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ABSRACT

. DAVID N. HALL -
!
PART ONL: AN INVESTIGATION OF THE MICROWAVB ROTATIONAL
| SPECTRA OF MDTHYLSELDNOCYANATB AND METHYI-
THIOCYANATE
* .

This part of the Thesis describes the results
of a study of the fotational spectra of methylselenocyanate
and methylthiocyanate in the region Betweea 26.5 GHz 'and
40.2 GHz., .In the case of the thiocyanate molecule, thc '
spectrum uas studied with. the prime purpose of provmding a
model for the study of the prev1ously unreported spectrum ‘
of methyl;clsnaﬁyanate. Particular attention was paid to
the dependence of the barrier to internal rotation of the

methyl group on the value of the rotational Quantum number J,

For ﬁethylselenocyanate the rotational constants
of five molecular species containing different isotopes of
selenium were determined and an approximate structure is
suggested whlch generates rotational constants which are in
food agreement with the experimental values, The barrier
to lnternal rotation of the methyl group was also calculated
The bonding in the KCN group and the origin _of the barrler
to internal rotation in molecules of this t;;é are discusSed

N

q

5



PART T4O:  THE PREPARATION OF SUBSTITUTED ACETYLENIC
' DICOBALTHEXACARBONYL DERIVATIVES CONTAINING
PHOSPHORUS AND ARSENIC' DONOR LIGANDS

-

‘This part of the ThPSiS ‘reports the preparatlon
and characterization of substituted acetylenie dlcobalthexa-
carbonyl complexes in whlch up to four CO Froups have been
‘replaced by either monodentate or bldentate phosphorus and

arsenic donor ligands.

¢

With the monodentate 1igands;com§1exes have been
prepared having the general formula (R,C 2)002(00)6 n(L)
where R = Th, or CI‘3 and L is a trialkyl phosphine or
phosphite 1igand. Some PP3 derivatives have also been pre-
pared, On the basis of a study of the 1nfrared spectra of
the_disubotltuted (n-= 2) derivatives~in the CO stretching .
region, structutes-for théée/complexes‘arqwsuggested in-

which the axial €O groups are preferentially substituted,

Possible reasons for this preference are discussed,

With bidentate ligands of the type thM(CHz)nMth
where M = P or As and n_= 1 or‘Z;‘di— and tetrasubstituted
-derivatives have‘been prepared in which the ligands are
bridging the Co-~Co bond. Trisubstituted complexes have also
been prepared in which there is one bridging bidentate 1ligand
and one ligand which is coordinated at one end.only.

-
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CHAPTER I, 1WTRUDUCTIUN. . . , ) ‘

N

The purpose of this *part of the the51s isg to

present the results of an’ 1nvest1gatlon of* -the rotatlonal
spectra of methylselenocyanate and methylthlocyanate in the
frequency range of 26,5 GHz to Lo, 2 GHz. No prev1ous r;;orts
of the rotatlonal spectrum of methylsplenocyanate have been. '
publlshed and £pr methylthlocyanate it was de51red to

extend the frequency range studied beyond that of previous

workers in orderato make certain comparisons between the two-

H

In the case of methyiselenocyanate. the
scope of the study was prlmarlly to identify the spectral
lines in the avallable frequency region and to measure their
frequencies. This then permits calculatlon of the rotational
constants and the deiermlnatlon of an approximate structure
of the molecule, o attempt was made to determlne a
definitive structure S% the molecule since this would have

required separate isotopic substitution of each atom in the

molecule. The scope of this work did not warrant the

' -extensive problems associated with the isotopic enrichment

of carbon and nitrogen in a system where there are already

five major naturally occurring isotopes of selenium.

-1-
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A further reason for studying Phe methylé '
. 'selenocyanate molecule was to determine the barrier to ”
,inte?nal rotation of ‘the ﬂethyl group about the carbon-
selenium boﬁd; Barrier determinations in other simila£
:. molecules contalnlng the CHBX- group (X = U, S, Se) have
"shown that the barrier height is always larger when x is
sulphur than when X is.oxygen. This has been observed in
the CHXH, CHBXC—’N arlcrl_CHjxc-CH series. In the CHyXH éeries
the selenium species has also been studled and it has been

found that the barrier is lower than thdt of the CH.,SH'

3

molecule and almost equal to the_berrler in CH OH. It was

3
of interest to measure the barrier height in CHBSeCNwin’
erder'td see whether:a'similar trend existed for the
CHBXCleeries.\ This might then serve to #urtheg fhe_under—
standing of the origin of these internal rotational barriers

in molecules of this type,

.In the case of methylthiocyanate the |
mierowave rotational spectrum has previously been
thoroughly investigated by several groups and much
information ebout the molecule has been extraoted, & = 7
One reason for the further investigation done bere is that
it was desirable %o have a model for the study of the |
spectrum of CHBSeCN. ~Since‘the two'molecules are expecﬁed
~to have similar structures, their spectra should be subject

to the same .selection rules and hence should exhibit similar

patterns. The'SPectrum of the methylselenocyahate molecule
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was expected to be considerably weaker and\mﬁch more complex
_than that‘of methylthiocyanate due to\the{fact that selenium
has five isotopes of significant natural abuﬂdéﬁce. The
assignment of the spectral lines was therefore expected to

‘be extremely difficult without the helpfof a model molecule.

The second reason for a'further
investigation of. the tﬁiocyanate spectrﬁm was to g;tehd‘the
frequency region which had beén studieﬁ. The only available
transitions for the méasurement of the barrier to internal
rotation in.theﬁhethylgélenocyanate molecule were those which
couldwlead to considerable error due to the non—ideal‘ ’ '_ N
behaviour of the molecule at high rotational gquantum numbefs.
From the error found in the barrier heights determined for
methylthiocyanate from transitions between the Eame éuantumﬂ
levels, some information can be obtained'on thé accuracy of

the barrier height calculated for CHBSeCN.

1t waé considered necessary to first give
an outline of the theory of gotationai‘spectra. This is the
sub ject of CHAPTER 11, which cogmences.with a brief

discussion of molecular rotation in general, and then

-discusses certain areas which are specifically relevant to
this work‘in detail. For a complete description of the
principles and techniques of micrd&ave rotational spectroscopy
the recader is referred to several texts available. -1
CHAPTER 111 mives the experimental inf&&mation including a

‘description of the microwave spectrometer, and the results’

-
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of the spectral investigations are presented in éHAPTER 1v
and CHAPTER Y for methylthiocyanate and,methylselenoc&anafe.
respectively., The thesis ié concluded by a general
discussion on two aspects of rgléted molecules which contain
the GHjX- group. These two aspects are the origin of the
barrier to internal rétation and the nature of the bonding
- in the XCN group.

"



'CHAPTER 11. DHEORY OF ROTATIONAL SPECTRUSCOPY. 8 - Ll

SECTION A. MULECULAR ROTATION

When considering its rotational energ&..a
molecule is viewed as a rigid assembly of point masses,
This "rigid body" posesses a'unique center of mass (COM),
and the positions of the individual atoms are described by a
Cartesian coordinate system, the origin of which lies at the
" COM and thé axes of which correspond to the pfincipal moments
of inertia of the molecule. No real system is entirgly‘
rigid but effects due to centrifugal distortion and intérnal
motion can be treated by pertufbation methods or can be

ignored if they are small.
ey . .t'
bad

. The priﬁbipal moments of inertia of a
molecule are best desecribed using the classical concept of
the "inertial ellipsoid“. This ellipsoid has its center at .
the centér of mass of the moiecule and it$ shape corresponds
to the envelope of lines constructed through the CoM, the
lengths of which are proportional t6 the mdﬁent.of inertia
of the molecule about that line as axis. An ellipsoidlhas

three perpendicular principal axes, and if these axes are

*



.
chosen as the Cartesian coordinate axes of the molecule and -
the moments of inertia along the direction of tﬁeée'principal.

axes are Ix’ ly and Iz’ then the equation of - the ellipsoid

n

may be written . ‘ : . 2
2 2 2
X + y + 2 . - 1 (II"'.A."l)
2 2 ]
I 1l 1
X Fow 2

where lx, Iy and Iz are called the principal moments of

inertia. of the molecule.

These principal moments of inertia are

calculated from the positions and masses of the atoms in the %
molecule. The method of calculation described here is_that
12

of Kraitchman, and is as follows: . If a molecule is made

up of atoms of mass My Moeeels ooy which are situated at
distances (xl, yl,zl). (x2, Yoo zz)...(xi. Yio zi)... from

the origin of an arbitrary system of Cartesian coordinates,- -
then the coordlnates of the CUM in thls system, (xo, Ygr zo).
are given by the follow1ng type of expression:

~

X, = : (II-A-2)

1f a new Cartesian coordinate system is now

set up with this Cuiv as its origin, then the principal

moments of inertia, Lo ly and I, can be determined from the-



roots, I, of the determinentdal equation P
. ‘ ther
lyx =1 | lxy Ixz,
Lyx - Ly -1 Iy, < 0 II-A-B{a
v T . - \ \
lzx lzy lzz e

The quant?ties Ixx’ ;yy’ and Izz_are defined by equations.of .
the following type and are called moments of inertias

'

_ 2 2
lix =7 myy F miz; N
1 -1 .
- T 2 _ . 2
( ; my;) (f m %)

(I1-A~N)

. I,

ih

The off-diagonal elements, lxy' 1., etc., are called
products of inertia and are defined by equations of the

following type:

L

e = = ITmxy, + (Zmx)( Emgy,) '
P i A T I A (II-A-5)
I n.
S

Solution of equation Il-A-3 also gives the
direction cosines of the principal axes of the molecule with

. *
respect to the original coordinate system chosen.



Molecular rotation is generally described

in terms of these principal moments Of‘inqrtia which are:
P . '

< < . : .
A IB 1q A .
rotating molecule is classified based on the relative values

designated I IB and Ic.so that I

of its three prihcipal moments. An asymmétric rotor is one- :
.which has three, non—equal moments of inertia, while a \_»””///<~
: mo;ecule which has its three moments equal is called a
spherical rotor.. Between these two extremes are symmetric
rdtors and linear molecules. A symmetric rétor has two
moments‘which are-equal in magnitude and therefore ﬁust ; _N“J/)\
an axis of three— or more—fold symmetry. A prolate

symmetrlc rotor has its two equal moments of 1nert1a greater

- than the third (IA < I, = lc). In an oblate symmetr;c rotor

the "two smaller pfincipal momehts of inertia are equal'(lA =

lU < l;). Aﬁlinear molecule is a special case of a symmetric

. .t .
rotor in which the moment of inertia about the internuclear

axis 1s equal to zero,

The structure of & molecule can be
determined‘from its rotatione}'spectrum if several different
isotopic sﬁécies are examined. The posiﬁioﬁ of a particulaf_
" atom in a Cartésian coordinate system with;ifs origin at the
Culi of the molecule. can be calculated from the differences
in the principal momenfs of inert;alof two molecules

containing different isotopes of” that atom. These moments

of inertia are determined ‘directly from the line'freqdencies
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in the rotatioa@} spectrum-of the molecule.

SECTION B.» KUTATIONAL ENERGY LEVELS AND SPLCTRA OF THE
ASYMMETRIC RUTUR ’

‘ln the case of the asymmetric rbtor the
energy levels are described by exaﬁining their behaviour as
it begins to de@iate from the-two simple extremes of the
prolate and ob;afe symmetric rotors., It is thereforq |
necessary to fi:st discugs the rotation of the symmetric

-

rotor.

Figure 11-B-1 illustrates the motion of a
symmetric rotor.molecule with three- fold ~symmetry., ‘l'he
symmetry axis' of the molecule is de51gnated as the z ax1s,
and the molecule undergoes two types of motion., The symmetry
ax}s Precesses around the total angulap momentum, P, and .the
molecule may spin about tﬁe symmetry axis at the same time..

The rotational energy is given by _ :

p2 P2 p2
w o= X +.. y + 2 . (1I-B-1).
2lx , 2ly 21z

where X, y and z'are the Cartesian coordinates along the

principal axes, and lx} 1, and 1, are the corresponding



e

Figure 11-i-1.

[

The motion of a'symmetric rotor as taken

from ref. 8. o

———
B 0
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principalia?ments of inertia about these axesf Px; P and Pz

. y

are the projgations of the total‘anguiar momentum, P, on the

x, y and #respectively, and
2 _ 2 2 2
P2 o= P2 o+ 2 4 2 (11-B-2)

T

in a symmetric rotor-_Ix is equal't6 I

y

and
is called 1y The value of I, is different from the other

two and is designated iA. These designations correspoﬁd to

a prolate symmetrlq‘rotor where IA <‘IB~= IC. Equatlggx,'

(1I-B=2) can then be rewritten - o
P2 2 1 1
W = + PZ ( - ) (I1-B-3)
2%, 21, 21, A

The square @ the total angular momentum

is quantized and is given by

p? = J(J + 1)n? -
. ————— J = 0' - » i- 2-.:&
b '

(II-B-)

~Similarly, the éomponent of* P along the 2z a¥is is quantized
and is given by .
2 2.2

PZ .
R _— K = J' J - t.].,oou-'lJ' (II_B-S)
4.“2 | . ) . . .

l
=
o



Substltutlon of equatlons II B-h and 11-B~5

- into equatlon II-B-3 gives
o

w = J+nn® e he. _ p? ”
_ —_— ( — =— ) K* (II-B-6)
8n°I 811  8e°Iy o

- In order to further simplify this -expression, rotational

constantg A, B and C are defined by equations' of the following

]

type:
- h 0
A - (II-B-7)
8 IA
. Equation II-B-6 then becomes
E = BIJ+1) + (A - B)K> (I1-B-8)

where E is the rotaiional energy in MHz if' the rotational
constants are expressed in MHz, For every Value of J there
are 2J + 1 values of K, but since the energy is 1ndependent
of the algn of K, all-levels of a given J are doubly

degenerate when K is greater than zero,

The rotatlonal conqtants of the asymmetrie

rotor are all’ different in that A # B # C. Any such
molecule must lie' between the extremes of an oblate symmetric
rotor in which A = B> C, and the prolate'syﬁmetric rotor’

where A > §§ = C. If a molecule is only slightly asymmetrie
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its energy levels can bg-degcribed in terms of an asymmetry
parameter, b. For a neg}-prolate asymmetric rotor bp is
defined by- the following expression:

C-1B

h . = ‘ ‘. (II"'B"g)
P a2a-B-cC

For the 1imitihg case of the prolate symmetric rotor bp:

reduces to a value of zero, It becomes increasingly negative
as the molecule becomes more asymmetric, An analogous

asymmetry parameter, bo, is defined for the near oblate:

»
-

cage:

: A - B _
by = . (11-B-10)
> 20 - B - A

A general asymmetry barameter is sometimes used called Ray's

asymmetry parameter, x«, given by -

2B - A - C
e =, — B (II-B-11)

This parameter becomes -1 for the limiting case of the prolate
symmetric rotor (B'= C), and +1 for the‘oblate symmetric
rotor (A = B),. |

The result of the existence of three non-
equal rotational constants is that thi;%i?ntum number K can

no longer be used. In a symmetric rotdr K is the projection




~
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- of J on the symmetry axis of the molecule and. therefore

represents the component of the angular momentum along this
axis. In the agymmetrlc rotor there is no 8single direction
along which there is a constant component of the angular
momentum and therefore K cannot describe the rotatlonal\\
state, The effect of only a slight asymmetry is to split -
the levels of a given K, mhich-are degenerate in the
symmetric,rotor, into two distinct levels, These energy!;*
levels are then specified by the three numbers J, 5_1Iand.K+1L
where R-l and K+1 correspond to the value of K in the limiting -
cases of the proiate and oblate symmetric rotors respectively, -

+
»

Thus a specific level is designated JK-l K+1? for example:
?

404. The subscripts -1 and +1 refer to Ray's asymmetry
parameter, K, Wthh is equal to ~%. and +1 for the llmltlng

cases of the prolate anahoﬁiate symmetrlc rotors respectlvely.

In addition to the convehtion of de51gnat1ng
the energy levels of the asymmetric rotor just descrlbed.
there are others which are widely used, 8 Slnce they have

not been used in this work they Wlll not be dlscussed.

Methylthiocyanate andg methylseienocyanate
are near-prolate asymmetric rotors and the expression used

for the rotational'energy is as follows: - . .
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B+ C ' ‘B + C
(33 + 1)) + (& -

=
It

Jw  (II-B-12)

r

where  is a function of K and bp, and can be'obtained from
available tables_g‘or can be evaluated by spectfal analysis -
computer programs.A |
y:
The rotational spectrum of a molecule
arises from the presence of a permanent electrlc dipole
moment.,: The rotation of a molecule at a certain frequenéy

is then associated with an oscillating electric'field which

can come into resonance with radlatlon of the same frequency,

The result may be emission or absorption of a photon, and
thus such a molecuile can undergo transitions between its
rotational energy levels according to certain selection

rules.

For the asymmetric rotor the selection rule
for J 1is AJ_= 0, ¥1, Transitions of the typea J = 6 are
called Q-type transitions, and those witha J = 1 are called
R-type tyansitions,‘ The selection rules for K_l and K+1 are
given in Table II-B-1. They are dependent on the direction
of the dipole moment in fhe molecule. 1n an asymmetric rotor
the overall molecular dipole moment, y , may lie along only
one of ﬁhe'principal axes of the molecule, or it may have

components along two, or all three, of these axes. These

[
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TABLE II-B-1

+1

ASYMIETRIC ROUTUR SELECTIUN RULES FOR K_p AND K
-

Dipole Moment

. R_ K
Component =1 +l
u a 0, 1'2, i""o- iln i.3! is-n
wy L I, 33, %51, f1, 33, 45,
S !
T ‘:i, 3, ¥5.. o0, 2, 4,
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components of the dipole moment are designated u,, e and Mo
corresponding to the axes of the principal mdments'of iﬁertia

I,» Iy and I, respectively,

From the table it can be seen that 1f the
overalldlpolemoment lies completely along only: one of the

pr1n01pa1 axes then the spectrum is simplified since only

certain-transitions can occur. Usually transmtlons with ¢>

AK greater than *1 are too weak to be observed. In most

molecuies the overall dipole 'moment has a larger component

along one of the axes than along the other two.‘and therefore

Al

transitions associated with the one axis a

re much stronger
b]

than those associated with the other two. The desmgnatlons

a-type{b -type and c- 'type 'l:rans:l.tlons are used depending on

whether it is W My or 1b respectively which allows the

transition,

.

SECTIUN C, ' THE EFFECT OF THE INTERNAL ROTATION OF ME;}{A.D
' GROUPS ON ROTATIONAL SPECTRA

1n molecules such as methylthlocyanate and

methylrclenocyanate the rotation of the methyl group relatlve

to the rest of the molecule (often referred to as‘tor81onal

motion) is hindered by a potential barrier. ‘For theoretical

v’
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reasons such bdriers are divided into three classes -
depending‘on their mégnitudé. These are‘the'low barrier, the
inteérmediate barrier and the high barrier., Both molecules
have barriers of intermediate helght (0.5 kcal/mole to 4 o
kcal/mole), and” therefore this will be the -only case

discussed in detall. . :

L]

Figure II-C-1 illustrates the shape of such
a potential barrier curve, V(a), for an internal rotor which
has three-fold symmetry such as the methyl group. The

function V(u) is given by the following expression:

| V () : __Y_3__ (1 ~ cbs 3a) - (I1-c-1)
| 2
where V(a) is‘the potentlal energy associated with the
internal rotatlon and als the angle through which the
rotation of the methyl group occurs relative to the rest of

the molecule, or framework. The height of the barrier to

1nternal rotation is V3' thus d931gnated because of its three-

fold nature.-

In order to develop the theory of internal
rotation more clearly, a situation where the barrier height
is much higher than this intermediate value will be discussed
first. 1In such a tase the internal rotation of the methyl
group reduces tg what is called a torsional vibration since

the group is confined to a potential valley and never

-

»

1
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Figure 11-C-1, ' Torsional energy levels for a system with g

three-fold parrier to internal rotation as

taken from ref. 8.
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: escapes from it, This torsional vibratidn is merely an |
oscillation about xhelequilibrium position and is a |
¢onventional vibration chafac%er;zed by the vibrational
quantum number VT. the allowed values of which are 0, 1, 2...,
etc., The coriesponding'energy Ievels.are triply degenerate

because the three botential valleys are identical.,.

In the case of the intermediate barrier

—

hgight”the energy levels are examipqﬁ as -they deviate from
this high Uﬁ%fier situation, This hés been illustrated in
Figure 11-C-1 and it can be seen that the barrier is above
only a few of the viﬁrdtionél‘torsional levels, Here the
grouhd torsional level is still well below the top of the
barrier, but'"tunnelith can occur through the barrier and

rotation of the methyl group can take place,

The effect of this tunneling is to cauger
the torsionalllevels, which were triply degenerate in the
high barrier case, to split into two levels specified by the
quantum number o. One of these is désiénated as the A ievel
since it is non—degenerate; The othgr level s doubly

degenerate and is therefore called the E level., Thesvalues
| of afor the A and ;I8 levels are 0 and g | fcspectively. ‘The
different vy and dlevels are shown in the figure. 1t can be
seen thaf the splitting of the torsional leveli/is small when
Vp = Q, and becomes greater as the levels approach the top of

the bérrier.‘
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The effects of internal fﬁ}dﬁion of a
methyl group on‘the ovgrall-rqtation o{;a molecule can now
bé considered. If no infefaction churped between.the two
types.of rotétion then the overall rotational energy l%yels
could be obtained by simply adding tﬁe iqternal rotational
energy levels given by equation II-C-1 to the rotational
energy levels given previously in equation 11-B-12, An
“interaction doés occur, howevef, and when the torsipnal
barrier is of intermediate height ‘this interaction can be
treated as a perturbation to the normal rotatioqal energy F
1levels. The'compleﬁé mathematical treatment of this
perturbation is given by Lin 8nd Swalen. 13

The resultiﬁg effect on the rotational
spectrum of a mélecule depends on its symmetry., 1In a
symmetric rotor with an intermediate barrier height fhe
rotation-torsion interaction causes a splitting of each
energy level of a partibular value of J and K into_a‘doubly

.
‘degenerate component associated with the o

n

i% state, and
a nan-degeherate level associated with the o = 0 state.

he magnitude of the splittingi&sé function of K only and
is not dependent on J. This splitting of the energy }evels,
however, does not affect the rotational spectrum of

a symmetric rotor since fhe selection rules only allow K
changés in the value of J, and not in the value df K or in

the torsional quantum numbers,



In an asymmetric rotor, transitions
Ibetween levels diffefring in.the value of K are allowed

and the result is a spllttlng of the rotational lines 1nto
a doub;et The componente of thls doublet are called the A
and qﬁcomponents of the llne. correspondlng to the
tran51tlons assoc1ated with o = 0 and o = -1 respect1Vely.
heasurement of the frequency dlfference befween these two
components, AvAE' leads to a value for the barrler helght.'
It should also be pointed out that the magnltude of this .
spllttlng depends on the torsional quantum level which the
molecule is 'in when the rotathnal tran31t10n occurs, This
is useful since often the spllttlng of the v, = 0 lines is

T
too small to be detected when the barrier value is small.

If the population of the Vp = 1 and Vp = 2 torsional excited

states is large enough to permit detection of rotational
_tran51tlons associated with them, then the larger splitting

of these lines can be|used to calcwlate the barrier height,

Lin and Swalen 13 have'desqnibed the

calculatlon of the splitting of the rotational energy levele

for a near-prolate asymmetrlc rotor using the Internal Axis |

Method (IA). In this method the frame of reference is the
axis of symmetry a55001ated with the 1nternal rotor itself,
“ThlS is the method which. hag been used in the work reported
here and a descrlptlon of the calculation of the barrier

height from the value of &iE isi given below.

'u
*
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The splitting of a rotational energy level,
AEJK, associated with particular values of J and k,-is

given by

. i . 2 s
Mg = by + (B /) ((3 + K)(J - K = 1)AK L
o - . v
-2+ 1) - KRN+ (I- R KDY L))

(II~-C-2)

where in the case of a near-prolate rotor K is K_qe The
term & - in the above equation is a function of. the value of
K, the structure of the molecule, and the barrier height,

1t is given by the following expression{'.

. "

‘ 3 ) ’
VR = Fal(COS'ngK) : | (1I-C-3)

The terms F, P and P are functions of the

structure of the molecule. F 1is given by the equation

)

. R .
81r2rI‘ﬂ

where the 'value of r is given by

2. 2
x21 1
R A (1I-C-5)
ly IZ N

liere, ly and 1Z are the principal moments of inertia of the
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molécule, and 1, is the moma&%_of inertia of the internal .-

iotor'about the s;%metryjdxis. “The terms A _ and l? are the

. * N , . y
direction ¢osinés of the ‘SyMmetry axis of the internal rotor

45 th respect to the. y and z principal axes of the molecule,

The term p is, given by

. 2, 2. 2 - '
| ﬁ = (px + Py + pz),é ) (I‘I-C-'?)
o, | .
. : - p.n = —-—-r--I . (II-C‘-B)

-~

~

The following expression gives the value )

of B:
sinB = Y (II-C-9)
Returning to equation 1I-C-2, the following

simplification can be made if transitions with K_; = 0 are’

the only ones used in the barrier calculation:

AEJO = AOI + (B%/Z)(J(J + 1)(A1 ;A(D)) (I1-C-10) -

The splitting of a spectral line, Aﬂuﬁ due to a transition

~of the type J+ J + 1, K_qy * n_q is then given by

Mo = B(garye By (11-C-11)
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‘expressggns result:

. term is related to the term S whlphrls in turn related tp -

N

25— f éiﬁu | “

which becomes

\,/

— lz‘ ‘ - — :. -.
A, o BE( A Adj(J\f 1) - (;Iec-%g)

f

The" terms AO ahd %_a:e 6btainéd by substituting K =0 and

Keo=il respectlveiy “into equatron II-C~3.- The following -
A o

. - o , . ‘
A, = .7%7 Fay = e (1I-C-13)

a, = 8y(cos _2mp ) o (1I-C-14)

.3 : ..

Substituting these iwo expressions into equation II-C-12

gives the following équation‘for. AUAEf

AE.'= ' 3fﬁa1F(cos(—%33) -)(g'+:1) - (1I1-C-15)

A ]

v

St
v

The only unknown quantity in the above

expresglon is the term a1. and therefore it can be

4

calculated from the splitting of the rotatlonal line, This

—F

the barrier height, Va.nby the following equation:
. s ' '
i

Vi = (9/M)FS S (1-C-16)

The value of S is determined from the value.of a, by
. | O
graphical methods, formulas or_tablé; which are available in

the literaturc, -2
/
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CHAPTER 1I11. EXPERIMENTAL.

SECTION A. SOURCE AND PREPARATION OF CUMPOUNDS

1. Preparation of Methylselenocyanate

-
-

Methylselenocyanate was prepared by a

% potassium seleno-

modification of the method of Stolta,
cyanate (14 g; c.l molesj was dissolved in 10 ml of warm
methanol aﬁd methyl iodide (ih gg‘O.l moles) was added. A
whife.pfecipitéte formed almost immediately on mixing. fhe
resulting mixture was then heated to the boiling point of

the solution and subsequently filtered using a sintered

glass funnel to remove the precipitated potassium iodide,

N ' - Rl ‘- : V ﬂ-
Isolation and purificatidn of the product.
. ‘ ' !
was accomplaghed.by trap~to-trap distiflation at low -
temperatures’ Removal.of the metfhanol solvent and traces

of methyl iodide by-praiqnged hgéting on a steam bath, as .

'nuggested by Stolte,-Wasfoynd'fo-produce a yellow colouration

T

of the product. Thig has been found to be due to the presence
of trace amounts of (CIIBSe)2 which is difficult to separate

from CHJSQCN. 15 ) Therefore the higher temperatures

_26_ e -
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were avoided,

, . The‘frap-to-frap distillation was carried
out by passing the-filtered reaction mixture through a trap
which wae cooled tol-30° - The product, whicH has a meltlng
point of -? ' remalned in this trap while the much more

volatile components were removed, This procedure was then

repeatedlin order to ensure removal of all traces of methapol -

and methyl iodide. The resulting colourless liquid was
stored in a flask under vacuum at -15 until further use,
Storage at room temperature under vacuum resulted in a’

yellow colouration after four of five days.

The product was‘identified by comparing
1ts 1nfrared spectrum with that reported in the llterature. 16
The sample was tested for any trace amounts of methanol and
: me%hyl iodide by a careful examination of its microwave
spectrum in regions where these two molecules have been
reported to absorb. Strong, characteristic spectral lines
have been reported between 29axﬁ 30 GHz for methyl {odide.
- and between 26 and 31 CGHz for methanol. 17 No trace of

either substance wasg found,

*

2. Source of liethylthiocyanate .

>

. The sample of methylthiocyanate used was

-4
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obtained from Fisher SClentlflC Inc, (Eastman #1139), No

-further purlflcatlon was carried out.

3. Source'of Methyl Todide

The sample of methyl iodide which was used
in thq fréquency calibration procedure was obtained from
Fisher Scientific Inc. (#M—le) This same sample was used

in %he preparatlon of methylselenocyanate.

4. Source of Trimethylene Sulphide

Trimethy;;kgféulphide, also used for
{
frequency calibration purposes, was obtained from Fikher

- Scientife Inc, (Eastman:#7877).

5.
5. Source of Potassium Selenocyanate
 , ' . The sample of potassmum selenocyanate, used
/ﬂln the preparatlon of methylselenocyanate, was obtalned from

l L]
’/Alfa Inorganics Inc. It was obtalnedlln its highest purity

and was used without further.pﬁrification.-

L

SECTION B, DESCRIPTION-OF THE MICROWAVE SPECTRUMETER

All microwave spectral measurements were

made using an instrument constructed from the commercially
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; available mgdular components of the Hewlett-Packard 8400.
seriés.bf_Molécular Rotational ﬁesonance Spectrometers.

The components used were the standard components available "
for the 8400 C model without the inclusion of the signal
calibrator section, Thisgis a.device .to measure signal
intensities which were not of'interesf in this work.

Figuré 1I-B-1 is a siﬁplified.block.diagram of thé main

~ components of this instrument. The important features of

the various modular sections are discussed separatély below. -

1

- 1., Microwave Source and Frequency Stabilization System

Figure 11-B-2 is a detailed+illustration
of the sweep oscillator and frequency stabilization'system
previoﬁsly shown'in block form iﬁ Figure 1I-B-1l. The source °
of the microwave radiation is a backward wave oécillator (BWO)
having the frequency range of 26.5 GHz to 40.2 GHz (R-band),
This_qscillator is contained as a plug-in unit”wifhin the
H81f8690A Sweep Oscillator. The BWO oséillator frequency
iélétabilizedlby phase—lockiﬁg it, via'the 8709A Synchronizer,’
to harmonics generated by the low freqyéncy,(zuo MHz to %00

-

Niz) 84660 Reference Oscillator,

~

Two 'sweep modes are available on the Sweep
Uscillator, as well as a-continuousUwave'(CW) function, The
Start/Stop shéep mode is used for sweeps larger than 1 % of

the frequency band of the BWO oscillator. The AF mode is

~
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used for sWeeping the very small ranges necessary when
making precise line frequency measurements. When additional
stability is required for making extremely precise line
frequency measurements the 8708a Synchronizer is used. This
stabilizes the frequency of the B8466A Reference Oscillator,
and thereey results in a long-term.stability of the BWO
frequency, A digitalffrequency‘countef gives a direct
frequency readout, and in the various sweep modes this
frequency is recorded on the strlp-chart recorder by a

frequency marker,

2. -Spectrometer Cell

-

The spectrometer cell is,alstark cell
consisting of two three-foot 1engths of ‘waveguide of X-band
dimensions whicﬁ are gold<plated, on the‘inside. The modulation
voltage (See beloW) ie -applied By means ef an electrode, or
septum, which is a thln, gold—plated metal strip fitted into
the cell along its length. This electrode is insulated from
the sides of the cell by Teflon.strips as ;1lustrated in
Figure 11I-B-3. The total volume of the cell is ‘500 cm?.

If low temperatures arelrequired; the cell een be cooled

with solid carbon dioxide.

The vacuum system connected to the cell .

Sum

consists of a roughing pump and an ion pump. A pressure

of 107 -9 torr can be obtained. Samples are introduced into

o
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the cell from a storage bulb and the sample pressure in the

cell is redd from a pressure gauge meter.

3. liodulation and Detection System

A simplified block diagfam of the modulation
and detection section of the.spectfometer is included in
Figure III—B-l. Stark mgdulation is employed using a’ square-
wave modulation frequency of 33, 333 kHz, The rise and fall ’
times of the wave are 1.2 microseconds., The modulation
voltages are generated and controlled by the 8421B Stark -
Modulator and the 8428B MOdulator Control. The ground-to~
base and base- to~peak voltages are continuously varlable
from 653600 volts and are dlsplayed on a meter. \ |

This modul%zigy voltagé is applied to fhé
sample by means of the Stark electrode discussed above, and
a reference siéﬂél.ig continuously applied to the 84208
Synchronous Detector..uTheaStark modulated microwave signal

from the cell is then demodulated by the Crystal Detector. .

and subsequently applied to the 842§D Preamplifier.. This o~

- preamplified signal is fed to the Synchronous Detector which .

displays the absorption peak on a meter. The spectrum can

- also be recorded on a strip-‘chart recorder or an oscilloscope,

<>

N
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4, fTechniques for Line Freguency lieasurement

*The spectrometef provides two techniques
for the qetermination of precise spectral line frequencies.

Une is the Manual Sweep Method and the other is the Instrﬁﬁent

Sweep Méthod. The choice of which technique‘is to be used
s '

. ig based on the desired precision, and on the width and

strength of the spectral line involved,

& - vy
ot

 “\_The_manual-Sweep Method is. the most précise
one and involves tﬁé\use of ‘the Frequency Tuning Vernier of-
the 8708A Synchronizer. The frgquency is-swept manually.
through the desired region in smail inbrements, while the
intensity of the absorption is read at each steg from the.
meter of the 8420B Synchronous Detector, fhe corresponding
frequency at each point is read from the digitallfrequency
counter, These data are then plottéd on a graph, and the
points extrabolated to find the frequency at maximum
absorption, 7This has been rgported to give line.frequencies
to a precision Af 10,01 MHz, but it is only useful for very
nstrong lines where the tiﬁe‘constants can be kept small. 18 For
veak lines where the time éonstahts are large the metﬂod is
too time consuming, and in the case of broad lines ’the

precision obtained from this method is not warranted.

‘'he Instrument Sweep Method is faster but
» ) l‘{ . ] . . " i
less precise. lt-involves using the AF sweep mode of the.

i
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.be easily used when the 51gnal -to-noise ratio 1s not large.

voltage of 1500, v
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instrument to scan a very small frequency range around the

" absorption line. The signal is recorded on the strip-chart

recorder and the oscillator: frequency is recorded at
spec1f1ed 1ntervals on the chart by the frequency marker.

The recorded peak 1s‘then trlangulated to flnd the frequencyu

-at its maximum. The advantage of this method is that it can

LS

'“The preC131on obtalned using thls*method is never better than

$0,03 MHz, and depends on the peak w1dth and on the signal-

to-noise ratio,

" SECTION C. CALIBRATION OF OSCILLATUR FREQUENCY

-

The frequency readout of the sﬁectrometer
was calibrated with three‘lines in the spectrum of methyl
iodide .and four lines.in“the spectrum of trimethylene =
su;phide, both used as éiternal standards. The observed
and reported values of the spectral line frequencies are
glven in Table III-C-1, The frequen01es of these seven lines
were measured on the spectrometer using the Manual Sweep
tiethod and are the average of. two or more determlnatlons
which did not differ by‘greater,than--0.0L kMHz. The
measurements were cérried out at room temperature using a

sample pressure of 30 to 40 microns Hg.and a modulation
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TABLE 111~-C-1

e

FﬁﬁQUENCY CALIBRATION DATA FUR METHYL‘IOD;DE AND_ TRIMETHYI~

LIE SULPHIDE USED AS 1EXTERNAL STAHDARDS

Ubserved
Transition Frequency
(kiHz)

‘Reported
rrequency; ‘
(MHz)

A. TAETHYL IODIDE 19 (J=1'*J=2’SQ:0)

F=5/2 +F=7/2 301?9.69
- F=9/2 ap=7/2 30046.95
. F=3/2 +F=3/2 2987245

B, TRILETHYLENE SULPHIDE 2°

,2lé‘+3lg¥v=1 -%?559.11'
24, +311:v=0 , 29564, 94
202 *3y3 V=1 30779.29

2517* 35, V=3 ~33274.09

30179.72 $0.08
30046.99 "
29872.52 v

29559.10.%0.02
29564.97 "

3077929 v
33274.08 "
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In the case of methyl iodide, it has been

reported that the frequencies'are accurate to 10;08 MHz, 19

while those of trimethylene sulphide have been measured to
20 '

10,02 LHz. The tabulated data show that no observeﬁlisn

frequency differs from a reported one by more than %0.07 MH;.
It is therefore concluded that the absolute accuracy of[the
spectrometer frequency readout is at least.-O.l hHz., It
shouid be pointed out, however. tha? this yalue for the
aceuracy is limited by. the precisioé of the reported data
-fcr the two external standards. The precision of the
instrument’'is greater than this and can be.as good -as TO.Oli

" MHz, and therefore all frequencies are reported to 0.01 MHz

in this thesis., 1In some 51tuat10ns it is the frequencm
dlfference which is the importaht experlmental 1nformat10n
and therefore the preclslon of the measurement 1is

, -

important, and not the-eccuracy. . 1

»

| . ]
- SECTION D). EXPERIKENTAL COMDITIONS USED IN LINE FREQUENCY
MEASUREMENTS

1. tethylthiocyanate

Iln the case of the 328 species of metﬁyl-

Al

thiocyanate,%the line frequencies were measured bYy fhe

Instrument Sweep Method., Sample pressures of 5 to 15 ﬁicrons



]

2, Methylselenocyanate -

-39~

were used and ‘the spectrometer cell was cdbled with solid
' . : n
carbon dioxide. For the 348 species the Instrument Sweep

Method was used.. Sample pressures were 20 to 60 microns,

" and the cell was maintained at room temperature, A modulation ,

Goltag@-of 1500:volts was employed for both isotopic speciés.
All reported line frequencies are the average of two
séparaté determinationé unless‘otherwise s%ated. 'Thpse two
valﬁeg did not' generally differ hy more than 10,05 MHz.

» "

All spectral line frequencies reported for
thelfive isotopig species of CHBSeCN were measured using ’
the lnstrumeht Sweep Method.,'Fbr the more aﬁundanf ?BSe and
BOSé species sample pressufes ofﬁi)to.50 microns were found
to be suitable, depending on the strength of the line, ‘In
all other isotopic speciés a pressure of 55 to 60 miérons
was used. All measurements were made at room temperature
and at a modulé.tion voltage of 1400. Again‘the rleported_

line frequencies are the average of two separate determinations

unless otherwise stated.

.

SECTIUN_E. DESCRIPTIUN UF CULPUTER PRUGRAES

1. PROGRAL CuilSTNTS

FROGRARK CONSTNTS is a modified version of

S P

[T Y

JE I e Y. ¥ P
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PRUGRAM ChCL obtained from J. J. Sloan at Queen 8 Unlver51ty
in Kingston, Untarlo.. The modlflcatlgns were in the format
of %he program only and the‘kwo programs are essentially
idegtical. .The program is primarily used to calculate a set
of rotational constants, A, B and C, of a moiecule from éugh
information as the atomic masses, bond lengths and bond

angles,accqrding to Kraitchman's method discussed préviously

in CHAPTER 11.-

The first part of the program calculatgs'a
sqt of Carte51an coordinates for the atoms in the molecule
based on a molecule-fixed axis system specified by the 1nput
. data. ?he center of mass (CUM) of the molecule in this axis
system is then evaluated b& equation II-A-2. A new set of
coordinates based on a CUM origin are then evaluated, the
‘new axis system being parallel to the original molecule—

fixed system.

LS

The second part of the prégram calculates
the moments and products of inertia'acdording fo equations
II-A-4 and II;A75 respectively, From these it sets up and
diagonalizes the determ%nental equation II-A-3, and solves
it for the roots I Iy and 1,, which are the principal
moments of inertia of the molecule., The rotational constants
A, B, and C are thén evaluated. The program also gives the

“asymmetry parameters k and b0 (or bo), and the directions

of the principal axes with respect to the positions of the
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éfogs'in\the molecule. Uéing these principal axes,» and the
| Paﬁling electronegativies specified in the'input data, the
//program also calculates the principal components of the

- dipole moment.

#
2, PROGRAI-LTSQ.. °

et
r
-

PROGRAM LTSQ is ‘a modified vérsion of the
Bigid Asymmetric ROéor'Fit Program (Version IIT) obtained
fﬁgm W. H. Kirchoff of the U, S, National Bufeau of Standards.
The ‘main purpose of the program is té determine an ‘experimental
set of the rotatiohafﬁconsténts of a molecule from the

observed rotational trghsition frequencies by a least squares

procedure,

. .‘ The program first calculates the roéational
energ& levelks of the molecule frop approximate rotatidnal
cénStants specified in the inpﬁt data. This is done
accéiding to the method described in CHAPTER II, SECTIUN B,
The transition frequencies are then calculated from the
energy level differences. The‘leasf sqﬁares procedure then
compares these calculated fr§Quencies to the set of obéerved

freqyenciés,.and fits the differende.ﬁv’, to an equation of

the form

. A :
S Moo= i\ﬁ{ﬂ' AA + —r\)“' A3+ —-g%f\ C {I11I-E-1) -

‘

where M, AB and AC are the corrections to the original
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approiimafe rotational consﬁantg specified in thg input data,
The least squares routine gives these coefficients and their
Qtandard deviations. The new values of the rotational
constants are obtalned by simply adding “these correction
coefflclents to the approxlmate constants, The resultlng
uncertalntles in the new rotational constants are then equal_
to the standard dev1atlons of the coefflclents. The program
also provides for a second Lterat;on, since &v is not a

linear function of the rotational constants, .



CHAPTER IV, METHYLTHIOCYANA'TE.

»

SECTION A. 1INTRUDUCTIUN

The rotationél‘spéctrum of methylthiocyanate
has been investigatedlby several differemt groups and theée
studies have led to a considerable amount of information
about the molecule, 1 =7 complete structure has been
determined by isotopic substitution of'éach atom in the'
molecule, and %hé barrier to internal rotation of ‘the methyl
group has bgeh calculated. The quadrupole coupling constant
of “the ™ nicleus and the three components of the molecular
dipole moment have.also been fouhd.

: The first reported study of the rotational‘
spectrum of this molecule was that of Beard and baily ih
1949, 1 but they incorrectly'assigned some of the spectral
lines and therefore reported erroneous values for the
rotational constants., The first accuraté'study waélreported
in 1965 by Ndkanawa et al. 2, 3 'They  found the spectrum to
be characteristic of a near-prolate asymmetric rotor, and
measured the frequencies of about eighty lines in the
spectrum 6f the ?28 species in the region between 8 and 34 GHz.

