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C(1)---C(1) bond, 1.438 (2)/~, and the C(2)--C(10) 
bond, 1-465 (2)A, are shortened (compared to the 
sum of single-bond covalent radii for carbon, 
1.544A, Pauling, 1960). Likewise, in (2), the 
C(1)--C(1) bond, 1.446 (2)A, and the C(2)--C(11) 
bond, 1.477 (2)A, are shortened; and in (3), the 
C(1)--C(1) bond, 1.454 (4)A, and the C(2)--C(12) 
bond, 1.481 (4)A, are shortened. There is, however, 
only a slight lengthening of the C(1)--C(2) double 
bond: in Q), 1.345 (2) A; in (2), 1.353 A; and in (3), 
1.355 (4)A (the sum of double-bond covalent radii 
for carbon is 1.334 A). 

In (1), the cyclopentene ring is planar within 
0.008 A. In (2), the cyclohexene ring is not planar, 
with C(4) 0.69 A out of the plane of C(2), C(3), C(5), 
C(6) and C(11). 
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Abstract. CI8H2oN206, Mr=360.4, orthorhombic, 
P212121, a = 11.999 (1), b = 13-693 (1), c = 
10-612 (1) A, V= 1743.6 (2) A 3, Z =  4, Dx = 
1"37 Mg m -3, A(Cu Kte) = 1.5418 A,/~ = 0.83 mm -1, 
F(000) = 712, T = 165 (1) K, R = 0.028, wR = 0.033 
for 1362 observed reflections. The CO2Me and 
CH2CO2Me groups attached to C(3) and C(5) are 
both equatorial and the COzMe group at C(3) is 
axial. The six-membered heterocyclic ring is in a 
half-chair conformation. The crystal packing is 
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determined by an intermolecular hydrogen bond 
between N(1) and 0(52) [N..-O = 2.857 (3) A] and by 
several short contacts involving the carbonyl O 
atoms of the substituents at C(3) and C(5). 

Introduction. The tetrahydro-fl-carboline moiety 
occurs in many indole alkaloids, and the assignment 
of stereochemistry to these systems is often a crucial 
step in the structure elucidation of natural products 
of this type. The synthesis of these compounds also 
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relies upon the determination of the stereochemistry 
of key intermediates, and spectroscopic methods 
often yield the required information. 

Bailey, Hollinshead & Dauter (1985) showed that 
(S)-tryptophan methyl esters (1) react with conju- 
gated alkynoates to produce 1,3-disubstituted or 
1,1,3-trisubstituted tetrahydro-fl-carbolines (3,4). 
These compounds are potential precursors to a range 
of bridged indole alkaloids, but NMR analysis (IH 
or ~3C) fails to give unambiguous information about 
the stereochemistry of the trisubstituted derivatives. 
However, for the triester (4) (R 1= H, R 2= H, R 3= 
CO2Me) one of the diastereoisomers could be crys- 
tallized from ethanol, and its structure was initially 
reported at room temperature (Bailey et al., 1985). 
We report here the refinement of this structure using 
intensity data collected at 165K. 
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Scheme 1. Reagents: (i) CHEla, room temperature  1-10 d (R 3=  
H) or 5-10 min (R 3 = CO2Me); (ii) T F A  (2.4 mol eq.), CHCI3, 
room temperature,  5-10 min. 

Experimental. Colourless needles (from ethanol) 
elongated along b, crystal 0-17 × 0.38 x 0.21 mm. 
Enraf-Nonius CAD-4 diffractometer, Ni-filtered 
C u K a  radiation; 0-20 scans; lattice parameters 
from 25 reflections with 43 < 20< 60 °, Lp correc- 
tions, no absorption correction, 0ma x = 57.5 °, h - 1  
to 14, k - 1 to 15, l 0 to 12; four standard reflections 
after every 96 data, variation ___ 3%; intensity data 
measured and saved as profiles of 96 intervals for 
each scan; profile intensity data coverted into 
integrated net intensities (Blessing, 1986) and 
structure-factor amplitudes. 1767 data, 1385 unique 
(Rin  t = 0"0178), 1362 observed with I >  2t~(/). 

