycloadditions to 

yield a variety of a-substituted 13-lactams. 

Experimental Section 

General conditions are same as described in chapter I. All 

1 13 
H NMR (300 MHz} and C NMR (75.5 MHz} spectra were recorded on 

Bruker ACF-300 spectrometer. 

Starting Materials 

Preparation of Schiff bases: A mixture of primary amine (5 

mmol} and aldehyde (5 mmol} in CH2c1 2 (30 ml} was stirred in the 

presence of Mgso 4 (7. 5 mmol) at rt for 3-4 h. The reaction 

mixture was filtered and the residue washed with CH2c12 (10 ml). 

The combined filtrate was then washed with water "(3 x 50 ml) and 

dried over anhydrou~ sodium sulphate. The solvent was removed 

under reduced pressure and the crude product thus obtained was 

further purified by silica gel column chromotagraphy (eluent: 

mixture of EtOAc/hexane in 1:9 ratio). 
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Preparation of Sorbyl Chloride: See Chapter I, experimental 

section. 

General Procedure for Azetidinones 10, 12/13 and 15: A solution 

of sorbyl chloride (3 mmol) in dry CH2 c12 
( 30 ml) was added 

dropwise to a solution of Schiff base (2 mmol) and triethylamine 

{6 mmol) in CH2 c12 under stirring at rt. After tbe addition was 

complete (ca 1.5 h), the solution was stirred for an additional 

15 min, washed with water (5 x 50 ml), and dried over anhydrous 

sodium sulfate. The sol vent was removed under reduced pressure 

and the crude product thus obtained was further purified by 

column chromatography (silica gel) using a solution of ethyl 

acetate and hexane (1:9) as eluent. 

trans-3-{1',3'-Butadienyl)-1,4-diphenylazetidin-2-one (lOa): 

Yield, 59%; mp ll8-ll9°C; IR (KBr) v 1734 (C=O), 1596, 1496 cm- 1 ; 

1H NMR o 3.77 (dd, J = 8.1 and 2.5, lH, H-3), 4.80 (d, J = 2.5, 

lH, H-4), 5.14 (d, J = 9.8, with fine splitting, lH, H-4'), 5.24 

(d, J = 16.2, with fine splitting, lH, H-4'), 5.88 (dd, J = 14.3 

and 8.1, \.Jith fine splitting, lH, H-1'), 6.30-6.39 (m, 2H, H-2' 

and H-3'), 7.02-7.07 (m, lH, arom), 7.21-7.38 (m, 9H, arom); 13c 

NMR o 61 . 7 ( C- 3 ) , 6 3 . 3 ( C- 4 ) , 11 7 . 1 , 118 . 5 , 12 4 . 0 , 12 5 . 5 , 12 5 . 8 , 

128.6, 129.1, 129.2, 135.5, 135.9, 137.2, 137.5 and 165.4 (C-2); 

+ + 
ms m/z: 275 (M ), ~56 (M - Ph:N=C=O). Anal. Calcd for c 19H17No: 

C, 82.'88; H, 6.22; N, 5.08. Found: C, 82.83; H,6.25; N, 5.15. 
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trans-3-(1',3'-Butadienyl)-4-(p-methoxyphenyl)-1-phenylazetidin-

2-one (lOb): Yield, 63!'o; mp 104-105 °C; IR (KBr) v 1726 {C=O), 
I 

1591, 1492 cm- 1 ; 1 H NMR 5 3.71 (dd, J = 8.0 and 1.7, lH, H-3), 

3.78 (s, 3H, -OCH
3
), 4.75 (d, J = 1.7, lH, H-4), 5.12 (d, J = 

9.5, with fine splitting, lH, H-4'), 5.22 {d, J = 16.0, with fine 

splitting, lH, H-4'), 5.86 (dd, J = 14.0 and 8.0, with fine 

splitting, lH, H-1'), 6.25-6.41 (m, 2H, H-2' and H-3'), 6.90 (d, 

J = 8.5, 2H, arom), 7.00-7.05 (m, lH, arom), 7.17-7.35 (m, 6H, 

arom) ; 13 C NMR (one C missing) 5 55.3 (-OCH
3

), 61.3 (C-3), 63.4 

(C-4), 114.5, 117.0, 118.4, 123.9, 125.6, 127.1, 129.0, 135.4, 

135.9, 137.5, 159.7, 165.5 (C-2); ms m/z: 305 (M+), 186 (M+- Ph-

N=C=O). Anal. Calcd for c
20

H
19

No
2

: C, 78.66; H, 6.27; N, 4.59. 

Found: c, 78.72; H, 6.23; N, 4.49. 

trans-3-(1',3'-Butadienyl)-1-(p-methylphenyl)-4-phenylazetidin-2-

one (lOc): Yield, 59%; viscous oil; IR (CC1
4

) y 1739 (C=O), 1493, 

1498 
-1 lH NMR 5 2.25 ( s , 3H, -CH

3
) , 3.72 (dd, J 8.1 and em = 

2.4, lH, H-3) , 4.76 ( d, J = 2. 4, lH, H-4) , 5.11 (d, J = 10.0, 

with fine splitting, lH, H-4 I), 5.22 ( d, J = 16.3, with fine 

splitting, lH, H-4'), 5.84 (dd, ,_r = 14.2 and 8.1, with fine 

splitting, lH, H-1'), 6.23-6.39 (m, 2H, H-2' and H-3'), 7.01 (d, 

J = 8.2, with fine splitting, 2H, arom), 7.19 (d, J = 8.2, with 

fine splitting, 2H, arom), 7.27-7.39 (m, 5H, arom); 13c NMR 5 

20.9 (-CH
3

), 61.6 (C-3), 63.2 (C-·i), 117.0, 118.5, 125.8, 126.9, 

128.8, 129.3, 129.7, 133.6, 135.0, 135.5, 135.9, 137.2, 165.2 (C-

+ + 
2); ms m/z: 289 (M ) , 170 (M - Ph-N=C=O). Anal. Calcd for 
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c 20H19NO: C, 83.01; H, 6.62; N, 4.84. Found: C, 83.12; H, 6.61; 

N, 4.76. 

trans-3-(1',3'-Butadieny1)-4-(p-methoxypheny1)-1-(p-methy1pheny1) 

azetidin-2-one {10d): Yield, 48%; viscous oil; IR (CC1 4 ) Y 1751 

(C=O), 1583, 1511 cm-l; 1H NMR o 2.22 (s, 3H, -CH3 ), 3.70 (dd, J 

= 8.2 and 2.4, lH, H-3), 3.74 (s, 3H, -OCH3), 4.71 (d, J = 2.4, 

lH, H-4), 5.10 (d, J = 9.3, with fine splitting, lH, H-4'), 5.20 

(d, J = 16.4, with fine splitting, lH, H-4'), 5.84 (dd, J = 14.1 

and 8.2, with fine splitting, 1H, H-1'), 6.23-6.40 (m, 2H, H-2' 

and H-3 I) , 6.87 ( d, J = 8.7, with fine splitting, 2H, arom) , 7.01 

( d, J = 8 . 3 , 2H, arom) , 7.19 ( d, J = 8. 3, with fine splitting, 

2H, arom) , 7.24 ( d, J = .8.7, with fine splitting, 2H, arom) ; 13c 

NMR o 20.8 (-CH3 ), 55.2 (-OCH3 ), 61.2 (C-3), 63.3 (C-4), 114.5, 

117.0, 118.3, 124.2, 125.8, 127.1, 128.2, 129.1, 129.4, 129.6, 

133 .. 4, 135.2, 135.8, 135.9, 136.1, 159.7, 165.2 (C-2); ms m/z: 

319 (M+), 200 {M+ - Ph-N=C=O). Anal. Calcd for c
21

H21 No
2

: C, 

78.97; H, 6.63; N, 4.39. Found: C, 78.93; H, 6.59; N, 4.31. 

cis-3-(1',3'-Butadienyl)-1-cyc1ohexy1-4-pheny1azetidin-2-one 

(12a): Yield 63%; viscous oil; IR (KBr) v 1746 {C=O), 1489, 1397, 

1351 cm- 1 ; 1H NMR o 1.01-1.30 {m, 4H, cyc1ohexy1), 1.52-2.05 

(series of m, 6H, cyclohexy1), 3.38-3.46 (m, ·1H, cyclohexyl), 

4.08 (dd, J = 7.5 and 5.6, lH, H-3), 4.85 (d, J = 5.6 Hz, lH, H-

4), 4.94 (d, J = 10.0, with fine splitting, lH, H-4'), 5.08 (d, J 

= 17.4, with fine splitting, lH, H-4'), 5.13 {dd, J = 15.3 and 

7.5, ll-1, H-1'), 6.02 (ddd, ~T = 17.4, 10.4 and 10.0, lH, H-3'), 
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6.25 (dd, J = 15.3 and 10.4, lH, H-2'), 7.25-7.38 (m, 5H, arom); 

13c NMR 5 25.0, 25.2, 30.5, 31.5, 53.0, (cyclohexyl); 57.2 (C-3), 

58.3 (C-4), 117.3 (C-4'), 124.8 (C-1'), 127.5, 128.1, 128.3, 

135.4 (C-2'), 136.2, (C-3'), 136.6, 168.1 (C-2). ms m/z: 265 

+ + 
(M ) , 140 (M- 125). Anal. Calcd for c

19
H

23
NO: C, 85.99; H, 8.73; 

N, 5.28. Found: C, 85.89; H, 8.74; N, 5.30. 

cis-3-(l',3'-Butadienyl)-1-furfury1-4-pheny1azetidin-2-one (12b): 

Yield 57%; viscous oil; IR (CC1
4

) v 1749 (C=O), 1493, 1397, 

-1 1 
1358 em . H NMR 5 4.04 (d, J = 15.7, 1H, -CH

2
-), 4.17 (dd, J = 

. 7.0 and 5.3, 1H, H-3), 4.76 (d, J = 15.7, 1H, -cH
2
-; merged with 

d, J = 5.3, 1H, H-4), 4.95 (d, J = 10.2, lH, H-4'), 5.07-5.15 (m, 

2H, H- 4 ' and H -1 ' ) , 6 . 01 ( ddd, J = 16 . 9 , 10 . 3 and 10 . 2 , 1H, H-

3'), 6.12 (d, J = 3.2, lH, Hb), 6.20-6.29 (m, 2H, H-2' and He), 

7.14-7.17 (m, 2H, arom), 7.27-7.36 (m, 4H, arom and Hd). 13c NMR 

5 37.2 (-CH
2
-), 58.4 (C-3), 59.3 (C-4), 108.7 (C-c), 110.4 (C-b), 

117.6 (C-4'), 124.3 (C-1'), 127.2, 128.2, 128.6, 135.0, (arom); 

135.6 (C-2'), 136.1 (C-3'), 142.6 (C-d), 148.8 (C-a), 167.9 (C-

+ + 
2). ms m/z: 279 (M), 156 (M- 123). Anal. Ca1cd for c

18
H

17
No

2
: 

C, 77.39; H, 6.13; N, 5.01. Found: C, 77.48; H, 6.10; N, 5.07. 

( cis/t,rans, 6.5:1)-3-(1',3'-Butadienyl)-1-furfuryl-4-(p-methoxy 

phenyl)azetidin-2-one (12/13c): Following the general procedure, 

a mixture consisting in cis and trans isomers in 6.5:1 ratio was 

isolated as viscous oil. Yield, 59%; IR ( CCl <l) \) 17 45 ( C=O) , 

1491, 1397, 1356 cm- 1 . 1 H NMR 5 3.73 (s, 3H, -CH
3

, cis isomer), 

3.75 (s, 3H, -cH
3

, trans isomer), 3.92 (d, J = 15.7, lH, -CH2-, 
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trans isomer), 4.01 (d, J = 15.7, 1H, cis isomer), 4.09-4.14 (m, 

2H, H-3, both isomers), 4.26 (d, J = 2.2, lH, H-4, trans isomer), 

4.65 (d, J = 15.7, 1H, -CH
2
-, trans isomer), 4.69 (d, J = 15.7, 

1H, -cH
2
-, cis isomer), 4.72 (d, J = 5.4, 1H, H-4, cis isomer), 

4.92 (d, J . = 10.1, with trans isomer d merged, 2H, H-4', both 
c~s 

isomers), 5.07 [d, J . = 17.0, with trans isomer d merged, 2H, 
c~s 

H-4', both isomer}, 5.16 (dd, J . = 15. 3 and 7. 7, with trans 
c~s 

isomer dd merged, 2H, H-1', both isomers), 6.01 (ddd, Jcis = 

17.0, 10.3, 10.1, with trans isomer ddd merged, 2H, H-3'), 6.10 

( d' J . = 3 .1, with trans isomer d merged, 
c~s 

2H, Hb, both 

isomers), 6.16-6.30 [m 4H; consisting in at 6.23 (dd, J . = 3.1 
c~s 

and 1.1, with trans isomer dd merged, 2H, He), 6.26 (dd, J = 15.7 

and 10.3, lH, H-2', cis isomer) and 6.20 (merged dd, H-2', trans 

isomer)], 6.85 (d, J = 8.6, with fine splitting, 2H, arom, cis 

isomer; merged with d at 6.88, 2H, arom, trans isomer), 7.08 (d, 

J = 8.6, with fine splitting, 2H, arom, cis isomer), 7.17 (d, J = 

8.6, with fine splitting, 2H, arom, trans isomer), 7.28 (d, J = 

1.1, with fine splitting, lH, Hd, cis isomer), 7.38 (d, J = 1.0, 

lH, Hd, trans isomer). 13c NMR o 37.0 (-CH
2
-, cis isomer) 37.2 

(-CH
2
-, trans isomer), 55.0 (-OCH

3
, cis isomer), 55.1 (-OCH

3
, 

trans isomer) , 58.3 ( C-3, cis isomer) , 58. 9 ( C-4, cis isomer) , 

61.4 (C-3, trans isomer), 63.4 (C-4, trans isomer), 108.46 (C-c, 

trans isomer), 108.54 (C-c, cis isomer), 110.4 (C-b, both 

isomers) , 113. 9 ( arom, cis isomer) , 114. 3 ( arom, trans isomer) , 

117.4 (C-4', cis isomer), 117.9 (C-4', trans isomer), 124.8 (C-

1', both isomers); 126.3, 127.6, 128.8 (arom, trans isomer); 
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126.8, 128.5 (arom, cis isomer), 134.7 (C-2', trans isomer), 

135.2 (C-2', cis isomer), 136.1 (C-3', trans isomer), 136.2 (C-

3', cis isomer), 142.5 (C-d, both isomers), 148.9 (C-a, both 

isomers), 159.4 (arom, cis isomer), 159.8 (arom, trans isomer): 

167.7 (C-2, trans isomer), 167.8 (C-2, cis isomer). ms m/z: 309 

+ + (M ) , 186 (M - 123). Anal. Calcd for c 19 H19 No 3 : C, 73.77; H, 

6.19; N, 4.53. Found: C, 73.88; H, 6.19; N, 4.46. 

(cis/trans, 4:1)-3-(1',3'-Butadieny1)-1-(n-buty1)-4-(p-methoxy 

pheny1)azetidin-2-one (12/13d): Following the general procedure a 

mixture consisting in cis and trans isomers in the ratio 4:1 was 

isolated as viscous oil. Yield 67%; IR (CC1 4 ) v 1747 (C=O), 

-1 l 1509, 1397, 1249 em ; H NMR o 0.87 (t, J = 7.3, 3H, -CH3 , cis 

isomer), 0.93 (t, J = 7.3, 3H, -CH3 , trans isomer), 1.23-1.36 (m, 

2H, -cH2-, cis isomer), 1.39-1.52 (m, 4H; -cH2-, both isomers), 

1.61-1.68 (m, 2H,-CH2-, trans isomer), 3.40-3.62 (m, 4H; -cH
2

-N-, 

both isomers), 3.76 (s, 3H, -OCH
3

, cis isomer), 3.78 (s, 3H, 

-OCH3 , trans isomer), 4.10-4.15 (m, 2H, H-3, both isomers), 4.31 

(d, J = 2.1, H-4, trans isomer), 4.80 (d, J = 5.4, lH, H-4, cis 

isomer), 4.93 (d, J = 10.0, wi;th fine splitting, lH, H-4', cis 

' I 1somer), 5.05-5.21 [m, 5H; consisting in, at 5.08 (d, J = 16.9, 

with fine splitting, lH, H-4', cis isomer), 5.17 (dd, J = 15.4 

and 7.7, lH, H-1') and merged signals for 2H, H-4', trans isomer 

and lH, H-1', trans isomer], 6.04 (ddd, J = 16.9, 10.3 and 10.0, 

lH, H-3', cis isomer), 6.22-6.35 (m, 3H; 2H, H-2', both isomers 

and lH, H-3', trans isomer), 6.87-6.92 [m, 4H; consisting in at 

6.89 (d, J = 8.7, with fine splitting, 2H, arom, cis isomer, with 
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(d, 2H, arom) for trans isomer merged], 7.13 (d, J = 8. 7, 2H, 

arom, cis isomer), 7.19 (d, J =·8.7, 2H, arom, trans isomer). 
13c 

NMR o 13.6 (-CH
3

, cis isomer), 13.9 (-CH
3

, trans isomer), 20.2 

(-CH
2
-, cis isomer), 20.4 (~CH2 -, trans isomer), 29.6 (-CH

2
-, cis 

isomer), 29.7 (-CH
2

- trans isomer), 55.1 (-N-CH
2
-, cis isomer), 

55.2 (-N-CH
2
-, trans isomer), 58.0 (C-3, cis isomer), 58.8 (C-4, 

cis isomer), 61.2 (C-3, trans isomer), 63.2 (C-4, trans isomer), 

117.2 (C-4', cis isomer); 117.8 (C-4', trans isomer), 125.1 (C-

1', both isomers), 126.8, 127.7, 129.3 (arom, trans isomer)"; 

127.2, 128.6 (arom, cis isomer), 134.6 (C-2', trans isomer), 

135.2 (C-2', cis isomer), 136.2 (C-3', trans isomer), 136.3 (C-

3', cis isomer), 159.6 (arom, cis isomer), 159.9 (arom, trans 

isomer), 168.1 (C-2, trans isomer), 168.2 (C-2, cis isomer). ms 

m / z : 2 8 5 ( M + ) , 18 6 ( M + - 9 9 ) . An a l . C a l c d f or C 
1 8 

H 
2 3 

N 0 
2 

: C , 

75.76; H, 8.12; N, 4.91. Found: C, 75.72; H, 8.14; N, 4.89. 

cis-3-(1',3'-Butadieny1}-1-pheny1-4-(2"-pheny1etheny1)azetidin-2-

one (l5a}: Yield 67%; viscous oil; IR (CC1
4

) v 1741 (C=O), 1598. 

