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PAR T 1 

INTRODUCTION 

To the synthetic organic chemist inte reated in medicinal chemistry ,  eve ry  phys iologically 
active compound of known structure is a challenge - a challenge e ithe r to bette r it, or perhaps 
merely to equal it. For it must be remembe red that even the moat innocuous d rug is not toler ·  
ated by  some people . 

There a re nume rous ways of attacking such  a problem ,  and this aud ience  i s  certainly 
fami l ia r  with them. One of the methods which has been used frequently , ve ry often with success ,  
is  that of  isosteric replacement . The examples of this type of  replacement in the l iterature are 
ve ry numerous , and the fruitful results in the fields of sulfonamides ,  antimetabolite s , and anti
histamines are well known. 

The concept of iaoster i sm , first introduced by Langmuir , 1 3  has been changed over the 
years by the work of many othe rs.  It will be the object of this paper  to survey the history of 
isoster ism , to class ify the var ieties of isosteric replacements which a re recorded in the litera 
ture , and to note the influence o f  these replacements on the biological activity of c ompounds. We 
s hall  then be able to see if any general relationships apply , and what conclus ions may be drawn 
from such data.  

PART Z 

THEOR ETICAL 

Langmuir in 1 9 i 9 1 3 pointed out the remarkably similar phys ical  p ropertie s of carbon 
d ioxide and nitrous oxide . He deduced from the octet theory that the nUDlbe r and arrangement of 
electrons in these molecules are the same.  Compounds showing such re lationship to one another 
were te rmed isoste r ic compounds or is oate res .  These te rms were not restricted to compounds . 
but were extended to groups of atoms which hold pairs of e le ctrons in common (te rmed by 
Langmuir comolecules ) . Comolecules were l ikewise cons ide red isoateric if they conta ined the 
same number of atoms and pos s essed the same nUDlbe r and arrangement of electrons . 

Langmuir p redicted twenty -one types of isoste r ic groups of which only a few will be 
mentioned he re : 
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CHAR T I 

Langmui r Type 

z o= , F " ,  Ne , Na+ , Mg++ , Ai+++ 

3 s= , Cl " ,  A ,  K+ , ca++ 

s B r " , K r ,  Rb+ , sr++ 

8 Nz , CO,  CN " 

9 CH4 , NH4+ 

1 0  COz ,  NzO ,  N3 " , CNO" 

Langmu i r  postulated that when i soste r ic comolecules are  also i soelectric , that is when they have 
the same total cha rge , all the i r  phys ical prope rties should be c los e ly s imilar .  Only three such 
pairs occurred in Langmuir ' s  tabl e s :  

Nz and CO ;  COz and NzO ; N3 " and NCO" 

Howeve r ,  no d i rect compa rison can be made of the phys ica l  p roperties of is oste res having 
d iffe rent e l e ct rical cha rges .  

Even though the  c las ses  are  d istinct from one another , i t  was  demonstrated that compar 
isons of comolecules in diffe rent groups could still be made .  If any two substances a re ve ry much 
a like in phy sical properties , then any isoelectric isoste res of these substances should show close 
re lationships w ith one anothe r .  Thus in types 3 and 8, argon and nitrogen resemble each othe r 
clos ely , the refore chloride ion (is oste ric w ith argon) s hould res emble the cyanide ion (isoste ric 
w ith nit rogen) . Likewise the s imilarity between K+ and NH4+ can be derived from a rgon and 
methane . It is  to be emphas ized that in Langmuir ' s  te rminology K+ and NH4+ are Jl2! i soste res of 
one anothe r.  

Whe reas Langmuir compared only physical  p ropertie s ,  Seifriz 1 7  showed in 1 948 that COz 
and NzO a re both reve rsibly anesthetic to the s lime mold Physa rum polycepha lum. 

In  1 9Z 1 ,  W .  Hucke l l l  pointed out that the imino group (=NH) in  homopolar compounds 
corresponds to the oxygen atom and that the -NHz and -OH g roups corre spond to the F atom. 

Somewhat later ( 1 9ZS )  GrimmS very markedly extended the concept of isoster i sm.  In place 
of Langmui r ' s  term " is osteric  cumole cule " ,  Gr imm p refe rred the te rm pseudoatom. His hydride 
displacement law state s :  

"Atoms anywhere up t o  four places in the periodic system before an 
inert gas change the ir  prope rties by uniting with 1 to 4 hyd rogen 
atoms , · in such manne r that the re sulting combinations behave l ike 
pseudoatom s ,  which are s imilar to elements in the groups 1 to 4 
places , respectively , to the i r  r ight. " 

Grimm showed this relationship by the following chart : 
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CHART 2 

Group 4 5 6 7 0 

Number of 0 c N 0 F Ne Na 

Hydrogens CH NH OH FH 

2 CH2 NH2 OH2 FH2+ 

3 CH3 NH3 OH3+ 

4 CH4 NH4
+ 

Beg inning in 1 932 , P rofessor  E rlenmeyer5 at the Univers ity of Basel  in Switzerland has 
publ ished a se ries of pape rs on isoste ric compounds . He has given g reat impetus to the modern 
concept of isoste rism in organic chemistry , pa rticularly in relation to biological activity. 
E r lenmeye r acc epted Grimm 's  class ification and has broadened it even further .  His definition of 
i soste re i s :  

"Atoms , ions , or mole cules i n  which the per iphe ral layers of 
e lectrons can be cons ide red to be identical are te rmed isoste re s . " 

By E rlenmeye r ' s  definition al l  elements in the same group of the pe riodic table are  isosteric so 
long as they have the same numbe r of e lectrons in the i r  oute rmost shell .  In a unique application 
of this concept , Er lenmeyer in 1 9 3 36 considered S and CH=CH in an a romatic nucleus to be 
i soste ric by counting only the "per iphe ral" electrons in the C =C p�eudoatom (whethe r it be written 
-CH=CH- or =CH-CH= ) .  

I n  1 946 , Mentze r l 4  demonstrated that ,  i n  certa in  c ircum stance s ,  the group -CH2 -CHz · 
could be replaced by -C0-0- with no change in biological activi ty of the parent compound. He did 
not te rm these isoster i c  pairs . 

Some authors , as Mentzer l 4  and Erlenmeye r3 use the te rm potentia l - cycle or pseudocycle 
to bring out the ste ric re lationships between the r ing and opened form of phys iologically active 
molecules . 

Oc cas iona lly the te rm " isolog" is used by some authors (as Fie ser  7 in the United Statu 
and Ste inkopf l 8  in Europe)  whe re " isoste re " is usually de s ignated .  Isologous compounds ,  
howeve r ,  need not b e  i soste r i c .  

It is  obvious from this  b r ief survey that the term "isoste r ic " has va r ied in meaning with 
d iffe rent wr iters - from a nar row to a ve ry broad concept. In this discus s ion we shall accept the 
term in its broadest meaning and study the influence of isoste r ic  replacements on the biological 
activity of molecul e s .  We sha l l  not cons ide r phys ica l  p rope rtie s ,  a lthough it is  not implied that 
such p rope rties as m ixed - c rystal formation a re not of great s ignif icance for is oster i c  relation
ships . 

We shall term compounds "bio - isoste r i c "  if they fit the broadest definition fo.r isosteres 
and have the same type of biological activity . 

The biological  equivalenc e of isoste r ic groups rece ives s upport f rom immunological 
studies . landste ine r l 2  was able to prepare artif icial antigen-antibody systems by coupling 
d iazotized aromatic amine s with prote ins , and inject ing these  protein complexes into animals to 
form antibodie s .  He d iscove red that the se antibodie s have the spe c ific power of combining with 
the group attached by the azo l inkage .  This group , which is of known structure , he te rmed the 
haptenic group . The spec ific ity of the antibody in any s e rum could be te sted , by means of the 
p rec ipit in rea ction , w ith related complex prote ins . In gene ral , the combining power  is highly, 
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but not complete ly,  specific . 

E rlenmeyer , 4 , 1 9 us ing Landsteine r ' s  method , demonstrated the serological s imila rity of 
seve ral isoste ric atoms and pseudoatoms .  The following a re il lustrations of seve ral types of 
isoste ric replacement ,  whe re the resulting compounds give c ros s - reactions : 

CXC(!z 
CHz 

HzN ,,/:.Hz 
CHz 

I and II + + +  

I and III ± 

II and Ill ++ 

From Er lenmeyer4 • 1 9  

CHART 3 

SEROLOGICAL SPECIFICITY 

II 

-C6H4 -As 03Hz 

not -C6H4 -$b03HZ 

not 

co 
III 
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W hile this work is not neces sar ily foolproof , and indeed has been c riticized by Heidelbe raerl O a s  
requirina more and bette r support , it is in aood aareement with Paul ina ' s  views .  

Paul ina l S has also studied se roloaical uactions t o  provide information about the 
molecular structure and confiauration of s imple substance s .  He compared the p rocess of anti 
body formation t o  the production o f  a replica by press ina a plastic material ·aaainst a mold and 
permittina it to ha rden. The polypeptide chain ,  w ith its power  of assum ina alternative configura 
tions , is the plastic mater ia l , and the surface  of the antiaen se rves as the die or mold. The 
complementariness of antiaen and antibody includes not only surface conliauration ,  but also juxta
pos ition of special combinina a roups , such as a neaatively charaed group in the antibody witb a 
pos itive ly cha raed aroup in the antigen , .  and a hydroaen -bond -formina aroup carryina the proton 
w ith a s imila r a roup p resentina an electron pair .  Thus , isoste ric repla cements in an antigen 
which do not affect the shape or polarity of the molecule should not inte rfe re with its reaction with 
the antibody . 

Paul ina has extended this concept of spatial surface confipration to include bioloaical 
specific ity in aene ral . 

Deductions from se roloaical reactions are l imited be cause stronaly polar  groups have 
predominant effects . Howeve r ,  this type of study should s how when pa rts of a molecule are 
s imple "space fille rs " ,  that is occupy spec ified aeometrical bulk.  

S ince the dis cove ry that the antaaonism of the s ulfonamides to E-aminb benzoic acid is an 
antimetabol ite effect ,  due to the c lose s imilarity of s tructure , isosteric replacements in other 
e s sential nutrients have yielded many compounds of inte rest. This field has been thoroughly 
reviewed in the lite rature , 1 6  and i s  the subject of a se�arate part of the symposium. W e  shall 
merely mention s ome of the types of isoste ric replacement in the numerous antlmetabol ites which 
have be en made , and only a few specific examples wi l l  be aiven in this pape r :  

CHART 4 

Essential Nutrient Atom or G roup Replacement 
Replaced 

R iboflavin' Z -CH3 2. -Cl 

Thymine -CH3 - OH, - B r ,  o r  -NHz. 

