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ABSTRACT: The formatl'on of l,.z-dt'chloroalkanes and I.l-dl'c~Zoro_l-alkenes 
from aldehyde is described using triphenylphos@l.ne - carbon 
tetrachloride reagent system. Different products can be formed 
by changjng the reactl'on conditions. 

The formation of terminal, disubstituted and 1-halo-l-alkynes is 

often an important step in the synthesis of natural products. The 

transformation of aldehydes to acetylenes usually involves a two-step 

procedure'. The triphenylphosphine - carbon tetrabromide systemZe3 is the 

reagent of choice for this conversion. An improvement of this method is 

the addition of zinc to the reaction mixture decreasing or eliminating the 

formation of side products'",". These methods have some disadvantages. 

Carbon tetrabromide is an expensive and very hygroscopic reagent. Other 

problem is the yielding of volatile l,l-dibromo-l-alkenes from the 

reaction mixture. 

Changing the CBr4 for the less expensive and non-hygroscopic carbon 

tetrachloride" results in the formation of a mixture of l,l-dichloroalkane 

(3) and l,l-dichloro-1-alkene (2). The separation of these compounds is 

rather difficult. 

Now we wish to report a new method for the preparation of either 1,1- 

dichloro-1-alkene or 1,1-dichloroalkane from the same aldehyde simply by 

choosing the proper conditions of reaction (Scheme 1). 
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PPha/CCla/Mg 
R-CH=CClz Method A 

2 
R-CIIO 

1 
PPhx/CCla 

R-CHC12 Method B 
THF; 24 h; RT 3 

Ratio uf reagents: 2 /PPb, / CCZ.~ /MS 

Method A: 1.0 / 3.0 / 1.5 / 1.5 
Method B: 1.0 / 4.5 / 1.5 / - 

PPh> -t CCll 

A + PPhz 

D +M t 

C + PPh-J 

C: PPh-, + CCL + M 

R-CR0 + C 

c: : PPh, 1- cc14 

R-CBO + E + D 
1 I 

SCHEME 1. 

The proposed mechanism of this reaction is shown in Scheme 2. 

Carbon tetrachloride reacts with triphenylphosphine to form a mixture 

of ylide C and chlorotriphenylphosphonium chloride (II). C forms l,l- 

dichloro-l-alkene (2) from aldehyde (1) and D forms the l,l-dichloroalkane 

(3). 

To form 2 from aldehyde (1) D must be eliminated from the mixture. It 

can be done by addition of zinc powder (Scheme 2; Eq. III., M=Zn). The 

effectivity of zinc depends on its activity and the concentration. 

[Ph>P+CCL]Cl- [Ph3P+Cl]CC13- (I) 
A 

PhTP=CClJ t [Ph3P+:l]Cl (11) 
C D 

Ph3P + MClz (III) 

[(Ph3P)ZC'Cl]Cl- (IV) 
E 

SCHEME 

1, 
Ph>P+Cl)RCHO- 

C 

c R-CH=CC~X 
2 

E 

_ R-CBClz 

Ph3P,Cl 
I c-- 
Cl 

w 
0-CH-R 

t1 

2. 

+ MC12 

+ Ph3P=O 

+ D 

+ PhxP=O + E 

(VI 

(VI) 

(VII) 
(VIII) 

To improve this process the zinc was replaced by activated 

magnesium. 

The chips is the best form of magnesium. The powder is too active and 

produces side reactions through Grignard-type intermediate. 
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The sufficient activation of the granular form of Mg is difficult. 

Generally, the purification of the surface of the metal by washing 

thoroughly with dry ether is enough'. 

The products ( Table 1.) are isolated by chromatographic methods 

(fl.ash or SDC") from the reaction mixture, after filtration of the 

precipitated triphenylphosphinc oxide and magnesium chlorides. If the 

product is highly volatile and difficult to separate from the solvent, the 

crude reaction mixture can also be used for further transformation 

(e.g.: elimination of chloride by base) after filtration of the 

precipitated side products. 

To preface 3 from aldehydes, C can be eliminated by adding a third 

equivalent of Ph3P to form E which precipitate from the mixture (Scheme 

2, Eq. IV). 

