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ABSTRACT
I A series of complexes of the form i
f
F3\ /1
EEP ¢ = C N
‘N / £, .
Pt - .
/ * .
X \\PEC3 .
s ' .
A -

were prepared and characterized forya series of fourteen X iigands.

3

2 3 : E ) ) .
The values of JPt-F3’ JPt_Fl and {Pt_Fq.were obtained in order to

examine the correlation of these couplings with other measures of the

2

trans-influence. It was found that "J_ . correlated in a linear

Pt-F.,
3
fashion with other measures of the~trans-influence, but 3JPc F and
o ‘ ' 1
3JPt:F did not. The lack of a linearbcorré\ation for the three bond

.

couplings is:éscribed to a varying through space Contribution to these
’ 3

couplings. The magnitude of the through space coupling depends not only
on the distance‘betygqn the platinum and,fluoride nuclei, but also on

the orientation of the plane of the perfluorovinyi ligand with respect

to the square plane of ligands about platinum. ’ '

~
.
A -
.
.

K
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11. The compound lithium octahydropentaborate(l-) was prepared

- 5
and shown to decompose upon removal of solvent, Dimethylboron brormide

w

rd
“

. ®



it

was reacted with lithium octahydropentaberate(i-) in ether

to form /x-dimethylborylpentabo;ane(?), but the corresponding

reactions ‘of the lithium borate(l-) salt with diethylaluminum chloride 2
and dimethylthallium bromide were unsuccessful. This lack of success

was ascribed, for the aluminum compoqﬁd, to the rapid formation of the
!

\ .
etherate of diethylaluminum bromide and, for the thallium compound, to

the two phase reaction system. '
P

Attempts were made to prepare the bridged compcunds by the - -

x Q
direct reaction of pentaborane($) with i) wrimethylaluminum and ii) tri-

methylborane. The only volatile borane reaction products were terminally
alkylated. Tha reaction of pentaborane($) with trimethylaluminum gave

/
a hydﬁggen rich reaction residue of empirical formula AICZ.BB3.8H13.7'

The chemical nature of this residue was not ellucidated.

.,

v . ' Supervisor: Dr. G.W. Bushnell

LI The crystal structure of bis(diethylamino)dithiéboretane

[(Czﬁs)gNBS]z ‘has been determined by means of x-ray diffraction. The -
L

L)

crystals belonged to the tetragonal system, space group Py oo (No. 92).
’ 171

The unit cell dimensions were establilhed initially by photographic work .

’ ‘ "~
and finally vy diffractometer measurements. %be intensities of 373

“ - . )
reflections were measured on a four circle manual diffractometer and the -
v

structure refige&'%o an R value of @u093. Thé molecular symmetry is

N o

approximately 222 (DZ)' N

R
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The existence of a four membercd alternating boron-sulfur

ring has been established. The.ring is planar and bond angles indicate

it is strained." Bond lengths show the boron-sulfur bond lacks multiple

bond character. The boron-nitrogen bond is 2 multiple bond. Thus the

+

»

«# C-N-C plane of the molecule ie forced ty be approximateiy planar to

3 -
( Y the toron-sulfur atom plane.
v
The physical g’ro eriies of (C.H.).NBS{ ., coirelats uell.
phy P 2572 2
> S
with the observed iutermolecular distances.
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INTRODUCTION

N Perfluorovinylbis(triethylphosphine)platinum(Il) Complexes



A

A Note on Formulae ‘ /

For the purposes of this work the formulae of bis(triethyl-
p

phOSphlne)platlnum(II) complexes can be conSL?ered to be of two types;

1) Those in which the. third and. fourth ligands are anionic

(X and Y) are given the formula [?tXY(PELB)Z] and,

‘ 2) Those in which the third ligand is ;nlonlc (X) and the
fourth neutral (L) are glven the formula @tkL(PEt3)ZJ
Thus the series of perfluorov1nylb1§ztr1ethylphqsphine)platinhm(II)
complexes in which the fourth'ligand is anionic h%;;géﬁg formula -

t;ans-i?tx(c )(PEt )i] while if the fourth ligatid is neutral the

To avoid repetitiod when both series are being considared

formula is Lrans- E’t((c )§5t3)2] *

5"

‘togetber the general formula trans~{?tE(C F3)(PEt3)2] will’be|used.

The formulae trans- ?CL(CH )(PntB)ZJ or trans-[?tLCl(PEt3)2] should

be read as indicating that L could be either an anionic or neutral
ligand. When either series is.di5cussed specifically the standard
formula will be used.

1t should also be noted th;t the symbol; Et and Ph will be

used for CZHS and QGHS respectively throughout this work.,




l.1. General T——
Transition elements have been defined as elements which

“haye partly filled d or £ shells in any of their commonly occurring

. . 1 ' .
oxidation states. ‘ ) The ground state for unbound transition metal

atoms or ions corresponds to that state in whiéh éil five d orbitals
are energetically degenerate. :

When a tr;nsition metal atom or ion is surrounded by ligands,
the energies of the d orbitals on the metal ake increased due to inter-

action with the electron clouds on the ligands., The-degeneracy of the -

[y

d orbitals is also partially removed. To examine this, consider a
transilion metal in an octahedral environment. [f the ligands are

presv -3 to bte located on the Cartesian axes, il can be seen that ‘the

“metal dZZ and'dXZ_yz orbitals point directly at the ligands, while the
d ., d and d__ orbitals are directed between the ligands. Thus the
xy’' “yz Xz .

intgéglectronic repulsions are stroﬁge%t for an electron in the dZZ

and dx2_y2'orbitals, and the'se orbitals are higher in energy than the

>

d d and d__ ovbitals, f'gure I. The d 2 and d_ 2 2 orbitals are
xy? Tyz Xz Q\ A X -y

now referred to as the e orbitals and the d , d and d_ orbitals «
g xy' yz Xz .

are referred to as the ng orbipg%s. These designations have .their

origin in group theory.

t

// 1f.an octahedrally complexed transition/metal possessed :

eight d electrons six of.these electrons would o\cupy the t, orbitals

2g
while the remaining pair occupied the e orbitals with parallel spins.
’ g fw’
But if the complex were to distort in a tetragonal manner, ie., the
. »

@
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d Orbital Splittings in an Cctahedral Field

ligands on the z axfs moved férther from the metal, the energy of the

[}

‘ . :
dZZ would drop as shown in Figure 1I. 1i the tetragonal distortion was

%

great enouglf the clectrons which had occupied the e, orbitals with

<l A

parallel spins would now occupy the lower energy dZZ orbital with

paired spins. [t has been found that for verx\large tetragonal.
distortions, or the limiting case of square plahar coordination, the
energy of the d22 orbital drops below that of the dxy orbital .%

The transition metal ions which are commonly found to have
square planar coordinat;on are Rh(I), Ir(1), Pd(17) and Au(III), all
of which are d8 species.: Of these Pd(1I) and Pt(II) have received the
most attention, p

X

. Square planar complexes participate in three main types of

AY

N

. . N
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Orbital Splitting for d6 lons in

. Octahedrai and Square Planar Fields

reaction. These are:

v

1) Oxidative addition. This reaction can be schematically

represented as

MY g XeY > x-M"Holy _ . Ol

o

!

and examples are
?
]

' a) trans- [ij.(CH:,’)(P‘Et?’)Z] + CHyl -—---;[m:z(cu3)2(mzc3)2]
b) trans- [lrel(CO)(PRH,) ) + K, ———> [ixH,CL(CO) (PPh,),]
2) Insertion into metal-hydrogen or metal-carbon bonds.

Olefins will insert into metal-ﬁydyogen bonds as in .
- {PC N ol - . D)
trans [ILHCL(PEt:S)Z]‘ + CoHl, ——— trans E’LCl(CZHB)(ELLB)Z] ,
and carbon monoxide will insert into metal-carbon boan as in

trans- PLC1(CH ) (PEL,),] .+ CO———> trans- [Prc1(cocn ) (Et,) )

. Y

]
L



>

'3) Substitution reactions. Schematically these reactions
; r
cen be represented as
¥
L-M~A 4+ B ————— L~

i i

-

»

M-E A seeee.s (1.1)

0f the above reaction types' substitution.reactions have

been studied most. ;Kineticists have examined substitution‘at square

’

.
.

coordinate Pt(Il) in great detail, It has been demonstrated that thé

normal mode of substitution is associative, i.e., a five coordinate

: (2)

intermediate is formed. A number of factors appear to have an effect

on the substitutive reactivity of a complex. Thesg are:

. 1) The nature of the entering group.

e

g 2) The nature of the other ligands in the complekf

3) ‘The nature of the leaving group.

4) The nature of,the react.on center, .
A

The factors are listed in order of dominant effect. In equation Il.l

. -

we can relate point 1) to the mature of E, 2) to the nature of L and

<.

X, 3) to tHe nature of A, and 4) to M. In this work- M (Pt(Il)) is
, o ~

unchanged, as are the X ligands ((CZH5)3P). The factor 2) can be

further subdivided into the cis-effect dealing with the effect of X

Q = )
on the rcaction rate, and the trans-cffect dealing with the effect of
/ . '
L. Compared with the ££ﬂ5§~effect‘thé cis-effect is quite small; i

v

is of importance only in those-cases in which the ligand trans to- the

L

> substitution site has‘a\v&ry small trans-effect.

! ; i )
In"discussing the trans-effect separation into two parts ig ~

4

»
Ay M .

useful. These are ground sta'e effects and transition state effects,

¥
— .

yd

' Y
¢
El

e

[
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"and can be ‘described diagramatically as in Figure IIJ.

L F X

. | _a - )
A / r L___‘?lj'\/\z
& X
I \ .
- . Transition
| State,
. é . ° Five
Cocrdindte L
Intermediaté
Energy X . .
\" L——-T——A + E Vo
X ’ Cx
I ) v
' by
. + Ground ! A
p State. X'
Reactants ) - '
Products
- Figu:;e III

Energy Pathway for Substitution Reactions

Y,

To ‘study the overall trans-effect kinetic data is necessary,

in Square Planar Complexes

R

but a study of the ground state can be conducted by non-kinetic methods.
L

" In the years since 1966, when the divisiod between ground state and

activated state effects was flrst suggiated, considerable data have

-

been collected relat;ng to the effect of the ligand L on the strength

of the bond trans- to itself in the ground state of the molecule. This

i .




“~

body of ‘data has been qLassifiéafﬁnder the heading of trans-

influence. The work described in this thesis is solely concerned
~ v

with the measurement of the trans-influence for a series of Pt(II)

-~

. complexes.

1:2. The frans—influenée

A

1.2.1. Theories of the Trans-inflaence

The major part of the following material is from Appleton"

(4) )

and Harﬁley . Specific references are given to other

v

(3)

et al

D . H

The trans-influence of a ligand lias been defined gs the

sources.

extent to which that ligand weakens a bond trans- to itself in the °
(5

. /7
whereas thp trans~-effect of the

equilibrium state of a comélex
ligand is, the effect the ligand has on the raté of subélit;tio;
reactions at a site trans- to itself. The trans-influence is thus
thermodynamic. in nature, whereas the tfﬁns—effect is a kinetic

14

phenomenon.

i

1

= ®

(6)

Grinberg advanced the earliest theory of the forces

<

leading to the trans-influence. He postulated that the metal, N,

. v

induced a dipole in the trans-influence ligand, L. L in turn induced
a dipole in M, displacing electronic charge toward A, thereby weak-

ening the M-A bend, Figure 1V. However, this theory is generally

discounted since it is based on electrostatics, but the bonding in

W.:



%

Figure 1V

Grinberg's Polarization

Theory

b3

those complexes for which the trans-influence is/yzﬁl prondurniced

(Pt(I1)) is believed tos be mainly covalent.

' (7)

Syrkin postulated a theory of the trans+influence based
on the hybridization of metal s and d orbitals as shown in Figure V.
The L-M~A axis can be considered to be along either the x axis (s+d)

or y axis (s-d). If L forms a strong covalent bond with M it will

decrease the ay;ilability of the hybrid orbital to A, weakening the

M-A bond.

»

More recently, theoretical calculations have been carried

(8)

- ¢
out with differing results. Zumdahl and Drago carried out -

molecular orbital calculations on a series of complexes of Pt(II) and [
[~

their results support Syrkin, i.e., weakening‘of the M-A bond is due

o
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Figure V

Syrkin's Hybrid Orbitals

prlmarlly to the weakening of Pt(és)-A and PL(dXZ_yZ)-A interactions.

*

However Langford and Gray(g) ascribc the high trans-influence of
ligands as H , CH3- and PR3 to the large overlap of these ligands
with the PL(6p ) orbital, reducing the availability of this orbital

to A.

There has been some controversy regarding the role of ﬁf-

»

-

bonding with respe.tL to thé trans-influence. For example the high

trans-effect of phosphines was ascribed to the ability of the phosphine

) °
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to remove electronia charge from the dxz, dyz and dxy orbitals.* Thus

'

4rfbonding ligands trans~ to the phosphine would be less strongly

Y

-« bound. However, it was pointed out that a strohg‘ﬁ'éffect could quite
. ~e

édequately describe the effect of the phosphine ligand on 1{gands trans-

. (5) ;. : e bonding | . .
to itself. It is now felt that “T/-bunding is of importante in under- -
standing the trans- influence only in cases where synergic ;ﬂ}bonding )
is necessary to the formation of the v‘boﬁd, i.e., complexes containing
carbon monoxide or olefins. With synergic bonding the contribution

t

from metal dxz, dyz and dxy orbitals to vacant ligand orbitals has an
effect on the strength of the metal-ligand @ -bond. ;

.. . | V

1.2.2. - Measurement of the Trans-influence

\

The trans=influence has been measured by a variety of tech-
niques of wiich the most important are X-ray crystallography,,vibra—

tional spectroscopy and nuclear magnetic resonance spectroscopy.

1.2.2.1. X-ray Crystallography

X-ray crystallography appears to be an ideal way to-measure
the trans-influence. As the trans-influence of the ligand L is
changed for a series of trans-[hLAXz] species the M-A bond distance
should change. There are, however, a number of difficulties in-
herent in the method. :
— . _ :
1) A crystal structure analysis is rather mcre tine con-

suming and expensive than say, obtaining an infrared or nuclear magnetic




]

A

resonance (n.m.r.) spectrum of the same compound.

1

¥ . ;
2) ‘Differences %in the ‘M-A bond lengths for a series of

compounds with changing L are quite sgiall and may be of the. 'order of
| q el y :

o

magnitude of the .experimental error. ,

w

3) Crystal interactions can cadﬁe significant changes in

bond length, i.e;, changing the coupﬁe: idhfban cause sligh% differ-

-

ences in bond length or different crystalline éodifications of the

same ‘compound can éhow different bond lengths.

3 N

4) The quality of the crystal-employed in the determination
and the particular method by which the data is collected and the

. Y 2 -
structure refined can cause small changes in/ the Structural parameters
r . -
-obtained. i

No complete data have yet bei;}gathe;ed on the changes in

the M-A bond length on changing the 1ifand L in a series of complexes
F:

* trans- MLAXZ. However, it is pcssible to construct an order of crys-
—ls Ok

»

tallographic trans-influence from relat&d compounds. This yields the

order 6f structural t:rans-inf].uen’ce O<\5\1{{3.’.".C1-£C=C~’-‘-‘RNC£CO<A3R3
Si,.

s;PRBQ:carbenes Hoxg=g R4 .

' 1.2.2.2, vVibrational Spectroscopy

The vibrational stretching motion of a diatomic molecule °

A-B can be approximdted by a harmonic oscillator. The frequency of

vibration is given by

= 1 V f ' (1.2)
g 2flc ‘/TF

] ~
-

e

S




13 r

where L}is the vibrational frequency, f is the force constant of

H

A-B bond and /uis the reduced mass given by

MM
ADB °.
U = (1.3)
/

| i m—————

AA + MB . ) ,

. Y The assumption is made that for a series of complexes trans-

BHAXZ]/U remains unchaﬁged with changes in L and.that the force constant
of the M-A bond is proportional to the éLreLLhing frequency L}, A
decrease in the stretching frequency denotes a weakeniﬁg of” the RN

bond. .

The{ﬁﬁgcmption tﬁét)u remains unchanged does not strictly
a . o t . - - 3 ™ 4o
hold. For example,/u for the P} C's retch in trans [?L(C2F3,(CO)(PEL3)2]
is 69.2 a.m.u., whereas/u for trans-{}L(CZF3){?(OPh)af(PEL3)£]'is 73.2

*

a.m.u{ The increase in reduced mass indicates that the frequency of

the Pt~C stretch will decrease from L = CO to L = P(OPn)3, irrespective

4 L4

of any changes in trans-influence.
A further complication arises in thgt there is a possibillity

of the M-A vibration coupling with-other vibrational mo?es of the

moliecule. Vibrational couplings are normally ignored if D&—A is

well separated from othar vibrational modes which might couple.

v . <«

- Also, differences between spectra obtained from samples in

solution and in the solid state are sometimes noced. As is found with’

“
-

crystallography, counter ion changes can also cause slight shifts in’

M-A stretching frequencies.
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Compiexes of the typeagzggg—{?tLClxz] have been examined
in detail with regérd to‘metal—cﬁloride stre?ching freqﬁency. 1t has
been *found thaé this frequency is virtually independent of X, and
appears as a single band at‘abouL 300cm-1. The.valye of ;)Pt—cl
changes from a‘high’of.344cm"1 for L' = CO to a low of 235<:m_1 for
L = GeMe} with X as either PEt3 or PMezPh. A }gggg-influence series|
for sémé thirty-five ligands has been compiled; those of interest
to this wor'. in order of increasing-EEéEEfinfluence are CO{CLl<py
<P(OPh) ~P(O\le) <PPh {PEL <CH (06H5$H .

The series of compkexes‘gzggffiﬁtHLxg have also been
examined in some. detail and a ££gggminfld%nce series assembled for
;ome thirty ligaqu. Appropriate members of-tﬁis_series.are NOS(N;
<CL<Br <i.. ,<py<L < NO,KCOSP(Ph) ,CP(OPh) 42 PEL SP(0Me) <CN . Once

'aéain changing the groups c¢is- to the hydrogen atom has little efféct

appears to be somewhat

onlJPL—H' Difficulties can aylse 1? thathPt_H ]

solvent dependent, and the magnitude\of’tﬁe'solvedt effect changes with
L. Vibrational coupling occurs for hydride trans- to ligands such as - -
CNi, CO and RNC, but corrected values can be obtained by observing

’ . bl
PL-N and uPL .p In analogous complexes. :

t

The complexes trans-[?tL(CH )Xil have not_ been studied in \

the difference between 1J

as much detail as the chloro and hydrido complexes sbut agaln at least

-~

two lrans-infiuence serles based on{J -C can be constructed. These L
h

series are CN'<1CNO,KBr'<CL'CSCNKNO; fof trans- E’LX(CH )(PBL3)2]

comphkexes and py<C H4<CO(ohosph1ne<§arbene for Lrans~{?t’0ﬂ )L(PMe Ph)Z} ///ﬁ\\°

.
w ~, o

/



-

complexes. The'uPt_C band is-normally very weak and pqssibilitiei

-

for vibrational coupling can occur with species such as CN  and NOE.

. Internal ligand vibrations such as UCO or L%N have also been

correlated with trans-influence but éhe situation is much more complex.
The complexity is due to the fact that the effect of the ligand L on
the back donation to the vacadt1fb£bitals of A must be considered,

as well as the direct trans-influence on the M-A ¢"bond. Systems

such as trans~[§tC12§(amine)] have been investigated and it was found

for a series of L.

that IJN-H could be cor?elated with ‘JPt—H

A}

1.2.2.3. Nuclear Magnetic Resonance Spectroscopy

2,

: I . L
Chemical shifts have nol been much employed &s a measure of
I :

the trams-influence. The overall shielding constant ?gr a nucleus .
- b

is composed ‘of diamagnetic and paramagnetic contributions,

T = Gy + O .
d 2 (1.4)

. - ¢

The ‘diamagnetdic contribution<§% considered to be small when the .

chemical shifts are quite large, as is the clse with the compounds

ES

in question. The paramagnetic.contribution to the chémical shift of
" an atom bonded to, for example, platinum arises from shielding of the
stbstituent by the d orpitals on platinum. . Therefore, if the atom is

far from thie metal there should be less shtielding and consequently a //

smaller chemical shift. But other effects at the platinum nucleus,



- influence, such as metal-ligand stretching vikrations or nuclear -

associated with changing 1L, could change the d orbital cloud on

the metal, thus changing the paramagnetic contribution, without anye
change in the M-A bond. . ) ‘
There is evidence that the chemical shift of a hydrogen atom

«

bonded to platinum in tpe series’ &mHL(PR3)é] does correlate roughly

’ y (10)

with other parameters such as L}Pt g but it is felt that, at

this time,'lhere are more direct methods of measuring the trans-

magnetic resonance coupling constants. ;

. . , . 5 ..
Fhe spin-spin couplings in nuclear magnetic resonance experi~ °

ments are thought to be transmitted from nucleus to nucleus by three
4 .

mechanisms. The first mechanism igvolves transmission of spin align- | -,
- ~ . 1 I/
-

-

- * ) \-‘
ment via the bonding electrons. This is the Fermi contact term and
it is freqqfntly considered to be the dominant term. The second .

me chan & involvés the induction of orbital electronic currents by the

nuclear moment producing magnetic fields at .the sites of other nucei. ~ —-

~- .

"This process is termed the orbital contribution. The third, the dipole-

i
-

dipole-mechanism, involves the transmission of nuclear spins via bolzﬁf-

zation of the-valence electron spin. Usually only the Fermi contact

o )

term is considered when calculating couplinmg constants. The inclusion

of orbital and dipole—d{pole contributions will be discussed in 3.2.2.

The term through space coupling wi{l be applied to these latter con-

-

. \c - .
tributions. This term has also been applied to couplings between
nuclei separated by many bonds but spatially proximate. The latter

usage is not intended here.




. . . . . e,
mean triplet-singlet excitation -energy. ’ &

The magnitude of the coupling constant between two

directly bound nuclei, A and B, considering only the Fermi contact

.term, is given in the trans-influence literature by the préportionality S/
e [XA ¥s 520 s20) [ Watms) l [Vans )22 3A 1] (1.5)

&

&

where JAB is the vafé: of the coupling constapt, bzfénd B% are
the gyromagnetic ratios of A and B, 52(0) and 32(0) represent the s

characLer used by each of the A and B atoms in their bondlng hybrid -

orbitals, l‘f;(ns> (0 IZ lﬂyg(ns)(o)lz, arc the elecLzon densxtlcs A

. of the ns valence orbitals at their respective nuclei and ZSE is a

~

Obviously the above equation will not allow the direct com-

putation of the coupling constant but will allow comparison of the

kY

ratios of coupling constants for re%ated types of compounds.

Ao, a

oIn a cldéely related series of compéunds, €.8e, trans{?tLAXﬂ,
where only the A ligand is being changed it is iormally considered that
(0) '
ZBE S (0), and 'jyl(ns) , change very llLtle. Only the S (O)
(0) 2
and lwy;L(6s) l Lerms are thought to change, ané the uhange in

the Sgt(O) term is thought to be dominant. For example for the com-
. 3 - ) " "‘; - . -
poqu Cl? [?LCI(CH3)(IEL3)2] JPt—P for phéfphorus trans- to the meshyl

for phosphorus trans- toc the chloride is
PL-P 2 b

¥
4179 Hz. "The large difference in coupling constant must originate

group is 1719 Hz while J

with a difference in 82 (0), thé platinum s character available for use

Pt




- . L . , %
in the tho’ft—P bonds, since ’!* : (0) i2 would, of ﬁecessity
< i ¢ Pt(éS) .’ ’
be the same for both Ft~P bouds. ~. ..
; ) .
Over more than one bond the coupling’ constant JA N is
. ' el
given by -
. i } i {,-ru

, 2,00 2oy s ' ) 2l (0 f2 3
JA...NOC[XA XN SA(O‘), 513(0) £A. .. l%(ns) ' I ”N(ns) AE_]'] (1.¢

¥

L3

whéré all symbols h;vé the meanings given above with the exception of

f(A...N) 'which répresenté all cﬁ% electronic and stereochemical factors

concerned in the transmi;sion of the’ coupling from A Lo N. ‘/ -
,Therefore, the current theories hold that in a series of com-

pounds trans- @tLsz] where A is being changed, the magnityde of JPt L
—_ i Y -

should depend on the amount of Pt, orbital available for the PL~L bond.

6s

ﬁigamds A with a‘high trgns-influence would concentrate PLés ¢lectron

density in the Pt-A bond, thus decreasing the availability of the PLés

»

vorbital for bonding to L. This-weakéning of the Pt-L bond would be

3
a

shown by a decrease in the value of JPL-L' ‘ ‘ ’ </

Trans-influence series based om coupling over one bond have
) o1 : i . 1. .
been compiled employing JPt=H for c?mplexes tran? A-Pt-H or JPt-P
for complexes trans-A-Pt-P. Similar series with coupling over two

4

bonds based on 2J -1 for complexes trani-A—Pt-CH3 or ZJ

for com-
Pt R

Pt-~F

plexes Lrans-;-PL-CF3 have also been compiled.. These series are quite

similar, For example, that for‘compounds of the type trans- @tHAXZ]
_where X:PEL3_or PMeth in order of increasing trans-influence (order

S — -, ”\i
i . ) A

)
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W

&

of decreasing J <£C0-<.CH

Pt-H 2°4

<'P(oph)3<PEc3<CN?. N

) is 1.’"<No;<ar'<01’<scm"<py <Ng,

< PPh3

It is a normal practice in the literature to ‘attempt to

correlate trans-influence series measured for different complexes
S ————— rd

or by different meﬁho%ﬁ. The coupling constants J are-often plotted

2 Pt-L
against JPL—H' Tf the result is a straight line it is considered that
- does indeed measure the trans—influence. - Further h
Jpe-1. nde ~rans=i F » Jppy Ras -

K

been plotted against ’ngt—ﬂ from vibrational spectra, once again
yielding a straight line plot. This indicates that the two spectro-

; .
scopic techniques are measuring the same phenomenon, -

(11)

Recently Mather, Pidcock and Rapsey described a correlation

and the Pt-P bopd lengths in a series of complexes in
. , .

1
betwee
etween JPt-
which the phosphorus atom was trans- to various ligand§. Although the
- , )
correlation was not linear there appears to be a definite relationship.
2' %
The plots are very similar in shape to Cotton's bond length-bond
( ¢ .
strength graphs. ]f .

- &

o



complexes of the types traESw[?tX(CzF3)(PEt3)ZJ and trans-[Pt(C2F3%L

20

1.3 Qbjects vof Research

L3

The object of the research was to prepare series of

£

. )
(PEt3)£}[C104] and to detdrmine if the n.m.r. coupling between

N 3 3 ~1. ¢ : s 2 ) . ! -
platinum and'each of the three fluorine nuclei in the perfluorovinyl

+

ligand could be correlated with existing measures of the n.m.r. trans- -

-

influence.

e
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_Perfluorpvinylbis(triethylphosphine)platinum(11) Complexes
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\,1-‘
2.1. General
2.1.1. Chemicals Cj . < .

The tetrafluoroethylene emp}qﬁgﬁffﬁkthe prepardtion
of ££gggfjerfluor$vinylchlofobis(triethylphospﬁine)élatinum(ll)
was obtained from bolqmbia Organic Chémica}s Co. 1t was used
without ppzZEEcation after an infrared spectrum showed 5hly absorptions

~ L}

due to tetrafluoroethylene. All other preparative chemicals employed
x v . m
were reagent grade. Solvents were spectral grade and were dried over

molecular sieve, with the exception of n-pentane, which was distilled

from phosphorous pentoxide and stored over sodium.
0 ;,,w———-;\\\\\\

between cesium

2.1.2. Instruments

Infrared spectra were obtained as Nujol mull

iodide reference plates were used. Spectra were run fro

4000 cm-l. Reproducibility was T3 cm-l.

All melting points were obtained on a Reichert hot

»

melting point @pﬁaratus. Melting points were not corrected. The T

perfluorovinyl cofmpounds were analyzed on a Perkin-Elfier model 240°

carbon-hydrogen-Aitrogen analyzer by D.L. McGillivray of the Chemistry '

>

Department, University of Victoria. The proton-spectra of the -

Iy - -

perfluorovinyl species were obtained at 35 °C in 0.5 cm thin wall

n.m.r. tubes on a Perkin-Elmer model R12A spectrometer. The spectra B

/
A}

.
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were run at 60 MHz. ALl spectra were run in chloroform except

that of frans-perfluorovinyLazidobis(triethylphosphine)platinum(ll)

w

which was ‘insoluble in chlo£9form. Its spectrum was optaiﬁed in
methanol. For those compounds which did not resonate near chloroform,
this solvent was employed as internal reference. For those compounds
- displaying rés@nances near chloroform, i.e., those with phenyl groups,
» deuterochloroform was used as solventhand Letramethflsilane (T.M.S.)
- employea as internal reference. The use of T.M.5. was avoided as far
as possible as it caused precipitation of the perfluérovinyl species.

The fluorine spectlra were obtained on a,Varian model HA.60

3

1.L. Spectrometer at 56.446 MHz. The solvents used were as those for

- . " N

proton Spegira. The spectra were run al room temperature and in all

@

- cases Lrichlorofluonggsfﬁgzé/was the external reference. Due to the

///// low concentration of each fluorine nucleus, the spectra were compiled

[}

on a Northern Scientific Model NS-560, SAC series, time averaging

computer. Total scans 'for each nucleus varied, from 10-scans at 500

seconds per scan to 200 scans at 50 seconds per scan.- In general,
the best results were obtained with a large number of short scans.

Fluorine nuclei were assigned labels as indicated in Tables

¢

I, 11 and 111. The spectru? for nucleus 111 was taken twice, once

over 1000 Hz to measure Pt-F and F-F couplings anﬁ once over 250 Hz
S
to measure P-F couplings.
/

*
or

2.2, Preparations o
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2.2.1. Trans-hydridochlorobis(triethylphosphine)platinum(IL)

This cdhpound was brepaged by the method of Chatt and

Shaw (12). Cis~dichlorobis(triethylphosphine)platinum(ll) was
prepared by reacting 3.7 ml of Lrié&hylphosphime with 5.0 g of

potassium tetrachloroplatinate(1l) (12 mmol) in IOO\T} water for
forty-five minutes. To assist conversion to the\‘is ighwer, the
mixtﬁre was heated on 3 water bath, with stirringi\ggﬁi}/the first
black particles indicating decomposition appeared. The mixture was
cooled, filtered, washed w;gh water and dried under vacuum. To com-
plete conversion to the c¢is isomer; the filtered mateggél was boiled
'in anyhdrous diethyl ether codtaining'O.S &l triethylphosehine: The
solution was boiled almost to dryness and the residual e&her then
removed under vacuum. Yield was 4.9 g (5.8 mmol) 81%. The cis-
dichlorobis(Lriethylphosphine)platinuméII) was thed reduced by treat~
ment with 4.0 ml hydrazine hydrate in 100 ml water. Thié'soLution was
heated on a water bath for thirty minutes. After cooling, dilute HC1
was added‘until the-mixLure was acid to narrow range Litmus paper

(pH 6 to 8,5). The precipitate of trans-hydridochlorobis(triethyl-
phosphine)platinum(1I) was collected and dried under vacuum, and
recrystallized from pentane. Yield ;as 3.0 g (6.4 mmol), 53%, based
PtCl,. Melting point 82 ?C, Pt~ stretching frequency 2222 <:m"1

2 4
. p }
as nujol mull, cf. 2183 in hexane(lz), 2209 in chloroform(%;).

on K
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2.2.2. Preparation of trans-perfluorovinylchlorobis

(triethylphosphine)platinum(I1)

This coqpound was péepared by the method of Clark and
Tsang(la). Trans-hydridochlorobis(triethylphosphine)platirum(1l)
(300 mg, 1L.07 mmol) was weighed into ; dry 250 ml capacity pyrex
carius tube. The tube was attached to a vacuum line and evacuated.
50 ml of spectral grade genzene was condensed into the carius tube,
followed by 500 mg (5.0 mmol) tetrafluoroethylene. The qébe was flame
sealed and removed to a protéctive metal tube which was placed in an
oven at 95 °C for twenty-nine hours. The carius tube was cooled to
-196 °c and opéned. Benzene, unreacted tetrafluorocethylene and gaseous
ré;ction products were removed. The solid material remaining in the
tube was extracted with warm cyclohexane. The cyclohexane was removed
on a rotary evapgorator and an infrared spectrum of the solid remainiué
was obtained ‘as a nujol mull. The absence of absorption at 2220 cm-l

indicated the reaction had, gone to completion. Two C=C double bonde

stretching bands were noted with frequencies at 1648 cm-1 due to

trans-(1l-difluoromethyl~2,2~difluorovinyl)chlorobis(triethylphosphine)

platinum(Il) and at 1725 cm“l due to trans-perfluorovinylchlorobis

T - RNY
(triethylphosphine)platinum(I1), cf 1643 cm L and 1724 cm 1(1*). These
two compounds were separated on a florisil column, 100-200 mesh, 2.5 cm

2N .
in diameter and 60 cm in léngth. Chloroform~pentane in a 2:1 ratio

was used as eluent and the perfluorovinyl species was the first product

off the column. Vield 181 mg (V.33 mmol) 32%. The yield of trans-




2 ’ : ’ )
(1-difluoromethyl—2,2—difluorgvinz})gﬁfgrobis(triethylphOSphine)

platinum(II) was 114 mg (0.19 mmodi) 18%.

