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INTRODUCTION
1. Cancer

"ext to cardiovascular disorders, concer is the
greatest killer in most western countriecs. Perhaps itv
has always been that woy, but ioproved methods of diag-
nosis .nd the advancing age of the world's population |
Guring the last half century have raiced canber, primari-
ly & disease of older age groups, to the second place
on the blackliist of vital statisties., Even though can-
cor was recognized as a diseuse by the Egyptians ovoer
3500 ye.rs ago, the cause or causes of spontoneous
coneer are unknown, and so is any cure for it. Until
reliable diagnostic teots for the eurly deteotion of the
- various malignuncices in nen arc developed, one may cxpect
a furtier increase in the mortality from the different
dise.ses which are called caneer, At present only |
one~tiird of all cincer patlents survive 5 yeurs afte
diagnosis has been nade and some sort of therany has been
ingtituted. This dis Jdue to thic ability of neoplastic
diceases to invade other tiscuves (o metastasize) if a
malignent cell floats ewey in the body fluids and locates
in a distant place of the organisn, The role of chomom
tﬁdrapy beconea perticularly wnderstandable in such
disseninated cuncers which can no longer be attacked by
localized surgery cr irradiation.

Although most types of cencer have becn and are
on the inecrcase, the incidence of cuncer of the lung
and pharynx has risen in en unusuelly steep slope.

This has been attributed veriously to similar increases
in ciguret smoking, exhaust gas@é from combustion engines,
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P IOV TR , A F - Y P S
inductelel ooog, obe. Althoush como of tho nerbtinont

coimparetive gbotictles sound convineing, noe ovidones
! ico oxro

oxicto thot ony of thoso eoniitlions o ccbivis
cousetive in produeing concor in husono,., OF othox

turors, cooecr of the gtonach koo declined olowly over
the last 30 yooxo,

Iz !my’s tuzers Doy be dnduecd In onimdlo ond ron
in now fforont woyn. Dopooted ond constont physicold
iz*:-?mzz;tisa (i:‘.f."‘;%; -heot) cun profuce concor, ond 5o
cen moany choniends. OF thooo chomienl covolnesonn or
congorcoons, nelycyelic cromatic hydrocorbon m& thelr
a;’*%:m—-» wicroeyelic inostoros have boon studied rosy
.é.zzuczmivcly. Cortoin oo a.;;fz G, avoootlie ﬂimm Gy

boroton, and otior obructursl typoo cun 2lsoo ini:mm
mwimmu, tronoplentable tumors. 4 fow conpounio In

.
heoo sorion (uwothon, Seormincchryoono, obe.) oloe
adbdd Puncp-inhibitory cotion, but iholr zhowing hoop

not boon lmprosoive.”
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2., lc .; ¢f Chonotherony

The use of Lollt roncdics
mmesr ond *:;2;:;:’ bumcrs 1o rocexded oorly dn tho hichory
rodieine, For omimple, am mnelont Soypbion ronoly wos
4o brookh bho vapors of Lailmg ving, Feor obviims
ro sam, this woo o vory populor treoctoont, ?{ster,
tho Qovolonmont of tho dwusm $erocboont of caneor has nob
porcllolzd thot of modicine in geonczrol aor tho &X’L"’
tractneont of other dloccooos in porbioulor {nly in ‘?53-.10
poost fow yooro oo concor chencthorosy b:f:=~ cllobtad

ny oporecicble portion of tho roosurces of nodienl ond
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Purpose and 3cope of the Research

The historical portion of this peper is designed to
.show the value of mustard compounds in the treatment of can-
cer and the methods used to take advantage of verious exploit-
~able veriants botween normel tissue and cancerous tissua.
- The experimental scction is an effort to evaluate and
take mdvantage of the variant of pH,. ‘
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Biological Activity of th ﬂlkyl&%iﬂg Agonior 33

A compound waich con offoet the ropluccneut o8 o Iyy=

drogen coonm in &2 moleculo 1 olikyl proun oy vacse rvodical
may odd to o wolecwio conboining cao otun in & lover valoncy
gtato ig coldiced an elilyloting cgont. E-i ropreocols ony

nolocvlo with an active or repiocecble hydrogon ond RelOpiGe
sents an alkyl group. In e case of blological aikylabe
ing pponto - 1o nermally restricited to sciurebed compounds,

ﬁlkyl&tim@ aconts fall into two larze clasoog cecorfle
cninng of roaction.

Ciaos I: Sﬁl nmochanion

ne of mochonion is dopondont uwpon the golvent for
n of the lono., I6 io of limited use oo ¢ biological

R+ (solvont)+ Y= solvons)

etn ¥
LG #

Pi{oolvont )+ im=( solvent )= Rrpolivent

clkyioting azent becouse the carbonium ion (R *) is zuch nore
lilkely t0 roaoct with the ctobilizing solvent shooth thon
with biolosicla systons,
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In g diving coll 1t io ovident toot thoso ollyloting
aoonto noy roact with o mudititude of moloculon conboining
cebive hydrogensy wobor, sleohiols, thiols, ceotals, kotols,
ceide, coines, ote. GSines co muy constiiuonto of o eoll
ore licblo to cbtock, 0 bo lothol, thoe allylobing asend
st ontor the muelous ond roced with the gonotie modordel,
A, decotivoting it cnd thorcby cousing o fobtcl mubobion
of ho coll.r i

BPho ®loddexo®™ of tho DHA moloeulce cys held bogcthor
by hydrogen bonding. (sco poso §)

Aclds ond oilelices edune irvovoroible roductions in
tho viscooity of DNA solutions indiccting o rupture of %ue
hydroson bonds botwoon omine cad hydyoxyl groups of odjocent
bases., Hvon din low comecunvrcbicns, oliyletlng cgonte cloo
rodueo viccooity of DA polubiono, In cllylobing sho freo
coino groups of tho purine oy pyrinidine baoes, the hydromon
bonding ooindolning tho otlfinoos of the noloculo io do-
s*‘sm:;@@‘gg

Iyloren doco not kill colls ocubrizgnt bub cimply inbors
rupho mﬁaz}isﬁw It moy bo thot tho Lylorom tyno of Cone
pound edds acroso bioe A moloculo, bobwcon ocning groupg,
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The problon in chemcthorury 1o fwolold., Cmo nocds Ho
Loevo o agent which s copocdelly tonic toword Cividing collo

and dn cdddtion cno neoodg cn ogont vhilch cots spoeificclly
on the tyse of tiocue dn winleh tho porticulory noonloonm orisco.

