
PERACID OXIDATION AND PHOTOOXYGENATION 
REACTIONS OF SILACYCLOPENTADIENES 

Y. P. MAHAJAK. R. RAI..~SUBW.~MAF~AN and X4. V. Cif;o~(~i? 

Dcpartmcnl of Chcmiwy. Indian InsIIIuIc of ‘I’cchnolog), Kanpur-?OIU)I6. lndw 

Abscnrl-l-Mc1hyl-l.!.3.4,~~pen1aphen~I~l-c~~yclopen1adicn on trcatmcnl ul1h pcrbcnzoic acid afforded a 
mrxlurc of product\ conwImp of 1e1raphcn~lluran. L rs~d~bcn~o!lsrdknc. (.I%-d!knzo)I~~dbcnc cpoxlde. 2.5. 

dihydro-!.3,4.!~~e~raphenylluran. I.!.!-1riphen}l-l.3-prupanedione. I-merh~lphenylhydrox)cllyl-l~3,4~1e1r~phcn~l. 
I.3~buladiene and cis. ci3 ~l.!.3.~~1e1raphcnyl_1,3_bufadlene. Srmdarl). hcxaphcnylsilac~clopenladiene rcac1cd with 
pcrbcnzorc acid 10 give a mixture comprisiq rcrraphcnylfuran and rcs~dit~nroyls1tlknc. Photooxygenatmn of l- 
mcIhyl~l-vinyl~!.3.4.5-Ictnphen~l-1-~ibc)-clopentadune has been found IO grve a nuxture of poducrs Including 
~16 dibcnroylstilbcnc. frons-dt~nro~lrtilhenc and isodidcsyl. Potribk mcchanisuc paIhways for Ihex reac1)ons 
have been suggesled. 

Silacyclopcntencs are known IO undergo cpoxidation. on 

treatmen with pcracids. Thus. I.1 - dimethyl I - 
silacyclopent 3 enc.’ ’ 1.1.3 1rimcthyl - I 
silacyclopent - 3 - cne’ and I.1 - dimcthyl - 2.5 - diphenvl 

I - silacyclopcnt - ! - cnc’ on trcatmenl uith pcracida give 
the corrcspondmg epoxidcs which are further Irans- 

formed 10 various products. However. I.!- 
disilacyclopcntenes’ and I .2-disIlacyclohcxadienes” are 

reported to undergo oxygen insertion reactions leading 10 

cychc siloxencs. on treatment with peracids. 

During the course of our investigations on silacyclopcn- 
1adicnes. we have examined 1hc reaction of pcrbenroic 
acid with some representative silacyclopcntadicnes with a 
view to situdying the nature of 1hc products formed in 

these casts. Thus, treatment of I methyl 1.2.3.4.5 - 
pcntaphenyl - I - silacyclopcntadicnc 11) wi1h per- 
bcnzoic acid in chloroform. for cxamplc. gave a 
mixture of products consisting of 1ctraphcnylfuran (7. 
16%). 2.5 - dihydro - !,3.4..( IClraphenylfUKin 110. 5%). I 
mcthylphcnyl - hydroxysilyl - 1.2.3.4 - lctraphcnyl - I.3 - 
butadicnc (II, 14%). ris. c-is . 1.2.3.4 - Iclraphcnyi - I,3 - 
butadiene 112. 4%). c-is-dibcnzoyls1ilbcnc 113. 15%). 
cis -dibenzoylstilbenc epoxide (16. 7%) and 1.2.3 - 
triphenyl I .3 - propancdione (20, 5’7r) (Scheme Il. The 
identiries of these compounds have been cstahlished on 
the basis of spectral evidences and also hy comparison 
with aurhcnlic samples. 

