
nir:rcilytopuriiie in dilute (3-5 X l O - 5 i l f )  solutious in 0.01,V 
sodium hydroxide WRS followed spectrophotometrically. 
A atork solution was prepared by dissolving 13.4 mg. of 
(j-iiicrcaptol)iirine in 25 nil. of water containing 2 drops of 
1O.Y sodium hydroxide. -4 50-lambda aliquot of this stock 
solritioii W:LS added to 5 inl. of O.Ol,V sodium hydroxide 
( p H  1 I .9), The solutioii \vas covered to prevent evaporation 
:inti the ii1tr:iviolet al-isorptioli spectra \vas determined at 
i i i t c n d s  as indicated in Fig. 9. Curve A (0 time) s h o w  the 
ultraviolet spectra of &mercaptopurine in 0.01N sodium 
Iiytlroxide. Ciirvr, R (19 hr.) shows the spectra resulting 
f r o i i i  the, prt i ; t l  oxidation of &mercaptopurine, while curve 
C(10 hr.) tlemonstratc~s that almost complete conversion to 
1"iririe-Ci-siilfinute has occurred. Using the final absorption at 
280 nip (curve C), the amount of sulfinate present was 
r:ilruluted to be equivalent to 9870 of the original niercap- 
t: i i i .  AckMic,ntion of the O.01.\- sodium hydroxide solution 
:it the end of 40 hr.  afforded hxpoxnnthine (curve D, maxi- 
i i i i i i i i  at 247 nip) equivalent to 90% of the original 6-mer- 
c.;tptopuririr. A small amount of unoxidiaed 6-mercaptopurine 
> ( i l l  :t1ipcarc.d to lie present its indicated by the small inaxi- 
inuni  a t  325 nip. Ovcr the same period of time, convereion of 
(i-mcrc,iLptopiirine to its sulfinate derivative also was found 
to orcur a t  pH 0.4 (bic.arbonate-carbonate buffer) to about the 
M I I ~  cstcnt us in the case of the more basic pH. In  contrast 
however, 6-niercnptopurine treated with N sodium hy-, 
droside (same conditions of concentration and time) 
tlrinonstrated :t reduction of only 30% in the original quan- 
tity of mcrcaptan. 

Electrophoretic ezperinienls. All st.udies were made using 
:in E. C. electrophoresis a p p a r a t ~ i s . ~ ~  Whatman 3.1211 puper 
~vatp employed. Carboiiate-hicsrbonate hiiflw, pH 0.4 
\vas prepared hy dilut>ion of a mixture of 200 nil. of a 0.2J1 
sodium c a r h n a t e  solution and 800 ml. of :t 0.2.11 sodiuni 
bicarbonate soliition to 4 liters with water. 

Specliophotomc.iric s ~ u d i e s .  Ultraviolet :tlisorption d:it:i 
were determined with :i Car! recording sl".ctrophotoiiietc.r. 
model 11, using I)utt"ers ant1 tec.hiiiques previousl). ti(,- 
~cribed.45>~6 Solutions of the disulfides (11) for spertrophoto- 
metric determinations were prepared in alcohol-water mis- 
tures (85: 15) in which I1 were found t o  have greatrr stahility 
than in water alone. Aliquots of these stock solutions were 
then measured at varioiia pH values. 

A4ckrkowledgment. The authurs arc indebted to 
Drs. G. B. Browii aiid C. C. Stock for hclpful 
discussions and coiitiriucd interest. 
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7 L ' h c h  pronounced antitumor activity displayed by two eth~l-2-chloroethylai:iirio:tl~yla~iiino derivativte of acridine led to 
t II(: s\mthrsis of fiftwn quinoline and acridine analogs of this type for studies of their structrire-activit!. relationships com- 
I):,irwl \vi t  ti t hoscl of th(1 correspoiiding bis( 2-chloroethyl) forms. Sisteen other alkylating agents which incorI)or:ttcid a vxripty 
I , ]  iiiot1itic:itioiis both i i i  t h e  si&> ( S 1 i : i i n  : ind i n  the qiiinoline or avridine uiirlcws wwe dso  propwed, 

