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the simple potassium salt, and no further work was done using 
them. 
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Tetrameric triphenylphosphinecopper( I) iodide cr stallizes in the centrosymmetric monoclinic space group C2/c [ C2hh; 
No. 151 with a = 25.845 (6) A, b = 16.137 (4) 1, c = 18.264 (5) A, /3 = 110.75 (2O), V = 7123 (3) A3, and Z = 4. 
Single-crystal X-ray diffraction data, complete to 28 = 35’ (Mo K a  radiation), were collected with a Picker FACS-1 automated 
diffractometer and the structure was solved by conventional Patterson, Fourier, and least-squares refinement techniques. 
The final discrepancy indices aye RF = 6.74% and RWF = 5.05% for 2255 independent reflections. The molecule has 
crystallographically dictated Cl (1) symmetry, with the c u d 4  core defining a “step” structure. Most surprisingly, nonsolvated 
[Ph3PCuT]4 is both isomorphous and isostructural with the solvated bromo analog, of idealized composition 
[Ph3PCuBr]42CHCl3. Within the [Ph3PCuI]4 molecule, the symmetry-related copper atoms Cu(2) and Cu(2’) are in 
tetrahedral coordination, with Cu(2)-P(2) = 2.242 (4) A, Cu(2)-1(1) = 2.620 (2) A, Cu(2)-1(2) = 2.728 (2) A, and 
Cu(2)-1(2’) = 2.707 (2) A; the other two symmetry-related copper atoms [Cu( l )  and Cu(l’)]  are in trigonal coordination 
with Cu(1)-P(l) = 2.228 (5) A, Cu( l)-I(l) = 2.527 (2) A, and Cu(1)-I(2) = 2.591 (2) A. Intramolecular copper-copper 
distances are (in order) Cu(l)--Cu(2) = Cu(l’)--Cu(2’) = 2.835 (3) A, Cu(2) .4u(2’)  = 3.404 (4) A, and Cu(l).-Cu(2’) 
= Cu( 1’ )43 .42)  = 4.295 (3) A. Iodine-iodine contacts show considerably less variation, individual values (in order) being 
1(1)-1(2’) = 1(1’)-0.1(2) = 4.204 (2) A, I(2)-.1(2’) = 4.238 (2) A, and 1(1).-1(2) = 1(1’)-.1(2’) = 4.384 (2) A. 

Introduction 
We have shown previously that the c u 4 c 1 4  core of 

[PPh3CuC1] 4 has the “cubane-like” structure I,1>5 whereas the 
Cu4Br4 core of the analogous bromo compound, [PPhK!uBr]g 
has the “step” structure 1I.U The overall geometry of Cu4X4 

cu 

I 

(X = halogen) cores is not, however, a function only of the 
identity or size of the halogen atoms; iodo derivatives are known 
both with a cubane-like core ([AsEt3CuI]4396 and [PEt3Cu1]43,7] 
and with a step structure ((Ph2PCH2PPhz)zCu4148]. 

As a continuation of our studies on species with a Cu4X4 
core, we decided that a determination of the crystal structure 
of [PPh3CuI]4 was necessary. Our results, which show the 
[PPh3CuI]4 molecule to be another member of the growing 
family of compounds known to have a step structure, are given 
below. 
Collection of the X-Ray Diffraction Data 

A sample of [PPh3CuI]4 was prepared following the procedure of 
Costa, Reisenhofer, and Stefani.9 Small diamond-shaped crystals 
(mp 265-268O) were present in the initial reaction product. Sub- 
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Table I. Experimental Data for the X-Ray Diffraction Study of 
[PPh Cui] 

(A) Crystal Parameters (at 22.5")a 
a = 25.8447 (61) A 
h = 16.1371 (38) A 
c = 18.2638 (46) A 
COS 0 = --0.35422 ( 2 5 )  
0:: 110.75 (2)" 
V =  7123.4 (3.1) A 3  

Space group C2/c 
Z = 4. (tetramers) 
Mol wt 1810.95 
dca lcd)  = 1.688 I: cm-J 
p(obsd) = 1.74 g c m - '  

(B) ikleguremen t of Intensity Data 
Radiation: Mo Ma (X 0.710730 
Filter(s): Nb foil at counter aperture (-47% transmission o f  

Mo Ka) 
Attenuators: not used (I,,, ss 5000 counts se,c-') 
Takeoff angle: 3.5' 
Detector aperture: 6.3 X 6.3 mm 
Crystal-detector distance: 330 mm 
Crystal orientation: @axis  -3" from [ O l o l  
Reflections measured: * h 9  +k,  -cl 
Maximum 28: 35" 
Scan type: Coupled 8 (crystal)-28(counter) 
Scan speed: I .O"/min for 28 6 30" ;  O,S"/inin for 30" < 20 < 

35" 
Scan length: A(20) = (1.60 -t 0.692 tan 8)'; 

below the Mo Ka peak 
Background measurement: stationaxy-crystal, stationarp- 

counter; 40 sec each at  beginning and end of 20 scan for 
20 < 30"; 100 sec each for 30" < 28 < 35" 

tions; r m  deviations (after application of' an anisotropic 
linear decay correction)d were 0.72% for GOO, 2.1 3% Cor 
202, and 1.62% for 020. 

duplicate or equivalent 1-neasurcments (averaged into primary 
data set), and 1065 systematic absences 

Standard reflections: three remeasuxed aftcr evcry 48 reflcc- 

Reflections collected: 4.257 independent measureine:7ts, I36 

(c) Treatment of Intensity  ata ad 
Conversion to IF, I and u( !fib I ) :  as ir? ref 1 I ~ u s h p  "'icno- 

Absorption coefficient: p = 31.06 cm-' ; n o  absorption cor- 

a Unit cell parameters are g o m  a least-sqnares fit to  the setting 
angles of the Mo Koc peaks (A 0.710730 A)' of 12 reflections (20 =: 
30-39"). Maximum and root-mean-square disagreerneols were 
0.040 and 0.019", respectively. 
C,H,Br,. J. A. Rearden,Rev. Mod. Pkys., 39, 78 (1967). 'Dit, 
reduction was performed using the FORTRAN I V  program RDliS2 ,  
by B. G. DeBoer. 

All 2257 reflections (28max = 35 ' )  were now included; thc use of 
anisotropic thermal parameters for copper, iodine, and phosphoriis 
atoms and continued refinement of all positional parameters, isotropic 
thermal parameters for the carbon atoms, and the scale factor (139 
parameters) converged with RF = 7.15% and R,"F ::: 5.71%. 

