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A Short éeviéw on the Mechanism of Intramolecular
Cyclization of Alcohols by Oxidation with Pb(IV)

Acetate or by Hypohalite heaction.

; . Bccauce o:C J.ts Dotentlal synthetlc anpllcatlons intra—
molecular cycllzat on of alcohels to tetra hydro furans und
a£ lesser extent tetrahycro pyrans by ox1aatlon with Pb(IV)
acebatc (LLA) or bY'hYpOlOdlu@ reactlons, has been widely
studied. A good amcunt o; the mechanlstlc study has also been

1,2

© carried cut » Here a brief report is presented on the mecha-

.nictlc as pecc ofﬂthis syntheticaily useful reaction.

The 3uccessfﬁl méthods~éeveloped so far for the
\fphctioﬁaliéation oL andular methyl groups or substitution-of
métﬁylene’and methine hydrogeﬁs proceed throuch ‘high energy
1ntermeovates which can atLgck unactivated C-iH, boncs. For
'ach1ev1ng desired select1v1tyf the attacking species is
génefaﬁed at a centre wﬁich is stcrically fixed in close proxi-
mity to the cérbén being substituted. On close insﬁéctioh of
Dreiding models it is,apparént_ that the rate of hydrogen ‘

abstraction rmaches a maximum at the inter nuclear distances

‘ 1
*'between oxyvgen ané the SLbStltuted carbon Of 2¢5-2,72° ° The

rate raniuly ;alls of £ w1th 1ncrea51ng u7stance and becomes

very slow‘at a,qlstance above'3A.. Lhe yielOS are still fairly
hiéh ifAthe stable conformervbf the‘SUbstrate'maintaéns the:
optlmel C-L distance, even tnouCH the oxycen and thc substituted

carbcn is not rlgldly flxed.




(A) Oxidation with Lead tetraacetate: .

|

The initial intermediste resulting £rom the interaction
of lead tetraacetate with an alcohol is thcught to be an
alkoxy_lead acetate species which'can decompose either ther-

° mally or photolytically. The overall cyclizaticn3‘4 is consi-.
dered to proceed via the mechanism dépicﬁed_in Scheme I. This
organo’lead intermediate 2 which 1s formed reversibly from
alcchol 1, has never been isoiated but is generatéa in situ
‘and hencé'intermolecular hydrogen aﬁétragtion €e4ge from the

. solvent does not reduce the yield of product, provided that

an excess of oxidant is present.

From the model-exPeriments with different =liphatic
alcohols it has been shown that spart from synthetiéally most
“important cyclic ethers other two i.e. oxidaticn and fragmenta-
tion products are alsc formed in comparable yields. In addition,
acetylgtiop preduct of the'starting alcohol is also formed
oécasionally. The orientation of these three different types
of products in-the lead tetra a&etate reaction depends on the

5,6

.substrate and the conditions™ ~, Almost the same results were

obtained by Mihailovicsland co=workers using aliphatic primary
and secondary aléghol&in'the\range Cg = Cé and by Kalvods®>
employing gﬁ o 63 aﬁd 1%ﬁ hyéraxy steriods as subsgtratese.

| The cyclic ethers are cbtained in 40-50% yield using
a‘npn polar solvent e.gs benzene and the yieid ofvaxidation

product, the ketone 3, is.léw. Increasing the amount of pyridine,




a polar so;vént)in-benzene o?‘in pyridine alone with alcochol
having potential cyclization site the orientation is effectively
reversed and yieid of carbonyl compounds considersbly increase
and lesser yields of cyclic ethers are obtained, In pyridine
alone yield of cafbony; compounds'may be so increased G«FBO%)

