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I. Introduction
A, General Introduction to “ECBHB

wittig and Raff1'2 first reported the synthesis of
LiNCBH3 in 1951 by allowing LiBH4 to react with excess HCN
in diethyl ether at 100°C under pressure, Little attention
was given to this compound in the next 15 years; only Drefahl3
indicated a limited applicability of 'NCBH3 as a reducing
agent, In the past few years, however, there has been a
renewed interest in the -NCBH3 anion. In 1967, Wade and
Purcell4 reported the synthesis of NaNCBH3 and its isomer
NaCNBHB. Borchshas since shown that "NCBHB has a much broader
utility in organic chemistry as a selective reducing agent
than was previcusly reported; Kreevoy6 has published pre-
liminary kinetic data for the acid hydrolysis of 'NCBHB and
observed hydrogen iscotope exchange in DZO at low pbh, Also,
Purce117'8 has modified the synthesis procedure and prepared
the corresponding sodium and potassium salts in good yield
and purity. Wittig, Wade and Purcell have determined the
solubility of 'NCBHB salts in a number of solvents.

Complete spectral data for -NCBH3 have been given by
Berschied and Purcell? who recorded the Raman spectra and
the i r spectra of the normal and deuterated compounds and

assigned the fundamental vibrational bands and some overtone

and combination bands. The p m r spectrum of 'NCBH3 is



characterized by its quartet and much weaker sextet due to
the coupling of the protons with ''B (I = 3/2) and 9B (I =

3),respectively.

Purcell also reported the svnthesis conditions under

which ‘CNBH3 may be prepared? These two isomer (-NCBH3 and
'CNBHE) are distinguished by their i.r. and p.m.r. spectra.
The isocyanoborohydride, —CNBH3, is less stable to hydro-
lysis and can be isomerized to its normal form by K* and CN~
catalysis, The reducing action of 'NCBH3 toward some metals

was proposed to be through the inner-coordination mechanism.

B. _NCEH3 as a Ligand

The potential coordination ability to transition metals
through the nitrogen of 'NCBH3 is obvious since there is a
lone pair on the nitrogen atom and the carbon, which has a
very powerful coordination ability, is alreadv bound to the
Lewis acid BHB‘ After this ability was initially suggested
by Purcell7 there have been several reports concerning 'NCBH3

functioning as a ligand in transition metal complexes.

In 1963, Shriver9 synthesized the complex FephenZ(GNBHB)2

by the reaction.



FephenZ(CN)2 + Bplly == Fephenz(CNBHB)2
Although he initially considered the possibility of Fe=N=C
bonding in this compound, his later studies10 of the charge
transfer bands (visible region) of this complex and the re-
lated compounds Fephenz(CNBX3)2 (where X = CH3, ¥, €1, Br)
and of the oxidation potentials of these complexes confirmed
Fe-C=N bonding in Fephenz(GNBH3)2.

Lippard,11’12 in 1970, synthesized several tronsition
metal complexes containing cyanoborohydride and tertiary
group V donor ligands with a general formula of L3N(NCBH3),
where M= ag®, cu*, NiTT; 1= PhsP, PhgAs, Ph,Sb. The occ-
urance of M-N bonding was suggested by their ir spectra
and the following facts that:

1) there is no absorption corresponding to éSM—HuB :

2) when the hydrogen atoms of "NGBHB are replaced by

phenyl groups the complexes still display similar
i. r spectra in the CN region;

3) Voy ©f complexed ‘NCBHB is relatively higher than

that of free "NCBH; ;

4} the C5, symmetry of the anion -NCBH3 is closely

retained in the complexes,
From the conductivity measurements in acctonitrile,
they also noted that @i%?)3ﬂg(NOBH3) is a much stronger
electrolyte than KP3P)CU(NCBH3)~ This implies weaker Ag-N
binding than Cu-Y binding, a result compatible with the
small increase of Uy in (Q%P)BAg(NCBH3).
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Since tetrahydroborate is well known to cocrdinate tran-
sition metals by forming multicenter, hydrogen-bridged bonds,
the possibility that 'NCBHB might act as a H-bridging ligand
was also investigated. Lippard13 let _NCBHB react with a
chloroform solution containing chloro Dis (triphenylphosphine)
-Cu ina 1 1 ('NCBH5 : copper comple@ ratio and formed
KPBP)ZCU(HCBH3). An Xeray study indicated that this compound
exists as a dimer where each gquasitetrahedral copper atom is
bonded to twotﬁgP and to a H and N atom from the different
-NCBH3. There is an ir band at 2200 em™ ! corresponding to
a Cu-H-M bending frequency and there are two L@N which are due

