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Abstract-Four methyl analogs of hemicholinium (HC-3) were shown to undergo 
hemiacetalization, as was previously shown for the parent compound. These analogs 
produced hemicholjn~um-like responses with relative activities either equal to or lower 
than those of HC-3. Hem~a~talizatjon was found to be restrained in one analog, which 
consisted of a mixture of opened-ring (seco) and closed-ring (hemiacetal) tautomers 
(desmotropes). The preparative separation of the seco-hemiacetal desmotropes was 
accomplished by counter current distribution of column chromatography. The isolated 
seco desmotrope had a h,,, at 292 rnp (log c 4.49) in the ultraviolet spectrum; the 
isolated hemiacetal desmotrope had a AmaX at 257 rnp (log f 4.42) equal to that of 
HC-3. Findings of paper and thin-layer chromatograms were in agreement with the 
presence of two components of the unseparated desmotropic mixture. The lack of 
spontaneous ring closure of the seco material in aqueous solutions to form thehenliacet~, 
and vice versa, made possible a comparison of the pharmacology of these compounds. 
Only the hemiacetai desmotrope qualified in all evaluations as a hemicholinium type of 
compound. The results maintain the thesis that for HC-3 perse the hemiacetal structure 
is requisite for inhibition of acetylcholine biosynthesis and that any restraint on hemi- 
acetalization will lead to a reduction in activity. 

HEMICHOUNKJM (HC-3) has been shown to interfere with cholinergic transmission in 
the peripheral nervous system. In low doses and under conditions that place a high 
demand upon the source of transmitter, HC-3 appears to attack only the presynaptic 
processes of ganglia’ and neuro-muscular junctions.2-4 In the case of autonomic 
ganglia, IX-3 greatly reduced the acetylcholine (ACh) content as well as the ACh 
liberated from presynaptic terminals .I* 5-s Choline has been found to be a specific and 
dramatic antagonist to HC-3-induced poisoning99 lo and neuromuscular blockade.‘L 12 
Macintosh et al.’ and Gardiner l3 have reported that HC-3 is a potent inhibitor of 
ACh biosynthesis by minced brain and acts at some stage before the acetylation of 
choline by choline acetylase (acetyl-CoA: choline O-acetyltransferase). They also 
postulated that HC-3 blocked an active con~ntrating mechanism for choline by nerve 
cells and thereby slowed ACh synthesis. Recently, Hodgkin and Mart&I* and 

* Preliminary reports of this work were presented before the American Society for Pharmacology 
and Experimental Therapeutics: Pharmacologist 8, 191 (1966); 9, 204 (1967). 

t Abstracted in part from the Ph.D. dissertation of R. P. D., Tulane University, 1968. 
$ Present address: Departments of Pharmacology, College of Medicine, University of Iowa, Iowa 

City, Iowa. 
5 Correspondence regarding this work should be directed to V. B. H. at this address. 
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Schu~rth eC &.I5 gave support to this mechanism by showing that He-3 inhibits the 
active uptake of isotopicaliy labeled choline into nerve tissue ipl vitro. 

This unique pharmacological character has spurred an interest in HC-3 on a 
structure-activity basis. HC-3 was originally reported by Long and Schuelerls as the 
chain type of structure shown in Fig. 1 (structure A). Subsequently work by Schuelerg 
established that the compound underwent keto-hemia~tal (ring-chain) tautomerism, 
forming the cyclic hemiacetal shown in Fig. 1 (structure B). Some or all of the four 

A 

B 

Frc. 1. The conversion of seco-He-3 (A) to hemiacetal-l-K-3 (B). 

choline-like moieties of HC-3 which arise through hemiacetalization might allow 
FTC-3 to bind readily to a choline transport system at nerve terminals. Pharmacological 
studies so far have indicated that the biphenyl nucleus of HC-3 can be modi~ed 
without serious loss of hemicholinium-like activity. 17-19 The bisected He-3 molecule, 
which is exactly half of structure B shown in Fig. 1, was found by Schuelerg 
to be essentially a nontoxic congener. Relatively minor structural changes of the 
cationic heads of HC-3 either reduced markedly or abolished hemicho~inium-like 
acti~ity*~~16~~7,20 

One purpose of this investigation was to study the participation of the choline 
moieties of HC-3 in biological systems by selective introduction of methyl groups 
into those moieties. As will be shown, methyl substitutions on the morpholinium rings 
of He-3 produced analogs having marked differences in activity. 

During the course of this investigation another purpose unfolded. Prior to recrystal- 
lization, an analog of HC-3 unexpectedly yielded an isolatable opened-ring tautomer. 
This opened-ring tautomer, unlike that of HC-3, was stable in aqueous solutions and 
therefore could be compared pharmacologically with its corresponding closed-ring 
tautomer. The results of this comparison along with other related observations led to 
a proposal of the active structure of HC-3 that inhibits the biosynthesis of ACh. 

METHODS 

All melting points were taken on a hot stage ~Fisher-Johns) melting pointsapparatus 
and are uncorrected. 

Ultruviolet spectra 

Ultraviolet spectra were obtained on a Beckman DB-G grating spectrophotometer 
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with a Beckman IO-in. recorder. Except where indicated otherwise, compounds were 
dissolved in 95 % ethanol. 

Infrared spectra 
Infrared spectra were recorded on a Beckman Microspec spectrophotometer. 

Compounds examined were mixed appropriately with anhydrous KBr in a Wig-L-Bug 
dental amalgamator and then pelleted in a Mini-Press (Wilks Scientific Company). 

Nuclear magnetic resonance spectra 
The n.m.r. spectra were taken with a Varian spectrometer, model A-60. 

Microanalyses 
Microanalyses were carried out by Alfred Bernhardt (Muhlheim, Germany) and 

Galbraith Laboratories, Inc. (Knoxville, Tenn.). Where analyses are indicated only 
by symbols of the elements, analytical results obtained for those elements were within 
f 0.4 per cent of the theoretical values. 

Refractive indices 
All aminoalcohols used in the synthesis of compounds I, II, III and IV were examined 

routinely for refractive index with an Abbe refractometer (Bausch & Lomb) at the 
temperatures indicated. 

Molecular weight determinations 
Molecular weight determinations were carried out by Galbraith Laboratories, Inc. 

(Knoxville, Tenn.). An osmometric method was used, which measured the tempera- 
ture difference caused by condensation of solvent vapors into a drop of solvent and a 
drop of solution of the compound held in a constant temperature chamber saturated 
with solvent vapors. Ethanol was the solvent used in this study. 

Paper chromatography 
One-dimensional ascending paper chromatography was carried out on Whatman 

no. 20 paper with n-butanol-ethylene glycol-water (4:l :l) as a solvent system. 
Samples to be chromatographed were dissolved in methanol. Development was 
allowed to proceed until the solvent front was 14 cm from the origin. The spots were 
made visible by spraying with potassium iodoplatinate reagent.21 

Thin-layer chromatography 
A solvent system of n-butanol-glacial acetic acid-water (1O:l :l) was used on silica 

gel thin-layer glass fiber sheet (Gelman Company, type SG). For spot detection, the 
chromatogram was air-dried in a hood; the sheet was sprayed with concentrated 
sulfuric acid and placed on a hot plate .s2 Organic materials appeared on the sheet as 
charred, dark-brown spots. 

