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[CONTRIBUTION FROM THE B1ocHEMISTRY BrancH, CHEM1cAL CORPS MEDICAL ILABORATORIES ]

The Reaction of Phosphorus-containing Enzyme Inhibitors with Amines and Amino
Acid Derivatives!

By T. WAGNER-JAUREGG, J. J. O’'NEILL AND W. H. SUMMERSON

To obtainn a better understanding of the chemical reaction between certain enzymes (chymotrypsin, trypsiu. cholin-
esterase) and the powerful inactivators diisopropylfluophosphate (DFP) and tetraethylpyrophosphate (TEPP), model
reactions have been carried out between these latter compounds or analogs and low molecular weight compounds similar to
those found in the enzyme molecule. The chloro analog of DFP, diisopropylchlorophosphate, (DCIP) is more reactive than
DFP and should give the same reaction products, since halogen is split off in the reaction. N-Diisopropylphosphorylated
derivatives of the following have been obtained by reaction with DCIP at room temperature and in non-aqueous media:
glycinamide; glycine, threonine and serine esters; cyclohexylamine, benzylamine. Certain of these derivatives can be dis-
tilled in high vacuum. All were obtained crystalline except the serine derivative. DFP is much less reactive toward
amines than is DCIP under similar conditions. In aqueous alkaline solution, preliminary results indicate that phenolic
hydroxyl groups react with DFP. TEPP and cyclohexylamine react with good yield in water, quantitatively in a non-
polar organic solvent, to give N-diethylphosphorylcyclohexylamine and the diethylphosphoric acid salt of cyclohexylamine.
Glycine ethyl ester and TEPP react to form a phosphorylation product whose structure is discussed. The hydrolysis prod-
ucts of DFP (diisopropylphosphoric acid and HF) form salts with guanidine. benzylamine and cyclohexylamine, some of

which are suitable for identification purposes.

Relatively little is known concerning the mech-
anism of reaction between certain enzymes (chymo-
trypsin, trypsin, cholinesterase) and the powerful
inactivators diisopropylfluophosphate (DFP) and
tetraethylpyrophosphate (TEPP). In the case of
cholinesterase, it has been established in this
Laboratory? that at least the phosphorus atom of
DFP becomes firmly bound to the enzyme, in
direct proportion to the degree of enzyme inactiva-
tion. For chymotrypsin, it has been shown that
the crystalline reaction product with DFP contains
one atom of phosphorus and two isopropoxy groups
per molecule of protein, and that it is free of fluorine.?
Some type of phosphorylation is apparently in-
volved, but the portion of the protein molecule
concerned is not yet known. Presumably reaction
is taking place with an amino acid residue in the
protein, although the possibility of an as yet un-
known non-amino acid moiety being concerned has
not been ruled out.

The phosphorylation of amino acids with POCl;
in aqueous solution in the presence of excess MgO
was described by Neuberg and Oertel,* more than
35 years ago. The reaction was reinvestigated
later by Winnick and Scott.> The P-N linkage of
the resulting magnesium salts of N-phosphorylated
amino acids is hydrolyzed somewhat more rapidly
by dilute acid than is the corresponding linkage
in phosphocreatine,

Our attempts to phosphorylate amino acids in a
shghtly alkaline aqueous medium under various
conditions with DFP were without success. The
DFP molecule is not only slowly hydrolyzed by
water but also its reactivity toward ordinary amino
or hydroxyl groups in organic molecules seems to be
exceedingly low.

The chloro analog of DFP, diisopropylchloro-
phosphate (DCIP), is much more reactive in vitro
than DFP; for example, DCIP reacts with aniline,
whereas DFP does not.® In order to get some in-
formation on the chemical properties of diisopropyl-

(1) This paper was presented at the 119th A, C. S. Meeting in Bos-
ton, Mass., April, 1851.

(2) Michetl and Krop, J. Biol. Chem., 190, 115 (1851).

(3) Jansen, Nutting and Balls, ibid., 179, 201 (1949); Jansen, Nut.
ting, Jang and Balls, bid., 188, 209 (1850).

(4) Neuberg and OQertel, Biockem. Z., 60, 491 {1914).

15) Winnick and Scott, drch. Biochem., 12, 201 (1947).

(6) Saunders, et al., J. Chem. Soc., 695 (1948).

phosphorylated amino acid derivatives we studied
the reaction

2RCH,NH,COOR' + CIPO(OC;H-i), =
RCH,NH[PO(OC;H;-i); JCOOR "’ +
RCH,NH,COOR-HCI

which readily took place in chloroform, carbon
tetrachloride, benzene or ethyl acetate.

