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mlie ch&m:!-atry of terpenoid.a abounds in. fascinating molecular 

rearratJgementa, which may ba accomplisb.ed "wi tli relrttively simple 

reagents.-B$sides demonstrating-the combined ~oleo£ eterio ~d 

electronic factors in the ·etuay of raaotion mechanism in general, 
I ' " ' 

the vast a11-~ of the :tte~angament reaction has· helped in 

ascertaining structures, stereoohemistw ~d biogenetic pathwa.v 

of :formation of th.~ terpM.oids. ~he oJeidative transformation, 

which a:re- efff;lot.ed photC»Ol:H=lmieally and by ·oiidants l:Lke m~rcuric 
.: ' .. 

aoeta.te, lead t.;rtra..:.acatate, chromic acid, N-bromosu:ocinimide, 
. . 

or&anio peraci.d; 1:\vtlrogen per4jxtde etc •. bavf3 been extensivelY 

~~u.di~~1-:L2. 0Jdd~t1on ~f triterpanoi.de -by. 1\vdro~n peroxid$ with 
., , 

. ' . 
~353 (1961 ); ibis) j .Chem.soo. 522~ (1961) 

~ ~ " ~ 

2. o .• s.aho:Pra and (the late) D.-E~White; Te;!iraJaedron, 22, 
- ' ,.,.- -

89'1 (1966) 

3.-. H~N.Khastgir·and s,x.i·.:aose, Tet.:r~st_t. !:,1 .39 (1968) 

4. s;..r~9.}3oae and H • .N.Kha.stg:Lr, J.Ina .• onem.soa., i§, aso- (1969) 

s •. G.v.Ba.ddeley, J.J.R.Simee and T.G.Wat1'Jon., Tetrfll;v:~d..£Qa, 

~ (15 >·· 5'195 (:1,970) 

1$. S.P.A.dhikary, W:.Lawr,i$ ang. J.Maolean, J .pbem.s~c(Oh 1030{1970) 

'!• LeRuzioka a~d E,ReY.t !!!1X•.Ch!mtAot.e.., 25, 171 (1942) 

a.: L.Rd~ow, O.,S.Rao and m.;S,.Ramaiaht ,!Qd,.J.t.Chan...,· ~~ 1'6 (1968) 
- . 

·9· · I.Aga.te.,. E.J.Corey, .A.,G.t-Iortmann, J!lt Klein, s.Proskow and 
. . 

J.J.ursp:tu.ng, /•Ol'S_•Ohem., 3o, 169$ (1965) 
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selenium dioxide as catalyst are sQenty. The reagents have, hOVlever. 
. . . 3 bee~ uee.d in the OJtidation of' acroleinl , cyclo and bicyclo 

14 . 15,16· . . 
all~anonea ·, and steroidal ketones • In View o.r. tne fact that 

the succeeding chapter deals with oxidation of aome triterpenoide 

by hydrogen peroxide in presence o.f selenium dioxide, it is 

pertinent to present in this chapter a bri~t account of different 

oxidative tran.sformation reactions w:J.th selenium dioxide, hy<lrogen 

peroxide and a mixture of selenium dioxide and bydl"'ogen pe.roxide. 

·Selective Oxidg.t·iog.p~, .. with Selenium :Dioxide 

selenium diOKide bas been in ~se aiD.ce Riley;e· pioneering 
17' . ' 

work . in which he reported c~v~rsion of a monocarbo~l compound 

havi~ an ad~acent' ttretbylen~ unit to an' d. -dicarhon.yl compound~ 
. ; ~ . 

The transformation of a k:e'tone or an aldehYde to an ft.. -'dione, 

a.llylic oXidation and the conver~ion o:f a. monoketone or a. 
. . ~ 

. ' 
10. T. Mazzetti; ·G~Or~ale~i ana V•Beilavita, Plant 'Medica~ 

20(3), 244 (1971) 

3.~. 1!. FUltuOka and S~Na.tori, Chem. Fba,rm; Bgl.i., _gg_(5) 1 974(1972) 
1 ' 

12 .. B.w.Finu,can.e and J.B. Thomsont J.Chem.soc. (Perkin I), 1856(1972) 

13. \i .s.ourtia and T.H.RoY.t J.OrgoOhaJq.~ ~~ 746 · (1957) 

14~ L~Sta.ll and Juck~r, l!!lv~Ch~• Acta.·~~ 268 (1953) · 

15. E.Oaspi o.nd S.N.Ba.lasubra.hmanyam, Tat. Lett. 745 (1963) . . 

16. E. caapi, Y. Shimizu and s.N.Balasubritbmaeyam, Tetrahedron, 

gg_, 1271 (1964) 
' 

1'1. H.L.Riley, J.F.'Morley and N.A.o. Friend, J.Chem.soc., 

1932, 1875. 
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1,4, diketone to a.n cl..., ~ -t,msa:turat,~ ketone or to .. an en.e-dione 
i 

aro the major areas in which the ~~gent baa found rat~er wide 

application. 

Formation of Cl. ... dione 

. Both ketones and aldehydes would. react w1 th .aelelrl.UI1J.. · 

dioxide to give rea~onablo yields of produot~ ae· E?hown below •. 

o1IacooH3 

OH3CH2at20RO 
' 

06fi
5

ooCH3· 
. ' 

0 6ffsOH20HO . 

w3cowo· 
CH30H2000HO 

(00%) 

(467$) 

.. (32%) 

Excellent yields c.an be o.bta.iued if the ketone being PJd.d1aed, 

· con.tains atZ.Uc:ttira.l ieat~es which· prev.ent .aide or ¢.omP.!!ting 

react ions f'r.om oC,curring ~. Thus t A-nor allQbetul.one-3 and A-nor-

4, _4-dimethyl chol~st ... 5-en~-s-ona both o£ which ~ave the monoketone 

. unit, partial struo·ture' !,, a~ ondised ~0 the di~etone a in 

87% nnd 92% yield
18 

•. 

