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pL-4-Acetoxy-3-carboxyphenylalanine (aspirin-alanine, 8) was svuthesized to determine if the g-alanine moiety
attached to a typical pharmacologically active gronp would funection as a biological carrier and transport the

aspirin grouping to tissie sites not reached by aspiri.

The amino acid 8 was no better absorbed than aspirin

and showed little analgesic activity in the rat-tail flick test but two of the intermediates iu its svnthesis, pL-3-
carboxytyrosine (5) and pu-3-carboxy-4-methoxyphenylalanine (3), prodiiced significant analgesic threshold

elevations.

One of these racemic amino acids (3) was found to possess clinical effectiveness comparable to

aspirin but its use was limited by incomplete and erratic absorption.

Studies of the effects of amino acid analogs ou the
growth of selected straius of bacteria with specific amino
acid requiremernts for normal growth have shown that
variaits of natural amino acids cau penetrate biological
membranes and ihibit the action of the related natural
amino acids.? These results suggested that the 8-

alanine fragment may function as a biological carrier

for o variety of R groups unot normally found in bio-
logical systems.  The tmiplications of this couclusion did
not escape several investigators but in the main they
have not been explored.

Elliot, lFuller, aud Hariugton? reasoned that penetra-
tion of microorganisms by drugs might be facilitated by
all e-aniino acid grouping and they therefore syuthe-
sized B-{amntnoaryl)- and B-heterocvelie a-aminopro-
piouic acids for antibacterial screening.  Several of their
compounds showed significant antibacterial effects n
vitro.  Burckhalter and Stevens* prepared g-alauine
derivatives with large space-oceupying groups such as are
found in antimalarials and insecticides in the hope that
the amino acid group would solubilize the compounds
1 biological fluids, allow absorption at the proper site,
and possibly permit participation in peptide syuthesis.
The best example of the use of an amino acid as & bio-
logical carrier 1s found in the work of Bergel aud Stock?
and Larionov, et al.,® who combitied the nitrogen nius-
tard funetion with pheuylalanine to fornr N-pheuylala-
nine mustard (PAN).  Blokhiu, et al.,” found that oral
administrationn of DL-PAM had a definite curative ef-
fect on patients with certain solid malignant tumors
(seminoma, reticulum cell sarcoma, and Ewings tumor),
while Bergsagel, ef al. ? found that 339, of the patients
with multiple myeloma in the group they studied
showed significant improvement after oral therapy with
L-PANL

No exauples have been reported of the use of a-amino
acid residues to transport pharmacologically  active

(L1 Psycliopbarinacolozy Service C'eurer, National lnstitote of Mental
1lealth, Betliesda, Md. 20014,

{2) (i.J. Martin, “Biological Autageuisi,” The Blakeston Co., New York,
N.Y. 1Al W, Rbhive and . G. Skinner, dn», Rer. Biochem., 37, 643
(14A8].

13y 10 17 Llliot, A. T. Noller, and (. R. llarington, J. Chem. Soc., 83
(1448,

41 J. 11, Borekbalter and V. (. Stevens, J. Am. Chem. Soc., 73, 56
(1961).

{(H1 1. Bergel and J. A. Stoek, J. Chem. Soe., 2409 (1954): F. Bergel,
V. (. L Barnop, and J. AL Stock, ihid., 1223 (1955).

(6) L. Y. Larionov, F. N. 8hkodinskaya, V. I. Troosheikina, A. 5. Khokh-
lov, O. 8. Vasina, and M. A. Movikova, Lancet, 269, 169 (1955).

(7y N. Dllokbin, L. Lariouov, N. Perevodelikova, L. Clhebotareva, and
N. Mervkolova, tnn. V. 1L dead. Soo., 68, 1128 (145HR).

