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Abstract 

The live-coordinate anion I Mn(C())  d DBCaI ) I has been fourld Io undel'gO nucleol~hilic CO ~uhstitution reaction.,, with L = PR ,. P( OR ), 
prt~lucing the dicarbonyl derivatives I Mnt CO).,( L t (DBCat)  I • The reaction yield is higher for better nucleophiles such as L = PEt~ and 
P( OEI ) ~, the latter species reacts quantitatively even whet) added in at) equivalent amount. Contrary to this. bulky phosphines with the cone 
angle O~ 14Y ~, namely L PPh~, I ~ y , ,  do not ,,,how this reaction but interact reversibly with I Mn(CO)  ,( DBCat ) I at low temi~raturcs to 
give the six-coordinate adducts I M.)(CO) d DBCat ). L I . For L = pyridine the corresponding adduct is already formed at ,~ . ,n  temwrature. 
Similarly, I M, (  CO),{ P( OEI ) ,}( DBCaI ) ] takes up reversibly P(()El)  ~. The spectroscopic and redox properties of the adducts closely 
correspond will) those o1' the invariably six-coordinate an)oils IRe(C())4  ,,( I ,) , ,(DBCat) I ( ,  = I. 2 ). The uptake of a Lewis ba~e by 
I Mnt CO) d DBCaI) I is facilitated by an elecm)philic attack at tile oxygen lone pairs of the ~r. rrodonor DBCat ligand Examplc~ are the 
anions I Mn(CO)  d L)( DBCaI. BF~) I ( L = THF. PPh,) and I Mn(C())  ~( PPh~){ DBCat. CS: ) I which are inherently ,,table at ambient 
temperature. This reactivity is closely related to the DBCat-locali~ed I e oxidation of l Mn( CO ) ~( DBCal ) ] producing six=¢oordil)al~ radi¢;d,, 
I MI~iC()I,II..iIDBSQ)I. The eleclrophilic atlack of CS, at the DBCal liga,d ha,,, also been documemed by the conversion ol 
I Mitt C()) d DBCal I I ill lhe abse.cc of PPh, to the trilhiocarbonah.' ¢oII|pIex I Mn( C()) , (  S:CS ) I and un¢o.rdinated 4,0~di4ert=bul)l 
l.?,ol'~ei)/dioxol°2oll',;one, (~_!~ I~..)8 El,,.evier Science S,A, 

Krvu.td~: ('ah.'¢hohll¢ etlltlldeXe,c, Mdli~il;i~,'~P eaibOll)q,~; Ntl¢l~'ophili¢ at|d ~'h:¢lrtq~hili¢ {lll{Ik:k: ('drl'iot| di ' , t i l ldl id¢ di~llt~Ol)OtllOtlatloll: ( ' )~ l i t l  ~,l,lhlll|lllL°tl) 

I .  Intrmluelion 

During tile lust decade there has been permanent i t . c res t  
in reactivity and bonding properties of coordinalively unsat- 
urated, formally "16 electron" complexes o1" low valent (d") 
transition metals with tr.~-donating redox active chelate 
ligands (ChL). Examples arc (it carbonyl complexes 
I M(CO)dChL)  I " .  M=Cr.  Mo, W. ChL=catecholate 
I 1=3 l, benzene- 1.2-dithiolate 14.5 I. oxidophe,ylamido I f~l 
and phenylenediamido I~l ligands: I M(COj, tChL)i  . 
M = Mn. ChL = catccholate 17-9 l: M = Mn. Re. ChL = a- 
diimine (or its 2e reduced ene-I.,-diamidc I'ornl) I IO=l 7l '  
IRu(CO),(L)(a-di imine)i  l l8 -20 l ,  and tit) non-car- 
bonyl complexes I M(triphos) (catecholatc) I ' ( M = Co. 
Rh, Ir) 12 !.221 and I Cp*M( one- 1.2-diamide) I ( M = Rh. 
lr) 123]. The characteristic feature of tllese complexes is the 
strong electron-releasing effect o1" the ChL ligand in a low 
effective oxidation st:tie, which decreases the electronic unsa- 
turation of the metal centre. Those of the above complexes 
which possess a less extensive zr-delocalization within the 

(X)20-1693198/$19.00 © 1998 Elsevier Science S.A. All rights re.~rved 
PIISO020. 1693( 97 )05627-2 

M(ChL) n)etallacycle are in general more apt for ¢oordinao 
lion of L, ewis I:)ases 13, I(). 12.13,171 and for oxidative add)= 
tion of electrophiles 113,21.23,241. As a typical 4:xample. 
the anion I Mn(CO)~(2,2'-bipyridin¢) I rcnmin.~ inert in 
acetonitrilc 1151 andlor in the presence of CO: I 131 where° 
as the corresponding less ~.delocalized 112,171 anion 
I Re(CO) ~(2.2'-bipyridine) I takes up ace)on))rile even at 
ambient temper'4ture I II. 131. and is also well kuown as an 
eflicicnt dertrocatalyst of the CO: reduction I 13 I. Similarly. 
the fully ~-dclocalized complex I Co( triphos)( DBCat t I ' 
( DBCat = 3,5-di-tert-butylcatccholate ) 1221 does not react 
with O, whereas a great x ariety of catecholatc oxidation and 
oxygenation reactions haw: been reported 1211 for signili- 
canlly more valence-~oc:dized derivatives IM(triphos)- 
( l)BCat)l ' (M = Rh. Ir) 1221. 

The reactivity o1' tl~ above complexes is determined by an 
intriguing interplay of electronic attd steric factors aud can 
be tuned by variation of both the metal centre I I -L 12.22- 
241 and the ( formally 2e reduced) ChL ligand 12.3.9.12. 
17.23l. Examples will be discussed hereafter. It is obvious 
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that further combi~d crystallographic, spectroscopic (e.g. 
re~mance Roman 19.17.221 ). ek.,ctrochemical 18. I 0--16.18- 
21.23 I. theoretical 117.231 and reaction studies of this 
important class of compounds are needed lbr a better under- 
standing and control of their bonding properties and reactivity 
patterns. 

This study is a pan of the systematic investigation of the 
interesting five-coordinate anion [ Mn ( CO ) 3 (DBCat) i -. 
Previ~s reports have dealt with its synthesis. X-ray structure. 
spectro.,copic and bonding properties, and redox behaviour 
17-9.251. Contrary to this. the intriguing reactivity of the 
anionic complex toward nucleophiles (Lewis ba~s) and 
electrophiles (Lewis acids ) has merely been mentioned 19 ! 
but not further investigate. The~ data are reported herein. 
allowing a comparison with the behaviour of the six-coordi- 
nate ~rivatives IRe(CO)~.,,CL),(DBCat)I ~ (n= 1=2) 
1261. and with the previously examined reactivity of the 
clo~ly related i~lectronic complexes I M(CO) ~- 
(DBCat) 1 ' ( M ~ Cr. Me. W ) I I - 3  !. 

2. E x p e r i m e n t a l  

2. I. Materials and preparatim~s 

All manipulations and reactions were carried out on a vac- 
uum line or under an atmosphere of dry argon or nitrogen. 
u~in~ ~tandard Schlenk techniques. 

Mn.,C COb,, C Strem ) was purilied by vacuum sublimation. 
~l,:~°Di=tert=butyl=l,2°benzoquinone. DBQ (Aldrich) was 
recry~talli~ed from n=heptane. I~y~. PEt~, PPh~ and t~rm° 
cene ( Pc t ( all 8DH ), were used a~ purchased, P( OEt ) 
I Fluka) was distilled under reduced pressure t~om CaH~. 
P(OPh), C Fluka ) was dissolved in CH~,CI: and det~as,~ed 
on a vacuum line prior to u~e, !Cp~FeltlF, 1271, 
t)PNIMncCO)d DBCat)I.2C,H~, 171. PPNIMn(CO)a° 
C PPh~) I 12Sl and PPNI MaC CO) ~( S:CS ) I 1291 were pre° 
pared by literature methods, Bu~NPF~ C Fluka) was recrys= 
talli~ed twice from absolute ethanol, dried under vacuum at 
M3 K for I0 h. and stored under an atmosphere of dry argon. 

