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ABSTRACT

MECHANISMS OF THE OXTDATION OF AMINES

Te Oxidation of Amines by Ozone and other reapents.

By M.J W, Stratford (Supervisor, H,B. Henbest),

A moderately detailed study of the oxidation of tributylamine by ozone
and by active mangenese dioxide has been made, The products from ozone oxidation
depend on the reaction conditions, The N-Oxide is the main product in some
solvents whereas attack of ozone at the carbon next to nitrogen occurs in other
solvents. The a-Hydroxyamine appears to be formed in the latter reaction, This
is fairly stable at low temperatures but gives dibutylamine on treatment with aqueous
acid., The a-hydroxyamine dehydrates at 150 to the enamine so that N-formyldibutyl-
amine is produced on oznolysis of the tertiary amine at room temperature,

Oxidation of tributylamine with menganese dioxide also gives
N-formyldibutylamine, and similar oxidation occurs with other trialkylamines.

Further work on the tributylamine—oxygen reaction, and preliminary

work on the oxidation of tertiery amines with cumene hydroperoxide is also reported.

2, Oxidation of Amines by Monovalent Radicals.

By R. Patton (Supervisor, H.B. Henbest).

Additionel examples of the formation of substituted ethylene diamines by
reaction of tertiary amines with t-butoxy radicals are given., In a competition
experiment, dimethylaniline snd dimethyl-t-butylemine showed similar reactivity
towards t~butoxy radicels; cis- and trens-1,2,5-trimethylpyrrolidine also show little
difference in reactivity,

Dehydrogenative compling does not occur when t-butoxy-radicels react with
dimethylaniline in acetic acid solution. The amine is demethylated, the ejected
carbon linking two, then three aromatic rings together, Evidence for intermmediate

steps in the overall reaction hes been obtained.
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ABSTRACT

3+ Reactions of Amines in figueous Solution with Polyvalent Metal Oxidents,

By W.J.W. Hamna (Supervisor, R.G.R. Bacon).

Among metal derivatives so far studied, argentic compounds, exemplified
by argentic picolinate, or by the bivalent silver species present in Ag+/ 52082-
mixtures, ere uniquely effective for aliphatic amine oxidations in agueous media;
mercuric acetate has much lower activity., Polar organic solvents, such as
alcohols or dioxan, may be successfully used in place of water as media for
reactions between argentic picolinate and solid, water-insoluble substrates, but
no reaction occurs in hydrocarbon solvents; t-butanol, being resistant to
oxidation, is particularly suitable,

With aqueous solutions of primary amines, argentic picolinate gives
aldehydes or ketones in 10-40% yield, while secondary amines give yields of
20-90%, Combination of amines with argentous ion, giving complexes which are
stable to oxidation, may be & factor affecting this situation, Such an effect
is clear in the case of ammonia oxidations, the stoichiometry of which indicates
that each Ag+ ion formed in the oxidation inmobilises two ammonie molecules as
Ag(NH3)2+. Size and brenching in the alkyl group of alhylamines has an important
influence, Thus, 3,5,5-trimethylhexylamine is unique in losing four hydrogen
atoms to give the corresponding cyenide, while di~(3,5,5~trimethylhexyl)aomine
gives 3,5,5~trimethylhexylidene~3,5,5=trimethylhexylamine which, unlike most
aldimines, appears as the end product because of its high resistence to

hydrolysis,
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SECTION I

1. THE OXIDATION OF SCME TRIATKYLAMINES WITH MANGANESE DIOXIDE,

Introduction

Oxidations by emtive hydrated menganese dicxide in neutral medis have bean
recently reviewed by Evzanns.1

Since the discovery in 1948, by Ball, Goodwin and Morton,z that active
hydrated mangenese dioxide oxidises Vitemin A, in light petroleum solution at
room temperature, to retinene in 80% yield, the reagent has found considerable
application in the exploration of the chemisiry of polyenes and polyenynes in the
oxidation of q,f-unsaturated alcohols generally, and in the oxidaticw: of tertiary

amines.j’l"

The reactivity of manganese dioxide, a non-stoicheiometric campound, depends
on its method of preparstion emd on its degree of hydration, A most rellable and
highly active material containing about 4% of water can be prepareds in a finely
divided state, by the oxidation of mangensse sulphate with potassium permangenate
in aqueous solution, i.e. under acid conditions, the resultant slurry being washed
with water and dried at 100~120

The dictide is usuelly shaken with the substrete in a neutral organic sclvent,
such as light petroleum, benzene, chloroform or ether, at room temperature, The
yield of product is dependent on five mein factors:-—

(a) the ratio by weight of mengenese dioxide to substrate
(b) the nature of the substrate

(c) the naitre of the manganese diaxide

(d) the reaction time

(e¢) the sdlvent,

A large excess of menganese dicxide is always necessary to cffect oxidation, This
is sometimes a disadvantege, as sane oxidations yield products which are very
strongly adsorbed on to the surface of the dioxide,

Solvents, such as alcohols, which compete with the substrate for the active
sites on the surface camnot be used, The optimum conditions fort he oxidation of
some tertiary amines have been c‘letermi.neduLiL

DISCUSSION OF RESULTS

As on extension of the work of Cwrragh, Henbest and Thomas an the oxidation
ek it was of interest to study the mangsnese diaxide oxidatimm
of trialkylemines., A detailed study was first carried out on the tributylamine-
menganese diaxide reaction,

of tertiary amines,

When tributylamine in cyclohexane was shaken with a twenty-five fold weight
of menganese dioxide for 418 hw. at 1 90, infrared snalysis ofwthe material, eluted
fran the dioxide surface, indicated the presence of oaxidation products by the strong
T end 1620 an.™?! end the weak sbsorptimn at 1565 ane™ The
crude product mixture, which was shomm not to cantain tridbutylamine N-oxide, wos
separated into neutral and basic fractions by extraction with dilute hydrochloric
acid. By quentitative gas-liquid chromatography the neutral frecticn, which

absorption at 1675 cm
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absorbed strongly at 1675 ame™, was found to contain cnly N,N-dibutylfomamide,

Bu,NCHO, (36%)s Likewise, the besic fraction, which absorbed strongly at 1620 ame
and weakly at 1655 cme™ and 1565 an_."'1, was shown to contain dibutylamine, BuNH,
(38%) and unreacted tributylamine, The yields of products are based on the amownt

of sterting material not recovered,

-1

As the carbonyl absorbing products in the basic fraction were not detected by
gas-liquid chromatogry hy, under the conditions used for the analysis of the amines,
it was assumed that they had boiling points greater than 21_‘50, the boiling point
of tributylamine, Absorption chramatography of part of the basic fraction m
deactivated alumina showed that, in addition to the dibutylamine, there were at
least five other oxidation products some of which fluoresced in ultraviolet light,
The low frequency cerbonyl pesks at 1620 o end 1565 o~ indicated that some
of the unidentified basic products were unsaturated amides, possibly formed by the
oxidative coupling of two amine molecules, Since the work of Patton and Leonard7
hss shown that oxidative q,a- amd «,f-couplings of amines can be achieved, three
possible basic structures cen be drawn for the unsaturated amides:=-

X
=0- N\/GQ —x EtCH,—~ o«-N\ fo—1 Et—C= (H;x\co =
~—“3—1\\ mm2~c-N’ {, Ewﬂz»—CH—N\X

X = ¥ end/or Bu, Y = H and/or Pr

An attempt was made to synthesise some of the possible chromophores responsible

-1 and 1565 mn.-1 The mengenese dicxide oxidation of

for sbsorption at 1620 cm,
N,N'-dimethyl-2,2'-dipiperidyl, the amine resulting from the oxidative a,a-coupling
of two N-methylpiperidine molecules, gave material which showed broad bands at

1545 cme™! and 1645 am™' in the infrared,

Similarly the mangenese dioxide oxidation of N,N"-dimethyl-Az-tetrahydro—
enabasine, the amine resulting fram the oxidative a,f-coupling of two N-methyl-
piperidine molecules,7 gave material which showed a broad band at 1585 czm.—1 in

the infrared,

No definite conclusions could be drevm from these experiments, however, as the
peaks were very broad in camparison with those shown by the crude tributylamine
oxidation mixture,

When the tributylamine oxidstion was repeated and the reaction mixture
quantitatively analysed by gas-liquid chramatography, without separating into basic
and neutral fracticns by extraction with diimte hydrochloric acid, N,N-dibutyl-
formemide (4O%), dibutylamine (39.5%) end unreacted tributylamine were detected. It
was noticed on analysing, hosever, that the dibutylemine had both a slightly laonger
retention time and a broader peak than that normelly given. This suggested that the
dibutylamine was formed by the thermal decomposition of some intermediate on
passing through the hot chramatography column.

A more likely explanation of the longer retention time and broader pesk, is
that butyric acid and propionic acid, undoubtedly present in the reaction mixture,
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retarded the movement of the dibutylamine through the column. It was shown that
pure dibutylamine mixed with a amall quantity of propionic acid, was retained
slightly longer on the oclumn then pure dibutylamine and gave a peak which was
broader than the nommal peak, The dibutylamine behaved normally on the colum in
the first experiment described, as the butyric and propionic acids had been removed
during the isclation procedure,

Reaction Mechanism

The critical effect of the moisture content on the activity of manganese
dioxide has been mentioned above, Evans and co—workers1 have found that the
dioxide cannot be completely dehydrated without the removal of oxygen end that en
excess moisture content of ca, 4-8% over that cantained by material of canstent
weight, prepered by drying at 120° under vacuum, leads to the highest activity.

Henbest and Thomas:”

groups linked to the mangesnese emd that these groups are respensible for the
production of hydroxylated intermediates in the oxidation of dialkylanilines,

have suggested that the ™water" is present as hydroxyl

It is now thought that the properties of the oxidant, when suspended in
orgenic media, are consistent with the proposal that its surface can act as a
source of hydroxyl redicals and that species e,ge. (HO), MO, formed by the
hydration of Mno2 s may exilst at the surface, The hydrogyl radicals do not become
free, however, but interact with the adsorbed subastrate,

In accordance with the fact that amines react at the a-position in the
primary step of their reactions with 1:—-bu1;oxy-ra.dicals,8 adsorbed tributylamine
is believed to cause the successive detachment of two hydraxyl-radicals to form the
afsorbed amine radical (III) and water end then the carbinolemine, 1-hydroxybutyl-
dibutylamine (IV), The carbinolamine (IV) is a likely precursor of both the
dibutylemine (V) and the enamine but—4-enyldibutylamine (VI).

Ldsorbed
T [ 0
BuzNCHzctht + "HOMnOx * e BuzN(ETQI{ZDt + H20
(1171)
\i "HGMO_"
, b

[BuNCE=GHEY/+ H,0 &Z [Bu NCH(CH)CH,Et /

(vr) (Iv)
i, "HOM!)OJC" ¢
[ﬁuzlvclzﬁci}mt] Bu,MH + /GHOCH,Et /

CH OH V) \
(vz) M
\ "HOMnO_" éﬁOOOGf?EtJ
x
Bu NCHO + /OHCEt_/ "HOMnO, " represents the dioxide
(virIo) | surface
\Y%

Lioocey/
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Work on the ozonisation of tr:i.butylamine12 has shown that the carbinolamine (IV),
in a nonpolar solvent in the presence of tributylamine, cen be partially
dehydrated at room temperature to give the enamine (VI), The enamine (VI) is a
likely precursor of the N,N-dibutylformemide (VIII) as enamines are known to be
cleaved with mangenese dicxide to N-formyl cc:mpounds.t.3 The oxidation of N,Nw
dibenzylstyrylemine (IX) gave benzaldehyde and N,N-dibenzylf ormemide (X).3

Ph(H= CHN(CHzPh)a —>  PhCHO + OHCN(CHZPh) o
() x)

Hydroxylation is an obvious initial stage in the enamine fission and vic-
glycols9 are known to be cleaved by menganese dioxide. The glycol, 1,2-dihydroxy-

butyldibutylemine (VII) is thus snother Llikely precursor of the formemide (VIII).

The possibility of "active" oxygen adsorbed on the dioxide surface being
responsible for the oxidetions was excluded by Evens and co—ve‘ork(—*:::'s-1

In support of the redical mechsnism Henbest, Jones and Owen’

0 showed that one
commercial semple of mangenese dioxide oxidised vitemin A to 3-hydroxyretinene in

16% yield and another gave a considereble proportion of 3-oxoretinene,

This latter oxidation can be considered as being analogous to the oxidation
of dimethylaniline to N-methv]fomanilideB a2s it involves the conversion of an
allylic methylene group into an unsaturated ketone, The fact that 2,4,6-
trisubstituted phenols can be converted into stable phenoxy-radicals with
mangenese diaxide, is also consistent with a redicel mechanism.'H

Theeffect of increasing the weight ratio of manganese dioxide to tributylamine
and the reaction time on the yields of Q@ibutylamine (V) and the formamide {VIII)
is shown in Table I.

Table I
Weight ratio Reaction Time Yield of Yield of
M0,/ tributylemine hr, ) % (viII) %
2541 18 39¢5 40
50:1 72 33 51
75:1 48 25 32

Unreacted tributylamine wes not detected at the end of the last two reactions
in the Toble, The results indicate that more dehydration of the carbinolomine (IV)
to the enemine (VI) occurred using a 50:1 weight ratio of mengemese dioxide to
tributylomine then with a 25:1 rotio,

Table II shows that the addition of small quantities of either dichloromethene
or isopropanol to the solvent, to increase the eluting power, makes no difference
to the yields of products,
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Table IT
Solvent Yield of Yield of
cyclohexane 39.5 b
cyclohexane + 3% . 39 40
dichloromethane
cyclohexane + 3%
isopropanol 39 40

Propionaldehyde is undoubtedly formed with the N,N~-dibutylformamide (VIII)
during the oxidation of tributylamine but probably undergoes further oxidation to

propionic acid.

To determmine whether or not the propionic acid was affecting the course of
reaction, the oxidation was carried out in the presence of propionic acid (mole
ratio of tridbutylamine to propionic ancid 1:0+56). On working up the reaction
mixture by separating into neutrel and basic fractions using dilute hydrochloric
acid, the formamide (VIIL) (33.5%), dibutylamine (V) (53%) and unreacted tributy-
lamine were detected indicating that the propionic acid aided the cleavage of the
carbinolaemine (IV), into dibutylemine (V) end butyreldehyde, to a small extent,

Technical difficulties prevented estimations being made of the aldehydes and
acids formed during the oxidation of tributylamine,

On oxidation for 2fhrs. at 80°, tributylamine gave a high yield of the
formamige (VIII). This indicated that the carbinolamine (IV) hed been converted
into the enemine (VI) to a large extent during remction. Table IIT shows the

results for oxidetion in cyclohexane and benzens,

Table IIT
Solvent Yield of Yield of
iVE ia VIII
cyclohuxane 13 6lLe5
benzene 10 13¢5

At the end of each reaction only a trace of tributylamine was detected,

The yields of dialkylformemides from the oxidations of a series of tri~n-
alkylamines in cyclohexane at 190 are listed in Table IV, A 25:1 weight ratio of
manganese dioxide to amine was used in every case except trioctylemine, where a

12.5:1 ratio was used.

Table IV
imine B Yield of N,N-dialkyl-
3 formamide %

R = N—CBH7 27.5
R = N-C H .

19 40.0
R = N-05H1 1 48,2
R

= N'CBHW 54.0
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The yields of formamide thus improve as the length of chain to be gevered
increases; this is probably due to the stronger adsorption and/or further
reaction of the lower moleculsar weight amides at the suxface of the dioxide.

Thus, on shaking N-formylpiperidine, a Céamide, in light petroleum with a
fifty fold weight of menganese dioxide for 15 min., Cu:crzs.gh"3 " found that only
26.5% of the amide could be recovered from the dioxide surface by elution with
light petroleum, methanol end water,

Triisobutylamine Zdﬁjcli(CHB)GI{E_]} N in oyclohexane was oxidised at 19° in
the same way as tributylamine, N, N-diisobutylformemide and diisobutylemine being
obtained in approximately equimolar quantity using a 25:1 weight ratio to dioxide
to amine,

N,N,N)N'~Tetrabutyl-1,2-cthylenediamine, Bu,NCH,CH_NBu,,, however, gave two
unidentified neutral products in addition to the expected N,N-dibutylformemide,
when oxidised in cyclohexsne at 190 using a 25:1 weight ratio of dioxide to amine,
This indicated that the methylene groups, a-to the nitrogen atoms, are attacked
indisoriminately in aliphatic diamines. (cf. the oxidation of aramatic diamines'*H)

To determine the affect of a bulky t-butyl-group close to the possible sites
of oxidation, the oxidation of N,N-dimethyl-t-butylamine (GHB)}CN(CHB)Z was
studied, Patton has shovn thot this amine is attgcked in the usual fashion by
t-butoxy-radicals to give a dimer.6

2(&13)501{(033)2 + 2(0H5)500 —> (01{5)30}1(@{3) GHZGHZ(CHB)N(CHB)j-r
2(CH3)300H

If mengenese dioxide cen be regarded as a very bulky oxident, in comperison
with a t-butoxy-redical, then steric hindrance between it and the t-butyl-group of
the amine might alter the course of or prevent oxidation, When the amine, in light
petroleum, wes treated with a fifty-fold weight of mangenese-dioxide for 18 hr., at
19°, N-methyl-t-butylamine (12%) wes obtained, showing that oxidation had taken
place possibly by the following route:-

(cﬂj)jcu\r(cy%)2 —_ (CH_,))BGN(CHB) G0 ~» (m3)3mﬁm{3+ CH,C.

As unreacted amine (34%) was detected by quantitative gas-liquid chromato-
graphy when a twenty-five-fold weight of dioxide was used, the above yield of
secofidary emine was calculated assuming all the starting material to have reacted,
The N-methyl-t-butylamine was estimated by measurement of the optical density of
the blue quinone, formed by treating the reaction mixture with a mixture (molar
ratio 1:10) of 2:3~dichloronaphthaguinone and acetaldehyde in ‘nenzene.14

Theabsence of carbonyl ebsorption in the infrared spectrum of the reaction
mixture indicated that the amide, N-methyl-N-t-butylformamide (CHB) 3CN(()I{3)CHO was
not present, It is possible that the emide was formed, however, but due to strong
adsorption end/or further reaction on the dioxide surface it was not detected,
N-methyl-N-t-butylformamide is of the same molecular complexity as N-formylpiperi~
dine, an amide which Curragh showed to be strongly adsorbed on mengsnese dioxide.15
Thus the results of the N,N-dimethyl-t-butylamine oxidation do not indicate the
operation of a steric affect.
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Curragh 13 pas oxidised N-methylpiperidine, ZGHZ_?NCI% , to
N-formylpiperidine, [('IHZ_‘%>NCHO, in 7% yield using a 70:1 weight ratio of
dioxide to amine, showing that a dehydration step is not necessary for the
production of an N-formyl group from an N-methyl group in a saturated tertiary

amine,

@52]5> NOH, —> @‘H%) NCH,OH — ~=2> [GHQJB::NCHO
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SECTION IT

" The Oxidation of Tributylamine with Oxygen at 100°

Introduction

Cullis and Waddington have shown that tr:i.me1;hylanulne1 and trie‘lzhylam:i.ne2 are
oxidised in the gas phase at 165-21 5°. Triethylamine gives ethylamine,
acetaldehyde and a small amount of diethylemine; the primary amine is suggested to
arise largely from intramoleculer decomposition of a peroxy~-radicel:

Et

PNOTHOH, —_ E{NE  +  20H,CHO
00e

BH + NEt, —> BtNH, + Et,NCHOH,,

Trimethylamine gives dimethylamine and formaldehyde as main products.