- that it becomes synthetlcally useful technique to afford ketone

from alcchol under very mild condition’.
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'In general, the presence oi pyridine strongly favonrs
the dehydrogenation of the alcohols to corresponding aldehyde
ér ketone and the cyclization and fragmentation are suppressed.
. Detailed studies concerning the effeat of polér-énd non polar
solvents and other evidence led to the supposition that alkoxy
lead triacetate intermediate 2 may suffer a rapid polar elimina-
tion of an « -proton (") and Pb(OAc); by the action of a base
to give a ketcne 3 heterolytically or a slower homolysis of
the C=-Fb bopd to furnish the alkoaxy radical 4. The formation

of which can be induced thermally3'5

1i.,12
L4

or photolyticelly by U.V.
radiation §t room temperature - With a view ©0 gaining an
insight concerning the relative iﬁportanca 6f these two roﬁtes
triary)l methadols were subjected to oxidative reaction with
lead tetraacetate in acetic acid, acetonitrile and benzZene

by Norman and Watsong. Based on analysig of i@arrangement
products they presented evidence to demonstrate that in the
£irst two solvents the reaction predominantly £ollows icnic
path while that reaction in benzene predominately goes through
free radical chain mechanism occurring resPectivalf through the
heterolysis and homolysis of the O-Pb bond of the alkoxy lead
derivative. The radical reérrangement was initiated by perkadox
(di = isopropyl peroxy aicarﬁonate) and in benzene it was
inhibited by pubenzoquinopa, a radical inhibitor. Mentica may
be made in this context that-the €eSer spectra of alkoxy

radicals are difficult to observe in solution because the Py

and Py orbitals are degenerate allowihg the unpaired electron




to have orbital angular momentation about the Zeaxis with

consequent broadening of the spectrumlo.

The most important step in ihe entire lead tetraacetate
reaction sequence is the cyeclization which is actually r85pon-‘
sible for functionalization at "unactivated" carbon atom, The
ability of alkoxy radical 4 to effect cyclization by abstracte
.ing a H atom intramolecularly by attacking a suitably placed .
C-H bond on the ¢ -carbon atom giving ultimately an ether 8,
tetrahydrofuran; preferentially and at lesser extent gives rise
to tetrahydropyran 12 by extraction of H from ¢ carbon atoms
The predominant formation of five membered cyclic proéuct &
rather than six-membered tetrahydropyran 12 which are formed
in low yield even with substrates for which five-membered
cyclization can ndt occur, is explained in terms Of the relative
stability of the transition state 5 as against the cyclic seven=
membered analogue 9 which would be necessary for cyclization
at the ¢ =C atom to a tetrahydrOpyran product, Based on the
studies of lead tetraacetate cyclization of steriod alcohols8
it’appears that a linear conforxmation of C, H and 0 in t@e
transition state 5 or 8 is not indispensable for hydrogen

transfer. However, for aliphatic alcohols s 14

if the linearity .
factor is of importance, both the ring transition states. 5 and
9 should be of similar energy, but tetrahydrofuran formation

would again be §referred to tetrahydropyran foxmation, since




the probability'of,aﬁtaining an approximate linear conformaticn
of C, H and O in the transition state is higher in a quasi=sixX-
merbered ring corresponding to 5 than in a quasieseven-membered
_ring cofreSponding to 8. It has been postulated that ethers

are formed via the hydroxy alkyl carbonium ion 7 or 1l generated
from the hydroxy alkyl radicél|§ or 10 by one electron oxidation
with lead tetraacetate~br lead triacetate radical gf“Pb(OAc)é 7
Tﬁe formaticon of a small amount of the rearranged ether,
Zuetﬁyléz-methyl tetrehydrofuran 23 £rom 4,4~dimethylelm
pentanol 1¢ indicates that cyélization reaction possesses «

15b

carbonium icn character +« bince the available evidence

indicates that alkyl radicals usuelly do not undéfgo 1,2
hydrogen or 1,2 alkyl shiftls. it is necesgsary to assume that”
the hydroxy elkyl radical 20 is trensforxmed to & primary cerbo-
nium ion 21 by a éne~eiectron oxication process., Thisg primary
necpentyl type cérbcnium ion 21 can either underge cyclization
~to afford the normal reaction product i.e. tetrehydropyran

