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Zero-coordinate, large monovalent cations were observed 
in the crystal structures of dehydrated K12-A1'2 and 
Rb| iNai-A.2 '3 '4 In dehydrated K12-A,1 one K+ ion per unit 
cell was located deep within the large cavity, 4.25 A from its 
nearest neighbors, three framework oxide ions of a 6-ring.5 In 
dehydrated Rbi 1 Na 1 -A,3,4 one Rb + ion per unit cell occupies 
a similar position 4.35 A from the 6-ring oxide ions. The closest 
ionic contacts of these monovalent cations to framework oxide 
ions are too long by at least 1.5 A.6 The term "zero coordina
tion"3 4 is employed to describe this discrepancy. 

In this work, the third zeolite A crystal structure to contain 
a zero-coordinate cation is reported. Initial hopes that a higher 
degree of Cs + exchange would be attained, and that the zero-
coordinate cation would be Cs+ , have not been realized. 
Nevertheless, the result reconfirms the existence of uncoor
dinated cations, K+ in this case, and demonstrates again the 
conditions34 necessary for their occurrence. 

Experimental Section 

Crystals of zeolite 4A were prepared by a modification of Charnell's 
method,7 including a second crystallization using seed crystals from 
the first synthesis. A single crystal 0.085 mm on an edge was lodged 
in a fine glass capillary. The crystal was first exchanged with 0.2 N 
KOH (Mallinckrodt, Analytical Reagent: Na+, 0.05%; NH4

+, 0.02%; 
all other cations, less than 0.01%) by flow methods—a continuous 
stream of fresh solution flowed past the crystal at a velocity of ap
proximately 1.0 cm/s for a period of 2 days at 25 (1) 0C. Next, the 
crystal was similarly exchanged with 0.1 N CsOH (Ventron/Alfa, 
99.9% purity) for 12 days. After the solution was drained, no notice
able droplet of solution remained close to the crystal, and a rinse step, 
which might have caused some H+ exchange, was not performed. 
After dehydration at 350 0C and 2 X 1O-6 Torr for 48 h, the crystal 
was allowed to cool to room temperature, and was sealed in its capil-
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lary, while still under vacuum, by torch. The microscopic appearance 
of the crystal was not altered by these exchange and dehydration 
procedures. 

The dehydrated zeolite, with a unit cell composition of CS7K5-
Sii2Ali2048 as determined by refinement of the diffraction data, will 
subsequently be referred to as CS7K5-A. 

X-Ray Data Collection. The space group Pmim (no systematic 
absences) was used throughout this work for reasons discussed pre
viously.8-9 Preliminary crystallographic experiments and subsequent 
data collection were performed with an automated, four-circle Syntex 
Pl diffractometer, equipped with a graphite monochromator and a 
pulse-height analyzer. Molybdenum radiation was used for all ex
periments (Ka1, X = 0.70930 A; Ka2, X = 0.71359 A). The cubic unit 
cell constant, as determined by a least-squares refinement of 15 intense 
reflections for which 2° < 20 < 24°, is 12.266 (2) A. 

Reflections from two intensity-equivalent regions of reciprocal space 
(hkl, h < k < I, and lhk, I < h < k) were examined using the 8-28 
scan technique. Each reflection was scanned at a constant rate of 1.0 
deg min_i from 0.8° (in 28) below the calculated Ka, peak to 0.8° 
above the Ka2 maximum. Background intensity was counted at each 
end of a scan range for a time equal to half the scan time. Other details 
of the data collection and reduction10 are the same as previously de
scribed.4 No absorption correction was applied to the data. Of the 881 
pairs of reflections examined for CS7K5-A, only the 314 whose net 
counts exceeded three times their corresponding esd's were used in 
structure solution and refinement. 

Structure Determination. Full-matrix least-squares refinement of 
the structure was initiated using the atomic parameters for the 
framework atoms ((Si.Al), 0( 1), 0(2), and 0(3)) and for Cs+ which 
had previously been found in the crystal structure of CsyNas-A." 
Anisotropic refinement of all ions, except those at Cs(I) and Cs(3) 
which remained isotropic, converged quickly to an R\ index, (X\Fa 

- I Fc11)/XF0, of 0.154 and a corresponding weighted /?2 index, 
(Xw(F0-\FC\)2/XwF0

2Y/2, of OAST. (Refer to Table I and Figure 
2 to identify these positions.) Simultaneous occupancy and thermal 
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Table I. Positional, Thermal," and Occupancy Parameters for CS7K5-A 

