
CuCl2, and CrCl2 it is to be expected that interactions 
between chains are more likely to be a factor, thus 
adding another dimension to the problem. 

The magnetic susceptibilities of several of the RMX3 

complexes have been measured to liquid nitrogen tem­
peratures by Asmussen and Soling14 and some of 
their data are reproduced in Table IV. Inasmuch as 
the Curie-Weiss constant increases14 with the 
metal-metal distance as one goes from CsNiCl3 to 
CsNiBr3, indicating larger antiferromagnetic inter­
actions, it would appear that in agreement with the dis­
cussion of Schlueter, et a/.,8 the important factor is not 
the metal-metal overlap. Stout and Chisholm15 have 
pointed out that in the interlinked chain structures of 
CuCl2 and CrCl2 one would expect Kramers16 super-
exchange to be much greater within the chain than be­
tween chains and were able to explain the heat capacity 
maximum (23.91 CK for CuCl2) and magnetic suscepti­
bility maximum (7O0K for CuCl2) on this basis using an 
Ising model. The antiferromagnetic ordering in CrCl2 

within a chain has been verified by neutron diffraction 
studies.17 Since exchange via the bridging halogens 
depends rather critically on the metal-halogen distance, 
the differences in the magnetic properties of tetramethyl-
ammonium18 (6 = O0K) and cesium14 (6 = - 7 5 0 K ) 
salts of NiCl3

- might be explained to a large extent by 
distortions of the type found in tetramethylammonium 
tribromonickelate. We are currently examining the 
crystal structures and magnetic properties of several 
MX 3

- salts with different cations and transition metals 
to further correlate the magnetic and structural 
properties of these compounds. Neutron diffraction 
studies are being carried out at Argonne National 
Laboratories. 

(15) J. W. Stout and R. C. Chisholm, / . Phys. Soc. Japan, Suppl., 
B-I, 522(1962). 

(16) H. A. Kramers, Physica, 1, 182 (1934). 
(17) J. W. Cable, M. K. Wilkinson, and E. O. Wollon, Phys. Rev., 

118, 950 (1960). 
(18) See footnote a, Table IV. 

This publication reports the results of our investiga­
tions on the synthesis and relative reactivities of 

organometallic diamines of carbon, silicon, germanium, 

(1) Portions of this investigation were presented at the 148th National 
Meeting of the American Chemical Society, Chicago, 111., Aug 1964, and 
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Table IV. Magnetic and Structural Data for RNiX3 Compounds 

Compound 

RbNiCl8 
CsNiCl3 
RbNiBr3 
CsNiBr3 
(CHa)4NNiCl3 

Curie-Weiss constant 
- e , 0K 

112 
76 

156 
101 

0 

Ref 

14 
14 
14 
14 
a 

Ni-Ni 
iJLeii distance, A 

2.95;20° 
3.01;21° 2.97 
2.84;21c 3.09 
2.94;22° 3.12 
3.20;20° 3.08 

<* D. M. L. Goodgame, M. Goodgame, and M. J. Weeks,/. Chem. 
Soc, 5194(1964). 

The absorption spectra of some of the compounds 
MNiX3 have been reported by Asmussen,19 Cotton,20 

and Goodgame.18 The absorption spectrum of (CH3)4-
NNiBr3 shows the following spin-allowed bands: 
3A2g -* 3T2g at 6300 cm - 1^3A28 -* 3Tlg(F) at 10,400 
cm -1 , and 3A2g -»• 3Tlg(P) at 19,700 cm -1 . In addition 
the following spin-forbidden bands are observed: 
3A2g - • 1Eg(1D) at ~11,400 cm - 1 and 3A2g -+

 1T28(
1D) 

at 17,500 cm - 1 (s). There is no evidence of the trigonal 
distortion in the absorption spectra. Using the 
same method as Goodgame,18 the value of A is 
6300 cm - 1 and B' is approximately 750 cm -1 . Good-
game reports values of A and B' as 6600 and 840 cm -1 , 
respectively, for (CH3)4NNiCl3. Preliminary X-ray 
data show that (CH3)4NNiCl3, a = 7.85, c = 6.16 A, 
has a similar structure to that of (CH3)4NNiBr3, but 
is not isomorphous; for example, using the same 
fractional position coordinates found in (CH3)4NNiBr3 

with the above experimental lattice parameters for 
(CHs)4NNiCl3 results in a N-C distance of 1.22 A. 
The complete three-dimensional structure of this com­
pound will be reported in a subsequent paper. 

(19) R. W. Asmussen and O. Bootrup, Acta Chem. Scand., 11, 745 
(1957). 

(20) F. A. Cotton, O. D. Faut, and D. M. L. Goodgame, J. Am. Chem. 
Soc, S3, 349(1961). 

and tin. We were interested in the comparative aspects 
of the chemistry of the gem-diamines of these elements, 
especially the dialkyldiamines of the type 

at the Second International Symposium on Organometallic Compounds, 
Madison, Wis., Sept 1965. 

Amination and Transamination as Routes to 
Fourth Group Diamines1 

C. H. Yoder and J. J. Zuckerman 

Contribution from the Department of Chemistry, Cornell University, 
Ithaca, New York. Received March 30,1966 

Abstract: Preparation and properties of some examples of gem-diamines of carbon, silicon, germanium, and tin are 
presented. These bis(dialkylamino) compounds were used in transamination reactions with N,N'-disubstituted 
ethylenediamines to yield monomeric imidazolidine derivatives, with piperazine to yield analogs of 1,4-diazabicyclo-
[2.2.1 ]heptane (germanium) or its dimer (silicon) and polymers, and with ethylenediamine to yield polymers. Back­
bone structures for the polymers are assigned on the basis of nmr and infrared spectra and analytical data. Mech­
anistic implications of the observed group IV reactivities toward amination (Si > Ge > Sn) and transamination 
(Sn > Ge > Si) are discussed. 
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R' 

E2M(NRg2 and R2MQJ] 

R' 

where M = C, Si, Ge, Sn. 

Syntheses 

Silicon, germanium, and tin amines are commonly 
prepared by one of two general synthetic routes: 
amination (reaction of an amine or its alkali metal 
derivative with a fourth group halide) or transamination 
(exchange of amino groups on a group IV element). 
Organic amines are frequently obtained by amination 
procedures, but transamination2 is very rarely encoun­
tered. Another common route to organic amines, 
condensation of amines with carbonyl groups, is not 
available to the other members of the group. 

I. Bis(dialkylamino) Compounds. Bis(dialkyl-
amino)methane derivatives can be conveniently pre­
pared by a method first examined by Henry3 in 1893 
which utilizes the simple condensation of aqueous 
formaldehyde with diethylamine to produce bis(di-
ethylamino)methane in good yield. The physical 
properties of the liquid we obtained agreed with that 
reported, and the nmr and infrared spectral evidence 
was consistent with the formulation proposed by Henry. 

