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The Crystal and Molecu
1

lar Structure of 5-Methoxytryptamine 

By William G. Quarles, David H. Templeton and Allan Zalkin 

Lawrence Berkeley Laboratory and Department of Chemistry, 

* 

University of California, Berkeley, California 94720 U.S.A. 
I 

Crystals of 5-methoxytryptamifl:e (c11H14N2o) are 
i 

monoclinic, space group Pc; a= 6.110(2), b = 9.532(3), 

£ = 8.831(3) A, ~ 
-3 D = 1.245 g em . 

X 

( )
0 -3 = 98.:72 1 , Z = 2, Dm = 1. 242 g em , 

The structural model was refined to 
I 

R = 0.02S for 146 independent X-ray reflections 
I, 

measured with an automatic diffractometer. The 

indale ring system deviates from planarity by small 

but sfgnificant amounts which correspond to a bending 

in the benzene ring. The ethylamine side chain 

is in the bent (gauche) conformation rather the..n fully 

extended. Each indole nitrogen atom donates its hydrogen 
I 

atom to form a hydrogen bond to the amine nitrogen of the 

next molecule, vJi th N-N = 2. 916 ( 3) }\. 

* ' Work performed Under the auspices of the 

u. s. Atomic Energy Commission. 
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Introduction 
~ 

I 
Serotonin and related kolecules have attracted 

widespread at'tention because of their involvement in 

the function of the central nervous system (Garattini 

& Valzelli, 1965). We have studied the crystal 
I I 

structures of two of these substances because molecular 

dimensions and conformations are relevant to studies of 
I I 

I 

biological function. In this paper we describe the 

structure of 5-methoxytryptamine: 

H c-o 
3 

In another paper we will describe the structure of 

melatonin and compare the dimensions of these closely 

related molecules. 

Crystals of 5-methoxytrypta.mine from the Regis Chemical 

Company, Chi~ago, were well-formed, thin, colorless, 

transparent ~lates. They were stable when stored at 5°C 

over Drierite, but turned brown when exposed to the 

atmosphere for a month. Exposure to X-rays h~stened the 

color changeland caused diff~action intensities to decrease, 

but the decrease was only one or two percent during the 

three-d:ly period in which the intensity data were collected. 

,__.... 
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Oscillation and Weissenberg photographs showed 

monoclinic symmetry a.nd systematic absences for hO .e 

if £ is odd1
, corresponding to space groups P2/c and 

Fe. The c.ell volume and the density permit only two 

molecules per cell. Space group P2/c is eliminated 

3 • ·I 

because it would require four molecules per unit cell 
I . 

(or a multiple of fot+r)-unless the molecules lie on the 

2-fold axis; and. the rmolecule of. 5-methoxytryptami'ne 
' ' I 

lacks that symmetry. 

Cell dimensions at room temperature (approx. 23°C) 

were determined from measurements of resolved Cu.T<a
1 

doublets (A = 1.54051; l for Ka1 ) with a General Electric Co. 

manual diffractometer for hOO, OkO, an.d 00£ reflections. 

The density was measured by flotation in ethylene 

chloride and ethyl acetate. 

A cryst~! with dimensions 0.34 X 0.10 X 0.032 mm 

was mounted on a glass fiber with epoxy resin. Intensity 

data were measured with a scintillation counter, CuKa 

radiation, a graphite monochromator, and a Picker automatic 

diffractometer. Atteduators were used when the counting 

rate would have exceed,ed 10,000 c/ sec. A 6-26 scan 

technique was used, sJarting 0. 9° below the posi ti,='n for 

Ko.1 and scanning at 1 o /min to 0. 9° above the Ka position. 
. . 

Backgrounds \•Icre count
1

eci for 10 sec at positions 0. 7° 

from the ends of the sban (all aneles in 20). Measurements 
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w~re made of 1604 reflections in the hemisphere with 
I . -

k positive Cj!J1d 28<124.5° {sinO/>..< 0.574). Averaging 

of Bijvoet pairs (hk£ and Ek1) yielded 807 independent 

reflections of which 61 had intensities less than ~(I) 

and were assigned zero weight. 

