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Exo-H- and endo-H- 4-pentamethylcyclopentadiene complexes 
of platinum 
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A mixture of endo-H and exo-H isomers (la and lb) of the (q4-CsMesH)PtCI 2 complex 
was prepared by the reaction of K2PtC14 with CsMesH in MeOH. The mixture of isomers 
reacts with CpT1 in the presence of T1BF 4 to give a novel complex, [(rl4-CsMesH)Pt(r~ 5- 
C5Hs)]+BF4 -, as a mixture of endo-H- and exo-H-isomers (2a and 2b). The data of IH and 
13C NMR spectroscopy of the resulting complexes are discussed. 

Key words: rl4-pentamethylcyclopentadiene, platinum complexes; synthesis; endo-H- and 
exo-H-isomers. 

Transition metal complexes containing a rl4-coordi - 
nated pentamethylcyclopentadiene ligand have been stud- 
ied to a substantially lesser degree than compounds with 
other dienes. Two main approaches to the preparation of 
compounds of this type are known. One of them consists 
of the modification of a coordinated rlS-cyclopentadienyl 
ligand by the action of complex hydrides 1 or acids; 2 in 
these cases, exo-H-isomers (A) of the corresponding 1] 4- 
cyclopentadiene compounds were shown or assumed to 
form. 

~ l n L ~  1 ~H+ ~ 1  n-1 

LnM LnM LnM 

A 

The second route for the synthesis of q4-pentame- 
thylcyclopentadiene complexes is based on the reactions 
of pentamethylcyclopentadiene (or Dewar hexamethyl- 
benzene in earlier works) with inorganic or organomet- 
allic halides. 3-5 

LMX n + CsMe5H ~ H 

LM 
B 

Compounds prepared according to this route are 
endo- H-isomers (B). 

Only a few examples of complexes exist for which 
both the exo- and endo-isomers have been prepared. 1 

It has been found previously 3 that the reaction of 
Dewar hexamethylbenzene with K2PtC14 in MeOH in 
the presence of catalytic amounts of an HC1 solution of 
SnCI 2 yields only the endo-H-isomer of dichloro(rl 4- 
pentamethylcyclopentadiene)platinum (la). 

SnCl2/HC 1 , ~ ~ H  
K2PtCl4 + 65 "C, MeOH ~- 

PtCI 2 
l a  

The investigation carried out by us showed that the 
use of pentamethylcyclopentadiene, rather than Dewar 
hexamethylbenzene, results in the formation of a mix- 
ture of endo-H and exo-H isomers ( la  and lb) in a 
~3 : 1 ratio (according to IH NMR). The presence of 
SnC12 as a catalyst is still necessary. 

K2PtCI 4 
SnCI2/HCI + \\ // 65 "C, MeOH 

H + 

PtCl 2 PtCI 2 
la  l b  

The mixture of isomers la,b reacts with cyclopenta- 
dienylthalium (CpT1) to give unstable cyclopentadienyl 
derivatives, which were characterized only by 1H NMR 
spectroscopy. 
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Table 1. tH NMR spectra of complexes 

R-exo 

~ R'-endo 

Me(3) i~Ln "Me(2) 
, L n = C12 (la,b) or qS-CsH 5 (2a,b) ((CD3)2CO , 8, J/Hz) 

Comp- R-exo R'-endo Me(2) Me(3) qS-CsH 5 
lex 

la  0.99(d, CH 3, J = 6.6) 3.41 (q, H, J = 6.6; 1.40 (s, JH--Pt = 9.4) 2.23 (s, Ju -P t  = 39.2) 
JH-r~ = 2.5) 

lb 2.34 (q, H, J = 7.2) 1.58 (d, CH3, J = 7.2; 1.26 (s, JH--Pt = 10.5) 2.26 (s, JH--Pt = 37.6) - -  
JH--Pt = 4.6) 

2a 0.70 (d, CH 3, J = 6.4) 3.90 (q, H, J = 6.4; 1.96 (s, JH--Pt = 36.2) 2.67 (s, JH--Pt = 28.4) 6.18 (s, JH--Pt = 25.2) 
JH-pt  = 53.0) 

2b 5.70 (q, H, J = 6.6; 1.41 (d, CH3, J = 6.6; 1.67 (s, JU--Pt = 36.2) 2.70 (s, JH-Pt = 28.0) 6.21 (s, JH--Pt = 24.2) 
JH--Pt = 140.3) JH--Pt = 6.0) 

R-exo 
Me(3) Me(2) ] 

" ~ . ~ 3 ~ 1  a'-endo 
Table 2. 13C NMR spectra of complexes ~ _ _ _ ~  , L n = C12 (la,b) or qS-CsH 5 (2a,b) (CDCI3, 8, Jc_pt/Hz) 

Me(3) k! n- "Me(2) 

Complex R-exo R'-endo Me(2) Me(3) C(1) C(2) C(3) rlS-CsH5 

la  21.9(57.8) --  10.0(20) 13.0(3) 58.0(100) 103.4(1i8) 110.0(115) - -  
lb* - -  29.8 9.8 12.6 55.4 101.3 110.0 - -  
2a 27.9(12.3) --  10.6(22) 14.5(18) 59.9(123) 82.6(202) 104.7(105) 94.1(41) 
2b - -  18.2(54) 10.4(22) 14.4(15) 54.3(122) 82.0(189) 105.1(105) 94.1(41) 

* Spin-spin coupling constants (Jc-pt) have not been determined due to low solubility of complexes la,b.  