' I ' h c h  i i i i t iul  phase? of this program was coiicheriied 
piiniarily \ v i t h  thc syithesis of bis(2-chloroethy1)- 
miiiioalkyl de i i \ ra t i \w of ~-amiiioc~uiiioliiie aiid 
!)-aminoac:ridiire whivh usually coiitaiiied methyl, 
rhloro, or met hoxy groups us additional iiuc*lear 
substitueiits. In tests,3 in which the prolongation of 
h t i n 4 i x I  time of mice hcaring ascites tumors served 
i ih :I rt.itc~rioii of  :Iiitituiiior :irti\ity, it was found 
t 1i;ti t h(1 h~tlt.oc.hlo~,i(l(~,~ of' t hti propyl-, mcthyl- 
I)utyl-. xi id  1iosyl;uniiro t l ~ r i \ - : i t i \ ~ s  \ v c w  highly 
:Ic.ti\rc a t  niolai, t los;ag~ t h t  approximated thosc 
wquiretl lei, i i i t  rogeii niustard itself. This is i i i  

sti,ikirig caoiitrast to the alkyl-type nit,rogen nilis- 
ttirds of' 1)t~nziniid:uolc and certain aryl-type iiitro- 
geii t i i i i h t  : i i& \vliicli \rcre affective only at molar 

levels thut \ ~ e r c  u t  l w u t  ten times greater thuii thosc 
iieeded for nitrogen mustard. 3 

The cwreiit serit.5 of his(l-,-c.hloi.c)ethJ.l) dcriva- 
tives of quiiioliiie aiid ac~ridine iiicludes seyeral 
iiucleur variants uiid a Yariety of cwmpouiids modi- 
fied in the side chaiu. Among the latter are u liis(2- 
bromoethyl) analog, two hydrazines, :in A\7-oxidc, 
and sonit' aryl-type iiitrogen mustards aiid ethyl- 
cw.+iiiiies. St1ver:il Inoiio '-c.hloroc.thylumiilo deriv- 
xti1.w ~ve re  also p r q x w ~ i .  l'oui.. d(i i , i \xt  ives of 
ncridiiie ([), i i i  \vhich I< \v:t,q ('€I:jC"H2 ~ alitl ? L  

\vas 2 or 3 ,  aiid iii whirh 1I \viis C k I , $  - or (>H:jC~I-I?- 
CH,-- aiid I L  \vas 3 ,  displayed outstaiicliiig activity 
against ascitcs tumors at  molar levels that were 
olily slight Iy gi*entt:r t hun  1 hose l , i q r i i r c d  f o r  1 lit1 

corrcspoiidiiig "bib" h t i w t  ureb. ( )illy i~ioder~itc 
activity was apparciit whcii R was (CH3),CH-: 
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NH ( c H ~ ) ~ N -  CH,CH,CI 
I 

I 
all analogs in which R was H- were iiiactive. 
This sharp specificity of the structure-activity 
relationships was made more evident by the lack 
of antitumor activity in the 6-methoxy- aiid 7- 
chloroyuinolines substituted in the 4-position by 
side chains in which R was CH3CH2-- and n 
was 2 or 3 ; analogs in which R was H- again were 
inactive. Several mono- and bis(2-chloroethyl) 
uminoalkylamines, "side chain mustards," were 
also prepared for comparative ant'itumor tests. 

A series of "one-armed'' mustards of the aryl 
type was prepared by Bergel et aL4 and by Skinner 
et aL5; these displa,yed no, or only slight, antitumor 
act,ivity. 

The general scheme of synthesis was similar to  
t~hat used previously niid involved the condensation 
of the 2-hydroxyethylaminoalkyl- or arylamines 
it-i th  I-chloroquinolines and 0-chloroacridines. Coii- 
version to the 2-chloroethyl derivatives was ac- 
complished with thionyl chloride or phosphorus 
oxychloride. The ethyleneimiiie derivatives were 
prepared from the corresponding ethyl sulfuric 
acids of quinoline and acridine. 

