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SUMMARY 

The absolute configuration and the crystal structure of (+)-cis-dichloro- 
C(S)-1-butene] [(S) -a-methylbenzylamine]platinum(II) has been elucidated by single- 
crystal X-ray analysis. The crystals belong to the orthorombic system, space group 
P21212,, with CI= 17.28 & b= 13.08 & c=6.52 A and four molecules per unit cell. 
Intensity measurements were carried out by automated counter techniques (MO-KJ. 
The structure was solved by Patterson and Fourier syntheses. 

The f=al conventional R value for 1108 independent non-zero reflections was 
0.042 (0.058 if 250 reflections below the limit of detectability are taken into account). 
The ligands lie in the square-planar arrangement around the platinum atom. The 
olefm double bond deviates by 11” from the ideal arrangement having the C=C bond 
perpendicular to the square of coordination. The absolute contigurations of the two 
asymmetric centers in the molecule have been determined and are compared with 
the chemical and physical data available for the complex. 

INTRODUCTION 

The determination of the absolute configuration and the crystal structure of 

(+)-cis-dichloro[(S)-1-butene] C(S)-methylben~lamine] platinum(I1) is part of a 

‘Pt-Cl 

NH,CHK14&HH, 

(I) 

progr= IS2 on the study of asymmetric transition metal complexes in which a prochiral 
olefm3 is coordinated to the metal. The absolute configuration of the asymmetric 
centers in the present case is particularly interesting because its determination is im- 
portant for the elucidation of the reaction mechanism between a iucleophile and an 
olefin-transition metal complex4. 

As previously described’, the knowledge of the absolute configuration of one 
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of the two asymmetric groupings provides a straightforward method for the assigu- 
ment of the absohrte confignration of the diastereoisomeric complex. fn the present 
case, the co~~a~on of the coordinated a-rn~thylbe~~a~~e was known tu be (S)5. 

A. X-ray data collection 
Needle-like, single crystals of (I), prepared by Pammzi et ~1.~ were obtained 

by slow evaporation of a methanol solution ([~];s” = 62.7, c=O.l, acetone)_ 
From preliminary Weissenberg photographs the crystals were found to belong 

to the orthorhombic P2,2,21 space group (systematic hO0, OM), and 001 absences with 
h, k, and I odd respectively), A crystal of ap~rox~tely cylindrical shape (r-=0.015 cm, 
1=0.05 cm} was centered on a Picker four circles automated diffractometer equipped 
with a PDP-8 digital computer. 

The determination of the lattice constants was carried out by a least-squares 
treatment of the 26, x, and ‘p setting angles of twelve reflections with 28 > 40” (MO-K, 
E.=O.71069 A), using a program prepared by Busing and Levy6. The resulting param- 
eters are: a= 17.284-t_O.O09A, b= 13.086-i_O.O09~, c=6.522fO.O04A. The experi- 
mental density (De+= 1.99 g/cm3 by flotation) agreed with the calculated density 
assumiug four molecules of Q) per unit cell (Dx_RaY= 1.99 g/cm’). A total of 1358 
integrated intensities were collected using a @-2B scan mode (1.67O) with Zr-filtered 
No-& radiation (rZ=0.71069 A) in the range of O-S@’ of 26. Two stationary crystal 
stationary counter background counts of 20 seconds were taken at each end of each 
scan, The intensities of the reflection were corrected for the absorption in the cylindri- 
cal approximation (pR=2.03). 

B. Siructure d~~~~~~~t~~~ and r~n~~e~t 
The structure of (I) has been soived by straightforward application of the 

heavy-atom method. The atomic coordinates of the platinum and the two chlorines 
obtained from the Patterson synthesis were refined through three cycles of full- 
matrix least-squares. 

The positions of the fight atoms (C and N) were obtained from the successive 
three-dimensional difference Fourier. The refinement of the atomic parameters was 
carried out by means of seven cycles of 9 x 9 block diagonal feast-squares procedures 
[the last three cycles were performed with anisotropic thermal parameters for all 
the atonE). The imaginary part of the atomic scat.ering factor of the platinum7 was 
introduced (correction made on the F, values) and refmement was continued until 
the maximum shifts in the atomic coordinates and the anisotropic thermal shifts on 
the average were less than $ of the corresponding standard deviations. 

