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Recent work with a series of monosubstituted compounds (Fig. 1) stemming from
the phenylacetate esters 1 and I-y of the amino alcohols tropine (transoid) and
y-tropine (cisoid) has shown that, in zeneral, tropine aryl esters are more potent
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Fi1G.'1. Structures of 3-tropanol esters.

than their i-isomers in triggering a convulsion-paralysis-death syndrome in mice,
and in evoking a concentration-dependent amplification of twitch response in the
rat phrenic nerve-diaphragm preparation (Friess ¢ al., 1964a,b). These actions are
stereospecific with respect to cisoid or transoid disposition of the —OCOCH.R resi-
due on the tropane ring, and also very much dependent on the nature and position
of single substituents (either electron-attracting or electron-donating) attached to
the benzene ring of I or I-y. Such observations, together with the curious finding
_(Friess ef al., 1964b) that bulky ortho substitution in the aryl ring destroys the
stereospecificity of the ester-receptor responses, are best accommodated by a model
for receptor-ester binding which is multifunctional in character, with surface geom-

- -etry -of -the receptor specifically tailored (or-induced) -to- accommodate- simulta- - -
+

neously the amine >NHMe, ester —OCO—, and aryl ring structures,

1 From the Bureau of Medicine and Surgery, Navy Department, Research task MR 00506-
0010.0f. 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 Presented in part at the Fuurth Annual Meeting of the Society of Toxicology, Williamsburg,
Virginia, March 8-10, 1965.

83

Preceding Page Blank

ey



ARYL ESTER TOXICITY 89

However, at least one eiement of uncertainty in this model resides in the nature of
the aryl group binding to the receptor surface, and particularly in the question of
whether a charge-transfer process is invoked which imposes the nmecessity that the
ring be aromatic. An answer to this question was sought directly by hydrogen
saturation of the ring in I and I-y, vielding the cyclohexylacetate structures II and
I1-y with elimination of the conjugate unsaturation required for charge-transfer
complex formation. The new saturated esters IT and II-y have now bheen prepared
and subjected to test on the same bioreceptor systems previously employed (intact
animals, neuromuscular preparations, etc.) in observation of stereospecific effects
produced by I and I-y, for pairwise comparisons of any differentiation in activity
induced by saturation of the aryl ring. The somewhat surprising results of these
comparisons form the basis of the present communication. .

METHODS

" Each of the new cyclohexylacetate esters II and II-y was synthesized by reflux
of stoichiometric amounts of cyclohexylacetyl chloride and a given amino alcohol
(tropine or y-tropine) in inert solvent, followed by isolation of the crude ester as its
hydrochloride salt. The salts were repeatedly recrystallized to analytical purity in
acetone-ether or chloroforr -ether solvent mixtures, and submitted to elemental anal-
yses, with the results summarized in Table 1.

TABLE 1
ELEMENTAL ANALYSES OF NEw EsTERS

Melting N
point S Analysis (%)

Compound (*C) Element Ca'culated Found
1-HCl 225 C 63.66 64.19
H 9.35 9.37

N 4.64 - 438

H-y-HCY 201 C 63.66 63.59
i H 9.35 9.37

N 4.64 4.56

Freshly prepared solutions of the cyclohexyl ester hydrochlorides in isotonic saline
or in the appropriate buffer (Ringer) media were employed in toxicity studies with
intact mice and cats, in work on twitch potentiation and twitch blockade with the
excised phrenic nerve-diaphragm preparation (PN-D) from the rat, and in studies
of in vitro inhibitory potencies with respect to the purified esterase system acetyl-
cholinesterase-acetylcholine (AChE-ACh). The animals, techniques, and protocols
employed were identical in strain and content with those described in previous work
(Friess et ul., 1964a.b; Thron ¢l al., 1963). to ensure full comparability of results
obtained with the presently studied cyclohexyl esters II and II-y, and the previous
data on action spectra of the corresponding phenylacetates I, I-yp. The AChE enzyme
preparation used for the esterase inhibitory studies was a highly purified sample
derived from electric eel tissue, its natural substrate acetylcholine ion was supplied
to form steady-state reaction mixtures from freshly prepared solutions of doubly
recrystallized acetylciaoline chloride. and the enzyme kinetics of reactions involving
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90 SEYMDU® L, FRIESS ET AL.

enzyme-substrate—inhibitor mixtures were followed by the pH-stat techniques pre-
viously described (Friess e? ai., 1959).

