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and then a solution of 3-chloro-N,N-diethylpropylamine (made
from 20.5 g., 0.11 mole, of the corresponding hydrochloride)
in 200 ml. of anhydrous toluene was added over 30 min. Stirring
and heating were continued for 1.5 hr. longer, and then the
mixture was concentrated in vacuo and poured into a large volume
of ice water. The product was isolated by extraction with
methylene chloride and recrystallization from hexane (Table I).

Method B. [Via 7-Chloro-1-(3-chleropropyl)-1,3-dihydro-5-
phenyl-2H-1,4-benzodiazepin-2-one (II)].—To a solution of
6.75 g. (0.025 mole) of I in 40 ml. of anhydrous N,N-dimethyl-
forinaniide was added 1.4 g. (0.026 nwole) of sodium methoxide,
and the mixture was stirred and heated on the steam bath for
30 min. After being cooled to 30°, it was treated with 2.66 ml.
(0.0275 mole) of 1-bromo-3-chloropropane and stirred at 20° for
66 hr. The solvent was evaporated in vacuo, and the residue was
extracted with methylene chloride. The crude product was
purified by filtration of an ether solution through Woelm neutral
alumina activity I. Crystallization from hexane—ether gave II
as colorless rods, m.p. 87-90° (86 %).

Anal. Caled. for CsHisClN.O: C, 62.26; H, 4.64. Found:
C,62.13; H, 4.74.

A mixture of 10 g. (0.0288 mole) of II, 4.37 g. (0.0288 mole)
of Nal, 5.9 ml. (0.0574 mole) of dieth¥lamine, and 50 ml. of 2-
butanone was stirred and refluxed for 18 hr. After evaporation
in vacuo, the residue was partitioned between methylene chloride
and water, and the organic layer was extracted with dilute HCL
The aqueous acid laver was made basic with NaOH solution,
and the product was isolated by extraction with methylene
chloride. Recrystallization from hexane gave 29, ideutical
with material prepared by method A.

7-Chloro-1-(3-chloropropyl)-5-(2-fluorophenyl)-1,3-dihydro-
2H-1,4-benzodiazepin-2-one. Method B.—Alkylation of 7-chloro-
5-(2-flnorophenyl)-1,3-dihvdro-2H-1,4-benzodiazepin-2-one with
1-bromo-3-chloropropane, as described for the synthesis of II,
and isolation of the product in the same manner gave colorless
prisms, m.p. 86-89° (489%).
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Anal.  Caled. for CisHi;CLFN,0: C, 59.19; H, 4.14. Found:

C, 59.27; H, 4.31.

7-Chloro-4-(2-diethylaminoethyl)-5-( 2-fluorophenyl )-1,3,4,5-
tetrahydro-1-methyl-2H-1,4-benzodiazepin-2-one Hydrochloride
(41)., Method C.—A solution of 2 g. (6.5 mmoles) of 7-chloro-5-
(2-fluorophenyl)-1,3,4,5-tetrahydro-l-iethyl-2H-1,4-benzodiaze-
pin-2-one (IV) in 10 ml. of N,N-dimethylforinamnide was treated
with a solution of 5.3 g. (34.8 mmoles) of 2-chloro-N,N-diethyl-
ethyvlamine in 10 ml. of anhydrous toluene and 1 g. (66 nimoles)
of Nal. The mixture was stirred for 16 hr. at 50°, and then it
was evaporated 7n vacuo. The residue was dissolved in 75 ml. of
methylene chloride, washed with water, dried (MgS0Q,), and
filtered over 10 g. of Woeln activity I neutral allimina. Evapora-
tion of the elnates and conversion of the residne to the hydro-
chloride gave colorless prisms (Table 11).