1494, 1380, 1215 cm- 1 . 1 H NMR o 4.22 (dd, J = 6.9 and 6.9, 1H, H-

3), 4.81 (dd, J =8.0 and 6.1, 1H, H-4), 5.09 (d, J = 9.6, 1H, H-

4' ) , 5. 2 3 ( d, J = 16. 0 , 1H, H- 4' ) , 5. 6 6 ( dd, J = 14.5 and 8.0, 

lH, H-1' ) , 6.19 (dd, J = 15.9 and 8.0, 1H, H-1"), 6.25-6.44 (m, 

2H, H-2' and H-3 I) , 6.76 (d, J = 15.9, lH, H-2"), 7.03-7.08 (m, 

1H, arom) ,, 7.22-7.53 (m, 9H, arom) . l3c NMR 0 57.0 (C-3); 58 .l, 

(C-4), 114.7, 117.0, 118.4, 124.0, 124.7, 126.6, 126.7, 128.4, 

12 8 . 5 , 12 8 . 7 , 12 9 . l, 13 5 . 4 , 13 5 . 7 , 13 6 . 0 , 13 6 . 3 , 13 7 . 9 and 16 5 . 4 
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+ + (C-2). ms m/z: 301 (M ) , 182 (M - Ph-N=C=O). Anal. Calcd for 

c21H19No: C, 83.69; H, 6.35; N, 4.65. Found: C, 83.60; H, 6.31; 

N, 4.69. 

cis-3-(1',3'-Butadieny1)-1-cyclohexyl-4-(2"-pheny1ethenyl) 

azetidin-2-one (15b) Yield 71%; mp 84-85°C; IR (KBr) v 1736 

(C=O), 1597, 1491, 1444, 1393 cm- 1 . 1H NMR o 1.04-1.92 (series of 

m, lOH, cyclohexyl), 3.50 (dddd, J = 11.7, 11.6, 3.8 and 3.8, lH, 

cyclohexyl), 4.01 (dd, J = 6.7 and 5.6, with fine splitting, lH, 

H-3), 5.07 (d, J = 9.3, with fine splitting, lH, H-4'), 5.19 (d, 

J = 16.9, with fine splitting, lH, H-4'), 5.63 (dd, J = 14.5 and 

7.7, lH, H-1'), 6.10 (dd, J = 15.8 and 9.4, lH, H-1"), 6.23-6.41 

(m, 2H, H-2' and H-3'), 6.64 (d, J = 15.8, lH, H-2"), 7.28-7.41 

(m, 13 5H, arom). c NMR o 25.2, 30.6, 32.1, 52.0, (cyclohexyl); 

56.4 (C-3), 57.5 (C-4), 117.8, 124.7, 126.6, 126.9, 128.2, 128.7, 

+ 134.4, 135.6, 136.0, 136.2, 167.1 (C-2). ms m/z: 307 (M), 182 

+ (M -125). Anal. Calcd for c21H25NO: C, 82.04; H, 8.20; N, 4.56. 

Found: C, 81.95; H, 8.18; N, 4.59. 

General Procedure for Diels-Alder Adducts 5: Equivalent amounts 

of ~-lactam 10 and DMAD were refluxed in dry toluene for 6-7 h. 

The solvent was removed under reduced pressure and the crude 

product was purified by recrystallisation from benzene: hexane 

(3:1) mixture. 

~rans-3-[2',3'-Bis(methoxycarbonyl)-2',4'-cyclohexadienyl]-4-(p-

methoxyphenyl}-l-pheny1azetidin-2-one (17a}: Yield, 95%; mp 178-

179 °C; IR (KBr) V 1733, 1715, 1597, 1497 cm- 1 ; 1H NMR o 2.98 
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(ddd, J = 23.3, 4.9 and 4.9, lH, -CH2 -), 3.19 (dddd, J = 23.3, 

6.9, 4.6 and 2.2, 1H, -CH
2
-), 3.26 (dd, J = 4.7 and 2.6, 1H, H-

3), 3.63 (s, 3H, -co
2

cH
3

), 3.75 (s, 3H, -co
2

cH3 /-0CH3 ), 3.77 (s, 

3H, -OCH
3
/-ca

2
cH

3
), 3.87 (m, 1H, H-1'), 4.81 (d, J = 2.3, 1H, H-

4}, 5.82 (m, 1H, olefinic), 5.91 (m, lH, olefinic), 6.86 (d, J = 

8.4, 2H, arom), 6.98-7.03 (m, lH, arom), 7.18-7.26 (m, 6H, arom); 

13c NMR o 27.8 (-CH
2
-), 36.4 (C-1'), 52.3 {-C0

2
CH

3
), 52.4 

(-C0
2

CH
3

), 55.2 (-OCH
3

), 57.6 (C-3), 63.6 (C-4), 114.5, 117.0, 

123.8, 124.3, 125.1, 127.3, 128.9, 129.4, 134.2, 134.7, 137.4, 

159.7, 164.9 (C-2), 167.4 cco
2

Me), 168.2 (C0
2

Me); ms m/z: 447 

+ + (M ), 328 (M- Ph-N=C=O}. Anal. Ca1cd for c
26

H
25

No
6

: C, 69.79; 

H,5.63; N, 3.13. Found: C, 69.65; H, 5.64; N, 3.19. 

trans-3-[2',3'-Bis(methoxycarbony1)-2',4'-cyc1ohexadieny1]-1-(p-

methy1pheny1)-4-pheny1azetidin-2-one (17b): Yield, 97%; mp 182-

l82.50C; IR (KBr) v 1719 1 15061 1431, 1383, 1253 cm-1 ; 1H NMR o 

2.25 (s, 3HI -cH3 ) I 2.98 (ddd, J = 23.31 5.3 and 4.6 1 1H, -cH2 ->~ 

3.21 (ddddl J = 23.3, 7.0, 5.0 and 2.51 lH, -cH
2

-) I 3.27 (dd, J = 

4.6 and 2.6, lH, H-3), 3.64 (s, 3H, -co
2

cH
3
), 3.76 (s, 3H, 

-co
2

cH
3
), 3.85-3.91 (m, lH, H-1'), 4.83 (d 1 J = 2.3 1 lH, H-4), 

5.81 (ml lH1 olefinic) I 5.91 (m, 1H, olefinic) 1 7.02 (dl J = 8.31 

2HI arom), 7.20 (dl J = 8.4,1 with fine splitting, 2H, arom), 

7.25-7.36 (m, 5H, arom); 13c NMR (two c. missing) o 20.8 (-CH
3
), 

27.8 (-CH
2
-), 36.4 (C-1'); 52.3 (-co

2
CH

3
), 52.4 (-co

2
CH

3
), 57.8 

(C-3), 63.5 (C-4), 116.9, 124.3, 125.2, 126.0, 128.4, 129.0, 

129.5 1 133.4, 134.9, 137.6, 164.5 (C-2); + ms m/z: 431 (M ) I 312 · 
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+ (M - ~h-N=C=O). Anal. Calcd for c 26H25No5 : C, 72.38; H, 5.84; N, 

3 • 2 5 . Found : C , 7 2 . 3 0 : H , 5 . 91 : N , 3 . 2 9 . 

trans-4-(p-Methoxyphenyl)-l-phenyl-7',9'-dioxo-3-[8'-phenyl-

1',6',8'-triaza[4.3.0]bicyclonon-3'-en-yl]azetidin-2-one (l8a): 

To a stirred solution of PTAD ( 0. 58 g, 3. 3 mmol) in methylene 

chloride (25 ml) at 0°C was added lOb (1 g, 3.3 mmol) in 

portions over a period of 5 min. The solution was stirred at 0°C 

for an additional 10 min. The crude product obtained after 

removal of the solvent was purified by column chromatography 

(silica gel, 60-120 mesh) using a solution of ethyl acetate and 

hexane (1:3} to yield 1.46 g (92%) of adduct 19a. mp 200-202 °C; 

IR (KBr) V 1744, 1708, 1595, 1493 cm- 1 . 1H NMR o 3.47 (dd, J = 

10.3 and 2.3, lH, H-3), 3.76 (s, 3H, -OCH3 ), 3.97 (dq, J = 16.7 

and 2.4, lH, -cH 2->, 4.30 (dddd, J = 16.7, 4.2, 1.9 and 0.8, lH, 

-cH2-l, 5.11 (m, lH, H-2'), 5.46 (d, J = 2.3, lH, H-4), 6.04 

(dddd, J = 10.3, 4.0, 2.0 and 2.0, lH, olefinic), 6.42 (dddd, J = 

10.3, 4.8, 2.4 and 2.4, lH, olefinic), 6.74 (d, J = 8.7, with 

fine splitting, 2H, arom), 7.00-7.06 (m, lH, arom), 7.18-7.31 (m, 

13 8H, arom), 7.39-7.52 (m, 3H, arom): C NMR o 44.5 (-CH2-), 52.9 

(C-2'), 55.3 (-OCH 3), 58.7 (C-3), 63.7 (C-4), 114.5, 117.2, 

121.7, 123.6, 124.2, 125.9, 127.6, 128.5, 129.1, 129.2, 130.7, 

+ 137.1, 151.6, 153.6, 159.8, 163.2 (C-2); ms m/z: 480 (M ), 361 

+ (M - Ph-N=C=O). Anal. Calcd for c 28H24N4o 4 : C, 69.99; H, 5.03; 

N, 11.66. Found: C, 70.11; H, 5.09; N, 11.59. 
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trans-1-Phenyl-4-(2"-phenylethenyl)-7',9'-dioxo-3-[8'-phenyl-

1',6',8'-triaza[4.3.0]bicyclonon-3'-en-yl]azetidin-2-one (18b) : 

To a stirred solution of PTAD (0.58 g, 3.32 mmol) in CH2Cl 2 (25 

ml) at 0 °C was added 15a (1.0 g 1 3.32 mmol) in portions over a 

period of 5 min. A similar procedure as described above was 

employed and the crude product thus obtained was purified by 

recrystallisation from EtOAc to yield 1.50 g (95%) of the adduct 

-1 
18b. mp 186-187 °C; IR (KBr) v 1741, 1704 1 1596, 1499, 1418 em . 

1H NMR o 3.49 (dd 1 J = 10.3 and 2.3 1 lH,·H-3), 3.98 (dq, J = 16.8 

and 2.3, lH, -cH
2
-), 4.35 (dm, J = 16.8, lH, -cH2->, 5.01-5.07 

I 

{m, lH,, H-1'), 5.19 {dd, J = 9.0 and 2.3, lH, H-4) I 6.04 {dddd, J 

= 10.01 4.11 2.0 and 2.0, lH 1 olefinic), 6.15 (dd, J = 15.9 and 

9.0, lH, H-1"), 6.41 {dddd, J = 10.0, 4.7, 2.3 and 2.3, lH, 

olefinic), 6.77 (d, J = 15.9, lH, H-2"), 7.03-7.09 (m, lH, arom), 

7.15-7.19 ( m, 2H 1 arom), 7.23-7.24 (m, lOH, arom), 7.42 (d, J = 

8.5, with fine splitting, 2H, arom). 13c NMR o 44.4 (C-1'), 52.8 

(- CH2- ) I 58 . 7 ( c- 3) I 6 0 . 6 ( c- 4) I 116 . 9 I 121 . 8 I 12 3 . 5 I 12 4 . 3 I 

125.4, 125.91 126.7, 128.41 128.51 128.6, 129.1, 130.5, 135.1, 

+ 135.6, 137.6, 151.7, 153.51 162.5 (C-2). ms m/z: 476 (M ), 357 

+ (M - Ph-N=C=O). Anal. Calcd for c 29H24N4o3 : C, 73.09; H, 5.08; N, 

11.76. Found: C, 73.23; H 1 4.99; N, 11.68. 

Diels-Alder Adduct of lOa and Maleic Anhydride (19/19'): A 

solution of lOa (0.30 g 1 1.10 mmol) and maleic anhydride (0.11 g, 

1.11 mmol) in toluene (4 ml) was refluxed for 1 h. The reaction 

mixture was then purified by chromatography on 60-120 mesh silica 

gel column (eluent: mixture of AcOEt/hexane in 1:4 ratio) 
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affording a colorless solid consisting in a mixture of 

diastereoisomers in 2:1 ratio (0.38 g, 93%). IR (KBr, mixture of 

diastereoisomers in 2:1 ratio) -v 1770, 1739, 1596, 1497 
-1 lH em 

NMR (mixture of diastereoisomers in 2:1 ratio) 0 2.21-2.30 (m r 

2H, H-1', both isomers), 2.70-2.90 (m, 4H, -cH2-, both isomers), 

3.45-3.57 (m, 3H; 2H, H-5' and H-6' for minor isomer and 1H, H-

5'/6' for major isomer), 3.84 (dd, J = 11.4 and 2.4, lH, H-3, 

minor isomer), 3.92 (dd, J = 12.0 and 2.4, lH, H-3, major 

isomer), 4.01 (dd, J= 9.8 and 5.8, lH, H-6'/5', major isomer), 

4.72 (d, J = 2.4, 1H, H-4, major isomer), 4.83 (d, J = 2.4, lH, 

H-4, minor isomer), 5.85 (ddd, J = 9.3, 3.2 and 3.2, 1H, 

olefinic, major isomer), 6.03-6.13 (m, 2H, olefinic, both 

isomers), 6.29 {ddd, J = 9.4, 3.2 and 3.2, 1H, olefinic, minor 

isomer), 7.01-7.07 (m, 2H, arom, both isomers), 7.22-7.28 (m, BH, 

arom, both isomers), 7.34-7.40 (m, lOH, arom, both isomers); 13c 

NMR (mixture of diastereoisomers in 2:1 ratio) o 24.2 (C-1'), 

35.6 (-CH2-), 40.2 (C-5'/6'), 42.7 (C-6'/5'), 59.3 (C-3), 60.1 

(C-4), {minor isomer); 24.7 (C-1'), 36.4 (-CH
2
-), 40.5 (C-5'/6'), 

42.9 (C-6'/5'), 59.1 (C-3), 61.1 (C-4), (major isomer); 117.0, 

124.1, 124.2, 126.1, 126.2, 128.6, 128.8, 128.9, 129.1, 129.2, 

129.4, 129.8, 130.4, 130.6, 136.7, 137.0, 137.2, 137.3, 165.9 

{C-2), (both isomers); 171.0, 173.7 (-OC-N-CO-, minor isomer); 

171.7, 174.0 (-OC-N-CO-, major isomer); ms m/z: 373 (M+), 254 

(M+ - Ph-N=C=O) . 

