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Table 7. Calculated r.m.s. values for the coordinates and
estimated standard deviations

Atoms r.m.s. e.s.d. (H) e.s.d. (W)
heavy 0-0030 A 0-004 A 0-0015 A
light 0:0375 0-013 0-005

value. This may be due to the fact that in the calculation
of the s.d. systematic effects, e.g. absorption, were not
taken into account.

Anisotropic thermal parameters

The thermal parameters are listed in Table 2; also
given are the estimated standard deviations for H’s
values, and the values from W’s Ty and wy; tensors.

Even if the standard deviations for W’s Uy;’s were
as large as those for H’s, many of the differences would
be very highly significant. The overall difference in the
anisotropic parameters 4U;;= X nppdUyy,n, where n de-
notes the nth atom, with weight p,=Z2%/¥,Z2 and
atomic number Z,, are AU, =4, AU,,=170, 4U;;="19,
AUy, =38, 4U;=35, and 4U;3=16. 10+ A2, These val-
ues may be compared with the values from the ob-
served structure factors.

ACH is indebted to Dr A. Banister for suggesting
the problem and for preparing the samples, and to
British Titan Products for a Research Fellowship.

GAW and AV wish to thank Prof. E. H. Wiebenga
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The Crystal Structures of Two Sulphur-Nitrogen Compounds with (S-N), Rings.
II. Trithiazylchloride, (NSCI),, at -130°C

By G.A.WIEGERS AND A AFJE VOS
Laboratorium voor Structuurchemie, Rijksuniversiteit, Groningen, The Netherlands

(Received 31 May 1965)
Trithiazylchloride, (NSCI)s, is monoclinic with a=549, b=11-14, ¢=6-05 A: p=98-7° (at —130 °C).

The space group is P2;/m and there are two molecules at special positions with symmetry m in the
unit cell. The intensities of 992 independent reflexions were recorded at — 130 °C on integrated equi-
inclination Weissenberg photographs. Three-dimensional least-squares refinement has shown that the
molecule exists as the chair form with the chlorine atoms in axial positions. The mean bond lengths,
withe.s.d. are: S-N 1-605 (0-005), S-C1 2-150 and 2-:084 (0-004) A ; and the bond angles: N-S-N 113-4 (0-4),
S-N-S8 129-3 (0-4), N-S—Cl 113-7 (0-3)°. The fact that the S-N bonds are all short, and equal, indicates

the presence of delocalized p,-d, bonds.

Introduction

After the SVI compound «(NSOCI); described in the
previous paper (Hazell, Wiegers & Vos, 1966), the STV

compound (NSCI); was studied. Chemical evidence
(Goehring, 1957) suggests that (NSCl); contains an
(NS); ring with the chlorine atoms linked to the sulphur
atoms:
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This structure was confirmed by a preliminary X-ray
investigation at room temperature. Refinement at low
temperature, —130°C, was desirable to exclude space
group ambiguities (in the present case P2, or P2,/m
with Z=2), as mentioned in the paper on a(NSOCI),
and discussed by Wiegers & Vos (19635). Equal values
for the N-S bond lengths in (NSCI); were observed at
room temperature and the present paper shows that
it is very probable that the observed equality of the
bond lengths is genuine.

Experimental

Preparation and crystal data

Trithiazylchloride, (NSCI);, was prepared by Goeh-
ring’s (1957, p.155) method. The composition was
checked by chemical analysis. The crystals are yellow
monoclinic plates parallel to (010). In moist air the
compound decomposes and ammonium chloride is
formed on the surface of the crystals. During the X-ray
work the crystals were therefore mounted in thin-walled
glass capillaries. The crystallographic data are listed
in Table 1. The cell dimensions were determined from
zero-layer line Weissenberg photographs about the
crystallographic axes. The photographs were super-
posed by spots of sodium chloride for calibration pur-
poses. The experimental density, 2-09 g.cm=3 at 20°C
(Schroder & Glemser, 1959), agrees with the calculated
density, 2-15 g.cm™3, for two molecules in the unit cell.
From symmetry relations between reflexions and sys-
tematic absences the space group was derived to be
P2, or P2,/m, with two- and fourfold positions re-
spectively. As there are only two molecules in the unit
cell the molecules must lie on mirror planes if P2;/m
is the correct space group.