to the distinctly different local site symmetries at the boron

atoms of the two -NCBH3 ligands,

In addition, Lippard svnthesized the S5-coordinated
1 11
(MeBdien)Cu(NCBH3)2 4 and 6-coordinated Ni(en)z(NCBHB)z.

Both have proved to exhibit l-N bonding.

It's interesting to note that different experimental pro-
cedures may lead to different coordinatinz modes for 'NGBHB.

15,16 synthesized the complex,Gﬁ%?)3CU(NCBH3),by redu-

Wright
cing the dihydrated cupric chloride, Cu012-2H20, with tertiary
phosphine in ethanol solution followed by addition of NaNCBH3
to the reaction mixture., This product shows(SGu*H‘B absorp-
tions and a melting point and a solubility different from
Lippard's complex, which was synthesized by replacing 1~ of

KPSP)3CuCI by -NGBH3 in ethanol-chloroform solvents. Wright



proposed in his complex the "NCEH3 coordinates to Cu through
the hydrogen, but no exact reason was given to explain this
different coordination mode. After preparing a series of

W+ o F oy
divalent Co, Ni and Cu complexes containing NCBH.j and ter-

tiary phosphine as ligands, he found in some cases as
Cu(NCBHB)(PQ%Et)E, Cu(NCBHz ) (DBP)y and NiCl(NCBH4)(Diphos).
The complexes were M-N bonding, whereas in Cu(NCBHB)(Diphos)1.5,
Ni(NCBH3)Lﬂ¢5)2, Ni(NCBHB)H(Hi%)Q, Co(NCBE4 ) (DBE),, Ni(P¢%J2-
(NCBH5), Ni(NCBH;)I(DBP) and 00(N05H3)(ﬁiphos)2 M-H binding
was observed, WIight16 suggested that, although M-H

bonding is always possible, strongly basic ligands other than
'NCBH3 in the complex would incur effective back-donating of
metal electron density'to —NHBHa and favor E-NCBH3 bonding,
because nitrogen coordination allows 'NCBHB t0¢ function as a
1T accepting ligand (although its ability may be small)., On
the other hand, the steric effect of the other ligands tends
to hinder the M-N bonding, and the rigid and flattened IBP
favors the lN=-N bonding as all attempts to form Cu-H-E bonded

Cu(NCBHB)(DBP)3 failed,

The Tr=accepting ability of nitrogen of 'NCBHB, in com=-
parison with 'BH4, was also claimed by Vaska17 in his complexes

M{ NCBH (CO)(PRa) and the corresponding M(EH4)2(CO)(PR3),

3)2
where M = Ir(I) or Rh(I), R = Ph or CgHyqe The ‘NCBH3 com-
plexes are M-N bondine; the higher b&O of the'NCBHB-complexes
than that of the corresponding BH4' complexes indicates less

electron back-donating into the 77 CO orbitals. However, this



result is also expected from the more basic O donor nature

of H.

While Vi of 'NOBH3 is generally shifted higher when
nitrogen acts as the lewis donor atom, a decrease of bbN in

18,1
»19 The same

(HBN)SRu(II)(NCBHB) hae been noted by Ford,
depression was found for the monodentate organonitriles coor-
dinating to penta-ammine Ru(II) species. This is interpreted
by the unusually strong back-donating ability of the penta-
amine rethenium(II) species, The correspondineg Ru(TII) com-
plexes, on the other hand, do show the increase in the CN
stretching frequencies tyvpical for coordinated nitrile. The

difference between Ru(II) and Ru(III) is probably due to greater
g-acidity and less 77 bascity of Ru(III).

