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trated, and analyzed by GLC and )H NMR spectroscopy 
using 1.4-dichlorobenzene as the internal standard. 

To construct the curves for the accumulation of electrolysis 
products (see Figs. I and 2), small portions of the reaction 
mixture were withdrawn at regular intervals during the elec- 
trolysis and analyzed by GLC and IH NMR spectroscopy. 

Tetramethyi l,l,2,2-ethanetetr~carboxytate 2a, 2 m.p. 136-- 
137 oC. 1H NMR. 8:3.76 (s. 12 H, CH30), 4.14 (s, 2 H, 
CH). 13C NMR, 6:51.1 (d, CH), 52.9 (q, CH30), 167.3 
(s, C=O). 

Tetramethyl ethenetetracarbo,rylate 3a, 3 m.p. 119--120 ~ 
IH NMR, 3:3.85 (s, 12 H, CH30). 13C NMR, 6:53.2 (q, 
CH30), 135.2 (s, C-C) ,  162.5 (s, C-O) .  

Tetraethyl ethylenetetraearboxylate 3b, 3 m.p. 55--56 ~ 
IH NMR, 8:1 .35 (t, 12 H, CH3), 4.29 (q, 8 H, CH20). 
I)C NMR, 6:13.5 (q, CH3). 62.1 (t, CH20), 135.3 (s, C-C) ,  
t62.2 (s. C-O) .  

Tetramethyl methoxyethane-l,l,2,2-tetracarboxylate 4a, 3 
m.p. 54--56 ~ (ether--pentane).  IH NMR, 6 :3 .54  (s, 
3 H, CH30), 3.74 and 3.84 (both s, t2 H, CO2CH3), 4.23 (s, 

H, CH). ~3C NMR, 6: 52.1, 52.3, and 55.0 (all q, CH30). 
52.7 (d, CH). 83.9 (s, ~ - O M e ) ,  165.4 and 166.9 {both s, 
C=O). 

Hexamethyl propane- l,l,2,2,3,3-hexaneearboxylate 5a, 4 
m.p. t36--137 ~ IH NMR, 6:3.76 (s, 12 H, CH30), 3.79 
(s, 6 H, CH30). 4.27 (s, 2 H, CH). ~3C NMR, 6:52.6 and 
53.0 (both q, CH30), 54.l (d, CH), 58.9 (s, C), 167.3 and 
167.9 (both s. C-O) .  

Hexaethyl propane-1,1,2,2,3,3-hexaneearboxylate 5b, 4 b.p. 
184--I86 ~ (0.25 ram), m.p. 40--42 ~ (ether--pentane). 
IH NMR, ,5:1.26 and 1.28 (both t, 18 H, CH3). 4,23 (q, 
8 H, CH~O), 4.25 (s, 2 H, CH),  4.26 (q, 4 H, CH20) .  
13C NMR, S: 13.3 and 13.5 (both q, CH3), 54.2 (d, CH),  58.5 
(s, C), 61.4 and 61.9 (both t, CH20) ,  166.8 and 167.2 (both s, 
C-O) .  

This work was carried out wi th  t he  financial suppor t  
of  the Russian Foundation for Basic Research (Pro jec t  
No. 95-03-08444).  
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C o r r e l a t i o n  N M R  s p e c t r o s c o p y  o f  

1 ,1  - d i c h l o r o -  2 , 3 , 4 , 5  - te  t r a p h e n y l  - 1 - g e r m a c y c l o p e  n t a  - 2 , 4  - d i e n e  
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Assignment of all of the signals in the I1-t and 13C NMR spectra of [ , l - d i ch lo ro -  
2 ,3 ,4 .5- te t raphenyl- l -germacyclopenta-2.4-diene has been carried out us ing  two-  
dimensional NMR spectroscopy. 

Key words: germanium, I-germacyctopenta-2,4-diene. 13C and i l-t NM R spectroscopy. 

