
SeVCd addition reactions of cycloheptatrieoe with 
oletutic substrates have been reported in the literature. 
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The reaction of cycloheptatriene (CHT) with tetra- 
cyauoethyleue (TCNE), for example, has been shown to 
Rive the 1: l-adduct 3.’ The reaction of CHT with 
dimethyl acetylenedicarboxylate @MAD), on the other 
hand, gave a mixture of products consisting of 4 and 5 
(Scheme I).= The formation of the I : l-adducts 3 and 4 in 
these reactions has been rational&d in terms of the 
Dick-Alder additions of the respective dieoophiles with 
the oorcaradieoe form 2, of the starting cycloheptatriene 
1. It is known that the valence isomerixatioo of 1 to #ve 
the oorcaradkoe 2 is a symmetry allowed, [Q’S + a s + 
ar*s] type of reaction’ and that the dire&on of the 
equiliirium between 1 and 2 is markedly intlueoced by 
the subs&rents (R’ and R? present in 1. lluts, it has 
been observed that when r-acceptor substitueots are 
present, the equilibrium is shifted in favour of the 
norcaradiene form 2, whereas a-donor substitueots 
stabilixe the cycloheptatriene form 1.’ Goldstein and 
Gevik? have studied the addition reactions of DMAD 
with different substituted cyc1oheptatrienes and have 
shown that steric effects play a dominant role in dictating 

the stereochemical outcome of these addition reactions. 
Apart from the Die&Alder mode of addition, an “ene- 

type” of addition reaction has also been observed in the 
case of cycloheptatrieoe. Thus, the formation of the 
adduct 5 in the reaction of 1 with DMAD has been 
assumed to arise through this pathway.* 

The object of the present investigation has been to 
examine the reaction of CHT with a dienophile like 
dibenzoylaceQ&ae @BA) with a view to studyin the 
mode of addition in this case. In addition, we were 
interested in employing this reaction for the preparation 
of a suitably substituted cis-1Jdiiomylalkeoe system 
and to examiae its photochemical -men& 
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Treatment of a mixture of CHT with DBA in re5uxing 
toluene for 20 h resulted in the formation of a mixture of 
products consisting of 6,7diinzoyl- 
tricyclo[3.2.2.~]oona48diene 6 (18%) and 3,4diben- 
zoylbicyclo[3.2.2]oona-2,6,84riene 7 (2%) (Scheme 2). 
The sbuctures of 6 aod 7 were confirmed on the basis of 
analytical results and spectral iaformatioo. 

CN 
3 



& (18%) 

& (28%) + 1 (0.3%) 

0 w.45 

g I 
/ x23 \ / \ + D’mer ‘I 

0 
H - 

2 (0.6%) 

Dimor I 

Scbemc 2. 

The IR spectrum of 6, for example. showed a carbonyl 
absorption peak at 1645cm-‘. The UV spectrum of 6 
showed an absorption at 255 nm (E, 13,500). Table 1 lists 
the UV and IR absorption data of a few 1,2dibenxoyl- 
alkene systems which are reported in the literature.~’ 
Examination of this table reveals that the l&dibenxoyl- 
alkenes are characterized by the presence of an ab 
sorption maximum in the range of 255-262 nm and that 
the spectral data of 6 are in agreement with its assigned 
structure. 

The NMR spectrum of 6 for example, showed several 
q ultiplets at 0.726 (lH), 0.886 (lH), 1.688 (2H). 4.306 
(2H). 6.276 (2H) and 7.22~3 (IOH). Of these, the multiplet 
at 0.726 has been assigned to the more shielded H. 
proton of the cycle-propane ring Such shielding effects 

of the proton endo with respect to the double bond of 6 
has been observed in analogous adducts of cyclo- 
heptatriene with different dienophiles.‘Jd The signals at 
0.886 and 1.688 have been assigned to the H,, and H, 
protons, respectively of the cyclopropane ring. The 
signals at 4.306 and 6.278 have been assigned to the 
bridgehead and olefinic protons, respectively, whereas 
the complex multiplet around 7.226 has been attributed 
to the aromatic protons. 