Diels-Alder Adduct o£ lOa and N-Phenylmaleimide (20/20'): A 

solution of lOa ( 0. 30 g, 1.10 mmol) and N-phenylmaleimide ( 0 .19 
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g, 1.12 mmol) in toluene (4 ml) was refluxed for 2 h. The 

reaction mixture was then purified by chromatography on 60-120 

mesh silica gel column (eluent: mixture of AcOEt/hexane in 1:3 

ratio) affording a colorless solid consisting in a mixture of 

diastereoisomers in 2:1 ratio (0.45g, 92%). IR (KBr) ')) 1727, 

1702, 1591, 1492, 1379 cm-l 1H NMR o 2.25-2.31 (m, 2H, H-1 1
, 

both isomers), 2.83-2.94 (m, 4H, -CH
2
-, both isomers), 3.30-3.41 

(m, 3H; 2H, H-5~ and H-6 1 for minor isomer and lH, H-5 1 for major 

isomer), 3.91 (dd, J = 8.9 and 5.6, lH, H-6 1
, major isomer), 4.07 

(dd, J = 10.9 and 2.1, lH, H-3, minor isomer), 4.17 (dd, J = 12.1 

and 2.1, lH, H-3, major isomer), 4.72 (d, J = 2.1, lH, H-4, major 

isomer), ·4.86 {d, J = 2.1, lH, H-4, minor isomer), 5.85 {ddd, J = 

9.1, 3.2 and 3.2, lH, olefinic, major isomer), 6.06-6.12 {m, 2H, 

olefinic, both isomers), 6.30 {ddd, J = 9.3, 3.2 and 3.2, lH, 

olefinic, minor isomer), 7.01-7.05 (m, 2H, arom, both isomers), 

7.16 (d, J = 7.3, with fine splitting, 4H, arom, both isomers), 

7 19 7 41 ( 24H b th . ) 13 R X: 24 5 (C 1 I) . - . m, , arorn, o 1sorners ; C NM u • - , 

3 6 . 8 { - CH2 - ) , 3 9 . 8 { c- 5 I I 6 I ) , 4 2 . 0 { c- 6 I I 5 I ) , 59 • 6 ( c- 3 ) , 6 0 • 6 

{C-4), {minor isomer); 25.1 {C-1 1
), 37.3 {-CH

2
-), 40.0 {C-5'/6 1

), 

42.0 {C-6 1 /5'), 59.7 {C-3), 61.4 (C-4), {major isomer); 117.0, 

124.0, 126.1, 126.3, 126.4, 126.5, 128.6, 128.7, 129.0, 129.1, 

129.3, 129.5, 130.0, 130.5, 131.7, 137.4, 137.5 (both isomers}; 
I 

166.5 '(C-2, minor lsorner); 166.6 (C-2, major isomer); 176.0, 

178.4 (-OC-N-CO-, minor is9mer); 176.7, 178.6 (-OC-N-CO-, major 

+ + isomer}; ms m/z: 448 (M}, 329 (M - Ph-N=C=O}. 
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trans-1,4-Dipheny1-3-[(N-pheny1}cyc1ohex-2'-ene-5',6'-

dicarboximido]azetidin-2-one (20). Tq a 5M Lithium perchlorate-

ether ate solution ( 5 ml) were added lOa ( 0. 3g, 1.10 mmol) and 

N-phenylmalemide {0.19 g, 1.12 mmol). The reaction mixture was 

stirred at rt for 12 h, the left over solvent was removed and the 

residue diluted with CH2 c12 (20 ml). The solution was then 

washed with water (4 x 50 ml), dried over anhydrous Na2so4 and 

evaporated under vacuo. The crude product thus obtained was 

purified by column chromatography on silica gel (EtOAc/hexane, 

1:3) to give 0.42 g (86%) of adduct 20; mp 250-25l°C; IR (KBr)Y 

-1 1 1727, 1702, 1593, 1492, 1379 em ; H NMR o 2.26-2.34 (m, 1H, H-

1'}, 2.84-2.95 (m, 2H, -cH2 -), 3.35 (unresolved dd, J = 8.0 and 

8.0, lH, H-5'), 3.93 {dd, J = 8.9 and 5.6, 1H, H-6'), 4.18 (dd, J 

= 12.1 and 2.4, 1H, H-3), 4.73 (d, J = 2.4, lH, H-4), 5.96 (ddd, 

J = 9.2, 3.2 and 3.2, lH, H-3'), 6.11 (dddd, J = 9.2, 6.7, 3.1 

and 3.1, 1H, H-2'), 7.02-7.07 (m, 1H, arom), 7.15-7.43 (m, 14H, 

arom). 13c NMR o 25.1 (C-1'), 37.3 (-CH2-), 40.0 (C-5'/6'), 42.0 

(C-6'/5'}, 59.7, (C-3} 61.4 (C-4), 117.0, 124.0, 126.1, 126.4, 
I 

128.6,, 128.7, 129.0, 129.1, 129.3, 129.5, 130.5, 131.7, 137.4, 

137.5, 166.6 (C-2), 176.7 (-N-CO-), 178.8 (-OC-N-). ms m/z 448 

+ + {M), 329 (M- Ph-N=C=O). Anal. Ca1cd for c 29H24N2o3 : C, 77.66; 

H, 5.39; N, 6.25. Found: C, 77.57; H, 5.45; N, 6.28. 

cis-l-Cyclohexyl-4-(2"-phenylethenyl}-3-[(N-phenyl}cyclohex-2'-

ene-5', 6' -dicarboximido] azetidin-2-one (21): A solution of l5b 

{0.30 g, 0.98 mmol) and NPM {0.17 g, 0.98 mmol) in toluene {5 ml) 

was refluxed for 2 h. The solvent was removed under reduced 
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pressure and the residue purified by chromatography on silica gel 

column (eluent: mixture of EtOAc/hexane in 1:3 ratio) affording a 

colorless solid (0.45 g, 96%). mp 154-155 °C; IR (KBr) v 1726, 

170Q, 1494, 1387, 1188 cm- 1 . 1H NMR o 1.05-1.92 (series of m, 

lOH, cyclohexyl), 2.12-2.23 (m, lH, H-1'), 2.70-2.88 (m, 2H, 

-CH2-), 3.16 (ddd, J = 7.1, 7.1 and 1.6, lH, H-5'), 3.27 (dd, J = 

9.1 and 7.1, lH, H-6'), 3.43-3.53 (m, lH, cyclohexyl), 3.92 (dd, 

J = 13.0 and 5.3, lH, H-3), 4.59 (dd, J = 9.2 and 5.3, lH, H-4), 

6 . 0 5 ( dddd, J = 9 . 5 r 7 . 1 , 3 . 0 and 3 . 0 , lH, H- 3 I ) , 6 . 2 6-6 . 3 6 [m, 

2H; consisting in at 6.28 (ddd, J = 9.5, 3.1 and 3.1, lH, H-2') 

and 6.32 (dd, J = 15.9 and 9.2, lH, H-1")], 6.84 (d, J = 15.9, 

lH, H-2"), 7.15-7.16 (m, lH, arom), 7.18-7.19 (m, lH, arom), 

7.32-7.46 (m, 8H, arom). 13c NMR o 24.0 (C-1'); 25.2, 30.7, 32.1, 

(cyclohexyl); 40.0 (C-5'/6'), 40.1 (C-6'/5'), 52.0 (cyclohexyl), 

54.1 (C-3), 56.4 (C-4), 126.1, 126.4, 126.6, 128.0, 128.5, 128.7, 

128.9, 129.1, 131.1, 135.2, 135.9, 168.5 (C-2), 176.6 (-CO-N-), 

+ + 178.5 (-N-CO-). ms m/z: 480 {M), 355 {M- 125). Anal. Calcd for 

c 31H32N2o3 : C, 77.47; H, 6.71; N, 5.83. Found: C, 77.56; H, 6.73; 

N, 5. 79. 

Diels-Alder adduct of lOb with DEF (22/23): A solution of lOb 

(0.5 g, 1.64 mmol) and DEF (0.28 g, 1.65 mmol), in toluene (6 ml) 

was refluxed for 4-5 h, whereupon the solvent was removed under 

reduced pressure and the resulting residue purified by 

chromatography on 60-120 mesh silica gel (eluent: mixture of 

AcOEt/hexane in a 1:5 ratio), affording a viscous liquid (0.70 g, 
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90%) consisting in a mixture of diastereoisomers in 1:1.5 ratio; 

IR {KBr) v -1 l 1719, 1590, 1493, 1374 em . H NMR o 0.95 {t, J = 

7.1, 3H, -cH
3 

minor isomer), 1.10 (t, J = 7.1, 3H, -CH
3

, major 

isomer), 1.20-1.28 [m, 6H, consisting in at 1.22 (t, J = 7.1, 3H, 

-cH
3

, major isomer) and 1.25 (t, J = 7.1, 3H, -cH3 , minor 

isomer)] , 2 .14-2. 55 (series of m, 3H, two for minor isomer and 

one for major isomer), 2.90-2.95 (m, 2H, major isomer), 3.08-3.17 

{m, 4H, two each for both isomers), 3.26-3.29 {m, lH, major 

isomer), 3.35-3.43 (m, lH, minor isomer), 3.77 (s, 3H, -OCH
3

, 

minor isomer), 3.78 (s, 3H, -OCH
3

, major isomer), 3.77-3.81 {m, 

merged with -OCH3 peaks, lH, minor isomer), 3.95-4.15 (m, 8H, 4 x 

-cH2 -, both isomers) , 5. 76, (br d, lH, olefinic, major isomer) , 

5.83-5.91 (m, 2H, olefinic, both isomers), 5.95-6.00 (m, lH, 

olefinic, minor isomer), 6.85-6.89 [apparent dd, 4H, consisting 
J 

in at 6.68 (d, J = 8.7, 2H, arom, minor isomers) and 6.87 {d, J = 

8.7, 2H, arom, major isomer)), 6.99-7.03 (m, 2H, arom, both 

isomers), 7.17-7.27 (m, 12H, both isomers). 13c NMR o 13.8, 13.9, 

14.1, 14.2 {4 x -cH3 , both isomers); 27.8, 37.5, 42.8, 45.6, 

55.3, 57.5, 60.8, 61.0, 63.0 (major isomer); 28.3, 35.7, 37.8, 

44.6, 55.3, 58.9, 60.61, 60.64, 62.2 (minor isomer); 114.4, 

114.5, 117.0, 117.1, 123.8, 124.3, 125.1, 127.4, 127.46, 127.50, 

127.9, 129.0, 129.4, 137.4, 159.7 (both isomers); 165.5 (C-2, 

minor isomer); 165.6 {C-2 major isomer); 173.6, 174.2 (2 x 

-CD
2
Et, major isomer); 172.5, 175.3 {2 x -ro2Et, minor isomer). 

ms m/z: 477 (M+), 358 (M+- Ph~N=C=O). Anal. Ca1cd for c 28 H31No6 : 

C, 70'.42; H, 6.54; N, 2.93. Found: C, 70.56; H, 6.44; N, 3.05. 
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Diels-Alder adducts of 12/13d with DEF (24/25}: A solution of 

12/13d (0.5 g, 1.75 mmol) and DEF (0.30 g, 1.75 mmol} in toluene 

(8 ml) was refluxed for 6-7 h. An identical workup as described 

above afforded 0. 69 g { 86%} of viscous liquid consisting in a 

mixture of diastereoisomers 23/24 in 1:1.5 ratio; IR (KBr)v 

1727, 1599, -1 1501, 1383 em . 1H NMR o 0 . 8 4 -1 . 41 (series of m, 

22H, both isomers), 2.07-2.32 (m, 3H, two for major isomer and 

one for minor isomer), 2.38-2.85 (series of m, 8H, both isomers), 

2.94-3.07 (m, 3H, two for minor isomer and one for major isomer), 

3.45-3.56 (m, 4H, both isomers), 3.81 (s, 3H, -OCH
3

, minor 

isomers), 3.84 (s, 3H, -OCH
3

, major isomer), 3.89-4.16 (m, lOR, 

both isomers), 4.64 (d, J = 5.3, lH, H-4, major isomer}, 4.70 (d, 

J = 5.0, lH, H-4, minor isomer), 5.78-6.01 (series of m, 4H, 

olefinic, both isomers), 6.89-6.96 [m, 4H, arom; consisting in at 

6.91 (d, J = a:1, 2H, minor isomer) and 6.94 (d, J = 8.8, 2H, 

major isomer}], 7.16-7.20 [m, 4H, arom; consisting in at 7.17 (d, 

J = 8.8, 2H, major isomer) and 7.18 (d, J = 8.7, 2H, minor 

isomer)]; 13c NMR o 13.6, 13.9, 14.1, 14.2, 20.2, 25.6, 27.3, 

29.47, 29.50, 31.9, 33.4, 38.4, 39.9, 40.0, 40.6, 43.3, 45.4, 

55.26, 55.30, 56.5, 58.1, 58.2, 60.6, 60.8, 114.1, 114.3, 125.8, 

126.2, 126.8, 127.0, 127.4, 128.8, 129.1, 159.6 (both isomers); 

168.7 (C-2, bo-th isomers); 173.1, 174.6 (-C02Et, both isomers). 

ms m/z: 457 (M+) , 358 (M+- 99) . Anal. Calcd for c
26

H
35

No6 : C, 

68.25; H, 7.71; N, 3.06. Found: C, 68.37; H, 7.66; N, 2.99. 

Diels-Alder adduct of lOa and EA (26/27/28/29): A solution of lOa 

(0.50 g, 1.82 mmol) and EA 1 (0.40 g, 4.0 mmol) in toluene (8 ml) 
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was refluxed for 26 h. The solvent was removed under vacuo and 

the residue purified by column chromatography on silica gel 

(eluent: EtOAc/hexane, in a 1:4 ratio) affording a viscous liquid 

consisting in a mixture of trans diastereo/regioisomers in 

5:4:2:1.2 ratio. IR (CC1
4

) y 1721 (br) , 1590, 1493, 1380 
-1 . em , 

1 H NMR 0 0.87-1.07 (m, 9H, 3 X -CH
3

, three isomers), 1.96 ( t, J = 

7.1, -CH3 , one isomer) 1.22-1.30 (m, 4H, all isomers), 1.76-2.25 

(series of m, 16H, all isomers), 2.59-4.22 (series of m,-16H, all 

isomers), 4.77 (d, J = 2.3, lH, H-4, one isomer), 4.80 (d, J = 

2.5, lH, H-4, one isomer), 4.85 (d, J = 1.9, lH, H-4, one 

isomer), 4.88 (d, J = 2.2, lH, H-4, one isomer), 5.86-6.03 

(series of m, 8H, olefinic, all isomers), 7.00-7.04 (m, 4H, arom, 

all isomers) , 7. 22-7:35 (m, 36H, arom, all isomers) ; 13c NMR o 

13.9, 14.0, 14.1, 14.2, 22.1, 22.3, 23.7, 24.0, 25.3, 27.8, 29.7, 
I 

35.3, 36.0, 36.4, 36.5, 37.1, 42.1, 42.3,,43.5, 43.6, 58.5, 59.5, 

60.2, 60.6, 60.7, 61.4, 61.7, 62.2, 63.1, 64.0, 64.3, 116.9, 

117.0, 117.1, 118.5, 123.7, 123.8, 124.0, 124.9, 125.1, 125.2, 

125.5, 125.8, 126.0, 126.2, 126.5, 127.4, 128.4, 128.6, 128.9, 

129.0, 129.1, 129.2, 130.0, 135.5, 135.9, 137.5, 137.6, 137.7, 

137.8; 166.1, 166.2, 166.38, 166.42, (C-2, all isomers); 173.0, 

173.1, 174.4, 175.2 (-C0
2
Et, all isomers). ms m/z: 375 (M+), 256 

+ (M- Ph-N=C=O). Anal. Calcd for c24H25No3 : C, 76.77; H, 6.71; N, 

3.73. Found: C, 76.60; H, 6.78; N, 3.66. 

Diels-Alder adduct of 12/13d with EA (30/31/32/33}: A solution of 

12/13d (0.3 g, 1.06 mmol) and EA (0.25 g, 2.50 mmol) in toluene 
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(5 ml) was refluxed for 30 h. An identical workup as employed 

above afforded 0.35 g (86%) of a viscous liquid consisting in a 

mixture of four cis diastereo/regioisomers in 11:4:2.5:1 ratio; 

-1 1 IR (CC1 4> y 1725 (br), 1589, 1489, 1381 em . H NMR o 0.85-1.47 

{series of m, 40H, all isomers), 1.71-2.32 {series of m, 16H, all 

isomers), 2.49-2.90 (series of m, lOH), 3.35-3.57 (m, 7H, all 

isomers), 3.61 (dd, J = 10.6 and 5.2, lH, H-3, one isomer), 3.79-

3.90 (m, 14H; consisting in 12H for four -OCH3 signals at o 3.81, 

3.82, 3.84, and 3.86 as singlets), 4.02-4.27 (series of m, 8H, 

all isomers}, 4.68 (d, J = 5.2, lH, H-4, one isomer), 4.72 (d, J 

= 5.1, lH, H-4, one isomer}, 4.77 (unresolved d, J = 5.2, lH, H-

4, one isomer}, 4.79 (unresolved d, J = 5.3, lH, H-4, one 

isomer) I 5.70-5.75 (m, 4H, olefinic) I 5.85-5.95 (ml 4HI 

olefinic), 6.89-6.94 (m, 8H, arom, merged doublets for all 

isomers, J ~ 8.7), 7.20-7.24 (m, 8H, arom; merged doublets for 

all isomers, 13 
J ~ 8 . 7 ) . c NMR 0 13 . 6 , 14 . 0 I 14 . l , . 14 . 2 , 14 . 3 I 

20.1, 20.2, 20.9, 21.7, 21.9, 22.8, 23.2, 24.1, 29.51, 29.55, 

29.64, 29.7, 32.1, 33.5, 39.5, 39.6, 39.8, 40.7, 55.2, 55.3, 

56.6, 57.5, 57.6, 57.9, 58.0, 58.6, 58.8, 60.0, 60.1, 60.61 61.3, 

113.9, 114.01 114.1, 114.2, 114.29, 114.34, 117.4, 126.0, 126.3, 

·127.0, 127.1, 127.4, 127.5, 127.7, 128.1, 128.3, 128.6, 128.9, 

132.0, 133.6, 135.4, 136.3, 159.6, 159.7; 169.3, 169.6, (C-2, all 

isomers); 173.7, 174.5, 174.9 1 (C02Et, all isomers). ms m/z: 385 

(M+), 286 {M+- n-Bu-N=C=O). Anal. Calcd for c23H31 No4 : C, 71.66; 

H, 8.11; N, 3.63. Found: C, 71.57; H, 8.20; N, 3.74. 
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CI-I.APTER...-III 

Unusual L3+2] Cycloaddition Reactions of 

a-Nitrosostyrenes with various 1,3-Diaza-

1,3-Butadienes and Imines 

Introduction 

Diels-Alder cycloaddi tion reactions in which a -N=O qroup 

participates as a 2n component have been extensively exploited in 

cycloaddition reactions. 1 The ni trosocarbonyl 2 compounds, 

't . . 3 n1 roso-1m1nes, and nitrosyl cyanide 4 readily undergo Diels-

Alder cyloadditions with dienes. The a-nitrosoalkenes form 

another group of extremely reactive intermediates which have 

successfully been trapped in Diels-Alder reactions. 5 · A number of 

methods to obtain conjuqated nitrosoalkenes are available of 

which, by far, the m9st important are the dehydrochlorination of 

a-chloroaldoximes or ketooximes and the addition of nitrosyl 

5-7 chloride to alkenes. The nitrosoalkenes are in general 

unstable, but can be detected spectroscopically or chemically 
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trapped in solution and are isolable only if substituted by bulky 

alkyl 8 or aryl9 qroups. They are syntheticallY useful species 

either as a Michael acceptor5 ' 6 or as one of the component.S in 

cycloaddition with an unsaturated 5 6 10 substrate ' ' and usually 

undergo fragmentation through intramolecular condensation in the 

absence of trapping agents. 5 • 6 

Although, nitrosoalkenes are capable of acting either as 

heterodienes or as nitrosodi~nophiles, their reactivity is 
I 

critically dependent on their structure. In general, if the 

nitrosoalkene system contains ~-substituents, the compounds react 

as dienophiles and if there is no ~-substituent, the system 

prefers to act as 4rr component in Diels-Alder reactions with 

d . h'l 6,11,12 1enop 1 es. [2+2] Cycloadditions of nitrosoalkenes with 

alkenes are rare and are usually observed only if both components 

are highly halogenated or if the alkene is a ketene. 13 The most 

commonly encountered are [4+2J cycloadditions, especially with 

dienes. The various possible thermally allowed reactions between 

a-nitrosoalkene and a diene creating paths (A-D) 14 and 

interconverting paths (E,F) forming the dihydro-oxazines and 

cyclohexenes derived from nitrosoethylene and butadiene are shown 

in Scheme-l. A more complex set of regio- and stereo-isomers 

arise if either the nitrosoalkene or the diene is substituted. 

