
..;. .-299 .: ;_ : --. : -. : _. 
.: .,_ . . . . . _. ._ . . . . . . . _ _. : : . . _-. ..:. - : - ._, -. --. : ‘:- 

J&,&i _of_~~~~~omet~~~ic.~h~~‘~~, 71. (ig,i) =&&+-J8. : i. :. -_ : .. ...:- -- .: .::. ~ ) i; :::- ;:;; ‘_.: 
.__. 

@_&e$er_$equo.&, %A_, Lausanne 7 P$$ed.in.Th&~Netherlands .. : _: . . :. ’ : : ‘;: ]‘- I ;_ :: 
.. _.. ._ ._-..I’ : ,. _ ;_..: .- 

. . .-y ._. :- ,. 7 ., :. .-.: ., .- I : -. . . __ .-._ . . . 

THECRYSTALANJ3MO~E-CULAR.SI'RUCT~E OF ~~,,.ptI(cM,Nc,H,c1)- 
(PEt3),:A C~M~~~~~DDERIVEDFR~M~~-IEIP;~SER~OP;TOF:~--IS~~~~;AN- 
IDE~NTOAMETAL--CARBONBOND 

K.P. WAGNER, P.M. TREICHEL and 3-C. CALABRESE 
. . -. 

Department oi dhemisttyi University of Wisconsin, Madk.on, Wisconsin_53?06-(v,S.A;) . . 

(Received Novkber 6th, 1973) 

: 

Summary 

The-title compound, obtained from the reaction of the platinum. a&l com- 
pound,~PtI(Me)(PEt&:andp-chlorophenyl isocyanide, crystallizes in the mono- 
clinic space group-P2, /c with four molecules per unit cell with dimensions Q 
20.903(3), b 8.531(l), c 15.176(2)8 and p =F 107.76(1)0. Its crystal andmole- 
cular structure was determined; and refined by full-matrix isotropic-anisotropic 
least squares on 1791 independent counter data, to a final unweighted R factor : 
of 3.8% The structure of this species consistsof discrete molecular units, in 
which the_platinum atom assumes its expected four-coordinate square planar 
geometry with Pt-P distances of 2.314(3) and 2.321(3)A, a Pt-I-distance of. 
2.712(l)& and a Pt-C distance of 2.027(11)A. The intramolecular Pt-Ndisi. _ 
tance, tbe distance. between-the-nitrogen of the acylimino-group and the metal- 
atom, is found to be 3.042(-1O)A. This is clearly a non-bonding distance, refu- 
ting an earlier suggestion based-on PMR data that the metal atom achieves 
pseudo five-coordination in these species through coordination to this atom: No 
unusual ,jntermolecula.r distances are observed in. this structure, with the closest 
Pt-Pt distance being 8.531 A. _.. :- 

Introduction. .- : -. . _: - 
: 

: 
The room temperature PMR spectra of the .compounds jrans-MI(CMe5 

‘~ 

NC,H,,)(PP~?I.J~,)~- (M F-Pd [l] ,-Pt [2] ):has be&--reported to show .non.equi_..:. 
valence of the phosphme-methyl groups. This result was iuitiahy jnterpreted in : 
terms of a five-coordinate platinum compleS& -@t$ .the a&yhminogroup func- 
tioning as a bidentate ligand coordinated-to-one. metal%hrough- both carbon&h: -. 
nitrogen. Invieti of the predispositionof pl.atin_urr&I) complex&s to. assume: : : ., 
foUr_.rather_,than five-i3ooidination. this suggestion-seemed’of-~ubious’merik 
Moreover.it i&clear that any- restriction- of_PtC bong..rotatiori,- regardless of : :- 1 y: 
coordination.,of nitrogen tot the:me.tal, could expikin.thh-PMR,d+F [3] I , !:.>:T.j._ ‘:;:.-: .I_ 

:.: :. :. .: . . . .I :: .__.A. : :..’ .,_ -.,. 
: I .I. ; ..., .. . ., 
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Nonetheless, it- appeared tous that the best resolution of the ,question of 
four- vs-. five-coordination could be.a&omplished by-a single crystal-X-ray strut- 
tural determination of one of these complexes. Such a study wasclearly within 
-the bounds of our current interest in isocyanide insertion reactions, which has 
recently been described in several papers [3--51. We selected as the subject for 
this study the complex PtI(CMe=NC6%CI)(PEtJ)2, which happened to yield 
crystals acceptable for this work;,Herein we describe the crystal and molecular 
structure for this species. A prior .communication on this work has appeared [6]. 

