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A Neutron Diffraction Study of the Structure of L-Lysine Monohydrochloride Dihydrate

By R. R. BUGAYONG,* A.SEQUEIRA AND R. CHIDAMBARAM

Nuclear Physics Division, Bhabha Atomic Research Centre Trombay, Bombay-85, India

(Received 20 April 1972 and in revised form 12 July 1972)

The intensities of 1431 (875 independent) neutron Bragg reflexions from a single crystal of L-lysine
monohydrochloride dihydrate have been measured at a wavelength of 1170 A, using the diffractometer
in the symmetrical setting. The structure has been refined by the method of least squares and the final
conventional R value is 0-070. An inter-experimental comparison is made with an independent neutron-
diffraction study (preceding paper) and with the X-ray results [Wright & Marsh Acta Cryst. (1962), 15, 54).

Introduction

Preliminary studies of the space group and cell con-
stants of L-lysine monohydrochloride dihydrate were
carried out by Srinivasan (1956). The structure was
first solved using X-ray data by Raman (1959), who
suggested that the molecule is in the zwitterion form
and also proposed a network of ten hydrogen bonds in
the structure. A more accurate X-ray study was re-
ported by Wright & Marsh (1962) whose hydrogen bond-
ing scheme agrees with Raman’s except in the bonding
of the terminal amino group. The present neutron study
was carried out to obtain detailed knowledge of the
hydrogen atom positions in this amino acid crystal. A
parallel neutron-diffraction study, of which we were
unaware until recently, has been carried out independ-
ently by Koetzle, Lehmann, Verbist & Hamilton (1972).

Crystal data

L-Lysine monohydrochloride dihydrate,

NH; [CH,],CH(NH;)*COO~.Cl-.2H,0, is mono-
clinic, P2, with two molecules per unit cell. The follow-
ing cell parameters were established from the X-ray
study of Wright & Marsh (1962): a=7-492 (1), b=
13:320 (4), ¢=5879 (1) A and f=97°47-4 (7). The cal-
culated density is 1249 g.cm ™3,

* On leave from Philippine Atomic Energy Commission,
Manila, Republic of the Philippines.

Experimental

Large, clear and well-formed single crystals of L-lysine
HCI.2H,0 were easily obtained by slow evaporation
from a saturated aqueous solution at room temper-
ature. The crystals were of pyramidal shape with (010)
as the basal face and {110} and {011} as the principal
side faces, and they were elongated along the ¢ direc-
tion. The density measured by flotation was 1-246
g.cm™3,

Neutron intensity data were recorded using the four-
circle neutron diffractomer 3D-FAD (Momin, Sequeira
& Chidambaram, 1969) at the CIRUS reactor in Trom-
bay. The specimen crystal was cut in the shape of a
rectangular parallelepiped with a height of 4:94 mm
along the b axis and with lateral dimensions of 3-68 and
2:93 mm respectively along and perpendicular to the
c axis. The crystal was given a thin coating of an ad-
hesive (brand name Stickfast) to prevent exposure to
air, and dipped in liquid nitrogen several times to re-
duce extinction effects. It was then mounted on the
diffractometer with its 4 axis parallel to the g-axis of
the Eulerian Cradle. The cell parameters and the crystal
orientation were refined from the optimised 26, y and ¢
values for some 30 strong reflexions chosen at random,
using the program REFINE (Srikanta & Sequeira,
1968). The refined values of the cell parameters were in
agreement with the more precise X-ray values listed
above to better than two parts per thousand. The sys-
tematic absences were checked and found to be con-
sistent with the space group P2,.
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The integrated intensities of 875 independent reflex-
ions within the limit sin §/2<0-55 [1=1-170 (1) A]
were recorded in the symmetrical setting using the 6-20
coupled step-scanning technique. The step size was
0-1° and the range of scan for each reflexion was ad-
justed so as to have at least ten background points on
cither side of the peak. Intensities of an additional 556
equivalent reflexions, chosen at random, were also re-
corded. The mutual agreement factor in the intensities
of these 556 pairs of equivalent reflexions was 6-4 %.
Two standard reflexions were recorded every 20 re-
flexions so as to keep a check on the stability of the
crystal and that of the counting equipment. The re-
producibility of the standard intensities was within 5%
and there was no perceptible deterioration in the quality
of the crystal. The effects of multiple reflexions were
found to be negligible for the 0k0O reflexions (y =90°)
when their peak intensities were examined as a function
of the rotation about their scattering vectors.

