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Table 6. Intermolecular and interlayer distances of 
cluster 

Cluster 
(Monolayer) 
Dimer 
Tetramer 
Nonamer 
Hexadecamer 
36 molecules 

Exp.? 5.13 

Inter- 
molecular Interlayer 
distance* distance* 

(~) Cluster (,~.) 
(Island on the 

5.4967 monolayer) 
5 .4726 Monomer 5.2823 
5.4668 Dimer 5.4694 
5.4658 Tetramer 5.5396 
5 .4586 Hexamer 5.5261 

(triple layer) 
Heptadecamer 4.4629 
34 molecules 4.4949 
Exp.? 4.833 

*Average value. 
CBenzene crystal at 270 K (Cox et al., 1958). 

the crystal formation at the center of the three- 
dimensionally symmetrical cluster. A more realistic 
model for the unit cell of a benzene crystal would be 
obtained if one were to consider a cluster consisting 
of 168 molecules with a pentalayer structure: i.e. 16, 
36, 64, 36 and 16 molecules for the top, second, third 
(middle), fourth and bottom layers, respectively, 
because this is the smallest cluster in which the unit 
cell of a benzene crystal is reproduced at the center 
with none of the members of the unit cell at the 
surface of the cluster. Unfortunately, such a huge 
calculation has not been performed because of the 
economical and computational limits, although quan- 
titative information is expected if it could be done. 

The authors are indebted to Professor S. Fraga for 
an early release of his program, SOMAR (Simulation 
of molecular associations and chemical reactions). 
The computations were carded out at the Computer 

Center, the University of Tokyo, and the Computer 
Center, Chiba University. The authors thank the 
Computer Center, Institute for Molecular Science, 
Okazaki, for the use of the Hitac M-200H computer 
for a small part of the calculation. This work is 
supported in part by Grant in Aid for Scientific 
Research No. 59103011 from the Ministry of Educa- 
tion, Science and Culture. 
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Abstract 
5 H,12H+.Dibenzo[ b,g][1,5 ]thiazocinium hexaflu- 
orophosphate (1), 12-methoxy-6-methyl-6,7-dihydro- 
5 H, 12 H ÷-dibenzo[ b,g][ 1,5 ]thiazociniumhexachloro- 

* To whom all correspondence should be addressed. 

antimonate (II), 6,12-dimethyl-6,7-dihydro-5 H, 
12H+.dibenzo[ b,g][1,5]thiazocinium hexafluoro- 
phosphate (III) and 6-methyl-6,7-dihydro-5H-di- 
benzo[b,g][1,5]thiazocine S-oxide (IV) were deter- 
mined by the X-ray method. Crystal data: (I) 
C15HIsC1NS+.PF6, Mr = 421.77, orthorhombic, Pbca, 

0108-7681/85/060445-08501.50 © 1985 International Union of Crystallography 
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o 
a =  17.101 (1), b =  15.327 (1), c =  13.195 (2) A, 
V=  3458.7 (6) A 3, Z = 8, Dx = 1.620 Mg m -3, 
A(Cu Ka) = 1.5418 ~ ,  /z =4.499 mm -1, F(000) = 
1712, room temperature; (II) C16H~8NOS+.SbC16, 
Mr=607"39, monoclinic, P2x/c, a = 11.791 (2), 
b = 10.593 (2), c =  18.860 (3) A, /3 =98.25 (2) °, 
V = 2331.3 (6) ~3, Z = 4, D~ = 1.730 Mg m -3, 
A(Mo Ka)=0 .7107 ,~ ,  /x= 1.926mm -1, F(000)=  
1192, room temperature; (III) C~6HtsNS+.PF6, Mr = 
401.35, orthorhombic, Pbca, a=16 .702(2 ) ,  b =  
16.352 (2), c =  12-770(1) ~, V =  3487.7 (5) ~3, Z = 8, 
Dx = 1.530 Mg m -3, A(Cu Ka) = 1.5418 A, /z = 
3.055 mm -1, F(000) = 1648, room temperature; (IV) 
C15HlsNOS, Mr =257"35, triclinic, P1, a = 
8.5145 (7), b=9 .4444(7) ,  c=  16.831 (2) A, a = 
99.23(1), o3/3=99.12(1) ,  y=91 .69 (1 )  °, V =  
1317.0 (2) A ,  Z = 4, Dx = 1.298 Mg m -3, 
A(Cu Ka) = 1.5418,~, /x = 2.004 mm -1, F(000) = 
544, room temperature. The final R values are (I) 
0.078, (II) 0.053, (III) 0.064 and (IV) 0.043 for 1973, 
3221, 2272 and 4260 observed reflections, respec- 
tively. The conformation of the thiazocine (or 
thiazocinium) rings of these compounds is a distorted 
boat form without C~ or C2 symmetry. Very strong 
transannular interactions are found between S and 
N atoms, which show the hypervalency of S. The 
S.. .N distances are 2.090, 2.207, 2.466, 2.593 and 
2.624 A for (I), (II), (III), (IV) A and (IV) B, respec- 
tively. The X,p-S. . .N angles are 176.9, 175.0, 176.9, 
179.5 and 179.1°, for (I), (II), (III), (IV)A and (IV)B, 
respectively, where the Xap'S are C1, OMe, Me and 
O for (I), (II), (III) and (IV), respectively. The 
configuration about the S atom is a distorted trigonal 
bipyramid with two apical S.. .N and S-X,p bonds, 
two equatorial S-C bonds and the lone pair con- 
sidered to occupy the third equatorial position. There- 
fore, these compounds are concluded to be a new 
type of o'-ammoniosulfurane. 

