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SLMMARY

Photochemistry of ax,ax-L{0C) Mn-Mn(COj,L (L=P{n-Bu}s) (5) i~ cyclohexane
has been siudied by means of laser ohoto ysis with a uvovis detection system,
In addition te the transient absorption features duc to the accurrence of
orimary processes, (1) Fn—-Mn bond cleavage to g ve Mn{CC)4L (1), and {2) CD
dissociation without metal-metal bord cleavage to give M- RCD}?Lz {113,
Two absorption featurcs arc observec: The one iz aitribufed to the format-on
of a seccndary intermediate (I¥), wrose structure is sssigned to ax,eq-
L{OC) M= —Mn{CO)4L, from the reaction oF Il with L, The other appears to show
the possibility of a third primary process {3} 1~ the photo ysis syster of the
disubstituted _{UC),Mn-Mn(CO},aL. A whole pholocrerica) reaction scheme is
propesed in Scheme 5 and the nature of the intermediates, IV and unknown 111,
is discussed.

INTROBUCTION

When we encounterad our first laser flash photolysis results {ref. 1) show-
ing the existence of the second primary photochemical precess in Mne(CU)w
ather than the metal-meta® bond homolysis to g ve 17 electron radical fragmen:s
{Process 1) in hydrocarbun sclvenls, there were only a few reports {ref, 2,3)
in which presence of a second photochemical procass for an(CG)10 sycter was
irp:icated. Since this compound has been considered a prototype for shotochemis—
try of di— and poly-nuclear metal carbonyls with single metal-metal bend (ref,
43, we aimed at elucidating the nature of the second primary process.

The clue for the second process was the appearance of the transicent
absorbance in the region from 430-600 am {dmax 300 rm} in adZition tc the
conhcurrent appearance of the gther transient abscrbance in the region over 700
nm {*max 830 nm). The latter had been well documentes to be cue to the
formation of Mn(CO}g via (Pracess 1) (ref. 5,6) and shows characteristic
features of its very short lite time, ¢nd arder decay kinetics, and tre
quenching effect of CCly as well as no effect of added L0 on tre kinetics.
Although the chenistry of the 17 electron species has been a very active
research arez (ref. 7}, it is not reflerred here in detail.

For Lhe internediate giving rise Zo the second transient absorption (imax
500 nm}, we proposec Mny(L0)g, which is formed by lesing CO with retenton of
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Fr-Mr bond (Process 2}, from a certa’n amount of ewvidence including the decay
kinetics under degassed ar Ar atmospheric conditions {slawer, Znc order) and
unger 1 atmospheric pressure of C0 {(foster, psevdo st order), Lhe existence of
an isesbestic point in the transiert spactrai change of the CH3CN added systen
whose finel absorption spectruw was simi‘ar to that of MHZ{CD)Q(CHaﬂN) giving
) (1200 M_]) for MnZ(CO)g {ref. 8). fothberc ot al reporied that these two
ahscrptions are ohservahle evan 25 ps after excitation ard proposed formation
of similar inLeraediale, FHZ(CO)Q(ELOH), in ethanol solution (ref. 9},

Ir addition, the associative nature of the substizutien reaction on Mn{CQ)g
with L was verified for the first time by studying the additive effects of
CH3Ch ard P(n-Bujz (ref. 8}, A similar conciusion was reportes almost
concurrently by Hepp et al {ref, 1) using a “ow temperature photalysis
vechricue i frozen and “luid media with IR delection by whick sresence of a
bridging C0 was shown. Dunkin et al {ref. 11} reported an asymmetric C0
bridgirg for it by matrixz experimerts involving plane polarizec lignis,
Brideing £O0 in Mny{C0}g was also detected in so’ution az -oom temperature by
Church et 21 (ref. "2} using laser photolysis with fast [R detection, Walker et
al and Herrick el al {re®, 13,14) also confirmed the existence of two primary
processes for Mny(C0)qq and same phosphines or phosphites disubstituted
corpeunds by convenlional “last photolysis with uv—vis detection, Thus,
rechanistic study on Mna(CO}y phctochemistry has been greatly develsped in
these years {ret. "6-18). In Scheme 1, the photochemical passes for “ne(CU)10
are showr and in Table 1 the rate constants for the recomhinatior reaction of
Mn(CO)S {leaction 5) and of an[CD)g with C0 (Reaction 6) reported by these
varigus lazzoratories. Thuse kinelic dela are in agreement with each other.

