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vent bumping. The total heating time was 1 hr. The reaction 
mixture was made homogeneous by adding methylene 
chloride and then the basic fraction was isolated as de- 
scribed;?& yield 190 mg. (18%) of violet needles, m.p. 189- 
191 ', which did not require chromatography or recrystalliza- 
tion for puri6cation. This product was the same as the one 
obtained by method a as shown by mixed melting point, 
ultraviolet, aad visible spectra. 

When a run lasting 2.5 hr. was made in boiling xylene, the 
yield of I1 af;er chromatography and recrystallization from 
benzene-petrcileum ether mixture was about 3%. 

1,4,5,6,7,8-ffexahydro-l-uzanaphth [8,1-b lazulene (111). The 
procedure, retgents, and quantities were the same as for the 
preparation of I except that 2-naphthylhydrazine hydro- 
chloride (Eastman Kodak Co.) was used in place of the I- 
isomer. The yield of light-brown needles, m.p. 114-115°, 
once recrystallized from 95% ethanol was 9.50 g. (83%). 
The ana1ytic:tl sample was crystallized from absolute etha- 
nol. 
' Anal. Calcd. for C17H17N: C, 86.8; H, 7.22; N, 6.01. 
Found: C, 86 8 ;  H, 7.57; K, 5.71. 

The ultraviolet spectrum of model indole 3,4-benzo- 
5,6,7,&tetrahydrocarbazole14 (VIII) was found to be very 
similar to that  for I11 except for a slight hypsochromic 
shift. The infrared spectrum in chloroform was very similar 
to the infrared spectra for I and VIII. The spectrum for I11 
showed slight maxima at 8.45 and 9.24 p which were not 
present for VI11 and the latter showed maxima at 7.92, 
9.09, and 11.22 p &-hi& were not in the spectrum for 111. 

I-~4zanaphth,[~,l-b]azuZene (IV). Hexahydronaphthazulene 
(111) (1.70 g., 0.007 mole) was dehydrogenated by the same 
technique as was used for the preparation of I1 by method a. 
Methylene chloride was used to collect the reaction mixture 
as well as the solvent and developer in the chromatography. 
The yield of raspberry-red needles, m.p. 201-202', (lit.4 
m.p, 201 ') obtaiued by crystallization from benzene was 
228 mg. (77 , ) .  
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Anal. Calcd. for CnHIIN: C, 89.0; H, 4.83; N, 6.11; neut. 
equiv., 229.3. Found: C, 89.6; H, 4.46; N, 5.83; neut. equiv., 
228.9. 

As the neutral equivalent was taken with perchloric acid 
in glacial acetic acid a reddish-orange flocculent solid, m.p. 
282-283' (corr.) (73%) formed. 

Anal. Calcd. for C17H120JfC1: C, 61.9; H, 3.67; N, 4.25. 
Found: C, 62.3; H, 3.81; N, 4.27. 

The methiodide derivative for IV, m.p. 329-331' (corr.), 
(63%) was prepared as was the methiodide for 11. 

Anal. Calcd. for C18H14NI: C, 58.2; H, 3.SO; N, 3.77. 
Found: C, 58.1; H, 3.80; N, 3.59. 

Hydrogenation, of IV, under conditions similar to those 
used for 11, produced I11 as shown by mixed melting point 
and ultraviolet spectra. 

I,%Benzacarbazole (IX). The chloranil method of Bar- 
clay and Campbell16 was used for the dehydrogenation of 
both 1,2-benzo-5,6,7,8-tetrahydrocarbazole (VII)  and 1,2- 
benzo-3,4-dihydrocarbazole (X).lo917 The desired product 
(IX) was readily obtained from the latter but with much 
difficulty from the former. From VI1 the product was puri- 
fied by chromatography (alumina), sublimation, and finally 
by crystallization from benzene. The white purified products 
were identical as shown by mixed melting point, ultraviolet, 
and infrared spectra. The authentic material, m.p. 229-230' 
(corr.), (lit.9 225') obrained from X had a slightly more 
narrow melting range than the other product. 

