PART & II

ACETOXYLATION OF FRIEDELIN BY LEAD (IV) ACETATE
AND ANTIOCTANT BEHAVICUR OF Ze~ACETOXY KETCNES



CHAPTER = I

A Short Review on "« " —acetoxylation of Stercid and Triterpene

Ketones ;gith Ph{IV) Acetate angé i‘h@ Mechani_;sm of the Reaction?

(A) Lead tetraacctate acetoxylation of 2-Keto and 3-Keto
Sterolids

(1) Henbest and cosworkers® carried cut Pb(IV) acetate (LTA)
acetoxylation of cholestan-3=one 1 at room temperature in the
presence of BF, as catalyst. 2 & wacetcry cholostan=3wone 2
was ebtained as the only isolable ketecme, The best yleld (50%)
was cbtained by using benzene or benzene~isopropanol as reaction
solvent, Reaction in ether or acetic acld gave the same acctoxy
ketone with somed /3 =unsaturated ketone, Structure 2 for the
acetoxylation preduct was 'e,stablished by reduction with LaH

to afford 2«4, 3/ -dlcl as the main product, Absorption on
active alumina converted the acetoxy ke:ftone 2 into iscmer 3 ,
the icomerisation procesds by enolisation and acyl group

migration via a cyelic inteimediate.
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BFg~catalysed resction of cholestan-2-one g with Pb (IV)
scctate in acetic acid gave an acehtony ketone diffevent £rom

compound 3 and therefore comsidered to be 3 (nécetmy cholaestan

=w2=0n& S,

8 | 5
' The rotatory dlspersion of these three acetoxy ketones
2¢ 30 5 and the remaining lsomer § cbtalned by oxidation of the
acetoxny alecheol 7 were discussed, ‘thez\ most striking feature
being the reduced ampliﬁuc‘ie caused by introduction of an axial

acetate groupe

ﬂc@)pq q |
- © { -

&




67

2 also noticed that when acetexyla-

Henbest and comworkers
tion of Sa(-cholestan-Bu:-one 1 was carried out with Fb(IV)
acetate - 83‘3 in b‘:enzenea-meﬂzanol.' in addition id the normal o
product 24 maceteny cholestanone. 2 (47%), é ring contracted :
product methyl A-nor cholestan=2d =carboxyiate (7%) 8 was also
formed, The ester was also ocbtained {(11%) when 3.3=dimethyloxy \
cholestane was used as a sx:&:stz:a,ﬁe. When methanol was replaced
by ethancl or propan=2-ol the product 2 was only isolated and -
the ring contracted product 8 could not be detected. The compound
8 is one of the main produchsof the Favorski reaction of 2« =

bromo=5 « «chole stan»:%bones »

‘\-\
=
1

An interesting rearranged product 2 was cobtained by
4 . : o
Jeger and his coeyorkers” from 2«o0i0e5, 17/d-dihydrcay-10« -
: anérosténe diacetate 10+ The pathway suggested foxr its formatiom

has been presented belor.
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(ii) Lead tetra acetate reaction of cholest=5=cn=3«cne and
4~eg_ =3=0ne 3
Fieser and Stevanscns reperted the oxildation of
A‘r,’-cholestenew:%wene 131 with lead tetraacetate at 15-25° and

isolated As-.—chalesi:enewaA acetoxy=3~cne 12 as the major

crystalline products Structure and cénfiwration has been _

deduced by extensive degradative é\'&“di@ﬂg 4 £ =subgitituent is
equatorial -ené should have greater stabilit}‘r than an e_pimer;.c
/A =groups Steric z:epuisic«'n between the 1,3 related c.iO methyl

group and C, ﬂ«-substituent should@ further impede introduction
of a 4 J=substituent. -
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_TA

in ‘ccntrast,‘ the conjugated ketone cholestwdeene3=one
13 proved less reactive but also gave acetoxylation, in this
case at the 2«positionto) afford -146 with lead tetra acetate in
95% acetic ac.ifi. Seebeck and Reichstein also obtained the same
preduct with acetic acid « ac:etic anhydridas The 2«acctoxy

6

group was shoun to be o(neriented by degradation” €0 the known

cholestane-z o< «ol, 15,

(iii) Reaction of lead tetraacetate with brcgestemma i6 and

textcsterone 17 »

