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The Crystal and Molecular Structure of (/V,/NV)-Dimethyltryptamine

By GORAN FALKENBERG
Department of Medical Physics, Karolinska Institutet, S-104 01 Stockholm, Sweden

(Received 9 March 1972)

The hallucinogenic indolealkylamine, (¥,N)-dimethyltryptamine, crystallizes in two modifications hav-
ing the same monoclinic space group, P2/a and P2,/c (Z=8). For the latter, which has two molecules
in the asymmetric unit, data were collected on an automatic diffractometer. Unit-cell dimensions are
a=1299, b=12-08, ¢c=18-38 A and f=127-85°. The structure was determined by the symbolic addition
procedure and refined by the method of full-matrix least squares to R=0-048 for 2080 observed reflex-
ions. The molecular structures of the two molecules are almost identical. The indole nuclei are planar,
and the ethylamine side chain is almost fully extended (torsion angle 7,=176 and 188° for molecules A4
and B respectively) and lies near a plane which is approximately perpendicular to that of the indole
(t,=102 and 90°). Relatively strong N-H- - -N hydrogen bonds join 4-molecules (2:92 A) and B-mol-
ecules (2:89 A) separately in two different helically fashioned hydrogen-bonding systems around screw

axes.

Introduction

(NV,N)-Dimethyltryptamine, in the following abbrevi-
ated to DMT, is a psychotomimetic substance (Szara,
1956). Its activity is probably due to interference with
the function of serotonin (5-hydroxytryptamine), one
of the synaptic transmitters in the central nervous
system. DMT was first isolated from the seeds of
Piptadenia peregrina (Fish, Johnson & Horning, 1955),
which is a constituent in many hallucinogenic drugs
used by South American Indians. The structure deter-
mination of DMT was undertaken as part of our
research program on psychoactive compounds.
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Of the halides of DMT good crystals could only be
obtained for the bromide. However, the dimensions of
these crystals, which were grown in a methanol-ether
solution, were too small to allow the recording of
reliable intensities. Hence it was decided to determine
the structure of the DMT base by using direct methods.
The crystals of the base were obtained from Schuka
Co., Germany and in the batch two entirely different
crystal modifications could easily be distinguished by
their optical properties and crystal shape. One of the
modifications was found to be identical with the mono-
clinic DMT (P2,/a) described by Bergin, Carlstrom,
Falkenberg & Ringertz (1968). The only crystals large
enough for single-crystal analysis belonged to the other
modification, crystallizing in the same space group but

with eight instead of four molecules in the unit cell.
Crystal data of this modification as well as DMT.HBr
are given in Table 1. The space group was determined
from Weissenberg photographs and the unit-cell
parameters were measured at 20°C on an automatic
linear single-crystal diffractometer PAILRED (Philips)
using Mo K« radiation (1=0-7107 A). The density
was measured by flotation in a Clerici solution at
27°C. The melting point was determined in a hot-stage
microscope.

An optically perfect and almost spherical crystal
with a diameter of roughly 0-35 mm was glued with
gum arabic on to a glass fibre. Since the crystal was
quite hygroscopic it was sealed inside a Lindemann-
glass capillary. The unique axis b (corresponding to the
long dimension of the originally prismatic crystal) was
oriented parallel to the w axis of a PAILRED diffrac-
tometer equipped with a graphite monochromator.
Intensities of the layers 40/ through 413/ were recorded
for sin /A <0-58. To approximate to a fixed-count
strategy, reflexions with low intensities were meas-
ured up to three times. The background intensity was
measured for one min on each side of every reflexion.
The scanning method was a continuous w-scan with a
scanning range of 3-4° and a scan-speed of 2:5° per
min.

3743 independent reflexions were recorded, of which
2092 were significantly different from the background
intensity at a 95% confidence limit, corresponding to
55-9% of the total. This relatively low percentage was
due to a rapid fall-off of intensities at higher @ values,
which was already apparent in the Weissenberg photo-
graphs. The intensities were corrected for background,
Lorentz and polarization factors but not for absorp-
tion, owing to the low u value (0-71 cm™~! for Mo Ka).
The corrected structure amplitudes were placed on an
approximately absolute scale by Wilson statistics. An
overall temperature factor of B=4-8 was obtained
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from a Wilson plot. All calculations were performed
on an IBM 360/75 computer using the X-ray crystallo-
graphic program system developed by Bergin (1971).

Determination of the structure

The 300 highest normalized structure factors (|E|>
1-69) were used to set up the equation system for phase
determination based on the principle suggested by
Karle & Karle (1963, 1966) of generating solutions of
the triple relations between phases. The program uses
the indices of the reflexions to find all the triple prod-
ucts (|E, . E, . E5|>12:0) up to a total of 800. The
basic set for applying the formula by Sayre (1952)
consisted of the three reflexions with the highest E
values having a large number of combinations, thereby
specifying the origin. In addition, the signs of three
other reflexions were specified by symbols. The basic
set used in the phase determination was:

Number of Range for

Sign h k I |E| relations probability
+ 4 3 10 3-770 27 0-993-0-911
+ 9 3 -11 3-644 30 0-993-0912
+ 12 5 —17 3-587 30 0-998-0-915
a 10 2 —11 3-571 28 0-999-0-912
b 5 5 —14 3-425 22 0-992-0-908
¢ 12 4 —-14 3-345 19 0-991-0-921

