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E a r l i e r it was shown that t h e reac t ion of 4-acetyl-3,5-dimethylpyrazole (Ia) with phosphorus pen tach lc -
ride leads to the formation of the vic inal dichlor ide 4-a,~-dichloroviny[-3,5-dimethylpyrazoie (IVa) in addition
t o 4-~-chlorovtnyl- and 4-,y,~-dichloroethyl-3,5-dimethylpyrazols aIIa) and (Ha) [1]. In reac t ion with sod ium
amide in liquid ammonia compound (U/a) eliminates a molecule of hydrogen chlor ide and is converted into 4-

• ~-chloroethynyl-3,5-dimethylpyrazole (Via). Byvary ing the conditions it is possible t o c a r r y out the reac t ion
of the ketone (Ia) with phosphorus pentachlorlde select ively in any of t h e above-mentioned di rec t ions .

During investigation of the effect o f the specific character is t ics of t h e s t ruc ture of compound (Ia) on its
behav io r inthis reac t ion we founcl that N-methyiated pyrazolyl ketones (Ib-d) can a l so b e converted with yie lds
of 50-90~ e i the r into the "normal" products from substitution of the ca rbony l oxygen by chlor ine (l ib-d) and
(IIIb-d) o r t o the corresponding ~,~-dichloroethylenes (IVb.-d):
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The formation of t h e dichlorides (IV) is a ided by increased temperature (60-80°C) and by a n excess o f
phosphorus pe~achlor ide [2.2-2.3 moles/mole (I)]. With a l a r g e r excess o f phosphorus pentachiorlde fur the r
chlor inat ion of the compounds o c c u r s . With 3 moles of phosphorus pentachlorlde a t 80~C in benzene the ketches
(Ib, c) give pyrazolyitrichlorosthylenes (VIIb, c ) with yie lds o f 75%. The reac t ion takes place in s t a g e s , and

t h e dichlorides (IVb-c) are converted quantitatively into compounds (VIIb, c) a f te r 1 h u n d e r t h e s e conditions.
Chlorinat ion a t t h e ~ position of the side chain is probably t h e resu[ t from phosphorylation of the intermediate
v iny l chlor ides followed by degrada t ion of the phosphorus-cont~ining products [2]:

--H~.I RCCI~CHPCI+ - P c , : RCCI=CHCI PCls +I

RCCI=CH, P c , . RCCI~CHzPCI~_I t --HCl
--PCJ,* RCClaCHICI "HCl ]

--, RCCI=,CCIPCI4 _---~" RCCI~CCI~

From compar ison of the data in [2-4] it evidently follows t h a t the v iny l compounds are phosphoryiated more
readily in benzene than in POCl.~. In accordance with this only the chlor ides (Hb) and (IIIb) are formed from
4-acetyl-l ,3-dlmethylpyrazole (Ib) in POCls, in sp i t e of t h e 35% excess o f PCls , whereas it is not possible t o
avoid the formation of the v i c i m t dichlor ide ([Vb) completely in benzene even with a n equimoiar amount of
l~Cl~.
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In addition, it ts c l e a r that the p re se~ed scheme does not exhaus t all the possible paths of "anomalous"
chlor inat ion in the ketone -- Pcl5 s y s t e m [5]. In c o n t r a s t t o the pyrazolyl ketones (Ib, c), 4-acetyl-l,3,5-tri-
methylpyrazole (Id) with 4-5 moles of phosphorus pentachtoride gives mainly 4-u ~-dichlorovinyl-5-chloro-
methyl-l ,3-dimethyl-l ,3-dimethylpyrazole (ive), and its p r ecu r so r (according t o GLC d a t a ) is the dichlor ide
(IVd).

It is not impossible that in the 4-chlorovinylder ivat ives of pyrazole chlor inat ion a t the /J pos i t ion i8
faci l i tated on account of the electron-donating character is t ics of the 4-pyrazolyl radical [6]. However , this
reac t ion is due not only t o t h e s t ruc ture of t h e ketone but is even due ra the r t o the conditions of its r e a l i z a -
t ion and has genera l significance. T h u s , with a 30% excess of phosphorus pentacbloride in benzene a t 60°C
acetophenone is converted into a mixture o f ([If) and (nTf), containing as little as ~3% of t h e ~,~-dichtor ide
(l"Vf). With a larger amount of phosphorus pentachloride at 60-80°C compound (IVf) and ,~,~ , /J - t r ichtoro-
ethylbenzene become the main reac t ion products. The production of 3-(u,~-dichlorovinyl)-4,5,5-trtmethyl-
A3-buteno[ide from the corresponding ketone o r s - s u b s t i t u t e d v iny l chlor ide has a l so b e e n desc r ibed [4].
All this clearly gives r e a s o n t o s t a t e that ~-chlorovinyt o r ~,/~-dichlorovinyl aromatic der ivat ives c a n in
genera l be synthesized selectively from methyl a ry l ketones with phc6phorus pentachloride by controlling the
reac t ion conditions. It sh(xtld be noted that the vic inal dichlorides can, in addition, b e obtained from r~-
chloromethyl ketones.

