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105-125°], Slow isomerization of the 1,2-ax eg-Rez(CO)B—
(PRy), (R = Bu", Ph) complexes to diat-Re,(CO}q(PRy), was
ohserved in toluene solution 't room temperature (hali-
life of 10 h (PPhy) or 1-2 days (PBUY)). The 1,2-eq,eq-
Iiez(ct))s(FRa)2 complexes appear to be stable towards
isomerization.

(11) The Me NO-assisted reaction of Re,(00),, =nd
(PMeZPh in MeCN (80°C) resulted in the formation of
,(C0Jg{PHe Ph), (vide supra).

{ii1) The thermal reaction between Rea(CO)lo and PR3

1,2-ax,eq-Re,

(PRy = PMe,Ph "%, Plebh, '°%) at elevated temperatures and
for extended reaction times (eg. PMEZPN, 80-100°C, €0-96 hjte?
PMePhZ. 140°C, 15 h'*"} ylelded a product identified as
1,2-ax,eq-Re,{CO)g(PRy), (vide supra).
(iv}) The ghotachemical reaction between Rez(cl})lo and
PRy (PR; = PMe,Ph, '*? PMePh, ') has also been reported to
yleld the 1,2-ax,eg—Re2(CO)8(PR3)2. An analogous arsine
derivative, 1.2—ax.eg-ReZ(CO)s(ASMezPh)Z, has also been
prepared by the photochemical reaction of Rez(colm with
AsMeaPhA 1

The first two cases can be explained in terms of
replacement of equatorial ligend(s) from 1,2-e5,eg-ne2(co)a-
(L), ({1) (L), = u-olefini (ii) L = NGMe), to give
1,2-e9 g—Rez(CO)B(Pﬂalz. or 1¢2—ax,eg—Re2(CO)B(PR3)2.
depending on the size of the phosphine ligand.

In the third case, formation of 1,2—ax.eg—Re2(C0la-
?(00)10 with
PR, at elcvated temperatures and extended reaction times,

3
can be explained in terms of the initial formation of diax-

(FR:’)2 products in thermal reactions of Re,

Re,(CO)g( Ry}, (obtained from thermal reactions under less
foreing conditions (shorter reaction times)'®* and from the
Pd-catalysed and Me NO-assisted (snlvent CH,Ce, or CHCEg' )
reactions of Re2(00)10 with FRS)’ followed by metal-metal
bond cleavage, and rearrangement and recombinatien to give
the electronically favoured i,2-ax,eq-Re,(CO)g(PRy), isomer.
The formation of 1 E~ax,egv~Rsa(CO)8(PRa)2 products photo~
chemically {case (iv)), where Re-~Re bond cleavage is
U.kely,“‘il is consistent with this proposal. Further, traces

& - o s
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of }_ﬁw—hz(c’))s(ms)a isomer can be detected by IR
spectroscopy in the cases of the reactionn which give the v
disx—Rez(co)a(PRa)z isomer (vide supra), suzgesting that a
small amount of isomerization to the 1,2-ax,eqrite,(C0)4(PRy), | -
isamer gccurs even under milder reaction conditions. As |

» described asbove, partial isomerization of diax-Rea(CO)a— o
4 (PHe,PR), to 1,28, eq-Re,(C0)g{PNePh), in toluene solution
(80°C, 4 h) has also been observed (urder normal lamboratory

) light). Thus a glow thermal isomerization of diax—Rez(CU)s‘ .
: (PR}, to L,2-ax,6q-Re,(00)(PR, ), can oocur, provided the
phosphine is not too large {vide infra).

Steric factors determine whether the 1,2-ax,eq- i

i Re,{00) (PR, }, isomer is stable for a particular shosphine. L

Thus for PMezPh and PMePl’\2 5

5 e » s
136° respectively), the 1,2-ax,ag-Re,(C0)g(PR,), isomers

(Tolman cone angles®® of 122° and

are obtained from the thermal reaction of Re,(C0),, with g i
8 . PR, (case (1i)}, but the thermal reaction between Re,(C0) . I

and Peh, {Tolman cone angle’®: 145°) yields only diax- B
ReZ(CO)B(PPha)e {140°C, 16 h).'®? Purther, no 1,2vax,eq-~ ,‘
Re,(CO)g(PPhy) , (as evidenced by sidebands in the IR spectrum
B of the diag-Re,(CO),(PPhy), product) is formed tn the PdO-
catalysed reaction of Re,{00),, and PPh, (vide supra).

Thus it would appear that the particular synthetic
method employed, and the size of the phosphine ligand used,

:
E
determine whether the diax-, 1,2-eg,eq- or 1,2-ax,sq-Re,(CO)g- i
(FR:“‘)2 isomer will be obtained. For a synthetic wethod I
EN predisposed towards the formation of equatorially substituted o

Re,(CO) (PR, )., isomers (cases {i)-(iv) above), 1,2-sq,eq~ [‘ '
L o Rez(co)e(Pﬁa)z is obtained for small phosphiines  (Tolman i

cone angle range: l05°-121°), while large phosphir.es
3 {Tolman cone angle range: 122°-145°) yield 1,2-ax eg—-Rez(CU;B- i
E (BRg)ye  For the larger phosphine ligands {Tolman cone angle
N range: 1309-145°), the 1'2‘33(199‘“92(00)5("“3)2 isumers are !
‘ unatable, and slowly isomerize (rate increases with the alze ;
e PR ) .

of the PRS ligand} %o diax REQ(CO)B(PRE))2

- - [SA - ey L P
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1580.2 Experimental
15D.2.1 Synthesis of Re,(00) o (PR) (n = 1,2) frop the
reartion of Re,(C0) o-20d PR in the presenc: of i i

Po-catalysts : L]

Lo Re, 1y, (163 mg, 0.25 mnol) and 50 mg Pd-catalyst
{Pd/C (10% Paj, Pd/CaC0, {10% Pd) or PdOj were stirred in
| xylene 110 me), to which was added PRy {0.75 mmol}. The
§ reaction selution was refluxed at 140°C for 1 to 9 h, <L

depending on t' osphine used {see Table 15.8). The
progress of the :vactlon was monitored by TLC (Silica; eluent:
ethylacetate: petroleum ether {80-100°C}, 1:3). The product{s)
were isolated by preparative layer chromatography (Silica;
eluent as for TLC), extracted with henzene, and crysvallized
from benzene-hexane solution, to yield solourless to yellow
solids.
15D 2.2 Synthesis of Rez(CU)lc (PR,) (n = 1,2) hy the NMeSQ_
assisted reaction of Re,,(CO)1 with PR, .. CH.C¢

. ReZ(CO)lO (163 ez, 0.2 mmol) was dissclved in

s ’ C“,CCZ (10 me), to which PR3 (0.75 mmol} was added, followed

. oy by W830-2H20 (60 mg, 0.54 mmol} w.ssolved in degassed MeOH

3 {6 mé¢). The reaction solution was heated at 40°C for 8 h.
Ihe progress of the reart.on was monitored by TLC {Silica;
eluent: ethylacetate: petroleum ether (80-100°C), 1:3). The

' products were isolated by preparative layer chromatography
(Silica; eiuent as for TLC), extracted with CHZCQZ, and
recrystallized from CH,C¢,-pentane solution, to yield

|
P
{

colourless to yellow solids,
15D.2.3 Prepsration of un isomer of Re,(CO),(PMe Ph)

F B ReZ(COJlo (653 mg, 1 mmol), was dissolved in acetonitrile,
| G »‘ MeCN (10 mé), and the solution heated at 80°C. To this

‘£ solution was added NMejjO'2§{20(234 mg, 2.1 mmol) dissolved in
\1“' degassed MeOH {10 m¢). Reaction was Instantaneous, as

evidenced by the colour change of the reaction solution from k
colourless to pale yellow. Then PMeePh (2.1 mmol) was added

to the reaction solution, and the mixture heated at 80°C for s
2 n. The product was lsolated by columr chromatography
{2cm x 40em column, silica; gradlent elution with hexene~

N s R _ Y
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benzene solutions, starting with hexane and ending with

benzene), Recrystallization from CHZCez~pentane

solution gave a cream solid.

18D.2.4 Preparation of an isomer of Raz_(_EO_)_E(PMethlz
m;z(co,\:Lo (667 mg, 1.02 mmol) and PlePh, (4.0 amel)

were refulxed in xylene (17 mg) at 138°C for i5 h. During

this time the solution changed from colourless to an

intense yellow. The xylene was removed on a rotary

eveporator, and the yellow cily residue pumped under

vecuum for several days ta remove excess phosphine, to

give & yellow solid.

The Crystal and Moleculsr Structure of diax(Re,(CO).(Pite Ph),]

Introduction

Although the crystel and molecular structures of three
My (e, (PRG)(no= 2, 77" 27°"7%) compounds heve been
determined by X-ray crystallography, no analogous dirhenium
carbonyl-phosphine complexes have been studied crystalio-
grapnically.

