
Org. 813 

Some Reactions of Dialkylamino Radicals 

By D. Mackay and William A. Waters 

The photolyses of tetramethyltetrazen and 1 .l'-azopiperidine have been effected in some hydrocarbon solvents 
and the extent of the general reaction R,N- + H-X __t R,NH + *X has been examined by product study: 
radicals R,N* prove to be but feeble dehydrogenating agents. Dimethylamino radicals do not dehydrogenate 
either 2.6-dimethoxy- or 2.6-dimethyl-phenol. Slight evidence of addition t o  anthracene was obtained. Attempts 
to prepare a radical R,N* from 2.2.6.6-tetramethylpiperidine have been unsuccessful. 

PREVIOUS work has established that dimethylamino 
radicals, generated by the pyrolysis of tetramethyl- 
tetrazen in solutions at 150" or over are mild 
dehydrogenating agents, e g . ,  of cumene and of benzyl 
alcohol, but at these high temperatures the occurrence 
of secondary reactions can easily obscure the natures of 
primary products. To study dehydrogenation by di- 
methylamino and similar radicals at lower temperatures 
we have therefore investigated photolyses of tetra- 
methyltetrazen and of 1,l'-azopiperidine in appropriate 
solvents; again we find that radicals K,N* are feeble 
dehydrogenating agents. 

The irradiation of N-nitrosopiperidine did not effect 
decomposition under conditions in which alkyl nitrites 
suffer homolysis.2 When tetramethyltetrazen was 
photolysed in boiling toluene 60% of the dimethyl 
groups were converted to volatile bases, probably mainly 
dimethylamine, about half of which had been iormed by 
the dehydrogenation, 

Me,N. +- CH,*Ph __)_ Me,NH + *CH,-Ph 

since from the remaining liquid a 28% yield of bibenzyl 
was isolated together with 3% of NN-dimethylamino- 
benzylamine. The photolysis of azopiperidine in the 
same solvent yielded 22% of bibenzyl and 4% of 1,l'-bi- 
piperidyl. The photolysis of tetramethyltetrazen in 
cumene yielded 38% of bicumyl which is consistent with 
the earlier pyrolytic study, but a photolysis of tetra- 
methyltetrazen in cyclohexane gave only small traces of 
both bicyclohexyl and of cyclohexene. No evidence 
could be found for the occurrence of any reactions 
between dimethylamino or N-piperidyl radicals and 
benzene, but slight evidence of the addition of dimethyl- 
amino radicals to the 9,lO-position in anthracene was 
forthcoming, though there was insufficient product for 
proper characterisat ion. 

3 H  

The actions of dimethylamino radicals on both 2,6-di- 
methoxy- and 2,6-dimethyl-phenols were also examined, 
since oxidations of these substances very readily yield 
sparingly soluble and easily recognisable 4,4'-dipheno- 
quinones. However no trace of a dipfienoquinone could 
be obtained from either phenol. 

It was previously found1 that the decomposition of 
tetramethyltetrazen in cyclohexanone gave an intract- 
able mixture of condensation products, and con- 
sequently acetophenone was selected as a more amenable 
ketone for investigation. The basic products of this 
reaction again proved to be complex, but the neutral 
residue yielded, after steam distillation, significant 
amounts of both the racemic and meso forms of 2,3-di- 
hydroxy-2,3-diphenylbutane but no 1,2-dibenzoyl- 
ethane. This reduction to the pinacol possibly arises by 
a hydrogen transfer to  photochemically excited aceto- 
phenone followed by dimerisation of the resulting phenyl- 
methylcarbinol radicals [Ph*c(OH)Me]. Sources of such 
hydrogen would include methylene groups in the Schiff's 
base polymers which are invariably formed in reactions 
of dimethylamino radicals b y  the occurrence of the 
disproportionat ion 

2 Me,N. ---& Me,NH + MeN:CH, 

To avoid this disproportionation we have attempted 
to prepare a radical R2N* from 2,2,6,6-tetramethyl- 
piperidine; this would contain no a C-H groups. 
Though the nitrosamine of this base could be prepared 
with difficulty, its reduction required vigorous con- 
ditions, and then yielded the original tetramethyl 
piperidine as well as its N-amino derivative. Attempts 
to oxidise the latter to  the desired tetrazen have failed. 