Column chromatography 
A cellulose chromatographic column was prepared by mixing 200 g of fibrous 

cellulose powder (Whatman Column Chromedia CF 11) with enough of the n-butanol- 
ethylene glycol-water (4 : 1: 1) or chloroform-methanol (10 : 1) eluent to make a homo- 
genous slurry. The slurry was then poured slowly into a Chromaflex column support 

B.P.-2Q 
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and allowed to pack. The resulting dimensions of the column beds were 41 ZIZ 1 by 
4 cm. The appropriate fractions were evaporated to dryness under reduced pressure 
in a rotary evaporator. 

Synthesis of the compounds 
a,a’-Dibromo-4, 4’-biacetophenone. The method of Long and Schuelerl6 was 

followed. However, tetrahydrofuran was used to recrystallize the product giving a 
72 per cent yield, m.p. 225-227” (lit.16 m.p. 226-227”). 

a,a’-Dibromo-4, 4’-bipropionylphenone. The above method for the preparation of 
a,a’-dibromo4, 4’-biacetophenone was used, with the exception that an equimolar 

amount of 2-bromopropionyl bromide replaced bromoacetyl bromide giving a 
76 per cent yield, m.p. 176-177” (lit.23 m.p. 174-179”). 

2,2’-(4,4’-Biphenylylene) bis(2-hydroxy-4,4-dimethylmorpholinium bromide) (HC-3). 
The method of Long and Schueleris (tetrahydrofuran was used as the reaction solvent) 
was followed. Recrystallization from ethanol-ether gave the product as a white solid. 
The yield and properties of this compound are summarized in Table 1. 

2, 2’-(4, 4’-Biphenylylene)bis(2-hydroxy-3, 4, 4-trimethylmorpholinium bromide) (I). 
2-Dimethylaminoethanol was purified by double distillation [b.p. 133-135” nnzO 
l*4290(lit.z4 b.p. 135” n.20 1*4300)] and then 3.6 g (O-048 mole) was added to a stirred 
solution of 1.5 g (O-0038 mole) of a,a’-dibromo-4,4’-bipropionylphenone dissolved in 
100 ml of hot tetrahydrofuran (THF). The mixture was refluxed for 30 min and then 
cooled to room temperature. The solid which formed was collected on a filter, washed 
with THF and then ether, and dried at 50” in vacua. Recrystallization from ethanol- 
ether gave the product as white solid. The yield and properties of I are summarized 
in Table 1. 

2, 2’(4, 4’-Biphenylylene) bis (2-hydroxy-4, 4, 5-trimethylmorpholinium bromide) (II). 
2-Dimethylamino-1-propanol was purified by double distillation (b.p. 146-I 80” n 02’ 
1.4349) and then 5 g (0.048 mole) was added to a stirred solution of 1.5 g (0.0038 mole) 
of a,a’-dibromo-4, 4’-biacetophenone dissolved in 100 ml of hot THF. The mixture 

was refluxed for 30 min and then cooled to room temperature. The solid which formed 
was collected on a filter, washed with THF and then ether, and dried at 50” in vacua. 
Recrystallization from ethanol-ether gave the product as a white solid. The yield and 
properties of II are summarized in Table 1. 

2,2’-(4,4’-Biphenylylene) bis (2-hydroxy4,4,6-trimethylmorpholinium bromide) (III). 
The method for the preparation of II was used, with the exception that 2-dimethyl- 
amino-1-propanol was replaced with an equimolar amount of 1-dimethylamino-2- 
propanol [b.p. 125-126” nnas 1*419O(lit.25 b.p. 124126”nnss 1+4218)]. The yield and 
properties of III are summarized in Table 1. 

2,2’-(4,4’-B@henylylene)bis (Zhydroxy-4, 4,5,5-tetramethylmorpholinium bromide) 
(IV). The method for the preparation of II was used, with the exception that 2- 
dimethylamino-1-propanol was replaced with an equimolar amount of 2-dimethyl- 
amino-2-methyl-1-propanol b.p. [159-161’ nna7 14442(lit.a5 b.p. 160-161’ nn2’ 
1.4442)]. The yield and properties of IV are summarized in Table 2. The chemical 
name for IV as it appears above refers to that product (hemiacetal-IV) of the reaction 
which underwent complete hemiacetalization. Prior to recrystallization, about 40 per 
cent of the total product, as determined by countercurrent distribution measured with 
ultraviolet analyses, remained uncyclized as [4, 4’-biphenylylenebis(2-oxoethylene)] 



T
A

B
L

E
 

1.
 

M
E

T
H

Y
L

 
A
N
A
L
O
G
~
_
~
E
S
 
O
F
 

H
E

M
IC

H
~L

IN
I~

M
 

N
O

. 
3 

H
 

2B
r 

0,
/i”

-R
3 

H
/d

, 
H

 
5 

R
3 

5 e.
 

5 
C

om
po

un
d 

R
l 

R
Z

 
R

3 
M

.p
. 

Y
ie

ld
 

Fo
rm

ul
a*

t 
&

t: 
L

D
50

$§
 

Is
oA

C
hE

, 
5 

(C
”)

 
1%

) 
(m

gi
kg

) 
(M

) 
a 

H
C

-3
 

H
 

H
 

H
 

22
6-

22
8,

 
de

c*
§ 

79
 

C
z4

H
34

B
rz

N
z0

4 
0.

44
 

00
63

 
>

 1
0-

3(
37

 %
 a

t 
E

 

1 
x 

10
-3

) 
G

 ii 
1 

C
H

3 
H

 
H

 
18

5-
18

8,
 d

ec
 

71
 

C
ze

H
33

B
rz

N
30

4 
0.

55
 

(&
o~

;-
o.

08
2,

 
>

 l
o-

3(
8 

%
 a

t 
1 

x 
10

-3
) 

g 
II

 
H

 
C

H
3 

H
 

19
0-

19
2,

 d
ec

 
80

 
C

ze
H

3a
B

rz
N

z0
4 

04
s 

i;;
pO

.O
83

) 
6.

0 
x 

1O
-4

 
B

 
(O

~l
Z

E
M

~1
73

) 
5 _.

 
II

T
 

H
 

H
 

C
H

3 
18

5-
18

8,
 d

ec
 

68
 

C
33

H
33

B
r3

N
30

4 
0.

77
 

o-
52

 
5.

6 
x 

1O
-4

 
0 

(@
42

-0
64

) 
Q

 5 

* 
A

ll 
co

m
po

un
ds

 
w

er
e 

an
al

yz
ed

 
fo

r 
‘A

 C
, 

H
. 

