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S-arY ester. The structure of the latter was continned 
bY an independent Synthesis using a method 
known to give rise to the 2,5-diketopyrrolidine 
ring. 
BROOKLYN, N. Y. RECEIVED MARCH 21, 1947 

The synthesis of N-succinylglycine dimethyl 
ester has been described. 

A Dkr.b&nn cyclization of this compound gave 
rise to 2,5-diketo-l-pyrrolidineacetic acid methyl 

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF &ITH COLLrCCE] 

High Molecular Weight Hydrocarbons. II. Five New Hydrocarbons Derived 
from Sebacic Acid 
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The highly purified hydrocarbons prepared in 
the present undertaking2 are 1,14-diphenyltetra- 
decane, l-phenyl-l2-n-propylpentadecane, 4- 
phenyl- 13-n-propylhexadecane, and the cyclo- 
hexyl analogs of the latter two. 

Dimethyl sebacate was a convenient starting 
material serving all of these syntheses. Partial 
saponification under proper conditions gave the 
diacid and the acid-ester in the ratio required for 
the subsequent work. These acids, through their 
acid chlorides, were converted by treatment with 
di-/3-phenylethylcadmium to 1,14-diphenyl-3,12- 
tetrad&adione and to methyl lO-keto-12-phenyl- 
dodecanoate; the acid ester through its acid chlo- 
ride, by treatment with diphenylcadmiurn, was 
converted to methyl 10-keto- 10-phenyldecanoate. 

The symmetrical hydrocarbon was obtained by 
Wolff-Kishner reduction of the diketone and the 
same’ meuhod, applied to the 18-carbon keto-acid 
derived from the corresponding ester, above, gave 
rise to 12-phenyldodecanoic acid. These reduc- 
tions were carried out a t  atmospheric pressurea in 
single operations which in the case of the keto-acid 
involved as much as 700 g. of starting material. 

The branched phenyl alkanes were obtained 
from the methyl ester of the latter acid, and from 
the 9-keto-dodecanoic ester, by treatment with 
excess n-propylmagnesium bromide, dehydration 
of the tertiary mono- and di-alcohols, and hydro- 
genation of the resulting olefins (l-phenyl-12-n- 
propylpentadecene and 4-phenyl- 13-n-prop ylhexa- 
decadiene). 

The selective hydrogenation of the ethylenic 
linkages in the presence of the aromatic’ nucleus 
required special study. The difficulties involved 
in effecting this type of preferential attack on a 
quantitative basis have been remarked by Whit- 
more, et al.,* who in a similar case used a nickel 
catalyst. Inasmuch as nickel is generally recog- 

(1) Resent addnases (a) Shawinigan Resin Corp., Springfield, 
Mass.; (b) Chemical Ahstmctr, Ohio State University, Columbus, 
Ohio. 

(2) Preceding paper in this series: Sherk. Augur and Soffer, THIS 
Jonrur~., 6T, 2259 (1845). This work is being carried out a t  Smith 
College in co6peration with the Technical and Research Division of 
the Texas Company. 

(3) Soffer, Soffei and Sherk, THIS JOURNAL, 67, 1435 (1945); 
Huang-Minlon, *id, 68, 2487 (1946). 
(4) Whitmore, Crosby, Sloetman and Clarke, ibid., 64, 1801 

(1942). 

nized as “the most satisfactory catalyst for the 
hydrogenation of the benzenoid nucleus”~ it ap- 
peared to us that the selectivity of the reaction 
might be enhanced by the use of a catalyst more 
indifferent to this part of the molecule.b The 
results of a large number of trial hydrogenations 
with copper-chromium o$de and several with 
Adams catalyst indicated that the desired con- 
version could be carried out most effectively by 
high pressure hydrogenation over copper-chro- 
mium oxide a t  w. 225’. 

The cyclohexyl derivatives were obtained by 
high pressure hydrogenation with Raney nickel. 

In planning these syntheses emphasis was 
plitced upon the selection of reactions involving a 
minimum of difficultly separable by-products, and 
throughout the work special pains were taken to 
insure the purity of the products. None of the 
substances in these synthetic series except the 
simple derivatives of sebacic acid have appeared 
previously in the literature. 

Experimental 
Monomethyl Sebaeate and Sebacic Acid.-In a typical 

batch preparation a cold solution of 841.5 g. of C.P. 
potassium hydroxide (87.6% potassium hydroxide, 13.1 
moles) in 3 liters of absolute methanol was stirred into a 
solution of 3965 g. (17.22 moles) of pure’ dimethyl sebacate 
(m. p. 26.6-27.5’) in 11 liters of the same solvent. While 
a voluminous precipitate of the potassium salts separated, 

(5) Gilman, “Organic Chemistry,” 2 ed., Vol. 1, 1943, p. 817. 
See also Adkins, “Reactions of Hydrogen, etc.,” The University of 
Wisconsin Press, Madison, Wis., 1937, p. 57. 