Table 1. Lattice constants

20°C —130°C
a 5-55+0-01 A 5-49+0:01 A
b 1123 +0-02 11-14+0-02
c 613 4 0-01 6-05+0-01
B 99-2 +0-2° 98-7 +0-2°

Intensity data

All intensities were measured with a densitometer
(Smits & Wiebenga, 1953) on integrated Weissenberg
photographs (Wiebenga & Smits, 1950) taken with zir-
conjum-filtered molybdenum radiation. Use was made
of the multiple film technique. The crystals were cooled
down to —130°C by a stream of vapour from boiling
liquid nitrogen. The temperature was measured with
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a thermocouple and controlled by regulating the elec-
tric current in the heater placed in the boiling nitrogen.
The contents of liquid nitrogen were controlled con-
tinuously by a constant level device. The technique
was described in detail by Altona (1964). Small needles
along the a or ¢ axis, having cross-sections of approx-
imately 0-2 x0-2 mm, could be obtained by cleavage
from larger crystals. This permitted the absorption cor-
rection to be neglected (u~18 cm~1). 992 non-zero
independent reflexions were measured (0k/-7kl, hkO-
hk3). Scaling of intensities was done by comparing the
intensities of reflexions common to photographs taken
about different axes. The accuracy of the intensity
measurements was estimated by calculating

ZE|F?—F2|| X ZF%,
Kl i il

1
where i and m refer to individual and mean values
respectively. For the 348 common reflexions this discre-
pancy factor was 0-041.

Determination of the structure

We found the approximate structure from sharpened
Patterson projections calculated with room temper-
ature data. The distribution of vectors in these synthe-
ses could nicely be explained by assuming that mol-
ecules of (NSCl); are lying on the mirror planes of
space group P2;/m. This space group was therefore
adopted during refinement. During the least-squares
analysis of the three-dimensional data only isotropic
temperature factors could be taken into account by the
available program, ZEBRA program ZK22. The func-
tion minimized was Zw(F,— F;)?; the weighting factor
w was taken to be 1 for all reflexions. Reflexions thought
likely to suffer from extinction, and also some very weak
ones, were omitted (these are marked with an asterisk
in Table 4). The scattering factors used were those of
Tomiie & Stam (1958) for sulphur and chlorine and
that of Freeman (1959) for nitrogen. R dropped to
0-069. The final parameters of the least-squares refine-
ment are listed in Table 2, the observed and calculated
structure factors are compared in Table 4.

Table 2. Fractional atomic coordinates, temperature
factors, and estimated standard deviations in the coor-

dinates

x y z B s.d.
S(1)  —00450 01226 —02234 098 A2 0-0015 A
S(2) 0-1231 0-2500 0-1744 0-90 0-0015
CI(1) 0-2968 0-0803 —0-3382 1-58 0-0015
Cl(2) 0-5004 0-2500 0-1635 1:71 0-0015
N() 0-0256 0-1291 0-0430 1-19 0-006
N(@ -—0-1168 02500 —0-3376 1-30 0-006

After the isotropic least-squares refinement a three-
dimensional F, synthesis and a three-dimensional dif-
ference map were calculated. These syntheses show:
(a) The atomic shifts due to changing the weighting
scheme from 1 to 1/{f) are very small, for nitrogen
less than 0-003 A, for sulphur and chlorine less than
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Table 3. Bond lengths and valency angles

Bond s.d.
N(1)-S(1) 1-600 A 0-007 A
N(1)-S(2) 1-614 0-007
N(2)-S(1) 1-602 0-007
S(1)-CI(1) 2:150 0-004
S(2)-CI(2) 2-084 0-004

