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aqueous methanol gave 0.030 g. (30%) of 3a,l2a-dihydroxy-58- 
etianic acid, and 0.035 g. (35%) of the 128-isomer. There was 
also obtained 0.005 g. of a mixture of the two compounds. 

When the reduction was repeated using 0.1 g. of keto acid, the 
crude product was methylated to give 0.0543 g. of ester, [CZ]*~D 
+37" (c 0.543, chloroform). This corresponds to 32 and68%of 
the 12a- and l2p-hydroxy compounds, respectively. 

Rockogenin-3-tetrahydropyranyl Ether. A.-To a solution of 
3 g. of sodium borohydride in 30 ml. of methanol was added 1.0 
g. of hecogenin-3-tetrahydropyranyl ether and the resulting mix- 
ture was heated a t  reflux for 1 hr. The reaction mixture was 
cooled, diluted with water, acidified with 5% hydrochloric acid, 
and extracted with methylene chloride. The organic extract was 
washed with water and dried; the solvent was removed in OUCUO, 

leaving a crystalline residue. Recrystallization from acetone 
gave 0.71 g. (71%) of white crystals, m.p. 235236', [ a l Z 6 ~  
-39.6' (chloroform). 

Anal .  Calcd. for C32H5205: C, 74.37; H, 10.24. Found: C, 
74.18; H,  10.32. 

B.-A solution of 6.0 g. of the hecogenin derivative in 70 ml. of 
a 1 : 1 methanol-ether mixture was added with stirring to 200 ml. 
of liquid ammonia. Over a period of 1 hr., 6.0 g. of lithium in 
small pieces was added, and finally 96 g. of ammonium chloride 
was added slowly. The reaction mixture was allowed to come to 
room temperature, and then warmed gently until the ammonia 
had evaporated. The solid residue was taken up in water and 
chloroform; the organic layer was drawn off, washed with 
dilute hydrochloric acid and 5% aqueous sodium bicarbonate, and 
dried; and the solvent was removed a t  reduced pressure. The solid 
residue vas  recrystallized from acetone to give 4.50 g. (75yo) of 
white crystals, m.p. 235-236", undepressed on mixing with 
material prepared by method A.  

C.-To a solution of 2.1 g. of hecogenin-3-tetrahydropyranyl 
ether in 200 ml. of n-propyl alcohol was added, over a period of 1 
hr., 20 g. of sodium, and the solution was heated a t  reflux for 1 hr. 
After cooling, the reaction mixture was poured into water and ex- 
tracted twice with chloroform. The chloroform extracts were 
washed with water and dried; the solvent was removed in oucuo 
leaving a tan solid. Recrystallization from acetone gave 1.19 g. 
(577,) of rockogenin-3-tetrahydropyranyl ether, m.p. 235236'. 

Chromic Acid Oxidations.-To 5.00-ml. portions of 1.89 X 
10-8 M chromic acid in 90.0% acetic acid in a spectrophotometer 
cell a t  25 f 1' were added 3.00 ml. of 1.5-2.0 X 10-3 M solutions 
of the alcohol, and the decrease in intensity of the chromate ab- 
sorption with respect to time was determined, employing a Beck- 
man Model B spectrophotometer. In  each run a t  least five points 
were taken, a t  approximately 2-min. intervals. The rate con- 
stants were calculated using the following equation. 

-d[Cr(V1)l = k[Cr(VI)] [ROH] dt 

This simplifies to the standard second-order rate expression. 

2.3 [ROHIo[Crlt 
( [ C r l ~  - [ROHIO)~ log [ C r l ~  [ROHlt 

k =  

The results are summarized in Table 11. 

TABLE I1 

Compd. 