Experimental 

Single Crystal X-ray Data 
Well:formed pale yellow crystals were obtained by vapor diffusion of 

diethyl ether into a dichloromethane solution of pans-PtI(CMe=NC,H&l)(PEt& 
[4] at room temperature. The crystal used for data collection had an approxim- 
ately rectangular cross section with dimensions.(each defined by the perpendi- 
cular distace between the opposite pair of crystal faces) of 0.50 mm (100) X 
0.15 mm (101) X 0.08 mm (010). The crystal was accurately centered on a 
Syntex Pi four circle computer controlled diffractometer equipped with a 
graphite. monochromator, such that its (100) axis was approximately coincident 
with the instrumental @ axis. After careful alignment of the crystal with the X- 
ray tube, fifteen diffraction maxima were automatically centered in 20, x and 
w. MO-K, radiation (h 0.7107 A) was used throughout the alignment and data 
co.gection procedures. After these reflections were assigned correct indices they 
were used in a least-squares procedure to give the best lattice and orientation 
parameters [7] . 

The measured lattice constants (== 23”) with their estimated standard de- 
viations for the indicated monoclinic unit cell with CZh (2/m) Laue symmetry are 
a 20;903(3), b 8.531(l), c 15.176(2) A, and /3 = 107.760(10)“. The unit cell 
volume is 2577.1(6) A3, yielding a calculated density of 1.832 g*cm-3 for M 
710.89 and 2 4, which agrees well with the measured density of 1.828 g*cme3, 
determined by flotation in a mixture of carbon tetrachloride and methyl iodide. 
The total number of electrons per unit cell, F(OOO), is 1368. 

Intensity data were collected by the 6-26 scan technique with stationary 
crystal-stationary counter background counts taken at the beginning and end 
of each scan. The normal Syntex procedure was used, wherein variable scan 
rates and scan ranges are determined according to the intensity and width of 
the peak being measured. For each peak the total time spent in taking the two 
background counts was set equal to the total scan time 171. A total of 2480 
reflections weiecollected, distributed through the two octants hkl and EkZ 
(3.0” <-20.<40.0”), of which 2355 reflections were Laue independent. The 
two standard reflections (131) and (422) were monitored every 50 reflections 

- 

as a-check of ele’ctronic and crystal stability; During. the entire data collection 
process, the intensity of the standard reflections varied by only IT 2% as measu-. 
red on I, end therefore no con-e&ions for crystal decay were necessary. 

The data were corrected for Lorentz and polarization effects [S] and.then 
converted to&ucture factor amplitudes IF, 1 = (I/L-p)“* with o(F,) taken~ as 
o(l)/2F;=.L-I). .A given deflection was considered statistically unobserved if the 
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net intensity I was less than. twice the standard deviation of the intensity o(I), 
these being calculated from standard expressions 191. The instient instabili- 
ty or “ignorance’? factor,E was set equal to 0.003 S&l is introdticed into D* (1) 
to avoid overweighting the strong reflections in Ieast squares. The merged [S] 
data set gave a total of 1791 observed reflections, all of which were used in the 
structure determitiation. 

Transmission factors, based on the linear absorption coefficient IlO] for ’ 

MO-K, radiation of 71.69 en-i’ , varied from 0.31 to 0.60 and accordingly the 
appropriate absorption corrections were made [II]. 

The data showed the systematic absences h0Z for 2 = 2n + 1 and Ok.0 for 
k = 2n + 1, consistent only with the centrosymmetric monoclinic space group 
p2, /c (C;, ); No. 14). 

