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tisbact. 2-Ethoxy- and 2-(ethylthioj-I-azednes readily undergo 1,3dipoiar cycloadditions with niaile oxides and 
nitrile ylides to give stable 4.5-hicyclic cycloadducts. With nkiliiines. however. the expected 1,3dipolar 
cycloadducts and/or unexpected ring-opened products, namely 1.2,4-triazok are formed depzndmg on the nature of the 
nihiliiine N-substitucnt. In contrast, the azetines fail to react with nitrile sulphides, uzomethine ylides. nitrones, aryl 
azides, and vadous dienes. 

X-ray aystailographii data on the nitrile oxide, nitrile ylide. and nivilhuine cycloadducts. aud on the 1.2.4~tria~oles. 
are -med. Also a mechanistic rationale for triazole formation is offered. 

1.3~Dipolar cycloadditions of nitrile oxides to acyclic and alicyclic imines to form 1.2,4-oxadiazolines 

are well-documented.~ Analogous cycloadditions are known with nitrilimines.3@ which also enter into 

cycloadditions with the imine bond present in oximes, amidines and imidatess In all instances, 1,2,4- 

triazolines are produced which, in the case of the imidates, aroma& spontaneously to the 1,2,4-triazoles. 

Likewise, the cycloadducts from nitrile oxides and imino-ethers,@h amidine@ and S-methylthioureaseb 

undergo heteroaromatisation to 1.2,Coxadiazoles. 

The cycloaddition of nitrile ylides to the strained imine bond of 2H-azirines has been rigorously 

investigated.7 However, nitrile ylide additions to other imine-bonds ate rare, and we are not aware of any 

examples involving imino-ethers. 

The 1,3-dipolar cycloadducts 2 of benzazete 1 with nitrile oxideslo and with nitriliminesJl are known, 

and undergo ring-expansion and rearrangement to the benxoxadiampines 3 and benzotriazepines, 4 

respectively (Scheme 1). 
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However, apart from a recent report* on the trapping of transient azetinone species by Lewis-acid 

catalysed Diels-Alder cycloadditions with silyloxydienes, there appear to be no examples of cycloaddition to 

the imine-bond of a l-azetine .9 We were, interested, therefore, in the action of 13-dipoles on 2-alkoxy- and 

2-(ethylthio)- 1-azetines, as these heterocycles represent examples of a strained imino-ether. 

In this paper we describe our work on the 1,3-dipolar cycloadditions of several 2-ethoxy- and 2-(ethyl- 

thio)-l-ax-et&s with nitrilimines, nittile oxides and nitrile ylides, and the ring-opening of some of the 

nitrilimine cycloadducts to 1,2,4-niazoles. 

The tetramethylazetinet* 6 was obtained readily by ethylation of the azetidinone 513 with Meetwein’s 

reagent. Treatment of the azetidinone with Lawesson’s reagent afforded the thiolactam 7, which on ethylation 

in a like manner to the lactam 5. yielded the (ethylthio)- compound 8. 

0 OEt 
Meerwein’s 

Reagent 

H 

5 6 

Lawesson’s 
Reagent 

Meerwein’s 
Reagent 

7 8 

Scheme 

The bicyclic 2-(ethylthio)-1-azetine 11 was prepared in a similar manner from the bicyclic 

1-azetidinone 9,14 as were the methyl- and dimethyl-substituted bicyclic azetines Ea. and 14a and 14b, 

from azetidinone 12a15 and thioazetidinones 13a and 13b. respectively. 
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Nitrilimine cycloadditions 

The nitrilimines, in the initial studies, were generated by dehydrohalogenation of the appropriate 

hydrazonyl halides [ArC(X)=NNHPh; X = Cl or Br]. 16 Latterley. however, an alternative proceduret7 which 

involved heating a benzaldehyde hydrazone (ArNHN=CHPh) with chloramine-T in boiling ethanol, was 

adopted. This method was particularly useful as it avoided the isolation and subsequent handlmg of the 

hydrazonyl halides, which are extremely vigorous skin-irritants. 

The cycloaddition of C,N-diphenyl nitrilimine (PhC&-N-Ph), generated in situ by dehydro- 

halogenation (method A) of the hydrazonyl halide with triethylamine in boiling benzene, and 2-ethoxy- l- 

azetine 6 was complete (as shown by t.1.c.) in two hours. Removal of the solvent and triethylamine 

hydrochloride, followed by purification of the residue by flash chromatography, furnished a single product 

(57% yield). However, it was apparent immediately from the lH n.m.r. spectrum that this was not the 

expected 1: 1 cycloadduct (16; X = 0) since the ethoxy-hydrogen resonances were absent and only three, 

rather than four, methyl group signals were present. In addition, two one-proton signals at 4.5 and 4.6 8 were 

suggestive of a methylene unit; a feature which was confirmed by the 13C n.m.r. spectrum. Interestingly, 

addition of the diphenylnitrilimine to the (ethylthio) azetine 8 furnished the same product in 60% yield. A 

single crystal X-ray crystallographic study (Figure 1) revealed that this unexpected product was in fact the 5- 

(butenyl)- 1,2,4-triazole 19. 
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Figure 1. Molecular structure of 5-(2,3-dimethylbut-I-ene-3-yl)-l,3-diphenyl-l,2,4_triazole 19 
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Ozonolysis of alkene 19 yielded the expected methyl ketone 20 which with methyl lithium at -78” in 

dry ether produced the tertiary alcohol 21. 
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A mechanistic rationale for this unexpected ring-opening is outlined in Scheme 3. 

Loss of EtX- from the initially formed 13-dipolar cycloadduct 16 yields the resonance stabilised triaxolium 

species 17a c----> 17b which, by scission of the strained 4-membered ring and loss of a proton from the 

resulting tertiary carbocation 18, affords the aromatic 1,2,4-triazole system 19. 

It was argued that stabilisation of the triazolium species 17 should be dependent on the availability of 

the lone pair on N-l for mesomeric interaction with the positively charged bridgehead nitrogen. Any factor 

that decreases this electron availability should increase the stability of cycloadduct 16 at the expense of the 

triazolium species 17. 

With this in mind, the N-(p-nitrophenyl)-C-phenylnitrilimine @-NO$Z&&-&C-Ph) was prepared 

and allowed to react with the 2-ethoxy- and 2-(ethylthio)-1-azetines 6 and 8 respectively, whereupon the 

bicyclic adducts 22a and 22e were obtained in high yields. The X-ray crystal structure for the ethoxy- 

derivative 22a is shown in Figure 2. 

Figure 2. Molecular structure of 5-ethoxy-Q-(p-nitrophenyl)-2-phenyl-6,6.7,7-tetramethyl-l,3,4-triaza- 

bicyclo[3.2.0]hept-2-ene 22a 
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Furthermore, and in accord with the mechanism outlined in Scheme 3, these cycloadducts on heating in 

boiling dichlorobenzene, suffered loss of EtXH, and formation in each case, of the 1,2.4-triazole 23a (Figure 

3) in quantitative yield. 

241 

Figure 3. Molecular structure of 5-(2,3-dimethylbut-1ene-3-yl)-l-@-nitrophenyl)-3-phenyl-1,2.4-triazole 

23a 

Further cycloadditions of 2-ethoxy- and 2-(ethylthio)- I-azetines 6 and 8 with other N-@-nitrophenyl)- 

nitrilimines revealed that whereas the 4-ethoxy-azetine yielded only bicyclic cycloadducts 22b-d, the (ethyl- 

thio)azetine afforded mixtures of I ,3-dipolar cycloadducts 22f-h and butenyl- I ,2,4-triazoles 23b-d. 