Ayloting cogonts ootioly tho fizrgt roaudroment in thot thos
aro copeoelally offcctive condinst Sioouons with o hizh nibtodtic
indox, but thoy cloo ore geoncrel doxing, It do thoroforo

dooirchle to dmbroduce come speeillelty inteo chomothorceputic

e
asontse

I) loecho 'Sﬁiezss

Compounde vhich reooct by tho :3222 sochondsn will be noxo
dovelved in rozions vhero fhcre is o high concontrotion of
nucloophilic groupo, for omonmple adjceent bo muclcle celd
choing cnd in thiol rich crooo, It will be oca clivoantoso fox
ceopounds which ronet by thoe Maa mocnoniom o hove low dntrine
cle reoocbivity cinco tido will cacble thom to mupvive long
cacugh b0 reoch oficelive creas,

' il".) Lie‘ahmcmipzmmﬁass% _

In the cordon ﬁiﬁi}ae(cﬁ 050,0H 3 ,“’am chomicol reackivity
iz low in compounds(z=Rond3) duo to ke mutunl docobivobins
cffoct of tac modthenooulphony groups, fron n=4 uwprordo $ho
chonicul wooetivity do hidshor and nmore wndiorn,

Tho introducticn of alpho mothyl groupns into tho above
abructure rooults in cenhionesd rooctivisy towords wobor oo doco
 tho inmtroluctlon of bota Lydromyl cround.
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With Tumer Collo

Indolo han boon beoted for ito “ﬁiwac”ﬁaz% p.aﬁazﬁ ioo
and found lacking.™ 1 Iewover, dJommoton of. gl. found thod
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Biological Activity of Indoles and Pyrroles

-Indole, when injected into the mouse, is adsorbed o a
large degree by the intestines and is then released ab an
exponential rate into the vody. IV is also detoxified by
the liver., This detoxification is asccelerated by sodium
santonate and vitamin 0.26

Indole was gstudied as part of the screening project of
the National Cancer Institute along with skatole and indolew
3=-acetic agid. All three were injected subcutancously and
found not to be carcincgenie. However, Storti found that
it could induce 1eukemia.54’48

It was found that either indole or skatole injected in
a 1/100,000 dilution decreases the recponse of mouse intos-
tinal muscle to acetycholine, Tryptamine slightly increases
this effeet while 21l fthree inhibit the automatic movements
of +the duodenum. Serotonin snd gremine have an inconsistant
effect on blood pressure bubt cause uvlterine contraction in
caﬁs.53'9

Wooley et. al. tested indole derivatives for their action
in causing constriction of the carotid srbery., Serobonin,
present in selivery glands and gasirointestinal tissues of
mammels and in the platelets of mammalien blood, is the
vasoconstrictor substance which causes the agbove mentioned
phenomena., Trypiamine, S-amino and S-mitro tryptamine,
and 3-(B-dimethyleminoethyl)S5-~aminoindole were found to
have a sinilar action. The 3-~alkyl S5-cminoindoles and
2,3 dialkyl-S-aminocindoles were found to be antagonists.sg

Many properties of pyrrole are similor to indole except
that pyrrole is less toxic,5 the mid-lethzl dose being 6g./
kilogxén as opposed o 60 meg./kilozram For indole.2* For
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the ketopyrroles this mid-lethal dose inarcases in the order:
pyrroylmothyl ketone less then ethyl, less than propyl,
less than isobutyl.gg The isobutyl derivaiive causes conviile
sions whereas tho ethyl docs not.28 .

A1l of the above mentioned derivatives cause a disappoar-
ance of reflex action and are depressents to respiratory
movenents at lethal concentrations., Isovalerylpyrrole is a
narcotic to m:t‘.ce.g8 ' : S

2,4 Dinethyl-3-pyrrole carboxylate cavses motor phenomens
and convulsions., It raises blood pressure while crteriel
hyverteonsion end rvespirotion is weakened, - Sodium-S5-gcelyle
2,4-dinethyl=3-pyrrole-carboxylate is less toxic bub at
high concentrations gives complete paralysis,la SR

Elderfield's Orgenic Reactions states that pyrrole, in
all its reactiong, ig more reacivive than in&ole.l

The polynmerization of indole has been found to be catge
lysed by hydrozen ions and is not dependent upon the ecid
present, ITyrrole is much more liable to polymerisation and
is even polymerigzed in the presence of glycols.49
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Heteboliom of Indolos™

The metaboliom of drypbtophan is prosenied here in schoe
motie form oo an ecxomple of goneral indeolo motabeliom.
There are two major meotabolie pothsoys. In the coll tryphow
phon is cuccessively hydrozyletod to S-hydroxybtryptophon,
deecrboxylated to scrotonin, ond oxidized $0 S-hydroxyindoloe.
acctic acid, which ip exocreted. Thoe scecond mojor notabolile
pothway is through formyllymurenine, which is formed through
ozidation by oxygeu ges in the prosonce of e liver enzyro.
It hos beon coteblished by tracer studies using rodiosctive
ozégen gus ond not from the woior prosent, Tormylhynurconine
is ropldly hydroiysod to kynurcnine by ancthor enmyme, olso
prosent in the liver. Xynurenine is converted in insocts
into cmnochrome, ¢ pigaent, while in mommols it 1o czereted ,
as cuch, end o onthrenilic, kynurenie, ond xonthurenic celds,
Kynurcenine con aloo be converted engymotlicnlly into nicow
tinic acid, onc of the B group of vitamings., (Scoe Pigure II).
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RC1 + NE(CH205201)2-——f7 RN(CH265201)2 * HC1

_(4) Reduction of emides with LiAlH,, or NoBH, + A10136

Q 13
Y iA1H .
RCN(CH,CH,C1),, —====4~—> RCH,N(CH,CH,C1),

9 ALBH |
RCN(CH,CIL,C1) , —==—A4— RCH,F(CHyCH,CL) 5
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- Indole glwo undergoes the Mannich recction,

1R CH,0 + R,NH s |]%HalR2
| i
-y H

H

Pyrrole may be reacted with a halide to give a polyfunc-
tional derivative or with a Grignard recgent giving 2-substi-
tuted derivatives, which have the normal roactiohs of a

Grignord reagent, 3
l l. 7’1\ ” Br , also di-,tri-,ond tetra derivatives,
i} N
H H
+ C,H.ligBr ——— = 3
ll || Yoty ll Ih&é&r ete.
]

Like indole, pyrrole may undergo the lannich reaction one
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EXPERIMENTAL