.. d_ ...... -

l.S. R• Hanna and G• On.tiason, Bull•: ,Soc.:_9.!1Pl• . lilr•,t 

1945' (19(?1) 

·,, 
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H C · 0--1:? 
3 ' 

l!~a lJ&niSf!l& 

--~ 

2 

The moat c:eitical study of the reaction was made -by· t.1orey 

ana. Sohaete;.9 , tvlio studied tn~ o;ld.da.tion of d~aexyoon~oin. in 
. '' ' . 0 ' . 

70% aoetic acid at 8.9. 2 • · !l]hey fo~d tbe l?eD..ction to be second 

order#- f:J.rat order· in ketone and first order in selenium (IV) 

reagent 'and 'to ·be 'catalyzed by added strong. o.oid• Var.i oua p­

substituted d.eso::ey'benzoins- w-lth aubstituenta m the benzyl or 

be~oyl moiety were S.tt.td:l.ed. Ele0tron. supplyil.'lg subati tuenta in 

the benz031l increased the :rater o£ reac'tion. ·( p ~ -{)•56) while the 

effects in benzyl g'roup -:Nas to €!'~crease ·(;he reaction. 'ra:te ( p:;: 
+ o .•. 25). ~fdl3 :l.s ~~:ha~ one would e~ect in acid catalyzed en,oliza­

. tion. ~prooeas-. 

The roaat·:lori. a%hibited an isotape effect; kH/kD for 

· did~utt)rio dasoxyhenzoin was l.? .o and for the oxal.ic o.oid cataly-zed 

·roootian it was a .• a·jt Fast rever.sible en.olisation; foll.ow$d by slQw 
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reaction. of the etlOl with oxidant should ha:ve exoha,t'.t.!~d out the 

deut·erium priQr t<> :t:eaetiOll. and kH/ltD = 1. 

The meohtlilism :proposed by the authors involves attack of 

e.n eleotrophilet HSe~ . or H3seo; and the nuoieophile, H2o, 
on desoxybenzoin~ ~t. in a. sl.ow. atep to give an end selenite ester, 

!:• The latter rearranges in a series of fast steps to an ct -

selenite (II) ket«>-eater 2 and tina1ly to benzil .fi (Scheme-l). 

Sohem& -: •. J. 

Q-c-cH-Q 
4 

6 

-~ 
~F_AS_T -+0~ jH :0 

5 
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All.ylic. oxic\atiqn 
. 20-23 

After several publications on the oxidation of olefine , 
24 

Guillemona.t collected his observations in one report · • He found 

that the course of selenium dioxide oxidation of alkanes could 

be predicted from the followi_.ng rules& 

( 1) ~he oxidations always occurred to alpha to the moat 

substituted end of the double bond. 

(ii) When the. doubl;e bond was in a ring, whenever possible, 

oxidation occurred within 'the ring. 

(iii) The order of preference for odlation was OH2> OH3> 

OR. 

(iv) YJhen the d.ou.bla bond wa.s terminated rather than tne 

expected secondary a.lQohol or the derivative thereof, the primary 

alcohol was formed with the migration of the double bond. 

20. A •. Guillemonat, Compt. ,Rena., 200 t 1416 (1935) 

21. .A. Gui.llemonat, 1111!! &2J., 904 (1935) 

22. A. Guillemonat· .• ibid 205_, 67 ( 1937) 

23-. A. Guillemonai;,. ibid. 206 _, li26 (1938) 

24. A. Guillemonat. • .Ann. Ghim. u, 143 (1939) -
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~hough the ·uta.dequ.aoy o£ Guillemon.at 's proposal l'laa been 

snown25-27 , the generalization is still Valid with: ras~ot to 

site of attaok in many oasea. 
. l : 

An.otheJ? ·early suggestion pat forward by Waters without 

aJlY exPerimental: suppor.t, wa.e that the· reaction involved neutral 

radical apeoiea?
8 

• Schaatert HoJ:~Vath and Klain29 had shown that 
. ' 

the reaction was .unaffected by inhibitors am. th.are;t:oret could 

not be radical chain. Tha.t no f.t"ee radical tva.s generated in the 
\ 

. . . ' 30 
system had been pointed ou.t by Trachtenberg et a.l · as the ayatem 

was incapable of initiating pol.ymariaa.tton of ac:ey'10n1 tr:lle under 

conditions o£ temperature ru.td oo11oentra:tion; whe;t"e acrylonitrile 

i~ rapiclly polymerised it a sct~O$ of free ra<l.ical is present. 
31 . . 

Wiberg established that selenoxides, z, rather than 

aelenides as had earlier been propOsed by Guillemonat was involved 

in the o~idation 'of cy.clohexene 1ri. acetic acid .... a.cetici mlhy<1rid~ 

------------·----------~--------,--------------------------------
2fh E.N(J~rachtenberg in ••Oxidatio~n voi. 1 R.L.Augu.stine, Ed., 

Marcel Dek~r, usw ¥o;rk, IhY. 1969 1 pp 119-l-87. · 

26. R• Ra.bjon~ Org. 'rteaot:i.on,, §.~ 331 (1949). 

27,. G.R.ti'atltins and a.W.Cl~rk, Cham. Rev, 36e· 235 (1945) 

28. \1-.A•Watars, J•Ohem.soo., 1805 (3.939) 

29. J.P.Schaefert :B~Hor"?"ath a~cl Ho~P.Kleint $h Ors• Cb~m., 

!?At 264? (1968) 

30. E.T., Trachtenberg, O.l:t.lielaon and J .It.Oarvert J.Orfi.Ohem. 

~,. lio. 5t 1663 (1970) 

31. K.B.Wiberg and s.D.NiEJl$en, J.Org.Cham .• , 29t 3353 (1964) .. - - -
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29 . . . . ,, 
reaction. Schaef'er et al ; however, showed "'tiha;t the. WlalOgqs, . 
compotmdt ~' isolated from the QXidation. of 1t3 diPb..ehy.l p;t:ope~e, 

2,; decomposes to 1,3. diphenyl-2~propene-l-:ol acetate, .1Q., .. a.t .. too 

slow a ;t>ate to ac.count for- the main oQurae o£ oxidation. Th~ main 

pe.thw08' .must involve sQlvolysia on .an al)Jrli.c selani:te ~ste~, . · 

although the atruc·tul. .. ~l of th.e. 1a1;;tar ha.e not been ~igorous:cy 

eetablteheQ;. 