(6) Adkinr, ref. 5, p. 48, has advised that “the use of Cu-Cr oxides 
is desirable if there is any possibility that nickel will induce the hydro- 
genation of a benzenoid ring in the compound,” and that “quanti- 
tative preferential hydrogenation of the alkene linkages may be 
easily accomplished” in the presence of benzenoid nuclei (ibid., pp. 
121-122). While some later evidence (Folkers, THIS JOURNAL, 58, 
1559 (1936): see also Durland and Adkine, ibid., 5% 135 (1937)) 
made i t  plain that the original claims for complete inactivity of this 
catalyst toward the benzenoid nucleus were not valid in cases of 
extreme treatment, there never has been any question of its marked 
relative inertness toward simple aromatic rings. 

(7) Except where otherwise indicated all primary starting ma- 
terials were the best samples obtained by fractionation of the East- 
man “White Label” product through a Fenske column with an ef- 
Euenay of approximately twenty plates. Only those fractions of the 
distillate which had a constant boiling point and a constant index 
of refraction *0.0001), and in the case of solids a constant melting 
point, were accepted. In the case of dimethyl sebacate, 6.20 kg. of 
the commercial product gave 5.46 kg. of material satisfying these 
criteria. 
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the reaction mixture was refinxed until (M. forty-five 
minutes) fresh samples were no longer alkaline to phen- 
olphthalein. Aft- nmWf of methanol at reduced pres- 
sure the residue was distributed between water and ether. 
The washed end dried ether extract yielded 1386 g. (0.02 
moles) of crystalline diester which was recycled in another 
batch saponification. 

The aqueous extract was washed with ether and treated 
with excess hydrochloric acid and ether. The ethereal 
solution was washed well with water and finally with 
saturated solution of sodium chloride. Removal of solvent 
left a solid & r e  of acidester and diacid (melting range 
41-91 ") . This product was fractionated8 in 450-g. batches 
at  high vacuum, through a 120-cm. perfarated-disk col- 
umn (five theoretical plates) specially designed to permit 
a minimum pressure gradient. The main component, 
1621 g. (7.50 moles) was monomethyl sebaeate; b. p. 
148' at  0.025 mm., 157" at 1 mm., m. p. 42.5-43O.O 

The yields, based on the amount of diester consumed, 
were 67% monoester and 429 g. of residual diacid (19%) ; 
total 86%. The yields on the basis of t0.a amount of 
starting material used, i. e., per cent. conversion, were 
35% recovered diester, 44% monoester and 12% diacid; 

In another run the saponification was carried out com- 
pletely in the homogeneous liquid phase by increasing the 
proportion of solvent. In this case 1643 g. of the diester 
(7.12 moles) and 348 g. (5.45 moles) of potassium hy- 
droxide (87.6% potassium hydroxide) in 13 liters of 
methanol gave by the same treatment 627 g. (2.72 moles) 
of diester, 693 g. (3.20 moles) of the purified monoester 
and 221 g. (1.09 moles) of residual diacid. The yields, in 
the same order as before, were 73 and 25; total 98%, and 
the "conversions" were 38 diester, 45 monoester and 15 
diacid; total 98%. 

The combined residues (1.1 kg.) from several fractiona- 
tions of the mixed acids were freed from last traces of 
monoester by raising the temperature througkfout the col- 
umn until pure sebacic acid began to come over. A little 
more than 1 kg. of pure sebacic acid was obtained from the 
jinal residual material by recrystallization from water to 
constanl' melting pojnt (133.5-134 ") . 

9-Carbomettroxynonanoyl chloride, b. p. 143" at  3.5 
mm., m. p. 16.5-17°10 (yield 90%), and sebacyl dichlo- 
ride, b. p. 168" at  12 mm., and 128" at  1.3 mm., m. p. 
-2.5010 (yield 67%) were obtained as water white oils 
by the usual treatment of. the acids with thionyl chloride 
and distillation at  reduced pressure. A solution of 20 g. 
of g-carbomethoxynonanoyl chloridell in 35-60 " petroleum 
ether was saturated with dry ammonia. The snow-white 
precipitate of ammonium chloride and ester amide was dis- 
tributed between ether and water, and the washed ether 
extract was evaporated. Recrystallization of the residue 
from 4:l methanol-water gave 15.1 g. (83%) of O-carbo- 
methoxynonanamide, m. p. 74.5-70°.1a 

total 91%. 