The weighting scheme adopted throughout the refinement corresponds to that 
suggested by Cruickshank and Philhnga : 

1 

where a =0-l 1 ‘if 1, b=0.05555 F,(min), and c= Zb/‘I;o(max). 
At the end of the refmement the R value (R=Z tl~~l-l~=li~~~~ was 0.042 for 

if08 independent non-zero reflections {R= 0.058 if250 reflections below the Limit of 
the counter dete~tab~i~ were included). 

3. Orgmwmeral, Chem., 29 (1971~443449 



Fig_ 1. Molecular models of cis-dichloro[(S)-I-buteneJ C(S)-z-methylbenzylamine]platinum(II) (A) and 
cis-dichloro[rruns-(RR)-2-butene] [(S)-cz-methylbenzylamine]platinum(II) (B). The absolute configura- 
tions of the asymmetric centers are given. The deviation from perpendicularity of the double bond is 
indicated for the two models and some relevant short intramolecular contacts are reported. 

In the refined model both the asymmetric carbon atom C(1) and C(10) have 
the S configuration (Fig. la)_ The incorrect solution with the amine having the R 
configuration (according to the preparation of the compound the chiral amine has 
the S configuration) gave a value for the R factor of 0.052 (0.077 on the total number of 
reflections). According to the Hamilton test9 we may reject at a significance level less 
than 0.005 the hypothe&that the absolute configuration is the one having the R 

configuration of both the asymmetric carbon atoms. This result may be thus taken 
as a further proof of the absolute configuration of the (-))-cr-methylbenzylaminne. 
Because of the noise level of the difference Fourier no attempts were made to localize 

TABLE 1 

RNN_ ATOMIC PARAMZTERS 

E.s.d. in unit of the last significant digit. 

A. ATOMIC COORDINATES Ahm THEIR STANDARD DEVIATIONS 

Atom x I’ 2 

Pt 
Cl(l) 
W2) 

E(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
W) 
C(9) 
CUO) 
C(ll) 
W2) 

-0.1775(l) 
-O-0764(4) 
-0.2493(3) 
-0.2707(9) 
-0.3461(11) 
-0.4105(12) 
-0.3461(14) 
-0.3681(14) 
-0.3633(19) 
-0.3485(23) 
-O-3244(19) 
-0.3217(13) 
-0.1246(13) 
-0.1078(14) 
-0.0274(14) 
-0.0369(U) 

-0.1780(l) 
-0.2158(5) 
-0.1126(4) 
-0.1413(11) 
-0.1848(17) 
-0.1389(18) 
-0.3028( 16) 
-0.3650(19) 
- 0.3650(23) 
-0.5173(21) 
-O-4552(28) 
-0.3425(16) 
-0.2726(18) 
-0.1743(17) 
-0.1337(19) 
-0.0151(21) 

-0.1169(l) 
0.0966( 10) 
0.1618(7) 

-0.3039(21) 
-0.2570(37) 
-0.3880(43) 
-0.2902(40) 
-0.1301(60) 
-0X84(57) 
-0.3083(66) 
- 0.4994(63) 
-0.4798133) 
- 0.3499 (40) 
-0.3941(35) 
-0.3703 (47) 
- 0.3309 (50) 
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B. FINAL THFS-UAL PARAFhETJ2RS AND THEIR STAIQARD DEVXXTIONS 

Temperature factors are given in the form: 
exp-&(h2-n*2-B,,+ .4’-b*‘-B12+12-c*I-B33f2h-k-cJ*-b*-B,r+2h-I-a*.c*-B,J+2k-I-b’-c*-B23 

Atom B II B 22 B 33 Bl2 B 13 B 23 

E(l) 
cw 
N 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
Ci6) 
C17j 
C(S) 
C(9) 
C(1Oj 
C(llj 
C(12j 

5.1(O) 
6.4(3) 
6.2 (3) 
5.9 (7) 
3.7(8) 
4.5 (9) 
6.4(12) 
52(11) 

12.0(21) 
16.3 (32) 
9.5(19) 
5.7(1Oj 
5.7(11) 
7.8( 12) 
6.1(11) 
7.0(12) 

3.4(O) 
8.5 (4) 
5.1(2) 
3.7 (6) 

5.4(10) 
7.2( 12) 
4.6(10) 
5.7jll) 
6.6(13) 
4.7(12) 

10.9(21) 
S-3(11) 
6.6(12) 
5.S(lO) 
6.9( 12) 
7.5(14) 

2.3 (0) 
4.2(2) 

