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Recent work2 on toxic interactions of monosub-
stituted phenylacetate esters in the 3-tropanyl (tropine 
and ^-tropine) and 2-a-tropanyl series with CNS re­
ceptor systems in the mouse has pointed to a rather 
systematic dependence of potency on certain structural 
features of the ester. In general, the order of decreas-
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ing potency in CNS stimulation/blockade and acute 
toxicity at constant substitution X runs in the sequence 
3-tropanyl (transoid) > 3-tropanyl (i/-, cisoid) > 2-a-
tropanyl (transoid). With progressive change in X, it is 
noted that relatively electronegative substituents (X = 
CI, N02, etc.) on the aryl nucleus of 3-tropanyl esters 
confer significantly larger increments of toxicity on the 
parent structure (X = H) than do electropositive sub­
stituents (e.g., OCH3). This latter aspect of the struc­
ture-activity relationship raises the question of the de­
gree to which the aryl substituent X may alter the 
total electron-density profile of the ester, and in turn 
the manner in which this alteration may be reflected in 
a change in effective interaction of a given ester with 
chemoreceptor surfaces controlling the onset of the 
convulsion-paralysis syndrome in the mouse. In 

(1) From Bureau of Medicine and Surgery, Navy Department, Research 
task MR005.06.0002. The opinions in this paper are those of the authors 
and do not necessarily reflect the views of the Navy Department or the naval 
service at large. 

(2) Leading references: (a) S. L. Friess, R. C. Durant, H. D. Baldridge, 
Jr., and L. J. Reber, Toxicol. Appl. Pharmacol., 7, 694 (1965); (b) S. L. 
Friess, H, D. Baldridge, Jr., R. C. Durant, and L. J. Reber, ibid., 7, 794 
(1965). 

particular, the point as to whether ring substituents are 
able to exert remote electronic effects on the 7r-electron 
distribution function of the -OCO- group, through the 
aryl ring and the insulating methylene linkage, and 
thereby alter the strength of interaction of this high-
density locus with a potential charge site in a tissue 
receptor seemed amenable to probing by infrared 
absorption measurements of the C = 0 stretching vibra­
tions in the esters. To the extent that electron supply 
toward or electron withdrawal from the C = 0 locus by 
substituent X changes the 7r-electron profile, a corre­
sponding change in Xc-o would be expected. This pos­
sibility has now been tested, with the results described 
below. 

First, the spectra of all esters studied contained the 
characteristic absorption peak corresponding to the 
C = 0 stretching vibration in the expected3 Xc=o re­
gion, 5.7-5.8 jit. This peak for each ester appeared 
invariant in position as the ester concentration in CHC13 

varied from 1-5% (w/v), with a reproducibility in 
peak wavelength of the order of 0.01 /x. Additionally, 
the OH bond4 and potential H-bonding bands4,5 charac­
teristic of the parent amino alcohols, tropine, and \p-
tropine, were missing from the ester spectra. 

Both of the unsubstituted phenylacetates I and I-\p 
were found to display sharp absorption peaks at 5.77 p. 
This peak value was therefore taken as each series 
reference, and the Xc=o values for the corresponding 
peaks of the other esters were tabulated in terms of 
algebraic deviations from this reference position in each 
amino alcohol series. This tabulation is summarized 
in Table I, which includes data for the available ester 
I-XIV in each tropanyl series, for the unsubstituted cy-
clohexylacetate esters, for the 2-a-tropanyl esters XV 
and XVI, and finally for the dichloroacetate esters of 

TABLE I 

Xc-o AND M O U S E LD50 VALUES FOE TROPANYL PHENYLACETATES 

AND RELATED ESTERS 

Ester 
hydrochlorides 

I and I-i£ 
II and II-tf 
III and Ul-4, 
IV and IV-* 
V 
VI 
VII and VII-* 
VIII and VIII-* 
IX and IX-* 
X-* 
XI and XI-* 
XII 
XIII and XIII-* 
XIV-* 
XV 
XVI 
Cyclohexylacetates 
Dichloroacetates 

Xc-o de 
from refa 

Tropine 
(trans­

oid) 

0.00 
0.00 

- 0 . 0 1 
0.00 

+ 0.01 
+ 0.01 
- 0 . 0 8 6 

0.00 
+ 0.04 

+ 0.01 
+ 0.02 
+ 0.01 

- 0 . 0 4 
- 0 . 0 3 
+ 0.02 
- 0 . 0 4 

" Reference level of Xc-o c 

viations 
peak, p. 