Introduction 

The sulfuranes, which feature an unshared pair of 
electrons and a coordination number of four at the 
S atom, are examples of a broader category of species 
hypervalent molecules (Musher, 1969). A variety of 
organic o'-sulfuranes have been synthesized and the 
structures have been determined by X-ray analysis 
(Baenziger, Buckles, Maner & Simpson, 1969; Paul, 
Martin & Perozzi, 1972; K~ilmdn, Sasvfiri & Kapovits, 
1973; Perozzi, Martin & Paul, 1974; Adzima, Chiang, 
Paul & Martin, 1978). Every compound bears elec- 
tron-withdrawing apical groups due to the electron- 
rich and polarizable nature of the apical three-center 
four-electron bond. 

A series of S-substituted N-methyl-6,7-dihydro- 
5H,12H+-dibenzo[b,g][1,5]thiazocinium salts were 
synthesized and a transannular interaction between 
the S and N atoms was suggested from N M R  study 

Table 1. Experimental conditions 
(I) (III) (II) 

CtsHtsCINS ÷ CI6HtsNS~" Ct6H18NOS ~ (IV) 
PF6 PF6 SbCI6 CIsHIsNOS 

- g a p  - C I  - C H  3 - O C H  3 = O  

Crystal size (ram) 0 . 3 0 x 0 . 4 0 x  0 . 0 9 x 0 . 3 0 x  0 .12x0-30x  0 . 3 4 x 0 . 3 0 x  
0.10 0.35 0.35 0.25 

2Oma x (°) 130 130 55 130 
Scan width (°) 1"2+0.3 tan 0 1.1 + 0 . 4 t a n  0 1.2+0.3 tan 0 l - 0 + 0 . 5 t a n  0 
Max. h, k, / 20,17,15 19, 19, 14 15,13,±21 + 9 - 1 0 ,  ±10, 19 
No. of  reflections 

measured 2882 2966 5374 4560 
observed 1973 2272 3221 4260 

g 6"0 x 10 -7 5.3 x 10 -7 1 '3 x 10 -6 
R 0.078 0"064 0-053 0.043 
wR 0" 103 0"072 0"064 0-046 
S 1.046 l '613 1 "008 0.502 

in solution (Akiba, Takee, Ohkata & Iwasaki, 1983). 
X-ray analysis for (I), (II), (III) and (IV) was carded 
out in order to investigate the conformations of the 
thiazocine rings, the transannular interaction in the 
crystalline state and also the effects due to the 
different substituents. 

gad I I X=CI  (PFs-) 
~ S ~  ,, X = O M e  (SbC,6-) 

III X = M e  (PF6- } 
\ IV X = O  Me 

Experimental 

Crystal data are listed in the Abstract. Colorless crys- 
tals of (I) and (IV) were obtained from dichloro- 
methane solution. Those of (II) were recrystallized 
to give pale-yellow crystals from CH2C12 solution. 
Colorless crystals of (III) were grown from an Et20- 
CH3CN solution. Crystals (I) and (II) were unstable 
in air and were sealed in thin glass capillaries during 
the intensity measurements. Intensities were collected 
on a Rigaku automatic diffractometer with graphite- 
monochromated radiation, using the to-2 0 scan tech- 
nique with a scanning rate of 4 ° min-1 in 2 0. At both 
ends of the scan range 10 s [5 s for (I)] background 
counts were taken for each reflection. Reflections with 
IFol->3o(Fo) were used for structure determination. 
Some experimental conditions are listed in Table 1. 
Absorption corrections were applied numerically. 

Structures (I) and (III) were solved by the heavy- 
atom method after failure to solve them by MUL- 
TAN78 (Main, Hull, Lessinger, Germain, Declercq 
& Woolfson, 1978). The S atom for (III) and C1 and 
S atoms for (I) were located from three-dimensional 
Patterson maps. All the other non-H atoms were 
determined by means of successive Fourier syntheses 
and block-diagonal least squares. During the refine- 
ments it was revealed that PF6 ions were disordered 
for both compounds. Residual peaks around the P 
atoms in the difference maps were assigned as F atoms 
with the occupancy factors estimated from the peak 
heights. The positions of the H atoms were located 
from difference maps. All atoms were refined by 



FUJIKO IWASAKI AND KIN-YA AKIBA 447 

block-diagonal least squares with anisotropic tem- 
perature factors for the F atoms with fixed occupancy 
factors 0.8 for (I) and 0.8 and 1.0 for (III) and for 
the other non-hydrogen atoms and with isotropic 
temperature factors for H and for the F atoms with 
occupancy factor 0.2. 

For (II), the position of the Sb atom was deduced 
by the direct method with the program MULTAN78. 
The other non-hydrogen atoms were obtained from 
successive Fourier syntheses. Most H atoms were 
located from a difference map and the remaining two 
H belonging to methyl groups were deduced from 
the calculation and included in the refinement. For 
(IV) the structure was solved by means of MUL- 
TAN78. A difference map showed all the H atoms. 
The structures were refined by block-diagonal least 
squares with anisotropic temperature factors for non- 
hydrogen atoms and with isotropic ones for H. 