H
C

-3
 

an
d 

co
m

po
un

ds
 

I,
 I

I 
an

d 
II

I 
an

al
yz

ed
 

as
 m

on
oh

yd
ra

te
s 

ev
en

 a
ft

er
 

hi
gh

-v
ac

uu
m

 
dr

yi
ng

 
at

 1
00

”.
 

&
. 

.I
 S

ol
ve

nt
 

sy
st

em
 

w
as

 n
-b

ut
an

ol
-e

th
yl

en
e 

gl
yc

ol
-w

at
er

 
(4

:X
 :l

) 
on

 W
ha

tm
an

 
no

. 
20

. 
$ 

T
he

 n
um

be
rs

 
in

 p
ar

en
th

es
es

 
re

pr
es

en
t 

th
e 

95
 p

er
 c

en
t 

co
nf

id
en

ce
 

lim
its

. 
3 

H
e-

3 
ha

s 
be

en
 

fo
un

d 
by

 V
. 

B
. 

H
aa

rs
ta

d 
an

d 
F.

 W
. 

Sc
hu

el
er

 
(u

np
ub

lis
he

d 
da

ta
) 

to
 c

ry
st

al
liz

e 
in

 v
ar

ia
bl

e 
hy

dr
at

io
n 

st
at

es
 

w
ith

 
di

ff
er

en
t 

de
co

m
po

si
tio

n 
po

in
ts

. 
T

hi
s 

w
at

er
 

of
 c

ry
st

al
liz

at
io

n 
is

 v
er

y 
di

ff
ic

ul
t 

to
 r

em
ov

e 
fr

om
 

H
C

-3
. 

T
he

se
 

pr
op

er
tie

s 
pr

ob
ab

ly
 

al
so

 
oc

cu
r 

fo
r 

co
m

po
un

ds
 

I-
II

I.
 

_ 
_ 

__
 

_ 
_.

. 



T
A
B
L
E
 
2
.
 S
O
M
E
 
P
R
O
P
E
K
T
I
E
S
 O
F
 S
E
C
O
-
 A
N
D
 
H
E
M
I
A
C
E
T
A
L
-
I
V
 

E
 

C
o
m
p
o
u
n
d
*
 

M
.p

. 
95

 %
 E

th
an

ol
 

In
fr

ar
ed

 
R

f 
in

 s
ol

ve
nt

 
L

&
ot

 
(C

”)
 

15
0 A

C
hE

 
ca

rb
on

yl
 

SJ
W

te
W

Z
St

 
;l

Y
$ 

(m
gl

kg
) 

(M
) 

$ 
ab

so
rp

tio
n 

Si
 

SZ
 

g 
(5

.9
11

) 
,?

-e
 

IV
4 

(d
es

m
ot

ro
pi

c 
18

3-
l 

85
, 

de
c 

26
0-

29
01

! 
st

ro
ng

 
0.

62
 

0.
75

 
0.

11
5 

9.
3 

x 
10

-5
 

u 

m
ix

tu
re

) 
an

d 
an

d 
$ 

0.
86

 
0.

88
 

(0
.q

90
2T

.1
42

) 
x 

Se
co

-I
V

 
:$

,*
* 

18
2-

18
5,

 d
ec

 
29

2 
ve

ry
 

0.
86

 
0.

88
 

2.
7 

x 
10

m
4 

$ 
st

ro
ng

 
H

em
ia

ce
ta

l-
IV

 
: $

,tt
 

18
2-

18
4,

 d
ec

 
(7

j&
.2

) 
25

7 
ni

l 
0.

62
 

0.
75

 
5.

1 
x 

lo
-”

 
Z

 
(0

.0
47

-0
.0

69
) 

$ 2 
* 

Fo
rm

ul
a 

(t
he

or
et

ic
al

 
fo

r 
th

is
 

se
ri

es
 

is
 C

zs
H

42
B

ra
N

z0
4.

 
A

ll 
co

m
po

un
ds

 
w

er
e 

an
al

yz
ed

 
fo

r 
‘A

 C
, 

H
. 

-t
 S

ol
ve

nt
 

sy
st

em
s 

w
er

e 
as

 f
ol

lo
w

s:
 

S1
, 

n-
bu

ta
no

le
th

yl
en

e 
gl

yc
ol

-w
at

er
 

(4
:1

 :
l)

; 
SZ

, n
-b

ut
an

ol
-g

la
ci

al
 

ac
et

ic
 

ac
id

-w
at

er
 

(I
O

:1
 :I

) 
on

 
si

lic
a 

ge
l 

th
in

-l
ay

er
 

$ Z
 

gl
as

s 
fi

be
r 

sh
ee

t 
(G

el
m

an
 

C
om

pa
ny

, 
ty

pe
 

SG
).

 
$ 

T
he

 
nu

m
be

rs
 

in
 p

ar
en

th
es

es
 

re
pr

es
en

r 
th

e 
95

%
 

co
nf

id
en

ce
 

lim
its

. 
m

 
5 

A
na

ly
ze

d 
w

ith
in

 
l
 0

.4
%

 
of

 t
he

 c
al

cd
. 

%
 C

 a
nd

 H
 w

ith
ou

t 
re

cr
ys

ta
lli

za
tio

n.
 

A
ll 

va
lu

es
 o

bt
ai

ne
d 

w
er

e 
w

ith
 a

 s
am

pl
e 

co
nt

ai
ni

ng
 

ap
pr

ox
im

at
el

y 
40

 y
/, 

se
co

- 
z 

an
d 

60
%

 
he

m
ia

ce
ta

l-
IV

 
as

 d
et

er
m

in
ed

 
by

 c
ou

nt
er

cu
rr

en
t 

di
st

ri
bu

tio
n 

m
ea

su
re

d 
w

ith
 

ul
tr

av
io

le
t 

an
al

ys
es

. 
,I 

B
ro

ad
 

si
ng

le
 

or
 d

ou
bl

e-
pe

ak
ed

 
ab

so
rp

tio
n,

 
de

pe
nd

in
g 

on
 t

he
 

du
ra

tio
n 

of
 r

ef
lu

x 
tim

e 
of

 t
he

 
re

ac
tio

n 
(s

ee
 F

ig
. 

4.
) 

: 

**
 A

na
ly

si
s 

C
: 

ca
lc

d,
 

53
.3

4%
; 

fo
un

d,
 

55
.1

7 
‘A

. A
na

ly
si

s 
H

: 
ca

lc
d,

 
6.

71
 

‘A
; 

fo
un

d,
 

5.
76

%
. 

M
ol

ec
ul

ar
 

w
ei

gh
t: 

ca
lc

d,
 

63
0;

 f
ou

nd
, 

59
9.

 
Z

 

tt 
Is

ol
at

ed
 

fr
om

 
th

e 
de

sm
ot

ro
pi

c 
m

ix
tu

re
 

by
 c

ou
nt

er
cu

rr
en

t 
di

st
ri

bu
tio

n.
 