0-0004 A. Since these shifts are small in comparison
with the estimated standard deviations the structure
was not refined further. (b)) Thermal motion of the
atoms is only slightly anisotropic. For the atoms in
the mirror plane the corrections 4B in the isotropic
temperature factors were estimated for the directions
of the principle axes of vibration by use of Cochran’s
method (1951, formula 4-7). The 4B values were small;
the largest values were found for chlorine, viz. —0-3
and 0-0 A2 for the principle axes in the mirror plane
and +0-5 A2 for the direction perpendicular to the mir-
ror plane. (¢) The directions of the principle axes of
vibration of the atoms (Fig.1) as well as the relatively
high isotropic coefficients B of the chlorine atoms
(Table 2) suggest that the deviations from spherical

Table 4. Observed and calculated structure factors

The reflexions marked with an asterisk were not taken into
account during the three dimensional refinement.

ak1l |r,| ?c Bkl [r.,] P Bkl [r 7o Bkl R P
<0,4,0 W1 28.7-  0,10,6  12.8 12,3 1,4,3 128 12, 2,0,1  18.4  18.0-
. 78,8~ 1 1. 7. 25.5 24, 1 33.6  32.4-
. WO 53, 1 28,4 28, 17.5 18, 23 1
1 4 17.5- 0,0,7 26.5 24.5- 14T 14 1.8 100
1 T 14, 17,0 16,3- 1 1.5 16.6- . -
1 N 5= 123 11.0- - 175 16 55.3  56.4-
1 . . 174 16, 1,0,3 20, 19,4~ 1, 3.
1 N 8~ 27.4 26, 22.2 2. 12,3 120
2 3 . 15.0 14 6.6 17.1- 13,7 12.5-
=0,3,1 103.6 109, 24.6  23.7- 232 21.6- 6.1 15,
B 9.1-, 0,0,8  10.9  10.9- 26,0 25, 1 36.4 40,

o [X 330 30.d- 2401 235~ 1 20,8  21.7-

. 9.7- 12,8 12.5- 5 X © 15 . 142 1201

. 33. 10, 4= 18. 18.2-  «2,0,t 128.2 128,

W5 25.6- 13.2 10 39.3  40. . 16,6 15.5-

1 W6 13.4- 25,5 24.. 1 17.5 16 B .0-
1 .8 22, 10. 0= 1 23.2  23.0- 21.8  20.8-
1 o 2= 0,0,9 13.2 10. 1,0,4  63.3 &5, 27.9 27
1 o 6- 160 130 . .8~ 52.0 53,3
1 . 8~ 21,8 20.9- 29.8  28.6- 1.8 10,
! . 3 0,0,10 12, 2= 194 19 3.2 320
N N 19.4 16, 30.7 3.2+ 16,4 18.9-

10,0,2 - <0- 13,7 136~ 20.3  ia.. 1 10.9 11,24
o B 0,4,11 1213 920 1 137 13.7- 1 19.9 19,5~

W T4 13 a3, . . 1 10.9 12,

B v *1,3,0 33, 3049 1,14 34, 34, 1 14, 13,

. . . 534 52.5- 44, 44, 1 18, 18,

564 a- 35.5  34.3- 20,8 19.5- 2,002 .2 113

;. ’ * 23 . o 3- 1601 1305-

® . . N B s 3.2 3.

26. - 42, 404 25. 3 ., .

1 33. . 22:2 190 R - 28 i
13 170 20,7~ 1 .6 23, 1 2. a7 N X
1 X N 12 .9 28.a- 1,2,5 18, 2- 416 44.9-
1 156 14.9- 16 3o 36, o 213 211
1 13.2 W= 1,1,1 388 3701 16, 0= 1 1.8 12
0,1,3 28,4 25.8- . 2 .8 549 27, N 1 104 NS
49.7 470 .03 376 o 14, 0- 12 18.9 18,

28.9 26,6~ i 4 5103 1,0,5 424 N 1 194 180

4 331 32.1- 5 4.7 12,9 22,7 3 16 15.9  16.8-
27.0 26, 118 10.8~ W3 415 2,002 156 15.0-
8.9 19, . 22,7  23.0- 5 15.0- 118 113~
40.7  42ud= 25:1  26.d- 1 79.0 78.8-

