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The photochem1cal behav1dur of 033(CO) 2(3c) toward a variety of
alkenes (ethylene, propylene, c1s-cyclooctene. methyl vinyl ketone

1

acrylic acid, methyl acrylate, ethyl acrylate. 3—penten~2~one tetra—
fluoroethylene, perfluoro 2~ outene maleic anhydr1de) wad investigated.
Long wavelength photolysis (Aq? 370 nm, 15°C)‘ih benzene resulted, in
most cases, in fregmentation of the clustet to give monohucleat,<Os(CO)&;
[n2~alkene]. and dinuclear, Os (CO)v[u—alkene] derivatives. Methyl
acrylate [MA] afforded the best yields of products and the subsequent
solid state structure' determlnation of Osz(CO)Blu MA](]A) revealed

that the dinuelear complexes are rare examples of stable 1,2-diosma-
cyclobotEnes;r The photolysis yitp some 1.2—disubstituted aikenes
(dimethyl maleate, diethyl maleate, cis-stilbene) led to facile cis~to-
trans isomerization of the bulk.free'aikene. JIn one instance, with
dimethyl maleete. isolation of the isomeric compounds-Osz(CO)Slu-CzHZ-
(C02CH3)2]. %? and %p} was aohieved'and the stereochemistry of the
bridging groups wasmcorroborated by X-rs; erystallog:aphy. The |

relevance. of these observations coricerning the photofragmentatlon

of 3c is discussed
!

T - ¢ T : , o
The photochemical‘Synthesig was extended to alkynes with a view of < -
| -

¥ ~

vorepering unsaturated 1 2-diosmacyclobutenes.’ However m1xtures of
products were obtained and only three 052(C0)8[u RCCR] (R=C0 MeCSB).,
Ph(dO), CF. (43)) complexes could be isolated and only in 16w yields.
IThe structure of - 33 cohfirmed the unsaturated diosoacycle, whereas that

of Osz(CO)é(MeOZCCZCO Me) (340 from ‘the same reactlon showed an unusual

coupling of the alkyne moieties.

.\
B
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" Thé thermal exchange reactions between the satura}ed diosmacycle P &

AR

14 and alkynes providéﬂ an alternate synthesis for the diosmfcyclobutenes Qﬁ
o

A
33 40 and 43 Even though thls resulted in an 1mproved yield over thé A

photochemical route; these reactions were complicated and also gave

V
\
\

miXturesvof productssy , R .
- - ‘ ! A - “ L .
Modifications in the photochemical xeacti6n conditiovs allowed

a1

the synthesis of the first. simple carbonyl alkyne derxvative of ru-
vthenium and osmium, N(CO)z[ﬂ —Ne SiC SlMe3] (M—Ru 55, Os 54) The

structure of 54 determined by X~ray analysls. showed an interesting .
canting of the axial carbonyl groups toward the equatorial .alkyne moiety

W1th the availabxllty of the analogous irén complex, a(detailed‘triad

comparison of properties was carried out,
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- CHAPTER  ONE | ; » :
INTRODUCTION

-1, Brlef Hlstory of IronAgroup Carbonyls f, R o

-

The b1nary carbonyl derivatlves of iron, ruthen;um*and osmium
constitute an excellent example of the regular trends observed within
transitlon—metal sub—groups B | | ‘

In keeping with the tendency’of f;rst—rovftransition;metal e1e~
ments to form mononucleé#'compounds, Fe(CO) (la) is the most common
binary carbonyl of iron. The compound is easily obtalned1 and it is
the starting material of choice for' further chemstry.lb {alcan be’
converted to the other iron;carbonyls, Fez(CO)g’(éa)2 ane FeB(é%)lz(%a).lc

However, the most stable (and consequently mq;: studled) car- -
bonyls of ruthenlum and’ osmxum are the trinuclear cluster compounds
M (CO)IZ(M =Ru, 3b Os, 3c) It is now. known that the 1ncrease-inv
metal—metal bond strength accounts for this feature Thls was‘not
recognized 1n earller times. The hlgh temperature and high pressure
rea:tlon of OsO with CO, said to produce Os(CO) (lc) whlch, under

these condltlons decarbonylated to form Os (CO) (2c) The formu—{

lation was based on elemental analysxs of the yellow crystals obtalned

“from the reactlon and the previously’ known preparat1on of Fez(CO)g(Za)
from: la. 4 The issue was resolveﬂ in 19625 when the crystal structure °
of 0s3{C0)12(%9).‘the yellow solid obtained from the carbonylation

of OsOA;'was‘determined and showed the triéngular arrangement of‘the o
‘osmlum atoms each . surrounded Fy four ‘carbonyl llgands.,'Since then; |
‘2c has been obtained as a thermally unstable yellow aoiid 6 Interesl

~ an

| tingly, 3b also was mistaken as the enneacarbgpyl derivative Ruz(CD)g. S

‘which has proven to be even more unstable than 2c.§.<"n



\/

’ II. Physical and Spectral Characteristics of O%B(CO)lz(%c),

l'0s3(C0)12(3c) can:be prepared in high yields'by‘the high tempera-
ture, high pressure carbonylationdof 050 in methanol.7 The compound

"is a yellow crystalline solid . which is sparingly soluble in hydro~
‘ carbon solvents. and slightly more soluble in CH 2, THF and benzene

' 3c can be purified by sublimation 1n vacguo at' 130° C or by recrystal~

lization from hot benzene. o
’ i .
Some of the spectral characteristics ‘for 3c. are collected in

Table I, along with ‘those for 3a and 3b for comparison The four

carbonyl stretching frequenc1es obtained for 3c can be assigned

‘based on the observed D3h symmetry5 of the molecule The same analysis

has been made for 3b whereas the Fe trlmer 3a exhibits two bands in,

N

\ ‘the bridging carbonyl region, consistent with the observed C symf

metry of the molecule 1d 13C NNR spectrum of 3c shows two carbonyl

)
3 signals of equal intensity, one’ each for the axial and equatorial

carbonyl llgand59 . as;suggested by the solid state structure.
Coalescence of these resonances occurs at- 156° C whereas a single
resonance is observed for 3a9 a,b and 3b9 down ta the lowest recorded )

temperatures. Carbonyl scrambling, which proceeds either by an axial-

equatorial exchange or exchange through a bridged 1ntermed1ate9c,

is clearly a much higher energy process in q/,th;n in 3a or 3b

Mass spectrometry has given great insight ihto the relative

strengths of the cluster compounds. Under p051tive electron impact.10

LA

the parent isotope pattern for 3ccenteredat 908 m/e was observed and

-

‘this was followed by the subsequent loss of twelve ca“bonyl ligands

.

to give the 033 ion (100% relative abundance) and. no lower nuclearity

hY

0o
[
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fragments. For 3b. the Ru3 ion was again the most abundant fragment .

but both mononuclear and . dinuclear fragments were seen also 1 Fe(Cp)

-
. 3

was the highest abundance species from 3a.411 The " inherently greater

»’
\metal—metal bond strength of 3c over 3a and 3b is manifested in re-

activity studies which will be highlighted belov

L

I11. Reactivity of 053(C0)12(3c) S .

.o

[

The stability of 3c -and that of its derivatives quickly estab~

lished the molecule as an appealing source for reactiVity studies.v

The initial investigations by Bradford and Nyholm12 lead to a virtual

—

’ explosion of studies, from which thousands of compoumds are knownr,l3
b ‘ 0 "

v
[

Tt is not the purpose here to give a cohprehensive review of

the existing literature concerning the reactivity of 3c. NOre perti—
'neut to the present stidy is an overview of ‘the thermal reactivity
and photobehaViour of 3c towards alkenes and alkynes

A Thermal Reactions of 3c with Alkenes and Alkynes

It was clear from the onset that the robustness of the trlnuclear

osmium cluster would dictate its thermalgchemistry.‘ The integrity of

L the cluster has been consistently maintained in its reactions with
alkenes. Under moderate‘cpnditions; products from these‘reactions

‘are of the typelé arising from‘l,l—dehydrogenation of terminal olefins

¢
[

and/orlthe'type évdue to 1,2—dehydrogenation of‘terminalls‘and cyc—

liclé'i6 olefins. d-octene is the only alkene to give examples of‘
both structures (4c and ia) More extreme conditions give way to
. cluster aggregation.17 Contrary to this 35 has been shown to be an '
effective isomerization catalyst for terminal olefins18 ??, from“which

mononuclear products have been isolated22 or inferred19 to ariSe]from‘

Y



4 L, 5

~ n o
R* R"g H(a'" ~ © R=H, R' o co'H‘, (o) .
 R=H, R':=CH, (b)", C H‘ ()'® 'R R'=C,H, (b)," C,H, (2),
| | . 16 ; ' .
R= Me. Ph (d) CH CHMo (e), ‘ {.C Hu(d)
/ CHMe 2 |
' ' |‘\ \~‘\
AN
clustervdecompesition' SEheme I'ohtﬂines the great . variety of prbﬂ
ducts from the thermal reactlons of 3b w;th alkenes16 23-28 ; With the

| 0bservat1on Of RU(CO) (C )‘generated under mild conditionszb ‘it is f‘

clear that the obta&ned products are formed via cluster fragmentation,

a. feature not observed for 3c ) - o aL

1‘ﬁ;‘\‘Theth‘e‘n'nal’.reacti,\rity of 3¢ with alkynes’resulfs in a richj
derivative ehemistry. A recent revieﬁzg‘and a much earlier one %&'
o o . -

haJe//;tensively coveredithis topic Only one of the more interes—
ting series of studles wzll be h1gﬁﬁlghted here.‘ |

The.mostgextens;vely s;udied reaction has been with Qibhenyi;_

g éeetylene'[DPA], The therﬁalnchem;s;ry'ofTQS and its‘DPA*deriva;ivee“~; -
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investigations. ‘lhese studies have also vindicated the- stability of

33,35 is+the final

the triosmium framework (Scheme I1). Compound 8
trinuclear substitution‘product in the serijes, Further treatment

with DPA fragments the cluster and gives mnno— and dinuclear comnounds
and cyqﬁotrimeriaed DPA, hexaphenylbenzene.33 Cluster breakdown occurs
more ;eadily wiﬁh 3a and 3b under similar conditions. Six iron-

alkyne derivatives are obtained from 3a and DPA, of which only the
violet isomer of Fe (CO) [DPA] is a cluster compound.37 The same
reaction with Qp a{forded the isolation of nine alkyne derivativeé,
including mono~, di-, and trinuclear species,

N

A number of other studies involving internal
41-43

~4 ,
39-41 and termi~

nal alkynes have been cArried out. JIn most cases. the major-
products derive from substitug m*on the 1ntact trlnuclear framework
W .

In references 29 and 30 the vaé&bﬁy of compounds available from 3a

N
[

and 3b and other alkynes lends further credence to the greater metal-
>

metal bond strength in 3c over its Fe and Ru analogues b

B. Photochemical Behaviour of 3c.

-

. The photoreactivity of 3c towards unsaturated organic.substrates
is a largely neglected field, Prior to theanesent study nnly a
limited.nunber of reports appear to have dealt with this area;21’39’45 é7
In every case, the so}e product of the photoreaction was a mononuclear
specides containing an Os(CO) unit. The photoreection of 3c with cyclo-
octatetraene y1elded a'species with. the unusual 1-3,6-n bonding mode

of the organic m01ety (10) in contrast to the common 1-4-7 mode

.previously observed for the iron”® and ruthenium®® analogues (10').
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U

| ~+ M(CO); ' M:=Fe,Ru
0 10° |
' ~~

hY

;n an interesting reéc}ion, the photolysis of %g with i,5~cycloocta—
diene afforded some Os(CO) ln4"1,3"gyCIooctadiene].AS However, the
reaction of simple alkenes had only been attempted in an effort to
clarify the photocatalytic ro]e of 3c in alkene lsomerization. 21

In a comparative,study of the three iron-group carbonyl: clus~
] ' .
tér521, 3c’ showed the least activity towards isomerization of l-~pentene.

This result parallels the ease of photofragmentation of the trinuclear

compounds, a conclusion which has the support of subsequent studies

from the photoreactions of My(C0) , with Co?!+30:31:33,54 pph,, 1420732

and alkenes. 21,51,53,55,56 la and lb were obtained upon irradiation

of 3a and 3b under CCZl >1,3§, 54 whereas they react with PPh321 »21,52

accordlng to equation (1).

M,(CO)‘zﬁT}M(CO)‘(PPh,) « M[CO)(PPhy), (1)
M= Fe, Ru

\

\

4 .
.Alkenes also have given monosubstituted21'51'53'55 and

‘disubstitutedSO mononuclear products. Under similar reaction conditions, ;

1c was not formed21 SQ and sdbst;tution‘on 3c_bylPPh3 is the preferred

21,50

mode of reaction [equation (2)] .(Exhaustive,ﬁhotolysis of Qg wtth”



\bm,

o.,mm,,T—p 0s,(CO),,. _(Pph ) ne1-3 (2)

’ -

. \ ' -
PPh'3 generqted Os(CO)3(PPh3)250).

This difference in photochemistry, especiaily between 3b and 39,
hés led“ télﬁnvestigations by seyeral grouﬁsS7—62 into the eléc:ronic
st;uc:ure ofAthe trinuclear ciusters. Although there is general agree
ment that the electronic ,structure of 3b and . 3c is similar and that
the first electronic absorptio;; involve depopulation of ghe metal~.
metal bond}ng levels, %some ambiguities remain.

In an early report,57 the two lowest~iying transitions were
;dentified as 0 + 0* and O*' + O® in pature. It was concluded on
inspection of electronlc and MCD data (Table II) that the order1ng

of the corresponding MO's for 3b and 3c is dlfferent. leading to the

energy level diagrams depicted below. The-frontier orbitals xz and z

- LN ,
xz———< - ‘ > ——x2
\‘ . [ 1] - . .
~ b . ’ _____— -
__—p—_c.’ —_— ~ . .
2 ’L" L . P ‘12
2 r———, - . "
\\~\\ , - \
~0c' ? o " —
OCF‘A'A«CO

M= Ruv or Os
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interact to form the cluster orbitalé 0, 0", 0 and o%. The greater

strength of the &etal-metal bonding in 3c 44 was 5uggested to cause

greater bonding-antlbonding energy splitting, mov1ng the 0* level

"w

above the o) level The dipole forbidden o* + o%* transition should

I

be the weaker of the two transitions.62 The observatlon of weak bands

at . relatively different energies for the two trimers bolsters the

argument.21 57

However, Ellis; Trogler, et a1»62,vthrough )((x calculations and

He I Photoelectron Spectroscopy, have determined that thedSame for-
bidden transition should'occur at a 1oyer‘energy‘than previously re-
ported21 >7 As a resalt,ethis‘trahsrtion is unobserved in their
'experimeats.’ They have also suggested‘that the 0? level decreases
rather than increases in energy with respect to the o level in go1ng
from 3b to 3c ~ Also as a result of the;r calculations,and experiaents,
the absolute assignment of the two 1owestbenergy‘transitiens remained
ambigubps‘due‘to the close degeneraey of the tWoyhighest occupied
molecular orbitals.‘

. Kinetic studles of the photofragmentatlon process of M. (CO)12
have begun to address this dlsparlty.‘ It had been assumed that the

pr1mary photoproduct was a d1rad1ca1 Spec1es [equat1on (3)] ,, based

on thevphotoreacthns of dinuclear metal carbonyls [equation (4)]63,
(3)

(e




“jRadicalftrapping studies for 3b53'54

photo?nduced homolytic fission of ‘one metak—metal bond Low dis—

53, 54 50

appearance quantum yields (0 002 and O OOl , respectively) and -

N\ the inablllty to detect M (C0)12C12 from reactions with CCl suggested
/ .
P
"~ as a plau51b1e lntermedlate in the photoreactlon The proposed isomer

that a non- radical, reactlve isomer of M3(CO)12 should be considered

(ll) features a site of coordlnatlve unsaturation created by the

.\,

M(CO) T

- (oC)M M(CO)

\

~
1= Oﬂf

¥ . ' : o : : \

i ! o : : 4 oo . . 2
migration of a terminal carbonyl ligand across a concomitantly severed

3 . . : . '

fi

metal-metal bond;' Fragmentation to products is,possible by trapping

" this j 1somer with two-electron donors. or,lt can quxckly revert to

' 5 4
-startlng material 3.5 Very recently, more extensive investlgathons

have appeared58766 which deal with the photochemical behauiour in -

{

greater detail.

hord, et 'al. 64'§5 reported.that the photoreactlvxty of 3b is both
-solvent and wavelength dependent Photofragmentatlon 1s dominant for
long wavelength (x - 405 nm) irradlatlon under a. CO atmosphere or
"w1th‘P(OMe) or PPh3, but it can be quenched by hard donor ligandS“

L ey

‘ jsolvents) like THF diglyme and cyclohexene. As well Ru(CO)5(2b)

V .' - -*”” LR

1

: ,?15 the init1a1 photoprodnct of 3b with Co even: in the presence of

e

and 3c50~have cast doubt on, the S



.(\

CCIA. This gives further support to earlier Suggestions5 3 that a
diredical intermediate does not form Based ‘on these results and
further evidence from flash photolysis experiments, Scheme III was

devised 65 The coordinatively unsaturated metal center of lla cen‘”

accept a-two—electron donor to give 11&'. Thislsecond‘intermediate

o ‘ R 4 f
can lose L to reform 3b or fragpent to products with subsequent ligand

addition. o o Y

‘

-

' iy
(( ’)Iv ‘ N

. .

i

1 1\

'
S

Upon shorter wavelength (A ~ 313 nm) excitation of 3b and P(OMe)3

. or PPh3 in the presence ‘of THF (a- photofragmentation quencher) tetra-

.I .

65 .
"or trisubstitution of the intect cluster ultimately resulted It

\ Y - A

was also discovered that fragmentation and substitution can compete )

. ‘ :
in octane solution to give mixtures" of mononuclear and cluster products.
The 1mportance of THF in this reaction supports the proposal that CO
"

dissociatidn 4s. the primary step. That THF is instrumental in stabcli—

3
I

Zing‘a-reactive'form of 12a (1la’ with L=THF)'allowsjfor substitution

"

_to ockur via Scfeme v.0° . ’“ co . ': -

,In a separate‘studly66 on 3c fhotofragmentation and- photosubstitu—

i

“‘'tion were shown to be uniquely dependent on the ligand. and are assumed

‘ "

to occur-via the same 1ntermed1ate The initial photoreaction gener- .

“ V»‘

#
ates an excited Os (CO)12 which converts to the chemically reactive

‘species llb the Os analog of lla 'This species then can accept a

ligahd L to give the corresponding llb Depending on the nature of L'*

a number of deactivation steps are p0581ble. When LP phosphorus.
S‘,'

cluster substitution occure as’ in the short weVelength photolys1s of 3b

It is interesting to note that contrery to an earlier reportso no

[PARS v \',

mononucleer products were observed Fragmentation occuré uhen le—octene;

0 - - . . R
. . S B . '

LAY, v o ”

“r

R v, .
P . N




A=405nm
Ru\?(CC))]2 Ru3(CO)]2‘-———-> llc : “
3b - * ¢.

Mo ————33p
- gelco),
Na + | —> | Lo
(OC)Ro o)t

C
\‘ O '
- Ha’

11a? ——>Ru(CO) L+ Ru (CO) 3 Ru(CO) L
’v

o' sap 4y

o J*’Ti' ‘ ‘ : , I~ .
L CO C2H4 . activated alkenes, P donors -

1‘jsgﬁeme‘III Long wavelength photofragmentaflon of Ru3(CO)12

(adapted from Ford, et al {’5)
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. (OC).Ru= R’Q(C_O) .
3 3 . / 3
C
§
" 12a
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" 12—
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R -

12 > Ru.
oS5 RelCo)s

L= P(OMe), , PPh,  'S: THF
AR 3 3 o
5 ¢
,\\I
Scheme 1V, Sh.orf wavelené;h photésubs_titutibn of"Ru3(C0)12

S 65

(adapted fr,om.‘Fd.rd, et al.” 7).



which agrees with previous studies with polyalkenes39 43~ 47 and the
results to' be presented in this Thes:s Hovever, the products are ’
uniquely dlfferent from those obtalned in experiments with. poly-

oleflns, and discussion of this aspect is deferred until Chapter Two?

<

-~

As well, L can cause reversion of llb back to 3c. Reversion of 11b
to startlng ‘material also can be brought about by spontaneous deact1~~

'

vatlon or by intervention of a Lewis base (lxke dlglyme) An overall

'deplctlon of the photobehav;our of 3c is summarized by Scheme y o . ‘
The dmfference in photoreactlvlty between 3b and 3c appears to

be the ease wlth whxch photofragmentatlon occurs with 3b This 1s

most plauslbly due to differences in meta1~meta1 bond strengths,'an

argument prevlously entertaxned to account for features of the thermal

.chemistry of the clusters As w111 be seen in Chapter Two. the greater

metal~metal bond strength in 3c will profoundly influence the products

obtalned from the photofragmentatlon of 3c in the presence, of alkenes

~

IV. Scope of the ‘Present Research oo ) S SN

| The 1n1t1a1 1mpetus‘for the present study derxved from the obser-—
vation of faclle and v1rtually quantltatlve formatlon of tetracarbonyl~
‘alkene‘futhenlum complexes via. the photoly51s of 3b thh alkenes.?s‘
Slmllar compounds of ‘osmium thh a varlety of alkenés would complete
. the series of M(CO) n° —alkene] der1vatives ‘for the iron tr1ad and
afford 1nformative comparatlve studies As well, no photochemical
studies of 3c with monoalkenes had reported the isolation: of osmium~
cont;;n;ng products at the onset of this research 2 During thevcourseh

of this present study, two other groups66'67 communicated their results .

of photoreact1ons between 3c and alkenes. .

IS
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r‘clo‘xygtidn by qdded lewis ‘bo's,‘eI (i.e. diglyme) -

reloxation by L

(adapted from Poe et al 66)" |
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As a result of the success with alkenes. the photolysis of 3c with

‘a varlety of alkynes was attempted in an effort to obtain compounds

analogous to those derived f;om alkenes. As will be discussed in

later Chapters, this gOél was achie;zﬁ\in a limited sense. The photo-

chemical reactions were. compllcated with products often emulating those
\

obtained from the thermal activationﬁof 3c.

— 0

19.



' o
’ ‘ i

#

R ARaa T,
OF: DIOSHACYCLOBUTANES 0s.,(C0) [ u-n",n-chrcHr ')

AV ONUD LA LIV . UNELAL LG LU l‘rnﬂ‘lf\(l 1UN

T. Introduction. ot ) .

In Chapter Oney‘irrwas shown that efforts to exploit the photo-

chemistry of Os (CO)IZ(SC) with unsaturated substrates met with mar-
\\l'
ginal success,, Inﬁaddition photophysical studies indicated that

(3‘ ‘ “

photofragmentation Of 3¢ was an unfavourable process. It was not.sur-

1\
prisin§ that further synthetic studies via the photoactlvatlon of 3c

)

were hell back.

\d’«”

,The results of photochemical reactions of 3é with a variety of

H

ﬁﬁenes (Table I11): pre presented here Based on the obtained products,

ﬁ' ' "

the Qquestion of the photofragmentation of 3c will be addressed. During

‘the cedrse of this work, two reports appeared describing the photo~
ke N

reactxon of 3c with 1~octene66 and S,b—dlmethyl1dene~7~oxabicyclo~
[2.2.@J%ept—2~ene.67 s

11. Reaction of 3¢ with Methyl Acrylate.

"

For the initial.investigatidns, thé choice of methyl acrylate rMA]

' . Co—

wvas dfctated by two conslderations First, it gwellerecognized that
n

e;ectron withdrawing substituents activate alke toward transltion “

-

* metal complex formatlon, examples of which are presently. avaxlable in

the moderately stable 1rpn68 and ruthenium55 tetracarbonyl-methyl

4

acrylate derivatives. Secdnd, the reasonable volatility of MA should

facilitate isolation of prospective osmium complexes, especially since

large excesses of alkene are usually used.
T T - |

1" '



Table 1

11.

1Summary of Photoreactions ‘of 053(C0)12(3c) with Alkenes.

Mass of reaction Yields of
%F(mg) alkene(g)  time(h) Os(CO) [n —~alkene] 052(CO) (u-alkene)
‘ mg(%> mg (%)
MA 500.0 4,11 5.5 13, 150.0 (65) 14, 200.0 (48)
M 500.0 411 5 13, not isolated 14, 285.6 (69)
CZHA ©307.0 purge 3 15, benzene solution {?. 107.0 (50)
CH, 5136 purge 2 15, benzene solution 16, 197.0 (55)
CBHO 302 .0 pufge <@ 2 1], benzene solution {?, unstable - ‘
'¢is~COE 508.0 6.09 5.5 19, unstable ‘ N/O
EA 441.0  8.32 4 20, unstable 21, 212.0 (62)
AA 513.0 3,99 7 22, 116(mixture) 23, 116(mixture)
MVK ‘521.0 8.42 ) 24, not'isolated %?, 11.0 (3)
3P20  427.0 ~ 3.97 ' 13 26, ‘<‘ 12'0.0 impure N/O
TFET 103.2  1.00 2% N/O P N/O
oret 105.0 1.20 20 'N/O yVioo N/O
MAH gn .0 6.06 24 N/ MO
. . :

All reactions carried out with photoapparatus (1), except (*) photo-

apparatus (3) and ( ) photoapparatus (2a).

MA-methyl acrylate, cis-

COE—cis—cyclooctene, ﬁA-ethyl acrylate, AA—acryliclacid, MVK-methyl

]

vinyl ketone, 3P26;3-penten-2—one, TFE-tetrafluoroethylene, OFB-octa

(or per-)fluoro-2-butene, MAH-maleic anhydride. N/O=not obsg;ved.
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~

of excess MA resulted in relatively rapid‘(gg. 6 hr) consumption of %t

and in IR changes somewhat reminiscent of the formation of carbonyl-

alkone type complexes.‘ Following the removal oﬁ,vo}atiles. an IR

spectrum of the pentane extract of the resulting SOlidqresidue showed

a complicated set of Qco.bands (Figure Ia). Splitting of the high frequency
paag‘in con)unction with the appearance of two closely spaced carboxylate
vCO2 bands indicated the ptosenca of '‘at least two compounds. The an-
ticipated OS(CO)A[n2~MA] molecule was expected to show four terminal
catbonyl bands, onelabove 2100 cmﬁl, on thelbasis of the known iron
ang\igthaniumis complexes, Initially, it was nostulated that the nixture

consisted of the osmium derivate with the remaining three vCO‘bands due

to another species, perhaps tricarbonyl in nature. Separation of the

. mixture was effected by co61ing the pentane solution which causéd pre-

A
\

c1p1tation of clear, pale yellow crystals whose "IR upectrum proved both
puzzling and misleading (Figure Ib). The great similarities between
the 'spectra of the original pentane solution and the solidvsqggested a
mixture of compoundsustiil.” Slight variations in tne spectra were
ascribed to changing concentrations of the two species until

repeated fnactional crystallizations of the solid leftﬂa'mother liquor .
which displayed four major terminal carbonyl bands (Figure Ic ). The

pattern’and intensi_ltiﬂﬁiribution (Table IV) was consistent with the

fanticipated OS(CO) [ﬂ -MA] (13) but the band. positions were marginally

-

different from any seen in the spectrum of the precipitate. Inescapably

the last observation 1mplied that either the solid "mixture" contained

.



original reaction mixture
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osmium complex. l4 incorporating#an‘MA ligand The latter possibllity
was verified when recrystallization of 14 gave materials whose IR spec—v
- trum was indistinguishable from Figure Ib. As.a result. the photoreac—
tion between 3c and MA gave two osmium—containing compounds equation |

(5) in contrast 'to the 51ngle mononuclear Ru(CO) [n —MA] derived from

Os,(C'O.)n + oxcos'sv‘ MA 't.:::’:':' °3".c>uv l’i + 14 ,(5”
] : ‘
Ithe analogous ruthenium reaction.ss‘

The exact nature of l&ywas slow‘tofemerge. A parent molecular o
ionlin the mass spectrum at 692 m/e followed by consecutive loss of
'eight carbonyl units together with an elemental analy51s (Table V)
‘pointed to the dinuclear formulation OsZ(CO)B(MA) ‘ Although this
information. along with NMR (vide infra) and IR data which 1nd1cated an‘

intact bound MA moiety, all supported a unique 1,2- diosmacyclobutane

:formulation. X-ray_structural verification was ‘necessary to assign this .
structure. Hesitation to claim this structure without an X—ray analy51s
. stemmed from the rarity of iron group saturated dimetallacycles except

dimetallacyclopropanes69, and the absence of an osmium derivative at.

—_

the time of deliberation.
Features of the data collection and structure refinement aré col-

lected ih'TabIe VI, while relevant bond distances and angles and tor81onal

‘angles appear in Tables VII VIII and IX, respectively. The molecular

structure,‘with numbering scheme.‘is shown by the perspective view in

Figure II and corroborates the 1 2-diosmacyclobutane structure of

-‘-the molecule. The 03(1)-03(2) bond distance (2. 8850(5)A) closely -
approximates the redetermined benchmark value for 3c (2 8771(27) 70and is
« : - : Y S



Tabie.V. Analytlcal and Mass Spectral Data for Os(CO) [n —alkene]
‘and 052(C0)8[u ml .nl-alkene] \

| Os(CO) [n -alkene] ) .4‘ Os (CO) [u- alkene]

alkene calc found Mt calc found mt
© %€ % % =M zc - oz oz M
MA 2074 1.56 2314 1.43 390 20.87 0.88 21.2670.93 692
(13/14) L - S |
EA 26,87 2,00 N/A  N/A 22.16° 1.14. 22.23 1.14 706
(20/21) ‘ R - o S . )
AN 22.46 1.08 . N/ - +3767 19.53 0.60 4 N/a 678t
(22723 ' ; | -
MK 25.81°1.62.  N/A - N/A ' 21.37. 0.90 21.63 0.9 676
/28y |
DMM 26.91. 1.81 N/A 448, 22.46 1.08 22.31 1.75 750
(27/28) " o
DMF . 26.91 1.81 27.04 1.77 448 22.46 1:08 22.59 1.09 750
(29/30) - o - " L
DEF ' 30.38 2.5  N/A - 476 24.74 1.56 26.52 1.42 778
.(31/32) | | | ;
MAH  24.00 0.50 . N/A , 402 20.52 0.29 21.15 0.57 704
- (48/47) ' |
| WAz Mot available o

"+ MS obtalned on mixture of 19 and 20

: .MA—me£h¥l acrylate, EA—ethyl acrylate AA—acrylic ac1d MVK-methyl

X vinyl ketone, DMM-dlmethyl maleate DMF-dimethyl fumarate. DEF-diethyl ,‘

.‘_A-

‘fumarate MAH-maleic anhydride.- ‘ g%l

r\'



CHCH(COCHY T,

temperature . o ‘ Y o S 1”'—130°C'
,fotmuig‘ ' o B | _ ?\ C12H6010032
_formula weight T 6%0.58

. . ) .- ' . . . ' .
crystal dimensions, mm SR o —JE“ 0.15 x 0.39 x 0.14 mm

' crystal systéﬁ; spaée gfoup ' “ R _Monoclinic;‘P 2 /n
a, ; " | | 16 707 (2)
ﬁi A .o .‘ '13 604 (2) ’
c, A | e @,
B, deg . - A | 95.08 (2)
volune, A> AR - " 1583.95
._3- } v , L
d, g cm g - L i X 2,896
W “ AR 161.01
téke;gff ;ngle, deg - .“' N V“ ‘ ‘ 1.7
‘détectof éperath;g,:mh | | ¢ 2.00 + O 5 tand mm horlzontal
‘ ‘ ‘ 4.00 mm vertical
cryscal-to¥d¢£écnon;dignance,.mm T ‘ 205
scgﬂ-type ‘ - o o w-26
scé\‘\rate, deg min»l o - | ‘ 10.1 - l 7
s ‘ , : o
scan Lid:y.deg S 0.70'+ 0.35 tand \‘lx
'2611mi£‘ deg ~  Lo “l‘ .§ S ’;" SO OO |
‘vreflectlons measurea . C | ' >2789 unlque. 2352 w1th I>3 OO(I)”V
"3 absorption correction‘ ‘,;'f o I o yes
'  parameters refined ‘M   '   ", ‘ o | ; ' f"f ’ 227 ‘
 ggreemgnt fgc;o:sl;' [&"‘7'  ‘u"j; . ,‘J'Wl;;x< R 0 046 R 0,0SSL
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_Table VII. Relevant Bond Distances (A) for Osz(CO) [p- nl,nl-‘
I . cH CH(C020H3)](1A) IR |

23

r‘
[

‘.Met51—Méta1 | B | . 0=C (bridging)
| 05(1)-03(2) 2.8850(5) o c(9)-c(10) 1
| . oW .
Neta1~C‘(bridgidg) X \
0s(1)-C(10)  2.223(9) L1 08(2)-C(9) 2
Neta}~C (cafbonyl) ' ‘

L0s(1)SClY)  C 1.92Q1) 1 | 05(2)-C(5) - 1
0s(1)-C(2) 1.97(1) - 0s(2)-C(6) ]
0s(1)-C(3) C1.94(1) T 0s(2)-¢(7) 1
0s(1)-C(4) 1.962(9) - 0s(2)-C(8) 1

‘:‘d—p (carbonyl) :
| c<1)—0(1) 1.13Q) . 3 ’C(S)-O(S)" 1
c(H-0(2) - 1:1301) | o C(6)-0(6) ]
C(3)-0(3) L. 1.14(1) C(7)-0(7) 1
C(4)-0(4) 1.13(1) . 0 C(8)-0(8) 1
s ' ‘ ,t v

52(1)
.203(9)

.90(1) -
.95(1)
.94(1)
.945(9)

.16(1)
12(1)
.14(1)
L15(1)

RANY
|

Numbers in parentﬁeses are estimated standard dev1ations in the
least significant digits. _
. }A.‘ ‘ ) ‘ ‘ ’ R x(‘



Tabie v11I

- Selected Bond Angles (deg) for Osz(CO) [u-n ,n1~
" CH,CH(CO CH3)](14).