As known, the ac t ion of bases on ~-arylvinyl chlor ides leads t o monosubstltuted ace ty l enes . By using
sod ium amide in ammonia as b a s e , we synthesized compounds (Vb-d) with yie lds of 40-85%, calculated on
compound ([). The elimination of hydrogen halides from dichloroethylenes as a method fo r the synthesis of
halogencecety[enes has not been sufficiently developed on account of secondary reac t ions be tween the ha [o -
genoacetytene and b a s e s . The exception is sod ium (or lithium) chloroacetylide, which is formed a lmos t q u a n -
t i tat ively in the reac t ion of 1,2- o r 1,1-dichtorosthylene with sod ium amide (or li thium amide) in ammonia and
phenytlithium (or methyllithium) in e t h e r [7, 8]. The a b s e n c e of side reac t ions of exchange of the halogen in
the case of 4-/~-chloroethynyt-3,5-dimethylpyrazole (Via) is probably explained by the fact that the sod ium
sa l t , i n t h s form of which it is obtained, is insufficiently soluble with ammonia and is s i m i l a r in this r e spec t
t o the chloroacetylide.

It can be supposed that the rates of dehydrochlorination of o t h e r vic inal dichlorides (IV) by sod ium amide
are a l so h ighe r than the rates of the succeeding p r o c e s s e s . In fac t , by using the stoichiometric amount of the
b a s e , we obtained the chloroacetytenes (VIc, d , f) from t h e s e compounds with yie lds of 80-90%. With a n ex-
cess of sod ium amide compounds (VI) underwent fu r the r t ransformat ions and could not be i so la ted . Compounds
(IVb, d , f) were successfully dehydrochlori=ated t o (VIb, d , f) with a 25% alcohol so lu t ion of p o t a s s i u m hydr-
oxide.

The s t ruc tu res and individualities of the synthesized compounds were proved by elemental a n a l y s t s ,
PMR and IB s p e c t r a , GLC, and TLC. In the PMR spect ra of the v ic tna l dichlorides (IV) and the acetylenes
(V) there are signals fo r the vinyl (6.08-6.33 ppm) and ethynyl (2.99-3.10 ppm) protons, respec t ive ly . The
p re sence of a monosubstituted acetylene g r o u p in (V) and a disubstituted acetylene in (VI) is confirmed by a b -
so rp t ion a t 2112-2125 and 3315-3325 cm-1 and at 2217-2230 cm-1 in the IR spec t ra of t h e s e compounds. In
t h e PMR spec t rum of the t~chlor ide (IVe), in addition t o signals fo r the ethylene protons (6.33 ppm), the CH3
groups a t the n i t rogen (3.77 ppm), and the ring ca rbon (2.17 ppm), there is a s igna l fo r the CHz g r o u p (4.49
ppm) formed as a resul t of substitution of t h e H a tom in one of the C-methyls by chlor ine . Elimination of HCI
by the ac t ion of the stoichiometrtc amount of sod ium amide on (ive) l eads to the chloroacetylene (Vie). The
upfletd shift of the s igna l fo r the chloromethyl g r o u p with s l igh t change in the position of the s igna l fo r the C-
methyl g r o u p in its PMB spec t rum on replacement of the nonpotar solvent by a n aromatic solvent makes it
poss ib le reliably to es t ab l i sh [9] that the second of them is a t the 3 position of the hetero r ing . Consequently,
the tr ichloride (Ire) Is 4-u ~-dichlorovinyt-5-chtoromethyl- l ,3-dimethylpyrazole . The configuration and
tsomer tc pur i ty of compound (IV) was not determined.