Hydrogen atoms were now introduced in calculated positions, 0.95 
AI6 outward along the (centroid of ring)-(carbon atom) vectors, with 
B(M) = [B(Cj .t 1.01 A.2. Four cycles of full-matrix least-squares 
refinement, with shifts of hydrogen atom parameters set equal to tliosc 
of the corresponding carbon atoms, led to convergcncc with WF ::.$ 
6.80% and RWF = 5.68% Finally, two reflections with very poor 
agreement between FO and FC [1 IO, A F / g ( f l  = 33.6; 020, ,At;'/a(F) 
= 13.21 were given zero weight in the refincment.1" Hydrogen atoms 
were repositioned by the above criteria and two additional nycles of 
refinement produced convergence at RF = 6.74% and R,t: = 5.05%. 
Maximum shifts during the final cycle of refinement were (9/n)max 
= 0.017 for a "heavy-atom" (ix., Cu, I, or P) parameter, (A/a)max 
= 0.127 for a [C-FI] group's positional parameter, and ( A / C I ) ~ ~ X  = 
0.028 for a [C-HI group's thermal parameter. [Note that, since each 
[C--€I] moiety was refined as ii rigid nonrotating group, with a constant 
difference between B(M) and B(C) ,  the inclusion of hydrogen titoi2Is 
involves no extra adjustable parameters.] 

The average deviation in an observation of unit weight, ciefiried 
by [ C w ( l F ~ l -  IF~l )2 / (m - -  n ) ] W ,  was 1.53. The number of reflections 
( m )  was 2255 and the number of refined parameters ( a )  was 199, 
yielding an m:n ratio of 11.33:l. The function x,w(lF'~;i - IFcl)> was, 
not significantly dependent either upon or upon (sin O)/X, thereby 
indicating a correctly chosen weighting scheme. 

The validity of the structure was confirmed by means of  R final 

rance factor" of p = 0.03 

rections applied 

Neutral buoyancy in CCl,-s ni 

sequent exhaustive attempts at recrystallization failed bo produce better 
crystals of the desired product (but did give a variety of other 
complexes, including ( P ~ ~ P ~ ~ C U Z I ~ ! ) .  

The best available crystal from the initial preparation was used 
for the X-ray structural analysis; it was, however, far from ideal, 
showing essentially no detectable diffraction pattern beyond 20 = 3 5 O  

(Mo Ka radiation). The crystal approximated to a diamond-shaped 
plate between (100) faces, 0.06 mm apart; the ma+mum$mensjn 
was0.29-mmalong [OlO]. Othermajorfaceswere(112),(112), (112), 
and (112) (defining the diamond, with parallel pairs being 0.15 mm 
apart). There were also very small, but distinct, {OOl] faces, separated 
by 0.14 mm. 

The crystal was mounted aloiig its extended B direction; a b-axis 
rotation photograph, h(O-1 j l  Weissenberg photographs, (0-1 jkl  and 
hk(0-1)  precession photographs, and cone-axis photographs about 
a and c yielded approximate unit cell parameters, indicated C2h (2,") 
L a w  symmetry, and exhibited the systematic absences hkl for h + 
k = 2n + 1 and h01 for 1 = 2n f 1, consistent with the noncen- 
trosymmetric space group Cc [ G 4 ;  No. !9]loa or the centrosymmetric 
space group C2/c [C2& No. 151.10b 

The crystal was transferred to a Picker FACS-I computer- 
controlled diffractometer, was accurately centered, and was aligned 
along [OlO] .  As a check on possible variations in transmission factor, 
the strong 020 reflection was measured (by a 0-28 scan) at  x = 90° 
and a t  10" intervals from q5 = 0" to q5 = 350'. The maximum 
variation from the mean was -4%, suggesting that absorption was 
not a serious problem. 

The crystal was now deliberately offset from a precise b-axis 
mounting by -3' to minimize the effects of multiple reflection. The 
data collection was carried out as described in ref 11; details specific 
to the present study are given in Table I. [Note that the data were 
so weak that about 7-8 min was spent in measuring each reflection 
in the shell 30' < 28 5 35'. The intensity of the standard reflections 
dropped by ca. 1oOh during the course of data collection; this was taken 
into account by the use of an anisotropic linear decay correction.] 

Cromer and Mann'sl2 analytical scattering factors for neutral 
copper, iodine, phosphorus, and carbon were used; for neutral hy- 
drogen, the "best floated spherical H atom" values of Stewart, el al.,13 
were converted into analytical form.14 Both the real and the imaginary 
components of anomalous dispersion were included for all nonhydrogen 
atoms, using the values of Cromer and Liberman.15 