2 
$1

 A
na

ly
ze

d 
as

 t
he

 h
em

ih
yd

ra
te

. 



Hemicholinium and acetylcholine biosynthesis 565 

bis](2-hydroxy-1, 1-dimethylethyl) dimethylammonium bromide] (seco-IV). The yield 
and properties of the desmotropic mixture IV (seco-hemiacetal-IV) are summarized 
in Table 2. 

When the reaction was carried out at room temperature for 24 hr, the amount of 
seco-IV increased to about 60 per cent of the total product mixture. Recrystallization 
of the desmotropic mixture from ethanol-ether greatly reduced the proportion of 
seco-IV and was avoided in order to improve the yield of this desmotrope. With care, 
the mixture could be prepared in an analytically pure form without resorting to 
recrystallization. 

Separation and isolation of seco- and hemiacetal-IV 
A countercurrent distributions6 was used with thirteen tubes (12-plate transfer) 

each containing preequilibrated n-butanol (20-ml) and distilled Hz0 (20 ml). The 
bottom layer (mobile phase) was moved manually with a 20-ml syringe equipped with 
a 5 in. blunted trocar. One g of the mixture of desmotropes was used for counter- 
current separation. Because of the surface-active properties of seco-IV, centrifugation 
(1500-2000 rpm for 30 min) was necessary to restore the butanol-Ha0 interface after 
shaking the tubes. After the last transfer step, the content of each tube was made into 
a single phase by the addition of 10 ml of 95 % ethanol. Aliquots were taken from each 
tube and diluted with Hz0 for ultraviolet spectroscopy, with Ha0 as an optical 
reference. Tables of binomial probability distribution were used to compute theoretical 
countercurrent values. Tubes 3 and 4, and 11 and 12 were used routinely to isolate 
seco- and hemiacetal-IV respectively. The tube contents were taken to dryness under 
reduced pressure in a rotary evaporator at 50”. The residue was recrystallized from 
ethanol-ether, filtered, washed (THF-ether) and dried in vacua at 50”. Both desmo- 
tropes were obtained as white solids. The properties of the isolated desmotropes are 
summarized in Table 2. 

Pharmacology 
Toxicity studies. The 24-hr LDSO values were determined in white female mice 

(Charles River) weighing 20-25 g. The compounds were dissolved in saline and 
injected intraperitoneally (i.p.) in a volume equivalent to 10 ml/kg body weight. Three 
groups of mice, consisting of ten mice per group, were used for each determination. 
The LD~O and its 95 per cent confidence limits were determined from a probit-log dose 
regression line calculation as described by Finney .s7 In antagonism studies, the choline 
chloride was given by i.p. administration immediately after the test drug had been 
injected. 

Cat sciatic nerve-gastrocnemius muscle preparation. Cats of either sex weighing 
between 2.5-3.5 kg were anesthetized by an i.p. injection of O-6 ml per kg of Dial with 
Urethane (Ciba Pharmaceutical Company). The trachea was cannulated with a “Y” 
tube and the animal was allowed to respire naturally. Artificial respiration was pro- 
vided when necessary by means of a Harvard respiration pump. The sciatic nerve was 
exposed by making an incision on the posterior side of the thigh and retracting the 
underlying muscles. The nerve was then dissected free from surrounding tissue, tied, 
and crushed proximally. A bipolar, shielded, silver electrode was then placed on each 
sciatic nerve. The Achilles tendon was severed distally and attached to a Grass FT 10 
force-displacement transducer. The leg was immobilized by placing a stainless steel 
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rod through the knee joint. The rod was then firmly attached to a metal frame. The 
foot was secured to the frame by means of a clamp. All drugs were routinely examined 
for frequency-dependency in bilateral preparations. The nerve of one muscle was 
stimulated at 1 c/s, and the nerve of the contralateral muscle was stimulated at 0.1 c/s. 
Supramaximal voltage with a pulse duration of O-3 msec was delivered by a Grass S4 
stimulator. Compounds were dissolved in physiological saline solution and injected 
i.v. by means of a cannula inserted into the left jugular vein. Blood pressure was 
measured in this preparation by means of a cannula inserted into the right carotid 

artery and connected to a Statham P23 AC blood pressure transducer. Blood pressure 
and muscle twitches were recorded simultaneously on a Grass polygraph (model 5). 

Cat tibialis anterior muscle preparation (for close-arterial injections). A modification 

of the method of Browns* was used. Cats of either sex weighing between 25 and 3.5 kg 
were anesthetized by an i.p. injection of 0.6 ml. per kg of Dial with Urethane. One leg 
was secured to a supporting framework by means of a nail driven through the head of 
the tibia and a clamp placed on the tibia near the ankle. The distal tendon of the 
tibialis was dissected free from its attachment together with a fragment of bone and 
tied to a Grass FT 03 force-displacement transducer by a small metal rod. The pre- 
paration of the sciatic nerve for stimulation was as mentioned above. The nerve was 
stimulated supramaximally at 1 c/s with a pulse duration of 0.5 msec. Retrograde 
administration (close-arterial) of ACh chloride in a volume of 0.15 ml was made 
through a small-bore cannula inserted in the tibia1 artery. The popliteal artery was not 
occluded during the close-arterial injections of ACh. A jugular vein was used for the 
i.v. administration of compounds. 

Measurement of ganglionic blockade in the cat. Drug-induced block of ganglionic 
transmission was measured in situ using the superior cervical ganglion of the cat as 
described by Volless and by Takeshige and Volle .3a Supramaximal stimuli at 0.5 c/s 
(O-25 msec duration) were applied to the cervical sympathetic trunk by means of a 
square-wave generator, the output of which was passed through a stimulus isolation 
unit to bipolar platinum electrodes. One electrode was placed in direct contact with 
the surface of the ganglion, the other on the crushed end of the postganglionic nerve. 
The evoked potentials were amplified by a resistance-coupled preamplifier and visual- 
ized on an oscilloscope. Permanent records were made on moving photographic paper. 
Drugs were administered through a 27-gauge needle which was inserted into the 
common carotid artery and clamped to the supporting framework. The volume of 
injection was O-1 ml. All of the drugs were dissolved in physiological saline. Clotting in 
the needle was prevented by the prior administration of heparin (300 units/kg i.v.). 

Measurement of acetylcholinesterase inhibition. The determination of acetylcholin- 
esterase (AChE) inhibition in vitro was made by the manometric technique originally 
described by Ammon and later modified by Augustinsson.si The total volume in the 
reaction flask was 2.0 ml. ACh chloride at 5 x 10-3M was used as the substrate. 
Readings of CO2 evolution were taken every 10 min for 1 hr. The enzyme was true 
cholinesterase from bovine erythrocytes (Sigma Chemical Co.). At least three different 
concentrations of each compound were used to obtain 150 values. Three determinations 
with duplicate samples were made for each compound. 

