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Monosubstitued alkynes can be prepared from !,2-dibromoalkanes [1], from monohaloalkenes with halogen at 
the double bond, and also from 1,1- and 2,2-dichloroalkanes formed by the reaction of aldehydes and ketones with 
phosphorus pentachloride. 

In contrast with the widely studied method of preparing monosubstituted acetylenes from 2,2-dichloroalkanes, 
in the present work we used C6-C10 1,1-dichloroaikanes containing quaternary carbon atoms prepared in accordance 
with the scheme : 

C C C1 
I I, cc1., AlC,. i / - -HC, 

R--C--CI-1- CH~ = CHCl ' R--C--CH2--CH ~ C~ ~oo,-:~+-~o o } \ 2I:oH 

C C1 

C C 
f - ~ c l  I 

R--C--CH = C H C I - - 4  R--C--C ~ CH 
I I 

C C 

We prepared the lower d ich loroa lkanes- l , l -d ich loro-3 ,3-d imethylbutane  and 1,1-dichloro-3,3-dimethylpen-  
t a n e - b y  Schmerling's method [2] in presence of anhydrous ferric chloride in yields of 48-70%. However, thehigher 
chtoroalkanes, e.g. 2-chloro-2,3-dimethylbutane,  2-chloro-2,3,3-trimethylbutane, and 2-chloro-2,4 ,4- te t ramethyl-  
pentane, mainly lose HC1 under the given conditions with formation of alkenes and also their directs. The same 
chloroalkanes react with vinyl chloride at be tween-15  and -20 ° only in presence of A1CI~ with formation of the cor-  
responding 1,1-dichloroalkanes in yields of 35-80% (Table 1). As will be seen from Table 1, the yields of 1 ,1-di-  
chloroalkanes depend on the structure of the original tertiary chloroalkanes, the nature of the catalyst used, and the 
reaction temperature. 

For the preparation of acetylenic hydrocarbons the l,l-dichloroalkanes were heated over KOH in presence of 

small amounts of diethylene glycol. The elimination of HCI went in stages : monochloroalkenes were first formed, 
and then these gave acetylenic hydrocarbons. Thus, together with the monoacetylenic hydrocarbons, we isolated for 
the first time and characterized the following monochloroalkenes: l-chloro-3,3,4-trimethyl-l-pentene, l-chloro- 
3,3,4,4-tetramethyl-l-pentene, and l-chloro-3,3,5,5-tetramethyl-l-hexene (Table 2). By the elimination of one 
molecule of HCI from the monochloroalkenes and two molecules of HCI from the l,l-dichloroalkanes by heating 
them with solid KOH in presence of small amounts of diethylene glycol we prepared the known monoacetylenic hy- 
drocarbons 3,3-dimethyl-l-butyne and 3,3-dimethyl-!-pentyne and the previously unknown 3,3,4-trimethyl-l-pen- 
tyne, 3,3,4,4-tetramethyl-l-pentyne, and 3, 3, 5, 5-tetramethyl-l -hexyne (Table 3). By the method of oxidative 
dimerization [3] of monosubstituted acetylenes in presence of cuprous chloride and aluminum chloride we obtained 
the following diacetylenic hydrocarbons derived from butadiyne: the previously known 2,2,7,7-tetramethyl-3,5- 
octadiyne and the previously unknown 3,3,8,8-tetramethyl-4,6-decadiyne, 2,3,3,8,8,91hexamethyl-4,6-decadiyne, 
2,2,3,3,8,8,9,9-octamethyl-4,6-decadiyne, and 2,2,4,4,9,9,11,11-octamethyl-5,7-dodecadiyne (Table 4). 
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We must point out that the oxidat ive d imer iza t ion  of highly branched alkynes containing nine or more carbon 
atoms under Za l 'k ind ' s  conditions [3] goes with low yields, probably as a result of the low solubilit ies of these alkynes 

in the react ion medium. The yields of d iace ty lenic  hydrocarbons are substantially increased by carrying out the ox- 
idat ive  dimerizat ion by the act ion of oxygen in a pyridine medium with equimolecular  amounts of the alkyne and 

cuprous chloride [4]. 

pyridine 
2R--C ------- CH -t- 1/~0~ -f- 2CuC1 - -  -- R- -C = C--C ~_ C- -R --}- 2CuC1 @ H~O 