7-Chloro-1-(2-diethylaminoethyl)-5-(2-finorophenyl)-1,3,4,5-
tetrahydro-2H-1,4-benzodiazepin-2-one (40). Method D.—A so-
lution of 26.4 g. (68.4 inmoles) of 7-chloro-1-(2-diethylamincethyl)-
5-(2-filnorophenyl)-1,3-dihydro-2H-1,4-benzodiuzepin-2-one (12)
in 150 ml. of glacial acetic acid was hydrogenated, at atmo-
spheric pressnre and temperature, over a prereduced platinum
catalyst (prepared from 1.5 g. of PtO;). When absorption of
hydrogen had ceased (1 equiv.), the catalyst was removed by
filtration, and the product was isolated in the usual manner.
Recrystallization from ether—petroleum ether gave 40 (Table
1D).
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pharmacological data.
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N-Methylation of cysteine and homocysteine sulfinic acids did not increase the excitatory action of these
substances on neurones within the cat central nervous system. This result was similar to that previously ob-
tained with the sulfonic acid analogs and was again in marked contrast to the unique potency-increasing effect
of N-methylation of p-aspartic acid. N-Phenyl-pr-aspartic acid and the methyl esters of ethanolamine, choline,
and serine phosphates displayed little or no neuropharmacological action under the test conditions employed.

y-Aminobutyric acid and glutamic acid have strong
actions on a variety of nervous and muscular tissues.!®
The former substance depresses neuronal and muscular
activity while the latter substance is an excitant,
causing repetitive firing of neurones in vertebrate and
invertebrate animals, and muscular contraction in in-
vertebrates. Structure-activity relationships have
been extensively investigated, leading to the conclusion
that depressant activity is a consequence of one anionic
and one cationic group separated by a distance cor-
responding to two or three carbon atoms, whereas ex-
citant action is due to these same structural features
together with the presence of a second anionic group,
which is optimally attached « with respect to the carbon

(1) {(a) D. R. Curtis and J. C. Watkins, in preparation; (h) D. R. Curtis
in "'Physical Techniques in Biological Research,” Vol. 5, W. L. Nastuk. Ed..
Academic Press Inc., New York, N. Y., 1964, p. 144,

atom bearing the positively charged group.2—¢ The
most active depressant found in these studies was
3-aminopropane-1-sulfonic acid,®~* while the strongest
excitants were N-methyl-p-aspartic acid and p-homo-
cysteic acid.®*=® Details of the syntheses of a variety
of related amino acids have been reported.®

The present extension of these studies was under-
faken for a dual purpose. Tirst, it was desired to com-
pare the effects of N-methylation of cysteinesulfinic
acid and of homocysteinesulfinic acid with those ob-
served on N-methylation of aspartic, cysteic, glutamie,
and homocysteic acids. Second, it was desired to

(2) D. R. Curtis and J. C. Watkins, .J. Meurochem., 6, 117 (1960).

(3) D. R. Curtis, J. W. Phillis, and J. C. Watkins, Brit. J. Pharmacol., 16,
262 (1961).

(4) D. R. Curtis and J. C. Watkins, Nature, 191, 1010 (1961).

(5) D.R. Curtis and J. C. Watkins, J. Physiol., 166, 1 (1963).

(6) J. C. Watkins, J. Med. I*karm. Chem., 5, 1187 (1062),
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Compd. form
(Ghutainic acid (1) L
Cysteinesulfinic acid (11) L
Cysteinesulfinic aeid (I 0,
N-Methylevsteinesulfinic neid (1V) e
N-Methvicysteinesulfinic acid (V) L
2-Amino-4-sulfinobut yric acid (V1) Ll
2-Methylamino-4-sulfivobut vric acid (Vi L.
N-Pheuylaspartic acid (VI 1.
Erlnuolimine methyl phosphate (1X0
("holine methyt phosphate (N3
Serive methyl phosphate™ (N1 It

Ethanokunine phosphate (X11)
Choline phosphate (X111

Serive phosphate (XIV)

» Blectrophoretically tested on cat spinal neurones. -2
0 = no detectable action.