‘0

- ‘Attempts were made to improve the yield of trags—
4

Vi

perfluorovinchhlordbis(triethyy%hosphine)platinum(11). When the

reaction solvent, benzene, was.tigorously dried no reaction occurred

-

and the parent hydride was recovered unchanged.. When a seven fold

excess of tetrafluoroethylene was employed at a reaction temperature
o e . . .
of 110 "C for forty-eight hours in 50 ml of cyclohexane as a reaction

solvent, the yield of trans-perfluorovinylchlorobis(triethylphosphine)

-]

platinum(11) increased to 54.8%.

When -the above conditions were used in conjunction with a

new carius tube yields rose, to 80.8%. '

X

Characterization was as follcws. Melting point 58-59 OC,

cf. 61 00(14). Analysis. Calculated‘for C

14”30C1F3P2Pt: ¢, 30.69;
H, 5.52. Found: ¢, 30,89; H, 5.52. .
The infrared spectrum showed L%-C at 1725 cm"1 and
) at 285 and 305 cm-l, cf. M 1724 cm-l(lq). The proton

PL-Cl C=C

n.m.r. spectrum showed a quintet (relative area three) at 6.16 p.p.m.
upfield from chloroform and a septet (relative area two) at 5.42

p.p.m§ upfield from chloroform. Fluorine n.m.r. results are shown

%n Tables 1, LI and 11I. ‘ .
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.2.2.3. The preparation of trans-perfiuorovinylbromobis

(triethylphosphine)platinug(11)

o

IEEEE;perfluorovinylchlorobis(triethylphosphine)
platinum(II)(125.5.mg, 0.229 mmol) and lithium bromide (403.7 mg,
4.48 mmol) were stirred undef nitrogen in 5 ml acetone for one hour. <
The acetone was reéoved on a rotary e§aporator and the
red-¢olored residue extr;;Led with meéhyleﬁe chloridewi Tﬁisapurple
colored solution was filtered to remcve lithium chloride and unreacted

Lithium bromide. The methylene chloride was removed on a rotary

evaporator. The residue was dissolved in methanol and crystallization

3

., from this purple solution was effected by the addition of about 25%

by volume water a&d cooling to -20 °c. Overnight all traces of the
purple color aisappeaned and did not reappear when the crystais were .
redissolved. The product was obtained as very pale yellow crystals,

: . 1 . o o, (15)
yield 110 mg (0.179 mmol) 78%. Melting point 83-84 C, cf. 82-83 ¢ .
Aralysis. Calculated for ClaHBOBrF3P2Pt: C, 28.29; H, 5.09, Found:

C, 27983 H,‘4.99.1JC_C was 1730 cm—l. The proton n.m.r. spectrum .
sgnwed a quintet (relative arca three) at 6.17 p.p.m. upfield from

chloroform and a éeptet (relative area two) at 5,29 p.p.m. upfield

from chloroform. Fluorine n.m.r. results are shown in Tables I, 1I

and I_1I.

An ultravialet-visible spectrum c¢f the puiple methylene
chloride golution showed a strong asymmetric absorption at 238 mps
and a much weaker absorption at about 285 ﬁ/&. Molar extinction

coefficients were not obtained.
n
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2.2.4. The preparation of trans-perfluorovinyliodobis

(triethylphosphine)platinum(I1)

C’c . i
Trans-perfluorovinylchlorobis(triethylphosphine)

s
platinum(11) (125.3 mg, 0.229 mmol) was dissolved in 5 ml of

acetone., Sodium iodide (344.0 mg, 2.30 mmol) was added and the
solution stigred under nitrogen for one‘hour. The sodium chloride
reaction producp was removed by filtr;iion and the acetone reﬁbveq

on a rotary evaporator. The solid resdidue was dissolved in dietﬁ;;: -
ether and the ether solution washed with water to remove traces of

sodium chloride and unreacted sodium iodide, and dried over magnesium

sulfate. The ether was removed on a rotary evaporator and the ijodide .
Ve

Y

compound recrystallized from methanol-water solution as pale yellow

crystals.- Yield: 125 mg (0.198 mmmol), 87%. Melting peoint 104-106 °c.
i > : 2. ¢ ; :

Analysis, Calculated for C14H301F3P2Pt. C, 26.22; H, &4&.72. Found:

C, 25.64} H; 4,54, LJC—C was 1730 cm—l. The proton n.m.r. showed

a quintet. (relative area three) at 6.16 p.p.m. upficld\from chloroform

and a septet (relative area two) at 5.17 p.p.m. upfield from chloroform. -

Fluorine n.m.r. results are shown in Tables 1, 1I and I1II.

2.2.5. The preparation of trans-per{luorovinylnitritobis 2

(triethylphospline)platinum(11)

Traus-periluorovinylchlorobis(triethylphosphine)platinum(Il) -

~

(124.8 mg, U.228 mmol) was dissolved in 5 ml methanol. Sodium nitrite

(18.1 mg, 0.262 mmol) was added and the solution stirred under nitrogen
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o~
/

-
for thirty minutes. As no precipitate of sodium chloride appeared

-,

53.5 mg (0.275 mmol) silver tetrafluoroborate dissdlved in 1 ml

Wwater and 1 ml methanol was added. An immedi éﬂéreciﬁitate of

Q
silver chloride was noted. The solution was stirred under nitrogen

for one hour, the silver chloride was removed by filtration and the

- . L
methanol removed on a rotary evaporator. The residue was dissolved

-

in diethyl ether and washed with several portions of water to remove

% ©
unreacted starting materials. The ether solution was dried with

magnesium sulfate and filtered. The ether- was removed on a rotary
evaporator and the nitrito compound recrystallized from methanpl-water
at =20 °c. Yield 94 mg (0.171 mmol) 75%. Melting poit 122-124 °c,

C=C

Calculated for C14 30NOZI‘3P2P1’. c, BQ.kl; H, 5.42; N,

C, 30.42; H, 5.39; N, 2.50. The proLon—n«ﬁlr. showed a quintet i

-

Mo, 1460, 1340, 1065, 820 and 586 cm™'. b 1723 cm%%/}malysis.

.51. Found:

(relative area three) at 6.13 p.p.m. upfield from chloroform and a

[y

septet (relative ‘area two) at 5.51 p.p.m. upfield from chloroform.

Fluorine n(m.rf'spectfal paramete:@ are listed in Tables I, II and III.

2.2.6. .The preparation” of trans-perfluorovinylnitratobis

(triethylphOSphine)platinumﬂll)
Tran's-perfluorovinylchlorobis(triethylphosphine)platinum(1l)
(123.4'6g, 0:2246 mmol) was dissolved i; 3ml methano}. Silver nitrate,
(44.6 mg, 0.262 mmol)?dissolved in 1:1 methanol:water, was added dfop-

wise. The solution was stirred under nitrogen for thirty minutes, then
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the AgCi was removed by filtration and the méthanol removed on

a rotary evaporator. Thg residue was dissolved in diethyl ether
and washed mith water to remove unreacte{ silver nitrate. The
solution was dried over magnesium sulfate and filtered. The ether

was removed on a rotary evaporator and the residue recrystallized
| * >

~ as colorless crystals from petroleum ether~(6p-90 °C). Yield 79 mg

(0.137 mmol) 61%. Melting point 120-122 . Bhnalysis. Calculated

-

for C NO,F.P,Pt: C, 29.27; H, 5.26; N, 2.44. Found: C, 29.90;

14130N05F 3EoF

H, 5.32; N, 2.34. M. 1730 ecm L M. 1485 and 1276 cm L. The
. .C=C N03

proton n.m.r. showed a quintet (relative area three) at 6.14 p.p.m.

-

upfield from chloroform and a septet (relative area two) at 5.48 p.p.m.

. . -
upfield from chloroform. Fluorine n.m.r. spectral parameters are

f

listed in Tables I, I1 and 111.

)y

2.2.7. The preparation of_trads—pgrfluorovinyLcyanobis
3 - <

(tr&ethylphesphine)plaLinum(Il)
Ezégffperfluorvvinylchlorobis(}rieLhylphosphine)platinum@ll)
(126.0 mg, 0.228 mmo]){pas dissolved’in 5 ml methanol, féTIowed Ly the
addition of sodium cyanide, (12.5 mg, 0.255 mmol). Silver tetra-
fluoroborate, (69.7 mg, 0.358 mmol) was dissolved in 2ml of 1:1
water:methanol and pipetted int. the solétion. A thte‘precipitate
formed immediately. The solutioﬁ was gtirxed for oneuhour under nitrogen, .

then filtered to remove the silver chloride. The methandl was removed

on a rotary evaporator and the residue dissolved in diethyl ether.



n

The ether solution was waghed with several portions of water and .
*
dried over magnesium sulfate. The solution was filtered and the

ether removed on-a rotary .evaporator. The cyano compound was re-

A

L (o3
cryctallized at -20 “C from methanol-water as colorless crystals. -
o

Yield 81 mg (0.150 mmol) 68%. Melting point.105-107 °c. Analysis.

Calculated for ClSH3ONF3P2Pt: C, 33.34; H, 5.60; N, 2.59. Found: ° o
1

. 'l g
c, 32.91; H, 5.40; N, 2.34. L)C=C 1<28 cm UCEN 2148 cm

proton n.m.r. showed a quintet (relative area three) at 6.18 p.p.m.
A .

N

. The
upfield from chloroform and a septet (relative area two) at 5.28 p.p.m.
upfield fromﬂchloroform. Fluorine n.m.r. results are given in Tables

I, II and III.

2.2.8, The prepmration of trans-perfluorovinylazidobis

(triethylphosphine)platinum(1I)

Trans-perfluorovinylchlorobi;(triethylphosphine)platinum(II)
(126.6 mg, 0.231 mmol) was disgolved in 5 ml met&enol- Silver tetra-'
fluo?oborate (52.3 mg, 0.269 mmol) was aéded, followed by sodium
a;ide (}5.7 mg, 0.242 mmnol) dissolved in 3:1 methanol:wat%t. The
silver chloride reaction product wa; removed by filtration and the
methanol solution passed down a short floriéil column t remove iqnic
species, thereby precluding the)formation of silver azide. The azide

%

compound was recrystallized from meghanol-water. Yield 75 mg

(0.135 mmol) 58%. 'Melting point 70-7L °c, Analysis. Calculated for



CygHaoNSFaP PL: €, 300225 H, 5.43; N, ¥ 55. Found: C, 30.10;

"H, 5.23; N, 7.50. UC-C 1731 cm_l, VN’N 2045 cm—l. The azide

compoﬁnd’prerd to be different from the oLher compoundg - prepared in
this-serles in that it was light sensitive and insoluble i; alf

common organic solvents except megh;nol. For the latter reason the
proton and fluorine n.m.r. Spectra’were recorded in methanol solution.
The proton n.m.r. showed a quintet (relatijve area three) at 3.49 p.p.m.

-

upfield from methanol, and a septet (relative area two) at 2.78 p.p.m.

[y

upfield\From methanol. The fluorine n.m.r. spectral paramcters are ,

’

listed in\Tables I, 11 and 1i{f. ' \ i

|
2.2.9. Thekpreparation of trans-perfluorovinylcarbonylbis

(triethylphosphine)platinun(l])perchlorate

4

J
Trans-perfluorovinylchlorobis(triethylphosphine)platinum(11) .

(151.0 mg, ”.%76 mmol) was dissolved in 5 ml acetone. Silver pérchlorate,»f~;
(42.0 mg, 0.203 mmol) was added Lo the solution. Silver chioride
precipitated. Carbon monoxide was bubbled¥through the sclution for
thirty minutes and the silver chloride was then removed by filtration.
, {

The acetone was removed on a rotary evaporator and the residue
gr;atqd with diethyl y{ger, Lo separate the ether soluble starting
material from the ether insoluble product. The solution was filtered
and the filtered materiai washed with several portions of water to remove

any residual siiver perchlorate. The solid %as dried under vacuum and
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. 0.307 mmol) were dissolved in 7 ml acetfone.

~

recrystallized from chloroform by the addition of a few.drops

»

of diethyl ether. -Yield of the white crystals was 97 mg (0.15

o

“

/4% on the basis of silver perchlorate, 35% on the basis of tr
7

P

‘ . 4
perfluorovéﬁ&lchlorobis(triethylphOSphine)platinum(II). Melti

. O . . o o
point 134~136 "C. Analysis. Calculated for C15H3OC105F3P2Pt.

C, 28.16; H, 4.73. Found: C, 28.27; H, 4.73. P 1730 em !

’

HC‘O 2105 cm-l. In the proton n.m.r. a quintet (relative area
= !/ .

three) at 6.02 p.p.m. upfield from chloroform and é septet (re

area two) at 5.05 p.p.m. upfield from chloroform were noted..

A

n.m.r. résu}ts are tabulated in Tables I, iI and III. K

+
.

2.2.10. The preparation of trans-perfluorovinylpyridylbis

triethylphosphine)platinum(II)perchlorate

TranSwperfluorovinylcnlorobig(triethylphOSphinq)plat

(150.4 mé, 0.275 mmol) and sodium perchlorate monohydrate (43.

- -

28 fl pyridine (d
0.982 g/ml; 27.4 mg; 0.347 mmol) were

inped into the solu

which was then stirred under nitrogen for oneVhour. The sodiu

-«

1

chloride reaction product was remove

removed on a rotary'evaporatqp and Ahe residue treated with di
I 3 AQ

ether to remove unreacted pyridine| and chlorocomplex. The pyr

complex was separated from the remaining sodium perchlorate by

with methylene chloride. The methylehe chloride was removed o

4.

1 mmol)

ans-

ng

)
b4

lative

Fluorine

-

inum(I1).
1 mg s
ensity.
tion

m

by filtration. The acetcfie was

ethyl
idyl
eattient

7

na

‘
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trans-perfluoroviriylpyridylbis(triethylphosphine)platinum(11)

1218, 1010, 704 and 682 cmal. In the proton n.m.r. a quintet
. - !

34

rotary evaporator. The solid was-dissolved in chloroform and

>,

v

perchlorate was precipitated by the addition of diethyl ether. Yield.
. F . .

95 mg (0.138 @mol) 50%. Melting point 152-153 OC, Analyéis.

¢ » - ~
Calculated for 019H35NCI04L3P2Pt: C, 33.03; H, 5.11; N, 2.03.

Found: C, 32.90; H, 5.11; N, 2.12. V¥ 1733 cm—l. Vibrations

cz¢C »

identifiable as originating with the pyridine ring occurred at 1615,

-

(relative area three) was noted 1.12 p.p.m. downfield from T.M.S. -
while a septet (relative arca two) was noted 1.59 p.p.m. downfield

from T.M.S. Two absorptions were noted for pyridiﬁe, at 8.Sé p-p.m.
downfield from T.M.S. (relative area two), and aL'7.81 p.p.m. downTield
from T.M.S. (relative area_Lhree). The multiplet; due to these groups

. s
were not well resolved. Fluorine n.m.r. results are tabulated in

Tables 1, II and IlIl.

2.2.11. The preparation of trans-perfluorovinyltris(triethylphosphine)

platinum(Ji)perchlorate

lzgﬂéfperfluorouinylchlorobis(triethylphosphine)platinum(]l)
(151.2 mg, 0.267 mmol) was dissolved in (.5 ml of acetone. Sodium
perchlorate monohydrate (49.1 mg, 0.348 mmol) was dissolved in 5 ml é}
acetone and this solution was added dropwise to the first solution ‘

under nitrogen. Sl/al triethylphosphine (density 0.801 g/ml; 40.8 mg;
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0.346 mmol)were syringed'into the flask and the mixture stirred
under nitrogen for two hours. The sodrum chloride formed in the
reaction was then removed by filtration and the acetone removed on
a rotary evapofator. The Eiggg—perfluorovinyltris(triethylphoéphine)
platinum(II)perchlorate was extracted into methylene chloride. The
methylene chloride was removed on a rotary evaporator, and the product
recrystallized from chlor&form—ether solution af -20 %c. vyield
129 mg (0.177 mmol) 66%. :

This product proved to be one of the 1eas£ stable of the

complexﬂs formed, meltlng with decomposxt1on-at 127-129 °c. 1t

. decomposed partially over four days in éhloroform in an n.m.r. tube,

r'«’

yielding a brown precipitate. Ana1351s. Calculated for CZOH45010
(‘

3°3

In other respects the infrared Spectrdmwappeared identical to that of

~

the ‘parent chloro complex with the exception of a strong absorbance

C=C

Y

at 1080 cm-l due .to the perchlorate anion, and the abs%Pce of
>

pr-cl
absorptiops. The proton n.m.r. spectrum showed a quintet (relative
a;ea three) at 7.27 p.p.m. upfi¢id f?gg éhloroform. But rather than
the usual septet a poorly\resol wd multiplet (relative area two)
centered 5.35 p.p.m. upfield from\zﬁivroform was noted. The relative
inté%sities of the members of the multiplet appeared to be 1:3:4:4:3:1
and uridoubtedly arose from the overlap of the resonances of the two ’

chemically different methylene groups. Rkuorine n.m.r. spectral

results are shown in Tables I, I and III,

F.p.Pt: C, 32.89; H, 6.20. Foun?: C, 33.11; H, 6.27. D . 1730 cm -
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2.2.12. The preparation of trans-perf{luorovinyliriphenylphosphinebis

-

(trieLhylphosghinejplatinum(ll)perchlurate

Trans~perfluorovinylchlorobis{triethylphosphine)platinum(Il
(150.4 mg; 0.274 mmol) was dissolved in 5 ml acetone. Sodium per-

chlorate (43.4 mg, 0.312 mmol) was added. Tglphenylphosphine (78.7 mg,
. il

L3

0.300 mmol) was dissolved in acetone and added dropwise to the above

soclution which was then stirred under nitrogen for five hours. The
" :

-~

solution was filtered and the acetone removed on a rYotary evaporator.
- o«

‘Unreacted phosphine and chloro complex were removed by extraction with

“ecther. The solid residuc was dried and the desired vinyl complex ex-

tracted from unreacted sodium perchlorate with methylene chloride.
The methylene chleride was removed on a rotary evaporator and the

triphenylphosphine complex recrystallized from chloroform-ether solution.

Yield 106 mg (0.119 mmol) 44%. Melting point 163-164 °c. Analysis,

Calculated for C Clo,F.pP.Pt: C, 43.71; H, 5.19. Found: C, 43.906;

395010, F 37 5

H, 5.18. UC—C 173¢ cm-l. Absorptions due to the triphenylphosphine

ligand occurred at 743, 700 and 500 cm-l. The proton n.m.r. showed
three ébsorptions. A peak (relative area five) due to the phenyl protons
. o

was noted at 7.60 p.p.m. downfield from T.M.S., the usual quintet

* (relative arca six) at 0.97 p.p.m. downfield from T.M!5., and a

poorly resolved septet (relative area four) at l.44 p.p.m..downfield
from T.M.5. The fluorine n.m.r. results are shéwn in Tables I, 11

and 111.
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2.2.13. The preparation of trans-perfluorovinyltrimethylphosphitebis

{(triethylphosphine)platinum{II)perchlorate . -

Trans-perfluorovigylchlorobis(triethylphosphine)platinum(11)

(151.5 mg, 0.267 mmol) was dissolved in 3 ml of acetone. Sodium

)

perchlorate. monohydrate (48.8 mg, 0.348 mmol) was added. 36 ﬂl

trimethylphosphite (density 1.05 g/ml; 37.8 mg; 0.305 mmol) were

A
° . A
syringed into the solution. An immediate white precipitate was noted.

The solution was stirred urder nitrogen for thirty minutes, the solid

sodium chloride removed by filtration and the acetone removed on a

1
’ N

rotary evaporator. The desiyed product was extracted into methylene
chloride and filtered. The/methylene chloride was removed on a rotary
evaporator and the produCt obtained as white flocculent substance from

acetone-ether. Yield 176 mé (0.249 mmol) 93%.4 Melting.point 140-142 °c.

Analysis. Calculated for C, H,,CLOF. P Pt: C, ;  H, 5,34, Fgund:

17739777733

C, 27.44; H, 5.15. Ub_c 1738 cm_l. Absorptions origi iig with the

trimethylphosphite ligand occurred at 1099 and 840 cm-l. The proton

[ -
n.m.r. spectrum showed a quintet (relative area six) at 6.33 p.p.m.
ubfield from chloroform. The usual septet (relative area four) at
7.84 p.p.m. upfield from chloroform was poorly resolved. A doublet
(relative area three) céntered at 6.04 p.p.m. upfield from chloroform
was noted. -This absorption originated with the methogy protons &nd the
splitting arose from coupling with the phosphorous nucleu;)for which

1=1/2. The results of the fluorine n.m.r. spectra are given in Tables

L, 11 and III.
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2.2.14. The preparation of trans-perfluorovinyltriethylphosphitebis
N
(triethylphosphine)platitum(11)perchlorate
——
Trans-perfluorovinylchlorobis(triethylphosphine)platinum(1I)

.l

(153.2 mg, 0.270 mmol) and sodium perchlorate monchydrate (&é.l mng ,
0.349 mmol) were dissolved in 4 ml acetone. 53 Pl triethylphosphite
(density 0.969 g/ml; 51.4 mg; 0.309 mmol) were syringed into the
saolution, which was then stirred for one hour. The sodium chloride

was removed by filtration and the acelone removed on a rotary evaporator.

The residue was slurried in diethyl ether and the ether then removed
by decantation. After drying, the triethyl phosphite complex was

extracted with methylene chloride. This solvent was removed on a rotary

,""

) < =~
evaporaltor and the complex recrystallized from chloroform-ether. Yield

195 mg (0.252 mmol) 93%. Melting point 136-137 °c. 1730 cm—l.

pC=C

clo,F.p.Pt: ¢, 30.83; H, 5.83: Fouud:

Analysis. Calculated for CZO“&S 4F 3P 3

Cc, 30.87; H, 5.75. The proton n.m.r. spectrum was more complex than
that of any other compound prepared in this series. The lowest f{ield
grou; was a quintet (relative area two) at 3.20 p.p.m. upfield from
chloroform and was due to the methylene protons of the triethylphosphite
ligand. TJhe usual quintet (relative area four) due to the methylene \
protons of the triethylphosphine ligand appeared 5.34 p.p.m. upfield
from chloroform. The highest f{ield group was a multiplet (relative

arca nine) which appeared to bLe composed of (1) a quintet centered

at 8.89 p.p.m. upfield from chloroform due to the methyl protons-of

v
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the triethylphosphine ligands and {2) a triplet centered at 8.58
p.p.m. upfield from chlorofcrm due to the methyl protons of the
triethylphosphite ligand. The f{luorine spectra are reported in

IS

Tables I, II and 11]. <% .

2.2.15. The preparation of trans-perflvorovinyltriphenylphosphicedis

(triethylphesphine)platinum(il)perchlorate

fAlD

Trans~perfluoroviuylchl?robis(trieLhylphosphine)platinum(l1)
(151.0 mg, 0.268 mmol) and sodium peichlorate monvhydrate (50.7 mg,
0.361 mnol) were dissolved iﬂ 4 ml of acetone. 51 Pl L;iphenylthSPhiLe
(density 0.801 g/ml; 40.8 mg; 0.3466 mmol) were syringed into the
solution, which was then stirred for two hours. The sodium chlodide
waé removed by filtration and the acctone on a rotary craporator. Any

unreacted starting material wes removed by extraction with diethyl

ether. The desired complex was exiracted from the residue with methylene

chloride which was then removed on a rotary evaporator. The complex
was recrystallized from chloroform-ether. Yield 180 mg {0.195 mmol)
73%. Meiping.point 70-72 °c. Ur~c 1730 cm—l. Other absorptions
identifiable with the LrlphenVIphosphltc ligand occuxned at 1696, 1490,

-1 .
1280, 925, 5&9 a}d 510 em . Analysis. aliulatcd for C32H£rL104

F3P3Pt: C, 41.68; «H, 4.72. Found: C, 41.23; H, 4.77. The proton
?

n.m.r. showed a quintet (relative area six) at 1.09 p.p.m. downficld

from T.M.S. and apseptct (relative arca four) at 2,07 p.p.m.'downfield

from T.M.S. due to the triethylphosphine ligand. The absorption due
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——

ﬁgg;he triphenyl phosphite ligand (relative area five) occurred

7:19 p.p.m. downfield from T.M.S. The fluorine spectral parameters

are shown in Tables I, II and III.

¢
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and these compounds contain the perchlorate anion.

-
TABLE I
FLUORINE " QUCLEAR MAGNETIC RESONANCE SPECTRAL PARAMETERS
(C.H.) P FB\C c:/Fl
27573 N
\}§( Fq ’
X(Y)/ \P(C2H5)3 v .
01 J12 J13 JPt-Fl JPcis_Fl thrans-Fl
X P.-p-m. Hz. Hz. Hz. Hz. Hz.
c1 100.8  105.0 310 .. 56.0 6.0
Br 104.8  102.5 31.9 56.5 6.1
I 102.3  102.3 33.2 56.6 6.0
NO, 95.3  100.6 31.1 '?7.5 6.0 »
"ONOE 102.9  101.8 32.2 52.4 5.9
oy 95.5 * 100.5 29.6 46.3 5.6
N; 102.0  105.1 30.9 56.4 5.4
. -
o 96.7 89.0 32.6 64.7 6.6
CH N 95.9  102.0 32.5 41.0 6.0
Et P 92.1 95.1 (f”zé*é\ 22.0 6.2 12.5
PhF 92.9 95.5 34.3 29.3 6.9 13.8
(ite0) P 90.9  96.4 32.6 35.3 5.8 22.0
(Eto)3p“ $3.2 96.2 32.5 33.3 6.0 22.3
(PLO) ;P 91.5 9,1 33.7 38.2 6.7 21.8
¢
Note: For Y the perfluorovinyl species are cationic in nature,
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TABLE II
FLUORINE19 NUCLEAR MAGNETIC RESONANCE SPECTRAL PARAMETERS
r F
- 3\t=d/ :
(CZHS)BP\ g/ \F
x(Y) \P(CZH5)3
‘N J
a2 12 J23 P-Fy Feie™™1 Prrans™f1
- X PePelle Hz. Hz. Hz. Hz. Hz.
cl 130.5 105.0 105.0 61.0 3.5
Br™  © 129.3  103.2  103.2 59.7 o 3.5
1 128.9 102.8 102.8 58.6 4.2
No; 128.4 99.8 104.0 61.3 4.2
ONG, 131.7 102.3 105.7 59.2 T4
cN~ 128.6 101.4 101.4 42.6 3.9
N; 131.7 104:6 104.6 58.5 3.6
Y
o 122.7 91.2 105.7 30.8 3.5
Coliel 127.2 102.0 107.5 51.0 4.0
Et,P 123.5 95.4 98.7 44.8 3.2 3.2
Ph,P 123.1 93.7 106.2 39.0 4.2 4.2
(11e0) ;P 1264.7 97.8 . 103.3 37.4 4.2 4y2
(Et0),P 126.8 6.6 102.5 37.4 4.2 4.2
(Ph0)3P 123.0 94.6 104.2 35.4 17.5 5.0

Note: For Y the perfluorovinyl species are cationic in nature andéthese

canpounds contain the perchlorate anion.
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TABLE I1II
FLUORINE19 NUCLEAR MAGNETIC RESONANCE SPECTRAL PARA&ETERS
Fy F,
‘ (C,H5) 4P \c_c/
\ 573 \ / \F
Pt 2
X(Y)/ ‘\P(CZHS)B
: 03 13 723 Tpe-r, JPcis'F:a P trans~F3
X p.p.m. Hz. Hz. Hz. Hz. Hz.

cL” 147.9  31.0 104.5 512 1.5

Br™ 146.7 32.9 105.3 519 0

1 145.5 33.3 102.8 510 alsv

NO, 158.0 3.1 104.9 422 6.4 x
oNO, © 151.5 31.6 105.0 538 . 2.3

CN” 160.1 30.2  103.2 350 4.9

N, 152.7  29.4  104.2 468 2.3

X

co 164.4 33.3 104.8 378 4.2

CoH N’ 157.2 32.5 107.0 454 4.0

B, 1516 3.2 103.0 282 6.2 33.2
Ph,P 152.7 3.7 103.8 - 320 6.2 34,7
(Me0) ;P 159.0 32.9-  102.8 309 5.2 50.8
(Et0) 4P 158.8 32.8 102.2 306 5.2 49.9
(PhO} 4P 158.6 33.3 103.7 316 5.7 54.3

Note: For Y the perfluorovinyl speéies are cationic in nature, and

these compounds contain the perchlorate anion.
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CHAPTER III
DISCUSSION

Perfluorovinylbis(triethylphosphine)platinum(II) Complexes
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\\3, Discussion: A Series of Perfluorovinylbic{triethylphosphine)

4

" and P(OP))

platinum(I1) Complexes and the Trans-influence

>
3.1. Preparaticns, Analyses and Stereochemistry

A series of neutral cémplexes of formula trans{?LX(C2F3)
(PEL3)£]were E}epared forX =cCl", Br , I, No;, ONo;, CN~ and N;
and a series of cationic complexes of formula-trans{}t(C°F3)L(PEt3)+J

Eﬂoé]were prepared for L = CO, C(HcN, ERLy, PPhy, P(OMe),, P(OEL,) i

’

3’
. i . R
3. ,

These complexes were prepared from the parent trans-

- - Lo . N
@LC1\02F3)(3LL3)2} The preparation of the parent f{rom ﬁEéEE{?LHCl
(14)

(PEL3)2]ahd sz4 was first reported by (Clark and Tsang . A mech-
anism for the formation of the perfluorovinyl complex was suggested
by Clark, Dixon and Jacobsﬁl6). The ovérall reaction in benzene at

[

i On .
120 7C in a glass vessel was found to be:

'
!