The following glycine ester, glycineamide and
d,l-threonine methyl ester derivatives have been
synthesized by this method and isolated in pure
form

I -{C3H,0)PO-NHCH,COOC;H, nLp. 28-29°
I i-(C:H7)PO-NHCH,CONH, uLp. 81 -84°
11 (‘?Hs m.p. 54-56°
?HOH
d] CHNH-PO(OC;Hyi),
COOCH;

These compounds are soluble in water and
organic solvents. The analogous N-diphenylphos-
phoryl amino acid esters, synthesized by Sciarini
and Fruton,” using diphenylphosphoryl chloride as
a phosphorylating agent, ethyl acetate as a solvent
and NaHCO; for the neutralization of the HCI
formed during the reaction, are insoluble in water.
N-Diphenylphosphoryl glycine ester (CeHzO),-
PONHCH.COOC;H; melts at 77-78°.

The reaction product of DCIP with serine miethyl
ester is liquid at room temperature and could not
be distilled in a high vacuum without decomposi-
tion.

Evidence that the phosphoryl group is bound to
nitrogen in the phosphorylated threonine deriva-
tive III is given by the fact that the substance does
not react alkaline, and does not give the nitrous
acid reaction for free amino groups until after
acid or alkaline hydrolysis.

Even when 2 moles of DFP in the presence of 2
moles of triethylamine were allowed to react with
one mole of threonine methyl ester only phosphoryl-
ation of the amino group occurred. It has been
shown that 1-fluoro-2,4-dinitrobenzene also reacts
only with the amino group of threonine and serine,

(7) Sciarini and Fruton, TH1is JourNart, T4, 2940 (1949).
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in the presence of sodium bicarbonate® On the
other hand, dibenzylchlorophosphate is more
reactive than DCIP because it phosphorylates
alcohols rapidly at low temperature in the presence
of tertiary bases, in addition to the phosphorylation
of amines.®?

N-Phosphorylated amino acids are dephos-
phorylated easily by acids.® Concerning the
stability of the diisopropylphosphorylated amino
acid derivatives described in this paper we only
know at the present time that d,/-N-diisopropyl-
phosphoryl-threoneine methyl ester can be dis-
solved in water and recovered undecomposed by
evaporating the aqueous solution to dryness at
room temperature. In acid or alkaline solution
the phosphorus-containing residue is split off from
the nitrogen.

It is to be expected that it will not be easy to
saponify the carboxylic ester group without
splitting the P-N linkage. Sciarini and Fruton’
found that in the diphenylphosphorylated amino
acid esters the phosphorylation of the «-amino
group greatly increased the stability of the car-
boxylic ester linkage. A similar behavior has been
described by Posternak, ef al.,'* in the case of
tyrosine- and serine-containing peptides; the phos-
phorylation of the OH group in these compounds
protected the peptide linkage against enzymatic
hydrolysis. The preparation of the free N-alkyl
phosphorylated amino acids probably would be
possible by catalytic reduction of the corresponding
benzyl esters.

As expected, the reaction of DCIP is not limited
to amino acid esters but occurs also with other
amines of higher basicity. By this method we
prepared N - diisopropylphosphoryl - benzylamine
(m.p. 49-50°) and N-diisopropylphosphorylcyclo-
hexylamine (m.p. 54-55°). The water insolubility
of these substances is in direct contrast with the
corresponding amino acid ester derivatives, which
are easily water-soluble.

As an example of a secondary cyclic amine,
ethylenimine reacts with DCIP to yield N-diiso-
propylphosphoryl-ethylenimine, an oil with a
boiling point of 76-78° (1-2 mm.). Bestian!! has
shown that in POCl; all three chlorine atoms react
with ethylenimine.

When diisopropylfiuophosphate (DFP) is sub-
stituted for diisopropylchlorophosphate (DCIP)
little or no reaction was observed with amino acid
esters at room temperature. Benzylamine reacts
to a small degree, cyclohexylamine to a more con-
siderable extent, and dodecylamine almost quanti-
tatively with DFP.

According to Sizer'? the phenolic OH group of
tyrosine has an essential function for the enzymatic
activity of chymotrypsin; primary amino, sulf-
hydryl or disulfide groups are not required for
chymotryptic activity. In preliminary experi-

(8) Sanger, Biochem. J., 89, 507 (1945): Nature, 160, 255 (1947).
However, the reaction between 1.fluoro-2,4.dinitrobenzene and alcohols
in the presence of triethylamine readily furnishes the corresponding 2,4-
dinitropheny! ethers (Whalley, J. Chem. Soc., 2241 (1950)).

