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Summary — An accurate definition of terminal groups of chains in the liquid polymers obtained by the phenylhydrazine-
accelerated oxidation of natural rubber is needed. The object of the work was to use model molecules to explore the behavior
of «y,8-ethylenic methylketone phenylhydrazone end-groups in oxidation conditions. We have investigated the synthesis and
characterization of models of these hypothetical end-groups, methylketones and phenones 1, their phenylhydrazones 2,
the a-(phenyldiazenyl)hydroperoxides 3 resulting from reaction of 2 with oxygen, and the a-(phenyldiazenyl)alcohols 4 as
characteristic derivatives of 3 or as models of possible reduced structures in oxidized liquid natural rubber. Three original
syntheses of v,6-ethylenic ketones were carried out. In the case of v,6-ethylenic phenylhydrazones, the oxidation led to the
expected a-(phenyldiazenyl)hydroperoxides and to epoxide derivatives of a-{phenyldiazenyl)alcohols 5 and ketones 6. An
intramolecular mechanism is proposed. The results are used to predict the possibilities of identification of the corresponding
end-groups in liquid rubbers produced in this way.

accelerated oxidation / natural rubber / phenylhydrazine / 7,6-ethylenic ketone / 7,5-ethylenic phenylhydrazone /

a-(phenyldiazenyl)hydroperoxide / «-(phenyldiazenyl)alcohol / v,5-epoxyketone

Introduction

In the conversion of natural rubber to liquid nat-
ural rubber by phenylhydrazine/oxygen degradation,
the acceleration of the oxidation process is explained
by generation of phenyl radicals in the reaction of
phenylhydrazine with oxygen. Our previous studies of
this degradation process have allowed us to propose :
(i) a chain-cleavage mechanism involving a phenyl rad-
ical addition and leading to oligomers with methyl-
ketone and phenone end-groups [1]; (ii) a consumption
of methylketones by reaction with phenylhydrazine and
conversion of phenylhydrazone to a-azohydroperoxide
[1]; and (iii) a consumption of the oxidative system
by a cyclic process involving the decomposition of
a-(phenyldiazenyl)hydroperoxide (fig 1) [2].

In order to verify these hypotheses and precisely
define the behavior of the end-groups during the ox-
idative process, we have considered the following as
models for end-groups (fig 2) : (i) the v,6-ethylenic ke-
tones la-e, 6-methylhept-5-en-2-one la, 6-methylnon-
5-en-2-one 1b, 5-methylnon-5-en-2-one 1lc (model of
end-groups resulting from chain cleavage near a head-
head diad), 5-methyl-1-phenyloct-4-en-1-one 1d and
4-methyl-1-phenyloct-4-en-1-one le (model of end-
groups resulting from chain cleavage near a tail-
tail diad), and the saturated ketones pentan-2-one

* Correspondence and reprints

1f and 1-phenylbutan-1-one 1g; (ii} the v,6-ethylenic
phenylhydrazones 2a-e derived from la-e and the
saturated phenylhydrazones 2f and 2g; (iii) the
~v,6-ethylenic a-(phenyldiazenyl)hydroperoxides 3a-e as
expected 2a-e oxidation products and the saturated
a-(phenyldiazenyl)hydroperoxides 3f and 3g; and (iv)
the corresponding a-(phenyldiazenyl)alcohols 4a-g.

The methylketones 1a, 1b and 1f and their corres-
ponding phenylhydrazones 2a, 2b and 2f have been
considered previously as models of end-groups [1, 3].
We describe here the synthesis and characterization of
the other model molecules.

The application of the Carroll reaction between
vinylcarbinols and ketoesters (fig 3) was successful
for the synthesis of 1b (2-methylhex-1-en-3-ol and
ethyl acetylacetate) [4] and has been considered for
the synthesis of lc¢ (2-methylhex-1-en-3-0l and ethyl
acetylacetate), 1d (2-methylhex-1-en-3-ol and ethyl
benzoylacetate) and 1le (3-methylhex-1-en-3-ol and
ethyl benzoylacetate). The use of benzoylacetate in Car-
roll reactions has, to our knowledge, not yet been tested.
Moreover, these syntheses allow us to follow the struc-
tural effects on the yields and stereospecificity of the
Carroll reaction, which is known to induce the prefer-
ential formation of the F isomers [5].
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Fig 1. Hypothesis of end-group structures of oligomers
from the degradation of natural rubber by the phenyl-
hydrazine/oxygen system.

The phenylhydrazones 2a-g were prepared by a
standard process from the corresponding ketones. The
phenylhydrazones are known to easily undergo au-
toxidation [6]. The simple reactions of 2a-g with
oxygen were therefore expected to lead to the
a-diazenylhydroperoxides 3a-g. The experimental pro-
cedures were adjusted in order to minimize de-
composition but secondary reactions are difficult to
prevent. The selective reduction of 3a-g by triphenyl-
phosphine (7] was retained in order to obtain the corres-
ponding a-diazenylalcohols 4a-g, whose identification
was a further investigated proof of the formation of
a-diazenylhydroperoxides.

Secondary reactions have been investigated by
the identification of the principal secondary prod-
ucts derived from 2a. Global analysis of crude
a-diazenylhydroperoxides 3 and crude a-diazenyl-
alcohols 4 has provided a semi-quantitative evaluation
of their proportions and those of the secondary products
and/or structures. The results were explained by a gen-
eral mechanism for oxidation of «,6-ethylenic phenyl-
hydrazones 2.
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Fig 2. Selected model molecules of liquid rubber end-
groups : ketones 1, phenylhydrazones 2, expected o-
(phenyldiazenyl)hydroperoxides 3 by reaction of 2 with oxy-
gen and expected a-(phenyldiazenyl)alcohols 4 by reduction
of 3.

Ry
czns\/‘\]/ . o (iPrO)zAl
OH ~CoHsOH
R, CH07 S0 -CO,
CoM \ R s fi
2 s\)m CZHS\/S/\AO
(¢] R,

ketone Z (cis) ketone E (frans)

Fig 3. Synthesis of ,6-ethylenic ketones 1b-e by the Carroll
reaction.

Results and discussion
Synthesis and characterization of model molecules

e Ketones : Structural effects on yield and stereo-
specificity of the Carroll reactions

The results of the Carroll reaction show that the yield
is ketoester-dependent whereas its stereospecificity is
vinylcarbinol-dependent. Indeed, the yields are higher
with ethyl acetylacetate, which gives the expected
~,b-ethylenic methylketones 1b (81%) and 1c (80%),
than with benzoylacetate, which gives the expected
~y,6-ethylenic phenones 1d (68%) and le (69%). The
FE/Z ratio is very much higher with isopropenylpropyl-
carbinol, which leads to the expected <y-methyl
~+,6-ethylenic ketones 1c (85:15) and 1d (83:17), than
with 3-methylhex-1-en-3-ol, which leads to the ex-
pected &-methyl v,6-ethylenic ketones 1b (57:43) and 1e
(54:46). The known stereospecificity of the Carroll reac-
tion for preferential formation of the E-isomer has been
verified. Considering the chair transition states (fig 4)
in the concerted transfer mechanism operating on the
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Fig 5. Synthesis of phenylhydrazones 2c-e derived from ~,é-ethylenic ketones 1lc-e.

