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The reaction of Fe?(CO), with boron bromide or bo- 
ron iodide yields Fe(CO),, Fe(CO)rXr and [Fe(C0)4- 
RX], (X= Br, f). The same type of products is form- 
ed if RzNBBn (R = CHJ, CZH~) is employed as the bo- 
ron halide; the dialkylamino group remains attached 
to the boron. Besides nonvolatile [ Fe(CO)rBNR2],, 
volatile monomeric (CO)rFeBNRz is obtained in low 
yields, containing the unusual ligand RzNB. Some 
spectroscopic properties of the novel coordination com- 
pounds are reported and some of their chemistry is 
discussed. 

Introduction 

Coordination compounds containing metal-boron 
bonds comprise a relatively young area of boron che- 
mistry.’ They can be discussed in terms of metal 
atoms containing boron radicals or groups as a li- 
gand. A rather large group of compounds contain 
boron, carbon and metal atoms in a polyhedral frame- 
work;3*4.5 also sulfur,6 phosphorus,7 or arsenic8 may be 
parte of the cage. The best known compounds of 
this type are the metal carbollyls,3 which have been cor- 
related with the metallocenes due to the fact that the 
B&H? ion contains a pentagonal face of three bo- 
ron and two carbon atoms as well as 3 electron pairs, 
and this is reminiscent of CH-. More recently smal- 
ler polyhedral metal boron compounds have been 
found such as CHJGaC2BsHs, in which the atoms Ga, 
B, and C are placed in the corners of an octahedron9 
or (2-CH$~B~H5)Mn(C0)3. lo Even smaller groups con- 
taining boron can act as a ligand. Thus the cfborene), 
complexes are characterised by a BX2 group, examples 
being cis-(C6H&B-Mn(CO)4P(C6H&r11 trans-[ (CzH&- 
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P]zPtCl(B(CsHs)z),‘* trans-[TPE]2Co(BBr2)2’J (TPE= 
(C6H5)2P-CHz-CH2-P(C6H5)2. Also borane BH3 and 
its derivatives add to metal bases with formation of 
metal boron bonds as demonstrated by (C05MnBH3-.t4 

It is possible to visualize compounds with ligands 
of the type BX (B’) or <(borines>).‘5 Boron monofluo- 
ride BF” should somewhat resemble carbon monoxide; 
both compounds are isoelectronic and the high BF 
bond order in BF is ascertained spectroscopically. The 
free BF molecule, prepared by reaction of boron with 
BR at high temperatures, has a sufficiently long exis- 
tence to be trapped in a matrix.16 One may also spe- 
culate on the stability of monomeric BOR or BNRz 
and even BCR-. Although these are expected to be 
unstable in the free state, they may well be stabilizd 
by complex formation due to the fact that they may 
from a u-bond via their lone electron pair attached to 
the boron atcm which is also a possible acceptor for 
metal electrons in establishing back bonding. We re- 
port here results concerning the aminoborine group, 
RzNB, as a ligand. 

Experimental Section 

The sensitivity of the compounds both to moisture 
and oxygen made it necessary to use Schlenk-tube tech- 
niques and high vacuum manipulations. Solvents 
were dried over LiAlH4 or with A3 molecular sieves. 

Fez(C0)9 was prepared by uv irradition of Fe(C0)5,17 
Br2BN(CH,)2 and Br2BN(C2H5)2 were produced by mix- 
ing BBrJ and B(NR& in a 2: 1 mole ratio followed by 
distillation.‘B The method of Renner yielded Bf3.19 

The analytical procedure employed were as follows: 
a) boron was determined by alkalimetric titration as 
mannitol-boric acid after degradation of the com- 
pounds by HzOJHZSO~ and separation as methylbora- 
te b) after alkaline decomposition of the samples and 
removal of iron hydroxide the halides were determin- 
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ed potentiometrically using a Hillerkus automatic po- 
tentiometer c) iron was determined using the stan- 
dard oxidimetric procedures. IR-spectra were record- 
ed with a Perkin-Elmer 117 of 225 model. “B-nmr 
spectra were obtained with a Varian HA 100 nmr spec- 
trometer, BFJ . O(CzH& was used as an externa1 stan- 
dard and chemical shifts were evaluated by the side- 
band technique. 

