
CONCLUSIONS 

1. We have established conditions for the reaction of bromophenylacetylene with copper(I) cyanide where- 
by the yield of phenylcyanoacetylene can be increased from 37 to 80~ 

2. The reaction of phenylcyanoacetylene and cyanoacetylenic alcohols with 1,2- and 1,3-glycols does not 
terminate with the formation of substituted fl-organyloxyacrylonitriles; the latter undergo intramolecular cycli- 
zation to the corresponding 2-(cyanomethyl)-l,3-dioxolanes and 1,3-dioxanes. 
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cu(1) SALTS AS CATALYSTS OF ACETYLENE CONDENSATION 

M. S. Shvartsberg, A. A. Moroz, 
and A. N. Kozhevnikova 

UDC 541.128 ; 546.56--38 : 
542.953 : 547.314 

In the p r e s ence  of K2CO3, Cu(I) sa l t s  in pyr idine efficiently ca ta lyze  the substi tut ion of a roma t i c  halogen 
by alkynyl groups [1] 

HC~CR 
ArI § ArC-----CR 

K,CO,, Cu (I), CBH~N 

Here  we r epor t  some  resu l t s  of a fu r the r  examinat ion of this react ion.  

The act ivi ty of Cu(I) sa l t s  in this condensation fa r  exceeds that of meta l l ic  copper ,  which we suggested 
e a r l i e r  as  c a t a l y s t  [2, 3]. Replacement  of Cu by the equivalent quantity of Cul cons iderably  intensif ies the 
reac t ion  (Table 1). 

The catalyt ic  act ivi ty of CuC1 is identical to that of CuI, but the l a t t e r  is p re fe rab le ,  s ince it excludes the 
poss ibi l i ty  of par t i a l  convers ion  of the m o r e  reac t ive  a romat i c  iodide to the chloride by halogen exchange [7]. 
The Cu{I) sal ts  a r e  much m o r e  act ive than Cu20, probably  because  of the i r  b e t t e r  solubility in pyridine.  Thus 
under  identical conditions the reac t ion  t ime  for  condensation of methyl  o- iodobenzoate  (I) and phenylacetylene 
(II) in the p r e s e n c e  of Cu20 is 9-10 h as agains t  3.5 and 17 h with CuI (CuC1) and Cu, respec t ive ly  

I C----CC6H~ 
/ /  / HC~CC,H~ (II) ~ /" 0, 

COOCHs COOCHs 
(I) 

The ra te  of react ion  depends on the quantity of the Cu(I) salt .  The  reac t ion  t ime for  condensation of (I) with 
(II) diminishes  f rom 12 h to 40 rain as the quantity of CuI is changed f rom 0.03 to 4 moles  p e r  m01e of (I) 
(Fig. 1). 

The nature  of the base  affects  the catalyt ic  act ion of the Cu(I) sa l ts .  For  example,  the react ion  t ime for  
condensation of (I) with (II) i nc reases  by a fac tor  of ~ 8  if, o ther  things being equal, K2CO 3 is replaced byKHCO 3. 

Institute of Chemical  Kinetics and Combustion, Siberian Branch of the Academy of Sciences of the USSR, 
Novosibirsk.  Novosibirsk  State Univers i ty .  Trans la ted  f rom Izves t iya  Akademii  Nauk SSSR, Seriya Khim- 
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Moreover ,  K2CO 3 is also m o r e  effect ive than Na~CO3, CaCO3, KF, etc. The fa i lure  of e a r l i e r  a t tempts  to use  
CuI as ca ta lys t  for  p repa r ing  tolans f rom ary lace ty lenes  and iodobenzenes probably  s t emmed  f rom the low 
efficiency of the chosen condensing base,  t e r t i a r y  amines  [8]. 

Condensation in the p re sence  of Cu(i) sa l t s  is accompanied by the appearance  of the cha rac te r i s t i ca l ly  
colored copper(I)  acetyl ides  in the reac t ion  mix ture .  Fu r the rmore ,  the min imum reac t ion  t ime  is a lmos t  iden- 
t ica l  to the reac t ion  t ime  of the iodide with the copper(I)  acetyl ide.  Sepa ra t e  expe r imen t s  revealed  that under 
the conditions of condensation but in the absence  of the a ry l  iodide, the convers ion  of phenylacetylene (iI) to 
copper(I)  phenylacetyl ide is not m o r e  than 30% over  a per iod of 2.5 h. Equally, significant quanti t ies of the 
phenylacetyl ide a r e  not formed without K2CO 3. All this undoubtedly impl ica tes  acetyl ides  as: in te rmedia tes  in 
the catalytic reac t ion .*  The function of the condensing base  is probably to ensure  that the copper(i)  acetyl ide 
is fo rmed  in the requis i te  quantity and at an adequate ra te .  The nature  of the base  probably  controls  both the 
posi t ion of the equil ibrium and the ra te  of this s tage and thus affects  the ra te  of the ent i re  p r o c e s s .  