Mesoinos itol 6 -0H 6 -Cl 

Thym ine ,  lys ine , folic acid - NHz - OH 

Folic acid · OH - NHz 

E ·Amino benzoic acid , alutamic acid -COOH -CONHz 

E -Amino benzoic ac id ,  niac in -COOH · C OCH3 

Arainine -0 - ·CHz ·  

Urac il , thymine , niacin amide -0- -s -

Methionine -s - - 0- ,  o r  -CHz. -

Purines -CH= -N= 

Phenyl alanine , E -aminobenzoic acid benzene pyridine 
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CHART 4 (Cont. ) 

Essential Nutrient Atom or Group Replacement 
Replaced 

Phenyl alanine benzene thiophene , furan ,  
pyrrole 

Niac in pyridine thiazole 

Thiamine thiazole pyridine 

Methionine -S - -CH=CH-

Valine , niac in, pantothenic acid , -COOH -S03H 
aspartic acid , oxybiotin , hete roauxin 

p -Amino benzoic acid -COOH -AsO]Hz 

p -Amino benzoic ac id -COOH -P03Hz 

The isoste r ic compound formed may have e ithe r the same activity as the original , or more 
usually it may have an antagonistic effect. In e ithe r cas e ,  it is proof that i soste ric replacement 
g ives compounds acting by the same mechanism , that they are truly bio- isoste ric ,  

Ideal ly ,  to make compar isons between structure and biolog ical activity ,  two crite ria a re 
nece ssary: ( 1 ) Substances compared must act by the same mechanism and (Z) The structure 
involved in the test should be the structure of the compound under study. Howeve r ,  in practice , 
for many types of biological activity only iD !ll:2 tests can be used ,  and e ven when us ing � ti!£.g 
tests , we cannot be sure that the above c riteria apply. In so far as possible , examples have been 
chos en  which are based on i!! � activity ,  and mainly those us ing an isolated tissue or micro
organism .  I t  is not cla imed that the iD vitro tests wi l l  necessarily cor relate with � til!9 or 
c l inical studies ; nonetheless  the data obtained may be a us eful guide for further work and may be 
adaptabl e to othe r se ries of compounds .  

Activities found in one s c reening test need not paralle l  the relative activities  of  the 
compounds in anothe r test. Since data in the l ite rature a re usual ly lacking for tests othe r than 
those in which the authora we re most inte rested , it is seldom poss ible to make such alte rnate 
lists . 

B iological activities ,  as absorption, diatrib11tion , c onjugation (detoxification) , taste , odor ,  
s ide effects o f  dr11gs , wil l not b e  discussed. 
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PART 3 

TABLES OF DATA 

In orde r to class ify the data for p resentation, the following chart is  pertinent for organic 
compounds . 

CHART 5 

Class  4 Class 3 Class 2. Clasa 

Sb Te 

As Se Br 

p s Cl 

c N 0 F Ne 

N+ -CH- -NH - -OH 
p + -PH - -SH 
s+ 

- CHz - -NHz 
-PHz 

- CH3 

Table modified from Grimm8 

We have des i gnated these  four types from the number of covalent bonds . Above are the 
elements of the same periodic group , below are the isoste·ric hydride s .  The following table1 will 
show the effe ct of isoster ic  replacement on biological activity within each type.  The -S - and 
-C=C - ,  and othe r spec ial cases do not fit into this chart and will be treated separately. 

Discuss ion of Tables 

Class 1 - Halogens and Hydrides (OH , NHz, CH3) 

Tables 1 -4 l ist examples of comparisons of Class 1 of the chart p revi ously shown. Table 
contains examples of multiple comparisons , Table Z compares halogens only , Table 3 compares 

halogens w ith hydrides , Table 4 compares hydride w ith hydr ide . An attempt bas been made to 
s elect examples from fields of cur rent inte rest. 

Table I . U one we re to judge results of i soster ic  replacements from Table  1 ,  it would be 
d ifficult to a rouse enthus iasm. The most unusual case is the replacement of the chain -OH of 
ep inephrine by NHz ; the activities of othe r members of this ser ies should be of g reat theoretical 
inte rest. 
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� · In gene ral the results a re what would be expected , activ ities usually s howing a 
gradient w ith the molecular weights . There are exceptions , mostly w ith the extreme membe rs 
F and 1 .  

Tables 3 and 4. These  aga in show unpredictabil ity of respons e .  The ll·hydroxy -jS-phenyl 
ethylamine examples have been amply discussed by Hartung. 9 

General Conclus ions to Class 1 .  It is not poss ible to predict when membe rs of this class 
wil l  be b io - is oste r ic ; in most instances  they. will not be . Ve ry often activity is  spec ific to one 
membe r which would be called ,  in Ehrlic�' s  terminology , an anchoring g roup .  Diffe rence s in 
activitie s may be attributable to diffe rences in polar ity of the groups , to solubility d iffe rences , or  
to  chemical reactivity .  The most l ike ly pain of  bio - isostere s a re :  

halogen and CH3 

halogen and OH, 

the most unlike ly pairs are :  

OH and NHz . 

C lass  Z - (5 , 0 ,  NH, CHz) 

Tables 5 - 7 inclus ive l ist  examples of Class Z replacements . For convenience ,  the 
examples have been divided into structural types :  ethe r ,  ketone , and este r .  

Table 5 :  Ethe r Type . These  show a bette r probability of bio- i sos te 't" ism than Class 
type s .  The membe r which fits in  the least is -NH. Sulfur i s  not always bio - isoster i c  w ith 
oxygen,  in fact surpris ingly less  than might be antic ipated .  P robably polarity diffe rences  play a 
p redominant role . ' 

Table 6 : Ketone Tvpe .  The most inte resting examples  are
. 
probably the thio-barbiturate s .  

I n  gene ral , these  types have restr icted comparabil ity. 

Table 7 : Este r  Tvpe .  Many amide s and thioe ste r s  related t o  the local anesthetic and 
antispasmodic esters  a re known , but practically none have come into use . More thought should 
be given to the · replacement of e ste r oxygen by the CHz group .  

General Conclus ions to Class Z .  Is oste r ic  replacement in this g roup has better promise 
of usefulne ss than in Class l .  While methoxy and ethyl often do not show s imilar ity ,  in othe r 
cases  inte rchanging 0 and CHz y ie lds compounds of s imilar activity . He re , as in Class 1 ,  
pola r it ies  probably p lay a dominant role . 

C lass  3 - Te rtia ry N and Tertiary C 

Tables 8 and 9 l ist examples  of Class 3 . Most of the known example s  of this class occur 
in the a romatic ring systems (Table 8 ) .  No attempt has been made to l ist the numerous examples 
in we l l -known fields as the s ulfonamides and antihistamines but a few are g iven to re fre sh 
memor ies .  Commerc ially this has been  the most val uable appl ication of bio - isoste rism.  

Table 9 conta ins non -aromatic examples .  Because  of polar ity diffe rences the al iphatic 
type s  can s e ldom be expected to d isplay bio - isos te rism , but it i s  a more likely assumption that 
d iphenylamine and benzhydryl de r i vatives would show such s imilar ity .  More examples are 
d es i rabl e .  

While tertiary P ,  As and Sb  theoretically a r e  electronically isoste ric w ith N and CH ,  
p ractica l ly ,  exc ept between As and Sb,  they show l ittle bio - i soster ism.  

C las s 4 - Quate rna ry C ,  N, 5 ,  Etc . (Table 1 0) 

T h e  spatial tetrahedral geometry and the pos itive cha rge a re of paramount importance for 
this  clas s .  I n  gene ral , a quate rna ry ca rbon , becaus e i t  lacks a charge , i s  not inte rchangeable 
with quate rna ry nitrogen. 
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The Spec ial Classes 

Table 1 1  - A romatic C=C and 0. S, NH. Followina E rlenmeye r ,  it is aenc rally agreed 
that the pa irs , benzene and thiophene , and pyridine and thiazole , are isoste ric.  Furan and 
pyrrole d iffe r  ma rkedly fr-om benzene in both physical and chem ical properties .  Indeed ,  
B radl ow ,  Vande rwe rf and Kleinbe raZ i n  a brief discuss ion of the c oncept of isoste rism,  state 
that "P roponents of the pr inc iple of isoste rism do not point out the fact that by definition pyrrole 
is al so  isoste ric with benzene , thiophene and furan. " The re are s uffic ient example s ,  howeycr,  to 
indicate that the se ring!� may be bio- isoste ric although the furan and pyr role compounds are 
usually weake r in activity than those containing ben&ene and thiophene .  'the activity of furan 
is oste re& in the antihistamine field indicates that such replacements cannot be ignored. 

The latte r pa rt of the table contains comparisons of an ethylenic bridae between two 
aromatic rings w ith S, 0 and NH. Not enough examples a re available to draw conclusions , but 
this should be an interesting replacement type . 

Table l Z - Carbonyl and Sulfone (or Sulfoxide) .  The structural relationship between 
.P -aminobenzoic acid and sulfanilamide has been emphas ized by Be ll and Roblinl in  explaining the 
mode of action of sulfonamide& .  The exchange of - C OOH for -S03 H in many metabolites to 
produce antaaonistic s ubatances has shown this to be a general phenomenon. The refore , a 
compa rison bas been made in this table of compounds with carbonyl and s ulfone g roups . The 
s ulfoxide has been added s ince spatially it more nearly re sembles the carbonyl than does the 
sulfone arouping . Electronically neithe r the s ulfoxide nor the s ulfone group is isoste ric with the 
ca rbonyl group. The ionic bond of the s ulfur aroups furthe r emphasizes the difference . 

The table does not indicate any str iking resemblances except for the amidone type example. 

Table 1 3  - -C0-0- and ·CHz - CHz - .  These  g roups .a re not electronically isosteric ; it is 
most l ikely that they owe the i r  activity to s imilar spatial fixation (as discus sed in the follow1111 
type ) . 

Table 1 4  - Spatial Fixation by Ring or Double Bond. That three d imens ional spatial 
cbaractCTistics p lay a highly important role in bioloaical activity is known to eve ryone. Tbe 
vastly diffe rent activities often noted in optical or si! -1l:!!ll isome rs must be cons iCie red in any 
attempt to e!'CJilain the mechanism of bioloalcal activity. When two molecules are almost identical 
spatially , that is , a re superimposable in three dimens i ons , we may expe ct s imilar activity 
provided the polarities are s ituated in corresponding parts of the molecules .  

Table 1 4  l ists examples of r ing and open forms . I n  many cases there i s  striking agree · 
ment ; often howeve r ,  one form is completely inactive . Where aareement between activities is 
found , it is inte z"esting to assume that the open and closed fo rms can be supe rimposed in three 
dimens ions . 

Benadryl is an Inte re sting example.  When the rinas are forced into the planar form of 
the fluorene r ing , activity is los t ;  one might speculate the refore that in the "active " form of 
Benadryl the two be nzene rings do not lie in the same plane . From the example of T rasenti.D aDd 
Pavatrine the oppos ite appears to be the cas e .  

Table 1 5 . - Polarity Shift,  �xo - Endo Cycl ic . This and the following table are offe red in 
an attempt to systematize data scatte red throughout the lite rature. This table demonstrates tbe 
effect of moving a pola rity from without to within a r ing , the shift beina to the adjacent position. 
The probability is that the polarity of the atom must remain quite s imilar in order  to retain the 
same activity .  

Table 1 6  - Reve rsed Adjacent Polarity.  This table illustrates the effect of reve rsing 
adjacent pola r g roups .  Many instances are of great inte rest : this is a transformation to be kept 
in m ind in seeking new compounds . 
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CONCLUSIONS 

We have seen that s imila rity in biological action need not re sult from isoste r ic replace 
ment - isosteres need not be bioisoste res .  This is not surpris ing in view of the complexity of the 
s implest  l iving systems . 

As we all know , s imple i soste ric replacements often give compounds of inte rest and value . 
In addit ion , the re are two important types of information to be learned  from such replacements . 
One is that we d iscover which groups cannot be el iminated in order to retain the des ired activity 
( i . e .  , the anchor ing groups ) ; the othe r is that we learn vihich parts of the molecule are important 
because of the i r  bulk space characte r isti cs .  These facts enable a more intelligent approach to 
the synthes is of new compounds . 