The s1ruc1ure of IO has been assigned as 2.5 - dihydro - 
2.3.4.5 tetraphcnylfuran on the basis of analyrical data 
and spcctrdl evidences. ‘The NMR spectrum of 10, for 

example. shows a singlet at 3.988 (?Hl and a multiple1 

ccntcred around 7.4% (2OH). suggesting a symmetrIcal 
structure for IO. Furrhcr confirmalion of 1hc struc1urc of 
IO is derived through its mass spectrum which shows 1hc 

molecular ion peak at m/u 374 (100%). 
Other peaks appear a1 m/o 297 1I5l. 2% 19). 2X3 (17). 

26Y (33). 26X (IY). 267 (Ill. I92 (IO. IYI (71). 17X 124) and 
IO5 (30) which could bc assigned IO some of the fragments 
shown in Scheme 2. 

Compound 20, has been idcntiticd as 1.2.3 - triphcnyl - 
I .3 - propancdionc on the basis of spectral data. ‘The m.p.. 
IH and clecIronic spectral characteristics of 20. are in 
agreement with those of an au1hcntic sample prepared by 
a reported procedure.‘ Further conlirmatron of the 
structure of 20. has been derived 1hrough its mass 

spectrum which shows the molecular ion peak at m Ie 300 

(WZ). Other peaks arc observed at m/e 299 130). 283 (5). 
!RI (5). 223 (25). I95 (16). I94 114). 17X 160). I67 151). I66 

(27). I65 (100). IS2 15l), 149 146) and IO5 (90) which could 
be assigned to some of the fragments shown in Scheme 3. 

The structure of II has been assigned as I - 
methylphcnylhydroxyrilyl - 1.2.3.4 - tetraphenyl . I.3 . 
bu1adIene on the basis of analytical data and SpCCtfd 

evidences. The h’MH spcclrum of II. for example, shows 

singlets at 0.626 (3H. SiCH,l and 2.406 (IH, SiOH 
exchanging with D:Ol and multiple1 centered around 7.256 

(XH. phenyll. The mass spectrum of II shows the 

molecular ion peak a1 m/e 494 (15%). 

The formation of compounds like 7. 10. Il. 12. 13. 16 
and 20 in the reaction of I - methyl . 1.2.3.4.5 - 
pcntaphenyl - I - silacyclopentadiene (I) with pcrbenzoic, 

acid could bc rationahzcd in terms of the mechanistic 
pa1hways shown in Scheme I. In this scheme, WC presume 
that the starting silacyclopentadiene. I is initially con- 

verted to its dicpoxide. 3 which is then transformed IO I,! 
- dibcnzoyl - I.2 - diphcnylcthanc ( 6). Acid-catalyzed 
cycliration of 6 uould then lead to Ietraphenylfuran (7). 

Peroxidation of 7 could give rise IO products like 
cis-dibcnzoyls1ilbcne (13). 1he ester. 19 and cis- 

dmcnzoylstilbenc epoxidc (16) as shown in Scheme I. The 
formarion of 1.2.3 - triphenyl - 1.3 - propanedionc (20) 

could be through the hydrolysis of the cnol benzoatc. 19. 
It migh1 bc mentioned in this connection tha1 pcracid 
oxidation of lclraphenylfuran (7) has been studied by 
Iutz er al.’ and I.ahIri and Ccorgc’ IO give a mixture of 

producrs consisting of 13. 16 and I9 under different 
conditions. II has no1 been possible IO isolate any of rhc 

dikctonc 20 from these rcac1ions. However. Wasserman 

and l.ibcrlcs’O report the formalion of a small amoun1 of 

L@. in an analogous reaction. namely the photooxygena- 

tion of 2.3,4,5-tctraphcnylpyrrole. 
Similarly. the formation of 2.5 - dihydro - 2.3.4.5 - 

tctraphenylfuran (IO). I - mc1hylphcnylhydroxysilyl 
1.2.3.4 - 1ctraphcnyl I.3 . butadiene Ill) and c-is. cis 
1.2.3.4 - tctraphcnyl . I.3 buladiene (12) could bc 
explained In terms of the acid-catalyzed cleavage 
reactions of 1hc startmg silacyclopcntadienc. I, as shown 
in Scheme I. 

