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Hydrolysis Studies on VI. A. Hydrolyzable Chlorine Deter- 
mination.-Hydrolyzable chlorine was determined by potentio- 
metric titration of a hydrolyzed sample using standardized silver 
nitrate solution and a Beckman pH meter with a calomel reference 
electrode and a silver indicator electrode. The percentage of 
hydrolyzable chlorine found was 12.65% (average of three 
samples), calcd for 1 : 2  product C2EH1601CIISi (VI),  12.61%. 

B. Hydrolysis Product Isolation and Analysis.-A 5.945-g 
sample of VI was hydrolyzed by allowing it to stand overnight 
with water (a. 50 ml) in a stoppered flask. The residue was 
collected by filtration and dried to constant weight (5.277 g) and 
consisted of a mixture of white and yellow solids. The solid mix- 
ture was extracted with hot cyclohexane (see below for filtrate), 
the white residue being collected by filtration and washed with 
cyclohexane, yield 0.659 g. The solid did not melt when heated 
to 295" and was insoluble in organic solvents. The X-ray dif- 
fraction pattern showed that the material w8s amorphous. A 
sample of the material (0.127.5 g) was heated a t  1100" to  a 
constant weight of 0.0905 g. Comparison of the X-ray diffrac- 
tion pattern of the product with that of the standard ASTM d/n 
values for silicon dioxide identified the former as cristobalite. 

On removal of cyclohexane in vacuo from the filtrate and com- 
bined washings from above 4.61 g (93.7y0 yield) of 5-chloro-2- 
hydroxybenzophenone, mp 94.5-96.0", w&s obtained. Identifica- 
tion was by mixture melting point and comparison of the infrared 
spectrum with an authentic sample. In  another experiment in 
which more care was taken to recover 5-chloro-2-hydroxybenzo- 
phenone quantitatively, 0.8910 g (97.91'%) was obtained from 
hydrolysis of a 1.1000-g sample of VI. 

Although preparation and handling of the compound were 
carried out under drybox conditions, results of commercial 
laboratory analysis of the analytical sample (sent in a sealed 
tube) indicated hydrolysis which probably occurred during 
handling32 of the compound for analysis. Low chlorine and high 

(32) West" pointed out similar difficulties experienced with hydrolytically 
sensitive compound.. 

carbon percentages are in the correct direction expected for 
hydrolysis. 

Anal. Calcd for C&&601Ci,Si: C, 55.54; H, 2.87; C1, 25.22; 
Si, 4.99. 

Analysis of a previous sample which had inadvertently been 
sent in a screwcap vial showed that the sample had practically 
hydrolyzed completely (Found:20d C, 47.99; H, 3.68; C1, 13.23; 
Si, 5.57). If replacement of the two hydrolyzable chlorines by 
hydroxyl groups is assumed, hydrolytic product X would be 
expected.33 Calculated analytical values for this structure 
(CzsH&C12Si) are C, 59.44; H, 3.45; c1, 13.49; Si, 5.35. All the 
analyses check closely for structure VI except for carbon which is 
slightly low. This low carbon value could be due to silicon 
carbide formation which is commonly observed6 during combus- 
tion analyses. 

Registry No.-5-Chloro-2-hydroxybeneophenone1 
85-19-8; diphenyldichlorosilane, 80-10-4; phenyltri- 
chlorosilane, 98-13-5 ; silicon tetrachloride, 10026-04-7; 
IV, 18964-24-4; VI a (meso), 18962-94-2; VI b 
(racemate) , 18975-92-3. 
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Found:*Oa C, 56.68; H, 3.69; C1, 22.39; Si, 5.27. 

(33) No studies were made on the hydrolyzed product to determine the 
possibility of chelation which would be expected in view of four oxygen atoms 
bonded to silicon. 
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The heterogeneous reaction of cis-g-octadecene with aqueous 67% deuterioperchloric acid has been studied 
with respect to the reaction variables involved, Le., reaction time, stirring rate, temperature, molar ratio of 
reactants, and strength of inorganic acid. High yields of isomeric octadecenes were obtained. The rate of 
double-bond migration was significantly faster than the rate at which deuterium was incorporated into the 
product. Small amounts of octadecyl perchlorates are formed in the reactions. cis-9-Octadecene and 1- 
octadecene were allowed to read with aqueous deuterioperchloric acid in the presence of stearic acid; migration 
of the double bond occurs by means of a reversible acid-olefin esterification reaction. The octadecene product 
shows a more extensive isomerization than is obtained in the absence of stearic acid; it is aslo comparatively 
heavily deuterated. Reactions of 1- and 9-octadecanol, both in the presence and absence of stearic acid, empha- 
size the differences in behavior between primary and secondary compounds. 

Past studies4 in this laboratory have been concerned 
with the optimum conditions for the preparation of 
y-stearolacetone from the reaction of aqueous 7001, 
perchloric acid with various CU monounsaturated and 
monohydroxy fatty acids and with an investigation of 
the types and amounts of reaction by-products. This 
has led us to an examination of the reaction of 9- and 
1-octadecenes and -octadecanols with aqueous deu- 

(1) Presented in part a t  the 1965 Spring Meeting of the American Oil Chem- 
ists' Society, April 25-28, 1965, Houston, Texas. 

(2) (a) National Science Foundation, 1800 G Street, N. W., Washington, 
D. C. 20550. (b) Unilever Reaearch Laboratory, The Frythe, Welwyn, 
England. (0) This author wishes to thank the Agricultural Reaearch Service 
in association with the National Academy of ScienceeNational Research 
Council, for a Resident Research Associateship (1963-1965). 
(3) Agricultural Research Service, U. S. Department of Agriculture. 
(4) J. S. Showell, W. R. Noble, and D. Swern, J .  Org. Cham., S8, 2697 

(1968). 

terioperchloric acid and the changes brought about in 
the system by the introduction of stearic acid. The 
addition of stearic acid to the reaction mixture has 
meant that, as in the past ~ tud ie s ,~  the functional 
groups, olefin (or hydroxyl) and carboxylic acid, are 
present, albeit in two molecules rather than in a single 
molecule. 

