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Physostigmine, C15H22N3O2, is the major alkaloid found in the

seeds of Calabar beans. It was the ®rst anticholinesterase used

in the treatment of Alzheimer's disease and is still used in the

treatment of glaucoma. The structure of its 2-hydroxy-

benzoate salt, viz. 5-carbamoyloxy-1,2,3,3a,8,8a-hexahydro-

1,3a,8-trimethylpyrrolo[2,3-b]indol-1-ium benzoate, C15H22-

N3O2
+�C7H5O3

ÿ, is reported.

Comment

Anticholinesterases represent the current drugs of choice in

the treatment of Alzheimer's disease, with four thus far

approved by the US Government Food and Drug Adminis-

tration and some half dozen in current clinical development.

Considerable background for the development of these agents

as well as for our understanding of the fundamental

physiology and biochemistry of the cholinergic system has

come from the use of the alkaloid physostigmine as a phar-

macological tool. In this regard, physostigmine was the ®rst

active agent to be isolated as a natural product and used in

medicine.

Physostigmine, also called eserine, the major alkaloid of the

seeds of the West African vine Physyostigma venosum

(Calabar beans), was isolated in 1864 (Jobst & Hesse, 1864). It

was used by Laqueur as early as 1877 as a therapeutic in the

treatment of glaucoma, one of its few remaining clinical uses.

This was some half a century prior to the discovery of

acetylcholine as a neurotransmitter in 1914, and physo-

stigmine's structural elucidation in 1923 (Polonovski, 1925;

Stedman & Barger, 1925; Holmstedt, 1972). The agent is the

methylcarbamate ester of (3aS-cis)-hexahydro-1,3a,8-tri-

methyl-pyrrolo[2,3-b]indol-5-ol, as con®rmed by its total

synthesis and analysis (Julian & Pikl, 1935; Brossi, 1985). It

potently inhibits acetylcholinesterase (EC 3.1.1.7) and butyr-

ylcholinesterase (EC 3.1.1.8) that terminate the action of

acetylcholine at cholinergic synapses. Physostigmine thereby

increases brain levels of acetylcholine in a temporal and

spatial manner associated with cholinergic stimulation (Greig

et al., 1995).
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The cholinergic forebrain de®cit found early in the

Alzheimer brain (Whitehouse et al., 1982), together with the

critical role of cholinergic function in memory and learning

(Drachman & Leavitt, 1974), spurred the use of physostigmine

as the ®rst anticholinesterase in the treatment of Alzheimer's

disease (Davis & Mohs, 1979; Thal & Fuld, 1983). However, its

short duration of action (approximately 90 min), low bio-

availability (2%) and narrow therapeutic window limited its

clinical potential (Greig et al., 1995) and initiated the devel-

opment of analogs with a greater selectivity between acetyl-

and butyrylcholinesterase, a longer action and a preferential

distribution to the brain (Greig et al., 1995, 2000; Brossi et al.,

1996; Yu et al., 1999, 2001). The structure of the free base of

physostigmine has been reported (Pauling & Petcher, 1973)

and it compares well with our determination. There is a cis

junction between the ®ve-membered rings. The central ®ve-

membered ring is planar (�0.02 AÊ ) and the other has an

envelope conformation, with O2 the out-of-plane atom

(0.62 AÊ ). The angle between the two ®ve-membered rings is

61 (1)�.

Experimental

The title compound was synthesized and crystals grown at NIH by

Brossi and colleagues.

Crystal data

C15H22N3O2
+�C7H5O3

ÿ

Mr = 413.47
Orthorhombic, P212121

a = 9.970 (3) AÊ

b = 10.945 (3) AÊ

c = 19.874 (3) AÊ

V = 2168.8 (9) AÊ 3

Z = 4
Dx = 1.266 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 20.8±38.3�

� = 0.74 mmÿ1

T = 293 (2) K
Prism, colorless
0.40 � 0.25 � 0.20 mm

Data collection

Bruker P4 diffractometer
�/2� scans
Absorption correction: none
2333 measured re¯ections
2131 independent re¯ections
2094 re¯ections with I > 2�(I)
Rint = 0.044

�max = 57.6�

h = ÿ10! 4
k = 0! 11
l = 0! 21
3 standard re¯ections

every 97 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.124
S = 0.80
2131 re¯ections
282 parameters
H atoms re®ned by a mixture of

constrained and independent
re®nement

w = 1/[�2(Fo
2) + (0.1362P)2

+ 0.3533P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.026
��max = 0.16 e AÊ ÿ3

��min = ÿ0.14 e AÊ ÿ3

Absolute structure: Flack (1983),
417 Friedel pairs

Flack parameter = ÿ1.0 (3)

Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O10B 0.92 (3) 1.76 (3) 2.664 (3) 165 (3)
O20ÐH20� � �O10B 1.03 (5) 1.54 (5) 2.509 (4) 154 (4)
N11ÐH11� � �O10Ai 0.82 (5) 2.13 (5) 2.860 (4) 149 (4)

Symmetry code: (i) 1
2� x; 1

2ÿ y;ÿz.

Data collection: XTAPE (Nicolet, 1983); cell re®nement: XTAPE;

data reduction: XDISK (Nicolet, 1983); program(s) used to solve

structure: SHELXTL (Bruker, 2001); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.

The NRL authors acknowledge ®nancial support from the
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Figure 1
View of the title physostigmine cation, shown with 20% probability
ellipsoids.

Figure 2
The asymmetric unit and the hydrogen bonding between the hydroxy-
benzoic acid and physostigmine ions. The hydroxybenzoic acid shown in
gray is a symmetry mate of the molecule in the asymmetric unit.
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