To date, the only isomeric pairs of bridging cyano com-

Plexes which have been reported are Schaefer's 20(

21

T s
HBI)SCO
‘HCO(UN)5 and (H3N)SCONUCOQCN)5 and Manzer's H(Et3P)2Pt-
L1¢CE¢35) and H(Et;P),Pt(CNEQ;), They were reported in 1974

and earlier this year, separately,as our work neared completion.

C. A Review of Fephenz(NCS)2

Fephen2(NCS)2 with cis-geometry was first prepared by
2

2 2 4 5,26
Bakerz and Madeja?’zindependently,1n 1963, Loth groups2 -

observed the high-spin character of this complex at room tem-



perature and the remarkable temperature dependency of its
magnetic susceptibility: when the temperature is lowered,
there is a sudden, sharp decrease of the magnetic moment

at the critical temperature (174°K). The X-ray studies by
both groups at high and low temperature reveal no crystal
phase change of the complex that misght cause the spin-state
change, Eaker25 first recorded the lNossbauer spectra of
Fephenz(NCS)2 above and below 170°K but failed to observe
any change of the spectrum, which would have indicated the
occurance of a high sgpin - low spin transformation, This
turned out to be erroneous because Kanigzs did observe
Mossbauer parameter changes. The room temperature spectrum
has a large isomer shift and large quadrupole splitting
while the spectrum at 77°K gives small i.s. and small q.s8.;
these differences are typical for high-spin and jqov

spin, respectively, 6-coordinated ferrous complexes. The
infrared spectrum at 77°K also reveals the low=spin charac-
ter for Fepheng(NCS)z; there is a shift to higher frequency
for two CN stretching bands at low temperature because of
greater electron back-donation from the ferrous ion to‘ﬂ}of
phen and stronger metal-=ligand O bonding as the C;:molecular

orbitals are depopulated.

The temperature-dependent lMOossbauer spectra study by

2
Tompa 2 fully maps the very interesting change of the elec-
tronic configuration of Fephenz(NCS)z. At room temperature

there are only two absorptions corresponding to the high-



spin Fephenz(NCS}Z. As the temperature is decreased to
~-100°C., There is an appearance of two new absorptions
corresponding to the low-spin Fephenz(NCS)z. When the
temperature is lowered further, one can observe a decrease
in the intensity of the absorptions for the high-spin conm=
plex and the increase of that for the low-spin FephenZ(NCS)z.

28:rloticed that the transition

Turthermore, Casey and Issac,
of Fephenz(NCS)z from high?spin state to low=-spin state, at
173°K, fits a first-order rate lAw quite well, They also
claimed, as idénig and Madeja did, that different methods
of preparation,and even different samples prepared by the

same method, give a variety of values for the effective mag-

netic moment, but the guantitative behavior is identical.

The room temperature Mossbauer spectrum of Fephenz(NCS)2

. 29 30
was also confirmed by Tuncan and Collins.



ITI, Statement of Purpose

Since 'NGBH3 acts as a ligand, one would naturally
ask "how strong is its ligand field" and "how strong are
its @ bonding and 7T bonding abilities"., 6=coordinated
Fe(II) (d6) complexes like Fephenz(NCBH3)2, and Fephenz(CNBH3)2
would offer a distinguished opportunity for such a study.
Using data collected from infrared, visible, and Mdssbauer
spectroscopy and magnetic susceptibility measurements, we
hoped to be able to characterize 'NCBH3 and 'CNBHg with regard
to theilr (g and 77 bonding abilities. We hoped further to
obtain information, from a comparison of Fephen2(CNBH3)2 and
Fephenz(NCBHB)z, on the effect of the dcuble coordination on
the cyano group. A third goal has been to determine which
isomer of the pair is mor=s stable and whether these isomers

can be interconverted thermally.

