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Ah&act-1$,4_oxadiazine derivatives, in equilibrium with their corresponding trisubstituted enamine isomers, are 
obtained in a regiospecific way from cyclohexanone enamines and ethoxycarbonyl aroyl diimides. Such an 
equilibrium is not present in analogous oxadiazine systems, derived from aryl aroyl diimides. 

IT IS well known that aminocyclohexenes 1, 2 react with 
symmetric diimides such as R02C-N=N-C02R and Ar- 
CO-N=N-CO-Ar to give trisubstituted enamine’ and 
1,3&xadiazine derivatives? respectively. In a previous 
communication’ we have reported that also asymmetric 
diimides of type Ar-N=N-CO-Ar’ 3 do react with the 
same substrates, but the results are partially different. In 
fact in some cases, depending on the reaction conditions 
and the basic moiety of enamines, the above reactions 
proceed with formation of tetrasubstituted enamine 
derivatives 4 which easily isomerise into oxadiazine 
derivatives 5, as depicted in Scheme I. 

tAuthor to whom correspondence should be addressed. 
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This outcome, doubly unusual as far as both type of the 
obtained products 4 and their subsequent easy 
isomerization into 5 are concerned, made us investigate 
the behaviour of two other asymmetrically substituted 
diimides, i.e. Ar-N=N-CO*Et 7 and Ar-CO-N=N- 
COzEt 9. 

RESULTS AND DISCUSSION 
(a) Reacfions with Ar-N=N-CO,Et. With these elec- 

trophiles, our attempts to isolate any I : 1 addition 
product from the mixtures failed. However, on acidic 
hydrolysis of the crudes and subsequent column 
chromatography, the corresponding 2-substituted cyclo- 
hexanones 8 were isolated, although in rather low yields 
(Scheme 2). 
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In fact from the reaction between la and 7c the ketone 
Sac was obtained in 10% yield, operating as usual at 0” in 
ether. Starting from the more reactive pyrrolidine 
enamine &I the same ketone was obtained in 45% yield 
only. Analogous behaviour was shown by enamine lb 
that furnished the ketone 8be (3%). With 7d as elec- 
trophile both la and 2a furnished after hydrolysis the 
corresponding ketone 8ad in 45 and 50% yield, respec- 
tively. These disappointing results made us not to take into 
consideration further reactions with aryl ethoxycarbonyl 
diimides. 

(b) Reactions wifh Ar-CO-N=N-CO,Et. Ethoxy- 
carbonyl aroyl diimides 9 add to enamines la, lb and 2b 
giving exclusively 1,3,4_oxadiazine derivatives 10 or 11. 
IR spectral characteristics (lack of NH bands and 
presence of only one strong CO absorption band together 
with a weak one corresponding to the C=N stretching) 
agreed with such a type of structure and allowed to rule 
out at the same time both enamine and diazetidine struc- 
tures. In some cases small amounts of the 2,6disub- 
stituted cyclohexanones 12 were isolated from mother 
liquors, after acidic hydrolysis (Scheme 3). 

When the reaction was carried out with pyrrolidino- 
cyclohexene 2a, all attempts to isolate 1: 1 adducts 11 
failed and only the corresponding 2-substituted cyclo- 
hexanones, together with traces of ketone 12, could be 
obtained, after hydrolysis of the mixtures. 

Owing to the presence of two similarly electron with- 
drawing groups’ linked to the -N=N-system in the 
diimides 9, a priori both N atoms could behave as 
electrophilic sites and attack the nucleophilic C-2 of 
enamines, leading therefore to the formation of different 
oxadiazine derivatives, i.e. 10, 11 and/or 10’. 11’. In spite 
of this possibility, the reaction occurred in a regiospecific 
way, and to the single (TLC) regioisomers structures 10, 
11 were assigned on the basis of the solid state IR 
spectra. In fact all heterocyclic adducts showed a weak 
band at 1620-1630cm-‘, corresponding to the C=N 
stretching of an Ar-C=N system; furthermore a strong 
absorption band was present at 1680-1695 cm-‘, related 
to the CO of the N-CO*Et group. Structures like 10’ and 
ll’(Scheme 3)wouldshow intheirIRspectraweakbandsat 
1660-1680cm- (C=N stretchings) and strong bands at 
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l635-1650cm- (CO), as verified in compounds having 
N=C-OR5 and Ar-CO-N2 features. In the ‘H NMR 
spectra of all derivatives 10 and 11 the signal related to 
the C-4a proton appeared as an unresolved multiplet 
downfield but partially overlapped with the ester methy- 
lene protons; for lOad, 1Obd and llbd integration of the 
related area gave 3H. Oxadiazines lOac, 1Obc and llbc 
showed at lower field an additional broadened multiplet 
attributable to protons both linked to an enaminic double 
bond and geminal to substituted hydrazine groups. 