(8) In order to ensure a minimum of disproportionation (acid- 
ester to diacid and diester) by prolonged treatment at high t a p e m -  
ture, the fractionation of large quantities of acid-ester were carried 
out in separate batches, at low pressure, in a low pressure-drop col- 
umn, and unnecessarily high reflux ratios were avoided. Since some 
trace of equilibration must invariably take place, and since the diester 
is the most volatile component, it is probably impossible to effect a 
completely quantitative purification of the half-ester by fractionation 
alone. This fact, however, imposes no significant limitation on the 
synthetic method because the impurity is removed automatically 
in the subsequent synthetic operations. 

(9) Noller and Adams, THIS JOURNAL, 48, 10'74 (19%); who ob- 
tained the compound by oxidation of methyl undecylenate, reported 
m. p. 4 0 - 4 1 O .  Morgan and Walters, J .  C k m .  Soc., 903 (1936), 
who prepared the substance, b. p. 208O at 20 mm.. from sebacic acid, 
from the di-ester, and from a mixture of both of these, did not report 
the melting point. 

(10) The melting point ha8 not been reported previously. 
(11) The material used in this case was prepared from Bastman 

Kodak Co., White Label products without further purification. 
(12) Biggs and Bishop, T m  JomAL, 68, 944 (1011). reported 

the meftidg point es 77.4'. 

A sdution of 12.5 8. (0.058 mole) of the foregoiog 
ester-amide in 21 ml. (0.29 mole) of p u r W  thionyl 
chloride was kept at 45' for six hours, and then r & d  
for fifteen minutes. After evaporation at  reduced pres- 
m e ,  the pale-yellow residue was takea up in ether and 
washed with sodium bicarbonate solution, dried and 
treated with Norite. Removal of solvest and &tillation 
gave 10.8 g. (95%) of 9-carbomethoxynonanonitrile as a 
water-white oil, b. p. 131-132" at  1.0 mm., which crystal- 
lized readily, m. p. 3-4 O.10-18 

1,14-Diphenyl3,12-tetrSdecadione .-A di- &phenyl - 
ethylcadmium reagent was prepared as degcribed previ- 
ously* from 692 g. (3.72 moles) of 6-phenykthyl bro- 
mide,' 91.5 g. (3.70 gram-atoms) of rnagaedum, and 365 
g. (1.99 moles) of powdered anhydrous cadmium chloride 
in an atmosphere of dry nitrogen. After treatment with a 
solution of 359 g. of sebacyl chloride in dry benzene, the 
reaction mixture was worked UP, esw~tially according to 
the previous procedure,' for the neutral, rton-sapcmiiiable 
fraction. Distillation of the product at reduced pressure 
gave 33 g. of rejected material and 365.4 g. (64.5%) of 
colorless distillate, b. p. 259' at 1.4 mm., m. p. 67-58". 
Recrystallkition from ethanol or from petroleum-ether 
did not change the melting point. 

A d .  Calcd. for CzsHarOz: C, 82.5; H, 9.1. Found: 
C. 82.1, 82.5; H, 9.0, 9.2. 

1 ,14-Diphenyltetrade.-The preparation of this 
hydrocarbon f r m  the diketone above been described 
previously.8 The crude product was purified by the pro- 
cedure used for 1-phenyleicosane.' In the final fractiona- 
tion, the central fill% of the distillate exhibited a constant 
boiling point, 187" at  0.02 mm., and constant melting 
point, 39.6", and a constant refractive index, n4% 
1.5042 * O.OOO1. 

Anal. Calcd. for C n K s s :  C, 89.1; H, 10.9. Found: 
C, 89.1, 89.2; H, 11.1, 10.7. 
Methyl' lO-K~-lZ-phenyllaurate.-A di-@-phenyl- 

ethylcadmium reagent was prepared' from 1473 g. (6.06 
gram-atoms) of magnesium, 185 g. (6.00 moles) of the 
bromide,' 595 g. (3.24 moles) of cadmium chloride and a 
total of 6.5 liters of anhydrous ether. After solvent re- 
placement a t  reduced pressure the product in 1.5 liters of 
dry benzene was treated with a solution of 1134 g. (4.83 
moles) of 9-carbomethoxynonanoyl chloride in 2 liters of 
the same solvent. The mixture gradually became more 
viscous during the slightly exothermic addition of the acid 
chloride, and finrdly became too thick and lumpy to allow 
complete mjxig of the reactants in the ordinary way." 
After stirring for three hours at room temperature the dark 
clay-lie sediment was allowed to settle. Still working in 
an. atmosphere of dry nitrogen, the colorless benzene solu- 
tion was decanted and the-sedimentary mass was im- 
mersed in benzene and ground to a fine mud to separate 
occluded acid chlorid'e from the mixture of inorganic hal- 
ides. All the components were then combined and the 
mixture was efficiently stirred at reflux temperature for 
three hours. 