(9) A. R. Todd, Bull. soc. chim. France, 933 (1948).

(10) Posternak, ¢! al., Helv. Chim. Aciq, 24, 921 (1941); 28, 1258
{1945).

(11) Bestian, A»n., 566, 210 (1950).
(12) Sizer, J. Biol. Chem., 180, 547 (1945).
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ments with tyrosine ethyl ester we found that both
the g-amino group and the hydroxyl group are
reactive with DCIP. Furthermore, we have been
able to phosphorylate phenol at room temperature,
in the presence of triethylamine, by this reagent.
Phenol reacts even with DFP, in aqueous potas-
sium carbonate, to give diisopropylphosphoryl-
phenol.

The insecticide tetraethylpyrophosphate (TEPP)
is similar in many ways to DFP. For example, it
owes its effectiveness to a powerful anticholin-
esterase activity!® and it reacts with and inactivates .
chymotrypsin to give a phosphorylated protein
containing one atom of phosphorus and two alkoxy
groups per molecule of protein.!* Comparison of
the reactivity of TEPP under conditions similar
to those described above for DFP and DCIP should
therefore be of interest.

As an example of the reaction between primary
amines and TEPP, we treated this substance with
cyclohexylamine in benzene solution. The re-
action takes place very fast and almost quantita-
tively according to the equation

2C¢H; 1 NH, + (C;H;0),-OPOPO-(OC;H;), =
CeH NH '(P())‘(OC:Hs)z -+ CeHuNHz'H((g)PO(OCsz)z
a

Both reaction products have been isolated. N-
Diethylphosphoryleyclohexylamine (a) has a melt-
ing point 71-72°, which is 17° higher than that of
the corresponding diisopropyl derivative. The
properties of the cyclohexylamine salt of diethyl-
phosphoric acid (b) will be described later.

When the reaction between cyclohexylamine and
TEPP was carried out in a water—ether mixture
with stirring the same reaction took place as in-
dicated above; however, on account of the hy-
drolysis of TEPP the relative amount of N-diethyl-
phosphoryleyclohexylamine formed was less than
in a non-aqueous medium.

When we heated glycine ethyl ester, TEPP and
triethylamine in equimolecular amounts in boiling
benzene we isolated from the reaction mixture an
oil, which, according to its analytical data seems
to be the N-(bis-diethylphosphoryl)-glycine ethyl
ester. The formation of this substance could be
characterized by the equation

H;NCH,COOC,H; + (C,H;0),-OPOPO-(OC,Hj), =
CH,COOC,H;

(C:H30);,PO—N-—PO(OC,H,); + HO

It is to be noted that an alternate isomeric formula
for the reaction product, (C,H;0)OPOP(OC,H;):

NCH,COOC,H;s
cannot as yet be excluded. Further work will be
necessary to establish definitely the purity and
structure of this substance.

The toxicity of the reaction product of glycine
ethyl ester and TEPP for rabbits was about equal
to that of DFP and about !/y that of TEPP. The
aqueous solution is hydrolyzed on standing at room
temperature for several hours.

An attempt to introduce a second diethylphos-
phoryl group into N-diethylphosphorylcyclohexyl-

(13) Mangun and DuBois, Federation Proc., 8, 353 (1947).

(14) Fleisher, Jandorf, Suinmerson and Norton, ibid., 9, 171 (1850).
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amine by boiling this substance with 1 inole of
TEPP and 1.5 moles of triethylamine in benzene
was unsuccessful.

The characterization of organic phosphoric acids
has been carried out successfully by the formation of
salts with mitrogen-containing bases.!* For the
identification of DFP, amine salts of its products
of hydrolysis should be useful. For example,
diisopropylphosphoric acid readily forins a guani-
dine salt, which has a melting point of 155-157°
and can be precipitated from aqueous solution by
acetone. We have been able to prepare this com-
pound starting with the Ba-salt of diisopropyl-
phosphoric acid or directly from DFP, hydrolyzed
with water. Another crystalline derivative is the
cyclohexylamine salt of diisopropylphosphoric acid
(m.p. 193°) prepared from cyclohexylamine and
DFP in the presence of an aqueous suspension of
Ca(OH),. It is remarkable that the next lower
homolog, the cyclohexylamine salt of diethylphos-
phoric acid, has a much lower melting peint (78°),
and is very hygroscopic.

