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Synthesis and properties of mono- and 
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The reaction of [2-(dimethylaminomethyl)]cymantrenyl]lithium with ytterbium 
diiodide affords [2-(dimethylaminomethyl)cymantrenyl]ytterbium iodide or bis[2-(dimethyl- 
aminomethyl)cymantrenyl]ytterbium depending on the ratio of the starting reactants. Reac- 
tions of these complexes with a series of electrophiles (H20, Me3SiCI , MeCOC1, HgC12, 
PhCOCI) were studied and the corresponding derivatives of cymantrene were prepared in 
high yields. 
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To continue investigations in the field of the chem- 
istry of metallocenyl derivatives of divalent lanthanides, I 
we prepared some cymantrenyl derivatives of divalent 
ytterbium, namely, those in which the ytterbium atom is 
located at the carbon atom next to the carbon atom of 
the cyclopentadienyl ring bearing a dimethylaminomethyl 
group, and studied their properties. 

We found that [2-(dimethylaminomethyl)cymantr- 
enyl]li thium z (1) reacts with ytterbium diiodide 
Y b I 2 - ( T H F )  4 in T H F  in the temperature range 
- 3 0 - - 2 0  ~ to afford a mixture of mono- (2) and 
disubstituted (3) derivatives. 

(OC)3MnC5H3(CH2NMe2) U + YbI2.(THF) 4 a 
1 

b (0C)3 MnCsH3 (CH2NMe2)Ybl 
2 

[(OC)a MnC5 Ha(CH2NMe2)]2Yb �9 2THF 

3 

Reagents and conditions: a. THF, - 3 0 - - 2 0  "C; 
b. (OC)3MnCsH3(CH2NMe2)Li 

The composition and structure of compounds 2 and 
3 were determined by IR and N M R  spectroscopy and 
X-ray fluorescence and elemental analyses. 

It should be noted that compounds 2 and 3 possess 
unusual stability among metallocenyl derivatives of diva- 
lent lanthanides. 3 Their stabilization is apparently due to 
the intramolecular coordination of ytterbium by the 
nitrogen atom of the Me2NCH 2 group. 

Optimal conditions for preparing complexes 2 and 3 
are: a TH F--benzene (10: !) solvent mixture, a tempera- 
ture o f - 3 0 - - 2 0  ~ and a stoichiometric ratio of the 
reagents. Under these conditions the yields of com- 
pounds 2 and 3 are as high as 70--80 %. The role of 
benzene is probably that the LiI formed in the reaction 
precipitates and, therefore, the formation of ate-com- 
plexes is ruled out. 

Compound 2 was also prepared by the oxidative 
addition of zero-valent ytterbium to 1-iodo-2-(dimethyl- 
aminomethyl)cymantrene in THF. A fourfold excess of 
activated ytterbium was used in this reaction. 

(OC)3MnCsH3(CH2NMe2)I + Yb/Hg 

(OC)3MnCsH3(CH2NMe2)Yb] 
2 

The IR spectra of compounds 2 and 3 exhibit two 
intense bands in the region of stretching vibrations of 
carbonyl groups, at 1960--2050 cm - l ,  which are due to 
the terminal CO ligands, and a v(CO) band at 
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Table 1. 1H NMR spectra 

Compound 8 (C4D80) 

CsH s CH 2 Me 

(OC)3MnCsH 5 4.95 

(OC)3MnCsH4HgC1 5.12; 4.88 

(OC)3MnCsH4CH2NMe 2 4.65; 4.62 2.82 

(OC)3MnCsH3(CH2NMe2)I 4.50; 4.37; 2.89 
4.32 

(OC)3MnCsH3(CH2NMe2)Li 4.93; 4.85; 3.15; 3.77 
4.79 

(OC)3MnCsH3(CH2NMe2)YbI 5.09; 5.02; 3.10; 3.68 
4.73 

[(OC)3MnCsH3(CH2NMe2)]2Yb 4.95; 4.88; 3.21; 3.81 
4.70 

[(OC)3MnCsH3(CH2NMe2)]2Hg 4.97; 4.89; 3.09; 3.54 
4.67 

1.99 

2.16 

2.36 

2.38 

2.30 

2.24 

1770 cm -1, which should probably be assigned to vibra- 
tions of  the  CO group coordinat ied  with the  lanthanide  
a tom through an oxygen atom. 