By an iterative procedure the Sayre relations were used
to accumulate phases expressed in the phases of the
basic set. Once the symbols had been assigned, 268
phases were obtained and in the resulting E maps the
nineteen highest peaks corresponded to atoms of the
two indole nuclei in the asymmetric unit. The electron
density maps synthesized with phases based on these
nineteen atomic positions revealed the nine missing
atoms.
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Table 2. Final fractional atomic coordinates and their
standard deviations (in parentheses)

Values for non-hydrogen aioms are x 104, and for hydrogen

atoms x 103,
Molecule 4
Xx/a y/b z/c
N(1) 4535 (3) 2227 (2) 1465 (2)
C(2) 4890 (3) 1276 (3) 1976 (2)
C(3) 3823 (3) 747 (3) 1773 (2)
C4) 1378 (4) 1287 (3) 612 (2)
C(5) 565 (4) 2067 (5) —14 (3)
C(6) 1059 (5) 2967 (4) —180 (3)
C(D) 2371 (5) 3118 (3) 271 (3)
C(8) 3204 (3) 2316 (3) 914 (2)
C(9) 2724 (3) 1396 (3) 1088 (2)
C(10) 3804 (4) —327(3) 2178 (2)
can 3616 (3) -169 (3) 2906 (2)
N(12) 3506 (2) —-1230 (2) 3240 (2)
C(13) 3660 (4) — 1064 (4) 4089 (3)
C(14) 2279 (4) —-1774 (4) 2561 (3)
H®) 510 (3) 273 (3) 152 (2)
H(2) 580 (3) 106 (3) 241 (2)
H(4) 107 (3) 60 (3) 75 (2)
H(5) —45 (3) 206 (3) —38(2)
H(6) 56 (3) 354 (3) —60 (2)
H() 273 (3) 377 (3) 20 (2)
H(104) 469 (3) -79 (3) 251 (2)
H(10B) 307 (3) —-77(3) 166 (2)
H(114) 439 (3) 26 (3) 345 (2)
H(11B) 281 (3) 27 (3) 264 (2)
H(13A4) 300 (3) —49 (3) 397 (2)
H(13B) 359 (3) —183 (3) 431 (2)
H(13C) 458 (3) —73 (3) 456 (2)
H(14A4) 148 (3) —133 (3) 238 (2)
H(14B) 214 (3) —248 (3) 278 (2)
H(14C) 226 (3) —-199 (3) 199 (2)

Refinement of the structure

A full-matrix least-squares refinement of the coor-
dinates of the 28 atoms with isotropic temperature fac-
tors gave an R value of 0:16 (R=3||F,|—|F. ]|/Z|F D.
Further refinement was carried out with anisotropic
temperature factors for four cycles (R=0-08). From a

Table 1. Crystal data

(N,N)-Dimethyltryptamine hydrobromide

(N,N)-Dimethyltryptamine
DMT

DMT.HBr
Empirical formula Ci12HsN;2. HBr C2Hi6N2
Molecular weight 269-19 188-26
Melting point 114-5°C 65-5°C

Crystals

Transparent light-yellow prisms

Transparent colourless

Crystal system
Systematic absences

Space group
Molecules per unit cell
Unit-cell dimensions

D

Orthorhombic
hkO when £ is odd
h0! when 4 is odd
0k! when ! is odd
Pcab

Z= 8
a=1323+003 A
b =24-70+0-05

¢ = 7-70+0:01

V=251727 A3
1-421 g.cm™3

hexagonal prisms
Monoclinic

hO! when ! is odd
040 when £ is odd

P2|/C

=8
12:99+0-01 A
12:08 +0-01
18-38 +£0-02
127-85+0-01°
2277-50 A3

0 g.cm—3

4 gcm™3
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———

SS
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Molecule B

N(1)
Cc)
C(3)
C(4)
C(5)
C(6)
(7
C(8)
C(9)
C(10)
c(11)
N(12)
C(13)
C(14)
H(1)
H(2)
H(4)
H(5)
H(6)
H(7)
H(104)
H(10B)
H(114)
H(11B)
H(134)
H(13B)
H(13C)
H(144)
H(14B)
H(14C)

Table 2 (cont.)

xla
—346 (2)
—185 (3)
959 (3)
2720 (3)
2991 (4)
2155 (4)
1000 (4)
709 (3)
1559 (3)
1494 (3)
2332 (3)
2703 (2)
3237 4
3644 (4)
—102 (3)
-85(3)
336 (3)
393 (3)
233 (3)
38 (3)
75 (3)
193 (3)
180 (3)
315 (3)
408 (3)
345 (3)
257 (3)
443 (3)
380 (3)
336 (3)

ylb
7342 (2)
6280 (3)
5860 (3)
6765 (3)
7721 (4)
8617 (3)
8588 (3)
7620 (3)
6700 (3)
4736 (3)
4739 (3)
3626 (2)
3632 (3)
3128 (3)
775 (3)
595 (3)
611 (3)
778 (3)
934 (3)
921 (3)
418 (3)
443 (3)
511 (3)
523 (3)
415 (3)
284 (3)
399 (3)
365 (3)
232 (3)
310 (3)
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z/c
2966 (2)
2789 (2)
3524 (2)
5111 (2)
5595 (3)
5222 (3)
4340 (3)
3836 (2)
4209 (2)
3588 (2)
3268 (2)
3203 (2)
2699 (3)
4103 (3)