· · fH : - RO~ ~H. , · · 
Ph ~ · 'K.../ ·s ,("\ · ... • . . 0 SeO H 

· -CHJ · · · V SLOW - I 
. · . \c~ ~ Ph-CH::;CH-cH-Ph + ROH 

9 1j 12 

FAST. 
Ph-CH-CH-CH-Ph 

---------· 
® 1,3 

Ph-CH__,C H -=CH-~Ph 

CAc 
10 
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Since the _selenium (Il:) eater formed, Ut Wfl-S benzylic:, tne pro-.. . . . . . .. .. '' 

:rsre~ca ·fOX: ionisation (~~) :t'aiihar .than aNa_ attack: as f:oun~ by 

~tib~rg and Nielaan. was l)Ossible32• Schaefer et al33 pointed ou.t 
' . ' 

that the tntermediate wntoh_ contains a 0 - Sa bond ie very likelY 
. . 

a stable compound as ~re al~l selenic acids. Thus, the interme-
• • ' • ' I • ' '' • 0 ' • 

d.iatQ as wQ]J. as selenium {;ri) ester type intermediate, which 
' .. -

conta:ina on. O•Se \)ond ·will not probablY undergo solvolysis. 
' ' • . • • ' ~ • ' " ' l 

In order .. to e~plain the stert.oohem1oal results obtained ·by . ' . . . . . -

oxidation of a number- of oycloheX\~1 sys~,em• Trachtenberg et al34 
' - ~ ' . . : 

proposed the following mechanism. as _E:thown in Scheme-III wt th 
' . . ' ' 

_D (+)•1-~-m~nthene a.e a~bst~ate. 

14 

SN~ AND 

·SN1 

17 

15 

·~OH. 

. ' 

l6 

32. K.B. Wiberg aoo s·.D. Nielsen, J. Org. Oheme ~t. 3563 (1964) 

33. Re£. 29 of this · chapter • 

34. E.lq.Trachtenbe:rg,. C.R.lielson and J .R. Oar'ver, J. O~g. Chem~, 

.~. 1653 (1970) 
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The first step does not· imply a con.~erted 2+2 cycloadd~i t:Lon but 

rather a typical .lllfarttov~ov type ·'~:tectrophiltc addition with 

attack occurring through oxygen: to genera:te poaitiv'e' charac'ter aa 

the t~l'tiary carbon, foll(;)t"led by oyoliza.tiorb In agreemel).t w:L th 

aleott"ophil~o atta,olt are· 'the opserva.tions that di~Aea are more 

r&~otive than olefine .- olefina ~eacti~ty incr~asea with a~l 

substitution and electron. .feeding g;roupa slightly accelerate the 

rt)t e o:i oxidation .of 1 ~3. dipheD3"l. propen.e~5 • 
Sharples$ a.nd La.u.er3~ p~oposed d1.ff~rent m,eohf1nism for 

allylic ox:idatJ.on. of olefine by se'leniwn di.oxidEh· As already dis­

cussed, Scha,efer and Tra..chtenberg argue against involVEUOOJlt of 

allyl aelen.ic acid, 19, because of the I~m;;n inertness o£ benzyl 
' - ' ' . ~ ' 

selenic acid to ~olvolysia. Houever, a C'2,3j sigmatropio :re~ 

arrangement (path b, schem,e :rv) o£ allyl selenic noidt ~· to 

a selenj.um (II) eater, _m.,. ilccurrei to Sha.rpleaa et a,l as a 

likely nlter:g.at'-ve to t!le solvo.lysis pathway &• :J:hey suggoated 

that the C2j3J rd.gmatztopie shift. :i,ndicated. in the path ~ is a 

.facile process (Scheme - IV) .. 

9~~£L, 7154 (1972} 



Scheme ... II, 1. ., 

~· .+···~·PATHa 
-~ H"Q-Se~· 
/8- --~6. -19 ' 

\ -

....L 
- I 

l~ H '23 

c;. 
CHO 

- . 0 

·+· Se· 
H 

21 
22 -· 

'Th~ ;authors had noted that ·:auclli and Wuest~7 bad established that 

-~eOs selectively. attacks triaubsti tuted olefins suob., as, !§.1 to 

· give only the (E) - alcohol,. &!,o The allyl selenic acid, !§., must 

---------------------------------------~----···-------------

·' 

I-. 

t 
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lead stereoselactively ·to the (E)-ester of gQ. if the proposed 

:rearrangement is oorreot. mhe meoban.iam was verified from. the 

oonva~aion o£ allcy-1 pheeyl aelen.idea 24 to A~ 

PhS~ 
·24 

., 
' 

.:· 25 26 
on the basts of the mechar11sm show:n in Soheme - v. 

38. S.K. Talapatra, hi. Bnattacharjee and B• Talapatra, 

Iad• ..... J • Chem. t a, 977 (1973) 

39 . . T.R.. AW.H3t J,.L. Beton; A!!·BO\vera, T•G• lialeall and E,R.H. 

Jones, J .• t.~hem. Soc.,. 1905 (1954) 
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Scheme ~ v 

:'[· 

+~· + ;oH 
Se OR Se~H 

30/ :n 
·, 

2:" H ~ H 
OH 

oo 

/0"' 
H. B 

/ 27 
/ 

/ 

/ 
/ 

./ 

./ 

~-· 
/ 

/ 

/ 
/ 

"' 

28 

' . 

30. 
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~he electrophilio attack of HSe02 or; H3Se03 on the olefinic 

' . . : . . 