(Si1AI) 
0(1) 
0(2) 
0(3) 
Cs(I) 
Cs(2) 
Cs(3) 
K(I) 
K(2) 
K(3) 

Wyckoff 
position 

24(A) 
12(A) 
12(0 
2A(m) 
8(g) 
3(f) 
Hg) 
Hg) 
Hg) 
Hg) 

X 

O 
O 
O 

1123(4) 
2702 (3) 

0 
823 (8) 

2083 (9) 
1300(21) 
3656(81) 

y 

1834(2) 
2248 (8) 
2946(6) 
1123(4) 
2702 (3) 

V2 
823(8) 

2083(9) 
1300(21) 
3656(81) 

Z 

3721(2) 
V2 

2946 (6) 
3407(5) 
2702 (3) 

V2 
823 (8) 

2083(9) 
1300(21) 
3656(81) 

/3 Ii or Biso 

24(2) 
59(11) 
54(9) 
36(4) 
66(2) 

115(4) 
172(11) 
87(7) 
3.6 (8)c 

653(149)' 

022 

22(2) 
57(9) 
36(6) 
36(4) 
66(2) 
79(2) 

172(11) 
87(7) 

'653(149) 

033 

18(2) 
27(8) 
36(6) 
61(7) 
66(2) 
79(2) 

172(11) 
87(7) 

653(149) 

012 

0 
0 
0 

30(9) 
49(4) 

0 
-134(17) -

89(19) 

142(388) 

013 

0 
0 
0 

-5 (7) 
49(4) 

0 
-134(17) -

89(19) 

142(388) 

023 

4(3) 
0 
3(14) 

-5 (7) 
49(4) 

0 
-134(17) 

89(19) 

142(388) 

Occu
pancy 
factor 

1* 
1 
1 
1 

% 
1 
V8 
% 
V8 
V8 

" Positional and anisotropic parameters are given XlO4. Numbers in parentheses are the estimated standard deviations in the units of the 
least significant figure given for the corresponding parameter. The anisotropic temperature factor is exp[-(0n/i2 + /322&

2 + 03^2 + 8\ihk 
+ 0|3/i/ + 823k!)]. b Occupancy for (Si) = V2; occupancy for (Al) = V2.

c Isotropic thermal parameter in units of A2. d The corresponding 
root mean square displacements are 0.8 A along the threefold axis and 0.7 A normal to it. 

Table II. Selected Interatomic Distances (A) and Angles (deg)" /8Ci(I) 

(Si1Al)-O(I) 
(Si,AI)-0(2) 
(Si,AI)-0(3) 

Cs(I)-OO) 
Cs(l)-0(2) 
K(I)-OO) 
K(l)-0(2) 
Cs(3)-0(3) 
Cs(3)-0(2) 
KO)-OO) 
KO)-OO) 
CsO)-O(I) 
CsO)-OO) 
KO)-O(I) 
K(3)-0(2) 
KO)-OO) 

KO)-CsO) 
K(3)-Cs(3) 
KO)-CsO) 
KO)-K(I) 
KO)-Cs(I) 

1.649(4) 
1.662(3) 
1.675(2) 

2.873 (7) 
3.342(3) 
2.326(7) 
2.962(5) 
3.212(13) 
3.820(14) 
2.60(2) 
3.27 (2) 
3.376(9) 
3.562(10) 
5.08 (9) 
4.64(13) 
4.40(15) 

4.51(5) 
6.0(2) 
5.05 (2) 
5.89(2) 
6.42(12) 

0(l)-(Si,Al)-0(2) 
0(I)-(Si1Al)-OO) 
0(2)-(Si,Al)-0(3) 
0O)-(Si1Al)-OO) 
(Si1Al)-O(I)-(Si1Al) 
(Si1Al)-OO)-(Si1Al) 
(Si1Al)-OO)-(Si1Al) 

OO)-Cs(l)-OO) 
OO)-K(l)-OO) 
0(3)-Cs(3)-0(3) 
0(3)-K(2)-0(3) 
0O)-KO)-OO) 

106.9 (5) 
112.3(4) 
107.2(2) 
110.6(4) 
144.2 (6) 
159.6(7) 
143.5(4) 

87.2(2) 
116.8(8) 
76.2(2) 
99(1) 
53(2) 

" Numbers in parentheses are the estimated standard deviations 
in the units of the least significant digit given for the corresponding 
parameter. 