This research has extended to mangrnese carbony: compounds cantaining heterc
netal-retal Hond, Mn-Re {ref. 19-71), Fe-Mrn and Mo-Mn (ref. 722,23}, and also
with Mn-ron transition metal bond, Mn=-Sa-Mn{ref, 24), Mn-Hg-¥n (ref. 25). In
atl these cases, the existence of the primary process of U0 Toss without metal-
metal bornd cleavage has been proved.

We observed a very ‘ong-Tlived absorption, in add-tion to Zwe independent
absarptions due to formation of Mn(CO)4L and €O lost intermediate without Hg-
Mn bond tomolysis, in the laser photolysis experiments of HgiMn{CO)4L]2 system,
This led us to scrutinize the related system, L(UC}4Mn~Mn(CU)4L, although the
properties of intermediates of the processes (1) and {2} were reported for some
phosphorus Tigands (ref. 13,14}, and to find much compasite photachemistry than
that of Mng(CO)m.

We describe a scheme for photockemistry of L{DT)4Ma-Mn(COY,L (L=P{r-Buj3)
given chiefly from flash photolysis study with uv-vis detectign,
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SCHEME 1
Photochemical passes of Mn2(80}10.

{OC)SMn—MnICGJS —

Reaction | (5)
hy Process (1)
= 2 Mn(CO)E
n Reaction | (6)
Pracess {2) - S
= {3C) Hin—#n{c0),, + €0
(11} )
TABLE 1

Recombination rate constants of Mn(CO)4L and of By (COX4L,

in cyclohexane at room temperature,

Rate Constants(M_]s']} Ref.
MA(E0),L  L=C0 6 x 10%2 5
9,5 x 18 6.13
g = 10 2]
1x 1098, 7 x 108 12
L= P(nBu)3 P('IBLI)a P(IP!")3
1x108 2 x 107 3 x 108 i3
2 x 10 7 x 107 3 x 108 27
Mno{ £0)4L L-£0 1.2 x 10° 8
AN 4.3 x 10°€ 15
2.9 x 10%¢ 14
2.7 x 108, 5 12 x 105 12

L= P(0iPr); F(aBu)y P(iBudy  P(iPr)s

3.0 « g% 9.1 x 1@3 2.3 x 103 1,8 x 192 14
3x 10 2 x i0 7 ox 10 ? ox il 27

%0bserved in ethanol,

Observed in n-heptane.

CObtained from pseudo first order kinetics
under 1 atmospheric pressure of €O,
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METHOD

¥no(CO)g(P{n-Bul3)y was prepared by the ‘iterature method (ref. 13). Tri-n-
buty'phesphine (lokyo Kasei) and cyclohexane (Wake Pure Chemicals, spectrosol
for flucrometry) were used as received,

Szmple solutions were prapored in wvacuo.  So'vent stored on K-Ha alloy was
added ir the sampie compartrent after measurirg its wvclume and the sample cells
were hermetically sea'ed, Then, D wr Ar gas was edrmitted into them through a
side arm with a teflon cock.,  Photocelis of Tmm oor 10 mm length were usaed.

