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A&d--Several rir. I.!dIbrnroylalkene derivaIIvcs have been prepared in yields ranging between 60-80%. 

Ihrough IRK Dielr-Alder addition of Ihe appropriaIe dIcncs lo dIbcnzoylaccIylene. These include. 2,3dibcnzoyl- 

h1cyclo[2.2 I]hepIa.!.5dicnc (IO). 2.3.dibcnzoylbicyc1olZ.Z ZJocIa-2.Sdicnc (Ill. 7.oxa-2.3.dIbcnroyl. 

hic-)clo[! Z.l]hcpIa-25dicnc (12). 1,4dIphenyl-2.3dibenuyl~I.dcpoxynaphIhalene (13) artd 9,IOdihydro-I 1.12. 

d~hcncoyl~9.l~eIhcnanIhraccnc (15). formed from cyclopcnIadlene. cyclohcxa-1.3dicnc. furan. 1.3diphcnyliso- 

hfnzofuran and anthracenc. respectively 

Thcrmol)sis of 2.3~dibenroylbicyclo[!.!.l]hepIa~2.5dicnt gave chiefly cyclopcnradiene. arising Ihrough a rerro- 

Diels-Alder mode of fragmentarion. Similar reao-DieIs-Alder fragmcnlalions have been observed in the cases of 
7-oxa-2.3-dibcnr~ylbicyclo[2.2.1]hep~-?J&ne and 9,1Odihydro-I 1.12dibentoyl-9,10+I~~nI~cene. T~K 
Ihcrmoylsis of I.Cdiphcn~I-2.3dib~nzoyl-l.4-~poxynaphIhalcne. however. gave a mixlure of 1.3diphcnylisobcn- 

rofuran and I.!d~knroylbenrcnc. The formarkm of I.!dibcnzoylbcn~~r~ in Ihis case has been shown IO he 

Ihrough lhc au-oxidarron of 1.3.diphcnyhsobenzofuran ThermolysIs of 2.3dibenzoylbicyclo[2.2.2)ocla-!3diene. 

on Ihe other hand. gave a nearly quanIitaIivc yield of 12dib~nzoylb~n~~m. which did noI undergo funher 

lransformalion even on healing around 260” for several hours. In none of IhCse cases, Ihc expected pcricyclic 

Iransformalion. analogous IO rhc conversion of ci.r-1.2dibcnzoylsIilhem (6) IO rhc isomcric 2.2.3.~Wrapbenylbul-)- 

cnolidc (91. has been observed under Ihcrmal conditions. TreaIment of 9,IOdihydro-I l.l2dibcnzoyl-9.10. 

eIhenoanIhraccnc (IS) wIIh phosphorous pcntasulphkic resulted in the formation of a mixture of 12.Wdiphcnyl- 

9.10(3’. 4’)furanoanIhracene (Z@ and 12.14dipbenyl-9.10(3’.4WiophcnoanIhrace~ (31). arising Ihrough the poslu- 

Ia1cd intermcdlato. P.lOdlhydro-I I-bcnzoyl-l2-thiobcnzoyl~9.l0cthcnoan1hracene (2.6) and Q.lOdihydro-I 1.12- 

dirhiohcnzoyl-9.lk1herwanthracene 129). respeclively. 
‘The clccaon-impacr Induced Iransformarlons of Ihe cis-l3diknroyMkenes. 6. IO. II. 12. I3 and IS on I~C 

other hand. can tr rarionaltrcd In 1erms of brh retro.Ditls-Alder ~ypt fragmcnIalions and pcricyclic Irans- 

formalions of IRK dlbcnzoylalkene componcnls 

ReccnI srudics have shown that hetcrotriencs, in general, 

can undergo p&cyclic transformations leading to the 

formation of S-membered hctcrocyclcs.’ Thus. it has 
been observed that rhc thcrmolysis of a hcterotrienc like 
I.?-hisphcnylazostilbcnc (I) leads IO the formation of 
?,4.5-triphcnyl- I .?.3triazolc (3) as the major product 

(Scheme I).‘.’ ‘The formation of the triazolc 3 in this 

reaction has bccn rationalized in terms of rhc initial 
pcricyclic reaction of I leading to the formation of the 

iminotriazolium intermediate 2. which can subsequently 

lose phenylnitrcnc to give 3. The cyclization of I to give 
the intermediate 2 is analogous IO the pcntadicnyl anion 

cyclizations’ and will be a symmetry allowed process.’ 

An alternative mode of cyclization of I would involve a 

symmetry allowed ]n’a + ir*a] type of addition leading to 

the bicyclic intermediate 4. which can subsequently give 

rise to the triazole 3. through the loss of phenylnitrene. 

An example of such a [r’a t a’a] addition has been 
recently reported in the transformation of 1.2.4bcnzon- 

adiazines to benzoxazolcs.’ The intermediacy of an im- 
inotriazolium species like 2 in the transformation of I to 

3 has been proved by trapping experiments, leading to 
the formation of I.3dipolar cycloadducts like 5. 

Numerous examples of reactions arc reported in the 

Scheme I 
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literature which can be classified under the pericyclic 

transformation of heterotrienes. analogous to the trans- 
formation of I shown in Scheme I. However. a careful 

survey of the literature has revealed that there are only 
very few reported examples of such pcricyclic trans- 

formations of heterotricnes having oxygen as hetero 

aloms. The best known example of such a reaction, 

however. is the reported IransformaIion of cis-I.?- 

dibcnzoylstilbcne (6) to give 2.2.3.4Ierraphenylbut-3- 
enolidc (9). observed by Zinin’ in 1872. The transfor- 

maIion of 6 to the IacIone 9 may be rationalircd in terms 

of the intcrmediarc 7. formed through a [n’a + n’a] ~ypc 

of addition or the zwitterionic intermediare 8. which can 
suhsequcntly rearrange IO 9 (Scheme 2). The bicyclic 

intermediate 7 can also directly rcarrangc IO the lactone 9 

through a dyoIropic transformaIion.” A similar Irans- 

formation has been observed in the thermal conversion 

of 1.2.4triphenylbut-2-ene-l.ddionc IO 22.4triphenyl- 

but-3-enolide.’ 
The object of rhc present invesIigaIion has been to 

examine the possible pericyclic IransformaIions of cer- 

tain selected examples of c-is-l.!dibcnzoylalkcne 

derivatives. under both thermal and electron-impact 

condirions. 