184 16.9- 1 7.0 16: 1,0,6 21.4- 12.8 1101

1 194 21, 1 .0 15. 1106 170 17,
1 18,4 184- o 1 N - 150 X B
1 14,7 2. LT N . 22.2- 25.1 26,
1 21.8 220 . 1,2,7 K o 3.5+ 1 3.2 13.8-
1 3.2 1. . o 30, - . LR 18 130
1 137 46— N WO- ¢ 1,0,8 - 2,003 32.2 32.7-
0,0,4 N X K . - 32.6 32.0-
4.6 22 . . - . X 5=

. B 2, o . 3 6.4 36,

L2638 25.1- 8 394 . 20.3 19, 30.7 30

3.4 33 a 37. +9- 1,0,7 16,1 13.9- o o
55.1 54! 1 1. oS- 19. 18, 12. 0=
26.0 25, 1 . - 2849  27.d- 1 3. 7=
T4z Yae- 1 i7e 9= - 1708 13- 1 200 X

17.5 174 1 140 oT- 1,0,7 23,6 24.8- 13 2% N
X 9~ 1 N N 0, N 2,0,3 65, 16~

1 35. 3643 1 N o 0.8 1= 1 9. o
1 30.7  30.6-  +1,0,2 o - . 2, o
1 22,7 24 o o o R .
o‘s B uie X N 1,5,8.  18.. o o
10y 6 25, . » . B .
Uiz 13 2303 280 118 . . 5
18.0  16.6- 23.6 23, - 4.6~ . o=

31.2 29.7- .6 32, S 12 . K
13.2 15.4- X 0.0- . 5=

;. 23 o 6.0- 2,0,0 N 2,0,4 HE o
27 304 o T~ o . 6=
1 N - 1 . T 0 - 25. 8-
t ", 8~ 1 o 3= X . 23.2 23,
1 1. - 1,2, 8 B B 26~ @ 200
1 18:0  18.7- X - . 7= 2 . 2.1~
1 132 120 K o o 3 2,0,4 I
0,0,6 33.1 30, N 8- 9 95 8.
N ¥ X - 6 15.7- 1,

14,2 13.0- 1 X 0= 1 13,8~ 1.
15.1 15, 1 . % 1 X 2.3~
27.3 25, .1 K K 1 25.6- 2 23.5-
X R 11,3 2804 27.8- 1 .0 a0 15,8
36.9  35.2- 164 14,5~ 1 15.8~ 14, 14.6-

10,9 2. . _7 77.8- i 13. bl 1600 1T,

Angle s.d.
S(1)-N(1)-S(2) 123-0° 0-4°
S(1)-N(2)-S(1") 124-9 04
N(1)-S(1)-N(2) 113-6 0-3
N(1)-S(2)-N(1%) 1132 05
N(1)-S(1)-CI(1) 114-1 0-3
N(2)-S(1)-ClI(1) 113:0 0-3
N(1)-S(2)-Cl(2) 114-0 03

symmetry of the atoms may be ascribed to rigid body
vibrations of the (NSCI); molecule as a whole. In
(NSCI); the observed asymmetry in the electron density
distributions of the atoms can, however, alternatively
be ascribed to an incorrect choice of the space group
during refinement, and might thus indicate small devi-
ations from the assumed centrosymmetry. Attempts to
fit (NSCI); molecules, which had alternate ‘single’ and
‘double’ N-S bonds in the ring and unequal angles
N-S-Cl and N=S-CI, to the electron density distribu-
tion gave, however, higher values for the disagreement
indices R than obtained for the molecules with mirror
planes. It is thus very likely that in (NSCl); all N-S
bonds have the same character and that the non-
spherical symmetry in the electron-density distribution

Table 4 (cont.)

nk1l lr.,| b ax [Po] 7 akl l’° * hkd |r,| 7
2,11,3 142 16 3 416 43, 3 10, .- 1 .