The integrated intensities were reduced to F2 by ap-
plying the standard Lorentz and absorption corrections
using the program DATARED (Srikanta, 1968), which
includes the absorption correction program ORABS
(Wehe, Busing & Levy, 1962) as a subroutine. An ab-
sorption coefficient of 2-87 cm~! (calculated) was used.
The transmission factors ranged from 0-:36 to 0-44.
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Structure refinement

The positions of the 19 hydrogen atoms in the asymme-
tric unit were obtained from a Fourier synthesis of the
nuclear scattering density computed using the phases
calculated from the positions of non-hydrogen atoms
obtained in the X-ray study (Wright & Marsh, 1962).
The positions and isotropic temperature factors of all
atoms were then refined (on F?) by the method of full-
matrix least-squares, using the program XFLS (Busing,
Martin & Levy, 1962). Refinements using anistropic
temperature factors, however, were carried out in three
alternate blocks. The function minimized was > w(F2—
|F.)*)? with initial weights w=[0g2(F2)+(0-1F2)}]"},
where o(F32) are the standard errors based on counting
statistics. In the final stages of the refinement the fol-
lowing weighting scheme baszd on an error analysis
was used:
w=(0-55+0-027F2)~2.

The intensity data showed moderate extinction ef-
fects and a correction for secondary extinction in the
form y=(1+2x)~%? (Zachariasen, 1967) was intro-
duced at the start of the refinement and an isotropic
extinction parameter G (=x/QT) was refined (see, for
example, Sequeira, Rajagopal & Chidambaram, 1972;

Table 1. Final positional and thermal parameters

All the values are multiplied by 10* and their standard deviations (in units of the last digit) are given in parentheses. The form of
the anisotropic temperature factor is exp [— (B114% + B22k® + Basl® + 2P12hk + 2B13h1 + 2B23k1)].

X y z i
Cl 2073 (6) 5003 (0) —1134 (D) 138 (10)
C 2493 (7) 759 (8) —2491 (8) 90 (11)
Cc* 3059 (8) 347 (5) —170 (9) 91 (11)
(o 2767 (8) - 793(5) — 105(9) 93 (12)
CY 3118 (8) —1298 (5) 2242 (9) 115 (13)
Ccs 2919 (10) —2421 (5) 2051 (11) 198 (16)
(0 3031 (8) —2920 (5) 4393 (9) 123 (13)
N 1983 (5) 862 (4) 1538 (5) 94 (8)
Né 2783 (6) —~4017 (4) 4157 (7) 107 (8)
o! 1046 (11) 1220 (5) —2885(12) 125 (16)
0O? 3585 (10) 602 (6) —3905 (10) 130 (14)
ov! 1297 (22) 3189 (8) 5358 (20) 597 (45)
o 2948 (19) 2914 (7) 1553 (18) 462 (35)
H! 2060 (19) 1600 (11) 1306 (20) 180 (28)
H? 627 (15) 647 (9) 1281 (18) 106 (22)
H3 2509 (15) 731 (9) 3297 (17) 170 (25)
H* 4468 (15) 515 (10) 491 (16) 112 (22)
HA! 1315 20) — 962 (12) -~ 883 (32) 212 (32)
HA? 3609 (26) —~1072 (10) --1257 (23) 401 (48)
H" 4550 (20) —1110(12) 2998 (25) 155 (30)
H” 2170 27) —1009 (11) 3397 (26) 393 (48)
Hé 1717 (26) —2581 (12) 1081 (27) 374 (50)
H% 3934 (30) —2747 (11) 1050 (32) 532 (65)
He 4363 (24) —2782(12) 5471 (26) 285 (40)
H= 2010 (25) —2646(11) 5304 (24) 377 (46)
H* 1753 (24) —4187 (11) 2968 (24) 353 (44)
H¢? 3892 (20) —4336(11) 3531 (21) 294 (38)
Hé 2644 (19) —4359 (10) 5690 (20) 244 (30)
H¥H 1240 (24) 2505 (12) 6107 (29) 272 (40)
Hv? 1511 (31) 3672 (11) 6474 (29) 512 (62)
Hw 2457 (23) 3093 (11) 2977 (27) 306 (43)
Hv?? 2633 (28) 3472 (14) 634 (28) 309 (46)