5 V 9 e A ' 

Figure 1. The electron density along the mean threefold axis of the unit 
cell, calculated using the observed structure factors. This function dem
onstrates the end result of the crystallographic work. It is subsequently 
factored onto eight threefold axes for which O < x < 0.5 by the principle 
of the minimization of intercationic repulsions. The corresponding dif
ference function, in which all of the ions shown are subtracted except for 
the ion at K(3), shows only two peaks, one at K(3) nearly as shown above, 
and the other of comparable size at the Cs( 1) positions. 

parameter refinement of these Cs+ positions clearly indicated 2.8 ions 
at Cs(2), 3.3 at Cs(I), and 1.2 at Cs(3). This constitutes a crystallo
graphic determination of the presence of seven Cs+ ions per unit cell. 
By the assumption of stoichiometry, these values were rounded to the 
integers 3, 3, and 1, respectively, and were held fixed thereafter, except 
for one later check. 

Subsequent least-squares refinement included two K+ ion positions, 
K(I) and K(2), with occupancies of 3 and I1 respectively. These po
sitions were based on similar positions from the structure of dehy
drated K12-A1. Framework and all cation positions were refined an-
isotropically (except for K(2), isotropically), to R1 and R2 indices of 
0.082 and 0.059, respectively. 

A difference Fourier synthesis based on this 11-cation model re
vealed a possible position for the 12th cation (either a Cs+ or K+) on 
the threefold axis at x = 0.36, and 1.2 e A - 3 in height with an esti
mated standard deviation of 0.11 e A -3. Except for this peak, the map 
was remarkably featureless except for residual density very near the 
positions of K( 1) and Cs( 1). This position at x = 0.36, indicative of 
a zero-coordinate cation, was stable in anisotropic least-squares re
finement as one K+ ion, and lowered the error indices R\ and R^ to 
0.072 and 0.047, respectively. (Refinement of this position as one Cs+ 

ion was unstable in least squares.) The addition of this 12th cation 
lowered R\ by 0.010 and R2 by 0.012, significant amounts. At this 
point, simultaneous positional and temperature factor refinement of 

all cations, and occupancy refinement of all threefold cations, resulted 
in occupancies very near those shown in Table I with little change in 
error indices. These occupancy parameters placed 2.92 (8) ions at 
Cs(I), 3.0 ions at Cs(2) (held fixed), 1.03 (3) at Cs(3), 2.6 (2) at K( 1), 
0.6(1) at K(2) with a near-zero thermal parameter (this indicates that 
the occupancy value of 0.6 is somewhat too small due to correlation 
in least squares), and 1.1 (4) ions at K(3). Finally, a last three cycles 
of least-squares refinement allowed the positional and temperature 
factors to vary while occupancies remained fixed at the values shown 
in Table I. 

The goodness-of-fit, (Iw(F0 - IFcI)V(W - *))1/2. is 2.45; m (314) 
is the number of observations, and J (37) is the number of variables 
in least squares. All shifts in the final cycle of least-squares refinement 
were less than 0.2% of the corresponding esd's. 

For CS7K5-A, the largest peak on the final difference Fourier 
function, whose estimated standard deviation is 0.10 e A - 3 , was 1.6 
e A - 3 on the threefold axis at x = 0.25, very near Cs(I). This small 
residual peak is not unusual, and can be attributed to the particularly 
anharmonic thermal motion to be expected for ions whose nearest 
neighbors are all at one side. Moreover, and in addition to the crys
tallographic arguments, the placement of a K+ ion at this position 
would require it to be no more than 3.56 A from another cation, at 
Cs(3), an unreasonably short approach, especially since it would be 
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DEHTDRRTED ZEOLITE CS7K5-A DEHTDRRTED ZEOLITE CS7K5-A 

Figure 2. A stereoview of CS7K5-A showing a likely atomic arrangement in a particular unit cell, It is consistent with the disordered structural model" 
which has emerged from the erystaliographic calculations, is discussed in the text, and is depicted in this and subsequent figures. Ellipsoids of 20% 
probability are shown. 

CS7K5-S SODBLITE CBCE CS7K5-B SODBLlTE CBCE 

Figure 3. A stereoview of the sodalite cavity of CS7K5-A. Ellipsoids of 20% probability are shown. 