The function minimized during the least-squares refinement process 
was C w ( l F ~ l  - IFCI)~ ,  where w ( h k l )  = u-z[F(hkl)]. Discrepancy 
indices used below are defined as 

~~~~~~n~ of the $~~~~~~~~ 

1 i 2  

x loo(%) 

All computer calculations were performed on an KBM 370/158 
computer a t  the Computer Center of the University of Illinois at  
Chicago Circle. Programs used were FORDAP (Fourier synthesis, by 
A. Zalkin), LSHF (structure factor calculation and least-squares 
refinement, by B. G. DeBoer), STANI (calculation of distances and 
angles, and their esd's, by B. G. DeBoerj, HAITCH (calculation of 
idealized 1-I atom positions, by B. G. DeBoer), PLOD (least-squares 
planes, by B. G. DeBoer); and ORTEP (thermal ellipsoid drawings, 
by C .  K. Johnson). 

The analysis was begun using only the 1445 reflections with 20 
< 30". A three-dimensional Patterson map led to the location of the 
copper, iodine, and phosphorus atoms and suggested that the true space 
group was the centrosymmetric C2/c with the molecule lying on a 
crystallographic center of symmetry. The initial structure factor 
calculation phased by these atoms had RF = 48.5% and R w ~  = 48.2%. 
Refinement of the scale factor, along with positional and isotropic 
thermal parameters for atoms in the P2Cu2Iz asymmetric unit (25 
parameters), led to convergence in four cycles with RF = 24.7% and 
RWF = 26.7%. A difference-Fourier synthesis now led to the location 
of all carbon atoms; three cycles of full-matrix least-squares refinement 
of all positional and isotropic thermal parameters, along with the scale 
factor (169 parameters), led to convergence with RF -I 8.86% and 
RWF = 7.62%. 
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+ 
Figure 1. Packing of [PPh,CuI], molecules within the unit cell, as 
viewed along “b.” 

difference-Fourier synthesis; the greatest peaks (in order) were of 
height 0.96 e A-3 (at 0.18, 0.24,0.045-near 1(2) and Cu(l)) ,  0.88 
e A-3 (at 0.17, 0.16, -0.075-near I(1) and Cu(2)), 0.78 e A-3 (at 
0.07, 0.20, -0.045-close to Cu( l ) ) ,  and 0.77 e A-3 (at 0.06, 0.12, 
-0.135-close to I(1)). All other peaks were below 0.7 e A-3 in height. 

A table of observed and calculated structure factor amplitudes is 
available.18 Final positional and isotropic thermal parameters with 
their estimated standard deviations (esd’s) are collected in Table 11. 
Anisotropic thermal parameters (with esd’s) for the heavy atoms are 
given in Table 111. 

The Crystal Structure 
The crystal consists of discrete tetrameric molecular units 

of stoichiometry [PPh3CuI]4, which are mutually separated 
by normal van der Waals distances. There are no abnormally 
short intermolecular contacts. Most surprisingly, unsolvated 
[PPh3CuI]4 is both isomorphous and isostructural with crystals 
of the solvated bromo analog, which have the idealized 
stoichiometry [PPh3CuBr]42CHC13.2 

The packing of [PPh3CuI]4 molecules within the unit cell 
is shown in Figure 1. It is interesting to consider the rela- 
tionship between the species [PPh3CuI]4 and 
[PPh3CuBr]4*2CHC13. The macroscopic effect of the 
“addition” of CHC13 (accompanied by the substitution of Br 
for I) is an expansion of the cell edge a by ca. 9.2% along with 
contractions of ca. 1% in b, c, and 0, such that the net volume 
increase is only about 6%. One remarkable feature of these 
two structures is that the P(lI--P(l’) distances are almost 
identical--10.82 A in [PPh3CuI]4 as’opposed to 10.79 A in 
[PPh3CuBr]42CHC13. 
~ Referred to  Figure 1, the location of the CHC13 molecule 
in the bromo compound corresponds to a position approxi- 
mately above (in y )  atom I(1’) of the molecule centered at (1/4, 
1/4,0) and interacting with two of the phenyl rings on P(2’). 
It is also roughly on the extension of the vector Cu(l)+P(l) 
of the molecule centered at (3/4, 3/4,0) and is in contact with 
two of the phenyl rings on that P(1), as well as with one ring 
on P(1) of the molecule at (1/4, 3/4, 1/2).  

Comparison of the phenyl group orientations in the two 
crystals shows only a small rotation of the Ph3P group about 
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Table 11. Final Positional and Isotropic Thermal 
Parameters for [PPh,CuI],’ 

Atom X Y Z B, A’ 
0.12807 (9) 
0.22590 (8) 
0.12548 (5) 
0.22384 (4) 
0.05805 (18) 
0.26835 (17) 

-0.0083 (6) 
-0.0509 (8) 
-0.1030 (9) 
-0.1088 (8) 
-0.0685 (8) 
-0.0183 (7) 

0.0483 (7) 
0.0006 (9) 

0.0376 (10) 
0.0869 (9) 
0.0899 (9) 
0.0681 (6) 
0.0575 (7) 
0.0652 (7) 
0.0843 (7) 
0.0972 (7) 
0.0898 (7) 
0.2466 (6) 
0.2839 (7) 
0.2640 (7) 
0.2107 (7) 
0.1730 (8) 
0.1901 (7) 
0.3421 (6) 
0.3802 (6) 
0.4346 (7) 
0.4575 (7) 
0.4207 (7) 
0.3648 (6) 
0.2583 (6) 
0.2623 (6) 
0.2529 (7) 
0.2406 (7) 
0.2358 (9) 
0.2450 (7) 

-0.0053 (13) 

-0.0448 
-0.1332 
-0.1428 
-0.0746 

-0.0289 
-0.0385 

0.0107 

0.0339 
0.1168 
0.1232 
0.0439 
0.0572 
0.0894 
0.1111 
0.0984 
0.3224 
0.2892 
0.1984 
0.1348 
0.1642 
0.3664 
0.4592 
0.4963 
0.4352 
0.3400 
0.271 8 
0.2555 
0.2347 
0.2264 
0.2422 

0.20725 (11) 
0.15161 (11) 
0.13189 (7) 
0.25032 (7) 
0.22833 (24) 
0.03010 (22) 
0.2487 (10) 
0.2865 (12) 
0.3011 (13) 
0.2819 (11) 
0.2432 (12) 
0.2270 (10) 
0.1393 (10) 
0.0962 (14) 
0.0257 (17) 
0.0047 (15) 
0.0457 (14) 