For (I), (III) and (IV) strong reflections showed 
the secondary-extinction effect. After correction for 
the extinction the final refinement was performed. 
The quantity minimized was Ew(IFol-k-11Fcl) 2. 
The weighting schemes used were: (I) w = l /  
(2.899+O.1971Fol+O.OOOalFo12); (II) w=1/(8.201 
-0.10141Fol+O.OO141Fo12); (III) w=0.7  if IFo[< 
10.0, w= 1.0if 10.0-< IFoI-<40.0 and w=(40.O/IFoJ) 2 
if IFol>40"0; (IV) w=0.3  if IFol<5'0, w = l . 0  if 
5,0<_1Fo1_<20.0 and w=(20,O/IFol) 2 if IFol>20,0. 
Atomic scattering factors were taken from Inter- 
national Tables for X-ray Crystallography (1974). All 
computations were performed on a HITAC M180 
Computer of the Data Processing Center of the Uni- 
versity of Electro-Communications with the programs 
UNICSIII (Sakurai & Kobayashi, 1979), MUL- 
TAN78 and ORTEPII (Johnson, 1971). The final 
atomic parameters are given in Table 2.* 

Results and discussion 

Fig. 1 shows the structures of thiazociniums (I), (II) 
and (III) and thiazocine (IV) with the atom number- 
ing. (IV) has two independent molecules, A and B, 
in the unit cell. Bond lengths and angles are listed in 
Table 3. 

The conformations of the thiazocine rings of these 
compounds are essentially the same, a distorted boat 
without C~ or C2 symmetry. The torsion angles in the 
thiazocine rings are listed in Table 4. The torsion 
angles S-C(1)-C(6)-C(7) and S-C(14)-C(9)-C(8), 
which should be zero for no strain in the ring, are 
1 .6 -8 .8  ° . The deviations from the mean planes 

* Lists of structure factors, anisotropic temperature factors for 
non-hydrogen atoms, atomic parameters of F atoms with 
occupancy factor of 0.2 and H atoms, and bond lengths and angles 
for PF~- and SbCI~- have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 42193 
(63 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH1 2HU, England. 

defined by the four atoms C(1), C(6), C(9) and C(14) 
are also listed in Table 4. For these thiazocine rings, 
the deviations of these four atoms are within 0.18 A, 
those of C(8) are within 0.40 A, and S, N and C(7) 
are displaced markedly from the mean planes in the 
same direction. If the conformation were an idealized 
boat the torsion angle C(15)-N.. .S-lone pair would 
be zero. In this distorted boat conformation the value 
is about 30 °. The lone pair of the N atom points 
towards the S atom. The same ring conformation has 
been reported for N-tert- butyl-5,6-dihydro-7 H, 12 H- 
dibenz[ c,f]azocine (Hardy & Ahmed, 1974). The con- 
formational behavior of heterocyclic analogues of 
5,6,7,12-tetrahydrodibenzo[a,d]cyclooctane in solu- 
tion has been investigated by Gellatly, Ollis & 
Sutherland (1976). These compounds show two types 
of conformation: a more stable rigid chair-boat form 
(Cs symmetry) and a flexible boat-boat (Cs) or twist- 
boat (C2) form. But the model for the twist-boat 
discussed in that paper has (?2 symmetry and there 
is no interaction between the two hetero-atoms at the 
6- and 12-positions. Thus the ring conformation of 
the twist-boat in that paper is quite different from 
that of the distorted boat in the present study. The 
dihedral angles between the benzene rings are 78.4, 
111.1, 75.3, 105.5 and 103.4 ° for (I), (II), (III), (IV)A 
and (IV)B, respectively. 