The Reaction of cis-9-Octadecene with Aqueous 
Deuterioperchloric Acid.-A series of reactions of 
cis-9-octadecene with aqueous 67% deuterioperchloric 
acid was carried out changing one at  a time the reaction 
variables of time, stirring rate, temperature, molar 
ratio of deuteroperchloric acid to cis-9-octadecene used, 
and strength of inorganic acid. The amount of ci8-9- 
octadecene used and the size of the reaction vessel and 
magnetic stirring bar were kept fixed for all reactions. 
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TABLE I 
EFFECT OF REACTION TIME ON ISOMER DISTRIBUTION 

OF O'CTADECENE PRODUCP 
Mole % 

)hr  f h r  f b r  3hr 
b 

0 . 9  
2 . 5  
3 .8  
7 .O 

1 . 8  4 . 2  15.3 
2 . 4  6 . 6  10.4 20.6 

10.3 31.4 35.8 24.8 
87.3 60.2 49.6 25.1 

----- 

%- - - - ~  
Recovery of octadecene 97 98 96 97 
Yield of octadecyl 

perchlorate 0.4  1 . 4  1.8 2 . 6  
100" reaction; medium stirring rate; 1.O:l.O molar ratio of 

cis-soctadecene to deuterioperchloric acid. No terminal 
olefin was detected. 

Effect of Reaction Time.-A series of separate reac- 
tions (Table I) at looo, in which a constant ("medium," 
see Experimental Section) stirring rate and a 1.O:l.O 
molar ratio of deuterioperchloric acid to &-9-oct% 
decene were used, showed that as the reaction times 
were increased from 6 hr through to 3 hr there is a 
corresponding increase in the extent to which the 
octadecene has been isomerized. 

Effect of Stirring Rate.-&\ 3-hr, 100' reaction, in 
which a 1.0: 1.0 molar ratio of reactants that remained 
unstirred was used, yielded an octadecene product in 
which 54% of the Idouble bond was in the AgJO posi- 
tion and no isomerization beyond ABS? had occurred. 
Reactions at 100' for 1, 2, and 6 hr, with a fast stir- 
ring rate, gave very similar octadecene isomer distribu- 
tions, comparable with that obtained in 3 hr with the 
medium stirring rate (Table I). 

The dependence on reaction time and rate of stirring 
is to be expected for a heterogeneous reaction. 

Effect of Temperature.-The octadecene isomer 
distributions obtained from reactions at 85, 100, and 
115" (3 hr, 1.O:l.O molar ratio of reactants, medium 
stirring rate) were very similar but with some increase 
in shift of double bond away from the center of the 
molecule with increase in temperature. The respective 
yields for the A9J0 isomer were 28, 25, and 23%; 
isomerization extended to A4s5, A3s4, and AZ3. 

Effect of Molar Ratio of Reactants.-The use of 
lesser amounts of aqueous deuterioperchloric acid 
resulted in a more restricted octadecene isomerization 
for 3-hr reactions at 100" with the medium stirring 
rate. For a 0.02: 1.00 molar ratio of deuterioperchloric 
acid to cis-9-octadecene the product contained 76% 
AgJO isomer and decreasing amounts of Agv9, A7>8, and 
A617. A ratio of 0.11: 1.00 gave 50% AgJO with isomeri- 
zation extending to Abs6. 

The decrease in octadecene isomerization with de- 
crease in amount of inorganic acid was expected in the 
light of past studies4 on oleic acid-perchloric acid 
reactions. There it, appears that the principal reaction 
occurs in the perchloric acid phase and the reaction at 
the interface does not make any significant contribution. 
However, the above results could equally well be ex- 
plained on the basis that, for a heterogeneous reaction 
and a given stirrinR rate, the increase in surface area 

between phases (from an increase in amount of inor- 
ganic acid) will result in increase in octadecene iso- 
merization. This would apply whether the reaction 
was occurring in one or both phases, or at the interface. 

Effect of Perchloric Acid Strength.-The aqueous 
deuterioperchloric acid used throughout this work con- 
tained 67% by weight of deuterioperchloric acid in the 
aqueous solution, i.e., 28.5 mole yo in DC1O4. The 
3-hr, 100' reaction of cis-9-octadecene with this aqueous 
deuterioperchloric acid may be usefully compared with 
that of an aqueous perchloric acid, 66% by weight, 26.0 
mole % of HCIOI. More isomerization was produced 
by the deuterio acid (25% AgJO, isomerization to A23) 
than the hydrogen acid (42y0 AgJol isomerization to 
A 4 9  ; a reaction with a 50:50 mixture of the two in- 
organic acids gave an intermediate double-bond dis- 
tribution (31% AsJo, isomerization to Aag4). It is 
likely that the acid strengths are at greater variance 
than is reflected by the 2.5% molar difference, owing to 
secondary isotope effects in favor of increased strength 
of the deuterio acid.5 

Formation of Perchlorate Ester.-Octadecyl perchlo- 
rates were found as minor-by-products (-2%) in the 
cis-9-octadecene-aqueous deuterioperchloric acid reac- 
tions (e.g., Table I), and in greater yield ( 14y0) in a 
1-octadecene reaction (Table 11). The presence of 
even 1-2% perchlorate in the crude reaction product 
was readily detected by the sttong and characteristic 
infrared (ir) absorption6 at 1250 and 1220 (doublet) , 
1020, and 710 cm-I. The yield of octadecyl perchlorate 
was calculated from a chlorine analysis on the crude 
(DCIOrfree) reaction product, as it was found that the 
perchlorate was not eluted from either a silicic acid or 
Florisil chromatographic column. A violet band that 
appeared on the head of the column when the eluting 
solvent was changed from Skellysolve B to Skellysolve 
B containing 1-2y0 diethyl ether may indicate de- 
composition of the perchlorate. 

The perchlorate formed in reactions of a primary 
alcohol, 1-octadecanol (see below) , provided the only 
example in this work where these compounds survived 
column chromatography. 

Reaction Mechanism of Double-Bond Migration.- 
The isomerization of cis-9-octadecene by aqueous 
deuterioperchloric acid would be expected to occur by 
mechanism 1. 
4 H 4 H - C H y -  + D+ $ 

--CHD--C+HCHt - 5 G H D - - C H s H -  + H+ (1) 

A sequence of reactions would eventually set up an 
equilibrium distribution of hydrogen and deuterium 
between the organic and inorganic material. This 
would result in 4.8 deuterium atoms/mol in the octa- 
decene product for a 1.O:l.O molar ratio reaction 
(1 mol of deuterioperchloric acid is associated with 2.5 
mol deuterium oxide). On the basis of the above 
mechanism an extensively isomerized octadecene prod- 
uct could be heavily deuterated (up to 4.8 atoms/mol) . 
Table I11 shows some typical deuteration results. 