0.1148 (13) 
0.3146 (9) 
0.3126 (11) 
0.3842 (11) 
0.4517 (12) 
0.4582 (12) 
0.3874 (11) 

-0.0256 (9) 
-0.0659 (9) 
-0.1083 (10) 
-0.1095 (10) 
-0.0707 (11) 
-0.0269 (10) 

0.0387 (9) 
-0.0187 (10) 
-0.0061 (10) 

0.0645 (10) 
0.1214 (11) 
0.1095 (9) 

-0.0447 (9) 
-0.0241 (10) 
-0.0751 (11) 
-0.1573 (11) 
-0.1815 (14) 
-0.1269 (12) 

0.3014 
0.3261 
0.2937 
0.2283 
0.2006 
0.1139 

-0.0055 
-0.04 23 

0.0284 
0.1459 
0.2623 
0.3836 
0.4986 
0.5089 
0.3892 

-0.0647 
-0.1369 
-0.1390 
-0.0729 

0.0012 
-0.0681 
-0.0472 

0.0733 
0.1703 
0.1505 
0.0320 

-0.0569 
-0.1956 
-0.2378 
-0.1446 

-0.00157 (12) 
-0.02259 (11) 
-0.12412 (6) 

0.09761 (6) 
0.04045 (24) 
0.01830 (23) 

-0.0332 (8) 
-0.0179 (13) 
-0.0798 (13) 
-0.1526 (11) 
-0.1693 (12) 
-0.1105 (10) 

0.0948 (10) 
0.0722 (13) 
0.1187 (17) 
0.1791 (14) 
0.2041 (14) 
0.1586 (12) 
0.1076 (9) 
0.1757 (10) 
0.2248 (11) 
0.2040 (1 1) 
0.1393 (11) 
0.0887 (10) 
0.0898 (9) 
0.1539 (9) 
0.2032 (10) 
0.1920 (10) 
0.1313 (11) 
0.0780 (10) 
0.0637 (8) 
0.0578 (9) 
0.091 2 (9) 
0.1333 (9) 
0.1404 (9) 
0.1068 (8) 

-0.0577 (8) 
-0.1269 (9) 
-0.1898 (11) 
-0.1810 (11) 
-0.1140 (13) 
-0.0512 (12) 

-0.0700 
-0.1934 
-0.2221 
-0.1222 

0.0267 
0.1055 
0.2081 
0.2492 
0.1733 
0.1889 
0.2717 
0.2372 
0.1273 
0.0424 
0.1625 
0.2467 
0.2278 
0.1244 
0.0348 
0.0291 
0.0857 
0.1566 
0.1693 
0.1124 

0.0348 

-0.1318 
-0.2379 
-0.2227 
-0.1096 
-0.0032 

4.36b 
4.23b 
4.62b 
3.63b 
3.87b 
3.24b 
3.9 (3) 
7.7 (5) 
8.4 (6) 
6.2 ( 5 )  
7.4 (5) 
5.8 (4) 
4.9 (4) 
8.6 (6) 

12.3 (8) 
9.5 (6) 
8.7 (6) 
7.6 ( 5 )  
3.8 (3) 
5.7 (4) 
6.2 (5) 
5.8 (4) 
6.2 (5) 
5.8 (4) 
3.8 (3) 
4.2 (4) 
5.2 (4) 
5.1 (4) 
6.4 (5) 
4.8 (4) 
3.2 (3) 
4.4 (4) 
4.8 (4) 
5.3 (4) 
5.0 (4) 
3.3 (3) 
3.4 (3) 
4.3 (4) 
5.6 (4) 
6.2 ( 5 )  
8.7 (6) 
6.9 (5) 
8.7 
9.4 
7.2 
8.4 
6.8 
9.6 

13.3 
10.5 

9.7 
8.6 
6.7 
7.2 
6.8 
7.2 
6.8 
5.2 
6.2 
6.1 
7.4 
5.8 
5.4 
5.8 
6.3 
6.0 
4.3 
5.3 
6.6 
7.2 
9.7 
7.9 

a Esd’s, shown in parentheses, are right-ad‘usted to the least 
significant digit of the preceding number. “Equivalent isotropic 
thermal parameter,” corresponding to  the average mean-square dis- 
placement along the three principal axes of the vibration ellipsoid. 

Hydrogen atoms are in restrained positions (see text). 
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Table 111. Anisotropic Thermal Parametersa for the Heavy Atoms in [PPh,CuI], 

Churchill, DeBoer, and Donovan 

___ “^_“l _.I” ____-- 
Atom B, ,  B22 B,, BIZ Bl, B 2 3  ( U P  

. . _ ~ - - _ _ 1 _ _ 1 ~  --1111 _x__.I --.---_--- 

Cu(1) 5.59 (12) 3.61 (10) 4.30 (11) .-0.27 (9) 2.26 (10) -0.26 (9) 0.21 1 ,  0.222,0.268 
CLl(2) 5.13 (12) 2.79 (10) 4.58 (12) 0.44 (8) 1.47 (10) 0.36 (8) 0.184,0.242,0.261 
I ( l )  5.3i (7) 4-21 (6) 4.12 (7) -0.41 (5 )  1.39 ( 5 )  -0.97 (5) 0.201, 0.255,0.265 
1(2) 4.9s ( 6 )  3.07 (5) 3.25 (5) -0.52 (5) 1.91 (4) -0.45 (5) 0.183,0.199,0.254 

P(2) 4.58 ( 2 5 )  2.1 1 (19) 2.95 ( 2 2 )  0.1 1 (16) 1.25 (19) 0.09 (16) 0.163,0.193, 0.244 

These 

W )  4-.9§ (24) 3.20 (22) 3.57 (22) -0.58 (18) 1.67 (19) -.0.24 (17) 0.196,0.209, 0.255 

a These anisotropic therriial parameters have units of A’ and are analogous to  the normal isotropic thermal parameters, entering the expression 
for the structure factor in the form exp ~--0.25(Blla*ZhZ -t~B,,b*zkz + B,,c*ZIZ + 2Bl,a*b*hk t 2Bl,a*c*hl t 2B,,b*c*lcl)]. 
vaiues correspond to the root-mean-squxre amplitudes of vibration (in A) of the atom along the three principal axes o f  its vibration ellipsoid. 

Table 117- Interatomic Distances (A) with Esd’s for [ P P ~ , C U I ] , ~ - ~  
Atoms Distance Atoms Distance 

(A )  Copper. . Copper Distances 
Cu(l)” . .C1.1(2) 2.8345 (29) Cu(2). . .CU(Z’) 3.4040 (36) 
CU(1)”. a(%’) 4.2949 (29) 

(B) iodine. .  lod dine Distances 
I(1). I .I(2) 4.3842 (17) 1(2). . .I(2’) 4.2375 (22) 
I(1). ‘ .1(2’) 4.2044 (18) 

(C) Copper-Iodine Bond Lengths 
CU(l)-I(l) 2.52‘/3 (22) Cu(2)-1(1) 2.6203 (23) 
CU(l)-I(2) 2.5913 (24) C~(2)-1(2) 2.7281 (23) 

CU(2)-I(2’) 2.7073 (22) 
(D) Coi,r;er--Phosphorus Bond Lengths 

Cu(I)-P(l) 2.227’1 (47) Cu(2)-P(2) 2.2418 (39) 
(E) Phosphorus-Cafbon Bond Lengths 

P(I)-C(11) 1,795 (15) P(2)-C(41) 1.830 (16) 
P(l)-C(21) 1.813 (17) P(2)-C(51) 1.794 (14) 
P(I)-C(31) 1.512 (15) P(2)-C(61) 1.787 (15) 

(D) Carbon-Carbon Bond Lengths 
C(ll)-C(12) 1.370 (22) C(4l)--C(42) 
C(12)-C(13) 1.438 (25) C(42)-.C(43) 
G(3 3)-C(14) 1.322 (24) C(43)-C(44) 
C(14)-C(15) 1.338 (23) C(44)-C(45) 
C(15)-C(16) 1.384 (22) C(45)-C(46) 
C(16)-C(ll) 1.307 (20) C(46)-C(41) 
C(21)-C(22) 1.3r4.8 (24) C(52)-C(52) 
C(22)-C(23) 1.460 (29) C(52)-C(53) 
C(23)-C(24) 1.301 (30) C(53)-C(54) 
C(24)-C(25) 1.363 (27) C(54)-C(55) 
C(25)-C(26) 1.408 (2G) C(SS)-C(56) 
C(26)-C(21) 1.333 (22) C(5G)-C(S1) 

C(31)-C(32) 1.364 (21) C(61)-C(42) 
C(32)-C(33) 1.4 32 (22) C(62)-C(63) 
C(33)-C(34) 1.307 (22) C(63)-C(64) 
C(34,)-@(35) 1.34.! (22) C(64)-.C(65) 
C(35)-C(36) 1.437 (22) C(65)-~C(66) 
C(36)-C(31) 1.39‘7 (20) C(66)-C(61) 

1.388 (19) 
1.370 (20) 
1.320 (20) 
1.342 (21) 
3.397 (21) 
1.398 (19) 
1.384 (19) 
1.334 (19) 
1.385 (20) 
1.360 (20) 
1.370 (19) 
1.395 (18) 

1.346 (19) 
1.363 (20) 
I .387 (22) 
1.331 (24) 
1.398 (25) 
1.385 (21) 

a The [PPh,CuI], moiecuie lies on a center o f  symmetry at 
(I/ , ,  0) .  Atoms in the basik asymmetric unit are labeled 
