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Symmetrical azo compounds with strongly branched alkyl groups joined through a tertiary 
carbon a tom to the nitrogen atoms of the azo group were synthesized. The kinetics of thermal 
decomposition of these compounds in solution was measured and the results were used in the 
evaluation of the effect of the steric order on their stability. 

A number of authors have studied the thermal decomposition of azo compounds f rom the stand-
point of its dependence on structure, with a special attention to the inductive, resonance, and 
steric effects. Because of the easy preparation of tertiary azo compounds, these papers (with the 
exception of some recent ones1 ~ 5 ) were predominantly concentrated on azo compounds having 
a nitrile group bonded on the a-carbon a tom with respect to the azo g r o u p 6 - 1 2 . The nitrile 
group strongly affects the stability of the azo compounds by its inductive and resonance influence, 
reduces their decomposition temperature and increases the rate of decomposition. 

T o r u l e o u t t h e a b o v e e f f ec t s a s f a r a s p o s s i b l e a n d t o s t u d y o n l y t h e s te r ic e f fec t s , 

w e u s e d a z o c o m p o u n d s I — VII. All t h e c o m p o u n d s i n v e s t i g a t e d h e r e w e r e p r e p a r e d 

b y o x i d a t i o n of t h e r e s p e c t i v e a m i n e s w i t h i o d i n e p e n t a f l u o r i d e . As t h e y ie lds of VI 
a n d VII w e r e t o o l o w ( b e l o w 10%), t h e y w e r e p r e p a r e d by m e t h o d s y i e l d i n g b e t t e r 

R — ( C H 3 ) 2 — C — N = N — C — ( C H 3 ) 2 — R 

/, R = C H 3 IV, R = C H 3 C ( C H 3 ) 2 

II, R = C H 3 C H 2 V, R - C H 3 C ( C H 3 ) 2 C H 2 

III, R = C H 3 C H 2 C H 2 VI, R - C 6 H 5 C ( C H 3 ) 2 C H 2 

VII, R = C H 3 C ( C 6 H 5 ) 2 C H 2 

r e su l t s . VI w a s p r e p a r e d by o x i d i z i n g N , N ' - b i s ( 2 , 4 - d i m e t h y l - 4 - p h e n y l - 2 - p e n t y l ) -

s u l p h a m i d e w i t h t e r t - b u t y l h y p o c h l o r i t e ; VII w a s o b t a i n e d by s u b s t i t u t i n g c h l o r i n e 

in t h e r e s p e c t i v e c h l o r o d e r i v a t i v e w i t h t h e m e t h y l g r o u p b y m e a n s of C H 3 M g B r . 

T h e n e c e s s a r y s t a r t i n g a m i n e s w e r e o b t a i n e d b y a l k y l a t i o n of u r e a w i t h t e r t i a r y 

a l c o h o l s f o l l o w e d b y h y d r o l y s i s , o r via R i t t e r ' s r e a c t i o n f r o m t e r t i a r y a l c o h o l s 

Part VI in the series Azo Compounds; Part V: This Journal 39, 2404 (1974). 
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followed by hydrolysis of the resulting formamides at an elevated pressure. The 
compounds were identified by elemental analysis, N M R and UV spectroscopy. 