ﬂZZ ﬂss ﬁxz lBlJ ﬂza
41 (3) 213 (13) —1(&) 53 (8) 15 (5)
23 (3) 119 (13) —1(5) —7(9) 1 (6)
30 (3) 118 (15) —-8(5) 14 (9) 10 (6)
34 (4) 131 (16) 3(5) —9(10) 6 (6)
27 (4) 124 (16) —4(4) -7(11) 13 (5)
26 (4) 196 (21) 17 (6) 108 (14) 11 (6)
34 (4) 103 (15) —8(55) —5(11) 23 (6)
42 (3) 73 (8) 11 (4) 18(6) - 24
36 3) 169 (12) —3(4) 4(7) 19 (5)
49 (5) 173 (20) 17 (6) 16 (13) 46 (7)
51 (5) 103 (17) 10 (6) 40 (12) 1(7)
41 (6) 416 (36) —60 (13) 129 (33) 29 (12)
33 (6) 325 (36) —6 (10) 122 (27) 17 (10)
65 (9) 245 (36) 18 (13) 76 (25) 29 (16)
60 (8) 241 (32) 10 (10) 60 (19) — 7(14)
54 (7) 131 (27) —7(12) - 1119 ~— 6(13)
78 (9) 139 (26) 2(10) 34 (18) 40 (12)
79 (10) 238 (39) —50(15) — 70(26) —26(16)
49 (9) 260 (41) —11 (15) 159 (36) 10 (15)
80 (11) 390 (52) -23(14) - 76 31) 28 (18)
49 (9) 368 (51) 40 (16) 163 (36) 26 (17)
61 (9) 327 (52) —24(17) - 88(39) 66 (18)
47 (10) 594 (74) 66 (18) 479 (63) 1 (20)
69 (11)  332(46) -21(15) — 18(32) 39 (17)
51 (9) 329 (48) 85 (16) 120 (37) 22 (16)
49 (9) 360 (47) —-86(17) —104 (33) 27 (18)
73 (10) 261 (39) 9 (15) 249 (32) — 9 (16)
52 (8) 253 (36) 17 (12) 111 (25) 34 (14)
7201 422(57) 21 (16) 64 (35) 86 (19)
42 (9) 403 (54) 13 (16) 127 (44) —38(17)
47 (8) 385 (51) 15(15) — 47(35) —20(17)
88 (12) 380 (56) —13(18) - 67(38) 23 (21)
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Coppens & Hamilton, 1970) along with other structural
parameters. The value of G converged to 0-183 x 10*
giving a minimum extinction correction factor of 0-64
for the 200 reflexion. The final values of the indices are
as follows:

Number of observations 1275 (F:>0) 1431
F,—|F,

R(F) =2 ‘_Z FL I 00702 00936
F2—|F?

R(F? =&_Z_FI—Z_|[ 0-0898 0-0975

F: _ Fc 2127172

R,(FY)= [Z.WIS ?'4 e l_] 01174 01259

W,

The values of the scattering amplitudes (in units of
107*2 cm) used were: H= —0-372, C=0-663, N=0-94,
0=0-575 and Cl=0-958 (Shull, 1971).

The final positional and thermal parameters are
listed in Table 1. A stereoscopic picture of the lysine
zwitterion with the thermal ellipsoids on a 30 %prob-
ability scale is shown in Fig. 1. The bond distances and

Table 2. Molecular bond distances (in A)