obtain and test compounds which had not only the
required charge distribution for depressant and excitant
amino acid action, but which also resembled the ter-
minal nioieties of phospholipids. It has been sug-
gested that the aetion of the amino acids, and also that
of acetylcholine, may be due to the dissociation of
phospholipid-protein complexes in cell membranes.”
Tncidental to this investigation, but reported here for
conventence, was the preparation of N-phenyl-pr-
aspartic actd which wag required for comparison with
other N-substituted aspartic acids,

The =ulfinic acids were prepared from the appro-
priate disulfidex by o modifieation® of the general
method of Lavine  They were tested on spinal inter-
newrones and Renshaw eells of the cat by the miero-
clectrophoretic method.’™ 2  The pharmacological re-
sults, summarized in Table [, show that both N-methyl-
pr-cvstetesulfinie acid (IV) and the higher homolog,
pL-2-methylanino-4-sulfinobutyric  uaeid (VID), are
weaker exceitants of eat =pinal neurones than the
parent unmethylated compounds (ITI aud VI, respec-
tively).  The fact  that  N-methyl-r-cysteinesulfinic
acid (V) t= somewhat weaker than the br form indi-
cates that the v isomer s the strouger of the two opti-
eal forms, both of which, however, would rank only
among  the “medium-weak” group of amino  acid
excitant=*  Thus, the effect of N-methylation of the
sulfinie acids is very similar to the effect of the same
structural modification to the sulfonic acid analogs,
rystete acid and homoceystete acid, and in neither case
was there observed the marked inerease in potency
wniquely vesuldng from N-methylation of b-aspartic
acid.?

N-Phenyl-nr-uspartic acid (VIII) was prepared by
the reaction of aniline with monomethvl maleate.
The main product isolated wus maleanilic acid, but a
small amount of the required product was obtained,
after hvdrolysiz of the mother liquor, by the use of
ion-exchange chromatography and preparption of the

17

Pl CoWikins, . Pheoret. Biol, in press.
i¥y G, Toenmies a0 L Lavive, . Biol, Chem,, 113, 571 10301,

Nenropburmaco)ogiral
Struetnre ac(inon amd poteney”

HO,CCH,CH,CHUNH)CO.H

+ ot
HO.S CH.CH(NH.)COH i
HO.S CH.CH(N Ha)COH B
HO.SCH,CH(NHCH;)CO,H R I
HO,.{CH,CH(NHCH,)CO,H :
HOWSCH.CoHCH(N Ha)CORH R
li()g&"CHgCgHCH(.\'HCH:()C( ) H +
HO,C CH.CH(NHPh)COsH 0
('fizl()l?(()Hl()(’H:(ngNH;e 0
4]
CH,OPCO 10CHSCHSN *CHy n
)
CHAOPEOH)HOCHCHEN HoCOH 010 o4 =
O
HOMOH)YOCHCHLN . 11
0
HOPEO HOCH,CHaN 1 CHyy 8
O
HOP(OH)OCH.CHI NH,COLH 0
0O

The number of + sigus gives nu approximate estimate of exeitatory potency:
" Sample contained about 455 of N-methyl-ni~=erine methy! phosphate: =ee Experimental Section.

bartum salt, from which the free acid was recovered.
The latter was mactive when tested by the micro-
electrophoretic method, in accord with previous find-
Ings'® that bulky groups attached to the nitrogen atom
abolish activity in both depressant and exeitant amino
acids.

The phospho diesters IX and X were prepared by
methylation of ethanolamine phosphate and choline
phosphate (XTI and XIII, respectively) with diazo-
niethane.  The mono(tetramethyammonium salt of
XI1T and the hydroxide form of XIIT were used beeause
their uleohol =olubihity  allowed the methylation to
proceed - homogeneous solution following the addi-
tion of the diazomethane in ether.  The products were
ixolated by the use of u columm of Dowex 50 (H™),
which had only a weak retarding effect on the passage
of the diesters, but retained more strongly the small
amountts of starting matertats and by-products, ax well
as tetramethylammonium ton, where present. The
preparation of pr-serine methyl phosphate (XI) from
the di{tetramethylDammonium salt of vr-serine phos-
phate was also attempted using a similar procedure,
but the product, although substantially the desired
ester, alxo vontained a high proportion (about 4597)
of N-methylated by-product which was not separated
by the colummn, nor removed by subsequent recrystal-
lization.