p-Diethylaminoborenyl-tetracarbonyl-iron and di- 
ethylaminoborine-tetracarbonyl-iron(O). A suspension 
was prepared from 7.20 g of Fe2(C0)9 in 50 ml ether in 
a 100 ml flask. With vigorous stirring 4.8 g of BrzBN- 
(CzH& were added within 15 minutes. A dark brown 
solution and a precipitate formed during two days 
stirring a room temperature. The latter was removed 
by filtration using a G3 sintered disk funnel and wash- 
ed twice with cold petrol ether. Qualitative analysis 
(only Fe and Br positive) and the ir spectrum (in nujol 
mull X0: 2160, 2110 strong with shoulder and 2080 
cm; lit.20 for CHCL solution: 2156, 2114, 2109, 2083 
cm) showed the product to be (C0)4FeBrz. 

The solvent was distilled from the filtrate in vacua 
and condensed in a trap at -196” leaving behind a 
nonvolatile, brown, somewhat wet crystalline mass. 
After extraction with 10 ml of pentane, which remov- 
ed an oily substance from the product assumed to be 
[BN(C2H&],, the residue was treated with ether. 
Concentration of the etheral solution in vacua until 
crystallisation began resulted in the precipitation of 
0.4 g (8%) of brown crystalline p-diethylaminoborenyl- 
tetracarbonyl-iron( II). 

Analysis: Found B, 4.3: Fe, 22.0; N, 5.56. Calcd 
for CaHloBFeNOd (250.8) B, 4.31; Fe, 22.25; N, 5.58. 

The condensate was warmed to -78”, and again all 
volatiles removed at lo-’ mm pressure. This fraction 
collected at -196” consisted of ether and traces of 
Fe(CO)s. The material not volatile at -78’ could not 
be separated further; it deposited a brown solid at 
room teinperature, identical with the material obtained 
from the ether solution. The material was volatile 
at -20”; its vapour pressure was somewhat lower as 
for Fe(CO)s. It is therefore assumed, that this mate- 
rial, which is a yellow liquid at -15”, consists of mo- 
nomeric (C2H5)2NBFe(C0)4 dissolved in Fe(CO)s. 

Dimethylaminoborine-tetracarbonyl-iron(O). Similar 
to the procedure mentioned above 3.60 g of Fez(CO)q 
were reacted with 2.20 g of BrzBN(CH& in diethyl 
ether. After two days the precipitate formed was 
removed from the brown solution. Removal of all 
volatile material from this solution yielded a residue 
of [(CH&NBFe(CO)&. 

Analysis: Found B, 4.6; Fe, 24.89; Calcd for CbHs 
BFeN04 (222.8); B, 4.86; Fe, 25.07. 

The yellow condensate obtained was separated into 
two main fractions at 10e5 mm Fe(CO)s-characte- 
rised by its mp. (-20”) and ir spectrum-condensing 
in a trap held at -78”, while ether and (CH&NBFe- 
(CO)., collected at -196”. Under dynamic vacuum 
ether was pumped off at -100” into a trap held at -196: 
leaving behind -0.1 g (-4%) of colourless crystals 
of (CH&NBFe(CO)+ mp. -25”. 

(20) C. C. Batraclough, J. Lewis, and R. S. Nyholm. /. Chem. Sot., 
3552, 1959. 
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Analysis: Found B, 4.5; Fe, 24.8; N, 5.9; Calcd for 
C6H6BFeNQd (222.8): B, 4.86; Fe, 25.07; N, 6.29. 