Biosynthesis of ACh by minced brain. For each experiment a 400-500 g male guinea 
pig was stunned and the brain was quickly removed and rinsed with Locke solution. 
The cold tissue was then placed in a plastic tube closed at one end by a plunger and 
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at the other end by two layers of fine nylon stocking. The mince was prepared 
by slowly extruding the tissue through the nylon mesh. Samples of mince weighing 
between 130 and 150 mg were suspended in ice-cold modified Locke solution con- 
sisting of NaCl(l30 mM), CaCls (2 mM), KC1 (4 mM), NaHCOs (25 mM), eserine 
sulphate (20 PM), and the desired concentration of test substance. The total volume 
of medium for each sample prior to the addition of tissue was 3-O ml. The medium and 
mince were placed in 20-ml beakers to permit efficient agitation and oxygenation. 
Duplicate samples were used. Two control samples, containing no test substance, 
were made up to volume by additional medium. Two samples similarly prepared but 
not incubated were used for estimation of free ACh at zero time. Incubation was for 
75 min at 37”. Throughout this period the beakers and their contents were gently 
agitated on a Dubnoff shaker and kept under moist Os-CO2 (95:5) so that the pH of 
the medium was 7.5 f 0.1. At the end of incubation, the mince suspensions were 
quickly chilled and centrifuged at 4” for 20 min at 3300 rpm. The supernatant was 
decanted from each sample and bioassayed immediately on the guinea pig ileum32 or 
the rat blood pressure.33 The extraction of bound ACh from tissue residues was done 
according to Mann et al.34 The extracts were bioassayed on the guinea pig ileum after 
adjustment to pH 4.5 and overnight storage at 4”. Bioactivity was considered to be 
due to the presence of ACh by the following criteria: (1) activity could be abolished 
by alkaline-boiling (pH 11) the sample; (2) activity could not be abolished by acid- 
boiling (pH 4) the sample; (3) Activity could be abolished by atropinization of the 
bioassay preparation; (4) activity could be abolished by excluding eserine from the 
incubation medium. 

RESULTS 

Comparison of compounds Z, ZZ, and ZZZ with HC-3 
Table 1 summarizes some of the properties of compounds I-III. All three analogs 

had a maximal absorption in the ultraviolet spectrum at 257 rnp. The infrared spectra 
of these products showed very weak or no carbonyl absorption at 5.9 ,LL. These data 
confirm that the compounds resemble HC-3 in that they exist predominantly in the 
hemiacetal form. 

Symptoms of toxicity in mice produced by each compound were identical to those 
produced by HC-3. Death occurred in 15-20 min and was apparently due to respira- 
tory paralysis. The toxic syndrome and fatality produced by a near-Logo dose of 
each compound was abolished by injecting choline chloride (20 mg/kg i.p.) immedia- 
tely after administration of the test drug. Compound I, bearing methyl substitutions 
at the a’-positions, was equipotent with the parent molecule. Methyl substitutions on 
the ,G-ethanol side chains resulted in less active products: HC-3 was roughly 2.5 and 
8 times more toxic than compounds II and HI respectively. No member of this series 
was a potent inhibitor of acetylcholinesterase in vitro. As shown in Table 1, high 
concentrations (> lo-4M) were necessary to reach 150 level. The 150 values of neostig- 
mine methyl sulfate and eserine sulfate under the same experimental conditions were, 
respectively, 7.2 x lo-sM and 6.1 x lo-sM. 

The relative activities of compounds I and III as inhibitors of neuromuscular 
transmission were similar to the relative activities observed in ~~50 determinations. 
Compound I was equiactive with HC-3 in the cat sciatic nerve-gastrocnemius muscle 
preparation (stim. freq., 1 c/s). At 150 pg/kg, HC-3 and compound I produced a 
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gradual diminution of twitch height, reaching a maximal depression in 45-60 min. 
Increasing this dose 5-fold did not increase the degree of depression. Compounds II 
and III were inactive in this preparation at 150 pg/kg. About two to three times as 
much compound III was necessary to initiate observable depression as compound 
II. At 750 *g/kg, all analogs produced hemicholinium-like activity with little 
difference in magnitude of depression of twitch height (Fig. 2). In all experiments 
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Frc,. 2. Maximal twitches of the gastrocnemius muscle of the cat elicited by single-shock stimulation 
of the sciatic nerve once every sec. At the arrows, 750 rg/kg of compound was injected intravenously. 
A, HC-3 ; B, compound I; C, compound 11; D, compo~lnd 111. When maximal depression of twitch 
height was reached, 1 mg/kg of chlorine chloride (Ch} was injected intravenously every 100 set until 

antagonism was complete. 

neuromuscular inhibition was antagonized by the administration of choline chloride 
as shown in Fig. 2. Compound 11 at a dose of 1 mg/kg produced an initial transient 
depression of twitch height prior to proceeding into a hemichoiinium-like blockade. 
Paralysis brought about by any of the compounds at these low doses was frequency- 
dependent: contractions of the slowly stimulated contralateral muscle (stim. freq., 0.1 
c/s) in bilateral preparations remained maximal. Only compound II modified the 
blood pressure of these animals; at 750 Er_g/kg, a slight hypotension, lasting S-10 
min, was produced. 

For synthesis of compound IV, the appropriate amino-alcohol precursor was used 
that would introduce two methyl groups at each u-position of the HC-3 molecule. 
Examinations of the product in water or ethanol (95%) in the ultraviolet spectrum 
revealed a second maximum at about 285 rnp in addition to the characteristic maxi- 
mum at 257 rnp for the he~choliniums previously mentioned. The infrared spectrum 
of compound IV showed strong carbonyl absorption. The ultraviolet absorption at 
285 rnp and the infrared carbonyl absorption declined progressively with each recrystal- 
lization; 4-S re~rystallizations of compound IV from ethanol~ther yielded a product 
virtually isochromic with HC-3 in both the infrared and ultraviolet spectra. Paper 
chromatography of the unrecrystallized compound IV revealed two well separated 
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spots (& = 0.62 and O-86). Compound IV, which was subjected to repeated recrystal- 
lization, gave only a single spot with an Rf of 0.62. The toxic syndrome produced in 
mice by the product mixture IV (unrecrystallized) was similar to that of HC-3. The 
~~50 which at first was 2-3 times that of HC-3, gradually decreased with each subse- 
quent recrystallization and eventually became equal to that of HC-3. These data 
suggested that the original compound IV mixture might have as components stable 
ring-chain tautomers (Fig. 3). 