These mixtures proved to be difficult to separate. and on standing, slowly lost ethanethiol. As a 

consequence. the products were not isolated and the % yields cited in Table 2 are those estimated from the 

high-field IH n.m.r. spectra of the mixtures measured as soon as possible after purification of the mixture of 

products by flash chromatography. The difference in behaviour of the ethoxy- and (ethylthio)-azetines 

cycloadducts may be a reflection of the greater nucbofugacity of the ethyhhio- group over that of the ethoxy- 

group. 
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I 

22 a X =O, Ar=p-NO&$-Lt,RR=Ph 23 a Ar=p-NO&& R =Pp 
b X = 0, Ar = p-NO&IQ R = p-CIC&Lt b Ar = p-NO&H4 R = p-ClGjHq 
c X=0, Ar=R=p-NO&H4 c Ar = R = p-NO&H4 
d X = 0, Ar = p-N02Q&, R = CO2Me d Ar = p-NO&$-I4. R = CO2Me 
e X=S. Ar=p-NO&&, R=Ph 
f X = S, Ar = p-NOZC6Hq. R = p-CICeH4 
g X=S, Ar=R=p-NO&H4 
h X = S, Ar = p-NO$Z&I4, R = CO2Me 

Interestingly, cycloaddition of the ZV-@-nitrophenyl)-C-phenyl nitrilirnine @-NO$Z&&-&CPh), 

generated by the action of chloramine-T in hot ethanol on benzaldehyde-p-nitrophenylhydrazone 

@NO&$@lHN=CHPh), with the (ethylthio) azetine 8, yielded the cycloadduct 22e contaminated by a 

small amount (5%) of the triazole 23a. In view of the previous results, the appearance of the ring-opened 

product at this lower temperature (boiling ethanol) was surprising. In fact, we have now found that the 

reatrangement of cycloadduct 22e to triazole 23a can be accomplished in quantitative yield, in boiling ethanol 

(3 h.), or in boiling benzene (5 h.). 

As a further probe into the mechanism of niazole formation, the methyl- and dimethyl-substituted 

bicyclic azetines 14a,b and 15a were prepared and their I,Zdipolar cycloadditions with nitrilimines studied. 

The monomethyl substituted cycloadducts 24a,b were of interest in that the carbocation intermediate 25, 

formed by ring-opening of the 4-membered ring, offered the choice of 3possible primary reaction products, 

namely the exo-methylene structure 26. the non-conjugated diene 27, and the conjugated diene 28 

(Scheme 4). 

H xE/? 
-EtXH 

Ph 

24 a X =0, Ar = p-NO$&Hd 
b X= S. Ar=p-NO&H4 

25 

26 27 28 

Scheme 
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Surprisingly, with N-@-nitrophenyl)-C-phenylnitrilimine, generated from the hydrazonyl chloride, a 

cycloadduct Bk (40%) was obtained only from the ethoxy-azetine 15. No reactions were observed with the 

(ethylthio)-azetines 14a,b. 

However, on generation of the (nitrophenyl)nitrilimine, with chloramine-T in ethanol, cycloadduct 

24b was obtained from (ethylthio)az.etine 14a, along with a traceamount (by 1H n.m.r.) of a ring-opened 

product (no SEt group). which exhibited terminal methylene proton resonances at 4.5 and 5.05 6 in its proton 

magnetic resonance spectrum [exe-methylene strucnhe %?I. Unfortunately, all attempts to reproduce this 

result have failed. For example, on scaling up the experiment cycloadduct (24b; 53%) was obtained, which 

was stable in boiling benzene, toluene. and mixed xylenes. but which on heating in boiling o-dichlorobenzene 

suffered ring-scission and &hydrogenation to the fully unsaturated S-(o-tolyl)- 1.2.4~triazole 29a (62%). In 

addition to adduct 24b. trace amounts of by-products were detected, which, from the complex alkene 

resonances in the IH n.m.r. spectrum of the mixture, could have been the cyclohexadiene derivatives 27 and 

28. In an attempt to produce these cyclohexadienes in greater yields, the cycloaddition, using chloramine-T as 

the nitrilimine generator, was repeated under prolonged (8h) reflux in ethanol solution. In this instance, a 

mixture of products was obtained, which from the complex vinyl nzsonances, and the two distinct methyl 

singlets at 1.61 and 1.87 6. were assigned tentatively as the sought-after conjugated and non-conjugated 

dienes 27 and 28. So far, however, we have been unable to separate and characterise any of these partially 

unsamrated products. 

In accord with the result obtained with the tetramethyl-azetine, the bicyclic (ethylthio) azetine 14a and 

diphenylnitrilimine, afforded no primary cycloadduct. but only fully aromatised 13.5triaryl- 1,2,4-triazole 

29b. 

The cycloadduct 3Oa. formed from the dimethylcyclohexyl-atine 14b and N-@-niuophenyl)-C- 

phenylnitrilimine, on heating in o-dichlorobenzene gave, as anticipated, the ring-opened conjugated diene 31 

along with traces (by 1H n.m.r.) of what could be an exe-methylene compound analogous to product 26. 

Ph 

29 a Ar = p-NO$&. R = Me 
b Ar=CeHg,R=Me 
C Ar=QHs.R=H 

30 a X=SEt 
b X=OMe 

Pb 

i’h 

32 a Ar=Ph 
b Ar = p-NO$I& 
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In our preliminary report it was noted that the bicyclic azetine 11 with diphenylnitrilimine. generated 

from the hydrazonyl chloride, yielded a major product (73%) which clearly had lost ethanethiol. and which, 

from the mass spectrum @I+, 337,339; 3: 1) contained chlorine. On the basis of its tH n.m.r. spectrum, 

which showed no alkene protons, but rather a significant downfield proton shift (4.48) for one of the 1H 

complex multiplets of the cyclohexyl-ring, the product was assigned tentatively as a diastereoisomeric mixture 

of the 5-(chlorocyclohexyl) 1.2,~tetrazoles 32a. 

Surprisingly, repetition of this reaction using diphenylnitrilimine generated by Hassner’s chloramine-T 

method, produced only the 1.3.5 triphenyl- 1.2.4~triazole 29c in 69% yield. We ate not aware of other 

examples of aromatisation of cyclohexanes or cyclohexenes with chloramine-T.18 although iV,N-dichloro- 

benzenesulphonamide is known to effect dehydrogenation of cyclohexene to cyclohexa- 1,3-diene in 47% 

yield.19 

With N-@-nitrophenyl)-C-phenyhtitrilimine generated from the hydrazonyl chloride, the bicyclic 

azetine 11 gave a separable mixture of the tricyclic adduct 33 and what am thought to be the diastereo- 

isomeric chloro-compounds 32b. 

Nitrile oxide cycloadditions 

The nitrile oxides were generated mainly by the standard method16 i.e. by dehydrodehalogenation of 

a-chloroaldoximes (benzhydroximoyl chlorides) with ttiethylamine, and by a more recent method.20 involving 

the action of chloramine-T on the arylaldoxime in boiling ethanol. 

Addition of 

b X=0. R=Ph 
c X =O, R=o-NO2CeH4 
d X = S, R = p-MeOCeH4 
e X=S, R=Ph 

35 a R = p-MeOC& 
b R=Ph 
c R = o-NO&$-4 

f X= S, R=O-NO2C& 
g X=S, R=COzEt 

Analogous cycloadducts 34b,c and 34e,f respectively, were obtained from benzonitrile oxide and 

o-nitrobenzonitrile oxide, and azetine 6 and the cotresponding 2-(ethylthio) azetine 8. 

An X-ray crystal structure (Figure 4) for the cycloadduct Md has been determined, and confirms the 

regiochemistry expected for the nitrile oxide cycloaddition. 
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Figure 4. Molecular structure of 5-(ethylthio)-2-(p-methoxyphenyl)-6,6,7,7-~~ethyl~oxa-l,3-diaza- 

bicyclo[3.2.0]hept-2-ene 34d 

Nitrile oxide cycloadditions to the bicyclic axetine 11 under similar conditions gave the 9-oxa-l,lO- 

diaxatricyclo[6.3.0.~7]undec-lO-enes 35-c as mixtures of diastereoisomers. which were distinguishable by 

1H n.m.r. and t.1.c.. but which on attempted separation by h.p.1.c. decomposed to unknown products. 

Adducts 34e and 36a respectively, have been ohtained from the tctramethylaxetine 8 and the bicyclic 

azetine 14a and benzonitrile oxide generated by Hassner’s method20 i.e. benxaldoxime and chloramine-T in 

hot ethanol. 

