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Summary,. The reaction of IL,Mu,(C0)g (L = PFh,,

P(oMe) Pn, PEtg, PMeFh,, P(p-CHaCells)s, P(m-CH.CoM.)s, P(OBt),, PEt.Th)
with nitroso-t-butene at 23°C in & variety of solvents (dichloromethane, toluene,
tetrahydrofuran, acetonitrile, acetone) in the derk produces stable nitroxide
radicals which have been detected by electron spin resonance spectroscopy. The
radicals are iéiéntified as the spin adducts
n(oc) sN(c)c(CH3)3. In pyridine solution substitution of the phosphine ligands
of the radicals rapidly occurs so that the specles tfapped from I,Mn,(CO)g

(L = PPhy, FPEty, Pm{OMe),, AsPha) is (CsHsN) (0C) MN(0)C(CHz)a.

Introduction

Spin trappingr'by nitroso compounds, as well as by other molecules, has
been used to study a number of organic radical producing reactions.! This
technique has a.lsror been epplied to the study of transition metal centered
rédica.ls , ﬁarticularily pen’ca.cym}oco‘n19.11:(II)2 and radicals generated by the
ﬁlbtochemical homolysis of metal-metal bonded organometallic dimers.®

We now report on the use of spin trepping experiments to detect the ‘_hliernal
hbml&sié of certein mtal—met:al bonds. In this cese the spin trapping
experiments offer & uééfui adjunct to direct esr observation of orge.nométa.llic
radicals prbduced by homolysis df mefal-metal bonds (e.g., the case of

[(%Hs)Fe(CO)a]z“). The reactions involved in the presernt systems are set out
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in eq .1 to 3. So long es the organometallic nitroxide produced in eé_ 2 is
1) L MM, =2 oM 5
f
2) R-FN=0 + ML, - R-N-M,
:
53) R-N-ML, - unidentified decomposition products.
steble, the technique is useful for probing situwations in which the eguilibrium
of reaction 1 lies in favor of the metal-metal bonded dimer, since the combined

2ffect of reaction 1 and 2 should result in the gradual increase in concentration

of the nitroxide radicel.

This article involves compounds of the class [ (RaP)Ma(CC),]s.
Altnough these species were originelly formulated as paramagnetic moromers,®
further studies have revealed their true dimeric nature,® '° The paramsgnetism
frequently observed in samples of these dimers has been ascribed to the presence
of small quentities of Mn(II) impurities.®>® Thermel homolysis of [FhsPMa(co).l-
has previously been proposed to eccount for the formation of Buan»h(CO)4I

from the dimer end iodine et 25° in the darkl?l and to azccount for the kineties

of trirhenylphosphite substitution of [FhaPMa(co),.]..22

Experimental

Cormercial samples of Mi»(C0);o (Strem) and nitroso-t-butane (Aldrich)
were sublimed prior to use. Refore use, triethylrhosvhite wes distilled end
tx;iphenylphosphine was recrystallized, ﬁe other grour V ligands were commercial
samples that were used as received, excevt for dimethyl phenylphosphonite w;hich was
prepared by the reported procedure.*® All operations were performed routinely under
purified nitrogen using deoxygenated solvemts. The complexes [IMn(C0).]» ‘(L = PFag,
PEts, PPhoMe, PEt.Ph, P(OEt);, P(OPn); and AsPh,) were prepared as previously
Cesc-.ribed.;"’lq' New complexes of this type were obtained by irradiat;lon orf‘v éolutions
of hhe(CO)lo and L in 1:2 ratio followed by solvent evaporation a;t1d recrystellization
The following solvents were used: L = HzP(OLE)Z, irradiation-cycléhexa.ne, :

recrystallization-methanol; L = (p-CHsCgHy)3P, irradistion-benzene, L = (m-CHzCet,) o B
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irra.diatibn-'benzene, recrystallization-benzere/pentane. The new products were

1dezrtifiéd by sg’c.isfactory elemental analysis and by their infrared spectra.