{
Lrans—[PLHCl(PEt3)2] + excess C.F, ~———— trans—[PLCl(CF:CFZ)(PEL3)£] (

274

A)

+ Lrans-[}a01(c(CF2u)=CF2) (PEt3)2] (B)

+ Lrans- EPt.Cl(CO)(PE L3)2] [BF[}/S LFS]

The unusual generation of C was explained through reaction

Al

of A with H,0 and SiF In a stainless stézl autoclave the reaction
] L )

2 4°
above was found to produce only Lrans-[PLCI(CFZCFZH)(PEt3)2}. This is

similar to the type of reaction in which an olefin will insert into

a metal-hydrogen bond as mentioned in Section 1.1 above. The metal-

v

alkyl formed from olcfis/insertion will dissociate into olefin and

%

()
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f

metal-hydride on heating, but the perfluorcalkyl metal complexes

-

will not undergo a sifiilar dissdciation.

Trans—[PtCl(CFZCFZH)(PEt3)2 was shown to elimiqate HF

L4

rather readily to form A. The elimination is a s*ow process in dry

* LY

tenzene in silica, but occurs readily in glass, or with traces, of

»

water and SiFa. On the basis of this data, the following reactiomn.

sequence was suggested:

——— FtCF.C¥.H } (-1.8)

a) PtH + C,F, 5CF

) PLCE,CF i H;5§5§%§2—+ HE + PECP=CF, (1.9)

c) HF + glass — H,0, BF,, SiF,, BF,, Sipé" (1.10)
.. d) 2PtCF=CF, + H,0 + SiF, ———> (Ptcz0)T + HF + SiF. (1.1il1)

s 2 2 4 5

+ Pre(Cr H)=CF,
It appears that reac£ion a) -above is not ;s“simple as

indicated since it was found tﬁat when 55355—[PtHC1(PEt3)2] was heated

with excess C2F4 at IVO °C in rigorously dried benzene no reaction

occurred. The hydride was recovered quantitatively. Clé

employed reagent benzere, which c¢ontains about 0.05% water, in
autpclave reactfon menti;neﬁ above. 1t seems likely, 'therefore,
the presence of traces of water are necessary not only for the elim-
ination of HF as postulated in step b) of the reaction sequence, but

\
also for the formation of trans—[PtCl(CF CF H)(PEtgbz] from metal

272

hydride and tetrafluoroethylene.

As it was desired to obtain the maximum yield of trans-
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4

»

EPtCl(CF:CFZ)(PEt3)2] for this work, some modificatiohs to the

> 4
previously published experimental conditions were made: These were:

’ 3

1) to cdrry out the reactions in cyclohexane rather than benzene,

a?,the yield of product C above was found to be’léwgr\in cyclohexane

/ 14 - .
tkan in benzene< ), 2) to carry out ‘he reactions in new Carius
.

~

tubes as used tubes led to lower yields, undoubtedly due to surface

N ‘8 *

effects since HF is produced in the reaction, and 3) to carry out

) .
the reactions at 110 "C even though the yield of C increases with
temperature, because the yields of A and B also increase. With these

modifications the yield of trans-[?tClQCFﬁCFZ)(PEt3)£] increased to 80%.
e .(17)

Work conducted by Dixon, Moss and Smith indicates that the

.

perfluorovinyl ligand has a reasonably strong trans-influence, thus

‘it seems likely that this ligand would also have a moderately high

-

trans-effect. The present research shows this to be so, as replacement .

A%

of the chloride trans\to the perfluorovinyl 1igané is facile.

A direct metathetical reaction utilizing sodium or silver

' (12)

~salts, as first employed by Chatt and Shaw , was used to replace
chloride with bromide, iodide or nitrate in acetone. Presumably the .

formation of the acetone insoluble sodium or silver chloriie provides
N )

the driving force for the substitutions. These simple metathetical

reactions did not work for nitrite, azide,and cyanide substitution.

s

For these substitutions it was first necessary to remove the chloride,

as silver chloride, with silver tetrafluoroborate. The weakly c¢oor-

dinating BF; ligand was then replaced with NOE, CN” or N;. This method
» N

5
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H

?

was first employed by Clark and Ruddick(lg).

.
&

To prepare species in which anionic chloride was replaced

by a neutral ligand the method of Church and Mays(lg) was used. This
, N ) .

method can be summarized as: _ , ’ v =

acetone o
4 Pl

trans-[2t(CF=CF2)L(PEt3)2] [c104] + Nacl

trané-[PtCl(CF:CFZ)(PEc3)2] + L + NaClo

Once again the driving force of the reaction is presumably
the foraat;on of sodium ch}pride, with its low solubility in acetone.
In the case where L = CO the best yields were obtained employing silvei_‘
perchlorate rather than#§odium perchlorate, as silver chloride has
lower solubility in acetone than does sddiu& chloride.

Product identification was through a variety of techniques.
In accordance with standard practice in' the literature analyses were
carried out only for carbon, hydrogen and nitrogen and platinum was
not determined. The infrared spectra were all'sim@lar to that of the
parent ch}oride, with the major changes being the disappearance of the
band due to Ehe Pt-Cl stretch at 305 cm-'1 and the appearance of a
variety of new bands originating with, and identifiable as due to the ¢
rep}acing ligand. The infrared‘spectra of.Ezégg-[}tCl(CF=CF2)(PEtg)2]
and Ezggi—[?t(CF=CF2)(C5H5N)(PEt3)2] [C104] are reproduced in Appendix

I as being representative of the infrared spectra obtained.

. g . o
The stereochemistry of tﬁg~ggﬂfgﬁs?bxiﬂzzfﬁpec1es was

established by the method of Jenkins and Shaw(zo). When the couplings

J are much larger than J_. for phosphines trans to one another,

PH

«
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atom of ite own phosphine group.

/
Clark and Tsang(ZI)

ethyl phosphihe 1iéands are tran
e
resonance consystsOf a 1:4:6:4t1 quintet, This

the coupling of the methyl protonis with the mékhylene protons to give
a triplet, followed by Eougling of the methyl protons with each phos-
phorus atom in turn. All the complexes prepared for this study showed
the 1:4:6:4:1 methyl proton resonance expected for trans iso&ers.

The splitting pattern of the methylene pr;ton resonance can
be complex. Couplings can occur between these protons and 1) the
methyl protons, 2) the phosphorus nuclei and 3) the platinum nucleus.
As mentioned in Section 2.2. the pattern observed usually took the form
of a septet which was well resolved in some imstances and poorly ir
others.

The proton magnetic resonance spectra of Efgggf[PtC}(CF=CFZ)
(PEt3)2[and trans- [Pt(CF:CFZ)(CS}ISN)(PEt3)2] EClOa] are reproduced in

Appendix I. These spectra are representative of all the proton n.m.r.

spectra.
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3.2. The Trans-influence

The trans-influence of a given ligand in a series of com-
plexes can be determined by any or all of the three mgthods mentioned
in 1.2.2. above. No attempt was made to determine the crystal

structures of any of the complexes, but attempts were made to construct

trans-influence series by means of both vibrational and nuclear magretic

resonance spec troscopies .

[N
3.2.1. Vibrational Spectra and the Trans-influence

In compounds of the type lﬁggg—[PLL(CF:CFZ)(PEL3)2] there
are two possible vibrational indicators of the trans-influence. The
first of these is the placinum-carbon stretching frequency and‘the
second is the carbon~c§rbon double bond stretching frequency.

On the basis of the harmonic obcilldtor approach the platinum-
carbon sgretching frequency should decrease as the crans-influence of
L increases. The observed platinum-carbon stretching bands were quite
weak as can be seen from the spectra in Appendix 1; f{for iﬁﬂﬂiﬁ{}t
(CF=CF2)(PEL3)3][?]04] the UPL-C band was not observed,

Table 1V shows the measured value of th—C compared with those

from the liLeraLuré\for trans{?LX(CH3)(PEL3)ﬂ(23).

-

The general features of the Lwo series are similar. The
positions of NOZ and CN in both series can be considered suspect due

to the possibility of vibrational coupling of the Pt-C stretch with the

Yt LN
I'e AOZ

and PL-CN stretches, which are nearby in f{requency, as indicated
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TABLE 1V
QObserved
-1
(cm )
X L%t—c
. 5
NO, 527
1 538
ONo; 243
Br 544
Ny 544
cl” 546
(N~ 551

in Section 1.2.2.2.

Literature data on
L’PL-C

et Yioorr 3 1 o
Preci ey, [ c1o,] is scanty;

Lrans—[PL(CH3)L(PMe2Ph)2][?104] is shown in Table V77,

Literature
-1

(em 7)
X Mpiec
CN~ 516
. 540 '
NO, 544
Br- 548
€l - 551
ONoé 566 o

for compounds of the type trans-

data for complexes of the type

(3)

along with

the L?L-C frequencies observed in this work.
TASLE V
Observed Literature
) ~1 -1
(em ) (em )

L \

| Ppi-c L Bhec
bR §) D
11h3 535 Ilh3 528
o 545 ¥0) 545
CSHSN 545 CS“SN 555
P(OM0)3 555
P(OLL)3 568

plorh), 570
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¥
The trans-influence series observed from. vibrational data is again

similar to that expected from the literature. However, it must be
stated that it is naive to consider the harmonic oscillatoc approach
- to be completely valid since each of the two parts of the molecule
bound by the Pt-C bond are complex and probably do not act as hard
spheres connected by a spring.

There has been.some attempt- made .to correlate internal
" ligand vibrations of such species as CZ0 or C=N, bonded to platinum,
with the trans-influence series(3). 1t has not as yet proven possible
to construct such series for carbonyl compounés due to éomplexities
originating with the synergig bonding system. For platinum-nitrile
systems the change in L%EC has bégn interpreted in terms of the change

(22)

in charge on the platinum . The L% F stretch was examined in com-

plexes of the tyée'trans{?tL(CF3)(PMe2Ph)2]to determine if this frequency

. N , 3
could be related to the trans~-influence of Lii.). It was found that
Y] correlated not with the trans-influence of L, but with its mass.

C-F
The Lh F absorption was noted at around 1100 cm-l, with total variation
1

over about 45 cm .
The values of Ub=C for the‘perfluprovinyl complexes ;bow a
spread of only 13 cmul. Values are given in Table VI.
These series obviously de not correlate either with the mass

{;
(26) have

of .the trans ligand or its trans-influence. Appleton et al
studied complexes of the type trans-[PLL(C(CF3)=CHOCH3)(PNezﬁh)é].'

They record the Meac value but do not attempt to correlate it with

»
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TABLE Vi-
OBSERVED AND LITERATURE VALUES OF ceC
. -1 . -1
9 )
X C=C(cm ), L . C=C(cm )

cl” _ 1729 - co 1730
Br 1736 C5H5N; 1732
1 © 1731 PEL 1731
NO; 1735 PPh, 1731
ONOE 1736 P(OMe)3 1741 [
CN~ 1728 P(OEL)3 1733
N : 1731 ) P(OPh)3 1729

"

<]

either the trans-influcnce or mass of L, nor are these correlations

possible for the values obtained.

3.2.2. Nuclear Magnetic-Resonance Spectra and the Trans-influence

In the complexes prepared there are four nuclei capable of
giving rise to.a nuclear magnetic resonance signal. These nuclei
are tabulated in Table VII.

This Table indicates the most suitable nuclei for n.m.r.

1 1
experiments are H and 9F. The 1H spectra have been discussed.

}13\ /Hl |
X/,(;.-_C\. pussess ABC spin systems

i,

Vinyl species’

and their n.m.r. spectra are quite complex. The coupling constants

are found to jncrease in Ehe or%cx JIZ(chm)<:J13(J<13)<:J23(Jtran5)
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TABLE VII _
MAGNETIC NUCLEI 1N PERFLUOROVINYLPLATINUM(II) COMPLEXES

Relative
§énsitivity
d . for equal
Natural numbers of R Quadrupole
. .. " . momen t
Abundance nuclei at “r Spin YA
Isotope (%) constant field (h/21m) (10 ©F em™)
1
H 99.99 1.00 % 0
19
F 100.00 0.833 % 0
Slp 100. 00 6.63 X 1072 5 0
195p¢ 33.8° 9.94 X 107 % 0
N
and both J , and J decrease with increasing electronegativity
cis trans .
of X(ZS). When X is a magnetic nucleus JXH increases with increasing
electronegativity of X and the order JXH3(Jgem)25JXH2(Jcis)<:JHX1
(Jgrans) is found. These overall orders of increasing;coupling con=-

stants were found to hold for Eﬁg&gf[?iBr(Ch:CHZ)(PPh3)2](26).

The approximation is usually made that the coupling between
hydrcgen nuclei separated by one, two or three bonds is transmitted
bx the bonding electrons. Therefore, the coppling can be calculated
b; use of the Fermi contact term alone and through space coupling can
be ignored(zs). fhe coupling coﬁstant; in alkanes show some dependence
on interatomic angles, but this angular Jdependence would be expected

to be unchanged through a seifies of inyl compounds due to the double

bond.
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The magnetic resonance spectra of perfluorovinyl com-

pounds are more amenable to interpretation than those of vinyl com~

a
pounds since the chemical shifts are much larger and the spin systems

*

are thus of the AMX type. The chemical shifts for

F
\ /

/ \ -
2

increase in the order TGRS but there does not appear to be
3

any correlation between the magnitude qf the shift ‘and the nature of
M. As with vinyl systems the coupling constants are found to increase

. (27)
_in the order JlZ(Jgem){J . )<fJ 3\utr ns> - However for M = Pt

the coupling constants are in the order JoreF (J ¢

1
<3Pt:F3(Jgem) vhich is opposite to the order uspally found for vinyl
systems. The large value of J

(J

trans)\JPt-Fz 613)

has heen explained on the basis of
Pt—F3
the spatial proximity of the platinum and fluorine nuclei, i.e., the

(21)

coupling has a large through space component .

In the trans-influence literature the magnitude of 1JPt-A

for complexes trans~- FtLAXz] is related, by the equation given in

e N
~¥

2
3 -1
V’ ns )(O)l Zl ]

to the amount of platinum 6s orbital employeﬁ in the Pt-A bond. When

1.2.2.3., ’
] 2 2
Pt"ACCE(\ XBSFt6s(O) SA(O) \VPt(6s)

couplings over more than one bond are examined another tetm f(Pt....A)

is introduced which is postulated to include all electronic and stereo-



chemical factors influencing the coupling.

(28)

Appleton et al have plotted 2J for complexes of the

Pt~F

type Lrans~[?tL(CF3){?(CH3)2C6H5}2J versus ZJ for complexes trans-

Pt-H
: _ . o o .
[Pt.,(Cil3){P(C}l3)ZC6}15} 2] . A straight line plot was obtained which

passes, within experimental error, through the origin, Figure V1.
This plot was interpreted by the authors as indicating that the above
equation, based on only the Fermi contact crupling, adequately de-

scribed the true coupling mechanism. Further work by the same

24 .
authors( ) on complexes of the form

c¥
3\\ a 3 . ;

// ~
Nt H
L7 e LPh

v *Me P
I 1e2

R
Ve t
S

) . -
in which JJPL—F was\gfsttid against BJPL»H again yielded a straight

line, Yigure V1§, however,

this plot did not pass through the origin,

o]

. 3
but intersected the ~J

- 3
pror & is at about 26 Hz (7J

PLoF values ranged

from 78 to 143 Hz). The #Gthors felt one ot the possible explanations

for this was a constant through space contribution to both couplings.

The existence of a through space c¢ouplin mechanism between {luorine

(29

atoms has long been accepted in orgaric cheaistry

£y

1t is necessary at this point to wonsider the various thecries
%

.

of the trunsmission of.spin-spin couplings. lhe equation giving JFL A

. . 0
above i a resylt of theoretical vork.carried out by Fople et 31(3 ).

~

This mathematical approach applied time dependeat perturbation theory
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to the problem and demanded a summation over all the excited states

of the molecule. To avoid this difficulty the approximation was: made

that only triplet states were important and that, further, only a

“

mean singlet-triplet excitation energy need be comsidered. However,

Hinchliffe and Cook(3l>

_have pointed out that the form of the triplet
function empioyed has a marked effect on the computed value of the
coupling constant, and they felt that the use ‘of a minimal basis set
of atomic orbitals in the calculation was not a réliable process.

Aé;ther objection to thisytheory deals with the fact that
the theory assumes that the unperturbed wavefunction for a molecule
is an eigenfunction of the molecuiar Hamiltonian, but the self-con-
sistent wave functions employed in thg calculations are actually
eigenfunciions of the two electron Hartree-Fock Hamiltonians.

A later th%9ry was developed by Pople et él(B ) tc\circum;;nt
the difflcu1t1e§/§;;;rent in the use of time dependent perturbation
theory. Unfortunately the results of this second theory are not as
easily visualized as are those of the first. The later theory examines
changes brcught about by the perturbing influence of a magnetic nucleus
on the wave function for a molecule and is therefore a first order

perturbation theory. '

The contact contribution to the coupling can be written as

. spin I
J, & si(o)sz(o) ) f (hB)' (1.13)

B IhE }B=O'

-,

where SX(O) and SB(O) are the valence shell electron densitieq'at
ys

-h



nuclei A and B. Changes in J,  from compound to compound are

AB

thought to arise from changes in the valence shell electron spin

density at nucleus A under the influence of a perturbing nucleus B.

¥

The effect of nucleus B is to modify, or perturb, the wave funclion

for the meiecule. This, in turn, modifies the spin density matrix,

the diagonal of which is given by/fg . (33}‘

The above two theories have been applieg/éiciusjvely tc

’

Fermi contact contributggﬁs Lo the wvoupling congtants. Blizzard and

/, -
SanLry(34) have developed a theory in which ofbjtal‘and dipolec-dipole,

-
.

i.e., through space contribations are also censidered. Their theory
is based on Pople's first order perturbation thecory and the overall

coupling constant is given by
/

/ N
g b .
A 1ABJc@, b, 3y (1.14)
/ ’
vhere J is the ﬁermi conrtact contribution and JO and Jd the orbital

™

and dipole- dlpole contributions respectively. a, is given by

2 2, . . ;
ap = S/\(O)SB(O) and bAB is given by bAB = < > < >B vhere r

is the position vector »f a valence shell p electron centered on

s 2 2o . .
ejther A or B, and SA(O), bB(U) have the meanings given above.

/ in Blizzard and Santiy's theory changes in the Jr term from

mulecule to molecule arise from changes in the bond order matrix

4
%

corresponding to the valence s orbital on A under the perturbing in-
tluence of nucleus B oon the molecular wave function. In a similar

fashion changes occwring in the bond order matrix representing the

orbital part of the three nonbonding valance shell p orbitals cause
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changes in Jo while changes in the spin part of the bond order matrix

s
for these same orbitals cause changes in Jd. JC is isotropic while
Jo and Jd are anisotropic. Unfortunately this theory is difficult

to relate to easily visualized changes at a platinum nucleus when

considering the n.m.r. trans-influence, eg., the dipole-dipole ex-

pressjion contains an imaginary bond order term. ‘

. /
In the theories considered the si(o), SE(O) and (%—%> terms

are determined by the application of a least sguares fit of theoretical

3
values to experimental data.

The contact terms of the varicus theories can explain the

coupling between a given nucleus and hydrogen with a reasoaable degree

of accuracy in most cases. lhe orbital and dipole-dipole terms are

pra———

not reguired.  this is not surprising since hydrogen has no p clectrons
through which these couplings can be transmitted, unless the coef{ficients

of the Zp stouic orbitals jor Lydrogen in the overall wave funclion are

.

f‘\o

-

L

large. Waen couplings between heavier nuclei. such as carbon-carbon,
carbon={lucrine ov f{luorine~fluorine «re considered the inclusion of
terms gnvolving orbital and dipole~dipole coupling give results which
arc closer o the experimental values than do calculations besed on
Fermi contact coupling alonc;

¢

Blizzard and Santry believe that in the case of {luorine-
flunrine couplings the through space contributions can be larger than
the contact contribution. 1lherefore in systems iavolving coupling

4
between platinum and fluorine the coupling nuay have a sisnificant
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o

through space component, but it iéxunlikely that the through space

component is ¢f any magnitude for platinum-hydrogen couplings.

g
When 2J for trans~[}LL(CH7)(PEL ] (35)
D — -

Pt-H
(36)

is plotted
for trans—[PLHL(PﬁL3)2]

3)2

against a straight line plot which

1
JPL—H

passes through the origin would be expected, since only Fermi contact
coupling is possible. In fact when the values are plotted, Figure
“

VIll, a straight line plot is obtained, but the plot intersects the

2 2.
y . X , .
JPL*H axis at abouf/ZG\g<§ ( JPL-L ranges from 60.2 to 6.0 Hz).

When this observation is cdupled with that embodied in Figure VI with
its interpretation the conclasion can be drawn that it is difficult,

¢t this time, to closely relate n.m.r. trans-influence couplings to a

theorecical base. Both contact and thiough space couplings scem Lo
play some role. :

The experimental observation is that when J for complexes

Pt-A

Lrans~ E%LAXQ] is plotted against J for complexes Lranb—[thBXZ]
LALLL) 2 —

FL-B

a straight line plot is uasually obtained. fhe X ligands are normally
tertiary phosphines and their exact identity does not change the value

of JPL A significantly. lhe existence of the various plots for a)

c 1 2 .
couplings over one and two bonds ( JPt-H versus JPL—CH3)’ b) one
(24) ,1

/ , P O S
( JPt-H JPL-C:CH) and ¢) differing species
26) 1 . 2 R A i 3 3

( th_“ versus JPL-CFJ’ JpL-h VUrsus JPL—L-CY J

VLY sus JPL - CH) indicates thbat changing the trans iigand L exerts
-C=

and thic¢e bonds versus

39 PL-L-Q¥3

some influence at the platinum nucleus which changes the contact and
14

through spoce couponents of the coupling hin some proportional tashion,
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but theory and experiment do not yet allow an exact discussion of

the phenomenon.

'-\
The work carried out by Appleton et a1(24,
)

3

in that it allows a comparis?n of 7J and ~J values in the

is interesting

Pt-F Pt-H
© el
same complex. Presumably a t?rough spacé.componcnt would be expected
\ 4
for the former and none for th¢1@Tter. The fact that a linear plot

is obtdined indicates either that the contact and through space terms
are changing in some proportional fashion or that the through space

term is very small.

»
‘-

With the present work there are three couplings which could

2 3 3
J NP and J e
PL13 ltfl PLEZ

Examples of typical f{luorine magneilic resonance spectra are given for

give an indication of the trans-influence,

trans-{i't.cl(ﬂ":(ifz)(l’ELB)Z-] and lrans~ [I)L(CI~‘=(,1‘2)(PEL3)Z(I’Ph3)][(,10[}] in

Appendix 1. A plot of ZJ obtained in this work against ZJ

PL—F3 Pt-F

{or complexes trans~- [PLL(CF.,)JP(LH,) . I'h yiclds a linear plot, Flgure
! —_— 3 372702

. 2 eningy 2 )
1Xa as does a plot of JPL-F3 against JPL-H from trans- ELL&LH3)
. A ! 2 3
(PLLB)Z] , Figure IXb. However Lhc’ﬁ}n&;nof JPt~Fl and JPL-F3 shoy

a large amount of scatter, Figive X.

This is a different situation than that observed by Appleton

”

et al, Figure VI1. 1he questica arises; vhy does JPL ¥ shiow a
Linear plot against 2J while tie plots of 3J ) aéd 3J
- Pr-CH PL-F PL-F,
3 7 1 2
are not linear with respect to JPL ¥ ?  The probable answer lies in
3

the anisotropy of the through space coupling.

The Fermi contact term drops sharply with an increasing

V\
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-~

number of bonds between coupled nuclei, e.g., varies f{rom 778

JPth

(36) 2 (35)

to 1369 Hz while JPtuH varies from 51 to 88 Hz . With the

perfluorovinyl compounds ZJPt—F varies from 282 to 538 Hz while
3
3

JPt—F varies from 30N to 61.3 Hz. Assuming the plane of the per-
2

fluorovinyl group to be normal to the platinum square plane the dis-

) . . O - .
tance {rom F, to platinum is 3.04 A, vhile the distance from F, to

2 3
platinum is about 2.92 A. The through space couplings would be of
\
roughly the same order of magnitude and ZJPL F would thereforé, appear
-F N

to be dominated by che contact term.

The distance from platinum to F, is calculated at about,

1
0 o . . ) (29)
4.16 A. Since the through space couplings decrease with distance ,
3
this contribution to 7J . should be smaller than that to 3J .
Pt—bl PL-FZ

From Tables 11 and 111 it can be seen that in all cases except those

for CN_ and CU, where synergic bonding may be important, JPL F is
2

larger than 3JPt—F . Since with vinyl systems J is usually
1

greater than JHH(cis)’ and the cpposite order is found here, the
3 )

MH(Lrans)

magnitude of the through space coupling can be estimated at roughly
. . O
5 to 25 Hz at a distance of about 3 A, '
A

Also, since through space coupling is anisotropic, its mag-
nitude depends in part on the orientation of the perfluorovinyl pldnc
with respect to the platinum square plane. “The value of the coupling
constant thus depends not only on the ndture o.x the trans ligand but also
on the angle between the tw;/élanes. Changes in this angle when tiwe

trans ligand was changed would cause variations in the coupling con-



stant which were unrelated to the trans-~influence of the substituted
ligand. : '

Changes in this angle would be c¢f greatest importance in the

3 . .
case of 7J , since 2J is dominated by the contact term, and
PL-F2 Pt»F3

the through space coupling to 3J

angle would not influence JJPt-r by more than 5 or 10 Hz, i.e., a
3

is probably small. Changes in
PL-Fl

)

few percent and a straight lin¢ plot with respect to other n.m.r.
trans~influence series would be expected wand is {found, Figure X.

- . .3 )
Changes of 5 to 10 Hz in JP could easily result in the observed

t-F.
° 2
scatter from a straight line plot of JP' ¥ against Jr( . as shown
- ? "-*3 hd
. 3 . 2 -
in Figure X. For J against ] , also Figure X, two linear
PL—Fl PL-F3

. .

plots arc obtained, one for species Lran>—[iL(c2l3)L(1Lt3)2j[Cloal

here I is a nequalCQigand and another for trans- pWX(L?IB)(PLL3)2]

wlhere X is an anionic ligand. Pyridine and cyanide are the only ligands

(28)

wvhich lic off these plots. Appleton et al have chosen tu plot their
data for trifluoromethylplatinum complexes in a similar fashion, but
theie has not as yet been any significant data gathered to indicate

that anionic ligands should give rise to different plots ot iﬁgﬁg;

influence series than those obtajned for neutral ligands.

Jith Qxc corplexes Lxdns-[PEL{L(Lf3)—(HUCH3}(PﬁezPh)z] pre-

4
pared by Appleton et al (24) a straight line plot of 3JPL ; against

3 . \ s B : . . . \M""ll..
JPL goar obtaincd, Figure VII. 1This indicates gfat there is no =

orientation c¢ffcect assowiated with the platituwi~tluorine coupling.

There are two possible rcasons for this, First, the {luoyine alems
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&

on the free rotating CI~‘3 group

assuming ‘the vinyl plar- be

to
plane. Theretore, the through

be small and slight variations

overall coupling significantly,
ligands and the C(C}3)rCHOCH1 indicator ligund tend to t old the

dicator ligand in one osrientation no matter what the

69

are an average of 3,45 & from platinum,
perpendicular to the platinum square
space coupling would, in all probability,
to this component would not ghange the

Second, the bulkiness oi the phoophine

identity of the
!

<z

trans ligand. Molecular models tend to support this contention.

The n.m.r. speclra of the «hloro, carbonyl and triethyl-

pirosphite cornlexcs were reasured at different temperitures Lo ascertain
L d

if the coupling (onstants were temperature dependent, Table VIIl. It

was found thet the coupling was temperature dependent, tul nol in g
de=

2
for L=(0 to /.8L for

readily dis.ornible pattern.  Por caauple the couplings

J
bt-t

creased with decreasing temperature by from O

but 2J for X=C1~

pr-¥
7}
for L=(LLo),P. Also 73

1.;:(EL())3I’. increased by 2.7 and decr ased 3090

increaserd by 0.6 for x-(1  wand decreasad

vl
3

) ' K . . )
3,97 fox !:(LLU}ql a8 the temperature » dycrcased. Peiow aboat =00

viscosity b adeany oocurred and peak positions coald not be ohtalined

to actyracy better  han about to 1 cne. 1t would be advie Lle to stady

soticwhuat fess cow Cere, it o3l oo it lucrorethyl platin o

compaaite at cpviatures tetoce car i cul turther word oon

thiis oystler,

7

In condclusong,

‘ 3

NDetae - trons=ond oo e

<
- 1 L‘
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TABLE ViIl

VARLATION OF COUPLING CONSTANIS WITH TEMPERATURE

Ligend  temperature (°¢) 31 CHz) 3J (Hz) 2J ‘ (Hz) .
© pr-t ’ pPL-p., " Pt-r. "
1 L 3
cl ~40 59.6 AN 524
0 - . 660 -
35 58.]) 66.0 520
(0 25 64.9 31.6 379
60 66.0 3l.0 384
(umo;jr -15 34.9 35.90 308
29 33, e 37.3 309 ‘
0 o 33. 37.9 308

for the ook ot corzclation for ttas lotivs pair “is thought to arise

from o chonying threugh space vontoibution to the couplimg.  This con-

.
[

tribution probably varies with the trans-influcence of the substituting
ligand but also depends o the 1ela® ive ordentation o the perfluvrovinyl
2

sroup in the nolecule and tie distance fiom the platinuw nucleus Lo ¢ach

{ivor ine audleus,

Y



3.3. 5Suggestions for Further York

correlate in a linear fashion

3
1i !
Couplings of the type JPL-F

with other weasures of the trans-influence for complexes Lrans—[ftL

; = CHOCY W P . 3 Y xe AT G ", =
Zb(c13) QHOQI3§(IJL2}h)2] For (omplexes trans [ELI(Cl Ciz)

(PLLB)Z] tliis lancar correlation is not found. The difference is

; . 3 .
ascribed 10 a constant through space contribution to J“L . for tlfe
=g

) . . 3
former and a changinyg through space contribution Lo ~J for the
giny & I Pl

% S
Iatter. The constant contribution is felt due to the rigid orientation

of the ((LY3) = LHOxnj rigand, resulting froa both its own Lulk and Lhc'
s1z7¢ ¢f the phosphine tigands. A eceful experivent -would Lo to prepaic
complexcs of the form Lrans—[PngL(Li3) = (HOCJ;S(PM03)Z] , since the
sinal "er inmolhylyﬂusphihc proups shwuld pern it varying orienc.tion of
the L(LP3) = &HOLH3 group, hence d#leyiU& contribution to the through

space contribution to 7J Further, complexes or the for. trane-

Pi-}”
PLLCCh= )(l?ic,ill):J,A could alse be prepored, and may well vie
2 4 242
3 ‘ .
Yhi-l values whiich correlate in o DLinecar fashion witl .+ mecasures
L=

ot the trans-influence, since the potluor vingl ligond wovid be o

restrained into one orjentation, with respect Lo the platinus sguare

plane by the bulky phosplhine Pigands.



