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THE POLYMERIZATION OF HIGHER DIAZOALKANES* 
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(Received 15 April 1968) 

THE polymerization of aliphatic diazo compounds (diazoalkanos) is at present almost the 
.only method of synthesizing carbon-chain polymers with alkyl substituonts on every C-atom 
of  the main chain. One of the still unsolved questions of this method is the synthesis of higher 
polyalkylidones (from polypontylidone upwards). Numerous at tempts wore made to produce 
them [1, 2], bu t  all in vain. An interesting point noted was that  only diothyl other had boon 
~sod as solvent in these experiments. The  special structure of the alkyldiazomothano mole- 

* Vysokomol. soyed A l l :  No. 4, 794-802, 1969. 
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cules, containing a polar and an easily polarized diazo group, as well as a non-polar alkyl 
substitue~t, led to the assumption that the nature of the solvent could seriously affect the 
reaction. 

The influence of the solvent on the aliphatic diazo compound polymerization had not 
been so far the subject of a systematic study. Diothyl ether is normally used as solvent. The 
alkyldiazomethanos (up to and inclusive of diazobutane) are shown to form polyalkylidenes 
in the ether when various catalysts (BXs, X being halogen, alkyl, aryl, alko~zyl [1, 3, 4]; 
copper and its salts [1, 2, 5], gold and a number of other metals [6]) wore present. The decom- 
position of higher diazoalkanes in other over metallic copper, or Cu-ste~rate gives chiefly rise 
to the respective azinos and alkono diners with a central double bond [1, 2]. 

Where unsaturated hydrocarbons are used as solvents, the lower di~zoalkanes form poly- 
mers over a BXa-type catalyst (our Fmdi~gs) and gold [6]. Copper and its salts will caus(, the 
diazoalk~nes to decompose in those solvents, and to yield only low reel. wt. products [2, t~]. 
An interesting point is that the diazo-ethane decomposition over the copper foil in a die~th~ l 
ethor-per~tano mixture yielded polyethylideno in quantities proportional to the diethyl 
ether content [7]. 

The above findings pe rmi t  the  assumpt ion  of  the  solvent-ceote~lyst combina t ion  
being a ve r y  sensitive, and sometimes even the  decisive factor,  in the  ca ta ly t ic  
decomposi t ion  of  diazoalkanes.  I t  would have been interest ing,  with this in mind,  
to s tudy  the  decomposi t ion of  higher  diazoalkanes in different  solvents  ( sa tura ted  
hydrocarbons ,  ether,  t e t r ahydro fu ran ,  and  thei r  mixtures) ,  e~nd over  different  
t vpes  of  c~talysts. 

We selected the  most  typ ica l  f rom amongs t  the  catalysts ,  i.e. B F  a. d ie thyl  
e thera te  and  copper  s tearate ,  in the  decomposi t ion s t u d y  of  die, zohexane.  The gold 
ca ta lys t  was a stable, and  storable solid, the  AuC13-pyridine complex [8]. t)reli - 
m ina ry  tests  showed this ca ta lys t  to be easily reduced  dur ing react ions wi th  
the  solutions of  diazoalkanes,  such as d iazomethane ,  d iazoethane,  d iazobutane  
a t  - -10  to  +20°C  in var ious solvents,  and  to form finely disperse metal l ic  
gold. 

Judging  f rom the  decomposi t ion ra te  of  the diazoalkanes,  and  from the  po lymer  
yield, the  po lymer iza t ion  of  d iazomethane  and  diazoethane  over  AuCla. CsHsN 
took  a course similar to t ha t  descr ibed b y  Nasini et al. [6] for the  polymer iza t ion  
of  the  same diazoalkanes over  AuC13. A series of  parallel  tests  of  d iazohexane 
decomposi t ion in oc tane  a t  room t empera tu re  over  Cu-stearate,  B F a . e t h e r a t e  
and  the  AuCla-pyridine complex showed these cata lysts  to behave  different ly in 
the  condit ions studied.  

The BYa .e the ra te  caused a slow diazohexane decomposi t ion (several days)  
~nd the resul t  were main ly  low tool. ~vt. products ,  and  po lymer  treoces. The coppcr  
s teara te  decomposed the d iazohexane  more quickly; the  eolour of the  solution 
faded in 1-2 hr, bu t  no po lymer  was found  amongs t  the  decomposi t ion products .  

