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= 74,7 Hz). 3P NMR: 6 59.88 (d, P trans to H, 2Jpp = 7.4, 1Jpp,
= 1722 Hz), 60.60 (d, P trans to carbene, %Jpp = 7.4, LJpp, = 2236
Hz). IR (Nujol): »(PtH) 2028 {s) cm™; »(C=N) 1552 (s) cm™;
»(NH) 3297 (m) ecm™.

X-ray Structure Analysis of C;H3,N;OPPt., Colorless
transparent crystals were grown by slow diffusion of CH,Cl, into
an n-hexane solution at 0 °C. A crystal suitable for X-ray analysis
was mounted on a Lindemann capillary in air and then transferred
to a Philips PW1100 diffractometer. A summary of the data
collection is given in Table III. The £h,+k,+I reflections were
collected. The intensity data were corrected for Lorentz-po-
larization effects and for absorption on the basis of ¥ scans of
four Bragg reflections by following the method of North et al.®
The 4157 observed reflections with I = 3¢(I) were used for the
structure solution (Patterson and Fourier methods) and refine-
ment. The hydrogen atom positions were derived from difference
maps, except those of the CH; group, which were introduced at
calculated positions and were allowed to ride on associated carbon
atoms during the least-squares refinement (dc_y = 1.08 A and U,
= 0.07 A2). The non-hydrogen atoms were refined anisotropically,
while the hydrogen atoms were refined isotropically. Final R
values were R = 0.022 and R,, = 0.022. The largest peak in the
final difference map (0.5 e/Xa) was located near the Pt atom
position. All calculations were done by using the SHELX 767
program package with the atomic scattering factors taken from
ref 38.

(36) North, A. C. T,; Phillips, D. C.; Matheus, F. S. Acta Crystallogr.
1968, A24, 351.

(37) Sheldrick, C. M. SHELX 76, Program for Crystal Structure De-
termination; University of Cambridge, Cambridge, England, 1976.

(38) International Tables for X-ray Crystallography; Kynoch Press:
Birmingham, England, 1975; Vol. 4.
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The syntheses and X-ray crystal structures of the new bicyclo compounds [ArPAs],, 1, and [ArPSb],,
2 (Ar = 2,4,6-(¢t-Bu)3CgH,) are reported. Both 1 and 2 represent the first well-characterized examples of
their type to be described. They are analogues of the bicyclotetraphosphanes [P {N(SiMej;)ols], 3, and [P,Ary],
4, which were recently reported. The P,As, compound 1 adopts a structure similar to those of 3 and 4
with the aryl groups in the exo—exo orientation. In addition the bridgehead As—As bond is somewhat short
averaging 2.383 (1) A. In sharp contrast the P,Sb, compound 2 adopts the exo,endo configuration with
a significantly larger fold angle of 103.2° than those in 1, 3, and 4, which average near 95°. The bridgehead
Sh-Sb bond length is 2.723 (1) A and is also significantly shorter than the sum of the covalent radii for
antimony. Crystal data with Mo Ko (A = 0.71069 A) radiation at 130 K are as follows: 1, a = 20.777 (5)
A, b=16.024(2) A, c =25.958 (4) A, 8 = 100.20 (1)°, Z = 8, monoclinic, space group P2,/n, R, = 0.063;
2,a=10.126 (3) A, b =13.770 3) A, ¢ = 15.250 (4) A, o = 66.09 (2)°, 8 = 85.97 (2)°, v = 77.71 (2)°, Z

= 2, triclinic, space group P1, R,, = 0.041.

Intreduction
The first heavier main group 5 analogue of bicyclo-
[1.1.0]butane was reported in 1982 by Niecke and co-
workers.! This compound, [P,{N(SiMes),}s], 3, involved
the N(SiMe;), substituents in a symmetric exo,exo con-

figuration and a folded P, arrangement. Perhaps the most
interesting feature of the structure was the short P-P bond,
2.129 A, involving the bridgehead phosphorus atoms.
These structural features were later confirmed in the
compound [P,Ar,],? which also had a short P-P bond of
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t University of California.
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2.166 (2) A. Calculations by Schoeller® have provided
theoretical support of the observed P-P bond shortening
and have accounted for this phenomenon in terms of
olefinic character. The heavier analogues of these com-
pounds have received much less attention. Thus, although
the synthesis of the bicyclotetraarsane compound exo,-
exo-[As,(t-Bu),], 5, has been published,* there are no
structural data currently available.

Three isomeric forms are possible in this class of com-
pounds: the exo,exo, exo,endo, and endo,endo isomer.
Only solid-state structures of exo,exo species have been
described so far, although the exo,endo isomers have been
detected spectroscopically in the case of 3 and 4.