36s R=Ph 
b R = C02Et 

37 38 

Attempts to add ethoxycarbonylnitrile oxide, generated by treatment of ethyl 

nitroacetatc with triphenylphosphine and phenylisocyanate,at to azetine 8 failed. Only urea 37, along with the 

nihile oxide dimer. 3,4-(diethoxycarbonyl)-1.2,5-oxadiazole 2-oxide 38. were isolated. 
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However, generation of nitrile oxide by base-catalysed elimination from the chlorooxime 

[Cl(EtQ$)C=NOH] in the presence of the azetines 8 or 14a furnished the adducts 34g and 36b in high 

yields. 

The thermal rearrangement of aztine-diarytitriliiine cycloadducts 22 to 1,2&riazoles has been 

referred to earlier (Scheme 3). An analogous reaction of the nitrile oxide-aztine cycloadducts should yield the 

corresponding oxadiazoles. However, the nitrile oxide adducts 34a and 36a proved to be remarkably stable, 

and were recovered unchanged even after prolonged boiling in 1-methyhtaphthalene (b.p. 240%). 

Possibly, the enhanced stability of these adducts. compared to those from the nitrilimii, is due to the 

reluctance of the lone-pair electrons on the more electronegative oxygen to enter into mesomeric stabilisation of 

the corresponding intermediate oxadiaz.olium ion 39. a feature which appears to be of paramount importance in 

determining the stability of the corresponding triazolium ions 17. 

Ar R 

39 

Nitrile ylide cycloadditions 

Additions of nitrile ylides @-NO&$@H-kCAr, Ar = Ph. p-NO&&. or 

PM&&I& generated by dehydrohalogenation of the corresponding imidoyl chlorides with 

triethylamine in benzene.7 with aretines Qand 8 were slow (12 hours). but gave the 13-diaza- 

bicyclo[3.2.0]hept-2enes 4Oa-f in practicable yields (Table 5). 

40 a X=0, Ar=Ph 
b X=0, Ar=p-N@Ca& 

c X = 0, Ar = p-MeC&t 
d X=S, Ar=Ph 
e X = S, At = p-NO2 ceH4 
f X= S, Ar= pMeCeH4 

The 300 MHz spectra of the products were consistant with the assigned structures, and again, revealed 

clearly the diastemotopic character of the methylene protons of the ethoxy and (ethylrhio) groups. However, 
despite the presence in the cycloadduct of two chiral centres, only one set of diasteteoisomers could be 

detected in the high field n.m.r. spectrum of adduct 4Oa. Furthermore. an X-ray crystal structutc of 40b 

(Figure 5) revealed, that the ethoxy- and p-nitrophenyl- groups located at tbe two chiial carbon centres, adopt a 
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riansconfiguration. It is likely, although not confirmed, that the other cycloadducts anz also formed as the 

single km.+ diaste~isomeric pairs. 

An attempt to pqare the n?gio-isomer 41 of nihile yllde cycloadduct 40d from the isomeric nitrile 

ylide43andazetine8failed. 

Generation of the nitrile ylide 43 from chloro-compound 42, derived from N-(p-nitrobenzoyl)benzyl- 

amk,22 with triethylamine in the presence of azetine 8 gave only cycloadduct 40d. This mult is in accord 

with the work of Huisgen and his co-workers 23 who demonstrated clearly that nitrile ylide 43 readily 

transforms into the lsomeric ylide 44. A base-catalysed tautomerism of the chloro-compound is suggested to 

account for this isomerism. 

C(42) 

Figure 5. Molecular structure of 5-ethoxy-4-@-nitrophenyl)-2-phenyl-6,6,7,7-tetramethyl- 13-diazabicyclo- 

[3.2.0]hept-2-ene 

It is most likely, therefore, that the slow rate of niuile ylide-azetine addition allows isomerisation of the 

nitrile ylide precursor 42 to the more stable form 45 prior to cycloaddition. 
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base; -HCl 

p-NOaCeH&(Cl)=NCH2Ph d - p-NO&+L&+=NCH-Ph 

42 43 

II 

p-NC&&l&H2N=C(Cl)Ph - 

45 

W p-N02CeH4CH-N=C+Ph 

44 

Other Cycloaddi tions 

Curiously, we have been unable to effect cycloaddition of the axetines with nitrile sulphides,~ non- 

stabilised nitrile ylides (e.g. CH$&CH2).~ axometbine ylides (generated by thermalring-opening of 

axiridine~~ or by prototropic shifts in anils27) nitmnes,~ and surprisingly, in view of their known29 

propensity to add to strained double bonds, aryl axides. 

In addition, all attempts so far to coax the axetines into Diels-Alder [4 + 21 cycloadditions with 

electron&h or electron-deficient dienes, have failed. 

EXPERIMENTAL 

Lr., mass, and IH n.m.r.spectra were measured on a Perkin-Elmer 1710 Fourier Transform Infrared 

spectrometer, a Finnegan 4OOO mass spectrometer, and a Btuker AC 300 MHz n.m.r. spectrometer, 

respectively. Lr. spectra were recorded as nujol mulls, and tH n.m.r. spectra in CDC13 solution, unless stated 

otherwise. X-Ray crystallographic data were obtained on a NICOLBT R3 mV/V diffractometer. TLC. was 

conducted on Camlab. Polygram silica G/UVm and flash chromatography was carried out on silica gel 60 

(Merck 9385). Unless stated otherwise light petrol refers to the fraction of b-p. 6O-WC. 

All m.p.‘s are uncorrected. 

2-Ethoxy-3.3.4,4-tetethyl-1-axetine 6, 12 obtained by ethylation of 3,3,4,dtetra-methylazetidin-2- 

one 513 with Meerwein’s reagent, was purified by flash chromatography on silica [light petrol-ethyl acetate 

(4:l) as eluant]. Colourless liquid (54%); b.p. 78-W/50 mm. Prepared similarly were &methoxyd-metbyl- 

15a. 8-methoxy-1.6-dimethyl- 15b and 7-axabicyclo[4.2.0]oct-3,7-diene pale yellow oils (1H n.m.r. data in 

agreement with lit.15 values) and 8-ethoxy-6-methyl-7-axabicyclo[4.2.O]oct-3,7-diene 15c as an unstable oil 

which was used directly without further investigation: &.t (CDCl3: 300 MHz) 1.35 (3H, t, OCH2CJf3), 1.36 

(3H, s, Me), 2.0-2.4 (4H, m, 2 x CH$H=CH), 2.94 (lH, dd, CH). 4.16 (2H. q, OC&CH3), 5.75 (2H, 

m, CH=CH). 

. . 
3.3.4.4Tern _ _ 

To a stirted solution of 3,3.4.4-tetramethylazetidin-2-one (1 g; 7.9 mmol) in dry THF was added 

Lawesson’s reagent (1.59 g; 3.9 mmol), and the mixture stirred under nitrogen at room temperature for 20 min. 

The mixture was heated at 60’ for a further 20 min. then cooled, the solvent removed under reduced pressure, 

and the residue purified by flash chromatography on silica [light petrol - ethyl acetate (7:3)] as ehtant 3.3.4.4- 
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. . . 
w WBS obtained a~ a white solid (1 g; 89%) which was crystailised from light petrol _ _ 

as white medk mp. 123-4’; (Found C, 58.7; H, 9.0; N, 9.8; S. 22.7 C7H13NS requires c, 58.7; I-I, 9.15; 

N, 9.8; S, 22.4%). vmax (nujol) 1240 cm-t (C=S); 8~ (90 MHz, CDCl3) 1.25 (6H. S. 2 x CH~), 1.4 (61-l. s, 

2 x CH3). 8.4 (1H. bs, NH). 

Prepared similarly were 7_azabicvcloT4.2.01otan 8 thtoa __. 10, white needles from light petrol, m.p. 

