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Abstract Novel thermolytic pathways were encountered m careful studies with N-bcnroyl 2-a7a hxa 

bicycle (2.2.1 )heptene ( 1) and N-bcnzoyl 247~ 3-oxa bicyclo(2 2 1 )hcptane (2). Compound 1 thermally 
fragments by four malor pathways, namely. (33)sigmalropicshift. (4 + 2) cyclorevcrsion. N-O rupture and 
C-N homolysls. The (3.3)~sigmatroprc shift proc ides a novel route to unusual. bicyclic hctcrocyclcs. Electron 

withdrawing aryl groupings tend to promote the (3.3)sigmatroplc shift pathway over others. The (4 + 2)- 
cycloreversion of I leads to nitroso carhonyl bcnzcne and cyclopentadicnc. The weak (T bonds ofPhCON0 
undergo ready homolysls. The inlcrmediate arising from N 0 ruplurc leads to ;1 cyclopcntcnone radical 
similar to that Involved In the PG cndoperoxide + PGE change. This radical either combines with bcn/oyl 
radical leading to 4-dibcn/oylamino cyclopcntcnone or is transformed to an cnarmde by loss of hydrogen. 
which, in turn. undergoes (4 t 2)-cycloadditlon wrth cyclopcntadlene leading IO ;L novel Spiro adduct. The 
C N rupture leads IO the formation of ben;lamhdc. 

Nitrosocarbonyl benrcnc IS ;i powcrful elecrrophile. With cyclohcxcne 11 forms ;1 hydroxmllc cstcr. 

mitlalcd by nuclcophilc acceptance at the CO oxygen. In contrtisl. II reacts with P(OMe), Icdding to 
diphcnylurea IIU nucleophilc accrptancc at IL=0 oxygen. Thcrmolysis of 2 proceeds largely by h 0 
rupture. similar to that normatly obscned in the PC; endopcroxrde -+ P(;F. change. 

There is considerable current mterest in the thermal 
and photochemical transformations of dioxabicyclo- 
heptanes and related analogs.’ A careful study of the 
thermolysis of the readily available’ N-benzoyl 
oxazabicyclo(2.2.1 )heptene (1) and N-benzoyl oxa- 
zabicyclo(2.2.l)hcptane (2) was carried out with the 
objective to identify pathways that simulate the 
fragmentation of PG-endopcroxide and related 
systems and to examine the consequences of the 
nitrogen ligand in novel transformations that are not 
possible wth dioxabicycloheptanc types. 

The thermal decomposition of N-ben/oyl oxaza- 
bicyclo(2.2.1 )heplene I as momtored by tic was 
complete in 70hr in xylene at IO0 . In addition to an 
insoluble black solid residue. four clear products were 
formed which were separated by careful chromato- 
graphy. 

The major product (9.5”,,). m.p. 63 64, was 
identified a> 4-phenyl. 7.Z-dioxa-3-azablcyclo- 
(4.3.0)nona-3.8-diene (3) on the basis of IR. 
NMR, MS and analytical data” and its formation 
readily rationalised on the basis of (3,3)-sigmatropic 
shift involving the carbonyl function (Scheme I). 
Interestingly, the remaining products arise by f’rag- 
mentation of 1 by three pathways. namely. (4 + 2)- 
cycloretersion leading to cyclopentadiene and nitro- 
socarbonyl benpcne, 0 N rupture to intermediate 4 
and C- N homolysis giving rise to 5 (Scheme I). 

An uncxpectcd result of the thermolysis was the 
formation of 4-( N,N-dibcnzoylammo) cyclopentc- 
none (6. 5 ‘I,,) which was earlier’ encountered in the 
course of bcnzoylation of the in sir~r formed 
oxazabicyclohcplene at rt. The formation of 6 is 
rationalized on the basis of the transformation of the 
N- 0 ruptured intermediate 4 to cyclopcntenonc 
radical 7 --a process that mimics the PC endoper- 
oxidc + I’GE change- followed by acceptance of 
bcnLoy1 radical arising from homolybis of nitrosocnr- 

bony] bcnzenc (ride .~pr-[r). In the formation of 6 is 
exemplified the three main features incorporated in 1, 
namely. the N- 0 bond that fragments in a way similar 
to that in PG-endoperoxidc systems, the II bond that 
permits a (4 + 2)-cycloreversion and the nitrogen 
function that accepts an additional ligand. The most 
surprising result of the pyrolysis was the isolation of 
another crystalline sohd. m.p. 102-105 The mass 
spectrum of this compound, ln,:c 265, immediately 
revealed the incorporation of a second cyclopenta- 
diene unit! The NMR spectrum ofthe compound. with 
well separated peaks was an epitome of clarity and 
showed the presence of I5 and only 15 protons! The IR 
spectrum indicated the prcscnce of the cyclopentcnone 