The s imilar ity of biological activity in so many instances , and the s uccessful results 
a l ready achieved through isoste r ic replacements , show that this is a type of var iation which the 
synthet ic chemist must keep in m ind . U chemical reactivity and polar ities a re conside red , the 
p redictabi l ity of bio - i soste r ic  replacement is quite high. 
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EXPLANATION OF TABLES 

In the first column the structural formulas of the compounds 
under  consideration are written with the variable isosteric group 
represented as X .  

In  the second column the biological l ist  is stated (e .  g .  anti 
tube rcula r ,  na rcotic , anesthetic , etc . ) together with othe r perti
nent data necessary - as to whethe r in vitro or in vivo , what organ, 
o rganism ,  or animal was us e d ,  what challeng ing agent , if any ,  
w a s  used , and in what te rm s  the activity data are  expressed with 
a designation of the refe rence compound if such was used. Below , 
in parenthe s i s ,  the refe rences to the l iterature are given.  This 
list is found immediately following the tables .  

The  remaining column headings us ually designate the atom 
or g roup represented by X. In cases whe re this is not s o ,  the 
heading is self evident. The data In these columna are the 
activities  of the c ompounds in ·the te rms used by the origi��al 
worke rs ; this varies with diffe rent authors  from quantitative figures , 
a system of plusses , to me re statements of activity or non-activity . 
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TABLE 1 

CLASS 1 

Compound B iological Te st (Refe rence)  

Anti -tube rcular 

'·VNHz 
In vitro 

Sal icylate No. 

( 1 6 )  

:�ONHz 
Anti -tubercular 

� curative in guinea pigs 

( 1 1 1 ) 

HzNO��oH 
Anti -tube rcul a r  

In vitro 

(94) 
.·DoH Anti -tube rcular , - I In vitro COOH 

Molar c one.  for stasis  

(7Z) crNH-CS-NHz Anti -tube rcular 

In vivo (mouse ) 

•.X: 174 1 

Halogen -OH 

F < 1 

C l 6 < 1 

B r  7 

I zo 

C l 1 9'Yo 1 6� 

C l inactive moat active 

C l 1 /500 1 / 1 ' 000 

C l sl ight definite 

-NHz 

< 1 

-

inactive 

1 /40 , 000 

• l i g ht 

-CH3 

Z7 

inactive 

weak 

i 
I 

I 

... 0 ao 
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Compound 

OH 

0 :�: 

Hz DOH 

CO-t� 

0 ° 0 I -, -c - -'9 

(T"· 
•.'JP 

TABLE 1 (Cont . )  

CLASS 1 

Biological Test  (Refe rence) Halogen 

Phenol Coefficient F 1 
vs . B. Thyphosus 

Cl 3 . 9 

Phenol = 1 
B r  5 . 4 

{ 14 0 )  

Anti -tube rcular  

In vitro 

M olar Cone . for Stas i s  

{7Z ) 

Anti -tubercular 

In vitro Cl z .  5 

Stas is  - mg " 

( 57 ) 

Antibacter ial inactive 

{ l ZO )  

- OH -NHz 

l l  ? 

1 /40 , 000 1 /80  

1 0  

inactive active 

- CH3 

z . s 

1 /1 7  

z 

inactive 

... 0 -.D 
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C ompound 

OH 

HsOx: 
N · -o -CHZ -NHz 

��/ 
rtHz 

•oc•-c•, 

·.?9 

HOO HO CH -CHz -NH - C H3 , .... ·�: 

(*'0 . I CH-CH -�H· C H3 I I OH CH3 

TABLE 1 ( C ont. ) 

CLASS 1 

Biological Test (Refe rence ) Halogen 

Antithyroid 

( 1 09 , 1 38)  

P ressor  Activity F or Cl 

Epinephrine = 1 ' 'weak• •  

(66 , 1 03) 

P ressor  Activity F ,  C 1  
"pos s e s s  
pressor  

activity " 

(66 , 1 43 , 64 , 8 1 , 67 )  

P ressor  Activity Cl - known 

? 

( 1 8 , 1 5Z ,  93 ) 

P re s s o r  

Ephedrine = I 

(66 ) 

----

- OH -NHz 

inactive weak 

1 /70 

1 /50 epi ? 
activity 
unpublished 

OH - epi 
1 /1 0  epi 

SH - "ep i -
like" 

< 1 z 

-CH3 

potent 

"weak 1 1 

1 /ZOO epi 

? 

< 1 

I 

I 

... 
0 
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Compound 

·:�oO-CHzCHOH-CHzOH 

(�oCOO-CHz -CHzNEtz 

:�0 -CH-Qx:· • I • 

CCI3 

C zH5 --o I o-· :x, -C =C - X: . 
I 

. 
CzH5 

CzH5 

HOO -k=C·O� I . .  
CzH5 

- - - -

TABLE I (Cont . ) 

CLASS I 

Biological Test (Refe rence ) 
Muscle relaxant 

� -0-CHz -CHOH-CHzOH = I 

(99) 

Local anesthetic 

P rocaine = Standard 

(Z7 , I Z8 )  

Insectic idal 
vs. Lice 

Standard = DDT 

( 1 1 3 ) 

Estrogenic 

( 1 3 5 )  

Estrogenic 

( 1 3 5 ) 
- - ---� -- -

Halogen 

C l z . 1 

F 

comparable 

F 1 /4 DDT 

C l DDT 

B r 1 /Z DDT 

B r 

ve ry weak 

B r 

1 00 gamma 

-OH 

comparable 

inactive 

potent 

0. 4 gamma 

0. 4 gamma 

- -- -

-NHz 

o . z 

(standard ) 

inactive ? 

ve ry weak 

7 . 5 gamma 

-CH3 

l . Z 

1 /5 DDT 

inactive ? 

' 
. 

.... -.... 
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TABLE 1 (Cont. ) 

CLASS 1 

Compound Biological Test (Reference) 

As O vs . T. pallidum Cl 

G--<:�· in vitro ortho 
o: m , p )  

m eta 

- AsO = 1 00 para 

( 38) 

Halogen - OH 

83 84 

1 1 0  79 

as  72 

-NHz 

88 

1 04 

83  

-CH3 

84 

97  

1 02 

! 

I 

... ... 
N 
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Compound 

:x: , . 
H-C..!.X• "' '  x •  · - · '  

CH3 0 0 ' � I 
CH-CH - ·NH-C -NHz 

CH3
/ :l• 

(�)C -CHzOH 

.'X)C ·CHC> HzO 
' ·  . 

-, 
CHz

, " 
,... N-CHz -CHz �!C: 

r 
CHz 

:3= Ho(
N 

H·CO · C Hz t�� 

TABLE Z 

CLASS 1 

Bio1ortca1 Teat (Refe rence) 

Narcos is  

(56 , 70) 

Hypnoaia 

(56)  

Narc:.oais  

(9 1 ) 

Adrene rsic b1ockins 

( 1 1 9 )  

va . Vaccinia virua 

( 1 44 )  

I Br C1 F 

na rcotic narcotic narcotic inactive 

i nactive hypnotic hypnotic 

na rcotic narcotic 
(Z x Cl cmpd) 

inactive narcotic 
... -... 

active active 

(aame as Cl )  

active inactive 
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Compound 

't) 0 '· 

N /CHz - � 
N '\ 

CHz -C Hz -NMez 

ro N • OH 

. ,  ,.-

H OP -o-bc Hz -�H - C OOH 

� - '  '.�· -
NHz 

C10 · C H -0Cl  
1 , - .  Q?Cj 

J)OH 

1 n - butyl 
' ·  

TABLE Z {Cont . ) 

CLASS 1 

Biolog i cal  Test  (Refe rence ) 1 

Antihistamine X - 1 /Z 

P B Z  = 1 
y -

( 147) 

Amebic Dysente ry active 

( 1 49 ) 

vs . Myxedema 
in humans 1 

(9 5 ) 

Inaectic idal 

( 1 1 3 ) 

Phenol c oeffic ient 
vs .  S .  aureua 

( 1 4 0 )  

Br Cl  

1 z 

1 /Z 1 /Z 

inactive inact ive 

1 / 1 7 1 /ZSO 

good exc ellent 

3 1 3 Z57 

F 

3 

weak 

60 

I 
I 

I 

... -
• 
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Compound 

0 H3�

C) 
•:Js'• COO- (CHz} ) -N 

HzNQCOO-CHzCHz -NEtz 

· ... . / 

�?(orCHz-CHz-NC) 
OH 

tj<OcO-CHz -CHz -NC) 

�, C -COO-CHz -CHz -NEtz 11-:� 

TA BLE 3 

CLASS 1 

Biological Test (Refe rence) 

Local anesthes ia 

minutes 

( 1 07 )  

Local  anesthes ia 

Proca ine = I 

(84) 

Antispasmodic 
v s .  Furmethide 

Trasentin = ++ 

(37 ) 
Ditto 

( 37 )  

Antispasmodic 
vs . acetylchol ine , Ba, 
o r  histamine 

(9Z ) 

I Br Cl F OH NHz CH3 I 
l Z 1 5  1 0  ? 9 

z 4 

... -
Ul 

+++ +++ +++ 

+ 0 + 

+++ +++ 
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I ·  

l 

Compound 

=x� -
/0-CH -C Hz -NEtz 

c I 'X� 'o-CHz 
, ,  

�Hz -CHOH -C HzOH 
-�· 

:¥Jc -CHzOH 

•:D:>C -SH 

�'!0-so-O�· 
'----

TABLE 3 {Cont . ) 

CLASS 1 

B iological  Tes t  (Refe rence )  I 

Antispasmodic 

vs . acetyl chol ine , Ba 

( 1 9 ) 

Musc l e  relaxant 
- - 0 - CHz - C HOH-CHzOH = 1 

o rtho 

meta 

para 

(9 , 9 9 )  

Narcotic 

(9 1 , 1 0 1 )  

Antithy roid 
1 1  

Thiourac i l  = 1 00 

(Z6) 

Insectic idal 
va . clothe s moth 

1881 

Br C l F OH NHz CH3 

+ ++  

1 . 3 1 . 7 z . z ... -
"' 

Z. 4 z . 1 

z . 1 l . Z I 

strong - strong very weak 
est  

Z7 44 l Z 

I 

effective effectiv! inactive 

L__. __ 
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TABLE 3 (Cont . ) 

CLASS 1 

Compound Biological Test (Refe rence )  I Br Cl F OH NH2 CH3 

0 Antimala r ia l  in ducks >40 29 4 5  >60 73 1 

�<�· ED9 5 in mg/kg 2 8 1 9 20 60  1 5  vy - OH � 
- (CH2) ]oX� 

( 54) 

Anticonvulsant 

rv-F\. vs . e lectroshock ! ++ ·� CH2 -CO-NH -CO-NH2 

( 1 36 ) 

fl-..., Adrenergic b locking 
CH2 active active inactive 'N - C H2 - c H2 !X� .... ' ·  
CH2 11 ........ 

( 1 1 9 )  

(CH3 l2 - C - (CHzl3 - C H - CH3 Cardiac action 
� I + � � + 

( l  00 ) 

V itamin D 
) - substituent inactive inactive active 

( 1 0) 

- � - - �  ---L----'----

... 
-
.... 
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TABLE 3 {Cont. ) 

CLASS ! 