After treatment of the cooled reaqtion mixture with 
excess dilute hydrochloric acid and removal of all cadmium 
and magnesium salts with water, the benzene extract was 
washed with aqueous sodium bicarbonate until nowater- 
insoluble material was obtained on acidification of suc- 
cessive washings. The combined alkaline washings gave, 
on acidification, 30 g. of monomethyl sebacate representing 
unreacted esteracid chloride. 

Removal of solvent at reduced pressure from the washed 
and dried benzene extract and rapid distillation of the 
residue through a Clsisen flask at about 1 mm. pressure ' 
gave the following: Fraction I, 35.6 g. of low boiling ma- 
terial consisting of 1,44phenylbutane (m. p. 51.5-52.5" 

(13) Previous workers (ref. 12) who prepared the substance by 
different methods reported only the boiling point: 178' at 16 mm.; 
170' at 14 mm. 

(14) This &fSeulty p a  not encountered in preliminary emall- 
scale experimenfr which d d  be nmvedently carried out at me8ta 
dilution End which gave batter yields. 
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after recrystallbtian from 5O:l methanol-water) and the 
ether exchange" product (eth 1 methyl sebacate); Frac- 
tions 11-VII, 1150 g. ( 7 8 . 3 3  of crude crystallime keto- 
ester; and Frwtion VIII, 3 g. of a higher boiling com- 
ponent, (b. p. ca. 2Mf" at 1 mm., m. p. 61-62') which was 
not investigat* further. Three central fractions (111, JV, 
and V) consbtm g of purer keto-ester, m. p. 43-45' had 
a combined weight of 1032 g. (70.370). 

The combined crude product (11-VII) was refraction- 
ated in three batuhes through the low pressure-drop col- 
umn at high The accepted fractions of the 
pure keto-ater (836.9 g., 57%) appeare&-as a water-white 
distillate, b. p: 169" at  0.03 mm., Tstall izhg in long, well 
defined, needleq, m. p. 45.5-46.5 . The melting point 
was not changed by recrystallization from 20-40" pe- 
troleum ether. 

Anal. Calcd. for CloH2aOs: C, 75.0; H, 9.3. Found: 
C, 75.0, 74.6; H, 9.2, 9.3. 

One interesting difficulty encountered in preliminary ex- 
periments is worthy of mention. In a run in which the 
reaction mixture was inadvertently contaminated with 
metallic mercury from the stirrer-seal some of the metal 
was fmnd to have been converted to a mixture of mercu- 
rous bromide and chloride. Since these salts are both in- 
soluble in water and appreciably soluble in the organic 
media and have a volatility approximating that of the 
high molecular compounds involved, W quantitative 
elimination from the keto-ester was an additional compli- 
cation in these experiments. Most of the mercurous 
halides were removed by filtration of a methanol solution 
of the neutral fraction, and the traces that remained were 
finally eliminated by short heating with metallic alumi- 
num followed by removal of the free mercury and the 
aluminum halides. 

lo-Keto-12-phenyldodecanoic Acid.-The foregoing 
keto-ester 826 g. (2.72 moles) was saponified in aqueous 
ethanol. After removal of most of the alcohols and dilu- 
tion with water, the solution was adjusted to PH 11 with 
hydrochloric acid in order to reduce the tendency toward 
emulsification. The alkaline solution was then washed 
with ether and the product isolated by acidilkation and 
extraction with ether. Successive recrystallizations from" 
contrasting solvents, a. e., 3:l methanol-water and 60-68 
petroleum ether, to constant melting point gave 720 g. of 
pure keto-acid (2.48 moles, 91.5%), m. p. 71.3-71.5". 

Anal. Calcd. for Cl~H~608: neut. equiv., 290. Found: 
neut. equiv., 289. 

12-Phenyldodecanoic Acid.-Seven hundred grams 
(2.41 moles) of pure l0-keto-12-phenyldodecanoic acid, 
dissolved in a solution made up of 457 g. of sodium (19.9 
gram-atoms) and 482 mi. (9.64 moles) of hydrazine hy- 
drate in 6.3 liters of diethylene glycol,' was refluxed 
(liquid temperature 182") for eighty-three hours. The 
mixture, which congealed to a soapy mass on cooling, 
was dissolved in water and filtered to remove siliceous 
material. After extraction of a sample indicated the ab- 
sence of any neutral fraction, the solution was acid&ed 
with hydrochloric acid and extracted with ether. The ex- 
tracts were washed with water until the washings gave a 
negative test for hydrazine with acidified permanganate, 
and was dried. The crude crystalline product, obtained 
in quantitative yield on removal of solvent, was recrystal- 
lized to constant melting point from both methanol-water 
(cu. 6:1, containing a small amount of acetone) and a non- 
polar solvent mixture (7:l isopentane-benzene). The 
final colorless product, 520 g. (78%), separated from the 
hych.ocarbon solvent in perfect rhombic blades, m. p. 