CHAPTER 1V

INTRODUC AT ONT

Bridge Sub.titution in Pentaborane{ %)

The Cry<tal Structure of Bis(dieihylomino)dithisboretane
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Boron is typical of first row elements in that it displays

4.1, General

some propertics in common with the heavier elemepts of 1ts greoup and
dificrs in others. For example, the trihalides of boron and aluminum
¥
both funciion as Lewis acids and tborate esters are physically similar -
to alkoxides. However "the trvalent halides of aluninum, gallium
L S
and indium are associated witercas the boron halides are monomers.
Boron triholides hydrolvze viore eadily than do aluminun halides.
Boric acid (F(UH)B) is acadic whide Al(OM). is anphoteric. Boron has
: i)

aride chemrstries of othier

an exténsive hydride chiensstry while the o .
> ¥ . s LA ,;ﬁ\\

proup 1114 c¢lements are limited. The boranes are volatile and ////
flanuable whircas the lonce binary Lydride of aluainu, is o poly.aric

7
&ul]d.\) )

N

bBoren, a metalloid, has o high seltmyg point (Z0UL ¢
ehiaves as a seajconductor and acts < eawrcdly s u noneetle 1

highvr group 11JA elements are conductors, have redlstiv y low nelting

-
<
~
¥
[
o
e
~—
$al

ond aot chicnacally s netados horip shows more sindlaracivs

Vith ostlroon taon with gluvnanus tn the behoviouwr of its hiydr idee
R y

(n

acid oy oaades and o the bydrolysis of it haliaes,

4.7. Nomenctsture

rncwlodge i boron chemistry anorcasod 1oaprdiy an the 19507
ahoworesult oot thie scar b for wipho eneryy faelioo dn Yo spoteee Lot

sapatiedr o of Whide taeld, the Soeaaoan Chor ool Sooaety, an PH6S) pute



(38)

lished a systematized noumenclature for boron compounds. Those
rules vhich are pertinent to this work are summarized below:
(1) 7The presence of boron and hydrogen in a conpound is
indicated by the term "borance®.
(2) 1be number of hydrogen gtoms in a molecule is desig-
nated by cither a nly fral in parendhiescs after the
name or a numceral followed bv L. [he former convention
is employed in this wors.
Eranples
{a) BH ie ditor oofe)

(b} » L, is pentaborane(Y)

(<) f’v] H 16 decabor anet S

‘
-
——
o~
s
y

-
-
-~
—

(5) Noaw s are based solel. on
struclure, (U vs ticrefore Necess sty Lo o 3ty dlag) ans
to mmt 1t siruclural intor gt L,

] (4) & Letituents e noed g the noynod - Yer ., (CH ). 2 H
2

. e =

ie J,t= o b= dimethylarboran (6), B U )}j Te Lractity -
L . o

Lorane,

L) o cto 0 re pw o Gty purpoaes of dd ity sty the

poortivn of surstitutions dhe ocodecule gs o vaiovod o -
proooccbyon pro wpe o digoction ot the open pon oot the
ode by Loy, P R L P nuslord bod g

extoyror and nu ol e ane s S0 S e oo g, beeanaing

gt the 1/ ol ock pos1t S aiie U L0 0] CLIG Gl o o4 o
] : J .
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boranes, the bonding is indicated in conventional
fashion, i.e., straight lines to represent binuclear

. . H
s1gma bonds. A BUB bridge bond is drawvn as //“v”\\
: B B

and a BBB threev-center bond as either g//’h‘\\h or

f\\. . lor higher burancs the localized three-cinter
B~ B

BER bond is not always adequile to describe tie bot 'ing,

.

as will be shown belew (sectiron 4.35.3.03.

LEnanples: {
(a) tentalor oaeed)
it Ht
N ‘\}.{/\\ ye
pe~ " B P
J i s £ rlgure i3
\ | /"/
H i H

30~ . /‘\/\ //‘ ~ .

B ’ Fi.vre -tb
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(7) Some ring compounds containing boron and sn atom from
groups V or VI, in élternating fashion, are particularly
P-4
stable. Trivial names have been widely used for these
compounds &¢nd are accepted by the American Chemical Society.
Examples:

(a) Borazine

H

| ,
H “, / : S A b
|

I
In N
v N7 \

B
I
i

e
ho sy

.
Piguee X1DJa ™,

s pon e S e SO BT
-—— Pty 21
~—ey

+
A
.
L]
.
L)

b)) Borthion
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{c) Dithiaboretane

S
HS-——-B//// \\\\\B-——-SH

N

Figure Xfllc

P

4,3, 1be Boranes

£.3.1. historical
The oxistence of the boranevs was recognized by Cir
Pumphrey bavy (1778-1824). Alnest one hundred years ago Jones pre-
pored a volatile boron hydride by the action of bydrodhloric acid on
) : L 139 . \ o
Magnhesiur boriac, Hg3b2 . No conclusive wourk was carricd out untal
1912 vhien Atfrod Stock developed tie teciinigacs . guired to handle

these vol . tile and pyroploric -~ torisie.

Siock and his coilaborators, in ¢ pralliant sirjes of in-

vestigations, synthesized and charocterized Il B, B H L H
b ’ ‘ o A (TR R T S
. (40) . .
B Y, andg b, H_, . B ey taek did not have aveipluoblo to bhaan
&gl 171 %

the experigment o and Prneors tica! tools requiced Lo study the structurces

sud bondong ot the bogae =0 jhesr o) wore developed and eng i, ed
R T T N T O R THN
A g T bart o oor L rs seard. nto the suructures and Londia,

i H)

3 . . P
ot thoe C e i ted by wlhie Laitsoo b ond s o tlabor stons

an



The study of thie syntheses, structures and bonding in the boranes

remains oné¢ of the most interesting in chemistry.

4.3.2. 1The Structures of the Roranes

For those boron hvdrides whose structures have been determined,
the boton skeieton” can usually be 'vscribed as a fragment of an jcosa-

hedron with its edges 'sewn up' by bridging hydrogen atoms. An icosa-

hedron (Figure XIV) is one of the most regular figures in nature. It

has twenty equilateral triangles as faces, thirty edges and twelve

vertices.  dte following boranes can be thought of as derived ifron one

i < . Tig 3 (Y ] 3 1
or more icosuhcdra: B2H6 (Figure XVa), Ba”xo (Figure AVb), dé“lO

B

(Figwe XVo), B H vy
i v} IR

e .
. (Fipure aVd), B18H22 and BZOH

}
120 Yoty

There are some -imper tant boranes whose structures cannot be

represented as ilcosabiedral {ragnents, Penlaborane(9) ha< a square
2~

pyranical Loron sacleton (Figure XVi) and the borane anion B]O”lO.

has a bivapied square antipricmetic framework. The {ramework of deca-
borane (1) can be described as twe pontaboranc(?) relecules fused at
Lthe Lwo gpey posilions. .

Ihe stryuctures of many borane related species have also been

deternianed ond here agoin the wcosqnedrally related sheletal structures

seen favored, e extensive groap ot carboranes (o mrpounda with both

, . -
buron and corbon <tons an saeletal positions) based on the B, K
1212
/‘; )
. . J s
aniton ol bhave acaaabeeds Ty reiated 1y ane wod e . lovever, the

Focer o dlecnt o wer bt artoe Slies e 1o tavor the sy oretries
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digure aly

An Jeosal eaaoen -

comncndy round in oanorganic chetastiy, o doc., the Sive aton.

of 1yo=t L.t is o« traigenal biprroaad oovt oo w1y ot onboged

of 1,6-0 ';"Ht is on oo tub dr on.
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Figure XVa

" Diborane(6)

Figure XVb

Tetraborane(10)

Figure XV.
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Figure xvd

Decaborane(1&)

that were different than the 'mormal' two-center, two-electron bond.
. . . i . 2 - e
The valence configuration of group I[11A is ns™, np . Althougn this
configuration indicates boron mignt be univalent, it is either tri-
or tetravalent under normal laburatory conditions. As a trivalent

element, boron has o vacant low energy orbital. The large number of

-

Fapure V1

frataboraneys)



f .
compounds in which boron is.tetravalent indicates this low energy

orbital readily takes pasrt in bonding. Thecre are twe possible ways

in which boron and other group LIIA elements can form the fourth

bond to ancther atom.

The first involves coordinate covalent boud formation. For

example in the boron trifluoriae etherate molecule, a lone pa¥r-of
¢lectrons on the oxygen atom of the ether is donated to the vacant

boron orbital. Similarly aluminus trichloride dime rizes whfn an

|

. . . N
electron pair on a chlorine atem is donated to a vacant orbital on

an aluminum atom. The strength of the coordinzte bond is influenced

.

Ci Ci. Cl
\\A 1/ N 1/
(3%
e AN
Cl R\\Lf// Ci
.
Figure AVIii )

. e e . i,
Aluminum trichloride Fiwer

»

X . .
by the’ lewis acidity of th\froup I1iA atom and the lLewis basicivy

of the donor atow, (Section &.4.1. below).

.
~ -

Fhere wre cases in which the formation of a coordineto bond

' i
v

can not be used to explain the bonding in eldctlron deficient specics,

e.y., the dimerization of borane to fornt diborane or tinncthylaluninua

tor form [k(l’%)3Al] Lo Nojther the hydrogen stuns of boran s nien the

.
-

carbon atoms o1 Urimethylaluminug have o one pair to dopate to the

3

vacimt orbitals of the pioup LA atons. N cases sudl o» thewe the

Boadng, oy antecpr ted dn tesns of - three-centor bond,

o]

A



83
o

&

4,3.3.2. The Three-Center Bond

A

The description of the three-center bond involves the linear
combination of an atomic orbital on each of three adjacent atoms. Of
the three molecular,orbitéis formed one, symbolized E+, is bonding,
while the remaining two, Eo and E-, are usualiy antibonding but can
become nonbonding in the limiting case of the two-center bond, Figure'

(41) ¢ cae . . .
XVIII . The hybridization of the orbitals used in forming the
three-center bond is determined by the immediate environment of the’

atom proQiding the orbital.

If the three centers are labelled A, B, and C the following

- The exchange integrals, i.e., those quantities which measure

terms can be employed.

the strength ot interaction between atomic orbitals, are given as

HAB = HBC =/9 and HAC = ¥ .+ The energies of the three molecular

orbitals relative to a non bonded energy Ho are given by(az).

E+ = Ho + __22(;_ +[A(%_)2 + 2#2]%
E =H - Y '
E- = Ho + _%L -[ (%)2 + .2/52]!E




’

It should be noted théf“ifIB is zero and 3’ié nonzero 3.
normal two-center, Lwo—eléctron sond will be formed bet%éen atoms
A and C. If J is zero and‘ﬂ.is nonzeroc an open threg-fenpér bond
will be formed and if J is approximately équal to B a.closed three;
ceﬁter bond will be formed. Relative energy levels are shown in '
Figure XVIII from Ligscomb(él). !

There are two types of open three-center bords feund in[{he_
boganeé. In the first, a'hydrogen atom functions as a bridge with the *®

L]

atomic orbitals being s from hydrogen and sp2 or sp3 from each boron

E-Ko

&

: : 1 ' o .
, 0 éag > i ¢ {?& v Y
Figure XVILL

<

Pvo— 1 ¥ v et B o PET=w g
Relot-ivo—Prneorev—lrvote—dn—Th v ina T
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as shown in Figure XIXa. Boron atoms alsc bridge as shown in Figure
XIXb. The bridging boren atom contiibules a p orbital to the molecular

orbital and the other boron atoms contribute as above. 4 closed three-

center bond can be formed between three boron atoms as shown in Figure.

’ . 2 . . .
AiXc. Here the atoms imay have sp, sp~ or sp3 hybridization. Figure

L/
A B & |
Tigure X[Xa |, - Figure XIXb Figure XIXc

~ Types of Three Center Bond

\

XIXc corresponds to the center of Figure XVIIL, i.e., where /48 = 1.°
5 .-
Figures XIXa and b correspond to /8 = 0 while A/¥ = O applies to o

normal two center bond. The energy level diagram indicates that Ef

s,

"is always Bondiug, while‘Eo and F_ are antibonditng except at &/8 = 0

and Af¥ = O.respectively, where they are nonbondirg,
~ ) ) .
In diborane(6), Figure XVa, a total of twelve electrons and

fourtlen ato&ic orbitals are available for bonding. Eight of the elec~

trons and eight of the atomic orbitals are employed in the formation of

~

ther four two-center terminal bonds between hydrogen and boron. The

s

remaining six orbitals and four electrons are utilized in forming two
’ *

hydrogen bridge bonds, each of which uses a hydrogen ls orBital and one

sp3 orbital from each boron.




&n

-

Pentaborane(9), Figure XVI, has 29 valeace orbitals and
twenty-four valence electrons. Ten of these orbitals and ten of the®

electrons are used to form the five terminal boron-hydrogen bonds.

-

ol b ‘- ’ I3 2 .
Further, each of the. fou¥ basal boron atoms.contributes two orbitals

to the bridge bonds to the basal hydrogens and EFCh of the four bridge

b

bonded hydrogen atoﬁi contrihutes one ‘orbital. There are, therefo}e,

i)
Y

r

twelve atomic orbitals involved in the hydrogen bridging system and
eight electrons are acéommodat'{, two in each.of the four three-center
bondigg.orbicais. ‘A total of ftwenty-two orbitals and eighteen elec-
trons ha?e been used in bonding the hydrogen atoms to the molecular
framework. Seven orbitals and six electrons remain to hold the grame~
work together. .
The valence s orbital and one of the valence p orbitals on
éhe apex boron'farm an sp hybr'id, with the axis of the hybrid pair
along the C4 axis’of the molecule, The remaining p~orbitals on the

. -

apex quon are oriented so that one orbital is in the plane of basal

-

boron atoms 2 and 4 while the other orbital is in the plane of basal

atoms 3 and 5. Each of the p orbitals cverlaps with a pair of basal

~

3 s X
sp  orbitals tc give an open three-center two-electron bond. .

0f the two sp hybrid orbitals or. the apex boron one is used

-

to form a terminal boron-hydrogen bond as mentioned above. The other
" ' . 3 .
points into the-moletular cage and overlaps with the four sp~ orbitals

) Vil N
originating on the basal atoms. This forms, in effect, a closed, .
~ r ' !
five-center moleculsdy orbital.

v
’

7

. JE




whe |

-

L]
gye final six electrons are therefore contained in three

molecular ofbitals, one a five-center bonding orbital, the other
: ) %

two orbitals being an open, three-center, degenerate pair, of bonding
orbitals.
Charge distribution calculations based on the molecular

orbitals above give each bacal boron a charge of +% electronic charge

while the apex boron carries -1 electronic charg.. The dipole moment

.

calculated from this model gives a value of 5.23 Debye. The actual
dibole moment is 2.13 Debye(AB). Calculations including elesctronic
repulsion terms give the ape¥ boron atom a charge of about -0.36

charge units while the basal borons have charges of +0.09 charge units.

This calculation yields a dipole moment of 1.88 Debye, in better

agreement with the observed value.

4.3.4, Preparation of the Boranes

. , %
Neither this section nor the following on the reactions of

\

the boron hy%;zdes is meant to be comprehensivé. The intention is

e

to concisely present essential background information.
The most widely used method ﬁgr the preparation of diborane{6)
¥ :

involves the addition of boron trifluoride etherate to a slurry of

(44)

lithium aluminum hydride in diethyl.ether . Yields can be

<

4BF3 + 3Li'A1H4 ———————f—+'2B2H6 + J3LiF _+ 3A1F3

stoichibometric. . )




i 88 ) >

Many of the higher boraﬁes are obtained from diborane(6)
by the input of energy. For exaﬂﬁle, tetraborane(10) can be.,
synthesized in a hot-cold reactor operating at 120 °¢ a;d -78 “c.
The same appararus operating at 120 °C and 30 C yields penta-

borane(ll)(as) ' _ : -

Pentaborane&gb!is m;st efficfen’: preparqd on~;n'indusﬁrial
scale. A recirculating flow -bystem is used and’a diboraneéé)-h;drogen
mixtur; in a l:4 ratio is passed through the rqutor at 200-240 “C.
Residence time is two or three seconds, yields can redoh 70% and con-

(45)

version 307 - Decaborane(l4) can be prepared in 60%'yie1d in a,

Static system by the pyrolysis of dlborane(6) for flfteen to thirty
minutes at 150-160 ° (37). The growth of interest in the rboranes is
shown by the fact that the above boranes, with the exception”of penta-
' , . . (46 -
borane(ll), are commercially available . .

Over the past few years it ﬁas become apparent that a step-
wise increase in the numper of boron atoms in a borane is possible
through lhe actlon of diborane(6) or substituted monoboranes on borate,

3 L

anions, as indicated by the following reactions: g

MBH4 + (cn ) BCl —_— 1,1 <cu ). 32H 4 MCl (467)

4
m oMBH, 4 (BH), — MBoHg 4 wé (48)
MBHg  +  (CH3),BCL —me s 2,2-(CH3)284H8 + MCl (47)
QB H +5(Bl.) —< 3 MB.H iggl—a.B H €+ H, + MC& (49)
: 479 TET37% stg 5711 2°

t

N HCl
MBllg +2(Bn3)2———-———> MB6H11-——7——>B6HLZ + MCL (49)
warm

to R.T. B6”10 (2%%) (50

L4
7 wiin
SEn,
v

s

«

'
——— ~ |
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The borate anions can be prepared by the action of an
alkali metal nydride on the.parent hydride in diethyl ether (see

Section 4.3.6. below), The syﬁthetic possibilities inherent in the

above “reactions are ‘only beginning to) be explored.

4.3.5. Reactions of the Boranes

(37)

Wiberg notes fifteen types of reaction possible with the

boranes. 0f these the most frequently employed are: *

. .‘/
a) Cleavage reactions- 1nvolv1ng B-H double brldges. The

cleavage process can be symmetrlc or asymmetric. For example, tetra-

hydrofuran cleaves diborane(:6) Symmetrically tc yield the THF : BH

3..
adduct(SL)s Armonia cleaves dlborane(6) asymmetrically at low temp-

[y

eratures to yield (Nh ) BHZ and By (52). Symmetrical cleavage of

pentaborane(9) produces BH3 and’ BAH6 while asymmetric cleavage with

ammonia at low temperatures yields NH . )2BH2 and B H,

b) " Electrophilic substitution reactions cap be carried

out under appropriate conditions. For ekampln both pentaboransz(9)

and decaborane(14) are alkylated with alkylhalldes and Friedel-Crafts

(45)

Catalysts . The substltution positions are thdse expected, from

charge distributions calculateg on the basis of molecular orbital

L4 ~

theory, i.e., the apex boron is subst{tuted in pentaborane(9) while
the number 2 boron is the one initially sﬁbstituted in decaborane(14).

¢) Llewis bases such as hydride iﬁns or carbanions remove
\ ) *
protons from the boranes. This will be discussed in more detail in
. ~,

. -
- -

-(53) s
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Section 4.3.+6. below. . D ) ‘.394

\

d) Olefins or acetylenes react with @iborane(é) or mono-
or disubstifuted‘alkyl boranes. The B-H bond adds across the multiple
bond in an anti-Markownikof{ fashion to yield a variety of organo-

boranes which can be further reacted to yield organic compounds. The = .,

total process, hydroboration, is of considerable value to the synthetic

(56)

organfc chemist . :
o . 3

¥

4,3.6. Deprotonation of the Boranes

.

The two general types of hydrogen atoms in the boranes are

bridging and terminal. Although early charge distribytion calculations

- indicated that the bridging hydrogens were more negative than the

(41) s . (55)

terminal hdeogen atoms recent calculations indicate the converse .

<

1f a terminal proton is removed, a pair of valence electrons

becomes available and thus marked changes in bonding in the. rest of the
molecule are likely. On the othier hand if a bridging proton is removed,
only small changes in bonding are expected'as the B-H~B bridging unit

) .
becomes ,a B~B unit. Thus it is not surprising that/the experimental ’

[3

evidence clearly shows that a bridging proton is removed when the

y boranes .are deprotonated.

[

Decaborane(l4) was the first borane to be deprotonated.

°

Sodium hydride in diethyl ether fas found to yield hydrogen and

Na BlO 13(56). The parent hydride can be regenerated by Lhe action of

N »

™S anhydrous acid oévthe sodium salt in aprotic solvents. . Baseo "such

~
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as OH , OR , and BH4 were also used to deprotonate decaborane(l4).
In all cases decaborane acts as a monoprotic acid. The position of

[ % .
substitution is uncertain. Neutralization of NaB 0513 with deuterium-

1
chloride in diethyl ether results in approximately 90% of the deuteyium
. being found in a bridge position(57), but the obvious conclusion is

t complicated by the fact that there is considerable exchange between °
bridging and terminal positions of decaborane(l4) in 'solutions of

. (58) . . !
Lewis bases . Evidence from nuclear magnetic resonarce spectra

is equivocal. . ,

Lower molecular weight boranes are also deprotonated with

ES

. ;uitable bases. Tetraborane(1l0) was deprotonated with methyllithium(sg),
/ ammonia or potassium hydride(6o). These éeprotonations weré carried
out in diethyl ether at -78 °c. ?ﬁe compounds obtained, LiBaHg,‘/
Nh&Bhﬁg and quﬂg, appear to be stable at —ié OC‘but decompose on
k\\\ warming. The reaction of ammonia with tetraborane(l10) is thought to

. o . . . .
be reversible. On standing at -65 "C a competing, irreversible, reaction
between tetraboranc(10) and ammonia also occurs resulting in the asym-

metric gleavage product [}NH3jEBH;][b3Héf§O)‘

On treatment of.LiBl}H9 with hydrogen chloride in diethyl

.ether; 75% of the parent hydride was recovered. On treatment of LiB H,

479
with deuterir n chloride/u~DB4H9 was'i‘ecovefcd(6l)o The conc¢lusion that”

(-4

the D atom occupied a bridging(position was base? on the fact that a
Nash i H v

v

strong absorpticn occurred at 1583 cm_l' i‘l the infrared spectruﬁ{j No

abscrption was roted at the frequency expected for the terminal B-D

v

¥

\ /\M
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stretch, i.e., 1946 cm~l. On standing the band at 1583 cm-l de-

o . Y . ~1
* creased in intensity and a new band appeared at 1946 cm ', due to

intramolecular exchange of terminal hydrogen with bridging deuterium
(61) .

atoms

Pentaborane(9) was reacted with sodium hydride in bis(2-
J 1

methoxyethyl)ether (diglyme) at room temperéture. An 82& yield of

’

hydrogen on the basis of

B5H\9 + NaH————— NaBSH8 + HZ

was obtained but the parent hydride could not be regenerated by the

(62)

action of hydrogen chloride . Subsequéntly, pentaborane(9) yés
reacted in ether solvents at -78 OC with methyllithium or n-butyl-

‘

lithium to yield hydrocarbon and lithium ectahydropentaborate(l-)

(LiBSH8)(63). .Sodium and potassium octahydropentaborate(l-) species

we;e prepared by the reaction of the,glkali metal hydrides on péntaw

1
borane(9) in ‘1,2-dimethoxyethane (glyme) at =50 00(64)

-

., The pareng

hydride could be regenerated by the gdction of hydrogen chloride on °

. (63)
L1B5H8 .
During the reaction at -60 °C of pentaborane(9) with liquid

ammonia, the boron n.m.r. spectrum initially indicated the presence

of ammonium octahydropentaborate(l-), but on standing a short time

the asymmetric cleavage, product RNH3)2BHZ][BQH;] was formed. As gith

tetraborane(10), the deprotonation reaction was thought to be reversible:
’ P

~

and cleavage prochtSmédémed by the slow, irreversible reaction of

- [
85}19 with ammonia, rather than through a Bsﬁs intermediaLe(J3 .

Tetra-n-butylammonium octahydropentaborate(l-) was prepaked
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by a metathetical reaction of téfféjg-butylammonium iodide with

- ~

potas$ium octahydropentaborate(l-) at -23 °C in methyléhe chloride-~
~ a
(65)

THF solutions . Pentaborane(9) was regenerated by the action of

hydrogen chloride.

Infrared, 11B and lH n.m.r. spectra were used to assign
(63,64,66)

I's
the acidic proton in pentaborane(9) to a bridge pos1t10n

There is believed to be a rapid tautomerism of the bridge“profons, but,

(66)

no interchange of bridge with terminal protons . Thus only a single

&
v I

doublet resonance is noted for the cheémically nﬁnequivalent basal boron

. 11 , .
atoms in the ~ B n.m.r. spectrum .of LlBSHS, even at low temperature.

Tbé'proton n.m.r. spectrum 4ndicates all basal terminal hydrogen to
be equivalent, and all bridge hydrogens to be‘équivalent. However,

Shere et 31(67% depro’tonat_edIZ—CHBLSH8 with potassium hydride and

“found that the tautomerism could be slowed‘at low temperatures. Two
resonaqc;s of relative area 2:1 were ascribed to the bridge protons.
Since three chem;cally difierent bridge protons were expected, the
results were interpreted as indicating tautomérism had slowed.but

not stopped.

Hexaborane(10) was deprotonated with methyllithium and

) . . (68)

sodium and potassium hydride . As with tetraborane(l0) and penta-

bo}ane(9) hexaborapne(10) in liquid ammonia initially formed NH Bl ?

o'lo

but on warming the cleavage proQuct KNH3) BH+][B5HBJWas found( 9).

Spectral evidénce dnce again indicated that a bridge proton was re-

moved when hexaborane(l0) was deprotonated.




A x
Y .The Bronsted acidities of the above fouwr boranes .appears

(61,68)

to decrease in the ordcf B, AH 4:>B6HIOQ;B4H102>BSH9 The

1071

’

relattve order of acidity of the 86H10~-B4 1O-paxf'has not been ..

established. As expected, whea electron withdrawing substitutents,

such as chloride, were sybstituted for a terminal hydrogen atom .
. - -
the Brgnsted acidity of the borane was enhanced. When a methyl

group was substituted for a terminal hydrogen the Brgnsted acidity

decreased(67>h

\ - ¥ >~*./n/
Of the borate (l-) salts only B10H13 is stable at room *

temperature. Thermal stabilily decreases in the order BlOH13:$

B6EI;>B5H;>B4H;(61). The thermal stabilities of lithium, sodium

#
. )
and potassium borate(l-) speci€s are similar. Some workers re-
. !

ported the lithium compounds to be slightly more stgble than the
. (66) (60,61)

sodium or potassium whereas others reported the converse .
A considerable increase in stability accurred when the large tetra-

i ' 65 ' 3
methylammonium cation was Lntroduced( ). .
e . r

Deprotonation rales appear to increase qualitatively Qn

¥

order of the Lewis base strength of the solvents employed. None of

the deprotonation réageanvemployed to date was capable of deprot-

)

onating the boranes in either the absence of solvent or the presence

of hydrocarbon solvent.

’

When a proton is removed

(ffom a borane, a B-@“~B unit

becomes a B-B unit, and it is possible to prétonate this B-B bond.

(702

' -

As an extension to ﬁbis, Shore et al used HC1l or DCl in BCl3 at’

L
.
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-78 ¢ successfully to protonate the lone B-B bond in the base of

hexaborane(10), Figure XVc to form the undecahydrohexaboronium(+1)
ion(7o). ’ '

—

Triborane(9) does not exist but tiz conjugate base, the
2

thermally stable octahydrotriborate{l-) anion, was prepared by the

(71)

reaction of diborane(6) with sodium borohydride at 60 °C in glyme .
This anion.takes part in reactions of a type similar to the other
(47), but different iﬂ others(72),

) o~
(see Section 4.3.7. beloyg, The structure of the nonexistent parent

-

s ’
borate(l-) species in some respects

i$ Postulated ‘as.a trigonal plane of BH2 groups jbiﬁed by three-

bridge hydrogens. X-ray crystallographié work on [NHB)ZBH;][?BH;]
3y

. The B.H. ion was

378

therefore considered structurally similar to the other borate(l-" -

indicated a bridging positicn was vacant

~

species.

v

4 v, 3
4.,3.7. Bridge Substitution in the Boranes

. . o
When diboran¢(6) was passed over {:(NL{3)ZB}12]BH4 at 85 ¢

aminodiborane(6) (uNH.B.H.) was obt ined(74). The "amiro group was
= JOR® 3 : p

2725
. . , . M e (75)
shown by electron diffraction to be in a bridge position . The

~
-

bonds between the g%ron and nitrogen atoms are two center lwo electron
bonds.

It is poééible to prepare compounus in which an atom other
than hyérogen‘is found in a'bridging position and is bonaeq to the

“rest of the molecule with a three center two clectron bond. The
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precursors to these species are the borate(l-) anions.

Gaines ana lorns pfép@red the first of the c;ﬁpounds in
which ; heavier atom was substituted for a bridging proton(26)h
They reacted iithium octahydropentaborate(l-) with trimethylchloxro~
silane in ether at -%8 °c and obtaine&‘/-trimethylsflylpentabor%ne(9)
gﬂ~(CH3)3SiBSH8). This coméound was brominated‘at the apex position
to decrease’iés volatility and provide a heavy atom for a single

(77)

crystal x-ray diffraction study . This study unequivocally es-

Q

tablished that the silicon atom was in a basal bridge position.

»

Subsequently Gaines and Iorns prepared a series of com-

pounds of the general formul?;#"R3MIvBSHB where MIV = Si, Ge, Sn or
‘ (78) s o . %
JPb and R = H, CH3 or CZHS . The brldgxngop031t1on of the RBMIV
~

., 11 - ) . , N .
group was confirmed by ~“Bn.m.r. experiments. 1t was demonstrated
B §
that the silicon and germanium derivatives isomerized quantitatively,
Yat room temperature in weak Lewis bases, to the 2-substituted deri--

vatives. It was also determined in another study that'u—H3SiB H

58
(79)

A

was chlorimated at the silicon atom by boron trichloride

Burg and Heinen reaétrd dimethylchlorophosphine with lithium

octahydropentaborate(l<) in diethyl ether at -78 OC(SO) to form

P

H-dimethylphosphorylpentaborane(9), (/M-(CH3)2 stg

position of the phogphorus atom was confirmed by.n.m.r. When bis(tri- -

PB.H,). The bridging

,/ : . - .
fluoromethyl)chklorophosphine was employed as an insertion reagen&,

-~

only l—bis(trifluoromethyl)phosPhorylﬁentaborane(9) was obtained.

- Gaines and forns have prepAred vﬂ-dimethylborylpentaborane(9)

~
-

o . B &;
',

U UV
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(/X-(CH3)2BB5H8) by the reaction of d?methylchloroborane(3) with
lithium octahydropentaborate(1l-) in diethyl ether at -78 °c. This
compound isomerizes to 4,5-dimethy1hexaborane(10) in diethyl ether
at roem temperature(sl).

Gaines and Borlin prepared‘ﬂ-dimethyia1uminumtrlborane(9)
(/u-(CH% 2AlB3H8) and /M dlmethylgalllumtrlborane(9) s/“ (cH )
GaB3H8) by the.actlon of the QLmethylmetalchlorlde species on sodium
octahydrotriborate(l-) at room temperature(72). However these eom-
pounds are not triborane(9) molecules gFigure XXa) with a group
I;IA metal replacing a bridging'proton. The structure is thought'

N

to be as indicated in Figure XXb.

H

w

N

Al
P/

wﬂ\

3! H H
\/\\/
B - B H—B —H
an I \g
H H
B
AN N
H H .
Lol
Figure XXa ’ T Figure XXb
Triborane(9) Dimethylaluminumtriborane(9)

»
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Nuclear magnetic resonance data indicated that the meLhyl
groups, boron atoms and boron bound hydrogen atoms are lnvolved

At

in a rapld\1ntramolecular‘exchange at room temperacure(72).

In related studies, E}QQ-Z,3-dicarbah;xabdrgne(8) (3,3-
02B4H8) was deprotonateaxgz). Chronologically this species was de~
protonated prior to the ‘boranes; with the ggception of BlOH14°

Nido-2,3 C2B4H8 resembles a hexaborane(lO) molecule with
two of the basal boron,@toms repla;ed by two Carbon atems. The base .

has only two hydrogen brLdges, rather than the ﬁeur of hexaborane(10).

Compounds of the type /ﬂ-4,5 R3MIVC284H; have been prepared where ,

MIV = 5i, Ge, Sn or Pb and R = § or CH3(83’84). The propefties of

t A
the carboranes are significantly different’ from the properties of

the boranes and they will not be discussed further.

As mentioned above (Section 4.3.4.; diborane will add to
borate(l-) anions. In at leag}'one of thes; cases; the addition of
borane(3) to octahydropentab;rate(l—), the borane enters tﬁe base of

the molecule,?probably in a bridging position. He$aboraﬁe(10) is

. 50
generated on warming to room temperapure< ).