ZERO-COORDINATE K+ ZERO-COORDINATE K+ 

Figure 4. A stereoview, approximately along the threefold axis, of half of the large cage, showing all K(3)-0 distances less than 5.1 A and all K(3)-(Cs 
or K) distances less than 5.9 A. The Cs(3) ion which is 6.0 A from K(3) along the direction of view is eclipsed. Ellipsoids of 20% probability are 
shown. 

an unmoderated cation-cation approach with the nearest anions far 
to the sides. 

The final structural parameters are presented in Table I. Intera
tomic distances and angles are given in Table II. A listing of observed 
and calculated structure factors is available; see paragraph at end of 
paper regarding supplementary material, Figure 1 shows the mean 
of the electron density distributions along the threefold axes of the unit 
cell. The structure is shown in Figures 2, 3, and 4. 

The full-matrix least-squares program used10 minimized 
2^(AlFl )2; the weight (w) of an observation was the reciprocal square 
of a, its standard deviation. Atomic scattering factors12 for Cs+, K+, 
O - , and (Si,Al)L75+ were used. The function describing (Si1Al)1'75"1" 
is the mean of the Si0, Si4+, Al0, and Al3+ functions. All scattering 

factors were modified to account for the real component (Af) of the 
anomalous dispersion correction.13 

Discussion 

In the structure of CS7K5-A, three Cs+ ions at Cs(2) are 
located at the centers of the planar 8-oxygen rings at sites of 
DAH symmetry, 3.37 A from four 0 (1) oxygens and 3.56 A 
from four 0(2) 's . The sum of the ionic radii6 of Cs+ and O 2 -

is less, 3.01 A. 
A unique relative distribution of the remaining nine cations 

along the four threefold axes results when the cations are 
placed within their partially occupied equipoints so as to 
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Table III. Deviations of Atoms from the [111] Plane at 0(3)" (A) 

K(I) 0.42 
K(3)» 3.76 
K(2)f -1.24 
Cs(I) 1.74 
Cs(3)*'f -2.25 

" A negative deviation indicates that the atom lies on the same side 
of the plane as the origin. * These two ions are associated with the 
same 6-ring.c These two ions are associated with two 6-rings on op
posite sides of the sodalite units. 

minimize intercationic repulsions, This arrangement is de
picted in the figures. The two cations at K(2) and Cs(3) lie in 
the sodalite unit on the same threefold axis, on opposite sides 
of the origin. They are opposite 6-rings, 1.24 and 2.26 A, re
spectively, from the [111] planes at 0(3). The three ions at 
K(I), which are in the large cavity 0.42 A from the 0(3) planes 
of 6-rings, occupy those three of the remaining six 6-rings 
which are closer to K(3), the zero-coordinate cation, because 
the K(3)-K(l) distance is 1.10 A longer than K(3)-Cs(l) 
would be. The three Cs( 1) ions occupy large cavity sites, 1.74 
A from the 0(3) planes of the remaining three 6-rings, sharing 
threefold axes with the three K(I) ions and on the opposite side 
of the large cavity from them. The two cations at Cs(3) and 
K(3) must be on opposite sides of the same 6-ring. This model 
allows the shorter intercationic distances to be as large as 
possible: Cs(3)-K(3) = 6.0 A, Cs(3)-K(2) = 4.51 A, and 
K(3)-K(1) = 5.89A. 

The zero-coordinate cation, K(3), lies deep within the large 
cavity, 3.76 A from the 0(3) plane. Its closest approach to 
framework atoms (to three 0(3)'s of a 6-ring) is 4.40 A, which 
is 1.75 A greater than the sum of the corresponding ionic radii.6 

The large thermal parameter for this K+ ion is similar to, but 
somewhat smaller than, those of K(3) and Rb(3), the zero-
coordinate ions in dehydrated K12-A1 and Rbi iNai-A,3'4 re
spectively. Perhaps it is smaller because the Cs+ ions at Cs(2) 
are at the very centers of the 8-rings, and are therefore closer 
to the uncoordinated K+ ion than are the corresponding 8-ring 
K+ ions in dehydrated K12-A; these latter three K+ ions lie off 
the centers of the 8-rings and are farther from the uncoordi
nated K+ ion at K(3). (See the approach made by three Cs(2)'s 
to K(3) in Figure 4.) 