260 (2)
217 (2)
539 (2)
622 (2)
553 (2)
406 (2)
320 (2)
420 (2)
261 (2)
369 (2)
307 (2)
265 (2)
209 (2)
447 (2)
405 (2)
449 (2)

difference Fourier synthesis all 32 hydrogen atoms
could be identified as they were found among the 45
strongest peaks. An inspection of the F,;. based on all
60 atomic positions revealed that the 12 strongest Fy,
were affected by secondary extinction and they were
excluded from subsequent refinements. Three cycles
of refinement with the coordinates of all atoms and
anisotropic temperature factors for the non-hydrogen
atoms gave a final R value of 0-048 for 2080 reflexions.
The isotropic temperature factor (B=4-2 A?) given to
the hydrogen atoms was not refined. Owing to the great
number of parameters, non-hydrogen and hydrogen
atoms were refined in separate runs of the refinement
procedure. The last shifts for both non-hydrogen and
hydrogen atoms were less than the corresponding
e.s.d.’s. The mean e.s.d. of the atomic coordinates was
0-004 A for the non-hydrogen atoms and 0-03 A for
the hydrogen atoms.

The atomic scattering factors were taken from
International Tables for X-ray Crystallography (1962).
The structure amplitudes were given unit weight
throughout, because of the counter strategy mentioned.
Anomalous dispersion terms were not included in the
calculations. The atomic coordinates and thermal
parameters for the final structure are given in Tables
2 and 3. Observed and calculated structure factors from
the last cycle of refinement are listed in Table 4..

Table 3. Anisotropic thermal parameters and their standard deviations (in parentheses)

Bi; are the coefficients in the expression exp [— (f11h2+ Ba2k2+ B3312+ B1ahk + Pr3hl+ B23kl) x 10-4]

Molecule 4

N(1)
C(2)
C(3)
C4)
C(5)
C(6)
C(7)
C(8)
C(%)
C(10)
c11)
N(12)
c(13)
C(14)

Molecule B

N(1)
C€Q2)
C(3)
C(4)
C(5)
C(6)
()
C(8)
C(9)
C(10)
C(11)
N(12)
C(13)
C(14)

Bu
132 (4)
129 (4)
142 (4)
136 (5)
143 (5)
196 (7)
218 (7)
144 (4)
128 (4)
195 (5)
139 (4)
115 (3)
236 (7)
142 (5)

103 (3)
109 (4)
111 (4)
119 (4)
155 (5)
200 (6)
166 (5)
118 (4)
107 (4)
143 (4)
110 (4)
107 (3)
194 (6)
163 (5)

Ba2
67 (4)
75 (5)
62 (5)

112 (5)
161 (7)
152 (7)
88 (5)
64 (5)
66 (5)
66 (5)
66 (5)
73 (4)
114 (5)
119 (5)

82 (5)
83 (5)
69 (5)
94 (5)
107 (5)
89 (5)
74 (5)
72 (5)
70 (5)
70 (5)
68 (5)
67 (4)
97 (5)
116 (5)

B33 b2 b3 B3
672 —33(5) 1304 —133)
56 (2) 7 (6) 114 (5) 04)
612 — 9(6) 141 (5) —11(4)
64 (2) —-38() 126 (6) -32(5)
71 (3) 31 (9) 127 (6) 0 (6)
73 (3) 150 (10) 152 (7) 61 (6)
78 (3) 45 (8) 194 (7) 26 (5)
55 Q) 1(6) 133 (5) - 9@
512) —19(6) 118 (5) —23 (4)
82 (2) 22 (6) 203 (6) 14 (4)
65 (2) 15 (5) 142 (5) 5@4)
58 (2) 74) 118 (4) 16 (3)
83(3) — 3(8) 215 (8) 22 (5)
94 (3) —-65(7) 146 (6) 1(5
68 (2) 3705 91 4) 19 (3)
62 (2) — 6(6) 98 (5) - 74
65 (2) 13 (5) 129 (5) 10 (4)
55 (2) 17 (6) 108 (5) 24 (4)
64 (2) —-24 (1) 127 (6) - 1(5)
82 (3) —51(8) 188 (7) —29 (5)
86 (3) 19 (6) 175 (7) 7(5)
60 (2) 3(6) 119 (5) 9 4)
56 (2) 11 (5) 116 (5) 17 (4)
80 (2) 2 (6) 164 (6) 64
60 (2) —11(5) 115 (5) - 5@
60 (2) - 74) 116 (4) - 303
96 (3) -1 219 (7) —12 (5)
86 (3) 92 (7) 156 (7) 54 (5)
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Table 4. Observed and calculated structure factors

The five columns in each group represent A, k, [, | Fol, Fe.

