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Crystal Structures of Octaphenylcyclotetraphosphazene and Octaphenyl- 
cycl otet ra -a rsazene 
By Michael J. Begley, D. Bryan Sowerby," and R.  Jonathan Tillott, Department of Chemistry, University 

The crystal structures of octaphenylcyclotetraphosphazene ( PhaP,N4) (I) and of the arsenic analogue (Ph,As4N4) 
(11) have been determined from diffractometer data by Patterson and Fourier methods and refined by least squares 
to R 0.046 [(I) ,  1000 observed reflexions] and 0.058 (11). 588 observed reflexions] respectively. The com- 
pounds are isostructural and have S4 molecular symmetry with the ring conformation intermediate between the 
ideal boat (S,) and the ideal saddle (D2d)  forms. The ring bonds for both compounds are equal and in each case 
the ring angle a t  nitrogen is  small. The value for (11) (121.4") i s  particularly low and may indicate a smaller 
degree of arsenic 4d orbital participation in the bonding than 3d orbital participation in (I). Crystals of both 
compounds are tetragonal, space group P32,c.Z = 2 with unit cell dimensions: (I) a = 14.688(2), c = 9.755(2) 
A:  (11) a = 14.977(3), c = 9-708(3) 8. 

of Nottingham, Nottingham NG7 2RD 

SINGLE-CRYSTAL X-ray structures of a number of homo- 
geneously substituted tetraphosphazenes, P4N4X,, can 
be rationalized by relating the resulting ring conform- 
ation to the electronic requirements of the exocyclic 
groups, X. The influence of steric factors is not readily 
apparent in such compounds but their importance is 
shown by the results of structure determinations on 
non-geminally tetra-substituted compounds, P4N4X4Y4, 
where i t  appears that steric requirements can influence 
the resulting ring conformation to an extent comparable 
to that observed for electronic effects. The effect is 
shown in the structures adopted by two non-geminal 
isomers of composition P4N,F4,(NMe2), 1, and particu- 
larly in the distorted ' crown conformation adopted 
by the ring in the cis-non geminal-P4N4Ph4C1, i ~ o m e r . ~  
The structure of the octaphenyl compound, P4N4Ph, (I) 
is of interest in this connection, and the structure has 
been determined. The analogous arsenic compound is 
known but since preliminary X-ray da ta4  seemed to  
indicate different As-N bond lengths, which is un- 
expected, a re-examination of the structure was con- 
sidered desirable. 

EXPERIMENTAL 
Preparation of P,N,Ph,.-Iniinobis(aminodipheny1phos- 

phorus) chloride (Ph,PNH,),NCI (3-0 g) was heated at 
250 "C for 2 h and extracted with hot benzene to separate 
the phosphazene from ammonium chloride. On cooling 
white needles of P4N4Ph, were obtained (1.9 g, 75%), m.p. 
324 "C (lit.,5 326-328 "C) (Found: C, 71.7; H, 4.9; N, 
6.8. Calc. for P,N,C,,H,,: C, 72.4; H, 5.1; N, 7.0%). 

Chlorodiphenyl- 
arsine, obtained by redistribution of a mixture of triphenyl- 
arsine and arsenic trichloride, was chlorinated a t  -78 "C in 
dichlorornethane solution giving Ph,AsCI, which was 
recrystallizcd from toluene, m.p. 173 "C (lit.,6 172 'C). 
Dried (sodium) ammonia gas (1.16 g, 68.1 mmol) was 
passed into a solution of Ph,AsCI, (5.71 g, 17.0 mmol) in 
chloroform (100 ml) a t  20 "C, and the solution filtered to 
remove precipitated ammonium chloride (2.73 g, 50.5 
mmol). After evaporation of the chloroform the residue 
was recrystallized from toluene giving As,N,Ph,, m.p. 
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Prepavatzon of As,N,Ph,.-kfethod (i) . 

319-320 "C (lit.,' 316-317 "C) (Found: C, 58.9; H, 4.8; 
N, 5.0. Calc. for As4N4C4,H4,: C, 59.2; H, 4.1;  N, 5.8y0).  