All of these lines were found to be Q and R branch a-type

-hj-
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transitions ond no b or c-type transitions were oeteoteo.
Many of the Q branch tfonsitionswerefouhd to be split into
their A and E'compononts due to the hindered internal
rotation of the methyl group, Several vibrational and

torslonal satellites were also found,.

The various molecular parameters whlch
were determlned by Nakagawa et al., are listed in Table Iv-A-1,
Since a complete structure could not be determined from data
on,only“ooe isotopic species, +these authors suggested only
~an approximate'strucfure which generated a sef“of rotational
constants in good agreement with the e#perimental ones.
This was accomplished by using assumed' values for some of
the more common bond dlstances and bond angles irn the .
molecule, and adaustlng the remaining unique ones until a
good fit was obtained. They showed that, as expected, the.
C-S8-C fraﬁeworklis bent with on angle of approximatqu iobo,
and that the molecule has a plane of symmetry through the

four heavy atoms.

From this structural data these authors
determined the directions of the three.principal axes in.the
mélecule. These are illustrated in Figure IV-A-1, "The a
and b axes, associafed with the A and B rotational constants
respectively, were found to lie in the plane of symmetry,
while the ¢ axis is perpendicular to it. The component of

the molecular- dipole moment along the a axis, w_, was
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TABLE 1V-A-1

MOLECULAR PARAMETERS FROM THE SPECTRUM OF CH,J°SGH .

3

Parameter //

Nakagawa 3

Cy

"Dreizler et al, 5-7

A (Hliz)

B (MHz)

¢ (hnz)y
lA(=lz)liamu R?)
IB(=Iy) (amu Rz)
Io(=1,) (amu R%)
1nl (amu Rz)'.

e |

F (MHz)
r
Aa(=2,)
Mpl=2,)
V3 (cal/mole)

b [
p

e

15796.2
., B155.4
3354.2
31,98
121,60
150,37
3.212
4,03 D
0D
164,94
0.9541
-0.513
0,858
1580-.
=0.0332872
-0,87114

15?86.913
4155.535
3354 .13

32,0222

121, 6520
150.7188
3.212

4.11 D
0.40 b

0 D

164,.7
~0.4954
0.8689
1569 * 10 .

-

~0.87108
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detcrmined to be equal to 4.03 p, but the authars cuggested
that the b axis component of the dipole.moment was zero
since they were not able‘tc detect any b-type transitions:
A zero value for the ¢ axis component is expected due the
symmetry plane of the molecule. - | |

The height of the barrier to inte;nal‘
rotation of the methyl group was calculated by Nakagawa
gﬁ_gi. from the splitting betwecn tne A ang E ccmponents of
the Q branch lines with J = 5, 6, ?,<8;- The transitions
used were those originating from £he ground torsional, and
vibrational states, and the resultlng barrier helght was
found to be 1580 cal/mole. The ‘A and E components of the
R branch lines originating from the ground tqrsional state q
were unresolved, but those crising from the first torsional
excited stéte were found to abpear as a well-résolvec
doublet., The barrier helght calculated from the splitting .
of the R branch J=1 *+ J-2 transitions orlglnatlng from the

Vip = 1 tor51onal satellltes was found to be in good agreement

with the value of 1580 cal/mole determlned from the Q branch

-

lines. - .
s
T et .i.'-.
The vibrational satellltes reporfgﬁ;&y
these authors were- observcd as two weaker absbrptlons on

the high frequency side of each/main R branch llne. They

assigned these to rotational transitions originating from
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the first and second excited states of a normal vibrational
bending mode, the frequency of which wast estimated to be

160 cm™l, The presence of a faX infrared band at 190 en™? -
in the llquld state of the molecule, 21, 22 and at 171 cm -1

“

“in the gaseous state 23 serve to further substantlate the
exlstence of such a vibration. Later, a normal coorqinate'
analysis of the molecule was carried out from which it wag
concluded' that there should indeed be a low frequency
bending.vibratioﬁal mode and that it likely consists of
a coupled C-5-C and S-C-N in—plaqe beknd..’“L
7
A further study of the spectrum of the

328 species of methylthlocyanate was reported in 1967 by '

Lett and Flygare. b Their values of the various molecular |
parameters are in good agreement wlth those of Nakagawa, but
they obtalneﬁ the higher reselution necessary for obserV1ng
+the splitting due- to the nuclear quadrupole moment of the
1“N nucleus. This information was used by them to suggest

that back-bondlng by the sulphur atom accordlng to the

. valence bond structure H C-ﬁ_C*H: contrlbutes approxlmately

10 % to thHe bonding in the SCN group.

In 1968 Dréizler and Wirri - reported a
study of the spectra, of Cli3SCN and CL4SCN at very high
resolution..S' 6 _Atthohéh the main.purpose of their work
was to study 'the v&ﬁfational and torsionai satellites, they

f
also determined the various molecular parameters which had
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already“baen reported bﬁ’Nakagawa._ These are-&Jso.llsﬁed*xm-_

. Wit T
. .ty
" Table 1V-A-1, and agreement is seen b be» exeellent.

With their higher'resolution, Dreizler " .
and Mirri were able to add to the 1nformat;9n on the methyl-
thiocyanate molecule by -detecting the very weak b- type
tran51tlons which had not been prev1ously observed.
Inclu51on of these b -type tran51tlons for the Q branch 1n
" the calcdiatlon of the A rotatlonal constant allowed them to
'determlne a much h;re pre01se value for this’ parameter., The
reason for_this is that the value of A is much more .
dependent on the,value of K than on J, and therefore depends
more on these b-type transitions where A h = ¥1 than on the
R, branch a-type transmtlons which have A K= 0 ~In addition,
they were able to determine the dipole moment component )
associated with the b .axis, reported_earlier by Nakagewa et |
al. to be equal to zero. The value of M, was fohnd;tdfbe

Olu io.l D. ' - * ..J"‘-?

As mentioned abeve Dreizler and Mirri were
primarily interested in the vibraﬁional and torsional
satellite peake_in the spectrum of this molecule, They
esfimated that, since the vibrational .and torsional modes
respon51ble'Tur thege satellites had frequencies which were
very nearly equal, the coupling between them mlght be quite
) large, lhl would then lead to con31derable error in any

barrler height which was calculated from the A~E splitting

-$4qf9
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of both the vibrational and torqlonal satc}lltes and then
treated cach case separately. From a complex perturba?ion
treatment they first détermihed that the gounling of the
bending mode with the the torsional motion would lead to
ldTFO errors in calculatineg the barrier heighvt irom the.:
A=l Spliptings of the vibrational'éatellite peaks. The
sane treatment could not be anplied to the toréional
gatellites, but the authors have susgested that theré is
probhably consmdcrablo interaction bctweon the two types of
motion in the flr“t torsional evcited state ags well. 'They
thorcfovn concJudeU that only measurcments on thcyﬂfouhd

vibrational and torsional states are likely to lead to

accurate barrier values. ‘Thelr renorted value .of 'v’3 as

- -~

caleulated from these rmround state levels was in very good

»

asreement with those previously reported (seé_Table.ly~A-1)

and wns more precise.,

. '

in 1990 oreizler, liuwdoloh and Schleser ¢ °

at

published « report on the rotational spectra of five.
inotople specles of methy Lthioeyanate In the Ureguency

oo
ravce of 17 to 33 Ghn.  These {ive specics were ’[BSCIJH,
SRR .-1-3 v 1 3}:'.3- [T 13 [ N 1 ' . .l
wilal Gy uwj SCHy LLBQLL ! Lﬂﬁabbnt yrom the

rotationnl eonstands of thate {ive apeocics and the dnta

.

]

o



LA ' . -

o ~51-

«

. * * -
raported egylier on the S and
é N . .

they wurc able to calculate a complete
molecule

interestine

the fully deuterated

This is illustrated in Fifure 1V-i-2Z.

Teature of the structure which was

structure of the

An

not mentioned

species,

in the rarlier reports ic that there is o "tilt anele” of_jo

hetween the aveaetry axis of the nethyl rroun and the

~direchtlion of the (HB)U—S o,

ShasUETES A L 3CHSS LUl

SECl et .

-,

. ' T )
. - . .
.

L. ﬁqﬁgﬁiypglﬂ§poctrun' . . 'K

Y
(1

A dis

. -

investiration

ugsed in CHLveTei, 1, the'pﬁrpﬁse of ¥

e U Murthoi into the .spectrm of methylthio-

b

~
‘l‘ ! ;1\ 3

cyannte to have a model for the. study oﬁiﬁhe seleno-

cyanntes noectrum, ond to extend the freguency regsion

in order to ma'ze comnarinons. botween the two
»

are therefore

Lnventicnter

melacules.  The res u]L nresented here

Jdicenceed pivinty in thin reanecct,

The crectrum has beon exaninesd in the
recion hobwyeen 27 and B0 Gls sud several lines in the
. o8

' ol e o
snechra of both the CU, 7 500 and the C'1.,7 30 isotople



S — . Lo~ .y

. e e — e by P TR

= [ . - - JE— e o ramman
'*Cnoal TAULew sun. Zo stie Saasuud

N <

28Ul ST STXT w su. .N._ *ISTETOJ . AQ LolJ0Ced SE .umm.mhn.. JC 2anaonaac

-

. N.{M.llu

o

2anLTS



~53-

-

species have been iQentified and their frequenciec have
* been measured. The 31&S.speci'es was detected in itsdgatural
abundance 6§ bl %, With two exceptions, these lines are -
all due to R branch transitions between the J=3 and J=4, and
"betweeh the J=5 and J=6, rotational levels. They ‘are all
a-type transitions_with A _q =0 and, 8K,y = #1. The two
other lines'are the A and E ccmponehts of the torsional
satellite of the bou* 505 tran51tlon originating from the
first torsional excited state (v =1) of the 323 sbec1es.
'Reggluﬁion‘of the graound tbfsional §tate lines into their
A and L components was not poséible'with the availéble
instrument. All .of the transitions and their measured
freguencies are 1lsted in Tables IV~- B—l and IV-B-2 fbr“the

32S.and 3 S species respeotlvely.

The assignment of these spectral lines was
accomplished by using information publisbed by others .to
calculate the spectrum‘of the molecule in regions which
ﬁad not previously been'gtu@ied. The reliability of this
‘method was first tested by examininé several trénsitibns

.

reported by others 1n a frequency reglon which overlapped

with the region available for the work reported here.,

The transitions chosen for this' test were
J=3 *J=4 a—tyﬁeﬁtransitions of the 328 species as reported

by Hakagawa et al. 3 Three were chosen which were well

il it



-5

f1a

e

i B PR
. TABLE 1V-3-1

LINES MEASURE) IN THE RUTATLUNAL SPECTRUM OF CH33280N

v

Transition . ' Frequency (MHz) .

R o 28359.28
303+ ¥ou . 2964h.22
332 % b5 ) 31557, 25
by » 515 35381.?6
”04 + 505 h 36776.06
L - 5 .
40 * Sug |
32 533 . 376734

Ty, *53 - 38230,08 S

Be Vp=1
B uol], -+ _504 A 36714117
b * 5y 36723.41

e P U S TRL

BIAWER e wilTW T e?

b S
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¥ PABLE IV-B-2

LINES MEASURED "IN THE RUTATIONAL- SPECTRUM OF CHBBQSCN

Transition " Frequency (MHz)

Vp = 0, 95 A,E | : i . *
313+ My | 28124, 58

303+ Yoy 29411 e o "
39+ boy - 29793)28.

312+ %13 31358,14

“14wﬂ515 ' ) 35085.35:

by 505 . 36472,06

b23+ 501 37188,45.

422- 523 37997.75

“1.3-» 514 ' ‘39}09-13
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separated from other main absorptions._but which were
reported to beAsurrounded by a-characteristic pattern of
vibrational and torsional satellites. 'The frequencies of
these three transitioas vere tﬁen calculated by. FRUGRAI LTSQ
using the rotational constants reported by Dreizler and
Mirri,é and tuese'calculated values were found to be within
TOZS Nﬁz of the values reported by tlakagawa. A searcﬁ_was
then made for these iines at the predicted frequencies and
in each case a- very strong llne was found whlch was ‘

P
surrounded by ‘the prected satellite peqhs.' The transitions

used and. their calculated. reported and measured frequen01es

are listed &

-tm

Table IvV-k-13.

©un thc'ba"'“ of'this z00d aéreenent between
the frequencies, of thc spectral lines as calculated by the
program ‘and those reported 1n‘the %1teraturq, it was felt.
that it was quite reliable to assign transitions which have
not‘previbusly been reported by using the caiculated
frequenciesz The obser;atlon of the characterlstlc pattern.of
satell{te pealks wherever pogsible prcv1ded a further checR.
The spectrum of ‘the S S sp001es was assigned in a slmllar
manner using the rotational constants and line frequencies

7

published by Dreizler anrd co-workers. These data are given

in Table 1V-i-U4,

ln addition to the spectral lines which

were assigned in this way, a large number of weal lines

L]

PR N Sy P TR
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TABLE 1V-3-3

CRANSITIONS USED IN THE SPECIRAL ASSIGNMENT FUR CH. 2SCi

3

: Reported a .Céleulated b easured
Transition Frequency Freguency Frequency
. : (MHz) (MHz)} (MHz)
303 +bay 29644, 36 29644 ,71 29644, 22
315+ 28359.40 28359.65 28359, 28
31 +%y4  31557.k2  31557.79.  31557.25
2  Ref, 3.

Calculated using A = 15787.03 liHz, B8 = 4155.59 MHz and
T C o= 3354.15 Mz, '

v
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TABLE 1V-B~5

[

TRAHSITIONS USED IN THE'SPECTRAL ASSIGHMENT FOR CﬂjjuSCN

\

Reported 2 Calculated b lleasured
Transition Frequency . Frequency Frequency ,
: (kHz) ([tHz) {(MHz )~ ;
303+ 404 29411, bl 20411, 23 20411, 44
313 %49y 28124, 59 2812446, 28124, 58
312-+413 © 31358.37 31358,19 31358.14
a Ref: 7'1 '

b Calculated using A = 15h15.49 er, B = 4133 454 MHz and

3322 970 liHz. 4

]

L]
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were detected in the spectral region studied, the frequencies
of which were not measured, - ufhers 37 have réported
several Q branch transi%ion in the regions 1nvest1gated by

them, and therefore these unassigned llnes are attributed to

transitions of this type.

’

2. ;otational Constants

The rotational constants A, B and C were
obtained’ for CH33 SCN and CHBBQSCL from the spectral line
data by the least squares fittins. calculatlon of PRUGRAh LTsq,
Table:IV-B- lists the result of this calculatlon for the
" two species along with the .values calculated by Drelzler ang
co-workers 6, 7 from thelr data, It can be .seen that for
both Bpecies the apreement is exéellpnt between the brevious-

ly reoorted values and the values ootalned in. the work done

here.

The transitions used in the rotatlonal

. constant calculatlon and their’ measured frequenc1es are

given in. Tables IV-8-6 ang 1V-B=-7 for the 328 and_the 348
spec%on rc;pectivcly. Alto inclwled in the tables are tho
transition frequencies e caleulntod by CROURAE L1SQ u51qb the
cxperlmental set ol rotatlonal constants, The differences
‘are seen to be no greater than +G, 22 WMz and are attributed

mainly ‘to‘lfugal distortion effects within the

P
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TABLE 1V-B-5 |
- e ir——
3

GALCULATED ROTATIONAL CONSTANTS FUR CH.J2SCH and cH. scn

3 3
L S
. Value Determined Value Kkeported-By 6 '?
Constant in this Work Dreizler et al, re .
(MHz) (MHzY . "
A, CH.32scN L Lo |
. 3 o Co . -
A ' '.13?85-i 3 15786,91 t 0,06
B 4153.&7 1 0.03 kiss,sh * 0,01
¢ 3354.09 % 0,02 ©  3384.13  0.01
B. o sen
3
A 15419 %33 15421,4 * 0,5
. )
B < 4133.43 % 0,03 Cbi33.45 * 0,01
R 3322.96 ¥ 0,02 3322.89 * 0.01
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PABLE 1V-1-6 L L. ’

¢

VBSERVED 'AND CALCULATED FREQUENCIES UF TRANSITIUNS USED IN

{

given in Table IV-B-5.

THE DETERMINATION OF THE RUTATIUHAL,CON%TANTS OF CH33250N.
Ubserved. Calculated 2,
Transition Frequency Frequency le{ﬁ;g?ce
- (FiHz) (MHz)
315ty 28359.28 - 28359.12 0.16
By + 51 35381.96 35382.01 -0.05
By + 505 36776.06 36776.28‘ -0.22
hog =50 37459.09 37458.95 < 0,14
bps 555 38230.08 38230, 24 -0.16
2 galculated using .the observed rotational constants




/. IABLE IV-B-7 .-

.

UBSERVED AND‘CALCULATED FREQUENCIES UF:T&ANSITIUNS USED, IN

- EXid

THE DETERUINATION OF THE RUTATIONAL COUNSTANTS UF‘CH33RSCN ‘
‘a Qbserved - Calculated 2 _.
Trans;tloq " Frequency Frequency . lef;ﬁe?ce
_ (NHz) (FiHz) 2

3yq vy o 2812h.58 2812440 0,18

303 *Hoy 29411 bl 29411,25 0.19

312 ~¥14 31358.14 31358.06 0.08

TR 35085,35 35085.43 | 4=0.08
‘\\jfou *505 - 36472.06 36472.26  -0.20--
' .423 + 5.1 - 37188.45 . 37188.43 | 0.02

S

& Calculated using the observed .rotational constants

given in Table IV-B-5
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molecule,

Not all of the'obserged_transitions were
included ine the least squares calculetion 8ince it was
found that inclusion of those with K -1 > 2 led to computed

;uncertalntles in the rotational constants which were
considerably larger than those obtained uszng only those
transitions with K_1= 0.'i or 2, The actual values obtained
-for the rotational constants were not different when all of

the observed transitions were used in the calculatlon.'

3. DBarrier %o Internal Rotation - . et

€.

The barrier to 1nternal rotation of the
methyl proup was calculated from the A-L spllttlng of the
hou.,505 tran51t10n orlglnatlng from.the first tors%onal
exclted state (YT = 1). 'The frequencies of these “two lines
were given in Table IV-B=1, and from these values, the
splitting, Av,., has been determined to be 9.3 1 ¥ 0.1 LHz.
Using thls value. and the structural parameters of Drelzler
and lirri as llsted in Table IV-A~1, the barrier height was

calculated to be 1770 ¥ 20 cal/mole.

Comparison of this value with thé value of
1569 + 10 cal/mole published by Dreizler et al.5 -7 shows

that a considerable discfepancy exists, ‘wo reasong are

s b M b I

.

Loadf

B i e
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suggested far the somewhat hlgher value determlned ln the

work reported here. The {xrst reason has to do w1th the use

¥ . .

of ﬁransitions of higher J for the barrier calculation. It

is expected that.the use of such transitions in the R branch

would to lead o some error because of inaccuracies in the

mathematlcal treatment of the perturbatlon, and also due to

¢centrifugal dlstortlon of the molecule at these hlgher )
RER

roteélonal levels,

The second possible reason for the error

Y

is related to the previously mentioned prediction of Dreizleg

Ll A

and Mirri that measurements of Barrier heights from lines - %’

originating from states other than the ground vibrétional and

L ',

torsional ones Towhd iead to inaccuratezvalues due to AT
coupfing between the two modes. The value reported in the

llterature was determined from Q branch ground torsional ¥

state lines, while the value reported here was calculated.
from the splitting of R branch lines associated with the

first torsional dk&cited statel

In order to obtain a more quantitative idea
of the extent of the error incurred in the nethods used in
this work, the torsienal barrier was calculated with thec ©
splitting of;several different rotaﬁionalilines of different
values of J, ali-originatfhg/from fhe first torsional excited
state. The line frequency date which were .used were those’ c
reported by Nekaéaﬁa 3 and %ﬁe results are given in K ‘f ;

*




Table 1V-5-8,
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It can be seen that the value of the calculated

barrlér height increases qulxe con51stently as the value of

J 1ncreases.

spllttlng of the transition of the lowest J values reported. .' -

It can also be seen that, even using the

. ) . |
a barrier helght is obta;ned which is still higher than . S

the literature value.of 15691 10, 6

This can be attrlbuted

to the error 1ncurred by using the first tor31onal excited | i

' state for the calculatlon. '

A

W
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TABLE 1V-4-8 ' |

| ¥

BARRIER HEIGHTS CALCULATED FROE TRANSITIUHS UF INCREASING
; e - : o J
VALUES UF_J URIGLLATING FRUb, THe FIRST TURSIORAL uBXC1TED -
: .- ] ' \
STATE (v, = 1) '

=

. Calculaved
Transition o Ay (liHz) Barrier
‘ Helght

N (cal/ﬁble)
S

17+ 205 5,11 @ 1660, 1¢
. | T ’ !
25, 303 o 7.02 & 1690 F 10~ o
- J03 Mou D S o 1?3d T1o o
. L e
by Sgs 9.3 T 377% 20
‘ . ‘. ?A—;" | |
& "Ref. 34
b This ﬁprk. . /
. 9. : ‘l /‘
| &0
9. L 1




CHAPTER V. MNETHYLSELENUCYANATE.

A

SECTIUN A.  INTRODUCTION 1,

§ras

No previous reports of the rotatlonal
spectrum of methylselenocyanate have been publlshed, but
some 1nformat}9n about-the mclecule has begn obtained from
studies of. its vibcational spectrum. Aynsley .and co-work-
ers 16 have studled the . lnfrarbﬁ and Raman Spectra of the
.llquld and have stated that the expected L symmetry is
conflrmed. They ‘have also reported a low frequency band at
l168‘cxm_1 similar to that of methylthiocyanate, and have |

assigned it to a C-Se~C bending fode.

More recently Franklin et al., have studied
the gas phase vibraticnal .spectrum, aﬁd have confirmed the
fincings of Ayhsiey, including that of the presence of a low
. requency hand around E?O cm—l;.%? They have reported that
zéle spectra -of CHBSeCN and CHjbCN are very similar 1n many
respects - -and have suggesterd that the two molecules have the
same structure based on slmllarltles in band contogrs. They
have also staced that, although i%:is not Qossible to draw

" firm conclusicns‘fromfthe vibrationai spectrum as to e

detailed bending in CH,SeCl, there is no reason to doubt
e

p—p
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o + -
that there is as much Se=C=l character”in methylseleno-

cyahate as there is §— =N character in CHBSCN. They have
supported this suggestlon using the measured frequencles of

the Se-C(N) vibrational mode.

Finally, Millefiori and Fofani 2 have
determlned the dlpole moment of CHBSeCN in the llqumd state.
and have reported a value of 3.91 D, Comparison of this
value with the value of 4,11 D available for methylthio-

. cyanate (in the gas phase) 6 is indicative that the microﬁave
spactrum of CHjSeCNshould have a comparab%e intensity to

that of CH.SCN.
3 >

SECTION B, RESULTS AND D1SCUSSIUN

I1. Rotational Seectrum
_ N .

The rotational spectrum of methylseleno-
cyanate has been examined in the region between 27 GHz,and
L0 GHz. and about seventy lines-have been measured and
a331gned. These llnes are due to molecules contalnlng flVB
different isotopes of selenium, all”observed in their
natural abundances. Table V-B-%_llsts the a&emlc masses and

natural abundances of the five isotopes concerned. The

.r\apectrum'ef the sixth nafurally occurring isotope of ~

]

i,

el Al ke
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. TABLE V-Bi=1

"y
BATURALLY UCCURRING ISUTUFLES UF SELENIUM DETECTED IN THE

RUTATIONAL SPECTRUN UF KUTHYLSELENUCYANATE

Natural

T
lsotope - Abundance _ Aﬁgg;c
(%) (e
LTI 9.02 . 75.919207°
77 ) .

Se 7.58 . 76.919911
785e 23.52 . . 77.917314
80, 49, 82 L 79.916527
%25¢ ‘ 9.19 81.916707




selenlum was too weak to be detected because of 1ts low,

natural abundance.

: The exlstence of thesc flVe lsotopes of

selenlum renders the spectrum of the methylselenocyante

molecule very complex since the ove&lapplnn spectra oftflvc
dlfferent spec;es are observed. Therefore, 1n-order,to |

assmgn the obverved gpectral lines, the :pectrum of the

prev1ously studled methylthiocyanate.mqiecﬁle was .used as

a model.‘ 1t was expected that the two molecules. shoul%khave

the same baslc structural shape and dlpole moment B
orientation, and therefore should have r'1mlla.1:' rotatlonal

spectra since the relative values gf the three rotational

‘constants and the selection ruies would be the same, Thus ‘ __\\
the spectrum of‘methylselenocyanate wﬁs expected to exhibit %
primarily a—type Lransmtlons of the type Jk_l.K+1 > Jt 1& 1.h 1+1
in the same repeatlng pattern for each J level A prellmlnary

i, % -

-scan of the spectrum showed that such a pattern.of

transitions was indeed observed. *

The identification Qf the spectral lines was
aq‘pmplished by calculating their frequencies in a similar J

manner to that dlscussed above for t;c CHjbbN spectrum. Using

an assumed molequar Btructure for CHBbeLu, based on

structural lnformatlon avallable for LHBaLL and LHBSebHB, 7 2
" the-rotational constants of‘the flve isotopic species of

»

.methylselenocyanate were calculated by FRUGRAL CuliSTLTS. These



...?1-.' '

rotational constants were then used in PRUGRAM LTSQ to

calculate‘the_rotationaL spectra of the two host eﬁundant

species, CHBSOSGCN and CHB?BSeCN. It was thereby pred;cted

-

that thé J=k + J=5, the J=5 + J= 6 and the J=6 * J=7 ‘
transitions should be observed in the available region

between 27 GHz and 40 GHz.

L

I4 .
A search in the spectral regions around the4 - 1

calculated line frequencies showed the same characterlstlc
. pattern of peaks that was observed for CHBSCN due te the
various ground state transitions and their correspénding _ y
vibrational and torsional satellltes. The frequencies of
Beveral of these lines were measure re01selM..pd used in
PRUGRAM LTSQ to calculate more accurate rotational conetante.
- This then permltted 1dent1£acatlon of the weaker and 1ees
well- resolved llges of the other isotopic epeciee. '
. s ‘I'
. The assigned transitions and their measured

' frequencles are listed in Tables V-B- 2 to V-B- 8 All were

a—type R branch transitions with AK 1= 0 and A K+1 = 11,

Tables V-B-2 to V-B-6 give the frequencmes of ‘the five.

lsotoplc Spegies orlglnatlng from the ground’ vibrational and
torsional .leVels. The splitting of these lines into their

A and £ components due to the internal rotation of the

.methyl group was not large enough'to be'resolved. buferr the 'l'L
first torsional excited state of CH 80SeCN the lines were

_ 3
‘found %o be significantly split, The frequencies of five
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TABLE V-53-2

R bt

LINES EEASURED IN THE ROTATIONAL SPECTRUM OF -CEB.BZSeCN IN

FIHE GROUND VIBRATIONAL AND TURSIUNAL STATES

Transifion . Frequency (Mﬁz) a h

“14'.*515 - 28068 I 2

boy »505 ' 29109 * 0.3 ‘
413 +5, 32254 .45 : . ‘
1566 - osboz g

505 +6,¢ | 34391.22 -

S *635 36362.4 % 0.1

51& +6,5 _— 38k30.93 - ’ )

523 *6o1 - - 3846B.0S5 |

616 *717 o - 3893u..88 p

606 4?07 ' ’ 39707.33 |

a2 + 0.08 Kz unléss otherwise noted

-
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TABLE V=-B-3
' ' . - 80.. €
LINES MEASURED IN THE RUTATIOUAL SPEGTRUN OF CH,° SeCN IN o
LHE GROUND VIBRATIONAL AND TURSIONAL STATES -
- ‘ ' ' gt
Transition g _ Frequency (MMHz) a - o
b+ 515 . 28153.19
boy > 505 7 29200.91
b3p+ 53 . 30796.15 |
431.[332 _ ' 30884,90
4"1'"3+ Sy ©32322.30 I
516+ 616 ~.33632.23 | !
S05% 606 ¢ - 34501.79 e
. : - RS ‘ K
Sa% 635 v 36347.37
Spz* b3 o .36948.95 _
S4p* 6y . 36953.35 S
5337 64 T ... 37000.66 R

| S278p. ., k0
S 51u+:615 - :'Jf . 385%08,92
. r.523+_§24 |  38528,02
R TP P - 39056.92
606 707 " .+ 39767.33 .

’
*

& 1 0.08 ihz

P : . e
| Ty . i '
a3 . : T 2] .
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TABLE V~B-4

LINES. MEASURED IN THE ROTATIUNAL SPECTRUM OF CH37?SeCN IN

THE GRUUNDVIBRATIONAL AND TORSIUNAL STATES

-

Trénsition J"f Fgequency (MH%) a
Sbyy a5y . T T28243.01 | |
oy 505 o .29296.21 I S
boq 5 L 30494.99
bop +553 : 31861.,29
ulj +5y4 o :kéﬁ, 32407.09
515 +65¢ T 337H0.57 (
5@5 "606% 34616._89.
Say +625 36455.88
SEPRLY 3705398
533 +634 3?196.00
514 ¢615 38621,14
616 +717 39183.92
606 +7q7 ;gg&%.os

o
82 % 0,08 iz
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TABLE V-y-5

3"

- LINES MPASURED IN THE ROTA.TIUNAL SPh.CTRUP-l UF CH ?7SeCN IN

ok A B —
T GRUUN]:S" VIBR.A'J.‘IUIIAL AND TURSIUNAL STATES "' . \
Trahsitioh_ S Frequéncy (MHz) &
bt + Sos 293323 % 0.5
413+,51u - 32461.7 £ 0,7 -
515'* 616 ) 33?95 t 1
505+ 606 ' : 676,35 0.3
540+ 6 "'
237 "k . 38679. 30
. S >6 g .
616+ 717 | 2 39249.08

at’ 0.08 LiHz unless octherwise noted _' -

. ’




\ T 76—

TABLE V-B-6

LINES MEASURED 1IN THE RUTATIUNAL SPECTRUM OF CH3?6SeCN IN

THE GROUND VIBRATIUNAL AND TORSIUNAL S'J.‘ATES'

Transition . Frequeney'(MHz) a -

)

41,_}&51:"."’ | 28336.5.’

bou * 505 29395.3% 0.3
505 *606 - 34736, 62
616 "*?1? T \ 39315-91ﬁ
606 "‘?07 5 ) 39980-3‘5 : ' ___
2+ 9,08 EHz unless otherwise noted
L2 4q?#:w,
: o
rv.“
& .
"

A
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TABLY V=ii=7

— et ———— ————

LINES KEASURED 11 THE ROTATIUKAL SPECTRUK UF CH.o%Secn 1N
il skl g Mt
. THE £IiST TORSIOHMY wxcTpup sTATE (vip = 1)

‘ﬁ\ Transition Frequency (LHz) &
‘$ , .
“14*515' A _ ' 2812“0.81
Lo ‘ 28133.31
‘._ boy * Sgg A 29161.90 .‘
b i 20176.70 ¥ :
515616 & . 33595.03
' "B : 336_0’7.?’0
‘ 505 6 A . ?3g6q.12'
g W fv 344?@’10
TR, TR
AN
606 "‘7'07 As | LW e %‘39663-.31
‘ N _396?5-.&0
%008 iz L
. . i .'
:ég u ’
. o
< £
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PABLE V-B-8. - . o L
LINUS WEASURED IN THE RUTATIGNAL SPECTRUN OF CH, Osecn v %w
lI " ™

THY FIRST AND SECOND VIBRATIUNAL EXCITED STATES s,

Freguency (MHz)‘a

. Transition First Excited Second Excited
" -State State
‘u14*515 28120.,7 _ -

bou™ S0 P Lin e -

515 61¢ 33663, 2 /—\ - L

o Sose 605 | ss . -
| 616% My 3 39090.6:" | 391é3.‘5~
606707 . . 39?#9.5_' B}
2t 0.5 MHz i

. - ‘ . .
- .
' -
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of these l;nes wene measured pre01sely and are glven in

Table V-B-7. ‘f; e

L] y o

| The frequenc;es 4f several vibrabi
satellltes observed in the spectrum of the 80 Seﬁgpegges:ere
l;sted in Table V-B- -8. Thes%_were‘asslgned on the:basis of
‘a similar, pattern oflsatellite EEaks observeé in the
spectrum'of CHjSCN,'3 ii? which. have been attrlbuted to the
first and- second excs ted states of a. low frequenqy bendlng

mode observed 1n the v1bratlonal spectrum at 171 e 1.. The .
Ny :

\

exlstence of an equlvalent v1brational mode 1ntthe ethyl-
’selenocyanate molecule at 166 ém 1 has been ment1 ned above
| . ‘ L .

, > a
2, Rote:tio’nal Constant‘sl' . ) ’

The rotatlonnl constants of thgéflve 1sotop1c
sp901es were determlned from the measured. spectral llne -
frequenc1es by thé leeit squares fltt;ng calculatlon of
PROUGRAL) LTSQ. The results dre glven 1n Table V-B 9& The

rotatlonal constants of the- CH3aoseLN molecule in. the‘flrst Q
R

.v1bratlon%l ex01ted state were also calculated and are '

included in. the table. The values of the asymmet;y parametefs

¥ and bp_are also glven.- . .
. ' :

-

The trzf1s1tlons uc'ed 1n the rotat:,onal : ’

T, .

.00nstdnt calculatlon are listed 1n Tables V B-10 to V-B—15

ot . . . '
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. TABLE V-B-10

UBSERVED AND CALCULATED FREQUENCIES UF TRANSITIUNS USED IN

THE DETERMINATION OF THE ROTATIONAL CUMSTAHES OF CH 82SeCN

3 SRR B
.Ubsénvéd : Calculated 2 s o |
Transition - Frequency. * Frequency . _lef;ﬁe?ce
- (KiHz) (MHz) = - TR
515 +616 ' 33528.02 33528.70 . -0.68
505;’606 34391,22 "34593.61 -1,39
51u-{515' 38430.93 38430,78 - 0,15
616717 38934.88 38934 4o 0.48
i . '
606+ 707 . 39578.79 3957763 1.16

Calculated using the rotational’cqnstahts in Table V-B-9.:

v

S
f'-c
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TABLE V-B-11

P

. UBSERVED AND CALCULATED FREQUENCIES UF TRANSITIUNS- USED IN

80 ERLEY

_THE'DETERMINATIUN‘UF THE QUTATIUNAL‘COHSTAﬂmsvoF CH seCH
Transition ggzgigﬁgy . giégﬂti:;d i Di#f;ﬁz?ce'
(MHz) -~ - (MHz)

By 51 2815319 28152.91 - os28
bon > 305 29200,91 29200, 70 0.21
Wz Sy 30405,21 ~ - 30404.93 0,28
432-*533 30796.15, 30795.73 0.42
by 55 30884.70° 30885.01 ©  -0.31 |
RIRPTREPS 31777.64 - 31777.57 .0,07
b5 511 32322, 30 32322.10 0.20
515* 616 33632.23 32632.10 © 0413
505'*606" 3450%.79" 34501,81 . =0.02
525 655 36347.37 36347.35 0,02
533'*634 37000.66 '37000.61 - 0405
532 * 633 37233.60 3723%.73 -0,13
RETTRLOP 38508,92 38509.,07 ~ =0.15
523-+62u $8528,02 38528.27 . =0.25 -
616717 39056.¢2 39057, 11 -0.19
606 * 707 39707.33 39707.67- -0. 34

Calculated using the rotational consfants in Table V-B-9,
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~TABLE V-B~12
" . UBSERVED AND CALCULATED FREQUENCLES UF TRANS1TIUNS USED I

THE DETERMINATIUN OF THE ROTATIUNAL CUMSTANTS UF C

J

H 7BSeCN

y a ot .
aneision  Pregwey  Fragueney. Ui
byy 5y 282&3}01  28242.79 0.22
bo * 505 29296,21 29295.89 0.32

' ”23"52u 30&94.99; 30494, 82 0.17
bop ™ 5a3 31861.29 ' 31861.21 +5 0,08
515“*616 - 33740.57 ¢ 33?uo.§2 0.05
505" €06 34616,89 3461677 - | 0.12
5o " 625 36455.88 36455, 98 -0.10

: 533;P63n 37106.00 3?196.;3 -0L13
5”-*615 38621,14 38621.23 ' ~0,09
616 719 139183,91 39184,13 ~0.22
606" 707 39841.,08 39841.30 - -0.22,
e _

Calculated using the rotational consténﬁgwén Table V-B-9.
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TABLE V-y-13

.
]

. UBSERVED AND CALCULATED FREQUENCIES. uF TRANSITIUNS USED IN

THE LETERMINATION OF‘TH‘*RUTATIUNAL CUNSTA”TS UF CH3?7SeCN )

.y

~ <
v Ubserved Calculated & .
Transition Frequency Frequency. lefﬁﬁe?ce
L (NHz) (MHz) hzl
“i3 +5qiy 32461.70 jeuél,50 '2.20 _
L5y5 4616  33795.00 33795, 54 T
505 +646 . 34676,30 34676.0? : ~0.23
"5y +6yg - 38679.30 38679.48 -0.18
616 717 - 39249.08 39248, 61 o 0.47
606 +70 39909.89° . .39110.08 ~0.19

. , _ 7 .
. I 4
a Calculated using the rotational constants.}n/%able V-B-9..
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PABLS Y=i3=14

—— i ¢ e et e i

K

UBSERVED AIN) CALCULATED FREQUENCLES OF URANSITIONS USEDL LN

THEE DETERGINATION UF TIE RUTATIOMAL CCHSTALTS OF CH376896N
" . -dbServed Célculafedra'.,. N
Transition Frequency Frequency . Ulffﬁﬁ:?ce
3 (LiHz) " (MHz) g

by 595 28336. 50, . 28336.28 0,22
Hou> 505 2939530 29395.38 . -0.08
5i5+ 616 , 33853.11 33853.20 -0.09
.'505*-606 f  3736.62 3“?36-59 0,03
616f T 39315.91. . 39160.01 -0.10°
646+ 707 39980.35 39980.30 0.05

'Caiculateﬂ using. the rotational constants in'Table'V—B-9:
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TABLIE J:B-ls‘

UBSERVED AlD CALCULATED FREQUENCIES UF TRANSITIONS USED 1N

THE DETERMINATION OF THE ROTATIONAL CUNSTANTS'DF CstoquN'

1N THE FIRST VIBRATIUNAL BXCI'TE)y STATE
ubserved Calculated .

Transition Frequency - Frequency- _.le{sﬁe?ce

(WHz) - (MHz) . e

”1&*‘515 28120.77 28120.71 0,06

bou™* Sgs 29242,70 L 29242,79 -0.09

515" 616 33663.20 33663.17 0.03

508 6,6 34544, 50 5kl 39 0,11 )
616™ 710 39090.60 39090,07‘ -0,07
606 707 39749.50 .. 39749, 5k 0.0k

Calculated using the rotational c%hsténtsgin‘Table V—B-9.
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along with their obserVed‘and'calculated frequencies. -As 1A
the case of methylthlocyanate, not all of the a351gned *
trans1t10ns were 1ncluded in the least squares flttlng
procedure since some of the transltlons of the hlgher values
of K_q led to Iargeﬁ ncertalntles. -From the tables;lt can be.
seen that the agreenent between the observed and calculated
line freqdencies_is better: than 10.55 MHz in all of.the'

species except CHBBQSeCN, where the differences are as high

L

\ as 1,39 MHi{ This is ‘due to the partlal overlap of these

e T T Y I T i e cmy e

relatlvely weak llneS w1th the 1ntense, closely ne%ghbouflng
] ’ 4 -.‘
e 80 Se spectrum which prevented very precise determiﬁatlon of

!

the transition frequen01es.
3. Structure

'nlthough it was not possible to determine
a pfecise.strpcture of the methylselenocyanafe'molecule from
data on only the selenium isotopic species, an approximate
structure ‘has been determined which generates a set of
rotatlonaJ constants which are in good agreement with the

experlmental va]ues.'hwhls approxlmate ﬁtructure was

determined by assumlng some of the‘structural parameters

{
| from information obtained from the literature on retated
|

molecules, and then adjusting the repaining unique.parameters

until a close it of the rotational'ponstants was obtained.
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‘The assumptions which were made concerned

" the structure of the methyl groUp._the length of the . Se-C(HB),

bond. and the length of ‘the  C-N bond. These were based on
data, taken prlmarlly from the mlcroane structural

determlnatlons of (CHaazse 26-and CHBSeH.?? and from micro- '

'wave structural informatioh on the three related sulphur

molecules: (GH) S, 28 CHySH 29 and CHBSCN.? The structuréé”‘

of these five molecules are given in Table V-B-16, along
with the suggested strueture of methylselenocyanate.

- °-Preliminar§ calculations showed that the
rotatlonal constants B ‘and C were qulte 1nsen51t1ve to the
structure of the methyl group, and that only the constant A
was affected significantly. The bond angles were therefore
assuo;d“to be tetrahedral in order to simplify calculatiooe,

although.in the five molecules mentioned above H-C-H angles

' of slightly greater than 109O 28' have been reported. The

C-H bond distance was assumed to be 1,091 R as reported by

Pierce and Hayashl for (LH3)2 . 28 uther reported values in
similar molecules range from 1,076 R to 1.09j £, 1t was
also assumed that the symmetry axis of the methyl group

W

. coincides with the direction of the C-Sc bond to that group.’

A value of 1.955 £ was assumed for the

lenétQ_of the C-Se bond to the methyl group, based on

values of 1,943(2) R and 1. 96(1) R reported for the C-Se
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bond lengths in ICHBIZSE°and CHBSeH respectively. In methyl-

thiocyanate the S—C(H3) bond length is reported to be
) ‘1 82&(2) R, a value Whlch is- somewhat*larger than that in 1
'(CHB)ZS (1, 802(2) R) and closer $o that of CH,SH (1.819(5) R).