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

4-Ethynyl-lp3-dimethylpyrazole (Vb). A mixture o f 9 g of compound (Ib) [10] and 18.5 g of phosphorus
pentachioride in 30 ml of phosphorus oxychloride was heated at 90-100°C u - i l l compound (Ib) had disappeared
from the reac t ion mixture (GLC co,~rol) . On cooling, t h e m i ~ u r e was diluted with 300 ml of e t h e r and neu-
tralized with a 20~ aqueous solution of sod ium hydroxide . The obtained e t h e r so lu t ion of compounds (IZb) and
(IIIb) was dr ied with potassium carbonate, added t o sod ium amlde (from 3 g of sodium) in 200 mt of ammonia,
and st i r red fo r 1 h . The ammonia was removed by the addition of mois t e ther . A H e r chromatography on
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TABLE 1. Di- and Tr ich lorovtnylDerivat ives of Pyrazole

Com-~ ~

(XVb) 5t,81

(IVc) 5i.Ol

(IVd) 5~.71

0re) 60* I

(Vllb~ 74,3!

(Vllcl 77,7

bp. 'C (~mPom-~e.h-.o.I Empirica1.
(p, mmHg) t_e~_ ether) formula

or uD

t08--it0 (3)

,~-97 (t)

94- -96 ( t )

ii8--t20 (t)

i25--t26 (5)

i26--i28 (4)

3t ,5--32,5

28 - -29

1,5400

i,5640"

i, 5576

47--48

C+HaCI2NI

C~HsCI2Nz

C~HmCIzN~

CsH.CIsN2

C+H+CIsNs

CTH~CIzNz

CI foumt
ca lcu -
la ted,

37.08

34.33

47.13
47.t7
47.26

PMRspectram
(CC14, 6, ppm)

6,31 ( C H C I ~ ) ; 3,74
NCHs); 2,25 (3-CHs);
, 34 (5-H)

6,26 (CHGI---------C(); 3.71
(NCHa); 2,32 (5-CI-~);
7.3t (3-H)

6.08 (CHCI=C<); 3.62
(NCHs); 2.12 and 2.21
(3-and 5-CHs)

6,33 (CSCi=~); 3.77
~+NCH~); 4,49 (CH~CI);
, i7 (3-CH.)

3.7I(NCHs); 2.i7 (3-CH,);
7.3I (5-H)

3.7I (NCHs); 2.24 (5-CHs);
7.30 (3-H)

*The crude product.

aluminum oxide (of V activity) in a 1 : 1 mixture of e t h e r and pet ro leum e t h e r we obtained 6.8 g (87%) of com-
pound (Vb); mp 34.5-35.5°C (from pet ro leum ether) . Found %: N 23.27. CTHsN2. Calculated %: N 23.31.
PMR spec t rum (carbonte t rach lor tde , 5, ppm): 2.99 (HC=C); 3.76 (NCHs); 2.24 (3-CH3); 7.12 (5-H). IR
spec t rum (carbonte t rachlor ide , ¢, cm-1): 2125, (C~ C), 3325 (HC- C).

4-Ethynyl-l ,5-dimethylpyrazole (Vc). The reac t ion of 10 g of ([c) [10] with 18.2 g of phosphorus p e n t a -
chlor ide in 80 ml of benzene was realized a t 40-600C for 5 h . The reac t ion mass was t rea ted as desc r ibed
above. A 9.2-g yield of the mixture of chlor ides was iso la ted by dist i l la t ion; bp 110-130°C (6 mm Hg). Ac-
cord ing t o PMR and GLC d a t a , it contained 6.6 g (58.2%i of (Hc) [PMR spectrum, 5, ppm: 5.23 and 5.27
(CH2=CC1); 3.68 (NCH3); 2.27 (5-CH3); 7.44 (3-H)] and 2.6 g (18.7%) of (Ivc). The obtained mixture of com-
pounds (Hc) and (IVc) was dehydrochlorfnated with sod ium amide (from 10 g of sodium) in 1 li ter of ammonia.
Compound (Vc) was sepa ra t ed from the accompanying compounds by chromatography on aluminum oxide (V
activity) in a 2 : 1 mixture of e t h e r and pet ro leum ether . The yield was 3.5 g [69% on (IIc)]; mp 63-63.5°C
(from pet ro leum ether) . Found %: N 23.21. CtHsNz. Calculated %: N 23.31. PMR spec t rum (chloroform,
5, ppm): 3.10 (HC=C); 3.74 (NCH3); 2.32 (5-CH~); 7.48 (3-H). IR spec t rum (carbonte t rachlor ide , v, c m - l ) :
2123 (C ~ C); 3323 (HC•- C).

4-Ethynyt-l ,3,5-tr tmetbylpyrazole (Vd) was obtained similarly [11].

4-u ~-Dichlorovinyl-l ,3-dtmethylpyrazole (IVb). A mixture o f 30 g of compound (lb) and 95.5 g of p h o s -
phorus pentachlortde in 240 ml of benzene was st i r red a t 40°C unti l the vigorous reac t ion had ceased and then
a t 60°C for 6.5 h . Al t e r t h e u s u a l t rea tment 21.5 g (51.8%) of compound (IVb) was iso la ted by dist i l la t ion
(Table 1).