When these three phospho diesters were tested by
the microelectrophoretic method on cat spinal inter-
neurones and Renshaw cells, only the serine derivative
showed any activity, and even in this case the exeitant
action observed was irregular and not consistently
demounstrated. All of the corresponding phospho
monoesters were mactive when tested by the same
method. These results would be expected on the
theory that the amino acids and acetylcholine manifest
their actions as a consequence of disturbing the equi-
librium of complex formation between protein and
phosphatidylethanolamine, -serine, and ~choline.™  The
svuthetic phosphorus compounds resemble the ionic
reraineds of the phospholipids =0 closely that they
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would not be expected to form protein complexes of
sufficiently higher stability, compared with the mem-
brane lipid-protein complexes, to be able to overcome
the spatial advantage held by the membrane com-
ponents in the formation of such complexes.

Experimental Section

Melting points are uncorrected and were deterniined using an
electrically heated copper block. The method of crystallization
of compounds from niixtures of water, alecohol, and ether have
been described earlier.®

N,N’-Dimethyl-L-cystine.—L-4-Thiazolidinecarboxvlic acid
was prepared according to the method of Ratner and Clarke®
and converted into the cystine derivative as described by Keller-
Schierlein, et al.1

N,N’-Dimethyl-pL(and meso)-cystine,—This mixture of the
optically inactive forms was prepared in an analogous way to the
L form from pi-4-thiazolidinecarboxylic acid; yield 639, m.p.
206° (from water). The saniple for analysis was dried at 60°
(0.1 mm.) for 6 hr. over P;O;.

Anal. Caled. for C3H15N204SQI Cy 3580, H, 601, N, 1044,
8, 23.90. Found: C, 36.09; H, 6.09; N, 10.36; S, 23.93.

N,N'-Dimethyl-pL(and meso)-homocystine,—( =£)-Tetrahyvdro-
(1,3-thiazine)-4-carboxylic acid monohydrate!! (7 g.) was dis-
solved in liquid ammonia (220 ml.), and water (0.77 ml.) was
added. Small pieces of sodium were added with stirring until
the blue color persisted (3.8 g. of Na required). The mixture was
treated with solid NH.CI (6.8 g.), and the NH; was allowed to
evaporate overnight. After the removal of final traces of am-
nionia in a vacuum desiccator containing concentrated H.SO,,
the white residue was dissolved in water (100 ml.) and the solu-
tion was evaporated to about half its volume under reduced
pressure at 40°. The mixture was strongly acidifled with 6 .V
HC], causing a white precipitate, and the suspeusion was evapo-
rated to dryness n vacuo. The residue was repeatedly extracted
with alcohol (800 inl. total) until paper electrophoresis [2 hr.,
10 v./cn1., 0.1 M pyridinium acetate buffer (pH 4.0)] showed the
absence of ninhydrin-staining material in the alcohol-insoluble
residue, and the alcoholic extracts were combined and evaporated
in vacuo yielding a white residue.!? This was taken up in water
(400 ml.), the solution was made strongly alkaline with con-
centrated N'Hj solution (sp. gr. 0.91), 10 mg. of FeSO; was added,
and a stream of air was passed through the solution until a nega-
tive nitroprusside test!? was obtained. The resulting solution
was filtered to remove a small amount of suspended material,
the filtrate was acidified with 259 acetic acid solution to pH
3, and 600 ml. of alcohol was added. The white precipitate which
formed on standing at 0° was filtered and recrvstallized twice
from water, vielding 4.3 g. (64%) of N N'-dimethylhomocystine,
presumably as a mixture of the pL and meso forms; m.p. 243-
244° [lit,14257-260°(cor.)].