In this paper, the synthesis and the spectroscopic and
structural characterization of two novel bicyclic derivatives
of the heavier main group 5 elements are described. These
are the compounds exo,exo-[ArPAs),, 1, and exo,endo-
[ArPSb],, 2. The structure of 1 features a shortened
bridgehead As—As bond. The structure of 2 shows that the
molecule is in the exo,endo configuration. In addition there
are long Sb-Sb intermolecular contacts as well as a
shortened bridgehead Sb—Sb bond.

Experimental Section

All manipulations were carried out under an N, or Ar atmo-
sphere by using standard Schlenk techniques. All solvents were
distilled from drying agents and degassed three times prior to
use. Cp*H,5 Cp*AsCl,,S Cp*SbCl,,” ArPH,,2 ArP(SiMe;)Li,? and
ArP=AsCp* 1 were synthesized according to literature procedures
(Cp* refers to pentamethylcyclopentadienyl, Me;Cs). NMR data
were recorded on a Bruker AM 300 spectrometer.

[ArPAs], (1). A solution of 2.14 g (4.40 mmol) of ArP=AsCp*
in 150 mL of n-hexane was irradiated (Hg high-pressure lamp,
Hanau/a TQ 150) for 2 h under stirring, which was continued
for 4 h.'t  All volatiles were removed under reduced pressure.
Addition of a 1:1 mixture of benzene and toluene (13 mL) to the
residue and filtration followed by cooling in a refrigerator (-30
°C) gave pale-yellow crystals of the product 1: yield 214 mg, 14%;
mp 185 °C. Anal. Calcd for CyHgeAs, P, (702.6): C, 61.54; H,
8.32. Found: C, 60.75; H, 8.21. 3P NMR (CgD¢) 6 -98.4; 'H NMR
(C¢Dg) 6 1.15 (s, 9 H, p-t-Bu), 1.73 (s, 18 H, 0-t-Bu), 7.51 (s br,
2 H, CH arom); 3C NMR (C¢Dg) 6 31.2, 34.4, 35.3, 39.5 (CMey),
123.0, 148.7, 155.9 (C arom); MS 703 (M*, 7.3%).

[ArPSb], (2). A solution of n-butyllithium in n-hexane (4.87
mL of 1.56 M solution, 7.60 mmol) was added at —78 °C to a
solution of 2,4,6-(t-Bu);CsH,PH, (2.10 g, 7.54 mmol) in 50 mL
of THF. After the reaction mixture was stirred for 1 h at -78
°C and an additional hour at room temperature, a solution of
Me,SiCl (0.97 mL, 7.64 mmol) in 3 mL of THF was added at -78
°C. Stirring was continued for another hour at this temperature.
After the reaction mixture was warmed to room temperature, the
solvent was removed in vacuo. A solution of n-butyllithium in
n-hexane (4.66 mL of a 1.56 M solution, 7.27 mmol) was added
to the residue dissolved in 50 mL of diethyl ether. After being

(2) Riedel, R.; Hausen, H. D.; Fluck, E. Angew. Chem. 1985, 97, 1050;
Angew. Chem., Int. Ed. Engl. 1985, 24, 1056. Fluck, E.; Riedel, R.;
Hausen, H. D.; Heckmann, G. Z. Anorg. Allg. Chem. 1987, 551, 85.

(3) Schoeller, W. W.; Lerch, C. Inorg. Chem. 1983, 22, 2992.

(4) Baudler, M.; Wietfeld-Haltenhoff, S. Angew. Chem. 1984, 96, 361;
Angew. Chem., Int. Ed. Engl. 1984, 23, 379.

(5) Kohl, F. X.; Jutzi, P. In Organometallic Syntheses; Eisch, J. J.,
King, R. B., Eds.; Elsevier: Amsterdam, 1986; Vol. 3.

o (6) Jutzi, P.; Saleske, H.; Nadler, D. J. Organomet. Chem. 1976, 118,
8.

(7) Saleske, H. Ph.D. Dissertation, University of Wurzburg, 1983.
Synthesized by reaction of Cp*Li with SbCl; in Et,0 at 0 °C; mp 151 °C;
'H NMR 35 2.04.

(8) Cowley, A. H,; Kilduff, J. E.; Lasch, J. G.; Mehrotra, S. K.; Nor-
man, N. C.; Pakulski, M.; Whittlesey, B. R.; Atwood, J. L.; Hunter, W.
E. Inorg. Chem. 1984, 23, 2582,

(9) Markovski, L. N.; Romanenko, V. D,; Klebanski, E. O.; Iksanowa,
S. W. Zh. Obshch. Khim. 1985, 55, 1867.

(10) Jutzi, P.; Meyer, U. J. Organomet. Chem. 1987, 326, C6.