85-7’ (62%). from 7-azabicyclo[4.2.0]otan-8-one 9. l4 (Found: C, 59.6; H, 7.8; N, 10.0; S. 22.75 

C7H1tNS requires C. 59.5; H. 7.85; N, 9.9; S, 22.7%); v max (Nujol) 1240 cm-* (C=S); 8~ (90 MHz; CDC13) 

1.35-1.95 (8H, m, 4 x CH2). 3.15 (lH. bm. bridgehead CH). 4.32 (lH, m, bridgehead CH), 8.15 (IH. bs, 

NH): 

t-3ene S _.. . 13a from 6-methyl-7-azabicyclo-[4.2.O]oct-3-ene-8-one 

12a,15 as a white crystalline solid. m.p. 124-6’ (93%) after flash chromatography on silica [light petrol (b.p. 
40-60°C) - ethyl acetate 7:3 as eluant] vmax (nujol) 1503 cm-l (C=S): 8~ (300 MHz. CD@) 1.52 (3H, s, 

Me), 2.06-2.28 (2H, m. CIW=C). 2.29-2.61 (2H. m. C&-C=C), 2.92 (IH. d, CH), 5.72-5.89 (2H, m. 

CH=CH), 7.8 (lH, bs, NH): HRMS (NH3: CI) Found 154.0684 (M + 1). CgHttNS (M + 1) requires 

154.0690; and 1.6_dimethvi-7-azabicvclol4.2.0loct ene 8 m __ __- 13b. from 1.6methyl-7-azabicyclo- 

[4.2.0]oct-3-ene-8-one 12b,‘5 as a white crystalline solid. m.p. 146-7” (91%) after flash chromatography on 

silica [light petrol-ethyl acetate (5:3) as eluant], and crystallisation from light petrol-ethyl acetate (7:2) vmax 

3122 (NH); 1504 cm-l (C=S); SR (300 MHz. CDC13) 1.21 (3H. s. Me), 1.4 (3H. s. Me), 1.89 (lH, ddd, 

C&C=C), 2.07 (lH, ddd, C&C=C), 2.29 (1H. dd, CH-C=C). 2.38 (1H. dd, CH-C=C), 5.69-5.86 (2H. 

m. CH=CH). 8.27 (lH, bs, NH). HRMS (NH&I) Found 168.0841 (M + 1): CoHt3NS (A4 + 1) requires 

168.0847, 

8. prepared in a similar manner to the 2ethoxy-derivative 

6, was obtained as a colourless oil by flash chromatography on silica [light petrol - ethyl acetate (4: l)] as 

eluant. Yield 89%: (Found: C, 63.1; H. 9.9; N. 8.2 CoH17NS mquires C. 63.1; H, 10.0; N, 8.2%); Vma 

(liquid film) 1640 cm-l (C=N); 8R (CDC13: 90 MHz) 1.12 (6H. s, 2 x CH3), 1.22 (6H. s. 2 x CH3), 1.28 

(3H, t. CH2CH3). 2.99 (2H. q, C&CH3). 

Also prepared were a) g-(ethvlthio)-7-&icvclol4.2.0loct-7-ene 11, colourless oil from flash 

chromatography on silica (eluant as in previous example). Yield 77%; (Found: C, 63.9; H, 8.9; N, 8.2 

CoHt5NS requires C, 63.9; H, 8.9; N. 8.3%). v max (liquid film) 1635 cm-t (C-N): &R (CDCl3.90 MHz) 1.3 

(3H. t, CH2CZf3), 1.2-1.8 (8H. m, cyclohexyl), 2.95 (2H, dq. SCH2CH3). 3.25 (1H. m, I-CH). 4.05 (lH, 

m. l-CH); 

b) &@&ylthio)-6-methvl-7-~yclo14.2.Oloct-3.7-diene 14a: Pale yellow oil from flash 

chromatography on silica [eluant light petrol - ethyl acetate 3: 11. Yi’eld 60%: gR (CDCl3: 300 MHz), 1.29 

(3H. t, CH$X3), 1.37 (3H. s. CH3). 1.96-2.38 (4H, m, 2 x CH2-EC), 2.38-2.7 (3H, m, CH3CH2S and 

CH), 5.72-5.78 (2H, m, CH=CH); HRMS (M + I)+ Found 182.0998: C~I-JH~SNS (M + l)+ requites 

182.1003; 

c) 1.6_Dimeth~4 2 Oloct-3.7-diene 14b: Pale yellow oil from flash 

chromatography on silica [light petrol-ethyl acetate (6:5) as eluant]: Yield 54%: SH (CDC13: 300 MHz) 1.11 

(3H, S. Me), 1.25 (3H. s. Me), 1.25 (3H. t, SCH2CH3). 1.8-2.4 (4H. m, 2 x C&-CH=CH), 2.8-3.0 (2H. 

m, SC&CH3), 5.69 (2H. m, CH=CIf-) HRMS Found: 196.1168 (M + l)+, CttH17NS (M + 1) requires 

196.1160. 
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p - The hydrazonyl chlorides [ArNH-N=C(Cl)Ph] were obtained by 

a) chlorination of the corresponding N-acylarylhydrazines (ArNHNHCOPh) with phosphorus 

pentachloride‘td30 [CAUTION: the hydrazonyl halides are vigorous skin irritants and great care needs to be 

exercised in their handling. All operations with these products were carried out in an efficient fume-hood, and 

all skin-contact avoided:]. a-Chloro-benzaldehyde phenyl hydrazone [PhNHN=C(CI)Ph], m.p. 129-31’; 

Oit.?O m.p. 130”); yield 59%: a-chlorobenzaldehydepnitrophenylhydrazone [p-NO&=,H@HN=C(Cl)Ph] 

m.p. 188-90’ (litpd m.p. 189-91’); yield 79%. 

The hydrazonyl bromides [ArNHN=C(Br)Art] were obtained by bromination of the corresponding N- 

acylphenylhydrazines with bromine in acetic acid 3l: a-BromoQ-chloro-benzaldehyde) pnitrophenyl- 

hydrazone [p-ND2C6H4NHN=C(Br)C6H4-p-C1], m.p. 222-4” (lit.,31 m.p. 222-4”) Yield 55%: a-Bromo-(p- 

nitrobenzaldehyde)-p-nitrophenylhydrazone [p-NC&$ktNHN=C(Br)C,$-Lt-p-N@]; m.p. 280-2” (lit.31 

m.p. 280”) Yield 49%. 
. . . . 

on of #&tntnes to 2-ethoxy- and 2-(ethvlthio)- 1 -azetines: - To a stirred 

solution of the I-azetine (1.46 mmol) and the hydrazonyl halide (1.75 mmol) in dry benzene (20 ml) was 

added dropwise, triethylamine (4 mol. equivalents). The mixture was heated under reflux, and the reaction 

followed by t.1.c. When the reaction was complete (2-4 h), the mixture was filtered to remove triethylamine 

hydrochloride, and the filtrate evaporated to give the crude solid product, which was purified by flash 

chromatography. 

5-(2.3-Dimethvlbut- I-ene-3-vi)- 1 .Zd&&,euyl- 1.2.4-u&& 19 was obtained from diphenylnitrilimine 

[PhN-&=C-Ph] and a) 2-ethoxy- I-azetine 6 and b) 2-(ethylthio)-1-azetine 8: [light petrol - ethyl acetate 19: 1 

as eluant] m.p. 94-5’. Yield a) 57%; b) 60%: [Found C, 78.9; H, 6.9; N. 13.65: C2oH2tN3 requires C. 

79.2; H, 7.0; N, 13.9%); 8~ (CDC13; 250 MHz) 1.4 (6H, s, MezC), 1.63 (3H. s. CH3). 4.54 (lH, s, =CH), 

4.68 (IH, s, =CH), 7.38 (8H. m. Ar), 8.15 (2H. dd. Ar); 8, (CDC13; 75.5 MHz) 19.9 (q, Me C=C), 27.2 

(q, Me&J), 41.6 (s, CMe2). 111.1 (t, =CH2), 126.3, 127.5. 128.4, 128.6, 129.2, 129.5 (d, 6 x aromatic, 

CH), 131.1 (s, C(Me)=CHz), 139.2 (s, AL’), 148.9 (s. Arc-N). 160.05 (s, C=N). 161.7 (s, C=N); m/z (EI) 

303 (M+). 