Thls value of 1.955 was Therefore chosen to be larger than

the C-Se bond length 1n (CHB)ZSe and almost equal to that in

01{3SenA - ' -’-,:

¢

- The length‘gfgxhe C-N bond of the cyanide

s
group was assumed ‘to be 1.157 R M1crowave spectral studies

on HCN and OHBCH have resulted in reported C-l bond lengths

of 1,157 R and 1. 153 R respectlvely,11 and,these have been

conflrmed by electron diffraction studies..BO Dreizler et al.,7

‘have reported an excebtidnally long value of 1.170(2) & for

the C-Ii dlstance in’ methylthiocyanate. This‘might be .
attrlbuted to back-bonding by the sulphur atom as described
in CHAPTER IV-A, but Pierce and Hayashi have repprted a

normal C-il distance of 1, 15?(2) R from their stedy of the -
rotational specirum of s(cu)z. 31 Since the two molecules

repertedly havé similar amounts of back- bondlng character,31
it appe;;s that a dlsprepancy ex1sts. The value of 1,157 R

chosee for this werk‘was therefore based on the more

eommonly reported value for the cyanide group. 1

4

Using these assumed values, the remaining

two structural parameters, the‘Se—C(N) bond length and the

Y
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C-Se-C bond angle, were determlned by - adJustlng them until

a close fit. of the rotastional constants was obtalned. The

L}

'values whmch were found were a S- C(N) dlstance of 1 836 £ and

F

a C-Se—C-angle of 96,8° Flgure V-B-1 1llustrates the

" determined - structure 1nclud1ng the orlentatlon of the

principal axis system with respect to the p051t10ns-of the
atoms ‘in the molecule., The observed and calculaféd values
of -the three rotational constants for the_bUSe specieé are

compared in Table V-B-17,°

A comparison of these two parameters,

determined in this manner, with those from related molecules

" - shows good agreement.' For example, an electron qiffractionf

study of CFBSeUN has resulted in a reported Se-C(l) .bond

length of 1.854(16) R, 32-ancl from the crystal structures of

34

Se(SeCii)2 33 and 1 b-dlselenocyanatobenzene Se-C(1i) b%Pq“

lengths of 1.83 R and 1,84(2) R ‘respectively have been

reported. 1ln addltlon, the value determined here is seen to
be smulier than the Se-C bond length to the methyl group;'in
agreemenf-with the methylthiocyanate structure in which thé'
S—C(Hj) distance is 1.824(2) 2 while the S-C(N)‘distance is

1.684(3) R. 7 | |

The sugpested value of 96.80 for the C-Se-C
angle also compares well with related data in that a value of

96.2(2)° has been reported for (CH,).,Se 26‘§hich is only'\
; : 3/2

slightly smaller than the value given here. A similar trend
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1"‘ _ , ?. .
' ‘. .. TABLE V-B-17 '
OBSERVED AN} CALCULATED RUTATICNAL CUNSTAHTS. UF CHBBOSEQN N
Constant . - Ubserved Value ~ Calculated Value 2
- S (MHz) - (mHz) -
. v
A 10144.0 *-0.9 . toikp.02
R 9' _~_‘ o | ” 0o
. B : 3483, 3% 10,02 3478, 78"
. . R ’ . ' Y ) : LT
- R ) B
¢ 2631.,65 ¥ 0.02 | 2633.79 .
a .C_alcul'atec‘l gﬂsing.th'e structural parameters in Table V-B—ié.. “\
F . | . - o, '.‘ ) :.. _’ .. .
. "'{,
#+ ,Q“l‘-
i - .
4
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8
becn ﬁlven. 2

~

of
i © . rcould

con tantf

[y

bccﬁfs'in the analogous sulphur melecules

=Ol-

‘whére a value of

’ whlle in (LH )?5 a ul&ﬂhtly gmaller value of 98, 8(2Lq haa}

tructural parameters, within a small range of values,

-have«nenerated an eQualiy good set of‘rotafional _'

L. C T %o ihe beut vcrall comparisvns wlth dlrectly related

The surgested structure is

a dé:inifive one, but is only meant to show’

tructvral parameters can

1onal cons tant" whlch are in pood agreement

it can be deflnltely‘concluded,

C bond

sirﬁificanflv .shorter

the "et chosén, as llsted in Table V-B- 16, leads

. L . : = it . . .
that the basic molecular shape of the molecule has

e
anrle is less than:

P

than Lho'uc ¢ bond to the methyl group, In order to %a;aln

\ molecules as argued above,‘
R T the;efore no
| " that lorical (values for the“v
E g generate'reta}
5( T with fhc observed: ones,
E © . ¢ . however,
?- .'_ ‘ ,been conlirmed, in which the C-Se-
5? o 1OG°-1rd'tho Se—C(r) bond length is
‘ Con
' 4

mnlnculn

»

I TR e R TR T T e
T

1y

. barricer to dnternal sotation

The harrier to internal

would he required.

rotation of the

of lSOtUnlCﬂlly enriched spe01es 1nvolv1ng each 'atom in the

T

,,.0(1)0 has been reported'for the C-S-C-anplein.CHBSCN,.7 ;

flthoush it can. be shown that séveral sets

more prnhlﬁc lnformatlon. a etudy of the rotational spectra

=

!ﬂ_
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methyi grnun was calculaﬁed'irﬁm'the-A-E sp]ittinp of thé'
spectral llnes orlplnatlnﬁ Lrom- the flrat torq1onal exclted
state (VT = 1) of the que 1sotoplc SpeCJog. The tran51t19ns
used were those w1th-h_1_;.0. fhese are listed in ‘Table V-BéiB

with theilr frequencies and the.corresnondihgjvalue of the

snlittinf, AvAE.

Thé‘method qud fo;calcﬁlate the Barrier

'height was the same as that used for methy1thlocyandte and

‘'has been described in detaillln ClAPPER 11-C.  The molecular
'parametcrs used in this Caléulatioﬁ‘gre listed in"Table'V-B—19.'
The valuos niveﬁ £hené_fqr 1x'and,lx ye?elqalculétedby |
”LHUGRKhtCtHSTAnTS.from the approximate structurg determined
aﬁovﬁ; The moment of inertiglof the mefhyl‘rofof, Iu,'Was-
taken to be 3.212 amu £°,° This is the value used by both

_hreizler 6'and ﬁaka?aWa 3 in their work on methylthiocyanate

N ~

nd shoulr not change r-.wu‘n;t[‘;l.co.nt;]y Lrom molncule to o

-

moleculn f - h ' .

Are, "

The results of the barrier caicuiation'are .,‘

rlvnn'ln table V B- 20- iOr each of the three va1ues of A“AL

-

from rhn three tran°1t10n" Uﬁcd “ F'irst the value of a4 is

riven an cnlculutcd fron AW\F uccordinn to ernquation. 1L-C-15,

sccondly the value of S is siven as determimed from the ;
~ ‘ . . ‘

valun of A by graphlcal neans, and fihally,thc value of V

3

is iven an caleculated from 3 according to equation 11-C-16,
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PABLE V-3-18 o

'
. PRI . . )

.TRRNSlTlUNS USWD IN THL CALLULATLUN ur' THL BARRlLR Ty * -

[

lHTbRNAL P TATIUN FOR; LH380&ebu~;

i

? Transitiog " vrequency (iilz) vy, (kHz)®
{vi=1 . B
o . . .

A - . . %

. _..

lpqh..-r 505 A : . 2916.1.90

| 14,80
'+ 29176.70 T

=i

Sos>Gog A IMEOIZ g g
o SRR TG U R

G

b6~ Top B 396‘6_3; 31 - 1249
o 7 39675.807 U

= -

a -+ 0.08 iz ' .
b i.b'lG liz, - c
¥
®
[}
o



PABLE V-14-19

O u”CULAR PARAMLTbRS USLn 1N il CALCULATLUN UF_1t THL BARRI
: Py INTEKUAL KOTATIOH, FUR 2538 seClt Co

r—— i sm - PR

=i -_ T = . I v,

tarameter. ~ 'value’ 5 Y

1o(=1,) o y.cav62 g RE | B
ln.(=fl') S | fug.jxslému 2, o amL oW
o (;.I ) L;" :- :f _ 191:9uo_aﬁﬁ.ﬁz,{'
Lo L 3.312.4mﬁ g2
Dy, (=2 y) t;}’- - 19_930; '
YA L 0.089
B 161,818 Lilz
.rf{ v....:'_:?;:“‘ .,‘6.973;; .
R ":"';,‘-z_. |  0.26?= S
| | J | 0.0167
ey R S u.0206
n, f . .:: h ‘ 0,0277

oo L C0.0767

-—— e — e —— = —_—— -




RUESULTS O IS BARRIES
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CTABLE V-B-2

i .

——

CALCULATIUN #OR

<

s ————

e 20

CR 1671

b

2

-

Iransition’

SIS B
(x103}

a

(iaHz)

O

8 - y

14,80

.'12.n9

4 -
12.36
- v‘"‘

' ey

.‘...

7.9 “"53_

o3
* (eal/mole)". -

L b6 1ss0
5.6 1590

18.2 . 1670

‘ J;,
* 20 cal/mole



_cyanate plot to J, = O results in a barrier height of e

' ) _'r)t)_. . a . o .
P " g - i ) . ..
nxamlnatlon of these barrlor helght results
shows thqt the calculated value of V3 anreases with the
value’ oft J,- and therefore a. cloaer ﬁtudy of tho results is - . ..

needed bcfore nny conclu51on can be maﬂe as to the true‘

va]uo of the barrler. A dependence ‘of the barrler height on

' hn n.turn of both. the rotatlonal and tors 10n11 level used in

the cq]culatldn was - observed for methylthlocvanate. and

'pOSStho reasons for 1t vere. dlSCuosed in LHArTLR 1V. Slnce

6H38ebx end LHBSLH are qulte allke. ns ha" bcen confirmed by
the similarities in their spectra‘and structure, equlvalent.

sources of error are expected - to exist in the methylseleno~ .
. - " . B - . . .

cyanate molecule, : ' o " i -

'. . - . . 3Q‘n
In order to obtaln aqbntter value for the

barrier heirht in bujoebn..a-comparlson of the ‘maznitude of

" the errors in the two molecules was carried out by plotting
. h} ) -.

the cilculated value of V3 againet J. ‘these plots are given

in vigure ¥-3-2+  Ln both cases a linear denendence of V3 on

‘the value of J is observed, the slope being greater in the

case of the selemocyanate. Extrapolation of the methyltnio-

_1620_f 10 cal/mote, still) somewhat hisher (3.2 ﬁ)'than the: . - ™

literature value of 1569 1 1y, 6 as dliscussed in CHAFTER 1V

* this dliiorcnce is presumably due to the use of the spllttlng

of the I'irmt torsional ezcited rather than that of'the ground

-gtate.
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. Piguré V-B-2. ° The effect of the rotational level J on -

the ‘calculated barrier height in CHsédN .
and CHsSeCN. |

» . . /
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‘ ‘In‘the case of tﬁe/methylselenocyanate plots

a éiﬁilar extrapcletion‘leads to a value of 1500‘cal/mcle fcr::
| the barrier height; Application of the saﬁe 3.2 % correction .
| factor +to this value results in a value of 1260 cal/mole. '
Taking the uncertalntles in thn individual p01nts ‘into
:con51derat10n,_an uncertainty 1n ‘the barrler hElﬁht of

¥ 50 cal/mole is obtalned but a true estlmate of the
accuracy of thls value lS not eaSLly arr1Ved at 51nce onlj
three‘pOLnts vere avallable for the plot and since only an
épnroximafe‘molecular structufe was used.in the calculefioh.
it is therefore surgeoted that the true value- of the barrler‘ﬁ
" height is probably within I 10 % of the value of 1260 cal/mole
quoted above. 1t can be deflnltely conc1uded however, that
the barrler height in methylselenOCJanate is 31gn1f10antly
lower than 1n methylthlocyanate. o

-

Table V-B-21 'lists this value of 1260 cal/mole

r

for methylselenocyaﬁate along with the reported barrier
heights‘foriseveral other fekated molecules containing the
.CHéx; group,’  AS mentioned ih;CHnBTEH 1,_;2 thcinBKH series
the barrier heilght in the sulphur species is somewhat higher
than‘in the molecules containing U or Se. With the addition
of the valuc for CHBSCUH it can Le seen that the UHjXCN'
molecules follow the same trend, lncluded in the table are
the barrier heights for CHBUGECH and,CHBSCECH, and again tﬂe

same trend is observed for the first two species of this

series. No informetion of the selenium analogue has yet
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BARRIERS ‘Pu LHTERHAL RUTATION Liv SULE RELATED MuLLECULES ": S

CCUM'TALL LG THE Qn3x4 cuuup'(x = U, S,.8¢) © 3ff‘*:
.- holecute” Vg - Ref.
o o . (cal/mole)s |
Cdgun 107200 35 .
' f'cnjsn - 1270 ¥-10- . - 29 ..
C Cligsef. - .tototso 27
1CH3uCh - 1310 - 36
: ;cujsoﬁ' | 1569 210 -6 | ‘
eHgSeCk 1260 * 125 this work
Cll yuCCIT . 1hbs5 97
‘cujscécn, S 175 38
'~
LY . ,
— .
% ]
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becn publl hed. K dibchSiohfof pdSsible-feasdns fdr'fﬁis=

trcnd and of the orlgln of the 1nternal rotatlonal barrler in™ é;_

_molecules of thls type is glven 1n the next chapter.-.‘- '
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CGHAFTER VI, * GELERAL DISCUSSIum.’
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C e .

- Bver since‘it was diséovered that the: .

:;gxq;l{roLatlon of methyl groups in many molecules is not
free, ]uf hindered to a certain deﬁrec. a ﬁreut-deal of

effort'ha_ boen devoted to qttemptlnp to ilnd a glmple and

useful theury to explain the origin of. this barrler. The

“treatments have ranged from those‘Which try to relate the

barrier heiﬁhﬁ to the chemical nature of the ¢-X bond or to
some chqracterlstlc molecu1ar dlstance (€., the.iength of

Cthe tor Jonml axis in the series LHBLHB, bHJSiHBJ CHBGeH3L a

to ggniﬂijio LCAU-1iU calculations. A complete review of

the nubjeét'has been published by Lowe. 36

1n thn'CH3x~'tync molecu]ds of interest
here, ho ~fmnl (ol 3> p]anqtlon for thn oh"vrvvﬂ barrier height
trends ir vmmodlatelv cv1dcnt,_ 1f the nnture of the C-X

hond was the 1mnbrtant.factor thbn a. gontinuous trend wou1d

bhe oyneotcd .ot one in whlch the highest b FPLGF bolonred
J v
to ihe aul ohur sp001e .~ The same thi

: wopld be exnected if
.\\ .

SuECriul A, THE _91{_49_1_11_u‘ 'l‘!u, lu'\ﬂnl KTV LHTERIAL RUTATIURN
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the barrier height was related to the lenpgth of the C-X bond, .

or,tofthe 5 paratioh between the protohe of‘the-mefhyl rotor,-f

in. correlatlnp the barrler heights in molecules of thls

and the Yest of tngﬂmolecule in the ecllpsed conformaﬁlon.
For examples~a 51mple calculatlon u81nﬂ the - avallablp ‘
'geometrlee for the CHBXH seflea 27’ 29’ 35 . shows that the

fseparatlon bctueen the methyl proton and the bite proton

increases cont1nuous1y w1th the 1ze of the X aton. “Thus the

.orlgln of the barrier cannot be. accounted for by these

31mole correlatlons. or it mugt be a comblnatlon of several
such factors. ‘ - ' o Co B
oL oo
. necently, Lowe and Parr Jhave developed
an approach to barrier origins ﬂhich has been quite usefull

-
tybe. "Phis approach was first: developed by dyatt and Parr k3

- and orlglnally 1nvolved ab_initio HU calculatlons on the

ethane molecule-to arrlve at an origir for the barrler.

Lowe has summariied the results of this treatment as

' follows: lThe barrier is csoehtielly due to a large positive'

.

contrlbutlon {rom the ‘change. in nuclcar nuclear reoulscon

between the protons which occurs on roing from the staggered

“to the ec]ipﬂed conformation of the ethane molecule, and a

smaller ncr1tlvc contribution ro1atod to the change in the
nuclear-electron attraction. The nuclear-nuclear-repulsiOn
term, given the symboi AV can be calculated from the

geometry .of the molecule, but the nuclgar-electron term, AV __

can only'be'detefmined Trom the wave functions of the

»
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'jégiipéed;anﬂ-staggéred'forms.- -

.

o the barrler can be sald to- orlrlnate nrlmarlly from the

B mohcrpteq_by shielding effects.

—_106"- . i - -’.

36"

o

—

The.- appr0ﬁch of Lowe and rarr hav centered

E )

around r'1mnl11"y:1.nit=' thls eyplanatlon by ShOWlnF that the A Vne

tprm can be Jlkened to hloldlnw of the nuclc1r chwrves due

to thc occupatlon of - the hvdropen 1s orbthIS. “In thls v1ew,

‘

~-nuclear-nuclear repu151on, but that.thls‘repplglon 1s\

[ - . -

1n order to extend this approach in a

semi-empnirical way to other similar molecules involving

PO

ﬂhydroreﬁ—hydronén integgctibns, Lowe and Parr have .

»
Fe
LY

]

“cong 1dernd the three molechles*CHéun,'cn $H and CH.SeH.

3 )

They hqvc suﬂﬂested that in. molecules of thla type the

iollou:m'r relatlunohlp mlpht be used:

V. = £ AV ST (VIaa-1y

Here f J° related to the moderating effect of" the AV term,
anﬂ thercrorc uoulT alwaya have a va1uq le s than one. 1t
ould b rmlated to such gques tlon as how the electron

rllﬂLrlinlrJnh in Lhn t;li ond c;l the UELQH} moleecule compares

'wlth-thut mn,thp.q—H end of GHBSH. Such questions could be

Canswered by considering clectroncgativity'apﬂ other

“,

contributin~ effects such as induction and resonance.
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\ , o
Lowe}drd ¢Arr have compared the etnerlmental

i‘e's@l_ts on this sel'i.\eitmoleeuleu and’ "have found ‘them to .
fif-thiﬁ appfoach Qui :ﬁﬁelt. or examnle, the hlghest . '_ j

value uould be expected to oceur in LHBUH due to the hlgh

< electroncrat1v1ty of the oX ygen molecule whlch causes the CT e T

\
hyﬂroren nchJLv to be 1eso effectave1v creened than in the

othor molecules. Phe valueﬂ'of AV viere caqulated fpr

the three molecules frOm the avallable weometrles, and the

£ .
values oF T were then determined using equetlon Yl—A-lgand

~ the nublished values of the barrler helght Thesefdate o

are listed in ‘Table VI-A 1. ag expected T decreases in

the uOflO" in aﬁreement wlth the relﬁt1ve elcctronegat1v1tles

°f the o, Sr‘and Se atom ..' - '; w.'_
= i - . - ‘ . L. \r

he obsemved trend in the barrier heights’

of ‘these three molecules is therefore cq&ged.by,a o S

comblnatLon of the two factora, one causinr the barriler - "

L

" helght“’to decrease in the serles. the other cau51ng them

_tb ;ncpcase. Un the ba51o of f alone the barrlers would be

exheeioﬁ to decrease from® LWBUH througp LHBaeH, but the

viluen of'AVnn are much frreater .for the & and Se specmes
. .

~

-

than for Lhe o npccies. " prodnct uf thene two Tactars then

cxplaing why b”jd” has the hlghe 3t bnrrler value.

¢
Cow

. une further question remains, and that is

why .the value of Avnn ig. 86 much mreater‘for,CHBSH and
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" Molecule *Ayhh:‘i $ . .. 3.+ Reference
T (cal/mole) : (cal/mole) -
o : . . ' ‘

CHyull - 110 ...0.88- . 1070- . .35

. X T

cligsm 1gho o 0.68 . 270, . 29
cigsen L 1900 . 0i53 +. ¢ tolo .27 i




'5smaller for LH3SH (96.5° 2’1) and for' Cil

T W I e N T T T
. . .

» CHjSeHﬁthan for CHBdH whén the actual nuclear¥nuclear

separatlono are also gredter in either the ecllpsed or

staggered formu._ Thomas 27 hag squested that this is due

to the vélue of the C-&-H ahvlé which 10 considerably - _
jSell (05.5° 27) ¢ than
fqr C@3unj(108.50 35). 'Thlg causes .the change in théi |
proﬁon—proton'separation on;"binrr from the.staggered to the
e#lipséd ?orm to0 bhe rreater in the s and Se spdéiéS'than‘iﬁi
CHBUH. Thug it is the channe in. repulolon enersy accompany—

ing the 1nternal‘rotat10n whlch is the 1mportant factor,-

not the actual_repulalon energy in the.ecl;psed form.

Lowe and t1rr have sug"eéted that-thnir
ApDYro h can be extended to molecules 1n whlch the 1nteract1ng

atono are - other than hvdropcn, and the results have met-

'-conulﬂeraole success, They: enplaln tho near conatancy of

r

.Tthe b rrler on r‘01nfr from ethane to the fluorlnated ethanes

by saying that, although the nuclear-nuclear repulsions

vould be greater for fluorine than for hydrogén, ther’e also -<

exists a ~reater number of nori-bonding electrons to shield

the muclear charge. Thus they are suggestin~ that the basic,

orimin of the barrier i1s still the AVpn term,

¥

Using, this idea, the observed trend in the
barrier hei~hts of the CHBKC;'sories can be rationalized in

A similtar manner to that in the'CH3KH serins. ilere the



* same trend as those of the CH

P O

e

variation in the barrier heights due to differences in a .-

faetor euchfas‘f is-not'eXPecfedffb'be‘as great'as ih the

"CHBXH molecules 31nce the dlfferencé -in the electronegat1v1t;es'

of the X atoms lS not expected to have a" large an effect on

:the ‘shielding in the C-H group as it doeq on the shleldlng

in the X-H group. Thus the barrler helghtafﬁhould be more

”closely related to- the dlfferences 1n the nuclear—nuclear

) repu151ons.-f ‘Since the geometrles of the CHBXLN serles.

/ P
partlcularly the value of the C- x C anmle, uhOUld show the

3XH molecules, then the'

relatlve magn:tudee of thc nuclear—nuclear repu151ons.

‘should also be 1mllar.1n3the two ser;es.j o e

.

un, the‘basie of Eheeeﬂarﬂuments,'the"

dlfference ln the barrler helghts between the S and: 0 specles of |
. V )
the CHBXCHserlmsshould be greater than observed in the
‘ CHBAH series, and a smaller dlfference should be observed

.between‘the barriers’ of the § and 3e species. This is what

has -been found (See Table Vfﬁ-21);' The same approach can

explain why the barrier in CH.SC=CH.is higher than ‘that in

37
UC=CH.

CH

3
.

Une apparent weakness to this apvroach is

thatelectron-electron repulsions have not been taken into

consideration, Although these migﬁt be negligible ﬁhen‘ .

epnsidering Xdrogen-h&droéen interactions['they are likely

to tecome more }mgzrtant when considering'iﬁ%eractions

< )
.
. . .
’ ™~
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between‘nrotons-and‘éfﬁéf atoms ﬁr nfouhs."hgajn,‘h;wéﬁer;
the dliference betwcen the electron-electrén repulolons of
the ecllpsed and sta gered form should be uubJect to the
‘same geometrlc 1nfluences as. ¢he/\v term, and the:efore

‘should show similar trends. A e

i further weahness of the uowe-Parr theory
isg th1$ 1t cannot explaln whv the barrler heights in the
'LHBAL—LH serles are 80 much hlwher than those of‘the-CHBACN
series when the geometry and. electron ‘distribution in the
 two tyne" of molecuWe" are expected to be very 51mllar.
Thomas hag p01nted‘out 1n‘hlsVQ1scugaloﬁ of the LHBAH series:
thét; al though the data indicatelthat much of the torsional
bérrier in theée~molecu]es can he . 1ccounteé for b§ nuélear-'
‘nucléar‘fepulsiohs, some contrlbutlon from’ other sources
"such as the nature of the' -X bond 1tself cannot be ruled'
'oﬁtﬂ' ln 1ight of the cOmoarison‘hetween the CHBXUU and the
CHjXC;CH series it musftpg agrecd that other factprs are,

" likely involved, - | . -

-

1

SECTLUL 5. BUNOING L1 TS XCi GRUUY

LMith the publication of structural
information on methylthiocyanate and related molecules, a n
certain amount of discussion has appeared in the literature

1 - H 1 ’ YA ] . . L" * . . ~
concernin< the bonding in the SCi mroup, rauling 1 initiated
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this,discussion.by making)gome su Festlons based on the

: .- I
. microwave sﬁectral'lnvestl atlon of LHjbCN by Beard and

Uaily. 1 AS mentloned in LHAPTLR lV, thelr results were

eventuallJ shown to be in error. but at that tlme Paullng

| .1nterpreted thelr abnormally short 5= b(h bond}dlstanoe of -
1,61 3, and their C-5-C bond angle of 142°, to indicate

~that thc-nr1nc1pal1resonahce form of the molecule was.

+ -

HqL-8=C=ia which contributed about 70 per cent,. and that

thc'strUCtUre ”3U S CE)is ohly cohtributed about 30 per cent.

He noted, however, that the reported anﬂle of 142° was much

larger than expected and suggested a smaller value of 113 .

4 ‘ . . -

™

olnce "back bondlng" by sulphur to such a.

large extent seemed unlikely, other 1nvest1gatlons viere

‘undertaken to determlne a more exact structure. .oreizler

and co-workers 7"found that, as expected the bond angle

. was actually much smaller (about 100° and not 142°%) and the 4

a~b(n) bond distance larger (1 68h R and not 1.61 A) than

Y

'the valuu uggested by Beard and- Jally. However. thls

aocurato value of the 5- b(h) bond ‘leng th is still smaller

than the normal 5-C single bent distance of 1, 824 R observed

Jor the S—C'bond to the methyl carbonl ahd\is closer to ‘the

: ) - ]
SZ¢ deuble bond distance of 1.61 R.ll

*ﬁ . - . . ' H oy .‘
: The;case of the related B?Uh)z molecule

-

provides further evidence that "back-bondine” by sulphur

can occur in the SCi{ groun. pierce et al. N ‘have studied

-
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‘the hvperflne structure in. the rotatlonal spectrum of this:

‘moleculg und have determlned the “three components of the

14

quadrupoleccupllngconstant of sthe Iy nucleua. These

three components are dlrected alcng three ‘axes of a Cartesman

‘coordinate system. the orlgln,of which lies at the :".:L't:_rc‘;ger.1 3..1

hucleus,- and chWhich one of‘the aXés c6incides with the

C-i! bond, From these~vglues'tuc estimdtes-cf the amount of

‘double bond character in the C-i! bond were made,

-}
Ta

‘The first estimate was based on the value

' of the coupllnv constant: along the dlrectlon of the p-n

bond. “This was found by them to be conqlderably smaller

than would be expected if the c—L bond waks a pure trlple

bond, as in.H—ué? or.CHjCEHQ- fhlu-;ed‘to»an estlmate of

23 per cent for‘the amount‘cf double bond chéracter in the

C-ii bond, and thua an estimate . of only 23 per ¢ent for the

: ccntr1Qut10n of the structure sudrested by Paurinp to be the

DrlnClU"L resonance rcrm.

. . N
. . Lo o

The second estlmate was based on a comparlson
of the twc coupling congtants Wthh are nerpendlcular to the.

=11 axlq. 1T the bfh boryl was a pure trlple bond, the

‘electronic distribution about it zhould have cylindrical
‘symmetry, and-hence the counling constants pornendiculqr'to

.the C-.. nxis would be equal. jartial double bond character

viould lead to slishtly different values, and this is what was



"

found, un this" ba513y DxErcc et al have estlmated the amOUnt

ceountine consbents alons the other two directions are non-

-11lt--

- ' - .
2 . ) w ‘-1.- . . .° "\. .

\;

of double bond character to'be about 8 per cent

Al though ‘these. atthors h-'ave' -admitted that-

, -

these two ertlmates do not agree vory well, they have

concludcd thnt the oata 1hd1cate that "bach bondlng“ by ;:'

sulphur is qultc ulnnlflcqnt i u(bl)?. Phe tructure of*

=

‘bond distance (1.701 ) has bcen ;ound to be shorter than

a normal 5-C eing 16 bond dlatance. vierce et al. have

' uug"e ited that this bond lcnwtk difference is ell'due to the

"bacL-hondlhr" bv c'lallphur, ﬂnd not bocauge of Lany dlfferences

in thn;hybrldlzatlon of thp two types of qarbon atoms.‘

As. di cussed prev1ou Ty in CHAMTER lV,
fl .
hctt ﬁnd hlvware P have examlned the qumdruno1e hynerflne
lebtln" 1n tho rotatlonﬂl noctrun of meth\lthlocyanate

in a similor manner-to that done for S(Cﬁ)z. Their.estimate

<

. ‘ . : . +7 -

of a 10.ner cent contribution of the.HBC—§:U:h= resonance
. . (. T

form was ba sed on the ;JH coupling constant along the C~N.

intermiclear’ line. They also have reported that the

il

: , . ho
caqunl, nnr hna been revorted for S(Uh)?. Aditeda et ol. ra

have acone to the gsame conclusion From their study of the

nure duadrunele resonance in crvstatline methylthioeyanate,

\\\

! .
b - -

the molecule_has also been reported bv them,-and again the S C-~
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'“‘Although it is nct gencrally condldered by
these authors, ~one apparent weakness in u31nﬂ the values

of the quadrupole coupllng ccnatants 1n thls wev must be

p01nted out.' Thls isg that‘some non-cyllndrlcal SJmmetry of f-

the electronlc Ol“trlbutloh ‘in the L"h group is expected cn
the basis of the asymmetry ‘of the'molecule alone. ustlmatee -
cof the double. bond character 1n the C-h bond baeed on, the ,"

. \observatlon cf a. dlffercnce in coupllnr convtantg mlght | ?%

thereforc be mis 1ead1n" ' ' , L ‘.7_'

. . In‘the case of methylselenocyanate, it hae
. . . “ . . i ) . . . ] "
been discussed in CHAPTER V that Franklin et al. 2} have
sugnes%ed that there.is no reason %o doubt that there is as

much "back—bondlnv" by .Se in CH,SeCil as there[is- by 8 in

3
CHBSCh. The structure of methylselenocyanat reocrted 1n

this thesms Shovs that the be—C(n) bqg . 'ngth of 1.836 R,

is.chorterlthan the Se—C(HB) bond length of 1,955 Ry a f;;
‘value of 0.12 f. The cpfresponding.diffcfencc in'CHBSCN is
0.14 R, but the suzzested structure is ot sufficicntly
precise to allow valid comparigons betﬁee the amounts of
"back-bondins" in the two moleecules to be made. Thcre is, 
however..a sinilicant difference in the two Sc;c bond
lé%gths in CHBSeCﬂ, and, as sugrested by rierce et al., A

this indicates ‘& certain depree of "back-bondines",
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bﬁrther 1nrormat10n 35 to whether Se can

' take pJace in "back—bondlnr" in- bhe xcv oroun to as rreat

an. extent as S, could be obtalned from the qundrunole

cqupl%pn constantslof H. but thiﬂ is ubJect to*the

'nrobléms metitioned 1b0ve. Thls was not DOS°lble vlth the

o1ut10n of the 1nstrument avallﬂblo for this work, and,‘

‘.1n factL the complex1ty and lack of 1nten51ty of'the spectrum.

' m1 mht renﬁcr it v1rtuallv 1np0551ble to obsnrve the

quadrupole hynerf;nc splitting at all
. ' ‘ E T
"

-~
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: g1 The purposa of this pant of the thesls is
to describe the preparatlon of-a serles of acetylenlc . ,'. :ﬂ

.

dlcobalthcyacarbonyl complekea 1n whlch the carbonyl groupg
have becen aubstltuted by phosphorus and arsenic donor

llgand Thls work is part of a more exten31ve prOJect

belng undertaken in this laboratory in ah attempt to providé "

'_further lHatht into theunature of the metal alhyne bondlng

in such complexes, malnly throu"h the use of X nay

, cryotallopranhlc structure determlndtlong 1-3

.
The‘métai-alkyne vond in transition metal’
complexes of acetylenes has long Leen the subject of much
discussion. uf particular interest has been the possibility'

and extcnt of metal-to- rlgand back-bondlng 1nvolv1ng the‘ '

1
4

acetyleno groups Various typeo of physmcal ev1dence have ' ‘
been prc onLcd supporting a bonding mdchanism'of_this type.
but thorc has\ﬁcen recent interest in correlations bétweEn
the extent of the metal-alkyn® back-bohd;gﬁ and the structure
of fhc acetylenic moleculk ‘in the comblex. “_12 In general,

the bonder icetylene is found To have a bent Structure and

-120-
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the ccetjlenic 0507bondilength is observed to be considerably
: lon"cr than in the uncoordinated mdlecule. - These structural
~chan*es are con31dered to be a result of occupatien of the

e antlbondlng orbltals of the acetylene via the metal-

alkyne back-bondlng mechanism. and theoretical calculatlohs“

indicate ‘that the'dEgreeIOf bending inh the acetylene is a
' ) ’ 16, 11

fuhcticn of ‘%he extent’of'this back—bonding. .
' b, 6.

A;though SOme_expetimcntal evidence supports- this,

. 1theré has been no attempt to systematically vary the degree
of back-bonding in a series of-complcxcs and simultaneously

'ob serve the changes which take place in the llpand structure,

L-ray ch tdllo raphlc sturlies could provide this 1nfor-

mation,

N

une method of varying the degree of.metal-

' aikyne bcckebonding in complexes such as the acefylenic
dlcobalthe,acarbonyla. is to subatltute the carbonyl llgands'
by roupc whlch are: stronger donors and weaker acceptors -
“than Cu, gzuch as those contdinirng the heaVy Group VA, donor

r'd
atoms. ‘This causes the :c‘ema.::.rw.:mrr leands in the compleﬁ»ﬂb

e
r . -

part1c1nato in metalrlagand bacL bondln -to a greater extent
in order to remove .cxcess Ch?rng*gom the'metal atoms.» Thus

1t showlr ba possible’ to prenare p'scricc ol' complexes in

vhich the netal-alkyne back- bonding’ﬁrhgrcssivcly increases,
C “a L. .

by succegsively substituting the Cu groups in such a system,

-

The acetylenic dicobdlthexacarbohyl complexes are particular-

ly well sulted to this type of stuiy since there are six

ot
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.. pdssible substitution broducts; o Therefore a more

eﬁten51vc uerles is potentlally available than w1th most

‘ . other transrtlon metal-alkyne oystems._.;

R ]
sl

) One _problem whlch arlses An the preparatlon
vof such rubatltuted complexea is that the 1ncreaee 1n
_ me'ba_l-Cuback--bondJ.nrr which occurs a ubutltutlon progresses,l
'resultd in @ complex in wthh the remalnlng carbonyl groups
are more trongly bonded. Thle maﬁea»further substltutlon- .~
‘more diﬂ&rcult. ‘Substituted derivatives ef acetylenic- |
dicobalthexacarbonyls have been reported in which one or
two Cu'g;oups have been.replaced, ;3 but no reporte of
attempts to cause further substitution have béen published.
Jork was therefore initiated in tﬁie laboratory to study
these sebstitutioh reaction in greater depth, with the
eventual aim.ofapreparing the eomplefe'series of seﬁstituted
tcomplexee; @his thesis reports the preﬁaration of compleres
in.which-up to four CU groups have been replaced. ? Some
initial attemvtﬂ to prepare a fully substltuted derivative

are also descrlbed. ) | . ' ‘ ]

Fl

a The results of the worl reporter in this thes

viere initially- communicated at the 56th Annual. Lonference of
the Chemical Institute of Canada, iontreal, 1973, ‘Since
that tine, and durln” the final stages of the preparation of
this thesis, a roport has appeared ref, 14 (describing
scveral tri- and tefrasubstituted complexes. The results

£iven there .are in mood agrecement with thoqe described in
_th;Lu thesis® and will net be Ul"Cu sed,

*

<L
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e . The eeﬁalnder of tyigfintroductory chapter _

. consists of three sections devoted to reviewing certain’

r

. topies vhich are bértinent‘to-this work.. The first is a

review of the acetyleo;c dicobalthéxecarbonyls, presented.
primarily from an;hisforical vieﬁpoint 'Thi" has been .
1ncluded with the 1ntent10n of prov1dlng the reader w1th
some ‘concept of the nature of thls ex tcnolve serles\of
oomplexes. The - subgect of alkyne-cobalt complexes in

gehefal has recently been-cpmprehen81vely rev1ewed by

“Lickson and Hraser,13 and several earller reviews of

'tranvltlon metal alkynes have 1ncluded sections on complexes
of cobalﬁ; 15-19 The reader id referred to these for more

detailed information,

e R Lo ) I R
. v .
. "’,

v . - o

In, the second'éeEtioh, the bonding bétweén'

‘tho metal atoms and the three types of ligands 1nvolved in

the work reported in thls th931s is-discussed in detall.

burbhor-olaboratlon on the prev1ously mentioned relation-

,shlp %Ftween the structureoof the alkyne ligand and the

extent of ‘7 back-bonding is included there. Frevious
reports of substitution reactions of dicobalthexacarbonyl |
acetylenes with r; As and Sb llgando are then reviewed. in

thc final section of this chapter._

J
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© SECTIUN B. IMTRUIUCTIUI Tu ACATYLENIC DICUBALTHEXACARBUKYL,

CULPLIEYLS -

b
The fir°t repdrté”of thé.preparatibn of

,acetylenlc dlcobalthexacaroonyl comolexes viere publlshed by

‘Sternberg et al. in 1ysh 20 6 21' It -was

“and in 195 _
observed by them that . dlcobaltoctacarbonjl reacted quantité}f_
tlvelj with allkynes at room temperature, resultlng in the
'repiacement of tﬁo carbonyl groups to form complexe" of the’
‘general formula (“L Rt )Loz(CU)é rhey found “that the

reactlon. whlch can be repreaented by equat%on (L-u—l),,

e . . ) .
& . ) . : C s
- .

™~ i . ‘ L ‘ ot " .
c-—c,o\ o C6~Cu -+ RC=oRY — {RCut)CoylCu)g +72 CO 2

(1~3-1)

]

occurs with various types of alkynes, and that the resulting

complexes are deeply ooloured oils, or low-melting solids,
and are diamagnetic. ‘The complexes were ‘alsg found to be

quite soluble in all common organic solvents.}

-

sxamingtion of the infrarcd spectra of the

complexes lcd these authors to conclude that the two moles

N
"

1
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~of carbon m&noxide displaced.by the acetyiehe were ‘the ,
'brld 1ng carbonyl groups. 1n addltlon, the position of -the
G-Il stretchlng frequency 1nd1cated that there was no . |

'carbon—carbon trlple vond in the (1021 )Coz(Cu)é complexes.

They bhcrefore suggested that the alkyne group brldged the

¢
' two cobalt atoms.- '_ C ) ‘
- ‘ﬁ"> 'Two p0551ble arrangenents for thls brldglng
\l“\'- .
structure vere suggested. Ln one the .C=C bond of the "

' alkyne is parallel to the Co-Co axls, and in the second it
‘is perpendlculur t0 the CarCo ax;s, eltH%r in the same
'_plane as thls.ax;a or above it. Sternber et al, favoured

the Tirst arrahgement from their studies of the infrared

spectra and dipole moments of the cbmplexes, but stated

ryaﬁ.a definite choice between the two ﬁostulated structures

~could not be made without X-ray structural evidence,

in 1959 .1y 22 prov1ded this évidénce in
rcportlnp the {-ray crystal structure determ'natlon of the
d;phenylagetylgne dicobalthexacarbonyl complex, e showed ‘
that_thé Ugsic structure-of_the compleyx is derived from
sﬁbstitut;on of fhe two bridging'carbonyl groups in Coz(CU)B.
as oriminally suggested, but that the C=C bond of the
acetylenc is not parallel to thg Co-Co axis, It was found
to be porncndlcular to the Co-Co axis and above it, as

illustrated in Figure 1@U—1. The phenyl sroups are bent

N
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Figure I-B-1. The structure of diphenylacetylenéhexéﬁ.

"carbonyldicobalt as taken from'réf.'22.



1




i el el

T B T M -

Y P

" with the. 0=C bond The C=C bond length of. ] 37 R 22,25 is
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back ‘away from the eo-vo a.lu and. form an annl or 1400

con91derablj lonrer than the C'P bond dennth of 1 ?O R 24

in thc uncoorclnatcd aﬂetvlgn The X-rav crvsta] atructure

-deternlnatlonu of ether qlmj]ar dlcobalthcxacarbonvl conplexeu

'

| have 51nce nrov1ded conflrmatlon of thls baelc structural

arranrement 25 50 C ;‘"

| With the, nub11cat10n of thlo crys ta] ﬁ,:llinf"u
structure elv suﬂpeoted two pos¢1b1e dChcmCa for the nature _
of the bondlng in thig® tvpn of comnlex~. Tn one th ﬂeometry'
about each cobalt atom is trlﬁonnl blnvrand and therefore

the cobalt'atomS'are‘considered‘to be 6395 hybrids., One of

these hybrid orbltels on cach cobalt atom iz dirncted to-

wards the contre of the C P bonﬂ of the alkync. Thisz scheme

is_illustrated in Figure I—B—Z. In tﬁe.second dcscfiption

the two cobait atoms arec d2

] . .
sp” hybrids and the carbon atoms
have been rchybridized to spz.”‘This second formulation
o AR - ¢ . Lo
requires the coordinated acetylcnic bond to be essentially
-~ B

a 0-C single bbnd; buththis is notl com*rﬂ;:.lﬂ'a viith the -

observed C-0 distance ol 1.%7 R-¢= lv fhnrﬂforc favourod the
first structure and also nointed out thatiit is-equivalent
to the metal-alkynn bonding schene sumsesiad by Shatt et al. ot

in which melial=te=11rand back-beandine oceurs in 2ddition to
the lipand-to-metal forward donalion. A lurthay discussion
of this is given in Szetion C of this Chanter.

-
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; ' " | Since t;e publlcatlon of these 1n1t1al
Teporis, further work 1n thls area haa shown that alkyne--
dlcobalthexacarbonyl complexes een bé formed’ from‘almost

: any‘mOlecuIeiooptaining‘the ecetylene éroup. in addition,

.o A ' it has been found'that they oan'be prepared;in<otﬁer ways

| | be51des the most general synthe81s in whlch the alkyne is

roacted w1th 00 (CU)S 32~ 3“

L
-

’ A comprehens1ve llst .0f the complexes whlch
‘have been reported has been publishecd by Llohson and 'e;
I‘raser, 13 The lagge-mauor;ty are compldxes. of common
organic acetylenes * but an'extensiye”eeftes of fluoro-
. carbon alliyne complexes has aleo been_prepared, ?3' ?5f41
as Woil as a series of complexes containing silyl, germyl,

2! :
stannyl and phosphlno acetylenes 30, 42-%7

Some
tranoltlon metal organometalllc compleyes containing
upcomplexed acetylene groups, ‘such as the methlnylnonaQ _
carbonyl derivativeszs_zéahq the ferrocenyl ocetylenes,ua-ug
olso form dicobalthexacarbonyi'complexes. Similar complexes
Heve also been prepared from di- and triecetylenes for which
. it found that each triple bond reacts with one mole of
| dicobaltoctacarbpnyl, even in conjugated acetylenes where
t . etoric cffects might be exhoctoﬂ to bo-a problom,.-13

.

TN ' Jliuch-of the interest in these acetylenic

i“' | dicobalthexucarbonyl comploxes,hes been concerned with the

chemical reactions which they undergo., uf particular

|
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relevance to thls the31s are Cu oubatltution reactlons
.

‘ynvolv1ng P, s and Sb donor llgandﬂ but these are

'dlseus ed in Sectlon Iy of this chapter. A few reactions'7
of more general 1ntere°t ulll be descrlbed here. A wide .
.varlety of reactions occur but partlcularly noteworthy are
‘those whlch involve Qhemlcal modlfleatlon of the acetylene-

+

~1ligand. ‘These are of considerable interest because of-

_ their possible-applications to synthetic organic chemistfy.n

A .
B .