Anal. Calcd. for C1cHIIN: C, 88.4; H, 5.10; N, 6.45. 
Found: C, 88.3; H, 5.19; N, 6.34. 

MORGASTOWN, W. VA. 

(16) B. M. Barclay and N. Campbell, J .  Chem. Sac., 530 
(1945). 

(17) We wish to thank Mr. Edward A. Pacofsky for the 
preparation of this compound and Mr. Paul Brown for its 
dehydrogenation as well as the infrared spectra for this paper. 
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The following compounds havc been prepared and characterized : 2,3-dibromo-2-propen-l-o1, 3-bromo-3-cliloro-Z-propen- 
1-01, l,l-dibri)nio-3-ethoxy-l-propene, l,l-dibromo-3-phenoxy-l-propene, l-bromo-l-chloro-3-cthoxy-l-propene, l-bromo- 
1-chloro-1-propene, 1,3-dibromo-l-chloro-l-propene, 3-bromo-2-propyn-1-01, 3-chloro-2-propyn-l-ol, l-bromo-3-ethoxy-l- 
propyne, l-bromo-3-phcnoxy-l-propyne, 1-chloro-3-ethoxy-1-propyne. The stereochemistry of the addition of bromine to 
cis- and trans-1-chloro-1-propene followed by dehydrohalogenation is discussed. 

There are only fragmentary reports in the litera- 
ture on the preparation of halopropargyl alcohols. 
Lespieau2 prepared 3-bromo-2-propyn-1-01 by the 
hydrolysis of the corresponding acetate which in 
turn was formed by the reaction between 1,3- 
dibromopropyne and potassium acetate. The yields 
were very l o x  and the alcohol T V ~ S  impurc. 3- 

( J  ) This rcxwcli \?:is ~iipport~(d in  p:wt, l)y tlw Unittd 
S1atr.s A i r  Foi,ce tlii~ougli the Air Force Offici: of Scientific 
Research of t!ie Air Research and Development Command 
under Contrcict KO. A F  18( 600)-430. Reproduction in 
whole or in pwt  is permitted for any purpose of the United 
St:tt,w C~ovei~iimciit. This rcwv,,rrh wxs :dco ~ t p p ~ ) r f t d  in  
j):tt.t I>y gi'niit 3 f r m i  thc I<ol)ot  21. \Vclch l ~ ~ ~ u n ~ l : ~ t i ~ ~ n  ani1 
tho Itcscarch Coip. 

( 2 )  R. Lespieau, r l n n .  chitn., (7)11,  232 (1897). 

Bromo-2-propyn-1-01 has now been prepared by 
the dehydrobromination of 2,3-dibromo-2-propen- 
1-01 by potassium amide in liquid ammonia and by 
the dehydrobromination of 3,3-dibromo-2-propen- 
1-01 using potassium hydroxide in glycerol. 

2,3-Dibromo-2-propen-l-o1 was prepared by the 
addition of bromine to propargyl alcohol in carbon 
tetrachloride. Apparently only one geometrical 
isomer was formed and i t  is assumed to  have the 
trans (Br,Br) configuration formed by trans addi- 
tion of the bromine to the triple bond. Several 
attempts were made to  dehydrobrominate this 
alcohol using alcoholic potassium hydroxide. The 
yield of 3-bromo-2-propyn-1-01 was very low be- 
cause of the multiplicity of by-products. The follow 
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ing were isolated and identified : propargyl alcohol, 
acetylene, potassium formate (as formic acid), and 
bromine. 

The organic products can be accounted for by 
the initial production of 3-bromo-2-propyn-1-01 
followed by its reaction with potassium hydroxide 
to form propnrgyl alcohol. Propargyl alcohol has 
been reported to decompose to form acetylene and 
the salt of formic acid in the presence of a strong 

.ipparently thc formic acid is not formed 
from forninldehyde by a Cannizzaro reaction, for 
methanol wis not detected in this or previous u ork. 