8 conducted lead tetrascetate

c:larke and COw um..kem
axydation on pxogestexcne 16 in ac:etic acid at 85~90° for 6 hre
Three reaction products ware cbtained by chromatography on
Silica gel 3. 20( -vhydroxy progestercne acetate 18 (8%), 24 .
21-dihydzoxy progesterone diacetate 19 (16%) and 1,4abrs=gmaéien

231 01&3. 20 d:l@na acsatat@ 20 (5e1%)s

Under aimost same condition of acetexylation, testosterocne
acetate 17 afforded same mixture of 2/>=(unstable configuration)
and 2o/=(stable configurstion) hydroxy testosterone diacetates

21 .and, 22 as reported by Sondheimer et 'al’ and in addition a
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1.5% yleld of 1,4=androstedien-i7/}=ole3=one acectate 230
2 JSr=isomer 21 can be cesily epimerized to 2« =isomer 22.

(iv) Lezd tetraccetate oxidation of 37ﬂ -éhyérw 5o mandrost

=l=enw3=-one ocetate 24 1

Kaug mannl 0

observed that 17/ «hydrexy 54 wandrostelwene
Jwone acetate 24 on treatment with lead tetraacetate in acet:ic
acid heated on steam bath for 5 hrs furnished 4o, 175 -dihydroxy
N 4ks 4pepimer 25 1.4
=54 =andiostel~en~3=cne diascetate ZGxtogetheer with the At*%a.
ketope 27. The less soluble /3 -z.semcr was separated by direct
_qzyétallﬁsaﬁim and the (=isomer and the doubly unsaturated

' ketone by chromatography. The structures of 28 and 26 have been
established through alkaline hydrolysis whereby both compounds

ave converted to the known 4-hydroxy testostercone 28.

' Under these conditions, the Aledouble bond shifts
through dlfferent encl i'ntemediates as shown gboves The configura=
tion of the 4’«saé::etexy grmp has been determined in 25 as o{ and
in 26 as /3 on the basis cf:' molecular é:’oi-:aticn changes relative
te the parent émmpomid | 24e The UV abso;:ptien of 26 shows a '

>\~max
230 nm as the parzent gozr@csuzd 24. The kathochremic shift caused

at 235 nm, whersas the g(»yiscmer 25 'has the same 7\ ez at

by the /3 msubstitutien confirms the fact that the latter is
accompanied by strain in ring Ay
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{v) Reacticm of 'Be-oxc-é, Swonrido »sﬁeroidrs,with lead tetraacetates

13

Mihaillevic and co=workers™ ™ observed that troatment of

Bwcxom8,5=0x1d0 steroids 20 with leed tetraacetate in benzene

~in the presence of _Cagt;'cs msulteé in acetomylation in the
2 A-pos;y.t:.cn 30 which was proven by independent synthesis of
acetoxylated ccmpoundse The products of this resction rearrange
even under very mild condition ce.ge chromatouraphy cn Silica or
or alumina, to the corresponding 2,3=dicko Aé?cmnppmés 33
‘which readily undergo dienone phenol rearrangement to afford
Awpring arcmatic steroids 32-MMR spectra have been extensively
gpplied to eludiaate the structure and conformation of the
various intermediates. A mechanism of this new transformation

has been presented (Scheme = I,

{(B) Reaction of lead tetrascetate with 20-keto and lleketo
steroids 3
(1) ' In course of his wozk on the synthesis of dosoxy

corticogterone f£rom pregnenoclone Giiiij'z

carried cut reaction of
. pregnenclone benzoate 33 with lead tetraacetate in acetic acidw
acetic anhydride on water bath for 2 hrs and obtained 2i-acetoxy

derivdtive 34 (yield - 25%),
CHg | N CHo0AE
C =0 | C =0

LTA T

320
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{14) Durxing the synthesis of Aﬁépregneneqli, 2%pdiol, 3,20
odicne diacetate, Djerassi end co~u¢mkexsls performeﬁ acetoxy-
lation of pregnan 3K ,. 110( ~diol 20=cne diacetate 34a with lead
tetraécetate,in glacial écetig acid énd écetic anhyarice at 75°
for 16 hrs'té afford prégnahe-sx’. 114, ﬁl—triol-éo—ene trizcetate
35 (vield 42.5%) which was hydrolysed to pregnane=3o , 2iediocl
ad%éne 11-monoacetate 36. | Chom