[-ketoester of the allylic alcohol formed by transesterifi-
cation [5], the more effective stereospecificity in the Car-
roll reactions with isopropenylpropylcarbinol (R; = H)
than with 3-methylhex-1-en-3-ol (R3 = Me) can be
explained by an increase of the predominance of the
E-precursor conformer (conformer with propyl in the
equatorial position) when the size of R3 substituent de-
creases.

o Synthesis of phenylhydrazones :
spectficity

syn/anti stereo-

The phenylhydrazones 2c-e derived from +,6-ethylenic
ketones 1c-e were obtained in yields (fig 5) similar to
those obtained in the syntheses of 2a, 2b and 2f [3].
They were obtained as mixtures of stereomers with
cts/trans geometry for double bond and syn/anti ge-
ometry for hydrazones. The syn/anti ratios were deter-
mined by 'H NMR from integration of the peak areas
of CH3C=N (6 = 1.75 [syn] and 1.95 ppm [anti] for
methylketone phenylhydrazones and those of NH (peaks
of unequal intensity at § = 6.7 [anti] and 6.8 ppm [syn])
for phenone phenylhydrazones :

The conclusions of this analysis are supported by
13C NMR resolutions and correspond to the predom-
inance of the more stable syn isomers.

o Diazenylhydroperozides and their corresponding
a-diazenylalcohols : structural control of specificity
The oxidation of phenylhydrazones into the corres-
ponding a-diazenylhydroperoxides (major products)
was demonstrated by 'H NMR (table I) and 13C NMR
(table II) analysis of the crude mixtures after reaction
with oxygen and the stabilized mixtures obtained from
the crude after reduction of hydroperoxides to hydrox-

ides (fig 6).

Ry R,R

— \ N=N-Ph P{(Ph),, 0°C Rs  RyR,
R OOH —_— = N=N-Ph
4 n diethyl ether Rq OH
n
3 4

Fig 6. Reduction of a-diazenylhydroperoxides 3a-h to
a-diazenylalcohols 4a-h by P(Ph)s.

However, there are unassigned signals in the NMR
spectra and secondary products have been detected
by HPLC. According to the known instability of
a-diazenylhydroperoxides [8], regeneration of the start-
ing ketones with formation of phenol conforms with
the spectroscopic and chromatographic anomalies for
crude 3f and 3g, which come from saturated ke-
tones. However it does not explain the results observed
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Table I. '"H NMR of a-diazenylhydroperoxides 3a-g and their corresponding a-diazenylalcohols 4a-g.

CH,3 CH, CH. (CH3) CH CH, CH, CH; 7%

3al 1.65 5.15 1.9-2.03  21-22 157 95
1.6 37 =71 37=178

4al) 1.55 , 5.1 1.85-2 205 2.15 155 5.1
1.63 J=71 J=177

3bY 0.8-0.95 1.32-1.45 1.851.95 1.63 trans 5.1 1.95-2.05 2.13-2.23 1.56 9.75
J=75 173cs °*J=171 3J=18

4bY 0.8-095 1.3-1.45 1.83-2 1.55 cis 5.1 1.95-2.05 2.1-2.2 158 5.1
37=75 163trans °J =71 3J =177

3¢t 0.8-0.95 1.25-1.4 1.9-2 1.6 trans 5.15 2213 213223 158 955
1.7 cis 3J=71 J=76 3J=177

4ct?  0.8-0.95 1.25-1.4 1.9-2 1.6 trans 5.1 2-2.15 2.15-2.25 5.1
1.7 cis 3J=71 3*J=76 3J=177

3d*?  0.8-095 1.3-1.45 1.85-1.95 1.6 trans 5.15 2.3-24 2.7-2.8 9.75
1.7 cis 3J=72 3J=77 3J=18

4d'?  0.8-095 1.25-14  1.8-1.95 1.63 trans 5.1 2.3-2.4 2.7-2.8 5.6
1.7 cis 3J=72 3J=77 3J=18

3el? 08095 1.25-1.4 1.85-1.95 1.65 trans 5.1 2.3-2.4 2.7-2.8 9.75

3J=75 173c¢cs 3J=72 3J=175

4eb?  08-095 1.25-14 1.85-2 1.6 trans 5.15 2.3-2.4 2.7-2.8 5.65
3] =15 1.7cis 3J =72 3J=175

3fV 0.85-0.95 1.43-1.6 1.8-1.95 155 955

aft) 0.85-0.95 1.15-1.3 1.85-1.95 1.55 5.1
1.4-1.55 37 =178

3gh? 085095 1.35-1.5 2.05-2.15 9.85
37 =82

4gh?  085-0.95 1.25-14 2.05-2.15 5.55
2.25-2.35

1) Ph-N=N : ortho = 7.4-7.5 (°J = 5.2); para = 7.4-7.5 (°J

= 5.2); meta = 7.7-7.8 ppm (°J = 7.5)

2) Ph-C-(OOH) : ortho = 7.25-7.3 (*J = 6.7); para = 7.3-7.4 (*J = 7.5); meta = 7.6-7.7 ppm (3J = 8.2 Hz)
3) Z=0OOH : 3a-g; 2=0H : 4a-g
J in Hertz

for the crude 3a-e which come from +,5-ethylenic ke-
tones. In these cases, we must bear in mind the abil-
ity of the a-diazenylhydroperoxides to transfer oxy-
gen atoms to alkenes [9], which would give epoxides 5
and/or 5’ (whose decomposition would give epoxyke-
tones 6) (fig 7), and the less foreseeable reactions of
hydroxyl and phenyl radicals, which may occur during
the decomposition [7d, 8, 10]. Moreover, considering the
mechanism of phenylhydrazone oxidation [6b, 6¢] and
the possible cyclization of the ethylenic peroxy radical
[11], the formation of epoxyketone structure 6 and/or
cycloperoxidic structure 7 (fig 7) may be expected.

can be assigned to the methyl group of methyloxirane
and 6 = 2.7 ppm to the proton at the carbon of oxirane;
13C NMR : § = 50-53 and 62-64 ppm can be assigned
to carbons C-CHj3 and C-H of oxirane) and indicates
the presence of cyclic peroxides (*H NMR : § = 4.2
4.4 ppm can be assigned to tertiary proton on cyclic
peroxide; 5C NMR. : § = 82-84 ppm can be assigned
to the carbons linked to oxygen in cyclic peroxide). Ex-
cept for the variation resulting from the conversion of
hydroperoxide to hydroxide, analysis of NMR spectra of
the reduced 4a-g have led to the same structural con-
clusions. The conversion of a-diazenylhydroperoxides
3a-g to a-diazenylalcohols 4a-g is not well observed
in 'H NMR (table I) : Only the well-resolved hydrogen

Ry O R, O—H 3 Q R, O~OH
NN N—Ph MN N—Ph resonances of hydroperoxy (§ = 9.5 ppm) and hydroxy
groups (6 = 5.2 ppm) seem to be significant. In contrast,
the 13C NMR (table II) has very distinct characteristic
signals for the hydroperoxy-linked quaternary carbon
Rs Q R, R, (6 = 105 ppm in 3a-h) and the hydroxy-linked quater-
ﬂf NN N—Ph nary carbon (6 = 95 ppm in 4a-h). In the same manner,

7 (Z :-H, -OH, -O0H)

Fig 7. Hypothetical secondary oxidation products of
~,6-ethylenic phenylhydrazones 2a-f.