normally; atoms in the “othcr IiaiC” o f  the molecule are labeled 
with a prime and are related lo  those in  the basic asymmetric unit 
by the transformation x’ =- Esd’s 
were ca?cuia ted from the rull positional correlation matrix using 
the FORTRAN IV program STAN1 by B. G. DeBoer. Contribu- 
tions from errors in the unit cell parameters were included. Bond 
lengths are not corrected for any possible effects of thermal motion. 

- x, y‘ = ‘ I2  - y ,  z’ = - 2 .  

the P(l)-Cu(l) bond, plus a small rotation of the C(61)<(66) 
phenyl ring aboilt the C(6l)-P(2) bond. 

We have carried O U ~  some calculations to determine whether 
@HCh molecules can fit into the [PPh3GuI]4 structure. We 
note fjrst that, within the [PPh3CuBr]4*2CHC13 crystal, the 
three (poorly defined) chlorine atoms are involved in no 
contacts shorter than the sum of the appropriate van der Waals 
radii. ]If three hypothetical chlorine atoms are introduced into 
the present iPPh3Cd]4 structure at the same fractional co- 
ordinates that they m a p y  in the solvated bromo complex, there 
arise “Cl”-C(phenyl) c~ntacts of 2.47, 2.49, 3.1 1, 3.16, 3.24, 

Figure 2. [PPh,CuI], molecule projected onto the plane defined 
by the four copper atoms [ORTEP diagram, showing 50% probabili- 
ty envelopes of the atomic vibration ellipsoids]. 

P ( l ‘  

Figure 3. P,Cu,I, portion of the [PPh,Cul], molecule, oriented 
so as to  demonstrate the “step structure” of’the CuJ, molecular 
core [ORTEP diagram, 50% probability envelopes]. 

and 3.35 A-all of which are shorter than the minimum van 
der Waals distance of ca. 3.50 A. In addition, one “Cl”-I 
contact of 3.68 A is found (cf: the accepted Cl--I van der Waals 
distance of ca. 3.95 A). The corresponding Cl-Br distance 
in [PPh3CuBr]4~2CHC13 is 3.90 A, i.e., greater than the 
accepted van der Waals distance of ca. 3.75 A. 

To summarize, then, there is a substantial cavity within the 
present [PPh3CuI]4 crystal; however, its radius is about 1 A 
too small to accommodate a chloroform molecule. 

The Molecular Structure 
Interatomic distances (with esd’s) are shown in Table IV; 

bond angles and their associated esd’s are collected in Table 
V. The overall molecular geometry of [PPh3CuI]4 is depicted 
in Figure 2. The molecule has crystallographically imposed 
C, (7) symmetry and is centered on the special position (1/4, 
114, 0) of space group C2/c. The P4Cu4I4 portion of the 



"Step" Configuration for the c u d 4  Core in [PPh3CuI]4 

Table V. Bond Angles (deg) for [PPh,CuI], 
~ 

Atoms Angle Atoms 

(A) Angles within the Cu,I, Core 
I(l)-C~(1)-1(2) 117.85 (9) Cu(2')-1(2)-C~(l) 
Cu(l)-I(2)-Cu(2) 64.34 (7) Cu(2')-1(2)-Cu(2) 
1(2)-Cu(2)-1(1) 110.10 (8) 1(2')-C~(2)-1(1) 
C~(2) -1(1) -C~( l )  66.80 (7) 1(2')-C~(2)-1(2) 

(B) Phosphorus-Copper-Iodine Angles 
P(1)-Cu(l)-I(l) 127.49 (14) P(2)-Cu(2)-1(1) 
P(l)-C~(1)-1(2) 114.18 (13) P(2)-Cu(2)-1(2) 

P(2)-CU(2)-1(2') 
(C) Copper. . Copper-Phosphorus Angles 

(D) Copper-Phosphorus-Carbon Angles 
Cu(2). . Cu(l)-P(l)  165.34 (14) Cu(1). . .Cu(2)-P(2) 

Cu(1)-P(1)-C(l1) 116.55 (51) Cu(2)-P(2)-C(41) 
C~(l)-P(l)-C(21) 110.77 (57) C~(2)-P(2)-C(51) 
CU( 1)-P( 1)-C(3 1) Cu(2)-P(2)-C(6 1) 1 14.3 1 (5 2) 

(E) Carbon-Phosphorus-Carbon Angles 
C(ll)-P(l)-C(21) 105.90 (77) C(41)-P(2)-C(51) 
C(l l)-P(l)-C(31) 103.66 (71) C(41)-P(2)-C(61) 
C(21)-P(l)-C(3 1) 104.60 (74) C(5 l)-P(2)-C(61) 

(F) Phosphorus-Carbon-Carbon Angles 
P(l)-C(l l)-C(12) 123.5 (14) P(2)-C(4 1)-C(42) 
P( 1)-C( 1 1)-C( 16) 120.0 (1 2) P(2)-C(4 1)-C(46) 
P(l)-C(21)-C(22) 122.1 (15)  P(2)-C(51)-C(52) 
P(l)-C(21)-C(26) 119.3 (15) P(2)-C(51)-C(56) 
P(1)-C(3 1)-C(32) 124.9 (13) P(2)-C(61)-C(62) 
P(l)-C(3l)-C(36) 116.9 (13) P(2)-C(61)-C(66) 

(G) Carbon-Carbon-Carbon Angles 
C(l6)-C(l l ) -C(l2)  116.5 (16) C(46)-C(41)-C(42) 
C(l l)-C(l2)-C(13) 120.6 (20) C(41)-C(42)-C(43) 
C( 12)-C( 13)-C(14) 1 19.6 (22) C(42)-C(43)-C(44) 
C(13)-C(14)-C(15) 121.3 (21) C(43)-C(44)-C(45) 
C(14)-C(15)-C(16) 120.1 (20) C(44)-C(45)-C(46) 
C( 15)-C(16)-C(1 I)  121.9 (18) C(45)-C(46)-C(41) 

C(26)-C(2 1)-C(22) 1 18.7 (19) C(56)-C(5 1)-C(5 2) 
C(2 1)-C(22)-C(23) 1 19.8 (23) C(5 1)- C(52)-C( 5 3) 
C(22)-C(23)-C(24) 117.7 (29) C(52)-C(53)-C(54) 
C( 2 3)- C(24)- C(25) C(5 3)- C(54)- C(5 5) 
C(24)-C(25)-C(26) 115.3 (23) C(54)-C(55)-C(56) 
C(25)-C(26)-C(21) 123.7 (21) C(55)-C(56)-C(51) 
C(36)-C(31)-C(32) 118.1 (16) C(66)-C(61)-C(62) 
C(31)-C(32)-C(33) 121.6 (17) C(61)-C(62)-C(63) 
C(3 2)-C(3 3)- C( 34) 1 1 8.2 (1 9) C(6 2)-C(6 3)- C(64) 
C(33)-C(34)-C(35) 123.9 (20) C(63)-C(64)-C(65) 
C(34)-C(35)-C(36) 119.1 (19) C(64)-C(65)-C(66) 
C(35)-C(36)-C(31) 118.9 (17) C(65)-C(66)-C(61) 

1 24.8 (29) 

Angle 

108.29 (7) 
77.55 (7) 

104.20 (7) 
102.45 (7) 

112.00 (12) 
112.92 (13) 
114.45 (13) 

125.92 (14) 

115.42 (51) 
113.64 (37) 
114.36 (49) 

104.62 (69) 
103.02 (69) 
104.48 (68) 

122.3 (12) 
117.8 (12) 
125.6 (12) 
119.3 (11) 
121.6 (131 
123.6 (13) 

119.9 (15)  
118.6 (15) 
121.4 (18) 
122.2 (18) 
119.8 (18) 
118.1 (16) 
115.1 (13) 
121.7 (16) 
123.7 (17) 
115.6 (16) 
121.7 (16) 
122.2 (15) 

114.8 (16) 
126.3 (16) 
117.3 (18) 
119.2 (20) 
121.6 (22) 
120.7 (19) 

molecule is shown in Figure 3. As can clearly be seen, the 
c u d 4  core of the molecule has a step structure, rather than 