00 & 16 1 29,5 29.9 3 912 4 3.9 ©10 0 8.5 1.0 T4 1 126 12,6 -1 7 2 12
00 & 16 2 31 0 29.8 -31.0 410 1 T 4 2 5.0 -5.5 -1 T & 12
o0 8 16 3 31 410 2 T 4 3 8.5 8.6 -1 T S 12
0 010 16 & 310 410 13 T 45 Tie Ta -1 T o 12
o 012 16 s 31 . ‘12 75 0 4.9 <53 -1 113 13
01 4 16 6 31 411 ) T 5 2 45 49 -1 T e [
o1 s 16 8 317 5 0 0 75 & 131 138 -1 7T 1S [
018 1.6 9 3109 5 0 2 16 0 5.6 5.7 -1 8 3 0
o1 7 1 610 31 s 0 & T 6 1 12,7 <1209 -1 8 4 [
o1 8 1 611 320 s 0 6 7.6 2 90 103 -1 8 5 o
0 110 11 30201 5 010 76 6 3.9 1.3 -1 .8 6 0
0 2 ) 12 32 2 5 10 T o0 8 1 o
02 & 1713 32 04 s 11 1T 6 8 1
02 s 171 4 3 27 5 12 112 811 1
0 2 & 1.7 5 3 2 9 51 4 78 1 8 12 1
02 7 17 6 3212 s 16 T8 2 9 2 1
0 2 8 117 330 s 17 T e 1 9 3 1
0o 210 1T 3031 s 18 79 . 9 1
0o 211 17113 303 2 519 710 0 9 s 1
0 213 181 303 3 s 20 T 1 9 s 1
o3 2 T 8 3 303 s 5 2 1 g0 0 97 1
o3 3 18 o 33 e s 2 2 a0 2 9 8 1
03 4 185 337 s 2 3 8 0 9 9 1
03 & 18 8 303 8 S 2 e 8.0 6 910 1
o 3 7 1.9 1 3 3 9 5 25 81 0 912 1
o 3 9 19 2 3 312 5 2 6 8 1 2 10 3 1
o 310 e 3 3 313 s 2 7 a 1 3 10 s 1
0 311 19 & 3 400 5 29 8 1 5 10 & 2
0 315 19 s 3 e 1 s 3 0 81 6 10 8 2
0 4 3 19 6 3 & 2 5 31 B 20 o2 2
0 4 & L9 343 5 3 2 a2 2 [T 2
0 & 5 199 3 e s 5 31 3 8 2 3 s 2
0 4 & 110 1 30405 s 1 4 8 3 0 n ot 2
o 4 7 110 3 3 408 s 315 63 2 n e 2
0 & 8 110 & 3 47 5 3 6 8 3 o 12 3 2
o 4 9 L10 5 3 4 8 5 3 7 8 3 s 12 & 2
0 412 110 7 3 410 s 3 8 8 & 0 12 8 2
0 & 13 110 9 3 s 0 s 311 € & 1 13 3 2
0 4 1e 1ot 3 s 5 4 0 8 4 4 13 6 2
05 2 11103 35 2 S 41 85 0 o« 2
0 5 & 11 35 3 5 4 2 8 5 2 o 6 2
o5 s o 305 4 s 4 3 8 6 0 o e 2
o5 6 112 1 3 s s s s 8 8 6 1 010 2
o5 7 112 2 35 6 5 5 0 86 2 012 3
05 8 113 2 35 7 s 5 1 817 0o 0 1 3
o 510 113 5 35 8 s s 3 8 7 1 016 3
0 s 200 360 5 5 4 8 8 1 11 3
0 512 2 0 ¢ 361 585 & 8 8 2 12 3
¢ 513 208 38 2 5 510 8 9 0 13 3
o6 2 2 010 36 5 e 0 9 0 2 15 3
o & 3 2 012 36 6 5 61 91 0 16 3
0 & 4 2 014 3 o6 7 s 8 2 9 1 1 17 3
06 3 210 368 5 6 4 9 1 8 1 8 3
0 6 & 211 310 s 6 6 9 2 2 [ 3
o6 7 21 2 31 5 s 8 9 2 3 [ 3
06 9 21 3 313 s 10 92 & 113 3
o &1L 215 307 . s 1 2 9 31 11e 3
072 21 6 318 s 1 s 9 41 1 3
o1 3 219 3T e 5 1 e 9 1 1 22 3
[ R 2 110 3 80 s 17 10 0 0 2 . .
o 15 2 111 38 1 5 8 0 101 0 2 s .
o7 6 2112 3 8 2 s 8 3 10 20 FANY .
o 11 220 3.8 3 5 8 & 10 21 2 7 -
LERER] 2 2 1 3 8 5 5 9 0 10 2 2 2 8 b
o 113 22 2 308 8 59 2 10 3 0 2 9 .
o 8 2 22 3 3 8 9 5 9 3 10 3 1 21 .~
o 8 3 22 & 39 0 5 9 4 10 3 2 212 .
o 8 & 2206 391 5 9 s 10 & 1 218 .
o 8 5 221 3 e 2 310 3 0 3 0 31 .
o8 7 2 210 393 510 5 105 1 33 .
08 8 2 211 3905 s 0 10 6 0 3 . .
o 810 230 3.9 6 s11 2 i1 3 s .
o s 231 310 1 Sl 4 iL 4 0 3 e .
0 812 2 3 2 310 2 512 1 -1 0 & 37 .
o 9 3 233 310 3 6 0 0 -1 08 39 s