24 or else 1t cen rearrange by a 1,2 methyl shift'to the mcre

stsble carbonium ion 22 which will then yield the fivee-merbered

cyclic ether 23,
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Though the ethers 2,5 dialkyl tetrahydrofﬁrans
from lead tetraacetate cyclization of unbranched 2-~hexancl,
2=y 34 and de- octanols or 3=, 4=« and 5 nonanols etce in |

- 154, 26 i 154,15¢,26
bepzene are non-sterecoselective ¢ under either thermal .
or UV = photolytic conditionslz‘lsa the eig s trans ratic of
the diastercoisomeric ethers is in the range 40-45 : 60-55,
A éiﬁilax-g;g s trans ratio (46:54) was also observed for the
dlastereometric mixture of 2,5-~dimethyl tet}ahydrOfuran obtained
by;heating 5« hexen- 2 0l with 20% sulphurié acide It is an
acid catalyzed intramolecular cycloaddition reaction for 5,

¢ ~unsaturated alcohols and 1s believed to proceed via a

152. These results, once again, strongly support

carbo”cation
the intermediamcy of J or ¢ hydroxy carbonium ion 2 or 11, at

least in case of conformationally flexible alcohols,




The alternative to and'competing with cyclization u# er

\
\

i

oo
homolytic cenditions is fragmentation of the alkoxy radical \ ;
into a carbonyl compound 18 and an alkyl radical 14 which \ ;

affords a mixture of stable products by further transform@ion‘
The fragmentation of the Cx - C/gbond in the intermediate may
become a serious c&mpeﬁitor with cyelization when tﬁe substi~
tuents on Cx carbon are such that the carbonyl fragment. 18 is

15,16

stabilized due to a decrease in strain relative to the Q

substrate and when the substituents on Cz have a stabilizing

15a8,163,17~19

effect on the radical fragment l4. For example,

when the radical 14 is benzyl, fragmentation dominates and

cyclization is effectively inhibited. An interesting illustra-
tive example of this can be seen with the alcohols 25 and 26
both of which on cyclization should afford tetrahydrofuran

27. While 25 yields the ether 27, the compound 26 for which E
homolysis of the Cx = Cs bond would give a benzyl radical,

fragmentation only and no cyclization was encountered.

LTA

- - L _J - - ﬂ
PhCH, = CH, Criz CH, <[:H Me

|
PhCH ;
OH ;

25 ‘ 27 (39%)
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' LTA
PhCHz-CH-CHz-CHZ-Cl-IzMe —_ PhCH20Ac + PhCHO + PHCOCH
[ .
OH
26 22.5% .5% 4%

mincr product

EVAVAN

COOH
(31%0)

It has been dbserved that increasing the dilution of alcochols

in benzene the yields of corresponding ketones decrease while

the yields of c¢yclic ethers increase suggesting that a decrease

in polarity of the reaction medium displaces the ratio of

competing mechanisms in favour of the homelytic process. AdGie

tion of glacial acetic acid to benzene increases the reaction
time of the lead tetraacetate oxidation, reduces the yileld of
the corresponding carbonyl compounds and enhances the yield of
cyclic ethers. This happens because acetic acid lowers the
concentration of the alkoxy lead triacetate 2 by displacing
the equilibrium in the direction of starting alcchcl. Further-
more, it being an acid,does not assist heterolytic cleavage

éf the alkoxide by eliminating xX-proton. On the other hand,
it should not markedly prevent homolytic decomposition of the
same alkexide 2 énd the subsequent cyclization and fragmenta~
. tion. Under the conditions of thermal decomposition of the
lead alkoxide in acidic medium (adgdition of acetic acid) a




11 JH ydroxy

1

. saturated 62 =hydroxy steroid is converted into the 6z, 19
ether in yield as high as 90% with only 6.5% of ketone being

formeds '