Having d iscovered  the catalyt ic  act ivi ty  of Cu(I) sa l ts ,  we na tura l ly  wondered  whether  the act ion of m e t a l -  
lic copper  was due to the p r e s ence  of oxidized spec ies .  Es t imates  based on the f igures  of Table  1 and Fig. 1 
show that  the ra te  of reac t ion  observed  in the p re sence  of copper  would requi re  the p r e sence  of ~ 0.02 g - a to m 
Cu (I) p e r  mole  ArI .  This would r e p r e s e n t  a content in the meta l l i c  ca ta lys t  of ~ 5 wt. % of Cu(I) compounds 
based on Cu20. Such a smal l  quantity of Cu(i) could eas i ly  be formed e i ther  by oxidation of the ca ta lys t  during 
p r e p a r a t i o n  or in the course  of condensat ion by p r o c e s s e s  such as Ullmann coupling. 

To find the extent to which Cu(D is formed,  we t rea ted  the copper  powder used as ca ta lys t  [12] in an in e r t  
a tmosphe re  with pyr id ine .  Af ter  f i l t rat ion,  the reac t ion  between (i) and (iI) was c a r r i e d  out in the f i l t rate;  we 
added nei ther  meta l l ic  copper  nor a Cu (I) sa l t  but only K203 to the solution of reac tan t s  in pyridine.  Under 
these  conditions (I) condensed with (II) but r a the r  m o r e  slowly than would be usual in the p re sence  of copper .  
The use of pyr idine specia l ly  deoxygenated before  the run fu r the r  increased the reac t ion  t ime.  Consequently, 
the act ivated spec imens  of the meta l l ic  ca ta lys t  contain pyr id ine-so luble  oxidized copper  spec ies ,  which to a 
cons iderable  extent a r e  also respons ib le  for  its catalyt ic  action.  

However,  we found s imul taneously  that copper  powder a f t e r  repeated  t r ea tmen t  with pyridine a lso  re ta ins  
its catalyt ic  act ivi ty and s ca r ce l y  differs  in efficiency f rom f resh ly  p r epa red  copper .  In this context we r e -  
peated these  exper imen t s  in modif ied fo rm:  We t rea ted  the copper  beforehand not with pure  pyridine but with 
a pyr id ine  solution of iodide {I) and, a f te r  f i l t rat ion,  we ca r r i ed  out the acetylene condensat ion in the f i l t ra te  
without adding the ca ta lys t .  The reac t ion  t ime  was the s ame  in this case  and in the p re sence  of copper  powder,  
which on the one hand definitely conf i rms  that Cu(I) is the act ive component  of the meta l l ic  copper  ca ta lys t  and 
on the other  hand means  that pa r t  of the CU(I) is formed by d i rec t  in teract ion of Cu with A rI ,  i .e.,  probably in 
the side reac t ion  of coupling of a ry l  iodides. 

The intensif icat ion of acetylene condensat ion by Cu(I) sal ts  marked ly  s impl i f ies  the p repa ra t ion  of mono-  
and polye thynylarenes  

CH3 CH3 

�9 , ~occ=c-~)-c-cco, ~ ~c-c- 0 
~N / ~.. ~,o+ I ) 

CHa "~N CH3 ~N / 
(lid (V) 

by the method suggested e a r l i e r  [12, 13]. Thus we synthesized without difficulty 3,5-diethynylpyridine W) in 
50% overal l  yield f rom 3,5-diiodopyridine (III) and 3 -me thy l -3 -  ( ] -methyl -2-oxabuty loxy)-  1-butyne (IV) {Table 1) 
[14]. In some ca se s  condensation of halogen der iva t ives  and acetylenic  alcohols with an unprotected hydroxyl 
group became  poss ib le .  For  example  we were  able to p r e p a r e  1 - (o -me thoxyca rbony lpheny l ) -3 -me thy l - l -bu tyn -  
3-ol (VI) [4] d i rec t ly  f rom 2 -me thy l -3 -bu tyn -2 -o l  (VII) and (I) in 90~ yield with a reac t ion  t ime  of 2.5 h 

I C----CC(CHa)~OH 
~ v ~ / /  ./ 

R R 
B=COOCH~ (VI), OCH.~ 

However, the condensation with an unactivated halide [15] - o- iodoanisole  - under  the s ame  conditions was m o r e  
complicated and proceeded only to 50% completion,  whereupon it t e rmina ted ,  apparent ly  because  of the decom-  
posi t ion of the in te rmedia te  substi tuted copper(I)  aeetyl ide.  During this react ion the original  red acetyl ide 

*The mechan i sm of condensation of a ry l  iodides with substi tuted copper(I) acetyl ides  is d iscussed [9-11]. 
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prec ip i t a te  was slowly conver ted  to a da rk -co lo red  compound of unknown s t ruc tu re ,  which did not reac t  with 
the a ry l  iodide and exploded when heated in the d ry  s ta te .  