Anal. Caled. for CiHaN:O8:: C, 40.50; H, 6.80; X,
9.45; 8,21.64. Found: C,40.31; H, 6.88: N, 9.48; §,21.43.

Preparation of Sulfinic Acids.—These substances were all
prepared from the appropriate cystine derivatives by the general
methods previously described.®

pL-Cysteinesulfinic acid (III) was prepared fromn pL-cystine;
needles from water-alcohol-ether, m.p. 159° dec. The sample
for analysis was dried (P,0;) at 60° (0.05 mm.) for 7.5 hr.

Anel. Caled. for GH:NOS-0.5H,0: C, 22.22; H, 4.98;
N, 8.64; 8, 19.77; equiv. wt., 162.2. Found: C, 22.59; H,
4.90; N, 8.72; 8, 19.90; equiv. wt., 161.4.

The water of crystallization could not be removed by more
vigorous drying procedures [90°(0.05 mm.) for 4 hr.], which re-

(9) 8. Ratner and H. T. Clarke, J. Am. Chem. Soc., §9, 200 (1937).

(10) W. Keller-Schierlein, M. Lj. Mihailovi¢, and V. Prelog, Helv. Chim.
Acta, 42, 305 (1959).

(11) This substance, m.p. 215-216°, was obtained purer than before.s
Anal. Caled. for CsHeNO:S-H:0: C, 36.36; H, 6.71; N, 8.48; 8, 19.41.
Found: C, 36.15; H, 6.39; N, 8.47; S, 19.26.

(12) This alcohol extraction step was laborious and did not effect much
separation of inorganic material from the homocysteine hydrochloride. It
could probably be omitted to advantage.

(13) G. Toennies and J. J. Kolb, Anal. Chem. 28, 823 (1951).

{14) W. 1. Patterson, H. M. Dyer, and V., du Vignend, J. Biol. Chem.,
116, 277 (1936).
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sulted in extensive decomposition, as demonstrated by paper
chromatography.

N-Methyl-pL-cysteinesulfinic acid (IV) was prepared from
N,N'-dimethyl-pL-cystine; needles from water-alcohol-ether,
m.p. 146° dec. The sample for analysis was dried at 60° (0.1
mm.) for 8 hr, over P;0;.

Anal. Caled. for CHNOSS: C; 28.74; H, 5.43; N, 8.38;
S,19.18. Found: C, 28.60; H, 5.19; N, 8.31; S, 19.01.

N-Methyi-L-cysteinesulfinic acid (V) was prepared from
N,N’-dimethyl-1~cystine; needles from water-alcohol-ether,
m.p. 145° dec. The sample for analysis was dried under the
same conditions as the L form (IV).

Anal. Caled. for CiHNOSS: C, 28.74; H, 5.43; N, 8.38;
S,19.18. Found: C,28.67; H, 5.45; N, 8.27; §, 19.12.

pL-2-Methylamino-4-sulfinobutyric acid (VII) was prepared
from N,N’'-dimethyl-pL(and meso)-hoinocyvstine; needles from
water-alcohol-ether, m.p. 158-159° dec. The sample for analysis
was dried (PyO;) at 62° (0.05 mm.) for 14 hr.

Anal. Caled. for C:H;NOSS: C, 33.14; H, 6.12; N, 7.73;
8,17.69. Found: C,33.14; H, 6.24; N,7.69; S, 17.77.

Barium N-Phenyl-pL-aspartate.—A solution of maleic anhy-
dride (28 g.) in 100 ml. of dry methanol was refluxed for 30 min.
on a water bath. The excess methanol was removed by distil-
lation, and the light yellow reaction mixture, after cooling in ice,
was treated dropwise, with stirring, with 50 ml. of ice-cooled
triethylamine. Aniline (23.3 g.) was added to the reaction
mixture, which was then refluxed on a boiling water bath for 1
hr. with stirring. Excess triethylamine and unreacted aniline
were removed by distillation in vacuo and the vellow gummy
residue was treated with hot ethanol. Light yellow prisms of
maleanilic acid (total 6.2 g., ni.p. 196°) crystallized on standing,
and further crops were obtained by concentration of the mother
liquors.