In continuation of our studies. we have examined the 
reaction of pcrbenzoic acid with hcxaphcnylsilacyclopen- 



tadiene (21) which gave rise to a mixture of tetraphenylfu- 

ran (7) and ckdibenzoylstilbene (13) (Scheme I). No 
other characterizable products could be obtained from 
this run. The structures of 7 and 13 have been elucidated 
on the basis of spectral evidences and by comparison with 

authentic samples of these compounds. 
In order to ascertain as to whether cis, cis - 1.2.3.4 - 

tetraphenyl - I.3 - butadiene (12) is formed initially in 

these peracid oxidation reactions of silacyclopentadienes 
which might then lead to oxygenated products, the 

perbenzoic acid oxidation of 12 itself was carried OUI, 
under analogous experimental conditions. It is interesting 

to note that none of the products, 7, 10. 13. 16 or 26 could 

be obtained from this reaction suggesting thereby that I2 
is not the precursor for any of these oxidation products 
(Scheme 1). 

We have investigated the photooxygenation reaction of 
a representative silacyclopentadiene with a view to 
finding out whether any of the products obtained from the 

peracid oxidation of silacyclopentadienes (Scheme 1) are 
formed under these conditions. Thus, the irradiation of I . 
methyl - I - vinyl . 2,3,4,5 - tetraphenyl - I - 
silacyclopentadiene (22) in cyclohexane for 4 hr under a 
stream of air, gave a mixture of products consisting of 

isodidesyl (6). cis -dibenzoylstilbene (13) and frons 

dibenzoylstilbene (23) (Scheme 4). It may be pointed out 
in this connection that the same compounds. 6, 13 and 23 
also were obtained by the photooxygenation of 1.1 - 
dimethyl - ?,3,4.! - tetraphenyl - I - silacyclopentadiene.” 

EXPF..ENlAL 

AU m.ps are uncorrected. The IR spectra were recorded on a 
Perkrn Elmer Model 521 Infrared Sptctrometcr and electronic 
spectra on a R&man DE Spcctrophotomcter. NMR traces were 
recorded either on a Vatian TH) or a HA-100 NMR Spectrometer 
using TMS as the internal standard. The mass spccrra were 
recorded on a CRC 21-I 101) Mass Spectrometer. 

Sfor?in~ marenab. 1 Methyl . 1.2.3.4.5 - pentaphcnyl I - 
silacyckrpcntadienc.“’ m.p. 173-174” (74%). I . methyl . I . vinyl . 
23.45 - fctraphenyl - I - srlacyclopentadienc.‘: m.p. 172-173” 
(55%). hexapbcnylsilacyclopentimne.” m.p. VXLl91” (65%) and 
pcrbrnzoic acid” were prepared by repoflcd procedures. 

Reucrion of I methyl I.2.3.4,5 ptnraphrnyl I - 
silacyclopmradbnr 

(I) Wirh ptrbenzoic acd A nuxture of I (I.43 9: 3 mmol) and 
pcrbenzoic acid (0.62 g; 45 mmol) in 50 ml chloroform was kept at 
room tcmp for 24 hr. The mixture was washed with NaHCO,aq to 
remove the benzoic acid and the chbroform cx~ract was dried 

H,C, C-H. 

13 10(5%) 6 

Scheme I 
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over Na$O,. Removal of 1he solvcn~ under vacuum gave a 
product mrx1ure whrch was chromarographcd over a sdica gel 
column. Flulion wr1h pclroleum c1her (b.p. Eax(p) @NC 0.170 
(16%) of 7. m.p. 173-174’ after recryslalliza1ion from petroleum 

erhcr. There was no depression in 1hc m.p of 7 when mlxed wi1h 

an au1hcntrc sampk.” Also. the IR spccrrum of 7 was 
suprimposabk with 1ha1 of an aulhcnric sample.’ 

colorless c~stallinc solid. m.p. 14%14V and charac1crizcd as 20. 
(III - m.p. l4Q). IR spectrum (KEr) Y,.: 3084. 1688. 1664. 1590. 
1572. l4W. 140. 1351. 1323. 1307. 128l. 1257. 1213. 1203. 1161. 
993. !%I& u?!. 874. MO. Ill& 762.746 and 732 cm ‘. LV smlrum 

(cyclohcxanc) A,.: _ ‘46 fe. 33.300). X6 (sh) (!.5W). 334 (2.800) and 
355 (2.7cQ. 