4.4. Boron Bonded to Group VA »nd Group VIA Elements

The species to bé discussed in this section include those

~

compounds in which boron is bonded to nitrogen or phosphorus, or
’, f

oxygen or sulphur. 1In view of the vast literature in these areas

no attempt will be made to be comprehensive. The intent is rather

i;,' \ '

\




to present a pertinent overview. Material for this section is to

zu(85>, N6th(86) Hai du (87 ), Parshall(88), .
8N
C yle(sg), Edwards(88), Torsell(g'), Nesmeyanov(go), Nies(gl),
Mikhailév(86) and Meutterties(ss). Specific references to, other

sources are given,

4.4.1. Compound in which [oron is Tetracoordinate

Tricoordinate'boron has a vacant low-energy o#bital.
Tricoordinate groﬁp VA atoﬁs have a non-bonding pair of electrons
and dicoordinate grous V;A'é£0ms have two non-bonding pairs of
electrons. Therefore bo;on is capable of functioning as a Lewis
acid and nitrogen, phosphorus, oxygen and gulfur as Lewis bases.
When the Lewis.acid-l¢wis base neutralization reactign occurs the
Son&'garmed is a coordinate covalent bond. Electron density is
tﬁ?nsfe ed from the group VA or VIA element to boron. The classes .-
df compounds £ormed are called. amine- boranes (R NBR ) in the case
of nitrogen, phosPhine-boranes (RBPBRB) in the case of phosphorus—
and simply coordinatisa complexes for oxygen and sulfur (R20BR3,

' .
R SBR3).‘ On complex formation, boron, nitrogen and phospho;pgb -

2 -
become four coordinate and oxygen and sulfur become three coordinate.
" . A‘«
The complexes are usually prepared by the direct reaction
of Lewis acids, eg., boron trihalides, diborane(6) or mono-, di-
. e “

or trisubstituted boranes, with a wide variety of Lewis bases.

These include primary, secondary or terfiary phosphines or amines,
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ethers, and to a lesser extent aldehydes and ketones,“as well as
hydrogen sulfide, thioethers and mercaptaﬁs. A variety of Sther
methods of formation exist. For examPle, LiBHQ can be used as a
source of -borane, and strbnggr Lewis bases can be used to replace
weaker, eg., transamination reactions. :

The strength of the bond between boron and the donor atom
depends on the rel;ti»e strength of the Lewis acid and the Lewis
base. Changes in the donor;acceptor bond str;ngth with changiﬁg
acid-base stréng;hs ﬁrequéhtly are monitored by means of the donor-
acceptor stretching frequency in the infrared spectrum. Boron tri-
halides are étronger Lewis acids than either diborane(6) or sub-- .
gtitqted monoboranes Que to the ability of the halogen atom; to a

-

remove electron density from the boron. Boron trifluoride might be

éhought the stfongest Lewis acid of tﬁe bo;on t?ihalides but it
'is_not. The reas;n kt is not a strong acid is because molecular
‘6}bitals éf pi symmetry are formed employing boron and fluorine é
orbitals 5£\approptiate symmetry. Energy is required to disrupt this
double bonding agd this‘reduces the stability of\tbe“coordinate
complex. i

The Lewif base strength of the donor atom is'fncreaéed by
the replacement of hydrogen atgms with alkyl or aryi groups. Thus
while'phésphine-bo;ane (H3PBH3 is unstable, trimethylphosphine-
borane ((CH3)3PBH3) is relatively stable. As expected on the basis
of elec;ronegativities, the nitrogen~boron dative bond is rormally °

v 2

o




stronger than the phosphorué-bo;35~dative bond, and the oxygen-
r . ' ;
boron bond is normally stronger than the sulfur-boron bond. The .

.

reference acids used to establish stabffzties are usually the boron

trihalides. When BH3 is employed as“the reference acid, the order

<

of stabilities is reversed. The bond between borpn‘hnd the heavier

&

element is stronger than that between boion and the lighter. This

¢
t

phenomean is rationaliled by postulating that z d orbital on the
second row atom is capable of participating in some form of bonding
~with a group orhital of the H3 unit., 7

-

4.4.2. Compounds. in which Boron is Triccordinate

L I
Compounds in which boron and groups VA and VIA atoms retain

thesir 'mormal' coordination number, i.e., three for boron, nitrogen

- N
‘ H

and ﬁhospﬁorus and two for oxygen and ,sulfur, have been much more

widely studied than those in which the above elkements expand their

7

coordination spheres.

4
With group VA the classes of compounds RZNBR2 are called

' :
amino-boranes or, RZPBRZ’ phosphinoboranes. These compounds can be
obtained by pyrolysis of the amine or phosphifle boranes if the boron

atom has at least one hydrogen atom bonded to it. For example,

N ITAN
RNBR, I

o

-
»R,NBR, "+ RH

The boron atom of the amino or phosphinoboranes can be mono-,

X (RZN)ZBX or (RZN)3B. As well

as the above p}rolysis reaction, there are a wide variety of methods
\\

di- or trisubstituted, eg., RZNBX

AN

3

e
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available for preparing thése compounds. Mixed ‘derivatives
(RR'NBR'"R'') can also be prepared. .

The bond between boron and phosphorus in the phosphino-

] -,

boranes can be described in terms idéntical to those used to de-~

scribe the bond between boron and nitrogen in the aminoboranes.
, ‘

Therefore bonding will be discussed only for the aminoboranes. Thé

bond between boron and nitrogen in the aminoboranes possesses double
bond character. Each of the boron and nitrogen atoms can be con-

. '2 ) Ag
sidered"as an sp hybrid and a sigma bond is formed by the overlap

Ny

of these hybrid orbitals. Boron has.a vacant pz‘orbital perpendicylar
to the plaﬁe of the sz hybrid while nitrégen has a filled P, orbital
perpendicular to the same plane.j'These P, orbitals overlap and a

bond -is formed by donation of electron density’from piprogen to ;wfon.

The strength.of the B-N bond varies with the substituents on the two

centers. The boron-nitrogen stretching frequency from the infrared

spectrum increases, indicating a stronger bond, as.the number of car-

. -

bon atoms in alkyl substituents on each of toron and nitrogen de--

.
¥

1 .
creases. Further, if the nitrogen.atom has aryl substituents- the”

~

frequency .decreases, presumably because delocalization of the lone
pair of eléctrons on nitrogen over the pi system on the aryl sub-

stituent decreases the availability of this lone pair for donation to

£y * f‘
boron.

Restricted rotation about the B-N bond is attributed to

the double bond. The barrier to rotation, from n.m.r. data, is
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about 10~15 kcal/mole. Molecular orbiual calculations show that
K3 . rt I3 .
the nitrogen atom in-monoaminoboranes carries a net negative charge

of about 0.05 electronic units: This is thought due to the boron

)

atom donating .more charge to nitrogen through the sigma bond than - L
it receives through the pi bond. .
. Bond lengths in amine boranes are about equal to the sum ' ¢
g ' ) . L 04 ‘
of the covalent radii of boron and nitrogen (1.57A-0.03). The bond L//
[+

length between boron and-'nitrogen in monoamino- and bisaminoboranes
has not been established by x-~ray methods. " The trisaminoborane*

i 1,8,10,9~triazaboradecalin (Figure XXI) has been examined by x-ray
) v - N ,

' N . N .. :
/ -
/ \.ly \
. ' Hy¢” T 1.43 2 B . CH,

1.43 &

/

HZC\./N\ '/CHz
| e ~, <
CH, H,

Figure XXI

e

. 1,8,10,%;triazaborq@ecalin “

. -«
3

methods and the lepéth of the boron-nitrogen bond estaﬁlished as
(92) ' )

I'4

1.40-1.438
The chemistry of the aminoboranes and phosphinoboranes is

determined largely by the presence of both donor and accép&or atoms

.
1 ¢ N

o~ /_—_‘j__—___é:»
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in the molecule. Thus aminobordnes will dimerize or trimerize
1

with both boron and nitrogen atoms becoming four coordinate. The

.

possibility of oligimer formation depends on thé strength of the
{x fee o . ' .
acceptor and donor sites and on steric effects, but whether dimers,

trimers or even tetramers are formed appears to depend on the con-

.

"ditions of the preparative reaction, i.z., solvents employed and
. . ~
temperatures used. -

»

Even though the ﬁ;‘orbital on boron is émployed in hond-

o

ing it is still possible for these compounds to function as Lewis

acids. For example, trismethylaminoboranc, B(Nﬂﬂe)3, will add

- - Y " s
NliMe to form B(NHMe)A. The nitrogen atoms chn also function as ,
b b4
donors, eg., tris(dimethylamino)borane will add aluminum trichloride.

-

Heterocyclic rings containing alternating boron and nitro-

)

geri or boron and phosphorus atoms are known. The former arc-very
C. A
well known, and commonly contain tricoordinate boron and nitrogen.

"The latter are not well known and, when found, usually contain four
coordinate boron and phosphorus. Phosphorus containing rings can ~

be thought of as oligomers of phosphinoboranes. Phosphinoboranes

form these rings so readily that it is frequently difficult to

obtain the monomer. Y

A
The most studied bor'¢n-nitrogen ring com&gund is borazine,
' ;

(HBNH)3, Figure XlIfA. Borazine is of interest because of its

&

electronic similarity to benzene. The bonding in borazine consists

-
+

of a sigma system with bonding by overiap of'sz orbitals on adjacent
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. centers, and a pi system with bonding due to donation of electron

density from a filled P, orbital on nitrogen to a vacant P,
- -

orbital on boron (z axis perpendicular to the plane of the B-N

ring). Molecular orbital calculations indicate nitrogen to be

slightly negative for the same reasons ment ioned above for amino-

°

boranes. ™~

Under certain conditions, four membered boron-nitrogen
heterocyclics are formed, although six membered ririgs are more

common. The formation of four membered rings, which are favored

-by the presence of bulky substituents, is usually accomplished by

pyrolysis of trisaminoboranes. Thf reaction is thought to‘proceed

?iawan N-bridged intermediate, followed by amine elimination.

membered rings.

It

13

R 'R

RHN N NIiR -
_ -RNH
2 B(NHR) 3 ——> ,_>B/ \B,/ 2 > <>B-NHR
RHN NHR .
R

Mass spectrometric molecular weight determination and x-ray

diffraction data ifor B;[bis(trimethylsilyl)amino ~N-trimethylsilyleyclo- )
(93)

diborazane, Figure XXII , clearly establishes the existence of "four

(Ne3Si) N . SLMe3

&\

N(SiMe3)2

—~/;aEigurew%%&i~—A—~AA-~A-A—~——-7~A4~———44-~—~‘~—-A—)*
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ﬁoth oxygen and sulfur form compounds analogous to the
aminoboranes. Boringtes (RZB(OR;), boronates (RB(OR)Z) and borates
(B(OR)3) are formed by the reaction of di, mono- or unsubdtituted
boron halides with alcohols. If the same boron halides are reacted
with merc;ptans, thioes ;rs are obtained. Hydrolysis of both the
esters and the thioesters yielde oxyacids. Treatment .of the thioesterg
with hydrogen sulfide'yields the thioacids, with the exception of the
sulfur analégue of boric acid, which has not been prepared.

The oxy acids of boron do not function Qs acids by donation
of a proton but rather by accepting an hydroxyl ion: ‘The vacant or-
bital on boron ac;epts an electron pair from the oxygen atom of the
hydrokyl group, formigg B(OH);, RB(OH); and RZB(OH); species.

}hioesters of boron éuﬁftion as acceétors with donors such
as amines. However the complexes decompose below room temperature
to yield the mercaptan and aminoboranes.

The oxyacids of boron undergo facile intermolecular de-
hydration. bn heating, or thoboric acid B(OH)?, yields metaboric acid

(H0B0)3, while boronic and borinic acids dehydrate as shown below.

R

AN

v
+
[
=]
(=}

335(03)2
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The thioacids undergo similar reaction somewhat more readily. Al- .

though the parent acid B(SH)3 h;;‘;ot been jsolated the dimer
(HSBS)2 and trimer (HSBS)3 have. I

The orthoboric acid molecule (B(OH)3) has a trigonal planar
structure, Figure XXII1la, with each of the hydrogen atoms hydrogen

e
i !
bonded to an ‘oxygen atom on another molecyle, forming a pseudo- 3
M &

hexagonal network. The hydrogen atoms ai; not ‘found at the midpoint
of the oxygen-hydrogen-oxygen linkage. Metaboric acid (HB02)3 has a
. 1‘

Y om
H ™~

- !
‘ " | ¢ 0/ B\O
N T

: B H
, J) o\/ \O/D\O/

7

- H ) H
Figure XXIIla Figure XXII1Ib
Orthoboric acid Metéboric acid

planar trimeric unit, Figure XX11Ib. Each hydrogen atom is bonded

via a hydrogen bond to a non ring oxygen in another /trimer. These

hydrogen atoms are found at the midpoints of the oxygen-hydrogén-
oxygen linkage.
There is a very strong tendency for oxygen-boron hetero-

cyclic rings to be six membered. Only one four membered ring is

known. This compound is formed by the dehydration of mesitylene
) .8
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boronic acid. Steric effects may favor the formation of the four

’membered ring(ga).jvl
Me Me 0 Me

2 Me - B(OH)2 —> Me <:) B\\\ ///{B Me
Me Me 0 Me

Sulfur-boron compounds;‘in contrast, form four membered
rings readily. Hydrolysis of boron.Lrihalides yields‘boric acid,
which can then be dehydrate& to form the six membered4355%:oric ;cid
ring. When boron trihalides are treated with hydrogég sulfide the )

v < . . ’ . . . * .
parent acid can not be isolated, but the products of a reaction similar

to dehydration -are formed, as shown bglow.

BX3 + 3H28 ——— B(SH)3 |+ 3HX .

S
TRV N
21}(§H)3 - > HS B\S/B SH ZHZS
1] }1
s A 2N
A N N
3(1s8s), > 2 l ‘
l
s\ /s
B
}
S

0.
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. ¢yclodiborthiane) is forméd. on heating, the six membqred rlng

(trlthlaboretane or tr1Lhlolcyclotrlborthlane), is 1rreVer81bly
formed. Derlvatlves of the four membered r1ng can be formed, eg.,
heating Lriethylamine borane with hydrogen sulfide yields bls(dlethyl-

5
amlno)dltxlaboretane( ). This compound is interesting in that it con-

P N N, /S\ s
2H,.S /, + 2C2H6 + 4H
C,Hs \/ \Czﬂs

2

" tains a monoamino llnxage as well as the stralned (BS) four membered

~

ring.

" Due to the commerdial importance of -many oxygen-boron com-

. . -
™ . & e ¢

pounds detailed st}uFtural inv stigations havg been carried out. The
sum of the covalent raqg{/;:i~;he Boron-oxygen bond is 1.55 & : How-
ever in both orthoborid 'and m;taboric acid the boion-oxygen distance
is 1.37 2. Apparentiy‘kﬁere is donation of charfge frgg,fhe filled
lone-pair orbitals on'o;;éen’fo\fhe v;cant boron 6rbrtal, resulting
in Tr'bon%/ﬁparac;er. }he puckered six membered B302 ting found in
poté;sium metaborate (KBOZ) has alternating beron and oxygen atoms
1.38 & apart. The anion‘found in potassium metdborate tetrahydrate
(K 0. 5B203 SHZO) contains tricoordinate and tetracoordinate boron
atoms, Figure XXIV. The bond distance from boron to.the oxygen atoms

in the hydroxyl group is l 28 X » whereas thau between trigonal boron

and ring oxygen is 1.53 . Tetrahedral boron has no capacity for double
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!
Hm0” -\o/ No—n

o

o

. —
o
Figure XXIV
Potassium metaborate tetrahydrate
anion
bond formation, and therefere the interatomic distances are about those
expected on the basisfof covalent radii.
Very little structural work has been carried out on boron-
sulfur containing compounds. The crystal structure of (BrBS)3 has
) ¥
. ‘ o
been detarmined and the boron-sulfur distance was‘reported as 1.85 A .
As this is very close to the sum of the covalent radii (1.84 2) it is
unlikely that 47 electron density is being donated to the vacant boron
orbital from the large, difuse, no~-bonded electron padrs on sulfur.

'

4.5. Spectral Techniques in the Study of Boron Chemistry

4.5.1. Infrared Spectroscopy %

&

Historically, infrated spectra have been important in the

study of boron containing compounds., For example, the structure of
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(96)

diborane(6) was elucidated on the basis of infrared spectra .

. Isotope exchange has ffequently been employed in the inierpretation

(97)

of spectra and stretching frequencies are used to determine the

degree of multiple bonding pfesent in compounds such as amino- and
ﬁhosphinoboréneséssl. However today infrared spéctroscopy is used

mainlyjas an identification tool, since structural information is more .
] '

\

read{{f obtained by study of n.m.r. spectra. -

-

!
4.5.2. Mass Spectroscopy T —

.
-

Boron has two naturally occurring isotopes, 1OB and llB, which

are found in relative abundances of approximately 1l:4 respectively. Thus

the parent ion peaks of pentaborane(9) are spread over six mass units
11 11 10 11, 10 11 10 11 10 ., 10
due to Bsi B4 Bl’ B3 BZ’ B2 83, Bl B& and BS

Edrther spreading is caused by the successive elimination of hydrogen.

species.

The fragment resulting after elimination of a boron atom from BSH9 .

shows a spread of five mass units for tre boron cage and further
. -]

(]
spreading by hylrogen atom elimination. Thus an identifiable pattern
exists for each of the boron hydrides. Mass spectroscopy, as is the
case with infrared spectroscopy, 4s used mainly as: an identification

of

tool rather than as a means of obtaining information abbut structure or
. . -~
o . W

bonding. ¢

.~

4.5.3. Nuclear Magnetic Resovnance Spect Jécopy

Proton n.m.r. spectra have been used in the study of boron
- - .

i
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containing compounds with comsiderably less success than has been the
A

.

case in carbon chemistry. The 11B isotope has a nuclear spin of 3/2
while the lOB isotope has a nuclear spin of 3. Thus a hydrogen atom

bonded to 11B shows a spin multiplet of multiplicity four, and a

’

hydrogen atom bonded to }OB a multiplidity of seven. Therefore the
relative intensities of each member of a multiplet are lower, by a

factor of either four or seven, than the intensities of a single hy-

1

drogen bonded to carbon. Furthermore, since the two borom isotopes
have quadrupole moments, there is an indirect mechanism for rapid
transition of the hydrogen nugleus from a higher to a lower energy

spin state. This considerably broadens’the resonance line. Hydrogen
i R

atoms bound to carbon normally have haqﬁ height widths of a few Hz,
!

but hydrogen atoms bonded to boron havg half height widths of 30-60 Hz.

This broadening results in | .or resolution of proton n.m.r. spectra off

compounds containing hydrogen atoms bonded to boron. In practice the

septet for 108 bonded hydrogen is usually obscured by background noise.
. " ¢

As mentioned above, lOB has a lower abundance than 118. It -

also has a 1§pgér qu drupolJ:moment and a lower sensitivity in n.m.r.

experiments. In compounds_containing boron of natural abundance the
. 10 . .

n.m.r. signal for ~ B anuclei is only about 0.03 times as intense as

] 11 Ch s . 10

that of "B, and it is broader. For this reason ~ B n.m.r. spectra

are used only to study isotope effects.

11 R e
B n.m.r. spectra can provide useful structural information.

3

These spectra are somewhat more difficult to obtain than hydrogen spectra .

+ ’

/ «

B A
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3 [}
as the relative sensitivity of the 11B nvcleus is only 0.165 that of

an equal number of hydrogen nuclei at constant field. Further, the
. ¢

L1y . . . .
quadrupole moment of the B nucleus provides a direct means by which
. ] *
" spin-lattice relaxation can occur. Consequently, signals are

conside}ably broadened. 1In spite of these difficulties satisfactory

spectra can be obtained. The interpretation of these spectra is based

A L)

on the following general rules:

K

1) Boron bonded only to boron, carbon, nitrogen or halogen
e 4 .
atoms (or combinations ¢f these) gives rise to a single resonance..
N S 11
' ,/’JP?ﬁ To a first approximation, spin-spin‘splitting of a B

. -

~

resonance arise only from interaction with hydrogen atoms bonded directly

to the borom atom in question, However, bridgin@ protons do not “cause
. e ;
/

splittings. 1If 11B_is coupled to é single proton iii»dOubl?L results, -
witﬁ two protons a 1:2:1 tripleé; with three protons (as ;A~trimethy-
‘gminoborane) a 1:3:3:1 quarte£ and with four protons (as in sodium
borohydride) a 1:4:6:4:1 quintet. i )

3) 1In general the value of Eﬁe coupli?g constant decreas?s'

with an increasing number of hydrogen atoms bonded to boron, due to the

decreasing s character of the boron-hydrogen bond.
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4.6. Structure Determination by X-ray Methods

.

4.6.1.. Generdl

3

. . t
The following sections are based on material ff¥om Glusker and

(98) (99) o~

Trueblood anq Stout and Jensen

.

An increase in the apbarent visual size of a small object

L]
can be achieved with a microscope. The microscope has a lens system

for gathering polychromatic light scattered by the object. But'the

wavelength of light used is long compared to atomic ‘or molecular sizes,
N ' - &

therefore light-mic<toscopy can not be used to examine objects with

dimensions on the atomic or molecular scale. Radiztion of wavelength

]

suitable for scattering by particles of atomic size can%Q%’employed.
e

This radiatiom can be in the form of x-rays, thermal neutrons from
) »
reactors, or electrons with energies in the 10-50 keV range. X-rays
are scattered by;electrons in atoms, neutrons by nuclei in atoms, and
electrons by avomic electric fields. But in practice no lens systgms
capable of focusing x-rays or neutrons are known, and electroti/gg'the
<

energy range requijred can not be focused well enougﬁ to provide res-
olution of individual atoms. Sca}tering of radiation as employed in

optical microscopes, can not, therefore, be used to provide accurate

information about structure on the atocmic level. However, it is

~

possible to study structure at the atomic and molecular level by

> : . o
employing the diffractive properties of waves.

/ When monochromatic ligh. is passed through a grating composéd

»

‘of mgny parallel slits, spaced about the same distance apart as the

’

-

fal
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wavelength of the light, a diffraction pattern can be observed on
) ) .
a screen behind the grating. This pattern consists of bright and

~o
dark ITnes and can be explained by considering that each slit acts
as a light source. The, bright lines occur where the light from
the series of slits reaches the screen in phase and the dark lines
occur where the light waves reaching the screen’ are- out of phase.
! . ~”’,J\~ .
Further, if the' slits are replacéd by tiny holes with the same spacing

as the slits a similar diffraction pattern is obtained. The diffraction

lines are perpendicular to the rows of tiny holes. The sine of the angle

at which diffraction maxima are found is inversely proportional‘to the

spacing of the tiny holes, i.e., there is & type of reciprocal relation--

ship between the arrangement of the point light sources (pinholes) and

.

the diffraction pattern obtained. ) ;

Now if the original grating consisting of a row of tiny holes
is replaced by a grgting with many rows of tiny holes a diffraction
pattern consisting of dots, not lines).is obtained, Figufg XXV. The
g ) . .

dots occur at places where the light from the point sources reaches

the screen in phase, and the dark areas between the dots occur.,at
places where the light reaching' the screen is out of phase. Again,

the sine of the angle at which the diffraction maxima occur is in-

versely proportional to the spacing of the point sources. Stated an~

N

other way, the diffraction pattern obtainec from a particular lattice

of point sources can be shown to be the reciprocal. of that lattice. p
. . . Y

This reciprocal arrangement holds for a threc dimensional array of



.

. Original Diffraction
Grating Pattern

)

\ Figure XXV ) ) T
e - .
Diffraction Patterns Resulting from One and Two
Dimensional Arrays of Point Sources
<

point sources as.we1£ as the two dimensional array described above. -

»

A crystal is composed of atoms arranged in a regular re- $
‘ﬁetit%ve array. The crystal can be considered as a three dimensional

diffraction grating. A lattice which is the reciprocal of the original

-
-

crystal lattice can once again be used to describe the diffraction

pattern resulting on irradiation of the crystal with’mpnochromatic

x-ray radiation.

-«

- There are certain spdcific conditions *hich must be met before

a beam of x-rays is diffracted by a crystal. These conditions are

~

commonly stated in terms of the Miller indices of planes within the
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unit cell. The shape of the crystal unit cell is expressed iﬁ terms,

of the axial lengths, a, b and ¢ and the interaxial angles. oCis the

angle between b and c, ;313 the angle between a and ¢, and X is the
. Ry

angle between a and b. Bragg's conditfop for diffraction to occur

-
.

is expressed by !

~ ¥

2d = A . (4.1)

k1508 -

n

Here A is the wavelength. of rédiation enployed, ehkl is one-

4
13

half the angle htween the incident and diffracted x-ray beams and d

-

hki
is the distance between thé parallel séts of planes defined by the
Miller indices h,k and 1. The set of planes designated by h, k and 1
intersect the a axis at a/h, the b axis at b/% and the ¢ axis at c/1
The Miller, indices may have only integral values.

The diffraction pattern obtained by using the crystal as a
diffraction grating has axial dimenéions of a*, b* and c* and inter-
axial angles a~ above of ac*, A% and ¥ Theérelationships be tween

s ..
the crystal unit cell and the lattice of the diffraction pattern can be

-
E

stated in vector algebra notation as \
e -h
a)’:.a = -;fo = c-;’.—c-h = '(}_ (4-2)
aeb* = aec* = ega® = .beck = Cea®t = ceb¥ = 0 (4.3)

’ a.

From the above it can be seen that a* is perpendicular to the

BT plane. 3% can also be given by
P
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et
.'/.
"7 -
-3 e '
ax = bXc (4.4)
"a- (bXe)

A number of points may now be stressed. -

1) The\diffract;pn pattern obtained from a single crystal

Y

composed of a large number of unit cells can be considered to be a

scaled ub sampling of the diffraction pattern of the unit cell.

»

2) The angles at which diffraction maxima occur (depend only
on the lattice of the diffracting crystal, not-the contents of the

unit cell. ’ :
=

1

3) The axial lengths and interaxial angles of the unit cell

can be obtained by measurement of the diffraction pattern.

/4) The reciprocal lattice has the same’ symmetry as the direct

lattice. | - ) ,
‘ \ :

3 .
" -%) The positions of the diffraction maxima give only infor-

mation aboul the dimensions and symmetcy of the unit cell. . The inten-

sities of the maxima contain information about the contents of the

. ]
unit cell. ( b

[y

4,6.2. Recor&ing the Diffraction Pattern

.

The x-rays diffracted by a crystal are usually collécted,
by a phoﬁographic plate or by a scintillation counter mounted on a \
diffra¢tometer. Each method has its advantages. The film method can

be used to gather many diffraction points at one time whereas the
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counter method observes only ‘one point at a time. However the

i

counter method allows‘accuratgéreasurement of intensities, which the
film method does not. The fiﬁ:lmethod alldwsthe researcher to
establish rapidly Fhe geometry of the unit cell.

)Photographic cameras are normally of three types.

1) Oscillation Camera. This device oscillates a crystal

.
.

about an axis perpendicular to the x-ray beam. The resulting diff-

~

faction pattern is recorded on a film held in a cylindrical cassete
o

with the axis of the cylinder colinear with the oscillation axis of'

the crystal. The pattern obtained consists ?f-dots in rows called .
layer lines. Each layer line is one layer of reciprocdl space, pro-
Gjected edgewise.
2) Weissenberg Camera. Thig,device is based on the oscill-
ation camera. ' One row of dots, i.e., one layer of reciprocal space
is collected by placing a slotted screen between crystal and film.

The film holder is given a translational motion along the axis of

N

the crystal oscillation. By this method one of the l;yer lines ob-
tained from an oscillation‘photograph is spread over the two dimen-
sional film. By positioning the screen to allow only the desired
layer line to reach the film, zero, first, secona, etc,, layer

Weissenberg photographs are obtained. Each of these photographs

gives a distorted view of a reciprocal lattice plane.

o

3) Precession Camera. This camera provides a powerful

. - N
0y

photographic technique in that it allows the undistorted recording of

-
.

ocne layer of'reciprocal space. The film result may be interpreted in
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a very simple manner. The crystal is mounted in such(a fashion that
one of its axes is allowed to precess about the'axis of a beam of
x-rays. The film holder is also al%owed to precess in such a manner
that one, layer of reciprocal Spake is always parallel to the film,
i.e., the precessing crystal axig is perpendicular to the film. An
annular screen is used to exclude all reciprocal lattice layers but
one.

The oscillation photograph can be used to obtain the léngth
of one real axis; the Weissenberg photograph yields two reciproéal
axial lenéths and a reciprocal interaxial angle, as does the precggsion
photograph. Both Weissenberg and precession photoéraphs yield symmetry
information, buF the p;ecession photogrhph is much easier to interpret.
\\~,,////A scintillation counter i; employed as aﬁ integral part of

a diffractometer. The diffractometer has four axes which allow the .

crystal to be aligned so that the diffracted beam from any set of

[
Y

crystal planes can be collected by the cc@nter, Thus it is possible

to measure the intensity of a reflection as well as-its position.
Thé érysta}lographer is conce;ned with the symmetry of

crystals. By an examination’ of the diffractfon pattern of a crystal

g .
it is possible to determine which of the seven crystal systems (cubic,

/ -
hexagonal, rhombohedral, tetragonal, orthorhombic, monoclinic or tri-
¢
clinic, can be used to describe the crystal. 1t is also possible

to determine whether the cr&étal unit cell is primitive, i.e., con-

tains one lattice pojint per unit'cell, or non<primitive. Finally it

~
td
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is possible to determine which of the 230 space groups will éescribe

the symmetry of the crystal structure. Once thé ﬁpace group is
determi&ed the équivalent positions within the unit cell are known.
These are the symmetry related positions. For example with eight
equivalent positions in a unit cell one atom can be placed and the

other sevé; generated b& symmetry. Thus the structure factor cal-
culatigﬁ, refinement and the Fourier synthesis need only be carried

out for the asymmetric unit within the unit cell. 'Knowledge of the ¢
point gfoup is also a necessary prerequisite to the use of the Pat}erson
function as a tool in placing heavy atoms within the unit cell.

.

4.6.3. Structure Determination

The accurate measurement of intensity data is of “paramount

L] . I3 .n 6l 3 . :
importance in determining the positions of atoms within the unit cell.

o
A general expression for the intensity of a specific reflection is

given by

Intensity = (K)[Flz(Lp)(Tv)(Abs) (4.5)

.

The term (Lp) represents two factors. The first is called the Lorentz
factor. During data collection the crystal is rotated or precessed at

a constant rate, but the rate at which two differeng sets of-crystal

..

planes pass through the diffracgion~éondition may be quite different.
This has an effect on the intensdity. The second factor is the polar-
ization factor. This accounts for the decrease in intensity caused by

-

the partial polarization of tne diffracted heam by the crystal. The
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»
Lorentz and polarization factors depend only on some function of the

ungle O and can be calculated without knowledge of the atomic

arrangement within the unit cell.

The term (Abs) is an absorption correction and it arises

e

because two different diffracted beams may travel quite different”

/
i

lengths of path within the crystal.

" This correction requires a calculatisnAgf the length of’
path followed by the x-ray beam through'thé cr&étﬁl,'and thus a°’ >
knowledgé‘of the dimensions and orientation of the crystal. Cal- '
culation of the absorption co&%ection is quite time consuming, there-

fore the (Abs) term is not always employed.

»
v

The effect of the term (Tv) is to re@uce the‘scattering
power of a given atom in the direction of diffraétién. This reduction
ariées due to tﬁe spreading out of the electron density of an atom
by thermal motion.

-

(K) is a scale factor. The ihtensitiés'of the vErious‘reflec—_
tions are measured relative to some standard‘refle;Lion and the scale
factor converts the relative intensities to absolute intensities. The _
first order estimation of this quantity does not require a knowledge
of the positions_of atoms within the unit gell.‘ It is determined by
comparing average observed intensities with the theoretically expected
intepgﬁties for a cell of.the same, contents.