(11) Jutzi, P.; Meyer, U. J. Organomet. Chem. 1987, 333, C18.
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Table I. Crystal Data,® Data Collection, and Structure
Refinement Parameters for 1 and 2

1 2
fOTmu]a CgeHsgASng'CsHs C%Hmeng
fw 780.77 796.31
color and habit yellow red parallelepipeds

parallelepipeds
cryst syst monoclinic triclinic
space group P2,/n Pl
a, 20.777 (5) 10.126 (3)
b, A 16.024 (2) 13.770 (3)
¢, A 25.958 (4) 15.250 (4)
«, deg 66.09 (2)
8, deg 100.20 (1) 85.97 (2)
7, deg 77.71 (2)
v, AS 8506 (3) 1899.0 (9)
VA 8

cryst dimens, mm
dcalcd7 g cm™

w(Mo Ka),® em™
range of trans fact
scan method

scan speed, deg min™!

0.15 X 0.38 X 0.48

1.22

16.7

0.56-0.80

w, 1.0° range, 1.0°
offset for bkgnd

20

2

0.25 X 0.37 X 0.50

1.39

154

0.56-0.73

w, 3.0° range, 2.0°
offset for bkgnd

60

26 range, deg 0-50 0-50
octants coll h,k,x! h,xk, %!
0. data coll 16062 6627
no. unique data 15026 [R(merge) = 6627

no. data used in refnm

no. params refined

0.012]
8354 [I > 20(N)]
911

5606 [I > 20(I)]
415

Rt® 0.070 0.036
R, 0.083 [w = 0.041 [w =
(a*(F))™] (a*(F)™]

9Data were collected at 130 K with Mo Ka radiation (A =
0.71069 A). R = T|IF| - |F,|l/|F.| and R, = T||Fof = |Follw'/?/
TiF W',

stirred for 1 h, this solution was added dropwise at ~78 °C to a
solution of Cp*SbCl, (2.27 g, 6.92 mmol) in 50 mL of n-hexane.
The orange reaction mixture was warmed to room temperature,
and the solvent removed in vacuo. The residue was dissolved in
50 mL of n-hexane. After filtration and centrifugation, crys-
tallization at —30 °C afforded 2.13 g of orange crystals of the
composition Cp*Ar(MesSiCl)PSb, mp 85 °C. The structure of
this compound is still unknown [6(3'P) -59 (s)]. A 3P NMR
spectrum of the remaining solution shows the presence of the
exo,exo isomer of 2 [6(3'P) —96 (s)] and to a smaller extent of the
exo,endo isomer [6(°'P) -17 (s), -77 (s, %Jpp unresolved)].
Crystallization at -40 °C afforded some crystals of the red exo,endo
isomer suitable for X-ray crystal structure investigation.

X-ray Crystallographic Studies. Structure Determination
and Refinement. Crystals of the title compounds were coated
with hydrocarbon oil to retard decomposition, attached to a glass
fiber with silicone grease, and mounted in the cold stream of a
Syntex P2, diffractometer equipped with a locally modified LT-1
low-temperature device. Only random fluctuations of less than
2% occurred in the intensities of two standard reflections during
the course of data collection. All computing was carried out by
using SHELXTL version 5 programs installed on a Data General
Eclipse computer. Atomic scattering factors and anomalous
dispersion corrections were from common sources.!?

The structure of the arsenic compound 1 was solved by direct
methods.!® There are two crystallographically independent
“butterfly” and benzene molecules in the asymmetric unit. One
of the tert-butyl groups of molecule 1 is disordered: there are
two sets of three methyl groups bonded to C(11) with refined
occupancies of 0.486 (7)/0.514 (7) for sets “A” and “B”, respec-
tively. Hydrogen atoms bonded to the carbon atoms were included
at calculated positions by using a riding model, with C-H of 0.96
A and Uy = 1.2U¢*. The hydrogen atoms bonded to the carbons

(12) International Tables for X-ray Crystallography; Kynoch: Bir-
mingham, England, 1976; Vol. IV.

(13) Neutral atom scattering factors and corrections for anomalous
scattering are taken from ref 12.
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Figure 1. Crystal structure of 1 (molecule 1).

of the disordered tert-butyl groups and an additional arbitrarily
chosen 15 methyl hydrogen atoms were omitted due to the
SHELXTL restriction of 200 atoms. The data were corrected for
absorption effects by use of the program xaBs.* All non-hydrogen
atoms were refined with anisotropic thermal parameters except
for those having disorder. The largest feature on a final difference
map was 0.81 e A= in height and corresponds to one of the omitted
hydrogen atoms.

The structure of the antimony derivative 2 was solved by
Patterson methods. Location of all non-hydrogen atoms and most
of the hydrogen atoms followed from successive least-squares
refinement and calculation of difference maps. An absorption
correction'* was applied. In the final cycles of refinement, hy-
drogen atoms were included by using a riding model as above,
and non-hydrogen atoms were assigned anisotropic thermal pa-
rameters. The largest feature of a final difference map was 1.2
e A3 in height., 0.9 A from Sb(1). Further details are in Table
I. Atom coordinates from 1 and 2 are given in Table II. Selected
bond distance and angles are given in Tables ITI-VI.

