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boxylation, in thioether cleavage, and in other en- 
zymstic reactions. Crystalline sodium1j2 and acri- 
dine3 salts have been reported. We should like to 
describe here the preparation of a crystalline mono- 
procaine salt of the coenzyme. 

Pyridoxamine dihydrochloride was phosphoryl- 
ated with a mixture of phosphoric acid and phos- 
phorus pentoxide14 and the product was isolated in 
crystalline form5 by means of ion-exchange chro- 
matography on Amberlite resin IRC-50. The pyri- 
doxamine phosphate was oxidized to pyridoxal 
phosphate by manganese dioxide in aqueous solu- 
tion a t  pH 6. The coenzyme was separated from 
inorganic compounds and was obtained as a bright 
yellow solid2 by drying its aqueous solution in the 
frozen state. 

The procaine salt was prepared by dissolving 
pyridoxal phosphate in water and adding 'to the 
solution an ethanolic solution of one equivalent of 
procaine. The procaine salt of pyridoxal phosphate 
crystallized in the form of orange needles. 

Bioassay of the crystalline monoprocaine salt of 
pyridoxal phosphate by Dr. W. W. Umbreit of the 
Merck Institute for Therapeutic Research using a 
tyrosine-decarboxylase system indicated that the 
theoretical amount of coenzyme was present. 

The procaine salt of pyridoxal phosphate is more 
stable than the calcium salt. The calcium salt, kept 
in a desiccator in the dark for 4l/2 years, lost 60% 
of its codecarboxylase activity; the procaine salt, 
stored under similar conditions for 11/2 years, re- 
tained full codecarboxylase activity. 
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EXPERIMENTAL 

Pyridoxal phosphate. One g. of  pyridoxamine phosphate 
was dissolved in 84 ml. of 0.1N sulfuric acid. Manganese 
dioxide (0.4 6.) was added, and the mixture was stirred 
and heated a t  65-75' for 1 hr. The reaction mixture was 
cooled and filtered. The filtrate was passed through a column 
of Amberlite resin IR-120 ( H +  cycle), and the column was 
washed with watrr. The eluate was treated with enough 
barium hydroxide to neutralize the sulfuric acid, and the 
precipitate of barium sulfate was removed. The filtrate 
was concentrated to about 100 ml. a t  reduced pressure and 
at  a temperature below 40'. The concentrate was filtered 
through Super-Cel and was dried in the frozen state, giving 
0.75 g. of pyridoxal phosphate. 

Pyridoxal  phosphate procaine salt. One hundred mg. of 
pyridoxal phosphate was dissolved in 3 ml. of water. To this 
solution was added 96 mg. (1 equivalent) of procaine, dis- 
solved in 3 ml. of ethanol. The reaction mixture was chilled 
for several days in the refrigerator, and 120 mg. (60%) of 
the procaine salt of pyridoxal phosphate separated. Two 
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recrystallizations from 50% water-ethanol (85% recovery) 
provided a sample of m.p. 150' (dec.), A::: NaoH 275 mp 
(~16,000) and 390 mp (~6800). The sample was dried a t  25"/ 
0.1 m u .  for analysis. 

A n a l .  Calcd. for Cz1H8~Na08P: C, 52.17; H, 6.26, N,  8.69; 
P, 6.41. Found: C, 51.72; H, 6.32; N, 8.81; P, 6.24. 
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The investigation of Wittig and coworkers, which 
was concerned with the preparation of organolith- 
ium derivatives from aryl fluorides, was confined to  
the metalation of fluoroaromatics with phenyllith- 
ium.1-4 More recently, some success in the prepa- 
ration of fluoroaryllithium derivatives from the halo- 
gen-metal interconversion reaction has been re- 
ported from this I abora t~ ry .~  The attempts, how- 
ever, to prepare the aryllithium compound directly 
from an aryl fluoride and lithium met with some 
success. By refluxing lithium ribbon and fluoroben- 
Bene in diethyl ether for 24 hours, 0.7% of benzoic 
acid was obtained on carbonation.6 Benzoic acid 
was obtained in 0.5% yield when fluorobenzene 
and lithium dispersion were refluxed in diethyl 
ether for 5 hours and then carbonated.6 

The first attempt to prepare aryllithium com- 
pounds from aryl fluorides and lithium in tetrahy- 
drofuran under reflux coaditions was 
Recently, it was reported that benzoic acid was ob- 
tained in a yield of 54% from chlorobenzene and 
lithium in tetrahydrofuran on carbonation.' The 
preparation of a-naphthyllithium from a-fluoro- 
naphthalene and lithium wire in tetrahydrofuran 
illustrated the importance of solvent and tempera- 
ture control in these reactions. On carbonation of 
a-naphthyllithium, 23ojo of crude a-naphthoic acid 
was obtained. Although the initiation of this reac- 
tion did not require a catalyst, the reaction which 
involved fluorobenzene and p-fluorotoluene would 
not commence until their respective bromo analogs 
were added. The yields of phenyl- and p-tolyllith- 
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ium, Tvhich were based on the crude acids that were 
obtained on carbonation, averaged SO%, and one 
preparation of p-tolyllithium was 80%. In  this 
p~zrticular run the higher yield may have been due 
to a hetter initiation of the reaction. 

Since other experiments were run which gave 
little or no acid, the authors are led to believe that 
the conditions which are presented in the experi- 
mental should be followed carefully in order to in- 
sure successful preparation of the aryllithium com- 
polinds from aryl fluorides. 