2,3-I>ibromo-2-propen-l-ol was dehydrobromi- 
nated successfully by potassium amide in liquid 
aminonin. Because the yield was low (20%), the 
dehydrobroniination of 3,3-dibromo-2-propen-l-ol 
was investigstcd. The 3,3-dibronio-2-propen-l-ol 
was obtained by the alkaline hydroIysis of 1,1,3- 
tribromo-1-propene ivhich n-as made by the re- 
artion between 1,l-dibronio-1-propene and S- 
bromosucc.inimide.* The dehydrobromination was 
effected by the use of 20y0 potassium hydroxide in 
glycerol togivea 19%yield of 3-bromo-2-propyn-1-01. 

The c.ttiyl ether of 3-bromo-2-propyn-l-ol was 
obtained :ih tl by-product (16%) in the reaction 
betn-ecii 1.1,3-tribrorno-l-propeiie and sodium eth- 
oxide in ethanol to form l,l-dibromo-3-ethoxy-l- 
propeiie. 1-Bromo-3-phenoxy-1-propyne was ob- 
tained in IL 1’7% yield by the dehydrobromination 
of l,l-dihromo-3-phenoxy-l-propene. The dibromo- 
ether was prepared by treatment of 1,1,3-tribromo- 
1-propene vi th  sodium phenoxide. 

3-Chloro-2-propyn-1-01 was prepared from 1- 
chloro-1-propene by the addition of bromine to 
form 1 ,2-dibronio-l-c.hloropropane5 which was 
dehydrohroiniiiated by  potassium acetate to 1- 
bromo-1-c hloro- t-propene.6 The 1-chloro-1-propene 
was a mixture of the two isomers and contained a 
high prrcentage of the trans isomer. 

The possibility of producing both isomers of 1- 
hromo-1-chloro-1-propene from the separate iso- 
mers of 1-chloro-1-propene was investigated. 
Trans addition of bromine to cis-l-chloro-l- 
propene should give a stereoisomeric 1,2-di- 
bromo-1-c hloropropane which on trans elimination 
of the elements of hydrogen bromide should give the 
trans (H,Er) isomer. 

H Ci 

( 3 )  I,. Hmry,  Ber., 8, 398 (1875), ,4. F. Thompson arid 
C. Maignctti,  J . l m  Chem. S o c ,  64, 5’73 (1942): L. F. 
Hatch :rnd 1. C l I o o ~ r ,  J .  . t ? ~  (’hem. SOC., 66, 285 (1944). 

(4) 1,. F. Hatch and S. D. Zimmerman, J .  Bm. Chem. 
SOC., 79, 3091 (1957). 

( 5 )  hl. Rehoul, Ann. chzm., ( 5 )  14, 462 (1878). 
(6) H. K Mereshkowsky, Ann., 431, 231 (1923). 

The trans isomer of 1-chloro-1-propene should give 
the cis(H,Br) isomer of l-bromo-l-chloro-l-pro- 
pene. 

CI H 
c1 ‘C’ Br 

, 
[I CHJ 

The trans-1 -chloro-1 -propene used contained 10% 
cis-1-chloro-1-propene while the cis isomer was 
99+y0 pure. Sddition to the cis isoiner was :Lpprr- 
ciably slower than to  the trans isomer. 

The greater eclipsing effect of bromine rompnred 
to chlorine is evident in the dehydrobromination 
reaction. The addition product from cis-l-chloro-l- 
propene dehydrobrominated less readily to produce 
trans-1-bromo-1-chloro-1-propene (H. Br) than the 
product froin the trans isomer to give cis-l-bromo- 
1-chloro-1-propene(H,Br). The extent of the dif- 
ference in reactivity of the tn.o iionierb was de- 
termined only in a qualitative iiianiier. 