*-
Tropine 
(cisoid) 

0.00 
+ 0.01 
- 0 . 0 1 
+ 0.01 

0.00 
0.00 

- 0 . 0 1 
+ 0.02 
- 0 . 0 6 

+ 0.01 
+ 0.01 

+ 0.02 
- 0 . 0 4 

.77 JU as 

Mouse LD50 va 
Tropine 

77.8 ± 2.7 

53.6 ± 1.5 
18.5 ± 3.6 

65.5 ± 6.5 
74.2 ± 1.6 

119.3 ± 5.3 

ues,c Mmoles/kg 
^-Tropine 

142.9 ± 5.4 

76.9 ± 0.6 
32.7 ± 1.2 

105.5 ± 7.1 
127.5 ± 1.6 

112.6 ± 4.0 

found for the unsubstituted 
phenylacetates I and I-i/-; spectra taken in CHCI3 
wise indicated. b 

(vol) because of 
documented; see 

Spectrum taken in 50% CHCI3-0O 
low solubility in 
leading references 

CHCI3 alone. 
2 

unless other-
% Fluorolube 

c Previously 

(3) R. T. Conley, "Infrared Spectroscopy," Allyn and Bacon, Inc., Boston, 
Mass., 1966, p 145. 

(4) B. L. Zenitz, C. M. Martini, M. Priznar, and F. C. Nachod, J. Am. 
Chem. Soc, 74, 5564 (1952). 

(5) S. Archer and T. R. Lewis, Chem. Ind. (London), 853 (1954). 
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tropine and Atropine. It is seen from Table I that the 
deviations in position of X c_0 afforded by substitution 
of either relatively electronegative (XOo. F, CI, Br) or 
electropositive (CH3. ()CH;j) substituents on the aryl nu­
cleus of tropine- or i/'-tropine-scries esters are quite small, 
ranging in maximum excursion to only several hun­
dredths of a micron from the reference ,">.77 n value. 
Indeed, the mean excursion (absolute) noted forelectro-
negatively substituted esters is ±0 .01 p. for the tro­
pine series.11 and ±0 .01 n for the ^-tropine series; for 
electropositive substitution, the corresponding mean 
excursions from the same reference level are ±0 .02 p. 
for each of the two series. In contrast, with these 
small variations in ,Vw, induced by aryl substitution, 
the linal column of Table I illustrates the very con­
siderable influence of substi tuents X on biological 
potency. For this purpose, brief groups of previously 
documented- FI)-„ values (nil ravenous; in mice are 
cited a- representative indexes of biological potency of 
the estei's. with tabulation of data in units of yumoles of 
ester kg of body weight. Noteworthy increments of 
toxic potency occur on substitution of the aryl ring by 
///-('I iYl: and p-V\ (VII) groups. 

Further from Table I. it is to be noted that hexahy-
drogenation of the aryl ring in either parent ester I or 
\-\p produces an exaltation of +0 .02 p in the wave­
length of the earbonyl-M retching vibration. Also, 
comparing substitution effect?- in the :>-tropanyl (trans-
oid; series with those in the 2-o-tropanyl :transoid) 
series reveals that ; 1 ; ester III CN. ester XV at constant 
j j - . \ ( ) ; substitution demonstrates- a negative1 i—(I.O.'i p) 
displacement in peak position on shifting series, and 
;2; ester XI r.s. ester XVI at constant /j-CH- substitu­
tion also shows a negative (—0.04 p) displacement in 
peak position on shifting series. Finally, it can be 
seen that ester;- containing the electronegative (TKT. 
grouping in replacement of the entire (TFCiiFFX residue 
of compounds I--XIV also show a negative (—0.04 pi 
displacement in peak position from the reference o.77 p 
level of the phenylacetates. 