The S...N distances are 2.090, 2.207, 2.466, 2.593 
and 2.624,~ for (I), (II), (III), (IV)A and (IV)B, 
respectively. These values are shorter than the sum 
of the van der Waals radii (3.35 A) (Pauling, 1960), 
indicating a transannular interaction between S and 
N. The transannular S...N interaction has been re- 
ported for 2-(2,4,6-trichlorophenylimino)perhydro- 
1,3,2,6-dioxathiazocine (Picard, Cazaux & Jaud, 
1981), in which the ring has a boat-chair conforma- 
tion and the S...N distance is 2.94.~. As shown in 
Fig. 2, Xap, S and N are approximately collinear, the 
Xap-S...N angles being 176.9, 175.0, 176.9, 179.5 and 
179.1 ° for (I), (II), (III), (IV)A and (IV)B, respec- 
tively. Dimensions about S...N bonds are listed in 
Table 5. The angles between the C(1)SC(14) plane 
and the S...N bond are 80.4, 75.4, 72.9, 68.0 and 
66.8 ° for (I), (II), (III), (IV)A and (IV)B, respec- 
tively. The linear Xap-S...N group is approximately 
normal to the plane of C(1)SC(14), especially in (I). 
The configuration about the S atom is a distorted 
trigonal bipyramid with two apical S...N and S-Xap 
bonds, two equatorial S-C bonds and the lone pair 
considered to occupy the third equatorial position. 
Therefore, these structures are concluded to be of a 
new type of o--ammoniosulfurane. For a typical spiro- 
sulfurane with two apical No ligands the S-N bond 
lengths are 1.899 and 1.897 A and the C-S-C angle 
is 104.8 ° (Adzima et al., 1978). (III) is the first example 
of a o'-alkylsulfurane with an apical alkyl group, 
although o--sulfurane with an equatorial methyl group 
was reported by Lau & Martin (1977). 
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The transannular S...N distances in these 
thiazocines are distributed widely, depending on the 
electrone~ativity of the Xap atoms. The S...N length 
of 2.090 A for (I) is the shortest transannular S...N 
length and corresponds to a Pauling's bond order of 
0.34. The S-C1 length (2.192 ,~,) is longer than the 
sum of the covalent radii (2.03 A). The apical S-CI 
distances in dichlorobis(p-chlorophenyl)sulfurane 
have been reported to be 2.259 and 2.323 A (Baen- 
ziger et al., 1969). The S...N length (2.207 ,~) in (II) 
corresponds to a bond order of 0.18. The S-O length 
of 1.657 A is close to the value of 1.662,4, of S- 
O(alkoxy) in the asymmetric o'-sulfurane 2,2- 
dimethyl-6- oxo- 8-phenyl-2 H,6 H- [ 1,2]thioxolo [4,5,1 - 
hi]benzothioxole, in which the longer apical S-O 

Table 2. Positional parameters [×1045 fior ()_I, (II) 
(except Sb x105), (III) and x l0  for (IV)] and 
equivalent isotropic temperature factors ( ~ 2) for non-H 

atoms 
n 4 eq = ~i~j f l i ja , .a j .  

(a)  (I) ( X a p = C l  , PF6) ;  occupancy factors o f  F atoms: 0.8 
x y z 

CI 1311 (1) 2937 (1) 1117 (2) 
S 1720 (1) 1616 (1) 1469 (1) 
N 2124 (3) 380 (4) 1884 (5) 
C(1) 1037 (4) 1437 (4) 2501 (5) 
C(2) 328 (4) 1858 (5) 2584 (6) 
C(3) -116 (5) 1697 (6) 3435 (7) 
C(4) 141 (5) 1120 (6) 4167 (7) 
C(5) 846 (5) 676 (6) 4069 (6) 
C(6) 1309 (4) 843 (5) 3214 (6) 
C(7) 2070 (5) 412 (5) 2997 (6) 
C(8) 1582 (5) -270 (5) 1407 (6) 
C(9) 1276 (5) 151 (5) 465 (6) 
C(lO) 995 (5) -314 (5) -361 (7) 
C(l l )  708 (5) 115 (6) -1203 (6) 
C(12) 716 (6) 1009 (6) -1247 (6) 
C(13) 1011 (5) 1484 (5) -449 (6) 
C(14) 1281 (4) 1063 (4) 387 (5) 
C(15) 2919 (5) 287 (6) 1496 (7) 
P 3325 (1) 2184 (1) -1197 (2) 
F(1) 3470 (4) 2998 (4) - 1906 (5) 
F(2) 3204 (5) 1393 (5) -462 (6) 
F(3) 3926 (4) 1625 (5) -1844 (6) 
F(4) 4065 (4) 2506 (5) -558 (6) 
F(5) 2744 (5) 2764 (5) -560 (7) 
F(6) 2648 (4) 1818 (6) -1878 (6) 

(b) ( I I I )  (Xap = CH3, PF6) ;  occupancy factors o f  F atoms: (a)  1.0, (b) 0-8 

X y Z Beq 

C(16) 1320 (3) 2649 (3) 1055 (4) 5.1 
S 1651 (1) 1625 (1) 1352 (1) 3.6 
Y 2164 (2) 257 (2) 1815 (3) 4.3 
C(1) 1039 (2) 1391 (2) 2484 (3) 3.5 
C(2) 328 (3) 1792 (2) 2667 (3) 4.0 
C(3) -107 (3) 1627 (3) 3565 (4) 4.9 
C(4) 170 (3) 1039 (3) 4253 (4) 5.3 
C(5) 862 (3) 627 (3) 4041 (4) 5-1 
C(6) 1325 (2) 789 (2) 3164 (3) 3.9 
C(7) 2088 (3) 347 (3) 2942 (4) 4.7 
C(8) 1571 (3) -262 (2) 1304 (4) 4.7 
C(9) 1256 (2) 181 (3) 352 (3) 4.0 
C(10) 958 (3) -266 (3) -504 (4) 4.9 
C(11) 628 (3) 135 (3) -1352 (4) 5.3 
C(12) 594 (3) 957 (3) -1380 (4) 5.2 
C(13) 892 (3) 1426 (3) -565 (4) 4.6 
C(14) 1217 (2) 1027 (2) 301 (3) 3.5 
C(15) 2979 (3) 155 (4) 1430 (5) 6-4 
P 3303 (1) 2226 (1) -1271 (1) 4.8 
F(1) (a) 3446 (3) 2972 (2) -2028 (3) 10.0 
F(2) (a) 3161 (3) 1549 (3) -458 (4) 11.4 
F(3) ~b) 3929 (3) 1678 (3) -1866 (4) 9.9 
F(4) Cb) 4050 (3) 2593 (3) -655 (4) 8.1 
F(5) (b) 2713 (3) 2816 (3) -684 (5) 11.8 
F(6) Cb~ 2627 (3) 1815 (3) -1931 (4) 10-1 

Table 2 (cont.) 