" Angles atUOSCl)

Os(2)-0§(1) C(1)

0s(2)-0s(1)-C(2)
0s(2)-0s(1)-C(3)
0s(2)-0s(1)-C(4)
0s(2)-0s(1)-C(10)
C(1)~0s(1)-C(2)
C(1)-0s(1)-C(3)
C(1)-0s(1)-C@&)

©e(1)-0s(1)~C(10)

- C(2)-0s(1)-C(3)
C£2)-0s(1)-C(4)
' €(2)-0s(1)-C(10)
. C(3)-0s(1)-C(4)

- C(3)-0s(1)-C(10)

,‘¥C(4)f05(1)—C(10)

Angles at C (carbonyl)

0s(1)-C(1)~0(i) '
"0s(1)-C(2)-0(2)
0s(1)-C(3)-0(3)

¥—~esf%%—e(4>—0(a)

Angles at C (bridglng)

- 08(1)-C(10)-C(9) -

168.
4(3) .
.6(3) .

87

95

90.
.0(2)
.2(4)
95.

71
90

.91

92
176

89.
.90,
166.3
A(4)

87

178.
.178.
177.

175.

103

3(3)
2(3)

2(4)

-6(4)
. 97.

6(4)

S5(4)
.5(4)

6(4)

3¢s)

4)

(1.

2(8)

0(8)
1(8) -

5(6) ‘

]

Angles at 05(2)

. 0s(1)-0s(2)-C(5)

~ 0s(1)-0s(2)-C(8)

0s(1)-0s(2)-C(6)"

0s(1)-0s(2)-C(7)

0s(1)-0s(2)-C(9)
C(5)-0s(2)~C(6)
C(5)-0s(2)-C(7)

C(5)-0s(2)-C(8) ,

C(5)-0s(2)-C(9)
C(6)-0s(2)~C(7).
C(6)-0s(2)-C(8)"
C(6)-0s(2)~C(9) .
C(7)-0s(2)-C(8)

- C(7)-0s(2)-C(9)

- C(8)-0s(2)C(9)

L N

 0s(2)-C(5)-0(5)

0s(2)-C(6)-0(6)

'0s(2)-C(7)-0(7)

* 0s(2)-C(8)-0(8) -

y

|
I I

0s(2)-C(gc(10)

167.7(3) -
. 7€3)- !
.9(3) \

93

-88.
70.
‘ 9'0
.. 98
92,
97.
.8(4)

()
.9(4)

:6€4)

163.
- 86.

96
167
80
94

177.

174.

. 177.

7(3)

1(3)
0(2)

.6(2) ..
4(2)

2(4)
7(4)

8(4)
9(4)

7¢8) !
3(8)
3(9)

172‘1(9)

106

.5(6)

Numbers in parentheses are est1mated standard de
least signxficant digits

LN ‘ e

Jg\tions'in the



Table IX. Pelevant Torslonal Angleﬁ (deg) fow Osz(CO) (u-n nl
' CH CH(COZCH3)](14) : L

Carbonyl‘ligands“

1C(1)-0s(1)-0s(2)-C(5) 240

| C(2)-0s(1)-0s(2)~C(6) 249
e C()- 0s(1)-0s(2)-C(7) . 20.6
S e Os<1>~0s<2> o(8) 16.5

.
o

Bridging 1ligand

. CU0)-0s(1)-0s(2)-C9) - 15:9

’oSQl)éoS(z)—C(§)~c(1o) | f23.3
05(2)—05(1)—C(10)-C(9) . R22.6 .
05(2)—C(9) c<1o> Os(l) j 29.7 J

Numbers.in parentheses are estlmated standard dev1at10ns in the
least sxgn1f1cant d1gits ‘ :
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virtually identical to that found for the parent unsubstituted molecule

" Os (CO) [p—n?;nl C ] (2. 883(1) A) which appeared as preliminary

results from this study were being submitted for publication The 0s—-C
(bridge) bond distances of 2.203(9) and 2. 223(9) A are typical single:

bond_ values, comparable to the OS*C(Sp ) distance in (u-H)OsB(CO)

‘. —

:[C(O—)C(C—CH)(Me))CHCHCEt] (2.194(14) A) " and equivalent to the analo-

C)
gous. bonds in the parent compound (2. 22(2) A)‘71 The length of the 1,2~

ethanediyl bridge (1.52¢1) A) is that of a normal Cc~C single bond73

i )

(parent compound, 1. 5303) A) The average OS CO (axial) bond length of

‘1A96(1) A is O OA A longer then the average Os CO(equatorial) distance!

Similar differences have been observed previously in 3c7Q and were in-

terpreted as a consequence of the severe competition for back bonding '

1
electron density from mutually trans carbonyl ligands . Not unexpectedly
L .

‘both in this structure~and the parent molecule the four membered ring

'is distinctly non- -planar, but show 1ess deviatiOn than in the hydro-l

carbon analog €~Hér> The upshot is a skewed conformation of the ring
! !

.and twisting of the Os(CO)A moieties about the 0s-0s bond by an aver-
. ] "
age angle of 21° (Table IX) comparable to. the parent structure (27°).

v“Consequently. the bond angles at C(9) and C(lO) (Table VIII) are

slightly compressed from the expected 108° for an sp3 hybridized carbon

With the solid state st:ucture in hand the assignment of 1H and

A3 C NMR spectra becomes straightforvard The pattern and multiplicities

AN

;of proton resonances for 14 are Similar to those observed for free68 and
’ M(CO) -btpundS‘5 168 MA The chemical shifts are at higher field from the

‘above speCies (for M=Os see section IV) in the*region normally associated

\

with alkane protons and conSis}ent with a saturated diosmdcycle (Table

:tX) The observed coupling constants reflect the change in hybridization :

.;o. :
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value larger than Jcis' presumably reflecting the reduction of the di-

hedral angle between the trans protons and the 1ncreased_sp3 character

of C(9). A more dramatic result of this bonding mode is the extreme

"eoordination shift" experienced by the bridging carbons. In the 13C

spectrum of 14 (Table‘xr), both C(9) and C(10) resonate above TMS at

, =24.9 and ~4.3 ppm resp%ctively ("coordination shifts", A8: C(9)=155.2
and C(10)=133.2 ppm). R | | .

IIT. Photoreactivity of 3c with Qther Alkenes.

Favourable-reéctivity between %g anhd MA with the formation of a
remarkable prodqgf raised interestlto test the generality of the phofo* :
reactivity with a Jériety of alkeges. As a‘consequence of Section II,
~other activated alkenes shouid be particularly suited to stabilize
carbonyl-alkene derivatives. It was thus surprising fo learn that during
the early étages ofﬁgpis study, Norton and coworkers had Qbﬁained phe
correspondidg.mononuclear7sﬂand dinuclear71 ethylene derivatives via

totally different thermal routes (equations (6) and (7)):

>
CM,

Os (CO),(H)(CH,) W Os(CO), (g’ -CH)  (6)
| | - (s)

. t
TsOCH.CH.OTs
THF, 0°C

"

"Na,(0s,(C0), )

> Os, (‘CO).(,;-C,H‘)V (7)

(16)
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the apprOprlate work up afforded 16 in moderate ;IeId~zTable III)
W)th recently improved isolatxon procedures76, Is is routlnely obtalned.
in 55—80m yleld, renderlng the photochem1ca1 synthesis the method of
| choice for this potentially useful moIecule

Encouraged by these results. other . slmllar types.of alkenea were -
attempted. Under the 1mmer51on welI'condltlons employed for both MK
and CZHA‘ the propylene der1vat1ves Os(CO) [n ~CH CH(CH )](17) and
10s (COZBIu n ,n1~CH CH(CH )](18) were observed in the IR spectrum of
the react1on solutlon (Table IV)., . As with its ethylene anang, I] is
lvolathe and was collected‘along with the evaporated benzene solvent.
However, 17 slowly decomposes while‘IS remains stahle in benaene solu~
tion, Perhaps 'more surprlsing was the extreme 1nstab111ty of dxnuclear
18. ﬁgorlng either the impure solld or a pentane solutlon of 18 in the
dark at -15° C even under a propylene atmosphere gave back 3c and ang
unidentified 1nsoluble orange,materxal In another experIment cis-
cyclooctene [cis=-COE] was irradlated Jﬁkh 3c to gIve as the only 1dent1—h‘
fxable spec1es OS(CO) [n ~cls—COE](19) No: bands in the terminal car-
bonyl region could be 6551gned to a d1nuc1ear compound -Failed attempts
to recrystalllae 19 also brou t. into suspxcxon its stability. At this
t1me it is unclear uhether 19% elther 1nherent1y ‘unstable or that some

unidentlfled product(s) obtalned during the photochemical preparation
adversely affected compound - stability. Interestlngly. the disubstituted'
CﬁS"OS(CO) [n -cxs-COE] ‘has been prepared from OS(CO)5 photolysis and
has been structurally character12ed77 Independent observations 1n our

1aborator1es7§ conflrmed the latter route to be. far superior than using

K
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anu cis-COE shifted the emphasis back to activated alkenes. HOyever,

it was quickly discovered that many of the reactions with activated

4

alkenes also proceeded w1th problems. In most cases the path towards'

4 .
the formation of mononuclear and dinuclear species was confirmed by -

IR spectroscopy. However, it,was in the attempted 1solat10n of ob-
served products that difficulties arose.

The photoreaction between 3c and ethyl acrylate [EA] appeared . f
identical (by IR) to the homologous MA photolysis. Whereas the‘dinuclear
OSZ(CO)S[u EA](ZI) was obtained as per 14 the mononuclear Os(CO) -

[n —EA](ZO) has eluded separation. and complete characterizatlon “Ina -
51milar fashion the ruthen1um analog of 20 has not been obtained in

pure form, although spectroscopic 1dent1f1cat10n was possible.79 The

photoreaction w1th acrylic 8C1d [AA] was carried out next to determine

1£ changes 1n solubility characteristics of the products will result in

improved isolation. However, the AA species - (22 23 Table IV) appeared

only in low concentrations 1n reaction solution IR spectra. Attempted
A

Jsolation showed lesser solubilities than the correspondlng vinyl ester

compounds but 51m11ar solubility and chromatographic behaviour‘to each

]

' other:v Nevertheless a suff1c1ent quantity of the, mlxture could be

\

t

analysed by comparison of IR (Table‘gy) and 1H NMR data (Tables X and

X11) withntheir MA analogues to satisfactorily establish their existence.

To gauge the 1ntrinsxc effects of moderate changes in the act1vat1ng
group. methyl v1ny1 ketone [NVK] was: chosen. Once again only ina

smalltway did the photoreaction mimic that of MA The darkly coloured

I
¢

residue, obtained after the reaction was judge‘ complete, defied

purification attempts..-

“ o . N

I"d



. o e e ecaus v w vaxaciy wi uepurax‘.lon tecnnlques
'(extraction fractlonal crystalllzatlon and chromatography) did not yield
further materials ‘ The effect of replac1ng a methylene hydrogen by a

methyl 'Broup was 1nvestigated by the reaction pf 3- penten 2—one [3P20]

Extended photolys1s resulted in 11m1ted conversion to Os(CO)A[n —CH(CH )~‘

CH(C(O)CH )](26) as the only 1dent1f1able species (Table Iv). In some

way thls behav1our parallels the dlfferlng react1v1ty between propylene

4

(CH CHCH ) and ethylene (CH 2). ‘ ' k
. : SN

By no means does the above group of actlvated alkenes represent ‘
an exhaustlve search for potentlall) su1tab1e oleflns for the photo—
chem1cal formatxon of dlosmacyclobutanes Slnce much of the results

were diSapp01nt1ng some f1na}\hope rested on a few well—known strong

.

ﬂ—ac1d1c alkenes. Antlcipatlon of complex formation from the photolysxs

with tetrafluoroethylene [TFE] was based on the ab111ty to prepare (TFE)

.

Fe(CO)A, whlch along w1th the C2H analog have had gas-phase electron

d;ffract1on studles performed 8 Equally the iron'*’CZH and

N

1ron TFE derlvatives could be obtained, albelt .in low y1e1d from a '

V' ‘5 J'

,photochemlcal preparatlon 31 No products could be 1solated and/or»

1dent1f1ed from the 1rrad1at10n of 3c with TFE Some l1m1ted polymerl—

‘1 »’ “

zation of TFE may have occured in accord w1th a prev1ous report.B? The

.
i

)

i 4 .

outcome'of the reactlon with a second fluoroalkene, perfluoro 2 =butene
: ' .

AEY

[dFB] was no’ dlfferent Lastly, the reactlon with one of the most

N\ A

H-ac1d1c alkenes, ma1e1c anhydr1de [MAH]. as well proved unsuccessful

\ N [

After extended photoly51s; there 'was’ no. indicat;on of, product formation

o e
».'

from e1ther solutlon IR spectra or that of the’ reactiop residue.‘ Inter~

estzngly, Ru(COf [n -MAH] could not be prepared photochemically from 3b

\ . St ' . : ""1“[
Ve L . . L

T
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derivatives of osmium with MAH subsequently have been obtained Clearly
M
there are some aSpects of ‘the photoreaction of Os (CO)12 which dld not

manife,lm n the initial successful reactions. The Simplistic approach. .

" .
' —

which required activating substituents appears outweighed by steric
' \ . .
and/or other electronic effects which complicate the antic1pated straight~

forward alkene derivative chemistry

Iv. The OS(CO)AIQ‘—alkene]‘Compleres. | ‘ | .

< Although the attention was quickly focussed on the heretofore rare

2

|
diosmacyclic compounds as 1s obv1ous from the preceeding sections, the

' s
|

B mononuclear carbonyl—alkene complexes were 1nteresting incthe1r own rlght
! |

Indeed, the molecules were, thé anticipated products of the photoreactioﬁD

A

and, w1th the exception of Os(CO) [n —C 4] ; _were’ unavailable at. the

outset of this study. o o ‘

| | IR |
With the highly successful reactivity obtained with MA Os(CO) -

[nz—MA](l3) prevails as the most easily accessible mononuclear: derivative

and as such was subJected ‘to the gamut of spectroscopic characterization

The terminal carbonyl band pattern in the IR spectsum for 13 (Figure Ic)

is consistent with a trigonal bipyramidal (tbp) geometry where the "t‘

Y

asymmetric alkene occupies -an equatorial p051tion on an OS(CO)A unit of

local C symmetry.83 The observed IR frequencies for 13 are higher than

2

in the analagous iron and ruthenium compounds55 and suggest that d+n
. 1 :

back donation to the carbonyl groups is of - lesser 1mportance in the

f osmium complex. Conversely. the nz-alkene m01ety experiences larger

, upfield shifts in both g (Table xn) ang 13c (Table XIII) MR spectra

' ' '.‘,|
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olefin interaction‘in 13. 'The tbp geometry of 13 also is illustrated
1n the low temperature limltlng % C spectrum (Figure III ) exhibiting g
lone carboxylate carbonyl and four metal—carbonyl resonances. ca l75~
ppmt The attendlng variable temperature study showed an interesting

coalescence‘pattern. Upon warming from -30°C, the three lowest field

o s1gnals began to broaden until at 5 C, these peaks had almost dis-

‘appeared, leavxng the fourth high field‘resonance‘somewhat‘broadened.

0

Increasing the temperature to 90°C averaged all metal carbopyl sites to
R ‘ ‘ Y .

give one broad signal. To account for the unusual coalescence, .
. . ! ' . B A O

synchronous Berry-pseudorotation-olefin rotation whicﬁ exchanges' the

environment of all carbonyl groups at the same rate ‘cannaot be 1nvoked
] v

: w84 ‘ ‘
here. However, the turnstlle rotatlon cons;stlng of‘an internal
. A

rotation of three 51tes (one axial, two equator:al) about a pseudo-

jthreesfold axis agalnst palrwlse exchange of the remalnlng sxtes around

a(pseudo—two—fold axis may be operatlng {dn thls case, 'This motion,
experlmentally observed for ‘a serles of Fe(CO)A[n —(cycllc alkene)]

‘complexesss, is deplcted in Flgure IV The alkene and CO(4) groups-"‘

)
are left static at lower temperatures due to uhat would be an energetlcf

‘ S 86
qcally unfavourable conformatlon with the alkene in an axlal site.

t

As the temperature 1s ra1sed CO(A) also beglns to part1cipate in the

exchange process, probably via rotation about the other pseudo— three—

v.,fold axis of -the molecule. The results of a complete study,of the iron

\4 - 0‘
"tr1ad of complexes w111 appear 1n a later report.87

' Unfortunately. the d1fficulties encountered dur1ng the attempted

isolatlon of other mononuclear alkene derivatives (see previous sectxOn)

.
= v
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Flgure III 100 6 MHz 13C var1ab1e temperature NMR spectra for
Os(CO)Aln —CH CH(CO CH3)](13) :
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the utility of the ppotochemicai entr§ via 3c touérds Os(CO)AIQQ—olefin]

‘species is largely negeted This has led Lo e search for a more re-

\
linble, direct synthetlc route to the osmium carbonyl—ulkene compounds.

Work in our labpratories78 and elsewhere88 have established that the

photoreadtion between Os(CO) and alkenes offers an attractiVe possi-
)

bi]ity. An example will be tendered in Chapter Three.

V. Conclusions ’

3
Y

In retrospect“althouéh the uhotochemical reactien berween 3¢ and
alkenes proved disappointing’ especia]ly with a view‘to a vardety of
1 Z*diosmacyclobutanes, the limited success must be put. into the proper
perspective, At the outset of ;his project only one {;Q—dimetallacyclo—
butene, sz(l,SLCOD)zlu-nl,nl—C£F4]88,‘yas known, Bergman audi@bworwers

attempted to prepare related dicobalt complexes90 and failed, and even

the "sppbilized" Coz(CQ)2(0~Q5HS)2[u—nl,nl—benzocyclobutene] decomposed'

‘at- room temperature.go 'An apparent prerequisite for stable dimetalla-

-

cyclobutane formation is strong metal-carbon O bonds, which was vividly

demonstrated by Norton, et -al.71 in the synthesis of Osz(CO) [u—nl,nl—

Hal(lb). This f1nding lead to the photochemical preparatlon of 16 in
substantially better yields. Professor Nor.cn also has communicated

his reSults91 concern1n§ ‘the reduced Stablllty of the analogous pro-

pylene derivative -compared to 16, and confixms the problems encountered

—— o —

. in the present study toward the same alkene. In fact, the limited suc-

cess observed with simple olefins is not unknown for the osmum system,
P

No products were ‘detected in the photoly51s of 3c with l pentene l.

whereas the reaction with l—octene afforded only IR character1zat10n




V4 L4V uamTladiaCycalic species. . Since only slight ‘changes in elec—
tronic prOperties are expected upon alkyl-group substitution of alkenes,
steric destabilization of vhe dimetallacycle argues for the failure to
N .

isolate saturated diosmacycles from simple alkenes (other than éthyleﬁe).

A plausible explanation for the nonreactivity of %trongly l~acidic
oleflns like tetrafluoroethylene and maleic anhydride is more difflcult
to arrive at. This is. especially so in view of the fact that the stable
dipa}ladlum complex contained a Czk4 bridge88 and that the MAH bridged
maﬁerial is available via an alternate rouié Based on these events,
the question of the photofragmentatxon of 3c in the presence of alkenex
brxefly should be considered. An initially postulated mechaniszl’55
for cluster b}eakdqwn was eagerdy embraced to account for the formation

"

of mononuclear and dinuclear products from 3c and alkenes (equation (8)):

0:(€0), ) 2225 0,(CO), (r%-0lkene)

(8)

v

03,(€0),,* —>

Ik |
Osz(CO)./ 2 nene }Osz(CO).(p-ollkcne)

a
N

o o
The lack of dinuclear ruthenium deriyétives55 was attributed to the {in-

herently weaker Ru-Ru bond compared to osmium.

65,66 described in

.

Alternétivgly,‘the currently popular mechanism
‘ Chapter One proposes the coordlnatlvely unsaturated carbonyl bridged

intermediate .17b which is available- for attack by an alkene in an

~

02-féshioﬁ w0 give llb (L=alkene). Further fragmentation produces

either Osz(CO) (alkene) and [Os(CO) ] or Os(CO) (alkene) and IOSZ(CO) ]

o



Ihe coordinatively unsaturated fragments, much like in equation (8),
can be rapidly scavenged to yield the observed final products.
Although no direct means of deciding between the two possxb111tjes
is availed from the limited experimental results, the disparity of
. reactxvities with different olefins is more easily accomodated by the
f""Eé:ond pathway. l The absence of photoreactivxty between 3c and MAH |
might be, equated to the ability of THF and other hard donors to quench
the photofragmentatlon of %b 65 and %c . ”Extenslon of the argument to
include the fluorine lone pairs of TFE may be valid but does not explaln
"lack of difficulties" experienced with methyl acrylate whifh also
has potential oxygen donor sltes Understandably a delicate balance
must exist between electronlc and steric substltutlonal effectsfon the
alkene which dictates the successful outcome of this reaction.

As a final note of ‘interest, Wrighton, et. 51'2, have observed
important solvent and temperature dependent photobehaviour of Qb and Qc
.with a variety of ligbnds. Long wavelength photolysis of 3c and ethylene
in hydrocarbon solvents at room temperature glves Os3(CO)11(C “) as the

inltial photoproduct | Extrapolation to the present benzene solvent
system would be hasty at this time. However, evenha minor contrxbutlon
from this, followed by transformation of the cluster-bound alkene as
seen.in thermal”reactionslarlé: may be responsible for unidentified

byproducts and for uneXpected and unpredictable difficulties in some

isolation attempts. ‘ .



‘ ! CHAPTER THREE

-
\

PHOTOREACTIONS OF 0s,4(C0) , WITH 1,2-DISUBSTITUTED ALKENES

I. Introduction.: : - : .

~During .the photochemléaﬂ inveétlgatlons with alkenes. a sampling
of 1,2~dlsubst1tuted olefins also were ;ncluded. lnltial expectations
that the second ;ubsfituent wou?d‘further activate the glkehss toward
even moré stable ﬁroducfs in faét ha$ been realizea in the ruthenium

system. Both dimethyl maleate'lDNN,'ZfCZHO(CO CH ] and dimephyi

| 302
fbmarate [DMF, E—C‘H (COZCH3)é] have afforded Ru(CU) [n2~alkene]
spec;es with enhanced stabllgty over analogs of the singly substituted
olefins (MA and NVK for instance) from their photoreactions with
Ru3(CO)12ﬁQP). - An obylous concern with disybstituted qlkenes is the

,possibiligy oflgéometrig isomerization.93‘ No such ;roblems were en-
countered in.the above'rgﬁctions. and since isomerization of these
olefins by direct photoly51s occurs only at short/ﬂgvelengths (170—

190 nm) , 1t was not ant1c1pated.under the present conditions (AZ 370 nm).

II. Reactions of 3c With Dimethyl Maleate and' Dimethyl Fumarate.

A. Initial Investigations.

'Selectiog of DMM fqr the first reaction attempt can‘be traced to Q\
physical and reactivity aspects of thefligand.$g}t lea_iiquid.at room
temperature (DMF is solid)_and the more soluble of the two in common
organic solvents; This hopefully should lead to easier isolation~ofA.
products. vFufthermoye. the photoreaction ofHQP with DMM was shown to
proceéd directly %o 8u(C0>4Ih2—DMMl‘in good yiéla;ss |

| \Photpiysié of QS witﬂ an excess‘of'DMM (Table XIV , entry i)

appeared td lead to the consumption of 3¢ in the exbected fashion and

sl
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to a flnal solution IR spectrum whose carbonyl region closely resembled

those: obtalned from the monosubstituted alkenes. ~It.is important to

note he that the IR spectra were obtained in benzene solution which

gave broa 'absorptxon bands, resultlng in only impressions about the
product stributiOn. A particularly puzzling aspect of the IR spectra'
taken during the reactlon 1nvolved the carboxy]ate carbonyl stretchxng

band Due almost.exclus1ve1y to the large‘excess of free ligand USed,

the'band sbifﬁed fron 1738 to 1727.cmq1; a value close ro that of free.

DMF. Confirmatlon of the isomerlzation of DMM to DMF occurred when
a coplous amount of a crystalline white 5011d separated upon concen-
tratlng‘the reaction solution. IR and lH NNR‘analyses and melting . -
point determination firmly established thatuthe solid was'DME. After

filtration, the solvent was eyaporated to leave a solid which still .
+ 1. Y "

indicated the presence of free DMF which was removediby‘sublimatién.

In the later stages of the sublimation, metalfcarbenyl'speeies
could be identified in the‘subiimates:‘ Tbe firsr compound exhibited
an IR pattern (Figure Va)lvirtually identical'Fo‘that‘of'Ru(CO)A[nz—

55

DMM]. The IR spectrum of a second compound'(Figure;Vb), whicb also

sublimed and appeared in the residue, closely corresponded to the DMF

analog in the same -report..s'5 On this basis, the metal-carbonyl species

) ' ' " " . 2

were gdentified as the osmium derivatives 0s(CO) [ﬂ ~Z C H (CO (27)

3)2]
"~ and OS(CO)AIn ~E- C (COZCH3)2](29) respectively.’ An interesting '

feature of the IR spectra is the- appearance of more than one -carboxy—
late carbonyl stretch1ng bands. For compound»27, two equally intense

bands around 1700 cm -1 sbﬁgest that the expected mirror Symmetry of

“Jthe molecule is disturbedb Rdtaiionai isomers which piece.the two
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ends of the. bound alkene in dlfferent env1ronments could also affect

“the number of terminal carbonyl bands. - The shoulder on the band at
i

“2062 cm -1, may ‘be the result of such a phenomenon. Corroboration of

N

thlS argument is prov1ded by the X- ray analy31s of Fe(CO) (PPh )n 2.
Z- C H (CO CH, CH3)2] 94 in which one carboethoxy spbstltuent lies 1n '
the plane of the olef1n while the other group is orthogonally dispos!d'
to reduce steric interactions hetween the two adjacentlbulky suhstitu—" N
ents (figure VI). 1In the carhoxylate region ror'%?, a shoulder on

one Veo band and a Qeaker second one‘implies that if rotational

2 ’ N

1

isomers exist here, the greatest’ proportlon of them adopt a single

structure where the.melecule maxntains Cz.symmetry.

¥

NMR spectroscopy,‘in particular 13C, was diagnostic In confirming

. the aboue mononuclear molecularvformulations. The‘anticipated 3:1
ratios of methyl to olefinic proton resonances (Table XII) showed only
tmlnor d1fferences between the two compounds Uhereas for 29 the two-

\

fold symmetry 1mposes 1dent1cal env1ronments for the palrs of axlal

[y

‘ ”'and equatorlal carbonyl llgands giving rise .to two “equal 1ntens1ty

13 C s1gnals the-average C .symmetry ofk%?\f}sults,in distinct axial’ ’
and equivalent quptorlal groups, and a 2: 1% l pattern for tqrmlnal |
‘carbonyl resonances was observed (Table’ XIII) In a qualltatzve
varlable temperature 13C study of 29 the metal-carbonyl resonances X
fs1gn1f1cantly broadened at 90°C but falled to coalesce. The 1mp11-' {h,. \
patlon of thls is a-higher freelenergy of act1vat1on for carbonyl : f'(_, g

¢

scrambllng than in the MA derlvat1ve8? and in the'analogous iron and

Il . I

ruthenlum derlvatives.SS‘- e e e T

-pollowtng‘the.sublimation,fa yellowlres;duefremained\andblk.~l B

w
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Figure VI. Structure of Fe(C0), (PPhy) [n’-DEN). %
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‘spectroscopy 1nd1cated a m1xture of compounds Successful separat1on

was achleved by chromatography on a Chromatotron (see Chapter Seven

t

for detalls) whlch flrst dellvered a small quantity of free DMF and 29

hl v

':After two hours, two slowly mov1ng bands could be collected individu—“

ally The solublllty characterlstlcs of these spec1es suggested that
two d1fferent compounds ‘had formed : Whlle both. can be dissolved in
CH2C12 to' glve marglnally dlfferent IR spectra, characterlstlc of
pdlosmacyclobutanes, only one of the compounds is soluble in hydro~‘

carbon solvents ‘ With reasonable surety, both the DMM and DMF brldged

dxnuclear complexes had been obtained, but an ambmguxty concern1ng
~ :

the1r 1dent1f1cat10n prevalled Irrespectlve of the1r molecular sym-

‘metrles (C for\DMM 28 and C for DHF 30) the two complexes should -
13, .. |

show the same number of resonances in thelr H and CINMRdspectra.

2

™

'sExperlmentally, the hydrocarbon soluble spec1es (wh1ch proved to be.

':‘28) exh1b1ted three metal-carbonyl 13C 51gnals in. a 2 1 l ratio, wh11e o

'f‘the other compound (30) gave four equa -intens1ty 13C resonances as

'dpexpected The unforseen d1551m11ar1t1es dld not ass1st in resolving

o Lo - o B :.., : . ’ |

el

I
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‘the‘issuel A‘small,'tentative hint came from : examlnatlon of the

IR spectra. which for 28 showed two closely spaced carboxylate car—.

IS

“.bonyl bands remlnlscent of the mononuclear DMM co-pcund 27.. However,

it  was by no means certain'that the‘anafogy,could be ‘extended to the
i n . ' M N ‘-‘ , ' b

dinuclear compound as well.,

In an attempt to resolve the ambiguity the photoreactlon of 3¢

-~

w1th DNF was carried ‘out. Since trans-to—cis geometr;c 1somer12atlon
‘is not expected thls reactlon should only yield the mono— and di-

rﬁ?&DNF derivatives. Solvent remo‘val and subllmatlon of excess

. T
fxee 'DMF from the. resulting mlxture gave a pale yellow solid Some

@uﬁ i
'of 29 was detected in the- subllmates as before and the rema1nder was "

~

V

"removed from” the.res1due v1a pentane extractlons ' Recrystalllzatlon

of the remalnxng whlte solld from a m1xture of fHZCIZ and hexanes
fforded a fluffy vhite materlab whose IR spectrum was 1dent1cal to

that observed for the hydrocarbon—lnsoluble materlal from the DMN

:reaction, compound 30. Even tbough the nature of the dinuclear com-‘p

‘plexes 28 and 30 was undoubtedly secure w1th the supplementarr DMF '

reactlon. it was still consldered necessary to confirm the deductzonll

heyond all doubt by X~ ray*dlffraction experlments

B. Solld State Structure of Isomer:c 052(C0) [u DNM] and

‘_Qsz(CO)Bl'u—DMF‘]. o | .