Ph,AsCl, (7.1 g, 21.0 mmol) in dichloro- 
methane (100 ml) was added dropwise to a large excess of 
liquid ammonia at -78 "C and stirred for 3 h. When the 
solution was set aside the ammonia evaporated. Am- 
monium chloride was filtered off, the dichloromethane was 
removed, and the residue recrystallized from toluene (yield 
3.2 g, 62%). A small quantity (0.3 g) of the trimer, 
As3N3Ph, (m.p. 155-156 "C, lit.,6 155-157 "C) was also 
obtained from the mother liquor. 

1.r. spectra of both arsenic compounds show a strong 
band a t  940 cm-1 attributed to As-N-As ring vibrations.6, 

Method (ii). 

Crystal Structure of (I) (P,N,Ph,) 
Crystal Data.-C4,H4,~,P,, M = 796.5,0 Tetragonal, a = 

1.256 g ml-l, F(000) = 832, space group P42,c from 
systematic absences: h00 ( h  = 2n + l )o  and hhl ( E  == 

2% + 1). Mo-K, radiation, h = 0.7107 A; p(Mo-K,) = 

0.76 cm-I. Crystal size ca. 0-6 X 0.3 x 0.3 mm. 
Unit-cell parameters were determined initially from 

oscillation and Weissenberg photographs, and later refined 
on a Hilger and Watts four-circle diffractometcr by use of 
monochromatic Mo-K, radiation. Intensities mere cor- 
rected for Lorentz and polarization effects but not for 
absorption or secondary extinction. 

A total of 3371 reflexions in the range 0" < 8 < 30" was 
measured but, on account of the space group, all reflexions 
are duplicated (hkl EZ khl). Intensities of such pairs of 
reflexions were averaged and in each case that with the 
larger h value was removed from the file. This now con- 
tained 1739 reflexions of which 1000 having I > 3 4 1 )  were 
considered observed. Data reduction and subsequent 
calculations used the X-ray '70 programs; atomic 
scattering factors were taken from ref. S(b) .  

The asymmetric unit consists of one quarter of a molecule 
and the position of the phosphorus atom was readily 
deduced from a three-dimensional Patterson map. After a 
structure-factor calculation a three-dimensional Fourier 
synthesis phased on this atom revealed the positions of the 
nitrogen and twelve carbon atoms. Because a t  this stage 
the phosphorus atom occupies a special position the 

I. I. Bezman and J. H. Smalley, Chem. and Ind., 1960, 839. 
H. H. Sisler and C. Stratton, Inorg. Chern., 1966, 5, 2003. 

(a) ' X-Ray '67,' eds. J. M. Stewart, F. A. Kindell, and J. C. 
Baldwm, University of Maryland Technical Report TR 67-58, 
1967, revised 1970; (b)  ' International Tables for X-Ray Crystal- 
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Fourier map also contains peaks associated with a centro- 
symmetrically related Ph,PN unit. Four cycles of full- 
matrix least-squares refinement with isotropic temperature 
factors reduced I? to 0.126 and with anisotropic tem- 
perature factors R converged a t  0.074 after four more 

TABLE 1 
Fractional co-ordinates ( x lo4), with estimated standard 

deviations in parentheses, for non-hydrogen atoms in 
(1) 

PP) 
N(1) 
C(1) 
C ( 2 )  
(73)  
C(4) 
C(5) 
(76) 
C(11) 
C(l2) 
C(13) 
CP4)  
(715) 
C(16) 

ZlC xin Y lb 
- 29(0) 1346( 1) 299( 1) 

-919(2) 769(2) 603 (3) 
386(2) 1 697 ( 2 )  1 962 ( 4) 

1165(3) 2228(3) 2050( 6) 
1506 (4) 2474(3) 3325(7) 
1097(3) 2202(3) 4499(6) 
320(3) 1678( 3) 4425(5) 

- 1052(3) 2905(3) - 5 5 ( 6 )  