Thoory

Iwidence has boon given (p.11) fox tho ootoblishuont of
e pll Gifforonticl botwoon normol tissue ond tumors in the body.
dJust obowd 0ll nothods fcluing clévontogs of thils voriont hovo
bocn econtored crovmd probochtion of Sho noyned Slocues fron tho
cetion of omdnoo, with clbylobing grouns abitochied, posoooing
PIODOT Lo 1 wl&&ﬁ(J.IB). It 1o Lersin cocoxdod by tho author,
dhct, 4if o compound could bo found whieh wrould be prociplictad
evor o i of ée9~6a4 ond noh vreciantod 0% o 3ﬂ of 7;9«7.2,
of normul boly D, this asulﬁ bo used o5 o hum nacific
a;g,ﬁ*am, It will bo ohown thot indols, wn :;z:&lc (hle 0.? oyrroelo,
soklafion $hot eritorion,
Thorafora, on ollyloting

{‘:”

By eyl < o 3
mabobituont i3

oyrrols muelous An tho Zenositicn ond oo on indolo auclous

in tho 2,3, o2 § pooliion, Qoo compound, odnlnictored in

cowsonn Siucene masponolon, shouvld bo salseﬁ~va&§ proed Jle
ahod o nolymoricsd in S Wﬁllﬁ of huner ecllig, Do 2lkylile

" » U 3 3 » ¥ - _g,,ig fy
<y Faad Ea e v hint AT b 2 L O A T e s B K s ]
5.;...*3 H B E N PRI ST w&;uwl G Dk

oy oy of chin fm pa oha 2a
Til.':li:f;(:m:,' o du‘{:ﬁmw Bl VLD

«.)
oa PO, T, s - . e s - o oy ol @
coll wall, wrobuebly sho Alnd é gonstituonio, thcroby chon~ing

Y d
6o powomonbildty and cousing bthe bumor oclio o cullor oS-
piﬁ&ﬁi@u cilurs.  Any unpolymorised indolo or pyrrolo boood
druss not procisdtcted ouovld bo dotozificd Dy She livor.
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Luporloontol Svldoanco for tho Solectlve Zespcoition
of indolo in lanmoyy Glond Tunors

d o ¥ - T
0% tho €3l Licuzo

q ol Ty gl 5 e T Y S e « 4 . 2 aele oy 154
2o toot tho opplicebllility of ucing the verlont of pil

lovowing o couse on organic compound $6 Lo scloctively CQopse
cited in oy oa molignond collio, 4% woo Cocliod assens $0 purchase
indolo lobled with corbon 14 and deotorzino 1t'c logotion in o
nousc's body ot vorious bizo intoyvels. Tho rooocn Loz chooing
indolo was ot 4t io kmom to bo subljeot o celd extolyocd

polymorisabion bub io stable in bosie coluslon.
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o

Indolo Aoooy ‘othoed I
(vbilizcbion of o rhon 14 loblod moloculoo)

e <Y ,,ﬁ.m.;...'m
Loulomont ond notoripls

2 .

Iniolowt=C™" picreio

3 rdeo with cnd without ooomonoy dumors

~ohuresod oguooug 1»&&30 solvbion

Uysedozode nocdlon |
Lpporatus Zor deylng ond awlvorinoing E;anuom
Dlow covator cqai‘qv“ gits o G.9 oo™ gold windeow
ﬁa’&;»&ﬁezle nedol 132 seolo | | o

-y PG RSO T O o S BSQUE S ST, I SN X
Dyroz plonc.od 30 laeb in dlosolbor

pigeeinlvs ME.Z'O

2AOLG=E «Cl$ sleroto wan JLoo 1"@~ in 63 G amii“ura”u

1de golusion cnd cxirocted with Ldgroin untlil ﬁgﬁwn,vas bub
aogiigibla rodiction in G0 cquowus loyer. Iho organle loyor
wos ovosorctod cad dhe dndolo suszonded in 0.5 o, of coturatod
cquoous gslueoss colutlon,

A fomolo G2 nouso, witl: o onc=ioldl Lgaa diozmoteor nommny
tumer, wos ollowcd to focd on o 833**~cm node un of ono poxrd
vobor and ono pord soturatod orvosus gluesos solvticon for onoe

k) 2, X K S o I -
held? hour ofbor boing obtoryvod £
7o indolo scusponsion woo thon olodniotorsd o tho nouno
A J B r - NCaARN 5 Pl - o .
by insrosowitonend dnjoctlion, Lfbor Sic ouccifiocd “i“@ 1otz

vol shomm in Bho teblon, bhe oniond wog zeorilico sheo doolrod

:3

ﬁiss&em {”ieu An vaeuag maly Tizcﬁ, Bio 0& nsen $ho plonehiot of
onotont toicimons, and tho rodioti gna.ﬁwé Loy cnec niaunte in

% Liow esnmﬁcfa ﬁadknwau&& oauﬂzs acobormined Juot bofore
cownting, woo subbroctel bofoxo fio 4o woo cntored.
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Une prolininory ran woao nodo with 0.1 pilidourio of rolie
otion to deltoxming whothor or nob Lfurdior worl voo {dosirsblo.
iasele, from eomporoble muscle diccuc in which tho tuner wos
crowingy oad dho tumor Atoolf were toshtod. A cound of 5001/min.
voo obboined £ron tho tumor cnd 12/min. rem cmoclo dlscuo
cftor on incubation time of four Liurs, indicosing dhot tho thoory
wos workoblo cud nocdod fuxilor lunvoutigabicn.

In ono sun, 0,1 i, of inéolo«2~€14 oierote woas dlvided
inbo elghit domeg, Zhooo rooulbo aro ohom in Zoblo 1.

In oaobhor Tun, 0.2 ne, of imﬁ@la~2~ﬁl$ plereie woeo divided
into nino dosoo and cebivitlos moonsuwred for 12, 24, ond 48
hourns, Thooo rooulic ore shiowm in Foblc 2,

foblo 3 chows o toot mum over poriods of 48 ond 72 hours
it 0.4 20, of i&ﬁela—ﬁﬂcl% plerate divided ooong five mico,

Tho oevivitics bolucoa variocus nice cuanot bo cooporod
gquontitotively in thooo tobleos, cinec it wus imjpossible to
edoinictor ozaetly cound dooon of the indclo susponolon 10 ooch

-t
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77

oouse ocnd 0,085 nl, im}olo cuosoncion added 0 ooch. Lisuse i
gonbodned tho IZydich Agcitos tuuor cnd do not dlarcluded in
Lurtheor doto tobulotions, The bumor c¢olls wore obicinod by
conbrifusation.

louso Ho. 1 2 3 4 5 G 7 8 9
Tine (hzo.) 48 12 12 12 12 e 24 24 48
Twaoy G630 700 1745 1415 267 117 160 C04

impele Y 0 g o 4] 0 Q O 0
Livor 92 560 710 740 1558 150 145 110 83

liouse 1 woo wood oo o eonbrol. It Lwd no tusor ond only
tho liver woo ecountod

Nouwse e, . 1 2 3 4

5
Pime (Liro.) 48 48 72 72 72
Tunoyr o 130 111 23 0 14

Impoelo 0 O 0 0 0

Liver 120 g0 10 4] a1
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Intorvrotuticon of E;csul%s
Thouzgh tho data aro not adjustced fox ::r%;z :i.““"ic 2L Lluchuse
tilonn in ecunting, an ovorall lock ot Toble I, oxoiuding voelusns
Lox tho tunowrn, chowo tie norzal boldy Lfunctiong.,  ne can peo
the detoxifiod indole being oxeroted throug: tus kidney into
the wwine with 0ll orguns, ezeopt the livor, Joowm ui.}illg, in -

indolo concondrotica -:;:?.':;h roopoct 0 Uinc,. oto Lowsvor, bhob
JETC S T, H = . v g . . 2 - -
tio tumor cboorbs oo much or moro indolo dhon tio iivor &:.u/@?