Solvents Call of spectrograde quality) were freshly dis- 
till~ under anaerobic conditions, THF and CH=,CI~ (l~th 
Jansen) were distilled from a Nat~nzophenone mixture 
and P_,O~,, reset(rely.  Pyridine (Merck) was dried by 
refluxing with solid KOH, tbllowed by tYactional distillation, 
Carbon disulphide. CS~ (Merck) was purified by standing 
over 8% C 0,5 ml per I I of CS=, ) for 4 h, followed by three° 
Gdd .,clinking with aqueous KOH and stirring with Cu turnings 
to remove unreacted bromine: finally it was dried by ~landing 
over C,aCI~, tbllowed by distillation t'mm P=,O~, 

2.2. Sl~ct~.~stW)h" and eh'et~'hemit'al measm~,me~mts and 

~H, ~C and ~P NMR spectra were obtained on Braker 
AM ~ and Braker AMX 300 s~trometers. Chemical 

shifts were calibrated against the solvent as a reference. Hew- 
lett Packard 8452 A diode array and Cary 4 spectrophotom- 
eters were used to record electronic spectra. UV-Vis spectra 
at low temperatures were obtained with a Leybold Heraeus 
ROK 10-300 refrigerator-controlled helium cryostat. The 
,,;ample solutions in standard ! cm quartz cuvettes (Helima) 
were ,sealed under high vacuum and placed in a home-made 
Cu sample holder. The IR spectra were recorded on Bio-Rad 
FTS 7 and Philips PU 9800 FTIR spectrometers (accuracy 
of 2 and 4 cm- ' ,  respectively). The low-temperature IR 
measurements were performed using an Oxlbrd Instruments 
DN ! 704/54 liquid-nitrogen cryostat. The mass spectra were 
obtained on a Jeol JMS-Di00 spectrometer. 

The cyclic voltammetric (CV) experiments were carried 
out in a gaslight single-compartment cell equipped with a 
I mm Pt disk working, Ag wire pscudorel;~rence and Pt gauze 
auxiliary electrodes. The surface of the working electrode 
was carefully polished with a 0,25 Ixm diamond paste. IR 
spectroelectrochemistry was performed with a previously 
described optically transparent thin-layer electrolytic 
(OTTLE) cell i 30 i. The potential control was achieved with 
PAR Model 283 and PA4 (EKOM) potentiostats. The redox 
potentials in this article are referred to the E. :, value of the 
ferrocene/ferrc~enium C Fc/Fc +) redox couple used as an 
internal rel~rence system 1311. The CV samples were ca. 
I mM in the Mn complexes and I0 * M in Bu4NPF,. 

3. Resul t s  

3, I, S.b,~,amao. rea~,lhm,~ ~q'l Mm ¢01 ,r I)lK'm I i u'ilh 
PR~ am/P{ t)/O~ 

On addition o|°oue equiv, ul' P( OEt ) ~ al n~om tonpei~iture, 
the wineored ¢oluur of the Cl1:Cl: ~olution ul ° the ~tahl¢ liveo 
c~x)rdiflate an(oil l Mn( COld DBCat i I turned il)stantane. 
ously omngeored: at the same time evolution oi' CO gas hub° 
bles was ob~rved. The IR spectrum of the resulting solution 
showed in the carbonyl-stretching region two intense absofl~o 
lion bands at 1909 and 1821 cm * with almost identical 
intensities and bandwidth,;. No splitting of the Iow-~ave. 
num~r band was observed within the temperature interval 
of 293= 183 K. The i0( CO } bands of I Mn( COld  DBCaI) ] 
at 1998 and 1891 ( broad ) cm t 17.91 disappeared com- 
pletely. The **P NMR spectrum of the product in CD:CI: 
exhibited a new signal al 215.8 ppm due to c~H~rdinated 
P{ OEt~,. which represents a downiield ~hift by 70.b ppm 
relative to the ~*P signal of l'~e P(OEt) ,. These data ra)int to 
a facile fomlation of the ~ubstituted dicarbunyl derivative 
IMn(CO) : {P{OEt )~} (DBCat ) I  (Eq. ( I ) ) .  

I MnC CO) d DBCat )  I • + Pc OEt), 

-~IMn{CO)~{PCOEt),}CI)BCai)I +CO Cl) 

As demonstrated by the IR spectrum, the same product was 
formed at mnbient temper:(lure even when a large excess of 
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P( OEt ) ~ was used. The orange-red colour of I Mn(CO) ,- 
I P(  O E t ) . ~  ] ( D B C a t  ) ! .... has its origin in the presence of two 
intense absorption bands in the visible spectral region at 
416 nm ( ~.,,,,~ = 5500 M - * c m  i ) and 514 nm ( e,,,,,, = 
4200 M -- i cm ~ ). These bands are the higher-energy equiv- 
alents of the two visible absorption bands of parent 
i Mn(CO)~(DBCat) ! .  which have been assigned to the 
d=--* rr* and rr--* rr* electronic transition, respectively 191. 
The rr(HOMO) ~ ~r* ( LUMO ) transition, which possesses 
some DBCat ~ Mn CT character i 9.17 !. is particularly indic- 
ative for the live-coordinate geometry of the complexes 
I Mn(CO) ~ _. ,( L ),( DBCat ) I - ( n = O, I ) i 9 I. Substitution 
of one CO ligand by the stronger o'-donor and weaker rr- 
accepter P( OEt )~ ligand to give I Mn( CO)., { P( OEt ) a I- 
( D B C a t ) I  ~ apparently destabilizes the rr* LUMO relative 
to the ~r HOMO and to the set of occupied d ,  orbitals, and is 
responsible tor the high-energy shift of both visible absorp- 
tion bands. 

The dicarbonyi derivative I Mn(CO).,( L)( DBCat ) I 
was also formed with L = PEt~. However. an excess of PEta 
was needed to produce I Mn( CO ).,( PEIa ) ( DBCaI ) I - quan- 
titatively. In a typical experiment, a mixture of PEh:THF 
=1:4 (vol./vol.) was added dropwise to IMn(CO)~- 
(DBCat)I  . resulting in a yellow-coloured solution. 
I Mn(CO) : (PEh)  ( DBCat ) I exhibits two 1,1 CO) bands at 
1875 and 1780 cm ~ ~. indicating a signili~antly smaller aver- 
age C == O stretching constant I 12.321. k~.~= 1350 N m ~. 
relative to that of less electron-rich I Mn(CO) ,1 P( OEt I~ }- 
(DBCat) I ( 14t)5 N m ~ ). The d,, ~ ~* and zr ~ I/'* 
absorption hands ot" IMn(CO):(PEI~)(DBCaI) I are 
shit'led to a higher energy in comparison with the I)10EI) 
derivative: A,,,,,, -= 344 and 424 nm (in Tiff:). respectively. 
This trend t'ully agree~ with the proposed I~)1 houding situo 
litton in II1¢ l i veocoo rd ina t e  a n i o n s  I MnICO)t  ,,11.),,- 
( I )BCat  I I ( n ~ (I. I 1. 

For I~ ~ PIOPh)~.  the dicarbortyl  anion I Mt l (C( ) )~o 
IP (OPh) ,~ ) (DBCt~ I ) I  .... (w i th  ~,(CO) bands ut 1925 trod 
1842 em ~ J in CH:C I : ;  kq.~ ~- 1433 N m i ) always existed in 
equ i l ib r ium witl~ parent I M n ( C O ) d  DBCaI )  I ~. regardless 
a large excess o f  P( OPh )~ added to the reaction solution. 

I Mn( C O l d  DBCat) I remained completely stable in the 
presence of bulky PPh, or PCy~ with the Tolman's cone 
angles 133.341 O= 145 + 2 ° and 179 5:10 °. respectively. In 
order to further probe the coordination of PPh~. the synthesis 
of  I Mn(CO) 21PPh~) I DBCat ) I ..... was also attempted via 2e 
oxidative addition of one equiv, of 3.5-di-terl-butyl-benzo.. 
quinone (DBQ) to the anion I MnIC()I~(PPh~) I (Eq. 
12)). The instantaneous reaction however only yielded 
I Mn( C O ) d  DBCat) I . as was evidenced by IR spectros- 
copy ( Eq. ( 3 ) 1. 