- 16(3) 1 4 2 3 ( 2) 3164( 4) 
-337(2) 2393(2) - 564(4) 

- 1299(4) 3704(4) -716(9) 
- 862(5) 3975 (4) - 1869(8) 
-170(5) 347 3 (4) - 2377(6) 

97(3) 2670 (3) - 1727(5) 

cycles of refinement. A weighting scheme: 2w = (1 -5 
[(F,, - 7.0)/10-1]2)-1 was introduced ancl four further cycles 
of least-squares refinement reducccl R to 0.065. Modific- 

with the tcii hydrogen atoms included with isotropic 
temperature factors, final convergence was achieved with 
R 0.046. 

Crystal Structure of (11) (-4s,N,Ph,) 
C~ystnZ Data.-C,,H,,As,N,, nil = 972-2, Tetragonal, 

D, = 1.482 g nil-1, F(000) = 976. Space group P42,c from 
systematic absences: h00 (It = 2n +- 1) and IzhZ (I = 
3n + 1). Mo-KU radiation, ~ ( M o - K , )  = 3.00 cn1-l. A 
crystal, dimensions ca. 0.6 x 0-25 x 0-25 mm, was sealed 
in a silica capillary. 

Oscillation and Weissenberg photographs clearly indicated 
tha t  (I) and (11) were isostructural. Intensities were 
nieasured initially for 2217 reflexions but after averaging 
the I i K Z  ancl kJiZ rcflesions a total of 1101 remained, of which 
588 having I > 2.541)  were considered obscrved. The 
position of the arsenic atom was obtained from a Patterson 
map and subsequcnt solution of the structure was as 
described for (I). The R valuc converged a t  0.103 after 
four cycles of full-matrix least-squares refinement with 
isotropic temperature factors ancl at 0.058 after six further 
cycles of refinement with anisotropic temperature factors. 
A final difference Fourier showed no peaks >0.4 eA-3 but 
a number of positions could probably be associated with 
hydrogen atoms. The data-to-parameter ratio, however, 

cc = 14.977(3), c = 9*708(3) A, U = 2177.6 A3, 2 = 2, 

TABLE 3 
Anisotropic thermal parameters ( x l O d ) ,  with estimatcd standard deviations in parenthcscs, for non-hydrogen atoms in (I) 

c, 1 
546(4) 
603(12) 
6 18 ( 16) 
9 7 2 ( 29) 

1 1 3 8 ( 34) 
1042(31) 

711(18) 
638(16) 

1045 (29) 
1387(47) 
1690( 57) 
16 73 (55) 
985(27) 

95 2 ( 2 7) 

u22 
497(4) 

002(29) 

629(13) 
538( 15) 

124(34) 
8 SO( 26) 
954(27) 
792(19) 
580( 16) 
821(24) 

865(3 1 ) 
935(33) 

u23 
831(5) 
843( 18) 
869(22) 
042(33) 
257(45) 
134 (38) 
364(31) 
883(21) 
941(25) 
346( 45) 

564152) 
754(54) 

u12 

2(4) 
- 25( 12) 
-53(14) 
- 364(25) 
- 5 1 1 (30) 
- 83(25) 
- 16(23) 
-- 48 (25) 

15(14) 
326( 23) 

407 [ 35) 
5 3 6 ( 30) 

U l ,  
29(5) 
57( 14) 

-9(17) 
-93(25) 

--317(35) 
- 301(30) 

--73(23) 
- 101(27) 
- l7(18) 

76(31) 

- 3%(51) 
- 122(47) 

u23 

O(3) 
128( 14) 

87(25) 
- 12( 16) 

95(34) 
-- 7(27) 

- 39( 19) 
48(24) 

yw 
-3 (28) 

14(39) 
277f37) 

i i :+~j  450(45j 328(39j 90(48j 530(35j 
847(34) 1 1 30 ( 3 1) 1 62 ( 2 2 )  104 ( 3 2) 2 5 3 ( 24) 

ation of the data by removal of a small number of reflexions 
which had low net counts (as a result of low background 
counts) and two cycles of refinement gave H 0.059. A 