From IR spectral data (see section 15B), the
geonetry of the majority of Rea(co)g(PRa) and Rez(co)e—
!PRS)Z products is expected to be the same as that of
the analogous Mn,(30)g(PRy) and Mn,(CO)g(PRy), complexes,
viz. axial and diaxial phasphine substitution respectively.
An ¥-vey erystallographic study of the complex dia.‘(Rez—
{00} g(PMePh),), product of the PdO-catalysed reaction
batween Rez(CO)IO and PMEEPh {gee section 180), was

undertaken with a view to confirming this prediction.
Further, the structural investigation of disx-
L‘Huz(cc)e(PMezPh)Z) was undertaken as part of an extension
:f the chemical, mechanis$ic and structural atudies of
1s-nitrile derivatives of dirhenium decacarbonyl (see chs.
XI and XIV) to other donor ligands. Specifically, the
ateuctural effect (if any) of the bulkier phosphine ligand
(Te.lvan cone angle®’ for PMe,Ph: 1229; values from MO
caleutations’®*: 130.8° (staggersd), 156.6° (eclipsed)) on
the Rez(co)s unit was of interest. For example, incruased

i 5
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steric bulk could affect the phenomenon of the bending in
of the squatorial carbonyl ligands towards the metal-metal
bond, observed in the parent carbonyl, Re,(C0), ¢ and

in & serins of dirhenium decacarbonyl-isonitrile derivatives,
Re,(CO) o (CNR) | (n = 1-4) (see ch. XIV).

Di ion of related an(COI10 (l’R,?I {n = 1,2) Structures

As has bewi. »ntioned, no crystallographic studier of
Re,(CO) o
However, X-ray crystallography has been used to determine

(PRa)n {n = 1-4} complexes have been reported.

the structures of the related manganese complexes, ax-
Mn,{00) g (PMe,Ph), **" diax-Hn,(CO)q(PMePh,),*** and diax-
Mna(LO)B(FEta)Z.”‘ Although bond length values For the
manganese complexes cannot be compared to those of
[Re,(C0)g(PMe,Ph), ], overall molecular conformation is
comparable. The salieat structural features of the
an(CO)lo_n(Pﬁa)n (n = 1,2) complexes will thus be discussed.
Crystal data and selected bond parameters for the
an(coiw_n(PRa]n {n = 1,2} structures are given in Table
15.8. In all tnree cases, the dimer adopts a staggered
conformation, with C-Mn-Mn-C torsion angles close to the
ideal 45°. For the mono-substituted Nn,[C0),(PMe,Ph), the
phosphine ligand occupies an axia) position; for the
bisphosphine complexes, MI\Z(CO)B(PRa)2 (PR3 = PMePhE, PECa),
phosphine substitution is diaxial. The obgervation that
phosphine ligands occupy axial sites, rather than electroni-
cally favoured equatorial positions, 13 rationlized in terms
of the steric requirements [Tolman cone angles®: Pite,Ph,
1g27; PEta, 132%; PMePhZ, 136°] of the bulky phosphine
ligeads'®? {see Section 15D; see also ch. XII for a
discussion of electronic and steric factors governing
ligand site preference in #,(C0),, (M = Re,Mn) complexes).
Interestingly, an X-ray crystallographic structure
deterninaticn of Mn,(CO)(Asite,™h),*® has shown that this
molecule has an eclipsed conformation, with en arsine
ligand occupying an equatorial site on esch Mn-atom. This
erucial difference is aseribed to the longer Mn-As bond
distance (av. 2.465; cf, av. Mn-P, 2.23K, for m_MHE(CO)G_

ER— o ALY - .
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(PMePh,),***) which reduces repulsion between substituent 4
groups and the carbonyls, hence permibtting the electronically 1
favoured equatorial substitution. Steric strain in this ‘
molecule is however reflected in the marked angular 3

distortions (eg. Mn-Mn-As: 103°, instead of the ideal §0°}
caused by clome contacts between the phenyl ring and two

of the equatorial carbonyls on the other Mn-atom. The
unusual eclipsed conformation is probably adopted in order

the equatorial GO ligends, as repulsive interactions between
v the twa sets of carbonyl groups is expected to be greater

|
ij
|
to minimize repulsions between the arsine substituents and I
i
|
i
in the eclipsed than in the staggered conformation.!'?? ‘
|

© LB, .
S Significantly, for all the three Mn,(C0);,  (PR;). .
E o {n = 1,2) structures, the Mn'~Mn-COey bond angles are less
than 90°, ie. the equatorial carbonyls bend in towards the

. Mn-Mn bond. The significance of this will br discussed in )
. section 15E.3.4. ]
In all three structures, the Mn-C-0 bond angles are

in the range 171 - 178%, as expected.'? "

o 18E.3 Discussion of the structure of diax[Re,(C0) {(PPhMe,),1(V" ")

Fhe molecular structre of diax[Re,(CO)q(PPhMe,),(VII), and
the numbering system used in the crystal structure !
determination, is shown in Fig. 15.5. The compound :
srystallizes in the menoclinic centrosymmetrie space
group C2/¢, with 2 = 4. A view of th" unit cell,
looking down the b-axis, io shown in Fig. 15.6. Bond

,, lengths and bond angles are given in Tables 15.9 and 18.10
respectively. Average bond angle and bu. length data is
summarized in Table 15.11. The molecule mdopts a staggersd —
’ conformation, with diaxial phosphine substitution. The .
main structural features will be discussed in detail.

1sE.3.1 Diexial phosphine substitubinn ;

The two phosphine ligands occupy the axial positions,
as expected fiom IR Jata {wection 15D). This is in contrach
to the structure of Rez(CO)s(CNCGHSMea-Z,S)Z (ses ch, XIV},
whera the two isonitrile ligends occupy electronically B

favoured equatorial sites. This is an example of the

- R g P - emesedar el
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TABLE 15.8: Crystal data and selected bond parameters for z:N.”QO

°
(Bcnd lengths in A, bond angles in °)

710~n/

{PR,)  siructures {n
3'n

Complex M, (CO) {PMe Ph) Mn_{CO} (PMePh,,) Hn,(CO) (PEL.),
Space group, Z c¢2/c,8 mwy\o.a Aba2,16
M-t 2.904 2.90 2.913(6)
P 2.239 2.23% 2.247(7)
Min-Co™ 1.78 1.75 1.81(4)
Hn ' —Mn-COeq™ 87.5 86 87.6(5)
Mn~C-0" 177.5 176 171(2)
[ 214(1) ° 116.0(6)
c-p-c* 104(1) 102 z
pug? 1.8 1.83 1.85(2)
Reference 224 255 256

a

Average value

b

Not quoted in reference

il

o g
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Figure 15.6:

ORTEP"® view of the diax[ReZ(CO) 5 (Pe,Ph) 2] molecule (VIL), showing the numbering system used.
(Re related to Re by a 2-fold amis, generating the equivalent position {-r, ¥, 4-z), amd

similarly for the other atoms).

e

Z




L lrois

: P
Figure 15.6: ONIEP*® view of the unit cell of dinx{Rez(CO)a(PHeZPh) 44 ++41), locking down the baxis.
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dominance of steric factors over electronic site preference
in the case of the bulky phosphine ligand. (For the
ez(ca)ammsﬁamez-z,e)z and Re,(C0) {FPhMe,), structures, .
the bulky C.H,Me -2,6 groups are much further removed from

the Re atamst:anzthe PPhie, groups viz, adding the av.
bond lengths for the linear Re-ON {2.058), C-N (1.158) agd
N (R} (1‘432) tonus gives an effective av, Re...C(R)
distance of 4.038, cf.  Re-P distance of 2,35%; the
lesser steric bulk of the isenitrile ligand is also
reflected in the "fan-shaped” angles*' for ONC_H.Me,-2,6

of 106° (wideness) end £2° (thickness)). eeE

Axdet “tution has alse been observed in related
Mna(co {n = 1,2) structur«s (see section 155.2).
the di- + derdvative, an(co)ﬁ(cmau")2 {"fan-shaped*

angles*" for wsu®: 70° (wideness) and 68° (thickness)) is
again equatorially substituted (see ch.XIV). Hance the
size of the metyl atom seemingly has no effect on the
substitution geometry.
1$E.3.2 The Re—Re, Re-P and Re~CQ bond leng\‘:hs

In dlax(Re,(CO}g(PePhi,] the Re-Re bond length
. is 3.084(1)R, only fractionally longer than that of
e 3,008 #n tho parent carbonyl, Re,(c0),.'*" he
substitution of a carbonyl trans to the metal-metal bond by

a poorer m-accepting' '® phosphine ligand, and the consequent K

increase in electron density on the metal atems. perhaps in ]
anti sonding orbitals,’ ' might be expected to result in en 1
increase in metal-metal bond length. Such effects have |
been obuerved for phosphine-subatituted metal clusters |
og. Fey(co), (Pphy), """ By (00, (PPhy), ™™ On,(00) - ;
Ip(ome)],""" (084(C0),,P(OMe} 11,1, """ and has alse been |
" ascribed to ligand packing effects, ie, congestion between l
|

phoaphire and carbonyl groups causes expansion of the metal
core,*"’™"  Further, kinetic studies’'® have shown that the

|
Mn-Hn bond strength in Mn,(CO)g(PR.), is less than in -

L W, (€0}, o0
|
|
I
1

aQ
. The av,oﬁe-co bond length is 1.84(2)A, similer to :
that of 1.976(8)A for the av. Re-CO(trans to CO) bond length ; W

b
i
i
3
|




TABLE 15.9 ¢ Bond lengths (A) For diax [Re,(cO)g(RMe,Ph),] (VID)

R(x,y,2)-Re(x,y,4-2)3.044(1)

Re~P
Re~C(1)
Re~C(2)
Re~C(3)
Re-G(4)
c(ij~-o(t)
c(2)-0(2)
€(3)~0(3)
C{4)~0(4)
P-C(5)
P-C(6)
B-C(7)
c(7)-c(8)
a(8)~-c(9)
€(9)-c(10)
cioy-c(11)
c(11)-c(12)
c(12)-¢(7)

2
1
1

i

+349(5)

954(21)
949(21)
946 (20)
.821(21)
. 16321}
.201(24)
-178(24)

180(22)

B36(28)
.836(23)
.826(22)

387(31)

+434(33)
-339(34)
411(36)
1.