0-30 with simultaneous or subsequent nucleophilic att&ok on the 
' . 

a.llylio 021 -H lea.da to the formtion of an unstable Se(IV) com-

lex gz :possessing the more stabl.e double· bond parallel to "ijle 

trans D/E rirl.g ;lw1cture~ T.he complE)Jt 2/1. undergoes succesaive 
' ' 

:renrr~ngements; aa shown, to form the u.nstabl~, Se(II) complex 

intermediate. ~ and ~ involving 5 and <? membered oyclio transi­

tion states respectively requiring low aotivation energies. The 

intermediate complex ~ could.~ alternatively, a.ls~ arise di;t,"ectly 

frorn g[_ involving a 3-membered transi ti.on state, as ab.own• Inter­

mediate ~ then collapses to form the' p:raduct ~ by loss of an 

ally lie proton with concomi tar1t. deposi tiOr.L of selanium. metal as 

depicted. 

I. 

40 . ' . 
Riley report~d d~hydroge~tion of diethyl s~coinate to 

a mixture of the di. and halt eater· of maleic aoid. In 1947 Schwenk 

and Stahl41 reported the diacoveJlY tb.at selenium diOxide oxidation 

o£ a 12-keto steroidt ,21, produo.ed. th~ 6 9 •11-12 keton~ of 

partial structure ~~ rmd ,not the 11, 12 d1ketouth 

- I 

40. s. Astin, A.c.o. Newmall, ·and H.L. Riley, J. Ohem. Sci c. 

391 (1933) 

41. :s. Schwenk and E. Stahl, Arch:• Biooham._, 14, 125 (1947) -· -.. ' 
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OOH 

31 32 

~hue., deey'a.roge.~:m.~ion can occur without the presen.oG of' two . ' . ~ ~ 

atraddl,ing activating groupo. Selenium ··diox~de· introduces a double 
. ' ' . 

bona at ·the ·1,2 positi'on: in either a 5'ot ~3-lteto steroid' or .6 
4-

42 43 . 
3-lteto steroid • , partial structures b~ing ~and ~· 

34 

-------------------
-42. {}.tleystre, n.:&'rey, l[J.Voser and A.Wet-'M:lt.ein, ~~Chim•Acta.. 

~· 734 (1'956) 

.. ' . · ~c.Trav.Ohim., 75, 4'75 (1956) • 

91205 f S OCT 1985 



~~chaniam of ex/ !3 dehydrogenation; 

1,_4 di .... ltetones: 

· Thf') reaction exhibited a. d~uteritllD. isotope ef:t:eot of 6,o 
(ini t-lal) when .1,1,2,2 tetradeutQri0-1t2-d.ibenzoul ethane was 

at 90°. Sohaefe1'44 also. snowed that the biaalenite ion, Hseo;, 
was very likaly.not involv~d in the reaction since it did not 

oxidize acetone.. it 2 di benzoyl ethylene, ;?j!, is a.lao oxidised 

but. at an l/30 th the rate o£ starting dione. · 

With these facts the follow-ing meche.uism was -proposed 

for acid cata.lysie 1 (1) prodttction of the o-Xidant, n3se();5 ""'; qy­

·protomtion of aeJ.enious acid (Scheme VI); (2) attack of the . . 

oXidant on the substrata, 35, to give an enol selellite eater. 

~§., e..nd (3) decomposition of 36 to the produ.ot via one of the 

two pathways. Path A involves rearrangement of' ~ to the product 

0.-selenium (II) lteto ester,' 37, a11d then to the product 2§l by 

a 1, 2 elimination~ In path B ~ ·proeeeds directly to the product 

~ by 1,4 elimination. Path A ie essentially the same mechanism 

and intermedia.tef3 already p;roposed for d. ... dione formation. 

(Scheme- 1}4;5• 

----------------------~------··--------------~-----------------' 44. J .J? .Schaefer, J .Am.Ohem •. Soo • §!• 713. ( 1962) 

45. E.tT. Corey and J.P.Schaefer, l•Am.Chem.Soc:. 82, 918 (1960) 



\ 

T 

§qh,qmtl -. V.i 

H 2Se.0:3 + H + :::;;=:::::::=::::: H] SeO~ 

0 
ll 

?-Se-OH 0 0 

O C=CHCH c·F\ ,PATH B,r~:~-·0'-tHC=CH~-o' 
211~- 14 elt'rhl'Ylal-1~ - . ------< 

36 u ' 38 71
_r0 OH ~ ~~~· 

I ~ . ,j) . s. ;r.;-
00/ e 0 . ·~rs- 'if 

0 11 1 11-Q. · v· 
CCHCH2C r._ "-1 

37 

Of the two possibilities, th$ 1,4i elil1lination fVQm the 

enol saleni te e$ter, §.!, 11:3 1:1.~~1¥ since thia intermediate con.• 

tains a ~oubly activated methylene u~it. ~h~ latter atmply ~equir&a 

an enol1zat1:o.tt to give the baJ.f ester of the · dien.ol, 3?, which 

6a.~ deoompo.sa to product ~Via bona mi~ation, the driving fo~ca 

b&ing the reduction of the ~aleniu.nh The possibility of 1,2 

elimination.from the -selenium, .(II) keto eater, !!,1 appears 



" 

* 
. 

-

. u 

leas 11kel7 in view of the. taot that the altemat1ve produ<R o~ 

its· deoomposit1oo., 1,4 di·Phei\Yl - ·1,2,3 tr1oxobutane could u.ot 

. be . deteotect44 • 

36 38 

Moagketoae• · 

. 'fhe k1Aet1o8 ot. deby4_rogenat1on ot an ry,,(3 unsatura1us4· 

ketone were stu_died • l':augbe1n46• He obtidne4 a ~eoond-order 
rate ooaatant tor the 6_1 - debydrogenati.o.u of cortisone 

~ocnate t ~. .to !!.· trom a plot which contained the concentration 

· ot ketone an4 aeleld.tlll dioxide. Langbein piotures a ooUUDOD. inter-

mediate, similar to f!, formed _, _d1reo1i attack ot the oxidant 

H20COCH3 

---OH 

'. 