To characterize and evaluate steric effects of variously bulky alkyl groups at-
tached to the azo group, the first three compounds of the series under investigation 
(I, II, III) ( ref .1 3 , 1 4) were used as standards to which changes in the kinetic para-
meters of the thermal decomposition of other branched compounds were related. 
In these three compounds the alkyl groups are attached through the tertiary carbon 
atom to the azo group similarly to the other compounds, but unlike the latter they 
are not branched any further. In view of their structure there is no reason for great 
differences in the influence of the induction effects on their stability. A somewhat 
higher rate of the decomposition of III is due to a moderate interaction of the end 
methyl groups on both halves of the molecule. In other compounds, which possess 
branched alkyl groups, the steric effects become operative. These compounds can be 
derived f rom the former three basic compounds by substituting hydrogen atoms 
with alkyl groups; the molecules are bulkier, the methyl groups are closely packed 
to each other, their rotation is slightly suppressed, a weaker effect of the B-strain 
is reflected in an accelerated decomposition. The methyl groups in compound F a r e 
agglomerated in such a way that their rotation is greatly restricted. One can see 
on the models a particularly strong packing of the methyl groups at the y carbon 
atom with the methyl groups at the a-carbon atom. At the same time both halves 
of the molecule may interact, which is reflected in an already marked increase in the 
rate of decomposition. By replacing the methyl group at the y-carbon atom in both 
halves of V with the phenyl group ( V I ) the steric requirements increase again, which 
is reflected in an only slight increase in the rate of decomposition compared with the 
preceding compound. The incorporation of the two phenyl groups at the two y-carbon 
atoms yields VII, the molecule of which is characterized by such considerable packing 
of all the methyl and phenyl groups that their freedom of rotation becomes almost 
impossible; moreover, there is a very strong interaction between both halves of the 
molecule. Here the effects of the B- and F- strain become fully operative. The rate 
of decomposition at 150°C is approximately 400 times higher compared to the un-
branched compound III, and 1500 times higher compared to I. 

The results (Tables I and II) show that the effect of the steric factors on the stability 
of azo compounds is considerable, though not so pronounced as the electronic 
effects. I, in which the steric effects are not reflected, is the stablest of the series; 
its temperature limits of decompositions are shifted highest. With gradually increasing 
steric requirements due to branching and to the size of the substituents the tempera-
ture limits decrease and the rate of decomposition increases. The highest rates 
of decomposition were reached by the branching of the basic chain on both y-carbon 
atoms with respect to the azo group, with a simultaneous contribution of branching 
on the a-carbon atoms; the size of the substituents at the y-carbon atoms also has 
a favourable effect. For the latter three compounds, V, VI, VII, which fulfil the 
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above conditions, the rate of decomposition decreases by some 50°C compared 
to I, II, III, the activation energy decreases by 5 —8 kcal/mol, and the rate increases 
by two or three orders of magnitude. The large agglomeration and packing of the 
groups gives rise the the B-strain, which along with the F-strain reduces the bond 
strength between the carbon and nitrogen atoms of the azo group and is the main 
cause of the increased thermal lability of these compounds. 

TABLE I 

Thermal Decomposition Rate Constants kA . 105 (s~ ' ) of Azo Compounds / to VII in Solution" 

°C I II III IV V VI VII 

110 — — — — — — 5-6 
120 — — — — — 8-1 18-0 
130 — — — — 17-8 25-4 54-0 
140 — — — — 51-9 75-3 158-0 
150 0-3h 0-38b l-0b 2-3 1440 212-0 436-0' 
160 — — 3-2 7-4 380-0 — — 

170 3-2 4 0 8-5 2 2 0 — — — 

180 9-1 120 28-7 61-6 — — — 

190 2 9 0 32-9 65-2 — — — — 

200 74-4 92-1 192-0 — — — — 

"Decomposi t ions I—III were carried out in ce t ane 1 3 - 1 4 , IV—VII in toluene; ' 'Recalculated 
to 150°C. 

TABLE I I 

Activation Parameters of Decomposition of Azoalkanes 

Com- Ea AH* A G * 
pound kcal/mol ' ° 8 ^ kcal/mol kcal/mol 

I 44-1 ± 0-9 17-26 ± 0-4 43-2 ± 0-9 35-7 ± 1-7 17-7 ± 1-8 1-0 

II 43-4 ± 0-3 17-00 ± 0 - 1 6 42-5 ± 0-3 35-5 ± 0-6 16-5 ± 0-7 1-2 

III 41-6 ± 1-1 16-50 ± 0-5 40-7 ± 1-1 34-7 ± 2-1 14-2 ± 2-3 3-3 

IV 41-8 ± 0-2 16-96 ± 0-1 40-9 ± 0-2 34-0 + 0-4" 16-3 ± 0-5" 7-7 

V 36-3 ± 0-3 15-93 ± 0-2 35-5 ± 0-3 30-6 + 0-7b 11-6 ± 0-9b 480-0 

VI 35-9 ± 0-08 15 90 ± 0-04 35-0 ± 0-1 30-2 ± 0-2 11-4 ± 0-1 706-0 

VII 35-0 ± 0-06 15-73 ± 0-03 34-2 ± 0-06 29-7 ± 0-1 10-7 ± 0-2 1 450-0 

Ref . 2 3 gives for AG* and for A S * : a 34-3; 8; b 30-8; 4 (for 100°C). 