Analysis of the NMR spectra supports the presence
of epoxide structures (*H NMR : § = 1.25 and 1.3 ppm

chemical shifts of a-CH; of a-diazenylalcohols (6§ = 39-
40 ppm in 4a-h) are at lower magnetic fields than those
of a-CH; of a-diazenylhydroperoxides (§ = 35-36 ppm
in 3a-h) and chemical shifts of o-CHj3 in a-methyl a-
alcohols (6§ = 24-26 ppm in 4a-c) are at lower mag-
netic fields than those of a-CHjs in a-methyl a-alcohols
(6 = 19-20 ppm in 3a-c).
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Table II. *C NMR of a-diazenylhydroperoxides 3a-g and their corresponding a-diazenylalcohols 4a-g.

CH; CH, CH, (CH3) C= CH CH, CH; CH; c-Z¥
3al 17.7 132.3 123.6 21.9 35.6 19.5 105
25.7
4aV 17.7 132.1 123.8 21.8 39.8 24.6 95.7
25.6
3bY 137¢ 2l.1c 337c 1575c¢ 136.26c 1242c¢ 21.6c 356c 192c 105.18c¢
1367t 209t 417t 233t 136.06t 1234t 21.75t 355t 192t 10516t
4bY 13.67c 2le¢ 337c¢ 1575c¢ 1356c 1247c¢ 21.5¢ 4023c 258c 95.79c¢
1365t 209t 417t 233t 1354t 123.8t 216t 40t 258t 9581t
3ct 13.84¢c 23.1c 29.87c 233c¢ 1344c 1253c 41.7c 3405¢ 1945c 105.1c¢
1381t 229t 2992t 161t 1343t 125 t 33t 343t 1945t 105.1t
4ct?  1385¢ 23.1c 2087c¢ 233c¢ 1346c 1252c 41.7c 39.7c 256¢ 95.6 ¢
1381t 229t 2992t 161t 1344t 125t 33t 396t 256t 95.6 t
3d'?  139c¢ 23¢ 298lc 233c¢ 1368c 1253c 27c 342¢ 106.5 ¢
138t 228t 29.88t 162t 1368t 1256t 33t 343t 106.5 t
4d"®  138c¢ 23c¢ 298lc¢ 234c 1367c¢ 1254c 27c 39.2¢ 95.5 ¢
137t 228t 2088t 162t 1366t 1256t 33t 393t 95.5 t
3¢'?  136¢ 21 ¢ 332¢ 157c¢ 136.2c 1233c 226c 3ddc 105.8 ¢
135t 209t 415t 232t 1363t 1225t 228t 346t 105.8 t
4eb?  138c¢  21c¢  332c¢ 158c¢ 1363c¢ 1232c¢ 224c 393c¢ 95.7 ¢
13.7t 209t 415t 234t 1364t 1226t 227t 39.2t 95.7 t
31 14.5 16.6 37.9 19.5 105.2
4fY 14.4 16.3 42.2 25.8 95.8
3gl? 14.2 16.7 41 106.3
4g'? 14.2 16.2 44 97.8
1) 3a-g and 4a-g; Ph(N=N) : C-ortho = 122.4-122.95; C-para = 128.7-120.3; C-meta = 131-131.7 ppm;

C-(N=N)(OH) = 149.4-149.8; C-(N=N)(OOH) = 150.8-151.2
2) 3d, 3e, 3g and 4d, 4e, 4g; Ph(C-Z) : C-ortho = 126.8-127.2; C-pare = 128.1-128.4; C-meta = 128.2-128.6 ppm;

C-(OOH)(N=N) = 138.6-140; C-(OH)(N=N) = 139.7-142.6

3) Z=OOH : 3a-g; Z=0H : 4a-g
c:cis;t: trans

Secondary structures and mechanisms

The composition of the crude product derived from
2a has been defined by the characterization of semi-
preparative HPLC fractionated major product and
HPLC identification of the minor products resolved by
comparison with pure commercial or synthetic samples
(fig 8).

The fractionation of the major product has
confirmed its NMR identification as 1,5-dimethyl-
1-(phenyldiazenyl)hex-4-enylhydroperoxide 3a. The
identification of the secondary product as 5,6-epoxy-6-
methyl-2-(phenyldiazenyl)heptan-2-ol 5a was improved
by its HPLC resolution from 5'a in mixtures obtained
by conversion of residual double bond of crude 3a in
epoxide (fig 9). It was also identified by 'H NMR as the
major HPLC product in the crude mixture obtained by
reduction of hydroperoxide of 5’a in hydroxide accord-
ing to the scheme.

monoperphthalic acid P(Ph),
5'a + ba

crude 3a 5a

The products corresponding to the minor HPLC
peaks have been identified by comparison with biphenyl,
phenol and 5,6-epoxy-6-methylheptan-2-one 6a, juxta-
posed in some cases with its bicyclic rearrangement
product [12] 6’a (fig 10). The identification of cycloper-
oxides Ta requires their synthesis and was not carried
out, but their presence would explain the unassigned
HPLC peaks and cannot be eliminated.

3.00
3a
\ PhOH
2.001
benzene
biphenyl
o \
0.00 1.00 200 3.00 4.00 500 6.00 7.00

minuics

Fig 8. HPLC chromatogram of the crude mixture obtained
from reaction of 2a with oxygen (normal phase : Porasil col-
umn ; solvent : C¢H14/CH3COOE : 70:30; D = 1 mL/min;
UV detection : A = 254 nm).

According to these results, the analogous 1b-e,
5b-e, 6b-e and 6'b-e must be considered as secondary
components in the crude 3b-e. The relative ratios of
those constituents have been approached by a semi-
quantitative analysis of 'H NMR spectra (table III).
The presence of ketones la-e and/or 6a-e is charac-
terized by a 6 = 2.3-2.4 (-CH;CO-) signal for methyl-
ketones and a § = 2.7-2.8 ppm for phenones. The pres-
ence of epoxides 5a-e and/or 6a-e is characterized in
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Table III. 'H NMR semi-quantitative evaluations of a-azohydroperoxides 3 and secondary products
in the crude oxidated mixtures.

a b c d e f g
R]ICHg R1=CH3 RI:C}h R,l :Ph R1:Ph R1=CH3 R1=Ph
R2:H RzZH RQZCH;; RQZCHg RZ:H
R3=CH3z R3=CH; Rs=H Riz=H R3=CHj3

Azohydroperoxide 3 70% 72% 87% 61% 62% 84% 88%
Oxirane of 5 ++ ++ +

and/or 6

Cycloperoxy of 7

and/or + traces traces

Dioxolane 6’

Ketone in 1 or 6 + + + ++ ++ + ++

++ : small amount present: + : very small amount present.

reaction. Because of the proximity, the intramolecular
52 addition of A with the -y,6-double bond appears proba-
3.001 ble [11, 13], especially when the «-C is substituent-free
’ \ 53 (Ro=H) as in the a, b and e series. This would lead
/ to a cycloperoxy radical B that can (i) give rise to a
transfer reaction and formation of 7 (Z=H); (ii) be de-
2.00 PHOH composed in epoxidized alkoxy radical C; or (iii) react
’ with oxygen to produce a cycloperoxy-peroxy radical
venzene 12 D. Transfer reactions on C explain the formation of 5
biphenyl 6'a and on D that of 7 (Z=OOH).
1.00 \ '/ 6a
+ Ry R Ry
AW NN—NHPh
Ry
0.00 1.00 200 3.00 400 500 6.00 7.00 2
minutes lOg
Fig 9. HPLC chromatogram of the epoxidation of crude 3a Ha__ Ry N=N-Ph
by monoperphthalic acid (normal phase : Porasil column; Rq 00*
solvent : C¢H14/CH3COOEt : 70:30; D = 1 mL/min; UV A
detection : A = 254 nm). +RH
f mer, Y RaPe 07Q

