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The chemistry of terpenocids mbounds in faseinating moleoular
rearrangements, which may be z«a:ecﬂm'plish.e& with ‘relativély gimple
rengents . Besides demonstrating the combined role of steric md
electronic factors in the study of reaction mechanism in general,
the vagt mrmy of the resyrengemsnt rezotion has helped in
ascertaining structures, sterecchemistry snd biogenetic pathway
‘of formation of tho terpenoids. The oxidative transformation,
which are effected photoochemically and by oxidents like mercuric
\aeetate, lead te‘b‘ra#acetiate, élﬁrami;z acid, Eﬁbr;)mbsuécinimide,
urgania peracid, twdrogen peroxide e'bc. hava bean extensively
sﬁudiedi 1‘?‘. Ox:i.dation of tritemenaide by hyarogen perax:me with

1. J.M.Allison, W.'&awrie, Je Mclean and G.R.i‘avlar, J.Ghem sS0c.
| 3353 (1961). ,g;g J.Ghem.S0e. 5224 (1961)
2.' CoBe Ghnpm and (the late) D. M.Whiteg eﬁrghe»ﬁmn, 22,
897 (19686)
3+ H.N.Khastgir and 8.0, Boses Ie E.uett. i, 39 (1968)
4.,' Selle Ease and H.N.Khagtglr, -J.Inﬂ‘.i}he .boa-., 4:6,, 860- (1969)
5.»»‘. G.V.Baddeley, dedeHedimen and T G.Watsan, etr@eﬂr Oy
26 (15), 3795 (1970) _
6. *.P.ﬁdhikary, Uelawrie and J;E-;Iaelean, ﬂhem.sceg'cl, 1030(1970)
Te L.Ruziem and He.Rey, Hel .bhgﬂg&ota., 25, 171 (1942)
8, To,ReROw, C.S.Rab and T.S.Remalah, Ind.J.Chem., 8 16 (1968)

9. I.Ag(lt&, L.Jocﬂr@y, AOG‘OHDrtmam' de Klﬂiﬂ’ So.?r@ﬂkﬁw and
JdedUraprung, J.Grg.ﬂhem. » *S_Q, 1698 (1965)
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gselenium dioxide as catalysbt are scanty. The reagents have, howeverxr,
been used in the oxidation of acroleinlé

alkanonealé, and steroidal ketonesla’ls. In view of the fact that

y ¢yclo and bicyclo

the succeeding chapter deals with oxidation of some triterpenoids
ﬁy nydrogen peroxide in presence of selenium dioxidey it is
partinent to present in this chapter a brief account of different
oxidative transformation reactions with seleniun dioxide, hydrogen

peroxide and a mixture of selenium dioxide and hydrogen peroxide.

" Belective Oxldations with Seleninm Dioxide

’ Selenium diaziﬁe has been ln use gince Rilay g pioneering
worﬁl7 1n which he reported converazoa of a monocarbanyl compound
having an adaacent methylene unit o an O -dicarbonyl compound.
The wransformbion of n ketone or an aldehyde 0 an (K ~dione,

allylic oxidation and the conversion of a monoketone or a

104 T. Memzobti, ©.Orsalest and V.Bellavita, W,
20(3), 244 (1971) " ’
1P. M. Pukuocka and S.Natori, Chems Pharms Ball., 20(6), 974(1972)
12, B;W-Finucans and J.B;'Ahomson, J«ChemeSocs (Perkin 1), 1866(1972)
13. W .S.bur'bls and. ﬁ?.H.Roy, de g.ehem., 28, 746 (1957)
14, T.5tall and Jucker, Helv.cnim. Acta. 36, 268 (1953)
15, B. Caspi and S.N.Balasubrahmanyam, Zet. Leth. 745 (1963)
16, B Caspi, Y. bhimizu and SeN. Balasubrahmanyam, Tetraghedron,
20, 127 (1964)
17.‘H.L.Rilay, J.F.Moflay and N.A.G. ?rienﬂ, .Chém.Soe..
1932, 1875. ‘



[

L™ L

Loy dike‘i;one $0 an o(,(3 -unsaturated ketone or {0 an ene~dione
are the major areas in which the rengent has found rather wide

application.
Pormation of O ~dione J
. Both ketonce and aldehydes wonld react with selenium -

dloxide to give reasonable yiélds of products as chown below..

