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III. Synthesis of N-Alkylpyrazolylaeetylenes from Methyl Pyrazolyl  Ketones* 
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4-Ethynyl-l,3,5-t~imethylpy~azole and 3,5-diethyuyl-l-methylpyr- 
azole have been synthesized by the reaction of the couesponding methyl 
N-me~hyl-pymzolyl ketches with PCI~ followed by dehydrochlorination. 
r 5-t~imethylpyrazole has been obtained similarly 
from 4-aeetoaeetyl-l,3,5-trimethylpyrazole. TheN-substituted pyr- 
azolylacety!enes have been subjected to the Chodkiewicz-Cadiot re- 
action and to dehydroeonder~ation. The IR s]pect~a of the acetylene 
derivatives of pyrazole synthesized are discussed. 

The synthesis of 3(5)-ethynylpyrazole by the con- 
densation of diazomethane and diazopropyne with di- 
acetylene and acetylene, respectively, has been de- 
scribed in the literature [2,3]. In the general case, 
to introduce an aoetylenic substituent the principle of 
the direct formation of a pyrazolylacetylene system 
is hardly applicable. It would apparently be rational 
to use for this purpose the possibility of the conver- 
sion of other substituents and, in the first place, an 
acetyl group into an acetylene group. The prospects 
of the use of this method in the synthesis of hetero- 
cyclic acetylenie compounds are not completely clear. 

aeetylation of 1, 3, 5- t r imethylpyrazole  in the p re s -  
ence of aluminum chloride [5], the yield of II being 
substantial ly raised by increas ing ~he amount of r e -  
actants and the time of the reaction. The t reatment  of 
II with a 15-20% excess of phosphorus pentaehloride 
in boiling benzene gave, exclusively or almost exclu- 
sively, 4-(o~-ehlorovinyl)-l ,  3, 5- tr imethylpyrazole 
(III), which was then smoothly dehydroehlorinated with 
sodium amide in liquid ammonia to the pyrazolylacety- 
lene Io The yield of I was more than 60% calculated on 
ehe ketone IIo The use of a two-fold excess of phos- 
phorus pentaehloride led to the predominant  formation 
of 4-(a, a-d ich lo roe thy l ) - l ,  3, 5- tr imethyipyrazoIe (IV), 
some of the vinyl chloride III (less than 1O~0), and, 
probably, products of chlorination in the methyl groups. 
On dehydroehlorination, the presence o~ the lat ter  
type of compounds caused resinif ieat ion,  and the ether-  
insoluble r e s in  absorbed the bulk of the acetylene I, 
which it was possible to isolate by dissolving the res in  
in chloroform followed by chromatography on alumina. 
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The few attempts to obtain such acetylenes from ke- 
tones sometimes encountered unexpected difficulties~ 
Thus, the yields of all the possible i somers  of ethynyl- 
pyridine and ethynylquinoline varied between 0ol and 
33?0 [4]. 

We have performed the synthesis of acetylenie de- 
r ivat ives  of N-methyl-pyrazoles  f rom the correspond-  
ing ketches. The preparat ion of ethynylpyrazoles un- 
substituted on the nitrogen atom is complicated by the 
presence of a react ive hydrogen atom in them and will 
be considered separately.  4-Ethynyl-1,  3, 5- t r imethyl -  
pyrazole (I) was synthesized from 4-aeetyl-1,  3, 5 - t r i -  
methylpyrazole (II). The ketone II was obtained by the 

*For part II, see [i]. 
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I t  is easy to effect the conversion of acetyl groups 
in positions 3 and 5 of the pyrazoie r ing into acety- 
lene groups by the method under consideration. This 
was demonstrated by the synthesis under similar con- 
diEions of 3, 5-diethynyl-l-methylpyrazole (V) (yield 
62%) from 3, 5-diaeetyl-l-methylpyrazole (VI). The 
ketone Vl was obtained by the methylation of 3, 5-di- 
acetylpyrazole VII [6] with dim_ethyl sulfate at room 
temperagure. 