The importance of the carbonyl forming fragmentation
varies according to the method of oxy radical generation and
is most proncunced in the lead tetraacetate reaction, less in
nitrite photolysis and even less in hypohalite reactions. In
geﬁeral, the structure of the alkoxy radical determines the
degree of fragmentation i,e, 1f a gain in energy accompanies

the fragmentation its rate 1is enhanced,

Tertiary, seconcdary and primary alcohcls undergo

fragmentation and suggestion has been made that the complexing

of the cxidant with the carbonyl or incipent carbonyl group

3

facilitates this reaction®., This would also explain the

recombination process of the carbon radical with the carbonyl

fragment, as depicted below, whlch occasionally results in
6,23

epimerization at one or two asymmetric centres

LTA

Q
' 0 p-Hydroxy

steroid

stermd

Qo

-~
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I

siﬁée the lead tetraacetate fragmentation of alcohols is -
éimilar'to the fragmentation process of -alkoxy radicall3'20,

but may also show specific feature®, 1t is suggested® that the
lead tetraacetate fragmentation\which involves the scission

of the bond between the carbinol carbon atom &nd the ;3 ~carben
atom in the alkoxy lead triacetate 2, ;% is a homolytic process |
proceeding through a transition state with alkoxy radical |
charactergl, but somewhat differs in-the geometry of its basic
skeleton from “"free" alkoxy .radicals generated from other
sources2o. It has been demonstrated in case of hydroxy

steroids6 that the ratio of cyclic ether formation to frag-
mentatiqn is practically independent on reaction conditicms.

it may, therefore,'be considered that the transition state of

type 2 is the common precursor to both processes.

Evidence has been presented® 21723 that in addaition
éo the carbonyl fragmentation product 18, the primery decome
position product of the alkoxide 2 is an alkyl radical 14
and not a carbonium ion which would be formed by a heterolytic
prOC68824. However,the distribution of olefinic fragmentation
products in the lead tettaacetate oxidation‘of a 19«=hydroxy
=53 -sterOidz1 suggests that the alkyl radical 14 may be
subsequently oxidized (by lead containing species) to the

corresponding carbecnium ion ;125 .
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cénvincing evidence that such'an oxidation of alkyl
radical to the corresponding carbonium ion occurs in the
fragmentation ﬁrocess has heen advanced by Mihailcovice and
his coeworkerszs. They have been able to isolated both the

unrearranged®$o and rearranged acetates s as indicated below:

LTA
b (¢ - ' . w
R (CH2)3¢H2 fHOH —_— R (CH2)30H2 + R“CHO
R® -
28| oxicdaticn
. i . . Ac20 , +
R (CH2»)2CI'12CH20AC e——— R (cx-zz) 2CH2<:H2
30 29
, Ac20 +
7 ]
R (CHz)zchCH3 << R (cz-;z)zm—zcr%
OAe 31
32

Since it appears thétlradicals édo not rearrange via 1,2
shifts of hydregen or alkyl groupsi®, the formation of 2-
alkyl acetate 32 must have pccurred by oxidation of the
l-alkyl radical 28 to the corresponding primary carbonium

lon 29, followed by rearrangement involving 1,2 hydride shift
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to the more stable secondary \carbcnium ion 31 which collapses
to 32 on addition with acectate ione They e&éc ha&ésuggesteé
a pcssibilityl that in fact “"free" carbonium ions are nect
gcnerai:ed and the cxidation of the l-alkyl radical 28 and
zeetoxylation with or without reaxrangerent, take place in

& simultaneous(’), multicentre reaction step:

H
[ b
‘ b ‘
30 S — -RQCH)CH——CH 2, 32
C———O—Pb(OAc)
CH

3

Mention may be mage in this context that when no

suitable C~H bond is accessible to the alkoxy radicsl, generated

by lead (IV) acetate reacticon under non~polar condition for

30,48

~cyclization, fragmentation of alcochols occurs « Secondary

alkoxy radicals derived f£rcm aleohcls adjacent to quarternary

centres Gege 1xXoOr 1p -.01149 22

e 35 ~CH 4, 4-dimethyl , 17/3 «CH
and 21=0H 20 cyeclic keta122 cf stercids gave fragmentation

products which were unsaturated carbonyl compounds and/or
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i

dcetoxy Gerivatives resulting from combinaticn of alkyl and

o .

acetoxy radicals e.g. .

cno

PR BO o cman ees .
Levi and co-workers utilized this recaction for the synthesis
of neturally occurring A-ring sece acids of triterpene « and

f amyrine seriés.