09 & 23 & 310 « 6 0 & -1 010 310 s
0 9 8 23 5 310 ¢ 6 0 6 -1 0 1e in s
0 911 2.3 6 310 7 6 0 8 -1 1 2 312 s
0 912 2 3n 311 6 1 0 -1 1 3 3 s
010 3 231 312 6 1t -t 1 e 314 s
010 5 2 40 3 e 6 1 2 -t 18 318 s
010 & FEREE 311 7 6 13 -1 18 “ 1 s
oo 7 24 2 312 2 6 1 6 -1 17 . 2 s
010 8 2 43 312 5 6 1 7 118 . 3 s
010 11 2 4 5 400 6 2 0 -1 L9 .. s
ol 2 2408 40 4 6 21 -1 110 .6 5
o1t 3 2 47 408 6 25 -1 1122 4“7 3
o1 5 2 4 8 408 6 2 & -1 2 3 4 8 6
o1l & 2 4 9 4 010 6 27 R 4 9 6
o 7 2 413 41 0 6 28 -1 23 410 6
o1l 9 25 0 [ 6 30 -1 2 & 41 I3
012 2 28 2 41 2 6 31 -1 27 a1 6
Lo« 25 4 4 13 6 3 3 -1 2 8 .16 5
106 2.5 s 41 s 6 3 & -1 2 9 . ls 6
108 25 8 418 6 3 o -1 210 s 2 3
1 010 25 7 o 16 6 37 -1 211 5 3 6
1 012 2 513 41 8 6 4 0 -1 212 5 & [}
1014 260 419 6 & 1 -1 2 5 5 I3
11 2 261 4 110 6 4 2 -1 215 s 7 6
11 3 2 6 2 4 1 e & 3 -1 216 s 8 Y
11 26 3 “ 20 6 4 & -1 3 2 s 11 1
115 2 6 & “ 21 6 & 5 -1 3 3 s 13 4
116 2.6 5 422 6 4 9 -1 3 & 5 1 7
to1r 26 6 423 6 5 0 -1 3 s 61 i
110 2 6 1 “ 2 & & 5 1 -13 8 6 2 7
119 2 68 “ 26 6 5 2 -13 7 6 3 7
1110 269 .27 6 3 & -1 3 8 6 4 [
111 2 610 42 8 6 5 5 -1 3 9 s 5 8 3
1112 210 421 6 5 7 -1 310 6 6 8 4
111 211 421 6 5 8 -1 31 6 1 &5
1114 212 4 3¢ 6 6 -1 312 6 9 s 8
12 2 2.1 431 6 & 2 -1 313 &1 8 9
123 2 1. 43 2 6 6 -1 3 1e 615 812
12 s 217 43 3 o 7 0 -1 315 71 515
125 21 8 4 3 4 6 1 2 -1 31 1 9 1
121 219 “ 3 s 6 1 3 -1 4 3 T e 9 3
128 2 11 43 8 e 8 0 -1 4 & T 9 5
L2 9 2 80 “ 37 6 8 3 -1 & S T e 6
T 210 2 8 1 4 3 9 6 8 & -1 4 & T 9 97
L2t 28 2 4 310 6 9 0 -1 47 110 9 9
131 28 3 4 40 & 9 2 -1 s 8 T 910
Py 2 28 4 “ 4 6 9 4 -1 4 9 112 912
133 2 8 s “ 8w 610 1 -1 4m T3 0 2
13 & 2 8 1 4 & 8 610 4 -1 412 31 103
1308 2.8 9 4 40 611 9 -1 413 8 3 10«
13 6 2 810 . o7 611 2 -1 o4 8 & 10 s
13 8 2 811 4 4 8 T 0 0 -1 05 2 8 6 10 6
139 290 « 5 0 T o 2 -1 5 3 e 7 107
1312 2 91 451 706 105 . s 8 1011
1315 29 2 45 2 TLo 15 5 8 12 10 13
Let 2.9 4 5 e T 15 & 8 14 u 1
1 e 2 2.9 & 4 5 s T2 -1 5 1 9 2 o8
143 2 9 6 .5 7 713 -1 5 8 9 3 1n 9
1 oe 4 2.9 8 4 51 71 e -1 5 9 9 4 12 1
1405 210 1 4 60 TS -1 510 9 8 12 3
14 6 210 2 .6 2 LR -1 51 9 8 12 5
e 7 210 3 4 6 3 120 -1 513 9 8 12 6
148 210 & “ 6 8 T2 -1 5 1e 9 10 129
1«10 210 5 467 T2 o2 -1 515 101 0 2
1 emn 210 7 “ 11 123 -1 6 2 3 [
1 41 210 o « 1 2 T2 e -1 6 3 s o 8
151 210 9 « 13 T2 o8 -1 6 4 7 0 10
T 5 2 21t o 4 1 s T 27 “L & 5 8 012
15 3 211 1 “« 1 6 Tz -1 6 & 9 0 e
15 & 212 2 4 8 0 T 3o -1 6 8 12 a1s
15 s 212 & 4 8 2 13y -1 6 9 1 11
15 6 300 .8 3 T3 o3 -1 610 : o2
159 30 4 “ 8 & T3 e -1 611 3 13
1 510 3 0 6 4 9 3 T3 5 -1 612 s 14
t sz 3 010 49 5 T 40 -1 & 13 n 15
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Description and discussion of the structure