A
RGN Y )

X-ray quallty crystals could be. grown, and the two molecules

“

L were found to adopt 1dent1cal space groups with vaguely s1mllar crys—

tal parameters (Table XV) A perspect1ve view of each (F1gure VII)

| ,clearly shows the dlosmacyclzc structures whereby the br1dg1ng mo1etres‘j‘

41"
‘

ma1ntaln the1r respectlve geometrlc dlsp051t1on\ 1m1s 1s more con—

i"“‘* -

R
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Table AV, ary of Crystallogra hic Data for the Isomer1c
W&f&‘a’ﬁ’" P .
Compounds Osz(CO) [p- n ,n C (C02CH3> ]I s
o o ’ n 2~8 . ) o ‘ _2-9_
temperature S ’ o ;*65°O ‘ L - 23?C
fOfmula’i ‘ | - 14“8012052
formula’weight - o ; ‘ | . 748.61
~crystal'dimensions, mm  © 0.15 x 0.13 x 0.42 0.20 x 0.40 x 0.28
crystal system, space group -+ .Momoclinic, PZl/C‘
a, A | 7.068 (6) 14,885 (2)
b, A ' 14.386 (5) S 8,466 (2)
c, A o O 17.834 (6) © 14,979 (z.').
B, deg 95.30 (5) L e (2)
volume, A . o 18os T 1883
A N 4 o 4
- .—.l: . " ;-.K‘. \ . . ‘ ) ! <+ .
d, gcm - | . 2.770 o . : 2,640 : e
byem b 142,2 135.59
’ Lo ' . o » :
 take-off angle, dég 3.0 o 3.0
‘detector‘aperéture ‘ - 2.0 + 0.50 tan® mm horiiontal
| | 4.0 mm vertical
'crystal-to- detector | ‘ ' " ‘ -250 -
dlstance mm ‘ ‘
,scan type ?1 ‘ lﬁ o - ‘ w -~ 26
: v, C j | L
' scan nahg*‘dgg min R L o 10.1 -.1..0
- scan w1dth deg ; . ' l,  O.ZQ'f O.35ltan9>v
. | N . P
Ze_llm;t,vdeg SR . 56 0 o ST 52,0\
. . o o C , ' i .‘- “' e
reflections measured unxgue 4419 - - S 3704

TR
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" Also noteworthy is the aterieally favoared orthogonal displacement of

t ~

these groups as determined for the previously mentioned Jron—n2 dlethyl

b \

maleate camplex (Flgure V1), %4 As expected for Osz(CO)Blu n] n ~E-

far, C H (CO CH ) ](30) the tans conformation persists in the dinuclear-
277372

(

molecule as the substituents adopt a more staggered arrangement. As

.

well the carboxylate groups are bent sufficiently away from the
! ‘ ~
052(C0)8 unit to reduce steric:interference with the anciliory car-

bonyl ligands.

- Elucidation of;the subtle’changég»brought atiout by the bridging

" ligand can be accomplished by a comparison of structural parameters
: « ' ~

for the two molecudesf— A 1list'ing of the relevant bond lengths (Table,

'

" 7‘ ~
XVI) for 28 and 30 shows little variation and in fact parallel those

N

Qf the MA analog 14 (Table VII), wlth~the notable exception of tge

RN

\

‘bridgrngldistance. Including.the C-C bond distances for 14 and the

A

p‘arent' compound 16 the to.—date&erved bridging distan’ces fail in
~N

the order ]. 501(9)A (30) < 1. 52(1)A (14) < 1 53(3)A (16) < 1. 54(1)A (28)

v

Correspothngly. an inverse relatlonshlp involving the intra-digsma-

cyele torsional angles (Table XVII) has those within 30 on the average

5 grganer than the comparable angles ih“QS while values for 14 are

e

‘g’qﬁntéhf15posed (Table 1X). The expanszen of the ethanedlyl bridge e

in 28 cqp be attributed to the sterlc interference caused by the gaucher

R
.

type arrangement of - the two bulky carbomethoxy substituents . Apparent-

ly this increase is adequate enough to accomodate\a slightly less

n .

distorted four-membered ring in th1s.molecu1e."Even -though, the dif- .

.
+

ferences under considerat n are rather sma}l « the structural hanges
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Z-isomer 28 E~isomer‘%p
Metal-Metal

" 0s(1)-0s(2) . 2.8788(4) ' 2.8719(4)
Metal-C (bridging)

.220(7) 2.205(6)

0s(1)-C(9) 2
0s(2)~C(12) 2.202(6) = 2.221(7)
Cc-C (Sridging) |
‘c<9)—c<12§ 1.56(1) 1.501(9)
Metal-C (carbonyl) - |
0s(1)-C(1) 1.954(8) 1.944(7)
0s(1)-C(2) 1.941(9) 1.927(7)
0s(1)-C(3) 2.001(8) 1.949(7)
0s(§)-C(4) 1.942(9) 1.949(8)
0s(2)-C(5) 1.926(9) 1.962(8)
0s(2)-C(6) . 1.974(8) 1.967(7)
0s(2)-C(7) ' 1.941(9) 1.947(8)
0s(2)-C(8) 1.910(9) 1.928(7)
C-0 (carbonyl iigands) )
C(1)-0(1) 1.11Q1) 1.143(8)
C(2)-0(2) - - K ©1.13(1) 1.118(9)
C(3)-0(3) : 1.104(9) 1.120(8)
C(4)-0(4) 1.12(1) 1.127(9)
C(5)-0(5) 1.15(1) 11.133(9)
C(6)-0(6) 1.119(9) A 1.121(9)
- €(7)-0(7) 1.15(1) 1.135(9) .,
C(8)-0(8) 1.16(1) 1

.142(8)

a

Numbers in parentheses are estimated standard deviations in the
least significant’ digits. ,



Table XVII. Comparison of Torsional Angles (deg) for Isomeric
1

\ |

Compounds Os (CO) [u- n N C (CO 3)2].
N )

“ Z-isomer %? E-isomer
[N
Larbonyl ligands

C(l)-05(1> 05(2)~C(5> ‘ k ~16.4 ~16.

= C(2)-0s(1)-0s(2)~C(6) , ~24.7 N ~27.

C(3)~0s(1)~0s(2)~C(7) ¢ T a7.2 ~16.

© C(4)-0s(1)-0s(2)-C(8) -16.0 . ~16.
.Bridging ligand

Fary .

" C(9)-0s(1)~0s(2)-C(12) ~13.0 . o -15.
0s(1)-0s(2)~C(12)-C(9) . 18.8 23,
0s(1)-C(9)~C(12)~0s(2) 5 =26.0 -29
0s(2)-0s(1)-C(9)-C(12) 18.2 23.

Numbers in parentheses are estlmated standard deviations in the -
least 51gn1f1cant digits. L
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from 30 to 28 (1.949(7) versus 2.001(8)A) while the other 0s-CO(axial).
~distances remain unchanged within their esd's. The proximity of the

carbomethoxy group at C(lO) to CO(3) in 28 can account for the stretch—

ing of the Os*C distance.

" o An equally useful comparison to gauge-ster%e effeefs,in ehese mole-"'
/ cules comes from an analysls of. the‘E(axial)—Os—C(Bridge) angles (Table
XVIII) The maJor dxstlnctlon between the two strnctures is the dis~
position of the substituent anchored- by C(IO) at the br1dgehead car-

N\ \
////—/f/ bon C(9) It moves from above to below the four-membered r1ng on

going from 28 to 30 while the region surrounding C(12) remains rela-
tively unaffected. Qonsiétent with this, the C(S);OS<2);C(§2) angle
shows liftle‘change between the two stfuctures (86,9(3) and“87.6(3)°
for 28 and~30 respectively). Concomltantr;, the movement descrlned o
above decreases both the angles C(3)—Os(l)—C(9) and C(6)—OS(2)~C(12)
by 6. 1(3) and 4. 9(3)°, respectively, and ‘increases the angle C(l)-
Qs(l) C(9) from 83.0(3) to 87. 6(3)° Although electronlc factors also
may influence Ege structural featurea espetially in view of substltu—
'ent grientations witlI respect _to the ethanediyl C-C bond, co,nLideration

of steric effects alone seems to adequately rationalize the changes

seen between the diosnacvcles 28‘and 30

s C, Experimental Attempts to Ident;ﬁy the 0r1gln of the Isomer1-

zation Process. '
The'unambiguons identification of both isomefic forms for'the
N . f ]
mononuclear agd d1nuc1ear osmium derivatives of C2H2(002CH3)2, coupled

with the isolation of- isomenzed free alkene. suggeste& that a more

detaxled investlgatiOn into the photoreactivity of DMM w1thnBc was . fﬁﬁ’



ssvan n‘(:&. Jbumpalison vl Relevant bond Angles (deg) tor Isomeric

Compounds Os (CO) [u n1 n] C H. (CO CH3)2].

Z-isomer 28 : E-isomer 30
. Angles at 0s(1)

© 0s(2)-0s(1)-C(1) - 88.6(2) 90.3(2)
0s(2)-0s(1)-C(2) . ' 166.1(2) : ~168.0(2)
0s(2)-0s(1)-C(3) .. 85.2(2) _ o 8B.1(2)
0s(2)-0s(1)-C(4) 96.6(3) - ' 93.3(2)
0s(2)-0s(1)-C(9) ©71.9(2) - 70.9(2)
C(1)-0s(1)-C(2) . , 92.5(3) © . 91.7(3)
C(1)-0s(1)~-C(3) : : 173.3(3) . 174.2(3)
C(1)~0s(1)-C(4) ' _ 91.7(4) T . 92.8(3)
C(1)-0s5(1)-C(9) 83.0(3) . 87.6(3)
C(2)-0s(1)~C(3) | 93.0(3) 88.8(3)
C(2)-0s(1)~C(4) _ 97.3(4) 98.4(3)
C(2)-0s(1)-C(9) : 94.4(3) - 97.4(73)
C(3)-0s(1)~C(4) ‘ C91.4(4) .92.8(3)
C(3)-0s(1)-C(9) : 92.7(3) , . - 86.6(3)
C(4)-0s(1)~C(9) 167.4(4) o L 164.2(3)

‘Angles at 0s(2) G

© 0s(1)-0s(2)-C(5) - ‘ 90.4(3) ‘  87.7(2)
-0s(1)-0s(2)-C(6) o 92.9(§§ o - 89.0(2)
0s(1)-0s(2)-C(7) 91.6( s S 94.4(2)
0s(1)-0s(2)-C(8)" W 167.8(3) = - ‘ 166.1(2)
0s(1)-0s(2)-C(12) . 70.7(2) . 69.9(2)
C(5)-0s5(2)-C(6) ‘ 175.5(3) . . CL173.7(3) ¢
C(5)-0s(2)-C(7) . ‘ 91.1(3) ) 92.9(3)
C(5)-0s(2)-C(8) n 88.9(4) ' g ©92.0(3)

S C(5)-0s(2)-Cc(12) 1 86.9(3) - 87.6(3)

. C(6)-0s(2)~C(7) . 92,0(3) : 92.7(3)
C(6)-0s(2)-C(8) S, 813 . 790.0(3)
C(6)-0s(2)-C(12) Y93.2(3) “o86.3(3)
C(7)~0s(2)-C(8) . 100.6(4) . 99.5(3).
C(7)—os(2)-C(12) ;0 162.2(3) - £ 164.2(3) w -
C(8)-Os(2)—C(12) . 97.1(3) . - oo 96.2(3),‘_,'fh

Lo o &,14’. . ' . ¢ . o .'h".')..?‘s““
N
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Table XVIII. (continued).

. Z—iéomer(%§\ | - E—isomer %9
_:Aﬁgleé at C iéarbonyl)'v

L0s(1)-C(1)-0(1) - 177.5(8) 176.9(6)
0s(1)-C(2)~0(2) : 177.9(7) 175.8(7)

" 0s(1)-C(3)-0(3) : S 178.0(8) __ . . 173.4(6)
0s(1)-C(4)-0(4) =~ 0 180.(1) ey 175.5(7) .
0s(2)-C(5)-0(5) ‘ - 175.4(8) - ~176.8(7)
0s(2)~-C(6)-0(6) | S 171.8(7) ‘ 174.8(6) -
0s(2)-C(7)-0(7) L 174.9(7) 176.6(7)
0s(2)-C(8)-0(8) - . 179.0(8) . - 178.5(7)

Angles ét C (bridging ligand) ) |
0s()-C(9-c12) - . Y. . 1oa.0) . 104.7(4)
0s(2)-C(12)-C(9) £1107.5(4) : 105..4(4)

Numbers in parentheses are estimated standard deviations in the
least‘significant digits.’ ' » (F ‘ ‘ :
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vstudied as a function of alkene concentration} It was h0ped that
higher concentrationﬁ of DMM would y1e1d a product distribution
ffavouring the cis—olefin derivatives. The results of thls study are
compiled in Table XIV which shows the range of alkene-to-3c varylng

from 61 1 to 202 1.  An initial observation was a decrease.-though
nonlinear, in irradistion time (i.e., when 3c was'judged totally
[ ) 4 > ' , '
T S T
' consumed) as the alkene concentration was increased. Yet, in every
i ‘ 3

case a large portion of the startlng DMN was’ recovered as isomerized
DMF. Inspection and comparison of solutlon IR‘spectra from each re-

haction showed a similar rapid shift to 1ower frequency of " the free®

!

'present‘goal ‘the pro‘

'ligand"vc band to the 1ue for free DMF ‘More salient to the

ct distribution 1nd1cated no change when the
/eriginal DNM concentration was 1ncreased or. decreased | In fact, the’
pPropoxti ns of .the four. osnlum products could not even be reproduced .
when the reactlons wvere repeated at' the same olefin concentrations.

The volatllity of the mononuclear spec1es could account for some’ of

" . e

their erratic béhav1our, butvvariations in the remarkably stable and \
, .

’ nonvolatile Osz-derivatives remained an anomalyl In order ‘to define _ L

"

the p0351b1e roles; of these psmium species in the bulk alkene isomeri-
zation and to determlne whether under the present reaction conditions<
the ‘same spec1es are under301ng secondary photoreactivity, ‘a quali— RO

tative photochemical study of the derived products was undertaken.: y
! oy

The long wavelength irradlatlon (A"370 nm) of Os(CO) [ﬂ -DMM](Z?)
with an excess of DMN left both starting materlals unchanged (by IR

spectroscopy) Thls should remove speculation on the involvement of-»‘

,‘ . _,. e
- .

‘ 27 1n the Jsomerization process.» In parallel experiments, 05 (CO)8

. . . R
- e S P RPN T

. S . . . o - STl - : : N M
il - . . e . . i I
- o L L Lo SO B Y.
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”the _presence of DMM ca. 13. 5h. IR monitor1%§§showed po change in

the position of the unbound olefin Veo band However, both 28 and

2

" 30 did react ‘to give virtually identical f1na1 solution IR spectra

Uhat was surprising was the appearance of 28 in lieu of 30 in the‘

reéiduexfrom the reaction of the latter. This result  implies an
eichange of bound for free'bulk alkene perhaps entailing’the inter—‘
mediacy of an unsaturated [Osz(CO)B] fragment.

In an effort to generate the putatxve [Os (CO)8] 1ntermediate,‘

l

the phot01nduced metathe51s of Osz(CO) [u MA](IA) also was examined.

iR )
The ready ava11ab111ty of 14 and what should be a dr1v1ng force in |

replacing a slngly—actlvated" alkene w1th a "doubly act1vated" one
\
were factors in favour of attemptlng thls exchange.. Wlth cons1derable

puzzlement and distress it was d1scovered that, contrary to the re= -

‘actions of 28 and 30 free DMM had 1somer12ed to DMF and the major

‘species 1solated was the dlnuclear DMF complex 30 Even with this |

unexpected behav1our, the 1ntermed1acy of ‘an. [OSZ(CO) ] fragment must

© be questloned. spec1f1ca11y in terms of its role.in alkene 1somer1—'

- '-»\

~zation (wh1ch was not ‘indicated for 28 nor 30)

Even though the mononuclear 27 d1d not bring about 1somerlzat10n /

:of free DMM, the plau51b111ty of an, IOS(CO) ] m01ety resulting from

‘the fragmentatlon of 3c and 1ts partic1pat10n in the DMM—DMF convers1on.v’

~

RN |
']vrequired invest:gation. The reaction of Os(CO)S(lc) w1th the alkene
‘Jthus was pursued Thermoly51s of lc with DMM requ1red h1gh tempera-

"f;l'ture (88°C) and a longer react1on time than the photoreact1on ‘of . 3c,‘

A

.' .

and the lack of isomerized free alkene rules out a thermally-actlvated

'- #

conversion through [Os(CO)al‘ The photoly51s of lc and DMM gave a

; R i : : (,!» o .‘.A B .

L



'Consequ ntly th1s became the preferred S)nthetic route to. and allowed

the spe roscop1c characterlzat1on of 27 In the hope of improving

. L
I |

v,onvthe 1solat10n of 27. % sto1ch10metr1c photoreaction was carrled

out. Free llgand 1somerlzat10n was not apparent but a number of

, SpeCIeS which could be 1dent1f1ed included a minor amount of 3c. 27

~

‘and a few crystals of 28 The last compound most probably arose

&
from a secondary photoreactlon (or thermal reactlon) as depicted

below (equa,tlon (9)) S | . / o
‘ ‘ - ‘ 3 i Con ' . :

'

Os(CO) (n? —DMM) + Os(CO) -——) Os, (CO) (p. DMM) + co (9)

ot

27 ' e A - 28

HoWever, the prominent observation of this studylis the minor role .

played by an [Os(CO) ] fragment in the 1somer12at1on process
4

, N . ' ' »

III. Photoreactlons of 3c w1th Other Dlsubstltuted Alkenes.A‘

4

To test the capac1ty of the reactlon system.to 1somer1ze olefins
f .
the pﬁotolys1s of 3¢ also was studied w1th d1ethy1 maleate (DEN

»Z—C H (CO CH CH3)2) and c1srst11bene (z-C H Ph ) The react1on with

27272

\ o

' ”DEM (Table XIv, entry v111)\seemed to follow a course 31m11ar to DMM

/

Dlagnostlc of alkene 1somer12at1on ‘was a lowering of the free lxgand

Voo frequenc1es 1n the IR spectra of the reactlon solution. Con-
2 ) .", ) \,“',.

o trary to the DMM reactlon, only two products were observed whose 5 j‘h:. ﬁ‘;E

"1dent1ty was unsure unéal the analogous diethyl fumarate (DEF E— ‘

F N ) . R

) reactlon gave the same species. Thus.,isomerization'“"
) ot *m L S ao e . (B :

-




appeals muic 1aclle Lndan urirl To UMK conversinn such

'\Tthat'no DEM derivatives‘have been prodlced - Perhaps more‘valuable

to the entire scheme of thlngs was the reactlon with c1s~st11bene
Co ' o

N IR spectra of the reactlon solution gave no 1nd1dation of the de51red
| L o

products, but as w1th DMN a copious quantlty of solid material ob- |

] ,

‘tained upon solvent removal ., 'Subllmatibn of . the residue gave a pale.
yellow solld which was 1dent1f1ed as trans stllbene (E-C2 Ph )

Therefore, even though osm1um products did net form, geometrlc 1somer1—

‘zatlon of the orgenic llgand nevertheless occurred

1

0

i%:‘ Conclusxons.
o The observatlon‘of reQarkably faczle cls -+ trans 1somerizatxon
of the olef1n1c 11gand as the focal po1nt of th1s chapter also holds
. relevance to the photofragmentatlon of 053(CO)12" The results re~;yw
ported in Sectlon II C., even though the reactlon of 14 might

. suggest otherwlse, seem to rule aga1nst the 1nvolvement of .either .

[Os(CO) ] or. [Os (CO)8] as 1somer12at10n catalysts This{‘in con-

- A

}Junctlon with the ‘cis-stilbene reactlon, 1mp11cates a reactlve ent1ty
| ‘pr1or to cluster fragmentatdon and suggests that the theme presented‘
>k1n equatlon (8)(Chapter Two) is best abandoned - S
The 1ntermediacy of 053(00)12(n alkene)(llb ) proposed in. Chap—

ter Tuo remains plaus1b1e.~lFragmentation directly ‘to products (path‘a)“

products €«—2— ———-) products

or rE‘rrangement to an alkane bridged'sp.ec’igs’;"(‘l”iib'!)“ ',sfi‘br;=';t6 fra"g- '

R

o .-," E



m-sicuLavn \paLn U wWUULU TEQUITE 1N elther case a reduction in the
- .c-C bond order as the alkene would' span two‘metal centers. This
reduct1on if accompanled by rotation around the newly forming C-C .

31ngle bond can effect 1somer12at1on of the bound ligand, _most .

'
Ny

loglcall , in t e dlnuclear roducts. To account for the cis + trans
y p

a0 conver51on of bul alkene. a rapid reversal of path b JS necessary,

since path a leads to products that do not 1somerxze bulk

.. The lack of' isomerization in the' ruthenium

- 4 B
\system can be seen{as a consequence of weaker Ru—Ru»bonds4 and the
A‘ .

greater propen51ty to support a br;dglng carb%nyl group9C to form lla
- oo

, 4 en

N wh1ch g:)es fragmentatlon to mononuclear products most likely via
path a. However strong OS -C bonds in llb" reasonably ‘assumed from

the stablllty of the resultlng d1nuc1ear products (except for cis~

-

stllbeneﬁ,,ln fact may 1nh1b1t a rap1d reversal. An alternate pathﬂ
. A ' !

‘
way wh1ch coul%vc1rcumvent this troublesome aspect entaxls the photo-,

1nduced homoly51s of an 0s-0Os bond to produce a d1rad1ca1 speoles 21 !

4
Such an intermeéxate, though it could explaln both the 1somerlzat10n

v [

of free'llgand and the mu1t1p1e products from the DMM reactlon, has

A

R tbeen largely dlscounted based .on quantum yleld studies w1th chloroa
: <50, 66 ... .
s . Y

T
AR 'J‘ifleAph‘o't-ofr » tatlon of 3c may place oleflns ahead of chlbro-. - »
N T

;carbons as‘hetter rad1ca1 traps at. least under the present cond1tions.““'

r comparably hlgher quantum y1elds66 and moderately

. “An assessment of thlS dlscrlmlnat1on was not avallable prlor to thlS .

»

work 51nce these are the flrst reported photoreactions of 3c with cis-”‘ .
‘ . . ' A

"u , L

dlsubstltuted oleflns. The 1ntent1on here 1s not to necessarily re- J-;"W\ ,

"v1talize‘the d1rad1cal approach but to emph851ze the need to COnside

fvand accomoaate‘the isomerxzation results in future mechanﬁstic studies.~-¢k

‘e, ! N T
s ' . r IR

RN - e . i ! R N
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» fn " CHAPTER FOUR

PHOTOREACTIONS OF 0s,(C0),, WITH ALKYNES

N
S

I, ‘Introduction.

A dominant feature in the reported chemlstry‘of the M (CO)
omplexes 1nvo]ves thelr thermal react1v1ty towards alkynes (see . A

Chapter One). - In these reactlons, the trxnuclear framework was'’ elther

\

maintalned or expanslon with the formatlon of larger clusters was ob~

\

'

served. Consequently, mono-— and,b1nuclear alkyne'derivatives of the o
iron—triad.metAIS'are rare. Of the blnuclear derivatlves 6ﬁta1ne@
&

from the tr;nuclear clusters, two structural types have been 1denL1faed

(l) 'fly—over compounds (1.e., 9 ) cons1st1n§ of a metallacyclopen~
\ 5
tadlene fragment and a metal-metal donor*acceptor bond, and (2) "perﬁ

pendlcular alkyne br1dged specles wlth the alkyne behavlng as a

: four-electron donor (i e. Fe (CO) (C Bu ) 95). With the»precedent

establlshed by the saturated d1osmacyc1es the less common "perallel"l

bondlng mode for a]kynes ‘was antlcipated from the photoreaction of
Lot ! Tv , ' '

‘Os3(CO)12w1th alkynes

II.. Reaction w1th D1methy1acety1ened1carboxy1ateAIDMAD] Preparatlon

*

and Characterlzatlon of Os. [u"‘—alkyne} and an Unusual Alkyne~

“

dLinked Species. " T e o

. - . . .l ’ kR ‘ . A\. ﬂ*'
‘With ‘the modest success afforded byf"actlvated' alkenes espec1-“
ally the dlsubstltuted DMM and‘DMF (1n terms of product stablllty)

}

c :d1methylacety1ened1carboxylate [DNAD C (QOZCH3)2] was an, obv1ous .?”

‘in1t1§1 alkyne of ch01ce., The photoreactiOn of 3c with DMAD (Table‘f,,

| Ve

ol



. ) o o - e g™ ; .
‘ o : . b - R .‘ T .w‘, . ,““, z «‘ .. t J...
- s T R LT .w:wnhuwummmqwznwvl<mn~.‘”mmwﬁu
. ; e T . T 3
.w:wﬂhuwummﬁmaﬁmﬂmpuweﬂhuvmﬂpl<m2hm ‘aufing- NloLonﬁwmxomlmk:.tuumHaxonumuavwcmﬁmumummuzumﬁﬂvla<zn
’ ) , [ -u‘ - i Pnu>ﬂom w:mﬂcma sz t00. wkw:amosum w:o ) :
 J3pun (8) I(aariearfenl) g pue g¢ jo ‘BanlXTW [:[ ~ Auv mmwwau:msc uocﬂs (?) om zuﬁ: mu:unﬁs Avv 1‘ .
T thuo dads mmm&wﬁuv‘Mwmumwomﬁ\mmwwwucmmﬂ muu:voun ou ., (q) .wmﬁzumzuo vmumum mmwaca w:mncmp va ‘m.w@m
R . . - . ﬁ, R | "L
. SE ‘6 a0 foz ‘G¢ Teer o . €20 cgecCvaa Cox o,
® f0v f0zz ‘8¢ 99l ‘(ez) . g07 . A2 SR 2 (SRS & ST .
3 ‘6 1] ‘6C T ‘g . e o ee - €1 .08 wag ﬁﬂw},fwwu, o
"2 6 T3 6ETfZIOL ‘8 o (1) 05z 20097 0tz evda.
! ~ ~ ~ . o~ o , : . K . S - L
PT6 Pz TOv 6T ‘6€ fri8 "8E . g8 (1) ¢ o5z, | 0S°L  “:0°L0S-  vda AT
"CLT LE 18 Y9E 107 ‘s et et end b gogg By v 4w
oL (vswzm) T (00)s0 020 (0 TSt . €970 1 gele . vowig AT
¢ (a1 800y %so € (. ocz T o' o9togs - lgan B33
: . : : « o : 33und . ] e SRR
] | . ‘n . mm“mﬁvh - 0SL 4 ~_L6IE . ,mm:. | »MM SRR
0 'we fov ee - 9z ‘() osz - - 9T 1 - .o.Sm 41 OO
, (W) I ‘ a S L
S . WLl UOT3IdEaL u:m>~om Amv mcmxﬁm v um i o ““.aw
(8u ‘13qunu punodwod) s1d0pory - ‘sniesedde” - Tw .ﬂ“ - 30 mmmz R “;m:»xam‘ fx
i o I ‘SaULATY YItm mumvmmmoov SO -0 suothdessoloyg jo {1ewwng e
. - ) - < .4.,0« ‘ - . - , - .. “..m,.,‘




;.\

N

™~

for an Os —specxes buL g&ve no 1nd1catﬁon fér the presence of tho,A

]

r L \
PAY

Qs[n ~alkyne] deriva;éve, the other ¢;peﬁted proguct of the‘reactiqn.

The appearance of othef“terminal carbonyl baﬁds.,though, implied that
a mixture of compounds was forméd. Isolation of products frbm the

TN
\ '

‘ s . ‘ ,
crude reaction mixture was tedious,: After several trlturatxon "eycles"

(see Chapter Seven, Section VI.2), folloved by preparatlve TLC, two -

osmium-containing éomplexeg‘werE‘Obtained (TableﬂXIX) in poor

ylelds., One of the compounds was feadily identified.. The IR spectrum‘

—
L

of the pure compound, 1ts mass spectrum whloh exhxbited a parent
- . L

molecular ion at 748 m/e and an elemenLal analysis were all consis~

tent with the formulation,Osé(CU)S[ﬁNA01(33). “Th}ee_?BC carbonyl

resonances in a 2:1:1 ratio revealed that the symme(ry of the mélecuie

®

\was compatible'with the 1,2-diosmacyclobutene type structure (cf. :

Os (CO) {1 C ](16) Table XI1). A fourth signal in this region at

+

%170 5 could be assigned to the carboxylate carbon)l upon’ qompar:son

with the analogous 1,2~ dlruthenaC)clobutene (at 173K, 6(Ru~CO)=

©195.8-181.2, 8(C0, cn )=170.o ppn) 2’ The lone 13c signal at crla.o,f

Y s

\

Q

N

\

,;érystallographic determination appear in Table’XX..

out of necessity and due to its vic1n1ty to -the oleflnxc carbon reglon

' \“ N LS " 1’.
"DMAD. To confirm the diosmacyclobutene nature of 33, an X-ray strg;)

tural analysis was performed. Figure IX shows a perspective view of

.y the'molecule together with the numbering scheme. Features of the

..

AR

coré“fThe‘C(S)-C(S)'_distancé of 1.33(1)A (Table .XXI),is indicative
Albeit in the range of typical single bonds?Z.

~

of & double, bond.’>

\ ‘3{5(£H?) =130.0 ppm for DNH], is assigned to the bridgehead carbons”bf

~

The analysis clearly substantiates the unsaturated diosmacyclic. . ’



Figurg IX‘ Mol cular structure of 052(C0)8[u n ,n -Cz‘(CO CH3 z](33)
(Dr. R c Ban sm./u_of A, 1983)
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Toble XX Summary of Crystallographic Data for 032(c0)8[d~c2(c02cn3)21_

(33) and 0s,(CO)¢ (DMAD), (34). (" -
13 Y
, . .
temperature ‘ e ~—50°C 23°C
formula . ‘ C.H H ~
€ €0y 08, # 3012402205,
formula. weight | C 746.60 1116,91
~crystal dimensjons, mm _ 0.16x0.20x0,13  0.04x0.13x0.24
" crystal system . Monoc1inic . Triclinic
spdce group C2/C o PL
a, A & 13.211 (3) 112.363 (2)
b, A ! 11.333 (5) -7 14.457 (3)
c, A b 11.863 (2) 11.304 (3)
a. deg N 90 93.71 (2)
B . : * Kl v . [ N
g, deg + | 101.26 (2) 115.99 (2)
Cyedeg . C 90 7404 (2)
on. nl{'(‘. . ; . .
volume,-A> ' *Qg&? A | 1741.87 177319
. i éﬁéﬁg S ' ’ N ' v .
AN %%’ R . 4 2 e
) d ‘ N ~3 ) -_rzﬁ-l ) ’ - ) B * '
,, 8 cm ;f.' A . 2.847 ‘ 2,092
o ~1 oA . ; : '
u» €m o e o p146.60 . 72,55
" take-off angle, deg. ‘ 3,05 3.05
detector éperat‘\ir‘e. mm L 2.00 + 0.50 tanB mm horizontal
Y ) AT . ~ . '6.0 mm vertical-
' cryAstail-t'orde‘_técto\r ‘distance, mm _— 205 Lo 205
. i S R o | . ‘ . S ) ,
sc"én__tlypg‘ w=20 © ) w28 g
‘ "scan'r‘ratel.'. deg gni'n_l . - . ]0‘.~1A-"2.1 ‘ 10.1-1.7



‘-/ “ o -
¢ { ~N
: .
Table XX. (continued).’ i
N |
' V] i '
s——n - - L\L v
scan width, deg’ \ 10.76 + 0.35 tan®  0.65 +0.35 tan®
26 limit, deg 55.00 | 60.00
reflections measured unidue o 2005 10307
o 1> 3.00(1)" 1707 N 6514
absorption correction yes ' " \ yes
parameters refined 126 487
aglre\ement factors R 0.029 . 0.030
Rw 0.042 . 0,038
£
|
\
Q .
»>
¢
~—

f7
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At sy . t " “\ K L , -

Table XXI. Relevant Bond Distances (A) for.OSZ(CO)S[urCZ(COZCH3)2](33).

,

»Metal-Netéi ’ . L. Cc-C kbridging)

¢ /
0s-0s' 2.8975(1) . C(5)-C(5)'" 1.33(1)

Metal~C (bridging)

\ ' ‘\

0s-C(5)  2.138(5) ) 5, o -

Metal-C- (carbonyl) - | | " C-0 (carbonyl) o
0s-C(1) 1.919(6) T c(y-o(1y  1-116(7)
0s-C(2) 1.940(6) . C(2)-0(2) 1.132(8)
0s-C(3) = 1.955(6) S c<3)—0(5) 1.131(8)
0s-C(4) 1.976(6) | C(4)-0(4) 1.096(7)

Ll 5
Numbers in parentheses are estimated standard dev1atxons in the
least significant digits. ' -

a

Atoms marked ' are related to the unmarked atoms by the two-fold v
symmetry axis. - ‘ !