1 R. €2. Cowley and W. A. Waters, J .  Chem. SOC., 1961, 1230. 
2 A. L. Nussbaum and C. H. Robinson, Tetrahedron, 1962, 

17, 35. 
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We also find that tetramethyltetrazen, unlike azodi- 
benzoyl, does not undergo a Diels-Alder reaction with 
but adiene, c yclopent adiene, or hexachlorocyclopent a- 
diene. 

EXPERIMENTAL 

Purified, dry solvents were used throughout. M. p.s 
were taken on a Kofler hot stage apparatus and are un- 
corrected. Irradiations of tetrazens were carried out in 
Pyrex vessels using a Hanovia 250-IV ultraviolet lamp, and 
the progress of the decompositions was followed, where 
possible, by the disappearance of the azo chromophore 
around 2800 A. 

Tetramethyltetrazen, prepared by the mercuric oxide 
oxidation of 1,l-dimethylhydrazinz,f had b. p. 33.5"/15 mm., 
nD25 1.4628, h,,,~ (cpclohexane) 2780 A (c 8700), T (CC1,) 
7.23 p.p.m. (sharp singlet). The methobromide was obtained 
as a colourlnss crystalline solid by treatment with methyl 
bromide in ether a t  0" (Found: C, 27.9; H, 7.25. 
C,H,,Tu',Br requires C, 28.4; H, 7 . 2 % ) ;  it detonated 
violently on heating to ca. 70", or on vigorous rubbing. 
The yellow methiodide, obtained similarly, decomposed 
slowly a t  raom temperature (Found: C, 23.5; HI 5-6; I, 
51.3. C5H,5X41 requires C, 23.3; H, 5.9; I, 49.20/,). 

N-Aminopiperidine was prepared by the dropwise 
addition, over 30 min., of N-nitrosopiperidine (50 nil.) to a 
stirred, ice-cooled mixture of amalgamated zinc (200 g.) and 
6N-hydrochloric acid (350 ml.). Stirring was continued for 
a further 30 min., and the whole was filtered and made just 
basic with conc. ammonia and then strongly basic with 
sodium hydroxide (direct basification with the latter led 
to the formation of an  insoluble precipitate). The slightly 
cloudy solution was continuously extracted with ether for 
10 hr., and. the ether layer was dried (MgSO,) and 
evaporated; the residual oil was twice distilled to give the 
hydrazine (50yo), b. p. 146.8"/754 mm. Oxidation of the 
hydrazine with mercuric oxide as above gave 1,l'-azo- 
piperidine, which, from aqueous methanol, formed colourless 
prisms (850,;), in. p. 44.5" (lit.,3 m. p. 45"), A,,, (methanol) 
2800, 2500sh A (G 9400), T (CCl,) 8-43 p.p.m. (12p and 
y protons, broad band), 6-91 p.p.m. (8cr protons, multiplet). 

1, 1'-Bipiperidyl was prepared in poor yield by the drop- 
wise addition of 1,5-dibromopentane to a refluxing mixture 
of anhydrous hydrazine and potassium hydroxide.* It had 
b. p. 52-53"/0.5 mm., T (CC14) 8.53 p.p.m. (12p and y 
protons, rnultiplet), 7.37 p.p.m. (8a protons, triplet) (Found : 
C, 71-1; H, 11.7; N, 17-05. Calc. for Cl0H,,,N2: C, 71.4; 
H, 12.0; N, 16.65%). The picrate, prepared in methanol, 
crystalliscd from water as yellow prisms, m. p. 152-5-154" 
(lit.,4 m. p. 153-154"). 