Numerous bis(amino)silanes have been prepared by 
direct amination of chlorosilanes and the interested 
reader is referred to pertinent review articles for 
details.4 Dimethylbis(diethylamino)silane was obtained 
following the method of Henglein and Lienhard.6 

Three examples of bis(dialkylamino)germanium com­
pounds have been reported: one [dibutylbis(dimethyl-
amino)germane] was from direct amination of the 
chlorogermane in petroleum ether at — 70°,6 but in the 
other preparations alkali metal salts of pyrrole7 and 
bis(trimethylsilyl)amine8 were employed. 

We have found that the direct amination of dimethyl-
dichlorogermane with diethylamine replaces only one 
chlorine atom on germanium to produce dimethyl-
chlorodiethylaminogermane as the sole product. 

D6HZGHS 

(CHa)2GeCl5 + 2HN(C2H6)2 y; (CH2)2Ge[N(C2H5)2]Cl + 
o0 

(C2Hs)2NH2Cl (1) 

The proton nmr spectrum of this compound showed a 
ratio of peak areas consistent with the monosubstituted 
derivative. Analogous reaction with dimethylamine at 
— 60° resulted in a mixture of dimethylchlorodimethyl-
aminogermane and the disubstituted bis(dimethyl-
amino)dimethylgermane. The two aminogermanes dis­
til together at 144° (745 mm) and were not separated. 
They could be distinguished by nmr, however, since 
resonances in the spectrum of the mixture are easily 
assignable to each compound, and gas chromato-

(2) Not to be confused with biochemical NH2 exchange between 
amino acids. 

(3) L. Henry, Bull. Acad. Roy. Med. BeIg., 8, 200 (1893). 
(4) (a) U. Wannagat, Advan. Inorg. Chem. Radiochem., 6, 225 (1964); 

(b) R. Fessenden and J. S. Fessenden, Chem. Rev., 61, 361 (1961). 
(5) F. A. Henglein and K. Lienhard, Makromol. Chem., 32, 218 

(1959). 
(6) H. H. Anderson, J. Am. Chem. Soc, 83, 547 (1961). 
(7) F. Rijkens and G. J. M. van der Kerk, "Organogermanium 

Chemistry, "Getmanium Research Committee, Utrecht, 1964. 
(8) O. Scherer and M. Schmidt, Angew. Chem., 75, 642 (1963). 

graphic analysis using a Carbowax column showed two 
peaks with equal areas. 

Dimethylbis(diethylamino)germane itself can be ob­
tained by amination of the dichlorogermane with the 
lithium salt of diethylamine,9 and diphenylbis(dimethyl-
amino)germane was prepared by the same route.10 

R2GeCl2 + 2L iNR \ ^±L R2Ge(NR^)2 + 2LiCl (2) 

The reaction of organotin halides with amines is 
exactly analogous to the reaction with alcohols and 
phenols;11 only stable complexes are formed. Amina­
tion can be effected, however, by the use of lithium 
salts of amines.12_14 

II. Imidazolines. The synthesis of N,N'-di-
methylimidazolidine from N,N'-dimethylethylenedi-
amine and paraformaldehyde in dimethylformamide 
has been described by Krassig, who also reviewed 
previous syntheses from the diamine and formalde­
hyde.16 We obtained the N,N'-dimethyl, diethyl, and 
diphenyl derivatives by suitable modifications of this 
method.16'17 

We have already reported on the synthesis of silaim-
idazolidines which can be obtained in fair yields by 
direct amination of dichlorosilanes by N,N'-disub­
stituted ethylenediamines. Alternatively, an amine 
exchange reaction utilizing a silanediamine as precursor 
can be employed. 

J j -T K K !si(NK '2)2 xoo-1800 (3) 

H H 
/ \ 

RN NR 
N 3 1 / + 2HNR' 

R'' V 
This method, although requiring preliminary prepara­
tion of the silanediamine, produces the silaimidazoHdine 
in good yield after removal of the displaced organic 
amine. Ammonium sulfate serves as a catalyst and 
transaminations at silicon do not proceed at a rea­
sonable rate without it.18 

The reluctance of dichlorogermanes to part with 
both of their chlorine atoms is once again demonstrated 
in our attempt to apply the direct amination method in 
the preparation of germaimidazolidines; N,N'-bis-
(dimethylchlorogermyl)-N,N'- dimethylethylenediamine 

(9) C. H. Yoder and J. J. Zuckerman, J. Am. Chem. Soc, 88, 2170 
(1966). 

(10) A. Koster-Pflugmacher and E. Termin [Naturwiss., 23, 554 
(1964)] adapted the interesting route 

(CH3)2Ge(OC6H6)2 + 2LiN(C2H5)2 ^=±: (CH3)2Ge[N(C2H5)2]2 + 
2LiOC6H5 

to the preparation of bis(diethylamino)dimethylgermane. Their prod­
uct (no analytical data are given) is a liquid, bp 106-108° (2 mm), but 
differs from ours in being stable to aqueous acetone and boiling 3 N 
sodium hydroxide. 

(11) H. J. Emeleus and J. J. Zuckerman, / . Organometal. Chem., 1, 
328 (1964). 

(12) K. Jones and M. F. Lappert, Proc. Chem. Soc, 358 (1962); J. 
Chem. Soc, 1944(1965). 

(13) K. Jones and M. F. Lappert, J. Organometal. Chem., 3,295 (1965). 
(14) We have elsewhere pointed out the danger of explosion during 

distillation of bis(dialkylamino)stannanes from larse-scale reaction mix­
tures; see E. W. Randall, C. H. Yoder, and J. J. Zuckerman, Inorg. 
Nucl. Chem. Letters, 1, 105 (1966). 

(15) H. Krassig, Makromol. Chem., 17, 77 (1955), and references 
therein. 

(16) R. A. Donia, J. A. Shotton, L. O. Bentz, and G. E. P. Smith, Jr., 
J. Org. Chem., 14, 952(1949). 

