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Unsaturaved Nitrogen-Containing ILigends in Triosmium Clusters
*

Derived from Trimethylamine and N, V D1metbylo=naylc1
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i CL—I:NI‘Ie)g(CO)g in very low

of N,N-Gimevhylbenzylamine with OszQCO),.‘2 leading vo tvhe btriosmiwmw-
coordineted unsaturated ligands Me—C=MMs,, apc-C=NHs{CH.Th), and
rain = =20 teELl ligan == 22, fa\ —LU=Llrie g Lo/, =Nl
2 3 - - ~ o as ) ;
/J\ - or -RC=NMMe (& = Ph or H). In diresct contrast with trisethyl-




lilevertheless we have examined vhe reacticns of NMe3 and of NMechQPh

with 053(00)12, encouraged ty the remarkadble transformations of File.

and PEU5 with this metal carbonyl [1,27 and hoping to make direct
compariscns. wWith OSB(CO)ﬂz’ trialkylphosphines undergo C-H cleavag

[

and, among other products, the alkene complex HOSB(EtZPC=CHa)(CO)9 a
P’r"tz)(CECH)(CO)9 are generated from PEt; [21
This iilustrates the dominant tendency to form unsasurated ligands
in vhe chenistry of organic molecules wivh triosmium clusters.

Trialkylamines conform with this, but ualike trialkyliohosphines,

multipie bonds To the netvercatvom are formed. Before we come to this

Triosnium Derivacives of ZBenzylidenemethylanine.

The compounds FnhlH=NR (R = Me or Phr) react with RuB(CO)12 oy ortho-
cluster disintegravion to give ¢is-Ru(CO).(o- C H,CH=1
tion teo give five-membered chela:

c
rings and is alsc found for bterzofhlguireoline with beth osrmium and

NVT

{(I1) (5%) and only & 1% yield of cis-0s(o C6h40H—.“e)2(CO)2 (I11},
cach giving yellow crystals after t.l.c. separation. As in most

1 =actions of organic moleciiles with 053(00)12, several products in
e

4

fairly low yields were ottained, but neverfheless it appears fro
this resultv that there is preferentizl C-E cleavage at carbon next

0o nitrogen with the aldimine in a sya-coniiguration rather than
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o-metallation to give a five-membered chelate ring with an anti-
configuration of the aldimine. In the Os5 cluster, nitrogen coordination
at one metal atonm allows Os-C formavion at an adjacent onse.

Compounds I and II are structurally comparable with
HOsa(N0554)(CO)1O (IV) and H2053(N05H4)(CO)8 (V) which contain
bridging 2-pyridyl ligands formed by direct reaction of pyridine
with 055(00)12 [3]. The strong similarity of the v(CO) spectra
of corresponding compounds (F;gure 1) can only mean that the
corpounds adopt the entirely analogous structures as shown in Scheme
2. The nitrogen ligands in all cases form 3e-donating bridges and
since the structure of V has been established by X-ray diffraction [6]
we can be confidznt of the structures in Scheme 2. The 1H N.M.T.
spectra confirm that the hydrogen atoms transferred to the metal

atoms in I and II are She ones shown (see Table 1) and furthermore

in IT the metal hydrides ( x21.18 and 22.68) and the PhC=NlMe ligands
(T

“Me
ligands in V. Thus compounds II and V are ron-fluxional with

6.69 and 6.71) are inequivalent just as the hydrides and 2-pyridyl

apperently the same structures in solution as in the crystal. The

bridging ligands are so orientated tvhat the three osmium atoms are
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Figure 1 2100 2050 2000 1950 cm”™
Infrared spectrz of compounds I, XI, IV, and V in the carbonyl
z2bsorption region showing the cleose similaricy of I and IV and

e

different; by interchanging the C-Os and N-Os tonds of one of the
bridéing ligands by turning it round, II and V would have gained 02
axes. Iv may be that there are unfavourable concentrations of charge
in this symmetrical structure which are avoided in the less
symmebrical one. Even so there is no obvicus reason for the observed
\JCEHa)2(CO)6 [3], for example, forms
two isomers of similar energy which differ only in the relacvive

orientavions of the 2-pyridyl ligands.
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There is no evidence for the formation of the species H3055L5(C0)6
[L = 1‘3051-1!_L or ?hC:NMe (Vi)] with the third osmium pair bridged.
Alvhough this might seem Teasible and would complete the series, it
would require at least two bridges on the same side of the osmium
plane. Indeed, with PhC=NMe bridges occupying axial sites at the

metal atoms as in I and V it is impossible to form VI,

053(C0)12
+ PhCH=NMe +py
-2CO -2CO
{(c0),05—___H (CO),Os H
A =0 {CO); N> "4}05 (CO),
(coly f\/ (CO)OS/
3 3
N RN
[" O
Me
() (Iv)
+ PhCH=NMe | -2 CO +py |-2CO
Mi 4
p Bh [i;\\
(CO), Os. H (CO)30s3 H
! 7‘\05 (CO), 5\\ ~=0s(CO)s
HB =" H "
cO (CO)
( )Z\N 2\N/
l Ph
Me \ /
(1) (v)