A comparison of Tables I and I11 shows there ie a 
difference in double-bond migration and deuteration 
rates. For example, in a 3-hr reaction, a total of 65% 

(5) K. B. Wiberg, C h .  Rm., 611, 718 (1955). 
(6) J. &dell, J. W. Connolly, and A.  J. Raymond, J.  Amur. C h .  ~ o c . ,  

8% 3968 (1961). 
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TABLE I1 
EFFECT OF STEARIC ACID ON ISOMER DISTRIBUTION OF OCTADECENE PRODUCTO 

cir-9-Octadecene F l-Octadecen--- 
2,  1.0, 1, t 2, 1.0, 1, 1 2, 0.9, 1, 3 2, 0, 1, 3 2, 1.0, I,  3 

A1.P 1.4* 
A2,a 0 . 9  5 . 7  12.8 56.7 17.2 
A8,4 3 . 2  8 . 5  13.3 26.5 12.9 
A4.6 5 . 3  9 . 7  13.2 11.6 14.9 
A6.6 7 . 4  12.1 12.9 3 . 3  13.5 
AB,? 15.9 16.1 14 .4  0 . 5  13.6 
A7,8 18.7 16.1 11.8 10.5 
AS,O 23 . 7  16.1 10.8 8 . 9  
AQ,lO 24 .9  15.7 10.8 8 . 4  

Recovery of octadecene 73.8 74.4 75.2 84.6 64.3 
Yield of octadecyl stearate 24 .6  24.2 22 .7  32.2 
Recovery of stearic acid 74.6 76.1 72.4 65.3 

%--- 

a 100'; 1, hours of reaction; 1 . 0 : l . O : ~  molar ratio of octadecene to deuterioperchloric acid to stearic acid; medium stirring rate. 
14.3% yield of octadeoyl perchlorate. 

TABLE I11 
EFFECT OF REACTION TIME ON DEUTERIUM COMPOSITION 

OF OCTADECENE PRODUCT" 
--- Mole % 

i h r  t h r  f h r  3hr  

OD 99 .0  97.9 96.5 65.0 
1 D  < 1 . 0  1 . 6  30.3 30.3 
2 D  0 . 5  0 . 6  4 . 4  
3 D  0 . 3  

Average number of 
deuterium atom/mol 0 .01  0.02 0 .04  0 .40  
a 100' reaction; medium stirring rate; 1.0: 1.0 molar ratio of 

cis-9-octadecene to deuterioperchloric acid. 

of the octadecene product contains no deuterium at all 
(Table 111) , though 75% of the unsaturation is outside 
the ABJo position (Table I ) .  Again, in a 10-min 
reaction, 99%+ of the octadecene product contains no 
deuterium (Table 111) , although 13% has undergone 
positional isomerization (Table I ) .  Even in the 6-hr 
reaction with a faster stirring rate there was only an 
average of 0.76 deuterium atom/mol in the product 
(55.4% 0 D, 35.9% 1 D, 7.9% 2 D, and 0.7% 3 D). 

If we assume that the above ionic mechanism 
operates and that the bulk of the reaction occurs in the 
organic phase, then the difference in double-bond 
migration and deuteration rates may be a simple 
artifact of the primary isotope effect which would be 
relatively large in the nonpolar phase; this is particu- 
larly so since the initial rates of hydrogen enrichment via 
exchange is probably much greater than the rate of 
deuterium enrichment via diffusion at  the interface.' 

Other suggestions for ionic mechanisms can be in- 
voked to explain the low amount of deuterium in- 
corporation in the product but suffer from the disad- 
vantage of having no precedent, e.g., an ionic chain 
mechanism with a propagation step of the type shown 
in reaction 2. 

(7) Reviewer's suggestion. 

The presence of perchlorate esters in the products 
would be expected to accompany either ionic mecha- 
nism, and their ionization could be part of a chain- 
initiation process? 

Another possible explanation is that the reaction is 
not ionic at  all but is a radical process, initiated by the 
presence of small amounts of oxides of chlorine (eq 3 
and 4). 

i. 
-CH=CH--CHt ~d 

-CH=CH-~H- t-+ -CH-CH=CH- (3) 

initiation 
- C H = C H ~ H -  

-CH&H-CHt- t b -CH=CH-~H- 

- C H A H d H -  T-- -CH-CH==CH- 
I --CH=CH--CHp 

- C H p C H 4 H -  

-CH--CH=CH- 
(4) 

propagation 

Reaction of cis-9- and 1-Octadecene with Aqueous 
Deuterioperchloric AcidStearic Acid.-The addition 
of 0.9-1.0 molar ratio of stearic acid as a third com- 
ponent to a cis-9-octadecene-aqueous deuterioperchloric 
acid reaction mixture produces a different system. 
For example a 3-hr reaction results in a more extensively 
isomerized octadecene product (Table 11; cf. Table I )  
and also considerable greater deuterium incorporation 
in the product (Table IV; cf. Table 111). The same 
type of differences are found between l-octadecene- 
aqueous deuterioperchloric acid and l-octadecene- 
aqueous deuterioperchloric acid-stearic acid reactions 
(Tables I1 and IV) . 

The dependence of double-bond isomerization and 
deuteration of octadecene product on reaction time is 
shown for cis-9-octadecene (Tables I1 and IV). For 
a 1.0 molar ratio of stearic acid the level of octadecyl 
stearate is 24% at + and 1 hr. 