Table 1. Final positional and equivalent isotropic tem- 
perature parameters for non-H atoms with e.s.d.'s in 

parentheses 

B~q = (4 /3 )ET j f l~ , . a , .  

x y z B~q(/~ 2) 
N(1) 0.1659 (2) 0.8575 (1) 0.4500 (2) 2.4 (1) 
C(2) 0.0823 (2) 0.8360 (2) 0-5340 (2) 2-2 (1) 
C(3) 0.0451 (2) 0.7335 (2) 0-5674 (2) 2-1 (1) 
N(4) -0.0626 (2) 0.7418 (2) 0-6308 (2) 2-2 (1) 
C(5) -0.0719 (2) 0.8181 (2) 0-7270 (2) 2.2 (1) 
C(6) -0.0634 (2) 0-9192 (2) 0.6659 (2) 2-4 (1) 
C(7) 0.0337 (2) 0-9192 (2) 0-5775 (2) 2-3 (1) 
C(8) 0.0883 (2) 0.9992 (2) 0.5148 (2) 2-3 (1) 
C(9) 0.0746 (2)  1.1012 (2) 0.5163 (3) 2-6 (1) 
C(10) 0.1402 (2) 1.1563 (2) 0.4363 (3) 3.1 (1) 
C(ll) 0-2180 (2) 1.1137 (2) 0.3566 (3) 3.2 (1) 
C(12) 0.2348 (2) 1.0138 (2) 0.3546 (3) 2-9 (I) 
C(13) 0-1695 (2) 0.9580 (2) 0.4348 (2) 2.4 (1) 
C(31) 0.0297 (2) 0.6730 (2) 0.4455 (2) 2-4 (1) 
C(32) -0.0007 (2) 0.5689 (2) 0.4717 (2) 2.4 (1) 
O(33) -0.0145 (2) 0.5352 (1) 0.5733 (2) 3-0 (1) 
0(34) -0-0117 (2) 0.5177 (1) 0.3656 (2) 3.3 (1) 
C(35) -0.0514 (3) 0.4180 (2) 0.3815 (3) 3-8 (1) 
C(36) 0.1335 (2) 0.6863 (2) 0.6528 (2) 2.2 (1) 
0(37) 0.1241 (1) 0.6760 (1) 0.7644 (2) 2.7 (1) 
0(38) 0.2248 (1) 0.6608 (1) 0.5888 (2) 2.8 (1) 
C(39) 0.3139 (2) 0.6216 (2) 0.6645 (3) 3.4 (I) 
C(51) -0.1823 (2) 0.8073 (2) 0.7909 (2) 2-3 (1) 
0(52) -0.2548 (1) 0.7510 (1) 0.7618 (2) 3.3 (I) 
0(53) -0.1934 (2) 0.8706 (1) 0.8859 (2) 3.1 (I) 
C(54) -0.2994 (3) 0.8688 (2) 0.9499 (3) 3-8 (1) 

The coordinates of the previously reported struc- 
ture (Bailey et al., 1985) were used as a starting 
point. Structure refined on F by full-matrix least 
squares; Y,w(IFol- IF~I) 2 minimized. Final re- 
finement cycles included anisotropic thermal param- 
eters for the non-H atoms. All 20 H atoms were 
located from a difference map and were refined with 
isotropic thermal factors. 315 parameters consist- 
ing of a scale factor, 138 positional, 150 anisotrop- 
ic thermal factors, 20 isotropic thermal factors. R = 
0.028, wR = 0.033, S = 2.25 for 1362 observed data, 
w = 1/tr2(Fo), (A/O')max = -0.1;  max. and min. heights 
in final difference Fourier synthesis_0-1 cA-3; 
atomic scattering factors from International Tables 
for X-ray Crystallography (1974). Programs used 
include the data-reduction package D R E A M  (Bless- 
ing, 1987), a modified version of the Enraf-Nonius 
(1979) SDP refinement package and the plotting 
program A R T I S T  (Vallely, 1983). 