>W\_>':0 —_— 5 3 RH, T @

6a 6'a . N=N-Ph
Ry Ry

Fig 10. Rearrangement of ~,6-epoxyketone 6a. Oi/ B \
the 'H NMR. by a signal at 6 = 2.5-2.9 ppm, well R; R, 0-0Q R Q R,Q°
resolved from the (-CH2CO-) signal in the derivatives : N=N-Ph N=N-Ph
of methylketones. Signals in the § = 4.2-4.8 ppm zone Rq p M Ra c M
could correspond to a cycloperoxy of 7 and/or to a . RH . AH
bridge head proton of 6. l - Re L - R*

It is noticea'.ble .that. the second‘aryAepoxy and cy- Ay R, O- Rs Q R,OH
cloperoxy or bicyclic dioxolane derivatives are formed HMN=N—Ph N=N-Ph
in higher proportions in the oxidations of 2a, 2b and 2e Ry 7 R R4 5 Ry
than in those of 2¢ and 2d. The yields of the phenone di- (Z = -0-OH)

azenylhydroperoxides derivatives 3d and 3e were signif-
icantly lower than those of the corresponding methylke-
tones derivatives.

To explain these results, we propose a general mech-
anism for oxidation of 7,8-ethylenic phenylhydrazones ;.
2 (fig 11). According to the previously described mech- The presence of 5 and/or 6, and 7 ar}d/ol: 6" in the a,
anism [6b, 6¢, the conversion of phenylhydrazones 2 to P and e series (1ndlcafjed by the plus signs in table I,H)
a-diazenylhydroperoxides 3 involves the formation of ~ Supports this mechanism, especially regarding the in-
the a-(phenyldiazenyl)peroxy radical A and a transfer tramolecular epoxidation [13] which is clearly supported

Fig 11. Plausible mechanism for the oxidation of «,6-
ethylenic phenylhydrazones.
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Rs Q R, O—H

H4 R R4

1
5

Ry Q R2

Ra

Fig 12. Formation of epoxidized ketones and bicyclic dioxolane by decomposition of epoxyazoalcohols.

by the identification of 5a. This intramolecular epox-
idation proceeds according to the same mechanism as
the intermolecular epoxidation by peroxy radicals [14] :

Ry Ry

Ry 3
O~ ZN_ O . P
RIMN Ph — Ry > pn
R, A R, C

The instability of a-diazenylhydroperoxides 3
explains the detection of ketonic structures, and phe-
nol and biphenyl for the a series. The poor yields
of a-diazenylhydroperoxides 2d and 2e in the case
of the phenone phenylhydrazone are the result of a
higher instability of the a-(phenyldiazenyl) a-(phenyl)-
hydroperoxides. The instability of a-diazenylalcohols [9]
explains the identification of 6a in crude 3a and leads
us to consider the epoxyketones 6, to explain some of
the detected epoxy structures, and the rearranged bi-
cyclic dioxolanes 6’ (fig 12), to explain the § = 4-5 ppm
'H NMR resonances. The decomposition of cycloperox-
idized 7, especially when Z=OOH which probably in-
duces C-C cleavage, must be considered in the general
degradation process.

Conclusion

Our results confirm that if the expected methyl-
ketones are formed in the degradation of natural
rubber by phenylhydrazine in the presence of oxy-
gen then they are converted into phenylhydrazones,
which react with oxygen to give the corresponding
a-diazenylhydroperoxides. The results on phenone
model compounds lead us to propose that the pres-
ence of phenones in degradation mixtures from rubber
model compounds could be the result of their regenera-
tion by the preferred decomposition of the correspond-
ing a-diazenylhydroperoxides formed in the same way
as those derived from methylketones.

The identification of secondary products or struc-
tures has allowed us to propose a general mechanism
for the degradation process, which explains the forma-
tion of epoxyalcohols 5, epoxyketones 6 and cyclic per-
oxides 7

The application of these results to liquid rubber
suggests the possibility of accessing end-groups like I,
IT and III, such as the epoxidized o-diazenyl a-methyl
alcohol chain-ends V and its decomposition product the
epoxidized ketone VI.

Ph Me Me N==N-Ph
MCW
Ph Me

The cycloperoxide VII is a transient structure res-
ponsible for the formation of «,6-epoxidized structure.

Ph Me Me O—0Q N=N-Ph

Similar cycloperoxide groups have been character-
ized as primary oxidation structures in thermoxidized
rubber [15] and identified as derivatives of polybutadi-
enic and polyisoprenic hydroperoxide model compounds
[13]. Considering their decomposition [15], they must be
considered as issuing from a end-group degrafting oxi-
dation process.

Experimental section

Measurements and materials

'H NMR and *C NMR spectra were recorded on a Bruker
AC 400, at 400.13 and 100.62 MHz, respectively, in CDCl3
with TMS as an internal standard. IR spectra were recorded
on a Perkin-Elmer 1750 FTIR spectrophotometer as
liquid films. Some of the "H NMR, spectra (90 MHz) were
recorded on a Varian FT 80A. UV/vis absorption spec-
tra were recorded on a Varian DMS 100 spectrophotome-
ter in EtOH. High performance liquid chromatography
(HPLC) analysis were performed with a Waters apparatus
equipped with a double detection UV and differential refrac-
tometry (Normal phase HPLC : Porasil column; solvent :
CgH14/CH3COOE¢ : 70:30; D = 1 mL/min; UV detection :
A = 254 nm; reverse-phase HPLC : u Bondapack column;
solvent : MeOH/H20 : 80:20; D = 1 mL/min; UV detec-
tion : A = 254 and 270 nm). Reverse-phase semi-preparative
HPLC (C18 u bondapack column; solvent : MeOH/H2O :
80:20; D = 2 mL/min). Gas chromatography analysis were
performed on a Packard 438A (capillary column : OV ; hy-
drogen as the carrier gas; temperature program : 60-300°C,
2.5°C/min). Microanalysis were carried out by the Labora-
toire Central de microanalyses du CNRS (Lyon).



Chemicals and reagents were purchases from commer-
cial sources at the highest level of purity available. Ethyl
acetylacetate and butyraldehyde (Janssen) were purified by
distillation. Commercial monoperphthalic acid (50 g) was
extracted by diethyl ether (100 mL) and used in the so-
obtained titrated (I;-Na2S;03/5H,0) solution.

The 3-methylhex-1-en-3-ol and 2-methylhex-1-en-3-ol
(bp 106°C/0.35 mbar; n% = 1.431; '"H NMR (400.13 MHz,
CDCl3) : 6 0.85-1 (t, 3H, CH3CH;), 1.25-1.37 (m, 2H,
CH3CHchz), 1.45-1.55 (dt, QH, CHgCHzCHz), 1.73 (S,
3H, H3CC=), 3.2 (s, 1H, OH), 4-4.2 (t, 1H, CH-C=), 4.8-
5.05 (d, 2H, =CH;) were obtained from the reaction of
vinylmagnesium bromide with pentan-2-one and the reac-
tion of isopropenylmagnesium bromide with butanal, res-
pectively. The 6-methylhept-5-en-2-one 1la is commercially
available (normal phase HPLC : R; (min) : 3.94; reverse-
phase HPLC : R¢ (min) : 2.15). The methylketone 1b (nor-
mal phase HPLC : R, : 3.75; reverse-phase HPLC : Ry :
2.90) and the phenylhydrazones 2a (normal phase HPLC :
Ry : 3.63), 2b (normal phase HPLC : R, : 3.55; reverse-
phase HPLC : R; : 6.25 for the syn isomer and 6.63 for
the anti isomer) and 2f (normal phase HPLC : R; : 3.63;
reverse-phase HPLC : R; : 2.56) were obtained as described
previously [16].