0 
‘I 

unit as well as the tertiary amide unit -N-C-Ph. 
All these observations led to solution embodied in the 
spiro structure 8 (yield X.3”,,). The formation of 8 is 
rational&d riu cnamide 9 resulting from H loss from 
intermediate 7. The cnamide 9 undergoes rcgiospecific 
(4 + 2)-cycloaddition with cyclopentadiene arising 
from (4 7 2)cycloreversion ofadduct 1,lcading to the 
novel 8 (Scheme 1 ). The stcreochemical assignment for 
8 is based on the normal behaviour of the bridge 

CH, in NMR. 
The fourth cryslallinc product was idcntificd on the 

basis of analytical data. IR, NMR and MS as 
benLanilide (0.6’,?,,)! The formation of benzanilide can 
be best understood in terms of initial C- N rupture of I 
to the diradical mtcrmcdlate 5. which, ~1 IUW, 
fragments lo benzoylmtrene and cyclopentenoxidc.’ 
The bcnzoyl nitrenc. then. accepts phcnyl radical 
arising from fragmentation of nitrosocarbonylbenrcne 
and then to benzanilide (Scheme I ). 

Nitrosocarbonyl benzene. that plays a crucial role in 
the formation of all products other than 3. is a highly 
reactive molecule. It is a good 2n component in 
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Scheme I 

(4 + 2)-cycloadditions and ene reactions.’ The work 
related to the thermolysis of I has demonstrated that 

0 
II 

the two weak u bonds in Ph-C-N=0 readily 
undergo rupture. Further, nitroso carbonyl benzene 
can be anticipated to bc a powerful clcctrophile capable 
of accepting nuclcophiles leading to intermediates IO 
and II: 

?- 
l P-h--C=N-O-Nu 

.NU L Nu’ -0 

Ph 

;C=N 
\ 
0’ 

IO 

II 

Both these expectations have now been realized. Thus. 
the reactlon of 1 in refluxing cyclohexene gave. instead 
of the expected PhCONO-qclohexene (4 + 2)- 
cycloaddition product. the crystalline hydroxlmlc 
ester 12 (16”;,).’ 

The structural assignment for 12 is fully supported by 
analytical data, MS, IR and NMR. In sharp contrast, 
refluxing of 1 in benzene with P(OMe), gave after 
chromatography in 30’:; yield, the highly crystalline 
carbanilide (13), now involving intermediate related to 
IO: 

Ii 
Ph-C--N=0 

I’LOMC), 
. 

0 Id 
Ph-,-c+ (OMe),, . 

Ph-~;=C=O ___, Ph-NH--C-NH-Ph 

ol 13 
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The two major pathways encountered in the thermal 
decomposition of 1 are the (3.3)~sigmatropic shift and 
the (4 + 2)-cyclorcversion. 

Preliminary studies have demonstrated that whilst an 
electron withdrawing aryl grouping makes the (3,3)- 
sigmatropic shift as the only observable process, with 
an electron rich aryl grouping the sole product that 
was isolated was from the (4 + 2)-cycloreversion. 
Thus, N-p-nitrobenzoyl 2-aza 3-oxa-bicycloheptene 
14,’ on thcrmolysis in xylene, gave, as the only product 
that could be isolated, the crystalline (3.3 )-sigmatropic 
shift poduct 15 (25 ‘I,,):” 

In sharp contrast. k-p-toluoyl 2-aza 3-oxa-bicyclo- 
heptene (16)’ in rcfluxing xylene gave no (3.3)- 
sigmatropic shift product. From the complex reaction 
mixture, crystalline p-toluic acid (20”,,), arising from 
ArCONO, was isolated from chromatography. 