- ) - . - : ‘
the'Os—bs'Ldistance‘(2.8975(1);) is longer than found in the satyrated .
pnalogs (2.8788(4);‘1n 28, 2.872(0)2 in %9>- . This expansion, aed‘the
shorte?ing of the Os-C(S) bond length (2. 138(5);) from the "normal"
0s-C(0) distances observed for 28 (average 2. 211(7)A) and 30(average

2. 213(7)A) jointly can be suggested to accomodate the change in hy-
hridization of the bridging!carbon atoms‘from fp3 in the diosmacyclo-
butanes to sp2 in %?. It will,be seen:ih Chapter Five that‘this in-
creased strenéth of the interaction between DMAD and the dinuclear s

\ ' “

framework will allow for‘znterestxng derlvatlve chemistry not avallable

to the saturated analogs.

As expected from the more rigid parallel alkyne bridge, the four-
membered fing in %? is deeidealy,less'puckered than in the saturated
relatites: The torsional‘angle hetween the Os-0s' and C(5)-C(5)"' |
‘«vectors is 8.4° in }} {Table XXII) whereas the cerresponding ahgkgs
:in‘14 28 and 30 vary between 23. O° 18. 5°land 23 Zf Consequentlyb
" the equatorlal carbonyls in 33 are more’ ecllpsed with the average
Os—Os( twist angle reduced to 9°’from 19° in %? and 30. It.is inter-
esting to note\thit in two‘structuréiiy‘similar‘combouh&s: the dik
metallacycle either is essent1ally planar. Pt (CO) (PPh3)2(u nl,nl—
DMAD) , or only slightly dlstorted Fe (CO)8(u ﬂl“ﬂl“C‘F ) (C C and.
.Fe—Fe‘:eetors are skewed by 1.6 ), . The ster1ca11y‘1ess congestea'
entironment of the metalA%nTthe tormer and the arematicity of the Q}'l
bridging o-phenylene urit in the latter canlbe'clted as reasons forgg
" the more symmetrical rlngs “

With regard to the rest of the molecule. the dlSpOSithD of the

o
4 ancillary carbonyl ligands shows little difference from the diosma~



82.

. ) . ’ \ !
X ' - '
Table XXII. 'Relevant‘Bond'Angles and Torsional Angles (deg) for K
/ , ‘ , ‘
! ZOsz(CO)B[u—CZ(COQCH3)2](3}). ‘

Angles at Os ( Angles at C (carbonyl) : 2
0s' —Os=C(1) “ 168.3(2) ° 0s-C(1)-0(1) 179.2(6)
0s'-0s-C(2) 90.1(2) - : ; 0s~C(2)-0(2) , 177.0(5)

© 0s'-0s—-C(3) 96.1(2) 0s-C(3)-0(3) 177.4(5)
0s'-0s-Q(4) 88.1(2) . 0s~C(4)~0(4) 175.5(5)
0s'-0s-C(5) - 68.3(2) ‘ L
C(1)-0s-C(2) 91.3(3) ' ‘ '
C(1)-0s-C(3) 95.5(2) °  Angles at C (bridging) 3
C(1)-0s-C(4) © 89.2 :

C(1)-0s-C(5) 100.1(2) 0s-C(5)-C(5)" o 111.2(2)
C(2)-0s-C(3) 92.5(2) . o Lo
C(2)-0s-C(4) ~ 172.9(2)

C(2)-0s-C(5) . 89.1(2)

C(3)-0s-C(4) 94.6(2)

C(3)-0s-C(5) -  164.3(2) - h

C(4)-0s-C(5) -~  83.8(2) . - .

Torsional Anhles

K N
. Carbonyl ligands .
C(1)-0s-0s'-C(1)" -10.2 '
_C(3)-0s-0s'-C(3)" | . 8.2

Bridging ligand . , ‘s

C(5)-0s-0s'-C(5)" \ 5:2 s
0s-C(5)-C(5)'-0s' 11.3
. 0s'-0s-C(5)-C(5)"' . - ' -8.4

" -
-

Numbers in parentheses are est1mated standard dev1at1ons in the ’

least significant digits. .

Atoms marked ' are rela ted to the unmarked atoms by the two-fold -
"symmetry axis. « :

(N



cyclouutane compounds. Tﬁg“rénge‘bf Os-C (carbonyl) bond distances
‘(1.919(6) - 1.976(6);2 paradlels-those previously reported, Hut re-
veals no particular trends eorreSpOndingfwith tne 10catfon ofvthe
carbonyl groups (;.e.; axialiversus euuatorial).ﬁlﬁqually, those

) v. [} ‘ ‘ \ .v\' » . 0
groups cis to .the bridge are bent toward that moiety to the bame

extent as in 28 and 30 (TabIeQXXII), with the agial"cerbonyl greups

leaning more (11.7°) than'thezequatorial moiet}es (3.5° on the aver-
- - ' ' ! ¢ j "

age). o . \ .
The setond reaction prouuet{presenfe¢ difficulties in.its struc-
tural elucidation. Even thougnxmass spectral and analyt1ca1 data
p01nted to the molecular formulatlon Os (CO) (DMAD) (34), add1t10na1
spectroscopic data were not def1n1t1ve for a specific structural type.
The pattern of terminal carbonyl stretching bands in the IR was 1n~(
dicative of a metal tr;carbonyl fragment;83‘and the appearance of a
band in the low end of the‘carboxylate'carbonyl reéion hinted at a

possible bonding involvement of a CO Me ‘group. Four resonances in

_ the 1H NMR methoxy region (6~ 3. 7), correSpondlng to the sdine number

83.-

L

of methoxy. carbon ; C sxgnals around 652.0, and eleven resonances over--

-

13C NMR range 6198 0 - 59.2 rmplled a complex connect1v1ty of the

organic moieties in 3& In the absence of corroborating evidence,

efforts were directed toward a sol1d state determlnatlon. Fortun-

——
"

ately. *X-ray quality crystals wvere eas11y obtalned from a slowly

’
L

evaporatlng methanol solut1on. The crystallographlc analys1s reveq}ed

that the unit ce11 (?T. Table XX) contained two 1ndependent dimers

o \

each residing on a center of symmetry. The results are depictedgin
'Flgure X; vhich unve;ls‘a unique arrangemeng ofwthe\alkynengroupé;in;
| ) o | v ‘ ° » ‘. . ’

\
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}

‘the centroeymmetric dimeric‘molecdle A comparlson “of bond distances

1 ‘ :
(Tabie XXIII) and angles (Table XXIV) gives two very simllar indepen- . e
1 r ) ‘
{dent molecules ‘ : m

The dimer is ‘best’ descrlbed asAar131ng from the condensation of

'

. B 6
. two osmacyclopentadiene fragments which then form a central cyclo—

Fdl
b

butane ring (Figure XI) The C~C bond dlstances within the carbo- S
. cycle (C(lO)-C(ll) = 1.578(7)A and (:(10)-(:(11)" = 1.592(8)A are
&averaged{values) are somewhat longer than the,"normal” single bond

273

and may be a, factor contribut1ng to the str;ct plan~

?xalue of 1. 54A
arity of\the ring. In conjunctlon wlth thlS planarity, the virtually
identical bond dlstances and closely approx1mate right angles (cQo)y- -,
C(ll) C(lO)". 90. 7(4)° and C(11)-C(10)~C(11)™, 89.3(4) ) very nearly

‘deflnekthe.fourfmemberederlng as a square. ATwo heterocycles also are
feecured in theée mélééhlés. The’difference in the bond lengthe
Os-C(A) (2.10i(i5;,fsp2 carbon) and Qs—C(ll) &?.156(5);. sp3_carbon)
rn~the osmacyciopenbenelmoiety mirrore‘the;change in‘tne Os-C(bridging)

!’distance_from 3? to:%? orrqp. The_C(A)-C(V) distance of 1.350(8); '
is'thet‘of a double bond7?;‘but the value of 1.490(7)2 for C(7)-C(10)
lies becweenna'eingle and a'double‘bond. reflectiné the'unosual linkage

‘of alkineé“ | R

- In order to fulf111 the electron1c requlrements at each osmlum,'
an‘oxygen‘atom of a carboxylate carbonyl from‘the adJacent osmacyclo— "

:pentene ring coord1nates in an. end-on fashlon and forms the second

l‘type of heterocycle.A ‘As a result of coordinatlon, the C(lA)-O(lO)

.

distance lengthens to 1. 244(7)A compared to 1. 189(7)A for the unbound

, I . BTN
‘carbonyl moietles., The 05-0(10)" dlstance is in the range of . reported

———
Y

- o : P 4 . v, . o P
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. T . . . ) . . L )
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W

/&ablg XXIII; Comparison’OY‘Reibvgnt Bond Digtances (A) for the

Indepeﬁdent‘Molegules qf Osz(CO)plCz(CO 3)2]4(34)
‘ A B
Metal~C (earbonyl) : ‘ P : ) ; R
4 0s-C(1) | | 1.981(7) o 1.966(6)
0s-C(2) 1.855(6) , . 1:866(6)
0s-C(3) . 1.944(6) o 1.932(7)
" Metal~C (}ipg) B
o | , , ‘ .
0s-C(4) \ , C O 2.104(5) : 2.098(5)
0s=C(11) C2.15(5) . 2.159(5)
Netal—O (carboxylate) | | | |
. 0s-0(10)" . . ©2.354) . 2.1294)
C-0 (carbonyl ligands) | ,
c(1)-0(1) ‘ o 1. 111(8) ) C T 1.126(7)
C(2)-0(2) - + ° 1.13207) - / ‘ 1.131(7)
v c<3)-0(3) DR ©1.119(8) . /. , -1.133(8)
o o o/ ' ' . "y
C—O (0 bound to Os) ' | ‘ ) . '// -
~ c()-010) . 1.240(3{ 1.248(7)
C~C (ring) : | k) R *;‘ k/ I v
cuy-c(zy .1.?56(8) Y 1.356(8)
_«(7)-cqo) - 1.494(7) e 1.486(7)
' C(10)-C(11) 73(7) - 1.584(7)

C(10)-¢(11)" (596(8) . & ~.1.589(7)

] L]

atoms of the same. name

T



i ‘l{ .

Table XXIV, ‘Comaafison'of:Relevant Bond Ang]és (deé)‘for.the Indepéh~‘ SN
S ' T

‘o
L.

‘dent‘Moleaules of 052(C0)6[C2§CO 3)2]4(34)7

v . . “ "A.
l"'I87‘.v ‘

,".‘ R

'
+

u.n‘"Q L T ' N s
' -t ’ ' ) C.
{ A B'
Anglps at Os e — .
c<1)-ps C(2). o g 94.3(3), | ©95.0(3)

. C(1)-0s-C(3) | Y 93.2(3) = . 91.4(3)
C(1)-0s-C(4) ~ N 174.3(2) | 174.7(3)
C(1)~0s~C(11) * 95.1(2) 7 95,5(3)
C(2)-0s-C(3) ‘ : : 92.3(3) C 0 91.4(3)
C(2)-0s-CL4) S 83.6(2) ' S 83,6(2)

C(2)-0s-C(11) o 95.4(2) 95.7(2)
C(3)-0s-C(4) . . | 92.1(2) . 93.7(3)
C(3)-0s-C(11) L 168.2(2) .o ~169.6(2)
C(4)-0s-C(11) ' S 79.9(2) .. ' 79.7(2)
0(10)"-0s-C(1) - 87.2(2) o 86.8(2)
0(10)"-0s-C(2) = - S 175.3(2) o T 175.6(2)
0(10)"-0s-C(3) : C92.1(2) T 92.6(2)
0(10)"-0s-C(4). | ‘ 94.5(2) - 94.3(2)
‘0(10)"-05—0(11) o .80.1(2) - ' 80,0(2)
Angles an C (carbonyl ligands)
Os—C(l) 0(1) T | v 177.7(6) 177.1¢6) -
-C(2)-0(2) - : © . 177.0¢6). . . 177.3(5)
////"03— Q@)L e © o 178.3(7)
\ ) : " ‘ LY
\
“Angles within ring systems R
0s-C(4)-C(7) 118.5(4) = 118.3(4)

" C(4)-C(7)-C(10), : 117.3(5) -+ 1 118.0(5)

. C(7)-C(10)-C(11)" ) o 112.4(4) 111.3(4)
‘C(7)-C(10)-caan)" : 115.7(5)% 115.6(4)
IC('IO)—C(I‘I\)—C(IO)" S . 90.6(4) . 90.8(4)

0s-C(11)-C(10) - - -~ 109.4(3) . 111.6(3)
0s-C(11)-C(10)" o o 111.1(3) S 109.2(3) -
C(11)-C(10)-C(14) , ‘ CoL - 113.4(5) 113,9(4)

- C(11)"-C(10)-C(14) . - 110.6(4) - - ©111.4(4)

. 0(10)-C(14)~-C(10) Lo 121.4(5) St 120.8(5)

os"—0(10)~0(14) o uele(e) L 117.4(4)

-,

Numbers in parentheses are est1mated standard dev1at1ons in the
least signlflcant d1gits S

_ _‘ The " indicates atoms centrosymmetrlcally related to unpr1med atoms
T of the same name. , -
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only slightly compressed from the expected 120° for an "spz" oxygen

atom (with two lone pairs of electrons). Thus, the IR stretching

’

frequency at 1601 cm~l is confidently assigned to the coordinated .
acyl group. Similar lowefing of stfetching,frequencies has been ob-
served in a series of HOSB(CO)IO((CHR‘)C(O—)OR') complexesl()'3 which.

also contain coordinated acyl oxygen donors. As well, the low field
Jon

1?C,resonance at 6198.0 undoubtedly‘Ks due to C(l4)", especially
sinco‘the rémnining qﬁ;bonyl signals éppaar ca, 6175 as seen fér os~
_mium and‘carboxylntf carbonyls (cf..fablés Xl'and"Xlll).
A facial arrangement of three carbonyl ligands dbmpletes the
. pseudo-vctahedral coordination sphere surtpunding ¢ach osmium. Dis~
tortion of the geometry lies in the dffection of the ring structures,
The angles C(4)-0s-C(11) and C(li)~Os~C(10)" are contracted substan~

'

tially from 90° (79.8(2) and 80.0(2)° respectively) and, as a result,

ﬁﬁthe tricqrbonyl facé-has oﬁened up with dinterligand angles averaging

:93“. The diyersity of*atom types trans to the carbonyl ligands has
a notkpeablg influence on the 0s-C (carbony]) bond lengths. The
shortest distance, 0s-C(2) (1.860(6)2). is located opposite the ;nd—on
bonded estér carbonyl group} The shortness mqs; probably refleéts

‘the increased electron density on the osmium center, now available fot‘
back bonding, as a result of 0 and 7 elec;rpn“donation from the oxy-

gen donor. Bond shortening effects have been seen in an iron complex’

which contains a similarly coordinated est‘er,grouplq4 and in Mn(CO)A—
' ]

-
——



0s-0 distpnce, A

0x, (CO)  (DMAD), (34)

Cpmpound reference
.h OSSC(CQ)14<C(0—)OEt) 2.118(12) : 100
HOsj(éO)lo(C(O~)CH2Ph) , 2.12(;) o am
}Kgiﬁ(IUB(C(0~)C(CHMe—)CHCHCﬁE) 2.138(9) 72
OSB(CO)10(meo(o~)cN20(o-)ono) 2.144(6) 102
10540(C0) |, (C(0=)Otle) 2.17(3) | 100

. 2.132(5) this work

AY



| ‘
Competition for metal back donation to the ﬂ* orbltal on C(A). re—.

inforced by its electron withdraw1ng carboxylafgxsubstitpent. may

argue for the longer Os~carbony1,bond length. -V‘

[
.

For multiple coupling of alkynes on metal centers,'seqUent1517 A

addition to form linear polyenyl subunits'with each end attached 'to

intact metal-metal bonded fragments has ' béen observed (Scheme VIIOO)

Green also has reportedlq7 a’nine*membered unSaturated metallacyc]e:'

which interacts with a second metal center in a "fly-over" fashion.

- It was suggested that the structure could be achieved by "insertion"

’

of a C=C bond from a molybdenacyclopenf&diene into an Mé-C bond of
an adjacent metallacycle f0110ved by reductive elimination and a rlng*

opening reaction (Scheme V11107).

In order .to plausibly describe the
formation of 34, an osmacyclopgntadiene intermediate must be invoked.
If the photoreactioﬂ proceeds as earlier described %or olefins, an
extruded‘[Os(CO)A] should be $cavenged.by free DMAD (Scheme VIII).

The lack of s{mple mononuclear osmium élkyne carboﬁyl compiexes’from
the reaction implies gitﬁer some inherent instability or enhanced
reactivity of such a species, which in this case could lead to further

\

substitution to give A. Coupiing of the alkynes, a well-known pheno-

menon in metal-acetylene chemistry108 %kb, would result in the osma-
cyclopentadiene fragment B. Thif_ﬂg:;sp rdinatively unsaturated

. . )
species can condense with a second unit via a two step process. A

photochemically-allowed [242] cycloaddif’on will éive the central
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Scheme VII. Alkyne linkage at a dimetal center

(adapted from Green, et 81.107).
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Scheme VIII. Proposed formation of 34. §? : '
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cycloaddition Isomeric forms of the dimer are then p0551b1e. A ,

"head ~to-tail" approach of two unsaturated species (Os as the‘"head")‘
would resuit in the structure depicted for %f,( trans" arrangement of -

the - two OS<CO)3 fragments). The second isomet ("cis") arising from a
"heao;to-head" apptoékh was not isolated from the‘osmium_reaction but:

was obtained along with the ﬁtrans:_isomer and structuraily charac~‘ "
tetized.from the analogous ruthenium feaction.llo\'Theiimplications .
~of this‘are unknown preeently, but it»should he nentioned‘that'the |
"cis- Ruz(CO) (DMAD)A" was only a minor product 1h ‘the above reaction.

It 1s nonetheless obvious that the photochemical meqhod foes not

favour the formation‘of mononuclear osmium—DMAD de\rivatives‘.v‘h

III1.  Reactions With Other Alkynes
. i
Even though the marginal ‘success of the DMAD reaction and the"
nropensity of many alkynes to form a variety of osmium Carbpnyl deri~
‘ A Co -

vatives were uncomforting redlities, it waf'important to determine
) 1 - ‘

o : T .
whether the complicated photobehaviour of DMAD was a general pheno—

-.menon for alkynes Thus, a broad range but limited number .of elec-

5 )

tronically different alkynes were enlisted for’ this :i.nvest1gation-—~

1
B

Since the trifluoromethyl group is known to be strongly electron-

!

drawing. hexafluoro—Z -butyne [HFB] was antic1pated to behave in

a fashion similar to DMAD (i.e., toward diosmacycle formation) Ir- -

v

radiation'of %f with HFB (Tapie XIX, ent;ies ii and iii)‘produced -

liwtle change in solution IR spectra over 3§ h. Most of the starting-

Y



"Os (CO) lu*n N C (CF | based on the familiar IR pattern. Fur-

3021
ther characterlzatlon of thls compound was delayed (Chapter Five)

until larger quantities became avalleble from'an alternate synthetic

v
. procedure. o

At the other end of the subétituent sca]e, the reactfon with tns
e]ectron rich alkyne b1s(tr1methylslly1) acetylene [BTNSA C (SlMem

appeared to.proceed somewhat better but.difflculties in isolating

products once again proved frustrating. Follpwlng a' lengthy photolysxs; R

.
"

‘,

(Table XIX, entry iv) a dark]y coloured resxdue was obtafined. A mass
spectrum of the reSJdue was complicated, ‘However, a weak isotope

pattern atﬂﬁ74‘m/e followed by similar ones at intervals of 28 mass

-

‘units hinted at the probable presence of OS(CO)Alng—BTSNA]. the first °

. simple carbonyl-alkyne derivative. of osmium. However, no such species -
. . . ' ’ . . 1

could bé isolated from the reaction. ‘ 'Y; o . -

It was becoming evident that the anticipation of a simple ex- -

[ ’ ' . A ) !
tension of the photoreactivity to includé alkynes may have been pre-
mature. Nevertheless, two other alkynes were‘jnvestigeted. Aéetylene
. 1 “t
[C ] and dlphenylacetylene [DPA] have - enJoyed interesting thermal

reactivity wlth 3¢ in y1e1d1ng a myrnad of products.‘ W1th the hope

of gaining some selectivity, the photoreaction between ‘3c and these

alkynes was carried out. . ) $
. Co ' T

.

Tﬂ% rapid consumptlon of 3c in the presence of C2H2 uitima&ely
resulted in'a mlxture of products (Table XIX. entry v). Sepératton

and identlflcation‘of allltheyproducts was not feas1b1e. Two. of -

—— .



‘{)

1K spectra to the same products attorded prev1ously by the thermal |

» ‘
reactxon 41\ The 1dent1ty of the unique component of the mixture

presented some early difflcultles (see Table XXVI for data) The'IR ‘

spectrum in - the carbon 1 region was conszstent with an Os(CO) (dlene)
: )

F -
83 ¢ .
formulatlon . ‘while a mass spectrum of a pure crystalline sample

: indicated a molecuie‘made up-of a tricarbonyd osmium'fragment bonded

" to an organiC‘ligand'resulting from twonCZHZVmoietiES and molecule

s . . o ) o
of solvent benzene. ' Tpe lH NMR spectrum proved to be thé necessary

diagnostic tool. A multiplet in tHe phenyl negion and five resonances

over the range 65.94-0. 63 integrated as 5:1:1: 1:1:1; The multiplici- f

tles and chemlcal shifts of the f1ve equal 1nten51ty multlplets para~

lleled the lH spectral features reported for OS(CO) (anti 1—methyl~c15ﬂ

1,3~ butadxene) and conflrmed the 1dent1ty of ‘the: present compound

:Kas Os(CO) [p ~ant1 l phenyl cis-l 3- butadlene](37 Fxgure XI1I).

‘ | I : . »’ /

Ry . Ree 37, R_=H,R'=Ph
N/ S~ X o

39, R‘-Rd=R'=Ph Ry=H

- C—C_ -39
: /\ /\ 41, R _=H, R'= tolyl
~ T QOs ‘ -
/

R—C (€0), SRy 42 R, Rd Ph, R :H,

o dFigure XII1. 'The~Os(C0)3[n4—butadiene] complexes. - a

a
| \R' B . ‘Re ' | R' tolyl

a
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.37 39 4] 42
1R 2069 9064 2068 2064
199 11994 11995 1995
| 1987 1983 1986 1984
1H“NNRb o e . c : N/Aj ’ d o
Ph 7.10-6.97 7457615 | ' 7.00-6.22
dieme  5.94 (ddt, W) 2.80 . (2.85, 2.83, 2.80)
5.42 (dddd, H) i ‘ g
2.25 (dd, H_) R
1.96 (ddd,
0.63 (ddd, H,) |
_ other o : (229, 2.23, 2.21)
3¢ ng® e e N/A o 4
'bs—go | N/O “N/O . 'Al Y sl ,
| L 177.5
| | . 176.0
Ph . 142.7 (1) 147.9-125.2 147.9-125.0
128.8 (2) T
125.8 (1)
125.7 (2) b
ldienei ‘ .
“inner 83.5 1 111.8 Uoane o
7901 104.7 T 104.9
~outer ' ‘ 47.5 67.3 T 67.3
| "24.7 5500 S~ 55.1
h 406 (15;) 70.75) WA 724 (170)

N

(a)v.n., pentane, cm ; (b) 30°C, 300 MHz, ppm (c) CD C1,; (4) CDCl
co 2

(e)

-b 'b-d "~ b-e
J =7 13 'Hz, J
c- d-e
pm‘ (h) M

avallable N/0=not observed

J =7. 25 Hz, J '=J

=1.00 Hz, J

(h1ghest abundance isotope). temperature ( C)

L=4.50 Hz 3,
3 50 Hz; (f) methy1 protons. (g) 3o°c 75 469 MHz,

-d 7 75 Hz.

N/A-not
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.ation folloved\by reduct:ve e11m1nat10n and ﬂ coordination of the re-

.sultant phenyl substltuted 1,3- dgene Regrettably, there was o slgn

of the parent diosmacyclobutene Os (CO)B[u C2H2]

The 1n1tial photolysis experiment with DPA (Table X1X, entry vi)
also gave the now common- place collectlon of alkyne derivatxves -How-
ever, the product dlstrlbutlon was domlnated by another type of trn—

' f
carbonyl compound IR -mass spectrometrlc and’ analyt1ca1 tharacter1~

.zations conclu51vely 1dentified thlS spec1es as Os(CO) [n 2 3, A 5-

‘tetraphenyl~2 4~cyclopentad1en 1- one](38) “the ‘missing member: of the

otherwiSe well represented ‘iron triad trlcarbonyl cyclopentadienone :

complexes LEL The ligand ketonic stretchlng frequency shows the

//characteristlc dependence on solvant polarity, lowerlng from 1677 cm -1

_1n‘cyclohexane to 1646 cm -1 in CH C1 solutlon. Of more current' in-

2772
terest and ut111ty has been the recent d1scovery112 of the capac1ty of

-
Ru(CO) (CSPhéo) toigunctlon as a catalytlc precursor in hydrogen trans-—
'fer and dehydrogenatlon reactlons This puts 38 in perspectlve as a

p0551b1e candldate for related comparatlve studies

Preparative chromatography aided in the separatlon of three other’

.products from this reactlon. Immedlately 1dent1flab1e were Os (CO)6

\

(C PhA)(9), also avallable from the thermal reactLeni;.kand a second
)3ln

example of a mononuclear butad1ene complex. Os(CO 1,1 2‘3 4—

'pentaphenyl—c1s—1 3—butadiene](39) A531gnment of the lone olef1n1c

hydrogen to an ant1 p051tion in 39 (Table XXVI, Figure XII) came’ by



two anti protons resonate at a field similar to 39 (2.87 versus 2.80

/ 1

) .
- ppm respec&lvely) while the low fleld signal for the syn proton in
the latter (5. 66 ppm) precludes this configuration in 39 More ex—
0
‘ citing was the 1solation. albelt in very low yield (2 mg), of the third

‘ﬂrepresentatlve of a dlosmacyclobutene complex. Osz(CO) [u-n .n1~C hél

- (AO) Spectral characterlzation114 clearly 1nd1cated this’ formulation,

‘.. and gave hope ‘that perhaps under more favourable condltlons thls com-"
pound can be prepared 1n larger quantltles

"In an effort‘to establish these conditions in the.‘photochemical

.
LI

preparation,ma number of reactions' were performed wvhere certain vari~
ables were altered. - Increaslng the concentratlon of DPA by four tlmes

K?bntry vii, Table XIX) lead to the near exclusive formation of 38.

’

By ut11121ng h1gher 1ntensity irradlatlon (entry v111), a_1:1 mixture

of 38 and 39 was accompanled by a minor amount of the "fly over" com-

'

pound 9 and no dlosmacycle Slnce many of the products clearly arose

'.folloulng Os- CO bond cleavage, it was ant1c1pated that carrylng out

the photoly51s under an atmosphere of CO may quench their formation
The reaction appeared to be inhibited,. as evidenced by the longer ir—
radlatlon time (entry ix, Table XIX) but pers1sted in y1eld1ng 38 as
the‘sole product. As a f}nal attempt to affect product distribution,f

pentane was used as reactlon solvent (entry x) Experiments‘in_our‘

laboratorleslls and the fecent work of'\'lrightonvg2 show that alkene

B

photoreact1ons in hydrocarbons lead to clemistry dlfferent than has -

been ‘observed for benzene. The present effects were marked as.no

N



r

small quantities ended aspirations for a photochemical route to this.. .

)

compound directly from 3c. o
G P
Iv. Conclusidns:—

»

An overview of thewphotoreactivitydof aikynes with 3c reveals
that the expectation of a‘fac}le entry into a series of.l 2—diosma-

cyclobutenes rema1ned largely unfu1f1lled most probably because of

n
0

an over51mplist1c view of the photofrangHtatlon of 3c (eq (8) Ch Two)
Although three examples of such der1vat1ves were Jsolated invariably

vthey accounted for only a very small amount of the avallable startlng

' maten;al. The history of complxcated behavlour for alkynes wgth 3c
‘may have been a 51gnpost for our aftempts w1th photocﬁemlcal actlvation
Other workers have reported s;mllar behavmour Ceoffroy, et al.llé

note that the 1rradiation of H Re (CO)12 in the presence of DPA also

1
N -

‘affords a complex mlxture of products. The differences in product
distribution. stemming from the photochem1cal and the thermal actlvation

of 3c with alkynes are no better exempllfned'than with DPA whereby

) i

38 is almost exclusively produced from the photolytlc route. Hdﬁever,
the ava11ab1lity of some unsaturated dlosmacyCIes only 1n low yields

clearly 1nd1cates that alternate synthet1c pathways must be sought

[ -
N

“for these: derxvatives. -Attempts to uncover these routes ‘will be pre-

R

sented in Chapter Five. : ' ‘ _ C



Introd ion.

»

1.

The d1ff1cu1t1es encountered in previous Chapters to extend ‘the

3
- '\ ‘.y_

-~ rasn ana

'
N

A A asLs . . o 4

Ay

photochemlcal synthe51s to a variety of substituted dlosmacyclobutanes

AY

and dlosmacyclobutenes led to a. search for an alternate preparative

)

route.

Upon reconsideration of the unsutcessful photoreactlons, the

‘lack of dxnuclear products’ may . be the resuit of the labxlxty and/or

react;vlty ‘of the putatnve diosmacycles

that exchange reactions’ between easily available 1 2~ diosmacycﬁobutanes

and suxtable organic substrates may prov;de an attract1ve synthesisq“

" Hence, it was postulated

W ’

P

of these moleculeb (equatlon (10))’ The poSsibility that the initfal

\
A

. /“"\';‘.;
\j‘v‘f ,'?
. N F ’ 'O'
> 44 o

“
. " v

" step represents a heretofore rare eiamp]e'of‘a'dinuclear.reductive

o [

elihihatidn reaction117

actions

has %een shown to be symmetry forbzdden.

also added incentgve for attemptxng these re—

Even though a concerted thermal reductive elimxnation reaction
118

' -

the" energy barrier for the

v

process is lowered subStantlally when the lcaving groups are first beq&

L 2

‘ tovgid egeﬁ)other.‘ In this respect the 1, 2 diosmacyclobutanes seem

»>jwe11 suitedl.
1027

- Y
ot N

in addifi on, Eince prolonged photolys:s of some 1 2—diosma—,

Y
b



In‘this Chapter the thermal exchange reactions of Os (CO) [u-MA)
(14) and Osz(CO) [u- C2H41(16) wath alkenes and alkynee will be presep-
ﬁedl The phosphxne substltutxon chemistry of a series of dlosmacycleq

+ was investigated also to give an indication of the strength of the
bridg;ng lig;nd;osmium interaction,
IIT Alkype‘Fgghange Reactions.

A. .JReactiens with DMAD, C,H, and DPA. - ' )

» r
. ”{

Tq test the validity of the thermal exchange reaction with alkynes
ﬂ')b
D‘MD yas the first alkyne tried sirice the diosmacyclobutene derivative

Al '
iﬁéﬁﬁﬂ%d via photolysls Since 14 was available in useful quanti-~

i3
‘th in pure form. it was used as the source of "Osz(CO)S". The

{ ion (equation (11)) was convenlently monitored by IR spectroscop)

‘ 80°C

."Q) (“ MA) . DMAD%OSZ(CO)O(F‘DMAD) + MA (ll).

»"‘\_-' : '& o . ‘ "‘ . 33
we R “ ~

‘ v f
| Al

(Figi?e XIII) The reaction proceeded with the decrease in intensity

34‘\‘ B —

of.vcgﬁﬂ'r 14 and the appearance of those for 33. The improved isolate

i I
) Nea ~
yield pf*33 (47&) over that obtained from the photochemical method af-

forded usable quantities of the compound. The exchange reaction was

Flso carrned out with tbe parent complex 16 .which resulted in a dras-
\
txcully reduced yield of 33 (13%) Some difficulties 1n,isolating

-

d .

