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reerystallized  from PhMe, mp 183-135°0 Anel. (CudliOy
C, H.

«~Oximino-1,2,3,4-tetrahydronaphthyl-1-acetic acid (2) wax
obtained from the reaction of 1 (14.04 g, 0.060 mo}l) with /~PrONO
in the prexence of dry HCL'? The oil obtained was cry=t from
Phle to yield 9.0 g (68¢), mp 152-154°,

.N,.\'-Diacetyl-4-aminophenylalanine (4).--.\-Acetyl-t-amiio-
phenylalanine®® (5.2 g, 0.027 mol) was dissolved i1 warm H.O
and 4.5 mwl (0.048 mol) of AeO was added. After stauding at
room temp for 3 hr, the nmixtiure was refrigerated for 48 hr.  The
resulting =olid was washed with H,O and dried to yield 4.4 ¢
1704 ), recryst front abs EtOH, mp 219-220° dit."*mp 210-211° 1
Atﬂ(l/. (Cl:{HsNg().l) (‘, H, N

3-Nitro-:V,N ‘-diacetyl-4-aminophenylalanine {5).-—Compound
4 (1.0 g, 0.0038 mol) was added in small portions to 3 ml of coned
HuSO4 at room temp.  The resulting soln was cooled in an ice
bath and 1.0 ml of coned HNO; was added dropwise, stirring over
a pertod of 3 to [0 min.  The reaction mixture wax =tirred i
tee bath temp for a further 15 mw and poured <lowly, with s1ir-
ring, into tee-water.  The soln was extracted contimmausly with
CIICL overnight.  After diving (N#:80,), 1the CHCL was re-
moved under reduced pressure and the residue recryst from
KtOAce 1 produce 0.82 g (709 of 5, mp 190-192°.  Anal.
(C13H1:N306) C, H, N.

3-Nitro-4-aminophenylalanine (6).-—Compound 5 (2.5 g.
0.008 mol) was hydrolyzed by refluxing with 50 ml of 209 viv
ITCYH for | he. The bright red =oln wax cooled to room temp, ad-
justed to pH 7 with NHOH, aud refrigerated. The resulting ppt
was recryst from 11O o vield 1.5 g (83C % of 6, mp 235° dec.
Anal. (Cal1 1 N304-0.5H.0) C, H, N

Benzimidazole-5(6)-alanine Dihydrochloride (7).-—A =olu of
225 g (0.01 mol) of 6 i1 100 ml of 4 ¥ HCI was hydrogenated at
3.2 kg/em® over 54 Pd-C. The reaction mixture was filtered
into a flusk coutaining 5.0 ml of 97-100¢, formic acid under N..
The conteits were refluxed far 1 hr under N» and evaporated to
dryuess nuder reduced pressure to yield 2.37 g (864, ) of crude 7.
This was recryst by dissolving in & mininnun of hot 4 N HCY, add-
ing 2—4 vol of KtOH, and then Et.0 dropwise until just cloudy,
mp 265° dec.  Anal. (Cpl12CLN;0,- H,0) C, H, N.

3.4-Ethylenedioxybenzyl Chloride (8).-—-HCl gax wa= bubbled
mto a mixture of benzodioxane' (74 g, 0.54 mol) and ZnClh (74 g,
0.54 nwl) in 200 ml of coned HCI for 15 min while the temp wax
maintained at 10-15°. To this mixture, 100 ml of aq CH.0
(35-407¢) was added dropwise with stirring at 10-15°.  After the
addition, the reaction was stirred for 2 e aw 15-20°. The organic
phase was taken up in CeHi, washed weveral times with Ha0),
dried (Na:80y), and evaporated wuder reduced pressure. The
rexidue was distilled to yield 43 g (4390) of 8, bp 114° (0.55 mum .
This compound slowly deenmposed on standing giving off HC1
aud muxt, therefore, be used within 24 hr.
Ethyl 3,4-Ethylenedioxybenzylmalonate (91-—XNu (5.5 g,
.20 g-ntom) wax dizsolved in dry EtOH (200 ml), protected from
atmospheric moisture. 1o thix soln was added diethyl malonate
t%0.0 g, 0.5 mol), followed by 8 143.0, 0.23 mol), dropwise, with
<tirring.  The reaction was theu refluxed nntil neutral to litnis
(approx 3 luw). ELOT was theu removed by distu. The residue
wis trented with 11,0, the ester =epuarated, and the aq phase ex-
tracted twice with [£1.0.  The exter and ether phases were con-
bined, washed (11.0)), dried {Na.=S0y), and the Et.0) was removed
then nnder reduced pressure. Fractionation of the resulting il
vielded 56 g (7971 of 9, bp 165 -170° (0.5 wmmy which was
characterized ax the correspouding acid.