The dichlorides (Wc ,d ) and trichlorides (We) and (VIib, c ) were prepared by a s i m i l a r method (Table 1).
In the prepara t ion o f compounds (VIib, e ) and (We) 3.2 and 4.6 moles , respec t ive ly , of phosphorus p e ~ c h l o r i d e
were used fo r 1 mole of compound (I). The reac t ion was carr ied out a t 80°C.

~-Dichlorovinylbenzene ~¢f). a . T o a st i r red solution o f 100 g of w-chlorcacetophenone in 500 ml of
benzene a t 20"C we added 162 g of phosphorus pent~tchloride in two por t i ons . The temperature was gradually
ra ised t o 60"C, and the reac t ion mass was kept a t this temperature fo r 4 h . On cooling, it was poured into a
mixture of chloroform, sa tu r a t ed sod ium bicarbonate solution, and ice . The organic layer was dr ied with
p o t a s s i u m carbona te and submi t ted t o frac t ional distillation+ The frac t ions (43.5 g) boi l ing a t 85-88°C (1 mm
Hg), ~D20 1.5855, cormtsted of t h e practically pure compound (Wf). PlVIR spec t rum (5, ppm): 6.26 (CHCI=
C ( ) , 6.9-7.3 m (CiHs). The predis t i l la te (7.8 g, b p 80-85"C/1 mm Hg, t ~20 1.5730) co~L~ined in add i t ion to
(Wf) compounds (El) and 0Trf), which were identified by GLC by compar ison with t h e mixture of chlor ides ob-
ta ined by the ac t ion of phosphorus pentachloride on the acstophenone (If) (1.3 mole/mole) a t 60+C. The f r a c -
tionm (38.5 g) boi l ing a t 88-95°C (1 rnm Hg) (nD~° 1.5680-1.5760) rep resen ted a mixture of mainly three com-
pounds, i . e . , (VIf), ~,~ ~-4richloroethylt>enzene, and possibly a ,~ j+-trichlorovinyibenzene.
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T A B L E 2. Substituted Chloroacetylenes (VI)

Coii1-
pound

(Vlb)

(VIC)

(vld)

(vzo

Yield,

85,8(b)

89,4 (a)

89,7 (a)
88,2 (b)

79,0 (a)
58,5 (b)

rap, "C (from
petroleum
ether)

32--33

n~ t.sst3t

83--84

bp 68- -70°
( i 2 ram)

n~ i,5775 [i2]

Empirical
formula

C~HTC'INs

CTH~C1Ns

C,H.CINs

C,HiCt

C1found/
calculated,

"b

23,07
22,94

22 ,9 t
22,94

2t .02
2i,03

IPMR spectrum
(CC14, 5,ppm)

3,70 (NCH,);
2,20 (3-CH,);
7,28 (5-H)

3,59 (NCH,);
2,t7 (5-GHs);
7,25(3-H)

3,54 (NCHs); 7
2,i0 and 2,t
(3-and 5-CH,)

6,8-7,3M(C4HI}

"Ca~,
era-!

2230

22i7

2230

2230

*The method of preparation is given in parentheses.
?Purified by chromatography on aluminum oxide (V activity) in a 2:1
mixture of ether and petroleum ether.

b. F r o m 7.2 g of (If) and 30.2 g of phosphorus pentachloride in 200 ml of benzene at 80°C (10 h) we ob-
tained 8.3 g of a product consisting predominantly of (IVf) and ~ ,a,~-trichloroethylbenzene.

4-~-ChloroethynyL-1,3,5-trimethylpyrazole (VId). a. A 6.1-g sample of compound (IVd) in 150 ml of
ether was added to sodium a m i d e (from 1 g of sodium) in 300 ml of a m m o n i a and stirred for 0.5 h. The com-
pound (VId), isolated in the usual way, was sublimed at 70-80°C (1 m m Hg). The yield was 4.5 g (89.7%). Its
constants are given in Table 2.

b. A n 8.4-g sample of compound (IVd) in 10 m[ of benzene was gradually added to a solution of 3.6 g of
potassium hydroxide in 12 ml of ethanol, stirred at 80°C for 4 h, and poured into a mixture of ether and ice.
The organic layer was removed, the aqueous layer was extracted with chloroform, and the combined solution
of the product was dried with potassium carbonate. ARer sublimation 6.1 g (88.2%) of compound (VId) was
obtained. The chloroacetylenes (VIb, c, f) were synthesized the same way (Table 2).