- Ct=o

e

{1ii) Henbést and co-aorégicié car ied ocut . detalled studles

on acetmiylation of Lll-and 20-cxo steroids with lead tetrascotate
in the presence of boron trifludride. éttemptsto use other Lewls
acid were unsuccessful in benzene or benzene-mathanol. With
acetic acid as solvent proten acids did not catalyze the .
acctoxylation eﬁfiqiéntly. P:egnan;zc-ones an@ pregnsne 11,20
=dicnes react with lead teﬁraacetaté"at 25° in the presence of
ﬁoronﬁ:iflﬁor;defﬁo'give'the corresponding 2l=acetoxy compounds.
The besgt yield (86%) of 2l=~accitoxy compounds was cbtalned, when
5% methanold in 66 g Was used as a solvent i in the presence of
bcronﬁkifluoria@ catalyst at room temperaturaes EBEarlier the

213acetcxyla§ion Of. 20=cX0 steroids with lead tetraacetate in
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acetic acidsacetic anhydride has been ;repc:\rl:ed to give yiélﬂs .
ranging from 3% from progestercne to 62% from 3L, 11L ~diacetoxy
So(wpregmane-zc-qne. It has been suggested tha_t under thé condition
stated abova bomntxfifluoride :Z.é convarted into thé probenic

ax:iﬂ H Mc-;OEE‘B . Benzene-acatic ac"d gave 23% yield and no

‘acotoczy-compound wh@n benzene alone was useéio

- The steroids containing 1l-cxo group are mlatively
un:‘reative CeGe 3¢ 20ﬂmdiacatoxy Soga-pm.gnan ilecne 37 gave -
only 3% monoacetoxylated pro(mct in _benaene methanocl cmuaming
BE'3. The same compound was obtamed in 13% yield £rom reaction

6114 as the Qo(uacetnxy

at 50° in acetic acids It was fommulate
compound 38 which fumishea a trﬁ.cl on alkal ine hydrolysiss
Acetic anhydride _pyridin_a,aa.fqrded diacetate angd vigorous
trzatment only -afz‘;orded the triacetates fhe difficulty of
esterification of the third hydpixy group is ccnsistent with it
being tertiary (94 ). when Y R of the triacctate was compared
with the diacctate a ncw peak corresponding to acetoxy group was
showne

CHORC .

AcO
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Both showed a sharp peak at 7T 7.6 .ascr.ibed to the two
protons at the cgzmpesition and 'nc- peak eorxesgﬁcnéiég Lo t:he
>¢§_~;0Ac of the nez-riy introduced aceéc;ry ogroup. These cbhseivaiion
" confirmed the tertiary nature of the introduced acetoxy croup
and.éxeluded the position of the substituent at C,, position.
Molecular rotation differences maésuxemantsm of i:h:{.s and cther

' model compeunds substantiated this assicnment,

{c) _Réactifm of 17-keto sterold with lead tetraacetates

‘Johnson &t al’® observed that the enol acetate 393 of

33 wacetcdly androstance=l7-cne 39 with lead tetraacctate at
room temperature furnished 7% yield of an o -acetoxy ketone
characterized as 3(3, 16«62iacet:o:éy axadmstane-d?»oné@ﬁihey
proposad its formation by attack of stetoxy free radical or caticn
at the nucleophilic .‘Léwpositiod of the enol acetate 393« It was
distinctly different from previcusly known 16 o(--écetexy kétcne
40 of known cmfilguraticn, cbtained by the rearrangement® of

© epory acetate 41. 'This‘ ilecad o the inference that this isomer wes
the 16 ~epimer 42¢ | |

Chce

16 ORe

AcO

-AcO
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(D) Reaction of 4,4=dimethyl 3eketo stercids with lead
' gotrascetate 3 "

