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SUMMARY

Developments in the intramolecular hydrogen abstraction reactions
of free radicals are reviewed.

Tertiary alkoxy radicals formed by redox decomposition of alkyl
hydroperoxides and peracetates at ambient temperature and free of
photolytic activation are shown to undergo intramolecular hydrogen
abstraction. A temperature effect is proposed as the reason for the
difference in modes of reactions of alkoxy radicals generated by
photolysis and by pyrolysis,

The redox decomposition of 2-methylw2-hexyl hydroperoxide with
ferrous ion in the presence of cupric chloride and carbon tetraw
chloride affords S~chloro=-2-methylhexan2~ol via an intramolecular
hydrogen abstraction reaction. & low yield of 2,5«dimethylhexan=2,5-diol
is similarly obtained from the reaction between 2,5-dimethylw-2-hexyl
hydroperoxide and aqueous acidic ferrous sulphate solution.

The decomposition of 2-methyle-2-hexyl hydroperoxide, 2,5~dimethyle
2-hexyl hydroperoxide, and 2-methyl=2-heptyl hydroperoxide with ferrous
ion in the presence of cupric ion and aqueous acetic acid produces the
corresponding §£= and Y-olefinic alcohols, again via a 1,5«hydrogen
transfer process, Similar results are obtained from the redox decompow
sition of the corresponding peracetates, However, the §w~olefinic alcow
hol, formed via cupric ion oxidation of the intermediate § =hydroxyalkyl
radical, is obtained as the major reaction product. These results are

rationalised in terms of an internal directive effect due to the
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presence of the hydroxyl group.

2=Me thyl-5-hexen~2=0l copper (I) chloride complex is formed by
heating 2-methylwS-hexen=2-0l and cuprous chloride but no analogous
complex forms between 2-methyl=l~hexen-2-~cl and cuprous chloride. The
relevance of this result to the preferred formation of the §w=olefinic
aloohols from the hydroperoxide decompositions is discussed.

Photolysis of N-chloro-amides affords the appropriate Ye=chloro=
amides via an intramolecular hydrogen~atom rearrangement of the inter-
mediate primary amido radicals, Such ¥e=chloro-amides are isolated as
crystalline mixtures with the corresponding saturated amides, However,
successful separation of a mixture of butyramide and Y¥=chlorobutyramide,
obtained from the photolysis of Nechlorobutyramide, is described.

& similar rearrangement occurs on photolysis of suitably consti-
tuted alkyl N~chlorocarbamates in which the @=methylene group of the
amide is replaced by an oxygen atom,

Photolysis of NwalkyleN-chloro~acetamides yields products attri-
butable to an intramolecular hydrogen abstraction reactione 1,5=
Hydrogen transfer by the acetamido radical in both possible resonance
contributors is achieved, However, in the examples in which intra-
molecular hydrogen abstraction by both canonical forms is conceivable,

abstraction by the nitrogen radical occurs to the exclusion of the
alternative possibility.

The reaction of lead tetra-acetate with primary alkyl amides in
benzene solution affords the appropriate N-alkylacetamides as the major

products together with N,N*'-dialkylureas as a by-product., The scope of
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the reaction is extended to include simple aliphatic and steroidal amides
as well as olefinic amides, In the last example, the lead tetra~acetate
reacts with the amide group in preference to the olefinic bond.

The reaction occurs in the presence of methanol, in which case the
appropriate methyl Nealkylcarbamate is cbtaineds A fine balance between
the reactivity of the lead tetra-acetate toward the primary amide group
and the methanol is observed, Isocyanates are intermediates in the
reaction mechanism, The formation of such isocyanates is suggested to
proceed via a polar mechanism rather than a nitrene intermediate, A&
mechanism is also proposed for the conversion of isocyanates into the

isolated reagtion products,
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Te Generalo

The abstraction of a hydrogen atom from a neutral molecule by a
free radical is one of the most common of 2ll radical propogation steps
known., In general, the controlling factor influencing atom transfer reac-—
tions is the activation energy, EA\’ necessary to elevate the attacking
radical and the neutral molecule to the higher energy transition state, T,

as is depicted by the energy diagram below,

(1)

R H—X

Reaction Coordinate

Szwarc31a explains that in the transition state of such an atom
transfer process, the bond to be ruptured is only stretched and the forma-
tion of a new bond between the radical, X, and the transferred atom, H,
provides the driving force of the process. He suggests this is why the
activation energy of the reaction is substantially lower than the R-~H bond
dissociation energy. Hirsczh:f'e.].ci.e:z“lb has derjved an approximate expression
relating the activation energy to the bond dissociation energy (B.D.E.) of

the bond being broken. For exothermic reactions,

EA 22 5.5% of the B.D.E., of the bond being broken.
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Gray and Willia.ms2 have shown that the bond dissociation energies of the
methylene C-H bonds in alkyl chains R(G['Iz)nll' are approximately the same,
Relating these two approximations, it follows that the activation energy
required for the abstraction of any hydrogen atom along the chain R(CHZ)nR'
is approximately constant., Random hydrogen abstraction by an attacking

radical could thus be expected and for intermolecular radical attack this

is actually observed.:’
However, Bartonh' found that random hydrogen transfer does not
occur in intramolecular radical reactions. Barton and c:oworke::'sl':D pPhotiom

lysed various alkyl nitrites and found that the ensuing alkoxy radicals
5

transfer specifically the §=hydrogen atoms, The proposed mechanism’ for

5

this reaction, subsequently designated” as the Barton reaction, involves

a six~membered cyclic intermediate which is illustrated in Scheme 1.

Cree (S e S
+NO

s ON
NO OH NITROSO
? > DIMER

Scheme 1,

The reaction was initially developed with steroid compoundsl"' as it proved

to be an excellent method for functionalising carbon atoms & = to an approe
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priate oxy-radical., Since Barton's original work, numerous examples have

6,7

appeared in which nitrite ester photolysis has been used in steroid synthesis,
To acquire a more detailed understanding of the mechanism, Kabasak=

alian and coworke::'ssa photolysed various aralkyl nitrites (I, n= 1-5).

Q—(CHZ)nONO

I.

Their results are summarised in the following Table I,

Photolysis of Phenylalkyl nitrites

(1)

n Products,

1 No nitroso dimer,

2 Wenitrosotoluene dimer,

3 No nitroso dimer,

4 Lenitroso~lp=phenylbutan~i~ol dimer,

5 Yrenitrososb~phenylpentan=i-ol dimer,

Table I,

Kabasakalian8 found that regardless of the nature of the hydrogen

atoms available, the hydrogen §e to the oxy-radical is the only atom ree



T

moved. The most important evidence to support this conclusion is the
formation of L4enitroso~5=phenylpentan=1-ol dimer from the photolysis of
S5=phenyl-1-pentyl nitrite (II). In spite of the presence of easily
abstractable benzylic hydrogen atoms which could be transferred by way
of a seven-membered intermediate (IV), exclusive 1,5~hydrogen transfer

via a six-menbered cyclic system (III) occurs,

OH

a1

(CH2)50N0 NITROSO
DIMER

D
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Further work by Kabasakalian and Townley9

showed that cycloheptyl
and cyclo-octyl nitrites undergo the Barton reaction the same as their
straight chain counterparts with specific 1,5~hydrogen transfer, These
workers concluded that such transannular free radical rearrangements do
not seem to be influenced by the ring size or 'proximity effects' found

by CoPe10 and Prelog11 for transannular rearrangements involving hydride

shifts,

ONO
hy hY

OH
OH

ON ON

Kabasakalian and Townley12 added further to the understanding
of the reaction mechanism by detemmining the quantum yield in the photolysis
of octyl nitrite, A value of 0,76 was obtained which indicates that a
*nonchain' radical reaction is involved,

Bartonub originally conceived that the complete reaction takes
Place in a protecting solvent ‘cage' in which the carbon radical, derived
from intramolecular hydrogen abstraction, couples with the same nitric

oxide group set free by the initial photolysis, This mechanism is illuse-

trated in Scheme 2,
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ONO o) .

+ NO| — + NO

ON OH

N

Scheme 2,

His assumption.hb was based on the fact that solvents such as toluene and
5% cumene in benzene have no effect on the yield of nitroso dimer,
However, recent work by Akhter and Pechet13 has contradicted
Barton'sl*'b earlier deduction, These workers photolysed a mixture of the
N steroid nitrite (V) from the androstane series and the N'? 1abellea
steroid nitrite (VI) from the cholestane series, The ratios of N15:I\t1'l+
in the androstane and cholestane products were 1:1,32 and 1:1.25 respec=

tively showing that scattering of nitric oxide occurs during the reaction

and thus indicating that a 'noncage' mechanism is involved.

Akhtar and Pechet ” believed both mechanisms (1) and (2) agreed

with their experimental results,
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Mechanism (1) involves a completely 'noncage' process in which
both the reversible homolysis of the nitrite ester and the irreversible
rearrangement occurs outside of a solvent 'cage'.

Mechanism (2) involves generate recombination of alkoxy radical
and nitric oxide within a 'cage' but an irreversible 'noncage' rearrange-
ment of the alkoxy radical followed by coupling of the so~formed carbon
radical with an NO group.

They15 distinguished between these two mechanisms by photolysing

15 labelled steroids, (V) and (VI),

the same mixture of appropriate N‘“+ and N
but allowed the photolysis to go to only partial completion, The recovered
unchanged nitrite of the cholestane series (VI) was rephotolysed to come
pletion and the ratio of N15:N14 in the product was found to be 1,00:0,00,
This finding is only compatible with the generate recombination of the
alkoxy radical and nitric oxide during the reversible homolytic step from
which Akhtar and Pecshet13 concluded that the Barton reaction proceeds via
mechanism (2).
4s an extension of the previous work, Akhtar and c.oworkers‘“+

considered that addition of an alternative radical source to the irradiated
nitrite ester might lead to competition for the resulting alkyl radical
between the nitric oxide and the alternative radical (Scheme 3). Introduce
tion of iodine and bromotrichloromethane does lead to radical exchange

reactions from which the corresponding g$-iodo= and §&-bromohydrins (VIII,

X s I and Br respectively) were isolated.,“*' Incorporation of a 36% atom

excess of deuterium onto the S=—carbon atom (VIII, X = D) from the nitrite
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—

ON (VID
m X H

(VIID)

(VID

Scheme 3.

pPhotolysis in the presence of 2 molewequivalents of deuterated thiophenol
(PhSD) was observed and this led Akhtar“"a to conclude that it is sub-

stantially the carbon radical that is quenched (Scheme 3, X = D) and not
1

(%}

the alkoxy radical as had been previously suggested by Sneen and Matheny
(Scheme 4),

e =

+ NO

Scheme 4o
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1,5=Hydrogen transfer is not confined to alkyl nitrite photolysis.
In fact the first example of intramolecular hydrogen transfer to be ree
por"l‘.ed16 involves the formation of oectahydroindolizine (X) by heating a
sulphuric acid solution of Ne~bromow2-propylpiperidine (IX) (Scheme 5).

17

This is a specific example of the Hofmann-Loeffler reactione

(1 HySO4

N_ (2"OH N
Br

(IX) (X)
Scheme 5o

Originally Hof‘m&nn16 discovered the reaction and later Loeffler
and Freytag18 applied it as a general synthesis of pyrrolidines, These
workers observed that invariably five-membered rings are formed when
simple secondary N~halo-amines are heated in acid and they18 attributed this
to - the "proximity of the nitrogen to the S$~carbon atom", However no
actual mechanism was proposed.

19

Wawzonek and Thelen concluded that the reaction involves a

radical chain mechanism since they deduced that it is not only initiated
by heat) as Hofmann16 had discovered)but also by hydrogen peroxide and
ultraviolet light in the presence of chlorine, This deduction was further
substantiated by Corey and Hert‘.ler20 who followed, more thoroughly than

the previous workers, 9 the influence of such radical initiating species

as ultraviolet light alone and ferrous ione
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Gorey20 assumed a g-carbon radical (XII) is imvolved in the
mechanism since he isolated the optically inactive 1,2-dimethylpyrrolidine
(XIV) from the photolysis in acid solution of the optically active N-chloro-
derivative of methylamylamine (XI). He assumed that the §-chloro-amine
intermediate (XIII) is formed via abstraction of chlorine by the carbon

radical (XII) in a chain process (step (2), Scheme 6) and cyclises to
1,2-dimethylpyrrolidine (XIV) during basification. The formation of the

& —-chloro-amine intermediate has been verified by Wawzonek and (-Ju.].ber't'..‘ssonz'l
who isolated 4~chlorodibutylamine hydrochloride from the Hofmann-Loeffler

reaction on N-chlorodibutylamine,

CH CH II? CH
3 ~a hv i L, LH,
>~/\/\l}] o= R'>./\/\|}l+
H D Cl a4 H

(XD (XII)

CH

H D |3”

+ “o4 CH CH
— 3 <3
' CH N TH <5 ,><\/\E ¥

ty 3 Ly s R el

(XIV)

Scheme 6,



The most significant difference between the Hofmann-Loeffler
reaction and the Barton reaction is the catalytic effect of strong protone
ating acid on the former. This is of special significance since mechanisms

5,19

proposed f'or both reactions are essentially free radical in nature,
Corey and Hertlerzo suggested that a strong protonating acid is not

necessary for the initiation step to occur but is essential for the pro-
pagatlon step in which the abstracting species is actually the : aminium
radical, R N R These workers suggested that the initial radical
forming process involves the photolysis of the unprotonated Ne-chloro-amine
to form the amino-radical, R,ﬁiR', which is immediately protonated to the

aminium radical, Photolytic decomposition of the conjugate acid,

R—Nt R’ , was discounted as such compounds are known22 to show relatively

short wavelength absorption in the ultraviolet compared with the unproe

tonated base,

/\/\/N<Cl RALA N
R R’ R /\/\/ R'

+

H . b
o |
+
4f"\\v,/’”‘\\',fbi\\ ¢ — ,/’\\\',/’\\\v,/qﬁx~ ’
R IfiR R HR
The suggestion by Corey20 that the aminium radical is essential
for the propogation step was further substantiated by the discovery of

Wawzonek and Nordstroij who found that intramolecular hydrogen transfer
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does not occur during the photolysis of N~chlorodibutylamine (Xv) in
carbon tetrachloride, The only product isolated was dibutylamine hydro-
chloride (XVII) (Scheme J). Wawzonek23 suggested that disproportionation
(step (2)) of the amino radical (XVI) occurs before intramolecular hydrogen
abstraction can take place whereas protonation of the amino radical in the
Hofmann=Loeffler reaction, as proposed by Corey,20 prevents dispropor=

tionation due to the electrostatic repulsion of the :aminium radicals,

_ hVy . .

(34E9)2N cl —m (cuH9)2N + Ol coseal(l)
(Xv) (xr1)

2(GA_H9)2N-. -—-)(041-1.9)21\1}1 + G HoN=CHCH,C H, oesos(2)
(1vI)

C1° + C HgN=GHCH.C M, —— HCL + G,H,N=CHCHC H, cocoo(3)

C, HgN=CHCHC i + (GL._H9)2N01—) ¢, Hg N.CHCH czu5 + (c )2N° cone(h)

(041{9)21\&{ + HC1 —— (CL._H9)2NH.HCJ. 0os00(5)

(¥II)

Scheme Lo

Corey and Hertler24 photolysed N~chlorodibutylamine in acetic
acid, a nonprotonating solvent, and isolated only dibutylamine hydrow

chlorides This result is completely analogous to the work of Wawzonek

25

and Nordstrom™ as the free amino radical formed by photolysis is not
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protonated and therefore disproportionates,

Another theory has been presented by Neale and WaLlsh25

concerning
the initiation step of the photolytic Hofmann-Liceffler reaction, These
workers extensively studied the Hofmann-Loeffler reaction on Nechloro-
dibutylamine in which they varied (1) the acidity, (2) the degree of purity
of the N-chloro-amine, (3) the wavelength and intensity of the applied
ultraviolet radiation, and (l..) the rate at which the reaction mixture was
swept with nitrogen. From the results obtained, they concluded that the
initiation step does not involve any unprotonated N~-chloro-amine as had

been postulated by Corey and Her‘l’.le::‘.20 Instead theyz5

suggested that a
'Hofmann elimination-type' decamposition of the N-chlorodibutylamine cone
Jugate acid to N~dichlorobutylamine and the dibutylamine conjugate acid
occurs; the rate at which this takes place decreases with increased acidity

but at low f a catalytic quantity of the dichloro-amine is nevertheless

formed (Scheme 8),

Bu2N+HGl + H,0 — BuMHGl + H,0" + (c, fragnent)

)

+
BuMHCL + H' —— BuM(l

+ +
BuNHC1 + BSuZNHGl  — B;uNCl2 + Bu21\1H2
Scheme 8,

Photolysis of the reaction mixture achieves ‘decomposition of only the

N-dichlorobutylamine which gives rise to free radical species which in
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turn catalyse a radical chain decomposition of the protonated N-chloro-
dibutylamine, Neale and Walsh25 agree with previcus workerszo that the
propogation step involves the aminium radical,

From the results obtained by these various groups of workers, it
appears that the Hofmann-Loeffler reaction, whether catalysed photochemically,

19,20,25 20,26

reductively, or by heat,16 proceeds via the same general

mechanism (Scheme 9) in which the initiation step involves the formation

~

R/\/\/I?I{R’ Initiator RN\/’}]\R’

Scheme 9,

of the all important aminium radical which, in turn, undergoes intra-



molegular hydrogen abstraction to form the carbon free radical, The
chain mechanism is continued by intemmolecular halogen transfer from
the N-chloro-amine conjugate acid to the alkyl radical.

Although it has been established that the Barton reaction involves
specific 1,5-hydrogen transfer,8 this is not the case with the Hofmanne-
Loeffler reaction. Preferred 1,5<hydrogen transfer occurs in most examples
which have been considered, 27 However, products arising from 1,6=hydrogen
transfer have been isolated in quite significant quantities,19’28~30
usually along with the 1,5-transfer product.

Wawzonek and Wilkinson28 performed the Hofmann-Loeffler reaction
on N-chlorowy~ethylpiperidine (XVIII, R = GH3) and, contrary to the re-
sults of previous workers,29’51 found that both 7=methylwieazabicyclo--
[2.2.ﬂ heptane (XIX, R = GHS) and quinuclidine (XX, R' = H) are formed;
the former through a 1,5«hydrogen transfer mechanism and the latter via

a 1,6w=atom transfer process.

R R

(1) hv inH"
| (2) OH N N
Cl

(XVIII) (XIX) (xx)

Specific 1,6«hydrogen transfer was achieved by these workers28 in the

photolysis of N-chlorowi~propylpiperidine (XVIII, R = CéHS) in acid,
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2-Methylquinuclidine (XX, R* = (I-Ij) was obtained but 7-ethyl-l-azabicyclo-
[2.2. 1] heptane (XIX, R = 021-15) could not be detected, Similarly 1,6-

hydrogen transfer is achieved during the photolysis of N-chloro-N-methyl-

cyclo-octylamine under acid oonditions.19
i
hy . CH2_+N\'—C2H5 Base
H* ’ H |
,CH
CH—N_ 29 Cl
2l
(XXI) (X XII) N—C2H5
hv|H" H
\ ] —
N\ CHZ -lr\]\ C2H5 C.H
H Base N~ 25
L, cl 258, B

(X XIID

Attempts have been made to achieve 1,~hydrogen transfer, Loeff-
le::‘3 2 tried to cyclise N-chloro-N-methyl-2-butylamine under the Hofmann-
Loeffler reaction conditions but failed to obtain any 4-membered ring
tertiary amine. A more recent attempt by Gassman and Hecker'l‘.3 5 to force
preferential Y-hydmgen abstraction over &-hydrogen abstraction also

failed as only the 1,5-hydrogen transfer product was isolated. These



workers photolysed N-chloro-N-ethylaminomethylcyclopentane (XXI) in acid
and expected to isolate y-ethyl-s-azabicyclo[3.2.o] heptane (XXITI) after
treatment of the reaction product with base, Their predictions were based
on the greater ring strain incorporated into the cyclopentane ring during
1,5-hydrogen transfer compared with the 1,4-atom shift, However, only
y-ethyl-z-azabicyclo[2.2.1] heptane (XXII) is formed.

Numerous examples in which intramolecular hydrogen abstraction
occurs during the photolysis of aliphatic ketones have been reported, Most
of these involve the formation of cyclobutanol compomxd.sy" (Scheme 10,

X= CHZ) and application of this particular reaction has been used in
cyclosteroid sy'm;hes.is.'3 5 A cognate reaction in which a-alkoxyketones
afford 3-oxetanols (Scheme 10, X = 0) has also been reported by Yarl;es3 6

and LaGoun‘l:'37 and their coworkers,

OH

R O ”
NG
Y X

Scheme 10,

Similarly Urry and cmvorkers»3 : have found that 1,2-diketones
undergo Y-hydrogen transfer to form the corresponding 2-hydroxycyclo-

butanone (XXIV) as is illustrated in Soheme 11,
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hY

R (X X1V)

Scheme 11,

Two mechanisms have been proposed for the cyclobutanol formation;

59

one by Yang and Yang”™® invokes a stepwise process in which a diradical

(XXW) acts as an intermediate (equation (1), Scheme 12) while the other

L0

by Shulte~Elte and Ohloff " involves a concerted pathway (equation (2),

Scheme 12),

hy H-R 0’

¥
m\

hV FQ -

Ny
C

Scheme 12,
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The latter workers prefer the concerted mechanism since they isolated
optically active terpinen~4~cl and only one of the possible stereo-
isomers of the cyclobutanol product from the photolysis of optically
active 2,6-dimethyloct=7~en-3=one, They state that only a four-centred
process, as is inferred by their concerted mechanism, can account for
the retention of optical activity. However, Schaffner and coworkers
photolysed an optically active ketone and obtained a cyclcbutanol with
partial retention of configuration. These workers suggest that the re-
sults are compatible with the production of a short-lived intermediate
diradical whose rates of racemisation and of cyclisation are of the same

L2

order of magnitude, Padwa : believes that the formation of dibenzoyl=
ethane (XXVIII) along with (XXVII) during the photolysis of franse? ,l-
diphenyl=3 ,4~epoxybutan~l-one (XXVI) adds strong support for the stepw
wise process (Scheme 13),

Products arising from the fragmentation of the intermediate di-
radical, assuming a stepwise mechanism is involved, have been isolated by
various groups of workers.,43 S;:i:‘ini'\rasan)"')+ photolysed 5,5=-dideutero~2-
hexanone (¥XIX) and isolated monodeuteropropane (¥XX) and monodeutero-
acetone (XXXI), This is in accord with the products expected from a 1,5~

L5

hydrogen transfer mechanism, McMillan and coworkers ~ have recently
observed by infrared spectroscopy the enol form of the ketone that is

obtained transiently.
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H
Ph\g/\]&Ph hy Ph\f\zgyph
L H

(XXVI)
HO
(XXVID Ph Ph
OH

(XXVIID

Scheme 13,

hV

(, o |
CH,COCH,D (__\n,on + j\

(XXXI) (XX X)

¥ ~Hydrogen abstraction by the incipient alkoxy radical has

(XXIX)

been inferred in each of the preceeding examples. However, as was the
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case with the Hofmann-Loeffler reaction,19’28“50 1,6=hydrogen transfer

has also been detected, Barmard and Yanngl"6 photolysed cyclo—octancone

(XXXII) and obtained 1-hydroxybicyclo[3.3.0] octane (XXXIII),

H
hy

(AKXTT) (XXXIIT)

These workersl"6 observed an even greater divergence from the normal 1,5«

hydrogen transfer rule when they photolysed cyclodecanone (¥XXIV) and ob=
tained high yields of the cis~ and trans-~ 9-=decalol (XXXV ) s DPresumably

formed through a 1,7-~hydrogen transfer process,

hV

(XXXTV) (oKxv)

The explanation used to account for this deviation apparently lies in the
proximity of such hydrogen atoms to the reactive carbonyl group.,lﬂ’l+8 It
is significant that only 1,5~ and not 1,6~ or 1,7-hydrogen transfer occurs

during the photolysis of the straight chain ketone, 2-octanone.1+3g



&lkoxy radicals generated by photolysis of alkyl h.ypoc:hloritegk’l+9
undergo intramolecular hydrogen abstraction in a similar manner to those
formed in the Barton reaction. Various groups of workers have photolysed
long=-chain tertiary hypochlorites and obtained the s-xmdorohydrins.5o The
reaction has been successfully applied to functionalise the 18« and 19
methyl groups in the steroid series.sk’51

Since both the Barton reaction and hypochlorite photolysis afford

alkoxy radicals,12’49

a close similarity between the two reaction mechanisms
could be expected, It is true that both12’h9 give rise to the corresponding
& -substituted alcohols and that the side reaction products are analogous,

Namely, fragmentation of the tertiary alkoxy radicals (Scheme 14) afford a
ketone and alkyl radicals which in turn form the nitroso-alkane12 (XXXVII,
X = NO) and alkyl chlo::'idel"9 (XKXWII, X = Cl) respectively. Such fragmentaw

tion reactions of alkoxy radicals are well knowno5’12

/\/><° /\/><3

(XXXVI)

RO 3
RN (_X_ RN\ +)L
(XXXVII)
Scheme 1k,
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However two major differences are apparent.
It has been previously mentioned that the Barton reaction seems to

be a '‘nonchain' radical process12 in which 'noncage® coupling of alkyl

13 49

radical and nitric oxide occurs,. However, Greene ™™ and Walling52 and

their coworkers have both obtained evidence which indicates that the
photolysis of alkyl hypochlorites initiates long-chain radical reactions
in which intermolecular halogen sbstraction by the intermediate alkyl

52

radical occurs., The mechanism proposed by Walling and Padwa”™ is illus=

trated in Scheme 15,

/\/><0Cl LA /\/><0'

(XXXVIID)

—_— /\/><OH

(XXXIX)
(XXX1X)

|
* E OH )
(XXXVIID LX ’ /\/><

Scheme 15,

klthough specific 1,5~hydrogen transfer occurs in the Barton

reaction, 1,5« along with 1,6~ atom transfer takes place during hypochlorite

5

2923 have observed this irregu~

larity which is also characteristic of the Hofmann-Loeffler reaction19’28_3o

photolysis.,52 Various groups of workers



and ketone photolysis.)"6 However, the most significant example has been

55 who photolysed 1-methylcyclo-octyl

described by Cope and coworkers
hypochlorite (XL) and isolated both the 4~ and 5« chlorohydrins, (XLI)

and (XLII) respectively,

oCl OH __OH
hy
—_—

Cl Cl
(xL) (¥L.I) (XLII)

A "proximity effect" is again pr0posed5 3 to account for the & =
chlorohydrin formation. Copel"8 suggests that when the cyclo~octane ring
is in the favoured skewedw~crown conformation, the oxy=radical can approach
a hydrogen at C~5 easily but cannot come close to one at C=4e Specific
hydrogen transfer from C-d4 occurs when the ring is in a less favoured
conformation, This postulate seems to be supported by examination of
Dreiding models, However, a discrepancy appears to exist between this

9

work and that of Kabasakalian and Townley” who isolated only the L

nitrosohydrin from the photolysis of cyclo=octyl nitrite,

& hypohalite reaction with wider applicability than the hypo-
54

chlorite reaction was developed by Heusler and coworkers”' and has since

been extensively used in the steroid systemso6k’ 75 55 Alkyl hypo-iodites
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are prepared in situ by the reaction of mercuric salts, silver salts,or

56

preferably lead tetra-acetate with iodine and the alcohol, Photolysis
or themmal decomposition affords the alkoxy radical which undergoes 1,5=
hydrogen abstraction analogous to the hypochlorite reaction and forms the
§-carbon radical which couples with iodine to form the iodohydrin. &
review by Heusler and Kalv~oda56 illustrates the pathways by which the &=
iodohydrin may react depending on the substitution of the §-carbon atom,
It is unique for this particular type of reaction that disubstitution of
the C~4 atom may be achieved. This is illustrated in Scheme 16 but is
described in much greater detail by Heusler and Kalvodao56
Hypobromites formed in situ from the alcohol with silver oxide
and bromine likewise rearrange to tetrahydrofuran derivatives through a
free radical intramolecular hydrogen abstraction reaction.s Sneen amd

Matheny15’57

originally suggested that such reactions of hypobromites with
silver salts are not free radical in nature but rather take place through
a concerted three-centred cyclisation mechanism (Scheme 17) in which, they
suggest, a complex polar intermediate (XLIII) is involved.

