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a-Chloroacid Chlorides of Substituted Benzilic Acids.—3-
Methylphenyl phenyl-, 3,4-dimethylphenyl phenyl- and 34-
methylenedioxyphenyl phenylchloroacetyl chlorides®: In these
cases, distillation under reduced pressure led to decomposition
of the final products. They were therefore freed from ether,
subjected to high vacuum for 15 min., and employed without
further purification.

Phenylcyclopentylchloroacetyl Chloride “—Phenylcyelopentyl-
acetic acid (10 g.) gave 9.8 g. (78%,) of chloroacid chloride, b.p.
124° (0.5 mm.)

Anal. Caled. for C13H14C120.' Cl, 27.58. Found: Cl, 27.80.

Ester Hydrochlorides of Substituted Hydroxyacids in Table II,
3-N,N-Dimethylaminopropylisothiouronium chloride hydrochlo-
ride was obtained in 834, yield from 3-chloro-N,N-dimethyl-
propylaniine hydrochloride by the method of Albertson and
Clinton,?! m.p. 159-161°,

Anal. Caled. for CiH;CLN,S: C, 30.77; H, 7.32.
C, 30.94, H, 7.16.

2.N,N-Dimethylaminopropanethiol®! was tused in the ethereal
solition obtained on extraction.

Compounds 110 through 118 in Table II were prepared by
identical procedures which may be described by the synthesis of

Found:

(21) N, F. Albertson and R. O. Clinton, J. 4wm. Chem. Soc., 67, 1222
(1944).
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3-N,N.dimethylaminopropylthiolbenzilate hydrochloride accord-
ing to the method of Kolloff, et al.5 To asolution of 8 g. of diphen-
vlchloroacetyl chloride® in 50 ml. of anliydrous ether, was added the
ethereal extract from the alkaline hydrolysis of 7 g. of 3-N,N-
dimethylaminopropyl isothiouronium chloride hydrocliloride;
an oil precipitated immediately. After refluxing for 1 hr., the
reaction nixture was cooled and the ether was decanted. The
residual oil was heated on the steam bath for 15 nin. with 100 ml.
of water and one drop of coned. hydrochloric acid. Upon being
cooled and miade basic with sodium carbonate, a white solid
separated. Several crystallizations from ethanol led to m.p.
85-87°. When hydrogen chloride was passed into a solntion of
the solid in anhydrous ether, 1.8 g. (199) of a white salid formed,
which melted at 180-182° after several crystallization from
ethanol-ether.

Compounds 119, 120 and 121 were prepared from the corre-
sponding a-chloro derivatives by a procedure which may be
illustrated for 2-N,N-.diethylaminoethyl phenylcyclohexylthiol-
glycolate hydrochloride. The «-chlorester hydrocliloride (2.5 g.),
dissolved in a minimum amount of water, was refluxed for 2 Iir.,
made distinetly alkaline with sodium ecarbanate solution, and
extracted with ether. The dried ethereal solution was acidified
with ethereal hydrogen chloride to give a solid whicli, when
crystallized from a mixture of acetane, methanol, and ether,
weighed 2.05 g. (86%;) m.p. 174-173.5°,
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Symnmetrical esters and amides as well as the nitrile have been prepared from the mold metabalite, (— )~trans-
J,3-epoxysuccinic acid. Opening of the oxirane ring in epoxysuccinic acid and its methyl ester with ammonia
and amines to form erythro-g-hydroxy-1~aspartic acid and N-substituted analogs is discussed and some produets

are described.

The three isomers of epoxvsuceinie acid (frans-
racemate and cis-meso) have been related to the cor-
responding tartarie and chloromalic acids.'=% The
cis-meso form has been prepared by hyvdrogen peroxide
oxidation of benzoquinone* and by nitric acid oxidation
of the maciolide antibiotie, carbomyein,® and both the
cts isomer and the trans racemate can be prepared by
tungstate-catalvzed hydrogen peroxide oxidation of,
respectively, maleic and fumaric acids.® To obtain the
pure (—)-trans isonier, however, a fermentative prep-
aration was used since fairly high yields had been re-
ported from tf» fermentation of glucose with Asper-
gillus fumigatus’=" We observed yields from this
mold of over 20 g./1. of fermentation broth or a 409
molar conversion calculated from the glucose moiety of

(1) R. Kulin and F. Ebel, Ber., §8, 926 (19825).

(2) R. Kuhn and R. Zell, ib:d., §9, 2514 (1926).

(3) R. Kuhn and T. Wagner-Jauregg, tbid., 61, 513 (1928).