The product decomposed readily at room tempera- 
ture forming a dark brown material. 

y-Brotioborenyl-tetracarbonyl-iron( A suspens- 
ion of 7.20 g of Fez(CO)v in 50 ml ether was treated 
with 5.00 g of BBr3 dissolved in 20 ml ether. After 
stirring the mixture for 24 hours at room temperature 
the precipitate formed was removed and all volatile 
material distilled from the filtrate. The yellow con- 
densate could be separated into ether and Fe(CO)s, 
but no other volatile component was detected. Ex- 
traction of the brown residue and concentration of 
the extract yielded 0.7 g (13.5%) of [BrBFe(CO)d], 
which separated from the solution on standing at -25”. 

Analysis: Found B, 4.1; Br, 33.50; Fe, 2 1.80; Calcd 
for CIBBrFe04 (258.6): B, 4.18; Br, 30.90; Fe, 21.59. 

p-lodoborenyl-tetracarbonyl-iron( Similar to the 
procedure for the preparation of [BrBFe(CO)J], the 
corresponding iodo compound was obtained by treat- 
ing 7.20 g of Fez(CO)g and 7.83 g of BI3 in 80 ml 
ether at room temperature. After 12 hours the mix- 
ture was worked up yielding 1.2 g of [ IBFe(CO).+], 
(16.9%) as a dark-brown, microcrystalline material. 

Analysis: Found B, 3.06; Fe, 17.81; I, 41.2; Calcd 
for &BFeIOJ (305.6); B, 3.54; Fe, 18.27; I, 41.53. 

Reactions of v-diethylaminoborenyl-tetracarbonyl- 
iron a) Reaction with bromine (1: 1): 0.39 g of 
[(C2H&NBFe(COMl, suspended in 50 ml CCL were 
treated with 0.25 g of Br2, dissolved in 40 ml CCL 
After stirring the mixture for 1 hour, the precipitate 
formed was isolated and washed with some cold pen- 
tane and finally dried in wcuo. Yield: 0.5 g of 
(C2HjbNB(Br)Fe(CO)+. 

Analysis: Found B, 2.7; Br, 36.2; Fe, 13.05; Calcd 
for CaHloBBr2FeN04 (410.7): B, 2.63; Br, 38.92; Fe, 
13.60. 

The product, when treated with bromine in CC14 
(0.40 g (CzH&NBrB(Br)Fe(C0)4 and 0.16 g Br2) pro- 
duced a reddish precipitate of (CO)aFeBrz, identified 
by its ir spectrum. After concentration the filtrate 
showed a “B-nmr signat at 25.5 ppm (lit:21 -26.7 
ppm for neat liquid) demonstrating the presence of 
(C2H5)2NBBr2 in solution. 

b) Reaction with CO. A 100 ml magnetically stirr- 
ed autoclave was charged with 0.30 g of [(CzH&- 
NBFe(CO).+], and 40 ml of pentane and pressurized 
to 90 atm. After stirring for one day excess CO was 
blown off from the cooled autoclave and all volatile 
material collected in a trap cooled to -196”. Some 
oily drops remained in the autoclave whose qualitative 
analysis was positive for boron and aminogroups only; 
since they showed reducing properties to silver ions 
and no BH-band in the ir-spectrum, it is most likely 
that they consisted of diethylaminopolyborons. 

Fractionation of the yellow condensate yielded Fe- 
(CO)5 in a trap held at -78”. Its purity was determin- 
ed spectroscopically. 

1, 

Reactions of (CH3)2NBFe(CO)r. a) Decomposition 

(21) N. N. Greenwood and J. Walker, Inorg. h’ucl. Chem. I&ten, 
65 (1965). 
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by uv light. 10 ml of an etheral solution containing 
approximately 30 mg of (CH&NBFe(C0)4 contained 
in a Pyrex flask attached to a high vacuum system 
was irradiated with uv light at -80”. Soon, a dark 
brown solution or suspension was formed. After four 
hours, the solid product was collected and the filtrate 
subjected to further irradiation. Virtually n9 CO 
gas was formed during the reaction. The ir spectrum 
of the product was identical with that obtained for 
[(CH42NBFe(COhl,. 