Solution and refinement of.the structure 
The solution of the structure was accomplished by the heavy atom method 

and required the location of one molecule as the independent unit. A Fourier 
synthesis 1121, phased on the location of the platinum and iodine atoms ob- 
tained from the interpretation of a three-dimensional Patterson map [13], gave 
initial coordinates for the two phosphorus atoms and the chlorine atom. After 
three preliminary cycles of least squares refinement [14], varying individual 
positional and isotropic thermal parameters, the discrepancy indices R 1 and Rz * 
were 15.7% and 18.9% respectively. A three-dimensional Fourier difference 
map revealed the positions of the remaining 21 non-hydrogen atoms and 12 of 
the 37 hydrogen atoms in the crystallographic asymmetric unit. This map also 
indicated very strong thermal anisotropy about the platinum and iodine atoms. 
Three cycles of full-matrix least squares refinement on all non-hydrogen atoms 
varying both positional and isotropic parameters and including ideal coordinates**. 
for all hydrogen atoms, except for those on C(8), as fixed atom contributions 
(BisO 6.0 8’ ), resulted in RI = 8.8% and Rz = 11.0%. A second difference map, 
phased on the non-hydrogen atoms only, located all the hydrogen atoms except 
H(15), H(18) and H(21). Two final cycles of full-matrix least squares refinement 
including all atoms, with anisotropic temperature factors for the Pt, I, Cl and P 
atoms and anomalous dispersion corrections for the Pt and I atoms***, resulted 
in convergence with R , = 3.8% and R 2 = 4.6%. No value of shift/error > 0.08 
was observed in the final cycle. The final data to parameter ratio was approxim- 
ately 7/l. 

All least-squares refinements were based on the minimization of EcWilIFo l- 
IF’ iI2 . The atomic scattering factors used for all non-hydrogen atoms were those 
compiled by Hanson et al. 1173, while those used for hydrogen atoms were from 
Stewart et al. 1183. The calculated and observed structure factor amplitudes 

(continuedonp. 305) 

‘DefinedasRl = C~:L'FOI-_(F~U~ZIF,~~ X 100 andR 
individual weights Wi = ~/(o(F,))*. 

2 = CZWi(iF,I-lF~1)2 /CWilF,12] "*X 100 Using 

**See ref. 15. A.U C-II &tan& were set at 1.0 A: the phenyl hydrogen atoms were placed in the plaae 
of the ring and those of the ethyl groups were placed tetrabedralIy about each carbon with the me- 
th~lene and methyl hydrogen atoms staggered with respect to each other. The C(8)_methyl group 
was idealized to tetxahedral geometry in an orientation that conformed ciosest to that observed in 
tbe first Fourier difference map. 

***See Ref. 16. Both real and imaginary components were included with values Pt: -1.9.9.6 and I: 
-0.5.2.4 respectively. 
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iiWtil(&). -' -':-26842(S) 
3li3+3)--~ .-b 

:. 29?4(6) b.. 
: a 4646(2)- 741(6)' -8100(3) 

P(1) .: : : : --;--:-- :3038(2) .-:: ; :.. +1032<3):-. f;W&!; . 
T b. :..: 

_b .-. 
P<9_._-- ..: _:.'_.-_ -.1214(2) -1167(4) 

b'. 
. . . 

Id 
. 

3ci51<5>- .- 3195(6) -3.8(2) 

ccl, 

.293qI1,- 
2796<6> +1800<15) .'. ..-6186(8) 4.4(3) .-. 

.5661(10) 6.3<3) : . . c(2) .f. : 2475(8? -6Z109) 
cm- : 
c<4>.- '.- 

3393(6)- ._ 
3615(S) 

: -2T4aI4). 
-24%8(18). 

C(5) 3751<6> -199<14) 

C<6> 4321(7) +3X18) 

C<7) 2578<5) 2257(13). 
C(8) -.. 2307<6) 3167<15) 
C(9) -. .. '3388f6) 2306<18) : 
C<lO) -~ 3124(F)_ .:: 1379(14) 

C(li>. 
.C(l2) ~: : 

3501(6) 903(14) 
4158(6) 1308(15) 

C(13) ._ -4452<7) . 2201(16) 

C<14) 4065(7) 2732(15) 
d(l) x327(7> 

::I:' . .~ 472(7) 

3153<17) 

7200% 3899(19) 
1197(17) 

C'(4) 543(8) 1973(21) 

C‘(5) 88!<7) 53(14) 
C'(6) -. 
H(l)C : .. 