A convenient method of preparing cis- I .!dibcnroyl- 
alkcnes would be through the D&-Alder addition of 

suitable dicnes IO dibenzoylacetylcne.“’ In our present 
studies. we have examined the reacrions of a few dienes 

and tricncc like cyclopcntadienc. cyclohexa-1.3.dienc. 
furan. I.3diphenylisobcnzofuran and anthracenc with 
dibenroylacetylcne (DHA). with a view IO preparing 
some cis- I ,!-dibcnzoylalkene derivatives. 

Earlier workers” ” have reported the rcacIion of 
cyclopcntadicnc with DBA IO give 2.3.dibcnzoylbicy- 
clo[2.2.l]hcpta2,5-dicne (IO). In Ihc prescnr studies we 
have ohscrved that IO is formed in a nearly quantitative 
yield when DHA is treated wiIh excess of cyclopen- 
tadicne a~ room temperature (Scheme 3). The NMR 
spectrum of 10 is of inrcrest in Ihat it showed IWO pairs 
of doublets (AB type of quaneIl. around 2.326 and 2.656. 
assigned to H. and H, protons. respectively tJ,t..,t, = 
Xc/s). The doublet around 2.326 due IO H. proton was 
funher spli1 into a Iriplet. whereas. the one around 2.658 

due to H, proton was split in10 a multiplet. Such a 

splitting pattern would be expected in view of the fact 
IhaI H. proton will be spli1 only by the H, protons IO 

give the observed triplets (J,,,,Hi = I.5 c/s). whereas. the 
H, proton will bc split both by H, and Ha proIons. 

respccIively. Similar splitting patterns have been obscr- 

ved in the NYR spcctrd of certain bicycloheptcne 
derivatives.” The IWO bridgehead protons (H&l appeared 
as a multiple1 around 4.276 whereas, the second muhiplet 

around 7.276 has been assigned to the vinylic protons 

(Hal. The aromatic protons appeared as a complex mul- 

riplet around 7.5~5 (IO Hl. 
Treatmen of a mixture of cyclohexa-l.3-diene and 

DBA in refluxing benzene for 8 hr gave a 90% yield of 

2.3-dibenzoylhicyclo[2.2.2]ocIa-2,.(-dienc (II). The cIruc- 
Iurc of ll was confirmed on the basis of analytical daIa 

and spectral evidences. The NMR spectrum of II 

showed an AB type of quartet and the signals at I.656 
and I.766 have been assigned IO H. and H, protons. 

respectively (J..,,,, = 9.5 c/s). The multiple1 around 4.326 

has been assigned to Ihe bridgehead prorons tH,l, 
whereas the vinylic protons (Ha) appeared as a mullipler 
centered around 6.756. The aromatic protons appeared as 

a mulIiple1 around 7.4S6 (IO H). 

Near heating of a mixture of DBA with excess of 
furan gave a 77% yield of 7oxa-2,3dibcnzoyl- 
hicyclo[2.?.l]hepIa-2,5-diene (12). idenlified through 
analylical data and SpKtKd evidences. The SMR spec- 

trum of I2 showed the bridgehead protons around 6.036 

(2 Hl. whereas Ihc vinylic and aromatic protons appeared 
as a multiple1 cenIered around 7.56 (I2 H). 

The reaction of I.3diphenylisobcnzofuran with DRA 
in refluxing benzene gave a 71% yield of I.4diphcnyl- 
2.3-dibcnzoyl-I.4epoxynaphthalene (13). In addition, a 
6% yield of 9.10.diphenylanIhracene (14) was also 

isolated from this reaction. The exac1 mode of formation 
of I4 in Ihis reaction is not very clear. 

II has been reported earlier” ” that Ihc reaction of 
anlhrdcene with DBA gives rise IO 9.10.dihydro-I l.l2- 
dibcnroyl-9,lOcthcnoanthraccne (IS). We have ohrained 
IS in a 60% yield by the neat heating of anthraccnc with 
DHA around 200” for .30 min. Scheme 3 summariscs the 
result\ of our studies concerning the preparalion of 
differen cis-l,2-dibcnzoylalkcnes. The structures of 
these products have been established on the basis of 
analyrical results and spectral data. 
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It has been reported earlier’ that on thermolysis. a 

dikctoalkcnc like cis-l,2dibenzoylstilbene (6) is quan- 

titatively converted IO the lactone 9 at a temperature 
around 250“ (Scheme 2). AI higher temperatures. the 

lactone 9 itself undergoes decarbonylation IO give 1.2.3.3- 

tetraphenylprop-?tnc-l-one, perhaps throup a .sym- 
metry allowed. linear chelctropic reaction.‘.’ II IS mter- 

16 - 

esting to note that the thermal transformation of a 
related 1.2.dibenzoylalkene like 1.2,~triphenylbut-?-ene- 
IAdionc (161 leads IO the formation of 2.2.4triphcnyl- 

but-3tnolide (18). and not the isomcric 2.3.4triphenyl- 

but-3-enolide (211. The structure of I8 was further 

confirmed through its conversion to the enone 19, on 

pyrolysis t.Schcme 41. The preferential formation of the 
lactonc I8 in the transformation of I6 may be rational- 

co 
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Table I. 

Co~Ound ROfluxFry f.lp. oc 
l 01vont md Cia 

Produ ot Yield (d) 

2 ADibmzoylblcyolo[2.2.1]. Noat 
h.pth2,5-diem (s) 

2.3-Dlbonzoylbloyclo @ .2.2] Nost 

octn-2,5-dlon. (ll) 

7-0X&2 
*=? 

-dlb.nwylblayolo 
12.2.1, h.pta-2,5-dim. (l2J 

DlOXm 

1 rk-Diphenyl-2,3-dibmzoyl- Dipbony 
1 ,k+poxynq>hthalcm. (IJ) other 

9.10-Dihydro-11 ,12-dibm- 

Zoyl-9, IO-.ttmnoanthrm- 
c.n. (11) 

2lk0, 

20 hr 

1600 * 

k hr 

160'1 
2 hr 

100el 
1( hr 

2,2,~,4-T~Crc~~l~yl~t_~-.nolldo 96 ‘, 

(P) 

Cyclopontndlano 6% 

1.2,Dib.n+oylbmzon. (2J) 

Dlb.n+oylrc~tylor~o 

9fl 

91’6 

210°, 

12 hr 

260° ‘ 
2 t1r 

1,3-DlpIrmyllso~ntofuran + 

1 ,2-Dlbonzoylbonzorm (3) 

Anthraoon. 