However, Smolinsky and Feuer58 isolated optically inactive 2=ethyles
2,5 ;5=trimethyltetrahydrofuran (XILV) from the reaction of (+)=(8)-2,5-
dimethylhexan~2=ol (XLIV) with silver oxide and bromine from which they
concluded that a stepwise intramolecular hydrogen abstraction reaction by
the intermediate alkoxy radical takes place, This mechanism seems to be
the more likely as it is analogous to the previously mentioned hypochlorite

and hypo-iodite reactions, It is further supported by Akhtarand coworker559
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I

CH,—0 CHjz--0-----Br----Ag
CH CHy ¢— |CH Hy

S (XLIID

who found that decomposition products, characteristic of the intermediacy
of alkoxy radicals, are formed from the reaction of a series of cyclic

tertiary alcohols with silver oxide and bromine.

Ag,0
N
OH .

(£L.IV) (¥Lv)

Qxidation of alcohols with lead tetra-acetate alone to the tetra-
7,60

hydrofuran derivatives has been achieved with a great deal of success

and the scope of the reaction has been extended mainly through the work



of M:i.hailovi061 and workers.62 Although the intramolecular functionalisae
tion of the §wcarbon atom has been found to occur through a free radical
process, the resulting C-4 atom has been shown to possess carbonium ion

63

4::har:a.c=t‘.er'.61b’63 The mechanism - which has been accepted involves initial

formation of a lead alkoxide (XLVI) which is homolysed to the alkoxy
radical and lead triacetate, 1,5-Hydrogen transfer to the alkoxy radical
affords the &-carbon radical which is oxidised by the lead triacetate

to a carbonium ion (XIVII),

(AcO) . H

R
H CH 2 PbOAQ), UHZ k/’ H)

(XLVD)
"Pb(OAc)3 & lfb(OAc) l .

H + HO & H H
CH2 Hz Pb(OAc)3 ?\/‘ 2
b

(XLVID

l—) + Pb(OAc)z + HOAc

61,62

N

O

Various groups of workers have identified both tetrahydro=~
pyran and tetrahydrofuran products resulting from 1,6~ and 1,5~ hydrogen
transfer respectively, However, the yield of the six-membered cyclic

ether is low compared with that of the tetrahydrofuran product. Neverthe=

less, products arising from E-uhydrogen abstraction in the lead tetra=



~30-

acetate axidation of cyclo=octanol (XLVIII, R = H) would be expected to
form a major product contribution if the "proximity effect", proposed by
COp648 for medium size rings, operates, However, Moriarty and Walsh64
failed to detect any such products. The only compound resulting from
transannular hydrogen transfer is 1,4=~epoxycyclo~octane (XLIX, R = H)
which forms via a 1,5-hydrogen shift, This result is in agreement with

9

that of Kabasakalian and Townley” who showed that only L=nitrosocyclo—

octancl is produced in the photolysis of cyclo-~octyl nitrite.

OH R
R Pb(OAc),

(XLVILI) (XLIX) (L)

65

Cope and co-workers found that the reaction of lead tetra-~

acetate with 1-methylcyclo~octanol (XIVIII, R - CHB) afforded both 1,4~
(LI, R = CHB) and 1,5~epoxy~l-methylcyclo=octane (L, R = CH3) through
1,5~ and 1,6~ hydrogen transfer respectively, This result is in agreement
with Cope's53 previous observation that photolysis of {=-methylcyclow
octyl hypochlorite affords a mixture of the 1,4~ and 1,5~ chlorohydrins,
Apparently a 'proximity effect' influencing 1,6~hydrogen transfer operates
with the 1-methylcyclo-octyloxy radical but not with the unsubstituted

9,64

cyclo-octyloxy radical in which only 1,5-hydrogen transfer occurs,

66,67

Two groups of workers have found that the decamposition of



alkyl azides give rise to five-membered ring pyrrolidine compounds. It

69

is generally agreed66“ that an alkyl nitrene participates in the reac=
tion scheme, However, conflicting results have led these two groups to
disagree as to the actual reaction mechanism,

Barton and Morgan66 photolysed the optically active alkyl azide
(LI) and isolated optically inactive 2-ethyl=2-methylpyrrolidine (LIV).
They suggested that the nitrene intermediate (LII) achieves 1,5-hydrogen

transfer to form a diradical (LIII) which has time to isomerise before

radical coupling occurs and gives the racemic pyrrolidine product (LIW).

(LIID

(LD)

¥
xI

(LIV)

67 have found the results of the

However, Smolinsky and coworkers
previous workers non-reproducible and furthermore have shown that the
pyrolysis of optically active 1-azido=2-(2-methylbutyl)benzene (IL¥) and
2-methylbutyl azidoformate (LVIII) in the vapour phase affords optically

active 2-ethyl-2-methylindoline (LVII) and L—ethyl=4~methyloxazol=2~one
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(LIX) respectively. Smolinsky concedes that a mechanism involving a di-
radical intermediate which couples to form the pyrrolidine product before
isomerisation to the racemic compound can occur, adequately satisfies his
results, There is an analogy between such a mechanism and the scheme of
'Schaff‘ner‘LF1 for cyclobutanol formation from the ketone photdlysis (refer

7

to page20). However, Smolinsk;y6 prefers a nitrene insertion mechanism
incorporating a three~membered intermediate (LVI) to account for the re—

tention of optical activity (Scheme 18). Yamada and coworker569 have

Sags
N3

(LV)

(LVID)

NN A NS
P,

(LVIID (LIX)

Scheme 18,

obtained similar results by pyrolysis of optically active 2-methylbutyl



agzidoformate (IVIII) in solution and similarly propose an insertion
mechanism,

Abramovitch and Davis70 suggest that the mitrene intermediates
produced under different conditions are conceivably in different electronic
states; namely, the singlet state from the thermal decomposition and the
triplet state from the photochemical decomposition. This suggestion gains

7 who have confronted

added support from the work of Saunders and Caress
a similar discrepancy between the reactions of thermally and photochemically
derived aralkylnitrenes, These workers showed that the ratio of 1,2~phenyl/
methyl group migration varies considerably depending on the mode of azide

71

decomposition. In order to explain this discrepancy, Saunders suggested
that pyrolysis affords singlet nitrene which undergoes rearrangement in
such an electronic state whereas photolysis affords a high energy singlet
azide which passes to triplet nitrene by either of two pathways; singlet
azide ——> triplet azide —— triplet nitrene, or singlet azide ——
singlet nitrene —— triplet nitrene. Since the rearrangement can in-
volve either singlet or triplet nitrene, then the quantitative difference
in products depends on the difference in modes of azide decomposition,
pyrolytic or photolytic. As a simple rationale to the conflicting results

67

ofIBarton66 and Smolinsky, it therefore seems possible that photolysis

of alkyl azides afford triplet nitrenes which give rise to optically inace

tive products via the mechanism of Barton and Morgan§6 whereas pyrolysis

67 7569

of the corresponding azides either in the vapour phase or solution6

67

afford singlet nitrenes which react wvia the mechanism proposed by Smolinsky

to give rise to the optically active pyrrolidines.
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The whole situation concerning the work of Barton and Morgan66
has become confused following a report by Barton and Starrattém that
they cannot reproduce the original results. Moriarty and Rahman72 have
confronted a similar problem, These workers originally achieved photo=
chemical cyclisation of n~octyl azide to 2=butylpyrrolidine by an analo-
gous method to that used by Barton and Morgan but have since been unable
to repeat this worke.

In an investigation into new methods of preparing Y-lectones,
Barton and Beckwith73a photolysed Neiodo-amides (LX) possessing a Y=
methylene group. They envisaged an intramolecular hydrogen transfer

process of the type illustrated in Scheme 19,

*Nlo“" *lo gp!

(LX)

(LXI) (LXID

Scheme 19,

¥-Lactones (LXII) were obtained and results of carefully

conducted experiments’~ indicated that ¥-iodo-amides (LXI) do occur as
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intermediates in the reaction mechanism although such compounds (LXI) were
never isolated. In order to prove that the Y¥=iodo-amide (LXI) is formed
Yia an intramolecular radical reaction (step (1), Scheme 19) the photoly-
sis of optically active N-iodo-4-methylhexanamide (LX, R = Me, R' = Et)
was carried out. Hydrolysis of the reaction product afforded racemic 4-—
methyl-y~hexanolactone (LXII, R = Me, R' = Bt) from wich it follows that
a radical hydrogen abstraction process (step (1), Scheme 19) actually
participates,

As was predicted,73 ¥-lactones form the major intramolecular
hydrogen transfer product. However, ES-~lactones resulting from 1,6~hydro~
gen transfer were also detected; a result which conforms with most other
intramolecular hydrogen abstraction reactions.

e

Mori and Matsui’' ™ have recently applied this reaction to the

.
synthesis of lactonic diterpenoid compounds, Beckwith and Goodrich])
have achieved similar results from the photolysis of N-chlovo-amides,

p
& have extended the scope of N~halo-amide photoly-

Petterson and Wanbsgans
sis by applying such a reaction to various N-chloroimides from which the
corresponding 4-chloro-imides were obtained. A further extension of the
N-halo~amide photolysis has been reported by Neale and coworkers77 who

have photolysed various N-bromo-amides, N~bromo-Ne-alkylamides, and N-
chloro-N~alkylamides and have similarly obtained the corresponding 4~halo-
amides. Further results of significance concerning intramolecular hydrogen

78 who detected

abstraction by amido radicals have been cbtained by Gilpin
mass peaks of compounds resulting from intramolecular hydrogen transfer

reactions during the mass spectral analysis of various aliphatic amides.,



A general consideration of all intramolecular hydrogen abstrace
tion reactions in straight chain, terpenoid, and steroidal compounds
indicates that 1,5-~hydrogen transfer is preferred to 1,6-hydrogen shift
and both occur to the exclusion of all otner types of intramolecular
transfer processes, Corey and Hertler20 consider that a prerequisite
for hydrogen abstraction is that the three atoms participating in the
hydrogen transfer process must be collinear or at an angle as close to
180° as possible, The smallest cyclic system to fulfil such a require=~
ment is the quasi six-membered transition state which is represented diae-
gramatically from above the plane of the ring as (LXIII) and in the plane

as (LXIV),

(LXIII) (LKIV)

Hydrogen transfer through a fivew and lower-membered cyclic
intermediate is excludedso due to the inability of such systems to fulfil
the above requirement. As mentioned previously, Gassman and Heckert33

attempted to force 1,4=hydrogen transfer by carrying out the Hofmanne=

Loeffler reaction on N-chloro-N-ethylaminomethylcyclopentane but failed

to isolate any product from ¥e-hydrogen transfer, These workers deduced
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that the proximity of the ¥-hydrogen to the :aminium radical can remain
at about 1,89.-o whereas the closest the §-hydrogen atom can come to ths
faminium radical in the preferred conformation of the cyclopentane ring

is about 2.2Ao which is considerably greater than the optimum interatomic
distance for hydrogen abstraction., In order to shorten this latter inter-
atomic distance to much less than 2.2&0, Gassman predicted a2 large amount
of strain must be incorporated into the system which would result in oute
of'-plane folding of the cyclopentane ring., On this basis it was expected
that Y¥ehydrogen abstraction would occur much more readily than $e~hydrogen
abstraction., However, balanced against this effect of ring strain is the
preference for a linear transfer of hydrogen from carbon to nitrogen.
These workers estimated the CoooleessN angles in the ¥e= and §-hydrogen
transfer intermediates (IXV) and (LXVI) to be about 120° and 1J+5o respec—
tively. Since only S~hydrogen atoms are abstracted, Gassman and Heckert
concluded that "linearity of' hydrogen transfer is far more important than

the inhibition of hydrogen transfer due to the effect of internal strain".

N+/Et "
'H.' \ Y
| Ho | Y

(L) (LxvI)

Corey and Hertlerzo indicate that the energy difference between

the 1,5~ and 1,6= hydrogen transfer processes is approximately 1.3Kcal/mole,



This difference does not appear to be too significant. In fact, Walling
and Padwa52 have éhown that the relative yields of 1,5~ and 1,6~hydrogen
transfer products do not vary with reaction temperature during the hypow
chlorite photolysis., This infers that the activation energy for intra-
molecular hydrogen transfer by both processes is relatively unimportant,

Qoreyzo’so

suggests that the participation of a quasi six-menbered ring

is more favourable than a seven~membered intermediate due to the higher
probability of the system existing in such a conformation compared with

the 1,6~transfer intermediate, Nevertheless, partial importance of the
energy difference between the 1,5- and 1,6~ intermediates seems definite
because of the fact that yields of 1,6wtransfer products are not greatly
increased when the possibility of 1,5~hydrogen transfer is eliininatéd.79
Beckwith75 suggests that preference for the quasi six-membered intermediate
is partly due to the nonbonded interactions between adjacent hydrogen atoms.
Examination of ‘Dreiding models shows that the adjacent atoms are in a
"skewed" conformation in the quasi six~menbered intermediate but are par-
tially eclipsed in the corresponding seven-membered systems Reference to
the influence of non~-bonded interactions has also been made by Corey and
Hertler.zo Mihailovicso suggests that products arising from 1,7« and
higher=order-hydrogen shifts are not formed probably due to the unfavour—
able free energy change associated with the formation of the corresponding

eight and higher-membered cyclic transition states,

From the suggestions made by these various workers, it appears
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that approximate collinearity of the Coselles X atoms is a prerequisite

for radical hydrogen transfer and provided such a requirement is fulfilled,
the order of hydrogen shift then depends on the lowest energy and highest
probability of the appropriate cyclic transition states, Although 1,5=
hydrogen transfer is preferred in most systems, it would be expected that
1,6= or 1,7-hydrogen transfer could occur in preference to 1,5-~hydrogen
shift in a system in which collinearity of the Coe..Hewok atoms cannot be
achieved in the six-membered but can be achieved in higher order transi-
tion states, BQuch cases do exist. Wawzonek and Wilkinson28 (refer to
page 16 ) have found that preference for C=5 (1,6-) over Cw4(1,5~) hydrogen
transfer occurs in the Hofmann-Loeffler reaction on Nechloro-i=propyl-
piperidine, Examination of Dreiding models for the Le-alkylpiperidines
shows that the CocoHeos N E angle for the hydrogen transfer is 180° for
the seven-membered ring transition state involving C-5 abstraction and
128° for the analogous six-menmbered ring involving C-4 abstraction.

As mentioned previously, a deviation from the normal 1,5=transfer

rule also occurs in the photolysis of 1-methylcyclo-octyl hypochlorite,53
)
cyclo—octanone,+6 and Ne~chloro-N-methylcyclo~octylamine in acid,19 and
65 48

the lead tetra-acetate oxidation of 1-methyleyclo-octanol, Cope

explains that the proximity of the C-5 hydrogen atam, when the cyclo-
octane ring is in the fawoured skewed-crown conformation, leads to the 1,6e
transfer products., C-=4 Hydrogen transfer is assumed to occur when the

ring is in a less favoured conformation., Such an effect conforms with a

deviation in which approximate CoeeHeooX collinearity can be achieved in

both the 1,5~ and 1,6~hydrogen transfer intermediates but a higher proba
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bility of the occurrence of a seven-membered cyclic intermediate leads

to higher yields of 1,6-transfer products, A similar rationalisation
may be used to account for the formation of the 1,7<hydrogen transfer
product, 9-decalol, from the photolysis of v::yclodecatnone)+6 (refer to page
22 ).

Al though Cop348 has adequately explained how the "proximity
effect" should enhance 1,6=hydrogen transfer in the 1-methylcyclo=octyl
system, there has been no explanation why a similar effect does not
operate in the simple cyclo-octyl system (refer page 25)., Examination
of Dreiding models indicates that approximate collinearity of the Cooollieso0
atoms is possible for both the 1,5~ and 1,6= hydrogen transfer inter-
mediates in both the cyclo~-octyloxy and 1-methylcyclo-octyloxy radicals,

It seems likely therefore that the discrepancy between the products of

the two systems lies in the energy or probability factors influencing par-
ticipation of the various cyclic transition states. Because only the 1,5=
hydrogen transfer product is obtained from the cyclo-octyl compounds,’&"’65
it appears that the energy difference between the six- and seven- membered
transition states is large enough to counteract the higher probability of
the cyclo-octane ring existing in the skewed~crown conformation; the con=-

L8

formational isomer which, Cope suggests, enhances 1,6-hydrogen transfer,

However, in the case of the 1-methylcyclo~octyloxy radical,53’65
it would appear that the 1-methyl substituent introduces some steric re-

pulsion which enhances the participation of the seven-menmbered transition

state. Examination of Dreiding models indicates that a norbonding inter

action between the 1,2-methyl-hydrogen groups could inhibit conformational
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interconversion to a small degree; enough to hold the molecule in the
skewed~crown conformation long enough to enable 1,6~hydrogen transfer
to occur and therefore counteract to a large extent the energetically
preferred 1,5~ hydrogen transfer.

It seems a greater understanding of the preferred conformaw
tions of the substituted cyclo-octane ring system is necessary before
this discrepancy between the cyclo~octyloxy radical and the 1-methylcyclo=—
octyloxy radical reactions can be completely understood., 4&net and St.
Jacque581 have recently studied the nuclear magnetic resonance spectra
of various substituted cyclo-octane systems and have interpreted their
results in terms of preferred conformations of the cyclo-octane ring in
such compounds. Perhaps the desired results required for the rationalisa-

tion of the above problem will be soon forthcoming.
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2 Adims of the Investigatione.

Barton&b found that alkyl nitrite photolysis aff'ords the corre-—
sponding §w=nitrosohydrin via an intramolecular hydrogen abstraction reace~
tion whereas pyrolysis of the same nitrite ester gives rise Only'ho
fragmentation products. To explain the different pathways by which the
analogous alkoxy radicals react under these two different sets of condi-
tions, Bartonl"'b suggested that a 'hot' or 'activated' alkoxy radical is
necessary for intramolecular hydrogen abstraction to be achieved, However,
such a conclusion did not seem to be completely justified. Since the pho~
tolyses had been carried out at ambient temperatures whereas the pyrolyses
naturally occurred at high temperatures, it seemed possible that a tempera-
ture effect may have caused the difference in reaction products. 4 study
of the reactions of 'unactivated' alkoxy radicals derived at ambient
temperatures by redox reactions of alkyl hydroperoxides and peracetates
with metal ions was therefore undertaken.
Although Beckwith and Goodrich75 had achieved intramolecular
hydrogen transfer during the photolysis of primary N-chloro-amides, the
actual Y =-chloro-amides had not been isolated; ¥=lactone formation had
been used to show that 1,5-hydrogen transfer had occurred. It was there-
fore decided to repeat this work with the aim of isolating the actual

¥Y~-chloro-amides. PFurthermore, extension of the scope of intramolecular

nitrogen radical reactions was visualised through the photolysis of various

alkyl-N~chlorocarbamates and Nealkyl=N-chloro-acetamides,

The reactions of lead tetra-acetate with alcohols in the presence
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and absence of iodine’ had both been shown to produce intramolecular
hydrogen abstraction products via an intermediate alkoxy radical, The
reaction of lead tetra-acetate with primary amides in the presence of

& had also been found to afford intramolecular hydrogen transfer

iodine
products by way of the amido radical., Since the reaction between lead
tetra-acetate and primary amides alone had not been studied, it seemed

important that such a project should be undertaken.
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I, RESULTS AND DISCUSSION
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T Decomposition of &lkyl Hydroperoxides and Peracetates.

The reductive decomposition of alkyl hydroperoxides is a wellew

known met.hod15 5825k

for the formation of alkoxy radicals at ambient
temperature and free of photolytic activation. Fission of the O=-C bond
in an alkyl hydroperoxide by a metal ion is of'ten represented by a one-
electron transfer procesis15 »82-0k from the metal ion to the peroxide
(refer to analogous electron transfer processes involving alkyl radicels,
page 45) although a reverse ligand transfer mechanism (also refer to later
discussion, page 14.7) may also operate, The reaction may be induced by a
number of metal ions88 including those of copper, cobalt, chromium, and
manganese but the most effective appears to be ferrous ion which reacts

rapidly with a variety of hydroperoxides in dilute acid without heating.

The reaction may be represented as follows:

ROGH + MY —— RO° + (")OH + u(t)+

The types of products obtained from such reactions give ample

8~89 89

evidence for the intermediate formation of alkoxy radicals. Davies
has summarised the types of reactions which alkoxy radicals, derived under
redox conditions, may undergo and one possible pathway involves further

88,58 Such a reaction was found to pre=

reduction to the alkoxide ion.
dominate in the simple redox decomposition of 2-methyl-2=hexyl hydro-
peroxide (IXVII)e The 2-methyl-2~hexyloxy radical (LXVIII), generated by
addition of ferrous sulphate to the hydroperoxide (LXVII) in dilute sule
phuric acid at ambient temperature, affords 2-methylhexanw2=ol (LAX).