Synthesis of v,6-ethylenic ketones

An equimolar mixture of allylic aicohol (3-methylhex-1-en-
3-ol or 2-methylhex-1-en-3-ol) and ketoester (ethyl acetyl-
acetate or ethyl benzoylacetate) was heated in the presence
of aluminum isopropoxide (1-3%) as a catalyst. When the
theoretical amount of EtOH had distilled, the ~,6-ethylenic
ketone 1b-e was fractionated by distillation under reduced
pressure. Resolution of the methyl groups in C=C « position
in 'H NMR spectra, corresponding to E (1.6-1.7 ppm) and
Z (1.7-1.75 ppm) isomers, allowed the evaluation of the
E/Z proportions in -y,6-ethylenic ketones. In the case of the
6-methylnon-5-en-2-one la, this attribution was confirmed
by GC (gas chromatography).

o 6-Methylnon-5-en-2-one 1b [{]

Yield : 81%: bp 59.5-61°C/5.3 mbar; nf? = 1.448. (Lit [4] :
bp 113-114/0.07 mbar; n¥ = 1.444).
Normal phase HPLC : R, : 3.70 (UV) 3.75 min (RD);
reverse-phase HPLC : Ry : 2.68 (UV) 2.90 min (RD).
'H NMR (400.13 MHz, CDCl3), § : 0.8-1 (3H, t, CH3CH),
1.33-1.45 (2H, m, CH;CH>), 1.60 (s, 0.57 x 3H, CHa-
C= E-isomer), 1.67 (s, 0.43 x 3H, CH3-C= Z-isomer),
1.85-1.95 (t, 0.57 x 2H, *J = 7.5 Hz, CH,C(CH;)=
E-isomer), 1.95-2.05 (t, 0.43 x 2H, %J = 7.6 Hz
CH,C(CHj3)= Z-isomer), 2.18-2.3 (t, 2H, =CHCH>), 2.4-
2.5 (t, 2H, CH2C=0), 5.1 (t, 1H, *J = 7.1 Hz, =C-H).
E/Z = 11,60/11_67 = 57/43‘

3C NMR (100.62 MHz, CDCl3), 1 Z-isomer : 6
13.8 (CH3CHz), 15.6 (CHiC=), 21 (CHCHj), 22.1
(=CHCH,), 29.7 (CH3C=0), 33.6 (CH:C=), 438
(CH2C=0), 123.2 (CH=), 136.4 (C=), 208.56 (C=0):
1 E-isomer : 6§ 13.6 (CHs;CHa), 20.8 (CH,CH3), 22.3
(=CHCH,), 23.2 (CHsC=), 29.7 (CH3C=0), 41.6
(CH2C=), 43.6 (CH,C=0), 122.5 (CH=), 136.2 (C=).
208.62 (C=0).

IR (film) : 1718 (C=0), 1671 (C=C), 1411 (CH,C=0).
1359 cm™! (CH3C=0).

UV (EtOH) : Amax nm (¢ : Lmol ™' em ™) : 279 (41, n — 7°),
213 (1110, # — =*).

o 5-Methylnon-5-en-2-one 1c
Yield : 80%; bp 70-71.5°C/8 mbar; nf2 = 1.445.
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Normal phase HPLC : R; : 3.75 (UV) 3.78 min (RD);
reverse-phase HPLC : R; : 2.78 (UV) 2.98 min (RD).
'H NMR (400.13 MHz, CDCls), é§ : 0.85-0.95 (t, 3H,
CH;CH,), 1.27-1.4 (m, 2H, CH3CH,), 1.6 (s, 0.85 x
3H, CHy-C= FE-isomer), 167 (s, 0.17 x 3H, CHj-
C= Z-isomer), 1.9-2 (m, 2H, CH,CH=), 2.15 (s, 3H,
CHsC=0), 2.23-2.3 (t, 2H, =CCH,), 2.5-2.57 (t, 2H,
3J = 7.7 Hz, CH,C=0), 5.15 (t, 1H, *J = 7.1 Hz, =C-
H) E/Z = 11,50/11,57 = 85/15

3C NMR (100.62 MHz, CDCl3), 1lc Z-isomer : 6 :
13.34 (CH3CH'2), 22.3 (CHQCH:;), 22.95 (CHaC:),
20.3 (CH;C=0), 29.6 (CH,CH=), 41.7 (=CCH), 41.9
(CH,C=0), 125 (CH=), 134.5 (C=), 207.9 (C=0);
1c E-isomer : § 13.3 (CH3CH2), 15.5 (CH3C=), 21.8
(CH,CH2), 293 (CH3C=0), 29.5 (CH,CH=), 33.2
(=CCH,), 42 (CH,C=0), 124.7 (CH=), 133.1 (C=), 208
(C=0).

IR (film) : 1718 (C=0), 1670 (C=C), 1417 (CH,C=0),
1359 cm™! (CH3C=0).

UV (EtOH) : Apax nm (g : L mol™! cm ™) : 275 (47, n — 7*),
214 (1124, 7 — =*).

Anal calc for C15sH1sO (154.25) : C, 77.87; H, 11.76; O,
10.38. Found : C, 78.03; H, 11.82; O, 10.50.

o /-Methyl-1-phenyloct-4-en-1-one 1d
Yield : 68%; bp 126-127°C/1.3 mbar; n¥ = 1.523.

Normal phase HPLC : Ry : 3.35 (UV) 3.49 min (RD);
reverse-phase HPLC : Ry : 5.52 (UV) 5.73 min (RD).
'H NMR (400.13 MHz, CDCl3), § : 0.85-0.95 (t, 3H,
CH3CHy), 1.25-1.4 (m, 2H, CHsCH3), 1.65 (s, 0.83 X

3H, CHs-C= E-isomer), 1.73 (s, 0.17 x 3H, CH3-C=
Z-isomer), 1.93-2.03 (m, 2H, CH,CH), 2.35-2.45 (t, 2H,
=CCH>), 3.1-3 (t, 2H, 3J = 7.75 Hz, CH,C=0), 5.2 (4,
1H, 3J = 7.1 He, zC-Hg, 7.37-7.45 (1, 2H, 3J = 7.6 Hz,
meta), 7.45-7.55 (t, 1H, °J = 7.4 Hz, para), 7.9-8 (d, 2H,
3J = 8.4 Hz, ortho). E/Z = 11.65/T1.73 = 83/17.

3C NMR (100.62 MHz, CDCl3), 1d Z-isomer : § :
13.9 (CHsCHa), 22.9 (CH,CHs), 23.3 (CHsC=), 26.6
(=CCH,), 30.05 (CH,CH=), 37.5 (CH,C=0), 125.9
(CH=), 1283 (C Ar, meta), 128.5 (C Ar, ortho),
133 (C Ar, para), 136.9 (=C), 137.1 (C Ar), 199.9
(C=0); 1d E-isomer : § 13.8 (CH3CHa), 16.2 (CH3C=),
22.9 (CH,CHa), 30.2 (CH,CH=), 34.1 (=CCHy), 37.55
(CH,C=0), 125.3 (CH=), 128.1 (C Ar, meta), 128.6 (C
Ar, ortho), 132.9 (C Ar, para), 136.9 (=C), 137.1 (C Ar),
200 (C=0).