3.4-Ethylenedioxybenzyimalonic Acid (10).--Coupound 9
(71 g, 0.23 unl) was hydrolyzed by vefluxing in ag KOTI, vielding
5083 g (871 of 10, mp 152--155° el (Cull06) C, 1T,

w-Oximino-3-(3.4-ethylenedioxyphenyl propionic acid (11} was
prepared by the saine procedure u=7; vield 7197, mp 149-150.5°.
Anel (CyHuCINOO C, T, N

3.4-Ethylenedioxyphenylalanine - HCl (12) was prepared by
the same procedure as 3; wvield 7297, mip 208° dec. Anal. (Cy~
11,,CINOy) C, H, N.

i12) Oscar Touster, Ory. React.. T, 353 113337,

11310 Syntliesized by thie provedsice of P2 Bloek, de . Ay, Clovn,, 21, 12047
[SHHION

() Prepured Ly moldification of etlual of 15 N. Gosh, J, Chew., Soe,,
107, 1188 (1ulh),
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The literature describes only one example of a 1 4-
benzodinzepin-2-one, l-substituted by groups with an
ether function! (compound I of owr =seriex) and its
pharmacological properties are not deseribed.  We have
prepared 11 compounds of this tyvpe, listed in Table T,
which were screened for sedative, musecle relaxant, and
anticonvulsant effects in miee; the LDs was also
determined (Table I1).

Alkvlation of 7-chloro-1,3-dihydro-d>-phenyvl-2H-1 4-
benzodiazepin-2-one* with NaOCH; and various alkoxy
or arvioxvalkyl bromides  (chloro derivatives are
unreaetive) gave l-xubstituted benzodiazepin-2-ones.
An exception waz VI which wax obtained by reduction
of the nitro group in VIII. The structure of these
compounds was confirmed by ir spectra and aeid hy-
drolysis, to give the ecoresponding N-substituted
2-amino-benzophenones in good yvield (two examples are
given in the experimental =ection).  We found it to be
an excellent method for the preparation of N-alkyl
derivatives of 2-aminobenzophenones instead of the
method of sulfonamide alkylation.*

Structure-Activity Relationship.—The replacement
of the Me group i diazepam by alkoxyalkyl arvloxy-
alkyL arylmercaptoalkyl group. and its sulfone changes
only quantitatively the dinzepam aetivities, produeing
m general a lower activity,  Of the alkoxy derivatives,
the butoxy compound 11 is the most aetive; the phenyl
ethers have lower aetivity, =peeially in their anticon-
vulsant effect.  The presence of an clectron-releasing
substituent in the benzene ving produces a high netivity
compared with those that have no =ubstituent or have
an eleetron withdrawing group.  The thioether and its
sulfone have an aetivity  intermediate between the
alipbatie and aromatie ether; g-naphthoxyethyl deriva-
tive XI combines a minor muscle relaxant etfect witl
its anxiolvtic offeet. I general the activity has ne
velation with the weight of the substituent. Al
compounds =how low acute toxicity compured with
diazepam,

Pharmacological Methods

We have used adult Rockland’s male mice (20-25 g).
The drugs assayed were suspended in 29 carboxymethyl
cellulose and given all by oral route (gastric sound).
In the determinations of the lethal effect, the drugs
were dissolved in DAMA and injected ip (4.0 ml/keg) . 8

(1) Hofimann-La Roehe, Netberlamls Patent. 6,510.539; Chem. Ahstr.,
86, 732 (1966).

i2) 1. 1L Sreenbavh and X, Reeder, J. Gryg, Chem,, 26, 4336 (1061).

G oSOl B, 1S salkewski, O Gocluoan, and 8.0 Childeess, ihind.,
27, K62 1462,
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Tasue I

R
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Cells

Yield, Recrystn

No. R 17,7 solvent Mp, °Ch Fortnula’
1 CH,CH,OCH,CH, 56 Cyclohexane 101-102 CraHi9CIN, Oy
I CH,(CH, );OCH,CH, 15 PhH-cyclohexane 155-156 Cy H:,CIN;O,
111 CesH;0CH,CH, 50 PhH 166-167 Cos HygCINO:
v CeHs:O(CH, ) 43 EtOH-PhH 163-164 CyHy CIN,O;
v p'CHoCsI'LOCHzCHz 16 EtOH-PhH 121-122 024H21CXN202
VI p-NH,C:H,OCH,CH, 73 PhH 148-149 CosHpCIN50:
VI p-CICsH,OCH,CH, 79 EtOH-PhH 165—166 CaysHisClN2Oy
VIII p-NO,CsH,OCH.CH, 81 EtOH-Phil 170-171 CsH3CINLO,
IX CsH;SCH,CH, 12 Cyeclohexane 97-98 CyHisCINLOS
X Csl1:S0,CH,CH, 67 EtOH-PhH 178-179 CypHiCIN, 0,8
X1 8-C,y;H;OCH,CH, 44 Cyclohexane 104-105 CyH CIN, O,