Structural Deseription

[ArPAs],, 1. Compound 1 exists as discrete monomeric
units. There are two crystallographically independent but
chemically identical molecules in the unit cell. A benzene
molecule was also observed for each molecule of 1. The
P,As, unit has a folded butterfly structure as illustrated
in Figure 1 with a fold angle averaging 94.6°. A trans,trans
or exo0,exo configuration is observed, in which both of the
Ar substituents are directed away from the open face of
the butterfly. The phosphorus—arsenic distances average
very near 2.35 A. The bridgehead arsenic-arsenic distance,
however, is only slightly longer with a value of 2.383 (1)
A. The sum of the angles at phosphorus averages 258°
with an angle between the P-C bond and the PAs, plane
that averages 100.6°.

[ArPSb],, 2. In contrast to 1, 2 exists in the cis,trans
or endo,exo configuration as illustrated in Figure 2. In
addition there are nonbonded contacts to other Sb atoms.
Thus, the distances between Sb(1) and the Sb(2) and Sb(1)
atoms in an adjacent molecule are 3.687 and 4.412 A, re-
spectively. The phosphorus-antimony bonds average 2.573
(2) A. The bridgehead antimony-antimony distance is
2.723 (1) A. The fold angle in the butterfly is 103.2°. The
exo Ar group P(2)~C(19) bond makes an angle of 101.6°
with the P(2)Sh(1)Sb(2) plane. The corresponding angle
for P(1) C(1) and P(1)Sbh(1)Sh(2) is 106.1°.

Discussion

Compounds 1 and 2 were synthesized in moderate (1)
and low (2) yields via the route described by

(14) Moezzi, B. Ph.D. Dissertation, University of California, Davis,
1987.
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2Cp*EICL, + 2ArP(SiMe;)Li — 2Cp*El=PH —
h (1)

1 A(2)
Cp*EIPArEICp*PAr —— [ArPEl],
1, El = As
2,El=8b

Ar = 2,4,6‘ (t-Bu)SCGHZ

Thus, reaction of pentamethylcyclopentadienyl dichloro-
arsane with lithium supermesityl(trimethylsilyl)phosphide
yields the arsaphosphene Cp*El=PAr, which on irradia-
tion is transferred in a [2 + 2] cycloaddition process to a
1,3-diphospha-2,4-diarsacyclobutane, which subsequently
reacts under homolytic As-Cp* bond cleavage to the
butterfly compound 1.1! The reaction of pentamethyl-
cyclopentadienyldichlorostibine with lithium super-
mesityl(trimethylsilyl)phosphide leads without further
irradiation to the butterfly compound 2, passing through
a complicated mixture of intermediates, which so far could
not be characterized unambiguously.

The essential feature of these synthetic routes involves
the exploration of the ready cleavage of the M—Cp* bond
to give a radical intermediate that then reacts further
under As—As or Sb-Sb bond formation to the compounds
1 or 2. Taking advantage of the weakness of EI-Cp* bonds
has also allowed the syntheses of other interesting species
that have been documented elsewhere.1>16

Both 1 and 2 represent heavier element analogues of 3
and 4. In particular, compound 1 is very close to 4 in terms
of both formula and structure. The stabilization of these
butterfly compounds presumably is due to the large steric
requirements of the substituents. This is reflected in the
distortions within the P-Ar moiety. The P-C vector makes
an average angle of 9° with the plane defined by the ad-
jacent three carbon atoms. A similar effect is observed in
the case of the two other tert-butyl groups. Such distor-
tions, which were first described by Yoshifuji in the com-
pound P(O)Ar,CL!" attest to the crowding within the
molecule. The structure of the P,As, core of the molecule
1 is notable primarily for the length of the As—As and P-As
bonds. The latter, which are 2.35 A long, are within the
expected range for a normal P-As bond, and this value is
very close to the sum of the atomic radii for phosphorus
and arsenic, 2.34 A. The observed As-As distance is 2.386
(1) A, only 0.03 A longer than the P-As distance. This
short distance is indicative of significant multiple-bond
character. A normal As-As single bond is about 2.44 A,
whereas an As-As double bond is about 2.25 A. Thus, the
shortening in 1 is between 0.06 and 0.07 A. The amount
of the contraction is thus as large in absolute terms as that
seen in phosphorus analogue 4; however, in percentage
terms, it is less. If it is assumed that the multiple character
of the As—As bond in 1 and the P-P bond in 4 is due to
olefinic character, the lower percentage of contraction is
consistent with weaker multiple bonding for arsenic. The
fold angle in 1 averages 94.6° and is practically identical
with values of 95.2° and 95.5° seen in 3 and 4. This further
underlines the very close similarity in the structure of these
three compounds.