18) 1) 1L Bergsagel, C. C. Spragie, (. Anstin, and KX, M. Griffith, Caxeer
Chemotherapy Rept., 21, 87 11962).

groups aud a study was therefore launched in these
laboratories to explore this area not only for itz poten-
tial as a rational approach to the facilitation of drug
trausport. across cell membraues, particularly the
blood-brain barrier, but also for the information it
would vield on the absorption of amino acidx.  Our first
target compound, 4-acetoxy-3-carboxyphenylalanine
(aspirit-alanine, 8) possessed the necessary dual fune-
tionality for our study since it is a dertvative of both as-
piriit and tyrosine. It was conveniently prepared by
the method illustrated in Chart I. Alkylation of di-

Cuart [
PREPARATION OF ASPIRIN-ALANINE

CH,0 CH,C(COOC,H,), CH,0 CH,CH COOH
i |
coog  NVHCOCH, coog  Am
1 2, Am=NH,*Cr"
3) Am = NHZ
HO CH,C(COOCH,), HO CH,CH COOH
1 —- ‘
000CH, VHCOCH; coog  Am
6 4, Am=NH,"X"
5, Am = NH,
CH, coo@ CH,CH COOH
1
CH,C00 CH,CHCOOH !
: 5 —~ oo N
coog  NHCOCH, 8
7

cthyl acetamidomalonate with A-chloromethyl-2-nie-
thoxybenzoic acid in the presence of 2 equiv. of sodiuni
ethoxide gave diethy! acetamido(3-carboxy-4-methoxy-
benzyl)malonate (1) which was hydrolyzed with 1.2 ¥
HCl to pL-3-carboxy-4-methoxypheuylalanine hydro-
chloride (2) from which the free amino acid (3) was
liberated at pH 3.2-3.5. Cleavage of the methoxyl
group of 2 or 8 was best accomplished with 489, HBr
and somewhat less effectively with concentrated HCI
with the formation of the correspouding salts (4, X =
Br—= or Cl7) of pL-3-carboxytyrosiie which at pH 3.2-
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TaBLE I: PRELIMINARY PHARMACOLOGICAL DATA
RO CH,CHCOOH
!
COOH NH,
~—LDso Analgesic activity
Compd. R Species Route mg./kg. Test Rouate Dose, mg./kg. Av. thres. elev., %
2 CH; Mouse Iv. 683 Tail flicke Lp. 150 +22
2 CH; Monse Oral 5000 Tail flick Lp. 300 +81
3 CH; Rat Oral 5000 Tooth pulp?  Lv. 50 +35
3 CH; Tooth pulp Lv. 100 +41
2 CH; Tail flick Oral 500 +29
2 CH; Tail flick Oral 1000 +36
4¢ H Monse Lv. 481 Tail flick Lp. 150 -2
4¢ H Mouse Oral 5000 Tail flick Lp. 300 +42
5 H Rat Oral 5000 Tooth pulp Iv. 50 +36
5 H Tooth pulp Lv. 100 +46
4¢ H Tail flick Oral 500 +13
4¢ H Tail flick Oral 1000 +19
8 CH,CO Morse Lp. 1500 Tail flick S.c. 300 +7
Aspirin Tail flick Oral 300 +4

@ The time required by mice nnder the inflience of the test compounds to respond to a hot light focused on their tails was deter-
mined. This reaction time was compared with that shown by the mice when not under the effect of a druiig. The increases in reaction

time, expressed as threshold elevations, were averaged for observations made at 15-min. intervals.

® The time required by control

rabbits and those under the inflnence of the test compounds to respond to an electrical stimulus administered by electrical probes im-
planted in the tooth pulp of the incisors was compared. Reaction to the current was shown when the animals lifted their heads sharply

and tension in the neck miiscles inncreased markedly. ¢ X = Cl-,
3.5 gave pL-3-carboxytyrosine (5).? Alkylation of di-
ethyl acetamidomalouate with methyl 3-chloromethyl-
salicylate and hydrolysis of the alkylation product 6
was a more direct but less satisfactory route to 4 be-
cause of lower yields and greater experimental dif-
ficulties. Acetylation of 4 with a 1:1 mixture of acetic
anhydride and acetic acid at reflux temperature gave
the unwanted N,O-diacetate (7). Selective O-acetyla-
tion of 5 with the formation of aspirin-alanine (8) was
accomplished with a mixture of acetic anhydride and
acetic acid in perchloric acid by a modification of the
procedure of Sakami and Toennies! for the O-acetyla-
tion of tyrosiue.

Preliminary analgesic sereening data (Table I) on the
racemic amino acids 2,3, 4 (X = Cl7), 5, and 8 showed
that aspirin-alanine (8) was the least effective com-
pound i the group while 2 and 4 (X = Cl~) produced
analgesia both by the oral and intraperitoneal route
in several species of animals.

