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I. RESEARCHPROGRESS

This has been an extremelyproductiveprojectperiod. Six new papershave

appearedin print or been acceptedfor publicationsince the previousreport

(A9-14). Principalachievementsare as follows.

A. 7/0 Equilibriain Aldehydeand Ketone Complexes(pub.A-8t A-11)

Aldehyde and ketonecomplexesare intermediatesin many metal-catalyzedre-

actions. We have soughtto definethe fr.ctorsthat affect the thermodynamics

of 7/0 binding,and differencesin reactivityof the two bindingnw}des. In the

pI'eviousreport,we describedfifteenaromaticaldehydecomplexesof the form-

5_C5H5ula [(n )Re(NO)(PPh3)(O=CHAr)]+ BF4 . IR analyses(CH2Cl2) showed these

to be >96:<4 to 15:85mixturesof 7/0 isomers(vNO: _ 1745-1733;o 1701-1692

cm-1). Electronwithdrawingsubstituer0ts(whichenhancealdehyde_ acidityand

lower o basicity)favor the _ bindingmode, while electrondon6tingsubstitu-

ents have ar oppositeeffect.

We wonder._dwhetherparallelelectroniceffectsmight be observablein ket-

one complexes. Methyl ketonecomplexes[(nS-c5H5)Re(NO)(PPh3)(nI-o=C(CH3)R)]+

X- exist exclusivelyas o isomers. Thus, we sought to prepare analogswith

electron-withdrawingketonesubstituents. Accordingly,reactionsof dichloro-

methanec_,plex [(n5-CsH5)Re(NO)(PPh3)(CICH2Cl)]+ BF4" (I) with 1,3-dichloro-

acetoneand 1,3-difluoroacetonegave the _ complexes[(n5,C5H5)Re(NO)(PPh3)(n2-

O=C(CH2X)2)]+ BF4" (X = 2, Cl; 3, F), as shown in eq i. Both IR and NMR spec-

tra showedno sign of any o isomers. A crystal structureof 3 (FigureI; PF6-

salt) verifiedthe _ bindingmode in the solid state.

_ o

4.* xcH,/c'cH,x
II ON/I _pp% _ (i)

XCH_\c/O

_' BF4" X¢t'_/ BF4"

I[",iI'STRIL_Jq"ION OF THIS O(>(I,_LJlViENT !S LJNLIMITED



o

/'1
_c.= c,, b)

_t

FiB. l. View,_of the cation of dinuornacetonecomplex [(11LC,H,IRc(NOWPPh_Wl12"O=C(CH,,F)_))°"
PFr,- (3' PFr,- ): (a) numbenn$ diagram; (h) view down rhenium-mtroBen bondwith phenyl group,_
omitted, Selectedbond lengths(,_) and angles("): Re-C24 2.1;(I). Ke,,O2 2.044(6L C24-O2 1,35(I).
Re-N 1.73"/(9).Re-P 2.44Q(3),N-Oi 1.19(1): O2-Re-C24 37.1(3), Re-O2-C24 76.5(5). Re-C24-O2
66.4(5). Re-N-OI 1"/3(1),N-Re-P QO.5(3),

B. A New Carbon-HydroqenBond ActivationProcess: Abstractionof Vinylic

Protonsfrom Alkene Complexes(pub. A-lO)

Many cationicalkene complexes[LnM(H2C=CHCH2R)]+undergoallylicdeproton-
ation when treatedwith mild bases,as shown in I. However,in our previous

report we describeda facile,unprecedentedalternativevinylic deprotonation

mode (II)that providesa new alkenecarbon-hydrogenbond activationprotocol.

We have extendedthese studiesto the cycloalkenecomplexes4 shown in Scheme

I. _ a.s=mm-y_ pm_u¢=_,m_,R,,=_=_ot
CyctoaJkaneComplexes 4 and I-BuO" K* inTHF.
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In an attempt to better understand this selectivity, the cyclopentene com-

plex Cs was studied in detail. First, the cyclopentylidene complex 7 was inde-

pendently prepared as shown in SchemeII, and characterized crystallographical-

ly. Its independent stability excludes any intermedtacy in the deprotonatlon

. of 4a. Second, a crystal structure of the methylcyclopentadienyl analog of 4a

was executed, and all hydrogens were located. Based upon the structures shown



in Figure Z, there would appearto be no intrinsicstereoelectronicproblemas-

sociatedwith allylicprotonabstraction.
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Figure2.Viewsofa rnethy#cyclopentadienylderivativeof
cyclopentenecomplex,la.
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C Mechanismo.fRearranqementof Alk_lideneto Alkene Complexes(pub. A-

Many cationicalkylidenecomplexes,[LnM(=CRCHR'R")]+, have been found to

undergo1,2-hydridemigrationsto c._tionicalkenecomplexes[LnM(RHC=CR'R")]+.
We have completedthe first detailedmechanisticstudy of these carbon-hydrogen

bond activationprocesses. Rheniumalkylidenecomplexesof the formula[(n5-

C5H5)Re(NO)(PPh3)(=CRCHR'R")]+ X- (8) have been employed,as exemplified
in

Scheme III.

