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Electronic absorption and circular dichroism spectra of tile optically active 
[Pd(l~-pinenyl)CII2 complex (!) have been studied. The assignment of the bands in the 
circular dichroism spectrum in the d--d-transition region of complex 1 was made within the 
framework of the one-electron model of optical activity; this assignment is in agreement with 
the literature data on the analysis of tile absorption spectrum of [Pd(allyl)CIJ2. The 
(IR,2S,3S,5R) absolute configuration was suggested for the optical (+)589-isomer of I 
studied. 

Key words: chirality, absolute configuration; circular dichroism; electronic absorption 
spectra; Pd(rt-allyl) complexes. 

rt-Allyl complexes  of  Pd tl are widely used in synthe- 
sis and catalysis,  including their  asymmetr ical  varia- 
tions. I,z However,  studies of  the relationship between 
the s tereochemist ry  and the optical activity of  com-  
plexes, which were started as early as 1970s 3 and which 
are necessary for performing stereospecific conversions, 
are not yet widespread.  The precise assignment of  t ran- 
sitions in the e lectronic  absorption and circttlar d ichro-  
ism spectra of  compotmds  is necessary for revealing 
these correlat ions.  Analysis of electrotlic absorption and 
circular d ichroism spectra of  organometal l ic  compounds  
may substantial ly help in the study of  the nature of  
chemical  bonds and character is t ic  features of  the struc- 
tttres, which cannot  be current ly calculated by quan-  
tum-chemica l  methods.  

Electron transitions are generally more pronounced 
in the circular  dichroism spectra. Therefore,  we use the 
circular  dichroism method for studying chiral rc-allyl 
c omp le x  IPd( l~-pinenyl)CI)J  2 ( I ) .  Analys is  o f  the 
circular  dicllroism spectrum was carried out within the 
f r amework  o f  the o n e - e l e c t r o n  model  o f  op t i ca l  
activity. 4,5 To our knowledge, such analysis of  rt-allyl 
c o m p l e x e s  has not  been prev ious ly  pe r fo rmed .  
Interest in chiroptical  properties of complex I is also 
associated with the use of  this complex in the synthesis 
o f  the new chi ra l  IFe3CoCPd(13-pinenyl) (CO)121 
cluster. 6 

Complex i was prepared by the reaction of  Na2PdCI 4 
with [~-pi,lene (IctJo - 1 9 . 7  °) using the known proce-  
dure. "T The compound  obtained is character ized by a 
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specific rotat ion equal to la iD +25° (c 6.024 g/100 mL. 
CHCI3; d = I cm).  

Optical  rotation was measured on a A I - E P O  photo-  
e lectron polar imeter  with an accuracy of  +0.01 ° (a 
wavelength 589.3 nm); the e l ec t ro , i c  absorption .~pectra 
were recorded on a Specord UV VIS spectrophotometer ;  
the circular  d ichroism spectra were obtained on a Marc 
!11 dichrograph (Jobin-Yvon).  

The optical activity of  complex I was determined by 
the planar  chiral i ty of  the Pd-allyl  fragment and asym- 
metrical  C atoms of  the initial ( - ) - ( I S , 5 S ) - I ] - p i n e n e .  1,1 
work reported previously, 3 based on the results of  studies 
of  chiral olefin complexes  of  Pt II and allyl complexes of  
Pd II, it was concluded that coordinat ion of  the Pd atom 
at the sterically less hindered side of  the plane of  the 
allyl fragment of  complex 1 is highly specific. Besides, 
these authors reported 3 that only one isomer of  complex 
I forms, and its optical activity was studied by the 
optical rotatory dispersion and circular  dichroism meth-  
ods. More recently,  X-ray structural studies of  a number  
of  n-allyl complexes  containing the 13-pinenyl ligand 
were performed;  s,9 however, the absolute configurations 
of  the asymmetr ical  centers of  the allyl fragments were 
not considered.  

For the sterically less hindered isomer of  complex 1, 
the  abso lu t e  c o n f i g u r a t i o u  may be wr i t ten  as 
(IR,2S,3S,58) according to the C a h n - - l n g o l d - - P r e l o g  
nomenclature t° or (IR,5R, Rpl) according to the Schlogl !1 
and Ugi jz system. Tile change in notat ion of  the abso- 
lute configurat ion of  the asymmetr ical  C( I )  and C(5) 
atoms of  the 13-pinenyl ligand in complex I as compared  
to that ill (IS,5S)-13-pinene is associated with the change 
in seniori ty of  substi tuents at these asymmetrical  centers 
as a result of  coordinat ion of  the Pd atom. We suggested 
that the circular  dichroism spectra of  complex I re- 
corded correspond to this optical  isomer. 

