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A series of aminoester hydrochlorides, which are antagouists of acetylcholine and histamine at postganglionic
receptors, have been synthesized. Their activity has been successfully correlated by Hansch linear free energy

relations involving polar, steric, and partition substituent constants,

teractions.

Hansch and his coworkers! have developed linear
free energy relations which can correlate biological
activity and chemical strueture. The relations, 1
and 2, together with simplified versions, have been
proposed to relate the molar concentration, Cy, of a
substituted compound of a series, which all cause an
equivalent biological response, to the hydrophobic

log (1/Cy) = —an?+ br + po + ¢ 1)
log (1/Cy) = br -+ po + ¢ 2)

bonding or partition constant, =, and the Hammett
constant, . The constants a, b, p, and ¢ are obtained
from the regression analysis and define the response
of the biological system to structural features. The
partition constant, =, is defined from a model system
with partition between l-octanol and H,0.:? The
Hammett substituent constants are measures of the
polar effects of meta- and para-substituted benzene
derivatives.® However, o1 values could be used to
correlate polar effects in aliphatic systems.! Steric
effects can be estimated in these systems by the steric
substituent constant, £,> These two latter parameters
have been used very successfully in the Taft-Ingold
equation (3) to correlate reactions which depend on
both factors.>¢

log (k/ke) = proy + 8Ey (3)

Recently, Cammarata” has shown that the electronie
polarizability, P, can be used in correlating biological
activities. This parameter could relate either the
charge transfer ability or spatial demands of the sub-
stituent.

Many studies have been made of the structure-
activity relations for antagonists of acetylcholine at
the postganglionic receptors.® These drugs interfere
with the transmission of nerve impulses mediated by
acetylcholine at the junctions of the postganglionie
cholinergic nerves. The best-known antagonist at
these sites of the ‘“musecarine-like’”’ actions of acetyl-
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and 8. M. Anderson, J. Org. Chem., 82, 2583 (1967).

(3) H.H. Jaffé, Chem. Rev., 68, 191 (1953).

(4) (a) R. W. Taft and I. C. Lewis, J. Amer. Chem. Soc., 80, 2436 (1958):
81, 5343 (1959); (b) M. Charton, J. Org. Chem., 28, 1222 (1964).

(5) R. W. Taft in "'Steric Effects in Organic Chemistry,”” M. S. Newman,
Ed., John Wiley & Sons, Inc., New York, N. Y., 1856, Chapter 13.

(6) K.Bowden and R. C. Young, Can. J. Chem., 47, 2775 (1969).

(7) A.Cammarata,J. Med. Chem., 10, 525 (1967).
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The results are related to receptor—drug in-

choline is atropine. A vast number of esters of amino-
aleohols have been studied and their activity usually
is measured by their ability to antagonize contractions
in isolated guinea-pig ileum. Histamine can also
stimulate the ileum. It probably has a site of action
distinet from that of acetylcholine, but similarities
exist.® Many antagonists of acetylcholine also in-
hibit the action of histamine but to a different degree.

In the present study, a series of aminoester hydro-
chlorides have been synthesized and their antagonism
to acetylcholine and histamine has been measured.
These activities have been correlated using structural
parameters and the results related to drug-receptor
interactions.

Experimental Section'

Acids, Acid Chlorides, 2-Dialkylaminoethanols, and 2-Dialkyl-
aminoethyl Chlorides.—These compounds were prepared by
known methods!'~'? and, after purification, had physical con-
stants in good agreement with literature values, except for the
acid described below.

2-Chlorofluorene-9-carboxylic Acid.—This acid was prepared
by metalation of 2-chlorofinorene with ethereal n-BuLi, followed
by treatment with solid CO..'% After recrystallization from
MeOH-H:0, the colorless acid had mp 213-215°. Anal. (Cis
HiCl, 0,)C, H, C}, O.

Ester Hydrochlorides.—These were prepared by reacting either
the acid chloride with the dialkylaminoalcohol in CsHg or the
acid with the dialkylaminoethyl chloride in +~PrOH or PhMe. !
An exception to this is 2-diethylaminoethyl 2-aminofluorene-9-
carboxylate - HCl, which was prepared by direct reduction of the
2-nitro ester hydrochloride.” The ester hydrochlorides were
purified by recrystallization, sometimes after conversion into base
and treatment with ethereal HCI (see Table I).

pK, Values of the Ester Hydrochlorides.—These were deter-
mined in 309 v/v EtOH-H,0, at 25 (£0.1)°, at 0.004 3} concen-
tration using a method described previously.’* Thoze fluorene es-
ters having an unsubstituted 9-position have a second pK, due to
formation of the carbanion at higher pH (pK, of diethylamino-
ethyl fluorene-9-carboxylate is approximately 12 in H:0). The
likelihood of interference from this second ionization is consid-
erably reduced in 309, EtOH-H,O due to the differential effect

(9) /a) Reference 8b Chapter X; (b) D. J. Triggle, "Chemical Aspects of
the Autonomic Nervous System,"” Academic Press Ltd., London, 1965, p 120.