Y3 12 1203 '8’ 255 a7. ST X NC NI o

1 42 15, 1 6.1 180 . . 1735 173

2,0,5 364 38, 1 151 15.7- 0. o 0 a-

17.5 164 1 109 1.3 33,6 35.5- 37.4 403

. 2= 1 153 13, 298 30. 1 28,9 30.3-

236 2. 1 136 16.7- 137 12.4- 1 137 4a

28,9 28.1- 3,0,2 o 0= 18.4 16, 4,0,2 355 3502

42 18- 12, 8- 1 10.4 104 402 1330

. 1. o £9.5  68.5- 1 31 3.T- 1500 168~

N 4. o 5.0 4. 1 12,3 10, 16,6 19.1-

2,0,5 160 N %5 . 3,0,6 28,4 26.7- 246 270

304 N . 8- 213 204 18.0 190

290 a2 1500 14.4- 4.2 14, 18.0 18,

310 o 5.1 26, 32,2 32.3- 7 .S 30,

X . 1 18,2 15.0- 12,8 11.7- 9 . -

.2 23, 1 184 18! 1 9 11, 10 ", N

) 2 8. H T84 167 1 1.8 1. 1 13,2 14l6-

N X - . . 1 14,2 13.5- 13 12 100

1 N 23.0-  +3,0,2 10. 5o 3,0,8 120 3. 4,0,2 21, 26.

R} . 8- 1 35.! 35.4- 13, 12,6- 1 3. 13.9-

2,0,6 28, 2= e e 23.2  22. . e

. . .9 . B 9 27.5- 246 230

. . 31. 32. 2 e 16, 16.5-

. N B . . . 6.1 15,

2,1,8 N .2 N . 1. 12.2- 26. 28.5-

2 o .8~ 26.5 29, 175 16.7- 1 18.0  18.6-

N B 25.5 2! 1 132 12 1 N .

SERIN 0.3 32.7- .1 X L0 1 18.9  18.

.2 15, 1 203 213~ - 9 10.4 10, 4,03 19.4 23,

o . .1 X - 1 4.2 1 1 25.1  28.0-

204 . 16- ! 32 - 397 29.3 29.3- 2 .

0y - - HE . 6. 5e 17 34.0-

. 2= 30,3 49 49. 16, 17. 19. 18.5-

. 0= 132 106 s 6q 184 18 - 203 21,

. N . - \0, .8 13.0- 4,0,3 1.7 14.0-

oS - 3803 390 1 a2t 22les ' X -

2,0,7 15,1 120 312 3207 4 18.9 170 a 8

240 25, 16.6 15 s 19,9 18.0- 27,4 26.9-

274 25.4- 17.5 182~ 7 18.0  18.1 i 137135

< 4 hd ¥ 9. .0~ 8 9.9 8= 5 X 8-

. o 1 28,4 28.4- 1 .9 10, 18.9  19.3-

2,4,8 . 14.1- 1 12. 13. 1 10. 10. 1.2 1.3

©2.0,3 . 'A)- : 18. 8. 318 10, 8.1- 1 4.7 15.%
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. 1. 10.0- 30,3 g § 23. 23.0- 4,0,4  25.1  27.4

. . . . e 5. il . ] 4

0 16.9- . 8- 30,8 2.8 10.2- 19.4 2305

- a2, . . 1 10.4 . 20.3  20.5-
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a - e 17 iR 80 150 5 N -
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1 170 RIS 22t 500 SRV o
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4, 46. 3,04 . 13. - 14 . [ 120 n.

26.0  25.6- a0 30 15 151 161 2001 240

5.6 15.9- 5 230 43,1 109 130 32.2  32.2-

. N . 11.8- 3 29. 28. . -

. N N .5 29.3- i 10,9 11 . 7=

1 17,5 1816 5 46, & 1.9 19.3- . .

16 . SERTEN 1 8 1. 10, 6= N N
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Table 4 (cont.) during the refinement. The calculated values multiplied
by 1-5 were therefore taken as the correct standard

Rkl Jro P Rkl |r] Fe nx1l o v nkl o fr) R it
P8 BL M g Ba g emt B na ewe me g deviations. The root mean square value_ of a(x), a(¥)

i dee W& WEs g W ¥ kg R 08 40 #w and o(z) was taken as the standard deviation o(r) for

13 172.0 13.“ ; 12,8 13.8- 6,0,1 27.a 29,9 a 15, 15,0~ . . .
g3 ol oy 8 2%y f7 Ep g 3 B2 % each of the atoms. These standard deviations are given
4,9, . L= . o, . T1- a1, 1, .7~ .