E X P E R I M E N T A L  

2-(Methoxycarbonyl) tolan.  a) Compound ([) (5.2 g), (II) (3.1 g), powdered K2CO 3 (5.2 g), and CuI (1.9 g) 
in pyr idine (50 ml) were  heated at  115-117~ in an a tmosphe re  of N 2 until (I) d i sappeared  (GLC). Af te r  cooling, 
the reac t ion  mix tu re  was diluted with ether ,  washed with dilute HC1 and water ,  and dried over  MgSO 4. 2-(Meth-  
oxycarbonyl) tolan [4] was purif ied by ch roma tog raphy  on AI203 (activity II) in benzene; the yield and reac t ion  
t ime  a r e  given in Table  1. 

b) Compound (I) (5.2 g) was condensed with copper(I)  phenylacetyl ide (3.3 g) [9] in pyr idine (50 ml) under 
reflux; the reac t ion  t ime  was 40 rain. 

Format ion  of Copper(I) Phenylacetyl ide under  the Condensation Conditions. Compound (II) (1 g), CuI 
(1.9 g), and K2CO 3 (2.5 g) in pyr idine (25 ml) were  refluxed in an a tmosphe re  of N 2 for  2.5 h, whereupon the 
mix tu re  was diluted with e ther  (0,5 l i ter)  and f i l tered.  The f i l t ra te  was washed with dilute HCI and wate r  and 
dried ove r  K2CO 3. Removal  of e ther  gave  a mix tu re  (0.5 g) of (iI) and diphenyldiacetylene,  which were  identified 
by TLC and GLC. The p rec ip i t a t e  of copper([) phenylacetyl ide and inorganic sa l ts  was sepa ra ted  by f i l t rat ion,  
washed with e ther  and water ,  and shaken with a mix tu re  of dilute HC1 and e ther .  The e thereal  l a y e r  yielded (II) 
(0.3 g). 

Compound (iI) (J g) and CuI (5 g) in pyridine (25 ml) was refluxed for  2.5 h. Af te r  the s ame  t r ea tmen t  
the e therea l  solution gave (II) (0.8 g) contaminated with a smal l  quantity of diphenyldiacetylene.  The e therea l  
ex t rac t  der ived by decomposing the prec ip i ta ted  inorganic sa l ts  with dilute HC1 did not contain (II). 

Identif ication of the Act ive Component  of the Metallic Copper  Cata lys t .  a) Copper  powder  (0.70 g) and 
K2CO 3 (2 g) in pyr id ine  (50 ml)  were  refluxed for  3 h in an a tmosphe re  of N2; the supernatant  liquid was c a r e -  
fully t r a n s f e r r e d  by syr inge  to another  f lask.  Af te r  purging with N2, ([) (5.2 g), (U) (6.1 g), and K2CO 3 (5.2 g) 
were  added and the condensat ion was c a r r i e d  out. The reac t ion  t e rmina ted  a f t e r  14 h. The prec ip i ta ted  copper  
and K2CO 3 a f t e r  decantat ion of pyr idine were  carefu l ly  washed with water ,  acetone,  and ether ;  copper  (0.62 g) 
was r ecove red .  

Use of pyr id ine  dist i l led in a s t r e a m  of N 2 immedia te ly  before  the run increased  the durat ion of the r e -  
act ion to 36 h when this p rocedu re  was employed with an a tmosphere  of Ar .  

b) Condensat ion was c a r r i e d  out in pyridine as before ,  s tar t ing  with (I) in addition to copper  and K2CO3; 
(II) and a second por t ion  of K2CO 3 were  added to the solution a f t e r  r emova l  of the copper .  The condensat ion 
t e rmina ted  a f t e r  8 h. 

Acetylene  Condensation. The condensat ions of the compounds l is ted in Table 1 and of (I) and o- iodo-  
anisole  with (VII) were  c a r r i e d  out under  the same  conditions as (I) and (II) in the p r e p a r a t i o n  of 2- (methoxy-  
carbonyl) tolan.  