(15) Products arising from the acid chloride-ether exchange were 
invariably obtained in limited amounts from these reactions (see 
also &son and'hout. Tms JOURNAL, 66,46 (1944)). Apparently, 
some ether is retained in a relatively stable complex with the organo- 
cadmium derivative under the conditions' used in the solvent re- 
placement. See also Cason, Chcm. &., 40, 22 (1947). 

(16) These conditions (see ief. 8) served to minimize the p o d -  
bility of cster-eschange reaction with any eth&-excbnge product not 
completely removed in the previous .distillation. 

60.6.61.5". A & y e  of this product with the keto 
acid melted at  54-59 . 

A d .  Calcd. for CISH~SOS: neut. equiv., 276. Found: 
neut. equiv., 276. 
In preliminary experiments the same product was ob- 

tained less satisfactorily by the Clemmensen method. In 
one case 2.00 g. of the keto acid was duxed  with amal- 
gamated zinc and concentrated hydrochloric acid for six 
days. The course of the reaction was followed by periodic 
determinations of the melting point of the crude organic 
components. During these interruptions the spent in- 
organic reactants were separated and replaced with fresh 
material. Reuystallization from aqueous methanol gave 
1.51 g. (SOYo) of crude reduced acid, m. p. 6&59", and a 
small amount of a less soluble amorphous material which 
was assumed to be the bimolecular reduction product. 
Further recrystallization from both absolute methanol 
and 20-40" petroleum ether gave 0.48 g. (25%) of the 
constant melting product. 

Methyl 12-Wenyldodecanoate.-A solution of 510 g. 
(1.85 moles) of the foregoing acid and 120 ml. of concen- 
trated sulfuric acid in 3000 ml. of absolute methanol was 
refluxed for six hours and worked up for the neutral frac- 
tion in the usual way. No unchanged starting material 
was recovered by acidification of the alkatine washings. 
Fractionation at high vacuum gave a small fore-run (3 8.) 
and fifteen fractions (521.5 g.; 97%), b. p. 159" at 0.03 
mm., which had the same index of refraction, n% 1.4871 
*0.0001, and melted between 19.4 and 18.7". Twelve 
cen%al fractions (506.3 g., 94%) melted sharply at 19.6- 
19.7 . The substance is a water-white oil which crystal- 
lizp readily in transparent, well-defined rectangular 
pnsms . 

Anal. Calcd. for ClsHsoOa: C, 78.6; H, 10.4. Found: 
C, 78.2, 78.3; H. 10.1, 10.2. 
l-Phenyl-12-n-propylpentadecene.-A Grignard solu- 

tion prepared from 201 g. (8.27 gram-atoms) of magne- 
sium, 1005 g. (8.17 moles) of n-propyl bromide,' and 6 
liters of ether was treated with 509 g. (1.75 moles) of the 
foregoing ester. After decomposition with excess snow 
and ammonium chloride, and working up the product in 
alkaline and neutral media, 1-phen~rl-12-n-piopyl-12- 
pentadecanol was obtained as a viscous oil in quantita- 
tive yield. The product formed a hard transparent glass 
a t  -80" and did not crystallize from common solvents. 

A mixture of 571 g. of the crude tertiary alcohol and 
1000 g. of 90% formic acid was'refluxed for sixteen hours 
and worked up for the olefin in the usual way. Distilla- 
tion over sodium at  reduced pressure in an atmosphere 
of nitrogen gave 542 g. (97%) of the olefin," b. p.,182- 
183" at  0.9 mm., n% 1.4906, as a water-white moblle oil 
which gave instant tests for ethylenic unsaturation. 
l-Phenyl-l2-n-propylpentadecane.-The results of trial 

experiments which established the optimum conditions 
for the selective hydrogenation of 1-phenyl-12-n-propyl- 
pentadecene are summarized in Table I. In each case 
10% by weight of copper chromium oxide catalyst was 
used. No solvent was employed and the reaction prod- 
ucts were examined without further treatment after re- 
moval of catalyst. 