Hydrolyses with molten alkali of the octadecyl 
stearates from the 3 hr cis-9- and 1-octadecene reactions 
yielded all possible isomeric secondary octadecanols and 
stearic acid. The octadecanol hydrolysis products 
were heavily deuterated, comparable with the cor- 
responding octadecene products, and the stearic acid 
hydrolysis products contained no incorporated deu- 
terium (if any were present in the CY position it would be 
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TABLE IV 
EFFECT OF STEARIC ACID ON DEUTERIUM COMPOSITION OF OCTADECENE PRODUCT" - -Mole '% 

cis-9-Octadecene- 1-Octadecen- 
2, 1.0, t ,  3 2, 1.0, 2, 1 2 , o . s  1, 3 2, 0, t, 3 2, 1.0, t, 3 

0 D 58.9 11.8 3 . 7  75.5 9 . 5  
I I) 29.3 26.8 10.8 23.9 20.9 
2 D  8 . 9  28 .4  20.4 0 . 5  25 .o 
3 D 1 . 9  18.1 20.2 20 .3  
4 D 0 . 5  9 .5  21.3 12.3 
5 D  0 . 3  3 . 7  12.3 7 .O 
6 D 0.1 I . 3  6 . 4  3 .O 
7 1) 0 . 4  3 . 6  1 . 3  
8 D  0.1 0 . 9  0 . 5  
9 1 )  0 . 2  0 . 1  

Average number of 
deuterium atoms/mol 0.57 2 .06  3 $32 0 .25  2.48 

* looo; t ,  hours of reaction; 1 . 0 : l . O : ~  molar ratio of octadecene to deuterioperchloric acid to stearic acid; medium stirring rate. 

exchanged out in the molten alkali). The free stearic 
acid recovered from. both the cis-9- and 1-octadecene 
reactions contained very little deuterium (0.004 deu- 
terium atom/mol) . 

These results suggest that in the octadecene-aqueous 
deuterioperchloric acid-stearic acid reaction system the 
double bond migrates along the octadecene chain by a 
series of reversible acid-olefin esterification reactions 
(eq 5) * 

R 

k 
The reversibility of the esterification reaction was 

shown by running 0.50 g of the octadecyl stearate 
product from the 1-octadecene-stearic acid-aqueous 
deuterioperchloric acid in another 10Oo, 3-hr reaction 
with a 1.0 molar ratio of aqueous deuterioperchloric 
acid; apart from recovered octadecyl stearates (26.0%) , 
the products were stearic acid (63.9%) and octadecenes 
(49.4%). Although the latter had a doublebond 
distribution very Rimilar to the original octadecene 
product, the existence of a considerable further reaction 
was shown by the fact that the octadecene contained 
an average of 5.80 deuterium atoms/mol (compared 
with 2.48 deuterium atoms/mol for the first run 
product), and the commonest deuterated species con- 
tained 5 deuterium atoms (14.05%) with a gradual 
tailing off to a 16 deuterated species (0.07%). 

Perchloric acid has found use as a catalyst for the 
esterification of carboxylic acids by olefins.**g As a rule 
interest has centered on a maximum yield of ester and 

(8) C. E. b y e s  in "Encyclopedia of Chemical Technology," Vol. 5, R. E. 
Kirk and D. F. Othmer, :Ed., Interscience Encyclopedia, Inc., New York, 

(9) L. 0. Raether, A. J.  Lauck, and H. R. Gamrath, Znd. En& Chan., 
N. Y., 1950, pp 802-806. 

Prod. Reu. Dsvelop., 4, 133 (1963). 

little attention has been paid to ester composition or the 
composition of the recovered olefin. However, Placek 
and Bickford'" found that, in the perchloric acid 
catalyzed reaction of petroselinic acid and formic acid, 
the addition of the formic acid took place chiefly at the 
5-, 6-, 7-, and 8-carbon positions. The authors note the 
formation of unsaturated compounds when 10-formoxy- 
octadecanoic acid was subjected to formoxylation condi- 
tions and postulate that migration of the double bond 
from the 6,7 position of petroselinic acid may be due to 
the reversible formation of formate ester. They place 
equal importance on the alternative suggestion that an 
addition-elimination sequence of the catalyst would 
result in migration of the double bond, By analogy 
with the present work it would seem likely that the 
former explanation is correct. 

Before leaving the topic of the effect of stearic acid 
on the octadecene-aqueous deuterioperchloric acid reac- 
tions it should be pointed out that the presence of a 1.0 
molar ratio of stearic acid results in the virtual disap- 
pearance of octadecyl perchlorates as a product. This 
is true even for 1-octadecene, for which the perchlorate 
yield in the absence of stearic acid is much higher than 
is obtained from a cis-9-octadecene reaction. In no 
octadecene reaction, in presence or absence of stearic 
acid, was more than a trace of branched-chain product 
detected. In studies on oleic acid: 10% of the y- 
stearolactone product waa branched-chain material. 

Reaction of 1- and 9-Octadecanols with Aqueous 
Deuterioperchloric Acid.-The reactions of primary 
and secondary alcohols with aqueous deuterioperchloric 
acid showed marked differences. 1-Octadecanol in a 
3-hr, 100" reaction, with a 1.O:l.O molar ratio of 
reactants and medium stirring rate, .gave a heavily 
deuterated hydrocarbon (8%) containing some per- 
chlorate ester, di-n-octadecyl ether" (20.6%) , and 
recovered 1-octadecanol (41.6%). 

The reaction repeated with the addition of a 1.0 
molar ratio of stearic acid gave n-octadecyl stearate 
(94.2%), and recovered stearic acid (2.9%) and 
1-octadecanol ( l .O%),  and also n-octadecyl perchlorate 
(1.2%). The latter material showed extremely strong 
perchlorate absorption in the ir spectrum. The reac- 
tions with 1-octadecanol represent the only cases where 

(IO) L. L. Placek and W. G .  Bickford, J .  Ow. Chem., 36, 864 (1981). 
(11) Cf. pToluenesulphonic acid reactions: R. Perron and C. Paquot, 

Bull. Sac. Chim. Fr., 333 (1949); Compt. Rend, 451, 237 (1950). 
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perchlorate ester has survived the column chroma- 
tography used to separate the reaction products. 

The reaction of 9-octadecanol with aqueous deuterio- 
perchloric acid involves a rapid dehydration of the 
alcohol to olefin." ilfter 10 min at 100" and with the 
medium stirring rate, the recovered product was 
essentially 1007, olefin. A 3-hr reaction time resulted 
in only a small amount of isomerization, no doubt 
because the elimination of water from the alcohol 
causes a critical dilution of the inorganic acid (92% 
yield of olefin; 41y0 A99lo, no isomerization beyond 
A6v6). Molar equivalents of 9-octadecanol, deuterio- 
perchloric acid, and stearic acid in a 20-min reaction 
gave 557,  olefin (497, A99,l0, no isomerization beyond 
A5g6), octadecgl stearates ( 2 7 7 c ) ,  and recovered stearic 
acid (67%). 