Anal. Caled. for C,(H,NO;: C, 62.85; H, 4.75; N, 7.33.
Found: C, 63.18; H, 4.56; N, 7.30.

The final nother liquor was evaporated to dryness at 40°
in vacuo giving 40 g. of vellow guin. This was dissolved in 473
ml. of 1 ¥ NaOH solution, and the solution was heated at 90°
on a water bath for 45 min., cooled to rooin temperature, and
treated with concentrated acetic acid to pH 4.0. The resulting
solution was kept overnight at 0°, filtered from the deposited
sodium acetate, and evaporated, vielding 88 g. of yellow gum.
This residue (22 g.) was taken up in 25 ml. of warm water and the
solution was filtered and passed through a column of 158 ml. of
Dowex 50 W (H ), 200-400 mesh. The column was washed
with water until the eluate was neutral and then eluted with
1 M aqueous pyridine solution. The pH 2 eluate which just
preceded pyridine breakthrough was evaporated to dryness
in vacuo, and the resulting viscous residue was taken up in 10 ml.
of water. To this solution was added 25 ml. of saturated Ba-
(OH). solution followed by ethanol until precipitation of the
barium salt was complete. The resulting suspension was cen-
trifuged and the salt was purified by repeated precipitation with
ethanol from hot aqueous solution, giving a total vield of 1.1 g.
of colorless product; A2 288 mu (log € 3.10), 242 mu (log «
4.00). For analysis, the sample was dried at 56° (0.1 mn1.)
for 7 hr. over P50,

Anal. Caled. for C,¢HgBaNO,: C, 34.84; H, 2.63; N, 4.06.
Found: C, 34.96; H,2.63; N, 3.95.

The remainder of the viscous residue (66 g.) was dissolved in
200 ml. of water, filtered to remove a few milligrams of insoluble
material, and treated with a solution of 25 g. of barium acetate
in 100 ml. of water. Ethanol (80 ml.) was added to the solution
and the precipitated barium salt was collected by centrifugation.
After repeated precipitation from aqueous solution by the
addition of ethanol, the yield of colorless barium salt was 8.7 g.
This product was only 809 pure on the basis of its ultraviolet
abgorption at 242 mu.

N-Phenyl-pr-aspartic Aeid (VIII).—The bulk of the 809¢;
pure barium N-phenyl-pr-aspartate (8.7 g.), obtained above,
was dissolved in 450 ml. of hot water, and the solution was treated
with 50.6 ml. of 1 .\ H,80, The precipitated BaSO. was re-
moved by centrifugation and the supernatant solution was evap-
orated to dryness in vacuo at 40°. Repeated extraction of the
light yellow residue with boiling ethylene dichloride yielded a
total of 1.6 g. of VIIL, m.p. 150° 7n vacuo, which crystallized from
the extracts as colorless needles; 229 286 mu (log ¢ 2.93),
240 mu (log € 3.81). Recrystallization for analysis was effected
from ethylene dichloride containing 5% (v./v.) of ethanol. For
analysis, the sample was dried (P;0;) at 51° (0.1 mm.) for 9 hr.
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Caled. for CHuNOs: €, 57.41; H, 5.30: N, 6.70.
Found: C, 57.61; H, 5.41; N, 6.69.