The thermolytic fragmentation of N-benzoyl oxaza- 
bicycloheptane 2 could bc affected only under more 
drasticconditions. Thts is understandable bccausc this 
compound unhke 1 does not offer possibllitics for 
(3,3)-sigmatropic shift or cycloreversion proccsscs. 
Howcvcr, four products were isolated in a pure form 
from thermolysis of 2 in xylcnc-r,-dichlorobcnrcnc 
(bath tcmp 180 ) for 27 hr. Three of these arise horn 
intermediate 17, analogous to 4, from fragmentation of 
the N-O bond. The gcncsis ofthemajor product, 3-( N- 
benroylamino) cyclopentanol 18 (36.8 “,,) m.p. 82 -84 , 
can be readily understood in terms of hydrogen 
abstractton from the parent 2 by 17. The formation of 
3-N-benzoyl amino cyclopentanone 19. (9.7 ‘I,,) m.p. 
I I2 115 , stimulates the PG-endoperoxtde --) PGE 
change. The third product, namely. 3benzoylamino- 
cyclopentene (20, 9.6 “,,; m.p. I 12-120 ) presumably 
arises by the loss of elements of water from 18. 
However. the formation ofbenzoylaminocyclopentane 
(21, m.p. 69-72 . (7.1 ‘I,,) in the thermolysis of 2 is 
rather intriguing. An attractive rationale would bc 1.1~ 
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Scheme 2. 
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opening by benzamide of bicyclo(2.l.O)pentane, which 
in turn, could arise from loss nitrosocarbonylbenzene 

from 2. The benzamide could readily arise from 19 
(Scheme 2). 

The thermolysis of 1 and 2 has brought to light 
several novel facets of bond formation and rupture. 
Conditions relating to the effective transfer of 
nitrosocarbonylbenzene and a study of the properties 
of the novel systems produced by the (3,3)-sigmatropic 
shift are in progress. 

EXPERlhlEVTAI. 

.M.ps and bps are uncorrccfcd. IR spectra were rccordcd on 
Perkn-Elmer Model 337 and 580 spectrophotometers as 
neat liquids or solids as KBr discs. NMR spectra were 
obtained on approximately IO-15’,!,, solns mostly in CDCI, 
on A-60D and TR-90 spectrometers. The chemical shifts are 
reported in ppm downfield from internal TMS at 0.00 as 
internal standard. Elemental analysis were carried out in 
Coleman automatic C, H and N analyscrs. Slhca gel (ACME) 
was used for tic and column chromatography was done on 
silica gel (ACME). columns being prepared from it5 slurry is 
petroleum ether (60.-66 ‘). Reactions wcrc monitored. 
whenever possible, by tic. 

Thermol_vsis oj’ N-he,r:c)~l-2-(tzcr-3-osohi~~t.lo(2.2.1 )heprene 1 

ut loo’ 
Isolatior1 of hc,n:trniirdr, 4-phril!/-?.S-diosu-3-~J~~~- 

hic3;clo(4.3.O)nono-3.8-die,tr 3, 4-dihrnzo)damino qclopcnre- 
none 6 and the spire adduct 8. A soln of I (I g) in xylene (5 ml) 
was kept at 100’ for 70 hr. Tic (EtOAc,benzcnc (I :9) showed 
complctc absence of starting matcnal. Another lot was 
similarly proccsscd, the two batches combined. solvents 
evaporated and the residue chromatographed on silica1 gel. 
Elution with EtOAc:benzene (1: 19) gave tic homogeneous 
fraction which was evaporated and extracted with boiling 
petroleum ether IO glvc as insoluble residue O.OO6g (0.6”,,) of 
benzanilide, m.p. 165 166 The petroleum ether extract upon 
cooling gave 0.135 p of 3, m.p. 63 65 , as a white crqstallinc 
solid. The mother liquor on cvuporation followed by 
rechromatopraphy on silica gel pave, upon clution with 
EtOAc: benrene ( I : I9 ). an additional 0.05-l g of crystalline 
3; combmed yield 0.189 g (9.5 “,,); R, (EtOAc: benzene (1:9) 
0.5 (Found C, 71.57; H, 5.76; N, 6.62; Calc for C,,H, ,N02; 
C. 71.64; H, 5.47; N. 6.96”,,,); IR: I’,,,,, (KBr) (cm ‘I): 1605 
(C=N. Phenyl), 1345 (vinylic ether); NMR: cio,,,,: 7.X3. 7.4 
(m, m. aromatic protons), 6.00 (br. olctinic protons), 5.35 (dt. 
6-H). 4.4 (q. I-H). 2.7 (m, --CH, ). MS: m;e: 201. 