I Mn( COla(PPh~) I + DBQ 

-~,IMn(CO)2(PPhal(DBCal)I  +2CO 12) 

I Mn( CO)el(PPha) I + DBQ 

- - - , IMn(CO)a(DBCat) !  + P P h a + C O  (3) 

Further clear evidence for the non-e~stence of 
IMnICO).,IPPh~I(DBCat)! was obtained from the le 
reduction of the 18e radical complexes IMnICOL~ ,- 
I PPh~IIDBSQ) I In = 1. 2; DBSQ= 3.5-di-tert-hutyl-l.2- 
benzosemiquinone ) in the presence of excess PPh3125 I. The 
only carbonyl reduction product was in both cases again 
i Mnl CO ) 31DBCat ) 1 - [ 251. The instantaneous dissocia- 
tion of the PPh3 iigandt s ) from the primary reduction prod- 
ucts is thus in complete agreement with the unsuccessful 
attempts to generate IMnICO)_,(PPha)(DBCat)]-  via 
Eqs. ( i ) and (2). 

3.2. Rerer~ible.hmnation o f  sLr-coordinate addm'ts 
{ IMnICOL,.  ,,(L~,,IDBCatg. L I - ¢11 = O. ! J 

3.2. I. IR and UV-Vis  spe('troscopic studies 
The dark red solid I Mn(CO).a(DBCat)l .... turned yellow 

on dissolving in pyridine tit room temperature. In the IR 
spectrum (see Fig. I) three separate/,(CO) bands of cora- 

l parable intensities appeared at 1995. 1885 and 1862 cm 
(k~ . ,=i481 N m ~ ) .  This hand pattern unambiguously 
excludes the fonnation of the dicarbonyl product 
[ Mn(COI..( py)( DBCat)] . On the other hand. the lower 
wavenumbers of the z,i CO) bands and. hence, the smaller 
force constant /~c.c, compared with that of I Mn(CO),-  
(DBCaI) ] ..... clearly show that the pyridine donor is present 
in the coordination sphere of Mn. As a result of the pyridinc 
uptake, the two-band (A', ~, + nearly degenerate A" and 
A' , , , )  I,(CO) pattern displayed by the lluxional 19l 
I Mn(CO) ~(DBCaI)  J molecule converts to that exhibited 
by the related six-coordinate anions I R e ( C O ) , ( L ) °  
(I)BCaI) I ( L ~ THF. PPh,) 126l. with the two Iowo 
wavenumber A" and A',: ,  niodes separated by ~ P = 15= 
,~()cm ', Similarly to IMn(CO), ( I )BCat) I  in pyridiue. 
the anion~ 1 Re(CO) ,( L)(DBCat) I are al.~o yellowocolo 
oured owitlg It) the presence of a relatively weak absoq~lion 
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Fi~ I. IR ,~peclr~ in the t,(C()) region recorded ill l ' -  203 K Solid line: the 
live-coordinule union I Mill  C'O1,11)BCul ) I ill Ill;ill CH, CI:. t)u~hed lint°: 
tilL' six-conrdinate adducl [ I Mil l  CO 1,1 I)BCal ) I "PX I ill neat pyridin¢. 
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band in the UV-Vis s ~ t r a  around 400 nm 126]. This band 
has been assigned [ 9.261 to a symmetry-allowed but overlap- 
forbidden ¢r* ~ o'* LMCT transition, the ,a-* orbital being 
predominantly the 3b~ HOMO of the DBCat ligand (see Ref. 
191, in particular Scheme ! therein). This transition is a 
prominent feature of these photoreactive [ 26] six-coordinate 
Re anions and ilas no analogy in the photostable five-coor- 
dinate anions [Mn(CO)~_,,(L).(DBCat)I- (n=0. I) 
[9]. l m ~ n t l y ,  the UV-Vis spectrum of [Mn(CO)r 
~DBCat) i -  dis~lvod in neat pyridine also exhibits such 
a lowest ab.~rption band at A.,~,,=434nm (~m: , ,  = 

2200 M- tcm ~ J ). Excitation into the corresponding elec- 
tronic transition c a u ~ .  in agreement with its assumed 
LMCT character, fast i~versihle decomposition of the tri- 
carbonyl anion. 

In order to examine whether pyridine coordinates reversi- 
bly to [ Mn(CO) ~( DBCat ] ~. the yellow solution of the anion 
in ~at  pyridine was degas~d on a vacuum line and pyridine 
was subsequently distilled offcompletely. The resulting dark 
red .,~did was characterized as [ Mn(CO)d DBCat) ] - by its 
IR spectrum as well as by the UV=Vis spectrum of its char- 
acteristically wine-red-coloured ~lution in CH_,CI_~. These 
results point to complete recovery of the live-coordinate 
anion. In ;addition to this. comparison of the UV=Vis spectra 
of 3.5 × {0 = ~ M [ Mn( CO )d DBCat) ] .... in neat CH,CI, and 
in the ~0 M .~lution of pyridine in CH,CI, at T~ 293 K 
reveal~J that in the latter ca~ ca. 75c,~ - of the anionic complex 
react~ with pyfidine. 

In es~nce, the above experimental results are consistent 
with a reversible uptake of pyridine by IMn(CO)~- 
(DBCaI) I producing a sixocoordinate adduct t~;nnulated 
as ( I Mn(CO) ,( DBCat ) I 'PY I :~. 

F{wmation of corresl~sndin~ adducts {IMn(COt~o 
(DBCat) I' L} : (L~ PPh~. ~y~)  was studied by IR spcco 
troscopy at variable temperatures ( Fig. 2 ). Fig. 2( a ) reveals 
that t:ber~ is only a little change in the ,,(CO) region on 
cooling the IO=~M solution of IMn(CO)dDBCaI)I in 
neat CH~,CI~ down to 193 K. The IR peak at 1998 cm 
belonging to the A',~, HCO) m~e shifts to 2001 cm ~. 
The br~d u(CO) band at 1891 cm' slightly nam~ws and 
two maxima show up at ~894 and 1883 ~'m ~ owing to a 
better ~solution of l~ A" and A', ~,~ u(CO l modes. On the 
c~trary, the IR s ~ t r a  of the IO~M solution of 
l Mn(CO) ~( DBCat ) I in CH_,CI, changed substantially on 
cooling in the presence of IO = ~ M PPh, or PCy, { Fig. 2(b) 
and (c)) .  The u( CO ) hands of I Mn( COld DBCat) I ~ were 
replaced with retention of isosbestic l~ints by new bands of 
{ I Mn(CO)~( DBCat ) I" L } ~ at 200 I, 19{),4 and 1867 c m  ' 
for L ~ PPh ~, and at 1993, 1882 and 1853 cm ~ for L ~ PCy,, 
Tbe~ s ~ t r a l  changes are completely reversible, as was 
manife~od by the conversion of the IR SlX'Ctra of 
{ I Mn{COid DBCat) I" L} ( L = PPh~, PCy~) hack to the 
initial s ~ t r u m  of l Mn(CO) ~(DBCat) I on wanning the 
s~dution to 293 K, It is noteworthy that the dilTeren~ between 
the wavenum~rs of the A" and A',,~ ,,(CO) modes of the 
~ u c t s  { I Mn(CO ) ~(DBCat) l" L I ~, A u" ~= 27 and 29 cm - ' 

I 

(a) 

2000 1900 - 1800 

u i !  
~ . i ~ - -  "~  . 

200O 1900 1800 

(c) 

I I 

3000 1600 
Wavenuml~r I cm "l 

I:i~, ~, IR ~pcctra ill the g,(C() i i~g, iou I~cordcd at I ~ 2{}3 K ( da,~hcd line,,; 
aad at 19,1, K (solid lines), (a; lU 'M  IMn{COidDBCaI ; I  in .eat 
CH:CI,: { hi I0 ~ M i Mn{(~(); ,{ DBCa!; I i n C I I : C I : / I 0  ~ M PCy,: {c; 
10 ~M IMn(CO)dDBCaI; I  in C I t : C t : I I 0 '  M PPh,, The low ten,° 
Wrature ~l~'ctra ill (hi  and (c) corr~sl~)nd to the six°c(~.xiil|atc adduct,,, 
{ I Mn{ CO; ,( DBCat; I" PR ~l ( R ~ cyclohexyl, phcn)'l i. 

for L,,~PPh~ and PC, y~, respectively, is very close to 
Ao~23cm l I'or L ~ p y  (see above). However, the/~c.o 
force constant of I M n ( C O l d D B C a I l l  (1500N m ') 
decreased owing to the association with L only I'or L -- PCy~ 
(/~,~ = 1474 N m ~ ' ) whereas it remained almost unchanged 
for L ~ PPh~ (/q.o ~ 1495 N m ::l l ,  The hitter phenomenon 
might have its origin in averaging of the particular energy. 
factored force constants kco and kcox'~b. 