Discussion of results

When pure oxygen was passed for 36 hrs. in the absence of light, through
tributylamine at 100° containing a catalytic amount of ditertiarybutyl peroxide
oS & radicel initiator and the reaction mixture treated with dilute hydrochloric
acid, N,N-dibutylformemide (5.5%), dibutylemine (17.5%) and other unidentified
products were obtained. 61.5% of the tributylemine remained unreacted. The
formation of the formamide end sevondaxy emine may be explained by the following

mechanigm: -
1,).C0 ) — (CH,),CO*
(CH,4 ) 50000(CHy) 5 > 2(CHg)y I
Bu NCH,CH,Bt  + (CH3)300° —> Bu NCHCH,Et  + (Ch3) 5GOH B.
BuNCHOH,Et  + O, — Bu, NCHCH, Bt Ce
BuNCHCHEt + BuNCHLCHEt > Bu NCHCH Rt + Bu,NCHCH, B4 D.
0" OH
BuzN?I{CHzEt —>> . BuNCHCH,Et + +OH B,
OCH .
Bu2N§JHCHzE‘-_= -~ BuNe + OHOCH,Et P,
Oo
BuN*  + Bu,NCH,CH,Et — Bu,NH + BuzNglszt G,
and/or
Bu, NCHCH,Et  + BuzNCHZCHZEt —— BUQNCHCHzEt + Bu2N(.3HCH2Et H,
L ] éH
Bu,NCHCH,Et <..__> BuNCH = CH Et + H,0 I.
H
Bu,NCH = CH Et Y/ % BuMH + OHCCH,Et J
U.2 - o 2 .
Bu NCH = CH Bt ® ~,  BuCHO X,

Reactions A and B are analogous to those suggested by Henbest and Pad:ton3 for
the production of cmine-redicals unembiguously with t-butoxy-radicals, Direct

evidence for the production of the radical BuZM‘)HCI*IaEt was provided by Raley, and
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Seubold who found that ditetiarybutyl peroxide thermelly decomposed in
tributylemine gave l,5-(dibutylamino) cctens,™

(CH3)3COOC(0H3)5 — 2((213)300
BuNOH GH Bt + (CGH,),00v > BuNCHOH,Et + (CH,),COH
2Bu NGHCH Bt —>> BuzN?HCH?-Et

BuQNCHCHzEt

7

The reaction sequence B.C.D. is analogous to the recognised process of hydrocarbon
or ethe:r8 autoxidations

Reaction E may be considered to be analogous to the mechenism of the thermel
decomposition of cumene hydroperoxide (see below).

The reaction sequence F,G,H is analogous to that suggested as part of the
mechanism for the reaction of ozonised oxygen with ethers.9

Reaction J, has already been disc:usseél,5

The formation of the formemide via the enamine (reaction K) is temtatively
suggested by analogy with the mechanism proposed for its formation from
tributylamine with solid (hydrated) mengamese dioxide (see sbove) and with
ozonised oxygen.5

It is of interest to note that Smith and Swen have obtained N,N-dimethylform-
amide by the irradiation of trimethylamine with Y-radiation.6 The fact that
N,N,N',N!-tetramethylethylenediamine [(cn{3) 21\101&2_72 was produced in the absence of
oxygen suggests that the radical (CHB) NCH,* may have been involved in the
production of the N,N-dimethylformamide.
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SECTION ITT

THE OXIDATION OF TRYBUTYLAMINE AND OTHER AMINES WITH
CUMENE HYDROPRROXTDE

Introduction

Hydroperoxides ROOH eg, R=t-butyl, cumyl, are among the most easily
available organic derivatives of hydrogen peroxide and their ebility to initiate
polymerisation and autoxidation processes is clear evidence of their ability to
split into free radicals. 4

When heated at 100° in certain solvents, eg., acetic or benzoic acids,
or alone2 , cumene hydroperoxi;ie gives high yields of di-a,a-dimethylbenzyl
peroxide, PhC(CHB)ZOOC(CHB)ZPh, some aéetophenone, GHECOPh, and a,a-dimethyl-
benzylalcohol, PhC(GH:j)zOH. Oxygen is also evolved, The a,a-dimethylbenzyl
peroxide is probably formed by the dimerisation of two a,c-dimethylbenzyloxy-
redicals, '

2 PhC(CHB)ZO- —> PhC(CH3)2 OOG(GHB)ZPh.
3

As Kharasch end co-workers” have shown that cumene hydroperoxide, themmally
decomposed in decans at 140°, gives methane (30%), acetophenone (20%) and a,a-~
dimethylbenzyl alcohol (54%), it is evident that a considerable breakdown of the

intermediate cumyloxy-redicals can occur,

PhC(cH})20- - 1>.hcoc:H3 + cH5.

PhC(CHB)ZOOH + CH3.~> P}C(CHB)ZOO- + O

In cumene, PhCH(CHB) ps 8t 128° thermal decomposition of cumene hydroperoxide
geve methene (32%), acetophenone (30%) and a,a-dimethylbenzyl slcohol (90%); 3
these results indicate attack of radicals on the cumene,

Capp and Hewkins first investigated the thermal decomposition of cumene
hydroperoxide in a tertiary amine.l* With triethylamine at 140~120° complete
decomposition occurred in 0¢5 hr. to form ¢,a~dimethylbenzyl alcohol in 88% yield.
However, no nitrogencus product was identified.

It is of interest to note that de la Mare has recently published a paper5
which includes the tripropylamine~tertiarybutyl hydroperaxide reaction, A% 92°
a 3:1 moler mixture of the amine and peroxide yielded t-butenol (80%) end
dipropylamine (32%) as the main nitrogenous products Two higher boiling
fractiona of the reaction mixture, which had empirical formulae 09. 9 H20N o]
and C,, g, O N , were probably PrECH(0BuY )Et and PrZNCH(OBut)Et respectively.

By analogy with the well-known hydrogen peroxide~tertiary amine reaction,
the triethylamine-cumene hydroperoxide and the tripropylamine-tertiarybutyl
hydroperoxide reactions mantioned ebove might have been expectea to yield
triethylamine N-oxide and tripropylamine N-oxide respectively., It 1is possible
that the N-oxides were formed but due to the high reection temperatures, they
may have been thermally decomposed. (+) 8‘)

Cope and Hiok-Hueng Lee have shown that trialkylemine N-oxidea, RsN -

®g. R = O, G, Oy, are thermally decomposed at 1001 50° to form




(1)

(@)

(3)

~km

N,N-dialkylhydroxylamines and olefines containing the same number of carbon atoms
as the side chain removed.

A study of the tributylemine - cumene hydroperaxide reaction at 80° has
consequently been carried out.

DISCUSSION OF RESULTS

When cumene hydroperoxide was thermally decomposed at 80° , in tributy-
lamine, tributylemine N-oxide and dibutylemine were obtained., The details of the
reactions carried out are summarized in the following table:-

Products
(+) (-
Bu,N PhC(Gﬂj) OCH Redotion  Unreacted BugN - 0 Bu, NH
e ,a moleb e ,a mo:Leb time (hr) BZBN b e ,a moleb g.a;‘ moleb
g., mole 4C %°
3.9 1,562 2l 2,618 0.2462 0.19%
0.0213° 0.0103° 0,014 0.00132° 0.00147%.
18° 20.5%
2,02 - 3,06 9 0.80 0,425 -
0, 0109 0.0201 0. 00432 0, 00212
32
3064 1edis I 2,38 0.38 0.198
0.0197 0.00947 0.0129 0.00191 0.00154
28 22,5

a.a-Dimethylbenzyl alcohol (1.15g., 0.0084 mole, 82.5%) was detected in the
reaction mixture of experiment (1), The results of experiments (1) and (3) indicate
that a short reaction time favours the formation of N-oxide. Thermal decomposition
of the N-oxide probably occured during the 24-hr, reaction time used in experiment
(1)s Changing the ratio of amine to peroxide made only a small difference in the
yield of N-oxide (experiment (2).

In an attempt to obtain a higher yield of N~-oxide in the tertiery amine -
cumene hydroperoxide reaction, the oxidation of N-ethylpiperidine, a stranger
nucleophile than tributylamine, was carried out. Due to volatility an accurate
estimation of the amount of unreacted N-ethylpiperidine would not have been
possible using a 2:1 molar ratio of amine to peroxide. By using an excess of
cumene hydroperoxide, it was hoped that all of the amine would react. Vhen
N-ethylpiperidine (0,005 mole) and cumene hydropercxide (0,020 mole) were mixed
and heated to 80°, the reaction mixture rapidly turmed dark red-brown in colour
indicating that considerable secondary reactions had taken place, However, by
reacting N-ethylpiperidine (0,005 mole) with cumene hydroperoxide (0.020 mole) at
room temperature for 24-hrs. a colourless reaction mixture was obtained from which
N-ethylpiperidine N-oxide (29%) was isolated, The yield is based on the amount of
starting material used.

By heating cumene hydrope—oxide (0.0076 mole) in triethylenediamine,
Nf[é‘nzj}; N, (0.0112 mole) at 80° for 4-hrs., a,c-dimethylbenzyl alcohol (400%)
was formede The futc of the emine was not determined,
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The following mechanism for the oxidation of tributylamine with cumene
hydroperoxide may be considered. (R = cumyl).

(a) Pormation of the N-oxide

(+)

‘ (<)
BujN:—--% 9—6‘»—3 —> B31\T: 0 + OR —> Bu3
I

H

(b) Formation of the secordary amine.

(1) ROCH —_ ROs + «(H

Bu,NCH,CH,Et + ROs — Bu NCHOH,Et + ROH

Bu NCH,CH,Et + *OH _ Bu,NCHCH,Bt + H,0

BuNCHCH,Et + *CH ~~>  Bu,NCHCH, Et

OH
Bu, NCHOH, B (—:*9 Bu NGH = CHEt + H,0
OH N
H /Hzo

Bu,NCH = CHE% — Bu,Ni + OFCCH,Et
=0 A (+) (-) (+) (=)
EuBN: —> 0L 0—-H — Bu :0R + OH —» Bu3N~ + «OR + OH

+) (+) (=)

( (=)
Bu3N° + COH —— Bu,N - CHCH,Et + H,0
7

BuN - CHOE, Bt

BuNCHCH,Et + ROCH 3 BugNggcrizEt + ROe
RO» + ROCH — ROH + ROO-
Bu, NCH,CH,Et + ROO —_— Bu,NCHCH,Et + ROOH
followed by reactions E, F and G.
or (iii)
Bu,NCHCH,Et + ROO —_— Bu, NCHCH Bt
bor
Bu, NCHCH, Et N Bu NCHCH,Et + RO
OR : b.
Bu, NCHCH, Bt JBIN.N Bu,Ne + OHCCH,Et

Bu N + Bu,NCH,CH,Et —_— Bu,MH  + Bu,NCHCH,E%

Reaction A is gnalogous to the mechanism formulated by Walling for the
Production of tertiary amine N-oxides from tertiary emines and hydrogen peroxide.

Reaction B has been discussed above in the introduction and the reaction
sequence C to G in Section IT and in our report of last yeer. (+)

Reaction H, involving the formation of the aminium radical BujN- , is
analogous to that suggested by Homer8 for the first step of the oxidation of
N,N-dimethylaniline with benzoyl peroxide in chloroform solution to form

A.

B,
Ce
D.

E,

P,

G

H,

I.

J,

K.
L.

N,

O.

P,

7
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N-methylaniline, formaldehyde and other products. The formation of eminium radicals
is by no meens a new concept. In the case of some aryl and alkyl aryl amines,
stable aminium salts have been prepared.9

For the tripropylamine~tertiarybutyl hydroperoxide reaction (mentioned in
the introduction) de la Mare has suggested a similar reaction sequence to HIJ
for the fomation of the carbinolamine N-(1-hydroxypropyl)-dipropylamine,
Pr NCH(CH)Et, from which he suggests dipropylamine, one of the nitrogenous products
of the oxidation, mey be foxmed, As a result of electron spin resonance measure-
ments, he has further suggested that chain propagation may occur with the species
Przl\TO', which presumably arises to some extent fram the dipropylamine formed in the
reaction,

Resction J, may be importent as radical displacement on the O - 0 bond of

benzoyl peroxide h s recently received strong experimental support‘.10

CH,CHOCH,CIL;  + Bz0 - 0Bz ~>» CH GH(OBz)OCH Ll + <0Bz

Reactions K and I may also be importent as de la Mare has used 2,6-ditert-
iarybutyl-4~-methylphenol to capture tertiarybutylperoxy-radicals formed during the
tripropylamine - tertiarybutyl hydroperoxide reaction.

The reaction sequence M,N,0,P, with R = H has already been discussed in
Section IT. Reaction N mey be considered to be anslogous to the thermal

decomposition of di-¢,c~dimethylbengzyl percxide into a ,a-—c‘limetl'sylbenzylmry—radicalsj1
PhC(CHB)ZOOC(CHj) JPh —> 2 PhC(CHB)200
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EXPERIMENTAL, SECTICN

GENERAL NOTES

Quentitative analyses of amines and amides by ges-liquid chromatography were
carried using the method of internsl standardisation of a Griffin and George
"V.P.C. Apparatus™, Mk,ITa, A linear relationship between peak area and concentration
was found over the range of concentrations used, The peak areas were detemmined
using a planimeter. A 6 f£t. colum of 8% by weight of silicone oil on ocelite
(80-120 mesh) was used with nitrogen as carrier gas (flowrate Ca. 1:8 1, per hr.).

Abbreviationsg: -
G, LeCe = gas-liquid chromatography
i, 8. = intermal standard
r, t. = retention time

Tributylamine N-oxide was separated from mixtures of tributylamine,
dibutylamine, N,N-dibutylformamide by extracting the cyclohexane solutions of the
mixtures with water,

The yields of products are based on the amount of starting material not
recovered,

Light petroleum refers to the fraction boiling between 40° ana 60°,

Solutions were concentrated by rotary evaporation at 200/ 14 mem, wnless
otherwise stated.

Manganese dioxide

The menganese dioxide used was a commercial sauple from Messrs. J. Woolley
Sons and Co, Ltd., who state that it was prepared by mixing solutions of a bivalent

mengenese salt end a permenganate, i.,e,, under acid conditions,

General Oxidation Procedure using mangasnese dioxide

For oxidations at roam temperature (ca.1‘9°), the amine, in a solvent, was
sheken with manganese dioxide in a stoppered flask, For oxidations at 80° ; the
amine, in the refluxing solvent, was stirred with manganese dioxide,

After reaction the manganese dioxide was filtered off and washed with a 3:1
mixture of dichloromethane and methanocl., The solvent was then removed either by
distillation at atmospheric pressure or under reduced pressure by rotary evaporation
at 20°%/14 mm.

Oxidation of tributylamine

(i) Tributylamine (2,00g.) in cyclohexane (250 ml.) was sheken with mangenese
dioxide (50 g.) for 18 hr. at 19°. The dioxide was filtered off the washed with a
3:1 mixture of dichloromethene and methanol (400 ml). The filtrate was concentrated
to about 5 ml, The infrared spectrum of the resulting solution indicated the

1 and 1620 ol

presence of oxidation products by the strong ebsorption at 1675 cme
and the weak absorption at 1565 e

When the solution, in cyclohexane (100 ml), was extracted with water end the
aqueous extract treated with cold saturated aqueous picric acid, no tributylemine

N-oxide picrate was formed.
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The cyclohexane solution was extracted with 0.7% hydrochloxic acid (100 ml)
and water (100 ml), It was then washed with dilute sodium bisulphite solution and
water, to remove aldehydes, dried (MgSO,) and concentrated to sbout 5ml. The
resulting solution absorbed at 1675 cm";r but not at 1620 om™ end 1565 an! in the
infrared, On analysis by G.L.C., N,N-dibutylformemide (0..448g., 36.1%) was detected,

The aqueous acidic extract was basified with ice-cold concentrated sodium
hydroxide solution and extracted with ether (4 x 50 ml.). The combined ether extracts
were dried (MgSOl*) end concentrated to about 5 ml. by distillation at atmospheric
pressure. To reduce volatility cyclohexane (5 ml.) was added amd the solution
again concentrated to about 5 ml. by distillation at atmospheric pressure, This

solution absorbed strongly at 1620 on! end weakly at 1565 om~! eng 1655 an! in the
infrareds On anealysis by GeL.C., only dibutylamine (0,382g., 37.7%) and unreacted
tributylemine (0.554g.) were detected. ' ’
Isolation and identification of products.

18

The formeamide, ny o= 1.4430, was isolated from the remainder of the neutral
fraction by distillation at 0.4 m.m. and identified by comparison of its infrared
spectrum with that of the authentic compound. ‘The formemide exhibited a strong band
at 1675 cmr1. (Found: ©,68.4; H,12.1; N,8,9; Calc. for C9H19NO: 0,68.7; H,12.2;
N,8.9%)«

The remainder of the basic fraction was divided into two parts. One part was
treated with phenylisothiocyanate (1 ml.) and refluxed for 15 min, The phenylthiourea
of dibutylamine, CéHFNHCSNBu?_ , formed was isolsted by chromatography on deactivated
alumina (100g.) - the derivative being eluted by 50% benzene in light petroleum,
Orystallisation from aqueous ethanol gave material m.p. and mixed m.p. 83°,

The other part was chromatographed on deactivated alumina (50g.) Flution
with benzene removed the tributylamine and dibutylemine., Elution with dichloromethane
showed the presence of at least five other products some of which fluoresced in

ultraviolet light.

GeLuCs Analysis

N,N-dibutylformamide estimation:

Column temperature 1250.
N,N-dibutylformemide r,t, 20 min.
N,N-dibutylacetemide (i.s.), Trot. 28 min,

Amine estimation:
Column temperature 100°,
Decalin (i.s.), rete 11 min.
Iributylamine r.t. 24 min,
Dibutylamine ret. 6 min,

(i1) Tributylemine (2.08g.) in cyclohexane (250 ml.,) was shaken with mengenese
dioxide (50 g.) for 18 hr. at 190. The dioxide was filtered off and washed with a
3:1 mixture of dichloromethene and methanol (400 ml.) The filtrate was concentrated
to about 5 ml.

On anelysis by G.L.C. as in experiment (i), N,lH-dibutylformemide (0e47 g,
40,0%), dibutylemine (0.382g., 39.5%) and unreacted tributylamine (0,68g.) were
detected in the solution, The dibutylamine had both a slightly longer r.t. and a
broader peak than that normally given.
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(i1i)  Tributylemine (0.99g.) in cyclohexene (250 ml.) was shaken with manganese
dicxide (50g,) for 72 hr. at 19°. The dioxide was filtered off and washed with a
5:1 mixture of dichloromethene and methanol (400 ml.) The filtrate was concentrated
to about 5 mi.

On analysis by G.L.C. as in experiment (i), N,N-dibutylformemide (0.426g.,
51.0%6) and dibutylamine (0,231g., 33.0%) were detected in the soclution. Unreacted
tributylemine was not detected,

(iv)  Tributylamine (0.98g.) in cyolohexsne (300 ml.) was shaken With mangenese
dioxide (75g.) for 48 hr. at 19% The dioxide was filtered off and washed with a

3:1 mixture of dichloromethane and methanol (500 ml.). The filtrate was concentrated
to about 5 ml,.

On ‘;a.nalysis by G.L.C. as in experiment (i), N,N-dibutylformamide (0.266g.,
32.0%) end dibutylamine (0,172g., 25.0%) were detected in the solution. Unreacted
tributylamine was not detected,

(v) Tributylemine (1.97g.) in cyclohexane, containining 3% of dichloromethene
(250 ml,) wes sheken with manganese dioxide (50g.) for 18 hr. at 19°. The dioxide
was filtered off and washed with a 3:1 mixture of dichloromethene end methancl (hOOri\J.o
The filtrate was concentisted to about 5 ml.

On analysis by G.I1.C. as in experiment (i), N,N-dibutylformemide (O.505g. ,
40.4%), dibutylamine (0.403g., 39.2%) and unreacted tributylamine (0.498g,) were
detected in the solution,

(vi) Tributylemine (1,98g,) in cyclohexane, containing 3% of isopropanocl (250 ml.)
was shaken with manganese dioxide (50g.) for 18 hr. at 19%, e dioxide was filtered
off and washed with a 3:1 mixture of dichloromethane end methanol (400 ml.). The
filtrate was concentrated to about 5 ml,

On analysis by G.L.C. as in experiment (i), N,N-dibutylformemide (0.392g.,
40,0%), dibutylemine (0.314g., 39.2%) end unreacted tributylemine were detected in th
solution,

(vii)  Tributylomine (2.00g.) in cyclohexane (250ml.), containing propionic acid
(0.45g.), was sheken with mangemese dioxide (50g.) for 18 hr. at 19°, The dioxide
was filtered off and washed with a 3:1 mixture of dichloromethane and methar}ol (L00m1’
The filtrate was concentrated to about 5ml., and the resulting solution seperated
into neutral and basic fractions by extraction with dilute hydrochloric acid as in
experiment (i).

