
NOVEMBER 1961 NOTES 4707 

Anal.',@ Calcd. for C,HeO,PSNaz: C, 22.43; H, 4.24; 
S, 14.97. Pound: C, 22.17; HI 4.56; S, 14,76. 

An average of five iodometric determinations indicated 
that the disodium salt wm 99.1% pure. 

Separation of ortho- and p yophosphate by paper chrmtog-  
raphy. The solvent system used was methanol (80 vol.), 
90% formic acid (15 vol.), and water (5 V O ~ . ) . ~  Development 
by descending chromatography on Whatman No. 1 filter 
paper in a cylindrical, covered glass jar took approximately 
5 hr. at room temperature. The chromatogram were dried 
and sprayed with a molybdate reagent.10 Yellow spots cor- 
responding to the orthophosphate appeared immediately; 
after the chromatograms were dried overnight, faint spots 
produced by the hydrolyzed pyrophosphate were also visible. 

The chromatograms were exposed to ultraviolet light at a 
distance of about 10 cm. for 30 min. All the blue color except 
that produced by the phosphomolybdenum complex was 
removed by treatment with ammonia vapors.* 

The following R f  values were observed: orthophosphate, 
0.70; pyrophosphate, 0.55. The Rf  values varied somewhat 
depending on concentration. Some streaking was observed 
with pyrophosphate. Washing the ater paper with an alco- 
holic solution of kLhydroxyquinolinelOJ1 prior to  running the 
chromatogram did not improve the results. 

Paper chrmtography  of S-n-butylphosphorothioate. When 
acidified (sulfuric acid) aqueous solutions of pure barium 
or disodium S-n-butylphosphorothoate were chroma& 
graphed by the method described in the preceding section, 
considerable streaking was obtained, aa well as a spot cor- 
responding to orthophosphate. The streaked portion of the 
chromatogram was a bright blue as contrasted with the 
more violet orthophosphate spots. On several chromat+ 
grams, but not on all, a spot waa obtained corresponding to 
pyrophosphate. 

Treatment of these chromatograms with a mercuric 
chloride, nitro-prusside and potassium cyanide reagent' 
produced crimson spots, R f  = 35. These may be due to  un- 
hydrolyzed ester. On some chromatograms treated with the 
phosphate-detccting reagents, a faint blue spot appeared at 
the same RJ value. 

Phosphor&tia of orthophosphate. Disodium S-n-butyl- 
phosphorothioate (17.3 mg., 0.0809 mmole) and disodium 
orthophosphate ( NazHPO4-7"~0, 44.3 mg., 0.163 mmole) 
were dissolved in 0.21 ml. of 20% sulfuric acid and 
allowed to  stand at room temperature for 24 hr. A 
paper chromatogram of the resulting solution, diluted to 
2 ml., showed spots (Rr = 0.41 and 0.70) corresponding to 
those (22, = 0.41 and 0.71) produced by a standard of 30.7 
mg. (0.0688 mmole) of sodium pyrophosphate (Na+P, 
07.10HzO) and 42.1 mg. of disodium orthophosphate in 
0.21 ml. of 20% sulfuric acid, diluted to  2 ml. The reaction 
mixture and the standard mixture were chromatographed on 
the same sheet of filter paper. Inspection of the chromato- 
gram indicated that the amount of pyrophosphate produced 
in the reaction was roughly onethird to one-half the amount 
in the standard, and that the amount of orthophosphate was 
about onethird less than that in the standard. Other runs 
under similar conditions gave substantially the same results. 

"Oxidative" phosphorylation of orthophosphate. Disodium 
S-n-butylphosphorothioate (80.4 mg., 0.375 mmole) was 
mixed with disodium orthophosphate ( Na2HP04.7H,0J 
184.9 mg., 0.690 mmole), 20% sulfuric acid (0.08 ml.), and 
an aqueous solution of iodine (0.026 ml.). The amount of 
iodine solution used varied from run to run, but only enough 
iodine was added until the color of free iodine persisted. 
The reaction mixture waa heated for 15 min. in a bath of 
boiling water. A paper chromatogram showed spots cor- 
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responding to orthophosphate and pyrophosphate, The 
amount of pyrophosphate produced appeared t o  be inter- 
mediate between standards of 50.9 mg. (0.114 mmole) and 
113.1 mg. (0.253 mmole) of tetrasodium pyrophosphate 
pentahydrate. Therefore, the yield of pyrophosphate was 
between 30 and 67%. 