Analysis: Found Fe, 27.8; Calcd for C6H6BFeN04 
Fe, 25.07. 

b) Reaction with bromine (2: 1). Onto 0.08 g of 
(CH&NBFe(CO)., (0.36) mmoles) were condensed 0.11 
g Brz (0.72 mmoles) and 20 ccm of CCL and the mix- 
ture slowly warmed up to room temperature with stirr- 
ing. A red precipitate was identified as (COhFeBrz; 
the solution contained BnBN(CH& as evidenced by 
the I’B nmr spectrum (6 “B: Found -25.5 ppm, lit:’ 
-25.7 ppm). 

c) Reaction with CO. An etheral solution of (CH3)2- 
NBFe(COk was prepared as described. It was trans- 
fered into an autoclave, which was pressurized to 90 
atm. of CO. After stirring for one day, CO was slowly 
blown off and all volatiles collected; fractionation in 
vacua yielded Fe(CO)s trapped at -78”. The nonvola- 
tile yellow oil obtained most likely consists of dimethyl- 
amino-polyboron compounds. 

Discussion 

Poly(dialkylamino)-boron compounds can be prepar- 
ed by reductive dehalogenation of dialkylamino boron 
halides.2J Active metals such as lithium, sodium, po- 
tassium or sodium potassium alloys are employed. 
The course of this reaction is still unknown: espe- 
cially it is uncertain whether boron containing radi- 
cals are intermediates or dialkylaminoborine species. 

Since a free RzNB species was thought to be un- 
stable, conditions had to be employed in its formation 
that allowed for a ready scavenging of this molecule 
by complex formation. 

Amongst the various systems that were anticipated 
to function both as a reducing and scavenging agent 
diiron enneacarbonyl was found to be suitable.” It 
is the most reactive of the iron carbonyls, and it beha- 
ves in many respects as a donor of the Fe(C0)4 group. 
Since this group is unsaturated it may reduce a boron 
halide forming the well know tetracarbonyl iron di- 
halides or accept the RzNB group with formation of 
RzNBFe(CO)J. 

Although Fez(C0)9 does indeed react with dialkyl- 
aminoborondibromide-the bromides being more reac- 
tive than the chlorides-the reaction itself is not 
straightforward as far as the stoichiometry is concern- 
ed due to decomposition of the products in this 
fairly slow reaction. Equation (1) describes the com- 
pounds formed, althought it was not established quan- 

(22) H. N&h und H. Vahrenkamp. Chem. Ber., 99, 1049 (1966). 
(23) K. H. Hermannsd6rfer. E. Matejcikova, and H. N&h, Chem. 

Ber.. 103. 516 (1970). 
(24) Fe(CO), and Fe&CO),, were not very helpful in this respect. 

2Fe,(C0)9+BrzBNRI + 

2Fe(CO)r+BrlFe(CO),+R,NBFe(CO)4 (1) 

titatively. The separation of the various products 
presented some problems. While BrzFe(COk was 
readily obtained, the boron containing volatile 
products were difficult to remove from the ether 
(in case of R = CH3) or Fe(C0)5. While it was 
possible to obtain (COhFeBN(CHs)2 virtually free 
from Fe(CO)s and ether, since it is - surprisingly - 
more volatile than Fe(C0)5 but less than ether, (CO)4- 
FeBN(CzH& could not be separated from the Fe- 
(CO)5 formed. Therefore, reactions of the mono- 
meric dialkylaminoborine-irontetracarbonyls were stu- 
died only with the methyl derivative. The yields of 
these novel monomeric coordination compounds were 
very low, and this has precluded a more detailed 
investigation so far.25 

More readily accessible are brown microcrystalline 
materials of the same composition as the volatile ma- 
terial, which therefore must be oligomers of RzNBFe- 
(COl4. Although these are soluble in ether or even 
better in tetrahydrofuran; their solubility in benzene 
near its freezing point was insufficient to reliably de- 
termine their molecular weight. The solubility beha- 
viour seems to exclude a higly polymerized material 
and we believe that n equals 2 is a good assumption 
for [R2NBFe(CO)4],. In analogy, the nonvolatile 
products [ BrBFe(C0)4], and [ IBFe(C0)4], obtained 
by reacting Fez(C!0)9 with BBrJ and B13 respectively 
are most likely dimers as well. 