CHzCOOH; -~ agoocio . ( 60%)

CHz CH, (Lo CHO > CHgOHgCOCHO .  (45%)
C g1.COGH, L
50— + GgigGOCHD (327%)
U gH5 CHp OHO — | | ,

Bxcellent yields can be obtained if %he zebone being oxidised
‘contains gtructural features which prevert sgide or ¢ompeting
reactions from oceurring: Thus, A-—ndr allobetulone-3 zni A-nor-

4, 4=dimethyl cholest-5-ene=3-one both of which have the monoketone
‘unity partisl structure 1, are oxidised to the diketone 2 in

8
87% and 92% yielﬁl "

38, Re Hanna end G Onviseon, Bylls Soca Chime Frs,
1945 (1961) |
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- The moet critical sbudy of the reaction was made by Corey
and Schaefer'?, who studled the oxidetion of demoxybenzoin in
70% acetic acid at Sg;ﬁas'ﬁhey found the raaction $0 be second
orders £irst order in kebone and firvst ovder in selenlum (IV)
reagenﬁ’anﬂ‘ta'be“céﬁulyzeﬂ by added strong acide Various pe
substituted desoxybenzoing with substituents in the benzyl or
benzoyl meiety‘wére gtudied. Eia&ﬁron supplying éubstituenms in
the benzopl increased the rate of readtion (0 = -0.56) waile the
effects in beuzyl group was to decrease the reaﬁtian‘rats-([bg
+0425). This is what one would expect in acid eataiyse&;enelizas
~tion procesge o . - ‘ | ’
Phe roaction ezhibitea an isotope effecti kH/KD for
‘dideutorio desoxybenzoin wos 640 and for the oxalic acid catalyzed

reaction it was 5.:8. Past reversible enolisation; followed by slow

-

19« Liada Coray aﬁa d <P, Séhéefer,‘J¢Amsﬁhem.SQc;§ 82y 918 (1960)



- reaction of the enol with oxidant should have exwhahged out the
deuterium prior to-reaétian and kH/kD = 1. | '
The mechanism propoged by the suthors involves attack of
an electrophile, HSeOE‘ or Hgseﬁg and the nucleophile, Hgl,

3y in a alow step to give an end sclenite ester,

-

on ﬂesoxybenzoing
4. The latter rearrenges in a series of fast steps to an & -

selenite (II) kebo-ester 5 and finally to benzil & (Scheme=I),

’So'geme-'-_l
i s
O o) trsed +1p ——
| | ' — | A @E—SG
C)e=en—) Tt
. | 4 5
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Aldylic oxidation
o 2023

Afser several publications on the oxidation of olefins
Guillemonat collected his obo erva,#ions in one reportgé. He found
that the course of gelenium dioxide oxidation of alkenes could
be predicted .i’rom the following ruless

(1) The oxidations always occurred to al};ha. 40 the most
substituted end of tho double boad.

(i1) When the double bond was in a ring, whenever poseible,
oxidation occufr@d within the ring.

(1i1) The order of preference for oxfidation was CHy) CHz)
CH. '

‘ (iv) When the double bond was terminated mthef than the
expocited secondary alcohoi or the-deﬁvative thersof, the primaxy

alcohol was formed with the migration of the double bond.

20. Ae Guillemonat, Uomphe Rendes 200, 1416 (1935)

21, As Guillemonat, ibid 201, 204 (1935)
22, Ao Guillemonat, ibid 208, 67 (19587)
23, he Guillemonat, ibid 206, 1126 (1938)

24, Ao Guillemonat, Ann. Chim. 11, 143 (1939)
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Though the inadeguacy of Guillemonst's prépéisal has been
shawngs*g?; the generalization is still valid with veaspeet toO
site of atbtack in many cases. o

Another early sug;géstion put .i‘orward by waters without
any experimental support was that i;he reacticn involvea neutral
radical apeciesga.« achaeﬁer, H@Wath and ~K161ﬁ29 had shmm 'i:hs:h
the reaction was unatfected by inhibitors and, there_foreg eoula
not be radical chain. That no free radical was generated in the
syshem had been pointed eﬁt by Tmcm;enbergl et alse' a8 the gystem

was incapable of initisting polymerisation of acrylonitrile under
conditions of temperature aud concentration, where acrylonitrile
is rapidly polymerised if a scurce of free radical is present.

Wibergm asﬁabli:aheﬂ that selenoxides, 7, rather than
selenides as had earlier been proposed by Gunillemonat was involved .

in the oxidation of cyclohexene in acetic neid = moetic enhydride

25+ Belslrachtenberg in "Okidation® Vols 1 ReL.Auguétine, Bde,
Harcel Delkar, New York, N«<. 1969, pp 119-187."