Several repoftsihaee been published of
lﬂtudlcu of both . cu and alkyne exchange reactions in |
solutlon 50-53 Cetini et al. 51 have reported that the
'rate constant . for Cu exchan*e Qecreages Jlth 1ncrea51ng
electronefat1v1ty of tﬁf R groups on the acetylene. This

led them to guggest ihet exchanve must first involve break-
VlnP oP the metal- acetylene oond since the increasing.
.electroneéat1v1ty of the R groups would be expected to

strengthen this bond via back-bonding and wealken the

:metdl-CU bonds. It has also been observed that the rate of

exchanée is considerably slower than that'in'Coz(CO)8 and

.

its lactone derivatives, 52- 53 and it has therefore been

aug ested that perhaps the presonce of -bridging Cu groups

is necésoary Lﬂ order for the dicobualt carbonylu to undergo-

’

rapid Cu exchange. . o .

. - For alkyne cxchange it has Leen observed. -

e
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" reaction in. the uncoordlnated alryneu i‘or eAample,

: ‘rleccl Crafts acylatlon on (Ph Lz)Coz(Lu)s produces

= . . e T -

[ | - o R . ’ :i?
that an 1kyne whlch has very electronegatlve‘ﬁ groups can‘

-k

“dlsplace a coord&nated alkyne in which groups of lower

‘ electronepat1v1ty are present 50 The 1mpllcatlons of

‘thlo 1n relatlon to the metal-alLyne bond are discug sed in

."." ]

a 1ater.sectlon. o Llnetlc or mechan;st;c 1nformatlon on

-
.

theae alLync exchange rcactlons has been reported.

. ' : ‘o , "
.- licholas ana rettit,?dr 120 gng seyferth
and Uchman 121

4

of the conrdinated acetylene can be accompll hed. even’

,thouﬂh the same treatnent does not produce a parallel

S

((LH C(O)C6J4)Czrh)002(cu), whereas the. free dlphenJl-

acetJlene does not undergo acylatlon at al},  The pure

~alkyne can then be retrleved by, oxldatlon of the complex

u1th cc?+. 121 i furtner example is that’ the oleflnlc

,part of an dlhyne whlch contdlno doub]c oondg can be

'oelectlvcly reduced vihen the alkyne is dbordlnated to a

(Lo)6 fragmcnt the coordinated triple bond belng inert

!
to addition. 5 Theve oogervatlons have lcd to the

1
l'"uf‘fﬂ'r\l“

soestion of the general use of the UO?(CU)é fragment as a

. .- . . . N 5
“bloceking sroup lor alkynes in organic molecules., -

~. - . ‘
o,
lilcholas and rettit 22  have also reported
a serics of acid-catalyzed hydrolysis and dehydration
reactions which could not be accomplished unless the

have reportcd recctlona in uhlch nodlflcatxons
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: moleéule was‘cdordinated to a'dicobalthexacarbonyl groub;~

jThey have 4lso dlscussed the pOSulblllty thatoc—acetylenlc v

carbonium ions are stabllxzed by “the. uozgcu)é momety, and

- that this is the reason for the observed reactions.

*

Lactone—heptacarbonyldlcobalt complexes,

in whlch the 1cetylenc has been 1ncornorqtcd into a

lactonc,m01ety. are formgd when the acetylenlc'd1¢obalt—"

: héxacarbonyl_complexes are reacted with excess CU under

- Cu rrroub and a o'bonded carbon atom of the'lactone grbuﬁ. 5

quite scv®e conditions (70%, 200 atm ) 56 57, The two
cobalt atoms in the lactone complex have been_found'to-bér

no longer bridged by an acetylene‘molequle. but by'bothda
8

Hycrogenatlon of the butenobactono gomplex has been

l

- reported to result in the corresponding aturated lactone

itself, and .in butyric acid. 13* 3®  Un this basis it has

been‘su"gested that the fornation of dimethylsuccinate from

the reaction of Collyy. CU and Loz(bu 8 in methanol might

procccd via the formation qf-boB(Cu 9C~ conplexes which are
reportedly“fprmed from thenlacfone‘complexes. 13, 56
. _ -

| lhc reaction of (Lzb )Lo?(Cu)é derlvatlves
wlth cxeess ai}vnc also results in complees in which the
acetylene has been 1ncorporated into a completely different
limand. 36, b1, 59-63. These complexes have the gen;ral t
fofmula QOZ(GU)M(HCQR')B’ énq structural studies ha&e shown

s



R

.that the‘qeetylene‘has veen transformed into a speciesi;

'51ngle bond.

-133-

}

. which is egulvalent to two allyl groups JOlned by a C-C-

58’ 6% The llgand bridges the two cobalt

atoms 1n the comolex via cobalt—carbon g bonds 1nvolv1ng

T

the carbon atoms at each end of the chaln, and via bonds

- %o each of. the' allyl groups. ThlS type of structure has

bl

become known as the “flJ—over brldge“ uf partlculariu

1nterest is that degradatlon of such comolexes has been

reporued to result in the . formatlon of substltuted benzenes.

.In this way many t-butyl. trlfluoromethyl and phenyl

tenzenes of differing degrees of substitution have been
prepared. 65

Although the dicobaltheéxacarbonyl -complexes |
provided the first example,of a bridging élkyne:type-of'°
complex, several other metal—metél systems have-since been

observed to form similar structures. However, none have

lbeeﬁ7studied nearly as extensively as the dicobalt s&stem.‘

The most closely felated sjstem'is a series of compiexes

which have been prepared from the reactlon of hcetJlenes

with ha(PF3)8 by vennett et ai. 66 6? AN A—ray analy91e

of the structure of the fth disﬁbetitutcd cbmplex,
(thcz)nh (it )u(pth)z, has shown the same structural

features ac the ulcobelthe/acaroonyl conp‘excu. 66 These

.authors have sugges ted that the similarity between

ha(PFB)B and Coz(CU)BJmay be an indication that an equally

-/
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-extensive series of dlrhodlum—alkyne complexev mlvht be

prepared as has oeen observed for cobalt. 67

B . . \
" ¥

pennett et a1 ' °7 have also reported that

'these'rhodiﬁn frifluorobHOﬂphine‘edmplexes are‘stereoll

chemically non-rlgld in that 1ntramolecular exchange of the.

| .EFB group  ccurs.. ThEJ have~exR}a1ned this observatlon
by-sugges{Z:g 2 ﬁropellor—llke rota%lgg_ggﬂthevthree PF3

llgandﬁ about the ith-lth axis, w1th the acetylerne remalnlng

stationary. A prelln1nary 1nvest1gatlon by these . same

'authors .showed that: the same thln" is occurrln" in the

,acetylenlc dlcoealthexacarbonyl complexeg.
N :

Uther complefeo which have shown the same:
| br:Ldg:Lntr arrangement are the blg(cyCWOpentadlenJl)
re

complexes .of nlchel 68 anq palladlum.s9 In addltlon,

0
diiron % and diniobium n complexes have been reported

in whlch there are two such brldglng alhyne groun one

v

situated on either olde of the metal-meﬁal axis. In all.of'

“these ocomplexes, the acetylenic CEC.bond‘length has been
found to be considerably lengthened from its value in the
uncoordinaﬁe?tligand. as'has been found in ‘the dicebait
complexes, and the R groups honded to the acetylenic moiety
have been found to be bent back awvay from the metal-metal

axis forming an angle of ‘about 140°

LAY
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In order to enter into any discussion on

the acetylenic ﬂicobalthexacarbonyl compleKes and their

S

'subetifqted derivetives; it is nécessary'to describe the’

'bohding-between'the cobalt atoms and the three types of
. C’ .

t

ligands whigh are involved. AlthOU“h there are dlfferences

between the metal- LU, the metal~phosphorus. and the ‘metal-
alkyne bonda, they all have,the common +‘e::a.ture that, the
three llgands are all ﬂ-acceptors. This means that they all
possess vacant © orbitalg Wthh can accept electron den51ty
from filled metal orbltals. This results in a type of
-metal to- llgand ul back-bondlng whlch supplements the G-type
'_of llvand to- metal forward donatlon. The fact that stable
complexes of these llgands can be prepared in which the
'metal is in a low oxidation state is a result of this
B property, 51nce the high electron denSLty on ;such metal
atoms can be delocallzed onto the llgands. tach of the

-, .
three -types of bonds wi;l'be discussed separnately below.

_1. The jietal-CUL Uond

‘Liuch of the discussion in the fie;d of



e -3t~ .
transitioh metaf;carbonyl complexes has been related to the .
metal-Cu bond and to attempts to provide physical evidence '
- for the existence of = back-boooinrr 72-76 A detailed

molecular orbltal plcture of the bondlng 1n termlnal CU

N

groups has been formulated and is summar;zed here as
L‘follows- There is ilrst a c-type of forward donatlon from
the carbon atom to the metal vid overlap of the filled
carbon ¢ orbital (contalnlng the lone-palr) and an empty
metal orbltal Secondly, there is ﬂ_back—bondlng from the
‘?metal‘to the Cu ligaﬁd”via'overlap of a filled dm, or.hybrid
dpm, metal orbifal with an empty'pﬂ* antibonding‘orbitai of
' 77,

the carbonyl group. Figure 1—071 illustrates this scheme.

. Bonding of this type is termed "synergic".

. The drift of the electrons from thelmetal to the Cu Tigand
will tenﬂ.to ma]e the CU as a whole@hbre negatlve. and hence
inoreave its donor capacity, while at ‘the same tlme the

Tforvard donatlon to the metal w1ll make the Cu more pos1t;ve,

enhanc1ng the acceptor strength of the " orbltaIs. The

-’

PO

two parts of thé bopd are therefore mutually reinforcipg
- one another. yridging Cu groups are also observed io
which the ligand is‘bonded to two metal atoms and a
.synergib bond mechanism is also thought.to be operating

122
there,

A large amount of structural, spectral and



-

&

.

Figure I-C-1. Met,all_‘-éo_ _‘bdnd.ing' as t,ék_en‘from ref. 77.
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and kinetic evfdence'for ‘this type of bonding has been

preéented but the most dlrect phy31cal ev1dence is prOV1dedo
. t
by the vibrational spectra of the eomplexes in the‘CU

stretching region. 78 The metal-Cu bach donatlon results at;‘,;
in occupatlon of antlbondlnrr orbltals of the carbonyl -

group and therefore\regabes the Cu bond order. ‘Thus a

stretchlng frequency bands to 1ower
quen01eo should be observed on coordination-of the Ccu
ligand, The carbon monoxlde molecule itself hes a stretch-

-1

ing frequency of 2143 em —, and terminal CU groups are found

to absorb in the reglon between 2125 em™ Y and 1850 om'l. 78

Thus the ccpected reductlon of the bond order is observed

,; .  “This correlation has been extended in
- several wayo by varylng the devree of metal-carbon back-
. bondinyr in a given systen. For -example, substltutlng one

\

back—bonnlng ability causes the remaining Cu groups to : '

of the Cu llﬂands in a conplex with a llﬂand of poorer

accept Aar electronsVUJargreater extent. This oocurs in
order to prevé;:;an excess of negative charge.on‘the metal
. aton. Thus the metal-carbon bopd order is‘increased and
: :
the Cu bond order Turther reauoed. and a further lowering Z::/
' of the Ci stretching Trequency ig obgerved, 79 Uther
similar correlations have eorvod to furthor'substantiate

. . . . o
this synergic bond mechanism,



P

. .2, The Metal-Ehosphorus Bond 2 S .o

B : '{'.'\/’ ‘._"" :l.-f_‘“. .'_~' o . . . "-"_ ‘ . .\
.‘ . ' J .'._ _' “: : ‘l....l. - :. ) - o ; ‘ ‘ . '
. " _gﬁJL. : ngands contalnlng f, 'As or Sb ‘donor atoms:

form a vast number of tran81tlon metal complexes, many of
e .‘_%f whlch*are substltuted'metal carbonyl.derlvatlves. The

subJect has recently been comprehen51vely reviewed by

several authorS,SO - 84 and as in the case of the cu

cqmplexes, much of the discussion has centered on the

nature of. the metal-ligand bond.

<Such ligands.are found to be quitehstropg
92 ' '

Lewis bases, and therefore it is ¢onceivable'that‘tﬁe

llgand ~to-metal ¢ donatlon mlght be a conolderably more

-

1mportant ‘part of the bond than is the case in metal—

Il

o carbonyl bondlng._ lowever, these donor atoms have empty dr
o;bitals which are-suitable.for dm-dm mgtal—tofligand,back;
bonding, such a schehe'is illustrated in Figure EFC;Z,

o dflthe ¢ and w contribuﬁions to ‘the bpnd} 65-91 but it is

now genérﬁlly felt that a'syncrgic bond:ﬁedhanism similar

to the metal-Cu bond is operating,_af least in complexes in

. which the metal is in low oxlidation states. 85'-86’ 93

N

9.

v
1

. ‘'he metal-as ann metal sb uonds are 1n01uded
) in this deacrlptlon. - :
S - : ' .

a2

[P

-

- _ liuch discussion has taken place on the relative importance.

Loy
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_complex.

" - opposite is_observed. From this it is evident that back- |

~141- -

The most dlrect evidence for the exletence

»
L

of thls dﬂ-dﬂ back-bondlng comes from an 1nvest1gatlon of

"the metal- phosphorus bond lengths in (P(UPh) )Cr(co)5 and

(PPh ) (CU) 1n the P(UPh) complex the (P-Cr bond lengtth'
q° .

has ‘been found to be 0.011 R shorter than in the PPh

3
195,796 . The extent to which back—bondlng dccurS

in these -complexes should depend on the electronegativity

of the groups‘attacﬁed t6 the donor atom. in thaf,'as the

‘electronegativity is increased, a decrease in the g-donor

ability of the ligand, and an increase in its ﬂ-acceptor

ability, should result. If only the g- bondlng iss 1mportant, =

then the P-Cr bond in the P(UPh) 5 complex should be weaker

and lohger than that in the PPhq complex, but exactly the -

donation does have a role in the'metal-ligand bonding, -

.

ﬁ . LY *

lnfrared spectral studiee have’ proven to be

a useful tool for the cla551flcatlon of the relatlve

i donoruacceptor ability of- ligands of this type. 1In geneqal, ;

it is observed that substitution of CuU groups in metal
b . :

éarbonyl'complexes by, these groups causes a decrease in the
Cu stretching frequency. The CO stretching frequencies are

also observed to decrease-as the degree of substitution
.o, . "‘ . . . .
increases. These observations are explained by suggesting

that the effect of substitution by a ligand which is a

stronger donor and weaker achptor than CU is o increase
' 7 »

§



reported that NO(GU)6 umdergoes substitution by.P(n—CuH
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the overall charge donatlon_ﬁﬂwthfgmetal.. Thl 'f" qpn
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~ should- 1ncrease the” Externt of metal co back-bondlng toﬂthe

- .o 4’“!“

.remalnlng CO groups thereby reduc1ng the CO bond or&er’and

'cau51ng the decrease 1n the CQ stretchlng frequency, 85}'93

'S : ‘ : " "“. "' A | ' X
' ' As ‘briefly mentloned 1n Sectlon A of;thls

‘. chapter, this increase in metal CU baek-bondlng which .

accompanles replacement of CU is expected to exrengthen
the.metal-carbon bond to the CO groupyand thereby make
further displacement of CO more di@ficult. 8& -The best

examples of this effect are provided by thelseries of

S 1(C0) complexes (M = Cr, Mo, W); For example, it hdg been
6. | X g

9)3

via a CU dissociative mechanism at measurable rates near-

100°, but that further substitution of CU in the monog

. B | | s
' substituted product requires temperatures. above 100°, 87, 97

It has also been found that complete substltutlon of co 1n

these complexes 1s “not. generally possible except for PFB'

. ‘f
J‘J‘\ '
v i) I-t

{3‘jpy

* ."l_“-"' o

which ;s»at least as good &z m-acceptor as CO, and for"]'*f

multidentate ligands. 8

3. The Lietal-Alkyne Bond'

The presently accepted description of the

— \

metal-allkyne bond in what aPe\referred to as m complexes

also involves a synergic bond mechanism similar to the
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"métal-cd-and metal:phésphorus.bonds. 'This model ﬁas :

. -orlglqally prqposed by Dewar ?; and by Chatt et al. ?9 to,

T

explaln the bondlng 1n.metdlholef1n complexes, ‘and was
‘later extended'to‘lﬁ;lude acetylenes 5*' 100, 101 It

involves a d—type of. forward donatlon from the llgand %o
- the metal’ via bverlap oﬁmthe pr bonding orbital of the_"

ligand with eﬁpty metal orbitals., Letal-to-ligand back-

]bonding‘theﬁ oécuré by overlap of the filled. dﬂ. or-hybrid .

Idpﬂ, metal orbitals with the llgand pﬁ antlbondlng
orbltals. Figure I1I-C-3 1llustrates this scheme.‘ In the
~case of acetylenes, there are two mutually perpendlcular
"degenerate pm orbitals, and therefore these ligands are
capable of being ben&ee to two metal atoms in a bridging.

--tjbe of structure.

An. 1mportant dlfference between this model

- and the metal CU‘or metal- phosphorus bondlng scheme
descrabed prev1ously ig that-the llgand:to—metal Lo/ tyﬁe_ ‘

\\epmponent'of the bond does not involve ibne—pairs in a

| orbltal“ of the donor atom, but 1nvolves T electrons in
t bondlng orbitals of the ligand. Thls is the reason for
the classification of these complexes as 7 ‘complexes.
.There has been con;ideraﬁle discussion in the literature,
in refercnce to non-bridging alkyne complexes, as to
‘whether carbon o orbitals-ere inﬁolved in the bond to any.

4-6, 10, 15, 102~106 ' |

great cextent, but it is generally

»

?
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felt that i 1s malnly the . bondlng orbltals whlch make

f B
up the forward part of the bond. 10 . '~. , '

. A8 mentionéd‘in Section B of this chabter, : o ;
Sly 22"~ was the first to suggest that this type of bond I
exlsted in the dlcobalthexacarbonyl acetylenes on the basls.

of hlS structure determination of the diphenylacetylene

- la”

complex. ‘Cetini et al. 50“h&ve more recently suggested i
that perheps the K back-bcndlng is the more 1mportant part .
of the bond based on their study of the relatlve stablllty l. - E
‘of a series of complexes in which the electronegatlvity -of
the R and R’ groups of the acetylene ligand is varled. The
suggested explanatlon of the results was orlglnally put |
forward by Chatt -et et al,. 101~ in a s1m11ar study on platinum-
acetylene complexes, and is summarized here as follows:
If the R groups are electron donors, thls will render the
acetylene m orbitals more easily avallable for the formation
of the ligand- to-metal forward donatlon. On the other hand,
T a group with a very electronegatlve substituent epoﬁld
facilitate the back—donationﬁb}'electrons cy.lowering the

energy of the acetylene m antibonding orbitals..

Cetini et al, -V observed the following (/
order of stability in that each acetylene can replace in the

complex, the derivatives which follow it, and can oe replaced ¢



“

. coordlnated ligand 1tself

i stretching mode.

YT

.
13 aﬁﬁ’ '\ uc,-. R

.<CF3)2¢2 Re ‘0090“3?2°é > (Cets)a02 > CH300gH5 7 '

(CH )2 5 » -HC, 06H5 > 1{c CH3 7 H202 7 (CHEN(CZH5) )202

‘Therefore 1t appears that the. lncreased stablllty is llnked

to the higher electronegat1v1ty of the R groups, and there-

. fore with" a*weak © bond;(forward dondgtion) and a strong

@ bond (back;donatien).

meré'conciusive evidence of a considerable
degree of back-bonding in these complexes has been provided -
by infrared spectroscoplc studies centered on the °
3 107’ 108 The v1brat10nal

spectrum of (HC:CH)COZ(CU 6 has been completely'a881gned

-and a bandfst 1402.3 om~} has been attributed to the C=C

8,9 107 pnig bana is 570 Cm_l lower

{ © e .
than that in the free ligand and thus a considerable

n

reduction in the C=C bond order is confirmed. Similar

shifts have been observed inlthe methylacetylene (590 cm’l)
. rn .

and dimethylacetylene (680 em” )'complexes,108 and in
transition metal alkyne complexes in general, 112 In the

. dlcyanoacetylene complex a reductlon of both the C=C and "’

Cz=il stretching frequencies has been observed, 109

The observation of these chenges‘in the

. ' T %f%g*.‘kﬂ.—‘wa f;;(* *-.'t.‘ o N
by - ﬁhﬁse whlch prebede 1t: -ﬂ“{*wf.r{}~f‘-*vf¢-f~§'“ e el
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'agetylene ligand on complexation has led to suggested

. L . L .
bonding-descriptions'based“on the similarlty of the
&
coordinated alkyne to electronic exc1ted states whlch have

been reported for the uncomplexed llgand. liason 12

hés N
recently-conéidered the idea that m bonded ligands in
general can resemble the spectros&oplcally observable exclted,

states of the free. molecules. and thb observed cls-bent

geometry of the coordinated’ acetylene in (Ph202)002(00)6

' lled him to suggest that this relatiegsh] ight apply to

tran51tlon metal alkynes. 'He based this on the work of

Ingold and King 110 4ho have reporte the HC=CH

molecule, promotion of an electron from ghest bond-

ing orbital to the lowest energy ﬂ antlbondlng orbital

leads to a trans-bent excited state which shows a complete

. change in ¢ bond hybridization from sp to trigonal planar

'sz. _Maéon has suggested that, since a similar cis-bent

excited state is expected-to’exist which has almost the

same.energy, 10’ 111 this would be preferred in the

' complexed state because of steric interactions with the

C62(0036 part of the molecule. o .

. / |

)
R

Iwashita et al. 9 have. performed a normal

: L .
coordinate analysis on the acetylene ligarnd fh (HCECH)COZ(CU)G '

which they suggest confirms the-likeness of the coordinated
and free excited state acetylene in vibrational frequency
and structure. They have stated that this similarity must

arise from occupation of the ﬂ* antibonding orbitals of the
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ligand by electrons from the Co-alkyne bond through.w back-
‘bondlng.' They have further concluded that this 31m11ar1ty
_ 1nd1cates that in the HC=CH complex one electron is
_completely subtracted from the bond = orbltals of the
llgand (o component). and that just one electron is added
. to the ﬂ antibonding orbitals. (m component). This 1s_'
ﬁﬁqulvalent to the effect of the electronlc exc1tat10n in

the  free acetylene molecule.

s,
&

Iwashita et alilpsllater reported nmr

studies on acetylenes complexed in this way, and have found

that the values of the Jc-

, coordinated acetylene uf‘w
molecules rather ‘than those of free acetylenes.. They
therefore have suggested thrs to be further ev1dence of the
change in bond. hybr1z1zatlon from sp to sp? on ¢oordination

;. of the molecule,

‘More recently, 1nterest has been shomn in
corr 1atlons betweeﬁ the degree of bendlng’ln the
coorjlnated acetylene molecule and the extent of the w back;
bondlng. This has been discussed briefly in the 1ntroductory

sectlon of thls chapter, Blizzard and Santry 10‘ have used.

%
d

iU calculatioms to investigate changes in the HCC angles of -
HC=CH as a function of ‘the population of various crbltals.
The results 1nd1cate that simple subtractlon of" electron

density from the 1 bonding orbital (equlvalent to ¢ forward
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-'donatlon) does not lead to any bendlng in the molecule, but
. that there-is a direct relatlonshlp between the degree of
bendlng and the amount of electron density added to the v
antibohdihg.orbitalx(equivaleht & ba‘k-oonding)- Further-
more; the Tesults also indicate'fhat'simﬁlfaneous’removal
fand addltlon of equal amounts of electron\denslty from and

=_to the m and ﬂ _orbitals respectively causes an even -

greater bending.

These authors have stated that quentifative
predictions cannot be made since the:two effects are

operating together to bend the molecule. but have concludad:

R qualltatlvely. the results do 1nd1cata that any 1ncrease
- ;1n Lt back—bondlng to the acetylene should be aocompanled by
.dan increase in the bendlng in the molecule, They haVe also
.'suggestaithat the mere presence of a c1s-bent acetylene
~ligand in a tran51tlon metal complex is @ strong indication .
that = back bondlng is occurrlng. More'recent extensions
of this type of calculatlon which include the metal atom 10

are in agreement with the predictions of Blizzard #nd Santry;

Experimental tests of this relationship are
- ‘ ’
" lacking., Blizzard and Santry have suggested that a

reduction in the 2s character of the C=C bond should
accompany_comglexation of the acetylene ligands because of

mixing of the carbon ¢ antlbondlng orbitals with the m anti-

bondlng orbitals used in the back~bonding. Therefore they
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.‘have'eﬁégeetéﬂ that nmre studiee night'profide'Véfification % '
Vof thelr results. partlcularly -studies - of changes 1n the
C=C nucléar 5pin coupllng constant ThlS exper;nent has |
not. been carried .out, but Cook et al. H have met with- some
| success in u51n~ 3L H coupllng constanto in platlnum-
 aoetylene oomoloxes to predlct the bend- -back: anﬂles from
the percentage of S character_ln the carbon atom_hybrld o
orbitale.‘ | o |
L meﬁ%esland Payne‘112 have recently rev1ewed‘
lthe'strootural and infrared.&ata on fourteen non-brldglng
tran51tlon metal allyne complete* for which accurate
stpuctupes are available. They ‘have. round that there
appeare to be a general-trend such.that as the C= C bond is
lengthened upon coordlnatlon, so the bend—bach angle o

s

inoreases} ' However, this is only qualltatlve‘and
. o : ‘
exceptions were obs erved. ‘These authors have also shown'
* - ! ‘_'3 ' . ,' . '_ ' t ) *
that there is a reasonably straight line relapi@nghip

between the degree of bendlnr and - the magnltuddﬁof'tne

. shlft in the ¢=C atretchlng frequency, but ‘have suggested-
the need for further pfeoiee x—ray‘strucfu{e determinations
in ofder to provide VQrification of this. }aft of-the

- reason for the work presented in this thfﬁ}o wvas to
1nvest1gate the p0351b111tJ of preparlng ‘series of "
_complexes for an eventual studJ of this type using % ray

A crystallography.
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Seetion L« SUBSTITUTION'REACTIUNS OF ACETYLENIC DICUBALT-

HEXACARBUNYLS "WITH P.~AS AND Sb DONUR LIGANDS

Reactlon of the acetylenlc dlcobalthexa-
_carbonyl complexes w1th the heavy Group V donor ligands |
has been, studied prlmarlly with trlphenylphosphmne.
It has been found that reactlng the llgand and the complex
together ln refluxing hydrocarbon solvents for several hours,
' results 1n replacement of one or two carbonyl groups to |

form cpmplexes of the formula (RCZR )Coz(CO)jPPh3 and

3)2..8.'33. 357371 521 593 113 qne same

results can also be obtained using ultraviolet light.

(RCZR')QPZ(CO)h(PPh

These substitﬁted derivatives ‘are generally‘air—sfaple; N
‘dark coloured, erystallene.solids.wifh_melting'pointe higher
than fhe parent uneubstiputed'comple;. 13 In ;elafion te
theif stability, it has beeh‘reported that (CF3020F3)CO (CO)E-
'(PPh3)2 is con51derably more etable to air ox1dat19n than
the. parent hexacarbonyl 36

3

Other donor ligands such as AsPhB, SbPhj.
PPh,Cl, and P(n'--Cch))3 have also been observed to form

114 46

monosubstituted complexes, and P(UPh)3 ang -

P(n—CuHQ)3 114-16 have been repqrted to form dlsubstltuted

complexes, A list of all of the substltuted derivatives
. - !

which have been ‘repor:%v the literature is given in
Table I-b-1, Lo
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.- o . TABLE I-D-1

KNOWN COMPLEXES OF - FORMULA (RCZRf)CQZ(CU)é;n(%)h o

" o .

'RC=CR"™ . . L . n N Refe{sncaé'
HCéH.a o PPhs L8, 3 113
HC,H - . PPhy 2 8, 113
PhC,Ph ~ PPhy St 59 | .
n?hCZPh o PPh3 | . % .-- 59 . .:.
CFJCZH. | " PPh3 ..‘ - 2 ;- . 37 |
qF3026H3 ) ; PPhj 2 < 36
CF4C,0F 5 - PPhy 2 13
CgF 5yl PPh, 2 $33
CeF sCoCeF 5. PPh, 2 33, 3%. -
qug: -~ AsPhg 1 114

" PhC,Ph AsPh, 1 R S ¥
CF 4C,CF 4 AsPhy * Ao ik
HU,CC,00.H AsPh 1 11k
PhC,Ph SbPhs 1 11k
PhCbh . P(n=CGyHg)g 1 114, 115, ;}6
PhC,Ph P(n—C4H9)3, 2 ‘ ‘114. 115, 116 _
Pgi?Ph . PPh,Cl | o 1 114
"PhC, PR PhoPC,CHy 0 2 b6
(CgF o) pbCorh . P(UPh) 5 - 2 46




~153-

‘-\7-'

™~

These substituted derivatives have also been .

 prepared in other.ways, Reactlons (I—D 1) and (I-D-2) have

fesultediin the dieﬁbstltuted complexes shown, 33 115' 116

and both mono- and dlsubstltuted complexes of PPh3 have
been prepared by reaction. (I-D- 3) 34 S

' L}

C‘°z(,c“)6(P({1.-¢4Hg)3.)5.-__ b PthPh' '—fb o

(PhczPh)002(00)4(P(n-04H9)3)2 (Iﬁn_Qg B

((CFg) 0p)C0u(C0) g+ b PpnB"ﬁ e
2-.((clng)2cz)cb2,(.qo)u(PPh3)'2j ‘:(I-D-Zli |

SR
2 HCo(CU)) .+ HCSCH ~ + . n.PPhy ——h

| AHOH) B0, (G0N g (PP, (n =71, 2)

A o I (I—D-a)

Hecg 113 has reported a ejudy o: the
Kinetics of thé redction of PPhB‘ with the HC=CH and the
CH30H20 CCH20H3 dicobalthexacarbonyl cemplexes, and has
suggested that the substitution first invelves dissociation
of ene carbonyl ligand to form a bridging carbonyl speciésﬂas :

\
thé rate determining step, and that attack by the phosphine
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‘;theafoqcursix{a faet.reaefion. Thls scheme 1s 1llustrated
' 'iﬁ'Figure 1-D-1, ,Heck has glven no, spec1f1c evldence for
thé/;xlstence of’ sudh a brmdged 1ntermed1ate but has made
this suggestion in order to be con91stenf with:the

/‘—'-

8
observatlon that at least one brldglng carbonyl grohp is

© necessary for fast CO -exchange in dlcobalt carbonyl“
compiexes. This has been mentloned prev10usly 1n Sectlon B

of - this . chapter. !

114

Cefini et al. have studled the rates of

these substitution reactions as a fungtion of the'aéetylene
..grdup present in the molecule, and on the basis of these
results have suggested a mechanism ;a which a partial

_ dissociation, or loosenlng,_of the Co-acetylene bond is fhe
rate deterﬁ}qing step. Thls suggestlon was based on
_observatlons—-lmllar to those made earlier by them whereby
the’rate of CO exchange in these complexes was found to
decrease with an increase in the metal- acetylene bond *
"etrength (see p. 130), ° |

115, 116 have more recently

Basato and‘Poe'
reported a study on the kinetics of the substltutlon of CO
by‘P(n—CL\LHg)3 in (thcz)Coz(CU)é. They have found -the
reactlon to proceed in two clearly separate stages
correspondlng to the formation of the mono- and dlsubstltuted
complexes respectlvely. The kinetic data have been

interpreted to indicate that both sﬁaiif proceed by

s
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" concurrent associative and dissociative paths, ih contrast -

: _'to the reeolts of Heck and of Cetini. Basato ard Poe have’

also reported. that the first stage of the reaction,which
ig the formatlon of the monqsubstztuted derlvatlve. proceeds

at a’ somewhat fastej,rate than the second stage.

Substltuted acetylenlo dlcobalthexacarbonyl -

complexes have also been prepared with bidentate llgands of

the Group V donor atoms, For example, the reactlon of

1

(PhGZH)Coz(CU)é with 1,2- bls(dlmethyLar51no)tetrafluoro-
CYClObUthE (ffars) has been reported to result 1n the -
substitution of two CU groupsoto form (PhC H)Coz(co)u(ffars) 118b »

_ The same complex can be prepared by the reactlon of PhCzH

" with Coz(CU)6(ffars), and the phosphorus analogue han

also been prepared ih a 51m11ar reactiom. 118 The ffars

a-

ligand has.al 50 been observed to exhibit monodentate .
behaV1our in giving a monosubstltuted complex of the . e
formula (rhczH)Coz(CU)S(ffare). mhls can be subsequently
converted to the disubstituted comp}jzsby heatlng it 1n

- 118 -

lio structural studies of acetylehic

*

- defrivatives. of this type have been published but it has

. been suggested that the bidentate ligands are bridging'the

two cobalt atoms, rather “than both donor atoms belng o o,

bonded to the same cobalt atom. Thls 1s what has been
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‘ been reported for the Coz(cur%(ffars) complex. from whlch

,‘ 15& the acetylenlc derlvatlves can be. prepared, based on the

lgwi
L} e .

C i

P

~

e

=

.
S of complexes -of phosphlnoacetylenes of the type thPCZR

x-ray crystal structure. 17 Lo o "‘:d S

-

$ Carty et al. 30 %g. have reported a éerles 'j'-zﬂ‘ .

where both the alkyne moiety and the phosphorus atom are .~ °
coordlnated to a’ cobalt atom. The complexes have the

general formula Cou(CO)lo(thPczR)z. and the x—ray |
crystal structure has shown that they are essentlaly dlmers

df two Co unlts brldged by two phosphlnoacetylene llgands. f'

h!

Bach Ph PCZR llgand 1s bonded to one 002(00)5 moiety v1a

R the acetylene part, and to the other via the phosphorus

’(;route,as the oneiused in this work but were formed by ..

b

atom.‘30 | These complexes dre’ therefore analogous ,to

monosubstltuted hexacarbonyl complexes. It has also been”

‘ reported that further replacement of- the CO group@ can occur’

]

to glve complekes whlgh are analogous to dlsubstltut%d
Lé

|72

hexacarbonyl complexes.

oy

St Not long after the work descrlbed in thls

i . o
thesas was carrled out, Fukumoto et al..__lji9 reported a o

L]

ser1es of acetylenlc dlcobalt complexes contalnlng bldentate

7

N llgands. ome of whlch are equlvalent to those prepared here.

N e
These complexes have the general formula (PhZCZ)Co (co)u .

“*(ph hCH'nPh ) (1 = P, As, Sb), and are therefore'
2

:dgsubstltuted. Howcver, they were not prepared by.the\Same ‘

' -
o

" : 2. ' (’ )
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s

" flrst-reactlng the llgand w1th Co (00)8 and subsequently:'

R}

3'treat1ng the resultlng Coz(CU)G(Ph hCH m}h ) conpley w1th'“

. dlphenylgcetylene to glve the brldglng alhjno complex.:;"

e

'These authors havo r'ugg_eeted a structure ‘for thege complexes

i in. whlch the bldentate donor llgand brldgeg the two cobalt

"'.complexes have been reported. ln “the preparationﬂ of

-'laboratory..;w ;kf

[atomo, but thlu had already been shoun in a nrev1ously

"reported X-ray crystal structure determlnatlon of the

phoSphorus complex done by other workers 1n thls
1, 2, . .

LA

P

s v ho atteé%%s ~aimed spe01f1cally at cihalng

\\ N
substltutlon beyond two carbonyl roupu in the e.acetylen;c

the Varlous complexes mentlgged above, llwand/comolex mole
ratlos 1n excess of 2 1 were not- cenerally used, . and the
reactlon ndltlons wete Qulte mlld compareu to those

oot

requlred or vub titution of more than one Cu group 1n.‘ﬂ‘
ol

other tran31tlon metal conploneo._op‘ This was an

;¥f}catlon that there was. a sﬂron p0531b111ty of oelng

able to cause ;urther subotltutlon if more severe. oonaltlons

~ vere useéd.

o

However, gee footnote (a), p. 122,

a4

' a

1,
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" CHAPTER 11. RESULTS AND DISCUSSIUN: THb PRLPARATIUN AND

CHARACTERIZATIUN OF SUBSTITUTED DhRIVATIVES.

\

]

~ SECTION A. DERIVATIVES OF NMONUDENTATE LIGAHDS

T

-1, Preparation of Mono- and Disubstituted-Derivatives

: . o PO BT
LAV o el e s AT ek el T e, s Al

§

-:@{. Dlphenylacetylenehexacarbonyldlcobalt was
found to react readlly with one or two moles of several
phosphorus donor llgands to form complexes of the general
formulas (thcz)Coz(GU)S(L) ‘and (Ph )Coz(CU)H_(L)2 |
respectlvehy . Table II-A-1 llsts the complexes which have. .

FY R S

been prepared along wlth their characterlstlo colours and - . :

[N

(IR,

meltlng points, The compounds are found to be dark red, or

.
N g

' brodﬁ. crystalllne solids that ére-quite air sfable, even

in SOlution. Those 1nvolv;ng the trlalkyl phosphlnes and -

et MEF 2Lt

phosphltes are very soluble in hydrocarbon solvents such as

A Zira”

&N
pentane and hexane, but are almost 1nsoluble in very polar '

solvents such as methanol, The complexes of the trlaryl o ' )

FRCIRT LI, NPT

'derlvatlves are consmdérably less soluble in the hydro-"

carbons. .
-~
. ' 'Phe.syntheses were generally carried out by

: 3
<. i .

o .. =159~
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PABLE IT-pA-1

Y
-

.~ 'MUNU~ AND DISUBSTITUTED DERIVATIVES UF (PhyC,)Co,(CU)

[

-

L 4

S *‘ , '(Pﬁécg)COQ(Cd)s(L)' "(thcz)cpz(CO)&(L)z

@
v

P(dCHB)B‘- Dark red crystals

¢ mep. 103°-106° .

P(OC,H) 5 -

.P(U-i-Q3H7)3 -

P(0Ph) 5 Black crystals
' " m.p. 110°-112°

3  -Brown crystals

© PPh
| m.p..192°-194°

b

4

P(n—Cuﬂg)j ‘park red crygtals‘f

m.p. 85°-87°

;4

Dark red crystals- ,'
. C Y0 0. "
.mopu 152'"156:_{

Dark red crystals
m.p. 100°-102°
N 3
iyark red crystals
_m.p. 107°-109°

Red crystals )
m.p. 185°-187°

Red-brown crystals
m.p. 220°-222°

‘Da;k'red-crystéLs

‘m.p. 99°-101°

i

] L
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refluxlng a solutlon of ligand anc comolex in he ane-in the .

desmred mole ratio under an atmosphere of nltrogen gas. -
Rapld evolutlon of CU gas was usually observed for the flrst

‘half- hour of the reactlon but longer reactlon tlmes were

' always allowed to ensure complete formatlon of the de31red

product. Thls reduced the pos51b111ty of fornlng nlntures

of the mono- and dlsubstltuted products and thereby

facmlltated purlflcatlon.“ )

-

o,
- .

‘Isolation'offthetcomplexég'was accomplished

‘either'byrcrystallization from.the reaction.mixture or by

‘evaporation of the solvent in 2 stream of'nitrogen gas or

in vacuo. They were subsequehtly purifiecd by chromatography

and/or repeated crystalllzatlon from a sultable solvent

mlxtl' Conplete ‘details of the synthesn..: of each

[compound are ~1ven in Sectlon B of Chapter 1v,

o . f -

The complexes were identified -by their

elemental analyses and/or the characteristic pattern of - °

co stretchlng bands in. thelr 1nfrared spectra (see beleu)

" The analJtlcal data are-blven in Table I1-i-2.

- Wlth the e'ceptlon of the tr1~n-butjl— .
phosphine and trlphenylphOSphlne derlvatlves, the compounds
listed in Tgble II-A-1 have not prev1ously been reported
However. substituted d1phenjlacetyleneaeyacaroonyln1cobalt

complexes of several other donor ligands have been reported
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TABLE Il=A=2

. ELELENTAL AUALYSES UF FONO= AlD DISUBSTITUTED DERIVATIVES

UF (Ph,C,)C0,(CU) ¢ HAVING THE FORHULA (PQéCz)Coz(Cojé_n(L)nl.

T Analysis (%)
- L n ‘
| c. . H Co ., B

.‘ I"

'4I'Pfocn )= J1 .Found .L47.2 3.4 - 21,8 5.7
S )7 Gale. 5.2 3.5 21,97 5.5 .
P(OCHy); [ 2 - Founa Bh,o 2 17,8 9.5
¥3 17 cale, 43,9 4.3 18,0 9.3
P(UC,HL) . 2 . Found 48.8 5.6  15.8 8.6
U }’[ . . Oun » . [] [ ] )
_ 2°5°3 7 -7 " Cale. - 48,7 B4 16,0 B .
P(O=1=C.di ) 2. Found . 52.3 6.4 14,2 . 7,7
_35{-7.3 . Calc. 52.3 6.3 14, 7.5 @
P(UPh) ij“ 1 Found . 59.0° 3.4 16,2 4,1 - -
=R calc. 59.5 3.4  15.8  h.2
P(UPh), . 2  Yound 63,2 3.9 11.3 6.2
S Cale. | 63.0 0 3.9 1.5 6.0 -
_ PPh 2 Found - 69.5 WM . .12.5 6,7 ji'f .
3 B Cale. 69:5 4.3 12,7 - 6.7
'n--:P(n-cung) .2 Found 62,1 .. 7.6 14,5 'Z%.9’;r .
S .. Gale. * 62,1 7.9- k5 76
..ili; )
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f as well as those contalnlng acetylenes other than Ph,C

g
B

- benzene for the dlsubstltuted complex. . ghus dlfferent

-163-

272°
‘The known complexes of this type have been rev1ewed in

Section D-of Chapter 1. No 51mple mono-‘or dlsubstltuted

oomplexes of any of the trlalkylphosph;te 11gands used herel '
f‘Qﬁg@ prev1ously been descrlbed. T

Comparison of the tri-n~butylphosphine

and 'triphem"lph"sphiﬂe- complexes .prepared here with those ¥

reported by otherS' 1ndlcates that they are identical in

e

"’all cases. Both (thbz)002(00)5(P(n-CuH9)3) and (Ph Cz)-

o

COZ(CU)Q(P(n-Cqu)B)2 have been described in connectlon -

with two klnetlc studles on these substltutlon reactlons,

*

and thelr reported 1nfrared spectra in ‘the CU stretchlng
114-116

1)

hreglon are 1n agreement with those recorded here
1n the case of the PPh3 complexes, (Ph )002(00) (PPh ).
and (thcz)Coz(Cu)u(PPhj)z. “the 1nfrared spectra in the
Cu stretchlng region are 1dentlcal to those reported by
'Kruerke et al..59 but the reported meltlng pomnts of
143°-145° for the monosubstltuﬁgd complex and 150°- 153

, for the dlsubstltuted complex are not in agreement ‘with the

values found here of .192° 19u°'and 220° 222 respectlvely.

. difference. In thlskyork the compounds were recrys%alllzed

from dlchloromethane/hexane mlxtures, while hrUerke used

dlethylether/llgroln Tor the monosubstltuted complex and-

Two poss1ble factors could account for this,

>
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orystalllne modlflcatlons may have been obtalned... !