The P,Sb, compound 2 is the first exo,endo isomer in
group 5 butterfly chemistry crystallographically charac-
terized. The fold angle of 103.2° is significantly larger than
that in 1, 3, and 4. Simple molecular models indicate that

(15) Jutzi, P. Comments Inorg. Chem. 1987, 6, 123.
. (16) Jutzi, P.; Kroos, R.; Miiller, A.; Bogge, H.; Penk, M. Chem. Ber.,
in press.

(17) Yoshifuji, M.; Shima, I.; Inamoto, N.; Hirotsu, K.; Higuchi, T.
Angew. Chem. 1980, 92, 405; Angew. Chem., Int. Ed. Engl. 1980, 19, 399.
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Table II. Atomic Coordinates (X10%) and Isotropic Thermal Parameters (A? x 10%) for 1 and 2°

x y 2z U x y z U
1

As(1) 2882 (1) 1854 (1) 1590 (1) 21 (1)* C(37) 5570 (4) 8067 (5) 2524 (3) 16 (3)*
As(2) 2523 (1) 3083 (1) 1104 (1) 21 ()= C(38) 5161 (4) 8726 (5) 2651 (3) 17 (3)*
P(1) 2640 (1) 3086 (1) 2019 (1) 17 (1)* C(39) 5438 (4) 9491 (5) 2805 (3) 20 (3)*
P(2) 1772 (1) 2036 (1) 1234 (1) 18 (1)* C(40) 6104 (4) 9623 (5) 2903 (3) 22 (3)*
C(1) 3487 (4) 3516 (5) 2184 (3) 15 (3)* C(4D) 6498 (4) 8933 (5) 2864 (3) 25 (3)*
C(2) 3648 (4) 4288 (5) 1961 (3) 17 (3)* C(42) 6257 (4) 8151 (5) 2695 (3) 20 (3)*
C(3) 4294 (4) 4408 (5) 1893 (3) 21 (3)* C(43) 4425 (4) 8665 (5) 2675 (3) 19 (3)*
C4) 4793 (4) 3836 (5) 2061 (3) 14 (3)* C(44) 4119 (4) 7774 (5) 2596 (4) 29 (3)*
C(5) 4641 (4) 3179 (5) 2367 (3) 17 (3)* C(45) 4007 (4) 9249 (5) 2282 (4) 30 (3)*
C(8) 4002 (4) 3029 (5) 2452 (3) 21 (3)* C(46) 4342 (4) 8912 (6) 3230 (3) 27 (3)*
C(7) 3180 (4) 5056 (5) 1835 (3) 17 (3)* C(47) 6393 (4) 10497 (6) 3021 (4) 35 (4)*
C(8) 2533 (4) 4980 (5) 2036 (4) 24 (3)* C(48) 6193 (6) 11065 (8) 2548 (5) 76 (6)*
C(9) 3052 (4) 5258 (5) 1248 (3) 26 (3)* C(49) 6079 (7) 10904 (8) 3463 (5) 87 (T)*
C(10) 3532 (4) 5820 (5) 2133 (3) 25 (3)* C(50) 7113 (5) 10523 (7) 3206 (6) 72 (6)*
C(11) 5485 (4) 3958 (5) 1947 (3) 18 (3)* C(51) 6778 (4) 7441 (6) 2757 (3) 25 (3)*
C(12A) 5406 (8) 3960 (11) 1327 (7) 20 (4) C(52) 7126 (5) 7446 (7) 3334 (4) 44 (4)*
C(13A) 5758 (9) 4799 (11) 2152 (7) 28 (5) C(53) 7294 (4) 7625 (7) 2406 (4) 45 (4)*
C(14A) 5934 (9) 3242 (11) 2137 (7) 30 (5) C(54) 6520 (4) 6554 (5) 2648 (4) 30 (3)*
C(12B) 5667 (9) 3168 (12) 1647 (7) 37 (5) C(55) 4936 (4) 7141 (5) 265 (3) 18 (3)*