Phosphoric Acid Diesters. Ethanolamine Methyl Phosphate
(IX).—Ethanolamine phosphate (1 g.) was dissolved in 0.126 3}/
tetramethylanimonimn hydroxide solution (56 ml.) and the sohi-
tlan was evaporated at 40° in vacuo to a colorless guni, which was
further dried for 2 hr. at room temperature and 0.1-min. pressiire.
The guin was taken up in dry methanol (20 ml.) and the sohition
wus cooled i1 ice and treated with a cold (0°) solution of diazo-
nethane® (generated from 2.92 g. of nitrosomethylurea) in
ether (27 ml). The vellow reaction wmixture was allowed 10
stand at 0° Yor 20 hr. and was then evaporated n vieno 10w
colorless semierystalline mass. A solution of this waterinl
in water (12 1l.) was passed through a coluun containing 50 k.
of Dowex 50 W (H ), 200-400 mesh, and the columm was eluted
with water. 10-ml fractions were collected and suples from
each were upplied to paper and tested with uinhydrin.  Fractions
7-14 showed a positive reaction. Paper electrophoresis for 1 hr.,
20 v./cu, in KHyPO,-NaOH buffer (0.05 M, pH 7.0) indicated
that the ninhydrin-reacting wmaterial of these fractions was the
saie i each cuse, had zero charge, and was free from other
ninhydrin-staining contaminants. These Iractions were com-
bined, evaporated to dryness under reduced pressure, and the
residue was dried (P.0O;) for 3 hr. at 0. l-nnu. pressure, vielding
1.06 g. of a white ervstalline solid. For aunalvsis the produc
wus recrystallized from a water-alcohol~ether mixtures and dried
at 56° (0.05 mm.) for 8 hr.; m.p. 196--197°.

Anal.  Caled. for CH,W NOLP: ) 2324 H, 6.50: N, 9.01:
1',19.97. Found: C,23.45; H, 6.57; N, 9.03: P, 19.76.

Choline Methyl Phosphate (X).——To a solution of 3 g. of the
hvdrated caleinm salt of choline phosphate (C.H,;CINO,P-
Ci-3.5H,0, supplied by Calbiochen) in 24 ml. of water was added
aosolution ol 118 g of oxalic acid dihvdrate in 8wl of water.
The resulting mixture was centrifuged and the clear supernatai
fluid, which was free from Cu 72, was decunted and evaporated nt
40° invacuo. The resultinggui was furtherdried:it roomtempern-
tare Tor 2 hr. at O.l-nmu pressure and dissolved in dry meth-
ato]l (130 mb), and the solution was cooled v ice.  An ice-cold
ethereal solution (80 ml.) of diazomethune (generated from 9.6
g. of nitrosomethylures) was added. nnd the reaction mixture
was kept overnight at 0° in a lightly stoppered flask. It wus
(hen evaporated to dryvuess, nud the viscous residue was taken
up i1 30 ml. of water and freed from a small amount of suspended
matter by centrifugation. The supernatant solution wus
passed throngh a colimn of 120 mlb of Dowex 50 W (H ™), 200-
400 wmesh, and the column was eluted with water. Fractious
(10-ml.) were collecred, and samples from each were tested an
puper with Hunes-Isherwood reagent '@ for the presence of phos-
phorus-containing substauces.  Fractions 26-45 contained phos-
phorus.  TPaper electrophoresis for 1 hr. ar 20 v./civ. i tris-
(hydroxymethyDaminomethane-HCH buffer (0.05 3/, pH 7.1
demonstrated that the phosphorus-containing substance in all
the fractions was the same, and that this substance had zero
charge. Evaporaiion of the combined fractions at 40° in vaeno
vielded a colorless gum which crvstallized on standing at 0°,
A sample of this material was dried it room temperature and
pressure over PO, for 3 dayvs. This sample had m.p. 112-114°

Anal.

115) 1 Aradrt, " Organic Xyntheses,” Coll. Val. 11, .\, B Blare, Fd., John
Wiley and Rons, Inc,, New York, N. Y., 1948, 1. 165.
(16) C.X. Hanes and I". A. Isherwood, Nature, 164, 1107 (16949).
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and showed a correct analysis for choline methyl phosphate
monohydrate; vield 1.76 g. (87¢,).