L-3-Carboxy-4-methoxyphenylalanine (prepared from
the N-phthaloyl brucine salt) produced no pain thresh-
old elevation in mice in the tail flick test. This ob-
servation suggests the unlikely possibility that p-3 is
responsible for all of the analgesic activity of the race-
mate. Unfortunately, all attempts to isolate the
soluble N-phthaloyl brucinate precursor of p-3 from
the brucine salt mother liquors failed and it has not
been possible to verify this conclusion by direct ob-
servation,!!

pL-3-Carboxy-4-methoxypheuylalanine, which in pre-
liminary eclinieal studies produced little gastric irrita-
tion, was somewhat more effective than aspirin (at oue-
third to the same milligram dosage) in patients with

(9) After the completion of our studies, P. D. Larsen and A. Kjaer [Acta
Chem. Scand., 16, 142 (1962)] reported the isolation of L-3-carboxytyrosine
from the free amino acid fraction of seeds of Reseda odorata L. and its syn-
thesis from L-tyrosine.

(10) W. Sakami and G. Toennies, J. Biol. Chem., 144, 203 (1942).

(11) Tle p-isomer possibly coald have been separated from the racemate

Ly an enzymatic method. Collateral developments in the program sug-
gested, liowever, that furtlier effort along this line would not be justified.

musculoskelatal aches and pains, acute respiratory iiu-
fections, and headaches but was incompletely and er-
ratically absorbed. Blood levels of pL-3 in man after
the administration of 700 mg. p.o. reached a maximum
of 7.6 v/ml. after 5 hr. Fecal studies established that
from 25-459, of the administered dose of pL-3 was not
absorbed. Urinary excretion of pr-3 ranged from a
trace to 149,. In an extended series of studies with
urine, stool, and blood from patients, a maximum of
about 509, of the administered dose of pr-3 could be
accounted for. Studies on the absorption of p1-3 from
the perfused small intestine of the rat 7n vitro utilizing
the method of Hogben, et al.,'? gave results consistent
with the poor absorption observed in patients. pnL-§
was somewhat less well absorbed from the rat small
intestine than pr-3. Aspirin-alaniue (8), the least ac-
tive analgesic of the amino acids, was found to be as well
absorbed as aspirin and much better absorbed than pr-
3 and pL-5. The observations suggest that there is 10
structure—activity correlation between these new amino
acids and the salicylic acid-aspirin system and that
carboxylation alone or together with alkylation or acyl-
ation of tyrosine yields products which differ too much
from tyrosine to be absorbed efficiently by the tyrosine
transport system and which are too polar to be well ab-
sorbed by passive diffusion.

Experimental Section'?

5-Chloromethyl-2-methoxybenzoic Acid.—A suspension of 152
g. (1.0 mole) of o-methoxybenzoic acid in 75 ml. of concentrated

(12) C. A. Hogben, D. J. Tocco, B. B, Brodie, and L. M. Schanker, J.
Pharmacol. Exptl. Therap., 128, 275 (1959).

(13) Microanalyses were performed by Schwarzkopf Laboratories, Wood-
side, N, Y. Melting points were determined on a Thomas-Hoover melting
point apparatus and are corrected. o-Methoxybenzoic acid, methyl salicyl-
ate, phtlialic acid, and Lracine were purchased from Distillation Products
Industries, Inc. Diethyl acetamidomalonate was obtained from Wintlirop
Laboratories. The formaldehyde, acetic anhydride, and perchloric acid
used in this study were Baker and Adamson laboratory reagent grade
chiemicals.
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HCL was treated first with 87.5 g. (1.08 moles) of 37¢( formalde-
Livde and then with gaseaus HCl until saturated (both operations
at 0-15°). The reaction flask was stoppered and set aside ut
roomr temperature for 2 dayvs. The crude prodnet was filtered
off, pressed dry on the filter funnel, and recryvstallized from
benzene; vield 120 g. (60¢0), m.p. H7-08°. The melting point
witg not clianged by u second recrvstallization.

Anal. Caled. for Coll,ClOo: €, 53.72; H, 450,
0058, 11 5,05,

Proof of Structure of 5-Chloromethyl-2-methoxybenzoic Acid.