An examinat ion  of the properties of the d iace ty lenic  hydrocarbons that we have synthesized shows (see Table  4) that  
the accumulat ion of methyl  groups in the alkyl  group increases the density of packing and raises the mel t ing point of 
the hydrocarbon. Thus, in the case of 2 ,2 ,3 ,3 ,8 ,8 ,9 ,9-oc tamethyl -4 ,6-decadiyne ,  which has two adjacent  quaternary 
carbon atoms in the alkyl group, the mel t ing point has its highest value (287-288*). In 2 ,2 ,4 ,4 ,9 ,9 ,11,11-octamethyl-  
5 ,7-dodeeadiyne (see Table 4) the quaternary carbon atoms in the alkyl groups are not l inked direct ly,  but through 

methylene groups, and there is the possibility, therefore, of freer rotation of the methyl  groups of the d iacety lenic  hy -  

drocarbon, and this is ref lected in the very much lower mel t ing point of the hydrocarbon, which is only 43.5". 

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

S y n t h e s i s  o f  2 , 2 , 7 , 7 - T e t r a m e t h y l - 3 , 5 - o c t a d i y n e  
Preparation of 1 ,1-Dichloro-3 ,3-dimethylbutane .  The alkylat ion was carried out in a rotating autoclave in 

presence of anhydrous ferric chloride at room temperature  under a pressure of nitrogen (25 arm) for 4 h. 

From 100 g of t -buty l  chloride (cooled beforehand), 118 ml  of vinyl  chloride,  and 10 g of FeC13 we obtained 

112 g (67%) of 1 ,1-dichloro-3 ,3-dimethylbutane .  For the properties of the dichloroalkane see Table 1. 

Preparation of 3 ,3 -Dime thy l - l -bu tyne .  The dehydrochlorination was carried out in a rotating autoclave in 
presence of alcoholic  KOH at 200-220 ~ for 18 h. Before being discharged, the autoclave was cooled with ice. The 

react ion product was extracted with cold ethanol.  3 , 3 -D ime thy l - l - bu tyne  was dist i l led from the alcohol through a 
column of 24-pla te  eff iciency.  From 77 g of 1 ,1-d ichloro-3 ,3-d imethylbutane ,  135 g of KOH, and 15 ml of ethanol 
we obtained 3 , 3 - d i m e t h y l - l - b u t y n e  in 50% yield.  For the properties of the hydrocarbon see Table  3. 

The dehydrochlorination of 1 ,1-d ich loro-3 ,3-d imethylbutane  was carried out also over technica l  CaCO 3 at 
280-300", and 1 - c h l o r o - 3 , 3 - d i m e t h y l - l - b u t e n e  was obtained in 63% yield.  Pieces of CaCO s (volume 180 ml) were 
p laced in a quartz tube and heated to 280-300 ~ The dichloroalkane was introduced into the furnace from a drop- 
ping funnel at a space veloci ty  of 0.2. The react ion product was condensed in a receiver  cooled with ice and salt, 
and was then washed with water, dried over CaC1 z, and fract ionated through a column of 24-plate  efficiency.  For 
fractionation we took 20 ml,  and the fractions obtained were : I, b.p. 36-45 ~ 2.6 ml (mainly  3 ,3 -d ime thy l -1 -  
butyne); I1, b.p. 100-1020, 17.0 ml (the monochloroalkene C6HnC1). For the properties of the monochloroalkene see 
Table 2. The dehydrochlorination of 1 - c h l o r o - 3 , 3 - d i m e t h y l - l - b u t e n e  was carried out over KOH in butyl alcohol 
[5] in a round-bottomed flask fitted with reflux condenser at 200-220 ~ for 7-8 h. The hydrocarbon obtained was dis- 

t i l l ed  from the react ion flask on a water bath. 

From 68 g of 1 - ch lo ro -3 ,3 -d ime thy l - l - bu t e ne ,  200 g of KOH, and 20 g of butyl alcohol we obtained 32.2 g 
(70%) of 3 ,3 -d ime thy l - l -bu tyne ;  b.p. 39-39.5~ d4Z~ 0.6742; nDzo 1.3730; Found: C 87.20; H 12.48%. C6H10. C a l -  
culated : C 87.79; H 12.21%. The l i terature [6] gives b.p. 39 ~ The hydrocarbon reacts with ammoniaca l  cuprous 

chloride and with s i lver  nitrate and is therefore a monosubstituted acetylene.  