26, R+ Rabjon, Org. Reaction, 5, 331 (1949)

R7. GeReWatking and G .Clark, Chem. Rev, 38, 235 (1945)

28. Vi.dsdlaters; Jelhem.Soc., 1805 (1939)

29, d.PeSchaefer, Belorvath and H.P.Klein,

38y 2647 (1968)

50.‘ BeTe Irachbenberg, C.H.lclson and J.R«Carver, J.Qrg.chem.
35, Hos 5y 1663 (19270)

31, WeB.Wiberg and S-Doﬁlalsan, Je0rg.Chome, 29, 3553 (1964)
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reactions Schaefer et alggg however, showed that the analmmé;
compound, 8, i'.salajl;e& from the oxidation of 1,3 diphenyl propeney
9y Qecomposes 10 1,3 diphenylszwpszopem—lfol acetabte; 10, at too
slow s rate to account for the main course of oxldghion. The main
pathway muet involve solvolysis on an allylic selenlite ester,
although the stﬁuctm’e of the latter has not been rigorously
establisheds

Qah—cH——CH ) Se0 -
(g/-\c | 2
8
P C@H 5 \/OQLO\J o qseon
) CH_{\H Ph—CH=CH-CH-Ph +ROH
2
. © CH<COOH
ST P CH—CH-CH-Ph  — s

®13

'_Ph CH—C H =CH—Ph

CBAC

10
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3ince the selenium (II) ester formed, 12, was benzylic, the pre-~
ference for ionisation (Sﬁl) rather than S8} attack as found by
Wiberg and Niclsen was passih1e32 Sohaefer et al°® pointed out
that the intermediate which containg & G - Se bond is very likely
8 stable compound as are alkyl selenic asi@@-_@hgé, ?he'iﬂﬁérme-
diate as well as Selenium (;I} egter type int?nmediate, whiéh
contains on O=Se bgnﬁ will not p:obably qnﬁerga solva&ysisﬁ
In order to explain the aterfechcmieél results obéained by

oxidation of a number of cyclahexenyl system, @r&chxenberg et alﬁé
proposed the following mschanism;ag:sgown‘in,bchems-lll with

B (+)~1~p~manthene as substrate.

- Scheme — TIT

A AN

Cy%

32, KeBe ﬁiberg and SeDs Nielsen, de Grg. Chem. 29, 3653 (1964)
&3s Rafe 29 of this chapters

by | .N,Traehtenbewg, G.H.Nelson and J.R. Oarver, de Orgs Cheme,
' 38, 1653 (1970)
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The firail atep rxoéa not im‘ply a deﬁéer*be& 2+2 eyclﬂaﬁd‘itien but
‘ .rather a typical Marlzovnikav type electmphilﬁ.e addition wﬁ:h
attack aceurring th.rough oxygen t6 gEnera'{;e positwe character as
the %er‘bmry carbony followved by cycliaa‘ﬁian. In agreement with
electrophilic abtock ave the obssrvations that dlenes are morve
rveactive than olefins = olefins raéetivi‘b.v inereaé o8 with alkyl
subgtitution and elecétron feeding groups élightly accelerate the

rate Df‘ oxidation of 1,3 diphenyl z;irapane%u

sharplesg and I.sauersﬁ
allylic oxldation of olefins hy selenium dioxide. A3 alrealy dis-

cussed, Schaefer and Trachtenberg argue agsinst involvement of

proposed aifferent mechaniem for

allyl selenic acid, 13, becauss of the known inertness of benzyl
gselenic acid to g»olvojysisq Hw:)evei, .a; [‘ 2,3j sigmé,ﬁra‘pio re=-
arrangement (path by Saheﬁ;e Iv) of éllyl selenic acid, 19, to

a selenium (II) -gs%er, 25 ovcurred 0 Sharpless eb al as &
likely alternative to the solvolysis pathway pe They suggoented
that the / 2,3_7 gigmetropic shift indicated in the path b ia a

facile process (Scheme -~ IV).

95. Refs 29 of this chapter.
36¢ LeBs, Sharpless and Resl's Tauery Je Ame Cheme So0sy

94(2), 7154 (1972)
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"E}hé ‘anthors had notved th&_t ‘Buchi and Wues“cg? had established that
-3e0g gelectively. attacks trisubstituted olefins such 8s, 18, to

- give only the (B) = alcohol, 2L. The allyl selenic scid, 18, must

37, G. Buchi end He. Vnest, Helve Chim. fcta., 50, 2440 (1967)



1ead stercoselectively to the (B)~sster of 20 if the proposed
pearrangement is correct. The mechanism was verified from the

conversion of alkyl phenyl selenides 24 to 21,

PhSe : AN

Talapatra eb al - explained oxldation of varaxasteney

2B, and ¥ ~tarazasteune _&@kté give the corresponding alé.enydezg

oL 25 26

on the basis of the mechaniom shown in Scheme -~ V.