Preparetion of ESR Samples. A 10 ml round bottom flask equipped with a
5 nznvod sidearm tube, which served as the esr sampnle holder, was charged with
1x lO‘é_ mole of Mn,{CO0)glg 2nd 4 x 1075 mole of
[(cp.a)acnojz. This flask was attached to & vecuum line via a stopcock and
e standard taper joint. The essembly was evacuated and 1 to 2 ml of solvent,
which had been previously dried and degassed, was distilled onto the sample.
The sample solution was transferred to the sidearm for measurement of the esr
spectrum. For the study of thermel reactions, the semples were prepared in a
darkened rcom with the apparatus carefully wrepped with aluminum foil. FElectron
spin resonance spectra were measured on a Varien E-L spectrometer, which was

calibrated with Fremy's salt.

Results

The esr spectrum obtained from e mixture of Mnpy(CO)g(Pis), and nitroso-t-butane
in tetrehydrofuran solution is shown in Figure 1. The spectrum shows hyperfine
coupling to one nitregen mucleus (I = 1, 99.6% naturel abundence), one
manganese nucleus (I = 5/2, 100 % natural sbundance), and one phosphorus nucleus

(1 = 1/2, 100% natural abundence). The radicel is identified as the spin
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edduct 1 (L= P.Fha) which is produced by reaction 2. Similar spectra are observed

in a variety of other solvents, except for pyridine (vida infra). The coupling

constants cbtained from these and other spectra are set out in Teble I. One

other fea.tur.e of the spec‘l;rum in Figure 1 is roteworthy. The intensity of the

spectrum contimies to grow over at least a two hour period after the initial

sample érepa.re.tion. Mmtmm, however, the spectrum intensity begins to decay.
Other dimers, Mop(CO)sl. where L = FEts, PPhMe, PEt.Ph, P(p-CHaCeH,)s,

P(m-CHaCelis)a, FPu(OMe), and P(OEt)a, produce similer spectra with coupling to



124
Table T )
0 3

ESR Parameters for Nitroxides, 1.(c0) ;¥n-N-C{CHy )5

Startineg Complex Solvent ] a(N)a a.(!oh)a' ] a(P)a
¥n,(C0)g(PPoa) > dichloromethane 19.4L ©11.33 3.86
toluerne 19.41 11,35 3,45
tetrahydrofuran 19.41 11.35 3.3
acetone 19.57 11.37 3 -66b
pyridine 17.92 11.69. —
M, (C0) s (FEta)a dichloromethane 18.80 10.90 h.62,
pyridine 17.92 11.69 —_—
M, (CO) g (PRroMe) 5 dichloromethane 19.16 11.07 5.44
Mn(C0) ol P(p-CHaCeHa)a]o Gichloromethane 19.37 11.30 3.95
M, (C0) sl P(m-CHACsH,)ala dichloromethane 19.53 11.39 5.86
M, (oYl PPR(OMe) 2] dichloromethane 1g9.24 10.77 6.09
acetonitrile 19.30 10.80 5.9T,
pyridine 17.92 11,69 —_
n, (o) o[ P(ORE) ST dichloromethane 19.17 10.97 6.62
c [+
¥n,(C0)a{asPhg) dichloromethane € %
pyridine 17.92 11.69 -_—
w_ (c0)o (PRt Th) dichloromethane 19.17 11.11 5.58
- a
#a(Co)s 17.39 12.56 —_—

a Coupling constant in Geuss (ave. values), reproducible to * .05 G.
b No coupling to phosphorus, but coupling to pyridine, a(N) = 0.58 G.

¢ Too feeble in intensity for analysis.

2

(o) s (0)NC(CHs ) obteined by oxidetion with tropylium ion, data from reference 23

e single nitrogen, manganese and phosphorus detected in each case. As might

be anticipated, changes in the substituents on the phosphorus 2ligends produce
changes prineipally in the phosphorus coupling constent. These spectra also
exhibit dypamic growth in intensity over at least ﬁ two hour period. Under
gimilar conditions, bha(CO)B(AsP.'xs)z produces & feeble spectrum whose intensity
redeins too weak to allow its apalysis. No spectrum was cbtained from either
M, (C0) 10 or M (CO)o[F{Om)s], urder these conditions.