Formation of a six-c~)rdinate adduct was also expected 
i'or the dicarbonyl anion I Mn(CO) ~{ P( OEI )~ } ( DBCaI ) I ~ 
in the presence ofexcess P( OEI ).~. in this ca~ UV-Vis  spec- 
Ira of 8X I0 ;s M IMn(CO)~{PIOEt)o,I(DBCatll ..... in 
CH,CI,:P(OEt) ~ = 4: I ( vol./vol, l were recorded within the 
temperature interval 193 _< 7"_< 293 K. At T= 293 K. the 
UV-Vis spectrum was identical with that o1" pure 
I Mn( COt,{ P(OEt) ~ }( DBCat ) I in neat CH.,CI, ( see Sec- 
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zion 3. I.) .  While the latter spectrum did not change signifi- 
cantly with temperature, cooling of the red-orange solution 
of IMn(CO). . IP(OEt)~I(DBCat)]  containing excess 
P(OEt)~ to 230 K caused gradual rise of two new absorp- 
tion bands at 413 nm (e.,.,,,,=2200cm - t )  and 333 nm 
(e,.,,,, = 6500 cm - i ) with retention of the isosbestic point at 
362 nm. Elevating again the temperature to T= 293 K led to 
complete reappearance of the characteristic absorption bands 
of IMn(CO)_.[P(OEt)~}(DBCat) I - at 416 and 514 nm. 
This behaviour corresponds with a reversible generation of 
the six.coordinate adduct { ! Mn( CO)_. { P( OEt).~ } (DBCat) !" 
P(OEt).a}-  which is the single species present in the solu- 
tion at T<230K.  The lowest absorption band of 
{ [ Mn(CO):IP(OEt) ~l(DBCat) 1. P(OEt).~ } - at413 nm is 
assigned to the rr* ~ ~,r* LMCT transition 191. in analogy 
with the adduct I I Mn(CO) ~(DBCat) I' PY } ( see above ) 
and with the related six-coordinate anion IRe(CO)_.- 
(PPh~)..(DBCat) I 1261. 

3.2.2. Cyclic vohammetrv 
in general, the complexes I Mn(CO),  ,,( L),,(DBCat) I 

(n = O, I ) undergo one-electron DBCat-localized oxidation 
and one-electron reduction localized on the Mnt centre 
18,251. The oxidation is accompanied by an uptake of a 
Lewis base L,, e.g. a donor solvent, producing six-coordinate 
complexes I Mn(CO),d L) (DBSQ) I which can be further 
oxidized to the corresponding IMn(CO),(L)(DB- 
Quinone ) I ' species 18,9,25,3~ j ( see Fig, 3 ), 

Valuable information ab,)ut the tendency ol" I Mn(CO)~° 
(DBCaII i  ~ It) llSSt1¢itti¢ '~'ilh L.e~'is base,,i L prior to its 
oxidation could be obtained li'onl cyclic vo l l an ln log ra lns  

recorded in nea! CH;~CI~ ( E,,,, ~ ~:~ 0,44 V ), in THF ( E,,,, ~ 
0.03 V), in Clol?Cl:lexcess PPh~ (E,,,, . . . .  0,94 V) 

18.25 I, and in neat pyridine (h',,,, ~ = 0,87 V: see Fig, 3), 
The nesative shill of Ihe anodic peak potential correla:,:s with 
the increasing stability of the 18e oxidation products 
IMn(CO)dL)(DBSQ)I  (L~THF,  PPlh. py) relative to 
that of coordinatively unsaturated I Mn(CO)d DBSQ) ] in 
neat CH.CI. 18.25.35 I. 

in the presence ot' L = THF, PPh~ the i e oxidation o1" 
I Mn(CO)a(DBCat) I .... is electrochemically quasireversi- 
hie, as ( i ) the corresponding A E r, ( = Er.,, -i Ep.~, ) values are 
considerably larger than ihat of the internal reference ferro- 
cene/ferrocenium (Fc/Fc")  couple, viz. AE,=-140 mV 
(100 mV Ib, Fc/Fc '  ) in THF 181 and 180 mV (I 10 mV 
tbr Fc/Fc + ) in CH..Ch/excess PPh~ 125 I, (ii) the anodic 

/"" is apparently lower than that due to the peak cur ren t  .p., 

subsequent electrochemically reversible l e oxidation of 
/ .x l l  IMn(CO).~(L)(DBSQ)I ( L=THF.  PPh,), _p.,, 18.251. 

;"" is not proportional to ~"/~ 1361, Contrary to and (i i i )  .p.,, 
this, the le oxidation of IMnICO)~(DBCat)I in neat 
CH.~CI~ and in pyridine (see Fig. 3) is electrochemically 

' I ''u is pro- reversible: AEp=60 mV (60 mV tbr Fc/Fc )..,,.,, 
portional to r ~:: and E,.,, is independent of r tbr r = 0 . 0 5 -  
I V s  -~ 1361. 
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Fig. 3. Cyclic voltammogram of I M n I C O ~ , I D B C a l ) I  (ca I nlM~ m 
pyridme. The anodic peak at E,.,. = + 1). I I V corresi~mdn to tile chemicall~ 
irrever.~ible le oxidation of  l Mill CO) ~l py ) ( DBSQ I I. Conditions: IO I M 
Itu~NPF,,. Imnl  Pl disk working dec |rode.  T = 2 9 3  K, .~ane rate t~'- 
I(111 nlV ~, '. In.,,et: IZFIR absorption difference spectrum recorded during 
the electric-oxidation of  I I M n I C O ~ , I D B C a I ! I . p y }  to IMnICOI , ,  
lpy ~1DBSQ) ] in neat pyridine at E. : =  -1).~,~)V within the IR OTTLE 
cell 130l at l '~  2t)3 K. 

The hitter result is not surprising taking into account the 
spectroscopically established formation of the six-coordinate 
adduct { I Mn(CO)~(DBCat) I 'PY } at room temperature 
(~e¢ Section 3.2.1,). The one-elcclrot~ oxidation of thi~ 
adducl gives 111¢ ~,ix°coordinalc radical l Mn(CO)~(py)° 
(DBSQ) I, The corresponding electron transfer to the anode 
is thtts |lot ~icconlpanied by any sigililicanl structural cllangc 
and lhe oxidation is lherelore eleclrocllemically rcvet'sibl¢, 
The ~an)e argulllent applies for the live,coordinate redox cou- 
ple I Mn(CO),(DBCat) I  .... / I M n ( C O ) d D B S Q I I  in neat 
CFI:CI~ 181. o=i the other hand. the spectroscopic results 
document that tl~e six-coordinate adducts I IMn(CO),o 
(DBCat) ]. L} ! L = THF. PPh~) do not exist at room 
temperature (see Section 3.2.1.). The coordination of the 
sixth ligand L, present in the solvation sphere of 
[ Mn(CO)d DBCat) I ..... at the very moment of the electrode 
reaction, thus becomes induced by the oxidation. The corre= 
sponding stnictural change between the live. and six=coot° 
dinar|on geometries results in a large reorganization energy. 
slow|rig down the heterogeneous electron transfer. Hence. 
the oxidation ot' IMn(CO)~(DBCat)I in THF and in 
CH.CI,/excer,~ PPh~ is electrochemically quasireversible. 

The redox behaviour of the dicarbonyi an | . .  i Mn(CO) :- 
{P(OEt)~}(DBCat)I is very similar to that of 
I Mn(CO) ~(DBCat) I . In C!°!:CI2/excess P( OEt )~ at room 
temperature, the one-electron oxidation of the former anion 
(weakly interacting with P(OEt)~ but not tbrming the 
six-coordinate adduct I IMn(CO):IP(OEt)aI(DBCat)I '  
P(OEt) ~} . see Section 3,2.1.) takes place at Er,.,, = 
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Fig, 4, Cyclic voltammogram of I Mn(COhiP(OEt)~I(DBCat) ]  (ca, 
I mM) in CH+CI_.+/P(OEI)++-4:I (vol./vol,). Condition+ idemical with 
tho~ limed in Fig, 3, For de+~riptiefl ~ Section 3.2,2. 