Disodium S-n-butylphosphorothioate (9.7 mg., 0.0453 
mmole) was mixed with 85% phosphoric acid (0.005 ml.) 
in dioxane (0.5 ml.) and heated in a bath of boiling water 
for 15 min. during which 0.4 ml. of a dioxane solution of 
iodine was added before the iodine color persisted. The solu- 
tion was allowed to evaporate overnight and the residue was 
diluted with 1 ml. of water. Spots for both orthophosphate 
and pyrophosphate were obtained on a paper chromato- 
gram. There was some streaking. The amount of pyrophos- 
phate produced was nearly as large as that in a pyrophos- 
phate standard (14.2 mg. of Na~P20~.10H20, 0.0318 m- 
mole) which was subjected to the same treatment as the 
disodium S-n-butylthiophosphate. The standard was run 
on the same chromatogram. The yield would be of the order 
of 70%. 

A sample of orthophosphoric acid (0.005 ml. in 0.5 ml. of 
dioxane and 0.05 ml. of iodine solution) showed no streaking 
and its R f  value was unchanged. 
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In  the course of some other work, p-methylthio- 
benzylamine was needed. The corresponding ortho 
compound had been prepared from thiosalicyclic 
acid by methylation, conversion to the amide and 
reduction with lithium aluminum hydride,' but a 
more direct synthesis was desired. 

The ease with which a suitably activated fluorine 
attached to an aromatic nucleus is displaced by 
nucleophilic agents, the marked nucleophilicity 
of the RS- anion,* and the commercial availability 
of p-fluorobenzonitrile suggested a simpler method 
of synthesizing p-met,hylthiobenzonitrile than the 
use of the Sandmeyer reaction with p-methylthio- 
aniline.3 Reduction of the nitrile with lithium alu- 
minum hydride should yield the benzylamine. 

The expectations were realized. The displace- 
ment reaction of sodium methylmercaptide with 
p-fluorobenzonitrile afforded 82y0 yield of crude 
p-methylthiohenzonitrile, which on reduction gave 
72% yield of p-methylthiobenzylamine. 

The p-methylthiobenzonitrile was identified by 
its melting point, analysis, alkaline hydrolysis to 
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pmethylthiobenzoic acid, and subsequent wn- 
version to pmethylthiobenzamide. 

As with other beqhnines,  pmethylthiobemyl- 
amine reacts readily with carbon dioxide. It forms 
a picrate, and a dithiocarbamate with carbon di- 
sulfide and a base; the latter forms 3-pmethyl- 
thiobenzylrhodanine on reaction with sodium chlo- 
roacetste followed by cyclization in acid solution. 

When the displacement reaction with sodium 
methyhercaptide and pnitrochlorobenzene was 
tried, reduction of the nitro group took place in- 
stead of the desired reaction and a compound which 
gave an analysis corresponding to p,p'dichloro- 
axmybenzene was isolated, thus confirming the 
similar action of sodium hydmdfide and meLhy1 
d a t e  on pnitrochlorobeneene.' 

EXPERIMENTAL 

pMc#y&h- ~ . A solution of d u m  methoxide 
from 9.2 g. (0.4 g.-atom) of sodium and 200 ml. of methanol 
was surrounded by an ice bath and treated with chilled 
methyl mercaptan (23 g.; 0.48 mole). pFluorobewnitrile 
(242 g.; 0 2  mole) WBB added and the reaction mixture waa 
refluxed gently overnight and oooled. After the filtration of 
a slight m o u n t  of inorganic materinl, ice water was added, 
and 24.5 g. (82%) of whits precipitate melting at 53-66' 
formed. RerystaUization from l i i n  and a little acetone 
yielded 17.5 g. melting at 70-71'. From the filtrate an addi- 
tional amount (4 g. melting at 51-5-57'} was obtained which 
on recryetallization gave 2.5 g. melting at 69.5-71' (lit.' 
m-p. 64'). 