An analyt ical  sample  of f l , f i ' -b i s [3 -methy l -3 - (1 -methy l -2 -oxabu ty loxy)bu tyn- l -y l ]  pyr idine was fu r the r  
purif ied by p r e p a r a t i v e  TLC on A1203 (activity II) in CHC13, n~ 1.5069. Found: N 3.59~. C~3H33NO 4. Calcu-  
lated:  N 3.62%. IR spec t rum (CC14, v, cm-1):  2235 (C-=C); 1053, 1080, 1125, 1155 ( C - O - C - O - C ) .  

fi ,fl ' -Bis (3 -methy l -3-hydroxybutyn-  1-yl)pyridine.  fi,fl'-Bis(3-methyl-3-1-methyl-2-oxabutyloxy)butyn- 
1-yl)pyridine 020 rag) was hydrolyzed in acidic aqueous dioxane at 20~ [13] to give the diol (560 rag, 96.5~), 
mp 120-121~ (from CC14). Found: N 5.88v/c. C15H17NO 2. Calculated:  N 5.76~. LR spec t rum (CHC13, p, cm- l ) :  
2235 (C=-C); 3607, 3390 br  (OH). 

3 ,5-Diethynylpyridine (V). A care fu l ly  powdered mix tu re  of f l , /~ ' -b is (3-methyl~3-hydroxybutyn- l -y l ) -  
pyr idine (200 rag) and KOH (35 rag) was heated in a vacuum sublimation appara tus  at 130~ (1 ram). The sub- 
l imed (V) was ch romatographed  on A1203 (activity II) in CHC13 and repeatedly  sublimed.  The yield of (V) was 
70 mg (67~), mp 76-76.5~ Found: N 11.10~ CgHsN. Calculated:  N 11.02%. IR spec t rum (CC14, ~, era- t ) :  
3315 (C-CH) ,  2120 (C-=C). PMR spec t rum (CH2C12, 5, ppm):  3.50 (C-CH);  7.88 (%,=H); 8.62 (~=H). 

C O N C L U S I O N S  

1. We have c a r r i e d  out the acetylene  condensat ion of s eve ra l  a romat i c  iodo compounds in the p r e sen ce  
of CuI and K~CO 3. We have es tabl ished the dist inctive fea tures  of the proposed catalyt ic  scheme.  
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2. The act ive components of the metal l ic  copper  catalyst  a re  Cu(I) compounds. 

3. Catalytic substitution of a romat ic  halogen by alkynyl groups involves the intermediacy of copper{I) 
acetyl ides.  

4. We have synthesized 3,5-diethynylpyridine by condensation of 3,5-diiodopyridine with 3-methyl -3-  
0 -methy l -2 -oxabu ty loxy) - l -bu tyne  followed by hydrolysis  and alkaline cleavage of the diol. 

1. M.S. 
2. M.S. 

2665. 
3. V.N. 

Byul. 
4. M.S. 
5. A.N. 

1168. 
6. M.S. 

1833. 
7. R.G. 
8. C.E. 
9. R.D. 
I0. 
II. 

12. 

13. 
14. 
15. 
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FLUORINE-CONTAINING HETEROCUMULENES 

1 5 ' .  BIS (TRIFLUOROMETHYL)KETE NE N- (BENZE NESULFONYL)IMINE 

IN REACTIONS WITH VINYL ETHYL ETHER A ND PHENYLACETYLENE 

D. P. D e l ' t s o v a  and N. P. G a m b a r y a u  UDC 542.91 : 547.318' 
161 : 547.538.241 

Bis {trifluoromethyl)ketene N-phenylimine reac ts  with vinyl e thers  and phenylacetylene as a heterodiene;  
the react ion involves the aromat ic  ring of the ketenimine and forms fluorine-containing quiuolines. The in ter -  
mediate  fou r -membered  cyclic compounds could not be isolated [2, 3]. The react ivi ty  of f luorine-containing 
ketenimines var ies  inverse ly  with the basicity of the ni trogen [4]. Consequently, we would expect bis ( tr if luoro- 
methyl)ketene N-(benzenesulfonyl)imine (I) [5] to be par t icu lar ly  react ive;  ketenimine {I) is also convenient for  
examining the behavior  of a cumulated system of double bonds in cycloaddition react ions,  since the C - N  bond 
is not conjugated with the aromat ic  ring. 

Here  we repor t  a study of the react ions of ketenimiue (D with vinyl ethyl e ther  and phenylacetylene.  
Ketenimine {I) reacts  violently with vinyl ethyl e ther  at room t empera tu re  with t a r  formation; this can be ob- 
viated by car ry ing  out the react ion in e thereal  solution. The react ion forms the unstable product of 1 ,2-cyclo-  
addition to the C = N bond of the ketenimine - azetidine (II). Analogy with the resul ts  of [6] suggests that azetidine 
(II) is in equilibrium with betaine {iII). In fact, betaine ([II) reacts  as a 1,4-dipolar  sys tem in a-addit ion tocyc lo -  
hexyl isocyanide (cf. [7]) to form the stable iminopyrrol idine (W) 

* Fo r  communication 14, see [1]. 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. Transla ted from 
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 4, pp. 880-883, April ,  ]978. Original ar t ic le  sub- 
mitted January 6, 1977. 
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