419(31)

.378(29)

- 329 -
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[
TABLE 15,10 : Bond angles (°) for dinx[Rez(CO)B(PMezPh)z](VII) “‘/
Re~C(1)-0(1) 178.0(18) N
Re~C(2)-0(2) 177.6(19) ' .
Re~G(3)-0(3) 172.2017) JO
Re-C(4)-0(4) 177.1018) B
P-Re-Re ' 177.2(5) . * i
P-Re~C(1) 93.706) B
P-Re~G(2) 91.7(6) n
P-Re-C(3) 92.4(6) -
. P-Re-C(4) 53.7(6) [
ey c(1)-Re-Re'? 85.0(5)
3 €{1)-Re-C(2) 90.,5(8)
. C{1)~Re-G(3) 90.4(8)
N €{1)-Re~C(4) 172.3(8)
,G(2)Re-Re'® 90.7(5) .
©(2)-Ra~(3) 175.7(8) ;
IERE C(2)-~RerC(4) 87.1(9) .
E ¢(3)~Re-Re'® 85.2(5) L
s G(3)~Re~G(4) 91.5(8) °
S ¢(4)-Re-Re‘? 87.8(5)
R Re~P-C(5) 116.0(8)
C Re-P-G(6) 116.7(8)
Re~P-C(7) 113.846) 3§
G(I2)~C(7)-C(8) 120.7¢22) i
o(7)~C(8)~C(2) . 119.2(23) T
C(8y-0(9)-¢(10) 121.9(28) ¥
. €(9)-0(10)-CL11) $17.6(27) ;;
[ G(10)=6(11)-6(12) 122,3(24) %
. cl1-e(12>-6(7) 117.9¢22) ’
" P-C(7)~C(8) 119.4(18)
P-C(N~c(12) 120.2017) e
G(5)-B-c(6} 101.,0(11) L
©(5)-P~C(7) 102.7¢11) »
c(8)~B~c(7) 104.8010) (3
N & Re' is related to Re by a ?-fold axis, gemerating the equivalent vt
position (x.y,i~2) :
¥ .
i
i
- R (I i N " el
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TABLE 15,11 ¢ Average bond lengch (A) 2°d bond angle (°) data for
diax(Re,(G0) g (PHe,Ph) ] (V.T)
Re~Re 3.064(1)
o Re-P 2.349(5)
- Re-C 1.94(2) » ®
b P-C 1.83(2)
o Re-Re-P 177.2(5)
. Re-Re-C 87.2(5)
P-Fe-C 92.9(6)
C~Re=C(cis) 89.9(8)
Re-C-0 177.5(18)
Re~P-C 115.5(8)
C-P-C 102.8¢11)
8§
e |
o R
" 5
. N K
° H
P
- ilw (S5t i Y- Y icmrtarsouitl
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in Re,{00)4(CNC H Me,-2,6), (ch. XIV). The Re-~P bond

%
s length is 2.349(5)A.
i 15%.8.3 Molecular conformation .
T Although the two sets of: eg-carbonyl groups are
P staggered with respect to each other, the C~Re-Re-C
borsional angles (see Appendix C,(VII)) deviate en av. of, »

6.9° from the ideal 45° (see Fig. 15.7). This is probebly
due to the influence of crystal packing forces (see section
15E.3.6).

The conformation of the %—(PMezPh) groups with

1
1
respect to the eg-CO groups is interesting in that the !
phenyl rings of the axial phosphine groups each eclipses 1
& carbonyl ligend (see Fig. 15.8), with torsional angle H
{see Appendix C,(VII)} of 0.0 for G(1)~ResP7C(7). This ‘
1
1
i

3 feature could be due to :~

1) sberic factors: th .asethyl groups are then in
staggered positions with respect to the ¢q ¢0's {see Fig. i
15.8(b)), with ths spallest 0C-Re-P-Cy torsional angle

v being 27.7°. However, in giax-Mn,{C0)g(PEty),, *** all
three ethyl groups are staggered with respect to the eq CO
ligands,

(i1} elestronic factors: possible interactions between P
the y-cloud of & phenyl ring and an eclipsed CO. |
(144} orystal packing forces (see section 16E.3.6). |

The phenyl rings align parallel to the plain.. of H
@ ‘ the eq carbonyl groups, as necessitated by steric factors. H
T . The two phenyl »ings deviate from co-olanarity by 30,8°

The phenyl rinps dre alightly puckered (see Table 15.12),
The gv. Re-P~C and C-P-C bond angles of 115,5(8)°
?\v; and 102.8(11)° reapectively, and the av, P-C be'd length of :
" 1.83(21%, are sinilar to those for the rolated Mny(00),, - -
(#Ry),) (n = 1,2) structures (see Table 15.8).
158.8.4, P-Re~C0, OC-Fo~CO and Re-Re~CO bond angles

|
|
The axP-Re-C0eq bond angles are obtuse (av, 92.9(6)° 4

. the eqOU-Re~COeq bond angles close to $0° {av. 89.98)°,
0 and the Re-Re-~CDeg bond angles acute (av. 87.2(5)°,  le. the

squatorial carbonyls bend in towards the Re-Re bond. This




Figure 15.7:

Figure 15.8:
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Newnen projestion of ggi[aea(co)a(PMeavh)é] looking
down the .Re-Re' bond (phosphine groups omitted
for clarity)., Torsional angles (°), C-Re-Re'-G,
between C-atoms arjacent in projection shown.

Nowman projections of diax[Rez(rJo)s(PMuEPh),], showing

conformation of phosphine groups relative to eq
carbonyl 1igands®

{a} Newman projection of _g_l_g_:g[kez(co)e(pmzph)z]'
looking down the PrRe-Re'-®' axis.

I S PN .




Figure 15.8 {contd)

Figure 15.8:. (b} Newman projection of ax[Re(C0),(Me,Ph)]

~- 326 -

fragment® lnoking down the P~Re bond.

& Selected 0C-Re-P~G torsiomal angles (°) shown.

s

*

k- A

o el
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TABLE 15.12 : Least squares planes For pheayl rings in
diax[Re, (C0) 4 (Tte,Ph) )] (VID) 9

(a)  Phenyl ring on P (i.e. ¢(7) to c(12)F

® 0.120 . -

en . 0022 !
() -0.034 i
¢(9) 6,01 f
c(10) Coiat [
e -0.037 i
€(12) 0.013

Equation of plane : (9.7474)x + (~1,9024)y + (14.1819)g =-0.5419

T (5)  Phenyl ring on ¥' (i.e. 6N to 012D
- Aton deviation(d)
® -0.117 ! “
on’ -0.022 ol
a . o(a)’ 0.034
o HON -0.012
AR c(10}' ~0.02% |
cun’ 0.037 |
o1’ -0.014 -
. b gquation of plane : (9,7334x + (1.9813)y *+ (14.1888)g = 7.6319 |
: |
S {
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effect of the bending in of the equatorial CO ligands
towards the metal-metal bond is observed for related
M, (CO)yo (PR {n = 1,2) complexes (section 15E.2), as
well as for a series of Mz(cﬂ)lo_n(CNR)n 3 =>Re, n = 1l.4;
M= My, n= 2,4} complexes {(ch. XIV) and the parent
carbonyls, M,(CO) (M = Re,Mn).’*? Hence this phencmenon
would sppear wo be an electronic effect, unaffected by
steric considerations. Various explanations have been
proposed (see ch. XIT), and Elian and Hoffmann = have
predicted the effect on the basis of MO caleculations.
15E.3.5 Fe~C-0 bond angies

The Re-C-0 bond angles are in the range 177(2)° to
178(23° (av, 177.5°). Slight deviations from linearity
(ca. 5°) of M-C-0 ligands is expected.’®

18E.3.6 Packing

The overall conformation adopted by the molecule
could be governed largely by crystal pucking forces. The
molecules pack in a regular fashion (Fig. 15.6). A
notable feature is the way in which the phenyl rings of
different molecules line up in rows down the cell

According to Johnson's?*® model of close-packing
of GO's for metal carbonyl complexes, packing forces are
responsible for distortions from ideal geometry. Crystal
packing forces could account for several observed
distortions in the diax[Re,(C0)q(PMe,Ph),) molecule:-
) An av. 6.0° deviation from ideal 45° C-Re-Re-C
torsicnal angle.
{1i) The slight deviation of the P-Re-Re~P unit from
linearity, as evidenced by the P~Re-Re bond angle of 177.2(5)°

(iii)  The deviation of the phenyl rings from co-planarity.
\angle between mean planes of the two phenyl rings: 30.8°).
) The deviation from parallel alignment of the phenyl
cings with the planes of the C-atoms of the eq carbonyl
groups. {Angles between mean planes: Ph(G(7) to C{12)) and
eq C-atoms (C(1) to G((4}): 21,3° PA(G(7Y to €(12)) and
eq C-atoms (G(1) %o C(4)": 21.3%).