(17) H. Wanzlich and W. Loche), Chem. Ber., 86, 1463 (1953). 
(18) C. H. Yoder and J. J. Zuckerman, Inorg. Chem., 4, 116(1965). 
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2(CHa)2GeCl2 + 3CH3N NCH3 =?=*= (4) 

H H 

H3CN NCH3 

(CHj)2GeCI ClGe(CH3)2 

+ 2CH3N NCH3^HCl 

H H 

was the only product formed as in eq 4. The structure 
of this product as shown is consistent with the proton 
nmr spectrum in which three different types of protons 
could be distinguished: Ge-methyl, N-methyl, and 
methylene bridge (from high to low field). Integration 
of the spectrum showed these to be in area ratios of 
6 :3 :2 consistent with the formulation shown above. 
The same material was obtained in the reaction between 
N , N '-dimethylethylenediamine and dimethyl(diethyl-
amino)chlorogermane 

2(CH3)2GeN(C2H5)2 + CH3N NCH3 =*=* (5) 
> I 

Cl H H 

r 
H3CN 

NCH3 + 2HN(C2H5), 

(CH3)2GeCl ClGe(CH3), 

where transamination was shown to proceed in pref­
erence to direct amination on the same germanium 
atom.1 9 

We have recently reported the synthesis of the 
germanium heterocycle itself by two routes: (a) 
amination of dimethyldichlorogermane by the dilithio 
salt of N,N'-dimethylethylenediamine (obtained by the 
action of 2 moles of butyllithium on the diamine), and 
(b) transamination of dimethylbis(diethylamino)ger-
mane with N,N'-dimethylethylenediamine at 100° 
(no ammonium sulfate catalyst necessary).9 

Preparation of the analogous five-membered tin-
containing ring is complicated by other factors. In 
one experiment, for example, N,N'-dimethylethylene­
diamine was added to bis(diethylamino)tin dimethyl 
under nitrogen at room temperature. After several 
minutes of stirring the reaction mixture warmed and a 
nearly quantitative amount of diethylamine was swept 
out of the system and trapped. As time elapsed the 
product liquid became more viscous until after 3 hr it 
solidified. The solid appeared soluble in benzene, but 
recrystallization produced a material which would not 
redissolve. Nmr spectra in carbon tetrachloride and 
benzene before attempted recrystallization showed a 
broad resonance in the region assignable to Sn-methyl 
protons and two additional broad resonances appearing 
in regions associated with N-methyl and methylene 
bridge protons. The solid reacted slowly with carbon 
tetrachloride to give a brown-red material. Release 
of diethylamine was also observed on attempted trans­
amination by N,N'-diphenylethylenediamine which 
produced an intractable solid. 

Reaction of dimethyltin dichloride with the dilithio 
salt of N,N'-dimethylethylenediamine precipitated lith­
ium chloride and produced the same material de­
scribed above. Similar results have recently been 

(19) A similar reluctance of this dichlorogermane to undergo direct 
diamination has been observed in reaction with ammonia in ether to give 
bis(dimethylchlorogermyl)amine.8 

reported by German workers, who were able to isolate 
tin-containing heterocycles with six- and seven-mem-
bered rings from transamination routes, but not the 
N-alkyltin imidazolidine itself.20 It seems reasonable 
to assume that the heterocycle, if produced at all as a 
monomerics pecies, undergoes slow irreversible polym­
erization. 

R2Sn[N(C2H5)I + CH3N NCH3 

H H 
-2HN(C2Hs), (6 ) 

R2SnCI2 + CH3N NCH3 

Li Li 

-2LiCl H3CN NCH3 

Sn 

R/ Nt 

R , , 

-Sn -N N -

I I I 
R CH3 CH1 

Pure silicon and germanium imidazolidines are 
stable as monomers. In the presence of impurities, 
however, particularly Bronsted acids such as ammonium 
sulfate, these compounds also undergo polymerization. 
We find that the N,N'-dimethylgermanium imidazoli­
dine exhibits an increase in viscosity while stirred at 
room temperature in contact with ammonium sulfate 
for several days. This change can be monitored by 
refractive index which increases regularly with time. 
The silicon analog behaves similarly.21 

H 3 C - N N - C H 3 

H3C CH3 

(NH.^SO,, 

CH3 

•M—N N -

CH3 CH3 CH; 

M = Si, Ge 

The polymerization is reversible with the monomer 
regenerated on distillation (cf. M = Sn above). The 
parent imidazolidines (M = Si, Ge, Sn) are unknown. 2 2 

We also find the carbon analog to decompose slowly 
at room temperature to a red oil. The nmr spectrum 
of this oil is consistent with formulation of this process 
as an irreversible polymerization as shown in eq 7 
where M = C. This process was not observed with 
the N,N'-diethyl derivative, however. The greater 
stability of the N-ethylsilicon analog toward polymeriza­
tion has been commented upon. 2 1 

The role of N-trimethylsilyl groups in facilitating ring 
closure in the silaimidazolidine series was noted by 
Kummer and Rochow,2 2 '2 3 and made more apparent 
by the successful preparation of the N-trimethylsilyltin 
ring system. Tin benzimidazoline derivatives have 
been prepared,20 and in the silicon series even deriva-

(20) O. J. Scherer, J. Schmidt, J. Wokulat, and M. Schmidt, Z. 
Naturforsch., 20b, 183 (1965). 

(21) E. W. Abel and R. P. Bush, / . Organometal. Chem., 3, 245 
(1965). 

(22) D. Kummer and E. G. Rochow, Z. Anorg. Allgem. Chem., 321, 
21 (1963). 

(23) D. Kummer and E. G. Rochow, Inorg. Chem., 4, 1450 (1965). 
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tives which lack substituents at nitrogen are apparently 
stable.24 . . 

The simple bis(diethylamino) derivatives hydrolyze to 
diethylamine in less than 1 min (as can be observed by 
nmr) after addition of an equimolar amount of water 
to a dioxane solution of the compound. The hydrolysis 
of bisdiethylaminomethane, however, appears to reach 
an equilibrium rapidly, where an approximately 1:2 
ratio of diamine to hydrolysis product is present. 
Quantitative hydrolysis of this diamine takes place upon 
addition of ammonium sulfate. 

III. Other Imidazolidine Derivatives. A particular 
advantage of the transamination route is the great 
variety of amines which can be used to exchange with 
the organometallic amines. We have investigated the 
preparation of bicyclic imidazolidine-type ring systems 
which might result from the use of piperazine and 
ethylenediamine itself in transamination with organo-
silicon and germanium diamines. 

Transaminations with Piperazine. Transamination 
of dimethylbis(diethylamino)silane with piperazine in 
the presence of ammonium sulfate as a catalyst at 
150° produced a white solid. Purification by recrystal-
lization from carbon tetrachloride or chloroform and 
sublimation gave a material whose analytical data, 
molecular weight (see Table I), and nmr spectrum [Si-
methyl at T 9.97 ± 0.03, methylene bridge at T 7.28 
± 0.03] are consistent with a dimer as the predominant 
product, although the nmr spectrum indicates that other 
compounds including higher homologs and polymers 
(not isolated) may constitute as much as 20-30% of the 
original reaction mixture. The transamination can be 
summarized by the following formulation. 