Path A has been clearly established in the formation of the 

unstable oxazine 1, which isomerises to 2. 11 Path D must be 

followed to give the oxazines from simple alkenes, e. q. ( 3) from 

oct-l-ene; 15 it is likely also followed for the oxazines from a 
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Scheme -1 

variety of c~clic dienes and electron rich heterocycles, 

including furans, pyrroles and 1 indoles, 5 ' 14 , 15- 19 though path B 

followed by [3, 3] sigmatropic rearranqement (path F) cannot be 

ruled out for some of these reactions. There is no unequivocal 

evidence for the occurance of path C in any reaction. 

In the first reported synthesis of the dihydro-oxazines from 

furans or cyclopentadiene with ni trosoalkenes the pathway 

sequence B,F was suggested as plausible, for example, from furan 

and nitrosostyrene to 4 and finallv to 6, 20 though it was later 
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discounted on the basis of more extensive studies. 5 ,l4 , In case 

of the reaction of cyclopentadiene with azidocarbonv1 21 and 

ni troso carbonyl 22 compounds, the heterosystem functioned as a 

dienophile to give the adducts 7 and 8 which could then be 

thermally isomerized to 9 and 10. 

The CND0/2 23 calculations of nitrosoalkenes and their 

comparison with butadienes, revealed that major interaction 

exists between HOMO of butadiene and LUMO of nitrosoethylene i.e. 

former acts as a donor and later as an acceptor. Thus, the most 

favourable paths in Scheme-l appear to be involving an 

interaction between C-2 of nitrosoethylene and C-1 of butadiene 

i.e. 14 path B and D. The critical examination of the orbital 

energies further revealed that nitrosoethylene behaves as an 

ideal 4n syste~ This was subsequently experimentally verified 

·57 -·39 

~-7 ~1·0 
-·49 ·54 

·60 ·37 

~-·91 
-·37 -·60 

Figure : Frontier Orbital Energies (eV) and 

coefficients for nitrosoethylene and butadiene 
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by carrying out the reactions of nitrsoalkenes with carbon-carbon 

double bonds of alkenes and dienes. It has been observed 

that the nitrosoalkenes add to simple alkenes in a concerted 

manner and to electron rich dienophiles e.g. enamines 1 

12 
I 
14118 

enol ethers 25 etc. in a stepwise manner via zwitterionic 

intermediate (Scheme 2). 

A R1 0 CsH5 'QcsH5 

R1"J'l 
0 

+ () N~o 

r)O 
0 

R1 

"CC o_J 

() 
0 

0 
R3 0 

H3C~ ~R3 
R10iR2 

+ H3C OR1 
N~ 

0 R2 0 

Scheme-2 

The reports co~cerninq the cycloadditions of nitrosoalkenes 

with carbon-nitrogen double bonds are very rare. Mackay et 

a1. 26 - 28 investiqated the reactions of 2~5-dimethylfuran 11 with 

l equivalent of nitrosostyrene and isolated the oxazine 12 along 
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~ Me 0 Me 