TABLE I 
Starting Average Time, Temp., Brz test 

No. material p s. t hr. 'C. n% % 
1 33 g. ole& 1350 4.5 125 1.4895 +85 
2 Product from 1 1450 4.0 176 1.4827 4-46 
3 33 g. olefin 2200 2 .3  200 1.4848 + Very 

high 
4 Product from 3 2400 3 .3  205 1.4813 + low 
5 Product from 4 2600 2.0 225 1.4805 - 
6 Product from 5 2600 2 . 0  230 1.4803 - 
7 33 g. olefin 1400 6.0  200-245 1.4803 Trace, 

<o. 1 

(17) The hydrocarbon may be a mixture of several theoretical de- 
hydration products of the foregoing carbinol. 
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In runs no. 2, 4, 5 And 6, the starting material was 
partially hydrogenated products from the previous runs as 
indicated. In run 7 the temperature was held at 200' for 
five and one-half h w  and allowed to  rise to 245" during 
the final thirty minutes. The last column indicates the 
per cent. olefin in the product as estimated from bromine 
titrations of the pure olefin and of the hydrogenated 
products. For comparison, the index of refraction is n% 
1.4906 for the olefin and nZ2D 1.4613 for the perhydro 
analog (vide infra). 
In preliminary experiments with Adams catalyst, hy- 

drogen uptqke proceeded very slowly both in ethanol and 
in the absence of a solvent. The reaction proceeded at a 
satisfactory rate in a solvent mixture of ethyl acetate, ab- 
solute ethanol and glacial acetic acid (2:2:1), in which 
the olefin was completely soluble, but a study of refractive 
indices showed that under these conditions there was ap- 
preciable reduction of the benzene ring. In one such ex- 
periment the product ( n a o ~  1.4800), which still contained 
olefinic unsaturation, on the basis of bromine tests, was 
treated with copper chromite under conditions identical 
with those employed in run 5 (Table I). The new product 
gave negative tests for ethylenic unsaturation, but had an 
obviously low index of refraction (n2% 1.4751), indicat- 
ing that considerable reduction to the cyclohexyl deriva- 
tive had taken place in the presence of the platinum cata- 
lyst. 
On the basis of these trial experiments, 170 g. of the 

pure olefin was shaken for five and seven-tenths hours a t  
20C1-205~ with 10% of copper-chromium oxide and an 
average pressure of 2000 p. s. i. of hydrogen. The charge 
in the bomb whish appeared, by index of refraction (n% 
1.4813) and bromine tests, to contain a small amount of 
unchanged olefin was then shaken for two hours more 
with 2600 p. s. i. of hydrogen at  225-228'. The product 
was a water-white oil, n 2 0 ~  1.4804, which gave negative 
tests for unsaturation. The same product was obtained 
in a similar run on a mixture of 149 g. of olefin and 20 g. 
of under-hydrogenated hydrocarbon from the earlier ex- 
periments with copper chromite. For final purification the 
combined material (315 g.) was carefully fractionated 
through a Fenske column of approximately twenty plates. 
Sixteen accepted fractions comprising 75% of the total 
distillate had a constant boiling point, 153.5' a t  0.1 mm., 
and a constant index of refraction, n Z 4 ~  1.4781 * 0.0001.18 

Anal. Calcd. for C24H42: C, 87.2; H, 12.8. Found: c, 86.9, 86.7; H, 13.1, 12.8. 
1 -Cyclohexyl-12 -n-propylpentadecane .-Accumulated 

hydrocarbon (180 9.) consisting of rejected material 
from the purification of the foregoing hydrocarbons, and 
over-hydrogenated products from preliminary experi- 
ments, was shaken for twenty hours a t  225" with 20 g. of 
Raney nickel and 1500-2500 p.s.i. of hydrogen. Almost 
the entire theoretical quantity of hydrogen was taken up 
during the first six hours, and no perceptible amount was 
absorbed during the last two hours. The water-white oil 
was distilled over sodium from a Claisen flask at reduced 
pressure and finally fractionated as in the case of the pre- 
vious hydrocarbon. Thirteen accepted fractions, b. p. 
158' at 0.07 mm., comprising 89% of total distillate, had 
exactly the same indices of refraction, f i z Z ~  1.4613. 

Anal. Calcd. for CzaH48: C, 85.6; H, 14.4. Found: 
C, 85.4, 85.5; H, 14.1, 14.2. 

Methyl lO-Keto-lO-phenyldecanoate.-The procedure 
was similar to that described for the previous keto-ester, 
using the following quantities of starting materials: 1180 
g. (7.5 moles) of bromobenzene,' 185 g. (7.6 gram-atoms) 
of magnesium, 6 liters of ether, 742 g. (4.05 moles) of 
cadmium chloride, 11 liters of benzene and 1416 g. (6.04 
moles) of pure 9-carbomethoxynonanoyl chloride. As in 
the previous case mechanical difficulties were encoun- 
tered in the large-scale reaction at  increased concentra- 
tion.14 By a rapid distillation at reduced pressure the 
poorly crystalline neutral fraction was roughly divided into 

glasses at Dry Ice temperature. 
(18) All of the branched hydrocarbons formed hard colorlass 

three maiq components as follows: 84 g. of crystslline 
material consisting principally of biphenyi (identified 
by m. p. 68.5-69" and by m. m. p.); 42 g. of an inter- 
mediate liquid fractionl6; and 1056 g., (63%) of crude 
crystalline keto-@-. The central frBdyn (772 g., 46%) 
of the main component melted at 36.537 .e 