N-Nitvosotetvamet~iyIpipevidine.-The method of Hall 6 

for the preparation oE triacetonamine was improved as 
follows. Phorone and twice its weight of water were 
saturated with ammonia till the two liquid phases became 
homogeneous, and the solution was then heated in a pressure 
bottle at 100" for 24 hr. Evaporation of the reaction 
mixture under reduced pressure gave almost pure triaceton- 

L. Knorr, Annulen, 1883, 221, 297. 
M. Rink and R. Lux, Natiirwiss., 1958, 45, 516. 
H. K. Hall, J .  Amer. Chem. SOC., 1957, 79, 5444. 
N. J. Leonard and €2. W. Nommensen, J .  Amer. Chem. SOC., 

1949, 71, 2505. 
R. Huisgen and J.  Reinertshofer, Annalen, 1952, 575, 174; 

M. S. Newman and A. Kutner, J .  Amer. Chem. SOC., 1951, 73, 
41 99. 

amine hydrate, which on fractionation gave triacetonamine, 
b. p. 90-90.5"/10 mni. It crystaliised on cooling, and 
when recrystallised from light petroleum (b. p. 40-60") 
formed long prisms, m. p. 36" (lit.,, m. p. 36"), vmax. (CCI,) 
1715 cm.-l ( G O ) ,  N-H stretch hardly detectable. Keduc- 
tion by the Wolff-Kishner method gave 2,2,6,6-tetra- 
methylpiperidine (SOYo) ,  b. p. 154.5-156"/762 mm. (lit.,6 
b. p. 151-152"/750 mm.), nD20 1.4455 (lit.,6 nD20 1.4455) 
(Found: C, 76.9; H, 13.3; K, 10.2. Calc. for CDHIDN: 
C, 76.5; H, 13.6; N, 9.9"/); thc expectcd absorption for 
N-H stretching was not observed in the infrared region in 
carbon tetrachloride solution, but the presence of NH was 
confirmed by the n.m.r. signal for this proton a t  T 

9.42 p.p.m., which disappeared after treatment of the 
amine with D,O. The hydrochloride, prepared in ether 
saturated with hydrogen chloride, crystallised from ether- 
ethanol as prisms, subl. >220" (Found: C, 60.9; H, 11.2; 
N, 8.4; C1, 19.35. C9H,,NC1 requires C, 60.8; H, 11-35.; 
N, 7.9; C1, 19.95%). Attempted nitrosation of tetra- 
methylpiperidine using sodium nitrite and mineral acid or 
acetic acid, or using aniyl nitrite and acetic acid, all failed, 
the amine being recoverable. The following modification 
of methods using nitrous fumes 7 was successful. Nitro- 
gen(m) oxide, generated from sodium nitrite and conc. 
sulphuric acid, was bubbled for 2 hr. through a solution, 
a t  room temperature, of the amine ( 5  ml.) in acetic acid 
(15 ml.) contained in a vessel, stoppered except for a 
narrow outlet orifice (the use of larger amounts of amine, 
or the admission of air, leading to nitrogen(1v) oxide 
formation, gave reduced yields). The solution was diluted 
with water (60 ml.), and the resulting oil was extracted with 
ether till the extracts were colourless. The ethereal 
solution was washed with water, dil. aqueous potassium 
hydrogen carbonate, and water, and was then dried and 
fractionated, yielding golden-yellow 1-~zitvoso-2,2,BJ6-tetva- 
nzethylpipevidzne (60%), b. p. 91--92"/12 mm., A,,,. (hexane) 
2380A (c 5400), 397019 (E 86) (Found: C, 63.5; H, 10.6; 
N, 16.6. C,H,,N,O requires C, 63.5; H, 19.7; N, 16.5%). 