The successful synthesis of ethynyi- and diethynyl- 
pyrazoles from ketones gave grounds for assuming 
that the method of preparing arylbutadiynes from i, 3- 
diketones [7] could also be extended to butadiynylpyr- 
azoles. 

The methyl ketone II was condensed wi~h ethyl ac- 
etate by Claisen~s method in the presence of sodium 
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methoxide to form 4-ace toaee ty l -1 ,  3, 5 - t r ime thy l -  
pyrazo le  (VIII) which, by the genera l  method, gave 
4 - b u t a d i y n y l - 1 , 3 , 5 - t r i m e t h y l - p y r a z o l e  (IX) with a 
y ie ld  of 36%. The diacetylene IX was also synthesized 
by extending the acetylenie  chain of the pyrazo le  I [8]. 
It was prev ious ly  shown that the acetylene I takes par t  

lOP, 

0 
2t00 220~ 2DO ~ Cm "~ 

IR spec t rum of 1 , 8 - d i ( l ' ,  3' ,  5 ' - t r i -  
me thy lpy razo l -4 ' -y l )  oc ta te t rayne 

(XIII). 

in the Favorskii reaction with acetone, and the 3-meth- 
yl-l-(l', 3', 5'-trimethylpyrazol-4'-yl)but-l-yn-3-ol 
(X) formed,  in con t ras t  to analogous alcohols of the 
pyrazo le  s e r i e s  unsubsti tuted on the n i t rogen atom [1], 
decomposes  a lmost  quanti tat ively into the s ta r t ing  ma-  
t e r i a l s  when heated with a cata lyt ic  amount of caust ic  
potash. The pyrazo ly lace ty lene  I was coupled with 
1 - b r o m o - 3 - m e t h y l b u t - l - y n - 3 - o l  by the Chodkiewiez-  
Cardiot  reac t ion ,  giving 5 - m e t h y l - l - ( l ' ,  3 ' ,  5 ' - t r i m e t h y l -  
p y r a z o l - 4 ' - y l ) h e x a - 1 , 3 - d i y n - 5 - o l  (XI). On being c a r e -  
fully heated with caust ic  potash in an apparatus  for 
vacuum sublimation,  the alcohol XI decomposed into 
the d iacety lene  IX and acetone. The yield of IX was 
smal l  and, because of i ts ins tabi l i ty ,  var ied  consid-  
e rab ly  according to the conditions of pe r fo rming  the 
react ion.  

All the N-methy lpyrazo ly laee ty lenes  take par t  in 
the dehydrocondensat ion reac t ion  in pyr id ine  in the 
Presence  of cuprous chloride.  The acetylenes  I and IX 
d imer i zed  in high yield to form 1 , 4 - d i ( l ' ,  3 ' ,  5 ' - t r i -  
me thy lpy razo l -4 ' -y l ) -bu tad iyne  (XII) and 1, 8 -d i ( l ' ,  
3 ' ,  5 ' - t r i m e t h y l p y r a z o l - 4 ' - y l )  oc ta te t rayne (XIII), r e -  
spect ively.  Under these  conditions the d ie thynylpyr-  
azole V fo rmed  a po lymer ic  product  XIV, which is the 
he te rocyc l ie  analog of the poly(die thynytarene)s- -  
po lymer s  with a sys tem of conjugated bonds [9]. 