 EXPERIMENTAL^ 
f'urb A ,  Side chains. Of t,hc 2-hvdrosyethylaiiiiiioalkyl- 

o r  ;trylamines used in tho preparation of the 2-chloroethyl 
compounds to be presented in this report, H21UCH2CH$- 
SHCHrCHIOH is available c~onimcrcinlly :Lnd the syntheses 
of H,X( CH2)3NHCH,CH,0H and H,S( CH2)3N( C,H;)- 
CHICHIOH have been described.? The preparation ot six 
other compounds of this type js reported I~elow. 

K '-2l I ethy1L.Y ' -2Viydrorye l i~  g1-1,9-p ropan cdiumin e .  I n  an 
alialogous procechirc,' c~:~rioeth~-lnirth~lc~tliariolanii i ie R L ~ S  
j)rcp;~rid (esothprniira) from acrj  lonitrile and mrthylethanol- 
m j i t i c k ,  l),p, 86"/0.1 mm. (95%). Rpdiirtioii with hydrogen 
i n  t h r  prrscrice of ammonia gave 66yo of prodrirt. .in 
:in:ilytical sample boiled a t  124-127"/15 mm., n:A,,,ht = 
1.4743. 

' [ n d .  Calcd. for CljH1&tO: C, 54.51; H, 12.19; S, 21.20. 
Foiiiitf: C, 54.95; H ,  12.56; X, 21.55. 

.\.I- lanp rop  {I  L- .\7'-2-h ydror ye th  yl-1 ,Y-propandianzine di- 
h!/t/rocli(oTidr. This compound was synthesized in an identicai 
n~anric~r: no ewthcrinic reaction  as noted. The boiling 
poiiit of the intermediate nitrile (817; yield) x a s  about !IO"/ 
50 U. C;ttalytic redrirtion gave a 759; yield of a fraction 
lwiling :it 130-110°/15 min., n&',i4ht = 1.4700. The di- 
hydroc.hloride, m.p .  113.5-115", was preparrd. 

.lnaL Calcd. for C,Hzo?jz0.2HCI: C, 41.20; H, 9.51; S-, 
12.02; CI, 30.41. Found: C,  40.19, 39.99; H, 9.31, 9.17; 
S ,  1 1  5 9 .  11.75; CI, 30.07, 29.93. 
. . 

(4) F. Bcrgel and J. A.  Stock, J .  Chert,. Soc., 90 (19.59). 
itr)) \V. ,A. Skinner, H. F.  Gram, and B. R .  Baker, J .  Orq. 

((i) All melting poirits were detc:riiiiiied ill :t capillary tube 

( 7 )  A. R.  Surrey and H. F. Hammer, J .  Am. C h e m  Soc., 

( ' h ~ m . ,  25, 777 ( I O N ) ) .  

:ciitl itro uncorrected. 

72, 1814 (1950). 

iY '-Propyl-N '-%-hydroxyethyl-l,3-propa nrdiciirir'ne. The 
preparation was identical with the preceding one. The inter- 
mediate nitrile boiled at 80-83'/50 p ;  the  yield was 93':',. 
The reduction product gave a yield of 5070 of refractionated 
material boiling a t  128-130°/10 mm., n,&ht = 1.4701. 

Anal. Calcd. for CaHloNlO: C, 59.95; H, 12.58; N, 17.49. 
Found: C, 60.34; H, 12.4Y; N, 17.74. 

N'-Ethyl-X'-%hydrozyethylethylenedianiine dihydrochlo- 
ride. To a flask containing 130 g. of warm ethylethanolainine 
was added with vigorous stirring over a 45-min. period 100 g. 
of 2-hromoethylamine hydrohromide. Heat wa8 rvolved 
and the temperature rose to about 100'. After cooling, 80 
g. of 60y0 sodium hydroxide solution was added and the 
mixture was diluted with ethanol to about 600 nil. l h e  
mixture was filtered, stripped of fiolvent on the steam conc 
(aspirator) , and refiltered. Volatile inaterial boiling up to 
120' (about 40 g.) was distilled a t  15 mm. pressure. Re- 
fractionation gave 28 g. (43%) of product,s h.p. I 10-114°/15 
mm. The dihydrochloride, m.p. 128-129' WMS prepared. 