No solid benzylamine salt of disopropylphos-
phoric acid could be obtained. However, fromn a
concentrated mixture of benzylamine and hy-
drolyzed DFP, benzylamine hydrofluoride (in.p.
149-150°) can be precipitated by acetone. This
salt might also be useful for the identification of
DFP after hydrolysis.

The reactions described here demonstrate that
diisopropylhalogenophosphates and tetraethylpyro-
phosphate phosphorylate amines in the usual
muanner. The sauie i1s true for the interaction of
diisopropythalogenophosphates and amino acid
esters. However, TEPP and glycine ester ob-
viously react in a different inanner; the chenical
structure of the reaction product is not entirely
established as yet.

Whereas the velocity of the reaction between
amines and TEPP is such that this reaction might
possibly be considered as a model for the reaction
between enzymes and TEPP, this is not true for
DFP. Preliminary experiments with phenols ap-
pear to be more promising in the latter case. Fur-
ther work along these lines should yield more
information concerning the nature of the chemical
grouping in enzymes which is involved in the
phosphorylation of these proteins by such sub-
stances as DFP and TEPP.

Experimental's

Reaction of Diisopropylphosphorylchloride (DCIP) with
Amino Acid Esters.—An excess of the free amino acid ester
was mixed with DCIP in a small amount of dry chloroform.
Heat was evolved in the case of glycine ethyl ester and the
formation of the ethyl ester hydrochloride occurred imme-
diately. The reaction mixture with threonine methyl ester
was left standing for 24 hours at room temperature. The
ester hydrochlorides were filtered off on a buchner funnel
and washed with dry ether. The solvents of the filtrate
were removed by vacuum-distillation and the remaining
strup was extracted with a smuall amount of petroleum ether
(30-A0°Y) plus sonte drops of absolute ether. The solution
was kept for ervstallizatinon a1t —20° or, in the case of the

(15) T. Wagner-lauregg. «! al., £, physiol. (Chem., 239, 188 (1936);
Ber., 70, 1, 8, 1458, 1459 (1937); 77, 481 (1944), Barrenscheen, bid ,
281, 98 (1844); Todd, et al., J. Chem. Soc., 582, 2476 (1949).

(16) Microanalyses were made by the Analytical Branch, Chemical
Corps Chemical and Radiological Laboratories, Army Chemical Center,
Maryland. All melting points are uncorrected.
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glycine ester, the product was distilled in a high vacuum.
The products were recrystallized from low boiling petroleum
ether at low temperature.

Diisopropylphosphorylglycine Ethyl Ester (I).—From
1.94 g. of glycine ethyl ester, prepared according to the
method of E. Fischer,” and 1.6 ml. of DCIP in 8 ml. of
CHCI; there was obtained about 0.5 g. of the reaction
product; b.p. 115-128° (~0.5 mm.); m.p. 28-29°; soluble
inn water with pH 4.7-5.0.

Anal. Caled. for CiH»OsNP: P, 11.60. Found: P,
11.53.

N-Diisopropylphosphorylglycinamide (II).—Three hun-
dred and sixty mg. of glycinamide was suspended in 36 ml.
of dry ethyl acetate, 0.42 ml. of DCIP was added, and the
utixture stirred for 3 hours. The next day the glycinamide
hydrochloride was filtered off and the filtrate was evaporated
inn 4 vacuuni. The remaining crystals were dissolved in a
very small amount of chloroform and precipitated from this
solution by addition of petroleum ether. After repetition
of this procedure 350 mg. of fine needles, m.p. 81-84°, were
obtained. The compound was easily soluble in water or
CHCI;, only slightly soluble in petroleum ether or ether.

Anal. Caled. for CsH3N.OP: P, 13.06. Found: P,

3.2,

Diisopropylphosphoryl-d,i-threonine Methyl Ester (III)—
d,-Threonine methyl ester hydrochloride was prepared
according to the method of E. Fischer and Suzukil®; m.p.
112~116° (from methanol + ether).® The free amino acid
ester, prepared from 1 g. of the hydrochloride by the method
of ;. Hillmann,? plus 1.25 ml. of DCIP in 3 ml. of dry
CHCY; yielded about 0.5 g. of the reaction product; m.p.
54~56°, with a wax-like touch (crystallized from petroleum
ether). The compound is soluble in methanol, methylene
dichloride and ether. The aqueous solution is very slightly
acid. The substance is stable toward HIO; under condi-
tions wlere threonine gives one mole of acetaldehyde. The
presence of three alkoxy groups was shown analytically.

