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3-Hexyl- and 3-Octyladipic Acids',* 

DAYID IT. GOHEEX ASD W Y M . ~ ~  R. VALTHAN 

Receired September YO, 195: 

In the cource of studies on the physical properties 
of liquids designed as potential lubricating oils, 
certain glycol ethers were prepared. The present re- 
port describes the preparation of tIvo intermediates 
for glycols which were deiired for these studies 
Full details of their conversion to glycols and glycol 
ethers JTill be published elsewhere. The hexyl group 
is "normal" and the octyl group is derived from di- 
isobutylene. Thus the octyl acid is 3-(2',4',4'-tri- 
methylpeiity1)adipic acid. 

EXPERIMESTAL 3 , 4  

4-Hydroxycaprophenone was prepared from 129 g. (1.37 
moles) of phenol, 186 g. (1.40 moles) of aluminum chloride, 
and 184 g. (1.37 moles) of caproyl chloride. The product 
distilled to give two fractions: ( I  ) 2-hydroxycaprophenone. 
98.2 g. (37.5y0), b.p. 104-106"/1.0 mm. (reported 142- 
143"/10 m x 5 ) ;  and ( 2 )  4-hydroxycaprophenone, 91 5 g 
(357,). b.p 155-l5S0/l.0 mm. (reported 207-208°/10 
mm.5). 

4-Hexy'phenol. Distillation of the product of Clemmensen 
reduction oi 4-caprophenone afforded 91.5 g. (7870) of water- 
white 4-hexvlphenol, b.p. 110-114"/1.0 mm. (reported 146- 
1.170 110 mAP). 

~-Hezylcyclohexano/.  The 4-hexylphenol was reduced using 
Ranev nicL.e16 a t  150" and 100 atm. after an induction 
period of 15-30 min., the reduction started and proceeded 
rapidly, being complete in 3 hr. The catalyst was filtered 
off, and the alcohol (from the catalyst) \%as distilled out of 
the filtrate. The crude 4-hcu~-lcyclohesanol was not purified 
but was converted directlv to 3-hexvladipic acid, as de- 
scribed belon-. 

8-Hexulatlivic acid. A solution of 50% nitric acid (100 
g., 0.80 inole) vas  heated nearly to boilrng and 40 mg. of 
ammonium vanadate mas added. The mixture was stirred 
and 44.0 g (0.24 mole) of rrude 4-hexylcyclohexanol was 
added  lo^ y, the temperature being maintained at  60-65' 
tiv means of an ice bath. After complete addition the mis- 
ture xas  stirred for an additional hour and then lyas cooled. 
The acid formed a solid cake which was filtered off, washed 

( 1 ) Kork done undcr contract No. R-33-038-ac-21457, 
Project ,\I 2-982 between the Kright Air Development 
Center, U. S. Air Force, and the Engineering Research 
Inst,itute of the Tlniversity of RIichigm. 

(2)  dhsti.actcd from :L portion of WA4DC Technical 
Rrport 53-,45, Junr 1953. Released for publication by Mr. 
Harold Ilosenhrrg, Senior Matrrials Laboratory, Director- 
at,? of I3esc:trrh. 

( 3  l Ipl t? i ig  points and boiling points are uncorrected. 
(4) Microanalyses by Uicrotech Laboratories, Skokie, 

Ill. 
( 5 )  G. Smdelescu :rnd 1. Girard, Bull. SOC. chinz. (4), 47, 

1300 (1930 . 
(ti) A. :I Pitvlic :rnd H. .2dkins, J .  .in/, Chenr. Sor., 68, 

1-471 (1!N . 

with water to remove nitric acid and then was taken up in 
ether, washed thoroughly and was distilled at  176-1i9"/0.2 
mm. to give 36.0 g. (65%) of 3-hexyladipic acid. Recrystal- 
lization from 70-90' petroleum ether afforded white plates, 
m.p. 71-72", 

Anal .  Calcd. for C12H,,0a: C, 62.58; H, 9.62. Found: 
C, 62.84; H, 9.73. 

