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Two crystalline modifications of 1-phenylsilatrane are reported. The fl form is orthorhombic, space group 
Pna2~, with a = 15.855, b = 6"648, c = 11 "635/~. The 7 form is monoclinic, space group P21/n. The struc- 
ture of the/~ form was determined by direct methods with phases generated from the partially known 
structure and recycled into the tangent formula. The structure was refined to R=0.076 for 1103 ob- 
served reflexions and 0.079 for all 1134 reflexions. The Si-N bond length is 2.156 (4), the Si-C 1-908 (5) 
A. The mean Si-O bond distance is 1.657 ,~. The N-Si-C angle is 177.0 °, the average N-Si-O, C-Si-O 
and O-Si-O angles are 83.3 °, 96.80 and 118.6 °. The carbon atoms ~ to the nitrogen are bent out of the 
plane of the five-membered rings. 

Introduction 

The crystal structure of  0c-l-phenylsilatrane, 

C6HsSi(OCH2CH2)aN, was determined by Turley & 
Boer (1968). The structure is disordered. By recrys- 
tallization from acetone we could isolate two other 
crystalline modifications, called the fl and 7 forms. 
These can be easily separated by their shapes. Infrared 

spectra of  the three modifications in KBr  pellets 
were recorded. While the spectra of  the c~ and 7 forms 
were similar, and practically identical with the spec- 
t rum published by Voronkov (1966), the spectrum of 
the fl form showed large differences.* In the present 
paper  we give an account of  the structure of the fl form. 

* Unpublished results. 
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E x p e r i m e n t a l  

The  title c o m p o u n d  was recrystal l ized f rom ace tone  
in the form of  well developed prisms.  The  y fo rm also 
occurred  as colour less  needles e longa ted  a long  b. 
Crys ta l  da ta  of  the two forms were de te rmined  f rom 
precession pho tog raphs .  

Crystal data 
C12HI703NSi, M = 2 5 1 . 3 6  

fl F o r m :  o r t h o r h o m b i c ,  m.p.  208°C 
a =  15.855 (4), b = 6 . 6 4 8  (1), c =  I1.635 ( 3 ) A  
V =  1226.38/~3, Z = 4  
D m = l ' 3 5 1  g cm -3 (by f lotat ion) ,  D x = l ' 3 6 1  g cm -3 
F(000) = 536; space g roup  Pna2~ (No.  33) 
/z for  Cu K~ ( 2 =  1.5418 .,~) 16.58 cm -1 

), F o r m :  monocl in ic ,  m.p.  207 °C 
a = 8 . 4 7 5  (1), b =  12.949 (2), c =  11.122 (4) A 
f l = 9 0 . 8 6  (2) ° 
V = 1220.69 A 3, Z = 4 
Din= 1"364 g cm -3 (by f lotat ion) ,  D x =  1"364 g cm -3 
F ( 0 0 0 ) = 5 3 6 ;  space g roup  P21/n (No.  14) 
/t for  Cu K~ ( 2 =  1"5418 A.) 16.75 cm -1 

The  crys ta l  used was a p p r o x i m a t e l y  0.25 x 0-30 x 
0.35 mm.  Intensi t ies  were collected on a Stoe two- 
circle semi -au tomat i c  d i f f rac tometer  in the equi-incli-  
na t ion  a r r a n g e m e n t  for  the hkO -+ hklO layers by the 
co-scanning m e t h o d  wi th  Cu K~ rad ia t ion  (2 = 1.5418/~) 
and  a sc int i l la t ion coun te r  (Ni filter and  pulse-height  
d iscr iminator ) .  In tens i t ies  measured  at over  10 000 
c.p.s, were remeasured  with  Ni filters in the direct  
beam.  31 of  the 1134 reflexions with  I - 1 . 5 a ( I ) < 0  
were t aken  as unobserved  with  a value Of Io=O'5a(I). 
After  da ta  reduc t ion  an  absolu te  scale fac tor  and  over- 
all t empera tu re  fac tor  ( B =  2.95 A z) were de te rmined  by 
Wi l son ' s  me thod .  N o  abso rp t ion  cor rec t ion  was made.  