a cubane-like configuration. 

The "step structure" of [PPh3CuI]4 is defined by three 
four-membered systems: Cu( 1)-I( l)-Cu(2)-1(2) [plane I of 
Table VI], Cu(2)-1(2)-Cu(2')-1(2') [plane I1 of Table VI], 
and Cu( 1')-I( l1)-Cu(2')-1(2') [related to "plane I" by an 
inversion center at 114, 1/4, 01. The dihedral angle between 
planes I and I1 is 115.06' as opposed to a value of 107.8' in 
[PPhCuBr]4.2 The increased value for the iodo species would 
appear to result from steric factors (vide infra). 

Atoms Cu(2), I(2), Cu(2'), and I(2') are required crys- 
tallographically to be precisely coplanar. Atoms Cu( 1) and 
I(1) lie -2.071 and -2.307 A from the plane, while atoms 
Cu( 1 I) and I( 1 ') are displaced in the opposite sense by +2.07 1 
and +2.307 A, respectively. 

Atoms Cu( l ) ,  I( l) ,  Cu(2), and 1(2) are not precisely co- 
planar, individual deviations from the least-squares plane being 
-0.0843 A for Cu(l), -0.0725 A for Cu(2), +0.0803 8, for 
I(1), and +0.0766 A for I(2). The nonplanarity of this 
four-membered system is conveniently described in terms of 
the dihedral angles of 167.26' [between I(l)-Cu(l)-I(2) and 
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I[( l)-Cu(2)-1(2)] and 171.78' [between Cu(l)-I(l)-Cu(2) 
and Cu(l)-I(2)-Cu(2)]. 

Atoms in the step-like c u d 4  core of the [PPh3CuI]4 
molecule have variable coordination numbers (CN's). Thus, 
Cu( 1) and Cu( 1') are in trigonal coordination (CN = 3), while 
Cu(2) and Cu(2') each have an essentially tetrahedral co- 
ordination environment (CN = 4). Atoms 1(1) and I(1') have 
an angular geometry (CN = 2), while I(2) and I(2') are in 
pyramidal sites (CN = 3). 

As was previously noted for the Cu4Br4 core of 
[PPh3CuBr] 4,2 the copper-halogen distances show significant 
differences and increase systematically as the CN's of the 
component atoms increase. Thus, Cu( 1)-I( 1) = Cu( l')-I( 1') 
= 2.5273 (22) A [CN = 3 and 21, Cu(1)-1(2) = Cu(1')-1(2') 
= 2.5913 (24) A [CN = 3 and 31, Cu(2)-1(1) = Cu(2')-1(1') 
= 2.6203 (23) A [CN = 4 and 21, Cu(2)-1(2') = Cu(2')-1(2) 
= 2.7073 (22) A [CN = 4 and 31, and Cu(2)-1(2) = Cu- 
(2')-1(2') = 2.7281 (23) A [CN = 4 and 31. 

The four copper atoms are precisely coplanar (see plane I11 
of Table VI) and define a parallelogram in which Cu(l).-Cu(2) 
= Cu(l').-Cu(2') = 2.8345 (29) A and Cu(l).-Cu(2') = 
Cu(l')-Cu(2) = 4.2949 (29) A; the short dia onal of the 

For the sake of comparison we note that the four copper 
atoms in [PPh3CuBr]42 define a parallelogram with edges of 
2.9905 (22) and 3.9873 (23) A and a short diagonal of 3.4481 
(29) A; in ( P ~ ~ P C H ~ P P ~ ~ ) ~ C U ~ I ~ , *  the "Cu4 parallelogram" 
has edges of 2.682 and 3.108 A; and in Cu4[SC(N- 
H2)2]9(N03)4 there are rectangles of copper atoms with edges 
of 2.707 (5) and >4 A.19 Within the "cubane-like" tetrameric 
pnicogen-copper halide derivatives, coppewcopper distances 
again show large variations-3.1179 (13) to 3.4298 (18) A 
in [PPh3CuC1]4,1 2.9272 (20) A in [PEt3CuI]4,3 and 2.7826 
(24) A in [ A s E ~ ~ C U I ] ~ . ~  

The four iodine atoms of [PPh3CuI]4 are precisely coplanar 
[see plane IV of Table VI]. Individual iodine4odine distances 
show considerably less variation than do the copper.-copper 
distances; in order, we have I( 1)-1(2') = I( 1')-1(2) = 4.2044 
(18) A, I(2)--1(2') = 4.2375 (22) A, and I(1)-.1(2) = I- 
(1').-1(2') = 4.3842 (17) A. [C . iodine-iodine contacts of 

[PEt3CuI]4 and [AsEt3CuI]4, respectively.31 
Angles within the four-membered ring defined by 

Cu( 1)-I( l)-Cu(2)-1(2) (and, of course, the symmetry-related 
system Cu( 1')-I( l')-Cu(2')-1(2')) vary grossly from 90'. 
Angles at the copper atoms are close to the ideal trigonal or 
tetrahedral values [I(l)-Cu(l)-1(2) = 117.85 (9)' and 
I(2)-Cu(2)-1( 1) = 110.10 (8)', respectively] while angles at 
the iodine atoms are quite acute [Cu(2)-I( 1)-Cu( I)  = 66.80 
(7)' and Cu(l)-I(2)-Cu(2) = 64.34 (71'1. 

A similar, but less pronounced, pattern occurs within the 
strictly planar central ring Cu(2)-1(2)-Cu(2')-1(2'). Indi- 
vidual angles are 1(2')-Cu(2)-1(2) = 1(2)-Cu(2')-1(2') = 
102.45 (7)' and Cu(2')-1(2)-Cu(2) = Cu(2)-1(2')-Cu(2') 
= 77.55 (7)'; the lower spread of angles here is presumably 
due to a complex set of interrelated factors including the higher 
connectivity of the atoms concerned, the greater length of the 
Cu(2)-1(2) and Cu(2)-1(2') bonds (relative to other such bonds 
within the molecule), and a greater and more restrictive set 
of steric restraints. 

Angles between atoms in different planes of the step are not 
similarly dependent upon the nature of the central atom; thus 
Cu( 1)-1(2)-Cu(29 = Cu(l')-I(2')-Cu(2) = 108.29 (7)' and 

Small angles at the iodine atoms are general to species with 
a CwI4 core, irrespective of the gross geometry of the molecule. 
Cu-I-Cu angles a re  58.9, 68.7, and 83.6' in 
(PhzPCHzPPhz)zCu414,8 which has a step structure; corre- 

parallelogram, Cu(2).-Cu(2'), is 3.4040 (36) A in length. 

4.3800 (11) and 4.4237 (15) A! in the cubane-like species 

I(l)-C~(2)-1(2') = I(l')-C~(2')-1(2) = 104.20 (7)'. 
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Table VI. Least-Squares Planes, Deviations Therefrom, and Dihedral Angles for ~ P P ~ I , C U I ] , ~ - ~  