Q-Octylcyclohczanol. h 120 g. batch of 4-octylphenol' was 
hydrogenated a t  150" and 1000 p.s.i. using a Raney nickel 
catalyst. There was obtained 100 g. (81%) of 4-octylcyclo- 
hexanol, b.p. 100-104"/0.3 mm. 

3-Octyladipic acid. The oxidation of 4-octylcyclohexano1 
(100 g., 0.472 mole) was carried out as with i-hexylcyclo- 
hexanol using 200 g. of 50% nitric acid and 95 mg. of 
ammonium vanadate. Upon completion of the reaction the 
mixture was placed in an ice bath and allowed to stand thus 
overnight. The nitric acid was decanted from the pasty 
mass which was then washed several times with water and 
dissolved in ether. The ethereal solution was thrice washed 
with water and was dried over magnesium sulfate. Evapora- 
tion afforded a yellow oil which rapidly solidified. Itecrystal- 
lization from benzene yielded 3-octyladipic acid as rolorless 
platelets, m.p. 133-135", 68.5 g. An additional crop of 8 g. 
was obtained by concentration of the mother liquor to half 
its volume; thus the over-all yield xas  76.5 g. (63%). 
Further recrystallization from cyclohexane-ethyl acetate 
raised the m.p. to 136-137". 

Anal .  Calcd. for Cl4H?6O1: C, 65.03; H, 10.14. Found: 
C, 65.26; H, 10.03. 

CHEMISTRY LABORATORY 
VNIVERSITY OF MICHIGAN 
ANN ARBOR, MICH. 

(7)  Kindly supplied by Itohm PZ Haas Co., Philadelphia, 
Pa. The substance is prepared by alkylating phenol with 
diisobut ylene. 

Halogen Derivatives of 8-Aminoquinoline 

EVERETT C. HURDIS 

Received September SO, 1967 

In  the course of work on the preparation of 
several new "ferroin" type oxidation-reduction 
indicators, it became of interest to synthesize 
certain trihalo-8-aminoquinolines. The specific 
derivatives desired were those in which all the 
available benzene ring positions (that ip, positions 
5 ,  6, and 7) are suhstituted by chlorine andlor 
bromine. Such derivatives have riot heretofore 
been reported. However, it is known that the 5 and 
7 positions, being strongly activated by the amino 
group, are easily halogenated directly. lv2 There- 
fore, it wad judged that the desircd trihalo-8- 

(1) 
(1806). 

( 2 )  It. C. Elderfield and Id. F. Claflin, .I 
74,2953 (1952). 

Claus and E. Setzer, J .  prakt Chevz., ( 2 )  53, 404 
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TABLE I 
HALOQEN DERIVATIVES OF ~-AMINOQUI"OLINE 

M.P., h'itrogen Bromine Chlorine Yield 
Compound OC.a Calcd. Found Calcd. Found Calcd. Found % 

79 8--4mino-5,7-dibromo-6-chloroquinoline 169-169.5 8 .33  8 .30  4 7 . 5  45 .9  10 .5  11.2 

8-Aminod, 6,7-trichloroquinoline 169-1 70 11.32 11.42 43.0 4 2 . 7  67 
8-Amino-5,7-dichloroquinoline 125.5-126.5 13.15 13.54 33.28 33.36 60 

8-Amino-5,6,7-tribromoquinoline 154.5-155.5 7.36 7 .38  62.94 62.66 81 

8-~4mino-6-bromo-5,7-dichloroquinoline 160.5-161.5 9.60 9.57 27 .4  26.6 24.3 23 .9  I I  
r- 

a All melting points are corrected. 

aminoquinolines mould be readily preparable by 
direct bromination or chlorination of the known 
compounds 8-amino-6-bromoquinoline and %amino- 
G-chloroquinoline. Experimentally it proved pos- 
sible to  verify this prediction. 8-Amino-6-bromo- 
quinoline and 8-amino-6-chloroquinoline mere pre- 
pared by a modification of the method of Richter 
and Bromination of these compounds in 
acetic acid solution yielded 8-amino-5,6,7-tribro- 
moquinoline and 8-amino-5,7-dibromo-6-chloro- 
quinoline respectively. By chlorination, using 
sulfuryl chloride in acetic acid solution, the 8- 
amino-G-bromoquinoline gave 8-amino-6-bronio- 
5,7-dichloroquinoline, while 8-amino-G-chloroquino- 
line gave 8-amino-5,6,7-trichloroquinoline. Con- 
venient procedures were developed for these re- 
actions, giving the desired compounds in satis- 
factory yields and high purity. Analytical and yield 
data foi* the individual compounds are listed in 
Table I. 