The dehydrohalogenation of the l-bronio-l- 
chloro-1-propene from cis-1-chloru-1-propene gave 
only 1-chloro-1-propyiie as would be eypected Jvith 
the hydrogen atom and bromine atom in a tra?is 
position.’ The unreacted l-bronio-l-chloro-l-pro- 
pene, however, had an infrared spectrum identical 
with that of the product from Irans-l-chloro-l- 
propene. The 1-bromo-1-chloro-1-propene from 
90% trans-1-chloro-1-propene also gave l-chloro-l- 
propyne as the only product. cis-l-Bromo-1- 
chloro-1-propene(H,Br) would not bc expected to 
dehydrobrominate by cis e1imiii:itioii of the 
elements of (H,Br) and thr reason nhy  trans-l- 
bromo-1-chloro-1-propene(H,Br) i h  inore reiistaiit 
to dehydrobromination than the cis(H,Br) isoiner is 
not known. Apparently either thc assignment of 
configuration is incorrect or the elirninatioii reaction 
is not the conventional Ez. These posqibilities are 
being investigated. 

The cis(H,Br) isomer of l-bromo-l-chloro-l- 
propene u7as brominated to 1,3-dibromo-l-chloro- 
1-propene using N-bromosucciiiiniide. The 1,3- 
dibromo-1-chloro-1-propene appeared to be pro- 
duced as a single isomer which isomerized a t  room 
temperature in the presence of light. Similar coin- 
pounds (1,3-dibromopropene) ha1-e been observed 
to isomerize under these conditions.8 Hydrolysis of 
the 1.3-dibromo-1-chloro-1-propciir appeared t o  
give a single isomer of 3-bromo-3-chloro-2-propeii- 
1-01 which did not isorncrizo. Thi:, i ~ l ( ~ ) h o l  \vas dc- 
hydrohroniinated to 3-chloro-?-pi upyii-1-01 iii :I 

19:; yield. 
The reaction of 1,3-dibromu-l-c hloru-1-propene 

with sodium ethoiide in ethanol Tornicd a single 
(7)  S. J. Cristol, J .  -im. Chem. Soc., 69, 338 (1947). 
( 8 )  L. F. Hatch and I(. E. Harwll ,  .J .  A m .  Chem. Soc., 

75, 6002 (1953). 
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isomer of 1-bromo-1-chloro-3-ethoxy-1-propene and 
a small amount of 1-chloro-3-ethoxy-1-propyne. 
The 1-bromo-1-chloro-3-ethoxy-1-propene mas de- 
hydrobrominated to give a 23% yield of l-chloro- 
3-ethosy-1-propyne and no l-bromo-3-ethoxy-l- 
propyne. This is in agreement with the results of 
the dehydrohalogenation of the l-bromo-l-chloro- 
1 -prope nes. 

All of the allylic bromides are lachrymators and 
the allylic alcohols are vesicants. Either the bromo- 
chloro olefinic ether or the chloro acetylenic ether 
caused severe dermatitis. 

The infrared spectrag of the various compounds 
are in agreement with the assigned structures. It 
was not possible to  assign definite geometrical con- 
figuration from the spectra because the compounds 
did not posscss a hydrogen atom on each of the car- 
bon atonis :tsr;ociatcd with the double bond. 

EXPERIMENTAL 

The physical properties and analysis of the compounds 
prepared during this investigation are given in Table I 
unless otherwise noted. 

3-Bromo-2-propyn-1-01. This alcohol was prepared from 
2,3-dibromo-2-propen-l-o1 and 3,3-dibromo-2-propen-l-o1. 

F r o m  2,S-dibromo-2-propen-l-o1. 2,3-Dibromo-2-propen-l- 
01 was prepared in an 87Y0 yield by the addition of bromine 
to propargyl alcohol in carbon tetrachloride a t  - 15'. 
Apparently only one isomer was formed and it is assumed 
to have the trans configuration. 

Several attempts were made to dehydrobrominate 2,3- 
dibromo-2-propen-l-o1 using alcoholic potassium hydroxide. 
The following alcohols were used: methyl, ethyl, n-propyl, 
and n-butyl. The maximum yield (9yo) of 3-bromo-2- 
propyn-1-01 was obtained using n-propyl alcohol. Appreci- 
able quantities of propargyl alcohol, acetylene, and potas- 
sium formate were identified as by-products. Bromine was 
observed during the course of the dehydrobromination 
reaction but was not identified further. Potassium phen- 
oxide in ethanol gave t'he same results as alcoholic potas- 
sium hydroxide. 