Given the remarkable, sharp temperature dependence of
the magnetic susceptibility of Fephenz(ﬁcs)z, we felt it worth
the effort to synthesize the highly analosgous Fephenz(HCBH3)2
compound, Kot only d4id we hope to find another example of
the unusual high - low spin phenomenon for Fe(II) but also
we planned to explore the effect of replacing S with BH3 on

such phenomena,

A long-term goal of interest to us is the synthesis

of isoccyanide compounds, Fephenz(HCBHB)2 was prepared as a
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precursor to Fephenz(NC)?, whereas Fephen2(CNBHBJ2 could be

used as a precursor to -CNEHS.
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I1I. Experimental

A, Preparation of Compounds: all reactions were carried

out under an atmosphere of dry NZ’

EHCﬁHB: in a typical preparation of LNCBHS, 0.1 mole KCN,
predried overnight in an Abderhalden drying pistol at 10000,
was added to a 3-nesck flask containing 80 ml EHB/THF solution
(Apache Chem, Co., ~1 molar)., The mixture was refluxed for 48
hours, After cooling to room temperature, the reaction flask
was moved into a dry-box continuously purgedlwith dry air and
the excess LCON was filtered off, .The volume of the THF solu-
tion was reduced to 30 ml with a rotary evaporator at room
temperature and 250 ml of dry CH2012 was added to precipitate

ENCBH The product was recrystallized from THF, washed with

3!
anhydrous ether and left to dry in the drv box for an hour,
The yield is 80 %. This compound was stored in a capped vial

in the dry-box until used,

Fephen, (NCBHz),: FNCBH; (0.6567 g, 8.313 mmole) was dis-
solved in 100 ml dry THF and the solution was filtered. The

filtrate was added guickly to a 3-necked flask containing 1.15 g

R 2
(2,363 mmole) of Fephen,Cl, (blue), prepared hy Madeja'g method ,

and the reaction flask was purged with N2 gas again for about
15 minutes, After refluxing for 3 days (the mixture was pro-
tected from atmospheric moisture with a mercury bubbler), i r

Spectra of the solvent showed no further change in the inten-
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1 (for

sities of absorptions in the region of 2500-2000 cm~
the reactant ratio given, the intensitv of the CH absorption

band of KNCEH3 decreased to % its orieginal wvalue),

The purplish-red solid was filtered off (after the slurry
had cooled to room temperature) and washed with THF and a
minimum amount of water to remove KCl. ‘The residue was then
washed with anhvdrous ether and dried in an Abderhalden dryving
pistol overnight at 5600. The vield is 85 %. Chemical ana-
lvses were carried out by Atlantic Microlab and Galbraith
Laboratories,
Calculated C: 62.95 N: 16.95 H: 4,48 TFe: 11,26 B: 4.36
Found® C: 57.72 N: 15.25 H: 4.35 Fe: 11.41 B: 4,11
Found A 57.56 K: 15,51 H: 4.19

Fephen2(CNBH3)2: Fephenz(CN)2 (dark-blue) was prepared
using 3chilt'95 method, About 15 ml of one molar BHB/THF
solution was diluted with 50 ml dry THF and added to a reac-
tion flask containing 0.8620 g (1,842 mmole) Fephenz(CN)z.
After refluxing for about 10 hours, and then cooling to room
temperature, a red scolid was filtered from the reaction mix-
ture and washed with THF and anhydrous ether and dried on an

air frit., 0.,9135 g Fephen2(CNBH3)2 was collected,

#The results obtained from Galbraith Laboratories

*
The resluts obtained from Atlantic Microlab
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Calculated €: 62.95 WN: 16.95 H: 4.48 TFe: 11.26 B: 4,36
Found# C: 60,16 N: 15,29 H: 4,72 Ye: 11.33 B: 4.09
Found* 3¢ 60,08 i 45,70 H: 4.7

Difficulty (low result) was encountered with the carbon
and nitrogen analyses for both the complexes Fephenz(CNBH3)2

and Fephenz(NCBH as reported by Shriveg'1o for similar

3)2'
compounds., COf the possible impurities in Fephen2(NCBH3)2

(FephenEXZ, X =017, ‘NCBH3 and Fephen,X,, X = C17, CN7),

2
the first three would be removed by the water treatment and
the presence of the last one would be indicated by additional
bands in the CN stretching region. In the case of Fephenz-
(CNBH3)2, i.r. spectra in the CN region do show the presence
of a trace of unreacted Fephen2(CN)2, but this cannot account

for the low C, N analyses obtained for a sample of Fephenz-

(CNBH3)2.

