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reference standards were identical with those reported
previously S —*

Some of the substances exerted a general CNS diepres-
sion, thix effect having however only shight pharmacolog-
ical significance. A number of the compounds dis-
plaved a marked antipyretic activity not accompanied
by hypothermic action, the activity of 10 and 11 being
also superior to that of phenyvlbutazone. Compounds
6, 7, and 13 markedly mereased the pain threshold of
rats, even though less than phenylbutazone. In anti-
inflammatory action, a number of the substances in-

(5) 8. Casadio, (i. Pala, E. Creseenzi, 12, Marazzi-Uberti, G. Coppi, and
C. Turba, J. Med. Chen., 11, 97 (1968).

(6) C. Bianchi, B, Lumaehi, and 1. Vegrassi, drznevn.-Forsch., 17, 246
(1967).

(7) B. Lumachi, 15, Marazzi-Uberti, M. Gaetani, and G. Coppi, Areh.
Int. Pharmacodyn., in press.

(8) Gi. Coppi and G. Bonardi, Boll. Svc. [tal, Bivl. Sper., 41, 712 (1965).

(9) G. Pala. A. Mantegani, ;. Coppi and R. Cenova, Ciim. Ther., 4, 31
(1969).
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hibited the carrageenin-induced vdema, and the effve
of 4 was also superior to that of phenylbutazone., Sonw
of the compotnds displayied o hoteworthy urieosuric
activity, even though inferior to that of phenyibutazone
The diuretic action of 1, 4, 5, and 11 was significaut but
clearly inferior to thit of dihydrochlorothiazide., A
number of the substances displaved hypoglycemie ne-
tion. but in thix etse, too, the potency was ferior to
that of the standard (chlorpropamide).  Noune of the
compounds showed significant antibacterial, antifungal.
and antiparasitic activities.

Acknowledgments. --The authors wish to thank Dr.
R. Perego for performing microanalyses, M. 14 Bellora,
and Mr. G Bietti for assistance in preparing the com-
pounds, Miss A, Franchi. Mrs. L. Pozz, Mrs, L.
Buarotti, and My, R. Nolli for earrying out the pharma-
eological tests, and M. I5. Pavesi for help in biological
mvestigation.

Synthesis and Pharmacological Properties of N-Derivatives of
5,7,12,13-Tetrahydro-6 H-dibenz[c,glazonine

SILVANO CAsAD10,* GIANFRANCO PALA, ANTONIO MANTEGANT,
Ernesta Marazzi-Ussrti, GeryaNo Corpl, axp Cagra Tuirpa

fescarch Laboratories of Istituto De Angeli, 20159 Milan, {taly

Feeecived A pril 28, 1470

Twenty N-substitated 5,7,12,13-tetraliydio-6H-dibenz|e,glazonines were prepared for pharmacological sereen-
ing.  Some of the substances displayed considerable antituscive activity, and of these 5,7,12,13-tetrahydro-6-
(2-pyrrolidinoethyl)dibeuz[e,glazonine (15) was found to be the most promising,.

We have recently reported on the pharmacological
properties of N-substituted 5,6-dihydro-7H,12H-di-
benzie,flazocines.! This paper deals with the prepara-
tion and pharmacological screening of the corresponding
derivatives of the homolog, 5,7.12,13-tetrahydro-6H-
dibenz[¢,¢ fazonine (1),

e
©

Alkyl, hydroxyalkyl, and two aminoalkyl derivatives
(12 and 13) were prepared by reaction of 2,2'-bis(bromo-
methyl)diphenylethane with the proper amines. Chlo-
roalkyl derivatives were obtained by reaction of SOCI,
with corresponding hvdroxyalkyl compounds, while the
other aminoalkyl derivatives were synthesized by treat-
ing the chloroalkyl compounds with the proper amiues.

Pharmacological sereening included studies of acute
toxicity, behavioral effects, action on CNS and on
arterial pressure, and analgetic, antiinflammatory, di-
uretic, antitussive, hypoglyveemic, antispasmodic, local
anesthetic, peripheral vasodilator, anthelmintic, anti-
bacterial, and antifungal actions.

*T'o whom correspondence should be addressed.
(1) 8. Casadio, G. Pala, E. Crescenzi. F.. Marazzi-Uberti, (. Cloppi, and
C. Turba, J. Med. Chem., 11, 47 (1968).