Apparently the radical (LXVIII) in the presence of excess ferrous ion
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undergoes further reduction to the alkoxide ion (LXIX) much faster than
intramolecular hydrogen abstraction since the same radical (LXVIII) when
formed photolytically at 0° from 2-methyl~2=hexyl hypochlorite has been
49

shown previously ™ to undergo intramolecular hydrogerwatom transfer to the
extent of approximately 75%. Treatment of 2,4 ,4=trimethyl=2-pentyl hydro-
peroxide (LXXI) with acidified aqueous ferrous sulphate similarly afforded
2 )k yhtrimethylpentan-2-0l (LXXII) along with another by-product, acetone.
Formation of the latter compound may be ascribed to the fragmentation of

the intermediate alkoxy radical; a well~known alkoxy radical react§6%§’95"97

OOH Fe?* g o)

(LXVIID .
lfez

A e A

(LXVID)

(LXX) (LXIX)
PO =+ .
—_
(LXX1] (LXX1D

A low yield of 2,5-dimethylhexan-2,5=diol (LXXVI) together with
a high yield of the saturated alcohol (LXXIW) was obtained from the
ferrous sulphate decomposition of 2,5-dimethyl-2-hexyl hydroperoxide

(xx11). This reaction provides the first indication that an alkoxy
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radical formed by a redox reaction undergoes intramclecular hydrogens
atom transfer., GConversion of the rearranged radical (LXXV) into the
alcohol (LXXVI) by interaction with aqueous ferric ion accords with pre-

vious studies of the oxidation of saturated alkyl radicals.98

A soor

£ ++
(LXXIID e e (LXXIV)

O

A 5 >

H20
(LXXV) (LXXVI)

In this regard, De La Mare and coworkers98 found that alkyl
radicals undergo dimerisation in non-hydrogen-donating solvents and low
ferric ion concentration but are oxidised to the corresponding alcohols
when the ferric ion concentration is increased. The process by which
the oxidation occurs is described as an electron transfer mechanism 99,100
in which the metal ion accepts the free electron of the alkyl radical to
form a free carbonium ion (or a species possessing high carbonium ion
character) which is subsequently solvolysed to the alcohol. Such a

mechanism seems to operate in the formation of 2,5~dimethylhexan=2,5=~diol

(LXxvI),
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OH
: OH ></>£H

(LXXV) (LXXVI)

3+
Fe ‘ -
OH
Electron g OH

Transfer

Scheme 20,

This type of electron transfer process is distinct from ligand

transfer1oo_1o2 in which the ligand associated with the metal ion is trans-
ferred via an intermediate represented as (IXXVII)1O1’102 or (LXXVIII)1OO
to the alkyl radical,
. S+ ; 2+ .
R + Pe _ R------C1-----Fe —— BRC1 + FeCl
Gl3 012 2
(IXXVII)
R* + M7 X — [R°X—MX_, ¢ R—X M ] o mx 4 ule1)+
n n=1 n-1 th1

(IXXVIIT)

The principle factor determining whether or not an alkyl radical is oxi-
dised to the substituted product by way of electron transfer or ligand
transfer is the type of ligand available. De La Mare and coworkers98 have
found that ligands such as sulphate and perchlorate favour electron transe
fer whereas chloride, bromide, and thiocyanate enhance ligand transfer,

In the absence of suitable bridging ligands, oxidation may occur by the
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electron transfer mechanism as takes place in the ferrous sulphate induced
decomposition of 2,5-dimethyl-2~hexyl hydroperoxide (LXXIII). However,

in the presence of suitable ligands, oxidation of the available alkyl
radicals yia ligand transfer occurs almost quantitatively.

Iﬁoo.hi“o:5 suggests that ligand transfer and electron transfer
processes represent extreme situations in redox reactions. He suggests
that the majority of intermediate free radical, ligand, and metal salt
reactions cannot be separated distinctly into these classifications but
rather the transition state for redox reactions should be represented as
a resonance hybrid (LXXIX) between ligand transfer and electron transfer
contributions, The importance of each depends on the nature of the free

radical, ligand, and metal ion present.

R® + Cu' X — [R‘—X Cu' ¢ R° X—cCu' te—Rr' X.-—Cu+]
ligand transfer electron transfer

(LXX1X)

> products + Cuf

Applying such a conwention, the oxidation (Scheme 20) of the alkyl radiw
cal (LXXV) to 2,5-dimethylhexan=2,5=-diol (LXXVI) must then be assumed to
proceed through a transition state involving a major contribution from
the electron transfer structure.

However, the formation of 5=chloro=2-methylhexan=2e~ol (LXXXIII)
from the ferrous ion induced decomposition of 2-methyl-2-hexyl hydroperoxide

(LXWII) in the presence of cupric chloride/carbon tetrachloride seems to
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proceed through a transition state in which the major contribution is
from the ligand transfer structure., Compounds such as the solvolysis and
olefinic products, expected to be formed from an intermediate carbonium
ion, if an electron transfer process operates, could not be detected. It
is suggested that the 5-chloro-2-methylhexan~2-ol (LXXXIII) results from

a series of steps illustrated in Scheme 21, The alkoxy radical (LXVIII)

//ﬁ\\//i:><i?CN4 ._Eéf_a ,//N\V//:><i?

(LXVID (LXVIID

/\/><)H —

(LXXXI) A
CuCl

(LXXX)
CuCl

//&\”//:>*53H — OH

b =

(LXXXID) (LXXXIID

Scheme 21,

....Q

formed from a one-electron transfer reaction between ferrous ion and the
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hydroperoxide (LXWII) rearranges via a 1,5=hydrogen transfer process
(1EXX) to form the alkyl radical (LXXXT) which is oxidised by the cupric
chloride via the ligand transfer intermediate (LXXXII) (or a hybrid
mechanism involving a major ligand transfer contribution) to the $e
chlorohydrin (LXXXIII),

In order to achieve maximum conversion of the alkyl radical
(LXXXT) to the S§wchlorohydrin (LXXXIIT), carbon fetrachloride was used
as solvent along with a catalytic quantity of cupric chloride. Reactions
illustrated in Scheme 22 are thought to have been involved in the incor-

poration of the chlorine onto the alkyl radical (LXXXI).

A o] — 4 e

sy D)
(LXXXI) L : cle ooooo(1)
+ +4 o= .
Cu” + €0, ——> CuCl + ‘oGl EEEE2)
2 °0013 _— c:13c---cc13 e0000(3)

Scheme 22,

Step (1) involves the normal ligand transfer oxidation of an alkyl radical
to the alkyl chloride whereas step (2) imnvolves a reverse ligand transfer

process in which the ligand is transferred from the organic moiety to the

metal ion, MAsscher and'Vofsi10L have suggested similar steps in the

mechanism for the addition of carbon tetrachloride to an olefine in the



Presence of catalytic quantities of ferrous and cuprous salts (Scheme 23)

ccl, + Cut — "1y [Cucl]+

L
+ ’ccl5 - > < CCl3

>'_€CC[3 + [CuCl] N C[>—<CCl3 +cu’

Scheme 2%,

Digman and Anderson92 suggest that L4-chlorow2-butyl acetate

(LXXXVI), formed during the ferrous ion decamposition of 2,5-dimethylw
tetrahydrofuran hydroperoxide (LXXXIV) in carbon tetrachloride, results
from intermolecular chlorine abstraction by the alkyl radical (LXXXV)

from the carbon tetrachloride. An analogous process could be proposed

for the formation of 5-chloro-2-methylhexan~2«ol (LXXXIII).

CO CH

Ao = /Qic“‘\?

(LRXIV) (LXXXV ) (LXXXVT)

However, #sscher and'Wof51104’105 have studied extensively the influence

of ferrous and cuprous ions on the reactions of carbon tetrachloride and



chloroform and have shown that the presence of metal ions greatly enhances
the rate of addition of carbon tetrachloride and chloroform to olefines
compared with the analogous reactions in the absence of metal ions, These
results suggest that the redox ligand transfer mechanism is the actual
process participating in the formation of the §«chlorohydrin (LXKXIII).

A study of the decomposition at ambient temperature of suitably
constituted alkyl hydroperoxides in aqueous acetic acid containing both
ferrous and cupric ion provides the most compelling evidence in support
of the contention that alkoxy radicals generated in a redox reaction can

undergo intramolecular hydrogen transfer, The results of the experiments
with 2-methyl-2-hexyl hydroperoxide (LXVII), 2,5-dimethyl-~2~hexyl hydro-
peroxide (LXXIII), and 2-methyl=2-heptyl hydroperoxide (LXXXVII) are
summarised in Table IT,

The reactions were carried out by slow addition of the hydro-
peroxide to a stirred and cooled solution of ferrous sulphate and cupric
acetate in aqueous acetic acid, The products were identified by a com
bination of chemical (microhydrogenation, ozonolysis, and chemical derivas=
tives) and physical (nuclear magnetic resonance and infrared spectroscopy,
and gas chromatography) methods, which are described in detail in the
Experimental section. Where necessary, authentic compounds were synthe-
sised by unequivocal routes,

In a second series of experiments, the acetate esters of the hydro-
peroxides listed in Table II were decamposed by boiling under reflux a

benzene solution of the appropriate peracetate in the presence of a cataw



Hydroperoxide Products °/o Yield
Acetone 39
Y 4 39
/\/Y 9
WOH /\/><H 7.6
OH
(LXVID T 40
/V>-<OH [4*
Acetone 23
/l\/ =
MH 44
(LXXIID 49
WH <s
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Hydroperoxide Products °/sYield

Acetone 48

NN 8
\/\/><J0H \/\/><0H 7:3

(LXXXVID NN 0N 3"
SN O &

Table II. Products obtained from the decomposition, catalysed by Fe2+/Cu2+,

of tertiary alkyl hydroperoxides,
Ko separate estimate of cis and trans isomers was made,

Compounds not resolved by gas chromatography.

-a¢ G-
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lytic quantity of cuprous bromide, Such a process has been used pre~

87,106 for the catalytic decamposition of peracetates and peroxides.,

viously
In each case, the combined alcohol yield was slightly lower than the yields
of products from the corresponding hydroperoxide decomposition. However,
spectral analysis showed that such products were identical with the corre-
sponding hydroperoxide products. The mechanism by which such compounds
are formed is considered to follow the same path as occurs during the
redox decomposition of the appropriate alkyl hydroperoxides,

The respective products from the decomposition of the three
hydroperoxides listed in Table II undoubtedly arise in each series from
analogous reaction mechanisms. The various pathways leading to these
products may best be illustrated by considering a specific example, 2w
methyl=2-~hexyl hydroperoxide (LXVII), Such pathways are set out in
Scheme 24.

2~Me thylhexan-2=0l (LXX) undoubtedly arises from ferrous ion
reduction, step (4), of the alkoxy radical (LXWIII) by the same process
mentioned previously (refer to pagel ). However, in this case such a
reaction occurs to only a minor extent, probably due to the lower ferrous
ion concentration compared with the previous examples, enabling the ale-
koxy radical to undergo intramolecular hydrogen abstraction, step (2),
to a far greater extent, The other by-products, 1-butene, acetone, and
2-hexanone, resulting from fragmentation, step (5), of the intermediate
alkoxy radical (LXVIII) are cbtained as major constituents due to the ease
with which such alkoxy radical fragmentation reactions occur°95 (The

relative ease of fragmentation and intramolecular hydrogen abstraction
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il A

(LXVID e Fe ' V(LXXXI)
//\\v/i:><9

F++
7 (LXVID

/\/><)H (5)

(LXX)

/\/ + r + éHs + /\/T
CJ"l(B)

o [

0 R

(LXXXVIID
Scheme 24,

reactions will be discussed later; refer to page 60 ).

It is significant that acetone (and 1-butene formed as a result

of the same fragmentation process) is produced in much higher yield than
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is 2=hexanone, the alternative fragmentation product. Various groups of

49,96,97,107 have studied the fragmentation of tertiary alkoxy

workers
radicals and have similarly found that fragmentation occurs via 2 pathway
that produces the most stable alkyl radical, In this particular case
(Scheme 25) bond (a) breaks in preference to bond (b) due to the greater

stability of the butyl radical as compared with the methyl radical.

N"‘ﬁ
F.\Ss\y@,
/\/:S’<O
Fie..
VT gy

+ CH

Scheme 25,

The olefinic products listed in Table II undoubtedly arise by
cupric ion oxidation of the appropriate alkyl radicals, In particular,
the olefinic alcohols (LXXXVIIT) result from the oxidation of the alkyl

radicals (LXXXi)(Scheme 24)0 Comparison of the relative yields of such
1,5«hydrogen transfer products from the decomposition of 2,5-dimethyl-2-
hexyl hydroperoxide, 2-methyl-2texyl hydroperoxide (Table II) and 2,44~
trimethyl-2-pentyl hydroperoxide indicates that intramolecular abstrace
tion of a tertiary hydrogen atom occurs with greater facility than that

of a secondary hydrogen atom and both occur much more ®adily than primary
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hydrogen atom abstraction, Similar results have been obtained by Walling
and Padwa52 who carried out a more quantitative estimation of the relative
yields of primary, secondary, and tertiary intramolecular hydrogen abstrac-
tion products from alkyl hypochlorite photolyses, These workers found
that the relative ease of intramolecular hydrogen abstraction is in the
ratio, primary:secondary:tertiary, 1:9:47; approximately the same ratio

as had been dbtained108 for radical reactions involving intermolecular
hydrogen abstraction. It therefore appears that free radicals undergoing
intramolecular reactions possess the same relative reactivity toward
primary, secondary, and tertiary hydrogen atams as their counterparts
undergoing intermolecular reactions regardless of the fact that radicals
undergoing the former type reactions are far more restricted regarding the
possible positions of attack,

A further consideration of the products from the decomposition of
the hydroperoxides (Table II) indicates that 4O0«~50% of tertiary alkoxy
radicals generated at ambient temperature by reductive processes undergo
intramol ecular hydrogen transfer, Such a result fulfils the original aim
of the investigation in that it shows that it is unnecessary to invoke the

4b

to account for the results of

49,82

concept of 'activated' alkoxy radicals
nitrite photolysis, However, since this work was begun other workers
published results which showed that alkoxy radicals derived at ambient

temperature and free of photolytic activation may undergo intramolecular

hydrogen abstraction, These results therefore only confirm the observa=

tions of these other workers,
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It seems likely that any free radical, capable of inducing
hydrogen abstraction, can undergo intramolecular hydrogen transfer pro-
vided the conditions for such 1,5-atom transfer reactions are favourable
(reference is made to specifically 1,5=transfer but the same applies to
1,6=transfer as well), These conditions are that the spatial requirements
for intramolecular hydrogen abstraction are fulfilled (refer to page 39)
and that side reactions capable of proceeding faster than the 1,5-hydrogen
transfer reaction do not interferg(disproportionation of the amino radjie

25

cals™ produced in the absence of protonating acid (refer to pagel3 ) and
the further reduction of alkoxy radicals to alkoxide ions (refer to page
b ) may be cited as previously encountered examples of this latter
condition) .

The fact that alkoxy radicals are capable of inducing hydrogen
abstraction and that they can fulfil the spatial requirements for 1 ,5=
hydrogen transfer is undisputed (refer to the Barton reaction, page 2 ,
and hypohalite photolysis, page23 ). Since the suggestionofBar'l:onl"-b
that 'activation' of the alkoxy radical is a prerequisite for intra-
molecular hydrogen-atom abstraction has now been discounted, it appears
that the only reason for the failure of pyrolytically formed alkoxy radi-
cals $0 undergo intramolecular hydrogen abstraction is the interference of
a faster side reaction.

& possible reasan for an interfering side-reaction occurring

with pyrolytically~formed alkoxy radical reactions but not with photoly-

tically-formmed alkoxy radical reactions is that the mode of reaction depends



on the temperature at which such alkoxy radicals are generated. Alkoxy
radicals formed at high temperatures by pyrolysis, as carried out by

Barton,m:1 undergo mainly fragmentation but do not achieve intramolecular
hydrogen abstraction., However, alkoxy radicals formed at the other end

of the temperature scale by photolysis at <20° 4b,8b 449

and by redox
reactions at approximately 250 (refer to Table II) rearrange by intra—
molecular hydrogen transfer to the extent of approximately 49% and L5%
respectively, together with lower yields of fragmentation products. From
a consideration of the results of reactions carried out in the intermediate
temperature range (Table III), it is further apparent that with increasing

temperature, alkoxy radicals show decreasing ability to achieve intra-

molecular hydrogen-atom transfer,

kbstracting Source Tempo | Intramol, Referw
o o Hydr.&bstr,
Radical G Products ‘% ence
2-Methyl=2=hexyloxy | Hypochlorite hV 0] 75 49
N Nitrite hV <20 49 8b
. Hydroperoxide/redox ~ 25 Ly *
i Peracetate/redox 86 22 82
" Hydroperoxide/redox 115 18 82
i Peroxide/redox 121 10 82
Steroidal alkoxy Nitrite hVY <20 35 Ib
" " Nitrite A 160 0 4o

Table ITI, Yields of Intramolecular Hydrogen Transfer products from alkoxy
radicals generated at varying temperatures, * Results of alkoxy radical

reactions in this investigation, previously summarised in Table II,



&n explanation for this temperature effect on intramolecular
hydrogen transfer and fragnentation reactions of alkoxy radicals could
possibly lie in the relative activation energies of the two processes,
Bacha and Koch196 have calculated the difference in activation ernergies
of intramolecular hydrogen abstraction (E;H) and fragmentation (Bf) of
alkoxy radicals and have shown that the activation energy for fragmenta-

tion is greater than that for intramolecular hydrogen transfer, For the

alkoxy radical (LXXXIX), these workers estimate BEp — EH to be approxie
C.H
37

mately 4.1 Kcal/mole,

)

CoHg (XC)

CHy T2"s
fC3H7 C3H7------C"“_..:;'
C,Hg

b 4

o

(XCI

It seems likely that at low temperatures in which sufficient

energy is not available to excite the alkoxy radical to the higher energy
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transition state, intramolecular hydrogen abstraction should predominate,
However, with increased temperature the activation energy factor becomes
less important as the energy necessary to excite the alkoxy radical to
the higher energy transition state for fragmentation becomes more readily
available, Under such conditions (it is assumed that such is the case in
the pyrolysis of alkyl nitrites) the pathway by which the alkoxy radical
reacts is then determined by probability factors, Since fragmentation
is a monomolecular bond-fission process whereas intramolecular hydrogen
abstraction is an intermal atom—transfer reaction requiring that approxi-
mate collinearity of the CeeoHoesX atoms in the quasi six-membered ring
is achieved (refer to page39 ), it seems feasible that at high temperas
tures, fragmentation of alkoxy radicals should occur much faster than,
and to the exclusion of, intramolecular hydrogen transfer, A& similar
temperature effect on the relative yields of fragmentation and intramolec—
ular hydrogen abstraction products has been observed by Walling and Padwa.50a
In the examples discussed previously, oxidation of the intermediate
alkyl radicals to the substituted products has been attributed to a hybrid
mechanism involving a large contribution of either electron transfer or
ligand transfer processes. However, the oxidation of alkyl radicals to
olefinic products has not been introduced, Such a consideration seems
important in order to explain the formation of both the alkenes and the
olefinic alcohols during the reductive decomposition of 2-methyl-2-hexyl
hydroperoxide, 2-methyl-2-heptyl hydroperoxide, and 2,5-dimethyl-2-hexyl

hydroperoxide (Table II).
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Kochi and coworker582’109 have carried out a most comprehensive
investigation into the oxidation of alkyl radicals by cupric salts, These
work.ers82 found that, when the cupric ion is in the complexed form such
as the bis(bipyridyl)cupric ion complex, electron transfer occurs forming
a free carbonium ion which either eliminates a proton to form the corre-
sponding olefin or undergoes solvolysis., & similar process takes place
when an alkyl radical such as the neopentyl radical (XCII) containing no
hydrogen atom on the P-carbon atom is oxidised by simple cupric salts.,82

The formation of a carbonium ion intermediate (XCIII) is demonstrated by

the isolation of products arising from 1,2-alkyl shifts (Scheme 26),

D B

(XCID (XCIID

Scheme 25 ©

However, it seems unlikely that such a mechanism incorporating the

formation of a free carbonium ion is involved in the production of the

olefinic products (Table II) from the decomposition of the hydroperoxides
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(LXVII), (LXXIII), and (LXXXVII) since solvolysis products and tetra-
hydrofuran derivatives (Scheme 27) would be expected to result to some

extent but such compounds could not be detected.

X
>
A A

N

Scheme 27,

Kochi82 has found that cupric ion oxidation of alkyl radicals
containing a P~hydrogen atom proceeds more rapidly than the previously
mentioned electron transfer oxidation and affords olefins.: rather than
solvolysis or carbonium ion rearrangement products., According to Kochi82
such redox reactions proceed by a simultaneous electron transfer from the
alkyl radical to the copper moiety and expulsion of a proton from the [-
carbon atom. It seems likely that such a mechanism is involved in the

oxidation of the alkyl radical (LXXXI) to the olefinic products (step (3),

Scheme 24) as well as in the formation of 1-butene from the intermediate
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butyl radicals (step (6), Scheme 24), In fact Kochi®? carried out a
similar decomposition of 2-methyl-2-hexyl hydroperoxide (LXVII) and
likewise identified the olefinic alcohols (LXXXVIII) although in much
lower yield, He used this concerted radical oxidation = B=proton
elimination mechanism to account for such products,
The preferred formation of 2-methyl-5-hexen-2~0l, 2-methyl-5-heptenw

201, and 2,5-dimethyl=-5«hexen~2=-0l over the other possible olefinic isoe
mers, 2-methylwi~hexen=2-ol, 2-methyl-i-hepten-2~0l, and 2,5=dimethyl=l—-
hexen-2-0l respectively, is illustrated in Table IT and requires further
consideration. In each case the olefinic bond 8§« to the hydroxyl group

is preferred to the double bond in the ¥~position. The most significant
example of the three considered is the oxidation of the 2-hydroxy-2smethyl
5-heptyl radical (XCV) from which the two products, (C) and (CI), obtained,
each contain a disubstituted olefinic bond subjected to very similar elec=
tronic substituent effects, Simple oxidation of such a radical (Xcv) would
be expected normally to afford approximately equal quantities of the isow
mers (C) and (CI). Since such an isomer distribution is not obtained, it
seems definite that some directive effect operates to enforce preferred
formation of the §w=olefinic alcchol (C)s The only major difference between
the molecular environments of the two olefinic bonds is the position of
each with respect to the hydroxyl group. It therefore seems logical to
conclude that the hydroxyl group exerts a directive effect on the formae
tion of the olefinic bond. The possibility that the ¥wolefinic alcohol
is formed in comparable yield with the §w=olefinic alcohol but isomerises

to the latter after formation was discounted following the unsuccessful
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attempt to isomerise 2-methyl-=i~heen--ol to 2-methyl-H-hexen~2~o0l under
the reaction conditions,

This directive effect of the hydroxyl group is rationalised in

terms of a cyclic transition state which incorporates the OH group, the
cupric ion, the carbon radical being oxidised, and the P=hydrogen to be

eliminated. The overall course of the reaction of 2-methyl-Z-heptyl
hydroperoxide (IXXXVII) with Fez+/bu?+, depicting the cyclic transition

states (XCVI) and (XCVII), is illustrated in Scheme 28,

In both oxidation procedures leading to the products (C) and (CI),
it is inflerred that the lone pair electrons on the hydroxyl group become
complexed with the cupric ion and it is this complexed cupric ion which
intramolecularly oxidises the §=alkyl radical by the procedure described
previously in which simultaneous elimination of a proton from the carbon
atom (- to the alkyl radical occurs, In order that the oxidation process
goes through the transition states (XCVI) and (XCVII), it is inferred that
the complexed cupric ion delocalises one of its positive charges over the
atoms involved in the oxidation process and thus becomes a cuprous ion
partially bound to the two carbon atoms irnvolved in the respective double
bond formation, A&t the point when oxidation is complete and the B-proton
has been eliminated, complexes of the structure (XCVIII) and (XCIX) could
be expected to exist. However, under the reaction conditions such come
plexes readily break down to the products (C) and (CI).

In order to explain the directive effect of such a mechanism,



w6

\/\/><JOH Fe \/\/><] \/\/X

(LXXXVIT) (XCIV)

- E +
+ / =~

(XCVD

. (XCV)
o |
\é—OH
ol N ]
_'_/ZCu
(XCVID
H
\_—-—>CuI
(XCIX)

(XCVIID

OH
\/\/>< +

(C)

Scheme 28,

\/\/><OH

(CD



67~

the transition states (XCVI) and (XCVII) must be compared. The cuprous
ion is complexed to the 5~ and 6~ carbon atoms in the transition state
(XCVII) whereas it is complexed to the 6- and 7= atoms in (XCVI)e In
(XCVII), the cyclic system appears to be more crowded and strained than
the alternative intermediate (XCVI) and this is borre out by construction
of models of the two systems, It is suggested that, because of this less
strain involved in forming the transition state (¥CVI) compared with the
alternative possibility (XCVII), oxidation of the §w—alkyl radical occurs
much more readily through this intermediate (XCVI) so that the $w=olefinic
alcohol (C) is formed as the major oxidation product.

It has been mentioned previously that complexes (XCVIII) and
(XCIX) may be intermediate products in the formation of the olefinic alw
cohols (C) and (CI), provided the mechanism inferred by Scheme 28 operates,
Furthermore, complex (XCVIII) may be expected to predominate over (XCIX)
if the ring strain suggested to favour the formation of the transition
state (XCVI) is also involved. Although stability constants of cuprous
chloride, olefinic alcohol complexes in solution had been studied,11o
complexes of the type suggested above had not been cbtained., Nevertheless,
attempts were made to form cuprous complexes analogous to (XCVIII) and
(XCIX) with both 2=methyl-5-hexen=2+0l and 2-methyl=i~hexen-2~0l in order
to find whether or not such compounds do exist and, if so, whether or not
cuprous ion prefers to complex with the §e~ or e clefinic alcohol.