RESULTS
Intravenous Toxicities in Mice and Cats

The new cyclohexylacetates 1T and 11-y were tested as intravenously administered
toxins in the NMRI strain of white mice (male), and in a mongrel population of
well-nourished cats, with the results summarized in Table 2. These results are strik-
ing and in part quite unexpected, both from the standpoint of internal comparisons
between the effects of II and II-y, and cross-comparisons with the corresponding aryl
esters I and I-y (for which the mouse LD, data are also recalled in the Table).

It is seen first from Table 2 that the esters IT and 1I-j obey the same general

toxicity pattern found previously for the arylacetic esters, with prominent features
of transient paralysis, tonic and clonic convulsions, respiratory impairment, and
other complex manifestations of neuromuscular involvement. At the quantitative
level of comparison, in mice, the first unexpected finding emerges in the observation
that stereospecificity in toxic response is lost in the cyclohexyl derivatives: II and
II-y are equivalent in LD;, index of potency, within the spread of one standard
deviation in the data. This finding is in strong contrast with all previous data from
the aryl ester series (with the single exception of the class of bulky o-substituted
aryl esters), in which the general rule has been a decided stereospecificity in toxic
response with the invariant potency sequence: tropine ester > y-tropine ester
(T > ¢-T). Further in the comparison of mouse toxicity data from Table 2, it is
seen that hydrogenation of the phenyl ring in the potent T-series results in a very
considerable drop in intrinsic toxicity (potency sequence I > II), whereas in the
weaker \-T series saturation of the ring has only a marginal effect on potency
(IT-y 2= I-y). ' ‘
- One finding in the cyclohexyl series which merits some emphasis, in contrast with
the general aryl ester toxicity pattern, is the occurrence in the cat of a transient but
marked impairment of visual function and some concomitant disorientation under
the influence of the tropine ester II.

Effects on the Rat Phrenic Nerve-Diaphragm Preparation

The new cyclohexyl esters 11 and II-y afforded some surprises in their biphasic
actions on the rat PN-D preparation, which turned out to be quite parallel to the
unexpected facets of their toxic interactions in intact animals. The data are sum-
marized in Table 3 in columns which deal, respectively, with the mode of electrical
stimulation of the preparation (N == indirect stimulation via the phrenic nerve,

M = directly via the muscle), the maximum degree of amplification produced by

ester in isotonic N- and M-twitches at the 3-minute reference time, the concentration
of agent yielding that maximum twitch potentiation, and the (higher) concentration
of agent required to swamp out initial twitch amplification and produce. 5077 reduc-
tion from control twitch amplitude at the reference time post ester addition. Table
3 also reproduces reference data on twitc: potentiation for the two phenyl esters I
and I-y, for ease of comparison and contrast with results produced by the cyclohexyl
esters II an II-yp.
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Referring to the twitch potentiation column of Table 3, and just to the peak per-
centage subcolumn for the clearest mode of comparison, it is seen that the cyclohexyl
esters are once again distinguished by a failure to show stereospecificity in evoking
their weak potentiating responses from the PN-D preparation, curarized or un-
curarized. Esters IT and II-y appear to be virtually equipotent in their feeble amplifi- .
cation of N- and M-twitch responses, just .as they are equipotent with respect to
lethal strength in the intact mouse. Further, and in exact continuation of the analogy
with regard to LDj, levels in the mouse, the comparison of phenyl vs. cyclohexyl
ester potentiating strength shows the stereospecific power sequence I > II in the
stronger T-series, whereas in the weaker -T series this stereospecificity vanishes