Discussion. The title compound was originally 
determined by direct methods using MULTAN78 
(Main, Hull, Lessinger, Germain, Declercq & 
Woolfson, 1978) and refined with relatively poor 
room-temperature data to R = 8-7% for 1077 reflec- 
tions. These data gave a final model with an average 
Beq of 4"2 A 2 (range 2.8 to 6.1 A 2) and an average 
e.s.d, for bond lengths of 0.012A. Since X-ray 
studies on a series of related derivatives are planned, 
the diffraction data were recollected at 165 K and 
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this has provided a more accurate description of the 
structure. 

Atomic coordinates and equivalent isotropic ther- 
mal parameters are given in Table 1.* The atomic 
labelling scheme, stereochemistry and molecular 
structure are shown in Fig. 1. The heterocyclic ring c 
is in a half-chair conformation with C(5) 0.443 A 
above and N(4) 0.285 A below the least-squares 
plane defined by the other four atoms (r.m.s. 
deviation, o'c = 0.002 A). Rings A and B are essenti- 
ally planar (trA= 0"006, tr~ = 0"008/~). The angle 
between planes A and B is 2-8 °. 

The intramolecular dimensions involving the 
non-H atoms are listed in Table 2. The various types 
of bonds generally have lengths in good agreement 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
52081 (10 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Table 2. Bond lengths (l~), bond angles (°) and 
torsional angles (o) 

N(I)---C(2) 1.373 (3) C(9)--C(10) 1.381 (4) 
N( I )--C(13) 1.387 (3) C(10)---C(I l) 1.388 (4) 
C(2)--C(3) i-516 (3) C(l l)--C(12) 1.382 (3) 
C(2)--C(7) 1.360 (3) C(12)---C(13) 1.386 (3) 
C(3)--N(4) 1"462 (3) C(31)--C(32) 1"498 (3) 
C(3)--C(31) 1.546 (3) C(32)--O(33) 1.203 (3) 
C(3)--C(36) 1.538 (3) C(32)--O(34) 1.333 (3) 
N(4)---C(5) 1'465 (3) O(34)---C(35) 1-455 (3) 
C(5)--C(6) 1.532 (3) C(36)----O(37) 1.198 (3) 
C(5)--C(51) 1.496 (3) C(36)---O(38) 1.335 (3) 
C(6)--C(7) !.496 (3) O(38)--C(39) 1-441 (3) 
C(7)---C(8) 1.439 (3) C(51)---O(52) 1.202 (3) 
C(8)--C(9) 1.406 (3) C(51)--O(53) 1.335 (3) 
C(8)--C(13) 1.409 (3) O(53)---C(54) 1-442 (4) 

C(2)--N(1)---C(13) 108.1 (1) C(8)--C(9)---C(13) 118.0 (2) 
N(1)--C(2)--C(3) 124.4 (2) C(9)--C(10)---C(I 1) 121.8 (2) 
N(i)--C(2)--C(7) 110.8 (2) C(10)---C(I 1)---C(12) 121.6 (2) 
C(3)--C(2)---C(7) 124.8 (2) C(i 1)---C(12)---C(13) 116-9 (2) 
C(2)---C(3)--N(4) 107-2 (2) N(1)--C(13)---C(8) 107"8 (2) 
C(2)---C(3)---C(31) 109.6 (2) N(1)---C(13)--C(12) 129-5 (2) 
C(2)--C(3)--C(36) 108.9 (2) C(8)--C(13)---C(12) 122.7 (2) 
N(4)--C(3)---C(31) 108.7 (2) C(3)---C(31)--C(32) 112-5 (2) 
N(4)--C(3)--C(36) 111-8 (2) C(31)---C(32)---O(33) 124.6 (2) 
C(31)--C(3)--C(36) 110.5 (2) C(31)--C(32)--O(34) I11.6 (2) 
C(3)---N(4)---C(5) 116-3 (2) O(33)---C(32)-4)(34) 123"7 (2) 
N(4)---C(5)---C(6) 110.1 (2) C(32)---O(34)---C(35) 115.3 (2) 
N(4)--C(5)--C(51) 108-2 (2) C(3)--C(36)---O(37) 124.6 (2) 
C(6)---C(5)--C(51) 109.8 (2) C(3)--C(36)----O(38) 112.1 (2) 
C(5)--C(6)--C(7) 108.5 (2) O(37)--C(36)----O(38) 123.3 (2) 
C(2)--C(7)--C(6) 123.2 (2) C(36)--O(38)--C(39) 115.0 (2) 
C(2)--C(7)--C(8) 106.6 (2) C(5)---C(51)----O(52) 125.9 (2) 
C(6)--C(7)--C(8) 130-1 (2) C(5)--C(51)---O(53) !11.5 (2) 
C(7)--C(8)--C(9) 134-2 (2) O(52)---C(51)--O(53) 122.5 (2) 
C(7)--C(8)--C(13) 106-8 (2) C(51)--O(53)--C(54) 115.6 (2) 
C(9)--C(8)--C(I 3) 119.0 (2) 