The structures of these trihalo-8-aminoquinolines, 
as giveii, Tvere assigned on the following basis: 
The pyridine ring in 8-aminoquinoline is known to 
be inert t o  halogenation under mild conditions. 
Thus, bromination' and chlorination2 of %amino- 
quinoline have been found to give substitution only 
a t  the 5 and 7 (benzene ring) positions. I n  the work 
reported here, 8-amino-G-bromoquinoline and 8- 
amino-G-chloroquinoline were halogenated under 
very mild conditions, such as were used for 8- 
aminoquinoline. lv2 Therefore, the assumption could 
be made, n-ith considerable confidence, that again 
only the 5 and 7 positions mere substituted and that 
5,G,7-trihalo-8-aminoquinolines resulted. 

Elderfield and Claflin2 have reported the prepa- 
ration of 8-amino-5,7-dichloroquinoline by the 
action of chlorine gas on 8-aminoquinoline. Their 
yield of crude product, m.p. 113-116", was 31%. 
It was found that this compound could be prepared 
in greater yield and higher purity by using sulfuryl 
chloride lor the chlorination. By this means a GOYo 
yield of material, m.p. 125.3-126.5", was obtainable. 
(Analytical data for 8-amino-5,7-dichloroquinoline 
are listed in Table I.) The 8-aminoyuinoline used 

(3) F. P. Richter and G. F. Smith, J .  Am. Chem. Soc., 
66, 396 (1944). 

(4) G .  F. Smith and F. P. Richter, Phenanthroline and 
Substituted Phenanthroline Indicators, G. Frederick Smith 
Chemicd Compaiiy, Columbiis, Ohio, 1914, pp. 12 arid 13. 

for preparing this compound was made in excellent 
yield by a convenient modification of the method 
of Woroschtzow and K ~ g a n . ~  

EXPERINENTAL 

8-dniin,oquil~oline. IVoroschtzom and Iiogans reported the 
preparation of 8-arninoquinoline from 8-quinolinol in 89% 
yield. By modifying their method somewhat, the incon- 
venience of working with sulfur dioxide gas was avoided, 
and an even higher yield was obtained. A mixture of 145.2 
g. (1 mole) of 8-quinolinol, 335 g. of ammonium sulfite 
monohydrate, 153 ml. of 28% aqueous ammonia, and 300 
ml. of water was charged into a pressure vessel of 1300 ml. 
capacity. The mixture vas heated with constant mechanical 
shaking for 7 hr. a t  155'. The shaking was then continued 
while cooling the reactor to 25-35'. The crude product xae 
removed by filtration, washed with water, dried, and vacuum 
distilled at  0.5 mm. gauge pressure. A 9354 yield of material, 
m.P. 63-84', was obtained. 

8-Amin~-6-bromoqziinoline. 6-Bromo-8-nitroquinoline was 
prepared and reduced according to the directions of Richter 
and Smith384 (starting with 1 mole of 4-bronio-2-nitroani- 
line). However, t,he steam distillation used b>- Richter and 
Smith to isolate the product was found to be very time- 
consuming because of the low volatility of 8-amino-6-bromo- 
quinoline. The product was therefore isolated by the follow- 
ing more convenient procedure. After the stannous chloride 
reduction, the reaction mixture vas poured into 3000 ml. of 
water and the solution neutralized by aqueous alkali. A 
solution of 675 g. of sodium hydroxide in 2250 nil. of water 
was added to dissolve the precipitated hydrous tin oxides. 
The precipitated crude product was then removed by filtra- 
tion, dried, and extracted by several portions of hot benzene, 
totalling 1200 ml. Evaporation of the benzene, followed by 
recrystallization from hexane and finally vaciium distillation, 
gave material, m.p. 75-76'. The overall yield from 4bromo- 
2-nitroaniline was 495;. 