As pointed out ebove,Mn,(C0)g(FFhs)s produces e distinctly different
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Fig., 1. Esr spectrum obtained from a mixture of M, (C0) g (Frhs), and

nitroso~t-butane in tetrahydrofuran solution.

spectrum in pyridine solution. That spectrum is shown in Figure 2. The spectrum
exnibits hyperfine coupling dues to nitrogen end manganese. The coupling
constants found for these two nuclel are similar in megnitude to the coupling
constents obtained in other solvents. However, coupling due to phosphorus is
lacking. In its place coupling to & second nitrogen is observed. This small
coupling results in the splitting of each major line in the spectrum into a
triplet. This smaller nitrogen coupling is readily seen in Figure 3 in which
the three lowest field lines in the spectrum are displeyed on an expended

scale. Exactly the same spectrum is obtained from Mn.{c0)e(FEta), and from

wd

— 106

Fig, 2. Bsr spectrum obtained from a mixture of Mn,{CO)a(Pths), and

nitroso_-t_--butane in pyridine solutiom,
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Fig. 3. The three lowest field lines in the esr spectrum shown in Figure 2,

displayed on en expanded scale.

M (CO)a[PPR{0OM) 2], in pyridine solution. May(C0)g(AsFhs),, which in
dichleromethane produces only & feeble spectrum, also produces this spectrum
in pyridine. However,with Mn»(C0)10 2nd Mn,(C0)e[P(OFb3)s]. no spectrum is
obtained in pyridine solution. The spectrum shown in Figures 2 and 3 is
assigned to the radical 1 (L = pyridine). The large nitrogen coupling
constarnt is assigned to the nitroxide nitrogen while the small nitrogen coupling
constant is assigned to the pyridine nitrogen. This radicel is produced by
substitution of pyridine for the group V ligand PFng, FEtg, Frh{oMe), or AsFh,.
Since evidence exists thet substitution of (PugP).Mn,(CO)g occurs vie
initial homolysis,'? the pyridine substitution probably occurs either with the
radical .intermediate RGPI-!:(CO)4 (2 17 electron species) or with the radical
product RaP(0C) ,MN(0)C(CH;)5. We have not been able to distinguish between
these two possibilities. The problem srises from the dynamic rature of our
trapping exverimants. Since the redicel RSPLh(CO)4 is constantly being produced
vie reesciion 1, it hes not been possible to explore reaction of RyP(0C) MN(0)c(CHs)4
with pyridine in the absence of e flux of RyPMa(CO)..

The electronic spectra of the Iqma(co)e complexes are reported in Table II,
The usigmneﬁt of the two lowest energy transitions as dm - g* and o - o't
followa from previous study of the spectra of ma(co)lo and some derivatives,.lS
Here the g and g* orbitals are the bonding and enti-bonding orbitals associated
with the metal-metal bond. The weaker dm -> g* transition appe{a.rs as & shoulder
on the strorg o - o trersition and the position of the weasker band is only
arproximate., Teble II also contains = listing of the force constants for

stretching of the equatoriel carbon monoxide ligands.”’
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Table IT

Electronic Spectral and Infrared Force Constant Data

Electronic Spectra® Force Constants®
Complex : am > g*,cm~t (e) g = g.em~t (e) k- (co) smdyn/R

Mn.(C0)10 26,500sh  (4800) 29,400 (20,500) 16.33°
Mn.{CO)s[P(OPh) 5], 2h,700sh  {47T70) 28,300 (29,200) 15.999
Mn.(C0o)s[ P(OEt )51 23 ,800sh 27,800 15.75L

M (CO) g P(m-CHyCeHy)alo 23,100sh 27,000 -

Mn, (€O) g (PPhs) 22,900sh 27,000 15.626
Mo, (C0)g(AsPhs) o 22,3005.}3 26,900 15.620
Mnp (CO) g (PPnote) 23,500sh (3850) 27,500 (31,700) -
¥n,(c0)g(PEL o Ph) - 2%,600sh (3490) 27,800 (27,500) 15.510
Mn,(CO)a(FEta) s 25,800sh  {3000) 28,500 (22,600) 15.466

& acetonitrile solution, this work.

b Carbon disulfide solution, reference 7.

