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Chemistry of  bicymantrenyl 
7.* Mercuration of bicymantrenyl and reactions with aprotic acids 
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Bicymantrenyl. (CO)3MnCsH4CsH4MnlCO)3, can be mercurated under the action of 
8 moles of mercury trifluoroacetate in CH2C12 to give an octamercuric derivative. Mono- and 
diphosphine derivatives of bicymantrenyl react with mercury, trifluoroacetate and with tin 
tetrachloride to give adducts at one or two manganese atoms. 
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In continuation of the study of bicymantrenyl (BCM, 
1) chemistry, 1-5 we investigated the reactions of com- 
pound 1 and its mono- and diphosphine derivatives with 
mercury, trifluoroacetate Hg(CF3COO) 2. Under the ac- 
tion of 8 moles of Hg(CF3COO)~ in CH2CI 2, BCM, 
similarly to cymantrene (CMT),  undergoes mercuration 
of C - - H  bonds,  and oc ta( t r i f luoroace toxymercu-  
rio)bicymantrenyl (2) is the final product. Reactions of 
exhaustible mercuration of all C- -H bonds of Cp rings 
under the action of mercury acetate or trifluoroacetate 
are known for CMT 6,7 and ferrocene and its deriva- 
tives. 8,90ctamercurio derivative 2 enters standard reac- 
tions of C--Hg bond cleavage. For example, initial 
complex I is quantitatively recovered under the action 
of dilute HC1, and octaiodobicymantrenyl (3) is synthe- 
sized by treatment with iodine. When compound 2 is 
boiled with anhydrous CuCI 2 in acetone, mercury is 
replaced by chlorine; however, unlike the pentamercurio 
derivative of CMT.  which gives pentachloro-  or 
pentabromocymantrene in the reaction with CuCI 2 or 
CuBr2, 7 in the case of BCM, a mixture of compounds 
consisting, according to the mass spectrometry, data, 
mainly of hexa- and heptachlorobicymantrenyl with 
a minor amount of the octachloro derivative was iso- 
lated. Incomplete replacement of mercury by chlorine 
can be due to steric hindrances to substitution in 
co-positions 2 and 5 as compared with sterically 
nonhindered 13-positions 3 and 4. We have previously 
shown z-4 that both acylation and metallation of BCM 
occur predominantly in more accessible [3-positions, 
and the ratio of products  of 13/co-substitution is 
(4--6) : I. 

We monitored the mercuration of BCM by IR spec- 
troscopy in the v(CO) vibration region (Table 1) and 

* For Pa~ 6, see ReL 1. 

observed that at the initial stage, unstable intermediate 
4 is formed in the reaction mixture (Scheme 1). It is 
characterized by frequencies v(CO) 2015 (br) and 
2070 cm - l  that are strongly shifted toward high wave 
numbers as compared to the spectrum of complex 1 
(Av = 75 and 45 cm -I,  respectively). Two bands corre- 
sponding to intermediate 4 coincide with the absorption 
bands of a similar intermediate observed previously in 
the mercuration of CMT. 6 The position and shape of 
the bands indicate that in both cases, they belong to the 
Mn(CO)3 fragments to which an acceptor group has 
attached. Intermediate 4 is the kinetically controlled 
product: it is rapidly formed, but is unstable in solution. 
Its bands are observed in the IR spectrum approxi- 
mately 5--15 rain after the beginning of the reaction. 
their intensity decreases, and after i .5--2 h they com- 
pletely disappear. The intensity of the bands that belong 
to the final product, octamercurio complex 2, at 1720 
(O(C=O)CF3), 1960 (br), and 2037, 2045 (sh) cm -j  
(v(CO)) and to trifluoroacetic acid formed during mer- 
curation (a doublet at 1790, 1810 cm - l )  increases si- 
multaneously. 