The laser photplysis system (raf. 26) used in the presert study is shown in
F<g. 7. The third harmonics {355 nm, fwhe 20 ns, ca. 40 md/pulse) of the Q-
switched Nd=YAG laser{J.K.taser's Model HY 500} wes used as excitation light
source, A probe light source was a pulsed or continuors Xe lamp {lshio JXiL-
1500, 1R0WY. The transmitted light beam through 2 samole cell was Ted into a
Ritsu menoehromator (Model MC-20M}, and the output from a chotomultiplier
atiached to the exit slit of Lhe moncchremalor was dispiayed on a Tekironix
oscilloscope (Model 70043,

RESULTS AND OTSCISSION
General Feature of the Transient Absorption Spectra

The transient spectra of ax.ax~L(0C)4Mn—Fn(C0)4L (L:P(n-Bu)3) system under
1 almospheric prassure of €0 in cycliohexane altur phololysis by excitation

wavelength 355nm 15 skowm in Fig. 2. Like the parent carhonyl (L=C3}, the
present compound 5 [L=P{n—Bu)3 urless otherwise stated) shtows the appearance of
twc absorbances in the range at 450-620 nm {imax 530 nm} and in Lhe renge over
700 am (Amax 83C nm) {ref, 13,74} immediately afier excilation. These are due
to the farmatior of L(Oc)dMn—Mn(CD)3L {ILl} by Precess {2) and to the formation
of Mn[CD)aL (1) by Process (1), respectively. The decay kinetics and the
effects of additives, Ar, €0 and CCly on them arc in agreement with above
assignmenk. The negative absorbance in the spectrum at 1 us after uxcitalion
canh be undoubteoly ascribed to bleaching of ax.ax-L(OC)anhﬂn[C0)4L.

The apsarbance around at 800 -m disappears by following second arder
kinatics under either Ar or CO atmospherc (Fig. 3a) and the decay changes intg
the pseude-first order with addition of CClg. The ore with hmax at 533 nm
shows very long life under Ar atmosphere, whereas its decay becomes faster
under 1 atmospheric pressure of 00 to fellow the first order kinetics (Fiq.
3h). Addition of CC'4 has ro effect of its appearance ard decay. This evidence
shows that the two processes {1) and (2) also take place concurrently in this
syster (ref. 27). Recorbination rate constants of Mn(CO)4L {11 {Reaction &)
and of MnE(EU)?;E [Il) witk CO {Reactiun G} For L=P(n—Bu)3 and some other L are
Tisted in Table 7. Steric effect of Ls on the rate of Reaction (A} is



Fig. 1. Block diagram of time-resolved spectroscopy apparatus. TRG: trigger
mechanical shutter, 3C: sample cell, MC;
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Fig. 2. Transient absorption spectra of Mng
, at 100 usy ¢, at 2 ms; d, at 20

after the 355 nm Taser pulse:r a, al 1 us;
ms.
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at: a, 300 nm; b, 550 nm.
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visualized in Fig. & The efleclsol L on rates of Feactions{5} and (6)
have already been discussed for some Ls (ref. 13.14).

Fig. Z, however, sucgests a more composite profile of the photochemistry of
L(DE)4Mn—Hn(CG)4L (L=P{n—Bu}3). We have obserwed a growth and cecay of new
absorhance in the range of 430-510 nm (dmax 470 nm). Trke growth of absorbance
at 470 nm is completed within 10C us, which appears <o be almost coincidental
with the decay of Hn{CO)qL {11 at 780 nm ard the absorbance at 470 nm
disappears wilhin 2 ms {Fig. 5a). In addition, a slow growth of another new
absorbance in the range of 400-470 nm (hmax 430 rm} has been abserved under (0D
atmosphere {Fig., 5b). The rise ir absorbance at 420 nm is completed within 20
ms and corresponcs well with the decrease of the absorbance 2t 530 nm (Fig.
5¢). The absorbarce at 400 nm and at 47Grm have no change 1n the time range 2 -
20 ms showing there are isosbestic poings at 400 nm and at 473 nm between these
two absorptinns,

Based ar these spectral charges and following resalts ard discussion, we
propose Scheme 2 for the photochemistry of L{QC]Mn-Mn(COJ4L, which is in
conlrast wilh the simple Scheme 1 for L=CO. This photolytic system is shown to
be cleanly reversible Lo ax,ax-"n;{C0%gly under 20 almosphere from the IR
spectroscopic analysis of the photolytic system with one shot of Xe flash $10
us whfm) under complete absorption conditiors at room terperature.