Thermal vs. Fhotolytic hésctions .

Many disadvanéaqeé of the thermal lead” tetraacetate oxidétion
can easily be overcome in phqto decompositién of lead alkoxide27. I
vefy clean oné electron transfer from coxygen to lead can be induced
on irradiation of the lead ‘alkoxide with 1ight6 of wave length above
500 nm. Since the phothfsis can ke éffeqted at aﬂbient temperature
where the rate oflﬁase-cataljsed two electren transfer-ﬁhiéh is
rgsponsible for the cxidation oL seccndary alcohols to ketoﬁes.
ié vefy low and hénce a base such as pyridine can be safely used
to increase the rate of lead alkoxide formation. Reaction time is

also consicerably reduded‘(30~150 min as compared with 10~15 hours

v

1

106414 |
-'. =SG JU\, \99Q - ,- ﬂ?§¥Vﬁ}4$j‘W \.!QMRY

naJd B4 M HOHE pHPER
¢ 2
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in the thermolvsis). Because of specific excitation of the

radical process on irradlation, sslectivity of the reaction

increases too. Therefore,ketals, keﬁones. double bonds etec. which

are susceptible to attack by lead tetraacetate at higher tem=-
peratures, remains unaffected, It =sppears to be an extremely ‘k
efficient, mild and simple procedure for intramolecular func~
tionalization. Furthermore, yvields are consistently higher in

the photolytic than.in,the thermal reaction.

FPinally, worth mentioning is a geed example of the | \

unexpected intricacies which may often arise in reactions
involving lead tetracetate. It has been observed that the
ketone 3 may also arise from the route (2-—4-—5-—>6-—>7—13),
which prior to f£inal proton loss involves a 1,4 hydrogen shift

(7—13), detected by deuterium labelling?o’2°,

Hypohalite Reagtions:

Hypohalltes on homolysis furnish alkoxy radicals which
can give riese to ethers by attackihg unactivated carbon-

103% e primary product generated from photoe (

hydrcgen bonds
lysis is a 1,S5~halohydrin, the stebility of which increases
Aih the order on passing f£rom icdo to kromo to chleorohydrins.
In many cases halohydrins are converted tc tetrahydrofurans
spontaneously by eliminaticn of hydrogen halice while in some
caces by base treatment. Isolation of halohydrins have been

aqhieved in some inétancessl. As the base caﬁalysed heterolytic

/—



17

ceccnposition of hypolodite is most efficient and as it {or

icdine) dozs not react with carbonecarbon double bonds or

30

carponyl groups”  under neutral condition, functionalisation

via hypolodite hds been studied most and lesser extent via

hypobromite, Hypohalites are more conveniently prepared f£rom

32. with tertiary butyl

33

alcohols with Hg(Il) oxide and halogen

32 which

hypohalite and halogen and with acetyl hypohalites
are conveniently cbtained from heavy metal acetates such as
sllver acetate, mercuric acetate with bromine or iodine and

very efficiently from lead (IV) acetate and iodine,

For the generation of hypohalites, solvents saturated
'hydrocarbons Rege cyclcohexane and halogenated hydrocarbons
=P N dicﬁloromethane and carbon tetrachloride are preferzble
to aromatic solvents such as benzZene in which the yield is
conslderably low as evidenced frocm the cbgervation that cxdlda-
tion of 20~ hydroxy steroids to 18, 20« hemiacetals gave 50-
75% yields in cyclohexane whereas in‘benze affordéd only 20w
50% yleldst.