Formulas are given elsewhere for the calculation 
I 

of standard deviations of tht.· average intensities and 

for the ;con'{ersion to structure factors, their. standard 

deviations, and the corresponding weights in least-squares 

refinement (St. Clair, Zalkin & Templeton, 1971, 1972). 

The additior~al term in cr2 (I) was (0.05 I) 2 initially a~d 
. I 

(0.03 I) 2 in the last calcuiations. No correction for 

absorption was made; with J1 = 6.6 cm-1 the attenuation 

would be about 12% in the most extreme case. 
I 

Calculatj_ons were made with the CDC-6600 computer 

and our unpublished programs. Atomic scattering factors 

were those of Stewart, Davidson & Simpson (1965) for 

spherical hydrogen atoms and Cromer & Mann (1968) for 

other atoms. Dispersion corrections for these light 

atoms were ignored. Johnson's (1965) program was used 

to prepare the figures. 

I . 
The Patterson function sur;gE'sted approximately the 

I 

correct orientation for the plane of the flat indole 

ring system. A trial-and-error method described by 
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Quarles (1970) determined the structure of the eleven 

heavy atoms comprising these rings and their immediate 
I 

substituents. Fourier methods revealed the rest of the 

ato~s. With 14 heavy atoms and anisotropic thermal. 

parameters R1 = ~IAFI/!IE.oi' was reduced to 0.064 and 

R2 = (~!!_{AF) 2/~w(Ea) 2 ) 1/2" to 0.080. Inclusion of the 

14 hydrogen atoms (with isotropic thermal parameters) 

reduced R1 ~o 0.033 ~d R2 to 0.035. An empirical 

extinction correction factor, which was 1.18 for the 

structure factor ?f the strongest,_reflection, and adjust~ent 

of the intensity parameter in the standard deviation 

formula together reduced R1 to 0.025 and R2 to 0.026, in 

each case for the 746 reflections included in least 

squares. Including 61 reflections of zero weight, R1 was 

0.028. In the last cycle, no parameter shifted as much 

as 3% of its standard deviation. The standard deviation 

of an observation of unit weight was 1.11. Inspection 

revealed no systematic trend of either 1~1/lfcl or 
2 -

w(AF) as a function of intensity or Bragg angle. No 
o3 peaks in the final AF synthesis were higher than 0.15 e/A • 

I 

The final coordinates and thermal parameters are 

listed in Tables 1, 2, and 3, and bond distan~es and angles 

in Tables 4 and 5 with the atoms desi;natcd as shown in 

Fig. 1. Observed and calculated structure factors are 

listed in Table 6. 



Discussion 
~ 

lrhe molecular conformation is shown in Fig-. 2. 
I 
I I 

The ethylamine .side chain is bent into the gauche or 

6. 

synclinal conformation. The bond distances and angles 

are in good agreement with corresponding values 

for melatonin., with which they will be compared elsewhere., 

and with the results for· several other similar molecules 

which,huve feen reviewed by Falkenberg (1972a). The 

nine atoms of the indole ring system are very nearly planar., 

but deviations 'from planarity are significant in comparison 

to the estDnated standard deviations., about 0.004 A.. The 

largest deviation from a rr.e'an plane is 0.015 A. Seven 
. I 

of the atoms., however, are within 0.004 X of a plane 

fitted to the pyrrole ring; the other two atoms., 

C(7) and C(8)., are respectively 0.040 and 0.036 ~to one 

side of this plane. Atoms ·o( 1) and C( 2), the first atoms 

of the side chains~ are 0.006 and 0.007 A, respectively., 

from this same plane. Deviations from planarity of similar 

magnitude have been observed in melatonin and in other 

indole deriv1atives for which the structures have been 

determined with high precision ( l',alkenberg,- 1972b, 

Falkenberg & Carlstr8m, 1971, and Bergman, Abre.hamsson 

& Dahlen, 1971), but no consistent pattern of the 

deviations is evident. 
I 

The molecules are connected by hydrogen bonds of the 
. I 

type N(2)-H(l0) · · ·N(l), with the N-N distance 2.916(3) ~ 
I 
I 
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and. the N-H-N angle 170(3) 0 
•. The molecules connected 

by these bc:mds form,, str:ings running in the [ 101] 
I 

direction. Otherwise there are no close intermolecular 

interactions. The packing of the molecules is shown 

in Fig. 3. 
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Table 1. Coordinates of heavy atomsa 

