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mercaptopurine in dilute (3-5 X 1075M ) solutions in 0.01.V
sodium hvdroxide was followed spectrophotometrically.
A stock solution was prepared by dissolving 13.4 mg. of
¢-mercaptopurine in 25 ml, of water containing 2 drops of
10\ sodium hydroxide. A 50-lambda aliquot of this stock
solution was added to 5 ml. of 0.01N sodium hydroxide
(pH 11.9). The solution was covered to prevent evaporation
and the ultraviolet absorption spectra was determined at
intervals as indieated in Fig. 9. Curve A (0 time) shows the
ultraviolet spectra of 6-mercaptopurine in 0.01N sodium
hvdroxide. Curve B (19 hr.) shows the spectra resulting
from the partial oxidation of 6-mercaptopurine, while curve
C(40 hr.) demonstrates that almost complete conversion to
purine-6-sulfinate has occurred. Using the final absorption at
280 mu (curve O), the amount of sulfinate present was
culeulated to be equivalent to 98¢% of the original mercap-
tan. Acidification of the 0.01N sodium hydroxide solution
at the end of 40 hr. afforded hypoxanthine (curve D, maxi-
nminm at 247 my) equivalent to 90% of the original 6-mer-
eaptopurine. A small amount of unoxidized 6-mercaptopurine
still appeared to be present as indicated by the small maxi-
mum at 325 mu. Over the same period of time, conversion of
{-mercaptopurine to its sulfinate derivative also was found
to oceur at pH 9.4 (bicarbonate-carbonate buffer)to about the
same extent as in the case of the more basic pH. In contrast
however, 6-mercaptopurine treated with N sodium hy-,
droxide (same conditions of concentration and time)
demonstrated u reduction of only 30% in the original quan-
tity of mereaptan.,
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Electrophoretic experiments. All studies were muade using
an E, C, electrophoresis apparatus.¢t* Whatman 3MM paper
was emploved. Carbonate-bicarbonate buffer, pH 0.4
was prepared by dilution of a mixture of 200 ml. of a 0.2/
sodium carbonate solution and 800 ml. of a 0.2/ sodium
bicarbonate solution to 4 liters with water.

Spectrophotomeltric studies. Ultraviolet absorption data
were determined with a Cary recording spectrophotometer,
model 11, using buffers and techniques previously de-
scribed.*4 Solutions of the disulfides (I1) for spectrophoto-
metric determinations were prepared in alcohol-water mix-
tures (85:15) in which IT were found to have greater stability
than in water alone. Aliquots of these stock solutions were
then measured at various pH values.

Acknowledgment. The authors are indebted to
Drs. G. B. Brown and C. C. Stock for helpful
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The pronounced antitumnor activity displaved by two ethyl-2-chloroethylaminoalkyvlamino derivatives of acridine led to
the synthesis of fifteen quinoline and aeridine analogs of this type for studies of their structure-activity relationships com-
pured with those of the corresponding bis(2-chloroethyl) forms. Sixteen other alkvlating agents which incorporated a variety
of modificutions both in the side chain and in the guinoline or acridine nueleus were ulso prepared.

The initial phase? of this program was concerned
primarily with the synthesis of bis(2-chloroethyl)-
aminoalkyl derivatives of 4-aminoquinoline and
O-aminoacridine which uxually contained methyl,
chloro, or methoxy groups as additional nuclear
substituents. In tests,® in which the prolongation of
survival time of mice bearing aseites tumors served
as i ertterion of antitumor activity, it was found
that the hydrochlorides of the propyl-, methyl-
butvl-, and hexyvlamino derivatives were highly
active at molar dosages that approximated those
required for nitrogen mustard itself. This is in
striking contrast to the alkyl-type nitrogen mus-
tards of benzimidazole and certain aryl-type nitro-
gen mustards which were effective only at molar

(1) Supported in part by research grant CY-2975 from
the National Cuancer Institute, United States Publie Health
NCTVIee,

(2) R. M. Peck, R. KL Preston, and H. J. Creech, S, A
Chen. Soc., 81, 3084 (1059),

levels that were at least ten times greater than those
needed for nitrogen mustard.?