Anal. Caled. for CyHuNOeP: N, 4.71; P, 10.45.
F'ound: N, 4.34; P, 10.6.

N.Diisopropylphosphorylbenzylamine.—2.01 g. (1 equiva-
lent) of DCIP was added to a solution containing 2.14 g.
(2 equivalents) of benzylamiue dissolved in 8 ml. of benzene
previously dried over sodium. Heat was evolved angd an im-
inediate precipitate formed while the solution was being
stirred. The precipitate of benzylamine hydrochloride
was removed by filtration after 24 hours standing; yield
1.50 g., m.p. 246° (literature value 248°).

From the filtrate the benzene was evaporated under vac-
uum and a small amount of petroleum ether was added.
A small amount of precipitate formed which was removed
by filtration. The filtrate was placed at —20° and fine
white crystals formed. After twice recrystallizing from
petroleum ether, the crystals melted at 48.5-50°. Proper-
ties: The compound is soluble in petroleum ether at room
temperature, insoluble at low temperature; insoluble in
water; m.p. 48.5-50°, b.p. 238°.

Anal. Caled. for C;3H2O;NP: P, 11.4; N, 5.2. Found:
P, 11.3; N, 5.1.

N-Diisopropylphosphorylcyclohexylamine.—1.96 g. of re-
distilled cyclohexylamine (b.p. 133.5-134°) was dissolved
in 8 ml. of carbon tetrachloride previously dried over calcium
chloride. To this was added 2.01 g. of DCIP. The reac-
tion was vigorous aud completed in a matter of minutes.
A large amount of heat was liberated with the immediate
formation of a white precipitate, which gave a positive silver
nitrate test and had a m.p. of 204° (corrected) which corre-
sponds to tlie melting point of cyclohexylamine hydrochlo-
ride. The carbon tetrachloride was removed from the fil-
trate and petroleum ether was added. More of the hydro-
chloride precipitated almost immediately; the reaction mix-
ture was placed at —20° overnight, and then filtered. The
petroleum cther was evaporated off to yield a compound
soluble at roou1 temperature in petroleum ether.

The compound was recrystallized from petroleum ether
and waslied with water. It is soluble in warm petroleum
ether or in acetone at room temperature. It can be crys-

(17) Fischer, Ber., 34, 433 (1901).

(18) Fischer and Suzuki, ¢bid., 38, 4173 (1903).

(19) Carter, Norris and Rockwell, J. Biol, Chem., 170, 296 (1947).
(20) Hillmann, Z. Nalurforsch, 1, 682 (1946),
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tallized from acetone by adding water until an oil forms,
which, placed in the cold overnight yields well formed crys-
tals, m.p. 53.5-55°.

Anal. Caled. for CmHchsNP:
N, 5.2; P, 11.8.

N-Diisopropylphosphoryl Ethylene Imine (a).—1.3 ml. of
ethylene imine was dissolved in a mixture of 12 ml. of dry
benzene and 3.5 ml. of triethylamine. The solution was
stirred and 2.1 ml. of DCIP was added dropwise. There
was an immediate evolution of heat and a precipitate formed
which prevented further stirring., After standing at room
temperature for 24 hours triethylamine hydrochloride was
filtered off and the solvent removed from the filtrate by
vacuum distillation. The remaining oil yielded three frac-
tions on distillation at a pressure of 1-2 mm.; I (67-70°),
0.5 ml.; II (75°), 1.0 ml.; III (76-78°), 0.6 ml. The
products were water soluble. Fraction III, n2%.5p 1.430,
was analyzed.

Anal. Caled. for CgHuO;NP: N, 6.78; P,
Found: N, 6.9; P, 14.8.

(b).—2 ml. of ethylene imine and 5 ml. of DFP were
mixed and kept at room temperature for 5 days. The liquid
was poured off from some solid polymerization product and
distilled at about 1 mm. pressure. Three fractions: I (45—
50°), 2 ml.; II (50-65°), 0.5 ml.; III (75-80°), 0.6 ml.
Fraction III was analyzed for phosphorus.

Anal. Caled. for CgHjsO3NP: P, 14.95. Found: P, 14.3.

Interaction of Cyclohexylamine and Tetraethylpyrophos-
phate (TEPP).—Five ml. of pure cyclohexylamine, 7.5 ml.
of benzene and 5 ml. of TEPP were mixed in a stoppered
erlenmeyer flask. Heat was evolved and crystals appeared
immediately. After 12 hours the stiff cake of crystals was
filtered on a buchner funnel and washed with a very small
amount of ice-cold ether. After several recrystallizations
from hot benzene the cyclohexylamme salt of diethylphos-
phoric acid so obtained softens in a capillary tube between
65 and 70° to give an opaque mass which melts to a clear
liquid at 78°. The crystals are easily soluble in chloroform
or acetone, less soluble in ether or petroleum ether at room
temperature, and soluble in boiling benzene.