- . T
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Other structurel features that could be largely
deternined by crystal packing forces are the orientation
of the PMe,Ph groups with respect to the eg CO‘s such that
the phenyl rings eclipse an eq carbonyl, and the position
of the phenyl groups relative to each other (ie. which CO
ligard is colipsed by the Ph rings). The rele of crystal
packing forces in determining overall molecular conformation
should not be neglected.
Experimental
1SE.4.1 Data collection

The compound diax(Re,(CO),(PHe,Ph),) vas synthesized
in the pd0-catalysed reaction between Re,(CO), and PMePi
(section 18D). Recrystallization from diethylether-pentane
solution under nitrogen at 20°C yislded fine colourless
needlelike crystals.

Preliminary investigation by standard Weissenberg
photography established the space group as the centred
monoclinic C2/c, or the non—centrosymmetric Cc, from the
absences hké, h + k = 2n, h0¢, & = 2n (k = 2n) and BKO, k
= 2n. Refined coll constants were obtainsd during data
collection on a Philips . PHLLOO four-circle diffrac eter,
using graphite-monochromated MoKs radiation (i = 0,7107%)
at room temperature (20°C). Lorentz and polarization
corrections were opplied, and the data were empirvically
corrected for .hsorption effects using the program DIFABS,
written by N. Walker and D. $tuart,” 2 and adapted by
6. Kruger.'"" Crystsl data snd details of the structure
analysis are summarized in Table 15.13.
1SE.4.2 Structure solubion and refinement

Structure analysis and refinement were carried out
uging the program SHELXBZ-“H Initial co-ordinates for the
rhenium atome were derived from a Patterson synthesis, and
the positions of the other non-hydrogen atoms were found
by difference Fourier syntheses. The structure was refined in
the centrosymmetric space group £2/a {No. 15).% The two
halves of the moleculs being related by a crystallographic
2-fold axis. Positional parameters for all atoms,

"

a e R I R
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and snisotropic temperature factors for the rhanium and ' E
phosphorous atoms, were refined by full-matrix least-squares
analyses. In the initial stages, the phenyl rings were . .
treated as rigid hexagons, but all restraints were removed 4

in the later stages of refinement. Least-squares refinement
. was considersd completed when all pacameter shifts weve leas . :
than 0.5v. At this Strge the R-val ie was 0.0602, Unit Woighte :

ctors for Re(0) were taken from -
n 3sb

were used, Scattering

""Internstional Tables for X-ray Crystallography and

anomalous dispersion corrections"®® For rhenium were made. i

Final atomic co-ordinates for all atoms, and |
isoiropic temperature factors of the carbon and oxygen atoms :
are given in Table 15.14, and Table 15.15 gives the
anisotropic temperature factors of the rhenium and phosphorous
atoms. A listing of the Structure Factors is to te found .

b in Appendix D. 5,
. * he structure was alse refined in the non-centrosymmetvic
e M space group, Cc (No. 9), aud Hamilcon's Statistical o
288 ¥

Significance Test on the Crystallographic R Factor
applied, At the 0.005 significance level, it was found
that the hypothesis that the space group is C€2/¢ and not
Ce, cauld not be rejected. N

s a »
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TABLE 15.13: Crystal data and details of structure analysis for
diax[Re, (C0)g(Phe Ph), 1 (VIT)

Formula

M

Crystal dimensions (mm)
Space group

a(g)

(k)

o(R)

8o)

u(a)

z

F{000)

Do (gen™)

plen™)
A&

Scan mode

Range (°)

. Scan width (°)

b

Scan speed (°sec
Range of hke
Measured intensities

Unique reflections

Internal consistenay R-index
Omitted reflections

Qut-off criterdon

R

~ PR

. ReC_ H, _O.P

27242278 2
872.76

0.19 x 0.09 x 0,08
cz/e (No. 15)
22.779(9)
7.166(3)
17.249(7)
95.13(3)
2804.33

4

1639.61

2.07

84.01

MoKe (0.7107)
w/29

asps23

0.90

0,080

ah, kel
1768

1473

0.0314

103

F<oF

0.0602
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factors

Table 15.14 : Final atomic co-ordi , and i pic t

for the C and O atoms, of diaw|Re,(C0)(PHe, Ph),] (VID)

Aton x/a v clz viah
Re ~0.0480(1) 0.1879¢1) 0.1827(1) -
» ~0.1239(2) 0.1968(8) 0.0824(3) -
0(1)  =0.1253(6) 0.0013(20)  6.3011(8)  0.060(4}
0(2)  -0.0078(7)  ~0.2067(24)  0.1269(9)  0.078(5)
o3y 0 9174(8) 0.5811(25)  0.2423(9)  0.085(5)
o) .Y 0.3659(24)  0.0789(3)  0.082(5)
a(1)  -0.0963(9) 0.0679(29)  0.2563(11)  0.051(5)
e(2) -0.0218(9)  -0.0551(30)  0.1486(11)  0.054(5)
c(3)  -0.0685(9) 0.4325(28)  0.2215(10)  0.051(5)
c(4)  0.0085(9) 0.2956(30)  ©.1194(11)  0.053(5)
C(5)  -0.1479(12)  0.4299(39)  0.0475(14)  0.082(7)
€(6)  -0.1112(10)  ©.0815(34)  -0.0093(13)  0.071(6)
ey -0.1937(9) 0.0952(30)  6.1083(11)  0.054(5)
c{8) -0.2067(11) -0.0889(35)  0.0896(13)  0.072(6)
C(9)  -0.2580(12) ~0.1741(41)  C.1186(15)  0.089(8)
C(10} -0.2959(12)  -0.0782(41)  0.1564((5)  0.085(8)
e(11) -0.2843(11)  0.1131(36)  0.1657(13)  0.074(7)
0.062(6)

c{12) -0,2320(10) 0,2001(33) 0.1490(12)

o
Table 15.15 : Anisotropic temperature factors (A%) ¢
of diax[Re,(00)y(Pe,Ph),] (VIT)

Atom uil v22 U3l u23 ui3

Re 0.0412(6)  0.0422(5)  ©C.0419(4)  0.0019¢4)  0.0043(3)
P 0.048(4)  0.063(3)  0.040(3)  0.005(3)  0.001(2)

- -~ o,

v the Re and ¥ atoms

iz i
0.004(4)
0.004(3)
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Conel sion

The synthetic utility of catalysts such as P40 (alone or ia
combination with [(n2C MeFe(CO),1,) to bring about the
substitution of CO by RNC ligands in transition metal.
carbenyl complexes under mild thermal conditions has been
demonstrated for a wide variety of metal carbonyl complexes,
including (Arene)cr(co)z. (CBHS’MH(CO)SS and Ree‘co)““ This
cataiytic synthetic raute provided access to novel isonitrile-
substituted derivatives of these carbonyl complexes, thus
making the dovivatives available for further chemical and
structural studies.

X-ray crystallographic studies of representative
isonitrile-substituted metal carbonyl derivatives were

undertaken to establish the s stry of the pl .
From an analysis of the bond data from these studies,
together with a comparison of the structure to that of the
unsubstituted parent carbonyl complex, the structural effect
of ligand substitution was evaluated. Trends were
rationalized in terms of electronic effects, snd deviations
explained by the influence of steric factors and/or crystal
packing forces. Further, with the backing of the
crystallographic studies, the relationship between molecular
structure and IR spectral data was examined.

The crystal and molesular structures of (nécsuscczme)~
Cetco),(cnBu®) and (20 H )M..00), (ONBU®) were undertaken
largely in order to establish whether the ahomalous IR
spectra of these complexes could be explained in terms of
molsoular structure. No definite conclusion vould be
reached in this regard, but possible explanations for the
anomalous IR data were advanced: If the effect is due to
the bent C-N-C bond, crystal structure determinations of
similer complexes which do nr' "1y the anomalous IR
spectral behaviour, eg. / . On{ONCH Me,-2,6)

8732
{attempts to solve thia s. /re unsuccessful},
5
(n20gH, Mn(CO) ,(ONCH Mo -2, ¢ .¢ help clarify the issue,
as such complexes would thus be expected to have a linear

C~N-C bond. No explanation of the anomalous IR spectra of




- 335 -

the Fe(CO)(CNR), complexes could be found from the crystal
and molecular structure of Fe(CO);(CNMe),. The reason for
the anomalous IR data is unclear.