Cy clohexanol 
128-Cholanol (run 1) 

(run 2) 
l2a-Cholanol (run 1) 

(run 2) 
Rockogenin-3p-methyl succinate 

(run 1) 
(run 2) 

Concn., 
M X 10% 

0.825 
0.609 
0.609 
0.659 
0.659 

0.680 
0.680 

k (moles/l./ 
min. x 

0 3 1 2 f O  045 
1 42 f 0 24 
1 50 f 0 17 
3 06 f O  16 
3 39 f 0 03 

1 .31  f 0 . 1 4  
1.42 f 0 . 1 3  
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Huang-Minlon reduction of 7-keto-16-heptadecynoic acid as well as 7-keto-15-heptadecynoic acid gave 16- 
Treatment of 10-undecynoic acid with strong alkali 

These observations 
A preparation of 

ketoheptadecanoic acid along with heptadecanoic acid. 
both in the presence and absence of hydrazine hydrate afforded 10-ketoundecanoic acid. 
would possibly be explained by assuming alkaline hydration of the acetylenic triple bond. 
cis-15-heptadecenoic acid was described 

I n  a previous Sotel  the migration of terminal double 
bond under the strongly alkaline condition was de- 
scribed. When 7-keto-16-heptadecenoic acid was sub- 
jected to the Huang-Jlinlon reduction, an isomeric 
mixture of 15heptadecenoic acids was obtained. Simi- 
lar result was also reported by Hiinig and Eckart,2 
and according to them IBheptadecenoic acid could be 
obtained by substituting triethanolaminea for diethyl- 
ene glycol as the solvent. 

The present investigation was aimed at elucidating 
the behavior of w-acetylenic keto acid in the Huang- 
Minlon reduction and preparing cis-15-heptadecenoic 
acid. 

The reaction of 10-undecynoyl chloride (I) with K-(l-  
cyclohexenyl) niorpholine (11) was effected siniilarly 

( 1 )  K.  Sisido and SI. Kawanisi, J .  Org. Chem., 21, 3722 (1962). 
(2) S. Hiinig and W. Eckart, Chem. B e r . ,  #6, 2493 (1962). 
(3) C/. P. D. Gardner. L .  Rand, and G. R. Hyanea, J .  A m .  Chem. SOC., 

18,  3425 (1956). 

as described before' and 7-keto-16-heptadecynoic acid 
(111) was obtained in 81% yield. On the analogy of 
the olefinic compound, the Huang-Xnlon reduction of 
I11 would result in the formation of 15-heptadecynoic 
acid (IV), since the migration of the terminal acetylenic 
triple bond along the carbon chain caused by strong 
alkali has been recognized by several  worker^.^ When 
I11 was treated with alkali and hydrazine hydrate in 
diethylene glycol, two kinds of reaction products (V 
and VI) were isolated in a ratio of about 1 : 10. Both 
were proved to be carboxylic acids, but they had no 
absorption maxima responsible for the presence of an 
acetylenic triple bond. 

(4) (a) R.  G .  Ackman, R .  A.  Dytham, B.  J.  Wakefield. and B. C .  L. 
Weedon. TetrahedTon, 8, 239 (1960); (b) E. S. Stenhagen, Arkiu Kemz.  
1, 99 (1949); (e) G. Eglington, E.  R.  H. Jones, G. H. Mansfield, and M .  
C. Whiting, J .  Chem. SOC., 3197 (1954); (d) E.  R .  H .  Jones, G. H.  Whitham, 
and M .  C.  Whiting, ibid., 3201 (1954); (e) F. Krafft, Ber. ,  a#,  2232 (1896); 
(f)  T .  L .  Jacobs, R.  dkswie,  and R.  G. Cooper, J. A m .  Chem. Soc., IS, 
1273 (1951); (g) T. L.  Jacobs, Org. Reactions, 6, 13 (1949). 
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I 11 

I11 

,-. f 
ROH, NHsNH?H,O ' 

CH&=C(CHz) i3COOH 
IV 

CHaCO (CH,) 14COOH 
V 

.i 
CHa(CH2) isCOOH 

VI 

VI was determined as heptadecaiioic. acid by analysis 
as well as iiiixture nielting point with an authentic 
sample prepared from undecanoyl chloride and I1 via 
the saturated keto acid. 

The acid V had a niolecular formula, C17H3+&, anu 
gave seniicarbazone. This conipound was established 
as 16-ketoheptadecanoic acid by mixture nielting 
point with an authentic sample and the coniparison of 
the spvctral data. 