= 1.17 V ( ~  Fig, 4). As expected, this step, produc- 
ing the stable radical I Mn(CO) :{ P(OEt) +; 1,(DBSQ) 1, is 
electrochemically quasircversible: AEp = 155 mY versus 
90 mV for Fc/Fc *' n,,,,./,,,t! -0.77. i,,,t, belongs to the sub- , "p,a "p.a p~a 
~quent one~electroi~ oxidation of I Mn (CO): { P(Ol~t) ~ } :. 
(DBSQ) ] at E~,,,,--- = 0,31 V producing the corresponding 
~table cationic DBQ complex, which is ¢lecm~:hemicall~ 
reve~ihle, 

The cyclic voltammo8ram of I Mn(CO)~{P(OEt)~}o 
(DBCat)I recorded in CH~CI~ in the absence of free 
P~ O~t)~ is considerably more complicated ( Fig, ~ ), The 
most negatlve anodtc peak A, at E~,,,,~ =0,60 V versus Fcl 
Pc * co .spends  to the DBCat-localized le oxidation of the 
parent anion, which pdmadly produces the coordinatively 
un~turated radical I Mn(CO) :{ P(OBt) ~ } (DBSQ) I. This 
ar, odic step is chemically in'cversible at ,, = I00 mY s '. The 
rather large positive potential shift of 570 mV relative to the 
E~. value of IMn(CO) : IP(OEt ) , I (DBCat ) I  in the pres- 
ence of free P(OEt) ~ testifies to a close resemblance with the 
oxidation of [ Mn(CO) ~( DBCat ) I in CO.free CH:CI; 18 I. 
The five~:oordinate radical I Mn(CO): { P(OEt) ~ } (DBSQ) I 
is apparently very unstable and rapidly decomposes to 
give the six-coordinate radicals I Mn(CO): ( P( OEt), l :° 
(DBSQ) I and I Mn(CO) ~{ P(OEt), l (DBSQ) I by ~n 
unknown EC mechanism. Their presence in the oxidized 
solution is confirmed by the subsequent more positive redox 
couples I Mn(CO):IP(OEt)~}:(DBSQ)I/ IMn(CO),-  
{P(OEt) ~}~,(DBQ) I" at E~ ,~  -O,39 V (BIB'  in Fig, 5, 
~"e al~ Fig, 4) and IMn(COidP(OEt)~}=(DBSQ)I/ 
IMn(CO)~{P(OEt)~}(DBQ) I " at E~: = -0 ,10 V (CIC' 
in Fig, 5), The latter value is clo,~ to E~ ~ = + 0,02 V of the 
c -o r~s~ ing  rcdox couple I Mn(CO)~( PPh~)(DBSQ) ] / 

i=O 

C / 

A" 

I I I I 
0 -0 .$  - ! . 0  - i . $  

V vs Fc/Fc + 
Fig. 5. Cyclic voltammogram of I Mn(CO) ,{ P(OEt ) ~ } ( DBCat ) ] (ca. 
I mM ) in neat CH~,CI:. Conditions identical with those listed in Fig. 3. For 
description ~,¢ Section 3.2.2. 

I Mn(CO) r~(PPh:~) (DBQ)  I + 125 I' On the reverse scan, the 
one-electron reduction of [ Mn(CO), { P( OEt ) ~ } ,(DBSQ) I 
as the major secondary oxidation product is found at 
E~,+ ~ ~ 1.23 V (cath~ic peak A' in Fig. 5; see also Fig. 4) 
whereas [Mn(CO)~{P(OEI)~}(DBSQ) I reduces at ~,,,~ = 
=O,g8 V versus Fc/Fc * (cath~glic peak D' in Fig, 5l ~, For 

comparison, the reducliou ot' I Mn( CO )d PPh~ ) (DBSQ) ] 
has ~¢n rel~wled at E,,+ ~ = 1,085 V 1251, 

3,3, Eleclrophili(" attack at dw DBCal liga,d in 
IM,(COhCl)BCatH 

In the preceding sections it was demonstmled that 
IMn(CO),(DBCat) I ° is not able to take up PPh~ at room 
temperature, it was also shown 19,26,35.371 that I e oxidation 
of the strong a-donor DBCat ligand to the DBSQ radical 
results in the strongly diminished ,r-donation towards the Mn 
centre and, con~quently, in the facile cmwdination of Lewis 
bases L (THF, PPh~, etc.) yielding the stable six-coordinate 
radicals I Mn(CO) d L) ( DBSQ ~ I. In this rester,  an inter- 
esting question has arisen whether also an electrophilic attack 

It is m~ clear wh> th: cath~Ydic Ig'ak D' does not appear (m the rc~,-crsc 
c~t l~ ic  ~ n  dir~Oy after pa~sinL: th~ amglic peal< A., As a I'mssihlo expla- 
m~km, the m i ~ r  tricarbonyl radical I Mn(CO) ~{ P( OEt ), } (DBSQ) I is not 
p~duced parallelly with major I MnICOI~IP(OEt),I:( DBSQII hut in a 
later stage of the complex EC ,,~'qucnce which may consist of the fidlowing 
steps: (il iMn(COI:IP(OEt~,I(DBCat)I  ~ IMmCOL,  IPiOEt),I- 
(DBSQII +¢; (ii) 2[Mn(CO):iPiOEtJ,I iDBSQtI- ,IMn(COL,- 
I P( OEt ~ ~l~,( DBSQ~ I + "Mn( COL:( DBSQ F; ( iii ~ "Mn(CO):( DBSQ )' 
-+'Mn(DBSQl'+2CO(decomp.J: (iv) IMmCOI,IP(OEtJ,I(DBSQ)I 
+ C O ~  I MmCO~ ,{ P(OEt) ,}(DBSQ) I. 
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at the DBCat ligand in l M n ( C O ) d  DBCa~) ] may increase 
the Lewis acidity of  the Mn centre to such 'm extent that it 
promotes coordination of a Lewis base, 

3.3. I, Coordination of lz, wis bases to IMn(CO)dDBCanl- 
induced by BF: 

Strongly Lewis acidic BF~ was expected to attack effi- 
ciently the oxygen atomls)  of  the basic DBCat ligand in 
I Mn(CO).d DBCat) ! - giving rise to the formation of  the 
adduct I M n ( C O j d  DBCat. BFa)i -. The uptake of BF~ by 
relevant organic compounds with nucleophilic hydroxyl 
groups such as alcohols (ethyleneglycol, benzylalcohol) or 
acids ( oxalic acid ) is a well known phenomenon 138 !. Sim- 
ilarly. BF~ attacks the nucleophilic CN- ligands in 
I Fe( CN ) ~(NO) 1"' producing I Fe( CN. BF~) a(NO) I : '  
with considerably higher CN and NO stretching frequencies 
relative to those of the parent complex 139 I. 

In order to examine whether the adduct I MnICO),- 
(DBCat. BF~) I - was formed. 1.5 ml of BF~. EI.,O was 
added dropwise to the I0 •-" M solution of I Mn(COI,-  
(DBCaI) I in THF (~,(CO) bands at 1994 and 189 I 
(broad) cm ~ ~ 17,91 ). The IR spectrum of the resulting yel- 
low solution exhibited two strong ~.,(CO) bands at 2015 and 
1928 (broad) cm ~. The tendency of the adduct to coordinate 
Lewis bases was I'urther studied by adding an equivalent 
amount of PPha to the solution in THF. The IR ~,(CO) band 
pattern converted quantitatively to that consisting of a strong 
Is) ;,ICO) band at 2022 cm ~andtwo ~,(CO) bands of 
i)lediunl (m) intensities at 1953 lind 1909 cm '. A compar- 
isol) with 1he IR spectra of clectrochel)licall~' generated 
I Mn(C()) d THF) (DBSQ) I I ~,1 CO) at '~()~9 ( s !. 1932 ( s ) 
and 1925 (sh) c1~) ~) 18.9.351 111)d IMn(CO)~IPPII~) o 
l DBSQ ) I ( ~,1 CO ) in THF ~it 2025 ( s ). I ~J45 ( m ) and I ~J I ~ 
Ira) Cnl ' ) 127.351 clem'ly docunlenls tirol both THF mid 
PPh~ indeed readily coordinate. The shift ill the ,,(C=O) 
waventtmber ot'the DBCat l igand, which should al~o increase 
on BF, uptake, could not be observed owing to the low illteiv 
sity of the corresponding IR band of i Mn( CO)d DBCat ) I 
'~t 1254 cm ~ 19 I. obscured by the solvent absorption. The 
slightly higher wavenumbers and identic~l patterns ol' the 
p(CO) bands of I Ms( CO)rd L) (DBSQ) I I L = THF. PPh, ) 
relative to the BF~-containing products allow the most prob- 
able tbnntdation of the latter species as I Mnl CO) a( L)- 
( DBCat. BF,) I . 