~~~~r~~~~~~ tileBoer, and TBonovan 

Atom Dev, A Atom Dev, A Atom Dev, A A torn Dev, K 

Plane I: 0.22208.Y + 0.84236Y- 0.491032 = 3.6520 
CU(l)* -- 0.0 84 3 P(1) --0.612 
1(1)" 0.0803 P(2) -1.882 
Cu(2) * -0.0725 CU(2') 2.435 
1(2)* 0.0766 I(2') 2.286 

J(1)" 0.000 I(2)" 0.000 
Plane la: 0.10451X i- 0.87523Y - 0.412282= 3.2867 

Cu(l)* 0,000 Cu(2) -0.338 

I(1)" 0.000 0.000 
Cu(2)" 0.000 CU(1) -0.291 

CU(l)* 0.000 Cll(2)" 0.000 
I ( l )*  0.000 I(2) 0.321 

Plane Id: 0.19949.X+ 0.81165Y-0.549022= 3.3915 
Cu(1)" 0.000 Cu(2)" 0.000 
I@)* 0.000 I (1)  0.307 

Plane Ib: 0.31410.Y -t 0.80745Y-0.49937Z =4.0479 

Plane IC: 0.23'700X + 0.87347Y - 0.425302 = 3,7194 

Plane 11: 0.13347X-- 0.36029Y i. 0.576392 = 3.2856 
Cu(2)" 0.000 -2.307 
I(2)* 0.000 C U ( 1 ' )  2.071 
Cu(2')* 0.000 I( 1') 2.307 
1(2')* 0.000 W )  1.720 

Plane 111: 0.04646X - 0.24904Y + 0.967382 = -0.7045 
Cu(l)* 0.000 P(2) 1.203 

-2.071 P(2') -1.720 

Cu(2)* 0.000 P(2') -1.203 
Cu(1') " 0.000 K1) -- I .6 8 8 
Cu(2)" 0.000 W') 1.688 
P(1) 0.513 I(2) 1.551 
P(1') -0.51 3 1(2') --1.55 1 

Plane IV: --0.40048X -t 0.85480Y - 0.316'792 =: 0.8811 
U1)* 0.000 Cull)  0.673 
1(2)* 0.000 CU!I') --0.673 
I( l ' )*  0.000 Cu(2) -- I .0 5 2, 
I(2') " 0.000 CU(2') 1 3 5 2  
Plane V: 0.42167X + 0.89427V- 0.14.9!!3Z= 3.6669 

C(11)" 0.007 C(15)* - 0.00 8 
C(12)" 0.007 C(16)" --0.007 
C(lra)* -0.022 P(1) 0.047 
C(14)" 0.023 

C(21)" -0.001 C(25)" 0.005 
C(22) *: 0.013 C(26)" --0.008 
C(23)" -0.03 6 P(1) 0.01 2 
C(24)* 0.008 

Plane VII: 0.80444.X- 0.30133Y -k 0.511932 == 0.284'7 
C(31)* -0.01 8 C(35)" 0.006 
C(32)" 0.013 ( 3  6) s:: 0.000 
C(33)" -- 0.00 I. R1) -- 0.04s 
C(34)* -0.006 

Plane VI: 0.56835X--- 0.59577Y-- 0.56748% :: -1.8956 

Plane YYII: -0.0993.4.Y + 0.8259C.Y 0.55494.Z -= ---0.057'1 
C(41)* -0.006 C(45)* 0.001 
C(42)" 0.009 C(&)" 0.002, 
C(43)" -0.006 P(2) .- 0.0411. 
C(44) * 0.002 

C(5 1)" -0.003 C(55);': 0.002 
C(52)*  -0.000 2(56)3': 0,002 
C(53)" 0.005 p"(2) --0.0 7 5 
C(54)* -0.006 

C(61)* -0.004 C(65)" 0.006 
C(62)" 0.011 C(66)" 0.001 
C(63)" -0.015 w9 ~~ 0.054 
C(64)" 0.Oi2 

Plane IX: -0.31949X -- 0.44'726Y J. 0.835402 := --2.0596 

Plane X: 0.90803.X- 0.23801Y -L 0. 

.- 
Dihedral Angles -____- -- -. 

Planes Angle, deg Planes Angle, de8 

1-41 115.06 Ib-I1 110.39 
Ia-Ib 161.26 Id-I1 11'7.55 
IC-Id 171.78 111-IV 122.63 

._._I___ ______-_I_ _.__...I__________.. 

a All calculations were performed using the FORTRAN IV program PLOD, by B. 6. DeBoer. Equations to planes arc  presented in 
mrtesian coordinates, such that [X, Y ,  Z ]  := [xa + zc cos 0, yb, z c  sin 01. 
others were given zero weight. 