The mass spectrum of 6 revealed several interesting 
features. The molecular ion peak was observed at m/e 
326 (18). whereas other prominent peaks were observed 
at 325 (2). 311 (I), 270 (7). 249 (2). 235 (l), 221 (33), 204 
(2), 193 (2). 172 (2). 165 (2). 152 (l), 115 (4), 105 (RIO), 91 
(6). 77 (30) and 51 GO), which can be assigned to some of 

Table 1. UV and IR absorption characteristics of some l,Zdibenzoyl-alkcnes 

compound 
UVabsorptioos IR absorptions 

Ag.Pnm(C) vc~r cm-’ we. cm-’ Ref. 

1 
2 

cis-l&L%eazoyktbylene 
23Gbenzoylbicycl 
[2.2.l]beDta-ZJ-diene 

3 2.3-Dibenzoylbicyclo 
[Z.Z.Z]octa-Udiine 

4 7-Oxa-2$diiyl- 
bicyclo[2.2.1]bepta-2$- 
diem 

5 I ,4-Dipbenyl-ZJdibeo- 
zoyl-r.4-epoxynapbtbakne 

6 9,lWibydro-11,12,didi- 
benzoyl-9,lo&eno- 
aothtacene 

7 6,7-Diiozoylbicyc~ 
[3.2.2.dljoona~,& 
diene6 

8 3.4LxinzoyIbicyc~ 
[3.2.2@ona-2,6,8-bie~e 
7 
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the fragments shown in Scheme 3. ‘Ihe peak at m/c 325 
has been assigned to the fragment 6a, formed by the 
elimination of one hydrogen atom, whereas the peak at 
m/a 311 could be assigned to the fragment (b, formed 
through the loss of one methyl group. Similar loss of 
hydrogen atom and methyl groups have been observed in 
the mass spectra of several cycloheptatriene 
derivatives?” The peaks at m/e 248 and 220 were 
assigned to the fragments 6e and 6d respectively, arising 
through tbe fragmentation of 6a. Elimination of a phenyl 
radical from 6 could lead to the fragment 6f at m/e 249, 
which in turn can lose CO to give 6g at m/c 211. The 
fragment 6g may also be formed through an a-cleavage 
of 6, with the elimination of a benxoyl group. Another 
mode of fragmentation of 6, involves a retro-Diels-Alder 
reaction with hydrogen transfer, leading to fragments 6l1 
at m/e 235 and 6q at m/c 91. Tbe highest intensity peak 
at m/c 105 (100) has been assigned to the benxoyl frag- 
ment 6p. 

The structure of 7. likewise, has been arrived at, on the 
basis of spectral evidences and analytical data. The IB 
spectrum of 7, showed the presence of two carbonyl 
absorptions at 1680 and MOcm-‘, respectively. It has 
been observed that in most of the cis-lJdtbenr.oyl- 
alkenes that we have examined (Table 1). the u&m- 
saturated carbonyl absorptions occur around 163% 
MOcm-‘. On the basis of analogy, therefore, the band 
at 166Ocm-’ has been assigned to the a&unsaturated 
carbonyl group in 7, whereas the absorption band at 
168Ocm-’ could be assigned to the carbonyl group, 
attached to the sp3 carbon atom. 

Further confirmation of the structure of 7 was derived 
from its UV spectrum. The UV sgectnun of 7 showed an 
absorption maximum at 25Onm, whereas, it has been 
observed that cis-1,2dtbenaoylalkenes, in general, are 
characterized by the presence of an absorption maximum 
around 255-262 nm (Table 1). It might be pointed out in 
this connection that the absorption maximum in 13- 
dibenxoylethane, however, has been observed around 
244 run. 

The NMB spectrum of 7 showed a complex multipkt 
around 3.638 (2H), which may be assigned to the 
bridgehead protons II. and H,. The multiplet at 4.886 

(IHI may be assigned to the methine proton, H,, 

-co 
C6H; 

m/e77 (30) 

1 42442 

q ij 
+ 

m/e 51(20) 

attached to the carbon atom bearing the benxoyl group. 
The vinylic proton, IL appeared as a separate multiplet 
around 6.08, whereas H., Hr and H, olefinic protons 
appeared as a compkx multiplet around 6.668. The viny- 
lit proton, Hhr appeared as a doublet, each one being 
ftutber split into two separate doubkts (JH..“s = 8.5 cps 
and JWc.Hh = 2 cps). 