The relative amounts of the tautomers of IV, opened-ring (seco)-IV, and closed-ring 
(hemiacetal)-IV were found to depend on the amount of heat imparted to the original 
reaction of a,a’-dibromo-4, 4’-biacetophenone with 2-dimethylamino-2-methyl-l- 
propanol. As shown in Fig. 4, when the reaction was allowed to stand overnight at 
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FIG. 3. Conversion of seco-IV (A) to hemiacetal-IV (B). 
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FIG. 4. Ultraviolet absorption curves of compound IV. The broken line is the spectrum of the com- 
pound prepared at room temperature. The continuous line is the spectrum of the compound prepared 

by allowing the reaction mixture to remain at reflux temperature (about 70”) for 13 hr. 
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room temperature, a greater proportion of seco-IV resulted, as indicated by the 
increased bathychromic absorption in the ultraviolet spectrum. When the reaction 

was stirred at reflux temperature for + hr, more hemiacetal-IV resulted, as indicated 
by the increased hypsochromic absorption. This hypsochromic shift produced by 
elevated temperatures would be expected if the compound were being converted to a 
less conjugated molecule. For compound IV, the more conjugated seco-IV would be 
converted to the less conjugated hemiacetal-IV. An alternate mechanism would be 
simultaneous quaternization and hemiacetalization. An increase in the temperature 
would aid the formation of the transition state required by such a mechanism. Since 
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FIG. 5. The separation of seco-IV from hernia&al-IV. Upper panel: elution diagrams with n-butanoI- 
ethylene glycol-water (4:l :l) from fibrous cellulose column. Lower panel: countercurrent distribution 
analysis of compound IV. The curves represent fitted theoretical binomial distributions. For both 
separation methods, 1 g of IV was used. . - - - *, seco-IV; a-*, hemiacetal-IV. The K (n-butanol- 

I&O) values for seco- and hernia&al-IV were 1.94 and 0.11 respectively. 
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these tautomers were able to exist independently of each other, they qualified as 
desmotropes. 

The results of the separation of seco- and hemiacetal-IV are shown in Fig. 5. 
Countercurrent distribution as well as a cellulose column were used as methods to 
separate the desmotropes. Seco-IV was considerably surface-active and produced 
stable emulsions in tubes 0 through 7 of the countercurrent distribution. This property 
was not observed for hemiacetal-IV, which distributed mainly in tubes 9 through 12. 
Inasmuch as less overlap of the desmotropes was achieved by countercurrent distri- 
bution, this method was used routinely for separations. With either preparative 
method of separation, only two components of compound IV were apparent. This is 
in good agreement with the two iodoplatinate-positive spots detected on chromato- 
grams of compound IV. The ultraviolet spectrum of the seco component isolated from 
tube 3 had a A,,, at 292 rnp (Fig. 6.) The more substantial confirmation of the seco- 
and hemiacetal assignments was afforded by infrared spectroscopy (Fig. 7). The 
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FIG. 6. Ultraviolet spectra of isolated seco-IV (- - - -) and hemiacetal-IV ( -). 

most dramatic differences are to be seen in carbonyl absorption. The tube 3 product 
(seco-IV) showed an intense carbonyl absorption (5.9 CL> that was practically absent in 
the tube 12 (hemiacetal-IV) product. Hernia&al-IV showed strong absorption at 
7.6 p, which was not observed for seco-IV. This absorption was attributed to OH in 
plane deformation.35 Full acetal derivatives of HC-3, in support of this OH functional 
assignment, did not have any absorption at this wavelength (F. Bove, personal com- 
munication). The infrared spectrum of seco-IV eluted from a cellulose column with 
chloroform-methanol (1O:l) was superimposable on that of seco-IV separated by 
countercurrent distribution. Proton nuclear magnetic resonance spectra of seco- and 
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hemia~tal-IV (Fig. 8) were also ~um~atible with the structures shown in Fig. 3. 
Table 2 summarizes some of the properties of the isolated desmotropes of compound 
IV, Note that for both thin-layer and paper chromatograms the R-f of isolated seco-IV 
coincided with that of the higher Rf component of the unseparated desmotropic 
mixture (seco-IV and hemiaGetal-TV), while the ..lZf of isolated hemiaeetal-IV coincided 
with thai of the lower Rf component of the d~s~otro~i~ mixture. 

Fra. 7. infrared spectra of compound IV (A) as the unseparated d~rnotr~pi~ mixture, sew-IV (3) 
and hemiacetal-IV (C). 

The lack of rapid spontaneous ring-closure, or hemiacetalization, of seco-IV in 
aqueous solutions to form hemiacetal-IV, and vice versa, made possible a comparison 
of the pharmacology of these compounds, Solutions of seco-IV in physiological saline 
which were allowed to remain at room temperature for up to 6 months, exhibited at 
most only a 10 rnk hypsochromic shift in the ultraviolet spectrum compared with fresh 
solutions. Refluxed (5 hr) ethanol solutions of seco-IV did not give any spectral 
evidence of hemiacetalization. Hydrogen bonding with water might be stabilizing 
seco-IV so that its @-OH groups are kept from a~~roaehin~ the carbonyl Functions. 
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Solutions of hemiacetal-IV under any of these conditions did not change from a 
Amax of 257 mp. The conversion of hemiacetal-IV to seco-IV in these solutions would 
have been manifested by a bathychromic shift in the ultraviolet spectrum. Acidifica- 
tion (HCI) of aqueous solutions did not produce any marked spectral changes, but 
basification &OH) of seco-IV (pH 9) caused a hypsochromic shift. Under severe 
alkaline conditions (pII 12) seco-IV has a h mitx of 261 rnp. This shift could not be 
reversed by reacidification. True internal hemiacetalization is doubted to have taken 

HOD 

FIG. 8. Proton n.m.r. spectra of seco-IV {A) and hemiacetal-IV (B). Seco -1Vwas dissolved in dimethyl- 
sulfoxide (DMSO-da) and heated to 50% to maintain an adequate concentration in solution. The 
shifted water peak at 4.3 ppm in spectrum A is attributed to these solvent-temperature effects. DzO 

at room temperature was a suitable solvent for hemiacetal-IV. 

place, since neutralized solutions of the base-converted product did not have the 
biological properties of hemiacetal-IV. Alkaline treatment of hemiacetal-IV brought 
about no more than a 3 rnp bathychromic shift, which was reversed by reacidification. 

In acute toxicity studies, hemiacetai-IV was equipotent with HC3 and at least 200 
times more potent than seco-IV in producing fatality in mice (Table 2). Both desmo- 
tropes produced a toxic syndrome in the animals similar to that of HC-3; the syndrome 
and fatality in mice produced by near-LDse doses were effectively antidoted by choline 
chloride (20 mg/kg i.p.). It could be possible that the hemicholinium-like activity 
observed in mice for seco-IV was not due to the compound as such, but instead, was 
due to a slight conta~nation of hemiaceta!-IV, 

Both desmotropes require high Iso concentrations for acetylcholinesterase. It is 
interesting that the unseparated desmotropic mixture should have a lower 150 value 
than either of its components (Table 2). 
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The desmotropes were examined in the sciatic nerve-gastrocnemius muscle prepara- 
tion of the cat. With single-shock stimulation at a frequency of 1 c/s, seco-IV (750 
pg/kg i.v.) did not reduce twitch height, but caused a large decrease in blood pressure 
(Fig. 9). The severe hypotension produced in this preparation by seco-IV prevented 
studies with high doses. Atropine and diphenhydramine given at various doses prior 
to injection of seco-IV did not protect animals from a sustained fall in blood pressure. 
As will be indicated below, this hypotension was probably due to a blockade of gang- 
lionic transmission. Hemiacetal-IV was extremely active in nerve-muscle studies, 
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FIG. 9. Cat sciatic nerve-gastrocnemius muscle preparation. Maximal twitches were elicited by single- 
shock stimulation of the sciatic nerve once every sec. BP denotes carotid blood pressure. At the arrow, 
750 pg/kg of seco-IV was given intravenoulsy. The interruption in the record is 40 min; the horizontal 

calibration is 1 min. 