N( 1 )--C(2)---C(3)--C(31 ) - 46.9 (3) C(3)--N(4)--C(5)---C(6) 66-5 (2) 
N(I)--C(2)--C(3)----C(36) 74.1 (3) C(3)--N(4)--C(5)---C(51) - 173.4 (2) 
C(3)--C(2)---C(7)--C(6) 0.6 (4) N(4)--C(5)--C(6)--C(7) -47.2 (2) 
C(7)---C(2)---C(3)--N(4) I1-4 (3) C(5)--C(6)--C(7)--C(2) 17.3 (2) 
C(2)----C(3)---N(4)--C(5) -44.9 (2) C(5)---C(6)---C(7)---C(8) - 167.9 (2) 

o 

J 
(b) 

Fig. 1. (a) Structual formula and atom-labelling scheme. (b) 
Perspective view of the molecular structure. 

with the expected values and with those found in 
other 1,2,3,4-tetrahydro-fl-carbolines (Ungemach et 
al., 1980; Codding, 1983). The carbonyl bond lengths 
C(32)--O(33), C(36)--O(37) and C(51)---O(52) are 
1.203 (3), 1-198 (3) and 1.202 (3) A, respectively, in 
the range normally observed in esters (Allen, Ken- 
nard, Watson, Brammer, Orpen & Taylor, 1987). 
The N atom N(4) makes three short intramolecular 
contacts with the carbonyl O atoms O(33), 0(37) and 
0(52) of each of the three substituents: N(4)--O(33) 
2.947 (3), N(4)--O(37) 2.801 (3), and N(4)--O(52) 
2.696(3)A. The shortest intramolecular contact 
involving N(1) is to 0(38) at 3.150 (3) A. 

The protonated N atom N(1) is involved in an 
intermolecular hydrogen bond with 0(52) at (0.5 + 
x, 1.5 - y, 1.0 - z): N(1)...O(52) 2.857 (3), 
N(1)--H(1) 0.93 (3), O(52)..-H(1) 2.01 (3) A, 
N(1)--H(1)...O(52) 151 (2) °. There are also several 
significant intermolecular contacts which are impor- 
tant in the molecular packing: C(12)...O(33) (0-5 + x, 
1.5 - y, 1 . 0 -  z) 3.171 (3); O(37)...C(54) (0.5 + x, 
1 . 5 - y ,  2 . 0 -  z) 3-226 (4); C(6)--.O(33) ( - x ,  0.5 + 
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y, 1 - 5 - z )  3-307(3) and 0(33)---0(53) ( - x ,  
- 0 . 5  + y, 1.5 - z) 3.388 (2) ]k. 

We thank the SERC for a studentship (to SPH), 
and the NAB for research assistantships (to JHE and 
CAS). C D R  thanks the Hasselblad Foundation and 
the Wellcome Trust for financial support. 

References 

ALLEN, F. H., KENNARD, O., WATSON, D.G., BRAMMER, L., 
ORPEN, A. G. & TAYLOR, R. (1987). J. Chem. Soc. Perkin Trans. 
2, pp. SI-S19. 

BAILEY, P.D., HOLLINSHEAD, S.P. & DAUTER, Z. (1985). J. Chem. 
Soc. Chem. Commun. p. 1507. 

BLESSING, R. H. (1986). J. Appl. Cryst. 19, 412. 