11 12 

no,~~ 
~~~7-R 

Ph oe 

Scheme- 3 

R=Ph 
=p-N02CsH4 

with the minor bis adduct the ni trone 13 (Scheme 3). The 

products 12 and 13 are formed by the successive cycloaddition 

reactions of nitrosostyrene with C=C and C=N double bond 

in a [4+2] and [3+2] manner, respectively. They further 

. t . t d 2 8 h . f . . h 1nves 1ga e t e react1ons o cyclopentoxaz1ne 14 w1t 

nitrosoa1kenes and reported the formation of oxazine 15 and 

ni trone 16 via a competetion between [4+2] and [3+2] 

cycloaddition pathways (Scheme 4). The relative proportions of 

oxazine 15 and nitrone 16 are given in Table-1. The formation of 

oxazine 16 in higher proportions was explained by the argument 

that as R gets more electrons wi thdrawinq, the cisoid form of 

nitrosoalkenes was preferred in order to avoid repulsive 
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~ o~N a w Ph 
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Ph 
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Table-1 

R Compound Ratio 

Ph 16a 15a )10: 1 

p-N02C5H4 16 b 15b 4·1: 1 

CHO 16c 15c 0· 38:1 

Ac 16d 15d <0·1: 1 

Scheme-4 

interaction between the strong dipoles of the system. Mackay et 

al. 28 also reported that the ni trosoalkenes did not react with 

the carbon-nitrogen double bond of 17, 18, 19, 20, 21 and 22. 

From the failure of these reactions, it was concluded that the 

primary requirement for such reactions are { i) oxazines oxygen 

and ( ii) an alkene function all ylic to this oxygen in a rigid 

bicyclic system. 

Keepinq in view the very few reports concerning the 

cycloaddition reactions of carbon-nitrogen double bonds with 

nitrosoalkenes and the reported structural limitations upon the 

carbon-nitrogen double bond systems for carrying out such 
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cycloaddition reactions the investigations concerning the 

cycloaddition reactionsO of 1,3-diaza-1,3-butadienes with 

nitrosoalkenes were initiated in our laboratories. The object of 

these' investigations was also to understand the nature of 

cycloaddition pathway followed, the products formed in these 

reactions and to compare the dienic properties of 1,3-diaza-1,3-

butadienes with those of nitrosoalkenes. Hence, the reactions of 

nitrosoa1kenes with 1-aryl-4-dimethylamino-2-phenyl-1,3-diaza-

1, 3-butadienes 23 were investigated and unusual [3+2] 

cyc1oadducts, the nitrones 24 were isolated in good yields 29 

(Scheme 5). In order to generalise these cycloaddition reactions 

with various carbon-nitrogen double bonds, the reactions of 

nitrosoalkenes with various 1,3-diaza-1,3-butadienes and 

polarised imines (amidines) have been investigated and the 

results of these investigations are discussed in this chapter. 
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Results and Discussion 

Treatment of 1,3-diaza-1,3-butadienes 23 with a­

nitrosostyrenes, qenerated in situ from a-chlorooximes and sodium 

carbonate, resulted in very good yields (76-90%} of the products 

which were characterised as 1,4-diaryl-2-N'-(N,N-dimethyl 

formamidino)-2-phenyl- ~3 -imidazoline-3-oxides 24 (Scheme 5) on 

the basis of analytical data and spectral evidence. 30 

Nitrones have been reported to be highly valuable synthetic 

intermediates and excellent spin trapping reagents. They have 

proved to be very useful class of 1,3-dipoles. Since, they are 

relatively stable and afford synthetically quite flexible 

nitrogen containing molecular assembles, they have also been 

utilised for the synthesis of various nitrogen containing 

biologically active compounds. 31 The isoxazolidine obtained by 

the 1,3-dipolar cycloaddition of a nitrone to C=C double bond is 

a versatile precursor for the synthesis of natural products. 31 

In a similar fashion, the heterocyclic based nitrones can provide 

a flexible entry into a range of heterocyclic targets. There are 

few reports concerning the preparation of such cyclic 

nitrones 32 - 35 and all of them have been exploited with a varying 

degree of success. Keepinq in view, the synthetic potential of 

cyclic nitrones and the observed [3+2] cycloaddition mode in case 

of 1, 3-diaza-1, 3-butadienes 23 to yield such ni trones, it was 

thought worthwhile to explore the reactions of various other 1,3-

diaza-1,3-butadienes and amidines with nitrosoalkenes. 

T~us, the reactions of 1-aryl-4-dimethylamino-4-methyl-2-
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phenyl-1,3-diaza-1,3-butadienes 25 with nitrosoalkenes~ generated 

in situ from ~-halooximes 26 of acetophenones and sodium 

carbonate/sodium hydroqen carbonate, in methylene chloride, 

resulted in very good yields (78-93%) of cyclic nitrones 27 

(Scheme 6). The products were characterised as 1,4-diaryl-2-N'­

(N,N-dimethylacetamidino}-2-phenyl-~3- -imidazoline-3-oxides 27 on 

the basis of analytical and spectral data. Their IR spectra 

showed strong absorptions around 1590 and 1521 cm-l and ca. 1220 

cm-l ascribed to C=N and N-O of a nitrone, respectively. The 

nitrone 27, as apposed to the oxadiazine 28, structures for the 

products were supported by the 1H NMR signals for the methylene 

and ortho phenyl protons of the nitrone ring. The former gave a 

singlet i5ca. 5.00 downfield from the position, i5 ca. 3.50, 

t . 1 f d. . 28 yp1ca o oxa 1az1ne. Similarly, the ortho protons of the 

phenyl group attached to nitrone rinq resonated at i5 ca 8.40 

downfield 

. 36 oxaz1nes. 

from the corresponding signals, i5 ca. 7.70 of typical 

The peaks around i5 140 and i5 160 in their 13c NMR 

spectra were assiqned to nitrone carbon and amidino carbon, 

respectively. Their mass spectra exhibited intense M-16 peaks 

d . t. f . t 28 1agnos 1c o n1 rones, in addition to strong M-amidino and 

imidazole ion peaks. The oxadiazine structure thus was clearly 

ruled out on the basis of the above spectral informations. 

In order to have a deeper insight into such unusual 

reqioselective [3+2] cycloadditions, and to generalise the 

regioselectivity pattern with polarised 1,3-diazabutadienes, the 
I 

react~ons of ~-nitrosostyrenes were also carried out with various 
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1-aryl-4-~~~~~-4-alkylthio-2-phenyl-1,3-diaza-1,3-

butadienes 29 havinq two polarising functions at 4-position. The 

reaction of a-nitrosoalkenes, qenerated in situ from a-

halooximes, with 29, performed under similar conditions, followed 

the similar regioselective [3+2] cycloaddition pathway to yield 

nitrones 30 in almost quantitative yields (Scheme 7). The 

reaction products were characterised as 1,4-diaryl-2-phenyl-2-[N-

(2'-methylthio-2'-secondaryamino)imino]imidazoline-3-oxides 30 on 

the basis of analytical and spectral observations. Their IR 

spectra (KBr) showed stronq absorption peaks around 1595 and 1550 

cm-l for -C=N and around 1225 cm-l for N-O of nitrone. 1H NMR 

spectra ( 9 0 MHz) of these ni trone s exhibited a two proton 

multiplet centred around o 8. 50, assiqned to two ortlw phenyl 

protons Ha characteristic of cyclic nitrones. These spectra also 

showed another downfield two proton multiplet around o 7.40 

attributed to somehow deshielding of proton Hb by the carbon-

nitrogen double bond of the imine functionality. In addition, 
I 

methylene protons appeared as a singlet at around o 5.00. 

A general mechanism leading to the formation of nitrones 24, 

27 and 30 is outlined in scheme-B. The addition of 

nitrosoalkenes to C=C has been iudged to be a single step 17 

reaction, but is less likely to be so for addition to more polar 

C=N of the 1,3-diazabutadienes. Hence, the possibility of path I 

in these cases is ruled out. a-Nitrosostyrene has been shown to 

react with morpholine37 preferentially in the transoid form and 

may also do so with weakly nucleophilic N-1, which of course is 
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more nucleophilic as compared to N-3 of 1',3-diaza-1,3-butadienes. 

Hence, these reactions may follow path II leading to resonance 

stabilized zwitterionic intermediate 31 which explain the 

preferential formation of nitrones 24, 27 and 30. Even though, 

the intermediate 31 is preferred, a crossover mechanism between 

intermediates 31 and 32 is possible, which can lead to six 

membered oxadiazine rinq structures 33. The crossing 

over of the zwitterionic intermediate 31 to 32 perhaps is 

discouraged due to steric constraints as evid~nced by the total 

absence of oxadiazines 33 as one of the possible products. 

The products, nitrones, are probably the result of the 

formal [3+2] dipolar addition of free a.-ni trostyrene in a 1, 3-

mode to 1, 2-carbon-ni trogen double bond of the polarised 1, 3-

diaza-1,3-butadienes. The formation of the nitrones may also be 

explained by the initial formation of resonance stabilised 

cationic intermediates 34 lda displacement of halide by N-1. of 

1,3-diaza-1,3-butadienes, 23, 25 and 29 from a.-ch1oroacetophenone 

oxime. The intermediates 34 after possible deprotonation may 

cyclise resulting in nitrones 24, 27, and 30. Analogies to such 

1 . . f hl . k 38 . 1 d. two-step eye 1sat1on o a.-c oroox1mes are nown 1nc u 1ng ones 

to N-oxides, 39 but in all such cases, recognizably strong 

nucleophile is involved and it is unlikely that weaker 

nucleophiles like N-1 of imino nitrogen in present case could 

behave in a similar fashion. In view of the above observations, 

it was felt that all polarised carbon-nitrogen double bonds may 

perhaps behave in a similar fashion and may also add to a.-
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ni trosoalkenes in a similar [ 3+2] manner. Hence, in order to 

generalise the synthetic versatility of this reaction we have 

investiqated the cycloaddition reactions of a-nitrosostyrenes 

with N,N,N'-trisubstituted amidines 35. As expected, these 

reactions were also found to follow the unusual and exclusive 

[3+2] cycloaddition mode resulting in qood yields of nitrones 36 

(Scheme 9) which were characterised on the basis of analytical 

and spectral data. The nitrone 36b, for example, showed a 

molecular ion peak at m/z 281 (42%) and a peak at 264 (M+ -17, 
~ -<)) 

13%); a sharp IR absorption at 1223 cm-l charafctrrstic of N+-0-
L~--"'< 

of a nitrone and its 1H NMR spectrum (300 MHz, Fiq. 1) exhibited 

peaks at o 2.66 [s, -N(CH3 >2L 4.50 (dd, J = 14.5 and 2.1 Hz, 

lH, -CH2->, 4.79 (dd, J = 14.5 and 4.5 Hz, lH, -CH2-), 5.81 (dd, 

J = 4. 5 and 2.1 Hz, lH methine} and it also exhibited two 

downfield ortlw phenyl protons { o 8. 32 - 8. 35) , diagnostic of 

nitrones. Similarly the spectral data for 36d was also in 

confirmity with the assiqned structure and the char{:;~~tic 
~ 

spectral data includes [m/z 397 {M+) , 381 {M+ - 16) ; v 1223 max 
+ -{N -0 l: oH (300 MHz, Fiq. 2) 4.41 {d, J = 14.1 Hz, lH, -CH2-), 

4.59 (d, J = 14.1 Hz, lH, -CH2-), a downfield doublet (o 8.33, J 

= 8.3 Hz) for two ortho phenyl protons]. Their 13c NMR spectra 

were also in perfect agreement with the assigned structures. 

Interestingly, 1 H NMR spectrum of 36b indicates that two 

methylene protons couple to each other as well as to methine 

proton and appear as doublet of doublets. The corresponding 

coupling constants are also exhibited by the methine proton 
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signal which couple with both methylene protons and appear as 

doublet of doublet. Further support for this is derived from the 

1H NMR spectrum of 36d in which the two methylene protons appear 

as doublets instead of doublet of doublets. Contrary to the 

formation of nitrones in the above reactions, Nakanishi et a1. 40 

have reported the formation of imidazole derivatives 40, probably 

via oxadiazines 39 in the reactions of a.- halooximes 38 with N-

phenyl-N-methyl benzamidines 37 in the presence of iron carbonyls 

(Scheme 9). 

The formation of cyclic ni trones 24, 27, 30 and 36 was 

further confirmed by their thermal deqradation studies. 

Thermolysis of nitrones 24 and 27 in dry benzene in sealed tube 

at 140-150 °C for 6-7 h resulted in the isolation of products 

which were chracterised as 1,4-diaryl-2-phenyl imidazoles on the 

basis of their analytical data and spectral evidences. The 

compound 41a, for example, analysed for c21 H16 N2 exhibited a 

· molecular ion peak at m/z 296. Its 1H NMR spectrum showed the 

absence of for~midino unit and the presence of two downfield 

(around o 7.92) ortlw phenyl protons alongwith a multiplet 

consisting of other aromatic protons and an olefinic proton. Its 

13c NMR spectrum also attest to the imidazole structure 41. 

The formation of imidazoles 41 was initially confused with 

the corresponding N-oxide structures 42 30 because of (i} expected 

almost similar spectral features and (ii) the tendency of 

nitrones to show the absence of molecular ion peak and the 

presence of intense M+ -16 peak in their mass spectrum. However, 
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the imidazole structure 41 was assiqned to the thermolysis 

products on the basis of their c, H, N analysis, which indicated 

the presence of only c, H, N and the absence of oxygen in these 

compounds. Further evidence for the imidazole structures 41 was 

derived from their inability to undergo 1,3-dipolar cycloaddition 

reactions with dienophiles ruling out the formation of N-oxide 

structure 42. 

Further, the thermolysis of imidazole-N-oxides 36d-f under 

similar conditions resulted in the formation of same imidazoles 

41 which were ch;~cterised on the basis of their identical 
'-

spectral spectral features, melting points and undepressed mixed 

melting points with the samples obtained earlier. The formation 

of imidazoles 41 by the thermolysis of 24, 27 and 36d-f may 

possibly arise via any of the two paths illustrated in Scheme-10. 

Path-I assumes the initial elimination of formamidino/ 

acetamidino/secondaryamino mo~y to result in N-oxide 42, which 

under reaction conditions may yield an unstable bicyclic 

intermediate 44 followed by deoxygenation to yield 41. Path-II 

proposes that at elevated tempratures, the nitrones 24, 27 and 

36d-f are interconvertible with corresponding oxazines 43. 

Elimination of formamidino/acetamidino/secondaryamino moeity from 
I 

this Gxazine intermediate 43 yields bicyclic intermediate 44 

which as usual undergoes deoxygenation to give 41. Pathway-II 

seems to be more probable because such nitrone-oxazine 

' t ' 41 1n erconvers1ons leadinq to the formation of imidazoles are 

known in literature. 40 