Experimental Section1'2B 
Materials. Aqueous Deuterioperchloric Acid.-All glassware 

was soaked overnight in nitric acid and washed with distilled 
water before use. Heavy water (99.8 atom %, 25 g) was added 
to Eastman Kodak aqueous 72y0 perchloric acidlzb (100 ml) in 
a 500-ml round-bottomed flask fitted with a distillation head, 
condenser, and receiving flask. A slight positive pressure of 
nitrogen was applied and the flask contents were stirred with 
a magnetic bar. The flask was slowly heated by means of a 
Wood's metal bath and water was distilled off (over 1 hr) in 
the bath-temperature range 100-190". The bath temperature 
was allowed to fall to 90" before the addition of more heavy 
water (25 g). Water was again distilled off by a slow rise in 
bath temperature to 190", followed by a cooling to 90". The 
procedure was repeated to give a total of eight separate additions 
of heavy water (25 g earh) and eight removals of water (average 
of 22.5 ml each). The aqueous acid (dZ6 1.7322) was calculated 
to be 90% deuterium enriched and contained 67.3% by weight 
deuterioperchloric acid in the heavy water solution. 

czs-9-Octadecene.-The preparation was conducted by J. R. 
Russell of these laboratories by the lithium aluminum hydride 
reduction of oleyl tosylate. A solution of oleyl alcohol (676 g, 
2.74 mol) in pyridine (680 g) was added slowly (1 hr) to a stirred 
(Yibro-mixer) solution of p-toluenesulphonyl chloride (604 g, 
3.17 mol), a t  20". The stirring was continued a further 4 hr 
before addition of ice-water (volume twice that of reactants) 
and benzene (2 l.), followed by a few minutes further stirring. 
Salt was added to break the emulsion and the organic layer 
was washed several times with a saturated salt solution. Con- 
centrated hydrochloric acid (1 1.) was chilled to -10' and added 
slowly to the stirred product. The organic layer was then washed 
several times with salt water and water, respectively, and then 
dried (Xa2SOI) before removal of the solvent on a rotary evap- 
orator to give the crude reaction product (890.9 9). Molecular 
distillation gave oleyl tosylate (829.9 g, 729/,), bp 170" (3 min), 
n% 1.4913. 

Anal. Calcd for C2,H120aS: C, 71.04; 11, 10.02; S, 7.59. 
Found: C, 71.20; H, 10.15; S, 7.60. 

Oleyl tosylate (627.4 g) was added dropwise to tetrahydro- 
furan (2 1.) containing lithium aluminum hydride (64.5 g, 
1.48 mol) and the mixture was stirred and brought to reflux 
(positive nitrogen pressure). Sodium hydroxide (cu. 5 g) was 
added. Overnight reflux produced gellike material; benzene 
(2 1.) was added; and the mixture was poured into an equal 
volume of water. After repeated benzene extractions, the ex- 
tract was washed several times with an aqueous sodium hy- 
droxide solution. The extract was concentrated to recover an 
amber liquid (210 g) which was chromatographed on a silicic 
acid column. The product (206 g) from the elution was dis- 
tilled on a spinning-band column to give cis-9-octadecene (195 g, 
.53%), bp 95-98" (0.5 mm), n% 1.4442. The ir spectrum 
showed no detectable trans isomer (lack of 968-cm-' band in 
liquid film) and oxidative cleavage showed the absence of any 
positional isomers. 

(12) (a) Reference to a particular company product does not imply endorbe- 
ment of its products by the Department of Agriculture over otbers not men- 
tioned. (b) See ref 4 for safety precautions to be taken with all perchloric 
acid reactions. 

1-0ctadecene.-Commercial 1-octadecene was chromato- 
graphed on a Florisil column. Gas-liquid partition chromatog- 
raphy (glpc) (SE-30, 200) showed a single peak; oxidative 
cleavage showed >95% of the double bond in the terminal 
position. 

9-Octadecano1.-Material was available from a previous 
preparation's involving the lithium hydride reduction of cis-9,lO- 
epoxyoctadecanol. Recrystallization of the reaction product 
gave O-octadecanol, mp 58.5". 

I-0ctadecanol.-Commercial 1-octadecanol was purified in 
these laboratories (M. V. Nunez) by redistillation, followed by 
several recrystallizations from acetone (0") of the fraction with 
bp 128.5-136.0" (0.05 mm). The l-octadecanol [mp 58.3", 
n% 1.4382, yo hydroxyl 6.21 (theoretical 6.29) ] was estimated 
by glpc to be 98.5% pure. 

Stearic Acid.-Purified in these laboratories by several re- 
crystallizations from triethylamine-methanol. The stearic acid 
obtained had mp 69.3-69.5" and was estimated by glpc to be 
99.7% pure. 

Aqueous Deuterioperchloric Acid Reactions.-All reactions 
were carried out in the same reaction vessel, a jacketed vessel 
of internal diameter 2.8 cm and rounded at  the bottom with a 
well 1.0 cm deep, using the same magnetic stirring bar (1.3 cm 
long, 0.3 cm across) and stirrer (Precision Scientific Mag-Mix, 
set a t  speed 5, the medium rate). Steam was passed through 
the jacket of the reaction vessel for 100" reactions. A small 
portion of the acid-free crude product was used for chlorine 
analyses, ir spectra, etc., and the remainder was chromatographed 
on a silicic acid column (if there was no stearic acid in the 
reaction product) or on a Florisil column (stearic acid present). 
Two typical reactions (A and B below), are described in detail. 
All other reactions follow the typical procedures, generally 
differing in only one reaction variable and the absence or pres- 
ence of stearic acid. In all cis-g-octadecene and 1-octadecene 
reactions 2.00 g of the olefin has been used. The same weight 
was used for the l-octadecanol reactions, (C and D below), 
but not for the 9-octadecanol reactions (0.20 g used for each 
reaction owing to restricted amounts available). 