The high volatility of (CH&NBFe(CO)4 and (GH& 
NBFe(C0)4 is indicative of a monomer, although we 
have failed to detect the molecular ion in the 70 eV 
mass spectrum of (CHJ)2NBFe(C0)4.26 Both mono- 
mers decompose readily, and dark brown products 
are formed. Although (CH&NBFe(C0)4 is stable 
below -4O”, uv irradiation of its etheral solution 
at -78” results in the formation of [(CH&NBFe- 
(CO)& This reaction allows a differentiation of 
this compound from Fe(C0)5, which under the 
same conditions transforms to golden yellow Fez(C0)9 
with evolution of CO, and the small amounts of CO 
evolved during the irradiation of (CH3)2NBFe(C0)4 
may be due to a small contamination of the product 
with Fe(C0)5. While (CH3)lNBFe(CO)r shows a 
clearly defined melting point, the oligomeric com- 
pounds [XBFe(C0)4], all decompose at elevated tem- 
peratures without melting. The products of the de- 
composition have not been characterised. 

The presence of a metal boron bond in (CH+ 
NBFe(C0)4 as well as in [ (C2Hs)2NBFe(C0)4], is de- 
monstrated by the behaviour of these compounds tow- 
ards bromine. The reaction in a 1: 1 molar ratio 
yields a (( Bn-adduct b, which on further treatment 
with 1 mole of Brz leads to BrzFe(COX and BrzBNRz. 
This behaviour can be rationalized by equation (2). 

(25) Variation in reaction time, temperature, concentration as well 
as the reaction of larger quantities did not improve yields. Also, reac- 
tions such as Na,Fe(CO),+CI,BNR,+2 NaCI+R,NBFe(Co), produced 
no volatile borine complex. 

(26) At 70 eV binuclear, B-containing species such as Fe,(CO),BN- 
(CH,), were found. Experiments at low electron energy were unfortu- 

nately not carried out during this study. 
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A[R,NBF~(c~),], fBr2 (CO),Fe 
/Br +Br2 

‘B 

~ 

Br’ ‘NR2 (2) 

(CO),FeBa + Br,BNR, 

(n = 1, 2; R = CH,, CzHs) 

In the case of monomeric (CH&NBFe(C0)4 bromine 
adds first to the Fe-B bond while one of the two 
boron iron bonds of the RzNB group in [(CzH&- 
NBFe(CO),], is cleaved by bromine. Also, the beha- 
viour of (CH&NBFe(C0)4 and [(C2H5)2NBFe(C0)4], 
towards CO is identical, Fe(C0)5 being formed and 
most likely dialkylaminoborons as well, although the 
true nature of these products has not been established. 
The experiments demonstrate that the boron iron bond 
in these compounds is readily broken; this is easily 
understood for R2NBFe(C0)4, since in the case of the 
CO reaction this represents a simple ligand displa- 
cement, while for [RzNBFe(C0)4]., where we assume 
bridging RJNB groups comprising Fe-B n-bonds (vicle 
infra), the uptake of CO must be accompanied by a 
redox process. 

The high volatility of (CH&NBFe(C0)4 clearly 
shows that the (CH&NB group has replaced a CO 
molecule in Fe( CO)5 . Thus the dimethylaminoborine 
group acts as a ligand presumably through its lone elec- 
tron pair at the boron atom. This will impose sp 
hydridization at the boron atom. Therefore there 
are p-orbitals available at the boron atom for back 
bonding. Unfortunately we have so far been unable 
to obtain well resolved ir spectra in the range of 
1800.300/cm for the monomers due to the ready 
decomposition of the compounds at room temperature, 
while it was possible, although with difftculties, to 
record good enough and reproducible spectra for the 
CO stretching region. This region is characterized 
by three bands in ethereal solution, the high fre- 
quency band is weak, the low frequency band of 
medium strength, while the band at 2035/cm is very 
strong. A comparison of these bands with those of 
other iron pentacarbonyl derivatives is made in Ta- 
ble I. 