For ﬁetfahydrofurans generated £rom reactions of
alcohols with silver oxide, acetate (or other silver salts) -
bromine ig the dark, the mechandistic propositions advancéd are

a134.38 3% observed that in

S , :
controver¥i . Sneen and co-workers
the reaction with tertiary alcohols 1,3,3-trirmethyl cyclohexanol
33 corresponding bromo hydrin could not be detected and proposed

that silver ion acts as electrophilic catalyst to promote éirest
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direct conversion of the hypobromite 34 to the ether 36 via

a transition state 35 having oxygen with cationic characterBs.

5 S+
s+ /’A\3
, R "\\ g+ ) /’

CH OBr HC Q----Br
3 A 2

CH3

The heterolytic nature of the reaction is supported by the

observations that it takes place readily in the zbsence of

34

light and is unaffected by free-radical inhibitors” . Supporte

ing evidence which 1s not inconsistent with this view was also

36 37

sought frbm solvent and anion effects”’. It has been noted

that the reactions of secondary alcchols with silver oxide-

36 ;¢ sito catalysed and yield is considerably improved

bromine
by adding tetrahydrofuran to the reaction mixture, This result
stronglf support a mechanism with an ion pair transition state
containing some positive'charge on oxygen which is probebly
solvated by tetrahydrofuran, making ketone for@ation electroni-

.

cally and[or sterically unfavoursble3®, Roscheir®’ studied the | ?
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reaction of various alcohols including cholestan 6,5 =0l with
‘different silver salts and bromine, The formation of ether and
ketone depends on silver salt used-silver carbonate and silver
acetate favour ether formation while- silver oxide mainly ketone.
This result is also consistent with ion pair transition state
in which anion plays an important role,

In contrast, based on the following findingé, suggestion
- has been made that silverxr saltabromine induced cyclization of
alcohcls also proceeds by homolytic process : (I) comparable
product disiribution in the processes which are known to involve
alkoxy—redicalé as intermediates and in thé silver acetate -

bromine reaction of alecchols in the dark38

¢ (II)-losé,of optical
activity on the asymmetric { ~carbon atom in the dark silver
axide~bromine cyclization of (+)-(s)-2.S—dimethyl—Z-heptanolag,
(III) measurements of deuterium isctopic effect using J -=deuterio
alcohols as substrates have revesled that the relative rates of,
and activation free energy differences for, intramolecular 1,

. S=gbstraction of the diastereotopic hydrogens from the d =carbon
- atom are comparable in both the Sark silVer oxide=bromine reace-

tion and the lead tetraacetate oxydation of alcohols4

which is
believed to proceed homolytically (vide supra), (IV) the détec-
ted intermgdiacy of the tertiary § ~bromo hydrin in the reaction
of 2-methyl=2=pentancl with mercuric oxide=bromine in the dark

and in the presence of som%silver oxide??,

Definitive evidence in support of free-radical mecha-

nism for silver salt-bromine reaction has been presented by
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1

Mihallovic and his co-workerslsc

. When 2<hexanol 37 was treated
with silver oxide-bromine in carbon tetrachloride solution in
the dark at ~15° the resulting f£iltered solution exhibited

the presence of S-bromo 2=-hexanol 38 by spectroscopic measure=
ments (IR and NMR), which increase only slightly upon irradia-
tion with tungsten lamp (500 W) or heating at 45°=60° in the
dark. Amount of formation of 38 by similar reaction £rom 37
with mercuric oxide~bromine was small, but it increased con=-
siderably upon irradiation or heating at 60° in the darke The

