
product before  and a f t e r  dist i l lat ion were  ident ical .  6P 30.36 ppm (CH2C12). PMR spec t rum (CDC13, 5 ppm):  
1 . 3 3 t  (CH 3 in C2H~), 2 .17,  2.30 s (CH3) , 4.26 (CH2) , 5.30 d (HA, 2JpH = 48.5  Hz),  9.35 b r .  s (NH). Found: 
C 4 2 . 0 5 ; H  5 . 4 3 ; N  22.08; P 12.23%. CsI-I13Nr Calculated: C 4 2 . 1 9 ; H  5.11; N 2 1 . 8 6 ;  P 12.09%. 

When the product  with mp 125-126 ~ was dissolved in CH2C12, CHC13, CH3CN, a lcohols ,  or  pyridine and 
the solution was let stand the 1 : 1 adduct with mp 244-245 ~ (from t-BuOH) deposi ted quanti tat ively.  In f ra red  
spec t rum (v, cm- i ) :  775, 800, 870, 1020 m ,  1140 s ,  1180, 1260, 1280 m ,  1310, 1340, 1380, 1405, 1465 s ,  
1615 m .  s h . ,  1660, 1707 v . s . ,  3130 w, 3280 w . m .  PMR spec t rum (CsH~N , 5 ppm): 1.13 t (CH 3 f r o m  C2H5), 
2 . 3 3 , 2 . 5 0 s ( C H 3 ) ,  4 . 2 0 q ( C H 2 ) ,  10.90,  1 4 . 2 7 ( N H ) , S P 1 0 2 . 3 ,  104 .2ppm(DMSO) .  Found: C 42.56; H 5.22, 
N 21.67; 1 ~ 12.19%. CgH13N403P. Calculated: C 42.19; H 5.11; N 21.86; P 12.09~ 

CONCLUSIONS 

Independent of the nature  of the solvent ,  the reac t ion  of 2 - a c e t y l - 5 - m e t h y l - l , 2 , 3 - d i a z a p h o s p h o l e  with 
diazoacet ic  e s t e r  p roceeds  without the evolution of ni t rogen to give A2-phosphapyrazol ine de r iva t ives .  The 
l a t t e r  in CH2C12, CH3CN, or  alcohols a r e  i s o m e r i z e d  to compounds with two NH groups .  
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F O R M A T I O N  O F  1 - A L K Y N E S  BY A C T I O N  O F  M A G N E S I U M  

ON T H E  1 , 1 - D I C H L O R O -  A N D  1 , 1 - D I B R O M O - 1 - A L K E N E S  

IN T E T R A H Y D R O F U R A N  S O L U T I O N  

L .  I .  Z a k h a r k i n  a n d  I .  M.  C h u r i l o v a  UDC 542.91:547.314 

Convenient methods have been developed at the p resen t  t ime  for the p r epa ra t i on  of the 1 , 1 -d i ch lo ro -  and 
1 , 1 - d i b r o m o - l - a l k e n e s  [1-3], which have found in te res t ing  use  in organic  syn thes i s .  Thus,  1-a lkynes  were  
synthesized f rom the 1 , 1 - d i c h l o r o - l - a l k e n e s  (DCA) by t r ea tmen t  with sodium [4] and with n-butyl l i thium [5], 
and f rom the 1 , 1 - d i b r o m o - l - a l k e n e s  (DBA) by t r e a t m e n t  with n-butyl l i th ium [6] and with l i thium ama lgam [6]. 
Based on the data in [6], magnes ium is  inact ive in the analogous reac t ion  with DBA. 

We es tabl ished that Mg powder ,  act ivated by d ibromoethane ,  r eac t s  v igorously  with the DCA (1 ,1 ,d i -  
c h l o r o - l - h e p t e n e ,  1 , 1 - d i c h l o r o - 5 - a l k o x y - l - p e n t e n e s ,  1 , 1 - d i c h l o r o - 5 - d i e t h y l a m i n o - l - p e n t e n e ,  1 ,1 -d i ch lo ro -  
5 - e thoxy- l -hep t ene ,  1 ,1 -d i ch lo ro -7 -d ie thy lamino- l -hep tene )  and with DBA (1 ,1 -d ib romo-1 -pen tene  and 1 ,1 -  
d ib romo- l -oc t ene )  in THF solution. However ,  to complete  the react ion  it is  n e c e s s a r y  to reflux the mix tu re .  
Af ter  decomposing the reac t ion  mix tu re  with e i ther  acid or  NH4C1 solution the cor responding  1-alkynes a r e  
obtained in 87-95% yield.  