A.--eis-9-Octadecene (2.00 g, 0.79 mmoli was weighed into 
the reaction vessel and the air was displaced with nitrogen. 
Deuterioperchloric acid (67.3%, I .23 g, 0.81 mmol) was weighed 
drop by drop into the reaction vessel, where it passed through 
the octadecene to form a lower layer. A slight positive pressure 
of nitrogen was applied, magnetic stirring (medium rate) was 
begun, and steam was passed through the vessel jacket for a 
reaction time of 3 hr. The reaction mixture was poured into 
water (200 ml) and (under nitrogen) continuously benzene 
extracted overnight. The benzene was evaporated off to leave 
a crude product (2.03 g) whose ir spectrum (liquid film) showed 
strong absorption due to perchlorate (710, 1020, 1220, and 
1250 cm-I) and trans unsaturation (970 cm-I) and weak absorp- 
tion due to deuterium (2170 cm-l) Part of the crude product 
was analyzed for weight per cent of chlorine and the remainder 
(1.80 g) was chromatographed on a silicic acid (50 g) column 
(i.d. 2.9 cm). Elution with distilled Skellysolve B gave octa- 
decenes (1.73 g, corrected yield %'.570) ; elution with increasing 
concentrations (1, 10, and 50%) of diethyl ether in Skellysolve B 
gave an oxygenated hydrocarbon (0.004 g, corrected yield 0.2%) 
containing some hydroxyl and carbonyl (ir absorption at  3700 
and 1700 cm-l, respectively). Gas chromatography indicated 
the latter material to be mainly polymeric (very small peak in 
the region of octadecanol retention time for the heavy load of 
material injected). The octadecene product was subjected to 
oxidative cleavage and mass spectrometric analysis to obtain 
the double-bond distribution and deuterium composition. Glpc 
(SE-30, 200") showed a single peak, with retention time of cis-9- 
octadecene, and no branched chain olefin of shorter retention 
time. 

B.-cis-9-Octadecene (2.00 g, 0.79 mmol) was weighed into 
the nitrogen-flushed reaction vessel followed by deuterioper- 
chloric acid (67.3'%, 1.21 g, 0.80 mmol) and stearic acid (2.00 g, 
0.70 mmol). The materials were allowed to react for 3 hr, 
a t  100" under nitrogen, and with magnetic stirring. The reac- 
tion mixture was then poured into water (200 ml) and con- 
-___ 

(13) C. R. Eddy, J .  S. Showell, and T. E. Zell, J .  Amer. Oil Chemzata' Soc., 
40,92 (1963). 

(14) R. N. Jones and C. Sandorfaky, "Chemical Applications of Speetros- 
copy,'' Technique of Organic Chemistry, A. Weissberger, Ed., Vol. IX, 1961, 
pp 335,407-408. 
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tinuously benzene extracted overnight, in an atmosphere of 
nitrogen. The benzene was evaporated from the extract to 
give a crude reaction product (4.07 g), the ir spectrum (carbon 
disulfide) of which showed the presence of tram olefin (970 cm-'). 
carboxylic acid (1700 cm-I), ester (1745 cm-I), and octadecyl 
perchlorate ester. Part (3.68 g) of the crude product was 
chromatographed on a Florisil (100 g) column (i.d. 2.9 cm). 
Elution with Skellysolve B gave octadecene (1.36 g, corrected 
yield 75.2%); the ir spectrum (liquid film) showed a quite 
strong deuterium absorption band (2175 cm-1). Further elu- 
tion with Skellysolve B and 2% diethyl ether in Skellysolve B 
yielded octadecyl stearates (0.873 g, corrected yield 22.7% based 
on cis-9-octadecene). The consolidated ester fraction was a 
low melting solid but was eluted from the column first as a 
liquid and then as a solid. The octadecyl stearate fraction was 
identified as such by a1 kaline cleavage (see below). Continuing 
elution with up to 50% diethyl ether in Skellysolve B gave 
oxygenated hydrocarbon (0.01 g; corrected yield 0.8% based on 
cis-g-octadecene). Finally, stearic acid (1.71 g, corrected re- 
covery 72.4%) was eluted using 1% acetic acid in diethyl ether. 
The stearic acid had a melting point and mixture melting point 
of 68.5-69.5"; mass spectrometric analysis showed the presence 
of only 0.004 deuterium atom/mol. The recovered octadecene 
was examined by oxidative cleavage and mass spectrometric 
analysis. Glpc (SE-30) showed the presence of a small amount 
of material of shorter retention time than the principal peak. 
Hydrazine hydrate reduction of the octadecene product to octa- 
decane and chromatography of the octadecane showed the 
presence (0.60/0) of shorter retention time material. presumably 
branched-chain Cls hyd rocarbon.16 

C.-1-Octadecanol (2.01 g 7.43 mmol) was allowed to react 
with aqueous deuterioperchloric acid (67.3%, 1.10 g, 7.30 mmol) 
for 3 hr, a t  loo", under nitrogen, and with magnetic stirring. 
The reaction mixture vias worked up in the usual way to give a 
crude product (2.01 g) which was chromatographed on a Florisil 
(50 g) column ( id .  2.!J cm). Elution with Skellysolve B gave 
a very heavily deuterated hydrocarbon (0.165 g, Sa/,) containing 
some perchlorate (ir spectrum) ; further elution with 20% 
diethyl ether in Skellysolve B gave an incomplete separation of 
di-n-octadecyl ether and l-octadecanol. The latter mixture was 
rechromatographed on a silicic acid (100 g) column (i.d. 2.9 cm). 
Di-n-octadecyl ether (0.800 g, 41.2%), mp 6&61", ir absorption 
band at  1120 cm-l, wa.3 eluted by Skellysolve B followed by 5Yc 
diethyl ether in Skellysolve B. 1-Octadecanol (0.837 g, recovery 
of 41.670) was eluted with diethyl ether and had mp 56.8-57.5", 
mmp 56.9-57.7" with the starting l-octadecanol. The di-n- 
octadecyl ether was recrystallized from petroleum ether to give 
material (0.61 g, 15.77b) with mp 60.8-61.2' (lit.I6 mp 62-63"), 

Anal. Calcd for C36H740: C, 82.68; H, 14.26. Found: 
C, 82.51; H, 14.56. 

The virtual absence of deuterium in the ether and recovered 
alcohol was shown by examination of the ir spectra (carbon 
tetrachloride). 