In this regard, solubility studies proved very encouraging, It

was found that cuprous chloride dissolves in a carbon tetrachloride solue

tion of 2-methyl-5-hexen-2~cl but does not dissolve in an analogous
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solution of the olefinic isomer, 2-methylei~hexen-2-cl, This seems to
suggest that a complex is in fact formed in solution with the former
alcohol but not with the latter, Quantitative solubility studies were
attempted but these proved to be unsuccessful, possibly due to the very
low solubility or stability of such complexes in the solvents used,
However, more conclusive evidence was obtained from the reaction of
cuprous chloride with the pure olefinic alcohols, Cuprous chloride
readily dissolves in 2-methyl—5-hexen=~2-cl to afford a colourless crys=
talline complex whereas the cuprous chloride does not appear to dissolve

at all in 2-methyl-y~hexen~2=0l.,

H

H \"—’ CuI

(c1I) (c11I) (c)

klthough accurate analysis figures could not be obtained for
the 2-methyl-5-hexen-2~0l copper (I) chloride complex (proposed structure
(CIII)), comparison of the physical data obtained with the relevant
physical data for 2-allylpyridinecopper (I) chloride (CII)111 seems to
indicate (Table IV) that the compound isolated is a 1:1 2-methyl-5-hexen-

2-0l/cuprous chloride complex in which both the olefinic linkage and the
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hydroxyl group are co-ordinated to the cuprous ion. The fact
that 2-methyl=5-hexen=2-0l forms a complex with cuprous chloride but
2=methyl=l-hexen-2-0l does not, seems most significant. In both come
pounds, olefinic and alcoholic functions are present so that a linear
complex in which the cuprous ion is bound to the alcoholic group in one
molecule and the double bond in another could be expected for both.
However, the fact that 2=methyl-j-hexen=2-0l does not form a complex
at all indicates that such a linear arrangement is not present in the
2-methylwb-hexen-2-o0l copper (I) chloride complex,

Yingst and Douglas111 attributed the shifts in absorption fre-
quencies in the regions 3010 cm.-1 and 1553 cmf1, when going from 2w
allylpyridine to 2~allylpyridinecopper (I) chloride (CII), to the co-
ordination of the olefinic bond to the metal atomes In such a complex
the metal-bonded olefine group has the nature of a perturbed carbon-
carbon double bond. Similar effects probably cause similar frequency
shifts in the formation of the 2-methyl-5~hexen=2-olcopper (I) chloride
complex (CIII) from 2-methyl-5ehexen=2~ol. The shift in absorption
frequency of 55 cnr1 for the Ol stretching vibration is possibly due to
the electron withdrawing effect of the cuprous ion which induces electron
withdrawal from the adjacent O-H bond, thus weakening that bond and
shifting the O<H absorption to lower wave numbers.

41though accurate analysis figures and further physical measure=-

ments must be obtained for the cuprous chloride/2-methyl-5-hexen=-2-ol



complex isolated, it appears from the above comparison with 2-allyl-
pyridinecopper (I) chloride that the structure may be represented as
(GIII), 2=-methyl-5~hexenw2=~clcopper (I) chloride, A#ssuming this struce
ture to be correct, then (CIII) appears to be the first of its type to
be isolated in which the cuprous ion is co-ordinated to both an olefinic
bond and hydroxyl group, The fact that such a complex can form adds
further support for the contention that the complex (XCVIII) participates
(Scheme 28) in the formation of (C). It also follows that cuprous ions
complex with §~olefinic alcohols but @&o not form analogous complexes
(CIV) with the corresponding ¥ ealefinic alcohols, The interpretation
of this result in terms of the preferred formation of §=olefinic alcom
hols from the decomposition of alkyl hydroperoxides (Table II) requires
consideration,

&s mentioned previously, (Scheme 28 and page 67), the relative
ease of formation of the olefinic alcohols (€) and (CI) depends on the
ease of formation of the respective transition states (XCVI) and (XCVII),
The fact that the cuprous complex (CIII) forms but (GIW) does not, seems
to suggest that the former complex is much less strained compared with
the latter, Taking an analogy between the complexes, (CIII) and (CIV),
and the transition states, (XCVI) and (XCVII), it follows that the transism
tion state (XGVI) should be much less strained compared with the alternative
(XCVII), Thus the isolation of complex (CIII) and the failure to detect any
analogous complex (CIV) adds support for the contention that preferred
formation of §e« over Y~olefinic alcohols during the redox .dcomposition of
alkyl hydroperoxides (Table II) is due to the preferred formation of the

intermediate transition state (XCVI),



2e Photolysis of NeChloro-amides,

(a) Reactions of Primary Amido Radicals.

It has been shown/~? % (see page 34 ) that photolysis of N-halo-
amides produces the corresponding ¥ -halo-amides via an intramolecular
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hydrogen transfer process. However, the X ~halo~amides produced73 were
not isolated but were directly converted to the appropriate lactones by
hydrolysis of the crude reaction products, In particular, Beckwith and

&

Goodrich ~ photolysed various N-chloro-amides and estimated the yields of

intramolecular hydrogen abstraction products by estimating the amount of
¥ ~lactone produced upon hydrolysis. The mechanism proposed by these

workers to account for the products is illustrated by Scheme 29,

R’ R’ R’
LA ST
Hli\l ‘N0 H
X H 2
(CV) R”CO.NHXl
R R R
MO O 1
0 X N
0
0 NH H,
(CVID)

Scheme 29,



In the present work, such reactions were repeated with the particular
intention of isolating the intermediate 8 ~chloro-amides (CV I, X =Cl).
N-Chlorobutyramide (CW, R = R' = H, X = C1), N~chloropentanamide (CV, R =
CH, R' = H, X = C1), and Nechloro-4-methylpentanamide (CV, R = R* = CH3,
X = Cl) were each photolysed in a dichloromethane solution for approxis-
mately 3 hours and the purified crystalline re:action products were identi=
fied by a combination of chemical (hydrolysis) and physical (infrared
spectroscopy and thin-f'ilm and gas-phase chromatography) methods which are
described in detail in the Experimental section. The purified reaction
product was found to be a mixture of saturated amide (CV, X = H) and ¥ -
chloro~amide (GWI, X = Cl), following the formation of the appropriate
aliphatic acid and Y ~lactone d}l;‘j:p_g hydrolysis. The yields of the
saturated amides and & —chloro-amides in the mixtures were estimated from
the proportion of the appropriate aliphatic acids and X—lactones, deter—

mined by gas-phase chromatography of the hydrolysis products, The results

of these experiments are listed in Table V,

N-Chloro-amide Yield of & ~Chlorowamide
N~Chlorobutyramide

CV, ReR'=H, X=Cl 3%
N~Chloropentanamide

cov, R‘:(H-IB, R'=H, X=C1l 35%
N=Chloro==methylpentan=

amide.

CV, R=R! g(mj, X=C1l 51%

Table Ve



75w

Attempts were made to separate the mixture of butyramide and L~
chlorobutyramide obtained from the photolysis of Ne~chlorobutyramide, The
successful method involved thin-layer chromatography of an extended film
of the mixture, precipitated onto the adsorbent out of methylene chloride
solution, using upward elution with tetrahydrofuran, The separate bands,
visualised by standing the dried plate in an iodine tank, were separately
removed and the respective amides extracted from the adsorbent with chloro-
form, Evaporation of the solvent afforded the separate amides as crystalline
solids which were shown by physical techniques to be pure butyramide and

x-chlorobutyranﬁ_de respectively. Such a technique for the isolation of

g-chlorobutyramide has obvious limitations., Not only is it ﬁnsatisfactory
as a method for accurate estimation of the yields of the products, but it is
also inefficient since only small quantities of compound can be separated
on each 'run', Nevertheless, it overcame the problem confronting the woric
since it enabled the pure 8 ~chlorobutyramide to be isolated.. . Although
attempts were not made to seperate the amide mixtures from the photolysis

of N-chlcropentanamide and N-chloro-i-~methylpentanamide, it is anticipated
that similar success would be achieved in these examples,

The fact that 8 =chloro-zmides can be isoleted from the rhotolysis
of the appropriate N-chloro-amides is conclusive proof that such compounds
are actually formed during N-chloro~amide photolyses and it thus gives added
support for the validity of the mechanism (Scheme 29) proposed by Beckwith

and Goodr:i.ch.75 Two other groups of workers761’77 have photolysed analogous

[

N-chloro—-amides and have essentially been unsuccessful in their attempts to

76

isolate products from 1,5-hydrogen transfer, Petterson and Wambsgans
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who had been successful in isclating intramolecular hydrogen abstraction
produets from the photolysis of Nechlorowimides (refer to page 35 ) found
that photolysis of N-chloro-amides (CV, X = Cl) in general failed to afford
¥Y=-chloro-amides (CVI, X = Cl) although photolysis of Nechloro-4~phenyl-
butyramide (CV, R = Ph, R' = H, X = Cl) was found to afford the ¥ ~=chloro-
amide (CVI, B = Ph, R' = H, X = C1) in 1% yield, 'ﬁhey76 attributed the
latter product to a mechanism involving intermolecular abstraction of the

"

benzylic hydrogen atoms. Neale and coworkers’’ photolysed Nechloropentan-
amide and also found that such an N-chloro-amide compound is quite unreactive;
no intramolecular hydrogen abstraction products could be isclated, Contrary

76,577

to the findings of these two groups of workers, this present work
supports the results of Beckwith and Goodrich75 in that it shows that N
chloro-amides do in fact afford intramolecular hydrogen abstraction products
in good yield. The fact that the ¥=chloro-amides are formed as the only
identifiable chlorination products (although Beckwith and Goodrich/® had de-
tected & =chloro-amides in low yield and attributed such to 1,6~hydrogen
transfer) seems sufficient proof that intra~ and not intermolecular hydrogen
abstraction occurs, It is suggested that the ¥ =chloro-amide (CVI, R = Ph,
R' = H, X = Cl) obtained by Petterson and 1.Va.mbsgans76 likewise arises from
an intramolecular hydrogen abstraction process.

The disconeerting feature of the photolysis of N-chloro-amides is
the fact that the saturated amides (CV, X = H) are formed as co~products

with the ¥ -chlorowamides (CVI, X = Cl), Such a problem is not confined

to this worke In the original photolyses of N~iodo-amides carried out by
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Barton and Beclmith]j the yield of & -iodo-azmide was restricted to a

maximum of 50% due to the side reaction represented by Scheme 30,

NH,
m — /QzNH. HI
RN R

(CVII) (CVIID)

f\n/NHI
NHHI +
RQ: R~ O
NH2
R0 R

+12

Scheme 30.

Barton and Beck:with73b attributed this reaction to the instability of the
intermediate Y -iodo-amide (CVII) which readily cyclises during the reaction
period to liberate hydrogen iodide which in turn reacts with the starting
N-iodo~amide thus rendering the latier compound inactive (Scheme 30). It
seems significant that the ¥ —icdo-amides could not be isolated. However,
the fact that the appropriate ¥ ~chloro-amides can be easily isolated and

require vigorous hydrolytic conditions to achieve cyclisation seems to
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eliminate the probability that such a side reaction is the eAuse: of the
saturated amide formation in this particular case., Beckwith and Goodrich%
who were confronted by a similar problem carried out various experiments in
an attempt to elucidate the mechanism of the formation of saturated amide,
However, no completely satisfactory explanation became obvious.

Attempts to generate amido radicals by the photolysis of the
diamidomercury compound (CIX) also failed to produce the expected results,
The pathway envisaged is illustrated by Scheme 31, It was thought that the
reaction of amido radicals in the absence of active chlorine might help to

elucidate the problem confronting the N-chloro-amide photolysis.,

0

/\)I\N— Hg L 2 ”

H
, 2
(CIX) & + Hg

2 NH,

//\\/ﬂ\NHZ ' k:;*\/ﬂ\NHz\\il

0]
NH
2H N 2

Scheme 31,
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However, all attempts to achieve N-Hg homolysis failed - starting com-
pound (CIX), contaminated by a small amount of butyric acid (presumably
formed via hydrolysis) , was recovered,

Extension of the N-chloro-amide photolysis reaction to alkyl N-
chlorocarbamates was successfully achieved when 2-chloro-2-methylpropyl

carbamate (CXII, R* = H, R" = CH,) and 2-chloro-1,l-dimethylethyl car-

3)
bamate (CXII, R' = CH_,) » R" = H) were each obtained as reaction products
in yields of 26% and 134 respectively from the photolysis of Aso=-butyl
N-chlorocarbamate (CX, R' = H, R" = GH3) and t-butyl N-chlorocarbamate
(cx, R' = CHs, R" = H), The mechanism proposed is analogous to that

suggested for the N-chloro-amide reaction.

R* O N.
H U}

0 O NH,
ROCNHCL
>§<Oj;’NH T ><(

(CXII)

It is unlikely that such chlorination products (CXII) result from an

intermolecular chlorination mechanism since the hydrogen atoms most readily
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abstracted by such a process would be those on the carbon atom ¢~ to the

100b, 112

oxygen atom, It is significant that (CXIII) was not cbtained from

the photolysis of iso-butyl N-chlorocarbamate,

O\B/NHCI L /YFNHZ

(eXII1)

The fact that the intermediate amido radicel (CXI) is capeble of
undergoing intramolecular hydrogen abstraction had been implied by the
previous work of Smolinsky,67a and Yamada69 and their coworkers who showed
that pyrolysis of the azide (LVIII) affords the cyclic product (LIX) (refer

to page 32).

o~ LN
J\ -5
07N N: ]

3

(LVIID

0
(LIX) H

Obviously substitution of an oxygen atom for a methylene group in the alkyl

chain does not alter the fact that the six-membered cyclic intermediate
(CXI) has the lowest energy and most probable arrangement of atoms in which

the NeeoHesoC atoms are approximately collinear, Such an effect has also
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been noted in the photolysis of ketones; the reaction of lead tetra-
acetate with alcoholsmé‘ (refer to pages 18 and 29 ), and the Hofmann-
27a

Loeffler reaction.

The alkyl N-chlorocarbamates (CX) were prepared by a method analo-
gous to that developed by Beckwith and Goodrich75 for the formation of N-
chloro-amides, The carbamate (CXIV) was dissolved in methylene chloride
to which was added a drop of bromine and a mole of t-butyl hypochlorite.
However, one difference between the two systems was evident -~ chlorination
of the alkyl carbamate required a much longer time (approx. 15 hrs) than
that needed for the chlorination of primary amides (approx. 1 hr). Although
no unequivocal evidence is available about the basicity of alkyl carbamates,
it seems possible that the difference in rates of chlorination may be due
to the greater availability of the amide nitrogen lone-pair electrons com-
pared with the carbamate lone-pair,

R” R’
1-BwCl

R’ . NFE._T;_—é R NHCI

RI R/ R/ R;
(Cx1v) (&%)

The crystalline compound obtained by purification of the crude
reaction product was identified by infrared and nuclear magnetic resonance
(nem.r.) spectroscopy as a mixture of the saturated starting carbamate

(CXIV) and the 2-chloro-alkyl carbamate (CXII). It would seem probable
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that the starting carbamates (CXIV) are formed as by-products in a similar
way to the saturated amides from the photolysis of the appropriate N-chloro-
amides, However, the pathway by which such by=-products are formed is

similarly unknown,

(b) Reactions of N-Alkylacetamido Radicals.

During an investigation into the Hofmann-Loeffler reaction on

113

N-chloro-amines, Coleman and coworkers heated N-butyl-N-chloro-acetamide
(CXV) in concentrated sulphuric acid to 140° and obtained pyrrolidine (CXVI)

in 50% yield.

c1 1,6° .
Cl‘_H9N c:oc:H3 9T st°4 7
H
(cxv) (cxvI)

Although it seems certain that an intramolecular hydrogen abstraction
process participates in the formation of (CXVI), the actual species inducing
such hydrogen transfer is not so obvious, It is possible that either the
amido radical (CXVII) or the amidinium radical (CXVIII) could participate
(Scheme 32), However, the fact that pyrrolidine (CXVI) is cbtained as the
reaction product shows that hydrolysis occurs at some stage during the
reaction so that it is highly probable that neither of the species (CXVII)
or (CXVIII) participate in the hydrogen transfer but rather the aminium

radical (CXIX) is involved (refer to page 12), If this is so, then the

reaction is simply another example of the normal Hofmann-Loeffler reaction
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of N-chloro-amines.

: .
NCOCH, __, ' NCOCH,

/1 (ox) \

(CXV) (CXVI)
Nk A AV
O CH3 — O CH3
(CXVII)
Scheme 32,

Cl H,S0, c1 . (9

G HN COCH N A c:l‘_H?N)H2 —> CHy NVH,
(CX1x)

113

Because of the ambiguity surrounding the mechanism of such a reaction,
it seemed necessary that the photolysis of N~alkyl-N-chloro-acetamides
should be carried out in a non-hydrolysing solvent so that it could be
determined unambiguously whether or not the N~alkylacetamido radical can
undergo intramolecular hydrogen ebstraction.

Furthermore, such a study seemed important as a means of detemmining
whether or not the resonance structure (CXXI), as compared with the alterna-

tive structure (CXX), can induce 1,5-hydrogen transfer, Although Beckwith
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and Gooclrich75 suggested that it is the amido radical (CXXII) which ab-
stracts the b’-hydrogen atom during the photolysis of N-chloro-amides
(refer to page 73), these workers did not discount the possibility that

the structure (CXXIII) may be involved,

R H O R

3 & &

§ . NH
X
(CXXII) (CXXIID)

In the case of the primary amido radicals, it is impossible to
distinguish between the two species (CXXII) and (CXXIII) since the same
product results from both processes, However, with the N-alkyl=N-chloro-
acetamide photolyses, the position of hydrogen abstraction differs so that
the nature of the products should indicate which intermediate participates
in the hydrogen transfer process, It is significant that models of the two

species (CXX) and (CXXI) indicate that both intermediatesare sterically
capable of undergoing 1,5-hydrogen transfer.

The compounds photolysed were N-butyl-N-chloro-acetamide, N-(iso-

butyl‘)-ﬁ-chloro-aceta.mide, and y_-chloro-'lj-hexylaceta.mide which were prepared



by reaction between the appropriate acetamide and t~butyl hypochlorite
under similar conditions to those used for the preparation of Nechloro-
amides and alkyl N-chlorocarbamates., The photolyses were carried out in
methylene chloride, also in a similar manner to the N-chloro-amide phow
tolyses and the yields and nature of the reaction products were determined
by physical (infrared and n.m.r. spectroscopy and gasephase chromatography)
and chemical (hydrolysis) methods which are described in detail in the
Bxperimental section.

From the photolysis of N-butyleN-chloro-acetamide (CXXIV, R = H)
and N-chloro=N-hexylacetamide (CEXIV, R = Et), the corresponding L~chloro=
acetamides (CXX¥, R = H) and (CXXV, R = Bt) were obtained in 31% and 27
yields respectively. That such je~chloro-acetamides were formed was cone
fimed by the fact that the corresponding pyrrolidine compounds (CXXVI, R = H)
and (CXXVI, R = Bt) were detected from the hydrolysis of the reaction pro-
ducts, The mechanism proposed for the formation oflyé(h—chlorobutyl)u
acetamide (CXXV, R = H) and Ne(4mchlorchexyl)acetamide (CXXV, R = Et) is
illustrated in Scheme 33,

These results indicate that acetamido radicals (CXX) cen undergo
1,5~hydrogen transfer and that such radiecals do not require protonation of
the nitrogen atom, as is necessary for the corresponding amino r'adica.lszc"z‘3
(refer to page 12), to achieve intramolecular hydrogen abstraction. The
reason for protonation not being necessary in such acetamido radical reace
tions could be due to the same effect which causes amides to be less basic
than amines; that is, the participation of the resonance structures
depicted below, #As has been mentioned previously, the failure of non~-

protonated amino radicals to achieve 1,5~hydrogen transfer is attributed
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Cl hY i i Nco.cH
RNANANcocH, ’ .
(CXXIV) l (CXX)
R | H  Cl R.. H
NCOCH, « RNCOCH3 NCO.CH,
(CXXV)
Hydrolysis S RQ
H  (cxxvn
Scheme 52.
0 o= &=
R—ing—mB —> R—(1:v:)=_c':—c:n3 «—> R—I:T—H—GHB
&+

to faster d.is.prc»po1'1;:'u.ona'l::i.onzo’23 (refer to page 13)., However, in the
case of the acetamido radical, it seems probable that the §+ charge on
the nitrogen atom would be sufficient to prevent disproportionation of
such acetamido radicals taking place,

Prom the photolysis of N-chloro-N-hexylacetamide and N-butyl=-
N-chloro-acetamide, it was also found that the corresponding 2-chloro-

acetamides (CXXVII, R = Bt) and (CXXVII, R = H) were not formed. It is
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thus apparent that the acetamido radical (CXX) undergoes intramolecular
hydrogen abstraction with greater facility than the alternative resonance

structure (CXXI). However, the most significant result concerning the

., R_ _H.
NCOCH, ¢— \[ j\
N CH37
(CXX) (CXXI)

cl

/\)\/H\c :
R OCH. «— \LNJE
CH,

R H

3
(CXXVID

actual participation of the acetamido radical in the resonance form (CXXT)
was obtained from the photolysis of N~(iso-butyl)-N-chloroacetamide (CXXVIII),
In such a system it is not possible for the nitrogen radical (CXXIX) to
undergo intramolecular hydrogen abstraction since the alkyl chain is of
insufficient length., Nevertheless, the possibility of 1,5-hydrogen transfer
involving the radical (CXXX) does exist and in fact the 2-chloro-acetamide
(CXXXI) was obtained in 36% yield. The mechanism suggested to operate in
the formation of (CXXXI) involves intramolecular hydrogen abstraction by
such an intermediate (CXXX) and is illustrated by Scheme 3k.

Neale and coworkers'' have photolysed N-(t-butyl)=N-chloro~-

acetamide (CXXXII) and isolated the 2-chloro-acetamide (CXXXIII), These

workers.77 suggested that such a product is formed via an intermolecular
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/k/ci:\ll\(‘, :
> N
OCH 3 CO.C H3

(CXXVIID) (CXXIX) I

J[ (CXXX)

Cl

H RNACc Cl H
)'\/N\co.c H, E ></N\co.c H,
(CXXXD)
Scheme 3k,

hydrogen abstraction process. However, such an intermolecular mechanism

Cl H
~ hy
'>><§ cocH, CF/T>K<ﬁ\COCH3
(CXXXII) (CXXXTTT)

cannot be involved in the formation of (CXXXI) since the hydrogen atom o~

. ca s 112
to the nitrogen atom would be abstracted with much greater facility
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than the tertiary hydrogen atam which is actually removed. Because of the
close similarity between the products (CXXXI) and (CXXXIII) from the
photolysis of the respective N-chloro-acetamides (CXXVIII) and (CXXXII),
it is suggested that (GXXXIII) is actually formed by an intramolecular
hydrogen abstraction process analogous to that illustrated in Scheme 34
rather than the intermolecular mechanism suggested by Neale and coworkers.77
In each of the examples considered, a high yield of the saturated
acetamide compound was recovered together with the appropriate chloro-
7 4

acetamide, Because of the participation of side reactions depicted n

Scheme 35, the formation of such a by-product can be partially accounted for,

Cl
R GHZN COCIH3 _— RCAI = I\T---COGH3 + HCl
Cl H

R GHZN COGI-I3 + HCl ——> R GHZN COG[:I3 + Clz

RCH=0N - COCH3 —_— polymeric material,

Scheme 3De

Polymeric resins were obtained in each case, However, such side reactions
cannot account for all the saturated acetamide compound formed, It is
probable that undefined side reactions analogous to those operating in
the previously mentioned primary N~chloro-amide and alkyl N-chlorocarbamate

photolyses also occur in these reactions,
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3 Reactions of Lead Tetra-acetete with Primary Amides,

Since analogous pathways are involved in the reactions of zaulcohols5 :

73

and primary amides'” with lead tetra-acetate and iodine, it was expected

that a cleose agreement would further exist between the pathways of the
63

reactions of such alcohols ~ and primary amides with lead tetra-acetate
alone (refer to page 29 )o It was predicted that products resulting from
the participation of a reaction mechanism represented by Scheme 36 would

be cbtained, However, when the amides (CXXXV) were treated with lead

H

P
R/\/\g/N H) 0%, R NPb(OAC)

A

u 5 i i
‘[ (CXXXIV) /\/\B/N

+ Pb(OAC)
PRODUCTS Ty 3

tetra-acetate in benzene, mixtures of the appropriate N-acetylamine
(CXXXVI) and dialkylurea (CXXXVII) were obtained, A particular example
involves the formation of N-butylacetamide (CXXXVI, R = GH3) and N,N'=~

dibutylurea (CXXXVII, R = GH3) from the reaction of pentanamide (CXXXV,
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R = GH3) with lead tetra-acetate in benzene, The reaction conditions simply
involved heating a benzene solution of the amide and lead tetra-acetate

(present in molar ratios) under reflux until such time that all the lead
(IV) had been converted to lead (II).

R NH,

(CXXXV)
Pb(OAc)A

A in pH H

F?*x\\’,f‘\\\~//4“:::>=:=()
R /\/\E/CO.C H 3 i R/\/\H

(CXXXVI) (CXXXVII)

Baumgarten and Staklis114 also carried out reactions of primary amides

with lead tetra-acetate under slightly different conditions and obtained

Products resulting from a similar reaction mechanism., The products

(CXXXVI and CXXXVII) appear to arise from a polar rearrangement process.

However, derivatives of an intermediate free radical (CXXXIV) could not

be detected, Because of the unexpected nature of such a reaction of primary

amides with lead tetra-acetate, an investigation into the scope and mechanism

was carried out.