··19 41 
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on the ~etone, \~lich decomposes to !Qrm all the possible oxidation 
~ . . ~ ; . . _. ' ' . 

prod.uot::h However, for 0( (3 dehydrogenation, he consJ.ders the more 

plausible paiih as one thf).t does not, involve carbon-oJcy"gon bond 

formation aa ~· 

H 
I 

~----~--c~c-
~+ o-c/-1 I H Se- --- - · · · . 

g I 

42 

R 
o=t-c=C- + HSeOH 

I I 

43 

A mechanism' for ·the dehyclrogena.tion o:f a monoketone may 

be proposed, whioh involves either 1,4 elimination from 44 or . . ~ 

1,2 elimination £rom ~ • These intermediates are similar to 

§.§. and §!, bt.1t without a second oarbon.yl g:roup to activate the 

beta. position andt therefore, should be less prone to undergo 

elimination, In ai:l.dition, .!§ is an 0{ -keto selenium (II} ester 

Similar to §_, which has b~en prcoposed aa an- ;l.nterm.ediate in ()( -

dione £ormation. 
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H H 

~~~t< 
44 45 

Q::=9==D' 

\56 } J 
Jl 

t>.l H-o-:- · f'-, 
H H 

46 ,...--

Another ~pa·th1 w:tdoh circumvents the dif£1ault"J inherent 

ili !it would be ·direct att&olt · on. the ally lie pos1~ion in the 

euol1 ~' by aelenit.tm dio;x;ide to· remO\re J1Ydride ion. The preference 

is for the loss of 0-1 ~drogen since 0•1 ~drogen would require 

the oxidant to attack from the moat hindered side due to the 0-19 

methyl group • 

'«Jw do some monoltet,ones give G( -diones and others c:X, r 
tmsa.t~ated keton~s rema:i..n unanswered. Tb.ia is assutrH~d to ·be due 

partially to solvent ef'feo't~ Tertiary a.loohola are n.oma.llu ueed 

ta carry ou.t the dehydrogenation rea.ction42 , but the r.eaction 

be .pn t-~ .a._ t4 id47 • "- • '"a do 48 . can . e.~...Lec ~~. ;w.a. aoe 1.0 ao. OJ!' m aromn~.~J..c ao.r.vGn:bs • 

. 9. 

48. H,.J. Ringold~ G.Rose,nkranz. and F.Sendheimer, i£:.0r&.Ch~l.!!.·, 

. ~- 239 (1056) 
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C\ -Diones are generally prodtlced using ethyl alcohol or dioxane49 • 

The natttrJ! of the solvent effect;, ha.s, nmvever, not be~nt elucidated. 

fAanich
50 

described ,the o:zcidation_ of a dispiro f3 -diketone, 

iZ,, ·.;;ith bydrogan peroxida in acatic acid solation to give ot, o<. 

I I 
0(.; eX t bis(tetrametbylene) adipic acid; ~··· It was _no'tt-

establiehad whether the oxidis_ing agent was hydrogen peroxide or 

peroxyacetic acid; the latter• of eou;rae, might b~ expected from 

re~otion of the peroxide wi tb. acetic acid• 

·cy 
-COOH 

"(J. 
COOH 

47 48 

49. c .c .I-Ia.oh, c. V ~Banks ar-~.d H.Diehl; ·Orsa.nic Synth~, Ooll. Volm. 

4, ~iiley, p 229 (l9GS) 

50. a. Mrul.tlich, &r., 74, 1007 (1941) 

' : 
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51 . 
Payn~ - studied o.xiQ.ation of several 2-acylcyclo hexanones., 

, . 
49, ·with hydrogen pe~oxide, in tart-butyl alcollolJ sol~tion at -
reflux. The reaction was found to proceed faster~ in pres~nce of a 

trace of sulphuric aci~. 

/ 

~fOOH 
r. -~ + 

50' 

~H 
51 

Having achi~ved a rather facile oxidative ring qontraction 

of a six membered ring to five,_ it was of interest to determine 

whether ring contractioh of five membered ring to a foUl' might 

be achieved. To this end, 2-acetyl cyclo pen.tanone Q.g,, was 

oxidised in the usual way. An. unoatalysed reaction was complete 

in sixteen hours at reflux to give ct-methyl adipic· acid~ ~ 

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

a trace of cyclobu,tane carboxylic acid. 

51. G,B~ Payne, #...2.m• Cham. 4793 (1961) 



52 COOH 
( ~OOH 
~H3 
53 

oo ,.. ·r fl!h.e reaetion was proposed · to proceed uy ws.v o intermod:Latee 

§! ana ~- nl order to ~ocount for th$ two product~, the break-
. . ' . 0 

down of ~was postulated by either of the foll~~ing ~a shown 

in SchamG • VII. 

Sch 5llle • VII . ~~..__ __ 

54 - 55 56' 

HOe-:-0~ ;OH . (' c, 
-.....__x "R 

56 

~.OOH v. + R-.CQOH 

57 

·~03\ 
~ ;OH 

)----~ 

~\R· " ~OOH 
R 

56 58 
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It ~uaa found tt'lat \~hile 2;4 ·pentadione (acetyl aoet~u·u!) 

did. not under_go nn oxidat:t~e. ra~angement under aittt1lar condi .... 

ttone ot react~ton 3,3 dimethyl 2t4 pentad:Lon,e, 5f~b behaved 

diffe~entlY giviitg piv&!lio aoidt !!Q., in 7~ y.ield. The euooees 

uchieved ~-lith fil: ia believed to be a <:.Ons$qttencft! ot oa,rbtmitttl 

ion. sta.bilizatton. by the gerJ.-dim~thyl groups during breakdown. 

.'of the oyolic pero~d.dea (Scheme • VIII) .. 