Reductio7z of N-Nitvosotetvai.izetlL~lpi~evidine.-l~eduction 
to thc N-amino compound to any significact extent failed 
with sodium in ethanol,$ and with lithium aluminium 
hydride, alone,g or with added aluminium chloride; in each 
case most of the nitrosamine was recovered. The following 
method of Jucker and Lindenmann 10 gave partial reduction, 
and then only when carried out a t  elevated temperatures 
rather than at O0.lo A suspension of the nitrosamine 
(3.0 g.) and zinc dust (9-5 g.) in water (20 ml.) kept a t  
about 80" was treated dropwise with 50% acetic acid 
(10 ml.) over 45 min. : the yellow oil slowly dissolved. The 
whole was filtered hot and made basic with aqueous sodium 
hydroxide. Ether extraction of the resulting emulsion 
and evaporation of the dried ethereal extracts gave an oil 
which was fractionated at 20 mm. with steady increase in 
b. p. up to 80" to give very impure l-amino-2,2,6,6-tetra- 
methylpipcridine (2 g.), of which a cut (250 mg.) boiling 
near 80" corresponded to about a 9 :  1 mixture with the 
related amine (Found: C, 70-7; H, 12.1; N, 17.35. 
C,H2aN, requires C, 69.2; HI 12.9; N, 17.9y0). 

Reactions of TetramethyZtetrazen.-(i) Toluene .  Dry 

* H. Zimmer, L. F. Audrieth, M. Zimmer, and R. A. Rowe, 

9 C. Hanna and F. W. Schueler, J .  Amer. Chem. SOC., 1952, 

10 E. Jucker and A. Lindenmann, Helv. Chim. Acta, 1962, 45, 

J .  Amer. Chem. SOC., 1955, 77, 790. 

74, 3603. 

2316. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
66

. D
ow

nl
oa

de
d 

by
 U

N
SW

 L
ib

ra
ry

 o
n 

14
/0

9/
20

15
 1

8:
59

:3
1.

 
View Article Online

http://dx.doi.org/10.1039/j39660000813


Org. 815 
nitrogen was bubbled through an irradiated solution of the 
tetrazen (4.0 ml., 31 mmole) in refluxing toluene (100 ml.) 
for 24 hr., the effluent gas stream being passed through two 
75 nil. portions of 1.00N-hydrochloric acid. The evolved 
base (37.9 m. equiv.) was estimated titrimetrically with 
alicaii (using screened Methyl Orange as indicator), but was 
not investigated further. The toluene layer was extracted 
with known amounts of standard hydrochloric acid, and the 
basic material thus removed (16 m. equiv., estimated 
on an aliquot as above) was liberated as an  oil with alkali 
and taken up in chloroform. Evaporation of the dried 
(MgSQ,) chloroform solution, followed by steam distillation 
of the residue, gave a colourless oil (0.17 g.), isolated with 
ether, and identified as NN'-dimethylbenzylamine by  
comparison of its infrared spectrum with that of authentic 
amine, and by conversion to its picrate of m. p. and mixed 
m. p. 182.5-183.5". The material involatile with steam 
was a brown, intractable gum (0.06 g.). The neutral 
toluene layer was evaporated to a residue (1.S6 g.) which 
crystallised, melting at 40-45", and consisted essentially of 
bibenzyl. Purification by chromatography on alumina 
from light petroleum (b. p. 40-60") gave pure bibenzyl 

(ii) Curnene. A solution of the tetrazen (1.0 ml., 8 mmole) 
in cumene (20 ml.) was similarly irradiated for 20 hr. 
After removal of the cumene in vacuo the residue was 
dissolved in ether and the basic products were extracted 
with dil. hydrochloric acid but were not further 
examined. The neutral ether layer gave slightly impure 
bicumyl on evaporation (0.70 g., 38%) ; it crystallised from, 
methanol, as prisms, m. p. and mixed m. p. 117-115", 
with authentic bicumyl. 