(10) Melting points were determined on a Kofler hot-stage microscope and
are corrected. Where analyses are indicated by symbols of the elements,
analytical results were within £0.4%; of the theoretical values.

(11) R. R. Burtner and J. W, Cusic, J. Amer. Chem. Soc., 65, 262, 1582
(1943).

(12) (a) J. D. Dickenson and C. Eaborn, J. Chem. Soc., 2337 (1959);: (b)
K. Bowden, N. B. Chapman, and J. Shorter, 1b1d., 5239 (1963).

(13) (a) N.Loefgren and B. Lundqvist, Svensk. Kem, Tidskr., 58,206 (1946):
(b) J. W. Cusic and R. A. Robinson, J. Org. Chem., 16, 1921 (1951): (c)
A. L. Mndzhoyan, G. L, Papayan, and N. M. Organdzhanyan, Dokl. Akad.
Nauk Arm. SSR, 81, 37 (1960) (see Chem. Absir., 55, 9446 (1961)): (d)
H. E. Zaugy and B. W. Horrom, J. Amer. Chem. Soc., T2, 3004 (1950): (e)
P. N. Craig I. H. Witt, E. Macko, J. G. Dacanoy, E. J. Fellows, and G. E.
Ulltyot, ibid., T8, 1339 (1951).

(14) K. Bowden, M. Hardy, and D. C. Parkin, Can. J. Chem., 46, 2929
(1968).
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Tapue I
ANTAGONIST AcTiviry, pR, VALUEs, AN Pavsican Prorvermies or AMiNousTER HybrocHLoxipes
DA
Mntagenizsm® o in 50"
Neetyi- is- echanol-
Aminoester hydrochloride  choline, tamine, wacer < M, 20 -
RCO.CH:CH:.NEt:HCL B* oz (1 €0 log i1/Ce)  ac 257 Fonnd Lirs Formala Aot

1 PhCHa 145 4 005 N 06 i bp 125

2 Ph,CH LN, G 54 T2 PEE-112 b2

3 Ph.CMe G 72 A 91 T NG 161162 161 162

4 Ph,CCH,CH==C11, 2Tl . 664 7.76 106- 17 1ON. 5110

5 XaCH G 91, 6. 60, 7.79 157158 159160

G TxCH 5ONTa 6. 96, 707 193195 105

7 AuCH 6oL 7.30, T80 165169 170171

~ FICH G 50 097, 786 141-142 145-144

9 FICAle (. 46- 679 7 154155 PER-12007 CarHagCIN O, C.HOCL N o
10 FICCH,Me SO TN 6. 42 7 171-172 168169

11 FICCHMe; 5oL 6. 20, 7 202-203 ! g CIN O CoH.CLNDO
12 FIC(CH.)Me 5 Gty 591, n 133134 g CuHypCINO, ¢ o, CLN O
13 FICCMe; RO B 5492 7 194195 K CuHapCIN O, C,H, CLN a
14 FICCH,Ph 170, 480, 7. 116~ 118 r CerHyCIN O, CoH.CENCO
15 FICOH G54 6. 149 70D 108 204

16 2-Br(FICH>» 5. 69, 5625 7.5 152.5-153.5H K CoHuBrCINO. ¢, H, B, CLNLO
17 2.CI(FICH) 6. UN. .90 778 14951507 T CaoHauCLN Oy C.H, CL N O
IR 2-OH(FICH) VAVES 021 7083 215-212 ! CapHuCINO; ¢, H, CLN, O
19 2-0Me(FICH Lty 3830 781 PR . Ca HygCIN O, ¢, 1, CL N a
20) 2-NOu(FICH S, 5.5304 120 121 J (s Has CINL O, C.H,.CLN, O
21 2-NH.(FICHY 520, 5.01; T8 0293 0204
22 FICH(NMe. oo, 3654 746 145 L CrvHapCIN O, . H.CLN O
23 FICH(NBuy) 5.0 304 711 154 165
24 FICH(Trap} Toun T 06y N T4 204 -205 200-201
24 FICH (PropNlirs 110 .02 141142 145144

(5o values (M ) ave normally reproducible 10 less than =8¢ aud ave the average of, ui leas1, two separate deternminmuions.  Airopine

sulfate has a value of log (1 i) equal ro 7.63, for antagonism to acetylcholive nnder the same canditions.

at least, two determinations and ave reproducible to =0.03 unit.