Unlike bicymantrenyl ,  its phosphine deriva- 
tives (CO)3MnCsH4CsH4Mn(CO)2(PPh 3) (5) and 
(PPh3)(CO)2MnCsH4CsH4Mn(CO)?(PPh3) (6) react 
with Hg(CF3COO) 2 in a different manner. When I or 
2 moles of Hg(CF3COO) e acts on complexes 5 and 6 in 
CH2CI2, mercury adds at one or both Mn atoms, and 
bonds of the Cp ring are not mercurated. No CF3COOH 
is yielded during the reaction, and its bands are -absent 
in the I R spectrum of the reaction mixture. Thermo- 
stable mono- or bis-adducts 7 and 8, characterized by 
elemental analysis and containing one Hg(CF3COO) 2 
molecule per Mn atom. were isolated from the solution. 
Their characteristic feature is very easy cleavage with 
elimination of the Hg(CF3COO) 2 molecule and forma- 
tion of initial complexes 5 and 6 (identified by TLC and 
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Scheme 1 
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Table I. IR spectra (in CH2C12) of initial compounds, intermediates, and mercuration 
products 

Compound v(CO)/cm -~ (Av/cm -I) Assignment 

1 1940 br, 2025 Mn(CO) 3 
2 1960 br, 2037, 2045 sh (20, 13) Mn(CO)3 
3 1958 br, 2035, 2045 sh (18, 10) Mn(CO)3 
4 2015 br, 2070 (75, 45) Mn(CO)3--Hg(OCOCF3)2 
5 1870, --,* Mn(CO)2PPh3 

1945 br, 2025 Mn(CO) 3 
7 1998,** Mn(CO)2PPh3--Hg(OCOCF3)2 

1960 br, 2030 Mn(CO) 3 
5+SnCI 4 1960 br, 2038 (15, 13), Mn(CO) 3 

1990, 2030 sh (120. 9 0 * )  Mn(CO)2PPh3--SnCI, 
6 1870, 1935 Mn(CO)2PPh3 
8 1965, 2008, 2030 sh (95, 73) Mn(CO)2PPh3--Hg(OCOCF3) 2 
6+SnCI 4 1890, 1950 (20. 15). Mn(CO)2PPh3 

1988, 2025 (I 18, 90) Mn(CO)2PPh3--SnCI,7 
6+HgCI 2 1985, 2020 (I 15, 85) Mn(CO)2PPh3--HgCI2 
6+SnBr4 1970 sh, 2020 (100, 85) Mn(CO)2PPh3--SnBr4 

* The band of symmetrical vibration v(CO) in Mn(CO)2PPh 3 at -1935--1940 cm -t is 
disguised by the intense band at 1945 crn -I that belongs to Mn(CO) 3. 
** The band of antisymmetrical vibration v(CO) in adduct 7 is disguised by the band that 
belongs to Mn(CO) 3. 

spectral methods) under the action of acids (HCI, 
CF3COOH) or upon dissolution in coordinating sol- 
vents (acetone, acetonitrile, DMSO, and others). This 
cleavage is precisely characteristic of donor-acceptor 
adducts of mercury salts with carbonyl complexes of 
metals containing metal--mercury bonds. Cleavage un- 
der the action of coordinating solvents is related to the 
fact that Hg II form with them stable complexes with 
coordination through the oxygen or nitrogen atom. 

To prove the structure of the reaction products, we 
used I R spectroscopy in the region of v(CO) vibrations. 
This method is widely used in the chemistry of metal- 
carbonyl complexes, because v(CO) bands are very in- 
tense and highly characteristic, and their position de- 
pends strongly on changes in the ligand environment of 
the metal. 