(iii) Cyclohexane. A cooled solution of the tetrazen 
(4-0 ml., 31 mmole) in cyclohexane (100 ml.) was irradiated 
for 30 hr., the volatile bases being swept out with nitrogen 
into dil. hydrochloric acid as described in (i). The 
cyclohexane solution was washed with acid : the combined 
acizic solutions contained 48 m. equiv. of base. The bases 
were regenerated with alkali, extracted with ether, and the 
ethereal solution was evaporated. The residue, a small 
amount of foul-smelling Sase probably containing tetra- 
niethylhydrazine, was not further examined. The neutral 
cyclohesane layer was shown to contain less than 10 mg. of 
cyclohexene by vapour phase chromatography (v.P.c.) a t  
40" on 157& p(3'-oxydipropionitrile on Embacel (H,-flame 
detector), and less than 1 mg. of bicyclohexyl by V.P.C. a t  
95" on l+Yo silicone oil on Embacel (p-ray detector); 
authentic bicyclohexyl, b. p. 230-232'1760 mm., was made 
by the Wurtz reaction on bromocyclohexane. Evapor- 
ation of the cyclohexane left only a small amount of 
involatile residue. 

(iv) Anthvacene. A solution of the tetrazen (2.0 ml., 
15.5 mmole) and anthracene (5 g.) in refluxing benzene 
(IOQ ml.) was irradiated for 48 hr. Much crystalline 
material precipitated during this time and was identified 
as the anthracene photo-dimer. The benzene filtrate was 
extracted with dil. hydrochloric acid, and the extracts 
were made alkaline and shaken out with benzene; the 
benzene solution afforded an amine residue (0.038 g.), 
containing some volatile material (probably the hydrazine) . 
Addition of a little cold methanol gave a tan-coloured 
precipitate (60 mg.), which was crystallised from benzene- 
methanol as prisms, considered to be 9,lO-dimethylamino- 

* Based on the reaction : Me,N,Me, + 2PhRIe -). 2Me,NH + 
N, + (PhCH,),. 

(1.55 g., 2Syo *). 

9,10-dihydroanthraceneJ which melted a t  226-228", show- 
ing some resolidification above this temperature and 
remelting at 243-245". Its light absorption spectrum in 
ethanol-hydrochloric acid had peaks at 2690 and 2760 A, 
but none at longer wavelengths; when a portion was heated 
at 250" for 30 min. these absorption maxima disappeared 
and were replaced by a single peak a t  2530 A and typical 
anthracene fine structure above 3200A. There was 
insufficient material for proper characterisation. The 
neutral benzene solution gave further anthracene dimer, 
but no other product. 

(v) Acetophenone. The tetrazen (2.0 ml., 15.5 mmole) 
was irradiated in the ketone (20 ml.) for 6 days. The 
solution was diluted with ether and the basic fraction was 
isolated (2.2 g., phenyl C-H and phenyl G O  absorption 
in the infrared region). Distillation of this a t  0.2 mm. gave 
three fractions (<95, 95-110, 130-140°), 0.49 g. in all, 
and left a dark involatile gum, all of which proved intract- 
able when investigated, either directly, or as their picrates 
or semicarbazones. The neutral products, after removal of 
acetophenone by steam distillation, were partially crystalline 
(149 g.) . Trituration with ether-light petroleum gave a 
solid (0.66 g.), which on two crystallisations irom light 
petroleum (b. p. 60-SOo) gave colourless (&)-2,3-dihydroxy- 
2,3-diphenylbutane as prisms, m. p. 123-125" (1it.,l1 m. p. 
1227, vmx. (Nujol) 3540 cm.-l (OH stretch) (Found: C, 
78.9; H, 7.4.  The 
niother-liquors from the trituration and crystallisaticns 
were combined and chromatographed on alumina ; elutiori 
with light petroleum-ether (3 : 2) gave ~eso-2~3-dihydroxy- 
2,3-diphenylbutane (0.47 g.), which when twice crystallised 
from light petroleum (b. p. 60-80") gave prisms, m. p. 118- 
119" (1it.,l1 m. p. 117-118"), v,,, (Nujol) 3520 cm.-l (OH 
stretch) (Found: C, 79-6; H, 7.6%), and then further 
racemic glycol (0.56 g. in all). Only small amounts of other 
products were eluted on further chromatography. Kone 
contained 1,2-dibenzoylethane (by comparison with reference 
material on thin layer chromatoplates) . 

When acetophenone alone was irradiated for 6 days in a 
control experiment neither of the glycol isomers was 
obtained. 