The crude product was fractionated at hi& vacuum, in 
batches, through the low pressure-drop column, and all 
fractions melting above 37.5" were refractionated. The 
accepted fractions of water-white product (686 g., 40%), 
b. p. 164' at 0.06 mm., crystallized in long, well-defined 
needles, m. p. 38.5-39.5'. The melting point was not 
changed by recrystallization from petroleum ether. 
In a preliminary experiment a small sample of relatively 

pure ketoesterll (m. p. 36-38') was s a p d i e d  for purposes 
of identification. One recrystallizatiun from aqueous 
acetone gave 10-keto-10-phenyldecanoic acid in thin, 
iridescent rhombic plates, m. p. 84.5-85".'@ 
4-Phenyl-13-n-propylhexadecadiene .-According to the 

previous procedure a reaction between n-propylmagnesium 
bromide from 10.85 moles of starting materials7 and 635 g. 
(2.30 moles) of the foregoing keto-ester gave 4,13-dihy- 
droxy-4-phenyl-13-n-~~ylhe~decane in quantitative 
yield. The ditertiary alcohol was an extremely viscous 
liquid which formed a brittle glass a t  -40' and did not 
decolorize bromine in carbon tetrachloride. 

The crude glycol (830 9.) was refluxed for eleven hours 
with 1000 g. of 90% formic acid, and the dehydration 
product was isolated in the usual way. Distillation over 
sodium at reduced pressure in an atmosphere of nitrogen 
removed traces of oxygen-containing material, and ap- 
peared to involve some additional loss with the formation 
of high molecular weight rnateriaLg0 The diolefin17 (587 
g., 76%) was a water-white mobile oil, b. p. 194' a t  0.5 
mm., n% 1.5040, which gave. instant tests for unsatura- 
tion and was slowly resinified by concentrated sulfuric 
acid. 
4-Phenyl-13-n-propylhexadecane.-Satisfactory condi- 

tions for complete reduction of the ethylenic linkages in 
4-phenyl-13-n-propylhexadecadiene were determined in 
preliminary hydrogenations, as in the previous case. The 
results of these experiments, each involving 34 g. (0.1 
mole) of the pure olefin, 3.4 g. of copper-chromium oxide 
catalyst, and a three-hour reaction period with about 1800 
p. s. i. of hydrogen, are shown in Table I1 

TABLE I1 
Temp., "C. 125 150 175 205 225 LI 

X2'D 1.4883 1.4854 1.4843 1.4817 1 4817 1.4817 
Brt test + + +  

a In this run the temperature was kept at 175' except 
for accidental heating up to 300' for about ten minutes. 

These results showed that the desired conversion was 
brought about (compare 7 t 2 l ~  1.5040 for the diolefin, and 

1.4650 for the perhydro derivative) in the reactions 
at 205-225". Three more hydrogenations involving a 
total of 361 g. of hydrocarbon and essentially these condi- 
tions gave the same find products; n z l ~  1.4816, 1.4816 
and 1.4817. The combined products were dissolved in an- 
hydrous petroleum ether and washed through a 4-ft. tube 
of activated silica ge1.l 

Initial fractionations of the solvent-free material through 
a five-plate column failed to give a satisfactory separation 
of material satisfying the previous' criteria of purity. Sub- 
sequent fractionation of 310 g. of combined hydrocarbon 
through a twenty-plate Fenske column removed a small 
amount of a difficultly separable, highly refractive im- 
purity, and gave 240 g. (16 fractions, 88% of the total 
distillate) with indices of refraction ranging from n% 
1.4810 to 1.4817. Careful refractionation of this material 

- - - 

(19) This substance has been prepared before by a different 
method; m. p. 78-79' [Anger, Ann. chim. $hrs., [SI 13, 364 (lS9l)l. 
and m. p. 8 5 - 8 6 O  [Borsche and Wollemann, Em., 44,3186 (19ll)l. 

(20) This activity is probably due to the conjugation between A' 
and the b-e ring:. cf. Gilman, ref. 5, p. 668. 
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gave 168 g. (78% of the total distillate) of product with 
indices of refiactbn of r% 1.4813 * O.ooo3. Ten central 
fractbs, 114 g., mpri+ng 53% of the total distillate 
had a constant b d k g  pant, 147.6” at 0.08 mm., and a 
constant index of rehctim, s% 1.4813 * O.OOO1. 