Anal. Caled. for CeHyNHHOPO(OC:Hs)y + 1H,O:
P, 11.44. Found: P,1L.5.

From the analytically determined phosphorus content,
the crystals appear to contain one molecule of water of crys-
tallization, probably obtained either from the atmosphere
or from the washing ether, which was found on test to con-
tain appreciable moisture. In order to remove any water
the substance was melted at 100° in a high vacuum until no
more gas bubbles escaped from the molten mass. The
waxy mass which resulted at room temperature gave, after
recrystallization from hot benzene, prismatic crystals of the
same melting point as given above.

Anal. Caled. for CgHy NH.-HOPO(OC,H;),: C,47.5; H,
9.55; N, 5.54. Found: C, 48.3; H, 9.3; N, 5.35 (kjel-
dahl).

The benzene~ether filtrate from the cyclohexylamine salt
was washed with water in a separatory funnel and dried over
anhydrous sodium sulfate. After evaporation of the solvent
the solid residue was recrystallized from petroleum ether.
The resulting compound, N-diethylphosphorylcyclohexyl-
amine, had a melting point of 71-72°; the yield was 2.7 g.
of purified product. This material was non-toxic to rabbits.

Anal. Caled. for CanNH PO(OC2H5)2 N, 5.96; P,
13.2. Found: N, 5.9; P,

Interaction of Glycine Ethyl Ester with TEPP (a).—3.35
ml. of glycine ethyl ester, 9.65 g. of TEPP, 4.7 ml. of tri-
ethylamine and 10 ml. of benzene were refluxed for 4 hours.
By vacuum distillation a fraction was obtained boiling at
110—148° (12 mm.), which on distillation in a high vacuum
yielded the fractions

N, 5.3; P, 11.8. Found:

14.95.

B.p. (10—2 mm.),

No. C. VYield ,ml, Found

I 58~ 65 ~1.5

II 125-139 ~4 N,3.3; P, 15.5
III 140-143 ~3 P, 16.6

In order to remove acid impurities, fraction II was dis-
solved in benzene and washed at 15° with a suspension of
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NaHCO; in an aqueous saturated NaCl solution.?! Re-
distillation in a high vacuum gave the two fractions
B.p. Yield,
No. (1-2mm.)), °C. mi, n28p Found
IIa 135-140 ~1.5 1.4275 N, 3.5
IIb 140-142 ~2 1.4290 N, 3.7; P,16.2
Anal. Caled. for C;HyyOsNPs: N, 3.7; P, 16.5.

The substance is hygroscopic; the following analytical
figures obtained with an older sample correspond to the up-
take of one mole of water.

Aﬂdl- Caled. for CnHz}’OsNPz'Hzo: C, 3665; H, 7.4;
OC.H;, 57.4. Found: C, 36.72, 36.62; H, 7.30, 7.31;
OC,;H,, 58.2.

(b).—5.5 ml. of glycine ethyl ester, dissolved in 10 ml. of
absolute benzene, was mixed with 6.7 ml. of TEPP. The
mixture was kept for 12 days at room temperature and was
then washed with 5 ml. of the Toy NaHCO; suspension in
saturated NaCl solution. For the separation of the two lay-
ers anhydrous sodium sulfate was added. The benzene
layer was dried on anhydrous MgSO4 After evaporation
of the solvent in a vacuum a portion of the residue solidified
crystalline. By distillation in a high vacuum (~ 1-2 mm.),
two fractions were obtained: I, b.p. 100-120°; II, b.p.
120-160°. Fraction I partly crystalhzed Fraction II
on redistillation yielded several drops of a first fraction and
a main fraction, boiling at 145-150° (1-2 mm.); n®p
1.4306. This pomon crystallized at —20° and melted at
about 14°. Toxicity: LDso, 1 mg. per kg in rabbits, intraven-
ously; the symptoms of intoxication in animals were more
muscular than central. The toxicity disappeared after keep-
ing an aqueous solution of the substance for one hour at
room temperature.??