§ouE oy foef mo.f %Y owg e 2% gt in Table 2.

M T S B3 G 7 Te g - 8. *5- . .

PRI 3 B S TR S S T A TR A 3 s v o Discussion of the structure
t4,7,8 .9 10.6 1 16,1 15,1 2 1.8 11,1 6 11,8 10,1
s 17.0 1515 3 1. 1902 6,0,2 9.9 116 6,5,9 19.9 1700
TEoO4 R 3 BE BE 7 gy gp cudeasl W i -

PR R & #s A& 1 ME B .:v 26 s The structure consists of molecules (NSCI); illustrated
4,9,5  172.C .5 ? 115 9.8 2 a6 a2 6 . 3 N . . . 3 o qe .
g ;e meae sma P B s B2 ORS¢ 23 BY in Fig.2. They have one mirror plane coinciding with

g o . . 6,0, . 12, g 12,1 . .

Domd ol 5 NS BT T ®g ¥ vt 31 ¥y amirror plane in the adopted space group P2,/m. As

5 o3 . 4 15,2 15,2 u .2 14, 7= 4 16, 19,

P < S O s A S g“;g S g the molecules of a(NSOCI);, the (NSCI); mqlecu!es

YOS g .y B3oge & ame G eowd e e exist as the chair form with the chlorine atoms in axial
SIS A B R S T positions. A similar chair configuration is observed in

PogE g w05 48 M 1 By B3 Jhe ¥3 R% other six-membered inorganic ring systems, e.g. in

Sogs g T3 oan ot My oEE 0 %2 e (SO5); and in (PO3)i. In this form, which has (ap-

LI B~ S B B L L 3;§3 2fa 3;2_ proximate) symmetry 3m, all # bonds in the ring are
B B3 BF 8 o I RO A (almqst) syr_nmetrlcally equlvaleng and it is perhaps due

R - GRS N e 1 Be %55 @29 a4 to this equivalence that the chair form is realized so

4 46,8  48,1- 6 17.5 16,8 236 2.5~ + 1 9 10,2~
6 6.1 5.5 8- M7 13- g Blc 5 a2 9 1006- often

OO S S S SO A P A 1S TG S ST A0 : ) .

PRI I R R A S A L - P S ¢ The bond lengths and angles listed in Table 3 are
B e s omiosd -7 s dh wds se 72 calculated from the coordinates in Table 2. The N-S
R O B R 1 S-Sl S S X S ¢ %5 % bond length 1 withi ; tal A

e S LA L A A ond lengths are equal within experimental error. As

SO SR A L 5 mioey e, 82 g wasdiscussed in the previous section, it is very probable

A D S 28 s 280 15 Ws

1 23.6 25.8- 8 11,8 14, 8- ! 13.2 12,2 2 12.8 11,8~

12 15,1 16.n 9 . 152 3.8~ 6,0,5 9.0 6= & 8.0 18,

13- 151 16,9 5,1,8 9.9 W,1- 13.2  10.7 9 9.5 13
:5,0,2 22,9 28,1 4 12,3 12,0 9.0 . 3 * 6 7.6 .

M| 46,8  49,7- 5. 8.4 19,5~ M 5= 7,0,5 18,3 19.7-

3 2.3 13,1- °5,2,3 114 10.7- 2.8 10,1~ 70,5 ,7 15

a .6 8, T'sT 11l 12l 16,6 16,3~ 1 20,8 20,

3 .2 15,1- $,0,1C W.7 15,6 - 118 12,2 3 15,7 13,

6 118 w.2- 6,0,5 2.1 03 2 1516 16.8~

? 38.3 80,1 *6,0,0 6.1 10.6 10,4 .9 8 . 11,4 10,4

9 128 15,3 (] 23,6 27,1 18,0 17,9~ 7,0,6 20,8 20,5
5 10,6 11, 2 6.6 5.3 12.5 N 3 13,2 10,8-

t 17 M6 18,7 3 9.4 20,5 12,3 - 4 - 17,5 17,8~

5,0,3 1.2 116 4 5.7 4,8 25,1 2u.2 °7,0,7 1,7 12.3-

1 20,8 22.4- 5 9.0 7.1 1.8 9.3 3 10.9 10,6~

2 22,7 21.1- [ 10.9 8.0~ 10 1.8 g, 2~ 6 - 12,8 2.4

3 1 Teln- 7 2.6 22,9~ 1 9.9 7.3 *7,0,8 9.9 X

2 180 1815 6,0,1 15.6 1B.7- a2 1178 8li- 3" 148 ]

