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A d .  Calcd. for CleH22NCl: C, 75.11; K, 7.70; N, 4.48. 
Found: C, 74.98; H, 7.71; N, 4.50. 
1,8-Diphcnyld,6dihydro-spyidone (XXXIII). Zstyryl- 

acrylic acid (IX) (70 g., 0.4 mole) wa9 heated under reflux 
with 1500 ml. of aniline for 1 day. At the end of this period 
the solution was evaporated under reduced pressure and 
with heating to a syrupy residue. The reaidue was heated on 
an oil bath a t  185" for 3 hr., cooled slightly, and dissolved 
in 1 1. of hot benzene. The benzene solution waa extracted 
with three 200-ml. portions of 10% sodium hydroxide solu- 
tion, three 200-ml. portions of 10% hydrochloric acid solu- 
tion, and once with 200 ml. of water. The organk layer waa 
dried over anhydrous calcium sulfate, filtered, and the 
benzene removed on a steam bath under a stream of nitrogen. 
The resulting amber colored oily solid wm diesolved in 300 

ml. of hot methanol, filtered, and cooled. After standing a t  
- 10" for 3 hr. crystallization began and was completed after 
1 week. The solution was then filtered and the solid washed 
with a small amount of cold methanol and dried on the funnel 
to yield 12 g. (12%) of pale yellow crystalline solid; m.p. 
165-170". The crude material waa purified by recryatalliza- 
tion from methanol to give 11.2 g. (11%) of cream colored 
crystals; m.p. 181-187". Three additional recrystsllisatiom 
from methanol netted a white crystalline analytic sample; 
m.p. 187-188'. 

Anal. Calcd. for C,,HlsNO: C, 81.90; H, 6.06; N, 6.62. 
Found: C, 81.58; H, 6.07; N, 5.50. 
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&Acetylenic chlorides, RR'C( C l ) - C d H ,  were prepared from the corresponding Gcarbmols by reaction with exceea cold 
concentrated hydrochloric acid containing calcium and cuprous chlorides. The procedure deacribed ia the beat developed to 
date with respect to yielda and isomer punty of the products. 

Earlier work in this laboratory has shown that the 
tacetylenic chlorides, RR'C(Cl)-C=CH, are 
versatile intermediates in organic syntheses. Un- 
fortunately, only a few chlorides of this type have 
been prepared in good yield and acceptable purity. 
Where R and R' are small alkyl groups (water and 
acid soluble t-carbinols), chlorides may be prepared 
in 50-60y0 yields by treatment of the carbinols with 
concentrated hydrochloric acid containing calcium 
chloride.a This method has not proved satisfactory, 
however, where R and (or) R' are larger than ethyl. 
The difficulty arises largely from the fact that re- 
arrangement products are obtained at  the expense 
of the desired tchloride as shown in the following 
equation. 

RCH2--C(OH)-C=CH + HCl (or SOCI, etc.) + 
I 

R 
RCH*-C(Cl)+CH + 

I 
R 

I 
RCH,--C=C=CHCl + RCI-I(Cl)-C=C=CHr + 

I I 
R 
I1 

R 
I11 

RCH=C--C(C~)=CH~ + RCH=C--CH=CHCI 
I I 
R 
IV 

R 
V 

(1) Paper No. 73 on mubstituted acetylenes; previous 
paper, G. F. Hennion and C. A. Lynch, J. Org. Chem., 25, 
1330 ( 1960). 

(2) Eli Lilly Company Fellow, 1958-60. Abstracted in 
part from the Ph.D. Dieeertstion of A. P. B. 

Such complex mixtures are easily explained. The 
carbonium ion (RR'C-MH - RR'C=C= 
CH) derived from the alcohol may lead directly to I 
and 11. Dehydration of the alcohol yields the conju- 
gate eneyne hydrocarbon which is converted to I11 
and IV by addition of hydrogen chloride (1,4 and 
1,2- addition, respectively). Prototropic reaxrange- 
ment of 11 yields V. That mixtures of products are 
encountered has long been recognized in individual 
cases.' 

Favorskaya and co-workers' first noted that 
cuprous chloride has a marked effect on the come 
of the reaction of the lower &acetylenic carbinols 
with hydrochloric acid and emphasized that this 
substance promotes rearrangement of &chlorides 
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TABLE I 
1-ACETYLENIC CHLORIDES, RR'C( C l ) -C=VH 

Isomer B.P. c1, % 
No. R R' Formula Yield,= % Purity "C. Mm. ny  Calcd. Obsd. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

65 
78 
83 
77 
538 
81 
82 
88 
76 
79 

Gooh 
Goodb 
Goodb 
83 %' 
Goodb 
Goodb 
Goodb 
POOIJJ~C 
Goodb 
Poorb+ 

73-76 
53-56 128 
70-72 100 
66-68 100 
53-56 25 
54-56 12 
57-59 15 
57-60 15 
76-80 12 
49-56 3 