in diphosphine complex 6, two Mn(CO)2(PPh3) 
fragments are equivalent, and four CO ligands give two 
absorption bands with equal intensities at 1870 and 
1935 cm-1 (antisymmetrical and symmetrical vibrations, 
respectively, local symmetry Cs). It is known that the 
following correlation is fulfilled for the M(CO) 2 or 
M(CO)2L fragments: 

las/'~ =tan2(~/2), (I) 

where las and 1 s are the intensi t ies  of  bands of 
antisymmetrical and symmetrical vibrations of CO, re- 
spectively; and et is the O C - - M - - C O  angle, l~ Equation 
(1) makes it possible to estimate the O C - - M - - C O  angle 
from the experimentally measured ratio of intensities and 
draw conclusions about the structures of the complexes. 
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The equal intensities of  both v(CO) bands in the IR 
spectrum of complex 6 indicate that the O C - - M n - - C O  
angle is close to 90 ~ , as in almost all structurally charac- 
terized C M T  derivatives.  Upon coordinat ion  with 
Hg(CF3COO) 2 and transformation of complex 6 into 
adduct 8, the bands at 1870 and 1935 cm - t  disappear, 
and in the IR spectrum two new bands appear at 1965 
and 2008 cm - I  (sh 2030 cm- I ) ,  shifted toward high wave 
numbers by 95 and 73 cm-~, respectively, and the band 
of the antisymmetrical vibration (1965 cm - j )  is 2.4 times 
more intense than the band of the symmetrical vibration 
(2008 cm-J) .  The strong increase in the v(CO) frequen- 
cies is related to the fact that an electron-acceptor 
group was attached to the metal atom, and the change 
in the ratio of  intensities of  the bands from I to 2.4 
indicates that during transformation into adduct 8 the 
O C - - M n - - C O  angles increase from 90 ~ to -108--112 ~ 
When any ligand, tbr example, mercury salts HgX2, is 
coordinated with the M(CO)2(PPh3) fragment, two geo- 
metric isomers, eis- and rrans-, can be formed on the 
metal atom (Scheme 2). In these isomers, the ratio of  
intensities of bands and O C - - M - - C O  angles should be 
inverse (in the case of  the cis-isomer, cr < 90 ~ and the 
band of  symmetrical vibration is more intense; for the 
trans-isomer, c~ > 90 ~ and the band of antisymmetrical 
vibration is more intense). 

Scheme 2 

OC HgX2 PhaP 2 

trans cis 
(c~ > 90 ~ (ct < 90  ~ 

It follows from the experimental data (decomposi-  
tion of  adducts 7 and 8 under  the action of  acids or 
coordinating solvents, change in the ratio of  intensities) 
that in the reaction of  diphosphine complex 6 with 
Hg(CF3COO)2, one Hg(CF3COO) 2 molecule adds to 
each Mn atom, and only the trans-trans-isomer in 
which O C - - M n - - C O  angles should be >90 ~ is formed. 
We have previously shown that the mononuclear  com- 
plex. .CpMn(CO)2PPh 3 e a s i l y a d d s  one  Hg(CF3COO) 2 
molecu le  to the Mn a tom and gives the d imer  
[Cp(CO)2(PPh3)Mn--Hg(OC(O)CF3)212 ,  which was 
characterized structurally. 6 According to the X-ray dif- 
fraction data. the O C - - M n - - C O  angle in this complex 
is equal to 109.3 ~ Based on analogy in the IR spectra 
(the direction and shift of  frequencies, the ratio of  
intensities), we may suggest that adduct 8 has a similar 
structure and is formed due to the addition of  the strong 
Lewis acid Hg(CF3COO) 2 at the metal atoms, which (in 
complexes of  this type) are the centers with the highest 

basicity. In this reaction, complex 6 exhibits the proper-  
ties of an organometall ic Lewis base (the concept  of 
basicity of transition metal complexes has been devel- 
oped considerably in the eighties12,13). 

The formation of  cis-isomers during coordination of 
phosphine complexes with mercury salts is improbable 
because of  steric h indrances :  bulky PPh 3 and 
Hg(CF3COO) 2 ligands in cis-isomers should be near 
each other, which creates steric hindrances. Mono-  
phosphine complex 5 adds only one Hg(CF3COO) 2 
molecule (at the Mn(CO)2PPh 3 fragment in which the 
basicity of the Mn atom is higher than that in Mn(CO)3) 
due to the donating PPh 3 ligand. However, in this case, 
the pattern in the I R spectrum is complicated because 
the bands of  Mn(CO) 2 are partially disguised by more 
intense bands of Mn(CO)3. 