H 

PtCl 2 PtCI 2 

+ CpT1 = 
THF 

 Hl+ 
~, CI- + Cl- 

The  ins tabi l i ty  of  the  c o m p o u n d s  ob ta ined  is obvi-  
ously  due  to the  i n t e r ac t i on  of  the  o rganometa l l i c  ca t ion  
wi th  the  C1- an ion .  In  fact, w h e n  the  same  reac t ion  was 
carr ied ou t  in  the  presence  of  T1BF4, we ob ta ined  a 
previous ly  u n k n o w n  p l a t i n u m  complex ,  ( r l4-pentame - 
t hy lcyc lopen tad iene ) (@-eyc lopen tad ieny l )p la t inum tetra-  

f luoroborate ,  as a mix ture  of  endo-H and  exo-H i somers  
(2a and  2b). 

H + + 

PtOl 2 PtCI 2 

~ B F  4 
CpTl 

�9 

BF4- + Pt 

2 a  

+ 

BF 4- 

Complexes  l a , b  and  2a ,b  were charac ter ized  by the  
data  of  e l emen ta l  analysis  and  IH and  13C N M R  spec-  
t roscopy,  which  are g iven in  Tables  1 and  2. The  ap-  
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pearance  o f  the  spectra  is normal  for this type of  com-  
pound  and is not  in contradic t ion  with the assumed 
structure. Nevertheless ,  a number  of  peculiar i t ies  can be 
observed. Fo r  example ,  the  chemical  shifts of  the signals 
for the  endo-H atoms in the  1H N M R  spectra of  com-  
plexes l a  and 2a are relatively close (3.41 and 3.90 ppm),  
whereas the difference between the chemical  shifts of  
the signals for the exo-H atoms in complexes  lb  and 2b 
is quite p ronounced  (2.34 and 5.70 ppm).  This consid-  
erable dis t inct ion is still difficult to explain,  since there 
are p r a c t i c a l l y  no spec t ro scop i c  da t a  for  @ - p e n -  
t amethy lcyc lopen tad iene  complexes  of  plat inum. In this 
connec t ion  it is interest ing to compare  the chemical  
shifts o b t a i n e d  by us wi th  the  known  values  for 
q4-cyclopentadiene complexes of  o ther  metals (Table 3). 

Based on a compar i son  of  the values of  8 of  the 
signals for the  exo-H atoms and A8 (AS = 5exo_/F 
5endo.H) , r14-cyclopentadiene complexes  may be divided 
into three  groups. In  the  first group are compounds  in 
which chemica l  shifts of  the  exo-H atoms lie within 
the  interval 1.5--3.0 ppm and A6 < 0. To the second 
group we assign complexes  with 2.5 < 8exo_Zr < 4.0 and 
0 < A8 < 1.5. Compounds  having 8exo_//> 5.5 ppm and 
A8 > 1.5 p p m  comprise  the  third group. This division 
into groups pract ica l ly  coincides with the  posi t ion of  the 
central  a tom of  a complex  in the  Per iodic  Table, i.e., the  
first, second,  and th i rd  groups consist of  metals,  from 
the first, second,  and th i rd  t ransi t ion metal  series, re- 
spectively.* 

If  one considers q4-pentamethylcyclopentadiene com-  
plexes on the basis of  the  same criteria,  complexes 2a,b 
tuna out  to belong to the  third group, while complexes 
l a , b  fall into the  first group. The most  p ronounced  
dis t inct ion be tween  the 13C N M R  spectra  (see Table 2) 
of  complexes  l a , b  and 2a,b is observed for the C(2) 
atoms,  whereas  the  chemica l  shifts of  the signals for the 
Me groups a t tached  to the  coordinated  carbon atoms 
(C(2) and C(3)) differ by no more  than  5 ppm in all 
four of  the  compounds .  

As was shown previously,  6 the signals from the C(2) 
a toms in the  series of  complexes  (r l4-CsH6)M(CsHs) 
(M = Co, Rh, Ir) undergo an upfield shift, which 
increases on going from Co to Rh and especial ly to Ir. 
The upfield d i sp lacement  of  the  signals for C(2) and the 
downfield d isp lacement  of  the  signals for the exo-H 
atoms are l ikely to have the same cause and to be typical  
of  both  cyc lopentad iene  and pen tamethy lcyc lopen tad i -  
ene complexes.  One of  the  possible reasons 6 for the 
upfield shift o f  the  signals for C(2) is that  on going from 
Co to Ir  the  dative bonding increases. 