Neutron
BARC BNL X-RAY
c-o! 1-240 (10) 1-243 (3) 1-246
c-0? 1-260 (9) 1-253 (3) 1-:250
Cc-C* 1-531 (7) 1:535 (2) 1-529
C*-H* 1-086 (12) 1-090 (3) 0-91
C*-N 1:491 (7) 1-487 (2) 1-484
ce-C*F 1:534 (9) 1:525 (3) 1-524
N -H! 0-995 (16) 1:034 (4) 0-91
N -H? 1-046 (12) 1:028 (4) 0-88
N -H3 1-070 (10) 1-059 (4) 1-01
o s 1-144 (16) 1-093 (5) 1-07
(ol s 1-054 (18) 1-:097 (5) 1-09
ch-C7 1:526 (8) 1:530 (3) 1-518
C'—H" 1-132 (15) 1-102 (5) 1-02
Cr—-H” 1116 (20) 1-088 (5) 1-11
cr-C? 1:506 (9) 1-521 (3) 1-526
C°—H* 1-021 (19) 1-088 (6) 1-07
C°-H* 1-111 (23) 1-094 (5) 1-18
ct-Ct 1-521 (8) 1:514 (3) 1-521
C:—H* 1-123 (17) 1-082 (5) 1-04
Ci—H= 1-057 (19) 1-090 (5) 1-03
C°—N¢ 1-477 (8) 1-485 (2) 1-480
Ne-_H4 0-995 (16) 1-016 (5) 1-04
Né_H® 1-045 (16) 1-024 (5) 0-82
Né-H% 1-028 (13) 1-026 (4) 0-97
ovi-H»1 1-015 (19) 0-960 (9) 1-00
O~i_H»12 0-918 (19) 0-953 (11) 0-89
Ow2-H~»2 0-988 (20) 0-957 (11) 1-02
Ovi_H»2 0-929 (20) 0-936 (9) 1-01

STRUCTURE OF L-LYSINE MONOHYDROCHLORIDE DIHYDRATE

angles are given in Table 2 and 3 respectively along
with values obtained by Koetzle, Lehmann, Verbist &
Hamilton (1972) and the X-ray values. A detailed dis-
cussion of the molecular structure, hydrogen bonding
and thermal motions has been given by Koetzle, Leh-
mann, Verbist & Hamilton (1972). Since our param-
eters are in fairly good agreement with theirs, we will
not repeat the discussion here.

Table 3. Molecular bond angles (°)

Neutron
BARC BNL X-RAY

0o'-Cc-0? 126-0 (6) 1262 (2) 125-5
o'-Cc-C* 1184 (6) 1179 (2) 1177
o:-Cc-C* 1156 (5) 1159 (2) 116:8
C*-N-H! 108-7 (9) 109:1 (2) 113
C*-N-H? 1123 (7) 111-3 (2) 103

“_N-H3 1122 (7) 112:4 (2) 108
H!-N-H? 108:9 (11)  109-4 (4) 106
H!-N-H3 105-9 (10) 1059 (4) 103
H3*-N-H? 108-5 (9) 1086 (3) 124
C —-C*-C* 1087 (4) 109-3 (2) 109-8
C —C*-N 108:6 (4) 109-2 (1) 109-7
N -C*-C* 112:1 (5) 111:7 (2) 111-8
C —C*-H* 1101 (7) 1099 (2) 118
N —C*~H* 107-4 (7) 1079 (2) 104
CP_Cc*—H* 109-9 (8) 109-8 (3) 104
C* -Ci-cv 114:7 (5) 114:1 (2) 114-6
C* —CP-H* 109-0 (9) 109-5 (3) 106
C* —C# -H# 105-1 (9) 106:6 (3) 109
C? —CP-H# 108:3 (9) 108:4 (3) 116
C? —CP-H*? 112:4 (9) 109-0 (3) 104
Hf'-CP-HA? 1071 (12) 1091 (5) 108
Ct —Cv-C* 111:6 (5) 111:4 (2) 111
C? —C'-H"! 107-2 (9) 110-2 (3) 113
C# _C"-H™ 1106 (9) 111-0 (4) 117
C? —C'-H" 109-2 (9) 109-6 (4) 108
C?® -C"-H"? 108:9 (10) 1083 (3) 105
H"'-C'-H*? 1094 (13) 1062 (5) 101
C —C°—C® 112:0 (5) 112:2 (2) 1115
C? —C’—H*! 108:6 (11)  109:6 (3) 116
C? —C°-H* 1111 (10) 1095 (3) 110
Ct —CP—H* 110:5(11) 1083 (3) 105
C® —C?-H®* 110:6 (10) 1093 (4) 105
H'-C-H* 103:8 (15)  107-9 (6) 108
C? —C*-N¢ 1109 (4) 110-6 (2) 1109
C? —C*—H* 112:0 (10) 1115 (3) 114
Cé —C*—H* 110-7 (9) 110:2 (3) 112
N¢ -C-H# 107-8 (9) 108-1 (3) 106
Né —C:—H* 107-4 (10)  106:5 (3) 115
H-C*—H*? 107-8 (13)  109-8 (5) 98
C® —Né-H 111:5 (9) 110-4 (4) 112
C? —N¢-H® 109-9 (9) 109-5 (3) 107
C® —N:-H® 112:5 (8) 111-6 (3) 108
HY-N-H% 103-9 (12)  111:9 (5) 120
HY-Né-H*3 110-7 (12) 1066 (4) 111
H%-N5-H% 1080 (11)  107-1 (4) 97
HYU_Qvl_H"!? 1094 (18)  107-1 (7) 103
H**-O":-H»* 1019 (18)  102:7 (7) 102