2,3-Dihromo-2-propcn-l-ol was dehydrobrominatcd to 3- 
bromo-2-propyn-1-01 in a 20% yield using potassium amide 
in liquid ammonia. The operating conditions, mainly salt 
formation, mere partly responsible for the low yield. A %yo 
yield of propargyl alcohol was obtained. 

F r o m  S,S-dibromo-2-propen-1 -ol. 1,l ,3-Tribromo-l-propenc 
11-as obtained in a 78'3 yield by treatment of 1,l-dibromo- 
1-propene with A'-bromos~ccinimide.~ It was hydrolyzed to 
3,3-dibromo-2-propen-l-o1 (727, yield) using a 10% solution 
of sodium carbonate a t  80" for 10 hr.4 The 3,3-dibromo-2- 
propen-1-01 was dehydrobrominated to 3-bromo-2-propyn- 
1-01 using a 207, solution of potassium hydroxide in glyc- 
erol. The reaction was carried out a t  2 mm. pressure on a 
steam bath. The bromoacetylenic alcohol distilled as formed 
and was collected in a cold trap. Distillation under nitrogen 
gave a fraction boiling at 41-42' (1.5 mm.); l i t 2  b.p. 80- 
83 ( 12 mm. ). .?,5-Dinitrobenzoate o.f 2,3-dihromo-2-propen- . .  
1-01: n1.p. 117.5-118". 

d n a l .  Calcd. for CIOH&&1Br2: N, G.83. Found: N, 6.84, 
6x3. 

116". 

8..il 

S,5-Diriilrol,Eti:onf( of 3-bromo-2-propyn-1-01. 1n.p. 11.5 

Anol .  Calcd. for CInH,O,S2Br: K, 8.51. Found: N ,  8 52, 

(9) 01)tnincd through the courtcqr of the Morisanto 
Chemical Co. and William F. Hamner, Texas City, Tex. 

1-Bromo-S-ethoxy-1 -propyne. This ether was prepared in 
a 16y0 yield when equimolar quantities (1  mole) of 1,1,3- 
tribromo-1-propene and sodium ethoside in ethanol were 
refluxed for 5 hr. There was a 47% yield of l,l-dibromo-3- 
ethoxy-1-propene. 

1-Bromo-3-phenoxy-1-propyne. This ether lyas prepared 
by the dehydrobromination of l,l-dibromo-3-phenoxy-l- 
propene. The l,l-dibromo-3-phenox~-l-propene was sy11- 
thesized in a 55% yield from 1,1,3-tribromo-l-propene and 
sodium phenoxide in ethanol in a manner similar to that 
used for the preparation of 1 ,l-dibromo-3-ethoxy-l-propene. 
The l,l-dibromo-3-phenoxy-l-propene was dehydrobromi- 
nated to l-bromo-3-phenoxy-l-propy1le ( 17 % >-ield) using 
potassium hydroxide in glycerol and a procedure similar 
to the one used for the preparation of 3-bromo-2-propyn- 
1-01. 

3-Chloro-2-propyn-1-01. 3-Chloro-2-propyn-1-01 was pre- 
pared by a series of reactions which started vi th  the low 
temperature (-40') addition of bromine to a commercial 
mixture of 1-chloro-1-propenes (Columbia Organic Chemi- 
cals, Columbia, S. c.). The reaction time vas  16 hr. and 
the yield of 1 ,2-dibromo-l -chloropropane was 8370. This 
material had the folloving physical properties: b.p. 57.5" 
(10 mm.); n'," 1.5385, ny 1.5361, ny 1.5338; d:' 2.0397, 
d2,& 2.0325, d:' 2.0251. Lit.6 b.p. 177.0-17i.5°. 