4-~-Chlorosthynyl-5-chloromethyl-l,3-dimethylpyrazole (Vie). C o m p o u n d (Vie) was obtained from 9.5
g of the unpurified compound (IVe) and sodium amide (from 1.1 g of sodium) as described for (VId). Yield was
2.5 g (37.3%); m p 81-82~C (from petroleum ether). Found %: C 47.12; H 3.84; Cl 34.79. CsHeCI2N2. Cal-
culated %: C 47.31; H 3.97; Cl 34.92. P M R spectrum (carbontetrachloride, 5, ppm): 3.88 (NCH3); 4.63
(CH2CI; in chloroform 4.63, benzene 4.00); 2.21 (3-CH3; in chloroform 2.30, benzene 2.18). IIR spectrum
(carbon tetrachlorlde, #, cm-i): 2230 (C-= C).

C O N C L U S I O N S

1. Depending on the conditions, the reaction of methyl aryl ketones with phosphorus pentachloride leads
to products from substitution of the carbonyl oxygen by chlorine, a,~-dichlorovinylarenes, or compounds with
higher degrees of chlorination.

2. By eliminating a molecule of hydrogen chloride under the influence of an equimolar amount of sodium
amlde in ammonia, substituted ~, ~-dichlorcethylenes give high yields of the respective 1-chloroacetylenes.

3. The synthesis of a series of ethynyl- and j-chloroethynylpyrazoles from methylpyrazolyl ketones
was realized.
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R E A C T I O N S O F S O M E H A L O A C E T Y L E N E S

W I T H S O D I U M A M I D E

M . S. S h v a r t s b e r g , S . F . V a s i l e v s k i t ,
a n d A . N. S i n y a k o v

U D C 542.91:647.314'121:546.33'171

Substituted chloroacetylenes are formed with high yields in the reaction of l-aryl(heteroaryl)-l,2-di-
chloroethylenes with an equimolar amount of N a N H 2 in a m m o n i a [1]. With an excess of the base the chloro-
acetylenes as a rule undergo further transformations. In this connection w e investigated the reaction of
N a N H z with certain chLoroacetytenes, which were obtained earlier from vicinal dichloroethytenes.

In reaction with sodium a m i d e in a m m o n i a phenylchloroacetylene (1) exchanges the halogen atom by the
metal to the extent of >-60~, and this can be interpreted as nucleophilic substitution of the phenylacetylene
residue at the "positivlzed" halogen by an a m i n o group [2]. At the same time, phenylacetonitrile (III) is
formed with a yield of 16% as a result of the competing nucteophilic substitution of the chlorine at the sp-
ca rbon atom:

~'-~ C~I6C~--C- H,O , CoH~C~_CH
CoHsC~---CCI-- (II)

[,x]L -(1) ""~i:'""[

C~I[~Cf'~--C/CCi C~Hs~---CNH21-- CoHsCH~N
• \N., ~ J (m)

In 4-chloroethynyl-l ,3,6-tr imethylpyrazoLe (IVa), in c o n t r a s t t o (I), the halogen is substituted a lmos t
exclusively by a n amino g r o u p , and exchange of chlor ine fo r sod ium only takes place t o a s m a l l deg ree . The
reac t ion p r o d u c t , obtained with a yield of 80~, is a n isomer o f the expected pyrazolyiacetonitr i le and has the
composition CsHttN3. In its PMB spec t rum (Fig. 1), t o g e t h e r with the signals fo r the CH3 g r o u p a t the ni t ro-
gen (3.79 ppm) and one CH3 g r o u p a t the ring ca rbon (2.26 ppm), there are signals a t 3.22, 3.90, and 1.45 ppm,
corresponding t o one, two, and two protons in intensity. They m u s t clearly b e assigned t o the acetylene p ro -
ton, the CHz g r o u p formed dur ing substitution of a hydrogen a tom in one of the C-methyls of the initiaL com-
?ound (IVa), and the amino g r o u p which has substituted this hydrogen. The p re sence of the amino g r o u p and
t h e ethynyt g r o u p in the obtained compound is a l so confirmed by the IB spectrum. The chemical shift of the
protons of the C-methyl g r o u p changes much tess than the shift of the protons of the methylene g r o u p in the
t rans i t ion from a nonpolar t o a n aromatic solvent (Fig. 1). Since the shift induced by benzene on account of
t h e solvent (SCDC[s -- 6CsH6) is a quantity in the o rde r of 0.5 p p m for 5-CH3 in substituted pyrazoles and 0.1
p p m for 3-CHs [3, 5], the aminomethyt g r o u p in the obtained compound is a t position 5 of the hetero r ing , and
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