The synthesis of V was carried out starting from 16- 
hcptadecenoic acid' (VII), the double bond of which was 
verified by coniparing with an unsaturated acid derived 
from 14-pentadecenoic acid5 by the malonic ester 
homologation. Bromination of VI1 followed by de- 
hydrobroinination afforded 16-heptadecynoic acid 
(VIII). This was hydrated with forniic acid in the 
presence of mercuric sulfate6 to give V. 

A siniilar. reaction of 9-undecynoyl chloride (IX) 
with I1 gave 7-keto-15-heptadecynoic acid (X). Re- 
duction of X in a similar fashion afforded also V and VI. 
Likewise the formation of IV was not observed. 

When semicarbazone of I11 was treated with alkali7 
in diethylene glycol, V was obtained as a sole identified 
product. 

HCOOH 
CHFCH(CHzji4COOH CHEC(CHzjl,COOH -A V 

VI1 1'111 HgSO 

CH,Cd3(CHz),COCl + I1 
I X  

CHBC=C(CH~).ICO(CHZ~~COOH T' --.L VI 
X 

The fact that  I11 gave keto acid V and saturated acid 
VI would claini the hydration of the triple bond under 
the strongly alkaline condition to give a ketonic group 
which would further be reduced with excess hydrazine. 
Although the reduction of triple bond with hydrazine 
has been recognized in the presence of an oxidizing 
catalyst such as atniospheric oxygen,8 this probability 
might be excluded in the present investigation, as the 
reaction was conducted under nitrogen atmosphere at 
relatively high temperature; therefore solubility of 
atniospheric oxygen in the reaction niediuni might be 
considered to be infinitesinial.* The hydration of 
acetylenic triple bond under acidic condition, especially 

( 5 )  P. Chuit, I;. Boelsing, J. Hausser, and G. Malet,  HeEu. Chznr. Acta. 

(6) A .  Mondon, A n n . ,  190, 43 (1954). 
(7) Cf. D. Todd, Org. Reactions, 4, 390 (1948). 
(8) F. Aylward and M. Sau-estoska. Chem. Znd. (London), 484 (1962) 

10, 127 (1927). 

S. HUnig, H. R. Muller. and W. Their, Tetrahedron Letters, 353 (1960). 

in the presence of heavy metal catalyst, is a familiar 
method of synthesizing the corresponding carbonyl 
c o n i p ~ u n d . ~  However, few have been reported about 
the basic hydration of the triple bond. The assunied 
hydration of 3-butynoic and 3-pentynoic acids may be 
cited for example. 4d Aclmian and c o - ~ o r k e r s ~ ~  re- 
ported that 10-undecynoic acid gave lower honiologous 
saturated acid with loss of four carbon atonis when 
treated under the so-called Varrentrapp reaction, bu t  
they did not refer to the formation of keto acid. 

I n  order to obtain further information about the 
action of alkali over acetylenic bond, the reaction of 10- 
undecynoic acid with potassiuni hydroxide in diethyl- 
ene glycol a t  200" was investigated in the presence and 
absence of hydrazine hydrate. In  both cases 10-keto- 
undecanoic acid was isolated and identified. In  the 
absence of hydrazine, a relatively large aniount of the 
keto acid was obtained, while in the presence of hy- 
drazine a large aniount of undecanoic acid was pre- 
sented in the reaction products. These observations 
niight support the niechanisiii for the reaction of 111. 

cis-15-Heptadecenoic acid was prepared from 1.5- 
heptadecenoic acid, prepared previously, by broniina- 
tion and dehydrobroniination followed by hydrogena- 
tion over Lindlar catalyst.'O The yield was almost 
quantitative. 

Experimental'' 
7-Keto-16-heptadecynoic Acid (1111.-To a mixture of 28.0 g. 

of N-(1-cyclohexeny1)morpholine ( I1  j L 2  and 18.7 g. of triethyl- 
amine in 200 ml. of chloroform was added gradually a solution of 
31.0 g. of 10-undecynoyl chloride, b.p. 151-153' at 28 mm. (lit.'3 
b.p. 135" a t  15 mm.) in 80 ml. of chloroform in the rourse of 1 hr. 
at35'. Usualwork-up1 gave 25.0 g. (81%) of 111, m.p. 7 l . G  
71.5' (from n-hexane), ymIx (Xujol) 3320 and 2120 rm.-l. 