(4) E. Weitz, H. Sclhiobbert, and H. Seibert, ib7d., 68, 1166 (1935).

(3) R. B. Woodward, Angew. Chem., 69, 50 (1957).

(6) G. B. Payne and P, H. Williams, J. Org. Chem., 24, 54 (1959),

(7) J. H. Birkinshaw, A, Bracken, and H. Raistrick, Biochem. J., 89, 70
(1945).

(8) J. Moyer, U. 8. Patent 2,674,561, Sept. 8, 1950 (to Secretary of De-
partment of Agriculture).

(9) W. Martin and J. Foster, J. Bacteriol., 70, 405 (1953).

(10) It is interesting that fumagillin another Aspergillus fumigatus metab-
olite, contains two epoxide groups: ]J. Landquist, J, Chem. Soc., 4237
(1956), and D. 8. Tarbell, R. M, Carman, D. D, Chapman, K. R. Huffman,
and N. J. McCorkindale, J. Am. Chem. Soc., 82, 1005 (1960) |.

the sugar in the crude molasses used. Other molds, pai-
ticularly Penicillium wvintferum and Monilia formosa
also produce this acid.!'—1

The oxirane ring as substituted in epoxysuceinic
acid is less reactive to acidic reagents than many ep-
oxides, !¢ permitting selective reactious at the carboxyl
groups. Thus, either free epoxysucecinic acid or its
slightly soluble barium salt, the form in which the acid
was isolated from fermentation broths, could be esteri-
fied in aleohols with sulfuric acid eatalyst. A unmber
of the esters so prepared are listed in Table I,

When (—)-trans-epoxysuccinic acid was heated with
hydrochloric acid in methanol, dimethyl erythro-chloro-
malate was formed. Treatment of either this ester or
dimethyl epoxysuccinate with cold aqueous amimonia
led to high yields of the slightly soluble (—)-trans-
epoxysuccinamide. Similally other amides were pre-

(11) K. Sakaguchi, T. Inoue, and Y. Tada, J. Agr. Chem. Soc. Japan, 18,
241 (1937); Proc. Imp. Acad. (Tokyo), 13, 9 (1947).

(12) K. Sakaguchi, T. Inoue, and Y. Tada, J. Agr. Chem. Soc. Japan, 14,
362 (1938).

(13) K. Sakaguchi and T. Inoue, 7bid., 14, 1517 (1938).

(14) K. Sakaguchi, T. Inoue, and 8. Tada, Zentr. Bakt. Pavasiteak., 11
Abt., 100, 302 (1939).

(15) K. Sakaguchi and T. Inoue, J. 4dgr. Chem. Soc. Japan, 16, 1013
(1940).

(18) For quantitative deterininations of the rates of cleavage of a number
of epoxysuccinic acid derivatives in pyridinium hydrobromide -acetic acid at
30° see M. W. Miller, J. Org. Chem., 28, 1148 11963).



234 M. W, Mivner Vol. u
T'apru 1
ISTERR OF ( — Wrans-liroxysvceeinle Acm

ROOC H
(& (!
0
11 COOR

Yield, Cuacbon, Hydrogen, '

I Mo (Bapad 2C. lal®y Solvend’ v Toraola Culend. Taond Caled, Feansd
Methivl m. 4=75 —115° { Ethanoly ot CsH0, 45.00 45.03 5.04 5.1t
Tothvl b 54-36 (0.5 nm. « —110° (Ethanoli" $2 CH,0, 51.00 51.20 6.43 th. G5
Allvl b, 78-%5 (0.1 mm.; —102° (Ethanol ¢ 14 CoH,05 A .60 6. 49 5.70 5. 08
Projargyl nt. 50--71 —123° (Ethand) ) CeHO, 57,69 57.83 387 1,05
Octyl b, 120-140 (0.05 numn. ¢ —5%° (Methanol) (3 CaHast), G7.38 G .20 10,18 9.0
Dodeeyl b1 43-44 —17° (Dioxane) O~ CusHioly 1. 71.31 1118 11.30
Benzyl b 190-194 (0.1 nm. —(6° (Isthanol ;* 63 C.Hyst), (39 12 00 .23 516 044
Phienyl m. 100-102 — 144° (Ethanol ™ CaH RO, 67 .60 67,11 426 1.39
TPentachloro.

phenyt” . 206-107 — (8¢ (Chlorolorm) 5l CeH20:Cle 30,56 A0S 032 055
v L0 all cases. My L4344 B L4643, T n®n 15533, Clhilorine ¢ caled., at39: foimd, 56,14,