Anal. Calcd. for C6H,&7,O.2HC1: C, 35.13; HI 8.85; X, 
13.66; C1, 34.57. Found: C, 35.02, 34.75; H, 8.70, 8.51; X, 
13.99, 14.09; c1, 31.23, 34.56. 
S',h:'-Bis(~-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 hrated 
for 4 hr. in a 70' water hath under an ice condenser. l'he 
Folvent was removed and the product was distilled tn-icr, 
yielding 56 g. (6970) h.p. 140-145°/30-50 P. This material 
was heated on the steam cone in a stoppered flafk with 1 
equivalent of coned. hydrochloric acid for 5 hr. and the voln- 
tile material was removed a t  water pump vacuum. Following 
a rough titration of the hydrochloric acid and acetic acid 
content of the distillate, one-fifth volume of 3% aqueous 
hydrochloric acid was added and the mixture was again 
heat,ed for 5 hr. on the steam cone and stripped in vacuo. 
After this procedure had been repeated a third time, approxi- 
mately 70% of the theoretical amount of acetic arid hnd 
been accounted for. To the final residue was added onr: 
eyriivalent of conccntrated sodium hydroxide; it was agairi 
stripped of volatile material, diluted with ethanol, and f i l -  
tered to remove sodium chloride. The filtrate was conr'en- 
trnted and distilled tuire  giving a central cut of productg 
boiling at 79-83'/20 p (65% yield), n.&ht = 1.4937. 

Anal. Calcd. for CIHIINQOQ: C, 39.Y7; H, 10.07; pi, 23.3%. 
Found: C, 39.85; H, 9.35; N, 22.35. 

p-~is(2-hytlrosyethr/l)unainophe~i~lacetor~ilriIe. To 100 g ,  of 
p-aininopheriS-lacetonitriie'0 hydrochloride in 1 1. of 2&\- 
aretir arid containing 1 equivalent of &odium acetate wa.9 
added 200 nil. of ethylene oxide. Cooling for several hours 
was necessary to keep the temperature below 40'; rifler 
standing overnight at room temperature the mixture \vas 
treated with decolorizing carbon and concentrated in ruci(o.  
The residue was neutralized with sodium bicarbonate, giving 
a reddish, macrocrystalline product, Two high-varuum dis- 
tillations in a modified von Braun flask gave 81 g., b.p. 
184"/30 f i .  Crystallization from dilute alcohol gave 80 g. 
(61%) of product, 1n.p. 87.0-88.5'. .4 vacuum-sublimed 
sample melting a t  88.0-89.0" was analyzed. 

Anul .  Calcd. for C12H1~pizOz: C, 65.52; H, 7.33; N, 12.79. 
Found: C, 65.17; H, 7.50; E, 12.72. 

,~-[p(b-Aml'noethyl)phenyl]diethanolamine. Catalytic re- 
duction (Raney Xickel) a t  115' and 500-2000 p.s.i. of 3 
mixture of 120 g.  of the nitrile with 25 ml. of aqueous ani- 
monia gave on filtration, concentration, vacuum distilla- 
tion (b.p. 170-180"/50 G )  and crystallization from 50% 

(8) Synthesized by a different procedure by 8. Archw 
and C. RI.  Suter, J .  A m .  Chem. SOC., 74, 4296 (1952). 

(9) Preparation of this compound (b.p. 187'/26 mill.) \ iy  
dirtlct hydroxyethylation of hydrazine has been reportc>tl; 
A. E;. Plisov, Khem.  Zhurnal, 3, No. 1, 125 (1928). 

(10) Eastman Kodak Practical grade; purified nitrile 
gave a cleaner rmction arid higher (88%) yield. 
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veighed 14.7 g .  (42.556) n1.p. 250'. An analyt,ical sample 
\\as obtained 11s etlianol crystallization. 