C(13B) 5575 (9) 4729 (12) 1633 (7) 39 (5) C(56) 5525 (4) 7144 (5) 49 (3) 22 (3)*
C(14B) 5993 (9) 4025 (12) 2487 (7) 39 (5) C(57) 5587 (4) 7758 (5) -313 (3) 28 (3)*
C(15) 3937 (4) 2381 (5) 2898 (3) 19 (3)* C(58) 5111 (4) 8347 (5) -496 (3) 24 (3)*
C(16) 3265 (4) 2365 (5) 3074 (3) 24 (3)* C(59) 4499 (4) 8211 (5) -355 (3) 24 (3)*
C(17) 4422 (4) 2654 (5) 3391 (3) 26 (3)* C(80) 4392 (4) 7604 (5) 10 (3) 21 (3)*
C(18) 4110 (4) 1490 (5) 2748 (3) 25 (3)* C(61) 6072 (4) 6485 (6) 146 (4) 33 (4)*
C(19) 1725 (4) 1486 (5) 589 (3) 14 (3)* C(62) 5947 (5) 5733 (6) 490 (4) 41 (4)*
C(20) 1967 (4) 661 (5) 568 (3) 16 (3)* C(63) 6740 (4) 6867 (7) 360 (4) 45 (4)*
Cn) 2165 (4) 409 (5) 102 (3) 17 (3)* C(64) 6095 (5) 6076 (7) -392 (4) 50 (5)*
C(22) 2096 (4) 902 (5) -343 (3) 20 (3)* C(65) 5227 (5) 9055 (6) -874 (4) 39 (4)*
C(23) 1764 (4) 1636 (5) -330 (3) 18 (3)* C(66) 5834 (6) 9522 (8) -652 (5) 91 (7)*
C(24) 1552 (4) 1939 (5) 119 (3) 18 (3)* C(67) . 5370 (6) 8641 (8) -1404 (4) 67 (5)*
C(25) 1961 (4) -39 (5) 978 (3) 18 (3)* C(88) 4634 (5) 9600 (7) -1039 (5) 67 (5)*
C(26) 1616 (4) 193 (5) 1438 (3) 26 (3)* C(89) 3656 (4) 7433 (6) 37 (3) 23 (3)*
C(27) 2652 (4) -348 (5) 1199 (3) 23 (3)* C(70) 3532 (4) 6667 (6) 365 (4) 31 (3)*
C(28) 1552 (4) -784 (5) 695 (3) 24 (3)* C(71) 3301 (4) 7245 (7) -532 (3) 37 (4)*
C(29) 2365 (4) 606 (5) -824 (3) 26 (3)* C(72) 3339 (4) 8220 (6) 249 (4) 29 (3)*
C(30) 3102 (5) 602 (7) ~704 (4) 50 (4)* C(73) 849 (5) 5606 (6) 87 (4) 54 (5)*
C(31) 2109 (5) -264 (6) ~-985 (4) 47 (4)* C(74) 1192 (5) 6153 (7) 431 (4) 58 (5)*
C(32) 2148 (6) 1188 (7) -1293 (4) 58 (5)* C(75) 1464 (6) 6859 (8) 244 (5) 71 (5)*
C(33) 1109 (4) 2728 (5) 28 (3) 24 (3)* C(76) 1400 (5) 7001 (7) -291 (5) 64 (5)*
C(3¢) 769 (4) 3000 (6) 487 (3) 33 (3)* C(77) 1048 (5) 6429 (7) -641 (5) 56 (5)*
C(35) 525 (4) 2506 (6) -421 (3) 32 (3)* C(78) 766 (5) 5740 (7) -438 (4) 55 (5)*
C(36) 1477 (5) 3475 (5) -158 (4) 33 (4)* C(79) 9902 (4) 835 (6) 1635 (4) 32 (3)*
As(3) 4724 (1) 7998 (1) 1341 (1) 20 (1)* C(80) 9909 (4) -17 (6) 1560 (4) 31 (3)*
As(4) 5817 (1) 7522 (1) 1380 (1) 23 (D* C(81) 9751 (4) -341 (6) 1061 (4) 33 (3)*
P(3) 5245 (1) 7218 (1) 2062 (1) 17 (1)* C(82) 9592 (4) 183 (7) 638 (4) 39 (4)*
P4) 4937 (1) 6733 (1) 940 (1) 20 (1)* C(83) 9586 (4) 1028 (6) 712 (4) 40 (4)*