17 prepared several dwgubstituted

Jones and cowworkers
derivatives of 4, éwdimeﬁhyl cholestanw3=cne with a wview to
comparing with certain bitter principles which have b_een agsicned

cmarable gtructures for ring Ae

" Acetoxvlation of 4, énéimet?lyl cholestan-3~one 43 with
‘lead tetraacetate 4in ACOH gave a mixture from which the two
gpineric 2§acetaﬁes MePe 115° and'- 147° were iselat':ed. Both were
aiso obtainad by acetolysis-of 2 ﬁ-wbrmcmtz,t.l»dimew;. chelestane
3mone, Thed ) max 208 Aﬁmax (¢ aéoi for both compounds conpared
With the parent ketone were & O A end + 24 om™~, again indicative
of the equatorial conformatie:i of the acetony grdup- in both cases.
The correlation between wave ?.enét.i"z shifts and the conformation
‘of the acetoxy group is-however, t&ey commented, not always
valids The acebate mepe 147° shows the greater positive amplitude
in its Cotion effeck. A 2/3 =bromo and 2 Bemethoxy 4,4<dimethyl
cholestanw3=one shows bigger positive anrﬁalitude than €tho ¢orres-
por&éiﬁg V-Zotvderivétivess.; the acetate of m.p. 147° wust be 23 =
acetony cholestane3-cne 44 | with ::mg A in a £lexible conformation
énd the aceéate HePe 115° 'is the corresponding 2 A «=acetate g_g;
' Thekdiosphanol 46 cbtained by hyarclysis of the acectates 44
and 45 uwnderwent kenzilic acld zéarrang@m@nt to give the hydroxy
acid _%2. Cénéiéeratich of the stereochemistry of the rearrange-
ment indlcates that attack of GI° at either position 2 or 3

of the dileto form of 46 will lead to a 3 =orientation for the

hydroxyl group of the hydraxy acid,
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{£) Ace‘*oxylatiosa of the tetkacyclic Bwlcei:o tritex:pene,

cunhene-a-one with lead tctraceta‘ce 2

During thelr wor:k on the introduction of cextaln groups
in ring A of euphol for bioclogical testing to evaluate antie

18 conducted acetoxylation

tumor activity, lLavie and co=workers
of euphene=3-cne 48 using lead tetraacetate in acetic acid in
thé pmsénce of BE‘3° They i1solated the acetoxy ketone which
wes assigned on-czcmatorial acetoxy configuration 49z « This -
"~ was due to the approach‘ of the reagent f£rxom the less hindered
rear face of the‘ molecule, Evidepce £xrom mR hasz been obtéinea. ,
The proton at 0-2 ai splayed a quartet of lines centexed at
T 4.30 (J 2 645 eps and Ton = 13,0 eps)e Upon acid hydrolysis
it afs’:‘o;*déd ao&enydroxyvawketo derivative 49h, Y, mase. 1718 cm"l_q
On passing through a ccj.um packed with' b;sic alumina 49a
undervent iscmer sation to 5l. The isomerisation proceeds by
enclisation and acvl group micratmn pr obébly through the gyclic
eme:élia ta 50., The rearranged aceicxy ketone 51 which was
obtained by varj.c:us metheaa described by the autmorslg ise
therefore, dzermaﬁynamcawly the rao:,e. utﬂbl@ dex wfative in this

seriess .

() Lea& tetraacetata acetoxvlation of yentacvc'i ic 3-keto

trimrpenes z

3) Reaction of lupanone 52 with lead (Iv) acetate 1

In conn&ctian with the preparations of lur:ane-l. 2=and

19

2.3-6:.019 Mc(‘innis emé ee-woﬂers - treated lupanene 52 with
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lead tetrascetate in acetic acid at 100° for 4 hr and cbtained

2 (P=isomer 53 as tl*e major product and 24 -acetony ketone 5S4

in small amount. The IR and UV spectra of the acetoky Ketones
.§§,ané‘§§ resemble each other vegy closeélye This is to be expected
since the 24 ~compound 84 existing in a chalr-like conformation
and tﬁe 2P =iscomer 53 in a flexible '(boatelike) form will both
have equatbrial acetory gzaup517q‘ﬁowever¢ clear ccnfiguratidnal
evidence follows from ﬁhe'ccmpariscn Qf‘ﬁhe ORD éiégersion data
for thege compounds with thcss of similar producis of established
structuxd, the characteristic difierences between the epimers

arising from differences in conformation of the zings (Chart I),
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Chart L
) Amnliméa . - ‘
' 4, ¢mdimethyl S5« -c‘:!olestanr, Lupane3=one
-Bmﬁne

o S - 139 - 20°
2 A =ChC o + 38° : + 61°
2 -Cha ‘ +124° +223°
A (2 L wOBa) s 49° + 71°
A2 - CAc) +135° ~ © +135°