A d .  Calcd. for CXLNS: C, 64.4; H, 4.69. Found: C, 
64.51; H, 4.56. 

p,p'-Diehloroamy&m. A similsr reaction between 
sodium methyl mercaptide and pnitrochlorobenrene yielded 
a yelIow d i d ,  which after recrystahation fmm ethana1 
melted at 145' (lit.' m.p. 150") and gave an analysis cor- 
responding to p,p'-dichloroasoxybense. The infrared 
spectrum, with peaks a t  6.38, 6.88, 7.18, 7.64, 7.70, 7.85, 
8.67,9.22,9.87,10.98, and 12.05 p., is similar to that of =oxy- 
benzene, while the ultraviolet spectrum shows bands at 235 
rnp (log L 3.80) and 330 rup (log c 4.19) Ilit.5 ban& at 223 
and236mp(log ~3.96)and330rn~(logrd.n)] .  

A d .  Calcd. for ClrR~CI2NN,O: C, 53.96; H, 3.02; N, 10.49. 
Found: C, 54.65; H, 3.18; N, 10.68. 

pkfelhyllhiobenzoie acid. A mixture of 1 g. of pmethyl- 
thiobenzonitrile and 20 ml. of 10% sodium hydroxide solrr- 
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tion waa refluxed for 1 hr. A white mlid melting above 210' 
was removed by filtration and the filtrate acidified with 10% 
sulfuric acid. The precipitate, when placed on a preheated 
block, melted at 1%' dec. (lit.* m.p. lao). By tmatment 
with thionyl chloride and ammonia, the acid WBB converted 
into pmethylthiobermamide, melting at 186' (lit.' m.p. 
191'), which i inaoiuble in cold d u m  hydroxide aalution 
and which on dmixtam with pmethyl thiobemb acid melta 
at 160-165'. 

pMefhylthiobenqhninc. To a ampemion of 11.4 g. (0.3 
mole) of lithium aluminum hydride in 500 ml. of dum- 
dried ether was added dropwiae a eolution of 22 g. (0.15 
mole) of prne thy l th iobn i t r i l e  in 50 ml. of ether. The 
&ssk was cooled as neceseary during the addition and mb- 
q u e n t l y  stirred and re- overnight. The mixture waa 
decomposed by water followed by 16% eodium hydroxide 
and water.' After filtration of the did, the ether eolution 
~ 9 8  dried and filtered. After removal of the ether, the prod- 
uct was vacuum distilled, yielding 16 g. (72%) of p-methyl- 
thiobenzylamine, b.p. 144-1ND (6 mm.). For anal* the 
amine was converted into ita picrate, which after recryatal- 
bation from ethsncl, melted at 216218' with decornpcwition 

A d .  Calcd. for CdI,N=: C, 43.98; H, 3.69. Found: 
C, 44.12; H, 3.63. 
3-(-(pMefhyZthidtenayl)rhodmane. ThiR compound was pre- 

pared by the method deacribed previouely.1 From 16 g. 
(0.107 mole) of the amine, which was a d d d  from a syringe 
to prevent atmrption of carbon dioxide from the air, 5 g. 
(16.7%) of product melting at 11€F121.5° waa obtained. 
Ret-tion from ethanol-acetone gave 3 g. of 3-(p 
methyithiobemyl)rhodanine, melting at 120.5-122"- 

taking place above 210'. 
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Formation of a 1 r 1 Adduct from Allylbemme 
and Diethyl Methylenemalonate 
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When diethyl methylenemalonate is heated at 
190" for two days in the presence of an excess of 
allylbenzene (4.5: 1 molar ratio) a 32% yield of the 
1 : 1 adduct 5,~carbethoxy-l-phenylpentene-1 is 
obtained. This is obviously another example of a 
reaction taking place between a dienophile and an 
unmnjugated olefinic bond.6-10 The formation of 
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