Ozonolysis of the butenyl-triazole was carried out in dichloromethane solution at 0” over 40 mitts. An 

excess of dimethyl sulphide was added and the mixture stirred at room temperature. Removal of the solvent 

under vacuum and purification of the residue by flash chromatography (Siti; light petrol-ethyl acetate 9: 1) as 

eluant gave 3-(1.3-diohenvl-I .2.4-triazol-5-vl)-3-methvl-2-butanone 20 as a white solid (60%) which 

recrystallised from light petrol, m.p. 91-3’C; (Found C. 74.5; H, 6.25; N, 13.7. C19H19N30 requires C. 

74.7; H, 6.3; N, 13.8%). vmax (nujol) 1720 cm-l (CO); 8~ (CDC13; 90 MHz) 1.46 (6H. s, 2 CH3), 2.09 

(3H, s, CH3), 7.45 (8H, m, ArH). 8.13 (2H. dd. ArH). 

To a stirred solution of the ketone 28 (0.2 g; 0.66 mmol) in dry diethyl ether (10 ml) maintained at 

-78’C and under a dry nitrogen atmosphere, was added 0.5 ml of a 1.55 M solution of methyl lithium in 

diethyl ether. The mixture was stirred and allowed to teach room temperature. After 3 hours at room 

temperature the mixture was quenched by addition of ammonium chloride solution (10 ml) and the organic 

layer separated. The aqueous layer was extracted with diethyl ether (2 x 10 ml) and the combined ether 

extracts dried over anhydrous magnesium sulphate. Removal of the solvent yielded an oily product which was 

purified by flash chromatography on silica (light petrol-ethyl acetate 9: 1) as eluant. 23-Din&vl-3-(l.& 

diphenvl-1.2.4-triazol-5-vll-2-butanol was obtained as an oil (0.11 g; 52%): (Found: C, 74.7; H. 7.3; N, 
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13.15. C2fl23&0 requires C, 74.7; H. 7.2; N, 13.1%): V- (liquid film) 3400 cm-l (OH); & (Cm13; 90 

MHz) 1.16 (12H, s. 4 x CH3), 6.3 (lH, bs. OH), 7.4 (SH, m, ArH), 7.51 (3H. m. ArH), 8.06 (2H, dd, 
ArH). 

Under the conditions of method (A) the addition of N-(p-nitrophenyl)-C-phenyl-nitrilimine m 2- 

(ethylthio)- I-azetine 8 gave 5-(ethvlthiokt-(~-~-6_6.7.7_teuamethvl_ 1.3.4-w 

bicvcloT3.2.01heDt-2_ene 22e (88%) which was crystallised from light petrol - ethyl acetate, m.p. 153&C, 

(Pound: C. 64.6; H, 6.3; N, 14.0; S, 7.1. C22H26N&S requires C, 64.4; H, 6.4; N, 13.7; S, 7.8%); 8H 

(250 MHz. Cxl3) 0.98 (3H. s. CH3X 1.05 (3H, t, CH3CH2). 1.13 (3H. s, CH3). 1.4 (3H. s. CH3). 1.69 

(3H. s, CH3). 2.15 (lH, dq. s-CH2CH3), 2.45 (1H. dq, SC&CH3), 7.3 (2H. dd, p-No&H& 7.42 (3H. 

m. Ph), 7.75 (2H, dd, p-N0$6Hq), 8.12 (2H, d, Ph). 

Similarly, the addition of other N-@-nitrophenyl)nitrilimines (p_N~C6I@&CR) UJ e&toxy-azetine 

6 yielded the 5-ethoxy-6,6,7.7-tete~yl-1.3,4-triazabicyclo[3.2.0]hept-2-enes 22a-d (Table 1). 

Table 1 5-Ethoxy-6,6,7,7-tetramethyl-l,3,4-triazabicyclo[3.2.O]hept-2-enes (22) 

compound Yield m.p. Found 
No. w -C (%I 

cw 89 143a C, 67.1 C, 67.0 

K 6.7 C22H26N403 H, 6.6 
N, 14.3 N, 14.2 

am 55 189-91b c, 61.6 
H. 5.8 

N. 13.2 

cw 57 211-3b C. 60.3 c. 60.1 

l-L 5.7 C22H25N505 H, 5.7 

N, 16.2 N, 15.9 

43 124-6b C. 57.2 c. 57.4 

H. 6.4 C18H24N40S H. 6.4 
N, 15.6 N. 14.9 

Mole.cular Required 6H (CDC13: 250 MHz) ArH 
Formula (W 

C, 61.7 
C~H25ClN403 H, 5.9 

N, 13.1 

CH3 
(3H. sf 

0.94 
1.05 

I .34 
1.53 

0.93 1.11c 7.18f 
1.02 3.od 7.351 

1.32 3.98d 7.67f 
1.51 8.11f 

0.95 1.;5c 7.22f 
1.05 3.od 7.88f 

1.36 3.49d 8.13f 
1.58 8.25f 

1.0 
1.18 

1.3 
1.5 

1.1c 7.22f 
2.%d 8.Ef 

3sd (3.8913 

Ctystaliised from a light petrol (b.p. 40-W); b from hexane-ethyl acetate; c (3H, t, mCH2); d (1H. dq; OQQCH3; 

diastetwtopic geminal protons adjacent tu the chital bridge-head carbon; e (2H, dd); f (3H, m); g (3H, s, OCH3). 

In all other cases, mixtures of bicyclic cycloadducts 22f, g, h and butenyl-1.2,4-triazoles 23b, c, d 

[Others] 
OC2H5 

1.22c 7.2= 
3.od 7.4e 

3.5d 7.75f 

(Table 2) were formed. % Yields were estimated from the 250 MHz 1H n.m.r. spectra of the purified. (flash 

chromatography) but unseparated mixtures. 



Table 2 5-(Ethyltbio)-6,6,7,7-tetra~ethyl-1,3,4-triazabicyclo(3.2.0]hept-2-enes (22) and 1,3-Diaryl-5. 

(2,3-dimetbylbut-1-ene-3-yl)-1,2,4-triazoles (23) 

compound 
No. 

Yield 
(W 

SH (250 MHz:CDC13) Compound 
No. 

SEt [other] 

8H (250 MHZ:CDc13) 

Yield Me2C l!le-c=c 3cH2 
(Ro) wt s) (3H. s) 2 x (lH, s) 

(22f) 

(22g) 

(22w 

18 0.98 
1.05 
1.14 
1.4 

I .osa 
2.15” 

2.43b 

(23b) 1.67 4.61 
4.19 

1.38 
7.61 
1.68 
7.9 
8.05 
8.11 
8.29 
8.33 

21 

34 

0.99 1.05a 
1 .os 2.14b 

(23~) 

1.16 2.41b 
1.56 

1.61 4.61 7.22 
4.8 1.25 

7.88 
7.91 
8.12 
8.13 
8.23 
8.25 

1 .os 
1.18 
1.37 
1.62 

1.658 
-’ [3.881c 

37 

39 

15 

1.45 

1.45 

1.43 2.0 4.55 
4.14 

7.3 
7.54 
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8.1 
8.26 

a (3H. 5 f&CH2-Sk b (lH, dq. SSXQCH3) diastereotopic gunhal protcms adjacent to the china bridge-head carbon;, C (3H, s. 
mH3). 