The current series of bis(2-chloroethyl) deriva-
tives of quinoline and acridine includes several
nuclear variants and a variety of compounds modi-
fled in the side chain. Among the latter are a his(2-
bromoethyl) analog, two hydrazines, an N-oxide,
and some aryl-type nitrogen mustards and ethyi-
eneimines. Several mono 2-chloroethylaumino deriv-
atives were also prepared. Four derivatives of
acridine ([), in which R was CHyCHo-- and »
was 2 or 3, and in which R was CHy - or CH,;CH.-
CHo— and n was 3, displayed outstanding activity
against ascites tumors at molar levels that were
only slightly greater than those required for the
corresponding  “‘bis” structures. Ounly moderate
activity was apparent when R was (CH,),CH—:

(3) H. J. Creeeh, LN Breuninger, R. F. Hankwitz, Jr..
Gi. Polsky, and M. L. Wilson, Caneer Rescureh, 20 (No 7
part 2) 471 (1960).
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all analogs in which R was H— were inactive.
This sharp specificity of the structure-activity
relationships was made more evident by the lack
of antitumor activity in the 6-methoxy- and 7-
chloroquinolines substituted in the 4-position by
side chains in which R was CH;CH,— and n
was 2 or 3; analogs in which R was H— again were
mactive. Several mono- and bis(2-chloroethyl)
aminoalkylamines, ‘“side chain mustards,” were
also prepared for comparative antitumor tests.

A series of “one-armed” mustards of the aryl
type was prepared by Bergel ¢ al.* and by Skinner
et al.®; these displayed no, or only slight, antitumor
activity.

The general scheme of synthesis was similar to
that used previously and involved the condensation
of the 2-hydroxyethylaminoalkyl- or arylamines
with 4-chloroquinolines and 9-chloroacridines. Con-
version to the 2-chloroethyl derivatives was ac-
complished with thionyl chloride or phosphorus
oxychloride. The ethyleneimine derivatives were
prepared from the corresponding ethyl sulfuric
acids of quinoline and acridine,

EXPERIMENTAL®

Part A. Side chains. Of the 2-hydroxyethylaminoalkyl-
or arviamines used in the preparation of the 2-chloroethyl
compounds to be presented in this report, H,NCH,;CH,-
NHCH.CH,0H is available commercially and the syntheses
of H,N(CH.);NHCH,CH,OH and H,N(CH,),N(C,H;)-
CH,CH.OH have been deseribed.? The preparation of six
other compounds of this type is reported below.

N’-Methyl-N'-2-hydroxyethyl-1,3-propanediamine. In an
analogous procedure,” eyanoethylmethylethanolamine was
prepured (exothermie) from aerylonitrile and methylethanol-
amine, h.p, 85°/0.1 mm. (959%). Reduction with hydrogen
in the presence of ammonia gave 669, of produet. An
analvtical sample boiled at 124-127°/15 mm., Nl =
1.4743.

Anal. Caled. for CeHieN0: C, 54.51; H, 12.19; N, 21.20.
Found: C, 54.95; H, 12.56; N, 21.55.

N'-Isopropul-N’-2-hydroxyethyl-1,5-propanediamine  di-
hydrochloride. This compound was svnthesized in an identical
manner: no exothermic reaction was noted. The boiling
point of the intermediate nitrile (819, yield) was about 40°/
50 u. Catalytic reduction gave a 759, vield of a fraction
boiling at 136-140°/15 mm., niSim = 1.4700. The di-
hydrochloride, m.p. 113.5-115°, was prepared.

Anal. Caled. for CgHN.0-2HC!: C, 41.20; H, 9.51; N,
12.02; Cl, 30.41. Found: C, 40.19, 39.99; H, 9.31, 9.17;
N, 11.59. 11.75; Cl, 30.07, 29.93.

(4) F. Bergel and J. A. Stock, J. Chem. Soc., 90 (1959).

(5) W. A. Skinner, H. F. Gram, and B. R. Baker, .J. Org.
Chem., 25, 777 (1960).

(6) All melting points were determined in a capillary tube
and are uncorrected.

(7) A. R. Surrey and H. F. Hammer, J. Am. Chem. Soc.,
72, 1814 (1950).
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N’-Propyl-N'-2-hydroxyethyl-1,3-propunediamine. The
preparation was identical with the preceding one. The inter-
mediate nitrile boiled at 80-83°/50 u; the yield was 939;.
The reduction product gave a yield of 509 of refractionated
material boiling at 128-130°/10 mm., niSy,, = 1.4701.

Anal. Caled. for CsHyuN,0: C, 59.95; H, 12.58; N, 17.49.
Found: C, 60.34; H, 12.49; N, 17.74.