The  copper  s tera te  decomposed  the  d iazohexane more  rapidly;  the  solution 
lost its colour in 1-2 hr, bu t  there  was mo po lymer  amongs t  the  decomposi t ion  
products .  AuC] 3- CsHsN also decomposed the  compound  in a few hours. The  com- 
posi t ion of  the  reac t ion  produc ts  was quite different  f rom t h a t  ob ta ined  in the  
presence of  BFa-ether~te  and  copper  stearate.  Po lyhexyl idene  was ob ta ined  for 
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TABLE 1. SYNTHESIS OF ]KIGHER POLYALKYLIDEINES 

Di~zo- 
alkano 

Diazo- 
pentano 

Diazo- 
hoxano 

Diazo- 
hoptano 

Diazo- 
octane 

COI1C(~D.- 
tration, 
mole/1. 

Cata- Polymer 
lyst, yield, 
ml/1. % thoor. 

0-23 125 

0.18 250 

0.15 200 

0.10 150 

25 

57 

68 

19 

Chain 
unit 

C4Hg 

CsHn 

--CH-- 
I 

C6HIa 

CTHts 

Elomontal analysis, 
% 

elo- calcu- 
mont lated found 

C 85.61 85.70 
85.82 

H 14.39 14.53 
14.70 

C 85.61 85.53 
85"83 

H 14.39 14.18 
14.20 

C 85.61 85.00 
85.09 

H 14.39 14.11 
14.10 

C 85-61 85-20 
85.32 

H 14-39 14.14 
14.00 

Mol. 
wt. 

35004-300 

7000+700 

75001800 

8500±900 

Poly - 
moriza- 

tion 
coof- 

ficiont 

5O±5 

8O4-8 

754-7 

7 0 ± 7  

the first time when diazohexane was decomposed in octane as solvent over 
the Au-containing catalyst: 

CHN~ --CH CH--CH-- 

CH~ CH~ CH2 

I I C/~H r CHs AuCIa.CsH~N CI-I2 CH2 
I ~ i f I 

CI-I s octane CHs CHs CHs 
t ! I I 

CH2 CH2 CH2 CH~ 

I CH/ I P CH3 CH3 CH3 

• The polyhexylidene yield was 40-60% of theoretical in the studied conditions; 
the reel. we. varied from 3.5 to 6.5 ×10 s (gaseous osmometry, chloroform as 
solvent). 
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The method developed for the diazohexane polymerization was extended 
to higher diazoalkanes. Using normal diazopentane, diazoheptane and diazooctane, 

we produced other polyalkylidenes of general formula for the first time, 
CnH~n+l m 

i.e. polypentylidene, polyheptylidene and polyoctylidene. 
The structures of the higher polyalkylidenes was confirmed by elemental 

analysis (see Table 1) and by infrared spectroscopy. The polymer yield varied from 
20 to 60-70~o of theoretical; the mol. wts. were usually in the range 3.5-8.0 x 10 a 
(polymerization factor 40-80). 

The higher polyalkylidenes synthesized over AuC1 a. CsHsN were either plastics 
(polyamylidene, polyhexylidene, polyheptylidene) or highly viscous resins (pely- 
octylidene), and were pigmented by the finely disperse metallic gold to a lilac-pink 
colour which normally faded on repeated precipitation. These polymers had 
good solubility in the majority of organic solvents (ether, chloroform, aromatic 
and saturated hydrocarbons), and were precipitated from them with methanol 
or ethanol. 

Io0 

~ 80 

2O 

0 

1o0 

I I I I I 
I0 2o 30 #0 50 
I I i E t h e r ' 1 % v / v l  

90 80 70 60 50 
Octane, % v/v 

FIG. 1. Polyhexylidene yield (% theor.) and diazohoxano decomposition for 12 hr (as % of 
original diazohoxano) as a function of solvent compositiom 1-- % diazohoxano decomposition, 

2-- polyhoxylidorm yield. 

The production conditions of the higher polyalkylidenes, and some of their 
properties, are listed in Table 1. Thus, diazomethane gave a quantitative yield 
of polymethylene over finely disperse gold in ether as solvent [6], diazoethane 
a 30-35% polymer yield [9], diazopropane and diazobutane an about 10% yield 
[6], and diazohexane only traces of polymer. The diazohexane decomposition 
over the same catalyst in octane, however, produced a 40-60% polyhexylidene 
yield. 