The individuality of the compounds synthesized was 
confirmed by gas-liquid and thin-layer chromatography. 
it was found that the various alkyl, alkenyl, alkynyl, 
acetyl, methoxyearbonyl, and other derivatives of the 
N-alkyl-pyrazoles can be analyzed by the GLC method 
using 2% of poly(ethylene glycol) adipate on Celite 545 
as the stationary phase at a temperature of 50-175 ~ C 

("Pye' chromatograph). 
The IR spectra of all the acetylenic pyrazole deriva- 

tives obtained showed the stretching vibrations of the 
C~--C bond in the 2100-2200 cm -I region. The corre- 
sponding frequencies (recorded on a UR-10 spectro- 

photometer) are given below: 

Compound I X IX 

Frequency ,  2112 (s) 2228 (m) 2212 (v.s)  
cm-1 

Compound XII XIII V 

Frequency ,  2147 (s) 2078 (m) 2122 (m) 
cm -1 2215 (w) 2125 (w) 

2195 (v. s) 

• 

2150 (w) 
2232 (s) 

Recent ly ,  Popov and Lubuzh [10], on the bas is  of 
a mechanica l  model and a set  of force constants d e t e r -  
mined by them, have c a r r i e d  out a calculation of the 
f requencies  of polyacetylene groupings.  Unfortunately, 
the calculat ion is f a i r ly  complex and in the l i t e r a tu re  
the c ha r a c t e r i s t i c s  of the IR spec t ra  of aeetylenic  com- 
pounds a re ,  as a ru le ,  given on the pure ly  descr ip t ive  
level  without a t tempts  at the i r  in terpre ta t ion.  F u r t h e r -  
more ,  a s imple  quali tat ive method permi t t ing  the s t ruc -  
ture of such a compound to be connected to a f i r s t  
approximat ion with the number and posit ion of the bands 
in i ts spec t rum would apparent ly  be useful. With this 
a im,  we have a t tempted to in te rp re t  the main fea tures  
of the spec t r a  (in the region of the s t re tch ing  v ib ra -  
tions of the t e rna ry  bonds) of the acetylenes  syn the '  
s ized in this work, bas ingour se lves  on a considerat ion 
of a mechanica l  model  and using the r e su l t s  of an anal-  
y s i s  of the calculat ion,  but not having r e c o u r s e  to the 
calculat ion i tself .  

A consideration of a diatomic model of an oscilla- 
tor shows that an increase in the mass of x increases 
the rigidity of the fixing of the atom C(2) and, conse- 
quently, leads to a rise in the frequency of its char- 
acteristic vibrat ions .  In actual  fact ,  while in the spec-  
t rum of the e thynylpyrazole  I the t r ip le  bond appears  
at 2112 em -1, in the spec t rum of the carbinol  X, as 
in other disubst i tu ted acety lenes ,  its frequency is 
r a i s ed  by approximate ly  100 cm - l .  We may note that 
the high intensity of the 2112 cm -1 band in compound 
I is probably  a consequence of an inc reased  e lec t ron 
densi ty  in posi t ion 4 of the pyrazole  r ing  [11] and of 
the consequent i nc rease  in the dipole moment of the 
t r ip l e  bond conjugated with the nucleus. 

The v ibra t ions  of the diacetylene grouping in the 
pyrazo le  IX a re  spli t  into s y m m e t r i c a l  and an t i sym-  
m e t r i c a l  v ibra t ions  and, in accordance  with the l in-  
ea r  model  of two osc i l l a to r s  with a r e s i l i en t  link, the 
fo rmer  must  have a higher f requency because of the 
influence of the r ig idi ty  of the C(z)---C(s ) bond. It can 
be shown that the intensi ty of the line of the symmet -  
r i ca l  v ibra t ions  in a s e r i e s  of monotypieal  acetylenic  
compounds is de te rmined  by the sum of the dipole mo-  
ments  of the acetylene groups that have the s ame  di-  
rec t ion  and that of the line of the an t i symmet r i ca l  vi -  
bra t ions  by thei r  difference.  Consequently, in the 
spec t rum of the diyne IX essen t ia l ly  only the symmet -  
r i ca l  v ibra t ions  appear  in the form of a ve ry  s trong 
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l i ne  a t  2212  c m  - i .  T h e  a p p e a r a n c e  of b o t h  b a n d s  in  

t h e  s p e c t r u m  of t h e  d i a c e t y l e n i c  a l c o h o l  XI i s  e x p l a i n e d  

by  a c h a n g e  in  t h e  r a t i o  o f  t h e  s u m  a n d  a d i f f e r e n c e  o f  

t h e  d i p o l e  m o m e n t s  of  t h e  C~--C b o n d s .  I n  c o m p o u n d  