The advantages of these methods are the mild and neutral conditions 

and the simple preparation procedures. The final products can be isolated 

by distillation, or chromatography or used up in elimination processes 

without any purification. 

Finally, we have also developed an effective procedure for the 

preparation of 1-chloro-l-alkynes (4) from 2 using PTC conditions without 

solvent. 

KOH/Aliquat 336 

Trifienylphosphine (3.0 eguiv_) was dissolved in dry THF (5.0 ml/g 
PPh-,,I and carbon tetrachloride (1.5 ep'uv.) was added to the solut~'on at 
.?Y'C. The resulting mixture was stirred at 25°C for 2 h and activated 
m;3 gnes ium (2.5 equ~‘v./ was added to the mixture. After stirring for 30 
//I in, the aldehyde (2; 1.4 eguiv.) was added to the well-stl'rred 
suspznsl'on, stirred for overnight and filtrated through a sJ*lica gel bed 
(wetting by THF; Kl'eselgel 60, 0.063-0.200 mm, 70-z-70 mesh,MEjpcK 
containig 50% of dry magnesium sulfate. The resulting filtrate can be used 
wi'thout purification or purifi'ed by flash chromatography or SDcd method, 
a.fter evapz-atl'on of solvent in vacua. 

To a soluti.on of triphenylphosphie (4.5 equiv.) in dry THF (3.0 ml/g 
PPh~s) carbon tetrachloride (1.5 egviv.) was added and stirred at 25°C for 
_3 hours . After filtratl'on of the precip.itate (E) formed, the aldehyde (1; 
Z .O egzbv.) was added to the fi'ltrate and stl'rred at 25°C for 24 hours. 
A 1%EL" evapration of the solvent the product (3) was isolated by 



chormatography (flash or SD?) or in case of volatile compunds tht 
fl'ltrated reaction mixture was used for further transformat~ions. 

Above 10 y of starting compund {I) the formaticw of B needs 5-7 h. 
IUwn the temperature is hl'qher- than %4'C the yl,elds of l,l-d_ichZoroal~~ane~ 
(3) were moderate and no any precipitate was formed. 

~UKZIil~.forQn of QiSV -_ 1alkynfS : 

The mixture of l,l-d~'chlor~l-alkenkene (2; 1.0 equiv.), pzwdered KOH 
(1-O equl*v.) and Aliguat 336 (ALLXUC'; 0.2 ml/g 2) was stirred at 90°C for 
z h. The product (4)" EJS distilled off dI‘rectly from the reaction 
miXtUz-e. 

TABLE 1. 1 Yield of 
R= X-(CHz)x>- 
X n 2 3 4 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

a. 

9. 

CHx 
CH3 
CHs 
CHX 

CH, 
CHxOOC 

3 
5 
6 
7 

10 
7 

70 
85 
75 
75 
80 
60 

50 
70 
70 
70 
90 
75 

50 
80 
80 
90 
90 
50' 

+ During the elimination the ester group was hydrolyzed 
and the acid formed couldn't distilled from the mixture. 
However, after neutralisation we can extract this acid 
by toluene. 
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SDC= Semi-Dry Column Chromatography. (See the details in Ref. 1.) 
Characteristic NMR data of 1,1-dichloro-l-alkenes (2): 
'M-NMR (100 MHz;CDCl,): 2.1(-CH2C=); 5.9(-CH=) ppm. 

='C-NMR (25.2 MHZiCDC13): 28.1-28.3(-ilHzC=); 130.1-130.3(-CH=); 
ii9.7-ii9.a(=cciz) ppm. 

Characteristic NMR data of 1,1-dichloroalkanes (3): 
' H-NMR (100 MHz ;CDCl-5): 2.1-2.3(-C&-CHCl=); 5.7-5.8{-CHC12) ppm. 

"C-NMR (25.2 MHz;CDC13): 43.6-43.8(-CHz-CHC12); 73.6-73.8(-CHCl>) ppm 
Characteristjc NMR data of l-chloro-I-alkyncs (4): 
'II-NMR (100 MHz;CDCl,): 2.1-2.5(-CHz-C:) ppm. 

"'C-NMR (25.2 MHz;CDCl-,): 18.3-18.6(-CHz-C5): 69.5-69.9(-CHZ-c:): 
56.5-56.9(zC-Cl) ppm. 
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