TABLE 3
Errects ofF Tropanor Esters o Rar PHRENIC NERVE-D1APsiRAGM PReEPARATION
Potentiation®
Control Concentration
Stimulation at peak at peak, BC,,¢
Compound pathway (%) (3¢) (M)
I N 122 +3 30+02x 10—+ 9.2 +03 x 10—+
p M 135 3.2+02x10-4 1.84+01x10-3
% 11 + d-tubo? M 130> 4 52+02x10-4 22+01%10-7
' 11-y N 124 5 2.2+02x 10—+ 6.3 +02x10-4
M 114 4 20+02 X 104 1.2 201X 10-3
| H-y -+ d-tubo® M 1306 33 +03x10-4 88 +03 %104
I N 142 5.4 x 10—+ ' ,
M 142 358 x 10—+
-y N 120 356 X 10—+
M 123 3.5 x 10—+
o All readings of twitch height relative to control levels were made at 3.0 minutes after drug
addition.

? Preparation curarized at the 1.0 X 10~ 3 M level of d-tubocurarine chloride.

¢ Data from the paper by Friess et al. (1964a).

¢ Concentration resulting in 507 reduction of twitrh amplitude (or twitch tension) at the
3.0-minute time after ester addition. :

into a rough power equivalence I-\p ~ II-y for the two weak potentiating agents.
In general with this excitable preparation. the effect of hydrogenating the phenyl
group in I and I-y seems to be an abrupt diminution in the power of the T-isomer
_ down to the potency level of the weaker y-T ester, with a simultaneous loss of the - -. -
stereospecificity (T vs. y-T) inherent in the aryl esters. ¢

Effects on the Acetylcholinesterasc—Acetvicholine System "

In view of the curious finding in the mouse toxicity and PN-D potentiation studies
that hydrogenation of the pheny! group abruptly wipes out stereospecificity in bio-
logical response and reduces the absolute level of the response to that of the y-series,

i
; it became a matter of immediate interest to assay the new cyclohexyl esters for their
4 inhibitory potencies vs. the in vitro AChE-ACh system operating at steady state.
s 4 This esterase system has consistently shown a y-T > T ester stereospecificity in g
A il -~ -
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inhibiwiy ~izirn for every pair of aryl ester isomers tested to date. The results
of kinetic test ~f the cyclohexylacetate esters IT and II-y as reversible inhibitors of
the esterase are Lricfly summarized in Table 4. The data in Table 4 are presented
in the form of enzyme-inhibitor complex dissociation constants K, calculated on
both the competitive and noncompetitive bases by the equations of Wilson (1949).
Constancy of a given inhibitory mechanism within a limited substrate concentration
range, as indicated by braces around the data groupings of Table 4, is inferred from
the constancy of calculated A’ values as the initial substrate concentration is varied.

) ) TABLE 4
Acrivities oF TrorANOL EsTers As ACHE-ACH INHIBITORS
Initial ACh ' o
concentration Inhibitione
Corpound (mM) Ky (comp) K, (non-comp)
7 3.33 { 3.55+0.10 X 10-4 5.73 +0.15,x 10—+
2.50 3.49 008 X 10— © 431xo010x10-4
1.67 ) 407 +0.14 x 10-° 349+ 0.12/x 10—+
-y 333 838 +0.16 X 10~" 1.35 = 0.03}x 10—+
167 . 1.22 = 004] 10-4
1 333 1.46 =006 X 10— 4 236 +0.10 X 10-% |
1.65 . 231 +0.10x 10-3
I-y? 333 7.20 +0.13 X 10—-7° 1.16 = 0.02 X 10—-3
1.67 7.29 = 0.22 X 10—5

% At pH 740 and 25.21 = 004° C.
b Data from paper by Friess et al. (1964a).

With decreasing K values indicative of increasing inhibitory potency, and using
the K| (comp) values at the 3.33 mM level of ACh as the reference activity index,
it is seen from Table 4 that this enzyme shows a sharply stereospecific preference for
IT-y over IT as an inhibitor (by a strength factor of 4). This structural preierence
is in the normal steric sense for this enzyme (y-T >> T). Further, the effect of hydro-
genation of the phenyl ring is directly opposed to that seen in mice and with the
PN-D preparation; saturation of the ring in each series leads to an incrcase in
AChE-inhibitory potency (strength sequences: I1I > 1 by a factor of 4; II-y > I-y
by a factor of 8.6). '

A further item of interest from Table 4 stems from the similarity in the pairs 1I.
I-y and I, I-y with respect to failure to adhere to a single inhibitory mechanism.
It is seen that both the cyclohexylacetates and the phenylacetates undergo a change
in inhibitory mechanism on shift from one stereocheinical series (T) to the other
(p-T).

