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Diamino-substituted Carbene Transfer between Tran sition Metal lons
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Diamino-carbeneligandtransfer betweenvari ousmetal ionsisstudied, particularly withPd(11) to Rh(l),
Rh(I)toAu(l). Reactionsof var i ouscarbenecom plexeswith AgPFs resultinthe cleav age of theM=C bondto
givethe protonated carbene spe cies, imidazolidin-2-ylidinium salt, in di cat ing the presence of free carbene
ligandinthereactionmedium. Whenthecarbenetransfer processwascar ried outintetrahydrofuran, the poly-

mer izationof tetrahydrofuranoccurred.

INTRODUCTION

Thecarbenetransferisaninter estingprocessincat &
lyticor metal-mediatedreactions.* Fischer and cowork ersre-
ported thefirst ex am ple of such atransfer inthereaction of
[Cp(CO)(NO)Mo=C(OMe)Ph] with [Fe(CO)s] inben zene
solutionuponirradi ationtoprovide[(CO) sFe=C(OMe)Ph] .2
Sincethen, fewinvesti gationsinvolving carbenetransfer be-
tweentransi tionmetal ionshaveoccurred,*° presumably due
tothestabi li zation of carbeneligand by themetal ion. Inare-
cent study, we found that diamino-carbene moi ety can be eas-
ily trans ferred from group VI to Pd(I1), Pt(I1), Rh(l), Au(l),
Cu(l) and Ag(l) ions. Such aresultin di catesthat a carbene
transfer reaction betweentransi tionmetal com plexescanbe
facile."® Inview of thecarbenetransfer between other metal
ions, thereactivity of pal ladiumandplati num, aswell asrho-
dium carbenesub strates (1-6), areex plored withtherel evant
metal ions.
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RESULTSANDDISCUSSION

Carbenetransfer between tran s tion metal ions
Pd(I1) to Rh(l)
Pal ladium carbene com plexeswere pre pared by the

method previ ously reported.’ The N-ethyl substi tuted pal |a
dium carbene com plex 1 does not re act with [Rh(CO)2Cl]z in
chloroform at roomtem per ature. Evenin the presence of
pyridine or triphenylphosphine, there is no carbene trans fer
from 1 totherhodiummetal center, indi catingthestablena
tureof thechloro-bridging pal ladiumcomplex. How ever, the
N-allyl substi tuted pal ladiumcomplex 2 under goesacarbene
transfer reactionwith [Rh(CO).Cl]2in chloro form at room
tem per aturetoyieldthebiscarbenerhodiumcomplex 6. The
suc cessof carbenetransfer tothenew metal centerispresum
ably duetothecoor di nating assistance of the m-bond of the
allyl substitutent, which hasbeenil lustrated in such atransfer
betweentungstenandpal ladium. ®*°
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Pt(11) to Rh(l)

Incontrasttothepal ladium com plexes, plati numcar
bene com plexesarein ert to ward the carbenetransfer with
[Rh(CO):Cl]2. By moni toringthereactionwithNMR, nore
actionoccursbetween3 and [Rh(CO).Cl]2, nor with the com-
plex 4 or 5. Thisoutcomeindi catesthestrongerinter actionof
the Pt-C bond than that of the Pd-C.

Rh(l) to Au(l)
The N-allyl-substituted diamino carbene moi ety read-
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ily under goestransfer from rho dium(l) to gold(l) center un-
der amild con di tion. Thus an equimolar mix ture of 6 and
(MezS)AuClinchloroform-ds was checked by 'H NMR at
roomtem per ature. The spectrum of thereaction mix ture
showed aquanti tativeconver sioninto biscarbenegold con+
plex 7. How ever, therel evant ethyl-substituted com plex ap-
pearslessreactive.
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Carbenecleav ageby sil ver(l)

Intheprevi ousinvesti gation, wefound that thetung-
sten com plexes 8 readily un dergo carbene trans fer in di-
chloromethanewith Ag(l) or Cu(l) toformthecor responding
carbene complex, which then hydrolysizes to yield the
imidazolidin-2-ylidinium salt (Scheme 11).2° Such ob ser va-
tionisalso truein some of the pal ladium com plexes. The
metal-carbon bond isreadily cleaved in the re ac tion of the
biscarbenecomplexes 1 or 2 with AgPF¢inthe presence of
moisturetoformthecor responding sub sti tutedimidazolidin-
2-ylidinium salt11. Presumably, thefor mation of theor ganic
saltissimilartothereactionof tungsten-carbenewith AgBF,,
e.g.thefor mation of sil ver-carbenecom plex 9, which then
undergoes the cleavage process. However, the platinum
carbenecomplexesbehavedif ferently. Complexes4 and 5 do
not react with AgPFsinchloroformor acetonitrilesolutions,
whereasthe bi scarbene com plex 3 under goesthecleav agere-
ac tion smoothly under mild condi tions. Asfor therho dium
com plexes, complex6 readily re actswith AgPF; to yield the
imidazolidin-2-ylidiniumsaltquanti tatively.
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Poly mer ization of THF dur ingthecarbenetransfer be-
tween tungsten(0) and silver(l)