(CH3)2Si[N(C2H5)2]2 + HN NH , f f W - (8) 

2HN(C2H5)2 + (CHa)2Si; 
N N 

Ni / 
\ 'N N / 

'CH3 

.Si(CH3)S +-H3i— N N ^ N -

CH3 

Purification of the product of transamination of 
dimethylbis(diethylamino)germane with piperazine was 
more difficult, but we are able to assign the monomer 
shown below as the predominant product on the basis 
of analytical data, molecular weight determinations 
(see Table I), and nmr spectra [Ge-methyl at T 9.69 ± 
0.03, methylene bridge at r 7.17 ± 0.03]. 

(CH3)2Ge[N(C2H5)2]2 + HN NH 

2HN(C2H5), + (CH3)2Ge: 

(9) 

+ 

CH3 

C e - N N-

CH3 

Transaminations with Ethylenediamine. Action of 
dimethylbis(diethylamino)silane on ethylenediamine at 
125° in the presence of a small amount of ammonium 
sulfate as a catalyst gave a white solid (slightly soluble 
in halocarbon solvents) which was crushed to a powder 

(24) D. Kummer and E. G. Rochow, Angew. Chem., 75, 207 (1963); 
M. Wieber and M. Schmidt, Z. Naturforsch., 18b, 849 (1963). 

Table I. Products from Transamination with Piperazine 

Compound H N M MoI wt 

M = Si 
Found 1 

2 
Calcd for C6Hi4N2Si 50.64 

M = Ge 
Found 37.25 

49.77 11.18 16.98 17.39 331" 
51.43 10.12 18.71 18.19 300 ± 30' 

9.91 19.69 19.74 142 

7.71 12.52 40.11 205« 
Calcd for C6H14N2Ge 38.58 7.55 14. 38.86 186.5 

" By vapor phase osmometry. 
' Ebuliioscopic in chloroform. 

Ebullioscopic in benzene. 

and dried in vacuo. An nmr spectrum in dibromo-
methane showed a broad resonance in the region asso­
ciated with Si-methyl. No nmr resonance or infrared 
absorption which could be attributed to an N-H func­
tion was observed. A sharp infrared absorption was 
found at 1330 cm - 1 which is observed in similar silaim-
idazolidines and has been assigned to a ring motion.5 

In simple N-alkyl derivatives we find this absorption 
at 1330 cm - 1 to be of the same order of intensity as 
the C-H or Si-N stretches. Analytical data for two 
samples of polymer from separate preparations as well 
as theoretical values calculated for linear, cross-linked, 
or pure ring, and ring-plus-chain backbone structures 
are given in Table II. These values serve to eliminate 
the pure linear polymer, and absence of evidence for 
N-H bonds in nmr or infrared spectra supports this. 
Distinguishing between the pure ring or cross-linked 
and ring-plus-chain structures is more difficult on the 
basis of the analytical data alone, but spectral evidence 
would again suggest that structures containing N-H 
bonds cannot constitute the predominant product. 
The polymer can then take a pure ring, a pure cross-
linked structure, or some structure which is a combina­
tion of the two. The physical properties (white res­
inous solid) and low solubility of our materials differ 
markedly from those of the mixed ring and chain 
polymers (viscous oils) and pure ring polymers (viscous 
resins) obtained by Kummer and Rochow,23 and from 
our apparently predominantly ring germanium polymer 
discussed below. On this basis we assign the structure 
shown in the following formulation 

(H3C)̂ Si[N(C2H5)J + HN2 NH2 
(NH1IiSO1 

HN(C2H,), + 

(10) 

where the ratio q to r of cross linking to ring units must 
be high on the basis of the weak infrared absorption at 
1330 cm-1 (ca. two-fifths the intensity of the C-H or 
Si-N absorption) and resin-like physical properties. 
Identical analytical data are to be expected from pure 
ring and pure cross-linked structures. 

Reaction of dimethylbis(diethylamino)germane with 
ethylenediamine at 120° released diethylamine quantita­
tively and produced a paste which was dried in vacuo. 
The nmr spectrum of this material in carbon tetra­
chloride showed resonances associated with Ge-methyl 
protons at r 9.71 ± 0.03 and two overlapped signals 
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Table II. Products from Silicon Transaminations with Ethylenediamine 

Polymer H N 

4835 

Si MoI wt 

Found 1 
2 
CH3 

C a k d + S i — N N-

CH 3 H H 

~CH. 

CalccH-Si N N 

CH1 H 3 C-Si -CH, 

CH3 

•Si-

I 
LCH3 

H 3 C ^ '""CH, 

40.56 
42.74 

9.45 
9.56 

15.15 
16.67 

28.94 
30.43 

41.34 

41.80 

10.41 

9.36 

24.11 

16.25 

5200° 

24.17 

32.59 

Calcd-

H3C T H 3 

CH3 CH1 

- S i - N N — S i — 

I I ! I 
CH3 H H CH, 

41.60 9.78 19.42 29.20 

By vapor phase osmometry. 

Table III. Products from Germanium Transaminations with Ethylenediamine 

Polymer H N Ge MoI wt 

Found 

Calcd-

CH, 

•Ge—N N-

I I I 
CH3 H H 

27.19 

29.89 

6.42 

7.53 

9.00 

17.38 

50.88 

45.17 

>1000° 

Calcd-

CH3 

Ge N N 

I I I 
CH3 H3C-Ge—CH3 

CH, 

•Ge N ,N 

CH3 H 3 C ^ CH3 

27.57 6.17 10.71 55.55 

CH3 CH3 

I J—\ I / — s 
Calcd--Ge-N N - G e N^ ^N 

II I I / G < s 
CH3 H H CH3 H 1 C ^ X C H 3 

° Ebullioscopic in benzene. 

28.45 6.68 13.28 51.60 

centered at r 9.66 ± 0.03 (integrated area ratios of 2:3). 
A broad resonance was found in the region associated 
with methylene bridge protons (V 7.01 ± 0.03). An 
infrared spectrum of the paste as a Nujol mull showed a 
sharp absorption at 1330 cm-1. We have found pre­
viously that germanium imidazolidines exhibit a sharp 
absorption around 1333 cm-1 whereas the bis(dialkyl-
amino) derivatives9 do not. In the simple N-alkyl 
germaimidazolidines this absorption is about two-thirds 
the intensity of the C-H absorption, and we assign this 
absorption, like the similar one in the silaimidazoli-
dines,6 to a ring motion. In our polymer this absorp­
tion is ca. one-half as intense as the G-H stretching 
frequency. No evidence for the N-H function was 
found in either nmr or infrared spectra. Table III 
lists analytical data for our material and theoretical 
values calculated for the various possible backbone 
structures. Kummer and Rochow, on the basis of 
model compounds, have been able to assign nmr reso­
nances of polymeric systems in the Si-methyl region to 
dimethylsilyl groups acting as connection units between 
rings (r 9.87), between rings and chains (T 9.97), and 
dimethylsilyl units contained in imidazolidine rings 
O 9.91).22'23 In likewise fashion we can assign the 
three types of Ge-methyl groups in our polymer whose 

structure is shown in the following mixed ring-chain 
formulation 

(H3C)2Ge[N(C2H6)J2 + H2N NH2 4 ^ k HN(C2H5), + 
(H) 

Ge 

Hn/Wm Jq 

Ge-N, N-
N

G r 
CH3 / \ 

H3C CH3 ; r 

where the imidazolidine ring Ge-methyl resonance 
appears at r 9.71 ± 0.03 as in the parent N-methyl 
monomer and both the connecting Ge-methyl types 
appear near r 9.66 ± 0.03 with the integrated area 
ratios of these resonances and relative intensity of the 
characteristic infrared ring absorption consistent with 
the polymer repeating unit as shown. The ratio of q 
to r, then, is considerably greater for the silicon polymer 
than for the germanium polymer. 