24(2j 
20(5) 
6.8(!2) 
6.3(12) 
6.7(13) 

11.1(20) 
12.2(23) 
15.2(32) 
169(31) 
5.2(10) 
5.6(12) 
5.2(11) 
6.0( 12) 
9.1(19) 

-0.3(O) 
0.2(3) 

-0.4(2) 
0.9 (6) 

- 1.6(8) 
- 1.0(9) 
-0.9(9) 

O-2(9) 
0.8(15) 

- 1.1(16) 
3.2(17) 

-l.l(lO) 
2.6(10) 

-3.0(10) 
-l.l(lO) 
-25(12) 

-0.3 (0) 
- 1.6(3) 

0.2(2) 
-1.0(5) 
-1.7(S) 

0.6(11) 
-20(10) 
-0.4( 15) 
- 8.6 (20) 
-S-8(27) 
-9.1(21) 

3.0(10) 
-0_4(10) 

4.3(11) 
O-9( 12) 
4.5(14) 

-0.1(O) 
l-l(3) 

-0.4(2) 
0.5(5) 
3.3(11) 
2.6(12) 
23(10) 
3.4(16) 

-3.7(17) 
29(17) 

- 10.5(23) 
2.2(9) 

- l-7(11) 
-4_1(11) 

O-4(13) 
-0.7(15) 

the hydrogen atoms. The final atomic coordinates and thermal factors are reported 
in Table 1. A list of the observed and calculated structure factors for the 1358 inde- 
pendent measured reflections has been deposited as document NAPS, with the Ameri- 
can Society for Information Science*. 

RESULT AND DISCUSSION 

In Table 2 (cf. Fig. la) the most significant bond distances, bond angles and 
intersial rotation angles of the molecule are given together with their standard 
deviations_ The carbon-carbon distances and bond angles in the benzene ring, not 
given in Table 2, have a mean value of 1.40+0.08 A and 120f6O, respectively. 

While the large errors on the light atoms parameters are disappointing, the 
overall geometry appears to be reliable ; as an example, the benzene ring is planar 
and the mean square distance of the six benzene atoms and C(1) from the best plane 
passing through them is 0_02A. The complex shows the usual almost undistorted 
square-planar arrangement of the ligands around the platinum atom with the two 
chlorines in cis position, the nitrogen and the center of the coordinated double bond 
occupying the other two sites of coordination_ The significantly increased length of 
the Pt-Cl(2) bond distance (2.36 A) with respect to Pt-Cl(l) (2.29 A) may be ascribed 
to the trans-effect of the coordinated double bond in agreement to what found in 
similar compounds _ ‘*lo The Pt-C (9) and Pt-C (10) bond distances are equal within 
the experimental error and comparable with analogous data earlier reported’*“_ 
However, the direction of the double bond is tilted and it makes an angle of 79” with 
the plane of coordination (Fig. la). This behavior of the olefm can be ascribed to 

* A copy may be obtained citing the document number and by remitting 61.00 for microfilm of 33.00 
for photocopies to ASIS National Auxiliary Publication Service, c/o CCM Information Carp, 909 3rd 
Ave-, New York, N.Y. 10022 
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TABLE 2 

MOST SIGNIFICANT MOLECULAR PARA!METERS 

E.s.d. in uuit of the last significant digit. 

A. Bond distances (A) 
Pt-Cl(l) 
Pt-CI(2) 
Pt-N 

Pt-C(9) 
Pt-C(lO) 

N-w) 
CW-cl2) 
C(9)-wO) 
C( 10)-C{ 11) 
C(1 l)-C(12) 

C. Zniernal rotntfun angle< (“) 
Cl(l)-PI-N-C(I) 
CI(Z)-Pt-N-C(I) 
Center-Pt-N-C( 1) 
Pt-N-C(l)-C(2) 
Pt-N-C(I)-C(3) 
N-C(I)-C(3)-C(4) 
N-C(I)-C(3)-C(8) 
cp)~C(lo)-c(l l)-C(i2) 

2.289(7) 

2.3$1(5) 
2076(H) 
2.163(25) 
2.173(23) 
1.455(25) 
1.526(32) 
l-350(3) 
l-496(34) 
1.582(38) 