XII ,  t h e  d i p o l e s  of  t h e  C-~=C b o n d s  a r e  e q u a l  a n d  in  o p -  

p o s i t e  d i r e c t i o n s ,  w h i c h  l e a d s  to  a m a r k e d  i n c r e a s e  

in t h e  i n t e n s i t y  of  t h e  a n t i s y m m e t r i c a l  b a n d  (2147 c m  - t )  

in p a r a l l e l  w i t h  a d e c r e a s e  i n  t h e  i n t e n s i t y  of  t h e  s y m -  

m e t r i c a l  b a n d  (2215 c m - 1 ) .  T h e  p o l y y n e  s y s t e m  in  t h e  

t e t r a a o e t y l e n e  XIII  c a n  b e  r e p r e s e n t e d  by  f o u r  l i n k e d  

o s c i l l a t o r s  t h e  s o l u t i o n  o f  t h e  v i b r a t i o n a l  e q u a t i o n s  of  

w h i c h ,  a s  i s  w e l l  k n o w n ,  g i v e s  t h e  f o l l o w i n g  s y s t e m  

of e i g e n v e c t o r s :  

+ + + + 
+ -- + - 

+ + 

+ + 

691 (02 (03 (~4 

T h e  v a l u e s  of  t h e  g e n e r a l i z e d  f o r c e  in t h e s e  n o r m a l  

c o o r d i n a t e s  d e t e r m i n e  t h e  o r d e r  of  a r r a n g e m e n t  of  

t h e  v i b r a t i o n s  w i t h  r e s p e c t  to  f r e q u e n c i e s ,  w 2 < co, < 

< co 3 < w l ,  w h i c h  a l s o  o b v i o u s l y  f o l l o w s  f r o m  t h e  s i m -  

p I e s t  m e c h a n i c a l  m o d e l .  T h e  r e l a t i v e  i n t e n s i t i e s  of  

t h e  a b s o r p t i o n  b a n d s  c a n  be  e v a l u a t e d  if  a s y m m e t r i -  

c a l  d i s t r i b u t i o n  of  t h e  d i p o l e  m o m e n t s  o v e r  t h e  b o n d s  

--C~----C--C~-C--C~=C---C-=C~ i s  a s s u m e d .  V i b r a t i o n s  1 
a n d  4 s h o u l d  n o t  a p p e a r  i n t h e  s p e c t r u m ,  o r  o n l y w e a k l y ,  

v i b r a t i o n s  3 s h o u l d  g i v e  t h e  s t r o n g e s t  l i n e ,  a n d  v i b r a -  

t i o n s  2 a l i n e  o f  m e d i u m  i n t e n s i t y  ( s e e  f i g u r e ) .  

S i n c e  ~he i n t e n s i t y  of  t h e  l i n e  of  t h e  s t r e t c h i n g  v i -  

b r a t i o n s  of t h e  b o n d  i s  d e t e r m i n e d ,  a c c o r d i n g  to t h e  

c o n s i d e r a t i o n s  g i v e n  a b o v e ,  by  t h e  d i s t r i b u t i o n  of 

c h a r g e s  i n  t h e  p y r a z o l e  r i n g ,  and  t h e  e l e c t r o n  d e n s i t y  

in  p o s i t i o n s  3 a n d  5 i s  l o w e r  t h a n  in  4 ,  t h e  c o r r e s p o n d -  

i n g  b a n d s  i n  3 r -  a n d  5 ' - e t h y n y l p y r a z o l e s  m u s t  be  w e a k e r  

t h a n  in  4 - e t h y n y l p y r a z o l e .  T h i s  i s  i n  f a c t  c o n f i r m e d  