DISCUSSION

The present results offer an exceptional demonstration of the role played by an
aryl group in adding to effective interactions at biological chemoreceptors in tissues.
The essential elements of interacting structure in the triggering molecules 1. I-y,
I and II-y group into the categories (a). (b) and (c), in which (a) and (b) are
frozen geometrically (Fig. 2) into either T or -T configurational reiationship, and
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in which T-geometry is favored by tissue receptors responsive to aryl esters. Now,
the extent to which aromaticity and ‘or planarity in structural element (c) aids the
total interaction process in tissue leading to receptor-controlled responses seems to
depend intimately on the nature of the receptor involved. With receptors involved
in the paralysis-convulsion toxicity syndrome in mice. and with those controlling
twitch potentiation in the rat PN-D preparation, saturation in the phenyl ring of
T-series esters results in an abrupt decrease in trigger potency (I vs. I}, and there-
fore presumably a corresponding decrease in the contribution made by structure ele-
ment (c) to receptor interaction processes. This decrease in potency is only observed
when structural elements (a) and (b) are in the favored transoid (T-series) rcla-
tionshin with respect to one another, and the decrease at most is only down to the
strength level characteristic of the aryl ester -vith the unfavored cisvid relatiunship
between (a) and (b).

A
) '/:i

+
> NHMe Anann OCO Aanrnva.- o

(o) I ; i 1I-v

{planar}
/f//-%_\\ te)
RECEPTOR # —

Fic. 2. Elements of structure affecting ester interaction with receptor sites.

Therefore, it would appear that the planar aryl group at (c) does indeed contribute
to the total interaction potency of the T-series phenyl ester I at these particular
tissue receptors, and that the structural transformation phenyl -— cyclohexyl wipes
out this increment of potency. Further, the fact that this increment occurs nnly in
the sterecchemically favored T-series and not with -T isomers implies that the

drug receptors triggered by these esters show a geometric specificity that is at least

threefold. Only when (a) and (b) are bound in transoid fashion can the aryl group

be brought into proper juxtaposition with the receptor surface for the additional

interaction (c¢) as the third mode of effective contact. The net demonstration of
selectivity on the part of (central) receptors in the mouse and peripheral synaptic

receptors of the rat, then, is a show of enhanced susceptibility to the action of I .

[modes (a), (b) and (c¢) all operative], and a lesser (and constant) level of response
to esters I-y, IT1 and IT-y in which only modes (a) and (b) contribute to inieraction
with receptor surfaces. ‘

There is 2lso a reciprocal implication in the potency equivalence Il = II-y with
these two classes of receptors. Unless an aryl group is present per se to add its
in-rement of interaction at the receptor surface, the receptor loses its stereosclectivity
vith respect to discrimination between cisoid and transoid ester configurations at
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(a)-(b), and lumps all bipolar modes of attachment into one activity level. But
when mode (c) is brought to bear, selectivity in terms of favoring the transoid
mode at (a)-(b) is apparent. From this point of view, stereospecificity in these
tissue responses is only unlocked by the necessary condition that a phenyl (or sub-
stituted phenyl) group add increment (c) to the interaction picture.

On shifting to the class of “‘receptors” exemplified by the active site region of the
enzyme AChE, however, a radicaily different ester interaction picture from that
drawn ahove emerges. The inhibitory strength sequences Il-y > IT and l-y > 1
{Table 4) clearly show the supetiority of cisoid structure over transoid configuration
in AChE inhibition, independent of. any requirement for the presence of a phenyi
group in the inhibitor. Indeed. in the full sequence of four esters in Table 4, the
intrinsic inhibitory potency runs in the series: Il-y > Il > I-¢ > 1. Therefore the
cyclohexyl derivatives are both more potent than their aromatic phenyl congeners,
and no phenyl group is required as a necessary conditicn for evocation of T vs. Ww-T
stereospecificity. Further, the comparative findings that (1) the specificity pattern for
AChE inhibition is exactly inverted from that shown by the mouse and rat chemo-
receptors, and {2) the esterase shows no requirement for phenyl group substitu-

Receptor
Surfoce

N

Fic. 3. Potential charge-transfer complex formation during ester-receptor interaction.

tion as a prerequisite to stereospecificity whereas the animal tissue receptors do, both
militate against the possibility that this esterase moiety is an integral part of the
animal chemoreceptor systems studied.