(c) (II)  (X~p = OCH3,  SbCl6)  

x y z Beq 

s 2213 (2) 6652 (2) 7387 (1) 3.4 
O 1555 (5) 7732 (5) 7816 (3) 4.3 
N 3194 (5) 5345 (6) 6795 (3) 3.6 
C(I) 3568 (7) 6703 (7) 7963 (4) 3.4 
C(2) 3820 (7) 7662 (8) 8469 (5) 4.2 
C(3) 4844 (8) 7577 (9) 8939 (5) 4-6 
C(4) 5569 (8) 6598 (10) 8896 (5) 4-7 
C(5) 5331 (7) 5656 (9) 8397 (5) 4.3 
C(6) 4307 (7) 5701 (8) 7919 (4) 3-5 
C(7) 3978 (7) 4718 (8) 7368 (5) 4.1 
C(8) 3782 (7) 6146 (9) 6330 (4) 4.4 
C(9) 3039 (6) 7285 (8) 6150 (4) 3.7 
C(10) 3076 (8) 7995 (10) 5527 (5) 4.9 
C(11) 2392 (9) 9042 (11 ) 5400 (5) 5-7 
C(12) 1709 (8) 9395 (10) 5887 (6) 5.5 
C(13) 1658 (8) 8731 (9) 6515 (5) 4.8 
C(14) 2325 (6) 7651 (7) 6629 (4) 3.4 
C(15) 2371 (8) 4485 (9) 6378 (5) 4.8 
C(16) 898 (10) 7203 (10) 8309 (6) 6.3 
Sb 21557 (5) 19826 (5) 88359 (3) 3.6 
CI(1) 3790 (2) 3259 (3) 9170 (1) 5-9 
C1(2) 540 (2) 724 (3) 8474 (2) 6.6 
C1(3) 2945 (2) 1306 (3) 7817 (!) 5.5 
C1(4) 1368 (3) 2645 (3) 9836 (2) 7.1 
C1(5) 3095 (3) 295 (3) 9502 (!) 6.7 
C1(6) 1284 (2) 3705 (3) 8172 (2) 5-8 

( d )  (IV) ()Cap = O) 
x y z B~q 

Beq S(A) 69202 (6) 19314 (6) 46602 (3) 3"2 
4"8 O(A) 70907 (20) 32582 (18) 52980 (10) 4"7 
3"5 N(A) 66304 (20) -3493 (18) 35498 (11) 3"4 
3"9 C(IA) 88846 (23) 17674 (21) 43766 (12) 2"9 
3"6 C(2A) 99182 (26) 29763 (23) 46033 (14) 3"6 
3"8 C(3A) 114600 (28) 29101 (27) 44412 (16) 4-5 
5"0 C(4A) 119630 (28) 16377 (30) 40803 (16) 4"8 
5"3 C(5A) 109366 (27) 4175 (26) 38628 (15) 4"1 
5"1 C(6A) 93717 (24) 4775 (22) 39998 (13) 3"1 
4"1 C(7A) 82235 (27) -8201 (23) 37524 (15) 3"8 
4'5 C(8A) 63353 (28) 2737 (26) 28107 (14) 4-1 
4"8 C(9A) 56084 (24) 16983 (25) 29766 (13) 3"5 
4"2 C(10A) 46633 (31) 22589 (32) 23598 (15) 5"1 
5"0 COLA) 40385 (33) 35948 (33) 25096 (19) 5.8 
5.0 C(12A) 43581 (30) 44176 (28) 32703 (18) 5.0 
5.3 C(13A) 52915 (25) 38890 (24) 38923 (15) 3.9 
4.7 C(14A) 58999 (23) 25365 (22) 37535 (13) 3.1 
3.5 C(15A) 53660 (32) -13738 (29) 36209 (20) 5.8 

5.5 S(B) 107860 (8) 77820 (7) 10929 (4) 4.5 
4.5 O(B) 124299 (22) 81968 (25) 15613 (13) 6.6 
6.2 N(B) 78931 (27) 70676 (23) 2958 (12) 4.9 
8.7 C( l B) 97566 (31 ) 94347 (26) 11661 (14) 4.3 
8.0 C(2B) 104459 (36) 105656 (29) 17695 (16) 5.4 
7.0 C(3B) 97712 (47) 118782 (32) 18262 (21) 7.1 
9.7 C(4B) 84651 (49) 120804 (32) 12748 (23) 7-7 
8.5 C(5B) 77901 (41) 109648 (35) 6640 (21) 6.7 