On analysis of each fraction by G.L.C., as in experiment (i), N,N-dibutylfor
amide (0.372g., 33.5%), dibutylemine (0,488g., 53.4%) end unreacted tributylamine
(0.688g.) were detected,

(viii) Tributylemine (2.00g.) in benzene (250ml.) was stirred with mengsnese dimxide
(50g.) for 2ihr. at 80°% The dioxide was filtered off and washed with a 3:1 mixture
of dichloromethene and methanol (400 ml.). The filtrate was concentrated to about
5ml., and the resulting solution separated into neutral and basic fractions by
extraction with dilute hydrochloric acid as in experiment (i).

On analysis of each fraction by G,L.C., as in experiment (i),
N,N-dibutylformemide (1.23g., 75.5%), dibutylemine (0.1hg., 10.0%), and unreacted
tributylemine (trace) were detected,

(ix)  Tzibutylemine (2.00g.) in cyclohexane (250ml.) was stirred with mengsnese
dioxide (50g.) for 2%hr. at 80°, The dioxide was filtered off and washed with a 3:1

- ~
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mixture of dichloromethene and metheanol (400ml.). The filtrate was concentrated to
about 5ml, and the resulting solution séparated into neutral and basic fractions by
extraction with dilute hydrochloric acid as in experiment (i).

On enalysis of each fraction by GI:Ce, &s inexperiment (i), N,N-dibutyl-
formemide (1.08g., 6le5%), dibutylamine (0.178g., 13.0%), and unreacted tributyl-
amine (trace) were detected.

Preparation of triisobutylamine.

Diisobutylamine (6g.) and isobutyliodide (18g.), i.c., mole ratio 2:1, were
heated on a steam bath for 3 hr. ‘'he reaction mixture was treated with ice cold
concentrated sodium hydroxide solution and extracted with ether (4 x 50 ml.). The
combined ether-extracts were dried and concentrated, The residue was fractionally
distilled, first at atmospheric pressure %o remove diisobutylamine, and then at 1imm,
18 44215 (1it.nD17‘5)= 1.4252). 7 a.L.c.
indicated that the material was ca,90% pure, the impurities probably being isamers.

to give triisobutylamine (1.5g.), np

Oxidation of triisobutylamine.

Triisobutylemine (0,378g.) in cyclohexane (50 ml.) was shaken with manganese
dioxide (9.4g.) for 18 hr, at 19°, The dioxide was filtered off and washed with a 3:1
mixture of dichloromethane and methenol (100 ml.). The filtrate was concentrated to
about 3 ml.

On snalysis by G.L.C,, diisobutylformamide, diisobutylemine and unreacted
triisobutylamine were detected., The diiscbutylformamide and diisobutylamine were
produced in approximately equimolar quantity., The diisobutyleamine had both a slightly
longer r.t., and a broader peaek than that normally given., c.f. the dibutylemine
anelysis in experiment (ii).* The amine behave nomally, however, when first
extracted from the reaction product vi th dilute hydrochloric acid,

t t
Preparation of N,N,N,N=tetrabutyl-i,2~ethylenediamine,

Dibutylamine (51.6g) and ethylene dibromide (18.8g.), i.e., mole ratic 2:1,
were refluxed for 1 hr. The reaction mixture was basified with ice cold concentrated
sodium hydroxide solution and extracted with cther (4 x 50ml.). The combined ether
extrects were dried (MgSO ) and concentrated, The residue was fraotlonauy distilled
first at 14mm, to remove dlbutylannne and then at 0e1 mme to yield N,N,N N—tetrabutyl-
1,2-ethylenediamine (8.5g,), bepe 90%/0,1mm. , nD = 104454, (1it. bep. 156-8%/12mm. ,
nD25 1.4,38)2  (Found: ©,76.2; H,13.8; N,9.8, Calc. for Oyl pt C,76.03

H,14.2; N,9.8%),
LI
Oxidation of N,N,N N-tetrabutyl-i,2 =ethylenediamine.

The amine (1.91g.) in cyclohexane (250ml.,) was shaken with manganese dioxide
(50g.) for 18hr, at 19°, The diaxide was filtered off and washea with & 3:1 mixture
of dichloromethane and methancl (400ml.) The filtrate was concentrated to about 5ml.

The infrared spectrum of the resulting solution indicated the presence of
oxidation products which absorbed at 1675«:1-1 and 165501:;-1. The solution, in
cyclohexene (100ml.), was extracted with 0,7% hydrochloric acid (200ml.)and water
(100ml. ), dried (MgSOl‘_) and concentrated to about 5 ml.

On analysis by GeL.C., N,N-dibutylformamide and two other neutrel compounds of
higher boiling point were detected in the solution,

* (see page 17)
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Oxidation of triethylamine,

Triethylamine (2.07g.) in cyclohexane (250ml. ) was shaken with mangenese
dioxide (50g.) for 18hr, at 19°, The @ioxide was filtered of'f and washed with a 3:1
mixture of dichlorcmethane and methanol (400ml.) The filtrate was concentrated to
about 5ml, by distillation through a 12 inch Fenske column.

On analysis by G.L.C., N,N-diethylformamide (0.09g., <« 1%) was detected in
the solution, Unreacted triethylemine was not estimated because of losses due to
volatility,

G.L.C, Analysis
Colum temperature 78°,

wxylene (i,8.), rets 9 min,
N,N-diethylformemide r.t. 16 min,

Oxidation of tripropylamine,

Tripropylamine (2.05g.) in cyclohexane (250mi.) was sheken with manganese
dioxide (50g.) for 18hr. at 19°% The dioxide was filtered off and washed with a
5:1 mixture of dichloromethane and methancl (400ml.). The filtrate was concentrated
to about 5ml, by distillation through a 12 inch Fenske colum,

On onalysis by G.L.C., N,N~-dipropylformemide (O.34g., 27.5%) and tripropy-
lamine (0,675g.) were detected in the solution,

GeL.Cs Analysis

Column temperature 130°,
Tributylemine (i.s.), ret. 38min,
Iripropylemine r.t. 7 min,
N,N-dipropylformamide r.t. 19 min,

Oxidation of tripentylamine,

Tripentylemine (2.04g.) in cyclohexene (250 ml,) was shaken with mengenese
dioxide ( SOg.) for 18 hr, at 190. The dioxide was filtered off and washed with a
321 mixture of dichloromethene and methanol (400 ml.). The filtrate was concentrated
to about 5 ml.

The infrared spectrum of the resulting solution indicated the presence of
oxidation products by the strong ebsorpticn at 1675 cmy' and 1620 cu”' and by the
weak absorption at 1565 cm_1. Cf. the oxidation of tributylemine, The solution in
cyclohexane (100 ml.) was extracted with 0,7% hydrochloric acid (400 ml), dried
(Mgsoh_) and concentrated to about 5 ml.

On analysis by G.L.C., N,N-dipentylformamide (0.60g., 48,2%) was detected in
the solution. The aqueous acidic extract was basified with ice cold concentrated
sodium hydroxide sclution snd extracted with ether (% x 50 ml.). The contbined ether
extracts were dried (MgSOh_) and concentrated to about 5ml. by distillation at
atmospheric pressure, On analysis by GeL.C., tripentylamine (0.39g.) and
dipentylamine were detected in the soluticn, The dipentylemine was not estimated,

GoLi.Co_Analysis

N,N~-dipentylformemide estimatiaon:

Colum Temperatﬁre 171°.

Tributylemine (i.s.), r.t. 3 min,

N,N-dipentylformamide r,t. 11 min,
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Tripentylamine estimation:
Column Temperature 174 °.
Tributylemine (i.s,), ret., 3 min,
Tripentylamine r,t, 10 min,

Isolation and identification of the N,N-Jipeatylformamide,

The remainder of the neutral fraction was washed with dilute sodium bisulphite
solution to remove aldehydes. The formamide nD18= L4470 (Lit, nD25= 1.41.62‘)3 s Which
isolated by distillation at 0,1 mm., exhibited a strong band at 1675 an™! in the
infrered, (Found: C,70.9; H, 12.4; N,6,6, Calc. for Oy 4llpsN0: O, 71435 H,12.5; N, 7. 5%)

Oxidation of trioctylamine,

Trioctylemine (1,99g. ) in oyclohexane (150 ml.) was sheken with mangemecse
dioxide (25g.), for 18 hr, at 190. The dioxide was filtered off and washed with a
3:1 mixture of dichloromethane and methenol (250 ml.). The filtrate was concentrated
to sbout 5 ml. The infrared spectrum of the resulting solution indicated the presence
of oxidation products by the strong absorption at 1675 an! end 1620 em™ ena the
weak abgorption at 1565 cm—1. Cf. the oxidetions of tributylamine and tripentylamine.

The solution was chromatogrephed on activated alumina (100g.) Elution with
light petroleum gave unreacted trioctylamine (0.741g.) and with 5% benzene in light
petroleum, N,N-dioctylformomide (0.513g., 54e0%)s The oxidation products which
absorbed at 1620 cm—1 and 1565 cm_-1 were eluted with methylene chloride.

The N,N-dioctylformamide, which exhibited a strang band at 1675 an™' in the
infrered, was distilled at —.1 mm. nD18= 1,453 (Lit, B.2%= 1,4523)%.  (Found:
C,75.3; H, 12.6; N,5.3. Calc. for G, FzgNO: C,75.8; H,13.1; N,5,2%).

1
Oxidation of NN -dimethyl-A°—tetrahydrosebasine.

The amine {0.14g,) in cyclohexane (20 ml.) was shaken with mengemese dioxide
(345 g ) for 18 hr, ot 19°. The dioxide was filtered off and washed with a 3:1
mixture of dichloromethane and methsnol (50 ml.) The filtrate was concentrated to
about 5 11\1. The infrared spectrum of the resulting solution showed a broad beand at
1585 cm o

Oxidation of N,N'-dimethyl-2,2‘'-dipiperidyl.

The amine (0.16g.) in cyclohexane (20 ml.) was shoken with mangenese dioxide
(4g.) for 18 hr. at 190. The dioxide was filtered off and washed with a 3:1 mixture
of dichloromethene and metheanol (50 ml.) The filtrate was concentrated to about 5 ml,
The infrared spectrum of the resulting solution showed broad bends at 1645 an-1 and
1545 an .
Oxidation of N,N-dimethylet-butylamine,

(1) The emine (0.98g.) in light petroleum b.p.30-40° (150 ml.) was sheken with
mangenese dioxide (25 g.) for 18 hr, at 19°, The dioxide was filtered off and

waghed with dichloromethane (200 ml.). The filtrate was concentrated to about 5 ml. by
distillation through & 12-inch Fenske column., On analysis by G.L.C. unreacted

N, N-dime thyl-t~butylemine (0.338g.) and two unidentified prcducts were detected in the
solution, The infrared spectrum of the solution showed no carbonyl absorption,
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GeL.Co Analysis

‘Column temperature 190.

Toluene (i.s.), vobe 17 min,
N,N-dimethyl-t~butylamine r.%, v win,
Product 4, r,t. 7 min,

Product B, r.t. 5 min,

(i1)  The amine (1.0g.) in light petrsicum b.ps 30-40° (150 ml,) was shaken with
menganese dioxide (25g.) for 18 hr. at 13", The dioxide was filtered off and washed
with a 3:1 mixture of dichlorometheme and methanol (300 ml.). The filtrate was
concentrated to about 5 ml. by distillation through & 12-inch Fenske colunmn., The
solution showed no carbonyl absorption in the infrared,

(11i) The amine (1.00g.  .u light petroleum bep. 30-40° (250 ml.) was shaken with
mangenese dioxide (40g.} for 18 hr. at 19% The dioxide was filtered off end washed
with a 3:1 mixture of dich)oromethene and methanol (300 ml.). The filtrate was
concentrated to about 200 nl. by distillation through a 12-inch Fenske column and
treated with a mixture (mole ratio 1:10) of 2 ,3-dichloronaphthaguinone (1.12g.)

end acetaldehyde (2.20g.) in benzene (100 ml. )Z*'.

After 18 hr. in the dark at 190, the resulting blue solution was
cancentrated to about 50 ml. After washing with 0,5N sulphuric acid to extract
the amine hydrochloride, the blue solution was dried (MgSOh_) and made up to 500 ml.
with benzene, From the opticel density of this solution at 57201%, the amount of
2-chloro-3, 2 ~Ne-me thyl-N-t-butylaminovinyl-1,-naphthaguinone formed was 0.186g.

The yield of Nemethyl-t-butylamine wes thus O.0534g., 12.4%, assuming all the
N,N-dimethyl-t-butylamine to have reacted,

The solution was evaporated to dryness and chromatographed on deactivated
alumina (50g.). Rapid elution with benzene gave first unreacted 2,3-dichloronaphtha~
quinone and then the blue 2~chloro-3,2'-N-t-butylaminovinyl—1,4-naphthaquinone,

The blue quinone was crystallised twice from toluene and dried at 60° for 15 hr, at
O.imme to remove toluenée of crystallisation. mep.157°. (Found: C,65.5; H,6.1;

N, 40, 171{18021101 requ:x.res- 0,67.2; H,5,9; N,4.6%)s Ultraviolet absorpticn

(in benzene): X max 5720A. , € mex = 12,750,

The ultraviolet absorption of a solutlgn of the blue quinone in pure
dioxen wes measured in the range 2,000 ~ 5,8004, Three maxima were found:

Band I Beng IT Band IIT
o]
N\ max 2,360A. A max 3,2008 M\ mex 5,6608
£ mex = 10,110 £ mex = 26,800 £ max = 12,720
2-Chloro-3, 2' ~dimethyleminovinyl-1 ,4-naphthaquinone (&)
and 2-chloro-3,2'~diethylaminovinyl-1,,~naphthaquinone (B)
under the same conditions each give three max:'una:—l"
Band I Band II Bend IIT
(4) X max 2,3808 A mex 3,2308 dmax §,6408
& max 10,200 £ max 27,600 £ mex 13,300
(B) X mex 2,380% X mex 3,2108 \ max 5,580

£ max 10,100 £ mex 26,600 & max 12,200
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Oxidation of tributylomine with oxvgen at 1000.

In the absence of light a slow streem of pure oxygen was passed for 36-hrs.
through tributylemine (26,41g., 0,743 mole) and a 0,01 mole equivalent of diter—
tertiarybutyl peroxide at 100° in & 1. . flask filted with a double surface
condenser, The reaction mixture which. ‘i< rark red-brown in colour was cooled,
teken up in cyclohexsne (200 ml.), and urucacted with water. On treating the agueous
extract with cold saturated aqueous picyiu 2cid, & crystalline picrate was not
obtained, The residual cyclohexene solu.. =1 was extracted with dilute hydrochloric
acid to remove basic matericl, dried (MgSOLL) and concentrated to about 10 ml. On
enslysis by G.L.C, N,N-dibutylformemide (0.49g., 0.0031 mole, 5.6%) and two other
unidentified products were dutected in the solution, Infrared absorption at 1675 ot
confirmed the presence of the formamide, The acid extract of the reaction mixture was
basified with cold concentrated sodium hydroxide solution and extracted with ether
(4 x 200 ml.) The comdiosd cutracts were dried (Mg,SOh_) and concentrated to about
25 ml. Unreacted tributylomiuc (16,2g., 0.0876 mole) and dibutylamine (1.24g.,
0,0096 mole, 17.4%) were deiwoted in the solution on analysis by GeLeC.

Cumene hydroperoxide from Laporte Chemicals Limited was purified by distillation at

53%/0.0005mm, 20 15202 (rit. 2% 1.5242).°

a,a-DimethylbenzvL alcoholé was prepared by the action of cumene

hydroperoxide on tributylamine at 110°. Me Pe 3I+O (from light petroleum).

Oxidation of tributylamine with cumene hydroperoxide.

(1) Tributylemine (3.94g., 0,023 mole) and cumene hydroperoxide (1.56g.,

0.0103 mole) were mixed and heated at 80° for 24-hr. The reaction mixture was
cooled end taken up in cyclohexane (100 ml.) The cyclohexane solution was extracted
with water and the aqueous extract treated with cold saturated picric acid.
Tributylamine N-oxide picrate (mep. ond mixed m.p. 1100) was formed representing
tributylemine N-oxide (0.264g., 0.00132 mole, 18%). The cyclohexane solution was
extracted with dilute hydrochloric acid to remove basic material, dried (MgSOlF), and
concentrated to about 5 ml. On analysis by GeL.C. @,a-dimethylbenzyl alcohol
(1e15g., 0.0084 mole, 82.5%) was detected but not N,N-dibutylfcrmamide snd
N,N~-dibutylbutyramide. The acid extract of the reaction mixture was basified with
cold concentrated sodium hydroxide solubtion and extracted with ether (4 x 100 ml.).
The cambined extracts were dried (MgSOI) and concentrated to gbout 5 mls Unreacted
tributylemine (2,61g,, 0.0141 mole) and dibutylamine (0,19g., 0.00147 mole, 20.5%)
were detected on analysis of the solution by G.L.C.

GoL:wCo finalysis of g,a-dimethylbenzyl alcohol,

The a,a-dimethylbenzyl alcohol was estimated on a 6ft, colum of 8% by weight
of silicone oil on elite at 110° using tributylamine as internal standard.

Tributylemine (i.s.), ret. 12 min,

a,a-dimethylbenzyl alcohol r.t. 25 min,
(ii) Tributylamine (3.64g., 0.0197 mole) end cumene hydroperoxide (1.4kg., 0.00947
mole) were mixed and heeted at 80° for h-hr, The reaction mixture wes worked up and

analysed as in experiment (i).
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Unreacted tributylamine (2,38g., 0.0129 mole), dibutylemine (0.198g.,
0,00154 mole, 22,5%) and tributylamine N~oxide (0.38g., 0,00191 mole, 28%)
were obtained.

(1ii) Tributylemine (2.02g., 0.0109 mole) and cumene hydroperoxide (3.06g.,
0.0201 molé) were mixed end heated at 80° for 9 hr, The reaction mixture was worked
up and anilysed as in experiment (i).
Unreaéted tributylamine (0.80g., 0.00432 mole) and tributylemine N-oxide
(0. 425g. , 0.00212 mole, 32%) were obtained, .

Oxidation of N~ethylpiveridine with cumsne hydroperoxide.

(iv) N-Bthylpiperidine (0.559g., 0.00495 mole) and cumene hydroperoxide (2.96g.,
0. 0194 mole) were mixed end heated to 80°, Almost immediately the reaction mixture

turned a dark brown colour. The reaction was not investigated further,

(v) N-Ethylpiperidine (0.559g., 0.00495 mole) and cumene hydroperoxide (2.96g.,
0.0194 mole) were mixed and allowed to stand for 24 hr., The reaction mixture was
teken up in cyclohexene (100 ml.) and extracted with water, The aqueous extract, on
treatment with cold saturated aqueous picric acid yielded N-ethylpiperidine N-oxide
picrate (m.p. and mixed m.p. MA-O. Found: C,43.7; H,k.9; N,16,00. Cale, for

C, 3H1 808N40,2+3.6; H,5.1; N,15.6%) representing N-ethylpiperidine N~oxide (0.198g.,
0.00142 mole, 29%0.

Oxidation of triethylenediamine with cumene hydroperoxide.