BLESSING, R. H. (1987). Crystallogr. Rev. 1, 3-57. 
CODDING, P. W. (1983). Can. J. Chem. 61, 529-532. 
Enraf-Nonius (1979). Structure Determination Package. Enraf- 

Nonius, Delft, The Netherlands. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. (Present distributor Kluwer 
Academic Publishers, Dordrecht.) 

MAIN, P., HULL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ, 
J.-P. & WOOLrSON, M. M. (1978). MULTAN78. A System of 
Computer Programs for the Automatic Solution of Crystal Struc- 
tures from X-ray Diffraction Data. Univs. of York, England, 
and Louvain, Belgium. 

UNGEMACH, F., SOERENS, D., WEBER, R., DIPIERRO, M., CAMEOS, 
O., MOKRY, P., COOK, J. M. & SILVERTON, J. V. (1980). J. Am. 
Chem. Soc. 102, 6976-6984. 

VALLELY, D. G. (1983). ARTIST. A program for plotting molecu- 
lar structures and electron density maps. Univ. of York, 
England. 

SHORT-FORMAT PAPERS 

Contributions intended for publication under this heading should follow the format given in the Checklist for Authors [Acta 
Cryst. (1985). C41, 1-4]. 

Acta Cryst. (1989). C45, 1808-1809 

Structure of Mn2SiS4 

BY J. FUHRMANN AND J. PICKARDT* 

Institut fdr Anorganische Chemie der Technischen Universitdt Berlin, Strasse des 17. Juni 135, 
D- 1000 Berlin 12, Federal Republic of  Germany 

(Received 27 April 1989; accepted 19 June 1989) 

Abstract. Manganese thiosilicate, Mr = 266.22, 
orthorhombic, Pnma, a = 12.688 (2), b = 7.429 (2), 
c = 5.942 (1)/~, V = 560.1 (2) A 3, " Z = 4, Dx = 
3.157 g cm -3 A(Mo Ka) = 0.71069 A, /z = 
57"86 cm -1, F(000) = 512, T = 298 K, R = 0.041, wR 
= 0.031 for 1734 unique reflections with Fo > 4o(Fo). 
MnzSiS4 crystallizes in the olivine structure type. 
M n - - S  bond lengths (octahedral coordination about 
Mn) are in the range 2.555 (1)-2.646 (1)A, Si--S 
bond lengths (tetrahedral coordination about Si) 
2-104 (2)-2.144 (1)A. The mean bond distances in 
Mn2SiS4 agree well with values found in other thio- 
silicates. 

Experimental. Mn2SiS4 crystals were grown by 
chemical transport using 12 as transporting agent and 
MnS, Si and $8 as starting materials. The reaction 
was carried out in sealed quartz ampoules at 923/ 
873 K for two weeks. A dark-brown, transparent 

* To whom correspondence should be addressed. 
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crystal, size 0.14 × 0.10 × 0.18 mm, was used for 
data collection on a Syntex P21 diffractometer 
operated in to-scan mode (Mo Ka, graphite mono- 
chromator). Lattice constants were obtained from a 
least-squares fit of 15 reflections in the range 36 < 20 
< 68 °. Two standard reflections, measured every 50 
reflections, showed no significant change during data 
collection. 1919 reflections in the range 2 < 20 < 80 °, 
0 ___ h _< 22, 0 _< k _< 13, 0 _< l _< 9 were measured and 
yielded 1734 unique reflections (Rint = 0"078), of 
which 1256 were considered as observed [Fo> 
4o(Fo)]. The data were corrected for Lorentz and 
polarization effects. A numerical absorption correc- 
tion (transmission factors 0.5062 to 0-6200) with 
SHELX76 (Sheldrick, 1976) was applied. Secondary- 
extinction effects were taken into account by 
refinement of an empirical extinction coefficient X = 
7.2 (2) x 10 -7, Fo = Fo(1 - XFo2/sinO). As starting set 
for the structure refinement, the coordinates of an 
earlier determination by Hardy, Perez & Serment 
(1965) were used, but yielded a rather high R value 

© 1989 International Union of Crystallography 