On the other hand. a striking difference exists between the 
UV-Vis spectra of blue-violet I Mn(CO) ,(THF)( DBSQ ) I 
19.351 and blue-green I Ms( CO)d  PPh, 1(DBSQ) I 125. 
351 that lypic:dly exhibit low-lying d,,{ Mn) ~ rr 'I:o 
(DBSQ) charge transfer (MLCT) transitions, arid those of 
the yellow I Mn(CO)d L) ( DBCat. BF~) I complexes 
which only weakly absorb in tile near-U V=Vis spectral region 
at A,,,,,, "= 407 nnl ( L = THF) and 381) nnl ( 1. = l)Ph, ). In this 
instance, the UV-V is  :~pectra of the latter two complexes 
strongly resemble that ol' the yellow six-coordinate adduct 
{ I Mn( CO)d  DBCaI) I" PY } - ( see above), pointing to the 
same. i.e. tr* ~ ~r* LMCT 19 i. character of the lowest elec- 

Ironic transition. This result suggesls thai the catecholate 
iigand, DBCaI, retained its oxidation stale. 

3.3.2. Reactiritv qf lMn¢CO~dDBCatJ] toward PPh: 
induced by CS, 

The electrophilic reactivity of carbon in carbon disulphide 
was well established, e.g. in reactions with nucleophil icCN. 
or with basic PR3 molecules such as PBu3 which conve~ to 
the zwitterionic adducts R~P+C( SIS - [ 401. Carbon disul- 
phide was therefore chosen as another suitable electrophilic 
reagent that might promote coordination of  Lewis bases to 
I Mn(CO)~(DBCat) ] -. as was found for BF~ ( ~ee above). 

At T=193 K, a slow reaction between iMn(CO)~- 
( DBCat ) I ( IO -" M ) and excess PPh~ ~a CH.,CI.,/ 
CS, = 5:1 ( vol./vol. ) yielded twe carbonyl coruplexes char- 
acterized by IR spectroscopy. The major product exhibited 
three strong a,(CO) bands at 1995. 1915 ~'ad 1886cm 
These wavenumbers correspond to/~,c~ = 15:?0 N m ~. Com- 
parison of these ! R data with the z~ { CO } wavenumbers of the 
Io_w-temperature adduct [ I Mn(CO) ~(DBCat) ! ' PPh~ } 
(kc.~} = 1496N m ~. see above) strongly suggests that a 
similar species was formed, it is formulated as 
I Mn(CO) d PPh~ )( DBCat .CS., ) I • i.e. with CS, bound to 
the DBCat nucleophilic centre. This assignment gets suppon 
(il from the inherent stability of the tricarbonyl complex 
even at T=293 K. where no association of PPh~ with 
I Mn( CO ),1DBCaI I I takes place in the absence ofa l,e~'i,, 
acid. and {ii~ from the fact that the oxidation of the corn- 
plex b), ICp:FelBF~ yielded exclusivel). IMn(CO)~° 
( PPh,)(DBSQ) I. Furthermore. the electrophilic attack of 
CS, at the DBCaI ligand in I Mn(CO) ,( DBCaI ) i could be 
established independently, as described in the next section. 
Another ~upporting evidence for the ~ix°coordin~ition ~eOmo 
e t r y o f l M n ( ( , O ) , l P P h ~ ) ( I  B (a I .CS : ) I  i~pro~idedb)' 
ils [!V=Vis speclrunl thai exhibils the characteristic v.'t'ak 
lr* =. ~r* I,MCT b l ind  lit A,,,., ~ 3()1) nn l  ( see S e c l i o f l  3,2,  I, l, 

The second, nlinor ¢t|rbollyl prodt|cl obtained i l l  7' r~ 103 K 
in characterized by two I,(CO) bands at 19(K) mid 18(~) em ' 
(k~.c~= 1390 N m '). i t  slowly decomposed after wm'nlin~ 
of the reaction illixture up Io anibielll lenlperature. The 
~,ICO) spectral pattern, wavcnumbers and the Ate, value 
point to a close relation of thin species to the anion.,, 
IMnICO): IL)(DBCaI) I  (I.+=PI()EI)+ and PEI~. set: 
Section 3. I.). However. ill view of the facl that the anion 
I Ms( CO 1:( PPII+)( DBCat ) I could no t  be produced by a 
CO substitution reaction o1' IMnlCO),(DBCaI)!  in the 
absence of CS:.. it in reasonable to assign the thermally 
unstable dicarbonyl complex as IMn(COI:(PPh,)"  
(DBCat.CS:) I • Thus. the replacement of a CO ligand in 
I Mn( CO)d DBCat ) I by PPh~ is still possible provided the 
l,¢wis basicily of the DBCat iigand beconles reasonably 
reduced on imeraction with a Lewis acid. 

.£3.3. Reaction o.f lM,(C())dDBCat~/ with CS: 
5X IO  ~ M  IMn(COI~(DBCaI)! underwent a slow 

thermal reaction in CH,CI,/CS, = 5:1 (vol./vol.) at T= 
293 K which was monitored by IR spectroscopy. The ~,( CO 
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Fig. 6. IR spectral changes in the v(CO) region accompanying the then~al 
reaction of I M,(CO) ,( DBCaI ) l vdth CS~, in CHjCb at T~ 293 K to give 
the trithk~:'.et~tmtc complex I Mat CO ),( S,CS ) I . 

bands of the parent anion were completely replaced during 
5 h by four v(CO) bands at 2067 (m). 1987 (vs). 1967 (s) 
and 1924 (s)  cm t with the retention of isosbestic points 
(Fig. 6). Performing the reaction in THF/CS: the new 
v(CO) bands arose at 2050 (m). 1081 (vs). 1963 (s) and 
1021 (s) c m  *, The~ wavenumbers can unambiguously 
he attributed to the trithioearhonate complex I Mn(CO).~o 
(S~CS) I 120 l. In accordance with the literature 129,41 I, 
the CS stretehin~ mode,~ of the S,S'ocoo~inated trithit~aro 
bonnie ligand were found at 1024, I 012 (l~th v (C-S  ) ) and 
867 (v,~,,,(C=S) ) cm ~. No transient ca~+amyl complex was 
obsetv~ in the course of the reaction, The ibrmation of 
IMnICOh(S~CS)i = was further confirmed by its subse- 
quent methylation with CHJ. The v(CO) bands of the 
[ Mn(CO)a(S~CSCH~) I product were found at 2092 ( m ). 
2014 (vs),2003 (s) and 1961 (s) c m  ~ (inCH:CI2) 1291. 
The v( C~S ) mode ofthe chelated S.CSCH ~ ligand was local- 
ized at ~ cm =t . 

The DBCaI ligand in I Mn(CO) ~( DBCat ) I .... translbrmed 
during the thermal reaction with CS: into uncoordinated 4.6- 
di4erbbutyl.l,3-henzdioxol-2-thione (DBBT). as was 
establi~ed by mass and NMR spectroscopy: , d e  (%) 264 
(55) (M ~, C,,~H~O:S). 249 (100) (C~H.O~S), 233 (4), 
189 (75) (C~Ht~O) :: ~H NMR (Cb,Cl:) ~ (ppm) 1,30 
(gH) and I ,~  (0H)  ((CH~) ~ C ~  and (CH~) ~C-(,~,). 7.16 

~' It h t~)tew,mhy that eliminlttkm of the COS gr~up lhmt the daughte~ 
i~m or 4,hMi.tet~.hutyl~ 1.3.Mri~dioxtd.2.thk~ (as il~ticatcd by the prose 
et~,~i" the l'r~tgntctlt m/e ~ 189 in the p~1~ts,~ s~t~m ) mimics the photolytic 
re,ikons of this t t~  other thios~a~ma|cs (42 l. being thus the sl~¢ilic 
i~atue¢ hw thi~ g l~ p  of ~ a u i c  ¢omfft~lMs, On the century, a substantially 
ditTg, rc~t fr~g~nt~ioa I~tttem h~ts l,~,~n rcpor,~d 1431 lbr isomeric 4.6Mi- 
|¢lbl~l t~ld,-)J~/~athiob2.t~ as the alternative ~ t i o n  I~vduct: m/t,  
(%) ~ (.~i')). 249 ( lol l ) ,  221 (51, ~I5 (4). 193 t l i l t , 