That complete analysis for a sample of Fephen2(NCS)2
hynthesized by Madeja'524 method, ) vields results differing
from the calculated values by <0.3 % for all elements sugge=
ste that B interfers with the C, N analyses, For Fephenz(NCS)2
Calculated C: 58,65 N: 15.79 H: 3.04 Fe: 10.49 B: 12,04
Found” C: 58.45 N: 15.52 H: 2,90 Fe: 10.69 B: 11.79

#The results ohtained from Galbraith Laboratories

¥*
The results obtained from Altantic Microlab
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B. Thermal Stability Studies:

Samples of complexes Fephenz(HCBH3)2, Fephen2(CEBH3)2,
}‘ephenz(CN)2 and Fephen2(NCS)2 were put separately into

a sublimation tube and heated, under vacuum, with silicone
0il to 170°C for several days, The products, after cool-
ing +to room temperature, were collected and checked by

their i r spectrum (see Discussion C).

C. Reaction of Fephenz(CNBH3)2 and Fephenz(NUBH3)2 with

Kucleophiles

FephenZ(CNEH3)2 and Fephenz(WCBHB)z were added to solu=-
tions containing strongly basic donors and zently heated,

The nucleophile/solvent combinations in Table I were tried:
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Table I

)2
with nucleophiles and the solvolyses of Fephen2(CNBH3)2

Reactions of EephenE(CNBH3)2 and Fephen?(NCBH3

and fephenthLBHB)z.

x not soluble

XX no reaction occured
0 readily disolved

/N slowly disolved

+ impratical scolubility of complex in solvents



FephenZ(NCBH3)2

FephenZLCNBH3)

2
KCN/HEO XX XX
Q5 B/ THE XX XX
EtBN/EtBN £X XX
Pyridine VAN 0
Sulfolane P 0
Methanol 0 0
Acetonitrile 0 0
Nitromethane 0 0
Acetic acid + X
Water + X
Acetone + X
Dichloremethane + X
Dichlorcethane + X
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D, Physical Measurements

1) Magnetic Measurements:

lMagnetic susceptibilities were obtained at room tem-
perature by Gouy's method. The effective magnetic moments
of the complexes were obtained from [l ,r = 2.83 (T){)%.
HgCo(SCN)4 was used as the tube calibrant and the diamag-
netic correptions were made using values given by Figgis
and Lewis?g In preparing samples for measurement, the solid
complex was put into the tube in small portions and the tube
was tapped lightly against the desk to pack the crystals
firmly. For each complex, at leaét % tube-packings were
carried out. The effective magnetic moments reported in
Table II are estimated to be accurated to within % 0,05 for

the low values and to within } 0,10 for the high values.

2) Infrared Spectra:

The infrared spectra of hand-pressed kBr pellets were
recorded with a FPerkin-Elmer lModel 180 spectrometer. Toly-
styrene was used for calibration and the L@N frequencies
recorded in Table II are accurate to * 2 cm ~ 1. Spectra of

solutions were recorded with the same spectrometer, using a

cavity cell of 0.1 mm lenth.

%) NMossbauer Spectra:
Mossbauer spectra were recorded using a standard speaker

I3
drive system  operating in the constant accelaration mode,
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The design of the Mossbauer spectrometer and its opera-

tion is described in Appendix A. Two spectra were accumu-
lated simultaneously in a 1024 channel analyzer running in
the multiscaling mode. The spectra obtained using this
apparatus for Fephen,Cl, and Fephen2(CN)2 as reported in
Table II agree within experimental error (% 0,05 mm/sec)
with previously published resultsfﬂ) The absorbers consisted
of loosely packed polycrystalline disks suspended on 3 M
tape, fThe source was 10 mCi 5700 in Pd, The velocity scale
was calibrated using the 5T (in Pd) source v.s. an 5Tpe
(in Pe) absorber spectrum. The isomer shifts are relative

57:[‘1

to the centroid of the e spectrum.

5) n.m,r. Spectra
The 1H n.m.r, spectrum of KNCBH3 in D2O was recorded with
a Varian T-60 spectrometer using the impurity HQO in DEO'

as internal standard,
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The proton dececupled '“C n.m.r. spectra of Fephen2(CNBH3)2

in sulfolane, BNCBH5 in THF and NaBH30N5H3 in THF were recorded
with an HA-100 spectrometer., Acetone was used as an external
standard, The chemical shifts of these spectra were converted

to values relative to external TNMS.