D e t e r m i n a t i o n  o f  the s tructure  

The s t ruc ture  was de te rmined  by direct  me thods  with 
the p r o g r a m  MULTAN (Main ,  Wool ( son  & Germa in ,  
1971). 217 reflexions with E values grea ter  than  1-30 
were used. The  figures of  meri t  of  the different sets 
were a lmos t  the same and ra ther  high.  The  calcula ted 
phases  showed a d i s t r ibu t ion  abou t  360 and 180 °. 
The  molecule  could  no t  be recognized in the E m a p  
calcula ted f rom the different phase  sets. Every  E m a p  
con ta ined  one peak  of  very high in tens i ty  at x = 0 . 3 2 ,  
y = 0 . 6 6 ,  z = 0 . 2 5 .  This  cen t rosymmet r i c  solut ion was 
p r e sumab ly  due to the pos i t ion  of  the sil icon a tom at 
z = ¼ resul t ing in a p seudo-mi r ro r  plane.  Therefore  the 
high peak was assigned as a silicon a tom.  This  could 

Table  1. Phases used for recycling into the tangent 
formula 

The phases 
Si(x=0"32, 

were generated with the following atomic positions: 
y=0-66, z=0.25), A (x=0.41, y=0.69, z=0.13), 

B ( x = 0 - 2 2 ,  y = 0 " 5 7 ,  z=0"37) .  

h k 1 ~0 ~ W T  h k l ¢0 ¢ WT 

10 0 1 183 ° 184 ° 1-0 14 4 2 175 ° 192 ° 0-8 
6 0 4 359 3 0"8 6 4 4 360 169 1.0 

11 1 0 360 360 1"0 0 5 3 343 9 0"81 
5 1 4 354 334 1"0 14 0 2 343 329 0"79 

10 1 6 185 263 0-64 8 0 6 5 1 0"64 
10 1 10 175 213 0-88 6 1 3 193 232 0.87 

1 2 10 2 22 1-0 18 1 4 182 192 1.0 
7 3 3 10 11 1.0 6 1 7 160 161 0.61 
3 3 6 180 188 1.0 11 2 3 182 195 0.80 

11 3 8 186 184 1-0 11 3 0 180 180 0"94 
15 3 3 193 174 1-0 11 1 8 350 351 0"76 

1 3 7 13 24 1.0 15 2 6 181 159 0"9 
3 3 I0 179 169 1-0 3 3 2 180 166 1.0 

15 4 2 35 25 0.87 5 3 4 184 204 1.0 
4 4 5 2 344 0.71 7 3 7 347 354 1.0 
4 5 6 346 349 1.0 13 4 0 0 0 1.0 
4 0 3 360 8 0-99 4 4 3 175 163 0-61 
8 0 10 356 328 0"69 4 5 0 180 180 1"0 

14 1 3 352 312 0"79 4 5 10 9 1 1-0 
15 1 5 182 184 0"76 

Table  2. The final atomic parameters (x 10 4) with their e.s.d.'s in parentheses 
Aniso t rop ic  thermal  parameters  are given in the form T =  exp [ -  (bl~h 2 q- b22k 2 + b33l 2 + b12hk + bl3hl+ b23kl)]. The z coord ina te  of  

Si was fixed throughout the structure refinement. 