O QD XD -

PR, values arve the nverage of,

sge

NMe; = 2-Me;sN(CHa jy ester: NBuy = 2-n-BwN ester; Trop = (ropan-3ae-yl ester; PropNLEt. = 3-dimethylamiuopropyl esier

= References 11 and 16.
confirmed purity.
firmed purity. ¢ Colarless veedles rom ~-PrOH.

needles from Phile. 7 Pale vellyw needles frani EtOQAe-7-PrOH.

of the solveut change ou the 1onizations.  The pA, values of 1he
ester hydrochlorides in thix medium will be close to these in
Hs0.%  The 2-nitra ester gave no characteristic inflection point
in the titration aud a greeu colaration of the solution with blue
fluorescence conld be observed, indicating formation of the
carbaniot.  The valaes fruud arve showu in Table 1.
Pharmacology.-~The autagouist activity to acetylcholine
1ACh) was assessed oy the isnluted guinea pig ilemm. The
ilen was suspended in oxvgenated Tyrade's solution at 38
(£0.5)°  After regular responses had been obtained, the au-
tagonist was added a1 least 2 min prinr tn stimulation with
ACh-Br (0.442 M5, The comractions were eliched at regular
intervals of, normally. hwin,  Each camponnd was tested 1w, at
least, four concemralions ol segiients of 1erinal ilewn of, a1
lenst, two gninea pigs. The activity, (', was obtained as the
dose required to pradace i 57 inhibition of spasm induced
by ACh by imerpolation.. The ussessment of the antagonism
10 histamine wax covdacied in a similar wanuer, using the ilenm
suspended in Tyrode's salution eonraining histamine-2HCL  1n
Table T are shown the log ¢1 (7, valnes.  Far those componnds
that had heen previausly 1ested, -2 1he relative values ob-
Laived compared closely. in almest every caxe, with those 1u this
sutdy.  All the pharmacobyzical resulis were obtained by Pro-

(13) 1a) LB A, Guseva and 1+ AL Porai-Noshi o, Rewktsionunya Sposobrost
Organ. Soedin,, Partush. Gos. Unie. 2, 209 01985 1) 8. G. Knznetsav and
Io. V. Roginskaya, Zh. Obsheh. Rhvm., 83, 1570 {1063,

(16) (a) H. Sternbaci and 3. Kaiser. ihiv., T4, 2214 (1952); 1 A. Engel-
hardt and H. Wiek, drenetn.-F T, 217 (¢ ‘) (. Lehmann and
. K. Knoefel, J. Pharmecal, Erp. Thevap, T4, 217, 254 110421,

e

7 Wax-like salid erystallized froni oil after desiccating and had an indistinet melting point.
¢ Paor agreenient between literature and found melting point could not be reconciled.
¢ Colorless platezx from 7~PrOH.

Analvsis resulis
Our aualyical result= coun-
kColorless plates fromy ~PrihH. 7 Pale vellow

k Pale vellow needles frotn -PrOH-Et0.

fessorJ. J. Bein, Dr. IR Jueques, and their cowarkers ao Ciba Lud.,
Bazsle, Switzerland, (o whom the anthars arve extremely graeful.

Calculations. Substituent Constants.---The palar ~ubsiiinem
constants were either obtained from the literature o, o
from onr previansly published study (o1).%  Thesteric subsuiinem
voustants, E., required were also abtained froni 1he latier sindy.
The electranic polarvizabilities, P., were calculated {rom liera-
(ure data.™  All these values are shawu in Tables IT and Iil,
together with the other substituent canstavrs wheose derivans
1= detailed below.

The Steric Substituent Constant, /¢.-~The~e have heen calee-
lated ax the distavee in dngstroms from the aromaric carbnn stom
10 which a =ubstituent is bonded to the periphery of the van der
Waals' radins of the substituent, relative ta that ol I, nsing
kunown baud distances!® and van der Waals’ radii.”  Charon®?
has recently used a <imilar pracedure in evalaaiing <ieric <nh-
stituent constants.

Partition Constants.-—The partition constanis, have been
calenlated by divect measutemenis of panition berween 1.0
aud l-octanal, together with the additivity principle »f Hapsch.®
Partition coefficieutx, £, were measured for the parent acids,
with HzO: l-oetanol ratios of 20 and 40, using a specurophoro-

17 DML MeDameland H. Co Brown, J. Org. Cloom. 38, 120 1958,

(18) Y. IX. Syrkin and M. I. Dyatkina, "Stnleture of Moleenles aod (-
Chemical Bond,"” Dover Publications, Ine., New York, N, Y., 1064,

(19 H. J. AL Bowen, ¢t ol {Corapilersy, Special Pablicadian N, 11, Thye
C'hemiecal Sociecy, London, 1058,

(20) L. Panling, “The Natare of the Chemical Bonl.™
University Press. Ithaca, N. Y., 1960, 1+ 260.