C(84) 9742 (5) 1352 (6) 1217 (4) 45 (4)*

2

Sh(1) 524 (1) 4337 (1) 1562 (1) 22 (1)* C(17) -4858 (5) 6361 (4) 750 (4) 30 (2)*
Sh(2) -1562 (1) 3920 (1) 828 (1) 21 (H* C(18) -6371 (5) 5662 (4) 2091 (4) 29 (2)*
P(1) -1768 (1) 5658 (1) 1114 (1) 20 (1)* C(19) 90 (5) 1675 (4) 2627 (3) 18 (2)*
P(2) -926 (1) 2977 (1) 2629 (1) 19 (D* C(20) 1499 (5) 1376 (3) 2804 (3) 20 (2)*
(0100 ~2656 (5) 5348 (4) 2295 (3) 19 (2)* C(21) 2293 (5) 758 (4) 2347 (3) 24 (2)*
C(2) -2026 (5) 5299 (4) 3113 (3) 20 (2)* C(22) 1730 (5) 368 (4) 1781 (3) 23 (2)*
C(3) -2359 (4) 4592 (4) 4010 (3) 20 (2)* C(23) 339 (5) 478 (4) 1787 (3) 25 (2)*
C4) -3346 (5) 3983 (4) 4137 (3) 19 (2)* C(24) -506 (5) 1072 (4) 2246 (3) 21 (2)*
C(5) -4161 (5) 4255 (4) 3346 (3) 19 (2)* C(25) - 2262 (5) 1576 (4) 3548 (4) 25 (2)*
C(6) -3878 (4) 4966 (4) 2428 (3) 18 (2)* C(26) 1346 (6) 2040 (5) 4183 (4) 32 (2)*
C(M -1067 (5) 6043 (4) 3119 (3) 23 (2)* C(27) 3283 (5) 2297 (4) 3062 (4) 33 (2)*
C(8) -857 (6) 6934 (4) 2150 (4) 32 (2)* C(28) 3044 (6) 461 (4) 4232 (4) 37 (2)*
C©9) -1742 (6) 6647 (4) 3741 (4) 30 (2)* C(29) 2586 (5) -162 (4) 1160 (4) 30 (2)*
C(10) 334 (5) 5377 (4) 3563 (4) 32 (2)* C(30) 2329 (7) 646 (5) 97 (4) 47 (3)*
C(11) -3521 (5) 3102 (4) 5133 (3) 20 (2)* C(3D) 2167 (7) -1214 (5) 1295 (4) 42 (3)*
C(12) -3955 (6) 3603 (4) 5860 (4) 31 (2)* C(32) 4098 (6) -428 (6) 1403 (5) 54 (3)*
C(13) -2185 (5) 2298 (4) 5461 (4) 29 (2)* C(33) -1992 (5) 913 (4) 2381 (4) 26 (2)*
C(14) -4592 (5) 2463 (4) 5118 (4) 29 (2)* C(34) -2803 (5) 1394 (5) 3049 (4) 33 (2)*
C(15) ~-5020 (5) 5338 (4) 1647 (3) 21 (2)* C(35) -2770 (6) 1350 (5) 1421 (4) 35 (2)*
C(16) -5150 (5) 4428 (4) 1349 (4) 24 (2)* C(36) -1921 (6) -321 (4) 2887 (4) 37 (2)*

@ Asterisks indicate equivalent isotropic U defined as one-third of the trace of the orthogonalised U;; tensor.

in a exo,exo isomer with a fold angle of about 103° the Ar P-Sb bonds, which are 2.573 (2) A in length, are within
ligands would interfere sterically. The same would be true the expected range for a normal P-Sb bond. The observed
for a exo,endo isomer with a fold angle of about 95°. The Sh-Sb distance is 2.723 (1) A. A normal Sb—Sb single bond



[ArPAs], and [ArPSb],

Table I11. Selected Bond Distances (A) for 1
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Table VI. Selected Bond Angles (deg) for 2

As(1)- As( ) 2.386 (1) As(1)-P(1) 2.363 (2)
As(1)-P(2) 2.346 (2) As(2)-P(1) 2.344 (2)
As(2)-P(2) 2.356 (2) P(1)-C(1) 1.869 (8)
P(2)-C(19) 1.881 (8) C(1)-C(2) 1.431 (11)
C(1)-C(8) 1.403 (11) C(2)-C(3) 1.398 (12)
C(3)-C(4) 1.394 (11)
C(4)-C(5) 1.388 (11) C(4)-C(11) 1.531 (11)
C(5)-C(8) 1.405 (12) C(6)-C(15) 1.579 (12)
C(7)-C(8) 1.531 (12) C(T)-C(9) 1.536 (11)
As(3)-As(4) 2.380 (1) As(3)-P(3) 2.349 (2)
As(3)-P(4) 2.355 (2) As(4)-P(3) 2.351 (3)
As(4)-P(4) 2.345 (2) P(3)-C(37) 1.858 (8)
P4 ) C(55) 1.871 (8) C(37)-C(38) 1.430 (12)
C(37)-C(42) 1.425 (11) C(38)~C(39) 1.383 (11)
C(3 ) C(43) 1.543 (12) C(39)-C(40) 1.378 (12)
C(40) C(41) 1.390 (12) C(40)-C(47) 1.534 (12)
)-C(42) 1.390 (12) C(42)-C(51) 1.558 (12)
Table IV. Selected Bond Angles (deg) for 1
As(2)-As(1)-P(1) 59.2 (1) As(2)-As(1)-P(2) 59.7 (1)
1)—As(l)—P(2) 78.8 (1) As(1)-As(2)-P(1) 59.9 (1)
As(1)- As(2 P(2) 59.3 (1) P(1)-As(2)-P(2) 79.0 (1)
As(1)-P(1)-As(2) 60.9 (1) As(1)-P(1)-C(Q1) 98.4 (3)
As(2)-P(1)-C(1) 99.1 (3) As(1)-P(2)-As(2) 61.0 (1)
(1)-P(2)-C(19) 100.6 (2) As(2)-P(2)-C(19) 97.8 (3)
P(1)-C(1)-C(2) 120.3 (5) P(1)-C(1)-C(6) 120.8 (6)
C(2) C(l) C(8) 118.0 (7) C(1)-C(2)-C(3) 117.9 (7)
(1)-C(2) (7) 125.7 (7) C(3)-C(2)-C(7) 116.1 (7)
C(2) C(3)-C(4) 123.2 (8) C(3)-C(4)-C(5) 116.5 (7)
C(4)-C(5)- C(6) 122.4 (7) C(1)-C(6)-C(5) 119.0 (7)
As(4)-As(3)-P(3) 59.6 (1) As(4)-As(3)-P(4) 59.4 (1)
(3) -As(3)-P 4) 78.3 (1) As(3)-As(4)-P(3) 59.5 (1)
As(3)-As(4)-P 59.8 (1) P(3)-As(4)-P(4) 78.5 (1)
As(3)—P(3)—As(4) 60.9 (1) As(3)-P(3)-C(37) 100.8 (2)
As(4)-P(3)-C(37) 99.3 (3) As(3)-P(4)-As(4) 60.8 (1)
As(3)-P(4)-C(55) 98.3 (3) As(4)-P(4)-C(55) 98.0 (3)
P(3)-C(37)-C(38) 121.8 (5) P(3)-C(37)-C(42) 120.0 (6)
C(38)-C(37)- C(42) 117.5 (7) C(37)-C(38)-C(39) 119.1 (7)