Experimental Section®

The intermediate amines, weve prepared ax previously de-
siribed.! N-Substituted 5,7,12,13-tetrahydro-6H-dibenz|c.g|-
azonines are listed in Tuble I, aud their preparation is illustrated
by the following methods.

Method A. 5,7,12,13-Tetrahydro-6-(2-hydroxyethyl)dibenz-
|e.g)azonine 16).—-A =vhution of l-amino-2-hydroxyethane (10.6
g, 0.17 mole) in MeCN (10 ml) was dropped during 30 min into a
boiling =olation of 2,2-bis(bromomethylydiphenylethane® (20 g,
0.054 mole) in MeCN (450 ml). The mixture was refluxeil for 2
Iy with stirring, the solvent was evapd, and the residue wis
potred into HyO. The =olid which sepd wax filtered, dried, and
recrystallized from dil FHOH to give colorless crystals, mp
137-13K°.

Method B. 5,7,12,13-Tetrahydro-6-(2-chloroethy!)dibenz-
[e,glazonine (9).—-8OCl. (20.7 g, 0.174 mole) was dropped during
30 min into a boiling solution of 6 (13 g, 0.048 moele) in dry Cgllg
(350 ml). The suspension was refluxed for 1 hr aml then the
solvent and execess SOCL were distd off.  The residue was taken
up with EtOH, filtered. suspended in H.0), and made alkaline
with 106, NaOH. The product was then extracted with CHCL;
and the extract was washed (H.O) and dried (Na.30,). Evapora-
tion of the solvent vielded a solid which, on recrystn from petro-
leann ether (bp 40-70°), guve colorless crystals, mp 116-117°.

Method C. 5,7,12,13-Tetrahydro-6-(i-methyl-3-piperidyl-
methyl)dibenz [,¢|azonine -HCl (12).—A solution of 1-methyl-3-
aminomethylpiperidine (26.75 g, 0.208 nwle) and 2,2'-bis(bromo-
methyldiphenylethane (24 g, 0.065 mole) in 1-hexannl (300 nl)
was refluxed for 15 hr.  The solvent was evapd and the residne
was dissolved in dil HCL. The acid solution was filtered with
charcoal and made neutral with 109; NaOH. TUpon standing

(2) Melting points are corrected and were taken on a Rachi capillary
melting point apparatis.

(3) 1% D, Bergmann and Z. Pelebowlez, J. cDaer. Chera. Soe., 76, 1281
11453).
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N-SuBsTIrUTED 3,7,12,13-TIrRAHYDRO-6 H-DIBINZ[¢,g| AZONINES

Yield

Compd R Method %
1 CH; A 69¢
2 C.H; A 75¢
3 n-C3H7 A 76¢
4 i—Cer A 45e
B CH.=CHCH. A 60¢
6 HO(CH:). A R4
7 HO(CH.,); A 70¢
8 CH:;CHOHCH. A 75¢
9 CI(CHa) B 92¢
10 CI(CHa)s B 88e
11 CH,CHCICH. B 96°
12 5 C 16¢
13 g C 35¢
14 (C:H;).N(CHy): D T7e
15 h E 86e
D 83

16 (CH;3)-N(CHa)s E Sle
17 CH;CH[N(CH;):]CH., D 8le
18 CH:NH(CH.); D 80
19 ! E 94¢
20 j E 89°

s A = petroleum ether (bp 40-70°), B = EtOH, C = hexane, D = H;0, E = EtOH-H,0, F = -PrOH, G = Me,CO.
pounds were analyzed for C, H, N and the analytical results were within 3:0.49 of the theoretical values.
¢ 2-(1-Methyl-2-piperidyl)ethyl.

¢ Recrvstallized product. 7 1-Methyl-3-piperidylmethyl.

piperazino)propyl. 7 3-[4-(2-Hydroxyethyl)-1-piperazino]jpropyl.
and cooling a colorless solid sepd which was recrystd from ¢-PrOH,
mp 248°.

Method D. 5,7,12,13-Tetrahydro-6-(2-pyrrolidinoethyl)-

dibenz[c,glazonine-HCl (15).—A solution of 9 (39.5 g, 0.138
mole) and pyrrolidine (39.3 g, 0.553 mole) in 1-hexanol (800 ml)
was refluxed for 5 hr. The solvent was removed and the residue
was taken up with H,O and made acid (pH 2.5) with 109, HCL.
The solution was washed (Et:0), filtered with charcoal, and ad-
justed to pH 6 with 109, NaOH. The solid which sepd was
filtered, dried, and recrystd from EtOH to give colorless crystals,
mp 240-241°,

Method E.—The same as method D, except that the pro-
duct was isolated as the base instead of the hydrochloride.