C o l l e c t i o n C z e c h o s l o v . C h e m . C o m m u n . [Vol . 41] [1976] 

Relative 
AS* (150°C) m t e 

e u " at 150°C 



1560 Prochazka : 

EXPERIMENTAL 

Syntheses of Compounds 

2,2 '-Azoisobutane (I), 2,2'-dimethyl-2,2 /-azobutane (II), 2,2'-dimethyl-2,2'-azopentane (III) were 
obtained by oxidation of the respective amines with iodine pentafluoride1 3 ' 1 4 . 

N-(l , \ ,2,2-Tetramelhyl)propylurea (VIII). 23-6 g (0-39 mol) of urea was gradually dissolved 
with cooling and stirring in 41 ml of conc. sulphuric acid, after which 100 g (0-86 mol) of 2,3,3-tri-
methylbutane-2-ol1 5 was added dropwise at 15 —20°C. The mixture was stirred 24 h and left 
at room temperature for two days. The upper layer was separated, the lower layer was poured 
with stirring on 600 g of crushed ice, and pH was adjusted to 3 with a solution of sodium hydro-
xide. The precipitate was sucked off, washed with water and recrystallized f rom two litres of water. 
The yield was 19 g of N-(l , l ,2,2-tetramethyl)propylurea monohydrate, m.p. 15.7— 158°C. For 
C 8 H 1 8 N 2 0 . H 2 0 (176-2) calculated: 54-52% C, 11-44% H, 15-90% N; found: 54-60% C, 11-37% H, 
15-90% N. 

1 ,\,2,2-Tetramethylpropylamine (IX). 60 ml of ethylene glycol and 29 g (0-18 mol) of VIII 
were added to a 40% aqueous sodium hydroxide. The mixture was boiled 4 h under a reflux. 
The raw amine was distilled, the aqueous layer was shaken with ether. After that the ether was 
evaporated, both parts of the amine were joined and dried with potassium hydroxide. The product 
was distilled through a Vigrex column. The yield was 7-5 g (36%), b.p. 122—123°C (ref .1 6 b.p. 
120—121°C). Hydrochloride recrystallized f rom ethanol melts above 360°C (in a sealed capillary). 
(Ref . 1 7 , m.p. 305 —306°C.) For C 7 H 1 8 C 1 N (151-6) calculated: 55-41% C, 11-96% H, 9-24% N; 
found: 55-55% C, 12-05% H, 9-25% N. 

2,3,3,2',3',3'-Hexamethyl-2,2'-azobutane (IV). 47 ml pyridine was added to a solution of 13 ml 
of iodine pentafluoride in 250 ml of dichloromethane cooled to — 20°C; after that , 30 g (0-26 mol) 
of IX in 150 ml of dichloromethane was added dropwise. The temperature was maintained 
between —10 and — 20°C. The mixture was stirred for 3 h, then poured into 2 1 of icy water. The 
organic layer was gradually extracted with dilute hydrochloric acid, solution of sodium thio-
sulphate, and water. After drying with anhydrous magnesium sulphate the solvent was evaporated 
on a rotary evaporator and the rest was dissolved in hexane. By strongly supercooling the solu-
tion, a yellow crystalline compound was obtained, which was repurified by crystallization f rom 
ethanol. The yield was 5-3 g (18-2%), m.p. 22 -22 -5°C . ;.rnax = 376 nm, e = 18-9 (For compound 
IV, which was synthetized by a different methods ( r e f . 1 6 ' 1 9 ) , b.p. is 5 3 - 5 4 ° C / 0 - 2 k P a , 4 9 - 5 1 °C / 
/ 26-7 Pa, Ainax(e) = 376 nm, 372 nm (18)). For C 1 4 H 3 0 N 2 (226-4) calculated: 74-27% C, 13-36% 
H, 12-37% N; found: 74-58%'C, 13-41% H, 12-35% N. 