Anal. Caled. for CiHNOP-H.O: ) 033490 H, S48 N,
.01 Pol44h, Found: C, 3355 H, 8.35; N, 6.41: ', 14.27,

The water of cryvstallization was removed by drying the sample
at A6° (0.1 mns) foa 20 hre, (PoOy), after which the mehing poim
wis 102-195°,

The substance conld be recrystallized by addition ol ether tv an
aleohol sohition of the diester to the point of initial fain¢ rurbidity
and envlivg the wixture gradually 5 —20° Becuuse of itw
hygroscopie vature, the crvstallized material was sometimes
diffienlt to filter, und in these cases it wus preferable 1o decant
the mother quor, wash the ervstals rapidly with alcohol-ether
and then with ether, and alow the excess ether reiained in the
flnsk alter the final decanting to evaporate through a CaCl, tube.
Recrystulhized choline methyl phosphate, alter drying at 58°
(0.1 vt Tor 20 hr. 1P,0,), had w.p. 193-194° and was ex-
tremely hygroscopic.

dnals Cated. Tor CeHgNOG: €, 86.55; H, 8.8 N, 7.1
P15 Fouud: ¢, 486.78: H, 8.27; N, 7.06; P, 15.77.

Methylation of vr-Serine Phosphate.—ni-Serine phosphate
{1 g) was dissolved in 0.126 M tetramethylannmonimn hydroxide
solution (86 b3, and the solution was evapornted to dryness
in racun.  The resulting gum was dissolved i dry methanot
(40 mb) and treated at 0° with a solution of CH.N. (generated
from 2.79 g. of nitrosomethylurea) in ether (38 ml).  After the
reaction mixture had been allowed to stand at 0° for 18 hr. the
product was isolated as described Tor ethanokunine methyt
phosphate, using 73wl of Dowex 50 W (H*).  Ninhydrin-re-
acting material was detected in fractions 6-15 feach 10 mbi
Paper electrophoresis demounstrated that the ninhydrin-staming
vitterial v fractions 610 was electrophoretically homogencous
and that it was less nvionic than the starting wmteriad, small
amounts of which were present, together with a hittle more of the
main pmduct and trace quantities «f by-produets. n fractions
1115, Fractions 6-10 were combined aund cvaporated 1o
dryness vielding a colorless gnm (800 wg.).  This was taken np
I waler V3 b and ethanol (27 b)) was added, Tollowed
by ether tec the point of faint turbidity.  The miximre was al-
lowed to stand at raom temperature Tor 1.5 br., and thereafter
at 0° for 18 hr., vielding 450 mg. of » white erystalline solid.
For analysis the product was recrystallized once mare nnder
shmilar conditions and dried at 56° (0.1 mm.) (P0);) Tor 8 hr.
The dried material had no definite welting point, decomposing
with frothing at about 125°.

Anal. Caled, Tor CiHWNOP: ) 24.12; H, 5.06: N. .04
I, 15.56. Found: €, 26.57: H, 5.72; N, 0.64: P, 14.54,

An examination of the wan.r. spectriun of the prodnet (in DO,
TMS as externnl stundard) revealed a singlet peak a1 7 = 013
p.p.n., cousistent with the presence of an N-methylated by-
product, and a small triplet at 7 = 880 p.p.., ascribed tothe
presence of a trace of solvent of erystallization (presmmably
aleohol).  Reanalysis of a sample which had been dissolved in
water ad freeze dried gave figures consistent with the presence
uf about 53% of vu-serine wmethyl phosphate and abonr 437,
of N-methyl-nr-gerine et hyl phosphute.

Anal.  Caled. for 35¢, CHioNOP + 454, CiHuNOs!: O,
25.95; H, 534, N, 6.83. Found: C, 25.59; H, 5.69; N, 6.88.

The use of n lower excess of diazomethane and rednetion of
the reaction time resnlted v substantially decreased yield and
mly slight improvement in the degree of purity of the pradnet.