The observation that the cyclohexyl esters are respectively stronger than their
phenyl analogs in inhibition of the AChE-ACh system in vitro is also subject to one
further line of interpretation. If the primary enzyme-inhibitor binding is of the
binary type involving simultaneous interactions at anionic and esteratic sites of the
catalytic locus (Nachmansohn and Wilson, 1951), then any further diversionary
modes of ester attachment to the catalytic surface could act to the detriment of the
primary binding modes. In particular. if phenyl groups are bound at a third poir:
on or near the catalytic locus and cyclohexyl groups are not, this extra binding could
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well disrupt the precise positioning and interaction at the anionic-esteratic region
+

(via > NHMe and -~OCO— functions in the ester) and produce the drop to
weaker inhibition characteristic of ne phenyl esters T and I-y,

One final point of interest that attaches to the finding of a phenyl group require-
ment [mode (c)] for enhanced toxicities in the mouse and potentiating activity at
the rat PN-D synapse centers about possible mechanisms for modes of interaction
in the tissue milieu. Since the net steric bulk of a phenyl residue is not too different

__from that of its hexahydro derivative, it would seem that planarity and conjugate
~unsaturation in th. phenyl ring hold the key to a feasihle mechanism underlying
~ the mode (c) contribution to ester-receptor interaction. These two features of aryl -
group structure, of course, are precisely suited to the general phenomenon of complex
formation via a charge transfer process, in which the phenyl group acts as an electron '

sink. Hence, a charge-transfer complex of the type shown in Fig. 3 might well account
for the added increment of interaction effectiveness afforded by aromaticity in tropine

" esters based on structure I.

SUMMARY

The new cyclohexylacetate esters of tropine and y-tropine have been studied as toxins by the
intravenous route in intact mice and cats, as twitch-potentiating agents on the rat phrenic nerve-
diaphragm preparation, and as inhibitors of the acetylchnlinesterase-acetylcholine system. In
sharp contrast with their phenyl ester analogs, the cyclohexyl esters show an abrupt loss of capa-
bility to evoke stere specific responses from chemoreceptor systems in ‘the rat and mouse tissues,
and yet display absolute levels of activity equivalent to those of the phenyl ester in the weaker -
tropine series. With the acetylcholinesterase system studied as a key nerve enzyme, the cyclohexyl
esters show exactly inverted behavior in the sense that they are highly stereospecific with respect
to their inhibitory potencies (y-tropine > tropine ester), and each cyclohexyl ester is significantly
stronger as a reversible inhibitor than its phenyl analog.

These results are interpreted in terms of possible modes of functional interaction betwecn
these esters and the chemoreceptors controll 1g the responses of the tissue and enzyme systems
studied.

ACKNOWLEDGMENT

We are indebted to F. J. Fash, HMC, USN, for his technical assistance in certain phases of

this work, and to the Microanalytical Laboratories, National Institute of Arthritis and Metabolic

REFERENCES

Friess, S L., Wurrconms, E. R, Durant, R. C, and Reser, L. J. (1959). The responses of
acetylcholinesterase and conduction in bullfrog sciatic nerve to the stereochemistry of amino-

Friess, S. L., Baworincr, H, D, Jr. Durant, R. C, Resser, L. J., and Arten, C. H. (1964a).
Structure vs. toxicologic parameters in new esters of tropine and -tropine, VI. Toxicol. Appl.