b y  t h e  s p e c t r a  o f  3, 5 - d i e t h y n y l - l - m e t h y l p y r a z o l e  (V) 

a n d  3 - e t h y n y l p y r a z o l e  [1],  t h o u g h  t h e  r e s e r v a t i o n  m u s t  

be  m a d e  t h a t  in  t h e  p y r a z o l e  I t he  e l e c t r o n  d e n s i t y  in  

t h e  r i n g  h a s  a n  a d d i t i o n a l  g e n e r a l  i n c r e a s e  b e c a u s e  of  

t h e  p o s i t i v e  i n d u c t i o n  e f f e c t  of  t h e  m e t h y l  g r o u p s .  

EXPERIMENTAL 

4-Acetyl - l ,8 ,  6-trimethylpymzole (If) [5] was obtained from 
88.8 g (0.807 mole) of 1,8, 5-trimethylpyrazole, 120 g (1.515 mole) 
of acetyt chloride, and 390 g (2.92 mole) of A1Cls in 600 ml of CC14 
at - 5  to 20 ~ C with a reaction time of 24 hr; after distillation and re- 
crystallization from petroleum ether (bp 70-100" C), yield 73.7 g 
(60%), mp 69-69.5" C, Bp 184--137 ~ C (11 ram); IR spectrum: C=O 
1655 cm "I. 

Rose,on of tile ketone II with PC1 s. A mixture of 19.5 g (0.128 
mole) of the ketone II and 31.8 g (0.152 mole) of PCls in 150 ml of 
absoiute benzene was boiled for 6 hr and, after cooling, was poured 
into a mixture of cone aqueous KOH and ice and was then extracted 
with ether. Distillation yielded 17.7 g (81%o) of the chloride III, bp 
112-115 ~ C (14 ram); n~ 1.5240, which crystallized on prolonged 
standing in t h e ~ l d .  Pound, 7oi C1 20.86. Calculated for CsHuCLN z, 
%: C1 20.78. An increase in the amount of PC15 (0.31 mole) in the 
reaction yielded mainly the dichloride IV, bp 108-109 ~ C (1.5 ram); 
n~ 1.5380. Pound, %: C1 34.33. Calcuiated for CaHlzClsN2, %: 

C1 84.24. The vinyl chloride II1 and products with a higher chlorine 

content were formed simultaneously. 
4-Ethynyl-1, 8, 5-trimethyll~yrazole (I). To the sodium amide 

prepared from 23 g (1 g-at) of sodium in 1.7 I of liquid ammonia was 
gradually added 19.7 g (0.116 mole) of the vinyl chloride III in 250 
ml of ether (an ethereal benzene solution of the distilled chlorides ob- 
tained in the preceding stage was usually used), and the mixture was 
stirred for 3 hr and treated with 300 ml of ether, after which the am- 
moria was driven off. The excess of sodium amide was decomposed 
with water, the ethereal solution was dried with caicium chloride, and 
the solvent was distilled off in vacuum. ThepyrazolylacetyteneI (13 g, 
mp 74-76* C) was sublimed at 55 ~ C (2 ram), yield 11.6 g (74.7%), 
mp 78 ~ C (from petroleum ether). IR spectrum, cm ' t :  ~ 2112, 
(3~C--H 3315. PMR spectrum (CC14; JNM-4H-100 spectrometer; ppm, 
5TI~S = 0): 3.58 (1-CH~), 3.04 (4-HG~C), 2.20and 2.15(8- and5-CHs). 
Pound, %: N 20.83. Calculated for CsHt0N z, %: N 20.88. 

