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mended for a-acylation3) the resul tant keto acid 
was cyclized to l,2-benz-9,10-anthraquionone by 
the procedure of Badger and Cook.4 The desired 
hydrocarbon was obtained by the method of 
Sandin and Fieser,8 who after condensing the quin-
one with the Grignard reagent of methyl iodide, 
conducted a two-step reduction with hydrogen io
dide followed by stannous chloride. The over-all 
yield of 9,10-dimethyl-l,2-benzanthracene-9,10-C14 

(2.77 millicuries per millimole) from barium carbon
ate was 18% .6 

(3) G. Baddeley, J. Chem. Soc, S 59 (1949). 
(4) G. M. Badger and J. W. Cook, ibid., 802 (1939). 
(5) R. B. Sandin and L. F. Fieser, T H I S JOURNAL, 62, 3098 (1940). 
(6) The experimental details of this synthesis have been deposited 

as Document number 4392 with the ADI Auxiliary Publications Proj
ect, Photoduplication Service, Library of Congress, Washington 25, 
D. C. A copy may be secured by citing the Document number and by 
remitting in advance $1.25 for photoprints, or Sl.25 for 35 mm. micro
film by check or money order payable to Chief, Photoduplication Serv
ice, Library of Congress. 
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The synthesis of /3-carotene with centrally-la
beled carbons 15 and 15' may be accomplished by 
use of radioactive acetylene in the reaction, ex
pressed schematically2 

C19 + C14
2 + C19 - ^ - C19-C2^-C19 (1) 

Grignard acetylene is normally prepared with a 
large excess of the gas, reacting for a considerable 
period. I t is formed slowly, and the reaction is 
incomplete when the acetylene is limiting, and since 
dilution of C14-acetylene with inert gas mus t be 
kept a t a minimum, it has been necessary to modify 
the procedure,3 3 and the acetylene is first partially 
condensed with /3-Ci9-aldehyde3b and the /8-C21-
acetylenecarbinol, (compound II) is obtained, then 
coupled, in a second reaction with additional C19-
compound to form the Gjo-yn-diol. Li thium acetyl-
ide is formed readily, the reaction proceeds quanti
tatively in liquid ammonia, and no large excess of 
acetylene is required. The over-all scheme, equa
tion 1, may be represented by steps 2-6 

CH3 CH3 

-CH2—CH=C—CH=CH—CH=C—CHO (I) + 
\y 

CH3 

LiCn=C14H 
CH3 

V - C H 2 - C H = C - C H = C H - C H = C - C H - C14=.C14H 

OH (2) 
(1) (a) Organisch-Chemisches Institut der Technischen Hochschule, 

Braunschweig; (b) Department of Food Technology, University of 
California, Berkeley. 

(2) H. H. Inhoffen, F. Bohlmann, G. Rummert and H. Pomtner, 
Ann., 570, 54 (1950). 

(3) (a) H. H. Inhoffen, U. Schwieter and G. Rasp<§, ibid., 588, 117 
(1954); (b) H. H. InhoSen and G. Leibner, ibid., 675, 105 (1951). 

CH3 CH3 

C H 2 - C H = C - C H = C H - C H = C - C H - C »ss 

OH 

(3) 

CHj 
I 

CH, 

C H = C H - C = C H - C H = C H - C = C H - C 1 4 = 

(4) 
IV + H2 > central mono-«'s-/3-carotene (V) (5) 

V = hv >• 
CH3 CH3 

> > — C H = C H - C = C H - C H = C H - C = C H - C 1 4 H = 

The condensation of I I with a second mole of I 
proceeds smoothly to form the 15,15'-yn-diol I I I . 
The removal of water to yield IV, a dehydrocaro-
tene CwH64 and subsequent selective partial hydro-
genation of the central triple bond gives rise ex
perimentally only to central mono-«'s-/3-carotene.4 

This is then irradiated for a suitable length of time. 
The course of the reaction is followed spectrophoto-
metrically, to determine maximum yield of j3-caro-
tene. This is then isolated chromatographically 
and crystallized. 

Experimental6'8 

Acetylene.—The yield of acetylene from the original 
BaC11Oa was 94 to 96% of theoretical, achieved by placing 
100 mg. of carbonate between layers of finely ground 
barium metal. The subsequently evolved acetylene was 
condensed as a solid at the temperature of liquid nitrogen. 
Inactive acetylene completes the reaction with lithium 
ammonia. 