---_ __ _--_ _-- 

ired in terms of rhe greater s1abili1y of rhe zwitterionic 

inlermcdiate 17. when compared IO the corresponding 

intermediate 28, in the alternative route which will lead 
to the lactone 21 (Scheme 4). 

In the present studies we have examined the ther- 

molysis of several 1.2dibenzoylalkenes like IO, II, It. 13 
and IS with a view IO finding out whether these sub 

suates will undergo the pericyclic reactions leading IO 

the formalion of the corresponding lactones. Table I 
summarizes the results of our studies. The thermolysis of 

cis-1.2dibenzoylstilbene (6) i1self was repeated in 

refluxing nitrobenzene (214”). It was observed that a 
nearly quantitarive yield of the lactone 9 is formed on 

heating 6, for about I6 hr. The thermolysis of 23diben 
zoylbicyclo[2.?.l]hepta-2,Sdiene (IO) around 160”. on the 

other hand, resulted in the formation of a 30% yield of 
cyclopentadiene, arising through a rctro-Diels-Alder 

reaction. When the thcrmolysis of IO was carried out 

around 200” in air, a small yield of benzoic acid was also 

obtained. The formation of benzoic acid may be through 
the air-oxidation of IO. or some of i1s degradation 

products.” Similar retro-Dicls-Alder reactions have 

been observed in the thermolysis of 7-oxa-2.3diben 
zoylbicyclo[2.2.I]hepta-2Jdiene (12) and 9,lOdihydro- 

1 l.l2dibenxoyl-9,1021henoanthracene (IS). 
The thermolysis of 1,4diphenyl-2.3-dibenzoyl-1.6 

cpoxynaphthalene (13). by refluxing in diphenyl ether 

gave a mixture of producrs consisting of 1,3diphenyl- 

isobenzofuran (2%) and 1.2dibenr.oylbenzene (23) (42%). 
The formarion of 23 in this reaction is assumed IO 

be through the air-oxidalion of I .3diphenyl- 

isobenzofuran.“~‘9 In a separate experiment we 

have shown that by refiuxing I .3dipbenylisobenzofuran 

alone in diphenyl ether for I8 hr. a 73% yield of 23 is 
formed. 

The thermolysis of 2,3-dibenzoylbicyclo[2.2.2]octa-25 

diene (II) is of interest in that, it gives rise to a nearly 

quantitative yield of 1,2dibenzoylbenzene (23). 11 is 
apparent thar the loss of ethylene rhrough a symmctr) 

allowed [a’s + n’s + u’s] process is more favoured than 

a simple retro-Diels-Alder fragmentation leading IO [he 

formation of I .3_cyclohexadiene (Scheme 5). 

Our studies involving the thermal transforma1ions of 

cis-l.2dibenroylalkenes like IO, 12. I3 and I5 clearl) 
indicate that in these cases the re1ro-Diels-Alder mode of 
fragmentation is preferred over the pericyclic trdnsfor- 

mation. Thus. in the thermal decomposition of IS. it 
appears that the energetically favourable pathway is the 
formation of anthrdcene and not path “a” leading to the 

formation of the lactone 24 (Scheme 6). However. i1 is 

no1 very clear whether the retro-Diels-Alder reaction 

leading to the formation of anthracenc is proceeding 
through a symmetry allowed, [(T’S+ n’c- o’s] mode 

(path “b”) or through a multistcp pathway. involving [he 

diradical inlermediate U (path “c”). 
We reasoned that the pericyclic uansformation of a 

he1erotricne like IS. proceeding through path “a”. ma) 
be more favoured if the hetero atoms are changed from 

0 to S, as in the cast of 9.lOdithiolI.l?dibcnzoyl-9,lO- 
clhenoanlhracene (29). Wi1h this view in mind, we have 

examined the reaction of IS with phosphorous pentacul- 

phide. Treatment of IS with phosphorous pentasulphidc 
in refluxing xylenc for I hr gake a mixture of l!.l4- 
diphenyl-9.10(3’.4’)-furanoanthracene (tBb anb l!.l4- 

w% 

%Y 3 + C~=Cll2 

-0 
%I 

P 

0 0 \ 
+ c&CO-CICW 

Scheme 5 
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diphenyl-9.10(3’.4’)IhiophenoanIhracene (31). from which 

2% yield of pure 28 could be isolated through adduct 
formation with maleic anhydride (Scheme 7). 

The structure of 28 was confirmed on the basis of 
analytical results and spectral data. The mass spectrum 

of 28. for example. showed a molecular ion peak at m/e 

3% (100). Other peaks in the spectrum were observed at 

m/e 319 (3). 318 (4). 317 (3). 292 (9). 291 (35). 2% (13). 289 

(34). 288 (5). 2x7 (9). 1118 (7). I78 (7). I59 (4). I45 (3). I44 
(2). IO5 (62). 77 (80) and 51 (g). Some of these frag- 

mentation modes are shown in Scheme R. 

The mass spectrum of the mixture consisting of 28 and 

31. on the other hand, showed prominent peaks at m/e 
412 (100) and m/e 3% (51). corresponding IO their molecu- 
lar ions. Our attempts lo isolate a pure sample of 31 from 
this mixture have been unsuccessful. 

The formation of the products 2fl and 31 in the reac- 
tion of IS with P,S,, is rationalized in terms of the 

pericyclic transformations of the monothioderivative. 26 

and the dithioderivative 29. as shown in Scheme 7. 

Electron-impact transfonnorion of cis- I .?-dibenzoyi- 

alkenes 
In contrast IO the numerous studies on the mass spec- 

rrdl fragmentations of saturated aliphatic ketones. only 

scant attention has been paid IO the study of unsaturated 
kctones.NM Djerassi et al.*’ for example. have studied 

the mass spectral fragmentations of several aryl and 

alkyl substituted A’cyclohexenoncs and related bicyclic 
ketones and have shown that decarbonylations. followed 

by known skeletal rearrangements are occurring in these 

systems. *‘.- No detailed study has so far been made on 
the mass spectral fragmentations of I+dicarbonyl- 

alkenes of related systems. In the present investigation 
we have cxamincd the mass spectral fragmentations of a 

few representative cis-l.2-dibenzoylalkenes with a view 

m/e 396 (100) c6b BH5 
z!l .2@3 

I I -6 

n I’ 

ml* 178 (7) 

1’ . -H’ 
I 

C24WO =2LHlLo 
1: 

IO studying the mode of cleavage in these systems and 
also IO compare their electron-induced and thermal 

modes of transformations. 
The mass spectrum of cis-l.2dibenzoylsIilbenc (6). for 

example. showed the molecular ion peak at m/e 388 (28). 
Other peaks were observed at m/e 283 (26). 255 (26). I?H 

(60). IO5 (100) and 77 (98) which could be assigned to 
some of the fragments shown in Scheme 9. The peak a~ 

m/e 372 could be assigned IO the fragment 6b. formed 

through the loss of oxygen from the intermediate 6~. 
Further loss of a benzoyl fragment from 6b could lead IO 
the formation of the fragment &I at m/e 267. Another 

mode of fragmentation thaw had been observed was the 

loss of a benzoyl group by a-cleavage. from the slarting 

compound IO give a fragment 6b at m/e 283. The peak at 

m/e 360 could be assigned IO the fragment 6e. formed 

through the loss of CO from the intermediate lactone 9. 

which in turn. could be formed through the pericyclic 
transformation of the starting diketone. 