Anal. Calcd. for CnH2803: C, 7 2 . 8 2 ;  H ,  10.06. Found: C 
72.93; H,  10.23. 

Semicarbazone prepared by the convent,ional method" 
melted at 104.8-105.3' after a rerrystallization from ethanol. 

Anal. Calcd. for C I ~ H ~ L N ~ O ~ :  C, 64.06; H ,  9.26. Found: 
C, 64.41; H ,  9.41. 

Reaction of I11 under Huang-Minlon Condition.-A mixture of 
18.0 g. of 111,3.6 g. of potassium hydroxide, 28 ml. of 80!/; hydra- 
zine hydrate, and 65 ml. of diethylene glycol \vas heated under 
reflux for 8 hr. To the hot solution was added 18.0 g. of potas- 
sium hydroxide and 65 ml. of diethylene glycol, and water as well 
as excess hydrazine. hydrat'e were removed by distillation. The 
temperature of the contents !vas allowed to rise gradually to  
185", when the mixture was heated under reflux for an additional 
15 hr. The reaction mass was poured into 1 I. of water, aridified 
with concentrated hydrochloric acid, and extracted with ether. 
The ethereal solution was washed with water and dried ( XlgSOJj. 
Evaporation of ether followed by distillation in V U C I ( O  gave a dis- 
tillate (15.0 g. j which solidified immediately. This \vas frac- 
tionally recrystallized from n-pentane into 12.0 g. of soluble por- 
tion ( IT) ,  m.p. 45-67', and 0.8 g.  of a sparingly soluble portion 
(T'j, m.p. 82-83". Two recrystallizations of 1.1 from ethanol 
gave colorless leaflets, m.p. 61 5-62.5'. Analyses gave values 
of C,7H3,0,. No absorption was observed in 3300-cm. - 1  region. 
Mixture melting point with hept,aderanoir arid, m .p .  61 .5-62.5", 
described in the following section, was 61.5-62.5". T~vo re- 
c:rystallizations of T' from acetone furnished colorless scales, m.p. 
85 .0-85.4". 

(9) R. A. Raphael, "Acetylenic Conlpounds in Organic Synthesis," 

(10) H. Lindlar, Helu. Chim. Acta, 36, 446 (1952). 
(11) Microanalyses u-ere performed by Miss Kenko Ognua of this  Inbora- 

(12) S. Hiinig, E. Liicke, and W .  Brenninger. O r g .  Syn., 41, 65 ( 1 ~ 1 1 ) .  
(13 )  E. G .  Popora  and M. Ya. Kraft ,  Chem. Abstr..  66, 7395 (1961). 
(14) R .  L. Shriner, R .  C .  Fuson, and D. Y. Curtin.  "Systeinatic Irlrntl- 

fication of Organic Compounds," 4th Ed.,  .John FViley and  Sons, Inc. .  Neir 
York, N. Y . ,  1956, p. 218. 

But theraor th  and Co. (Publishers) Ltd . ,  London, England, 19ijA. p. 40. 

tory. 
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Anal. Calcd. for C17H3203: C, 71.87; H,  11.49. Found: 
C, 71.78; H,  11.34. 

No absorption was observed in the 3300-em. -l region. Mixture 
melting point with an authentic specimen of 16-ketoheptadecan- 
oic acid, m.p. 85.G- 85.5", described in the susequent section 
was 85.0-85.5". Semi~arbazonel~ melted a t  138.7-139.2' after 
recrystallizations from ethanol. 

i lnal.  Calcd. for CISH3~N303: C, 63.31; H ,  10.33. Found: 
C, 63.49; H ,  10.55. 