(vi) 2,6-Dimethoxy- and 2,6-dimethyl-phe~iol. The tetr- 
azen (2.1 ml.) and 2,6-dimethoxyphenol (0.25 g., 1 mol.) 
were dissolved in benzene (50 ml.) and irradiated for 24 hr. 
under reflux; a dark precipitate and a red solution formed. 
The whole was evaporated and the residue treated with 
N-hydrochloric acid to  remove basic material, but the latter 
was not investigated. A small amount of dark oil remained 
undissolved, which was shown to  contain no 2,6,2',6'-tetra- 
methoxydiphenoquinone. A similar reaction of the tetrazen 
with 2,6-dimethylphenol again failed to lead to the form- 
ation of the analogous tetramethyldiphenoquinone. 

The tetrazen (2.8 ml.) was completely 
recovered when its solution in benzene (20 ml.) was 
saturated at room temperature with butadiene over 5 hr. 
It was likewise unaffected when treated a t  0" for 3 days 
with an excess of either cyclopentadiene or hexachloro- 
cyclopentadiene. When the tetrazen was first quaternised , 
either to the hydrochloride or the methiodide, and then 
treated with cyclopentadiene, again there was no evidence 
of condensation. 

Reactions of Azopiperidine.-(i) Toluene. Azopiperidine 
(5.0 g . ,  25.5 mmole) in refluxing toluene (200 ml.) was 

l1 Beilstein, " Handbuch der organischen Chemie," 2nd 
Suppl. vol. 6, 979. 

Calc. for C1,Hl,O,: C, 79.3; IS, 7.5%). 

(vii) 1,3-Dienes. 
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completely decomposed when irradiated for 7 hr. (In 
refluxing toluene, without irradiation, there was no decom- 
position in 7 hr.). The colourless solution was then shown 
to contain 46 m. equiv. of amines by analysis of aliquots 
with standard sulphuric acid. The amines were completely 
extracted with acid, regenerated with alkali, and isolated 
therefrom by repeated shaking with ether. The dried 
ethereal solution was fractionated t o  give, first, piperidine 
(1.3 g., but much loss would occur in the work-up due to its 
miscibility with water) , b. p. 106-1 10"/754 mm., picrate 
m. p. and mixed m. p. 151.5-152-5", and then, a t  reduced 
pressure, an oil, b. p. 52-56"/0-1 mm., identified as l,l'-bi- 
piperidyl (0.17 g., 4%), 7 (CCl,) 8-53, 7.36 p.p.m. (Found: 
C, 71.9; H, 11.4; N, 16.4%), the picrate being identical 
with authentic picrate, mixed m. p. 150-153", and finally 
a high-boiling viscous liquid, b. p. 100-160"/0~1 mm. 
(0.19 g.), with benzenoid absorption bands in its infrared 
spectrum and strong phenyl proton absorption at T 2.75 
p.p.m. in its 1i.m.r. spectrum. This fraction and the 
picrate mixture from it  proved intractable. The neutral 
toluene solution was evaporated and the residue, which 
crystallised, was digested with light petroleum (b. p. 40- 

SO0>, in which some polymeric material remained un- 
dissolved, and the solution was chroniatographed on 
on alumina to give pure bibenzyl (0.52 g., 2274,). 

(ii) Benzene. A solution of azopiperidine (1.5 g., 7.65 
nimole) in benzene (60 ml.) was similarly irradiated for 
6 hr., during which time a red-brown colour developed; the 
solution contained 12.2 m. equiv. of base. Extraction of 
the benzene solution with acid, followed by liberation of the 
amines with alkali, led to material incompletely soluble in 
ether, some of the products being tarry. The ether-soluble 
fraction had very weak ultraviolet sbsortion, indicating the 
absence of 1-phenylpiperidine ; XX-diethylaniline, for 
example, a suitable model compound, has Amax. (methanol) 
2600 A (E 11,000). The neutral benzene layer was 
evaporated giving a trace of gummy residue in which, by 
thin-layer chromatography, biphenyl was shown to be 
absent. 

We thank the D.S.I.K. for financial support for this work. 
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