-1379(9j -293(19) 
3205 -2232 

H<2> '_- -2467 -2676 

H(3) 2347 .. -I120 

H(4) 
_. 

2058. -185 
. . 
H(5) 2796 269 
H(6)- 3037 -3568 

H(7) 3784 -3087 

H(8) 3804.. -3407 
-H(S)'. -3969 -1589 
H(10) . . :3222 -2070 
H<ll). 3574 1150 

gK12) ;3941 538. 
.Hi13) 4699 235 
H(14j 4504 -1484. 
H(15) 4137 -872 

H(16) 2582 2922 

H(17) 1830 2843 
H<lS) :- 2329 4303 

'H(19): ..2645 1016 

H<20) 3291 283 
H(21) .. : 4939 2480 
H(22)- -: .; 4;;; 3377 
--H(23) 3073 
H@4)' .. 1475 " 3821 
H<35). ._ 848 4975 
H(26j : 351 3995 

.w27) 574. .’ 3247 

.R(28),' j.;. : -,: f 350 71 -- 

Ix291 
.H(39)_-: :.- :. 

.- .1x2. 
111 ,_ 

_--1725. 

1908 

38=X7) 4.1(2) . . : 
2976<10) 6.6<4) 
4781<8) 4.1<8) 
5569(S) 6.7(3) 

3430(7) 3.0(2) 
4081<7) 4.1(3) 
.2623(7) 3.4(2) 
1843(S) .4.4(3) 
1294(S). 4.1<3) 
1530(S) 4.6(3) 

2296<9) 5.6(3) 
2833(8) 4.8(3) 
1627(g) 5.3(3) 
935<10) 6.8<4) 

2&28(10) 6.2<3) 
3321(11) 7.6(4) 

966(S) 4.5(3) 
476(11) 7.0(4) 

5642 
4933 
6167 
5186 

6896 
3686 
4352 
2787 

3114 

2446 
5011 
4267 
5818 
5335 
6079 

4731 
3989 
3960 
1696 
710 

2473 

.3389 
1340 
2193 

776 
1223 

370 
2482 

..’ 1939 
3463 
3272 H(31) 668 3092 

?<?2) -1;~' -_ :.' 906 : 1 :' 1437 3815 

(co+inued) 
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TABLE 1~(continued) 

-_ _._ 1 --- ; 

_ . . 
_ . . . . . . .’ 

0 $ Y s ..= : 
&@Z) : : ‘i; -: :. :-_ 

R(33) :: 493 ~. 670 572 
H(34) 707 -958 1153 

_. ., 

-898:. H(35) 1161 

1766 
-109 : 

H(36) -8%: 871 

H(37) ; 1552 734 290 : 

oThePtandIpositional~arem etershavebeenmultipliedby 105.alI'othersbJi10~ Theestimatedstandzd 
~de~tio~~~e~digItisgi~~inparen~esisinthis~d~efo~ow~~bl~~AnisotioPii:femPerature' 

factorsoftheformexp {-[@li.h’ +&2.k2 +&-l* +2812-hk +2@13-hl+ 2&3+il]wereusedforth& 
atoms._Ther~ting'hermalcoefficients~~theizestima~standarddeviationsareasf~Bollows: 

??t 148(2) 757(g). 385(3) l(2) 86(2) -S(3) 
I 263(3) 1005(16) 803(6) -137(5) 75(3) 6X7) 
Cl 322(13) 3026(91) 873(25) 206(30) 284(15) 70(41) 

pa> 178<10) 932(49). 
1244(58) 

418(16) 76(18) 87(10) SO(23) 

P(2) 156CS) 405(17) 67(19) 73(10) O(2-4) 

cThehvdrogenparametersaretheidealizedcoordinatesusedforthefinaltwoleastsq~~escycles. 