Schem! _. VIU.· 
.:¥Mh:;: .. ; .. lf ........ 

0 \ 0 
I I ~ I 1 C H - C-· C C H-.:.~- C -C H 

3 ~ 3 
59 2. 

~ 1-1:)
3 

C -COOH 

+ 60 

CH3 COOH 
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~-

\ 

l.'lo isobutyric a,cid, wa£3 ide.o.tified as prodact from the Oxidation 

of the monomethyl compound, 3•methyl 214 pentanediona• It waa 

concluded, therefore, tht\t one alkyl subati tuent does n.ot provide 

sufficient ·carbonium ion stabilization to allow the re~ran..gement 

to proceed in the $Cyclic s~ries. 
52,55 

Vin:ogradova et al · had showu that 2--forr~Wl cyolopenta:-

nene 61·, and 2•f'ormyl .cyclohex:anone, 2&• on treatment with 

aqueous hydrogen peroxide undergo unusual oxidation cleavage to 
' 

produce dioarbo.xylic acid con.tsilling the aame number. of carbon 

atoms :i,n the starting oom:pound• It wa.s also established that the 

cleavage of.' the six membe:r:-ed ketone completes with .ring oontrao• 
' ' 

tion to form cyolopentane QnrboJt.Vlio acid• 

'&Ho H202 
HOOC (cH0lOOH 

61 

COOH 
HO H2.02. 

HOOC (cH2)
5 

COOH + 6 
62 

· 52. L.:P-. Vino~dova and s.I.3e.via.lOVt Iz~. ,ll.oad. Ne;Uk SSR1 

?td., OhiJ.!•. Nauk 1717 (1960) 

53. L8P.Vinogradova. and S.I.Ba.via.lov; Zh. Obach. flhi.m•t §.2.t 

4110 (1960) 
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~he mechanism of the reaction wae considered to be the . . - . ' ' . 

rearrat?-sement of the correspondj,ng ·pero.r..ides in_ tv10 possible , · 

d.i~eotiona .as di$oussed under Soh~me-VII.~ .. 

Corey et a154: made tho surpri~~ng die cover.~,"_ that th~. 3(d , 
11 o{ -dih.Vdroxy- .6.

12-pe?.ntacyolic ·tl;'!terpenoid.B, .§!, on ~reatment . . . ' . 

in methylene· chloride witb a solution of .3Q% hyd~ogen pero~ide 
. ' ' ' ' .. 

and P-toluene sulfonic ac~d in tert-butan.ol forma an epoxide, the 

llCA , 12 (){ epo::d.de and undergoes a slteletal rearrangement by 

014 ~ o13 methyl migl"ation and ehi.ft of the double bond, §!• 

'I , 

63. 64 

54~ I. Agata., l'hJ. Corey, A .• G. Hortnan, J. Khim~t s.l?roskow and 

J.J~p-raprung, {! Org. Cham. ~-- 1698 (1965) 



Another: ex:glmple of in·tereat 1.s tho action of hydrogen. 

peroxide on triterpenoida o~ntaining a ~wdroxymf;lthylen~ ltetone 

· fu.nctiorh .It ha.:a be~n.. observed that in absenoe of (3 , Y unsatura­

tion and eapaciall7 in alkaline media oxidative cleavage occurs 

producing 213 seco-a.cids .. ~hua., t~e ketone,. ~' {!fA.Ve exclusively 

the diacid, §_2, chamoter.l.se<l _as the ester, §!, whioh was also 

obtained from §!! by catalytic hydrogenation.-

HO' 
I 

HC~ 

65 

68 

66 R=H 
67 R~Me 
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' ~ 

It has been found that in 'the presence of f3,Y uneatu.ration, 

ring contraction ocou.rs 111 · ~hu.s,_. hydl!oxyrru)thylene anhydrodihy:dro 
. . . 65 ' .&+ 

li tsomentone, .§! undergoes a rea:rrangement i:n PI'9~en.ce o"' 

hydrogen· :peroxide in alkal~!'la media. producing ZS!• · 

HOOC{t} 
} .. +:?.o 

69 · H-COOH 
: ; ·~ 

,• ·~.-

Reactions involvi~ gy;drq&ln !§l.'OX'-d.e and, Saleniym Dioxide. 

:tt trana,pires from discussion~ '-n the preaeeding sections 

that ael~nium. dioxide and 1:\vdrogen peroxide have separately found 

wide appl:toat:i.on.. Not too many reactions uaing hydrogen pe;roxide 

and selenium dioxide togat~er are, hOW$Ver, known~ The combination 

perhaps found a;p.plication in the oxidation of acrolein to acrylic 
56 ' 57· a.cid for the first time ··~ rn. another obvious)¥ different oaee , 

----------·-------------------------·------···----------------------
4Q_, 786 ( :1. 972) 

56. Ref. 13 of this chapt~r .. 

57. L.Sta.ll and H~Juoher, He1v.Ohim.Aota., 36, 268 (1953) 
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the reagents have been ttaed. :eor .t1.ydro:lcy'l~tiOll of cyolopent~e 

and cyclopentadiene, U.• ~~he C?at~lyst in th.is case is. prol;l~bly 

pers~le~c ao~d. 

H_O~ +- . I 
H 

Oxidation of meteylene groups adjacent to oarbonyl groups with 

stoichiometric quantity Qf selenium d:i.oxide to give o< -diketonea 

or keto aldehydes are well knovvn• Payne et o.1°
3 

while studying 

the reactions of hYdrogen peroxid~ in presance of selenium 

di~ide on oyolopentnnonet cyclohexanone and cyoloheptanone 

anticipated that the cyclic ketones might undergo tne well known 

reaction with Se02 giVing c< -diltetones, with H202 serving merely 

58. G.B.P.ayne and o.w.Smith, J. Or.s• Ohern., gg,, 1680 (3.957) 