x/a y/b z/c bll b22 b33 b12 b13 b23 
Si 3193 (1) -3494 (2) 2500 24 (1) 205 (3) 27 (1) - 14 (2) - 1 (2) 14 (4) 
0(2) 2439 (3) -2345 (9) 1757 (5) 24 (2) 361 (14) 44 (4) - 12 (8) 5 (4) 76 (13) 
C(3) 1585 (4) -2145 (12) 2169 (7) 25 (2) 334 (18) 55 (7) 18 (12) 1 (6) 102 (16) 
C(4) 1395 (5) -3800 (15) 2949 (9) 33 (3) 395 (22) 67 (7) - 2 7  (13) - 6  (7) 88 (20) 
N 2158 (3) -4188 (8) 3633 (6) 29 (2) 227 (12) 29 (4) -11  (8) 7 (5) 15 (12) 
C(6) 2269 (6) -2887 (14) 4619 (9) 42 (3) 376 (22) 56 (7) - 6 6  (14) 24 (7) - 5 7  (22) 
C(7) 3191 (5) -2428 (16) 4735 (8) 41 (3) 396 (24) 30 (6) - 3 4  (13) 10 (6) - 8 0  (21) 
0(8) 3582 (3) -2323 (8) 3634 (5) 32 (2) 293 (11) 39 (4) - 5 2  (7) 2 (5) -21  (12) 
0(9) 3274 (3) -5974 (7) 2418 (6) 46 (2) 206 (9) 63 (4) - 2 2  (7) 45 (5) - 3 5  (15) 
C(10) 2681 (5) -7298 (11) 2895 (8) 44 (3) 216 (15) 74 (8) - 3  (12) 24 (7) 4 (17) 
C(I 1) 2276 (5) -6346 (12) 3930 (8) 46 (3) 252 (15) 66 (8) - 19 (13) 30 (8) 46 (19) 
C(12) 4069 (4) -2866 (10) 1434 (7) 21 (2) 225 (13) 51 (5) 0 (9) - 1 4  (6) - 6  (15) 
C(13) 4400 (4) -4284 (11) 667 (7) 30 (2) 276 (16) 29 (5) - 7  (10) 6 (5) -31  (16) 
C(14) 4947 (5) -3784 (13) -217  (8) 28 (2) 349 (19) 52 (7) 32 (12) 4 (7) - 10 (21) 
C(15) 5196 (5) - 1777 (13) -348  (8) 28 (2) 364 (21) 45 (6) 8 (12) 16 (6) 67 (19) 
C(16) 4903 (5) -356  (12) 426 (8) 30 (2) 300 (18) 65 (7) - 2  (11) 4 (7) 91 (18) 
C(17) 4353 (4) -885  (12) 1297 (7) 30 (2) 257 (15) 54 (6) - 8  (10) 14 (6) 51 (16) 
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be verified by the strongest vectors of the Patterson 
map. Other maxima which would satisfy atomic posi- 
tions in agreement with chemical evidence were then 
considered. Two peaks assigned as nitrogen together 
with the silicon atom gave an R of 0.465. Phases 
generated by these positions were recycled into part III 
(FASTAN)  of  the p rog ram M U L T A N  as suggested by 
Kar le  (1970). These phases were weighted as W T =  
F(H)¢/[pF(H)o], where H stands for the indices h,k, l  
and p is the scaling factor.  39 reflexions with W T  >_ 0-61 
(all figure at the end of  the convergence  mapping)  
were recycled and  fixed dur ing  the phase ref inement  
with the t angen t  formula .  The  recycled phases (too) 
and  their  values after  the ref inement  of  the s t ructure 
(to) toge ther  with their  weights (WT) are listed in Table  
1. In the E map  calculated after  the recycling, 13 
a toms  were located and the subsequent  s tructure-  
fac tor  ca lcu la t ion  ( R = 0 . 3 4 0 )  and Four ie r  synthesis 
gave the posi t ions  of  the missing four  non -hyd rogen  
a toms.  At  this stage R was 0.229. 