SCHEME 2
Photochemical reaction processes of L(0C)4Mr-Mn{C0),L.

L(DC)QMn‘-Mn(CO}aL

Reacticn | (5)

Process (1)

iR
kv 2 M?§§0}4L Reaction |(8)
Process (2) Reaction {5) ]
an((:U]l?L2 + 0 v
(11) Reaction | (7]
Process {3) Reactign (4}
= 111

— (IIIP)

Decurrence of the secondary reaction (6) afier the primary process {2)

In addition to the congruence of the growth of absorbance at 420 nm with the
decrease of that at 550 nm under CO atmosphere, under Ar atmosphere no growth
of absorbance in the rarye of 400-460 nm and no decrease aof ahserbance in the
range of 500-600 nm has been observed in the time range 2-20 ms showing that a
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Fig. 4. Plots of the rate constants obtained with various L for the reaction
(6) against Tolman's @ values (Ref. 28).

fig, 5. Oscilloscope traces obtained from laser photolysis of May(Cld)gl
monitored at 470 nm: b, monitored at 420 nm; ¢, monitored at 550 nm; ordinate,
20 m¥ / 1 div.; abscissa, a, 00 ps / 1 div.; band ¢, 2 ms / 1 div.
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new intermediate {I¥} responsible for +he absorbance at around 420 nm is
produced frem the primary intermediate MnE(CO)ng (11} of Prccess (2) by
reacting with €0 [Reaction 6)., Time dependence of the growth of 420 nm
absorbance is shawn in rig. fAc,

I¥ most Tikely 15 to be ax,eq-L{O0) Mn-Mn{CGl4t ard the follewing reaction
mechkanisr is postuiated in Scheme 3;

SCHIME 3
Reaction mechan‘sm of Reaction (6] after Process (2} to the starting compound,
ax,ax- L?}E ?n)—a——L -y

Process (2) l hw -C0
[L? E‘L *in‘:?" L}
i)

Reaction (8)

Cﬁ% .
AN
L Mn/—.-;L {11)

TaLh
Reaction {6) l
L

ax,eq- L—Mn———*-h’.n-—O (Iy) —

e

The presence of IV leads us to a structure for 1l having bridging CO with
two L being at diaxial position., Photeoelimination of eguatorial CO has been
shown lately by Peliakeff et a1l in the ohotolysis of Re?(CO)1D in a rigid low
temperature medium {ref, 29). The reversibility of the presenl photolysis
system under CO atmospherea and ne formation of MnE(CO}gL as a Tinal product in
the one Xe flash shot experiment mentioned above shows that only equatorial CO
is eliminated in Process (2), & diaxial structure without CO bridging in wnich
the ecuatorial position is kept vacant is eliminated since it may give directly
the starting material by recombination with €0 at the position,

As have been proven in an(CO)]D {ref, 10-12) and MnRe(CO)1G {ref. 19-21),
the occurrence of bridging CO in LI s reasonably corgeivable. The incoming CO
may attack the Mn atom from the apposite side to the bridging CO followed by
shifg of L from axial to equatorial oosition to give IV,

It has been reported that “he ax,eq-L{0C)IRe-Re(CO04L (L=P(n—Bu]3) which
show their uv-yis absorption in a longer wavelength region than those of
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thermodynamically stable diax-isomers, and isomerize irto the diax~form within
several hours at room temperature (ref. 30). The ax,eq—form :s more congestive
sterically i1 the manganese system than in Lhe rhenium system and faster in

isgmerization to the final diaxial form.