Atoms identified by an asterisk w r e  assigned unit weights; all  

sponding angles in the cubane-like species [ P I E ~ ~ C U I ] ~  and 
[AsEt3Cul]4 are 66.10 (4) and 62.63 ( 5 ) ' ,  respectively.3 

These small angles could be the result of any of (or any 
combination of) the following: (i) restrictions imposed by the 
coordination geometry of the metal atom, (ii) metal-metal 
bonding, and (iii) van der Waals repulsions between the 
halogen atoms. The available data are consistent with item 
(iii) being the dominant consideration. 'Thus, Cu-I-Cu angles 
as low as -60" are required to give reasonable 1-1 separations 
[i.e., separations corresponding to about two van der Waals 
radii or about 4.3 A201 in the iodo complexes. In contrast, 
Cu-Br-Cu angles within the four-membered rings of the 
bromo species [PPh3CuBr]4 are 71.14 (6),16.04 (6 ) ,  and 83.24 
(6)" (twice);.? these increasd angles are associated with Br.-Br 
contacts of 3.88Oj (291-3.9565 (20) W [ c j .  a value of -3.9 
A based upon two van der Waals radii for brominezo]. 

Atoms Cu(1) and Cu(1') are each in approximately 
trigonal-planar coordination, individual angles being P( 1)- 

and I(l)-Cu(l)-1(2) = 117.85 (9)". Cu(2) and Cu(2') each 
have a distorted tetrahedral environment. P(Z)-Cu(2)-I angles 
are each greater than the ideal tetrahedral angle of 109.47" 
and range from 112.00 (12) to 114.45 (13)'; T-Cu(2)-1 angles 

Cu(l)-I(1) = 127.49 (14)', P(l)-Cu(1)-1(2) = 114.18 ( 1 3 ) O ,  

are 102.45 ( 7 ) ?  104.20 (71, and)  10.163 (8)". 'The Gu(tr.ig- 
ona1)-P distance of 2.2277 (4'7) A is sXEgE.,t!y shorter tham the 
Cu(tetrahedra1)-P distance of 2.241 8 (39) A. 

Phosphorus---carbon distances range from 1.787 (1 5) to 1.830 
(16) A, averaging 1.805 f 0.016 A.21 CU-P-C angles range 
from 110.77 (57) to 116.55 (51)" [ib'~~,rags Il4.18'], while 
C-P-C angles range from 103.02 (69) to 105.90 (77)' 
[average 194.38']. 'This form of angular dist~rticpn froan P;i 
toward C3v symmetry i s  general for metatphosphine com- 
plexes.22 

Carbon--carbon distances within the ~ r i ~ h e n ~ ~ ~ ~ i o ~ ~ h i f l ~  
ligands range from 1.301 (38) to 1.460 (29) A, the average 
of the 36 independent values being 1.372 f 0.037 w ~ 2 1  The 
rather large range of these distances is similar 'to that ~bseived 

arid Is cleariy lhe 
net result of two factors-(i) large estl's individual bond 
lengths and (ii) a systematic error due to rigid-body motion 
of the phenyl rings; in this latter c ~ n t e ~ t  we note the 
(metal-@(para) bonds, which arc tine most distant from the 
molecular center of gravity and thus the most affected by 
phenyl groups "waving" about thcir P C bonds, are sys- 

r]4 (1.302 (17)-1,426 (45) 
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Table VU. Comparison of [PPh,CuX], Species 
x = C P  X = B r b  X = I  

I___ 

Geometry of Cu,X, core Cubane Step Step 

c u .  . CU, A 3.1179 (13)-3.4298 (18) 2.9905 (22)-3.9873 (23) 2.8345 (29)4.2949 (29) 
x. . . x ,  A 3.3925 (33)-3.7223 (26)‘ 3.8801 (25)-3.9565 (20) 4.2044 (18)-4.3842 (17) 
AV X. . .X, A 3.5 76 2‘ 3.9173 4.2829 

cu-x,  A 2.3632 (19)-2,5050 (20) 2.3765 (20)-2.6637 (19) 2.5273 (22)-2.7281 (23) 

van der Waals X. . .X, Ad 3.6 3.9 4.3 
See ref 1. See ref 2. In ‘Table 111 of ref 1 ,  the Cl(1). . Cl(1’) distance is given erroneously as 3.0596 (34) A;  its true value is 3.5096 

(34) A. Unfortunately, the value with transposed digits was also used in calculating the average chlorine. . .chlorine distance, which is errone- 
ously given in the text of ref 1 as 3.5012 A;  the true value is 3.5762 A, as given above. See ref 20. 

tematically low, ranging from 1.301 (30) to 1.387 (22) A and 
averaging only 1.341 f 0.028 A.21 Average isotropic thermal 
parameters are 3.83 A2 for C(P-bonded), 5.78 A2 for C(ortho), 
7.08 8,2  for C(meta), and 6.35 8,2 for C(para). 

The 36 independent C-C-C angles vary from 114.8 (16) 
to 126.3 (16)”, the average value being 120.0 f 3.3O.21 As 
has been noted in recent structural studies of [PPh3CuC1]4,1 
[PPh3CuBr]4,2 (PPh2Me)2Ni(u-C6Fs)Br923 and 
(PPhzMe)zNi(u-C6Fs)2,24 the C-C-C angles at the P-bonded 
carbon atoms are all systematically reduced from the ideal 
trigonal value of 120O. Individual angles range from 

= 119.9 (15)”, with an average of 117.2 f 2.0O.21 
The six phenyl groups are each planar within the limits of 

experimental error, maximum deviations of atoms from their 
least-squares planes being 0.023 8, for the phenyl group defined 
by C(11) through C(16), 0.016 A for C(21)-C(26), 0.018 8, 
for C(31)-C(36), 0.009 A for C(41)-C(46), 0.006 8, for 
C(51)-C(56), and 0.015 A for C(61)-C(66) [see Table VI]. 

Conclusion 
The molecule [PPh3CuI]4 has been shown to have a central 

cud4  core with a step structure (as does [PPh3CuBr]42) rather 
than the cubane-like configuration of [PPh3CuC1]4.1 The 
presently available structural data suggest that the step 
structure is favored over the cubane-like arrangement in 
[ P R ~ C U X ] ~  tetramers only when both bulky phosphine ligands 
and large halogen atoms are present. 

Selected data on the [PPh3CuX]4 molecules (X = C1,l Br,2 
and I) are collected in Table VII. As can easily be seen, the 
nonbonding copper-copper distances and even the bonding 
copper-halogen distances vary appreciably within each of these 
three species. While the nonbonding halogen-halogen dis- 
tances between second nearest neighbors also show quite wide 
variations within a given molecule, the average halogen-. 
halogen distance is not statistically distinguishable from the 
value expected from considerations of the appropriate van der 
Waals radii. 

Current work (to be reported at a later date) is aimed toward 
determining the conditions influencing the occurrence of the 
step vis vis the cubane structure in tetrameric complexes of 
the type [ A s R ~ C U X ] ~ ,  [PR3AgX]4, and [AsR3AgX]4. 
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