The latter signal indicated that small amounts of trisub- 
stituted enamine isomers Wae, 10% and 1l”bc 
(Scheme 4) were present in the probe. Estimation of such 
amounts by ‘H NMR spectrometry was not very easy 
since the latter proton resonances partly underlie the 
CAa proton absorptions. Integration of all signals in the 
range 4-5.158, however, always gave values correspond- 
ing roughly to 3.2-3.4 H. 

It is worth noting that in the latter cases after removal 
of the solvent, the residue gave an IR spectrum 
superimposable in all parts to that one of the starting 
oxadiazine derivative. 

(c) Ring-chain tautomerism in 1,3,4-oxadiazine 
derioatiues. These spectral data suggested that a 
ring4chain tautomeric equilibrium, although lying well 
over to the cyclic form, existed in solution. Since an 
equilibrium of this type had been already observed for 
oxazine6 and apparently also oxadiazine derivatives: the 
question then arising was whether or not all our oxadiaz- 
ine systems, previously reported’ and under present in- 
vestigation, could be in equilibrium with their cor- 
responding open chain tautomers, the presence of which 
was detectable by neither IR nor ‘H NMR spectroscopy. 

To solve this problem on the basis of indirect evi- 
dence, all adducts 5,6,10 and 11 were allowed to react 
with diethoxycarbonyl diimide (DCD) which can act as a 
trap for the trisubstituted enamine forms.’ 

No reaction was observed with compounds 5 and 6, 
while under the same conditions most oxadiazines 10 and 
11 furnished the corresponding enamine diadducts 13 and 
14. quantitatively from which 2,6disubstituted cyclo- 
hexanones 15 were obtained on acidic hydrolysis 
(Scheme 4). 
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These results established beyond doubt that only the 
oxadiazine derivatives obtained from aroyl ethoxycar- 
bony1 diimides 9 are in equilibrium with the trisub- 
stituted enamine tautomers. This fact accounts also for 
the formation of cyclohexanones 12. The complete 
resistance of compounds 5 and 6 to conversion into 
trisubstituted enaminic forms, in comparison with other 
heterocyclic adducts obtained also from enamines and 
various electrophiles68 is a rather surprising result, but it 
is difficult to provide an explanation to fit, at present. 

(d) Stereochemical aspects of I ,3,doxadiazine 
derioatiues. In the ‘H NMR spectra of oxadiazine 
derivatives 5 and 6 the C-4a proton resonances always 
appeared as unresolved multiplets, the half height widths 
(15 + 20 Hz) of which indicated axial protons.’ For these 
compounds a structure with the two rings cis fused and 
the bulky amine group equatorially oriented can be 
assigned, by analogy with other oxadiazine’ or hexa- 
hydronaphthopyrane systems,9 the stereochemistry of 
which was proved by X-ray analysis. As for oxadiazine 
derivatives 10 and 11, the partial overlap of the C-4a and 
ester methylene proton signals does not allow the cor- 
rect stereochemical assignment at C-4a to lx made. We 
think, however, that also these compounds can be 

assumed to present the same steric assessment on the 
basis of the results of hydrolysis. In fact under non 
epimerising conditions t-Bu susbstituted oxadiazine 
derivatives 10 and 11 always led exclusively to ketone 16 
which did not further epimerise and where the C-2 
substituents were assigned an equatorial position from 
the pattern and WH values of the proton signals at the 
same C-2 (Table 3). 

(e) Hydrolysis of I ,3,4-oxadiazine derivatioes. This 
dis not always afford 2-substituted cyclohexanones 16A, 
but sometimes la-hydroxy-l,3,4_oxadiazines 16B were 
obtained, or mixtures of A and B tautomers (see the solid 
state IR spectra reported in Table 3). In CHCI, solution, 
however, all hydrolysis products existed as acyclic tau- 
tomers A, apart from compounds Mad and 16bd for 
which an equilibrium between A and B was rapidly 
established under the same conditions. In the latter 
cases, the only apparent rationalisation for the relative 
stability of the cyclic forms B could be the extended 
conjugation going from the N atom at 4-position as far as 
the p-nitro proup. In fact, when an electron attracting 
group like C02Et is linked at the N-4 atom, so that the 
extension of such a conjugation is reduced, also deriva- 
tives like 16ag and 16hg undergo complete ring opening. 

