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Abstract. Ct0HsO2S, monoclinic, P21/n (No. 14), a =  
7.597 (2), b =  17.897 (4), c=6.855 (2) A, f l= 108.84 (I) ° 
[2(Mo Kat)=0.70926 A], Z = 4 ,  Dc = 1-45 g cm -3, F.W. 
192.3, p(Mo Kc0=3.2 cm -1. The thiepin ring takes a 
boat form and shows bond alternation, while the 
benzo ring maintains a conjugated structure. 

Introduction. Crystals were supplied by Professor I. 
Murata and his co-workers at Osaka University. A 
crystal of approximate dimensions 0.2 × 0.2 × 0.3 mm 
was mounted on a Rigaku automated, four-circle, 
single-crystal diffractometer. The Rigaku soft-ware 
system for a FACOM-R-controlled diffractometer was 
used to find low-order reflexions and to calculate unit- 
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Fig. 1. The molecular structure of 1-benzothiepin 1,1-dioxide 

projected onto the plane passing through the atoms C(2), 
C(3), C(6) and C(7). 

cell parameters. The orientation and the unit-cell di- 
mensions of the crystal were confirmed by a 0-20 scan 
along several reciprocal lattice axes and a preliminary 
intensity data collection within a full sphere of a small 
radius in the reciprocal lattice. Systematic absences 
were: hOl, h + l =  2n + 1 and 0k0, k = 2n + 1. The good 
quality of the crystal was established by an o.~-scan of 
several reflexions. (These procedures show that inten- 
sity data can be collected without preliminary photo- 
graphic investigation.) 

The 0-20 scan technique was employed for data 
collection. The integrated intensity was determined by 
scanning over the peak at a rate of 4 ° min-1, and sub- 
tracting the background obtained by averaging the two 
values measured for 5 s at both ends of a scan. The 
scan range in 20 was from - 0 . 9  ° from the K~I peak 
to 0"9 ° from the Kc~2 peak. 1548 unique reflexions were 
measured out to a 20 (Mo Kcq) value of 50 °, and of 
these, 215 reflexions were less than a(F) and recorded 
as zero. Five standard reflexions were measured after 
every 59 reflexions; their intensities remained constant 
throughout the data collection. Graphite-monochrom- 
atized Mo Kc~ radiation was used. 

The heavy-atom method was used for the structure 
solution. The most plausible location of the sulphur 
atom was chosen by interpreting a three-dimensional 
Patterson map. Subsequent Fourier syntheses revealed 
all the non-hydrogen atoms. All the H atoms were 
located on a difference Fourier synthesis after aniso- 
tropic refinement of the model. The least-squares re- 
finement was carried out with the FMLS program 
(Ashida, 1973). Atomic scattering factors for C, O and 
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Table 1 (cont.) 

x y z B 

H(2) 0.027 (5) 0.2304 (19) 0.057 (5) 5.3 (8) 
H(3) 0.282 (4) 0.2521 (18) -0 .055 (5) 4-4 (7) 
H(4) 0.575 (5) 0.1996 (20) 0.119 (5) 5-4 (8) 
H(5) 0.621 (4) 0.0920 (17) 0-251 (5) 4-3 (7) 
H(8) -0 .045 (4) 0.0174 (18) 0.289 (5) 4-5 (7) 
H(9) 0.042 (5) -0-104 (2) 0.262 (6) 6.4 (9) 
H(10) 0-344 (5) -0-129 (2) 0.222 (6) 6-5 (9) 
H(l l )  0.539 (5) -0-0367 (20) 0.211 (5) 5.6 (8) 

Table 2. Selected bond distances (A) and bond 
angles (°) with estimated standard deviations 

S O(1) 1.431 (3) O(1)--S 0(2) 
S 0(2) 1.436 (3) O(1)--S C(2) 
S C(2) 1.735 (47 O(1)--S C(7) 
S C(7) 1-756 (3) O(2)--S C(2) 
C(2)--C(3) 1.326 (5) O(2)--S C(7) 
C(3)--C(4) 1.441 (5) C(2)--S C(7) 
C(4)--C(5) 1.328 (5) S-- - -C(2)- -C(3)  
C(5)--C(6) 1.456 (4) C(2)--C(3)--C(4) 
C(6)--C(7) 1.402 (4) C(3)--C(4)--C(5) 
C(7)--C(8) 1.389 (4) C(4)--C(5)--C(6) 
C(8)--C(9) 1.381 (5) C(5)--C(6)--C(7) 
C(9)--C(10) 1.378 (6) C(5)--C(6)--C(11) 
C(10)-C(11) 1 "367 (6) C(7)--C(6)--C(11) 
C(11)-C(6) 1.406 (5) S C(7)--C(8) 
C(2)--H(2) 0.93 (4) S C(7)--C(6) 
C(3)--H(3) 1"03 (4) C(6)--C(7)--C(8) 
C(4)--H(4) 0.99 (4) C(7)--C(8)--C(9) 
C(5)--H(5) 0.93 (4) C(8)--C(9)--C(10) 
C(8)--H(8) 1 "00 (4) C(9)--C(10)-C(11) 
C(9)--H(9) 0.94 (4) C(10)-C(11)-C(6) 
C(10)-H(10) 0"90 (4) 
C( l l ) -H( l l )  0.98 (4) 