“ Values obtained are from a single experiment;

1o attempts have been made to obtain optimal yields.

b Melting points are nucor-

rected. ¢ All compounds were analyzed for C, H, and N. Values are within =0.49, of theoretical.
TasLe 11
Psychopharmacologic and neuro~ Anticonvulsant activity (mice)

muscular activity (mice) —ED:, mg/kg po—mMmM8m—————— Aeiite toxieity
— EDs, mg/kg p.o. — Antypentylene- Antimax Antimin {inice)

No. Tube test Mobility tetrazole shock shock L1so, mg/keg i.p.
Diazepam® 6 3 2 15 10 500
1 18 3 4 10 18 240
1T 7 4 4 12 15 350
111 27 48 40 400 >500 >600
v 40 34 85 >500 >500 >600
v 25 15 30 65 76 >500
VI 19 10 15 75 39 >500
VIT 73 105 byd >500 >400 >600
VIII 200 120 92 160 500 >600
IX 16 14 15 80 43 >3500
X 29 19 18 70 47 >500
X1 35 150 25 500 350 >500

= Jteference compound,

mice and 3 dose levels were used for each determina-
tion. Each drug was tested after 2-3 hr The dose of
drug (mg/kg) required to produce the desired endpoint
in 509, of animals (EDs), in every test was calculated
by interpolation on the dose-effect curve relationship.

Psychopharmacologic and Neuromuscular Action.—
This was carried out according to the method of
Boissier, Tardy, and Diverres* and was considered the
dose that inhibited the climbing backward up a tube
held vertically, in 509, of mice,

Motility. — This was determined by the number of
passages in a cylindric grey box (170-mm diameter)
with 2 photocells. We only considered the mice that
had an average of passages of between 100 and 180
during the first 15 min (control period). The EDs;,
was considered as the dose that decreased the motility
509, in relation to the control period.

Anticonvulsant Activity.—The antipentylenetetrazole
test was carried out by the Everett and Richards
method.? The EDs, was calculated as the dose which
prevented convulsions in half of mice after administra-
tion of 125 mg/kg se¢ of pentylenetetrazole. The

(4) J. R. Boissier, J. Tardy and J. C. Diverres, Med. Ezxp., 3, 81 (1960).
(3) G. M. Everettand R. K. Richards, J. Pharmacol. Exp. Therap., 81, 402
(1944),

minimal electroshock convulsant threshold was mea-
sured by the method of Swinyvard, ef al.® The dose
level at which half of the mice were protected against a
minimal seizure was recorded as the EDj,.

Lethal Effects.—The LD;, was calculated according
to Trevan’s method.”

Experimental Section

1-Substituted-7-chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodi-
azepin-2-ones (Table 1).-—A mixture of 0.5 g (0.01 mol) of Na-
OMe, 2.5 g (0.01 mol) of 7-chloro-1,3-dihydro-5-pheuyl-2H-1,4-
benzodiazepin-2-one (mp 210-212°), and 40 ml of -PrOH wax
refluxed 15 min with stirring and the Na salt crystallized; 0.015
mol of the apropiate bromoalkyl ether was then added and the
mixture was refluxed 4 hr and filtered; compounds 111, IV, V, VII,
and X crystallized on cooling; in the other cases the solvent wax
evaporated in vacuo and if the residue resulted in a paste, it was
chromatographed through aluniina and later recrystallized from
the proper solvent,

1-(p-Aminophenoxyethyl)-7-chloro-1,3-dihydro-5-phenyl-2H -
1,4-benzodiazepin-2-one (VI).—To a boiling mixture of 2.2 g
of VIII, 1.7 g of NH,Cl, 4 ml of H,0, and 18 ml of methyl celle-
solve, 1.2 g of Fe powder was added over 1 hr; the mixture was
refluxed 1 hr, filtered, ane evaporated to dryness ¢n vacuo, the
reridue was dissolved in 20¢, HCI, treated with carbon, and

