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ORGANOMETALLIC DIAZOALRANES 

X *_ i3C {‘H )PFP SPECTRA OF ORGANOMETALLIC DIAZOALKANES 
OF THE MAIN GROUP ELEMENTS 
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Fachbereich Chemie der Philipps-UniversitEt, 03550 MarburglLahn, Lahnberge (Germany) 

(Received July 8th. 1976; in revised form August 26th. 1976) 

Direct metal-carbon coupling constants lJ(M-13C) and chemical shift data are 
reported for the organometallic diazoalkanes L,MC(N*)R [L,M = Me$i; MeaGe; 
Me$n; MesPb; MeHg; Et02C(N2)CHg; R = H; (Me), M; EtO&] and the com- 
pounds Me,MC(N,)R’ [M = As, Sb, Bi; R’ = H; Me2M; EtO&], including various 
other diazoalkanes of arsenic. Electron release by the methyl-metal substituents 
leads to strong shielding of the a-carbon atoms in heterodiazoalkanes. 

Introduction 

In the past few years examples of highly shielded carbon atoms in compounds 
with enhanced nucleophilic properties have been revealed by 13C NMR spectros- 
copy [l]. Among the pure organic derivatives carbon suboxide &OS [2] (613C: 
-14.6 ppm), ketenes R1R2C=e0 [3,4] (3% (H&=C=O): 2.5 ppm, 
613C(PhzC=C=0): 4’7.0 ppm), the isoelectronic diazoalkanes (RiRfiN* [5] 
(8%(CH2N2): 23.1 ppm 613C (Ph&N& 62.5 ppm), ylides RsM-CHI of phos- 
phorous [6.‘7,8] and arsenic [S] were &roughly investigated. 

Replacement of hydrogen or organic substituents by-organometallic groups in 
the foregoing series of compounds leads to even more powerful nucleophilic rea- 
gents. The effect is convincingly demonstrated in organometallic ketenes [lo] 
(G13C(Et,Sn),~C==O: -20.5 ppm!), in metal complexes PhJ’C(H)R + MCI 1111 
(6i3C from -4.1 to 3-9 ppm) and in organometallic benzyl derivatives PhCH,- 
MI& [12,13,141. 

We describe below a 13C NMR study of organometallic diaaoalkanes L,MG 
.(N,)R. A don mechanism for. the formation of different organometallic diazo- 
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alkanes, their differing kinetic stabilities in 1,3-dipolar cycloaddition reactions 
[15] (Huisgen Reaction) and their tendency to form metalorganic phosphazines 
[16] (Staudinger Reaktion) can all be rationalized in terms of different nucleo- 
philicity at the reactive site, expressed in 13C NMR shifts of the a-carbon atoms. 

Our approach neglects conformational consequences of metal methyl interac- 
tions 113,141 which would be of importance in determining the inductive and 
hyperconjugative effects of those groups. Information about steric effects are 
said to be more easily obtained from PE spectroscopy, as e.g. with PhCH2HgC1 
f171. 

Results and discussion 

Geometries [lS] and energies [19] of the parent compound CH,N2 were esti- 
mated and symmetry orbital shapes [ZO] with orbital energies (obtained from 
PE spectra) were correlated. The influence of substituents at the a-carbon atom 
in diazomethanes is effectively represented by the energy of the highest occupied 
molecular orbital GHoMo = 2 blc,, of a r-type [21]. Although orbital sequences 
and energies in diazomethanes were obtained from the excited molecules, viz. 
the corresponding radical cations, ground-state phenomena as observed with 13C 
NMR may serve as a basis for the interpretation of different charge densities at 
a-carbon atoms in metalorganic diazoalkanes. 

In Tables 1 and 2 we present 13C NMR data for diazomethanes and diazoace- 
tic esters of Group IV B, V B and II B elements, with mercury as the representa- 
tive of the last group. 

I_ Group IV B and II B diazoalkanes 
Resonance signals 6(13C-NZ) in compounds (Me3M)&N2, Me3MCHN2 and 

Me,MC(N,)CO,Et are shifted to higher field compared with the parent organic 
derivatives and follow the sequence M = Si < Ge < Sn = Pb. There is an anomaly 
for the lead diazomethane (Me,Pb),CN2 but there is now ample evidence for non- 
linear correlations of NMR data with &her parameters, e.g. electronegativity- In 
(Me$n)lCN2 (613CN2: 5.8 ppm) we find a highly “anion&” c-C-atom in accor- 
dance with the nucleophilic power of this substance; in the lead compound 
(Me3Pb)&N2 (6”CNZ: 1.9 ppm) shielding may be influenced by the diamag- 
netic anisotropy of the element, hybridization effects, or polarity in the metal- 
methyl carbon bonds. 