Refinement of  the structure 

Refinement  of  the a tomic  parameters  was carried out  
by b lock-d iagona l  least-squares ca lcula t ions  with the 
p rogram of  Albano ,  D o m e n i c a n o  & Vaciago (1966). 
The  func t ion  minimized was 

~= ~ w.(IFohl-- 1/GIFchl) z 
h 

where G is the scaling factor, Wh is the weighting 
scheme of Cruickshank, Pilling, Bujosa, Lovell & 
Truter  (1961): w n = ( l . 1  + l.OFo+O.OIFZo) -l.  After  two 
cycles of  i sot ropic  ref inement  ( R = 0 . 1 5 2 )  all the hy- 
drogen a toms  were generated geometr ica l ly  assuming 
the p roper  sp z and sp 3 hybr id iza t ion  of  the ca rbon  
a toms.  The  isotropic  the rmal  parameters  of  the hy- 
drogen a toms  were approx ima ted  by those of  the car- 
bon  a toms.  Five an iso t rop ic  cycles reduced R to the 
final value of  0.076 for observed and 0-079 for all re- 

Table  3. Fractional coordinates (×  103), isotropic tem- 
perature parameters (~z) and bond distances (~) for the 

hydrogen atoms 
x/a y/b z/c B~ C-H distances 

H(3a) 153 - 84 257 3.8 1.00 
H(3b) 121 -214  149 3.8 0"99 
H(4a) 92 -344 347 5'0 0'99 
H(4b) 125 - 504 250 5"0 1"00 
H(6a) 207 - 353 533 4"6 0"98 
H(6b) 197 -157 450 4"6 1"01 
H(7a) 347 -350  519 4"4 0"99 
H(7b) 329 - 116 515 4.4 0.98 
H(10a) 295 -857 310 3"7 0.97 
H(10b) 224 -756  230 3.7 1.00 
H(1 la) 266 -646 459 3"9 0"98 
H(I I b) 172 -696 407 3.9 0.99 
H(13) 425 - 570 79 3.3 0.98 
H(14) 516 -484  - 7 3  4.0 0.98 
H(15) 557 -136  - 9 9  3.9 1.00 
H(16) 510 104 36 3"8 0-98 
H(17) 416 18 184 3 "4 1 "00 

flexions. At this stage the maximum shifts in the atomic 
coordinates were less than 0"5aa~. No hydrogen param- 
eters were refined. The atomic parameters for the non- 
hydrogen atoms are given in Table 2 and the hydrogen 

Table  4. Observed and calculated 
structure factors ( × 1 O) 

Reflexions indicated by an asterisk have an intensity less than 
the threshold value for an observed reflexion. 

t';o)t ~;~d 

';,.,:i, .,;) 

,*;:tl %.,! 

t! !11 ii 

1 , .  11 t .  '." 

i[ !!i !!~ 
10(.L)~ t . t ,~ 

,i !i? 
16 .  '8 t"  "; 

, , .  q ~. ,o 

'-~;{ 
FA t~l 

""  

Table  5. Bond lengths (~) and angles (°) with their e.s.d.' s 
in parentheses 

Si - - -O(2)  1.662 (4) 
S i - - -O(8)  1.652 (5) 
S i - - -O(9)  1.656 (4) 
S i - - - N  2.156 (4) 
S i - - -C(12)  1.908 (5) 
O(2)--C(3) 1-442 (7) 
O(8)--C(7) 1.425 (8) 
O(9)--C(10) 1.403 (7) 
C(3)--C(4) 1.458 (7) 
C(6)--C(7) 1.499 (8) 

About the N-Si-C(12) axis 
O(2)-Si-O(8) 117.91 (29) 
O(2)-Si-O(9) 118.92 (30) 
O(8)-Si-O(9) 119.08 (29) 

With the N-Si-C(12) axis 
N----Si-C(12) 177.04 (29) 
N --Si-O(2) 82.45 (26) 
N- - -S i -O(8 )  84.08 (25) 
N----Si-O(9) 83.17 (26) 
C(12)-Si-O(2) 94.85 (30) 

C(10)-C(I 1) 1.504 (7) 
N----C(4) 1-471 (7) 
N . . . .  C(6) 1-448 (7) 
N . . . .  C(11) 1.487 (7) 
C( 12)-C(13) 1.400 (7) 
C(I 3)-C(14) 1.386 (7) 
C(14)-C(16) 1.400 (7) 
C(15)-C(16) 1.385 (7) 
C(I 6)-C(17) 1.383 (7) 
C(I 7)-C(12) 1-401 (6) 