A systematic study (spectral, structural and mechanistic)
was conducted of the Re,(CO),, (CNR), (n =
From an X-ray crystallographic study of a series of
representative derivatives, viz. Ree(CO)Q(CNBut), R, (C0)g~
(ONCyH Mie,=2,6), Re,(CO),(ONMe}y and Rep{CO)g(CNCGH Me,~2,6) ,,
it was shown that the increasing degree of isonitrile
substitution has little structural effect on the dimer,

-4} complexes.

relative to the parent carbonyl, ReZ(CO)lo. In particular,
the equatorial ligands (both CO and CNR) bend in towards
the rhenium-rhenium bond, as in aez(cc)m, despite the
increased steric bulk of the isonitrile ligands. Further,
the poorer w-accepting RNC ligands do not result in an
increase in the Re-Re bond length for the Re,(C0),,  (CNR),
(n = 1-3) complexes, although a slight lengthening is
observed for Rez(CO)S(CNCBHaMeZ—Z,S74. A ghortening of the
Re~CO bonds trans to an RNC is however a general trend.
The structures of two manganese analogues, Mn,{CO}g{oNBu®),
and MnZ(Co’ﬁ(CNCS“BMeQ
crystallographically. The abr/e features are applicable,
but here a lengthenirs Sf the Mn-Mn bond relative to that
in an(cmm is observe? N

1t was found that .. Iifferences in the IR and "H NMR
spectra of the Rey(CO),(CNR), and Mn,(C0) (CNR),
derivatives could be explained in terms of differences in
the substitution geometry, s demonstrated by the crystal

~2,6),, were alss determined

structure determinations of _L,_g:_qi_eg-kez(CO)S(CNC5113M52—2,6)2
and 1 l—eis—-dieg—Mne(CO)B(CNBut)e. Kinetic studies on
W(C0) ;o (GNBu®) (M = Mn, Re; n = 1-3) are in progreasi?®
and should provide infurmation on the formation of isomers
and the reaction pathways.

An X-ray crystal structure determination confirmed the
diax~substitution of Re,(C0)g(PMe,Ph),, obtained from
the PdO-catalysed remction of Rez((zo)lo and Pie,Ph.
However, an ax-eq i: omer was prepared by alternate methods.

<

|
!
a

L e
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The substitution geometry of the latter iscmer was
established by IR spectral methods.

From a congideration of IR spectral dats of MZ(CO)B(L)E
(M = Re,Mn) complexes, backed up by X-ray crystallographic
structural information, it was found to be possible to
establish a correlation between IR spectral data {number of
v{C0) bands, and intensity pattern) and molecular geometry.
his has been done for all known isomers of M,(CQ)a(L),,
viz. 1,2-diax, 1,2-ax,eq, 1,2-eq,eq, 1,1-8%,eq and 1,1-cis-
dieq. A synthetic challenge would be to tailor-make the
missing isomer, 1,1l-trans-dieq-M,(C0)y(L),, to complete the
set.

This work demonstrated that the catalytic synthetic
route opens up new areas of metal carbonyl-lsonitrile
chemistry. Bxtensionn of this method to other complexes can
be invisaged, for exs the full petential of the reaction
between {(n20.H IV | BNC in the presence of Pd-catalyst,
is being further explored,®’?

The approach of investigating substitution geometry and
and structural effects of increasing iigand substivution,
exemplified by the Re,(CO) , (CNR)  (n = 1-4) study, could
be mvtanded to other systens. Speclifically, the Rey(C0);) -
(6 o system could be further investigated. With
st:  ural data from Xray studies of isomers of R92(00)7(PR3)3,
together with IR spectra, a correlation could be established
between IR data and substitution geometry, as has been
demonstrated for the M,(COJg(L’, case.

In thie work, monomeric an dimeric metal carbonyl
complexes were studied, A lop -w' extension would be to
trimeric complexes, Trimers ..« be of two types, wviz. tri-
angular (closed) eg. 053((10)L " er oper, linear eg.

(M {C0) 17,2 '7 or bent eg. :° . n(C0) ,1.%°" Fow system
ed on this latter class

atic investigations have bee:s
of compounds. Structural si: i i on these higher clusters
along the lines of the Reall: 4y, BNC structural study would
be expectad to provide valuabl: information regarding the
substitution geometry, molecular conformation and gtructural

trends.

o P e
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Appendix A

The Sources of Chemicals used in this study

All materials were used as obtained from the manufacturers,

without further purification

a)
(a)

()
(e}
{8}
(e}
£}

{8}

(a)

(»)

(e}

{d}

(f)

(g)

(]
(a)

Genural Chemicals

: ¢ ¢ 3
Strem Chemfcals Incorporated: Re,!C0))., [(Cylig)Fe(C0),],,
105H)0r(C0) 5, (O MeICR(CO) 5, (Coho Mn(C0),, (CHIV(CD),,

Cr(CO)G, Fe(CO)s, PMEzPh. PMeth, PMeS. P(CHZCSHE). AsMezph.

Flika "G:  “BuNc, 2,6uMe 0l NG, Cgiy;NC, NiNe,0-2H,0.

Merck Chemicals: PPhs, LLm’!HA.
British brug Houser Ltd.: P(OMe)T CaCOs, UGHSCOZMQ‘

Aldrich Chemical €o. Ltd.: CBHSCH2NC‘

Schuch: CGCDZMe

Catalysts Supported metals, metals and metal oxides.

Strem Chemicals Incorperat.d: Re/C{5% Re), Bd/BaC()H(S% Pd),
Pd/BaS0, (% Pd}, Pa/Ae,0,(8% Pd), Pt/A€203(S%Pt).

Engelhard: Pd/C(5% Pd), Pt/C(5% Pt), Rh/C(5% Rh}), Ru/C(5% Ru).

Merck Chemicals: Pd/CECOS(IO% Pd), Pd/C(10% Pd), Pt/C{10% P%).

Johngon Matthey Chemicals itd.: Pa0, Pt0,, Pdimetal).

Analar:  Zn{metal).

Plerce Chemical Co. Ltd.t: Pd-impregnated polymer (40 meshj.

In addition, Activated Carbon, "Bergswerksverband", GmbH
Type PK221, was a pift from Dr, G.J, McUougal.

Qther Sources
The following compounds were gifts from Dr. M.0. Albers:

2 2 :
[(CEMSS\FE(CO)Z]%; HCSHS)FB(CNCBHSMSE 2,5)2]2, :
(CEH5C€)CX‘(GO)3, 2 CQC€2~2H20¢l“I MeNC,?°? and the Fe(CO)a-

(ChMej,'** used in the X-ray etructure analysis.




(b}

(e)
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Appendix A (contd)

The fullowing compounds were gifts from Dr. N.J. Coville:
+ o . 220

The samples of Ma,(CO)4(ONBu®), and Mn,(CO)s(CNCH Me,-2,8)

used in the X-ray structure analyses, and the isotopically

N 23 111

iabelled Rey('7c0), .

The sample of H~Mn2(CO)g(PMeePh) used for recording the
1R spectrum (Fig, 11.0(b}) was a gift from Pr. E. Singleton,?'?




i
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Appendix B

General Experimental Details

(2)  Synthetic Methods

All reactions were routinely carried out under an inert
atmosphere of argon in an appropriate round-bottomed flask. Oil
baths {pre~-set to the appropriete temperature) were used for the
heating of the reaction solution. Generally, all solvents wers
deoxygenated prior to use by a rapid stream of nitrogen passed
through the solvent.

Column chromatography was carried out using silica gel
{Merck, "Kieselgel 60", 60-200pm). Thin layer chromatography (TLC)
was carried out on sili.a gel {Merck, silica gel &0 F-254), and
preparative layer chromatography wes performed using silica gel
plates (Merck, silica gel 60 F-254, 20 x 20cm, layer thickness
2 mm),

Operations such as filtration, chromatography and routine
recrystailizations, were generally carried out in air, unless
othervise stated.

For the purposes of obtaining crystals sultable for X-ray
analysis, slow recrystallizations wers carried out either under
nitrogen in a suitable solvent system at room temperature, of in
a deoxygenated solution at -8°C.

{b})  sSolvents

The following solvents were distilled under an atmasphere of
nitrogen, prior ta use:
(1) benzene and tetvahydrofuran (THF), from sodium benzophenone
ketyl .
(4i)  toluene and xylene, from sodium
(iii) hexane, heptane and dichloromethane, from calcium hydride
(iv} pentane, from sodium benzophenone ketyl, with diglyme
(diethylene giycol dimethyl ether).
{e) Instrumentation
Infra red spectru were recorded using either a Pye Unicam
$P300 or a Jasce IRA 1 instoument. The IR spectra of the Re,(C0),, -
(CNRJH (n = 1-4) derivatives were recorded on a Pye Unicam SP300
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Appendix B (contd)

spectrophotometer, at X5 expansion.

FIIR spectra were run on a Bruker IFS 85 FTIR spectro-
photometer.

AlL 1t NMR spectra were recorded using a Bruker WPSO
FINIR spectrometor. Spectra were run in OO, relative to THS
(tetramethylsilane).

sg spectra were all obtained using a Varian MAT CHS
spectrometer (operating at 70eV).