Molecular geometry

Bond distances and angles with estimated standard
deviations are given in Tables 5, 6 and 7. In Fig. 1 the
indole nuclei are numbered according to international
rules; the ethylamine chains, however, are numbered
in the most convenient way. The configurations of the
two molecules are represented in Fig. 2 with thermal
ellipsoids of the non-hydrogen atoms scaled to 33 %
probability because of the high thermal movements.
The hydrogen atoms are represented by spheres having
a diameter of 0-2 A. For comparison, all values below
are given for the two molecules of the asymmetric unit
labelled 4 and B, with the latter in parentheses.

Table 5. Interatomic distances and standard deviations
(in parentheses)

Molecule 4 Molecule B

N(1)-C(2) 1372 (4) A 1-:371 (5) A
C(2)-C(3) 1:355 (3) 1:351 (4)
C(3)-C(9) 1-425 (4) 1-421 (4)
C(9)-C(8) 1:403 (4) 1-413 (4)
C(8)=N(1) 1-:370 (3) 1-363 (4)
C(9)-C(4) 1-401 (3) 1-400 (4)
C4)—C(5) 1:356 (6) 1:366 (6)
C(5)—C(6) 1-358 (6) 1:350 (5)
C(6)—C(7) 1:374 (5) 1:376 (6)
C(NH-C(8) 1-393 (5) 1:394 (§)
C(3)—C@10) 1:503 (4) 1-498 (4)
C0)—C(11) 1512 (4) 1522 (2)
C(11)-N(12) 1-464 (4) 1-458 4)
N(12)-C(13) 1-460 (4) 1:458 (3)
N(12)-C(14) 1:446 (4) 1-453 (5)
N()—H() 0-92 (3) 0-86 (3)
C(2)—H(2) 0-97 (2) 1-:00 3)
C(4)—H@4) 1-03 (3) 1-:03 3)
C(5)—H(5) 1-05 (2) 1-04 (3)
C(6)—H(6) 0-93 (3) 0-98 (3)
C(—H() 0-96 (3) 0-98 (3)
C(10)-H(104) 1:07 (2) 1:02 3)
C(10)—H(10B) 1-00 (3) 097 (3)
C(11)-H(114) 1:02 (3) 1-:05 (3)
C(11)-H(11B) 1-00 (2) 1-04 (3)
C(13)-H(134) 102 (3) 107 (3)
C(13)-H(13B) 104 (3) 1-01 (3)
C(13)-H(13C) 1-04 (3) 1-00 (3)
C(14)-H(14A4) 1-03 (2) 103 (3)
C(14)-H(14B) 1-01 (3) 102 (3)
C(14)-H(14C) 1-:07 (3) 097 (2)
N(1)- - - N(121) 2:924 (3) 2:885 (3)
H(1)---N(12Y) 2:01 (2) 2-:03 (3)

Symmetry code
i 1 -X, %+y, %_

The two molecules are almost identical (see Fig. 2).
For the non-hydrogen atoms the differences in bond
lengths and bond angles do not exceed 001 A and 1-2°
respectively. One exception is, however, the C(4)-C(5)-
C(6) angle where the difference is 1:6°. In both mol-
ecules the C(4)-C(5) bond, 1-356 A (1-366 A), is signif-
icantly shorter than the standard C-C bond in

Table 6. Interatomic angles and standard deviations

(in parentheses) for all non-hydrogen atoms

N(1)-C(2)-C(3)
C(2)-C(3)-C(9)
C(3)-C(9)-C(8)
C(9)-C(8)~N(1)
C(8)-N(1)-C(2)

C(4)-C(5)-C(6)
C(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(7)-C(8)-C(9)
C(8)-C(9)-C(4)
C(9)-Ca)-C(5)

N(1)-C(8)-C(7)
C(3)-C(9)-C4)

C(2)—C(3)—C(10)
C(9)—C(3)—C(10)
C(3)—C(10)—C(11)
C(10)-C(11)=N(12)
C(11)-N(12)-C(13)
C(11)-N(12)-C(14)
C(13)-N(12)-C(14)

N(1)-—H() - - - N(12)
N(1)-+ - N°(12)—C’(11)
N(1)- - - N(12)—C’(13)
N(1)- - - N'(12)—C’(14)

C(8)-N(I)-H(1)
C(2)-N(1)-H(D)
N(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(5)-C(4)-H(4)
C(9)-C(4)-H(4)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-H(6)
C(7)-C(6)—H(6)
C(6)-C(7)-H(7)
C@)-C(N-H()

C(3)——C(10)—H(104)
C(3)——C(10)-H(10B)
C(11)—C(10)-H(104)
C(11)—C(10)-H(10B)
H(104)-C(10)~H(10B)

C(10)—C(11)-H(114)
C(10)—C(11)-H(11B)
N(12) —C(11)-H(114)
N(12) —C(11)-H(11B)
H(114)-C(11)-H(11B)