The following factors are thought to affect the mechanism of solvent effect 
on the diazoalkanes decomposition in the presence of AuC13 • CsHsN: 
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(1) different electron densities on the diazo C-atom of the diazoalkane mole 
cules; these are associated with changes in the size of the alkyl substituents 
and result ]n a different adsorption tendency on the surface of metallic gold; 

(2) steric hindrance when polymerizing higher diazoalkanes, which is more 
pronounced in ether as solvent; 

(3) the rate of formation and the size of the metallic gold particles produced in 
the presence of diazoalkanes from the original Au-containing substance. 

To verify the latter assumption, we made a series of diazohexane decomposi- 
tion tests by  adding AuC13. CsHsN in octane/diethyl ether mixtures of different 
composition. These tests showed that  a larger proportion of the ether present in 
the mixture led to a finer dispersion of the forming metallic gold, judging from 
the colour of the reaction mixture and the sedimentation rate of the gold particles 
(this fact agrees well with the results reported by  Ledwith [10], who reduced 
AuC13 with aliphatic diazo compounds in different solvents). The surface enlarge- 
ment of the catalyst by  the ether addition should thus accelerate the catalytic 
decomposition of the diazoalkane. The reverse was in fact observed in the tests 
(Fig. ]). The larger the ether content of the solvent mixture, the smaller was 
the rate of diazohexane decomposition and the polyhexylidene yield. The effect 
of  the solvent type  on the polymerization must therefore be due to other factors. 

/00 

8O 

~0 

20 

100 
i I I t I 

~0 80 70 60 50 
C n H 2 n + 2 ,  ° . /o ! / /V  

I I I I I 
10 2o 30 #0 50 

Ether,, % v/v 

I 0 0  - 

0 

0 6  I I f I I 
iO0 90 80 70 60 50 

C~H2~+2, %v/v 
] I I l I I 
0 10 20 30 4~0 50 

Ethep, % v/v 

Fie. 2 Fie. 3 

FIG. 2. Polyalkylidono yields (as % of compound in the medium) as a function of solvent 
composition: 1 -- polyothylidono, 2-- polypropylideno, 3-- polybutylidono, 4-- polypontylidono 

5 -- polyhoxylidono. 

FIG. 3. Conversion efficiency of (1) diazoothano and (2) diazohoxano (as % decomposition 
of the diazoalkano in hydrocarbon solvent in the same period) as a function of solvent 

composition. 

We made a series of decomposition tests with diazoethane, n-diazopropane, 
n-diazobutane, n-diazopentane and n-diazohexane by  adding AuC13.C~HsN in 
a solvent mixture made up of a saturated hydrocarbon and diethyl ether, these 
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ingredients being taken in different ratios (from the pure hydrocarbon to a 1 : 1 
alkane : ether mixture), to assess the probability of an influence of electron and 
steric factors. The rate of diazoalkane decomposition and the polymer yield was 
determined in each experiment within a series. The effect of solvent composition 
on the decomposition rate was assessed at the moment  of it reaching 80-90O/o in 
the pure hydrocarbon as solvent. 

The results of the above tests were compared with those obtained when 
decomposing the particular diazoalkane in a 100Yo hydrocarbon solvent. 

Figure 2 shows the polyalkylidene yields plotted against the solvent mixture 
composition. A larger diethyl ether content can be seen to result always iu a 
sm~ller polyalkylidene yield; this effect is all the stronger where a longer alkyl 

snbstituent I~ is present in the R- -CH--N-~  N molecule. For instance, the change 
from a hydrocarbon medium to ,~ 50O/o alkane-k50~o ether mixture reduced 
the yield from 30 to 24O/o of theoretical. The reduction in the case of polyhexyl- 
idene was from 60 to 10% (by a factor of 6). 

A similar tendency was observed in the plot of solvent composition e~gainst 
the rate of decomposition of different diazoalkanes (Fig. 3). The reasons for 
the latter not being as marked are thought to be the different weight to surface 
ratios of the metallic gold produced and the differing compositions of the decom -~ 
position products, which were functions of the solvent properties and of the diazo- 
alkane structure. 

