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Synthesis of Potential Antineoplastic Agents.

XV.

Some 1,4-Bisamides of 1,2,3,4-Tetrahydroquinoxaline'-

PETER SCHUYLER,® I'RaANK D. Pore, Abiia Catavs NoBLE, DrU W, ALwaNt, axp Barry R. MasTERs

Department of Chemistry, Clarkson College of Technology, Potsdam, Neiw York

Receqved Muarch 15, 116

A number of chilorine-coutalning aud nnsaturated 1,4-bisamides lave been prepared from I,2,3,4-teiru-

hydroguinoxaline and from substitmted 1,2,3,4-tetrahydroguinoxalines.
active against KB cell enlinre, they are inactive against animal tumors

Although many of these amides are
A number of related amides were alxo

prepared from 1,2,3,4-tetrahydroquinoline and 1,2,3,4-1etrahydroizoquinoline.

I 1961 it was reported® that N, N'-bhis(3-bromopro-
piouyl)piperazine (I, X = Br) produced potent and
reproducible antineoplastic activity in wice. It was
also shown that the 8-bromo substituent could be re-
placed by chloro or by methanesulfonyloxy and still
have activity maintained.  In view of the activity of
I we reported® the preparation of a series of 3-chloro-
propionyl conmipounds from a variety of nitrogen
heterocyclic systems,  That paper® indicated that the
3-chloropropionylaniides prepared were ¢ssentially in-
active against the Dunning leukemia and against
Adenocarcinonia 755, After the publication of that
report, however, it was noted that the tetrahydro-
quinoxaline derivative IT cxhibited reproducible ac-
tivity® against the B cell culture system. The
related tetrahydroquinoxaline derivative 111% was also
active in this system.  In view of this activity it was
decided to investigate additional analogs of 1T and TIT

LI*OCH,CH.,.X ?OCHZCH:CI TOCH:CH..
O Q0 QY
Nj II\I N
I |
COCH,CH,X COCH,CH,Cl COCH=CH,
I 11 111

to see if the cell culture activity could be extended to
animal systemis.  In sonie cases the corresponding N-
substituted 1,2,3,4-tetrahydroquinolines and 1,2,3,4-
tetrahydroisoquinolines were also prepared as model
eommpounds.

The substituted 1,2,3,4-tetrahydroquinoxalines were
readily prepared by hydrogenation of the corresponding
quinoxalines, These tetrahydroquinoxalines  were
treated with a number of acid chlorides to give the com-
pounds in Table I and some of the compounds in Table
II. The remaining compounds of the type 11T found
in Table IT were prepared by dehydrohalogenation on
alumina of the corresponding 3-chloropropionyl com-

(1) Part X1V: W. Wasulko, A, C, Noble, and I, D, Ponp, /. Mzd, Chem.,
9, 549 (1466).

(2) Supported in part by research grants fram tlie Awmerican Cancer
Suciety (T-177D) and fromn the National Caucer Iustitute, U. 8. Publiv
Health Service (CA 06606-03). Presented in part at the 150th National
Meeting nf the American Cheinical Saciety, Atlantic City, N. J., Sept 1965.

(3) A portion of this work was abstracted froin the M.8. thesis of P, 8.

14) J. A. Carbon, %, M. Brelim, and J. D. Ratajezyk, Abstracts, 139th
Natianal Meeting of the American Chemiral Society, 8t. Louis, Mo., March
1961, p 11-N.

(3) F. D, Popn, E. Cullen, R. I}, Davis, awd W. Wirsels, J. 3Med. s,
Chrm., B, 348 (1062).

() Screening results have been supplied by the Caneer Chematherayy Na-
tional Service Center (CCNNC).

pound.®* 1-Ethyl-1,2,34-tetrahydroquinoxaline was
treated with 3-cliloropropionyl chlovide to give IV.
1,2.3,4 -Tetrahydroquinoline and 1,2,3,4-tetrahydro-
isoquinoline were allowed to react with acid chlorides
to give the compounds i Table 111

The two parent compounds (V, R = H, CI) w1 the
tetrahyvdroquinosaline series weve also prepared.  The

formcr (V. ' = H) which had originally been pre-
C.H: 0==C—R T‘H:CH,.CI
@5 @E&] )
X 1 |
I
COCH,CH,C) ==C—R CH.CH,Cl
Y Vv VI

pared” by formylation of 1.2,34-tetrahydroquinoxaline
was prepared in this work by a reductive formylation®
of quinoxaline. The latter (V, R = CI) was prepared
by the addition of phosgene to 1.2,3,4-tetrahydro-
quinoxalinc.