TABLE 3 
Fractional co-ordinates of hydrogen atoms ( x lo3) and 

isotropic thermal parameters ( x 1 03), with estimated 
standard deviations in parentheses, for (I) 

xja 
148(4) 
204(4) 
133(4) 

lO(4) 
-58(3) 
- 128(3) 
- 174(5) 
- 102(5) 

21(5) 
61(3) 

Ylb  
236(4) 
290(5) 
238(4) 
149(4) 
105(3) 

406(5) 

368(5) 

276(3) 

457(5) 

244(3) 

Z l C  

644( 7) 

309(6) 
97(6) 

- 37( 7) 

- 320( 8)  

128(7) 
340(7) 

518(5) 

- 24( 7) 

- 194(4) 

UjA? 
110( 17) 
148( 22) 
130(22) 
106( 19) 

92(17) 
148( 25) 
170(33) 
liO(26) 
71(12) 

99( 16) 

difference Fourier then rcvealect possible positions for thc 
hydrogen atoms and, after four further cycles of refinement 

* See Notice to  Authors No. 7 in J.C.S. Dalton, 1973, Index 
issue (items less than 10 pp. arc supplied as full-size copies). 

was considered too low to allow inclusion of the hydrogen 
atoms in thc final refinement. 

Observed and calculated structure factors for both 
compounds are listed in Supplementary Publication No. 
SUP 211116 (6 pp., 1 microfiche).* Final atomic co- 

TABLE 4 
Fractional co-ordinates ( x lo3), with estimated standard 

deviations in parentliescs, for non-hydrogen atoms in 

xja YP c/c  

As( 1) --:3(0) 139(0) 34(0) 
N(1) - 97( 1) 76( 1) 77(1) 

171(1) 210(3) 44(1) 
119(2) 

C(1) 
C(2) 
C(3) 
(74) 
C(5) 36(2) 

7(2) C(6) 
C(11) 
C(12) 

C(  14) - 90( 3) 40(3) 

(11) 

Y29(2)  216(3) 
153(2) 247 (2) 341(4) 
116(2) 321(2) 460(4) 

168(2) 460(3) 
142(2) 331(2) 
347 (2) -56(3) - 38( 1) 

- 109(2) "33 (2) 3(4) 
C (  13) -- 142(3) 371(3) - 24(? 

-- 118(6) 
- 221 (4) 

(716) 4(3) 376(2) - 169(3) 
C( 15) - 18(3) 360(2) 
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TABLE 5 

Anisotropic tlicrmal parameters a ( i< lo"), with estimated standard deviations in parentheses, for non-hydrogen atoms in (11) 
UII u22 u33 u12 LT12 u2, 

- 2 ( 3 )  - 2(1) 
l l ( 1 1 )  -11(11) 

86(1) 

61( 14) 61(15) 134(22) - 25( 1 1) 12( 16) 7(15) 
124( 25) 135(28) 110(28) - 66(22) 7 (20) 

4(1) 
10( 10) 83( 14) 

60(1) 
69( 11) 

As( 1) 64(1) 
N(1)  
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
(36) 
C(11) 
C(12) 

C(14) 

85(13) 

- 7(22) 
-24(27) lOl(24) 136(28) 13 1 (30) - 19(20) - l l ( 2 4 )  

106(27) 123 (24) 1 16 (24) 48( 20) - 78( 22) - 30(25) 
105(24) 90( 19) 128 (22) 15(13) - 20(21) - 8(20) 

78(18) 120(20) 81(13) -45(20) 64(21) - 12(15) 
77(14) 71(15) 117(21) 21(12) -1(17) -32(18) 

C( 13) 143 (37) 148 (3 7) 188(44) 82(28) --5(31) - 18(32) 
73( 15) 79(16) 197(36) 24(13) - 64(21) - 19(2l )  

161 (51) 120(35) 264(70) 17(28) - 73(46) 5(41) 
178(42) 145(30) 128(27) 40(31) 73 (33) 55(23) 
129(26) 115( 22) 131 (22) -49(29) 26140) 24( 19) 

Sce footnote to  Table 2 .  

ordinates a n t i  tlicrmal parameters for the licsvier atonis in 
(I) are listed in Tables 1 ancl 2,  and for the hydrogen atoms 
in Table 3. Atomic co-ordinates and anisotropic therinal 
parameters for the arsenic compound are listed in Tables 4 
and 5 .  The numbering of the atoms is shown in Figure 1. 