/S-Cai-Acetylenecarbinol.—The acetylene is in excess of 
the theoretical amount to couple with the C19-aldehyde. 
As the reaction progresses, some acetylene is released from 
the mixture. It is trapped as silver acetylide and recycled 
to conserve activity. The removal of the lithium from the 
lithium acetylide addition compound with the C19-aldehyde, 
to form the C21-acetylenecarbinol is presumably a hydrolysis. 
The ammonium chloride used to effect the removal of the 
lithium was dried under vacuum at 80° as the presence of 
water is detrimental, and acetylene will be released. 

Irradiation.—Formation of the alWra?zs-/3-carotene from 
the central mono-cis isomer was followed spectrophoto-
metrically, by noting the ratio of the maximum at 450 van 
to that of the cis peak at 338 m^. The reaction is stopped 
when the ratio is ca. 10:1. The ratio will continue to rise 
for a while on prolonging the irradiation, but the absolute 
value at 450 m̂ u begins to fall. This must be avoided. 
The solution is then concentrated under vacuum and chro-
matographed. The all-/ra«.s-0-carotene is adsorbed above 
the residual mono-cis isomer and also above any dehydro-
carotene that may be present. The all-trans isomer is 
crystallized and the other two components recycled. 

(4) H. H. Inhoffen, F. Bohlmann and G. Rummert, ibid., 571, 75 
(1950). 

(5) We are particularly indebted to Dr. B. M. Tolbert and Dr. 
Richard M. Lemmon of the Donner Laboratory for advice and use of 
facilities. 

(6) Complete details of the expeiimental work reported in this paper 
have been deposited as Document number 4410 with the ADI Auxiliary 
Publications Project, Photoduplication Service, Library of Congress, 
Washington 25, D. C. A copy may be secured by citing the Document 
number and by remitting in advance $1.25 for photoprints, or Sl.25 
for 35 mm. microfilm payable to: Chief, Photoduplication Service^ 
Library of Congress. 
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Total Yield of all-/ra»j-/3-Carotene.—One hundred mg., 
recrystallized; this represents a 10% yield, based on Ci9-
aldehyde; specific activity, 1 juc. per mg., which is a 1.2% 
yield, based on activity. 
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Several of the halomethylquinolines have been 
reported, particularly those with the -CHjX group 
attached to the pyridine portion of quinoline 
molecule. 2-Bromomethylquinoline2 has been pre
pared by the reduction of 2-tribromomethylquino-
line with stannous bromide in hydrobromic acid. 
It has been obtained also by the action of N-
bromosuccinimide upon quinaldine.8 8-Bromo-
methylquinoline4 was produced, with other mate
rials, when 8-methylquinoline hydrobromide per-
bromide was heated to 150°. The corresponding 
8-chloromethyl4 compound was obtained by the 
action of hydrochloric acid upon 8-bromomethyl-
quinoline. Campbell6 has prepared 4-bromo-
methylquinoline by the bromination of lepidine 
with N-bromosuccinimide. Both 3- and 4-bromo-
methylquinoline have been obtained by the action 
of phosphorus tribromide upon the corresponding 
quinolinemethanol.2 

It was of interest to study the remaining chloro-
and bromomethylquinolines. These were pre
pared from the corresponding quinolinemethanols 
which were obtained, in turn, by a method6 re
ported previously. Experimental conditions were 
worked out using 6-quinolinemethanol. The phos
phorus tribromide method was not usable in the 
preparation of 6-bromomethylquinoline. About a 
60% yield could be obtained when 6-quinoline
methanol was warmed with excess 48% hydro
bromic acid at 70-80°. However, the best method 
consisted of treating a glacial acetic acid solution 
of the quinolinemethanol with gaseous hydrogen 
bromide then precipitation of the hydrobromide by 
dilution of the solution with absolute ether. The 
base is obtained by careful neutralization of an 
aqueous solution of the hydrobromide with dilute 
alkali. The best method for obtaining the chloro-
methylquinoline is the one described recently by 
Mosher.' 

The bromomethylquinolines are much more reac
tive and difficult to handle than the chloromethyl-
quinolines. Although this high reactivity has been 

(1) Taken mainly from a thesis submitted by J. M. S. to the F'aculty 
of the Graduate School, Indiana University, in partial fulfillment of 
the requirements for the M. A1 degree, February, 1954. 

(2) B. R. Brown, D. Hamrnick and B. H. Thewlis, J. Chem. Soc, 
1145 (1951). 

(3) M. Hasegawa, C. A., 46, 51Oi (1952); J. Pharm. Soc. Japan, 71, 
256 (1951). 