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Thermolysis of nitrones 30, under similar conditions, led 

inter~ngly to the formation of amidine derivatives 45 (Scheme )/ 

11) . The structure 45 could easily be established on the basis of 

analytical and spectral evidences. The compound 45a, for example, 

showed a molecular ion peak at m/z 267 and IR absorptions at 3063 

-1 
and 1635 em assigned to -NH and carbonyl groups respectively. 

Its 1 H NMR spectrum exhibited peaks for N,N-dimethylamine (5 

3.05, s, 3H and 5 3.32, s, 3H), aromatic (5 6.80-6.77, m, lOH} 

and -NH (5 12.40, br s, exchangable with D2o> protons. Its 13c 

NMR spectrum further confirmed the assiqned structure 45a. The 

mechanism involved in the transformation of nitrones 30 to amides 

45 could not be clearly visualised. But, it is assumed that there 

is an initial attack of N-oxide oxygen on the imino carbon to 

give a bicyclic intermediate 46 with the elimination of methyl 

mercaptan and subsequent decomposition of 46 might lead to the 

products 45. 

Interestingly, the treatment of all the nitrones 24, 27 and 

also 30 with sodium borohydride in methanol at rt for 22-24 h 

resulted again in the isolation of imidazoles 41. The products 

were assigned structure 41 based on their identical spectral 

patterns, melting points and undepressed mixed melting points 

with the products obtained on thermolysis of nitrones 24, 27 and 

36d-f. The possible'mechanism involved in this transformation is 

outlined in Scheme-12. In this mechanism it is assumed that the 

reduction of amidino carbon-nitroqen double bond of nitrones 24, 

27 and 30 by NaBH
4 

leads to 2-amino-N-oxide intermediate 47. This 
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intermediate 47 probably beinq unstable transforms to 

intermediate 48. The intermediate 48 then cyclises, as shown, to 

result in another intermediate 49 which ultimately underqoes 

elimination of H2 NOH to yield imidazoles 41. The mechanistic 

paths I and II proposed for thermolysis experiments in Scheme-10 

may be ruled out in this case because at room temQture (i} the 
(_/ I 

conversion of N-oxide intermediate 42 to bicyclic intermediate 44 

(Path-I) and (ii) the interconversion from nitrones to oxazines 

(Path-li) are less likely. 

In order to further confirm this mechanism, we have 

investigated the reactions of simple N-aryl benzamidines 50 with 

a-nitrosostyrenes. It was thought that the absence of any N-oxide 

47 should confirm its unstable nature and the formation of 

imidazoles 

Scheme-12. 

41 could further confirm the mecesm proposed in 

Thus, the reaction of 50 with a-nitrosostyrenes, 

generated in situ from a-halooximes and sodium carbonate in 

methylene chloride at room temprature, resulted in the isolation 

of expected imidazoles 41, probably via the intermediates 48 and 

49 (Scheme 12). 

Cyc1oaddition reactions of N-ary1amino 1,3-diaza-1,3-butadienes 

with a-nitrosostyrenes 

In view of the observed unusual [3+2] cycloadditions of a-

nitrosostyrenes with various 1, 3-diaza-1, 3-butadienses and 

amidines and interestinq mechanistic pathways accompanying the 

transformations of their products, it was thought worthwhile to 
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carryout the the reactions of a.-nitrosostvrenes with N-arv1amino-

1,3-diaza-1,3-butadienes. Thus, the reactions of l-aryl-2-phenyl-

4-{N-arv1amino)-4-methvlthio-1,3-diaza-1,3-butadienes 51 with a-

nitrosostvrenes 26 in methylene chloride resulted in the 

formation of a mixture of products {Scheme 13). The products were 

+ 26 

1 2 
52,53. a.R•R•H, R •CI 

b. R • R1 • R2 • H 

c.R• H,R1 •0CH3 ,R
2

•H 

d.R • H, R
1
• OCH3, R

2
•CH3 

e.R • CH3 , R1•CI, R2•CH3 

f. R• H, R1• R
2

•CH3 

Scherne-13 

+ 

Rt 

$ 
N 

~-L(-<'N+~ 
~Phi Q 2 

7 
o- R 

R 

easily separated by column chromatoqraphy and cfii:'acterised as 
LJ 

1,4-diaryl-2-(N-arylbenzamidino)imidazoles 52 and 1,4-diaryl-2-(N-

arylbenzamidino)imidazole-3-oxides 53 on the basis of their 

analytical and spectral data. The imidazole 52a, for example, in 

its IR spectrum showed a broad peak at 3417 cm- 1 due to -NH 

group. Its 1H NMR spectrum exhibited appropriate sp1ittings for 
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aromatic protons and a broad singlet, exchanqable with D2o at o 

12.70 for -NH proton. Its mass spectrum showed a molecular ion 

peak at m/z 448 (13%). On the other hand, the nitrone 53a showed 

in its IR spectrum, a broad absorption band at 3430 cm- 1 for -NH 

group and a peak at 1251 cm- 1 characteristic of N+-0- of 

nitrones. Its 1H NMR spectrum exhibited, in addition to aromatic 

protons, characteristic downfie1d shift (o 8.02, d, J = 8.6) for 

two ortho protons of the phenyl group attached to the carbon of 
I 

ni tron'e group and a broad s ing1et at o 13.27, exchangab1e with 

n2o, for -NH proton. Also the mass spectrum of 53a showed a 

+ molecular ion peak at m/z 464 (15%) and an intense M -16 peak at 

m/z 448 (45%) which further confirmed the assigned structure. 

The mechanism leadinq to the formation of a mixture of 

imidazo1es 52 and ni trones 53 is outlined in scheme-14. It is 

assumed that nitrosoa1kenes 26 add to N-aryl-1,3-diaza-1,3-

butadienes 51 to give an interconvertib1e cisoid and tra11soid 

intermediate 54. The cisoid form of 54 results in an oxazine 

intermediate 55 which presumably rearranges under reaction 

conditions to yield an intermediate 56. The demf;g~nation of 56 / 
'-

finally yields imidazoles 52. The transoid form of 54, on the 

other hand leads to intermediate 57 which rearranges, as shown, 

to yield nitrones 53. 

The N-oxide structure 53 was further confirmed by carrying 

out their 1,3-dipolar cycloaddition reactions. Thus, the 

reaction of 53 with dimethyl acetylene dicarboxylate {DMAD) in 

methylene chloride at room temperature for 45 mins resulted in 
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51 + 26 

1 

57 

+ 

Scheme-14 

$ 
N 

H N~~+ 
N--1( 7 Q 
~ Pho- 2 r R 
R 53 
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53 + 

Xylene 1 ~ 
53 

1 h 

CH 2 Cl 2 , r.t. 

45 min. 

52 

j deoxygenation 

56 

Scheme -15 

the formation of (Scheme 15) products which were tentatively 

characterised as 1,3-dipolar adducts 58 on the basis of their IR, 
f. 

mass spec. 1H and 13c NMR spectra. The product 58a, for example, 

analysed for c36H32N 
4
o5 exhibited a molecular ion peak at m/z 

600. Its IR spectrum showed strong peaks at 1748 and 1723 em -l 

due to ester carbonyls. Its 1H NMR spe~ 
to aromatic protons, singlets for two methyl 

showed, in addition'>( 
l \ 

protons {o 2.37 and 

2.40), two ester methyl singlets (o 3.58 and 3.85) and one 

olefinic proton {o 5.36}. It also exhibited a broad singlet at o 

12.63, exchangable with n2o, for -NH proton. Its 13c NMR 

spectrum was also in agreement with the assigned structure 58a. 
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In order to unambigiously establish the structure of 58 it is 

proposed to carry.1out X-ray diffraction studies. 
{ 

In view of the interestinq results observed in the 

thermolysis of various nitrones 24, 27, 30 and 36, and to have 

further insight into the mechanistic aspects involved in these 

transformations, it was thought worthwhile to carry out the 

thermolysis of nitrones 53 and investigate the products formed. 

Thus, thermolysis of nitrones 53 in refluxinq xylene for 1 h 

resulted interestingly in the isolation of imadazole derivatives 

52 (Scheme 15). It is presumed that, at higher temprature, the 

nitrone structure 53 is possibly interconvertible with oxazine 

intermediate 55 which uqder reaction conditions lead to a 

bicyclic intermediate 56 and this on subsequent deoxyaenation 

results finally in imidazole 51. 

In conclusion, the reactions of various polarised 1,3-

diazabutadienes and imines with a-nitrosostyrenes undergo 

reqioselective and unusual [3+2] cycloaddition reactions and 

offer an interesting route to various substituted cyclic 

nitrones. Thermolysis of most of these nitrones results in the 

formation of imidazoles via oxazine intermediates. 

Experimental Section 

General conditions are same as described in Chapter I. 

Starting materials 

All 1,3-diaza-1,3-butadienes 23, 24, 29; 42 N-aryl-1,3-diaza-

1,3-butadienes 51, 43 N-aryl formamidines 35a-c, 44 N-aryl 
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benzamidines 50, 45 and chlorooximes 26 46 of acetophenone and p­

methylacetophenone were prepared by the reported procedures. 

General procedure for the preparation of N-aryl-2-secondaryamino 

benzamidines 35d-f: A solution of imidoyl chloride (10 mmol) and 

secondaryamine (22 mmol} in THF (30 ml} was stirred at rt for 3 

h. The reaction mixture was filtered, the residue washed with THF 

(10 ml} and the combined filterate concentrated under vacuo. The 

residue thus obtained was diluted with CH2 c12 (30 ml), washed 

with water ( 3 x 100 ml} and dried over anhydrous Na 2so 4 . The 

solvent was then removed under reduced pressure and the residue 

purified by chromatography on silica gel. 

Reactions of 1,3-Diaza-1,3-butadienes 25 and 29 with a­

nitrosostyrenes: General Procedure for nitrones 27 and 30: A 

solution of 1,3-diaza-1,3-butadienes 25/29 (4.0 mmol} and a­

chlorooxime 26 (4.2 mmol) in dry CH2c12 (40 ml) was stirred at. rt 

in the presence of anhydrous sodium hydrogen carbonate/s'odium 

carbonate (6 mmol) for 30-32 h. The separated salt and excess of 

sodium' hydrogen carbonate/sodium carbonate were removed by 

filtration and the residue ~as washed with small portions (2 x 10 

ml) of CH2c12 . The combined filtrate was washed with water, dried 

over anhydrous sodium sulfate and concentrated under reduced 

pressure. The tituration of the residue with ether resulted in 

the crude product which was recrystallised from a mixture 2:1 of 

benzene and hexane. 
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2,4-Diphenyl-1-(p-methylphenyl)-2-N'-(N,N-dimethylacetamidino)­

~-imidazoline-3-oxide (27a): Yield 86%~ mp 140-141 °C; IR (KBr) 

v 1580, 1521, 1449, 1399, 1351, 1217, 1187 cm- 1 . 1H NMR (90 MHz) 

o 1.82 (s, 3H, -CH3 ), 2.23 (s, 3H, -CH3 ), 3.17 [s, 6H, -N{CH3 >2 J, 

5.08 (s, 2H, -CH2 ->, 6.72 (d, J = 8.2, 2H, arom), 7.00 (d, J = 

8.2, 2H, arom), 7.25-7.56 (m, 6H, arom), 7.72-7.87 (m, 2H, arom), 

+ + 
8.40-8.56 (m, 2H, arom). ms m/z: 412 (M ) , 396 (M -16). Anal. 

Calcd for c 26 n28 N4o: C, 75.70; H, 6.84; N, 13.58. Found: C, 

75.81; H, 6.81; N, 13.51. 

1,4-Bis(p-methylphenyl)-2-phenyl-2-N'-(N,N-dimethylacetamidino)­

~3-imidazoline-3-oxide (27b): Yield 89%; mp 141-143 °C; IR (KBr) 

Y 1596, 1521, 1451, 1400, 1347, 1221, 1172 cm- 1 . 1H NMR (90 MHZ) 

o 1.75 (s, 3H, -CH3 ), 2.17 (s, 3H, -CH3 ), 2.36 (s, 3H, -CH3 ), 

3:05 [s, 6H, N(CH3 l 2 J, 4.88 (s, 2H, -cH2-), 6.62 (d, J = 8.4, 2H, 

arom), 6.90 {d, J = 8.4, 2H, arom) I 7.11-7.28 {m 1 5H 1 arom), 

13 7.56-7.71 Cm1 2H, arom), 8.20 (d, J = 8.0, 2H, arom). c .NMR 

(75.5 MHz) o 13.5 (-CH 3 ) I 20.1 (-CH 3 ), 21.5 (-CH 3 }, 38.4 

[-N(CH3 >2 J. 50.6 (-CH2 -}, 101.8 (C-2), 113.2, 124.7, 126.51 

126.6, 127.7, 127.8, 128.2, 129.17, 129.211 131.3, 140.0, 140.7 

(C-4), 142.7, 161.8 (C-acetamidino). ms m/z: 426 (M+}, 410 

(M+-16). Anal. Calcd for c 27n30 N4o: C, 76.03; H, 7.09~ N, 13.13. 

Pound: C, 75.94; H, 7.12~ N, 13.19. 

2-[N-(2'-Methylthio-2'-morpholino)imino]-1,2,4-triphenyl-~3-

imidazoline-3-oxide (30a): Yield 72%; mp 161.5-162.5 °C; IR (KBr) 

-1 l 
V 1599, 1547, 1497, 1353, 1229 em . H NMR (90 MHz) o 2.06 (s, 
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3H 1 -cH
3

) 1 3.73 (br S 1 8H, morpholine) I 5.03 (sl 2HI -CH
2
-l 1 6.78 

(d 1 J = 8.5 1 2H 1 arom) I 7.18 (d, J = 8.51 2HI aroml I 7.33-7.56 

(m 1 7H, arom), 7.73-7.90 (m, 2H, arom) and 8.40-8.56 (ml 2HI 

+ arom). ms m/z: 472 (M l. Anal. Caled for c 27 H28 N4o2 s: C, 68.62; 

H, 5.97; N, 11.85. Found: C, 68.59; H, 5.96; N, 11.87. 

2-[N-(2 1 -Methy1thio-2 1 -piperidino}imino]-1,2,4-tripheny1-L)3 -
' 

imidazo1ine-3-oxide (30b}: Yield 88%; mp 145-146.5 °C; IR (KBr) 

-1 l 
v1599, 1553, 1497, 1345, 1222 em . H NMR (90 MHz) o 1.56-1.75 

(br s, 6H1 -CH
2

-cH
2

-cH
2
-), 2.06 (s 1 3HI -SCH

3
), 3.60-3.76 (br s, 

4HI -CH
2

-N-CH
2

-J I 5.06 (S 1 2H 1 -cH
2
-J, 6.78 (dl 2HI arom), 7.20 

(dl 2HI arom), 7.40-7.60 (ml 1H~ arom), 7.83-7.95 (m, 2HI arom), 

8.35-8.60 (m, 2H 1 arom). ms m/z: 470 + (M ) • Anal. Caled for 

c 28 H30 N4 os: C, 71.46; H, 6.42; N1 11.90. Found: C, 71.40; H, 

6.43; N, 11.97. 

2- [N- (2 I -Methy1thio-2 1 -pyrro1·idino) imino] -1,2, 4-tripheny1-6.3 -

imidazo1ine-3-oxide (30c): Yield 79%; mp 143-144.5 °C; IR (KBr)Y 

-1 1 
1593, 15481 1492, 1351, 1225 em . H NMR (90 MHz) o 1.80-2.00 

(m, 4H, -cH
2

-cH
2
->, 2.06 (sl 3HI SCH

3
) I 3.70-3.83 (d, 4H 1 -cH

2
-N­

CH2->, 5.05 (s, 2H, -cH
2

-> I 6.81 (dl J = 8.6, 2H, arom}, 7.17· (d, 

2H, arom), 7.33-7.56 (ml 7H, arom)l 7.80-7.95 (m, 2HI arom), 

8.43-8.56 (m, 2H, arom}. ms m/z: 456 + (M } • Anal. Caled for 

c 27 H28 N
4

0S: C, 71.02; H 1 6.18; N 1 12.27. Found: C 1 71.09; H 1 

6.18; N, 12.20. 

2-[N-(2'-Dimethy1amino-2'-methy1thio)imino]-1,2,4-tripheny1-~3-

imidazoline-3-oxide (30d): Yield 75%; mp 149-150 °C; IR (KBr)V 
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1596, 1547, 1499, 1347, 1227 cm-l. 1H NMR (90 MHZ) o 1.96 (s, 3H, 

-SCH3 >: 3.20 [s, 6H, -N(CH3 >2 J, 5.00 (s, 2H, -CH2-), 6.71 (d, J = 

8.4, 2H, arom), 7.10-7.15 (d, J = 8.4, 2H, arom), 7.30-7.50 (m, 

7H, arom}, 7.80-7-90 (m, 2H, arom}, 8.36-8.50 (m, 2H, arom}. ms 

+ m/z: 430 (M ) . Anal. Calcd for c 25H26 N4os: C, 69.74; H, 6.09, N, 

13.01. Found: C, 69.87; H, 6.15; N, 12.95. 

2,4-Diphenyl-1-( p-methylpheny1)-2-[N-(2'-methylthio-2'­

piperidino)imino]-~-imidazoline-3-oxide (30e) Yield 82%; mp 

147.5-148.5 °C; IR (KBr) y 1601, 1552, 1493, 1353, 1225 cm- 1 1H 

NMR (90 MHZ) o 2.10 (s, 3H, -SCH3 ), 2.23 (s, 3H, -cH3 ), 3.73 (s, 

8H, mopholine), 5.00 (s, 2H, -cH2-l, 6.65 (d, J = 8.5, 2H, arom), 

7.01 (d, J = 8.5, 2H, arom), 7.30-7.56 (m, 6H, arom), 7.73-7.86 

+ (m, 2H, arom}, 8.36-8.50 (m, 2H, arom). ms m/z: 486 (M } . Anal. 

Calcd for c28 H30 N4o2s: C, 69.1:1; H, 6.21; N, 11.51. Found: C, 
f 

69.02; H, 6.18; N, 11.58. 

2,4-Diphenyl-1-(p-methylphenyl)-2-[N-(2'-methylthio-2'­

piperidino)imino]-~3-imidazoline-3-oxide (30f): Yield 82%; mp 

149-150 °C; IR (KBr} y 1594, 1551, 1~94, 1348, 1226 cm- 1 . 1H NMR 

(90 MHz) o 1.59 (br s, 6H, -CH2 -cH
2

-cH
2
-), 2.03 (s, 3H, -SCH3 ), 

2.16 (s, 3H, -CH3 ), 3.52 (br s, 4H, -cH2 -N-CH2-l, 5.00 (s, 2H, 

-CH2 -l, 6.64 (d, 2H, arom), 6.99 (d, J = 8.7, 2H, arom), 7.30-