Results and Discussion

The most interesting results of the pharmacological
screening are given in Table II. Test procedures and
reference standards were identical with those reported
previously.!

Nearly all of the substances displayed a marked CNS
depressant action, the activity of 7, 8, 19, and 20 being
also superior to that of meprobamate. Some of the
compounds showed a peripheral vasodilator action, and
this effect was pronounced for 9, even though it was
inferior to that of azapetine. Compounds 12-15 and
17-19 caused a fall of the arterial pressure in rabbits.

Recrystn
Mp, °C solvent® Formula?
67-69 A C:H N
184-1%6 B -CiHa044
60-61 C CisHaN
185-186 B -CH,O4¢
89-90 A CioHyuN
259-260 D -HCI-H.,0
41.5-42 C CisHuN
191-192 B -C4HO42
91-92 A CigHaN
137-138 E CsHyNO
126-127 E CsHyNO
134.5-136 E CiyHaNO
118-119 A CisHaCIN
94-95.5 A CoHaCIN
125-126 A CisH2CIN
248-251 F CasHyoN;- HC1
198-199 G CyHiN, HCI
236-237 B CuHyoNo- HCL
82-83.5 A Co:HusINe
240241 B -HCI
235-237 B -2HCl
36.5-3% CaHusNy
192-194 B - (CsH4O4)e?
235-236 F CuHyN.-HCL
204-205.5 F CooHesN2 HCI
175-177 B »(CsH4O4 )
55-H6 A CoHaNs
257-258.5H B -3HCI
96-97 C CiHa N3O
185-1%6 B <(CiH,O4)5?
b All com-
¢ Crude product. ¢ Maleate.

h2-1-Pyrrolidinoethyl. #3-(4-Methyl 1-

Most of the substances markedly increased the pain
threshold of mice, especially 3 and 13, and the activity
of these was also superior to that of phenylbutazone.
A number of the compounds inhibited the experimental
cough more than isoaminil, the highest activity being
shown by 9 and 15. Regarding local anesthetic action,
14 and 17 were as active as cocaine, but irritant. Only
12 displayed an antispasimodic activity n vitro worthy
of note. Many of the substances inhibited the forma-
lin-induced edema more than phenylbutazone. The
anthelmintic action in vive of 5 and 9 was close to that of
piperazine. None of the compounds showed significant
antihistaminic ¢n vivo, hypoglycemic, diuretic, anti-
bacterial, and antifungal activities. Due to lack of
material, 10 and 11 were not screened.

From the point of view of the general pharmacological
picture, 5,7,12,13-tetrahydrodibenz[c,g]azonines ap-
pear to be qualitatively very similar to the provious
5,6-dihydro-7H,12H-dibenz[c,f]azocines.!  Regarding
CNS depressant and antitussive activities, dibenz-
azonines displayed higher potency. Due to the promis-
ing results shown in the preliminary antitussive testing
of 15 [5,7,12,13-tetrahydro-6-(2-pyrrolidinoethyl)-
dibenz[c,g]azonine], this compound is now undergoing
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PHARMACOLOCICAL SCREENING Rirsvras