(a) Scope:

The reaction of lead tetra-acetate with primary amides was first

applied to simple saturated aliphatic amides and, as has been mentioned
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previously, occurs very smoothly to afford the corresponding acetylamine
and dialkylurea., Such a reaction has been successfully extended to in-
clude more complex saturated amides; the yields of the corresponding
products are showvn in Table VI, The most diverse examples ccnsidered were
the reactions of the simple straight chain compound, pentanamide, and the
complex steroid compound, cholanamide, In both cases, good yields of the
rearrangement products were obtained, Consideration of Table VI indicates
that approximately 70f yield of rearrangement products .Was cbtained in
the range of compounds studied. However, the relatively low yields of N-
butylacetamide (450%) and N-pentylacetamide (40%) are probsbly due to the
method of isolation of such products compared with the other examples,
Such compounds are liquids and their yields were thus estimated from the
amount of distilled product whereas N-cyclohexylacetamide and the higher
homologues are solids so that their yields were estimated with greater
accuracy. In regard to the determination of the yields of such higher
homologue rearrangement products, the crude reaction product was carefully
triturated with acetone - the acetamide compound readily dissolved whereas
the urea compound was insoluble, Beside these two types of reaction pro-
ducts, no other by-products appeared to have been formed.

The initial reaction of lead -tetra-acetate with cyclohexane-
carboxamide (XCLI) afforded a product which showed strong absorption at

2268 c:m-'1 in the infrared, indicating115 the presenceof cyclohexyl



Amide (CXXXVIII) Yields %
R Solvent %8}%](:){1&) © (gg?
Butyl Benzene 45 5
Pentyl " 40 5
Cyclohexyl Benzene-Acetic acid | 65 8
Heptadecyl " 61 9
24=Nor=5 B=cholanyl " 81 -
Table VI,

R COMH, + Pb(OA,c)h_ —> R Mi.COCH,

(CXXXVIIT) (cxoLIX) (xen)

+ R NH.CO.MNH R

isocyanate (KCLII)., It was deduced from this that isocyanates are in-

volved as intermediates in such reactions of lead tetra-acetate with
primary amides and in this particular example, incomplete conversion of

the isocyanate into the acetamide product had occurred,

CO.NH2

Pb(()&c)h_

N=C=0

(XcLI) (xcLII)
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Obviously such incomplete conversion of isocyanate lowers the yield of

the required acetamide compound., In an attempt to effect complete con-—
version of isocyanate to acetamide as well as eliminate the formation of
dialkylurea as a by-product, it was decided to carry out the reactions of
lead tetra-acetate with primary amides in acetic acid/benzene as solvent.
This was partially successful in that complete conversion of the isocyanate
was achieved. However, the presence of acetic acid did not seem to suppress
the formation of dialkylurea., Nevertheless, it was a step in the right
direction as Beckwith and Hassanali116 have since carried out various reac-
tions in acetic acid alone as solvent and under such conditions have been
successful in completely suppressing the formation of dialkylurea. Further-
more, these workers have carried out such reactions in propionic acid as
solvent and have obtained the appropriate propionylamine, From such a
reaction with cyclohexanecarboxamide, N-propionylcyclohexylamine was ob-
tained in 6% yield, It would thus appear likely that the reaction of

lead tetra-acetate with primary amides in any aliphatic acid, E'COéH, as

solvent would produce products as depicted in Scheme 37,

R'COH xo
R C0.MNH, + Pb(OAc)h_ > RNCR'
as solvent

Scheme 37,

For the reaction of lead tetra-acetate with primary amides in

benzene as solvent, it has been previously mentioned that the reaction
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conditions involved heating the solution under reflux until complete con-
version of lead (IV) to lead (II) had occurred, Such conditions were simi-
larly applied to the above reactions in both acetic acid/benzene and acetic
acid alone as reaction media, Furthermore, it may be noted that such econ-
ditions were applied in all reactions of lead tetra-acetate in this work
including those to be discussed in dvue course,
The fact that rearrangement products are obtained in good yield from

the reactions in both benzene and acetic acid as solvemts seems to contra—

114

dict the finding of Baumgarten and Staklis that "simple aliphatic amides

did not react appreciably with lead tetra-acetate in acetic acid and reacted

only sluggishly in nonpolar solvemts such as benzene", It would appear from
114

a consideration of their successful reaction conditions that these workers
possibly allowed the reactants to stand at room temperature or slightly above
for several days but did not venture to heat the solution under reflux; 2

necessity for the reaction to be successful. Further discordance with the

114

is also apparent concerning the reaction

of lead tetra-acetate with phenylatce1'.a.m:i.d.e.,116 These Work:ers.‘l 1

work of Baumgarten and Staklis
found that
their "reaction conditions were sufficiently vigorous to preclude the use of
amides with functional groups capable of reacting with lead tetra-acetate
under milder conditions, e.g; methylene groups (phemrlaceta.mide)".

However, Beckwith and Hassana.li116 heated an acetic acid solution of lead
tetra-acetate and phenylacetamide under reflux and found that N-benzyl-
acetamide is formed in a 67% yield without any detectable quantities of

products arising from acetoxylation of the active benzylic hydrogen atoms,
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It is therefore obvious that under these conditions, lead tetra-acetate
reacts preferably with the amide group rather than the active methylene
groupe Apparently the reaction conditions developed in this work and
applied by Beckwith and Hassanali are sufficiently mild to enable specific
reaction of lead tetra-acetate with amide to occur whereas those of Baum=-
garten and Staklis114 produce less specific results.

An attempt to extend the reaction of lead tetra-acetate in ben-
zene solution to aromatic amides failed when no acetanilide could be ob-
tained from the reaction with benzamide., Instead a deep-red oily tar,
fran which starting amide could be isolated, was obtained., A similar red
oily tar was obtained when phenykisocyanate and acetanilide were separately
heated under reflux with lead tetra-acetate in benzene solution, It seems
probable that the lead tetra-acetate reacts further with phenyliiggyanate
or acetanilide as they are formed during the reaction, thus preventing the
isolation of acetanilide and causing unchanged benzamide to remain, How-

1
ever, it is significant that Beckwith and Hassanii1 7

have been successful
in isolating an appropriate rearrangement product from the reaction of lead
tetra-acetate with benzamide under modified reaction conditions (to be
discussed later, page 101).

The scope of the reaction of lead tetra-acetate and primery amides
was further extended by carrying out such reactions in the presence of
methanol, The product resulting was the corresponding methyl carbamate

(XCLIV) which is presumsbly formed via addition of methanol to the N = C

bond of the intermediate isocyanate (XCLIII).
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H
Pb(0Ac) o MeQH
R CO.NH,, b4y R—N=C=0 ———> R NCOMs
(XcLIIT) (xcL1v)

The original amide considered wagfaholanamide (¥CIV) which contained one
mole of methanol of crystallisation., Methyl Ne(2l-nor-5B-cholanyl)car-
bamate (XCIVI) was obtained in 586 yield along with N-acetyl-2i-nor—58-
cholanylamine (XCLVII) in 2%. These two products were separated by
chromatography on a silica gel column with chloroform as eluant. The
carbamate (XCLVI) came off the column first as colourless crystals and
was identified by physical (nem.r, and infrared spectroscopy and analysis)
and chemical (hydrolysis) methods and comparison with the authentic com=
pound, The acetamide (XCLVII) was the second fraction off the column as
a yellow glass; trituration of such a product with methanol afforded a
colourless solid which was purified and identified by physical (nemsr. and
infrared spectroscopy and melting point) and chemical (hydrolysis) methods.
Apparently the mole of methanol of crystallisation present was
sufficient to convert most of the intermediate norcholanyl isocyanate into
the carbamate (XCLVI)., When the same reaction was repeated in a 3 : 1
mixture of benzene and methanol as solvent, complete conversion of the
isocyanate into carbamate was achieved since only methyl N-(24-nor-5f-
cholanylcarbamate (XCLVI) was obtained in 866 yield. However, when the
reaction of cholanamide and lead tetra-acetate was carried out in pure

methanol as solvent, only 2 very low yield of the methyl carbamate (XCLVI)

was obtained although the lead tetra-acetate was rapidly used upe Mainly
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starting cholanamide was recovered. Apparently lead tetra-acetate

Pb(OAc) NH

MeOH + Ea

(XCLVII) 3
NHCOZC H3

CO.NH
2

(XCLV) (XCLVI)

undergoes a reaction with primary amides in preference to methanol when
a benzene-methanol solvent is used., However, when only methanol is used
as solvent, the lead tetra-acetate is probably quenched by the methanol
causing it to oxidise the alcohol before it can react with the amide.
Beckwith and Hassanali117 have further delineated the scope of
this reaction by carrying out the reaction of various primary amides with
lead tetra-acetate in the presence of ethanol, t-butyl alcohol, and
cholesterol and with the latter two alcohols in the presence of pyridine.

117

The reaction involving benzamide in the presence of cholesterol is
particularly significant since it illustrates the versatility of such a
reaction of primary amides with lead tetra-acetate in the presence of
alcohols, Regardless of the fact that cholestercl is an alcohol consisting
of a large complex alkyl group, such an alcohol nevertheless adds to the
intermediate phenyl isocyanmate (XCLVIII) to afford a fair yield (34%) of

cholesteryl N-phenylcarbamate (XCLIX),
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Pb(0Ac) ) Cholesterol —<
Ph-N=C=
(XCLVIII)
PhNHCO
2
(XCLIX)
Scheme 38,

Comparison of this work involving the reaction of lead tetra-
acetate and primary amides in alcohols with that of Baumgarten and Stakli;“*'
shows that discordance again exists between the two sets of results, Al-
114

though Baumgarten and Staklis obtained similar results to those of

Beckwith and Ha.ssana.li117

when they carried out the reaction in t-~butyl
alcohol, they found that "methyl and ethyl alcohols could not be substitu-~
ted for t-butyl alcohol for these alcohols reacted more rapidly with the
reagent than did the amides"., It is with these reactions in methyl and
ethyl alcohol that the difference arises, It is true that the previously
mentioned reaction of lead tetra-acetate with cholanamide in pure methanol
as solvent was unsuccessful due to the faster oxidation of the methanol
than cholanamide, Such is in accord with the results of Baumgarten and
Staklis.1“" However, Beckwith and Ha.ssana_'l.:i.‘lJ|7 have been able to success-
fully carry out reactions of various less complex amides with lead tetra-
acetate in methanol and ethanol so that discordance between the two sets of

results does nevertheless exist,

It seems probable that the difference lies in the actual reaction

conditions, In the original work with methanol (refer to page 96 ) as
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well as in that extended by Beckwith and Hassatnali,117 the lead tetra-
acetate and amide were heated under reflux in the presence of the appro-
priate alcohol (with or without benzene as solvent) for approximately L

hours, whereas Baumgarten and Staklis“l"

added triethylamine dropwise to
the solution of amide and lead tetra-acetate in the alcohol at 50—600.

Their reaction apparently occurred very rapidly under such conditions to
afford the isocyanate which was allowed to react with the alcchol over a
period of a few days to form the appropriate carbamate. As the colour of
the intermediate amide - lead tetra-acetate complex takes much longer to
disappear under the reflux conditions compared with the method of Baum-

garten and Staklis“l"

using triethylamine, it would appear that the latter
conditions are much more vigorous. It seems probable that this vigour of
such conditions causes the lead tetra-acetate to react indiscriminately
with the result that the scope of tteprocedure of Baumgarten and Staklis is
greatly restricted,

Furthermore it is possible that a fine balance exists between the
reactivity of the lead tetra-acetate towards the amide and the alcohol so
that slight variations not only in the vigour of the reaction conditions
but also in the reactivity of the amide or alcohol present may cause the
lead tetra-acetate to react specifically with one or the other of amide or
alcohol. Thus cholanamide does not undergo a reaction to any great extent
with lead tetra-acetate in pure methanol (refer to page 97) whereas simple
aliphatic amides, which are probably more reactive toward lead etra-acetate

117

due to their lower complexity, react appreciably in pure methanol to

afford the appropriate methyl carbamate (refer to page 99) .
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The reaction of lead tetra-acetate with benzamide in the presence
1
of cholesterol 7 (Scheme 38) has further significance since it shows that
primary arometic amides do, in fact, undergo a rearrangement analogous to

114

aliphatic amides (refer to page 96)., Baumgarten and Staklis have simie-

larly been successful in forming a caqu;ﬂite » from benzamide with lead
tetrasacetate in the presence of t-butyl alcohol, Beckwith and Hassanali116
have further extended such a reaction to the substituted aromatic amide,
Pp~nitrobenzamide, and to the pyridine amide, nicotinamide,

Since the isocyanate (XCIVIII) is presumsbly formed in the presence
of both acetic acid and cholesterol, it would seem likely that such an
intermediate is not the compound with which the lead tetra-acetate further
reacts when the reaction is carried out in the presence of acetic acid
(refer to page 96). It is probable therefore that under such conditionms,
lead tetra-acetate reacts further with the acetanilide, However, this
seems characteristic of only anilide compounds since attempts to bring
about a reaction between lead tetra-acetate and N-alkylacetamides proved
unsuccessful, Moriarty and coworkers118 have likewise failed to effect a
reaction between lead tetra-acetaté and an Nealkylacetamide.

The scope of the reaction of lead tetra-acetate with primary amides
was further extended following the formation of N-dec-9=enylacetamide
(53%) and N ,N*-didec~9wenylurea (3%) from the reaction with dec=9-enyl-
carboxamide in benzene~acetic acid solution. This indicates that lead

tetra-acetate reacts preferably with the amido group rather than the
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isolated double bond so that products from the amide rearrangement are
obtained but compounds resulting from the acetoxylation of olefinic bonds
could not be detected., Beckwith and Hassanali117 have confirmed this
result by carrying out the reaction on 3B-acetoxyandrost-5-ene-178-
carboxamide in the presence of methanol from which they obtained methyl
N-( 3B-acetoxyandrost-5~ene-17p~yl) carbamate in 51% yield.

However, limitations to the scope of the reaction with olefinic
carboxamides are evident from the work of Beckwith and coworkex‘s116’119
on cyclohex-1-enecarboxamide (CL) and cinnawamide in which the double

119 found that

bond is a,B- to the carboxamide group. Beckwith and Vickery
the reaction of cyclohex-1-enecarboxamide (CL) with lead tetra-acetate in
methanol-benzene affords the acetoxylated rearrangement product (CLI)
together with unchanged starting amide, It seems likely that the o,B-
double bond undergoes further reaction with the lead tetra-acetate rather

than allow complete reaction of the amido group with the reagent,

CO.NH HNCO,CH
2 273
OAc

& P’b(OAc)h‘

MeOH

(cL) (CLI)

114

Baumgarten and Staklis have not been able to apply the reaction to any

olefinic carboxamides. However this limitation is again probably due to

the greater vigour of their reaction conditions.
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From a consideration of the overall scope so far developed for
the reaction of lead tetra-acetate with primary amides under the condibions
of refluxing solvent and from a comparison of such a scope with that of

114

the analogous reaction developed by Baumgarten and Staklis, it appears
that the conditions developed in this work are, in general, much more
versatile, Such conditions seem to be of sufficient vigour to effect a
reaction between the lead tetra-acetate and primary carboxamide but mild
enough, in most cases, to enable specific reaction with such amide groups
in the presence of other reactive functional groups. The optimum condi-
tions for the formation of acylamine appear to require that the reaction
between the amide and lead tetra-acetate be carried out in the appropriate
acid as the refluxing solvent whereas the best conditions for the formation
of alkyl carbamates require that the reaction be carried out in refluxing

benzene as solvent in the presence of sufficient alcohol to ensure that

complete conversion of the intermediate isocyanate to carbamate occurs.

(b) Mechanism,

The most important intermediate detected in the reaction of lead

tetra-acetate with primary amides is the appropriate isocyanate (XcLIIT) .

R (.‘.O.I\IH2 + Pb(OA;c)l._ ——> R—N=C=0 —> Products,

(CXXXVIIT) (XCLIII)

It has been mentioned previocusly that cyclohexyl isocyanate (XCLIII, R =

C6H1 1) . was present in the crude product from the incomplete reaction of
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cyclohexanecarboxamide (CXXXVIII, R = 06H11) with lead tetra-acetate
(refer to page 92 ). Beckwith and Hassauna\.li“6 have since found that
styryl isocyanate participates in the reaction of cinnavfamide with lead
tetra-acetate, However, the most conclusive evidence has been obtained

by Baumgarten and Staklis“)"'

who actually isclated and positively identi-
fied t-butyl isocyanate (XCLIII, R = & — Bu) from the reaction of lead
tetra-acetate with pivalamide (CXXXVIII, R = t w Bu).

The mechanism for the formation of such isocyanate intermediates
is not known with any certainty, It seems probable that an organometallic
complex, represented by the structure (CLII) is formed from the initial
reaction between the primary amide and lead tetra-acetete. Such reactions

)
with compounds R-X-H possessing a hetero-atom, X, seem to be usuval for

lead tetra-acetate61 »120

al though neither the resulting complexes of general
structure R-X~Pb(OAc) 3 mor those (CLII) specific for the amide system have
been isolated. It seems significant that mercury (II) which is iso-
electronic with lead (IV) forms stable complexes (CLIII) with primary
amides.121 It also seems significant That the benzene solution of lead
tetra-gcetate becomes coloured upon addition of the amide, The colour
appears to vary, depeﬂding on the alkyl group, R. Large alkyl groups such
as steroidal groups produce a deep brown-red solution whereas amides of
small alkyl chain iength such as pentanamide produce pale yellow solutions,

FPurther investigation into such colour variation has not been undertaken.

Nevertheless, such colours are attributed tentatively to the intermediate

complexes (CLII),
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o
— R-C-N—Pb(0AC),

(CLID

(I) O H H O
Ll I

|
R-C—NH, + HgO —— R-C—N—Hg—N—C-R
(CLIID

Although it seems probable that complexes (CLII) are formed as
intermediates, there is conjecture concerning the mechanism by which such

complexes (CLII) are converted into the corresponding isocyanates (XGLIII).

Baumgarten and Sta.klis“h' have suggested that an acyl nitrene (CLIV) is

formed and such an intermediate is converted to the isocyanate in a simi-

lar way to the nitrene rearrangement of the Hofmann122 reaction, How~

114

ever, Baumgarten and Staklis did not offer any proof for the intermediacy

of such nitrenes but simply drew this conclusion from an amlogy with

123

previous work on the reaction of lead tetra-acetate with various amino

123

compounds, In such reactions, nitrene intermediates have also been

suggested.
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=0
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I? (I) L (CLIV)
X3 Y l

R—N=C=0

(XCLIID
Scheme 39,

A particular exam]:_)le1 25(b) with which these workers1“" drew the

analogy involves the reaction between 1~aminobenzotriazole (CILV) and

lead tetra-acetate, The mechanism proposed is illustrated in Scheme LO,

N—-><:ﬂ|

\y Pb(OAc),

|
NH, N:
(CLV)

C

Scheme 40,

However, taking into account the facts known about the reactions of lead

tetra-acetate with both 1- and 2-amincbenzotriazole 29P2»12 ag well as

other amino1 20(b-a) , 122,126 and organic 24 compounds (there does not

appear to be unequivocal proof for the intermediacy of nitrenes in these
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reactions), it is proposed that the mechanism represented by Scheme 41
(or one involving an analogous concerted process in which simultaneous
elimination of Pb(QAc) 3 and rearrangement occurs) seems equally as

feasible as that illustrated by Scheme 40,

PBOAC), _

NH b(OAc)

N

z=2 =+
1l
a

/\J

HN+
(CLVI)

L@Jl — T

Scheme 41,

Similarly a polar rearrangement mechanism involving an intermediate
nitrenium ion (CLVII) (analogous to (CLVI) in Scheme 41) is suggested as an

alternative to the nitrene process (Scheme 39) for the reaction of lead

tetra-acetate with primary amides. Such a mechanism is illustrated by
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Scheme 42,
0 0 H 0
I Pb(Qdc) ] (+)
R—C—N, R—C—N—Pb(OAc)j——-——) R—C—NH
CLVII

+)
— o=(-c T8 — > B-B=0=0
H

Scheme 42,

Again a scheme depicting a more concerted process than is represented by
Scheme 42 may be involved., In such a process,simultaneous alkyl group
(R) rearrangement and Pb(QAc) 3 elimination would occur so that (CLVII)
would not act as a free intermediate. However, the difference between
the two processes would seem to be minor,

It seems significant that nitrenium ion rearrangements have been

found to participate in various other reaction processes°127’128

127

One

such example is illustrated in Scheme 43,

N3 H N—\L\l

=N HN+
(CLVIII)

o~

Scheme 43e

(CLIX)
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It may be noted that without contrary evidence, it could be suggested
that a nitrene is involved as an intermediate in this particular reac-
tion (Scheme 44). However, the fact that the ring expanded product
(CLIX) is only obtained when the azide (CLVIII) is treated with a strong
protonating acid.127a and not by photolysi.‘s1 27 seems strong evidence for

the participation of the nitrenium ion intermediate.

hV

N T
N N: .

3 5

Scheme 4.

It has been mentioned previously that Baumgarten and Staklis“l"'
based their opinion that a nitrene is involved in the reaction of lead
tetra-acetate with primary amides on a comparison with the analogous reac-
tions with primary amines, Comparison of the reaction of primary amides
and lead tetra-acetate with the pyrolysis of acyl azidss (Curtius J:'»eaction1 27 )
seems to further support this conclusion of Baumgarten and Staklis.“l"

Both reactions afford isocyanate intermediates; the latter reaction giving
rise to such a compound via a nitrene intermediate formed by the elimination

of nitrogen.
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0
" (-) (+) -N2 X
R—C-N—N=N —_— R—C—N : ——> R—N=C=0

However, such an analogy again has no firm experimental basis, In fact,
Beckwith and covvorl«:ers117 have obtained results which indicate that a
nitrene intermediate is not actually involved in the reaction of lead tetra-

acetate and primary amides,

The most convincing evidence has been obtained by Beckwith and

Hassanali117 who heated lead tetra-acetate and 3B-acetoxyandrost-5-en~17p-

carboxamide (CIX) in the presence of methanol and obtained a 51% yield of
the methyl carbamate (CLXII) (refer to page 102 but did not detect any

pyrrolidone compound (CLXIV),

NCO HNC02CH3
' Pb(OAC), 5 \Vl\ MeOH
CO. NH (CLXI) (CLXII)
H
N \C¢O N
(CLX)
PbOAC), 5 s

(CLXII) (CLXIV)
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If the nitrene (CLXIII) had been involved in the formation of the_iso-
cyanate (CLXI), then a significant yield of the pyrrolidone compound
(CLXIV) , whether formed by intramolecular hydrogen abstraction or carbon-
hydrogen insertion by the nitrene (CLXIII) (refer to page 31), would have
been expected, especially since the appropriate carbon-hydrogen bond and
the nitrene are held in the necessary close proximity by the rigidity of
the steroid molecule.

It is pertinent to consider the photolysis of the acyl azide

(cL.xv).13°

The nitrene (CIXVI) is not held in as close proximity to the
appropriate hydrogen atams as the nitrene (CLXIII) would be to the PB-methyl
hydrogen atoms if such a nitrene (CLXIIT) were formed. Nevertheless,
significant yields of the cyclic lactems (CLXVII) and (CLXVIII) are

13

formed 0 from the nitrene (CILXVI)e Since the cyclic amide (CLXIV) is
not obtained, it is concluded that such acyl nitrenes do not participate
in the reactions of lead tetra-acetate with primary amides,

Less conclusive evidence to support this conclusion has been
obtained by Beckwith and Redmonde '/ These workers have found that treat-
ment of ethyl carbamate with lead tetra-acetate in cyclohexene does not
afford the aziridine (CLXXI), known to be formed by addition of carbethoxy-
nitrene (CLXX) to cyclohexene, but gives solely 3-cyclohexenyl acetate
(CLXXII, Scheme 46) together with unchanged ethyl carbamate, These workers
anticipated that, if the acyl nitrene (CLIV) is formed from the reaction

of lead tetra-acetate with primary amides by the scheme proposed by

Baumgarten and Staklis (Scheme 39), then lead tetra-acetate and ethyl
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NCO

N

(CLXVID) (CLXVIID
(9°/s) (14°/o)

carbamate would likewise afford the nitrene (CLXX) which would add across

the double bond (Scheme 45). Since no aziridine (CLXXI) is formed, Beckwith
1

and Redmond 7 concluded that acyl nitrenes are not involved in the reac-

tions of lead tetra-acetate with primary amides.