8,5-Diaeetyl-l-methylpyrazole (VI). To 14,8 g (0.097 mole) of 
3,5-diacetylpyiazole (VIII) obtained with a yield of 44.9% by the con- 
densation of g-chlorovinyI methyl ketone and diazoaeetone [6] in 30 
ml of 40%oNaOH solution was added 14 mi  (0.148 mole)ofdimethylsul- 
fate at such a rate that the temperature did not exceed 25-30 ~ C, and 
the mixture was stirred for 3 hr, decomposed with water, and extracted 
with chloroform, After recrystallization from petroleum ether (bp 70- 
100 ~ C) 9.8 g (60.6%) of the diketone VI was obtained with mp 100- 
100,20 C. IR spectrum, cm'~: C~O 1690. Found, %: N 16.94. Calcu- 
luted for CsH10NzO~, %: N 16.87. 

8,5-Diethynyl-2-methylpyrazole (V). To a suspension of l0 g of 
PC15 in 80 ml of absolute benzene was added 8.4 g (0.05 mole) of the 
diketone VI, the mixture was heated to 30 ~ C, and, as the reactants 
dissolved, another g0 g of PC1 s (making a total of 0.121 mole) was 
added in two portions. The reaction mixture was stirred at 30 ~ C for 
3 ht and was then poured into a mixture of ether, saturated sodium bi- 
carbonate solution, and ice. The ethereal benzene solution of the 
chlorides was dried with calcium chloride and added over 30 rain to 
sodium amide (from 14,5 g of sodium) in 1 l of liquid ammonia; the 
mixture was stirred for 2.5-8 hr, the ammonia was driven off, asmall  
amount of water was added, and the diaeetylene V was extracted with 
chloroform. Compound V was purified by vacuum distillation at 40" C 
(1 ram). Yield 4 g (62%), mp 41-41.5 ~ C (from petroleum ether). IR 
spectrum, cm'~: ~ 2122, O~C-fi 3813. PMRspectrum(CC14), ppm; 
3,92 (1-CHs), 2.95 ( 3 - H ~ ) ,  (5-HC~C), 6.53 (4-H). Found, %: 
N 21.44. Calculated for Cstq~N~, 'rJo: N 21.53. 

4-Aeetoaeetyl-l ,8,5-tximethylpyrazole (VIII). To 10g (0.438 mole) 
of sodium wire in 200 ml of benzene was added 17 ml of absolute meth- 
anol and, after 2 hours' stirring, 98 g (0.15 mole) of the ketone II in 
64.5 mt (0.66 mole) of ethyl acetate. The reaction mixture was heated 
at 40 ~ C for 2 hr and at 50-60 ~ C for 12 bx and was then acidified with 
acetic acid, filtered, and distilIed in vacuum. The yield of the dike- 
tone VIII was 22.5 g (46.5%), mp 4.5.5-48,5* C (from petroleum ether) 
bp 110-114 ~ C (2 ram). 1R spectrum, cm ' l :  C=O group in enolized ~- 
diketones at 1600. Pound, %: N 14.73. Calculated for C~0HI4NzOz, %: 
N 14.43. At the same time, i0-13 g of the ketone II was recovered. 

4-Butafliyayl-l,8, 5-trtmethylpyrazole (IX). Over 30 rain at 5 -  
10" C, a solution of 9.7 g (0.05 mole) of the pyrazole VIII in 150 ml 
of benzene was added to 28 g (0.11 mole) of PCls in 50 ml  of benzene, 
and the mixture was stirred at 20 ~ C for 2 hr, after which the tempera- 
ture was raised to 60 ~ C over 2 hr and it was stirred at this temperature 
for 4 hr. The subsequent procedure, including dehydrochlorination, was 
the same as in the synthesis of the diethynyl-pyrazole V. The aiacety- 
lone IX was extracted with ether, and the solution was concentrated and 
filtered through a layer of AlzO s of activity V. Yield 2.9 g (36.8~o), 
mp 109-110 ~ C (the analytical sample was sublimed in vacuum). IR 
spectrum, era ' l :  ~ 2212, C~C--H 3310. PMRspectrum(CCh), ppm: 
3.51 (1-CHs), 2.06 and 2.16 (3- and 5-CH3) , 2.26 (~--~C-.4D~H). Found, 
%: N 18.2. Calculated for CloHloNz, %: N 17.72. 