Assoc;ated solvent molecules are not expected to be a factor
"51nce the elemental analyses reported by Kruerke for both :
.the mono- and dlsubstltuted products ‘and those reported here
| for the dlsubstltuted product are all in good agreement
.Pw1th the calculated values. It is also poss1ble that this
',dlscrepancy in the meltlng polnts 1s due to the Hact that
' those of Kruerke were carrled out in alr and decgmposltlon

‘ was observed while those reported here were carried out in

- an atmosphere ‘of nltrogen -gas ‘and- meltlng was observed.

-

'2. 'Preparation of Tri- and Tetrasubstituted DeriVatives.L
'si'

i v Although replacement of more than two
carbonyl groups in any aoetylenlc dlcobalthexacarbonyl “
complex has not previously been reported, 1t was found here
that trl- and tetrasubstltuted derlvatlvesrcan ‘be prepared
'by uSLng hlgherftemperatures than those requlred for mono-

: or dlsubstltutlon. Inltlal attempts to cause further
" substitution using large excesses of P(n—Cqu)B, PPh3 or’
P(UPl'i'c}T3 in reflux1ng benzene were unsucdessful but “the

.41
‘use of mothyloyclohexane (b. p..100 iﬁand the ‘smaller

)

‘phosphlte 11gapds led to the formatipn of (thCz)Coz(CU)2

(P(UCH tand (Ph )002(00) (P(UC 5)3)u ‘ The anal.ogous
‘F tetrasubstltuted derlvatlves of (CFBC CF' )002(00)6 were .-
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also prepafed. Ude of a llgand/complex mole ratlo of 5-1
exactly 3:1 resulted in the fornatlon of the trlsubstltuted
- complex, (th 2)002(00) (P(OCHB)B)

-

. . Table II-A-3 llsts the flve complexes whlch '

.Lhave been prepared. Complete detallscu‘the preparatlcn of j

‘:each are glven Sectlon B of Chapter AV. The’ dlphenyl-
acetylene derlvatlves are dark red, crystalllne sollds,

whlle those of hexafluoro-z—butyne have an orange—red g

appearance. They are considerably less- stable in solutlon
.

than the dlsubstltuted derlvatlves and attempts to purlfy
: them by chromatography on 3111ca gel resulted in a '
dlscolouratlon of the column material indicating that

" decomposition was taking place. - : T -

Identlflcatlon of the complexes vas

accompllshed by their, elemental analyses and their 1nfrared

Spectra 1n-the CO stretchlng reglon. “As in the case of the

mono- and dlsubstltuted complexes, characterlstlctpatterns
. of peaks in thls reglon allowed 1dent1flcatlon of those
lcompiexes for whlch elemental analyses were not carrled
“out. The 1nfraigd spectra are dlscussed more fully in the
next kectlon. The elemcntal analyses "are 1ncluded 1n '

Table Il-A—B.

RS
‘ -

*" 'Attempts to prepare tetrasubstituted’

]

‘/ﬂ\ .".'.
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-

'derivatives with ofhee\;h c'phine and phosphite'ligands-

were unsuccessful. Reactlon of the dlphenylacetylene

‘ complex with 1arge excesses of P(O-J.-CBH?)3 or P(U-n—Cqu)j‘
in refluxing’ methylcyclohexane for L8 and 80 hours

respectively dld not result in tetrasubstltuted complexes,

-~ although eﬁamlnatlon of the infrared spectrum of the

reactlon mlxture around 2000 cm -1

1nd1cated that some‘
subgtztutlon beyond two CU groups had taken place. A.
51m11ar result was obtalned w1th P(UPh)3 after a reaction

time of six hours, but 1onger’actlon tlmes (12-—18 hou_”': ‘

resulted in decomp051tlon to a pale violet 1nsoluble solid.

In contrast, reaction of the phosphine llgands, RPh3 and - )
P(n-C#H )ﬁ; with the diphenylacetyhene cemplex in methyi-'ry
cyclohexane for 12—24 hours led only to the dlsubstltuted

complexes. = ‘

3. ‘lhffared Spectra

. et ) ' 7

-

: The 1n£rared%!bectra of the comﬁlexes were.

; and 600 cm” -1 and

recorded in the reglon between 4000 cm”
Wthe obverved band frequencmes are llsted 1n Chapter 1V.

Apart from the appearance of bands.due to vlbratlons within
| the phosphorus l}gand nolecule° themselves, the most
51gn1fleant dlfferences between the spectra of the substltuted

complexes and fﬁoae of the parent hexacarbonyls were found

in the region ‘of the Cu stretbhing bands between 2100 cm +

i

A
1

)
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‘and 1900 cm‘l." 'I‘ables I1-A-l and II-A=5 list the,

“

frequencies "of the CO stretohlng bands for all the complexes;

'prepared. In this reglon the spectra of 51m11arly

,substltuted complexes show a characterlsto pattern of peak ”'

p051tlons and 1nten31t1es. A shift¥in the band pqutlons

towards lower frequenc1es occurs as the extent of

-

substltutlon 1né¥£ases. As mentloned above, ¢hese factors
; A '
_have perml;ted 1dent1f1cat10n of certaln of the complexes

for whloh elemental analyses were not carrled out

.
, -

‘ Figure II-A-1 illustrates the'patéern of
CO stretching bands fofbthe—four monosubstituted compfeaes.
:lprepared here.“ There are two well-separated groups .of veb&
?,strong absorptlons and, with the exceptlon of the P(UPh)3
'complex, a thlrd band of medium lnten51ty occurs at lower
frequen01es. In all cases the very strong absorptlons -
lconﬂl st of a single sharp peak above 2000 ém apd-two
inj partially resolved bands -at a lower ﬁreQuenoy:;‘In o

s -'°.' "N
some cases other shoulders are observed,.hl?'the,}g(UPh)3

_complex a shoulder on the low frequency ide Sf?bhe very
strong banle_might be attributed to the mgdium intensity

abaorption'obaerved in the other compléxee.

B

.

In the spectra of the disubstituted complekes

'lllustrated in Flgure II-A-2, the pattern 1s eeen to be

" somewhat simpler. The bands are shlftedn%§§lower frequen01es'

- ’

-

: K] N
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- 3 TABLE-II-A-}
L 'g: 1RETGHIHG FRLQULHCIES TH HUNO- Al DlSUBSTITUTLﬂ
| y DLRIVATIVES OF (Ph )Co (00)6
| Li%and o - Band Frequénciésf(cm'yx.a :f[-;
 A; ﬁbhoépbsﬁitgtg@ Complexééll
. P(QPR) ;" " - 2078(vs),. 2035(vs), 2020(v8),
el ,_jﬂ‘ N ‘2000(8; sh), 1987(m, shie
| P(UCH) 5 2072(vs), 2026(vs), 2008(vs),
Co - 1995(s, sh), 1972(m) o
“PPhj-_, | | 2068(vs), 2022(vs),’ 2oou(va4,__,
‘_ UL 199s(s, shy, 1967(s)
e P(n;duné)j " 2062(vs), 2010(vs), 2ooo(vs),
R R A 1985(5, sh), 1957(8)
‘B.i;ﬁisubétituted Complexes
'ﬁtOthB 2052(vs y 2010(Sﬁ sh). 1991(vs)
P(OCH3)3 2038(vs). i976(vs)
- P(002H5)3 -2035(vs). 19?2(vs) |
P(U-i-C4H,) 4 - 2033(vs), 1968(vs), 1940(m. sh)
PPhy | * 2028(vs), 1968(vs)"
P(n-Cullg)3 2020(vs), 1966(vs, sh), 1956(vs)
a ‘Recorded as

Solutions in Czclu;‘ for completé-'

details see Chapter-1V-A.
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Infrared spectra of monosubstituted:
derivatives of (Ph,C,)C0,(C0) in the

CO stretching region. Spectra were recorded
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.Infrared spectra of disubstitutedz

.derivatives of (thcz)coz(db)G‘in the

recorded as solutions in C,C1,.
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reiative‘to.the'monosﬁbstituteq complexes, and only two
very eﬁrdng..well~sepafated absorptions occur. The lower
frequency absorption in some'ofethe coﬁplexes consisﬁs 9}
two_distinct..but only pertially‘resolved'beaks. However,

the asymmetry of this band in the other complexes indicates

that it consists of two seﬁarate-ebsorptione,in'all cases,

. Further substitution continues to shift
the Cu stretchlng bands to lower frequenc1es as shown in
Figure I1I-A-3 for the trl— and tetrasubstltuted derlvatlvee
. of the diphenylacetylene complex. . The pattern of peaks in
the trisubstitUted-complex ig similar te*that-in the

disubstituted. derlvatlve but the spectra are distinguish-

able by the frequency shift, The tetrasubstltuted complexeeﬂ

show e broed absorptien eon51st1ng of two only partially re-
selved bands of equal intensity. fThe spectra of the tetra-
substituted hexafluoroez-butyne derivatives in this region
are almost 1dent1cal to those of the dlphenylacetylene |
complexes except that the bands occur at a higher frequency.
: . §

‘The observed shift in the CU stretching
bands to lower frequenc1es on substltutloh by the donor
llgands has been observed in all acetylenlc <ilJ.cobal'l:he:nca-‘f
carbonyl complexes for which infrared spectra have been
.'reported. 13 FigufelII—A~& shows the Cu stretching bands
for the series of fouf P(UCH3)3 derivetives of the

diphenylacetylene complex along with the parent

aisitia




Figure
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”Infrared spectra of tri- and tetr -

substituted derivatives of (Ph 02)002600)6
in the CO stretching region, Spectra

were recorded as solutions in C2014 or.
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¢

unsubstituted complex for compafiéon. "From this . -

1llustrat10n the trend towards 1ower frequehcmes as the

3

*extent of aubstltutlon 1ncreases is clearly seen,

-
rl

~

- o Théée shiftg in.the,frequencies f the Cu
stfétching bands are -observed in substituted met -carbbnyl-

' complexesﬁin‘general'and can be explained in terms of the
re}atiye QOnoruacceptor §r0perties of thé phosphorus
ligands compared to those of the carbdnyl group. ?3 .AB.
dlscussed in Chapter 1. the Cu group 15 a weak electron
donor but is one of the strongest w-acceptor ligands known.
Phosphorus is a stronger donor and weaker acceptor than
carbon monox1de and therefore substltutlon of CU results in
an increased ¢lectron den81ty on the metal atom. This is

. then partly removéd by an.increase in the extent of the |
7 back-bonding from the metal 1nto the antlbondlng orbltals
of “the remalnlng Ccu groups.‘ A decrease in the LU bond a

' _order results and thus the frequenC1es of the Cu stretchlng

V1brat10ns are lowered

. " A further observation in the spectra of
these complexes is.that the position of the Cu stretch;ng
bands also dopetdé;on which phosphorus ligand is present in
the compley (see Table LI-p= by, "he frequen01es of the
banuq in the mono- and disubstituted complexes decrease in

-

the following ordefr
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| _.a, .

f\b

B(orh); > P(UGH 35 2 p(oczﬂ5)5 > P(u-i- c3 7)3 >

PPh3 > P(n- CuH9)3

ft.dén be seen that this-order;parallels the order of
, electronegat1v1ty, or electron wlthdraw1ng capaclty, of the
,;groups attached to . the phosphorgf atoms

v

. _ Slmllar correlatlons have been observed.—- -
in other metal carbonyl systems¢ ana Tolman 123 ‘has v
published an extensive study 1nvolv1ng 70 dlfferent

phosphorus ligands and thelr effects on the CO stretchlng
frequencies in the Hl(CU)BL complexes, All of the ligands

used in this work were included in Tolman's study and the’

same order of frequencies was .obsgerved.

Such conrelatlons are most ea51ly explained
thus: As the electronegat1v1ty of the groups attached to
“thé donor atom is 1ncreased, a.decrease in the o-donor ';
ability of the ligand and. ah increase in its ﬂ-acdeptof'
ability should. result. 29 This should in turn decrease
the back- bondlng to the remalnlng cu groups and increase

the Cu bun' ordcr thercby 1ncrca51ng the Cu stretching

frequency., ' ¢

Some attempts have been made to interpret

results of this type in terms of the relative impertance of

[ T
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H

tht o and m cqnfributions to the metal-ligand bond. Views
“on. both‘extremés-have been presented. un, one extreme is |
'the suggestlon that the o component in a series of PXB type
llgands is small, but constant, and that the change in cu
stretchlng frequen01es reflects the dlfferences 111the
m-acceptor abllty of the ligands only..124 127 un the

other hand, similar data have been interpreted by suggesf-
iné‘thq} there is little or no =« component-in any of ﬁhesg
metal-ligahd bonds, and that the increased eiectronegativity
of the'X groups merely results in a decreased c-donér ‘

88, 89

capa01ty of the ligand, This should also lead to .

" a smaller degree of metal -Cu back-bonding.

]

1_Howeve?; the danger of this type df
argument has b;en bointéd out 85, 93 in that the two .
effects cannot be separated because of the synérgic naturg'
ol the boﬁd. Some authors have‘thefefore suggested that
| the differences in fhe Cu stretching frequepcieslshou;d |
on;y be interpreted in terms of_the overail sygergic

conor-acceptor properties of the ligands, and not in terms

of the result of variatiohs in their ¢ or m bonding ~

‘85v 93: 110

oapacity alone. Tolman 123 ‘has suggested the

use ol the term "electron ¢ nor-acceptor property", while

Haines and 3tiddard ha iscussed such effects using the

term "g-m donor property", 3

1t now appears to be genefally accepted
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that there 1s not yet sufflclent ev1dence to say to what

extent the decreased electron denslty on the metal atom

is due to the decreased donor ablllty or 1ncreased acceptor h,

ablllty of the-llgands. 128 Nevertheless. the'demonstrated

1mportance of m bondlng in these complexes (see Sectlon Cc
- of - Lhapter 1) has resulted in these molecules belng .
: generally cla551f1ed on the basis of thelr relatlve

ﬂ-acceptor strengths alone.

. [

" The positi%n of-thercécistretchihg band in
these complexes is'also'of'considerable interest.
Complexatioh of an acetylene molecule osually'results in a
large shlft 1n the frequency of this band. 1z, and this
has been discussed at some length in Lhapter I 1n relation
to the nature of the me%al alkyhe bond. ror example,
‘lwashlta et al, 8, 9 _have reported a shift of the C=C
stretching band in the HC=CH molecule~from 1972 em~1 td”
1402 em™® on its complexafion to form (HCECchoz(CU)é.

In the'mefhylacetylene‘complex a shift from 2142 cm~ ! to
1552 em™ ! has been observed, and in the dlmethylacetylene

complex the band has been reported to shlft from 2313 cm 1?
~ -1 1u8

to 1633 cm” . Shifts of.a similar magnitude have also’
ﬁ\’chcp observesd in other acetylenic dicobalthexacarbonyl

- complexes, 3?’.?6

oo - 1n Chatt's model of the metal-alkyne bond,
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these shifts are explalned by suggestlng that a reductlon

in the CczC bond order _occurs, caused by m back—bondlng

' from the metal atom into the ﬂ antlbondlng orbltals of the -

-

trlple bond. As in the dlcobalthexacarbonyl complexes,
larger shifts are found'te-occur when fhe acetylene ia'
bonded to two metal atoms since both sets of mutually
perpendlcular o qrblxals ‘are then 1nyolved. o1 Un this
basis then, the C=C etretching bands in the acetylenic

dlcobalthexacarbonyls mlght be expected to shlft to lower

frequen01es when %he CU groups are substltuted by stronger

‘donors in the same way that Cu stretching frequen01es are .

~—— -

loviered on substltutlon of Cu by phOSphorus 11gands. No.
_ reports of ‘such correlatlons in any series of acetylenlc

'\metal carbonyl complexes have been publlshed.

1

T

erorfed studies on the ‘infrared spectrum

of the diphenyiacetylenehexécarbonyldicobalt coﬁplex
have c¢entered only on the cu stretchlng bands. and the\
rest. of the spectrum has not been a551gned In “the
;Raman spectrum of the free dlphenylacetylene molecule

a stronrr band at 2220 cm -1 ‘has been assigned to the C=C
stretching mode..129:
symmetry islreduced and this mode should be ‘infrared
active.‘\ét should therefore appear in the spectrum of

the complex, bgﬁ several strong bands in the spectrum of

the ligand make this assignment difficult,

Un complexation of the ligand, its™

I TP AP L ) PUPEY B 3

£ r ol i e 2,
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In the spectrum of the free-ligand two

bands which - appear at 1605 em =1 ana 1575 cm"1 have been

assmgned to rlng stnetchlng modes, 130

,'-thesthup bands shift to lower frequencles, and a new weak

band ippears at 1618 cm 1; Flgure II-A-S-lllustrates-the
_Spectra of the free ligand and the dlphenylacetylene
'complex in this reglon. It is suggested that this new weak
barid is due to the C=C stretch;ng mode, and thus there is a

.Shlft of 600 cm -1 which is comparable to those reported for

the other acetylene derlvatlves.

Part of the ratlonale for this ass1gnment
comes from an examihation of the spectra of the substltuted
gomplexes in this region. These are 1llustrated in Flgure
11-A-6 for the mono-, di- and betfasubstituted derivatives

" of P(UCH3 3+ The free phosphite ligand has no absorption

in the region under consideration, but this weak band which -

was observed at 1618 em™ 1 1n the unsubstituted complex
becomes more prominent as substitution progresses. It is
not 51gnlflcantly shifted in the' mono- and dlsubstltuted
complexes, but in the.tetrasubstltuted derlvatlve it
appearslat 1595 cm™ 1. Since the frequencies of- the ring
stretching modes whlch occur in this region are not exppcted
to be greatly affected by this substltutlon. this Shlft

further confirms the assignment,

e

but on. complexatlon .

AN e S

ey
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Ihfrared~$pec£ré‘(1700;1400'cm_l) of
diphenyiacetylene and diphehylacetylene— ‘

héxécérbon&ldicobalt. Spectra were recorded

- gs. solutions in 02(}14.
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Infrared speetra (1700-1400 cm ') of
éubétitﬁted derivatives of diphenyl-.‘-
acetylenehekdcarbonyldicobalt containing
triméthylphqsphite. Spectra:were

recorded as solutions in C,C1,.
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It thls assighment is 1ndeed correct then

‘thls shift conflrms the suggestlon made above that

sUbstltutlon of CQ, by the ‘Phosphorus donors should increase

: the o bacﬁ bondlng to the acetylene group and result 1n a

decreased C=C bond order. However, since the a951gnment 13

' somewhat speculative, no deflnmte conclusions can be made

without further stud;esnon other acetylenic dicobalthexa~

carbonyl complexes,. S

. e
Lk, - Structure ' ‘S'

o 5
Although Birchall et aI;“3§ have made some'

suggestions as to the locatlo€ of the phosphorus llgands 1n

‘a disubstituted oomplex based on the 1nfrared speotrum, ho

definite structural anformation has been reported on these

‘substituted derivatives. The crystal structure of the

"y . .
diphenylacetylenehexacarbonyldicobalt complex has shown

that there are‘tWﬁJdifferent positions for<the'oarbonyl

~groups. ‘I'wo Cv groups on each cobalt’ atom point "down"

away from the acetylene ligand, and one CU group.on each
or the metal atoms is directed "up" towards the same side
of the molecule as the alkyne group (see Figure I-ji-1),
This basic arrangements of the ligands ie not ekpected to .

change in the substituted derivatives.

Sly's suggestions as to the geometry_and

A}

LT 0
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coordlnatlon around the cobalt atoms in these complexes

have been dlscussed in Sectlon B ef Chapter I, but frém a
31mple molecular orbltal treatment of the bondlng in the
dlphenylacetylene complex. ‘Brown _3 has suggested that the
.coordlnatlon around -the metal atoms moft closely resembles a

-dsp3

trigonal blpyramldal arrangement. .This scheme is
‘illustrated in Figure II-A-7, In this arrangemenf,'one of
the sp hybrids 1n the trlgonal plane of each cobalt atom

is. dlrected towards the mid-point of the c=c bond of the
.acetylene wroup, whlle the remaining two spz hybrids are-
involved in bondlng with ther two CO llgands whlch point -
Mdown". These two groups w111“therefore be referred toqas
the equatorlal CU groups 81nce. together with the acetylene,‘
they are bonded via metal orbitals which are in the trlgonal
plane of the trigonal bipyramid, The remaining CU group,

'Iwhlch points "up" will be referred to as the axial group.

The second axial p081t10n is used for Co-~Co bondlng. 23

.arrangements are p0531ble for the placement of the two

-

In a disubstituted complex several

phosphorus llgands. Flrst. 1t can be safely assumed tha't
.both firoups are not bonded to the same cobalt atom, The
basis for thls lies in the fact that the reaction of
Coz(Lu)é(P(n 04H9)3)2 with dlphenylacetylene has been found
to;glve a complex of the formula (thczlcoz(CU)Q(P(n—CqH9)3)2
which is identical to the'onolreported in this thesis, 115, 116‘

A ‘crystal structure on the Coz(Cu)s(P(n-Cqu)J)2 complex
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hag shown the two phosphlne llgands to be symmetrlcally
arranged in a"linear P- Co-Co-P skvale‘l:on.'131 The.four
possible arrangements which remain are 111cstrated in

. Pigure II-A-8, | |

Predlctlons as to the number of‘CO
' stretchlncr bands in the infrared spectra of “the dlsubsti-
tuted der1vat1Ves indicate that these molecules have a
ézv symmetry and corresgond to étructﬁre (a) of Figure'II-AQB.
The two phosphorus,;ig?ndé are therefore in the axial
positions, -Figure II-A-9 shows the four fundamental CO
stretching modes for such an arrangement of carbonyl groups.
Grocp.theory‘predicts thaf only the A, By and B, modes
should be 1nfrared—act1ve, and thus only three CO stretchlng
bandsshould be observed in the 1nfrared spectrum if
structcre.(a) is correct. Structures (b) through (d)“all
have lower symmetry for which four_infrared—actiﬁe co
~stretching bands are prédicted,
. : ‘v

Birchall et a1.”” have used such
arguments to conclude from tﬁe appearaﬁce of three strong,
viell- separated CU stretching bands in the spectrum of
(LGFscchPS)Co (Cu)h (PPh )2, that the molecule has a
structure equivalent to (a). Several very weak shoulders

were attributed to 13CU vibrations. In‘the disubstituted

complexes prepared here only two main absorptions occur in

)
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Figure IIQA—B; The poséible arrangemenfs of:fwo'phosphorus“

- 1ligands in acetylenic dicobaltcarbonyl

complexes, " 1

.
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the CO stretchlng regloa but 1n eaeh case the l,ower

‘frequency band is partlah

L,resolved lnto two distinct
‘peaks, or has some ah ®y, as was showh in the precedlng'
:section.; Thus it appears that a total of three bands 1s
' actually present in all complexes, It is therefore _
‘ conbluded-that ﬂhey all have structure (a) in whlch the

two phosphorus 1lgands are in the axial pos1t10ns.'

- *

The possibilitj that.strucfure (a) is not;:

' eorrect, but.that e fourth infrared band is simpiy foo i
Vuweak to be observed was consxdered tn@:was ellmlnated on
lthe basis of studies done on a dlsubstltuted complex
contalnlng a bldentate ligand to be dlscussed in the

next sectlon. An X-ray crystal structure on this complex
,-done by other workers in this 1aboratory 1 hak h0wn that"\\
tne bls(dlphenylphosphlno)methane 11ganQ‘JPh P HzPth.
brldges the two cobalt atoms and has a structure equlvalent
to .structure (c) of Flgure 1I-pA-8. 1In the infrared spectrum
of this complex four distinct Cu stretchiog baﬁds are j
' ooserved. structures (b) and (4d) should-aiso exhibit_ four-
vands and %herefOre structure (a) is still the most likely"

. one. o . ;v - .

Ih other related complexes for which more
definite structural inforﬁation is. availabie, this preference
for the axlil pOSltlon by . the llgand which-is the stronger
donor and weaker acceptor is also observed. Thus in the 2

!
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crystal structure of (thcz)nh (PFB)h(Pth)Z’ whlch 1s.rr"
found to be analocous to the acetylenlc dlcobalthexa- :.
‘carbonyl complexes, the trlphenylphosPhlne groups are
found.to be dlrected towards the same s;de of the moleculej

66 4

.Aas the" acetylen The: four PFB’llgands, whlch are at

ledst as good as CU in their w—acceptor ablllty, 132 aré C

' in the "down" p051t10ns.
ln an attenpt to prepare the tetraaubstl—-
tuted P(UCH3)3 derlvatlve of ulphenylacetylenehexacarbonyl-
'.dlcobalt. other workers in thls laboratory 1solated ‘a nev
tetrasubstltuted complen ha.vJ.n'r tPe formula (Ph C2)(.02(Cu)2
_((CHBU)EPLP(UCHB)?)(r(bCHB)B)Z' ?3 The cryatal structure‘
. of this complex has been oetermlned and lu Lllustrated in _
-Rigure lI~ﬂ—10. The bidentate - phosphorus llgano brldwes
_ the Co Cc bond and occuples the ec uatorlal p031tlono along ‘
w1th the two CU vroups. The two t 1metthphosph1te groups |
iare in the axial- posatlons. Agaln here the llgand whlch is -
the stronger donor and. weaker accep or . prefers the "up"
. 9051t10n. 'The fact that the bident.te ligand is not in the .
ax1al p051tlon, both in this complex and in the bls(dlphenyl-

phosphlno)methane complet mentloned bOVe, is eas 11y

explalned by sterlc effects due to th presence .of the '

-

acetylene on the "up" ‘side of the molccu1e.

]
-

~un the basis of this obeerved preference
. \ :

)
L

1



" Figure II-A=10. The crystal structure of (PhyC,)C0,(C0) - -
_ _((01130)2P0P(00H3)2),@(00}13)3)2 as taken
. from ref., 133, ' '
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for the axlal p031t10n. structures can be suggested for the_':
‘mono-, tri- and tetrasubstltuted derlvatlves 1n whlch
axial substltutlon is favoured. The structures of these
complexes are not dlscernlble from thelr 1nfrared spectra |
j51nce all of the Cu stretchlng bands are predlcted to be .
,1nfrared actlve fcr any p0551b1e arrangement of llgands.

The. suggested structures are shown in Figure 11§A711,.

'pSince there is more than one possible: |
arrangement ‘for the ;ocatioa of the phosphorus ligands in
“these complexes the existence of isomers miéht‘be expected.
but none have been found. . Very weak shoulders:ln the Cu )
stretchlng region in the 1nfrared spectra of some of the
complexes were observed, .but these are not pronouncedlor

i . N o
consistent enough to allow any definite conclusions to be
drawn, Such shoulders have been ass1gned by others to . 1309_

si',rc-ztch:l.nrr vibrations. 35 lo other evidence for the
.ex1stence of more than one-lsomer was found fer any of the
complexes which were studled.

" In llght of the work of Bennett et al. 66
. discussed in Chapter I, on the stereochemlcal non—rlgldlty .
of the rhod1um-tr1fluorophosph1ne analogues of these
complexcs, the absence of isomers can be explained if there.

exists an cnergetlc preference for the axial position.

Sy
From 9F nmr utudles these authors: have concluded that -

/
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‘Figure II~-A-11. Suggested structures for the mono-, tri-
and tetrasubstituted derivatives of =
(PhyCy)Co,(0) . | .
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rapid-intramolecular exchange of’the PF3 groups ocecurs ' in

_'the_(chz)ha(PF356'complexes. Intermolecular exchange was
found tc be relatively slow. This was. explalned by suggest-

| 1ng a propellor-llke rotatlon of ‘the PP figands about the
Rh-Rh axis, the acetylene remalnlng statlonary, or a concerted

| rotation of the Rh. (PF )6 unit w1th respect to the acetylene.

.ﬁ prellmlnary study of the 30 nmr spectrum of the diphenyl-

acetylenehexacarbonyldlcobalt complex by the same authors
1nd1cated that 1ntramolecular exchange of CuU in this

‘complex occurs at an even more rapid rate than in the

Rh-PF3 analogues,

If 1ntroduct10n of a phosphorus llgand in

. the axial p081t10njls favoured energetlcally, then this
1ntramolecular exchange should be hlndered in the substl—

. tuted complex. Thus it would not make any difference which

CU grodp mas substituted, by either an associative or

dlssoc1at1ve mechanlsm. 51nce the resultlng complex would

arrange 'itself ;nto the most stable conformatlon. "Unly one

“isomer would then be observed, although others mlght be

_preoent to a small extent dependlng on the energy dlfference

between the conformations.

The observed preference for the axial
position would not appear to be caused by steric effects
‘ since 1nteractlon between  an axial phosphorus ligand and

the phenyl groups of the acetylene would likely favour the
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T

: less crowded equatorisl Eositions: It is therefore
‘suggested that, thls preference is caused by electronic -
effects s1mllar to the factors behlnd the trans-lnfluence
which has been dlscussed at length in the 11terature in
referenqe to other metab systems' 128' 13“'138 “The maln .
‘argument lies 1n the fact that there is a dlfference 1n T
the donor—acceptor propertles of €0 and phosphorus llgands, '
and that substltutlon of CU groups by these llgands could
have dlfferent effects on the overall stability of the
resulting molecule dependlng on whether it. is an axial or
'heqoatorial group which is replaced, ' .

N

The trans-lnfluence in coordlnatlon

complexes has recently been rev1ewed by Clark et a1, 128

~. and is deflned as "the extent to-which a ligand weakens the -

bond Egggg to it in %the equilibrium state of the molecule"
This dlstlngulshes 1t from the trans-effect, whlch is
deflned ‘as "the effect of a coordlnated group on the rate
- of substltutlon reactions of the group trans to that group"
The trana effect is a klnetlc phenomonen and 1s therefore,

in part, a description of the trangition state of the

_ substitution reaction, 128

These authors have examined a large amount
of theoretical and experimental data on the trans-influence

in coordination complexes in an attempt to-clarify the

t
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:reasonS‘pehind it, . They haVe concluded that thls
phenomenon depends prlmarlly on g bondlng effects resultlng
'from the .demand of the llgands for s-charaoter of the -
metal hybrld orblbals.' Thus a- llgand which forms a: strong )
_o bond wlth the metal will take: a larger share of the

metal” bonding orbitals, but in particular. a larger
.proportion cf.thelr s-charactervbecause of the, lower energy
.of.the s oroitals._ This weakens the o bonding to the other
‘ llgands whlch must share the same set of metal hybrid
"orbltals. Clark et et al, have discussed thls mainly in
oonneotlon with square-planar Pt(Il) complexes in Whlch the .

dlrectlonal propertles of the metal hybrld orbltals results
in only the. trgg group b61ng affected. i

-1

-

' A 51m11ar 51tuat10n is also expected to
exlst in complexes whlch have trlgonal blpyramldal
’ coordlnatlcn 31nce the metal hybrld orbitals used by the
ligands in the equatorial plane-are different from those
used by the axial groups. i‘rom his v study mentioned
aboVe.on'the-(thcé)Coz(CU)é‘oomplex, Brown. 23 has.found
tﬁat it is primarily the sp2 hybrids which are used by the .
equagorial groups, and that the axial positiohs involve
the dzz and pz_metal orbitals, - In these complexes, the
alltyne ligand and the two Cu groups which are in the
equatorial plane are all weak donors and do not form

particularly strong ¢ bonds. Thus substitution of one of

*

.
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theseféfouﬁs by. a stronger.o—donor:suoh:es nhosphorus,
‘would résult in an increased shoharacter in thiS'métai—
-llgand bond at the expense of the ¢ bonding to the other
llgands in the equatorlal plane, Substitution of an axlal
oy group would not have the same effect 51nce only the one
axial 9031t10n is used in metal -ligand bondlng.
Differences in the w bonding.abilit;es of
carbon monoxide and the phosphorus ligands migﬁt also bef
contributing to this préference of the poorer m-acceptor
for the axial _position, Urgel ?37 has discussed how the
presence of a strong m oondlng llgand 1n\the equatorial

plane of’ a‘trlgonal blpyramld should steblllze it by

L

“removing elec¢rdn density from filled metal d orbitgle‘ _
which are directed.along the metal-iigand axes of the other
equatofial groups., Thus substitution of an eguatorial CU
group in the acetylenlc dlcobalthexacarbonyls by a poorer
-\ﬂ-acceptor would weaken the metal- -ligand o bonds of the '

. other equatorlal groups. If an axial Cu group is- substl-

tuted, an increased electron density on the metal atom .

would also occur, but it would not occur specifioally along

the metal-ligand axes_of the remaining groups, As far

as ohanges in‘the_ﬁ bonding to the remaining ligands ieﬁ
eoncefned, both equatorial and axial substitution of Cufby

”phosphorus is expected to strengthen the w component of the

bonde to on equal extent.
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These arguments~é£plainéhg the 6bserved

prefefenpe for the axial position by a'ligand which is +
a étronger donor and‘weaker'acceptor than C0 can be . '
‘summarized. as followsz Lquatorlal substltutlon is expected
to weaken the ¢ bonds to the remalnlng equatorlal groups

due to the 1ncreased demand for the s-character of -the metal
orbltals\aﬁd due to the 1ncregsed electron density along the
.equaforial metal—ligand axes specifically. leither of
these gffects_are expected to be nearly as-greaﬁ for'axial

substitution. Thus a more stable molecule results when the °

stronger donor-weaker acceptor is in the axial position.

‘SECTIUN'ﬁ. DRIVATIVES I BIDENTATE LIGALDS

*

in similar reactions to those used in the
pfeparétion of_fhe‘derivatives of the monodentate ligands,
di- and tefrasubstituted complexgs were prepared containing
dne ‘and two bidentate donor lig 'ds respectively. Trisubsti-
tuted complexes were also prep red containing two ligand
molecules in whlch one llgarﬁﬁls‘nat&actlng as a bidentate
11gand, but is "dangling". The llganés used were bis-
(diphenylphosphino)methane and 1;2-bis(diphenylphosphino)—
ethane and thelr arsenic ahalogues._ These ligands are
listed in.Table 11-8-1 along with their corresponding
formulas and abbreviations.

o
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ABLE I1-3-1 ¥

Ligand . . -

BIDENTATE PHUSPHINE AND ARSINE LIGAWDS

N

Abbreyiatidn a-

'bistiphenylphpsphino)methané
. ‘ i
POH PP

2

Fhy

“bis(diphenylarsino)methane

thksCHzﬁsghz
‘,:3-' . ‘
big(diphenylphosphino)ethane

AN

bis(diphenylarsino)ethane
thﬁsQHZCHzAsth

AL ™

dpm

.~ dpe

‘-daé

-

Abbreviations used are tﬁose

introduced by McAuliffe.’

B

80
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f

a-‘ . *' As w1th the monodentate llgands. 1t.was'
_.‘agaln found that dlsubetltutlon readily occurred in |

) S
: necessary for the. preparatlon of the tetrasubstltuted

refluxlng n—hexane. but that hlgher b01llng solvents were
"complexes. Several dlsubstltuted derlvatlves of both
“sl(thbz)Coz(CU)é and ((t Cuﬂg)zcz)c°z(cu)6 were prepared
:The reactions proceeded very rapldly and appeared to be
- complete in less than one hour, although longer reaction
.t;mes'were usually allowed. The complexes are all deeply |
coloured red or green ¢rystalline solids and are qulte alrg
stable. even in solution, They were found to be soluble 1n‘
all common organic solvents, but in contrast to the mono-,
dentate derlvatlves, they are sufflclently 1nsoluble in -the
lsaturated hydrocarbon solvents to permlt recrystalllzatlon
from hexane or pentane at room temperature.
Tetrasubstltuted derlvatlves contalnlng twof
. llgand molecules were prepared 1n refluxing benzene or
| methylcyclohexane. although the higher b01llng methyl-
’cyclohexane was used more often in order to decrease
" reaction times, - Derivatives were prepared of three
| dlfforent acetylenlo complexes.' These -are: (Ph Cz)Co (00)6,
((C H,)zc )002(00)6 and ((CF3)2L2)CO (00)6 Attempts to
prepare tetrasubstltuted derlvatlves of ((t- CuH9 > 2)002(00)6
_were unsuccessful. as were attempts to prepare tetra-

A

subftltuted complexes of any of these four acetylenic



derivatives with bisfdiphenylarsino;ethaneip

203 G
o . : L '_ . - " .4.

The tetfaSQostitﬁted:6omplexes are all’

e ‘ ) S ' o
very airustaof? and are almost completely inSoluble in

solvents such'as‘hexane and'pentane. However. they are

" .soluble in- the aromatlc hydrocarbons such as benzene and

“toluene. and in dlchloromethane. M1xtubes Q\\SHZCl and-

' hexane were generally used for crysta%llzatlon, and in some

cases the complexes have one assoc Qted CH.,CL: molecule for
’5 2712

feach oomplex molecule in the crystalllne state,

- .The, di- and tetrasubstituted complexes
which have been prepared are listed in Tables 11-B-2 and

-«

11-B-3 respectlvely.along with their characteristic colours

"and meltlng points. Complete details of- the' synthe31s of

each compound are given in $ectlon C of Chapter Iv., The‘
complexes were identified by their_elemental,anai§ges
and/or by their'characteristic‘patterns of Q@ stretching
bands in the infrared spectra. jThe results of the elemental

analyses are given in Tables II-B-4 and 11-B-5. No tetra-

substituted deriVatiyes have previously been reported, but the

disubstituted complexes containing diphenylacetylene and

the "dpm and dam ligands were found to be identical to

119 )

those reported by Fukumoto et al, As discussed in

Chapter 1-b, Fukumoto used a dfoerent'preparative route,

+

;
1
4
§
g
1
3
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ulSUdSTITUTBD bL]lVﬂTIVLS uF ACBTYLLNIL DICUBALT—

HLXACKHBUHYL CUHPLLXhS CUNTAINING BIDLVTATL LIGANDS

. . R )
. Bidentate . C Meltiﬁg- :

_ Acetylene Ligand - Cglo_ur_  Point

. ’ =

."thcé dpm  park red . 200%aeé.)
: ' . crystals - . B

- PhyC,  dam vark red © 166°-168°

' g : . crystals - . ‘
Ph,C, dpe Dark red 178%-182%
- - ‘ - crystals . - ,

Ph,C, .’ dae . - bark red - 179°5184°
TR : ~ crystdls ot
{t~CH,) ,C dpm. Lark gfeen .

) .u 97272 Cor crystals
('t-'Cu!{9') 202 dam’ ‘Dark red | 1'9'00—193'?
b . - ecrystals y
0
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TABLE 11-ii~3

TLTRASUBSTlTUTED DLRIVATIVLS UF ACETYLLHIC DlCUBALTHLXA-

. CARBUMYL GUHPLEXES CUNTAIRING BIIEITATE LIGANDS .
| ‘-‘Acetylene' B;dentate. our - M31tlhg_ :

Ligand ~ Colowr ~ - . Point

%.-~PhéCélw - dpm. o Red-brovn - - ""2549(déd;): ST
L - - crystals J e
thc . dam’ Red-brown  .192%:193°
- B ~ crystals = . I o
.. X ‘ s . .. ".‘.t‘

. thcziﬂ" 11' dpe. - . Black S 2000":"u‘}. o B
- th f, Lol .7 crystals © ¢ ‘ A

. . . ‘ . . T . \ R . .
(C 5) +dpm - . Dark red oo290%
) o . crystals - | - o

AL AC e

'a(Céﬂsjzcz-.3=‘dam‘, . ‘Dark red -+ -210%212°"
=, B -'crystals e

(CF,).,C, ‘dpm . ‘Orange-red 200° :
3’272 : _
S ; . . powder B s
‘\"',;(CFj)zcé‘- - daﬁ;fﬁjf: urange’red - 290°%-295°
) ) R powder B

sy

,(0535202 dpe . néfﬁﬂﬁea, e
2. 2 crystals ‘.. . -
¢‘ ...‘;k .o ) . . ' e -\ . . ’4

"}:t' ) L ._ ’
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| butylacetylene complexer than im the dlphenylacetylene

° complexes. 1ln the tetraoubatltuted complexes the

=208~ - " :

Typlcal 1nfrared epectra in the ¢o stretch- .

| '-flng reglon are 1llustrated in Figure II- B—l. ‘The spectra
' Shown’ are those of (thcz)oo (CU) {dpm), (thcz)Co (CU) (dpm)z'
Iand (Ph2L2$Coz(LU)2(dpe)2. along w1€h that of the parenx v

ﬂ unsubstltutedwcomplex for-comparlson. The CU stretching |

frequencies of all of the complexes studied‘are listed in

Table 1I-B-6. The digubstituted derivatives have three

- well-separated, very strong bands.'and then a weaker band at V

lower freduencies. The tetrasubstltuted dpm and dam

derlvatlves have a single strong absorptlon around 1920 cm o

which 1s,qu1ﬁe broad, but in the dpe derlvatlves thls band
is'paﬁﬁidlly resolved into two peaks._ The expected shlft of

the bands on 1ncrea31ng the degree of substltutlon is also'

observed.

Although almost 1dentlcal 1nten51ty

: patterns of the Cu svretchlng bands were found in all

51m11arlJ substltuted complexes, the frequen01es of these

bands were. found to depend on whloh acetylene llgand was

fpresent in the molecule. In the dlsubstltuted derlvatlves

the frequencies viere found to be lower in the dltertlary—

frequencies were found to decrease in the following order

'(LI["3)202 > '1-'h2(12. RS (Cél[5)262

-



Figure 1I-B-1.

" recorded as solutions in CH2012 or C,C1
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TABLE 1I-1-6

CU STRETCHIIG FREQUENCIES IN CUMPLEXES UF BIDENTATE LIGANDS

Acetylené Bigggﬁgte' Band‘F:equéncies:(cm'l)
A Disubstituted Complexes & .
:Phécz : dpm 2033(5)'zooo(s)51975ls)
L PhC, ~dam . 2028(s) 1998(5)“1971(s) 1950 (w,sh)
PhyG,  dpe - 2035(s) 1997(s) 1977(s) 1955(m,sh)
_ Ph2C2 1‘. . dae - 2030(vs) 1994(vs) 1970(vs) 1945(s)
(t~Cytg) ,C,. dpm . 2010(vs) 1987(vs) 1956(vs) 1943(s)
- ($Cyflg),C,  dam 2012(vs) 1984(vs) 1955(vs) 1941(s)
. B, Tetraéubstituted Complexes b : -
thcz dpm 1918(s,. br)
PhyCy | dam 1920(s, br)
~Fh,C., dpe 1922(s) 1900(s).
(CFB)ZCZ‘ - dpm 1948(;)
(CF3)202 dam T 1945(s) |
(CF3),C, dpe 1952(s) 1930(s) i ,
(Collg) ¢, dpm 1895(s, br) - - T
(0255)202 dam | ’ }899(s,rbr)
2

spectra were recorded in solution in Czclu or CSZ‘ For
complete details see Chapter IV, : h

- wheetri were recorded in solution in CH2012. For
complete details sce Chapter I!.
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In both cases the ‘order of frequen01es parallels the '
decreasmng electronegat1v1ty of the R groups on the |
'.aacetylene.