The monohydrochloride of the tetrahvdroquinoxaline
mustard VI was prepared in low yield by lithium alu-
minum - hydride  reduction  of  1.4-bis(chloroacetyl)-
1,2,3 4-tetrahydroquinoxaline.  When  diborane was
used as the reducing agent, however, VI was obtained in
an 809 yiceld.

The anticancer screening vesults for the various
quinoxaline derivatives are included in Table IV.
It can be noted that all of the compounds derived from
chloroacetyl chloride and all of the compounds related
to ITT were active? against KB cell culture.  Ouly with
quinoxaline itself, however, was the chloropropionyl
compound (IT) aetive.  DIixtension of this chain to
four carbons or introduction of substituents on the
vinyl group of HI caused losg of activity.  All of the
compounds tested failed to exhibit any significant
activity against the animal tumors used.  The redue-
tion product VI, however, cxhibited a T/C of 2169
at a dose of 160 mg,/kg against the Dunning leukemia.

The anticancer screenig results for the quinolines
and isoquinolines are iicluded in Table V. No ap-
preciable activity is noted for these compounds either
against cell culture or animal tumors.

71 11 Waonig and R, Nuisgen, Chem. Bee., 92, 429 (1950).

i8y 1. Maxter, Lo T, Allan, and G. AL Swan, J. Chem. Swc., 3645 (1965).

91 I this system the activity of the compound is considered to be sta-
vistieally significant if the E D is 4 X 109 gg/ il or less.
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TaBLE 1

AMmIDES oF 1,2,3,4-TETRAHYDROQUINOXALINE

SO
N<—COR

Yield, ————Caled, % Found, ¥
Ring substituent R Mp, °C Yo C H N C H N

None C.H; 124-125 78 68.27 7.37 11.37 68.15 7.38 11.31
None® CH.CI 175-176 57 50.20 4.17 9.75 49,89 4.12 9.71
None (CH.,).C1 121-122¢% 83

None (CH,)sCl Oile 20 56.00 5.87 8.18 55.60 5.55 8.01
None¢ CHCl, 121-122 62 40.48 2.83 7.87 40.42 2.86 7.62
2-Methyl CH.CI 119-120 44 51.80 4.69 9.32 51.35 4.74 9.45
2-Methyl (CH,).Cl1 Qile 39 54.80 5.50 8.53 54.38 5.5l 8.32
6,7-Dimethyle CH,CI 136-137 77 53.40 5.08 8.89 53 .69 5.36 8.69
6,7-Dimethyl’ (CH,).Cl 128-129 70 56.10 5.83 8.17 56.05 6.16 7.93
2,3-Dimethyl CH,CI 148-149 56 53.40 5.08 8.89 53.11 5.20 8.77
2,3-Dimethyl (CH3).Cl 124-125 78 56.10 5.83 8.17 55.82 5.87 8.00
5,6,7,8-Dibenzo CH.Cl 267-268 25 62.10 4.13 7.23 61.68 4.18 7.18
5,6,7,8-Dibenzo? (CH,).C1 209210 94 63.60 4.86 6.75 63.44 4.79 6.59

s Anal. Caled: Cl, 24.69. TFound: Cl, 24.39. ® Lit5mp 119-120°. ¢ Purified by chromatography on acid-washed alumina. ¢ Anal,
Caled: Cl, 39.83. Found: Cl, 39.65. ¢ Anal. Caled: Cl, 22.41. Found: Cl, 22.43. / Anal. Caled: CI, 20.65. Found: CI,
20.60. ¢ Anal. Caled: Cl, 17.09. Found: Cl, 17.15.