N'-Ethyl-N'-2-hydrozyethylethylenediamine dihydrochlo-
ride. To a flask containing 130 g. of warm ethylethanolamine
was added with vigorous stirring over a 45-min. period 100 g.
of 2-bromoethylamine hydrobromide. Heat was evolved
and the temperature rose to about 100°. After cooling, 80
g. of 509 sodium hydroxide solution was added and the
mixture was diluted with ethanol to about 500 ml. The
mixture was filtered, stripped of solvent on the steam cone
(aspirator), and refiltered. Volatile material boiling up to
120° (about 40 g.) was distilled at 15 mm. pressure, Re-
fractionation gave 28 g, (43%,) of product,® b,p. 110~114°/15
mm, The dihydrochloride, m.p. 128-129° wus prepared.

Anal. Caled. for CH (N0 -2HCL: C, 35.13; H, 8.85; N,
13.66; Cl, 34.57. Found: C, 35.02, 34.75; H, 8.70, 8.51; N\,
13.99, 14.09; CI; 34.23, 34,56.

N’,N'-Bis(2-hydrozyethyl)hydrazine. To 37.5 g. (0.5 mole)
of monoacetylhydrazine in methanol was added 50 ml. of
ethylene oxide. After standing overnight, an additional 10
ml. of ethylene oxide was added and the mixture was heated
for 4 hr. in 2 70° water bath under an ice condenser. The
solvent was removed and the product was distilled twice,
vielding 56 g. (699%) b.p. 140-145°/30-50 x. This material
was heated on the steam cone in a stoppered flask with 1
equivalent of coned. hydrochloric acid for § hr. and the vola-
tile material was removed at water pump vacuum. Following
a rough titration of the hydrochloric acid and acetic acid
content of the distillate, one-fifth volume of 3% aquecus
hydrochloric acid was added and the mixture was again
heated for 5 hr. on the steam cone and stripped in vacuo.
After this procedure had been repeated a third time, approxi-
mately 709, of the theoretical amount of acetic acid had
been accounted for. To the final residue was added one
equivalent of concentrated sodium hydroxide; it was again
stripped of volatile material, diluted with ethanol, and fil-
tered to remove sodium chloride. The filtrate was concen-
trated and distilled twice giving a central cut of product?
boiling at 79-83°/20 u (65% yield), nifu.. = 1.4937.

Anal. Caled. for C;HN»Qs: C, 39.97; H, 10.07; N, 23.32.
Found: C, 89.85; H, 9.35; N, 22.35.

p-Bis(2-hydrozyethyl) aminophenylacetonitrile. To 100 g. of
p-aminophenylacetonitrile! hydrochloride in 1 I, of 2.V
acetic acid containing 1 equivalent of sodium acetate wae
added 200 ml. of ethylene oxide. Cooling for several hours
was necessary to keep the temperature below 40°; after
standing overnight at room temperature the mixture was
treated with decolorizing carbon and concentrated in racuo.
The residue was neutralized with sodium bicarbonate, giving
a reddish, macrocrystalline product, T'wo high-vacuum dis-
tillations in a modified von Braun flask gave 84 g., b.p.
184°/30 u. Crystallization from dilute alcohol gave 80 g.
(619,) of product, m.p. 87.0-88.5°. A vacuum-sublimed
sample melting at 88.0-89.0° was analyzed.

Anal. Calcd. fOI' C12H16N2021 C, 6552, H, 733, N, 12.73.
Found: C, 65.17; H, 7.50; N, 12.72,

N-1p(2-Aminoethyl) phenyl]diethanolamine. Catalytic re-
duction (Raney Nickel) at 115° and 500-2000 p.s.i. of a
mixture of 120 g. of the nitrile with 25 ml. of aqueous am-
monia gave on filtration, concentration, vacuum distilla-
tion (b.p. 170-180°/50 u) and crystallization from 509

(8) Synthesized by a different procedure by 8. Archer
and C. M, Suter, J. Am. Chem. Soc., 74, 4296 (1952).

(9) Preparation of this compound (b.p. 187°/25 mm.) by
direct hydroxyethylation of hydrazine has been reported;
A. K. Plisov, Khem. Zhurnal, 3, No. 1, 125 (1928).

(10) Eastman Kodak Practical grade; purified nitrile
gave a cleaner reaction and bigher (88%) yield.