The term |F|2 is the‘quantity which relates the'intensity of

the diffraction maxima to the arrangement of the atoms within the unit

cell.
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TE?/Gg:;;r.F;kl is called, the structure factor and is used

to represent the resultant of the many individual waves scattered in

. < ‘ — ) )
a specific direction by thé crystal. [F can be represented exponentially

o= H¥(hk1) h is th litude of th 1
Fik1- = J;pkll e , where IFhkll is the amp lﬁu e of the resultant
wavg and & is its phase, or as a complex’'number, Fhkl = Ahkl +

i Bhkl' Both representations are employed in the solution of the
‘erystallographic problem. For a particular reflection the structure

factor amplitude is given by

2 2 e
Pl = \/Ahkl * B (4.8)
where .Ahkl ,= j{:fj§0527Tthj + kyj + lzj) '(4,7)
J =
and . By =':§:fjsin27fzhxj + kyj + jzj) - - (4.8)

L

Each summation is carried out over all the j atoms in t{e
('/

unit cell. The coordinates of each atom in the unit cell are given by

xj, yj and zj, while h, k and l/are the Miller indices corresponding
to the particular reflection. fj is the amplitude of the scattering
factor for the jth atom. The scattering power of an ‘atom is highest
in the direction of Fhe incident beam and falls off as the angle of

diffraction increases. This decrease’is due to the discrete size of
the electronic cloud of the atom, i.e., ;nly in the diraection of the
incident beam does-the whole atom scatter lu phase. The scattering

factor of an atom is usually related to the scattering.power of a

o

single electron. It has a value equal to the atomic number in the
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direction of the incident beam and falls Off as a function of O.
The temperature correction mentioned above (Tv) is applied to the
fj terp and has the effect of reducing fj‘ The proper scattering
factor for the jth atom can be given as-
. 2
-B(sin 8 )
.= fe . A2 1 (4.9)
J o ‘ :
wh.ce 0 and have the usual meanings and
2 2
B = 8ﬂﬂ¢M . (4.10)

2 . : .
where 4t~ is the mean square amplitude of atomic vibration. fo is the
atomic scattering factor without correction for thermal vibration.

.* If the positions of atoms in the unit cell were known it
would be possible to calculgte the intensities of all reflections.
However, the crystallographer begins with the intensities and calculates
the structure factor amplitude, |F|, from these. This amplitude is
‘termed IP!obs' A Fourier synthesis using these |F|Obs v§19es could
then be carried out to obtain a map of the electron densif& of the
unit cell if one more factor were known., -

The electron density at a point x, y, z in the unit cell is

given by the Fourier summation

h,k

/ (xyz) = 1 ZZE I'Flcos[Zﬂ'(hx + ky + 1lz) -°¢] (4.11)
V. all h,k,1 ‘
C

n LY

s

VC is the volume of the unit cell aru the triple summatio

. . -5
is carried -out over all values of h, kK and 1. IFl is the value of the

<

¥
S

—————
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1

structure factor amplitude for a particular set of 2# k and 1, and
. i i 3 .
is simply the JFlobs valué. Thus if & were known it would be possible
to calculate the electron densityA/O, at all points x, y and z4 or
rather, to prepare three dimensional electron density maps.
o{, the phase angle, should not be confused with the oC
used to des rive a real unit cell interaxial angle. &l can be

represented graphically by Figure XXVI, which also shows the relation~
<y

~
ship of the structure factor.to the A and B terms of equation (4.6).

o .

90

A

o

A N
Figure XXVI

N

The Structure Factor F and the Phase Angle

The necessity to consider the phase angle < arises from the

fact that not &all, or perhaps none, of the atoms which scatter to give
" b
rise to a particular hkl reflection lie on that set of Miller planes.

Atoms which lie off the plane will scatter x-radiation with a phase
difference from those atoms which lie on the plane. The phase difference

is proportional to the perpendicular distance from the plane to the atom

~ 4
' -

in question. .

——
The structure or Fhkl for a particular set of planes
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!
x

N
is actually the vector sum of the structure factors of the individual
—

" atoms giving rise to the hkl reflection. This is shown for three

, . |

. atoms in Figure XXV11, where the® individual stomic structure factors
are fl, fz and f3.
Q
90°
- - "1:—3‘
—
Fhiy
Y
_s&
2
« 5/
0°
. Figure XXV11

s The Individual Atomic Structurél\Factors and the

Overall Structure Factor

-

d

From Figure XXV1 it can be seen that

tan'e{ = B _ (4.12)

e

A

. . Thus both A‘and B must be evaluated becfore « can be deter-
mined. ‘A and B can be evaluated from equations (4.7) and (4.8) if
the atomic positions are known. In practice the Erystallographer
makes$ educated guesses about the positions of one or more atoms .n the

unit cell and calculates a set of structure factor amplitudes. If

-

the guess is a good one thelF values approximate the [F
8 8 - |rlca1c PP |r|obs

N

. values. The &€ values obtained, used in conjunction with the IFlobs

-

g . e o1t e s
values, allow computation of a Fourier map which is biased toward the

i

correct solution by use of the lFIobs values.
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To choose the initial atom positions a Patterson function

is frequently employed. The Patterson function is given by

1

< 2
P(uvw) = 1 Z- ZZIF! COSZTI’(hu‘ + kv + 1lw) (4.13)
' v ooall bkl _

and is evaluated at all points in-space to yield a Patterson map.
The Patterson function is actuill§'a Fourier series for which only
h, k and 1, plus theIFlobs values are needed. The resulting map is

the sum of the appearances of the structure when viewed from each

s

atom in turn. The peaks in the map correspond to vectors originating

-

at one atom and terminating at another. The size of the peak is

proportional to the products of the atomic numbers of the atoms at
¢

‘ 2
which the vector begins and terminates. Thus peaks corresponding to

.

L4 .
vectors between two heavy atoms are large and can usually be readily

-

picked out. A careful study of these large peaks 3ften allows the

. . . . 2
heavy atoms to be placed approximately in the unit ce'l. The jF'
. <

values do not contain any phase information, therwfore, the Patterson

—— .

function resulting from their use contains- less information about the

*
.

unit cell than does the Fourier function. As a result the Patterson

function belongs to only one of 24 space groups while the real crystal
can be one of 230 space groups. °‘The space group of the Patterson
function can be derived by replacing screw axes with rotation axes,

glide planes with mirror planes and adding a center of symmetr&. The .

2 . .
Patterson map contains N peaks for the N atoms in the unit cell. As
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*

. )
the Patterson cell is th. same size as the unit cell a considerable -

B 7
number of peaks may overlap. Thus, a variety of trial structures

may correspond well with the gross features of the Patterson function
but be incorrect solutions to the crystallographic problem:

1f a heavy atom‘is present in a cell the phase angle o
determined on the b%sis of the heavy atom alone will be close to the

proper phase angleifor the particular reflection. A graphical

representation of this is shown in Figure XXVIII.

90°
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Figure &XVIII

The Heavy Atom Scattering Factor

-

The individual atomic scatter¥ng factors sum to give the .

overall scattering factor for the reflection. The scattering factor

D W W . .
for the heavy atom, ~fﬁ’ is usually §airly close to the total scatteryg

ing factor asjzegards the phase angle o . Therefore if a heavy atom
* %
is placed correctfy the structure factor amplitudes calculated on the

basis of the heavy atom, lFl , Will approximate the observed structure

calc

factor amplituydes lFlobs'

A measure of the validity of a structure is the discrepancy
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indei, R, given by

~\R = EE:(IFlobs " lFl'ca‘lc) . (4.14)
~ :E (lFiobs) » '

g

At present R values in the range 0.08 to\0.03 or lower are considered

to indicate reliable structure determination.

Structure refinement is carried out'Via two methods, both

of which are commonly used. The first empﬁg;;‘a Difference FSurier

obs ~ IFlcalc)

synthesis., ?his is a Fourier synthesis empl yin% (IF1
rather than lFlobs' If the structure is correct %he differxence map
is virtually featureless, with only minor, random undulations.
. e The method of least squares is also widely applied in the
1) »
refinement of crystal‘strud&ures. With this method the¢ parameters
which are employed in the c;mputation of the calculated structure

factor IFlcalc’ are varied in such a way as to minimize the quanti.y

Q, defined by -t

{

Q =Z[whkl(Athk1! )2] (4.15)

3

Here ZCSthk;I = JFlobs - lF!calc and (whkl)—% is the standard

deviation of the experimental value of lFIobs'

As many as nine parameters can be used for each atom (three
. /

3
positional and six to define a thermal ellipsoid), therefore, including

the general scale factdér, equation (4.15) must be minimized for (9N+1)
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parameters for N atoms. This process results in (9N+l) simultaneous

T —— -
equations, demanding at least this number of observations. A more

suitable number of observations is usually 5(9N+1) to 10(9N+1),

since the intensities of the ogfervation maxima usually have sig-

v

nificant experimental uncertainty.

The equations derived from (4215) are not linear; they
. -, d ¢ )
Il
contain both trigonometric and exponential fumctions, The method of
least squares requires linear-equations. I1f the total structure is
a reasonable approximgtion of the true structure a set of linear
equations can be derived ,in which the variables are the shifts of

" trial parameters rather than the parAneters themselves. The shifts

are then calculated by the method of least squares. . “

&

~
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4.7. Objects of the Research

=

The objects of the research in boron chemistry were twofold.

[

First, to attempt to synthesize compounds 5f the type RZMIIIBSHS’

. b, >
where R is an slkyl group and M a group 1IIA element, -and second,

111

to determine the crysfalstructure of bis(diethylamino)dithiaboretane
[ 4

by x-ray methods.
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CHAPTER V

EXPERIMENTAL .

Bridge Substitution in Pentaborane(9)

The Crystal Structure of Bis(die&hylamino)dithiaboretane

.

o«



" were carried out in the manner described by Sanderson
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5. Experimental .

5.1. Bridge Substitution in Pentaborane(9)

5.1.1. Chemicals, Instrumentation and Techniques

The identification and purity of chemicals emplbyed was 3
¢

determined by spectroscopic techniques. Mass spectra were obtained
¥ .

on a Hitachi Perkin-Elmer RMU-6E double focusing spectrometer at an
ionization chamber potential of‘70 ev. Infraredaspectra were recorded
between 4000 cm—l and 600 cm:-1 on a Perkin-Elmer 337 spectrometer as
either nujol mu}ls bgtween sodium chloride/p%&tes&;r as gas samples
in a 10 c¢m path length cell fitted with sodium chloride windows. Proton
magnetic resonance spectra were obtained using either the Perkin-Elmer
model Ri2A spectrometer noted in 2.1.2. above or with the Varian HA.
60 1.L. instrument mentioned in the same section. The Varian machine
was also used for 13 spectra, at a frequency of 19,250 Miz.

Due tc the pyrophoric and hydrolytic hature of some of the
chemicals, high vacuum and inert atmosphere techniques were employed

o

throughout the research. Except where indicated, vacuum manipulations

(100), and

5

Shriver(lol). Low temperature bdbaths employed were liquid nitrogen

\
(-196 oC), petroleuis ether slush (-140 i&), toluene slush (-95 oC),
dry ice-acetone (-78 0C), chloreform éiLsh (-63 0C), chlorobenzene

——

slush (-45 oC), bromobenzene slush (-31 oC) and carbon tetrachloride
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slush (-23 °c).
A Labconco fiberglass glove box with an evacuable port was
employed in the transfer of nonvolatile materials. A nitrogen atmos-

phere, slightly above ambient pressure, was maintained in the box by

the evaporation of liquid nitrogen into it through a molecular sieve

.drying train. The glove box atmosphere was recirculated continuously

through a molecular sieve drying’ traim,
° . q

5.1.2. Preparations

.

5.1.2.1. The Preparation of Diborane(6)

e apparatus employed in the preparation of diborane(6)

is shown in Figure XXIX. The
al(lOZ)

thod empioyed was that of Shapiro et

which involved the react(ion of lithium aluminum hydride with

boron trifluoride, as the ethekate. The rfaction proceeds in two steps:

BF, + LiAIH, ——— 5 1iBH, + ALF

3 4 4 3

n . ~ I3
BF3 + 3L1BH4 ———y ABZH6 + 3LiF
The overall reaction is given by:

QBF3 + 3LiAlH4—————~——9 2B, H. + J3LiF + “ 3AlF

2°6 3

Yields are virtually quantitative.

)

As an example of an actual prepa.ation, the apparatus in
¢

s

Figure XXX was flushed with hydrogen and then lithium aluminum hydride

/



T,

(7 ) Dry Ice-acetone
(-78 °c)

To

. q r—,————-m —
BF .- 0(CH ] || i ‘

-78%c = 78°c -196°C -196°C

 Figure XXIX

Apparatus Employed in the Preparation of Diborane(6)

Rz
1 Vacuum pump

——> HWaste

Qe
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L

(12.5 g, 0.33 moles) was placed in the flask }ollowed by 200 ml
anhydrous diethyl ethe;. The s;gzém was flushed slowly with hydrogen
-to remove all traceg of air. Boron trifluoride-diethyl etherate (70ml,
) dénsity 1.125 g/ml, 79 g, 0.56 moles) w;s placed in the dropping funnel.
The etherate was added dropwise duriﬁg a period of about three hours
to j;e stirred 1itﬁium aluminum hydride, ether mixture. The hydrogen
flow was turned off during the additif% of the etherate as it was found
that when the flow was on ether was forced through the'dry ice-acelone
cold trap. On completion of the reaction, the system was gently flushed
with hydrogen for about thirty minutes. The diborane(6) r;action qductA
was purified by passing it through Lwo traps cooled to -140 °c. Diborane
(6) will pass through traps at this temperature whereas diethyl ether

will not. The diborane(6) was shown to-be free Yof impurities by mass

and infrared spectra.

5.1.2.2. The Preparation of Pentabora :(9)
if

The majority of methods for the prepa;atioﬁ>o§ pentaborane(9)
(37,45)

are of industrial importance only , and can-.not be readily adapted

to laboratory scale preparations. A laboratory method of decomposing

diborane(6) in a single pass silent electric discharge was reported by

- mgkotlensky and Schaeffer(lo3). One of the products obtained, in about

LS
ES

p)

20% yield, was pentaborane(9).

» .
A schematic diagram of the all glass, circulating type, silent

electric discharge apparatus employed in this research is shown in
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Figure XXX. The apparatus consisted of a discharge tube, a pump, \
T—
a product condensation trap, a ballast section which increased volume
and promoted mixing and a Torricelli manometer. The pump wa§ an all
glass double stroke type. The pistonﬁ a cylinder of iron‘enclosed
in glass, was moved by an external permanent magnet attached to a motor,
The valve$ were microscope cover glasses. The discharge section con-
sisted of two concentric tubes, 15 and 20 mm in diameter, one meter in
length. The outer tube was wrapped with brass shim stock and the inner
was filled with 1 M cupric sulphate solution. An a.c. potential was
applied between the inner and outer tubes by meansi%f a 30 kv, 15 ma,
fluorescent tube transformer (Allanson Manufacturing Corp., Toronto,
Canada). A number of small indentations in the outer t.be were required

to steady the inner tube, as there was considerable vibration during

operation.

A‘l-\ L

Diborane(6) was subjected to the silent discharge. After
three and one-quarter hours, the pressure had decreased from 575 Torr
to 517 Tofr. The pressure then began to rise until, after one hundred
and sixteen hours, it reached 864 Torr. An increase im pressure was
expected, due to hydrogen %ﬁoduction, for the formation of all the bor-
anes except tetraborane(l0) and pentabo;ane(ll). An infrared spectrum
of the material formed after three and one-quarter hours rgnning time
showed this material to be rich in tetraborane(10). This finding is
discussed in more detail in reference (104).

After cooling the product condensation trap to -196 °C the
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hydrogen produced in the discharge apparatus was removed. The product
condensation trap was slowly warmed to room temperature while the
volatile products were passed through-traps cooled to -63°°C and

-140 °C and- condensed into traps cooled to -196 °C. Less than 1 liquid
1l condensed in the trap cobled to -63 °c. This m;terial was removed
from the vacuum line ;nd s%éged. The traps cooled to -196 °C were
empty, and only a trace of“ﬂiborane(6) was found in the products con-
densed ig'the traps coo}ed to -140 °C. Therefore it was felt the
conversion of dibo%ane(é) to higher boranes was virtually complete. The
contents of the traps cooled to -140 0C, about 5 liquid ml, were slowly
passed througit™traps maintained at -95 OC; This distillation served .

to remove the more volatile tetraborane(l0), which amounted to about

. . o
4 ml. The material retained in the -95 "C trap was then passed repeat~

g b
'

. o, . .
gdly through traps at -78 C lnéan\QE}empt to separate pentaborane(9)
from pentaborane(ll). Eventually 1.6 mmol pentaborane{9) was obtained.

This represented about a 2% yield on the basis of

—————e ]
5B2H6 2B5H9 + 6H2
The three boranes (54“10’ B5H9 and BSH11) wvere identified by
thei: infrared Spectra(los). These spectra indicated that the reaction
products were contaminated with diborane(6).
In view of the low yield of pentabor=ne(9) it was decided

to obtain pentaboranc(9) from a commercial source. The Callery Chemical

Co. of Callery, Pennsylvania, was able to supply this borzne in large

@
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v

quantities. As mass, infrared and nuclear magnetic resonance spectra
established that the commercial producyf was free of impurities, it

was employed as supplied in subsequent experiments. The infrared and

T an

nuclear magnetic resonance spectra are reproduced in Appendix II as

IR I, NMR I and NMR VIII. )
&S

5.1.2.3. Lithium Octahydropentaborate(l-) Preparation and Properties

(€3)

This preparation was based on the method of Gaines and Iorns ,

namely
LiCH, + -BSHQ——-————-%» LiBHg + CH, (
They carried out this reaction in diethyl gther at temperatures varying
from -78 OF to -30 °C. As it is aiﬁficult to separate pentaborane(9)
from diethyl ether by fraction;1 condensation dimethyl ether (B.P.
-2? °c) was used in the present work as reaction solvent.
The éoncentration of the methyllithium (Alfa Inorganics)

employed in this and Qgher preparations was determiun.d by hydrolyzing

a known volume of methyllithium solution

LiCH, + H,0 ———> LiOH + CH

3 2 4
and determining the quantity of methane produced af -r transferring
the methane to a st;ndard volume with a Toeppler pump.
The apparatus used in the preparation of -LiBSH8 is shown in
Figure XXXI. In a typical preparation the reaction flask was evacuated,

then filled to atmospheric pressure with dry nitrogen. Methyllithium

(5.0 ml, 2.3 M in diethyl ether, 11 mmol) was syringed into the flask.
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Figure XXX1
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The flask was cooled carefully to -196 oC, evacuated and slowly
warmed to room temperature. During the Warmiqg step the diethyl
ether was removed by distillation. -The reactig; flask was cooled,
again to -196_00 and dimethyl egher {0.1 moles) followed by penta-
borane(9) (10.0 mmol) condensed onto tgé'methyllithium. The flaSKKA
was warmed @9 -78 °¢c fo¥ fifteen minutes, then to ~45 oq for an addi-
tion;l fortyffivé minutes. The methane produced (9.8 mmol) corresponded
to a 98ZAyie1d of lithium octa;ydropentaborate(l-); The methane
was identified by me3s and infrared séectra. The reaction flask was
allowed to stand at -45. °C Lntil th; lithium hydroxide had settled.
The entire flask, including the n.m.r. tube, was cooled to -78 °¢
and the liquid decanted into the n.m.r. tube. Both the n.m.r. tuSé'
and the reaction flask were then cooled to -196 oC and the n.m.r. tube
sealed.off and removed. .The 1H and 11B magne%}c resonance spectra of
L

lithium octahydropeﬁtaborate are shown in Appendix 11 as NMR J1

and NMR IX. ! ~
Many other preparations similar tec the above were conducted

in an attempt to becombk familiar with some of the properties of

piBSHB. In one of these experiments, employing 10 mmol of penta-

\ N
\

borane(9) and 11 mmol ¢f methyllithium, the solvent was removed by
pumping for eighteen hours on a sample maintained at -30 °c. It was
found that all but 7 mmol of solvent were removed after two and one-

half hours and all but 5 mmol after eighteen hours. Thus after pro-

s . ,
longetl pumping the molar ratio of octahydropentaborate(l-) to solvent

™
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N

-

was 2:1, indicating strong solvation. The material in the flask be-
2 v . .
came viscous and after a time resembled modelling clay in consistency.

The flask was cooled to -196 oC, removed to the dry hox where a sample

-

s

_of the clay-like material was taken and an infrared Euectrum obtained

as quicklr as-'possible (about fifteen minutes). The“spectfrum was
redetermined after twenty-four hours. These spectra are shown in

’

Appendix II as IR IIa and IR IIb.
¢ Apparently removal of solvent led to deéomposition of the
lithium octahydropentaborate(l-). To test this hypothesis the ex-
periment was repeated. After solvent removal the reaction flask was
cooled to -196 OC, and the solvent was replaced, followed by amﬁydrous
hyaroéen chloride (20.0 mmol). Gaines and JIorns regenerated penta-

borane(9) in this way(63).

LlBSH8 + HCl ————> LiCl 4+ BSH9

However in the present work pentaborane(9) could not be regenerated
after solvent had been removed. Hydrogen gas was evolved instead,

indicating decomposition.

5.1.2.4. The Preparation of M-dimethylborylpentaborane(9)

To gain familiarity with the general type of preparation
which would be employed in the attempts to prepare nigher members of the'
bridged group 1IIA -pentaborane(9) species /J—dimethylborylpentaborane
(9) was prepared. The original preparation was reported by Gaines and

(81)

lorns who reacted . lithium octahydropentaborate(l-) with di-
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- . ':1 -
methylboron chloride at temperatur%s’between -78 °C and -40 °C in
diethyi ether. They characFerized the product by mass, infrared, 1H
and 11B/n.m.r. spectra. -~ . ]

The reaction flask useq in this preparation was similar to
that showr in Figure XXXI without the n.m.r. tube. Lithium octa-
hydropentaborate(l-) was prepared by reacting methyllithium (11 mmol)
with pentaborane(9) (10.0 mmol) in 0.12 moles of dimethyl ether.u
Methane production corresponded to a 94% yield of _ lithium octa-
hydropentaborate(1l-).

Dimethylbo;on‘bromide (Alfa Inorganics) was tested for purity

{
by mass spectrometry. Ten mmol of this material was condensed into a

réactibn flask cooled to -196 °C. on warming the reaction flask to
-78 °C the solution of octahydropentaboraté in dimethyl ether remaine@'
solid but the dimethylboron bromide melted. The flask was warmed to
-45 °C and maintained at this temperature, with stirring, for‘Zne hour.
The solution turned yellow-o;;nge and the vapor pressure above the
solution varied from 225 to 260 Torr. (Expected for dimethyl ether at
~45 °C is 283 Torr.)

+ A distillation was carried out while allowing the flask to
warm from:—45 °C to room temperature over a two hour period.‘ The volatile
materials were pumped through a distillation train made up of two traps
cooled to ~-63 OC, one ¢ooled to -78 °C and two cooled to -196 °Cc. The

material found in the coldest traps was shown, by vapor pressurc measure-~

ments, to be pure dimethyl ether. The material in the three higher
-
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temperature traps was condensez'into an. n.m.r. tube which was

sealed by flame and removed from the vacuum line. Proton n.m.r. and

11

-

B n.mwr. spectra were obtained at -20 °C. These spectra, reproduced
. =~
in Appendix II as NMR III and NMR X, establish by comparison with

published spectra<8l), that the compound prepared was /a-dimethyl-

borylpentaborane(9).

5.1.2.5. The Attg@éied Preparation of /uudimethylaluminquentaéorane(9)
The apparatu; used in the attempt to prepére /U~dietﬂy1-

aluminumpentaborane(9) was identical to that used to prepare M-dimethyl~

borylpentaborane(9). The ociahyaropentaborategl-) was prepared as

previously described, by reacting methyllithium (11 mmol) with pent;-

borane(9) (10 mmol) in digfethyl ether. The methane produced corres-
ponded to a 97% yield of lithium octahydropentaborate(l-).

The reaction flask was coqled to -196 °C and dry nitrogen
introduced. Diethylaluminum chloride (Texas Alkyls) (1.5 ml, density
0.961 g/ml, 1.44 g, 12 mmol) Qas syringeé into the flask wh%ch was
then evacuated. The flask was warmed to -45 oC, and thé;vigcous
solution was stirred for one hour. The only volatile material obtained
by distillation from the reaction flask at -45 °C was dimethyl ether,
which was identified by its mass spectrum. As in the case of /M-di- .
methylborylpentaborane(9), the reaction flask was warmed slowly to

room temperature while its contents were transferred to traps cooled

o . . ..
to -196 C. After two hours some material was found in the first cold
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trap. A distillation was carried out/g;—;arming this trap to -31 OC

and passing the gas th;ough two traps cooled to -95 °C into two traps
cooled to -196 °C. The first -196 °C trap contained dimethy! etper,;
while the first -95 °c trap contained 0.8 mmol triethylborane. Eoth
materials were identified by infrared Spectriscopy.
¢ The reaction flalsk containing the paste-like residue was
. removed to the dry box, opened and a sample drawn. An infrared spectrum
i

k\jf/ﬁgjs residue, IR III in Appendix II, had some absorptions in common

with those of IR II, i.e., the decomposition products of lithium-
ociahydropentaborate(l—). As som; of the other absorptions might have
been due to diethylaluminum chloride, an infrared spectrum of this
material was obtained. This spectrum, IR IV in Appendix 1I, did not
correlate with the reaction product spectéum. A sample gf diethyl-
aluminum chloride—digethyl etherate was prepared by reacting diethyl-
aluminum chloride with excess dimethyl ether at -45 °C. The :nfrared
‘spectrum of the etherate, IR V in Appendix II, did show absorptions

in common with those of the reaction product. The above spectra, IR

1I, 111, IV and V will be discussed below.

5.1.2.6. The Attempted Preparation of u-dime'thylthalliumpentaborane(9)

The reaction flask shown in Figure XXXII was employed in
this‘attempteddéreparation. The flask was designed to allow generation
of lithium octahydropentaborate(l-) as in 5.1.2.3., followcd by

the addition of dimethylthallium bromide as a powder by rotating the
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Figure XXXII
Reaction Flask-Employed in the Attempted Preparation of

H~-dimethylthalliumpentaborane(9)

Al
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side arm. Since the desired product would have a molécular/zeight

of 296 g/mole,wits volatility would probably be low at the temperatures
raquired to prevent decomposition. Therefore provision was made in

the design of the reaction flask to allow a low temperature sublimation.
Dimethylthallium bromide (3.14 g, 10.0 mmol) was weighed into the

side arm of the reaction flask. The flask was attache¢ to the vacuum

line{’evacuated and then filled with dry nitrogen gas. Methyllithium

" (11 mmol) was injected into thé reaction flask. The flask was slowly

gooled to -196 oC, evacuated, then warmed slowly while the diethyl
ether which had acted as solvent for the methyllithium was removed by
distillation. The reaction flask was again cooled to -196 °C and
dimethyl ether (0.12 mole) and pentaborane(9) (10 mmol) added. The
flask was warmed'slowly to -QS:OC and the solution was then stirred
continuously for fifty minut;;. Methane production corresponded to
a 100% yield of lithium éktahydropentaborate(l-).

The dimethylthallium bromide was then poured into the
reaction flask by turning the side arm. The solution wa&-warmed to
-45 °C while the cold finger was ﬁaintained at -78 6C. The dimethyl
ether solvent, which condensed on the cold f%nger and dripped back
into the solution, froze the reaction mixture. The dry ice in the cold
finger was allowed to sublime and the reaction flask was warmed to
-23 °%c. At this temperature the pressure in the flask was approximately

760 Torr. After stirrinlg the mixture for two hours, the flask was

cooled to -45 °C and the cold finger to -78 °c. A fractional con-

»
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&
densation through two traps cooled to -78 °C into two traps cooléd
to -196 °C was carried out. The only volatile material recovered
from this condensation was dimethyl ether. The flask and cold finger
were warmed to -23 °C and pumping carried out for seven hours. As
before ﬁhe only material recovered was dimethyl ether. Some material
spattered onto the cold finger due to bumping of the solution.

The reaélion flask was filled with dry nitrogen, removed to
the dry box, opened and a sample drawn from the cold finger for infrared
analysis. Although this spectrum, IR V1 in Appendix Il, was similar
to IR 11, there were additional peaks.

1f /ﬂ-dimethylthallium pentaborane(9) were formed lithium

bromide would be a likely product, i.e.,

M-LiB U & (CH) ) TIBY ——— = (CH ) TIBHy  +  Libr

Eéyder photography was used to test for the presence of lithium
bromide. A sample of the reaction residue was placed in a 0.5 mm
Lindeman tube and a pow;er photograph, employing Cu K¢ radiation,
taken. A lwenty-four hour exposure showed the presence of dimethyl-
thalliu; bromide but failed to show any lithium bromide.

At this tiﬁe it was learned that Gaines had attempted
substantially the same experimental work and obtained the same results
He felt the problems. were solvent related. This point of view was held
in the presenl work. 7Two experiments to prepare bridge substituted

compounds in the absence of solvent had been attempted and these are

detailed below. '

(106)
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5.1.2.7. The Reaction of Pentaborane(9) with Trimethylaluminum

There is evidence to suggest that trimethyl group IIlla
species can react with compounds containing active hydrogen and

(107,108)

eliminate methane » Thus it appeared there might be a poss-

-~

ibility of the following reaction

%[(CH3)3A1]2 . BoHy ———— #-(CH,) AlBcH, + CHj
It was decided to attempt this reaction, bét: in the presence and
absence of solvent.

Trimethylaluminum (Texas Alkyls,, 0. , density 0.752 g/@l,
0.4 g, 5 mmol) was syrinéed into a reaction flask (Figure XXXI). The
flask was cooled to -1596 0C, evacuated, and d;methyl ether (0.1 moles)
and pentaborane(9) (5.0 mmol) added. The solution was warmed to -45 °C
and stirred for one hour. No methane was proauced. The reaction flask
was warmed to -23 °C and éhen to room temperature. Again no methane
was found. A sample of the liquid in the bottom of the flask was
drawn for llB‘n.m.r. This spectrum revealed oanly pentaborane(9).

The experiment was repeated in the absence of solvent, since
trimethylaluminum-dimethyl etherate formé readily at the temperatures
employed. Trimethylaluminum (0.24 ml, 2.5 mmol) was syringed into an
n.m.r. tube whicﬁ was then affixed to the vacuum line, coéled and
evacuated. Pentaborane(9) (2.5 mmol) was added. As above, the sample
was warmed first to =45 OC, then -23 °C and finally to room temperatu;c.
No mcthane was found. The sample was heaged to 60 ?C for bnq hour but

again no methane was found. The n.m.r. tube was flame sealed and a
‘ jo
L]
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1H n.m.r. spectrum run. The largest peak corresponded to the methyl
proton resonance of trimethylaluminum, 0.5 p.p.m. ﬁpfield from T.M.S.,
by tube interchange. Pentaborane(9) resonances were also readily

identified and several other small, unidentified, peaks were noted

-

“y

as well. The ﬁ.m.r. tube was heated to 60 oC for an additional eleven
hours and the spectrum redetermined. The peak due to-the methyl pro-
tons had decreased in intensity and a new peak 0.9 p.p.m. downfield
from T.M.S. (by tube interchaége) was noted. The n.m.r. tube was
heated to 95 °C for two and one¢~half, then four hours. The new peak
was seen to increase in intehsity after heating, while the trimethyl-

' -
aluminum proton resonance decreased in intensity. These spectra are -
designated NMR 1Va and b in Appendix I1I. The 11B spectrum taken after
the final heating is NMR XxI.