Tspre 11
UNSATURATED AMIDES OF 1,2,3,4-TETRAHYDROQUINOXALINE
COCR,==CHR.
(IAT
Nj
COCR,==CHR,
Ring Yield, Caled, 9 Found, ¢,
substituent R R: Mp, °C A Method?® C H N C H N

None H H 171-172?% 62 A
None H CH; 101-103 63 A 71.09 6.71 10.36 71.07 6.61 10.22
None CH; H 164-165 88 A 71.09 6.71 10.36 71.02 6.69 10.32
None H CeH; 170-171 77 A 78.532 5.80 7.33 78.78 5.46 7.08
2-Methyvl H H 58-60 68 B 70.30 6.28 10.93 70.67 6.51 10.34
6,7-Dimethyl H H 106-107 76 B 71.10 6.70 10.40 70.87 6.69 10.30
2,3-Dimethyl H H 130-131 97 B 71.10 6.70 10.40 70.85 6.56 10.40

@ Method A by direct condensation of acid chloride and 1,2,3,4-tetrahydroquinoxaline. Method B by alumina chromatography of
1,4-bis(3-chloropropionyl)-1,2,3,4-tetrahydroquinoxaline. * Lit.s mp 172-174° by method B.

TasLe 111
N-Acyr-1,2,3,4-TETRAHYDROQUINOLINES AND -1,2,3,4-TETRAHYDROISOQUINOLINES
>NCOR
Tetrahydro Bp (mm) or Yield, Caled, % Found, %————
base used R mp, °C 7o C H N C H N

Quinoline CH=CHCH, 158-159 (2)¢ 73 77.56 7.51 6.96 77.35 7.39 6.87
Quinoline CCH=CH, 56—58 70 77.56 7.51 6.96 77.30 7.45 7.00
Quinoline CH=CHCsH; 9899 96 82.10 6.51 5.32 81.92 6.47 5.41
Quinoline CH=CHCO-N 196-198 84 76.28 6.40 8.09 76.28 6.40 7.98
Isoquinolines CHClL, 8788 78 54.12 4.54 5.74 54.20 4.52 5.84
Isoquinoline CCH;:;==CH, 123-124 (0.2) 67 77.56 7.51 6.96 77.33 7.47 6.84
Isoquinoline CH=CHCH; 75-76% 71 77.56 7.51 6.96 77.51 7.43 6.82
Isoquinoline CH==CHCH; 109-1104 99 82.10 6.51 5.32 82.00 6.54 5.36
Isoquinoline CH=CHCO —m 169-170 89 76.28 6.40 8.09 76.07 6.52 8.20

e J. R. Geigy, A. G. [Swiss Patent 267,560 (1950); Chem. Abstr., 45, 6219 (1951)] reported bp 143-147° (0.2 mm). * Recrystallized
from ethyl ether. © Anal. Caled: CI, 29.05. Found: CI, 29.10. ¢ N. H. Cromwell and J. A. Caughlan [J. Am. Chem. Soc., 67, 903
(1945)] reported mp 101°,
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TaBLl 1V

ANTINEOILARTLC ACTION” Q1
OCR
C I‘L]
N
()(l'R
Ring K13 cell culturel-—— o e e e TN A lgRe Qg TRgghe e e SRR
sulistituenl R 1950, ug il Rloywe WY Ly =AT [GAY O1her

Noue CILCI 1.5 X He -1.0 IRT)
Noue CHClL, 2.7 X 1w -2 .G 100/490) SL/125 5/ 100
Noue JHLCHLCI 5.0 X T -0 107 /5% 103 /500 1695 /500 91/500 H0/ 100"
Noie CH.CH.CH.(1 .4 X 1o 0.5
Nonyee CH==CH. 2.5 X e —1.1 109 /106
Noije CH=CHCH. 2.0 X e —0.9 053 /7400 89/500
Noilee CCH;=CH. 7.0 X 10t —-0.5 98/350 106/500
2-Methyl CH.Cl 4.0 X 10t —1.2 N/ 074 114/4 /4
2-Methyl CH.CH.C1 TR X e 0.5 L E3,/200
2-Metlivl CH=CH. 4.1 X U —0,N 100,100 THA125 70/100
2,3-Dimethyl CH,Cl 1.8 X 1Ot —0.4 T9/7
2.3-Dimethyl CH.CH.C1 5.7 X 1 —1.1 847200
2 3-Dimethyi (H==CH. 2N X L -8 902010 1Al /250 1427200 20705
33, 7-Dinethyl Cl1.Cl b Xt ~ 1.1 W7 100,20 RR/A2E G /RE
6,7-Dimethyl CH.CH.CI 0.8 X L 1.8 BH/100
63, 7-Dinethyl CH==CH. 2.5 X 1 —1.5 [REYA a7 /250 177200
5.6.7,8-Dibenzo CH.Cl1 52X 1 -1 104/100
3,0,7.8-Dibeuzo CH.CH.CI ALLO X oo 7725