"
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However, the initial excitement quickly abated. The
reaction with acetylgne in toluene gave a yellow oily rgsidue, from
thch the isolatioA éf individual components was very difficult and
no pure produc£ was obtained. . However, IR spectroscopy dig allow the
identification of Osz(CO)é(CI‘H[‘)({S)41 and what could be the third
example of a butadiene complex, Os(CO)3[naﬁgg£1~l~tolyl~cis—1,3~buta—
diene](QJ, Figure XII, Table XXVI). Regrettably, no parent diosma-
cyclobutenei(Osé(CO)SIp—CZHZJ) was observed. Similarly, the exchangé
reactioq with DPA produced a.mixture. In thi§ case, 052(C0)8[u~DPA]
(Q?) was obtained only in marginally better yields ﬁhaﬁ from the photo-
chemical‘reiftion. Accompanying 40 were thé increasingiy apparent
’thermodynamlc sink of osmium carbgg;i ~'DPA chemistry, Os (C0)6(C d)
(2)3], and another butadiene derivative, Os(CO)B[n —gﬂgijl*tolyl-l,Z,B—
A~§lgftétraphenyl~cis—l 3~butadiene](b2) Although all three aromati-
cal]y-substltuted isomers (ortho, meta and para) of 42 were seen in the
1H NMR spectrum (Table XXVI) there appeared to be a non-random dis-
.tribution amongst them. The~smgll'chemical shift differences in the
methyl gnq olefinic proton resonances forbade éSsignment and an ac-
curate detefmination of the ratio of products. }nterestingly, no cyclo-

pentadienone complex 38 was observed, which might indicate that it de-

rives more directly from the starting cluster rather than shbsequenf

reaction products.



very‘low yield, via the photolysis of QS, the thermal exchange reaction
between 14 and 16 and HFB was necessarily attempted in spite of the . “Gq
blimited successes ofAtﬁe previoué C2H2 and DPA reactions. In this °
case as well, multiple produgts were obtained. The reaction
of {ﬁ did allow easier jsolatgbﬁ and as such is detailed below.

The complexity of the attempted exchange reaciion is, depicted in

equatioﬁ (12). Compounds 3c, lc and 13 were. undesirable side product s

Os)(CO gl u-MA) T8> 04, (CO),(3c) + Os(CO4(1e) + Os(CONMANII)
14 ‘
a .+ 01,(CO)y(1a-HFB) (43) + Os(COL(HFB)(MA) (44) . (12)

+ O3 (CO),(HFBL{MA) (45) + Os(CO),(HFBLMA] (46)

[
) -

and were only identified. The anticipated dinuclear HFB-bridged species '

43 could be separated, but its isolated yield was irreproducible over ~

several reaction attempts, ranging from nearly zero to a maximum of 20%.
Nevertheless, the compound could be characterized by spectroscopic and

' analytjcal techniques (Chapter SeVEn,'Section VII. 2(e)). Tﬁg familiar
IR terminal carbonyl band,pa;tern, parent i;;tope pattern at 768 m/e’

in the mass‘spectrum. and eleméétal analysis confirmed the dinucleaf.
. . .
fr;hework for'ﬁ?. thrsas a 2:1:1 ratio of carbonyl lBC?Nﬂx resonances

mirrors that observed for the DMAD analog 33, the bridgehead and tri-

fluoromethyl carbon signals could not be observed in an overnight run

ra



the trifludromethyl "'F resonance at 6-59.3 ppm is in goOd agreement

T :with those values for the trans and cis isomers of the above rhodium

compounJ (6 55.09 and -55. 12 ppm, respectively)

' \
The nature of the remaining three compounds was somewhat more

difficult to deduce. The initial problems began with identical massL

- spectra obtained for two of the compounds (44 and 45) which pOinted

to the general formulation OS(CO) (HFB) (MA) While the IR spectrum
of isomer 45 showed a Yo band pattern typical for a simple‘tricarbbnyl

fragment®> (2117 (s), 2062 (s), 2048 (s); v co. 1753 (m) em 1), com-

2 .

pound 44 exhibited an IR spectrum closely resembling that. observed far
~ H . ; |

the alkyne-linked complex 34, including a weak band in the Veo ‘region

: "2
at 1624 cm ! (¢f. 1601 cm 1 for 34). Clearly, the IR features of the

isomeric species indicated different structural tjpes. However, the
unavailability to date of quality X-ray crystals meant that discrimin-

ation of the isomers must come from the battery of spectroscopic ‘analy-

ses. ' | "
B W 19 - . N .
H and F NMR spectroscopy were helpful in diagnosing the nature

of .the MA and HFB moieties in 44. The multiplicity of three broad

. € . N . .
. olefinic protoh resonances in the 1H spectrum for 44 (Table XXVII),

~

although somewhat reminiscent of the dinucléar MA denivative 14, im-

plied additional coupling, especially since lowering the temperature

’

did nothing to improve their resolution. This was borne out in the

19F spectrum for 46 (Figure XIV) which showed couplings much smaller

19

than the homonuclear F interactions. Rec1proca1 selective H{ )

19?[ H} NMR experiments perfo;med on aa allowed for the identi—

'
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. CF (C)

'_ Still, there was no clear indication of "the bonding mode of this‘moiety

to a tricarbonyl osmium fragment. ¢

\

P

An overnlght C spectrum of 44 provlded the f1na1 telling evi~
dence (Table XXVII) The 1ow f1e1d resonance'at 6195'0 is very close

to the valde obtalned for the. end—on bound carboxylate carbonyl carbon

“atom of 34 (5§198.0) .and’ corroborates wlth the low frequency VCO band

to suggest a 31m1lar bonding mode.1n 44. Although the. four quartets

a

ca. 125 ppm and three h1gher f1e1d 51ngle peaks correspond nicely to -
CF3 and MA groups respect1ve1y. none of the’ rema1n1ng very weak signals
,could be assigned w1th confldence to the cyclohexadlene olef1n1c carbon

btoms. «However, if the relative upfleld shlft of FB and FD thh

/ \ N

respect to FA and FC is an effect of the expected upf1e1d coordination

shift of the attached olefinlc carbons, then the double bond between ;

‘ the F_~ and FD substltuted carbon atoms is respon51b1e for completlng

B

Co the electronic requirements of osmlum.‘ What should be the more obv1ous

-dlene bonding mode for the cyclohexadiene 11gand is, negated by the

I3
h

. N . P oo B A . . o,
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 Assigned couﬁlihg ofkolgfinic‘hydrbgené T
‘nuciéué(multipligity) | " coupled to ,L | ‘ o
Hy (0 SN Hgo glc
HB (ddqq) ' o | HA’ HC' FB’ FD
: HC (dd) . g 'HA. HB ‘ ' o

Assigned Eéupling of trifluoromeﬁhxi flborines

f‘nucieus (multiplicity)‘  L cbuplgn to
RO © Fw T M
‘ .FC: -(Q)A . '” . , FA"
Fp (ad) e - Fg. Hy
‘chéme‘lxr Hbmd— énd”ﬁetéronuclear 1H*and 19F couplings for éﬁ,



‘carboxylate carbonyl oxygen_atom in.an axial site to conform to

.

Hoffmann’s site'preference arguments.86‘ The reasons for this are un-
certain, but the strongly electron—withdrawing CF3 groups may . alter
the electron denSity of the diene fragment to the p01nt where bonding

through this entity is less favourable than the - olefin —oxygen mode.

In‘contrast to‘44 th H'NMR spectrum of 45 (Table XXVII) was

, conSistent with a simple L bound MA, as was found for OS(CO) [n rNA]

(13) However the corresponding ‘room" temperature 19F spectrum was

.

deceptive with the appearance of a septet well removed to: low field

' of a quartet, each integrating'as one against a very broad anduseem~

LA

ingly complicated higher field multiplet of intensity two. A variable

vtemperature 19F study was 1nd1cated to resolye the unusual NNR features‘

(Figure XVI) At 55°C, the resonances were distinguishable as a low

field septet (F ) and a group of three multiplets consisting of a quar-

tet (F ). a septet (FC) and a quartet (F ) at 7 ppm to higher field

As ‘the probe temperature dropped F began a migration across FC

fregeperate the ambient_temperature spectrum.then continued toward the

Qwhich also

‘2other quartet FB with the concomitant broadening of both Signals.‘ The

‘original quartets appeared to coalesce at -AO°C to one very broad reso-

4 s ‘ '
- !

! [
nance while the septets remained sharp and experienced some minor

/.

fluctuations~in their chemical shifts. The coalesced resonance con—

o \
tinued‘to broa en until it disappeared 1nto the baseline at -90°C

ted 1n broadening of the septets. Further cooling to

[

.ithe limits of the spectrometer saw the emergence of three pairs of

! resonances which at -125°C resolved as two sets of three triplets each

—

N



L

. “Figure XV. Proposed structure for 44,
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age 127 Hz for resolved signals) closely corresponds to values associated

) .
with, 2J interactions120 and to the only other reported homonuclear

F-F’
gemlnal coupllngs for CF3 groups in (CH3)2(CF ) PSCH3 (or OCH ) 121

*

In the present case, restricted rotatlon of the CF (B) and CFB(D) groups

should give rise to thlS rarely observed phenomenon, but at this point

affords no stereochem1ca1 1n£ormat10n -

In order ‘to fully assign ‘a structure to 45, the Be NMR‘spectrum

had to be obtained., The carbonylxresonances show no unusual chemical
: Shlft behavlour (Table XXVII), however the three hlghest fleld signgls :
““are noticeably broader (6171 1, Av =5.5 qz, 6169 o 168 4, Bv}=10 Hz)
than the fourth resonance- (6173 3, AVéﬂB Hz) leading to 1ts assignment

. f ‘

as the carboxylate carbonyl carbon SJgnal Three‘quartets at ca,. 125

. ppm in a roughly '2:1:1 ratio (cf ambient tehperaturéilgF“Figure XV,

‘ ‘Table XXVII) along with weak multiplets &t 91 ppm and somewhat hlgher '

L

inten51ty,mult1plets at 58 ppm clearlyvlnd1cated that selectlve 13 {19

F)

' NMR experiments should be performed. THowever the élbse proximity of

the F c’ and FD resonances (F;gure XVI) dxd not allow for a completely

B’.

'satlsfactory decoupllng The results of thlS study and what appears to

be: theé\ most cons1stent asslgnment ‘of the cis-diene lznkage of two HFB

' unlts—are g;ven in Scheme”X‘ The broad signal at 126 .9 ppm in the'de—'

S

' coupllng of. FC is probably due to. part1a1 decoupling of the close F
'resonance, whereas in the FD decoup11ng. the 1mne at 91 9 ppm is weaker'

than at 57 9 ppm and probably arises from the closeness of FC and its

partial découpling To accomodate these features along with an intact
\ \ . .

2—MA 11gand and a tricarbonyl osmlum frangnt..two plauslble structures

’

VRN

il
i\
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C (lgF} experimental results

decoupled nucleus

- B

(g L

é
B rffﬁl 3C assi g‘nmlen t

ri o

fluorine atoms

Y

-t

CP3

121.85

sl

126.9
121.5

126.9

\

resonances giving wsingle lines (ppm)
. 'l
* 1

121.85, 91.0
126.9, 58.4

126.9(br), 121.5, 91.9,

58.4, 57.9

126.9, 121.5, 91.9, 57.9

associated with (ppm)

diene éarbon

[

91.0
58.4
~
" , 91.9
. & -
‘ 57.9

Assignment of trifluoromethyl and diene carbon resonances

»

Afrom 13C{l‘(_)F} experiments fér 45 at 45°C.



an axial position (4>b) and local Uj  symmetry of the osmium-carbonyl
unit. ‘Structure 4§b cou]dmalso account for the low field shift of FA
as a }esult of deshielding by the carboxylate moiety pointed in that
direction. As well, the restricted rotation of both outer trifluo:gé
‘metﬁyl §Qbstituents could more easily‘be a§cribed to a stereochemic;l
intergctién with the axial MA ligand, which in Aza might only;affectv
.'Lhe proximal rotating group (FB). As a defense of 45b, the anticipated
drain of electfon‘densiti from the metal, in the equatorial plane by

the CA(CF3)4 unit would pot allow for sufficient’p—buck—donatioﬁ to an
q1kene in order to stabilize the bonding interaction. ‘Evidence that
tgis phenomenon occurs comes from the substantially higher carbonyl
stretching frequencies in‘QP otler Qf. With great confidence, then, Aéb
can be postulated as the more plausible isomer. .

’ In‘rétrospect.—the seemingly unusual nature of compounds ﬁ? and

Q? may not be that unusual after all. Both in the photochehical and
thermal reactions of %F" C2H2»and DPA‘cénsistently have shown the capa-
city to couple at fhe metal,center and in somé‘cases'EP subsequently
react further with solvent to form the OS(CO)B(butadiene) complexes.
Under the‘presént reaction conditions. an MA moiety is maintained in
the coordinéiié; sphere as HFB substitutioa.ensues. Coupling'of two
HFB moieties gives rise to 45 whiéh, following inserfion of tﬁe olefinic
double bond into an osmium-carbon bbnd of the osmacyclope;tadiene and

reductive elimination, could give the substituted cyclohexadiene ligand

, .
as found in 44. A postulated third 'derivative of this type was isolated

-
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Proposed possible structures for 45,

Figure XVII.
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VA M URALYYLLARED ), (TNIA) (40 ). However, as all three compounds tere

obtained in low yields, investigation of their formation or, perhapé

mer'appropriately, their interconversion was negated.

11I. ‘Alkene Exéhange Reactions. . .

Having established that“thermallyviﬁduced fragmenta(jon of iﬁ and
16 was feasible it was of interest to examine its utility téward the
formation of satu}ated dioémacfcles as well.

The reaction of 14 with dlmethyl maleate [DMM] also required moder~
ate temperature (6A°C) and resulted in a satlsfactorlly clean conversion
to 052(C0)8[u=DNM](28) with a 65% isolated yield. A byproduct of the
reaction was the mononuclear MA* compound {?. ~I'nterestingly, no isomeri-
zation of bulk free alkene was observed. This supports the previou;

arguments presented in Chéptér Three that the dinutlear coﬁplexes ahd
. ' \ . .
the generated [Osz(CO)B] species have a marginal influence on the al-

" kene isomerization. It is pertinent to mention heré that Professor

1

Norton has\commuﬁicatéd to us fhat the parent 16 loses olefins in a
o | . =
sﬁereospecigac and reversible fashion under thermal activation théreby,
confirming iﬁ\the present context the concerted nature of the dinuclear
Vo \ ' ‘ -~
reductive eli;ination fromtl.Z-diosmacycles.

3

To further\teét the generality of the thermél\ekchange reaction,

malelc anhydridé\[MAH] was . chosen. mainly due to its nonreactivity in

\ :
the photochemical\exper1ments with 3c (Chapter Two) Indeed{ in accord

\‘ . .l.l .. | o ’



ocserved for hard donor moleculesl(i.e,;‘THF). Cénseqqently. this also
ledJus to 1nvestlgate'the posslble'forﬁatlon“of the mbﬁonhclear deriva—"
tive. ‘BenzenelsOIutions of Os(CO)AIHZ_CZBA](l§) were feedily evailable
(see‘éhapter Seven;“Section IV‘.2(b)) and easily adapted for this type‘
of reactivity study. Succgssful preparation of the complex Os(CO)A[n —-
.‘NAH](AS) was indicated by spectroscopxc characterizations (see Tables |
IV, v, XII and XIlI) ccn51stent with a tetracarbonyl‘formulatlon and
comparlson'to ;he reported cuthenium enalog 55 Remlnlscent ot the
photoreaction of Os(CO) with DMM (equatlon (9)), a small ampunt of

"dinuclear 47 contaminated the isolated sample

Iv.: Phosphlne Substltution Reactions.

>

In-an effort to gaUge the rela}ive stability cf the dlnuclear com—
plexes toward'fraghentation versus COvsubstitution. reactions between
the dinuclear derlvatives of MA (14) DMF (30) and DMAD (33) and \tri-
phenylphosphlne ‘were examined. ‘

Dlsappolntlngly, 14 fragments to the mononuclear phos‘%ine com-

plexes 0s(CO) (PPh ) (b9) and Os(CO)A(PPh )(50) and free MA was ob-
served by IR spectroscopy (vCO 1732 cm 1). In a similarmmanner. but
at a much highef temperatureu(103‘versus 62°C for.lé) dianlear 30

collapsed with the add1t1ona1 formatlon of Os(CO) [ﬂ —DMF](29) These
results are consistent with the thermally 1nduced reductzve ellmination

' A
of alkenes in favour of. 0s-CO bond cleavage. In line with the known

thermal instability of 052(C0)9 , the,postulated Osz(COf (PPh ) .



A plausible sScenario is shown in Scheme XI.'
Osz(CO‘)a‘(p-olke’no) * PﬁPh3

Os (CO) (,.& olkene)(PPh ) + CO
| pPh,

05 (CO),(PPhy) «—— Os(CO), (7% olkene)
- R . : ‘ p ‘ e ‘
os(co)3(,,?-on.ne }(PPh,) 777,30 > 05 (CO)(PPh,),

. - " . s P ; '
Scheme XI.. Proposed fragmentation of?OsZ[u—alkene] induced by'PPh3.
{

In the reaction of 14, path a would be the faVoured_route, whereas
the appearance of 29 suggests thet both *pathways are operable for 30.

The stability of 33 under the metathesis'conditions gave some

‘hope that here derlvatlve chemistry could be obtained. The reaction

between 33 and PPh3 gave .one main product (51) in good yleld ‘The IR .

spectrum of 51 was relatxvely 51mple iVCO 2083 (w),. 2036 (w) 1995 (vs),

1961 (sh), 1692 (w) cm ) but its mass. spectrum showed isotope

\
"Co

2- \
patterns character1st1c of a d1nuclear complex. Close examination of

v o ’
the mass spectrum resulted 1n the identlflcation of a weak parent iso-

R

tope envelope at 1216 m?e followed by losses of six carbonyl unlts

Although" complete purlflcatlon .of the compound proved impossible as



BT AR e

. ~ '; ‘ ‘ ‘ ‘ N !
multipletS'in“the ‘ C NMR spectrum at 6188 3 and 172 7 ppm - u1t1mate1y

Aled to the proposed 1somer1c forms for 51 depicted belowz: - s

0. O (o) 0 -

P P
oC - 03— 40 co P‘h:"P-——Os——“-;Os-—PPh
Phsp(l Ph | _ I s | )
E C C | - C c

.0 0 . 0 0

- Sles R o Sib

“

“Chooslng betweea Structures SIa and Slb is d1ff1cu1t. The multlplet

~ -~

feature’ of the 3C resonance for the brldgehead carbon at 6120 O ppm
(6114 0 for 33) may. be better accomodated by the trans 3 P—brldgehead
‘ carbon interaction. However, the large steric 1nterference 1nherent

‘ with two adjacent PPh3 m01eties in thls structure may favour 51b LA

~

.szmllar compound came from the preparatlon of the PPhZMe analog 52 L

~

Mhlch exh1b1ted a v1rtua11y 1dent1ca1 13C NMR spectrum in tjz)carbon&l and

bridging cargon regions. As a result of the stronger Os-C( brldge-

head carbon) interaction,»33 has been allowed a der1vative chem1stry

i

L not ava11ab1e‘to the saturated d1osmacyc1es.



_‘38 with excess PPh3 at 103°C gave no apparent reaction after several
days. Phosphlne substltutlon could ‘be induced photochemlcally (Pyrex
f11tered llght), though, and afforded the isolatxon of the major product

OS(CO) (PPh )[n -2,3,4,5- tetraphenyl 2 & cyclopentadlen 1—one](53)

»

V. Conclu51ons.
I ' M ‘ . N . ‘ : : ‘\ . 3 - L
The thermal react1v1ty of the saturated diosmacycle;l& wlth al- .
kynes had some encouraglng results in allowang a llmited exten31on

of the avallable dlosmacyclobutenes. Clearly, though alkynes can

ot

further react as evidenced by the large number of coupledgproducts.

,Therefore, there is a real need for a more reactive "052' transfer
reagent. The propylene derivative 18 was considered in thls respect
but a hlgh degree of 1nstab111ty precludednlts potent1a1 utility.
Nore recent results in our laboratory115 have shown that the parent

'd1osmacycle 16 is prov1ng to be a more suztable candxdate, although

reactlons with DPA and HFB are st111 problematlc

st
‘.

*



1. “Introductioh.

Although the photochemlcal synthetlc route has led to a number
lof saturated diosmacycles,‘three examples of alkyne brldged species
could be obtalned only in low ylelds (Chapter Four) Equally, the f:
mononuclear alkyne;tetr;carbonyl derrﬁatives of osmium had escaped
‘preparatxon under‘s1m1lar reactlon condltions.' Thls last result”is{p
perhaps not surprlslng in v1ew of the pauclty of slmple nz—alkyne .
compleres of ‘the 1ron triad tran51tion metal carbonyls.123 However,
an 1nd1cation of the first example of an Os(CO) [n -alkyne] complex_
from the photoreact1on of 3c w1th bls(trlmethy151lyl)acetylene [BTNSA]
1 was presented in Chapter Four and suggested that, under suitable con— ‘
‘dltlons, such mononuclear alkyne complexes may be acce551b1e In |
jth1s Chapter.vthe preparatxon of the osmium and’ analogous ruthenlum
’derxvatlve will be presented Qlth the prev1ously known iron com—‘
pound 123d ‘a detalled comparison of the 1ron trlaﬁ compounds was
carr1ed out alsot “‘ S

1. The M[q -B'l‘MSA] Complexes. .

'<g.l Synthes1s and Characterlzation of M(CO) [n -Me381C251Me ].

) . ! .
gﬁ initlal photoreaction between 3c and BTMSA under the T

normal Immer51on Well conditions resulted in 11tt1e overall reac-

tion. even after long irradlation perlods (Chapter Four) N1th a
i

higher intensity light source (see Chapter Seven Section VIII 2)

1

'1the reaction of 3c with BTMSA went to completion after 8h to, afford a

. v
N . ol s,

N v B 5 . B
vt R j

&,l', . - k



v.3|~vp|2 - wALEI . WIVIOA. bohzolh. ‘ rde ) \J‘S‘\-\‘J""’)-“DJM)A) ",.",

3¢ b 40°C,8h - . 54

-
! ‘ ' .
Elemental analy51s and spectroscoplc characterlzatlon (v1de 1nfra) o

5conf1rmed the formulat1on as 54, the first 51mple mononuclear carbonyl”‘

lalkyne,complex‘of osmium. O

Attempts to prepare -the analogous ruthenlum compound under simllar
‘jcondltions met wlth fallure Photolysls of RUB(CO) 2(3b) and excess

jBTNSA in benzene resulted only in ’kec1p1tatlon of the orange-red
65,124 '

1nsolub1e, polymerlc form of ruthenium carbonyl however, ap~

-pllcatlon of the metal pentacarbonyl route prev1ously use& to prepare:

“the related 1ron complexI?B? proved to be hlghly satlsfactory ~.Photo-~
N \

lysis of Aﬂ_§££2 prepared Ru(CO)S ; and excess BTMSA at —AO 'C gave,

‘after 2h quant1tat1ve conver51on (by IR monltorlng) to 55 (equation :

(14)) Removal of the volatlles at —25 C left behlnd pure 55 as a

o Collam), RT
R ‘CO)vz penmnatus?o 23, R"(CO)

o

DI . | -40°C, 2k |
'IRg('CO‘)s‘ ; * ~_excess BTMSA ‘pentone,_)“>370n% Ru(CO) (1; BTMSA)

55

"§e116Q‘SOIid.{whgch,isgstable;ohly'beiow f20°C. QAfméss specg;umiof 55“

i v N ‘L ~
i Lo
LHR A . i



scopiC‘data on 54 and 55 (Table XXVIII). Although solutlon IR of 54

s‘

can be obtained wzthout any undue precautlon, 55 like ‘many other .

,Ru(CO)A[n —olefln] complexes.55 is. lablle in solutlon Solution
samples for IR analysis of 55 were stabillzed by the. add1t10n of a

small amount of free BTMSA. otherwlse back reactlon to 3b occurred

‘Jv

rapidlY‘ Nevertheless, the pOSlthn and 1nten51ty dlstrlbutlon of the
four terminal carbonyl stretchlng bands (v O) are fully consistent

wlth.the alkyne llgand occupyln& an equator1al position of a tri-
. ‘

gonal'bipyramidal structure Also weak absorpt1ons in’ the 1800-1900

cm_ ‘regxon can be' attrlbuted to the carbon—carbon stretch1ng modes

!

,(vcc) of the complexed alkyne The low temperature 13C NNR spectra
‘show two equally 1ntense sxgnals -one each for the equxvalent axial
and equatorlal carbonyl llgands of eq—M(CO)aln —BTNSA] of C2 symmetry..

'B. Molecular Structure of 54 J“

SR N e | ,
ln order to substantiate‘the.molecular geometry of the nzsalkyne

‘ compounds as suggested by the Spectroscoplc data, an X-ray structure

o analysis of 56 was carr;ed out. Fzgure XVIII Shows a: perspect1ve view oo

3

“of the molecule w1th the atom number1ng scheme.. A summary of crystal—

‘ lographlc parameters appears 1n Table XXIX, while relevant ‘bond dls-
' "; ' : , :
tances and angles are collected in Tables XXX and XXXI. respectively
. u‘ . /' :

Y
The v1ew clearly shows the trigonal b1pyram1d§§ arrangement of

the l1gands around osmium. yith theealkyne carbon atoms ly1ng in the

vpne (torsional angles C(l)-Os—C(S)—C(ﬁ) -178 9°. and
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- crystal-to-dete

b,

‘scah'type

.agreement factors

formula

. L)
'formula weight
crystal dimensions, mm.

crystal, system, space group

3o

a,

>0

3> 0
<< :

<,

volume,. A7

Z

d, g cmﬁ3

~1 ‘

'y, cm

take~off angle, deg
detector aperature, mm,
ctor” distance, mm

AN ’

scan rade;vdeg:mingl

~scan width,"deg

20 limit, deg.
refléctions meqsdred :

ébédfption correction

' parameters refined

o)

-

C12M180451,0s -

' 472.64

b

©0.25 x 0.37 X 0.32
Othorhombic.\P2i212l
13391 (3)
13,871 (3)
9.875 (3)
1835 "‘ o
L
' 70092
3.0
é.AO hoffiontal,:é.b yer{icall‘
fzos | o
w—28 ;‘ ‘
| 1Q;in—*2f6‘
70.70 4 0.35 tand
| | 'ss.o_
2408 unique, 2073 with 153.00(1)
Cyes L
e 172

. K, 0.038; R , 0.052
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o

Metal-C (carbonyl)
" 0s-c(1)

0s-C(2)

Metal~C (alkyné?

; 0s-C(5)

C~C (alkyne)

C(5)-C(6),

C-0 (carbonyl)
C(1)~-0(1)
C(2)-0(2)

sic
S1(1)-C(5)
'$1(1)-C(7)
51(1)—C(s)

.S1(1)-C(9)

!

1.88(1) 0s-C(3)
1.91(1) 0s-C(4) -
2.278(9) 0s-€(6)

,28(1)
1y C(3)-0(3) -
1.12¢1)  C(4)-0(4)

‘ ¥ . .
1.820(9) . . Si(2)-C(6)
1.85(1) '$1(2)~C(10)
1.87(1) . S1(2)-c(11)
1.

87(1) Si(2)-C(12)

]

j =

94(1)

.92(1)

AN
L240(9) ™

.17(1)

.16(1)

.851(9)
.86(1)
.85(1)

.85(1)

Numbers in parentheses are
least significant-digits..

i
{
v

-

estimated standard deviations in‘ﬁhe



Angles at Os

C(1)-0s-C(2)

- C(1)=0s-C(3)

C(1)~0s-C(4)
(2)-0s-C(3)
C(2)~Os—C(4;
C(3)-0s-C(4
-+ C(5)-0s-C(6)

Angles at C (carbonyl)

0s-C(1)-0(1)
0s-Ct2)~0(2)

Angles at C (alkyne)’

0s~C(5)-C(6)
0s-C(5)~S1(1)

108.

92
93

172
32

177.
178,

71

128.

6(4)

1(5)
90,
.0(5)
92.

9(5)
1(4)

.9(4)
,9(3)

.9(6)

1(5)

C(1)-0s-C(5)
C(1)-0s-C(6)
C(2)-0s-C(5)
C(2)-0s-C(6)
C(3)-0s-C(5)
C(3)-0s-C(6)

. C(4)-0s-C(5)
C(4)~-0s-C(6)

0s~C(3)-0(3)

~ 0s-C(4)-0(4)

0s~C(6)-C(5)
0s-C(6)-Si(2)

108

140.
143.
110.5
.9(4)
88.
85.
85.

87

178.
178.

75.
.5(5)

13}

2006)

9(4)
3(8)

(4)
0(5)

1(3)
6(4)

2(6)

LS

Numbers in parentheses are est1mated standard devlations in the
least slgnlfxcant digits. .



characterized M(CO)*[nz—alkyne] fragment encountered'in Fe (CO)‘(th &
PCECtBu).]27 The average OS-CO(axial) (1. 93(1)A) and Os—CO(equatorlal)
(l 90(1)A)ibond distances are marginally different. The sHorter 0s—CO

(equatorial) bonde indicate that the BTMSA ligand is a poorer fi—acid

than the CO group and allows for greater back bonding to the carbonyl

i . ‘
- moieties from osmium in the equatorial plane than toward the axial

carbonyls. Similar differentes between é*ial and equa;orial carbonyl
groups have been observed in the nreviously menfioned iron complex
(1.832(3) and 1. 807(9)A) and in eq OS(CO) (SbPh ) (1.946(6) and
1. 918(7);) 128 ' ‘

The strength of the metdl-alkyne %nteraction can be assessed with
the aid of structural pafameters i.e., CC bond dlstance, the back~~
bending angle of the alkyne substltuents. and the metal-C(alkyne) bond )

length.129 In 54, the C(S)—C(6) bond length 1s 1. 28(1)A which lies

midway between the accepted values for'C—C double and‘triple bonds. 73

This dlstance and the back-bending angles of the S1Me3 m01eties are

127

compared to values obtained for Fez(CO) (Ph p=C Bu) and é‘numberk
[ .

of zero valent trigonal nickel triad alkyne complexe5130 in Table XXXII.

.

" The somewhat smaller.angles in 54, fﬁien tOgether with the length of

. the C—C bond indicate slzght changes in the relative importance of ‘the

_retrodative OS—alﬁyne interaction in 54 compared to the nickel—group

’

transition metal complexes.



\ angle,dég

(tBuNEC)zNi(PhCECPh)

(Ph,P), Pt (F4CCECCF,)

(PhP),Pt(C~C_H, )

‘ L
(PhBP)éPt(RhCECPh)
: - i -
Fe,(C0)g(Ph,PC2C"Bu)

(OC)AOS(MeBSiC%CSiNeB)

.28(2)
.255(9)
.294(17)

.32(9)“'j

.275(7)

-—

31(1)

39.9(5)
39, 43
40

-

28(1)  20.0(8) 27.0(8)

\

e

this work

!

a) Taken in part from reference 130. b) Dickson, R.S.: Ibers, J.A.
J. Organomet. Chem. 1972, 36, 191. c) reference 130. d) Glanville,
J.0.; Stewart, J.M.; Orim, S.0. J. Organomet. Chem. 1967, 7, P9.

e) reference 127.
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of the SiMe3 gfouns. As it-is, the Os—CQ(eqhétorial) bowg-axis lies |,

along the favorable Me-Si-Me angle bisector. g

A‘direct;comparisbn of thé‘Os-C(alkyne) distances 1in ﬁf with
6£ﬁer slmple‘05[n2-alkynej ff;;nencs ls not possible‘ HerVer;‘as
expected these bond lengths (Os C(S) 2 278(9)A and Os- C(6),

C 2. 240(9)A) are longer than those observed in alkyne-bridged polg—’

1

~ nuclear der1vat1ves For 1nstance. in OSZ(CO)B[u—n n -DMAD](33)

the two Os C(alkyne) o- ~bonds are 2 138(5)A Wheneas, in 033(C0) 0
(C .131 the bridging alkyne unit displaysytwo Os-C chonds‘of
2.182(8)'and 2.070(9); and‘cwo og;c n—interactlcns of 2{188(8) and
2.293(9);. Consistent Q}th the stronger‘osmlunialkyne interactlon. ”
in these nridged‘specieé, chc'é—C‘bondblengths,,l.33(l) and 1.539(10);
resnectivély; nre longen‘tnhn inléf. | |

A fipal point\offinterest of the present structure is the dis-

‘»tinct;‘lf not sevcrc, bénding‘of the éxial cnrbonyllgrOups towardslthg
equatonial alkyne moiet§ A clear view. of thlS is prov1ded in Flgurei
Xlx.‘ The C(3) Os-C(4) angle is 172.,9(4)°. Interest1ngly, a similar
type oﬁ distortion, with a. virtually 1dent1cal canting angle of 173. 5(2)
has been obser(ed also in the Fe—[n -alkyne] complex, FeZ(CO) (Ph PCs

ct Bu). IZ?W Since the latter compound presents a different type of alkyne

ligand and crystal environment to the iron center. packing forces can

be dismlssed and it 1s be11eved’that electrbnic'factors are at the

-
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M(CO) [nzralkene]‘complékeslthe CO '¥M—CO angle is very tlose to
180° and  often the axial CO groups bend slightly aray from the equa-

torial olefin.132

_Focussing on the Os(CO ) [n —alkyne] fragment Scheme XII
shows the orbitals of interest, The ch01ce of axis system and or—
bital designations follow the development by‘Hoffmann.86 Only thef

| combination which results in positive overlap between‘metal d '(bl)"
CO (n* ) and acetylene my orbitals’is shown in A, Since the‘equatorial
CO groups also compete, via back—bondiné, for the electron density in
the - metal d orbital the axial carbonyl llgands move slightly toward
the alkyne nlrorbital to compensate for this competition. It‘is recog—
nized that in the. present context with both metal d__iand_alkyne n‘
orbitals;being full, the antibgpding combination between,these two .