Melting points were determined using 2 Kofler micro-hatstage
apparatus, and ars all uncorrected.

Microanalyses were all performed by the Microsnalytical
Divisicr of the National Chemical Research Laborateries, South
Africen Gouncil for Scientific and Industrial Research {Pretoria).
(@) X-ray data collection

Preliminary investigations were by standard Weissenberg and
precession metheds. For the photographic work a Seifert X~ray geme-
rator, using Ni~filtered monochromatic Cuke radiation(h = 1.5418%),
was employed. The Space Group was determined from the systematic
absences, and cell constants were measured fvom the photographs.

Refined cell constants were obtained during Jdata collection
on a Philips. PW1100 four-circle diffractometer with MoKa (A= 0.7107A)
or Cuke (A= 1.5418R) graphite-monochromated radiation, using u/28
scans. The cell constants were obtained by least-squares refinement
of the 8 values of 25 general reflactions in the measured § range.
Puring data collection, the intensity of certain standard reflections
were checked at intervals, to ensure that crystal deterioration was
not observed. The data collection was performed at the Natienal
Physical Research Laboratories, South African Council for Scientific
and Industrial Research (Pretoria).

(e) Crystallographic Computing Progrems

SHELX82: Program for Crystal Structure Determination, by
G. Sheldrick -~ used for structure solution and refinement.

XANADU : Program for crystallographic calculations by P.
Roberts and G. Sheldrick - used to calculate torsional angles and
the best least-squares plane through atoms, with deviations of atoms

from the mean plene.

i
|
;@
|
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Appendix B (contd)

DIFABS : Program for correcting diffractometer data for

257
absorption effects, by N. Walker and D. Stuart, °© adapted by
257

G.J. Rruger D - used to correct data for absorption in the

case of the Re, structures. N :

ORTEP ¢ A Fortran Thermal-Eclipsord Plot Program for
Crystel Structure Illustrations by C.K. Johnson*® - used to plot -
diagrans of the molecules and unit cells for the crystal structures.

o () Crystallographic R~indices

= (1) The internal consistency R-index: R is defined as

R = (50N E{w(Flmean)-F))/5(0H1) . 20l 1) 1% b

. where the inner summations are over the N equivalent

20 reflections averaged to give F(mean), and the outer
supmetions ere over all unique reflections. /
o (ii) The conventional R, R = I{Fo-Fc|/E|Fo|, where Fo is the !

observed structuze factor, and Fe the calculated structure |
factor, 2
- (iii) The weighted R, Rw, Rw = &{Fo-Fc|wi/z|Falwl, where w is the |
weighted used {w = k/(¢°F), k being redetermined after each
structure factor calculation).
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Appendix €

Torgionsl Angles for the M.{C0) . (L) Structures (M = Re,
L= RNG, n = 1-4; M = Mn, L = RNC, fi= 2,4; M = Re, L = PMe,Ph,
n=2)

The program YANADU, written by Paul Roberts and G. Sheldrick, was

ven 10-n'4n
structures, using tne SHELX' © output of the final atomic co-ordinates

used to calculate torsional angles for the ME(CD)

from the crystal structure determinations to perform the calculations.
The torsional angle C(n)-Re(l)-Re{2)-C(m) is derined as

the angle between the vector Re(1)-C(n) and the veector Re(2)-C(m),

when viewed down Re(1)-Re(2}. The sign of the torsional angle

is positive if Re(1)-CG(n) is to be rotated clockwise into Re(2)~

¢(m}, and negative if anticlockwise.
In the case of the structure di “[He (LO) (PMe, PhJ Jvii),

\~Ly ‘1efinedA

the C{x)~Re-P-C{y) torsional angles are ~
Torsional angles {°) are listed “ructures:-
@ Reyloorgtonna™

{11) (CO) ((‘NC H Me -2,6)

Rey 6 a2 2
(IT1) Re,(cO), (CNMe)
IV} ReylC0)g (CNCGHSMeZ—Z 8),
321 2(CO) (CNBu )
(V) N, (co) (CNCGHEMeZ—Z 6l,

{vir) dlax[Rez(CO)B(PMezPh)zl

—— S A7 "




(1) Rep(co) (cwsu®)

C{1}-Re(1)~Re{2)~C(S)
c{1)-Re(1)~Re(2)-C(6)
c(1)~Re(1)~Re(2)-C(7)
C(1)-Re(1)-Re(2}-C(&)
©(1)-Re(1)~Re(2}~C(9)
€(2)~Re(1)~Re(2)-C(5)
C{2)-Re(1}~Re{2)~C(8)
C{2}-Re(1}~Re(2}~C(8}
C(2)-Re(1}~Re(2}~C(3}
C(3)-Re(1)-Re(2)-C(5)
C(3)~Re(1)~Re{2)-C({6)
C{3}-Re(L)~Rel{2)~C{7)}
C(3}-Re(1)~Rel2)-C(8)
C(3)-Re(1}~Re{2)~C{9)
C(4}-Re{1)~Re(2)-0{5)
C{4)-Re(1)~Re(2)~0{6}
0{4}-Re(1)-Re{2)~C(7)
C(4)-Re(1)~Re{2)-C(8)
C{4)-Re{1}~Re(2)~C(Y)
€{10)-Re{1)-Re(2}-C(8)
€(10)-Re(1)-Re{2)-C(6)
0{10)~Re(1)-Ra(2)-C{7)
C(10)-Re(1)-Re{2)-C{8}
C(10)-Re(1)~Re(2)~C(9)
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42.8
-45.1
156.9
-138.2
135.8
-57.4
~145.2
121.6
35.6
132.9
45.1
-113.0
-48.1
-134.1
~47.1

-134.9

67.1
131.9

45.9

~137.4
134.8
-23.2

a1.6
-a4.4

{1n EZ(CO)E—(—%GESEE”—Z—’-QZ

CN(1}-Re(1)-Re(2)-CN(2} 137.6
CN(1)-Re(1}-Re(2)-00{5) 46.6
CN(1)~Re(1)-Re{2}-C0{6) -134.4
CN(1}-Re(2)~Re{2)-L0(7) ~44.9
CN(1}-Re{2)-Re(2)~C0(B) 101.2
CO{2)~Re(1)~Re(1)-CN{2)  -134.2
C0(2)-Re(2)-Re(2)~C0{5) 134.8
€0{2}-Re(2)~Re(2)-CO(6) ~48.2
Co{1)~Re(1)-Ra(2)~C0O(7) 43.4
€0{1)-Re(1)~Re{2)-C0(8) -170.6
€0{2)-Re(1)-Re(2)-CN(2) 37.7
Co(2)~Re(1)-Re(2)~C0(5) -53.3
€0(2)-Re(1)-Re(2)-CD(6) 125.7
C0(2)-Re(1)-Re(2)~CO(7} ~144.8
CO(3)-Re(1)-Re(2)~CN(2} 49.3
€0{3)-Re(1)-Re(2}-C0(5} ~41.7
€0{3)-Re(1)-Re{2}-£0(6) 137.3
€0{3)-Re(1)-Re{2)-CO(7}  -133.2
C0(3)-Re(1)-Re(2)-C0(8) 12.9
©0(4)-Re(1)-Re(2)-CN(2} -43.0
C0{4)-Re(1)-Re(2)~CO(S)} -134.0
€0{4)-Re(1)-Re({2)-C0(6) 45.0
C0(4)~Re(1)~Re(2)-CO(7) 134.5
C0(4)-Re{1)~Re(2)-C0(8)} ~79.4

[ SO X ik,




(1I1)  Re,(CO), (ONMe),

G(1)-Re(1)~Re(2)~0(6)
C(1)-Re(1)-Re(2)-0(7)
C(1)~Re{1)~Re(2)~C(9)
C{1)-Re(1}-Re(2)-C(10)
¢{2}-Re{1)-Re(2)}-C(5)
c(2)-Re(1)-Re(2)-C(6)
¢(2)-Re(1}-Re(2)-C(7)
©(2)-~Re(1)-Re(2}-0(2)
C{2)-Re{1)-Re(2)-0(10)
C(3)-Re(1}-Re(R)-C(5)
C(3)-Re(1)~Re(2)-C{6)
©(3)-Re{1)-Re(2)-C(7)
C(3)-Re(1)-Re(2)-C(9)
©{3)~Re(1)-Re(2)-C(10)
©(4)-Pe{1)-Re(2)-C(5)
C(4)-Re(1)-Re(2)-C(6)
©(4)-Re(1}-Re(2)-C(7)
€(4)-Re(1)-Re(2}-C(9)
©(4)~Re{1)-Re(2)-C{10)
©(8)-Re{1)-Re(2)~G(5)
©(8)-Re(1}-Re(2)-C(6)
G(8)-Re{1}-Re(2)-C(7)
©(8)-Re(1)-Re(2)-C(9)
6{8)-Re(1)-Re(2)~c(10)

e
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(IV)  Re, {00} (ONC

C{1)-Re~Re'-C(2)"
G(1)-Re-Re’~C{3)*
C(1}-Re-Re’~C(4)"
C{1)~Re-Re'~C(%)"
C{2)=Re-Re'~C(1)*
C(2)~Re-Re'-C(2)"
C(2)-Re-Re'~C({3)!
G(2}-Re~Re'~C{4)
¢(2)-Re-Re'~C(5)"
C{3)-Re-Re'-0{1}'
€(3)-Re-Re'~C(2)"
©(3)-Re-Re'~C(3)"
C(8)-Re~Re*-C(4)*
C(3}~Re-Re'~C(5]*
G{4)-Re-Re'~C(1)’
C{4)-Re-Re'-0(2)"
C{4}-Re-Re'-C(3)"
C(4)-Re-Re'~C(4)!
G(4)-Re-Re'-C(5)"
C(5)-Re~Re'~C(L)*
©(5)~Re-Re'~C{2)"
C(5)-Re~Re'-C(3)
C(5)~Re-Re'-C{4)*
C(5}~Re-Re'-C(5)"'