Tasre 11

AMoEs OF (= )-lrwes-liroxysveclnie Acin
RNHCO H

('\ =

C0

H CONHR

Yield, Curbon, '.f liyvdrogen, Y Nitecoge,

IR M., 2CL ' Fomuwola Caled, Toumwi Caled. Fooml Caled. Fomel
Hydrogen™ 208200 i CyHsNLO; 3692 36. GV 4.65 4.40 2] .54 2147
Methyl? 238-141 15 CoHyoNot)3 15306 15.32 G.37 G.31 | 1792
Allvl” 100--210 40 CoH N:O3 5713 56904 6.7 6.061 13 .33 153,09
Benzyl* 170=178 46 CuH N0y (19 . 66 69 . a4 5.84 5.81 9.03 002
t)etyl 163--1G9 .5 07 CaeHeNu G7.7H By, 66 10,80 10,36 T.00 R
Nenyl 169-171 06 CaaHpa N3 67 .00 BR.8D 11.07 10.97 .32 740
Deexl 150-153 83 CaHya N0 7019 0.00 11.19 11.24 .82 748
Undeceyl 162164 N CagHi N0 LIS 70.94 11 40 1148 6.39 6.45
Dodecyl 162164 R0 CagHay N0y
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pared by interaction of dimethyl ¢poxysiceinate with
two moles of a primary amiue in suitable solvents
(Table IT),

The aromatic esters and amides shown in the tables
were prepared by way of (—)-trans-epoxysuceinyl
chloride which was obtained by treatment of (—)-
{rans-epoxysuccinic acid with phosphorus pentachloride
and rapid distillation in a twin-bulb flask.

Although inert in many acidic circumstances, the
oxirane ring of epoxysuecinic acid was opened 1apidly
in aqueous alkali. When (—)-frans-epoxysuceinie acid
was warnled with aqueous ammonia, for example,
g-hyvdroxyaspartic acid formed. Of the four possible
isomers of this amino acid (racemates of the eryihro
and of the threo forms) an erythro isomer was considered
probable since amines are known generally to open
uncomplicated epoxide rings by a simple Sx2 mechanism
with inversion of configuration. Our isomer has essen-
tially the same specific rotation (Ja]®p +49° ¢ 0.143
N in hydrochloric acid) ag the erythro-g-hydroxy-1-

aspartic acid prepared recently by transamination
between glutamate and oxaloglyeolate ([a]¥n +51°
+ 2° ¢ 1.59 in N hydrochloric acid)® It also
seeins to correspoud to the “‘d-anti-hyvdroxyaspartic
acid” prepared long ago'™ by heating chloromalie acid
with anmionia, a method not entirely stereospecific,
While other syntheses have been reported lately =
these also have been biochemical in nature or involve
isomer separation, and the stereospecific route from
(—)-trans-epoxysuceinic aeid is the method of choice
for preparing pure erythro-g-hvdroxy-L-aspartic acid.
Pancreatic digests of casein contain erythro-3-hy-

. J. Sallach, J. Biol. Chen., 229, 437 (1037).
H. D. Dakin, 1hid., 48, 273 (1921).
M. L. Kornguth and H. J. Sallach, Awh. Biochem. Biopdys., 91, 3%

£17)

(18)

(19)
(1960).

(20)
t1957).

(21) . 8. Franklin, J. Chem. Sovc., 4709 (1960).

{22) D. E. Metzler, J. B. Longenecker, and E. E. Snell, /. Am. Cher. Soc.,
76, 639 (1934).

Al Garvcia-Hernandez and 15, Kuw, Biockim. Biophys. Acta, 24, 78
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N, N/,N"-TriaLKYL-3-HypROXYASPARTAMIDES, RNHCOCHOHCH(NHR)CONHR

Carbon, 9, Hydrogen, % Nitrogen, %
Caled. Found Caled. Found Caled, Found
44 .43 44 .10 7.99 7.75 22.21 21.67
58 .41 58 .37 7.92 8.17 15.72 16.07
69.51 69.50 11.88 12.03 8.69 8.69
71.90 71.52 12.25 11.81

4.73 4.75
70.38 70.64 5.64 5.53 11.19 11.31
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TasLE III
Yield,

R M.p., °C %% Formula
Methyle 125-126 98 CiH1:N50;
Allyl 136-137 80 C;aHmNaOs
Octyl 120-122 60 CasHirN:O,
Decyl 119.5-120.5 56 C34H59N303
Octadecyl 111-112 97 CisHin N0
Phenyl 234-237.5 (8-230) 83 CouHa N3Oy

@ {a]®p 4-60° (¢ 1.0 in ethanol).

droxy-L-aspartic acid,?® and in several biological systems
studied it is the active diastereoisomer.'® In studies on
nitrogen fixation a hydroxyaspartic acid, isomer un-
specified, was isolated from cultures of azotobacter cells
growil with elemental nitrogen as the sole nitrogen
source.2* The Amanita phalloides toxin, phallacidin, is
distinguished from the related phalloidin by the pres-
ence of erythro-B-hydroxy-p-aspartic acid as a com-
ponent of the cyelic polypeptide structure instead of
p-threonine.?? Hydroxyaspartic acid has been shown
to caise bacteria to mutate,? and it inhibits competi-
tively the enzyme aspartate aminopherase.?