2,4,4,2' ,4' ,4'-Hexamethy\-2,2'-azopentane (V) was prepared similarly to the preceding com-
pound by the oxidation of 2-amino-2,4,4-trimethylpentane1 8 with iodine pentafluoride. The 
yield was 15%. Colourless crystals f rom hexane, m.p. 21 —22°C, / n i a x 372 nm, e 19-6. (For V 
prepared by other procedures other authors (ref .1 6 " 1 9 ) give b.p. 70 —7TC/53-3 Pa, 86°C/l 3-4 Pa, 
i m a x ( e ) 372 nm (23)). N M R ( C D C 1 3 + HMDS): z 9 05 (s, 18 H, C(CH 3 ) 3 ) , 8-88 (s, 12 H, C(CH 3 ) 2 , 
8-20 (s, 4 H, CH 2 ) . For C 1 6 H 3 4 N 2 (254-5) calculated: 75-52% C, 13-47% H, 11-01% N; found: 
76-08% C, 13-67% H, 10-89% N. 

2,4-Dimethyl-4-pheny!pentane-2-o\ (X) was prepared f rom 191 g (108 mol) of 4-methyl-
-4-phenylpentane-2-one2 0 and methyl magnesium chloride (from 1-35 mol Mg). Yield 182 g 
(88%), m.p. 26-5 —27-5°C, b.p. 1 0 6 - 1 0 8 ° C at 0-54 kPa (Ref . 2 1 , m.p. 2 4 - 2 6 ° C , b.p. 9 0 - 9 2 ° C 
at 12-7 kPa. For C 1 3 H 2 0 O (192-3) calculated: 81-20% C, 10-48% H; found: 80-97% C, 10-37% H-
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N-Formyl-l,l,3-trimethyl-3-phenylbutylamine (XI) . 11 g (0-2 mol) of s o d i u m cyan ide (content 
95%) was gradua l ly a d d e d to 50 ml of acet ic acid with cool ing a n d stirring, then a cool mix tu re 
of 27 ml of conc . su lphur ic acid a n d 25 ml of acetic acid were a d d e d dropwise . All t he t ime the tem-
pe ra tu re was ma in ta ined at a b o u t 20°C. T h e cool ing ba th was then removed , 37-5 g (0-195 mol) 
of X was a d d e d dropwise a n d the s t i r r ing was con t inued fo r a n o t h e r 2 h. T h e fo l lowing day 
the mix ture was p o u r e d into 100 ml of icy water , the oily layer was di luted with e ther , separa ted , 
the a q u e o u s layer was neutral ized with a so lu t ion of s o d i u m c a r b o n a t e a n d ext rac ted with ether . 
T h e e ther f r ac t ions were combined , ext rac ted with a so lu t ion of sod ium c a r b o n a t e a n d dried 
with a n h y d r o u s magnes ium sulphate . T h e solvent was evapo ra t ed at reduced pressure a n d the 
rest was redisti l led. Yield 29-5 g (70%), b.p. 174°C at 0-27 k P a . F o r C 1 4 H 2 1 N O (219-3) ca lcula ted: 
76-67% C, 9-65% H , 6-39% N; f o u n d : 76-72% C, 9-60% 6-40% N . 

3-Phenyl-\ ,3-trimethylbutylamine (XII ) . 29-5 g (0-13 mol) of XI was hea ted at 170°C fo r 24 h 
with a 23% a q u e o u s solut ion of s o d i u m hydrox ide in an autoclave . The p roduc t was extracted 
with benzene a n d dried with po t a s s ium hydroxide . Af t e r tha t the solvent was r emoved a n d the 
amine was distilled t h r o u g h a concent r ic co lumn (10 c m long). Yield 20 g (81%) of colourless 
l iquid, b .p. 1 1 0 - 1 H ° C at 0-94 kPa . N M R (CCI 4 + H M D S ) : r 9-14 (s, 6 H , N H 2 C ( C H 3 ) 2 ) ; 
8-6 (s, 6 H , P h . C ( C H 3 ) 2 ) ; 8-14 (s, 2 H , C H 2 ) ; 2 - 5 7 - 2 - 9 5 (m, 5 H, a romat ic ) . F o r C 1 3 H 2 1 N (191-3) 
calcula ted: 81-61% C, 11-06% H , 7-32% N; f o u n d : 81-78% C, 11-10% H , 7-23% N. 