Heptadecanoic Acid.-The reaction of 48.5 g. of undecanoyl 
chloride, b.p. 153-155' a t  48 mm. (lit.'S b.p. 119-120" a t  10 
mm.),  with 43.3 g. of 11 was effected analogously and 35.8 g. 
(8670) of 7-ketoheptadecanoic acid, m.p. 78.0-79.0", was ob- 
tained after two recrystallizations from n-hexane. 

.4nal. Calcd. for C17H3202: C, 71.78; H,  11.34. Found: C, 
72.04; H ,  11.38. 

Semicarbazone,14 m.p. 123.0-124.0", was obtained from eth- 
anol. 

Anal. Calcd. for C I S H ~ S N ~ ~ ~ :  C, 63.31; H ,  10.33. Found: 
C, 63.44; H ,  10.49. 

The reduction of 21.6 g. of aforementioned keto acid was con- 
ducted analogously as described above and 19.5 g. of n-heptadec- 
anoic acid was obtained: m.p. 61.5-62.0" (lit.16 m.p. 61.3') 
after recrystallizations from methanol. 

16-Heptadecenoic Acid from 14-Pentadecenoic Acid.-This 
preparation followed essentially the published one described for 
12-tridecenoic acid from 10-undecenoic acid.17 A reaction of 11.2 
g. of 14-pentadecenoic acid6 m-ith 8.4 g. of thionyl chloride gave 
8.5 g. of 14-pentadecenoyl chloride, b.p. 143-144" (3 mm.), 
which was gradually introduced into 30 ml. of methanol with 
vigorous agitation. Extraction with ether followed by evapora- 
tion of ether afforded 7.5 g. of methyl 14-pentadecenoate: b.p. 
129-130" at  2.5 mm. (lit.6 b.p. 167-168" at  8 mm.); n l 8 ~  1.4476; 
vmax (liquid film) 3070, 1640, 990, and 910 em.-'. Lithium alu- 
minum hydride reduction's of 7 . 5  g. of the methyl ester gave 6.0 g. 
of 14-pentadecenol: m.p. 32-34' (lit.5 m.p. 32-33"); vmgX (liquid 
film) 3290, 3070, 1640, 990, and 910 cm.-'. This unsaturated 
alcohol was converted into 14-pentadecenyl chloride by means of 
thionyl chloride and pyridine in benzene and unsaturated chloride 
[b.p. 135-137" a t  2.5 mm.; n 1 6 ~  1.4574; vmRX (liquid film) 3070, 
1640, 990, and 910 cm.-1] was obtained in 74% yield. A reac- 
tion of 4.8 g. of the unsaturated chloride with diethyl sodiomalo- 
nate (from 3.5 g. of diethyl malonate and 0.6 g. of sodium) in the 
presence of 0.8 g .  of sodium iodide was conducted according to 
the published procedure.17 The resulted alkenylmalonic ester 
was hydrolyzed and decarboxylate to give 1 .0 g. of 16-heptadec- 
enoic acid, m.p. 57-58', after two recrystallizations from n- 
hexane. This gave correct analyses for carbon and hydrogen; 
vmaX (Sujol)  1640, 990, and 910 cm.?. Alternatively, 15.5 g. of 
7-keto-16-heptadecenoic acid' was treated, exactly in the same 
manner as described by Hunig2 and 13.8 g. of crude 16-heptadec- 
enoic acid, m.p. 54-56", was obtained. This gave colorless 
leaflets melting at  56.7-57.5' after recrystallizat'ions from 'n- 
hexane: vmaX (Nujol) 1640,990, and 910 cm.?. Mixture melting 
point with the specimen described in the previous section was 
57.0-58.0'. 