Atom X y z 

cc 1} .3467(0) .3571(3) .q726(o) 
Cl2) .5789(7) .2923(3) .0040(5) 
Cl3J .6H39(6) .3048(2) .1689(4) 
CC4) .6068(6) .2435(2) .3000(4) 
CC5) •. 42t,5(6) .1572(.?.) .3189(4) 
cc 6) .4050(6) .1152(3) .46't7(4) 
CC7J .5609(6) .1535(3) .5922(4) 
CC8J .7384(7) .2375(3) .5765(5) 
CC9) .7606(6) .2834(2) .4291(4) 
c ( 10) .8715(6) .3782(3) .2241(4) 
C(llJ .0721(7) .0109(3) • 8,76 3( 5) 
N ( 1) .3332(6~ .ij9?Cf3l .5195!5) 
N(2) .9196(6) .3666(3) .3801(4) 
0 ( 1) .2350(6) .0321(2) .4990(4) 

ain this and th~ following tables the standard 

deviation of the least significant digit is given 
1. 

in parentheses. 

I 

I . 

.• 
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Atom Bll 

C(1) 3.5(1) 
. c ( 2) 3.9(1) 

C(3) 2.9(1) 
C(4) .2.4(1) 
C(5) 2.r((1) 
C(6) 3.3(1) 
c ( ., ) 4.2(1) 
C(8) 3.7(1) 
C(9) 2.5(1) 
C(lO) 2.9(1) 
C(11) 3·8(1) 
N(1) ~ 2.9(1) 
N ( 2 )-- 2.67(9) 
0(1) 4.14(9) 

Table 2. Anisotropic thermal parameteroa 

B22 B33 Bl2 Bl3 B23 

4.0(1) 2.8(1) -.3(1) -.06(9) . 6 ( 1) 
4.1(1) 2.9(1) .1(1) .79(9)_ .1(1) 
3. 2 ( 1) 2.9(1) .43(9) .60(9) .. 15 ( 9) 
2.51(9) 2. 7 (.1) .31( 3) .2l(H) .02(8) 
2.7(1) 2.5(1) .18(8) -.07(9) -.17(8) 
3.0(1) 3.0(1) .00(9) .40(9) .16(9) 
4.0(1) 2.5(1). .1 ( 1) .1(1) .35(9) 
3.7(1) 2.7(1) .0(1) -.51(9). -.2(1) 
2.7(1) 3.2(1) .25(9) .17(9) -.24(9) 
3.8(1) 4.0(1) .2(1) .87(9) l• ( , ) 

.• • ' ..l 

4.0(1) 4.2(1) .7(1) .6(1) -.2(1) 
·3.7(1) 6.0(2) -.12(9) -.2(1) -1.0(1) 
4.0(1) 4.0(1) -.27(9) .13(8) -.11(9) 
4.88(9) 3.09(8) -1.19(8) .31(6) .89(7) 

B.:rhe temperature factor is exp((-B11a* 2h 2-2B
12

a*b*hk-·. •)/4). 