The vessel shown in Figure XXXIII was designed to allow the
opening of the n.m:¥. tube, separation of volatile from nonvolatile
material, and the preparation of a sclution of the nonvolatile products
for n.m.r. purpr>ses. When the tube was opened only 0.0l mmol of non-
condensable gas was found indicating negligible production of hydrogen
or methane. The tube contained 2.41 mmol of volatile products. From
this mixture, a fraction (0.81 mmgl) was obtained which condensed in
a trap cooled to ~78 °C. This material was identificd as pentaborane(9)
by its infrared spectrum. A second fraction (1.45 mmcl) which passed
a trap cooled to -140 oC, was shown, by its infrared spectrivm, to be

trimethylboranc. A third fraction (0,14 mmol) passed.a trap cooled

" to -78 °C but would not pass one cooled to ~140 °C and was identified




Figure XXXIII

Vessel Designed to open n.m.r.

Tube

61
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as a mixture of 1,l-dimethyldiborane(6) and 1,2-dimethyldiborane(6)

by infrared and mass spéywtrometry.
A samp ‘he yvellow nonvolatile reaction product remaining

in the flask was thken for an infrared spectrum, IR VII in Appendix

w solid was treated with dry benzene. A small amount

sped trum, NMR V in Appendix 11, shows a single, sharp absorption 0.3

. ?‘
p.p.q. upfield from T.M.S., by tube interchange. The yellow powder

in the flask turned white under the benzene overnight. No further

.

work was conducted on this reaction.

5.1.2.8. The Reaction of Pentaborane(9) with Trimethylborane

a~’——~\\\\ As the dimeric character of trimethylaluminum might have

e
AY

% . . . < .
inhibited the desired reaction, a reaction employing the mohomeric

tramethylborane was aLLempLed. Trimethylborane (B.P.-20 °C) was pre-

(109)

pared by the method of Brown , €8.,

BFy + 3CH3MgC1 >(LH3)3B + 3MgCLF

Methyl magnesium chloride solution ‘Alfa Inorganics, 85 ml,
3M, 0.25 mole) was placed in a dried, nitrogen filledZSOO ml three neck
round bottom flask. The flask, fitted Wé&l a pressure equalized dropping
funnel and a nitrogen inlet, «was connccted to the vacuum line through
a water cooled condenser. The solution wa. stirred with a magnetic

stirrer. Boron triflvoride-diethyletherate (34 ml, density 1.125 g/ml,

38 g, 0.27 mole) was added dropwise over a pcriod of one and cne-half
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hours. The heat generated caused the solvent to reflux gently. When
reaction was complete, the flask was cooled to -78 °c. Pumping was
initiated and theétrimethylboron collected in a trap at -196 °C. The
product was purified by two distillatioms through traps coocled to

-95 °%C. The yield was quantitative on the basis of the Grignard

reagent,” and the product was identified as trimethylboron by its mass .

and infrared spectra. @

|
Several aftempts to react trimethylborane with pentabogane(?)
N 2

were carried out. The reaction vessel used in all attempts was a

250 ml rox1a bottom flask fitted with a Springham greaseless stopcock

(C. Springham & Co. Ltd., England). No reaction occurred at temperatures
from -78 °C to 175 °C with reaction periods up to three hours in either
the presence or absence of solvent. Both reactants were quantitatively
recovered. When pentaborane(9) (2.0 mmol) was heated with trimethyl-

borane (2.1 mmol) to 175 °c for twenty~two hours 0.29 mmol trimethyl-

-

borane and 0.55im$;l peﬂtébogane(9) were consumed. A small amount
(0.16 mmol)‘of‘a mixéure of hyéfééén and methane wasegpéd;ce . When a
reaction was conducted at 175 °C for sixty-eight hours employing 2.21
mmol pentaborane(9) and 2.11 mmol trimethylborane, 0.52 smol penta-
borane(9) and 0.46-mmol trimethylborane were consumed. A mixture of
hydrogen and methane (0.89 mmol) was again produced, as well as 0.07
mmol 2,3-dimethylpentaborane(9), which was identified by mass and

infrared spectra.

At this point work on this reaction was discontinued.
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5.2. Ihc Structure of Bis(diethylamino)dithiaboretane

5.2.1. Chemicals, Instrumentation and Techniques

Very few chemicals were employed in this research. The pur-

ity of hyd:égen sulfide (Fisher) was established by mass spectroscopy.

- -

Diethyl ether (Fisher, anhydrous) was dried over sodium wire immediatelf
prior to use. Pentane was distilled from phosphorus pentoxide and stored
over sodium wire, then molecular sieve. Triethylamine hy&roch10§ide
(Baker) was dried under vacuum at 100 °C and Lithium borohydride (Alfa
In&rganlcs) was used as supplied.

I?roughout this work inert atmosphere techniques were em-

-

ployéd. Extensive us; was made of the dry bex noted in 5,1.1. Specific
techniques, such as crystal mounting, will be mentidneé where approp-
riate. Infrared, mass and n.m.r. spectrometers were descFibed in Sec-
tions 2.1.2. and 5.1.1.

Two x-ray generators were employed. For photographic work
Cu Kx radiaticn, A= 1.542 ﬁi was suppligd by a :hillips PW 1009/30
generator operated at a voltage of 30 kV and a current of 20 mA. The .

»

four circle diffractometer was mounted on a Picker model 6238 x~ray

-
" generator fitted with a molybdenum tube, A= 0.71069 &1 and run at

40 kV, 16 mA. In the case of copper radiation, a nickel filter was

used to remove KA radiation, and with the molybdenum tube a zirconium

R

filter served the same purpose.

Two cameras were employed in the photographic work. A Charles

v 3
Supper camera was used for oscillation and Weissenberg pictures, while
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an STOE camera was used for precession photographs. A scintillation

counter was employed on the diffractometer to measure intensities.

5.2.2. Preparations . t

5.2.2.1. The Preparation of Triethylamineborane

I8

Triethylamineborane B02H5)3NBH3] was prepared by the method
(110)

of Greenwood and Morris , lee.,

H

573 'PHy *

(CZHS)BNHCl + LiBH, ———> LiCl + (CZH)NBH 5

Triethylamine hiydrochloride (30 g, 0.22 mole) was dissolved in 200 ml
diethyl ether in a 500 ml! 3 neck round bottom flask. Lithium boro- |
hydride (4.0 & 0.18 mole) was added, as a slurry in 40 ml diethyl ether,
over a period of one hour. The reaction was carried out under nitrogen,
at room temperature, with continuous stirring. After reaction the
diethyi ether was removed by pumping and the triethylamineborane vacuum
distilled. The yieldvof amine-borane wa; 15.5 g, 0.13 mole, 72% on the
///’Eégis of lithium borohydride. The purity of the product was established
‘ by n.m.r., infrared and mass spectroicopic analyses. The amine-~borane

was stored over molecular sieve in the dry box. r

5.2.2.2. The Preparation of Bis(diethylamino)dithiaboretane

This preparation was based on a procedure by Forstner and

(952
H

Muetterties i.e., the reaction of hydrogen sulfide with tri-

o_ . .
ethylamineborane at 200 "C in a stainless steel bomb. [n the current
<L

74
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work a 25 cc capacity stainless steel bomb, manufactured by Baskerville
and Lindsay Ltd. was used. The bomb was dried at 100 °C and placed
in the dry’box. A syringe was used to transfer a sample of triethyl-
amineborane into the bomb. Sanple weight was determined by difference.
For the initial preparation, triethylamineborane (3.13 g,
27,2 mmol), was placed in the bomb which was then connected to the
vacuum line and evacuated. The bomb was cooled to -196 °C and hydrogen
éu}f}de (45.4 mmol) added. Ihe\bomb was sealed, warmed to room temp- .
er;ture and ihen heated to, 200 °C for three hours. After cooling to

)

room teniperature the bomb was vented and the gaseous reaction! products

.

-

were burned in a gas oxygen flame. The bomb was opened in the dry box.
~
A white solid, covered with a c¢lear liquid, was found in the bottom
of the bomb. This material was‘stifred and transfeirzd to a subfémation
paratus. A sublimation was carried out from a temperature of 200 °c
to a'cold finger at -78 0C. White pcwder, wetted with liquid, was found
on the cold Zinger.

The 1l‘quid, presumably unreacted triethylamineborane, was
removed from the cold finger by washing with pentanc. 1lhe infrared
spectrum of the white solid remaining (IR VI]I of Appendix 1I1) correlated
reasonably well with the published spectra of bis(diethylamino)dithia-

(85)

boretane , however the solubility of the white material was not as
expected. For example the material was reported to be soluble in
pentane, chloroform, carbon tetrachloride and benzene. Of these sol~

vents only carbon tetrachloride dissolved sufficient sample to allow

an n.m.t. spectrum to be obtained. This spectrum NiR VI of Appendix 11,
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’

possessed broad, unresolved, absorptions at 1.1 and 3.1 p.p-m.
downfield from T.M.S. The absorptions reported for bis(diethylamino)~
dithisboretane were a well resolved methyl tpiPilet and methylene
quartet at 1.2 and 3.3 p.p.m. downfield reSpectively(gs). A mass
spectrum of the white solid possessed ; cut-off at mfe 347. This

indicated the white solld’was not [(CZHS)ZNBS]Z but rather [kCZHS)Z

NBS]3, i.e., the six membered ring had been prepared. This mass

),

hY
spectrum is recorded in Appendix I1 as MS I.

Several other atfempts were made to preparefthe four
membered ring. The following is an example.of a successful preparation.
Tricthylamineborane (1.4 g, 12 mmol) was syringed into the 25 cc
capacity bomb in the dry box. The bomb was assembled, connected to
the vacuum line, evacuated anJd cooled te -196 °c. Hydrogen sulfide
(52 mmol) was condensed into the bomb, which was then placed in an
oven ang heated to 179 OC for twenty-four hours. Ine bomb was vented
and the gascous products were burncd. The bomb was disassembled in the
dry box and benzene added. The reaction mix was dissolved in benzene
and then transferred te a sublimdtion apparatus. The benzene solution
was boiled to remove all traces of hydrogen sulfide, the sublimation
apparatus was connected to the vacuum line, cooled to -196 °C and
evacuated. The benzene was removed while sluwly warming the sublimation
apparatus. a sublimation was carried out from a hot temperature of

75 °C to a cold of =78 °C. The sublimation apparatus was opened in the

dry box and the white material on the cold finger recvystallized {rom

pentanc. 1The yield was 1.0 g, 4.3 mmol, 56°%. This yicld may be high,
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2

as it was calculated on the basis of amount of material removed
from the cold finger, rather than the amount recrystallized.
The bis(diethylaminc)dithiaboretane reaction product was
¢
identified by means of mass, infrared and ﬁrr:on magnetic reé;nance

spectra, which are given in Appendix II as MS II, IR IX and NMR VII.

%
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5.2.3. Analysis of the Crystal Structure of Bis(diethylamino)

*r——

dithiaboretane

5.2.3.1. Cumystal Mounting and Photographic Work

As bis(difthylamino)dithiaboretane is rapidly hydrolyzed by~
atmospheric moisture, all handling was done in a dry box. The com-
pound was dissolved in a small azmount of n~pentane at room temperature.
The pentane solution was cooled on a Model TCP-2 Thermoelectric Cold
Plate (Thermoelectrics Unlimited, Inc., New Jersey, U.5.a.) untii
crystals of an acceptable size (approximately 0.4 X 0.4 X 0.1 mm)
were obLaineQ. A crystal was then removed {rom the solution and
placed in the mouth of a Lindemann tube. A glass f{ibre was used to
push the crystal down the tube until it wedged. The Lindemann tube
~ was placed on a glass slide and broken off about 6 mm from the crystal
with a ;calpel. ¥The broken end was sealed by quickly dipping the end
of the tube in molten black wax. This cutting and sealing operation
was repeated 6 mm below the crystal.

The Lindemann tube was removed from the dry box to a polariz-
ing microscope and exanined to determine if the crystal it contained
was a single crystal. 1If the crystal was acceptable the Lindemann tube
was mounted on a goniomener“hédd ;sing black wax.

Practical difficulties included clcaving the crystals while
wedging them in the Lubes, and melting che crystals while sealing the
tubes.

In all, over forty crystals were mounted. Cf these only four



were of sufficient quality for further work. Three of these four
were not single crystals but were acceptable for _ .otographic work.
Only one of the céystals mounted was of sufficient quality for use on
the diffractometer.

A further difficulty arose in that the crystals began to
"melt!, or lose Erystallinity, at the contact points between the
crystal and the Lindemann tube. Once this process started the crystal
lost crystallinity rapidly, thus crystals were suicablé for data
collection only for two to five days after mounting.

The dimensions and angles of the unit cell were determined
from Weissenberg and precession photographs. The unit cell was found to
be tetragonal, i.e., a = b ¥ ¢ and o= /9 = ¥ = 90°. Accurate celi
dimensions were determined by mounting a crystal on -the diffiacteneter
and measuring the angles at ;hich diffraction maxima occurred for 28
reflections. The cell dimensions were then refined by the method of
least squares. Crystal data are given in Table IX.

Two possible space groups were indicated by the Weisserberg

/\\

and precession photd\§g hs. These were either P (No. 91) or
grap

4122
P4 9.9 (No. 92). The general conditions limiting reflections for
171

these groups differ only in that no conditions are imposed on hQO

reflections for P while P imposes conditions h00 = 2n. The

4122 &1212
reflections 100, 300, 500, etc., were not observed. This suggested

the space group was P4

"

o oy @S Was later confirmed by structure refine=
171
ment.,

The crystal density was determined by growing a large crystal,
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which was weighed and then measured on a travelling microscope (E.E.
Becker and Co., London, England). The density was found to be 1.08

T o0.08 gm cm-3. The density calculated on the basis of elight

molecules per unit cell was 1.10 gm cm-3.

\..-

TABLE 1X -

\ .
CRYSTAL DATA FOR BIS(DIETHYLAMINO)DITHIABORETANE

-

System Tetragonal

Space Group . P4 2.9
171

Molecular Weight 230.01 gm mole~l‘

Cell Dimensions a = 10.396 ¥ 0.003R
b = 10.396 ¥ 0.003%
¢ = 25.589 ¥ 0.0078
= B= Y= 90.00°
26 3

Cell Volume 2765 X 10~ cm

Density (measured)
Density (calculated)

Molecules per cell

1.08 ¥ 0.08 gm cm“3

1.10 gm cm.'3
8

5.2.3.2. Diffractometry
The c¢rystal habit of [(C H.) NBS] is a tetragonal tablet
27572 2
showing the 110, 110 and Q0L faces. It was necessary to mount the

crystals in the Lindemenn tubes with the 110 (or 110) planes approx-

1
L
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imately parallel to the tube axis. The tube was mounted on the diff-
ractometer with its axis approximatelf‘colinear with the ¢;axis, i.e.,
with the 110 set of planes parallel to the (}5 axis.

For purposes of intensity data collection it was decided
to treat the unit cell as lace-centered rather than primitive. The

new axes were chosen along the diagonals of the primitive cell. The

transformations involved were:

h,. =k +h
F p p
k. =k - nh
F p P
F=lp .
or hp ='32'(hF - kF)
= X 3
kp = Z(hF + Kr)
1p = 1b
where h_, k., 1 and h , k , 1 are the Miller indices for the face-
F F F P P p

cent¢red cell and primitive cells respectively.

A total of 654 rcflections, up to 20 = 300, were measured.
The scan was in 26, for one minute, at a rate of 2° per minute and
background measurcments were LaRen for thirty seconds at the beginning
and end of each scan. A standard reflection was measpred every hour,
i.e., about every 20 reflections. 1t was found necessary te check
the oricentation of the crystal every hour, particularly in the latter
stages of data collectbn, due to the crystal "melting" al the contact

points with/the Lindemann tube. This "melting' phenomenon also accounted

for the fact that the intensity of the reflection from the standard set
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of planes dropped from 45200 counts/minute at the beginning of the
data collection to 9617 co;nts/minute at ﬁhe end, fifty-nine hours
later. Seventy-six_hours‘after data collection was initiated the
count rate from the standard reflection had dropped to 2576 counts/
minute.

Lorentz and polarization corrections were applied to the®
data but an absorption correction was not. The Miller indices were
transformed from the face-centered unit cell to the primitive unit
cell before the calculation of theseé corrections,

As the Laue symmetry was &/mmm the intensi}y of the reflection
due to the hkl set of planes was equal to that of tﬁg khl set, i.e.,
IF(hkl)l = Iy(khl)l' As a complete octant had been gathered (to 20 =

30°) it was possible to compare ‘F(hkl)l values with IF values.

(khlﬂ

Where these were less than 5% apart they were averaged, and where
greater than 5. apart they were rejected. Only four sets of refleclions
were rcjected. The averaging and rejection process reduced the size of

the data set to 373 points.

5.2.3.3. Structure Determination

The atomic scattering factor curves for boron, carbon,

nitrogen and sulfur were obtained from the International Jables for

Xeray Lrystal]ography(lll). The atoms were assumed to be uncharged.

! \"‘”‘u.,ac
The three-dimensicnal Pat®1son mup showed several peaks

which appeared to correspond with sulfur-gylfur vectors. On the basis
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of these peaks sulfur positions were assigned and a structure fac-
tor calculation and least square refinement carried out. The R value
at this stage was 0.515, weighted R was 0.544. Fourier and difference
Fourier maps were obtained employing the phasing derived from the

/

structure factor calculation. These maps allowed the assignment of

two carbon atoms (C, and CZ) and another refinement cycle was carried’

1
out. The R value dropped to 0.496, weighﬁed R to 0.483. The positions

of the boron and nitrogen atoms, plus two more carbon atoms (C. and CA)

3
were predicted on the basis of Fourier and Difference Fourier maps.
At this stage the R value dropped to 0.306, weighted R to 0.289. The
positioning of the final four carbon atoms was suggested by a difference
Fourier map. With these atoms positioned, two refinement cycles reduced
the R value to 0.127, weighted R to 0.093. Slight changes in atomic
positions reduced the R value to 0.120 (0.109 omitting zeroces) with a
final weighted R of 0.091 (0.088 omitting zeroes). Atﬂéhis point no
shift was greater than 0.08 of a standard deviation, and‘the highest
peak in the difference Fourier was 0.381 electrons & 3.

An absorption correction was considered since one dimension
of the crystal was shorter than tae other two (0.4 X 0.4 X 0.1 mm). A
calculation showed the intensities would vary by 110% about a mean value,
with the maximum and minimum absorption occuwing Qith the beam along the
long and short crystal dimensions respectively, i,e., at 6::00 and

0. . . . .
@ = 90 .~ An absorption correction was not made since much of the data
E s

was collected away from O = 0° or 90° and therefore the average in-
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tensity variation would be less than 0.

The use of anisotropic thermal parameters was preveated by
the small size of the data set. A comp.ete set of anisctiopic thermal
parameters would require 137 variable paramciers, giving only three
reflections per parameter, This is not a sufficient overdetermination.

X :
An analysis of\&?e various residuals, R, was carried out
,

to see if there were sychfitic variations in the value of R. 1t

obs|

above Zafl'R was less than 0.101 while for anbs' below 10.0 U X

was found that R increaseg/as !F ! decrecased, i.e., for IF
~, ohs

values .cre greater than 0.28C. This variation can be related to the
greater dexre  of uncertainty in the experimental collection of weaker

intensily reflections., It was also found that planes with Miller

indsces h + k= 2n the average lF
obs

was 34.0, whiie for planes

b+ k= 2Zn + 1, the average |Fobs was 13.4, Az a 1.sult of the rel-

atively low in cnsities for the latter planes the R value associated

with h + k = 2n + 1 was 0.215, while thgt of the plines h + k = 2n
7 —d

was O (L8,

the values of the yesidual indicated thot the retinement
provess hae been doasir ted by the moie intense retloctions,  Since it
woeo believed that @ sigraticont amount of information about the structure
wan cofitainec 1o the  eflertions ot 1.0 untensity a weighting scheme

4

vas enploved whaog reduocd the weights of the wmore intense reflections,

1

Seocabacadly, v Tectaons with Ii
O

greater than 25,6 (112 r1etlections

'

oLty ow o aepned resghits by e fornula
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Hlere Sc is the scale factor used to scale,F Jto E !. For
ob @Asc

reflections with lFobsi less than 25.0 weights werc assigned by

2

Weight = | 1 ]
Sc

No shifts in atomic or thermal parameters were obsecrved

il

on application of this weighting scheme. 7The use of a weighting
other than unily for reflections with IFobsl balow 25.0 was not '
warranted due to the experimental uncertainty in the measurement of

the intensity of the weak reflections. The accuracy of the data

4 -

associated with the low intensity reflections would have been improved

by “‘counting each reflection over a longer time period thon the one min- -

ute scan employed, but the rapid degradation of the crystal precluded

—

tnis approach.
Tie positional and thermal parameters derived from the last

cycle of least squares refinement, with their standard deviatipfisyyare

resented in Table X. 1The final values of observed and calouaate
p

. : \
structure factors are returdvd in Appendix 111. , o \\\\\/



Atom

S1

S2

Cl

C2

C3

Ch4

5

(6

c/

05

Bl

B2

B3

N1

N2

N3

TABLE X

FRACTIONAL ATOMIC COORDINATES AND 1SOTROPIC THERMAL

PARAMETERS FOR BIS{DIETHYLAMINO)DITHIABORETANE

0.3793(
-0.1112(
0.1398(
0.0134¢(
-0.3799¢
-0.2559¢(

0.1054(
~

-

0.2332¢
0.0855¢(
0.0223(

0.3071(

&)
8)
28)
34)
31)
34)

28)

34)°

33)

32)

91)

o

0,454,
(.0394(
0.2124¢
-0 846800

0.0493(

$1)
32)
457
)

23)

0.2912

~0.3845( 9)
0.1214( 8)
~0.1735( 30)
0.2369( 36)
1.4030¢ 32)
C.4.33( 32)
0.3509¢ 27)
0.2712¢ 35)
0.3427( 34)
0.4763( )

-0.3071

L

-0.4543
0.2006( 34)
-0.2124

0.4479

o
he]
N

—~standard Devicetions in larentheses
é

0.3072(

0.3007¢
0.3099¢(

0..3002¢

0.3061(
0.1927(
0.1796(
012500

0.2500

0.2473(

09,2500
0.2500

0.244€¢

4)
3)
10)

12)

i)

i1)
10)
11)
12)

10)

13)

(9)

5.34( 28)
4.71( 26)
4.82( 83)
B.14( 98)
0.29( 90)
7.22( 93)
4.73( 78)
8.01( 91)

7.40(105)

"6.72( 83)

9.48{184)

8.62(151)

4,77( ©6)
4.88( &)
6.49( 93)

5. 711 62)
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6. Discussion,
A S ICLY

6.1. Bridge Substitution in Pentaborane(9)

3
6.1.1. Propexties of lithium octahydropentaborate(l-)

The reaction between methyllithium and pentaborane(9) to

A

torm ithium octahydropentaborate(i~) proceeds readily at -78 e
in dimetnyl ether. The 1LB n.m.r. and 1H n.m.r. spectra of tnis
borate(l-) compound are labelled NMK I[x and NMk Il respectively in

Appendix II. Their overall resemblance to the spectra of pentaborane(9)

is apparent. However, the presumptiong¢f LiB formation was based

stg

primarily on its ubility to react further with dimethylboron bromide
to yield the readily identified dimethylborylpentabo}dne(9).

As the octahydropentaborate(l-) ion cannot be formed in hydro-

(66)

carbon s$»olvent, or in the atsence of solvent , it mast be concluded

that the solvent plays a significant 1ole. 1t was found in the current

work that not all the solvent could be removed from a sample raintained
o * I3 £ -

at =30 "C. 1lhe amount of solvent remaining corresponded to an empirical

formula of LiBSHH.E (CH3)70 « 1t was also apparent that solvent re-
'/ b

movel caused decomposition. as pentaborane(Y) could not be generated on

addition/bf solvent und hydrogen chiloride to the sclid borate(l~) salt,

The infrared . spectra ol g sang e of Lib-H % (eny 0 (IR lla and b)
|3 t o8 R

pruvided the foflowing additional evidenve of decomposition:

-

(7% ,
1) Caines and jorn. reported the infrared spectra of
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a variety of Group IVA bridged pentaborane(9) compounds. All show

an absorption in the region 1810-1830 cm_l.— This is the frequency

(112)

assigned to bridging B-H-B stretch in pentaborane(9) This band

is not present in IR Ila or h.

2) Although lithium octahydropentaborate(l~) is known

(€3)

V’& ,
to decompo%ﬁf&apldly at room temperature , the infrared spectrum

/
of the sample from which ,ivent had been removed showed only minor

/

changes after twenty-four hours.
3) When | lithium octahydropentaborete(l-) decomposes the

products are the borohydride (BH;) anion (n.m.r. evidence) aid o.her

(63)

unidentified species “. Infrared spactra Ila and b show ahsorptions

at 2315 and 1080 cmml, which are comparable to those expected for

lithiun borohydride at 2320 and 1096 cn” (1137,

Ther~tore, in addition to thc previously known thermel in-
1

(63)

stability of LiBgHg

, “he current study has estahlished that

LiB;“g decompos-s when solvent is removed from a sample maintained

at a temrerature at wiich the octahydropentaborate(l-) salt is ther-

mallv stable.

6.1.2. p-binethylborylpentaboracey9)
K4

Dimethylboron vromide was reacted with Lithium octabydro-

pentaborate(l-) to form A -dumetiriborylpentaborane(?). fhe formation

+

of this product was cenfirmed by its B nem.r. spectruum.  Assighient

. e s ‘ : (s1)
ob this cpe- trum (001 X) wos Lased on thit of Gaines and lorns .
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The high field doublet of relative area one was assigned to the

apical boron. The triplet of relative area four consists of two

overlapping doublets, one for chemically equivaleat B, and 83 (see

2

Figure XII1) and the other for chemically equivalent B, and B

X 4 S' These

doublets are assigned to goron bonded to hydrogen. The low field »
singlet of relative area one is p rtially‘obscured by the high field
doublet of the side band. This singiet was assigned to the bridgec
boron atom which is not bonded to a hydrogen atem. The 1H N.M.C.

: f
spectrum of /A~dimethylborylpentaborane(9§ (NMR 1IL) is similaﬁj}o that
of pentaborane(9) (NMR 1) as would be expected. Some impurity peaks
were p;esent as elaborate steps were nct taken to purify the sanple.
The line widths cf the impurity peaks indicaﬁe that these peaks are due
to carbon bound protons. The high intensity absorption due ts the six
nethyl protons précluded offective integration to determine the relat..e
numbers of bridginy and terminal protons. The overall appearance of the
spectrum is very similar To tiat published by Gainzs and Iorns<81).
making allowan.es tor the differ‘ng chemical shifis obtained on their

100 'Hz in-trument compared with the ©0 MHz machine used to obtain NiK

1ile

6.1.3. Attempts to Prevare srideed sroup 1114 Pentaborane(y, Derivatives
iy 2 I

Ly
G.los.l.  Tue /fttempted keaction of Dietiylaluweinem Cchlory e wich

-~

Litliumn Cctabiydropentaborate

An atlempt was made to prepare  M-diethylalvniounpencivocara

")
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by the addition of diethylaluminum chloride to a solution of lithium
octahydropentaborate(l-) in dimethyl ether at =45 °C. The desired
=4

product was expected to have sufficient volatility to permit distill-
ation directly'from the reaction flask, since its molecular weight
would be between that of /u-dimethylborylpentaborane(9) (103 ¢ mole_l)
and M-triethylsilylpentaborane(9) (177 g mole_l). Both these latter
coﬁpounds have been distilled directly from reaction flasks at temp-
eratures below -20 OL(81’78). Also dimethylaluminumtriborane(y),

+ while not a bridged species, is similar to the brﬁdgeé»species and has
a vapor pressure of 13trr at 0 OCUZ).

Thus it was felt that a successful rea.tion would vield a
product which could be distilled directly from the reaction flask. The
appearance of lithium chloride would have indicated a successful reaction,
but detection of tnls salt was prohibited by the murky appearance of .

LiBsﬁg solutions. Powder photography was not employed as a test

for lithiun chioride.

When the react® .n was carried out ne volatile material, other

ren sclvent, was recovered from !'' o reaction {iask al -4 OC. 05 the
baw. i ihis, and subscqueatly di- 1 d speciral observations, *t
was con laded ..t the bridged alouninus compound was not present.
un warrming the 11 .se slowly to ron “cnvreture trictiiyiborane
g 0 tarte e fhas roevecd woguestoa o A-diieinylatunany pentos
borsne(Y) 1o ’:L‘x_'_)'t;‘ubL tooyresd tracoay bhurane, or was the triethyv)=~

Fenes ooproduc ool T ot 0 e vaetd yhadumanun chitosade
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\

the decgmposition products of lithium octahydropentaborate(i-)?

A thirdJ mode of formatiocn of triethylborane, the reaction between *

diethylaluminum chloride and iithidm octahydropentaborate(l-) at
room temperature was rejected due to 1), the instability of lithium
v

octahydropentaborate at room temperature and 2), the fact that
lithium octahydropentaborate decomposes when the solvent is re=-
moved.

While there is no direct evidence to support either of the*
two postulated schemes tor the formation of triethylborane, the follow-
ing indirect evidence dozs exist: .

1) /i—dimethylborylpentaborane(9) and the Group JVA penta-
borane(9) species all have sufficient thermal stability to allow their
spectra to be obtaimed at room temperature(81’78). Therefore, it
seemed likely that, had the bridged sluminum compound been present it
would nave been possibic to obtain ils spectrum at room temperature.
The presence of a bridged compound ,uuld have been indicated by a band
in the region 1810-1830 cm—] in the Spozirum(78’1lz).

This band is missing in the infrared spectrum (IR I11) of
flie rewccion products. Had rno reaction occurred between the two reac-
tants the infrared spectrum should show the presence of both diethyl-
aluminu: chloride-dimethyl etherate and the decomposition products of

lithiun oc¢tahydropentaborate(i-). A comparison ¢ 1K 11! with
Ik L1 wnd Iv V shows the presence ot both reacwants. In fact the onl:

absorptions not assignable Lo Lhese species occur at S0U, 50 and



175

1100 cm-1 and are indicated on IR 111 with arrows. The bands at 800
and 1100 cm"l correspond with bands present in the infrared spectrum

(IR X) of the silicone grease used on the apparatus. All the other
bands in the spectrum of the grease also correspond with one or anLther
of the bands present in IR II or IR V.

Therefore ghe infrared specrum of the reaction residue fails
to give any indication of the presence of ;/1—dimethy{aluminumpenta—
borane(9). Funthermore, only one baad, that at 820 cm—l, inéicated
that any reactiorn, other than the formation of diethylaluminum chloride-
dimethyl etherate and the decomposition of lithium octahydropenta-
borate had occurred.

2) Alkylalumiaum compounds are known to be effective alkyi-
ating agents in either tlie presence or absence of solvent. Trimethyl-

(114)

aluminum reacts with both diborsne{(6) and pentaborane(9) (see

5.1.2.7) t; yield trimethylborane.

3) as pyrolysis of U-dimethylborylpentaborane(9) failed to
yield any trimethylbcrane it seems rcasonable to assume that pyrolvsis
oi /a—die:Lyldluminumpentaborane(?) should not yield triethylborane.

These points, considered together, support the suggestion
that the tricthbylborane found on warming the reaction flask to room
temperatuce was a product of some reaction other than the decomposition
ot #-dicthylaluminumpentaborane(9).