(IH) and 7.19 (IH) (C.s-HandCT-H); ~~C NMR (CD2CI,) 
6 (ppm) 29.91 and 31.65 ( (CH~) 3C-C4 and ( CH3 ) 3C-C~,), 
34.74 and 35.66 ((CH.~)~C-C4 and (CH3)3C-C¢, ) ,  !05.41 
and 120.25 (Cs and C7), 134.53 and 142.12 (C4 and C,), 
146.50 and 150,09 (C~ and C~), 184.95 (C=S) 3. Charac- 
teristic IR bands of DBBT due to the O,O-C=S function 

- I  4 appeared at 1333 and 984 cm 

4. Discussion 

4. i. Formation q[ I Mnf CO #2f L ff DBCaO I - ( L = PR.~. 
PfORb) 

The ,ire-coordinate anion I Mn(CO)d DBCat) I -~ under- 
goes a CO substitution reaction with L = PR~ or P(OR)~, 
producing [ Mn (CO) :(L) (DBCat) ] -. The yield of the reac- 
tion strongly depends on the nucleophilic character of U 
being higher Ibr nucleophiles with smaller cone angle O and 
higher basicity. Comparison of the reactivity of various phos- 
phorus ligands reveals that the cone angle plays the major 
role. Thus, no CO substitution occured tbr L with O~ 145 °, 
viz. PPh~ and PCy~, regardless of the substantially different 
basicity of the latt,:r two tertiary phosphines [461. On the 
other hand, using the same (large) excess of L~  PEh 
( O ~ 132 ± 4 °) and P(OPh~ ) ( 0 ~ 121 ± I 0" ) the substitution 
occurred ¢¢adily. It led to completion Ibr the somewhat larger 
but signilicantly more basic PEt( lig, nd 146l whereas an 
~4uilibrium between I Mn(CO) d DBCaI) ] and I Mn(CO)~,o 
(L)(DBCaI) I was observed for the good w-accepter 
Pt OPh)~. This ditl~rence in reaction yield is thus due to the 
influence of the basi¢ity t'actor, h ,  portantly, for the si, allest 
L in the series, P(OEt) ~ with #~ 109 ± 2 °, only one equiv. 
of L was needed Ibr the quantitative conversion el'the parent 
tricarbonyl anion to I Mn(CO)~ { P(eEl)  ~ } (DBCat) I • 

Them results fully agree with those of Palmer et al. [ 47 I 
on the complex Cp:Ti(CO ).~ and its monosubstutited deriv- 
atives Cp2Ti(CO) (L) ( L =- PR~, P( OR ~ ~ ). The CO substio 
tution in that ca~  was also found to proceed faster and with 
a higher yield for better nucleophiles L. Thus, the reactivity 
of L possessing very similar cone angle # (P(OEt)~ versus 
PMe~ and P(O~iPr) ~ versus PMePh:) increased with their 
higher basicity. On the other hand, L of similar basicity 146 I 
(PMe~ versus PBut and P(OEt)~ versus P(O~iPr)~) were 
found signilicantly less reactive on increasing their cone 
angle, Similarly to I Mn(CO)d DBCat ) ] the complex 
Cp,Ti(CO): remained almost inert toward L ~ PPh,. and no 
reaction was observed I'or L = PCy~ [ 47 l, 

The C~:S group of the uttsubstitutcd derivative 1.3ohentdioxol-2othione 
I~mmates in the q~C NMR spectr.m at ,~; 185.J4) ppm ( in DMSO-d,,) 144 J, 

The~ IR hands wcr~ a l~  fouud in the IR spectrum of DBBT indepen- 
dently synthesitxxl from the N;I" sail of DBCat and thiophosgeue 145 l; they 
ar~ not pre.~nt in the IR Sl~trum of PPNIMn(CO).,(S.CS) ] produced 
photon:heroically them PPN[ Mn(CO), I and CS. [ 29 l. 
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The CO substitution reaction of I Mn( CO)d  DBCat)I 
with PR~ and P( OR).~ does not occur in the case of the related 
isostructural complexes i M(CO)dCat)  I"- and I M(CO)~- 
(DBCat) l" - ( M = Cr, Me. W) studied by Darensbourg et 
al. [ I -3 l .  This result is not surprising in view of the much 
higher electron density distributed over the M(CO).~ flag- 
meat in the latter case. as documented by the rather low k(-o 
values ranging between 1280 and 1260 N m -  ~. 

The reactivity of [Mn(CO).dDBCat) ! - toward the CO 
substitution by bulky PPh.~ was studied in more detail. 
Besides the substi!ution reaction following Eq. ( I ). the syn- 
thesis of [ Mn(CO) ,( PPh.~ )(DBCat) ] - was also attempted 
via the le reduction of IMn(CO).~_,(PPh~),(DBSQ)I 
( , =  I. 2), and via the 2e oxidative addition of DBQ to 
IMn(CO)4(PPh~) l  • In both cases only IMn(CO)~- 
(DBCat)l  .... was produced. Obviously. the formation of 
I Mn(CO) :( PPh.~ ) ( DBCat ) I - is thermodynamically unfa- 
vourable owing to both steric demands of PPh~ and the bulky 
DBCat ligand in the fluxional [7.91 anion I Mn(CO)~- 
(DBCaI ) I - ,  and electronic effects, namely the strong o'- 
and, in particular, w-donation DBCat ~ Mn, stabilising the 
five-coordinate geometry [ 9 I. 

4. 2. Revet:~'ibh,.fonnation of the sL~°-('oordioate addtr'ts 
{ IM,(CO).¢_ ,,fL),,fDBCat~I. L } fn = O, I) 

The reversible coordination of a Lewis base L such as bulky 
PPh~, PCy~, or pyridine, is a characteristic property of the 
anion I Mn(CO)d  DBCaI) I yielding the six-coordinate 
adducts formulated as {I Mn( CO),( DBCat~ I.l.} . A sim- 
ilar interaction was observed between the dicarbonyl derive 
alive I Mn(CO) ~ { P(()El) ~ } ( DBCat ) I ' and free P( OEI ),. 
With the exception ol'pyridine which ah'eady reversibly coor° 
dil)ale~ at amhielLt lenlperatur¢, a lowering el'the tenlperature 
is lhe necessary prerequisile for the shift of tile equilibrium 
described by Eq. (4) toward the six°coordinate adducts. It is 
noteworthy that hard l,ewis bases with O=donor atoms ( THF. 
H,O 1251, O~PPlt~) do nut coordinate, independently ot'tiLe 
temperature. 

I Mn(CO)~ r~ ,,( L),,(DBCat) I + L 

~ { [ M n ( C O ) ~  , (L) , , (DBCat)I 'L} ( , = 0 .  I) (4) 

The IR and UV=Vis spectra ( see Section 3.2. I. ). and the 
electrochemically reversible l e oxidation (see Section 
3.2.2.) ot' the six-coordinate adducts closely coiTespond 
with those of the stable six.coordinate anions I Re(CO).; ,,- 
( i.),,( DBCaI ) I (n = I. 2) 1261. being thus consistent with 
a (pseudo)octahedral arrangement el" the iigands at the Mn 
centre. For this geometry, the w-donation DBCaI~Mn 
becomes strongly diminished and the DBCat ligand possesses 
a predominant er-donor character 19,2<) I. The lowest ¢r--~ w* 
electronic transition in the UV-Vis spectra of the live-coor- 
dinate anions becomes replaced by a less intense w* ~ cr* 
LMCT transition characteristic for the six-coordinate anions 
19,261. 

The isoelectronic anions I M(CO) d Cat) l-" and ! Mr CO) ~- 
(DBCat) I" ..... ( M =Cr. Me. W) also form six-coordinate 
adducts with tert-phosphines. -phosphites and CO i !-3 I. The 
temperature-dependent ability of these five-coordinate spe- 
cies to take up the sixth ligand was found to increase in the 
order Cr << Me < W. This trend in the reactivity generally 
holds for other families of coordinatively unsaturated, for- 
mally d 6 transition metal complexes: (it  [Mn(CO)~_,- 
(L),(DBCat) ! - (n=O. 1 ) studied herein, and invariably 
six-coordinate [ Re( CO)4 - . ( L ) , , (  DBCat ) ] - ( n = 0 - 2  ) [ 2 6  l .  