The correlations shown in Figs. 2 and 3 lead to the conclusion that  the electron 
density present on the diazo C-atom is not the decisive factor. Its gradual increase 
with increasing length of the alkyl substituent (enlargement of the induction 
effect) should have resulted in a more successful competition of the diazoalkane 
molecule with that  of the ether for the catalyst surface. The opposite tendency 
was, in fact, observed. The polymerization-hindering effect of the ether seems 
to be chiefly due to a steric factor. 

The replacement of the ether by the more polar tetrahydrofuran (THF), 
which is also a better solvent, hindered still more the polymerization of the higher 
diazoalkanes and also reduced the decomposition rate of the diazo compound 
(Fig. 4), as well as the polymer yield (Fig. 5). i t  appears that  these properties, i.e. 
the polarity and solvating capacity, hinder the polymerization. 

We believe the mechanism of this phenomenon to be connected with the 
structural features of the diazoalkanes, namely the presence of a low polarity 
hydrocarbon radical and a p0Iar diazo group in a single molecule. The polar diazo 
groups are dissolved by the solvent molecules in ether and particularly in THF, 
while the diazoalkane molecules are randomly distributed throughout  the bulk 
of the solvent. This reduces the polymerizing capacity of the diazoalkanes fairly 
quickly, and also the screening capacity of the alkyl substituent. 

Where the diazoalkanes are present in saturated hydrocarbons having low 
polarity, which also are poor solvents, the energy for a reaction between the polar 
diazo groups is undoubtedly greater than that  with the solvent molecules. This 
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c r e a t e s  c o n d i t i o n s  fo r  t h e  a p p e a r a n c e  o f  l y o p h o b i c  r e a c t i o n s  [10] w h i c h  c a n  l e a d  

to  a c e r t a i n  s t e r i c  o r g a n i z a t i o n  o f  t h e  d i a z o a l k a n e  mo le c u l e s ,  a n d  c o u l d  r e d u c e  

t h e  s t e r i c  h i n d r a n c e  b y  t h e  h y d r o c a r b o n  r a d i c a l s .  T h i s  s t a t e  t h e n  m a k e s  p o s s i b l e  
t h e  p o l y m e r  f o r m a t i o n .  

100 

gso 

2O 

® 

0 I I I i I 
100 90 80 70 60 50 

Octone , % v/iv 
I I I t 

0 10 20 30 #0 50 
• EtherorTHF, % v/v 

F i e .  4 

100 

8O 

.~ so 
Oo 

e !  
20 

0 
100 90 80 70 60 ~0 

10 20 30 #0 50 
Ether or THF, % v/v 

Fro.  5 

l~I(], 4. Diazohexane conversion efficiency (as ~/o of t ha t  in octane in the  same time) as a 
function of solvent  composition: / - - w i t h  a diothyl e ther  addit ion;  2 - - w i t h  a T H F  addi t ion  

F i e .  5. Polyhexylldeno yields (as ~o of its yield in octane) as a function of solvent composition. 
1 and  2 as in Fig.  4. 

T h e  a u t h o r s  w i s h  t o  e x p r e s s  t h e i r  g r a t i t u d e  t o  B ,  L .  Y e r u s a l i m s k i i  a n d  V. A .  

K a b a n o v  fo r  v a l u a b l e  c r i t i c i sm .  

EXPERIMENTAL 

a) N-nitroso-lV-alkylurea (2VA U) was produced by  heat ing the respective p r imary  amines 
with a 4-6 fold excess of urea in a sl ightly acid solution (as described for the  synthesis of 
methyl-  [12] and propyl-  [13] urea). The completion of the  reaction left the  NAU R - - N H - -  
--CO--17H2, in which R =  CHs, C~tt6 or CsH~, in the  solution, so t ha t  i t  could be ni t rosated 
without  prior extract ion [12, 13]. Where the  NAU had R=C4H~ or higher, the  solubil i ty was 
much poorer and  i t  had  to be ext rac ted  prior  to ni trosat ion in cooled acetate  solution (as 
described in [14]). The NAU yields and some of their  propert ies are l isted in Table 2. 

b) Diazoethane, n-diazopropane, n-diazobutane,  n-diazopentane,  n-diazohexane, n- 
diazoheptane and n-diazooctane were all produced as solutions by  the Arndt  method [14], i.e. 
b y  alkaline cleavage of the respective NAU. The solvents were sa tura ted  hydrocarbons and 
were selected because they  had  similar vapour  pressures to those of the  par t icular  diazoalkane 
(Table 3). The solutions of the  la t ter  were frecze-cbcicdat - -  40 to --  70°C, followed by  filtration 
in an argon atmosphere and purification by  reconde~lsation. The diazoalkane concentrations 
were determined b y  t i t ra t ion  with benzoic acid [16]. 