Compound "B iological Test {Refe rence) I Br  

:VsozNHz 
{88 )  ��Q-soz -Q'F-· 
{88 )  ��0-ca-Q¥.· 
{88) 

-

C l F OH 
insect -
ic idal 

ditto 

ditto 

NHz 
bacte r -
ic idal 

ditto 

ditto 
{weak) 

CH3 

... 
"' 
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TABLE 4 

CLASS 1 

Compound Biological Test (Refe rence ) SH 

SOz �R: 

o ·  
HN= C - NHz 

( 36 ) 

Antitubercula r oH· C o.{f(: in vitro vs . 607  
stas is in mg � 

Bu -0 

(58 ) 

HzN -CS-NH;.� Antithyroid 

(7) 
+ 

Me3 - N  -CHz - C Hz -0-CO(�: Parasympathomimetic 

( 1 1 7 ,  ZO) 

vs. E .  col i in vitro 

HzNQSOz -NH- CO��;. Sulfad iazine = 1 

(8) 

Analgesic  

o�OOH 

)(� . 
( 56) 

-- -

OH 

active 

- -

NHz CH3 

Active vs . Active vs . 
bacte ria r icketts ia 

(both have same effect on 
blood p ressure and respi ration) 

1 6  1 / 1 6  

"' -
+ ++ "" 

active acti ve 

1 / 1 2 5  1 /9 

-1nactive 

i 
I 
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A s O  

0_, 
c o�x: 

� - C H - CH -CH 3 . 1. I ')�: NHCH3 

N -- N .- II II 
, )(  .. c C -SH . •  's ,...... 

ONH, 

.
, 

N ?'c �.�· 

0 HO � 

Compound 

TABL E 4 (Cont . ) 

CLASS I 

Biological Test  (R e£e renee ) SH 

vs . T .  pal l idum 
in vitro 

�AsO = 1 00 

{40 )  

P ressor 

C NS stimulation 

{93) 

Antithy roid 
7 

Thiourac i l  = I 00 

{26 , 1 08) 

Ditto 1 1 6 

Antithyroid a ctive 

( 7)' 

OH 

7 

1 

+ +  

inacti ve 

NHz 

4 5  

1 /3  

+ 

1 56 

6 

C H3 

... "' 
I=> 

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

Compound Qcoo- (CHzh iJ 
•X� H3C 

JI-CH -COO-CHz -CHz -NEtz 
I . CHz �?{: 

o-0 ' c ·x· ? ' · '  -N 

0 N- CHz :"X; CH -Cq I · - z ' NH-CHz o9cu3 
co""X'· 
zHs ' - · 

HO 

TABLE 4 (Cont. ) 

CLASS 1 

Biological Test (Refe rence ) SH 

Local anesthe s ia inactive 

( 1 07) 

Antispasmodic 
vs . Acetylchol ine 

Atropine = 1 

(z 1 ,  63 ) 

Anticonvulsant 

( Z5 ) 

Effect on blood 
pressure 

( 1 30 ) 

Estrogenic 

( 1 1 5 ) 

OH NHz 

active 

I /7 

inactive 

pressor  

active 

CH3 

I / 1 0  

+ + + +  

depressor 

inactive 

I 

I 

I 
� 

.... N 
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TABLE 4 (Cont . ) 

CLASS 1 

Compound Biological Test  (R efe rence ) 

y OOEt vs . F ila riasis 

CN
) 

� 
CHz - CHz ;R: 

( 1 39 )  

� - CH -CHz -NHz Pres sor ,L  ·.�: 
(66 ) 

SH OH NHz 

inact ive 

1 

CH3 

active 

1 

.... N N 
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Compound 

fi!XQoH 

r� :xQ NH2 

fl-.... . •  /CH2-CH2, CH �X:-C H2CH2 - N  0 fl/ . 'cH2 - cH/ 

• •  �N - CHz 
� �x;.cH2 - c  I . .  ....... NH- CHz 

.. ,- " N� o-NH 
H2N - C  J ,�).. \ C -NH2 

� ----

TABLE 5 

CLASS Z 

Type R cX - R  

Biolog ical Test  (Refe rence )  

Phenol Coeffic ient 

vs. Staph . aureus 

( 1 40) 

Antitube rcula r 

Salicylate No. 

( 1 6 )  

Antihistamine 

( 1 7 , 9 7 , 1 2 7 ) 

Blood pres sure effect 

( 1 30 ) 

Trypanocidal 

(6)  

s 0 

s 1 00 40 

Se 1 00 

40 

weak ? active 

pres sor 

+ +++ -

NH 

1 0  

2 

very weak 

pressor 

+ 

CH2 

1 00 

1 60 

active 

depressor 

++ 

I ' 
I I 

.... N .... 
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Compound o�: .. CHz - CHOH -CHzOH 

CH3 

NH 
. . . 

CH3 �.�rC  -NHz 

Et i�-Et 

R -tV coo-CHz -CHz -NEtz 

C H3 �Sb-CHz -CHz -CH-COOH ' .  I 
NHz 

TABLE 5 (Cont . ) 

CLASS Z 
Type R - X - R  

B iological T e s t  (R efe rence) s 

Mus cle re laxant 1 . 3 

f' -0-CHz -CHOH-CHzOH = I 

(99 ) 

P ressor  effec t  
. 

++ 

( 5 1 )  

Narcosis 
inactive 

( 56 ) 

Local anesthe s ia 
i nactive 

( 75 , 1 1 8 )  

Lipotrop ic  activity 
active 

( 1 33 )  

0 NH 

z . z 0 . 3 

+ + 

narcotic inactive ? 

active active 

active 

CHz 

+ 

narcotic 

I 

I 
I 

... N • 
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TABLE 5 (Cont . ) 

CLASS 2. 

Type R -X -R 

Compound Biological Te st (Reference ) S 0 NH CH2 

HN --CO Antivonvulsant +++ +++ ++++ 

o! 1 vs . electroshock 

I ,� HN--C,:: -CH2 t�rCH3 
� . 

(98) 

Estrogenic 

HOO ·(�; .. Q oH 1 00 mg. 1 00 mg. 

( 1 3 5 ,  1 06 )  

Phenol coeffi cient 

HOo.J?.!!-butyl vs . Staph. aureus 60 9 20 

( 1 40 )  

[ ·-o l Adrene rgic blocking ++ inactive 

CH;i!C,' ' C H2 - N -CH2 - cH2 -Cl  
2 

( 1 1 9 )  

Antitube rcular 

0 -CO-ox�cH3 s tas i s  in mg % 1 .  7 20 

(57 )  

... N ..,. 
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Compound 

C H3 {� CH=N -NH-CS-NHz 

c l Qx .. sozQ c l 

@ z - CHz -NEtz 

CH3 , - I � OC - C H3 I I 
CH3 - N--CO 

. ,  ax� 
N

,- C -CH3 

TABLE 5 (Cont .  ) 

CLASS Z 

Type R -X - P  

Biological Te s t  (Reference ) 

Antitube rcular 

in mice  

{ 74 ) 
Inse ctic ida l 

{88 ) 

Antispasmodic 
vs . acetylcholine 
Atropine = 1 

vs . Ba 
Papaverine = 1 

(2Z )  

Anticonvul sant 

( 1 36 )  

Anticonvulsant 

(Z5 )  

s 0 

s l ight active 

active 

1 /45 1 /3 

3/4 3 

inactive active 

ve ry l ittle ac�ive 

NH 

s l ight 

ine rt 

1 /Z 1  

3/4 

inactive 

CHz 

1 /3 5  

1 . 5 

... N 0' 
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Compound 

0 a"DcHz -cHz - NE<z 

1'� C H3 

CX��D l,x;: 

Q::l)C OO-CHz -CHzNEtz 

# 
,x � - '  

C H = C H - C Hz -CHz -NHz , 1,  I 
I �  .-. N  

• C H 

oc -- c - Etz 

I ·k H N  I I 'c
...-· · 

I 
0 

TABLE S (Cont . ) 

CLASS Z 

Type R -X -R 

Biological Te s t  (Refe rence ) s 

Schistosomia s is 

in humans act ive 

in m ice active 

( I  Z l 
Insectic ida l 

( 1 1 3 ) 
Local anesthe s ia  

rabbit cornea + 

( Z3 ) 

Effect on 

blood pressure depressor 

(49 )  

Narcotic + +  

(47 )  

-- -----

0 

inactive 

active 

active 

+ +  

+ 

NH 

active 

+++ 

depressor 

C Hz 

I 
I 
! 
I 

! 
' 

.... "' .... 
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Compound 

�....... /CHz-CHz,. , 
/CH- 0-CHz -CHz -N, )�: � CHz-CHz 

?H /CHz-CHz'-. Aryl -C -CHz -CHz -N ))(. I "- • • 

Alkyl CHz-CHz ex) 
/'Hz -CHz._., CHz -N, )-.�· 

OH CHz -CHz 
0 

TABLE 5 (Cont . ) 

CLASS Z 

Type R -X - R  

B iological Teat  (Reference) 

Antihistamine 

Benad ryl  = I 
(97 ) 

Antispasmodic 

( 37 )  

Antimalarial 

in ducks 

( 54 )  

. - - .&. ! - ' g a are treated unde r "Spec ta l  �o.;asea . 

s 0 

we!'-k ? 1 /Z 

+ 

inactive 

NH 

inactive 

CHz 

I 

+ +  

active 

... "' CD 
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C O -- NH 
I I ., - . R 2 -c  c ,x,. 
I I -

CO --NH 

r'J(: · n  
H2N-C -NH2 

•X'• �,r 
C H  3 - NH  -C  -NH2 

H 
C"'N -

s 1='X'· I ... • 

NH-c;: -cH3 
C H3 

(X: "" or r 

Compound 

E t -C -f - C H2 - <j=H - NMe2 
if CH3 

TABLE 6 

CLASS 2 
X 
II 

Type R -C -R 

Biological Test  (Reference )  

Hypnotic 

effect  

duration 

(32 , 1 4 1 , 1 42 , 56 ,  1 1 6 ) 

Diuretic 

{96 )  

Ditto 

(96 ) 

Anticonvulsant 

% protection from 
metrazol 

(68) 

Analges ic 

mg/kg 

(29 )  

s 0 

+ +  + 

+ ++ 

1 1 

0 . 8 

1 00% 44% 

1 2 . 5 

NH 

inactive 

(toxic ) 

1 3 . 4  

0 

1 2 . 5 

CH2 

weak 

... "' ,., 
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Compound 

(*� oC -NHz 

NH-C -NHz 
,�, 

•, _ 1 

/C Hz-yHz 
•'X', 
·u' 

Et-0-CO-N '- f:'-- C -NHz 
C Hz -CHz 0 '*' 

R CH=N-NH-
't - NHz 

TABLE 6 (Cont. ) 

CLASS 2 
X 
• 

Type R - C -R 

Biological Test  (Reference) 

T rypanosomiasis 

( 7 1 ) 
Filarias is 

(86 )  

Antitube rcular 

in mice 

(74)  

s 

active 

0 NH 

inactive active 

inactive active 

inactive inactive 

CHz 

I 

.... .... 0 
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Compound 

HzNQc o��'- CHzCHz - NEtz 

"
' . .  
/C H  -C0-(1(1- C Hz - C Hz -NEtz 

" 

H.zN Qco:j}. Et 

OO't·E< 

N I 
CH3 

" co :X.- Et 'c/ 0 " /  'cH2 -CHz - N 

' ·  

TABLE 7 

CLASS l 

Type R - CO-X -R 

B iological Test (Refe rence ) 

Local anesthe s ia 

( 1 1 8 ,  65 )  

Antispasmodic 

vs . acety lchol ine 

T rasentin = I 

(Z l , 1 1 0 , 1 Z4 )  

Antitube rcular 

salicylate no. 