I - G e r m a c y c l o p e n t a - 2 , 4 - d i e n e s  (germoles) consti tute ,q R 
all interesting class of  o rganoge rman ium heteroaromatic  , ) ~  a , / /  
compounds .  However ,  they  have been studied less ex- 
tensively l 'z than siloles, phospholes  and much less ex- R R 

Ge" 
tensively than pyrroles, fumns,  and thiophenes.  The / \  
stability o f g e r m o l e s  in the  m o n o m e r i c  form, like that  of R1 R2 
siloles, markedly  increases when alkyl or aryl substitu- 1 

ents are i n t r o d u c e d  into the ring; ~,2 
therefore, subs t i t u t ed  meta lo les  are 
convenien t  ob j ec t s  for s tudying their  
structures b y  p h y s i c o c h e m i c a l  me th -  
ods. F r o m  the  synthet ic  v iewpoint ,  
stable 2 , 3 , 4 , 5 -  tet  r a p h e n y l g e r m o l e s  
(1. R = P h )  are  the most accessible.  
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These compounds are easily prepared I by the reaction of 
the dilithium salt of tetraphenylbt,tadiene with the cor- 
responding dichlor ide R IR2GeCI2 _ 

Therefore, it is no wonder that germoles 1 (R = Ph) 
have become popular objects of  studies including studies 
carried out by physicochemical methods, k2 

The results o f  N M R  studies of  germoles are frag- 
mentary, t Data on the t3C N M R  spectra of 2,3,4,5-tetra- 
phenylgermoles have been reported only recently. 3,4 
However, the assignment of the signals of the carbon 
atoms of the germacyclopentadiene moiety and of the 
phenyl groups have proven to be rather complicated. For 
example, the two signals in the lowest field in the 
13C NMR spectra of tetraphenylgermoles 1 (R = Ph; 
R ! = R 2 = e l ,  Me,  ButC=-C; R I = CI, R 2 = 
FeCp(CO)2; R j = CI, R 2 = WCp(CO)3 ) studied in 
Ref. 4 were attributed to the heterocyclic carbon atoms 
without indication of which of these signals corresponds 
to the C(2) and C(5) (ct-C) atoms and which signal 
relates to C(3) and C(4) ([3-C). The authors were also 
unable to distinguish between the signals of ipso-, ortho-, 
meta-, and para-carbon atoms in the phenyl substituents 
in the a-  and 13-positions. 

In order to precisely assign the tH and 13C NMR 
signals of germoles 1. we studied dichlorogermole la  
(R --~ Ph; R I = R 2 = C1) as a model compound by two- 
dimensional NM R spectroscopy. To achieve correct as- 
signment of the signals, we took into account the fact 
that the aromatic part of the carbon spectrum should 
consist of signals from two groups of atoms: ct-C--Ph-cx 
and 13-C--Ph-I3; internal proton--proton and proton-- 
carbon spin-spin coupling constants should be mani- 
fested in both of them. 

To determine the partners in the spin-spin coupling, 
the signal of the !3-C atom was chosen as the "starting 
point". It is known that the signals for the [3-C atoms of 
the germacyclopentadiene fragment of tetramethyl- 
germoles 1 (R = Me) are located downfield of those for 
the ct-C atoms, rig., at 145 and 132 ppm (R I = R 2 = 
Me, in acetone) 5 and at 147 and 125 ppm (R t = R 2 = 
C1, in THF),  respectively. 6 This characteristic feature 
has also been observed for siloles of a similar structure 
(R = Me, Ph). 7,s According to the 13C NMR spectros- 
copy data, the lowest-field signals in the spectra of 
germoles 1 containing organic substituents at the germa- 
nium atom 3,4 is exhibited in the narrow range, 8 151 +__ 1. 
Therefore, the first signal of the four signals (149.92, 
136.53, 134.62, and 132.6.8 ppm) corresponding to ct-C, 
[$-C, ~z-Cip~o, and ~3-Cipso in the E3C NMR spectrum 
(CDCI 3, 20 ~ of compound la belongs to the 13-C 
carbon atom. The other  signals are shifted markedly 
upfield and are manifested in the region typical of 
phenyl groups (137--132 ppm). 