H-Chloromethyl-2-methoxybenzoic acid (6 g.) was added to u
solirtion of 2.4 g, of NaOH in 100 ml of water. The mixture
was warnied at 60-70°, treated with a sahntion of 7 g. of KNnt),
i 15t ml. of water, and then was stirred and refluxed for 44 min.
Muanganese dioxide was filtered off, and the filtrate wus cooled
and acidified to pH 3-4.  The white crystalline conpound which
precipitated nrelted at 255-257° ¢rude and at 259-2060° after
recrvstallization from methanol, The melting point data are
in gaod agreement with the melting point of 4-mmethylirophthalic
acid obtained by Schall*® (m.p. 261°) from the oxidation of 4-
niethoxyv-m-toluic acid and by Fosdick and Fancher® (m.p. 255
256°) {rom the oxidation of 4-methioxy-m-xvlene and establixh
the laeation of the chloromethyl group in omr elidoramethylation
prodiret as para to the methoxy gronp.

Diethyl Acetamido(3-carboxy-4-methoxybenzyl)malonate.--A
solution af 26.2 g, (11.4 wole) of sadinm ethoxide in absolnte
aleohol was prepared by dissolving 9.2 g. (0.4 g.-atom) of Na in
175 ml of nleohol. The solution was caoled to 60° and 43.3
g, (0.2 mole) of diethyl aeetamidonmualonate dissolved in 80 ml. af
ethanol was added. The mixture was stirred far 15 min. at 60°
and then a solution of 41.4 g (0.2 wole) of 5-chloromethyl-2-
niethoxybenzoie acid, dissolved in 100 ml. of aleohol, was added
all at once. The mixture was stirred and refluxed for 12 hr.
and allowed to stand overnight.  Aleoliol wax removed in wacuo,
the residue was dissolved in 250 ml. of water, and the solution
wis adjlsted to pll 6.5, The acidified =olution wax extracted
with etlier, and the extracts were dried { Na.S0),), filtered, and
concentrated to a heavy svrup which was dissolved i saturated
NallCO; and extracted with benzene to remove unreacted diethyl
acetamidomalonate,  Acidification of the bicarbonate sohition
witl dilute HCl to pH 3 gave a precipitate of the dexired product
whichh melted at 106-107° after recrystallization front benzene:
vield 65 g. (85%0). A second recrystallization from benzene
raized the melting point to 116-117°,

Anal. Caled. for CsHuyNOs:
Found: C, 56.40; I, 5.82; N, 3.75.

3-Carboxy-4-methoxyphenylalanine Hydrochloride.——1)iethyl
acetamidoCi-carboxy-4-methoxyvbenzylmalonate (64 g., 0.168
niole) was refluxed with » mixture of 33 ml. of concentrated
HCL and 475 ml. of water for 12 lr. The reaction mixtire
wad concentrated to dryness +n racwo and the crystalline solid
wis recrvstallized to coustant nrelting point from isoprapyl
aleohol; vield 34 . (7393, m.p. 215-216° dec.

Anad. Caled. for ¢ HENO,-HCL €, 4308 H, 5.00: N,
5000 Found: C,48.08: 11, 5.40; N, 5.335.

3-Carboxy-4-methoxyphenylalanine.—3-Carbaxy-4-methoxy-
pheuylalanine hydroeliloride (5 g., L0181 mole) was dissolved in
100 ml. of water, the pH of the solution was adjusted to 3.435
{meter) with 20 ml. of 1.0 N NaOH, and the mixture was placed
in a refrigerator avernight. The crystalline precipitate (m.p.
235°) was filtered aff, washed with ice-cold water until the
washings gave no more than a faint test for C17, aud then re-
ervstallized from 250 ml. of hot water.  The crvstalline product
was filtered off, washed with water. and dried at 85° /n vacuo:
vield 3.5 g, (190, nLp. 242-244°,

Anal. Caled. for ChyHRNOL: ) 55220 H, 548 N, 580
Found: €, 55.28: 1, 5.50; N, 375

Methyl 5-Chloromethylsalicylate. - The preparation of methyl
H-chloromethylsalicylate, originally described by Bauer and
Bncehler,®® was simplified as follaws. A mixture of methyl
salicylate (304 g, 2 molesy, 2.0 1 of concentrated HCL, and 240
g. (3 moles) of eliloromethyl ether was stirred for 18 hr. at room
temperature during which time methyl 5-chloromethylsalicylate
gradually precipitated. The ecrystalline product was filtered
off and dried over KOH und CaCl. for 24 hr.  After recrystalli-

Found:

56.84; H, 5.52; N, 3.68.