.InciI. Calcd. for CI~H11C1?L;2OlS: C, 43.63; H, 3.66; K, 
9.X;  F, 10.5!). Found: C, 43.16; H, 3.75; N, 9.03; S, 11.15. 

.\-( 7-C~~loro-4-yuznolyl)ethyleneimine. A slurry of 14.7 g. 
of quinolylumii.oethylsulfuric mid in 25 nil. of water was 
atirred during the addition of 60 ml. of 4070 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 samplc showcd solubility 
in dilute wctic acid. Following separation anti u-ashirig I)y 
decantation, the oily product solidified. After leacaliiiig I\ ith 
dilute acetic acid, filtering and precipitating, the product 
ngain Iiecanie oily and \vas separated by decantation, 
leached several times n.ith \+arm benzene, and rarboiied in 
the organic layer. Concentration and addition of hexane, 
yielded 3.8 g. (38%) of crude crystalline product, m.p. 
87-91 ". After several precipitations from dilute aretic acid- 
cthxnol mixtures and one crystallization from hexane, 1.05 
g., n1.p. 95-96" remained. A previously obtained vacuum 
sublimed anal)-tical sample melted at 94.0-95.5". 

.l7ial. Calcd. for CI1H&lN*: C, (34.55; H, 4.43; K, 13.69; 
C1, 17.33. Found: C, 64.i6; H, 4.30; N, 13.08; C1, 17.26. 

2-(6-Chloro-d-mefhozy-li-acridirzyl)eth~/lsulfuric acid. This 
compound n i ~ s  prepared from 6-chloro-2-methox~-D-(L'- 
~i~droayet1iylamin~)acr idine '~ and concentrated sulfuric 
xcid st room temperature in efisentially the sanie manner 
iis the 7-chloro-.l-quinolgl compound above. The yield after 
ic.lii,ccipitation from dilute sodium hydroxide and alcohol 
kvith acetic acid n ' a ~  93(,)2,, n1.p. 300-305" dec. 

,lnuI. Calcd. for ClcHlaCINzOsS$$HzO: C, 39.04; H, 4.12; 
X, 7.15; S, 8.19. Found: C, 49.13; H, 4.09; X, 7.05; S, 
8.20. 

.\-(6-Chloro-2-~nethoxy-Q-acridinyl) cthyleniniine. A mixture 
of 5.5  g. of the sulfuric acid ester and 25 ml. of 5O7i sodium 

( 1 3 )  J. €1. B\irckh:ilter et nl., J .  Ani. Phem. f loc. ,  65, 2012 
( 1 !143). 

.~ ~~~~ 

hydroxide was stirred and heated in u beaker nt 150" for 
about 1 hr., cooled, diluted, filtered and washed. The crutlv 
material was taken up in about 20 nil. of glacial acetic sckl, 
diluted, and filtered (about 1.5 g. was insoluble). Tho 
soluble material was precipitated lvith alkali; it weighed 3.2 
g. The precipitation from dilute acetic acid was repeated in 
the presence of an equal volume of alcohol, giving 0.6: p. 
(15Yc), m.p. 185-188'. Two sublimations at 180°/0.1 
gave 0.4 g. (10%) of product, n1.p. 184-187'. 

.4tral. Calcd. for  CIJII&IN&: C, 67.49; H, 4.60; S, 9.84. 
Found: C, F7.2S, O i . O O ;  H, 4.3, 4.59; S, 9.79, 9.65. 