~ I G U R E  1 I'hc nunibcring of atoms [(l) 11 - 1', (11) JI = As] 

RESULTS Axil) DISCUSSION 
Bond distances and angles are summarized in Tables 6 

(I) and 7 (TI), and Figure 2 shows the ring conformation 
and orientation of the phenyl groups. 

Although the molecule has overall S, 
sjmmetry, the ring conformation is intermediate between 
the ideal boat (S,) and the ideal saddle (D24 forms. 
The deviations toward the latter can be assessed by the 
magnitude of AP/AN, where AP is the displacement of 
the phosphorus atoms and AN of the nitrogen 
atoms from the mean ring plane.s The value here is 
0.292/0-593, i.e. 0.49, and should be compared with 
values of 0.75 for the I<-form of P,N,Cl, (closer to S,  
sjmnietrj.) and 0.35 for P,N,(NMe,), (closer to Dsd 
sjmmetry) . Deviation from perfect D 2 d  symmetry can 
also l x  shown by the dihcdral angles of the ring bonds 
P(1)-N(1) 25.9, ancl X(l)-P(2) 22.0". The ring con- 
forniation is in fact very similar to that of Y,N,Me,.1° 

The ring angles are 119.8 at  phosphorus ,and 127.8" at  

Conzpozuzd (I). 

S. I;. Paddock, Q z m f .  Hec., 1964, 18, 168. 
lo Itl. 1%'. Dougill, .I. Chctn. Soc., 1961, 5471. 
l 1  1 1 .  R. :\llcock, C' / /PW.  R c L ~ . ,  1072, 72, 315. 

nitrogen, the latter being significantly smaller than for 
other tetrameric phosphonitriles.ll The P-N bonds are 
equal (1.590 A) and slightly shorter than the mean 
(1-597 A) in the analogous trinieric compound.12 Sur- 
prisingly, the octaniethyl compound, to which (I) bears 
a strong similarity, has a P-ICT bond distance of 1-60 A, 
while the angle at nitrogen is 132.0" ; the inter-relation- 
ship between the P-N bond length, the ring angle at 
nitrogen, and the electronegativity of the substituent at 
phospliorus is thus more complex than expected. 

The P-C bonds are equal and slightly longer than in 
the trimer. The equations for the mean planes (in ortho- 
gonal Angstrom space) through the two phenyl groups 
are : 

C(1)-6) : -0.566~' + 0.824~'  + 0.0132' -= 1.701 

0.648.~' + 0.519~)' + 0.5572' : 1.192 C(ll)-(16): 

and the maximum deviation of an)' atom from the 
respective plane is 0.01 A. The C-C bonds vary hetween 

FIGURE 2 The ring conformation [(I) Ji = I', (11) M = As] 

1.34 and 1-39 A (mean 1-37 A) while the C-C-C angles 
range between 118.0 and 121.9" (mean 120.0"). The 
mean C-I-I bond distance is 0.97 A. 