7.53 (m, 6H, arom); 7.73-7.86 (m, 2H arom), 8.40-8.53 (m, 2H, 

+ arom). ms m/z: 484 (M ) . Anal. Ca1cd for c 29H32 N4os: C, 71.87; H, 

6.65; N, 11.56. Found: C, 71.80; H, 6.63; N, 11.64. 
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2,4-Diphenyl-1-(p-methylphenyl)-2-[N-(2'-methylthio-2'­

pyrrolidino) imino]- .63 -imidazoline-3-oxide (30g): Yield 91%; mp 

145-146.5°C; IR (KBr) v 1597, 1549, 1501, 1343, 1229 cm-
1

. 
1

H NMR 

(90 MHz) o 1.96-2.00 (m, 4H, 2 x -cH
2
-l, 2.06 (s, 3H, -SCH3 ), 

2.20 (s, 3H, -CH
3
), 3.70-3.76 (m, 4H, -CH

2
-N-CH

2
-), 5.03 (s, 2H, 

-cH
2
-), 6.71 (d, J = 8.8, 2H, arom), 7.01 (d, J = 8.8, 2H, arom}, 

7.30-7.50 (m, 6H, arom), 7.80-7.90 (m, 2H, arom), 8.43-8.53 (m, 

+ 2H, arom). ms m/z: 470 (M ) . Anal. Calcd for c 28 H
30

N
4
os: C, 

71.46; H, 6.42; N, 11.90. Found: C, 71.55; H, 6.48; N, 11.82. 

2-[N-(2'-Dimethy1amino-2'-methy1thio)imino]-2,4-dipheny1-1-(p­

methylpheny1) -.63 -imidazoline-3-oxide (30h): Yield 78%; mp 140-

141.50C; IR (KBr))) 1594, 1548, 1493, 1347, 1222 cm-l 1H NMR 

(90 MHz) o 2.00 (s, 3H, -SCH
3

), 2.20 (s, 3H, -CH
3

), 3.20 [s, 6H, 

-N(CH
3

l
2
], 5.00 (s, 2H, -CH

2
-l, 6.65 (d, J = 8.5, 2H, arom), 6.98 

{d, J = 8.5, 2H, arom), 7.30-7.53 {m, 6H, arom), 7.80-7.93 {m, 

+ 2H, arom), 8.40-8.53 (m, 2H, arom). ms m/z: 444 (M ) • Anal. Calcd 

for c
26

H
28

N
4
os: C, 70.24; H, 6.35; N, 12.60. Found: C, 70.20; H, 

6.33; N, 12.67. 

2-[N-(2'-Ethy1thio-2'-pyrro1idino)imino]-1,2,4-triphenv1-.63 -

imidazo1ine-3-oxide (30i): Yield 69%; mp 154-155°C; IR (KBr) Y 

1597, 1551, 1499, 1351, 1226 cm- 1 . 1H NMR (90 MHz) o 0.88 (t, J = 

8.0, 3H, -CH
3
), 2.53 (q, J = 8.0, 2H, -SCH

2
-), 3.70 (br s, 8H, 

morpholine}, 5.00 (s, 2H, -cH
2
->, 6.68 (d, J =8.6, 2H, arom}, 

7.15 (d, J = 8.6 2H, arom), 7.26-7.50 {m, 7H, arom), 7.73-7.50 

. + 
(m, 2H, arom}, 8.36-8.46 (m, 2H, arom). ms m/z: 486 (M ). Anal. 
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Calcd for c 28H30N4o2s: C 1 69.11; HI 6.21; N1 11.51. Found: C1 

69.18; H1 6.15; N~ 11.60. 

2-[N-(2'-Ethylthio-2'-pyrro1idino)imino]-l,2,4-tripheny1-~3-

imidazo1ine-3-oxide (30j): Yield 83%; mp 154-155°C; IR (KBr) v 
-1 1 1599, 1547, 1497, 1349, 1226 em . H NMR {90 MHz) o 0.86 (t, J 

= 8.0, 3HI -cH3 ) I 1.86-2.06 <m~ 4H~ 2 x -cH2->, 2.45 {ql J = 8.0, 

2H, -SCH2->, 2.60-2.76 (m 1 4HI -cH2-N-cH 2-> 1 5.13, (s·, 2H,-cH2->, 
6.88- (d, J = 8.5, 2H, arom), 7.20-7.30 <m~ 2H, arom), 7.43-7.66 

(m, 7H, arom), 7.93-8.03 (m, 2H, arom), 8.56-8.66 (m, 2H, arom). 

+ ms m/z: 470 (M ! . Anal. Calcd for c 28H30N4os: c, 71.46; H, 6.42; 

N, 11.90. Found: C 1 71.57; H, 6.37; N, 11.79. 

1,2-Dipheny1-4-(p-methy1pheny1)-2-[N-{2'-methy1thio-2'­

morpholino)imino]-~3-imidazoline-3-6xide (30k): Yield 75%; mp 

149-l50°C; IR (KBr) V 1598, 1548, 1497, 1352, 1228 cm- 1 . 1H NMR 

(90 MHz) o 2.10 (s, 3H, -SCH3 ), 2.43 (s, 3H, -CH3 ), 3.75 (br s, 

8H, morpholine), 5.00 (s, 2H, -cH2 ->, 6.71 (d, J = 8.8, 2H, 

arom), 7.10-7.46 (m, 6H 1 arom), 7.73-7.86 (m, 2H, arom), 8.30-

+ 8.40 (d, J = 8.4, 2H, arom}. ms m/z: 486 (M ). Anal. Calcd for 

c 28 H30 N4o2s: C1 69.11; H, 6.21; N, 11.51. Found: C, 69.23; H, 

6.16; N, 11.43. 

1,4-Bis(p-methy1phenyl)-2-[N-(2'-methy1thio-2'-morpholino) 

i~ino]-~3 -imidazo1irie-3-oxide (301): Yield 88%; mp l54-155°C; IR 

(KBr) V 1596, 1552, 1495, 1349, 1227 cm-l 1H NMR (90 MHz) o 2.06 

(sl 3H,-SCH3 ), 2.20 (s, 3H,-CH3 ), 2.40 (sl 3H, -CH3 ), 3.70. (br s, 

8H, morpho1ine), 4.96 (s, 2H, -cH 2 -), 6.59 (d, J = 8.6, 2H, 
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arom}, 6.98 (d, J = 8.6, 2H, arom}, 7.26-7.40 (m, 5H, arom}, 

7.70-7.83 (m, 2H, arom}, 8.36 (d, J = 8.3, 2H, arom}. ms m/z 500 

+ (M ) . Anal. Calcd for c 29 H32 N4o2 s: C, 69.57; H, 6.44; N, 11.19. 

Found: c, 69.50; HI 6.45; N, 11.28. 

1,4-Bis(p-methy1pheny1)-2-(N-(2'-methylthio-2'-piperidino) 

imino]-~3 -imidazoline-3-oxide (30m): Yield 81%; mp 147-149°C; 

IR {KBr) V 1593, 1548, 1493, 1351, 1229 cm- 1 . 1H NMR (90 MHz} o 

1.64 (br s , 6H1 -cH2 -cH2 -cH2 -l, 2.06 { s, 3H, -SCH3) I 2.20 ( s, 3H, 

-CH
3

), 2.40 ( s, 3H, -CH
3

) , 3.63 (br s I 4H, -CH
2

-N-CH2-), 4.95 ( s, 

2H, -CH2-l, 6.72 (d, J = 8 o 6 1 2H, arom) , 7.00 (d, J = 8. 6, 2H, 

arom), 7.23-7.43 (m, 5H, arom), 7.76-7.96 (m, 2H, arom), 8.30-

+ 8.40 (d, J = 8.5, 2H, arom). ms m/z: 498 (M ). Anal. Calcd for 

c 30H34 N4 os: C, 72.25; H, 6.87; N, 11.23. Found: C, 72.36; H, 

6.84; N, 11.20. 

1,4-Bis(p-methylphenyl)-2-[N-(2'-methylthio-2'-pyrrolidino) 

imino]-63-imidazoline-3-oxide (30n}: Yield 93%; mp 158-159 °C; IR 

(KBr} V 1595, 1548, 1499, 1353, 1224 cm- 1 . 1H (90 MHz) o 1.90-

2.10 (m 1 4H 1 2 X -CH2-) I 2.17 ( s, 3H 1 -SCH3 l , 2.30 ( s, 3H, -CH3 l , 

2.40 ( s I 3H, -CH3 ) , 3.60-3.90 (m, 4H, -CH2 -N-CH2-l, 5.00 ( S r 2H, 

-CH
2

-) , 6.70 (d, J = 8 o 8 1 2H, aroml , 7.00 (d, J = 8 . 8 , 2H, aroml , 

7.23-7.43 (m, 5H, arom), 7.75-7.97 (m, 2H, arom), 8.38 (d, J = 

8. 4, 2H, a rom l . + ms m/z: 484 (M ). Anal. Calcd for c29H32 N4os: C, 

71.87; H, 6.65; N, 11.56. Found: C, 72.03; H, 6.61; N, 11.48. 
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2-[N-(2'-Dimethy1amino-2'-methy1thio)imino]-1,4-(p-methy1pheny1) 

-.63-imidazoline-3-oxide {30o): Yield 78%; mp 158.5-159 °C; IR 

(KBr) v 16151 1555 1 15131 13471 1225 cm- 1 . 1H NMR (90 MHz) o 2.00 

(sl 3H, -SCH3 ), 2.16 {s, 3H, -CH3 ), 2.40 {s, 3H, -cH3 ), 3.23 [s, 

6H, -N{CH3 >2 J, 5.03 (s, 2H, -cH2 ->, 6.71 (d, J = 8.6, 2H, arom) 1 

7.08 (d, J = 8.6, 2H, arom), 7.36-7.50 (m, 5H, arom), 7.90-8.03 

(ml 2HI arom) I 8.43-8.50 + (ml 2HI arom). ms m/z 458 (M ). Anal. 

Calcd for c 27 H30 N4os: C 1 70.71; H, 6.59; N, 12.22. Found: C, 

70.61; H, 6.63; N 1 12.18. 

1-(p-Chlorophenyl)-2,4-diphenyl-2-[N-(2'-methylthio-2'­

piperidino)imino]-~3-imidazoline-3-oxide (30p): Yield 88%; mp 

161.5-162.5 °C; IR (KBr) Y 1599, 1552 1 1498 1 1351 1 1227 

NMR {90 MHZ) 0 1.61 {br s I 6H, -CH2 -cH2 -cH2-), 2.06 

-1 
em 

{ s, 3H, 

-SCH3) I 3.63 (br s 1 4HI -CH2 -N-CH2 ->~ 5.00 ( s I 2H 1 -CH2 ->~ 6.68 

( d, J = 8.6, 2H, arom) 1 7.11 ( dl J = 8.61 2H, arom) 1 7.30-7.53 

(m, 6H1 arom) I 7.73-7.90 (ml 2H 1 arom), 8.36-8.53 {m, 2HI arom). 

+ ms m/z: 517 (M ) . Anal. Calcd for c 29 H29 N
4
oscl: C, 67.36; H, 

5.65; Nl 10.83. Found: C 1 67.34; H 1 5.62; N, 10.84. 

1-(p-Ch1oropheny1)-2-[N-(2'-dimethy1amino-2'-methy1thio)imino]­

~3-imidazoline-3-oxide (30q): Yield 83%; mp 169-170 °C; IR {KBr) 

V 1598, 1552, 1492 1 1350 1 1226 cm- 1 . 1H NMR (300 MHz) o 2.00 (s, 

3HI -SCH3) I 2.38 ( s I 3HI -CH3) I 3.18 [s, 6H1 -N(CH3 ) 2] 1 4.94 ( s I 

2HI -CH2-) I 6.62 (dl J = 9.01 2H, arom) , 7.06 ( d I J = 9.0, 2H, 

arom) 1 7.24-7.32 (m 1 5HI arom) 1 7.74-7.78 (m, 2H, arom) 1 8.26 (d, 

J = 8.3, 2H 1 arom) . 13c NMR (75.5 MHZ) 0 16.2 (-SCH3 ), 21.7 
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(-CH3 )', 40.0 [-N(CH
3

) 
2
J, 51.4 (-CH

2
-), 101.0 (C-2), 114.0, 122.6, 

124.8, 126.8, 127.9, 128.2, 128.7, 128.9, 129.3, 133.0, 140.4, 

+ 141.0, 141.6, 159.0 (C-4). ms m/z: 479 (M ) . Anal. Calcd for 

c 26 H27 N4 0SCl: C, 65.19; H, 5.68; N, 11.70. Found: C, 65.31; H, 

5.61; N, 11.65. 

l-{p-Chloropheny1)-2,4-dipheny1-2-[N-{2'-ethy1thio-2'­

pyrro1idino) imino] -b-3 -imidazoline-3-oxide {30r): Yield 89%; mp 

163.5-164 °C; IR (KBr) )) 1597, 1551, 1494, 1353, 1225 cm-l 1H 

NMR (90 MHz) 5 0.85 (t, J = 8.0, 3H, -CH
3

), 1.83-2.00 (m, 4H, -

CH2 -cH2-), 2.65 (q, J = 8.0, 2H, -SCH
2
-), 3.63-3.90 (m, 4H, -CH

2
-

N-CH2-), 5.00 (s, 2H, -CH
2
-), 7.70 (d, J = 8.8, 2H, arom), 7.11 

{d, J = 8.8, 2H, arom), 7.30-7.50 (m, 6H, arom), 7.75-7.85 {m, 

+ 2H, arom), 8.36-8.50 (m, 2H, arom). ms m/z: 505 (M ) . Anal. Calcd 

for c 28 H29 N4 0SC1: C, 66.58; H, 5.79; N, 11.09. Found: C, 66.53; 

H, 5.77; N, 11.15. 

1-{p-Ch1orophenyl)-2-[N-{2'-dimethy1amino-2'-ethy1thio)imino]-

2,4-dipheny1-~-imidazo1ine-3-oxide {30s): Yield 84%; mp 143.5-

145 °C; IR (KBr) V 1593, 1549, 1495, 1352, 1224 cm- 1 • 1 H NMR (90 

MHz) 5 0.85 (t, J = 8.0, 3H, -CH
3

), 2.56 (q, J = 8.0, 2H,-SCH
2
-), 

3.20 [s, 6H, -N(CH
3

)
2
], 5.00 (s, 2H, -CH

2
-), 6.68 (d, J = 8.6, 

2H, arom), 7.15 {d, J = 8.6, 2H, arom), 7.33-7.53 (m, 6H, arom), 

7.76-7.90 (m, 2H, arom), 8.38-8.50 (m, 2H, arom). ms m/z: 479 

+ (M ) . Anal. Calcd for c
26

H
27

N
4

0SC1: C, 65.19; H, 5.68; N, 11.70. 

Found: C, 65.12; H, 5.63; N, 11.81. 
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Reactions of amidines 35 with a-nitrosostyrenes: General 

procedure for nitrones: A solution of 35 (4 mmol) and a-

chloroacetophenone oxime 26 (4.2 mmol) in dry CH
2

c1
2 

(40 ml) was 

stirred at rt in the presence of sodium carbonate ( 6 mmol) for 

40-52 h. Following an identical workup as employed for nitrones 

30, the crude product obtained was purified by column 

chromatography on silica gel (eluent: a mixture of EtOAc/hexane 

in a 1:3 ratio). 

2-(N,N-Dimethylamino)-1,4-diphenyl-~3-imidazoline-3-oxide (36a}: 

Yield 69%; mp 164.5-165.5 °C; IR (KBr) v 1610, 1591, 1509,.1358, 

'-1 1 1220 em . H NMR (90 MHz) o 2.67 (s, 6H,· -N(CH3 l 2 J, 4.52 (dd, J 

= 14.0 and 2.0, lH, -CH2-l, 4.83 (dd, J = 14.0 and 4.5, lH, -CH2-

), 5.76-5.88 (m, lH, H-2), 6.81 (d, J = 8.0, 2H, arom), 7.20-7.60 

(m, 6H, arom), 8.28-8.50 (m, 2H, arom). ms m/z: 281 (M+), 264 

+ (M -17). Anal. Calcd for c17H19N30: C, 72.57; H, 6.80: N, 14.93. 

Found: C, 72.64; H, 6.77: N, 14.89. 

2-(N,N-Dimethylamino}-1-(p-methylphenyl}-4-phenyl-~-

imidazoline-3-oxide (36b): Yield 76%; mp 170-171 °C; IR (KBr)v 

-1 1 1595, 1579, 1525, 1364, 1223 em . H NMR (300 MHz) o 2.28 (s, 

3H, -CH3), 2.66 [s, 6H, -N(CH3 ) 2], 4.50 (dd, J = 14.5 and 2.1, 

lH, -CH2-}, 4.79 (dd, J = 14.5 and 4.5, lH, -CH2-), 5.81 .(dd, J = 

4.5 and 2.1, 1H, methine H-2), 6.75 (d, J = 8.5, 2H, arom), 7.12 

(d, J = 8.5, 2H, arom), 7.45-7.52 (m, 3H, arom), 8.32-8.35 (m, 

13 2H, arom). C NMR (75.5 MHz) o 20.4 (-CH3 l, 37.1 (-CH2 ->, 50.8 

[- N ( CH 
3

) 
2

] , 101. 9 ( C- 2) , 112 . 7 , 12 6 . 5 , 12 6 . 7 , 12 8 . 1 , 12 8 . 6 , -
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+ 128.7, 129.2, 129.8, 130.7, 133.8, 141.7 (C-4). ms m/z: 295 (M), 

278 + (M -17). Anal. Calcd for c 18H21N3o: C, 73.19; H, 7.16; N, 

14.22. Found: C, 73.09; H, 7.21; N, 14.27. 

2-(N,N-Dimethy1amino)-4-(p-methy1pheny1)-1-pheny1-~3-

imidazo1ine-3-oxide (36c): Yield 63%; mp 177-178 °C; IR (KBr) v 

1596, 1574, 1499, 1477, 1381, 1360, 1224 cm-l. 1H NMR (90 MHz) o 

2.41 (s, 3H, -CH
3

), 2.68 [s, 6H, -N(CH
3

J
2
], 4.52 (dd, J = 14.0 

and 2.0, lH, -CH
2
-), 4.83 (dd, J = 14.0 and 4.5, 1H, -CH

2
-), 

5.75-5.83 {m, lH, H-2), 6.80-7.02 {m, 3H, arom), 7.27-7.50 {m, 

4H, arom), 8.33 {d, J = 8.2, 2H, arom). ms m/z: 285 (M+), 280 

+ (M -17). Anal. Calcd for c
18

H
21

N
3
o: C, 73.19; H, 7.16; N, 14.22. 

Found: c, 73.05; H, 7.13; N, 14.29. 

1,2-Diphenyl-4-(p-methy1phenyl)-2-pyrrolidino-~-imidazo1ine-3-

oxide (36d): Yield 81%; mp 164-165 °C; IR (KBr) ).! 1597, 1583 1 

1495, 1445, 1387, 1329, 1223 cm- 1 . 1 H NMR (300 MHz) o 1.88-1.92 

(m, 4H, -CH
2

-cH
2
-), 2.42 (s, 3H, -CH

3
), 3.00-3.08 (m 1 2H, 

-N-CH
2
-), 3.44-3.49 (m, 2H 1 -CH

2
-N-), 4.41 (dl J = 14.1, lH, 

-cH
2

-> 1 4.59 (dl J = 14.11 lH, -cH
2

-> I 6.82-6.87 (m, lH, arom) I 

7.16-7.27 (m, 7HI arom>~ 7.32 (dl J = 8.1, 2HI arom}, 7.45-7.50 

(m, 2HI arom}, 8.33 (d, J = 8.3, 2H, arom}. 13c NMR (75.5 MHz) o 

21.7 (-CH
3

), 25.5 (-CH
2

-cH
2
-), 47.7 (-CH

2
-N-CH

2
-), 48.4 (-CH

2
-), 

107. (C-2), 115.7, 119.7, 124.4, 126.7, 127.3 1 128.1, 128.7, 

+ 128.9, 129.5, 133.8, 135.6, 141.1, 142.9 (C-4). ms m/z: 397 {M } , 

+ 381 (M -16). Anal. Calcd for c
26

H
27

N
3
0: C, 78.56; H, 6.85; N, 

10.57. Found: c, 78.69; H, 6.81; N, 10.49. 
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2-Piperidino-1,2,4-tripheny1-63-imidazo1ine-3-oxide (36e): Yield 

75%; mp 148-149 °C; IR (KBr) v 1652, 1599, 1499, 1338, 1247, 1219 

-1 1 
em . H NMR (90 MHz) o 1.65 (br s, 6H, -CH2 -cH2 -cH2 -), 2.83-3.18 

(m, 2H, -N-CH2-), 3.27-3.57 (m, 2H, -cH
2
-N-), 4.63 (br s, 2H, 

-CH2->, 7.20-7.73 {m, 13H, arom), 8.45-8.65 {m, 2H, arom). ms 

+ + m/z: 397 (M ) , 381 (M - 16). Anal. Calcd for c 26 H27 N30: C, 78.56; 

H, 6.84; N, 10.57. Found: C, 78.44; H, 6.90; N, 10.62. 

1,2-Diphenyl-4-(p-methylpheny1)-2-piperidino-~-imidazo1ine-3-

oxide (36f): Yield 81%; mp 165-166 °C; IR (KBr) )J 1596, 1580, 

1493, 1449, 1389, 1327, 1246, 1226 cm-1 . 1H NMR (90 MHz) o 1.64 

(br s, 6H, -CH2 -cH
2

-cH
2
-), 2.42 (s, 3H, -CH

3
), 2.81-3.13 (m, 2H, 

-N-CH2-), 3.27-3.53 (m, 2H, -CH
2
-N-), 4.55 (s, 2H, -CH2-), 7.13-

7.50 {m, 12H, arom), 8.33 (d, J = 8.0, 2H, arom). ms m/z: 411 

+ + (M ) , 395 (M - 16). Anal. Calcd for c 27H29 N30: C, 78.80; H, 7.10; 

N, 10.21. Found: C, 78.69; H, 7.07; N, 10.30. 

1,4-Diary1-2-pheny1imidazo1es (41): 

(i) Thermolysis of Nitrones 24/27/36d-f: A solution nitrone 

24/27/36d-f (1.0 mmol) in dry benzene (8 ml) was heated in sealed 

tube at 140-150 °C for 6-7 h. The solvent was removed under vacuo 

and the residue purified by chromatography on silica gel (eluent: 

a mixture of EtOAc/hexane in 1:9 ratio) to yield 69-74% of the 

corresponding imidazoles 41. 

{ii) Treatment of nitrones 24/27/30 with NaBH 4 : To a solution of 

nitrone 24/27/30 (2.50 mmol) in methanol (50 ml) was added NaBH4 
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(0.1 g, 2.70 mmol) and the reaction mixture was stirred at rt for 

20-24 h. The solvent was removed under vacuo, diluted with CH2c1 2 

(35 ml) and washed with water (4 x 50 ml). The organic layer was 

dried over anhydrous Na 2 so4 , evaporated under reduced pressure 

and the residue purified by chromatography on silica gel (eluent: 

a mixture of EtOAc/hexane in 1:9 ratio} affording 53-66% of 

products 41. 

(iii) Reactions of N-arylbenza~idine 50 with a-nitrosostyrenes: A 

' solution of N-arylbenzamidine 50 (4 .. 0 mmol) and a.-chloro-

acetophenone oxime (4.2 mmol} in dry CH2c12 (20 ml) was stirred 

at rt in the presence of sodium carbonate for 2-3 h. An identical 

workup as employed for ni trones 30 was then followed and the 

crude product thus obtained was further purified by 

chromatography on silica gel (eluent: A mixture of EtOAc/hexane 

in a 1:9 ratio} to yield 85-93% of the corresponding products 41. 

1,2,4-Triphenylimidazo1e (41a): mp 92-94°C; IR (KBr) Y 1591, 1471, 

1397, 1205 cm-l. 1 H NMR (90 MHZ) 5 7.20-7.61 (m, 14H; l3H, arom 

and lH, olefinic}, 7.92-8.11 (m, 2H, arom}. 13c NMR {75.5 MHz} o 

118.4 (C-5), 124.9, 125.7, 126.9, 128.1, 128.3, 128.5, 128.7, 

+ 129.9, 130.2, 133.8, 138.4, 141.6, 146.9 (C-2}. ms m/z: 296 (M , 

100%), 193 (63%), 165 {25%), 116 (3!'6), 103 (8%), 89 (32%}, 77 

( 2 8% } . An a 1 C a 1 c d for C 21 H 16 N 2 : C , 8 5 . 12 ; H , 5 . 4 4 ; N , 9 . 4 5 . 