Et0—C—Ns—> Pb‘pﬂ&c —'—('1—)—> Eto—c—In{r Fo(QAc) ]
il i - c 3 7‘—) Et0 C 1:1':,
(%0)3 0
(CLXIX) (CLXX)

Cyclohexems ©> NC 02 Et (CLxXT)

Scheme 450
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=0

E+t0 C NH + Pb(OA’c) N cyclohexene >

(CLXXIT)

Scheme £é °

However, this latter conclusion does not seem to be completely
Jjustifieds The fact that primary amides undergo a reaction with lead
tetra-acetate does not necessarily mean that ethyl carbamate should do
likewise. A comparison of the respective reactions of lead tetra-acetate
and t-butyl hypochlorite with primary amides, N-alkylacetamides, and alkyl
carbamates seems significant. It has been mentioned previously that alkyl
carbamates are much more lethargic toward t-butyl hypochlorite than the
primary amides (refer to page 81 ). Furthermore, it has been found that
N-alkylacetamides show a similar order of reactivity to the alkyl carbam-
ates although the latter compounds seem to be slightly more reactive, N=-
Alkylacetamides have been shown not to react with lead tetra-acetate (refer
to page 101)« Thus, assuming that similar schemes are imvolved in the
formation of RCO.NH.Cl and RGO.NH.Pb(OAc)B, it could be reasoned that alkyl
carbamates may show similar reactivity towards lead tetra-acetate as do the
N-alkylacetamides, from which it follows that an intermediate capable of
undergoing rearrangement would probably not be formed during the reaction

of lead tetra-acetate and ethyl carbamate,
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Cl
"% S+ -
RCO,NIK'I\) Cl-0-Bu-t —> RBRCONH ———> RCONH.C1

2 (+) 2
on S'l' S- Pb(%c)j
RCO.MH,, Pb—Ohc —> RCO.MH, —> RCONH.Pb(0kc)
(Gho) (+) ’

Nevertheless, Beckwith and Redmond are of the opinion that the increased
rate of oxidation of ethanol with lead tetra-acetate in the presence of
ethyl carbamate compared with the same reaction in the absence of ethyl
carbamate indicates that the initial complex (CLXIX) is formed and it

is this complex which causes the increased rate of alcohol oxidation,
However, further studies on the influence of ethyl carbamate on the rate
of oxidation of alcohols by lead tetra-acetate seems necessary before any
conclusions may be drawn from these results,

From the work carried out so far concerning the reaction mechanism,
it appears that the reaction between lead tetra-acetate and primary amides
does not proceed via a nitrene intermediate but occurs via some other intra-
molecular rearrangement process, one possibility of which has been suggested
previously (Scheme 42)., The fact that an intermolecular rearrangement,
involving the formation of free carbonium ion, cannot be imvolved has been
shown by Beckwith and Vickeny119 who have found that the reaction between
lead tetra-acetate and an optically active amide proceeds with retention
of configuration at the shifting carbon atom,

The conversion of the isocyanate intermediate into the corresponding

acetylamine and dialkylurea in the reactions carried out in benzene solution

is assumed to proceed via an anhydride intermediate (CLXXIII) which is
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presumably formed by addition of acetic acid across the N=C bond of
the isocyanate (XCLIII). Such a compound (CLXXIII) has been previously

depicted as an intermediate in the Curtius reaction carried out in acetic

acid.‘,132
_ H
Pb(OA.c)l‘_ HOAc i ¢0
R CO.MH, > R—N=C=0 —m> R—N— CT__
0
(XCLIII) - 5 s
3 X0
(CLXXIIT)
Z
R NH.CO. GHB 04 o,
( CXXXTX)

The conversion of such mixed anhydrides (CLXXITI) to the acetamides
(GX)QCD() could proceed by an intra-~ or intermolecular decarboxylation reac=-

tion (Schemes)7 and 48 respectively).

IiIn P 0
R—§—— ¢Z o

\ ?o _ R—N-—c—cH3 + co,
CH.—C.

RN

0

Scheme 47,
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H, y O 0
RI{TgogCH RI'~I+)<':|OEGH
oo 3 N 3
\ — et ]
CH.—C L + CO
cH —c-—rcp'—c—[llq—n > ! RIH 2
>0 T 2
0 0 H
- gt flf
RN ————> RIi, 2 R—N—C—CH, + CO0p
(CLXXIV) B
Scheme &@.

Mixed anhydrides with the cyclic structure (CLXXV), analogous to the pro-
1
posed intermediates (CLXXIII), are well-known compounds 31 and have been

found, in fact, to undergo decarboxylation on heating to afford polypep-

tides (CLIXVI), 212
H 0]
\N-—-C// A

~No e (—NH.CH.CO-—)

R C/ B C02 Il\’ n
o

H
(cLxxv) (CLXXVI)

However, the fact that such polypeptides (CLXXVI) are formed seems
to indicate that elimination of carbon dioxide in such a system (CLXXV)

occurs via &1 intermolecular process, By analogy with such a system, it

is suggested that decarboxylation of (GLXXIII)occurs via a similar



-117=-

intermolecular process (Scheme 48). Consideration of the effect of acetic
acld on the nature of the products from the reaction of lead tetra-acetate
with primary amides further indicates that an intermolecular decarboxyla-
tion mechanism (Scheme 48) operates.,

When the reaction is carried out in pure benzene as solvent, it
is conceivable that the amine (CLXXIV) could undergo a side-reaction as is

illustrated in Scheme 49 to afford the corresponding urea,13 2

T in T
—~N—C-—-0—C— > R—N—C—N—
R—N—C—0—C—CH RNCII\TRﬁ

RH, + R—N=C=0

(CLxxIV)
Scheme 49,

As has been mentioned previously, such urea compounds (XCL) are in fact
obtained when benzene and benzene/acetic acid are used as solvents (refer
to page 94 ). Furthermore, Baumgarten and Staklis1“+ have accentuated such
a reaction by adding primary amine to their reaction medium and have thus
obtained high yields of the appropriate urea. However, it is further con-
ceivable that such a side reaction would be suppressed when the reaction

of lead tetra-acetate and primary amide is carried out in pure acetic acid

as solvent since the amine (CLXXIV) would then be expected to afford the
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acetamide (CXXXIX) from further reaction with the solvent (Scheme 50)

rather than react with the isocyanate or anhydride intermediates.

RNH2 + CHBCOZH —_— RNI-I.CO(H-I3

(CXXIX)

Scheme 50,

Again such an effect is actually observed; increased yields of acetamide and

suppressed yields of urea are obtained when the reactions of lead tetra-

acetate and primary amides are carried out in pure acetic acid as solvent,116
An alternative mechanism analogous to that suggested for the

132

formation of urea compounds in the Curtius reaction may also be proposed
to account for the formation of the alkyl urea compounds in the reactions
of lead tetra-acetate and primary amides, However, the above mechanism

is preferred since the alternmative schem.e132 does not seem to account for
the effect of acetic acid on the reaction products as well as that proposed
above,

A general consideration of the mechanism of the reaction of lead
tetra-acetate with primary amides thus indicates that an amide-tetravalent
lead complex is initially formed and such a complex is converted to the
_isocyanate intermediate via an intramolecular rearrangement process (not
involving the participation of an acyl nitrene). Such an_iigcyanate is
converted to the corresponding N-alkylacetamide, N,N'-dialkylurea, or N-

alkylcarbamate depending on the solvent conditions; the former two products

resulting from the decarboxylation of an anhydride intermediate.
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1, General,
Analyses. - Micro-analyses were carried out by the Australian Micro-

analytical Service, Melbourne, under the direction of Dr. K.W. Zimmermann,

Infrared absorption svectra, = Spectra were measured on a Perkin-Elmer

237 Grating Infrared Spectrophotometer,

Gas~phase chromatography. = Chromatographs were carried out on a Perkin-

Elmer 800 Gas Chromatograph, using both sensing and reference columns.

Nuclear-magnetic resonance. - Spectra were recorded at 60 mc/sec. with

tetramethylsilane as standard on a Varian D,P.60 spectrometer with super-
stabilizer and electronic integrator, The spectra were calibrated by a

"sjde-band" technique using a Muirhead-Wigan (Type D 890A) decade oscillator.

Melting Points., - These were determined in capillaries on a "hot-stage"

apparatus,

Photolyses. — &ll1 photolyses were carried out with a Hanovia 125W HFK
mercury quartz burner, externally irradiating the reaction solution contained

in a quartz flask,

Redox Decompositions, Photolyses, and Lead Tetra-acetate Reactions. - 4ll

were carried out under a dry, oxygen-free nitrogen atmosphere,

Nitrogen. - Dry, oxygen-free nitrogen for reactions was obtained by passing
the commercial gas through four Drechsel bottles in the following order:

two containing a solution of vanadyl sulphate (5 gm) in 2N H 80, (150 ml)
over zinc amalgam (5 gm), one containing conc. HZSOA’ and one containing
KOH pellets,

Solvents. -~ 411 solvents were dried (using the appropriate methods) and
distilled.
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26 Decomposition of Alkyl Hydroperoxides and Peracetates.

(2) Starting Materials.,

Tertiary Alcohols -

Each alcohol was prepared by the method of Church et.a1.133 in

which an ethereal acetone solution was slowly added to an ether solution

of the appropriate alkylmagnesium iodide.

2=Methyrlhexan-2-0l was obtained as a colourless liquid, b.p. 139-1l+2°

(1it. 22 141-143°/730 mm).

2-Methylheptan-2-ol distilled as a colourless liquid, b.p. 156-1 58° (1ite 135

155-156°) .

2 ,5=Dimethylhexan-2-0l was obtained as a colourless liquid, b.p. 155-157°
1
(1it. % 152-154°),

Alkyl Hydroperoxides -

2 4 J4~Trimethyl-2-pentyl hydroperoxide, bep. 46-48°/0,7 mm (1lit. 135 Uh15°/

0.9 mm) was prepared from di-isobutylene, 306 hydrogen peroxide, and 7(%
136

sulphuric acid by the method described by Hoffman,

2-Methyl-2~hexyl hydroperoxide, 2,5-dimethyl-2-hexyl hydroperoxide, and

2-methyl-2-heptyl hydroperoxide were each prepared by the following
136

general method - a modification of the method of Hoffman,
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A solution of 96% sulphuric acid (267 gm) and crushed ice (103 gm)
was cooled to 0o and to this solution was added the appropriate tertiary
alcohol (0.7 mole) at such a rate that the temperature remained below 5°,
This solution was added slowly with rapid stirring to 30k hydrogen peroxide
(267 gm) at 0°, After the addition the mixture was vigorously stirred at
room temperature for 24 hours and the upper layer was then separated, washed
with an agueous suspension of magnesium carbonate, and dried (M@O)_.‘). The
alkyl hydropercxide was isolated by fractional distillation under reduced

pressure through a 12" helix-packed column,

2-Methyl-2-hexyl hydroperoxide distilled as a colourless liquid, b.p.

4042%/1,0 mm, 122 1,4260 (116,27 bup. 57-59%/2.0 mm, £2° 1.4237).

2 H=Dimethyl=-2-hexyl hydroperoxide was obtained as a colourless liquid,

bopo 48-49°/0.9 mm, néz 14280,

2-Methyl-2-heptyl hydroperoxide distilled as a colourless liquid, bepe

52°/0.7 mm, n§2 1.42904

The percentage purity of the alkyl hydroperoxides was determined
by iodometric analysis by the method of Tobolsky and Mesrobia.n138 with
slight modifications: the alkyl hydroperoxide (approx. O.1 gm) was weighed
accurately into an Erlenmeyer flask filled with nitrogen, and t-butyl
alcohol (20 ml) was added, Excess iodine-free aqueous potassium jodide

solution and acetic acid (1 ml) was added and the flask stoppered and

warmed on a water-bath for 10 minutes, The liberated iodine was titrated
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with a standard solution of sodium thiosulphate (0.1 N),

Alkyl Peracetates -

To a solution of the hydroperoxide (0.1 mole) in pyridine (30 ml)
and ether (50 ml) cooled in an ice-bath was added acetyl chloride (14 gm)
very slowly with stirring. After the addition the mixture: was stirred at
room temperature for 3 hours and then poured onto ice. The upper ethereal

layer was separated, washed with dilute hydrochloric acid, aqueous N'aHCO3

solution, and dried (MgiOA). Fractional distillation under reduced pressure

afforded the alkyl peracetate,

2-Methyl-2~hexyl peracetate was obteined as a colourless liquid, bepe 56—

57°/1.5 m, 122 14230 (1it, 2! 81-83%/2m, n§6

1.4208) (Found: C, 62.2;

H, 10,3; 0, 27.4%. Calc. for Cdiyg05% C) 62.0; H, 10.4; 0, 27.6%).

2,5=-Dimethyl-2-hexyl peracetate distilled as a colourless liquid, b.p. 649/

0.8 mm, n°2 1,4250 (Found: G, 63.3; H, 10,95 0, 25,7k Gy iy Tequires

G, 63.8; H, 10.7; 0, 25.5%).

2-Methyl-2-heptyl peracetate distilled as a colourless liquid, b.p. 570/

0.6 mm, 932 1.4260 (Found: C, 64,0; H, 106, C10H2003 requires C, 63,8;
H, 10.7%) .

2,k 4=Trimethyl-2-pentyl peracetate distilled as a colourless liquid, bepe

700/2.2 mmn, Satisfactory elemental analyses for this compound were not

obtained,
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Each of the above peracetates showed characteristic absorption

bands in the infrared, \)max (£film) at 1780 cm"1 (c=0).

(p) Decomposition of Alkyl Hydroperoxides.

(1) Ferrous-Lon Induced Decomposition of Alkyl Hydroperoxides.

General Method.,

Feso4.m20 (21 gm) in 2N H80, (70 ml) was added dropwise with
stirring to the alkyl hydroperoxide (10 gm) and 2N st°4 (30 m1) at 20°,
The resultant mixture was stirred for 5 hr and was then extracted with
ether, The etheresl solution was washed (agueous NaHCOZ’) and dried (MgS;Oh_)..
Removal of the ether under reduced pressure afforded a residual oil which

wag identified by the procedure described below for each particular hydro-

peroxide.

2=Methyl-2-hexyl hydroperoxide.

Distillation of the crude product afforded 2-methylhexan-2-ol
(0,76 gm), bep. 56-580/17 mm (li‘l'..139 58-60°/20 mm) which formed a 3,5-
dinitrobenzoate derivative by treatment of the alcochol with 3,5-dinitro-

benzoic acid and toluene-p-sulphonyl chloride in pyridine.“"o

2-Methyl-
o-hexyl 3,5-dinitrobenzoate crystallised from light petroleum (b.p. 40-60°)
in plates, mep. 62-63°, Comparison with the authentic compound by m.p. and
MeM,po confirmed the identity. A small amount of unsaturated impurity,

detected by infrared spectroscopy, was obtained in a less pure sample

(8 gm) of 2-methylhexan-2-ol,
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2,4 J4~Trimethyl-2=pentyl hydroperoxide,.

A sample of the reaction mixture before extraction with ether

14

afforded acetone 2,4=dinitrophenylhydrazone, m.p. 126-1270 (1it. 1280)
when treated with Brady's reagent., When the higher boiling liquid was
chromatographed on alumina, the only identifiable product was 2,4 ,4~
trimethylpentan-2-0l which formed a 3,5-dinitrobenzoate derivative by
treatment with 3,5-dinitrobenzoic acid and toluene-p-sulphonyl chloride

in pyrid;i_ne.1w 2 )44 4T rimethyl-2-pentyl 3,5-dinitrobenzoate crystallised
from light petroleum (b.p. l;.0-60°) in plates, m.p. 88-89° (identical with

the same compound obtained from a different reaction, refer to page 13).

2 ,5=Dimethyl-2-hexyl hydroperoxide,

Distillation of the crude product afforded 2,5-dimethylhexan-2-0l,
bep. 66-67°/17 mm, containing & small amount of unsaturated impurity
detected by infrared spectroscopy. Trituration of the brown tarry residue
with light petroleum (b.p. 40-60°) gave 2,5-dimethylhexan~2,5-diol (0,09
gm, 0.%%) which crystallised from light petroleum (b.p. 40-60°) as needles,

mep. 88-89° (1it.“+2 Mmep. 88.5-89,5°) (Found: C, 66.0; H, 12.3; 0, 22.1%.
Cale, for Cgll,g0,: C, 65.7; Hy, 12,45 0, 21.%), \)ma.x. (nujol) at 3300 ol
(0-H stretching vibration). The nuclear magnetic resonance (n.m.r.) spectrum
showed singlets at | 8,84 (gem~-dimethyl groups) , 1 8.49 (methylene protons),
and ] 6,47 (hydroxyl protons) which integrated in the ratio 6 : 2 : 1, No
splitting of the methylene protons was observed as the compound is symme-

trical about the bond linking these two carbon atoms,
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(2) Decomposition of 2-Methyl-2-hexyl hydroperoxide in the Presence of

Cupric Ion, Ferrous Ion, and Carbon Tetrachloride,

FeS0, o 7H,0 (21.6 gm) and CVC1, 04l 0 (05 gm) were dissolved in 2N

4
hydrochloric acid (60 ml). & portion (10 ml) of this solution was stirred
at 50 while the remainder and the hydroperoxide (10.8 gm) in carbon tetra-
chloride (50 gm) were simultaneously added dropwise at equal rates, The
mixture was stirred for a further 3 hr after which the two phases were
separated and the agueous solution extracted with ether, The combined
ether and carbon tetrachloride solutions were washed (aqueous NaHCOB) and

dried (MgS0 Removal of the solvent under reduced pressure gave a liquid

li-)'
residue which was distilled and afforded 5-chloro-2-methylhexan~2-o0l (3.2
gn, 26%), beps 90=92°/17 m (1it.“"3 78-79°/40 mm), shown by infrared spec-

troscopy and gas=phase chromatography to be identical with an authentic

sample, 5-Chloro-2-methyl-2-hexyl 3,b~dinitrobenzoate, formed by treatment

of the alcohol with 3,5-dinitrobenzoic acid and toluene-p-sulphonyl chloride
in pyridine ’140 crystallised from light petroleum (b.p. 40—600) in plates,

o )
mep. 68-69° (Found: C, 49.3; H, 5.0; C1, 10.7; N, 7.%%. Cq 41 N,O¢

requires G, 48,8; H, 5,0; Cl, 10.3; N, 8.1%).

(3) Decomposition of Alkyl Hydroperoxides in the Presence of Ferrous Ton,

Cupric Ton, and Acetic Acid.

Genersal Methods,

Two general methods were used. The first was designed to provide

information concerning the nature of the reaction products. The second
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allows accurate estimation of the yields of such products,

(i) A sample of wet ferrous hydroxide was prepared by the addition

of a boiling 20% NaOH solution to a hot Fe"i.O)_P

tion of the gelatinous product through a sintered glass funnel - filtration

solution followed by filtra-

being enhanced by 'celite' filter—aid, A sample of this wet ferrous
hydroxide (approx. 8 gm) along with cupric acetate (13 gm), acetic acid
(100 ml), and water (20 ml) was stirred under nitrogen at 25° while the
hydroperoxide (10 gm) was added dropwise. After the addition, the mixture
was stirred for 1 hr, Water was added to dissolve the inorganic salts and
solid Na2€203 added to neutralise excess acetic acid. The resultant solu-

tion was extracted with ether and the ethereal solution washed with water

and dried (MgS0 Removal of the ether under reduced pressure gave a

4) *
residual oil which was distilled in vacuo and the product collected was
examined by infrared and n.m.r, spectroscopy. 4&n aliquot sample of the

product was hydrogenated on a microscale in ethanol over 5% palladium on

carbon.

(i1) A mixture of cupric acetate (0.30 gm), ferrous sulphate
(0.2 gm), acetic acid (1.0 ml), and water (0.5 ml) was placed in one arm
of a U-tube immersed in dry ice/ethanol., When the mixture had completely
solidified, further acetic acid (0.5 ml) was added to achieve complete
separation of reactants, When the acetic acid layer had f{rozen,the hydro-
peroxide (0.25 gm) in acetic acid (0.5 ml) was added and was also allowed

to freeze. The U-tube was then evacuated (approx. 5 mm) and sealed, When

the tube was gradually warmed the contents melted and the reaction



commenced., The reaction mixture was allowed to stand at approx. 250 with
occasional shaking for 1 hr, With the decomposition complete, the empty
arm of the U-tube was placed in the dry ice/ethanocl and the reaction tube
heated in a boiling water-bath until distillation of all wvolatile con-
stituents from the reaction mixture was complete, The U-tube was then
opened and the distillate analysed by wvapour-phase chramatography, Only
in one reaction (that using 2-methyl-2-hexyl hydroperoxide) was authentic
specimens of all products available., However, in the other cases the
information obtained from method (i) allowed unanbiguous identification of

each fraction and the yields of products could thus be accurately estimated.

2-Methyl=-2-hexyl hydroperoxide,

The main fraction, beps 56=57°/17 mm, obtained by method (i) was
shown by microhydrogenation to contain 83% olefinic aleohol and 17% satura-
ted alcohol. The presence of a major constituent containing a terminal

methylene group was indicated by a strong absorption at 912 cm“‘l in the
infrared spectrumwl" (compare with authentic 2-methyl-jf-=hexen-2-ol and 2~
methyl-5~hexen~2-0l) and by the presence of a strong resonance signal at

145

T5.26 in the n.m.r. spectrum, The complete n.m.r., spectrum in CDClj/

CCl)* solution showed resonance at | 8,88 (singlet) gem-dimethyl protons,
T 8,76 (triplet) non-allylic methylene protons, | 7,97 (multiplet) allylic
methylene protons, | 6.53 (singlet) hydroxyl proton, | 5.26 (multiplet)

terminal olefinic protons, and”| 4.52 (weak broad multiplet) non-terminal

olefinic proton. Absorption in the infrared at approx. 970 on-V and

resonance in the n.m.r. spectrum at T 8.30 (allylic methyl protons) attri-
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butable to an internal ethylenic bond was not detected (refer to authentic
compounds). Recrystallisation from light petroleum (b.p. 40-60°) of the
crude product formed by treatment of the alcohol with 3,5-dinitrobenzoic

140

acid and toluene-p-sulphonyl chloride in pyridine afforded 2-methyl.

5=hexen-2=yl 3,5-dinitrobenzoate as plates, m.p. 54-55° (Found: C, 547;

H, 505; N’ 901.%0 C1)+H16N206 req_uires C, 514'05; H, 502; N’ 901%)‘ The

nem,r, spectrum of the 3,5-dinitrobenzoate in CDC1 /CCl solution showed
3

4
resonance at | 8.35 (singlet integrating for 6 protons) gem-dimethyl
protons shifted downfield compared to the alcohol (compare T 8.88) due to
the influence of the aromatic ring, T 7.92 (a2 split peak integrating fov
4 protons) both allylic and non-allylic methylene protons forming over-
lapping peak -~ the latter protons shifted downfield from'T/S.76 due to the
influence of the aramatic ring, T 5.00 (multiplet integrating for 2 protons)
terminal olefinic protons,"l"l....m (weak broad peak integrating for 1 proton)
vinylic proton, and T 0,90 (multiplet) aromatic protons integrating for 3
protons, The olefinic protons showed an identical absorption pattern to
the terminal olefinic protons in authentic 2-methyl-5-hexen-2-0l,

The distillate obtained by method (ii) was shown by vapour-phase
chromatography on a 15% UCON (polypropylene glycol ester) column (12 ft) to

consist of the respective reaction products in the yields listed in Table

II (refer to page 53)o

2,5=Dimethyl-2~-hexyl hydroperoxide.

Microhydrogenation of the distillate from method (i) decomposition

indicated the main fraction, b.p. 614.-660/ 15mm, contained 1% saturated



-129~

alcohol and 88% olefinic alcohol. The distillate showed strong absorption

at 910 cm""l in the infrared spectrum“#"

and strong resonance signals at
T 8,28 and T 5.34 in the ratio 2 : 1 in the n.m.r, spectrum indicating
the major constituent was temninal olefinic alcohol with a low proportion
of internal olefinic isomer., The presence of an internal olefinic bord
could not be detected by infrared spectroscopy. The complete n.m.r. spec—
trum in CD015/001}+ solution showed resonance at | 8.85 (singlet) gem=
dimethyl protons = to the alcohol group ,78.67 (multiplet) non-allylic
methylene protons, | 8.28 (singlet) allylic methyl protons, T 7.89 (multi-
plet) allylic methylene protons,T 7.47 (broad singlet) hydroxyl proton,
andT5.34 (singlet with slight splitting, possibly due to long range
coupling with allylic methylene protons) terminal olefinic methylene pro-
tons. Vapour-phase chromatography of the distillate from method (ii) failed
to separate completely 2,5-dimethyl-5-hexen-2-0l and 2,5-dimethyl-l~hexen-
2-0l, However, it allowed the total yield of unsaturated alcohols to be
determined and the yields of the respective products listed in Table II

(pe53) could thus be estimated from information obtained by analysing the

spectroscopic data of the distillate from method (i).

2~-Methyl~2-heptyl hydroperoxide.

The main fraction, b.p. 94~96°/63 mm, obtained from method (i) was

shown by microhydrogenation to contain 87 unsaturated alcohol and 13%

2-methylheptan-2-0l. The distillate had a strong absorption band at 968 cm"1

146

in the infrared spectrum, That 2-methyl-5-hepten-2-o0l was the major
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constituent of the mixture was indicated by a strong resonance signal at
178,37 in the n.m.r, spectrum, characteristic of allylic methyl protons“"7
compared with allylic methylene pr:o'cons“"8 which absorb at | 7.96. Inte-
gration indicated the allylic methyl, allylic methylene protons were

present in the approximate ratio 3 : 2 as is required for 2-methyl-5-hepten~
2=-01 to be the major constituent, The complete n.m.r. spectrum of the
product in CDGlj/CClh_ solution showed resonance signals at”T 8.85 (singlet)
gem-dimethyl protons, T 8,64 (multiplet) non-allylic methylene protons,

T 8.37 (multiplet; doublet further split due to long range coupling)
allylic methyl protons ,"T 7.96 (broad multiplet) allylic methylene protons,
T 7.50 (broad singlet) hydroxyl proton, and T 4.62 (symmetrical sextet)
olefinic protons,

An aliquot of the distillate was ozonised in acetic acid and the
resulting ozonides were decomposed reductively with zinc dust°1}+9 Steam
distillation of the reduced product afforded principally acetaldehyde
together with a trace of propionaldehyde, both of which were identified
by thin-layer chromatography of the 2,4~dinitrophenylhydrazones on alumin-
ium oxide & using cyclohexane-ethyl acetate (10 : 1) as eluant.

Vapour-phase chromatography on 15% UCON (12 £4) column of the dis-
tillate from method (ii) showed the products to have been produced in the

respective yields listed in Table II (p.53).

2ahh~Trimethyl-2=-pentyl hydroperoxide.