A n a l .  Calcd. for C3H6Br2C1: Br, 67.6; C1, 15.0. Found: 
Br, 67.3; C1, 15.0. 

The 1,2-dibromo-l-chloropropane was dehydrobrominated 
to 1 -bromo-1 -chloro-1-propene using potasFium acetate and 
the procedure of Mereshkomsky.6 A 69y0 yield was obtained 
and the product had the follom-ing physical properties: b.p. 
.58.5" (198 mm.); n'," 1.4868, ny 1.4838, ng  1,4809; d2,' 
1.6009, d:' 1.5920, d:' 1.5847. 

Anal. Calcd. for C3H4BrCl: Br, 51.4; C1, 22.8. Found: Br, 
51.3; C1, 22.8. 

The 1-bromo-1-chloro-1-propene vas  brominated to 1 ,S- 
dibromo-1-chloro-1-propene in a 5570 yield using A'-bromo- 
succinimide and the usual procedure. The product appeared 
to have been produced as a single isomer but to have 
isomerized to a small extent on standing in the light a t  
room temperature. The physical properties given in Table 
I are for freshly distilled material. 

The 1,3-dibromo-l-chloro-l-propene vas  hydrolyzed to 3- 
bromo-3-chloro-2-propen-l-ol using a 10% solution of sodium 
carbonate a t  75" for 18 hr. The reaction products were 
worked up in the usual manner and a 70% yield of 3-bromo- 
3-chloro-2-propen-1-01 was obtained. This alcohol was de- 
hydrobrominated to 3-chloro-2-propyn-1-01 using a 25% 
solution of potassium hydroxide in decyl alcohol a t  75' for 
2 hr. under 5 mm. Hg pressure. The pressure \vas reduced to 
0.5 mm. Hg and the remaining product, and unreacted 
dihalo alcohol were flashed to a cold trap. Conventional 
treatment of this material gave a 19% J-ield of 3-chloro- 
2-propyn-1-01. 8,5-Dinitroben.zoate of S-bromo-S-chloro-2- 
propen-1-01; m.p. 78.0-78.5'. 

Anal. Calcd. for CloH60&zBrC1: N, 7.67. Found: S ,  
7.60, 7.75. 

3,S-Dinitrobenzoate of S-chloro-2-propyn-2-01: m.p. 86.0- 
8G.5'. 

Anal. Calcd. for CloH60e,N2Cl: K, 9.84. Found: N,  9.70, 
9.72. 

I-Chloro-5-ethoxy-1 -propyne. This ether vas prepared by 
the dehydrohromination of l-bromo-l-chioro-3-ethoxy-l- 
propene. 1-Bromo-1-chloro-3-ethoxy-1-propene was pre- 
pared hy a Williamson synthesis from 1,3-dihromo-l- 
chloro-I-propene and sodium ethoxitle in ethanol. Tlir tem- 
prrat,iirr \\'as held a t  35" for 2 hr .  arid a t  50" for 1.75 hr. 
The yield of I-bromo-1-chloro-3-ethoxy-t-propene was 357,. 
About a 2 7 ,  yield of 1-chloro-3-ethoxy-1-propyne was oh- 
trl.inrd. 

I - R t ~ o m o - 1 - c h l o r n - ~ ~ - p t , h ~ ~ ~ ~ - l - p ~ n ~ ~ ~ ~ ~ ~ ~  n - : ~  clch!-dl~oi~ro- 
niiriatetl using B 10% solution of potassium h!droxitlp in  
dccyl alcohol at 60" for 2 hr. under 10 mm. IIg pressure. At 
the end of the reaction period the remaining material vas 
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flashed to thi: cold trap at  1 mm. pressure. The products 
were worked up in the usual manner to give a 23y0 yield of 
1-chloro-3-ethoxy-1-propyne. 

cis-1-Bromo-1-chloro-1-propene (H,Br). Bromine was added 
to a mixture 3f 90% trans-1-chloro-1-propene and 1Oy0 czs- 
1-chloropropene (0.77 mole) in carbon tetrachloride (400 
ml.) a t  -10" over a period of 1 hr. followed by 3 hr. at the 
same temperature. The reaction mixture was worked up in 
the usual manner and distilled to give a 75y0 yield of 1,2- 
dibromo-1-chloropropane boiling a t  56.' (9 mm.). The 
physical properties of this compound were the same as 
those obtained for the l,2-dibromo-l-chloropropane from 
cis-1-chloro-1-propene and its infrared spectrum was essen- 
tially the sam:. 