+ Data from CONRC. * EDsg
difference in dose.  * Walker carcinosarcoma 256 (=c¢).

ling earcinoma. * Dunning lenkemia (xolid).

<arcoma (results kindly =upplied by Dr. W. F. Diuuning, Universiy of Miami.).

dose that inhibits growih (o 507, of control growth.
11,1210 Ivinphoid lenkernin.
© Alro inactive agaiust spindle cell =arcoma, leiomyo=arcoma of uterus, and Yoshida

Slape = ditference iu resnlt for o renfold
s Rareoma 180, ¢ Adenocarcinoma 755. v Lewix

S1IR1 Inunan sarcoma (rat egg).  # LS178Y lymphatie

leukemia. ¢ Walker carcinoma 256/cytoxan (sc).
TaBrre
ANTINEOITASTIC ACTION® OF TETRAHYDROQCINOLINE AND TETRAIYDROIROQUINOLINE AMIDER
>NCOR
W14 celi enlture’ e - e T () Alose i Tk s e

Linse” R 1D,z il <o LI SAC LS Othrer
i=0() CHCL, N1 X e -1.6 06,/00 1187125 1053/00 71725, 10072507
ixo() CH.CH.CI Mo X 1n
=00} CH=CHCH,; 2.5 X 10! —0 4 07 /400 111/400,° 104/200¢
520Q CH=:CHCH- 2.3 X o — 1. 92,/200 70,250 107 /200
ix0Q) CCHy=CH. MI10O X 102 98/ 100 00/100,7 103/50/
jEe; (thf‘CHC()"@ 5.0 X 10! —0.06 86 /200 KN/200 86/200
@) CH=-CHCH, 2.5 X 1 —1.0 0125 DEA12D U4 /40
Q CH=CHCH. 3.7 X 1 -0 7 106,/400 9a,/H00
Q CCHy==CH, AMLO X 10# 967500 NG /500 40,/200
Q CH=CHCO-N MiL0oX 10e 95/400 507500 08/400
© Data from CONSC. " ixoQQ = [,2,3,4-1etrahydroisoquinoline, @ = d-tetrahydrogquinoline, ¢ B,y = 1lose that inhibic

Slope = ditference inn resuli for
» Adenocarcinoma 755.

growth 1o 504 of control growth.
cama 180, 4 Lenix lung carcinonsa.
lenkemia (asecites).

Experimental Section

1,2,3,4-Tetrahydroquinoxalines.—A mixture of 0.04 mole of
the quinoxaline, 0.02 g of PtO,, and 150 ml of 959 ethanol or
glacial acetic acid was hydrogenated at 4.2 kg/cm?  After the
theoretical pressure drop, the mixture was warmed on a steam
bath aud filtered. The ethanol solution was concentrated or
the acetic acid wus made basie to give, after reerystallization
from ethawnol—water or petrolemn ether (bp 60-90°1, the 1,2,3,4-
tetrahydroguinox:lines,

£10) Analyses by Spang Microanalvtieal Laboratory, Auun Arbor, Mich.
Melting pwoints ure taken in capillaries anid ave corrested.

* Dunning leukemin (=olid ).

41,1210 Ivinphoid lenkemia,  * Sar-
“ P1798 Lvmphosareoma. 7 Danniog

a tenfold difference in daxe.