% The difforence between ‘the moleeular rotation X 1 Cat the
peak and ticrough of the Cotton effect, ‘

i1) Lead {IV) acetcmglatien of mathyl 3ecxo=lupan=~28=cate 56t

In achleving partlal synthesis of methyl dihydroalphitolate

20

55 Cheung and Peng” "~ carried out acetexylation L to the 3~-oxo

gmp of methyl 3J-cxo lupem-aza-aaté 36 using lead tetraacotate

as the key st em .shis reagtion thought €©o procesd via the eanolzl
is cxpeci.e:a tc vield & 'oroauct reau.ttiaw from attack from the
iess ninérec‘;i L =sides .o i Even unc?o:. the mild conditiong :l.n

33
ebtaineds The MMR spectrum of the product shows, besides methyl

which 135‘3 catalyst was useacl“‘, dne  acetoxy ketone C 1«152 5 Was.

signals due to CH,CO (7 7.9) and =C0,CH, (Y 643) groupe, a
one-proton quartet centered at T 4.4. This low-£ield signal

- forming the X-part of an ABX system; may be assigned to a methine
hydrogen o« both to an acetoxy and a car.ﬁoonyl, group. The wide
separaticn (18 Hz)) betwoen the outeyr signals of the quarter
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_(.:!*Ax + JBX) suggestsan axial configuration for this hydrogens

MMR data are thug in acecord with formmlation of this product

as the 2 A-~acetoxy=3wketone 57, borchydride reduction of which

at pH 8 to reduce isomerisation gave the crystalline 2'ou-ace_taxy.

3 3=alcchol 5B as the major éroduct.. The NMR spectrum supporied
the assicned éiequatoxial' configuration at position 2 and 3.

. Cn acetylation 1t &fforded 2o, 3 diacetate 59 which on hyérolysis
furnished the targetted cc:mpcuné. rmethyl dihydro albhitolate E8. '

(i1i) Reactien of methyl betulenate 61 and methyl
ursclate 63 with lead tetraacetate s
22 ;

Xulshreshtha and Rastogi™™ accomplished the partial
synthesls of methyl alphitolate 60 starting from methyl
betulonate 61 61 was treated with lead tetraacetate in dzy
bensene~acetic acid containing acetic anhydride, refluxed for
5e5 hr to afiord 2 d ~acetoxy~3=keto derivative 62. NMR showed
a signal for acetoxy group at 2412 pi:)m and that for axlal
methine proten on Ce2 bearing the scectoxy group as a quarktet
at 5.6 ppm (J = 13 and 6 Hz), This confirmed that the introduced
acetoxy oroup cn C=2 had an equatorial conficuration. This
acetoxy ketone on NaBH, reduction gave methyl alphitolate 60,
The stersochemistry of the hydmxﬁ* groups was established by
NMR spectrum which showed a iH=dcoublet at 2,93 ppm (T = © Hz)
and a 1H mltiplet at 3.66 ppm (about 26 liz wide) due to the

- methine protons on carbons bearing the hydroxyl groups. The
positicn and splitting pattern of these protons was in agree=
rent with 2'0( o 33 m=configuration of the’ hydroxyls in the mole-

culee
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Methyl urselate 63 on lead tetraacetate reactimza under
the same condition described abové gave 24 =~acetoxy 3=keto
derdvative 64 as an amorphous powder which was characterised
by its NMé spectrume This on NaB}-x_é reduction gave methyl
2 { whydposy ursolate 65 mepe 205°, yield 26.7%, which was
characterised by IR and m«isz;,_

—&_3‘ i M V -6_5

(iv) Lead (IV) acetate oxidation of methyl Secxo-

canophylate 67

. During thedir woxk on the structure elucidation of
2 K whydroxy=-3=cxo=Did=fricdocleanan=28=~0ic acid g6z cbtained
from the plant Eucnymus 'r_e_irolutus (celastraceae), ¥umar and