The results obtained suggest the following scheme of  
the reaction of BCM with Hg(CF3COO) 2 (see Sche- 
me I). Most likely, when complexes 1 and 6 are treated 
with the aprotic acid Hg(CF3COO)2, at first mercury 
adds to the center with the highest basicity, the metal 
atom. However, the stability of the adducts formed 
differs sharply and depends on the ligand environment 
of  Mn. In the case of  complex 1, which contains no 
donating ligands and in which the basicity of  the Mn 
atom is low, intermediate 4 is formed. It is unstabte and 
rapidly enters the secondary reaction of  mercuration of 
Cp rings to yield CF3COOH,  and the final product is 
octamercurio derivative 2. In the case of  diphosphine 
complex 6 (and similarly, 5), the attack of Hg(CF3COO) 2 
is also directed to the metal atom, and strong and stable 
adducts 8 (similarly to 7) with Mn- -Hg  bonds are 
formed due to coordination.  Their higher stability, as 
compared to that of  intermediate 4, is due to the higher 
basicity of the manganese atom because of  the presence 
of  phosphine ligands. 

We also studied the reactions of  BCM with tin 
te t rachlor ide  by IR spect roscopy.  S imi la r ly  to 
cymantrenyl, BCM does not react with SnCI4. Phos- 
phine complexes 5 and 6 react with SnCI4 in CH2C12 
with coordinat ion o f  tin at the Mn atom in the 
Mn(CO)2PPh3 fragments, which results in a strong in- 
crease in the v(CO) frequencies (by 90--110 cm - l ,  i.e., 
20--30 cm -1 higher than for the coordination with 
Hg(CF3COO)2). The change in the ratio of  intensities 
shows that only the trans-isomer is formed of  two 
possible isomers in this case as well. The picture of 
changes in the I R. spectra during-the- reactions, of  SnCI~ 
with complexes 5 and 6 coincides completely with the 
previously studied 14 spectral changes for the reaction of 
SnCI4 with the mononuclear  complex CpMn(CO)2PPh 3. 
However, in the reaction of  diphosphine complex 6 with 
SnCI 4 even at an excess o f  the latter, only one Mn atom 
participates in the coordinat ion with tin. When SnCI4 is 
added to complex 6 in CH2CI 2, in the IR spectrum, the 
v(CO) bands at 1870 and 1935 cm - I  disappear and four 
new bands appear. Two of them are strongly shifted 
toward high wave numbers (Av = 118 and 90 cm-1),  
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and  the  rat io  o f  t h e i r  intensi t ies  is -2 .5  : I, which  
c o r r e s p o n d s  to an  increase  in the O C - - M n - - C O  angle 
in the  adduc t s  wi th  t in  f rom 90 ~ to 112- -116  ~ due to the  
c o o r d i n a t i o n  o f  t in to the  metal  a tom.  T w o  o t h e r  bands  
are sh i f ted  m u c h  more  weakly (,Av = 20 and  15 cm - t )  
and  c o r r e s p o n d  to the  M n ( C O ) 2 P P h  3 f r agment  tha t  is 
no t  c o o r d i n a t e d  wi th  a t in a tom.  Based on  the  s t rong 
shif t  o f  f requenc ies  in the  IR spect ra ,  we may  assume 
tha t  the  p roduc t s  o f  c o o r d i n a t i o n  o f  complexes  5 and  6 
wi th  s t ann ic  ch lo r ide  m ay  have a ionic  s t ruc tu re  s imilar  
to  tha t  o f  the  sa l t - l ike  c o m p l e x [ C p ( C O ) 2 P P h 3 M n - -  
S n C U + S n C I ~  - ,  w h o s e  s t ructure  was solved by X-ray 
d i f f rac t ion .  14 The  a b s e n c e  of  c o o r d i n a t i o n  o f  t in  at the  
s e c o n d  M n  a t o m  is related,  most  likely, to the presence  
o f  the  posi t ive c h a r g e  tha t  prevents  e lec t roph i l i c  at tack 
at a n o t h e r  metal  a t o m .  Dur ing hydrolysis  or  d issolut ion 
in ace tone ,  adduc ts  wi th  t in chlor ide are ins tant ly  cleaved 
to give initial c o m p o u n d s  5, 6 and  hydrolys is  p roduc ts  