Scheme 2
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Compound IIT, 05(9—06340H=Nﬂe)2(co)2, is the product expected
by analogy with the ruthenium work, but the low yield (1%) made
characterisation difficult. However, better yields from PhCHzﬁﬂeZ
(see later) allowed full characterisation which showed that it is
in every way analogous to Ru(Q—C6H40H=YHe)2(CO)2 {4]. The CO _groups
are c¢is as seen from the two equally intense +(CO) absorptions at
2002 and 1937 cm’q and the C6H4CH=1ﬂe ligands are inequivalent (see
1H n.m.r. data in Table 1). Accordingly the molecule must have the
ssructure shown with one CO trans to O0s-C and the other trams to

Os-N. The o-C

I, CH=IMMlg ligands in III are sufficiently different to

. . I
allow 2 1.0 bp. ation of the methy1 signals in the H n.m.r.
with one of the signals (—~ 5.77) at an unusually low shift. The two

re expscted vo experience quite different shielding by
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tae mw-~electrons of the other ligand.

Triosmiunm Derivatives oi Tertiary anm
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The two amines we have examined, Nie., and PhCH,NMe,, react very

>
similerly with 055(00)42 giving only products with mulviple C-N

tonds. Various reaction conditvtiors were employed. N,N-Dimethylbenzyl
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d with 085<CO)12 in refluxing deczne or dekszlin with
CO bubbling through or in refluxing dekxalin under nivrogen. Trimethy
—-amine was rassed through a refluxing solution of 055(00)12 in nonane
or was condensed with hexane and Osg(CO)12 in a glass tube at =173 °c
which was sealed under vacuum and subsequently heated at 170 9c. No
method gave anything but poor yields of the compounds in Table 2

(see Experimental Section).

The very minor products HOs5X(CO)1O (X = NH, or QH) are probab
derived from ammornia and water as impurities in the trimethylamine.
Water 1is known to react with 055(00)12 to give HOs3tOH)(CO)1O {71 and
the reaction with ammonia is like the first step of the reaction of
aniline with 035(C0)12 to give HOsa(NHPh)(CO)qo [al. Oﬁr attempts to
react ammonia with 055(00)42, however, gave an intractable mixture
of Csmium compounds which probably contsin ligands derived by
condensation of NH3 with CO. All other preoducts in Table 2 are

derived from tertiary amines. (Continued on p. 133)
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Table 2

lH n.m.r. Data® for Osmium Compounds

Compound ’ -~ Zissignrment
HDs,, (PhC=N}e){C0) 2,50-2,80m Cc H
3 g 10 3.23dd -3
6.80s CHg
25.02 OsH
H2053(PhC=1\Me)z(CO)3 2. 70m Cc.H_
iz 6=3
3.19m CgHjs
6.59s NCH3
6.71s NCH;
21.18s OsH
22.68s OsH
Os(o-C6H4CH=N;\‘[e)2(C0)9b 1.13m CH=N
= 1.53m CH=N
IIT 2,02m
2.39-3.21m C
3.47m ( stla)o
5.77s NCI_j3
6.76s NCH,
HOs(C=X2e, }(CO), 6.16s N(CHg3lq
VIII 26, 79s OsH
HOss(HC=;\'Mfe)(CO)9 0.29s CH
6.26s CH
~x =3
- 28, 090s OsH
HOSS(.\'HZ)(CO)IOd 25. 12d OsH
X
HOS:3 C=_\.\Ie(Ch2Ph) (CO)10 2. 52-258m ngs
4.65d e
- A
XH 4.85d } CH,(AB quartet)
6.32s C}_*I3
26. 58s OsH
o
a. Recorded in CDC].3 at 100 MHz at 27 C
b. Recorded in c1)3coc1)3 for direct comparison with the ruthenium analogue.
c. H’Rus(C=.\'Me2)(CO)10 gives singlets at 7 6.1 2nd 24,9
c. NHz signal not observed in CDC13 or CD3COCD3; signal prcbably too broad