16-Heptadecynoic Acid (VIII).-To a cooled solution of 11 .0 
g. of 16-heptadecenoic acid in 200 ml. of hexane and 100 ml. of 
chloroform was added 8.0 g. of bromine, maintaining the tem- 
perature below -8" ,  and excess bromine was removed by suction. 
Evaporation of the solvent under diminished pressure below 40" 
gave 17.5 g. of crude bromide, m.p. 48-51", which was purified 
recrystallization from n-hexane to furnish colorless leaflets, m.p. 
61.0-62 .O". This bromide was immediately submitted to de- 
hydrobromination. A mixture of 17.5 g. of dibromide, 10.0 g. of 
potassium hydroxide, and 70 ml. of ethanol was refluxed with 
vigorous stirring for 24 hr. After evaporation of ethanol, the 
residue was dissolved into 100 ml. of water and acidified with 
hydrochloric arid. Gsual work-up gave 10.0 g. of crude acid, 
m.p. 53-56", which melted at  74-76" after two recrystallizations 
from n-hexane: 

Anal. Calrd. for Cli!&&2: C,  76.64; H,  11.35. Found: C, 
76.55; H, 11.35. 

umlX (Xujol) 3300 and 2120 em.?. 

(15) H. F .  Fierz-David and W. Kuster. Helu.  Chzm. Acta,  S a ,  89 (1939). 
(16) A .  W. Ralston, "Fa t ty  Acids and Their Derivatives," John Wiley 

( 1 7 )  U'. J .  Gensler, E. &I. Behrmann, and G.  R .  Thomas, J .  Am.  Chem. 

(18) W G. Brown, Org. Reactions. 6 ,  469 (1951). 

and Suns Inc.. ?Jew York, X. Y . ,  1956. p. 218. 

Soc.. 73, 1071 (1951). 

16-Ketoheptadecanoic Acid (Vi.-A mixture of 2.0 g. of VIII, 
0.1 g. of mercuric sulfate, and 15 ml. of 807, formic acid was 
heated a t  100" for 2 hr. Evaporation of formic acid under re- 
duced pressure gave a solid residue which was taken up in ether. 
Ethereal solution was washed with saturated aqueous sodium 
chloride solution and dried (MgSO4). Evaporation of ether gave 
1.0 g. (47%) of crude product, m.p. 82-83', which melted at 85 .G 
85.5" after two recrystallizations from acetone and did not de- 
press the melting point when admixed with the specimen ob- 
tained from 111. 

Anal. Calcd. for C1?H3203: C,  71.78; 11.34. Found: C,  
71.96; H, 11.30. 

7-Keto-16-heptadecyanoic Acid (X).-g-Undecynoic acid, m.p. 
56-59" (lit.le m.p. 60.5-61'), was converted by means of thionyl 
chloride into 9-undecynoyl chloride, b .p .  138-140" (14 mm.), in 
86% yield: vmRX (liquid film) 1790 cm.-l. A reaction of 37.5 g. of 
9-undecynoyl chloride with I1 was conducted in a similar manner 
as  described for the 10-isomer, and 38.0 g.  (89%) of crude keto 
acid which melted a t  72.5-73.5' after three recrystallizations 
from petroleum ether (b.p. 60-80") was obtained. 

Anal. Calcd. for C17H2803: C,  72.82; H,  10.06. Found: C,  
72.89; H,  10.15. 

Semicarbazone14 melted a t  101 .&102.3" after a single recrystal- 
lization from ethanol. 

Anal. Calcd. for ClsH31N303: C, 64.06; H ,  9.26. Found: 
C, 64.21; H,  9.42. 

Reaction of 7-Keto-16-heptadecynoic Acid (X) under Huang- 
Minlon Condition.-Reduction of 15.0 g. of X under the Huang- 
Minlon reaction condition was effected similarly as described for 
111, and 11.5 g. of semisolid reaction product resulted. This was 
separated by fractional recrystallization from n-pentane into 8 g. 
of soluble portion, m.p. 45-65", and 0.8 g. of sparingly soluble 
portion, m.p. 83-85", The former was purified by recrystalliza- 
tion from methanol and there were obtained colorless scales, m.p. 
61.0-62.0", which showed no melting point depression when ad- 
mixed with VI. The latter melted a t  84.5-85.5' after recrystal- 
lization from acetone and also did not depress the melting point 
when admixed with V.  