)-C(
C(37)-C(38)-C(43) 126.6 (7) C(39)-C(38)-C(43) 114.1 (7)
C(38)-C(39)-C(40) 122.9 (8) C(39)-C(40)-C(41) 116.7 (8)
C(40)-C(41)-C(42) 123.8 (8) C(37)-C(42)-C(41) 117.9 (7)

Table V. Selected Bond Distances (A) for 2

Sb(1)-Sb(2) 2,723 (1) Sh(1)-P(1) 2.565 (1)
Sh(1)-P(2) 2.583 (1) Sh(2)-P(1) 2.566 (2)
Sh(2)-P(2) 2,578 (1) P(1)-C(1) 1.885 (5)
P(2)-C(19) 1.869 (5) C(1)-C(2) 1.412 (8)
C(1)-C(8) 1.416 (7) C(2)-C(3) 1.388 (6)
C@)-C(n 1.557 (8) C(3)-C4) 1.391 (7)
C4)-C(5) 1.385 (7) C(5)-C(8) 1.397 (6)

(19)-C(24) 1.430 (8) C(19)-C(20) - 1.412(7)
C(20)~-C(25) 1.558 (8) C(20)-C(21) 1.402 (8)
C(22)-C(23) 1.384 (7) C(21)-C(22) 1.391 (9)
C(23)-C(24) 1.405 (8}

is about 2.86 A. Thus, the shortening in 2 is about 0.14
A. Once more, the short distance is indicative of multi-
ple-bond character. The amount of contraction is larger
in absclute terms than that observed in the phosphorus
and arsenic analogues, 4 and 1. In 2, the Sb—Sb distances

Sb(2)-Sb(1)-P(1)  58.0 (1) Sb(2)-Sb(1)-P(2)  58.0 (1)
P(1)-Sb(1)-P(2) 83.3 (1) Sb(1)-Sb(2)-P(1) 579 (1)
Sb(1)-Sh(2)-P(2)  58.3 (1) P(1)-Sb(2)-P(2) 83.4 (1)
Sb(1)-P(1)-Sb(2)  64.1 (1) Sb(1)-P(1)-C(1)  103.6 (1)
Sbh(2)-P(1)-C(1)  103.5(2) Sb(1)-P(2)-Sb(2)  63.7 (1)
Sb(1)-P(2)-C(19) 101.1 (1) Sb(2)-P(2)-C(19) 97.8 (1)
P(1)-C(1)-C(2) 121.6 (4) P(1)-C(1)-C(6) 119.8 (4)
C(2)-C(1)-C(6) 117.6 (4) C(l).—C(2)—C(3) 118.3 (5)
C(1)-C(2)-C(7) 126.0 (4) C(3)-C(2)- 115.5 (5)
C(2)-C(3)-C(4) 122.7 (5)  C(3)-C(4)- ) 116.4 (4)
C(4)-C(5)-C(6) 122.3 (5) C(1)-C(6) C(5 118.3 (4)

P(2)

B2

Figure 2. Crystal structure of 2.

of adjacent molecules are in the range 3.68-4.41 A, thus
indicating some degree of intermolecular contact. Similar
Sb—Sb contacts have been described for the solid-state
structures of R;Sb—SbR,!® and of M*Sbh,Ph,~»® A com-
mon feature of all these antimony compounds is their red
color. There are no short intermolecular contacts in the
structure of the arsenic compound 1.
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