1.4156 
1.4302 
1.4389 
l.Wd 27.15 26.71d 
1.4358 24.51 24.61 
1.4782 24.86 24.52 
1.4381 22.34 22.01 
1.45591 22.34 22.48f 
1.4427 20.53 20.12 
1.45Bh 20.53 19.94h 

a Yields are for once distilled material (through a 60 x 1 cm. helix-packed column) of given boiling range. From infrared 
spectrum. From gas liquid chromatography (10 ft. x I/, in. column, silicone oil, General Electric, SF-96, flow rate of 40 ml. 
of helium per minute, temperatures 100-140"). Redistilled sample, 92% t-chloride (by gas liquid Chromatography). e A 
15% yield of l-chloro-3,5-dimethyl-1,2-hexadiene, b.p. 50-52" at 12 mm. was obtained also. f Analytical sample, center 
fraction from redistillation. 9 ZMethylbutyl, CzHs( CHs)CHCHz-. Ir Redistilled sample; infrared spectrum indicated gross 
contamination by isomeric l-chloro-1,2-diene. 

(I) to the isomers I1 and V. This was c o n k e d  in 
this laboratory where it was also observed that 
superior yields of the lower &chlorides are obtained 
when the t-acetylenic carbinols are treated with 
cold concentrated hydrochloric acid containing 
calcium chloride.4h More recently it was observed 
that a small amount of copper bronze powder, 
employed along with calcium chloride and hydro- 
chloric acid, has a marked beneficial effect on the 
yield and quality of the &chloride formed. It was 
also learned that cuprous chloride, when used in 
considerable amount along with hydrochloric acid, 
has a pronounced effect on the yield of l-ethynyl- 
cyclohexyl chloride from l-ethylcyclohexanol. ad 
Apparently, cuprous chloride complexes with acet- 
ylenic carbinols and effects solution in hydrochloric 
acid for conversion to the &chlorides. 

We wish to report now that a variety of t-acety- 
lenic carbinols may be converted to their &chlorides 
by treatment, in the cold, with excess hydrochloric 
acid containing calcium chloride, cuprous chloride, 
and copper bronze powder. The generar procedure 
described is superior to all other methods pre- 
viously reported, in that higher yields and purer 
products are produced. The t-chlorides are described 
in Table I. Compounds 1, 2, 3, 5, and 6 have been 
reported previously. 4b -d* 4h 

EXPERIMENTAL 

The t-acetylaic carbinols were provided (one exception) 
by the Air Reduction Chemical Company, New York, and 
were used as received. Diisopropylethynylcarbinol was pre- 
pared by the reaction of diisopropyl ketone with sodium 
acetylide in liquid ammonia; b.p. 67-68' at 25 mm., ny 

Preparation of higher t-acetylenic chlorides. A 1-1. 3 neck 
h k  provided with mechanical stirrer, thermometer, and 
dropping funnel was charged with 56 g. (0.5 mole) calcium 
chloride, 40 g. (0.4 mole) cuprous chloride, 0.2-0.5 g. copper 

1.4466 (lit.6 b.p. 162-164', ng 1.4470). 

(5) W. J. Hickinbottom, A. A. Hyatt, and M. B. Sparke, 
J .  Chem. Soc., 2529 (1954). 

bronze powder and 430 ml. (5 moles) of cold, concentrated 
hydrochloric acid. The mixture waa cooled (ice bath) with 
stirring, and 1 mole of &acetylenic carbinol was added drop- 
wise within 30 min. Stirring was continued for 1 hr. (inside 
temperature 0-5"). The upper layer waa separated (both 
layers very dark, illumination needed) and washed immedi- 
ately with two 100-ml. portions of cold, concentrated hydro- 
chloric acid, and then with three 100-ml. portions of dis- 
tilled water. The product, now nearly colorless, was dried 
superficially (in the separatory funnel) with anhydrous 
potassium carbonate and then thoroughly with fresh po- 
tassium carbonate. Distillation in vacuo from a small amount 
of powdered anhydrous potassium carbonate6 was ac- 
complished with use of a 60 X 1 cm. helix-packed, electrically 
heated column. The infrared spectra showed no bands ( p )  
near 2.8 ( - O H  absent); - C & H  bands at 3.05 and near 
4.75 were present aa expected. In  two instances (Table I, 
Nos. 8 and 10) a band a t  5.1 indicated contamination by the 
chloroallene isomer (RR'QGCHCl). In two other in- 
stances (Nos. 4 and 8) bands at 6.2 showed the presence of 
conjugate diene impurity. I n  these cases (Nos. 4, 8, and 10) 
purification could be achieved only parthlly by careful re- 
fractionation in v ~ .  In No. 4, for example, gas liquid 
chromatography showed that the once distilled product was 
83% f-chloride; redistillation raised the purity to 92%. In 
compound No. 8, gas liquid chromatography did not resolve 
the mixture completely and quantitative determination of 
the t-chloride content could not be made. Compound No. 10 
was badly decomposed during gas liquid chromatography. 

When the procedure described above waa employed with 
3,5-dimethyl-l-hexyne-3-01, a 53y0 yield of 3-chloro-3,5- 
dimethyl-1-hexyne (Table I, No. 5) and a 15% yield of the 
isomeric l-chloro-3,5dimethyl-1,2-hexadiene were obtained. 
The two products were separable by fractional distillation, 
and each was obtained pure. It was learned subsequently 
that the latter compound could be prepared in good yield as 
described below. 