Antispasimodie act. in vitro,

Analgetic ——% inhib of spasm prodnced 1y —- Aet. on che
Approx Aet. on spoulaneods -—ach, {mouse)—-- Rarface local Acetyl- Autiinllammarory Antitussive binder parc
1L1)se --motiliey (movse)—- Increase auestbetie acc.  eholive Histamine Nicoline 5-11T — aect. (rat)——- - nci. (eainea 1lyporen- ol rhe rat Aumthelinintye
(mouse) Decrease gk of reaction my kg (gainea 1 X 107 1 X 10% 25 10 & 1 X 1% lnhiln of mg ke pig), inhiln  sive act. increase of act. cleared
Compd g kg ip i ip time, 9.¢ ip pig). " g /ml . wl ./l 1l edema. 4 ¢ ip A (rabhbiy)f fow, 9.9 mice 4.k
1 147 24 25 Inact 25 Inact 15 35 Inaet 37 35 25 22 + G0 Innet
2 220 27 50 47 25 Inact Inact 41 34 25 37 100 Tuact + o7 Tnact
3 233 42 25 101 25 [uact Tt 25 Inact Inact Al 60
4 150 36 2.5 50 12.5 Inact 57 3 33 95 Tnact 12.5 Tuuet Inaet 28 Ihaet
B 72 54 50 oY) H0 Tuact 25 ] It 69 48 30 Inaet Lnact 44) 100
6 300 H4 100 87 100 Inact Inact 33 B2 24 24 100 41 Lnact Inact
7 775 Hho 100 41 100 Tnact Inacl 42 35 29 24 100 [nant Inact Inact
S 315 74 50 4 50 Inact Inact 40 1S 3 2] 50 Inact Inact 20
9 77 o4 50 71 50 31 Inact 15 59 50 65 50 76 Tuact N4 100
12 102 77 o0 7S 50 Inaet 44 100 97 83 42 H) 3 + Inac 20
13 157 87 100 228 100 34 45 b 45 48 52 100 et + 4 Inact 40
14 o8 63 25 40 25 8N 43 61 95 Y Ihact 20 31 + 4 Inact Thaet
15 156 56 25 45 25 22 20) 80 93 H6 Innet 25 BYd ++ Tuauet Inuet
16 305 55 100 ol 100 Inaet 30 31 27 a0 37 100 39 Inact 28 10
17 152 63 25 65 25 76 32 1S 32 45 21 25 Inaet + 4 Ihiaet Inact
1S 270 38 o0 37 H0) Tnaet 36 39 Tunet 5H 53 50 Inaet + 4 et Ihact
19 280) 70 S 37 H) ol et 31 14 N 20 50 Inant + + Inaet 20
20) YR 85 100 51 100 Inact 39 40 57 36 54 100 Inact Inac [haet 2(1
Meprobamate 50 200
Isonminil 23
Azapetine- HzP O, 4+ 234
Piperazine-6H,0) 101

« Hot plate test. ™ The compounds were Tested at a concentration of 1 mg-ml. The T2D., value for (e standard coeaine hivdrovhloride 1= 0.70 gl The compounds were tested al o con-
centration of 1 ggrnl. The KD values for the standards are: atropine sulfate 0.0035 pg 'l dipheahydrmine - HCLO.0074 gg ol hexamethoninm bitartvate 088 pg/ml; chlorpromazine - HC1
0.055 pg/ml ¢ Formalin-imlnced edema. ¥ Acrolein vapors.  The compounmls were tested at 5 ang kg ip. * The compounds were tested at 5 mg/kg . Azapetine al 1 mg kg, 4+ moderate
hypotension, + -+ muarked hypotension. ¢ Perfusion with epinepliine, 1077 gl "The compomds were tested at 00125 mg rat. * The componnds were tested orally for 4 days ar 300 g kg
per day vs. Syphacta obeclata.  Piperazine at 100 mg/kg perlay for 4 day=.
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INHIBITION OF L-ASUARAGINYL-tIRN A Lycasy

a more detailed pharmacological and toxicological
study.
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A series of g-aminoamides and closely related derivatives have beeu syuthesized. The structural and stereo-
chemical requirements for specific competitive inhibition of vL-asparagiuyl-tRNA lygase by these compounds

have been investigated.

The introduction of the enzyme L-asparaginase (L-
asparagine amidohydrolase) into clinical trials has been
the most dramatic development in the treatment of
leukemia in recent vears. The ultimate usefulness of
this enzyme has yet to be determined but the initial
results are encouraging. In human as in animal lym-
phomas the effectiveness of the enzyme is correlated
with a metabolic deficiency of the cancer cells, namely
an inability to synthesize asparagine.*

Since asparaginase is relatively scarce and problems
such as allergic response and development of resistance
in susceptible leukemias have been encountered in
asparaginase therapy,® we have initiated experiments
designed to provide a chemotherapeutic approach to
the treatment of those tumors for which L-asparagine is
an essential amino acid, to be used, initially at least,
with the enzyme. What we would hope for is a degree
of synergism which would minimize the therapeutic
dose of the enzyme, reduce its untoward effects and
prevent the development of resistance and the reap-
pearance of the disease. It is not known if a resistant
form of the disease develops through a process of selec-
tion or by transformation of sensitive cells during as-
paraginase therapy. This question presents an intrigu-
ing theoretical as well as a practical problem of some
significance but in either case some form of combination
therapy should increase the likelihood of a complete
cure.