211 M. Charton. J. Amer, Chem, Soc., 91, 615 119691,

Srloedl Cernel
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TasrLe II
SUBSTITUENT CONSTANTS®
Substituent? ol Es [
1 PhCH, 0.11; —-0.37 2.22
2 Ph,CH 0.19 —1.46 2.98
3 Ph,CMe 0.15 —3.35 3.50
4 Ph,CCH,CH=CH. 0.17; —4.33 4.75
5 XaCH 0.31; —1.29 3.04
6 TxCH 0.25; —-1.75 3.38
7 AnCH 0.23; —-1.29 3.39
8 FICH 0.22; -1.10 3.61
9 TFICMe 0.15; -1.73 4.13
10 FICCH;Me 0.13; —-1.97 4.61
11 FICCHMe, 0.12; —-3.30 5.04
12 FIC(CH,):Me 0.14; —-2.09 5.69
13 FICCMe; 0.08; —4.12 5.63
14 FICCH.Ph 0.23 —-2.16 6.31
15 FICOH 0.47 —0.90 1.81
16 2-Br(FICH) 0.31 4.60
17 2-CI(FICH) 0.31 4.44
18 2-OH(FICH) 0.23; 3.23
19 2-OMe(FICH) 0.26 3.75
20 2-NO.(FICH) 0.40, 3.56
21 2-NH.(FICH) 0.20; 2.36

2 g1 constants are literature values or calculated from litera-
ture data;® E, constants ave literature values;® and = constants
are from this study (see Experimental Section). *See Table I.
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TasLe 111
SUBSTITUENT CONSTANTS® (NUCLEAR SUBSTITUTION )
Substituent om R log Pe
H 0.0 0.0 0.23
Br 0.391 1.52 0.97
Cl 0.373 1.22 0.81
OH 0.121 1.24 0.46
OMe 0.115 2.03 0.%9
NO, 0.710 1.81 0.92
NH, 0.040 1.36 0.56

“ gm colstants are literature values;? P, (ml) values (polariz-
ability) were calculated from the literature data:'® aud R cou-
stauts are from this study (see Experimental Section).

Results and Discussion

Antagonism to ACh.—Our first attempts to correlate
the antagonist activity of the amino ester hvdrochlorides
involved the complete series of diethylaminoethyl ester
hydrochlorides, RCO,CH,CH,NEt,-HCl (n = 21,
Table I, 1 to 21). All these salts have pK, values
which are closely related? (mean value iz 787 =
0.06) due to the lack of proximity of the substituent
to the NEt; group. Thus, the state of ionization
of these aminoesters in any test medium 1s almost

TaBLe IV
CORRELATIONS OF ANTAGONISM OF ACETYLCHOLINE BY ALL THE 2-DIETHYLAMINOETHYL EsTERs (n = 21)¢

1 —0.2187%(1.29) +0.871x(1.07)
2 —0.1147(0.75)
3 —0.13672(1.37) +0.9967(1.21)
an = number of compounds; » = correlation coefficient; s =

r 8
+4.495 0.387 0.714
+1.61501(0.88) +5.851 0.331 0.750
+1.81241(1.01) +3.733 0.445 0.714

standard deviation and the quantity in parentheses ix the Student’s

¢ test (lit. G. W. Snedecor, "“Statistical Methods,” 5th ed, Iowa State University Press, Ames, Iowa, 1956 ) for the significance of the

regression variable above.

TaBLE V

CORRELATIONS OF ANTAGONISM OF ACETYLCHOLINE BY THE NONNUCLEAR SUBSTITUTED
2-DIETHYLAMINOETHYL EsTERS (n = 13)°

T &
4 —0.1747%(1.61) +1.1657(1.30) +4.300 0.571 0.702
) —0.1237(0.72) +3.4710,(1.50) +5.695 0.557 0.711
6 —0.3297(1.64) —0.124E,(0.57) +6.960 0.450 0.764
7 +4.83701(2.14) —0.084E,(0.46) +4.750 ). 541 0.720
8 —0.3177%(3.73) +2.3867(3.51) +6.64601(3.68) -0.197 0.835 0.491
9 —0.1697%(1.43) +1.1097(1.08) —0.030E(0.14) +4.379 0.572 0.733
10 —0.2177(1.09) +3.95501(1.66) —0.198E,(0.95) +5.562 0.602 0.714

@ For footnotes see Table IV.

metric method and were corrected for ionization of the acids.?
Acids were 10-% to 10~* 3/ in aqgueouns phase. The partition
constant, =, is defined, in this study, as log P« — log Pne so that
7 for Me equals 0.0. A value for PhCH, on this scale can be
calculated as 2.22.22  The parameters for the other acids were then
calculated from their log P. values relative to that of phenyl-
acetic acid. The = values of the very insoluble carboxylic acids
(Table II, substituents 4, 9-14, 16-21) were estimated from values
for the substituents caleulated from our and from literature
data.»222  The lack of additivity of effects of the phenyl groups
(Table II, substituents 1, 2) is considered to arise from mutual
shielding of these groups reducing their effective hydrophobicity.
The parameters are considered to be certain to £5%.

Regression Analysis—Regression analyses were made usiug
multiple regression analysis (least squares).