8 27.0 29,7 1 7.1 6.7- 7,5,9 12.8 11,9~

of the atoms is due to the vibrations of the molecules.
In any case the deviations from centrosymmetry will
be very small because of the small 4B values in the
present low temperature work [see (b)].

The standard deviations of the coordinates were
estimated by use of Cruickshank’s (1949) formula. The
calculated standard deviations give only a lower limit
of the errors since systematic errors (absorption, errors

in the scaling factors) occur and since thf: anisotropy Fig.2. Molecule of (NSCI);. The atoms S(2), N(2) and CI(2)
of the thermal movement was not taken into account are on the mirror plane.

Fig. 1. Superposition of sections through the three-dimensional difference Fourier synthesis caiculated after the isotropic refine-
ment. The sections are parallel to (010) through the positions of the atoms S(1), S(2), CI(1) and CI(2) (left), and N(1) and N(2)
(right). For the sulphur and chlorine atoms contour lines are drawn at intervals of 0-5 e.A-3, for the nitrogen atoms at intervals
of 0-25 e.A-3, Positive regions are irdicated by full lines, negative regions by broken lines. The zero line is indicated by.—.—.—.
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Fig.3. (NSCl)3: projections along [001] on the (001) plane (right) and along [100] on the (100) plane (left).

that this equality in bond length is genuine and not
merely the result of refining in the wrong space group.
The N-S bonds in (NSCI)s, average length 1-605 A,
are only 0035 A longer than the N-S bonds in «
(NSOCI);. The fact that the N-S bonds in both com-
pounds are short and equal indicates the presence of
delocalized p,-d, bonds. In (NSF), also short N-S
bonds are found, but in the eight-membered ring of
these molecules, where the N-S bonds are not sym-
metrically equivalent, unequal N-S bonds with lengths
1:66 and 1-54 A alternate. (Wiegers & Vos, 1963a). The
elongation of the N-S bonds in (NSCI); relative to
those in «(NSOCI); is in agreement with the experimen-
tal rule that the bonds in sulphur(IV) compounds are
longer than those in sulphur(VI) compounds. A the-
oretical discussion of this rule was given by Truter (1962).

The lengths of the two independent S—Cl bonds in
the (NSCI); molecule are unequal, 2:084 and 2-150 A.
Both bonds are considerably longer than the S-Cl
bonds in «(NSOCI);, 2-:003 A. The observed bond
lengths may be compared with the S—CI bond lengths
in SOCl,, 2:07 A, and in SO,CL,, 1-99 A. The difference
in length between the two independent S-Cl bonds may
be due to their different environements (Fig.3). The
shorter S-Cl bond, 2-084 A, occurs in a linear chain
of S-Cl: - S-Cl etc. in the mirror plane; the inter-
molecular S - - - Cl distance, 3-41 A, is 0-24 A shorter
than the sum, 3-65 A, of the van der Waals radii for
sulphur and chlorine. As in other compounds where a
similarintermolecular configuration with shortintermol-
ecular distances is observed (Hassel & Remming, 1962),
the short S - - - Cl distance may be explained by charge
transfer. The sulphur atom of the longer S—CI bond
has strong interaction with a nitrogen atom of a neigh-
bouring molecule; the S - - - N distance, 3:01 A, is 0-34
A shorter than the sum of the van der Waals radii for
nitrogen and sulphur. No conclusive explanation has
yet been given for the difference in length between the
two S-Cl bonds in the molecule.