Further confirmation of tbe structure of 7 was derived 
from its mass spectrum. The mass spectrum of 7 showed 
a low intensity molecular ion peak at m/c 326 (11). The 
most prominent peak in the mass spectrum was observed 
at m/e 221 and this peak could be assigned to the 
fragment 7c, formed by the loss of a benxoyl group from 
7. Other peaks were observed at m/e 249 (lo), 235 (3). 
208 (3). 204 (4). 195 (4). 190 (2) 180 (2). 170 (2). 164 (2). 
157 (12). 144 (24), 130 (8). 126 (4). 116 (12). 114 (8). 105 
(83), 92 (19), 91 (33), 77 (42). 65 (lo), amI 51 (24). Some of 
the fragmentation modes are shown in Scheme 4. Eli- 
mination of a phenyl group from 7, for example, will lead 
to the formation of 7b at m/c 249. Further loss of a 
benxoyl group from 7b, %ll result in the fragment 7d, at 
m/e 144. A similar loss of one benxoyl group from 7c 
results in the formation of 7e at m/c 116. A retro-addition 
mode of fragmentation has been observed due to the 
presence of the fragment 7i at m/e 235. The peak at m/e 
92 can be assigned to the fragment 71, formed through 
the fragmentatioa of 7a. proceeding with hydrogen- 
transfer. Other peaks in the mass spectrum of 7, can 
likewise be assigned to some of the fragments shown in 
Scheme 4. 

The formation of the adducts 6 and 7 in the reaction of 
cycloheptatriene with DBA has been rationalixed in 
terms of the pathway shown in Scheme 5. In this scheme 
we assume that the adduct 6 is formed through the 
Diels-Alder reaction of the valence isomer 2, of cyclo- 
heptabiene 1. The formation of tire adduct 7, on the 
other hand, can be rationalized in terms of an initial 
“ene-reaction” between cycloheptatriene and DBA to 
give tbe intermediate 10, which essentially involves a 
[n’s + u’s + a’s] type of addition reaction. The adduct 
10, bearing a “r-acceptor” substituent wig undergo 
facile valence isomerixation to give the norcaradiene 
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derivative 11, which in turn can subsequently uodergo a 
thermally allowed,D,3] s@atropic shift to give the 

products of DBA, tentatively ideotibd as 8 (1.5%) and 9 

adduct 7 (Scheme 5). 
(0.6%) were also isolated from this reaction. Dimer I, 

When a mixture of DBA and excess of CHT was 
identiikd as & melted at W and analysed for C&&d&. 

heated anuumi 95-100” for 16 h, in the absence of any 
The IR spectrum of 8 showed an OH band at 3455 cm-’ 

solvent, a 2896 yield of 6 and 0.3% yield of 7 were 
and carbonyl absorpths at 1670, 1655 aod 163Ocm-‘, 

obtained. In addition, small yields of two dimeric 
respectively. The NMR spcchm of 8 showed a six@et 
at4.166 (IH) assigned to the OH proton and multiplets 
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around 7.466 (ISH) and 8.268 (4H), assigned to the 
aromatic protons. Further confirmation of the structure 
of 8, was derived from its mass spectrum. The mass 
spectrum of 8 showed a peak at m/e 468, assigned to the 
molecular ion peak. 

Quite recently Tsutsui et a!.” have reported the 
formation of a dimer of DBA, on heating it around 
150-2tNP in either decahn or chiorobenzene and have 
assigned the structure ‘8, for this product. They have 
rationalized the formation of 8, in terms of the pathway 
shown in Scheme 6. 

The dimer II 9, m.p. 181”, analyzed for t&H&,. The 
mass spectrum of 9 showed a molecular ion peak at m/e 
468 and was found to be quite similar to 8, as far as the 
fragmentation pattern was concerned. The exact struc- 
ture of this dimer has yet to be established. 