to be observed. OsH proton couples (3.1 Hz) with only one ;\'52 proton,

e. J(H, H) = 14_2 Hz for the AB quartet.
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The liégnds we have obtained are of two types: (A) RN=CR'
(in I, VII, and IX) formally derived by elimination of alkane and a
hydrogen atom transfer from the tertiary amine to the metal atoms
and (B) RR'N=C (in VITI and XII) in this case derived by eliminetion
ot H2 and a hydrogen atom vransfer to osmium. This is reminiscent of
the formation of the clusters H2055(02RR')(CO)9 containing either
RC=CR! or RR!'C=C formed by dehydrogenation of alkenes [9]. (&) and
(B) can act as three electron donors as ir the decacarbonyls I,
VITI, VIII and XII while MeN=CH in the nonacarbonyl IX is presumably
a Se:dono:, donating —~electrons from the C=N bond to the netal as
well as the nitrogen lone-pair of electrons. Bonding in this way, it
fivs into & series of vriply-bridging ligands RC=CR', RC=NR' and
RN=NR' donating 4e, 5e and 6e respectively. The ligand FhC=NMe formed
from PhlH=NMe as descibed earlier is of type (&), while (B) ligands
have bteen identified previousiy in EMs(CNHeE)(CO)qo (M = Fe [10] or
Ru [11]1), and data given in Tables 1 and 2 for VIIT are very similar
to those for the iron and ruthenium compounds. Ths CNMe2 ligand in
the iron compound was formed from dimethylformamide by oxygen atvom
loss, while the ruthenium one was obtained from Me NCHasnMe5 and
Ru5(CO)12. Qurs is apparently the first example of a direct formation
from trimethylamine. The structure of the ruthenium compound
determined crystallographically [11] is like that shown for VIII with
an approximately planar arrangement of the NC5 avoms and the two bridged
osrpium atoms. The slightly stepped arrangement in this group does not
involve significant deviation from planarity. The C=N mulfiple bond
implied by the bond length and nitrcgen planarity would reguire a
moderately large energy barrier to rotation about this bond and this
is indicated in H0s3{0=m1e(CH2Ph)}(co),lo, XiI. This molecule contains
non-eguivalent benzylic hydrogen atoms appearing as an AB quartet in
the n.m.r. spectrum. A 180° rotation about the C=N bond would give
the enantiomer with H, and H, with interchanged sites (Scheme 3).
The observation of a sharp AB quartet at 30 9C supports a significantly

hindered rotation as expected.
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Table 3

Products from reactions of tertiary amines with 053(00)19

NMeS: HOSS(CH=NMe)(CO)1 o (VID)
HOSS(C=NMe2)(CO)1O {(VII)
HOss(CH=NMe)(CO)9 (Ix)
HOsg(NHz)(CO)lo (X)
HOss(OH)(CO)10 (X1)

PhCHzNMez: HOs3(Phc=NMe)(co)10 ‘ (1)
HOss'C =NMe(CH2Ph) (Co)10 (X11)
I*IOSB(CI*I=NI\,Ie)(CO)9 {1X)
Os(g-C6H4CH=NMe)2(CO)2 (111}
(PhCH’2 )2NMe

All The compounds in the tables gave good mass spectra with parent
molecular ions in accord with their formulations and fragmentation
icns were also as expected. All high temperavture reactions were
carried out in the absenze of oxygern, but chromatography and isolation

of conpounds were carried out in air. All compounds were indefinively

cable in zir under normzl condidions.

n

Reaction of Osz(CO),]2 with N-Benzylidenemethylamine.
-

A solution of PnCH=NMe (2 cma) and OSB(CG)qg (0.197 g) in octane
(23 cms) was heated under reflux under CO for 5 h. After cooling, the
solution was decanted from crystallised OSB(CO),]2 (0.040 g) which
was washed with a little chloroform. Solvent was removed from the
combined solution and washings and the residus separated by layer

chroxzavography on silicaz using petroleum ether (b.p. below 40 °C)



eiuent followed by z retroluem etvher/chloroform ixture { up to
5C% by volume) to give three yellow bands which gave compounds I
(0.037 g, 48%), m.p. 152-5 °c, II (C.011 g, 5%), m.p. 176-9 °cC,

and ITTI (0.004 g, 1%}, all as yellow solids.

Reaction of Os gco)1, witk N,N-Dimethylbenzylamine.

~
CO wazs passed through & refluxing solution of 055\00)12 (G.198 g) axn
) in refluxing deczne (23 cm”) for

3
dryness under reduced pressure the residue was separated by layer
carozatography (silice) using pertane zg eluznt. The two most intenss

pentazne until the washings were no longer intense yellow. The solid

s contaipned IX. The maverial on the base line =2fter
rechromatography gave (_“Ciz)zmde (0.003 g), identified by elemental
grelysis and I n.o.r.
& sizilar reaction uander CO in refluxing dekalin gave traces
13%), and IITI (655). Under NZ 2 similar treatment gave
(15%), ard III (8%). Little or no reactvion of

Prei NMe, with 055(00)12 was cobserved in refluxing cctane or nonane.

Reaction of 057(00212 with Trimethylamine.
P

Trimethylamine was passed over XOH pellets and through a2 refluxing
solution of 053(00)12 (0.166 g) in nonane (25 cma) for 7 h by which
time the infrared spectrum indicated that most of the 055(00)12 had
reacted. The reaction solution was decanted from a brown solid
which was washed with chloroform. Solvent was removed froxm the
combined scolution and washings and the residue chromatographed as

showa tha ocivre TY (0O NNL e 2N WITT (N 0141 = 8L arAd YT 00 AN~ <&
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Hexane (10 cm3) and 055(00)12 (0.160 g) were degassed in a glass

sleave within & stainliess steel bomb which was finally sealed under

—

vacuum. Trimsthylamine (about 5 cn”?) was distilled into the bomb

which was resealed znd heated at 170 + 3 °C for 2 h. The infrared

spectrum of the solution indicated that little reaction had occurred

so the vessel was reloaded and heating continued for a further 7 h.

Treatnent of the product mixture as above gave 055(00)12 (0.006 g),

VII (0.002 g), VIITI (0.C06 g) and X (C.O00% gJ). We obtained novhing

poor yields in our work.
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