ANALOGS OF SOME QUINOLINI NITROGEN MUSTARDS

PTEMBLER 1961

Sk

6L1-121

HCPHO®RD-

€8 81 01l S22 OI'+¢ +8'81 8I'I1L €5 L €0 FC 8¢ puo)) [DHZ *HE) - EHDO™Y - D)
98°6Z 6I°0L 889 98'8F L2°CC QI 01 ¥8'9 OF GF {28 Sxd 1 19 FDOS IOHZ  [D*HO*H)— 5D - SHOO ~—(*HD )—
07 0STTL M990 TOIC 98T 0Z 0T 999 €271¢ $TT-4eT 0¢  "puo)) IDHE HOPHO'HO- - H— H1D09 —CHD)—
FI'6C OL'TE FI°O S8'SF 10768 9F IT G0°9 GI GF "09P OFG-8EC ¥6 D0 IDHS  TOFHO*HD- — H— 11009 ~HFH D))~
CCFT GG 2 S8 0Y o8 FI 989 CEI9 0GI-611 1L 'puop) — HO*HO*HO- FHO— D2 —FHD )
OF'GE ZFOL- 06'S 8S'FF  8I'GE T 01 SL'S 69 T 99D LPI-GH1 62 IDCS O*H'10BT  DI10T1D— HO— 1072 —(*HD)—
ILFE OFR6 €79 GL'OF 00°¥E L0700 109 Q07 9F LGT-GOI 8t  IDCS O'H'IOHT JID*HDTIO— SHE— 102 —CHD)—
€OLE O'TIT 91°S 6L°FF  1€°28 SO II 08°C €& ¥t € 1%8-03% 69  DOS  OHYvIDHG  IDPHDFH)-— H- - 0L —H D) —
80T SLT1T 899 90°LF  ELI0Z €6 II 8G9 €22F 0 6UGS 8LT €2 puoy  OFHYrIDHZ HO*HOTIND— H— IDO9 —(*HO)—
+0°62 F6TTL BO'O9 SSG1F QI0FL 16711 GL°S Q) L¥ 99D 8IG-94T 86 ADON DHE  1OFHO*HO)— H— *HDO9 —+(FHD )~
68l €62 848G 8P EL 60°L L2I8 08-82 88  PuUo) O'H HO'HOPHO— *H¥D)— 12 —H*HD)—
FGE €01 €96 60°LF  ZR'OE 1601 0SS LI OF "OOP CLEEEG ¢F 4D0S DHZ  O*HOHO— HEY— DL —CHD)—
8’88 6F 1T 06'S S8'¢F 12°6G¢ 1211 08+ GL'Er 00p 1EG < ADOS IDHE LI0*HO*HO— H— D2 —**HD)—
TTVYNOLLONNAONONW g9
€8°0T 8€'0 09°¢9 68°01 2%°9 9£°G9 C0g—G 0% ‘puop) -- —(NOH* D) — 102 1@%57
9768 €88 GO'S €O'IS 08'GE SF'8 88'F GB NS TWPCIT01E 0 DO 101 HIOFHO*HD) ~ 102 |©§5*
I0°TE ¥6°8 E£°C I8P 6808 SI'6G S0'S €6 FC NP ROT-G0T 9L FIDOd IDH CIOFHDPHOD )~ 102 t©§57
80 FC 8LC TRE L0068 ,BSPE $8G ¢€9°¢C SI0C GYT-88T ¢ MIOS IJHE SOFFHOHD »— 102 —*(CHD)(*HD)HO—
GE0F 0L6  29°F% €8°0F 0407 ¥9°6  €9F PEIF SOI-58 Lored 1R, IDHT HOTHOFHD -~ apIxO-ND-2L - FEHD )
CFET B9S85 GC 86°GI 09°¢ O g¢ X9, — HHOHOHD )— 102 —(QDHD )—
oF L 8% 21
=Jdg 286 GT'9 UIFLS =10 016 O0F9 FIic F6-G6 €8 puo) O°'H (HOTHO™HD)- - HEO-G1¢-9 —*(*11D)—
JATIE 08 L H90G LOTOE 6P IC 9L €8V G6TOF 60-202 92 ADOS  OHY/+vIDHT OHDHD ) — *H?D6-1d-9 —*CHD)—
£0°0C 168 BF'¢ TGOS L8118 SE'S 1G°¢ TII0C &T6UE8 84T 0y puo)) 1DHS H{HOHOHO )—- SH®D-G-14-9 —(FD ) —
LT 28 TI°L T2LF 6S°GF 2L 18 BS°L OLF 8IGE 0¢2- 8T 6E  FDON O 1DOHE OFHODH) — TH*)-Z-9 ~=2(FHD)—
CeFL 69°S FOO6C 361 GL'¢ T ge 005861 g6 puo) - H{HOTHOMHO - DL -
TRRE S6TIL ISTF LEYF 688 SSIT Pt 8RO Te-02¢ e N00d O'HY 1011 DFUDTHD -~ 1D-2 —
TVNOILONAJIG Y
1D N H o) 1D N H D Y cdoxg 1B 'Y Buansqng ()
punoy 2 PIED ‘PRIY 19910
]
mH\7~ L
e 9 saurouINg T
<
“Y'UN( JHN