Cyclohexylamine Salt of Diisopropylphosphoric Acid —
To a mixture of 1.8 ml. of cyclohexylamine and 2.6 ml. of
DFP, 0.55 g. of calcium hydroxide suspended in 2.5 ml. of
water was added with stirring in portions during a period of
1.5 hours. Stirring was continued for 2.5 more hours. The
mixture which had a pH of about 10 was filtered on a buchner
funnel, the precipitate washed with ether and the combined
filtrates evaporated at 60° under reduced pressure, finally
in high vacuum. The crystals remaining were recrystal-
lized twice from acetone, by cooling the clear solution at
—20°. The material crystallized in the form of fine needles,
melting at 193° (softening of the crystals about 20° lower;
between 110 and 120° shrinkage can be observed, probably
due to the loss of water of erystallization). The salt is solu-
ble in water, ether, petroleum ether, chloroform, carbon
tetrachloride and hot benzene. The substance was dried
for analysis at 100° in a vacuum over Mg(ClOy),.

Anal. Caled. for CeHuNHz'HOPO(OCaH-l)z:
Found: P, 11.2.

Benzylamine salt of diisopropylphosphoric acid was pre-
pared by the same method as used for the cyclohexylamine
salt. The resulting sirup was dissolved in a small amount
of acetone and the solution precipitated with petroleum
ether. When this procedure was repeated several times,
the product was crystalline at —30° but a thick sirup at
room temperature. For analysis the substance was dried
in a high vacuum at 100°.

Anal. Caled. for CH;CH;:NHy HOPO(OC3Hz): N, 4.8;
P, 10.7. Found: N, 4.8; P, 10.3.

Benzyla.mme Hydrofluoride.—2.45 g. of benzylamine dis-
solved in 2.5 ml. of distilled water plus 2.0 ml. of DFP gave
a homogeneous solution which was evaporated at room tem-
perature in vacuo over phosphorus pentoxxde When crys-
tals appeared on the surface of the solution, acetone was
added. On cooling to —20°, nice crystal leaflets were ob-
tained, which weighed 0.7 g. after suction. After redis-
solving in a small amount of water and precipitation with
acetone at —10°, followed by filtration and drying over sul-
furic acid in a vacuum the melting point was 149-150°.
The material was soluble in hot chloroform, insoluble in car-
bon tetrachloride. For analysis the crystals were dried at
100° in vacuo.

F, 11.03.

(21 Toy, TEIS JOoURNAL, T8, 2065 (1950).

(22) We are indebted for the determination of toxicities to Dr.
Bernard McNamara, Pharmaceoelogy Section, Medical Division, Army
Chemical Center, Maryland,
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Anal. Caled. for C¢H;CH,NH,-HF-H,O: F, 13.1; X,
9.7. Found: F, 12.7; N, 10.4,

The fact that the fluorine content was found to be too
low, the nitrogen too high, can be explained by a certain
tendency of the salt to lose HF, benzylamine remaining in
the residue. This was shown in the following way. (a)
The salt dissolves in water with neutral reaction; but after
standing for a while, the solution becomes alkaline, probably
by loss of HF. (b) When the dry salt is heated in suspen-
sion with benzene in a test-tube, the glass becomes etched
and the benzene contains an alkaline substance, probably
henzylamine.

Guanidine Salt of Diisopropylphosphoric Acid (a).—
Three hundred mg. of the barium salt of diisopropylphos-
phoric acid was dissolved in a small amount of water and
passed through a column of Dowex 50 ion-exchange resin.
The column was washed twice with water; the solution and
washings were caught in an evaporating dish and concen-
trated by evaporation. Guanidine carbonate was added
and carbon dioxide was liberated. The solution was filtered
and the guanidine salt of diisopropylphosphoric acid crystal-
lized from the mixture after adding acetone; m.p. 152-154°,

(b).—2.5 g. of the barium salt of diisopropylphosphoric
acid was dissolved in a small amount of water and 2.1 ml. of

E. S. Lurron, W. F. HUBER, A. J. MABIS AND C. B, STEWART

Vol. 73

5 N H.S0, added, the precipitated barium sulfate centri-
fuged off, and 900 mg. of guanidine carbonate added to the
clear solution. After concentration on a boiling water-bath,
acetone was added to the solution. The precipitate so ob-
tained, which melted at 155-156°, was redissolved in dis-
tilled water and reprecipitated with acetone; beautiful long
needles, m.p. 155-157°, were obtained. The material was
insoluble in ether or petroleum ether.