Utilization of L-asparagine by the cell could be limited
cither by inhibition of the entry of asparagine into the
ceil or by interference with its essential role in cell
metabolism. It is along the latter path that our efforts
have been directed. The only vital function known
for asparagine in mammalian cells is in protein synthesis,
and so the problem defines itself as an attempt to limit
the availability of asparagine in this process through
speceific inhibitors of L-asparaginyl-tRNA lygase. Evi-
dence was recently obtained which indicates that such
an approach might be possible.4

(1) To whom inquiries should be directed.

(2) J. D. Broome. Trans. N. Y. Acad. Sci., 30, 690 (1968).

(3) (a) C. M. Haskell, G. P. Cannell os, B. G. Levental, P. P, Carbone,
A. A, Serpick., and H. H. Hansen, Cancer Res. 29, 974 (1969): (b) J. M.
Hill, E. Loeb, A. MacLellan, A. Khan, J. Roberts, W. F. Shields, and N. O.
11ih, ¢bid,, 29, 1574 (1969).

(4) T. O. Yellin, Biochem. Biophys. Res. Commun., 32, 307 (1968).

Experimental Section

Chemistry.—Melting points were taken with a Thomas-Hoover
capillary apparatus and are corrected. Elemental analyses were
carried out by Mr. V. Rauschel and his associates in the analytical
department of Abbott Laboratories. Where analyses are indi-
cated by symbols of the elements, analytical results obtained for
those elements were within 30.49, of the theoretical values.
Ir and nmr spectra of all compounds listed here and in Table I
were consistent with the structures given.

B-Aminoamide Hydrochlorides (ia, 2-8, 10, 11).—A solution
of ethyl chloroformate (10.9 g, 0.1 mole) in dry PhMe (50 ml)
was added over 30 min to a stirred solution of the appropriate
a,8-unsaturated acid® (0.1 mole) and Et;N (10.1 g, 0.1 mole) in
dry PhMe (50 ml) maintained at 0°. The mixture was stirred
at 0° for an additional 2 hr and then filtered. Excess NH; was
added to the filtrate and PhMe removed at reduced pressure.
The residue was dissolved in EtOH (100 ml), liguid NH; (50 ml)
added, and the solution heated at 100° for 24 hr in a 270-ml
Hastelloy autoclave. The reaction mixture was cooled, filtered,
and coned under reduced pressure. The residue was dissolved
in --PrOH (100 ml) and the solution concentrated again. The
residue was then dissolved in ¢-PrOH (50 ml) and a solution of
HCI in +-PrOH (2.9 &) carefully added uutil pH 7 was reached.
The white crystals of the g-aminoamide-HCl that deposited
were filtered, washed with cold «~PrOH (3 portions of 20 ml), and
recrystd from ¢-PrOH.

3-Amino-4,4,4-trifluorobutyramide - HCl (9), 3-Amino-4-hy-
droxyvaleramide-HCl (13), and 3-Amino-4-ethylphosphono-
butyramide (15)—Compounds 9, 13, and 15 were prepared by
addition of NH; to ethyl-4,4,4-trifluorocrotonate,® «-angelica-
lactone,” and triethyl-4-phosphonocrotonate,” respectively. The
same reaction conditions (EtOH, 100°, 24 hr) as described above
were employed. Compounds 9 and 13 were isolated as their
HCI salts in the usual manner. Compound 15 was obtained as a
white crystalline solid on addition of +-PrOH to the residue ob-
tained upon concentration of the reaction mixture, and was
recrystd from EtOH-i-PrOH.

3-Amino-5-methylsulfonylvaleramide - HCl (12).—The methyl-
thio derivative 11 (2.0 g, 0.01 mole) was suspended in AcOH
(20 ml) aud 809% m-chloroperbenzoic acid (4.3 g, 0.02 mole-
equiv) added. A clear solution was obtained. The solution was
allowed to remain at 20° for 20 hr and then EtOAc (100 ml)
added. The product 12 was obtained as a white hygroscopic
precipitate and was purified by dissolving in EtOH (50 ml) and
reprecipitating with EtOAe¢ (100 ml).

{5) The a.8-unsaturated acids were, with the exception of crotonic acid
and cinnamic acid which were commercially available, prepared in 70-909%,
yield by reaction of the appropriate aldehyde with malonic acid in pyridine
solution, as described by K. V., Auwers, Justus Liebigs Ann. Chem., 482, 58
(1923). No attempt to separate geometric isomers was made.

(6) Prepared as described by H, M. Walborsky and M. Schwarz, J. Amer,
Chem. Soc., 7B, 3241 (1953).

(7) Purchased from Aldrich Chem. Co., Milwaukee, Wis,