With a view IO assessing whether at least some of the 

fragments observed in the mass spectrum of 6 arose 
through the lactone intermediate 9. the mass spectrum of 

2.2.3.4Ietraphenylbut-3enolide (9) was examined 
separately. The mass spectrum of 9 showed the molecu- 

lar ion peak at m/e 388 (100). Other peaks were ohservcd 

at m/e 360 (9l), 359 (65). 344 (I I), 31 I (I I). 283 (76). 267 

(17). 265 (IS), 255 (93). 253 (45). 252 (45). 239 (!I). 227 (6). 
209 (3). 178 (39). 163 (20). I51 (32). I52 (33). 139 (IX). 130 

(IO), 126 (21). 105 (90). 77 (86). 55 (42) and 51 (69). which 

could be assigned IO some of the fragments shown in 
Scheme IO. II is interesting IO note that several peaks in 

the mass spectrum of 6 correspond to the fragments 
observed in the mass spectrum of rhe lactonc 9. indicat- 
ing thereby that 6 undergoes at least partial transfor- 
mation IO 9 under electron impact, similar IO the obser- 

vcd thermal mode of transformation of 6. 

m/r 105 (62) mk77 (80) 

f 

cP2 

a , 1 1' 

/ 1. -co 

-7 ’ @ ’ c?n5 
m/r 291(35) 

GC 

I -II* 

C23hL 
1% -Ii* ) 

ml I 
m&51(8) 

c23H13 
1' 

m/r317 (3) mk 318 (4) m/r 29003) m/e 289 (34) 

scheme 8. 
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Examination of the mass spectra of the cis-l2diben- 

zoylalkenes, 10. II. 12. 13 and I5 reveals that certain 
characteristic and common modes of fragmentation are 

observed in ah these cases. Table 2 lists some of the 

most prominent peaks observed in the mass spectra of 
these cis-l.2dibenzoylalkenes. It is evident from Table 2 
that all t&e adducts show prominent mokcular ion 
peaks (a). except in the cases of the IJ-epoxy deriva- 
tives, 12 and 13. 

A characteristic mode of fragmentation of the cis-1.2- 

dibenzoylalkene derivatives involves the loss of CO from 
their molecular ions (0). It is reasonable to assume that 
the starting cis- I .2dibenzoylalkenes undergo a pericyclic 

transformation to give the corresponding Etnttenolides 

(b). under electron impact, which subsequently lose CO 

by a cheletropic fragmentation pathway to give the 
fragment c. as shown in Scheme Il. An alternative 

pathway for the formation of the fragment c would be 

through the direct loss of CO from the molecular ions 

to). It might be pointed out in this connection that similar 

rearrangements of the starting cis-1.2dibenzoylalkenes 
have not been observed under thermal conditions, except 
in the case of cis-1.2dibenzoylstilbene (6). which readily 

rearranges to the corresponding butenolide, 9.’ 

It is also apparent that other fragmentation modes like 
the loss of phenyl and benzoyl groups from the molecu- 

lar ions (a) are also prominent in the case of most of the 
cis- I .2dibenzoylalkenes that we have examined 

(Scheme 1 I). 
Another pathway for the fragmentation of cis-1.Z 

dibenzoylalkenes is through the retro-Die&Alder reac- 
tion. as shown in Scheme 12. As is evident from Scheme 

12, the adducts IO. 12, I3 and 15, give rise to the 
appropriate diene fragments tj) in relatively high abun- 

dance. In some cases where there is a possibility for the 
retro-Diels-Alder reaction to proceed with hydrogen 

migration, as in IO and 12. such fragmentation modes 

have also been observed (Scheme 12). Similar examples 

of retro-Dick-Alder reactions with hydrogen transfer 

has been reported in the literature.~” 

It is interesting to note that the retro-Diels-Alder mode 

of fragmentation of the cis-12dibenzoylalkenes is 

observed both under thermal and electron-impact con- 
ditions. unlike the pericyclic mode of transformation. 

Table 3 lists the different fragments formed from the 
ci.t-l,2dibenzoylalkcnes, 10, II. 12. 13 and 15 and their 

yields or relative intensities, as the case may be. for 

comparison purposes. 
An intersting mode of fragmentation has been obscr- 

ved in the case of both the 1.4epoxy derivatives, 12 and 
13 under electron impact. The molecular ions of these 
substances (0) lose an 0 atom to give the fragment i. as 
shown in Scheme 12. Similar loss of 0 atoms have been 

observed in the mass spectral fragmentations of both 

l,Cdihrdro-1,~poxynaphthalene” and dibenzo-14 

dioxin. ’ 
The mass spectrum of 2.3dibenzoylbicyclo[2.2.2kxta- 

2.Sdiene (II) is of interest in that it showed a prominent 

peak at m/c 286 which is attributed to the fragment lli. 
the molecular ion peak of 12dibenzoylbenzene (23) 

(Scheme 12). It appears that under electron impact, II 

undergoes ready fragmentation with the loss of ethylene 
to give I Jdibenzoylbenzene (23). 

It may be pointed out in this connection that a similar 
loss of ethykne fragment was also observed in the 

thermal transformation of 11. The most prominent peak 

in the spectrum of 11 was observed at m/e 209 (100). 
which might arise through the loss of a pbenyl radical 

from 23 to give 11 as shown in Scheme 13. The frag 

men1 at m/e 258 could be rationalized in terms of IIC. 
formed by the loss of CO from the lactone intermediate. 

llb, which in turn is formed from 23 (Scheme 13). 
We have examined the mass spectrum of 1,2-diben- 

zoylbenzene (23) also to ascertain whether the frag- 

Tabk 2. 