23 carrted cut & partial synthesis of its acét;w

comyorkers
methyl ester derivative 66be Methyle3=cxoe-canophyllate 67 was
treated with lead tetrascetate in glacdal AcDH and ,BFss—ether
at 27°C for 2 hr in the dark, Since this reaction is believed
to go via <§:anoll.:1.s:zax::n‘.c:mJ the formation of two enols has been
envisaged 68 and 628 (Scheme « II). Acetoxylation would then

occur to the less hindered « =face, thus giving rise to two
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.monoacetates 66b (30%) and 70 (60%)°". The lesg polar compound

§6b showed IR bands at 1745, 1720 and 1235 ot 1

and 'u mR
regonances at © 4,95 (1H, m wg+.7 Hz, 2P =H), 3.66 (3H, S,
CH,0), 2012 (3H, S, CHyCO) end 1,03-0,69 (7 x Ciy)e The more
polar compound 70 exhibited IR bands at 1755, 2725 and 1235 cm >

1

an@ “H MR peaks at § 366 (3H, S, Cii 0), 2406 (3H, S, CH,CO),

1483 (3H, 5, 23<CH;) and 1,06=0,72 (6 x cx13>.a

/ . .
Mechanism of ® d\“'aacetmmylaﬁion,oi ketcnes with lead tetraacetate

Becavse of lts potential synthetic applications, guite a
good amount of work on the mechanistic agpects of the lead

tetraacetate reaction of ketone has been carried out,

‘From the studles of the kinetics of the reactions between
. lead tetréacetate and aceténe, acetophenone and its p~chloro
and p-brcmo Gerivatives iﬁ acetlc acid Ichikawa and Yamaguahizs
noted that the process is of first order with respect to the
ketone and independent of the ;éaﬁ tetréacetate concentration
and similar to the rates of halogenaticn of ketcnes. These
observaticns indiqate that the enolization of the ketene is the
rate determining step. The case.of oxidation of [3 =diketones
and 3 «cxo=gsters, studies conducted by Cavill and S@lomcnzs,

‘ supporﬁ the above}hypothesis. In adaition, the dimeric products
73 and 78 isclated from the oxidations indicste a free-radical
mechanism e.ge ethyl acctoacetate 71 in benzene at 10° readily
afforded cthyl { ~acetoacetate 72 and othyl ds(diacetyl succinate
23 and acetyl'acetone 74 gave 3ed=diacetyl hextane=~2,5 dione 75

which was also obtained from the reaction of acetyl acetone with
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acetyl peroxide at 800,

CH, G=CH, CO0EE — LTA Ciy=G~CH-COOT: CH,CO=CH=COCEE:
. - + A
° , O GAc G, CORCHmCOORL
i 72 o 73
CH,COCH,COCH, LIA S CHgmg=CH CHi=CeCH,
OF¢ (CHBCG)2 o 8 éOCH3 CGGHs

RCHQCOR'ég__ji RCH = CR'OH (rate-dotermining)

Initiat#on ¢ RCH = CR'CH + Pb(GAc), ———> Cogplex

RCHCOR' ;?\-__ch = crz'uo + Pb(OAc) + ACCH

S

Pb(0Ac), + Cac
Propacations
s T ’ : » !
RCHGOR' 4 Pb(CAc), — > ACOCHRCOR' + Fb(OAc),

Terminations

° L@ ‘ '
(i) RCHCOR* + Or¢ ———> ACOCHRCOR®

. 7
(ii) 2RCHCOR? > RCHCORY

RCﬁCOR‘I
(dimer product)
27

Fuson and co-workers®! conducted studies on the reaction

of vinyl alcohols with lead tetraacetétmn FPive 2,2 diaryl vinyl
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alcohols of the type 76 = 2,2=dimesityl vinyl alcohol, lemesityle
2aphenyl, 2-{3=bromomesityl)=2=phenyl, 2-isodiaryleZephenyl

and 2-mesityle2e(p=tolyl) vinyl alcochols were treated with lead
tetraacetate in acetic acid at 40° to afford corresponding /
acetoxylated products 77 in hich yield (~85%). This observation
that the carbonyl compounds which exist primérily in thelyr enol
form react with lead tetraacetate with unusuel ease would seem
to lend furtﬁer support to the proposal, put forward by Cavill