( i t )  IMn(CO)3(2,2'-bipyridine)l - i 151 and IRe(CO)s- 
( nPrCN ),,(2,2'-bipyridine) ! - ( n = O. i ) [ 1 I.  i 3 1 ,  and ( iii ) 
I M (triphos) ( DBCat ) I + ( M = Co, Rh, lr) 12 !.22 !. The fact 
that the anion I Mn(CO)d DBCat) I takes up Lewis bases 
more readily than the isostructurai dianion [Cr(CO)~- 
(DBCat) I"- ,  reflects the higher Lewis acidity of the Mn 
centre 19,17 I. It is obvious that transition metals with the less 
diffuse 3d orbitals generally form more w-delocalized, more 
sterically hindered, and therefore less reactive complexes 
than are the derivatives with 4d and. in particular. 5d metals. 

The reactivity of the coordinatively unsaturated complexes 
I M(CO)dChL)  ]" toward the uptake of Lewis bases can 
also be tuned by a variation of the w-donor ability of the 
redox-active chelated ligand (ChL). For instance, the coor- 
dination of a ChL with a higher energy of its frontier orbitals. 
i.e. a stronger w+donor, usually results in a less valence° 
localized bonding. In addition, increased steric hindrance and 
donor ability of groups attached on a particular ChL may 
better protect the coordinative unsaturation at the racial ten° 
tee. Examples are given below: 

( i)  The itdluerlce ol' electron°releasing and bulky substit,, 
uents eel a ChL can be documented on the couples, 
ICr(CO) ~(Cat)l :  and ICr(CO~,(DBCat)  I: whereonly 
the l'ornler dianion forms 18e adducts will) P(()Me) ~ at low 
temperatures 12,3 I. and l Ret CO ~ ~( bpy ) l ( bpy ~ 2.2'° 
bipyridine) and I Re(C()),(4.4°=dimelhyl°bpy ~ I where 
the enhanced w=donalion to the Re centre ill the latter anion 
prevents coordination ot' acetonitrile at ambient temperature 
1131. 

(it) The other possibility is the variation of ChL itself. 
Thus. in this work it has been shown that the anion 
IMn(CO)dDBCaI) I  takes up reversibly a number of 
Lewis bases whereas the related anions I Mn(CO)~(~- 
diimine) I ((:~-diimine = e,g. 2.2'-bipyridine or 1.4-R-I.4- 
diaza.l.3-butadienes) remain intact under the same 
conditions owing to a completely delocalized or-bonding in 
the Mn( ¢~-diimine ) metallacycle 115= ! 7 I. Another example 
is the dianion [ Cr(CO) d benzene- 1.2-dithiolale) I: . This 
compound reacts smoothly with CO to give the 1Be tetracar- 
bonyl product 15l whereas no such reaction occurs for the 
related complex I Cr(CO):d DBCaI) I :  containing tile 
stronger ¢r.doi:~w DBCat ligand 13 I. 

(iii) The last option, investigated in this work. is an attack 
ot" electrophiles at the oxygen lone pairs ot" the basic DBCaI 
ligand in I Mn(CO)d  D B C a t ) I .  Such interaction largely 
reduces the w-donation from the DBCat donor toward the 
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Mn(CO), fragment and induces c~rdination era Lewis base 
L which is otherwi~ unreactive. This phenomenon has been 
documented by the facile formation of the six-coordinate 
addacts [ Mn (CO).~ (L) ( DBCat • BF~) i - ( L = PPh~, THF) 
and [Mn(CO).dPPh3)(DBCat.CS2)I- (see Sections 
3.3. I. and 3.3.2. ). Consistently with the uptake of the hard 
Lewis ~ THF and fairly large v(CO) wavenumbers of the 
former two adducts. ~ DBCat. BF~ ligand electronically 
clo~ly re~mbles the le-oxidized DBSQ ligand in the 
complex~ [Mn(CO)3(L)(DBSQ)] (L=THF, PPh~) 
19.25.35 I. The electron-withdrawing power of CS2 relative 
m that of BF~ is apparently lower, but still sufficient to induce 
coordination of a ~f t  Lewis ba~ such as PPh~. Interestingly. 
this ~ h  was a l~  employed for the complexes 
[M(CO)~(Cat)]=~ and [M(CO)~(DBCat)]2- (M=Cr. 
Me. W). in this instance, the coordination of PR~, P( OR ) ,, 
and CO was facilitated by the pre~nce of hydrogen-bonding 
electrophiles such as excess catechol or methanol I !-3 ]. 

4.3. Mechanism of the reaction qf I Mn( CO ) d DBCat ) ! ...... 
w#h CS, 

Like IMn(CO)~] :" 129]. also IMn (CO)dDBCa t ) ]  
reacts slowly with CS~ and converts into the tdthiocarbonate 
complex I Mn (CO) A S,CS) I =. The ,second reaction product 
is uncoordinated 4,6=di=tert=butyl=l.3=benzdioxol=2=thione, 
DBBT (~e Scheme I). The actual reaction mechanism is 
apparently rather complex as it involves both disproportion= 
ation of the CS~ reactant a,~ well as CO=ligand variation at 
the Mn centre. No intermediate carbonyl species could be 
isolated or spectroscopically detected at variable tempera= 
tares, The same situation applies for the anion I Mn(CO) ~ ] .... , 
Its thermal reaction with CS.~ has ~ n  assumed 12~)1 to 
p ~  via the metalladithi~arboxylate IMn(CO)~o 
(CS~)I and CO=substituted (Mn(COh(CS~)(SCS)I 
intermediates, yielding ultimately [ Mr)(CO) ~(S~CS) I ~ and 
free CS, An alternative reaction path proposed involves the 
I Mn(CO)sSI" transient which is known to undergo in,~r= 
tion of CS~ into the Mn=S bond ! 29 ]. 

The anion [ Mn( CO)~(DBCat) ] ...... probably reacts with 
CS=, according to the mechanism pre~nted in Scheme l. The 
initial attack of CS~ is anticipated to occur at the less stefically 
h inde~  oxygen atom of the DBCat ligand. The LUMO of 
CS~, largely localized or, the electrophilic carbon atom, can 
overl~ with the 3b, (DBCat) HOMO dominantly localized 
on the oxygen atoms (the lone pair of the oxygen; involved 
in the ~lonation toward the Mn(CO); fragment, This step 
increa~s the Lewis acidity of the Mn ~ntre and weakens the 
Mn=O bonds, I ~ ,  in the presence of PPh~ the reaction 
provides at ambient temperature the stable six-~oordinate 
~ u c t  { I Mn (CO) d DBC~tt,CS~) l" PPh~ } -', which proved 
impossible in the ab,~nce of CS~, Coordination of PPh~ at 

Mn centre then ~ r e n t l y  inhibits the further ¢ o u ~  of 
the ~ t i o n  with CS, as IMnfCO)AS,CS)I ~ was totally 
ab,~nt in the reaction mixture, it is reasonable to postulate 
that, in the ab,~nce of PPh~, the coordination site available at 

Ph 

Q 
soC-'~S 

¢ . . . .  • 

S.(~..s.'C~s 

Q 

~° 

r 
.°.a 

E CO ligands omitted 1 
Ibr clarity J 

CS~ S 
- o d ~ l , . .  . d  

:.:Mn:' ~ 

'S-uo "$= 

Scheme I. 

s . c : ' ° ~  

DBBT 

the Mn cenlre becomes occupied by a sulphur atom el' the 
CS: attached to the DBCaI ligand. Alternatively, direct coor= 
dination of a second CS~ molecule may afford I Mn(CO )~o 
{ SCS) ( DBCal. CS~ l I ( see Scheme I I. In both possible 
intermediates coupling of two CS=, Inolecules takes place 
which results in their dispmportionalion producing the tri° 
thiocarbonate ligand. The C-S  fragment becomes bound to 
both oxygen atoms of the DBCat ligand concomitantly with 
the clea~age of the Mn--O bonds. The source of the lburth 
carbonyl ligand in the I Mn(C'Oh(S,CS~I ~ pn~uct must 
be either I Mn(CO)d DBCat) I =- itself or some other tricar- 
bonyl transient. However. it remains unclear at which stage 
of the reaction c o u ~  the CO-releasing step occurs, and 
which mechanism operates, It is noteworthy that similarCO= 
ligand disproportionation has been reported for the coordi. 
natively unsaturated radical l Mn(CO) d DBSQ) ], which led 
to I Mn( CO h(DBSQ) I, I Mn(DBSQ): I,a and t'~e DB( S )Q 
1~51, 
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