FIG. 10. Cat sciatic nerve-gastrocnemius muscle preparation. Maximal twitches were elicited by single- 
shock stimulation of the sciatic nerve once every sec. BP denotes carotid arterial blood pressure. A, 
hernia&al-IV (250 rg/kg iv.); B, neostigmine methylsulfate (50 pg/kg i.v.); C, choline chloride 

(4 mg/kg i.v.). The interruption in the record is 40 min; the horizontal calibration is 1 min. 

both as a curare-like and as a hemicholinium-like agent. As shown in Fig. 10, hemi- 
acetal-IV, at a dose of 250 pg/kg i.v., produced a precipitous reduction of twitch 
height that could be completely antagonized by neostigmine methylsulfate (50 pg/kg 
i.v.) ; after this antagonism, a second but more slowly developing hemicholinium-like 
neuromuscular depression occurred that could be completely reversed with choline 
chloride (4 mg/kg i.v.). When the dose of hemiacetal-IV was lowered to 150pg/kg, only 
the late-phase, or hemicholinium-like blockade was observed. Neostigmine at best 
could only partially reverse the late-phase blockade. With muscles receiving indirect 
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stimulation at a lower frequency (O-1 c/s), only the early-phase blockade could be 
demonstrated even when the dose of he~a~tal-IV was increased to 1 mg/kg. It is 
important to mention at this point that in nerve-muscle and blood pressure studies, 
like those described above, compound IV in the form of unseparated desmotropes 
acted qualitatively as though it were a chemical composite of seco- and hemiacetal-IV. 

To substantiate that a prejunctional (hemicholinium-like) as well as a postjunctional 
(curare-like) blockade of neuromuscular transmission was occurring with hemiacetal- 
IV, the cat tibialis anterior muscle was prepared for close-arterial injections of acetyl- 
choline. The results are shown in Fig. 1 I. The biphasic pattern of inhibition is clearly 

FIG. 11. Maximal twitches of the cat tibialis anterior muscle elicited by single-shock stimulation of the 
sciatic nerve once every sec. At H, 250 rg/kg of hemiacetal-IV was given intravenously. At A, electrical 
stimulation was temporarily stopped and 5 pg acetylcholine chloride was injected close-arterially. 
Ch represents the maximal antagonism of neuromuscular blockade achieved by giving 1 mg choline 
chloride intravenously every 100 sec. The breaks in the record represent 20 min; the horizontal 

calibration is I min. 

shown in this figure. After the administration of hemiacetal-IV (250 pg/kg i.v.), the 
tension of contractions produced by sciatic nerve stimulation rapidly became weaker, 
then returned partially for a few minutes, and finally fell into a second phase of 
inhibition. The contractures produced by close-arterial injections of 5 pg ACh chloride 
on the unstimulated muscle were completely abolished for approximately 40 min after 
hemiacetal-IV. This observation supports a postjunctional inhibition for the early 
phase blockade, During the late-phase blockade, the contractures induced by exo- 
genous ACh became prominent even in the presence of a 75 per cent reduction in 
twitch tension. Since the effector area of the muscle could still respond to exogenous 
acetylcholine, the evidence here is in favor of a prejunctional rather than a post- 
junctional site of action for the late-phase blockade. 

Hemiacetal-IV was much less active than seco-IV in reducing blood pressure. This 
same relative activity of the desmotropes was also observed in blockade of trans- 
mission in the superior cervical ganglion of the cat. As shown by the results of the 
experiment illustrated graphically in Fig. 12, seco-IV injected close-arterially at a dose 
of 20 rg produced a maximal 40 per cent blockade of postganghonic nerve potentiah 
evoked by stimulation of the preganglionic nerve. A blockade of smaller magnitude 
was produced by 100 pg of either hexamithonium dichloride or hemiacetal-IV. Note 
that in the second tracing of this figure 100 pg seco-IV virtually nullified transmission. 
HC-3 at a dose of 200 pg produces a small transient depression of spike height accom- 
panied by a slight depolarization (A. D. Winters, personal communication). 
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Further differentiation of the hemicholinium-like activities of seco- and hemiacetal- 
IV was obtained when these compounds were examined for their ability to interfere 
with acetylcholine synthesis in vitro. Figure 13 shows the absolute amounts of ACh 
released into the medium (free ACh) during the incubation of guinea pig minced brain. 
The synthetic activity observed in those samples without any inhibitor present was 
slightly less than that reported by Bhatnagar and MacIntosh3’j for minced brain tissue 
of mice. At 10e4M, HC-3, seco- and hemiacetal-IV strongly inhibited ACh synthesis 
to almost the same extent. However, at IO-sM, the inhibition produced by seco-IV 
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FIG. 13. Inhibition of acetylcholine (free) synthesis in guinea pig minced brain by HC-3, seco-IV and 
hernia&al-IV. Each bar represents the mean of 6 experiments i SD. Each beaker contained 
130-150 mg (wet weight) of brain mince in eserinized bicarbonate-Locke solution (pH 7.5 I 0.1) and 

was agitated on a Dubnoff shaker at 37” for 75 min under an atmosphere of 95% 0~: 5% COz. 

was significantly less than that of either hemiacetal-IV or HC-3. To show that low 
levels of ACh in the medium were indicative of suppressed synthesis and not release, 
an estimation was made of “bound” (“combined”) ACh in the tissue residue after 
incubation. In four trials, one for each drug concentration, the levels of free AC 
roughly paralleled the much higher levels of bound ACh. Therefore, the depression of 
formation of free ACh was a reflection of inhibition of ACh biosynthesis. 

DISCUSSION 

Three methyl analogs of HC-3 (compounds I, II and III) were shown from spectro- 
photometric evidence to undergo hemiacetalization as described originally by Schuelerg 
for the parent structure. These compounds were shown to possess hemicholinium- 



FIG. 12. Postganglionic nerve potentials evoked by supranlaxinlal stimulation (single-shock) of the 
cat preganglionic cervical sympathetic trunk at a frequency of 05 c/s. The vertical calibration is 1 mV 
and represents the time of injection. I, hexamethonium dichloride [IO0 ,rg intra-arterially (i.a.)]; II 
seco-IV (100 pg i.a.); III, seco-IV (20 pg i.a.);IV, hemiacetal-IV (100 pg i.a.). The horizontal calibra- 

tion is 4 sec. 
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like activity. Only compound I was equipotent with HC-3. Compounds II and III 
exhibited about a 2- and g-fold potency decrease respectively. These data suggest 
that the two choline moieties of HC-3 that bear the a- and j&positions (see Fig. 1) are 
crucial for competing with choline in an active transport process at nerve terminals. 
However, this crucial moiety was not given support by hemiacetal-IV, since this 
compound was equipotent with HC-3 while bearing methyl substitutions on the a- 
positions. Compounds II and III were also examined by Long et aI. and were found 
to have biological properties coinciding qualitatively and quantitatively with those 
reported in this study. 