As a r e su l t ,  magnes ium,  s i m i l a r  to sodium or  l i thium a m a l g a m ,  causes  the convers ion  of the DCA and 

DBA to 1-a lkynes .  

THF, H~O+ 
RCH2GH----CX~ + Mg ) RCH~G~CH, 

X = E l ,  B r  

Here ,  together  with the 1 -a lkynes ,  a re  fo rmed  the cor responding  1-a lkenes  in smal l  amount (0.2-2%) (Table 1). 
Fo r  compar i son ,  in Table  1 is given the pur i ty  of two 1-a lkynes  that we re  obtained by t rea t ing  the DCA with 
sodium meta l  in diethyl e ther .  
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T A B L E  1. 1 - A l k y n e s ,  Obta ined  by  R e a c t i n g  1 , 1 - D i c h l o r o - l - a l -  

kenes  and 1 , 1 - D t b r o m o - l - a l k e n e s  wi th  M a g n e s i u m  in T H F  

Purity* of 
Starting compound 1-Alkyne 1-alkyne, % 

CH3 (CH_,) ~CH=CC12 
C2HsO (CH2) 3CH=CC12 
n-CsHTO (CH2) zCH=CC12 
(C2H5) 2N (CH2) ,CH= CCI~ r 
C2H50 (C.H~) 5CH=CCI~ ~: 
(C2H5) 2N (CH~) ~CH=CC]2 
CH~ (CHz) ~CH=CBr~ 
CH, (CH~) ~CH =CBr~ 

CH3 (CH2) ~C=--CH 
C2H50 (CH2) aC-~CH 
n-C3HTO (CH2) zC~CH 
(C2H5) 2N (CH2) 3C------CH 
C2H50 (CH~)sC=--CH 
(C2H5) 2N (CH2) 5C------CH 
C,H3 (CHz) 5C ~- CH 
CH3 (CH2) 6C------CH 

99,0 
99A 
99,8 
98,7 
99,3 
99,5 
99,3 
99,t 

* The c o r r e s p o n d i n g  1 - a l k e n e  i s  the  i m p u r i t y .  
The 1 - a l k y n e ,  o b t a i n e d  by  t r e a t m e n t  wi th  Na,  i s  a t  l e a s t  99.2% 

p u r e .  
The 1 - a l k y n e ,  ob ta ined  by t r e a t m e n t  wi th  Na,  i s  a t  l e a s t  99.770 

p u r e .  

The f o r m a t i o n  of 1 - a l k y n e s  f r o m  DCA and DBA by t r e a t m e n t  wi th  m a g n e s i u m  a p p a r e n t l y  r e s e m b l e s  the  
s i m i l a r  r e a c t i o n  of s o d i u m  with  DCA [4] and  b e g i n s  wi th  the  c o n v e r s i o n  of the  d i h a l o a l k e n e s  to the  i n t e r m e d i a t e  
(I) .  As  the  r e s u l t  of the  f l - e l i m i n a t i o n  of  HMgHal,  the  l a t t e r  i s  c o n v e r t e d  to the  1 - h a l o - l - a l k y n e  (II),  wh ich ,  
r e a c t i n g  wi th  Mg,  f o r m s  the  a l k y n y l m a g a e s i u m  h a l i d e  (III) ,  which  g i v e s  the  1 - a l k y n e  on h y d r o l y s i s .  