TABLE2 

INTERATOMICDISTANCESANDBONDANGLES 

A_ Bonding intmmolecular distances (A) 

Metal-halogen: I?t-I 2.712(l) 

Metal--phosphorus: Pt--P<l) 2.314(3) 

Pt-P(2) 2.321(3) 

2&8(av> 

Metal-carbon: pT--C(7) 2.027(11) 

Isocyanidebonds: Insertedmethylgroup 

C(7+C(8) 1.492(16) 

Nitrogen--carbon 

N--CC71 1.287(13) 

N-CCS) l-383(14) 

Cblori&carbon 
Cl-C(l2) 1.774(13) 

paellylring 

cW-C<q l-389(15) C(l3)--c(l4) l.388<18) 

C<9)--c<l4) 1.401(16) C(llFCCl2) 1.354(16) 

cc1O)--c<11) 1.372<16) C(l2)-C(13) l-369(16) 

Phosphinebonds: Phosphorus--carbon 

P(l)--c(U l.792<12) P(Z)--&(l) 1.84‘2(iS) 

P(l)--c(3) 1.830(12) P(2)-_c'(3). l.827(16) 

p(l)--c<5) 1.806(12) P(2)-_c'(5) l-820(12) 

Carbon-carbon 

C(u-C(2) 1.515(19) C'(l)--c'C2) 
CC3FW4) l&16(18) C'(3)-C(4) : 

1.617(18) 

1.476(20) 

C(5FC(6) 1.540(18) C'(5)-4Z!(6)-'- l-&83(22). 

B. Int&molecular distances < 3.8. A (A) 
_- 

-.. 

CI-CI 3.474o C(8)---C'(6) 3.7386 . . .. ..:- 
C(8).--c(ll) 3.612b C<2~C'(l) 3.7s4b 
c<6)--_c(13~-_ .. 3-7376 .I- . . 

: 
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obtained from,the last izykle of the &isotropic least s&ares refinemknt are 
avaiiabfe”; The positional and therinal pa&unet&s.fo~ all atoms are given 
in Table 1. .Inteiatomic b~qndirig distarkes .and bond angles, -with estim- ’ 
ated.standard -deviations calculated with the Busing~&rtin--Levy fun&ion and 
error program 1191 from the.full inverse matrkare presented in Table 2; -Equa- 
tions of-least squares planes and the dihedral angles between the normals to 
these plarieS are listed in Table 3. [20] T 

: 

Results and discussions 

The compound &ns-PtI( CMe=NC,H&1)(PEt& consists of- discrete- mole- 
cules separated by normal van der Waals distances. The closest I%-+% distance is 
8.531 A, ruling.out possible metal-metal chain interactions; 

The molecular structure of this species is shown in’-Fig. 1 [ 211. The coor- 
dination around platinum is essentially square planar, although the bond angles 
about the.central metal show slight distortion (see Table 20). The phosphine 
ligands are in a tram configuration, as had been predicted earlier from PMR 
data. The Pt, I and the two P atoms lie in a well-defined plane; the phosphorus- 
platinum-iodine angles are slightly less than 90”. The acylimino carbon atom, 
C(7), is situated below this plane (by 0.24 A), while the nitrogen atom bonded 
to it is 0.60 A above this plane. The plane defined by C(7), N, and C(9), compo- 

Fig. 1; A view.of’ imns_PtI<CMe=NCsHqC1)(PEt3)2 showing the overall stereochemisiry and the atom num- 
bering scheme. 

*The table of structure factors baa been deposited as NAqS Document No. 02295, with ASK/NAPS. 
clo Microfiche Pubiications, 305 E. 46th Street. New York, New York 10017. A copy may be. 
se&red by ciiing the doctiment number and remitting $ I;50 for i&&fiche or $5.00 foe photocdpies. 
Advance payment is required. Make checks payable to Microfiche Publications. 
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n&d atoms ;Df tEic acylimmo-group, and the metal atom has a normal at?9.72? 
to the plane containing- the metal, both phosphorus atoms, and-thejodine, atom, 
The %-C(7)--N and.C(?)-N-C(S) angles are 131.9(8)” a.nd.l25.4(10)” respec- 
tively. These measured values are somewhat higher than the values expected for 
the simple representation of sp’ hybridization at each atom. 