( 1 6 } 

Analges i c  

(84) 

Analges ic  

(84 )  

s 0 

active active 

4 1 

40  

1 

1 

-��-

NH 

weak ? 

7/ 1 0  

I 

CHz 

80 

I 

1 /5 

... ... ... 
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Compound 

"••O •az - •"Q 
' 

"••Qso, - N..p 
Q 1cH,Q (ocH3 J 

N 
-

• 
'

cHz -CHz -NMez 

c;;. I'"•Q cocH,J  

,
�N \;Hz -CHz - NMez 

·� NH-CHz -CHz -NEtz 

C lo -NH-o CH3 

._ ' CH3 

ex)) 
COO-CHz -CHz -NEtz 

ONHz 

Bu -
' ... . ,.' 

332  

TABLE 8 

CLASS 3 

Aromatic R ins• 

B iolosical Test (Refe rence) 

Antibacter ial 

(8 ,  1 ZO) 

Ditto 

Antihistamine 

( 1 4 8 ,  78 , 80,  59 ) 

Ditto 

Antimalarial 

( 1 0Z )  

Antispasmodic 

vs . acetylchol ine 

Atropine = 1 00 

(9Z) 

Antitube rcular 
vs .  607 

ms. fo stas is  

(SZ )  

=CH- :.N -

moderate active 

moderate ve ry active 

active active 

active active 

inactive active 

1 5 5 

1 / 1 6 l /3Z 
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Compound 

.:oNHz 

Bu -0� 
• .. . . 

o-CHz -CHz -NHz 

. · -

GCOO-CHz -CHz -NEtz 

·-� 

OA•OC O-NHQ 
H Qso 

. .  

,N -CHz 
••• CHz -C I co '  NH-CHz 

Q-(50-� 
. . 

N 
t:utyl 

333  

TABLE 8 (Cont. ) 

CLASS 3 

Aromatic R ings 

Biological Test (Refe renee ) =CH- =N-

Antitubercular 
va . 607 1 / 1 6  1 / 1 6  

mg. � stasis 

_1521 

Effect on blood pres sure p ressor  a depressor  
IS preasor  
y pressor  

{weak ) 
(66 , 7 7 .  60) 

Local anesthe s ia active a inactive 
IS active 

(weak ) 
y inactive 

(30 )  

vs . T .  pal l idum 
in vitro 

-AsO = 1 00 97 74 

(4 1 ) 

Syphil is active active 

(56 ,  I Z 3} 

Effect on blood p re s surt p re ssor depresso� 

{ 1 30) 

Analge s ic 
strong weak 

_li Z� 
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Compound 

HN -- C O  �-!-0 - .. .  

HzNo-Q. 
' . . . 

334 

TABLE 8 (Cont. ) 

CLASS 3 

Aromatic R ings 

Biological Teat (Refe rence = C H - =N -

Anticonvulsant 
vs . e lectroshock + +++ ++++ 

(98 )  

Antitubercula r 
sal icylate no. 1 600 600 

(44) 
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Compound 

�. 
_.....N ......_ 

co CH3 - N  
I I ""CH3 CH3 -C =C �.�\ 

CH3 

COOH 

OOH 

CH ···t' 3 NH -CO-CHz ��, 
CH3 

"">-· ,...cHz -CHz, 
. X:�COO-CHz -CHz - N  0 �_.;· · 'cHz -CHz/ 

e-... • 

;.:1$:-.CHz -CHz - NMez 
li 

HoQ:.�l{�r.QoH 

o�SCi�·-o HO 
• • � OH 

NHz NHz 

3 3 5  

TABLE 9 

CLASS 3 

Biolog ical Test  (Reference ) =CH - =N  

Antipyretic + + 

( 5 0 , 1 Z l )  

Antitube rcular 
1 / I ZOO 1 / 1 60 

stas i s  at mol . cone . 

(7Z )  

Antispasmodic 
intestinal str ip 7 5  30  

Papave rine = 1 00 

(Z8 )  

Antihistam ine I 1 .  zs 

Benadryl = I 
( 1 26 ,  1 04)  

E strogenic 1 0  mg.  10  mg.  

{ 1 3 1 , 1 3 5 )  

Syphi l i s  S b  As 

uns table Salva rsan 

( 1 49 )  
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TABLE I O  

CLASS 4 

Compound B iol ogical Test (Refe rence )  

Me3 • • ;W Muscar ine - like 

(depresaor)  
: 

( 76 )  

Mez , 3:f't/ -CHz -CHz -OAc Depressor  

Acetylchol ine = 1 00,. 

( 1 5 1 ,  l ZZ )  

Me3 �X#" -C Hz - CHz - OH Lipotrop ic  activity 

Methyl donor  

( I SO ) 

- + 
Me 3 �,X--C Hz - C Hz - OAc Rate of hydrolys is 

by chol ineste rase 

( Z ) 

-·---

c N s 

+ + +  + +  

1 00 1 0  

+ 

yes 

fast fas t  

p As  

+ +  + 

1 0  z 

+ 

no 

Sb 

+ 

... ... 0' 
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Compound 

Ocoo-cH2 -cH2 -NEt2 
•(f.• 

HN- CO 

o! I 
H�c-Q 

J o I . .  
�0-E< 

N 
butyl 

Q cH2 -yH -CH3 
· - NH2 

QcH2 -CO-NH-CO-NH2 
'· · 

TABLE 1 1  

SPEC IAL CLASS 
Aromatic C =C ,  S 

Biological Teat (Refe re nc e )  

Local anesthe s ia 

Cocaine = 1 0  

(62 )  

Anticonvulsant 

(98 )  

Analge s ic 

{ 1 25 ) 

Pressor  in dogs 

stimulatory in  humans 

{4)  

Anticonvulsant 
Electroshock 
Metrazole 

1 1 36 \  

-HC =CH - s 

4 1 

+ + + +  +++ +  

strong weak 

+ +  ++ 

+ 0 

+ + +  + 
+ + 0 

0 

trace 

weak 

+ 

0 

0 
0 

NH 

2 

+ 

... ... .... 
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Q 9 00Et 
CH=C 

• I • C OC H3 

\�)co-� 

Compound 

OzQCH=N-NH-CS-NHz 

�E<  . 

N CH3 

�H -COO - C Hz - C HzNEt z 
I 

TABLE ll (Cont. ) 

SPECIAL CLASS 

Aromatic C = C ,  S 

B iologi cal  Tes t  (Refe rence ) -CH=CH-

Ins ectic idal excel lent 

vs .  c lothes moth 

( 88 )  

Antitube rcula r 5 

mg.  '• stas is 

( 5 7 )  

Antitube rcular  

in mice active 

( 74 ) 

Anal ges ic  ++  

( 1 3 ) 

Anti spasmodic 
vs .  acetylchol ine 1 /40 

Atrop ine = 1 

( 1 5 , 5 3 )  

s 0 

excel lent 

1 0  

inactive 

+ 

1 /20 

-

NH 

! 

.... .... 00 
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C ompound 

ON/
C H2
-Q 

N ' C H z - C H z - NMe z  

O c H - 0 - C Hz. - C H z - NM e z �)5:. h 

O c H2 - N - c H2 - c uz - c i 
,x. 1 - T H z 

� 

roC H z - C Hz-Q 
OH 

" 
0 

0 

. 

CD C Hz - c H 2 - c H , - C 6 H 1 1  

0 1  
0 

- �  

TABLE 1 1  (Cont . ) 

SPECIAL CLASSES 
Aroma tic  C o  C ,  S 

B i ol ogical  T e s t  (R e fe r e n c e ) - C H o C H -

Ant i h i s ta m i ne , i l eum I 

P B Z  = 1 

( 1 04 ,  8 0 ,  89 , I I )  
D itto I 
B e na d r y l  = I 

(9 7 ,  1 04 , 1 1 )  

A d r e ne r g i c  blocking + +  

( 1 1 9 )  

Antima l a r ia l  

i n  ducks > 1 00 

ED9 5 in mg/kg 

{ 54 ) 

D itto 
2. 0  

{ 54) 

s 0 

1 I 

1 /4 ca .  2. 

++ 

85 

weak 

NH 

-

i 
l 

.... .... "" 
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TABLE I I  (Cont. ) 

SPECIAL CLASSES 

Aromatic C = C ,  S 

Compound Biol ogical Test (Refe rence) - C H= CH - s 0 NH 

d�Hz 

Antithyroid 0 + +  

N 
( 1 3Z)  

Antitube rcular 0 ++ 

OCO-N�J ++ corresponds to 
50% of streptomycin 
activity 

N 
( 87 )  � 0 

"'' •,oCO-NEtz Analeptic + + 

(48)  

Antitube rcular  600  z , ooo 

HzNOV aalicyla te No. 

(44 )  

HzNO (�:..ONHz 

Antibacterial inactive ? weak 

(I ZO ) 
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Compound 

OH OH 

v-� 
C l C l  

�o- -DwH 
HzN -C '� C - NHz 

HoOi':OoH 

TABLE 1 1  (Cont . ) 

SPECIAL CLASSES 

Aromatic C = C ,  S 

Biological Te s t  (Reference)  -CH= CH-

Fungic idal ++ 

( 1 05 ) 

T rypanocidal 

mice ++ + 

(6 )  

Estrogenic 

dose in mg. 1 0  

{ 1 3 5 , 1 06 )  

s 0 
+ +  

+ +++ 

1 00 

NH 

+ +  

J 

I 

... .. 
-
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Compound 

Clo (Jf.-o Cl  

HzN o�?( .. ONHz 

HzN 0 (J$:-NH-hete rocycle  

-
r. · I 

Et .X:..C -CHz -CH -NMez • · I I � CH3 

CH3 (�oAsO  

HzN:.5SQAs0 

HO�� I I  

Mez'N- (g .. 1 1  

� :r. OH 
HOOC

H 
NH-COO 

OH 0" 
NHz 

34Z  

TABLE l Z  

SPECIAL CLASS 

CO, SO, SOz 

Bio logical Test  (Referenct') 

Inse ctic idal 

vs. c lothe s moth 

(88) 

Antibacterial 

vs . pneumococcus 

( l ZO )  

Antibacte rial 

(83 , 1 ZO )  

Analges-ic 

Amidone = 1 00 

(4Z ) 

vs .  T .  pallid urn 

-AsO  = 1 00 

{ 39 )  

vs . T .  pall idum 

S4As0 = 1 00 

(4 1 ) 

Antitube rcular 
in vit ro 

{ 7Z ) 

Ditto 

{94 ) 

c o  s o  SOz 

inacti ve active active 

inacti ve weak active 

inactive active 

1 00 l ZO 

4Z 49 

45 Z9 

7 3 
8 l l Z 

active ina ct ive 
active inactive 
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HO '-

Et 
� 

Compound 

OH 

343 

TABLE 1 3 

SP ECIAL CLASS 

-COO- , CHz -CHz 

Biological Test (Reference)  

Estrogenic 

( l i Z ) 

Vitamin K activity 

( 1 1  Z ) 

- c o - o  -CHz -CHz -

l 00 gamma l 00 gamma 

active active 
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344 

TABLE 1 4  

SPECIAL CLASS 

Spatial Fixation by Ring or Double Bond 

Compound 

I 

�CHz-CHz -N£<2 

<2;2z-CHz -Cl 
I 
Et 

Q9 
_,c, 

0 0 
I I 
CHz-CH-CHz -NEtz 

CQ? CHz -CHz -0 

�z-CHz-NMoz 

.Ji.. 
CHz 

0 

Biol ogical Test (Reference) 

Anti spasmod ic 
vs . acetylcholine 

Atropine = I 00 

(ZZ , 9Z )  