Photochemical transformations of 6,7_dibenroyltricyclo- 
[3.2.2.Ou]nona4,&diene 6 

The photochemicai transformation of tricy- 
clo[3.2.2.O%rona-6,8diene 14 has been reported to give 

C C 

! + s 

rise to the dihydrosemibullvalene, 15, when the ir- 
radiation is carried out in the presence of a sensitizer like 
acetone (Scheme 7)” However, in the photolysis of 
tricyclo[3.2.2.O%ona-6,8diene derivatives like 16, hav- 
ing substituents like carboxylic and ester groups, a 
[n’s + W’S] mode of addition, leading to the formation of 
the corresponding quadricyclane derivatives 19, has been 
observed. It has been shown that these quadricyclane 
derivatives are readily transformed to ring-opened 
products 29, in presence of protic solvents. It is interes- 
ting to note that in the photolysis of 16, none of the 
semibuhvalene derivative, 18 could be obtained. Also, 
products like 17, resulting from a [o’s+ W’S] type of 
addition of 16, have not been observed, inspite of the 
stereochemically favourable exoarrangement of the three 
membered ring ois-d-uis the substituted double bond 
(Scheme 7).13 

In view of our general interest in the photochemical 
transformations of cis-I&dibenzoylaIkene systems, we 
have examined the photolysis of 6,7dibenzoyl- 
tricyclo[3.2.2.01’]-nona-68-diene 6. It might be 
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mentioned in this connection that the photolysis of 
dtbenzoylethylenes has been studied by different group 
of workers, who have shown that these systems undergo 
interesting photorearrangements.‘e” Thus, Zimmerman 
et a1.‘s”6 have shown that the photolysis of diinzoyl- 
ethylene in methanol, for example, gives rise to methyl 
4-phenyl4phenoxy-3-butenoate. It has been suggested 
that this rearrangement proceeds through an initial a-n* 
excitation of the starting dibenzoylethylene, leading to 
the formation of the diradical intermediate which then 
rearranges to a ketene intermediate. Subsequent reaction 
of the ketene intermediate with methanol leads to the 
formation of the methyl ester. 

In the present studies we have observed that the 
irradiation of a benzene solution of 6 for 2.5 h resulted in 
the formation of a 33% yield of a lactone, identified as 23 
(Scheme 8). Analytical results have shown that the 

lactone ts is isomeric with the starting dibenzoylalkene 
derivative 6. The IR spectrum of 25, showed a carlxmyl 
band at 177Ocm-‘, characteristic of fl,y-unsaturated 
lactones. The UV spectrum of 25 (Fig. 1) showed several 
absorption maxima at 230 run (c, XKM), 242 run (c, 3500) 
and 26Onm (c, 25CQ. It might be pointed out here that 
the W spectrum of 25 shows remarkable similarity to 
the spectrum of 2,2,3,4-tetraphenylbut-3-enolide 26, 
formed in the thermal reanangement of cis-lfdiben- 
zoylstilbene.” 

The NMR spectrum of 25 showed the presence of two 
cyclopropyl methylene protons at 0.6M (2H,m) and two 
cyclopropyl methine protons at I.406 (2H,m), respec- 
tively. In addition, the sgcctrum showed three complex 
mu&Jets at 3.856 (2H), 5.8M (2H) and 7.256 (lOH), 
which have been assigned to the bridgehead, vinylic and 
aromatic protons, respectively. 

a$ -q qIoc6”5 
C6H5 C6H5 

25 - 24 23 

!kheabe 8. 
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The mass spectrum of 25 did not show the molecular 
ion peak at m/r 326. However, the most intense peak in 
the spectrum was observed at m/e 249 (100). Other peaks 
io the spectrum were observed at m/e 234 (I), 232 (l), 
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fragmentation modes are shown in Scheme 9. The ready 
loss of a phenyl group from the molecular ion of 25. to 
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give the stable fragment 2!!a, at m/e 249 would perhaps 
explain for the absence of the molecular ion peak in the 
spectrum of 25. The fragment 251 can lose a CO frag- 
ment to give the ion 2!% at m/e 221, whereas the loss of a 
C,H, fragment from 2% will result in the fragment 2Sf at 
m/e 209. The loss of CO1 from tso, will lead to the 
fragment 25h at m/e 205, whereas CO, loss from 25f will 
give rise to the fragment 25g at m/e f65. Other possible 
fragmen~tion modes are shown in Scheme 9. 

The formation of the lactone 2!! in the photolysis of 6 
can be rationalized in terms of the pathway shown in 
Scheme 8. In this scheme we assume that the initial step 
in the reaction is a n T+ excitation of one of the carbonyl 
groups present in 6 to give the diradical intermediate 21, 
which subsequently interacts with the second carbonyl 
group to give the cyclic intermediate 24. Rearrangement 
of 26. involving a phenyl shift will lead to the lactone 25. 
It might be pointed out here that ionic inte~ediates 
could also be involved in the transformation of 24 to 25. 