The two platinum-phosphorus bond lengths of 2.314(3) and Z-321(3) a 
are comparable to other known distances in platinum-phosphor& compounds 
wherein phosphiries are in a trans configuration; viz., the Pt-P distances in 
Pt(NO,),(PEt& [2.31(l) and 2.30(l) A J [22f, and in PtX2(PEt3)2 [X = Cl, 
2.298(18) A and X = Br, 2.315(4) A] 1231. The platinum-iodine distance in 
PtI(CMe=NC&I&l)(PEt& is 2712(l) A. Th is value may be compared with 
platinum-iodine bond lengths in the platinum(IY) compounds Pt(acac)& [24] 
and (PtL), -1251 which are found to be 2.667(l) and 2.62 a (Pt-I terminal. 
distance) respectively. The only platinum(H) species for which a platinum-iodi- 
ne bond length is recorded is trans-Pt[C6H4(AsMe&]&; in this species the axial 
metal+o&ne bonds are substantially longer, at a value of 3.50(l) A [26]. The 
Pt-C distance of 2.027(11) A is similar to those of l-98(2) and 2.00(3) .& in the 
imido complex cti-PtCl,[C(OEt)NHPh] PEtS [27] and in the carbene complex 
trans-Pi:Clz ]C(NPh%H,),]PEt, 1283 respectively, and does not appear to be un- 
usual. 

The primary purpose for carrying out this structural determination was 
to ascertain whether the imino nitrogen was bonded to the metal atom, with 
the latter thus achieving five-coordination. The results clearly confirmed o-nr 
earher expectations that this coordination does not occur, and that the acyl- 
imino group is bonded to the metal in the expected manner. The imino nitro- 
gen atom is found at a distance from the metal of 3.042(10) A, approximately 
0.9 a longer than ordinary bonding distances. There appears to be no constraint 
imposed which brings the nitrogen atom close to the platinum; indeed the pla- 
tinum-carbon-nitrogen angle of 131.9(8)” seems somewhat larger than anticip- 
ated for the expected carbon atom geometry. It should be pointed out that in 
such instances where a hydrocarbon ligand containing a heteroatom is known to 
coordinate to a metal, the structure is inevitably distorted to give a metal-heterc: 
atom distance smaller than the metal-carbon distance. For example, in the 
structure of (PhCH=CH-CH=NPh)Fe(CO)S, the nitrogen atom is found to be 
about 0.1 a closer to the metal than are the carbon atoms in the ligand 1293. 
For a ligand MeC=N+Ph to bond to platinum there is no reason not to expect 
the same observation to apply, i.e., if there were a bonding interaction, nitrogen 
ought to be closer to the metal than is carbon. 

We think it fair to assume that this type of structure is appropriate for 
other PtX(CR=NR’)Lz species including the complex PtMe(CMe=NCsHI1 C!l)- 
(PPhMe& f5] for which PMR indicated a dissimilarity of phosphine methyl 
groups. This being so, assignment of the PMR restilts to asymmetry within the 
molecule resulting only from a restriction of rotation of the platinum to carbon 
bond is reasonable. As pointed out earlier in this paper, no bonding of platinum 
to nitrogen need be impiied in this description. 

.-The structural data here does suggest the possibility of restricted rotation 
of.the platinum-carbon bond as a result of steric factors. The statistically sig- 
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nificant but s&ht distortion of the I-Pt-P(1) and I-Pt-P{Z) anglesi from 
the idealized.90” to the observed values of 88.65(8)” and 88.51(8)” respectively, 
is a measure of the non-bonding steric in@raction of the meth$l-iminb group 
and the phosphine ligands. The latter are bent away from the imirio group. This 
may be considered as evidence for some steric crowding and in accord with.the 
proposed restricted rotation about the platinum-carbon bond in this type of 
complex. The closest non-bonding interaction between elements of the phos- 
phine and imino group are still quite large however. The shortest C-C distance 
found is 3.66 a and the closest H-H approach is 2.22 i4 (see Table 20 The 
effective van der Waals radius for a methyl or methylene group is 2.0 a. 

It would be interesting to look next at the products derived from bis-inser- 
tion of an isocyanide into a metal-carbon bond. For the palladium species, with 
the ligand PPhMe, , the same dissimilarity of phosphine methyl groups is noted. 