·~ -J 
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Table 3. Parameters of hydrogen atomsa 

' \ 

Atom IX y z B 

H ( ll -~Jj4t7> • 501 ( 4) .610(6) 9.0(12) 
H(2) .411(7) .44CJ{4) .455{5) 7.7(12) 
H(3) .248{4) .300(2) .027(3) 3. 1 ( 5) 
H(4) .292(5) .354(3) .862(4) 4.0(6) 
H(5) .563f4) .189(3) .CJ77(3) 3.6(6) 
H(6) .673(6) .339(3) .• q33 ( 4) 5.6(8} 
H(7) • :-n 8 ( 4, .126(3) .229(3) ?.6{5) 
H(S) .532(5) .11'1(1) .692(3) 4.3(6) 
H(9) • 8 '•5 ( 5') .262(4) .663(4) 5.4(7) 
H ( l u) .046(6) .415(4) .434{4) ').9(8) 

H ( lU ~CH2(6) .43~(3) .160(4) 5.?(7) 
H ( 12) .q£.9(5) .072{3) .'12'1(3) 4.1 { 6) 
H [ 13) .006(5) • 067(4) • 320 ( 4) 5.4(8) 
H ( 14) .131(5) .068(3) .79214) 4.8(6) 

• 

~he isotropic temperature factor is exp(-BA-2sin2e). 
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Table 4. Bond distances, ~ 
I 

. -

Atoms Distance Atoms Distance 

N(1)-H(1) .99(5) C( 7 )-C ( 8) 
' . 

1.372(4) 

N(1)-h(2) • 92(5)· cc 8 )-ii ( 9) .96(3) 

N(1)-C(1) 1.457(4) C ( 8 )-C ( 9) 1. 39 81
( 3) 

c c 1 )-:r ( 3) .99(3) C ( 9) -C ( L~) 1.404(3) 

C ( 1) -ii ( Ll) .9.9(3) C( 9) -N ( 2) 1.374(3) 

C(1)-C(2) 1.534(4) N(2)-H(l0) .96(4) 

C(2)-H(5) 1.02(3) N(2)-C(10) 1.368(4) 

C(2)-h(6) .96(4) C(lO)~C(3) 1.368(4) 

C(2)-8(3) 1.504(3) C(10)-ll(11) 1.04(3) 

c (.3 ) ·-c ( 4 ) 1. 4 39 ( 3) . 0(1)-C(6) 1.376(3) 

C(4)-C(5) 1.413(3) 0(1)-C(11) 1.416(3) 

C(5)-H(7) 1.00(2) C(11)-H(12) 1.02(3) 

C(5)-C(6) 1. J74 ( 3) C(11)-H(13) .95(3) 

C(6)-C(7) 1.40-8(4) C(l1)-H(l~) 1.03(3) 

C(7)-H(8) .98(3) 

• I 

"--' 
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Table 5. Bond angles, deg 

Atoms Angles 
'· ) 

.N (1) -C ( 1) -C ( 2) 115.04(25) 

C(1)-C(2)-C(3) 112.98(23) 

C(2)-C(3)-C(4) 127.57(25) 

C(2)-C(3)-C(10) 126.63(27) 

C(4)-C(3)-C(10) 105.80(21) 

6(3)-C(4)-C(5) 132.98(21) 

C(3)-C(4)-C(9) 106.89("20) .. I .... 
C ( 9) -C ( Ll) -C ( 5) 120.13(~1) 

C(4)-C(5)-C(6) 117.70(21) 

C(5)-C(6)-C(7) · 121.65(23) 
I 

C(5)-C(6)-0(1) 123.84(20) 

c'(7)-C(6)-0(1) 114.51(25) 

. C(6)-C(7)-C(8) 121.31(25) 

C(7)-C(8)-C(9) 117.79(24) 

C(8)-C(9)-C(4) 121.40(22) 

C(8)-C(9)-N(2) 130.29(24) 

C(4)-p(9)-N(2) 108.30(20) 
I 

C(9)-N(2)-C(10) 108.04(22) .. 

N(2)-C(10)-C(3) 110.97(22) 

C ( 6 ).-0 ( 1) -C ( 11) 117.70(21) 
~ ... ,~ 

I 
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15. 

i i 

Observed (FOB) and. calculated (FCA) struct\lre 

factors for 5-methoxytryptanine 

(Table to be reproduced. photographically) 

, .. 
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Figure Captions 

Fig. 1. Bond distances (1\) and designation of atoms. 

Fig. 2. Molecular conformation. 

Fig. 3. Molecular packing, viewed down a, with b 

horizontal and c vertical. 
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r------------------LEGALNOTICE---------------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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