Although good yields of diamides were obtained by
controlled addition of two moles of amine to dimethyl
epoxysucecinate, three or more moles of a primary
amine reacted with epoxysucecinic esters to form N-
substituted B-hydroxyaspartic amides (Table IIT).

The triphenyl analog was prepared by heating a
solution of epoxysuceinic acid in aniline to reflux for a
short period. Treatment of N ,N’,N’-triphenyl-8-hy-
droxvaspartamide with methanolic hydrogen chloride
yielded a half methyl ester, C;sH;NHCOCH(NHC:H;)-
CHOHCOOCHS;, the amine salt inhibiting esterification
at the proximate amide group.,

Although epoxysuccinic acid is a much stronger acid
than sucecinic acid (epoxysuccinic acid Ki° = 1.2 X

10—2, succinic acid K = 6.4 X 107%) it is not very
toxic. Selected toxicity data are shown in Table IV.
TaBLE IV
SELECTED TOXICITIES
Toxicity
Compound (acute oral LD:)

{—)-trans-Epoxysuccinic acid >?2.0 g./kg. (mouse)
Dimethyl ( — )-trans-epoxysuccinate >2.5 g./kg. {(mouse)
N,N’-Bis-n-decylepoxysuccinamide >3.0 g./kg. (mouse)
N N/, N"-Tridecyl-8-hydroxyaspart-

amide >3.0 g./kg. (mouse)

( — trans-Epoxysuccinonitrile 0.025 g./kg. (rat)

Mild hypnotie activity has been reported for dialkyl-
glycidamides of the type shown below.® Several

(23) H. J. Sallach and M. L. Kornguth, Biochim. Biophys. Acta, 84, 582
(1939).

(24) A. I. Virtanen and N. Saris, Suomen Kem., 80B, 100 (1957).

(25) T. Wieland and H. W. Schnabel, Ann., 657, 218 (1062).

(26) The antibiotic telomycin has been shown to contain the amino acid
erythro-8-hydroxy-L-leucine |J. C. Sheehan, K. Maeda, A. K. Sen, and J. A.
Stock, J. Am. Chem. Soc., 84, 1303 (1962)].

(27) J. B. Clark, Proc. Okla. Acad. Sri., 84, 114 (1953); Chem. Abstr., 49,
8373f (1953).

(28) R, S, Shelton and K. W. Wheeler, U7, S, Patent 2,493,000 (1930):
Chem. Abstr.. 44, 2552 (1950).

epoxysuccinamides also showed hypnotic effects, the

H R’
AN /
C——C
VRNV N
R 0 CONH,

octyl derivative, for example, causing a mild decrease
in motor activity with a duration of 90 minutes in mice.

The novel structure (—)-trans-epogysuceinonitrile
was prepared in about 509, yield by carefully controlled
heating of (—)-trans-epoxysuccinamide with phos-
phorus oxychloride. It was an effective miticide,
0.359% emulsions giving effective control of Tetranychus
atlanticus. N ,N'-Bis-n-decylepoxysuccinamide was a
specific insecticide for the pea aphid, an economie pest
on several legume crops. Propargyl (—)-trans-epoxy-
succinate showed notable antifungal activity with
minimum inhibitory concentrations at 100 pg./ml.
against Trichophyton sulfuricum, Phiolophora verrucosa,
the Aspergillus flarus-oryzae group, Pullularia pullulans
and Cladosporivm  herbarium. erythro-3-Hydroxy-v-
aspartic acid was active agaiust Grani-negative bacteria
on Witkin synthetic medium, some examples of mini-
mum inhibitory concentrations (ug./mnl.) being: Es-
cherichia coli 6.25, Aerobacter aerogenes 0.25, Proteus
rulgaris, 1.56, Pseudomonas aeruginosa 6.23.

Experimental?*

Only a few typical or key experiments ure reported, most of the
esters and amides having been prepared by conventional tech-
niques. All preparations involving amines were carried out in a
CO,-free nitrogen atmosphere.