It is interesting to note that the phot~hemj~ trans- 
Formation of a cis-12dibenzoylalkene system like 6 
results in the formation of the lactone 25 and not in a 
ketene derivative, 23, arising through an alternative mode 
of rearrangement. as shown in Scheme 8. It might be 
mentioned in this connection that in the photolysis of 
di~nzoylethylene, for example, the photore~an~ment 
proceeds through this alternative pathway leading to a 
ketene intermediate.“.‘” This difference in behaviour 
between 6 and di~~oylethylene may be attributed to 
the difference in their structural features. The dibenzoyl- 
alkene 6. for example, has a rigid &geometry and in 
this case a non-pr~uctive pathway like the cis-truns 
isomerization of the alkene double bond under photo- 
chemical conditions. will be prevented, as compared to 
the case of dj~nzoylethyiene. Further work concerning 
the photochemistry of different cis-1.2-dibenzoylalkenes 
having special structural features, is currently under 
progress. 

All melting points are uncorrected and were determined on a 
Mei-Temp. melting point apparatus. The IR spectra were recorded 
on P&n-Elmer Model 521 fnfrared Suectrometer. The ekc- 
tronic spectra were recorded on a Be&man DB Spectropho- 
tometer. NMR traces were recorded on either a Var& A-60-or a 
270 MHz NMR Soectrometer. usirm te~~vls~~ as internal 
standard. Tk ma& spcctm wcn r&o&d on i Varian Mat CH7 
Mass Spectrometer at 7OeV. 

Staffing mat&&. Dibenzoylace~ieue. m.p. 110-l I* was pre- 
pared by a reported procedure.’ Cyckh~~~e~ f~d~h 
Chemical Co), b.p. I 109 was freshly distilkd before use. Sodium- 
dried benzene was used for photdysis experiments, Petroleum 
ether used was the fraction b.p. 6WW. 

Reaction of cyclaheptutlimc with dibmzoyfacetyfmc 
(A) In folumh A mixture of d~~y~tyle~ (2.3g, 

0.01 mol) and cycloheptatriene (2g. 0.02molJ was relluxed in 
toluene (SO ml) for 20 h. Removal of the solvent under vacuum 
gave a product which was cbromatageaphed over almnina. Elu- 
tion with a mixture it : 1) of petrokum ether and benzene gave 
59Omtt 118%) of 6,?-dibenzovttrie~cloI3.2.2.d”hKlnab&lie 6 
m.p. i33’, after recrystal&t& f&m a &xture (2:J) of 
uetroleum ether and benzene. (Found: C. 84.84: H. 6.08: MW 326 
iMass spectrontctry. C&l,& rcquircs: il, 84.66; H, 5.52%; MW 
326.) IR spectrum (I&) Is*-: 3285cm-’ (VCII, cycbpropyl~, 
3060, 300s and 29f&zm-’ &Xi). 164san- foc*J, 159s and 
158ocm- fvc.& 1938cm-’ (Cl&, wag8i&. UV spectrum 
(Ethanol) A,,: 25s Ml (e, 13,XKlJ. 290 &300) and 350 L5aO). 

Further elution of the coJumo with benzene gave 70 mg (2%) of 

3,4dibenzoylbicyclo(3.2.2Jnona-2,6,8-trie~ 7. m.p. 156*, after 
recrystalliition from 6 mixture 12:IJ of petrokum ether and 
benzene. (Found: C, 84.66; H, 5.83: MW 326 &lass spcc- 
trometry). C~H,& requires: C. 84.66; H. 5.52%; MW 326.) IR 
spa&urn (KBr) v,,,: 3220‘3150 and 306Ocm-” (~c_& 1680 and 
1660cm-‘(vc.o), 1600and 1585 cm-‘(Yc.C).UVSPeCfNm(e~~d) 
A nu: 2.5omn fu 20,Oal). 274 f~#) and 320 (400). 

(B) In fhr u&smc~ of uny s&at. A mixture of 4.688 
(0.02mol) of dibenxoylacetykne and excess f10ml) of cyclo- 
heptatriene was heated in a seakd tube around 95-IOU’ for I6 h. 
‘& reaction mixture was chromatographed over alumina. Elu- 
tionwith petroleum ether gave t.Bg(28%) of 6, m.p. I3P (m.m.p.), 
after recrystaJlization from a mixture (2: 1) of petroleum ether 
and benzene. 