258 (1)) 2S7 (2)s 
fii, 286 (60) 

I 

6), 
13)l 
2), 

fiJ. 178 (65) 202 (11) 
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mentation modes of II correspond IO some of the frag- 

ments due to 23. It was interesting to note that the mass 

spectrum of 23 showed several peaks at m/e 2t36 (32). 25X 

(3). 209 (100). 193 (3). IRI (6). I65 (4). IS! t.30). 105 (37). 
77 (37) and 51 (IS). corresponding IO some of the peaks 

observed in the spectrum of 11. 
The mass spectra of all the cis-l.2-di~nzo~lalkcncs 

that we have examined show several peaks due IO the 

different fragments from the dicnc components of these 
adducts and some of these fragments arc listed in Table 
3. II might be mentioned in this connection that most of 

these peaks can be rationalized in terms of the known 
fragmentation modes of the different diene components. 

and also in terms of some of the secondary fragments 
derived from the diffcrcnt fragments shown cn Schemes 
II and 12. 

All m.ps are uncorrected and were determined on a .Mcl-Temp. 
m.p. apparatus. The IR spectra were recorded on Perkin-Elmer 
Model 137 or SZI Infrared Spectrometers The clcctromc spectra 
were recorded on a Beckman DB spcctrophotomcter. SMR 
~nces were recorded on Varian A-60 or XI.-lC0 NMR spec. 
trometers usrng TMS as internal standard. The mass spectra were 

‘6’15 
(12.‘) 

. -_- ._---.-- 

recorded on a Hitachi RMU6E Singk Focussing Mass Spcc. 
rromctcr or a Vanan Mat CH7 Mass Spectrometer at 70 CL’. 

Poning morrriolr. Dibenzoylacclylenc. m.p. I l&t I I”. uas 
prepared by a reported rocedure involbinp the bromination of 

rmnJ-dibenro~lethykne. P, followed by dehydrohrominatmn of 
the dibromo derr\atiyc.” rmnr-Rknzoykthykne itself was 

prcparcd by a reported procedurc.Y Cyclopcntadicnc. bp. 41’. 
was freshly drttilkd before use and was obraincd by rhc 

dcpolymcnzation of the “Technical Ciradc” dicyclopcntadicnc. 
I .34’yclohcxadkne,‘r b p 79-W and 1.3drphenyhsobcn 
7ofuran” m p. IUT. were prepared by reported procedures 

cis.Ubcnzoylstrlbcnc. m.p. !IblP. was prepared by ~hc per. 
knrorc acrd oxidatron of tetraphcnylfuranW Petroleum ether 
used was of b.p 60-W. 

Htoc-rion o/ ryclopnladitnr with dibtn:oylacrryltnc. A mix. 
rurc of cyclopcntadienc (I 5 g, 0.02 mall and dikncoytacerylenc 
12.3 g, 001 rnol~ was refluxcd in benzene (30 mll for 3 hr. Rcmo. 
val of the solvent under vacuum and recrystallization of IIK 

residue from a mixture (2: 1) of petroleum ether and knzenc gave 
2 9g @tt%) of IL m.p. 144’ (III.:’ m.p 142-437. (Found: C. g4.25; 
H. 5.46: Mol WI , .300 (Mass spccr). Cr,H,,O, requires: C. t&40; 
H. 5.33. Mol. WI.. 300). IR spectrum (KBr)v,,: 3060. 3005 and 
-%3cm ’ (Y~.~, aromatic and okfimc). 2940 and 2R’lScm ’ 
(tic-,,,. asymmetric and symmctnc). 163s cm ’ (Ye,,). 1602 and 
1575 cm ’ (vc, ). tiV spectrum telhanol) A,,. _. 9 nm (e. 16.?00). 
292 (6600) and 349 (650). 
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In a repeal run, 3 28 (0.014 mol) of DBA was mixed with 
excess (I5 ml) of cyclopcntadkne rod kft at room temp. for 
30 min. The reaction was exoIhc.rmic and work-up of the mixture 
by removal of lhc unchanged cyclop~nladkac u&r vacuum 8nd 
fracuonal crystallization of tbc product from a mixture (I : I) Of 
petroleum cthcr and benzene gave 3956 (99%) of IO. m.p. Iw 
(m.m.p.). 

Reaction of I .3-cyclohuadiene virh dibtnwylacciyknc A 

mtxture of DEIA (2.3~. 0.01 mol) and lJ-cyclo&udkm (20. 

0.025 mol) in knzene (30 ml) was rclluxcd for 8 hr. Removal of 
Ibe solvent under vacuum gave a producf which was rccrysral- 
lized from a mixture (2:l) of pctrokum ether and benzene IO 
give 2.8) @II%) of II. m.p. l5Y. (Found: C. 84 35; H. S.62; Mol. 
wt. 314 (Mass spect.). CPH,,O, requires: C. 84.07: H. 5.73; Mol. 
wt.. 314). IR spectrum (KBr) Y,,: 3080 and 3OOScm-’ (vc_,,). 
2935 and 2865 cm-’ (Q”,. asymmetric and rymmerric. 164Ocm- 

(vca). 1605 and 1580cm-’ (vc-). UV spectrum (ethand) A,.: 
2%nm (f. 15.100). 287 (7500) and 345 (400). 
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Reacrion of furan virh dibmzoylacerylme. A mixrure of DBA 

(0 68. 2.5 mmol) and furan (0.2 g. 2.S mmoll was healed In a 

scaled tube around SO’ for 9 hr. Removal of tk unchanged funn 
gave a producr which was chroma~ograpkd over silica-gel. Elu- 

Iion with a mixrure (I : I) of pcIrolcum ether and brnzenc gave 

0.1 g (17%) of unchanged DBA. m.p. III’(m.m.p.). 

Further cluIcon of the column wlIh a mixture (I :2) of 

pcIrokum erher and benzene gave 0.38 (46%) of IL m.p. 122- 

23’. afler rccryslallizalion from a mixrure (I : I) of petroleum 

eIhcr and benzene. (Found: C. 79.9; H. 4.48; Mol. WI.. 302). 
(M.xs spccr). CJi,,O, requires: C. 79.9; H.4.66; Mel WI.. 302). IR 
specrrum (KBr) v,; 326X 3lOS. 3OSS and 303Ocm ’ lv,. “l. 

164Scm” (v,,l. 1600 and lS8Ocm ’ (v,.~). LV spcclrum 
(ErOHl A,_.’ 2.M nm (f. 13.ooO). 292 (S!NO) and 344 (SOO). 