Furtherclution with EtOAc:bcnzene (7:93) pave a fraction 
which was rcxhromatographcd on silica gel, eluted with 
(I : 19) followed by evaporation of solvents and extraction 
with boiling water gave a resrdue which on preparative tic 
using EtOAc:benzenc (1:9) asdevelopcrgave0.074g (5”“) of 
6.’ The aqueous extracts on concentration and cooling gave 
benzoic acid; m.p. 121 

Further clution with EtOAc: benzene (I :Y) gave a fraction 
which was rechromatopraphed on silica gel. clutcd with 
EtOAc: benzene (7:93). the eluent evaporated, dlgestcd with 
boiling water and the residue upon preparative tic using 
EtOAc: benzene ( I : 9) as dcvcloper gave 0.07 I g (8.3 ‘I,,) of the 
spiroproduct 8 which was crystallized from ether-petroleum 
ether; m.p. 102-105 . (Found C. 76.7; H. 5.4: Cdk. for 
C,,H,SNO,;C,76.98;H.5.66’!,);lR:~~,,,(CH,CI,)(cm-‘): 
1735 (Q-unsaturated cyclopcntenone carbonyl). I620 
(“amide I” band); NMR: O,cL)c, ,, X.00, 7.38 (m. m, ar;matic 

protons), 6.33 (dd, Jbclc,,, = 6 Hz, J, = 2 Hr. eH=CH-CO- 

-eH,), 6.00 (d, J,,_,., = 6Hz, t!j= 8 H CO eH,), 5.86 (m, 
olefinic protons, blcyclic). MS: m/e: 265, The aqueous extract 
on concentration and cooling gave an addltional lot of 
t>enzoic acid; m.p. 121’. 

In addition to benzoic acid, benzamlide. the product 3. the 
cyclopentenonc 6 and the spire product 8. there were three 

other minor products which could not be further charac- 
terired. 

Isolarior~ oj oximv 12. A soln of I (0.59; 00025mol) in 
cyclohexene (20ml) was refluxed for 48 hr. Solvents were 
evaporated and the residue on chromatography over silica gel 
followed by elution with ethylacetate:benzene (I: 1) gave 
0.09 g (16 ““) of 12. which was crystallised from hot benzene, 
m.p. 151 . (Found: C, 71.71; H, 6.82; Calc. for C,,H,,O,N; 
C, 71.88, H, 6.Yl “,); IR: \frnaX (KBr) (cm-‘): 1610, 1590; 
NMR: &DC,,, 7.45 (phenyl): 5.79 (broad quartet, olefinic), 
4.6 (br. t-proton), 1.08 (m. CH, ): MS: m/e: 217. 

Rruction oj- N-hmzo~l 2-aza 3-oxa bicyclo(2.2.l)hept-S-me 
(I) wirh P(OMc), in rrjllcxing henzene 

I.solution of symdrphenyl urea. Under N, and stirring, a soln 
of I (0.75 g, 0.0037 mol) and P(OMc), (0.7 g; 0.056 mol) in dry 
benzene (50ml) was refluxed for 5 hr. Solvents were 
evaporated and the residue on preparative tic 
EtOAc: benzene (2: 8) gave recovcrcd I (120mg) and 
symdiphenyl urea (0.1 ; 30’:;) m.p. 244 . undepressed by 
admixture with an authentic sample. Further, the IR and 
NMR were identical to that of an authentic sample. 

ThermolJsis qj N-p-nrtrohen,-oJ1 2-UXJ 3-oxa hicyclo(2.2.1) 
hept-5-ene (14) in rgfluxing xJ/rne 

lsolatwn of’ (3,3)-sigmutropic rhijt product 15. A soln of 14 
(O.ZOKg, O.WO85mol) in dry xylenc (3Oml) was refluxed for 
3 hr. Solvents were evaporated and the rcbidue on 
chromatography over silica-gel and elution with 

EtOAc:hnzene (I : 20) gave 0.05Og (25 :A) of 15 which was 
crystallized from benzene- petroleum ether: colourless 
crystals, m.p. 154 . (Found: C, 58.47. H, 3 6; N, 11.5’1;: Calc. 
for C,,H,,N,O,: C. 58.53; H, 4.07; N, 11.38ff0); IR: vmlX 
(KBr) (cm ‘): 1620.1590 (C=N. phenyl); 1515,1345 (mtro), 
NMR: ij,c,X.,r,. 8.1 (q, aromatic protons), 6.06 (m, olefinic 
protons), 5.42 (dt. 6-H), 4.49 (q, l-H), 2 73 (m, Clj,-). 