(22) (a) C. Hansch, E. W, Deutsch, and R. N. Smith, J. Amer. Chem. Soc.,
87, 2738 (1965): (b) C. Hansch, J. E. Quinlan, and G. L. Lawrence, J. Org.
Chem., 88, 347 (1968).

the same and nearly independent of the nature of
the group R. Attempts have been made to correlate
the antagonist activity with the polar and partition
constants in Hansch-type relations in Table IV. The
single parameter correlations have been omitted from
this and later tables as no useful or successful relations
were observed. Unfortunately none of the attempted
correlations (1-3) shown has a high enough Student’s
{ test or correlation coefficient, i.e., » < 0.7, to warrant
discussion. Steric parameters cannot be usefully ap-
plied, as E, values for the 2-substituted fluorene esters
will be almost the same as the unsubstituted fluorene
ester.

(28) The p value for the 2-substituted fluorene-9-carboxylic diethylamino-
ethyl esters (using om) is only 0.24 (pK,° = 7.86,r = 0.960, » = 6).
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bt became obvious that a separation of the diethyl-
antinoethyl esters could be made into two seriex.  The
first series (v = 15, Table I, 1--15) includes all tho=c
ot having muelear substitution on the periphery of
the aromatic group and the second seriex (n = 7,
Table 1, 8, 16-21) iucludes those having =uch nueclear
substitution, tagether with the unsubstituted reference
contpound of this =eries.

Attempted carrelations of the antagouist aetivity
of the nounuelear substituted diethylaminoethyl esters
with polar, steric. aitd partition substititenit parameters
are <hown in Table V. Ouly one correlation has a
high =tatistical significance (Table V, regression 8).
This relation, showi below {eq 1), gives a very good
aceotttt of the effects of substitutiont.  The ealeulated

log i1 () = —0.31772 + 2.5967 4+ 6.6460, — 0.197 1)

and ob=erved values of log (1/Cia) agree to a mean value
of £0.352. The optimum partition coustaut? of =,
can be ealculated from this regression to be 4.08 for R
it RCO.CH,CH.NEt.-HCL This parabolic depen-
dence of drug action upon lipophilic character is typical
of a large number of different drug systems previously
ivestignted by Hanseh,'** when a wide range of
lipophilicity is investigated.  This appears to indicate
the tmportance of partition out of the agneous phase
atd onto the receptor which isx associated with hydro-
phobicity of the group R. A less likely explanation
appears to be the oceurrence of hyvdraphabie inter-
actions with the receptor. The dependeitee of the
activity on polar effects, with pr equal to 6.6 and
1o signitfiennt contribution fram sterie effects, as mea-
sured by £, appears to be direetly related to the
drmg’s ability to effeetively interact with the receptor.
Any hiteraction involving spatial demand at the C==0
{dependent on Fy) ar H bouding fram the receptor
to the C=0 (facilitation indicated by negative py
value) therefore appears unlikelv. A possible oeceir-
reitee appesus ta be an electrostatic interaction at
the receptor site betweent the substituenut dipole obn
the atttagonist and an anjonic site.  The substituent
constant, g3, appears mainly to artse from the elec-
trostatic field of thie charged or dipolar substituent.®
Model calculations® using estimates of the molecular
parameters, effective dielectrie constaitt. nnd steren-
chientieal relations in the antagouist-receptor complex
iidieate thisx explanation ix energetically reasonable.
The aetivities of a number of related diethylamino-
etlivl esters have been measured' ' and can be re-
lated to those in this study. A selection of these,
where substituentt cotrstants could be estimated with o
good degrec of reliability, are show i1 Table VI, Rea-
sollable agreement exists between the caleulated and
obscrved activities, according to the limits of our re-
gressionn analysis, ercept for esters having a g-OH
group. This disagreemetit may extend to esters having
ait «-OH group but to a very nutch less extent. The
difference betweent the calewlated and observed values
for'the 8-OH compounds was about +3 log wnits. This

20 5 L Hanselo AL R, Steward, 50 M. Anderson, and D, Bentley. /.
A, Cheni., 11, 1 {10685 (h) (. Hansen and S, M. Anderson, thiil., 10, 745
sy, fe) EoJ. Lien. €. Manseh, anl 8. M. Anderson, ihid., 11, (30
AR oL T Pojicrand C. Hansely, o0 10, 901 Q19675

2oy (ar O Gl Swain and FOCL Lepron, Jo Amer. Chene Soc., 90, 1028
1681 00 ML S Dewarand PO Grisdale, tbh7., 84, 3548 (1067,

Q26 (ay LWL G Ioyr. Med. Chem,, 4, 34 (1963): (L) J. . Kirk-
wood and VoL Weschenner, J. Chem. Phys., 6, 506, 513 (1838

Vol 13

Ty VI
Fsmaiarian ar ANTAGONISM 0F ACETYLCHOLINE or CERT U
2-Diemynan oy Esreps (RCOCHL.CLHEN L HCH
ADlagomsly io
aceqyvielinline