(vi) Triethylenediamine (1.12g., 0.0112 mole) and cumene hydroperoxide (O.76g. ,
0.,0076 mole) were mixed and heated at 80° for 4 hr. Although the reaction mixture
was worked up as in experiment (i), the fate of the amine could not be determined
due to the extreme solubility of triethylenediemine in water, a,a-Dimethylbenzyl
alechol (0.68g., 0.,0076 mols, 100%) was obtained.
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2, QOXIDATION OF TERTIARY AMINES BY MONOVALENT RADICALS,

In our previous reports the oxideticn of dimethylaniline by te~butoxy radicals
formed by thermal or photochemical decomposition of di~t-butyl peroxide in an
excess of dimethyleniline has been discussed in detail. The products of the reaction
indicated that N-methylanilinomethyl radicals (PhMeN-CHz-) were generated and that
these dimerised to give the main product. Other products were the triamine and
tetramine formed by further dehydrogenative coupling with the N-methyl groups of
the diemine and trismine respectively, The oxidation of other amines has also been
discussed and attempts to find other sources of radicals described., The work of the
present report continues the oxidation of amines with di-t-butyl peraxide using an
excess of the amine as solvent and also using acetic acid as solvent, Compardson is
made with the products of oxidation using other oxidising agents,

The oxidation of N,N-dimethyl-t-butylamine by dim-t-butyl peroxide in mole
ratio 5:1 by reaction at 1 320 for 87 hours was described in the last report.
N,N'-Dimethyl-N,N*-di-t~butylethylenediamine was formed in 4 7% yield, The reaction
has been repeated and the formation of a triemine noted in 27% yield, Gas
chromatography showed that the trimeric fraction consisted of two compounds (ratio
about 95:5). By analogy...._y‘vith the trimer and tetramer in the dimethylaniline case it
may be assumed that the lesser peak correspondsto the trimer resulting fram
dehydrogenative coupling with the N-methylene group of the diemine,
BuY(Me)NCHZOIﬁEHQN(Me)BuyN(Me)BuY, end that the major peak corresponds to the
trimer resulting fram coupling with the N-methyl group,
BuY(Me)NCH20H2N(BuY)CH20H2N(Me)BuY. The results with N,N-dimethyl~t-butylemine
show that it is attacked by t-butoxy redicals in the usual fashion and that there
is no steric hindrence between the entering t-~butoxy radical and the bulky t-butyl
grow of the amine,

The resction between N-methylpiperidine and di-t-butylperoxide with the
formation of 2,2'-dipiperidyl and an epamine was discussed in the report of last
year., In order to obtain more evidence on the route of enamine formation experiments
were done using N,N-dimethylisobutylamine and N,N-dimethylisopropylamine, When
N,N-dimethylis cbutylamine and di-t-butyl peroxide were reacted together no N,N-
dimethyl-2-methyl-prop-1-enylamine Me,C:CHNMe, was found. This campound would be
the monomeric ensmine expected. The higher-boiling products of the reaction showed
only a weak band in the infrared at 48675 cm."‘l and this appeared to be a carbanyl
impurity rather than an enamine of a dimeric product. Gas chramatogrephy indicated
a single canpound and spectra in the near infrared region indicated that the product
was N,N'-dimethyl-N,N'-djiscbutylethylenediamine i.e, dehydrogenative coupling
occurred via the N-methyl group of the amine and not on the N-methylene group, The
results with N,N-dimethylisopropylemine were similar, A weank band was again
observed at 1675 cm.-1 in the infrared spectrum of the proiuct. Spectra in the near
infrared region indicated that a substituted ethylenedismine had bezen formed,

Further evidence that this may be the structure is that another possible dehydrogeno-
dimer, 2,3-bis(dimethylemino)=2,3~dimethylbutane has a lower boiling point than that
of the product. Thus these two amines are attacked at the N-methyl group in the umual
fashion by the t-butoxy radical to form an aminomethyl radical and t~butanol,
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Enamines do not seem to have been formed,

The reactivity of methyl groups towards t-butoxy radicals increases in the
order (Me, OMe, NMe. Thus the yield of t-butenol when dl-t~butyl percxide is
decomposed in substrates is 26% fram t--'buf:ylbenzene,‘1 55% from e.nisole,2 and
100% fram dimethyleniline, Competitive experiments were therefore dme on N,N-
dimethyl=t~butylamine, t-butylmethylether, and dimethylaniline and the results
compared with other work in this depertment on parallel experiments with dimethyl~
aniline, aniscle and t-butylmethylether, The results are illustrated in tabular
fom in the experimental section, where it may be seen that amines are very much
more reactive then ethers, However, dimethylaniline was not much more reactive
then dimethyl-t-butylamine. Thus the additional possible stabilization of the
initial radicel by the benzene ring does not contribute mich to the reactivity.

The greater reactivity of amines compared with ethers is probebly due to the greater
capacity of amines to contribute a polar structure to the transition state,
Electron danation from the hetero-atom with consequently lowering of the activation
energy, occurs more readily for nitrogen than for oxygen:

:N N W
RO* + H———é< —> ROmoneé( & RO+ -G

Resonance stabilization by electron domation must also be greater for R?N°CR2'
then for RO-GRZ- redicals as dimers are formed by the former radicals,

Stereochemical Aspect of Hydrogen Removal

For amines it may be expected that, for a particular oxidising agent, there
will be a preferred conformation for the removal of hydrogen. The problem is to
determine the preferred angle between the leading hydrogen and the characteristic
unbonded electron pair on nitrogen., If alkoxyl radicals are electron accepting in
character then their reaction with amines may be due to electron donation from

nitrogen in the transition state, Wall:i_ng3

has suggested that the t~butoxy radical
is electrophilic in charscter, However Moorel'” has found that the a-position in
ketones is activated towards attack by t-butoxy radicals for butan-2-one and
cyclohexanone, and Beckwith5 from the reaction of di~t-butyl peroxide with aliphatic
acids has suggested that the t-butoxy radical has negligible electrm accepting
properties and that polar effects do not influence the course of its reactions,
Johnston and Williams6 and Huang and Yeo7 however have oonncluded that hydrogen
abstraction by t~butoxy redicals may involve some degree of polarization in the

transition state,

L]
If electron donation fram nitrogen in the transition state is a step in the
reaction of amines with t-butoxy radicals then the removal of cis-hydrogen will be
the preferred paths

RO: H RO: RO
N y o . /H . .
NG - ,N—C-. — N-—C

A Asv
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Competitive reactions of cis- and twens~1, 2,5~trimethylpyrrolidine with
t~butaxy radicals may be informative., These amines were synthesised according
to the scheme:

(m30m2)2 + N, — MelOHOHCMeRE I

lZn/Hm
g g B P el
tivens-MeCHCH, CH,,CHM IV g  MeCHCHCHCHM: IL

. I
ofn-NeCHCH, eNH L' vy S | CH,,CMeN IIT
ot oI, 5, (R TR, MeH,,

clg and trans-MeCHOH CH GHM&e

—-—--—.—o-)
v and  V ‘yomo/moock

2772

Reduction of 2,5-dimethylpyrwole I by zinc and hydrochloric acid gives a
mixture of 2,5—A3 ~pyrroline IT and 2, 5-A1-pyrroline III. These were soparated
by the differences in solubility of their picrates and the esmines were regenerated
from the picrates, Hydrogenation of the pyrrolines gave the cis- and trans-isomers
of 2,5-dimethylpyrrolidine (V and IV) and these were methylated using formic acid/
fomaldehyde to give the cis- and trens-isomers of 1,2,5-trimethylpyrrolidine.

In the reactions of the isamers of 1,2,5-trimethylpyrrolidine with di~-t-butyl
percxide it was found thst isomerisation of cis to trans or vice versa did not
occur. Thus the reaction of the molecule KX with the corresponding radical R
according to the equation

B + R* =) R* + R

does not occur. This is in accord with the unimportance of similar reactions with
benzylic mdicals.8

In the experiments, both by thermal decomposition and by photolysis of the
peroxide, it was found that the trans-isomer reacted slightly more quickly than
the cig-isomer. This is in agreement with the theory as the trans-iscmer contains
the hydrogen of the g-carbon and the lone pair of the nitrogen in a more cis-
configuration, However, it should be emphasized that the reactivity difference is
not large.

\H .
o/ H R
C/ @ W R
e 3
R N H

*

trans-1,2, 5~trimethylpyrrolidine cis-1,2,5-trimethylpyrrolidine

Dimethyl-p-toluidine and di=-t-butyl peroxide in acetone,

In order to compare the reaction of t-butoxy radicals with that of 3,5,3',5'=-
tetrachloro=i,4' ~diphenoquincne (teced.), di-t-butyl percxide was decomposed
photochemically in the presence of dimethyl-p-toluidine in acetone. With t.cede
the main product of the reaction was 5,6,11,12-tetrahydro-2,5,8,11~tetramethyl-
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phenhomazine, This was not formed in the present case, the main produst being the
expected N,N! -dimethyl-N,N!~di-p-tolylethylenediamine (40%). A amell .amownt of
monanethyl-p-toluidine was also formed, Thus the mechanisms of the two reactions
are different. The t,c.ds mechanism will be discussed later,

Dimethylaniline and di-~t-butylpercxide in acetic acid.

The reaction of dimethylaniline and di-t-butyl peroxide in acetic acid as
solvent hes been studied, Initisl work was done using 50% agueous acetic acid
as solvent, The products were essentially the sesme as in those using glaciel
acetic acid but were in lower yields. The latter system was therefore used most
often, With dimethyleniline and peroxide in mole ratio 5:1 and decamposed in
glacial acetic acid the products of the reaction were 4,1;'-bis(dimetkwlanﬁ_no)—
diphenylmethane I (50%), L,4*,4"~tris(dimethylamino)triphenylmethane II, (leuco-
crystal violet) (12%), N-methylacetanilide (84%), L-dimethylemino(l'-methyl-i! -
acetyl)aminodiphenylmethene III (20%). The yield of the lagt-named compound is
based on the amount of N-methylacetanilide from which it could theoretically be

formed, The ylelds are based on the equations:

3PMe, + (M6300)2 —_— (C6HLFI\TMeZ)ZCH2 + PHNilde + 2Me,CCH (1)

4PhNMe, -+ 2(Me300)2 — (C6H4Mde2)30H + PHNEMe + 24Me500H (2)

IT

The yield of methyleniline, as N-methylacetanilide, is based on equation (2).

The amide ITI was recognised by hydrolysis to 4~dimethylamino~y*-
methylaminodiphenylmethane IV, the secondary emine being synthesized as follows:

p-MeZNC GH)_‘_(}IZCH + p—H?_NCGHl‘.Me —_— p—MeQNC H, CH NHCGH Me~p

e 6k b
‘ . O _NHMe, HCL
p-epNC H, CH,C (N (Me)OMe 6 SI\H;M:
IIT O, H_NHMe
\ 0 € 5Nl
o
p—Me2N06H40H206HAM{(Me)--p v

The reaction of dimethyleniline, k4,4'-bis(dimethylamino)diphenylmethane, and
di-t-butylperoxide (mole ratios 2:2:1) in glacial acetic acid was also studied,
N-methylacetanilide (11%), the amide III (85%) and leuco crystal violet (15%k) were
formed. Fran the amount of L,4' ~bis(dimethylamino) diphenylmethane returned it was
evident that some was formed during the reaction., The results of this experiment
suggest that N-methyl groups rather than the central GH2 of the 4,4'-bis(dimethylamino)
diphenylmethene are attacked by the butoxy radicels,

The formation of 4,4'-bis(dimethylemino)diphenylmethane in these experiments
suggests, by analogy with the formation of IV above from p~dimethylaminobenzyl-p-~tolu~
idine P’M82N°634CH2M{06H Me-p, that p-dimethyleminobenzyl-methylaniline VI

)
p-Mczl‘TCSHACﬁZN(Me)CéH5 , may be an intermediate in the xreaction of the peroxide with
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dimethylaniline ir scebis zcld as snlwawd. This compound has bsan reported earlier
iu the resctica of he JLys:xw::-:irih's in dimothylicnd line when the acncentration of the

atiwl redicels es celatively low, Thus 1% may be

PhlMe,, -+ (Ivle:jﬁo) P e S h,h(n e )5l 2Oty N i 2 COH

} ut
C‘h}*:.N H M - CEEGQ-)HI;NIVI&Q
s ("')

%

.Aco‘}.*:// PHM,,

0 N(Me)ots

’ p«MezNoéHACﬂZC H, Nide o=P
Resctions using n-dimuthylemingi snzylme ghyl.em.u.l.n.le wore therefore tried.

Prom work previous’y cezrvied out intiin depertment 1t was thought that

vzt
20,0

' rtrachloro-k, 4t -di phesogquinel (t, Co dob.z) , & reduction product of teceds
in the cxidations using that pi ofuet, would provide the acidic conditions thought
necessory for the splittning f +i2 intermediate, as methylaniline and

Lt -bis( dimsthylamine) dipheny imethans had been obtained in the 1,0.I oxidation

ui dimethylaniline, Here ., uxporiments with dimethylaniline, t.c, &.112 and

g <dmethyleaminobenzylmsthy 1 uiline wider verious conditions showed the intermediate
te se unchenged, Monomethylaniline gseiacd to react under the same conditions but
the predacts were not identified,

Vhen dimethylmw.iljne, p-dimethyleminobengylinsthylaniline and t.c. d,h2

(catalytic amourd) wore refluxed inm gleciol aceiic acid, k,4'-=bis(dimethylaming)-

—’O

Siphenyl mothans (100%), N-methylacetenilide (947); and & sm~ll amount of leucs
orystal vielet were foxmeds Further experiments showed that the presence of 'baOodoho
was a0t reguincd,

LY tie carbonium ion +CH?C-H. NMe,. ~p is fowed, tiaen a mixed diamine should be
formed on refluwring p-dmetm'lwm_nooenzylmel thyloniline and N-phenylpyrrolidine in
scetic acid, In Pact, N-uethylacetanilide ($7%) vas obteined togevher with en
emine whese properties indicated that it wos #be expecied L4-(dimsthylamine)-i'.-
{F~pyrrolidine)diphenylnsthane (58%),

The forivtion of the acetyl compound III in the rcactions of dimethylemilins
snd peroxide may be due to the ebove carbonium iuvn oitacking ¢ methylaniline moluculs
{or it: scotyl deriveiive), or it may be due 4o ritack of a methylanilinomebiyl
vedical on an Jd-methyl group of 4,4'-bis(&imethylamine}diphenyl methene,

The resulting molecule would be anszlogous to p~iimethylamincrensgylmethylonilins and

on hydroiysis in acstic acid would lead i+ the arstyl compownd IIT end the

carroniw: ion previcusly poswulabed. This latber mecnanism leods to the copzideration
of the initial formation of p-dimathylaminobenzylmetvhylaniline, In view of th-
strength of 201 evomatic CH bond it is wnlikelr that direct abstrection of a pare
hydroger of o dineshylamiline molxz Jn rocurs either - o methylenilinomethyl radical
or & t-mibery radleal. Suetr a madiza.. meuld Yen ecnvlivs with a methylenilinomethyl

radicel to give the product Givesily. Wor: with vl isuterated toluen99 has shown
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that radicals react by addition followed by abstraction of hydrogen,
Similarly in this case it is more likely that a methylanilinomethyl radicel
first adds to the benzene ring to give a radical;

Me

. N
PhN(Me jOH,_ ~— —N

2

N

H\ \ Me
which then undergoes hydrogen abstraction by another methylanilinomethyl
radical or a t-butoxy radical to give p-dimethylaminobenzylmethyleniline,

The reaction of 3,5,3',5'-~tetrachloro-i,L'~diphenoquinone with

dimethyleniline in acetone hes also been studied. Previous work“0 had
shown that 4,4'~bis(dimethylamino)diphenylmethane and methylaniline
were formeds It has now beem shown that p~dimethylemincbenzylmethylaniline
(VI) is also formed as & major product of the reaction, This diamine is
presumably the intermediate in the formation of the other two products.

Ite formation may be represented:
v,

PtNMe, +  T.GDs ——3 PEN(Me)CH, +  (T.C.D.H)
(+)
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V 4+ PN, e PhNMeGI-I@I:) Me,

H

T.C.D.HS")

PhNMeCH206}{2+N:M32 + TQCQDQH2

VI

This work finds agreement in the work on dimethyl-p~toluidine and t.cede ( Henbest -
unpublished work ) where 5,6,14,12-tetrahydro-2,5,8,11~tetramethylphenhomazine is the
main product. This must be formed via an intermediate of the type VI,

The reaction of dimethylaniline and cumene hydroperoxide in acetic acid was
also studied. Previous work ° hed shown that methylaniline (as N-methylacetanilide)
and k4,4 -bis(dimethylamino)diphenylmethene were formed. Experiments now showed that
leuco crystal violet and 4-dimethylamino-(4'-methyl-!~acetyl)sminodiphenylmethene
were also formed, As the basic products of the reaction are the same as for di~t-
butyl peroxide it is reasonsble to assume that the mechenism of the redicel attack on
the amine is similar, The initial breakdown of the hydroperoxide into a eumyloxy send
a hydroxy radical is, however, a compliceting factor.

Reaction of t~butoxy radicals with a mixture of dimethyleniline and 4,4'-bis-
(dimethylemino)diphenyl methene in acetic acid gave, as already mentioned, N-methyl-
acetanilide, the amide ITI and leuco crystal violet, Similar reaction in the ebsence
of acetic acid geve t-butenol and 4-dimethylamino-i!-methylamino-diphenylmethane (87%).
Also formed was 1,1,2,2,-tetrakis(4~dimethyleminophenyl)ethane(19%). The formation of
& demethylated product has beei: noted in an sarlier report in the reaction of
N~methyldiphenylamine with di~t-butyl peroxide when diphenylemine was the main product.
The other emine is formed by hydrogen abstraction fram the central methylene group with
subsequent dimerization of the radicals so formed. This suggestion is supported by the
following reaction carried out in the absence of dimethyleaniline,

4,4 -Bis(dimethylamino) diphenylmethene and di-t-butyl peroxide in mole ratio 3:1
gave 4~dimethylamino~4'~methyleminodiphenylmethane (19%), 1,1,2,2,~tetrakis(4-dimethyl-
aminophenyl) ethane (17%), A,and NN'wdi-/hep ~dimethylaninobenzyl)~-phenyl/-N,N' ~dimethyl-
ethylenechamine (24%), B.

The last named compound B is the dehydrogenodimer resulting from coupling of
radicals formed by hydrogen sbstraction from the N-methyl group of 4,4'-bis(dimethyl-~
amino)diphenylmethane, As the yields of A, and B, are approximately equal, the central
methylene group must be activated by the presence of two adjacent dimethylaminophenyl
groups as statistically the chamce of attack on N-Me should be four times that of attack

on the central CH2.




N N-Dimethyl-t~butylamine and di-t-butyl peroxide,

(i)  N,N,-Dimethyl-t-butylamine (2,53g.) end di-t-butyl peroxide (0.73g.),

(1.4, 5 moles:1 mole), were heated in a sealed tube for 87 hours at 132°, Gas
chromatography using 6ft, silicone oil/celite column at 19° showed that t-butanol and
no acetone had formed, Distillation at reduced pressure at the water pump gave
N,N'~dimethylN ,N' ~di-tebutylethylenediamine, bops 95715 mme, 120y 1.4kiB.

[Found: C,70.7; H,13.8; N,13.55%. G, H N, requires O, 71495 H,14e1; N, 1408/,

The yield of substituted ehtylenediamine (0.47g., L7%) was found by gas chramatogrephy
on the sbove column at 122° with dibutylformamide as the internel standards

(ii)  N,N-Dimethyl-t-butylemine (5.05g.) and di-t-butylperoxide (1.46g.),

(ie0s, 5 moles: 1mole) were heated in a sealed tube at 125° for 24 hours, Gas
chromatography using 6ft. silicone oil/celite column at 370 showed that t-butanol had
been formed end that same peroxide still remained, Low~boiling products were removed
from the reaction mixture (L4.52g.) by distillation and N,N'-dimethyl-N,N'-di-t-
butylethylenedismine collected at 86%/12 mm (0.43g., 31%), Distillation at the oil
pump gave & higher boiling product corresponding to a dehydrogenotrimer, b,p. 850/ 0. 05mm
(0.28g,, 27%)s /Founa: ©,71.8, H, 13,6; N, 13.4% C, gl N5 requires C,72.2; H,13.8;
N,14.0%/. A residue (0.15g.) remsined, Gas chromatography using 6ft. silicone oil/
celite at 191° with a flow rate 1,7 litres N, /hour showed that three high-boiling
products had been formed. N,N!-~dimethyl-i N*-di~t-butylethylenedismine had a retention
time of ).6 minutes, and the product b.pe 850/0.05 mm. showed two peaks, The largest
(95%) had & retention time of 30 minutes, whilst the other (5%) had a reteution time of
21,8 minutes,

N,N-Dime thylisobutylamine,

Isobutylamine (73g,), 90% formic acid (260g.) end 40 formeldehyde (165g.)
(isee 1:5:2.2 moles respectively) were mixed by adding a mixture of the aldehyde and
acid dropwise to the amine with ice-cooling and the mixture refluxed for 17 hours.
Concentrated hydrochloric acid (45g.) was then added and the mixture boiled for
15 mins. The mixture was then made alkeline with sodium hydroxide solution, extracted
with ether, dried with magnesium sulphate and distilled. The product bep. 78-83° was
collected and was refluxed with benzoic enhydride (20g.) for two hours and then
distilled b.p. 80-81°% This product was redistilled from solid potassium hydroxide
and stored over sodium, b.p., 80-81°, n18D 143935,

N, N-Dime thyl-2-methyl-prop-1=-enylemine.