Further eiution of the column with a mixture (20: I) of 
petroleum ether and benzene gave IS mg (0.3%) of 7, m.p. 156” 
fm.m.p.), after r~ys~l~tion from a mixture (2: I) of 
petroleum ether and benzene. 

Subsequent elution with a mixture (10: 1) of petroleum ether 
and benzene gave Mmg (0.6%) of the u~en~d Dimer 11 9, 
m.p. l81*. after recrystallization from a mixture 11: I) of chloro- 
form and petroleum ether fb.p. 60-80”). (Found: C. 81.53: H, 
4.36~ MW, 468 (Mass spectrom&~ G?H?OOI requires: C. 82.05: 
H. 4.27%: MW 468). IR soectrum tKBrt u,,: 3205. 318s and 
MdScm-’ @C--H). 1655cm” (vc&, 1638, iGO and lS9Ocm- 
fvc.cJ. UV spectrum (Methanol) A,.: 2SSnm le. 4O,CW, 288 
(18m) and 328 f12,6UO). NMR spectrum @XXX): 7.436 
fmultiplet. 16H, aromatic) and 8.338 (multiplet. 4H. aromatic). 

Mass spectrum, mle frel. intensity): 468 (IOOJ, 451 fl4J. 392 
(121,391(43), 363 i?J, 313 (8) 305 (4). 276 141.234 (3). 229 12). 105 
116). 92 (6). 91 (IO). 78 (45) and 77 (18). 

Continued elution of the column with the same solvent mixture 
gave 70mg 0.X@ of the Dimer I 8, m.p. 206’. after recrystal- 
lization from a mixture (1: I) of chloroform and petrokum ether. 
(Found: C. 81.72: H. 4.45: MW 468 (Mass spectrometry). 
C!nH& remtires: C. 82.05: H. 4.27%: MW 468). IR scectrum 
(KBr) v,,,,%: &SScm“ lvmH), jt95, 3055 and %5cm-‘i&_,$ 
1670 and 1655cm- fvc.oJ, 1630 and IS9Ocm-’ lv&. UV spec- 
trum (Mettle Amr: 254nm fc. 43,600). 2E7 f~.~J and 326 
( 14wo). 

Phofolysis of 6,7-dib~nzoylf~cyc~o~3.2.2.~‘]~na~,~di~a~ 6. 
A solution of 1 (652mg. 2mmol) in benzene l2lOml) was ir- 
radiited for 2.5 h. using a 4SOW Hanovia medium pres&re 
mercury lamp fitted with a Pyrex filter and under nitrogen at- 
mosphere. The procedure was repeated five times to photolyse a 
total amount of 3.26g 110 mmol) of 6. Removal of the solvent 
from the combined photdyzed mixture gave a residue which was 
chromatographed over &~-gel. Elution of the column with a 
mixture f19:l) of petroleum ether and benzene gave 48Omg 
(33%) of white crystals of the iactone, 25. m.p. JzSq after 
rec~s~~~~n from a mixture (8: 1) of petroleum ether and 
benzene. Found: C. 85.10: H. 5.41. CgH& reauires: C. 84.66: 
H. S.S2%f. IR spectrum (KBr) u,.: 304S, 2980,‘2970,29OS and 
288ocm-’ k.~). I77Ocm”’ Iv,-~IJ and 104ocm“ tvpu.. waa- 

... j l  

ging!. UV spectrum (Ethanol) Am,“: 230nm (e. 5000). 242 13%) 
and 260 C500~. Further elution of the column with benzene gave 
1.8g (53%) of the starting material 6. m.p. 133* (mixture m.p.), 
after ~~s~li~t~n from a mixture (3: I) of petroleum ether 
and benzene. 

Ac~o~~g~s-~ authors are grateful to Dr. K. Nagara- 
jan of the CIBACEIGY Research Centre for the mass spectra 
and Mr. G. S. Hegde, Mr. S. K. Sinba and Mr. K. ~~~~ of 
IIT Kanpur for microanalysis. One of the authors IVDJ thanks 
the CSIR (India) for the award of a Senior Research Fellow&ii, 
while another (SL) thanks the author& of IIT Kanpur for the 
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