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to oJP_diee s~ metal baolt to the dioxide. It was found, howevert 

that. alo11g wi·th. oth~r competing reactions a.12 ·the· three keto1+as 

u:na~rwent o~idat:i.,ve ring contraction to cyoiohexane; oyclopenta~e 

and oyclobu.tane carboxYlic acids in 34, 32 anti 23% yields respec­

tively. 

H202 ~OOH n.:;2 (34I%) 

seo2 ~ 2)n . 
tJ.!:l (32%) 

n-o (23%) 
'- ... 

Since the discovery that a mixture of Se02 and HfP2 tr.ana­

forn1S alicyclic ketonea to ring contracted oycl.oalltane carboxylic 

acidt the rearrangement \las extended to acyclic Qnd allcylphenyl 

ketones by Sonoda. et a159
it In. t~~ ~o 1\vdroJey"late olefine; Z2,, 

. . 

with hydrogen p0ro.x:ida in the presence of Selerdl.ll'l1 dioxide as 

catalyst and· by- using a. miXed solvent of tert-bli.tyl alcohol and 

a katone 1 it was found u.r the workers that the oxidation of 

ltetone. used. as solvent. prooeed.ed mainly to form oarboxglio 

acid ·by tha fol1ow1ng equation; 



R- OH · · 2>·0 -~ ·Ol 
R' 

73 -

-31-

Acetonet methyl ethyl lt~one; methyl n•prQpy1 ~eton~ and d;iethyl 

ketone w~re eeleoted as starting ma:terialfh Tile main rt)QI'ra).')ge­

men,t observed is due to the raigration of the alley-1 group ha.Ving 

a. smaller number of. car}.)on atom$ to the c< .o.oarbon atom of the 

iarger allcyl group and the migration of the alkyl group with a 
. ' : . ' 

··larger number .o£ carbon atoms to the sna11er one also ocou.~s in 

some degree~ The wol'kerr$ shared the View of Hughes ·and hlfart1n6° 

who proposed the formation of pero~selanious acid, ~' in the 

course of the Oxidation of aelen.iu.m di()xide to se.lanic aoitl as 

shown below: 

74 -
fhe f.ollowlng meolla.niam as ahown in Scheme - IX was· presumed 

by thta w om era. 

00. F.J.· Hughes and D•S• Martin, Jr •• J•PllttB• Chem,•; §2. 

410 (1955) 
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R-CH 2-· c= 0 

~I 
PATH bl HOOSe02H 

Set· 

o/ ""'o 
~ 6 

R-tH·-· 6:__oH· 
I R; 

Scheme - tx· 

PATH a 
R -CH= C -. OH 

' ~I 

1 HOOC se021-I 

/0"" 
- H2 Se.03 . R-CH~ C -·oH 

X . I 
.. · H '0~ · R/ · 

0+ /· . R' 
6'--- H+ · 0 

R-CH-C-OH - R-tH-C: 
~~ ~oH 

The reaction we-e also applied to several· keto steroids. 

With 5 c\ -cholestar:t-3-one ,. 75t a mixture of acid was obtained61 • 

The acids. after esterification were separated and characterised 

a:s 1& and TL • :Che yields ware 25~~· and 19.5% respeotivel;r. 

75 

I 
I 
I 

H 
~76 

/, 

RiOOC H 
77·. a) R=GH3 

.b) R=H 

-------------------------~-------------------~~--------

G2'iJ )?; ~" O~P.i •·- ~.·? ·Sh~ ;>rt~n ~!1~ Si 4;>u" :n8:l.8.Bl1bt>r:oo@.nyat'l~. 12~~~~~~t;t,c:lE.2ll-. 
DrJ.; 1.9'71 t~or-;.tl,)· 0· · 
~ 11' - - ' .• ., ·:., --·.; , .· 
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c~ap:L et a.l62 studied the reaction for ·etexroidal 5-ketonee of 60( 

e~na 5~ eel'iee and found that the major. l'$lctton waa not ring 

contraction but Ba-eyer"""Villiger O.'ldf1at1on •. 

~he cOIJipound \'dtb. A/B t:r:ana junction, 17 f'•aaetoJ!i3•5 -eX 

andro~l·t:all""'3•one, 7QJ.\t gave ·a laot~one, -79 ana t\90 oarbo~ltc Qo1t'ls, 

f!2 and ~l .. • She ~!dation of 17 (3 •acetoJIV-5 (3 -androotan•Q.,.OA.et '{~At 

gaJe th.a la~tOllO, !11 aa a. ~1,ngle product• 

H.OH2.C 
HOOC 

. '' 

80 

oAc 

8"2 

79 

? 
=c 

OAc 
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Hara. ~t a163 ~ ho;leV$r, had shown. that perbari~oic acid 

o~-cidation of .5 a and· 5~ -3-ketonea y~elded mixture of laotonea 

··w:t th an oJcy"gen atom inserted :J.n e·ithar side of the 3-oxo group • 

~'lith the eo~111only used peracida it woald seen that the reaction· 

·. i~A ~ i .&. 64 f'l i t 162 proceeds in a. rather . Jll;),iacr;z.m naue mann.or • vaep e a 

employed nearly neut~l. oondi tion and oonolud.ed that the direction 

of attack v1a.s more $nbstra.te deparulent, and hence led to the 

formation ma.inly of single eompo\Uld• lfo:tt example, fo:r;- 1../B trans 

junction thEJ 2,3 bond and for A/a cia junction the 3, 4 bonds are 
. . . . . ~ 

olaaved •. In their succaedi.ng. experiment Oaar~i et al obsei'Ved 

that no directional influence of ring A/B junction on.the course 

of the reaction occurs. 

Jerussi at a166 studied the SS\.me re~ction on 17 (3 -acetoJW 

-5 ct •chole~ta.n-3-one and reporte.d formation of the products which 

were· different frolll thos~ preVi-ously pu.blishen67 •68 
o They oa~ried 

out the reaoti()n. of 83, with selenic acid and S0,7G H2o2 in tart• 