-68 
-57 

127 
172 

-67 
125 

-54 
206 

B. Bond angles e) 
Cl( I)-Pt-Cl(2) 
Cl (1)-I+N 
Cl (2)-Pt-N 
Cl (I)-Pt-Centef 
C1(2)-Pt-Center 
N-Pt-Center 
Pt-N-C(I) 
N-C(l)-C(2) 
N-C(I)-C(3) 
C(2)-C(l;-C(3) 

C(l)-c(3)-c(4) 
C(WC(3)-c(8) 
c(9)-c(1o)-c(ll) 
c(ll>)-c(ll)-c(12) 

90.6(l) 
178.3(3) 

87.8(2) 
9l.f(3) 

88.6(3) 
89.7(3) 

118.8(8) 
1125(S) 
111.0(S) 
iO8.2(8) 
118.7(12) 
119.2(10) 
121.1(10) 
105.6(g) 

Q W&“C=nter” we indicate the ceuter ofthe CH=CH double bond in the 1-Butene. b trum Conformation= 
180”. 

the necessity of relaxing short intramolecular contacts such as C(ll)-Cl(l) (3.34 A). 
The value obtained in the present study of the internal rotation angle about 

the single bond adjacent to the double bond C (9)-C(lO)-C( ll)-C( 12) seems par- 
ticularly interesting_ Its value (206O) is well removed from that of minimum energy 
usually assigned to such angle in the free olefm. From other types of measurement 
on small unsaturated molecules this rotation angle has been foundI’ to assume 
preferentially values near 0’ or +120°. It is obvious that the coordination of the 
olefm to the platinum atom is responsable for a large perturbation in the geometry 
of the olefm. This has been predicted12 and experimentally verified previously’*’ 3. 
In the present case a detailed rationalization of the entire effect could be obtained 
from knowledge of th’e hydrogen positions which, unfortunately, cannot be located 
with certainty. However, the expected repulsion from the platinum atom of the 
hydrogen bonded to C(lO)“, and the repulsion between the platiium and the C(ll) 
carbon atom’ would both give rise to a marked staggering of the bonds in the con- 
formation observed. 

In Fig. 2 is presented the Newman projection along the C(lO)-C(ll) bond. 
The approximate possible direction of the hydrogens bonded to C (10) and C( 11) are 
indicated. The confo_mation experimentally found for the (S)-a-methylbezqlamine 
with respect to the square of coordination is similar to that previously observed in 
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Fig. 2. Newman projection along the C( 1 I)-C( 10) bond. The approximate expected positions of the hy- 
drogen atoms (see text) bonded to C(10) and C(11) are reported. 

the case of the cis-dichloro[trans-(RR)-2-butene] [:(S)-a-methylber.zylamine]plati- 
r~um(II)~ (II) and the truns-dichloro[cis-Zbutene] ~(S)-c+methylbenzylamine]plati- 
num(II)13 (I). A comparison between the molecular models of (II) and (I) is given in 
Fig. 1. In the same Figure the shortest intramolecular distances are reported together 
with the-absolute configurations of the asymmetric carbon atoms for both models. 
In Fig. 3 a view of the molecular packing along (001) for complex (I) is presented ; the 
shortest non-bonded contacts (< 4.0 A) are indicated. 

Fig. 3. MoIccuIar packing as view aIong the t axis. Some of the shortest intermolecular contacts are iu- 
dicated. 

J. Orgm4mefal. Chem, 29 (1971) 44-9 
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A knowledge of the absolute configuration of the ~asymmetric carbon of the 
. olefm in complex (I) is essential to consideration of possible mechanisms of the 

reaction between a nucleophile and an olefm transition metal complex4. The authors 
of ref. 4 used the resolved diastereoisomeric complex (I) as a substrate for the reaction 
with nucleophilic agents, and proposed a truns addition as a possible steric pathway 
for the nucleophilic attack. In fact, &corn the reactions between the resolved diastereo- 
isomeric complex (I) and diethylamine and successive acid hydrolysis of the alkyl 
derivative, they obtained the dextrorotatory enantiomer of the diethyl-set-butylamine 
which has the (S) configuration l5 A cis addition of the nucleophile would yield the . 
opposite enantiomeric amine. 

The absohtte configuration of the coordinated olefii ‘nr complex (I) is to be 
related to the positive circular dichroism band at 335 m-n. This is in agreement with 
what has been previously found1 for the cis-dichloro[rruns-(RR)-2-butene] [(S)-a- 
methylbenzyIamine~platinum(II), which has a circular dichroism band of opposite 
sign at this wavelength. 
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