The production of ( — )-trans-epoxysuccinic acid by an improved
strain of Aspergillus fumigatus Fres. was accomplished using
media based on those described in earlier publications (e.g.,%18).

Isolation of Barium Epoxysuccinate.—A 130 gal. batch of fer-
mentation whole broth was adjusted to a pH of 1.5 with coned.
hydrochloric acid, 4.56 kg. of cellulose filter aid (Super-Cel)
added, and the mixture filtered through a small 12-plate filter-
press. To the filtrate, with stirring, was added 10.94 kg. of
barium carbonate. The pH was adjusted to T with sodium
hydroxide pellets, and stirring cantinued for 10 hr. In this way
13.82 kg. (dry wt.) of barium epaxysuccinate was obtained.
Barium analysis (as BaSO,4): caled., 51.4; found, 51.2%.

Conversion of Barium (— )-trans-Epoxysuccinate to (—)-trans-
Epoxysuceinic Acid.—A 100 g. sample of barium epoxysuccinate,
assaying 859 purity, was suspended in 100 nil. of dry tetrahydro-
furan and the temperature maintained at 5~10° while 18.5 ml. of
concd. sulfuric acid was added dropwise with stirring during
2.5 hr. The barium sulfate was removed, washed with fresh cold
salvent, and the filtrate evaporated to give 40 g. of dry, tan crys-
talline epoxysuceinic acid, assaying 95C; purity (959, yield),
as well as 5.25 g. of a gummy residue. One recrystallization from
dry dioxane gave nearly pure white crystals with little loss, m.p.
182-184°. When acetone was used as the acidification solvent,

(29) Melting points were determined on a calibrated Kofler micro hot
stage,



a 604 vield was (btained.  When water was nsed, the vield was
607¢

Dimethyl (— )-trans-Epoxysuccinate from Barium : — -trans-
Epoxysuccinate.—A 2000 g. saniple of 85%; jmre hariim epoxy-
siecinate (6.36 moles) was suspended in G 1. {149 moles) of dry
methanol.  The mixture was cooled to 10-15% and 432 ml. (832

%49 moles) of coned. sulfuric acid added slowly with stirring
during 4 hr.  After standing avernight 240 g. (2 moles) of anhy-
drons magnesium sulfate was added and the mixture refluxed with
stirring for 5 hr. Upon addition of 187 g. {187 moles) of pow-
dered caleinm carbonate the temperature was raised to ti0°, the
niethanol solution filtered throngh a heated funnel, and the
solvent removed at reduced pressure.  In this way 820 g, (3,12
moles) ol ester was obtained as a first crop and 92 g. by sublima-
tiont or reerystallization of the residue foe o 96 vield of nearly
pure white dimethyl epaxysnecinate, m.p. 72-73°,  Snblimation
it 50--80° (2 1mm.) yielded large colorless needles, m.p. 74-75°

Methyl ( —)-trans-epoxysuceinate also was pirepared in 70-71
vields by 1igcher esterifiention of the Iree acid. By similar
niethiods tfrom the barinm salt ) or by use ol the conventional Iis-
chier estertficatian teelmigne with separation ol water (Irom epoxy-
stiecinic aeid) the other esters shown in Table T were prepared.

Conversion of Barium (—)-ir¢ns-Epoxysuccinate to Dimethy!
erythro-Chloromalate,—A 100 g. sample «f 85¢7 ymre bharinm
epoxysuceinate (0.32 mole) was added te a solntion of 385 ¢.

(1.6 moles) af h\'drngen chloride in dry methanol.  The mixture
was stirred at abant 25° for 4 hr., allowed to stand overnight,
thien refluxed with stirring for 4 hr,  After filtration the methanol
wis evaparated and the residual oil dissolved in ether. A heavy
brown ether-insolnble lignid which separated was disearded, and
the ether solutien washed with bicarhiomite solution, dried, and
[reed of solvent. The remaining «il, 41.6 g. (679 vield) was
Iractionally distilled to give 33.6 g. ol colorless dimetlind ¢ — -
chiloromalate, h.p. 94-96° (0.8-1.0 mm.y 2%p 143873, 4%, 1.35:36,
Jeel2n —37° (neat); reported for dimethyvl ¢ — wchloronnlute?:
020 1, 1»"1 J2C] 3798, o) 22 —22€ (neat 1

dnal, Caled. Tor GiHoCLO,: O 36.66: . 1.61;
IFonmd: 36,67 H, 4645 (1, 10,71,

When 30 g, ol © — }=brans-epoxysnecinic aeid was nsed as the
starting material, 45.7 g, of crnde ol and 30,4 g (710 vield) of
cedorless prodnet, 2%n 1.43%0, was obtained.