8-Amino-6-chloroyuin~~~~e. This compound was prepared 
from 4chloro-2-nitroaniline by the same procedure used for 
8-amino-6-bromoquinoline. The overall j-ield of 8-amino-6- 
chloroquinoline, m.p. 'iO-Tl", was 507,. 

Procedure for brominations. The amine (0.03 mole) was 
dissolved in 30 times its weight of acetic acid arid the solu- 
tion cooled to 15" in an ice water bath. A solution of 10.0 g. 
of bromine in GO ml. of acetic acid was then added dropwise 
with constant, mechanical stirring, keeping the temperature 
I)et\vem 15' and 20". After all the bromine had heen added, 
the mixture was warmed to 25' and then pourcd into 750 
nil. water. The small excess of bromine was destroyed by 
adding 0.3 g. of sodium bisulfite. The precipitak of crude 
product was removed by filtration, wished with water, 
dried and recrystallized from acetic acid. 

Procedure for chlorinations. The amine (0.06 mole) was 
dissolved in 5 times its weight of acetic wid and the solution 
cooled to 10" in an ice wnt,er bath. A solution of 16.7 g. of 

(5) S. X. Woroschtzow and J. PI. Ilogan, Be?., 65, 142 
( 1  0 3 2 ) .  
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sulfuryl chloride (3% excess) in 25 ml. of acetic acid was 
added slowly with constant mechanical stirring. The mix- 
ture was then warmed gradually to room temperature and 
finally was heated for 20 min. on the steam bath at 70-75". 
The reaction mixture was then poured into a solution of 
40 g. sodium acetate in 300 ml. water. The precipitate of 
crude product was removed by filtration, washed with water, 
dried and rccrystallized from acetic acid. 

RESEARCH CENTER 

WAYNE. N. J. 
UNITED STATES RUBBXR COMPANY 

Some Observations on the Preparation of 
Salicylamide Esters of Acylated a-Amino 

Acids 

Rereiaed .Vot,ember 1. 1957 

Acyl salicyclic acid esters frequently have been 
used as substrates in enzyme and non-enzyme 
catalyzed hydrolyses because of the ease with which 
such reactions may be followed spectrophoto- 
metrically. 1--8 However, these substrates when used 
in systems more alkaline than pH 5 will be present 
as the corresponding anions thus introducing a pos- 
sible complication that mould not be encountered 
with an uncharged substrate. Because of interest 
in the behsvior of neutral as well as anionic sub- 
strates our attention was directed to the prepara- 
tion of acyl esters of salicylamide whose spectral 
properties and those of the parent phe1iol~~1~ 
mould be (3xpected to  be similar to those of sali- 
cyclic acid :md its analogous esters. 

The successful use of trifluoroacetic anhydride as 
a condensing agent in the synthesis of henzoyl- 
DL-phenylalanine a-naphthyl ester" suggested the 
use of this reagent for the preparation of the sali- 
cylamide esters of acetyl-nL- and L- and benzoyl- 
DL- and L-phenylalanine. While the two m-corn- 
pounds were obtained in good yield the attempted 
preparation of benaoyl-~-phenylalanine snlicyl- 
amide ester gave a racemized product, even when 

(1) L. J. Edwards, Trans. Faraday Soc., 46, 723 (1950). 
(2) B. H. J. Hofstee, Science, 114, 128 (1961). 
(3) B. H. J. Hofstee, J .  Bid.  Chenz., 199, 357,365 (1052). 
(4) B. H. J. Hofstee, Arch. Riochern. Biophys., 51, 139 

(1954). 
(5) B. H. J. Hofstec., Biocitim. Biophys. Ac ta ,  24, 211 

(1957). 
(6) H. Braiidenbcrgt,r and R. Hanson, Helv. Chim. Ada ,  

36,900 (1953;. 
(7) H. Braiidenbrrgt>r and U'. H. Weihe, Helv. ('hin7. Acta, 

38,1347 (1955). 
( 8 )  The monovalent anion of salicylic acid has a promi- 

nent absorption band a t  298-300 mfi that is absent in the 
corresponding ester. 