Possibility of another primary process (3},

The drtensity of absorbance at 470 nm stays constant in the time region
later than 2 ms after excitalion showing that this overlaps the component al
this wavelergth of the absorption with max 530 nm. Tre growth and decay of
zhe absorption with Amax 4/0 vm obay the First erder kinetics {Fig. fa,b) and
the rate constants are 4 x 104 5"1 and 2 x 103 s_]. respectively., ~he bleach in
absorbance at 380 nm recovers with three sieps each of which corresponds to the
Reactiur (5}, Lhe decay of the absorbance at 470 nm, and Reaction {6) under CQ
atmosphere. This fact shows that this component cecays nack the starting
compuund direclly,

Rates of the growth and disappearance o the absorbance at £70 nm are not
influencer by additives {Ar and CO as covering qas, and P{n-Bu)3} at all, and
are little influenced by so-vents (cyclohexane, benzene, Z-methy’tetra-
hydrofuran). Onserved effects of additives ard solvents strongly suggest that
an intermediate 111, to which the absorbance is attributed, is a non-ionic
species with no ligand loss.

Te understand the origin o 111, the possibility of IT1 heing a secondary
product from I must be first taken into consideratior because of the rather
coincident growth of IIT with that of the decay of 1 although the order of the
rate expressions is different. Another ghservation which is not inconsistent
with this possibility is a dependeonce of peak dirtensity and growth time of the
absorbance at 470 nm on the concentration of the added CCl,. The profile shown
in Fig. 3a is not allered al low concentration range of 5 x o3 M, whereas in
the range of 2 « 10'2 M the timing of growtl oecomes shorter and the intensity
decresses with increase of (Cly concentraticn although decay of the absorbance
suffers no change. &t the concentraticn of 1 x 1071 M only absorbance due to I[
remaing from tha first,

However, the pessibility of radical grigin may be ruled out from the
follewing arguments: 1) In the photolysis system of the present compound with
265 nm excitation laser light, the formaticn of I11 together with [I could be
obscrved, whereas the formation of I was not detected. 2) The appearance of III
depends on the nature of the phospharus L as is shown in Table 2,
ar, ax—L.(0C) Mn-Mn(CO}4L gives I and I! by excitation with 355 nm laser light
for all L. However it does not ferm IIIl when L is bulky phosphines, PFPhj,
P(i—Pr)3. and P(Cyc1ohexy1)3. And 3) Tke corresponding absorbance around 470
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rn does not appear in the photolysis system of (OC)SMn—Mn(CO}aL (L=P(n-Bu}q,
PPhZMe). rano-substituted amalogues, although the occurrence of both processes

{1) and {2} is evident in these systems too.
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Fig. 6. Time dependence of absorbance of the system: a, growth at 470 nmi b,
decay at 473 nm: ¢, growth at 420 nm.

TABLE 2
Dependence of the formation of III on the nature of L in E{OU);Mn-Mn{C3),L.

Ligands which give I Ligands which do not give IIi

PEt3 P{n-—Bu)3 P('i—BL!)3 P(T-‘PV‘)3 P(Eycloheﬂy.’)‘g PPh3

PPh,EL PPhEt, PPhoMe co
P(CHoPhY3  P{CHaCHaPh) 3




Thus, the aksorptior with dmax 470 nm may shuw the existence uf another
primary process (3} in the present laser photolysis system. The rather slow
anpeararce of [II requires an unknowr primary intermadiate IIIp te be
considered as a precursor Tgr 111 which can compete with the other two
processes. However no evidence for IIIp has been obtazned spectraoscopically so
far. IIIp must be quenched by CC1y (see above), Can(CO)4L may be a
consequece of the gquenching since the final product of the photolysis system
in the presence of excess ameunt of C01,4 has been proved to be C1Mn(C0)4L ay
Lhe one Xe¢ flask experiment with LR deteclior.

We tertatively propose a bis—CO bridged form {ref. 3} for 1II which may
arise from an vibrationally activated ground ztate IIIp with unknown siructurae,
The deperdence of the gccurrence of [I1 on the nature of L (Table ?) may be a
very important ¢lue for understanding this chemistry. The sccondary reaction
{6) ef<ect of L on its rate ard behavior and the possibility of ancther process

will be published elsewhere [vef. 31).
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