(L O Nchall, Ber., 12, 828 (18705,
(1A LS Posdick aml O, 1 Vaneler, /. Am. Chem. Soe., 88, 1277 (1041
sy XL 1L Baner and In, Yacbler, (treh Zoarm,, 262, 128 (1042),

LLeovarn, A, Wasncunr, W
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zation from hexane, the product melted at 66-658°, vickd 250 .
(63¢0), it ¥ 1m.p. 68°,

Diethy! Acetamido(3-carbomethoxy-4-hydroxybenzyl)mal-
onate.--Sodinm  metal (115 g, 0.5 g.-atam) was dissolved
111 300 mil. of ahsahite ethauol, To this sohition was added HISS
g (0.5 moled of diethyl acetamidamalonate. The mixtire wias
caoled n an ice bath and was then treated dropwise during 0.5
hro with a solution of 100.3 g, (0.5 mole) of methyl H-chlom-
methvisalieylate i 2000 ml. of benzene.  The niixture was stirred
at room temperature for 40 hr., refluxed tor 28 hr. with stirring,
coaled, and acdified with 20 ml. of acetic aeid. The aeiditied
reaction mixture was filtered hot, concentrated to hall volume,
and porred onto kg of tee. After 5 hr., the precipitate was
filtered, washed with water, and ervstallized from approxi-
mately A0 mil. of 2-propanol; m.p. 120--130° A =econd re-
ervstallization from 500 1wl of 2-propanaol gave 95,5 g (50,24,
of the desired produict, m.p. 131-135°,

Ancel. Caled. for COHRNOL O 3669
Found: C,50.80; 1, 5.75: N, 547,

3-Carboxytyrosine Hydrochloride (4). A. By Hydrolysis
of 3-Carboxy-4-methoxyphenylalanine Hydrochloride.- -3-Cur-
boxy-4-methoxyphenylalanine hyvdrochloride (46 g. 0.145 nwle:
was reflaxed with 401 wl, of concentreated HCL for B hre. The
reaction mixtire wias concentrated jn rocuo, and the restdie was
reervatallized from o mixture of etlianol :and methanol: vield
35 g COLAY 1ol 4, nup. 260-261°.

Anoll Caled. for CLWHNOGATCT: ) 45400 T, 4620 N
536, Foud: C 46,040 H, 4770 N, 5.50.

B. By Hydrolysis of Diethyl Acetamido(3-carboxy-4-hydroxy-
benzyl)malonate.- -Diethyl acetamido(3-carbomethoxy-4-liv-
droxyvbenzyDmalonate (04.5 g., 1.248 mole) wag refluxed with
Lo L of 6.8 HCL for 15 hr. The white ervstalline precipitate
was filtered off, sucked as dry as possible an the finnel, and dried
in a vaonun desiceator (CaCle and NaOH)Y overnught:  vield
61.5g. (9570 ), n.p. 275 276°.

Anal. Caled. Tor CyHoNOSHCE € 45000 11, 4620 CL
13550 N o6, Found: O 44790 H, 445, €l 14230 N,
5.22,

Recrvstallization of 26 g. af the ¢mude hydrochloride (rom water
depressed the melting point {o 270-271° and resudted in fornue-
tion of a mixture of the amino acid hydrochlaride and the free
antino acid ax <hown by the low chlorine cantent.

Anal. Found: C1,9.25.

Recrystallization of the water-crystallized material {ram 2 .\
1HCl gave a prodiet that melted at 274-275°, vield 21.0 g.

Anel. Found: ¢, 45,74 H,4.87; Cl, 13.61: N, 514

3-Carboxytyrosine (5). A. Liberationfrom 3-Carboxytyrosine
Hydrochloride.—3-C'urboxytyragine hydrochloride (30.0 g, 0.115
ale) was dissolved in approxinsately 130 mil. of water at 50-60°,
After cooling to about 40°) the pH of the solution was adjusted
to 3.2 by addition of approximately 121l of 10N NaOH.  The
free amino acid precipitated nmmediately.  After refrigeration
for 2 hir., the mixtire wag filtered and washed until almost free
of €17, Crude 5 melted at 280-200°,  Leaching with boiling
witer did not eliinge the melting point: vield 26.0 g. (D0.5¢ ).

Anal. Caled, for Cell)yNOs: € 53320 11, 4920 N, 622
Faund: ¢, 52,050 1, 488, N, 6.20.