Preparation of l-chEoro-3,6-dimethyl-l,&hexadiene. One- 
half mole (63 9.) of 3,5-dirnethyl-l-hexyne-3-01 was stirred 
with 215 ml. (2.5 moles) of concentrated hydrochloric acid 
containing 20 g. of cuprous chloride and 0.5 g. copper bronze 
powder for 10 hr. a t  ice bath temperature. The organic 
layer was then separated, washed, and dried as described 

(6) All &acetylenic chlorides are thermally sensitive, 
especially in the presence of acids, even in trace amounts. 
Distillations should be carried out from a small amount of 
powdered anhydrous sodium or potassium carbonate and 
the pressure should be adjusted so that the boiling point 
does not exceed ca. 75'. 
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3.05, and 4.7 p; strong at 5.1, and very weak a t  6.2 p. 
' 

port. The gas - chromatography unit (Aerograph, 
Anal. Cslcd. for CnHiaC1: C1, 24.52. Found: c1, 25.04. Model A-90) used in this work w&s acquired under ~ ~ k ~ w ~ ~ .  The authors express their National Science Foundation Grant G-4058. 

sincere thanks to Air Reduction Company, New NOTRE DAME, IND. 
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The conversion of l-ethynyl-1~-hydroxy-6-oxP8a-methyl-l,2,3,4,6,7,8,8a-octahydronaphthalene (VI) to the title com- 
pound (I) is described. 

The title compound (I), 'a possible intermediate 
for steroid syntheses,2ga has been described as a 
liquid2.436 and &s a solid,6 m.p. 122-123'. As the 
spectral properties for I were not con- 
sistent with those to be expected, a reexamination 
of the synthesis of I was undertaken. In this paper, 
the synthesis of authentic I, m.p. 97-98', is de- 
scribed. 

I has an absorption maximum at 235 mp (e 19,900). 
The wave length is about that to be expected, aa 
A4J6-pregnadiene-3,20-dione, 11, absorbs7 at 234 
mg ( E  25,100), the intensity being about the sum of 
the intensities for the unsaturated ketone systems 
I11 ( E  15,850) and N (e 8,900) at 234 mp.* The 
intensity of absorption of I ( e  19,900) is less than 
expected (e ca. 25,000). Possibly the proximity of the 
two cu,p-unsaturated ketone systems in I is respon- 
sible for the lower intensity. The infrared absorp- 

(1) This research waa supported in part by a grant 
(CY-3184) from the U. S. Public Health Service for which 
we express our appreciation. 

(2) C. A. Friedmann and R. Robinson, Chem. and Id., 
777, 1117 (1951). 

(3) 5. Swaminathan and M. S. Newman, U. S. Patent 
2,673,872 (1954). 

(4)-S. SwamGathan and M. S. Newman, Tetrahedron, 2, 
88 (1958). 

(5) Ref. 4 mentions in the experimental section an 
isomeric solid (m.p. 92-93") as a minor product in the 
reaction of hot formic acid on VI and described as "pre- 
sumably I" in the absence of supporting evidence to estab- 
lish its identity or nonidentity with the liquid product 
described as I in the same paper. 

(6) I. N. Naaarov and I. A. Gurvich, Zhur. obshchei. 
Khim., 25, 1723 (1955); Chem. Abstr., 50, 560O6 (1956). 

(7) A. Butenandt and J. Schmidt-ThomB, Ber., 72, 182 
(1939). 
(8) The fact that V absorbs at 233 mp ( E  8,930) shows 

that the intensity of absorption of the chromophore in both 
1%' and V is the uame whether the unsaturation is in a 5 
or 6-membered ring. R. M. Dodson, P. B. Sollman, and 
B. Riegel, J. Am. Chem. SOC., 75, 5132 (1953). 

tion at 6.0 p of I is also that to  be expectedsince 
I1 haa a single peak at 5.98 p.g 

O I  aCH3 
0 d"' Ir 0dFcH3 I11 dCHlH0& 

HO 
IV V 

The starting material for our synthesis of 1 wm 
the ethynylcarbin01,~~'~J~ VI, prepared essentially 
as described." By shortening the reaction time high 
yields of VI were obtained. There was no evidence 
of the formation of the epimeric alcohol VI1 in 
these 

VI was converted in excellent yield to the di- 
acetate VIII. The ultraviolet and infrared absorp 
tion data leave no doubt as to the structure of VIII. 

(9) K. Dobriner, E. R. Kataenellenbogen, and R. N. 
Jones, Infrared Absorption Spectra of Steroids-An Atlaa, 
Vol. I, Interscience Publishers, Inc., N. Y., (1953); curve 
no. 121. 

(10) M. S. Newman and S. Swaminathan, U. S. Pat. 
2,714,615 (1955); Chem. Abstr., 50, 13095a (1956). 

(11) I. N. Naaarov and I. A. Gurvich, Zhur. obshchei. 
Khim., 25,956 (1955); C h m .  Abstr., 50, 33513 (1966). 