SHOSY 10TY ] ANV SLNADY DNILVIAMTY
«

1 M18VIL



26

»’ () ]J.

et

.
Pl

AND CIE

PRESTON,

UK,

3412

OYB[[ISIp Ju[n
-1ajow A0 UE sB £|H0 pajelost skm [oyooe Suipuodsariod ay [, , (ZI) oY 295 ‘[oyose Furpuodsoiion ayy Jog , (ZS61) EOTE ‘%4 009 way) we)” ~p pP0g S [ puUB 90 "[v D
‘fauing Y 'y Aq pazsoyjuds sean ooy Fuipuodsonaon agy, , “ormyrioduway xnyol 1% 9A10S 020 YPOUW YL 4y . (ZG0T) 606F ‘BL 00g wayy) Ty T p SP0YE TV i PUR URYEOUS T, ‘[
pazsayjuds sem [OYoI[¥ Suipuodsariod syg, , “(0S61) FIST ‘24 “0§ “way) ey [ ‘IO f } PUR KL "MV Aq pezseyiuss sea [oyode durpuodsadiod 9y, , (8¥61) GO0 ‘0L
“o0g rwey) wy  p I9NG CIN T pue PO[RH T T Y9 YV T £q pezisauss sem [oyodfe Furpuodselios YL, 5 %598 PIALt [¥10) HuowiuadXs Jwes Y} WOy POIR[OS 4, (2961)
€82 ‘2z “wayy) b p ‘usg 3 Y puw oL ) ") ‘Seuop Y £q pazseyiuds sem [orp Sutpuodsariod AYT, 5 TOUMOYD s8 POIBINIEY (waBoIry (v0], , "L104RIoqe] [eongd[Run Oy} Ag
potiodar 31024 WABO[BY [€10) JO UOIBUTULINGP Y} I SAIIOALGI 1811 A[euw Jo sases (w9408 tadud Surpaosad oy SY "SYIPD JO SATRIDAT 10 SOSA[BUB D[TUIS IO} 0I€ SON[BA ,

CIOF S8TI1 SI'9 TOOF  TOOF FOZ1 900 8 IF 9FIFFI 09 DO DHT YU HODFHD)— — —*HD) -

MN( JHN-_ N

) ouptesy
T 78
¥
08'8 0C'9 0129 06 909 1029 SHE-E6T L2 4 puo) — CHOFHOHD ) ‘HOOZ 109 @Lm:ovi
FI'GZ 692 18°¢ 69°9¢ S9°6¢ 092 028 0¢9¢ 172-81T I8 4004  OFH'/¢I0H HIDFHOHO)— CHOOET10™9
86°01 95°S 9% 6% 9Ll LS BL6S 0519 2¥1 gL puo) . CHOHOHD)— 'HOOET1D9  /~ “EHO) -
LL6Z 96 FLF OGI8F  0€IE 826G LOF 0L ZIF 021-291 0o S00d OFH'10H HIDFHOPFHD) - *HDOZIDY N\ / HO
B L |
TTVNOLRLDNNAIE g
€801 90°L 6999 901 0L 08°99 € 201907 64, Puo) HO'HO'HO - ‘HOPHOHD - *HDO@1DY ~—*(HO)-
CI'8¢ 9’8 GTD 682 PETBT 268 TUD 092G WP HIETIC 8¢ IDON  OFHYCIDHT  [DFHOHO-- FHOCHO'HD — FHOOE 1) ) —
89701 ¥ L 652 g9 9F 01 TO'L PLG9  SLI-G EEl €T ' PUoD HO'HO'HD - (CHOIHD - FHOOE1DY —**HD)—
W9z 62 099 . FEOC 1872 L8O 80 6GF 0P 9FGHIE 38 IDOY OFHY W@ IDHS  TFHOHD - FHDOETD-Y D)
6¢°6% TG'8 86 7¢ 19767 . 89°G [9°2¢ 6 8Le-G LET €2 D08 DHE D' HIHO--- PHOOE1)9 —(*HO)—
g 11 159 €9 P9 GETEY ¢ 9LI-6E 61, Puo) - HOHO'HO— HO - *HOOTGTO9 C—CHD)—
SF.C IF'8 86'G L 087LT €S ROt 8ELE-EET 92 FIDOS OFHY@IDHE  TOFHOTHO - HO— HOOEIOY —H(HO)—
TC8C 0F G 854 g oF e FI°G 090§ 9P 9Le—~FIC 02 FDOS IDHT L FHOH ) H— *HDOE10-9 —**HD)-
LTI ¥E9 €y - LE'9 9 B9 CTEG1-G ST 78, puo) — HOPHO'HD HO— HOOC1079 —*(*HD )}~
8% 998 €8¢ 08 ey on 8S'G BI'0§ "99p LIe—CET 2008 OFHY«1DBE IDFHDFHD - HYD— FHOOE1D —¥HO)-
08°0¢ 128 ¢9'¢ g9 97 0¢ 187G 26°0F "S9P ISEHBEE  9G  ADOS  OFHY I ADTHOHD - H-— *HDOE1D)9 ~=(*HD)—