t — 1-iruns-Epoxysuccinamide (a: from Dimethyl (— i-trans-
Epoxysuccinate.-—A 70.0 (0.437 wole; sample of dimethyl
epoxysnecinate wis stirred with 200 ml, of cold ammioninm hiv-
droxide (204, ammonia), nsing a streng stirrer in an (pen bheaker
for 10-14 min.  The ester dissolved as the amide sejurinted, and
the pradunet was removed by filtration and washed with a little
cold water. The ernde dry epxvsnecinamide weighed 60 g,
nrp. 203-2067 Reervetallization Tront water gave 52 g (97
vieldj of pure material, mo. 205-205° dec.

{b) From Methyl ¢iyt/ro-Chloromalate.~-A 23.0 g. 10.119 mole:
saniple of dimethyl chloronalate was added to 100 ml. of coned.
12077 ammonia) ammoninm hyvdroxide at 0-3° with stirring.
The solution lecame redcand alter £5 min. a five precipitiate was
present. Iltration vielded 11.27 g, (73¢¢ vield) ol dry, erude
cpoxysttecinamide, map. 190-200°. Reerystallizotion from water
give matertal of nep. 204-208°, and the . of a mixture with
the prodiet from (a) ahove was the smne.

The other amides shiown in Table 1T were prepared by gradnal
addition o twa moles ol amine to dimethyl epoxysnecinate in
snitable solvent {e.g., nrethbanol) with heating and stirring.

{ —)-truns-Epoxysuceinonitrile from | — i-trans-Epoxysuccin-
amide.~—A stirred mixture ol 5.4 g {0.0415 mole) of dry epoxy-
sinecinamide and 30 ml. of phosphorns oxyvehloride was heated
vapidly nuder dey nitrogen.  During 35 min. the amide dissolved
as the temperatire of the oil-bath was raised from 80-100°, and
5 niin. Lrter heating was discontimied.  After cooling to room
temperature excess [thosphorus oxyehiloride was removed by dis-
tillation at 10 mmi. pressure, and epoxysuccinenitrile separated as
the concentration progressed.  The crnde prodnet was remaved
Iy filtration, sneked very dry (otherwise there were fuime-otfs),
washed twiee with ice water, and purified hy snblimation at 85°
t0.] mn.). The pmrified snhstance, 1.9 g, (404 vield) farmed
thick white prisims, ;g 130-130.5°, [a] %1 —71° (¢ 1.0, ethanol).

dnad. Caled. for CaHaNO: C) 51.06; H, d.14; N, 20.78.
Fommd: ¢, 51.10; H, 1.931; N, 29. €0,

Many othier techniques of nitrile formation failed when applied
to { — )-trans-epoxysnccinamide.  Purification alsa was aceom-
plished by recrystallization of 4 g. of ernde Jiroduet from 35 ml.
of hedling 954 ethanol,

Cl, 1X.04.
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P—- ‘»-fmn~-Fpoxysuccinv1 Chloride.—This componrd was jae-
pared Ly heating (= %-frans-epoxysnceinic deid with 1»1(1»\1 horns
perntac 111()1‘1(1(‘, a method deseribed earlier Toar the ois spesosiso-
mer. 0 Yields were erratie, varving Iront H50-00" [0 Gne ol the
better rums is deseribed below: A 182 g, (0.8TH mole s saraypde ot
fresh, finely divided phospthorns pentachloride - Mullinekrodt
Analytical Reagent grade ) was weighed rapidly and translerrel 1o
a 1L rcamd-hottom Hask fitted with an Allilm scardenser ¢ proe-
tected by a Drierite tnbe cand provided withy an eil-hith heater.
Then 55 g. (0417 noles of dry, pnlverized epoxysiecinic aeid was
added rapidly. Rapid addition is required bhecanse i magents
are good reeticar iay set in at onee.  As soon as foaming abated
(e mixtnre was heated for 20 min, at 53°. The cooled raistine
was translerred to o twin-lmlb flask, and moest ol the phosplyrns
oxyeltlortde 192w, 0.600 mole? removed at 34 ram. Jaessnre by
heating with ¢ flame. After removal «f the Torermn S0.3 g o8
colorless liquid which partially ervstallized was collected at 25
nin. pressnre. Nedistillation in the same apparaims vielded,
alter wosnuall forermm, 63.5 g. (00¢ 5 ol a colarless product wldel
ervstallized on storage overnight o the relrigerator.  After
several days in the refrigeratar some snblimaticar lad occurred |
The prodnct melted at 42-45° Sametimes, when the produer
[atled to crvstallize, (»xtm(tmn or trituration ol the liguid witl
ltexane purified 1€ enonglr so that it would eryvstallize.