The following 1,2,3,4-tetrahydroguinoxalines  have been
prepared by thix method: no substituent,' yield 9377 in ethanol;
2-methyl,'? vield 109 in ethanol and 939 in acetic acid; 6,7-
dimethyl, vield 73% i1 ethanol, mp 143-144° (Anal. Caled
for CoHwN.: C, 74.10; H, 865: N, 17.30. Found: C, 74.00;
1, 8.65; N, 17.35.3; 2.5-dimethyl,'? yield 77 %, in ethauol; 5,6,7,-
S-dibenzo, vield 377 1 ethanol and 60¢% in acetic acid, mp 188~
191° (Anal. Caled for CsHuNy: C, 82,10 H, 5.09; N, 11.495.
Found: C,81.6%; 11, 5.67: N, 11.68.).

i), C JooAm. Chewn, Ser. 69, TUA

4T
712) AL, Muuk and H. . Rehuliz, ihid., T4, 3433 (1952).
(1A 20 Maffel and X Pistra, Gazz, Chim, Ttal., 88, 036 (1W38).

Cavagnol and 1. T, Wiselogle,
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1,4-Bisamides of 1,2,3,4-Tetrahydroquinoxaline.—To a
solution of 0.05 mole of tetrahydroquinoxaline in 100 ml of anhy-
drous chloroform at 0° was added dropwise with constant stirring
a solution of 0.11 mole of the acyl chloride in 50 ml of anhydrous
CHCl;. When the addition was complete, the mixture was re-
fluxed until evolution of HCI had ceased. TFiltration, followed by
concentration ¢n wvacuo, and when necessary trituration with
ether, gave solids that were purified by recrystallization from
ethanol. The compounds prepared by this method are listed
in Tables I and IT (method A).

1-Ethyl-4-(3-chloropropiony!l)-1,2,3,4-tetrahydroquinoxaline
(IV).—Reaction of 0.031 mole of 1-ethyl-1,23,4-tetrahydro-
quinoxaline'* in 75 ml of chloroform with 0.031 mole of 3-chloro-
propionyl chloride in 25 mi of CHCI; by the general procedure
described above gave an 849 yield of a thick oil. Treatment of
this oil in ether with HCI gave the hydrochloride, mp 140-142°
(from tetrahydrofuran).

Anal. Caled for C;H:CIN,O-HCL: C, 54.05; H, 6.27; X,
9.69; Cl, 24.52, Found: C, 54.16; H, 6.51; N, 9.91; CI,
24.25.

Amides of Tetrahydroquinoline and Tetrahydroisoquinoline.—
Using the same general procedure as described above for the
bisamides, 0.05 mole of amine and 0.06 mole of acyl chloride
were allowed to react to give after recrystallization from ethanol
the materials listed in Table ITI.

1,4-(Diacrylyl)-1,2,3,4-tetrahydroquinoxalines.—The 1,4-bis-
(3-chloropropionyl)-1,2,3,4-tetrahydroquinoxalines in benzene
were chromatographed over Merck reagent grade aluminum
oxide and eluted with benzene—ethanol (9:1) to give, as previously
reported,® the compounds listed in Table IT (method B).

(14) R. I. Smith, W. J. Rebel, and T. N. Beach, J. Org. Chem., 24, 205
(1959).
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1,4-Diformyl-1,2,3,4-Tetrahydroquinoxaline (V, R = H).—A
solution of 0.036 mole of quinoxaline in 30 ml of formie acid and
100 ml of dimethylformamide was refluxed for 16 hr. The re-
sulting solution was poured onto ice and the aqueous solution
was extracted continuously with ether for 48 hr. The ethereal
solution was dried and concentrated n vacuo to give an oil which
crystallized on trituration with ethanol. Recrystallization
from ethanol gave 3.0 g (449), mp 125-126°, lit.” mp 119~
122°,

Anal. Caled for CwHpN:0,: C, 63.14; H, 5.29; N, 14.72.
Found: C, 63.12; H, 5.14; N, 14.69.

1,4-Bis(chlorocarbonyl)-1,2,3,4-tetrahydroquinoxaline (V, R =
Cl).—A solution of 0.03 mole of 1,2,3,4-tetrahydroquinoxaline
in 30 ml of benzene was added dropwise with stirring and cooling
to a solution of 0.06 mole of phosgene in 50 ml of benzene. After
addition the mixture was refluxed for several hours and coucen-
trated in vacuo to give 5.9 g (769) of a ~olid, mp 92-93° (from
isopropyl ether).