TV NOLLONDAONOW °V

9] H [9) 1D N H 0 dIN ) o1y s “a R SLIINsgIy )
putioyg Pared ‘PPLA Y10
< v
9 \.Z _ e
L N 2 2 SBUIpLDY ([
3 1
“a"aN( JHN

{panuzpio]) 1 WTHVIL



serreMbrr 1961
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R

N(CH,), N

i

1-2HC

]
’

JHLCH,(C

H.

Cl
54.49
03

N

Found

H
6. 82

Cl
51.40

47.58

50.76

aled.®

al
7

M.P.

Fime (hr.)

Reaction

Temp.

Moles SOCL

R

n

Moles Precursor

7
50.15

1418
12.39
13.62
1L.52

11

96
13
816

8.40

7
7

23

24 44
32
28 .61

14.33
2.53
13.37

o

1

66
2
8.06

7

I~

6
N

21.57
32.23
28 .66

x® [
D ™

i = A
= =
- T A
% &
I~ ™%
v - N}
- ——

Y
60
74

400

I IO R I
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- 3

442

35.48
3843

35.38
38.18
3

133-135
140-141

10

10¢

42.03
19.23

i~
I~

37

07

I~

33.86

¢ Values are either single analyses or averages of checks. ? Previously obtained in a modified procedure by E. Wilson and M. Lishler, J. Am. Chem. Soc., 73, 3635 (19561). © Tang

the free amine instead of the dihydrochloride.

12.
+9.57

Y
7

11

14 8. 11
7 7.05

181-182

79

100

ethanol, 102.5 g. (84¢y) of the diamine, m.p. 86 -87°.
An analytical sample obtained by vacuum sublimation
melted at 87.0-87.8°.

Anal, Caled. for CpHopNal: O, 64.27; H, 8.99; N, 12.49.
Found: C, 64.44, 64.24; H, 9.03, 9.27; N, 12.52, 12.47.

Part B. Compounds tn Table 1. The 2-chloroethyl com-
pounds in Table I for the most part were made from the
corresponding hydroxy compound with thiony! chloride.
as described in the previous paper.? A few were chlorinated
by 10 min. refluxing with phosphorus oxychloride and
decomposed with ice. The crude product was heated with
6N hydrochlorie acid before reeryetaliization, The hydroxy
precursors were made by the condensation of 1.1-2.0 moles
of side chain with the appropriately substituted chloro
nucleus; with certain acridine nuelei, Methyl Cellosolve was
used as a solvent, in which case the monohydrochloride
was usually isolated from the reaction mixture, An example
is given below.

2-{[2-(6-Chloro-2-methoxy-g-acridinyl) ethyl] ethylamino
ethanol. A solution of 10 g. of 6,9-dichloro-2-methoxyacri-
dine and 7.5 g. of N’-ethyl-N'-2-hydroxvethvlethylenedia-
mine in 50 ml. of Methyl Cellosolve was refluxed for 3 hr.,
let stand overnight, and diluted with an equal volume of
acetone, The precipitate was filtered, washed, and dried;
it weighed 11.9 g. (8007 of the theoretical vield of mono-
hydrochloride). About 20 of this crude material was un-
changed substituted acridine which was insoluble in dilute
acetic acid; the free base precipitated from solution following
addition of alkali and was reerystallized successively from
alcohol and from benzene with 81%, recovery (overall
vield from nucleus 52%) m.p. 152.5-153.8°. Analytical
data are presented in Table I,

Part C. Compounds prepared other than by condensation
and chlorination. N-(7-Chloro-4-quinolyl) glycyl diethanola-
mine. A mixture of 22 g. (0.0805 mole) of N-(7-chloro-4-
quinolyl)glyeine hydrochloride,? 300 ml, of absolute ethanol,
and 2 ml. of coned. hydrochlorie acid was refluxed for 5 hr.
during whieh time the ralt dissolyed and the esterification
proceeded. The mixture was stripped of solvent to remove
water; 200 ml. of sabsolute ethanol and 1 ml. of acid were
replaced,’? and the mixture was refluxed for another 3 hr.