Further clurion of the column wi1h pclroleum ether fb.p 6&W’) 
gave 0.03g (4%) of ci~. CIS 12. m.p. lU?-183’ (m.m.p.L” 

Elusion of the column wr1h a mixlure (19: 1) of pc1roleum erhcr 
and benzene gave 0 071 (7%;) of a producl m.p 172-173’ and 
ldcnlihcd as CIT 16 W.‘” m p. 172-173”) (Found. C. 83.66; H. 5.51. 
CJ(,O, rcqurrcs: (‘. 83.17: H. 4.95%). IR spccrrum (KBr) Y,.: 
3061. 30%. 1676. I%%. 1569. 1479. 1442. IQ?!. 1305. 1245. 1175. 
1110. 105s and Y95cm ‘. 

Further elution of 1hc column wr1h a mix1urc (4: I I of petroleum 
ether tb.p. @no”) and benzene gave 0.056 (<Q) of a colorless 
crystalline uArd. m.p I&-6147. which has been lenlalrvely 
tden1ifA as 10 (Found: C. 89.67; H. 5.18. C,.H,,O requires: C. 
119.82: H. 5 88%). IR spcclrum (KRr) o,.: 1635. 1%. 1569. 1479. 
1443. 1437. 1315. 1271. 1210. 1169. ICnl. 1050. 1013.WW. ?6! and 
74Scm ‘. 0’ spectrum tcyclohcxanc) A,.: !4Onm (r. IVOO). 
253 (16.400). 270 (sh) (11.700) and 346 (150). h’51R spcclrum 
(CIK‘I,) 3.W (s. !H) and i.456 tm. ?OH). 

Conrinued clurion of rhe column wi1h a mixture (IO: I) of Subscqucnl elu1ion of lhc cdumn ui1h a mixlure (7:3) of 
pclrokum elhcr (b.p. W-83’) and benzene gave 0.04g (5%) of a pcrrokum ether (b.p. 6&8U’) ami bcrucnc [rave a sold which was 
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rccrystallr?ed from a mrxtwe II: I) of pcrroleum ether (b.p. 
6&x0”) and bcnrcnc IO gve 0.2 p (144) of a colorIts\ solid 

characrcn2cd as II. m.p. l%lW (Found: c‘. 84.X8; H. UO: Mol. 
UI.. 4% (Mass spccrromerr)-l C,,H,OSI rcquucs: C. 85.02: H. 
6.079: Mol.ul. 494). IR spectrum (KBrl Y,.. 3678. 3016. .W!l. 

lvl!. lCM,l485. 147!.l43c, 1417. IX I loo. IOU. 101~.9.W. 912. 
V! 811 and -2’ cm ’ - * lJV \pcctrum ~cyclohcxanc) A,.: 232 nm 
tsh) (6. ?.(oo). 267 (1.7001. X- (l.?OO) and 312 lsh) (1.100). NMR 
spccrrum t(‘lX’l,) 0.6!6 (s. 3H. SI-CH.). ! 4Ob I\. III. Si-OH) 

and 7.256 (m. XH. phcn!I and vmyl protons) 
Sutnequcnr clurwn of the column wth a mixture (3: !l of 

petroleum ether tb.p. Eu-x0’) and bcnrcne gave 0. Ihg ( 15%) of us 
13. m.p. !I6 ?I” 1m.m.p.). Ihc IR spectrum of 13 *a\ 
supcnmpo~hk utrh that of an aurhcntrc \;rmple.” 