Asdiscussedintheprevi ous section, the carbene moi-
ety can be cleaved by asil ver(l) ion in the pres ence of mois-
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ture. Inter estingly, whenthereactionwascar riedoutin THF
asthesol vent, apoly meric prod uct wasob tained (Scheme
[11). In a 10-mL round-bottom flask equipped with are flux-
ing con denser, amix ture of 8a (or 8b) and AgPFs in tetra-
hydrofuran (6 mL) was heated to reflux for 30 min. Thereac-
tion mix ture be came viscousand could not be stirred. The
poly mer waspuri fied by dissolvingindi chloromethaneand
re-precipitated by meth anol to yield awhite solid. Both'H
and *C NMR of thepoly mer clearly il lustrated itsstruc ture
and GPC anal y sisshows My = 43244 (Mw/Mn = 2.7). The
for mation of such apoly mer ispre sum ably dueto the base-
catalyzed ring opening reaction. Thedissoci ated carbene
ligand 10 fromthegener ated sil ver carbene speciesbehaves
as astrong base and nucleophile, which cat alyzesthe poly-
mer ization. Indeed, thereisnopoly merizationoccurringin
the pres ence of atrace of water. It has been re ported that the
basicity of 2,3-dihydro-1H-imidazol-2-ylidene is known as
thestrongest or ganic Bronsted base.
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Carbeneligand transfer between metal ions of fersan
other syn thetic ap proach to gen er ate the new carbene com
plexes. It ap pearsthat such are action tendsto pro videthe
morestablemetal carbene com plexes. How ever, thesil ver
carbenecomplex under goesliganddissoci ationtogener atea
free carbene, which can act asabase or nucleophile. Inpar tic-
ular, the N,N*-diethyl-2,3-dihydro-1H-imidazol-2-ylidene
causesthepoly merizationof tetrahydrofuran.

EXPERIMENTAL SECTION

General Information

Sol ventsweredried by standard procedures. IR spectra
werere corded on aBio-Rad FTS-40 spectrophotometer. The
NMR spectra were recorded on a Bruker ACE-200 or a
ACE-300spectrometer. For the®P NMR spec tra, the spec-
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trom eter frequency at 81.015 MHz or 121.49 MHz wasem-

ployed and chemi cal shiftsaregivenin ppm (&) rel ativeto
85% H3PO4in CDCls. Vauesupfield of the stan dard are de-

fined as negative. Thecor respondingfrequenciesfor **C
NMR spectrawereat 50.32MHzor 75.47 MHzfor respective
spectrometers. Massspectrometricanal y seswerecol lected

onaJEOL SX-102A spectrometer. El emental anal y seswere
doneon aPerkin-Elmer 2400 CHN analyzer. Com plexes 1-6

were prepared ac cording tothemethod previ ously reported
via carbene transfer reaction.’® Metal complexes such as
[Rh(CO):Cl]. and AgPFs wereobtained commer cially and
usedwithoutfurtherpurifi cation.

Carbene Transfer Reaction between Pd(I1) and Rh(I)

To amix ture of PA(I1) carbene com plex was added an
equimolar amount of [Rh(CO),Cl], in dichloromethane.
Prog ressof reactionswasmoni tored by the 'H NMR till the
startingmaterial disap peared. Thereactionmix turewasfil-
tered through a small amount of sil icato re move the metal
resi dueandthefil tratewascon centratedtoyieldthedesired
com plexes. Rho dium carbene com plex 6 was ob tained as a
yel low solid: "H NMR (CDCl3, 300 MHz) & 5.65 (m, 2H),
5.19 (m, 4H), 4.45 (m, 2H), 3.94 (m, 4H), 3.65-3.40 (m,
12H), 3.12 (d, J = 11.8 Hz, 2H), 2.85 (d, J = 8 Hz, 2H),
whichisessentially identi cal tothe sam ple preapred from
thereaction of [(CO)sW=CN(allyl)CH,CH,N(allyl)] with
[Rh(CO),Cl],."* Studies of the carbene transfer between
Pt(11) and Rh(l) are essentially fol low the pro cedurede-
scribed for the Pd(I1) com plexes.

NMR Studies of Carbene Cleavage by Silver(l)

Into aNMR tube was placed an equimolar amount mix-
tureof pal ladiumor plat i num com plex and AgPFs. The tube
wasflushed with ni trogen gasand chloroform-d, (0.7 mL)
wasadded. Prog ressof there ac tion waschecked by 'H NMR
spectroscopy. Reactionwascom pleted within 30 min~1h.
NMR sig nalsof thecarbenecleav age prod uct (N-Substituted
imidazolidin-2-ylidinium salt) areidenti cal to the sam ple
previousreported.**?

Poly(tetrahydrofuran)

A mix ture of 8a (0.44 mmol) [or 8b] and AgPFs (0.44
mmol) indegassed THF (6 mL) washeatedtoreflux under N
for 30 min. Thereaction mix turewasdissolvedindi chloro-
methane (10 mL) toform aclear solution. Slow ad di tion of
meth anol (200 mL) totheabovesolutionresultedinthefor-
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mation of awhitesolid. Fil tration givethe desired poly mer
(2.56 g, 48% based on THF used): *H NMR (CDCls, 300
MHZz) & 3.63 (br, 2H), 1.56 (br, 2H); *C NMR (CDCls, 75
MHz) & 70.5, 26.4; GPC M w = 116798, Mn = 43244, M wiMn
=27.
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