Accordingly, it seems clear tliar electronic perturba­
tions produced by monosubstitution of I or \-\p are only 
minimally reflected in electron-density changes about 
the region of the carbony! function, as inferred from the 
tiny alterations in . \ ( = o- Therefore, with esters I XIV 
in each stereochemical series, the pronounced effects of 
aryl group substitution on potency of interaction with 
central and peripheral chemoreceptors in tissues and 
intact animals must be taken as reflecting the result of 
alterations in the electron-density map of the aryl residue 
itself, with little or no proliferation in effect beyond the 
insulating methylene link. In this event, the biological 
effects of distortion in electron-density pattern within 
the ring by relatively electronegative substituents 
which increase toxic potency'- in the mouse may best be 
interpreted by (1) a direct interaction between the aryl 
ring and an electron-poor region of a tissue receptor 
surface; and (2; specific displacement of ring Tr-electron 
density away from the linking -CH«- group, for facilita­
tion of interaction of esters with this type of receptor. 
These conditions are pictured schematically below. In 
this interaction diagram, the dominant electron-dis-

aij In tliis assessment lhe dev ia t ion of ester V I I from the reference leve 
has not l.een included, since it derives from m e a s u r e m e n t s in u different 
solvent sys tem. 

X \> \ 
Receptor Surface \ J 

Ester - r e c e p t o r m t e r a c t i o r m o c e i 

placement mechanism activated jointly by X and tis­
sue receptors has previously been inferred7 to be of the 
inductive variety, stemming from studies with posi­
tional isomers. Further, this picture is consonant with 
the abrupt loss of ability to evoke stereospecific re­
sponses from mouse receptor systems when the phenyl 
ring of I and I-i/< is hexahydrogenated.5 since the TT 
bonding of an aryl locus to a localized charge center on 
a tissue surface as one contributor to tropine vx. i/'-tro­
pine-scries specificity is denied to the cyclohexyl esters. 

Experimental Section 

All nt lite es ie i - fur which da t a h a v e been given in T a b l e I 
were ava i lab le in analy t ica l p a r i t y as crys ta l l ine hydroch lo r ide 
( X I I as 1he m e t h i n d i d r samples from previous s tud ies - in th i -
t-eries. Solut ions of e-ier.- in Fisher S p e d ranalyxed C'HCI; were 
p r epa red just before u~e ai a concent rat ion level near .V , tw v ! 
and serially d i lu ted with 1 he s a m e solvent for recording of spec! ra 
over the concen t ra t ion ianjte 1 ">', iw v :. Wi th the p-V\ estei 
VII . l imi ted solubil i ty precluded the n><- of pure C'IIC'1., as solvent . 
f o r th is ester, an e i |u ivol iune mix tu re of C I K ' b and Fh io ro lubc 
was employed . 

Spec t ra were ob ta ined with the Beck man II i s infrared spec t ro­
p h o t o m e t e r , employ ing an Ir l ran- 'J l iquid cell wi th O.irj.Vmm 
spacing1. All spec t ra were scanned against solvent spectra ob­
ta ined with the same cell. Par i iculai care was taken in measure­
ment of the position of the .V ., va lue for the ca rbony l - s t r e t eh ing 
v ibra t ion near o.s ;U. e b s e r v e d w a v e l e n g t h s were corrected in 
abso lu te va lue by u-< . ,f a ca l ib ra t ing s p e c t r u m taken with a 
s t a n d a r d poh . l y r e m lilm. 

U . S . r . l ' n , . . . r . , j . I a > . . . I I , V. K e l i i , I I . L. M a i - t i n . a n d P . M . P . , ! a . h i 

rn.ein,l. A/ii'l. r'--inwf<L. in [-res. 
..si S. I.. Fr ies . . I. .1. liei.er. and Ii. V. D u r u m . ii.i.,.. 8. 88 . l'.Kiii.. 
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o.o-Disubstituted hydantoins have pharmacological 
activity as hypnotics,1 anticonvulsants.2 hypoglyce­
mics,3 etc. The systematic introduction of methoxy 
groups in .">,.3-disubstituted hydantoins, that have an 
important pharmacological effect in some other drugs, 
was considered of interest by us. Methoxy and dioxy-
methylene derivatives of .i,5-diphenylhydantoin and 
methoxy derivatives of .i-phenyl-5-benzylhydantoin 
were obtained. The advantages of using D M F as a 
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