384 Seie Té;lapaftireig Me Bhafﬁtaqhexjee and Be Talagpatras
Inds Je Chemey 1L, 977 (1973)
39, TsRe Ames, JeTe Beton, A«Bowers, TsGe Haleall and B.R.H.
Jones, Js vhems So0ca, 1905 (1954)
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Scheme - V
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The electrophilic attack Of Hbeﬂg or ﬁzbees on the olefinlc
0~30 with simnltaneous or subsequgnﬁ nucleﬂphllib atbtack on the |
ﬂllJlic Op14 ~H leads to the formtion of an unstable Se(IV) com~
lex 27 pogsessing the morve stable d@uble-band parallel to the
éraﬁs D/E ving junchures the comple& a7 undergoes successive
rearrangeﬂents, az ghown, to fann the unstable 5e(1X) complex
intermediate 28 and 29 involving 5 and 6 membered ecyclic transi-
tion stabes respectively rQQuiriﬁg low avtivation energies. The
intermediate complex 2 could, alternatively, also arise directly
from 27 involving s S—memberea trangition otate, as showne Inber-
mediate 23 then collapses %o Lform the product 30 by lasé of an
allylic proton with cancamitaﬁt deposition of selenium metal as

depictede
dehydrosenation of Carbonyl Compounds

Riley rEchtedéo dehydrogenstion of diethyl suceinate to
a mixture of the 4l and halfl egter of mlelc acide In 1947'$ehwenk
and Stahléi reported the aiscaveny that selenivm dioxide oxidatiog
of a 12~keto steroid, 31, pro&ucea the /\ ’1l~12 ketone of
vartial structure 38, and aot the 11, 12 ﬁiketanep

40. ﬁ. Aatin, AaL.G. Newman.anﬂ HoLe Rzlay, gs Chems Soc.
391 (1933)
419 Be bChWBnk and ho Ut&hl, Archo Biﬂah@mtg 145 125 (1947)
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Thus, dehydrogenstion can occur without the presence of two
abraddling activating groups. Seleaium d:r.ox:e.de 1ntroduces a double

bond at the 1,2 pogition in e:.tb.er 8 50L-3-£ceto steroid or A 4.

42,45

d=jtet0 steroid s partial structures being 33 ami 34

42, Cl.leystra, H.Proy, WeVoser and A.detistein, HelveChimsActa.
39, 734 (19586) ’ |

43, BeA«BSzpilfogal, T.A.P@Po%hﬁmue, HeSedeWinter and DeAevailrop,
ReceTravaChim., 78, 475 (195-6')-.
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 Mochanism of O, B_dehydrogenstions

1, 4 di-ketoncss

- The reaction exhiblited a deuteriwsn isobope effect of 6.5
(initial) when 1,1,2,2 tetradeuterio~1;2-dibenzoul ethane was
ot 900. Schaei’@r%' algo showed that the biselenite ion, H‘Saﬁg,
was very likely not involved in the reaction since it 4id not
oxidize acetone. 1,2 dibenzoyl ethylene, 38, is nlso oxidised
but at en 1/50 th the rate of starting dione.

With these facts the following mechanism Was proposed
for acld catalysist (1) production of the oxidant, I-Issqu‘; by
protommtion of selenious acid (Scheme VI); (2) attack of the
oxidant on the substrate, §_§, t’o\give an encl seclenite emter,
36, and (3) decomposition of 38 %0 the product via one of the
two pathways. Path 4 involves rearrangement of 36 0 the product
eselenimm (II) keto ester, 37, and then to the product 38 by
2 1,2 elimination. In path B 38 oroceeds directly to the product
38 by 1,4 elimination. Path A is esgsentially the same mechanism
and intemédiateﬁ already proposefi' for Ol-~dione formation

(Schene = I);'gs.

44, J.P.Schaefer, J.im.Chem.Soc. 84, 713 (1962)
45. E.d, Corey and J.P.Schaefer, Jfeim.ChemsSoce 82, 918 (1960)




HZ_SCO?D ‘f‘H+ :;LH:)SGO—%

O
@&CH2CH2%‘ @
35

Slow
H=Se05
Y
O—Se-OH
/7 PATH B,feut, _ @
@C CHCHZCO @ el O@MQ CHC CHC
ol
<y @CCHCHZC
B

Of the two possibilitles, the 1,4 elimination from the
encl sclenite ester, 38, is likely since this intermediate con=-
tains a doubly activated methylene unit. The latter simply reguires
an enolization to give the h:alf egtor of the dienol, 33 which |
can decompoas 0 product é@, via bond migration, the driving force
being the reduction of the seleniume. The possibility of 1,8

elimination from the ~-geleniun (II) keto ester, 3%, appears
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less 1likely in view of the faot that the altemative product of
1te decomposition, 1,4 diphenyl = 1,2,3 trioxobutane could not

-be _ﬁeteate&“-

HO_
, | /58:0 . o
36— @C‘_CH CH= C — 38

‘ ifioggkotggag
The kinstica of. detwdrogenation or an o.3 unsaturated

46

ketone were studied by langbein™ .« He obtained a second-~order

. rate constant for the A1 - dehydmganation of cortisons

- acetate, 9_9_, to 41, from a plot which contained the ooneentration
" of kotone and selomlm dioxide, langbein pi.otures a common inter—
'meamto. similar to 37, formed ly direot attack of the oxidant