;'orbitals uill also.contain'an electron pair. Hoﬁever, movement of .
arial co groups‘toward the equatorial'alkyne may result'in a ;rehy-"

: bridiiation"'of d ‘as shown in B, }which should reduce the two electron
repu151on between d and - A&%hough symmetry con51derations allov |
for p0551b1e overlap between metal d and alkyne "1 orbitals ‘this is .
thought to be of minor importance and not readily adapted to account
for the kind of axial carbonyl groups ﬂﬁ%ement seen in these molecules.

; Q“ of course. the importance of the second full MO of alkynes (n‘)

in electron.defiCient mononuclear‘complexes 1s.well recognized and;the
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 0Os (CO)IO(C 2) " and related compounds.L?é‘ It appears from the . _
present‘observation‘andlanalysis‘ that under appropriatetcircumstances
eve“gelectron prec1se compounds may 1nvolve the . MO of the coordlnated

alkyne. It would be of interest to establlsh both experlmentally and
. . B
theoret1cally how the nature of the alkyne and of the tran31t10n metal

effects ‘the magnitude of thls 1nvolvement

C. ‘Varlable Temperature 13C NMR Behavzour.

13,

'ﬁ%he‘variable‘temperature C NﬂR spectra of the nz-alkyne com=

[ e

pounds are shown in Figure XX. As expected from the well known be- | ;'

havxour of the related M(CO)A[W —olef:n] complexes.lB; the tetracarbonyl—

—~——

‘alkyne complexes are fluxlqpal as well. At the low temperature llmrgh

,conslstent w1th the sol1d state structure of 54, each spectrum ex— o

‘ -

hlbits two sxgnals of equal 1ntensity in the carbonyl reglon The '

5

51mplicity of the spectra and the observatlon that in M(CO) [n -olefln]

','complexes ax1a1 carbonyl groups may‘resonate both at h:lghe“55 »79, l35a

‘ﬂgnd at’ lower85 135c fi elds than the equator1a1 carbonyl m01et1es, pre- -
<
: cludes unambiguous 8851gnment of the resonances of compounds 54 56
As the temperature is ra1sed the resonances broaden coalesce and W .

o

‘emerge as’ single sharp s1gnals at the expected averaged p051t1ons. The
high temperature lim1ting, sharp 51ng1et could not be’ observed for the

fruthenium derivative due to its 1nstab111ty in solution much above =-50° C.

The observed liné shape changes are temperature reversible and indepen—

.

. t ' ' \

i '
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Flgure XX.: 100 6 MHz 13C varlable temperature NMR spectra for
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negated by the 51mplicity of the coalescence pattern an attract1ve T

possiblllty is the coupled alkyne rotatlon - Berry pseudorotat10n>

]

"(Scheme XII1) whlch is operationally 1dent1cal to the, well establlshed

- although not exclus:lve,85 135¢ coupled olef1n rotation—carbonyl ex— |
‘»change process in the related M(CO) [n —olefln] compleres 55 79 135a b_\‘
" Free energies of activation have been calculated (Table XXXII1I). .DIS— ‘
cussion of the observed tre is deferred to the next section. '

n

IIl.‘ Triad ComparisOn of M(CO [nZ-MejSiczsiMeB] Compounds and Nature

of, the M—jnz—alkyhe] Inte}action." L .
\ : = ‘ ‘

t i

'The bpnding,;Structure and'reactivity of transition metal com-

plexes are under the 1nfluence of numerous and often subtly 1nter-~

A‘l
-

dependent factggs. To gauge the h1erarchy of lmportance of these fac~

'

tors is very d1ff1cult However tr1ad comparxSon of homologous series.

'of compounds 1s well recognlzed to be extremely valuable in thls regard
U‘The observatlon of meUal dependent trends 1n propertles often clarlfles d

bondlng 1deas and may serve as. a gulde for structure and: react1v1ty pre— S

d1ctions.“- . C

In this section ve wlsh to compare the avallable data on . compounds

-

‘54 56 especially as they pertaln to the maJor point of 1nterest ‘the

Al ~

M- [ﬂ —alkyne] 1nteract10n.‘ The relevant spectroacoplc and energetlc

data are compared in Table XXXIII.
,AS usuaI,]?9 metal—alkyne m 1nteract10n lowers the C C stretching

I3

'd
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represented by the metallacyclopropene formulation. This conclusion
is further reinforced by the Os-C(alkyne) distances‘whichv vide supra,
~are 51gn1f1cant1y longer than 1n the correspondlng dlosmacyclobutene
compound 33. The coordlnatlon shift increases in the order F8<RU<<OS‘

139 140

and reflects a concomltant reduct1on in C C bond order

Another measure of this bond order reductlon is. the chemlcal shift

\

of the coordlnated alkyne carbon atoms Deshleldlng of the alkyne

carbons upon, coordxnatxon to'a metal has been attributed to an increase

i

in the oleflnlc character of the‘alkyne as’ 1ts T-bond order is reduceo

i

Indeed TempletonlAz has establlshed ‘an empirical relatlonshlp between

’ 13,

the number of electrons donated by the alkyne and its "7C chemical

CoA

L - shifts. Although the ‘progressnely lower fzeld shxtts of the alky‘ne

o —

-earbons (8 C k) from Fe to Os (Table XXVIII) parallels the varxati?n

in A(V C) (and 1nd10ates reduced C~C bond order down the triad), |

sngn and magnltude of the Coordlnatlon shift requlres some further

comments Reference to Table XXXI1I réveals that contrary to previous

cases with normal, carbon substituted alkynes the c00rdination shift o

in the ﬂ ~a1Kyhé complepes is pos;tlve (1 e., complexed BTNSA resonates

~

\h

"141

"at hmgher f1e1d than the free 1lgand) Thls anomaly can be traced not -

"y

1 to a suddenly dlfferent metal—alkyne bond1ng in these compounds but to

the 1nfluence of the S1Me molety on the carbon chemlcal shift in free‘.

'BTNSA The chemlcaf shift of the alkyne carbon 1n free BTMSA is at‘*

13; some 35 ppm to lower f1eld than in related carbon sub-

[
\

:6113 O ppm,

‘ o “ ‘v‘: - ‘\



13/ y144

bond and the SiMe3 moicty, giving rise to reduced m-bond order

in free BTMSA. The situation, of course, is very diffetent in com-

plexes SA 56 whexe the bending back of the SiNL3 moieties from the C=C.

bond (Figures XVIII and XIX) greatly reduces this type of interaction.

As a result the chemical shift of the alkyne carbons of "free" BTMSA

but in a geometry as seen.in Sé should arguably resonate at a field
signlficantly/hlgher than 113 ppm. Regretably, the magnitude of this

red:cted chemlcal shift is not eas11y available and therefg;e dis-

cussion concerning the absolute magnltude of the observed 13C coordina-

" tion shifts in compounds 54-56 would be futile. Neyertheless; we be-

' -

lieye that neglect of this "correction term" is indeed the reason for

the sign reversal of AS end consequently for the trend of decreasing

,
)

coordinatlon shift down the triad in the aIkyne'comgpunHE(i.e.. smaller

positive A8, after "correction" would translate into a larger negative
- - “

—
8

46).

| Finally. we‘vish to consider the ttend in the free energies. of
actlvation AGT for carbonyl group scrambliné.in these molecules.
Although the energetics of the related process in M(CO) [n -olefln]

(M = Fe, Ru, Os) compounds are pot simgly dependent on a single vari-

able, 86,145 the available experimental data supports the view that the

trends in activation energies are maxnly controlled by the n—component

"of the metal-olefin bond 135 The same rationale is expected to hold

for the present compounds. The trend of increasing AGT 14 order . .
, ", ‘ . A

,FefRu<OS mirrors the changes gbserved in the analogous n2°01efin com-



, metals is descended. It is noteworthy that the increase injback bénd;
ing from Fe to Ru is apparently more than offset by a’concomitantlde~
crease in n(alkyne) to metal d orbital donor interactign sinée the
ruthenium compound is'much ieés stable than its iron analog. The.
stabilit} sequence iSlOS(§§) > Fe(ﬁp) >> Ru(i?). Iitis worth empha-
sizing that the importance of the 0 compernt of the metél*alkyne"”
‘bonding interaction became clear only wheh the stability of the com~
plexesana the variation in barriers for the coupled alkyne rotation-
carbonyl scrambling prpcess were scrutinized togethef. The‘suécéggfui
idenGiﬁication of the individual components ®f the megal—alkyne bond
resides in 1ﬁe fac} thét“the trend in ACf is uniquely modulated by the
T-component of this bond. fhe coordination sﬁifts, A(véé) and,A(éCalk)'
indicate variations in C2C bond order and therefore reflect composite

changes in forward donation apd back acceptance from the alkyne moiety.

To further probe the relative importance of these two factors on the

3

coordinétgon shifts, the variations in A(GCalk) vs. ACT-and A(vCC) Vs,
AC+.wqre investigated. Figure XXI nicely shows the inverse felatioh
between AC+ anduAd and AVCC which is duerto the apﬁarent anoma]y‘in As, .
vide.supra. It also es;ablishes that, despite the non~unifo;m éhanges . ‘
ibétween Fe/Ru énd Ru/Os:"there is a gopd linearlrelationship between
these properties ag the metal is chaﬁgéa; Cleariy this‘implies that,

as long as the assumption about the dependence of AG.r on metal-alkyne

T component ié valid, at least in this class of compounds n-back bbnding'

N ! - '

dlso dominates changes affecting vee and écalk'-
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the lesser etabiiit; of Q?icdmpared‘to 56. Similar}y, Ru(CO)alnz—
olefin] compounds are iess stable than their.iron enalogs.SS DiST
cohtinuity in stability at the second row transition metal is not con-
‘fined to the Fe triad but appears to be a generel phenomenon for metal
n~c9mp1exes. For ihstance.‘Maitlie et ei.{37 found that in the serie§
of complexes, (PhSP)zM(nz—CF C CF3) the stabiiity decreased in the
erder Pt>Ni>Pd.  Moreover, for this class of elkyne—transftion metal
derlvatlves the variation in A(VCC) Pt>Ni>Pd. reflects eractly the
stab111ty sequence and 1mplies that with these hxghly basic’ d10 M(PPh3)2'
fragments metal d to m*(alkyne) back-bonding dominates the metal-alkyne

interacttons. This is clearly not the ease’with:M(CO)A[nz—BTNSAj.comfh
pounds. Here, d:e,to the presence of the eleetrenbaeceptor M(CO)A metal
'carhzhxl.fragment and the electron rich bis(trimethylsiiyl) acetylene,
both 0 and = component of the metal-alkyne ‘interaction ahpear to piay
an important role in determining;the overall thermodynemic,Stability
of the bond, | 7f/
Iv. ConciueionSQ

“The availability now of the first simple Os(CO)A[nz—alkyne]‘deriva-
tive should ,provide enough incentive to seek out other examples. This
would be most important in view of the strhctural features whlch sug— ‘

gest the part1c1pat10n of the second set of T orbltals on the alkyne

in the overall bondlng picture. By alterlng the’ electronic character

of the alkyne, it would be of interest to meter ‘the extent of this

participation. Initial efforts to this end are presently underway in



over the BTMSA derivatiies. As well, a reasonable yleld of the cor-

'respbnding ruthehacyclobutené complex has been obtained in a fashion
sagilar.to‘equation (9), and may imply a rich derivative chemistry

—

heretofore unknown for ruthenium.

L4



I. " General Techniques . | C

0

Solvents were dried by refluxlng and dlstllling from the approp—
" riate drying agents (Table XXX1V). When necessary. they were further.
freed of oxygen by repeated freeze pump- thaw cycles or purged with
purified n1trogen or argon. Pentane and hexanes were preconditioned
before drying by flrstly wash1ng with HZSOA until no colour appeared
in the acid layer, then washlng with water to remove re51dual acid,

”

" and flnally drying over NaZSOA' Deuterated solvents were dried over

molecular sieves.‘ . -
Glassware was treated w;th KOH- Ethanol solution and dried at
120 C. All reactions were performed u51ng standard Sehlenk tech—
niques under pur1f1ed inert atmospheres Nxtrogen and argon were
passed through a heated column (100° C) containing BASF Cu-based
Icatalyst (R3- 11) to remove oxygen and a column of Mallinkrodt Aqua-
sorb (PZOS on inert base) to remove. water
Chromatographic separations were'carried out . either on pre-
parative TLC plates (EN Reagents. Slllca Gel 60 F-254, 20x20x0 2 cm)
or on a Chromatotron (Harrison Research preparatlve; centrxfugally
accelerated. radlal thln-layer chromatography, Silica Gel PF-254 |
.yith CaSOA‘éHzO,‘OD 21.87cm,‘ID 6.8 cm, 2 mm thickness.‘argon.atmos—

‘phere).‘ | T . A

II. Photochemical Technlques.

Photochemical experlments vere performed with the following

apparatus. k ; ) T S . e ﬁ'),

(1) Pyrex Immersion Welllapparatus [Figure XXII] using cold

anmo—
: ¢
- A}

150 .



- Table XXXIV. Drying AgentS»fof Solvents.

Pentane | » " | CaH2
Hexanes o ‘ - Jbeassium metaii’{
| Heptane.,¥ ‘ : | CaHz
Benzene \ 4‘ Potassium metél
"Toluene T So?iuh metal'A
THF .-, ‘ : Potassium metai/benzobhenone

. vcuzclz . ' | P50




o 6orso0 .\ iiam
 14/20— L TTT

A T coolant, B - gas 1n1et, C - serum stopper

Filter

Glass

, a— 34 cm, b— 21 cm"c- 6. S cm. d 5 cm; e-2, 2 cm; f— 0 5 cm."

g— 0 6 cm. h- 1 cm

: -'Figuré.XXIi.LImmefc;on;Qellcabpérétpsc_ L
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‘.the sample solution held in a Schlenk tube p051t10ned adJacent to the

'length) or CaF (O 1 mm path length) plates. 'H, C

‘(Classwerk Werthelm) glass (2) Immer51on Well only [Flg&&f XXII,‘rlght], wlth

Well ‘ This could be used (a) wlth or (b) w1thout the GWV filter sleeve

for external photoly51s, (3) Or1el S500W; Varlable Power Focused Beam

Sﬂlgh,Eressure Mercury Lamp used for external photolysxs ‘Samples wereﬁ

1

held 1n Schlenk tubes, which were surrounded by a GWV filter sleeve,,

at a dlstance of approxlmately 10 cm from the focusxng lens

- III.. ngsical Measurements

Reactlons were mon1tored by IR with the a1d of a Nlcolet MX-1

A

. Fourler Transform Interferometer over the range 2200—1600 cm 1.

-

‘Solution samples were held between either KBr (0.1 mm or O 5 mm path

1.7 -
1 13‘19 31P

F; .and

:jNMR spectra were obtalned on- e1ther a Bruker WP-ZOO or a WP-400

Fourxer Transform Spectrometer Routlne lH and overnlght 1 C spectra

were collected on-a Bruker AM-300 FT Spectrometer Varlable tempera-v

ture NMR experlments were carried out on the Bruker WP—&OO e1ther in

t‘vacuum—sealed medlum-walled sanple. tubes or th1n—walled sample tubes

with the plastlc caps wrapped in Paraf11m Solvent resonances (vs TMS)
13

' were used as 1nternal standards for 1H and C NMR spectra. H3POA and

31 19

CFCl3 were. used as calculated externdL,standards for. uP‘and F NMR

o

spectra reSpectively. S B .
Mass spectra were recorded on an’ AEI ‘MS- 12 Mass Spectrometer

operating at 70 eV Solld samples were inJected d1rect1y into the

source at: temperatures Just. suff;cient ta obtam data. ‘ Parent molecu-‘”

"18T ions were identifled by the h1ghest abundance 1sotopes of Ru(102), _,.9”‘”“



analyses were performed in the Mlcroanalytical Laboratory -of this De-‘

'partment and at the Analytxsche Laboratorien. Cummersbach West Cermany

Complete X- ray sol1d state structure determ;:at1ons for compounds
14 28 33 34 and 54 were. carr1ed out by Dr. R.G. Ball qr the Struc-
‘ture Determlnatlon Laboratory of this Department ' For compound 30 Dr
Ball collected the dlffractlon data, and structure solutlon was per;
formed by-thls author under the guidance of Professor Martin Cow1e ‘of
thls Department All data was collected on an Enraf Nonlus CAD4 le—‘

fractometer u51ng MoKo radlatlon (A = 0 71073 A) and an 1nc1dent beam

graph1te crystal monochromator Other pertlnent crystallographlc in-

'

——

formatlon w111 appear together wlth the approprlate structures “

IV. Reagents and Reactions, Chapter Two.

1. ‘Reagents. S o
.O‘s‘3(CO.)'2 (3C)’was prepared,by the literature'method 7 The £0110w—'7

- ing alkenes were used as recelved ethylene [C ](Llnde Un;on Carblde

Canada), propylene {C ](Matheson of Canada), methyl acrylate [MA]
"ethyl acrylate [EA](Eastman Kodak), acryllc ac1d [AA] methyl vinyl
'ketone [MVK](Aldrlch Chem1cal Company), malelc anhydrlde [MAH](BDH
Chemlcals Ltd ), c1s—cyclooctene [COE](Matheson. Coleman,‘Bell), tetra-7‘
'fluoroethylene [TFE](PCR) r@erfluoro-Z butene [OFB](Plerce~Chem1cal
Company) -penten 2-one [3P20](Aldrich) vas dlstllled prior to use. . -

2. Photoreactlons of Os (CO) (%E) with alkenes;"

&

(d) General:' Method.

‘l'Photoapparatus‘(l)fuaspchargedrwith'approximately SOO,mg,(D.éovmmol)



.

. ‘@Lﬂ' 1

isolatzon procedures. BN ‘

til a clear solution was obtained and IR bands for 3c (v ‘2070 (vs),
2034 (s) 2015 (m) 2000 (m) cm ) had disappea:ed - The solutlon was
flltered through a med1um-por051ty glass. fr1t 1f necessary,\and the B
solvent and excess alkene were removed on a Rotavapor RllO (trapp

‘at —78 C) or in' vacuo (35°—40°C/0 1 mm Hg) Treatment of the. crude'
reactlon m1xture varied w1th the alkene. In a typlcal experlment w1th

methyl acrylate [MA]V the crude product was extracted with 10 mL por—

‘tions of hot .pentane untxl no further solxds d1ssolved The comblned

extracts (50 60 mL) were flltered through a glass frlt and concenr‘

‘&_ﬁ&ed in ‘volume untll crystals formed (ca 15 mL) The pentane solur
L

ﬂtlon was cooled to *15°C which preclpltated pale yellow crystals of
Os (CO) [u*n N CH CH(COZCH3)] (14) A further crop of crystals
could be obtaxned by reduc1ng the supernatant volume and recooling to

-15°C (average total ylelds 180 + 26 mg, 48%) The other Os— conta1n~'

ing product Os(CO) [n —CH CH(COZCH3)] (13) could be 1solated from the

‘mother llquor after all of 14 had prec1p1tated (average y1eld 1§Q.mg,~'r

i

”65%)

The same reactlon could be/carrled out 1n a 200 mL Schlenk tube

w(S 0 x 15 0 cm) 1n 120 mL of benzene using photoapparatus (3). Com— ,

ound 14 was obtalned in . ’a maximum yield of 69% followlng 1dent1cal

a ! ‘ \‘ )
Results from photoreact1ons between 3c and osher alkenes are re—'

ported in Table III Cb of the carbonyl 11gands and alkenes for the o

lobtained products appear,in Table IV | Analytical and mass spectral

‘,'data (where avazlable) appear in Table V 1H NMR data for compoundsv:

- , IR
; ) { L . 4 - ; . ) .
N . * ' .o ' Nt . v v .



silica gel beforg concentrating and cooling. L S
o (c) C/ K ‘ . ‘ R ‘ ,_‘e,.

Sy

yooee
PRV AV AT

e ¥ s uwala aul e mononucxear and d1nuclear

,g\v,

‘ compounds gre, given in Tables XTI and XIII respectively

R >
rVarrﬁfions in the 1solat10n procedure are reported below
g wdt -

(b) CZHA

[

* The formed Os(CO) [n ~C ] (15) is volatlle and was removed along

w1th the’ benzene The resultlng solutlon was used in subsequent re-
actions [see Sectlon VII 2(1)] Pentane extracts of the orange resi-

1

due were comblned and filtered thrbugh a‘snort pad (1.0 x 2.0 cm) of

Os(CO) [n -CH CH(CH&)] (17) also is volatlle and was obtained as

a benzene solutlon Small quantltles of impure Osz(CO)S[u—q ,nl Cﬂzq

CH(CH )] (18) could be obtalned but appeared to decompdse to 3c. even

under a propylene atmosphere ' L L I R e

(d) COE. v
S ,
o Os(CO) [n —cxs cyclooctene] (]9) was character;zed by IR in the

pentane extracts as’ the only 1dent1flab1e reactlon product Extended
recrystalllzatlon attempts resulted in the apparent decomp051tion of
19. . ' - o -

() EA. » B

Follow;ng the. 1solat10n procedure in (a), crystalllne Os QFO)B

[U*ﬂl n -CH CH(CO CHngB)] (21) was obtained However, Os(CO) [n -

CH CH(COZCH2CH3)] (20)“£ou1d not be isglated’ due to apparent decom—

*
”

p051t1on to an unldentlfxable solld material..

S

t



A

f

'
,‘,_')?. N

AWO / mL pentane exrractions lett behind &08.5 mg of a highly in-

soluble white solid, which displayed very broad‘vco‘and vas'not-iden—:

tified. The cooled yellow pentane solution afforded a mlxture of “sol~-

ids. Fractxonal«crystalllzatlon and preparatlve TLC (CH2C1 eluent)

were not successful in separat;ng the, mlxture but the two compounds
. .

could be ident1f1ed spectroscoplcally.

() MVK .

4-'

A brown 1nvolat11e 11qu1d rema:ned after solvent removal Coollng .

ﬂ, the 11qu1d to ~15°C gave 11. 0 mg (0. 0163 mmol, 3%) of yellow crysta1~ .

1line Os (c0)8[u~n T ntecy ,CH(C(0)CH,) ] (25) Further attempts. to iso-

_late pure qompounds (distillation of theVliquid,Jextraction/fractioﬂal

crystallxzat1on, preparatlve TLC) falled

() 3P20. ; ‘ : |
. ' RN -

Several 10 mL hexanes extrattxons of the orange oil: followlng

"

so}vent removal gave only Os(CO) [n —CH(CH ) CH(C(O)CH )] (26) in sﬂall

quantitles Attempted puriflcatzon (fractlonal crystallxzation. chroma~

tography) resulted in decomp031t10n of 26 to 39)/’A L,

(;) TFE. ’

N

. No net reactlon occurred -over ‘a. 12h- 1rrad1at10n perlod

(J) OFB

Compound qt was recovered~efter'20h‘of photolysis‘using-photb-
apparatus (2a). = o “’§J  ; ‘ -
o ‘ . ‘ L ' Cy

(k) MAH,

a1

No products were forméd and 3c ‘was recovered. B
' ' . . ' v “ N ’ A : , “L. L
, . . i s " ' ’ ' b .

“ ~ -




CH2CH(C02CH3)] (lf).

X ray quallty crystals of 14 wvere obtalned from a cooled ( 15 C)

pentane solut1on. Table VI glves a summary of crystal data and - features

'
5

of the data collectlon and structure reflnemenL
B 1
; The two Os atom p051tions were. located u51ng the dlrect methods
program MULTAN 147 . The rema;nlng non—hydrogen‘atoms were located by, :
. W i . .
the usual comblnaclon‘of least-squares refineminc and difference

" Fourier synthesis. Refinement of atomic parameters was carried out .

'using full-matrix leastrsquares techniques on- Fo minimizing'the'fgnc7

z

tion ’

L ( [Fol - Ee| )?

whnre IFoI and [Fclarethe observed and calculated structure factor

anplltudes respectively, and the welghtlng factor w is glven by -

a e (o @t

»Atomlc scattermng factors were calculated from ‘the analytical

0

"

' : ‘ ' 148
-expressxon for the’ scatterlng factor curves.‘. . The f and f com* oo
A .

v Y
|-

- 149 o =
ponents of. anomalous dgspersxon were included in the calculations;
, . " S
for all non—hyqrogen ‘atoms. )
" Five of‘the six H atoms ‘were revealed‘in the fina}l difference
‘ - o .

‘ ‘.FOurier cycles. These were 1nc1uded at their observed posxtions while

the slxth (a methyl H) was subsequently flxed.. ISOtropic thermal K

o 2,‘ ‘. .
parameters for the H atoms were, flxed at 1.5 A el

The anxsotroplc thermal parameters of O(lO)lreflned to impossible

"values dur1ng ‘the f1nal refxnement and so was assigned an isotropic
‘ thermal parameter.-

}Aflist 6f¥pasitional.and‘thermal’parameters Qithwtheir‘eSG's.isfl
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Dimethyl fumarate [DMF], a gift‘%rom the MPI fur Strahlenchemie,
West Germany, was sublimed before use.‘ Dieth&l fumarate .[DEF] (Baker
Chemical Co.), dimethyl maleate [DMN](Eastman’Kodak), diethyl maleate
[DEM] and cis=stilbene (Aldrich Chemical Company) were used without
fﬁrther purification. - OS(CO)S({F).VAS prepared by the method of

8 1

Pomeroy.8 ‘ Oéz(CO)S[u—nl.n —CHZCH(COZCH3)] (14) was synthesized as

described in Section IV. 2(a).

2. Photocheﬂical Reactions of 3c with DMM.
) , ~

A

These reactidgé were catried.out as déscribed in Section IV. 2(a)
in an attempt to prepare the analogous‘complexes Os(CO) [n Z C2 2°
_‘ (COZCHB)Z] (27) and 0s,(CO)gu- nt ot ~2-C,H, (C0,CH,), ] (28). However,
during the reactions a shlft to higher frequency of the carboxylate
Veo of the f?ee alkene was seen. This pFOVed te- be 1nd1catiYe of the
isomerization of DMM to DMFL |
) Fbllowing each reaction (see Table XIV for reaction coﬁditioﬁs).
the excess DMF wés'igfléted by one ;f_the following proceaures:v (a)
Sélvent was removed ot.h Rotavapor R1]10 (trapped at ~78°C) until some
DMF sebarated from solution. " The solution was decahted and the solid
residqe washed with 10 mL of benzene;:which was added to the pre-
viously removeq supernatant. The solution was returned to the Rota- -
vapor and the cycle was repeated seyetal timés to a.final tolume df
. 10 mL; Afterwthe final decéhting,‘the benzene.solvent was removed..

the residue was dried in vacuo angd loaded into a‘sublimator énd the -

>
‘ *
A ————



X

_ . S e = % \mm semmvse ans Guaau awoa
due was treated as inﬁ(b)
In the later stages of sublimation, compound 27 and in greater
quantities Os(CO) [n E C (COZCH3)2] (29) were 1dentified in the

sublimates by IR. These speties could not be separated from the bulk
of the eoblimed DMF and im most\iases theiriyields were not deter-
mined. The residues remaining after sublimation containedlvarying
quantiries of the isomeric dinuclear eompounds Osz(CO)B[u—nl,nl—Z_

H,(C0,CHy ), ] ("2~3> and 032(c0)8(p~n1,nlfx-:-cz}liz(cozcn?,)z] (30). The

most effective separation of these' compounds was accomplished with

the Chromatotroq (CH2C12 eluent, éa. 2h) As well.‘jB could be re--

' moved by gxtract1on w;th pentane, since 30 shoved limited’ solub1lity

in hydrocarbon solvents.

3. Photoreaction of 3c with DMF.

PR
o3
>

In the usual manner (Section IV. 2(a) and Table'XIV), the photo-

lysis of'3c with excess DMF was carried out. Followlng isolatlon pro-

cedure (b), a yellow powder remained after subllmatxon of the alkene.
Pentane extraction of the powder removed the remainder of compound 29

which dzd not sublime and left almost pure dinuclear 30 Compound 30

could be recrystallized from 1:1 CHzClz.hexanes~at -40°C to give a

fluffy white solid.

4. Photoreaction of 3c with DEM.

-

"+ Twelve mL of a‘yellow lithd“remeiﬁed‘after‘removal of benzene



] L 4

(Co CHZCH )2] (31) and some unreaeped 3c. Distillation of the excess_.
alkene left an oiiy orange solid from which 31 ébﬁid not be isolated.*

5. _Photoreaction of 3c with DEF.