D.-1-Octadecanol (2.01 g 7.43 mmol), stearic acid (2.10 g 
7.38 mmol), and deuterioperchloric acid (67%, 1.11 g, 7.36 
mmol) were allowed to react for 3 hr, a t  loo", under nitrogen, 
and with magnetic stirring. The ir spectrum (carbon disulfide) 
indicated the reaction product to be almost solely ester. The 
product was chromatographed on a silicic acid (50 g) column 
(i.d. 2.9 cm). Elution with Skellysolve B and 5% diethyl 
ether in Skellysolve B gave octadecyl perchlorate (0.03 g, 1.2oJo), 
presumed to be n-octadlecyl perchlorate, the ir spectrum of which 
showed very intense absorption bands (710, 1020, 1220, and 
1250 rm-*), characteristic of perchlorates. Continuing elution 
with 50/0 diethyl ether in Skellysolve B gave n-octadecyl stearate 
(3.76 g, 94Oj,), mp.6&61". Diethyl ether (30'%) in Skellysolve 
B eluted stearic acid (0.07 g, recovery 2.90/0) and diethyl ether 
elution gave l-octaderanol (0.02 g, recovery 1.0%). The n- 
octadecyl stearate WEB recrystallized from benzene to give 
material (3.46 g, 88.7%) with mp 60.3-61.1' (lit." mp 57-58"). 
The ir spectrum (carbon tetrachloride) showed no deuterium 
absorption. 

Anal. Calcd for (&&or: C, 80.52; H, 13.42. Found: 
C, 80.61; H, 13.42. 

(15) D. T. Downing, R. hl.  Kranz, and K. E. Murray, Auat. J .  Cham., 
13, 80 (1960). 
(10) D. A. Shirley, J. R. Zietz, and W. H. Fteedy, J.  Orp. C h a . ,  18, 378 

(1953). 
(17) R. Toubiana and J.  Asselmeau, Ann. Chim. (Paris), 7, 593 (1962). 

Fusions in Molten Alkali. A,-Octadccyl stearates (0.2.5 g, 
from the cis-g-octadecene-stearic acid-aqueous deuterioperchloric 
acid reaction, 1.0:0.9:1.0 molar ratios, 3 hr a t  100") were fused 
with potassium hydroxide (3.0 g) in a closed nickel pot through 
which a stream of nitrogen was passed. The reaction wm 
carried out a t  300", for 1 hr, and with mechanical stirring. 
During the course of the reaction some distillate (0.02 g) waa 
trapped. The pot product was dissolved in water, acidified, 
and extracted with ether. The ether was removed from the 
dried (NkSOd) extract to give a solid (0.10 g), which was 
methylated (boron trifluoride-methanol) . Glpc (SE-30) of the 
methylated product gave as the principal peak methyl stearate 
(97.6%) ; also present (as a/o of stearate peak) were c17 (2.0%), 
CIS (0.4'%), and traces of C,-C15 esters, inclusive. Examina- 
tion by mass spectrometry of the methyl stearate showed, from 
the stearate molecular-ion peak, that no detectable amount 
of deuterium was present (any small amount of deuterium 
originally in the a-methylene position of the stearic acid would 
be exchanged out during the fusion with alkali).'* The ir 
spectrum (liquid film) of the oil distillate showed the presence 
of carbonyl (1715 cm-I), deuterium (2150 cm-I), and hydroxyl 
(3380 cm-1, broad band) in the oil. Glpc (SE-30) showed the 
principal material to have the same retention time as a sample 
of g-octadecanol; a smaller peak (loyo) had a shorter retention 
time. These results are interpreted as follows. The alkali 
fufiion of octadecyl stearates gives initially isomeric octadecanols 
and stearic acid. Part of the octadecanol mixture then under- 
goes dehydrogenation to the corresponding ketones, and a very 
small fraction of the ketones undergo hydrolysis to carboxylic 
arids.19 The 300" temperature necessary for the latter step 
causes the volatilization of the bulk of the octadecanols or -ones. 
Although no quantitative analysis was possible the results indi- 
cate the octadecyl stearates to be a mixture of all possible sec- 
ondary isomers. 

B.-Octadecyl stearates (0.25 g from the 1-octadecene-stearic 
acid-aqueous deuterioperchloric acid reaction, 1.0 : 1.0 : 1.0 molar 
ratios, 3 hr a t  100") were fused with potassium hydroxide (6 g, 
powdered) in the nickel pot under nitrogen (no flow) for t hr 
at  200°, and with mechanical stirring. The reaction mixture 
was dissolved in water, acidified, and ether extracted. The 
ether was removed from the dried (NalS04) extract to yield 
the product (0.186 g) .  Chromatography of the product on a 
Florisil (20 g) column (i.d. 1.6 cm) gave octadecanols (0.045 g, 
35%) and stearic acid (0.104 g, 79%). The low melting octa- 
decanols had the same retention time on glpc (SE-30, 200") as 
9-octadecanol; the ir spectra of product and standard were 
virtually identical except that the reaction product showed 
a deuterium absorption band (2150 cm-l). The deuterium com- 
position of the octadecanol mixture could not be determined by 
mass spectrometric analysis owing to the smallness of the molec- 
ular-ion peak. However, a comparison of the intensity of the 
deuterium absorption bands in the ir spectra of the octadecanols 
from the alkali fusion of the octadecyl stearates and those of 
the octadecene product from the original aqueous deuterioper- 
chloric acid reaction indicated about the same amount of deu- 
terium in each product (similarly for the octadecanols in A 
above when compared with the corresponding octadecene prod- 
uct). Glpc (SE-30, 200') of the methylated stearic acid fusion 
product showed the absence of any lower acid methyl esters 
(the fusion temperature being too low for the further reaction 
of the octadecanols) ; mass spectrometric analysis showed the 
absence of deuterium. 

Analytical Procedures .--Oxidative cleavage of the octadccene 
products was carried out by the Subbaram and YoungsZO modifi- 
cation of the von RudlofP method. The carboxylic acids were 
methylated by boron trifluoride-methanol (Applied Science Lab- 
oratories) and analyzed by glpc (F & M Model 500) on an SE-30 
column a t  200". The deuterium composition of octadecene and 
methyl stearate products was determined by C. J. Dooley using 
a Consolidated Electrodynamics Corp. Model 21-103c mass 
spectrometer; measurement of the molecular-ion and following 
peak intensities gave the deuterium composition after making 
allowances for naturally occurring deuterium. I r  spectra were 

(18) M. F. Ansell, A. N. Radziwill. D. J .  Redshaw, I. S. Shepherd, D. 