The {3-C carbon atom of the ring (as well as the c~-C 
atom) has vicinal spin-spin coupling constants with the 
two ortho-protons of the Ph ring attached to it, owing to 
coupling alolag the ~-C--',)-Cipso--13-Co--~-H o chain. To 
record crosspeaks at small vahtes of spin-spin coupling 

constants (1~3 Hz), we used the standard COLOC 
sequence optimized for this particular case. An experi- 
ment carried out in CDCI 3 showed that the signal at 
149.92 ppm (13-C) in the 2D spectrum has a cross-peak 
with the phenyl-group protons  at 6.85 ppm. [n the 
I H NMR spectrum, this isolated multiptet corresponds 
to the ortho-protons of the pheny[ groups attached to the 
p-carbon atoms (p-Ho). For  the 13-Ho protons, a cross- 
peak with the carbon atom in the para-position, 13-Ct, is 
observed, owing to the vicinal coupling along the [3-H o -  
13-Co--13-C,,--13-C p chain. Based on the foregoing, the 
signal at 127.45 ppm can be assigned to the 13-Ca carbon 
atom. 

Using the 2D homonuclear  correlation technique 
(COSY), it was found that the signal corresponding to 
the J3-H o has a cross-peak in the region of 7.07 ppm, 
due to of vicinal coupling H - - C - - C - - H  with the  recta- 
protons (J3-Hm). For f~-H~a , a cross-peak is also recorded 
at 136.53 ppm in the COLOC spectrum; it results from 
vicinal coupling (.13-Hm--f~-Cm--f3-Co--[3-Cipso) with the 
f3-C~pso carbon atom. Thus. the precise assignment of the 
signal for the f3-Cipso carbon atom was accomplished 
using the following sequence of 2D spectra: 

COL(X? ~-C. . ~ - c C O L O q .  ~-Ho COSY ~- p - H  - - -  ~- ,~o 

Since in the spectrum recorded in CDCI> the chemi- 
cal shifts of the ortho-, meta-,  and para-protons of the 
phenyl substituents attached to the c~-C carbon atoms 
virtually coincide (their signal is a broadened singlet  at 
7.17 ppm), it is impossible t o  carry out a similar analysis 
for the a -C- -Ph  fragment. To  observe the signals from 
these protons separately, we used an anisotropic solvent, 
benzene. The replacement of  the solvent changes the 
chemical shifts of the protons but has almost no  effect 
on the chemical shifts of the  carbon atoms (Table 1). 

The position of the signal due to ct-Cp in the  spec- 
trum of c~-C--Ph is easy to determine.  Since the chemi-  
cal shift ofthe [3-Cp atom is already known (127.45 ppm 
in CDCI3), the second signal  located downfield, at 
127.66 ppm (or at 128.14 p p m  in benzene) corresponds 
to the 0t-Cp atoms. 

Thus, using 2D spectra, we determined the  exact 
values of the chemical shifts of the protons and carbon 
atoms (the chemical shifts i n  C6D6, ppm, are given in 
parentheses): 

ct-Cp (12814) C'-OLO-~C ~-Hm(6.95) _COSY ot_H ~ (7.42) --'--"~" 

COLOC ,~-C (133.41) 

The signals of the c~-C o and ct-C m atoms were as- 
signed using IH--t3C correlat ion spectroscopy for direct 
spin-spin coupling constants (XHCORRD). 