%

ol
Lidnoy, ood, thot dhe rudiction contout of Lio funcr doos 2ot
docrense oo yondldly 20 in tho othor bouy ormanc. Tobleo 1T
ond III dndiccte 'tu...,u corme indole is ;‘“ﬁ"""i}&wt in sk tumor for
72 Lours, S
It ds cooily ceon Soot indole reormelns in o tu‘ ¢y oveon
thcugh sll othier oxguns f:;::cegs‘i; tho ddvor leco bhelyr indole
conbent within o fow Lours, The bigu iocbtose conbtent of the
tumor comnot ho dus to o Llorge cmount of DLOGE dyopped dn tio

.

R

tvaor. sinoe '%;.’;».c indolo centont of tue blsood io negliglblo

after thrce hours. , ; '
Pho Ligh xmwawei ive count of the livoer much ob fircy

bo due to tho deotozificotion of thio loxge amownt of indolo

waieh wvoo injocted into the mouse, with the czncopticn of duand

indols vhich wag cboorbed and rotainoed by tho tvnor, Zhon,

olowly, ovor o 12 hour poricd, nost of thot indolo ig motoboliood

oub of tio tumer o bo moocod into cud dotorificd by Lo livew,
I£ indolo woze polymorizod dn Glo Lluid cround tho bunow

collp, it wouldd bo ropidly ronovod by .o bloo

»

v troom. The

loto eroucs agndnot Ghds oinee tuo rodicilon lovol of bl blood

ig 0o low ot all timog, wiorcoo il rodictican lovel dn 4

fusor romodng relotively high for more btihom 12 hourno., Thexce

foro, tLo indcle Iio probobly m:?.;*::d:sfiami cithor insido the eoll
in ae oL

b
the ecll wall as thio historical porbion
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thesis (p. 15) indicate. ,

The most important data, in the author's opinion, are the
velues of the indole content of the tumor versus the indole
content of the muscle, The fact thet the indole content of the
rmuscle is always so small indicates that the pH induction of
the tumor has indeed been used to cause a selective deposi-
tion., To the author's knowledge, this is the first instance
that such an effect has been observed,

Resulting Hypothesis

. Nitrogen mustards and alkyl methanesulfonztes will react
with ‘the hydrophobic¢ constituents of a living cell in consid-
erably less than twelve hours, which is the time limit for
the maximum concentration of indole as shown in the tables,
Therefore, the indole molety should act as an effective trans-
port molecule for alkylating agents to be used as antineoplasdic
drugs. The alkylating substituent should combine with the cell
wall, if indole concentrates there, and change its character
enough to inhibit cell respiration, thereby killing the cell
through respiration failure. If indole concentrates elsew
where in the cell, the alkylating substituent should interrupt
metabolic pathways resuliing in the death of the cell.
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Bicgnootlic Uso of Rodionctivo Iandole

It woo cuggeotou thot 1D o goooo roy ocamdiboer were pisced
upen on lndolo molocule, tic reoudiing molocule mishit seive ao
a locotor Ler %L;G?S¢, To iav g&ta, visdo ldooy Y=lodolndole

oo
conbodning ia“zna~1£5,

rothosio of SeItodmindole o |
CLoooldat iﬁs of 70 =1, of eusbr, 50 2. of indole, 150 ml, of
407 sodiun ai”ﬁazﬂyo, 50 ml, of wotor ond 300 pi, of othyl
aleol:ol was sucken Lor 10 hours, yiolding 70 g. of 0oditmmDe
in&ﬁliaﬂ culfenato, *QE%QWL O s“ thio product and 150 ol. of
ace%¢0 anhyuz*u@ ) sQaz:a& FakH pQQ Ce Zor bthree hours ond. . {ile
torod o giV$ Lo Degcotyl dorivaitive. o .

1,

révs c¢ Q& iodine 125 woo dilubed 1o 5.0 g, with roogont

oraio 1@ Thip prodiuvet weo added %o 1,72 g. chlorine $o
yieiu 7 37 g, af iodine ooncehlorido,
Po 15 oi. of wobtor cad 3.0 g, of Heoeotyle=ooliitm=-2eindolino-

ﬁumxe 560, the lodino menociloriue woo ouded Jdumlng 10 miunutos,
] 4]
%, vy o} 3y xrr"'z ey Lot Aact e Py I ‘ i :‘} e ~ b
Tho recction mizmburs wos oiirred ot ©° €. for cno hour and ob
room bomporaturo Zor ouo hour. i mi, of votor woo addeod

.
%
end tho seluzianxw;a Lilioxrod. Tho Liltxobto woo modo boosie

with 2055 codiun hydroxldo, coolod for oo hour, oad 1,98 g. (52,47

of ﬁa& titlo pr duct won obiadned by Jilitzoabion.

. e g el sd gy g o J5 JUENN * \imy s, s gy ;
oy tooting dinenootie poosibi

s

£ 3 1bilitios .

Into & oolution of 6 k. o igeﬁrVZng glycel 300 oad

4 nl. of soturciod coucous gluelso Wi

~1125~'ﬁ§ala and O, 5 wml, of Lo zﬁauitiﬁg soluticn woo i njeectod

-

into two C3H mice with no tuters wnd threo 031 niso with turors,



37

Resultss o

The radistion was measured with a ratemeter focused upon
the tunmor and upon the abdomen from a distance of one inch.
The resulting data are shown in Table IV. The numbers stand
for readings on the ratemeter. The figure means that the
count rate was t00 high to measure by this method.

Body radiation Tumor radiation
House No. (1 = 2 3 4 5 3 4 5
Time (hrs.)
25  |leoc e e o0 co 800 900 700
3.5 | @ oo 900 850 e 900 oo
4.5 1000 1000 900 600 P 900 900 c¢v
5.5  |[1000 1000 900 700 c© | eo 900 co
6.5 died died 900 700 c® 900 oo co
0.0 ‘ died died died >

Mice numbers 1 and 2 had no tumors and were used as controls.