SHEEGUIeNE CoNslan. IS U AN

Snhsticiem” R ; a, Obed Cybnd
AuC e 101 ISR EN TSN 8,24
BiphCllL 550 0.12 325 565
FiC(cyclobexyl; 607 .11 4.30 1.4
PhCH{CHanMe 34 0.07 566 541
HOCH.CHPL a2 0. 16, .49 .01
HOCTHPhCLLL 1.2 0.1, 2071 201
Ph.COH 1IN 0. 44, 6. 68 NENIS

= Calenlated according (o regression s, Table V. Observed
values from literature data,' 1% relative to compaund %, Table
[, Substituem constawrs extimated from literature data® 24 and
thix sindy.  *Nee Table I.  Biph = 0-CeH:CeH..

v equal to an free energy ditference of about 4 keal
mole™!, which agrees closely with the energy of a
hydroxyl H boud to an oxygen site.”  This appears
to indicate that the 3-OH can H bond to an ionte
site® i a specific manuer not accommodated by the
littear free ettergy regression analvsis.?*  Our results
are consistetit with the preseut knowledge of receptor
sites i1 these svstems > The aetive site appents
to have two anionic sites sepurated by o distapee
af 78 AM One site interaets with the cationic head,
while a secotd xite could accommodate the biuding
from the ester group. A too highly lipoplilie antago-
nist could be diverted to lipoidal rich sitex whereas a
too hyvdrophilie antagonist could tend to remniu in
tlie aqueous phase or other polar systems.  While
the Intter dependence could be attributed ta varia-
tions in the rates of absorption if an insuffictent pertod
of exposure of the ileum his oceurred, thix sceins
unlikely.  The guasi-equilibria model of Hanseli” for
thix parabolic dependence seems more reasonable.
Attempted correlations of the antagonist activity
of the nuclear substituted diethylaminoethyt esters
with snbstituent parameters are shown in Table V1I
Twao correlations appear to have high statistical signifi-
ance (Table VIIL regressiotix 13 and 14).  The most
suceesstul relation, =shown below  (eq 5, awives an

log (1) = 02797 — 0.754R8 4 5.634 Y

excellent acconnr ol the muelear substitution.  Tbe
caleulated and observed values of log (1 Cip) agree to 2
meatt value of £0.089. This correlation appenrs to
indicate the mfavorable effects of spatial demand on
the periphery of the antagonist. The othier success-
ful correlation hrvolving the electronie polartzability
very probably arises from the spatial properties of
this factor. The dependence o partition relates 1o
that particular part of the parabolic relation foud
previously which ix covered by this more limited
series. A reasonable interpretation of the former be-
havior appears to be the iithibition of close and sueecess-
ful approach of the antagouist to the receptor existing
in a “trough-like™ depression, for which there ix somnte

975 G CL Pimemel ond L L MeClellan, “The Hydrogen Dowl”” W11
Freeman and Co.. San Franciseo, Calif., 1960, Chaqter 7.

1285 J. P. Tomx. F. P Lalnena, B, F. Tallar and AL ML Loangds, /o 1
wieend, flxp. Therl 11T, 29 (11560

2y 'he H-boud inceracoons of the O11 wrone i (be agenos phase are
accaminodated in che parddon conseany, =,