Table I. Oxadiazine derivatives 10 and 11 

Entry no. Elemental analysis M.p.(OC) Yield(%) IR (cm 
-1 1 'H NMR (6) 

Formula Found (Calc.) CO2Et C-N 

r H N 

1 Oat 

C20H27N304 

load 

C20H26N406 

IObc 

C24H35N304 

1Obd 

C24H34N406 

llbc 

C24H35N303 

llbd 

C24H34N405 

64.38 

(64.32) 

57.3 

(57.41) 

67.1 

(67.11) 

60.5 

(60.74) 

69.5 

(69.70) 

62.8 

(62.86) 

7.22 

(7.29) 

6.30 

(6.26) 

a.36 

(8.21) 

7.25 

(7.22) 

0.46 

(8.53) 

7.50 

(7.47) 

11.3 

(11.25) 

13.38 

(13.39) 

9.73 

(9.78) 

11.75 

(Il.811 

10.1 

(10.16) 

12.3 

(12.22) 

103-4= a4 1690 1625 4.0 -5.15f 

134-523 36 

146-ac 41 

162-4' 55 

134-54 50 

136e 37 

1685 1620 4.1 -4.89 

1685 1630 4.05~5.1Sf 

1695 1625 4.0 -4.759 

1680 1630 4.0 -5.lf 

1695 1620 4.05-4.79 

4ronligmi.n. bBrightyeIlcwcrystds, fmn 99% ethanol. CRa 99% ethanol. Situratedtith anhydeous ether. 

'?xdc ydl~ pder. tdturated with 99% ethaml.fIn the range are included the Ct4aj-Fj and CY+X2 signals, 

tosether with the SigrdS related to the C-2 vinyl protcm a-x3 the C-6 proton of the enanFne isoners IO" or 

x. gh the range are included the Cc4,)-Ij ard 03,c2_i2 siqnals. 
= 



Table 2. Enamines diadducts 13 and 14 and 2kAssubstituted cyclohexanones if 

Entry no. Elemental analysis M.p.t"C) Yield(%) -1 IR(cm 1 
Formula Found (Calc .I NH CO2Et and CO N-C-C 

C H N 

13ace 

C26H37N508 

13a.P 

C26H36N6010 

13bca 

c301145~So8 

13bd 

C30H44N6010 

14.x 

'2bH37Nf07 

14ad 

C26H36N609 

14klca 

C30'i45N5C7 

14bd 

C30H44N609 

15ac 

'22%ON4'8 

15ad 

C22H29N5010 

15bc 

C26H38N408 

ISbd 

C26H37N5010 

57.08 

(57.03) 

52.55 

(52.69) 

59.6 

(59.69) 

55.5 

(55.54) 

56.6 

(58.74) 

54.05 

(54.15) 

61.28 

(61.31) 

56.75 

(56.95) 

55.0 

(55.22) 

50.39 

(50.48) 

58.4 

(58.41) 

54.0 

(53.88) 

6.88 

(6.81) 

6.17 

(6.12) 

7.46 

(7.51) 

6.86 

(6.831 

7.01 

(7.02) 

6.18 

(6.29) 

7.80 

(7.72) 

7.05 

(7.0) 

6.41 

(6.32) 

5‘55 

[5.58) 

7.20 

(7.16) 

6.48 

(6.43) 

12.7 

(12.79) 

14.1 

(14.18l 

11.55 

(11.60) 

12.8 

(12.96) 

13.2 

(13.17) 

14.53 

(14.58) 

11.85 

(Il.921 

13.25 

(13.28) 

11.75 

(11.71) 

13.31 

(13.38) 

10.4 

(10.48) 

12.06 

(12.08) 

?O-5b 100 3400,328O 1760,171Obr 1650sh' 

50-60' 96 3400.3280 1760,171Obr 1650shC 

70-gob 100 3400,329o 1760,171Obr 1635shC 

183-4' 77 3265 1750,1715,1675 1630 

154-6= 58 3290,326O 1745,1700,1670 1640 

125~Ef 50 

95 

90 

90 

90 

90 

90 

3290 1760,1?50sh,1690sh 1650 

60-80b 
3260 1760.1710br 1650' 

8%90b 3400,329o 1760,171Obr 1650shC 

196g 3270 1755,1?10,1680 

185-EJf 3280.3240 1755,1740,1690 

229' 3270 1750,1740,1710,1680 

185-6f 3360-3290 1760,1740,1710,1685 

- 

- 

- 

- 

aGl~s-like product, hmKqeX?ous cm t.1.c. (ethyl acetate-ligroin 3:2). bititurated with liqbt p?tmleun. CIn Ccl4 mlut- 

ion. 4, iterated with 99% ethanol. eFmn benzene-ligroin 1:l. fTriturated with anhyanxK ether. %ml 99% ethmo1. 