The P-C bonds are not orientated symmetricall!- with 
respect to the local P-N segment and the angle between 
the C(l),P(l) ,C(ll)  plane and the N(l),P(l) ,N(4) plane 
is 86.3". Following from this there are also two sets of 

B25, 316. 
12 I;. I<. Ahmccl, P. Singh, and If-. H. Barnes, Actn Cvysf.,  1969, 
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N-P-C angles (ca. 111 and 105"). The dihedral angles 
between the two phenyl groups and the mean ring plane 
are 89.2 and 56.1" respectively for C(1)-(6) and C(l1)-  
(16), but with respect to the plane of the local N-P-N 
segment the rings are symmetrically oriented with 
dihedral angles of 56.4 and 56.7" respectively. The 
planes of the two phenyl groups are almost normal to 
each other (dihedral angle 869"), thus ensuring minimum 
intramolecular interactions as, following the symmetry 
of the molecule, the relative orientations of the phenyl 
groups will be reversed at adjacent phosphorus atoms. 
Similar arrangements in the Ph,P group are found in 
P,N,Ph, l2 and in the geminal di- l3 and tetra-chloride~,~~ 
but in the trimeric diphenyl tetrafluoride l5 the groups 
are eclipsed. 

Compound (11) .-Although there are considerably less 
reflexions for the arsenic compound, it is clearly iso- 
structural with the phosphorus compound, thus con- 
firming the overall structure suggested previ~usly.~ In 
the present investigation however, the data-to-para- 
meter ratio is much more favourable and it has been 
possible to refine the structure further. 

The deviations of the arsenic and nitrogen atoms from 
the mean ring plane are 0-334 and 0.750 A, giving 
AAs/AN 0445, and the overall ring conformation is 
almost identical to that already discussed for (I). This 
is confirmed by the dihedral angles of the As(1)-N(l) 
(28.4") and N( 1)-As(2) (27.9") bonds. However, unlike 
results from the earlier determination, the two inde- 
pendent As-N distances are equal within experimental 
error (mean 1.73 A) and shorter than the single-bond 
distance (1.87 A).16 Paralleling the situation in the 
phosphorus series, the ring bonds in the tetramer are 
shorter than those in the corresponding trimeric com- 
pound (1.76 A) .16 

The orientation of the phenyl groups is similar to 
that in (I) and there are again two sets of N-As-C 
angles; the As-C distances are as expected. The 
phenyl groups are planar, no atom deviating by >0.07 A 
from the respective plane. 

Although the structures of (I) and (11) are closely 
similar, there are details which are significantly different. 
The most important of these is the smallness (121.4") 
in (11) of the angle at the ring nitrogen atoms, indicating 
that hybridization is very close to sp2. The nitrogen 
lone-pair is thus more completely localized than in (11) 
and any in-plane (xs) component to the As-N bond will 
be very small. However, no other firm conclusions can 
be drawn about the nature of the As-N bond, until 
there are structure determinations of other cyclo- 
arsazenes, particularly those with more highly electro- 
negative substituents. In general terms, some degree 
of x bonding is required by valence considerations and 

13 N. V. Mani, F. R. -4hmed, and W. H. Barnes, Acta C~yst . ,  

l4 N. V. Mani, F. R. Ahmed, and  W. H. Barnes, Acta  C~yst . ,  
1966, 21, 375. 

1965, 19, 693. 

4d orbital participation is to be expected. The general 
diffuseness of these orbitals is likely to make n inter- 
action with nitrogen p ,  orbitals less efficient than when 
phosphorus 3d orbitals are involved, and bond shorten- 
ing over the single-bond distance for the arsenic com- 
pound will probably be comparatively small. 

TABLE 6 
Bond distances (A) * and angles (") for 

P( 1)-N( 1) 1*586( 3) N( 1)-P( l)-C( 1) 
1 -594( 3) 

p( 1)-N(4) 1.809 (4) N(4)-P( 1)-C( 1) 
1 * 8 10( 3) 

N (  1)-P( 1)-N(4) 119*9( 1) 
P(l)-N(l)-P(2) 127*9(2) 

N(  1)-P( 1)-C(11) 

N (4)-P( 1)-C( 1 1) 
C( 1)--P( 1)-C( 11) 

C( 1 1)-C( 12) 

[ ; '1) 
1 - 3 8 7 (6) 
1*388(8) 
1 * 353 ( 8) 
1.38 1 ( 7) 
1 *37 6 (6) 
1 *373( 5) 