{¢).—One ml. of DFP, 450 mg. of guanidine carbonate and
2 ml. of distilled water were heated on a boiling water-bath
untilno more carbon dioxide was evolved. After cooling and
addition of acetone, silky needles, m.p. 267-270°, were ob-
tained. The material contained nitrogen and fluorine and
was presumably guanidine hydrofluoride. To the filtrate
more acetone was added and the crystals obtained were re-
precipitated twice from water-acetone; m.p. 153-158°;
yvield 100 mg. For analysis the material was dried over
phosphorus pentoxide in a vacuum.

Anal. Caled. for G;HxN;OP: C, 34.9; H, 8.35; N,
17.42; P, 12.88. Found: C, 34.9; H,8.3; N, 17.59; P,
13.3.
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A Study of n-Octadecenoic Acids. III.

X-Ray Diffraction Behavior of 6,7- through

12,13-Dihydroxystearic Acids

By E. S. LurtoNn, W. F. HUBER, A. J. MaBIS aND C. B. STEWART

Both the low-melting and the high-melting series of 8,7- through 12,13-dihydroxystearic acids (obtamable, respectlvely,

from the cis and ¢rans series of octadecenoic acids by performxc acid oxxdatxon) show alternation of properties.

By m.p.'s

and interplanar spacings, it is possible to classify these acids into four sub-groups, namely, the even (6,7-, 8,9, etc.) and the

odd (7,8-, 9,10-, etc.) low-melting and the even and odd high-melting isomers.

Within each sub-group the 'mdividual mem-

bers cannot be satisfactorily distinguished by means of m.p. and interplanar spacings. They can be distinguished, however,

by the relative intensities of the different orders of their long spacings.
An incomplete correspondence of the 6,7-acids with other even acids was partially accounted for by their poly-
(The 9,10-compounds were also found to be polymorphic.)

values.
morphism.

The characterization of individual ¢is and trans
6- through 12-octadecenoic acids is a difficult
matter. The first two papers of this series,b?
which describe the synthesis of both ¢is and trans
acids and diffraction patterns of the latter, reveal
an alternation in both m.p. and interplanar spac-
ings, such that classification of either a ¢is or a
trans acid as a member of an “‘even” (6-, 8-, etc.)
or “odd” (7-, 9-, etc.) sub-group is readily made,
but positive identification of any individual odd
(or even) acid is not easy. It is true that odd (or
even) frans acids show diffraction differences, but
only in fine details revealed by high resolution
technique. Mixed m.p. methods can, of course,
be used; and Bumpus, ef al.,® have shown that it is
possible to characterize the octadecenoic acids
according to double bond position by chromato-
graphic examination of their monocarboxylic deg-
radation products.

A simple and reasonably direct means of char-
acterizing individual octadecenoic acids was there-
fore still to be sought. It seemed that the relative
intensities of the long spacings ((001) reflections)
of their dihydroxy derivatives should give clear-
cut distinction between individual octadecenoic
acids because of the differences in relative position

(1) W. F. Huber, THIS JOURNAL, T8, 2730 (1851).

(2) E.S. Lutton and D, G. Kolp, ibid., T8, 2788 (1951).

(8) F. M. Bumpus, W, R, Taylor and F. M, Strong, sbsd,, 73, 2116
(1950),

These relative intensities fall in line with calculated

along the diffracting unit of the added strongly
diffracting hydroxyl groups. In other words, it
was to be expected that the relative intensities of a
pair of successive long spacing orders, for example,
should change with change in hydroxyl positions.
On testing this idea, it proved successful, for the
most part, as shown by the results reported in this
paper.

An excellent method for preparing dihydroxy
acids has been described by Swern, et al.,* and dif-
fraction data for products thus prepared from cis-
and trans-9-octadecenoic acids have been reported
by Witnauer, ef gl.

In the first paper of the present series! the prepa-
ration and m.p.’s of the low-melting and high-
melting dihydroxy derivatives (hereafter referred
to as LMDH and HMDH, respectively) of the 7-
through 12-octadecenoic acids were reported.
These samples were used in the present diffraction
study. Data are also reported which were ob-
tained by studying the LMDH and HMDH
derivatives of 6-octadecenoic acid.

It has been shown by various workers®? that the

(4) D. Swern, G. H. Billen, T, W. Findlay and J. T. Scanlan, 7bid.,
67, 1786 (1945).

(5) L. P, Witnauer and D, Swern, 1bid., 72, 3364 (1950).

(8) A. W, Ralston, “'Fatty Acids and Their Derivatives,” John Wiley
and Sons, Inc., New York, N. Y., 1948, pp. 422426,

(7) E. 8. Markley, ""Fatty Acids’ Interacience Publishers, Inc,,
New York, N. Y., 1947, pp, 437-440.