Kcac-rton II/ hrxaphm~lsrlac~c-lopmfudiene (21) r-rrh perherwrc 
ac-Id 

A wln of 21 (I 25 g; ? 5 mmol) In chloroform uas mixed ullh 
pcrhcnlo+c acid lO.h9g, .(mmol) m Sl)ml chloroform and ua* 
allowed lo stand al room tcmp for 24 hr. Ihe mrxrure was ua\hcd 

uirh NaIICO,aq IO rcmow the bcrvorc acid formed and then uith 
cold ualcr IO remove any alkalr. ‘The orgaruc la)cr was cxrracrcd 
wlh chltwoform and drtcd oscr Sa,SO. Rcmosal of the solvent 
under vacuum gasc a prwlucr mixture which was chromatog 
raphcd oscr a s111ca gel column. Elurion of the column utrh 
pcrroleum crhcr (b.p. 6oMV) gave 0.13 g rlX%~ of 7. m p IiJ-174i 
Im.m.p ).” 

Further clurron of the column uith a mixture (9: I) of petroleum 
crher (hp. 00 w):) and bcrvcnc gave 0 19g of an unrdenrdicd 
producl m.p. Zl9-3T (I-ound. C’. 84 JO: H. CM. Mol. U-I.. 4M 
(Mass spccrromerr) I C’..H,.OSI requtrcs. (‘. x4.98. Il. 5 58%; 
Mol. ~1.. 466) IR spectrum (KBr) v,.. u)C?. 3032. Ib94. 1584, 
I.wL 14%. I4’X. 1436. IJ!!. 134. 1194, 1164. 113x. IIX. 1076. 
IW. lO!O. 101~. 974.9!0. 9@8. w. I%%. ?h. %n. 3. 764. ?%. 
748. 740. Yl and Xilcm . . I:V spectrum (cyclohcxanc) A,.: 
233 nm (f. MO). 251 t3.3OOl. 330 (190) and 339 (1.50). NW 
spectrum (CIK’I,l I.9&5 (5. 1111 and 7..?Ocob (m. X)H). 

Further clul~on of the column uirh a mixrurc (5 : I) of pcrrokum 
ether (hp. MLW) and bcntcnc gave 0.1 g (I 1% I of c-is 13. m p 
:I:-218’ Im m.p 1 r 

Rcac-rron 111 ciws I.!.!.4 rtrraphm.vl I.3 hufudtmt (121 ~rrh 
pufwxoic acid 

To a soln of I2 (O.hcp: l.Xmmol) m !Oml chloroform 
pcrbcnzolc acrd (0.18 g; _ ’ 7 mrnol) was added and the mlxrure uas 
kept al room rcmp for 24 hr. Work.up of the mixture as in ~hc 
earlier cz~scs and chromatography of the mrxrurc garc 0 62 g (%7 I 
of a product m.p. 161 Ih ,Y and iwmcric uirh the starting 
~cfraphcn~lburadlcnc (Fwnd C. 94oI. H. 5.90: Mol. wt. 3ctI 

(Mars spcclromclry) C,.H,, requires. C. 93.90. H. h.lW&; Mol. 
ul . 3%). IK spectrum (KHr) I’,.: .3O.clI. .Wh. ICX?. 1481. 145’. 
143:. 1061. IOl~.9WY.YlX.~~.~~.76!.7~.7!6andh90cm ‘_ LV 

spccrrum ~cylohcxancl A,..: !lI nm It. l.WOL 3Of1~1.(00). 320 
(I.600) and 332 (l.?OW h’hfK \pccrrum ((‘WI.): h.656 (m. !1H. 
phcn>l and sm!l prororw 

lnadiarion o/ I mrrhyl I cin!l 3.43 rrrraphtn!/ I . 
silac~clopmraditnr 22 

A soln of 22 lI.Ilg; 4.25 mmol) In c!clohcxanc was phololjsed 

using a 4.50 W-Hanovia medium-pressure mcrcur) lamp for 4 hr. 
Removal of the solvent under vacuum gave a residue uhich uas 