In a repcar run a mixture of 2 g (8.5 mmol) of DBA and excess 

(IO ml) of freshly disrillcd furan was heated in a seakd lube 

around 60-6s’ for I! hr Work-up of IRK mixlure as in rk earlier 
case gave 2g (77%) of 12. m.p 122-23’lm.m.p.). 

Rracrion I .3-diphmylboben:ofuran virh dibm:oylacrrylnc A 

mIxlure of DBA (2.34g.O.01 mol) and 1.3diphenyhsobcnzofuran 

(2.7 g. 0.01 mol) in benzene (SO ml) was refluxcd for 8 hr. Removal 

of the solvent under vacuum gave a produc1 which was Ireared 

wrIh a small amoun1 of ho1 EIOH. The solvenI-insoluhk portion 

was recrystallized from a mixlure (2: I) of petroleum erkr ad 

cyclohcxane IO give 2OOmg (6%) of a producl. m.p ?s(p. 

ldenIifkd as 9,lOdlpknylanthracenc (liI.Q m.p. 249-Sr). 

(Found. C. 94.40; H. S.SI; Mol. WI.. 330 (Mass spcc~.) CbH,, 

requires: C. 94.54; H. S.4S. Mol. WI.. 330). IR spccrrum (KBrl 

Y_,: u)6S and 303Ocm ’ (v, “). lS97cm ’ (v,.,-). UV spcclrum 

(Cyclohexanc) A,,: 221 nm lc. 24,ooO). 261 (I 14.800) and 37S 

(13.200). NMR spectrum (CDCI,): 7.66 (aromaIic proIons). 

Mass spectrum. m/r lrel. inlensityl: 330 (100). 329 (12). 328 
(IO). 327 (9). 2S3 (II). 2S2 QS). 163 (4). 162 (3). IS6 (4). IS0 (4). 

138 (2). I37 12). 126 (2) and 77 (22). 

ConcenIraIion of Ihe alcohol-soluble poruon and fracrlonal 

crysIallizaImn from EIOH gave 3.66 (71%) of 13. m.p. ISP. 

(Found. C. 8S.90: H. 4.3S. Mol. wt.. .(od (Mass spccr.). C,H,,O, 

requires: C. 8570. H. 4.76; Mol. WI.. sod). IR spcrrum (KBrl 
Y __: 3OSS and 302Scm ’ (Y~_~). 1657cm ’ (v,-,). 1601. IS81 and 

ISOOcm ’ (v~,-). UV spccrrum (EIOH) A,,,: 2!8 nm (e. 14.ooOl. 

284 (SSOO) and 348 (2SO). NMR spectrum (CDCI,): 7.56 lmulIipk1. 

aromatic). 

Reacrion of anrhmctnr virh dibcn:oykacnylrne HeaImg a 

mlxIure of DBA (2.34g. 0.01 mol) and anlhracene (1.78g. 

0.01 mol) around 2OU’ in a sealed lube for 30 min and work-up of 

~hc mixlure by fracrional crystallizalion from xyknc gave 2 S g 

(6@%) of 15. m.p. 2lt (Iii.” m.p. ?I!-?IS.!“). IR spccrrum (KBr) 

3225 cm ’ (v, _,I). 1670cm ’ (v,.,). 1620 and 1590cm ’ 
;v::,,. UV spectrum (M&H) A ,._; 262 nm (t. lS.000). 29S 0600) 

and 34S (1400). NMR spccrrum (CDCI,) S 666 (singkt. 2H. 

bndgehead) and 7.256 (mulripkr. I4 H. aromauc) 

Thrnoly~lz of crs.dibmzoylrri/bmr (0. A sampk of 6 (60 mg. 
O.l! mmoll was healed around 26U’ for 30 min. l’hc mtrIure was 

IracIionally crystallized from ErOH IO give SS mg (92%) of 9. 

m.p. 137-38” (m. m.p ) 
In a repeal run. 200 mg (O.Sl mmoll of b was rcfluxed In 30 ml 

of nilroknzene for 20 hr Removal of rhc sol\cnI under vacuum 

and work-up of the mixture as in rhc carher care gave l2Smg 

(96%) of 9. m p 138” lm. m.p l. 

Thrnolysir of !.!~dibm:oy/bicycb[!.! Ijhcpro-!.S~drcnr (IO) 

A SO0 mg (I 67 mmol) sample of IO was healed around l60+ in a 

scaled lube under vacuum for 4 hr AfIer cooling. ok sealed tube 

was broken and the ckar hquld Ihaf was collccIed in the upper 

portion of the lube was removed IO ~I\C 13 mg (30%. 61% on the 
hers of rcacIcd sIarfmg marcrlal) of cyclopenIadlcnc. ldcnttkd 

through a comparison of IIS IR spcclrum and glc rerenlion rime. 

wlIh those of an authcnric sampk. 
The dark restdual mass IcfI in [he rubc was fracImnally crys- 

Iallircd from a mixlure (2 I) of pcfroleum crher and knzene IO 

RI&C 200 mg (40%) of IIK unchanged sIarGng malerial. m.p 144’ 

(m m.p.). So other producr could be IsolaIcd from rhts run. 
ln a repeal run. l9Omg (0.63mmol) of IO was healed around 

200” rn an open lube for 2 hr (‘olourlos dropleIr of cycle. 
pcntadcnc were colkcIed in ~bc cooler parts of Ihe lube. On 

conlinued karing for I2 hr. a small amoun1 (IS mg. 19%) of 

bcnzoic acid, q .p. 121’ (m. m.p.) was isolated from the cooler 

puts of rhe Iuk. Work-up of the residual brown mass m the 

reacrion Iuk dd no1 give rise IO any isolabk produc1. 

Thtnnolpir of 2,3-dibmwylbicyclo[2.2.2]ocra-25dicnr (1 I). 

A sample of II (0.4g. I.2 mmol) was healed in a seakd IU~ 

around 1w for 2 hr. The produc1 mixhuc was crysdlized from a 

mixlure (I :2) of acetone and EIOH IO gve 0.36s (9pLit-) of 23. 

m.p. ISlY (m. m.p.). 

Arrnpred rhtnnolysis of 1.2.dibenzoylbenzne (23). A sample 

of 2.3 (ISOmg. 0.52 mmol) was heated in a scakd Iuk around 

2SU’ for 6 hr. Work-up of tbc mrxrure in the usual manner and 

crysdlization of Ibc product from a mixrurc (1: I) of pcIrokum 

eIhcr and bcrucnc gave I4S mg 197%) of rhe unchanged sranmg 

marerial. m.p. 14!LSO+ (m. m.p.). 