130) 8. Librenpreis. Ay NV el Sei
Clavallite, thae., 144, Q00 (1967,

144, 720 (V67T o (01
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TaBrLe VII
CORRELATIONS OF ANTAGONISM OF ACETYLCHLORINE BY THE NUCLEAR SUBSTITUTED 2-DIETHYLAMINOETHYL ESTERS (n = 7))+
T 3
11 +0.00172%(0.00) +0.2267(0.07) +4.771 0.289 0.708
12 +0.3877(0.98) —1.0190m(0.88) +4.452 0.481 0.649
13 +0.2797(3.69) —0.754R(10.01) +5.634 0.982 0.139
14 +0.6497(3.49) —2.194 log P. +4.755 0.918 0.204
(4.38)
15 +0.2810,(0.59) —0.770R(4.77) +6.603 0.926 0.279
16 +0.01272(0.11) +0.1957(0.25) —0.755R(8.69) +5.775 0.982 0.160
17 +0.3007(3.19) —0.1470,(0.50) —0.739R(8.23) +5.572 0.984 0.154
@ For footnotes see Table IV.
TasLe VIII
CORRELATIONS OF ANTAGONIsM OF HIsTAMINE BY ALL THE 2-DIETHYLAMINOETHYL Es1ERs (n = 21)e
T 8
18 —0.2087%(2.02) +1.6997(2.01) +2.703 0.430 0.739
19 +0.0377(0.22) +0.63941(0.32) +5.395 0.079 0.816
20 —0.2137%(2.01) +1.7667(2.02) +0.9660,(0.51) +2.296 0.444 0.755
@ For footuotes see Table IV.
TasLe IX
CORRELATION OF ANTAGONISM OF HISTAMINE BY THE NONNUCLEAR SUBSTITUTED
2-DIETHYLAMINOETHYL ESTERS (n = 13)°
T 8
21 —1.2837%(2.58) +2.2367(2.46) +32.110 0.605 0.713
22 +0.0177(0.08) +2.3900,(0.85) +5.535 0.265 0.863
23 —0.1167(0.50) —0.070E,(0.28) +6.402 0.144 0.886
24 +3.05301(1.13) —0.117E,(0.53) +5.231 0.310 0.851
25 —0.4117%(4.47) +3.5277(4.43) +6.20001(3.19) —2.046 0.819 0.537
26 —0.29872(2,50) +2.4177(2.33) +0.096E,(0.43) +1.857 0.613 0.739
27 +0.0407(0.16) +2.68401(0.90) —0.120F,10.46) +5.454 0.297 0.893
a For footunotes see Table IV.
TasLe X
CORRLLATIONS OF ANTAGONISM OF HISTAMINE BY THE NUCLEAR SUBSTITUTED
2-DIETHYLAMINOETHYL ESTERS (n = 7)¢
T 8
28 —0.06872(0.33) +0.8217(0.57) +3.424 0.732 0.298
29 +0.4237(2.63) +0.521e,(1.10) +4.073 0.796 0.265
30 +0.3617(4.28) —0.281R(3.33) +4.557 0.935 0.155
31 +0.5087(4.86) —0.861logP- +4.229 0.926 0.165
(3.06)
32 +0.3440,,(0.57) —0.300R(1.47) +5.815 0.594 0.352
33 0.06472(0.53) +0.8107(0.98) —0.281R(3.03) +3.799 0.941 0.171
34 +0.3937(3.85) —0.2170,(0.68) —0.258R(2.66) +4.464 0.944 0.167

s For footnotes see Table IV,

evidence.?! This probably indicates one of the reasons
for the scatter in the previous series (Table V, regression
8), where it was not possible to allow for the different
peripheral spatial demands of the compounds.

The fluorene-9-carboxylate aminoesters studied
having variation in the side chain (Table I, 8, 22-25)
are not sufficient to enable an attempt at a quantitative
separation. This would be more difficult, in any case,
for those tertiary amines whose pK, values vary
widely (7.11-8.74).

Antagonism to Histamine.—The analysis of the an-
tagonist activity of the aminoester hydrochlorides is
shown in Tables VIII-X. A very similar pattern of
behavior as that noted for antagonism to ACh is
observed. No statistically significant correlation of
all the esters occurs (Table VIII). The successful
correlation of the nonnuclear substituted diethyl-

(31) A. M. Lands, J, Pharmacol. Exp. Ther., 103, 219 (1951).

aminoethyl esters is shown below (eq 6) (Table IX,
regression 25).

log (1/Cs) = —0.411x2 + 3.527r + 6.2000, — 2.046 (6)

The calculated and observed values of log (1,/Cs0)
agree to a mean value of #0.406. This correlation is
less well-defined than that for the antagonism toward
acetylcholine. However, the optimum partition con-
stant of m, for this series is 4.29, which compares
closely with that found for the previous series. If
the receptors for both actions occur in the same or
very closely related environment, as is suspected,®®
the optimum partition factors would be expected to
be very similar., The dependence on polar factors
also closely compares with the previous analysis, The
nuclear substituted series also give a satisfactory cor-
relation with partition and steric factors, as shown
below (eq 7). The caleulated and observed values
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log (1/C;) = 0.361r — 0.281R + 4.557 )

of fog (1/C5) agree to a mealt value of £0.102. Again
the relation corresponds closely to owr analysis of
antagonism  toward acetvlcholine. A better study

Vol 13

of antagonism toward histamine could be made with
more satisfactory and specific antagonists.
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to the Medieal Research Couteil far n Research Seholar-
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Antimalarials.
8-Chloro-4-(2’-N,N-dibutylamino-1’-hyvdroxyethyl)benzo[h]-1,6-naphthyridine'
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8-Chloro-4-(2'- N, V-dibutylamino-1'-hydroxyethyl)benzo}h|-1,6-naphthyridine (17) wax syuthesized from

4-amino-7-chloroquinoline.

While a number of electrophiles failed to react with the weakly nucleophilic 4-amiuo

function of the 4-aminoquinoline, utilization of diethyl ethoxymethylenemalouate, a relatively strong electrophile,

provided a route to the trieyelie heteroaromatie compound.

Whereas eight of its intermediates lacked anti-

malarial activity, 8-chloro-4-(2’-N,N-dibutylamino-1'-hydroxyethyl)benzo[k]-1,6-naphthyridine wns active

against Plasmodium berghei in mice.

This compound, however, possessed only slight auctivity against I,

gallinacewn in chicks and was ineffective agaiust thisx organisin in mosquitoes.