(9)  J. Purvis, J .  Chenz. Soc., 2715 (1927). 
(10) L. Daub and J. &I. Vandenbelt, J .  Am. Chenz. Soc., 

(11) H. A. Ravin, P. Bernstein, and A. AI. Seligman, 
71,2414 (1949). 

J .  Biol. Chem.. 208, 1 (1954). 

the reaction was conducted at -20 to -30". 
This result was not totally unexpected since it is 
known that many optically active a-acylamino 
acids are readily racemized in the presence of 
acetic or trifluoroacetic anhydrideI2-l6 presumabIy 
via an intermediate mixed anhydride and oxazolo- 
nium ion."-20 

The observations of Weygand et ~ l . 1 4 - 1 ~  and of 
Schallenberg and Calvin2' relative to the prepara- 
tion of optically active a-trifluoroacetamido acid 
chlorides and their use in the acylation of amines 
without attendant racemization led us to investi- 
gate the usefulness of such acid chlorides in the 
synthesis of the desired salicylamide esters. 
Trifluoroacetyl-~~-phenylalanine x i s  prepared 

by a procedure similar to that described by W e y -  
gand and Leising15 nnd MU converted to the acid 
chloride by treatment with phosphorus pentn- 
chloride. Reactioii of the acid chloride Ivith the 
sodium salt of salicylamide gave the m-ebter in 
good yield. However, when the above reaction 
sequence was repeated with L-phenylalanine a 
substantially racemized product was obtained. 
In order to locate the point a t  which racemization 

had occurred the above synthesis was repeated, this 
time isolating each intermediate and determining 
its optical purity. As before,14-17r21 it was found that 
trifluoroacetyl-L-phenylalanyl chloride could he 
prepared without difficulty but in contrast to  
previous experience with the reaction of this acid 
chloride with aniline,15s?1 its reaction with the 
sodium or triethylamine salt of salicylamide led to 
a substantially racemized product. 

The absence of racemization in the preparation 
of trifluoroacetyl-r,-phenylalaninanilide21 and of 
trifluoroacetyl-~-alaninanilide~~ suggested the de- 
sirability of examining the reaction of trifluoro- 
acetyl-r,-pheaylalaiiyl chloride with anthranilamide. 
Because of the poor yields obtained in the am- 
monolysis of methyl anthranilate,22-23 the amide 
was prepared from o-nitrobenzamide by reduction 

(12) V. du F'igneaud and C. E.  lleyw, J. Biot. Cheni., 99. 

(13) H. E. Carter and C. 11. Stevens, 3. Bid. Chem., 133, 

(14) F. Weygand and E. Csendes, Angew. Chern., 64, 136 

115) F. JVeygand and E. Leising, Ber., 87,248 (1964). 
(16) F. Wwgand and 11. Reiher, Ber., 88, 26 (1055). 
(17) F. K e q a n d  and U. Glockler, Ber., 89, 653 (1956). 
(18) W. B:thw, W. I). Ollis, a i d  V. D. Poolti, J .  Cheni.  

(19) E. J. Borirne, 31. Staw\ ,  J C. Tatlow, and J. 31. 
Tedder, J .  Chern. Soc., 2976 (1949). 

(20) J. L. O'Brim and C .  Xiemann, J .  Am.  Chem Soc., 
79,80 (1957). 

(21) E. E. Schallenberg and M. Calvin, J .  Am. Chenz. 
Soc., 77,2779 (1955). 

(22) 4. H. Cook, I. AI. Heilhron, K. J. Reed, and &I. K. 
Strachan, J .  Chem. Soc , 861 (1945). 

(23) R. C. LIorris, LT. E. Hanford, and R. Adams, J .  
Am. Chevt. Soc., 57, 951 (1935) 

143 (1932). 

117 (1940). 

(1052). 

soc.., 1932 (1950). 