Table I. CO stretching frequencies of some iron pentacar- 
bony1 derivatives (CO),FeL 

Compound Solvent vC0 (cm-‘) 

(CH&NBFe(CO), Ether 2112, 2035, 1935 
CHCNFe(CO), Trichloromethane 2064, 1976, 1959”) 
GHsNFe(CO), Trichloromethane 2055 1968 1942”) 
CsHI,NFe(CO)q Trichloromethane 2049: 1959: 19302’) 
(C6H,)IPFe(CO)4 N-Hexane 2059, 1978, 1942”) 

These data indicate that the (CH&NB ligand is a 
weaker electron donor than any of the other ligands 
listed. We regard this also as evidence that the 
(CH&NB group binds through its boron but not by 
its nitrogen atom to the Fe(CO)d group. Furthermore, 
the (CH&NB group seems to be a better acceptor 

(27) E. H. Schubert and R. K. Sheline, Inorg. Chem., 5, 1071 (1966). 

than CO, if the position of the first two bands is 
considered in connection with those of Fe(CO)s. If 
this is so, then back bonding from iron to the boron 
atom is indicated and a fairly good shielding of the 
boron nucleus should be observed. The “B nmr spec- 
trum shows a signal at -18.0 ppm; this is in agree- 
ment with the hypothesis of the RzNB group acting 
as a good acceptor which results in a high electron 
density at the boron. As already mentioned, we 
assume that the boron atom in (CH&NBFe(C0)4 is 
in an sp valence state, the pr and pz orbitals being 
available for back bonding both from the nitrogen 
and the iron atom as shown in I; for the latter the 
d,, and d,, orbitals are favourable for back bonding. 

: 
oc, I A 

OC’ 1 
Fe%6cN,R 

C 
0 

I 

The instability of boron in the assumed sp-state re- 
flects itself in the ready conversion of the highly volati- 
le RzNBFe(CO)a into nonvolatile [R2NBFe(C0)4],. We 
believe that oligomerisation of the monomer occurs via 
bridging RzNB group where the boron atom is in the 
thermodynamically more favoured trigonal planar ar- 
rangement. The simplest formulation is a dimer of 
type II. For molecules of this symmetry (Dzh) three 

IR active CO-stretching frequencies are to be expec- 
ted, as is observed for all the [XBFe(COh], com- 
pounds obtained (see Table). 

Table II. CO stretching frequencies of [XBFe(CO),]. and 
“B chemical shifts 

vC0 (cm--‘) 8” Btppm) 

I (CIH5)zNBFe(CO)r], BrBFe(COh], IBFe(CO),]. 2040, 2050, 2040, 2OOO, 2025, 1980, 2000 1960 1990 -13.8 -15.3 - 

Although the XB group in a bridging position can be 
compared with a bridging CO group, we believe that 
it operates through two distinct two-electron two- 
center bonds as indicated in II; if it were to behave 
in this respect like a CO group the composition of 
binuclear borine substituted iron carbonyls should be 
(XB)2Fe2(CO),, two XB groups replacing two bridging 
CO groups in Fez(CO)q. But this assumption can be 
discounted on the basis that no bridging CO group 
is indicated by the ir spectra. 

Inorganica Chimica Acta 1 4~3 1 September, 1970 



427 

The *lB chemical shift recorded in ether solution 
indicates fairly well shielded magnetically equivalent 
boron atoms. Although [(CzH&NBFe(C0)4], and 
[BrBFe(C0)4], can be isolated from ether they may 
form adducts with the solvent in solution. 

The dialkylaminoborine-iron-tetracarbonyls and their 
oligomers represent novel types of coordination com- 
pounds which impose very interesting valence and 
structural problems, and further work is in progress 
to clarify some questions raised by this paper as well 

as to extend the scope of the reaction and to investi- 
gate other XB groups as ligands. 
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