The electron density at K(3) cannot be attributed to residual 
water molecules; the crystal studied was dehydrated. The de
hydration conditions employed were more than sufficient to 
remove all water from Na+-,14 K+-,1 Rb+-,3-4 Co(II)-,5a'1415 

and Mn(II)-exchanged15 zeolite A.16 Upon dehydration, 12 
cations must remain in the unit cell, and occupancy refinement 
definitively supports that number. Quite apart from the crys-
tallographic result, a consideration of the structure indicates 
that a position obviously more plausible than the one at K(3) 
does not exist for the 12th cation per unit cell—that position 
is needed to account for all of the cations. 

As noted in the preliminary report of the structure of de
hydrated RbnNai-A,3 the stability of an ion at K(3) cannot 
be explained using only electrostatic considerations. The ap
plication of the Laplace equation, V2V = 0, to this system in
dicates that a purely electrostatic potential energy minimum 
for a cation can exist only at the position of an anion, and 
cannot exist at any other position, such as K(3). Apparently, 
the usual chemical attractive and repulsive forces have bal
anced to give a shallow energy minimum at the position 
K(3). 

Figure 4 shows the ion at K(3) in relation to its nearest 
neighbors, which are either members of the nearest 6-ring or 
are arranged symmetrically about it. K(I) is 4.40 A from three 
ions at 0(3), 4.64 A from three at 0(2), 5.05 A from three at 
Cs(2), 5.08 A from six at 0(1), 5.89 A from three at K( 1), 6.0 

A from a single ion at Cs(3), and 6.42 A from three at 
Cs(I). 

As in dehydrated K12-A1 and Rbi 1 Nap A,3'4 it is necessary 
that the ions at K(3), K(2), and Cs(3) be placed on the same 
threefold axis to minimize intercationic repulsions. These three 
ions, then, share two 6-rings per unit cell on opposite sides of 
the small (or large) cavity. The three K(I )'s are located in the 
three (of the remaining six per unit cell) 6-rings nearest K(3), 
while the three Cs(I) ions occupy the three remaining 6-
rings. 

The ions at Cs(I), K(I), Cs(3), and K(2) are trigonally 
coordinated to their respective sets of three 0(3) oxygens at 
2.87, 2.33, 3.21, and 2.60 A. Because of the disorder implicit 
in the structure,16 only an average 0(3) position was deter
mined and could be used to calculate these distances, although 
one would expect the conformation of a particular 6-oxygen 
ring to depend upon the identity and position of the cation(s) 
associated with it. In CS7K5-A, four chemically nonequivalent 
6-rings exist, but only the average conformation over eight such 
rings can be determined. Accordingly, distances and angles 
involving 0(3), e.g., the short K(l)-0(3) distance, may be 
somewhat in error. However, the Cs( 1 )-0(3) distance is also 
short, shorter by approximately 0.1 A than the Cs-0(3) dis
tance in CsvNas-A.1' These unusually short approaches may 
result from the inability of the large 6-ring cations, K+ and 
Cs+, to lie near the planes of their three nearest oxide neigh
bors, or more generally, from the diminished ability of these 
12 large cations to approach the anionic charge they balance, 
as compared to that of the Na+ ions in dehydrated Na 12-A,5a 

for example. The unusually low ligancies of the cations in this 
dehydrated structure also contribute to such short distances. 
Bonds shorter than the sum of the appropriate ionic radii are 
common in dehydrated zeolite A structures which contain large 
monovalent cations. Examples include K12-A,1 RbnNai-A,3'4 

Cs7Na5-A," and Tl12-A.17 

It is not clear why it is a K+ ion and not a Cs+ ion that oc
cupies a zero-coordinate position. If a Cs+ ion occupied the 
zero-coordinate position, the sodalite unit could contain two 
K+ ions which could be farther apart than one Cs+ and one K+ 

ion. Also, a K+ ion is able to approach the anionic zeolite 
framework more closely. Perhaps this structure has occurred 
because a Cs-O bond is stronger18 than a K-O bond by ap
proximately 10 kcal/mol. 

Although the flow conditions employed for the exchange of 
Cs+ from aqueous solution into Ki 2-A are considered much 
more strenuous than the static procedure1' used to exchange 
Cs+ into NaI2-A, the same ion-exchange limit was encoun
tered. Apparently, the eighth Cs+ ion to enter the unit cell 
would occupy a markedly less favorable position; the seventh 
might complete the occupation of a comparatively stable 
equipoint. Considering the large size of the Cs+ ion, an ex
change limit based on three Cs+ ions filling the 8-ring sites and 
four Cs+ ions associated with tetrahedrally arranged 6-ring 
sites, half filling them, as was proposed for hydrated Cs7Na5-
A,1' appears to apply to hydrated Cs7K5-A as well. By a similar 
symmetry argument, a limiting number of seven xenon atoms 
is found19 associated with the 6- and 8-rings OfCa4Na4-A at 
-133 0 C. 