o f  SnCI4. 
D i p h o s p h i n e  c o m p l e x  6 forms adduc t s  at the metal  

a t o m  a n d  with w e a k e r  aprot ic  acids  Hg(OAc)  2, HgCI 2, 
and  SnBr4;  however ,  in these cases,  the  in tens i ty  of  
v ( C O )  bands  c o r r e s p o n d i n g  to the  c o o r d i n a t i o n  prod-  
ucts  in the  IR s p e c t r u m  is low, and  the  equ i l ib r ium in 
the  so lu t ion  is sh i f t ed  toward the ini t ia l  complex .  

Expe r imen ta l  

Initial BCM and its phosphine derivatives were prepared by 
the previously described procedure, is Experiments were carried 
out in an inert atmosphere. 

Oeta(trifluoroacetoxymercurio)bieymantrenyl (2). 
Hg(CF3COO) 2 (0.86 g, 2 retool) was added by portions with 
vigorous stirring to a solution of compound  1 (0.10 g, 
0.25 mmol) in anhydrous CH2C12 (30 mL). The solution gained 
an intense orange color, and the IR spectrum exhibited bands 
of complex 2 and intermediate 4 and vfCO) bands of CF3COOH 
that formed (doublet at 1790, 1810 era-I) .  The solution was 
stirred for 2 h and left to stand overnight. The color of the 
solution changed to yellow, and in the I R spectrum the bands 
of intermediate 4 disappeared, but the bands of complex 2, and 
CF3COOH remained. The solution was filtered, and CH2CI 2 
was removed in vacuo. The yield was 96% (0.70 g). Complex 2 
is a yellow-orange powder, stable in air, with a temperature of 
decomposi t ion  >120 ~ (without melting).  Found (%): 
C, 13.48; H, 0; Hg, 55.40; Mn, 3.48; F, 16.62. 
C32F24HgsMn20~2. Calculated (%): C, 13.22.; H, 0; Hg, 55.20; 
Mn, 3.78; F, 15.69. When the reaction is carried out at the 
ratio Hg(CF3COO) 2 : BCM = 1 : I, inseparable mixtures of 
mono-, and polymercury derivatives are formed. 

Oetaiodobicymantrenyl (3). Complex 2 (0.50 g, 0.17 mmol) 
was added gradually to a solution of iodine (0.38 g, t.49 mmol) 
and Nal (0.57 g, 3 retool) in water (40 mL). After stirring for 
6 h, the precipitate was filtered off, and the aqueous layer was 
extracted with CH2CI 2. The extract was concentrated and 
added to the precipitate. The resulting solution was chromato- 
graphed on a column with AI203 using a toluene--heptane 
mixture as an eluent. Complex 3 (0.15 g, 75%) was yielded as a 
pale yellow powder stable in air with decomp, temperature 
>I00 ~ Found (%): C, 15.27; H, 0; Mn, 7.39. CI618Mn206. 
Calculated (%): C, 15.28; H, 0: Mn, 7.78. An attempt at 
direct determination of  iodine did not give correct data. 