. .- Similar eorrelations,between;the electro-.
negat1v1ty of "the R crrou‘p‘substituen't- on the acetylene-and
the CU stretchlng frequenc1es in the unsubstltuted complexee
have been reported by Cetini et al., 50 and by Dickson and |
Yawney 109 'for a large series of alkyne.ligands. .Carty=F6.
hae;also reported a related correlatioh between the CU
stretching frequencies aﬁd the eiectronegativity of the
subétitueﬁts attached to the phoSphorus'atom in a series of
acetylenlc dicobalthexacarbonyl complexes of phosphlno-

acetylenes of the type R

J

2PC"CR'
o These correlations a;q con31dered to be due
to differences in the ﬂ~acceptor ability of the ligands, 46 » 50
Thus ; very electronegatlve substituent attached to the '
acetylenic m01ety facmlltates the back—donatlon of electrons
from the metal atom by lowerlng the energy of the acetylene
\ﬂ* antibonding orbitals, This results in a reduced back-
donation to the CU groups and thereby incfeaees the CO bond

order and the corresponding stretchihg freguency.

However, yickson and Yawney 109”have

pointed out that this type of argument ignores the changes

b
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i
o

© in the donor ability of the alkyne ligands. A similar

- situefion was‘discussed'in-Secfion A of this chapter in

relatlon to the reported correlatlons between the CU stretch-

L

ing frequen01es in phosphlne substltuted metal carbonyls

and the electronegat1v1ty of the groups attached to the °

phosphorus atom. lncrea51ng the electronegat1v1ty of the
R groups on the acetylene should also decrease the o-donor
ability of the 11gand. ‘This should increase the CO

stretching freQuencies. thus paralleling.the_effect of the. .

‘increased ﬂéaéceptor ability. It has therefore been

A

suggested that the order e ished in these correlations

can only reflect.tren( in the overall synerglc donor-

85, 109

sacceptor properties-o the ligands.

. ' . \
ilany transition metal complexes of these .
bidentate liggnds ﬁeve been reported'in the literatﬁre and

ehensive reviews the reaEE$Fﬁs referred to
80, 81

for‘reoent com
those ﬁy,hoAuiiffe et al. The~most common ligand ..
in this‘group‘is thPCHzcgzPth and if has beeﬁ ooserved
" that i%fcan act both as a bidentate cﬁélating ligand in
which'bofh ends ;;elcoordinated to fhe same mefal atom;.orl
‘as a bridging_group between two metal atoms. Complexes
containing the methane derivatives of these ligands are, less
‘common and prior_to the studies in this laboratory, no
example haq been_observed‘in wh}ch this tyge'of ligand was
involved in a bridge between two métal—metai.bondeo atoms,

1n addition, both the methane and ethane derivatives have:
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ﬁbeeﬂ'obserfed to exhibit monodentate behaviour, 138-143

The structural nature of" the complexes ‘

.prepared here was of con51derable interest 31nce eilther

"chelatlng or brldged_bondlng 1s.p0851ble. The dlsubstl-

'tuted derivafive of dicobaltoctacarbonyI conﬁainiﬁﬁ the

ffars llgand Coz(CU)é(ffars), was descrlbed in CHapter I,

'-and 1t'has been shown by A-ray crystallography to have a

11?, 118

Co-bo brldged strucﬁure. Reactlon of thls type

.of complex with acetylenes gives complexes 51m11ar to those'

prepared here, but the - tetrasubstltuted derlvatlves of the

-

" type Loz(bu)u(dpm)2 reportedly have both ends of the

phosphine llgand bonded to the same cobalt atom.'luuA'
However, reaction of these with acetylenes was attempted

here,without;guccess,'and therefore the bridging sfructure

" for both the di- and tetrasubstituted acetylenic complekes

was ekp%oted..

The X-ray crystal structure determlnatlons

on both a dlsubstltuted and a ‘tetrasubstituted derlvatlve

- have been carried out by other workers in this laboratory
A

confirmihg the,bridging structure. Figure Ii—B-zrillustrates
the ‘structure of the disubstituted complex, (Ph,C,)Co,(CU)) -
(dpm), while the tetrasubstituted complex, (thCé)Coz(CU)z-
rs’shown in Figure Il—B—j:' Several features are ndtewdxt

In the disubstituted complex, the five-membered riﬁg formed

v o



Figure II-B-2,

“2L4a-

Y ,
Crystal structure of (Ph202)002(00)4(dpm)

as taken from ref. . )

-« .
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Figure II-B<3, Crystal structure of (thcz)Coz(CO) (c:‘i.za.m)2 )
N o as taken i‘rom ref l '
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. .
by the llgand atoms and the two cobalt atomo is not planar,

, but is bent up towards the’ dlphenylacetylene llgand. It

has been sggéesked that this may be the reault of possible -
_'1nteractlons with the adaacent co 11gands. or as result of

" an artifact of the llgand 1tself. L Although 1t is not
"dlscernlble 1n the v1ew of the molecule shown here, it 13
also found that this flve-membered ring is tw;sted in that

.a line jolning the two phosphorue atoms is not parallel to

~

~ the Co-Co axis., | . | . -

In the tetrasubstltuted complex contalnlng
the correspondlng ars1ne ligand, it is found that one of
~ the flve-membered rings has the same conilguratlon as that
.1n the disubstituted phosphlne complex. but that the second

ring points down from the acetylenlc m01ety, and is not

twisted. In both cases it can be seen that the ligands. are _:f'

in the equatorlal p081tlons, and that the ax1al p081t10ns
are unsubstltuted. "In the complexes of the monodentate
lllgando a preference for the axlal p051t10n was observed,
but with the bldentate llgands a brldge between the two

axial p031tldns is 1mp0551ble because of the presence of the

acetylene llgand on this side of the molecule. The
r'imilari'c:,r in the propértiev of the other analogous

conplexeo 1ndlcates that they all have the same brldged

éjjeucture. ‘ ' . '



1
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In addltlon to the di- and tetrasubetltuted

, N .
derlvatlves. a thlrd type of complex has been 1solated 1n -
whlch “two ligand’ molecules are present but 1n whlch only

“three Cu groups have been.replaced. These‘were found to oe ’

trlsubstltuted complexes 1n Wthh one. of. the llgands is
acting as a brldglng bldentate group and the other lS ;
actlng as a monodentate llgand, or 1s "dangllng"
: - Ve
j The‘preparatlon of derivatives of. thls type
was accompllshed by reactlon of the dlphenylacetylene

complex with two moles of ligand. o When this- reactlon was

carried out in hexane or cyclohexane. a w1ne -red colour

rapldly appeared correspondlng to the formatlon of +the
disubstituted form. and then further reactlon oocurred more'
Blowly resultlng in the preclpltatlon of a grey—green

- powder. 1f the reactlon was carrled out in a solvent in

which this grey-green powder was soluble such as benzene.

'only the tetrasubstltuted complex resulted. With other

. acetylene ligands these trisubstituted derlvatlves could

not be isolated, presumably due to a hlgher SOlUblllty in

the solvents used.

1

The complexes which have been prepared are

llsted in Table 1I-p- ? along with pertinent phy51cal and

chemical data, It was difficult to obtaln these derlvatlves

in any high degree of purity because of disproportionation

to form the disubstituted complexes, or further reaction

ey

'ﬁ"‘"\iia..-#; L
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TABLE II-B-7

- . 4

TRISUBSTITU'lED DLRIVATIVLS OF DIPHENYL.A.CETYLLNE DICOBALT-'-

ILL.X.ACARBUUYL CUNTAINING &IDEIQM’I‘L LIGANDS

3

A, (phzcé)sz(cu)jgdpm)z “

| Melting Point: . 245° (dec. ). o
Ccu Stretchlng Bands: 1990(9), 1943(3), 1902(w. sh) cm'. -1

Analy51s:' . C_ ' H Coffi . P
‘% Found:  69.5 5.9 . 9.8 - 10.4
% Calc.: . 69.4 4,6 10.0 10.5
© 8. {Ph,C,)Co (co)-tdam) - :
2¥2/¥%2 2. oy
_ '3 f“ﬁ; SR
- ’ ~
Meltlng Point:  177° 1?8° o
' LU Strﬁ”_;ng Bands: 1991(5), 19&3(3) cmsli _ ; '
Analys;s: - C . H -f. - ;  S
¢ Found . ~ 60,3 i%.l | . 'f” L:
% Calc.r 60,7 b1 ;
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'”to form the tetrasubstltuted varlety. hlemental analysee
N }ndlcated that two 11gand molecules were present, but due
* to the dlfflcultles in. purlflcatlon these data were not
sufflclently preclse to allow any. conclus;ons to be drawn

fes to the number of CU -groups which had been replaced.

. Furtner experimentstindicated that these .

complexes Were intermediates An the formation of the ‘tetra-
substituted derlvatlves from the dlsubstltuted derlvatlves..-
TReactlon of- the llgand with the hexacarbonyl complex in. -

a 1:1 mole ratio was snown above to result ln rapld
formation:of the disubstituted'derivative. . When a sample

of this dlsubstltuted product was dlssolved in n~hexane and
reacted with a further mole of the llgand the grey-green |
solid was formed but if benzene was used only the tetra—
-substltuted derlvatlwe resulted. Furthermore, 1f-the
grey—green SOlld was dissolved in benzene and the solution
‘-refluxed for: several hours, the tetrasubstltuted derivative
agaln.resultec_le
‘iTwo possibilities must be considered‘for

the nature of such an internediate. Une is thatlthe
complexes have a structure which is analogous to a di-
-substltuted complex and haVe two "dangllng" llgands. However,
it does not seem likely that such a complex would form from
one in which both ends of a bldentate llgand were already

'coordlnated. 1t is therefore conctuded that these inter-
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‘medlate complexes are trlsubstltuted derlvatlves in whlch
.one ligand is coordinated at both ends and is brldglng the
_two oobalt atoms, and ‘the other' llgand is coordlnated at

*

one end only, or is "dangllng"{

Flgure II-B—4 1llustrates a typlcal 1nfrared'
._spectrum in the Cu stretchlng region’ along with. those of the l;
dlsubstltuted PPh3 complex. and the trlsubstltuted P(UCH )
1complex for comparlson. As dlscussed 1n the Previous '
sectlon, a shlft in the Cu stretchlng frequencies is
observed as the degree of CU substitution - 1ncreases
_characterlstlc patterns occur. Therefore, if the complexes
.1n questlon here are dlsubstltuted with both ligands
coordinated at‘one end only, their spectra in this region
should - ‘closely resemble that of the disubstituted PPh3 |
.complex.' The patterns are seen to be 51m11ar, but in the
bidentate oomplexes the frequencies are much lower. The
 spectra much more. closely resemble that of the trlsubstl-

tuted P(UCH3)3 der1vat1va and this is g further 1ndlcatlon

- that these 1ntermed1ate oomplexes are trlsubstltuted.

' Several examples of such complexes'contain-
-ing.“dangling" ligands have beeén _reported in the literature.
" Basolo and‘oo—workers 139-141 tave found that the product
of the reactlon of dpe with Fe(uo) (CU)2 is a complex of the
- formula be(uu) (CU)(dpe) in which only one end of the

bidentate llgand is coordinated. Closure of the ring
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to form Fe(NU)z(dpe) occure on'heating the comple; in__‘
solution. Slmllar results ‘have been found w1th the

' Co(Nu) (CU) system. 14;- x-ray crystallography has shown
.._that in the seven—coordlnate molybdenum complex, Mo(CU)2
',_(dpm) Brz, one of the dpm llgands is coordlnated at both.
ends, but that the other is "dangling". k2, 143 In the
analogous tungsten complex, W(LU) (dpm)zBrz, both dpm
_llgands are coordlnated at orie site only., 13 A further
'example Whlch 1s more closely related to the. complexes!
prepared here has been mentloned in Chapter I. This is
,the complex (Ph Cz)Coz(CO) (ffars) in which.-only one end of
the ffars llgand is bonded to a cobalt atom, <118 - Heating

thls complex in solutlon causes further displacement of €O

resultlng in a Co-Co brldgeq species.

SECTIUN C. THE PRLPARATIUH UF TRIFLUURUPHUSPHINL DERIVATIVES

7}y : AhD UTHER NISChLLAhLUUS REACTIOHS

This'sectiohs presents the results of -

-several other reactions whlch were attempted but whlch were

“hot successful in that the de51red products viere not

hg?%-.i;

obtained. These include a descrlptlon of the‘preparatlon
of some trifluorophosphine cobalt carbonyl derlvatlves and
‘ of some attempts to prepare a fully substltuted acetylenlc

dicobalt derivative by direct substltutlon. Complete

*up- .

o
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detalls of -all the reactiong descrlbed are glven ‘in :
Y
Sectlon 4 of Chapter v, ;

L]

Attempts to prepare aseries'g;:subsfituteo
acetylénic dlcobalthexacarbonyl derlvatlves contalnlng PF3
were not successful. although some derlvatlves were isolated.
In some metal carbonyl systems 1t has been found that
' complete substitution of the CoO groups by‘e phosphorus |

" donor ligand can only be accomplished with PFj.‘ahd that -

*vthe PFB substituted derlvatlves are often.much more stable
than the corresponding unswbstituted metal complexes 127

. However, this was not found~§o be. the case here. In those

1nstances where substituted derivatives have been prepared,

»~

they are found to. be somewhat less stable than the parent

" unsubstituted complexes.-

Dlrect reaction of trlfluorophosphlne w1th

thedlphenylacetylenecomplex was attempted first. The
reaction was carried out in n-pentane solution under a hlgh
pressure of” Pb3_at room temperature. The react;on time was -
mwo weeks and a green solution resulted from which a
. dark green crystalline solid was isolated. The infrared
.spectrum'of‘mhis product inuicated the_presence of Cu, PFB‘ . .
and thbz, and the elementalaahelysis,corresponded to that |

ikl

of a disubstituted derivative, Ehhzoz)Coz(Co)u(PFj)é. The

use of slightly higher temperatures appeared to result in
y Cf

FTCT S TR T PR PEvT- YT
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decomposition of the. product. Slnce a reaction tlme~o£ ] ﬂc ﬁﬁ_ﬂng

"“. ,.o-,,

.two weeks’ resulted only in thls disubstltuted product thlB
dlrect route was abandoned as a method of” preparlng further oo
.lsubstltuted derlvatlves.
)

lt has been reported 1n the llterature that
-substltuted acetylenlc complexes of the’ type under 1nvest1--
gation here can be prepared by flrst reactlng dicobalt~
octacarbonyl w1th~the phosphlne ligand, and subSequently
f.replac1ng two further CU groups with the acetylene llgand.
This route has been used to synthesize (PhZCZ)Coz(CU)u
(P(n-CyHg) ), from Coy(CV) ¢(P(n-CyHg)4) 5. 116 yttempts
.were therefore made to prepare PFB'derivatiVes by thiél

‘route, . ‘ ' 1 ‘ L

»

_ Treatment of Coz(CU)B with 400 psi of PF3 " o
at, -20° for eight days resulted in a substance which was a - " '
dark brown, volatlle llquld at room temperature but was: a‘;'-t :-
bright yellow SOlld at liquid nitrogen temperatures. ThlB
product was‘extremely air_sensitive, ‘and at room temperature,
even under a vacuum, appeared to decompose reeulting in a ‘

, brown insoluble solid. Further characterization of this
“substance was ‘therefore -quite d'ffipult. but its infrared
spectrum indicated the presencé}of both terminal and |
”bridging Cu groups, and tbe presenée of Pﬁé. 1t was there-

‘ : . . " R )
fore concluded that this product was probably a mixture of
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{'.vA‘2~3 ml portlon of thls brown llquld was.

‘treated w1th dltertlarybutylaoetylene in n-pentane solutlon

at 0° for several days under a vacuum. A dark brown
solution resulted from ‘which crystals were obtalned by slow

evacuation of the solvent at -90 . Chromatography of this

product showed ohly one dark red.band. Characterization

of the~substanoe through'its elemental analys1s and its
1nfrared spectrum 1ndlcated that it was a dlsubstltuted
der1vat1Ve with the. formula ((t’cuﬂ9)2c )Coz(CO)u(PFj)z. It
is therefore analogous to the diphenylacetylene complex

discussed above whloh was-prepared by direct_substitution.

-

Reactlon of dlcobaltoctacarbonyl with PF3 :

ixture of this brown liquid with a second substance'whioh‘

_was also a broWn liquid at room femperatube. but was some-

f
what less volatile than the first and was an orange SOlld '

‘at- 1ower -temperatures., . It wasg suspected that thls was a

more fully substltuted derlratlve with n'=73orn=kh,
quever,attempts to obtain an amount' sufficient to carry

out further reactions were unsuccessful,

The use of hlghen temperatures and higher

3 pressures also resulted prlmarlly in these yellow and

- orange solids, but in addition, a pale yellow, clear volatile

-

\y_
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1iqu1d was formed ﬁhlch had a sharp, ohoklng ‘odour, ' This
product was 1dent1f1ed as HCo(PFB)j(Cu) from its 1nfrared ';
'spectrum. lte formatlon is due to the presence of small
amounts of HF in the trlfluorophosphlne, as has been ‘

' reported by hruok: ?27

L

Attempts were made to react- thls hydrlde
-with dltertlarybutylacetylene under ultrav1olet radiation, .
: The reactlon was carried out under an atmosphere of nltrogen -
gas. -and resulted in the formatlon of a dark red oil, The
:infrared spectrum of this product showed the preseﬂce of PFB'.f:
termlnal and bridging carbonyl grouﬁe, and dltertlarybuty1-¥.:
aoetylene. The' 011 appeared to be a mlxture of a dark'red B

'

substance and a. deep blue substance? but an attempt to o
' separate %hese twd by trap to trap dlstlllatlon resulted 1n'
oomplete decompoeltlon of the red product to the blue

' product. Lue to this decomposatlon and the- observatlon

that brldglng CU groups were present, it. was-concluded that '
“the demred acetylenlo derivative had not been formed. I@
ihese reasons no further work was carried out. ThlS _
;_1nab111ty of the acetylenlc dlcobalthexacarbonyl oomple;es
to form stable PF3 apbstltuted derlvatlves is thought to

be due to electronlc factors and is dlscussed more fully 1nt'

Chapter ;III .

» Several, attempts to prepare a fully
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substituted'deribstive with the, organophosphorus ligands

by direot methodsrwere also unsucoessful. Reactlfn of :
’(Ph202)Coz(CU)6 with a 1arge excess of trlmethylphosphlte : ‘.‘
cin reflux1ng methyloy“lehexane for several daye gave only v |

' “the tetrasubstltuted derlvatlve. ‘Use of the sllghtly
. higher b0111ng 301Vent, toluene. 1ed only to decomposltlon.
Attempts-were also made to substitute the . two remaining CO:
-groups in (thc )002 0)2(dpm)2 w1th monodentate llgands
such as trl-n—butylpzzsphlne and trlmethylphosphlte. but no -
51gn1flcant results were obtained, " |
o )

;Another unsuccessful series of reactions
resulted'when.attempts were made toAprepere'a‘substituted

series of complexes of the dltertlarybutylacetylenehexacar— :_ ué

bonyldlcobalt complex. Thls complex was found to behave

quite dlfferently than the dlphenylacetylene complex and

"other complexes whloh were lnvestlgated in that treatment

with P(nmcunglaiand PPh3 ledwto decomposition of the metal—

acetylene linkage; With tri;nébutylphosphine a mono-

- substituted derlvatlve resulted but one. product Qf* the _ '
reactlon was identified as Co (CU)G(P(n C4H9)3)2 indicating. . J

that further substltuﬁ}on probably results in decomposmtlon.' |

.With PPh3 an 1nsoluble olxd was formed‘qglch could not be
oharacterlzed.< when the corresponding phosphite llgands
were used,disubstituted.gerivatiues weré detected ,

+ .

These observations suggest that<berhaps
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. eleétronic factors are p;aying-a part in this‘exceptional ‘
behaviour. It should &lso be mentioned, that viith other

,acetylenic derlvatlves tetrasubstltnted complexes could

readily be prepared . w1th the bldentate 11gands, but that "
only dlsubstltuted eomplexes could be- obtalned w1th the
dltertlarybutylacetylene complex. Possxble reasons for ”'. .
| thfg behav1oup are dlseussed mope ﬁully ;nlChaptepn;llg
) .‘  _ ‘ ~ 7 }f
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.that it is necessary to consmder sterlc factors as well.

.further'displacement of CU became more difficult~aé‘the="
. extent of”sgbetitution by a phosphorus-type ligand increaeed.,d
For-examplé. with the‘monodentate ligands mono- and di-

‘ ‘substltutlon could be effected in refluxlng n—hexane, but.
solvent. A 81m11ar observatlon octurred with the reactlons

: of the bldentate 11gands. It was also*found that substi=-

- tution beyond four Ccu groups could not be carried out.

by a llgand whlch is a atronger donor and a weaker accegtor

[
" .

"I"shl. ' P

ke A T B S (\’&% “*a ““""""“5%”

.\. .

~Un the basis of the results reported here
several suggestlons can be made to explaln certaln aspects
of the behav1our of these acetylenic complexes._ These ‘ . ' o #

center malnly on electronlc factors, but it has been found

Com

It was qualitatively observed that - L ‘!

L4

further subetltutlon requlred the use of a hlgher b0111ng . H

!j\

,.,.

LY

Correlations of thls type have been dlscussed
in Chaptcr 1, in aummary, it 13 expected that this effect ]

is due to the 1ncrease in the electron den51ty on the metal o

atom which accompanles the substltutlon of CU in a complex

than the carbonyl group. This causes an increase in the

-229-

~



'presumably strengthens the metal-CO bond. Further L o ff

feubstltutlon 15 therefore more dlfflcult .84, 87 URRIS

. Une system uhach has been studled quantlta-

' tlvely, and has been found to support thls hypothesls,_
is the reactlon of Co(NU)(CU) with monodentate phosphzne '

.,-and phosphlte 11gands ~139- 141 - Kinetic studles on these

"reactlons have shown. that the rate of substltutlon by a .

-l;gand L,

Co(NU)(CO) 5 '+ L —b co(No)(co)éL_-"'-f' co . .
- o - (I;I;i)uz

'proceeds at a much faster rate than further substltutlon by

the same lJ.gandll

Co'(N'g)(CL:)‘zL," + L —P ColNO)(CO)L, o+ o0
' “f‘ : .‘ . : - ‘i"(Iii;?)'
It has a.lso been fourtd that subst:LtutJ.on of .
the second carbonyl group (equatlon III-2) proceeds at a
faster rate when the llgand L present in. the complex has a
weak net charge-donatlng capacity and can ‘therefore lessen
the degree of metal-CU back—bondlng. This occurs in splte
of the fact that an associative mechanism is operatirig whichf
should cause the rate to increase with increasing baeicity

of the incoming donor atom, as is observed-in the first

-1




Although these observatlons lndlcate that
electronlc factors are 1mportant these same studles have _ 1
shown that the reactlon rates also depend on the bulklness S :

&g the L llgand.‘ This 1nd1cates that sterlc factcrs are' - . ;

also playlng a part and that the slower rate of the second ' 7‘..'} ‘

- substlﬁutlon may not be due. to electronlc factors alone.

r
- S

uf

Basato and Poe have reported a Bmmllar ;

observatlon from a study of’ the reactlon of the dlphenyl- ;.T L "

_ acetylenehexacarbonyldl t complex w1th P(n—Cu}{g)3 116l

Although thls system is somewhat more complex klnetlcélly

than the one dlscussed above 51nce 51multaneous dlssoclatlve' S
and assoc1at1ve mechanlsms are operatlng.‘lt vas agaln found
' that the substltutlon of the second Cu group occurs at a ,
'slower rate than formation of the monosubstltuted complex. " If‘e
| Slnce the co groups 1nvoIved are not both bonded to the o
_ same cobalt atom etgrlc factcrs would not be expected to-
be 1mportant in this case., The dlfference in the rates must.
therefore be due malnly to electronlc factors, ‘namely the

1ncrease in metal-Cu back—bondlng.

v : s 1
For substltutlon beyond two carbonyl groupe i
]

in these complexes, sterlc effects mlght be expected to be

of greater. 1mportance since one phosphorus ligand is

already present on each cobalt atom. The observation that




~232~-
tetrasubstituted derivatives could ‘be prepared w1th P(OGH3)3

and P(002H5)3. but not with the more bulky P(u-l-03H7)3

o e,P(UPh)gf bears this out. However, electronic factors are

ev1dently also 1mportant since it was observed that

[: substitution beyond two CO groups tould be obtalned with
the phosphite llgands, P(u-n—-Cu_}{9)3 and P(UPh}B, but not
W1th the correspondlng phoﬁbhinee, P(n-Cqu)3 and PPh3 ':i
which are stronger donors and weaker acceptors.

Consmderatlon of these electronic and . f"f
‘steric factors allow certain suggestions to be made'
cone rning methods which might 1ead to a fully substituted
: dﬁtiVe by the direct methods used' in this work._ Since .
'bqth the electron acceptor abillty and the bulkiness of the‘
| ligand appear to be 1mportant. 1t 1s suggested that the use‘v.
of the bicyclic ligand P(UCHZ) CCHB’ mlght allow further
substitution than has been observed. The reactions of this
' ligand have been studled extens;vely by Verkade et al. 145

146, 147 Un the ba31s of its effects on theg'

and by Tolman
CU stretching frequencies’ in the complexes the ligand is
”consadered to have a better: acceptor ability than P(OCH3)3'e
and from cone,angle calculations it is expected to be the
most stericaliy favourable ligand' available with the
exception of'PHB..lus' 147 These factors have been
substantiated by kinetic studies., It is therefore suggested
that with such favourable conditions a fully substituted

acetylenic dicobalthexacarbonyl oomplex might be-prepared.
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A further factor 1n the ablllty of these
complexes to undergo co substltutmon might be the electron
.acceptor ablllty of . the acetylene llgand. As dlscussed in
'lChapter 1, the electron w1thdraw1ng capacity of the R groups
attached to the acetylene has an effect on the G0 stretch—
ing frequenc1es 1n_these,complexes, and this should‘also
' affect the metal-CO bond strengths. Therefore the use of
an acetylene in whloh the R &roups have a greater electron
w1thdraw1ng oapac1ty than those used: 1n thls ‘work ‘might.
also faollltate the preparatlon of a. fully substltuted
derlvatlve, prov1ded that steric factors are not domlnant.

On the baels of the reported CO stretchlng frequenc1es and

relative stabilities of the acetylenlc dlcobalthexaoarﬂgnyls.r

two acetylenfb derlvatlves which are better electron
acceptors than those used 1n the worh reported here are

J\..C-CEC-(;—N 50, 109 and. (06F5)2_2' 35 . &‘

-

It mlght also be possible to synthe51ze "

a fully aubstltuted derlvatlve by an indirect route

; 1nvolv1ng mononuclear trlalkylphosphlte oobalt complexes

~of the type XCo(P(OR) )4. Several reports haveﬁbeen
published of the reéactions of the GO analogue of ‘these .’ ‘

species ulth acetylenes and it has been foundfthat acetylenic

dloobalthexacarbonylo have res ulted. - For example, Peyronel

and co-workers 107 have prepared (HL—CH)COZ(CO)G by pa851ng

HC=Cl1 through a solution of,Hg(Co(CU)u')2 while irradiating

LY

il ANl N Bk fwa - - L.




o of more complex acetylenes have also been obtalned in a-

L ‘ ’ o I C - . ¥
S 23l
: .
" the solutlon wlth ultraV1clet llght. Several derlvatlves
. 51m11ar manner.‘148 - K further example has been reported

- by Iwashlta et al..34 in whlch generatlon of HCo(CO)u from

IdCo(DMF)e(Co(CO)u)Z and HCl 1n the presence of HGECH and

-_'PPh3 resulted in the formatlon of substltuted acetylenlc L %
o dlcobalthexacarbonyls. ' S ,'.‘ o . a" o *
. The preparatlon of KCo(P(UR)B)u. HCp(P(OR) )h 2 '

and Hg(Co(P(uR) )4) derivatives gg; recently been . .- i“f'f, b

149 - 150

reported and it is suggested that the reactlon of

these wlth acetylenes mlght result in the de51red>fully
.substltuted dlcobalt complex. A further p0551b111ty would

be to react acetylenes w1th the . Coz(P(uR) )8 derlvatlves e

recently reported by Muettertles and Hirsehorn. 150

- The lack of success in obtaining : . ) s
substltuted derlvatlves of the dltertlarybutylacetylene
'complex. and in preparing stable Pr3 substltuted complexes,
can also be attrlbuted to electronic factors. It ;s
expected that, due to the 1nduct1ve effect of the t-butyl
group S, dltertlarybutylacetylene would have a very poor

acceptor ablllty and would therefore not be partlcularly

effective in removing excess electron density from the ' g

metal atoms. This is borne out by the observed values of
the CO stretohlng frequegd in the dicobalthexacarbonyl

complex. This would hinder-the formation of phosph}ne
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substltuted derlvatlves by both increasing. the metal CO
bond strengths and reduclng the stability of the resultlng
' substltuted complex. if formed.‘ However, agaln sterlc..‘-'
; factors cannot be completely 1gnored 31nce 1t 1s'possxble .
that the bulky natureof the t-butyl groups comblned w;&& a
'small bend back angle ?12- may also be- hlnder;ng the .

substitution reactions.,

.ﬁ' | The peculiar behayiour of'tyifluorophosphine
"in its reactions with CQZ(CU)B and the acetylenic complexes

can be explained on-the bafis of electronic factors since

this llgand is atypical of the phosphorus donor llgands in .

“that it is as gdod a m-acceptor as CO, or better. The
chemlstry of tran51t10n metal trlfluorophosphlne complaﬁﬁb

has been reviewed by Kruck 127 151

_and-by Nixon and it has
" been found that'snbetitution of CUO by PF3 in a eomplex‘ _
‘causes little or no change‘in the CO force constants of the
remalning carbonyi groups., It is felt that thls smmllarlty
of ?FB to Cu in its bondlng capa01ty 1s due to the high
electronegativity of the fluorlne atoms Wthh weakens the
.donor ablllty of the phOSphorus atom and enhances the -
acceptor ability of its 3d orbltals by lowerlng their

127, 1)1

energy. This and the steric gtructure of the

ligand account for its ability to form a wide variety of
transition metal complexes for which corresponding'co )

COmplexe exist, some of which are even more stable than the

parent unsubstltuted complexes,

_ - ‘[.".- ark




‘has a negé%lve effect on the blnuclear cobalt carbonyls

" so0lid. whlle the’ dlsubstltuted complex, 002(00)6(P(nr04H9)

236~
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However. this strong acceptor ablllty of PF3

51nce it has been Tound that the presence of a stronger
) .
donor than CO is required to achleve 1ncreased syablllty.

Thus Coz(CU)8 is an‘extremely alr-sen51t1ve crystalllne

131

is qulte alr stable even in solution, ~In the

acetylenlc dlcobalthexacarbehyl complexes 1t has been

_reported that the organophosphlne substltuted derlvatlves L

‘are. consmderably more alr stable than the parent hexa- '

N .
carbonyls . This has been.used_for the purification of

'acetylenic dicobaltcarbony}s‘when.the:unsubstituted

3>2. |

y

complex was not sufficiently stable for an accurate '"<:n.m-'

.'microanalyeis.to‘be obtained. 33,36 In the work feporfed

here it<was observed that eolutions'of the diphenyl- -
acetylene complex deposited alwhiteuinsolnble substanceoon
standlng in alr. but that solutlons of the dlsubstltuted
der1Vat1ves of the organophosphlnes and phosphltes remalned
unchanged after several days in an open container,

t

It is possible that this increased
stability is due to the presence of the stronger donor end
weaker acceptor which in§reasee the electfon'densi%y on
the metal atoms and thereby increases the back-bonding to
the remaining m-acceptor groups in the complex; The

resulting increase in the strength of the metal-CO bonds

!
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}1 and the,metal-acetylene bond would therefore be nequnslble
for thérlncreased stablllty of the complex.' The PF3 llgand

would, be unable to prov;de thls 1ncreased s$ab111ty-due to

Je oo ¢ L -

Lits weak donor and strong acceptor propertles and thé PUTAN
PF3 substltuted complexes would therefore not he any. more

stable than the parent unsubstltuted complex.

-

1

Flnally. sonme comments must be made

.concernlng the relatlonshlp proposed in Chapter I between
the extent of" CU substltutlon in these oomplexes and ﬁhe . - 1
deg;ee of m back—bondlng to the acetylene antlbondlng

orbitals, 1h the' work reported here 1t was observed that

the band assigned to the C_C stretching frequency shlfted I E:
to lower frequen01es on g01ng from dlsubstltutlon to tetra- o ?
‘substltutlon. 1 is 1nd1cates that the phosphorus llgands

are indeed 1ncreas1ng the back—bondlng to the acetylene and’ : ' .
'cauS1ng a decrease in the C=C bond order. Preparatlon of ot 1
<a fully . substituted derlvatlve is needed to provide

ifurther eV1dence of thls correlatlon.

The effect of thls increased back—bondlng
on the acctylene bend-back angle would have to be

investigated by X~ ~ray crystallography. Several crystal
structures have been descrlbed briefly in this the51s. but “I
the, rosults of these concerning the bend-back angle are not
condluslve since considerable distortions are present due

9
to steric effects., A more systematic study is needed, and




»

' --.-2.38-

. " .

it is therefore suggested that the structures of the

series of substltuted derlvatlves of the’ monodentate

llgands be determlned, 81nce the bldentate llgands(ggght1

be compllcatlng the. factods’ whlch affect the bonding.

\gm N

' correlatlon..

would ‘be necessary to prov;de SOlld ev1dence of - the

’Agaln, the structure of a fully substltuted derlvatlve

.




CHAPLER IV, . BXPERINEATAL. A

/’

;.SEbTiQN-AI' GENERAL EXP@RIMENTAﬁ,gETAlLS. E

.'K.

S

All sclutlon reactions 1nvolv1ng non-gaseous

' reactants were carried out in an Lflenmeyer flask which had

;been’hodlfled w1th a s1dearm ‘and stopcock. A wateracooled

. reflux condenser was» connected to the flask and an alr-tlght'

llnk was obtalned by the use of a mercury bubbler. The.

reactants were generally weighed out into the flask directly’

and the solvent then added. The‘flask: was then connected
to the reflux condenser and the system was flushed with
vpre ~dried nltrogen gas for two mlnutes via the sidearm. The
reaction mixtures were stlrred and heated by a magnetlc |

stlrrer/hotplate comblnatlon.
. '

T'Reactions involving the gaseous reactants,

Pﬁj and (CF3)202._were carried out in a Parr 71 ml stainless~

steel high pressure reaction vessel fitted with an
approbriate pressure gauge. The veseel was lined with‘e
~removable glass liner and was connected.to-a vacuum line by
adapters and rubber tubing. Solid reactants were weighed

directly into the glass llner and the vessel was then sealed

I

and evacuated, Where solvents were used the Vessel was

1

A
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LN e

‘supply cylinder.. e .

‘ v’

Without\further purificatiQnL

length'depending on the scéle of the separation'to be

cegbot oLy

flrst cooled to —196 u51ng~llqu1d nltrogen. and. then

: evacuated. Thms was subsequently repeated to ensure

complete deaeratlon of the-solvent. "Gaseous reactante Weref

condensed into the-vessel from the vacuum line,by'cooling

it'to -196°, + Amounts were medsured by weighing the gas

Removal of carbon monoxlde evolved durlng
the.course of. a hlgh pressure reactlon was accompllshed by
coollng th reactlon vessel with llquld nltrogen and then
ventlng itgio the vacuum llne.° Removal of excess gas’'at
- the end of a reactlon was also accompllshed v1a the ‘vacuum

llne, pa531ng the effluent through approprlate traps to |

' collect any volatlle products.' '_ \-»'f S T

I' & . . » v
. . . .
- : -

The chemlcals and solvents used 1n all of

the reactlons reported ‘here were obtalned from the

F

menufacturers listed in Table IV-A—l. They were used
B - R . . 4

Column chromatography was carrled out u51ng

1

silica gel powder (60=-200 mesh) from the J.'l's« Baker Co.

The;chromatography columne used varied in d;ameter and -

carried out. They were alwaysfpacked.wet.

i

W
’.




"K‘Q.'Chemicals_

'*:Blcyclo(z 2. 1) 2 5-heptad1ene ‘

:Dlphenylacetylene

~241-

TABLE IV-A-1.

-

. A}
+ [

"'Bls(dlphenylar31no)methane o --_"' Alfa-Ventron

Bls(dlphenylphosphlno)ethane Coe

'Dicobaltoctacarbonyl (987) . . -Alfa-Ventron

. Di-t- butylacetylene L F

;Hexafluoro—z-butyne hf -

Hydro qn Fluorlde

'?Dlethylacetylene L ,f ”f1”* o

L Tris n—butylphosphlne (pract ) S
| JTrl-n-butylphosphlte (Pract,) ni o 5ﬂ . T. ﬁBakerl-
-'lTn;ethylphosphlne (pract ) R

‘-TrlethylphOSphlte (pract )

-

Trlfluorophosphlne "

- suunl: UF_CHEMICALS AHD SULVENTS |

RUC/RIC
. . . . ’ N 4 .
Bls(dlphenylphosphlno)methane .. Alfa-Ventron

,Conalt(u) Iodide 4 o Alfa-Ventron

- TeroChem .

!

"@aétman Kodak Co.

.

ChémSampdéﬂ-

ChemSambCO-.,,

" Magheson

d T. Baker

J. T. Baker

" J.T. Baker
: N ,-'Strem Chemicals
'TrlmethylphOSPhlte (pract. ) : . Eastman Kodak 'Co,

N ) n T, . . .t
Triphenylphbsphine S - . Alfa-Ventron

Tri-1 propylpho ph%te (pract )

'Trlphenlehoaphlte. : - J.T. Baker

J T, Baker

' ChemSampCo ' - @ L

: Bls(dlpﬁénylarslno)ethane . "1"." 'Alfa-Ventron

-

e W
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K 1AuLL 1v-n-1 (cunm u)

B, Solvents L o | &

Lo

Benzene (reagent) o f - e o Fisher Seientifi!!'-

Carbon Dlsulphide (spectranalyzed) Fibher'seienfificff'

thoroform (N F. ) ‘*}:, [-'* . 5; insher Secientific

‘Cyclohexané (certlfled) ' '__‘ ',;f, tisher Scientific

chhloromethane (certlfled) .i:--: Eisher'Seientific

'\ tow

.|D1ethylether (pract i R c_f,:f‘"‘Fisher-Scientific_.

L n-Hexane (certlfled) BRI S . Fisher Scientifie

X

‘Methanol (absolute)

’

methylcyclohexane (pract ) i o -Eaétﬁan Kodak"Co.J

n—Pentane (pract) e blsher Sclentlflc
Tetrachloroethylene (reagent) .,?f ; J. T.‘Baker

Toluene (reagent)

-

.. .. Fisher Scientific.

. Fmsher Sclentlfic e

W .




‘rfBand frequencles are reported to * 3 cm -1 unless otherwmse,

'-.f2434§‘

.6
-

Elemental analyees were performed by

| Galbralth Laboratorles Inc.. Knoxv1lle. Tennessee. USA.: : 1J B ot

”; o Meltng p01nts were measured on a Gallenkampf 
"meltlng polnt apparatus and were not corrected. A sample of?f
. the compound was crushed tc a powder and packed in a _
E}caplllary tube.' The . tube was subsequently flushed w1th -
fnltrogen gas and sealed w1th putty. . ' |
- Infrared spectra were recored on a Perkln-

°"leer dduble béEh gratlng 1nfrared spectrometer (MOdel 457)- -

SpEleled.. The spectra were callbrated using a polystyrene N
£ilm at 2851 5 cm 1 and 1601 8 cm’ -1 152 Abbrev1at10ns

used 1n quotlng band 1ntens;t1es arex Ve very strong;

's: strong;' m: medium;  w: weakg VWi very weak; bri broad;.
‘shw shoulder. A1l spectra were recorded in solutlon in

u
1 U mm sodlum chlorlde matched cells,

Reactlons 1nvolv1ng ultrav1olet radlatlon T R
-were carrled out u31ng a Pen-Lite 1rrad1at10n lamp. They
wcre done-in a tube about one inech in- dlamcter,xo whlch the;

lamp Was connected by a grdénd glass 301nt." The.system

could be flushed w1th nltrogen £as and vented wmth a. T
mercury bubbler by 1ts sidearm and stopcock. ‘The reaction :

mixture was stirred wlth a magnetlc stlrrer.




WS

~244 . . L

" The Varlous acetylenlc dmcobalthexaoarbonyl

"‘-complexee whlch have been used have all been prevmouely

descrmbed 1n the llterature. The syntheses used - in the work

;.reported here usually anOlVed only sllght modlflcatlons to

- the llterature procedures, and, with the exoeptlon of the

dl-t-butylacetylene complex. the compounds were 1dent1f1ed
by- comparing thelr 1nfrared spectra w1th those whlch hava

been prev1ously reported. The 1nfrared spectrum of the

[

dl-t butylacetylene derlvatlve has not’ been publlshed and

\d

therefore thls complex was 1dent1f1ed by its elemai';l

_analy51s. Descriptions of the preparatlons of . all four

e

complexes are given below, . . - '-;' : _'“*‘3

Dlphenylacetylenehexacarbonyldlcobalt was
prepared by dlSSOlVlng 002(00)8 €17, 1 g, 0,050 moles) and

'Ph 5Cs (8 9 g, 0. 050 moles) in 100 ml of n-pentane and '

”reflux1ng the solutlon under nltrogen gas for 24 hours-

; w1th conetant stlrrlng. The resultlng deep-red solutlon .

was flltered whlle still hot us;ng a sxntered glass funnel. B

and 150 ml of methanol was then added to the flltrate.-.
ThlS solutlon was concentrated in vacuo te a volume of ?5 ml

and cooled to ~10° for 12 hours. Red cryotals (8.2 g)

vere 1solated by” flltratlon and dried in vacuo for 12 hours. pp

The product was 1dent1f1ed by ‘its 1nfrared spectrum 20’21_

L]

"

.




S nltrogen and the evolved co was pumped off.'

~gh5-

| Dlethylacetylenehexacarbonyldlcobalt was"
_iprepared by dlssolv1ng C°2(CU)8 (10.2 g,.o 030 moles) and
'dlethylacetylene (2.5 g, 0,030 moles) ‘in 50 ml of n—hexane_
and refluxlng the solutaon under nltrogen gas for one hour

“with constant stlrrlng. The reactlon mlxture was then | . ‘} T

. cooled and flltered, and the solvent was evapourated from
the flltrate in” vacuo to yleld a dark red 0il, This .
_product was dlssolved 1n methanol and the solutlon cooled |
to ~15% resultlng in dark red crystals which were isolated
by flltratlon.. on uarmlng to room temperature the product .. \ “i-_éﬁt

E became 2 waxy solid. Itlwasrldentlfled.by its 1nfrared

spectrumr 20, 21

The hexafluoro-2-butynehexacarbonyl- ;
dicobalt complex was prepared in the Parr 71 ml hlgh
pressure reaction vessel. chobaltoctacarbonyl (3 5 g
. 0. 010 moles) was placed inside the ‘glass llner in the S Ff'%f
" reaction vessel and was dlssolved in 20 ml of n-pentane.. )
Hexafluoro 2-butyne (6 g, O. 040 moles) was ‘then condensed

.-into the vessel u31ng llquld nitrogen and "the reaction was L

"left to proceed for 96 hours at room temperature. After

_ every 24 hours the reactlon vessel was cooled with llquld

’

At the end of the reactlon perlod the

vessel Wwas opened and the contents of the glass liner were

flltcred. A brlght red flltrate resulted. This was




;Qi

;‘second béing a dark brown colour and much smaller. The
) flrst band was . collected and the solvent was evaporated
| ggggg. The resmdue was recrystallized by d1ssolv1ng 1t in’ _
;!'a"pall amount of n-pentane, adding methanol. and concentrat-
. ing the solutlon in'a stream of nitrogen gas.. Coollng to. m_“
“'—15 resulted in, br;ght red crystals WhLCh were 1solated |
'1_'.by flltratlon, but the product beoame a waxy ‘solid on’ ,1  A#
. warmlng to room temperaturé._ 1t was 1dehtlf1ed by 1ts
. f;lnfrared spigtrum - 36, 153 " The- second dark brown band Wasg .