vrythro-3-Hydroxy-L-aspartic Acid.-—A 10 g. sampie o 93",
prre ¢ = J=trans-epoxysiecinic actd 10.07 19 mole ) was dissolved i1
200 ml. of 284307 annuoninmm hydroxide solntion witli cooling,
The solntion was warmed »m the steanr hath thood s Gor 2 hr, at o
temperatnre as bigh as the evolntion of ranmonta gas prrmit ted
142y The solvent then was removed at redneed pressure it s
temperature helew 40° The residnal red sirnp was dilated witle
{wice its volne ol water nnd acidified to pH 3.0 with 12" hyerie
chloric acid. The prodnet eryvstallized, and was separicted by
liltration. The weigbt of the first crojc was 5,93 g and concei-
tration ol the filtrate gave a second ernde crep of 20 ¢ De-
crvstidlization Tomrcwater vielded 1001 g, ol pure nerterial. wldeh
decomposed above 200° withart o definite o,

dode Caleds for CHNO: 032330 1L 07050 N, 9
Fonnd: O, 32000 H, 0830 N, NN (0% 407 50 D1
bydrochlorie acid «

N,N,N"'.Triphenyl-3-hydroxyaspartamide.---A nrixture ol 180
g (136 molesy o C— kfrans-epoxysiecinie achl aml 1800 b,
13T moles i of smiline was stirred wnd heated muder carbon
dioxide-frec nitragen. When the temperature reached  120°,
all the weid hind dissolved, and water was evolved.  The tene
peratnre was raised to 143° hy distilling 150 ml of mdline wicter
mixture.  After 3 hr, the mixture, while still hot, was poured into
a beaker.  Alter cooling, the nearly solid mixtnre was filtered,
the residuoe, which retained mmely solvent, was washed witl
benzene, (hen reervstallized Trom pyridine and fran cecetenitrile.

y

The prodiet, yreced of solvent, weiglied 233 ¢, nop, 2332367
A3 -

(2. 210% ¢ A secordd erop was oldained Trow the Ivnzene, pyr-
tdine and 1((»1((1»itril( solntions. Tt weighed 192w, D
2327 ws. JONT The total vield, then. was 425 o oS50 A

sample ol in\t crop material, ]nmhml l»\ a second recvvsdlization
[ront seeetenitrile, reelted fram 234-237.5%  dropletssn cover-glass
[rean 230°3.

Methyl 2-Oxy-3-phenylaminosuccinate-4-N-phenylcarboxam.
ide.~~A 4.05 g (0.0166 moley sample «f N, N’ N -triphenyl-j3-
hydroxyaspartamide was dissolved i methanol saturated witle
lovdrogen ehiloride und the sohition stored at room temperatire for
Sdavs.  Aslight Hoceulent precipitate was removed by filtration
qard all volatile material removed at aspirator pressure. The
residie was dissolved in ether and the cther soluton wasld
several thues with 3¢ sodimn biearbomete solntion. Thesolvaa
was rentoved at rednved pressure to vield 3.0 g.ol ernde prodnet.
m.p. 120-124° Three recrystallizictions Trcare hexanre zave
»olorless erystals ol the half-ester, . 126-128°,

dnal, Caled. Tor CylNLO, O 6495 M, 357
Fomnd: C,64.69; H, 5.78; N, 8.K5.

N,N', N’ -Trioctyl-3-hydroxyaspartamide,~ A mixture ol 1t ¢
(0. 145 mole) of dimethyl epoxysneeinate, 8.4 g, (624 ml., 0371
nmole) of p-octylamine, and 200 ml. of dry (,»tlmm»l was reflixed
for 24 hr. T'be mixture became nearly solid during the last 2 hr,
and a1 cooling solidified.  The entire contents of the flask tlnrd
soap-like cemsisteneyt was dried to constant weight at 0.5 e
pressure.  The ernde prodinet weighed 335 g map. T13-120°,

N, NOLL

SHD €L Se)eplion] W Nenold, JAna., 558, 122 (14T
a1y L Kiree, Vo ofownn, amd 0 Medliben, J. Oy Chos 16, 1)DO
1051,
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This material gelled in most organic solvents, but was recrystal-
lized from about 5 1. of dioxane 3 times and once from 3.5 L. of
chloroform to obtain white waxy crystals, m.p. 120-122°.  Other
close unalogs showed the same tendency to gel in most organic
salvents at conventional concentrations.
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The chemical synthesis of N-trideuteriomethylnormorphine is described. Pharmacologically it is less potent
than morphine although its duration of action is unaffected. Compared with morphine its N-demethylation by

rat liver microsomal enzymes occurs less readily and requires a larger energy of activation.
The Vi's of rat liver N-demethylating enzymes were found

cates that it is less strongly bound to the enzyme.