46, G+ langbein, o Prakt. Chem. 18, 244 (1962)
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on the ketone, wmch decomposes to form all the poasible nxidatien
products, However, for [3 aemrdrogemtion, he considers the more
plausible path as one that does not involve carbon-ox;rgen bond

i’orma‘bioh as 42.

| | L a—c— + HSeOH
i Hoe 0=C—C
T ﬁ k‘Zf7§—?— © |
HT Se---0=C o
j a3

A mechamsm far the dehyc‘lrogenatien of a monoketone may
be pmposed, whmh. involves eithc,r 1.4 elz.mlmticn‘fmm _@g or
1,2 olimination £rom 45 . These intermedimbes are similar o
§_6_, and 87, but without a second carbonyl group to astivate the
beta position and, therefore, should be less prone to undergoe
elimination, In addition, 46 is an 'O(~I:em seleniun (II) ester
similar 40 5, which has been proposed as an intermedigbe in o -

dione formation.
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L G

HO é@ >~ "
44 45

46

Another pathy which circuavents the difficulty inherent

in 44, would be ‘@ivect atbtack on the allylic position in the
enonly 46, by seleninm dloxide to remove hydride ione The preference
ig for the loss of $-1 hydrogen since G-nl" h,jrdmgen would require
the Oxiémt t0 attack from the 'mos'é ‘hindered side ai;.a t0 the C~19
mefbhyl group »

| Why do aam@‘ mdnok’etones give d=diones and others % f
masaturated ketones remz{in unanavered. This is asswmed té be due
partiglly to solvent effect. Tertiary alcohols are noemally used .
to carry out Ghe dehydrogenation maction’ég » bub the r'eaction, ‘
7 48

can be 'effected. in acetic aeidé or in arommtic solvents .« |

47, BeSchwenk and BeStahd, ArchsBiochem. 14, 125 (1947)
48. H,d. Ringold, G.Rosenkranz and F-S@nﬁheime;’, ds0rz.Chome
21, 239 (L956)
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d-Dionee ave generally produced using ethyl alcohol or aioxanéég.

The nature of the solvent effect, hag, however, not been elucidated.

ith Hydrogen Peroxide..

mamichgo described the oxiaation_ef g dispire B -diketone,
- 47, with hydrogen peroxide in»acetic acid solution to give o, &
oy oy bis(tetranethylone) adipic acids; 48+ It was not
eatablished wheﬁher the oxidieing agent was hyaragen paroxide or
pevoxyacetic acids the latter; of course, might be expected from

reaction of the peroxidé with gcetlic acids

 COOH_f -~ COOH
. |

—

49, C4C.Hachy CeV.Bonks and H.Diehl, Organic Syntheses, Golls Volm
4, Viley, p 229 (1963) | -
50. C. Honnich, Bexe, 74, 1007 (1941)
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Paynesl studied oiidation of severél 2-gcyleyclo hexanoncs.
49, with hydrogen peroxide in tert—butyl alcphaljsolution ab
reflux. The reaction was found to proceed faster in presence of a

trace of sulphuric acid. » @

or':
HQOQ
—

49

—

Having achieved a rather facile oxidative ring contraction
of a sik nembered ring to five, it was of interest Ho determine
whether ring contraction of f£ive membered ring to a four might

be achieved. To this end, 2-acetyl cyclo pentanone 52, was
oxidised in the usual way. An uncatalysed reaction was complete
in sixteen hours at reflux %o give X-methyl adipic acids 53

in 93% yield. No evidence was obtained for the presence of even

a trace of cyclobutane carboxylic acid.

51, G.B. Payne, g Org, Chem. 4793 (1961)
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| | COOH
2 .

H-

COOH

o)

——

The reaction was propose&ﬁp to proceed by way of intermmediates

88 and 56. In order to gaccount for the two proaucts;,othe bireak~

down of §8 was postulated bjr éith@r of the following ways shown
in Scheme = VII.

| uchema - VII

e % S

[

" HO f’>+~o OOH
‘ ™ C\ ___~> 4 R—COOH

56

HOS. ‘ijai\ OH OOH
. o I ol

. R
56 | 58

—
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It wvas found thab uhile 3, gsntaél’* one {acetyl acetone)

' am not wlergo an oxidative marmagamem wder @inilay condl-
4009 oﬂ;' reaction 3.3 dinethyl 2,4 ventadions, 58y behaved
differsntly giving pivelie acld, 60, in 76% yield. The succens
achieved with B 1s believed t0 be a conssquence of carboniun
ion stabilizgtion by the gem=dimethyl groups during bregkdown
0f the oyelic peroxides (Schens = VIII).