C ( 1 2)-C (1 3) 
C( 13)-C( 14) 
C ( 14)-C( 15) 
C( 15)-C( 16) 
C( 16)-C( 1) 

c ( 1 )-C( 2) 
c (2)-C (3) 
C(3k-C (4) 
C(4)-C(5) 
C(5)-C(6) 
C(6)-C(1) 

(1) 
105.3 (2) 
109.6(2) 

105- 1 (2) 
105*1(2) 

1 1 O.O( 2) 

1*384( 6) 
1 *3  8 7 (8) 
1*365( 11) 
1.351 (10) 
1-394( 8 )  
1 - 3 64( 6) 

(Mean 1.374) 

P( 1)-C( 1)-C( 2) 11 9*6( 3) P(l)-C(ll)-C(l2) 119.0(3) 
P(l)-C(l)-C(6) 122*5(3) P( 1)-C( 1 1)-C( 16) 12 1.6( 3) 

C( 6)-C( 1)-C( 2) 1 17-8 (4) C( 16)-C( 1 1)-C( 12) 1 19*4(4) 
C( 1)-C(2)-C(3) 120.0(5) C ( 1 1)-C( 12)-C ( 1 3) 1 19*5( 5) 
C (2)-C( 3)-C( 4) 12 1*4( 5) C(12)-C(13)-C(14) 120*7(6) 
C( 3)-C( 4)-C( 5) 119.1 (5) C( 13)-C( 14)-C( 16) 120*0( 6) 
C( 4)-C (5)-C (6) 1 19.6 (5) C( 14)-C( 15)--C( 16) 120*4(6) 
C(5)-C(6)-C(l) 122.0(4) C(l5)-C(l6)-C(ll) 120*0(5) 

(Mean 120.0) 
* C-H 0-85-1.08 A. mean 0.97 A. 

TABLE 7 
Bond distances (A) and angles (") for (11) 

As( 1)-N( 1) 1-739(17) N(1)-AS(l)-C(l) 103.0(9) 
,4s ( 1)-N (4) 1-727(17) N(1)-AS(l)-C(ll) 110*9(9) 
As( 1)-C( 1) 1*907(25) N(4)-As(l)-C(l) 113*4(9) 
AS( 1)-C( 11) 1.905(25) N(C)-As(l)-C(ll) 101*9(10) 
N(  1)-AS( 1)-N (4) 1 19*9( 8) C(1)-As(1)-C(l1) 107*4(10) 
AS( 1)-N( l)-As( 2) 12 1 *4( 9) 

1*41(4) C(l1)-C(12) 1 - 39 (4) 
1 * 34( 5) C( 12)-C( 13) 1*47(5) 
1.36(5) C ( 13)-C ( 14) 1-34(7) 
1-44(4) C( 14)-C( 15) 1 *30( 7) 
1 * 39 (4) C( 15)-C( 16) 1 * 40 ( 6) 
1.38 (3) C( 16)-C( 11) 1.3 3 (4) 

C( 1)-C(2) 
C(2)-C(3) 
C( 3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 
C( 61-C ( 1) 

(Mean 1-38) 

AS( 1)-C( 1)-C(2) 
AS( 1)-C(1)-C(6) 

C ( 6)-C( 1)-C( 2) 
C( 1)-c (2)-c (3) 
C(2)-C(3)-C(4) 
c ( 3)-c (4)-C( 5) 
C (4)-C ( 5)-C ( 6) 
C(5)-C(6)-C( 1) 

119(2) 
122(2) 

119(2) 
118(3) 
124(3) 
120(3) 
115(3) 
123(3) 

AS( 1)-C( 1 1)-C( 12) 11 6( 2) 
As( 1)-C(l1)-C( 16) 122(2) 

C( 16)-C( 1 1)-C( 12) 122( 3) 
C(l  1)-C( 12)-C( 13) 116( 3) 
C(12)-C(13)-C(14) 116(4) 
C( 13)-C( 14)-C( 15) 125(4) 
C(14)-C(15)-C(16) 120(4) 
C( 15)-C( 16)-C( 11) 119( 3) 

(Mean 120) 
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