' butyl alcohol and the reaction yielded tt ct'lnpl.ex mixture of acida • 

Estaritication of the orud.e product with diazomethane folloaed 

b.y chrOlilatogra;phy and several times crystallisation yielded 2 0( - · 

------~·--~--·-JJ-J&-·~~-----·--------------------~----~--------· ~~0---------
63, s.Hara, 1~. _WLatsunOt? and 111., Tekenchit Uhem. and Ind., 2086(1962) 

6~. V.Prelog• L•Ru,zicka, P•t•1eiater and P•VIieland, Helv. ,0him.Aeta., 

~' 618 (1945); m. 1~1 (1945) 

65·. E. Oaapi, Y •Shimizu and S.N .. 1:Jalasubramaeyam, Tc::rtrahedr,qn . 

gg_, 1271 ·(1964) 

66. H.M .. Hellma.n ru1d R~A.Jerussi·; Tetrahedron, ,gQ, 741 (1964) 

67., c. Biellmann. and ~.Baji~~ .Su,ll.Soc .• Obi.m. Fr. 5 441 (1962), 
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1) 

carbcmathoxy-A,...nor-5 cx.-cholesta.ue, ~it1~,·- and 2,3-aeoo~t)o\ ~holestan.e. 
' CU1-v--l 

. 2t3 dioate; ~,.( 86CH compound §.2 was, however, not found• 

7 
I 

·I 
f· 

·r I\ . 
l 

I 

. · ROOC ·~ 
86 
a R=CH3 
6 R. H 

, ~~ 

fUCOOC"--~-~ 
·~ 

HOOC 
HOOC· 

I~ 
87 

84 

a R . CH3 
bR=H· 

Hanoe isolation of 86fi, the epimar of, 85, led Jeru.asi et a.1 

questioning the evidence as to the identity or the compound 82 
givep. by the French workemfl?. Hov;ever, £or §§.1 the m •. p. 51° 

and rotation. C*rA D J + li.o \'iere between thoee reportea69 tor 
0 ~ 0 ' 0 . 

861 m.p. 46-46 , t- ~D J +1 , and for ~"t~t m.p. 60-63 , Co< D J 
+ 19°. Therefore, it was thotteilt that tha product assigned 

------·-----------------------------"-·~------------------ ·-
68. E. Caapi and S .N .-B!:t.lasubra.manyam, Tat. Lett.,. 1,g,, 745 (1963) 

69. D•E~Evans, A.G .• De Pa.u1et, O • .W" Shoppae and F. \iinterritz, 

~~qern.soc., 1~?1 (1957) 



stru.otUI'~ §.§. by ·tnem67 may, a.ctual~y be ~7-G. reported l.w Je~®s:t.66 • 
A mechanism had b.eel1 proposed by Sonoda ar:J..d irsutsumi for 

the rearrangement of deoJcybenzo:tn69 in whioh a pero;gy~.elei:lious 
enol ester, B8, wae -poatula.:t;ed as ari intermecliateQ This then 

unde~goes intramolecular epoxide.tion to givEi .the enol epoxide, 
' 

§f!, which rearrang~s as shown to 8ive diphenyl ~cetie acid; g_q., 
Opening of the epoxide, 89 .t in the m~umer proposed appeaxas unlikely 

in view· of the course o;r · epoxide rea.. at ions in the· acidic soiu.tion 71 .-

HO"- ~H 
. se.. . . 
q·~ 

I 0 0-0-H 

. "c ~-l.). 
I \ 

Ph Ph 

88 

0 
\\ 

HC>--C--CH 

90 

- ..... g ........... __. _ _..._......_ ____ 11 -·-· -· ----------~~-«- .- ......... -· 
7o. N.son.od.a and s~Teu.tau.mi, J?.!A!l• (.ihem .sq.~.JannQt :;?,!, 100(:) (1961) 

71 •. R.:E.Parker and, lt.s.Isaaca, O.hem.Iiova., 59:, ~37 (1959) 



Scheme - X eumma.rizes the m.echa.rdsm proposed by Jeru.eai 

et al Go • All exampl~s of O:.tidat1;~ rearrangeme~t of. ketone a . using 
. . 

H2o2 and selenic ncit1 or Se02 have involved enolised ketone., Non-
.. ' ' 

83 
HO. 

91 -

94 

87b 
84 



enolizable ketones' eval'l tho~e having (}.. •bydroge;n. e,toms .fs,il to 

g:i.:ve the l--~.r.rtion72'. Hence, it 1.s· plaus:lbl~ to aa~me tha.t ~~Jith 
f3teroid. ketones a:i.so enolisa.t~on:ar enol eater formation :is Ql'l. 

essentlal step~ An enol a~lenits es.ter~ which rearranges to: Qll 

ol•keto selenium ester, .hae been p:vopo~aa bY Corey anti Schaefer 

aa an intermediate in. the selenious' acid oadatiQn of deao;gy.,.. 
73 

benzoin· • 

Renee, hare the fi~et step involves the int~raotion ot 
~ 

ketone with salen:Lc acid to give an o<..,;.kato aelenite eetar, 91; 

Attack by H202 on the ca.xobQn.yl groU,p Of 21:. gives aa~ c/.. •su.bstituted 

hydroxy eydroperocxide euoh as 92 l'l.t\ve been :tsola.ted ey Kha.ra.sc'l.\ 

and soano.v~:ey-74 by tre~tm.snt Vli th ct. -bromo and 0( ~chlorocyolo ... 
hexane with H202• In. the absence of a bul:ky o< ~group only ·a1mer 

is i~;~ola;~aa~ G<yoliaatio~l of ~ gi'V'es "t;he peroxide 2!:r which 
., 

r$arrangea aa indic.a~ea to g:l:ve p~odqot f3..i•' A eycl'-o peroxid.e he .. a 

~en propoaad by. Pa,yne"~5 to ~ecount . f~r the £ormation· of ·cyolo­

pentane carboxylic acid .fr~ 2•ac~tylcyolohexanone and bfa~g~n 

peroxide. f1.1t. can alao go to the diketone,, 2,tt wAioh can .be oxidiaed 

by ~02 to 2,3 aeoo acid ~?b• 

,..... UJ 

72. R•A•J~:russi, Ph~D.- Dies., i~.Y • Univ. '(:$..9&) 

'13., Ref·• 43 of this· onaptor• 
: ', " 

74. M.fhKh.ara.scb. am G,.soanovsky; iJ:jOVg•Ot_lel[l•• g§., 1322 (1958) 

75. G.:a.l?a.yne, st,.qr.e;,!.O.hfm•• ~·· 4793 (196i) 