N,N'-Bis(l,l,3-trimethyl-3-pheny/butyl)su!phamide (XIII ) . A solu t ion of 9-57 g (0-05 mol) 
of i , l , 3 - t r ime thy l -3 -pheny lbu ty lamine in 25 ml of hexane was cooled to —15°C. A solut ion 
of 1-7 g (0-0125 mol) of sulphuryl ch lor ide in 20 ml of hexane was a d d e d d ropwise with st irring. 
T h e t e m p e r a t u r e of the react ion mix ture was ma in ta ined below 0°C. The st i rr ing was con t inued 
at r o o m t e m p e r a t u r e fo r ano the r 30 min; a f t e r tha t , 50 ml water was added , t he mix tu re was 
vigorously st irred a n d hexane was r emoved f r o m the mix ture on a ro t a ry evapo ra to r . T h e com-
p o u n d was sucked off and dried at reduced pressure over P 2 O s . The yield was 5-6 g of r aw 
p roduc t , m .p . 77—78°C. The c o m p o u n d was repurif ied by dissolving in 20 ml of ho t e thanol ; 
15 ml water was added to the hot filtered solut ion. On cool ing the whi te precipi ta te was sucked 
off and dried over P 2 O s . Yield 4 g (36%), m.p . 7 9 - 8 0 ° C . F o r C 2 6 H 4 0 N 2 O 2 S (444-7) calcul-
a ted: 70-22% C, 9-07% H , 6-3% N; f o u n d : 70-41% C, 9-40% H , 6-39% N. 

4,4'-Diphenyl-2,4,2',4'-tetramethyl-2,2'-cizopentane (VI). a) By the oxidat ive coup l ing of XII 
with iodine pen ta f luor ide similarly t o IV. Yield 3-1%. M.p . 63 —74°C, / . m a x 375 n m . F o r 
C 2 6 H 3 8 N 2 (378-6) calculated: 82-48% C, 10-12% H , 7-40% N; f o u n d : 82-42% C, 10-30% H, 
7-41% N. b) By the oxidat ion of XIII with ter t -butyl hypochlor i t e : A solut ion of 4 g (0-009 mol) 
of XIII in 20 ml of a n h y d r o u s benzene was a d d e d dropwise with s t i r r ing to a suspens ion of 0-44 g 
(0-018 mol) of s o d i u m hydr ide in 5 ml of dry benzene. The reac t ion mix ture was s t i r red fo r 5 h, 
15 ml of hexane was added , the mix ture was cooled to — 5°C a n d a solut ion of 2 g (0-018 mol) 
of ter t -butyl hypoch lor i t e in 10 ml of hexane was added dropwise , with the t e m p e r a t u r e main-
tained between —5 a n d 0°C. The mix ture was st irred at r o o m t e m p e r a t u r e fo r a n o t h e r 14 h. 
The unreac ted s o d i u m hydr ide was r emoved by cau t ious d ropwise add i t ion of water with cool ing, 
the a q u e o u s layer was separa ted a n d ext rac ted with ether . T h e organic f rac t ions were jo ined and 
dried with a n h y d r o u s magnes ium sulphate . 3 g of whi te crystal l ine c o m p o u n d was ob ta ined 
af ter the evapora t ion of solvent. T h e p r o d u c t was recrystal l ized f r o m a m e t h a n o l - e t h e r mixture . 
Yield 2-5 g (73-5%), m.p . 6 3 - 6 4 ° C , Am a x 374 nm, 23-8; N M R (CC14 + H M D S ) : r 9-26 
(s, 2 H, N . C ( C H 3 ) 2 ) ; 8-74 (s, 12 H , P h . C ( C H 3 ) 2 ) ; 7-78 (s, 4 H , C H 2 ) ; 2 - 4 8 - 2 - 9 3 (m, 10 H, 
a romat ic ) . F o r C 2 6 H 3 8 N 2 (378-6) calcula ted: 82-48% C, 10-12% H, 7-40% N; f o u n d : 82-50% C, 
10-17% H , 7-61% N. 