Adrene rgic blocking 

( 1 1 9) 

Analgesia 

( 1 34)  

Antispasmodic 
vs . acetylchol ine 

( 1 9) 

Antispasmodic 
vs . acetyl chol ine , Ba ,  
histamine 

(84 , 1 7 ) 

Antihistamine 

(1 Z6) 

Open Form R ing Form 

I z . 3 14  

z 0 . 7 

+ +  + + +  

strong weak 

active weak 

active less active 

active inactive 
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34 5  

TABLE 1 4  (Cont. )  

SPECIAL CLASS 

Spatial Fixation by R ing or Double Bond 

Compound 

Q2 N -CHz -CHz -NMe z 

0 

Bio log ical Te st (Refe rence) Open Form Ring Form 

Antihistamine 

(79 ) 

Estrogenic 

(3 1 )  

Estrogenic i n  gammas 

( 1 1 5) 

Estrogenic 

a ctive 

1 /4 0 , 000 
of sti lbestro 

0 . 4 

++ 
and Z + + +  

inactive 

active 

+ 
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Compound 

HN--co 
I I 

SC CH 
I I /C Hz 

HN - C -C H -+ 
't Hz 

OC -NH I I CHz C=S  
I . I 
C Hz 7-NH 

I 

....- C Hz- c -s, 
CHz • I c -NHz 

' CHzt C -N, 

0 NH NJH3 
Cl  NH - � -NH( r.  

N � · . 
I R • 
I 

346 

TABLE 1 4  {Cont . ) 

SPECIAL CLASSES 

Spatia l  F ixation by R ing or Double Bond 

B iolog ica l  Test  {Reference) Open Form R ing Form 

Antithy roid 

Thiouraci l  = 1 00 

{ 1 3 7 )  

Antithyroid 

Thiouraci l  = 1 00 

{ 1 09 )  

Ditto 

{ 1 09 )  

Effect on  blood pressure 

{45 )  

Analge s i c  

{ 1 4 ) 

Antimala rial 

( 1 )  

Antimalar ia l  

{ 34 ) 

1 00 1 00 

1 4  1 1 6 

14 1 0  

depressor prea sor 

active inactive 
(Amidone ) 

act ive inactive · 
{Paludr ine ) 

+ + +  + +  
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TABLE 1 4  (Cont. ) 

SPECIAL CLASS 

Spatial Fixation by Ring or Double Bond 

Compound 

Q0 c 
• 
0 

�
CHz 

�:)H -NHz 
CHz 

If /CHz-CHz 
'-cH - 0 - C Hz -CHz -N  -+ - ·  

If /  '-cHz-CHz 

Biological Test (Refe rence )  Open Form Ring Form 

Antitubercular 
active inactive 

(57 )  

Sympathomimetic 
• Vasoconstrictor + + 

P ressor  weak weak 

(66) 

Ditto 

Vasoconstrictor + + 

Pressor  + weak 

(66 )  

Bronchodi lator good good 

(69 ) 

Antihistamine 

Benadryl = I 0. 1 z 

( 1 53 )  
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348 

TABLE 1 5  

SPECIAL CLASS 

Polarity Shift 

TEST Exocyclic Endocyclic 

Analept ic activity oco-NEtz oco-NEtz 

NOz 

(46 ) Active Active 

vs . Hem. strep. 
HzNQSOz -NHO "••Qso.-NHO 

in mice Oz 

(43 )  1 5fo sreater activity than (Sulfapyridine ) 
Sulfanilamide 

Histamine - like 

OCHz-CHz -NHz OcHz -CHz -NHz 
activity 

NOz N 

(90)  None (pressor compound) Weak (0 . 02 x histamine ) 

Panuympathomimetic oO-CO-NMez QO-co-NMe2 

R3N+ 
R+ 

( 1 54 ,  73 ,  3 )  Active Active 

vs . Syphil i s AsO AsO 

UHz 0 
OH OH 

( 1 23) Active Active 
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TABLE 1 5  (Cont . ) 

SPECIAL CLASS 

Polarity Shift 

TEST Exocyc l i c  Endocycl ic  

Ant ibacterial Hexadecyl -N+ -CHz -CH=CHz 
Hexade cyl i NC> vs . Staph. aureu.!l I Mez 

{ 1 46 )  l /Z5 , 000 l /Z 5 , 000 

Antibacterial  
HzNQ SOzNHz NJ sozNHz 

( 1 4 5 )  Active Inactive ? 

L o c a  I anesthetic 
Hz NO cOO-CHzCHz -NEtz ND coo-cHz -CHzNEtz 

(3 0 ) Active Inactive 

Ana lge.!l ic  OOOR 

O
OOR 

NMez N ' 
Me 

( 1 Z9 ) Weak Strong 

0 0 
" (()"' 

Vit. K. activity (X)CH3 

8 
( 1 1 4 ) Potent Weak , but active 
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3 50 

TABLE 1 6 

SPECIAL CLASS 

Reve rsed Polar ity 

T ES T  

't 
Ana lge s i c  c:rQ -CHz -CH3 

-Me 

(8 2 ,  S S )  Deme rol 

Chol ine - l ike 0 • (Mus ca r i n ic ) Me 3 - N+ -CHz -�.:�-CH3 

A cety l chol ine = +++ (Beta ine este r ) 

( 3 3 )  ++ 

A n t i s pa s m od i c  �..... " CH -C -0 - CHz -CHz -NMez 
-/ · · - · - · 

v s .  Histam ine ve ry weak 
vs . Acety l cho l ine mode rate 

( S )  

Anti spa s mod i c ,,  c: CH -C -0-CH,  -CHz -NEtz 
,...... 

· · · - ·  -

(3 5 ) (T ra s entin ) 
0 II 

Ditto 9 -Fluorenyl -f :Q-CHz -CHz -NEtz 

( 3 5 ) (Pava.trine ) 

Local anes thet ic a�-� ·CHz -CHz -P ip< ddiM 

NHz 

(6 1 )  weak ? 

� 

c:r�· CHz -CH] 

� Me 

30 x Deme rol 

0 
+ • 

Me3 -N  -CHz - Q;� -CH3 

(Acetyl - {ormochol ine )  

+ +  

., � 
/ CH -Q:_<;_-CHz -CHz -NMez 

' 
ve ry weak 
m ode rate 

,, � 
/CH- Q:.f -CHz -CHz -NEtz 

' 
Ac t ivity ?  

0 
• 

9 -F luorenyl - Q;.�-CHz -CHz -NEtz 

Activity ? o�Q-CHz - C Hz -P ip< •id•M 

NHz 

Activ ity ? 
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TEST 

Loca l anesthet ic 

(S6 ) 

Antitube rcula r 
mola r cone. for 
stasis  

(72 )  

v s . T .  pall idum 
in vit ro 

fiAsO = 1 00 

(40) 

P r e s s or 
(8S , 66 )  

3S l  

TABLE 16  (Cont. ) 

SPECIAL CLASS 

Reversed Polar ity 

COO Me 

OOH NH'f 
(Orthofo rm) Active 

COOH 
OJH 

NH2 
1 /200 

d. NH[ 
40 

HOO HO <fH-yH-CH] 
R� . .  !'!�..z 

1 / 1 2 epi 

COO Me 

ONH2 oH"" 
(Orthoform new) Active 

COOH 
ONH2 

OH.,;o 

1 /200 

AsO 

ON Hz 
OH_.... 

38 

HOO HO CH-CH-CH3 I I �I!L<?!! 
Inactive 

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

352 

REFERENCES TO TABLES 

I . Acheson , R .  M . , K ing , F. E . , and Spensly , P .  C . , Nature , ill• 53 ( 1 947) .  

2 .  Adams , D .  F. , Biochim.  Biophys .  Acta , ] ,  I ( 1 949) ; CA,  �. 5062 ( 1 949 ) .  

3 .  Aeschlimann, J .  and Reine rt ,  M . , J .  Pha rmacol .  Exp . The rap . , !J ,  4 1 3  ( 1 93 1 ) . 

4 .  Al l e s , G . A .  and Fe igen, G. A . , J .  Pharmacol .  Exp . The rap . , -g, 265 ( 1 94 1 ) .  

5 .  Al les , G .  A .  and Redeman, M. A . , J .  Pha rmacol . Exp . Therap . ,  2! •  338  ( 1 949) .  

6 . Ashl ey ,  J . N. , Barbe r ,  H . J . , Ewins , A . J . , Newbe ry , G. and Self, A . D . H . , J .  Chern . 
Soc . , � . 1 03 .  

7 .  As twood , E . B . , J .  Pha rmacol . Exp. The rap . , !§ .  7 9  ( 1 943 ) ,  

8 .  Be l l , P .  H. and R obl in, R . 0. , J r . , J ,  Am . Chern.  Soc . , 64 , 2905  ( 1 942 ) .  

9 .  Be rge r , F .  M . , J .  Pharmacol .  Exp .  The rap. , � .  4 7 0  ( 1 948) .  

1 0 . Be rnste in , S. , Oleson,  J . J . , R itte r ,  H. B. and Sax , K. J . , J .  Am. Chern. Soc . , !! •  2576 
( 1 949) .  

1 1 .  B ie l ,  J .  H. , J .  Am. Chern. Soc . , 1! .  1 306 ( 1 949). .  

I Z . Bla i r , D. M . , Hawking , F. , Meeser , C. V. and Ross , W. F. , Brit . J. Pharmacol . , 
.!· 68 ( 1 949) .  

1 3 . Bl icke , F .  F. and Chanin , M. , Abstracts A .  C. S. Meeting , Apr .  1 946 , S4K . 

1 4 .  Bl icke , F . F. and l(rapcho , J . , Abstracts A .  C.  S. Meeting , Ap r .  1 94 8 ,  lK. 

1 5 . Bl icke , F. F. and Tsao ,  M .  U . , J. Am. Chern. Soc. , � .  1 6 4 5  ( 1 944).  

1 6 .  Bloch, H. , Brubach ,  G . , Erlenmeye r , H. and Sute r , E. , Helv. Chim. Acta , !Q ,  539 
( 1 94 7) .  

1 7 . Bockmiihl , M. , Erhart , G. , Eisleb,  0. and Stein, L . , U. S. 2 , 446 , 522 ( 1 948).  

1 8 . Brets chne ide r , H. , Monatsh. , 76 ,  355  ( 1 947 ) ; CA. � .  3.359h ( 1 948) .  

1 9 .  Brown, B. B. and Werner , H. W. , J .  Pharmacol . Exp. Therap. , 9 7 ,  1 57 ( 1 949).  

20 .  Burgen , A. S. V.  , Brit . J.  Pharmacol . , ,!, 2 1 9  ( 1 949) .  

Z l .  Burtner ,  R .  R .  and Cus ic , J. W . , J ,  Am. Chern. Soc . , � .  262 ( 1 943) .  

22 .  Burtner , R .  R .  and Cus ic , J .  W . , J ,  Am.  Chern. Soc. , � .  1 582 ( 1 943 ) .  

Zl .  Burtne r , R . R .  and Lehmann, G. L . , J .  Am. Chern. Soc . , 6 2 ,  527  ( 1 940).  

24 . Buth , W . , l<iilz , F. , and Rosenmund , K. W . , Ber . !!!! • 1 9  ( 1 9 39) .  

2 5 .  Bywate r ,  W .  G. , Coleman , W .  R . , Kamm , 0 .  and Merritt, H . H. , J .  Am . Chern. Soc. • 

� .  905 ( 1 945 ) .  