Interpretation of recults: _

From ‘the data above, no conclusion c¢an be drowvn. From
other tests in whiech indole derivatives concentrate in tunor
cells, the suthor feels that smaller doses of 5-I-22-indole
with higher concentrations of radicactive lodine could have

diagnostic uscs.
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INDOLE ASSAY IETHCD II

Cshor Indole Jorivotives Concontzubiag
in Zuwsors of tho 63‘1 Loous

2y o ¢clor toot mothod 4o bo decerilold in o thoois to bo
prosoated by . Rongld Ployd, tho Lolloving con hove
2lo0 boon fownd o concentrote in tunoro of frooiol T mieos
Grazine
Iniolo=I=corbinol
Pryobontol
Jsedlunmei=tryoianine=ranno-nropane culionoto
2=lothylindole
I=liothylindole
= oihylindoele ,
J=Indolobutyrie ceid

Xy ' e P o o v oty
TwDote Lydreryobhyl=2,3,4,5=t0kromn0

frun

TLho following colpoonds govo ollgitly soclitive or doubbe
£ul bootos

I=indolororionic coid

Selronolniole

Gee ydromyiniolo

= rdncindolo

E=Indoline codiun :szﬁ...m,w

l"‘fieg “‘m ﬂ,‘,:},gﬂ‘f}l' no 53{34.“ Pt G’ii.'a.. ;cm.'m G

Pyrrolo

Tho follouing corpounds word suowm not 0 coucontroate in

otod mieo using 10 obove procoldurss

P

windolocorioylic aeld
Toloonrborylic celd

wfﬁ occrboxyiic cold

doloceotic celd

i*" \H {i.x s ok
lﬂ! M
1"‘3 b
@’“
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J=Indsleceotic acld - ‘
g~=Indclocorboxylic neid diothylomide
SeIndclocorbonyiie acid dieuw..s.muo
I=inlolocorbozeldcohyio
S=ilydrory=3=-indoloteotic aclid
m:;z’:’claméféc:aﬂwz:i;lw “ydo

Furan -

Eucl‘%-»?—mé:‘%a‘ieﬁ otle ceid woo found not S0 ecorncentroto
in tuwore of trootoa oleo using the sube procedure &3 Lo
toe asoey meyhod for z-c:l ‘e inG0lO,
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Synthetic Methods

1-(2-Methanesulfonoxyethyl)=2, 3,4 ,5=tetramethylpyrrole -

S
- o oy

. CH2C5208020H3

To a solution of 7.41 g. (0.03 mole) N~beta hydroxyethyl=—
2,3,4,5=tctranethyl pyrrole in 4.8 ml., of pyridine was added
4.6 g. (0.04 mole) of methenesulfonylchloride at 0-10° ¢,

The reaction mixture was then stirred keeping the temperature
b@lOﬁjjoe“C;T'AS soon as the crystaline material separated,
thefrea&%icnimixture was poured into 200 ml. ice water and
washed twice with water, The title product was obtained as
9.16 g. (93.4%) of white crystals, m.p. 65° (decomp,). MNole-
cular weight. For Cp5H)gl0,S 3 34t%. Found, 360,320.

The freeming point depression of diphenyl was used for the
first molecular weight determination and acetic acid for the
second,

14(Q-BéDZGnesalfdnoxyethyl)~2,3,4,5—tetramethylpyrrole

ol T
NG 3
CH20H20302

To a solubtion of 7.41 g. (0.03 mole) of N-beta hydroxy-
ethyl-2,3,4,5-tetramethyloyrrole in 4.8 ml. of pyridine was
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added 7.08 g. (0.04 mole) of bonmsnesulfonylebloride at 0-10°
C. Tho rocetion mixzbture was then 2llowed to gtomd at room
tampazaﬁure for ono-half hour, pourcd into 200 ml. of ice
weter, The eryotals obtainod were washed with 20 ml. of
mataanol, yielding 8.5 g (72%) of the white, erystalline
product, n.p.; T AO (decomp.), loleoculow weight. Tor
Cq6Haq 1043 ¢ 309, Pound, 346, 375,

The freoming point depresslon of dlphenyl wos usoed 0 dow
tormine tio first moleculor weignt end vcetic ccid %o cotormine
the lottor. -

3~(“gui,n@su“&oaczymoﬁhgl)inuala

CI1,050,CH,

To o solution of 30 ml. of pyridine ond 4.44 g. (0.03
m@l@) of indolo=3=carbinol wos cdded 4.60 g. (0.04 mole) of
nothonesulfonylehloridn at 0-10% ¢, Tho rocction rmixbure wos
mllgwed“ﬁo gtana ot 0° ¢, for threo hours, and wos then pourcd
into 400 mi, of ice wobsr. Thio rooction nlzmbure was oxbracted
viti 100 ml. ethor. The other oxtract wig woshod with woater
wntil ell pyridine wes rasoved, thon dried, cand cvaporated.
The title produet wos obteined o 6.7 g. (97.T7%) of a‘ﬁaﬁk “

ungtablo oll,
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N *x
3-»( jﬁmﬁxa :s‘c_....z. oacyetlyliindols

7o o oclubion of 30 ol. yyridine cad 4.44 g. (0.03 molo)
of Indolo=3d=corbinol wos a{zﬁad 7,?38\5;. (0.04 molo) of benzonos

P IR P Yo P U PO & Q P o v .
culfonylellerido o G107 €. Zhe veugilon amlztvre vwaes allowed
. 0 omrgr Ao aeemiy e s .
b0 obond av 07 0, Lor threo Liurs cnd wea Ghea poured indo
: é (e s, ae® o L I 2 Y - ey s IR g .«4‘ .y P " "
409 wl. of leo woter.,  Ehe yoasvion mlxbare wos gzbracted

é}‘
. L% - £ . 1 * L N o Py . E B y -
wiilh 200 L, eothor and tuhe sthor luyoer wazled unbil all pyrie

208 oy i gerrs oy e g ] 511 S il d o ypy el e TS Y
Einotvas romoved. The exbrecition weo fuen dricd and ovepo

Fooate  The bitle sroluch wzo obbalzed o 8.53 g (90.178) of
& dark wnotable oils
Ze{ 2elzilonosulionoryotl :g...) wiole
T e
G305, 0l
i *2&1 2 R ;;,C 3
e a soluwbion of 3.0 mi. pryzidins cnd 2.0 :;;., (9.0122 nole)

by 3

of srystorhol woo odded .72 g. {0.015 =olo) of mothunooule
D vy, ‘»' 3 N
fonhlehlorido ob 0-20" €, The wonebion mizmturo wes cllowsd