4,4-Diphenylpentane-2-one (XIV). A solu t ion of 32 g (0-2 mol) of 4 -pheny lpen t -3 -ene-2 -one 2 2 
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in 30 ml of dry benzene was added dropwise during 3 h to 36 g (0-26 mol) of anhydrous alu-
minium chloride in 50 ml of dry benzene cooled to 5°C. The temperature was maintained between 
5 and 10°C. The mixture was stirred at this temperature for another 3 h, and after that was poured 
on 250 g of crushed ice. The product was extracted with ether, the ether solution was filtered 
with decolorizing carbon and dried with anhydrous magnesium sulphate. Evaporation of the 
solvent yielded 37 g (78%) of the product in the form of yellow oil having sufficient purity for 
further treatment. For analysis, 1 g of raw product was dissolved in light petroleum and cooled 
for a long time, which yielded colourless crystals, m.p. 33 —35°C. For C ] 7 H 1 8 0 (238-3), calculat-
ed; 85-67% C, 7-61% H; found: 85-76% C, 7-86% H. 

A,A-Diphenyl-2-methylpentane-2-ol (XV). A solution of 47-7 g (0-2 mol) XIV in 400 ml of dry 
ether was added with stirring to methylmagnesium bromide prepared from 5-6 g (0-23 mol) 
magnesium in 300 ml of dry ether. The mixture was heated to boil for 1 h. On cooling, a solution 
of 20 g of ammonium chloride in 80 ml of water was added dropwise. The ether layer was separ-
ated, the salt was washed twice with 200 ml of ether, the ether fractions were combined and dried 
with anhydrous magnesium sulphate. Evaporation of ether and distillation of the residue yielded 
46 g (91%) of colourless oil, b.p. 165-166°C/0-4 kPa. For C 1 8 H 2 2 0 (254-4) calculated: 84-99% C, 
8-72% H; found: 84-90% C, 8-77% H. 

N-Formyl-3,3-diphenyl-l,l-dimethylbutylamine (XVI). 2-8 g (0-057 mol) of sodium cyanide 
was gradually added with stirring to 13 ml of acetic acid cooled with icy water. The temperature 
was maintained within 10 —20°C. After that a cooled mixture of 6 ml of acetic acid and 10 ml 
of conc. sulphuric acid was added to the mixture so that the temperature did not exceed 20°C. 
On removal of the cooling bath a solution of 11-75 g (0-046 mol) of XV in 11 ml of acetic acid 
was added dropwise. The mixture was stirred at room temperature for 8 h, left to stand overnight 
and then poured into 40 ml of icy water. pH was adjusted to 9 by means of a solution of sodium 
carbonate and the product was extracted with ether. Evaporation of the solvent and crystalliza-
tion from ethanol gave 4-5 g of white crystalline compound, m.p. 112—113°C. An ether-hexane 
mixture ( 1 : 1 ) was added to concentrated mother liquors, and another 1-5 g of the compound 
(m.p. 110—111°C) was obtained on cooling. The total yield was 6 g (46%). For C 1 9 H 2 3 N O 
(281-4) calculated: 81-10% C, 8-24% H, 4-98% N; found: 81-01% C, 8-39% H, 4-72% N. 

1 ,\-Dimethyl-3,3-diphenylbutylamine (XVII). 21 g (0-075 mol) of XVI was hydrolyzed in an 
autoclave at 175°C for 21 h with a 20% solution of sodium hydroxide. The product was extracted 
with ether. On drying with potassium hydroxide and evaporation of the solvent the remaining 
oil was redistilled. The yield was 13-5 g (71-5%) of amine, b.p. 152-154°C/0-14 kPa. N M R 
(CC14 + HMDS): x 911 (s, 6 H, NH 2 .C(CH 3 ) 2 ) , 8-20 (s, 3 H, Ph2 .C.CH3) , 7-63 (s, 2 H, CH2) , 
2-63-3-00 (m, 10 H, aromatic). For C I 8 H 2 3 N (253-4) calculated: 85-32% C, 9-15% H, 5-53% N; 
found: 85-41% C, 9-08% H, 5-06% N. 