B. Liberation from 3-Carboxytyrosine Hydrokromide.-
3-Carboxy-4-methoxyphenylalanine hydrochloride (5 g., 0.01&2
mole) was refluxed with 50 ml of 48¢7 HBr for 5 hr.  After 20
min. of refhix alt »f the amino acid had dissolved. Shortly
thereufter, J-carboxytyrosine hydrobmmide started to ervstal-
lize from sohition.  The cooled mixture was filtered, the ervsial-
line hydrobromide was taken up in water, aud the ptl was ad-
justed to 3.2, 3-Carboxytyrasine was filtered off after several
Liours of refrigeration: vield 2.4 g, (58C), m.p. 287-28%°,

2-Acetamido-3-(4-acetyloxy-3-carboxypheny!)propionic Acid.-
3-Carboxytyrasine hydrochloride (1.0 g., 0.0039 mole) was dis-
solved in a bhoiling mixture (refiux) of 1:1 acetic anhydride -
acetic acid (et hro for complete dissolntion).  The mixtire
was then warmed ai 60° for 3 Lir. and concentrated in vacuo.
The =yvrupy residue crvstallized on trituration nuder ether and
was recrystallized from a mixture of ethiyvl acetate and isopropyl
alcohol: vield 0.5 g. (40,47 v inup. G0°.

Anal. Caled. for CoHENO ) dd4 TH 4850 N, 492,
Fonnd: €, 54.66: 1L 5.26; N, 4,12

4-Acetyloxy-3-carboxyphenylalanine .-~ -3-Carboxy tyrosine
12,4 g, 0.00107 mole) and 12 g. of neetic anhydride were dissolved
at 0° 1 HO il of an acetic acid solution of £.931 g, of 744, HCID,
and 2,52 g af O neetic anhyvdride,  The mixture was stirred

H, 6.418: N, 367
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at room temperature for 19 hr. and was then treated with 1 ml.
of water, 3.48 g. of amylamine, and 500 ml. of ether, The gummy
crystalline precipitate was washed with ether (decantation)
and then recrystallized from ethanol; vield 2.5 g. (659%), m.p.
184-185°. The crystalline product gave a negative ferric chlo-
vide test for the free phenolic group.
Anal. Caled. for CHi3NOs; C, 53.92; H, 4.87; XN, 5.25.
Found: C,53.65; H,4.90; N, 5.47.
N.Phthalyl(3-carboxy-4-methoxyphenyl)alanine.—A mixture
of 12.0 g. (0.046 mole) of 3-carboxy-4-methoxyphenylalanine,
7.5 g. (0.051 mole) of phthalic anhydride, and 75 ml. of dry pyri-
dine was refluxed for 1.5 hr. with the exclusion of moisture and
concentrated ¢n vacuo, and the residue was dissolved in 30 ml.
of acetic anhydride. The resulting golution was refluxed for
10 min., cooled, poured onto 300 g. of ice, and stored overnight
in a refrigerator. The precipitate was filtered off and recrystal-
lized from 75 ml. of ethyl acetate; yield 13.8 g. (699). The
purified product melted first at 170-171°, solidified, and re-
melted at 218-219°,
Anal. Caled. for CoH:NO-: C, 61.77; H, 4.09; N, 3.79.
Found: C, 61.87; H,4.41; N, 4.01.
L-N-Phthalyl-3-carboxy-4-methoxyphenylalanine Brucine
Salt.—A solution of N-phthalyl-3-carboxy-4-methoxyphenyl-
alanine brucine salt obtained by dissolving 50.2 g. (0.136 mole)
of N-phthalyl-3-carboxy-4-methoxyphenylalanine and 53.8 g.
(0.136 mole) of brucine in 735 ml. of near-boiling 609; ethanol
was allowed to cool slowly to room temperature overnight. The
precipitate of colorless needles was filtered off [yield 45 g.
(87%), m.p. 167-172°, [«]*Dp —86.3° (0.200 g.in 10 ml. of 609,
ethanol)] and recrystallized from 250 ml. of 60¢; ethanol;
vield 39 g. (74.4%), m.p. 167-172°, [«]®Dp —114.3°(0.194 g. in
10.00 ml. of 609 ethanol).
Anal. Caled. for CuHy N30, -2H,0: C, 63.04; H, 5.56; N,
5.25. Found: C, 63.05; H, 5.69; N, 5.47.
L-N-Phthaly!-3-carboxy-4-methoxyphenylalanine.—A suspen-
sionn of 63.5 g. (0.0795 mole) of L-N-phthalvl-3-carboxy-4-me-
thoxyphenylalanine brucine salt was made basic with 160 ml. of
1 N NaOH, stirred for 0.5 hr. at room temperature, and filtered.
The filtrate was extracted 7 times with 150-mnl. portions of ¢hloro-
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form until it gave a negative test for brucine and then acidified
with 170 ml. of 1 ;¥ HCl. The precipitate (29.1 g., 949 ) which
formed in the mixture on standing overnight in the refrigerator
melted at 133—-134° and had [«]%p —206° (0.0601 g. in 3.00 ml.
of ethanol). It was recryvstallized several times from a mixture
of ethyl acetate and cyclohexane with no change in optical
rotatiou.