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

3 53 

Z6 .  Bywate r ,  W .  G. , McGinty , D .  A .  and Jenese l , N. D . , J .  Pha rmacol . Exp . The rap . , 8 5 ,  1 4  
( 1 94 5 ) . 

l 7 .  Campa igne , E .  E . , Sta rke , A .  C . , J r . , Fosdick ,  L . S .  and Dragstedt , C .  A. , J .  Pharmacol . 
Exp . Therap. , l! • 59 { 1 94 1 ) .  

2 8 .  C heney , L .  C .  and Bywate r ,  W .  G. , J .  Am .  Chern . Soc . , 64 , 970 ( 1 942 ) .  

29 .  Cheney , L .  C .  Smith, R .  R .  and B inkley , S .  B. , J .  Am. Chern . Soc . , ll· 53 ( 1 949 ) .  

3 0 .  Chiang ,  M .  C .  and Hartung , W .  H. , J .  Org.  Chern . , !.Q, Z6 ( 1 945 ) .  

3 1 .  Clark ,  E .  Fl .  and L innel l , W .  H . , J .  Pha rm. and Pha rmacol . , � ·  Z l l .  

3 2 . C ope , A .  C . , Kovac ic , P .  and Burg , M .  M . , J .  Am.  Chern.  Soc . , I! ,  3658 ( 1 949 ) .  

3 3 .  C ra ig ,  L.  E . , Chern . Rev . , 4 Z ,  Z85  ( 1 948) . 

34 .  Cu rd ,  F . H. S .  and Fl os e ,  F .  L . , Chern . and Ind . , 1 946 , 75 ,  

1 5 . Cus i c , J .  W .  and Robinson, R .  A . , U . S .  2 , 480 , 224 ,  CA. 44 , 1 1 40 { 1 950 ) .  

36 .  Dawes , G .  S. , J .  Pharmaco l .  Exp. The rap. , 84 , 1 60 ( 1 945 ) .  

3 7 .  Denton, J . J . , Turne r ,  R . J . , Ne ie r ,  W . B . , Lawson,  V. A .  and Sched l , H. P . , J .  Am .  
Chern . Soc . , Z L  2048 , 2050 ( 1 949) .  

38 .  Eagle , H . , Doak , G .  0. , Hogan, R .  B .  and Ste inman , H .  G . , J .  Pha rmacol .  Exp .  Therap . , 
l!l .  2 1 1 { 1 940) .  

39 .  Eagl e ,  H . , Hogan ,  Fl .  B . , Doak , G.  0. , and Ste inman, H .  G. , J .  Pharmacol .  Exp . The rap. , 
11). 2Z l  ( 1 940) .  

40.  Eagle , H. , Hogan ,  R .  B. , Doak , G.  0. , and Ste inman, H. G. , J .  Pharmaco l .  Exp . The rap. , 
7.1 ,  Z I O  { 1 942 ) .  

4 1 .  Eagl e ,  H . , Hogan ,  R .  B. , Doak , G . 0. , and Ste inman, H. G. , J .  P harmacol .  Exp. The rap. , 
!!..! . 1 42 ( 1 944 ) . 

4 2 .  Eddy , N . B . , Touchbe r ry ,  C .  F .  and Liebe rman,  J .  E . , J .  P harmacol .  Exp . Therap . , 98 ,  
1 2 1  ( 1 9 50 ) .  

4 3 .  Erlenmeye r ,  H. , Aebe rl i ,  M .  and Sorkin, E . , Hel v .  Chim. Acta , lQ ,  Z066  (1 947 ) . 

44 . Er l enmeye r ,  H. , Becker , C . , Sorkin, E . , Bloch ,  H. and Sute r ,  E . , Helv ,  Chim . Acta , 
!Q ,  2058 { 1 947 ) .  

4 5 .  Erlenmeye r ,  H .  and Jung , J . P . ,  He lv .  Chim. Acta ,  Jl ,  3 5  ( 1 949) .  

4 6 .  E rlenmeye r ,  H. and Jung , J . P . , and Sorkin, E . , Helv. Chim. Acta , £2 ,  1 960 ( 1 946 ) .  

47 .  E r lenmeye r ,  H. and Kle ibe r ,  A . , He lv .  Ch im.  Acta , � .  I l l  ( 1 938 ) .  

48 .  E rlenmeye r ,  H.  and More l ,  C .  J . , He lv. Chim. Acta ,  28 ,  362 { 1 945 ) .  

49 . Er lenmeye r ,  H. and Mulle r ,  M . , Helv. Chim. Acta , !!• 9ZZ { 1 94 6 ) .  

5 0,  E rlenmeye r , H. and W i l l i ,  E . , Helv. Chim .  Acta , !_!,  740 { 1 935 ) .  

5 1 . Fastie r ,  F .  N. and Smi rk ,  F .  H. , J .  Pharmacol .  Exp. The rap. , !2 •  Z56 { 1 947 ) .  

5 2 .  Fe instone , W . H . , F riedman ,  H . L . , Rothlauf,  M . L. , Ke l ly ,  A. M . , and Wi l l iams , R . J . , 
J .  Pharmacol . Exp. The rap . , !2• ! 53 { 1 947 ) .  

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

3 54 

5 3 . Fe ldkamp , R .  F. and Faust ,  J .  A . , J .  Am. Chern .  Soc . , 1J ,  40 1 2  ( 1 949 ) .  

54 .  F i ese r ,  L .  F .  and R ic ha rdson ,  A .  P . .  J .  Am.  Chern. Soc . , IQ ,  3 ! 56 ( 1 948 ). 

5 5 .  Foste r ,  R .  H .  K .  and Carman ,  A .  J .  , J .  Pha rmacal .  Exp .  The rap. , 2J ,  1 9 5  ( 1 947) .  

56 .  F rankel , S . , A rzne imittel  Synthes e ,  Sp r inge r 1 927 .  

,; 1 .  F reedlande r ,  B. L. , Am.  Rev .  Tube rc . , 49 ,  543 ( 1 944) .  

58 .  F r iedman ,  H .  L. , B raitbe rg ,  L .  D. , Tol stoouhov , A .  V .  and T i sza ,  E .  T . .  J .  Am . Chern. 
Soc . , 69 ,  1 79 5  ( 1 94 7 ) .  

59 .  F r iedman ,  H. L .  and Tol s toouhov,  A . V . , U . S .  2. , 46 5 , 865 .  CA. 4 3 , 6 244d { 1 949) .  

6 0 .  F romhe rz , K .  and Sp iegelbe rg ,  H . , He l v .  Phys iol .  Acta , f! ,  42 ( 1 948 ) .  

6 1 .  Ga ind , K. N .  and Vohra , P .  N . , J .  Ind ian Chern . Soc . , � .  9 ( 1 946 ) ;  CA ,  !Q .  57092 { 1 946). 

6 2 .  Gi lman , H .  and P ickens , R . , J .  Am.  Chern.  Soc . ; !] ,  24 5 { 1 925 ) .  

6 3 . Halpe rn , B .  N. , A rch .  inte rn. pha rmacodynamie , � .  1 49 ( 1 9 38 ) .  

64 . Hambourge r , W .  E. and Jamieson ,  R .  B . , J r . , J .  Pha rmacol .  Exp. The rap . , 2.!! . 53 ( 1 936) . 

6 5 .  Hansen , H .  L .  and Fosd ick ,  L .  S . , J Am .  Chern. Soc . , 5 5 ,  2 8 7 2  ( 1 9 3 3) .  

66 .  Ha rtung , W .  H . , Ind . Eng .  Chern . , B ·  1 2.6 ( 1 945 ) ;  Chern.  Rev . , 2 ·  389 ( 1 9 3 1 ) .  

6 7 .  Hartung , W .  H . , Munch ,  J .  C .  and Cros s ley , F .  S . , J .  Am .  Chern. Soc . , 5 7 ,  1 09 1  { 1 935) .  

68 .  Haza rd , R . , Cheymol , J . , Chabr ier , P . , Sma rzewska , K . , Compt . rendu, 226 , 1 850 
( 1 94 8) .  

69 .  He inze lmann, R .  V. ,  Aspe rgren,  B .  D .  and Hunte r ,  J .  H. , J .  Org .  Ch-ern . , 14 ,  907 ( 1 949) . 

70 .  Henne , A .  L. , J .  Am. Chern . Soc . , 59 ,  1 200 ( 1 9 3 7 ) .  

7 1 .  Hew itt , R . I . , Gumble , A . , Kushne r ,  S . , Saf ir , S. R . , Brancone , L .  M .  and Subbarow , Y . , 
J .  Pharmacal .  Exp .  The rap. , 9 6 ,  305 ( 1 949) .  

72 .  H i rt ,  R .  a nd  Hurni , H . ,  He lv .  Chim. Acta , ,g ,  378 ( 1 949 ) . 

7 3 . Hoffman - !. a Roche , F. and Co . , Sw iss  246 , 834 .  CA , 4 3 , 5050d ( 1 949) .  

74.  Hoggarth , E . , Martin , A .  R . , Storey , N. E. , Young , E. R .  P . , B rit .  J .  Pharmacal . , !•  
248 { 1 949 ) .  

7 5 .  Halpieu ,  H.  R . , Kitche l ,  J .  H .  and Weathe rby ,  J .  H. , J .  Pha rmacol . Exp. The rap . , �. 
39 5  ( 1 940) . 

76 .  Hunt , R .  and Renshaw , R .  R . , J .  Pharmacal .  Exp. The rap. , � . 3 1 5  ( 1 925) .  

1 1 .  Hunt , W .  H.  and Fosbinde r ,  R .  J . , J .  Pharmacal .  Exp . Therap . , 75 ,  299 ( 1 942) .  

78 .  Huttrer , C .  P .  , Enzymologia , g, 277 ( 1 948) .  

79 . Huttre r ,  C . P . , J .  Am . Chern.  Soc . , 1! .  4 1 48 ( 1 949 ). 

80.  Huttre r ,  C . P . , Dje ras s i ,  C . , Beears , W. L. , Mayer ,  R . L . , and Scholz , C . R . , J .  Am. 
Chern . Soc . , 68 ,  1 999 ( 1 946 ) .  

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

3 5 5  

8 1 . J e nkins , G. L .  and Ha rtung , W .  H. , The Chemistry of Organic Medicinal P roducts , 
W i ley , 1 949 . 

8Z . J e ns e n ,  K. A. , L indquist , F . , Rekl ing , E. and Wolffbrandt ,  C .  G. , Dansk.  Tid s .  Fa rm. , 
!] ,  1 7 3 ( 1 943 ) ;  C A ,  � .  Z 5066 ( 1 94 5 ). 

8 3 .  Johns on , 0. H. , Green ,  D .  E .  and Pauli , R . , J .  Bioi . Chern. , ill • 3 7  ( 1 944 ) .  

84 .  Kle ide re r ,  E .  C . , R ic e , J .  B . , Conques t ,  V . , Wi l l iams , J .  H . , Department of  Comme rce , 
P B - 9 8 1 , July 1 945 .  

85 .  Kovacs , J .  and Horvath, T . , J .  Org .  Chern. , !j ,  306  ( 1 949 ) .  

86 . Kushne r ,  S . , Branc one , L . M . , l:fewitt ,  R . I . , McEwens , W. L, ,  Subbarow ,  Y. , Stewart,  
H .  W. , Tu rne r ,  R .  J . , and Denton , J .  J . , J .  Org .  Chem. , !..!• 144 ( 1 948) .  