(6) E. A, Swinyard, W. C. Brown, and L. S. Goodman, J. Fhurmurol,
Ezp. Ther., 106, 319 (1952).
(7) J. W. Trevan, Proc. IPoy. Soc. Ser. B, 101, 483 (1927),
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filtered. By neutralization with 309, NH,OH, 1.5 g of crnde
product VI precipitated (see Table 1).
2-Ethoxyethylamino-5-chlorobenzophenone. A mixture of 2.3
g of I, 15 ml of EtOH, and 7.5 ml of HCI was refluxed 2 hr on a
steant bath, cooled, filtered, niade alkaline with 2097 NaOH aud
extracted with CsHs, the extract was evaporated aud the residual
oil distilled in vacio to give 1.9 g (93%) uf a deuse yellow oil,
bp 130-135° (4 mun). Anal. (Ci11,CINO,) C, 11, N.
2-Phenoxyethylamino-5-chlorobenzophenone.-~A mixture of
0.5 g of TII, 10 ml of EtOH, aud 5 il of IICI was refluxed 2 I
o a steam bath, filtered, and neutralized with NH,OH; on
cooling, 0.3 g (729¢) of a vellow zolid crystallized; recrystallized

from ,EEO}I'-I{QO,/HIP ST-88° Aol (CallsCINO,) C, H, N.
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It was shown earlier®® that the N-terminal portion
of the tissue hormone angiotensin Il (Asp-Arg-Val-
Tyr-Ile-His-Pro-Phe) could be greatly simplified and
vet retain significant pressor activity, Thus, Gly-
Gly-Val-Tyr-Ile-His-Pro-Phe and its polymethylene
analog, 8AvI-Val-Tyr-TIle-His-Pro-Phe, had pressor
activities which were 10* and 79, respectively, of that
of angiotensin II. When the terminal amino group
was acylated or eliminated, the pressor activity was
greatly reduced, thus Ae-Glv-Gly-Val-Tyr-Ile-His-
Pro-Phe had 0.49; pressor activity* while Ae-Glv-Val-
Tyr-Tle-His-Pro-Phe had ~1% pressor activity.?
I'rom these results it was concluded that a single basice
group separated by 5 atoms from the valine N of Val-
Tyr-Tle-His-Pro-Phe is sufficient to significantly enhance
the pressor activity of the relatively inactive (<19)
hexapeptide.

Because Lhosla, ef al.,® have shown that the side-
chain of valine in position 3 is not very important
(Asp-Arg-Ala-Tyr-Tle-His-Pro-Phe has 689, pressor
activity), an attempt was made to simphify angiotensin
IT further by synthesizing Gly-Gly-Gly-Tyr-Tle-His-
Pro-Phe and its polymethylene analog. nAoce-Tyi-Ile-
His-Pro-Phe. These peptides were synthesized  as
deseribed earlier® by the solid phase method of Merni-

(1) Pars 111 E. (! Jorgensen, (5. . Wimlridge, and "', C, Lee, J. Med.
Chem., 18, 352 (1870). This investigation was supported in part by Public
Healtl Servive Research Grants AM 08066 and AM 06704 from the National
Institute of Arthritis and Metabolic Diseases and by NIH Training Grant
No. 5 TOl GM 00728 from the National Institute of General Medical
Sciences. Tlie abbreviations used to denote amino acid derivatives and
peptides are tliose recommended in Binchemistry, 8, 2485 (1966). nAoc
stands for g-aminooctanoic acid.

(2) E. C. Jorgensen, G. C. Windridge, W. Patton, and T, C. Lee, J. Med.
Chem., 12, 733 (1969).

(3) E. C. Jorgensen, (i, C,
(1970).

(4) Best recent valile expressell nnLoa lar basis,

) M. C. Khosla, R. R. Sweby, and ¥, M. Bumpus, Biochkemisiry, 8, 754
(19671,

Winilridge, and T. C. lLee, ¢bid., 18, 352

Nott=

field® and thehr pressor propertiex were vvaluated in
nephrectomized pentolinium-treated male rats anes-
thetized with pentobarbital by the method of Bouelier,
calr

Results and Discussion

Glv-Glyv-Gly-Tyr-Tle-His-Pro-Phe  and  yAoc-Tyvi-
Ile-His-Pro-Phe both had pressor activities which were
only 0.19¢ of that of angiotensin II.  These results were
somewhat surprising sinee both of these peptides should
be capable of fitting a receptor as well as Gly-Gly-Val-
Tyr-Tle-His-Pro-Phe andsAvI-Val-Tyr-Ie-His-Pro-Phe.
The very low activities of these more simplified analogs
suggests that the side chain of valine in position 3 plays
a more importanut role in these analogs than would have
been expected from the results of Khosla, ¢f al..’ on pep-
tides containing aspartic acid and arginine. It is not
clear whether the function of the valine side chain is
sterte, hydropliobie, or a combination of bothi,but in view
of these results, it would be very interesting to see the
cffect of replacing valine by glyeine in angiotensin Tl
itself.