Only method (i) was employed, The distillate, bepe. 50-52°/15 mm,
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consisted of principally 2,4 ,4-trimethylpentan-2-ol, the 3,5-dinitro-

bendoatel s of which crystallised from light petroleum (b.p. 40-60°)
as colourless plates, m.p. 86-89° (Found: G, 55.8; H, 6.3; N, 8.4%.

Cale, for C,gH, N,0c: C, 55.65 H, 6.2; N, 8.6%).

(4) Cuprous =~ Ion Catalysed Decomposition of Alkyl Peracetates in

Benzene,

2-Methyl-2-hexyl peracetate,

A mixture of 2-methyl-2-hexyl peracetate (10 gm), cuprous bromide
(0.1 gm), and benzene (100 ml) was boiled under reflux with stirring for
24 hre The cooled solution was washed (aqueous NaHCOB) and dried (M@OA_) .
The solvent was removed by distillation under reduced pressure and the
residue fractionally distilled. The fraction, be.p. 514.0/16 mn, was spec-
troscopically indistinguishable from the decomposition product of 2-methyl-
2-hexyl hydroperoxide. An accurate estimate of the yield was not cbtained.
However, comparison of the yields of isolated alcohols with the correspon-
ding yields from method (i) decomposition of 2~-methyl-2-hexyl hydroperoxide
indicated the actual yields of the alcohols, both saturated and unsaturated,
were below those from the hydroperoxide decomposition.

When 2,5-dimethyl-2-hexyl peracetate, 2-methyl-2-heptyl peracetate,
and 2,4,4~trimethyl-2-pentyl peracetate were each similarly treated with
cuprous bromide in benzene, similar results to those obtained from 2-methyl=

2-hexyl peracetate were observed.
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(5) Attempted Isomerisation of 2-Methyl-4-hexen-2-ol to 2-Methyl-5-

hexen-2-0l in Aqueous Acetic Acid with PFerrous Hydroxide and

Cupric Acetate,

A mixture of ferrous hydroxide (approx. O.4 gm), cupric acetate
(0«5 gm), acetic acid (15 ml), water (4 ml), and 2-methyl-L~hexen=2-ol
(0.2 gm) was stirred at 20° for 1 hr, Excess acetic acid was neutralised
with aqueous sodium carbonate and the resultant solution was extracted with
ether, The ethereal layer was washed with aqueous sodium bicarbonate, water,
and dried (MgSOh_). Removal of the solvent under reduced pressure afforded
a residual liquid which was examined by vapour-phase chromatography,
infrared, and n.m.r. spectroscopys, No isomerisation of the 2-methyl-li

hexen=2-0l to 2-methyl-5-hexen-2-0l could be detected,

(6) Attempted Determination of Stability Constants of Complexes of

Cuprous Chloride with 2-Methyl-b-hexen-2-0l, and 2-Methyl-li~hexen=

2"'01 [)

The appropriate alcohol (approx. 0.5 gm) was accurately weighed
into a flask and dissolved in aqueous acetic acid (1 : 5 m0l.) (75 ml) to
which was added excess (approx. 0.3 gm) cuprous chloride. The flask was
flushed with nitrogen, stoppered, and vigorously shaken at 30°C (thermostat)
for 24 hr, An aliquot (50 ml) sample was transferred into a nitrogen filled
flask (teking care that undissolved cuprous chloride was not removed), di-

luted with water (50 ml), and titrated with potassium iodate solution by

the method described by VTogel,15 B However, the presence of dissolved
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cuprous ion could not be detected in either 2-methyl-5-hexen-2-cl or

2-methyl-4-hexen~2-0l solution.

(N Formation of a Complex between 2-Methyl-5-hexen—-2-0l and Cuprous
Chloride,
(1) 2-Me thyl-5-hexen~2-0l (1.0 gm) and cuprous chloride (0.1 gm) were

heated on a boiling water-bath (5 min), The 2-methyl-5-hexen~-2-ol
immediately became a brown solution, Carbon tetrachloride (0.5 ml) was

added and excess cuprous chloride was carefully filtered off (under suc-
tion) and the filtrate cooled in ice. A complex of 2-methyl-5-hexen=2-ol
ard cuprous chloride precipitated out and recrystallised from 2-methyl=5-
hexen-2-ol/carbon tetrachloride solution as colourless fibres, m.p. 89-900
(decomposition to a liquid and inorganic solid) (Found: C, 41.8; H, 7.6;

Cl, 13.6ke C7H.“+ClCu.0 requires C, 39.4; H, 6,6; C1, 16.7%). The presence
of copper in such a product was shown by pyrolysis (leaves an inorganic ash)
and by warming the compound in water and adding aqueous ammonia solution

(a blue solution resulted), Attempts to recrystallise the compound from
various organic solvents were generally unsuccessful due to its insolubility -~
the only result from such attempts was partial decomposition affording a more
impure product. Absorption bands in the infrared spectrum, characteristic
of the O-H and C=C bonds in 2-methyl-5-hexen-2-0l, were found to be shifted
to lower wave numbers in the cuprous chloride complex; the strong O-H

absorption at 3360 cm""l shifted to 3305 cm—1 s the medium olefinic Qi
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absorption at 3070 cm-1 shifted to a weak band at 3010 cmf1, and the medium
C=C band at 1645 om | shifted to a very weak band at 1553 om~'e A small
amount of uncomplexed 2-methyl-S5-hexen-2-o0l remained as impurity in the
complex (identified by normal o, C=C/H, and C=C bands in the infrared).
Such an impurity would account for the high C,H, and low Cl analysis fi-
gures and its presence is probably due to the fact that all the excess

2-methyl-5-hexen-2-0l (used as solvent for recrystallisation) was not

removed by drying in vacuo in the presence of P205.

(ii) The filtered carbon tetrachloride solution of the above preparation
was tested for the presence of dissolved copper complex by shaking with an
aqueous ammonia solution = a blue aqueous solution was obtained which
indicated the presence of a carbon tetrachloride soluble cuprous chloride/

2-methyl-5-hexen-2-0l complex,

(8) Attempted Formation of a Complex between 2-Methyl-i-hexen-2-ol and

Cuprous Chloride,

(i) Any attempt to isolate a solid complex analogous to that formed in
the previous section failed - warming of the alcohol with cuprous chloride
failed to even decolourise the 2-methyl-j-hexen-2-o0l compared with the
previous example in which similar treatment caused the 2-methyl-5-hexen-2-ol

to become a brown solution.

(ii) 2-Me thyl-l~hexen-2~0l and cuprous chloride were heated on a boiling

water-bath, carbon tetrachloride was added, and the solution was filtered.
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By testing the filtrate with aqueous ammomia for the presence of copper,
the formation of a dissolved cuprous chloride/2-methyl-4-hexen-2-0l come

prlex was discounted due to the absence of any blue colouration.

(9) Reference Compounds.

2=Methyl-b-hexen-2-0l,

L-Pentenoic acid was obtained by the 'malonic ester synthesis' in
which allyl bromide was added to sodium diethyl malonate as is described
by'VT’ogel,151 Hydrolysis and decarboxylation of the resulting ester afforded
the 4~pentenoic acid,

Esterification of the 4~pentenoic acid with ethereal diazomethane
solution afforded methyl 4~pentenoate which was treated in the usual wey
with methylmagnesium iodide and gave 2-methyl-5-hexen-2-0l, b.p. 58—599/

17 mm (lit°152

bepe 57°/16 mm), \)mx (film) at 912 — (terminal >c=CH2).
The nem,r, spectrum was identical both in position and nature of the resonance
bands to the spectrum of the compound obtained from the method (i) decompo-

sition of 2-methyl-2-hexyl hydroperoxide with ferrous and cupric ions in

acetic acid (refer to page 127).

2=Methyl-li~hexen-2-0l,
3=Pentenoic acid was prepared by the reaction of propionaldehyde

153 The methyl ester, obtained from

with malonic acid in triethanolamine.
treatment of the acid with ethereal diazomethane solution, was treated

with ethereal methylmagnesium iodide and gave 2-methyl-L-hexen-2-o0l, bep.
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529/19 mm (1it.154'b.p. 142-143°), \Vmax (£ilm) at 970 g (1,2«disubsti=

tuted C=C)s The nem.r. spectrum in cw13/001 solution showed resonance at

4
T 8.83 (singlet) gem-dimethyl protons, T 8.30 (split doublet) allylic
methyl protons, | 7.93 (multiplet) allylic methylene protons,T6.67 (broad

singlet) hydroxyl proton, and T 4.55 (multiplet) olefinic protons.

Hexans2=one,

Oxidation of hexanw2-ol with chromic acid gave hexan-2-one, b,pe.

126° (1it. '* 1289).

5=€hloro-2-methylhexan—2-ol,

2=-Methyl=~2<hexyl hypochlorite, which was prepared by adding 2
methylhexan~2=0l in carbon tetrachloride to an aqueous solution of sodium
hypochlorite, was added slowly to 2 refluxing solution of dibenzoyl peroxide
(10 mgn) in cyclohexene and the resulting mixture was boiled under reflux

l
for 30 minutes, By following this method of Greene et alo,1+3

He~chloro=
2-methylhexan-2-ol was obtained as a colourless liquid, b.p. 790/10 mm

(1ito ™3 28+79°/10 mm).
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3. Photolysis of N-Chloro-amides,

(a) Starting Materials.

t-Butyl Hypochlorite.

Chlorine gas was bubbled through a sodium hydroxide solution of

t-butyl alcohol maintained at ( 5°C, according to the method of Bell and

155

Teeter, The hypochlorite was not distilled but was stored at 0° over

anhydrous CaCl,. in a stoppered vessel surrounded by aluminium foil,

2

Acid Chlorides,

Butyroyl chloride, Pentanoyl chloride, and 4-Methylpentanoyl chloride were

each prepared by heating the appropriate acid (0.1 mole) and thionyl
chloride (0.15 mole) under reflux for 2 hr. Removal of excess thionyl
chloride by distillation under reduced pressure afforded the crude acid

chloride which was converted directly into the appropriate amide.

Primary Aliphatic Amidesg,

All amides in this section were prepared by the reaction between
dry ammonia and the appropriate acid chloride in dry benzene, The solid
obtained by removal of the solvent under reduced pressure was continuously
extracted with chloroform, Evaporation of the solvent afforded the crude

amide which was recrystallised from hexane,

Butyramide was obtained as colourless plates, m.p. 113-11)...0 (1it.156 1150).
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Pentanamide crystallised as colourless plates, m.p. 104-106" (1lit. 10548 )

4-Me thylpentanamide formed as colourless plates, mep. 118-119° (lit.157 120°),

N-llkylacetamides,

The primary amine (0.1 mole) was slowly added to acetic anhydride
(0.15 mole) and the resulting solution was heated under reflux for 2 hr,
Excess acetic acid was neutralised with aqueous sodium carbonate solution
and the organic layer separated and dried (M@so)_l_). Distillation under re-

duced pressure afforded the N-alkylacetamide.

N-Hexylacetamide was obtained as a colourless liquid, b.p. 108°/2 mm
158

(1ite °° 120-126°/3.2 m).

N-Butylacetamide distilled as a colourless liquid, bo.p. 890/2.5 mm (1it,159

132-139°/18 mm).

N-(2=-Methylpropyl)acetamide was obtained as a colourless liquid, bep. 960/

360 mm,

The above acetamides showed characteristic absorption in the infrared,

\) o (£ilm) at 1650 cmm1 (C=0) and bands at 3281 c;m-1 and 3072 om™} (N-H) o

N-Chloro-amides,

The method of Beckwith and Goodric:h75 was used in which the amide
(0e1 mole) was dissolved in chloroform (100 ml) after which bromine (0.2 ml)

and t-butyl hypochlorite (0.14 mole) were added. The reaction mixture
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immediately decolourised and was allowed to stand at room temperature

until the bromine colour reappeared.* Removal of the chloroform and t-
butyl alcohol by distillation in vacuo afforded the N-chloro-amide as a
viscous oil which was used without further purification., The purity of the
N-chloro-amide was determined by the modified method of Tobolsky and
Mesrobian." 58 [The modified procedure was the same as that used for the

estimation of the purity of the alkyl hydroperoxides (refer to page 121 )] °

¥ With the primary alkyl amides, the time required for complete
conversion to N-chloro-amide was approximately 1 hour. For com=
plete conversion of N-alkylacetamides to the corresponding Ne

chloro-acetamides, approximately 24 hours were necessary,

N-Chlorcbutyramide, N-chloropentanamide, and N-chloro-i-methylpentanamide

were obtained as colourless viscous liquids with a purity of > 9%,

Each of the above N-chloro-amides showed characteristic absorption

in the infrared; \) (film) at 1701 cmm1 (C=0) and a weaker band at 3400

max
. (N-H), [ cf, For primary amides, absorption in the infrared occurred

at \)max (CH2C12) 1678 el (C=0) and weaker bands at 3410 ot 2ma 3530

cm-1 (NHZ)] o

N-Chloro-N-hexylacetamide, N-butyl-N-chloro-acetamide, and N-chloro=N-(2=

methylpropyl)acetanﬁ.de were obtained as pale yellow viscous liquids with a

purity of ) 95k
Each of these N~-chloro-acetamides showed absorption in the infrared,

\)muc (£ilm) at 1680 & (c=0). [ cf. For the N-alkylacetamides, \)max
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(film) at 1650 cm-'ll (C:O)] o

Alkyl carbamates,

Both iso-butyl carbamate and t-butyl carbamate were prepared by
6
thE" mEtHoE" 6F Toev C0 fin, vitilch triflucracetie Eoid (21 ml) was slowly
added to 2 slowly stirred suspension of sodium cyanate (17,5 gm) in the

appropriate alcohol (10 gm) and benzene (20 ml).

iso-Butyl carbamate crystallised from hexane as colourless prisms, me.P.

161 65-660) .

63-65° (1ite

t-Butyl carbamate was obtained from hexane as colourless prisms, m.p, 107=
162

108° (1it, "¢ 108-108,5°).

Alkyl N-chlorocarbamates,

The alkyl N-chlorocarbamates were prepared by an analogous method to
that used to obtain the N-chloro-amides (refer to page 138) with the slight
modification in the time required for the complete conversion of the alkyl
carbamate to the alkyl N-chlorocarbamate (15 hr), Removal of the chloroform
and t-butyl alcohol afforded the alkyl N-chlorocarbamate as a viscous liquid
which was used without further purification.

The purity of the alkyl N-chlorocarbamate was determined by the same
modified method of Tobolsky and Mesrobian13 e as was used for the estimation
of the purity of the alkyl hydroperoxides and N-chloro-amides (refer to

page 121).
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isoButyl=-N-chlorocarbamate and t-butyl N-chlorocarbamate were obtained

as colourless viscous liquids with a purity of 95%,

Both alkyl N-chlorocarbamates showed characteristic absorption
bands in the infrared, \)max (CHZC]'Z) at 1754 — (C=0) and a weaker band
at 3383 . (N=H), [g_f. For the primary alkyl carbamates, \vmax (CH2012)

1

at 1726 & (C=0) and weaker absorption at 3428 ecm = and 3540 — (1\11-12)].

Dibutyramidomercury.

163

The method of Lutsenko and Tyuleneva was used in which a benzene

solution of butyramide and mercuric oxide was boiled under reflux. Dibutyr-

163

amidomercury was obtained as colourless needles, m.p. 150-—1520 (1it.
152-153°) by recrystallisation from ethanol, Vm&x (nujol) at 1580 e

(C=0) and 3240 ot (N-H) ,

(b) Photolysis of Primary N-Chloro-amides.

(i) N=Chlorobutyramide.

The N-chloro-amide (2,85 gm) in dichloromethane (50 ml) was
irradiated at 20o with 2 high pressure mercury discharge lamp until a
sample of the solution failed to liberate iodine when added to an aqueous
acetic acid solution of potassium iodide, Approximately 3 hr of irradiation
was necessary. The solvent was removed under reduced pressure leaving an
oily solid (2.7 gm) which was shown by infrared spectroscopy to consist of

mainly primary amide., The crude product (2.7 gm) was divided into two

equal parts and worked up by two different procedures,
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(1) Trituration of the crude product (1.35 gm) with ether afforded
a colourless solid (0.9 gm) which was found to be a mixture of butyramide
and 4-chlorobutyramide, Infrared spectroscopy showed.\\)max (CHzplz) at
1679 i (C=0) and weaker bands at 3411 i d o2 3530 i (1\11-12) indicating
the presence of primary amide, The presence of chlorine was indicated by
analysis. A sample of the mixture (O.4 gm) was hydrolysed in a boiling
solution of KOH (1.0 gm) in ethanol (5 ml) and water (5 ml) for 3 hr,
After most of the ethanol had been removed by distillation the solution was
acidified with dilute hydrochloric acid and continuously extracted with ether
for 24 hr, The ether was removed and the residue was analysed by vapour—
phase chromatography (v.p.c.) which showed the presence of butyric acid and
Y-butyrolactone in the ratio 1,2 : 1. The ratio of butyramide and 4—
chlorobutyramide in the mixture was thus assumed to be 1.2 : 1, The overall
yield of 4-chlorobutyramide from the photolysis was thus estimated as 3l%.
Separation of the butyramide and 4~-chlorobutyramide was achieved
by thin-layer chromatography on Kieselgel HF 254 with tetrahydrofuran as
liquid phase, To obtain satisfactory quantities of the separated amides,
an extended thin-film of amide mixture was deposited out of chloroform
solution onto a wide plate, Following elution with tetrahydrofuran, the
solvent was allowed to evaporate and the separate amide bands were visua-
lised by standing the plate in an iodine tank, The separate amide bands
were scraped off and extracted from the adsorbant with chloroform, Removal

of the solvent and recrystallisation from benzene afforded colourless

156

crystals of butyramide, m.p. 112-114° (1it. 1150), and L~chlorobutyramide
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1
Ol 99-1 OOO). Complete separation was verified by

mep. 99-100° (1it,
comparison of the products with the authentic compounds (v.p.c. using a

6 ft, silicon column at 200° s MePo and MeMePe)e However, this method did
not lend itself to accurate estimation of the amide yields.

(2) Hydrolysis of the crude oily solid (1.35 gm) by the same
method used to hydrolyse the amide mixture in (1) above was used. Analysis
of the resulting residue by v.p.c. indicated that the total yield of butyr-
amide and L4-chlorobutyramide was 4Ok and 38% respectively indicating that

only a vexy low amount of cyclisation of 4~chlorobutyramide occurs during

the reaction.

(ii) N-Chloropentanamide,

4 solution of the N- chloro-amide (3,08 gm) in dichloromethane
(50 ml) was irradiated at 20° as in the previous photolysis until no active
chlorine could be detected (2t hr)., The oily solid (2.9 gm) obtained as
the crude reaction product was repeatedly triturated with ether and afforded
a colourless solid (2.1 gm) which crystallised from benzene as colourless
plates, Infrared spectroscopy, \)max (CH2012) ot 1680 cm | (c=0) and weaker

bands at 3410 cm-1

and 3530 om (MH ), and analysis indicated the solid

2
was a mixture of pentanamide and 4~chloropentanamide, The amide mixture
was hydrolysed by boiling an agueous-ethanolic potassium hydroxide solution

under reflux as in the previous experiment. Gas chromatography of the

residual oil indicated the presence of pentanoic acid and Y -valerolactone



T

in the ratio 1.3:1 indicating that the amide mixture consisted of pentan-
amide and 4~-chloropentanamide in the ratio 1.3:1. The yield of 4-chloro-

pentanamide was thus estimated at 35%k.

(iii) N-Chloro=lemethylpentanamide.

The N-chloro-amide (2,1 gm) in dichloromethane (50 ml) was irradiated
by the method described previously and thus afforded the crude reaction pro-
duct as an oily solid (1,95 gm)e Trituration with ether gave a colourless
solid (1.7 gm) which was shown by infrared spectroscopy and analysis to be
a mixture of 4~methylpentanamide and 4-chloro-4-methylpentanamide, Hydroly=-
sis of the mixture by the method described previously afforded a residue
which was shown by v.p.c. to be a mixture of 4-methylpentanoic acid and
L ,4-dimethyl-Y =butyrolactone in the ratio of 1:1.,3. The yield of L4

chloro-4~methylpentanamide was thus estimated as 51%.

(c¢) Photolysis of Dibutyramidomercury.

A solution of the dibutyramidomercury (2.5 gm) in t-butyl alcohol
(50 ml) was irradiated at 400 with a high pressure mercury discharge lamp
for 24 hr, A small quantity of mercury was formed. However, removal of
the solvent under reduced pressure afforded unchanged starting material
contaminated with a trace of butyric acid.

The above experiment was repeated by photolysis in sunlight for 1

week, However, similar results were again obtained.
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(d) Photolysis of Alkyl Nechlorocarbamates,

(i) t-Butyl N-chlorocarbamate,

The N-chlorocarbamate (2.4 gm) in benzene (50 ml) was irradiated
at 300 with a high pressure mercury discharge lamp until a sample of the
solution failed to liberate iodine when added to an aqueous acetic acid
solution of potassium iodide (12 hr). By removing the solvent under re-
duced pressure, the reaction solution afforded an orange oily solid (2.5 gm)
which recrystallised from hexane as a colourless solid (1.45 gm). Infrared
spectm scopy showed absorption at 1726 o (C=0) and 3427 em , 3540 s
(NHZ) characteristic of alkyl carbamates (refer to page 141). Analysis
indicated the presence of chlorine from which it was deduced that the pro-
duct was a mixture of t-butyl carbamate and 2-chloro-1,1-dimethylethyl
carbamate, Nuclear magnetic resonance (nem.r.) spectroscopy verified this
assumption arnd indicated the respective compounds were present in the ratio
of 3:1s The n.m.r. showed resonance at | 8,57 (singlet) methyl protons of
t-butyl carbamate ,’T/ 8449 (singlet) methyl protons of the 2-chloro-car-

bamate (the shift165

being due to the influence of the chlorine on the ¥ -
carbon atom), | 6.21 (singlet) methylene protons of the chloromethyl group166
in the 2-chloro-carbamate, and T 5.11 (broad peak) amide protons. Compari-
165,166

son with analogous examples verified the position of resonance for
the protons in the 2-chloro~carbamate, From the amount of carbamate mixture
obtained (1.45 gm) and from the proportion of 2~chloro-carbamate in the

mixture (estimated from integration of nem.r. spectrum), the yield of

2-chloro-1,1-dimethylethyl carbamate was estimated at 18%. Separation of
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the mixture into the two components was not attenpted although it is
anticipated that a method analogous to that used for the isolation of 4~

chlorobutyramide (refer to page 142) would be successful,

(ddi) iso=Butyl N-chlorocarbamate,

The N-chlorocarbamate (2,0 gm) in benzene (50 ml) was photolysed
and worked up by the same procedure described in the previous experiment.
The crude oily solid (2.1 gm) crystallised from hexzane as a colourless
solid (1.45 gm) which was shown by infrared spectroscopy and analysis to
consist of primary alkyl carbamate and chlorines N.m.r. spectroscopy
indicated that the solid was a mixture of iso-butyl carbamate and 2-chloro-
2-methylpropyl carbamate in the ratio 2.3:1, The n.m.r, spectrum of the
solid in CCll_"/CD013 solution showed resonance characteristic of iso-butyl
carbamate at T 9.07 (doublet with coupling constant 6.5 ¢/s) methyl protons
coupled with adjacent methyne proton,'-r 8.13 (multiplet with coupling con-
stant 6.5 c/s) methyne proton coupled with adjacent methyl and methylene
protons, and | 6.19 (doublet with coupling constent 6.5 c/s) methylene
protons adjacent to oxygen atom and coupled with adjacent methyne proton,
in the ratio 6:1:2., Resonance peaks characteristic of 2-chloro-2-methyl-
propyl carbamate appeared at T8.1+3 (singlet) methyl protons shifted down-
field by the influence of the chlorine on the P-carbon atom, and T 5,86
(singlet) methylene protons adjacent to the oxygen atan and shifted further
downf'ield by the influence of the chlorine atom on the P-carbon atom, Such
peaks integrated in the ratio 6:2, Resonance at 74.69 (broad peak) charac-

teristic of amide protons in both iso-butyl carbamate and 2-chloro-2-



147

methylpropyl carbamate was also present., The positions of resonance for
the protons in 2~chloro-2-methylpropyl carbamate are supported by analo-
gous examples,165 An estimate from the amount of solid (1.45 gm) and the
proportion of 2-chloro~carbamate in the mixture indicated that 2-chloro-2-

methylpropyl carbamate was formed in 26% yield.

(e) Photolysis of N-Alkyl-N-chloro-acetamides.,

(i) N-Butyl-N-chloro~acetamide,

The N-chloro-amide (5.2 gm) in dichloromethane (75 ml) was photo-
lysed by the same method described in the previous experiments until no
active chlorine could be detected (8 hours)., Evaporation of the solvent
afforded a crude liquid which was distilled under reduced pressure and
thus gave a colourless viscous liquid (4.3 gm) which boiled over the range
100-1350/0.6 mm, A black tarry residue remained in the distillation flask.