IR (flm) : 1687 (C=0), 1598, 1581 (C=C Ar), 1409
(CH2C=0), 741, 692 cm ™! (monosubstituted aromatic).

UV (EtOH) : Amax nm (& : L mol™* cm™!) : 278 (1110,
n — 7, C=0), 243, 203 (11380 (r — =*), 20 620, Ph).

Anal calc for C15H200 (216.32) : C, 83.29; H, 9.32; O, 7.40.
Found : C, 83.01; H, 9.35; O, 7.31.

o 5-Methyl-1-phenyloct-4-en-1-one 1le

Yield : 69%; bp 136-138°C/1.3 mbar; n¥ = 1.516.

Normal phase HPLC : R : 3.35 (UV) 3.41 min (RD);
reverse-phase HPLC : R; : 5.74 (UV) 5.94 min (RD).

'H NMR (400.13 MHz, CDCl3), é : 0.85-1 (t, 3H, CH3;CHz),
1.3-1.45 (m, 2H, CH3CH>), 1.6 (s, 0.54 x 3H, CH3-C= E-
isomer), 1.67 (s, 0.46 x 3H, CH3-C= Z-isomer), 1.9-2 (t,
0.54 x 2H, 3J = 7.5 Hz, CH,C(CH3)= E-isomer), 2-2.1
(t,0.46 x 2H, *J = 7.5 Hz, CH,C(CH3)= Z-isomer), 2.4-
2.5 (t, 2H, =CHCH>), 2.95-3.05 (t, 2H, CH,C=0), 5.15
(t, 1H, 3J = 7.2 Hz, =C-H), 7.4-7.5 (t, 2H, 3J = 7.6 Hz,
meta), 7.5-7.6 (t, 1H, *J = 7.3 Hz, para), 7.9-8 (d, 2H,
3J = 8.6 Hz, ortho). E/Z = l,.60/11.67 = 54/46.

C NMR (100.62 MHz, CDCls), le Z-isomer : § :
14 (CH3CH,), 15.8 (CH3C=), 20.9 (CH,CHj), 22.8
(=CHCH), 33.8 (CH.C=), 39 (CH.C=0), 123.5
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(CH=), 1283 (C Ar, meta), 1284 (C Ar, ortho),
133.2 (C Ar, para), 136.7 (=C), 136.9 (C Ar), 200.2
(C=0); 1e E-isomer : 6 13.7 (CH3CH3), 21.1 (CH2CH3s),
22.9 (=CHCHg), 23.4 (CH3C=), 38.8 (CH,C=0), 41.8
(CH,C=), 122.9 (CH=), 128.1 (C Ar, meta), 1285 (C
Ar, ortho), 132.92 (C Ar, para), 136.5 (=C), 137 (C Ar),
200.3 (C=0).

IR (film) : 1685 (C=0), 1598, 1581 (C=C Ar), 1410
(CH,C=0), 743, 692 cm™! (aromatic monosubstituted).

UV (EtOH) : Amax nm {¢ : L mol™* cm™") : 279 (1270.
n — 7*, C=0), 242, 204 (14900 (r — 7*), 24050, Ph).

Anal calc for C15H200 (216.32) : C, 83.29; H, 9.32; O, 7.40.
Found : C, 83.44, H, 9.32; O, 7.42.

e 5 6-Epoxy-6-methylheptan-2-one 6a

Careful managing of this synthesis is necessary to prevent
the cyclization of the product into bicyclic dioxolane 6'a.
Epoxidation of magnetically stirred 1a (10 mmol) methylene
chloride (150 mL/aqueous 0.5 mol/L NaHCOj; (30 mL)
emulsion was performed at 0°C by dropwise adjunction
of the adjusted amount of the titrated monoperphthalic
acid diethylether solution for stoichiometry. Two hours after
the end of the addition, the organic phase was washed
successively with 0.1 mol/L NaOH (30 mL) and water
and then dried on Na;SO4 before rapid evaporation and
distillation.

Yield : 73%; bp 68-69°C/2.6 mbar (lit [12a] :
60°C/1.3 mbar).

Normal phase HPLC (RD) : R, : 7.03 (6a) and when 6’a is
present : 5.2 min.

H NMR (90 MHz, CDCls), é : 1.26, 1.30 (CH3 on oxirane),
1.75 (m, CHz on oxirane), 2.15 (CH3-CO-), 2.5-2.9 (H on
oxirane and CHa-CO-). When 6'a is present : 1.55 (CHs
on bridge-head dioxolane), 4.23-4.40 (H on bridge-head
dioxolane) with other unresolved resonances.

bp 58-

Preparation of phenylhydrazones 2a-g

Phenylhydrazones 2a-g were prepared by the standard pro-
cess of condensation of phenylhydrazine hydrochloride with
the appropriate carbonyl compound. Except for 2d and
2e, which were obtained as crude products, phenylhydra-
zones were distilled or recrystallized twice from methanol.
All phenylhydrazones were stored under nitrogen.

o 5-Methylnon-5-en-2-one phenylhydrazone 2¢

Yield : 81%; bp 163-165°C/4 mbar; nZ = 1.548.

Normal phase HPLC (RD) : R, : 3.53 min; Reverse-phase
HPLC (RD) : R: : 6.27 (syn) and 6.63 min (anti).

'H NMR (400.13 MHz, CDCl3), é : 0.85-0.95 (t, 3H,
CH3CHz), 1.27-1.4 (m, 2H, CHzCH>), 1.63 (s, 3H, CH3-
C= trans-syn), 1.65 (s, 3H, CH3-C= trans-anti), 1.73 (s,
3H, CH3-C= cis-anti), 1.75 (s, 3H, CH3-C= cis-syn),
1.75 (s, 0.79 x 3H, CH3-C=N, syn-isomer), 1.95 (s, 0.21 x
3H, CHs-C=N, anti-isomer), 1.9-2 (m, 2H, CH,CH=),
2.2-2.3 (t, 2H, =CCHa), 2.35-2.45 (t, 2H, °J = 7.7 Hz,
CH,C=N), 5.15 (t, 1H, *J = 7.1 Hz, =C-H), 6.75-6.85
(NH and aromatic p-NH), 6.95-7.05 (aromatic o-NH),
7.15-7.25 (aromatic m-NH). E/Z =1, ¢3/11.7 = 79/21.

B3C NMR (100.62 MHz, CDCls), 2 Z-isomer : & :
13.92 (CH3CHz), 14.38 (CH3C=N), 16.1 (CH3C=),
22.95 (CH2CH3), 29.9 (CHoCH=), 34.7 (=CCHa), 37.4
(CH2C=N), 112.87 (C Ar, ortho), 119.43 (C Ar, para),
125.85 (CH=), 129.07 (C Ar, meta), 134.1 (C=), 146.1 (C
Ar), 147.8 (C=N); 2 E-isomer : § 13.78 (CH3CH>), 14.22
(CH3C=N), 15.9 (CH3;C=), 23.11 (CH,CHj), 30.05
(CH,CH=), 36.8 (=CCH.), 37.7 (CH,C=N), 112.93 (C

Ar, ortho), 1194 (C Ar, para), 125.1 (CH=), 129.1 (C
Ar, meta), 134.2 (C=), 146 (C Ar), 146.5 (C=N).
IR (film) : 3 353 (NH), 1662 (C=C), 1602, 1503 (C=C, Ar),
1246 (C-N), 749, 693 cm™! (monosubstituted aromatic).
UV (EtOH) : Amax nm (¢ : L mol™! em™!) : 273 (19 100),
206 (21 350).

o /-Methyl-1-phenyloct-4-en-1-one phenylhydrazone
2d

Yield : 90% of a viscous crude product.