Iscbutyraldehyde (36g.) in pentane (100 ml.) with much anhydrous magnesium
sulphate were cooled to 0°, Anhydrous dimethylemine (22.5g.) in pentane (50 mls),
also cooled to 0°, wes added dropwise with stirring. After two hours the magnesium
sulphate was replaced by snhydrous calcium sulphate and stirred for one hour before
being filtered, The infrared spectrum of the filtrate showed a very strang aldehyde
peok at 1729 cxn-‘1 and no enamine peak at 1670 cm—1. The solvent was distilled off
slowly over two hours and the excess of aldehyde collected at 5,'5—610. The product,
N,N-dimethyl-2~methyl~prop~t-enylamine distilled at 85-870, (9g.)e This product

A
showed the enamine pesk at 1670 am™' in the infrared and was shown to contain e 1ittle
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aldehyde (%) by gas chromatogrephy using 6Pt. silicane oil/celite colum at 20° with
a flow rate of 2 litres Nz/hour. The retention time of iscbutyraldehyde was 3,5 min,
the enamine 12,4 minutes, and N,N-dimethylisobutylamine 9.5 minutes,

Addition of diniirophenylhydrazine solution to a solution of the enamine in
methanol gave crystals of the derivative of isobutyraldehyde mepe 185-—50.

N N-Dimethylisobutylamine end di-t-butyl peroxide.

(i) N,N,- Dimethyliscbutylemine (11.50g.) and di-~t-butyl peroxide (3.325.), i.6.,

5 moles:1 mole), were heated in a sealed tube under nitrogen at 126 for 90 hours.

Gas chromatography of the reaction mixture using 6 ft. silicone oil/celite colum at 20°
showed that t-butanol and no acetone were formed, There was elso no N,N-dimethyl-2-
methyl~-prop-1-enylemine present in the chromatograph. The reaction mixture (12.33g.)
was then distilled at atmospheric pressure (bath 140°) to leave a residue (3.43g. ,

88% if assumed to be dehydrogenodimer). The distillate did not show an ensmine band

in its infrared spectrume The higher-boliling residue showed a weak band af 1475 @m—‘l‘.
However, on hydrogenation with Aden's Platinum Oxide Catelyst (0.13g.) in methanol for
21 hours at 20° at atmospheric pressure the residue (1,08g.) had only taken up a small
emount {170 c.c.) of hydrogen and this was probsbly the amount taken up by the catalyst.
Gas chromatogrephy on the silicone 0il column at 121° g.ndicatea a single high-boiling
product. With 4 ft. silicone oil/celite column at 100 (flow 27ml/min) using the Pye-
Argon Gas Chrometograph the presence of a small amount of a second high~boiling
compound which had a retention time close to that of the main peek (24 minutes) was
indicated, This second canpound thus appears to be a carbonyl compound rather then an
enamine.

(ii) N,N-Dimethyliscbutylamine (2.64g,) and di-t~butyl peroxide (0.79g.) were heated
in a sealed tube under nitrogen for 49 hours at 1 22°, Low-boiling products (2.5g.)
were removed by distillation at atmospheric pressure (bath temperature 1300). The
higher~bolling products were then distilled at reduced pressure (water pump). The
product N,N-dimethyl-N,N'-diisobutylethylenediemine (0.26g., 2i%), beps 80%/15 mn-,
19 14370, was collected in four fractions with the bath temperature 120-200°, 411
fracticns had identical refractive indices and infrared spectra thus indicating a single
canpound, and gas chromatography of each fraction showed & single peak, retention time
30 mins. using 6ft. silicane oil/celite column at 113°, flow 1.9 litres Nz/ hour.
Spectra of the product in the near infrared were done using the Perkin-Elmer Model 21

spectrophotometer with a lithium fluoride prism, The spectra were campered with those
of N,N-dimethylisobutylamine, N,N-dimethyliscpropylamine, and the product of the latter
reacted with di-t-butyl peroxide., From these it was cancluded that a band corresponding
to CI-I had eppeared in the "dimeric" product at 2869 cm -1 and that the region 2844~
2750 am ha.d altered in the "dimeric" structures and was the same for both the isobutyl
and the isopropyl cases, It was then probably associated with the substituted
ethylenediamine structure and not with the structure with attack initially on the
N-methylene group.

N N-Dimethylisopropylamine,

Isopropylemine (59g.), 90% formic acid (260g.), and 4O% formeldehyde (165g.)
(i.e., 1:5:2,2 moles respectively), were mixed and refluxed for 410 hours, The mixture
was worked up as before in the methylatim of N,N-dimethylisobutylamine, to give
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N,N-ainethylisopropylamine bop. 66°, ny'9*7 1.3921, picrate mp. 245°,
(116,11 bop. 67-67.5%).

N, N-Dimethylisopropylamine and di-t-butyl peroxide.

N,N-Dimethylisopropylamine (43g.) and di-t-butyl peroxide (1.46g.), (i.e.
5 moles: 1 mole) were heated in a sealed tube umder nitrogen at 122° for 72 hours.
About half of the contents of the tube were sbove the oil level of the heating bath.
The reaction mixture was distilled at a bath temperature of 100° to give a
aistillate (4.29g.), bep. 70% The residue was distilled at reduced pressure
(water pump) to give a high-boiling product, N N'-dimethyl-N,N'-diisopropylethyl-
enediamine (0.186g., 11%), bep. 60°/15 mm. , nD19’5 144392, Di~t-butyl peroxide
would have been lost at the pump. Gas chromatogrephy of the reaction mixture using
6 ft. silicone oil/celite column at 18°, flow rate 2 litres Ny/hour showed that much
di~t~butyl peroxide (not estimated quantitatively) still remained and that t-butanol
had been formed. Gas chrometography at 1120, flow rate 1,9 litres NZ/ hour showed
that the high~-boiling product consisted of a single compound and hed retention time
19.5 minutess The infrared spectrum of the product showed a weak band at 1675 c:m"‘I
similar to that of the product of the N,N-dimethylisobutylamine oxidaticn., Spectra
in the neer infrered region hed a band at 2869 an' corresponding to CH, and not
present in the parent emine. Comparison with the product of N,N-dimethyliscbutyl-
amine oxidation suggested the substituted ethylenediamine structure, Further
evidence that this is the structure is supplied by the fact that another possible
dehydrogenodimer, 2,3~bis(dimethylamino)-2 , 3-dimethylbutane has a lower bolling
point, 149°,12

Competitive experiments.

Competitive experiments heve been dme on N,N~dimethyl-t-butylemine,
t~butylmethylether, and dimethyleniline using di-t-butyl percxide as the oxidising
agents The results are compared with parallel experiments, by As Reid of this
department, on dimethylaniline, anisole and t-butylmethylether, The experiments
were done in sealed tubes with the liquid-contadning portion immersed in an oil bath
at 125—129° for 168 hours, The substrates were estimated using gas chromntogrephy
at the experimental conditions given below., The yields are based on the amount of
substrate which has been used compared with the amount which could have been used
if all of the peroxide had attacked it specificelly in the stoiciometric ratio of
one mole of peroxide to two moles of substrate. The term "dimer" in the tables
refers to this latter smount.

In the experiments with amines acetone was formed only in trace smount. The
experiments were heated for a long time in order that all of the peroxide would have
been decomposed. This had happened in all cases except in that of Bu*NMe2 and
BuYOMe in table II where i+ was shown that (0.01g., 1.4%) still remained,




Gas Chromatographic Analysis:
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TABLE I TABLE II
Substrate Colum Internal Column Internal
Standard Standard
BuYOMe 6f;ti/ Silicaone - *
sil/celite “oxene 684, T.X.P,
190, celite, 1 94. Cyclohexane
| 6£t. TuX,Pa/ ~Cyclohexene
celite, 19°,
ZB!.lYl\Il\&e2 6ft, Silicone Toluene 6f't, Silicone Cyclohexane
0il/celite 0il/celite
19%, 19°,
PhiMe,, 6£+t, Silicone Dibutyl- 6ft., Silicone Diethyl-
0il/celite formemide 0il/celite aniline
122°, 1260,
(M63C0)2 6ft. Silicane Amyl 6£t, Silicone Amyl
oil/celite bromide 0il/celite bromide
30°, 300,

* 0,X,Patrixylylphosphate,

The competitive experiments in Table I have been done with mole ratios of
245:2,5:1 where the peroxide is in the least concentration. 4n exception is the
anisole:dimethylenilinesperoxide experiment where the ratioc is 25:245:1, In Table II
all the experiments were done with mole ratios of 5:5.1 where the peroxide is again
in the least concentration,

TARIE I
. . ey |
Iau"fNMe2 BuYOle Bu'ite,, Phille,

Start 2. 525g¢ 2. 20g. 1e 263. 1e 51 Eeo
Finish 1e 2258- e 9680 O. 88580 0. 9580
Usad 14 30g. 0248, 0. 3883 O, 5680
% used (based

on weights) 51.6% 10. 9% 29,9% 364 %%
Peroxide used 1.46g, 0.738
"Dimer® 2, 0280 1o 7680 1.01 e 1021 e
% used (based

on peroxide) 6)4014% 13-% 37.24% l"6%
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TARLE I (contd, )

[ ammi . 1

Reid's PhOlMe PhlNMe Bu'OMe PhoMe
Start 60 7580 9 O. 768. : e 7580 2.1 380
Finish 6453, 0s39gs 1.26g, 101380
Used. 0.22g, 0.3720 Ce4i98. 1,008,
% used (based
on weights) 3-3% Ll-% 25-% 47/‘
Peroxide used 0. 365¢g. 161580
"Dimer" Qe 52{-&. O. 60580 1. 378. 1e 7080
% used (based ‘
on peroxide) 40. 5% 61.6% 35. T 584 5%
TABLE IT
i + SR
BuYNMez Bu'OMe BuYNMez PhNMe,
Used 0.62g, - 0.165g. 0e49g.
% used (based -
on weights) 2 7% 64 5% 1643%
Peroxide used 0.72g 0u73gs
"Dimer" C.99g. 0.87g. 1,078 1021gs
% used (based - Z .
on peroxide) 62.7% 16, 3% 540.8%
Reid's PhilMe Philie, BuY Ol Phile
Start 2,66g, 2.95g, 2,20g, 2,678,
Finish 2,67z, 2,00g.. 16338, 2,32g.
Used - 0. 952+ 0.878. 04358
% used (based
on weights) = 32% 39.7% 138
Peroxide used 0.718. 0. 7180
"Dimer' 1 00280 fe1 68. O, 8580 e 0280
% used (based - 82% 100 3%

on peroxide)
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Dimethyl~p=toluidine, di-t-~butyl peraxide in acetone.

Dimethyl-p~toluidine (6.76g.), di-t-butyl peroxide (1.47g.), and acetone
(22.33.), (i.e, in mole ratios 5:1:40 respective]y), were irradiated for 65 hours,
Gas chromatography using 6ft. silicone oil/celite colum at 55° with m-xylene as
internel stendard showed that 0.67g, of the peroxide hed decamposed. Gas
chromatography at 110° showed that the pesk corresponding to dimethyl-p-toluidine
was altered from that of the pure amine in that the peak did not cut off sharply,
This behaviour was repeated an adding methyl-p~toluidine to the pure amine.
Acetone and t-butenol were removed fram the reaction mixture (28. 53.) by
distillation at atmospheric pressure, and the excess of amine (3.3g,) collected
at 106%/15 mn. Acetic snhydride (5 mls.) and acetic acid (5mls.) were added to
this distillate and the mixture warmed on the steam bath for 1 hour, Water was
then added, the sclution made acidiec with dilute hydrochloric acid and extracted
with dichloromethene, The orgsnic layer was dried with magnesium sulphate end the
solvent evaporated, The residue was the acetate of methyl-p~toluidine (0,15g.) ma.p.
and mixed me.p. 830. This yield corresponds to 0.14g. of dimethyl-p-toluidine
having been demethylated.

The residue (2,56g.) from the distillation was chramatographed on activated
elumina (100g.). Dimethyl-p-toluidine (O,4g.) eluted with petrol, amd elution
with benzeng/petrol (1:20) gave N,N!'-dimethyl-N,N!-di-p-tolylethylenediamine,
(0ak6g., 4OF), mp. end mixed mep. 80% The infrerved spectrum was identical with
that of the authentic and there was nc trece of any of the characteristic bonds of
5964 11,12~totrahydro-2,5,8,11~tetramethylphenhomazine,

Further elution with benzene/petrol and benzene gave a brown ligquid (1.27g.).

SYNTHESIS OF CIS-AND TRANS~ 4,2,5-TRIMETHYILPYRROLIDINE,

2,5-Dimethylpyrrole,

2,5-Hexanedione (190z, 1.7 molé) and ammonium carbonate (400g., 3.5 mole),
were placed in a 2-litre flask end the mixture heated on an 01l bath at 100° for
2 hours. Sublimed carbonate was not sllowed to block the air condenser, The air
condenser was then replaced by a water-cooled condenser and the mixture refluxed
gently for one hour at a bath temperature of 14 50. e mixture was cooled and the
upper, yellow layer of the pyrrole separated, The lower layer was extracted with
chloroform (50 ml. ) which was added to the crude pyrrole and the whole was dried
over calcium chloride in an atmosphere of nitrogen in a tightly stoppered flask.

The chloroform was then distilled under reduced pressure and the
aimethylpyrrale (137g., 87%) collected st 72-73/25 mma, 020 1,4997, (14t n??
1.550). Nitrogen was admitted to the distillation apparatus after pressure release
and the product wes stored under nitrogen in the dark,
Reduction of 2,5-Dimethylpyrrole.

The reduction was dane by the method of Adrews and lticll’lva.:'u:x.“F
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Hydrochloric acid (1500 ml. of 20%) was placed in a 5-litre flask and cooled
to 0° Zinc dust (600g.) was then added with stirring and 2,5-dimethylpyrrole
added dropwise with the temperature of reaction kept between 0-10°% TVhen 21l of
the pyrrole had been added concentrated hydrochloric acid (900 ml.,) was added and
the mixture stirred for 4 hours at room temperature, The liquid was then filtered
using a Buchmer funnel to remove zinc, and was made alkaline by the cautious addition
of sodium hydroxide flakes, The mixture was steam distilled until ebout ons litre
of distillate was collected and there was no smell of amine in the distillate.
Anhydrous potassium cerbonate was added to the distillate until it was saturated but
did not have solid carbonate present, The upper pyrroline layer was separated and
the lower layer extracted with ether. The organic layers were combined, shaken with
solid potassium hydroxide, filtered and dried with megnesium sulphate and then with
calcium sulphete. Distillation geve the product (72.7g.) bepe 105-1100.

The 2,5-dimethyl-A'-pyrroline and 2,5-dimethyl-A>-pyrroline formed during the
reductiocn of 2,5~dimethylpyrrole may be separated by the differences in solubility of
their picrates, It was found that the calculated amount of picric acid for formetion
of the picrates must be used as an excessA of picric acid subsequently interfered
with the separation.

The pyrroline distillate (32g.) was treated with a solution of picric acid
(81g.) in ether, A yellow precipitate me p.122° immediately formed end this was
recrystallised twice from n-butanol to give 2,5-dimethyl=A'-pyrroline picrate (37g.),
e Do 135-1360. Evaporation of the butanol mother liquor and additicon of n-butyl
ether afforded a few grams of the A! product, Evaporation of the ethereal filtrate
afforded an oil more dense than ether., On standing this oil solidified to give a
product (37g.) which on crystallisation from ether corresponded to 2 ,5--A3 ~pyrroline
picrate m.p. 105-1070,

The pyrrolines were regenerated from their picrates, 2,5-Dimethyl-~A'-pyrroline
picrate (54g.) was crushed to a powder and suspended in water (650 ml.) Concentrated
hydrochloric acid (51 ml.) was added and the mixture stirred for several hours. The
precipitated picric acid was filtered off under pressure and the filtrate extracted
with ether until the ethereal layer was not yellow thus showing that all the picric
acid had been extracted, The aqueous acidic solution was mede basic with potassium
carbonate and the product was extracted withether and dried with magnesium sulphate,
Distillation gave 2,5-dimethyl-A'~pyrroline bop. 110-112°, 2% 1.4362, The
infrared spectrum of the product was consistent with the structure, the main
feature of the spectrum being the C=N band at 1645 an

2, 5—-Dimethyl—A3-pyrroline was obtoined by a similar regeneration from the
picrate as for the A'-campound, The product had b.p. 103-105° nDZO'S 14427, and
the infrared spectrum was consistent with the structure, There was no band at
1645 cma™!

The retention times on 6ft., silicone oil/celite column at 44°, flow 1.9 litres
Nz/hour were for the A'-pyrroline, 16 minutes, and for the As-pyrrcline , 11 minutes,
Gas chromatography showed that both products were essentially pure,
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Reduction of 2,5-Dimethylpyrrolines,

2, 5-Dimet!vl-A3—pyrrolme (4+8g) were dissolved in glacial acetic acid (50 ml)
and Adem's Platinum Oxide Catelyst (0,23g.) added. The mixture was then shaken in
an atmosphere of hydrogen in a medium-pressure hydrogenator at preasures between
3,7 and 2,5 atmospheres at room temperature, Uptake of hydrogen wes rapid, the
hydrogenation being virtuelly complete in two hours, The mixture was, however,
shaken for 2, hours, The volume of hydrogen absorbed was approximately that required
theoretically (1 litre). :

The catalyst wes filteréd off and the filtrate was made alkaline with
potassium hydroxide solution with cooling., The amine was extracted with ether and
the ethereal solution dried with magnesium sulphate. The ether was distilled
through a Fenske colum 4o leave o residue which on gas chromatography using 6ft,
silicone oil/celite colum at 44° hed the same retention time (11 minutes) as had
the starting material, However, the picrate, made in ether, had m.p, 125-127°
(Lit.15 128-13@, and so hydrogenation to trans-2,5-dimethylpyrrolidine had teken
place. As only a small ether pesk was present in the gas chromatograph it was
decided to use this material without further purification.

Cis-2,5-Dimethylpyrrolidine was made by reduction of 2,5-dimethyl~A'-pyrroline
(649g) using 0.47ge0f catalyst in acetic acid in a manner similar to that of the
reduction of the A ~compound, Approximately the theoreticel amount of hydrogen
(1.5 litres) was again absorbed, Gas chromatography using 6ft. silicaone oil/eelite
coltin at 43° showed that the product had a shorter retention time (11.5 minutes)
then had the A'-coampound. A small amount ( ¢ 5%) of the A'-compound still remained
but the product was considered pure enough for the next stage, Cis~ ond trans-
2,5-Dimethylpyrrolidine have b.p. 106 and 104° 15 respectively and so would be
expected to have almost identicel retention times.