Q
HA0 HO / O\ /OH
CF%—C——CCH) C—CH -2L2+ c
< HT / Ny / “CHy
59 ' x ,
FBC 0&5
& H ‘ Cki) C ~COOH
' HO“CP c;/—OOH -H' < P
HC CH5 - |

CH, COOH
HC \CH3
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Mo imobubtyric acid was identified as product from the oxidation
of the monomethyl compound, 3-methyl 2,4 peunbtanedione. ;t was
concluded, therefore, thab one'alkyl pubatituent does not provide
sufficient carbonium ion stabiliaatioﬁ'to gllow the rearrangement
to0 proeead in the geyelic sarmes.

Vinogradova ot al 52453 had shown that 2-formyl cyclopenta-
none 61, and 2=formyl cyclohexanone, 62s on treatment with
aqueausvhydrogsn peroxide undergo unusual oxidation cleavage to
produce aicarboxylie aclid containing the same aunber of carbon
atoms in the starting compound. It was also egtablished that the
cleavage of the six membered ketone completes with.ring contrac=

tion to form cyelapenﬁang cérboxylie geids

Ho 202

Y Hooc<§H34COOH

Jo

— COOH
HO Ho Qo

}HOOQ@}EECOOH-%“

52, T.Ps Vinogradove and S.l.lavialov, Lav. Acade Nouk SSR
Otdsy Chime Nauk 1717 (1960)

53, L.PJVinogradova and Sel. éavialov, ggauggggg, thg., 30,
4110 (1960)
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The méchenism of the reaction was considered %o be the
| rsarrangement of the corresponding peroxides in two possible
c’iireetmns as digscussed wnder bcheme-VII. |

Corey ot alsé‘ made the surprising disoovery that the 3[3’ »
11 o =dihydroxy- Alg-—pen‘bacyelie txfit_erpgnoids, _6,?3_,, on treatment
in methy lene ehlor‘ide w.i'bh 8 soluﬁion of 30% lkwd:cfogen perqxiﬁo
and p-toluene sulfonic aecid in 'tert-nbutanol forma an epoxide, the
liok ’ 120< epoxide and undergoes a skeletal rea,rrangement by

014 —> Oz methyl migration and shift of the double bond, 64.

54; I+ Agata, EeJe Coreys AeGe Hortnan, J. Khimy, Se Proskow and
J.d.Ursprung, Js Orgs Chem. 30, 1698 (1965)



Another example of interest is the aetion of hydrogen
peroxide on triterpenoids containing a hydroxymethylene ketone
" functions It has been ebervéd that in absence of B,Y ~ unsatura-
tion and especially in alksline media oxidabtive cleavage occurs
producing 2,3 sgeco-acids. Thus, the ketone, 65, gave exclusively

the diacld, 68, characterised as the esater, €7, which was also

obtained from 68 by catalytic hydrogenabions
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It has besen found that in the presence of B Y unﬁaﬁu&gtinn,

ring contraction occurs,‘@hus! hydroxymethylene anhy&rodihydro

55

litsouentones 63 un&érgﬂeé 2 rearvangement’ in pregence of

hydrogen percxide in alkanlige media producing 704

It tfansyires from discussi@ne‘in the preceeding sections
that selenium dioxide anﬁ‘hyarogan,peroxide have separately found
wide application. Not to0o many reactions ueing hydrogen peroxide
and selenium'ﬁiazide together are, hﬁwever;'knbwn. The cembination
perhaps found epplication in the oxidation of'aeralein 0 gerylic

acld for the firgh tim956§ In anothexr obviously different éuoesv

| 3

55. TeReGovindachari, H.Visvanathan and A.,R,s;s_ayaye, dInds Js Cheme,
| - 10, 786 (w?z:)

56s Refs 15 ef.this chagters

57, L.5tall and H,Juoheﬁg .g_zgg.y.ﬁng meiicha., 36, 268 (1953)
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the reagents have been used for hydroxylation of cyclopentane

and cyclopentadiene, 7i. The catalyst in thip case 1s probably

perselenic acid.

H9O2 HO‘_”C_._LO,H,_ ,..HOD“OH

SR T HO
ST D
HO™ H

Oxidation of me.i;nylehe groups adjacent to carbonyl groups with
;ata‘ichiometric quemtity‘qf selenium dioxide to0 give o -diketones
or keto aldehydes are well knoﬁm‘ Payne et alsa while studying
the reactions of hydrogen peroxide in presence of selenium -
dioxide on cyclopentanone, cy clohexémone and cycloheptanone

anticipated that the oy clic ketones might undergo the well known

ﬁ:*eae'hion with Sefp giving X =diktetoness with Hg@g serving merely

H58. GoBo?ayne and G.‘?.Smi‘bh, de 01'@0 Chemd" g_%’ 1680 (1957)
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£0 Oxidiae Se metal back 0 the dioxides I% was Tound, howevery
%haﬁ along with-oﬁhér competing reschions all the three ketones
underwent oxidative ring éantraction $0 cyclohexane, cyclopentane

and cyclobutane carboxylic aclds in 344 32 ond 23% yiélds respec-

tively.
HpO2 OO 42 2 (sam)
1 7Tse0, 7 v n =1 (32%)
(), : ( ->n | ' n =0 (23%)