;-C'hioro-4- [&bis( 2-ch/oroelh!/1)-,~--or!/airiinoeihw[nnzinol- 
p i n o i i n e  d i h y d i  ochloricle. A solution of 20 g. of i-chloro-4- 

[2-i)is( 2-chloroethyl)aminoethylamino] ] quinoline dihy- 
uruchlcride monohydrate* in 400 ml. of glacial acetic arid 
WF.S cooled to  room temperature and 26 ml. of 40% peracetic 
nc id v a s  added. The temperature rose slovvly to. 35", was- 
kept t,hprr for an hour and then brought' to 45' for 15 min. 
arid momentarily to 60". After cooling, 2 ml. of hydrochloiii: 
acid and 250 ml. of acetone were added, the mixture was 
tlilutrd to  1 I.  with dry et'her and cooled for 1 week. The 
rrystitlline precipitate was filtered and washed; i t  u eiyhed 
1ti.8 g .  This was dissolved in water; acetone and ether were 
added to give two crops of product. The  first contained mare 
than two inolecules of hydrogen chloride; the Feccntl weighed 
5.1 g. (26yh of the theoretical). See Table I. 

PaTt D.  Aliphatic 2-chloroethyl co?npounds (dliistards de- 
~ i u e d  f r o m  side chains). These compounds wcre prepared 
by the addition of the hydroxyethyl precursor, as its dihy- 
drochloride, to an excess of stirred thionyl chloride. The 
mixture \+-as warmed to  complete the reaction, exress thionyl 
chloride was removed under water pump varuum, and the 
residue \vas recrystallized twice fronl ahsolute ethanol con- 
taining a trace of roncentrated hydrochloric acid. The prod- 
ucts were obtained as hygroscopic, sharp-melting crgstalli~ic 
dihydroclilorides (See Table 11). 

PHILADELPHIA 11, PA. 
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New Sedative and Hypotensive Phenylpiperazine Amides 

SHIN HAYAO AND R. Y .  SCHUT 

Rcceiued February 9, 19fil 

A number of IV-( 4-aryl-1-piperaayl)alkylpolymethoxybenznmides and iI\'-pol!;methoxyphenyl( 4-aryl-I-piperazy1)alkanoic 
acid amides and the corresponding hydrochlorides were prepared. Infrared spectra of stable amidoniimi rhlorides are dis- 
r imed. A tran,samitiation reaction took place during the Rynthesis of butyramide derivatives and this may involve a cyrlic 
i r l  termediate. 

The prcsence of thc 3,4,5-trimethoxybenzoyl 
group in reserpine led to a search for pharmacologi- 
c.all~ active trimethoxvhenzamide derivatives.' 
IYrlnherg et a1 reported that trimethoxybenzoic 
arid esters of amino alcohols lacking the indole ring 
system qhowed sedative properties of the reserpine 
t i  pe. Bovet3 found that 1-phenylpiperazine and 1- 
mcthyl-4-phenylpiperazine reverse the pressor re- 

(1) (a) Y. G. Perron, U. s. Pat. 2,870,145; 2,870,156 
(1950). (b) G. P. Schiemenz and H. Engelhart, Ber., 92,  
857, 862 (1959). 

(2) 11. S. Keinberg et ai., Abstr. from 130th -4m. Chem. 
?o(' LIeeting, Atlantic City, 1956, 11N. 

13) 1). I3ovet and F. Bovet-Nitti, MPdicaments du SIJS- 
t o t i i :  3 ' i r L P r r r  Vqefa t i f ,  S. Karger, S. A. Bale, 1948, p. 247. 

sponse to  adrenaline. Also l-phenvl-4-homo'i.ern- 
trylpiperazine4 is reported to  be similar to chlow- 
promaziiic in its central depressant properties. 

These findings suggested the synthesis of IVW 

sedative and hypotensive agrnts which contaiii 
both I-phenylpiperazine and :<,l.!j-trimethoxy- 
benzoyl groups. We prepared a stxrics of X-(4-aryl- 
1 - ~ipera~yl)alkylpolymrthox~l~cnzam~dcs (Class 
-4) and another series of N-polynietho?trphciivl(~- 
arvl-1-piperazy1)alkanoic acid amides (Class R) n.; 
follo.ivs : 

(4) J. Mills, I1I. M. Roren, and X. R. Easton, Ahstr< 
from 1 3 2 ~ d  Am. Chem. floc, Meeting, New I-ork, 10!,7 
11-0. 