(4) J. Howitz and P. Nother, Ber., 39, 2705 (1906). 
(5) K. N. Campbell, J. F. Ackerman and B. K. Campbell, T H I S 

JOURNAL, 71, 2905 (1949). 
(6) C. E. Kaslow and Wm. R. Clark, J. Org. Chem., 18, 55 (1953). 
(7) H. S. Mosher and J. K. Tessieri, THIS JOURNAL, 73, 4925 (1951). 

reported by previous workers,2-5 Johnson and 
Hamilton8 have found that 4-bromomethylcarbo-
styril9 and 4-(a-chloroethyl)-quinoline resisted at
tempts at hydrolysis. The bromomethylquino
lines could not be recrystallized without a great 
loss except by dissolving them in a hydrocarbon 
solvent at room temperature and cooling the solu
tion to a sub-zero temperature. The higher melt
ing points of the bromomethylquinolines could be 
obtained only by insertion of the capillary tube 
into the bath at a temperature just below that 
determined by previous trials. In the case of 
both the chloro and bromo compounds, continued 
heating would cause solidification in the capillary 
tube, due, presumably, to the formation of the 
quaternary compounds of poly-N-methylenequino-
linium halides. 

The substances summarized in Table I were pre
pared from the corresponding quinolinemethanols 
by the same methods as are described in the Ex
perimental part for 6-bromomethyl- and 6-chloro-
methylquinoline. Since 8-chloromethylquinoline 
has been prepared previously only by halogen ex
change from 8-bromomethylquinoline, its forma
tion from 8-quinolinemethanol was included. 
Howitz and Nother4 reported a melting point of 
56° for S-chloromethylquinoline. 

TABLE I 

HALOMETHYLQUINOLINES XCII2-J— I i 

V X N ; 

Substituent 
5-CHsCl 
5-CH2Br 
7-CHiCl 
8-CH2Cl 
7-CHjBr 
3-CHjCl 
4-01-3-CH8Cl 

" Melting p 

Yield, 
% 
67 
64 
76 
70 
36 
63 
74 

M.p., 
0 C . 

88-89.5 
75.5-76.5 
53-54 
53.5-54.5° 
69.5-70.5 
33-34 

121-122 

oint reported by ref 

Empirical 
formula 

C H H 8 C I N 

Ci0H8BrN 
Ci1H8ClN 
CwH8ClN 
Ci0H8BrN 
Ci0H8ClN 
Ci8H7Cl2N 

. 4 is 50°. 

Halogen, % 
Calcd. 
19.96 
35.98 
19.96 
19.96 
35.98 
19.96 
33.34 

Found 
19.99 
35.48 
20.48 
20.08 
35.35 
19 87 
33.57 

Experimental10 

6-Quinolinemethanol.—This substance was prepared from 
methyl 6-quinolinecarboxylate by reduction with lithium 
aluminum hydride according to published procedure.6 

The hydrobromide was prepared by the action of hydro
gen bromide upon a benzene solution of 6-quinolinemethanol 
and was recrystallized from absolute ethyl alcohol; m.p. 
199° dec. 

Anal. Calcd. for C10Hi0BrNO: Br, 33.29. Found: Br, 
33.29. 

The methiodide was prepared by the action of 0.5 g. of 
methyl iodide upon 0.5 g. of 6-quinolinemethanol dissolved 
in 5 ml. of absolute ether. The pale yellow solid was re
crystallized from absolute ethyl alcohol; m.p . 168.5° dec. 

Anal. Calcd. for C n H i J N O : I , 42.13. Found: I , 
42.59. 

6-Chloromethylquinoline.—6-Quinolinemethanol (2.5 g., 
0.016 mole) was dissolved in 75 ml. of dry benzene and the 
solution was saturated with hydrogen chloride. The pre
cipitated hydrochloride was removed by filtration, dried and 
treated with 7.5 ml. of purified thionyl chloride contained 
in a 200-ml. round-bottomed flask. After the initial reac
tion had subsided, the solution was refluxed for one hour, 
then cooled and 125 ml. of dry benzene was added. After 
the white solid was collected and dried, it was dissolved in 
25 ml. of ice-water and neutralized with 1 N sodium hy-

(8) O. H. Johnson and C S. Hamilton, ibid., 63, 2864 (1941). 
(9) F. Chiek and N. T. M. Wilsmore, J. Chem. Soc, 97, 1978 (1910). 
(10) Microanalyses were performed by Miss Joanna Dickey of this 

Laboratory. 