P h ] “ 2,
Ho oband ob roon tomporaturo for onc=lolf hour wnd woo Bha
3 2 arideosa . Mt eah T el s L .
nourcd indo 400 ol, of ieo wotor, Tho rosuliing oil wos washed
. R . e 4 2 o3 ¥ ™ ”
oo with wolor and Gried, yiolding 2.7 g. 93.9°) of 4ho

wigeous oily »roduet,  loloculor woistt.  Uolouidbod Loy’



43

CllHIBHOBS : 277, TFound, 224,

The freezing point depression of acetic acid was used 0
determine molecular weight,

0320320302<::::>

To a solution of 3.0 ml, of pyridine and 2,0 g, (0,012 mole)
of tryptophol was added 2,65 g. (0.015 mole) of benszenesulfonyle
chloride st 0-10° C. The recaction mixture wes gllowed $0 stand
at room temperature for one houwr and was then poured into 400
ml, ‘of ice water. The resulting oil wes weshed twice with water
and dried, yielding 3.21 g. (95}2%) of the viscous oily product.
Holecular weight. TFor 016H15N03S t 30L. Found, 293.

The freezing point depression of acetlic acid was used to
determine molecular weight. ‘ '

B

3-[Bis(vete cnloroethyl)eminomethyl) indole * H,0,

CH,CH,0L
7~ G L AN
| DemoEcl 2
X o 2

H

To 50 ml. of a saturated K2003 golution was added 7.08 g.
(0.04 mole) of bis=~(2=-chloroethyl) amine hydrochloride and the
free base was extracted immediately with 20 ml, of ether. The
ether extract was added to 9 ml., of glacial ccetic acid and the
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othor ovapcratod in voouo bolow 30“ C, ZIhip nixture woo the
ccolad '&G G-B,G G, 028 froctod with 5 b, of 350 formoldaolyio
cad 4,56 g. (0.04 nole) incolo. The zeoetion cdzturo woo oy
bolow 30° €. for 30 minubes and fhon noured :z.zz‘i;a ieo '::zz‘i;oz'..
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base, a light colored oil, was obﬁained by evaporation of the
dried etheral extract.

V3~(N~ButJl~N~hethuneuulfono:yethylamlnometnyl)indole

@ CHQT‘%CHEOHQOSOECHB
| ~n” Gy |

PO T34 2 (O 03 mole) of 3=(butylethanolaminonethyl)indole
dis solvbd in 8 ml, pyr:.@_lne was added 4.56 g. (0.04 mole) of
methanegulfonylchloride with the temperature kept at 0-10° ¢,

Aftor cddition wos complete, the mixture was brought to room
ueﬂmeruture and allowed to stond for thirty minutes. The
mixture was poured into 400 ml. of ice wator containing 3.2 g.
(0. 08 mole) of sodium hydroxide. The oily product thus formed
was weshed twice with weter cod dried, yielding 30.3 g. (91.2%)
of the viscous, oily product. Caleulated for C M, 450038 3
Titrateable N, 4.26%. -Found, 4.167%.

3-(N~Butyl—ﬁ-benzenesulfohoxyethylaminomethyl)indole
: cxz zlqczzgcrizouo‘e@»
n” %l
H
To 7.34 g. (0.03 mole) of 3-(butylethonolaminomethyl)indole

dissolved in 8 ml. pyridine wae added 4.50 g. (0.4 mole) of
benzenesulfonylchloride with the temperaﬁure”ke§%~at 0~-10° c.
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‘After eddition was complete, the mixture was brought to room
tenperature and allowed to stand for one hour. The mixbure
_was poured into 400 ml. of ice water containing 3.2 g. (0.04
fnwlé) of sodiunm hydroxide. The oily product formed was washed
‘twice with water and dried, yielding 6.24 g. (94.8%) of a
viscous, 0oily Calculsated for 021326N2038 1 Titrateable nit-
rogon, 3.73%. Found, 3.51%.

3~(Pheﬁyléﬁhanolamihomeﬁhyl)indole hydroacétaté'

[::::[j“]]032$<i:::> +’ CH,CO0H
: I qﬁgcaéoa -

. To' a solution of 60 ml. of acetic aecid, 13.7 g. (0.1
nole) of phenylethenolemine and 20 ml, cf 309 aqueous formal-
" dehyde ot 0° ¢, was added dropwise a solubion of 17.55 &. |
(0.15 mole) of indole in 10 ml. of acetic acid, keeping the
temperature below 10? C. After addition was conplete, the
reaction mixture wes alloved to stand at room temperature for
6ne,ﬁ6urgi“The resulting solid material was triturated with
ethor until the excess indole was removed. The solid was then
aried. Tho title product was obtained as 31.0 g. (99%) light
pink erystals, m.p. 184° (decomp.) . For¥019H22N203 t titrat-
able N, 4.49%, TFound, 4.45%. A
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3~(NaPhen&l~Nsmethanesulfonoxyethyléminomethyl)indole

CH,CH5050,CH 3

A mixture of 6.30 'g. (0.02 mole) 3—(nhenyletnanclamino—
methyl)indole, 60 ‘ml, of pyridine ond 2.88 g. (0.025 mole) of
methanesulfonylchloride was ‘allowed to stand overnight at room
tomperature. To the reaction mixture wes odded 50 ml. of 205
aquoous sodium hydroxide'wma 400 ml. ice water. The title pro»
duct was obtained as 6.9 g. (100%) of white crystels, m.p. 194 R
by filtration, .TOI‘ 018}119N2033 H tltr,.:te able N, 4 064,
r*ouné., 4- 54/’0 ‘

3—(N~Fhuny1~I—bctzenesulfonoxyetaylawinometth)incole

ey NG

A’miyturo of 6.30 g. (0.02 nole) of 3~(phenylethanolamino-

ethyl)lndole, 60 ml, of pyridine and 4.4 &. (0.025 mole) of
benzenesulfonylchlorlde was allowed to stand’ overnight at room
temperature.. To the reaction mixture was added 50 ml. of 20%
aqueous sodium hydroxide and 400 ml, ice water. The title
product was obtained as 8.1 g. (100%) of white erystals, m.p.
194° ¢, by filtration, For 023H22N203S 1 titrateable N, 3,42%.
Found, 3 9819. ‘ ~ .