117.5 (2) 
107.8 (2) 
108.6 (2) 
109.4 (2) 
108.1 (2) 
104.8 (2) 
123-6 (3) 
128.2 (4) 
128.6 (4) 
130.1 (4) 
126-4 (3) 
117.3 (3) 
116.3 (3) 
117.2 (3) 
120.6 (3) 
121.9 (3) 
119.4 (4) 
119-8 (4) 
120.7 (5) 
121.7 (4) 

S were from Hanson, Herman, Lea & Skillman (1964) 
and for H from Stewart, Davidson & Simpson (1965). 
The following weighting scheme was applied: w= 
(8.0/[Fol) z for IFol > 8.0, w-- 1.0 for 8.0 > IFol >- 1.4 and 
w=0.2 for IFol < 1-4. The final conventional R is 0.063 
for 1548 reflexions, and 0.045 for 1333 non-zero re- 
flexions.* 

Discussion. The molecular structure projected onto the 
plane passing through C(2), C(3), C(6) and C(7) is 
shown in Fig. 1. An O R T E P  plot is shown in Fig. 2. 
The final atomic parameters, and bond distances and 
angles are listed in Tables 1 and 2 respectively. 

In the thiepin ring, the bond alternation is clearly 
recognized. C(2)-C(3) and C(4)-C(5) are double bonds, 
while the C(3)-C(4) and C(5)-C(6) bond distances are 
similar to those expected for C(sp2)-C(sp 2) single bonds. 
S-C(2) and S-C(7) distances are also normal for a 
SIV-C(sp 2) bond, although Ammon, Watts & Stewart 
(1970) have indicated that there is strong evidence for 
n-electron delocalization between the S and the sub- 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31239 (8 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH1 1 N Z ,  England. 
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Fig. 2. An ORTEP plot of 1-benzothiepin 1,1-dioxide. 

stituent C atoms in thiepin 1,1-dioxide. The C(6)-C(7) 
bond takes part in the conjugation of the benzene 
group [C(6) to C(ll)], and slightly distorts the Cs 
symmetry of the thiepin ring. 

The thiepin ring takes the boat form, and the di- 
hedral angle between 'bow' atoms [the plane through 
C(2), S and C(7)] and 'stern' atoms [the plane through 
C(3), C(4), C(5) and C(6)] is 70.4 °. The SOz plane al- 
most bisects the plane through C(2), C(3), C(6) and 
C(7), the angle being 88.9 °. 

The distances and angles for probable hydrogen 

Table 3. Distances and angles in probable 
hydrogen bonding 

Key for superscripts 
None 

(i) 
(ii) 

0 ( 2 ) " "  H ( 2 ' ) - C ( 2  t) 
O(1)... H(3")-C(3 u) 

x y z 
½+x ½--y ½+z 

--½+x ½--y ½+z 

O. • .C  O.  • "H 
3.365 (~ A 2.48 (4) A 
3.343 (4) 2-44 (3) 

O" • "H-C 
159 (3) ° 
145 (3) 

bonding are listed in Table 3. They do not indicate 
strong bonding, but similar schemes are found in 
other sulphones (Ammon, Watts & Stewart, 1970; 
Boelema, Visser & Vos, 1967; Yasuoka, Kasai, Tanaka, 
Nagai & Tokura, 1972). 

The authors thank Professor I. Murata and his co- 
workers for supplying the crystals. 

References  

AMMON, H. L., WATTS, P. H. & STEWART, J. M. (1970). 
Acta Cryst. B26, 1079-1088. 

ASmDA, T. (1973). The Universal Crystallographic Com- 
puting System - Osaka, pp. 55-61. The Computation 
Centre, Osaka Univ. 

BOELEMA, E., VISSER, G. J. t% Vos, A. (1967). Rec. Tray. 
Chim. Pays-Bas, 86, 1275-1280. 

HANSON, H. P., HERMAN, F., LEA, J. D. • SKILLMAN, S. 
(1964). Acta Cryst. 17, 1040-1050. 

STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). 
J. Chem. Phys. 42, 3175-3187. 

YASUOKA, N., KASAI, N., TANAKA, M., NAGAI, T. & 
TOKURA, N. (1972). Acta Cryst. B28, 3393-3399. 

Acta Cryst. (1975). B31, 2731 

Tris-(1-pyrazolyl)phosphine 
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A b s t r a c t .  P(CzHaNz)3, M=232.19,  hexagonal, space 
group P6a, a =  8.443 (4), c=  8-946 (5) A, V= 552.3 A 3, 
Z =  2, Dc = 1.396 g c m  -3. The structure was determined 
from diffractometer intensity measurements (Mo Kc~ 
radiation) and refined by full-matrix least-squares cal- 
culations to an R of 0.043 for 267 observed reflexions. 
The molecule is pyramidal with the P atom lying on 
a crystallographic threefold axis. The pyrazolyl ring 
is planar and coordinated asymmetrically with respect 
to the P-N bond [1.714 (4) A], the P - N - C  and P - N - N  
angles being 135.4 (4) and 115-0 (3) ° respectively. 

I n t r o d u c t i o n .  The crystals are extremely sensitive to 
traces of water and were sealed in Lindemann glass 
capillaries in a dry box. Preliminary photographs 
(Cu Kct radiation) showed the crystals to have Laue 
symmetry 6/m and systematic absences OOl, l=2n + 1, 
indicating space groups P6a or P63/m. 

A crystal, 0.3 x 0.3 x 0.3 mm, cut from a large acic- 
ular crystal, was used in the measurement of cell 
dimensions and collection of intensities on a Picker 
FACS-I diffractometer. Nb-filtered Mo Ke radiation 
(2K~1=0"70926 A) and a scintillation counter with 