Acknowledgement 

We acknowledge the financial support of the National Science Foundation 
(GP 17207) and the University of Wisconsin Graduate School for this work. The 
acquisition of a Syntex Diffractometer System, available for our use, was made 
possible by a National Science Foundation major instrument grant to the De- 
partment. 

References 

1 Y. Yamamoto and H. Yamazaki, Bull. Chem. Sot. Jap., 43 (1970) 2653. 
2 Y. Yamamoto and H. Yamazaki. Bull. Chem. Sot. Jap.. 44 (1971) 1873. 
3 P.M. Treichel and R.\V_ Hess. J. Amer. Chem. Sot.. 92 (1970) 4731. 
4 P.M. Treichel. K.P. Wagner, and R.W. Hess. Inorg. Chem.. 12 (1973) 1471. 
5 P.M. Treichel and K-P_ Wagner, J. Organometal. Chem., 61 (1973) 415. 
6 K.P. Wagner, P.M. Treichel and J.C. Calabrese, .I. OrganometaI. Chem., 56 (1973) C33. 
7 ‘LP1 Autodiffractometer Operations Manual”. Syntex Analytical Instruments Division, Cupertino. 

California. 
8 J.C. Calabrese “FOBS. A General Data Reduction Program for the Syntex Pi Diffractometer.” 0972) 

and %ORTMkRGE”. Ph.D. Thesis (Appendix). University of Wisconsin (Madison). 1971. 
9 V.A. Uchtman and L.F. Dahl, J. Amer. Chem. Sot.. 91, (1969) 3756. 

10 “International Tables for X-ray Crystallography”. Vol. III. The Kynocb Press. Birmingham. England, 
1962. p. 157. 

11 W.R. Busing and H.A. Levy. Acta Crystallogr.. 10 (1957) 180. 
12 J-C. Calabrese. “MAP, an integrated structure factor. Fourier. peak search and Fourier connectivity 

program.” University of Wsconsin (Madison) 1973. 
13 J.C. Calabrese. “PHASE, The Patterson Heavy Atom Solution Extractor ” Ph.D. Thesis (Appendix) , 

University of Wisconsin (Madison). 1971. 
14 W.R. Busing, K-0. Martin and H-A. Levy. “ORFLS. A Fortran CrystaBographic Least-Squares Program”. 

ORNL-TM-305, Oak Ridge NationaI Laboratory, Oak Ridge. Tennessee. 1963. 
15 J.C. Calabmse, “MIRAGE”, Ph.D. Thesis. University of Wisconsin. Madison.‘1971. 
16 D.H. Templeton in “Intematio&el Tables for X-Ray Crystallography”, Vol. III. The Kynoch Press. 

Birmingham. England. 1962. p. 215. 
17 H.P. Hanson, F. Herman, J.D. Lea and S. Skillman, Acta Crystallogr. 17 (1964) 1040. 
18 R.F. Stewart, E.R. Davidson and W.T. Simpson, J. Chem. Phye. 42 (1965) 3175. 
19 W.R. Busing. K-0. Martin and H.A. Levy. “ORFFE. A Fortran Crystallographic Function and Error 

Program”. ORNL-TM-306. Oak Ridge National Laboratory. Oak Ridge. Tennessee, 1964. 
20 D.L. Smith, “A Least-Squares Planes Program ” Ph.D. Thesis (Appendix), University of Wisconsin , 

(Madison), 1962. 
21 C.K. Johnson. “ORTEP. A Fortran Thermal-Ellipsoid Plot Program for Crystd Structure Illustrations”. 

ORNL-3794, Oak Ridge National Laboratory. Oak Ridge. Tennessee. 1964. 



-2h ~,C;~~phensol?;-‘J. Inoy&NuqL Ok*.._24 (1962)‘791.. .: ..~. . . ‘... _. .:-: .I. 1.:. 
27 .E_MA;E&II~~~ fr Cl&b: R:L__Richards aid G:A_‘Sim.-Che;ri. Commun~~~l969) 1322.. I ' -' ._ '. .~. ... 

kidrkj;a.-M.F. Lappert; Li; tiano@x?ic’+kix and.K.W.-Mui+, Chem. Comm~n.;<l97lj 