This 1,Z-ciibromo-1-chloropropane (0.17 mole) and 
potassium acetate (0.51 mole) in acetic acid (100 ml.) were 
heated for 16 hr. a t  reflux temperature. Work up of the 
reaction mixture- gave a 30% yield of l-bromo-l-chloro-l- 
propene. A 56% yield was obtained by using potassium 
hydroxide (12%) in glycerol a t  80' and a pressure of 113 
mm. Under these conditions the product flashed to a cold 
trap as soon as formed. Physical properties of this material 
are given in Table I. 

The czs-1-b -omo-1-chloro-1-propene (H,Br) was dehydro- 
brominated by dropping it into a 12% solution of potassium 
hydroxide in glycerol under nitrogen a t  a temperature of 
70". There m - 2 ~  a 26% conversion and a 25% yield of 1- 
chloro-1-proppe boiling at  31-31.5' (755 mm.). The 
identity of the 1-chloro-1-propyne was checked by comparing 
its infrared spectrum with that of an authentic sample. 

trans-1-Bromo-1-chloro-1-propene (H,Br). cis-l-Chloro-1- 
propene with a boiling point of 30.5" a t  733 mm. pressure 
( n v  1.4061) mas obtained from Columbia Organic Chemicals 
Co. The material had been purified by distillation through a 
100-plate column a t  a reflux ratio of 100: 1. The distillation 
was made by Arthur Rose, Applied Science Laboratories, 
Inc., State College, Pa. Gas chromatography indicated a 
purity of 99-t  %. 

Bromine w&s added to the czs-1-chloro-1-propene in a 
manner similar to that used for the trans-1-chloro-1-propene. 
Siuty-three hours were required to effect the addition. 
.4 70% yield 3f 1,2-dibromo-l-chloropropane was obtained. 
The physical properties mere essentially the same as those of 
the 1,2-dibromo-l-chloropropane from trans-l-chloro-l- 
propane (Tab e I). 

It v7as not possible to dehydrobrominate this compound 
with potassium acetate in acetic acid in a manner similar to 
that used for the bromine addition product of trans-l-chloro- 
1-propene. trans-1-Bromo-1-chloro-I-propene( H,Br) was ob- 
tained by using potassium hydroxide in glycerol and the 
same procedure as that used for the production of cis-l- 

bromo-1-chloro-1-propene( H,Br) from the 1,2--dihromo-l- 
chloropropane from trans-1-chloro-1-propene. A 60% yield 
was obtained. 

This 1-bromo-1-chloro-1-propene was not cleliydrohalo- 
genated by potassium hydroxide in glycerol under the same 
conditions used to dehydrobrominate the l-bromo-l-chloro- 
1-propene from trans-1-chloro-1-propene. I t  was dehgdro- 
brominated by powdered potassium hydroxide a t  130' to 
give a 33% yield of 1-chloro-1-propyne. No l-bromo-l- 
propyne was detected. The unreacted l-bromo-l-chloro-l- 
propene was shown by its infrared spectrum to be the Sam? 
as that of the isomer from trans-1-chloro-1-propene. 

Infrared spectra. The infrared spectra re re  obtained using 
a Baird Associates Double-Beam Recording Infrared Spec- 
trophotometer equipped with sodium chloride optics. The 
following are the principal bands in microns. 

cis-1-Chloro-1-propene: 3.41; 6.10; 6.92; 7.23; 7.60; 10.68; 

trans-I-Chloro-I-propene: 3.41-3.45; 6.12; 6.94; 8.00; 

1 ,W-Dibromo-1-chloropropane (from cis-1-chloro-1-propene): 
3.33; 6.91; 7.25; 7.60; 7.99; 8.30; 8.53; 9.51; 9.96; 11.21; 

I-Bromo-I-chloro-1-propene (from cis-1-chloro-1-propene): 

13.2-13.3 ; 14.4-1 4.7. 