Found: c, 85.19; H, 5.41; N, 9.41. 

2,4-Dipheny1-1-(p-methy1pheny1)imidazo1e (41b): mp l47-l48°C; IR 

-1 1 (KBr} y 1602, 1509, 1399, 1205 em . H NMR (300 MHz} o 2.35 (s, 
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3H, -CH3 ), 7.09 (d, J = 8.4, 2H, arom), 7.15 (d, J = 8.4, 2H, 

arom), 7.20-7.26 (m, 4H, arom), 7.35-7.40 (m, 3H; 2H, arom and 

lH, olefinic), 7.44-7.48 (m, 2H, arom), 7.86-7.90 (m, 2H, arom). 

13 
C NMR (75.5 MHz) o 21.0 (-CH

3
), 118.5 (C-5), 124.9, 125.4, 

126.8, 128.0, 128.2, 128.4, 128.6, 129.9, 130.3, 133.8, 135.8, 

+ 138.0, 141.4, 146.8 (C-2). ms m/z: 310 (M, 89%), 207 (100%), 165 

(13%), 116 (10%), 103 (l3!>u), (33%), 65 (13%). Anal. Calcd for 

c22H
18

N
2

: C, 85.13; H, 5.84; N, 9.02. Found: C, 85.05; H, 5.86; 

N, 9.07. 

1,2-Diphenyl-4-(p-methylphenyl}imidazole (4lc}: mp 113.5-114.5 
'J 

°C; IR (KBr) Y 1600, 1497, 1399, 1204 cm- 1 . 1H NMR (90 MHz) o 2.38 

(s, 3H, -CH
3

), 7.18-7.57 (m, 13H; 12H, arom and lH, olefinic), 

13 7.83 (d, J = 8.0, 2H, arom). C NMR (75.5 MHz) o 21.2 (-CH
3
), 

118.0 (C-5), 124.9, 125.7, 128.0, 128.1, 128.3, 128.7, 129.2, 

129.3, 130.3, 131.0, 136.5, 138.5, 141.7, 146.7. ms m/z: 310 

+ ( M ) . An a 1 . C a 1 c d for C 
2 2 

H 
18 

N 
2 

: C , 8 5 . 13 ; H , 5 . 8 4 ; N , 9 • 0 2 • 

Found: C, 85.17; H, 5.85; N, 9.07. 

Thermolysis of Nitrones 30 : General procedure for 45: A solution 

of 30 (1.0 mmol) in benzene (8 ml) was heated in sealed tube at 

140-150 °C for 6-7 h. The solvent was removed under vacuo and the 

residue purified by column chromatography on silica gel (eluent: 

a mixture of EtOAc/hexane in a 1:6 ratio) 

3-(N,N-Dimethylformamido)-1'-phenylbenzamidine (45a): Yield 73%; 

mp 125.5-126.5 °C; IR (KBr) V 3422 (br), 1635, 1602, 1548, 1490, 
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1440, 1389, 1346, 1201 
-1 

ern 1 H NMR ( 9 0 MHz) o 3. 0 5 ( s, 3H, 

-N-CH3 ), 3.32 (s, 3H, -N-CH
3

), 6.80-6.77 (rn, lOR, arorn), 12.40 

(br s, exchangable with n
2
o, lH, -NH). 13c NMR (75.5 MHz) o 35.2 

(-N-CH
3

), 37.3 (CH
3

-N-), 123.2, 124.3, 128.0,· 128.6, 129.2 1 

130.2, 135.21 139.1, 163.0 (C=N), 164.7 (C=O). rns m/z: 267 (M+, 

14%), 223 (100%) I 180 (22%), 77 (21%). Anal. Calcd for cl6Hl7N30: 

C, 71.89; H1 6.41; N, 15.72. Found: C, 71.78; H, 6.45; N, 15.67. 

N-[Phenyl-[N'-(p-methylphenyl}iminolmethy1]-4-morpho1ine-

carboxamide (45b): Yield 66%; rnp 141-142.5 °C; IR (KBr) }) 3437 

-1 1 
(br) 1 1625 I 15901 1572 I 1525 I 144 7, 1418 I 1235 ern . H NMR ( 90 

MHz) o 2.30 <s~- 3H, -cH
3

) 1 3.70 (br s, 8H1 rnorpholino) I 6.83 (dl 

J = 8.71 2HI arorn) 1 7.08 (d, J = 8.71 2H 1 arorn) 1 7.23-7.67 (rn, 

5H I arom) • 12. 43 (br s 1 exchangable with n
2
o, lH, -NH) . ms m/z: 

3 2 3 ( H + ) . An a 1 . C a 1 c d f or C 
2 9 

H 
2 1 

N 
3 

0 
2 

: C , 7 0 . 5 6 ; H , 6 • 5 4 ; N I 

12.99. Found: cl 70.69; H 1 6.47; N 1 12.91. 

Reactions of N -arylamino 1, 3-diaza-1, 3-butadienes 51 with a-

ni trosostyrenes: General procedure: A solution of N-ary1arnino 

1~3-diaza-1~3-butadienes 51 (4 rnrnol) and a-chloroacetophenone 

oxime 26 (4.2 rnmo1) was stirred at rt in the presence of 

anhydrous sodium carbonate (Q64 g, 6.0 rnrnol) for 2-3 h. A similar 

workup as described for nitrones 30 was employed and the crude 

reaction mixture was chroma to graphed over a silica gel column. 

Elution with EtOAc/hexane ( 1:20) resu1 ted in the isolation of 

irnidazo1es 52. Further elution with EtOAc/hexane ( 1:5) afforded 

the nitrones 53. 
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4-(p-Ch1oropheny1)-1-pheny1-2-[(N-pheny1)benzamidino]imidazo1e 

{52a): Yield 32%; mp 179-180 °C; IR {KBr) y 3417 (br), 1625, 

1592, 1569, 1493, 1434, 1390, 1197 cm- 1 . 1H NMR (300 MHz) 5 6.93 

(d, J = 7.8, 2H, arom), 7.03-7.07 {m, 1H, arom), 7.18-7.38 (m, 

9H; 8H, arom and lH, olefinic), 7.46-7.54 (m, 4H, arom), 7.68 (d, 
I 

J = 7'. 8, 2H, arom), 7. 75 (d, J = 7. 3, .2H, arom), 12.70 (br s, 

exchangable with n2o, lH, -NH). ms m/z: 448 (M+, 13%), 356 (15%), 

2 0 7 ( 12%) , 18 0 ( 10 0%) , 7 7 ( 6 3%) , 51 ( 13 ~6) • An a 1 . C a 1 c d for 

c 28 H21N4Cl: C, 74.91; H, 4.71; N, 12.48. Found: C, 74.79; H, 

4.75; N, 12.54. 

4-{p-Ch1oropheny1)-1-pheny1-2-[(N-pheny1)benzamidino]imidazo1e-3-

oxide (53a): Yield 53%; mp 169-171 °C; IR (KBr) )J 3430 (br), 

-1 1 1626, 1589, 1570, 1491, 1396, 1251 em . H NMR (300 MHz) 5 6.82 

(d, J = 7.7, 2H, arom), 6.90-6.95 (m, lH, arom), 7.06-7.62 (m, 

15H; l4H, arom and lH, olefinic), 8.02 (d, J = 8.6, with fine 

splitting, 2H, arom), 13.27 (br s, exchangable with n2o, lH, 

13 -NH). C NMR (75.5 MHz) 0 lll (C-4), 121.7, 123.0, 125.2, 126.3, 

128.0, 128.1, 128.2, 128.7, 128.8, 129.2, 130.2, 130.3, 134.0, 

134.7, 136.6, 140.6 (C-2) , 158.2 (C-amidino). ms m/z: 464 (M+, 

15%), 448 (M+ -16, 45%), 356 _(25%), 207 {22%), 180 (100%), 104 

(10%), 77 (79%), 51 (17%). Anal. Calcd for c28H21N40Cl: C, 72.33; 

H, 4.55; N, 12.05. Found: C, 72.41; H, 4.52; N, 12.00. 

1,4-Dipheny1-2-[(N-phenyl)benzamidino]imidazo1e (52b): Yield 31%; 

-1 
mp 174-175 °C; IR (KBr) V 3446 (br), 1623, 1590, 1490, 1399 em . 

lH NMR {300 MHz) 0 6.93 (d, J = 7.5, with fine splitting, 2H, 
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arom), 6.99-7.06 (m, 1H, arom), 7.17-7.55 (m, 14H; 13H, arom and 

1H, olefinic), 7.69 (d, J = 7.5, with fine splitting, 2H, arom), 

7.83 (d, J = 8.3, with fine splitting, 2H, arom), 12.81 (br s, 

exchangable with n2o, lH, -NH). 13c NMR (75.5 MHz} o 112.7 (C-4}, 

123.4, 124.0, 124.5, 125.1, 126.8, 126.9, 128.0, 128.6, 128.9, 

129.6, 129.8, 133.8, 135.5, 137.2, 137.7, 140.1, 150.1 (C-2}, 

157.1 (C-amidino). ms m/z: 414 (M+). Anal. Ca1cd for c28H
22

N
4

: C, 

81.13; H, 5.35; N, 13.52. Found: C, 81.04; H, 5.33; N, 13.57. 

1,4-Dipheny1-2-[{N-pheny1)benzamidino]imidazo1e-3-oxide {53b): 

Yield 49%; mp 195-197 °C; IR (KBr} V 3418 (br}, 1636, 1595, 1495, 

1395, 1257 cm-l. 1H NMR (300 MHz) o 6.83 (d, J = 7.7, 2H, arom), 

6.88-6.94 (m, lH, arom}, 7.07-7.70 (m, 16H; 15H, arom and lH, 

olefinic), 8.05 (d, J = 8.4, with fine spitting, 2H, arom), 13.88 

(br s, exchangable with n2o, 1H, -NH). 13c NMR (75.5 MHz} o 111.0 

(C-4), 121.8, 123.0, 123.4, 123.9, 124.5, 125.1, 125.2, 126.7, 

127.0, 127.8, 128.0, 128.1, 128.3, 128.6, 128.7, 128.8, 129.2, 

129.5, 129.8, 129.9, 130.3, 134.9, 136.8, 140.6 (C-2), 140.7, 

158.2 (C-amidino). ms m/z: 43b (M+), 414 (M+- 16). Anal. Calcd 

for c28H22N4o: C, 78.12; H, 5.15; N, 13.01. Found: C, 78.03; H, 

5.18; N, 13.09. 

1-(p-Methoxyphenyl)-4-phenyl-2-[(N-phenyl)benzamidino]imidazo1e 

(52c): Yield 36%; mp 158-159 °C; IR (KBr) )I 3426 (br), 1622, 

1596, 1510, 1248, 1175 cm-l. 1H NMR (300 MHZ} o 3.86 (s, 3H, 

-OCH3 ), 6.92 (d, J = 7.7, 2H, arom), 6.98-7.05 [m, 3H, arom; 

consisting in at 6.99 (d, J = 8.9, 2H)], 7.17-7.34 (m, 8H; 
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7H, arom and lH, olefinic}, 7.37-7.43 (m, lH, arom), 7.53 (d, J = 

7.7, with fine splitting, 2H, arom}, 7.58 (d, J = 8.9, with fine 

splitting, 2II, arom), 7.82 (d, J = 8.3, with fine splitting, 2H, 

arom}, 12.79 (br s, exchangable with o
2
o, lH, -NH}. 13c NMR (75.5 

MHz) o 55.6 (-OCH
3
), 113.0 (C-4}, 114.0, 123.4, 123.9, 124.4, 

126.4, 126.7, 128.0, 128.6, 128.8, 129.5, 129.7, 130.9, 133.9, 

135.6, 136.91 140.2 1 150.2 (C-2}, 157.0 (C-amidino} I 158.4. ms 

+ m/z: 444 (M ). Anal. calcd for c
29

H
24

N
4
o: C, 78.36; H, 5.44; N, 

12.60. Found: C, 78.28; H, 5.48; N, 12.69. 

1-(p-Methoxyphenyl)-4-phenyl-2-[(N-phenyl)benzamidino]imidazole-

3-oxide (53c): Yield 53%; mp 175-176 °C; IR (KBr) \1 3421 (br), 

1618, 1592, 1491, 1571, 1511, 1385, 1250 cm-l. 1H NMR (300 MHz) o 

3.88 (s, 3H, -OCH
3

), 6.82 (dl J = 8.01 2H 1 arom} I 6.88-6.93 (ml 

lH, arom}, 7.04-7.12 (m, SH, arom), 7.17-7.24 (m, 2H, arom), 

7,28-7.30 (m, 2H, arom}, 7.42-7.53 (m, 6H; 5H, arom and lH1 

olefinic}, 13.42 (br s, exchangable with o
2
o, lH, -NH). 

13c NMR 

(75.5 MHz) o 55.6 (-OCH
3

}, ·111.3 (C-4}, 114.3, 121.8, 122.9, 

126.6, 127.0, 128.0, 128.2, 128.5, 128.6, 129.5, 129.8, 130.2, 

130.3, 134.9, 140.6 (C-2), 140.8, 158.1 (C-amidino}, 159.2. ms 

+ + m/z: 460 (M ) , 444 (M- 16). Anal. Calcd for c29 H24 N4 o2 : C, 

75.63; H, 5.25; N, 12.17. Found: C, 75.74; H, 5.28; N, 12.15. 

l-(p-Methoxyphenyl)-4-(p-methylphenyl)-2-[(N-phenyl)benzamidino] 

imidazole (52d): Yield 38%, mp 165-167 °C; IR (KBr} v 3447 (br}, 

1623, 1594, 1510, 1440, 1396, 1242, 1179 cm-l. 1H NMR (300 MHz) o 

2.37 (s, 3H, -CH
3

), 3.85 (s, 3H, -OCH
3

), 6.92 {d, J = 7.7, 2HI 
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arom}, 6.95-7.05 [m, 3H, arom; consisting in at 6.99 (d, J = 

8.9}], 7.16-7.32 (m, 8H; 7H, arom and lH, olefinic}, 7.53 (d, J = 
6.8, with fine splitting, 2H, arom), 7.57 (dl J = 8.9, with fine 

. 
splitting, 2H, arom) I 7.71 ( d 1 J = 8.1, 2H, arom) , 12.82 {br s, 

exchangable with n2o, lH, -NH). 13c NMR (75.5 MHz) 0 21.3 ( -CH3) I 

55.5 ( -OCH
3

) , 112.5 (C-4), 114.0, 123.3, 123.8, 124.3, 126.3, 

128.0, 128.8, 129.3, 129.5, 129.7, 131.1, 135.6, 136.31 136.9, 

140.2, 150.0 (C-2), 156.8 (C-amidino), 158.3. 
+ 

ms m/z: 458 (M I 

46%) 1 366 (12%) 1 260 (17%) 1 229 (12%) r 210 (12%) 1 180 (100%) t 104 

(1196) I 77 (67%) I 51 (9%). Anal. Calcd for c30H26N402: cl 78.58; 

H, 5.71; N, 12.22. Found: C, 78.66; H, 5.69; N, 12.17. 

1-(p-Methoxyphenyl)-4-(p-methylphenyl)-2-[(N-phenyl)benzamidino] 

imidazole-3-oxide ( 53d) : Yield 44%; mp 170-171 °C; IR (KBr) Y 

3423 (br), 1625, 1592, 1512, 1384, 1250 cm- 1 . 1H NMR (300 MHz) o 

2.40 (sl 3H, -CH3 l, 3.90 {s, 3H, -OCH2 l, 6.82 (d, J = 8.11 2H, 

arom), 6.88-6.94 (m, lH, arom), 7.05-7.31 (m, lOH; 9H, arom and 

1H, olefinic), 7.46 (d, J = 8.4, 2H, arom), 7.53 {d, J = 8.8, 2H, 

arom), 7.93 {d, J = 8.1, 2H, arom), 13.43 (br s, exchangab1e with 

n2o, lH, -NH). 13 c NMR (75.5 MHz) o 21.4 (-CH3 ), 55.6 (-OCH3 ) It 

110.9 (C-4), 114.3 1 121.8, 122.8, 125.0, 126.6, 127.0, 128.0, 

128.6, 129.3, 129.9, 130.2, 130.3, 134.9, 138.2, 140.8 (C-2), 

158.0 (C-amidino}, 159.2. rns m/z: 474 (M+), 458 (M+- 16). Anal. 

Calcd for c 30 H26 N
4

o
2

: C, 75.93; H, 5.52; N, 11.80. Found: C, 

75.85; H, 5.50; N, 11.86. 
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1-(p-Chlorophenyl)-4-(p-methylphenyl)-2-[N-(p-methylphenyl) 

benzamidino]imidazole (52e): Yield 37%; mp 171-172 °C; IR (KBr) V 

3437 (br}, 1623, 1588, 1511, 1395, 1239 cm- 1 . 1H NMR (90 MHz) o 

2.24 (s, 3H, -CH3 ), 2.35 (s, 3H, -CH3 ), 6.88 (d, J = 8.5, 2H 

arom), 7.07 (d, J = 8.5, 2H, arom), 7.21-7.81 (m, 14H; 13H, arom 

and lH, olefinic), 12.71 (br s, exchangable with n2o, lH -NH). ms 

+ m/z: 477 (M ) . Anal. Calcd for c 30H25 N4cl: C, 75.54; H, 5.28; N, 

11.75. Found: C, 75.43; H, 5.31; H, 11.81. 

1-(p-Chloropheny1)-4-(p-methy1phenyl)-2-[N-(p-methylpheny1) 

benzamidino]imidazole-3-oxide (53e): Yield 51%; mp 151-152 °C; IR 

(KBr) 1) 3427 (br), 1618, 1594, 1391, 1249 cm-1 . 1H NMR (90 MHz) o 

2.22 (s, 3H, -cH3 ), 2.40 (s, 3H, -cH3 ), 6.73-7.00 (m, 4H, arom), 

7.07-7.70 (m, 12H; llH, arom and lH, olefinic), 7.98 (d, J = 8.8, 

2H, arom), 13.34 (br s, exchangable with n
2
o, lH, -NH). ms m/z: 

+ + 493 (M) I 477 (M- 16). Anal. Calcd for c30H25N40Cl: C, 73.09; H, 

5.11; N, 11.36. Found: C, 73.17; H, 5.08; N, 11.44. 

1,4-Bis(p-methy1phenyl)-2-[(N-phenyl)benzamidino]imidazole (52f): 

Yield 32%; mp 156-157 °C; IR (KBr) ·v 3427 {br}, 1623, 1593, 1573, 

1494, 1434, 1396 cm- 1 . 1H NMR (90 MHz) o 2.40 (s, 3H, -CH3 ), 2.43 

(s, 3H, -cH 3 ), 6.77-7.73 (m, 19H; 18H, arom and lH, olefinic), 

12. 7 5 {br s, exchangable with n2o, lH, -NH) . ms m/z: 442 {M+) . 

Anal. Calcd for c 30H26N4 : C, 81.42; H, 5.92; N, 12.66. Found: C, 

81.51; H, 5.90; N, 12.59. 

1,4-Bis(p-methylpheny1)-2-[(N-phenyl)benzamidino]imidazo1e-3-

oxide (53f): Yield 51%; mp 193-194 °C; IR {KBr} V 3433 {br), 
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1621, 1596, 1491, 1393, 1248 -1 em 1H NMR (90 MHz) o 2.40 (s, 3H, 

-cH3 >, 2.47 (s, 3H, -CH3 ), 6.83-7.64 (m, 17H; 16H, arom and lH, 

olefinic), 8.03 (d, J = 8.5, 2H, arom), 13.29 (br s, exchangable 

with n2o, lH, -NH). ms m/z: 458 (M+), 442 (M+- 16). Anal. Calcd 

for c 30H26 N40: C, 78.58; H, 5.71; N, 12.22. Found: C, 78.69; H, 

5.73; N, 12.18. 

Diels-Alder adducts of 53 and DMAD: A solution of nitrone 53c/f 

(0.30 g, 0.50 mmol) and DMAD (0.06 g, 0.50 mol) in CH2c12 was 

stirred at rt for 45 min. The solvent was removed under reduced 

pressure and the residue chromatographed over a silica gel column 

(eluent: a mixture of EtOAc/hexane in 1:3 ratio). 

2,3-Bis(methoxycarbonyl)-4,6-bis(p-methylphenyl)-3a-[(N-phenyl) 

benzamidino]imidazo[l,2-b]isoxazole (58a): Yield 96%; mp 196-197 

° C ; I R ( KB r ) ).) 1 7 4 8 , 1 7 2 3 , 16 4 4 , 16 2 2 , 15 9 2 , 15 0 7 , 14 9 4 , 14 8 0 , 

1437, 1356, 1204, 1166, 1117 cm- 1 . 1H NMR (300 MHz) o 2.37 (s, 

3H, -CH 3 ) , 2.40 ( s, 3H, -CH
3

) , 3.58 ( s, 3H, -C02CH3) I 3.85 ( s, 

3H, -co2 cH 3 ), 5.36 ( s , lH, olefinic), 6.93 ( d, J = 7. 7, 2H, 

arom) , 7.02-7.07 (m, lH, arom) , 7.18-7.32 (m, 9H, arom) , 7.39 (d' 

J = 8.2, 2H, arom) , 7.47 ( d, J = 7.7, 2H, arom) , 7.55 (d, J = 

8 . 1 , 2H, arom) , 12.63 (br s, exchangable with n2o, lH, -NH). 13c 

NMR (75.5 MHz) o 21.25 (-CH3 ), 21.28 (-CH 3}, 51.8 (-co2 CH3}, 53.1 

(-C0
2

CH
3
), 100.1, 122.2, 123.4, 124.2, 125.2, 126.7, 127.9, 

128.9, 129.4, 129.5, 129.8, 130.7, 135.2, 136.6, 137.9, 139.9, 

146.6,, 157.8, 158.2, 162.2 (CD 2cH3 ), 165.1 (CD 2CH3 ). ms m/z: 600 

+ ' 
(M ). Anal. Calcd for c36H32 N4o 5 : C, 71.98; H, 5.37; N, 9.33. 
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Found: c, 72.07; H, 5.37; N, 9.27. 

2,3-Bis{methoxycarbonyl)-4-{p-methoxyphenyl)-6-phenyl-3a-[{N-

phenyl) benzamidino] imidazo [1, 2-b] isoxazole { 58b) : Yield 94%; mp 

177-179 °C; IR (KBr) V 1745, 1717, 1641, 1613, 1588, 1511, 1487, 

13 55 , 12 53 , 116 7 , 11 0 7 em -l . 1H NMR ( 3 0 0 MHz ) o 3 • 6 0 { s , 3H, 

-co
2

cH
3
), 3.86 (s, 6H, -co

2
cH

3 
and -OCH

3
), 5.38 (s, lH, 

olefinic), 6.93 {d, J = 7.5, 2H, arom), 7.00 {d, J = 9.0, with 

fine splitting, 2H, arom), 7.04-7.08 (m, lH, arom), 7.19-7.31 (m, 

6H, arom), 7.40-7.48 {m, 6H, arom), 7.86 (d, J = 8.5, with fine 

splitting, 2H, arom), 12.61 (br s, exchangable with n
2
o, lH, 

-NH). 13c NMR (75.5 MHz) o 51.9 {-co
2

CH
3

), 53.2 (-co
2

CH
3

), 55.5 

{-OCH
3

), 100.1, 114.1, 122.0, 123.5, 124.2, 125.2, 126.0, 126.9, 

128.0, 128.2, 128.7, 128.9, 129.6, 129.9, 131.7, 135.1, 139.8, 

146.8, 157 .9, 158.1, 159.1, 162.2 (-m
2

cH
3
), 165.1 (-m

2
cn

3
>. ms 

+ m/z: 602 (M ) . Anal. Calcd for c
35

u
30

N
4

o
6

: C, 69.75; H, 5.02; N, 

9.29. Found: C, 69.87; H, 4.97; N, 9.21. 
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