72

Since the discovery that a nixture of 5e0p and HgOp trans-
forms glicyclic ketonea 0 ring contracted cycloaglkane carboxylic
acid,y the rearrangement was extenﬂed 0 aeyel ic and almylphemyl
ketones by Sonoﬂa ed alsg. In trying to hydroxylaﬁe olefzns. 73
with hydrogen peroxlde in the presgence 6f Belenium dioxide as
catalyst and by using a mized solvent of tert-butyl alcohol and
a ketone, it was found by the wérl%@rs tha‘tr‘bhe 6xidation of |
ketone, used as golvent, proceedea mainly 0 form earbomlic

acid by the following eguation;

59. N+ Sonoda and $s Toutouni, J. Org. Chem., 32(5), 505 (1969)
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T ' Hg©
R! M &~ 7878 >GI§GO¢M
: . @ert-—bmtyl alcohol R
73

Lcotons, methyl ethyl kebtone, methyl na—pr@pyi lgetmng and diethyl

ketone were selected ag starting materialse The main resrrange-

ment observed is due to the migration of the allyl group having

a smaller number of carbon atoms 0 the o <«oarbon atom of the

larger glleyl groyp and the migration of the alkyi group with a

-~ larger number of carbon .é;t ons to the émllex" one a,léa bceur_s in

gome degree. The workers shared the view of ii'ughés and Martin60
who proposed the formation of peroxyselenious acid, 74, in the

| course of the oxidation of selenium dioxide to selenic geid ao

shown beloy: |

| Saly -+ HQO?. - . HOOSe02H
74

‘fﬁhe foll@wing meuhanism as ghown in Scheme - IX was presuned

by ‘Bhs workers.

600 Peda Hughes and DeSs Martin, JI‘., nPMSo Shﬁ!ﬂo, (274
410 (1985)
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The reaction was 2lso appliel to several keto sterolds,.
With 5o =cholesban-3-~ono, 75, a mixture of acid was obtained™.
The geids after esterification were separsted and characterised

as 76 and 77 « The yields were 25% and 19.6% respectively.

o CSHW | | - \\ \
O | B oo H
S T8 77 3 R=CHs

— b R=H

6l. B Cagpl and S.N. Balasubrananyan, Let. Lett., 745 (1963)

12 B Canply e Bhiminu ond 8. Belagubremenyon, Tetnabodron,

e
20; 1271 11
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Gaspl e a&eg studied the reaction for stercldal S-ketones of 5«
and 53 oeeries and found that the major reaction wes not ring
sontraction bub E&ay&r&?ﬂliger oxidations

The compound with 4/B tz:ané junction, 17 P =acatoxy-~f . o&
androstan-S-oney 743, gave a lactons, 72 and two carbozylic aclds,
80 and ;E}};.,,. The ozidation of L7 8-acetony~b B -androstan-S=ones 781,

gave the lactone gé,% as aﬁim{gl@ prodact s

0Ac

OAC
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Hara et alﬁsg however, had ahow&.that perbengoic acid
| ozic’iati@n of 5 and B -d~ketones yieldea nixture of 1aetcmes

with an oxygen atom insesr'tea in either side of the 3~0x0 group «
Uith the commonly used peracids it would seem that the reaction
proceeds in a rather indiscriminate mamerﬁ‘]‘. Caapi et 3,162
employed nearly neutral ebnditicm and concluded that the direction
of a;t'back was more subatrate dependent, and hence led %0 the
formation mainly of eingle compounds For example, for A/B trans
junction the 2,35 bond and for A/B cis junction the 3,4 bonds are

cleaved. In their succaeding experiment Uaspl et al%

obaerved
that im directiaﬁal influence of rihg A/B junction on the course
of the reactlion ocours.