Anal. Caled for CuHszClN:O::
10.81; Cl, 27.37.
27.16.

1,4-Bis(2-chloroethy!)-1,2,3,4-tetrahydroquinoxaline (VI).—A
solution of 0.015 mole of 1,4-bis(chloroacetyl)-1,2,3,4-tetra-
hydroquinoxaline in 200 ml of tetrahydrofuran (THF) was added
dropwise with stirring to 50 ml of a 1 N solution of borane uunder
nitrogen at —10°. After the resulting mixture was refluxed for
1 hr, 8 mlof 6 ¥ HCl was added followed by 75 ml of water. The
THF was distilled and excess solid NaOH was added. The
resulting mixture was extracted with ether, and the dried ether
extract was concentrated to give 3.55 g (809.) of a vellow oil.
The hydrochloride was prepared aud recrystallized from THF,
mp 149-152°,

Anal. Caled for C.H,CLN,-HCl: C, 48.76; H, 5.80;
N, 9.48; Cl, 35.98. Found: C, 40.00; H, 5.71; N, 947; Cl,
35.92.

C, 46.35; H, 3.11: N\,
Found: C, 46.50; H, 3.22; N, 10.66; Cl,

Hypoglycemic Activity and Pharmacological Picture of
4-(1-Naphthyl)butylamine Derivatives

Si.vaxo Casapio, TiBERIO BRUzZESE, GIANFRANCO PALA, GERMaNO Corpl, AND CaRrLA TURBA

Research Laboratories of Istituto De Angeli S.p.4., Mdlan, Italy

Recetved March 1, 1966

Forty-nine 4-(l-naphthyl)butylamine derivatives were prepared for hypoglycemic tests.

They were also

submitted to comprehensive screening, in order to obtain as complete as possible a pharmacological picture.
The majority of the compounds examined revealed marked hyvpoglycemic activity, and of these the a-isopropyl-
a-(3-dimethylaminopropyl)- (XXIII) and «,a-di(3-dimethylaminopropyl)-1-naphthylacetic acids (XXIV) were

found to be the most active and comparable with chlorpropamide.

vealed anything of particular interest,

Our finding! that some a-aminoethyl-l-naphthyi-
acetic acids possess hypoglycemic activity has led us
to extend this investigation to compounds with re-
lated structures. Preliminary studies showed that
substitution with an aminopropyl chain in the o posi-
tion of l-naphthylacetic acid was the most proniising
for reaching the highest activity, and an extensive
series of 4-(1-naphthyl)butylamines of the following
general structure was prepared. The methods used
in obtaining the new compounds were quite similar to
those reported in previous papers’? and, in any case,
are well illustrated in the Experimental Section.

(1) G. Pala, T. Bruzzese, E. Maragzzi-Uberti, and G. Coppi, J. Med.
Chem., 9, 603 (1966).

(2) (a) 8. Casadio. G. Pala, E. Crescenzi, T. Bruzzese, E. Marazzi-
Uberti, and G. Coppi, ¢bid., 8, 588 (1865); (b) 8. Casadio, G. Pala, T.
Bruzzese, E. Crescenzi, E. Marazzi-Uberti, and G. Coppi, ibid., 8, 594
(1865); (c) G. Pala, T. Bruzzese, E. Marazzi-Uberti, and G. Coppi, Farmaco

(Pavia), Ed. Seci., 19, 731 (1864): (d) G. Pala, T. Bruzzese, E. Marazzi-
Uberti, and G. Coppi, ibid., 19, 933 (1964).

None of the other actions investigated re-

R/
| A
RCCH,CH,CH,N, )

e

R = H, alkyl, or aminopropyvl

R’ = CN, CONH,, CO.H, CO.R", CONHR"', CONPr,,
CONHCONHPr, CNHR"/, or COEt (R’' = alkyl, eyclohexyl,
allyl, or phenyl)

NAA = tertiary amino group

The title compounds were submitted to a pharmaco-
logical investigation which included not only exanina-
tion of the hypoglycemic action, but also studies of
acute toxicity, behavioral effects, and antiinflamma-
tory, analgesic, local anesthetic, antitussive, diuretic,
antispasmodic, antipyretic. choleretic, and hypoten-