2L 1dent1f1ed as Cou(CU)12 from its 1nfrared speﬁtggm

_dlcobalt complex-was prepared, by dlssolv1ng 002(00)8 (3.4 g,"

“of n-hexane and reflux1ng the solutlon under nitrogen gas ' | ]

for -2 hours ulth constant stlrrlng. The reactlon mlxture

”,The dark red res1due was recrystalllzed from n-hexane to

. give a. red crystalllne d'l;d, 1solated by decantlng the o

_ analysis, -For.divtfbntylacetylenehexacarbonyldicobaltf: _ S

~2lb-

concentrated in & stream of nitrogen gas and then

+

.chromatographed on silica gel us1ng n—pentane as the eluent. .

Tvio bands were eluted the flrst being orange-red and the

-

’

The dltertlarybutylacetylenehexacarbonyl- - f; i

W

0 010 moles) and (t~ CuH912 2 (1.4 g, 0. 010 moles) in 50 ml:

ue

wasthen:flltered and the solvent was. evaporated in vacuo.

mothcr llquor. The product was drled in vacuo for 12 hours. L .

v

The product was identified by its elemental

-

A
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016H180°206' the calculated elemental analy81e glvee"

%C=45.28,"% H = 4.25 and % Co = 27,83, The expe:?imentalj- o

. analy31o gave A C 45 59, % H = h 18 and . % Co = 27, h9.

"SECTION B. ' DETAILS OF EXPERILENTS IN 1I-A

At temperatures above 100 the product decomposed w1thout

melting.,

.n

' The infrared spectrum of the complex was

lrecorded 1n tetrachloroethylene. The CU stretching. bande
.were found to occur at 2090(m). 2048(5), 2024(5). 20¥5(s)
»_1993(m, sh) and 1966(vw) em . Other bands were observed
at 29?3(w),‘2903(vw, sh). 2980§Vw.'eh), 1860(vw),_158§(vw).5 -
1475(w), 1459(w)‘f13‘89(£q).=1'3'51-<w); 1222(vw), 1207(vw), -

974 (vw), 840(vw), B9U(w), 660(vvw) and 600(w) om™t.

-

i
"

. . SR . : . i ) Sy

1. rreparation of“(Phéczlcoz(0o)5(€;UCH3{3)~

.-q | . 'ﬂ : |
:r) DlphEnylacetylenehexacarbonyld1cobalt

(0 E? g. 1,0 mmoles) and trlmethylphosphlte (0 13 g, 1,0

"mmoles)were dlSSOlVed 4n 50 ml of n-hexane and'%he solutlon

; was heated to 50 under ﬂltrogen gae for 12 hours w1th

stlrrlng.‘ The solvent was then removed in a’ stream of

’ nltrogen was and the SOlld residue was redlssolved in

onfpentane. An equal volume of methanol_was added and the

e



‘é",‘-solutlon was concentrated in_vacuo’ and cooled to glve a R |

& Y

dark red crystalllne SOlld which was. 1solated by flltratlon

and dried 1n vacuo for 12 hours.

. F The theoretlcal elemental analysis for the
product, 022H1900208P2. glVes % C = 45 19, % H =3, 52, :1_:'c".h T
% Co =21,85 and % P
gave % C= 47,16, % H

5 57._ The experlmental anal
3 44 % CO 21 79 and % P = 5, ?4
Thé melting point.of the product was found to be 103 1060'

T

The 1nfrared spectrum was: examlned 1nl,
tetrachloroethylene and in ciarbon dlsulphlde.’ in G Clu
the Co stretchlng bands were found %o occur at 2072(vs),
2026(VS), 2008(vs), 1995(s, sh)- and 1972(m) cm ;. Uther
‘bands in tetrachloroethylene Were observed to ocour at “Ti _
30?0(vw) 3010(vw), 2955(w), 2848(W), 1616(w). 1592(WJ, S o
1488(w). 14h2(w), 1180(w), 693(m) , 630(vw). 621 (vw) and . * ﬂ
“600(u) cm 1.' Several other ‘bands were ‘observed in Cs,- at‘ ‘ |
1058(w) , 1028(m), 804 (w), 785(w), 765(w) ahd 750(w). cm -1,
; The CU stretchlng bands are 1llustrated on page 171 ‘;;
2A. Prepdratlon oﬂ.(Ph )Coz(CO)n(P(Uci?)j) Ty

B Dlphﬂnylacetylenehexacarbonyldlcobalt . E : ?

. * ) C 1 " . 1
(0 ) g,l 0 mmoles) and trlmethylphosphlte (O 25 g, 2 O e 1

mmolcs)were dlssolved in 50 ml of n—hexane and the solutlon

. : 1 . . N . l
s ' » g . a s .
. . S~ . . ¥
. ‘-Q’ . . . ‘( ) P s :
.;' _ . s + " LI K



. concentrated in vacuo and cooled. .Dark. red crystals were

-2k~ S o
: was refluxed under nltrogen gas for 10 hours with stirring.
‘The solvent was then evaporated from the. reactlon mlxture

" in a stream of nmtrogen and the re31due was redlssolved in

n—pentane. Methanol was added and the solutlon was

5
1solated b* decantlng the mother llquor and were dried

‘711n vacuo-for 12 hours._ o e e ;

N

. . T ' The theoretlcal elemental analy51s for the'
K 'PrOduct.rczuH2800201oP2, gives % C = 43, 90, p H = u 27,

':% Co 1? 99 and % P = 9, 45.- The experlmental analy81s gave“ ;"
‘ = 43.96, i H = ‘*21 %bo='1775and,ép 9447, The

:meltlng poa.nt was found to be 152 -156° ‘

| . ' The infrared sﬁectrum was examihed in- .

.-. tetrachloroethylene and in carbon dlsulphlde. In C Clu

1fthe Co stretchlng bands were found to. occur at 2038(vs) and
1976(vs) cm 1.- These are. illustrated on page 172. Other
bands in Y 014 were observed to. occur at 3081(vw. sh), ‘
:3D60(vw?, 3000(w). 2950(m). 290u(vw), Zohs(w). 1620(w), S
1592(w), 14&8(w). ;ﬁ60(w). 14R2(w), 1060(m. sh), 1032(3).
694(m 331(vw) and 622(vw) em™t. In Lsz seweral other :

band° were observed at 11b0(n], ?95(m), ?Bo(m), ?64(m) and
rs
1 s
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é; Preparation'of (thcz)bog(CU)B(P(UCHj)3)3

. Y .
. . .

‘ . Dlphenylaoetylenehexacarbonyldlcobalt

(0. 94 £, 2 0 ‘mmoles) and trlmethylphosphmte (0 75 8 6. 0

mmoles) were dlssolved in 50 ml of methylcyclohexane and

. the solutlon was refluxed under nltrogen gas for 72 hours

‘with stlrrlng.‘ The solvent was then removed 1n a stream of
nl%rogen. and the red, 01ly residue was redissolved in _ -

ln—hexane.' ThlS solutlon was chromatographed on 5111ca gel

‘ueing 1:L CHClB-hexane as the eluent. - . Unly the largest red
‘band uas eluted and the solvent was removed in vacuo., ﬁihe

' solld re51due was reorystalllzed by‘dlssolv1ng it in -

'_CH2012;'adding'an»equal_amount of n-hexane, ahd'conoentrating

© _and epoling the solutlon. A dark red crystalldne‘eolid'was

’ .

'*1solated by flltratlon and drled 1n vacuo frf 12 hours.

S -

L 7"‘ The theoretlcal elemental analysis for the
‘ 'product 026H37002012 30 gives é ,,h1.49,@ﬁ_ﬂ-f k.92,

Go;— 15, 69‘and % P = 12,37, The experimental anaiysis
{gave % C'='41,47, % H = 5;64, % Co = 14,61 and\p ? = 12, 23.
R : . Th 1nfrared spectrum was recorded in
| caﬁbon dlaulphlde and the Cu stretchlnb bands were observed
to occur at ZQOQ(S)..1945(S)_and 1%43(m, sh) cm 1;. These -
are-iliustrated oh page 174. Ioth;r pandsfwere observed'at‘.
3080(vw)‘,'3055(vw)f 3036ive); g99o(ﬁy, 29&8(q%, 289?(vw)g

E




‘-.w1th stlrrlng. The solvent vias thenremoved in a stream of -

ot hexane as above to glve a dark red crystalllne SOlld whloh

;251" :
28“’5(“’). 1181‘"(\'”1 10""5(3)1 ?70(“1)' 7“‘0(m)n 697(‘”)0 632(W)|
"hégg(vw) and 603(w) em™t,

h.uFPrepafation of.(PhéCéjCoz(CU)2(P(UCH3)3)4 |

4
’ . . s . . . .

'-.«"

_ Dlphenylacetylenehexacarbonyldlcobalt _
.(0 47 g, 1.0 mmoles) and trlmethylphosphlte (2.8 g, 22 . ' ‘-_Ju
mmoles) ‘were d;ssolved “in 50 ml of methylcyclohexane and . ?-.. ) o

".the .,olutlon was refluxed unde.m.trogen gas for 18 hour’-,

nltrogen gas and the re81due vas redlssolved in CH Clz. .
‘An equal volume of n—hexane was added and. “the solutlon was‘”
-concentrated in vacuo and. cooled. Dank red crystals were.

| obtalned by decantlng the’ mother llquor and were dried -

in vacuo, The product was recrysﬁalllzed from CH2012

o

was 1solatod by ﬂ:‘ﬂiAQ;on and drled in vacuo for 12,hours._

| ) ) e '. -_ - ._‘ N .‘ :_ ' !‘r‘“;.' ".- . . .". |
The theoretlcal elemental analy51s for the

.product, ¢ 8}14600 0141:'4. gwes % C = 39. 62, % H = 5. 42.
‘.-%.Co = 13 o2, and 5 P = 14, 62. ‘The experlmental analysls

~

' pave % C = 39 86, ¢ 5 30. % Co = 13 71 and % = 14,45,
/ .. . . ‘
".Thc meltlng pomnt wao found to. be 186o 189 .« o T T .}
L U \ . c
: ' ”‘i . ., ‘. . ]

“The infrared spectrum was recorded in

tetrachloroethylene and in carbon dlsulphlde. in CZClu'

?




asa-
. { . ‘

. the cu-strebehing bands were observed to occur at'i95d(s)
"dand-1926(s)‘om+1 These are 1llustrated on page -174, '
;iuther bands were observed at 3050(w), 2990(w). 2900(w),

2840(w), 1595(w), 1488(w), 154?(w), 1442(w). 1345(vw).
;‘f1295(vw). 12?5(vw). 1180(w), 1045(s), 736(m), 630(vw) ana
_ '622(vw) cm . Inﬁﬁb one further band was observed at .
"746(m)'em‘ ' '

5. Prepggaﬁioefof_((CFg)zgéicbé(co)z(P(UQH3)3)4 |

Hexafluoro-2-butynehexaearbonyldlcobalt ‘

. (o, 45 £, 1 0 mmole) and trlmethylphosphlte (1.6 g 10 mmolgg)
'were dlssolved in 50 ml of methyldyclohexane and the '
;solutlon was, refluxed under nltrogen gas for 48- hours w1th
1st1rr1ng. The reaction mixture was then cooled and the

' solvent was evaporated in vaduo. resultlng 1n a dazk red '
o ---"" \

011 due to the Presence of excess P(UCH3 3 Q ﬁgall amount

of n-pentane was added to thls oil and the &

cooled to —15 A dark red crystalllne SOlld was 1solated ' ,

by flltratlon and drled in vacuo. -? :;4 _

. "~ The 1nfrared spectrum of the product was |
. rccorded in tetra\chloroethylene and the Co @tretchmg bands .".'
vere found to ,occur at 1977(s) and 1950(8) cm ;: Uther '
bands were observed~1n tetracnloroethyleneliggution at’

5

2990(w), 2950(w), 2900(7, sh), 2855(w), 155%w), 1520(w), - .
. 2950(w), : M)y 26 AR S

!.
dt




'1460(vw), 1260(m), 1139(3). 1114(5). 1040(5, br), 726(m)
".'and 672(m) . S ) \'

. and. dried in vacuo. Tor 12,hours. .

'F\‘

. S ';253_ -

1

‘G.i.Preparation.of (Ph )Coz(CU)u(P(OCZHS)B)2 ‘ D :
‘?l\l .'. .
‘ Dlphenylacetylenehexacarbonyldlcobalt _
(0, 47 0 L 0 mmole) and trlethylphosphlte (0 32 g, 2. 0 ; N <

n‘mmoles) were dissolVed in 50 ml of n-hexare and the

solut;oa\was refluxed under. nztrogen gas for one hour w1th

stlrrlng. The reaction, mix cture was then cooled and the N
‘ solvent was evaporated An vacuo. wThe red re51due was

' ;redlssolved 1n n—pentane and an eqqal volume of méfﬁanol was

R - 2

added. The solutlon was concenjrated and cooled. to glve

. P |
- a dark red crystalllne SOlld whlch Was isolated by flltratlon

T . 4
i

* The theoretlcal eleme;tal analy51s for thé

',product, 30]-[14_0002010 2. glves ) C = 48 65, % H = 5, 41. cor

% Co = 15.95'and ¢ P = 8,38, The experlmental analysis = ) ‘V
sgave % C =48.80, % H =.5.59, % Co.= 15,77 and % P = 8.60. @

The meltlng p01nt was found to be 100 102°

S ,‘ B The 1nfrared spectrum-was recorded in

_'tetrachloroethylene and 1n carbon dlsulphlde. In:gC, Clu

' the CU stretching band were found to occur at- 2035(vs) and .

1

'1972(vs) cm“ . These are 1llustrated on page 1?2. Other

bands. vere observed in tetrachloroethylene at 1620(m),
ey s \ .

4
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T -2 ll»-:
o RN | ‘5 B .
. \ ' . o s, ’ ) ! : e

R

.'1592(”), wag(m), 111-78(m). 14;37(‘\1). 141+3(m), 130, AR
' j1058(m, sh), 1035(3), 73?(m)s 694(m), 630(vw), 621(vw) and
" 600(m) cm 1. In carbon dlsulpﬁmde addltlonal bands were .
'observed at 1160(w). 1100(w), 9#3(8), ?80(m) and . ?65(m) cm

Ls),s ’4 S

7. Preparatlgn of (Ph 02)002(00) (P(002H

._n'\.‘..
Dlphenylacetylenehexacarbonyldlcobalt -
(0 4? g, 1. 0 mmole) énd trlethylphosphlte (0 8 g, 540, mmoles)
- were dlssolved in 50 ml of methylcyclohexane and the

-

?°-solutlon was refluxed under nltrogen gas for 48 hours wmth

stlrrlng. The sqlvent was then removed inva stregm of

nltrogen “to 1eave an oaly, red 11qu1d. The. remalnlag P T
e,:oved SR
C 20}_:2 - . . ' | .

- An equal volune of methanol was added and the.solutlon was

ntraces of solvent and excess trlethylphOSPhlte wer

in. vacuo and the SOlld re51due was redlssolved 1n

- ,conCentrated and-cooled to glve a dark red crystalllne  _,'¢ co "

.solld Whlch was 1solated by flltratlon and drled in vacuo
for 24 hoyrs. . ' - Lot O o
. i L G R

The theoretlcal elemental. analys;s for the" } > Yo

product. LuoizOCoz AT glves 7.0 = b2k, o H = 6,89, . ¥ d
% Co = 11, 61 and % P =12, 20, The experlmental analysms b
gave . ¢ = 47, g, ALH - 6, 97, % 00 “11.71. angs % ®= 12 1. L

“ ' - ) .::.\- . ] . .l

The 1nfrared specqrum was reeorded 1n .

tetrachloroethylene and Ln carbon dlsulphlde. In C Clu ". f

"-.

"




.» CS2 at 938(5) cm .

o o -255-
Fl | '. ‘.}- N l' \ - |
the CO stretchlng bands were found to oceur at 1949(s) and

1923(5) cm’ 1 " These are 1llustrated on, page 174, Other

bands were observed at 3052(vw), 2980(w). 2900(w). 2870(vw);-"

1595(w}, 1&90(w). 1480(vw, gh) 1&5?(vw), ibh2(w), 1388(w),

2, 1280(‘”’”: 1270-(Wr Sh)s 1100(‘”1 Bh)n 10”’3(5): ?25(“’)! 699(“’)!

632(vw) and 625(vw) cm 1. Ohe further band was observed 1n
P . .
-1

8, Preparatlon of ((c )202)002(00)2(P(002H )3)4
e —

. Hexafluoro-2—butynehexaoarbonyld1cobalt
(0. 45 g, 1 0 mmole) and trlethylphosphlte (2.0 g, 10 mmoles):
were dissolved in 50 ml -of methylcyclohexane and, the
solutlon was refluxed under nltrogen gas for .30 hours w1th
.-stlrrlog. TThe reaction mixture was then cooled and the,
‘'solvént removed in vaouo. The residue was dlssolved in
n-hexane and chromatographed on 3111ca gel using 1.1 CH201 -
hexane as the eluent._ nly a 51ngle.w1ne—red band was
observed and was eluted. doncentration of the eluent in |

vacuo and'subsequenf'oooling to -15° resulted in a dark

red orystalllne s0lid which was 1solated by flltratlon ahd

[

dried in va cuo for‘12 -hours.

The theoretlcal elemental analysms for the
product L30”60002F6°14P4' gives % C = 36 0. % i = 6,0,
% Co = 11.86, 4% ¥ ' = 11,4 and %P = 12,4, The experimental
analysis gave % C = 36.0, % H = 5.9, % Co = 11,6, % F = 11.5
4

oA

[ P PO Sy )
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a.nd %-P = 12-50. -

a -
* . .

o T é//Tho-lnfrared spectrum of the product was .
recorded in t

trachloroethylene ‘and co stretchlng bands

were observed at 1975(s) and 1946(3) em %; Other bands__ E |
were found to occur at 2984(w), 293?(w).,2900(w), 28?0(vw). .f;‘

'15?0(w). 1480 vw), 1389(W)..1358(m), 1192(5), 1110(8). L
'.1040(5), ?35(w) and 6?2(w) em *, | |

9;‘ Preparat;On of (thcz)Coz(Cu)u(P(o -i- 03 5 3)

Diphenyiacetylenehexacarbonyldioobalf

: (0.47 g, 1. 0 mmole) and triisopropylphosphite (0.39 g,

2.0 mmoles) were dissolved . in 50 ml of n-hexane and the
solution was refluxed under nltrogen gas for one hour with
.stlrr}ng. The reaction: mlxture was then.cooled~and the

" solvent evaporated in vacuo. The solid red residue was
redlssolVed in n-pentane and an equal volume of methanol
was added. . The solution was concentrated in vacuo and
cooled to give a dark red cyrstalline solid Wthh was

1solated by flltratlon and dried in vacuo for 12. hours.

The theoretical elemental analy31s for the -

product, C 36H52L02 14Fo gives % C = 52.&3, % H'= 6,31,

v Co = 14,32 an

% P = 7.52.° The experimental analysis -
gave % C = 52“61 % H= 06,37, % Co= 14,15 and % P = 7, 65.

"Phe melting point was found to be 10? 90.




’ 12‘hours..

- LT

The infrared sPectrum was recorded 1n ,

' tetrachloroethylene and the CO stretchlng bands were- found

ﬂ,to oceur at 2033(vs), 1968(vs) and l?ho(m. sh) cm'l. These

are 1llustrated oH page 172, Uther bahds were observed at

3080(W). 305?(W). 2980(m). 2940(m), 2875(W). 1625(W).

.-1592(w). 15?2(vw). 1490(w), 1480(w, sh), 1467(w), 1453(w), .
1843(w), 1385(m); 1373(m), 1355(m, sh), 1282(vw), 1170(w), -

©1140(w), 1108(m), 1004(s), 976(s), 879(m), 722(m). 69k (m)
'63q$vw), 622(vw) and 600(w) cm‘l.,i 7’ '

 \\,/1 D - S I

f io, Preparatien Qf (PhéCz)Coz(CU)S(P(n-Cung)3)

) ‘ ‘ o

[}

lehenylacetyle hexacarbonyidicobalf

(0. 4? g, 1.0 mnole) and. tri- -n- tylphosphine.(0.20 g,

— ) -

1.0 mmole) were dissolved in -50 ml of n-hexane and the
solution was refluxed hnder nitrogen gas for'18'hours with.
stirring. The solvent was then’ evaporated in a stream of -

nitrogen gas and the re31due was redissolved in nrpentane.

crystalllzatlon was accomplished by addlng methanol and

concontratlng the solution in vacuO'and cooling. Dark red

‘crystals wore isolated by filtration and dried in vacuo for ~ ~ |

The infrared Spectrum of the product was
recorded in tetrachloroethylene.and the Cu stretching bands

were observed at 2062(vs), 2010(vs), 2000(s, sh),

‘ ' g
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.1985(m; sh);iand‘195?(s) cm_l., Thesezare.iilustrsﬁed on -
' page 171r'-o£her\bandSHWére observed at 3070(w, br),
29"62'( . 2936(s), 2876(s), (1618(m), 1487(m), 1u66(m),
1459(m), 1380(w), 1213(w). 696(5) and 600(w) The SPectrum

3

~ was also recorded 1n carbon dlsulphlde and several other .
bands were observed at.1093(m), 107l(m), 1052(m), 1o3o(m),"

'1008(w). 972(W). 90?(m). ??E(m), ?61(8). 724(m), 630(WJ and

~621(w),cn 1.& The melt:mrr p01nt vas found to be 85 8? .

' }1. The PreparatiOn;of_(thcz)éqé(co)u(P(n—Cuu9)3)2 '

. ]
Dlphenylacetylenehexacarbonyldlcobalt

(0.47. & 1.0 mmole) and trl-n—butylphosphlne (O
2 mmoles) were dlssolved in 50 ml of n-hexane-and the
solutioh was rsfluxsd under nitrsgsh gas for 3.5 hogrs?'
with stirring. 'The resulting'aeep red solution was
concentrated:xla atream of nltrogen and cooled to —10s.

After seVQral hours dark red crystals had formed whlch

wercllsolated by filtration. ' The product was recrystalllzed-

by dissolving_it in n-pentane, addlng an equal amount of
methaﬁol. and cohcenfrating and cooling rhe solution,
Plltratlon ylelded dark—red crystals which were dried .
in vacuo for 12 hours.

The‘theoreticsl elemental analysis for the
" product, Cyollgn,Con0, L5y gives v C =.62.0?, % H = 7,88,
% Co = 14.53 and % p = ?:64, -The experimental analysis



S a5y
e f

/ _ )
?gave % C } 62 11, % H = ? 55, % Co = 14 46 and % P = 7 94
1°

TKe meltlng point was found to be 99 .
_ v The lnfrared spectrum was recordeé‘ln
Imetrachloroethylene and. 1n carbon dlsulphldo. In C Clu T
the Ccu stretchlng bands were found to occur at 2020(vs),
1966(ve, eh).and 1956(vs) cm 1; fhese are illustrated: on
'page 172, ' vther bands vere obgerved at 30?0(m, br), 2965(5).
-,; 2933(s). 28?9(3), 1620(s), 1588(m), 1485(s), 1465(s),

' 1455(m,.sh), 14#1(3), 1415(m), 1378(m), 1305(w)..1280(w),
1211(m)“ehdf698(s) ﬁ:i:?\;;fn Cs, further banes ﬂbre foﬁndr’|
‘to ocour at 1094(m), 1071(w), 1051(w), 1030(vw), 100?(vw),
9?2(VW). 908(m) ,- ??6(m). 761(s) . and ?24(m) cm” ».

-

12.: The Preparation of (Ph,C,)}Co,(CU) (P{0Ph) )
. _ , ; ‘ 272 2 5 3

o o Dlphenxlacetylenehex{&arbonyld1cobalt
(0 Ly [ 1,0 mnole) and trlphenylphosphlte (0.31 g, 1, 0
mmole) were dissolved in 50.m1 of n-hexane and the solution'.
was refluxed under nltrOWen gas “for 2& hours with stlrrlng.
The reaction mixture was tHen cooled to room temperature

*

-and filtered of a red solid which was 1dent1f1ed as the

dis ubutitutdd product, Trh?aﬁl&g&i;ﬂif(l(UPh)B)Z’ from its
kinfrared spectrum{ Phe solvent wag evaporated from the !

Tiltrate in vacuo ahd the resuy

g solid residue was

chromatographed on silica gel usi

//

/

-1:3-CHCl3—hexaneeas the

Q@.



‘mother llquor and were drled in. vacuo for 12 hours.

‘product c37H2500208P .gives % C = 59, 5y, % H

59, 0, b 1 = 3-&, % Co = 16,2 and % P = 4.1. The merti

'_;.tretchlnrT bands are illustrated on page 171.

~260~-

-

‘eluentl Only the first 1arger. red band was eluted and the

solvent wag evaporated in vacuo. The re31due was

recrystalllzed by dlssolvino it in n—hexane and concentratlng

the solution in a stream of nltrogen gas and coollng.

.Black, needle—llke crystals were 1solated by decantlng the

The theoretlcal elemental analy51s for the

15 8 and % P = 4,2, The-experlmental analys's gav 5% C =

_p01nt was Tound to be 110°-112°

A

The 1nfrared spectrum of the product was'
recorded in tetrachloroethylene and in carbon dlsulphlde.

ln C,C1,, the. CU étretchlng bands were found to occur at

2078(vs), 2035(vs), 2020(vs), 2000(s, -sh).and 198?(m. sh) em~}

- Other bands were observed at 1617(m, sh), 1500(m).

1489(5), 1457(vu), 1dg?(vw), 1238(vw) 1219(m), 1196(5)._

L 1164%(m), 1074(w), 102 (w), 720(w), 693(s), 630(w)

T 622(w) cm"l.- In CS further bands were observed at 1009(w), -

920(s), ¥00(s, sh), 775(s and 765(m, sh) om™*. he Co

32

13. The rreparation of (Ph,U,)C0,(C0),, (P(UPh)

uiphenylacetylenehexaca;bonyldicobalt



Y
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(0 40 £, O 85 mmoles) and trlphenylphosphlte (0 ho g
1.3 mmoles) were dlssolved 1n 50 ml of n—hexane and - the i
solutlon was refluxed under nltrogen gas-for.12 hours W1th
- stirring. At that time a second portlon'of P(UPh)3 (0 40 g
1.3 mmoles) vas added to the reactlon mlxture and refluxlng
was continued for a further L hourg.l The reactlon mlxture
" was thencooled to room temperature and flltered to yleld a
| reddlsh—brown powder which was drled in alr.' This product
: was recryatalllzed twice by dlssolv1ng lt in a m1n1mum~ ,-
amount of Cuzblz, adding an equal amount of n-hexane. and
concentratlng the solutlon in vacuo and coollng. The
resuliing bright red crystals vere chromatographed on a:'
silica gel column usiﬁg'l-l chloroformnhexane; ,only one
band was observed and thls was eluted and the solvent was
evaporated in vacuo. The residue ‘was redlssolved in 7
CH,Cl, and crystals were obtained by adding n-hexane and
concentrating the solution‘in a stream of nitrogen gas and
thon‘cooiing. Red crystals were isolated by filtration,,

washed'with cold n~hexane and dried in vacuo for 12 hours.,
i : ‘ : .

>y

5 o = 11,44 and ¢ P = 6.03. ‘The experimental analysis.

v

The theoretical elemental analysis for the

ro uCt 054“40 2010P2, gives % ¢ = 63.04,“% H= 3.89,

gave i C.= 63.15, % Il = 3,9%, 5 Co = 11,29 and % ¥ =6,15,

''he moltiﬁﬁ'boint was Tound to be ;859-18?0.

&



cresulting solid was chromqto#raﬁhed on silica gel using

=262~

o The_inffared spectrum was reqofded in

;'tétfaéhlordethyléne'hﬁd in barbon disuiphide.' Ih.CZClgr

the LU stretching bands wcre found to occur at 2052(vs),

201U(s, sh) ,and 1991(vs) cm %.  These are 1llustrated on

page 172. Uther bandq were observed at 3070(w), 1618(m, sh),

1592(s)y 1uoo(v~), 1&58(u), 1444(w), 1289(vw), 1220(s) -

1197(vs), 1164(s), 1075(w), 1029(n), 720(m), 693(s),

621(w) and 600(m) cm 1. .ln-CS2 further bands viere found -

to occur at 1009(m), 915(5);_895(m; sh), 860(m4 sh), .

?774(s) and 768(m, sh) omL,

b

}ﬁ: The Ppeparatioﬁ of (Ph CZ)Co (CU)5(PPh )

Dipheﬁylacetylenehéxébarbonyldicobait.
(0. 4? g, 1. 0 mmole) and ;triphenylphosphine (2.9 &y 1.1 . T
mmoles) were dissolved iﬁ 50 ml of c&clohexane and the
solution was refluxed under nitrogen gas for 12 hours with
stirring. The reaction nixture Qas then cooled to room
temperature and ; green-brown oOlld was 1a01atcd by
flltratlon. This crude_prgduct was recrystalllzed by
dissolving it in Cll,Cl,, adging an equal amount of hexane,

and concentrating the solution in vacuo and cooling.- The.

1:3'CH013-hexane. Unlj the first larger brown band was
eluted and the solvent was evanorated in vacuo, The

re61due was finally recrystalllzed by dl olv1ng it in

[



A 2263

'_CHZCl2 ' addlng an equal amoupht of methanol. and

_fconccntratlng the aolutlon .vacuo and coollng. A green—r'.

- brown oOlld was lsolated by flltratlon and drled 1n vacuo

'w

-for 12 hours.

The infrared- spectrum of the product was

. recorded in tetrachloroethylene and in carbon disulphide. -::

In L?Llu the CU stretchlng bands wvere found to occur at

_2068(Vo), 2022(vs), 2004(vs), 1995(s, sh).and 1967(s) cm %.'

_Other bands were observed at 3060(m). 1615(m), 159o(w).
] 1432(m), 1435(s) and 696( ) ¢ "1; 'In 082 other bands were
Tfound to.occur at 1330(vw), 1308(vw);'1189(w).lldg?Crw),
1095(m), 1074(w), 1032(w), 1003(w), 763(m), 7h7(m),
630(w); 621(w) and 600Cm) cm_l. The mclfing point was
‘fcund to be-192°-1§L0. | '

15. ‘he Preparationlof (Ph ¢

5C5)C0,(Cu), (PPh

3)2 ' .

: Ulphcnylacetylenehexacarbonyldlcobalt :
(0.47 g, 1.0 mmole) and trlphenylphosphlne (0.60 g, 2.3
mmoles) wcrc dissolved in 50 ml of n-hexane and. the ‘
cdlution was stirred under nitrogen gas for 24 hours. At
that time a green sorid'had prccipitated and the reaction
mixﬁurc was then rcfluxgd for onec~-quarter of an hocr.
Alter cooling the mixture o roon tcmperature, a green

powder was isolated by filtration and was washed with

. ‘"‘%‘A.



=26it=

'hexané. This product was recrystalllzed by dlssolv1ng it
in CHZClz, addlng an equal anount of n—hexane, and
concentratlng the solutlon in vacuo and cooling This.
'procedure was repeated to; glve a dark green crystalllne
splid which_was isolated by flltratlon and dried in vacuo
 for 12 houfs; N | | | '

. . oL ' -
_ The tﬁeofefical elemental analysistor the
_-product, CSHHHOCozouPz; gives % C = 69.53,:% H~= 4,29,
¢ Co = 12.66 and % P = 6,65, ‘The experimeﬁtal anai&sis
‘gave 5 C = 69.47, % H= 4,35, % Co = 12a 48 ‘and % P = 6. 66
The meiting point was found to be 220°-222°,

LY
-

The infrared spectrum, was recorded in
'tetrachloroethylcne and in carbon. dlsulphlde. In C Clu

the cu . stretchlng bands vere found to occur at 2028{vs) and
1968(vs) em 1. These are illustrated on page 172. Other
bands were observed at 3060(m), 1620(w), 1472(s), 1436(s)
ahd 697(s) cm"l. in bsz several other bands wefe found to
océur at 1530(vw), 1509(w), ;480(§w). 1189(w), 1160(vw),
'IO§3(5), IO?h(w), 1031(w), 1002(w), 911(s), Bok(w),

750(m), ?Go(m),l?ﬁS(s), 629(vﬁ) and 620(vw)‘cm-1.

16. - ‘reatinent of (thcz)Coz(Cu)é with Excess P(U-J..—CBI-I?)_3 ‘
N - : | ;

Diphonylacetylenehexacarbonyldicdbalt 'JE ‘ :



. . "26‘5" ) . - ’ . ' ‘ ~
- ' ' .. . "
-(0 4?'g, 1.0 mmoIb) and trllsopropylphosphlte (2 0 g,

10 mmoles) were dlssolved in 50, nl of methylcyelohexane
land the oolutlon vias refluxed under nltro“en gas for 48

" hours. wlth-ftlrrlng. The solvent was then evaporated in

N

gtream of nitrogen and the SOlld re51due was redlssolved
in- Cll,Cl,. An equa; volume of methanol was added and the

solution was concehtrated in vacuo and cooled. Dark red
: : S———

crystals were isolated By filtration,

. . s
The infrared spectrum of thisyproduct in

the CU stretching region showed some traces of impuritiés
but con51sted predomlnantly of %wo atrong bands at 1989 cm -1
and 1942 cni 1rl ThlS pattern resembled that of a .
trloubatltuted derlvatlve most closely, whlre the wéak,:

-1

'1mpur1ty7peaks at,2035 cm and 1865 cm'1 were attributed -

to the disubstituted derivative. lio trace of any’ -
absorption characteristit of a tetrasubstituted derivative’

"~ was found in this region,

17, chntment of (Ph 021002(00)6 wlth Qxccss P(U-n-CuH

9)3
. _ Uiphenylacetylcnchcxacafbonyld;fgpai?
(047 g,ll.o mmole) and tfi—n—Qutylphosphite (2.0 g, 8

mmoles) vere dissolved in 50 ml of methylcjclohexane and
the solution was refluxed under nitrogen gas for‘80‘hours‘
vith stirring.j “he solvent was then evaporated from the’

,rcﬁctlon mixture in a stream of nltrogen and a dark red
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il reoulted. Attempts to obtain the product in
3 crystall1ne form viere unsuccesgful, presumably aue to the

'dmfflculty 1n remov1ng the excess P{u- n—C4H

“n

0)3

i

| The. 1nfrared spectrum of this red oil
-‘1n the LU stretchlng reglon showed otrong bands at 1950 cm -1
f_and 1930 cm %; characterlstlc of a tetrasubstltuted
,derlvatlve, but a weaker band at 1965 cm -1 1ndlcated tﬁat.
'} a con31derable amount of the trloubstltuted product was

r

stlll preaent. .

[

18. ‘reatment of (Ph202}002(cu)6 w1th\Excess R(OPh)3

Dlphenylacetylenehexacarbonyldlcobalt
(047 g, 1.0 mmole) and trlphenylphosphlte (2. 1 =, 7 mmoles)
were dlssolved in 50 ml of methylcyclohe tane and the solutiion
was refluxed for 6 hours under nltrogen gas with stirring. 5 -
it that point a small portion of the reaction mixtufe was.
rcmoved and its 1nfrared sPectrum was recorded in the CO

vtretchlnp reglon reaks at 2030 cm -1 -1

and 1980 cm
indicated that a trisubstituted derivative had probébly
beeﬁ formed. The reaction was‘allowed to continue for a
further gix hburs, but the appearance -of a violet solid in

- the reaction mixture indicated that the complex was

decomposing.
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3

.19, Treatmenf of (fh,C )Co'(CU) with Exéess PPh
~ T R Mave? 021076

*
)

L

'Diphehylaqefylenehexacgrbdnyldigobalt_.
(0.23 g, 0.50 mmoles) and tribheny;phosphiné-(o.é gy
2.5 mmoles) were dissolved in 50 ml of methylcyclohexane-
“and the solution was refluxed under_ﬁi%rqgen gas for 12
.hburs with stirring. After cooling the reaction mixture . -
to -15 y @ green solld was 1solated by flltratlon and was'
_.dried in vacuo. 1ts infrared spectrum was recorded 1n the
Co sfrétchihg‘rcglon and was found to be identical w1th
that of an authentic sample of'(thcz)Co?(qu)u(PPh3)2.

¢ -~

20, ‘'‘reatment of'(thcz)Coz(CU)é with Exﬁéés"Pancqulj
Diphenylacetylenehé;aqarbonyldicobalt
(0.23 &, 0.50 mmoles) and tri~n-butylphosphine (0.5-g.

2.5 mmoles) were dissolved in 50 ml of methyicyclohexane
and the solution waé réfluxed for 12 hours under nifrogen |
gas with stirring. ‘At that point a further 2.5 mmoles of
phosphine was added to the reaction mixture and the reactlon

continued for a further 12 hours. ivaporation of the
solvent fave a rga; 01ly reuldue from which a dark red
crystalline solid- was obtained by recrys talllzatlon';roma
wethanol. "he infrared spectrum of this product in the CU

ctretehing region was identical to that of the-disubsti-

tuted derivative, (Ph?c?)Co?(CU)u(P(n—Cuﬁg)3)2



SECTIUN. G, “DETAILS UF EXPERINENTS I I1-8.
b . ' .'/- . '

“ 1, The,Preparafion of {Ph,C

Q

ulphenylacetylenehexacarbonyldloobalt ,

/(6.4? g. 1.0 mmole) and bls(dlphenylphosphlno)methane DR ""” |
(0. 39 g, 1.0 mmole) ‘were dlssolved in 50 ml of" n-hexane \\\‘\\
and the ‘solution was refluxed under. nltrogen gas for 1 5
‘hours with atlrrlng.. The reaction- mlxture was then ¢
'.concentrated in a stream‘of nltrogen and cooled to room
'.-temperature resultifig in the crystalllzatlon of a deep red
compound., The crystals were 1solated by flltratlon, washed

+with three 50 mld. portlons of cold nuhexane, and drled in w

Vacuo for 12 hours.‘

H

The theoretlcal elemental analy51s for the
A -
product CM3H32L°2U4P2' glves % C = 65; 15, %. H L, 04
Z% Co = 14.90 and % P = = 7.83. The experimental analy51s
gave » C = 65,23, 4 H = 4,16, ¢ Co = 14,70 and % P = 7.83,
- The substance was found to melt with dccompositio? at 200?.'
Thé infrared spectrum was recorded in

tetrachloroethylene and in carbon disulphide. 1In 02014

the‘bu stretching" bands were found to occur at 2033(vs),
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quo(vs)‘and 1§?5(vs5 om"il These are illustrated oh page
"ZOQJ Other- bands were observed at 3070(w. sh), 3058(w)
';3010(vw; sﬁ) 15 2(w), i483(w) and 1435(w) cm. 1 In Cs,
-other bands were found to occur at 1366(vw), 1328(vw)._
130&(vw) 1276(vw), 118?(vw), 11?5(vw), 1123(vw). 1095(w),
| 1072(vw), 1029(vw), 1002(vw), 968(vw). 922(vw), 8¢b(vw).

?dS(w), 740(m), ?20(w). 605(m), 632(vw) and 625(vw) cm 1.

2. 'lhe‘lreparat;on of (Ehépz)Coz(CU)u(dam)
Dlphenylacetylenehexacarbonyldloobalt

(0. 24 gs O. 50 mmoles) and bls(dlphenylar51no)methane

(0. 24 g, 0. 50 mmoles) were dlssolvedirn 50 ml.of n—hexane ]

) Zand.the'solution was reflured under nitrogen gas for 1'5 s

hours w1th stlrrlng.' The reaction mlxture was then c7<\

i concentrated in a stream of nltrogen and cooled to room
temperaturo resultlnﬂfln the crjstalllzatlon of a deep red
product. The drystals were 1solated by filtratioh, washed
vith three 50 nl,portlons of cold n—hexane. and drled in

‘vaouo for 12 hours.

The infrared epecfrum of the product was
recorded in tetrachloroetthene ano zn oarbon disulphide.
Iln L,Cl), the Cu stretching bands were found to occur at
_?ozo(vr), 1998(vs),.19?1(vs).and 195Q(m, sh),cm 1. Uthero,.

- bands were observed at 3055(vw), 2980(§w), 2923{vw),
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' 2860(vw), 1590(ﬁ. br);~148h(w5 1437(w), 1302(vw), 10?9(vw).

1028(VU), 1003(vw), 740(w), ?21(vw). 697(w), 6?0(vw, sh)
and 625(vw, br) ém_l. One further band was observed in QSZ
at ?60(w) cm-l, The meltlng p01nt of the product was

LI
found to be 166°- 168° L

3. 'The'yrcpargtlon of (thcz)COZ(QU)q(dpe)

91phenylacetylenehexacarbonyldlcobalt
'(0 h? g, 1, 0 mmole) and bls(dlphenlehosphlne)ethane'

. {(0.00 g, 1,0 mmole) were dissolved }n-SO ml of cyclohexane.

. ! . ’ . . . X .
and the solution was heated to about 50°_under nitrogen gas

"~ for 18 hours with stiﬁring."The reactibn mixture was then

filtered of a red solid and the solvent .was-evaporated

fron the flltrate in vacuo. The.solld res;due obtained

. on evaporatlon of the solvent ﬁas recrystaliized'by
-1.‘—-

di olv1ng it in a mlnlmum amount of il 012, addlng an

‘equal amount of nnhcxane, and concentratlng and cooling the

' c'0J.u1:10n.. i red solid was isolated by flltratlonc The

product was then chromatographed on silica gel using 1:2 .

'chloroform~hcxane and only one dark brown band was

--0obs ervcd. although a brown colouratlon remained at the top

- of the -column, 'The single band vias eluted and the solvent

ﬁas cvapofatéd ‘in vacuo. ‘lhe r051due was recrystalllzed
from cuzblz as described above to givée a dark redcrystalllne

uOlld which was dried in vacuo for 12 hours.
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- , g . ’ _ .
"-Thé‘théofetical eléhéﬁtai,anaiysis_for'tha L-
'jﬁ?quct. C,mﬂjubo UyP,, Eives 5 ..c =63, 51‘,:"7; H o= 'u.z'l'z',.ﬁ"j
A Col5 1h.64 and % P = 7. 69' " The experiﬁéntai analysié r: 
gave 5 G = 65.92, % =434, % Co = 1,43 and'5% P = 7,45, |
.. The_melt;ng point was found.to be~i?8°—1829. | . o

| The 1nfrared gpectrum was. recorded 1n .
tetrachloroethylene and in carbon dlsulphlde. In C Clq
the Cu vtretchlng bahds were found to occur at 2035(vs).-.
199?(v“), 10?7(vs) and 1955(0, uh) cn 1. Other bands were
| observed. at- 3065(vw). 1591(vw), 1488(vw) 1438(w) and .
698(m) cn 1. In 032 other bands were oboef§ed at 1330(vw3,'
1305(vu), 12?8(vw), 1085(vw R 1096(w), 10?5(vw), 1031(vw).,

IQUQ(VW), b36(vw s 768(w , 74§(w)‘and 624 (vw) ¢ ;5:.

