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Chemistry of bicymantrenyl 
3.* Synthesis of polycymantrenyls 
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Metallation of bicymantrenyl and its equimolar mixture with cymantrene under the 
action of butyllithium followed by oxidative coupling under the action of CuCI 2 results in the 
formation of quatercymantrenyl and tercymantrenyl, respectively. 
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Unlike cymantrene, which has been studied in de- 
tail, 2 the chemistry of  bicymantrenyl (1) has been poorly 
studied, s,4 We have shown previously t that 1, like cy- 
mantrene, is metallated with butyllithium under mild (CO)s (CO)s 
conditions predominantly at the 13-position. Mn Mn 

It is known 4 that under the action of CuCI 2 cyman- c - ~  c - ~  
trenyllithium is coupled to form compound 1 in high 
yield. 

We performed oxidative coupling of bicymantrenyl- 
lithium with CuCI 2 and isolated for the first time a 
compound with a chain of  four cymantrenyl units, 
quatercymantrenyl complex (2a) (Scheme 1). Mn Mn 

(CO)s (CO)s 

result in the formation of three dimers of the 13,13 (2a), 
a,13 (2b), and ct,ct (2c) type with 2a predominating. 
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According to the IH N M R  data, the reaction prod- 
uct is a mixture of two isomers with 2a predominating 
(>90 %). The structure of 2a is confirmed by the data of 
X-ray diffraction analysis.* 

Complex 2a can be considered as bicymantrenyl with 
the substituent at position 3 (in this case, bicymantrenyl). 
The introduction of any substituent transforms the pro- 
chiral system of 1 into the planar-chiral one. Therefore, 
four C - - H  groups in each of two terminal rings are 
diastereotopic, and four different signals should corre- 
spond to each of them in the tH and 13C N M R  spectra 
(Table 1). In the IH N M R  spectrum, protons H A and 
H D give two one-proton multiplets in a low field (5.005 
and 4.954 ppm, 1 H and 1 H, 5 lines, J =  1.6 Hz); 
protons H B and H c give two one-proton multiplets in 
higher field (4.802 and 4.757 ppm, 1 H and 1 H, 6 lines, 
J = 1.6 Hz). The two equivalent protons H E in the two 

Since compound 1 is metallated at both positions, 
the subsequent oxidative coupling could be expected to 

* For Part 2, see Ref. I. 

* X-ray diffraction analysis was performed by A. !. Yanovskii 
and F. M. Dolgushin (A. N. Nesmeyanov Institute of 
Organoelement Compounds of the RAS). The results will be 
published elsewhere. 
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Table 1. JH and 13C NMR spectra of compounds 2 and 3 

Corn- IH NMR (8) 

pound HA, H D H8, H c HE* HF, HG* 

13C NMR (5) 

CH ipso-C atoms Mn(CO)3 

2 5.005; 4.802; 5.166 t 4.934 d 
4.954 4.757 (5.125 t) (4.973 d) 

4.890; 4.684; 5.042 t 4.849 d 
4.860 4.648 

82.532; 82.012; 81.019; 80.732; 
80.137; 79.756; 78.645 

82.462; 81.912; 81.133; 80.831; 
80.745; 78.993 (C--HE) 

95.272; 94.447; 223.98; 223.53 
94.159 (1:1)** 

94.833; 224.00; 223.80 
94.545 (2:1)** 

* In the case of compound 2, the 8 values for 2a are given, and those for 2b are given in parentheses. 
** The ratio of intensities of signals is given in parentheses. 

central  rings are manifes ted as a tr iplet  in low field 
(5.166 ppm,  J = 1.8 Hz). Protons H F and H G should 
theoret ica l ly  give different  signals; however, this non-  
equivalence could not be observed at 400 MHz,  and 
they give one signal,  a doublet  at 4.934 ppm (J  = 
1.8 Hz). 

In addi t ion to complex  2a, the compound  obtained 
contains  a small  amoun t  (5 - -8  %) of  the other  isomer 
(seemingly,  2b), whose protons appear  in the spectrum 
as a tr iplet  at 5.125 ppm and a doublet  at 4.973 ppm, 
J = 1.8 Hz. The  o the r  protons o f  this isomer likely give 
signals that  are masked by the more intense signals of  
the cor responding  protons  o f  isomer 2a in the region 
4 .9- -5 .0  ppm. An a t tempt  to separate  the isomers by 
chromatography  was unsuccessful.  