Infrared spectroscopy, \)max (£ilm) at 1649 c:m-1 (C=0) and bands at 3280
cn ! and 3072 o™t (N-H), and analysis indicated that N-butylaceteamide and
chlorine were present in the distilled reaction product. Nem.r, spec-—
troscopy indicated that the product was a mixture of N-butylacetamide and
y—(i..-chlorobutyl)aceta.mide in the ratio 2.2:1. The nem.r. spectrum showed
resonance at | 8,08 (singlet) acetyl methyl protons of both components,
T6.83 (broad peak) methylene protons adjacent to the amide nitrogen atom
in both components, | 6,03 (a multiplet partially overlapping with the
previous broad peak) methylene protons of the chloromethyl group in N-(4~
chlorcbutyl)acetamide ,FT’1.8 (broad peak which disappears when the spectrum

is run with deuterium exchange) amide proton of both components, and a mass
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of peaks at approximately Y8.45 (methylene protons in both components).
From the estimated proportion of chloro-acetamide in the mixture and the
amount of mixture obtained, the yield of N-(L4~-chlorcbutyl)acetamide was
found to be approximately 31%. The presence of _1_\{-(4-chlorobuty1) acetamide
in the distilled reaction product was verified by alkaline hydrolysis =
gas chromatography of the distilled hydrolysis product indicated the

presence of pyrrolidine.

N-Chloro-N-hexylacetamide,

The N-chloro-amide (5.6 gm) in dichloromethane (75 ml) was pho-
tolysed by the same procedure as has been described previously until no
active chlorine could be detected (9 hours). Distillation of the crude
reaction product in vacuo afforded a colourless viscous liquid (5.2 gm)
which boiled over the range 130-160°/0,6 mm, Infrared spectroscopy and
analysis indicated the presence of N-hexylacetamide and chlorine. The
nem.r. spectrum of the distilled reaction product in CClh_/CD013 solution
showed resonance at | 8.6 (mass of peaks over a range, attributed to un~
substituted methyl and methylene protons), | 8,07 (singlet) acetyl methyl
pmtons,j/ 6.82 (broad peak) methylene protons adjacent to the amide
nitrogen atom,T 6,00 (multiplet) methyne proton167 attached to the carbon
atom 0~ to the chlorine in N~(4~chlorchexyl)acetamide, and T 2.5 (broad peak)
amide proton. The n.m.r. spectrum indicated that the reaction product was
a mixture of N-hexylacetamide and E—(lp-chlorohexyl) acetamide in the ratio

3:1 from which the yield of N-(4~chlorohexyl)acetamide was estimated to be

approximately 27%o
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Gas-phase chromatography of the distilled product obtained from the
alkaline hydrolysis of the purified reaction product showed -the presence of

2-ethylpyrrolidine.

N-(iso-Butyl)-N-chloro-acetamide,

Irrediation of the N-chloro-amide (4.1 gn)ll(ndichloromethane (50 ml)
for 7 hours by the same method described previously and distillation of the
crude reaction product afforded a colourless viscous liquid (3.4 gm) which
boiled over the range 95-1300/0.6 mm, A dark tarry residue remained in the
distillation flask. Infrared spectroscopy and analysis indicated the pre-
sence of N-(iso-butyl)acetamide and chlorine, The n.m.r, spectrum showed
resonance absorption attributed to N-(iso-butyl)acetamide at T 9.07 (doublet
with the coupling constant 6 c¢/s) methyl protons coupled with the adjacent
methyne proton, T 8ok (multiplet) methyne proton coupled with adjacent methyl
and methylene protons, T 7.95 (singlet) acetyl methyl proton, T 6,87 (broad
peak which collapses to a doublet with the coupling constant 6 c/s when
the spectrum is carried out with deuterium exchange) methylene protons ad-
jocent to the amide nitrogen atom, and T 1,67 (broad peak which disappears
when the spectrum is run with deuterium exchange) amide proton., Resonance
attributed to E—(Z-chloro-z-methylpropyl) acetamide occurred at T 8.42
(singlet) methyl protons shifted downfield from the normal methyl frequency
( T 9.07) by the influence of the chlorine atam on the P~carbon :ad:om,165
and T 6448 (broad peak which collapses to & singlet when the spectrum is

run with deuterium exchange) methylene protons adjacent to the amide nitrogen
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atom and shifted downfield from T 6,87 by the influence of the chlorine

atom on the Peoarbon atom, Resonance due to the acetyl methyl protons and
the amide proton occurred at T 7,95 and 1467 respectively = as for the Ne
(_@-—butyl)acetamide. Integration of the spectrum indicated that the two
amides were present in the ratio 5:3 respectively from which the yield of

Neo( 2=chlorom2-methylpropyl) acetamide was estimated to be 36%.

(f) Reference Compounds.

4=Chlorcbutyramide was obtained via j~chlorobutyroyl chloride which was

prepared by heating Y ~butyrolactone and thionyl chloride under reflux
according to the method of Reppe.168 Conversion of the crude acid chloride
to the amide was achieved by passing dry ammonia through a benzene soluw
tion of the acid chloride (refer to page 137). 4-Chlorcbutyramide

164

recrystallised from benzene as colourless needles, meDe 99..1oo° (1it.

99-100%) 4
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Lo Reaction of Lead Tetra-acetate with Primary Amides,

(a) Starting Materials,

Lead Tetra-acetate was kept over potassium hydroxide pellets and phosphorous

pentoxide in a vacuum desiccator,

Acid Chlorides.

Pentanoyl chloride, hexanoyl chloride, cyclohexanecarboxylic acid chloride,

stearoyl chloride, and dec-9-enylcarboxylic acid chloride were each prepared

by the method described previously (refer to page 137).

Cholanic acid chloride.

Oxalyl chloride (6 ml) was added to a dry benzene (25 ml) solution
of cholanic acid (5 gm) and the solution was allowed to stand at room
temperature for 1 hour after which it was heated under reflux (1 hr), The
benzene and excess oxalyl chloride were removed under reduced pressure and

the crude acid chloride converted directly intéz%holanamide.

Primary Aliphatic Amides,

Pentanamide and hexanamide were both prepared by the method described

previously (refer to page 137).

Cyclohexanecarboxamide, stearamide, and dec-9—enylcarboxamide were prepared

by the dropwise addition of the appropriate acid chloride to an aqueous
ammonia solution (spe.gr. 0.88) with cooling (0°) and vigorous shaking, The

precipitpted amide was filtered, washed with water, dried, and recrystallised,
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Cholanamide was prepared by an analogous method to that described pre-
viously with the modification that the cholanic acid chloride was dissolved
in benzene before addition to the aqueous ammonia, Cholanamide crys-

tallised from methanol as colourless needles, m.P. 188—189o (lit.169 189?L

Pentanamide crystallised from hexane as colourless plates, m.p, 101,.—106o

156

(1it. 2" 105.8%).

Hexanamide was obtained by recrystallisation from hexane as colourless

156

plates, mep. 97-98° (Lite ~° 101°),

Cyclohexanecarboxamide crystallised from water as colourless plates, m.p.

170 18)4.0) .

182-183° (1it.,

Stearamide crystallised from benzene as colourless plates, me.p. 107—108°

171

(1it, " 108,5-1097).

Dec=9=enylcarboxamide crystallised from water as colourless plates, m.p.

172 870) .

86-87° (1it.

(b) Reactions involving Lead Tetra-acetate.,

Reaction of Pentanamide with Lead Tetra-acetate,

Lead tetra-acetate (22,5 gm) was added to pentanamide (5 gm) in
benzene (100 ml) and the resulting solution immediately turned light yellow.
The solution was stirred and boiled under reflux at 80° until (3 hr) a

sample of the reaction mixture failed to give a brown precipitate of lead

dioxide upon addition of water. At this point the yellow reaction mixture
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had changed to a clear colourless solution, After allowing to cool, the
solution was washed with aqueocus 10% I\IalI-ICO3 and dried (M§04)° Removal of
the solvent by distillation under reduced pressure afforded a yellow oil
(445 gn) which was fractionally distilled and gave N-butylacetamide (2.6 gm,
45%) , bope 86°/1.8 mm (1i1:.159 132-139°/18 mm). The N-butylacetamide was
positively identified by comparison of the n.m.r. and infrared spectra of
the product with those of the authentically prepared compound. The infra-
red spectrum showed ) e (film) at 1649 o ! (Cc=0) as well as N-H bands
at 3280 . (strong) and 3072 en (medium) (compare with authentic com~
pound. , pagei38 )o The n.m.r. spectrum in CDClB/CClh_ solution showed
resonance at | 9,06 (triplet) three methyl protons coupled with adjacent
methylene protons, | 8,57 (multiplet) four methylene protons, T 8,04 (singlet)
three acetyl methyl protons, | 6.82 (broad multiplet) two methylene protons
adjacent to the amide nitrogen atam, and | 3.26 (broad peak) one amide
proton,

Trituration of the brown residue (1.1 gm) with petroleum ether
(bepe 40-600) gave no solid residue, Chromatography of the brown residue
on silica gel (10 gm) with benzene as eluant gave a yellow viscous oil which
was triturated with petroleum ether (b.p. 40-600) and afforded N,N'-
dibutylurea (0.2 gm, 5%) as a colourless amorphous solid which recrys-
tallised from acetone as a colourless powder, m.Dp. 66-68° (lit.,173 70,5~
71 o). The infrared spectrum showed a single N-H stretching absorption at
3319 L and\)max (nujol) at 1621 el (c=0) (compare with N,N'=

dipentylurea, refer to page 154).
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Reaction of Hexanamide with Lead Tetra-acetate,

The yellow solution of hexanamide (5 gm) and lead tetra-acetate
(19+5 gm) in benzene (100 ml) was stirred and heated under reflux until
the colour had disappeared and all lead (IV‘) had been converted to lead
(II) (4 hr). The procedure for working up the reaction product was the
same as was used in the previous experiment. Fractional distillation of
the crude oil (4.4 gm) afforded N-pentylacetemide (2.25 gm, 40%), bep.
114°/3,0 mm (li't.172" 110-112°/2,0 mm) which showed absorption in the
infrared due to N-H stretching vibrations at 3281 mn-1 (strong) and 3072 om-'1
(medium) and Vm (film) at 1650 em™ ! (c=0), characteristic of N-alkyl=-
acetamide compounds (refer to page 138). The n.m.r. spectrum in CD013/
CCl, solution showed resonance at T9e1 (triplet) three methyl protons,
“T'8.66 (multiplet) six methylene protons, | 8,10 (singlet) three acetyl
methyl protons ,76.89 (broad multiplet) two methylene protons adjacent to
the amide nitrogen atom, and T 2,24 (broad peak) one amide proton.

The brown residue was treated in a similar mamner to the previous
experiment and yielded N,N'-=dipentylurea (0s2 g, %) which crystallised
from acetone as a colourless powder, m.p. 86=~87° (li‘c.,”'3 92,8°)

(Pound: C, 65.5; H, 12.0; N, 14.4; 0, 8.0k, Calc, for C“HZL'_NZO : C, 65.95;
H, 12.1; N, 14.0; 0, 8.0%), \)ma.x (nujol) at 1622 cm™! (C=0) and 3319 cm~?
(N-H) in the infrared, The n.m.r. spectrum in CDClj/CClh_ solution showed
absorption at] 9.1 (triplet) six methyl protons » T 8,67 (multiplet) twelve
methylene protons ,'T/6.88 (broad multiplet) four methylene protons adjacent

to the amide nitrogen atouy;'S and T 4,12 (broad peak) two amide-type protons.
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Reaction of Cyclohexanecarboxamide with Lead Tetra-acetate,

(i) Lead tetra-acetate (11.5 gm) was added to a benzene (200 ml)
solution of cyclohexenecarboxamide (3.0 gm) and the resultant deep yellow
solution stirred and boiled under reflux until all lead tetra-acetate had
reacted (12 hr)., Aqueous sodium bicarbonate solution was added and the
resulting two-phase solution filtered. The benzene layer was separated,

washed with NaHCO, solution, water, and dried (M@Oh_). Removal of the

3
solvent under reduced pressure afforded an oily solid (21 gm) which showed
a strong absorption at 2268 cm-1 in the infrared, characteristic of ali-

rhatic isocyanates.115 Attempts to isolate the actual isocyanate were

unsuccessful,

(ii) Lead tetra-acetate (8.0 gm) wes added to a solution of
cyclohexanecarboxamide (1.95 gm) in benzene (150 ml) and the resulting
deep yellow solution stirred and boiled under reflux for 12 hours. Acetic
acid (25 ml) was then added and the solution heated under reflux for a
further 5 hours. BExcess acetic acid wes neutrelised with saturated sodium
carbonate solution after which the benzene layer was separated and the
aqueous layer extracted with benzene, The combined benzene solutions were
dried (M§01+) and the solvent was removed in vacuo leaving a colourless
solid (1.9 gm) which did not show any absorption at 2268 cm"'1 in the
infrared, The powdered solid was repeatedly triturated with cold acetone
leaving N,N'=-dicyclohexylurea as a colourless solid (0.14 gm, &) which

crystallised from acetone as a colourless powder, m.pP. 230-231o (1i't;.,175

(o} P
229-230") (Found: C, 70.3; H, 11,0; N, 11.%. Calc, for C 35, N0t
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C, 69.6; H, 10.8; N, 12.5%), \)mmc (nujol) at 1625 o™ (C=0) and 3311 om

(W),

Evaporation of the acetone solution from the trituration gave crude
N-cyclohexylacetamide which crystallised from hexane as colourless needles
(1.4 gm, 65%), mep. 102-104° (1i'c.,159 105-106°) , \)m (nujol) at 1640 cm !

(C=0) and N-H absorption at 3278 e (strong), and 3072 cm™! (medium).

Reaction of Stearamide with Lead Tetra-acetate,

Lead tetra-acetate (9.5 gm) was added to a solution of stearamide
(5.0 gm) in benzene (200 ml) and the resulting reddish-brown solution was
stirred and boiled under reflux for 24 hours., Acetic acid (‘30 ml) was
added and the solution heated under reflux for a further 18 hours, The
colourless soluticn was worked up by the same procedure as was described
in the previous experiment. The crude reaction product (5.0 gm) wes ground
to a powder and repeatedly triturated with cold acetone, leaving N,N'-

diheptadecylurea which crystallised from methanol as a colourless amorphous

solid (0.5 gm, %), mep. 108-109° (Found: C, 78,0; H, 13.5; N, 5el%e
. 7 3 -1
C5eHo N0 requires C, 78.3; H, 13.5; N, 5.%%), \)m (nujol) at 1623 cm
(C&d) and 3315 om? (N-H) .
Evaporation of the acetone solution afforded crude N-heptadecyl-
acetamide which recrystallised from hexane as colourless needles (3.1 gn,

176 62°) (Found: C, 76.7; H, 13.2; N, hoThe Calc.

61%) , mep. 69-70° (1it.,
for G19H§9N0: C, 76.7; H, 13.2; N, 4.Th), \)ma.x (nujol) at 1638 e (c=0)
and N-H absorption at 3261 cm-1 (strong) and 3079 cm-1 (medium) in the

infrared, The n.m.r., spectrum in CD015/CClh_ solution showed resonance at
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T 9.13 (triplet) three methyl protons, | 8.73 (broad multiplet) thirty
methylene protons, | 8,06 (singlet) three acetyl methyl protons,” T 6.84
(broad multiplet) two methylene protons adjacent to the amide nitrogen

atom, and T 2,91 (broad peak) one amide proton.

Reaction of Benzamide with Lead Tetra-acetate,

Benzamide (6.0 gm) and lead tetra-acetate (22 gm) were dissolved
in benzene (125 ml) and the resulting deep orange solution was boiled
under reflux. At the end of 2 hours, the colour of the solution had
turned dark red, Aqueous Nza.I-IC:O'3 was added and it was noted that no lead
dioxide was precipitated., The NaHGO—,’ ~ washed benzene layer was dried
(M@Oz‘_) and the solvent was removed under reduced pressure, 4 red tarry
product was obtained and this was chromatographed on silica gel using ben-

zene as eluant., Unreacted benzamide ﬁas thus obtained while the polar

red tar remained on the column. However, no acetanilide could be detected.

Reaction of Acetanilide with Lead Tetra-acetate,

Lead tetra-acetate (2,0 gm) was added to a solution of acetanilide
(0.5 gm) in benzene (10 ml). The resultant yellow solution rapidly turned
deep red when heated under reflux, Addition of water did not afford a brown

precipitate indicating that all lead (IV) had been comverted to lead (II).

Reaction of Phenyl isocyanate with Lead Tetra-acetate,

Lead tetra-acetate (2 gm) was added to a solution of phenyl iso-
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cyanate (0.5 gm) in benzene (10 ml). The solution rapidly tumed reddish-
brown in colour when boiled under reflux but failed to afford a precipitate
of lead dioxide upon addition of water, thus indicating that all lead (IV)

had been converted to lead (II).

Attempted Reaction between Lead Tetra-acetate and N-Butylacetamide,

N-Butylacetamide (1.0 gm) and lead tetra-acetate (2 gm) were
dissolved in benzene (10 ml) and the resulting solution was heated under
reflux for L4 hours. Addition of water afforded a dense brown precipitate
of lead dioxide which was removed by suction filtration (aided by celite
'filter-aid'). The benzene solution was washed with sodium carbonate
solution, water, and dried (M@Oh_). Removal of the solvent afforded un-
changed N-butylacetamide, bop. 88%/1.0 mn, \)___ (£ilm) 1649 em™" (C=0)

1

and N-H absorption at 3280 cm @ and 3072 cm~? in the infrered,

Reaction of Dec-9-enylcarboxamide with Lead Tetra-acetate,

(i) & solution of dec-9-enylcarboxamide (3.0 gm) and lead tetra-
acetate (8.0 gh) in benzene (150 ml) was heated under reflux for 20 hours.
Acetic acid (30 ml) was added and the solution was boiled for a further 3
hours. The reaction solution was worked up by the method described pre-
viously (see page 155). The crude reaction product (3.1 gm) was obtained
as an oil which afforded N-dec-9-enylacetamide (1.35 gm, 42%) as a colour-
less liquid, b.p. 146°/0.9 m, N ___ (film) at 1650 om™ (C=0) and N-H

1

absorption at 3285 cm = and 3075 cm-1 in the infrared., The presence of a
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band at 912 cxn-1 in the infrared spectrum confirmed the presence of a
teminal double bond. Hydrogenation of the distilled product over 5%
palladium on carbon in ethanol solution confirmed that the N-dec=~9-
enylacetamide contained more than 94% unsaturation, Distillation of the
hydrogenated product afforded N~decylacetamide as a colourless ligquid,
bep. 127°/0.2 mm, \)max (£ilm) at 1650 cm | (C=0) and N-H absorption at
3285 cm | and 3075 cm | in the infrared, No N,N*'-didec-9-enylurea could

be isolated from the tarry residue.

(ii) The previous experiment was repeated with the modification
that the crude reaction product was immediately hydrogenated over 5%
palladium on carbon in ethanol solution. Distillation of the hydrogenated
product afforded N-decylacetamide (5%%), bope 166°/4e0 mm, Trituration of
the residue with acetone afforded N,N'-didecylurea (3%) which crystallised
from acetone as a colourless amorphous solid, m.p. 94—960, \) max (nujol)

at 1625 e (C=0) and 3318 ca (N-H).

Reaction of Cholenamide containing one mole of Methanol of crystallisation

with Lead Tetra-acetate,

5/ -Cholanamide (1,25 gm) which had been recrystallised from methanol
and contained one mole of methanol of crystallisation was heated under
reflux with lead tetra-acetate (2.0 gm) in benzene (150 ml) for 3 hours,
The solution changed from a deep red colour to pale yellow, Acetic acid
(25 ml) was added and the resulting solution was heated under reflux for

a further 15 hours, after which the cooled benzene solution was washed with



~160-

aqueous sodium carbonate solution and dried (Mgso#). Removal of the
solvent under reduced pressure afforded a yellow glassy solid (1.3 gm)
which was chromatographed on silica gel (20 gm) using chloroform as eluant.

The first compound to come off the column was methyl N—(th-nor-jB-

cholanyl)carbamate as a colourless crystalline solid (0.79 gm, 58%) which

crystallised from chloroform-methanol as colourless rosettes, mop. 185.5=

187° (Found: C, 77.0; H, 10.95; N, 3.5be CogH, 5NO, requires C, 77.1;
H, 11.1; N, 3.6%8), V = (nujol) at 1720 e} (€=0) and 3300 el (N-H),
a§6'5 = + 20.5 (CHClB). The n.m,r. spectrum measured in deuterochloroform

solution showed resonance at | 9,36 and 9,09 (singlets) two sets of methyl
protons, T8.73 (broad multiplet) thirty-one aliphatic and alicyclic pro-
tons ,T6.83 (broad multiplet) two methylene protons adjacent to the nitro-
gen atom,Té.}} (singlet) three methoxyl protons, and 7/5.4-3 (broad band)

one amide-type proton,

Comparison of mePs., M.Mme.pP., and spectral data of methyl N-(24=
nor-5f-cholanyl)carbamate prepared authentically with the reaction product
confirmed the identity.

Hydrolysis of methyl N-(24-nor-5B-cholanyl)carbamate (0.4 gm),
obtained as the reaction product, in 70% sulphuric acid at 150° for 4
hours afforded a colourless gelatinous solid which was isolated by filtra-
tion through a sintered glass funnel., The gelatinous product was heated
under reflux with a saturated sodium carbonate solution (4 howrs). The

filtered and dried product afforded 24~nor-5p~cholanylamine as a colourless

amorphous powder, m.pe 95-96° (li’c..177 950) upon sublimation,
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The second fraction to be eluted from the column was a yellow glassy
solid (0.50 gm) which was triturated with methanol and thus afforded N-

acetyl-24~nor-5p-cholanylamine (0.43 gm, 33%) as a colourless solid which
177

1

crystallised from methanol as colourless rosettes, mep. 175-176° (1it.
1770), \) - (nujol) at 1638 e (C=0) and N-H absorption at 3270 cm
and 3070 cm"1 in the infrared, characteristic of N-alkylacetamides, The
n.m.r, spectrum in CDCl3 solution showed resonance at 'T9.37 and 9,10
(singlets) two sets of methyl protons, | 8.75 (broad multiplet) thirty-
one aliphatic and alicyclic protons,fr 8,05 (singlet) three acetyl methyl
protons, | 6.73 (broad multiplet) two methylene protons adjacent to the
nitrogen atom, and | 4.45 (broad band) one amide proton.

Hydrolysis of N-acetyl-24-nor-5f-cholanylamine by an analogous
method to that used for the hydrolysis of methyl E—(z&.-nor-55-cholany1)-

carbamate likewise afforded 24~nor-5f-cholanylamine,

Reaction of Cholanamide (free of Methanol) with Lead Tetra-acetate,

5/43-Cholanamide (0.7 gm), which had been recrystallised from toluene
free from methanol, and lead tetra-acetate (1.2 gm) were heated under reflux
in a benzene (100 ml) solution for 1 hr, Acetic acid (10 ml) was added and
the resulting solution was boiled under reflux for a further 12 hours, The
reaction solution was worked up by the method described in the previous
experiment, The crude reaction product, obtained as a yellow glassy solid,

was triturated with methanol and thus gave N-acetyl-24~nor-5f-cholanylamine
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(0.59 gn, 81%) as a colourless solid which crystallised from methanol
as colourless rosettes, m.p. 175-176° (1i1:.177 1770)’\)n1ax (nujol) at
1639 o (C=0) and N-H bands at 3270 cxtH ey 3072 el in the infrarea

characteristic of N-alkylacetamides.,

Reaction of Cholanamide with Lead Tetra-acetate in Methanol.

(i)9-Cholanamide (1.0 gm) and lead tetra-acetate (1.6 gm) were
dissolved in dry methanol (50 ml) and the resultant solution was heated
under reflux for 3 hours. The lead tetra-acetate was rapidly used up.
Ethyl acetate (100 ml) and aqueous sodium bicarbonate solution were added
to the reaction solution and the two layers separated, The lower agueous
layer was further extracted with ethyl acetate and the combined organic
layers then dried (M@OL'_). Removal of the solvent under reduced pressure
afforded crude reaction product which was shown by infrared spectroscopy
to consist of mainly unchanged cholanamide together with a very low yield
of methyl N-(24-nor-5B-cholanyl)carbamate, identified by the presence of a

weak absorption at 1720 cm'-'l in the infrared,

(ii) & solution of cholanamide (0.6 gm) and lead tetra-acetate
(2.0 gm) in benzene (30 ml) and methanol (10 ml) was heated under reflux
for 10 hours, During this time, the initial deep red colour of the reaction
solution tumed colourless., Ethyl acetate was added and the resulting
solution was washed with dilute Na,CO, solution and dried (MgSOh_ o« Removal

2773
of the solvent under reduced pressure afforded a yellow solid which was

chromatographed on silica gel (10 gm) with chloroform as eluant, Methyl
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N-(24~nor-5p-cholanyl)carbamate (0.56 gm, 86%) was the only compound to

come off the column. Recrystallisation fram chloroform-methanol afforded
methyl E—(Zh.—nor—5[3—cholany1) carbamate as colourless rosettes, m.p, 185-
186°, \)mx (nujol) at 1720 cm ! (C=0) and 3300 el (N-H) , identical to

the previously identified compound.

Reference Compounds.

Methyl N-(24=nor-5f-cholanyl)carbamate was obtained by the method of
177

Vanghelovici via the Curtius reaction on cholanic acid azide in dry
methanol. Methyl Ne(24~nor-5B-cholanyl)carbamate crystallised from
chloroform-methanol as colourless rosettes, m.p. 185-186°, \)ma.x (nujol)

at 1720 ot ! (C=0) and 3300 Pl (N-H).

k%
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