In metalorganic diazoacetic esters we generally find less shielding of the dia- 
zonium carbon atom and little change from the shifts noted for the parent 
HC(N2)C02Et. The influence of the electron withdrawing carboxylic ester ligand 
and the diazonium group outweighs metal-methyl interactions. In Hg[C(N& 
C02Et& we even find a large downfield shift of-the diazo carbon atom resonance 
signal, 6( 13CNz) 72.6 ppm, compared to 46.3 ppm of HC(N2)C02Et. One expla- 
nation may be an interaction of el&tron acceptor &ups across the sp-hybridized 
mercury atom; This &s&ption e supported by the ‘J(t3C-19%ig).@.lue_of 2032 
Hz, denoting s-chai~cter in-t&e polarized Hg+ bond. Although t&e diazocarhon 
atom is formally ~sei_hy_br&li&d .lJ( 13CL!9gHg) ii; fotitid in:t$e rang~~ass&iat&i .;._I 
with pure sp-c&od ato&;- ~.~~‘(C,H~~C~)2Hg’~~:2584~ Hz- [i2].‘_,I ..+-.T.::-:. .. ; 

Coupling co&a&&-‘Jc+¶~_~C& jL&r&;ob;&&$i-fo@l~ ~~thy~etal@@-,- _.I 
Z._. ~. .L_._. _ -_: ._.-,.~ _:_ \ ‘-:.-:._:, -- I .‘; y- _:_ _:. ,, __ __T. _. _-.: _-:_.: --.--~1;,:. :.. .-_ ‘;:‘.A 
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alkanes and are of the same magnitude as those reported for simple alkyls of 
silicon [23], tin [24], lead [25] and mercury [25]. The order 1J(M-x3CH3)> ‘J- 
(M-13CN2) parallels the different states of hybridization of the carbon atoms. 

II. Group VB diazoalkanes 
Among compounds of this group in the diazomethane series (Me2Bi)&N2 was 

too unstable to give reliable 13C NMR spectra, but in (Me2Sb)&N2 (613CN2: -1.1 
ppm) shielding is of the same order as in the tin compound (Me3Sn)&NZ. On 
passing from antimony to arsenic there is a remarkable fall in shielding: diazo- 
alkanes of arsenic show resonance signals 613CNZ close to that of CH2N2. From 
the data in Tables 1 and 2 we find support for a tentative mechanism rationaliz- 
ing the formation of moderately stable monosubstituted diazomethanes L,MCHN2 
(L,M = Me& 1261 or MqGe [2’7]). According to our model a competition reac- 
tion of both diazo compounds CHjN, and a fiit intermediate L,MCHN, with a 
metal amide takes place: 

L,,MNR2 + CH2N2 --HNR2 L,MCHNZ = 

(L,M)&N2 or CHINz *~u~a~ L,MCHN* 

(excess) 

We find empirically that only those derivatives L,MCHN2 will be of appreciable 
kinetic stability which show comparable 6( 13CN2) values for the parent CH2N2 
and both possible metalorganic diazocompounds: 

6*3C(‘3CH2N2) = 6’3C(L,,M13CHN2) = 613C[ (L,M)2’3CN2], e.g.: 

CH2N2: 23.1 ppm; Me,AsCHN*: 24.1 ppm; (Me&)&N,: 24.75 ppm 
CH,N,: 23.1 ppm; Me3GeCIIN2: 19.3 ppm; (Me3Ge)*CN2: 17.3 ppm. 

We summarize our 13C NMR rest&s for heterodiazoalltanes of Group IV B and 
II B elements by the statement, that the a-carbon atoms experience strong 
shielding as a result of effects of the metal-methyl groups, exceptions occurring 
where interaction with strong electron-withdrawing substituents overrides this 
effect. The same behaviour is mainly observed for heterodiazoalkanes of the 
Group V B elements, but interaction of the “lone-pair” on arsenic may play an 
important role in the interpretation of widely scattered 13C NMR shifts in the 
arsenic series. 

Experiment 

Organometallic diazoalkanes were prepared according to the literature quoted 
in Tables 1 and 2. 

13C NMR spectm 
Spectra were run on Varian XL lOT(~or low-temperature experiiiiij or 

on varian CFT 20 spectrometers equipped with a Fourier transform acces_: 
sory. Off resonancespectra were useful in assi@dng resonance signals unam- 
biguiiusl~ to -the (13CNt) group hi L,MCHN 2. Generally signals of the a-car- 

: $R ~t6@iin~(~~M)$N~-yere af -kinor. intensify, since these atoms have long 
- _. ~. 



172 

relaxation times due to lack of neighbouring hydrogen nuclei, and considerable 
broadening of these signals was also observed_ Spectra of good quality were usual- 
ly obtained with aquisition times of 0_4-0.8 set and 30-50 thousand scans but 
some spectra required more than 100,000 scans. 
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