Fig.1. A stercoscopic view of the molecule.
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Fig.2. Half-normal probability plots for inter-experimental comparison of parameters. The number in parentheses in the labelling
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of 0-93 and 0:70 A? respectively have been deducted from the X-ray thermal parameters as explained in the text.



3218

Inter-experimental comparison

The availability of another set of neutron parameters
(Koetzle, Lehmann, Verbist & Hamilton, 1972) and a
set of X-ray parameters (Wright & Marsh, 1962) has
given us a good opportunity for inter-experimental
comparison by the use of the half-normal probability
plots (Abrahams & Keve, 1971) and the x? tests
(Hamilton, 1969). We will hereafter identify the two
parameter sets mentioned above as BNL and X-RAY
and the present parameter set as BARC.

We have prepared half-normal probability plots for
each of the three pairs of parameter sets (BARC-BNL,
BARC-X-RAY and BNL-X-RAY). These plots are
shown in Fig. 2(a)-(f). The positional and thermal
parameters have been compared separately. For the
former, approximate straight line distributions are ob-
tained in all the cases, indicating that the errors are
normally distributed. The slopes of these lines, how-
ever, deviate from unity, indicating that the estimated
standard deviations are underestimated as usual (Abra-
hams & Keve, 1971). The observed slopes are given in
Table 4. The pooled errors defined by o=(c}+a2)"/2
for the BARC-BNL and BARC-X-RAY comparisons
of positional parameters appear to be underestimated
by about 1-6 and 1-3 respectively. Since the pooled er-
rors are dominated by the BARC ¢’s (which are on an
average three times as large as the BNL ¢’s and twice
as large as the X-RAY o¢’s), the estimated standard de-
viations of the BARC parameters may be underestim-
ated by about 1:6 or less.

The BARC-BNL comparison of thermal parameters
again shows the pooled ¢’s to be underestimated by
about 1-6. But the BARC-X-RAY comparison of the
thermal parameters indicates the pooled ¢’s to be un-
derestimated by as much as 2-8. If we accept that the
BARC ¢’s are underestimated by 16, the estimated
standard deviations for the X-ray thermal parameters

STRUCTURE OF L-LYSINE MONOHYDROCHLORIDE DIHYDRATE

would, at first sight, appear to be highly underestim-
ated. This is also borne out by the BNL-X-RAY com-
parison of the thermal parameters. However, compar-
ison of the equivalent isotropic temperature factors
(defined as B.q=387%(u}+ u2+u3)/3, where uy, u,, u; are
r.m.s. amplitudes of vibration along the principal axes)
of the non-hydrogen atoms in the three sets showed a
systematically higher value for the X-ray data com-
pared with the BARC and BNL data. This average ex-
cess was 0-93 A relative to BARC and 0-70 A? relative
to BNL.* When this isotropic excess was deducted from
the X-ray thermal paramecters, the half-normal pro-
bability plots for both the BARC-X-RAY and the
BNL-X-RAY comparison of thermal parameters be-
came reasonable, as shown in Fig. 2(e) and (f). The

2
values of R? (=Zli ) and the weighted mean 4/o

listed in Table 4 for various classes of parameters
also show that the BARC, BNL and X-RAY results
(the latter after changing the thermal parameters as
explained above) agree fairly well.

The crystal used in the experiment was grown and
kindly provided by Dr S. K. Sikka. Technical assistance
given by Shri S. N. Momin and Shri H. Rajagopal
during the data collection is gratefully acknowledged.
We are extremely grateful to Dr W. C. Hamilton for
communicating to us his results prior to publication
and withholding the latter until we were ready. We are
also indebted to Dr R. E. Marsh for helpful comments.