Thennolyris of 7-oxa-2._Ldibmzoylbicyclo~2.2.I]hcpfa~!.~- 

dine (It). A soln of 12 (100 mg. 0.32 mmol) in droxan (20 ml) was 

refluxcd for 4 hr. Removal of rk solvent under vacuum ga\e a 

sohd mass which was IreaIed with waler and Ihen was exIracIcd 

with chloroform. Work-up of rhc chloroform cx~rac~ in rhc usual 

manner gave 70mg (909t) of dibcnzoylaccIylcnc. m.p 110; Im. 

m.p.1. afIer recryslnllization from cyclohexane. 
Thrmrolyru of I.4 diphenyf . 2.3 - dibtnroyl . I.4 . 

~xpoxynaphrhaknr (13). A soln of I3 (250 mg. 0.S mmol) In 

diphcnyl erhcr (20 ml) was relluxcd for I2 hr. Removal of rhc 

solyen under vacuum gave a producr mixlure whrh was 

chromarographed over silica-gel. 

Elulion of the column wilh a mixrurc (IO: I) of pcrroleum elhcr 

and knzene gave 2 mg 0%. 2.S% on the basis of rhc reackd 

srarting ma~eriall of 1.3~dipknylisoknzofuran. m.p. 130” lm. 

m.p.). 

Fur&r eluIion of [he column with a mtxturc I!- I I of 

pcrrolcum ether and knrenc gave IOOmg (#%) of the \Ianmp 

malerial. m.p. IS&ST (m. m.p.). 

SubscquenI elution with I I mixture of pcrrokum ether and 

benzene gave 60mg (4X. 71% on the basis of the rcacrcd 

slarling malerial) of 23. m.p. 149-w (m. m.p ). 

Thmnolyrir of l.3-diphenylisobmzofamn A soln of I ,I. 

diphcnylisoknzofuran 04 mg. 0.2 mmol) in dipknyleIkr (IS ml) 

was refluxcd for I8 hr.. Removal of the solven1 under vacuum 

gave a producr which was fractionally crysIalli& from a mix. 

lure (I : I) of perrokum elher and benzene IO give 42 mg (73%) of 

2.3. m.p. IreSIP (m. m.p.). 

77lmnolpir o/ 9.10-dihydm~11.12-d~hrnn.-o~/-9.10~ 

~hmoanfhmcnr (IS). A sampk of IS 000 mg. 0 J mmol) u-a\ 

thcrmolyzcd around 2@? for 2 hr in a scaled Iuk The her. 

molylcd producr was chromatographcd over alumina. EluIion 

with pctrokum erhcr gave SO mg (S8%. 83% on Ihc hasls of the 

reacted slaning mar&l) of anIhracenc. m.p. 21s’ (m. m.p.). 

Further elulion of the column with a mixlure (20: II of 

pcrrokum cIher and benzene gave 60 mg (30%) of Ihc unchanged 

sIaning malerial. m.p. !lT (m. m.p.). 

Reacrion of 9.10. dihydm - I I.12 - dibmzoyl-9.10 - rrhrnoanrh . 

ractnc virh phosphorous pnrarulphide. A mlxIure of P.IOdih!- 

dro-I l.l2dibcnzoyl-9.lO-eIhc~anIhracene (I 03 g. 2.S mmoll and 

P,S,, (I.11 g. S mmol) was rcnuxcd in o-oxyknc (SO ml) for I hr 
Removal of the solvcn1 under vacuum gave a p&us1 which u-a\ 

IreaIcd wIIh a S% NaOHaq and subscquenlly errracrcd wlIh 

CH&‘Iz. Removal of the solven1 from the CH,CI?-cx~raci gabe a 

producl which was chromaIograpbed over neuIral alumma. 

Elution with pclroleum ether gave 0.88 of a mixlurc of 

products consisring of 1 and 31. m.p. ?IS-!s(p. 

The mlxlurc consisring of 28 and 31 lO.Rg) was IreaIcd ulIh 
0.2 g (2 mmol) of makic anhydrlde in dry benzene (20 ml) and the 
soln was allowed IO sIand a1 rmrn temp. for 3 hr. Removal of Ihc 

solccn1 under reduced pressure gave a producl-mtxIurc which 

was recrysIallircd from cyclokxanc. The recrysrallvcd producr 

appeared IO k a mixlure of IWO crystalline producrs ‘I’hc 
colourkss cryslals from 1h1s mixture were hand-separated and 

were subsequently chromalographcd over alumma Elurion of rhc 
column with ptIrolcum eIkr gave 0 2g (20%) of 28. m.p. !I?- 

1R”. afler recryslallizaIlon from a mixlurc (I : 2) of pcIrokum 

erhcr and knzcne. (Found: C. 90.63; H. S.18: Mol. WI.. 3% 
(Mass spccl.). Ca# requires: C. 90.91. H. S.05; Mol U-I.. >%I 
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IR spccrrum (KBr) Y,,: 3020. 3000 and 298Ocm.’ (u, “). 1602 

and 149Ocm ’ (v~.~). UV spclrum (cyclohexarX) A_.: 25Onm 
(c. 15.050) and 312 (mo.!Xa). NMR spectrum (CDCI,): 5.656 fsm- 
glen. 2 H. bndgehcad) and 7.376 (mulripkt. I4 H. aromatic). 

Rcmovpl of the colouriess crystals of makic anhydride adduct. 
kft bchmd 0.450 (44.5%) of a crystalline malerial which 

appeared lo he a I: I mixlure of l2.l4diphenyl- 

9.1013’A’HuranoantJuacenc and 12.IMiphenyl-9.100’.4’)-thio- 
phcnoanlraccnc. m.p. 2262X?. (Found: C. 89.05; H. 5.07. 

C,H,OS requires: C. 89.1 I: H. 4.95%). IR spectrum (KBr) Y,,: 

3030.3005 and 2985 cm-’ fur..,). 1605.1580 and 1494 cm-’ fpcIc). 

UV spectrum (cycbhcxanc) A_: 250nm (c 20. 410) and 324 

(31.090). NMR spectrum (CDCI,): 5.536 (singlet. 2 H. bridgehead 
protons of thiopbenoanthraccnc). 5.636 (singlet. 2 H. bridgehead 

protons of furanoanthracene) and 7.376 (muldpkt. 36 H. aroma- 
ric). Mass spectrum: m/r 412 (100). 3% (Cl). 379 (21). 376 (51). 