C(6B) 84223 (34) 96235 (28) 6038 (15) 4.8 
C(7B) 76980 (37) 83824 (33) -417 (16) 5.7 
C(8B) 70681 (31) 69543 (31) 9754 (16) 5.0 
C(9B) 81801 (29) 65099 (24) 16613 (14) 3-9 
C(10B) 76173 (31) 57558 (26) 22145 (16) 4-6 
C(l l  B) 86167 (35) 54067 (27) 28705 (16) 5-0 
C(12B) 102154 (34) 58037 (28) 29954 (16) 4.9 
C(13B) 108094 (30) 65457 (26) 24525 (15) 4-4 
C(14B) 98126 (28) 68916 (23) 17865 (14) 3-7 
C(15B) 77730 (50) 57472 (37) -2938 (19) 7.7 

length is 2.248 ,~, (Lam, Duesler & Martin, 1981). In 
methyl o-nitrobenzenesulfenate the S-O length is 
1.65 A (Hamilton & LaPlaca, 1964) and in 2-(2,4,6- 
trichlorophenylimino)perhydro _ 1,3, 2, 6 - dioxathiaz- 
ocine the S-O lengths are 1.624 and 1.634.4, 
(Picard et al., 1981). S-O single-bond lengths are 
1.53 --- 1.62 A for organic sulfates or 1.59 --- 1-63 A for 
sulfonates. For symmetric dialkoxysulfuranes two 
apical S-O lengths are within the range 1.83 --- 1.92 ,~, 
(Paul et al., 1972; Perozzi et al., 1974). For (III) and 
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Fig. 1. ORTEPII (Johnson, 1971) drawings with atomic number- 
ing. (a) (I), (b) (II), (e) (III), (d) (IV)A and (e) (IV)B. The 
thermal ellipsoids for non-H atoms are drawn at 50% probability. 

Table 3. Bond lengths (•) and angles (o) of non- 
hydrogen atoms with their estimated standard 

deviations 

(I) (II) (Ill) (IV)A (IV)B 
,,Yap C! O C(16) O O 

~ ( ~ 1  2.192 (3) 1.657 (6) 1.804 (5) 1.501 (2) 1.501 (2) 
) 1.815 (7) 1.798 (8) 1.811 (4) 1.815 (2) 1.809 (3) 

S-C(14) 1.822 (7) 1-799 (8) 1.812 (4) 1.816 (2) 1.827 (2) 
0-C(161 1.409 (13) 
N-C(7) 1-472(10) 1.476(11) 1.451 (6) 1.446(3) 1.449(4) 
N-C(8) 1.500 (11) 1.465 (12) 1.457 (6) 1.449 (3) 1.450 (4) 
N-C(15) 1.459 (111 1.473 (12) 1.458 (7) 1.458 (4) 1-454 (5) 
C(11-C(2) 1.377 (10) 1.397 (12) 1.377 (6) 1.385 (3) 1.394 (4) 
C(1)--C(6) 1.389 (10) 1.383 (11) 1-397 (6) 1-387 (3) 1.394 (4) 
C(2).-C(3) 1.377(11) 1.395(131 1.384(7) 1.384(4) 1.377(5) 
C(3).--C(4) 1.381 (13) 1-354 (14) 1.383 (7) 1.369 (4) 1-370 (6) 
C(4)--C(5) 1.389 (13) 1.373 (141 1.363 (7) 1.389 (4) 1-388 (5) 
C(5).--C(6) 1.402 (12) 1.399 (12) 1.387 (7) 1.389 (3) 1.386 (5) 
C(6)--C(7) 1.488 (11) 1.483 (12) 1.493 (7) 1.506 (3) 1.507 (4) 
C(8)--C(9) 1.494(12) 1.502(13) 1.510(7) 1.501(3) 1.496(4) 
C(9)-C(10) 1.389 (12) 1.401 (13) 1.407 (7) 1.394 (4) 1.392 (4) 
C(9)-C(14) 1-402 (10) 1.376 (11) 1.386 (6) i-397 (3) 1.400 (3) 
C(10)-C(11) 1.381 (12) 1.372 (15) 1.381 (7) 1.385 (4) 1-374 (4) 
C(11)-C(12) 1.371 (13) 1.359 (15) 1.345 t7) 1.369 (4) 1.375 (4) 
C(12)-C(13) 1.377(13) 1.386(14) I "~ ~) 1.380(4) 1.383(4) 
C(13)-C(14) 1.359 (11) 1.388 (13) 1.395 (6) 1.391 (3) 1.384 (3) 