To the 2-(ethylthio)-1-azetine 8 (0.3 g; 1.8 mmol) in ethanol (20 ml) was added benzaldehyde-p-nitro- 

phenylhydrazone (m.p. 192-3’: lit.32 192”) (0.41 g; 1.7 mmol) and chloramine-T (Aldrich) (0.46 g; 2.0 

mmol) and the mixture heated under reflux for 2.5 h. The mixture was cooled to room temperature, filtered to 

remove solids and the filtrate evaporated in VQCIW to give the crude product- Purification by flash 

chromatography [light petrol (b.p. 40-W) - ethyl acetate as eluant)] gave S-(ethylthio)-4-@-nitropbenyl)-2- 

phenyl-6,6,7,7-tetramethyl-1,3,4-triazabicyclo[3.2.0]hept-Zene 22e (57%). m.p. 153-4’. and a small 

amount (5%) of the I-(p-nitrophenyl)- 1.2.4~triazole 23a. 
_ _ tbvlbut 1 ene 3 ~1). 1 (4 nltrop __ __ __ _. henvl)-Sohenvl- 1.2.4~triazole a. A solution of _ 

cycloadduct 22e (0.2 g; 0.5 mmol) in o-dichlorobenzene (5 ml) was heated under reflux for 30 min. The 

solvent was removed under reduced pressure to leave a dark oily residue which was purified by flash 

chromatography on silica [light petrol - ethyl acetate - 9: l] as eluant 5-(2.3-Dibut- l-ene __ -- 3 yl) 1 (4 

23a (0.17 g; 98%) was obtained as a solid, which was crystallised from 

light petrol, m.p. 131-3°C (Found C, 68.95; H. 5.8; N. 16.1 C2oH2oN402 requires C. 68.85; H, 5.9; N, 
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15.9%); 8H (CDC13; 250 MHz) 1.46 (6H. s, 2 x CH3), 1.68 (3H. s, CH3). 4.62 (1H. s. =CH), 4.78 (IH, s, 

=CH2). 7.40 (3H. m. ArH). 7.62 (2H. dd, ArH). 8.11 (2H. d, p-NaArH). 8.28 (2H. d, p-N@ArH). 

Addition of diphenylniujlimine to the bicyclic azetine 11 was carried out as in Method A to give, after 

Bash chromatography on silica [light petrol - ethyl acetate 6:1 as eluant], a semi-solid’unstable mixture (73%) 
Of diasteteoisomers tentatively assigned as 5-(2-chlorocw)- 1.3~djphen~l~: 3%; 8B 

(CDC13; 250 MHZ) l-2-2.0 (7H, bm, cyclohexyl). 2.3-2.4 (1H. m). 3.0 (1H. m. CH), 4.43 (lH, m, CHCI), 

7.37 (3H. m. Ar). 7.52 (5H, m. Ar). 8.14 (2H, dd. Ar). EIMS m/e 339 @I + 2)+. 337 (MY: 

Similarly cycloaddition of N-@nitrophenyl)-C-phenylnitrilimine (0.55 g, 2 mmol) to bicyclic azetine 

(IL%; 0.25 g. 1.5 mmol) gave 8-ethoxv-2-methvl-9-(o-nitroDhenvl)- 

LLLQ&7~-4.10-~ 24a as an orange oil (0.24 g; 40%) from flash chromatography [light petrol - 

ethyl acetate (8: 1) as eluant]. HBMS (CI; NH3) Found (M + 1) 405.1947. C23H#& (M + 1) requires 

405.1927; 8B (300 MHZ: CDC13) 1.0 and 1.1 (3H. t, CH3CH2O). 1.55 (3H. s. Me), 1.9-2.8 (4H. m, 

allylic). 2.95 and 3.3 (2H. dq, CH3CH2O). (diasteteotopic protons), 3.6 (IH. dd, CH), 6.05 (2H, m, 

CHICH), 7.3-8.2 (9H, m, Ar). 

Addition of N-@-nitrophenyl)-C-phenylnitrilimine (prepared by Method B), to bicyclic azetine (14a) 
furnished 8-(ethvlthio)-2-methvl-9_[~_Il-ohenvl_’~ 

ti 24b. Orange oil: (53% yield) from flash chromatography, [light petrol-ethyl acetate (61) as eluant]. 

HRMS (CI-NH3) (M -t l)+ 421.1690. C23Hg4t&S (M + l)+ requires 421.1698; 8B (CDCl3; 300 MHz) 

0.97 (3H. t, CH3CH2). 1.43 (3H, s, Me), 2.15-3.0 (4H. m, 2 x allylic CH2). 3.25-3.45 (3H, m. CH3 CHz- 

S and CH), 5.6-5.8 (2H. m. CH=CH). 7.4-8.4 (9H, m, ArH). 

L&ewise addition of N-(p-nitrophenyl)-C-phenylnittilimine (Method B) to the dimethyl(ethylthio)- 

amine 14b (0.2 g; 1 mmol) yielded after flash chromatography on silica [light petrol-ethyl acetate (8: 1) as 
emant] ~_9_lo_nitmDhenvl) . . - _ 11 Q&& l_g_l()_t z7]undeca-4, IO- 

diene 30a (0.21 g; 47%) as an orange oil. 

HBMS Found 435.1838 (M + 1) C24H&&S (M + l)+,mquims 435.1855. 6 (CDC13; 300 MHz) 

1.23 (3H, s, Me), 1.42 (3H, dt, CHsCHzS), 1.54 (3H. s, Me), 2.05 (1H. m, CH$H=CH), 2.15 (lH, m, 

CHCH=CH), 2.52 (IH, dd. CHCH=CH). 2.65 (1H. dd, CHCH=CH), 2.95 (1H. dq, CH$H2S), 3.35 

(lH, dq, CH$H$), 5.9-6.1 (2H. m. CH=CH), 7.3-7.8 (5H, m, ArH). 8.1-8.3 (4H. m. ArH). Azetine 

14b was also recovered (20%). 

Addition of the nitrilimine, under the same conditions, to the dimethylmethoxy-azetine 15b (0.04 g; 

0.26 mmol) gave, after flash chromatography on silica [light petrol-ethyl acetate (3:1) as eluant] 2.7_dimethvl: 

I_methoxv-f6.4.0~~~7~&ca-4.10-~ 30b (0.059 g; -- - - - 

56%) as an oil. HBMS Found (M + l)+ 405.1900. C23H24N& requires (M + 1)+ 405.1927. 8 (CDC13: 

300 MHz). 0.97 (3H, s, Me), 1.16 (3H. s, Me), 1.85-2.0 (2H. m. CH$ZH=CH), 2.45 (1H. dd, CH- 

CH=CH), 2.66 (lH, dd. CHCH=CH), 2.86 (3H. s. OMe). 5.95-6.14 (2H. m CH=CH),.7.4 (3H, m, ArH), 

7.8 (2H, m, ArH), 8.1 (2H, m, ArH). 
l_(h_Nitroohenvl)3 5 (0 tolvl) - - __I - 1.2. 4-triazole 29a: A solution of the cycloadduct 24b (0.2 g, 

0.47 mmol) in o-dichlorobenzene (10 ml) was heated under reflux for 8 h. The dichlorobenzene was removed 

under reduced pressure and the residue purified by flash chromatography on silica (light petrol - ethyl acetate 

(4: 1) as eluant] to give unchanged cycloadduct 24b and 1-(p-nitrophenyl)-3-phenyl-5-(o-tolyl)- 1.2.~triazole 

as an orange oil (0.11 g; 62%) which on t&ration with light petrol (b.p. 4060”) and crystallisation from light 
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petrol-ethyl acetate had m.p. 184-6’ [lit33 m.p. 178’1. HRMS (CI: NH3). Found (M + H)+ 357.1361. 

C21H16N402 (M + HI+ requires 357.1351; 8R (CDC13, 300 MHz) 2.13 (3H. s. Me). 7.2-7.7 (9H, m. Ar), 

8.1-8.3 (4H, m, Ar). 

&in&&&): To a solution of bicyclic azetine (14a) (0.1 g; 0.6 mmol) 

in ethanol (10 ml) was added benzaldehyde phenylhydrazone (0.12 g; 0.6 mmol) and chloramine-T (0.16 g; 

0.7 mmol) and the mixture heated under mflux for 4 h. The solution was cooled, filtered, and evaporated to 

dryness to yield the crude product, which was purified by flash chromatography on silica [light petrol - ethyl 

acetate (6: 1) as eluant] to give 1.3-diphenyl-S-(o-tolyl)-1,2,4-triazole (0.06 g; 37%). oil (lit4b m.p. 75-7’); 8R 

(CDC13; 309 MHz) 2.17 (3H. s, Me), 7.3-8.2 (14H. m, Ar). Found 312.1513 (M + 1) C2tHt7N3 (M + 1) 

requites 312.1501. 

t3.5_TriDhenvl: (69%) m.p. 103~4’C (lit.,4h 103-4C) was obtained in a similar _ _ 

manner from bicyclic azetine 11 and benzaldehyde-phenylhydrazone. 
- _. ~_2,4_d~_l_vl)_l_(D_~ _ _ 31. A solution 

of the cycloadduct 30a (0.15 g; 0.35 mmol) in freshly distilled o-dichloro-benzene was heated under refhrx 

for 1 h., after which time no starting material remained (t.1.c.). Removal of the solvent under reduced 

pnessure yielded a dark-oily residue which was purified by flash chromatography on silica light petrol-ethyl 

acetate (8: 1) as eluant to give 5-11-Zdimethvlcvclohexa2.4 __ __-_ 

triazole as an orange oil (0.11 g; 85%).&t (CDC13; 300 MHz); 1.6 (3H. s. Me), 1.69 (3H. s. Me), 2.2 (lH, 

dd, CZ-ZCH=CH), 2.64 (1H. d, CHCH=CH). 5.53 (1H. m. CH=CH), 5.68 (lH, m, CH=CH). 5.82 (lH, m. 