Meta l la t ion  o f  an equ imola r  mixture o f  cymantrene  
and b icymant renyl  1 followed by subsequent  oxidative 
coupl ing with CuCI 2 gave a mixture of  products  conta in-  
ing unchanged  cymant rene  and bicymantrenyl  1 and 
coupling products ,  t e rcymant renyl  (3) and complex 2a 
(Scheme 2). The  IH N M R  spect rum of  compound  3 is 
s imilar  to that  o f  2a and differs only in the ratio of  
intensit ies o f  signals. The  structures of  compounds  2a 
and 3 are conf i rmed by mass spec t romet ry  (see Experi-  
mental)  and 13C N M R  spect roscopy (see Table I). In 
the 13C N M R  spec t rum of  te rcymantrenyl  3, the 10 
carbon a toms bound  to hydrogen a toms HA--H D and 
HF give five signals due to thei r  mutual  equivalence. 
The signal in higher  field with a halved intensity corre-  
sponds to the carbon a tom C - - H  E. Four  ipso-C atoms,  
which are mutua l ly  equivalent ,  give two signals in lower 
field, and C a toms  of  CO groups,  as expected,  give two 
signals with ratio of  intensit ies ~2 : I. 

The 13C N M R  spect rum of  complex 2a is similar,  
but is more  compl ica ted :  the 14 mutual ly  equivalent C 
a toms of  C - - H  bonds give seven signals with close 
intensi t ies  in the  region 83--78 ppm,  and the six ipso-C 
atoms exhibit  three  signals in the region 94--95 ppm. It 
is notewor thy  that  the  C a toms bound to the HE, HF, 
and H G a toms are manifes ted  as individual signals in 
the 13C N M R  spectra.  Two signals with equal intensi-  
ties cor respond to the C a toms of  the CO groups in 
complex  2a. 

Prel iminary  data  show that  quatercymantrenyl  2a 
enters react ions typical  of  cymant rene ,  in particular,  
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acetylat ion and metal la t ion with butyl l i thium. The ace-  
tylation of  compound  2a with AcCI + AICI 3 in CH2CI 2 
gave a mixture of  several monoacety l  isomers and a 
diacetyl derivative. 

Experimental 

All experiments were carried out in an argon atmosphere. 
Bicymantrenyl 1 was obtained by the known procedure. 4 THF 
was distilled from sodiumbenzophenoneketyl prior to use. 
IH NMR spectra were recorded in CDCI 3 relative to SiMe 4 
on Bruker WP-200-SY (200 MHz) and Bruker-AMX-400 
(400 MHz) spectrometers. IR spectra were recorded on a 
UR-20 spectrometer. Mass spectra were recorded on a Kratos- 
MS-890 instrument (El, 70 eV). 

Quatercymantrenyl (2). A 2.2 M solution of butyllithium 
(2.5 mL, 5.5 retool) in hexane was added dropwise to a 
solution of compound 1 (2.04 g, 5 retool) in THF (40 mL) at 
-60  to -65  °C. After 2 h, anhydrous CuCI 2 (2.6 g, 19 mmol) 
was added. The mixture was stirred for 3 h at -65  °C, allowed 
to warm to ~20 °C, and quenched with 5 % HCI. The reaction 
products were extracted with CH2CI 2. The extract was washed 
with 5 % HCI and water, dried, and concentrated. The residue 
was chromatographed on a column with AI203 (benzene--light 
petroleum (I : I) as the eluent) to isolate unchanged com- 
pound 1, a small amount of a mixture of 1 and 2 (0.12 g), and 
complex 2 (0.57 g, 29 %) as yellow crystals with m.p. 211-- 
218 °C (from a 1 : 3 toluene--light petroleum mixture). The 
analytical sample has m.p. 217--219 °C. Found (%): C, 47.56; 
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H, 1.73. C32Hi4Mn4Ot2. Calculated (%): C, 47.41; H, 1.73. 
IR spectrum (CH2CI2), vCO/cm-I: 1950 b, 2025, 2030 sh. 
Mass spectrum, re~z: 810 [M] +, 726 [M-3  CO], 614 
[M-7 COl, 558 [M-9 CO1, 530 [M-10 CO1, 474 IM-12 
CO] as well as ions with m/z 419, 364, 309, and 264 corre- 
sponding to the [M-12 CO-n  Mn] fragments, where n = 
1 t o4 .  

Tereymantrenyl (3). The procedure described above when 
applied to compound 1 (0.92 g, 2.3 mmol) and cymantrene 
(0.46 g, 2.3 mmol) gave after chromatography on a column 
with AI203 (benzene--light petroleum (1 : 2) as the eluent) 
unchanged cymantrene (0.07 g, 15 %) and 1 (0.18 g, 16 %), 
tercymantrenyl 3 (0.20 g, 14 %), and complex 7. (0.37 g, 
20 %). Complex 3 consists of yellow crystals, m.p. 156-- 
158 °C (from toluene--heptane, 1 : 3). Found (%): C, 47.62; 
H, 1.80. C24HIIMn309. Calculated (%): C, 47.37; H, 1.81. 
IR spectrum (CH2CI2), vCO/cm-I: 1950 b, 2025, 2030 sh. 
Mass spectrum, re~z: 608 [MI +, 524 [M-3  CO1, 440 
[M-6 CO], 412 [M-7 CO], 356 [M-9 COl as well as ions 
with m/z 301, 246, and 191 corresponding to the 
[M-9 CO-n  Mn] fragments, where n ----- 1 to 3.~ 
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