335 (IO). 334 (IO). 302 (II). 292 (7). 291 06). 290 (IO). 289 (26). 287 
(7). 263 (4). I89 (9). I88 (4). I78 (7). I67 (6). 121 (48). I05 (35) and 

17 (7). 

Arknov/ed~cmnrr-The authors thank rhe Research and 
Development Organization of the Ministry of Dcfence. 

Government of India and the authorities of IIT Kanpur for 

financial support of this research. We are grateful IO Dr. K. 
h’agarajan of rhc Ciha-Geigy Research Centre. Bombay for rbt 
mass spectra. Mr. C. Sreekumar of ~tx University of Chicago for 

rhc high-resolution NMR spcc~a and Mr. G. S. Hegde. Mr. K. 
Rapgopalan and Mr. S. K. Sinha of IIT Kanpur for micro- 

analysis. 

‘For a general survey of the pcricyclic reactions of hcrerotricnc 
systems. see. K. B. Sukumaran. Ph.D. Thcs~s. I.I.T. Kanpur 

(1974). 
‘C. S. Ang.adiyavar. K. B. Sukumaran and M. V. George. 

Terrahedron L~rrers 633 (1971). 
‘K. B. Sukumaran. C S. Angadiyavar and M V. George, 

Tetmhedmn 28. 3987 (1972). 
‘For some enampks of pcntadknyl anion cyclizarions. KC. ‘R. 
B. Bates and D. A. McCombs. Terrahedmn Infers 977 (1969): 

bD. H. Hunter and S. K. Kimis. 1. Am. Chem. Ser. 91. 6202 
(1969); ‘R. Huisgen. Private communication. 

‘R. B. Woodward and R. Hoffman. 7he Conrercarion o/ Orbtial 

Symmetry. Academic Press, New York (1970). 
7. L. Gilchrist. C. 1. Harris. M. E. Peek and C. N. Rccs. 1. 
Chtm. Sot. Chem. Commun. 962 (1975). 

‘ti. Zinin. Ber. Bosch. Chim. Ges. S. II04 (1872). 

‘For some exampks of 1.2dyotropic rearrangements. sec. M. T. 
Recrr. Tetrahedmn 29. 2189 (1973). 

‘A. H. Blair. 1. 0~. Chem. IS. 669 (1950). 
“For a recent review on the chemistry of acetyknic ketones. 

see. R. L. Bol’shedvorskaya and L. 1. Vereschagm. Rurrian 

Chem. Ret. 42. 225 (1973). 
“G. Dupont ad 1. Gerrnain. C.R. Acad. Sci.. Paris 223. 743 

(1%); Chem. Abrrr. 41. 2420 (1947) 
“G. Dupont and 1. &main. Bull. Sot. Chim. Fra. 526 (1947); 

Chcm. Abrrr. 42. 545 (1948). 
“1. Saucr. H. Wiisr and A. M&n. Chem. Err. 97, 3183 (1964). 
“K Tori K. Kitahonoki. Y. Takeno. H. Tanida and T. Tsuji. 

Tirohebmn lnren 559 (1%4). 
“P. Baumgartner and G. Hupl. Bull. Sot Chim. Fra 1005 

(1954); Chem. Abrfr. 49. 12419 (1955). 

‘*P. Yates and P. Eaton 1. Am. Chem. Sot. 82.4436 (1960) 
“For a recent reference on he chclotropic decartmxylations of 

2(3 H)_oxcpinones and 2f3 H)-funnones. see W. Skorianerz and 
G. Obloff. If&. Chim. Acra 58. 1272 (1975). 

“A. Guy01 and 1. Catel. Bull. Sot. Chim. Fm 35. II24 (1906); 
Chem-Absw. I. 853 (1907). 

“A Ir Berre and R. Rarsim&Afv. Bull. Sot. Chim. Fra. 229 

(1963); Chem. Abrrr. 59. 5% ( IWi). 

“A. 1. Bowks. E. F. H. Brittun and W. 0. George. Org. ,Uars 
Sperfmm. 2.809 (1969). 

“A F. Thomas. B. Willhahn and R. Mtilkr. Ibid 2. 223 (1969). 

“Y. M. Shcikh. A. M. Duffield and C Djerassi. Ibid 4. 273 

(1970). 
UR. L. N. Harris. F. Komirsky. Jr. and C. Djerassi. 1. Am. Chem. 

Sot. 89.4765 (1967). 

uJ. H. Bowit. Awr. 1. Ckem 19. 1619fl966). 
“C. Fens&u. W. G. Dauben. ct. W. Schafler and N. D. VKI- 

meyer. 1. Am. Chem. Sot 91. II2 (1969). 
“P. Brown and C Djerassi. Anflew. Chn Internat. Fd. b. 477 

(1967). 
r’J. H. Beymn. G. R. Inter and A. E. Williams. I Phys. (‘hem. 

6.3. l&l (1959). 
“1. H. BOWK. R. Grigg and D. H. Williams, (‘hem. Commun. 403 

(1965). 
“A. Pelter. P. Stamton and M. Barber. 1. Haerocycl. Chem. 2. 

262 (l%5). 
3. Bohkr and Ch. Tamm. Tetrahedmn Letfen 3479 (1967). 
“H Mayer, 1. Mctrger and 0. Isler. He/t. Chim. Acra 54. 1367 

(1967). 
“A. Willhalm. A. F. Thomas and F. Gaulschi. Tetrahedmn 20. 

II85 (1964) 
“Q. N. Porter and G Baldas. Mass Specrmmd~ of Hetemcyrlir 

Compounds. D. 223. Wiley-lnrencicnce. New York (1971). 
yG. i. Hammbnd. P. Wy& C. D. Delbcr and N. I. Turro. 1. 

Am. Chem. Sot. 86. 2532 (1964). 
“R E LUIZ and W. R Smirhey. I 0~. Chem. I& 51 (1951). 

“R: Ei Lu~r. Org. Synrhesis (Edned by A. H. BLO. Coil. Vol. 3. 

p. 248 Wiley. New York (1955) 
“1. P. Schaefer and I.. E&es. Orx. Synrhesis 47. 31 (1967). 
?i. S. Newman. 1. Org. Chem. 26.2630 (1961). 
?5. lahiri. Ph.D. Thesis. I.I.T. Kanpur (1977). 

@E. Haack. Ber. Dsch. Chim. Ger. 62. 1781 (1929). 