Friess, S. L. Resigr, L. J. Duraxt, R, C, Baworince, H. D, Jr, and Arren, C. H. " (1964b). - -

Interactions of arvl esters in the tropine and W-tropine series with tissue chemoreceptors. The
Nacusansony, D., and WitsoN, I B.  {1951). The enzymic hydrolysis and synthesis of acetyl-

Turon, C. D, Durast, R. C, Parterson, R, N, ReBer, L. J., and Friess, S. L. (1963). Further
elements of structural specificity in potentiation and blockade of excitable tissue preparations
by aryl esters of tropine and y-tropine. II1. Toxicol. Appl. Pharmacol. B, 79-104.

Wirson, P. W. (1949). Kinetics and mechanisms of enzyme reactions. In: Respiratory Enzymes

-

bl

y
i
7
I
i
B

o

Bl e s A

e B «-...‘.-,.,..T-_‘.—-_,.-_.‘—,uu‘w"'\;. -

Diseases, Bethesda, Marvland, for the elemental microanalyses.
alcohol derivatives. 111. Arck. Biochem. Biophys. 85, 426-336.
Pharmacol. 6, 479-475.
ortho effect. VII. Toxicol. Appl. Pharmacol. 6, 676-689.
« ‘oline. 4dvanc. Erzymol. 12, 259-339.
i
(H. A. Lardy, ed.), p. 23. Burgess, Minneapolis, Minnesota.
£ -
i .
!
& e,
T w0 e imis. emm oz as
e B o




Unclassified

Security Classification

DOCUMENT COKRTXNL DATA - R&D

(Secu.ity clasailication of title, body of abstract and Indexing annotation mist be snterad when the overail report is classified)

, OUIGINATING ACTIVITY (Corporate author) l24. REPORT sSECURITY C LASSIFICATION
Noval Medical Research Institute Unclassified
y
National Navel Medical Center . 75 anoun
Bethesdo, Marylona :

. REPORT TITLE&

CONTRIBUTION OF ARYL GROUPS TO TOXIC INTERACTIONS AT CHEMORECEPTORS. ' 3.-TROPANOL
PHEMYLACETATES AND THEIR HEXAHYDRO DERIVATIVES AS TOXIC AGENTS

. DESCRIPTIVE NOTES (Type of report and inclusive dates)
Medical research interim report

. AUTHOR(S) (Last name, liret name, initial)

FRIESS, Seymour L , REBER, Lewis J. and DURANT, Roger C.

,fgpo AT DATE 78 FOTAL Ng. oF PAGKS 7b. NO. OF 8"'
anuary 19
4. CONTRACT OR GRANT NO, 94. ORIGINATOR'S REPORT MUMIIQ(S).
B BROJECT NO. MR N05.046.0010.1 Report No. 29
MR 005.06-0010 1, Report Ho. 39
c. 90, g"r.u::ol:d-onv WNO(S) (Any othet numbere that may be assigned
d.

0. AVAILABILITY/LIMITATION NOTICES

Qualified requesters may ootoin copies of this report from coc

1. SUPPLEMENTARY NOTES 12. m%lﬂ‘mm&h“!ﬂ\' ACTIVITY

3ureau of Medicine ana Surgery
Vlashington, D. C.

). ABSTRACT

The new cyclohexylacetate esters of tropine ana y-tropine have oeen studied as toxins oy the intravenous
route in intact mice and cots, as twitch-potentiating ayents on the rat phrenic nerve-diapnragm preparation,
und s inhibitors of the acetylcholinesterase.acetylcitoline system. In sharp contrast with their phenyl
ester analoge, *he cyclohexyl esters showem abrupt loss of capavility to evoke stereospecific responses
from chemoreceptor systems in the rot and mouse tissues, and yet display aosolute levels of activity
equivalent to those of the phenyl ester in the weaker [-tropine series. ilith the acetylcholinesterase
system stuaied os a key nerve enxyme, the cyclohexyl esters show exactly inverted behavior in the sense
thot they are highly sterospecific with respect to their inhinitory potencies (\-tropire .- tropine ester),
ond each cyclohexyl ester Is significantly stronger as o reversiole inhinitor than its phenyl analoy (U)

The results are interpreted in terms of possible modes of functional interaction between these esters and
the chemorece ptors controlling the responses of the tissue and enzyme systems studied. (U)
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