Experimental Section®

N -{-Butyloxycarbonylglycylglycylglycine (I).-—T'o a solution of
1.89 ¢ (10 mmol) of glyeylglyeviglveine (Fox Chemical Co.) in
20 ml of HoO were added 0.81 g (20 mmol) of MgO and 2.86 g
(20 mnio}) of -butyloxycarbonyl azide. The mixture was stirred
at 45° for 48 hr then extracted with 50 ml of Et;0. The aq
phase was acidified to pH 3.5 with citric acid then evapd to dry-
nes= under high vacuum at 25°.  The residue was extracted with
CHCl; (5 X 250 ml).  The CHCl; was removed on a rotary evap-
orator at 40° leaviug 2.2 g of white powder. This powder
was extracted with boilinug AcOEt (2 X 300 ml). Evaporation
of the AcOEt left 1.65 g of powder which was erystallized from
AcOEt (240 mb) giving smal needles; vield 1.14 g (40C%1,
mp 120-130°.  Tle showed one spot, R{IIT: 0.85, RdIV: 0.46
(detected by sprayiug the plate with 6 N IICl, heating to 110°,
spraying with ninhydein solution, and heating unil spots
appeared).  Anal. (CiulTiyNaOg) C, H, N

X\ -{-Butyloxycarbonyl-y-aminooctanoic Acid (II).--T'o a =oli-
tion of 1.59 g (10 mnol) of p=aminooctanoie acid in 20 ml of Hy()
were added 0.81 g (20 nunol) of MgO and 2.86 g (20 nunol) of
<butvioxvearbouyl azide.  The mixture was stirred at 45° for 4%
hr, extracted with Et.0 (2 X 20 ml) then acidified to pH 3.5
with citric acid. The oil which separated was extracted iuto
AcOEt (4 X 20 mb).  The AcOFt washes were combined, wushed
with HyO (4 X 20 ml), then dried (MgS804). Evaporation of
AcOEt at 40° on a rotary evaporator gave a colorless oil which
crystallized as small needles when triturated with heptaie:
vield 1.68 g (65C:): mp &7-9°: tle showed one CI® -+ spot, Kl
0.62, R1:0.82.  Anal. (CsHuNO,) C, H, N,

Gly-Gly-Gly-Tyr-lle-His-Pro-Phe  (III).—Boc-"Tyr(Bzl)-Ile-
His(Bzl)-I'ro-Phe-polymer? (0.9 g, 0.15 mmol), was deprotected

(61 (a) R, B. Merrifiell, 7, dsper. Chem. Soc.. 85, 214D (10631; (bl R. 4,
Merrifielll, Biochemisiry. 3, 1385 {1064).

17) R. Boocher, R. Veyeat, J. de Chawplain, and J. Genest, Can. A,
dsas S, 90, 194 (1U64Y.

(8) Melting puints were weasnrel in a Thomas-Hoover Uwm=Melt -
paratus and are correcles).  Anpnno apil analyses were performed ovn o
Spineo Model 116 amino aciil analyzer vsing the scandard 4<hr wethud-
vlogy. Peptides were uydrolyzed nnder N2 at 110° in constant boiling
HC1 containing asparti acil or alanine as internal standards. Peptide
rontent wag calewdatesd o terms uf free peptide rather than the Liydrated
salt.,  Microanalyses were performed Ly the Microanalytical Laboratory.
Department of Chemistry. University of Califoruia, Berkeley, California.
Where analyses are indicated only by syinbols of the elements, analytical
results obtained were within £0.4% of the theoretical values. Precoatel
silica gel G plates (F. NMerck) were used for tle. The following solvent
svstems were userd: 1, xvlene—pyridine-AcOH (100:15:5): 11, 4-Pr:O-
CHCl-AcOM (6:3: 13 111, MeCOlE-3¢OH~HL0 (70:30:25); IV, Mo
COEt-AcOH-H:0 (200:30:25); V, 1-BuOH-pyriline~-AcQOH-H:0 (15:10:
3:12); V01, neBuOH-AcOH-H40 (3:1:1); V1, s«BuOH-3% NH;s (100:14),

19) D, E. Nitecki avd J. W, Goodman, Biochemtstry, B, 665 (1966).