A larger Ky indi-

to be inversely proportional to the biological potencies of the drugs, whereas the K, increases as the potency

increases.

due to reduced availability of enzymes rather than alteration in enzyme structure.
of analgesics apparently are demethylated by the same microsomal enzymes.
By two separate methods it was shown that nalorphine inhibited the N-

female rats are probably identical.

Diminished capacity of the enzymes of tolerant rats to N-demethylate morphine was shown to be

Both the [- and d-isoniers
The enzymes from male and

demethylation of morphine noncompetitively. The results obtained with rat liver microsomal enzymes fail to
support either Beckett's theory on the mechanism of analgesia or Axelrod’s theory on the development of toler-

ance to some of the actions of these drugs.
which these theories may be judged.

The mechanism by which narcotic agents produce
analgesia is not known nor has any satisfactory mech-
anistic explanation been presented for the develop-
ment of tolerance to some of their actions. Recently,
two theories have been advanced which have implied
that N-dealkylation of these agents is essential to these
phenomena,

Beckett, et al.,? believe that not the mere presence
of these drugs at the receptors in the brain, but the
subsequent N-demethylation which occurs there con-
stitutes the first step in the reaction sequence that leads
to analgesia. Nalorphine is thought to antagonize
the actions of nareotic analgesics by virtue of a greater
affinity for the receptor sites plus a much slower N-
dealkylation therein,

Axelrod was prompted to study the effects of tol-
erance to narcotic analgesics on the capacities of liver
microsomal enzymes from rats to demethylate these
drugs by the finding that the enzymes are capable of
N-dealkylating wvarious drugs.®** He found consid-
erable reduction in the capacities of the livers from
tolerant rats to N-demethylate morphine and other
analgesics which exhibit cross tolerance to morphine.?

(1) (a) This investigation was supported in part by research grant B-570
from the National Institutes of Health and in part by the United States
Atomic Energy Commission. (b) Portions of the data included in this re-
port were taken from a thesis submitted by C. Elison to the Graduate School
of the University of California in partial fulfillment of the requirements for
the Ph.D. degree in comparative pharmacology and toxicology.

(2) A. H. Beckett, A, F. Casy, and N. J. Harper, J. Pharm. Pharmacol., 8,
874 (1958).

(3) 8. C. Mueller and G. A. Miller, J. Biol. Chem., 202, 579 (1933).

(4) B. N. LaDu, L. G. Gaudett, N. Trousoff, and B. B. Brodie, 1bid., 214,
741 (1953).

(3) J. Axelrod, Science, 124, 263 (1956).

It is concluded that these enzymes are not suitable as models by

When nalorphine was administered with morphine,
the diminution in enzymic activity of the liver was sig-
nificantly less than when the tolerant rats received
morphine alone. Axelrod suggested that the continual
interaction of these agents with the enzymes that N-
dealkylate them inactivates the euzymes. Similarly
he inferred that the continual interaction of these drugs
with their receptors in the central nervous system mayv
inactivate the receptors. In other words, if the liver
microsomal enzymes are used as models for the re-
ceptors in the brain it follows that tolerance may ocenr
as a result of unavailability of receptor sites.
Substitution of N-trideuteriomethylmorphine for
morphine in ¢n vive and in vitro studies should provide a
direct test of the theory of Beckett, ef al.,® on the nature
of binding to the central nervous system receptors as
well as on the mechanism of narcotic analgesia. The
two compounds differ with respect to the zero-point
energies of the C-H and C-D bouds as well as the
masses of the two methyl groups, but should combine
with identical receptors both in the central nervous
svstem and the N-demethylating enzyvmes. Since the
theory is based on an inter-related consideration of
stereochemical configuration, physicochemical proper-
ties, and the enzymatic N-dealkylation, coniparisons
of the in vivo potencies, the rates of enzymatic N-de-
methylation, the energies of activation for N-de-
methylation, and the Michaelis constants of the N-
demethylating enzymes for these substrates, have been
made to obtain information for judging the theory.
Since the degree of ionization of the basic groups is

(6) A. H. Beckett and A. F. Casy, J. Pharm. Pharmacol., 6, 986 (1954).