C(4)-N-C(6) 115-11 (70) 
C(4)-N-C(11) 113.48 (61) 
C(6)-N-C(I 1) 112.14 (62) 

C(12)-Si-O(8) 98.30 (30) 
C(12)-Si-O(9) 97-13 (30) 
C(4)--N-Si 104.94 (48) 
C(6)--N-Si 105"31 (49) 
C(11)-N-Si 104-63 (44) 
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In ethoxy bridges 
Si O(2)--C(3) 
Si---O(8)--C(7) 
Si 0(9)--C(10) 
0(2)--C(3)--C(4) 
0(8)--C(7)--C(6) 

In the phenyl group 
Si---C(I2)-C(13) 
C(13)-C(14)-C(15) 
C(15)-C(16)-C(17) 
C(17)-C(I 2)-C(13) 

Table 5 (cont.) 

122.99 ( 4 8 )  O(9)--C(10)-C(11) 109.80 (66) 
122'13 ( 5 2 )  C(3)--C(4)--N 107"37 (70) 
123"36 ( 5 0 )  C(7)--C(6)--N 108.12 (74) 
109.42 ( 6 5 )  C(10)-C(11)-N 105.89 (74) 
110.78 (74) 

122.64 (53) 
119.09 (77) 
120.98 (77) 
116.13 (65) 

C(12)-C(13)-C(14) 123"08 (70) 
C(14)-C(15)-C(16) 118.98 (79) 
C(16)-C(17)-C(12) 121.66 (70) 
C(I 7)-C(12)-Si i 20.89 (54) 

C(6) 

o(8) c.3~; 

o(2) 

C(11) ~ coo) 

%(9) Si 

C ( 1 6 ) k ~ ~ ~ C ( 1 4 )  

C(15) 
Fig. 1. ORTEP diagram of the title compound. 

C(3) 
C(3) (~)~\ 

__/~ %."o~L 

Fig. 2. The fl and the e structures viewed down the N-Si axis. 

atomic coordinates and isotropic thermal parameters 
in Table 3. Scattering factors were taken from Interna- 
tional Tables for  X-ray Crystallography (5962). Fo and 
Fc values are listed in Table 4. 

Discussion 

The bond lengths and angles are given in Table 5. Fig. 1 
shows the ORTEP diagram of the molecule. 

The molecular geometry is a distorted trigonal bi- 
pyramid similar to that in the 0c form (Turley & Boer, 
1968). The length of the transannular Si-<--N dative 
bond [2-156 (4)A,] is shorter by 0.037 A, than that 
found in the ~ form, but substantially longer than in 
the m-nitrophenyl derivative [2.156 (8)A,, Turley & 
Boer, 1969]. C(12) of the other apical 5igand (the 
phenyl group) is 1.908 (5) A from the silicon, which is 
the same as in the m-nitropheny5 compound [5.904 (9) 
/k] and somewhat longer than in the ~ form [5.882 (6) 
A,]. The N-Si-C(12) angle is 177.0 °, the average 
N-S i -O  angle is 83.3 °, and the average C(12)-Si-O 
angle is 96"8 °. The O-Si -O angles show approximate 
threefold symmetry about the Si-N bond axis with a 
mean of 1 ! 8.6 °. The plane of the three oxygen atoms is 
0-195 A, above the silicon, towards the nitrogen atom. 
This is shorter by ca 0.01 A, than in the ~ form. The bond 
lengths and angles for the oxygen atoms seem to be 
affected by the asymmetric position of the pheny5 
group (Fig. 2). The aliphatic C-C distances are 
shorter (mean 1.487 A,) than the theoretical value 
(1.54 ,~) of the C(sp3)-C(~p 3) single bond. It is note- 
worthy that in the c~ form the three carbon atoms linked 
to the nitrogen are disordered and two kinds of C-C 
bond length are reported with average values 1.451 /~ 