Atom Re' is related to atom Re by e 2-fold axis, generating

ot

.
;281

1
©
®

95

-139

]
WOobohOOOEONMOIDOOREOSD

the

equivalent position (}-x, -y, z), and similarly for C{an)' and C{n)

atoms (n = 1~5)

Lk

B
i s
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(V) Mny(co), (onmu®) (V1) Hn,(CO) (CNCoH Me,2,6) w7
C(L)-Mn(L}-Hn{2}-C(6} 46.1 €{1)=Mn-Mn'~C(1)" 5.0 : "
G{1)-Mn{1)-Mn{2)-C(7} -35.1 ©{1)-Mn-tn'~C(2) ! 114.8 e |
€(1)=Mn(1)-Mn(2)-C(8) 137.0 C(1)-Mn-Mn*~C{3)" 4137.0 ° B
4 €(2)-tn{1)-Mn{2)-C(9) -43.7 C{1)-Mn—tin'~C{4)" ~134.8
* e(1)-Mn(1)-Mn(2)-C{10)  -134.2 C{1)-Mn-Mn'-C(5)" -43.7 !
o ©(2)-Hn(1)Mn{2)-C(6) 1321 G(2)-Hn-Mn'~C{1) ¢ 114.1
° c{2)=n(1)-Mn(2)~C(7) 50.0 8(2)-Mn-Mn'-G(3) ¢ -153.9
€{2)-dn{1)~itn{2)-C(8) -137.0 (2} -Mn-Mn'~C(4)" -65.7 N
€(2)-Mn(1)-Mn(2}~C(9) 42.3 C(2)-Hn-tn'-G(5)" 25.5 i
Ty C(2)-pn(1)-Mn(2)-6(10)  -48.1 ©{(3)-Hn-Mn'~C(1)" 187.0 P
€(8)-Mn(1)-Mn(2)-C(6) -102.3 €(3)=Mn-tn’~C(2)" ~153.2
s ©(3)-Mn(1)-Mn(2}-c(8) 1.4 ©(3)-Hn-Hn' -C(3)" ~131.0
A C(3)-tn(1)-Hn(2)-C(3) ~  167.9 G(8)-tinttn'~C(d} 1 -42.8
. €(3)-Mn(1}-Mn(2)~C{10) 77.8 C(3)-Mn-tn'-c{5)" 48.4
C(4)-Mn{1)-Mn(2)-C(6) -44.9 C{4)-Mn-Mn'-C(1}' ~134.8
o(4)-Ma(1)-mn{2)-cl7)  ~127.1 G(4)-tn-Mn'-G(2) -64.9 il
- . €{4)~4n(1}-Mn(2)-0(8) 46.0 G(4)-Mn-din'~G(3)" -42.8 ’
Q(4)-Mn(1)-Mn(2)-c(0) -134.7 C(4)-Mn-din'-C(4}* 45.5 .
c{4)~Mn{1)~Mn{2)-C(10) 134.8 C(4}-MnMn'~C(5)" 136.6 ;‘j . !
C(5)=Hn(1}-Mn(2}-C(6) ~136.4 C{5)-Hn=ta ' ~C{2) -43.6 i
] ©(5)-Mn(1)-Mn(2)-0(7) 141.5 6{5)-Mn-tn'~G(2)" 26.2 |§' .
(5)-bn(1)-Hn(2)-C(8) -45.5 (5)-Min-Hn’~C(3) " 8.2 |
G(8)-Hn(1)-Mn{2)~c{9) 133.8 G(5)-Mn-Hn'-G(4) ¢ 136.6 ;
©(5)-Hn(1)-Mn(2)~C(10) 43.3 C(5}=bnwtn'~0(5)* ~182.8 } !
. |
& atom Mn' is related to atom Mn by a 2-fold axis, generating the ;
equivalent posicion {i=x, {-y, 2}, and similarly for the C(n} ' and j
K C(n) atoms (n = 1-5) .;
’ |
i
y i
!
. 4
.
e
|
i
\
i



Cn)-Re(1)-Re'=C(m? .

P-Re~Re'-0 (1)’
P-Re~Re'-C(2)'
P-Re-Re'-G(3)'
P-Re-Re '-(4)'
©(1)~Re~Re'-P'
c(1)-Re~ge'-c(n) !
c(1)-BeRe'-G(D) '
(1) -Re~Re ' -c(3) |
G{1)~Re~Re'-C(4) "
C(2)-Re~Re "2’
€(2)-Re=Re'~¢(1) '
€(¢2)~Re~Re '-c(2) '
¢ (2)~Re-Re'-c(3) '
¢{2)~Re~Re'~C{4) '
6(3)-Re~Re'-2'
c{3)-Re~Re'-c (1)’
©(3)-Re~Re'-0(2)"*
©{3)-Re~Re'-C(3)"
©(3)~Re~Re '~C{4) "'
C(4)~Re-Re'-P'
¢ (4) ~Re~Re'-0(1) '
©(4)-ReRe ' -0(2) '
¢(4)-Re-Re'-G(D) '
C(4) ~Re-Re ' -C(4) '

a

equivalent position {(x,y,}-2), and similarly for atoms P' and P
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(VD) disx[Re,(CO) (oMe Ph) )]

~172.t
97.5
-81.2
10.5
~171.8
127.5
37.1
~141.6
~49.%
¢7.7
37.0
~53.3
128.0
~r4D.T
-81.1
~141.7
127.9
~50.8
40.9
10.7
~50.0
~140.4
40.9
132.8

and G{n)' and C(n) (n = 1~4).

Q(x)~Re-P-C(y)

c(1)~Re-P~C(5)
¢(1)~Re-P-C(6)
¢(1)~Re~P-C(7)
©(2) ~Re-F~C(5)

. G(2) ~Re-P-L(6)

C{2)~Re~P~C(7}
€(3)~Re~2-C(5)
5{3)~Re-P-C(6)
©{3)~Re~P~C(7)
C(4)~Re-B~C(5)
C(4) -Re~P~C(6)
C(4)-Re~P-C(7)

Atom Re' ig related to atom Re by a 2Z-fold axis, generatiny the

1.3

-122.7
L, 0.0
-151.1
~32.2
90.1
27.7
14,7
-91.1
-64.0
58.0
177.2

N

N
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- Appendix D
L H
ey
N Structure Factor Tables
N The Strusture Factor Tables from the ten crystal structure
,‘@"" determinations are bound as a Separate volume (105 pages).
“ List of Contents
Code name {no ¢f pages) Structure
L LSeH (9) (n—c H O, Me ) Cr{CO) (CNBu )
E cPMN (4) (n—c H )Mn(CD) (CNBu )
. FEME (8) cho)z(cNMe)
ey RECO (@) Re,(C0),(CNBUT} (1)
REX2 {20} Re, (€0} (CNCgHytie -2,8), (IT)
REM3 (18) Re,{CO),, (CNMe ), (III)
REX4 (13) Re, (co) (g, H3M92-2,6)4 (1v)
. MNTB (18} Mn (co) (CNBu ) )
it MNXY (n Mn (co) {enoH, Me ~2,6), (VI)
REP2 {7} diax[Rez(CO) (PMe Ph)zl [4}24]
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Appendix E

List of Publica

The following is a iist of publications that have arisen from the

work carried out in this thesis.

(a)

(b)

{e)

(a)

(e)

{£)

(a)

"
'

Q.W. Harris, M.0. Albers, J.C.A. Boeyems and N.J. Coville,
UMetal Dimers as Cabalysts: 5. Catalytic Synthesis of
(nﬁArens)Cr(CO) (CNR} and the Crystal and Molecular
Structure of (ﬂ—C6H5C02MG)CP(CO)Q(CNE\.\c),” Yrganometallics,
2 (1983) 609.

G.W. Harpis, J.C.A. Boeyens and N.J. Coville, "Structure
of Dimethylisonitriletricarbonyliron(0): Fe(C0)(ONCH,),,"
Acts Cryst., C39 (1983) 1180.

6.4, Harris, J.C.A. Boeyens and N.J. Coville, "Catalytic
Synthesis of (120 i, Mn(C0),(ONR) complexes and the Crystal
and Wolecular Structure of (n26gH Mn(C0) (oNB"),

4, Organomet. Chem., 255 (1983) &7.