Alkaline Treatment of the Semicarbazone of III.-.4 mixture of 
5 g. of the semicarbazone of I11 and potassium hydroxide in 35 ml. 
of diethylene glycol was heated under nitrogen atmosphere at  
200" for 20 hr. The extensive darkening of the reaction mixture 
was observed in this case. The reaction mixture was poured int,o 
300 ml. of water and acidified with concentrated hydrocmhloric 
acid and extracted with ether. Evaporation of ether gave dark- 
colored, solid residue which was distilled in oacuo. The fraction 
boiling at 15O-20Oo ( 2  mm.) and weighing 2 g. gradually de- 
posited 0.5 g. of solid material. This was separated by filtration 
and recrystallized from acetone to give colorless leaflets, m.p. 
84.5-85.5', identical with V. 

Alkaline Treatment of 10-Undecynoic Acid in Diethylene Glycol. 
A. In the Absence of Hydrazine Hydrate.-A mixture of 10.0 g. 
of 10-undecynoic acid20 and 3 g. of potassium hydroxide in 54 ml. 
of diethylene glycol was heated a t  129-130' under reflux for 8 hr. 
Successively 15 g. of potassium hydroxide and 74 ml. of diethylene 
glycol were added and water was removed by distillation rapidly 
until inner temperature became 200°, when the mixture was 
heated under reflux for an  additional 15 hr. The hot reaction 
mass was poured into 1 1. of water and acidified with hydrochloric 
acid and extracted with ether. Evaporation of ether followed by 
distillation in oacz~o afforded 7.1 g. of colorless oil, boiling 
a t  130-172" (3 mm.), from which 8.7 g. of solid sub- 
stance separated. The solid melted a t  58.0-59.0' after recrys- 
tallizations from n-pentane, and did not depress the melting point 
when admixed with an authentic specimen of 10-ketoundecanoic 
acid, m.p. 59.2-60.0' (lit.z1 m.p. 59.5'3. The mother liquor, 
freed from the solid material, was added with an excess solution 
of 2,4-dinitrophenylhydrazine22 and a reddish orange crystalline 
product, m.p.  69.0-70.0", was obtained. This did not depress 
the melting point when admixed with a specimen of 2,4-dinitro- 
phenylhydrazone of 10-ketoundecanoic acid. Alternatively the 
above liquid was converted into methyl ester by means of diazo- 
methane and analyzed by gas chromatography, when the presence 
of methyl 10-ketoundecanoate was re-established. 

(19) C. Collaud, Hela. Chzm. Acta,  1 6 ,  1064 (1943). 
(20) G. 1%. Jeffrey and '1. I. Vogel, J. Chem. Soc., 674 (1948). 
(21) J. Cason and F. S. Prout.  J .  Am. Cliem. S o c . ,  6 6 ,  48 (1944) 
(22) See ref. 14, p. 219. 
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B. In the Presence of Hydrazine Hydrate.-The procedure 
was essentially the same as above, except for the addition of 22 
ml. of 80% hydrazine hydrate. The reaction product (7.8 g. 
which was distilled a t  135-170" a t  3 mm.) deposited 1.8 g. of 
solid substance identified as 10-ketoundecanoic acid by mixture 
melting point. The liquid fraction (6.0 9 , )  gave the p-bromo- 
phenacyl ester, m.p. 68.0-68.5", which did not depress the melt- 
ing point when admixed with an authentic sample of p-bromo- 
phenacyl undecanoate, m.p. 68.0-68.9' (lit.Z3 m.p. 69"). 

czs-15-Heptadecenoic Acid.-The preparative method of 15- 
heptadecenoic acid from 15-heptadecenoic acid' was similar to 
that adopted in the preparation of VIII; thus, 11.0 g. of 15- 
heptadecenoic acid was converted to 10.5 g. (96%) of crude 15- 
heptadecynoic acid, m.p. 72-74', which vas  recrystallized from 
n-pentane. The pure sample melted at 77.4-77.7' and depressed 
the melting point when admixed with VIII. 

Anal. Calcd. for C ~ ~ H ~ O Z :  C, 76.68, H,  11.35. Found: C, 
76.87; H, 11.43. 

The p-bromophenacyl ester was prepared in the usual man- 
n e F  and melted at 79.5-80.0' after recrystallizations from eth- 
anol. 

Anal. Calcd. for C2SH3jBr03: C, 64.79; H, 7.61. Found: 
C, 64.88; H, 7.66. 