1,2, 5-Trimethylpyrrolidines,

$rans-2 ,5-Dimethylpyrrolidine (20g.) formic acid (10.2g. of 90%), end aqueous
formaldehyde (20g, of 30%), were mixed and refluxed for 12 hours., Concentrated
hydrochloric acid (12 ml.) and water (12 ml.) were added and the mixture boiled for
20 minutes, The solution was mede alkaline with sodium hydroxide and extracted with
ether. Gas chromatography of the ethereal solution showed that two amine peaks were
present in the mixture. The ether was distilled off from the mixture and the
methylation stege repeated using the same quantities of formic acid and formaldehyde
and refluxing for 4 hours, On working up as before the gas chromatograph again
showed two peaks, The amine product was then refluxed with benzoic anhydride (10.g)
and distilled. ‘'he gas chromatograph again showed two pesks of the same relative
intensity as before, The pesk present in smaller amount (20%) corresponded to the
product obtained from the methylation of the ois-2,5-dimethyl-pyrrolidine (retenticn
time 12 minutes on 6ft. silicone oil/celite column at 43°) whilst the major pesk had
retention time of 18 minutes, Repeated distillation using a Fenske column gave trans-
1,2,5~trimethylpyrrolidine, b.p. 116°, nD18 1.4325. /Founa: C,72.6; H,12,7%.
C7H1 5N required C,74s3; Ho13.4% /o The picrate was made using ethereal picric acid
end was recrystallised fram ethanol, m.p. 125°% /Found: C,45.8; H, 5.5; N, 16.3%
Cy oty gV, 07 Tequires O, 45.6; H, 5.3; N, 16.4% 7 « The infroved spectrum as a liquid
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£ilm showed strong bands at 2945, 2780, 1450, 1370, 1320, 1215, 1200 am™ ', and
weaker bands at 1340, 1175, 1120, 1080 and 1040 em '

Cig~2,5-Dimethylpyrrolidine (8g,), formic acid (4.2g, of 90%) and aqueous
formaldehyde (8g, of 30%f) were mixed and refluxed for 17 hours. The solutian was
worked up as for the trens-compound. Distillation gave cis-1 ,2 ,5=trimethylpyrrolidine
BePe 1080, nD18'5 14260, /Found: C,73.0; H, 13.4%. C7H15N required C, T 3;

H, 13.4% /. The picrate was made using ethereal picric acid and was recrystallized
from ethenol, mp. 125°% /Found: C,45.6; H, 5.4 N, 16.1%. 015H18Nz,_07 requires
C,45.6; H, 5,3; N, 16,4% /. The infrared spectrum as a liquid £ilm showed strong
bands at 2945, 2780, 1450, 1370, 1320, 1205 cm-1, and weeker bands at 1340, 1305,
1115, 1055 ozn-1. The product was pure { > 95%) as shown by gas chromatogrephy on
6ft, silicane oil/celite colum at 43° and 72° The retention time at 43° was

12 minutes,

1224 5~-Trimethylpyrrolidine and di-t-butyl peroxide.

cis-1,2,5-Trimethylpyrrolidine (0.232g.) and qi~t=butyl peroxide (0,063g.),
(ivee, 4a8 moles: 1 mole), were heated in a sealed tube under nitrogen at 126° for
36 hours. The reaction mixture was analysed by gas chromatography on the Griffon and
George V.P.C. apparatus using 6ft. silicone oil/celite colum at 580, flow 1.9 litres
Nz/hour. t~Butanol was formed and the ami?e was estimated using o~-xylene as internal
standerd to show that 0.060g. (62%) had been used in the reaction,

The experiment was repeated using the trens-isomer and slso a mixture of cis and

Irans, The competitive experiment was also done by irradiation of the mixture in a
quertz sealed tube using the Hanovia witra~violet lamp at a distance of 9 cms. for
5 hours, The results of the experiments are shown in the ta'ble’: Higher~boiling
products of the oxidation were not locked for because of the smell sesle of the
experiments but a preliminery gas chromatographic survey using 6ft. silicone oil/
celite at 90° showed the presence of a product with a retention time of 15 minutes,
A criticism of the experiments is thgt the trans-isomer "tails" under the gas-
chromatographic conditions used. Attempts to use other columns such as polyethy-
lethylene glycol succinate, apiezon, and silicone oil on the Pye Argon apparatus
did not allow a differentiation of the cis and $rong forms, The amounts of materials
used in the experiments are too small for very accurate results as the changes in the
absolute amounts are very small and accuracy is probebly to ¥%. The results do,
however, show that there is no interchenge of cis - trans forms during reaction as the
experiments with the single emines did not show production of the other. In the
competitive experiments more of the trens-form reacted,

* Table III,




Decomposition Thermal Thermal Thermal ‘ U.Ve
Peroxide 0.0626g, 0.0315g, 0.0475g, Qe 10148,
A’“"‘Star‘e R 0.2322g, 0. 1493g. 0.0866g. . 0.1600g.

cis trans cis ciae
0.0912 0.1599g.
trans trans
Amine used 0.0603g. 0.0176g. 0,0206g. 0.0332g.
cis cis
0.0250g. 0.0l4Age
trans trans
Amine calc'd

to have been O. 096930 Q. 04898- 0. 07353' 0.1 578'

used
% emine used 62% 36% 2% cis 2% ois

34% trans 28% trens
Mole ratio
e . 5821 6 : 1 2,35 cis , 2,0 cis
Amine:peroxide 2.48 trans 2,0 trank’
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Dimethylaniline and di-t-butyl peroxide in acetic acid.

(1) Dimethylaniline (6,05g) and di-t-butyl peroxide (1.46 g.), (i.e. 5 moles:
1 mole), in & mixture of acetic acid (30 ml.) and water (30 ml.) were refluxed for
17 hours, The solution became violet after a few minutes. The acetic acid and
weter was distilled at atmospherio pressure, Water was then added and the

mixture made alkeline with sodium hydroxide end extracted with ether, The elhereal
solution was acidified with dilute hydrochloric acid and the organic layer dried
with magnesium sulphate and the solvent evaporateds There was no residue of amide.
The acidic solution was made alkaline with sodium hydroxide end extracted with
dichloromethene, The orgenic layer was dried with magnesium sulphate and distilled
to give dimethylaniline (4.6g.). This distillate on gas chromatography on 6 ft,
silicone oil/oelite column at 4 590 showed no peak corresponding to monomethylaniline,
The residue (0.30g.) was dissolved in benzene/petrol and chromatographed on
activated alumine (100g.) Elution with benzene/petrol (1:3) gave dimethylaniline
(0.02g.), nD2O 1,5509, Further elutiomm with benzene/petrol (3:1) end with benzene
gave 4,4 ~bia(dimethylamino)diphenylmethane, (0.177g, 55), mep. and mixed mep. 88°%
The infrered spectrum was identical with that of the authentic material. ZElution
with benzene gave a s¢lid mep. 176° (0,028z., 1%)s With N,N,N',N'~tetramethyl=
benzidine the mixed m.p. was 155°, and mixed crystallization of 4,4'-bis(dimethyl-
amino)diphenylmethans end tetremethylbenzidine gave a product mepe. 8,°% The
infrared spectrum of this mixture was the same as a superposition of the infrared
spectra of the separate components and was different from that of the solid mep,
176°. on recrystallization fram ether/benzene the m.p, was 1790, mixed mepe with
Iyl " =tri s( dimethylamino) triphenylmethane (leuco crystel violet) was 179°. The
infrared spectre were identical, /Founa: ©,80.3; H, 8,2; N, 11,2f. Calc.for
0255‘131N3: C,80.4; H, 8.4; N, 11,258/ The authentic leuco crystel violet was made
by the sodiwm borohydride reduction of crystel violet in methanol, Elution with
ether gave a small amount of oil (0.02g.) which in acetone gave a violet solution,
Total emount eluted from the column was 0.28z.

(11) The experiment was repeated using dimethylaniline (36,30g.), di-t-butyl
peroxide (8,76g), and aqueous acetic acid (360 ml. of 50%) refluxed for 50 hours,
On working up as before the products obtained were 4,4' ~bis(dimethylamino) diphenyl. -
methane (1.62g., 11%) and leuco crystel violet (0.22g., 1%). Other products were
a yellow oil (0.14g.) eluted with ether/benzene (1:1) and & purple oil (0.13g.)
eluted with ether/methanol (20:1). Other coloured oxidation products were removed
fram the colurm on elution with more polar ether/methancl solutians.
Yields are calculated according to the equations,
3PhNMe, + (MeBCO)a-o (CGH“NMez)z G, + PhiNMe +. Mejcoa
LPANMe,  + 2(Me3co)2-¢ (céﬂhm%)} CH + PhiHMe + me30c&{
PiNiMe + MeCOGH —> PhNMeCOMe + H?_O




n
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(iit) Dimethylaniline (6,06g.) end di-t-butyl peroxide (1.46g.) (i.e., 5 moles
: 1 mole) in glacial acetic acid (58 ml,) and acetic anhyaride (2 ml,) were heated
for 17 hours at reflux. The acetic acid was removed by distillation and water
added and the solution made alkaline with sodium hydroxide. The solution was
extracted with ether and the etharedl solution washed with dilute hydrochloric acids
The ethereal leyer after drying with magnesium sulphate and distillation gave
N-methylacetenilide (0s355g.) mep. and mixed mepe 100°, The infrared spectrs were
identiceal. I

The aqueous acidic extract was basified with sodium hydroxide and
extracted with dichloromethane, Distillation geve dimethylaniline (1.86g,) and
& residue (2.86g.) which was dissolved in benzene/petrol and was chromatographed
on activated alumina (150g.). Elution with benzene/petrol (1:9) gave dimethyleniline
(0.16g4), nD20 1.5578, and with benzene/petrol (1:4) gave L,k'-bis(dimethylemino)
diphenylmethene (1,37g., 54%), mep. ond mixed mep. 87°; infrared spectra identical.
Benzene/petrol (3:1) gave leuco crystal violet (0.22g., 12%), mep. &nd mixed mep.
176° The colum had developed a series of purple, yellow and white bands, and so
was cut into sections and each section eluted separately. In order of appearance
as they would have come from a complete column were & purple non-cryatelline solid
(0.04g.) eluted with ether; N-methylacetanilide (0.27g.) mepe and mixed meps 100°,
infrared spectre identicel eluted with benzene/ether (1:1), The total yield of
N-methylacetanilide was then 0.62g, (84#). Fraom further up the colum was eluted
with benzene/ether (3:1 another solid (0.27g., 20%), mep. 117-119% It was
recrystallized from benzene/petrol to give mep. 124°. /Found: G,76.0; H,7.7;
N, 10.0% L-Dimethylamino-(l'-methyl-l'acetyl)aminodiphenylmethane, C, g, 0N,
roquires C, 76.6; H, 7.85; N, 9,9% /. Further elution with the coloured top section
gave an oil {C.15g.) which in acetone or methanol gave a violet soluticn,

The amide mep. ‘1‘17-‘!19o showed a strong amide band in its infrared
spectrum at 1645 cm™'. Other strong bands were at 1520, 1370, 1350, 828 and 797 ant,
The emide was refluxed with 20% sulphuric acid for several hours but @id not
hydrolyse and refluxing with concentrated sulphuric acid produced cherring end no
idertifiable products. Hydrolysis was achieved thus: the amide (0.07g.) Was
refluxed with 70% sulphuric acid (2 ml) for 40 minutes. The solution was basified
with aqueous potassium hydroxide and extracted with dichloromethone. The orgenic
solution wes dried with megnesium sulphate and the dichloromethane distilled to
leave a solid residue mep. 500. This was recrystallized from light petroleum
(bep. 40-60°) to give mep. 52°. The infrared spectrum showed en NH band at 3340em™
The mixed mep. Wwith L4-dimethylemino-k!-methylaminodiphenylmethane was 52° and the
infrared spectra were identicel,

L~Dime thylemino-i' -methylaminodiphenylmethane,

p-Dimethyleminobenzyl elcohol (1.5g.) end p-toluidine (0.75g.) with
1 drop of ccancentrated hydrochleric acid as catalyst were allowed to sit at 37°
for 12 hours, The product was crystallized from methylated spirits to form pale
yellowécrystals of p-~-dimethylemino-p-tolylamine, p-MeZNCsH CHZNH GGHL..MS-?’ m.p.101 .
(Lit, ! m.p. 101°). The infrared spectrum had an NH bend at 3420 cm o A
characteristic group of bends indicative of the aramatic substitution were at 825,
816 and 807 am .
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p-Dimethylamino-p~tolylemine (0.09g.), methylaniline hydrochloride
(0.06g.) and methylaniline (0.217g.), (i.€,, in mole ratios 1:1:5 respectively),
were heated for 2 hours on a steam bath, The mixture was made strongly alkaline by
the addition of sodium hydrcxide and was extracted with dichloromethane. The orgemic
layer was dried with magnesium sulphate, the solvent was evaporated, and the residue
chrametographed on activated elumina (10g.). Elution with benzeneg/petrol (4:1) end
with benzene gave L~-dimethylamino-i4'-methyleminodiphenylmothane (0.09g., 90%),
mepe 52°% (Lit '/ mp. 57°), The infraved spectrum had a strong NH band et
3380 cm™', and a set of cheracteristic bands at 88, 827, 810 and 770 an~?, the band
at 840 cu ! being about twice as strong as the others in the set,

Dimethylaniline, 4 .'-bis(dimethyleminc)diphenyluethane, and di-t-butyl peroxide in
acetic acid,

Dimethylaniline (1¢21g.), k4,4'-bis(dimethylamino)diphenylmethene (2,54g. )
end di~t-butyl peroxide (0.73g.), (ises, in mole ratios 2:2:1 respectively), were
refluxed in glacial acetic acid (30 ml.) containing acetic anhydride (2 ml.). The
acetic acid (25 ml.) was distilled end the residue made alkaline with sodium hydroxide
and extracted with ether, The etheresl layer was washed with dilute hydrochloric acid
end then dried with magnesium sulphate and the solvent evaporated to leave a residue
of N-methylacetenilide (0.08g., 11%), mp. 100°. The acidic solution from the HCL
washing was basified with sodium hydroxide and extracted with dichloromethane to give
a red solution, The solution was distilled at reduced pressure (water pump) to leave
a residue (3,44g.) which was dissolved in benzene/petrol and chromatographed on
activated elumina (200g.). FElution with benzene/petrol (1:1) and benzene gave
by 4t ~bis(dimethylamine)diphenylmethane (2,30g. ,) m.p. and mixed mep, 88°, and elution
with benzene/ether (1:1) gave leuco crystal violet (0,27g. 15%), mep. end mixed mepe
176°, Purther elution with ether gave L~dimethylamino-(l!~methyl-!~acetyl)aminodi-
phenylmethane (0.572g. 85%), m.p. 122°, identified by its infrared spectrum. The
yield of this amide is based on the amount of N-~methylacetanilide from which it could
be assumed to have been formed compared with the amownt of N-methylacetonilide
expected according to the equations,

LPhNMe, + 2(Me500) 53 (CGI{#Mez)j CH + PhNHMe + LMe,CCH

H:NHMe + MeCOGH =~ —w——p PhiiMeCOMe + H20

Thus 0.572g. of the amide mep. 122° corresponds to 0,318g, of N-methyl-
acetanilide which is 8%% of the theoretical yield,

p-Dimethylsminobenzyimethyleniline,

This emine, prepared by the reaction of methylaniline and p~-dimethylamino-
benzyl benzoate as described previocusly, is a stable crystalline solid mep. 690. It
oan be recrystallized fram solvents such as benzene, light pestrolsum, sther and
nitramethane without decomposition, However, it is decomposed in acid medis and on
standing in a mixture of acetic acid/acetic amnhydride,N-methylacetanilide is formed
in high yield, It is unchenged on towering through activated alumina.




t,ch_._hz |, and methylaniline,

(1) p-Dimethylaminobenzylmethylaniline (0,037g.), tec.dsh, (0,002g,), and
methylaniline (0.116g.), (i.e, in mole ratios 1.56:0,059:10,87 respectively), were
left at 25° for 4 days., The mixture was then chromatographed on activated alimina
(10gs)s Elution with benzene/petrol (1:10) gave p-dimethylaminobenzylmethylaniline
(0.02g.) mep. &nd mixed mepe 68°, Elution with benzene and ether gave no other
recognizable product. 0.1g. of material was eluted from the column.

(11) p-Dimethylaminobenzylmethylaniline (0,071g.), t.c.d.hz(0.0ﬂq.g.), and
methyleniline (0.409g.), (i.e. in mole ratios 2.9: O.4: 38,3 respectively), were
heated on a steam bath for 2 hours and left for 2 days at room temperature. The
reaction mixture, red-brown in color, was chromatographed on activated alumina (15g.).
Methylaniline (0.29g.) eluted with petrol and with benzene/petrol (1:10)
p-dimethylamincbenzylmethylaniline (0,019g.) m.p. 68° was obtained. Benzene/petrol
{1:5) eluted small smounts (0.017g.) of & liquid continuously. With benzene/petrol
(1:1) end benzene a yellow oil (0.073g.) was obteined. This eluate showed no

band corresponding to NH in its infrared spectrum but had a strong band at 1‘750 cm.1.
The usuelly strong aromatic bands at 1600 and 1510 et
bends are present at 1460, 1360, 1280, 1220, 1180, 1140 and 1060 cm™'s Bends below

900 cm™! are very weak,

are very weak, Stronger

p-Dimethylemincbenzylmethylaniline, t.cedshs, and dimethylaniline.

(1) p-Dimethylamincbenzylmethylaniline (0.218g.), tecodsh, (0,009g.), and
dimethyleniline (1412g.), (i.e in mole ratios 1.8: 0.06: 18,5 respectively), were
heated at 77° for 4 hours. The mixture was chromatographed on activated alumina
(30g.). Flution with petrol afforded dimethyleniline (0.99g.), ny'l 1.5562,
(authentic dimethylaniline had nb‘]7 105592)s Benzene/petrol (1:9) afforded
p-dimethyleminobenzylmethylaniline (0,208g.) m.pe 69°, infrared spectrum identical
with the authentic materisl. Further elution with benzene and ether afforded only
a small amount (0.02g.) of a liqmide

(i) p-Dimethyleminobenzylnethyleniline (0,025g.), tec.dsh, (0.034g.), end
dimethylaniline (0.696g.), (i.e. in mole ratios 1.0: 1.0: 57.4), were sllowed to

sit for 48 hours at room temperature (20°), The mixture was then triturated

with petrol to give t.c.d.h, (0,027g.), mepe 230°  'he solution was then
chromatogrephed on activated alumina (10g.). Elution with petrol gave dimethylaniline
(0.63g,), 1518'5 1,5562, and with benzene/petrol (1:20) gave p~dimethylaminobenzymethyl-
aniline (0,023g,), mep. 68.5% indentical in infrared spectrum with the euthentic
material. PFurther elution with benzene gave a yellowdl (8 mgs.).

(iid) p~Dime thylaminobenzylmethylaniline (0.104g.), t.c.d.hz(0.00Gg.), and
dimethyleniline (1.049g.), (i.e. in mole ratios 1,1: 0.05: 21.7) were dissolved

in glacial acetic acid (10ml.) containing acetic anhyrdide (0.5ml.) and reflumed for
5 hours, The mixture, initially light green in color, turned blue and finally violet
as the temperature was raised, The acetic acid was distilled slowly at atmospheric
pressure and the violet residue was made alkaline with sodium hydroxide end extracted
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with ether, The ethereal solution was dried with magnesium sulphate and the ether
sveporated to leave a blue residue which was dissolved in benzene/petrol and
chromatographed on activated alumina (20g,), Elution with petrol gave dimethylaniline
(0,50g.), %19'5 145571, and with benzene/petrol (1:9) gave k4,4'~bis(dimethylemino)-
diphenylmethane (0.109g., 100%) m.p. and mixed m.p. 88°, The infrared spectrum was
identical with that of the authentic compound. Elution with benzene/petrol (3:1)
gave a compound (0.,015g.) meps 100-140°, whose infrared spectrum was the same as

that of leuco crystal violet except that it contained an extre weak band at 172001:1-1.
On recrystallization this band disappeared and the m.p. was that of leuco crystal

_ violet 179° Elution with benzene and benzene/ether (9:1) gove N-methylacetenilide
(0.061g., 94%), m.p. end mixed m.p. 100°, infrared spectra identicel. Further
elution with solvents of increasing polarity gave a small amount of a blue liquid

(4 mga ).