To confirm the identity of products from reaction 4, the photo-

lysis of 3c with DEF was perform;d (TaSle XIV). vThe wet yellow solid

-

which resulted after solvent removal was treated with 6 ~ 7 mL portions

of pentane to femove~31 and leave almost puré 32 The pentane extracts

were combined and reduced in volume to 10 mL and cooled to -15°C. The

1nit1a1 prec1p1tate was 1dent1f1ed as free DEF (literature mp l - 2° C)

Concentratlng the mother liquor to one-half and storlng at -78°C af-

v

 forded a pure white solid of Os(CO) [n ~E~C,H (CO CH CH3) ] (31), which

appears as a colourless liquid at room temperature.,«

6. Photoreaction of 3c with cis-stilbene..

Upon remov1ng all volatlles ‘a golden—brown residue remained. The

solid was loaded 1nto a subllmator and sublimation at 50°C/0.1 mm Hg

~

‘afforded 2.75 g of a yellow crystalllne solid 1dentif1ed as trans-
stilbene (mp. 121°C; llterature mp: 122-4°C; bp cis-stelbene: 82—4°C7

0.4 mm Hg). The remaining brown residue contained unreacted 3c and
. N l . . a ~
. unidentifiable materialsx

"



\\These reactions‘were carriedLout 1n 70 mL Schlenk tubes (3 6 x -
14. O cm) u51ng filtered u.v. - light (GWV fllter sleeve.vA 2 }70 nm) and
photoapparatus (2a)[see Flgure XXII] (a) A pentane solut1on of 27

(from a prev1ous react1on) was irradlated for 5. 5 h with an excess of

¢
i

DMM (estlmated 100-fold excess) No reaction had occurred over this
time perlod (as monltored by IR) and free DMM remazned unchanged; (b)
In parallel experlments, 43 mg each of 28 and_ 30 (0.057 mmol) were
‘1rrad1ated for 13.5 h in the presence of excess DMM (0. 72 mL each,
'0.83 g, S. 8 mmol) in 20 mL of benzene. From the reaction of. 28 an

3 orange—brown 0il remained after solvent.removal'in vacuo. A 5 mL
pentane extract1on of the oil contaxned a number of compounds, of which .
: 27 28 and 29 were 1dent1f1ed by IR The excess alkene appeared to
remain unchanged. The dily orange—brown solid that was obtained from
the reaction of 30 also was extracted wlth Y.mL of pentane.and gave

a v1rtua11y 1dentica1 IR’ spectrum (i.e. ,.d1nuc1ear 28 and not 30 was
1dentified along with %7 and %?). The excess alkene also remained

unchanged in this reaction. , R\

'8. Thermal and Photochemlcal Reactlons of Os(CO) (lc) with DMM

(a) An excess of DMM (1.15 nL, 1.32 g L 9.16 mmol) was added to a,
10 mL heptane solution of lc (approxlmately 43 mg, O'T3 mmol) in a

30 mL’ Schlenk tube (2 7 x 11.5 cm) closed with .a serum stopper.~ The
m1xture was heated at 88°C for 132 h wh1ch produced a quantitative ;

(-),.

y1q1d (by IR) of 05(co) ln z=c H (cozcns 2] (27). mpound 2: could

'. not be freed of excess ‘DMM on this scale of reaetion.‘ No free DMFV\Jaﬁ

Y . -'lw ' W ey i e Com
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'to-dryneSs."Recrystellization of the resulting solid'residue‘from

V.mately 118 mg. 0. 357 mmol) and 45 uL (52 mg, 0. 36 mmol) of DMM were

A LA A s A A \ASwAa B9 oAV BOUwA S VA adule AW TUAMOIUWA WUWUOD wAVOCU WAL O

serum stopper, and irrqdiatfon for 1.5 h gave an apparent quantitative

yield (by IR) of 27, The solution separated intoftwo,layers.’fheptane

.above DMM - and the upper heptane leyer was syringed off and evaporated

X
'

pentene 4—78°C) gave 24.8 mg (0. 055 mmbl 21%) of white solid 27, (c)-

In a stoichiometric reaction, a 20 mL pentane solution of " lc (approxi—

-

¥

‘photolysed as. in (b) until most of lc was consumed (by IR ca. 2h)

Solvent was removed and the solid re51due was extracted w1th 10 mL of
pentane After cooling the pentane solution to -15 C, some solid

formed which was shown by IR to be a mixture of 3c,,27 28 and free

DMM (which melted.upon warming) Further purifieation was not pos-—

sxble due to the small quantities obtained A solid remained undis-
solved after the original pentiue extraction Unon standing‘as a damp

solid following decantation. two- large crystals grew from the solid

dmatrix. These were 1dentif1ed as 052(C0)8[u nl.nl -Z-C HZ(CO 3)2.];

(28 approximately 15 mg) N . o T

‘9. " Photpchemical ReactiOn of 0Os, (c0) [u- nl nl-ch cn(cozcu3)]

L (14)' w,ith mm. -

R
o

Using photoapparatus (3) and a 70 ‘mL- Schlenk tube (3 6 x 14 0 cm),
124 4-mg (0 166 mmol) of 14 was irradiated with a five—fold excess of ‘

DMM (0 ll mL 0 13 g. 0 88 mmol) for 1 h in’ 20 mL of benzene.
(28



....... O VA erta “VLILGLIAMULTCU WX LI UD\\'U}"[II —'D‘b2 2\bU2LH3)21 (19)

2772

and carefully layered wlth 10 mL of pentane. The m1xture was cooled

was obtained. The yellow residue was dlssolved in a mlnimum of CH C1

to -78°C. and a wh1te solld, which was 1dent1f1ed as d1nuclear 30

(23 O mg,"' l7%) prec1p1tated The supernatant was eVaporated to dry-

1

ness. Another IR spectrum (pentane) st111 showed a number of products

(24) in the rema1n1ng residue. Further separbt10n could not be ef-

fected, but compounds 28 and 29 could be 1dent1f1ed in the IR spec-‘

‘ Co -
trum of the m1xture,< v §
10. X Ray SOlld State Structure Determlnat1ons of the Isomeric

Compounds of 032(C0)8[u—n ,nl C (CO

3)2] (28 and 30)

t

A summary’of crystallographlc data for the two structures appears
‘in"Table XV. 'The Os atom1c posltlonsiuere located u51ng a three-
dimensional Patterson synthes1s in both cases. | The remaining non-
hydrogen atoms were located as prev1ously descrlbed (Sectlon IV 3)

For compound 28, two peaks of reasonable positlon appeared near C(9)
4
and C(12) in a difference Four1er map, and subsequently were included-
) ' r .
with’ fixed; 1sotrop1c thermal parameters. The methyl H atoms were not

located and were not. 1ncluded in the calculations. In the structure
‘solution for 30 all H atom p051tlons were calculated assuming ideal—
‘lzed sp3 hybrldlzatxon for the methyl and alkene C atoms. The obtained

H atoms were constra1ned to "ride" ‘on the parent C atoms and were 1n—

o . ) ’o

‘cluded in'the’ refinement*with fixed;isotropic thermal[parameters.,:

o



ein vacuo gave back a red oil whlch could be treated again w1th THF to

'Csolids were obta1ned resulted in 80 mg in total The white solid

h‘proved to be a mixture of two compounds which could be separated by

- — — g -

. TTTT T mmmmm o . [EY

VI, 'Reagents and' Reactions, Chapter‘Fourl
N " N . R i ' " o

1., Reagents.“
“‘Atetylene [C H ](Linde—Union CarbidelCanada)'was purified by

‘pass1ng through a saturated aqueous solutlon of sod1um blsulph1te to

remove the acetone stab1lizer.15 The gaseous alkyne was dr1ed by

passing through a column (3 3 x 10 0 cm) of molecular 31eves (Dav1son

,Type 44, FlsCher Sc1ent1f1c Company) Dxmethylacetylenedlcarboxylate
[DMAD], d1pheny1 acetylene [DPA], bls(tr1methy151lyl)acetylene [BTMSA]

KAldrich Chemlcal Company) and hexafLuoro—?-butyne [HFB](PCR Research

Chemxcals, Inc ) were used wlthout further purlflcatlon.

) 2. Photoreactlons of 3c with alkynes

~

These‘reactions'were'carried:out as‘described in Section IV. 2(a).
Results are tabulated 'in Table XIX, and isolation procedures are de-

scribeﬂ;below. i o “'. .

(a) . DMAD.

"'A viscous red 0il was obtained after the volatiles were removed. .

v o

in vacuo. A white solid-cduldVbe,separated from the oil'by‘thE'fol—

‘loWing‘procedure° trlturation of the oil w1th 5- mL of THF gave a small

.‘quantity of the solld decant1ng the supernatant and remov1ng the THF

9

';give a second crop of solid. repeatlng thlg procedure unt1l no further

4
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2011 (m); v 0 1704 (w), 1693 (w), cg Yoo TR (25°C, CD2C12, ZOO.MHz)

6 3.66 (oc ) ¢ i (30°C, CDC1, 75.469 MHz)6 176.0 (axtal 0s-C0j,
172.3 165 0 (equator1a1 Os- CO) 170.5 (QQZMe)l 114 O " brrdglng" C)
\\51 9 (OCH ) Mass spectrum (125 C) M+ 748 m/e. Anal. caled. for

CMH()Oles2 C, 22.52; H O 81 Found: C, 22 55; H 0.81.

(i1) Osz(CO) [C (COZCH3)2]A (34, ‘~3o mg, 102). . . ) .
IR (cn2c12> vCO 2?84 (s), 2033 ¢m), 2014 (m); Vcoz 1711 (),

1601 (w), en L. Mu R (25°C, D ,Cl,. 200 Nz )8 3.96, 3,82, 3.64,

2)
3,48 (s.«OCHB)A‘ e MR (28°c, CD,C1,, 100.62 Miz)s 198 0 (0s - oc>
AR
177.9, 177, 0, 176.8, 175.4, 172.6, 163.8 (0s-CO + co Me>, 169 0, 147, 7
72.1, 59.2° (carbons of ring, systems) 56.1, 52.0; 51 4, 51.1. (OCH, >

Mass spectrum (190 C) M 1118 m/er~fAnal,‘ca1cd. fpr 30 21‘022052

i
'

c, 33. 26; H 7. 23 Found ¢, 32. 16 H, 2.17. »‘ “

\

No other Os—contalnlng compounds could be lsoseted nor 1dent1f1ed

HexamEthylmellltate [C (COZCHB) ] vas formed in thxs reactlon [IR vCO

\ \2

i

‘1746 cm ] but no attempts were made to 1solate thxs material

n .

Iy

(b) WFB. . L ;;v‘.»\ﬂ .

. ‘ B | A

300 mg of 3c was recovered as the only organometallté'species..

ébsecond reaction was carrled out in -a closed system whereby
| .\.

o‘ﬁ!&fflask containlng approx1mate1y 5.0 g (30 9 mmol) of HFB was ,;

connected to photoapparatus (1) via a varlstaltic pump The yellow,

\

5011d obtaingd a%ter solvent remoyal (0. 35 g) was extracted wi&h

2 X 7 mL portions of pentane which removed a component that dis-

te ! . ! o
. '\‘.; e et e
N ‘o . T
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' “played vCO dlfferent from 3c Reducing‘thb volume and codling to

,~15 c preCJpltated a pale yellow solld \ IR (CHQC1é)vaO 2144 (w),
. I

~1

2103 (s). 2055 (vs). 2040 (sh) 2034 (m), 2017 (m), ém L The

e 1
?famildar ch pattern suggested the comppund 052((0)é[u~n ﬂ C (CP3)2]
; which could be prepared by another route (see Sectﬁ%n VII Z(e)). The

,bulk of the originally obtained yellow solif proved to be unreacted
- ) :
l .

~

3c., No other compounds were obsepved. /
,

(d) BTMSA.

tf
{
|

23 ~ A mass ‘'spectrim of the reaction residue gavé an isotope pattern
ar 474 m/e, which corresponds to Os(CO) [q ~C (SxMeB)Z] A pure ' ]

sample could not be iso]ated from thls‘reparatzon ‘but was obtaxned

from a latter reaction (see Section VIII. 2).

(e) CZHZ

After solvent removal, the resulting red-orange residue was dis-

a minimum of CH2C12 and. loaded onto a rotor of the Chroma-

|Elution with peptane'ghve a yellow and a red band, A second

solved i

totron.
yellow band was obtained by eluting with CH2C12 and,finallylan orange

band was removed with Methanol flushing. ({/'

an

. s .
The first yellow band contained two compounds " The head of the

mixture while the remalnder was mostly one COmpound Sepa-

i

‘ band was
ately collecting the last half of the band concentrating it to one- -

N half its original volume and coollng to”ﬁ78“C afforded white crystals

3 of Os(CO)3 n rl phenyl ] 3- butad1ene](3%) Table XXVI glves the spec-

tral charadteristics of this and simila compounds obta1ned later in

’

this stud}.
' ' o ) . : : .
The hegd of the first yellow band wa$ shown to be a mixture of

37 and'Osz(CO)é(canb)(35). Compound 35, although not isclated in
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174.

[

‘pure form, was identified on the basis of a comparison of IR, mass

Iy v [‘
]H NMR spectroscopic' data’ to those previously published. 1

and
The red band was evaporated to dryness to yield a red solid, \\

os'(CO)g(cénA>(qp).’whicn vas identified by its v, bands.4)

The second yellow band (eluted vith CH2C12) appeared to be a
mixtﬁre of compoundﬁ which could not be separated by further chroma-
tography, IR (pentane) Veo 2119 (m), 2075, 2068 (sh), 2046.(vs),

2040 (s), 2036, (sh), 2029 (m), 2011.(m), 2004 (s), 1988 (m), 1982 (w),
1975l(w), cmﬁll A mass spectrum (85°C) gave patent isotope patterns
for qS and %?. Further spectroscopic 1;ve§tigatiéns did not assist
in the identification of the componen£S df—this‘miiturf of compounds.

The final orange band gave an IR spectrum (pentane) with Veo

2101 (m), 5070 (m), 2065 (m), 2046 (s br), 2030 (q), 20187“5611 (w),

2001 (s), 1986 (w), cmhl. Attempts to isolate pure compounds from

this apparent mixture resulted in decomposition of the material to 3c.

~

(f) DPA.

After all volatiles were removed in vacuo, excess DPA was sub-

limed at 40°C/0.1 mm Hg to leave a mixture of beige and brown solids.
- AN

-These.éolids were washed with 10 mL aliquots of cyclohexéne until the

‘ “ >
residue was shown to be one compound by IR. The beige residue was the

major product (see Table XIX) and was formulated as Os CO) [n4—2,3.4,5-
- 3

tetrapheny1—2,4-cyclopentadienrl—one](38) based on the following:

IR (CH,C1,) vCO‘2083'(s), 2018 (s), 2005 (s), 1646 (m);
(OgHy5) g 2079 (s). 2015 (), 2013 (sh), 1997 (s), 1677 (m), cn
Iy NHR (25°C, cnc13. 200 MHz)§ 7.24 (m, phenyl).. '3c mur (-60°C,
CDC14, 50.323 MHz)6 173.9 (keto C0), 173.6 (oS—c0) 129.5 (m, phenyI)

102.9 (1nner d1ene). 78.4 (outer diene). Mass spectrum (165°C) m* )



+ - . : '
660 m/e, M -nCO (n=1-3). Anal. Caled. for C..H. O Os: C, 58.35; H,

' 32720
3.06. /found: C, 57.91; H, 3.08. B \

- ! a Ir :
//ﬁThe cyclohexane washings were evaporated and the resulting solid
' 7

was sepatated via the Chromatotron us&Pg hexanes, CH2C12 andjmethanol.

successively as eluents, Several bands were collected:

(1) colourless (hexanes) ~ mixture of 3¢ andAG%A: "
' \

(i1) 5010ur1ess (hexanes) -~'as in Section VI 2(b), this band

“was shown, to be a mixture of Osz(CO) (CAPhA)(g) .and Os(Cb)3[nA~
l,1.2,3,A~pentapheny1~l.3~butad1ene](%?) (see Table XXVI). 39 could
be isolated by cooling the hexénéé 3élution to ;78°C.

(iii) yellow~orange (hexaﬁes) ~ slow evaporation of the solvent
afforded several colourless crystals IR (pentane) Ve ‘2f25 (w),
2083 (s) 2046 (m), 2040 (vs),~2026 (m) 2018 (s), 2000 (m), cm 1.

13

‘(equatorlal OS”CO), 153f ,- 128.0, 127.4, 124.8 (1:2:2:], phenyl = =

~

- gt
carbons), 113, alkng carbon). Mass .spectrum (120° C) 'y 784 m/e, .

M ~nCO (n 1- 8ﬁﬁ~ ihe familxar Voo Pattern, and other spectroscopic¢

data lead tAiRhe formulation 052(C078[u—n ,n —C (C6H5)2](AO); -

et

(iv) fcolourless (CH2C12) 10.0 mg of C (C H5)6 (N 534 m/e)

with a small impurity of 39. }

. : ; ‘
‘(v) orange-yellow (methanol)- extraction of the resulting
: i

solid with cyclohexane ggve'unidentifged impurities and left 20.0 mg

of 38.
Reactions (g)—(j)'are repor%\a in Table XIX. The isolation pro-

cedures were 1deﬁfica1 to those’ repq\Fed in (f)

C NMR (30°C, CD,C1,,"75.469 Mz )6 17ﬁ’9 (axial Os- CO) 173.0, 167.6 .

175.
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3. X-Ray Solid State SLnucture Determinations of Compounds
" - (N )
33 andz34. ‘ WV

[ . L e

]
’

76.

Pertinent crystallographic data for each structure is summerized{.”. .

-

in Table XX. Data colleqtion (see Section IV. 3) and structure

refinement (see Ssction V. 10) methods have been described efséwhere.

-

For compound 33 the molecule occupies a two- foid'symmetry site
where the symmetry axis bisects the 0s-0Os and C(S) C(S) bonds. Three

. methyl H atoms were located and their positions were used to calculate

idealized coordinates for the remaining H atoms.  Thé derived H atoms

‘were constricted to "ride" the parent C atoms'in subsequent refinement

cycles. 'In the solution of structure 34, two independent moiecules

&
e

were observed per asymmetrrt unit, each Sﬁtt1ng on a center of sym—
metry No attempt was made to locate H atoms nor were 'they 1nc1ud;d
in the refinement due to time constraints on the. PDP 11/34 computer.
Positional and thermal parameters. for the two structures are
given'in Tables XXXVIII (33) and XXXIX (34). Relevant bond distance’:
for 33 are collected dn Table XXI, while refevant bond and torsional
'angles‘for/%f are given in T;ble XXII. A oomparison ofyreleva;% bend

distances and bond angles for the independent molecules of 34 are

included in Tables XXIII and XXIV, respectively.
. : ol >
VII. Reagents and Reactions, Chapter Five.

1. Reagents. : 1 : s
Compounds lﬁ.bip, 30, 33 and 38 uere‘prepar;dwgs previously

-~ -~

. described. Compound 15 was obtained as a benzene solution from the o

photoreactlon of 3c with C (see Section IV. 2(b)) ﬁbh3 was
‘ obtalned from Aldrich and used as received. PPh2Me was a gift from

Dr. J. Hoyano of this Department'.

3t
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2. Attempted Thermal Exchange Reactlons

a) Reactlon of 032(c0)8{p n 1 - -cH cn<c02cu3)](14) with DMAD,

51 S mg (O 07&5 mmol) of 14 and 15 uL 17 mg, 0.12 mmol) of
DMAD were heated gradually to 80 C over 24h in 20 mL of toluene.
.NCool1ng the solutlon to ~5°C gave a. yellow solid whichlupon pre- |
paraﬁlve chromatography (TLC, silica gel CH ) yiéided 26.0 mg
(0. 0348 mmol, 47%) of Os 2(CO) [u—-n ni-c (co 2CH), ](33) A séaled- |

-

up reaction [0 512 g (O 741 mmol)l& 0.50 mL (0.57 g, 4. 1 mmol)DMAD]

afforded a 30% x;eld (164 €Vmg) of 33
1

b) Reactlon of Os (CO)SIu q N —C H ](16) w1th DNAD In a manner

» slmllar“to (a) 101 6 mg (0 161 mmol) of 16 and 30 ulL (34 7 mg,

C0.244 mmol) of DMAD in 15 mL of toluene at 80 C for 19h ‘gave 16.0 ng .

—— i

(0.0214 mmol, 13%) of 33.

"

4

LA .
A 100 mL cy11ndr1ca1 Pyrex vesseli

c) Reactlon of 14 with C2 2

(2 8xl7 5 cm) with a 51de—arm contalnlng a giass fr1t for dlspers1ng

gas, was charged w1th 164.8 mg (Q: 239 mmol) of'lé and 30 mL of tolpene.

-~ “ <

Purified Q2H2 (see Sectlon VI. 1) was purged thnbugh the solution,

wh1ch was ma1ntalned~at[80°C, for 16h (a water—cooled condensor fixed

to an outlet reduced‘solvent loss). Upon solvent removal. a yellow .
' - ' . . 0 \
oil remained- Attempts to separate the m1xture fa11ed (fract10na1

crystall;zatlon, chromatography) the followlng compounds could be
: / ,
‘1dent1f1ed by IR spectroscopy v

(1) Osz(CO) (C )(35) (see also SectloanI 2(e)), B O
(11) 0s(c0) [n -l-tolyl 1, 3 butadlene](bl e Table xxVI).‘ |
d) Reactlon of 14sw1th DPA Compound 14 (//:jg'mé 0 151 mmolQN
and an excess of DPA. (139 0 mg, O 780'mmoi) vere- heated in 17 mL of

h"‘}toluene at 82°C for Ih then at 62°C for 23h Cool1ng the resulting
- i ‘ '

Ty, .



Y

- was cooled to —78 C, glv1ng the separatioﬁ of a yellow prec1p1tate

180° C) R I

wNo I-hexyl derivative of 42 was observed).

.Preparative TLC (1% CH2C12 in hexanes) of the solid’ gave 43 0 mg .

‘4

'.'A\-‘h Lo " - ) K . . ’ . L N 182.

‘
.

yellov aolution (- 15 C) precipitated 5.0 mg of 3c ,Jbluenefuas re— \

~

’;moved in vacuo and the unused porﬁzon ‘of DPA was subllmed (50° C/O l mm

.Hg) to leave a brown 5011d Addition of, pentane (7 mL) d1ssolved all

but 10. 0 mg of a tan solid, iqentified as C (C6H5)6 (M 534 m/e,

I
Vo

The pentane solution was cooled to -15°C to precipitate pale

yellow crystals of the mono~tolyl derivatlve of 39 Os(CO) [n ~-1,2, @

{
3, 4 tetraphenyl ~1-tolyl~- 1 , 3 butadxene](AZ 15 0 mg. See Table XX)

The mother liquor contained a’ number of components which could
, I »
be separated on the Chromatotron (CH Cl -eluent). Three major bands

appeared. and the compounds isolated were:

.

(1) Os (COZBIu n .n ~C,(CeHg),1(40, ~3 mg, 3%)5

(11) a mixture of compounds 9 and 39, and

(111) unreacted 14 (~5 mg).

When the same reactlon was carried out in hexanes solution,

o

compounds‘9, 39, jand 40 could be separated as described above (N.B.
~ o~ ~ : ‘

P “ - s

e) Reaction of 14 with HFB; In a typical reaction, 158.0 mg

(0.229 mmol) of 14 and 20 mL of toluene were added to a 60 mL Carius

tube (4. Oxll O cm) and the solution was subjected to several freeze- . ) VS

pump-thaw-degas cycles HFB was ¢ondensed into the vessel (0 930 g,
Ay .

3 89 mmol) and the mlxture was heated at 68- 75°C for 28h The solution? e

‘f‘(O 047& mmol) of 3c and 34, 3 mg (0 0467 mmol 20%) of: colourless

crystalline Oé (C0)8[u n ,n C (CF )2](43) (see Sectlon VI 2(c))

;_»(equatorial Os-CO) No alkyne or trifluoromethyl carbon s1gn;ls werev

3 C MR (3a°c oD ci,,. 75, 469 MHz)d 175. B(axlal Os-CO), 171.9, 1644 -

2 2'



_also be obtalned from the pentane extracts/by coollng to —78 C after

| 44 and 45.

183,
observed. lgF‘NMR (28°C,”CD2Clé:‘75.26 MHz)o —59‘4.3‘[CFC13 external
reference]. Mass‘spectrum (105°C) M w68 m/e, M+—nC0‘(n-]~8). Anal.

‘

calcd for C12F608052 c, 18.80; F, 14r87. Found: C,‘18 67; F,
14.99.‘ In several subsequent reactions the 1solated yields of AG
varled from nearly zero to 20%.

“ Removal of the volatiles from,the 6riéinalitoluene'mothef liquot

resulted in the trapping of Os(CO)s (vCO 2038 (m), 1987 (s)) and freel

| MA'(1732'cm ) and left an oily yellow solid. The bulk of this solid
‘ S

was extracted into 5 mL of pentane, and upon. cooling the solution to

~19PC .a small number of whlte crystals formed. When the - reactzon
was perfokmed on a larger scale (0.5 g 14) the same whlte solid re~
mained mostly out of SOlutlon. The compound could be recrystallized
from CH Clz/pentane (44, average yield 15.0 mg) Mass spectrum (120° C)
686 m/e, N -nCO (n=1~ 3) A second product was“1nit1ally isolated

by slow evaporation of the toluene solvent at/;15 C to give white

A "

.'solld hemlspheres as pure compound‘AS (18.0 mg). This compound could

0.

tAA had been separated. Mass\spectrum,&j‘(70°€) ' 686 m/e, M -nCO

/

(n=l~3). On'thé basis of ‘mass spectra data, both compound 44 and 45

were formulated as isomers of the ge eral formu%a Os(CO)3[(HFB) (NA)]

Table XXVI shows a comparlsdn of s ectral parameters for compounds

Upon the prec1p1tatlon of oth 64 and 45 Os(CO) [n -CH CH(CO

CH3)](13) rema1ned‘1n soluti and was‘not,lsolated (estimated.yield

iy

P *

<52).r.:, ‘ 4‘»:1
obta1ned by preparat1ve TLC (CH Cl2 eluent) .

performed on the 011y yéllow sol1d Compounds 13 aa and 45 followed



r

'

L)

~43. The supernatant solution was shown by IR to be a mixture of sev- .

'closel9 behind .the solvent front and a° colourless band eluted with

- Q.
i
~formulated as Os(CO)A[(HFB) (ASM)](46) on the basis of the f0110w1ng
data: Mass spectrum (100° C)-M 714 m/e, —nCO (n=1-3). " IR (pentanql

y ! . . ' : ‘ -1
Vop 2160 (), 2090 (m), 2079 () 2060 (m); o, 1728 (vw) cm ).

. o ' ‘ N ' . ~

" f) Reaction of 16 with HFB. This reaction was carried out‘under
conditiogs analogous to (b). Freshly prepared 16 ( 200 mg, 0.316 mmol)

and 1.44 g (10.0 mmol) of HFB in 20 mL of toluene were heated at 74°C

for 36h. The resultlng solutzon was reduced by one—half and cooled

to ~78°C. The precipitate cons1sted of 3c and vexry rittlé (~5 mg) of

.

~

‘ eral compounds which could not be seoarated nor.identified.

g)‘Reactjon of 14 with DMM 31 0 mg (0. 0449 mmol) of 14 and

30 uL(BA mg, O 24 mmol) of DMM.. were heated 1n lO mL of hexanes at

‘ 6A C for '39h. Removlng the solvent and excess l1gaﬂd in vacuo, andt '

treat1ng the resulting solid with cold (0 C) pentane ‘gave 22 0 ‘mg

1z C,H,(CO CH3)2](28) 'Ng

(0.0294 mmol, 65%) of Os (CO) [u n N
1§hmerization¢of DNM to DMF was observed M‘

h)‘ Reaction of 14 with MAH. 8,3 mg (0.118 mmol) “of llo and

56.3 mg (0 574 mmol) of MAH were heated at 80°C for l3h in 20-mL of

toluene Volatlles were removed to leave a yellow solld whlch was

washed succe551vely w1th one-lO mL and 3x6 mL. allquots of pentane and

( .
2x5 mL portions of cold (0°C). THF The rema1n1ng whlte solld was

‘ T"_'-_—-—T
- spectroscop1ca11y characterized as Os (CO) [u-n ,n —CHCHC(O)OC(O)]

(67 45 0 mg. 56% See Tables Iv, V X and XI for spectral data)

184.

R.=0.4. The f501ated colourless flbrous solid (3. O mg) was tenatively



/o 18s.

) Reaction of .0s(CO) {nz—C ](15) with MAH.- To an in—éltu—

.

prepared benzene solution of 15 (see Sect:on V.. 2(b)) 113 mg .
(1 15 mmol) of MAH was added and the solution was heated at 80 C
unt11 all of 15 had been consumed (by IR ca. Sk, Sh) The 501ution

i _was evaporated to dryness and the resulting solid was loaded 1nto‘l o ) ,\

A,

a sublimatxon apparatus, Sublxmation at 50 C/O 1 mm Hg removed 57 mg. ‘

of NAH to leave 57 .mg of a tanecoloured resldue, which proved to be

o REEIEA
a mlxture of a-$mall quantity of A7 and Os(CO) [n HCHCHC(O)OC(O)](QB)M .
Separatlon could not be effected but 48 was spectroscopically char-

. acter1zed (see Tables IV vV, X1I. and Xlll for detalls) -

3, Phosphlne Substitutlon Reactlgns.

RN a) Reactlon of 1A w1th PPh ; In:20 mL‘of toluene. %n excess of

3

PPh3 (203 O'mg, 0. 774 mmol) was heated at 62 C w1th 53 7 mg (O 0778 K

, mmol) of 14 for. 30h A yellow solid remalned after the volatlles
c’.
were removed Extractlon of the solld with SxIO mL of’ pentane left ,

122 0 o
29. O mg of a beige solld, 1dent1f1ed as Os(CO)3(PPh3)2 : (ag,’ L

[

s
0. 0376 mmol) - The extracts ‘were combined ‘and reduced in volume to

' 5 mL and stored aty —78 C un:il a pale yellow prec1p1tate {ormed .
Th1§/;;11 was 1dent1f1ed as Os(CO) (PPh ) (50, 66 5 mg, 0.118 mmol).
b) R::Etlon of Os. (CO) [u n ,n ~E~ C (COZCH3)21(3O) with PPh3. ‘ ;t k;
‘ 46 7 mg (0 0624 mmol) of 30 and an excess of PPh (100 5 mg. 0 383 ‘ ‘
tﬁ} mmol) were- heated at 103°C for 48h in. ZO-mt\QL toluene After solk_

‘ ivent remoVal the rema1n1ng yellow resndue was extracted w1th S- andﬂ

!

o
e

w‘ 7- mL of pentane An IR spectrum of’ the comblned extracts showed

T b " ! TR

them~to be an approxlmate 1 1 rat1o of compounds Os(CO) [nz-E CZHZ-
d,"‘d (CO 3)2](29) and Eﬂ)along w1th free DMF The undissolved beige , ‘fif

solld was 1solated and identifled as 49 (10 0 mg. 0 0&3 mmol) S )j /

4 o ‘_*. ) . ; ~,. o \jﬁ [
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Pl’h3 in 50 mL of toluene were heaged at 103°C for 3.Sh.

oily yellow residue was washed with 20- and IS—mLialiquots of

. .

hexAne, Which‘ieft.100.5 mg of a tan solid. Removing the cyclohex:

‘and redissolving the residue in 3 ml. of cyclohexane yielded nqother 9

.crop of the same solid (13.0 mg). IR (CHZCIZ).vCO 2083 (w), 2036 (w),

1 1

1692 (w), em . H# NMR (30°C, €D, C1,, 300

1995 (vs), 1961 (sh); -

Yeo

"MHz)8 7.50 (m.ﬂphenyj). 2.75 (s, OCHB). 13

C NMR (30°C, CD,Cl

272"
| 75.469 MHz)6 '188.3 (m, 2(0s-CO) b, 182.6 (s, 0, Clt,), 172.7 (d, 1(0s-C0),

2 -
kJP—C‘} Hz) 135.1~128.8 (m, phenyl), 120,0 (m, "alkyne" carbon), 50.8
(s, 0Ciy). “'p wm (30°C, CD,Cl,, 161.977 Miz)§ ~2.16. Mass spectrum
(185°Q) M 1216 m/e. lReproduqi‘blo elemental analyses were not ‘ob-
tained, This‘compound was formulated as Osz(LO)OSPPh3)2[C2(C02~

CHy), (51, 113.5 mg total, 0.0934 mhol).

, d) Reaction of .33 with PthNe} In an analogous fashion to (c).'

43.7 mg(0.0585 mmol) of 33 and 50 L(53 mg, 0.26 mmol) of PPh,Me in
20 mL of toluene weré'heated to 100°C for 13h. The analogous phosphine~
. . . . 1
i 2
substituted product, 0s(CO)c (PFhMe), [ C,(CO,CH,), 1(52, 24.8 g, 0.8227

mm¢l) wa® obtained as a tan solid following several S ml. pentane wash-

A}

ings. IR (CH)C1,) vy 2080 (), 2028 (w), 1992 (vs), 1971 (sh; o0,

1685 (v), em ', MW MR (30°C, CD,C1,, 300 Miz)6 7.80~7.05 (m, phenyl),

2 13

; ’ : 90 . o BN
3.00 (8, OCHy), 2.57 (4, Pely. “J, 9.0 Hz)." C NMR (30°C, CD,Cl,,

75.469 MHz)S 188.7 (m, 2(0s-CO)), 181.3 (s, €0,CH,), 173.1 (d, 1(0s—C0),

‘ZJPC =1 Hz), 137.0-128.8 (m, phenyl), 119.4 (m, "alkyne" carbon), 50.8

‘ 1 ‘ .31
(s. OCH,), 19.6 (d, P-CH,, 'Jo_ =37 Kz).
MHz)6 -25.9. Mass spectrum (220°C) M' 1092 m/e. Reproducible ele-

,P NMR (30°C, CD2C12, 161.977 -

" mental analyses were not obtained.

Q . N
-
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i—ono](%ﬁ) with PPhB. Heating 100.0 mg (0.159 mmol) of 38 and 225.0 mg

(0.858 mmol) of I’Ph3 in 15 ml of toluene at 103°C over several days

resulted in no reaction. Transferring the solution to a 30 mL Schleqk
" tube (3.0x12,0 cm) and irrﬂdinning'with photoapparatus (Zb);(Figurc

XX1I, right, without CQV) for 68h resulted in the total consumption

.