€ Carbon tetrachloride solution, reference 22,

Discussion

The ebility to successfully detect spin trapped radicals depends on the
stability of the nitroxide product. The photolysis of Mny{(CO);o has been shown, by
synthetic and physical studies, to produce Mn{CO)s radicals.'® The identity of a
long-~lived radical produced by photolysis of an(CO) 10 in tetrahydrofuran solution
hes been the subject of considerable controversy.*5“2° The Mn(CO)g radical, produced
by photolysis of Mn,(C0);o, hes been trapped at -30°C using nitrosodurene? or 2,4,6-
tri-t-butyinitrosobenzene.2° However, these radicals rapidly decomnose, We have
been able to observe the spin addud 2 only during direct photolysis at -35°C.
This radical rapidly decays when photolysis ceases. In the cese of 3, it is
reported thet warming causes the radical to transform into & new species winich

is claimed to result from insertion of cerbon moroxide into the M-N bond., In
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contrast, we find that the organometallic radicals trapped with nitroso-f-butane
ere stable enough to accumulete to readily detectable concemtrations at room
tempereture. Since these solutions of orgenometallics and nitroso-t-butane

are extremely light sensitive, 211 of our samples have been carefully shielded

from light. The radical _(CHé):aCN(O)l"h(CO)S has alsc been detected in experiments

in which Mn(CO) is oxidized by the tropylium cation.2® )

Zur observations verify the suspicions of others thet certazin
substituted derivatives of Mng(CO)lo undergo thermal homolysis
under mild conditions. The identification of these radicals is inferred from
the hyperfine couplings presert in the spectre end by the dynemic growth of the
spectral intensity with time.

There hes been some controversy over the initiel pré&uc‘b produced by photolysis
of Mu,{C0)1 o in pyridine solution. Since the finel product tm(py)ej[m(co)sja
results from disproportionation of the dimer, it has been suggested that photolysis
in polar solvents, particulerly pyridine, results in initial heterolysis of the
metal-metal bord.22 Cur results with Ma,{(CO)gI. indicate that thermsl homolytie
cleavage occurs in solvents of varying polarity, including pyridine. We suspect that
disproportionation in mz(co)lo end relsted species could occur after the initiel
bomolysis (by either thermsl or protochemical activationj nroduces & substituticnally
isbile 1T elettron radical, Ma(CO),IL.

"Bomplysis of the mengenese cormplexes results from an electronic effect.

The phosphine substituents occupy the axial coordiration sites and should produce
1ittle steric strain ebout the mestal-metal bond. On the other hand, it appesars
that increasing the o ele_ctron doration of these exial ligands while weskenirg

their 2bility to act as 11 acceptors does weeken the metal-metal bond and lower
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the activation energy for metel-metal ‘bong cleavege. We h.ave attermted to

correlate our observations with two sets of cther spectroscopliec observations

on these compounds. We suspect that the inability to observe radicals from

either Mn,(CO),o or [(Pho)sP]gbbz(CO)a at 23°C in the dark results because of

e greater activation energy required to cleave the metal-metel bond in these cases.

Of course, the failure to detect the radical could also be due to the lack of reaction
2 or to rapid decomposition of the product, reaction 3. Since no radicel is

observed in either inert solvenits or pyridine where we know that 1 (L = pyridine)
would be steble, it is highly likely thet redicals are not observed because

reaction 1 is slow when the axisl ligands are CO or P(OEh)s.

From the dete in Table II it can be seen thet Mno(C0)io and [{(M0)5P]M,(CO)g
have the highest equatoriel cerbonyl stretching force constants of all the
manganese dimers listed.”? It mey be argued that increasing the electron density
et menganese cen leed to weakening the Mn-Mn bond. Particularily, increasing
the electron density in the Mn dm orbitals should lead to increased repulsion
between these filled orbitals on the two metals.® Consequently, from the force
constant date, the high cerbonyl force constants in Mn,(C0):o and [ (Ph0)5Pi Mn.(CO)g
reflect 2 lower electron density in the dm orbitals and less repulsion between
the two Mn centers.

It has also been ergued that the position of the intense electronic transition
which has been assigred as a g = g* transition of the metali-metal bond of these
complexes may reflect the strength of the metal-metal bond.l® The position of
this band has been correlated ﬁith the activaetion energies for e series of
reactions which are believed to occur by initiel metal-metel homolysis.'2 However,
in the present case a correlation between the observation of radicals and the
position of this electronic transition does rot exist. In particular, for both
[(P0)3P]l-M,(CO)a and (EtaP),Mn (CO)g this electronic transition occurs at
28,300 cm™* but only in the case of (EtzP)-Mi,{(CO)g is & radical trapped.

It also should bte noted that the energies of the assigned ¢ +» ¥ transitions

and the value of ks in Table II do not correlste with one another.
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