Apart from the usual factors which hamper unam­
biguous assignment of molecular structure from chemical 
and spectroscopic evidence, there exists in this instance 
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the more difficult considerations of the actual distribution 
of polymer units and variation of polymer composition 
and configuration with reaction conditions and time. 
Attempted extrapolation from macroscopic properties 
to a single unambiguous structure would be hazardous; 
the properties of our materials we have been able to 
measure are doubtless weighted averages of properties 
of several possible polymer types whose precise composi­
tion in the mixture remains unknown. 

It is interesting to note briefly the polymer types 
obtained by other workers from similar reaction sys­
tems. Henglein and Lienhard assigned a cross-linked 
structure to the plastic resin of molecular weight 3100 
which they obtained through transamination of di-
methylbis(diethylamino)silane in the absence of sol­
vent,5 but Kummer and Rochow obtained a waxy 
material (no molecular weight reported) from similar 
transaminations in mesitylene, which, on the basis of 
infrared and nmr evidence, they believe to consist of 

^ 
N N -

H H 

CH. 

- S i -

CH3 

/ \ 
-N N -

H3C CH3 

CH3 

- S i -
I 
CH3 

units as the backbone structure.23 These workers and 
others have investigated the various polymeric materials 
received from the reaction of dimethyldichlorosilane 
with ethylenediamine carried out under a variety of 
conditions.5'23'25 Differences in the transamination 
products obtained by these two groups is ascribed to 
the use of solvent by Kummer and Rochow. These 
workers also showed that the chain-ring backbone 
polymer can be converted to a pure cyclic polymer 
(viscous resin) of the structure 

CH:; 

Si —N X -
I s S i ' 
CH1 / \ 
. HiC CH1 

by heating to 370° at low pressure.23 Transamination 
in the absence of solvent might also result in higher 
temperatures and the possibility of more ring formation. 
The production of higher molecular weight materials 
from our silylamine transaminations as compared with 
previously reported syntheses5'23 is probably associated 
with (i) the presence in our systems of small amounts of 
ammonium sulfate as a catalyst which seems to promote 
the fuller utilization of active amine sites in forming 
Si-N links, and (ii) a mole ratio of silylamine to 
ethylenediamine of 2:1. It is clear that the gross 
compositions of the polymers obtained from these 
reactions are strongly dependent upon such variables 
as temperature of synthesis, route (whether amination 
or transamination), starting mole ratios, presence or ab­
sence of a solvent or catalyst, and history of the isolated 
polymer. 

Discussion 

I. Relative Reactivities. Amination of dimethyl­
dichlorosilane by diethylamine displaces two chlorine 

(25) R. Minne and E. G. Rochow, J. Am. Chem. Soc., 82, 5625, 
5628 (1960). 

atoms easily. In dimethyldichlorogermane only one 
chlorine atom is replaced. No chlorine is lost in the 
action of diethylamine on dimethyltin dichloride which 
forms a donor-acceptor complex instead. Thus, ease 
of amination of (CH3)2MC12 by diethylamine varies. 

M = Si > Ge > Sn 
2 1 0 no. of Cl's displaced 

Analogous esterification reactions exhibit the same 
pattern: organodichlorosilanes react vigorously, di-
chlorogermanes sluggishly, and organotin dichlorides 
react not at all (or form donor-acceptor adducts). 
Synthesis of organogermanium esters is facilitated by 
the presence of base;26 for organotin esters strong base 
is demanded.11 

Transamination of the easily formed organosilyl 
diamines with various ethylenediamines requires moder­
ately strong heating (to ca. 150°) and ammonium sulfate 
as a catalyst, without which the conversion does not 
proceed at a reasonable rate. With bis(diethylamino)-
organogermanes transamination proceeds at ca. 100° 
in the absence of a catalyst. Tin diamines undergo 
transamination at room temperature, even exothermi-
cally.27 Thus, ease of transamination of (CH3)2M-
[N(C2Hs)2J2 by ethylenediamines varies. 

= Si 
~150° 

cat. 

< Ge 
~100° 
no cat. 

< Sn 
~30° 

exothermic 

Not enough is known concerning transesterifications in 
the germanium and tin series to draw meaningful anal­
ogies. In the reaction of dimethylchlorodiethylamino-
germane with N,N'-dimethylethylenediamine we have 
a competition between amination and transamination 
at the same germanium atom; only the transamination 
proceeds. 

II. Mechanistic Considerations. Explanation for 
these striking trends must lie in mechanistic considera­
tions. Several types of reaction mechanism are 
available to silicon, but the SN2 type appears to be 
general, especially in the presence of a suitable nucleo-
phile.28 Studies of the amination of optically active 
organochlorosilanes containing asymmetric silicon in­
dicate that amination by the amines themselves as 
well as their lithium salt derivatives proceeds through 
inversion of configuration consistent with the SN2 
reaction mechanism.29'30 

SN2 reactions at silicon, germanium, and tin may 
differ considerably in mechanistic detail from those 
at carbon because of the stabilization of penta- or 
hexacoordinated transition states by use of low-lying 
d orbitals.31 Not only can the energy of the penta-
coordinated Walden inversion transition state for these 
elements be lowered by this interaction, but it is possible 
for the transition state to become an unstable inter­
mediate in the reaction process. It is to be expected 

(26) D. C. Bradley, L. Kay and W. Wardlaw, Chem. Ind. (London), 
746 (1953). 

(27) This has been observed in numerous stannylamine exchange 
reactions: K. Jones, personal communication, 1964. 

(28) L. H. Sommer, "Stereochemistry, Mechanism and Silicon," 
McGraw-Hill Book Co., Inc., New York, N. Y„ 1965. 

(29) L. H. Sommer, J. D. Citron, and C. L. Frye, / . Am. Chem. Soc, 
86, 5684 (1964). 

(30) K. RUhlmann and G. Tuchtenhagen, Z. Chem., S, 107 (1965); 
K. D. Kaufmann, U. Marin, and K. RUhlmann, ibid., 5, 188 (1965). 