Table 3. 2-Substituted cyclohexanoncs 16 
Y AI 

R 
a R=H c 

“6H5 ‘gH5 - 

b R=But d 
=gH5 
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= 
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4. 
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A, 
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Entry no. Elemental analysis n.p.("c) IRkIll-1) 'H NMR(6) 

Formula Found (Calc.) Nujol CHC13 NH C - (2)-!!(WH)h ‘(4,)~!! 

C H N 

16ac 

cl gH20N202 

16bc 

C23H28N2U2 

16ad 

C19H19N304 

16bd 

C23H27N304 

16ae 

C19H19N304 

73.9 

(74.0) 

6.48 

(6.54) 

9.10 170-3a 

(9.08) 

75.9 

(75.79) 

7.80 

(7.74) 

7.69 65-85b 

(7.69) 

64.6 5.41 

(64.58) (5.42) 

11.05 131-4= 

(11.89) 

67.6 6.67 10.2 156-B= 

(67.46) (6.65) (10.26) 

64.5 

(64.58) 

5.44 

!5.42) 

11.8 150-ld 

(11.89) 

1680 (CO-C6H5) 1685 (CO-C6H5) 8.45 

1710 (C=O) 1715 (C=O) 

3380 (N-H) 3370 (N-H) 

1620 (G-N) 1685 (CO-C6H5) 8.40 

1670 (CO-c6fi5) 1720 (C=O) 

1720 (C=O) 3370 (N-H) 

3140-3500 (N-H/~-H) 

1620 (C=N) 1620 (C-N) 8.65 

3460 (O-H) 1680 (CO-C6H4-) 

1715 (C=oo) 

3200-3560 (N-H/O-H) 

4.65(20) - 

4.65(18) - 

4.6 4.1 

1620 (C-N) 1620 (C=N) 

3515 (0-H) 1690 (CO-C6H4-) 

1715 (C=O) 

3360 (N-H) 

3515 (O-H) 

8.65 4.7 4.1 

1680 Ko-C6H5) 1690 (CO-C6H5) 

1720 (C-O) 1715 (C=O) 

3300 (N-H) 3380 (N-H) 

8.40 4.74(19) - 

s 

- _ -. -..-- _. 



Table 3 (Cod/.) 

16af 

C16H20N204 

16bf 

C20H28N204 

16ag 

C16ii19N306 

16bg 

C20H27N306 

67.4 6.69 10.18 IlO-3oe 

(67.46) (6.65) (10.26) 

63.35 6.68 

(63.14) (6.62) 

9.14 135-7f 

(9.20) 

66.61 7.80 

(66.64) (7.83) 

7.69 117-8g 

(7.77) 

55.1 5.47 

(55.01) (5.48) 

12.0 136-7= 

(12.03) 

59.3 6.72 

(59.25) (6.71) 

10.3 14t3a 

(10.36) 

1630 (C=N) 1690 (CO-C6H5) 

1680 (CO-C6H5) 1720 (C=O) 

1720 (C-0) 3360 (N-H) 

3200-35oO(N-Ii/O-H) 

1670 (CO-C6H5) 1705brK=O/C02Et) 

1708 (C=O) 3410 (N-H) 

1730 (C02Et) 

3270 (N-H) 

1680 (CO-C6H5) 1710br(C=O/C02Et) 

1705 (C=O) 3400 (N-H) 

1720 (C02Et) 

3255 (N-H) 

1670 (CO-C6H5) 1710br(M/CD2Et) 

1690-1710(00/032Et) 

3290 (N-H) 3400 (N-H) 

1688 (CO-C6H5) 1710brGO/CD2Et) 

1700-1730GO/co2Et) 

3330 (N-H) 3400 (N-H) 

8.27 

8.25 

8.05 

8.2 

8.3 

4.75(18) - 

4.95(20) - 

4.95(21) - 

- 5.05(23) 

4.9(23) - 

aFrcm ethanol. % riturated with light petmleun. =P.x?d cryst.als, fran ligmin. %llcsdcxystds, fran benzene-light pctmleun. %rmge 

~F1-l r-talc. tri+tn-a+.4 with liaht r~trolemn. 
f maturated with water. %an lisroin. %. values are qiven in HZ. 
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