Xap-S-C(I ) 95"3 (2) 97'0 (3) 101 "0 (2) 104"4 (1) 104"8 (1) 
Xap-S-C(14) 97"6 (2) 94"3 (3) 102"8 (2) 103"3 (1) 103"7 (1) 
C(I)-S--C(14) 104"6 (3) 107"6 (4) 104"6 (2) 98"7 (1) 99"1 (I) 
s-0-c(16) 112.8 (6) 
C(7)-N-C(81 113.7 (6) 113-5 (7) 116.3 (4) 115.2 (2) !15.7 (2) 
C(7)-N-C(15) 114.3(61 114.1(7) 115.3(4) 114.4(2) 115.9(3) 
C(81-N-C(151 111.4(6) 111.8(71 114.6(41 113-7(2) 113.4(31 
S-C(I)-C(2) 123.8 (6) 121-2 (6) 121.5 (3) 116.5 (2) 116.7 (2) 
S-C(1)-C(6) 113.1 (5) 117.0 (6) 116.9 (3) 122.1 (2) 122.1 (2) 
C(2)-C(1)-C(6) 123.1 (7) 121.6 (8) 121.7 (4) 121.2 (2) 121.0 (3) 
C(1)--C(2)-C(3) 117-8 (7) 117.9 (8) 120.0 (4) 119.7 (2) 119.5 (3) 
C(2)-C(3)-C(4) 120.6 (8) 120.5 (9) 119.1 (5) 119-6 (5) 120.1 (4) 
C(3)-C(4)--C(5) 121-6 (8) 121.9 (9) 120.1 (5) 120.8 (3) 120.7 (4) 
C(4)-C(5)-C(6) 118.4 (8) 119-3 (9) 122-5 (5) 120.2 (2) 120.5 (3) 
C(1)--C(6)-C(5) 118.4 (7) 118.8 (8) 116.5 (4) 118.3 (2) 118.2 (3) 
C(1)--C(6)--C(7) 116.9 (7) 118.5 (7) 121.0 (4) 120.3 (2) 120.0 (3) 
C(5)-C(6).--C(7) 124.6 (7) 122.8 (8) 122.5 (4) 121.3 (2) 121.8 (3) 
N.--C(71--C(6) 105.2 (6) 105.7 (7) 108.1 (4) 109.0 (2) 108.5 (2) 
N-C(8)-C(9) 106.2 (6) 106.8 (7) 108.5 (4) 110.2 (2) 110.2 (2) 
C(8)-C(9)-C(10) 123-5 (7) 122.2 (8) 120.0 (4) 121.6 (2) 121.1 (2) 
C(8)-C(9)-C(14) 119.3 (7) 118.0 (8) 122.2 (4) 121.0 (2) 120.9 (2) 
C(10)-C(9)-C(14) 117.2 (7) 119.7 (8) 117.8 (4) 117.4 (2) 117.9 (2) 
C(9)--C(10)-C(11) 120-6 (8) 119.5 (9) 120.3 (5) 121.4 (3) 121.6 (3) 
C(10)--C(I 1)-C(12) 120.5 (8) 119.7 (10) 120.8 (5) 120.7 (3) 120.1 (3) 
C(11)--C(12)--C(13) 120.0 (9) 122.7 (10) 121.2 (5) 119.1 (3) 119.5 (3) 
C(12)--C(13)--C(14) 119.6 (8) 117.3 (9) 118.5 (4) 120.7 (2) 120.7 (2) 
S-C(14)--C(9) 114.1 (5) 118.6 (6) 119.0 (3) 124.3 (2) 124.1 (2) 
S-C(14)--C(13) 123.7 (6) 120.3 (7) 119.4 (3) 114-9 (2) 115.7 (2) 
ctq)-C(14)-C(13) 122.1 (7) 121.1 (8) 121.5 (4) 120.7 (2) 120.2 (2) 

HOD 

HOD 

• )  H(21 HCI.~ 8(/21 

\\ ~ c c t ~ ~ ;  cc~) 

(e) 

Fig. 1 (com.). 
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Table 4. Torsion angles (o) in the thiazocine rings and 
the deviations from the mean planes defined by C(1), 

C(6), C(9) and C(14) 

E.s .d . ' s  a re  0.3 ~ 0 . 9  ° fo r  t o r s i o n  a n g l e s  a n d  0.008 ~ 0 - 0 3  ~, fo r  

d i s t ances .  

(1) (II) ( I l l )  (IV)A (IV)B 
X~p C1 O C(16) O O 

C(14)-S-C(1)-C(6) 72.7 -79.9 83.2 -85.9 -84.7 
S--C(1)-C(6)--C(7) -3.9 4.8 -!-6 4.8 6.1 
C(1)-C(6)-C(7)--N -29.1 25.3 -34.0 30.8 33.3 
C(6)-C(7)-N-C(8) -72.1 77.3 -65.7 69.1 63.8 
C(7)-N-C(8)-C(9) 140.7 -142.5 132.9 -129.2 -130.8 
N-C(8)-C(9)-C(14) -22"8 26"9 -29"6 27.4 30.2 
C(8)--C(9)-C(14)-S 2.8 -6.6 6.4 -8.8 -6.5 
C(9)-C(14)-S-C(1) -69.3 68.0 -66-1 66.6 62.2 
C(6)-C(7)-N-C(15) 158.4 -153.0 155-9 -156.4 -159.8 
C(9)-C(8)-N-C(15) -88.4 86.8 -88.4 96.0 91.7 

C(1) 0.161 -0.163 0.130 -0.140 -0.178 
C(6) -0.128 0.116 -0.103 0.091 0.125 
C(9) 0.133 -0.061 0.112 -0.032 -0.027 
C(14) -0.136 0.114 -0.117 0.093 0.093 
Xap -0"725 0"489 -0"815 0"680 0"557 
S -1.035 0.931 -0.992 0-968 0.907 
N -1.362 1.340 -1.340 1.447 1.480 
C(7) -1.283 1.216 -1.205 1.226 1.316 
C(8) -0.263 0-304 -0.214 0.397 0.394 

(IV), S-Xap lengths are within the range of the normal 
S-C and S--O distances. 