An examina t ion  of  the  1H N M R  spectra of  com-  
plexes 2 and 3 and their  mercury-con ta in ing  analog, 
[ (OC)3MnCsH3CH2NMe2]2Hg,  has shown that  the in- 
t roduct ion  of  me ta l -con ta in ing  substituents into the or- 
tho-position of  d ime thy laminomethy lcyman t rene  exerts 
a deshielding effect on the protons of  the cyclopentadi -  
enyl l igand (Table 1). 

The nonequivalency of  the methylene  protons and 
the downfield d isp lacement  of  the signals for the methyl  
and methylene  protons  in the spectra of  Li, Yb, and Hg 
der iva t ives  c o m p a r e d  wi th  t hose  for  
(OC)~MnCsH4CH2NMe2 points to addi t ional  interac-  
t ion of  these metals with the ni t rogen a tom of  the 
M e 2 N C H  2 g roup ,  w h i c h  was c o n f i r m e d  for  
[ (OC)3MnCsH3(CH2NMe2)]2Hg by an X-ray structural 
investigation. 4 

The chemica l  t ransformat ions  of  compounds  2 and 3 
under  the ac t ion  of  the  most commonly  used electro-  
philes (H20 ,  HgC12, Me3SiC1, MeCOC1, and PhCOC1) 
have been studied. 

(00)3 MnC5 H3(CH2 NMe2) HgC1 (0C)3 MnC5 H3(CH2NMe2)COF:~ 

4 HgC12'~. ~ ..,,~PhCOCl 6 
2 (3) 

I (0C)3 MnCsHa(CH2NMe2)COMe (OC)3MnC5H3(C NMe2)SiMe 3 
5 ~H20 H7 

(CX~)3MnCsH4CH2NM % 
8 

Previously unknown disubst'ituted derivatives of  cy- 
mantrene 4 - -7  were obtained.  All of  these compounds  
were isolated in high yields (60--80 %) and character -  
ized by the data of  e lemental  analysis  and IR spectros-  
copy. 

Experimental  

The reactions were carried out in absolute solvents under 
argon. IH NMR spectra were recorded on a Bruker WP-200 
SY spectrometer (200.13 MHz). Chemical shifts were meas- 
ured relative to the high-field THF signal (1.85 ppm). IR 
spectra were measured on a Specord M-80 instalment. The 
X-ray fluorescence analysis was carried out on a VRA-2 
instrument. YbI2- (THF)4 was prepared by the known proce- 
dure. 5 

[2-(Dimethylaminomethyl)eymantrenyl]itterbium iodide (2). 
20 mL of a THF--C6H 6 (10:1) mixture was added to com- 
pound 1 prepared from 0.76 g of (OC)3MnCsHaCHzNMe 2 
and 2.8 mL of BunLi (1.09 N), then a solution of 0.45 g of 
YbI 2 in 5 mL of THF was added at - 6 0 + - 7 0  ~ The 
reaction mixture was stirred for 2 h and warmed up to the 
room temperature. The resulting turbid solution was allowed to 
settle and filtered. Complex 2 was precipitated by adding 
50 mL of hexane. The precipitate was filtered off and dried 
under argon. According to X-ray fluorescence analysis, the 
Mn : Yb ratio was 1 : 1. IR (THF), v/cm-l :  2045, 1967, 
1770 (the CO ligand). 