(31) For a discussion of this point with reference to silicon, see C. 
Eaborn, "Organosilicon Compounds," Butterworth & Co., Ltd., 
London, 1960, p 103. 
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A A * AH 

Ge 

Figure 1. Reaction profiles for transamination. 
R2M-NR2 + HNR '„ Z£± R2M-NR'2 + HNR2 

I ! 
NR2 NR2 

that the stabilities of these intermediates for silicon and 
its lower cogeners in group IV should parallel the sta­
bilities of their donor-acceptor adducts even though the 
intermediate may not itself be a normal adduct.32 

Consider a possible SN2 reaction mechanism for 
transamination 

R' 2 NH + R2M(NRa)2: 

R2N 

R'2N M 
I / \ 

H R R 

-NR2 

R'2NMR2 + HNR2 (12) 

NR2 

The symmetrical nature of the reaction allows us to 
assume the over-all enthalpy and entropy changes to be 
close to zero, where R and R ' are similar organic 
groupings. If we also assume similar reaction mech­
anisms for silicon, germanium, and tin,33 and that 
stability of the intermediate goes as adduct stability, 
then we can draw enthalpy profiles as in Figure 1. 
The position of the curves along the energy axis in the 
figure is dictated by the general trend of decreasing 
element-nitrogen bond energies on descending a normal 
group. Increasing stability of the reaction intermediate 
or decreasing energy of the transition state (the validity 
of our discussion is independent of whether the reaction 
proceeds through an intermediate or not) with attendant 
adjustment of activation energy can thus serve in the 
approach due to Hammett to rationalize the observed 
trends in transamination. The exothermic nature of 
transaminations at t in" (provided this is not a heat of 
mixing) dictates the profile for tin with the placement 
of the intermediate as drawn. 

The effectiveness of ammonium salts as catalysts in 
the silicon transaminations can be discussed with 
reference to their effect on the reaction intermediate or 
transition state as in (12). Protonation of the leaving 
diethylamino moiety in (12) would enhance the dis­
placement of this group. In addition protonation 
would be expected to stabilize the intermediate by 
strengthening the bond being formed (by essentially 
making the silicon center more electron deficient). 

The observed amination pattern is more difficult to 
rationalize, if only because the reaction is no longer 
symmetrical. Thus the heat of reaction will change 
from silicon to tin and the symmetry of the enthalpy 

(32) Stabilities of these adducts (which have been exhaustively stud­
ied) are in the order: Sn > > Ge > Si; see I. R. Beattie, Quart. Rev 
(London), 17, 382 (1963). 

(33) Studies of optically active organogermanes reported to date indi­
cate that silicon and germanium follow similar reaction mechanisms; 
see A. G. Brook and G. Peddle, J. Am. Chem. Soc, 85, 2338 (1963). 
Unfortunately no stereochemical studies of transaminations or ger­
manium aminations are available. Organotin compounds are appar­
ently too labile to resolve. 

1 1 

Figure 2. Reaction profiles for amination. 

R2M-Cl + HNR2 ^ ± R2M-NR2 + HCl 
I I 

CI Ci 

profile at the intermediate may be destroyed. Assum­
ing again the SN2-type mechanism established for sili­
con28'29 is also followed by germanium and tin,33 we 
write 

R2NH + R2MCl2: 

Cl 
I 

R2N M 
I / \ 

H R R 

Cl 

R2N-MR2Cl + HCl (13) 

Intermediates of this general type in the tin series have 
been isolated. The entropy difference between amina­
tions on changing M from silicon to tin should be small, 
and trends in reactivity can be discussed in terms of 
changes in the relative M-Cl and M-N bond energies 
and the stability of the intermediates (again our dis­
cussion is equally valid for a transition state). 
Relevant M-Cl bond energies are 91 (M = Si in SiCl4), 
81 (M = Ge in GeCl4), and 76 kcal/mole (M = Sn in 
SnCl4);34 bond-energy data for the M-N systems are 
confined to silicon (three values in the range 77-83 
kcal/mole)4a and tin (ca. 40 kcal/mole).13 Thus the 
decrease in energy silicon to tin for the bonds to chlorine 
is much smaller than the same decrease for the nitrogen 
bonds (approximately 15 vs. 40 kcal/mole). It is 
apparent that the observed heat liberated in the amina­
tions must be mainly the result of acid-base reactions 
between hydrogen chloride and excess amine. 

Clearly in the amination series silicon to tin the rela­
tive stabilities of the reactants decrease while those of 
the intermediates increase. Were the energy profiles 
symmetric as in the transamination case, the activation 
energy would decrease from silicon to tin, and this is 
contrary to our observation. If the conversion of 
intermediate to products is rate determining, then the 
relative energy profiles as drawn in Figure 2 show the 
activation energies in the series to be dependent upon 
relative intermediate and product energies and the 
position of the rate-determining transition state along 
the reaction coordinate. Assuming this last factor 
remains constant silicon to tin, a delicate adjustment of 
intermediate and product energies can bring about the 
parallel adjustment in activation energy necessary to 
obtain a trend of reactivity in agreement with experi­
ment.38 The energy of the tin intermediate in Figure 1 
is again placed at such a level as to indicate exothermic 
formation of this species. 

(34) E. A. V. Ebsworth, "Volatile Silicon Compounds," Pergamon 
Press, London, 1963. 

(35) A rapid equilibrium step prior to formation of the intermediate 
(an SN2* mechanism in Sommer's notation) is expected to lead to exten­
sive racemization.2S 
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Transaminations with ethylenediamines from which 
the relative reaction tendencies were derived are 
assumed to be stepwise processes in which each step 
involves a simple energy profile as shown in Figure 1, 
or may involve chelated six-coordinated intermediates 
depending on the central atom. If the amination proc­
ess proceeds stepwise as well, then it is clear from exist­
ing evidence32 that the second intermediate should be 
less stable than the first 

Cl NR '2 
I i 

R'2N M Cl > R'2N M Cl 

I / \ I / \ 
H R R H R R 

and this difference is particularly important where 
M = germanium. In this case the steric requirements of 
the amination agent determine whether the second proc­
ess is to proceed at all. Mixed chloroamines are now 
available for silicon, germanium, and tin,36 but it is 
possible that aminations of difunctional organohalo 
derivatives of the fourth group may proceed in one step 
in certain cases.37 

Experimental Section 
All commercial starting materials were redistilled before use. 

N,N'-Dimethylethylenediamine and diethylamine were stored over 
molecular sieves (Linde Type 4A), while ether was dried over 
sodium wire. Dimethyldichlorogermane (bp 119-123°) was 
obtained by direct reaction of methyl chloride with 20% copper 
germanium metal.38 The infrared and nmr spectra and properties 
of this material were consistent with those reported. All operations 
were carried out under nitrogen. 