The solvent was again removed, and 25 g, of diethanola-
mine was added. The mixture was heated at an internal
temperature of 120-127° for 3 hr. Stirring with water caused
crystallization of the product, which was filtered and purified
by precipitation from dilute acetic acid solution., The vield
was 21.4 g. (829, overall) m.p. 171-172.5°. Several recrystal-
lizations from cthanol raised the melting point to 177.5—
179.0°. See Table 1 for analytical data.

2-(7-Chloro-4-quinolylamino)ethylsulfuric acld. A mixture
of 31 g. of 7-chloro-4-(2-hydroxyethyl)aminoquineline sul-
fate and 50 ml. of coned. sulfuric acid was warmed at
60-70° until solution was complete. After 2 hr., a sample was
found to be completely soluble in dilute alkali; the mixture
was diluted with water, filtered, taken up in dilute sodium
hydroxide, filtered from insoluble material, and acidified
with acetic acid. The product after filtration and drying

(11) The free amino acid has been reported by . O.
Titus et al., J. Org. Chem., 13, 39 (1948). Our synthesis was
by essentially the same method; however, we obtained the
hemi-hvdrate from water, m.p. 288-291° dee. The hydro-
chloride, obtained by treating this compound with eoncen-
trated acid, filtering, and washing with acetone melted at
275-278°.

(12) Hydrolvsis of the resulting ester is o very facile re-
action as shown in an initial effort to isolate the ester by di-
lution and neutralization in the cold. The ester precipitated
as a crystalline solid but redissolved rapidly even in an ice
bath. Using greater care, the ester was isolated, recrystallized
from ethanol and vacuum sublimed, m.p. 210.5-212°,

Anal. Caled. for CsHCIN:O,: C, 58.98: H, £.95; N, 10.58.
Found: C, 59.70, 59.41: H, 5.21. 5.17; N, 10.75, 10.68.
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weighed 14.7 g. (42.5%;) m.p. 250°. An analytical sample
was obtained by ethanol crystallization.

Anal. Caled. for CiyHCIN,OS: C, 43.63; H, 3.66; N,
9.26; %, 10.59. Found: C, 43.16; H, 3.75; N, 9.03; 8, 11.15.

N-(?-Chloro-4-quinolyl) ethyleneimine. A slurry of 14.7 g.
of quinolylamitoethylsulfuric acid in 25 ml, of water was
stirred during the addition of 50 ml. of 407 sodium hy-
droxide. The mixture was heated with stirring in an open
beaker; when the temperature reached about 140°, a visible
reaction occurred, after which a sample showed solubility
in dilute acctic acid, Following separation and washing by
decantation, the oily product solidified. After leaching with
dilute acetic acid, filtering and precipitating, the product
again became oily and was separated by decantation,
leached several times with warm benzene, and carboned in
the organic layer. Concentration and addition of hexane,
vielded 3.8 g. (389) of crude crystalline product, m.p.
R7-01°. After several precipitations from dilute acetic acid—
cthanol mixtures and one crystallization from hexane, 1.05
g., m.p. 95-96° remained. A previously obtained vacuum
sublimed analytical sample melted at 94.0-95.5°.

Anal. Caled. for CyHCIN,: C, 64.55; H, 4.43; N, 13.60;
Cl, 17.33. Found: C, 64.76; H, 4.30; N, 13.08; Cl, 17.26.

2-(6-Chloro-8-methozy-9-acridinyl) ethylsulfuric actd. This
compound was prepared from 6-chloro-2-methoxy-9-(2-
hydroxyethylamine)acridine'® and concentrated sulfuric
acid at room temperature in essentially the same manner
as the 7-chloro-4-quinolyl compound above. The vield after
reprecipitation from dilute sodium hydroxide and alcohol
with acetic acid was 9390, m.p, 300-305° deec.

Anal. Caled, for ClﬁH15C1N205sl/§HZO: C, 4904, H, 412,
N. 7.153; 8, 819, Found: C, 49,13; H, 4,09; N, 7.05; §,
8.20.