20

and Solomon“’, that enolisation is the rate~determining step in

acetoxylation by lead tetraacetate,

Ry:

. Ay
) ) LTAN ¢
>c:cn— on ALTAY in AcOM N \ s
: 4ro > . 3 ——:

Ax F:h/ |

.» . .’OA;

76 -

T

During their study on the mechanism of exddation of

ketones by selenium dioxide Corey and Schaefex®S proposed that

the rate determining step in the oxidation of desoxy benzoin is
the formation of an encl selenite ester directly £rom the ketone
by a process mechanistically related to enolisation in which the

electrovhilic-nuclecphilic pairs are H3Séo§ and Hao (acid

catalysed process ) and Hgseegf?and 0ac” (base-catalysed
process)s This type of mechanism perhaps is operative in case
of J =acetoxylation of ketones by lead tetraacetate, The formaticn ”

of enol-lecad triacetate derivative may ke involved directly €£rom
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the ketone £ollowed by subsequent internal rearrangemente
eliminaticne |

o o OPb(0ac),

ReC=CHR + LTAS"= ReC = CHR + AcCH
0 OAc J/
R-ICL-GLH«%-R + Pb (Ohel,

The fomaﬁicn of 4 A macetoxy=cholest=Swen=3wone 12 £rom
cholest—S»eh»3-on9 11 studied earlier by Fieser and Stevenson®
can now be interpreted 'as a preferential AL ~face attack upon the
enolice=3, Swdienes The stercochemistry of acetcxylation .has a.
regemblance with the;_ -sterically»contmllad 4 « =deprotonation
of the A5~3-ket9ne29 but electmphia.ic attack at C=4 rather
than at C=6 in the heutrél encl is abnormél and probably suggests
that acetony transfer occuﬁs via a eyelie transition state 78
with the reagent bonded to the Cy=cxygen substituent. This enol
tz‘:_iacete:;{y plurbate has also;pe@n advecated by «::cmayz8 as a

reactive intermedizte,
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The rapid .reaction of enols seems to6 suggest a mechanism
‘similar to that suggestea for the oxydation oi monehydric phenols
where the reaction is belleved to procesd through an int ermediate
organclead esuexzafso’glq

31 carried cut lead tetraacctate

Harrison and Norman
oxidation of 2,4,6=-triet~butyl phencl 79 in acetic acid, benzene
and dichloromethene end cbtained 2-acetoxy Gerivative 80,
dwacetony derivative 81 (2:421) and a peroxy derivative 82. In
the presence of methanol, the methoxy analogues of the’acetcxy
dexrivatives along with the acetoxy derivatives are also formed.

. This together with the finding that the 2,4,6-tri=t-butyl éhencxyl
radical 83 is relatively ineré towards lead tetraacetates, provided
evidence that the pTOdUCta are derived from two=glectron oxidaw
tionss They involked the formation of a;ylﬁxy lead dexrivative

‘84 which suffers heterclysis either before or synchronously with
reaction of methenol or acetic acid as a nucleophile. The much
higher 2:é-ratic for acetoxylation ﬁhan fer methoxylation suggested
that acatoyylation at the 2wposition, at least in paxrt, occurs
1ntramolecular1y by the clectron redistribution as shown in 83.

1,14

Hanbest and cowworkers added boron triwﬁluori&e

etherate to minture of ketones with lead tetraacetate in Lenzene

containing 5% methano; and obtained excellept viclds ¢E ' AV -

14

acetonty ketones from cz~, cs- and'czo-ketenes » The exact

- mechanism is uncertain, but boron triefluoride mey. function in

this solvent mixture as the proteon acid, H+MeQEF5 which promotes

14

enclisation” "¢ This interesting finding that ketones are more



OH
_ . 0
B 2ty B Bu’ JENCION
LTA - Oé) \OAc
— ‘/ Bu*'
E&u«t ut \

)

79 - &4 Bu‘f'
l | s
o O
.{' .
Bu OP‘i B\f’ Bub
BU | +
) O
UL Ohc
Btf' B
80 e %2
O o) o)
MQM% Rv S O LA QhAc
cu (1) ocetate
7 28 1
]\ LTA
4 o O
Bu B
Bu 4
L6



86 -

reactive wnder condition favouxable_ for enolisation, strongly
supports the proposition that the enol form is o be regarxded
as the reactive gpecies. :