Of the three dehydrated zeolite A structures so far deter
mined which show zero coordination, Cs7K5-A represents the 
least favorable experimental situation. It shows one zero-
coordinate K+ ion (18 e~) resolved from threefold axis electron 
density representing four Cs+ and five K+ ions (306 e~); the 
ratio is 0.059. In K12-A, one K+ ion was located amidst a 
threefold axis arrangement of nine K+ ions (162 e~); the ratio 
is 0.111. In Rbi 1 Na-A, the corresponding numbers are 36 and 
298 e~, with a ratio of 0.121. The considerations of (1) the 
particularly large thermal parameters of the zero-coordinate 
cations, (2) the relatively manageable but pervasive disorder 
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in the zeolite framework due to the assumption of the equiva
lence of Si and Al ions and their environments,16 and (3) the 
relatively small fraction of threefold axis scattering matter due 
to the zero-coordinate cation, make this determination the least 
definitive of the three, and worthy of further concern. However, 
the detailed agreement of the positional and thermal param
eters of the zero-coordinate cation found here with those found 
in the previous two structures, coupled with newer results in 
dehydrated TI12-A,17 affirms the present result and allows it 
to constitute a reconfirmation of the existence of zero coordi
nation. 

Conclusion 
Zero-coordinate cations, as have been found in dehydrated 

Ki2-A,1 dehydrated RbnNapA,3'4 and now in dehydrated 
CS7K5-A, occur when well-defined conditions involving the 
zeolite and the cations are satisfied. Briefly, zero coordination 
occurs when all of the coordination sites available to large 
cations in the zeolite framework are filled before all anionic 
charges of the framework are balanced. By difference, one 
cation per unit cell remains uncoordinated. This has been 
discussed earlier3'4 in greater detail. 

As a working definition, similar to the distance criterion used 
to decide whether a significant hydrogen bonding interaction 
exists, an ion is considered not coordinated to another ion if the 
distance between them exceeds the sum of their corresponding 
radii by more than 1.0 A.3 At least, the bond order is much less 
than one. On this basis, the ion at K(3) is termed zero coordi
nate, zero being the sum of integers, all zero, describing its 
bond orders to its nearest neighbors.3 For this particular 
structure, the distance discrepancy, 1.75 A, is substantially 
larger that the value of 1.0 A used in the criterion. 

It appears that zero-coordinate cations can be found in any 
dehydrated sample of KrRb,Cs,-A, where r + s + t = 12 for 
charge balance. As in RbnNa-A, zero coordination may 

Transition metal complexes, because of their simplicity 
and ready susceptibility to subtle variation, provide attractive 
reagents for asymmetric syntheses of organic molecules.1-3 Of 
particular note are the modified versions of Wilkinson's cat
alyst, for which very high optical yields for the catalytic hy-

persist when one or more smaller exchangeable cations are 
present per unit cell. 
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drogenation of prochiral olefins have been reported.4'5 Al
though symmetry dictates that any chiral reagent will distin
guish between the enantiotopic groups or faces of a prochiral 
substrate,6 the rational design of asymmetric systems which 
give high optical yields requires a fairly detailed understanding 
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Abstract: A series of complexes of the type cw-[Pt((5)-TMSO)(olefin)Cl2] where, TMSO is p-tolyl methyl sulfoxide, have 
been prepared and characterized. The object was to determine to what extent chiral sulfoxide ligands were capable of distin
guishing the prochiral faces of coordinated olefins, and whether chiral sulfoxides might prove useful for metal assisted asym
metric synthesis. By a variety of techniques, the absolute configurations of the (coordinated) olefins were assigned, and the ex
tent of chiral induction was determined quantitatively. The amount of chiral induction was found to be generally small. How
ever, quite large discrimination was observed for the olefinic rotation barriers of the R and S olefin diastereomers; in all cases 
studied, the 5 olefin appeared to rotate much more quickly than the R olefin diastereomer. The reasons for this and other chir
al effects are suggested and their significance to the design of metal complexes for asymmetric synthesis is discussed. 
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