Physical properties and analytical data for bis(dialkylamino)-
silanes and silaimidazolidines18 have been listed in previous publica­
tions. Literature procedures were followed for the carbon and tin 
compounds and these references are in the text. Experimental 
details listed below will be limited primarily to the germanium 
derivatives39 and modifications of literature procedures, although 
we will also present general procedures which we have found 
useful for aminations and transaminations. 

Amination of Dihalo Derivatives of Group IV. A solution of the 
dihalide (0.1 mole) in an equal volume of benzene or ether is added 
dropwise to a stirred solution of amine (0.5 mole) in about 200 ml of 
benzene or ether at —20 to 0° under nitrogen. In some in­
stances, e.g., because of the cost or low basicity of the amine, it is 
helpful to use triethylamine rather than excess starting material 
to take up the HCl produced. A simple and convenient apparatus 
for inert atmosphere reactions, described by Cason and Rapoport,40 

was used to exclude atmospheric moisture. Addition is accom­
plished in about an hour, accompanied by precipitation of the amine 
hydrochloride. After an additional hour or two of stirring at —20 
to 0°, the reaction mixture is allowed to warm to room tempera­
ture (in some instances even refluxed for an hour) and then filtered. 
Filtration can be accomplished in the air without appreciable 
hydrolysis if done rapidly by suction through a glass frit funnel. 
Solvent is removed by vacuum distillation (atmospheric distillation 
if product bp is low) and liquid products are purified by distillation. 
Hydrolytically sensitive products are collected in glass pigs which 
can be sealed off without exposure to air. Solid products can 
generally be recrystallized from benzene or benzene-hexane mix­
tures. Lithioamination procedures can be found elsewhere.9 

Transamination of Bis(diethylamino) Derivatives of the Fourth 
Group. Equimolar quantities (0.05 mole) of the diamine and the 

(36) C. H. Yoder and J. J. Zuckerman, unpublished results; U. 
Wannagat and G. S. Schreiner, Monatsh. Chem., 96, 1889 (1965). 

(37) It appears that the tendency for 1:1 adduct formation decreases 
relative to 1 :2 formation as the fourth group is descended.32 

(38) E. G. Rochow, / . Am. Chem. Soc, 69, 1729 (1947); 70, 436 
(1948); M. Schmidt and I. Rudisch, Z. Anorg. Allgem. Chem., 311, 331 
(1961); I. J. Zuckerman, Adcan. Inorg. Chem. Radiochem., 6, 383 (1964). 

(39) See ref 9 for the preparation of dimethylbis(diethylamino)ger-
mane and 1,2,2,3-tetramethylgermaimidazolidine. 

(40) J. Cason and H. Rapoport, "Laboratory Text in Organic Chemis­
try," Prentice-Hall Inc., Englewood Cliffs, N. L, 1962, p 452. 

bis(dialkylamino) derivative are placed in a reaction unit equipped 
with thermometer, nitrogen inlet, stirrer, and reflux condenser. 
A small amount (ca. 0.01 g) of ammonium sulfate is added as a 
catalyst for silicon transaminations. The reactants are heated 
(oil bath) with stirring under nitrogen to 100-160°. The amine is 
liberated and begins to reflux; the oil bath temperature is main­
tained constant. As the amine continues to be liberated the tem­
perature of the reaction mixture decreases until an equilibrium is 
reached. Usually the liberated amine is swept out of the system 
on a nitrogen stream and can be trapped at - 1 9 6 ° if desired. 
Products are purified as above. 

Dimethylchlorodiethylaminogermane. Dimethyldichlorogermane 
(0.1 mole) in 50 ml of diethyl ether was added dropwise to a stirred 
solution of diethylamine (0.5 mole) in 300 ml of ether at 0 °. After 
addition, the reaction mixture was allowed to stand at room tem­
perature for 16 hr. The white precipitate which had formed 
during the addition was then filtered (0.12 mole). Ether was 
removed from the filtrate by distillation at atmospheric pressure, 
leaving a liquid residue which distilled at 177° (743 mm) to give 
ca. 1Og (50 % yield based on germane) of product. A yield at 65 % 
was obtained in another preparation. Samples of the product 
sealed in glass vials at atmospheric pressure developed a brown-red 
discoloration and precipitated a small amount of solid material on 
standing. Anal. Calcd for C6H16NClGe: C, 34.28; H, 7.67; 
N, 6.66; Ge, 34.53, mol wt, 210. Found: C, 34.23; H, 7.79; 
N, 7.10; Ge, 18.96;41 mol wt (ebullioscopic in benzene), 232. 

Diphenylbis(dimethylamino)germane. A hexane solution of 
butyllithium, 1.6 M (0.16 mole), was added dropwise to a stirred 
solution of dimethylamine (0.16 mole) in 100 ml of ether at ca. 
— 70°. After the addition, the mixture was allowed to warm to 
room temperature, and then diphenyldichlorogermane (0.08 mole) 
in 100 ml of benzene was added at room temperature. Several 
hours of reflux was followed by in vacuo solvent removal, decanta-
tion of the liquid residue from the precipitate, and distillation of the 
residue to give the desired product (41 % yield) at 181-182° (13 mm). 
Anal. Calcd for C16H22N2Ge: C, 61.03; H, 7.04; N, 8.90; Ge, 
23.05. Found: C, 60.51; H, 6.96; N, 9.09; Ge, 23.20. 

N,N '-Bis(dimethylchlorogermyl)-N,N '-dimethylethylenediamine. 
An attempt to prepare the imidazolidine by amination of dimethyl­
dichlorogermane with N,N'-dimethylethylenediamine in the pres­
ence of triethylamine produced the compound above along with 
other minor products which were not identified. Dimethyldi­
chlorogermane (0.075 mole) in 15 ml of benzene was added to a 
stirred solution of N,N'-dimethylethylenediamine (0.073 mole) and 
triethylamine (0.16 mole) in 100 ml of benzene. The addition was 
begun at room temperature, but the reaction mixture was heated 
to 80° halfway through the addition and maintained at this tempera­
ture for 10 hr. After filtration of the cool mixture and washing of 
the white precipitate with benzene, the filtrate was distilled at atmos­
pheric pressure to remove solvents. A liquid, bp ca. 90° (9 mm) 
(which solidified in the distillation head), was obtained by reduced 
pressure distillation of the residue. 