N(12) —C(13)-H(134)
N(12) —C(13)=H(13B)
N(12) —C(13)-H(13C)
H(134)-C(13)-H(13B)
H(134)-C(13)-H(13C)
H(13B)-C(13)-H(13C)

N(12) —C(14)-H(144)
N(12) —C(14)-H(14B)
N(12) —C(14)-H(14C)
H(144)-C(14)-H(14B)
H(144)-C(14)-H(14C)
H(14B)-C(14)-H(14C)

Molecule 4

110-4 (3)°
1065 (3)
1071 (3)
107-7 (3)
1083 (3)

120-4 (5)
122:7 (5)
116:7 (4)
121-5 (3)
1194 (3)
119-3 (4)

130-7 (3)
133-5(3)

126:6 (3)
126-9 (3)
113-0 (3)
111-7 (3)
110-0 (3)
112-1 (3)
1099 (3)

173-9
109-8
1109
104-1

Molecule B

110-4 (3)°
1067 (3)
1069 (3)
107-4 (3)
1086 (3)

1220 (4)
121-5 (4)
1173 (4)
1217 (3)
1189 (3)
1186 (4)

130-9 (3)
1341 (3)

1263 (3)
127-0 (3)
112-0 (3)
112-3 (3)
1109 (3)
112-3 (3)
109-3 (3)

173-4
107-7
103-3
1131

Table 7. Interatomic angles and standard deviations (in
parentheses) for all bonds involving hydrogen atoms

Molecule A Molecule B

127 (2)°
125 (2)
121 (2)
129 (2)
124 (2)
117 (2)
124 (2)
116 (2)
126 (2)
112 (2)
124 (2)
119 (2)

113 (2)
107 (2)
105 (2)
109 (2)
109 (3)

109 (2)
109 (2)
109 (2)
109 (2)
109 (3)

109 (2)
108 (2)
107 (2)
115 (3)
108 (3)
110 3)

113 (2)
114 (2)
108 (2)
101 (3)
114 (3)
107 (3)

125 (2)°
126 (2)
120 (2)
130 (2)
121 (2)
120 (2)
116 (2)
121 (2)
125 (2)
113 (2)
123 (2)
119 (2)

110 (2)
111 2)
109 (2)
114 (2)
101 (3)

109 (2)
111 2)
108 (2)
111 (2)
105 (3)

107 (2)
108 (2)
107 (2)
112 (3)
108 (3)
114 (3)

107 (2)
111 (2)
114 (2)
118 (3)
103 (3)
103 (3)
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benzene, 1-397 A, while the average of the other five
bond lengths in the benzene portion of the indole
nucleus, 1-392 A (1-393 A), is equal to the standard
bond length.

In the pyrrole ring, the C—N distances C(2)-N(1),
1:372+0-003 A (1-:371+0-:005 A), and C(8)-N(l),
1-370 +0-003 A (1-363 +0-004 A), are equivalent within
two standard deviations. They are not significantly
shorter than the C-N bond lengths of 5-methoxy-
(N,N)-dimethyltryptamine and earlier determined
indole nuclei (Falkenberg & Carlstréom, 1971). The
C(2)-C(3) bond, 1-355A (1-351 A) is significantly
shorter than the C(3)-C(9) bond, which indicates a
stronger double-bond character in the former. This is
consistent with the results of earlier work (Falkenberg

H(38)
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& Carlstrom, 1971) although it is more pronounced in
the present structure.

The C(3)-C(10) bond of the ethylamine chain.
1-503 A (1-498 A), is somewhat shorter than the
C(10)-C(11) bond, 1-512 A (1-522 A). Both are signif-
icantly shorter than the standard paraffinic single
bond, 1-541 A.

The bond distance between the tertiary amino ni-
trogen N(12) and the a-carbon atom, C(11), is 1-464 A
(1-458 A), which is close to the corresponding bond,
1-457 A, in 5-methoxytryptamine (Quarles, 1971). The
mean of all C-N bonds around N(12) in both mol-
ecules is 1-457 A, which is somewhat shorter than the
3-covalent N-C standard bond of 1472 A (Table of
Interatomic Distances and Configuration in Molecules

H(3C)

(O HO44)

Fig.1. Atom numbering, bond lengths (A) and bond angles (°) for non-hydrogen atoms in molecules 4 (left) and B (right) of
(N,N)-dimethyltryptamine.

Fig.2. Molecular conformation of molecules 4 (left) and B (right) of (N,N)-dimethyltryptamine. The non-hydrogen atoms are
represented by 33 % probability thermal ellipsoids and the hydrogen atoms indicated by small spheres with a radius of 0-1 A.
The drawings were performed using the program ORTEP (Johnson, 1970).

AC28B-13
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and Ions, 1965) and much shorter than the C-N+*
bond of 1:505 A (Hahn, 1957). As might be expected,
the amino nitrogen is thus unprotonized. The angles
around N(12) are all nearly tetrahedral with a close
resemblance to ammonia with a lone electron pair.
Identical results were found in chlorpromazine, which
also has a dimethylated amino group in the side chain
(McDowell, 1969). The indole nuclei of the two DMT
molecules are planar within the limits of experimental
error. This is shown in Table 8 where the equations of
the best planes are also given. Since it has been re-

CRYSTAL AND MOLECULAR STRUCTURE OF (N,N)-DIMETHYLTRYPTAMINE

ported that the benzene and pyrrole rings in some
indole derivatives are slightly bent along the C(8)-C(9)
bond (Bergman, Abrahamsson & Dahlén, 1971;
Falkenberg & Carlstrom, 1971), the angles between
the planes of the two parts of the indole nuclei were
also calculated. However, the angles 0-17° (0-91°) do
not differ significantly from planarity.