* This was pointed out to us by R. E. Marsh who ascribes
it to the use of a smaller, more imperfect crystal in X-ray work
or partly due to increased heating of the crystal by X-rays.
The former is perhaps unlikely owing to the reasonably good
agreement between the BARC and BNL thermal parameters
obtained from extinction-corrected neutron data from two
different crystals.

Table 4. Summary of statistical comparisons between the BARC, BNL and X-RAY parameter sets
Sfor lysine . HC1.2H,0

Half normal probability plot slopes

BARC-BNL BARC-X-RAY BNL-X-RAY
(all atoms) (non-hydrogen atoms) (non-hydrogen atoms)
Position 16 13 1-2
Thermal 1-6 28 (1-6) 3-2(1-3)
N
Values of R*(= Z‘% !2); 232,0.00=53; x}3,0.00=28
X y z Bu ) Bas Bz Bus B2
BARC-BNL (N=32) 118 69 73 98 77 147 58 110 51
BARC-X-RAY (N=13) 45 39 16 163 (30) 152 (44) 248 (44) 30 54 (48) 17
BNL-X-RAY (N=13) 49 5 31 446 (30) 218 (25) 223 (48) 20 11 (6) 12
Values of weighted mean %
BARC-BNL 1-0 40 -26 -— 30 - 25 — 86 08 -—15 0-8
BARC-X-RAY 13 41 —-17 —=12(-1-00 —11(10) —14(-13) —-01 ~25(-05) 19
BNL-X-RAY —-12 12 —-01 -=21(—-42) -—-14@23) —14 (3-6) 02 -23(@1-0) 1-2

The numbers in parentheses correspond to values of X-RAY thermal parameters corrected as described in the text.
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The Crystal and Molecular Structure of Bufotenine, 5-Hydroxy-(V,/N)-dimethyltryptamine
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Bufotenine, or 5-hydroxy-(N,N)-dimethyltryptamine, crystallizes as a base in the monoclinic space
group P2,/a with a=17-95, b=11-52, c=14-24 A; f=131-29°; Z=8. Data were collected on a PAIL-
RED automatic linear diffractometer. The structure was determined by the symbolic addition procedure
and refined by the method of full-matrix least-squares to R=0-054 for 1748 observed reflexions. The
molecular structures of the two molecules in the asymmetric unit are almost identical. The indole
nucleus of the A-molecule is planar; in the B-molecule there is a small angle of 1:5° between the pyrrole
and benzene portions of the ring system. The ethylamine chain is almost fully extended, and lies ap-
proximately in a plane which is nearly perpendicular to the indole nucleus. This conformation is defined
by the torsion angles 7, which is 87 and 72° for molecules 4 and B respectively, and 7, (175 and 170°).
There are normal O-H---N hydrogen bonds linking the 4-molecules (2:68 A) and the B-molecules
(2:72 A) separately in two similarly arranged hydrogen-bonding systems.

Introduction

Bufotenine, or S5-hydroxy-(N,N)-dimethyltryptamine,
is an indolealkylamine with a somewhat controversial
pharmacology regarding its effects on the central
nervous system. It was first isolated from toad venom,
hence its name, and studied for its circulatory effects
(Handovsky, 1920). Stromberg (1954) found bufotenine
in seeds of Piptadenia peregrina, which were used by
South American Indians for intoxicating purposes.
Since then, it has been isolated from several hallu-
cinogenic drugs of plant origin. Bufotenine was re-
ported to be psychoactive in humans after intravenous
injection (Hawkins & Fabing, 1956) but these results
were not confirmed by further studies (Turner &
Merlis, 1959). Later, bufotenine was claimed to occur
in blood and urine of both normal and schizophrenic
patients. The occurrence of bufotenine is of great inter-
est, and Brune & Himwich (1962) suggested that it

might be the psychotomimetic substance active in schi-
zophrenia. The recent discovery of an enzyme, indole-
alkylamine-N-methyltransferase, in the human brain
(Mandell & Morgan, 1971), shows that methylated
indole derivatives really can be produced in the central
nervous system. The differences in receptor activity
between these compounds and serotonin may be due to
steric factors, and an X-ray crystallographic study of
bufotenine was undertaken accordingly.
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Bufotenine base was kindly supplied by Professor Bo
Holmstedt, Department of Toxicology, Karolinska