Qf Q§. The volatiles were removed and the resulting residue was dis-
o
| solved in a minimgm of CH2C12 and loaded onto a rotor of the Chromato-
“tron, Elution with pentane only‘reﬁoved unused PPhj. Further elution
with CH2012 separated a‘previously ill-resolved band iﬁlo two bands,
The first band(orange) contained a small amount of ﬁn unidentifiable

product. The second colourless band gave 33,0 mg of a tan solid. 'IR

(CH,C1,) e 2008 (s)s 1948 (s), 1612 (m br), em ', "W MR (30°C,

CD,Cl,, 300 MHz)6 7.25-6.85 (m, phenyl). °C NNR (30°C, CD,Cl,, 75.469
MHz)6 183.2 (d, 0s-CO, fﬂy~c‘7 He), 170.6 (d, keto CO, 3JP_C=4 he ).,
136.0-126.0 (m, phenyl), 101.7 (d, inner diene, 2J,_.=4.5 Hz), 77.9

3p Nk (28°C, CD,C1,,

spectrum (170°C) M+ 894 m/e. This compound was identified as Os(CO)i~

(s, outer diene), 161.977 MHz)$ 3.12. Mass
(PPh3)[04—2,3,4.Sktetrapheny1~2,4~cyclopentadien-l~one](?}, 0.0370 'mmol,
23%). '

' VIII. Reagents and Reactions, Chapter Six. : —

1. Reagents. ' /)
Hydrated RuCl3 was obtained from Engelhard Industries. 13CO (997"

13C enriched) was purchaséd from Isotec, Inc. Ru3(CO)12(3b)7._

151 152

Fe(lBCO)5 and‘Os3(l3CO)12_ were preﬁared‘by published procedures.



~

2. Synthesis of 0s(CO) [nz-C (SiMe,),)(54).
4 2 3270~
g )

—— e

A 200 ml. Schlenk tube (5.0x15.0 cm) was charged with 203.5 mg
(0.224 mmol) of 3c, 5.00 mL (3 76 g, 22 1 mmol) of ‘BTMSA and lOO ml, of
benzene under a nitrogen atmOSphere The vessel was closed with a serum
stopper and irradiated (photoapparatus (3)‘with GWV filter sleeve,
A2370 nm) until QF wAS completélx consumed (ca. Qh). Solvent and ex-
cess alkyne‘were removed in vacuo from the yellow brown solutjon,.
éeveral X-ray quality crystals were obtained as yellow blocks as the
sdI;;;I_;:;;;;;led. Sublimation (40°C/0.1 mm Hg) of the remainder of
the brown residue onto a dfy ice~cooled finger yielded, 143.8 hg (0.304
mmol, 45%) ofithe ye}lbw powder of ?9 (mp 49°C), -Mass spectrum (90°C)
M 474 m/e, N'-nCO (n=1-4). Anal. calcd} for C ! l80431205 C, 30.49;

H, 3.84. Found:, C, 29.99; H, 3.88. IR and !3C NMR spectral data for

-

this and compounds 55 and 56 appear in Table. XXVII,

3. Synthesis of Ru(CO)a[nz—Cz(SiMe3)2](2?).

This preparation‘was carried out 'in a two-step fashion: (a) 54.0

"

mg (0.0845 mmol) of Ru3(CO)12(3b) and 70 mL of pentane were loaded into

—— e, e

a 130 mL Schlenk tube (3.3x21.0 cm) and closed with a serum stopper.

After several freeze—-pump-thaw-degas les, an atmosphere of CO was

introduced into the’vesselz\ Photolysjis (photoapparatus (2a), A2370 nm)

" over 30 min resulted in a clear, colourless solution of Ru(CO)B({P);

(b) The Schlenk tube contaiming the pentane solution of 1b was quickly

transferréd to'a Dewar kept at -40°C with a dry ice-acetone bath.

Photoapparetus (2b) (without GWV filter sleeve) was placed into the



Ve oA L UVAGML/. mHAAC LHE OCNLEeNK tuDe and photoapparatus (2b)
were maintained at ~40°C, 1.00 mL (0.75 g, 4.42 mmol) of BTMSA was

injeéted through the stopper' to the stirred solution. Irradiation for

Py
~

2h afforded a'quantitﬁtivé conversion (by IR) of 1b to 55. Removing
the volatiles in vacuo at -25°C left a fine yellow psuder which was

-

unstable above ~20°C. Mass spectrum (30°C) M' 384, M*-nco (n=1-4),

77 4. Synthesis of Fe(CO)A[nz—C2(31Me1)iTL§p).

This compound was obtained via two published synthetic routegzaa:

(a) Fez(CO)9+BTNSA,'room temperature in hexanes for 12h ~yjeld 42%;
(b) photolysis of Fe(C())S + BTMSA (photoapparatus (3)) in hexanes for
Sh ~yield 39%, ’

* 5. Preparation of 13C0~enr1ched N(CO)A[02~C2(SlMe3)2].

13

(a) Fe( c0)41n2402g31Me3)2] was obtained from Fe(13c0)5 and

BIMSA as per Section VIII. 4(b); (b) Ru(lBCO)‘5 was generéted from

13CO as per Section VIII. 3(6), and Ru(lBCO)A[qz—

13
Ru3( CO)12 and
CZ(SiMe3)2] was subsequently prepared as per Section VIII;mﬁ(b); (¢)

13

- 0s( CO)4[02~C2(SiNe3)2] was obtained~from'Os3(13CO)12 as per Section

VIII. 2.

. 6. X-Ray Solid State Structure Determination of Os(CO)qlnz—

C,(Site )51 (54).

\

A summary of pertinent crystallographic data appears in Table

XXVIII. Data collection and structure refinement procedures are

A

similar to those described in Section IV. 3. Alf H atomic positions

were calculated using idealized methyl group geometry, and were con-*

s

/



thermal parameters is found in Table XL. Relevant bond distances

appeéar in Table XXI® and bond angles are given in Table XXX.

N



UOBY SADY SJidjoweded

_leo:a‘u_.osooo_c. oyy

ey soaoloso‘.-otuoco 21do43e

sl o uwauoahd *> mw1noo~¢vaumL
ua:o 043 40 wigg. 0uy. - -

PR

-

1620

‘201 Aq peyr6iypne

€08 AQ pOrdTIINw uaegq oro‘ s4030w0i0d

<

(t)g~

(1ot (2)ecy

10UOII100¢ djwere ayy,

(e (he- (6109 (e @i (2186 o NroJ 
6)6 - (tiv- (11 (6 - ey 2ivt (2rcec ‘mn.nu ~.e2icey ‘ uro; 
(1 Wi i- (150 (s s T W9y (§)09g (M1cs ...moo 013
BEO- iz o (61w 0- (@9 (o1 (91t (201 (1r8zs ‘..‘cmw. ea L
DT (00 812 0 (L16 7Y 616°¢ (6149 (hie-, . (bsez ...vrww \mmmu
Moz~ (111- (11 6189 6109 (ce &rce- et nore ,nMM,
HE 0 (€)2 0~ Ko (né¢ 910y (919 & thicee .o.oﬂ%: 1619, cor ”-
ne-o (€160 (€16 o- NOIT-I > (€16 € it (heiZ2 (019 o2t ()0 '82¢ o 8D
NEO~  (9)C 0- (618 ‘0= 916 (916 910y (hicoz (sr16°12- (810 ecc Ty
220 (8101 WEt . (e (116 (199 (ricoz (hs62  ~  (hesc C e
20 (9070 (91970~ (O ¢ LIV (Nee (1)60€ (61 cOT (1rove 22
19 0= (914 0~ (9I€0  (Tive IV (9169 aner - ercEr (sl rze . F)
140 (9)6 1 (€120 (€108 ©i1cy ies (11902 (919 ‘voi- (612 ac 0
190~ (819 0~ (919 0- (8166 (€16 ¢ (166 (11802 (819 ‘scc (@0 “19¢ €0
2o~ (Girz ®iro (oot (nzv TIT A thece foyo.oo.. (£)6 691 eo
€ 0= (919 2- iz-o (€16 6 (911 &€ 01 hce-  wnsEt sivcer - 10
20 (116 0- (2100 (hee 2z (Z16°y (€10 026  (cry cat €V 06 218
20 (w0 ¢ (heo ‘"mm_.m.n - (ziey (2IE'Y - (€106 (Cre set (e ¢t 18
00 (@2~ (2100 (2o e @iy e (B16€C  (v1867102  (CICE €11  (Ervs Beg %0
W wW S wm m m s n s

: ..?:3ﬁNAmmz@Nu-NEﬁouvmo 103 s1330uweieq [ePWIay] pue [eUoFITSOg 1y BTqEl -

ad

N



VTAANANMOWVIL ) Weyp WDLUIHT, 1 eVaN.y

- wrremm ey mrenae A

Ab€l, E.W! (Edés{"Comprehensive Organometallic Chemistry", Pergamon
Press, Oxford, 1982; Volume 4, Chapter 31.1, p. 245. b) Ibid.,
Chapters 31.1-31.4, p. 243-613. c) Ibid., Chapter 31.1, references
155-159. . d) Wei, C.H.; Dahl, L.H° - J. Am. Chem. Soc. 1969, ?}.
1351. ‘ : Y S K .

K ‘ e ‘
2. ‘Braye, D.H.; Hubel, W. Inorg, Synth. 1966, §; 178.

;. Stallman, W. Z. Eléctrochem. 1943, 49. 258.

- 3. " Hieber, W.;
4, l Sﬁeier, E.; Woif, H. Benr. 1221, qp, 1424.
5. Corey, E.R.; Dahl, L.F. Inorg. Chem. 1962, 1, 521.
6. ';Noss,yJ;R.; Craham,\W.A.C. ‘J; Cheh. Soe.; Dalton T;ansﬁ 1977, 95,
7. ‘Johnson, B.F.C.;ILewi§.‘J.. Ingrg. Syﬂth. lgzg.‘{;, 92.

8, Huggins, D.K.; Flitdroft, N.; Kaesz,'H.D:‘*Ino;g; Chem. 1965, 4,
166. . Vi , h

" 9.a) Forster, A.; Johnson, B.F.G.; Lewis, J.; Matheson, T.W.; Robinson,
B.A.; Jackson, W.G. J. Chem. Soc., Chem. Commun. 1974, 1042.
b) Cotton, -F.A.; Hunter, D.L. Inorg. Chim. Acta 1974, 11, LO.
c) Aime, S.; Gambino, O.; Milone, L.; Sépba,gE.; Rosenberg, E.
Inorg. Chim. Acta 1975, 15, 53. .

10. Johnson, 'B.F.G.; Lewis, 'J.; Williams, I.G.; Wilson; J. J. Chem.
' Soc.,  Chem. Commun'. 1966, 391. ° ‘

11. ' Lewis, J.; Manning, A.R.; Milleby j.R.; Wilson, J.M. J. Chem. Soc.
A 1966, 1663\ ‘ : . .

12. Bradford, C.W.; Nyholm, R.S. J. Chem.(SBc., Chem. Commun. 1967, 384. .

13.  For a review, see Adams, R.D.; Selegue, b.D. in Wilkinson, C; (Ed.)
"Comprehensive Organometallic'Chémistry" Pergamon Press, Oxford,
1982; Volume 4, Chapter 33, Section 3. ' )

14, Deem;ng. A.J:; Underhill, ﬁ;J. J.1Chem. Soc;. Dalton Trans. 1974,

1415.

AN

“(/ 15. Jackson.‘W}C.;lJohnSQn}dB. Lewis) J. J. Organomet. Chem. 1977,

139, 125. N
=16. "Canty, A.J.;'thnson. B.F.C.; Lewig, - J. J. Organomet.'Cﬁém; 1@72,
43, C35. . o ‘

192" I



e e

19.

20.
21.
22,
- 23.
2,

25.

S oanue s, 1.A. q. Urg them. 190_2, 27, 3941,

Casey, C.P.; Cyr, C.R. J. Am. Chem. Soc. 1973, 95, 2248.

Bingham, D.; Hudson . B.; Webster, D.E.; Wells, P.B. J. Chem.
"Soc., Dalton Trans 1974, 1521 and references thereln

Austqn, R.G. Paonessa R.S.; Cxordano,‘P J.: Wrighton, M.S.
Adv. Chem. Ser 1978 198 189. o

Murdoch, H.D.; weiss, E. Helv. Chim. Acta 1963, 46, 1588.

| o f
Deemihg, A.J.; Hasso, S.; Underhill, M.; Canty, A.J. thhson#
B.F.G.; Jackson, W.G.; Lewis, J.; Nathgso?, T.W.- J. Chem Soc.
. ! . i
l

Chem. Commun. 1974, 807. ?'

“Johnson, B.F.C.; Lewis, J.: Sankey, S.W.; Wong, K.; McPartlin,

1.; Nelson, W,J.H. J. Organomet Chem 1980 191" C3.

Jackson, P.F.; Johnson, B.F.G.; Lewis, J.; Raithby, P.R.: Will.'\L_L_F\;\
G.J.; NcPartlln, M. J. 4Chem .Soc., Chem. Commun, 1980 1190; ho

)
f

26}“Evans} J.; NcNulty, E\S J. Chem, Soc., Dalton Trans 1981;32017.

- 27.

. 28.

n

29,

30.

31.
32.

33.

‘Castiglioni, M.; Milone, L. ,«osella D.; Vaglio, C.A. Valle, M.
‘Inorg. Chem. 1976, 15 394 : ‘ ‘

Johrison, B.F.C.; Lewis,wJ.; Aime, S.;IMiibne, L.; Osella; D.'
J. Organomet. Chem, 1982, 233; 247. - ‘ . n

Raithby, P.R.; Rosales, M.J.' Adv. Ihorg. Chem. Radiochem. 1985,
29, 169. , o , ‘

s

King, R.B. ?rog.;Inorgﬁ Chem. 1972, 15, 287%.

Gambino, 0.; Vaglio, G.A.; Ferrari, R.P.; Cetini, G.J. Organomet.
Chem. 1971, 30, 381. ” c L |

Ferrari, R.P.; Vaglio, G.A.; Gambiho, O;; Valle, M.; Cetini; G.
J. Chem. Soc., Dalton Trans. 1972, 1998. . £ _—

. . . ¢ @ [
Vaglio, G.A.; Gambino, 0.; Ferrari, R.P.; Cetini, G. 'Indrgr,Chim.

4 Acta 1973, 7, 193,

34,

X—rayfgtructure; Ferraris, G.; Gervasio, G. J. Chem. Soc..
Dalton Trans. 1972, 1057. W NMR:' Ferrari, R.P.} Vaglio, G.A.

‘Transition Met. Chem. 1983, 8, 155.

4



N

. 46, Bryan, E.C.;‘Burrows. A.L.; Johnson, B.F.G.; Lewis, J;; Schiavon,

37. Hubel, W.; Braye, E.J.; Clauss, A.; Weiss, E.; Krierke, U.: Brown,
- D.A.; King, G.S.D.; Hoogzand, C. J. Inorg. Nucl. Chem. 1959, 2,‘

204 | o o

‘38.  Cetini, C.; Gémbino. 0.; Sappb; E.; Valle, M. J. Organomet. Cheh.

1969, 17, 437.

3§. Bruce, M.I.: Cooke, M.; Green, M.; Westlake, D.J...J. Chem. Soc.

AL, 1969, 987,

"40.  Aime, S.; Milone, L.; Deeming, A.J. 'J. -Chem. Soc., Chem. Commun.

+1980, 1168. . .

41. . Ferrari, R.P.; Vaglio; G.A. Gazz.)Chim. Ital. 1975, 105, 939

42, Gervasio, G. J. Chem. Soc., Chem. Commun. 1976, 25.

—

i

. e ' i . ' L
43. Sappa. E.; Tirripicchio, A.; Manotti Lanfredi, A.M. J. Organomet.

. Chem. 1983, 249, 39].

44. Quicksall, C.0.; Spiro, T.G. Inorg. Chem, 1968, 7, 2365.

45, Cotton, F.A.; Deéming. A.J;; Joéty, P.L.; Ullah, S.S.; Domingos,

. A.J.P.; Johnson, 'B.F.G.; Lewis, J. ~ J. Am. Chem. Soc. 1971, 93,
L4624, N , . " | -

)

G.M. J. Organomet. Chem. 1977, 129. C16. ,
l",, . ~ . ‘ g . : g
47. Zobl-Ruh, S.; Von Philipsborn, W. Helv. Chim. Acta 1980, 63, 773.
0 w ) ' ! ' . . * . ~ *
48. . Dickens, B.; Lipscomb, W.N. J. Chem. Phys. 1962, 37, 2084.

49. Cotton, F.A.g Eiss, R. J. An. Chem. Soc. 1969, 91, 6593.

'SO: ileer, D.R;; Altobelli, M.; Gray, H.B. J.‘Am.“Chem. Soc. 1980;

102, 3022.

51. -Johnson, B.F.G.; Lewis;‘J.;‘Twigg,ﬂM.V. J;(Prgaﬁémet. Chem. 1974,

67, C75:
52. Johnson, B.P:G.; Lewis, J.; Twigg, M.V.. J. Chem. Soc.. Dalton
Trans. 1975, 1876. ) | \ o :
53, Desrosieps. M.F.; Ford, P.C. :Organometallics 1982; 1, 1715.

54. Malito, J.; Markiewicz, S.; Poe, A.J. Inorg. Chem. 1982, 21,
. 435 o T ' ‘ ~



. 57.

Sac. 1984, 106 2027, " ! L

TAX Y Ty s aslisaina g sle ) VARYCAD, 4. M., HESS, V. J. ANl. LNEM.
"

Tylef,'D.R.; Levenson; R. A ; Gray, H.B. +J. Am. Chem. Soc. 1978,
100, 7888. ., I .

58 a)Creen, J C.: Seddon, E. A ; Mlngos, D. N P. J. Chem. Soc.,‘Chém o

Commun. 1979, 94. b) Green, J.C. ;' Mingos, D.M.P. Seddon, E.A.

J. Organomet.. Chem. 1980, 185, C20 c) Green,’ J C Mlngos, D.M.P:;

- Seddon, ' E.A. " Inorg,. Chem;‘T98]‘ 20, 2595.

59.

60.
61 .

62.
63.
64.
65.

66 .

67.
' 68.
'65.
70.
71.
32;

73.

Acta 1963, 46, 288. L g

A Motyl, K.M.; Nbrtbn J R.¢ Schauer, C. K. ; Anderson, O.P. ‘J. Anm.

.Churchiii M.R.; Lashewycz, R.A.

1 . .
\ , . |

Ajo, D.; Cfanozzi, G.; Tondello, E.; Fragalé.rli"lnofg; Chim. .

Acta 1979, 37,-191. - |
Sherwood D. E., Jri; Hall, M.B. Inorg. Chém. 1982, 21, 3458.
Sherwood D.E. }]r., Hall M.B. Orgénomeganics..l982.' 1, 1519.,

Delley, B.; Nannlng,,M C. ; Ellis, D.E.:vBerkoQiﬁz,VJ.; Trogler, :
Ww.C. Inorg Chem 11982, 21, 2247 . ' v : : ‘
Geoffroy, G.L.; Wrightbn, M.S. VOrganometallic.Pﬁotochemistry"
Academic Press, New Xork; 1979. . ‘ ‘ )

4

Desrosiers, M.F.; Wink; D‘A ; Ford; P.C. ﬁnorg, Chem. 1985, 24

Dgsrosieﬁs, M.F.; Wlnk D Al Trautman..R.; Ffiedmaﬁ, A.E.; Ford,
P.C. J. Am. Chem Soc. _1986 108 1917. o ‘

Po€, A.J:; Sekhar;'G.V. J. pm. Chem. Soc. 1986, 108, 3673.

Vioget, P.; Bonlvento ‘M. ; Roulet R Vogel P. Helv. Chim. Acta. '
1984, 67, 1630., ' , Lo

Weiss, E.; Stark, K.ilLancaster, JfE.:‘Murdoch, H.D. Helv. Chim.
Kao, S.C.; Lu, P.P.Y.; Petfit, R. Organometallics 1982, I, 911
and references therein. =~ X ‘ ‘ ' s

Churchill, M.R.: De Boer, B.G. Inorg. Chem. 1977, 16,. 878.

Chem. Soc. 1982, 104 7325.

Inorgﬂ Chem. 1978, 17, 1291.

"Internat;onal Tables for X-ray Cry tallography Kynqch Presig__k
Birmlngham, Englandgl1974 Vol. IIT}/Table 4.2.2. A ,

) . '
. ' . . . . . . N '
i ) . . B . B . f : o |
. . [ - K . P : ] . )

-



/>. CLarter, W.J.; Kelland, J.W.; Okrasinski, S.J.; Warner, K.E.;
- Norton, J.R. Inorg. Chem. 1982, 2}, 3955. '

76. Kiel, G.-Y.; Kiel, W.A., personal comhunication.

77. Ball, R.G.; Kiel, G.=Y.; Takats, J.; Grevels, F.-W., manuscript
in preparation. : ‘ , : ' \ .
‘ * ‘ . ' ‘ “ .. . ' ‘
.‘78. ;ﬁéél,‘c.-Y;; Seils, F., personal communication.

79. Kruqzynski,‘Lﬁ; Martin, J.L.; Takats; J. JQYOrganomet. Chem.
1974, 80, C9. ! S . . ‘
" '80. C,H,. Davis, M.I.; Speed, C.S, J. Organomet. Chem. 1970, 21, 401,
CzFAFL'Bgagley, B.; Schmidling, D -3 Cruickéh?nk, D.W.,J. Acta

,Crysthllogr., Seci;‘B 1973.5%9, 1

81. Fields{fR.; Germain, M.M.; Haszeldine, R.N.; Wiggins, D.W. J.
~ Chem. Soc. A 1970, 1969. : , .o

82. Banford, C.H.; Mullik, S.U. Polymer 1976, 17, 225,
83! Braterman, P.S.  "Metal Carbonyl Spectra"; Academic Press, London, ,
_England, 1975. ‘ L T ‘ i o

84. Uéi. I.; Marquarding, D.; Klusacek, H,;'Ciliespie, P.; Ramirez,
" F. Acc. Chem. Res. 1971, 4, 288. ‘ C ,

85. Cosandéy,fM.; von Buren, M.; Hansen, J.-J. ‘Hélv. Chim. Acta 1983, .

66, 1. o . . S ‘ o

86. Allbright, T.A.; Hoffmann, R.; Thibeault, J.C.; Thorn. D.L.
. J. Am. Chem. Soc. 1979, 101, 3801. ' S

S

.87. Hager, D.; Matisons;“J,C:;‘Takats, J. manuscript in’ preparation..

‘ 88.;‘Rushmén, P.; van Buﬁ}én, G.N.; Shiralian, M.; Pémeroy. R.K;"

~ Organometallicst1983; 2, 693. Lo L

89. Green, M.; Laguna, A.; Spénesr, J/L.: Stone, F.G.A. ' J. Chen.
Sec., -Dalton Trans. 1977, 1010. ' ‘ :

" 90. Theopold, xiu.;-sergman, R.é.‘ Organo;;:;}lics 1982, 1, 1571.

91, Norton, J.R. private ‘communication. . .

.92, uBéntson.‘J.Ct; Wrighton, M.S.‘;J: Am:jChem. Soc. >Submitied'for
- publication. . L AR S

o



97.
" 98.

99..

100"

101.
102.

103.
104 .

105.

~ 106. -

107.
. 108.
109.

-110.

111,

Nicholas, K.; B
Soc., Chem Commun 1971

Hoffman. D M.

1982,
Cagne,

Kore,

C.G.

Benne

Braga.

Commu

Johps

- Qrgan

Einst

Kruge

'

Knobl
2062,

Knox, S.A.R.;
Woodward, P.
' Soc.,

Green,

1269.

Yamaz

104,

Y.

3858

;rShimé

ray, L. S

Hoffmann, R.; Fisel, C.R. J. Am. Chem. Soc.

4

608.

da, S.;‘Saito,
19, ‘770.

Inorg.‘Chem.;1980

tt,

; Davis, R.E;{fﬁettit, R. J." Chen.

 M;,‘private'communicétion-

Y.ﬁ Fingepald, B.J.; Peirﬁdnt,

M”J : Craham W .A.G. ,,Stewart R;P;. Jr.; Tuggle,:R.N.

n. l982f,966.

on,

omet .
. ¢

ein,

B.F.G.

F.W.B,; Nussbaum, S Sutton,

Chem,

i Lewis,.

- Organometallics 1983, 2,

r, C.; Tfay, Y.~H.

€r,

C.B:;

D.; Johnson, B F.G.
W.J.H.; Nicholls, '

‘Inorg Chemq 1973, 12, 2944

Lewls J., McPartlin, M.; Nelson,

; Vargas

;; 0d

1981, 216, C56

1259.

C

: Keistér.‘J.Bq;iéhapley; J,R.

ryét;

Crawford, S.S.é

Daltpn Trans. 1982,

aki,

H.; W

and reféerences therein.

there

Fe'
met.

in.

Maitlis, P.M.

J. Organdmeti

Ry

see reference 37. R

,Chem.

1968,

akatsuki; Y

u:
12, 411.

C
173.

J.

M, D,‘ J. Chem. Soc., Chem,
1aka; T. I ‘Rainhby, P.R. J.
D.; Willis, A;c;
J.vAm. Ch;m. S;c{lgzg. 2?. lOSQ.

‘Struct. Commun. 1976, S, 219.
\ -~

Kaesz, H. Inorg. Cheh.‘1§75. 14,

.Sfansfield. R.F.D.; Stone, ‘F.G.A.; Winter, M.J.;
J. Chem. Soc.,

hem. Commun. 1978,..221; J. Chen.

M.; Norman, N.C.; Orpen, A.G. *J. Am. Chem. Soc. 1981, 103,

o~

Organomet . Chem. 1977, 139, 157

Chem. 1980;‘200 161 and references A

‘L’_ﬁ’

o

B

Os:l

'Ball, 'R.G.; Gagné, M. prlvate communlcatlon l

ruce, M.I.; Kn:ght J.R. \3\J0rgano—
see reference 39.



J. Am. Chem. bSoc. ]980 lUB, /14()0. K . D

113. Brammer, L.; Crockep. - Dunne, B. J ; Green, M.; Mor;on,vC:Et;; N
Nagle, K.R.; Orpen, A. C J\IChem SQC., Chem. Commun. 1986, )

'~ 1226. - : o

) . [ , )
114.  Acknowledgement ta Dr. F. Seils for 3¢ data.

115. Séils, F. 'priﬁate communication.

116. Pdurreau D, B : Whlttle RHR.;‘Ceoffroy, G.L. J. Oyganomét.
.~ Chem. 1984 273 333. L " o : y

»

"117.  Hersch, W.H‘ Berginan, R.C. J. Am. Chem. Soc. 1983 105, 5846 .
" 118. Trimquier, C.; Hoffmann, R. Organometallics 1984, 3, 370,
119. chkson. R. S ;. Mok, C;; Pain, G. J. Organometr Chgm. 1979, 166,

' 38S5. ‘ oD
120, Emsley, J.W.; Feeney, J.: Sutcliffe, L. "High Resolytion -
. Nuclear Magnetic Resonance Spectrqscopyn, vol 2, Pergamon Press,
" New York, 1966. : -

q .
121. a) The, K.I.; Cavell, R.C.‘ Inorg. Chem. 1977 16, 1463, b) Cavell,
R.G.; The, K.I. Inorg? Chenm, 1978, 17,7355, -7 v

‘122.‘ L'Eplattenier. F.; Calderazzo, F.' Inorg Chem. 1968, 7, 1290.

123. For M=Fe see (a) Pannell, K.H. Crawford G.M. J. Coord. Chem.
1973, 2., 251; “for M=Ru see (b) Cav1t B.E.; Grundy, K.R.; Roper,
.W.R. ' J. Chem Soc., Chem. 'Commun. 1972 60 (c) Lehmahn, H.;
Schlenk K.J.: Chapuis, G.; Ludi, A. J Am.” Chem. Soc: 1979
101, 6197; for M=Os see (d) Burt, R.; Cooke M.; Green, M. .
‘Chem. Soc. (A) 1970, 2981; (e) Segal, S.A.; Johnson, B.F. G. J.
.Chem. Soc . Dalton Trans 1975 677.

(124, Hastings, W.R.; Baird, M.C. Inorg. Chen. 1986, 25, 7913.

125. Cotton, F A. Lahuerta,‘P. Inqrg Chem 1975 JA 116. '~

126. jBall R.; Cagné M.; Takats, J. manuscr1pt in preparatlon .
127.- Carty, A.J. Sm1th W.F.; Taylor. N J. J. Organomet. Chem. AQZQF

~

146, Cl. ‘ . ‘
128. 'Mgrtin.‘L;R;;‘Einstein, F.W;B.; Pomeroy, R.K. Inbrg. Chem. 1985;
' 24, 2777. ‘ * o . :

| 129. Ittel, S.D.; Ibers, J.A. Adv. Organomet. Chem. 19 076, 14, 33.
.130..'Davies,‘BmW.f PaYne,_N.Ci 'Inorg;ﬂChem; 1974, 13 1848 -
131. ‘Pierpont; C.G. ‘Inorg;“Chem. 1977, 16, 636. '

\ . , . . -



136,
a7,

138.

139,

,;»¢§&91

150.

. Sappa, E.; TiripicChio, A.,mBraunste;n, P. Chom. Rev. ]983. 83,

\a) latsumi, K.; Hottmann, R.; Templeton . - Inorg. Chem. 1982,
21, 466."(b) Morrow, J. R. ,.Tonker T.L.; Templeton, J.L. .
J.ofm. Chem. Soc. 1985 107 69§6 S y .

f ' A,
203 Lt o b Y

[T S .
For M Fe see (a) Kruczxnski L.; LiShlngMan? L.K.K.; ; Takats,. J.
J. Am.. Chem: Soct. 1974 96 4006.. (b) Wilson, 3-T.; Covillq, N.J.;
Shapley, J.R:; OSborn, J.Ah. Chem. Soc.: 1974, Qp 4038. !
(c) von Buren, M‘ Cosandey. M.s Hansen, H.~J, Heélv. Chim. Acta

.1980 63, 738 (d) See reference 85. M= Ru, see referenCes 55 and

79 N=Os, see reference 88 and Chapter Two.

ki udaiy

ﬂxriegsman, H.i Beyer, H: z Anorsg. Allgem Chen, 1961, 311, 180,

W{ackmejer, B, J. Organomet. Chem. 1979 166 353 : R

‘Kost, D.; Carlson, E.H. . Raban. M. J. Chen. soc.{ cnem; Commun.,

1971, 656. S BESR
», . o

Maslowsky, J.E. "Vibrational Spectra of drganometallic Compounds

Nlleyolnterscxence 1977, pp. 248-263. : :

»

-Greaves, E.O, Lock C.J.L.S; Naitlia. P.M. . Can, J. Chgm.‘l968p

46,3879 | . o S
' Do /

Chikholm, M.H.; Clark, H.C.; Manzer, L.E.: Stothers,sJ.B. J.
Chem. Soc. 1972 94, 5087, o R ,‘L.

Templeton, J. L,,AWard 'B. C ‘ J. Amq Chem. Soc. 1980, 102, 3288

‘Stoghers, J.B. Carbon 13 NMR Spectroscopy" Academic Press 1972H.:

pp.85-90. ‘ :
Adridge, €.J, Organoméc. Chem; Rev. 1970, 5A, 323.
(a) Demuynck J. ‘Strxch A.; Veillard, A. Nouv. J. Chim. 19‘7

1, 217.(b) Axe, "F.U. : Maynick D.S., J. Am. Chem. Soc. 1984,
106, 6230. \ : :

Cagne, M. private communlcatlon

Nainl‘P.; Lessinger, L.: Woolfson, M M Cermann, C;; Deqlercq,

~J.P. "MULTAN 80. A System of Computer Programs for the Automatic’
‘Solutlon of Crystal STructures from/XFRay Diffractnon Data".

"International Tables for X-Ray Crysta110graphy", Kynoch Press,,
B1rm1ngham England, 1974, Vol IV Table 2 2B. e

’/Pbld Table 2.3. 1

Landon, S.J. Stalman P.R.; G'eoffroyK C;LJ J; Am. Chem. Soc.

1985, 107, 6739 | o S .



~

e a

| tteera g mte ey AsesanaitaTuay

Chem. 1981, 20, 1528,

e .
[}
oA
o
Lo
s .
a ;
"o ,
‘s '
0
v A
a3 ) '
' ?
, -
f
\
|
.
]
"
o
l
7]
SO
n ' ' A
. , W
et '
. \ f
1. '
.
. '
- —~—
] 1 N
1}
' .
. f
'
-
. v
' v"u
'y
. , '
el
LTy
M i
N
' y .
\ ; B

Aomanapra gy

~oaavay

A AN A PRIy

VI I

FRTIVI '