3ﬁ{?n(Hy&roxyethyl)piperazinomethji}inﬁole dihydroacetate

CH,N iq.-CHZCHQOH ® 2CH;CO0H

H

To o solution of 12 ml. acetic acid, 13.1 g. (0.1 mole)

" of Naﬁyaroxyetthpiperazine and 20 ml. of 30% aqueous formel-
dehyde at 0% C. was added 17.55 g. (0.15 mole) indole keeping
the temperature below 209, After additi n was comnlete, the
reaction mixbture was allowed to stond at room temperature fox
one hcur. ‘The resulting solution was triturcted wlth ether
until the excess indole was removed. A viscous oil was obe
tained over which was poured 200 ml. ice vater with slow stirw
ring. The title proaact was obtained as 6.5 g. (17.3%) of
white crystsls, m.p. 57°. Tor 019H29 3 5: titrateabld N,

7 38/0 ‘ Found Te 5610

The’frée base of the title product was obtained as 10.2 g,
(39,3%), m.ps 710, of white crystals by addition of 20 aquoous
sodium hydroxide to the filtrate from which the title product
was obtaigcd. For 015H21N30 ¢ titreteuble N, 10,81%, Found,
10. 93/% : ' '

3~[}f(thﬁanesulfonoxyethyl)piperazinemethyi)indole

Ty
@U CHSN ;Q-anCHZOSOECH 3

R
H

70 3,78 g. (0.01 mole) 3~{§~(hydroxyethyl)piperazinomeﬁhyl
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indolgl dihyiroscetote in 10 mil. of pyridine was addod 1.7 &
(0.015 nole) of methonesulfonylehloride, keoping the tomporw
oture ot 0-10% ¢, Afsor aciition was ccnslote, the rooction
mixfure was ollowed 40 come o room tomporciure and was
pourcd into 400 ml, ice wobor conbaining 1.2 g. (0.03 nole)

of sodiun Lydvoxide, The title product wasc obbained as 2.8 g.
(83.2) of o fino wikibte oelid, m.p. 122 (Cocomp.), by Liltros
tion, TFor Cygllsl5045 3 bitrateailo I, 8.335, Found, 7.92¢%.

3= [b=(22

131

To 2.57 g. (0.01 mole) of 3w @-—-(E;gﬁz*m:fa*%;izyl)pipc;m.zincn
mothyl) indole in 8 ml. pyridine was oddod 2,64 g. (0.015 mole)
bengencoulfonylenloride keeping the touporoture ob O=10° Co
The roaetion mixbture wos gllowed to stond o room temporoture
for one-half hour and pourcd into 400 nl, of lece waitor contolining
1.2 g, (0,03 mole) of sodium hydroxide. The oil obtained was
dricd in yocvo yielding 3.6 g. (87.3%) of tue title product oo
o yollow solid, mps 37° €, Tor Cpyilysl;0.5 ¢ titretosble N,
7.19%. Tound, 6.57%,
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Derivatives of 3-lethylindole

‘ . All of the before mentioned indole derivatives have been
in the 3-positicn of indole. Since skatole (3-methylindole)
- also councontrates in tumcrs of the C3H mouse Z2-substituted

- derivatives of sketole may be of chemotheraputic valuac,
Prelinminary veactions indicate that Mannich bases nay be
introduced into the 2-position of skatole,
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 Analytical

Titration methods

The purity of some of the compounds prepored in this work
was determined by titration of the basie nitrogen atom(s)
using glacial acetic zcid as solvent and 0.1 N perchloric acid
in glaciel scctic scid as the titrant.??® Tune following
compounds, for exemple, would contain:

f | GHZ?CHQCHZOSOECHB
N7 g
H 4Hg
one titrateable nitrogen atom

S

»

two titrateable nitrogen atoms

" Equipments Beckman Glass Electrode pH meter, ilodel H-2,

Reagentst Reagent grade glacial acetic acid, 0.1 N
perchloric acid in glacial acetic acid, '

Proceduret A semple ranging from 0.05 g.-0.1 g. is
weighed into a 250 ml. becker. The sample 1o dissolved in
95.35 ml, of glacial acetie acid., Using a pH neter to follow
the change in petential of the solution, the sample is titrated
with 0.1 N perchloric ecid in acetic acid. Increments of 0.10
ml, are added to the solution ahd the endpoint is indicated



by the._}grea‘best chengs in potential per 0.10 nl. increment
of aecid, | - o

Caleulations:

A Xmif'Aiigpienxaﬁggo = lolecular Welght

A=Number of titrateable nitrogen etons

14.0 x A x 100

‘wens o’ ~
Toloonlar voignt = ~nitrogen

Freezing poiﬁt deprasoion method
In compounds prepared which contained no basic nitrogen
atom, for example, .

[:::]:T_]]CHECH208020H3
i

H

molecular welghts were determined by the freezing point de-
pression method.23a'

As a consequence of the lowering of the vapor pressure
by addition of a nonvolatile nonelectrolyte, the freezming
point is depressed. Then,

M= Kf( 1000 ge

g Of

where M= molecular weight |
Kf = molal freezing point constant
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AT = observed lowering of freezing point
gy = grams solvent
: g, = grams solute.

Gravimetric method

Nitrogen mustards react readily with silver methanesulfone
ate according to the following equation.ls’ 15

RH(CHEQI{201)2 + 20H3SO3Ag -— RN(CHQCHQSOB'CH )2 + 24gC1

Galoulations:

401 = g, ppk. (4) X 100
SR &. sanple

A = grovimetric factor = at. wt. 61
' B mol, wt. AaCl



54

BIBLIOGRAPHY

1. R.M. Acheson, An Inbroduction to the Chenistry of Hetero-
cyolic Compounds, Interscience Publishers, New York
(1960), p. 143, | |

2, F.M. Allen, and T.M. Thomas, U.S. patent 2,816, 125 (1957).

3. R.D. Arnold, V.M, Hutter, and W.L. Steep, J. Org. Chen.,
24, 117 (1959).

4. G Bachmen, and L. Hersey, J. Am, Chem. Soc,, 68, 2496
‘ (1946).

5. L. Bory, snd Loeper, Bﬁll. Aced, Med., _1._2_3‘,,397-399
(1940)s Chem, Abs., 36, 2924 (1942).

6. H. Brown, and B,S. Rau, J. Am, Chem. Soc., 78, 2582 (1956).

7.. Alfred Burger, lledicinal Chemistry, Interscience Publishers
Inc., New York (1960), pp. 1077-1079.

8. Ibid., 1080.
g, K.K. Ghen, J. Am, l’lmm._Assoc., 44, 399 (1955).

10, A.H. Corwin, and Wm. M. Cuattlebaum, Jr., Jd. Am, Chem,
- uoc., _b:_, 1081 (1956) '

11, Ww.C. Cutting, R.H, Dreisback, and F, Motsushima, Stanford
. lMed. Bull, 10, 304 (1953); Chem. Abs., 47, 4473 (1953).