(iv) p-Dimethylaminobenzylmethyleniline (0,082g.) and dimethyleniline
(0.862g.) (i.e, in mole ratio 1:24), were dissolved in glacial acetic acid (4 ml.)
cantaining acetic anhydride (0.3 ml.) and refluxed for 4 hours., The color changes
noted previously were again observed, The acetic acid was then distilled and the
residue made alkaline with sodium hydroxide and extracted with ether as before to
give a residue which was chromatogrephed on activated elumina (20g.). Flution with
petrol gave Qimethylaniline (0.47g.) and with benzene/petrol {(1:9) gave

4, 4! ~bis(dimethylamine)diphenylmethane (0.827g., 954) meps end mixed mep. 88°,
infrared spectra identical. Elution with benzene gave N-methylacetemilide (0,03%9g.,
76%), mape and mixsd mep. 100°, infrerved spectra identicsl. This yield was slightly
low as it was suspected that some N-methylacetenilide was present in the previous
fraction, Coloured residues remained on the column,. -

When 4,4'-bis(dimethylamino)diphenylmethene was heated with glacial acetic
acid, the color chenged slowly fram green via red to a red-purple, p-Dimethylamino-
benzylmethylaniline when treated similarly underwent the same color changea but in
the presence of dimethylaniline the system chenged color very quickly, The first
system was unaffected by the presence of dimethylaniline.

p-Dimethylaminobenzylmethyleniline and N~shenylpyrrolidine,

p-Dimethylaminobenzylmethylaniline (0.485g,) and N-phenylpyrrolidine
(0e34ge), (iee. in mole ratio 1:3), were dissolved in glacial acetic acid (14 ml.)
containing acetic anhydride (1 ml.) end refluxed for 18 hours. The color changed
from green, through blue, to red, ™Te acetic acid was distilled and the residue was
made alkaline with sodium hydroxide and was extracted with dichloromethane, After
drying with magnesium sulphaté the solvent was distilled and the residue dissolved in
benzene and chromatogrephed on activated elumine (30g.). Elution with petrol gave
a Liguid (0.26g.), 0% 1,5790 (N-phenylpyrrolidine had n,?® 1.5825). Elution with
benzene petrol gave 4-(dimethylemino)-!-(N~pyrrolidino)diphenylmethene (0.126g.,
58%), mp. 75° (from light petroleum (b.p. 40-60°)). /Found: ©,81,7; H,8.9; N,9.8%.
Gy, N, requires C,81.4; H, 8,6; N, 10.0% '/« Further evidence that this is the
compound is supplied by the infrared spectrum, On comperison with the spectrum of
4, 4-bis(@imethylamino) diphenylmethane, many of the bands in both spectra correspond,
Those which differ notably ave at 1370, 1182, 972 and 770 cm™'e These bands are
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present in the spectrum of 4,\-di(N-pyrrolidino)diphenylmethene. Thus all the bands
can be accounted for and fit the assigned structure, Further elution with benzene/
petrol (1:1) gave a campound (0,047g.), mepe 124° /Found: ©,72.0; H, 9.5;

N, 6,54 /. The infrared spectrum of this campound is quite different from that of
the earlier compound, There is a strong bend at 1660 cm'1 correspending to an amide
band, Infrared spectra of different fractions did not show eny diminution of any
band, Bands characteristic of N-methylacetanilide at 782 and 712 cm"1 wore not
%ﬁ?xssegg.om?l}éeI;ia?b’agz&n%go;ai%ggjfinz%n%ri%eg}%e ag.égjé ?195%39&?25%5%%%%&?“'31%1m
with benzene gave N-methylacetanilide (0.078g. 67% , mep. and mixed m.p. 100°,
infrared spectrum identical, Fuorther elution with benzens/ether (3:1) gave an oil

(0,03g.) and with ether gave & smell amownt (22 mg.) of a purple solid.

Dimethylaniline and 3,5,3',5'=~tetrachloro~i,if~diphenoquinone in acetone.

The quinone (abbrev. t.c.d.,) was prepared thus: Sodium nitrite (30.8g.)
in water (125 ml.) was gradually added to a stirred solution of benzidine (41.6g.)
in water (5 litres) containing concentrated hydrochloric acid (166 ml.). The
mixture was left at room temperature for 2 hours and then boiled for 1 hour and
filtered hot. The filtrate on cooling gave 4,4'-dihydroxydiphenyl (28g.), mep. 2720.

Chlorine was passed into a stirred suspension of the l4,4'-dihydroxy-
phenyl in glacial acetic acid (400 ml.). The solution was cooled in ice and filtered
and chlorine passed into the filtrate until no more solid was deposited. The solid
was recrystallized from acetic acid to give 3,5,3', 5'-tetrachloro~y,4'~diphenoquinol,
(sbbrev. tec.dihy.),(20g.), mp, 232°%

Concentrated nitric acid (10 ml.) was added to a solutian of t.ce d.h2
(10g.), in hot glacial acetic acid (400 ml.,)s Violet crystals were initally formed
but on further additimn of acid these disappeared, On cooling no crystals were
deposited. Concentrated nitric acid (5 ml.) in glacial acetic acid (5 ml.) were
added to another solution of t.c.@.h, (10g.) in hot glacial acetic acid (400 ml.).
Addition of the nitric acid mixture was stopped when crystals formed in the solution,
On cooling end filtration and washing with water t.ceds (2g.), meDs 360023 was
collected,

Dimethylaniline (2.265g, ), teced. (1498g,) in acetone (3.60g.), (i.e.
in mole ratios 3:1:10 respsctivecly), were shaken for 18 hours at roam temperature,
The quinone had been decolorized, The acetone was removed by rotary evaporation and
the residue dissolved in benzene/petrol and chromatographed on activated elumina
(100g.)s Elution with benzene gave a liquid, mainly dimethylaniline, (0.6k4g)
nD1 75 1.5569. Elution with benzene/petrol (1119) gave p-dimethylaminebenzyl-
methylaniline (0.3448g,, 23%), mep. end mixed mep. 690, infrared spectra identical.
Further elution with benzene/petrol (1:1) gave L,L'-bis(dimethylaminc)diphenylmethane
(0.296g., 19%)s Benzene/ether (9:1) gave a yellow oil (0.11g.)s Yields are based
on the equatians:

teceds + 3PhNMe,—~— t.c.duh, + (MeZNCSHLP) oCH,, + PhNHMe
and

teCed. + @hlme2 —-—) te CQdoh

5 + PtN(Me)CHzcéﬁ N,

4
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Dimethyleniline end cumene hydroperoxide in scetic acid.

Dimethylaniline (6,052g.) and cumenehydroperoxide (1529g.),(i.2s 5 moles:
1 mole) were dissolved in glacial acetic acid (60 ml,) containing acetic amhydride
(2 ml.) and refluxed for 70 mimutes, The solution went an intense violst. The
solution was diluted to approximotely 1 litre with water and acidified with
hydrochloric acid., The solution was now green and was extracted with ether, The
acidic solution was then made alkaline with sodium hydroxide flakes and the
solution extracted with ether, The ethereal lution was dried with magnesium sulphate
and distilled, the excess of dimethylsniline being removed at the water pump at 80°,
The residue was dissolved in benzene/petrol and chrematographed on activated alumina
(60g.). Elution with petrol gave dimethyleniline (0.90g.), ny''*” 1,5569. Elution
with benzene/petrol (1:1) gave 4,4 'bis(dimethylamino)diphenylmethane (1,037g. 415%),
m.p. and mixed m.p.88°, infrared spectra identical, Eluticn with benzene/petrol
(3:1) gave leuco crystal violet (0,123g, 6.5%), m.p. and mixed mep. 178°, infrered
spectra identical, Elution with benzene gave N-methylacetenilide (0.146g., 19.6%)
mep. and mixed m.p. 100°, infrored spectrs identical, end elution with benzene/ether
(3:1) gave 4-dimethylamino-(4'methyl-l.'~acetyl)eaminodiphenylmethene (0.097g., 7%),
mepe and mixed msp. 120°, infraved spectre identical, Further elution with ether
gave a small amount of a blue dye (20 mg.). Yields are based on the equations,

ROCGH + 3 PhNMeZ-n—«--Q (MeZNCGHA) o CH, + PhliMe + H)0

I +ROH

for ocalculation of I,
arld .

LPhNMe,, + 2ROOH-—$ (CsﬁkNMez)} CH + PhNHMe + 2H,0 + 2ROH

II IIT

for calculation of II, and of III, as its acetyl derivative,
The yield of the other amide is again based on the equivelent amount of
Nemethylacetanilide,

Dimethylaniline '=bis(dimethylamino)diphenylmethane, and di-t-~butyl peraxide.

Dimethylaniline (0.305g.), 4,4'~bis(dimethyleamino)diphenylmethane
(0.635g.), and di-t-butyl peroxide (0,126g.), (i.e, in mole ratios 3:3:1 respectively),
were heated in a sealed tube under nitrogen for 37 hours at 126°. It was noted that
t~butancl had been formed and was crystallized around the top of thetube, On
trituration of the reaction mixture with petrol, a solid (0.0105g.) MeDe > 3000
which had been deposited during the reaction, was recovered by filtration., This
compound was again obtained later in the chromatograph end was identified as
1y14242-tetrakis(4~dimethylaminophenyl)ethane, The solution of the regction mixture
was chromatographed on activated alumina, ZElution with petrol gave dimethylaniline
(0.164g. ) and with benzene/petrol (1:4) gave 4,4'-bis(dimethylamino)diphenylmethane,
mepe ond mixed mep, 88° The infrared spectrum showed no trace of any N,N'-dimethyl-
N,N'=diphenylethylenediamine, Elution with benzene/petrol (1:1) gave L~dimethyl-
amino-4! -me thylaminodiphenylmethane (0,102g., 87%), mep. and mixed mep. 50°,
infrared spectra identicsl. Elution with benzene gave 1,1,2,2-fetrakis(4-dimethyl-
ominophenyl)ethene (0s0126g., i.e. total 0,023g., 19%) maps > 320°% The m.p, was
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not depressed < 3200 on odmixture with the authentic compound, and the infrared
spectra of the chromatographic fraction end of the insoluble material from the
reaction mixture were identical with that of the authentic material, Further elution
with benzene and with benzene/sther gave a blue liquid (0.05g.) which gave a violet
solution in chloroform or methanocl, The yields are based on the amowunt of

Ly 4! =bis(dimethylamino) diphenylmethene not returnsd.

L, 1s* <bis( dime thylamino) diphenylmethane and di-t-butyl peroxide,

(1) 4, 4" -Bis( dimethylamino)diphenylmethane (2.858g) emnd di-t-butyl peroxide
(0.545g. ), (iees 3 moles : 1 mole), were heated in a sealed tube under nitrogon
' for 37 hours at 126°, on #Ading benzene/petrol to the reaction mixture 4,1,2,2-
tetrakis(4-dimethylgminophenyl)ethane (0.065g.) separated, meps ) 320% /Found:
C,80.4; H,8.4; N,10.7% Calc. for CyH, N C, 80.6; H, 8.4; N,11+1% /. The
reaction mixture was chromatographed on activated alumina (120g.) " Elution with
benzene/petrol (1:9) gave k4! ~bis(dimethylamino)diphenylmethane (2e124g.), mspe
end mixed m.p. 88°, infrared spectra identical. Elution with benzene/petrol (3:1)
gave L-dimethylemino-4! -methylaminodiphenylmethene (0.170ge, 25%), mepe end mixed
e Do 500, and infrared spectra identicel, Further elution with benzene gave
N,N* =di=/E=(p=dimethylaminobenzyl)-phenyl 7-N,N'-dimethylethylenediomine(0.12g. ,16%),
meps 106% /[Found: C, 80.ks H, 8ok N, 10,6f. CyH, N, Tequires O, 80.6; H, B.k;
N, 11.1%/. The infrared spectrum is consistent with the assigned structure, The

regicn 950-670 an-1 differs from the other compounds found and has a strong band at
805 cm", wesker bands of equal intensity at 950 and 820 cm-1, and weak bands at

840, 757, end 749 cm . Attempts to synthesise this compound using h-dimethylemino-
L! -methylaminodiphenylmethane and ethylenedibromide in mole ratic 1:2 at 60° for

3 hours have proved unsuccessful.

. Continued elution with benzene gave 1,1,2,2,~tctrakis(4~dimethyleminophenyl)--
ethene (0.0615g., i.e. total 0.426g., 17%), mp. > 320°, infrered spectra identical.
Benzene/ether (1:1) gave a yellow oil (0.013g.) end ether gave a brown oil (0.07g.).

(i) The above experiment was repeated using L4 ~bis(dimethylamino)diphenyl-
methane (2.86g.) and di-t-butyl peroxide (0.550g.), (i.e. 3 moles : 1 mole) in a
sealed tube for 24 hours at 126°, The yields were i4,L!~bis(dimethylemino)diphenyl-
methane (2,311g,), 4-dimethylemino-4'-methylaminodiphenylmethene (0.0978., 19%),
substituted ethylenediamine (0s13g., 24%), end substituted ethane (0.096gs, 17.5%).

1,1,2,2-Tetrealkis{ 4 ~dimethylaminophenyl) ethene,

I, 4" ~Bis( dimethylamino)benzophenane, i,e, Michler's ketane, (5g.) and tinfoil
(9g.) were dissolved in concentrated hydrochloric acid (75 ml.) and allowed to sit for
an hour18. The solution was mede alkeline with sodium hydroxide to give a blue
solution which was extracted with dichloramethene to give a red solution which
fluoresced green, The solvent was eveporated and light petroleum (bep. 140-60°) added
to the residue to give a white solid mepe 195-2050. This is probebly the pinacol
(Lii:.19 Me Pe 195-2100). The reduction was repeated on the product using tin
(6okge) and hydrochloric ecid (50 ml.). On working upjthe product still had mepe.
195-2050. The infrared spectrum was very different from thaet of the ketone and hed a

strang broad bend at 810 and other strong bands at 950, 1155, 1345, 1515 end 1610 cm-1.
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The CO bend of Michler's ketons is at 1600 cm ', so thabt the band at 1610 cm™' may

be due to the presence of some pinacolone, In ocase this is so the product wes
treated with zinc amalgam thust20
Zine (4g.), mercuric chloride (0.3g.), concentrated hydrochloric acid
(0.2 ml,) end water (5 ml.) were shaken for 15 minutes, The agueous layer was
decanted and the Zn/Hg covered with water (3 ml.) and hydrochloric acid (4 ml.).
The pinacol product was added and sheken at room temperature for two hours and for
one hour at 60°, The zinc remaining was filtered off end the filtrate made alkaline
by the addition of sodium hydroxide. The solution was extracted with dichloromethene
dried with magnesium sulphate, and the dichloromethane evaporated to give a product
which melted mainly at 195-205° but which had a trace of a compound, mepee290°s o,
Thise latter was probebly 1,1,2,2, tetrakis(4~dimethylaminophenyl)ethylene, mep. 296°,
This resction product (0,362g.) was refluxed in amyl alcohol (40 ml.)
whilst sodium (1g.) was added slowly over half an hour, The mixture was then
refluxed for an hour. Water was then added and the solution extracted with
dichloromethene, dried with mognesium sulphate and the solvent eveporated to give a
solid residue meps 320°, This was washed with methanol and dried 2t 80° for
6 hours to give 1,1,2,2-tetrekis(l4~dimethylaminophenyl)ethane (0.3g.), mep. 350%
(Lite?? mup. 33,°). The infrered spectrum had strong bands of almost equal

intensity at 811 end 798 am e, wenker bands at 954 and 756 an .
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3, AMINE OXTDATTONS; REACTIONS OF AMINES IN AQUEOUS SCLUTION WITH
QXIDANTS UNDFRGOING ONE-ELECTRON TRANSFER,

Introduction

The background to this project has been discussed in considerable detail
in the reports for 1958-59 (pp. 31-34) and for 1959-60 (p.32). During the 1960-61
session the studies contained in this end the previous two reports have been
presentedin aPh,D, thesis, A short summery follows, briefly outlining the results
of the previous sessions and their relationship to those described in this report.

Stewart’ had examined the oxidation of primary amines and some amino~
acids by sodium persulphate catalysed by silver nitrate; he also carried out some
uncatalysed reactions with sodium persulphate solutions, irradiated by
ultraviolet light,s In the former system possible oxidants are the argentic ion

Ag2+ » the sulphate radical-ion, SOA;' and the bydroxyl radical®:
2= + 2+ 2~ -
3208 + Ag e AgTT + SO4 + SOI*_
- 2~ +
. —_— . H
304 + HQO > SOI?L + «CH +
agt + HO —> Agh + cOH .+ H

In the second system only the sulphate radical-~ion and the hydroxyl radical are

possible; the greatly reduced yields of aldehyde from primary amines obtained with
this system (e.g. isobutylamine gave only 4% of isobutyraldehyde as compared with

20% with the Ag® - 82082' system) suggested that SOI:' and «CH do not play so
important a p&rt}ii oxidation by the Agt = 82082"
)

system as had been supposed
by same workerse

Investigations were accordingly undertaken to determine the oxidative
effects of divalent silver, This was conveniently obtained as argentic picolinate,
a square-planar complex in which the divalent silver ion is linked to the
2-carboxylate groups and to the nuclear nitrogen of the picolinate ligands.

The axidative effects of this compound form the subject of the present
investigations, which are in continuation of those previously reporteds Briefly,
the oxidant has been found to oxidise all those classes of compounds which are
oxidised by the Ag' - 82082- system, but the order of reactivities is different,
This is attributed to the need for association of substrate molecules and Agz"', and
for displecement of the picclinate ligends to occur, when argentic picolinate is the
oxidant, whereas in aquecus Ag' - 82082" the argentic ion is presumably only loosely
complexed with water molecules or anions such as (H , Inorganic displacement
reactions of square-planar complexes have been the subject of a good deal of study.5
Argentic picolinate cen effect the follovn‘ng types of oxidation: primery amines to
aldehydes (or occasionally to a nitrile) or ketones; secondary amines to aldehydes
or ketones; alcohols to aldehydes; glycols to carbonyl compounds by fissicn;
phenols to quinones; carboxylic acids to carbonyl compounds, with loss of carbon
dioxide; erylalkyl hydrocarbans to carbanyl compounds,
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Discussian of Results obtained 1960-61.
As Oxidation of Ammonia by Argentic Picolinate.

Since the postulated scheme for the oxidation of primary amines (see below)
produces azmenia, experiments were carried out to determine the effect of ammonia,
in various proportions, on argentic picolinate., 4 suspension of the oxidant in
aqueous ammonia was stirred in a closed vessel connected to a gas burette, in which
the amount of nitrogen evolved was measured, Typicel results, obbtained with 100 ml.
of solution, are shown in Table I,

TABLE I,

Oxidation of Ammonia by Argentic Picolinate

Argentic Ammonia -+ Nitrogen Nitrogen Yield of
Picolinate {mole) evolved evolved Nitrogen
(mole) (ml.) (mole)
0,01 0. 4y 34,05 0,001522 91.0
0.01 O.hd 37.50 0,001675 100, 6
0.01 0, 01 12.13 0, 000541 32,4
0.01 0,01 | 1240 0.000554 | 33.2

The yields in the last colunm have been calculated fram the amount of argentic
picolinate added, sssuming the equation:

6Agz*+zmi3 S 648" + N, + 68

The results show that at low concentrations of ammonia this relationship is
inadequate, but the argentic ion will release the theoretical amount of nitrogen
from anmonia when the latter is present in much larger quantity than is required

by the ebove equation., Experiments in which a stendard solution of ammonia was
added dropwise to a stirred suspension of argentic picolinate in water, until the
red color of the oxidant disappeared, showed that 2,36 moles of emmoniawcre necessary
to decampose 1 mole of argemtic picolinate, It is well Imown5 that argentous silver
cambines with ammonia to form very stable complex ions Ag(NH3)2+. It appears that
amonia thus bonded to silver will not displace the picolinate ligands fram argentic
pioolinate and is therefore effectively removed fram the reaction system. On this
basis the equation for the reduction of ammonia by argentic picolinate is:-

61;32+ + ‘ll+1‘1H3 >

From this equation, the number of moles of ammonia equivalent to ane mole of argentic
picolinate is 2,33, which is comparable with the figure (2,36) obtained experimentally,

—-———-—-BGAg(NH}); + 68 + N

B. Oxidation of Primary fmines by Argentic Picolinate,

4 number of primary amines were oxidised by argentic picolinate in aqueous
suspension; the results obtained are summarised in Table 2,
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TARLE 2

Oxidation of Primary Amines by Argentic Picolinate

.. Argentic Reaction Reaction Aldehyde or Yield
Amine Picolingte temp. time ketone (%)
(mod) : (hre) | produced

Isopropylamine 2 720° 3 acetone 16
n-Butylamine 2 70° n-butyraldehyde 1
Isobutylemine 2 70° 1 isobutyraldehyde 9
s~Butylamine 2 70° 2.5 butanone 27
Cyclohexylamine 2 75 2 cyclohexanone 41
Bengzylemine 2 70 1 benzaldehyde 35
2-Ethylhexyl- 2 70 1 2~ethylhexenal 102

amine

In all cases the yields obtained were lower, and the reaction rate
slower, than those for secondary amines, It is possible that this is at
least partly due to complexing of the primary amines with Ag"' ions, analogously
to the case of ammcnia (see above). Primary amines form complexes of the tyne
Ag(NHzR)z"' which are more stable than those formed by ammonia, Since the
formation of the complex Ag(NHj) 2+ mey prevent the oxidation of ammonia by
argentic picolinate, it seems likely that a high proportion of a primery amine
may be removed fram the reaction gystem analogously., There is a further
complication in that ammonia produced in the oxidation of primary amines may
deétroy scme of the argentic picolinate:

RCH,: NH, ~—————3> RCH : NH

RCH:NH+H20-———-——>RGHO+NH3

4 further possible cantributory cause of low yields of carbonyl compound may be
that some of the presumed intermediate, RCH:NH, may undergo polymerisation or
oxidations Resinous products were formed in the case of 2-ethylhexylemine, which
gave only a 1.2% yield of 2-ethylhexanal,

Features of special interest were observed in the axidation of the branched
primary amine, 3,3,5-trimethylhexylemine,\ No &ldehyde was obtained, but there was
a 10% yield (in eddition to polymeric mte}ial) of 3,3,5~trimethylhexanonitrile,
identical with an authentic semple prepared from the corresponding carboxylic acid.
In this oxidation 4 atoms of hydrogen have been removed from the emine:

RCH,*Mi, —>> R+ C®N. Such dehydrogenations can be effected over catalysts
in the vapour phese, but, so far as liquid-phase oxidations are concerned, the

only case found in the literature was Bamberger's observation that oxidations of
benzylamine and ethylemine by Caro's acid {peroxymonosulphuric acid) produce
mixtures of products which include very small amounts of the corresponding nitriles,
Under the conditions used for the argentic picolinate oxidations, 3,3,5-trimethyl-
hexenal underwent substantial oxidation to the corresponding acid; the nitrile gave
little evidence for conversion into acid,




56
Oxidation of Secondary Amines by Argentic Picolinate,

Oxidations of di~-s-butylemine, di-2-ethylhexylemine, dibenzylamine, and
. 2wbenzylemino-2,k,l-trimethylpentane by argentic piccolinate, are examples of
gsecordary amine conversions which appesr in the previous reports. Other results
are shown in Table 3, '

TAELE 3

Oxidation of Secondery Amines by Argentic Picolinate in
Agqueous Suspension

Argentic Reaction Reaction <o
camdne Picolinate Time Perp. Product Y@%“
idised (mOl.) (mm. ) ormed
Di~isopropyl- 2 15 70° acetone 34
anine
Di-n~butylemine | . 2 15 70° n-butyraldehyde | 67
Di~iscbutylemine| 2 15 1 70° isobutyralde-
73
hyde
Diwg~butylamine 2 5 - 70° butencne 2
Dicyclohexylamine 2 15 75° cyclohexanone 61
Dibenzylamine 2 15 70° benzaldehyde 76
Di~3,5,5-tri- 5 o .
_ 5 70 3,5,5=trimethyl—~ 17
mmihexyl ! lfxexa.nal
~do- 2 5 70° 3,5,5-trimethyl- | 78
hexylidene-
3,5,5~trimethyl-
hexylamine,
N-Triphenylmethyl- 2 24 hr. 70° benzaldehyde 15
benzylamine

For the series of secondary amines examined, yields of aldehyde or ketone were, in
general, much higher then for the corresponding primary amines, The times required
for the complete decompositian of the argentic picolinate were also much lower, and
in some cases the reaction was almost instantaneous,

The initially formed product, in the oxidation of secondary amines by argentic
picolinate, is believed to be an aldimine or ketimine, which does not contain
imino-hydrogen, and so cannot undergo the further axidation to nitrile which is
exemplified by the primary amine, 3,5,5-trimethyi-hexylemine:

ROH,*NH*CH,R ————>> RCH:N,CH,R
Possible reactions of such an imine are hydrolysis to the carbonyl compound and
primary amine:
RC!‘I;N.CHZR + H20 ———=> RCHO + NHZ' CH2R
or polymerisation, However, the reaction mixture rapidly attains pH 4-5, at
which hydrolysis occurs readily and gives good yields of aldehyde or ketone, except in
a few cases where the stability of the imine to hydrolysis, even under acid conditions,
is high, One such case is that of di-2-ethylhexylamine (Report for 1958-59) where the
yield of 2-ethylhexanal was only 97 ond a considerable amount of resinous material was
obtaineds In the recently investigated case of di-3,5,5~-trimethylhexylamine, the

7,80
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resulting imine, 3,5,5-trimethylhexylidene~3,5,5~trimethylhexylemine, was so
unusually stable that it could be isolated in 787 yield even after the reaction
mixture had been brought to ~. 1 with dilute hydrochloric acid. The infrared
absorption spectrum of the product wes identical with that of a sample of authentic

imine prepeared from the aldehyde end amine; the ~C:N- peak occurs at 1660 o™t

Ce Oxidatians by Argentic Picolinate in Non-agueous Solvents,

Reaction conditions which are suiteble for most amines, i.e., oxidation
in aqueocus solution at 0—~85°, with a suspension of argentic picolinate, are
unfavourable in the case of substrates which are insoluble and solid under such
conditions, The use of non-aqueocus reaction media was therefore investigated,
Argentic picolinate proved to be stable for long periods in light petroleum
(beps 40-60°), benzene, carbon tetrachloride, chloroform, glacial acetic acig,
and t-~butenol. In ethanol the red color of the argentic complex was discharged
during 5 min., at boiling temperature (78°); this indicated that it might be
possible to use ethsnol as solvent for fast reactions at room temperature, though
not for cxidations in which reaction times were in the order of days, nor for
oxidation at elevated temperatures, since the result would be complicated by the
oxidation of ethamol to acetaldehyde:

CH,CH,CH + oag>t

When argentic picolinate was stirred in diaxan for 2 days at room

=>  CH,CHO + m*t + oagt

temperature, a brown precipitate formed and a silver mirror was deposited on the
sides of the reaction vessel. The nature of this decomposition was not investigated;
the deposition of metallic silver indicates that a more extensive oxidation then
usual had taken place. It appeared that dioxan might be used for fast oxidations
at room temperature, but not for reactions requiring a number of days.

Reaction in different solvents was tested in the case of 2~benzylamino-
2,4, 4~trinethylpentane, since this emine had already been found to give high yields of
benzaldehyde when oxidised in water, When it was siirred with argentic picolinate in
light petroleum or in benzene for 24-hrs, at room temperature, the red color of the
argentic salt was not discharged end unchanged amine was recovered nearly
quantitatively as the hydrochloride.

The oxidetion of 2-benzylemino=2,4,4~trimethylpentane by argentic
picolinate in ethsnol resulted in a 93% yield of benzaldehyde in 3 hr. at room
temperature; in water the yield was 88,5% at 70°, N-Triphenylmethylbenzylemine had
been found to give a poor yield (14%) of benzaldehyde when oxidised in water, even at
elevated temperature (see above); this was presumably due, not only to steric effects,
but to the solid state of the emine (m.p.91°) at the reaction temperature (70°),
Oxidation of this amine dissolved in ethenol gave benzaldehyde (36#), after stirring
for 24 hr. at room temperature, but the 2,4-dinitrophenylhydrazone from the product
was impure (m.pe 175° rising to 237° after one recrystallisation from dioxan). 4
likely conteminent is the 2,4~dinitrophenylhydrazone (mep. 168°) of acetaldehyde,
formed by oxidation of the solvent during the long period of reection,

Oxidations in t-butenol have the advantage that this alcchol contains no
g-hydrogen atoms and so is not susceptible to oxidation by argentic picolinste. In
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this solvent, 2-benzylamino-2,4,4-trimethylpentane gave benzeldehyde (93%) at a slower
«rate then in ethanol but, in view of the stability of the solvent, oxidation could
be carried out at 65°, when the reaction time (3 hr.) was similar to that observed
in ethanol at room temperature,

Oxidation of 2-banzylamino-2,4.,4-trimethylpentane in dioxen gave“benzaldehyde
(727) when stirred with argentic picolinate at 65° for 3 hr, This reaction was slow
compared with the oxidation of the amine in water, but the rate was comparable to that
in t-butanol. The yield of benzaldehyde, however, was lower than that in water,
ethanol, or t-butenol, and so the solvent does not seem to have any particular
adventages, In glacial acetic acid, oxidation of 2-benzylamino-2,.4,L-~trimethylpentane
was not complete in 2) hr. at 20°, but on raising the temperature to 70°, reaction was

complete in 10 min., giving benzaldehyde in 807 yield.

D, Comparative Experiments with Other Heavy-metal Ions,

In the Report for 1959-60, details were given of experimen‘f;s designed to
assess the oxidative power of various heavy-metal ions and oxides towards amines. The
substrate was 2-benmylomino-2,l,h-trincthylpentane and only argeqrtic oxide proved to be
an oxident, Further reactions have been carried out with ceric ammonium sulphate
and with mercuric acetate. The former was ineffective but the latter, under the
conditions used by Leona.rd9 for the oxidation of tertiary amines, gave benzaldehyde
(6#) from 2-benzylamino-2,k,4-trimethylpentene after 24 hr,

EXPERTMENTAL DATA

In general, experimental conditions used for the exeamples quoted above
were similar to those given in previous reports. The following descriptions concern

ceses showing various special features.

Preparation of N-triphenylmethylbenzylamine.

Triphenylchloromethene (0,018 mole; 5g.) was dissolved in dry dioxan
(about 50 ml.) end benzylamine (0,036 mole) was added. The mixture was boiled under
reflux for 2 hr., cooled, filtered, and the dioxan was evaporated from the filtrate
to leave a gummy residue, which did not dissolve completely in hot light petroleum
(beps 40-60°). The residue was filtered off and odded to the previous precipitato.
The combined precipitates (2.3g.) showed m.p. 2600, not depressed by admixture with an
authentic semple of Lenzylemine hydrochloride (m.p. 261° ; lit., m.p. 255 - 258°).
The 1light petroleum extract wes concentrated and cooled, vhen N~triphenylmethyl-
benzylemine (6.15p., 98/4) separated as a white crystalline solid; after one
recrystallisation from light petroleum it was obtained analytically pure, mep. 91 °.
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Oxidation of N-—tri;;ﬁ_x_nxhet&lbgg,v%e.

(a) N~Priphenylmethylbenzylamine (0,01 mole, 3.49g.) and argentic picolinate
(0.02 mole) were stirred in water (150 ml.) &t 70° for 24 hr; the mixture, which still
contained some unreacted argentic picolinate, was cooled and filtered, The filtrate,
af'ter treatment with sufficient 2N-hydrochloric acid to convert all silver present
into the chloride, was steam distilleds Benzaldehyde in the dilstillate was estimated 1
by precipitation as the 2,4~dinitrophenylhydrazone, mep. and mixed msp. 2350, obtained
in 192 yield,

(v) 4 similar reaction was carried out in ethsnol (150 ml.) at room temperature
for 24.hry the white precipitate of argentous picolinate was filtered off, the filtrate
poured into water (750 ml.), and sufficient hydrochloric acid added to precipitate all
silver as chloride, which was removed by filtration, The filtrate wos distilled and
aldehyde in the distillate was estimated in the nomal wey, as the 2,L-~dinitrophenyl-
hydrazone (36%). The derivative thus obtained was impure, showing m.pe 175°, but
af'ter one recrystellisation from dioxan the m.p. was 2340, and was not depressed by
admixture with authentic bengaldehyde 2,4~dinitrophenylhydrazone, m.p. 2370.

Stability of argentic picolinate in various non-aqueous media.

Argentic picolinate (1g.) and the solvent under test (50 ml.) were stirred
together, The time required for discharge of the red argentic color was noted; results
obtained are as follows:-

In light petroleum (b.p. 40-60°), benzene, carbon tetrachloride, or
chloroform, no decomposition of the argentic picolinate was visible during eight
days stirring at room temperature and in 5 min, at the boiling point, In dioxan, a
brown precipitate and a silver mirror appeared during 2 days stirring at room
temperatures In t-butanol, no change was visible during long periods at 0-82°% 1In
acetic acid, no change was observed during two weeks at room temperature, but at the
boiling point a brown solution and a silver mirror were formed in 15 min.

Oxidation of 2-benzylamino-2,k L-trimethylpentane in orgenic solvents.

(a) 2-Benzylamino-2,k,4~trimethylpentane (0,01 mole, 2.19g.), argentic
picolinate (0.02 mole) and ethanol (150 ml.) were stirred at roam temperature (20°)
for 3 hrs., when the red colour was discharged. The mixture was filtered, the
filtrate added to 1 litre of water, followed by sufficient hydrochloric acid

to precipitate all silver as the chloride, The solution was steam distilled eng
benzaldehyde in the distillate was estimated as the 2,4~dimitrophenylhydrazone,
(937), mepe 257%

(v) Reaction was carried out in t-butenol for 3-hr. at 65°; conditions wers
otherwise similar to those used for ethenol., Benzaldehyde 2,4~dinitrophenylhydrazone
(93%) was obtained, m.p. 235°, after recrystallization from dioxar,

(c) Reaction was carried out in diaxan for 3-hr. at 65°; conditions were
otherwise similar to those used for ethanol, Benzaldehyde 2,4-dinitrophenylhydrazcone
(727), was obtained, mep, 237° after recrystallisation from dioxan,
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“(a) A suspension of argentic picolinate (0,02 mole) in a solution of the
emine (0,01 mole, 2,19g.) in light petroleum, bep. 40-60° (150 ml.), was stirred
at room tempereture for 24 hr, The red argentic color had not been discharged
during this time. The mixture was filtered and the filtrate was shaken with &Y
hydrochloric acid (100 ml.). This gave a white crystelline precipitate of
2=benzylemino=2,k,4-trimethylpentane hydrochloride (88%), mep. and mixed mep. 257°
after recrystellisation from isopropanol, Its infrared sbsorption spectrum was
identical wifth that of the authentic hydrochloride. The petroleum layer left no
residue on evaporation.
(e) Repetition of experiment (d) in benzene resulted in no decomposition of
argentic picolinate, 2-Benzylemino-2,lL,4~trimethylpentane hydrochloride (88#) was
recovered and no benzaldchyde was found,
(£) A suspension of argentic picolinate (0,02 mole) in a solution of the amine
(0,01 mole, 2,19g,) in glacial acetic acid (150 ml.) was stirred at room temperature
for 24 hr., during which the argentic picolinate was not decomposed. When the
temperature was raised to 70o the red color disappeered in 10 min,, giving a greenish-
brown viscous mixture. Sufficient 2N-hydrochloric ecid was added to precipitate all
silver present as the chloride and the filtered solution was diluted to 1 litre with
water and extracted with ether. The ether extract, freed fram acetic acid with
alkali, left crude benzaldehyde on evaporation, When this residue was taken up in
methenol and an aliquot was treated with an excess of a satureted solution of
2,4~dinitrophenyl-hydrazine in 2N hydrochloric acid, benzaldehyde 2,4-dinitrophenyl-
hydrazone (807), m.p. and mixed m.p, 235°, was obtained.

Oxidation of primary and secondary amines by argentic picolinste.

The following general procedure was followed for the oxidations
summardised in Tebles 2 and 3, The amine (0.01 mole), argentic picolinate (0.02 mole)
and weter were stirred at the requisite temperature until the red color of the
suspended argentic picolinate had been discharged, The argentous picolinate was
filtered off and the filtrate was treated with sufficient 2V hydrochloric acid to
ensure complete precipitation of dissolved argentous picolinate, After removal of the
silver chloride, the filtrate was steam-distilled and aldehyde or ketone in the
distillate wos estimated, in the nomal way, as the 2,L4-dinitrophenylhydrazone,

Oxidation of 3.5,5-trimethylhexylamine.

Mixtures of 3,5,5-trimethylhexylamine (0.01 mole) and argentic picolinate
(0.02 mole) in water {150 ml.) underwent complete reaction in less than 2 hr. at 20°
or 70°% No sldehyde was detected. The gelatinous mixture left on cooling was treated
with excess of 2N-hydrochloric acid and ether extracted, Distillation of ether
yielded an oil, b.p. 90%/10 mm., and left same polymer. Analysis snd comparison of
the infrared spectrum with that of an authentic sample (sce below) showed the product
to be 3,5,5~trimethylhexanonitrile, isolated in 10/ yield.

3,5, 5-Trimethylhexanonitrile.

Ireatment of 3,5,5~trimethylhexanoic acid with excssz f thionyl chloride
under reflux gave the ecid chloride (50%), b.p. 185°/760 mm. on distillation, It was
converted into the amide (987) . m.p. 94°, by adding its solution in ether to liquid
amonia at the temperature of solid carbon dioxide; aqueous ethanol wes used for
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recrystallisation., The amide was intimately mixed with phosphorus pentoxide (1mel.)
*and 3,5,5~trimethylhexanonitrile was distilled out of the mixture at 10 mm, pressure.
Redistillation gave the pure nitrile (86%), bap. 95-100%/15 mm. When it was stirred
in water with argentic picolinate (2 mol.) for 24 hr, at 750, the red color was not
di.scharged end recovered orgenic meterial (73%) showed a strong nitrile pesk, but
anly a very weak carbonyl peak, in ¢he infrared spectrums

Oxidation of 3,5,5-trimethylhexanal.

The aldehyde (0,01 mole) and argentic picolinate (0.02 mole) were stirred
in water (150 ml.) at 70° for 4 hr., when the red color was discharged., After
treatment with hydrochloric acid, ether extraction, and evaporation of solvent,
3,5,5-trimethylhexanoic acid (62%), bep. 92-95%/15 mm., was isclated by distillation,

Oxidation of di-3,5,5~-trimethylhexylamine,

Di-3,5,5-trimethylhexylamine (0,01 mole), argentic picolinate (0,02 mole),
end water (150 ml,) were stirred at 70° for 5 minutes, On cooling, the white reaction
mixture formed o viscous sludge, which was broken up by treating it with sufficient
2N-hydrochloric acid to precipitate all silver present ss the chloride. The filtrate
wes extracted with ether snd the extract mixed with ether washings of the silver
chloride. Evaporation of the ether left a brown oil, which could not be distilled,
due to excessive frothing, and was therefore chrometographed on alumina, Elution with,
a 5% mixture of ether in light petroleum, b.p. 40-60°, gave an orange-red oil (78%),
the infrared spectrum of which was identicel with that of an authentic sample of
3,5,5~trimethylhexylidene=3, 5,5~trimethylhexylamine (seec below).

3,5, 5-Trime thylhexylidene-3, 5, 5~trimethylhexylamine,

3,5,5-Trimethylhexylamine (0,01 mole; 14.2g.) and 3,5,5-trimethylhexanal
(Oe4 mole, 14e3g.) were stirred together while refluxing for 3 hr, The reaction mixture
was cooled and the upper layer was dried and purified by distillation, Pure 3,5,5-
trimethylhexylidene-3,5,5-trimethylhexylemine, bep. 95~100°/0.7 mm., was obtained in
95% yields ‘he infrared absorption spectium showed a ~CeN- peak at 1660 cm-1.

Evaluation of ceric ammonium sulphate as oxidant.

Ceric ammonium sulphate (0,02 mole), 2~benzylamino=2,4,l4~trimethylpentane
(0,01 mole), and water (150 ml.) were stirred at 70° for 12 hr. Benzaldehyde formed
was estimated as the 2,4-dinitrophenylhydrazone (41.54), mep. and mixed mepe 236%; a
blank test, without oxident, gave a similar yield.

Evaluation of mercuric acetate as oxidant.

2-Benzylomino~2,l4,4-trimethylpentane (0.02 mole) end mercuric acetate were
stirred in 5/95 acetic acid/water mixture, heated on o steam-bath for 24 hr, After
cooling, and acidification to about pH2 with glacial acetic acid, the reaction mixture
was distilled. From the distillate benzaldehyde 2,4~dinitrophenylhydrazone, m.ps 2350,
was obtained in 67 yiela.
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Mr, M.J.W. Stratford, B.Sc.
Supervised by Professor H,B, Henbest

Mr. R, Patton, B.Sc,

Mr. W.J.W, Hanna, B,Sc, Supervised by Dre R.G.Re Bacon

No major changes in research policies were made during the year.

The three men each worked about 2000 hours during the year, so that

the total number of manhours can be put at 6000.

£960 was divided between the three men leaving a balance of £190 to
cover the cost of chemicals and appsratus. No one item of expensive

equipment was bought during the year at direct contract expense,