The one-dimensional I H iN' M R spectrum of dichloro-  
germoie la is so complicated that even the COSY' 
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Table !. Assignment of signals in the ~H and 13C NMR 
spectra of I.l-dich[oro-2,3,4,5-tetraphenylgermole la ~6) 

Atom Post- Solvent 

tion CDCI 3 C6D6 CDCI 3 3 CDCI 3 ,I 

a -C  132.68 133.41 
13-C 149.92 150.56 

Cio~o ct 134.62 135.22 
13 136.53 137.05 

C o ct t29.51 129.97 
13 129.46 129,85 

C m ct 128.34 1 28,86 
13 128.04 128.23 

Co ,~ 127.66 128.14 
J3 12745 127.60 

H~ u 7.15 7.42 
13 6.$5 6.66 

H,n cx 7. ! 7 6.95 
7.07 6.77 

Hp t~ 7.13 6.88 
i~ 7.08 6.76 

132.76 
149.99 136.7, 150.1 

134.69 
136.59 131.6, t34.8 

129.51 
129.59 129.6, 129.6 

128.37 
128.08 128.1, 128.4 

127.47 
127.7l 127.5, 127.7 

spec t rum does not  p e r m i t  one  to a t t r ibute  signals to 
par t icu lar  p ro tons .  On ly  analys is  of  the X H C O R R D  
spec t rum made  it possible  to  assign precisely the signals 
of  the ortho-, meta-,  and  para-protons over the markedly  
nar rower  range of  va r i a t ion  of  tile tH N M R  chemica l  
shifts of the  pheny t  s u b s t i t u e n t s  (less than  3 ppm) using 
the  well resolved c ro s s - peaks  (see Table 1). 

Thus ,  using 2D N M R  spec t roscopy  techniques ,  we 
d e t e r m i n e d  for the  first t i m e  the  exact values of  the  

chemica l  shifts of  all the c a r b o n  a n d  hydrogen  a t o m s  in 
the  molecule  of  d i ch lo roge rmole  l a .  

Experimental 

IH and 13C NMR spectra o f g e r m o l e  la  were recorded on 
a gruker AM-300 spectrometer (operating at 300.13 and 
75.45 MHz, respectively). The tH  and  13C chemical shifts 
were measured in relation to in te rna l  CDCI 3 (7.27 and 
77.00 ppm) and C~D 6 (7.38 and  127.00 ppm). Standard 
2D NMR spectroscopy techniques {COLOC, COSY and 
XHCORRD) were used. 

This sample of dichlorogermole la  was synthesized by the 
known procedure. 9 

The  work was carried out  w i t h  t h e  f inancia l  s u p p o r t  
of  the  Russian Founda t ion  tbr  Bas ic  Research  (P ro j ec t s  
No. 96 -03-32404  and 9 6 - 0 3 - 3 2 8 3 6 ) .  

Re~rences 

I.J.  Dubac, A. Laporterie, and G. Manuel, Chem. Rev., 
1990, 90, 215. 

2. F. Mathey, Chem. Bey., 1988, 88, 429. 
3. F. Meier-Brocks and E. Weiss, d. Organomet. Chem., 1993, 

453, 33. 
4. P. Dufour, M. Dar t iguenave,  M. Dar t iguenave ,  Y. 

Dartiqueenave, and J. Dubac, ,/. Organomet. Chem., 1990, 
384, 61. 

5. P. J. Fagan. W. A. Nugent, a n d  J. C. Calabrese, J. Am. 
Chem. Soc,, 1994, 116. 1880. 

6. U. Bankwitz, H. Sohn. D. R. Powell, and R. West. J. 
Organomet. Chem., 1995, 499, 7. 

7. W.-C. Joo, J.-H. Hong, S.-B. Cho i ,  H.-E. Son. and C. H. 
Kim, J. Organomet. Chem., 1990, 391,  27. 

8. J.-H. Hong, P. Boudjouk, Bull. Soc. Chim. Fr., 1995, 132, 
495. 

9. M. D, Curtis, J. Am. Chem. Soc., 1969, 91, 6011. 

Received December 25. 1996 