10.55; 10.8-10.9; 12.6. 

13.08; 13.4-13.9; 14.7. 

3.41; 5.61; 6.17; 6.91; 7.25; 7.87; 9.04; 10.02; 10.2-10.3; 
10.73; 11.7-12.1; 12.3-12.4; 14.20. 

3.46; 6.22; 6.97; 7.30; 7.91; 9.10; 10.3-10.4; 11.9-12.1; 12.4. 

6.20; 6.90; 8.00; 8.15; 9.4-9.8; 10.42; 12.56; 14.0-14.2. 

6.9-7.1; 7.4; 8.2; 9.5-9.9; 11.9-12.2. 

6.92; 7.18; 7.42; 7.90; 8.9-9.1; 12.0-12.1. 

1-Bromo-1-chloro-1-propene (from trans-1-chloro-1-propene): 

3,S-Dibromo-2-propen-I-ol: 2.92-3.10; 3.21; 3.41; 3.50; 

S-Bromo-S-eh loro-2-propen-1-01: 3 .O-3.1; 3.40; 3.48; 6.2 1 ; 

1-Bromo-1-chloro-S-ethoxy-1-propene: 3.40; 3.50; 6.21; 

1,l-Dibromo-S-ethoxy-1-propene: 3.34; 3.47; 6.21; 6.92; 
7.31; 7.43; 7.87; 8.29; 9.0-9.1; 9.8; 11.25; 11.9; 12.5-12.8. 

1,l-Dibromo-S-phenoxy-I-propene: 3.28; 3.41; 3.48; 6.12; 
6.25; 6.68; 6.85; 7.29; 7.70; 8.0-8.3; 8.52; 9.27; 9.63; 9.8; 

5-Chloro-2-propyn-1-01: 3.0-3.1; 3.42; 3.48; 4.48; 6.9-7.1 ; 

5-Bromo-2-propyn-1-01: 2.9-3.1; 3.43; 3.51; 4.52; 6.9-7.1; 

1-Chloro-S-ethoxy-1-propyne: 3.38; 3.48; 4.45; 6.92; 7.18; 

I-Bromo-3-ethoxy-1-propyne: 3.35; 3.47; 4.50: 6.72; 6.93; 

1-Bromo-3-phenoxy-1-propyne: 2.99; 3.24; 3.30; 3.44; 4.46; 
6.22; 6.67; 6.86; 7.25; 7.70; 7.92; 8.1-8.3; 8.40; 9.23; 9.5; 

10.05; 11.32; 11.9; 12.5-12.7; 13.2-13.3; 14.54. 

7.40; 8.18; 9.9-10.1. 

7.41; 8.18; 9.4-9.6; 10.1-10.3; 12.6-12.7. 

7.42; 7.95; 8.9-9.1; 11.9; 15.1. 

7.31; 7.42; 7.94; 8.9-9.2; 9.76; 10.01; 11.88. 

9.7; 10.08; 11.28; 11.99; 12.82; 13.1-13.3; 14.54. 
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Potassium graphite has been found to catalyze both the nuclear and side-chain alkylation of aromatic hydrocarbons with 
ethylene. 

While attempting to catalyze the polymerization 
of ethylene with potassium graphite, KC*,' in ben- 

zene and in toluene, i t  was found that alkylation of 
these hydrocarbons occurred instead. A study was 
therefore undertaken of the potassium graphite- 

olefins. The results are shown in Table I. 
(1) H. E. Podall, W. E. Foster, and A. P. Giraitis, J .  Org. catalyzed alkylation of aromatic hydrocarbons lvith 

Chem., 23, 82 (1958). 