CH=CH), 7.42 (3H, m. ArH), 7.8 (2H. m, ArH). 8.15 (2H. m. ArH), 8.31 (2H. m, ArH). HRMS Found 

373.1657 (M + 1) C22H~N& (M + I)+ requires 373.1664. 
. . . . . . . . 

2 14a. To a solution of azetine 14a (0.285 g; 

1.6 mmol) and chloramine-T (0.5 g; 2.2 mmol) in ethanol (10 ml) was added benzaldehyde phenylhydrazone 

(0.392 g; 2 mmol) in ethanol (10 ml). The mixture was heated under reflux (nitrogen atmosphere) for 1.5 h, 

then cooled to room temperature and filtered. Concentration of the filtrate under reduced pressure and flash 

chromatography on silica [light petrol-ethyl acetate (8:l) as eluant] gave a mixture of products [cyclo- 

hexadienes 27 and 28](0.23 g; 45%) which were not separated further. HRMS (M + H)+ 314.1667 

C2tHt9N3 requires (M + H)+ 314.1657; 6R (CDCl3,300 MHz) 1.63 (3H, s. Me), 1.9 (3H, s, Me), 1.92- 

3.00 (m. CH2-C=C), 5.6-6.0 (m, CH=CH), 7.5 (m, ArH). 8.2 (m. ArH). Also present were proton 

resonances at 4.51-5.05 (possibly compound 26). 

The benzohydroximoyl chlorides (a-chloroaryldoximes) were prepared from the corresponding 

oximes using N-chlorosuccinimide in dimethylfonnamide. Benzohydroximoyl chloride yield 55%; m-p. 43-5” 

(lit.34 45°C); 4-methoxybenzohydroximoyl chloride yield 95%: m.p. 88-9o’C (lit_>5 88-9’); 2-nitrobenzo- 

hydroximoyl chloride: yield 77%: m.p. 92-4°C (lit.,34 90-3°C). 

6and8- 

e - To a stirred solution of the 1 -azetine ( 1.17 mmol) and the benzohydroximoyl chloride 

(1.17 mmol) in dry benzene (20 ml), under nitrogen. was added dropwise triethylamine (1.3 mmol). The 

mixture was stirred at room temperature for 2 hours, and then the precipitated triethylamine hydrochloride 

removed by filtration and the residue washed with dichloromethane. Evaporation of the combined filtrate and 
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dichloromethane washings under vacuum, gave the crude product, which wss purified by flash column 

chromatography on silica. For details see Table 3. 

Table 3 S-Ethoxy- (Ma-c) and S-(etbyltblo)- (34d-f) 4-oxa-1,3-dlaublcyclo[3.2.O~hept-~-encs 

T yield lep* (%I ‘C 

(a) w-b 107-g 

Wb) 60c.d 106-8 

WC) 348.b 103-4 

(34d) I(Oab 106-S 

(34c) 62b.e 132-4 

(349 42b.f ~10-1 

c. 66.8 C, 67.1 
H. 7.9 C17H#203 H, 7.95 
N. 9.1 N. 9.2 

C. 70.2 c. 70.0 
H. 7.95 Q6KuN2@ H. 8.1 
N, 10.3 N. 10.2 

c, 60.0 c. 60.2 

H, 6.55 c16H21N304 H. 6.6 
N, 12.9 N, 13.2 

C, 63.6 C, 63.7 
H, 7.5 C17H24N202S H. 7.6 
N. 8.7 N. 8.75 
s, 9.9 s. 10.0 

c, 66.3 c. 66.2 0.95 
H, 7.4 %W!N2~ H. 7.6 1.2-1.251 
N. 9.4 N. 9.65 1.52 

c. 57.3 c. 57.3 
H, 6.3 c1&2lN3%s K 6.3 
N. 12.5 N. 12.5 

Moleculaf Required 
FOlUUlla, (W 

6H (al3: 250 MHz) IOE j 
CH3 X CH2CH3(3H. s) 

0.95 
1.2 
1.25 
1.43 

0.9 
1.18 
1.22 
1.41 

0.88 
1.11 
1.16 
1.25 

1.0 
1.27s 
1.55 

0.96 
1.15 
1.27 
1.42 

1.22b 
3.55i 

6.9’ 
7.68’ 

[3.831m 

1.2oh 7.35-7.58” 
3.49i 7.67-7.7’ 

1.23l’ 
3.53 
3.6si 

7.5-7.63” 
7.730 

1.27k 
2.681 

6.93’ 
7.65’ 

[3.85Jm 

l.2-1.25k 7.38” 
2&i 7.69’ 

1.27l’ 7.5-7.65” 
2.7i 7.730 

a light petrol-ELOAC (4: 1) as e~uant; b aysta~ised tium bexaw; C light pez&dich~oromet (4: I) as ehmnt; d crystalked 
fmm light pcttul; e light petrol-EtOAc (8.5: 1.5) as eluanS flight petrol-dichloromet (3:l) as eluant; g (6H, m, 2 x CH3); 

b (3H. 5 mCH2S); i (2H. dq, or m, SmH3) and j (lH, m), diitereotopic geminai hydrogens adjacent to cbii bridS&e%J 
carbca Ir (3H. m, fX3CH2S); 1 (2H, ddk m (3H. s. OMek ” (3H. m); O (1H. dd). 
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Table 4 8-(Ethylthiu)-9-ox~-l,lO-di~~~t~icyelo[6.3.O.O2~7lund~~-lO-~~~~ (35) 

CYrd YkM m*p. F0und 
Molecular Required SH (Cm13: 300 MHz) 

(W ‘C (46) Formula W) 

cyclobexyl SCH2CH3 
1~1 

(35a) 9sb 69-71 C. 63.6 c, 64.1 1s2se 1.281 6.98j 
H. 6.9 C17H22N202S H, 7.0 3.45f 2.6gh 7.62j 
N, 8.8 N, 8.8 3.8Sf f3.81’ 
s, 10.1 s, 10.1 

(35b) Mcvd - c, 66.4 C, 66.6 l.l-2.le 1.25g 7.4k 
H, 7.1 Cl6H2oNSS H, 7.0 3.5’ 2.68h 7.64 
N, 9.7 N, 9.7 39f 

(35d 43Gd - C, 57.6 C. 57.6 l.l-2.w 1.328 7.3-7.55k 

H, 5.7 Cl6H19N303S H. 5.7 3.56f 2.75h 7.69’ 

N, 12.5 N, 12.6 3.9of 

a light petrol-WAC (4~1) as e~uanc b aystatti~ed from tight petrol; C light peaol-EtOAc (9.5:0.5) as eluant; d semi-solid; e 

(8H. m); f OH, m); S (3H, t, GK3CH2S); b (2H, m, SQL$H3), diitereotopic geminal protons adjacent te the. chit 
brid&ead carben: i (3H, s, OCH3); j (2H. dd): k (3H, m); 1 (1H. m). 

u _ 8_IEthvlthio)-2_metKvl-_9_oxa_ ~7luu&a_4.10_d 3& 

To a solution of 2-(ethylthio)-l-axetine 14a (0.9 g; 4.2 mmol) and chloramine-T (0.64 g; 2.8 mmol) in boiling 

ethanol (25 ml) was added dropwise over 4 h a solution of benxaldehyde oxime (0.17 g; 1.4 mmol) in ethanol 