THF --H3IgX 
RCH~CH=CX,_, + Mg > BCH~CH=C 

k (I) MgXJ 

RCH~C~CX ~ig ) H,O+ . �9 RCH~C=~CMgX > RCH~C~CH 
(II) THF (m) 

The f o r m a t i o n  of  the  a l k y n y l m a g n e s i u m  ha l i de  (III) was  p r o v e d  by  i t s  c o n v e r s i o n  to a c e t y l e n e c a r b o x y l i c  
a c i d  by t r e a t m e n t  wi th  C O 2 ,  

Mg I. CO2 
C~HsO(CH2)sCH=CCI~ ; ) C~H~O(CH2)aC=~CMgC1 ~ C H~O(CH=)~C~__--CCOOH 

rHF 2. HaO + 

The c o n v e r s i o n  of i n t e r m e d i a t e  (I) to h a l o a l k y n e  (II) i s  c o n f i r m e d  by the  l~aown da ta  on the  p r e p a r a t i o n  
of  a l k y n y l m a g n e s i u m  h a l i d e s  by  the  a c t i o n  of Mg on a lke ny l  h a l i d e s  R C H = C H X  [7]. The f o r m a t i o n  of a l k y n y l -  
m a g n e s i u m  h a l i d e s  f r o m  1 - h a l o - l - a l k y n e s  and Mg is  a we l l  known r e a c t i o n  [8]. A n o t h e r  p a t h ,  l e a d i n g  to  1-  
a l k y n e s  v i a  the  c l e a v a g e  of  MgX 2 f r o m  (I) and  subse que n t  r e a r r a n g e m e n t  of the  f o r m e d  a l k y l i d e n e c a r b e n e  to 
the  1 - a l k y n e  i s  f a i r l y  i m p r o b a b l e ,  s i n c e  in [9] i t  was  shown tha t  a l k y l i d e n e c a r b e n e s ,  which  have  a f i - h y d r o g e n ,  
do not  r e a r r a n g e  to a c e t y l e n e s .  The c o n v e r s i o n  of DCA and DBA to 1 - a l k y n e s  by t r e a t m e n t  wi th  Mg in THF 
can  s e r v e  as  a m e t h o d  fo r  t h e i r  p r e p a r a t i o n  in a n u m b e r  of c a s e s .  

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

1 , 1 - D i c h l o r o - l - h e p t e n e ,  1 , 1 - d i c h l o r o - 5 - e t h o x y - l - p e n t e n e ,  l ,  1 - d i c h l o r o - 5 - d i e t h y l a m i n o - l - p e n t e n e ,  

1 , 1 - d i c h l o r o - 7 - e t h o x y - l - h e p t e n e ,  and  1,1-dichloro-7-diethylamino-l-heptene w e r e  ob ta ined  a s  d e s c r i b e d  in 
[4]. 1 , 1 - D i b r o m o - l - o c t e n e  and 1 , 1 - d i b r o m o - l - n o n e n e  w e r e  ob ta ined  as  d e s c r i b e d  in  [6, 10]. The  GLC a n a l -  
y s i s  of the  o b t a i n e d  compounds  was  run  on an LKhM-8MD c h r o m a t o g r a p h  , u s i n g  a 2 m • 0 .4  c m  c o l u m n  
p a c k e d  wi th  15% S K T P - 5 0 X  d e p o s i t e d  on C h r o m a t o n e  N and h e l i u m  a s  the  c a r r i e r  gas  at  a f low r a t e  of 30 m l /  
r a in .  The s t r u c t u r e  of  the  o b t a i n e d  1 - a l k y n e s  was  c o n f i r m e d  by  c o m p a r i n g  wi th  known s a m p l e s  v i a  GLC.  

1 , 1 - D i c h l o r o - 5 - n - p r o p o x y - l - p e n t e n e .  A so lu t ion  of 20 g of 1 , 1 , 5 - t r i c h l o r o p e n t e n e  and Na p r o p o x i d e  

( f rom 3 . 5  g of  Na) in 60 ml  of d r y  n - P r O H  was  r e f l u x e d  fo r  4 h,  c o o l e d ,  and p o u r e d  into w a t e r .  The o r g a n i c  
l a y e r  was  e x t r a c t e d  wi th  e t h e r  and d r i e d  o v e r  MgSO 4. V a c u u m - d i s t i l l a t i o n  gave  15 .5  g (69~ of 1 , 1 - d i c h l o r o -  
5 - n - p r o p o x y - l - p e n t e n e ,  bp 79-81 ~ (8 r a m ) .  Found :  C 49 .16 ;  H 6 .81%. C8H14C120. C a l c u l a t e d :  C 48 .78 ;  H 
7.08%. 