Preparation of 2 ,2 ,7 ,7 -Te t ramethy l -3 ,8 -oc tad iyne .  The hydrocarbon was prepared by the method described 
by Za l 'k ind  and Fundyler [3]. A mixture of 75 g of cuprous chloride,  118 g of ammonium chloride,  312 g of water, 
and 2 g of conc. HC1 (sp. gr. 1.19) was prepared in a three-necked flask fi t ted with reflux condenser and mercury-  

sealed stirrer and was heated at 40 ~ until  dissolution was complete ,  after which 18 g of 3 , 3 - d i m e t h y l - l - b u t y n e  was 
added dropwise. Dimerizat ion was carried out at 40 ~ and stirring was continued for 6 h. The react ion product was 
extracted with ether, the lat ter  was driven off through the 24-plate  column, and the residue of hydrocarbon was crys- 

t a l l i zed  twice from methanol; m.p. 131-132 ~ For the properties of the hydrocarbon see Table 4. 

S y n t h e s i s  o f  3 , 3 , 8 , 8 - T e t r a m e t h y l - 4 , 6 - d e c a d i y n e  
Preparation of 1 ,1 -Dich lo ro -3 ,3 -d ime thy lpen t ane .  2 -Chloro-2-methylbutane  was prepared by the hydrochlo-  

rination of 2 -methy l -2 -bu tene  with gaseous HC1 at 0"; b.p. 85-8T;  d4Z0 0.8591; nDz0 1.4065; Found MR 30.32; 
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calcula ted  MR 30.16. 1 ,1 -Dich loro-3 ,3 -d imethy lpen tane  was prepared in a th ree-necked  flask at between -20 and 
-30 o with constant stirring for 4 h. The react ion product was t reated with water,  neutra l ized with saturated potassi- 
um carbonate solution, washed with water,  dried over CaC12, and then vacuum-frac t ionated .  From 106 g of 2-ch loro-  

2-methylbutane,  64 g of vinyl  chloride,  and 4 g of A1CI~ we obtained 115 g (68%) of 1 ,1 -d ich lo ro -3 ,3 -d ime thy lpen-  

tane. For the properties of the dichloroalkane see Tabte  1. 

Preparation of 3 ,3-Dimethyl- l -pentyne. . .  3 , 3 - D i m e t h y l - l - p e n t y n e  was prepared by the dehydrochlorination of 
1 ,1 -d ich lo ro-3 ,3 -d imethy lpen tane  in a rotating autoclave in presence of KOH in butyl a lcohol  at 130-140 ~ for 10 h. 
The react ion product was poured from the autoclave,  washed with water,  dried over CaC12, and fract ionated through 
the 24-pla te  column. The yield of 3 , 3 - d i m e t h y l - l - p e n t y n e  was 14.1 g (23%). For the properties of the hydrocarbon 

see Table  3. 

Preparation of 3 ,3 ,8 ,8 -Te t ramethy l -4 ,6 -decad iyne .  The hydrocarbon was prepared by oxidat ive  d imer iza t ion  
[3] in 25% yield.  For react ion we took 27.0 g of 3 , 3 - d i m e t h y l - l - p e n t y n e ,  135 g of CuC1, 174 g of NH4C1, 460 ml  of 
H20, and 3 ml of conc. HC1 (sp. gr. 1.19). For the properties of the hydrocarbon see Table  4. 

S y n t h e s i s  o f  2 ,3 ,3 ,8 ,8 ,9 -Hexame thy l -4 ,6 -decad iyne  
The hydrocarbon has been synthesized previously by the oxidat ive  d imer iza t ion  of 3,3,4-trimethyl-l-pentyne, 

which was prepared by the e l imina t ion  of two molecules  of HC1 from 2 ,2 -d ich lo ro-3 ,3 -d imethy lpen tane  [ 7]. In this 
work we prepared 3 , 3 , 4 - t r i m e t h y l - l - p e n t y n e  from 2-ch loro-2 ,3 ,3 - t r imethy lbu tane  and vinyl  chloride in presence of 
A1C13 at between -13 and -15 ~ in 35% yield.  In the a lkyla t ion  react ion we took 150 g of 2 -ch lo ro -2 ,3 ,3 - t r ime thy l -  
butane, 200 g of vinyl  chloride,  and 14 g of A1C13. The react ion product was separated, washed with saturated po -  
tassinm carbonate solution, dried over K2CO 3 , and fractionated.  For the properties of the dichloroalkane see Table  1. 