A,A-Diphenylpentane-2-one-azine (XVIII). 3-8 g (0-075 mol) of hydrazine hydrate and 0-5 ml 
of ether saturated with hydrogen chloride was added to a solution of 36 g (0-15 mol) of raw XIV 
in 350 ml of ethanol. The mixture was heated to boil for 5 h. Evaporation of the solvent yielded 
37 g of yellowish crystalline compound which was recrystallized from ethyl acetate. The yield 
was 20 g (56%) of white crystalline compound, m.p. 157— 158°C. For C 3 4 H 3 6 N 2 (472-7) calculat-
ed: 86-40% C, 7-68% H, 5-93% N; found: 86-04% C, 7-70% H, 6-36% N. 

2,2'-Dichloro-4,4A'A'-tetraphenyl-2,2'-azopentane (XIX). Chlorine was introduced into a solu-
tion of 19 g (0-04 mol) XV111 in 200 ml of methylene chloride cooled to —40°C until the solution 
became intensively yellow. The solvent was evaporated on a rotary evaporator at room tempera-
ture. 80 ml of light petroleum was added to the remaining yellow compound and the solution 
was cooled with dry ice. The precipitate was sucked off and dried in vacuo over P 2 0 5 . Yield 15-5 g 
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(70-9%), m.p. 128—136°C. For analysis, a sample of the compound was recrystallized f rom the 
mixture methylenechloride-light petroleum, m.p. 132— 136°C, Amax 363 nm. For C 3 4 H 3 6 N 2 C l 2 
(543-6) calculated: 75-12% C, 6-67% H, 5-15% N; found: 75-24% C, 7-07% H, 5-07% N. 

2,2'-Dime thy 1-4,4,4',4'-tetraphenyl-2,2'-azopentane (VII). a) By the oxidation of XVII with 
iodine pentafluoride as described for IV. The product was repurified by column chromatography 
on neutral aluminium oxide (benzene as eluent). Yield 9%, m.p. 131 — 134°C, l m a x 375 nm. For 
C 3 6 H 4 2 N 2 (502-7) calculated: 86-01% C, 8-42% H, 5-57% N; found: 85-92% C, 8-53% H, 5-78% N. 
b) A solution of 15-1 g (0-028 mol) XIX in 150 ml of dry benzene was added dropwise with stirring 
to a suspension of methylmagnesium bromide prepared from 4-8 g (0-197 mol) magnesium 
in 250 ml of dry ether. The reaction mixture was stirred at room temperature for 3 h, and a satur-
ated solution of ammonium chloride was added with cooling and intensive stirring. The salt 
that precipitated f rom the solution was washed with benzene, the organic fractions were joined 
and dried with anhydrous magnesium sulphate. Evaporation of the solvent yielded 14-5 g of raw 
product which was dissolved in a mixture of 100 ml of methylene chloride and 30 ml of methanol 
and filtered with decolorizing carbon. Strong supercooling yielded a white compound, m.p. 
127—133°C, which was repurified by column chromatography on neutral aluminium oxide. 
Benzene was used as eluent. Yield 7 g (50%), m.p. 131 —133°C, Amax 374 nm, e 25-9; N M R 
(CDC13 + HMDS), r 9-15 (s, 12 H, N.C(CH 3) 2) ; 8-34 (s, 6 H, Ph2 .C.CH3) ; 7-15 (s, 4 H, CH2) ; 
2-15-2-55 (m, 20 H, aromatic). For C 3 6 H 4 2 N 2 (502-7) calculated: 86-01% C, 8-42% H, 5-57% N; 
found: 86-64% C, 8-44% H, 5-53% N. 

Kinetics of Thermal Decomposition of Azo Compounds 

The decomposition of the azo compounds investigated in this work was carried out in toluene 
solution in sealed ampoules by a procedure described earlier13 . Kinetic measurements were 
carried out at four temperatures; concentration changes of the azo compounds with time were 
determined by UV spectroscopy on a Cary 14 apparatus. The rate constants were calculated 
from the dependence of log (DQjD) on time. In all cases perfect linear dependences were obtained 
which fulfilled the equation for first-order reactions. The values of the activation energy and pre-
-exponential factor were determined by the least squares method. 

Author is indebted to the analytical department for the analyses, to Mrs J. Jenickova for mea-
suring the UV spectra, and to Dr H. Pivcovd for assistance in the interpretation of the NMR spectra. 
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