12,
13,

14,
2.
16,
17.

18;.

.20,

21,

23.

23a.

55

G 3L&Mg~ia, and Cé’ﬂicaliﬁo, - Boll, woc. itel, biol, Sﬂbr"
25, 1490-1499 (1949); Cuom Abs., 44, 10909 (1G;o).

R.C. Zlderfield, Hoterocyelic Co:zg;mmﬁs, vol. I, Joun
Viley ond Sons, Ine., How Yexk, (13850), p. 300,

Tbid., 12.
Ibid,, vol, ITI,p. 53.
Ibide, vol. I, Dpe 300=325,

V. Eﬁa&z@a, Ber., 87, 1148 (1954)¢

2.4, Golsemon, U.S5. potent 2,734,068 (1956),

: rJ.?. Greenotein, Dlochendctry cf Conecor, Acahemzo Fress
Im:., Yicw York (}_95%), }_J_@a 4?9"450

Ibid., 451,

. Grimoel, H. Poyormwth, U.S. potont 2, 450, 745 (1949);

Clicm. ADbSe ﬁ, L5 oz (1943)#

"H.I. Horpor, Dhvsiolosieal Chemistry,  Lense lodicol
TPCITy ?

Publicotions, Los Altos, Coliformic, (1961), pp. 43-45,

R.Ii, Jolmphon, cnd J.H. Cuastel, DBlochon, et Biophys.
I&C"{:&cg ﬁ__g 516 (1951)3 Chem, ADbSe 22; - 33—381. (1961)-

3.4, Eittsloy, Ihyoical Chemicstry, Bairmos and loble Inc.,
few York, (1959) p. Ti.




24,

25,

26,

27,

28,

29,

430'.‘ [

3.

32,

33.

56

Merck Index of Chemicals and Drugs, Merck and Co., Inc.,
(1960) p_o 554, 882, '

H, Nicolei, Klin, Wochschr., 21, 108-112 (1942); Chen,

‘Zentr. (1942) I, 25523 Chem. Abs, 38, 3355 (1942).

T, Onoyams, Iitt. Med., Aked. Eioto, 30, 1346 (1940);
Chem. 4bs. 35, 4847 (1941). .
G.B. Pettit, and J.A. Settepani, J. Org., Chem., 27,
1714 (1962).

A. Rabbeno, G, Rastelli, and S. Sachi, Arch. intern.
pharmacodynanie, 59, 431-439 (1938); Chem. Abs., 32,
9272 (1938), - |

A. Rabbeno, G. Rastelli, and S, Sachi, 3Bull, soe. ital.
biol. sper., 13, 167-169 (1938); Chem. Abs. 32, 5070
(1938).

E.J. .Reist, R.R. Spencer, IM.E. Voin, I.G. Junza, I.
Goodman, ond B, Beker, J. Orgs Chem,, 26, 2821 (1961),

L.0. Ross, W.W. Lee, M.G,M. Schelstracte, L., Goodman,ond
B, Beker, J. Org, Chem., 26, 3021 (1961).

W.C.J. Ross, DBritisch patent 798,285 (1958).

W.0.J. Ross, Biologicsl Alkyloting fgonts, Bubterworths,
London (1962) pp. 3=6. ~



34

36,
37.
.
39.
40,

41,

46,
47.

48,

57

Ivid., 95,
Ibid., 100,
Ibid., 111-112,
;@;Q.,,lié.
Ivid., 118,

Ibid., 121,

Tbide, 145,
Ibid., 188,

M.J, schocry ond J. Lelter, J, Iubl, Concor Inst., 2,
241 (1941-42),

0. Schmibzeluzont, ond K, Homouwn, Bor., J1B, 205 (1938),



53.

540

i
1
&

W1
0

57

58.

58

1 70 9 Sl [ D, QN PR T YN e 0 £ - - » - ) yobe
Se vigpin,  Quantitotlvo Oroonde Anolools vig Funtional

- e Oy

Groung, John Viloy ond Joas, Inc., lew York (1955) »n.
103=105,

e

¢
[t
&
[~y

%o ofels St T | vy o 7y g0, 3 : 4 ey} . g TS T V. L g o o
Smdtly, Kline ocnd French Doborabtorios, Ixliish pote

T : Tl et £ oy e o] wmas et -3 v 2w pARRE: N R -
LI, omith, Opoonle dynthesis, dohn Wiloy cnd Sons InG.,

How York, 33, . 42, (1943),

J.2. Sprocue, D Hil1 oxnd B.L, Dnglcehords, U.S. pobteont

2,671, 105 (1951).

Stoponnd, cnd J.4, Isculerdc, fdicine (Tuenoo

A, 0., i
, T3 (38853); Chom, Abs. 47, 7655 (2953).

Ny
Ajres) 12

—c

3

P. Stozrdd, Hoonchol., £3, 289 (2940)5 Chon. 4bo. 34,
8042 (1940),

V.1, Toobino, cnd ¢, Iffi, U.l. polont 3,005,827 (25C0);
Ghom, Abs. 56, 3460 (1962).

A,G. Torgyom, cnd G.7. Tuboveoyon, Iavest. Aliad., Roull,
Avoyon, 4.5.R. Kodn, Nowlsli. 13, 3193 (1960); Choma Abg,
55, 7395 (1961).,

5. Theoing, G, Jomlor, wnd G, Hohw, 3Bow., 95, 2205 (1962).

L. Volluz, G. Imller, A, Allois, ond J. Enejlon, ULS,
l .



59

59 Dy, Vicoley gkeTe] N3 ‘ _
. . G O.L\.,d ’ C'uzld C I} utl&‘.’)’, J ° B.i.Ol L Ch‘cm' ] 20 ¥ 69 ( lg 5 3)
L ]



Autobiography

I, Andrew G. Bachmann wes born in East Orange, New Jersey,
on January 12, 1940, In June of 1958, I was graduated from
Warwick High School in Newport News, Virginia, In September
of 1958, I entered the University of Richmond and received
the Bzchelor of Science degroe in August of 1963.

I entered the Graducte School of the University of Rich-
mond in September of 1963 and was awarded a laboratory Assic-
 tentship for the school terms of 1963-1964 and 1964-1965, ond
the summer terms of 1864 ond 1865, I was Puryear Fellow in
Chenistry for the second term 1964-1865., During the school
term of 1564-1965 aad during the summer of 1965, I have done
research on designing drugs which will be selectively deposited
in cancer cellis with Dr. J. Stanton Plerce.



	University of Richmond
	UR Scholarship Repository
	Summer 1965

	Potential neoplasm inhibitors
	Andrew G. Bachmann
	Recommended Citation


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71