(19) R. A. Dytham and B. C. L. Weedon, Tetrahedron, 9,240 (1900). 
(20) M. R. Subbaram and C .  G. Youngs, J .  Amer. Oil Chemists' SOC., 41, 

(21) E. von Rudloff, Can. J .  Chem., 34, 1413 (1950). 

Wallace, and B. C .  L. Weedon, J .  Agr. Food Chem., 18, 399 (19G5). 

150 (1964). 
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taken on a Perkin-Elmer Infracord, Model 137. Melting points Registry No.-cis-9-Octadecene! 1779-13-1 ; deu- 
were determined using a capillary melting Point aPParatus. oleyl tosyiate, 61 10- Fusions in molten dkali were carried out in a nickel pot of the 
same design and size as used by Weedon and coworkemzZ Col- 
umn chromatography involved the use of either silicic acid 
(Mallinckrodt, 100 mesh) or Florisil (Floridin Co.) &s adsorbent. -~ 
Tefrahedron, 8,221 (1960). 

terioperchloric acid, 19029-50-6; 
54-9; 1-octadecanol, 112-92-5. 
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Assignment of stereochemistry is made to the pairs of esters 3 4  and 13-14, prepared from the hydrogenation 
The stereochemical course of the reaction of cyclohexane and acetyl chloride to give 

Compounds 3-20 exhibit 
of 1 and 2, respectively. 
2-methylacetylcyclopentane and of the alkylation of ketone 18 was reinvestigated. 
a systematic variation in their nmr spectra, characteristic of each geometric series. 

In connection with other stereochemical studies it 
was desired to have on hand authentic specimens of the 
stereoisomers of ethyl 1,2-dimethylcyclopentanecar- 
boxylate and ethyl 2-methylcyclopentanecarboxylate. 
Since the literature assignment of stereochemistry had 
been made rather arbitrarily to the trans isomer 31t2 and 
since the chemical transformations which related an 
ethyl 2-methycyclopentanecarboxylate to trans-1,2- 
dimethylcy~lopentane~t~~ were carried out on a sample 
of unknown stereochemical purity,4b the previous 
assignments were not considered to be unequivocal. 
For these reasons, the stereoisomeric pairs of esters 
3 4  and 13-14 were synthesized and their chemical and 
spectral properties were probed as more rigorous 
criteria of stereochemistry. In ancillary studies, a 
reinvestigation of the sequence of transformations 
employed in the previous syntheses of 4 and 14 and of 
the stereochemical assignment made to these products 
was undertaken. 

Preparation of Cyclopentanecarboxylates 3, 4, 13, 
and 14.-Hydrogenation of the cyclopentencarboxylate 
1' led to the formation of a mixture of 3 and 4 in a ratio 
which was independent of solvent but varied with 
catalyst (Table I). Our results stand in contrast with 
those previously reported' in which the hydrogenation in 
acetic acid in the presence of platinum was claimed to 
give only 3. Hydrogenation of the cyclopentencar- 
boxylate 2, prepared from the photochemical rear- 

TABLE I 
STEREOCHEMISTRY OF HYDROGENATION 

Starting ester Solvent Catalyst Product ratio 
1 Ethanol Pd-C 57:43 ( 3 ~ 4 )  

Acetic acid Pd-C 57:43 (3 :4) 
Acetic acid Pt 73:27 (3:4) 

Acetic acid Pt 40:60 (13:14) 
2 Ethanol Pd-C 50:50 (13:14) 

-- 
(1) R. Granger and H. Teeher, Compt. Rend., 250, 1282 (1960). 
(2) G. Walsh, B. Shive, and H. L. Lochte, J .  Amer. Chem. Soc., 68, 2975 

(3) H. Pines and N. E. Hoffman, ibid., 76,4417 (1954). 
(4) (a) C. D. Nenitzeseu and G. G. Vants, Bull. Soc., Chim. Fr., I51 2, 

2209 (1936) i (b) C. D. Nenitzeseu and C. N. Ionesou, Ann., 4Sl. 207 (1931). 

(1941). 

rangement of ethyl 3-cyclopropyl-2-butenoate,6 gave a 
more equal mixture of the stereoisomeric esters 13 and 

bH3 

2 

14 (Table I) .  In both cases platinum appears to 
bring about a more stereoselective hydrogenation course. 

Assignment of Stereochemistry.-Saponification of 
the isomeric mixture of 3 and 4 obtained from the hydro- 
genation of 1 took place with a very large difference in 
reaction rate between the two isomers. Selective 
hydrolysis thus served as a convenient method for the 
separation of the two isomers. Under conditions 
which hydrolyzed the minor isomer almost completely 
(3 days at room temperature), the predominant isomer 
could be recovered unchanged. Clearly, the latter 
isomer possesses the more hindered carboethoxy group 
and must therefore be 3. 

The amides 9 and 10 were prepared from the stereo- 
chemically pure acids 7 and 8, respectively, and their 
corresponding melting points were found to be 103.5- 
104.5' and 113-114'. Melting points previously 
reported for 1,2-dimethylcyclopentanecarboxamide do 
not closely correspond to either of these values, in- 
dicating that no stereochemically pure samples of either 
of these amides had yet been prepared.6 

The isomer which predominates on hydrogenation of 
2 was found to be a t  least ten times as reactive as its 
stereoisomer; i t  was assigned the trans geometry (14) on 
these grounds. The stereochemically pure methyl 
esters 5 and 6 were prepared by treatment of acids 7 
and 8, with diazomethane. Ketones 11, 12, 17, and 18 
were prepared from the reaction of the corresponding 
carboxylic acids with phenyllithium. 

(5) M. J. Jorgenson and C. H. Heatheock, J. Amer. Chem. Soc., 87, 5264 
(1965). 

(6) The presumed trans isomer had been reported to have mp 98' and 
98.5-99.5°;* an isomer of unspecified geometry was reported to have mP 
83-84 and 88-88' [L. P. Vinogradova and 9. I. Zav'yalov, Izu. Akad. Nauk. 
SSSR,  Otd. Khim. Nauk, 2050 (1961): Chem. Abstr., 57, 12344c 1196213. 