,‘u; The Preparation of (thcz)qu(CUfu(d;e)

L

Dlphenvlacetyleneheyacarbonyldmcobalt

(1 2 g, 2.1 mmoles) and bls(dlphenylar51np)ethane (O.? g,
1.5L mmoles)'were_diSSleed'in.so ml of n;hqxane‘and the '
solution was refiuxed for 15 hours under nitrogen ga; with
Stirring. “'he reaction mixture was then flitered while it
was 5l1ill hot and the resulting red powder was washed with
several pdrtiohs of hot n-hexane. 'this crude product was’
recfyétallized by dissolving it in'CHZClz, 2dding an equal

amount of n-hexane, gnd concentrating the solution in vacuo
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‘and coolinrr ﬂark red crystals were 1§olared by flltratlon .

. . f ‘
and drled in vacuo for 12 hours.A '

-

Tbe'infraréd SPectrum of the'producf was :

: recorded in carbon dis ulphlde. and the Cu stretchlng bands

" were found to occur at 2030(vs), 199h(vs), 1070(vs) and.

1047(s) em™ 2, uther bands were observed at 3060(v), 2960(vw), '

2915(vw), 1305(vw), 118?(vw), 1080(w), 1029(w), 1004(w),

-}?63(w),_?55(vw), 739(m), 697(vw), 674(vw) and 625(vw) cm 1,
-The meltlnb p01nt was found +to be 1?9 1840

.

5. ~Ihe Preparatidn of ((t-Cqﬁ9)202)002(00)4(6pﬁ)"
. ' B _“- * . ‘

Di- t-butylacetylenehexacarbonyldlcobalt

" (v.21 g, O, 50 nmoles) -and bls(dlphenylpho phlno)methane'

(0.19 g, 0.50 mmoles) .were dissolved in 50 ml of n—hexéne

and the solution wés'refluxed undef‘nit:ogén gas for 1{5
hours with stipring. The réaction:mixtufe was then
conctntrated in-a stream ,of nitrogeh to'give a dark green =

solid which was isolated by filtration ahd dried in air.

o
+

The 1nfrared spéctrum of the product was .

recorded in carbon dl:ulphlﬁe in the Cu stretching reglon

-aned tﬂe J’.‘ollow:m'r bands Were observed 2010(vs); 1987(vs);

1956(vs) and 1943(s) cm -1+ 10 cm'l.

L)
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. o ‘ . . . . “
‘-‘6.. The Preparation of ((t bh” )Coz(cu)u(dap).

B o '7  Dl-t butylacetJlenehexacarbonyldlcobalt

" Tfound to occur at 3059(vw), 29?0(vw), 2950(vw), 2930(vw), ’
- 648(wvv) and 610(vu) em™ . 1In cs, several other bands were

" 190 °_193°,

—27%-. . »

9’2

.

(0. 21rg, 0. 50 mmoles) and bls(dlphenylar51no)methane (0 12 g, ‘

- 0.25 mmoles) were dlssolved in 50 ml of n-hexane and the

solution was refluked under nmtrogen gas -Tor y hours\ulth

cral hours dark

‘ .;,tn.rrn.ng.' The solutlon was then concentjed J.n a st-ream

of nltrogen and cooled to —15 .. after o

- red crystals had formed whlch were 1solated by flltratlon

' and dried ip vacuo for 12 houfg

\ The 1nfrared spectrum of the product was
recorded 1n tetrdchloroethylene and in carbon dlsulphlde.
In © Clu the CU stretchlng bands were oboerved at 2012(vs),

19ub(vs), 1955(vs) and 19&1(vs) cﬁ”l. Other bands were

*5900 (v, sh) 6,(vw),-1usu(w- 1475(vw, sh), 1457(vw).,_.':'

1”3?(W). 13u6 vw). 10?8(VW), 1027(vw), ?3?(vw), 697(w).
~1

'

obacrved at 135?(vw R 1234(vw), 120?(vw y 1190(vw),. 9¢6(vw)

and Sho(ww) . em -1, The noltlng p01nt was found to be

.
.

2)Ccz(Cu)a(den)z-Cﬂzglz

N ) ¢

7+ The Preparotion of (rth

™ Uiphenylacetylenehexécarbonyldicobalt"

-



i

£g$3f’/: - R ¢ | . o "
C (0.7 g, 1. U mmole) and bls(dlphenylphosphlno)methane

j(O ?d g, 2,0 mmoles) were dlssolved in 50 ml of benzene

"an@ the solution was refluxed under nltrogpn gas for 48
hours w1th atlrrlnb. A deep red solution resulted from

whlch'the solvent was evaporated 1in é'stream of-nitrogen.f

'.*The 011y residue was then dlssolved in LH2612 and flltered,

",and the "olvent Was evaoorated to drynesv in vacuo, The

'_re"ultlng red brown product was recryotalllzed by dlssolv1ng
; it in a mlnlmum amount of" LHZClz. addlng an equal amount of

- n—hexane. and concentratlng the solutlon in vacuo and cool-
| ing. & f/d brown cryatalllne solld was 1solated by |

flltratlon and drlﬁf in vacuo for 12 hours.

The théoreticai élemental,analysis for the’
) \ ~
product, CG?HSGle Uskys, glves ¢ G =-66, 72,7% H = b,65, -
% Co = 9.h9 and % P = 10,29, The experimental analysis
gave o C = 66, 36, ﬂ H % b, 86, % Co = 9.49 and % P = 10,18,
The product vias found fo melt w1th decomposition at 25&0

4

the infrared spectrum was recorded in

- ?

'.dlchloromcthane and in the Cu stretching region a 31ngle,
atrpng. broad band wag observed at 1913 cm 1.. iPhig is
illust;afcd on page 209, ‘“wwo other bands viere found to

" ocecur, at‘1088(w) and 1027(vw) bm"l. ?hé product was not
sulficiently soluble in any solvent which would have allowed

the compiete infrared gspectrum to be recorded.
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:8; .whgrpreparaﬁlon of -(Ph292)0°2(Q“?z(dam*2'0¥201

Ulphenglacetylenehexacarbonyldlcobalt
.(O u7 g, 1 0 mmole) and bls(dlohenylarslno)methane (0 94 g,
2,0 mmole were dlssolved -in 50 ml of toluene and the
solutlonrigs reﬂluxed under nltrogen zas for 48 hours w1th
,stlrrlnr The ref'ult.ln'T deep red solutlon was flltered
. while it was stlll hot and “the solvent was evaporated to
\Erynese in a stream of nltrogen. The.residue_was dissolved
"1n 01[2012 and flltered.' Hexane wastherbaddod and the
solution was concentrated in vacuo to give a red brown
'oryatalllne Solld ‘which . wa isolated by flltratlon. This .
'product vias reorystalllzed by dissolving it in a minimum
namount of-LH.Cl ,‘addlng an equal amount of n—hexane. and* (;
conoentratlng and cooling ‘the oolutlon. Flltratlon yielded
red- brown crystals which were drled in vacuo for 12 hours.
/ | .
| The theoreulcal elemental andly31s for the |
prodqct L67H56““4L12°°202' gives ¢ ¢ = 50.22 and % H = 4,06,
Tho experlmental_analy81s gave ¢ C = 53.33 and % H = 4,12,

fhe melting point was found to be 1920-1930.

'Thc 1n£rared spcctrum was recorded in the
Ccu trctchln” region in dlchloromethanc and a single strong
~ band was observed af 1920 cm'l. Other bands were also

obsorved at 1590(w), 1078(w), 1025(w) ahd 1004 (w) cm'l.
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9'. fhe Ereparation of (thuz)Coz(CU)é(dpe)2

<

Diphenylacetylenehexécarboﬁyldicobélt _
(0.9% g, 2.0 mmoles) and bls(dlphenylphosphlno) ethane -
(2 0 g, 5.0 mmoles) were dlssolved in 75 ml of toluene and
the solution was refluxed under:nltrogen gas for 48 hours
with étirrihg, The solvenf was then evaporated from -the

reaction mixture in vacuo and the solid residue was
_ " S—— : ‘

redissolved ih‘diethy;ether and filtered. The_filtraté wag -

cohcenfrateq in vacuo and cooled to yield’; black,
crystallin? solid which qu,isoia%ed by fil’s;r'a*l:;i..f.:'n.'"l Thié
pﬁbdupt-ﬁas'reérystallizcd frﬁm (iethylether and dried: ;
.ig;zgggg for }2.houfs. o S |
' B / ( .
| -' ”he theoretlcal elemental analy51s for the
producﬁ °68H5BC° Pu. glves p C = 71.08, v H = 5.05,- Y
”f Co = 1U 23 and % F =10, 80. . The experimental analysiél
' pave ;» C = 70.82, % It = 513, ;> Co = 10.15 and ,;P= 10, 60,
The melting pomnt was found: to be 200°, . ) .
 \\ ' - The infrared ﬂpecfrum was récorded in

carbon dluulphlde and in the LU strctchln 'fegidn two only
partianlly reoolved band ‘wore obscrvcd at 1922(5} and
- 1QUU(S) cm'l. These are illustrated on ﬁase 209, - Other
bandb vere found to‘oédur at 3052(w), 1li20(vw), ?095(vw),

Lo32(wvsi), 7h5(m), 700(s) and 67u(vw) cm-l.

o

'a
LI

-

Al
[oF. S 2.
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10, 'he Preparatlon of ((Lén } ,C,)Co,(CU) 5 (dpm) ,

Dlethylacetylenehexacarbonyld;ﬁobalt

(0 5 z, 1. 2) mmoles) and bls(dlphenylphosphlno)methané

(1 1 & 6 0 mmoles) vere dissolved in 30 ml of methylc;cloQ
.hexane qnd the solutlon was rcfluxcd ﬁndcr nitrogen. gas fbr-
' 6 hours ulth stlrrlng The reaction mlxture vas thenrcoo;ed

'toﬁbbom temperature and filtéred’to'yield a red soiid-whibh ‘
' wau drled in wvacuo. This’ product was recrystalllzed by
dlSaOlVlng it in a mlnimum anount of LHZClz, adding an equal-

and c&ollng.

‘ amount of n-hex ne, and concentratlnﬂ the solutlon in vacuo
J/JZrk red crystals. uere isolated by filtration

and uere dried in vacuo for 12 hours.

T

-

" The theorctical elemental analysfs for the

.product 058 5uc° Sy lgives % C = 6.£.3.o,. % H= 5.3 and " 7
y Co ='11.;. 'The experimental analysis gave 4% C = 67.2,

9 u = 5.k and o Co = 11,0, @he melting point'was fouhd to
ve 270°, - - _ B |

The 1n£rared{¢pectrum vas recorded in the.

Cu .Jchtcnmrr region in dlchloromeLhane and a ulngle, broad

absorption was observed at 1395 cn 1.

~
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11{ ‘The_Proparaﬁlon of ((CZI[S)ZCE)Cba(CU)Z(dam)2

u1ethylacetylenehexacarbonyld1cobalt

(0. 3? &» 1.0 mmole) and bls(dlphenJlar51no)methane (1 1g,-
2.3 mmolos) vere dlssolved An® 50 ml of mctthcyclohetane |

and. the solution was refluxed under nltroren vas for 12

hours with sﬁir.rin'r . The reactlon mizture was then filtered
while'it:was stlll hot to yield a red powder vthich was |
waohed ‘with oeveral portlons of n~hexane This product: was
recrystallized by dlSquVlng it in 2 minimum anount of

LHzclz, adding an equal amount of n-hexane. and concentrating

the - solutlon in .vacuo and cooling. uvark reo crystals were

-1solated by filtratlon and were dried in vacuo for 12 hours, -

The 1nfrared gpecfrum of the product was
recordcd in' carbon dlsulphlde. 1n the Cu str'e'l:chlnr'r region
& single broad abaorptlon was ooserved at 1399 cm'1 Uther
bands were round to,occur at 30?3(n, sh), 3056(m), 2998(w) ,
2063(n), 2(1?8(1.1), ?868(\1), 2636(w), 1305(\:}, 1270(vw), ) -
1250(vw), 1186(w), 116U(vw), 1084(m, sh), 1078(m), 1045(w),
162“( ), 1004(m), 910(vw), Loh(w), 736(5). ?&5(5{. 699(s), *
G?J(U,.ﬁh) and 663(w) cm 1; ~The melting point of the
product wag fg\gp to be Llu -212

»



i

12, the krghaf?tﬁgpof ((64) 1C5)005(00) plapm)

~ .

. Hexafluoro-E butynehexacarbonjldlcobalt

'(0 4? & . L.O mmole) and bls(dlphenylphoaphlno)methane

.(1 1 & 1.0 mmole) viere dlssolved in 50 ml of methylcyclo-

he: ane and the ﬂolutlon was refluxed under nltrogen gas‘

 f6r 4 hqurs with stlrrlng. The reaction mixture ﬁaé then

filtered while it was still'hot‘to'yield an 6rahge-red

solid whlch was washed with several ﬁortions of hot ﬁeiane.
B .

iThlS product was recrystalllzed from CH2012 to give an

orange-red powdery oOlld whlch wag dried in vacuo for 12

C. hour S,

The infrared spectrum of .the. product was

-recorded in the CU ‘stretching reglon in dlchloromethane

_and a “lnFle broad abaorptlon was observed at 19&8 cm 1.‘

13. The ireparatlon of ((L.

5)5C5)Co (Cu) (dam)z

. | uexafluoro-2—butynehex£carbony1d;cobalt
(0'”5.ﬂ* 1.0 mmole) and bis(diphenylarsino)mcfhane (0.96 £,
_ 2.0 mﬁﬁ]ds) viere dissolved in 50 ml or metthCJclohexane
nd the uoluxlon was refluxed under nltrogen gas for 10

. hours with stirring. A orange—reﬂ solid was obtained by

| Tiltering the reaction mixture while it was still hot,
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This product was . recrystalllzed by dlssolv1ng it in'a
mlnumum amount of LHEClz, addlng an equal amount - of n-hexane.
- and concentratlnp the solution in Vacuo and cooling. An

orange -red poudgry solid was obtalngd by filtration and was

dried in vacuo for 12 hours.

P

The ‘theoretical elemental analysis of the
prOr‘uC't C56H4U\°1Fco F6U2, glVe.; ,9 ¢ = 52.5, w H = 3.’4’4 and .

o F ='5.9. The experimental analysis gave 'y C = 52,6, '(

s H ~ 3. 30 and § A = 8,4, “The ﬁelting'point was found to’

'be2‘)0 295._' . L oo

The ipfrared spectrum was recorded in the
- CL strefching region in CHQClz‘and a single broad

absorptidn was ob$erved at 1945 cm_l. in 082 séveral other

Tt

bands were found, to occur at 1262(w), 110u(w), 1120(w, br).

V45(w) and 697(vw) ecm -l o ’

i

.\

.14.‘ The Preparation of ((CL 2 2)002(bu) (rlpc)2

Hexafluofo-2—butyn§hexacarboﬁyldicobalt

(G5, 1.0 mmole) and bis(diphenylphosphino)ethane

LN . ]

(1.1 -, B.U'mmoles) wvere dissolved in 50 ml of methylecyclo-
hexane fuy' the solution was refluxed ulxler nitrogen gas for‘
1U hours with otlrrln" A reudlsh—browh s0lid was obtained
by Iiltering thc redctioh mixture while it was still hots

- This product was recrystallized by diss€M™Nengz it in a
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o mlnlmum amount of CH2012. addlng an equal amount of hexane.lfl
”and conccntratlng and cooling the solutlon.- The resultlng
.dark'red crystals wére 1solated by flltratlon and dried:
.1n Yacuo for 12 hours._

-‘w-

.

Thé*infrared sDectrum of the product in

the Cu atretchlnv reglon was recorded -in dlchloromethane

L

and two 0uly partlally resolved bando were obsg erved at ,

: 19)2(8) and 1930(3) cm 1.' In Cs, other bands were found to

I'occur at 1é15(w), 1184(m), 1095(m) ?45(m 700(m) and
léod(wf-cm' . The meltlng point was found to be 260°

N

5. - rhe 1reparat10n of (Ih Lz)Coz(CU (tpm)2

lehenylacetylenehexacarbonyldlcobalt _
(0.2 g, U 50 mmoles) and bls(dlphenylphosphan)methane
(U.SQ ﬁ,_l;j mmoles) were dissolved in 50 ml of cyclehexane -
and.thc solution. was refluxed under nitrogen gas for 20
hours with stir ing.. The readtion.ﬁixture was then filtered
while it was still hot to'yieid a. grey-green solid. .Thi;
broduct“ﬁas wéshed with 100nﬂsof'cjclohexane and 100 ml of
n-hexanc nﬁd dried in air. It was[&hen recryétallized by
dissolv%ng it'in a mininum amount of CliyCl,, adding an equal
amount oif n-hexane, ;ndlééncentrating the solution in vacuc
and cpoliné. A redg=brown solid VaS isqlatcd by filtration

and' driecd in vacuo for 12 hours.
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i ]

product 06?H54Lo 3Py Rives. % C~— 20,01, % H-= 4,73, -

. ve Lo =‘10.25’and - P = 10.78, whe experlmehmal.analysiéj

¥

:fThe‘product waS\found to melf with-décompdsition at'245°.

| The 1n1rarcu spectrum of the product was .

recorded in ulchloromethane 1n the LU stretchlng region

-and ban&s were found to occur at 1990(5), 1943(5) and ','f'”*

1002(u,‘qh) em” 1

Iéf'_Thg rreparation ?f)(thuz)Coz(Cu)Bcdam)z

o " .\"
' Dlphenyldcetylenehexacarbonyldlcobalt
(0 24 g, U 50 mmoles) and bls(dlphenylar31no)methane B

U h? s 1 U mmole) were dlsaolved in 50 ml of n—hexane

'-‘qnd the 901pt10n was refluxed‘under nitrogen gas for 24‘

. Hours with stirrihg.‘ The reactlon mixture was then

. flltcred vhlle 1t wa° still hot and the resultlng grey-=

-

green powdcry solld was msashed with several portlons of
n-hexane.‘ The product was recrystall%zed by dissolving it

in a m;erum amount of anblz. adding an cquad amount of

n-hc“anc, and conqentratlng ahd “cooling the solution..
B . - / -, .

 n reﬁ-browh_crystalliﬁe.soild was isolated by filtyation

and f“ricd in vacus for 12 hours.

“The- theoreilcal elemental analy51s of the

* gave 5 C = 69,50, % 1= 8,87, % Co = 9.76 and % P = 10,394 -

L3
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- The theoretz’nl elemental analy515 fpr;fﬁé‘i
60 74 and H

give

.prbduct ~Cébﬂ5u 5400203, 'ﬁ;;I."

"_u c

.. The ex rlmental analy31s'

- Q
II

. The 1nfrared spectrum in the’ CU .trétching
'.reglon was recordedrln Lszlzfapd_tﬁb_qands vierg OBsgyveﬂ .{
at 1991(8) and 19#3(5) cm_1 5 em™L.  Uther Jeak'bangs'.-
were present in ﬁhls region dua to the rapid decompos;tlon'
‘ of the substance to (¥h Cz)coz(Cu)u(dam) in selution, . -

' ”he.meltlnggp01nt.was found to be 177°-178°,

L]
-

[ : d

17, - whe Preparation of.(PhZUZ)Coé(CQ)z(dpm)z from‘{?hzcz); '

-

Co,(00) 5(apm)

“ .

[ 1.

ﬂ Qample of (Ph )Co (Lu) (dpm)3 was-?; 4

-~ -

dissolved J.n 50 ml of.‘ toluene and the =~olutlaﬁl was ref]plxed

-under nltrogen gas for ﬂeveral hours wlth stlrrlng. The

oolvent was then removed in a stream of nltrogen gas and the.

\"red brown Ollj realdue was dissolved CH 012. An equal

amount of n-hexane was added and the solution was

concentratcd 4n vacuo and cooled. led-brown crystals
were isolated by filtration and were dried in vacuo for

2 hourg. . ’ ‘f

‘The infrared spectrum ©f this product in -

. ' ’ [ v . .
the Cu stretching region was récorded :in quzclz and” showed

z

60. 3& and % i = Mide, |

P
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only one qulte broad absorptlon at 1920 cm 1, 1dent1cal
to the qpectrum of an authentlc sample of (Ph202)002(00)2

'(dpm)z.

h1f18. The Preparatlon of (Ph Cz)Co (CU) (dpm zﬁfpom

(Ph202)002(0u)u(dnm)

dls(dlphenylphosphlno)methane (0, 1 £,
0.2 mmoles) and (thcz)boz(bb)u(dpm) (0.5 g, 0.5 mmoles)
‘vere dlsaolved 1n 50 ml of cyclohexane and the solutlon . l
was. refluxe& under nltrogen gas for 20 hours wlth stlrrlng.
The mlxture was then flltered whlle it was still hot to’
: yleld a pale green solldvﬁuxﬂ1was washed_with*cyclohexane
'anﬂ dried in‘air.‘ The filtrate ﬁas_é'déep,red colour,
The infrared spectrum. of the green solid
was recorded.in the Cu Qtfe%ching fegioh_in CSz'and two -
-1

+

i

stronﬁ abﬁorpfions wvere observed at 1990 cm
.identiéal to the spectrum of an éuthentic;sample of- the
trisubstituted complex, (PhyC,)Co,(Cu) 5(dpm) . The
infrared gpectrum of the filtrate 1n this reglon was
dentlcal to that ol the tctra ubstituted complex,

(khzuz)CozGCu)é(dpm)z.

‘and 1943 em™~, -
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.19.; Treatnent of ((t LuH9)202)Coz(CU)6 with Excess l_j

Bls(dlphenylphosphlno)methane

-8

. -t T "Di-t- butylacetylenehexacarbonyldlcobalt _
'(0;hé.g, 1.0 mmole) and bls(dlphenylphosphlno)methane
 (0 58, 1.4 mmoles) were dlssolved in 50 ml of cyclohexane
'and the.aolutlon was reflluxed under nltrOﬂen gas for 20
.houra with stlrrlng. The reactlon mlxture was then
concentrated in a stream of nltrogen and flltered to give
,_‘a bright green solid whlch was washed with cyolohexane and
drled in air, Solutlonﬂ of thls product were found to be‘
very unstable in alr and the solid 1tself completely
decomposed to a: llght brown powder w1th1n three days in
"a closed contalner.' The 1n1rared spectrum of the product _
: ahowed bands in the brldglng-CU reglon and therefore no

further work -was done,

12047 Attempts to Prepare Tetrasuostltuted berlvatlves of .'

(thCZ)Co (CU)6 and ((013)202)002(C0)6 with oae. -

ulphenylacotylenehexacarbonyldlcobalt
(V.7 ¢, T mmole) and blﬂ(dlphenylarolno)ethane (1.0 £,
:2 nmoleﬁ) uore dluquVEd 1n 50 ml 01 cyclohexane and - the
solution was refluxed under nitrogen gas for 24 hours Wlth
stirring."Lvuporatlon of the solvent in vacuo yielded a

brown'powoory solid, Attempts.xo obtain a crystalline form
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of . thls product from anblz/hexane solutlons were ‘not i
'successfgl. Attempts to chromatograph the- substance on
:silica gel using dlchloromethane were.also unsugCessful'ln o

~fhét_it.cquld not be eluted from the column.,

“ The infrared épectrum of a CHZCl2 solution .
.of the product 1n the Cu stretchlng,reglon showed only a
broad, flat band' ranglng between 2000 and 1900 cm 1. ‘Aq '
 equ1valent result was obtalned when the same reactlon was

attepmted W1th the. hexafluoro—2—butjnehexacarbonyldlcobalt

: bonplex.

5

;2;.‘ Treitmenp of‘Coz(CU)u(dam)z-ﬁith Diphenylacetylehe

(bla(dlphenylar51n )methane)tetra—
”carbonyldlcobalt was prepared accordink to the method_pf

Lik and was ‘identified by its infrared

_Dehrcns and nqulla
spectrum, . A samplejofdthis subétance.(U;OB g, 0,1 mmole)
and diphenylacetylene (v.b2 g, 0.1 mmole) were dissolved
in £0 ml of benzene.anm,the solution was refluxed under
nitrogen ras for 80 hours with stirring. Thé solvenf was
“then hvﬁpérated in_é stream of nitrogen and a browh
residue wags obtained. Addition of n-pentane f&sulted in

: parﬁial‘solutién of this residue to give a light red
solutlon, the infrared spectrum 6f which was identical to

. _‘ﬁ
that of the disubstituted derivative, (thcz)COZ(GU)u(dam);
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- in- the LU stretchlng reglon. The pentane 1nsoluble port10n=

was ldentlfled as startlng materlal from 1te 1nfrared

‘spectrum.

L'

A second reactlon vas attempted u31ng

e ultrav1olet radlatlon. A large excess of dlphenylacetylene-

f'was used and the two substances were dlssolved 1n benzene.."
The solutlon was exposeu to ultrav1olct radlatlon for 5:
‘days under an atmosphere of nltrogen gas and the solvent e
uau then evaporatea to yleld a brown residue., ThlS
prouuct was chromatographed on silica. gel using 1 3 CHClB—
hexane and two separate bands were observed._ These were

eluted and were found to he 1dent1cal to the two products

in the above reactlon.‘”

SECTIUN' D, DETALLS UF 8XPERTMENTS IN_1I-C:

4

.

1r The kreparatlon of (Ph262)002(CU)4(k13)2 .

r

Dipﬁenylacétyleneheiecarbonyldicobalt
(0.4 g, 2.0 mmoles) was dissolved in 10 ml of n-pentane
and was placed in the glass liner inside %the high pressure’
reaction vessel. 'he vessel was closed and cooied to -196°
-usingg liquid nitrogen.” 1t was sﬁbsequentiy evacuated by
using appropriate connections to the vacuum line., Tri-
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'fluorophosphine (Zé‘g; 300 mmoles) was condensed into the
reaction vessel and the vessel was ‘then warmed to room .
temperature resulting in a gauge pressure of ?50 psi. The-
reactlon was left to procced for two weeks at room temper-
';.aturendur;ng whlch evolved CU gas was removed_every.three

to five days.

At the. end of thls reactlon perlod the
excess PF3 was removed v1a the vacuum_llne and the resultlng
dark green solutlon was flltered to remove any 1nsoluble
1mpur1t1es. A dark green crystalline solid was obtained
from-the'filtrate in the Tollowing manners - The solution was
xplaced_in‘a.50 ml round-bottom flask Which was connected to
“the vacuun line. The solutlon vas then cooled to -90

1

'u31ng an acetone—dry ice bath and the. solvent was removed
1very slowly by opéning the flask to the vacuum llne by only
a small amount: uver a perlod of two days dark green ~
crystals were dep051ted on the s1des of the flask, When
all of the solvent had been removed the product.was driedl
in vacuo for 24 hours. = This product uas then recrystallized
- by dissolving it in a minimum amount of nupentane, adding an

cqual amount of methdnol and concentratlng and .cooling the

'qolutlon. harh green crystals were 1solated by filtration

and were drled.ln VilCuo,

- | '

”

The theoreticd elemental analysis.forjthe
. v, .

product, CygtligCootguyt s gives % € = 37.0, % H = l.?l.
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ii% C° ?.20"2;’%' 19 5 and % p = 10.6:' The-experimental
""and%l-’--loé .'.., < " :

| The 1nfrared spectrum of the product was
recorded in the CU and - PF stretchlng reglons 1n n-pentane.
In the Cu stretchlng reglon bands were observed at 2028(vs),
. Oul(vs), 2065(vs, sh) and 20?5(vs) cm*;f and the PF
' ostretchlng bands were observed at 870(vs) and)BQb(vs, sh) em'l,
Thelremainderﬁof the spectrum was recorded in carbon
~disblphide and in tetrachloroethylene..ﬁIn_Cszrbands were
found to occur at 3060(vw), 3030{vw), 2958 (vw), 1255(vﬁ).
L178(v), 1075(vw), 1031(w), 1002(vw), 765(s), 693(s),
' 675(lw), 29(v’:) and 622( (%) em™t, Inc 5y, other bands |

vere observed at 1489(vw), 14?5(vw) and 14&4(m) 1;

_ . o o o
© 2. lréatment oi Co-Z-(Cb)8 with Trifluorophosphine

’

“a) ‘ireatment at -20° and 400 psi'for Eight Days:

Dicobaltoctacarbonyl (4.2 g, 10 mmoieS)
was placed indilie the-glass liner in the high pressure.
reaction vos 1 ahd the vessel was evacuated and cooled
to -196?. wufficient PFB was condensed into the vessel
to result in a gauge pressure of 6uu psi at room femperafure.
Thc.roaction was left to proceed for eight days at -20°,

A

* the gau e pressure being 400 psi at thla temperature, Lvery
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tﬁo_days the'gVolved_CU gas was_rehovéd. At the end of the;.

reaction period the excess PFB was ‘pumped .out ‘of the

~.reaction vessel and the vessel was.then opened and the
glass liner and its_contentsfwerq‘placed-undgr'a vacuums on

the vacuum line at room temperature. 'The contents of the

glass linér consisted maihly of a brown liquiﬂ‘which was

.. found to be quite VQlatile and was therefore separated from

_the remalnlng components by condens;ng 1t into a trap at
-—1060 At thls temperature this product is a yellow solid.
The substance remaining in the glass liner was a dark brown, -

powdery solid, the nature of which was not further

-

investigated. -

Un warming the yellow solid ‘to room

L

temperaturc it again_bécame a dark -brown liquid, but it

.appeared to be evolving a, gas indiéating that some

s

decompesition was occurring at this temperature.- This was
P H D

. _ < ' _ . _ .
gubstantiated -by the observation that whenever the substance

was, transferred from one trap to another under ‘vacuum, a
" non-volatile .dark brown substance remained--in the trap

,Which was similar in appearance' to the brown powdery solid

aes crlbcd above. It was therefore concluded that the
brown uOlld found in the glass llner was a reoult of the
decompoaltlon or “thel brown volatile liquid.

Further characterization of the volatile

brown liquid was made very difficult due to its
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sensmt1v1ty to air and the faot that it decomposes even'
1,under vacuum at room temperature. An 1nfrared~;pectrum of
the product as a carbon disulphide solutlon indicated the

:presence of both termlnal and brldglng Cu groups (peaks at -

I 2060 and 1860 cm. -1 respectlvely) and: the presence of PF

9 3
)

(peahs at 800 and 877 cm . It wac therefore concluded

~ that thlo product has a formula of the type. Coz(CU)a n(PFB)

A brown llquld of. 1dent1cal appearance and."
behaV1our could be prepared in a similar manner using a
varlety of dlfferent pressures, temperatures, and reaction
_tlmes from’ 300 psi and room. temperature for 15 hours to
_presaure as h}gh_as_600_p51‘and reaction t;mes‘as long as
>n1ne.dayu. B

Thig product will hereafter be referred to -

as (1),

'b)  Preatment at Room Temperature and 400 psi for‘HineLpays

‘'he procedure‘described in (a) above was’
repecatedgusing 1,0 g of Co?(Cu) (2.5 mmoles) and
sufficiont‘ij to rosult in a gauge pressure of 400 pSl‘ .

) 2t room fepperature. The total reaction time was nine da<ihﬁ

.and thé evolved Cu gas was renoved daily.

At the end of the reaction period the glass

(
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nllner and its contents were placed under vacuum and the
.‘.volatlle components were trapped out at -196o ' r"he ma jor
product was-a volatlle brown llquld yollpw s0lid 1dent1ca1
-‘to I.- but a less volatlle substance wag also observed i
Twhlch was a brlght oranve solid at 196 and vas a red—bgown.l
'llquld at 0°, Thls also appeared %o decompose at room
ltemperature in a smmllar manner to 1. The similarities 1n n
these two products lndlcate that they are ooth of the
general formula Coz(CU)S n(fr )n' but n is cxpected to be
larber in the orange product since more vigorous condltlons;
'qere useg;ln 1ts preparation, - This prOduct Lill hereafter

be referred to as (1Il1}.

e) ‘Ureatment at 20° and 1000, psi for Fifteen Lays

Lhe procedure described 1n (a) sbove.ﬁes.
;repcated u51nb 4 2 g of L.oz(Cu)8 (10 mmoles) and sufflclent
3 to.rcsult.ln a gau*e pressure of 1000 p31 at room . |
;htcmpcraturc, rhe total reactlon tlme was 15 days and the

evolved Cu gas was removed every 2~ 5 days.
N -

" ‘At_thc end of tne reaction pefiod the glass
liner and its contents were placed under vacuum and the
voiatilc conponents vere passed through traps at -25° ang
~01,° info a trap atl—ivéo. kroducts identical to 1 and II

werc collected in the trap at —250. and a colourless solid



a strong, choking odour, - ‘this product was xpected to'béﬂ

JHCO(PI5) 4(Cu), formed. due to.the pre HF in the

l Y ‘n ' »
3. _Lreatmentrof CQZ(CU)B_n(PgB)

n with.Di-t-hutylacetylene

A-2~3‘ml:portion of the brown liquid (I)
'ﬁasﬁééﬁdcnscd into a 5d'ﬁl r;und-bottom fiasﬁ which was
coﬁnec;;d.to the vacuum line; Aﬁoﬁt 2-3 m1_of di-t-butyl-
"aqetylcné_and 15 ml‘of n4péntané vere aisohgéﬁdensed.inté
the fiask arxl fﬁe mixture was left to react at 0° for fivéj
~days. The .evolved CU gas was reﬁoved two or three times
daily.byvven%ing‘the.flask 0 the vacuun pump, Further
amouhts of n-pentane .and di-t~butylacetylene were added

once daily.

At the ‘end of the réaction period the
nixture was warﬁéd to room temperature ahq all of the
Yolatile compohénté were pumped off leaving a dark reddish-
‘broﬁn solid. residuc, This was dissolved in ﬁ-pcntané and
filtered to remove some insoluble material, and red-brown
crystpls vwiere obtgincd by evaporating the solvent very
hloﬁiy iy vacvo while-maintaining.its temperature at -90°,

“the product wes dried in vacuo. "Chromatorraphy of a small
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portlon of thls substance on 8111ca gel u51n n-pen%ane

showed only one dark reddlsh—brown bandn

" .

The product was 1dent1fled as a dlsubstltuted.
.:;derlvatlve, ((t CuH9)zb )Co (Cu)u(PF3 X from 1ts elemental
analy51s and 1ts ‘infrared apectrum. The theoretlcaL
_elemental analysmo for- Lloﬁloco Péuu > gives 3 c 30.88,
% H —-3.3;.-N*Cg % 21,69 9% i = 20.96 and ¢ ¥.= 11,40. The

'experlnenta1 analysis gavé'%‘0-=.30.85; ¢ H = 3.18,

% Co = 20.96 % ¥ = 19.38and % P =.10.60.

The infrared épectrum of the product was
‘reoprded ih the CU and PP stretching regions in n-pentane.
'.Thé Cu s%retéhing ban@s were found to ocecur at 2079(s),
Q”zphﬁ(s) and_2020(vs) cmfl éﬂd the rF stretching bLands were‘
:found to occqr_at'BS?(s)h 8?5(5;'éh). 662(3) and 844(m) ém_l.
Thc'remaindér of the <‘pectrum was recorded in tétrachlord—
‘ethylene and bands were observed at 2972{w), 2950(vw, sh),.="
295U(vw, sh), 2905(vw. sh), 2085(vw, sh}, 1474(w), . ‘
~_1h69(ﬁ5, 1309(w).'1369(w), 1320(vw), 1205(vw). 1u22(vw),
$60(wiy; 620(vw), 655(vw) and 595(w) cm .

»
»

.,  ‘the 'rcparatlon of HCo(ik

tron of HCo{li,) 4(Cu)

The prepardtlon of HLo(le 3(L,u) was carried

out according to a modification of the method of lruck. 127



s
;Dicobaltootacarbonyl (2'1 g; 5 mmoles) was placed in}ﬁ;e :
glass llner 1ns1d3f§§g hlgh pressure reaction vessel andl
the vessel was then evacuated and. cooled to -196o .
bufflclent 1:3 was condensed into the vessel to result 1n
- a gauge pressure of 1000 p31 at room temperature, %ﬁklng no
precautlons to remove HF from the b 3 sample. The reactlon
. was allowed to contlnue for 14 dayz at room temperature and
the evolved cu ga was removed every 2-5 days.

| The reactlon vessel was opened and the:
glass llner and its contents were removed and were immed-
1ately placed under vacuum. The wvolatile components of tne r
‘ liner were condensed into a %rap at l1969 and'appeared‘to
consist mainly of a vellom solid identicai to I above.
A cloar. pale yellow llquld uhlch was much more volatlle
than 1 vas also observed, and thls was separated Irom the-
yellow Splldlby trap—to-trap dlstlllatlon.u51ng a trap at
'—3()'0 to remove I, The clear, vellow liquid, was identifieg

as IICo(ir3 3(Cu) from its 1nfrared spectrum. 12? B

——

5. i'rcatment of HCo(PFj)j(CU) with Di-tFoutylacetylene

)i t~butylacotyleno (U 5 ml) .and
HUO(PF. (Cu (U 5 ml) were dissolved in n-hexane and “the -
,oluLlon WaAS 1rrad1ated vith ultravmolet light for two

hour. uncor nitrogen ras with .constunt stirring. 'l'he
a i ) .

4
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reaotlon mlxture became a w1ne-red co;our atsiprst but
eventually became a much darker re§;1 Durln the‘course of |
:the reactlon a small pcrtlon of the.soluﬁ;on uas removed
’and its 1nfrar¢i spectrum in the Cu-and b stretchlng
o reglons was recorded . 5ands due to PF stretchmng and both '
- termlnal .and brldglng.cu groupg were observed
. . . “ L
At “the end of the reactlon perlo tﬁe
solvcnt was removed 1n vacuo leaV1ng a. red 011. ThlS was
'transferred to a.vacuum llne 1n order to purlfy 1t by trap—"
'to-tran dlstlllatlon, but on warmlng tho.aubstance to room

-temperature the sample c'lowly turned to a royal blue colour

'1nd1cat1ng-that decompositidn was oocurrinc.

)
3

6. Treatmciz of (RPZCZ)Cog(CU)é‘Wlth Excess'o(pCHj)B in *

- Toluene _ . SR S .
' ‘ . . o - . . ’ @ ) . _ R

Dlphenylacetvlenehexacarbonyldlcobalt

'(0.23'g} U, 50 mmoles) and trlmethylphosphlto (1.2 g,
10 mmoleg) ™ were dlssolved in 50 ml of toluene and ‘the

solution' was refluxed under nltrogen:gas Tor 80 hours with

stirrinﬁ. A deep red colour. characterletlc of the tetra-

) -

substituted dorlvatlve, had formcd at this point but
Vlulble 31;ns of dccomp051tion were present in the reaction -

‘ mlAturc in tho form of - insoluble subutancco. The infrared

~

opechum of a portion of this reaction mixture showed only

one broad band in the’ place of the two Cu stretching'bands

1



",;é§7:r c(f“-.

of the tetraezﬁiyitufed}derivafiyEL;.Ii ; ;{4:=;

S
e
e . T .
L . R . et .
. - b o . o

. +7. ‘Treatment Of'(Pﬁ,C‘SCb'(CUi'(dpmj'_With-P(UCH‘f and -
. | m 2727772 2 ;2 s M3y

'P(n“U”HSTE '__. L e oy  ;'

. [

. An excess of tri-n—butlehoaphlne and

.r\“‘-_-.-‘_:. -‘-.- .‘- ..

0. 1 g of (thcz)E‘Z(CU)z(dpm)2 (0.1 mmoles)‘ﬁere dlssolved

in. 50 ml of toluene and the solutlcn was refluxed,under'
. nltrogcn gas for 4-days wlth stlrrrng. The solvent was

_ ;:tcen cvacorated' ;g_xgcuc and the oily'residce vias
';-chromatqgraphe%E;n'silica gel u51ng LHEClz. 'The‘firsé

band was a red colour and was’ 1dent1f1ed as the startlng

matcrlal from 1ts 1nfrared Spectrum. 'wo other small bands '

were pright green_and brlght blue 1nd1cat1ng that

decomp081tlon of. the metal acetylene lln age had llkely

occurred A smmllar resuit was. observed when the same _.

-

reactlon vias carrled out wlth trlmethylphosphlte.

aA\ . Y

U rrcatncut of ((t 04”9)252)002(00)’ wlth f(uRh)B and with .

‘.I."(O n- Cq‘” )

——

Di=t- butylacetylenehcxacarbonyld1cobalt
(v, 21 ly U.50 mmoles) and triphenylphosphite (v, 31 g,

1.6 mmole) were dissolved in bolml-of n-hexane and the

solution was refluxed under; nitrogen gas for one hour with -
. | :

stirring. 4 portion of the reaction mixture was- then

w



-when trl n-butylphosphlte was used

O

9

T,

chromatographed on 31llca gel. uglng n-hexane as the eluent

- and onlj one red brown band was observed. Thls band was

' 'uhowed two banda at 2053 and 1995 cm_l; charaoterlstlc of-a .

"dlsubsiltuted derlvatlve. nnalogous results were. obtalned

L .1.

8. ‘‘reatment: of ((t CMH )202)502(00)6 w1th l-Ph3 and w1th

=,

1(n cino)z ‘:.n.‘.‘

Dl-t-butylacetylenehexacarbonyldlcobalt
(v.b2 L, 1.0 mmole) ‘and tr1~n—butylphosph1ne (0 4 g

2.0 mmoles) were dlssolved in 40 ml of n-hexane and the

\ .
wosoJ.u‘t:J.On was refluxed under nltrogen gas for 1 hour with

. stlrrlng. n portlon_of the reactlon‘m1xture was then

chronatographed on alllca gel using n—hexane as the

‘cluent. o bqnds,were observed.‘ The first larger band

was a dark brown _ colour and 1t¢ 1nfrared spectrum in the‘

<

.Lu otreuChlng reglonuhowed peahg characteristic of a mono-"

]

(' [ -4
uUbatltutOd derlvatlvc Y the second bihd eiuted was smaller
. -J..f 5.
than the first and. was a brlpht'red colour. lts 1nfrared
.-.‘- r -
upcctrur‘l ‘in. the cu t'1‘.1:‘cz'l:ch1n'=' rerlon wag ldentlcal to that

' >

or an authontlc sample of Loz(bU)G(f(n—buﬂo) ) - vihen tbqﬁ"

same reactldn uau carrlcd out wlthﬂybh a ll"ht brown,

3’

ing o1ublc uOlld reuultnd Uhlch was not further charactera

»

zad, ¢

" eluted and. 1tﬁ 1nfrared spectrum in the CU stretchlng reglon -
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