Table 6. Equations o f  planes with respect to the crystallographic axes 

x, Y and Z are in A,. 
Atoms forming 
the plane 

O(2), O(8), 0(9) 
C(4), C(6), C(I 1) 
C(3), C(7), C(10) 
Atoms of the 
phenyl group 

Normal distance of 
atoms not forming 
the plane (A,) 

Si -0"195 
N -0.379 

Mean deviation of 
the phenyl group 
atoms from the 
plane is 0.01 

Equation of the plane 

-0.7512X-O.2129 Y+O.6248Z= - 1.2961 
-0.7616X-O.2166Y+O.6107Z= 0-9585 
-0.7484X-O.2254Y+O.6238Z= 0.0140 

0.7759X-O.1734Y+O.6066Z= 6.3650 
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[for C(l')-C(1), C(2")-C(2) and C(Y')-C(3)] and 
1.545 A [for C(2')-C(2), C(Y)-C(3) and C( I ")-C(1)]. 
Other bond lengths and angles are comparable to the 
values found in the a modification. 

The planes formed by C(3), C(7), C(10) and by 
C(4), C(6), C(I1) are inclined to the plane of the 
oxygens by 1.02 and 0.73 ° , respectively. The angle 
between the plane of the phenyl group and that of 
the oxygen atoms is 99.6 °. The phenyl group is planar 
within experimental error. The equations of the planes 
are listed in Table 6. 

The average C-C bond length in the phenyl ring is 
1.393 A, which agrees with that in crystalline benzene 
(Cox, Cruickshank & Smith, 1958). An unusual C-C-C 
angle of 116"1 ° is found at C(12), as in the ~ form 
(115"9°). 

The ~ and fl structures are shown in Fig. 2 viewed 
down the N-Si axis. In the title compound each carbon 
atom ~ to the nitrogen [namely C(4), C(6) and C(I 1)] 
is bent out of the plane formed by the N, Si and the 
proper O and C atoms, in accordance with the rule 
assumed by Boer & Turley (1969) for similar structures 
containing short (2.1-2.2/~) dative Si +- N bonds. 

We thank Dr K. Sasv~iri and Dr A. K~ilm~in for 
stimulating discussions and Mr Cs. Kert6sz for help with 
the data collection. 
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The crystal structure of the title compound has been solved by direct methods and refined by full- 
matrix least-squares calculations to R=0.061 for 1696 independent reflexions. The monoclinic unit 
cell, space group P21/e, with a= 16.993 (8), b=7.794 (5), e= 14.807 (7) A, t =  112.1 (2) °, contains four 
molecules. The cobalt atom is tetrahedrally bound to two bromine atoms and the nitrogen atoms of 
the substituted thiazoles. The overall molecular symmetry is approximately twofold and the hydroxy- 
ethyl side chains have similar atomic environments. All but one of the hydrogen atoms have been 
located in difference syntheses. Short S . . .O  and Br . . .O contacts are observed, the latter indicating 
O-H. . .  Br hydrogen bonding. 

Introduction 

The reaction between transition metal halides and 
organic molecules containing the thiazole entity pro- 
duces both ionic structures and organometallic com- 
plexes. Compounds of the former class have recently 
been studied by X-ray diffraction. Among these are 
3-(2-diethylammoniumethoxy)-l,2-benzisothiazole tet- 
rachlorocobaltate (Bonamartini, Nardelli & Palmieri, 

1972), the corresponding Cu compound (Bonamartini, 
Nardelli, Palmieri & Pelizzi, 1971) and more recently, 
(protonated thiamine) 2 +(CuC14) z- (Caira, Fazakerley, 
Linder & Nassimbeni, 1973). In the structure reported 
here, there is direct bonding between the metal atom 
and the thiazole ligand. Much enzymic activity depends 
on transition-metal-thiazole interaction and it is there- 
fore of interest to establish the binding site in this hetero- 
cyclic system. In addition the ligand 5-(2-hydroxy- 