The obtained data o f  the electronic absorption and 
circular  dichroism spectra  for complex 1 are given ill 
Fig. I and in Table 1. Tile circular  dichroism spectrum 
of  complex I that we recorded shows a greater number  
of  Cot ton effects in the visible and near -UV regions as 
compared  to the circular  dichroism spectrum of  com-  
plex I reported previously; 3 however, the posit ions and 
signs of  the principal  Cot ton effects (B, D, and F) 
coincide.  Moreover,  tile shapes and half-widths (AI/2) of  
the low-energy positive and negative Cotton effects 
(Ai/2 = 2.6 and 3.5 KK, respectively) 3 make it possible 
to suggest that several e lectron transit ions will appear  in 
this region. Tile data of  the circular  dichroism spectrum 
of  complex ! obta ined in these work agree well with the 
results of  detai led analysis t3 of  the electronic absorption 
spectra for [Pd(al lyl)Cll2 (2). 

In the absorpt ion spectrum of  compound  2 in an 
aqueous 4 M KCI solut ion expanded in Gaussian com-  
ponents ,  three bands (29.3, 34.5, and 40.5 KK) were 
assigned to d - - d  transitions: L1 from three MOs consist-  
ing mainly of  the dxz-, dyc ,  and dx2_y2 AOs, respec- 
tively, to the MO consisting predominantly of  the dz2-AO. 
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Fig .  !. Absorption spectrum (a) and circular dichroism spec- 
trum (b) of a solution of complex 1 in CH2CI 2. 

It may be suggested that bands C, D, and E (26.9, 29.9, 
and 35.0 KK) ill the circular  dichroism spectrum of 
complex 1 correspond to d ipole-a l lowed IAI--~I BI, IB2, 

Table 1. Absorption spectra and circular dichroism spectra of a 
solution of complex I ill CH2CI 2 

Electronic Circular Circular 
absorption dichroism dichroism 
spectrum spectrum spectrum 3 

v/kK c v/kK Ae Band v/kK Ac 

18.50 sh 5 17.86 sh -0.002 A 
23.81 -0.060 B 23.75 -0.021 
26.88 +0.527 C 

29.50 1903 29.94 + 1.0 D 28.99 +0.735 
34.96 -0.064 E 

>37.0 >3000 >35.7 +CE F 42.37 +10.61 
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Fig. 2. Scheme of MOs involved in the d--d transitiolls of 
complex I (the principal components of MOs are given in 
parentheses) and the system of coordinates used. 

and tAt transit ions.  Otlr  analysis of  tile circular  dichro-  
ism spectrum of  comlSlex I, as well as the assignment of  
bands in the e lect ronic  absorption spectrum of  complex 
2, t3 was carried out ttnder tile assumption that the 
meta l lochromophore  [(allyl)PdCI 2] has C2v symmetry:  
the directions of  the axes of  coordinates  are shown ill 
Fig. 2. Tile choice of  the mononuc lea r  fragment for 
analysis is justified 13-Is by the absence of  the interac- 
tion between tile Pd a toms in the Pd~X 6 dimers and by 
the similari ty in tile spectra in the region of d - - d  transi- 
tions for PdX42- and Pd2X 6. 

The rather uniform ba thochromic  shift of  bands C, 
D, and E in the spectrt, m o f  complex  1 relative to the 
positions of  the corresponding bands in the spectrum of  
compotmd 2 is most probably due to the weaker bonding 
of the Pd a tom to the sterically hindered 13-pinenyl 
ligand althougll the effect o f  the stronger e lec t ron-donor  
character  of  this ligand is also not ruled out. Note  also 
that i,i the e lect ronic  absorpt ion spectra of  a solution of 
complex 2 in CHCI  3, substantial  bathochronfic  shifts 
( I .0- -1 .5  KK) are observed for the bands discussed t3 as 
compared to tile above-ment ioned  values for this com-  
plex. 

Band B may be assigned to the y-polar ized mag- 
net ic-al lowed dxcOdz2 transi t ion associated with the 
dyz--~dc2 d ipole-a l lowed transit ion (band D). Apparently,  
the Z-polarized magnet ic-a l lowed d r~,~dz2 transit ion also 
contributes to band D. The  dx2_y2--,'.dz2 dipole-al lowed 
transition, which is associated with the z-polarized mag- 

net ic-al lowed d ry--~dz2 transit ion and to which tile nega- 
tive Cotton effect corresponds (band E), is compensated  
to a large degree by tile positive Cotton effects in tile 
region of  the charge transfer Pncl~dz2 transition (band /0 
and tile d ~ d  trmlsition (band D). 

Analysis of  the circular  dichroism spectrum of  com-  
plex I performed (for the first t ime for n-allyl com-  
plexes) confirms the possibility of  using the one-e lec t ron 
model of  optical activity for meta l lochromophores .  16 In 
tile filture, we plan to draw tip the sector rules within the 
framework of  this model  as well as rules 16 supplemented 
with tile nodal planes of  the orbitals involved ill the 
electronic transitions. 
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