Thus,  the  da ta  of  1H and 13C N M R  spectroscopy 
obta ined for complexes  2a,b reflect the  peculiar i t ies  of  
q4-cyclopentadiene  complexes  of  the metals  of  the third 
t ransi t ion series, while the  results obta ined for corn- 

* Recently ~ it was suggested that the abnormal downfield shift 
of exo-H is unique to the metals of the third transition series. 

Table 3. Chemical shifts (5) of the signals from the exo-H and 
endo-H atoms in complexes (@-CsRsH)ML n (R = H, Me) 

Complex 5exo_ H 5endo_ H AS Refe-  
rence  

(q4-CsMesH)PtCI 2 (la,b) 2.34 3.41 - l . 0 7  --  
(rl4-C5H6)Co(C5H5) 1.83 2.61 -0.78 6 
(rl4-CsH6)Fe(CO)2(PPh3) 2.24 2.78 -0.54 7 
[(@-CsH6)Ni(CsHs)] + 3.06 3.53 -0.47 2 
(q4-CsH6)Fe(CO) 3 1.92 2.37 -0.45 s 
(q4-CsH6) Fe(CO) (dppe) 2.75 3.03 -0.28 7 
(@-CsMesH)Rh(C5H5) 2.82 2.71 0.11 l 
(@-C5H6)Ru(CO)(PPh3) 2 2.94 2.51 0.43 9 
(qa-CsH6)Rh(CsHs) 3.21 2.77 0.44 6 
(qa-C5H6)Ru(tripod) 4.01 3.54 0.47 7 
(qn-C5H6)Ru(triphos) 3.57 2.58 0.99 7 
[(q4-CsH6)Mo(C5Hs)(dppe)]+ 3.58 2.5l 1.07 l0 
[(q4-C5MesH)Pt(C5Hs)] + (2a,b) 5.70 3.90 1.80 --  
(@-CsH6)Ir(CsH 5) 5.63 3.68 1.95 6 
(@-C5H6)Re(PPh3)2H 3 5.76 3.53 2.23 11 
(q4-CsH6)Ir(CsMes) 5.63 3.28 2.35 l 

plexes l a , b  are to a large measure character is t ic  of  the 
first t ransi t ion series compounds .  One may  assume that  
this dis t inct ion is due to the presence of  two C1 a toms in 
the trans-position with respect to the pen tamethy lcyc lo-  
pentadiene l igand in the 16-electron complexes  l a , b ,  
which results in a decrease in the dative bonding 12 and 
cancels the effect of  the  nature of  the  metal  atom. 

Experimental 

All of the operations in the synthesis of the platinum 
complexes were carried out in an argon atmosphere using 
absolute solvents. 1H and 13C NMR spectra were recorded on 
Bruker WP-200SY and Varian VRX-300 spectrometers in 
CDC13 and (CD3)2CO. The chemical shifts are given in the 8 
scale with respect to TMS. 

Dichloro(@- 1,2,3,4,5-pentamethyleyclopentadiene)platinum 
( l a ,b ) .  C5Me5H (5 mL, 42 retool) and a solution of 
SnC12"H20 (0.30 g, 2 mmol) in 60 mL of cone. HC1 were 
added to a suspension of K2PtC14 (4.20 g, 10 retool) in 250 mL 
of MeOH, the mixture was boiled for 4 h, cooled to room 
temperature, and concentrated in vacuo to ~50 mL. The yel- 
low precipitate was filtered off, washed with MeOH (3x5 mL) 
and Et20 (3x20 mL), dried in vacuo, and reprecipitated from 
a CH2CIJEt20 mixture. Yield 3.35 g (83 %). Found (%): 
C, 29.84; H, 4.06; CI, 17.60. C10H16C12Pt. Calculated (%): 
C, 29,82; H, 4.00; C1, 17.60. 

(~q4-1,2,3,4,5-Pentamethylcyelopentadiene)(tlS-cyclopenta - 
dienyl)platinum fluoroborate (2a,b). CsHsTI (0.4 g, 1.5 retool) 
and TIBF 4 (0.40 g, 1.5 retool) were added to a suspension of 
complexes la,b (0.61 g, 1.5 mmol) in 50 mL of acetone, the 
mixture was stirred for 2 h at room temperature and filtered, 
and the solution was concentrated and treated with 70 mL of 
ether. The precipitate was filtered off, washed with ether, and 
dried in vacuo. Yield 0.67 g (93 %). Found (%): C, 37,12; 
H, 4.02; F, 15.71. CI5H21BF4Pt. Calculated (%): C, 37,61; 
H, 4,32; F, 15.73. 
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