(15 ml). The solution was cooled, filtered. and the solvenf removed in vacua to give a yellow residue, which 

was purified by flash chromatography, on silica [light petrol-EtOAc (7:2) as eluant]. g-(Ethylthio-2-m&& 
. . __ _ - ~~7&&ca-4.l&j&ue was obtained as a colourless oil (0.26 g; 

61%); HRMS Found (M + l)+ 301.1363. Ct7H2oN20S requires (M + l)+ 301.1374. 83( (CDC13: 300 MHz) 

1.1 (3H. t, CiY3CH$), 1.31 (3H, s, CH3-C); 2.1-3.1 (SH. m, CH2-C=C and bridgehead CH). 3.3-3.6 (2H. 

m, -CH2S), 5.6-5.8 (2H, m, CH=CH), 7.45 and 8.05 (5H. m, Ph). 
_ _ lthio)-6.6.7.7-te~ethyl-4-oxa-l.3-dia&&y&&3.2.Ol-hept-2-ene 340: 

To a vigorously stirted solution of ethyl chloroximidoacetate.36 [CAUTION - an extremely vigorous skin 

irritant] - (1 g; 6.6 mmol) and 2-(ethylthio)-3,3.4,4-tetramethyl-l-azetine (1.69 g; 10 mmol) in diethyl ether 

(20 ml) at room temperature was added dropwise over 5 hours, a solution of triethylamine (0.71 g; 7 mmol) in 

diethyl ether (15 ml). The solution was then filtered and the solvent removed to give the crude product, which 

was purified by flash chromatography using light petrol-ethyl acetate (7:2) as eluant. 

-6.6.7.7~tetramethvl -4-oxa- 1.3-dia&&&$3.2.Ol-hept-2-ene was obtained as 

a pale yellow oil (1.77 g; 94%). HRMS (M + l)+ 287.1427 Calc. for C13H22N203S (M + I)+ 287.1429. 

8~ (CDC13: 300 MHz) 1.15 (3H. s, Me). 1.16 (3H. s, Me). 1.18 (3H. s. Me), 1.2 (3H. t. CH#ZH#), 1.3 

(3H. t, CH$H20), 2.55 (2H. m, CH3CH2S). 4.3 (2H. m. CHjCHzO), FT i.r. 1735 (GO), 1547 cm-t 

(C=N). 

~nvl~-8-(athvlthio~-2-methvl.l~~r6.3.0.O2~~~a-4.l~d~ 

36b, obtained as a pale yellow oil (0.4 g, 81%) after flash chromatography on silica [light petrol-ethyl acetate 



(7:2) as eluant]. was prepared similarly from bicyclic aaetine (Ma) (0.3 g; 1.6 mmol) and ethyl c~o~x~i&-p 

a~ti&fj (0.27 g; 1.7 mmol) in the presence of triethylamine (0.28 ml; 2 mmol). HRMS Found (M + 1)+ 

297.1276, C14HzoN2O3S (M + l)+ requires 297.1273. FT i.r. 1737 cm-* (GO), 1547 cm-1 (C=N) St., 

(CUfk 300 MHz) l-19-1.44 [9H, 2 x over-lapping triplets (-OCH2CH3, SCH2CH3). and (s, Me)], 1.84 

2.16 (2H. m, C&CH=CH), 2.3-3.10 (5H. m. CH$ZH=CH, CH, and -SCJ~~CH~), 4.3 (2H, q, 

OCZf$ZH3), X7-6.0 (2H. bm, CH=CH). 

The imidoyl chlorides were prepamd from the corresponding N-acyl-pnitrobenxyl-amines in boiling 

tbionyl chloride. N-@-Nitrobenzyl)benzimidoyl chloride. Yield 85%: m.p. 71-3-C (1it.z m.p. 73-4’C): 

N-(pnitrobenzyl)-p-toluimidoyl chloride. Yield 64%. M-p. 86-7-C (lit. 37 89’C); N-@-nitrobenzyI)-p-nitro- 

benximidoyl chloride: Yield 59% m.p. 93-SC; mMethod. To a solution of the 1-axetine and the 

imidoyl chloride (2.18 mmol) in dry benzene (20 ml), under nitrogen, was added trimethylamine (1.5 equiv.). 

The mixture was stirred for 12- 15 h at room temperature after which time the mixture was filtered and the 

solvent removed under reduced pressure. The oily t&due was purified by flash chromatography on silica to 

give the 1,3-diibicyclo[3.2.O]hept-2-ene as a crystalline solid. See Table 5 for analytical and spectroscopic 

details. 

Acknowledgements 

We thank Roussel Scientific Institute, U.K. Ltd. for a generous studentship (to A-B.N.L.) and 

Roussel Scientific Institute and SERC for a CASE award to (K.H.). 



An unexpected 1,2,4-triazole formation 4405 

Table 5 SEtboxy- (40n-c) and S-(Ethylthio)- (4Od-I) 2-aryl-4-(p-nitropbenyl)-6,6,7,7-tttramethyl-l,3- 

Yield 
(%) 

$; 

46a.b 165-7 

42b.c 173-s 

53b.d 166-8 

68&b w-9 

4&d 164-6 

6lb.c 182-4 

FOUlId 
(‘lb) 

C, 70.2 
H, 7.0 

N, 10.7 

C. 62.8 
H. 6.3 
N, 13.3 

c, 70.1 
H, 7.5 
N, 10.7 

C, 67.5 
H. 6.7 

N. 10.3 
s. 7.9 

C. 62.1 
H. 6.0 
N, 12.2 

C, 67.3 
H, 7.0 

N, 10.3 

diazabicyclo[3.2.0]bept-2-enes 

Moleadzr Rcqukd 
formula (%) Me 

(3H. s) 

6H (cm13: 
300 MHz 

XCHzCH3 
w==l 

Al 

(IH. s) 

C. 70.2 0.38 
WH27N303 H, 6.9 0.70 

N, 10.7 0.95 
1.49 

1.3s 
3.591 
3.84f 

7.40h 
7.76i 

7.8ti 
8.19 

C, 63.0 0.43 
C23WxiN405 H. 6.0 0.62 

N, 12.8 0.07 
1.49 

1.3ie 
3.58f 
3.84f 

7.83 
8.llj 

8.19 
8.27j 

c. 70.7 0.43 1.36e 6.98’ 
c24H29N303 H, 7.2 0.76 3.54f 7.14i 

N, 10.3 0.94 3.79f 7.8ti 
I.51 [2.26lS 8.18.i 

C. 67.45 0.46 
C23H27N302S H. 6.65 0.72 

N, 10.3 1.08 
S, 7.8 1.74 

C. 60.8 0.45 
C23H26N404S H. 5.8 0.73 

N, 12.3 1.65 

1.36e 
2.6f 

2.74f 

7.4lh 
7.8Si 

8.oi 
8.19.j 

I .21e 7.9) 
2.61f 8.d 
2.73f 8.18i 
I .77 8.29.i 

c. 68.0 0.44 
C24H29N302S H, 6.9 0.69 

N. 9.9 1.14 
I .76 

1.34e 7.03i 
2.59f 7.18’ 

2.73f 8.12i 
[2.25]g 8.26i 

CHAr 

5.48 

5.52 

5.41 

5.71 

5.78 

5.6 

a light petrol-EtOAc (8.5:l.S) as eluant; b aystallii from light peuol; c tight petrol-EtOAc (4~1) as eluant; d (light peuol- 
WAC (9:l) BS eluant; e (3H, t, a3CH2X); f (1H. dq. XCH2CH2) diastereotopic geminal protons adjacent to the chiti 4- 
carbon centre; g (3H, s, a); h (3H. m, Ar); i (2H. Ar); j (2H. d, ArNO2) 
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Summary of X-Ray Crystallographic Data 

LuYutsMlmd 0.001 0.001 0.001 0.117 0.001 j 
Data ratio 9.3:1 6.1:1 4.6:1 7.6:1 8.4: 1 

Apmu&.A~ nI.13 +a22 MI.18 +0.52 +0.22 

I AP min(A3) .0.23 xv22 -0.19 -0.37 -0.22 
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