N-(6-Chloro-2-methoxy-9-acridinyl) ethylenimine. A mixture
of 5.5 g. of the sulfuric acid ester and 25 ml. of 509, sodium

(13) J. H. Burckhalter et al., J. Am. Chem. Soc., 65, 2012
(1043).
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hydroxide was stirred and heated in a beaker at 150° for
about 1 hr., cooled, diluted, filtered and washed, The crude
material was taken up in about 20 ml. of glacial acetic acid,
diluted, and filtered (about 1.5 g. was insoluble). The
soluble material was precipitated with alkali; it weighed 3.2
g. The precipitation from dilute acetic acid was repeated in
the presence of an equal volume of aleohol, giving 0.6 ¢.
(15%), m.p. 185-188°. Two sublimations at 180°/0.1 p
gave 0.4 g, (109,) of product, m.p. 184-187°.

Anal. Caled. for CiH;2CIN,O: C, 67.49; H, 4.60; N, 9.84.
T'ound: C, 67.28, 67.00; H, 4.73, 4.59; N, 9.79, 9.65.

7-Chloro-4=|2-bis( 2-chlorcethyl)-N -oxyaminoethylamine} -

quinoline dihydrochloride. A solution of 20 g. of 7-chloro-4-
{ [2-bis(2-chloroethylyaminoethylamino] | quinoline dihy-
urochleride monohydrate? in 400 ml. of glacial acetic acid
wes cooled to room temperature and 26 ml. of 40% peracetic
acid was added. The temperature rose slowly to 35°, was
kept there for an hour and then brought to 45° for 15 min,
and momentarily to 60°. After cooling, 2 ml, of hydrochlotic
acid and 250 ml. of acetone were added, the mixture was
diluted to 1 1. with dry ether and cooled for 1 week, The
crystalline precipitate was filtered and washed; it weighed
16.3 g. This was dissolved in water; acetone and ether were
added to give two crops of product, The first contained more
than two molecules of hydrogen chloride; the second weighed
5.1 g. (26% of the theoretical), Sce Table 1.

Part D, Aliphatic 2-chloroethyl compounds (Mustards de-
rived from side chains). These compounds were prepared
by the addition of the hydroxyethyl precursor, as its dihy-
drochloride, to an excess of stirred thionyl chloride. The
mixture was warmed to complete the reaction, excess thionyl
chloride was removed under water pump vacuum, and the
residue was recrystallized twice from absolute ethanol con-
taining a trace of concentrated hydrochloric acid. The prod-
ucts were obtained as hygroscopie, sharp-melting crystalline
dihydrochlorides (See Table II).

PuiLaverpara 11, Pa.
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New Sedative and Hypotensive Phenylpiperazine Amides

SHIN HAYAO axp R. N. S8CHUT

Recetved February 8, 1961

A number of N-(4-aryl-1-piperazylalkylpolymethoxybenzamides and N-polymethoxyphenyl(4-aryl-1-piperazyl)alkanoic
acid amides and the corresponding hydrochlorides were prepared. Infrared spectra of stable amidonium chlorides are dis-
cussed. A transamidation reaction took place during the synthesis of butyramide derivatives and this may involve a cyclic

intermediate.

The presence of the 3,4,5-trimethoxybenzoyl
group in reserpine led to a search for pharmacologi-
cally active trimethoxyvbenzamide derivatives.!
Weinberg et al.? reported that trimethoxybenzoic
acid esters of amino alecohols lacking the indole ring
svstem showed sedative properties of the reserpine
tvpe. Bovet? found that 1-phenylpiperazine and 1-
methyl-4-phenylpiperazine reverse the pressor re-

(D (a) Y. G. Perron, U. 8. Pat. 2,870,145; 2,870,156
(1959). (b) G. P. Schiemenz and H. Engelhart, Ber., 92,
8537, 862 (1959).

(2) M. S. Weinberg ef al., Abstr. from 130th Am. Chem.
Soc. Meeting, Atlantic City, 1956, 11N.

(3) D. Bovet and F. Bovet-Nitti, Médicaments du Sys-
temé Nérvéux Vegelatif, S. Karger, S. A. Bale, 1948, p. 247.

sponse to adrenaline. Also 1-phenvl-4-homovera-
trylpiperazinet is reported to be similar to chlore-
promazine in its central depressant properties.

These findings suggested the synthesis of rew
sedative and hypotensive agents which contain
both 1-phenylpiperazine and 3,4.5-trimethoxy-
benzoyl groups. We prepared a series of N-(4-aryl-
1 - piperazyl)alkylpolymethoxyhenzamides  (Class
A) and another series of N-polymethoxvphenvl(4-
aryl-1-piperazyl)alkanoic acid amides (Class B) as
follows:

(4) J. Mills, M. M. Boren, and N. R. Easton, Abstr.
from 132nd Am. Chem. Soc, Meeting, New York, 1977
11-0,