There is considerable interest in the torsion angles of
the ethylamine chain in this group of compounds with
regard to receptor stereospecificity. The position of the
a-carbon atom is described by the torsion angle 7, =

Table 8. Equations of the best planes with the formula m,X +m,Y +msZ =d in orthogonal space

Plane my my m3 d
Molecule 4
Pyrrole ring — 0470060 0-512232 0-718792 0-91526
Benzene ring  —0-470108 0:514578 0-717083 0-91780
Indole nucleus -0-469794 0-514006 0-717699 0-91714
Molecule B
Pyrrole ring 0-863196 0-350919 —0-362972 —1-72598
Benzene ring 0-865552 0-358811 —0-349390 —1-58694
Indole nucleus  0-864780 0-355338 —0-354813 —1-65589

Deviations (in A) from the best planes.
Distances marked with asterisks refer to atoms defining the plane.

Planes Pyrrole ring Benzene ring Indole nucleus
Molecule A B A B A B
N(1) 0-0002* 0-0020* 0-0001 —0:0175 0-0019* 0-0002*
C(2) —0-0015* —0:0013* —0-0055 —0-0335 —0-0027* —0-0102*
C(3) 0-:0022* 0:0001* —0-0028 —0-0200 —0-0001* —0-0013*
C4 0-:0019 —0:0230 0-0014* —0-0020* 0-0021* 0:0001%
C(5) —0-0019 —0-0395 0-0014* —0-0003* 0-0008* —0-0059*
C(6) —0-0083 —0:0366 —0-0021* 0-0022* —0-0031* —0-0037*
C(7) —0-0055 —0-0216 —0-0000* —0-0017* —0-0004* —0-0001*
C(8) 0-0012* ~ —0:0019* 0-0028* —0-0007* 0-0037% 0-0087*
C9) —0-0020* 0-:0011%* —0-0034* 0-0025* —0-0020* 0-0123*
C(10) —0-0137 0-0267 —0:0227 —0-0014 —0-0190 0-0211
can 1-3440 1-4476 1:3337 1-4166 1-3376 1-4405
N(12) 1-2793 14887 1:2652 1-4471 1-2699 1-4757
Angles between pyrrole and benzene rings
Molecule 4 0-17°
Molecule B 091

A
Fig.3. Molecular packing in DMT viewed along the b axis. Half a unit cell is shown. Carbon and nitrogen atoms are represented
by open and dotted circles respectively. Hydrogen bonds are dashed and the distances are given in A.
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C(2)-C(3)-C(10)-C(11), which was found to be 102°
(90°). This means that the plane defined by C(3)-
C(10)-C(11) is nearly perpendicular to the plane of
the indole nucleus. The torsion angle 7,=C(3)-C(10)-
C(11)-N(12) is 176° (188°), and the amino nitrogen
atom is thus as far as possible from the centre of the
pyrrole ring (Fig. 2).

Description of the crystal structure

The crystal structure viewed along the b axis is
shown in Fig. 3. The A-molecules are linked together
by N(1)-H(1)- - - N(12) hydrogen bonds which run in
a helical fashion around a screw axis. The B-mol-
ecules are connected by the same type of hydrogen
bond in a nearly identical manner and the two hy-
drogen bonds thus give rise to N-N distances of
2:92 A and 2-89 A respectively. In both cases the hy-
drogen atoms involved lie almost on the straight line
between the nitrogen atoms (see Table 6). In both
hydrogen bonding systems, the hydrogen bonds form
nearly tetrahedral angles with the carbon atoms around
the acceptor amino nitrogen atom (Table 6). There
are no connexions between the A- and B-molecules
other than ordinary van der Waals contacts, the
shortest intermolecular distance being 3-5 A for non-
hydrogen atoms.
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The Crystal and Molecular Structure of an Addition Compound of Cholic Acid and Ethanol
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A 1:1 addition compound of cholic acid and ethanol, C,sH,4sOs, crystallizes in the orthorhombic space
group P2,2,2, with four molecules in the unit cell. The cell constants are a=14-661, b=11-759, and

c=15-066 A

. The structure was solved using acentric direct methods. Refinement of the parameters of

all nonhydrogen atoms by a full-matrix least-squares procedure reduced the conventional R index to
0-113. The carbon atoms in the rings were assigned isotropic temperature factors; all carbon and oxygen
atoms not in the rings were assigned anisotropic temperature factors. A hydrogen bonding scheme has
been formulated which involves three molecules of cholic acid around one ethanol with five hydrogen

bonds being formed.

Introduction

The bile acids are physiologically important steroids.
We have carried out a single-crystal structural analysis

A C28B-13*

of an addition compound of cholic acid and ethanol,
C,6H,4606, which takes the form of a one to one com-
plex. The purpose of this study was to elucidate any
unusual structural features of the molecule which