M.0. Albers, J.C.A. Boeyens, N.J. Coville and G.W. Harris,

"Synthesis and Crystal Structure of t-butylisocyanidenona~
carbonyldirhenium(0): Rez(co)g(cusu“)," J. Organomet. Chem.,
260 (1984) 99.

D.J. Robinson, G.W. Harris, J,C.A. Boeyens and N.J. Coville,
A Structural and Kinetic Investigation of the Isomers of

Mz(co)s(cwsu”)g (M = Mn,Re),* J. Ghem. Soc,, Chem. Commun.,
(1984) 1307.

G.W. Harris and N.J. Coville, “The Pd0 catalysed reaction
between [Re, (00}, ) end isontriles," Organomstalligs,

4, (1985) 908.

G.W. Harris, J.C.A. Boeyens and N.J. Coville, “Synthetic
substitution of [Re,(00); ). The crystal and molecular
structures of & series of [Rez(co)m_n(cwﬁ)n} complexes
(h=1, R="Bu;n=24 R= 2,6-Me,C i n = 3, R = He),t
Organometallics, 4, (1985) 914,

- Fia N - T,
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G.W. Harris, J.C.A. Boeyens and N.J. Coville, "The Pd
catalysed reaction between Re,(00)), and phosphines and
the crystal and melesular structurs of diax-Re,(C0)g(PMe Ph),,"

J. Chem. Soc., Dalton Trens., submitted. .
©.4. Harrls and N.J. Coville, "Re,(CO} ) and its derivatives,”
Coord. Chem. Rev., in preparation.

N.J. Coville, G.W. Harris and O. Rehder, "Syathesis

and characterisation of a series of Vanadium isonitrile

complexes,” J. Organomet, Chem., 293, (1985) 365.

D.J. Robinson, G.W. Harris, J.C.A. Boeyens and N.J. Coville,
fA kinstic investigation of the reactions of MZ(CO)lo

{4 = Mn,Re) with isonitriles, and the crystal and molecular
structures of an(co)s(cwaut)2 and Mn,(CD) S (CNCGH e -2,6)
J. Chem. Soc., Dalton Trans., in preparation.

P.D. Harvey, I.S. Rutler, N.J. Coville and G.¥. Harris,
“Application of Remen microprobe technique (MOLE) to the
study of vibrational spectroscopy of rhenium carbonyl and
its isonitrile derivatives," Gan. J. Chem., in preparation
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s Appendix ¥
3
‘Molecular Mechanics Calculationg

In ch XIV, the results of the X-ray erystal structure determinations

of a geries of dirhenium carbony.-isonitrile complexes viz.
Rez(co)g(cmxu") (1), Rey(C0)4(CNGyH,Me,=2,6), (II) Re,(CO),(CNMe), (111)
and REZ(CO)6(CNC6H3M=2~2,6)1' (1v), were presented. In order to quentify
the relative importance of the various steric and electronic factors in
K these structures, moleculsr mechanics calculations were performed on the
complexes (I} - (IV).

i The molecular mechanics caleulations were carried out using the Energy
3 Mininization Program EMPMDS?SS, written by M.I.J. Haneef, and based on

:, the molecular mechanies program of White’®S, The force field used was
e based on that developsd by Koolman et al’d’. (see equation I)
N 2 ¥n;
E =5 Kr-r, )+ T Kg(e-0. ) ¢ T Gt + costné-y)|
M votal "y nde®  °4  angles® 0 dihedrals
[ A B oa
o . F . S 4 [¢9]
i i<i B RS e,
i i i .

. The sources of the force Eield parameters are discussed below.
(a) Won-bonded parameters

<, The non-bonded parameters were based on the Lennard-Jemes potential
(see equation II).

. = A - g_ °
. W) =7 5 N
o ¥ T
where A = Vex (20m)€ [¢33]

and B = /ex (200’
% is the van der Waals minimum, and €% the van der Waals well depth
(see Figure E.1}.

= Figure B.1.  Plot of ¥{r) against r, showing r* and et.
! Very
&
[N /
\ m— .
l N T
oy o

- - PRI o e
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Iable E.1 : Values of the force field parameters used in the calculations.

E.t.1. % and ex .

Aton type £h(A) e*(keal /mol)

[ 1.850 0,120

i e{en) 2,025 0.120

o] ° 1.600 ’ - 0,200

N 1,750 0,160

j, Re 2,761 9,250

il
\?‘ - ';;:" E.1.2. K and m

Bond Type Kr (keal/mol 49 req (A)
R co 570 1,130 B

C G Re 350 1.987

C N (double) 570 1.130

(single) 367 1,450

€ ¢ (single) 317 1,552

(aromatic) 512 : 1.388
, Re Re : 118 3.048 i

~ 5, B it ok
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%
LA 2
sngle type Kylkeat/mol vad B 8, ()
- \ .
q0C-Re~COeq trans” 58.0 172.5
ois 58.0 89.8 : ‘
ax@C-Re-C0eq 58,0 93.7 -~ - i
2q0C-Re-CN trans 58.0 176.9
i ’ cis 58.0 89.9
- ax0C-Re~CN 58.0 92.1 .
2 NO-Re=CN 58.0 89.3 e
¢ qB0-Re-Re 58.0 86.4 :
E axC0-Re-Re 58.0 176.3 E
! CN-Re~Re 58.0 87.5 -
i Re-C-0(eq) 72.0 178.0 e
, - Re—C-0(ax) 72.0 177.5 N
K Re~C-N 72.0 175.5
'/ CN-G 90.0 175.0 .
L N-cc(“Bu) . 80.0 103.7
- -c~c(Fau) 63.0 109.1 :
N C-C-C(benzene) X £5.0 120.0 W
§-G-C (benzene) 70.0 120.0 <. o
o
s
77
. .
;

- . PSS e R PSS
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Table E2 : Observed and calulated Re-Re bound lengths for the

Re,(00) o (GNR) (n = 0-4) structures.
Re-Re bond length (A)
Structure . Crystal Strueture Calculated
Re, (00} 3,041(1) 3.041
Re, (C0)g (ONBLTY (1)~ 3.04801) 3.099
nez<co)a(cucﬁusmz—z,6)2 (11 3.047(1) 3.048
Re2(<:0)7(c:m~1e)3 (111) 3.049(1) 3.048
Re,,(00) ¢ (CNGHizte,~2,6) , (IV) 3.081(2) 3.051

The calenlated results indicate a slight increase in the Re-Re bond length
down the series Rez(co)m_n(cm)“ {n = 1-4), but this effect is not ag
large as might be expected from the erystal structure data. Hence the
role of non-bonded interactions, or steric effects, which might be
expected to increase the Re-Re bond length, is not the dominant faetor in
these structures. The differences between the crystallographic Re-Re
bond disrance, and the calculated values, can be ascribed to electronic
effocts which are not adequately modelled by using the force £ield for
the parent Re,(C0) ;. In particular, replacing carbenyls by isonitriles,

which are poorer s would be d to cause a weakening, and

hence a lengthening, of the Re-Re bond. Hence elactronic i.e. bonding
interactions, rather than steric effects i.e, non-bonded interactions,
would appear to be the dominant factor influencing the length of the
Re-Re bond in the Rez(CO)m_“(CNR)“ structures.

. e T = Ty i




%

£y
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The values of r* and e* for the C,0 and N atoms were obtained from

Rollman®7,

For Re, the r* value was taken as the shortest Re-Re
distance in rhenium metal™ . The values of r* and &* used in the

caleulations are given in Table B.1.1.

(b) Bond length and bond angle parameters.

The values for the equilibrium bond length T, and bond angle 8,0,
were obtained from X-ray crystel structures of Re,(c0) %%, ana
Re,(C0) o (GNB)_ (ch XIV). For the pavent compound, Re,(C0) ., the
Re~Re equilibrium boud distance was adjusted until the cbserved structure
.
of Re,(00),,'*® was reproduced (K = 118 keal mol A%). This value of
]

Toq (Re-Re) (3.048R) vas then used in the subsequent caloulations for

- vati 3
the Re (00},  (CNR) (n = 1-4) derivatives. The values of Tyq 2nd

eq
used in the calculations are given in Tables E.1.2 and E.1.3 respectively.

() Force constants,

The bond and angle force comstancs, K, and Kg, were obrained from Iffrared
160 nd Reman'®7® spectroscopic studies an Re,(C0) g The value used
for the force constant for the Re-Re bond was 118 kcal/mol 42, obtained
£rom the Reman study of Re,(C0) o by Spiro ez a1, The values of the
force constants K, and Ky used in the caleulatiens are given in Tebles

E.1.2 and E.1.3 respectively,

The force field parametexs were gstablished by an analysis of the phre
Rez(co)t sgtruccu:e, the X-ray crystal structure of which bas been
reported ~ . These force field parameters were then kept constant for
the subsequent caleulations on the derived Rez(co)m_“(cua)n (0 = t-4)
structures.

Regults and discussion.

An analysis of the results revealed a variation in the Re-Re bond length.
The values of the bond angles and the other bond lengths did not change
significantly. Table E,2 below shows the calculated Re-Re bond lengths,
compared to the crystal struckure values.

- e, P ARNE T Y i

Fe)
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