Anal. Caled. for CpHpNO7: C, 61.77; H, 4.09; N, 3.70.
Found: C, 62.77; H, 4.00; N, 4.50.

L-3-Carboxy-4-methoxyphenylalanine.—A suspension of 24 g.
(0.065 mole) of L-N-phthalyvl-3-carboxy-4-methoxyphenylalanine
in 1.68 1. of approximately 1 & HCIl was refluxed for 24 hr. and
then concentrated in vacuo to a small volume. o-Phthalic acid
was filtered off, and the filtrate was concentrated in wvacuo.
The residue was dissolved in water and the solution again was
concentrated to dryvness in vacuo. This was repeated several
times to ensure complete removal of excess HCl.  The residue was
dissolved in water and treated with 9 g. of Ag,CO;. The pre-
cipitate of AgCl was filtered off, the filtrate was treated with HaS,
filtered, and concentrated n vacuo. Benzene was added to the
residue and the remaining water was removed by azeotropic dis-
tillation. The solid residne was leached several times with hot
purified dioxane and dried; yield 12.06 g. (78%), m.p. 91°
(partially melted), 236-238° dec., [«]®p —17.9° (0.00983 g. in
1.00 ml. of water). After recrystallization from acetonitrile—
water, the preparation had [«]%p —19.1° (2.62 mg. in 1.00 ml.
of water), [«]®p ~1.81°(2.21 mg.in 1 ml.of 1 N HCl), and the
same melting point as the cride material. The more poxitive
rotation of the product in 1 N HCI snggests an r-configiuration
in accordance with the riile of Liitz and Jirgensons.!?

Anal. Caled. for C,HuNO;: C, 55.22; H, 548; N, 5.86.
Found: C, 54.98; H, 5.59; N, 5.76.
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Tlie syntheses of a number of 1,3-dihydro- and 1,3,4,5-tetrahydro-2H-1,4-benzodiazepin-2-ones, having basic
(aminoalkyl) side chains in positions 1 or 4, are described. The acute toxicities of these compounds were deter-
mined and the componnds were screened for sedative, muscle relaxant, taming, and anticonvulsant effects in

mice, and for sedative and muscle relaxant activity in cats.
nervous system activity qualitatively similar to that of chlordiazepoxide.

Many of these benzodiazepinones showed central
Optimal activity was observed in

compounds having a 2-flnorophenyl substituent in position 5. The tetrahydrobenzodiazepinones showed sig-
nificantly less CNS activity than the corresponding dihydro compounds.

In continuation of our studies of psychopharmaco-
logically active 1,4-benzodiazepines, we have prepared
the compounds listed in Tables I and II by four
methods.

Alkylation of 1,3-dihydro-2H-1,4-benzodiazepin-2-
ones with sodium methoxide and wvarious amino-
alkyl halides (method A) gave the Il-substituted
benzodiazepin-2-ones listed in Table I. An alternative

(1) Paper XX1V: W. Metlesics, R. Tavares, and L. H. Sternbacl,
J.Org. Chem., 80, 1311 (1865).

route (method B) was found useful in cases where the
necessary aminoalkyl halide was not available. Alkyla-
tion of 1,4-benzodiazepin-2-ones with 1-bromo-3-
chloropropane gave compounds of type 11, which readily
underwent nucleophilic replacement of chlorine by
amines.?

The tetrahydrobenzodiazepinones (Table II) were
made either by alkylation of 1,3,4,5-tetrahydrobenzo-

(2) H. L. Yale and I'. Sowinski, J. Am. Chen. Soc., 82, 2039 (1960).