The e l imina t ion  of HC1 from 1,1-dichloro-3,3,4-trimethylpentane was carried out with solid KOH in presence 
of a l i t t le  diethylene g lycol  at 180-200 ~ for 4 h. We took 80 g of the dichloroalkane,  162 g of KOH, and 10 ml  of  
diethylene glycol.  The yield of 3 , 3 , 4 - t r i m e t h y l - l - p e n t y n e  was 70%. For the properties of the hydrocarbon see 
Table  3. We have described the procedure in the d imer iza t ion  of 3 , 3 , 4 - t r i m e t h y l - l - p e n t y n e  previously [8]. For re -  

ac t ion we took 34.3 g of 3 , 3 , 4 - t r i m e t h y l - l - p e n t y n e ,  166 g of CuC1, 266 g of NH4C1, 708 g of water, and 3.8 g of 
conc. HC1 (sp. gr. 1.19). The yield of 2,3,3,8,8,9-hexamethyl-4,6-decadiyne was 4.6 g (50.5%). For its properties 

see Table  4. 

S y n t h e s i s  o f  3 ,3 ,4 ,4 ,8 ,8 ,9 ,9 -Oc tame thy l -4 ,6 -decad i yne  
Preparation of 1,1-Dichloro-3,3,4,4-tetramethylpentane. The react ion of 2 -ch loro-2 ,3 ,3 - t r imethy lbu tane  

with vinyl chloride was carried out in a th ree -necked  flask fi t ted with mercury-sea led  stirrer in a d ichloromethane 
medium with 100% excess of vinyl  chloride in presence of 12% of A1C13 at between -15 and -20 ~ for 6 h. The yield 

of the dichloroalkane was 50%. For its properties see Table 1. 

Preparation of 3,3,4,4-Tetramethyl-l-pentyne. 3,3,4,4-Tetramethyl-l-pentyne was prepared by the e l i m i n a -  
t ion of two molecules  of HC1 from 1,1-dichloro-3,3,4,4-tetramethylpentane with KOH at 170-180 ~ with stirring for 

6 h. The yie ld  of the hydrocarbon was 33%, and that  of the monochloroalkene was 25-30%. For the properties of 

the hydrocarbon see Table 3. 

Preparation of 3,3,4,4,8,8,9,9-Octamethyl-4,6-decadiyne. The hydrocarbon was prepared by the d imer iza t ion  
of 3,3,4,4-tetramethyl-l-pentyne. 1 ml  of concentrated hydrochloric acid (sp. gr. 1.19) and 17 g of the m o n o a c e -  
ty lenic  hydrocarbon dissolved in 50 ml  of hexane were added to a solution of 81 g of CuC1 and 110 g of NH4C1 in 
300 ml of water. The react ion mixture was heated in a water bath at 70-74 ~ for 10 h. The react ion product was ex-  
t rac ted  with ether (200 ml).  The ether was decanted,  and extractions with three 100-ml  portions of ether followed. 
The e thereal  solution was washed with water and dried over CaC12. Ether was driven off through the 24-pla te  co l -  
umn. By fract ionat ion we isolated 10.5 g of unchanged 3,3,4,4-tetramethyl-l-pentyne, and the residue was a high-  
mel t ing  hydrocarbon, m.p. 287-288 ~ (from a 3 - 1  mixture of hexane and ethanol); yield 2%. 3,3,4,4,8,8,9,9-octa- 
methy l -4 ,6 -decad iyne  was also prepared by the oxidat ive d imer iza t ion  of 3,3,4,4-tetramethyt-l-pentyne by 

Klebanski i ' s  method [4]. 