Anal. Calcd. for ClsHtr; C, 87.1; H, 12.9. Found: 
C, 87.1, %‘.e, a, 12.6, 12.8. 

4-Cycl~l-lJ~-piopglhezada~ane.-Approximately 
213 g. of combined rejected fractions of the foregoing hy- 
drocarbon and material from preliminary experiments was 
treated with hydrogen and Raney nickel as dewxibed be- 
fore, and 207 g. of the oily product was fractionated 
through the 20-plate colitmn. Twenty-six fractions (202 
g. total) , including several obtained when the still pot and 
column were finally heated to dryness, were collected with- 
out any sign of decomposition. Thirteen central frac- 

tions (131 g.) comphsing 65% 6f the total distillate had 
the same boiling point, 148’ at 0.02 mm., and identical 
&active indices, n% 1.4664. 

A d .  Calcd. for G H M :  C, 86.6; H, 14.4. Found: 
C, 86.8, 85.8; H, 13.8, 14.3 

summary 
Five new high molecular weight hydrocarbons, 

;.e., 1 , 14-&phenyltetradecane, 1-phenyl-12-n-pro- 
pylpen@decane, Pphenyl- 13-%-pro ylhQxadecane, 

have been prepared in a high state of purity. 
NORTHAMPTON, MASS. 
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Aryloxyacetamidines and 2-(Aryloxymethyl)-imidazolines 
BY CARL DPRASSI AND CAESAR R. SCHOLZ 

Recent reports have indicated that 2- (N-benzyl- 
N-phenylaminomethyl) -imidazoline (I), first pre- 
pared by Wescher, Urech and Klarer,a has strong 
histaminolyric properties and that this compound, 
known under the trade name Antistin, has found 
clinical application8 against various allergic symp- 
t o m .  Antistin differs from Antergan (11), a 
well-known antihistaminic‘ in the nature of the 
side chain, the 2-methylirnidazoline group re- 
placing the. dimethylaminoethyl moiety. Since 
this change seemed to have enhanced the desir- 
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(1) Prueated on the p m m m  of the Division of Medicinal Chem- 

istry st the Chicago meeting of the American Chemical Society, 
September 9-18,1946. 
(2) Cf. Mrdcr and Bucher, Schwh.  nud. Wochschr., W, 294 (1946). 
(3) Bcurqtdn, {bid.. Te, ZBB (1946); Scbiadlu, +bid., TC, 300 

(4) Ealporn, Arch. IMurcrt .  Ph’ormocodyremir, CC, 889 (1949). 
(1946); Bm&, iM., W, 816 (la46). 

able antihistaminic activity, we have extended 
this observation to other series. 

In this paper, we are reporting the results which 
we obtained in varying the side chain of ring-alkyl- 
ated aryloxyethyldialkylamines, of which the 
histaminolytic F 929 (111)6 is the best known ex- 
ample. Since imidazolines can be considered to 
be cyclized amidines, we have included aryloxy- 
acetamidines in our investigation, in addition to 
2- (aryloxymethyl) -imidazolines. 

Of the many amidine syntheses reported in the 
literatureJ6 that of Pinner’ was most suited to our 
purpose. Ring-alkylated aryloxyacetonitriles, re- 
qtured as starting materials in our synthesis, have 
been prepared previously by dehydration of the 
corresponding amidea or aldoxime.@ The patent 
literaturelOJ1olg contains reports of the alkylation 
of phenols with chloroacetonitrile, but no details 
are given. In this work, it was found that the re- 
action could be carried out in good yields when a 
modification of the conventional Claisen O-alkyl- 
ation of phenols1* was employed. 

Conversion of the nitriles into the imidic ester 
hydrochlorides (Table I) and thence to the ami- 
dines (Table 11) was carried out by known meth- 
od~.~.’  With the exception of thymyloxyacetam- 
idine and its N-dibutyl derivative,’* all amidines 
reported in Table I1 are new compounds as far 
as we can determine. 

The 2- (aryloxymethy1)-imidazolines (VI) (Table 
111) were synthesized by three Merent methods. 
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(7) Pinnu, “Die Imidoither und ihre Derivate,” Oppenheim, 

Berlin, 1892. 
(8) Cf. (a) Powell and Adams, TEIS JOURNAL, U, 646 (1920); 

(b) Higginbotham and Stephen, J .  C h .  Soc., 1534 (1920). 
(9) Stoermer, Bcr., 80, 1700 (1897). 
(10) U. S. Patent 2,149,457; C. A. ,  88,4379 (1939). 
(11) U. S. Patent 2,149,473; C. A. ,  M,4380 (1939). 
(12) Swiss Patents 204.752-204.766; C. A. ,  85, 2280 (1941). 
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