The diazoalkane solutions were normal ly  used ~ y  af ter  their  production and 
purification. Some characterist ics of  the  above synthesis  a n ~  p ~  of  tJae solutions 
are contained in Table 3. 
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TAI~LE 2. PRODUCTION AND SOME OF THE PROPERTIES OF Ni~U R - - N ( N O ) - - C 0 - - N H ,  

R 
o~ Theor. /o 

yield * 

C2H5 50-60 

n-C3H7 30-35 

n-CaH9 30-35 

n-CsHn 40-45 

n-C~H1, 50-55 

n-CTH15 50-60 

n-CsH17 60-65 

N content, ~ 

calculated found 

35"88 35.01 
34"89 

32.05 30"75 
30-99 

28"95 28-45 
28"67 

26"40 26"55 
26"65 

24"26 24"66 
24"77 

22"44 22"38 
22.33 

20'88 19"93 
20.14 

oct 

96-98 

75-77 

81-82 

69-70 

70-72 

68-70 

66-69 

Some I R  spectral lines, cm-15 

C = O  
N - - N = 0  N - - N = O  

(N=O)  (N--N)  

1742 

1740 

1740 

1740 

1745 

1745 

1743 

1500 

1503 

1502 

1503 

1504 

1504 

1503 

905 

920 

950 

975 

978 

996 

* The yields given are based on the amine amount used in the first synthesis stage. 
t The m. p. is that of thoroughly dried samples not subjected to the final purification. 
:[: The samples used in the infrared spectroscopy were 0.5% solutions in CC14; the spectrometer DS-301 (Japan). 

T A B L E  3. SYNTHESIS  OF ALIPHATIC DIAZO COMPOUI~DS 

I)iazo- 

Ethane 

Propane 
Butane 
Pentane 
l-lexane 
I{eptano 
Octane 

Solvent 

Petroleum ether, 
b.p. 40-60 ° 

Dit to 
t texano 
Hoptano 
Octane 
Dit to 
Octane-I- docane 
(2 : 1) 

Rocondensation 
temperature,  

°C at 1 m m H g  

- -20-  --25 
- -15-  --20 
- -10 -  --15 

- - 5 -  --10 
0 

0°_5 

15-20 

% Theoretical 
yield 

30-50 
35-50 
25-40 
25-30 
25-30 
20-25 

20-25 

Catalyst preparation. The AuC13.CsttsN complex was produced by reacting purified 
pyridino with an aqueous solutions of aurohydrochloric acid [8]. 

The copper stoarato was produced by reacting copper sulphate with sodium stearato 
in an aqueous solution, then recrystallizing from benzene [17, 18]. The BF3.diothyl othorato 
was distilled immediately before using it. 

Diazohexane decomposition in a hydrocarbon with different catalysts present. Each of 
3 ampoulos placed at 19-20°C in a thermostat  was filled with 1 g diazohexano in 25 ml 
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octane. To the first ampoule were added 16.5 mg copper stearate, 10 mg AuC18"CsHsN 
to the second, and 1 drop BF3.etherate to the third. The diazohexane decomposed in 1-2 hr 
when Cu- or Au-containing catalysts were present, but  the decomposition took several 
days under the influence of BF3.etherate. The contents of the first and second ampoules 
were filtered, the reaction mixture from the third was thoroughly washed with an aqueous 
sodium carbonate solution, and with water. The octane was evaporated and the residue 
dried at 100°C under 0.01 taming vacuum to constant weight. The first ampoule (Cu-stearate 
as catalyst) yielded 0.44 g of an oily matter,  from which polyhexylidene could not be isolated. 
The second ampoule (AuC13.CsH~N as catalyst) yielded 0.34 g of a highly viscous material 
(52"5~o theoretical yield of polyhexylidene). This was precipitated twice from chloroform 
with methanol to give 0'25 g polyhexylidene; mol. wt. about 3000 (gas osmometry, chloro- 
form). 

The processing of the third ampoule contents (BFa.etherato as catalyst) yielded alto- 
gether 0.03 g of an oil which appeared to consist of a low reel. wt. product mixture of diazo- 
hexane decomposition. 