A mixture of 60 ml of pyridine,  10.5 g of 3 , 3 , 4 , 4 - t e t r a me thy l - l - pe n tyne  (dissolved in some of the pyridine),  
and 8.8 g of CuC1 was prepared in a 250-ml  long-necked flask. The react ion was carried out in presence of oxygen 
with agitat ion in a shaker. The end of the react ion was determined from the amount of oxygen absorbed (3.5 h was 
required). The yield of 3,3,4,4,8,8,9,9-octamethyl-4,6-decadiyne was 80%. For the properties of the hydrocarbon 
see Table  4. 
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S y n t h e s i s  o f  2 ,2 ,4 ,4 ,9 ,9 ,11 ,11 , -Octamethy l -5 ,7 -dodecad iyne  
Preparation of 1,1-Dichloro-3,3,5,5-tetramethylhexane: 2-Chloro-2,4,4-trimethylpentane was prepared from 

Butlerov's "diisobutylene" by saturating it with HC1 at 0 ~ in presence of 5% of FeC13. The alkylation reaction was 
carried out under conditions analogous to those described above. For reaction we took 138 g of 2-chloro-2,4,4-  
trimethylpentane, 120 ml of vinyl chloride, and 8 g of A1C13. We obtained 91 g (45.1%) of 1,1-dichloro-3,3,5,5- 
tetramethylhexane. For the properties of the dichloroalkane see Table 1. In addition to the dichloroalkane we ob- 
tained the monochloroalkene (1-chloro-3,3,5 ,5- te t ramethyl- l -hexene)  in 13.4% yield. For its properties see Table 2. 

Preparation of 3 ,3 ,5 ,5-Tetramethyl- l -hexyne.  The hydrocarbon was prepared by the dehydrochlorination of 
1,1-dichloro-3,3,5,5-tetramethylhexane with solid KOH in presence of diethylene glycol. The reaction was carried 
out in a three-necked flask with spherical condenser and mercury-sealed stirrer at 190-200 ~ for 3 h. The hydrocar- 
bon obtained was distilled from the reaction flask at 96 ~ It was dried over CaC12 and fractionated through the 24- 

plate colume; yield 50~ For the properties of the hydrocarbon see Table 3. 

Preparation of 2,2,4,4,8,8,11,11-Octamethyl-5,7-dodecadiyne. 10.4 g of 3 ,3 ,5 ,5- te t ramethyl- l -hexyne was 
added dropwise to a solution of 37.2 g of cuprous chloride, 48.2 g o t  ammonium chloride, and 1.0 ml of conc. HC1 
(sp. gr. 1.19) in 127.5 ml of water warmed to 40 ~ with the continuous passage of air. Heating was continued for 10h. 
The hydrocarbon was extracted with ether, ether was driven off through the 24-plate column, and the solid hydrocar- 
bon was crystallized from methanol; m.p. 43.5"; yield 2%. 2,2,4,4,8,8,11,11-Octamethyl-5,7-dodecadiyne was pre- 
pared also by oxidative dimerization by Klebanskii's method [4]. A mixture of 11 g of 3,3,5,5-tetramethyl-1- 
hexyne, 8 g of CuC1, and 80 ml of pyridine was prepared in a 250-ml long-necked flask. The reaction was carried 
out in presence of oxygen with agitation in a shaker for 4 h; yield 55~ For the properties of the product see Table 4. 

S U M M A R Y  

1. By the alkylation of t -a lkyl  chlorides with vinyl chloride in presence of metal  halides the following dichlo- 
roalkanes were synthesized for the first t ime:  1,1-dichloro-3,3,4-trimethylpentane, 1,1-dichloro-3,3,4,4-trimethyl- 
pentane, 1,1-dichloro-3,3,5,5-tetramethylhexane. 

2. By the dehydrochlorination of 1,1-dichloralkanes over KOH in diethylene glycol monoacetylenic hydrocar- 
bons containing quaternary carbon atoms were prepared for the first time. 

3. The following diacetylenic hydrocarbons were prepared for the first t ime by oxidative dimerization: 
3,3,8,8-tetramethyl-4,6-decadiyne, 2,3,3,8,8,9-hexamethyl-4,6-decadiyne, 2,2,3,3,8,8,9,9-octamethyl-4,6-deca- 
diyne, and 2,2,4,4,9,9,11,11-octamethyl-5,7-dodecadiyne. 
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