A sample of 15-heptadecynoic acid (1.76 g.) in a mixed solvent 
composed of 30 ml. of methanol and 50 ml. of ethanol was hydro- 
genated a t  atmospheric pressure over Lindlar catalyst .Lo After 
188 ml. (calculated 161 ml.) of hydrogen was absorbed, usual 
work-up gave 1.68 g. of was-like substance, m.p. 43-45', which 
melted a t  44.0-45.0' after two recrystallizations from n-hexane, 
vmax (Sujol)  960 cm.-' (trace). 

Anal. Calcd. for CliH3202: C, 76.06; H, 12.02. Found: 
C, 75.99; H, 12.01. 

(23) C. V. Wilson, J. A m .  Chem. Soc., 6'7, 2162 (1945). (24) See ref. 14, p. 200 
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Reaction of acrylonitrile with phenol or the para-substituted phenols in the presence of anhydrous aluminum 
chloride and dry hydrogen chloride provided considerably good yields of dihydrocoumain or 6-substituted dihy- 
drocoumarins in one step. I t  fails with phenols which are sufficiently deactivated by electron-attractive groups. 
Similarly reaction of crotononitrile with the para-substituted phenols gave the corresponding 4-methyldihydro- 
coumarin derivatives. 

Dihydrocouniarins may be obtained by the catalytic 
hydrogenation of couniarins.2 The carbon-carbon 
cyanoethylation of the niore active phenols, such as 
resorcinol, is known to give dihydrocouniarin derivatives 
in the presence of anhydrous zinc chloride and dry hy- 
drogen ~ h l o r i d e . ~  Phenol itself does not react under 
these conditions, but,  if a niore active catalyst, anhy- 
drous aluminium chloride, is used, a good yield of p-(p- 
hydroxypheny1)propionitrile is ~ b t a i n e d . ~  The addi- 
tion of vinylidene cyanide to phenol in  the presence of 
anhydrous aluminuni chloride gives p-(p-hydroxy- 
phenyl)-a-cyariopropionitrile and a trace of dihydro- 
coumari~i .~ The cyanoethylation of phenol by acrylo- 
nitrile gives p- (p-hydroxyphenyl) propionitrile and a 
small amount of dihydrocouniarin.6 Recently Kost, 
et al., have reported that the cyanoethylation of p- 
cresol by acrylonitrile gives P-(2-hydroxy-.5-1iiethyl- 
pheny1)propionitrile and a trace of 6-methyldihydro- 

The authors have now found the following modified 
method of preparing dihydrocoumarins. 
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Japan ,  1962-. 
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OH 

RI 
I I1 I11 

R1 = -H, -CH3, -OCH,, -C1 
R2 -H, -CHI 

The reactions of nitrile I1 with phenol I were car- 
ried out at 120-145' in the presence of 1 mole of an- 
hydrous aluminiuni chloride per mole of phenol I and 
an excess of dry hydrogen chloride. The data, sum- 
marized in Tables I and 11, indicate the scope of these 
procedures. 

These dihydrocouniarins were identified by their 
infrared spectra and microanalyses. The following 
conipounds which were sufficiently deactivated by 
electron-attractive groups did not react : p-acetylami- 
nophenol, methyl p-hydroxybenzoate, p-hydroxyaceto- 
phenone, p-phenol sulfonic acid, and p-nitrophenol. 

The reactions of crotononitrile with phenols provided 
poor yields of 4-methyldihydrocouniarins. No para 
addition product was isolated from the reaction of 
crotononitrile with phenol. It was very difficult t o  
isolate 4-niethyldihydrocounlarins from crude prod- 
ucts by repeated refractionation. This is probably 
because 4-methyldihydrocoun~ari1is fornied azeotropes 
with crotonamide. I t  was possible to isolate the pure 
products by gas chroniatographing over silicon oil (D. C. 
550). 

Although several experinierits were made under the 
described conditions, the reaction with crotononitrile 
produced a lower yield than with acrylonitrile. This 
result suggests the influence of steric hindrance and 
hyperconjugation. 