Initially, it was our desire to prepare 2-methyvl-
4-(N,N -dialkylaminomethyl)benzo [A]-1.6-naphthyri-
dines. The nueleus and general substitution pattern
of this molecule are derived by the ‘‘paper exclization™
of the chloroquine (I) side chain (as indicated by the
arrow), along with aromatization of the formed third
ring.

Cl N

Consideration of the antimalarial activity found in the
4-quinolinemethanol series as well as in that of the
phienanthrenemethanols?? led to the refinement of
replacing the formed dialkylaminomethyl group by a
2’'-dialkylamino-1’-hydroxyethyl species at the 4 posi-
tion of the benzo [#]-1,6-naphthyridine (II).

Syvithesis of the candidate antimalarial required the
presence of a usable funetional group at the 4-position
of the trieyelie heteroaromatie nucleus. Since a benzo-
[/ -1.6-naphthyridin-4-ol (9) possessed a requisite
funetionality, we sought a reaction which would provide
thi~ type intermediate in high vields. The aeid-
catnlyzed Conrad-Limpach reaction between 4-amino-
quinoline and acetoacetic ester has been reparted to
give high yvields of 2-methylbenzo [ ]-1,6-naphthyridin-
+-0L* Applying this procedure,* we were unable to
izolate the desired benzo[h]-1,6-naphthyridii-4-ols or
their possible quinolylerotonate intermediates from the

.11 {u) The work described in this paper was performmed under Contract
No. DADALT-67-C-7060 with the U. 8. Army Medical Research and De-
vissol.ment Command., 7This is Contribation No. 665 from the Army Re-
seurch Progran on malaria, (L) To whom inguiries should be addressed.

2y Y, Wizelogle, Ed. YA Survey of Antimalarial Drags, 1941-1943,"
1. W, Edwards, Ann Arhor, Mich., 1946,

25y G. R. Coatney, "'Survey of Antimalarial Agents,”” Public Health
Servire Monograph No. 9, Federal Security Agency, 1952,

1; C. R. MHanser and G. A. Reynolds, J. Org. Chem., 15, 1224 (1950).

reactionz of J4-aminoquinoline or 4-amino-7-chloro-
quinoline with acetoacetic or benzoylacetic esters.
Similarly. these reactants did not provide the quinolyl-
aminocrotonates under conditions which normally
vield anilinoerotonates from anilines and acetoacetic
ester.> The Doebner® and Niementowsky' reactiolis
were equally ineffective in providing desired benzo [ -
1,6-naphthyridines from 4-aminoquinolines and ethyl
J-amino-7-chloroquinoline-3-carboxvlate, respectively.

Although the quinolylaminoerotonate (3) was 1ot
obtained upon treatment of 4-amino-7-chloroguinoline
(5) with ethyl 8-ethoxy-cis-crotonate, somewhat ecu-
couraging results were obtained when 4.7-diehloro-
quinoline (1) was treated with ethylt 3-aminoerotonate
(2) to give the erotonate in 20-3097 vields. All at-
tempts to obtain the benzo [/ }-1.6-naphthyridin-4-ol by
evelization of 3 were unsuceesstul.

In o manner <imilar to the EMME synthesiz® ot
quinolines and benzo [l ]-1.6-naphthyridines.** we pre-
pared 8-chlorobenzo[#]-1,6-naphthyridin-t-ol (9) from
diethy]l ethoxvmethyvlenemalonate (EMME) and 4-
amino-7-chloroquinoliite () according to Scheme 1.
This intermediate did unot possess the dexired ring
substitution at the 2-positioir.  Bromination of 8-
chlorobenzo [/ ]-1,6-naphthyridin-4-0l (9) vielded the
bromo derivative 110) which was treated with CuCN
to give the 4-cvano compound 11 (Scheme I1I1. A
sl amount of DASO was required to effect the
aqueous alkaline hydrolysis of this nitrile to the acd
12. The overall vield of the recrystallized acid (Tahle
1) was 269.. The final produet (17) was prepared frong
this acid using the general syvnthetie pathway of Lutz.
et al.,* where similar quinolinemethaiols were prepared.

i) G AL Reynolds and €. X, lauser, “Organic Syncheses,”” Coll. Val,
111, John Wiley & Sons, New York, N. Y., 1935, p 374.

i6) 5. R. Buchman, C. M. McCloskey, and J. A, Seneker, J. Amer,
Chem. Noc., 69, 383 (14471,

(7) R. C. Fuson and D). M. Burness, i%4/., 68, 1270 {1046).

(8) C. C. Price and R. M. Roberts, 'Organic Syntheses,”” Coil, Vol. 111,
Jobn Wiley & Sons, New York, N. Y., 1035, p 272,

9) A, Davis, J. Ckene, Soc., 828 (14583,

100 RLYL Latz, et wl., J. Amer, Chem, Soc., 68, 1813 11946),