The thermodynaro o driving foree tor the reaction belween

Lithiun borate(l=) salts and nalide containing cowpounds s presumably
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the formation of the ether insoluble lithium halides, eg.,

(CH3)ZBBr + LiB5H8 ————~>/‘-(CH3)ZBBSH8 + LiBr

Failure to prepare /u-(C2H5)2A1B5H can be attributed to the rapid

8

formation of the dimethyl etherate of diethylaluminum chloride. Rapic
formation of this etherate was indicated since the vapcr pressure above

an equimoler mixture of dimethyl ether and diethylaluminum chloride

o] o

remained at zero when the mixture was warmed from -196 C.to =45 (.

Ether complexes of the dialkylaluminum halides are known to be very

(90)

stable and may be distilled without dissociation .

”

in contrast dialkyl boron halides, unlike beron trihalides,
. L -

do not readily form isolc:ble etherates, and may, in fact,, be distilled
. . . (90) .

in uncomplexed form from etheral solvents . The .ether group on
diethylaluminum chloride-dimethyl ethierate increases the bulk of the
aluminum iimpgund, thus hindering the attack of this species on the
octahydropentaborate(l-) ion. As well, the ether grcup occupies the
site at which the aluminum atom might itself be attacked, i.e., the

vacant 3p orbital.

6.1.3.2. The Attempled heaction of Dimeihylthallium Bromide with

Lithium Octehydropentaborate

An attemptl was nade to prepare M-dimethylthalliunpenta-

borane(9) by the reaccion ot dimethylthalliun brumide with lithiun
(9]

~octabydropentaborateti=) w o saaethyl othier ot =30 T(.  As the desired

product would have had low volats tty due to its' high molecular welghc
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(296 ¢ mole—l), the reaction flask was designed to allow a subli-
 mation to be carried out directly from the reiction mixture.

The only volatile material obtained was solvent. Some
material cocllected on the cold finger due to the solution bumping as
the solvent was removed. An infrared spectrum of this material (IR V7))
showed three peaks not present in IR 1I, the decomposirion nroduct of

lithium octahydropentaborate(l-). One of these, at 800 cm , was
due to dimethylthallium bromide, but the origin of the cther two peaks
at 73) and 965 cmnl, and indicsted by arrows on IR VI, is unknown. The
absence of a band in the region 1810 - 1830 cm-l Wi evidence that the
bridged specieg was not present.

1t was suggested by the stoichiometry of the desired reaction
(cfb)zrlsr + LiBcHg ———> p-(CH,) Tisd + LiBr
that a powder photograph of the reaction residue would reveal the pre-
sence of lithjum bromide if the reaction were ;uccessful. The powder
photograph showed only dimethylthallium bromide. .
Powder photography will detect a constituentiin a;)ixture only

if, as a ruie of thumb,it is present in @ quantity greater than about 5%

(115)

by weight . Making allowances for the facts that the major scatlter-..

ing atoms are thallium and bromine, and that lithium bcomide has a cubic
umit cell while dimethylthallium bromide has a tetragonal un.t cell, the
conclusion was reached that if the reaction were less than about 150,
complete lithium bromide might not be detected in the reaction residuc.,

1t is concluded on the basis ot in{rared spectroscopy and

3
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powder photograpny that the bridged compound -(CH,),T1B.H, was
P gt sty

not present. The reason for the failure to form the bridged compound
could be thermodynamic in nature. Dimethylthallium bromide is an ionic
solid and the energy required to disrupt the ionic laﬁtice could be
sufficient to prevent reaction. Also, the two phase reaction system
resulting from the ether insolubility of the thallium compéund could

°

have inhibited reaction.

6.1.3.3. The Reactions Between Pentaborane(3) and
X o

1) Trimethylaluminum and 2) Trimetfylborane

It has been well established that ;:}éikxi/ﬁfbup II11A species

can react with compounds containing active hydrogen and eliminate

hydrocarbon. This elimination is frequently preceeded by the formation

‘e

of an isolable compl?g, eg.,

;’ . v 3 v ~ » e kllé)
3 ECH3)3A§2+ NH(CH3)2———*e-(CH3)3A].Vh(CH3)2————€>(CH3)2A1.V(CH3)2 + CHQ

(117)

or (CH3)3B + Nu3_————+ (CH3)81NH3 -—-——>(c33)ZBNH + CH,

2
but formation of an isolable complex is not absclutely necessary, eg.,

(118)

’5F(éH§)3A1]2+ U HgCEH ————>C H CECAI(CZHS)Z + C.H

9 2°6

: o Y e (119)
C.H. 0B ————> (CH. aCOC CAE
or  (C,H.) B+ CH,COOH (C,H ) ,BOCOCH,  + CH(
in gencrél these reactions proceed nore readily for the aluminum
Lrralryls than tor those of boron. For example, trimethylborane does v “\\

not hyds T, o U s temperalure, whereas traimethylaluminun underyog s
] K Y y 2

tiydrolysis almost eaplosavely.
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If reactions of the type

5 oy, atly s By —— u-(CHy) alBHE 4 CH

4

(CHy) B+ BsHg ———r p-(UHq) BBH,  + CH,

were successful methane, which is easily identified, would be produced.

»

When trimethylaluminum was mixed with pentaborane(9) in-di-

.

. . o .
methyl ether at temperatures varying from -45 "C to room temperature .no

me thane was produced. As trimethylaluminum-dimethyl etherate, which.
" N
{

might have retarded reaction, formed read{ly at the temperatures em-

ployed, the reaction was repeated in the absence of solvent. Again nc

methane was proguced, indicating the desired reaction had not occurred.

It was then decided to heat the solvent {ree mixture to determine if

~

methane would form at higher temperatures. If methane were produced,

a hot-celd type of reactor could be employed in ar attempt to produce

“

: . )
the bridged species. At temperatures up to 95 C no methane wae pro-

duced, but ancother resction, whose nature was not established, did occur.

The followirg points can be made about this reaction:

«

1> A8 shown in NMR IVa and b the peak due to the proton

AN
resonance of Lriglthylaluminum decreased in intencity while another
N

v . .
peak, subsequently identified as originaling with trimethyiborane, of
which a substantial amount was produced, increased in intensity. There-

fere the reaction appeared Lo be of the type .
\

W we -

/ B4 1 ‘ Sf ‘120)
apoitg o+ (L], L) v 2Ca) B

N

a

2) A small amount of a volatile, substance was formed.

M
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~

Infrared and mass spectroscopy .establishied this material was predomi-

‘£

nantly 1,2-dimethyldiborane(6) along with some 1,1-§imet£y1diborahe(6).

3) As no hydrogen was produced by the reaction, the residue

3

must be rif¢h in hydrogen.. This indicated the presence of borohydride
KBH4)-’ tetrahydroaluminate (AlHA)-, or an glang, i.e., a hydrogen

bridged aluminum polymer. But thé infrared spettrum of the residue

-

(IR VII) fails to show the intense absorption expectea at about 1100

(113) ' 5

cm~1 for a borohydride , or the broad, moderate intensity band ex-

(121). Nor does this

L4

. pected at about 1700 cm-l for tetrahydroaluminate

spectrum show the absorption expected for an alane at about 1750 -
-1(37)

1800 cm . Therefore the composition of this hydrogen rich residue

remain§ undetermiqed. It should be mentioned that the only bands
identifiable in IR V11 are those originating with the myiling agent,
nujo%, at 1370, 1460 and 2900 cm-1;

\ ‘ In spite, of the existgng, facile metﬂod éf,preparation of
/u-dimethzlbo§y1pentaborane(2) it was decided to attempt tolprepare
this material by the direcé reaction of trimuthylborane and penLaborane(9)..
A successful reaction with the monomeric trimethylborane would have in-
dicated t&at the failure of géimethylaluminum to react under similar
circumstances could be relatéd to the dimerieAcharact?r of trimethyl-
aluminum.

‘ At temperatures up to 100 °C no reaction whatever’bcéégﬂsg

,and the reactants were quantitatively recovered. Had a successful =

reaction occurred the products would have been methane and methyl-
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diboranes, since pyrolysis of /u-dimethylborxlpentaborane(9) at

100 °C is known to produce methyldiboranes(Sl).

- -

d
+

It was only on prolonged heating at 175 °C that any reaction
occurred. Less than 25% of the reacéants were consumed, but methane
was produced, along with tréces of 2,3-dimethylpentdborane(9). How-
ever even this bit of evidence for the proddction of a bridged‘species
is of dubious value, since it is known that the pyrolysis of trimethyl-

borane alone, albeit at 400 OC, producss a mixture of-hydrogen and .

(122)

methane + TFurther, none of the methyldiboranes expeéped from the

A

pyrolysis of the bridged species were diggcted. The methyldiborares
have sufficient thermal stability t@rallow their preparation, in small

amounts, from the reaction of diborane(6) with trimethylborane at

‘ 300 oC([‘S). Therefore it was Believed that the me thyldiboranes would -

»

not have decomposed at 1751°C, and their detection, if formed, would have

y f

been possible,

In conclusion it appears that the reactions of trimethyl-
1
F
borane and trimethylaluminum with pentaborane(9) at elevated temperatures

can best be considered a8 pyrolysis reactions whose nature has not been

determined in this work.

6.2. The Crystal Structure of Bis(diethylamino)dithiaboretane

s

o

]
6.2.1. The Preparation of Bis(diethylamino)dithiaboretanﬁ* ., oy

eyl

Bis(diethylamino)dithiaﬁoretang ECZHS)ZNBS]Z was origin-

>
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. ally prepared by Forstner and Muetterties(gs) by-the reaction of
- N, , — .
hydrogen sulfide with triethylaminoborane for three hours at 200 °c.

When their work ‘was reéeated in the cdrrent study, spectral evidence
(MS I, IR VIIT and NMR VI) inditated the 'six membered-ring, i.e.,
tris(diethylamino)trithiaboretane RCZ 5)2NBS]3’ had been. formed.

S
This conclusion was based on’ the mass spectrum which showed a cut-

a

off atim/e = 347 and .a parent molecule io;nat m[é = 345, The infrared
spectrum of the dimeric compound (IR IX) is similar to that of the
trimer (IR VIII), dnd the n.m.r. .spectrum of Lhe dlmer (NMR VII) shows
absorptlons in the same region as’thooe of the trimer (NMR VI). The

solubility of the dimeric compound 1n~organ}c solvents is much higher

" than that of: the trimer. The low solubility of the trimer resulted in
very poor resolution of the n.m.r. spectrum whereas the splitting pattern
due to the coupling of methyl and methy;eﬁe protons is clearly qesolbbd

-

.
)

in the case of the dimer.

The B-N stretching band in Thw infrared spectrum of amino-

’

boranes occurs in th% region 1350 - 1¥30 cm~l." Both IR VIII and‘IX

[

show bands in this region. Both spectra were obtalned as mulls in

nujol which itself‘absorbs at 1466 and 1381 cm l. Therefore assignment
of the B~N stretch for the trimeric BCZHS)ZNB$]3,is difficult. For the.

dimeric [(CZHS)ZNBSJZ;:the B-N étretching_frequedcy could be assigned

to the band at_1485'cm-l. This compares with the B-N stletch in di-

g ethylaminodiethylborane KC'H‘) NB(C H ) at 1490 cm 1(85) and supgests

the B-N bond in the dimer lS fairly strong (oee Section 4.4.2.).
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b . ,
The B-S stretching frequency is known to occur at about R
(123)

915 cmal for thioboranes _(RS)3 BX
, g -0 n

.8 ‘
for ring compounds has not been assigq?d. * There are two bands in

. However the B-S stretch’

1
%

this region in IR IX, one\at 890 cmal and one at 945 cﬁ-{, but it

14

is not kn¢wn if these bands are due to B-S stretch.

It is possiﬁle-to suggest, a reaction mechanism based on the “
material presented in Section 4.4. The initial step involves the

_conversion of the triethylamine_ borane to diethylaminoborane by hdat-

ing(lza). As the boron atom in the diethylaminoborane is capable

» ~

of funitioning as a Lewis acid, it is proposed that hydrogen sulfide

-

attacks in a manner analogous to the reaction of trichloroborane with
mercaptan,‘i.e.,

. v R (125)
BCl, + RPH —m7 Cl‘?‘B.S\H is possible.

-

’

’

The resulting isolable coﬁpleﬁ eliminates hjydrngen chloride on heating.
v

.5& is also known that heating dialkylthioboranes with mercaptans yields

.

alkylthioborates and hydrogen,

(o]
(RS),BH + RSH 10 ¢ , B(SR); + H

(126) .
2 o

Y
The hydrogen sulfide attack would be followed by an intermolecular

elimination of one molecule of hydrogen sulf@de, forming a sulfur
s - ,

bridged intermediate. Examples of this type of elimination are known

. v

h) ! . .
for both boron~nitrogen .and boron-d&ygen compounds, eg., amine elim-
ination for trisaminoboranes, 'and boronic and borinic acid dehydrations.

The final step in the reaction mechanism %waeuld involve the intramol-

ecular elimination of hydrogen sulfide. The overall mechanism could
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l{,ﬁ ) -
» \
then be:
~ }) (CyH ) JNBH 3 ———y (CH) NBH, + CoH
2) (CZHS)?_NBHZ + 21125 ‘————->-(‘C2HS)2NB(SH)2 + 2H2
) | \ L
* ] . /S\
3) 2(C2HS)2NB(SH)2———%(CZHS)ZNB ' /ABN(CZH'S)Z + st
: SH HS
, ) S S
R ) (
| 4) (CZHS)ZNB\ /BN(CZHS)Z——>(C2H5)2NB\ /lBN\CZHS)z + st
SH HS ' S 5

If the reaction mixture is heated to 200 °C the dimer is converted into
the trimer. .

A number Pf methods exist by which this ﬁechan}sm couid be
btested. For exémple the p?eparation“could be'unéertaken employipg t&e'

- ) L ’
aminoborane rather than the_é?Zne borane. [sotopic labelling of the boron

o 2 e

fﬁz;nd hydrogen ShayldsfEsult in all the deuterium being found in the,
hydrogen formed in the second step, while isotopic labe%}ing.of the hy-
drogen sulfide should show half the deuterium in the hydrogen while half

would be: found in the hydrogen sulfide.

-

~
L4

J
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6.3. * The -Crys~al and Molecular Structure of Bis(diethylamino)

dithiaboretane’ = ' S '

- ¥

BiS(diethylamino)dithiaﬁoretane was fpund,téucryétallize
. - . \
~ in a tetragonal unit ¢ell with a = b = 10.396 z 0.0032, c = 25.589 | .

: 0.007X end = f9= Y= 900; For purposes ofﬂdescription, thé im- '
. ’ A
; © N

portant symmetry elements in the space group, 4 2 9y are the two- -

- . ’ 1

fold rotag&on axes along the CELI diagonals at Z values of 0, 1/4, 1/2,

3/4 and 1.
- A diagram of a 31ngl§ molecule of [}CZHS)ZNBS]Z is given C
. in Figure XXXIV. In the crystal thése molecules can be.visualized as Y
occurring in pairs. In each molecule the sulfur, atoms lie almost
verticaIly above each ' other. In one molécule the two-folcd rotation N

axls is"along the two boron-nitrogen bond axes and in the other molecule

this same axis is perpendicular to the //, \\B plane ahd passes

N e :

“ o i
through its center. The orientation of a pdir of molecules is shown
in Figure XXXV. ‘Here the two-fold rotation axis is through the center

of the bpron-su@fur.ﬁlaﬁe of the molecule in ‘the foreé%ound gnd;along

;he,boron—nifrogen axis of thg molecule in the background.

N\
The space group also has two and four-fold scre& axes paralﬁel
0 , : - 1
. to 'the ¢ axis. These can be-cons1dered to generate the remaining pairs

of molecules throughout the.unit cell. The.conqu\s of a unit cell iﬂ\\

* ~ '

- outline form, are shown in Figure XXXVI. 'The molecular palr shown in
- . . N . /\
kigure ¥XXV correspond to the second pair of molecules in the ¢ airectign.

S
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.

" Figure XXXLV

Biddiethylaminodithizboretane: S ingle Molecule

<

981 "
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%

, Figure XXXV -

Bié&ietﬁylamindhithiaboretane: Molecular Pair,

oo

L81

pe
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A\

Figure XXXVI Lo
A+

Biddiethylaminddithiaboretane: Unit Cell Contents




\ ‘ 1189

.‘ ~ The bond distances; with standard deviations, found in
[kCZHS)ZNBS]Z are given in Table XI. Bond angles, again with standard

deviations, are given in Table XII. ;The atam designations are as in

A Y %
Figure XXxV.

t

- TABLE XI
v
BOND LENGTHS WITH STANDARD DEVIATIONS

1]

fggg. Length (%) . Bond Length (2)

. =Ength (A ) Length (A)

$,-B, 1.83 % 0.06 . N-C, 1.55 * 0.03

5,°B, 1.81 £ 0.04 N,-C, 1.56 ¥ 0,03

, S,-By . 1.8 ¥ 0.06° Ny-C. ] - 1.48 T 0,03

, .-s2-33A , 1.87 % 0,04 . Ny-C, } 1.54 * 0.03

B, N, 1.39 2 0.06 €,-C, q) 1.52 % 0,04 ™

BN, . * 1.44 ¥ 0,05 cyc, 1.49 ¥ 0.04

| By-N, \ 1.32 ¥ 0,03 Cs-C, 1.59 ¥ 0.04
- C-Cq 1.55 % 0,04 .

1
A great deal of information can be derived from these results

4
\as explained under the following ?eadings: -

1Y

1) The ['(CZHS)ZNBSJ2 moledule shows approximately 222 (DZ)

Symmetry, with three orthogonal two-fold axes. From Figure XXXV, one

. ‘ )
of these axes passes along the B-N bonds, the second -through the sulfur
» [ - »
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TABLE XII

BOND ANGLES WITH STANDARD DEVIATIONS

_ if"‘ '

_EEEEEE . AS%le (degrees) ‘» Bonds Angle (degrees) -
Sl-sl-slA . 106 ¥ & . BN -C, 122 t,
%1-52-31A , o108 I3 By-N,=Cy | 1221 2
32-53-32A 101 2 By-Ny-Cs T19 f.3'

‘ - o ByNgC, 119 ¥ 3
B,-5,-B, .- 3I2 ' ‘ ‘{
BySyBy 79 %2 N,~C,~C, | 116 £ -3 ’
| N,~C4=C, . 11633
§,=B;~N, 127 ¥ 2 N4=C.=Cq 105 ¥ 2
5,-B,N, T126 ¥ 2 N3-C,=Cg 114 ¥ 3
S, ~Bo-N 130 ¥ 3

v

~atoms and the third is perpendicular to, and passes through, the center

of the B//S\\‘B plane In the crystal one of these axes lies alon
\S/ & . P (-] - g

a diagonal ¢f the unit cell and the sec;nd is at a small (less than 10°)
angle to another diagonalﬂ-“ghe third C2 axis, that through the sulfur
atoms, is at a small angle (less -than 100) to the ¢ axis sf the unit cell.
2) The'exisgehce ;é\an aléernating boron-sulfur four membered
ring has been clearly established. Thu; crystallographic data is now
availhble substantiating the existence of the (BS)2 ring as well as the

(93)

(BN)2 ring . The existence of (BP)2(87) and (BO)2(94) rings remains
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to be established by x~ray methods. The length of the boron-sulfur

bond is within a standard deviation of the sum of the covalent radii

é
of boron and sulfur (1.84&5, and is similar to that obtained (1.85&U

)3(88). On the basis of this

in a crystéllographic study of (BrBS

distéﬁce it can,-be stated éhat the bond between boron and sulfur is

a single bond, i.e., there is no donation of electran density from

the filled, non bonz}n suliu; p orbitals to the‘vacant boron p 5rbila1.
The ring is obXiously strained. Expected angles for® tri-,

coordinate boron aﬁd dicoordinate sulfur ;re iZOP.and 109° respectively.

The angles foynd are approximately 105° for S$-B-S and 75° for B-S-B.

Nevertheless BCZHS)ZNBS]Z is stable at the preparation Lemperature‘

(175 °¢) and sublimes readily without decomposition at 75 °c.

. The angles about the boron atom can not be compared with

those found in the four membered B-N ring shown in Figure XXI1, as
these latter angles were not given(93). |

3) To date the oply aminoborane bond lengths reported have
been for the compounds shown in Figures XXI and XXII, The B-N bond
lengths in these compounds vary érom 1.40 to 1.43&>,with the exception
of the éxocyclic B-N bond in the compound in Figure XXI1, which is
1.478. These bond lengths may be compared with borazine, at 1,668,

The current study is the only structure analysis undertaken
to date on a mconoaminoborane, although space group determinations have
i (127)

previously been carried out

Two of the three B~N bond lengths are within a standard
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deviation of thé previous results while the third is somewhat shorter.

(128)

However, a statistical calculation indicated a 36% probability,
i.e., approximately 1 chﬁnce in 3, of finding another bond at 1.322,
even if the B-N bond length was accepted as the averége of the two
longer lengths. This is a result of the sizable standard deviations.

The experimental results provide three indications of
multiple bond character in the bond betweén boronrand nitrogean. These
are the short bond length, the bond angles about both boron and
nitrogen and the coplanarity of the C-N-C and S-B-S-B planes.

The bond lengths obtained are all less than the sum of the
covalent radii of boron and nitrogen (1.492). This is the strongest
indicator of multiple bond formation: The bond anglés about'nitrogen
are within a standard deviation®of 1200, and therefére the nitrogen
atom can be considéred to be an sp2 hybrid. Although the angles about
the boron atoms are constrained by the bonon—§ul§ur ring, the S-B-N
angles suggest that the bor;; atom can also be considered as an sz
hybrid: " The sz hybrids on boron'and nitrogen are at an angle of
lesg than 10° to each other, and are therefore of appropriate symmetry
for 1 bond formation.

If the boron-nitrogen bond is a double bond it would be
expected that the C-N-C and S-BwS;B groups would be coplanar. Of
the six planes of interest in the mélecule five are planar due to

having only 3 members or by symmetry. The sixth, B, -S,-B is not

~-S
372 3A ZA

‘raquired by symmetry to be planar, but a least squares calculation

_
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shows the sulfur atoms to be only 0.0042 off a mean plane through

the group while the boron atoms lie 0.0SX off the same plane. The

normals to the planes:;n quesLlon can be used to estabesh coplaparlty,

)Y

and are shown in Table XIII“

TABLE XIII

w7

PLANES IN, BIS(DIETHYLAMINO)DITHIABORETANE

f Angle between

normals(degrees) .
Bl Sl B2 S1 ) Cl-Nl-ClA ‘ 9t32
. .
B1 Sl B2 S1 C3-N2 C3A 170.73
(?3 s2 33 - CgNy-C; 570
B~S.-B, -S . Ce N, =C.. 174.40
372 3A ZA ) 5A 3A «7A

3y . N : N 0

s

Thl% Table shows that in each molecule the planes in question

are approxunately, but not exac;ly, coplanar. In one molecule the

C-N~C planes arg;rotated 9.32° and 9.27° , in .opposite senses, to the

»

g ; . o
‘§-B-S-B plane. In the other molecule the rotations are 5.60  and

o‘ ) » . - -
5.70 , again in opposite senses. The observation that the rotations
are almost identical, and in opposite senses, supports the 222 symmetry

assignment for the mdltegule. The approximate coplanarity Jf the C-N-C
\ ~s !

~
and S-B-S5-B planes also proviaeﬁ\gvidence for formation of a B-N

multiple bond, but the evidence is\;;E\in\gE§elf sufficient since co-
) T~

P \\A

» N \
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planarity may also be a result “of crystal pagking.

Of interest is the fact that the long (1.478 ) exocyclic
B-N bond found in B—[big(trimethylsilyl)aminq] -N-trimethylsilyleyclo-
diborazane, Figure XXII, has been ascribed to the fact that the Si-N-Sji
pléne is at rith angles,po the (B—Nj2 ring, preventing overlap of the
non-bonding p orbitals on nitrogén with the vacant p orbital on bororm,
and thereby inhibiﬁing multiple bond férmatibn.

)
4) The accepted carbon-calbon single bond length is 1. 5410(127

g
Again, there is some scatter in the values obtained for these, bond
lengths in.IKCZHéSZNBélz, with three being within a standard deviat;on
éf the agceptaﬂ value and one shorter. ‘ ; ‘ |
; Three of the N-G-C bond angles are grouped about 1150, while
«the fourth' is considerabl&»sma}ler at 105°. The "Tables of Inte;n C o
o 27)

. . 1
atomic Dlstances”( contain many examples of angles about tetra-

- hedral carbon in the range from 105° to 118°. The N-C-~C angle found in

triethilamine is 113o T 3° and three of‘the four angles measured in
this study are w1th1n a standard dev1at10n of thlS value.

5)) The average nltrogen-carbon boqd distance obtained in
this work was 1. SQA y which is two estimated standard deviations re-
moved from the accepted value of 1478 <129>.

6) Some of the physical properties of BCZHS)ZNBQ
consistent w1th the intermolecular distances in “the crystal F r .‘
:purposes of descrlptlon the packing of tHe molecules can be artif1c1ally

considered as occurrlng in two steps; first the packing of molecules

- in a manner suggested by Figyre XXXV to form a two~dimensional sheet,

“




<9

gt

195

v

and second, the packing of these sheets to form a three-dimensional

ne twork. ‘

Within ‘a sheet the important distances, j.e., those of
closest appfoach, are those from a sulfur atom in one molecule to the -
meth?} and methylene groups of adjacent molecules. Table XIV shows
" the distances from sulfur to the methyl ané meth&lenehcarbon atoms.

Q
TABLE XIV

INTERMOLECULAR DISTANCES (SAME LAYER) *

Sulifur - Meihyh Carbon Sulfur - Methylene‘Cafbon
< 7,0 . Q
Atoms Distance(A ) Atoms Distance(A )
ALOMS . xioancera 4 . Z=2aieena
SZ-C1 ) 4,03 &%-06‘ , ’ *3.89
‘SZ-CZ ‘4.05. 511{8 . _4.08
' A
- - ’ 3.
S1 C5 3.97 S2 02 9 K 95“
Sl-C7 : 4,25 ‘Sz'cu p 3.96 -~
A : :
. -
These distances show ‘that the ethyl group is oriented.in
By . . * .

, .
such a way as to minimize repulsions between the sulfur atom and methyl

t

and methyleﬁe groups.
The sulfur atoms in a higher layer are roughly equidistant

from the sulfur and carbon atoms in a lower layer. Fof eXample, S2

in q,h%gher layer fits intoifhe triangle formed, by\Sl,‘C2 and C6 ir

2

N

2




Similarly the_cafbon at

formed by sulfur awd carbon in a lower layer and are again roughly

equidistant from the thrée atoms forming the tr

] * -
molecular distances are given in Table XV.

\'\

!

TABLE XV

-

s in an\gpper layer fit into triangles
. 3

Vo

INTERMOLECULAR DISTANCES (BETWEEN LAYERS)

.

~

)
Distance (A)

Atoms

5,-5, 6,28

SI-CZ 4.1?

S - C ’ <¢.\2_5
1. 7A .

c,~S, 4.57
¢,-¢, 4.20
¢,~C, 4641

A

VS

Cs-S, . /////’#’—2183
CS-CZ Y "4. 77.
C.~C 3.97
5%,

. o
Distance (A)

4.28
4.41

4.04

4.41

4.74

4,26

4,18

’

- 4.54

4.15

iangle; These inter=

Dl |
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}Tables XIV and XV show that the intermolécular distances
between molecules in the same layer tend to be slightly shorter than
those between molecules in dlfferent layers.

The Van der Waal's radius for sulfur is given at 1. SSX

and the seme radius for methyl and methylene groups is 2, OX (130)
The intermolecular distances are rather longer than the cum of the

Van der-Waal's radij. This, fact correlates with the observed prop-

erties of BC )ZNde, i.e., low melting point (70 C) facilg sub-

limation, low denSLty and the property of .the crystal "melting" at

3

the contact points with the Lindemann tubes. N

In conclusion, the crystal and molecular structure of

bis(diethylamido)dithiaboretane, have been determined. This deter-

minatioh establishes, for the First time, the existence of a four

membered boron-sul fur ring and shows the $-B bond is a single bond.

The results are also the first reborl ofnthe B-N bond in a monoaming-
“fé} ?

borane and show this bond 'to have multiple band character. The

molecular symmetry has bee shown to be approximately 222 (p ), and
\

the properties of the SOlld material are consistent with the cryetal ~

structure,

oW

Pad

”
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6.4. Suggestions for Further Work

L]

//f*\‘ The residue from the reaction offirimethyléluminum and

pentaborane(9) was found to have an‘empiriqal formula_of Al(CH3)1 132 7

H6 0" The exact identity of this non-volatile hydrogen rich solid

. , /
would be Bf great interest.. (’ |

-

<

Further work shédld‘be carried out in the area of Grouﬁ 1l1a
bridge substituted péntaborane(9) specjes. For example, the soluﬁiiities
of other ottahidropentaboréte(l-) saits, such as /i-(CH3)4NB5H8 should
be.investigaged'with a view to finding Borate(l-) saltﬁ which would be
soluble in non etheral solvents.

Tge p;eparatioh of bis(diethylamino)dithiaboretane is relative;y
simple. It would bé interesting to examine the ;hemiqtry of this ring
combougd. The reaction mechanism postulated-in 6.2.1. should aisq be

~
tested. N

A
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Perfluorovinylbis(triethy lphosf)h ine)platinum( &) complexes
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Bridge Substitution in Pentaborane(9)

«

The Crystal Structure of Bis(diethylamino)dithiaborétane
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MASS SPECTRA OF

IRIS(DIETHYLAMINO)TRITHIABORETANE (MS 1)

AND -

BIS(DIETHYLAMINO)DITHLABORETANE (MS I11)

MS I MS 1L MS I MS 1I
Intensity ~ Intensity’ Intensity Intensity
.mfe (% of m/e 215) (% of m/e 215) m/e (% of m/e 215) (% of m/e 215)
26 7 - 8 83 14 3
27 34 33 84 5 4
28" 49 . © 62 85 10 6
29 48 50 86 92 18
30 99 34 87 7 3
32 19 14° 94 5 3
33 18 12 95 2 1
34 48 35 '96K 3 1
35 4 2 97 3 1
36 8 17 98 3 ® 2,
37 3 1 99 15 19
38 3 6 100 64 83
39 5 5 101 16 8
40 6 10 102 5 6
41 18 19 113 7t 5
42 42 43 114 20 20
43 13 6 115 5 4
44 39 16 116 5 3
45 5 5 149 - 9
03 5 2 150 13 2
54 15 15 151 3 -
55 7 5 156 2 1
56 18 11 157 3 1
57 8 5 158 4 2
58 95 37 159 4 -
59 8 ) 170 2 3
60 7 7 171 3. 4
61 4 4 172 4 -
62 8 6 198 2 -
69 4 3 199 b -
70 7 5 200 , 13 -
71 8 10 201 2 -
72 32 34 202 2 -
73 25 10 212 4 -
74 3 3 213 9 6
80 5 1 214 53 48
81 5 2 215 100 10Q
82 7 4 216 18 14
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\\\gé§§/SPECTRA OF

TRIS(DIETHYLAMINO)TRITHIABORETANE (MS 1)
AND )
BIS(DIETHYLAMINO)DITHIABORETANE (MS I11)- Continued

- ¢

MS I MS 1II

Intensity Intensity
m/e (% of m/e 215) (% of m/e 215)
217 12 10
218 2 -
228 4 ) 3
229 17 14
230 28 27
231 5 5-
232 3 3
240 1 -
241 2 -~
242 3 -
279 3 -
280 8 -
281 10 -
282 2 -
296 14 - )
297 11 -
298 -~ 15 -
299 3 -~
300 1 ~
311 5 -
312 13 -
313 17 -
314 3 -
315 2 -
326 1 -
327 g 3 - -
328 5 -
329 2 -~
330 1 -
343 A1 -
344 Y6 Co-
345 7 . -
346 2 -
347 1 -
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