Normal phase HPLC (RD) : R: : 3.39 min; reverse-phase
HPLC (RD) : R: : 6.06 min (unresolved syn and anti
isomers).

'H NMR (400.13 MHz, CDCl;), & : 0.83-0.95 (t, 3H,
CHsCH,), 1.3-1.43 (m, 2H, CH;CHs), 1.68 (s, 3H,
CH3-C= trans-syn), 1.7 (s, 3H, CH3-C= trans-anti),
1.75 (s, 3H, CH;3-C= cis-anti), 1.78 (s, 3H, CH3-C=
cis-syn), 1.93-2.05 (m, 2H, CH,CH=), 2.25-2.3 (t, 2H,
3J = 7.9 Hz, =CCH3), 2.3-2.35 (t, 2H, 3J = 7.9 Hz,
=CCH>), 2.65-2.73 (t, 2H, 3J = 7.8 Hz, CH,C=N),
2.73-2.8 (t, 2H, *J = 7.9 Hz, CH,C=N), 525 (t,
1H, 3J = 7.1 Hz, =C-H), 6.75-6.8 (t, NH, anti), 6.8
6.88 (t, NH, syn), 7.1-7.18 (d, 2H, *J = 7.7 Hz, aro-
matic o-NH), 7.2-7.28 (t, 2H, 3J = 7.45 Hz, aro-
matic m-C=N), 7.2-7.28 (t, 1H, %J = 7.45 Hz, aro-
matic p-NH), 7.2-7.28 (t, 1H, ®J = 7.45 Hz, aro-
matic p-C=N), 7.28-7.35 (t, 2H, ®J = 7.6 Hz, aromatic
m-NH), 7.73-7.8 (d, 2H, *J = 7.5 Hz, aromatic o-C=N).
E/Z =Tls8-6.9/l6.75-6.8a = 79/21.

B¢ NMR (100.62 MHz, CDCls), 2d Z-isomer : § :
13.76 (CH3CH,), 22.76 (CH,CHs), 23.5 (CHsC=), 29.8
(CH,CH=), 34 (=CCHjy), 36.6 (CH,C=N), 113.01 (aro-
matic 0-NH), 120.06 (aromatic p-NH), 125.1 (aromatic
0-C=N), 125.2 (CH=), 127.7 (aromatic p-C=N), 128.2
(aromatic m-C=N), 129.1 (aromatic m-NH), 134.12
(C=), 138.3 (C Ar a-C=N), 144.7 (C Ar o-NH), 145.25
(C=N); 2d E-isomer : § 13.7 (CH3CHaz), 16.2 (CH5C=),
22.66 (CH2CH3), 29.9 (CH,CH=), 35.1 (=CCHa2), 37.3
(CH2C=N), 113.06 (aromatic o-NH), 120.01 (aromatic
p-NH), 125.31 (aromatic o-C=N), 125.97 (CH=), 127.66
(aromatic p-C=N), 128.15 (aromatic m-C=N), 129.02
(aromatic m-NH), 134.1 (C=), 138.4 (C Ar a-C=N),
144.8 (C Ar o-NH), 145.3 (C=N).

IR (film) : 3340 (NH), 1670 (C=C), 1602, 1 504 (C=C, Ar),
1253 (C-N), 749, 693 cm ™' (monosubstituted aromatic).

UV (EtOH) : Amax nm (¢ : L mol™" em™?) : 330,6 (12 000),
300 (9 500), 244 (10 700), 204 (25 100).

o 5-Methyl-1-phenyloct-4-en-1-one phenylhydrazone
2e

Yield : 90% of a viscous crude product.

Normal phase HPLC (RD) : Ry : 3.38 min.

'H NMR (400.13 MHz, CDCls), 6 : 0.8-0.95 (t, 3H,
CH3CHa), 1.3-1.45 (m, 2H, CHsCH>), 1.58 (s, 3H, CHa-
C= trans-anti), 1.62 (s, 3H, CH3-C= trans-syn), 1.7
(s, 3H, CH3-C= cis-anti), 1.72 (s, 3H, CH3-C= cis-
syn), 1.9-1.95 (t, 2H, *J = 7.5 Hz, CH,C(CH;3)= syn),
1.95-2.05 (t, 2H, 3J = 7.5 He, CHzC(CHaa): anti), 2.2-
2.3 (t. 2H, =CHCH,), 2.55-2.63 (t, 2H, °J = 7.7 Hz,
CH,C=N), 2.63-2.7 (t, 2H, *J = 7.7 Hz, CH,C=N),
5.2 (t, 1H, 3J = 7.1 Hz, =C-H), 6.75-6.8 (t, NH, anti),
6.8-6.88 (t, NH, syn), 7.1-7.18 (d, 2H, %J = 7.6 Hz,
aromatic o-NH), 7.23-7.3 (t, 2H, *J = 7.4 Hz, aro-
matic m-C=N), 7.23-7.3 (t, 1H, 3J = 7.4 Hz, aro-
matic p-NH), 7.23-7.3 (t, 1H, ®J = 7.4 Hz, aro-
matic p-C=N), 7.3-7.38 (t, 2H, *J = 7.6 Hz, aromatic
m-NH), 7.73-7.8 (d, 2H, *J = 7.5 Hz, aromatic o-C=N).
E/Z = les-6.9/l6.73-6.8 = 67/33.



13C NMR (100.62 MHz, CDCls), 2e¢ Z-isomer : § :
14 (CHsCH,), 159 (CHsC=), 21.04 (CH,CHs), 24.2
(=CCHz), 33.7 (CH2CH=), 38.4 (CH,C=N), 112.6 (aro-
matic o-NH), 119.3 (aromatic p-NH), 123.5 (CH=),
125.44 (aromatic 0-C=N), 127.8 (aromatic p-C=N),
128.45 (aromatic m-C=N), 129.17 (aromatic m-NH),
1356 (C=), 1383 (C Ar o-C=N), 1446 (C Ar
o-NH), 147.09 (C=N); 2e E-isomer : § 13.7 (CH3CHz),
20.85 (CH;CHj), 23.3 (CH3C=), 24.3 (=CCH,), 38.2
(CHzC=N), 41.7 (CH,CH=), 113.1 (aromatic o-NH),
120 (aromatic p-NH), 122.5 (CH=), 125.5 (aromatic
0-C=N), 127.77 (aromatic p-C=N), 128.26 (aromatic
m-C=N), 129.06 (aromatic m-NH), 134.7 (C=), 137.6
(C Ar a-C=N), 145.3 (C Ar a-NH), 147.2 (C=N).

IR (film) : 3340 (NH), 1662 (C=C), 1602, 1 504 (C=C, ar),
1253 (C-N), 749, 691 cm™' (monosubstituted aromatic).

UV (EtOH) : Amax nm (¢ : L mol™! em™?) : 331 (11100),
302.5 (9400), 243.5 (9 800), 203.5 (24 400).