chromatographcd over neutral alumma. Eluuon wth a mixture 
(19: I) of pcrrolcum ether (b.p. 6&W) and bcnzcnc ga\c 0.1 g 
(69) of a compound, m.p. !?9-?W and characrcrizcd a\ rranr 23. 
There was no depressron in the m p of 23. ahcn mired uirh an 
authentic sample.” Also. the IR spectrum of 23 uas supcrimpow. 

bk u-rrh that of an aulhenric umplc 
(‘onrinucd clurron of rhc column ulrh the same mtxturc of 

solwnt\ yIelded 0. I? g (79) of a colorless solid IdcnWicd as 6. 
m.p. 159 (III.” m.p. lt&l61’). 

Further clutmn of 0s~ column ulrh a mlxturc (9: I) of petroleum 
clhcr rh p Ml and bcnrcnc gave 0 5 g (33%) of rir 13. m.p. 
:I(-!lh’ 1m.m.p.) It Subscqucnt clulron of the column with 
solvents of hlghcr polarity did no1 give any rdenlrfiabk products. 

Arkno~kdarmtnrs--We thank rhc Rcscarch and Ikwlopmcnr 
Organirjrrion of the Ministry of Ikfencc. Ciovcmmcnr of Indra for 

financial support of rhis rcuarch. The help rendered by Mr. K. 
Raypopalan In mwoanalyses IS gratefully acknoulcdgcd. One of 
us (R.B.) thanks rhc authorities of the Indran Instirurc of 

l’echnulogy. Kanpur for the award of a Scmor Research 
Assistanrshrp. 

‘G Manuel. P. Mazcrolks and 1. C. Florence. C.N. .4cad Sri. 
Srr.. <‘. 269. 1553 flW91; Chcm. Ahrrr. 72. 79151 (1970). 

‘G. Manuel, P. M(iYcrolles and 1. C plorcncc. 1. Organomrfal 

Chum 30. .( (1971) 
‘T Araki. I). Tcrunama and I. Fuse. Rull. Chum. Sot-. lap. 45.293 

(1972l. 

7 I Barton and R J. Kopldo. 1. 0~. (‘hem. 0. 582 (1975). 
‘F P Tsul and S. Zen. 1. O~anomcral. Chum. 70. (‘3 (1974). 

“Y. Kak&ura and H. Sakurar. Ibrd. 47. 01 (1973). 

‘J. ‘I’. Adams and C. R. Hauxr. 1. Am Chrm. Sot 66. I!!0 (1944). 
‘K. I: 1.u~. u’ I. W&read. Jr , W G Bars and J I. Dale. I Org 

Chrm 27. III1 (19621. 
‘S. I.rhur and hl. V. George. unpublished results. 
‘“Il. H. Wasserman and A. l.lbcrlcs. I .4m. (‘hem SK. 82. 2086 

11960) 

‘T. SaIo. 1. Monlaru and M. Marsuyama. ‘I’rrrahrdmn Ixrrus 

5113 (1969). 
“It. Masubramanran and ht. V. Gcorgc. 7trrahrdron 29, 2395 

(197~1 

“II. Gilman. S C;. (‘OIIIS and W H .Arucll. 1. .4m. Chrm. Sor 86 
5cR4 IICWL 

“A I. Vogel. Pracrual O~antr C’hrmurn. p t?Qfl. E1.B Serrcs. 
Longman. lundon (19?1). 

“K. E. 1.u~. C R Haucr. R. G I.utr and 1. S. Gillesprc. I 0~ 
(‘hrm. 26. 218 119551. 

‘“H. H Freedman. /bid. 27. !?yx (I%!) 

“I) R. Bcrgcr and R. K. Summcrbcll. J Org. Chtm. 24. IRXI 
(19S91 