.Preparation of l-Alkynes by Reaction of l,l-Dichloro- and l,!-Dibromo-l-alkenes with Magnesium in 

THF (general method). With stirring, to 0.3 g-atom of Mg (powder), previously dried in vacuo at 150~ and 
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100 ml of abs. THF was added several drops of dibromoethane in order to activate the Mg. When the vigorous 

reaction of the dibromoethane with Mg had ceased a solution of 0.1 mole of either the 1, l-diehloro- or i, l- 

dibromo-l-alkene in THF was added gradually at such a rate that either the mixture boiled gently or the tem- 
perature did not drop below 50 ~ When all of the dihaloalkene had been added the stirred mixture was refluxed 

moderately for 2-4 h, checking the disappearance of the starting dihaloalkene by GLC. Long heating of the 

mixture leads to an increase in the amount of by-product. The mixture was cooled and NH4CI solution and 

ether were added cautiously. The organic solution was decanted from the excess Mg, washed in succession 

with dilute HCI solution and water, and dried over MgSO 4. The residue from removal of the solvent was dis- 

tilled either at atmospheric pressure or in vacuo. The yield of the l-alkynes was 90-95%. In the case of the 

amino derivatives the reaction mass was diluted with a ~ large amount of water, ether was addsd, the mixture 

was decanted from the Mg, and the organic layer was decanted from the aqueous Mg(OH)2 suspension, which 

was again extracted twice with ether. The purity of the obtained l-alkynes was determined by GLC. The pre- 

viously unknown 5-n-propoxy-l-pentyne had bp 50-51 ~ (15 ram). Found: C 76.34; H ii. 15%. CsHI40. Cal- 

culated: C 76.19; H 11.11%. 

6-Ethoxy-2-hexynoic Acid. The reaction mixture, obtained by reacting 15 g of i, l-dichloro-5-ethoxy- 

l-pentene with Mg in THF solution, was poured into a mixture of solid CO 2 and dry ether and then stirred 

until the temperature reached 20 ~ Then it was gradually poured into dilute HCI solution. The ether solution 

was separated and washed in succession with water and NaOH solution. The alkaline solution was acidified 

and extracted with ether. The ether extract was dried over MgSO 4. The residue from removal of the ether 

was vacuum-distilled to give 3.7 g (35%) of 6-ethoxy-2-hexynoic acid, bp 132-133 ~ (2 ram). Found: C 61.32; 

H 7.57~ C8H1203. Calculated: C 61.53; H 7.69~ From the ether solution after extraction with alkali we 

obtained 5.4 g of 5-ethoxy-l-pentyne. 

Preparation of l-Alkynes from i, l-Dichloro-l-alkenes and Sodium in Ether (general method). With 

stirring, to 0.5 g-atom of Na, cut into small pieces, in i00 ml of ether was gradually added 0.1 mole of the 

i, l-dichloro-l-alkene in ether at such a rate that the ether boiled moderately due to reaction heat. A precip- 

itate deposited during reaction. After adding the diehloroalkene the mixture was refluxed for 0.5-1 h. The 

end of reaction was checked by GLC. Long refiuxing of the mixture leads to an increase in the amount of by- 

product. Then the pieces of excess Na were removed from the cooled mixture, or with shaking the mixture 

was poured through a glass filter with coarse openings, which retained only the Na pieces, into a dry flask 

under argon. The reaction mass, free of Na, was carefully decomposed with chilled water, and the ether s01u- 

tion was separated and dried over MgSO 4. The residue from removal of the ether was distilled to give the l- 

alkyne in 87-95% yield. 

CONCLUSIONS 

The I, l-dichloro- and i, 1-dibromo-l-alkenes react with Mg in THF solution to give l-alkynes slightly 

contaminated with l-alkenes. 
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