Besides the S-Xap distances the difference in S...N 
interaction affects many parts of the structures. As 
can be seen from Tables 3 and 5, the dimensions 
about the S and N atoms change markedly with the 
S...N distance. As the S...N length decreases, the 
S-C length and the Xap-S-C angle decrease and the 
C-S-C angle increases. For (I) and (II), the eight- 
membered ring flattens with endocyclic angles 
S-C(1)-C(6), S-C(14)-C(9), C(1)-C(6)-C(7) and 
C(14)-C(9)-C(8) which are smaller than those of (III) 
and (IV), while the exocyclic angles S-C(1)-C(2), 

(a) (b) 

(c) (d) 
Fig .  2. P e r s p e c t i v e  v iews  o f  t h e  o - - a m m o n i o s u l f u r a n e s .  ( a )  ( I ) ,  ( b )  

( I I ) ,  ( c )  ( I I I ) ,  ( d )  ( IV)A.  ( D i s t a n c e  in A. )  

Table 5. Interatomic distances (A) and angles (°) 
about S. . .N contacts 

(I) (II)  (III)  (IV)A (IV)B 
Xap CI O C(16) O O 

S...N 2.090 (3) 2.207 (7) 2.466 (4) 2.593 (2) 2.624 (2) 
Xav.-S...N 176.9 (2) 175.0 (3) 176.9 (2) 179.5 (1) 179.1 (1) 
C(I)-S...N 83.0 (3) 80-8 (3) 79.3 (2) 75-4 (1) 74.8 (1) 
C(14)-S...N 85.4(3) 82.1 (3) 80.1 (2) 76.3 (1) 75-6(1) 
C(7)-N...S 102.1 (5) 103.3 (5) 96.6 (3) 97.2 (!) 95.6 (2) 
C(8}-N...S 106.7 (5) 105.5 (5) 100.7 (3) 101.2 (1) 99.8 (2) 
C(15)-N...S 107.7 (5) 107.8 (5) 110-3 (3) 113.2 (2) 113.9 (2) 

S-C(14)-C(13), C(5)-C(6)-C(7) and C(8)-C(9)- 
C(10) of (I) and (II) are larger than those of (III) 
and (IV). The displacement of the S atom from the 
ideal equatorial plane of the trigonal bipyramid 
decreases as the S...N distance decreases. The S...N 
distance also correlates to the geometry of the 
ammonio group. The longer C-N distances and the 
smaller C-N-C angles are observed for (I) and (II). 
Thus, the geometry about N comes closer to a regular 
tetrahedron as the S...N length decreases. The dis- 
placements of N atoms from the planes of 
C(7)C18)C(15 ) are 0.394, 0.394, 0.316, 0.349 and 
0.330 A for (I), (II), (III), (IV)A and (IV)B, respec- 
tively. These facts clearly show the contribution of 
the transannular electron transfer between S and N, 
such as 

~S+...N~ ~ ~S-N+~. 

Slight deviations from the above relationships 
between the S...N distances and the geometries are 
found in (I). This is due to the high strain of the 
thiazocine ring for such a short transannular bond 
formation. 

Fig. 3 shows molecular projections along the S...N 
bonds for (I) and (II). The S-CI bond for (I) and 
S-C(16) for (III) bend toward the S lone pair. On 
the other hand, the apical S-O bond of (II) is bent 
away from the lone pair, toward the equatorial C 
atoms. For many sulfuranes the apical S-Xap bonds 
were bent away from the S lone pair, especially in 

~ 
( ~ b )  

Fig.  3. P r o j e c t i o n  o f  t he  m o l e c u l e s  a l o n g  the  N . . . S  b o n d s  fo r  ( a )  
( I )  a n d  (b )  ( I f ) .  
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Fig. 4. Hammett plot of H NMR chemical shifts of N-Me groups 
in solution against or= and the relationships between the S...N 
distances (A) in the crystalline state and tr,,. 

the case of apical S-O bonds. This has been attributed 
to the repulsion effect between Xap and the lone pair 
(Perozzi et al., 1974). Some exceptions are observed 
for (MeEN)ESF2 (Cowley, Riley, Szobota & Walker, 
1979), dichlorobis(p-chlorophenyl)sulfurane (Baen- 
ziger et al., 1969) and CEH4SSeBr2 (Battelle, Knobler 
& McCullough, 1967), in which the apical S-F, S-C1 
and Se-Br bonds are bent toward the lone pair of S 
or Se. For (Me2N)2SF2 and (p-C1-Ph)2SC12 the distor- 
tions are attributed to short intermolecular contacts 
about F or C1, while for CEH4SSeBr2 the distortion 
has been ascribed mainly to intramolecular repulsions 
between Br and equatorial c n 2 .  For (I) and (III), 
one of the reasons may be the repulsion between the 
C1 or  C H  3 group and H in the phenyl rings. 

Fig. 4 shows a Hammett plot of H NMR chemical 
shifts of the NMe group in solution against o'm (Akiba 
et al., 1983). This shows very good linearity. The S.. .N 
distances in the crystalline state also fit the Hammett 
relationship except for (I). These facts indicate that 
the electron-withdrawing effect of the substituent at 
the S atom is transmitted to the NMe group through 
the S.. .N bond and also that these compounds retain 
the same conformation in solution. 

The crystal structures are shown in Fig. 5. The 
crystal structure of (III) is isostructural to that of (I). 
There are channels constructed with thiazociniums 
along the c axis in which PF6 ions are sheathed. 
There are no contacts less than the sum of the van 
der Waals radii in these crystal structures. 
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