Bis [2- (dimethylaminomethyl) cymantrenyl]itterbium (3).  
Complex 1 (from 0.76 g of (OC)3MnCsH4CH2NMe 2 and 
2.8 mL of BunLi (1.09 N)) was added at - 4 0 + - 5 0  ~ to a 
solution of compound 2 in 25 mL of THF--C6H6 (10:1) 
mixture prepared as described above. After stirring for 5 h the 
reaction mixture was left overnight. According to the proce- 
dure described above, 1.12 g (49 %) of compound 3 as a 
complex with THF was isolated. Found (%): C, 43.25; H, 4.70; 
Mn, 12.90. C30H38Mn2N208. Calculated (%): C, 43.03; 
H, 4.58; Mn, 13.12. IR (THF), v/era-l:  2048, 1965, 1770 (the 
CO ligand). 

1 - Chloromereuro- 2 - (dimethylaminomethyl)cymantrene (4). 
0.8 g of HgC12 in 10 mL of THF was slowly added at 
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- 6 0 + - 7 0  ~ to compound 2 prepared as described above. The 
reaction mixture was stirred for 1 h at - 2 0 + - 3 0  ~ warmed 
to room temperature, and treated with water. The organic layer 
was extracted with C6H 6 and dried with MgSO 4. The solvent 
was removed and the residue was chromatographed on a 
column with SiO 2 (with benzene as the eluent) to give 1 g 
(73 %) of complex 4. Found (%): C, 26.64; H, 2.06; N, 2.84; 
Mn, 11.0; CI, 8.10; Hg, 39.89. C11H11MnHgCINO3. Calcu- 
lated (%): C, 26.62; H, 2.24; N, 2.82; Mn, 11.07; C1, 7.15; 
Hg, 40.43. IR (C6H6), v/cm-l :  2048, 1940 (the CO ligand). 

1-Acetyl-2-(dimethylaminomethyl)eymantrene (5), 0.6 mL 
of CH3COCI was added at - 6 0 + - 7 0  ~ to a THF solution of 
compound 2. The reaction mixture was warmed up to 
- 2 0 + - 3 0  ~ and stirred for 2 h. After hydrolysis, extraction 
with diethyl ether, and drying, the solvent was removed. The 
residue was chromatographed on a column with SiO 2 (with 
petroleum ether as the eluent) to give 0.52 g (68 %) of 
product 5. Found (%): C, 51.80; H, 4.70; Mn, 19.20. 
CI3H14MnNO4. Calculated (%): C, 51.49; H, 4.66; Mn, 18.12. 
IR (C6H6), v /cm-l :  2025, 1930 (CO ligand); 1690 (the acetyl 
C=O). 

Compound 6 was prepared and isolated in a similar way. 
Yield 0.51 g (59 %) of compound 6. Found (%): C, 59.85; 
H, 4.80; N, 3.90; Mn, 15.39. C18HITMnNO 4. Calculated (%): 
C, 59.18; H, 4.42; N, 3.84; Mn, 15.04. IR (C6H6) , v/cm-l :  
2040, 1936 (the CO ligand), 1670 (the acetyl C=O). 

l-Trimethylsilyl-2- (dimethylaminomethyl)eymantrene (7). 
0.3 g of Me3SiCl in 10 mL of THF was slowly added at 0 ~ 
to compound 2. The mixture was stirred for 4 h, the solvent 
was evaporated to afford 0.43 g (72 %) of product 7. Found 

(%): C, 46.10; H, 5.65; Mn, 17.90. C14H20MnNO3Si. Calcu- 
lated (%): C, 46.06; H, 5.38; Mn, 17.30. IR (C6H6), v/cm-l :  
2030, 1942 (the CO ligand). 

Dimethylaminomethylcymantrene (8). Complex 2 prepared 
from 0.38 g of (CO)3MnCsH3(CH2NMe)2I and 0.8 g of Yb 
was dissolved in 125 mL of THF. At ~20 ~ water was added 
dropwise. Extraction and drying gave 0.21 g (82 %) of com- 
pound 8. 

The preparation and isolation of compounds 4--8 in the 
reactions with complex 3 was carried out in a similar way. 
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