66

Jerussl et al  stndied the same renction on 17 -acetoxy

-5 o ~cholestan~3-one and reported :E'm’mation of the products which

6% ’68. They earrieﬁ

were different from 't;hose previonsly published
out the reaction of §3_, with selenic acid snd 30% H.‘?,O.?, in tert-
bubyl alcehol and the reaction yielded o complex mixture of acids. |
Esterification of the crude product with diazomethane followed

by chrcmétograpmf and several times crystallisation yielded 29 =

63, B-.-Hax‘a. e Matsunoto and He Tekenchi, theme and Indey 2086(1962)
64+ V.Prelogy L,Ruzicka, P.leister and PeWieland, Helv. Chim.hcta.,
28, 618 (1945); 28, 1651 (1945)
65 B+ Caspi, YeShimizu émd. Sl «Balasubramanyem, Ietrahedron
20, 1871 (1984) |
66+ Hall.Hellmen snd ReAsJerussl; Tetzohedron, 20, 741 (1964)
67. Co Biellmonn and M.Bajic, Bull.Soc.Chime Fra, 441 (1962)-
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carbomathoxy~A-nor-5 x=choléstane, 84, and 2,3-8 ec0=H% =cholestane,

: and
2,3 ddioate, 8¥a/ 8603 compound 88 was, RoWever, uot founds

" RoOC 87
d R=CHz a R=CHsz
b 'R:H bR=

Hence iwmolation of 86a, the epimaf ofy 85, led dJerussi et al
questioning the evidence as to the identity of the compound 85
given by the French workemﬁ?. However, for 85, the m.p. 619

and rotation /% D J +11° were between ‘those repo‘r‘*tedﬁg for

‘ 0 . ~ o _

85, Mepe 45-46", gfal)_72+1°, and for 8%a, Meps 60-63 , éfb(n 7

+19°, Theraférs, it wag thought that the product asaigned

68+ Be Caspl and S.Ne.Balasubramanyam; Teb. Lett.s ;l.;g, 745 (1963)
69. DiBJBvans, AsCe D® Panlet, Ceie Shoppee and P. Winterritz,

J.Choms30cs, 1451 (1957)




atructure 85 by théms? ngy. actually be 87a wmeported hy Jeru58166¢
A mechanism had b@en.pﬁoPoaed‘uy Sonoda and Teutepni for

the Tearrangenent of aeoxyhenzoingg in which a peroxyselenious

enol egber, 88, was postulated as an intermediate. This then

undergoes intramolecular gpaxi&at ton 0 give The enol epoxide,

89, vwhich rearranges as ghown to give diphenyl acetic acid, 90s

Opening of the epoxide, gg; in the manner proposéd appears uwnlikely

in view of the course of epoxide readtiana ia the aecidic Soiutianvl;

HO~_ _OH . | . 8 '
. foe\, . | / 3\ ‘
O< GhoH - HO— G CH
C=CH* - ' | 1
-/ AN Ph Ph
Ph Ph | 83
88
i
HO— C —CH
S0

—_—

70+ NeSonode and S.Teubsumi, Bulls ChemeSocedapan, 54, 1006 (1961)
7l ReBsParker and NsSeIonacs, Chemslicvaey 53, 737 (1959)



T
Scheme - X summarises the mechanism proposed by Jerussi
et 219, a3 examples of oxidative reafr&agemeﬁt af'xétonaa.using .

Hoop and selenic ac;d or Seﬁg have invelved enolised keﬁons.'ﬁénr

Scheme{ - X
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éngiizaﬁie kéto'nes, Aé-"éei&;" %msa ﬁaving' ok'—;nyarageh atoms faﬁ.i to
give the 1*eae£iaﬁ?2‘. Hencea, it :i.é.’@lausibljé 0 as»éume that “’;f;i;‘tﬂ
storoid kebones aiso enolisation or enol ester formation is en
esgential step. An enol selenite eoter, which rvearranges 0 an
lok-‘-keteb seleninn cstery i‘h&s been proposed by Corey ond Schaefer
as an intermediabe in the sélenimus:’aci& oxidation of de'sm'g;‘

| ' Hencey here the ‘f:fz..:c‘ais atep inv«':)lvés the im':azféctic’m of
ketone with selenic aéia t0 give an X=kebo selenite egtery Jls
Attack by HpOg on the carbonyl group of 91 gives 92+ o« -substituted
hyarvoxy hydroperoxide such as 92 have been isolated by Khavasch

and Samwékyvé by trea;tmemt with o ~bromo and X -chﬁlorersy clo-
hexane with HoOze« In the absence of a bulxgy X =group &nly Simey

ié isolateds Gy.c:ﬁ;safsidn af 22 glives the peroxide 93, which
rogrranges ag indicated tawgi\‘r‘e product 84. A f:,vé-lia peroxide has
baeon proposaed hvl?&vne% t6 accomt for the Pormation of cyolo=
pentane cavboxylic acid from 2~acetyloyclohexanone and hydrogen
peroxide. 91 can also go to the diketone, 94, which can be oxidised

by H.’:’,Og t0 243 peco acld 37be

72. RelsJorusai, PheDs Dioses No¥. Unive (196L)

73+ Refe 43 of thid chapters | '

P4, H.SsKharasch ani GeSosnovakys JsOpgsChems, 23, 1322 (1958)
. GuBePoyne, La0rg.Ghems, 26, 4795 (196i)