Synthesis of higher polyallzylidenes. To the solution of a higher diazoalkano in the 
appropriate solvent (Table 3), at 0-20°C, was added the AuC13.CsI-IsN complex as catalyst. 
This compound was rapidly reduced by the diazoalkane under these conditions and formed 
a finely disperse metallic gold; subsequent decomposition was accompanied by the formation 
of nitrogen gas bubbles and a gradual fading of the solution colour. The polyalkylidones 
wore purified by 2-3 precipitations from chloroform with methanol. Completion of the 
diazoalkane decomposition (10-20 hr) was followed by the filtration of the solutions and 
vacuum-evaporation of the solvents. The results of some of the polyalkylideno syntheses 
by  this method are contained in Table 1. The  infrared spectra of the products confirmed 
their assumed structure. 

Diazoalkanc polymerization in hydrocarbon/diethyl ether and hydrocarbon~THE solvent 
mixtures of different composition, using AuCla.CsHsN as catalyst. The diazoalkano solution 
(diazoethano to diazohoxano) of 0.46-0.54 mole/1, concentration in the respective hydro- 
carbon solvent (Table 3) was equally divided over 6 ampoules. Each of these received ident- 
ical volumes of the individual solvents, or of their mixtures. The diazoalkano solution thus 
prepared was reduced to 0.23-0.27 molo/l, and the solvent composition was varied from a 
100% hydrocarbon to a mixture of 1 : 1 hydrocarbon : ether (or TI-IF) by volume. The 
ampoules were placed in a thermostat and maintained throughout the experiment at 18-19°C. 
Each ampoule received an accurately weighed amount  of AuCla'CsH~N (125 mg/1.). 

The diazoalkano decomposition was followed on samples taken periodically from 
the ampoule containing the pure hydrocarbon solvent, using t i t rat ion with benzoic acid [16]. 
As soon as the decomposition amounted to 80-90%, the extent of the decomposition in 
all 6 ampoulos was determined to evaluate the rate of decomposition as a function of medium 
composition. The ampoule contents, after completion of decomposition, wore colourless 
or slightly colourod solutions, the colour being duo to a fine dispersion of gold, while a black 
sediment, probably of metallic gold, was at the bottom. The solution was filtered and the 
solvent vacuum evaporated (the solutions in tests with diazopentano and diazohexano wore 
washed several times, before vacuum evaporation, with dilute I-IC1 to decompose any high° 
boiling azines present). The polymers remaining as residue were dried at 100°C/0.01 mm 
to constant  weight. 

The main decomposition products of diazohoxane in an octane/THF mixture wore 
high-boiling oily substances (apparently dodocono and lower oligomers). The polyhoxylidono 
yields in this test series, and in the parallel one of diazohoxano decomposition in octane/other 
mixtures, were therefore determined after reprecipitation on equally dried samples under 
s tandard conditions (1 g of compound was dissolved after drying in 15 ml chloroform and 
precipitated with 150 ml methanol, the precipitate then separated and dried to constant 
weight). 
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CONCLUSIONS 

(1) A me thod  was developed for the p roduc t ion  of  higher polyalkylidenes;  

this consisted of  a cata lyt ic  decomposi t ion of  the respective diazo compound  in 
a sa tu ra ted  h y d r o c a r b o n  by  means  of  an AuC1 a. CsHsN complex. The me thod  

developed was used to produce  for the first t ime polypentyl idene,  polyhexylidene,  

polyheptyl idene  and  polyoctyl idene.  
(2) Depending on the solvent propert ies (saturated hydrocarbons ,  diethyl  

ether, t e t r ahydrofuran ,  and  their  mixtures)  the rate  of the diazoalkane decom- 

posit ion was found to v a r y  and  also the polyalkyl idene yields. This effect was 

found to be the s t ronger  with a longer alkyl subst i tuent  on the diazo carbon 

of  the aliphatic diazo compound  mo]ecule. 
(3) The pol)nnerization possibil i ty of  higher diazoalkanes in a hydroca rbon  

medium was explained by  the steric organizat ion of  the diazoalkane molecules, 

which are linked by  a lyophobic  in teract ion of  the polar diazo groups in a solvent 

of low polari ty,  incapable of  solvat ing them, and  thus  reducing steric h indrance  

Translated by K.  A. ALLE~ 
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