After studying 19 congeners of HC-3, Schuelerg stated that only those compounds 
which possessed the “unique chemical peculiarity” of hemiacetalization had activity 
resembling HC-3. He found that only phenacylethanolamines undergo this type of 
cyclization, which was evidenced by a great depression of carbonyl absorption in the 
infrared spectrum as well as by a hypsochromic shift in the ultraviolet spectrum. 
When the fi-hydroxyl groups were replaced by &ethoxy groups (see Fig. 14A), hemi- 
acetalization as well as hemicholinium-like activity was absent. Hemicholinium-like 

B 

FIG. 14. Non-hemiacetal (seco) congeners of HC-3 

properties could not be shown in other derivatives where steric hindrance and restricted 
rotation precluded hemiacetalization. Domer and Schuelers7 could not detect any 
biotransformation of C14-labeled HC-3 in rats 24 hr after intraperitoneal administra- 
tion, ruling out a metabolite as an “active” structure. Also, it would have been quite 
likely that had the HC-3 given to these rats “unlocked” its cyclic hemiacetal structure, 
the resulting seco- (opened-ring) HC-3, if stabIe would have been detected in the 
urinary radiochromatograms. V. B. Haarstad and F. W. Schueler (unpublished data) 
have provided direct evidence of the instability of seco-HC3 and the persistence of 
hemiacetal-HC-3. They have shown that HC-3 can be prepared in a manner such that 
it can exist prior to recrystallization as the seco form, provided that the compound 
remains in a relatively anhydrous environment. In aqueous and alcohol solutions, 
this seco-HC-3 rapidly and completely cyclized to form hemiacetal-HC-3. They also 
found that HC-3 in aqueous solutions was extremely stable, maintaining for over 
2 years the same ultraviolet spectrum, and activity in mice, as the freshly prepared 
solution. Highly acidic or basic solutions failed to convert HC-3 to its seco form. The 
above observations favor the hemiacetal form of HC-3 as its active structure. 

PB..-ZR 
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The separation of compound IV into two components by countercurrent distribu- 
tion has provided a system by which a hemiacetal form of a hemicholinium analog 
could be compared with its corresponding seco form. In essence, compound IV has 
served as a model for HC-3 by supplying both tautomers. A comparison was allowed 
by the fact that one of the desmotropes (hemiacetal-IV) was equiactive with HC-3. 
The absolute purity of the separated recrystallized seco IV-remains to be ascertained 
(cf. Table 2). Appropriate elemental analysis was obtained for the desmotropic 
mixture, however. It is possible that seco-IV decomposes slightly during isolation, 
although chromatographic and spectrophotometric comparisons of seco-IV before 
and after separation do not indicate the presence of a second component. Furthermore, 
all the pharmacological responses of the isolated seco-IV were also observed for the 
analytically pure desmotropic mixture. The failure to obtain satisfactory elemental 
analyses could be due to strong retention of alcohol and water by the recrystallized 
seco-IV. 

In this study the following criteria were used to demonstrate hemicholinium-like 
activity: (1) failure of respiration in mice, terminating in death within lo-20 min, with 
choline serving as an antidote; (2) a slow progressive inhibition of neuromuscular 
transmission in cats, which occurred only at high frequencies of stimulation, and which 
was antagonized by choline; (3) an inhibition of minced-brain biosynthesis of ACh. 
By these criteria, seco-IV possessed only a weak hemicholinium type of activity. Seco- 
IV did show marked inhibition of transmission in the superior cervical ganglion of the 
cat. This ganglionic blockade could be the mechanism for the hypotensive effect 
observed and may arise from a reduced interquaternary distance. Hemiacetal-IV 
would maintain a greater interquaternary distance because of its stable ring structures. 
Mertes et aZ.ss have recently suggested that potent ganglionic blockade could result in 
compounds having a distance in the range of 4.5 to 5.5 A between the quaternary 
heads. Dreiding models of HC-3 provided an estimated interquaternary distance of 
14 A, which is in agreement with the low ganglionic blocking activity of HC-3. 

Hemiacetal-IV qualified in all evaluations as a hemicholinium type of compound 
and was apparently just as active as HC-3. In nerve-muscle studies, this desmotrope 
also produced a curare-like blockade. Long et al. 20also prepared compound IV, but 
their data indicate that they were working primarily with the hemiacetal form of 
this compound. Most or all of the seco material probably was removed by repeated 
recrystallization. 

It is obvious now that other derivatives of HC-3 can be made to elaborate stable 
seco and hemiacetal desmotropes. Schueler9 reported that the structure shown in 
Fig. 14B-not being a phenacylethanolamine-would be unlikely to form the 7- 
membered oxazepinium rings, but later, Anderson et aLa showed that this ring 
formation can take place under more favorable reaction conditions. Thus, by using 
two different reaction conditions, desmotropes can be prepared without having to 
resort to tedious separation procedures. Infrared and ultraviolet spectroscopy would 
be excellent tools to establish confirmation of structure for these desmotropes. 

In giving any consideration to a structure-activity relationship of HC-3, it is impor- 
tant to note that the hemiacetal structure is not obligatory for inhibition of ACh 
biosynthesis. Triethylcholine and FWH 429, or triethyl-2(3, 4, 5-trimethoxybenzoyl- 
oxyethylammonium) tosylate were also found to resemble HC-3 in vivo; these com- 
pounds were also able to reduce the synthesis of ACh in respiring brain mince 
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tissue.71 40~ 41 The relative activities both in vivo and in vitro were in decreasing order 
HC-3 > FWH 429 > triethylcholine. Benz and Long42 made a study of the spatial 
requirements for HC-3 and proposed that the cyclic hemiacetal was unnecessary for 
hemicholinium-like activity. Though these congener and non-congener structures 
may be active as inhibitors of ACh biosynthesis, the present results maintain the 
thesis that, for HC-3 per se, the hemiacetal structure is requisite for such inhibition 
and probably compliments exceptionally well the rate-limiting choline “carrier” 
system at nerve terminals. 

In a more general sense, the present results are consistent with the fact that quater- 
nary bases can affect cholinergic transmission in a number of ways. The pharmacology 
of hemiacetal-IV shows that such bases can simultaneously attack both presynaptic 
and postsynaptic sites, indicating that at these sites there may be similar drug-receptor 
interactions. In addition, this model study has established that isolatable tautomers 
can evoke different biological responses, just as geometrical and optical isomers do. 
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