Reaction of complex 2 with CaCI 2. A solution of complex 2 
(0.8 g, 0.275 mmol) in acetone (8 mL) was added dmpwise with 
stirring to a solution of anhydrous CuCI 2 (I.86 g, 13.78 mmol) 
in acetone (40 mL). The mixture was refluxed for 3.5 h. then the 
precipitate of CuC1 (0.48 g) that formed was filtered off, and 
acetone was removed in vacuo. The residue was washed with 10% 
HCI (3• mL) and water, dissolved in CH2CI 2, and dried, and 
the solvent was removed. To separate a minor amount of prod- 
ucts of acetone chlorination, the residue was chromatographed 
on A1203, using a benzene--heptane (1 : 2) mixture as an eluent. 
After removal of the solvent and recrystal/ization from hexane, 
light-yellow needle-like crystals, which are well soluble in hex- 
ane, were obtained (IR (CH2C19, v(CO): 1968 br, 2038. 2044 
sh). According to the data of elemental analysis and mass spec- 
trometry, the crystals are a mixture of compounds with six and 
seven CI atoms, CmH2CIbMn~ICO) 6 and CIoHCITMn2(CO)6, 
containing only traces of the CIoCIsMn2(CO) 6 complex. The 
mass spectrum exhibits peaks of  molecular ions with m/z 683, 
681, 679, 677 (for the complex CIoC18Mn2(CO)6), sets of 9--10 
peaks of molecular  ions with m/z  654--644 (for 
CmHCITMn~(CO)6) and 620--610 ~for C~0H2CI6Mn2(CO)6), 
and similar sets of the corresponding peaks of fragmentation ions 
[M - 3 CO] and [M - 6 CO]. The distribution of intensities of 
individual peaks in sets of molecular ions coincides with that 
calculated for the molecules indicated containing 6 and 7 CI 
atoms. Found (%): C, 30.16: H, <0.3; CI, 36.45. Calculated for 
CI6H2CI6Mn206 (%): C, 31.32; H, 0.33; C1, 34.75. Calculated 
tbr CI6HCI7Mn206 (%): C, 29.65; H, 0. t5; CI, 38.38. An in- 
crease in the duration of boiling or in the amount of CuC12 did 
not result in the preparation of the pure octa-substituted product. 

TIS,TIS- Fulvalenylpentaearbonyltr iphenylphosphinedi  - 
manganesemercury trifluoroacetate (7). Mercury trifluoroacetare 
(0.068 g, 0.16 mmol) was added by several portions with vigor- 
ous stirring to a solution of monophosphine complex 5 (0.10 g, 
0.16 mmol) in CH~CI 2. After a yellow precipitate was formed, 
the mother liquor was decanted, and the residue was washed 
with CH~CI2 and dried ill vacuo. Compound  7 was obtained 
(0.12 g, 72%) as a bright yellow powder stable in air. Found 
(%): C, 41.19; H, 2.26; Hg, 19.0. C3rH23F6HgMn20�. Calcu- 
lated (%): C, 41.65; H, 2.17; Hg, 18.8. 

rl~,rls- Fulvalenyltetracarbonylbis(triphenylphosphine)di - 
manganesebis(mercury trifluoroacetate) (8). Similarly to the 
synthesis of complex 7, compound 8 (110 mg, 56%) as a bright 
yellow powder stable in air was obtained from diphosphine 
complex 6 (0.096 g, 0.11 mmol) and mercury trifluoroacetate 
(0.094 g. 0.22 retool). Found  (%):  C, 39.87; H, 2.39; 
Hg, 23. t0. CssH3sF;~Hg2Mn2OI 2. Calculated (%): C, 40.32; 
H, 2.22; Hg, 23.22. Complexes 7 and 8 are virtually insoluble 
in hexane and benzene. Attempts to dissolve them in acetone 
and other solvents capable of coordination resulted in their 
immediate cleavage to yield starting compounds 5 and 6, which 
were identified by TLC and IR and mass spectrometry. 

This  .work w a s  f inanc ia l ly  s u p p o r t e d  by the Russ ian  
F o u n d a t i o n  for Basic R e s e a r c h  (P ro j ec t  No.  9 6 - 0 3 -  

32644).  
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