§ ~bromo hyérin _3_§ £rom both reactions was compared and found
to be identical with a synthetic product cbtained via S hexene’-
Zone 39 according to the-scheme Il. These results in conjunction
with the findings (i) that 38 in carbon tetfachloride is not
converted to ether 40 when heated at 35%°=40° for 24 hrs (4in

the dark or day light) or upon irradiation with visible or

UV light at room temperaturg for 8 and 4 hr, respectively and
(1i) that it cyclises quantitatively to 2,S5-dimethyl tetrahydro-
furan 40 when treated in carbon tettachloride or pentane solu-
tion at room temperature in the dark or in daylight with silver
oxide, silver acgtate, silver carbonate or mercuric oxide,
indicate that in the silver salt-~bromine reaction of. aliphatic
alcohols, silver catalyses in the dark'homolysis of the hypow-
bromite to tﬁe alkory radical.
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HC ‘ ‘ Me  Br Me OH
X

2
\C 0 , | c_/ 5 \C/ H
| HBr o ]
' AcOH :
Me 18" dark Me Me
33 ., 25 hexanediol
: B H, /
+HF,18 PBr, )
ethe{,—20
Me :
.\CHJBr Me
- - B +
. Agp + oBrz . ok 4Ai+0_rH_§]2> 0
////rECl - _or OH™
dqu g

Me ~ \
Nou om Me  (HBr) Me
40
i\\v/J\‘Me J////;j:Qsmweomenc T
37

mixture ) (igis ~trans)
(i) HgO + BE )CC2,1%)dcrk
(i) hy orA

Scheme II
As electrophilic catalyst ,this silver cation is very effective
to bﬁing about ring closure of the intermediate J «bromo
hydrin 38 to the tetrahydrofuran product 40, whereas the
catalytic effect of mercury cation in the dark in thé mercury
salt<bromine reaction on the hypcbromite decomposition is much
weaker and mercury ions 'gre also slower in effecting eliminative

cyclisaticn of the J =bromo alcohiol (38 — 40, scheme )15,

From the discussion presented above, 1t seems that the

controversy concerning the Suality of mechanism of the cyclisa=

tion of hypobromite reaction of alcohols—heteroly81534’35 vs
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N

homoly81538'15° has not been completely resclved, but a possible
solution lies in the free-radical pathway not 5eing of the pro=
pagated chain type l.€. got long chain radic¢al process but

rather an intramolecular process invelving either a fourw-centre

exchange or a radical transfer reaction30 within a "solvent

cage" i.e. may be of radical pair (cage) typel‘34b'41. This
has also been supported from the steric course (stereochemistry)

consideration of the heavy metal salt-halogen reactionslsc.

, For synthesis purpose,phot01ytic 6ecompdsition of
hypdiodites generated £from slcohols in situ by means of mercuric
oxide-iodine or lead tetraacetate-iodine has been extensively
utilized for the preparation of quite a large nurber of cyclic

ethersB?e'so._From a practical view point the mercuric oxidew

32 and only gives

jodine procedure appears to be the simplest
rise to ether. Reaction with lead tetraacetats-~iodine are fre-
quently complicated by bifunctional attack resulting in the
generation of intermediate iodo-ethers which after hydrolysis
afford lactols, The hydroxy and iodo compounas are readily

oxidised to the corresponding lactones with chromium trioxice,.

The hypoiodites are formed through the esterifying

action of hypoiodus acid generated in situ from the mercuric
oxide and iodine>?, |
In general, the hypoiodite reaction sequences appear to

be of the type depicted in scheme 11142.
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Scheme III

The alkyl hypoicdites 42 generated from alcchols 41 in situ
either by esterifying action of hypolodus acld obtained from
mercuric oxide-~jocdine or by exchange reaction with acetyl
hypoiodite obtained very efficiently from lead tetraacetate-
_iodine, are highly unstable species and baffled all attempts
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fer isolation. Homolysis of 42 glves rise to highly reactive
alkoxy radical 43, The thermal hypoiodite deccomposition can ba
iﬁduced by excited lodine molecule and it has been demonstrated
that in cyclohexene, light with a wavelength of 500-550 nm is
yory effectivel‘ An ordinaxy 500 W tungsten lamp has been £ound
tc be preferable as an irradiation source to a high-pressure
mgrcur§~UV Lamp43. The alkoxy radical gg'is capable of intra-
molecular hydrogen abstractlon which preferably takes place £from
d -C througb more stable six membered gransition state 44 to
afford hydroxy alkyl radical 45 (discussed at length is case of
1ead tetraacetate oxidation, vide supra). The radical 45 is
converted to &-S-iodohydrin intermediate 46 by capturing an
iodine atome The iodohydrin 46 is capable of undergoing two
\different courses of reaction. It can give rise ¢0 the ether
47 directly by a base-catalysed elimination of hydrogen ilodide.
In non polar solvents e.gs cyclohexane ionic hydrogen iodide |
elimination from the iodchydrin 46 1s qlow, thereby aliowing
46 to hé converted into an iocdohypoiodite 48 which through a
postulated sequence (48— 49 —50 —+51) is transformed to