32

Eilis ochaserved that the formation of acetoxy derivative

takes place at a position J\ o a carbonyl group evén when other

poaitions are availables Elu.sss

also presented convineing
evidence in support ¢f the enclate | anion as an intermediate for
the acetoxy ketones He confucted reaction of lead tetraacetate |
with enolates, Since the enol acts as a mucleophile the corres-
ponding enolate icn should react more 'raﬁidly,\ He reasoned that
the enclate would not cnly be more nucleophilic than ﬁha enocl
but could be cbtained in a much higher concentration, Isophorone
87 was treated with Grignard reagent to generate enclate ion 88
x&ﬁich was trapped with lead tebtrgacetate at room temperature for
18 hrs to give the lnown acetoxy ketone 89 in high yield (60%).
Thus, the enolaté reactad mﬁch faster than the ketone 86 to -

produce the dk#—acetoxy ketone in much better yileld.

ZeAdawmantancne which can not enclize, was recovered
unchanged on treatment with lead tetraacetate suggesting that
an enol 19 a roquired intermediate in the formation of acetoxy

ketones.

ALYl of the previocus results peint to the involvement
of the enol form of the carbenvl groupe. However, Moon and Bchm34 ~
carried cut lead tetraacetate reaction with unsymmetrical ketones,

2=putancne, 2-0c::tanone; Bthhylmﬁa-butanone and phenylacetone,



87
They argued that if enolization 1s indeed the rate-centrolling
factor this should b‘e reflected in deuterium exchange studies.
They uvsed MMR spectroscopy f£or studving thé rates éﬁ enoclisaticn
at the wo pcsi_ti@ns of these ketonese Thelr deuterium exchange
study indicated that 2-butancne had a faster rate of enolisation
£or the methylene position than £or the methyl peosition. For 2-
ocitanone and 3-methyle2«-butancne, the rate of enolisation for
both positions was nearly equal, While for phenyl acetone the
rate of enolisation for the methylene group was greater than for
the methyl groups. The c’ieajh_a_ﬁ;led study carried out by fe':-..’nerna‘é
indicates that‘ the products ratio of azetylation and enolisatiocn
rates 4o not ceorrespond welle These workers, thez;efom, suggested
that altheugh enpls were clearly involved in the reacticn, |

enolisation may not always be the rate determining step.

The initiel site of atteck of lead tetraacetate on the
enol form has not been determined although attack at the oxygen

35

atom”™~ seems to be inferred by most workers by analegy with the

reactions of alocchols.

In conclusion, nommal pathway for lead tetraacetate
acetexylation of ketones may be represented schematically as

1llustrated belqz-:as

« The reaction may involve en initial ((SchemeTl)
slectrephilic attack on the lone pair of the «~CH group, generated
by enolisation ©f A-methine ketones, to produce organo lead
intermediate 90 (via pathway al) followed by intramolecular
donation of an acetoxy group to the adjacent carbon to give the
acetoxy ketone 22« Alternatively, dnitial attack may occur at

the methine carbon (via pathway b) to produce the ester 21
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which subsecuently by an internal 1,2-acetoxyl migration or an

external attack by acetate ienBS

vields the acetoxy ketons 92
{Scheme = III), o
Hanbest et ali"_14 concede that by-products arising from
cehydregenative coupling at high temperatﬁxe are indicative of
a compéting radical reaction. Isolation of the dimetic products
73 and 78 from the lead tetraacetate reaction of eth&l acetow
acetate and_acetyl_aceﬁone, respectively by Cavill and Salomcn26
lends support to the highlteﬁperatuze radical'reactien pathwa?.

26

Cavill and Solomon®" £urther noticed that the dehydro-

dimer 75 can be obtained'undar radical generating condition using

acetyl perczide. Coomb536

carxried out lead tetraacetate acstoxye
lation of 15,16=~dihydro cyclopenta (a) rhenanthrene=l7-cnie 932
and its 11mmethj1 hologue 93k under photolytic conditicn and
obtained the corresponding acetoxy~ketone 243 and 24b in moderate
yieldse | | '

Thus, the forxegoing cbservatiqns lead to the proposition
that lead tetrascetake acethyiation of keteones under certain

conditions can be cperated through radical mechanism.
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