Owing to the strong intermolecular interaction the
(NSCI); molecule is deformed. Not only are the two
independent S-Cl bonds unequal, but so are the angles
between these bonds and the plane through the three
sulphur atoms, viz. 104-0° for S(1)-ClI(1) and 101-5°
for S(2)-Cl(2). The deformation is reflected also by the
distances of the nitrogen atoms from the plane through
the sulphur atoms, 0-225 A for N(1) and N(1’) and
0-126 A for N(2). The independent N-S-Cl valency
angles agree rather well with each other.

\.'\v

L

§:
Ty
\
’\1

]

Fig.4. (NSCl)3: Projection on the plane (010). Large circles
indicate sulphur or chlorine atoms, small circles correspond
to nitrogen atoms.
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The angles N-S-N, 113-4°, are small in comparison
with the angles N-P-N (120°) in (NPCl,);. This will
be due, as in (NSF),, to the relatively great p character
of the sulphur hybrids used for the ¢ bonds and to
the strong repulsion of the exocyclic lone pair electrons
on the sulphur atoms.

The lone pair electrons are in equatorial positions.
It is noteworthy that in all cyclic N-S compounds in-
vestigated so far, (NSF),;, «(NSOCI); and (NSCl)s,
strongly repelling groups [the lone pair electrons in the
S(IV) compounds or the double bonds to the oxygen
atoms in a(NSOCI),] are pointing away from the mean
plane of the ring.

All calculations were carried out on the digital com-
puter ZEBRA, with programs devised by Dr D. W,
Smits.

We wish to thank Professor E. H. Wiebenga for his
interest throughout the course of this investigation and
Mr H. Schurer for operating the ZEBRA.
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The Crystal and Molecular Structure of Acetyl-bromoacetyldihydroenmein

By MITSUTAKA NATSUME AND YOICHI [ITAKA
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Tokyo, Japan

(Received 28 April 1965)

The crystal structure of acetyl-bromoacetyldihydroenmein, C»4H3;03Br, has been determined in order
to elucidate the molecular structure and absolute configuration of enmein, C,0H260s, a principal bitter
constituent of Isodon trichocarpus Kudo. The derivative was prepared through a series of reactions and
it crystallized in a structure with the space group P2;2;2; and the unit-cell dimensions,

a=978, b=1525, c=16-13 A.

The crystal structure was solved by the heavy atom method and refined by the method of least
squares. The final reliability index for 2237 observed reflexions was 0-10.

The present analysis, which established the structure of enmein including its absolute configuration,
furnishes useful information for chemical investigations which have been carried out in parallel with

the X-ray study.

Introduction

Enmein, CyH,sO0s, is a diterpene bitter principle iso-
lated from Isodon trichocarpus Kudo (Ikeda & Kana-
tomo, 1958 ; Takahashi, Fujita & Koyama, 1958 ; Naya,
1958) and its structural study by chemical methods has
been carried out by several research groups (Ikeda &
Kanatomo, 1958 ; Takahashi, Fujita & Koyama, 1958;
Naya, 1958; Kanatomo, 1958; Takahashi, Fujita &
Koyama, 1960; Kanatomo, 1961; Kubota, Matsuura,
Tsutsui & Naya, 1961). In 1961, Kubota and his col-
laborators proposed the structure (I) (Fig. 1) for enmein
(Kubota, Matsuura, Tsutsui & Naya, 1961), but later,
they suggested that the planar structure (II) is also a

probable one (Kubota, Matsuura, Tsutsui & Naya,
1963).

In order to give a crucial proof for the chemical
structure and to establish the stereochemistry of en-
mein, the present authors have performed the X-ray
study of acetyl-bromoacetyldihydroenmein (III) and
determined the molecular structure of enmein including
its absolute configuration as (IV), in conformity with
the result of recent chemical investigations (Kubota,
Matsuura, Tsutsui, Uyeo, Takahashi, Irie, Numata, Fu-
jita, Okamoto, Natsume, Kawazoe, Shudo, Ikeda, To-
moeda, Kanatomo, Kosuge & Adachi, 1964). A pre-
liminary short note on the present work has already
appeared elsewhere (litaka & Natsume, 1964).