Reaction of the pyrazolylacetylene I with acetone, a solution of 
8 g (0.06 mole) of the acetylene I in 80 ml of ether, and then 8 ml 
(0.103 mole) of acetone in 12 ml of ether were added to 14.8 g (0.264 
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mole) of KOH in 1O0 ml of absolute ether at 0 ~ C, and the mixture was 
stirred at 0-2 ~ C for 3.5 hr and at 20 ~ C for 10 hr. Decomposition 
with water and neutralization with CO z yielded about 2 g of the pyr- 
azole I and 8 g (69.8%) of the alcohol X, mp 93.5 ~ C (from petroleum 
ether), bp 118-I19 ~ C (3 mm). IR spectrum, cm'l :  Oe~C 2228, OH 
3600. Found, %: N 14.78. Calculated for CUHx6 N20, %o: N 14.58. 

When 4.1 g of the alcohol X was distilled with 0.09 g of KOH in 
vacuum (3.5 ram), 2.6 g (90.8%) of the acetylene I was obtained. 

Reaction of the acetylene I with l-bromo-3-me~hylbut-l-ya-3-ol. 
Over 2 hr, 19.8 g (0.135 mole) of 1-bromo-3-methylbut-l-yn-3-ol 
was added to a mixture of 14 g (0.105 mole) of the pyrazolyacetylene 
l, 20 ml of ethylamine, 1.2 g of hydroxylamine hydroehloride and 0.3 
g of cuprous chloride in 80 ml of methanol at 40 ~ C in an atmosphere 
of nitrogen, and the mixture was stirred for 3 hr at the same tempera- 
ture, diluted with water, and extracted with ether. In a vacuum sub- 
limation apparatus (50" C, 3 ram), the reaction product yielded 2.5 g 
of the acetylene I. The residue consisted of the diacetylenic alcohol 
• yield 17 g (75%), mp 134.5 ~ C (from petroleum ether), IR spec- 
trum, cm'l :  ~ 2150 and 2232, OH 3595. Found, %: N 13.16. Cal- 

culated for ClaHI6N20, %: N 12.95. 
Decomposition of the diacetylenic alcohol XI. A finely-ground 

mixture of 0.3 g (0.0014 mole) of the alcohol XI and N0.05 g of KOH 
was heated in a vacuum sublimation apparatus at 80-90 ~ C (2.5 ram); 
this gave about 0.1 g (45.50]0) of the pyrazolyldiacetylene IX. 

Oxidative condensation. A mixture of 1.34 g (0.01 mole) of the 
acetylene I, 0.25 g of cuprous chloride, 55 ml of pyridine, and 8 ml 
of methanol was shaken in an atmosphere of oxygen until the absorp- 
tion of the latter ceased and was then poured into ~0.5 I of water and 
Re precipitate was filtered off and washed with aqueous ammonia and 
water until it was free from Cu 2+ and CI" ions. The dimer XII was 
purified by chromatography on AlzOs (activity V) in chloroform; yield 
1.2 g (90.8%), mp 107.5-108 ~ C (~rom petroleum ether-benzene). IR 
spectrum, cm'l :  C ~  2147 and 2215. Found, ~0: N 21.03. Calculated 

for CI6HlsN4, %: N 21.05. 
The pyrazolyldiacetylene IX was oxidized similarly, giving an 

84% yield of the tetrayne XIII, mp 179-179.5 ~ C (from petroleum 
ether). IR spectrum, cm-l:C~C 2078, 2125, and 2195. Found, %: 
N 17.58. Calculated for CzGH~N4, %: N 17.82. 

In the same way, the diethynylpyrazole V gave 83% of the olig- 
omer XIV, a yellowish brown substance not melting below 330 ~ C, 

insoluble in organic solvents, and exploding on contact with a heated 
were. IR spectrum, cm-l; ~ 2162 and 2223, C ~ - - H  8315. Found, 
%: N 20.44. 
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