This compound was also formed in the reaction between di-
methylchlorodiethylaminogermane (0.064 mole) and N,N'-di­
methylethylenediamine (0.055 mole). Immediate formation of a 
white solid with evolution of heat occurred upon mixing. A small 
amount of ammonium sulfate was then added and the mixture 
heated to 170° for 6 hr. The solid melted or dissolved at 80-90° 
during the heating. Some material sublimed to the cooler parts of 
the apparatus and the remaining liquid distilled at 97° (10 mm). 
An infrared spectrum of the product showed it to be identical with 
the product obtained above. Anal. Calcd for CsH22N2Cl2Ge2: 
C. 26.51; H, 6.12; N, 7.73; Ge, 40.07; mol wt, 362. Found: 
C, 25.74; H, 6.02; N, 7.32; Ge, 39.00; mol wt (cryoscopic in 
cyclohexane), 454. 

2,2-Diphenyl-l,3-dimethylgermaimidazolidine. Diphenylbis(di-
methylamino)germane (0.023 mole) reacted with N,N'-dimethyl-
ethylenediamine (0.029 mole) at 100° to give a material which par­
tially solidified on standing. The liquid portion distilled at 172° 
(13 mm) and was identified as the imidazolidine. Anal. Calcd for 
C16H20N2Ge: C, 61.41; H, 6.44; N, 8.95; Ge, 23.20; mol wt, 
313. Found: C, 61.04; H, 6.59; N, 9.36; Ge, 22.92; mol wt 
(osmometry in benzene), 326. 

Bis(diethyIamino)methane. An aqueous solution {ca. 37%) of 
formaldehyde (0.27 mole) was added dropwise to diethylamine 
(0.55 mole) with stirring. The temperature of the exothermic 

(41) Analysis for germanium in compounds with both nitrogen and 
chlorine present on germanium often produces a low value for germa­
nium in our experience. 
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reaction was kept below 45° by external cooling. Two layers 
formed and the top organic layer was removed and dried over 
CaSO4. The product (ca. 25 g, 60% yield based on formaldehyde) 
distilled at 162.5-165° (743 mm). Henry reported a boiling point 
of 168V 

N,N'-Dimethylimidazolidine. An aqueous (ca. 37%) formalde­
hyde solution (0.19 mole) was added slowly to a solution of N,N'-
dimethylethylenediamine (0.19 mole) in 200 ml of chloroform. 
After stirring for several hours, the water layer was removed and 
the chloroform layer was dried over MgSO4. Atmospheric pres­
sure distillation served to remove the solvent; the product (26% 
yield) distilled at 110-112° (collected as a cloudy material). After 
several days a red oil separated and the clear liquid was distilled 
trap to trap in vacuo. The product must be refrigerated to prevent 
decomposition. Krassig reports a boiling point of 114 °.15 

When iron pentacarbonyl, Fe(CO)5, and piperidine 
or tt-butylamine are mixed at room temperature, 

a reaction ensues at once which yields a compound (I) 
in which considerable modification of the metal car­
bonyl and amine moieties has taken place.3 In water, 
this compound hydrolyzes to form HFe(CO)4

- (II) 
and the carbamate of the amine, >NCOO~, both as 
the >NH 2

+ salts. After some time at room tempera­
ture, but more rapidly at 60°, I reacts to form another 
metal carbonyl containing species III in which there is 
evidence for formylation of the amine at the nitrogen, 
i.e., a carbon monoxide insertion reaction has taken 
place. We have now investigated the reaction of 
Fe(CO)5 with pyrrolidine, and extended the studies of 
the reaction between Fe(CO)5 and piperidine. These 
investigations have yielded a body of evidence con­
cerning the structure and nature of I, a compound 
which is the important first intermediate in the CO 
insertion reaction which has taken place. 

The general reaction path in the pyrrolidine case 
parallels that of piperidine and «-butylamine,3 but 
certain differences in I for pyrrolidine allow more 
detailed structural and chemical evidence to be ob­
tained. 

The hydrolysis products of I in pyrrolidine reaction 
mixtures were again found to be HFe(CO)4- and pyr-

(1) Abstracted in part from the Ph.D. Thesis of B. J. Bulkin, Purdue 
University, June 1966. 

(2) Supported by a contract with the Atomic Energy Commission. 
(3) Paper I of this series: W. F. Edgell, M. T. Yang, B. J. Bulkin, R. 

Bayer, and N. Koizumi, /. Am. Chem. Soc, 87, 3080 (1965). 

N,N'-Diethylimidazolidine. The procedure of Donia, et a/.,16 

was followed except that the reaction mixture were merely dried 
thoroughly over CaSO4 and then distilled at atmospheric pressure 
to give the product boiling at 152-155° in 35% yield. Donia, etai, 
report a boiling point of 65.6 ° (35 mm).16 
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rolidine carbamate. It was these hydrolysis products 
in the other amines which first led to a proposed struc­
ture for I containing the linkage >NCOFe-. 

Although spectral evidence was interpreted to mean 
that I was probably an LFe(CO)4 compound with the 
amide ligand, L, located at the axial position of a 
trigonal bipyramid, two other structures were also 
possible.3 These were both trigonal bipyramidal 
L2Fe(CO)3 compounds, either with both ligands on 
planar sites or with one axial and one planar. Each 
of these could give the observed 5-/x region CO stretching 
frequency pattern of 2010 (w-m), 1918 (m), and 1895 
(s) which I shows, when the amine is piperidine or 
n-butylamine. The 5-n region spectrum of an Fe-
(CO)5-pyrrolidine reaction mixture taken within 2 
min after mixing is shown in Figure 1. This spectrum 
shows the same basic pattern found in the piperidine 
and «-butylamine cases. As can be seen in the pyr­
rolidine case, however, the strong band is split into a 
doublet with components at 1898 and 1885 cm -1. 
These bands are due to C ^ O stretching vibrations of 
the metal carbonyl moiety in I. Since the number of 
metal carbonyl CO groups in the molecule must be 
equal or greater than the number of bands due to 
fundamental modes in the 5-/x region (G=O stretching 
vibrations), the presence of four fundamental bands for 
I in pyrrolidine solutions clearly eliminates the L2Fe-
(CO)3 structures as possibilities for I. 

The spectrum of I in the pyrrolidine case is readily 
understood in terms of the proposed LFe(CO)4 struc-
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II. Iron Carbonyl with Pyrrolidine. 
Initial Stages of the Reaction1-3 

Walter F. Edgell and Bernard J. Bulkin 

Contribution from the Department of Chemistry, Purdue University, 
Lafayette, Indiana 47907. Received May 16,1966 

Abstract: The reaction between Fe(CO)6 and pyrrolidine has been investigated, using infrared and nmr spectra, 
conductance measurements, and stoichiometry; attention is focused on the first species (I) formed in this reaction. 
The over-all reaction path is similar to that of the reaction between Fe(CO)5 and piperidine or n-butylamine; how­
ever, certain differences occur which have permitted further elucidation of the structure and nature of I. Additional 
conductance data on Fe(CO)5-piperidine reactions are also presented. The data reported here put the more tenta­
tive proposals of the earlier paper regarding the nature of I on a firmer basis. 
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