EXPERIMESTAL~ 

a-Fluoronaphthalene and l i th ium in tetrahydrofuran,. 
Method A. Into a 500-ml., 3-necked, round-bottomed flask 
were placed 100 ml. of anhydrous tetrahydrofurans and 0.22 
g.-atom of lithium wire. This suspension mas cqoled by 
means of an ice bath to 2", and 14.5 g. (0.1 mole) of a- 
fluoronaphthalene in 50 ml. of tetrahydrofuran was added 
dropmise. After the addition of 10 mi. no reaction occurred. 
A few drops of bromobeneene were added as a catalyst. 
When the reaction still failed t,o begin, the reaction mixture 
was warmed to room temperature, 3 more drops of bromo- 
benzene and the remainder of the a-fluoronaphthalene aere 
added, but no indication of a reaction was discernible. The 
reaction mixture mas warmed to 45". The color turned 
yellow, green, and then black. The lithium wire became 
bright, and the reaction flask had to be cooled with an ice 
bath to prevent the reaction from becoming too violent. 
When the vigorous r.ea,ction had ceased, t,he reaction mix- 
ture was carbonated by pouring it jetwise onto a Dry- 
Ice-ether slurry. The bas;.<: extract on acidification yielded 
no acid. The neutral layer was concentrated, and the resi- 
due was sublimed under reduced pressure. Naphthalene was 
obtained in a yield of 1.5 g. (10%). A mixture melting point 
with a.n aut,hentic specinian was undepressed. 

Method B.  Into a 500-ml. flask were placed 50 ml. of tetra- 
hydrofuran, 0.22 g.-atom of lithium wire and 4 g. of 01- 

fluoronaphthalene. After 5 min. the color became light 
green. The temperature of the reaction mixture rose from 
24' Lo 28" over a period of 10 min. The color became darker 
green and a small amount of black particles separated. 
The reaction mixture was cooled t o  - 10" aa the remaining 
10 nil. of a-fluoronapht,halene, which had been diluted with 
10 ml. of tetrahydrofuran, x-erc added. The color became 
black, and the lithiurn wire coated. After the a,ddition was 
completed, the reaction mixture \vas stirred for about' 25 min. 
a t  the same temperature and then carbonated. The basic 
extract on acidification yielded 4 g. (23%) of crude m- 
naphthoic acid vihich melted bet'ween 120-140". The pure 
acid on recrystallization from an  ethanol-wa.ter pair melted 
a t  158-159". (lit. value 159-160'). The yield was I. g. (6%). 

Fhorobenzene and lithiwn in tetrahydrofuran. Method A .  
Into a flask, which c o n k i n d  50 ml. of tetrahydrofuran and 
0.22 g.-atom of lithiurn wire a t  24", was placed 4 g. of fluoro- 
benzene. A few drops of bromobenzene were added as a 
catalyst, and after being stirred for 15 min., a noticeable 
increase was observed ir, the temperature of the reaction 
mixture. When the temperature had risen to  28", a Dry- 
Ice-acetone hath was employed to lower the temperature 
t o  -10". The color of the reaction mixture became red as 
t>he remaining 6 g. (6 nil.) of fluorohenxme was added drc!;~ 

(8) .411 mrlting points are unrorrerlcd, and a11 rractionrl 
were cnrrird out, in a n  atinosphrre t ) f  dry, oxygen-free ni- 
t rogm, 

(9) The tetrahydrofuran was dried and purified by first 
Fhaking with sodium hydroxide  pellet^, refluxing over so- 
dium metal for several hours, and finally distilling, im- 
mediately before use, from lithium aluminum hydride. 

wise over a 5-min. period. The temperature was kept between 
0 and - 10". When the reaction was completed, the reaction 
mixture was 50 viscous that 50 ml. of tetrahydrofuran was 
added to insure sufficient fluidity for carbonation purposes. 
The carbonation was carried out in the usual manner. On 
acidification of the basic extract, the crude benzoic acid was 
obtained in a yield of 6 g. (50%). The melting point was 
115-117'. The pure acid on crystallization from water melted 
at 119-120", and the yield was 4 g. (33.3%). A mixed melt- 
ing point with an authentic sample of benzoic acid was unde- 
pressed. 

Method B. The reaction was repeated again under the same 
conditions as that described above except that, after the 
reaction was initiated, the remaining 6 g. of fluorobenzene 
was diluted to  twice its volume with the solvent, prior to 
addition. The yield of crude acid was only 29%. 

p-Fhorotohene and lithium in tetrahydrofuran. This reac- 
tion was run in the same manner as described in Method A 
for fluorobenzene. The yield of crude acid was 10.8 g. (80%) 
and melted between 171-174". The pure acid melted a t  176- 
177", and the yield was 9.1 g. (70oj,). A triple melting point 
with an authentic sample of p-toluic acid was undepressed. 
This reaction was repeated under the same conditions, but 
the yield in this case was only 5070. In  another run, the con- 
ditions that were used were identical with those employed 
in Method B for fluorobenzene. The yield of crude acid was 
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solution scintillators to be evaliiated by Dr. Wright Lang- 
ham and coworkers a t  LOB Alamos. 
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In  determining the structure of libocedrolI1 2- 
hydroxy-4',5-dimet h0xy-5~~6 - dimet,hyl- 2',3 - di - iso- 
propyldiphenyl ether (I), the question of which one 
of the two hydroxy groups was methylated was re- 
solved by assuming t'hat libocedrol was formed by 
oxidative coupling of two parent phenolic units. 
Since this takes place ortho or para t o  hydroxyl, the 
Iibocedrol molecule was held t o  be composed of two 
p-methoxythymol units, ie., the 2- hydroxy group 
was assumed t o  be methylated. It was felt desirable 
t o  substantiate t,he above deduction by synthesis. 
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