8 7 . Kushne r ,  S . ; Dala l ian ,  A . , Ca s s e l l ,  R. T . , Sanjurj o ,  J . L . , McKe nz ie , D. and Subbarow , 
Y . , J .  Org.  Chem. , !] , 8 34 ( 1 948) .  

88 .  Lauge r ,  P . , Ma rtin ,  H .  and Mull e r ,  P . , Helv.  Chim.  Acta, lr•  89Z ( 1 944 ) .  

89 .  Lee , H . M . , Dinwiddie , W . O. and Che n ,  K . K. , J .  Pharmac ol. Exp . The rap . , !2 •  8 3  ( 1 94 7 ) .  

9 0 .  Lee , H. M.  and Jone s , R .  G. , J .  P ha rmacol . Exp . The rap. , � .  7 1  ( 1 949) .  

9 1 . Le hmann , G. and Knoefe l , P .  K. , J .  Pha rmacol . Exp. The rap. , � .  4 5 3  ( 1 9 3 8 ) .  

9 Z .  Lehmann , G .  and Knoefe l ,  P .  K . , J .  Pha rmacal . Exp. The rap. H .  Z 74 ( 1 94Z) .  

9 3 . Lehmann, G. and Randall ,  L .  0. , J. Pha rmaco l .  Exp . Therap. , i1 •  1 1 5 ( 1 9.48 ) .  

94 .  L e hmann ,  J . , Lanc e t ,  Z50 , 1 5  ( 1 946 ) .  

9 5 .  Le rman , J .  and Ha r ington,  C .  R . , J .  C i in. Endo c rinol . , .2_ ,  1 099 ( 1 949 ) .  

9 6 .  L ipschitz , W. L.  and Had idian,  Z . , J .  P ha rmacol .  Exp . The rap. , !!· 8 4  ( 1 944 ) .  

9 7 .  L.oew , E . R . , Ka ise r ,  M .  E .  and Moore , V . , J.  P ha rmacol .  Exp . The rap . , � .  l ZO ( 1 94 5 ) .  

9 8 .  Long , L .  M . , F i rst Nat! .  M e d .  Che m .  Symp. , A m .  Chern.  Soc . , 1 94 8 , 1 1 4 . 

9 9 .  L ott , W. A . , T rans .  N. Y .  Acad. Sc i . ( I I ) , !J ,  Z ( 1 948) .  

1 00 .  Loubatie re s , A . , C ompt. rend .  soc . bioi . , ill • 1 5 5 ( 1 949 ) ;  CA , il• 9Z 38e ( 1 949 ) .  

1 0 1 .  Macht ,  D. I . , Brya n ,  H . F .  and Qrum be in,  M. L . , J .  Pha rmacol . Exp . The rap. , �. Z79  
( 1 938) .  

l O Z .  Mann ,  F . Q .  and Porte r ,  J . W . Q. , J .  Chem . Soc . , 1 94 7 , 9 1 0 .  

1 0 3 .  Ma rt�h ,  D .  F . , J .  Pha rma col .  Exp. The rap . , � ·  1 9Z ( 1 948 ) .  

1 04 .  Ma rsh ,  D .  F.  , Relationship between chemical c onstitut ion and anti histam inic activity 
(mimeog raphed ) Morgantown ,  Va. , 1 949.  

1 0 5 .  Marsh , P .  B. , Butle r ,  M . L .  and Clark , B. S. , Ind.  Eng.  Chem. , !_!, Z l 76 ( 1 949 ) .  

1 06 .  Mas son ,  G . , Rev .  can . bioi . , � . 49 1 ( 1 944 ) .  

1 07 .  McElvain , S. M.  and Ca rney , T .  P . , J .  Am . Chem.  Soc . , �. Z59Z  ( 1 94 6 ) .  

1 08 .  M cG inty , D. A .  and Bywate r ,  W . C . , J .  Pha rmacol . Exp . The rap. , §_? ,  1 Z9 ( 1 945 ) .  

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

356  

1 09 . M cGinty , D.  A.  and Bywate r , W . C . , J .  Pharmacol . Exp . Tberap . , � .  342 ( 1 945). 

1 1 0. M e ie r ,  R .  and Hoffmann , K . , Helv. med. Acta , 1 .  1 06 ( 1 94 1 ). 

1 1 1 . Melvill e ,  K. I .  and Stehle , R . L. , Can. J. Research � , 9S ( 1 944) .  

1 1 2 .  Mentze r ,  C . , Gley , P . , Molho , D. and Billet , D. , Bull .  Soc . Cbim. , 1 946 ,  27 1 . 

I I 3. Metcalf ,  R .  L. , Mode of Action of Organic Insecticides , Nat ' l  Rea .  Counc il , Wash. , D. C. , 
1 948 ) . 

1 1 4 . Meunie r , P . and Mentze r ,  C . , Bull . soc . chim. biol. , � .  80 ( 1 94 3) .  

l i S . M iesc he r ,  K. , Chern. Rev. , !J ,  367 ( 1 948) .  

1 1 6 . Mille r ,  0. H. and Fische r ,  L. , J .  Am. Pha rm. Assoc. , Sc i . Ed. , !Q, 4 S  ( 1 94 1 ). 

1 1 7 . Mol itor , H. , J. Pha rmacol . Exp. Therap. , � .  3 3 7  (1 936) . 

1 1 8 . Moore , M .  B. , J . Am. Pharm. Assoc . , Sc i .  Ed . , _ll , 1 9 3  ( 1 944) .  

1 1 9 . Nicke rson , M. and Gump , W . , J.  Pharmacol . Exp. Tberap . , 2,!. 2 S  ( 1 949) . 

1 20 .  Northey , E . H. , The Sulfonamides and Allied Compounds , Re inbold , 1 948.  

1 2 1 .  Orestano , G. , A rch.  ital .  sc i .  farmacol . , ! • 3 5 3  ( 1 939) ;  CA, }j, 1 926 ( 1 945 ) .  

1 2 2 .  P relog ,  V . , Juhasz , S . , Rezek , A. and Stern, P . , Hel v. Chim. Acta , y, 907 ( 1 942 ) ;  
C A ,  Jl ,  1 2 263 ( 1 943 ) .  

1 2 3 .  Ra iziss , G. W . , Seve rac , M .  and Clemence , L .  W . , U. S. 2 , 4 76 , 5080 C A ,  fl, B l OSe ( 1 949) . 
1 24 .  Ramsey , H. and R icha rdson, A. G. , J. Pharmacol.  Exp. The rap. , !_2 ,  1 3 1 ( 1 947 ) .  

1 2 5 .  Randall , L.  0.  and Lehmann, G. L. , J . Pharmacol . Exp. Therap. , !!• 3 14  ( 1 948) .  

1 26 . R ieveschl , G. , First Nat' l  Med . Chern. Symp. , Am . Chern. Soc . , !_2!!, 125  (oral 
presentation). 

1 2 7.  R ieveschl ,  G. , U. S . 2 , 48 3 , 436 ( 1 949) .  

1 28 .  R ohmann , C .  and Scheurl e ,  B. , Arch.  Pha rm . , ill • 1 1 0 ( 1 9 36 ) . 

1 29 .  R ubin ,  .M .  and Wishinsky , H. , Abs . A. C . S. Meeting , April 1 946 ,  S3K.  

1 3 0 .  Scholz ,  C .  R . , Ind .  Eng. Chem . , 11 .  1 20 ( 1 945 ) .  

1 3 1 .  Schuele r ,  F. W . , Sc ience , !..Q} , 2 2 1  ( 1 946 ) . 

1 32 . Se ifte r , J. and Ehrich,  W .  E . , J. Pha rmacol . Exp. The rap. , 92 , 303  ( 1 948) .  

1 3 3 .  Shaffe r ,  C .  B. and C ritchfie l d ,  F.  E . , J. B iol . Chern . , ill • 489  ( 1 948) .  

1 34 .  Shap i r o ,  D. , J .  Org.  Chern. , !_!, 839 ( 1 949) .  

1 3 5 .  Solmssen ,  U. V. , C hern. Rev. , !?• 481 ( 1 94 5 ) .  

1 36 .  Sp ie lman , M. A. , F i rst Natl . M e d .  Symp . , Am. Chern. Soc . , !l!! • 1 1 9 .  

1 37 .  Stanley , M . M. and Astwood , E. B. , Endocrinology , !_! , b6 ( 1 94 7) .  

1 38 .  Stllnley , M . M .  and Astwood , E. B. , Endoc rinology , !! .  6 6  ( 1 94 7 ). 

http://www.nap.edu/18474


First Symposium on Chemical-Biological Correlation, May 26-27, 1950

Copyright National Academy of Sciences. All rights reserved.

� 5 7  

1 39 .  Stewart ,  H .  W. , Turne r ,  R .  J . , Denton, J .  J . , Kushne r ,  S . , Branc one , L .  M. , McEwen,  
W . L. , Hewitt , R . I .  and Subbarow ,  Y . , J .  Org. Chern . , !],  1 34 ( 1 94 8 ). 

1 40 .  Sute r ,  C .  M. , Chern. Rev. , 1.§, 269 ( 1 94 1 ) .  

1 4 1 .  Swanson,  E .  E.  and F ry ,  W. E. , J . Am. P harm. As soc . , Sci .  Ed. , �. 509 ( 1 940 ) .  

1 42 .  Tabe rn, D . L .  and Vo1wil e r ,  E .  H. , J .  Am . Chern.  Soc . , 57 , 1 96 1  ( 1 9 3 5 ). 

1 4 3 . Tainte r ,  M .  L. , Arch. intern. pha rmacodynam ie , 4 2 ,  1 28 ( 1 932) .  

1 44 .  Thompson, R .  L. , W ilkin , M .  L. , Hitchings , G.  H .  and Rus s e ll ,  R.  B . , P roc .  Soc . Exp. 
B ioi . Med .. , ll ·  1 69 ( 1 949 ). 

1 4 5 .  Ties le r ,  A. E . , U . S .  2 , 349 , 06 0 ,  CA,  39 ,  820 ( 1 945) .  

1 46 .  Valko , E .  I. and DuBoi s , A. S . , J .  Bact. , 50 ,  4 8 1  ( 1 94 5 ). 

1 47 .  Vaughan ,  J . R . , Anderson,  G . W . , Clapp , R . C . , Cla rk ,  J . H . , Engl ish ,  J. P . , Howa rd , 
K .  L . , Marson,  H. W . , Suthe rland , L. H. , and Denton, J. J . , J. Org. Chern. , 1 4 ,  2Z8 
( 1 949). 

1 4 8 .  Viaud , P . ,  P roduits pharm. �. 53  ( 1 947) .  

1 49 .  Wagne r -Jauregg , T. , The rapeutische Chemie , Hube r ,  1 949. 

1 50. Welch, A. D. and Landau, R .  L. , J .  Bioi .  Chern. , 1 44 ,  581 ( 1 942) .  

1 5 1 .  Welch ,  A. D.  and Roepke , M, H. , J .  Pha rmacol . Exp.  The rap. , !2 ·  1 1 8  ( 1 9 35 ) .  

1 52 .  W i ck , H. , Arch. exp. Path. P harmakol . , 205 , 490  ( 1 948 ) ;  CA, 1], 7 1 37c ( 1 949 ) .  

1 5 3 .  W right ,  J . B . , Kolloff ,  H. G.  and Hunte r ,  J . H. , J .  Am . Chern. Soc . , IQ ,  3098 ( 1 948 ) .  

1 54.  Wuest,  H . M. and Sakal , E . , Abs . A. C , S.  Meeting , March 1 949 ,  7k. 

http://www.nap.edu/18474