Ozxidation of phenylhydrazones and reduction
of hydroperozides : crude a-(phenyldiazenyl)hydro-
perozides and a-(phenyldiazenyl)alcohols

The a-(phenyldiazenyl)hydroperoxides 3a-g were easily pre-
pared in high yields by oxidation of the phenylhydrazones
with oxygen in benzene. The following description is typical.
A mixture of phenylhydrazone derived from methylketone
or phenone (7.65 mmol) in 40 mL benzene was magneti-
cally stirred for 2 h while oxygen (0.4 L/min) was bubbled
through the solution. The temperature of the reaction mix-
ture was maintained at 10-15°C. The color of the solution
changed from bright-yellow to orange. The evaporation of
benzene under reduced pressure at 10°C gave the orange vis-
cous crude liquid 3. The a-(phenyldiazenyl)hydroperoxides
3a-g were reduced in diethylether at 0°C. A cold so-
lution of diethylether containing a corresponding quan-
tity of triphenylphosphine was added dropwise with stir-
ring. After stirring for 1 h, the triphenylphosphine oxide
was eliminated by filtration. The solution was evaporated
under vacuum at 10°C to give an orange viscous liquid
4a-g. All the a-diazenylhydroperoxides and corresponding
a-diazenylalcohols were stored under nitrogen at —40°C.
IR of 3 : 3640-3200 cm ™! with a maximum at 3410 em™"
(hydroxyl stretching vibrations), 836 cm™! (0-0); 1715
(weak, C=0) in crude 3a-c and 3f (methylketone} and
1685 cm™! (broad, C=0) in crude 3d-e and 3g (phe-
none).
IR of 4 : similar to IR of 3 with disappearance of 836 ¢cm™
(0-0).

o Crude 1,5-dimethyl-1-(phenyldiazenyl)hex-4-enyl
hydroperozide 3a
Normal phase HPLC : R, (min) : 3.30 {minor biphenyl
and/or benzene) 3.67 (major product : 3a), 3.82 (minor phe-
nol), 4.0 (minor product 1a), 4.64 (first secondary product :
5a), (4.8-5.2 — small shoulder to 4.64 — assignable to 7a and
or to 6'a), 7.03 (minor product : 6a).

HPLC (RD) for 4a normal phase : R, : 3.60; reverse-phase :
R : 4.56 min.

'H NMR (400.13 MHz, CDCl3) : according to the intensity
of the secondary signals (6 = 2.3-2.4 of 1a, § = 2.5-2.6 of
B5aor 6a, 6 = 4.2-4.3 of Ta or 6'a), the relative intensities
of the peaks assigned to 3a (table I) in the oxidized crude
product and 4a in the reduced crude product are near 70
and 67%, respectively.

Reverse-phase semi-preparative HPLC has allowed the frac-
tionation of 3a (R (min) : 13.2) from 5a (R; (min) : 8.6)
and other secondary products.
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e Crude 1,5-dimethyl-1-(phenyldiazenyl)oct-4-enyl
hydroperozide 3b

HPLC (RD) for 4b : normal phase : R; : 3.46 min; reverse-
phase : R; : 7.64 (cis) and 8.38 min (trans).

'"H NMR (400.13 MHz, CDCl3) : According to the intensity
of the secondary signals (6§ = 2.3-2.4 of 1b, § = 2.5-2.6 of
5b or 6b, § = 4.2-4.3 of Tb or 6'b), the relative intensities
of the peaks assigned to 3b (table I) in the oxidized crude
product and to 4b in the reduced crude product are near
72 and 68%, respectively.

o Crude 1,4-dimethyl-1-(phenyldiazenyl)oct-4-enyl
hydroperoride 3c

HPLC (RD) for 4c : normal phase : R : 3.46 min; reverse
phase : Ry : 7.67 (cis) and 8.41 min ({rans).

'"H NMR (400.13 MHz, CDCl;) : according to the intensity
of the secondary signals (6 = 2.5-2.6 of 1¢, and ArH of
2c), the relative intensities of the peaks assigned to 3d
(table I) in the oxidized crude product and to 4c in the
reduced crude product are near 87 and 81%, respectively.

e Crude {-methyl-1-phenyl-1-(phenyldiazenyl)oct-
4-enyl hydroperozide 3d

HPLC (RD) for 4d : normal phase : R, : 3.39 min; reverse-
phase : R : 7.4 min.

'H NMR (400.13 MHz, CDClg) : according to the intensity
of the -CH»-C(OOH)(CHz)-N=N- signal (§ = 2.7-2.8),
the relative intensities of the peaks assigned to 3d (ta-
ble I) in the oxidized crude product and to 4d in the
reduced crude product are near 61 and 58% respectively.

o Crude 5-methyl-1-phenyl-1-(phenyldiazenyl)oct-
4-enyl hydroperoxide 3e

HPLC (RD) for 4e : normal phase : R : 3.38 min; reverse-
phase : R, : 8.03 min.

"H NMR (400.13 MHz, CDCl;) : according to the intensity
of the -CH2-C(OOH)(CH3)-N=N- signal (§ = 2.7-2.8),
the relative intensities of the peaks assigned to 3e (ta-
ble I} in the oxidized crude product and to 4e in the
reduced crude product are near 62 and 59%, respectively.

e Crude 1-methyl-1-(phenyldiazenyl)butyl hydroper-
oride 3f

HPLC (RD) for 4f : normal phase : R; : 3.64 min; reverse-
phase : Ry : 2.88 min.

"H NMR (400.13 MHz, CDCl3) : according to the intensity
of the -C(OOH)(CH3)-N=N- signal (§ = 2.7-2.8), the
relative intensities of the peaks assigned to 3f (table I)
in the oxidized crude product and to 4f in the reduced
crude product are near 84 and 83%, respectively.

e Crude 1-phenyl-1-(phenyldiazenyl)butyl hydroper-
ozxide 3g

HPLC (RD) for 4g : normal phase : Ry : 3.61 min; reverse-
phase : R¢ : 5.13 min.

'"H NMR (400.13 MHz, CDCls) : according to the intensity
of the -C'H»-C(OOH)(CHj3)-N=N- signal (§ = 2.7-2.8),
the relative intensities of the peaks assigned to 3g (ta-
ble ) in the oxidized crude product and to 4g in the
reduced crude product are near 88 and 84%, respectively.

o Crude 5,6-epoxy-6-methyl-2-(phenyldiazenyl)
heptan-2-0l 5a
Epoxidation of a magnetically stirred crude 3a (4 mmol)
diethylether (40 mL) solution was performed at 0°C by
dropwise addition of a stoichiometrically adjusted amount
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of the titrated monoperphthalic acid diethylether solution.
Two hours after the end of the addition, the perphthalic
acid was filtered. The solution containing the 5,6-epoxy-
6-methyl-2-hydroperoxy-2-(phenyldiazenyl)heptane 5'a was
washed with NaHCO3 and dried on Na;SOy4. A fraction was
taken for identification of crude 5’a. The solution cooled
to 0°C before the dropwise addition of triphenylphosphine
(4 mmol) diethylether solution. One hour after the end of the
addition, the triphenylphosphine oxide was filtered and the
solution was evaporated to give the orange viscous crude 5a.

Normal phase HPLC (RD) : sample before reduction with
triphenylphosphine : R, (min) : 4.61 (5'a), 4.63 (5a) and the
same signals of secondary products as in crude 3a; crude
final product : R; (min) : 4.65 (5a) and the same signals of
secondary products as in crude 3a.

'H NMR (90 MHz, CDCl3) : signals assigned to 5a, § : 1.26
(3H, CH3 on oxirane ring), 1.30 (3H, CH3 on oxirane
ring), 2.75 (1H, t, CH of oxirane ring), 1.6-1.8 (4H, m,
CH,CH,), 1.55 (3H, s, CH3-C(OH)-N=N-), 5.13 (1H, s,
-OH), 7.46-7.70 (3H, 0,p-ArH), 7.73-7.95 (2H, m-ArH).
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