Thermolysis or N-h~rtzo~/-2-uzct-.7-oxLlhi~.~~~l~(2.2.l )hrptane 

2 in xqlenr-o-dichlorohrnzenr 
l,solatwrr o/ benqlurnuw qcloprntanc 21, hcn:q/umino 

qclopenrenes 20, 3-henzo~lamrno qcloprntunone 19 und 3- 
henzoylamino c~c,lopentuno/ 18. A soln of 2 (l.3g) in xylenc 
(20ml) was relluxcd for 72 hr. tic showed no change. o- 
Dichlorobenzene (5ml) has introduced and hedtmg con- 
tinued at 180 ‘. After 27 hr tic showed absence of starting 
material. SoLcnts were evaporated rn racuo and the dark 
residue was chromatographed on silica gel. Elution with 
EtOAc:benzenc (15:X5) gave O.lOhg of a viscous residue 
which on bulb-to-bulb dkstillation ( i80-200 /0.3 mm) gave 
0.086g (7.1 O;) of benzoylammo cyclopentane 21. Crystal- 
lization from ether-petroleum ether gave white crystals; m.p. 
69-72 : H, EtOAc: benzene (1 :Y) 0.46. (I;ound: C. 75.92; H. 
7.79; N, 7.82; Calc. for C,,H,,NO: C, 76.19; H, 7.93; N, 
7.40”,,); IR: \‘,,,_ (KBr) (cm-‘): 3200 (NH), 1622 (“amide I” 
band); NIVIR: d,cDc-,,,: 7.72, 7.44 (m. m, aromatic protons), 
5.98 (br, CO-NH), 4.12 (m. NH-Clj). 1.8-O 6 (m. cyclic 
methylcnc protons); IvlS: mic’: 189. 

Further elution with EtOAc:benzenc (1:4) gave residue 
which on bulb-to-bulb distillation (I 80-200 p.3 mm) gave 
0.115 g (9.66 ‘jb) of 20. Crystallization from ether-petroleum 
ether gave light yellow necdlcb of benzoylamino cyclo- 
pentenes 20; mp I I2 120 ; R, EtOAc:benzene (1:9) 0.24. 
(Found: C. 77.48: H, 6.43; Calc. for C,?H,,NO: C, 77.00; H, 
6,95’I,;); IR: Y,,, (KBr) (cm-. ‘): 1635 (“amide I” band); 
NMR: S,, u(,,,: 8.14-7.28 (aromatic protons). 4.66 (br, 
Cl+ NH), 2.74 I.63 (m, cyclic methylcnes); MS: m,k: I87 

Further elution with EtOAc:benzene (1: 1) followed by 
evaporation of the solvents and bulb-to-bulb distillation 
(I 80-200 :0.3 mm) of the residue, gave 0.126 g (9.69 I!:) of 3- 
benzoylamino cyclopentanone 19 as a white solid which was 
crystalh7ed from ether-petroleum cthcr; m.p. 112. 15’ : R, 
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EtOAc:benzene(l:l),0.39.(Found:C,71.01;H,6.3;N,7.20; 
Calc.forC,,H,,NO,:C,70.93; H,6.40;N,6.89”/6);IR:v,,, 
(KBr) (cm-‘): 3300 (NH), 1731 (carbonyl), 1625 (“amide 1” 
band); NMR: &-,,, : 6.75 (br, NH-CO), 6.43 (br, CIj-NH), 
2.7-1.8 (m, cyclic methylene protons); MS: m/r: 203. 

The column was then stripped with EtOAc:benzene (3: 5). 
solvents evaporated and the residue distilled (180- 200’/- 
0.3 mm) to give 0.48 g (36.8 7;) of 3-benzoylamino cyclo- 
pentanol 18 as a viscous colourless liquid which was 
crystallized from chloroform-petroleum ether; white crystals; 
m.p. 82-84 , R, EtOAc:benzene (]:I), 0.29. (Found: C, 
70.64; H, 6.80; Calc. for C,,H, ,NO,: C, 70.24; H, 7.31 Yd); 
IR:v mll (KBr) (cm- ‘): 3320 (br, NH and OH), 1620 (“amide 
I” band); NMR:d,cDct,,: 4.5 (br, 0-H and CH- NH), 3.48 (br. 
CM-OH), 1.87 (m, cyclic methylene protons); MS: tn!e: 205 
(M’), 187 (M-H,O)-. 
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