icdo ether 5i. :

The formation of cyclic ethere 47 srising from mono
functionalization or of the iodo(ethers 31 derived from difunce
tionalization 1s considerably dependent on the particular .
"stercld sites concerned and has been glegantly interpreted in

. termg of steric and conformational effects of 42. The formation
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- of eyclic cther 47 closely conpetes with the introduction of
a seccnd substituent leading to lodo ethexr 51 and greatly
influenced by the readiness of the = CHZI group to assume the
required conformations The rotation of an axial = CH21 group
(46, R = H) in a polycyclic saturated system is severely
hindered by axial substituents on the same face; thefefore,
preferred orientations for both a7 18=-CH, I 54 and 19-CH, I 58

in steroid can be represcnted:

In 6/3-hydroxyb19-iodo~steroid (556) the oriéntation of the
reactive centres 0 ----- CHy—---- I closely resenbles the arrange-
ment of the transition state of an SN2 displacement reaction and
hence lowers the activation energy f£or the tfénsition 46— 47.
Suggestion has been made that the conformation indicated in

55 also facilitates an analogous radical displacement reaction
LSy . 48— 47 7 of the iodine atom at G=19 by a 68 =cxy

radical resulting from the homolytic decomposition of the 0O~
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bond‘in 48. In such czses only ethers 47 can be expectedi. if
the oxygen atom in 55 is placed at positlon 2., 4/3,'or 1%/6

46 and

the linear relationsghip of O-CHZAI cannot be attained
hence the reaction should proceed with a sécond hydrogen abge
-raction from‘ggnto 51l. The same arguments apply to 11/3 ooy
derivati§es with respect to an 18 ~CH21 group in 54. Here also

products of type 51 are expecteds

-In stercids of the 5/ ~H series, however, the situation
wﬁth respect io C=19 sﬁbstitution changes as depicted in 56.
Diéplacement is now favoured f£rom 1%/3 and abstraction f£from 6/
leading to 1143, 19 ethers and Q/a, 19 lactol are the principal

products45'46'47.

v

Absiraction of hydrogen'ig most facile from a tertiary
centre (——#—H) requiring less energy than from a secondaiy
carbon ( ::C:fﬁ ), which in turn is more resctive than a methyl
group (—-?iigl). Thg calculated increments in activation enexrgy
eech 4 K 8al/mole favouring tertiary hydrogen sbstractione
This property has been exploited in the selecti§e attack of
19~alkoxy radicals on the.QAQ—hydrcgen (21——%-§§)21. Howevear,

' the process has been complicated by the occurfence of eliminaw

30 which yilelds the

" tion ~ addition -~ elimination sequences
unsaturated cyclic ether 58, The general mechanism portrayed

in Scheme IV has been prqposed30 for its formation,.
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Scheme IV

m42 has been proposed fér the

An alternative mechanis
second stage il.e@, the formation of bifunctional product iodo
ether 51 (Scheme III) through the intermediacy of a cyclic
iodo=radical 60 arising f£rom iodo alkoxy radlcal 59 by homolysis
of iocdo hypoiodite 48, This could then donate an electron o

' an iodine atom to form the iodonium oxide 61. Final loss of
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a proton with rearrangement would afford the iodo ether 51.

51