Key featuresinclude: (1) modestprimarykinetic isotopeeffects,(2) sub-

stantial inversesecondarydeuteriumisotopeeffects (kRe=CH/kRe=CD),(3) re-
tentionof configurationat rhenium,(4) intramolecularhydridemigrationand

lack of PPh3 dissociation,and (5) high stereoselectivityat the migrationori-

gin and terminusfor certainsubstrates. Substituenteffectssuggeststrong

parallelsto Wagner-Meerwein_earrangements.However,the transition_tate



' Scheml III. Thermolysesof propylidenecomplex[(rlS-CsHs)Re(NO)(PPhs)(=CHCH2CH_)]* PFs"
• Ek=anddeuteratedderivatives.

2...... ON_F]_t..,,,pph3 65.86'C H3C +

H3C PF6"

Sc (RS_SR) (P,R.S_3
('72:I:2):(28:I:2)

deuteriuminreactant deuteriumin HZ,HEof product..

D= (Re=CDCH2CH3) 40 + 3 % FIz 44 + 3 % Hz60+3%HE 56:1:3% HE

2 D_(Re,-CHCD2CH3) 53+ 3 % Hz 40 ± 3 % HZ47:t:3 % HE 60:t:3 % HE

H " C-Hantarafacial

PPh3 ON h3 ,

Re.------- C CD3

CH3

formallyinvolvesfour electrons,&nd the symmetry-allowedmechanismshown in

eq ii has been proposed.

D. Rearrangementof TerminalAcetyleneto VinylideneComplexes(pub.A-g)

We find that alkynecomplexesof the formula[(n5-C5H5)Re(NO)(PPh3)"
m

(RC-CR')]+BF4 (9) are readilypreparedas shown in Scheme IV. We have stud-
ied two types of carbon-hydrogenbond activationprocessesof the terminalalk-

yne complexes9a,e. First,reactionswith t_-BuO-K+ give the corresponding

terminalacetylidecomplexes(n5-C5H5)Re(NO)(PPh3)(C-CR)(tOa,e)as shown in
Scheme V. These transformationsare reminiscentof the vinylicdeprotonations

in Schemes I and II.

Second,the bulky _t-butylacetylenecomplex9e undergoesa prototropicre-



SQhemeN. Synthelisof AJkyneComplexN [('rlS-CsHe)Re(NO)(PPh_)(RCmCR')]" BF4"(9).
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SchemeV. Reactionsof TerminalAJkyrteCorn01ex_}=h,e,
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R - C_CN)_
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ON / U _pph3 R = C(CH_).,
II
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sc-lle aolle

from10e (-78"C, CD=C_2) <2 :> 98

(22'=C,C02C_z) (90t" 2) ' (10 :t:2)

(22"C,C_DsCI) (86:1:2):(14:1:2)

fmmge (80"C, CeDsCI) (86:1:2):(14:1:2)
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arrangementat 80 °C to give the t-butylvinylidenecomplex((n5-CsH5)Re(NO)-
m

(pPh3)(=C=CHC(CH3)3)]+ BF4 (11e;SchemeV). The parent acetylenecomplex9a
shows no tendencyto isomerize,suggestinga stericdrivingforce. Further,

isomerizationceaseswhen a 84:14 11e/geratio is attained. An identicalmix-

ture can be generatedby protonationof acetylidecomplex10ewith HBF4,0Et2

(SchemeV). This clearlyshows that terminalacetyleneand vinylidenecomlex-

es are in equilibrium.

E. Synthesisand Reactivityof LithiocarbideComplexes(pub.A-14)

lt is well known that organicterminalacetylene's,RC_=CH,are easily depro-

tonatedby strongbases (PKBH+ > 25). Thus, we soughtto investigatethe acid/

base chemistryof the terminalacetylidecomplex toa. Deprotonationby an alk-

ali metal base, M'+ B-, would affordthe first exampleof a transitionmetal/

alkalimetal carbidecomplex. Such compoundsshould in turn be potentially

valuableprecursorsto other unusualbimetallicCx complexes.
In order to facilitatethe analysisof trappingexperiments,authenticsam-

ples of methylatedderivativesof 10a were desired. These were preparedas

sketchedin SchemeVl, and a varietyof deprotonation/methylationconditions

were investigated. In particular,the formationof methylacetylidecomplexes

12 and 14 was taken (togetherwith supporting51p NMR data) as 'evidencefor the

(15)arw_intermediacyof lithiocarbidecomplexes(nS-CsHs)Re(NO)(PPh3)(C-CLi)

(nS-CsH4Li)Re(NO)(PPh3)(C-CLi)(16)(Schen_ VII).

Since metal C2 complexesare of particularcurrentinterest,we sought to
convert16 to an isolableheterobimetallicderivative. Thus, 1Oa, n-BuLl, and

Ph3SnCl(2.6 equiv)were r_actedin a protocol analogousto Scheme VI, entry 5.

Workup gave the bis(stannylated)complex(nS-CsH4SnPh3)Re(NO)(PPh3)(C=CSnPh3)

(17; SchemeVII) in 49% yield. Extensionsof this methodologyare currently

under investigation.

F. New Catalystsfor the Epimerizationof SecondaryAlcohols;Carbon-

HydrogenBond Activationin AlkoxideComplexes(pubA-12, B-16)

We have discoveredthat secondaryalcoholsepimerizeto mixturesof diast-

ereomersin aromatichydrocarbonsat 65-90 °C in the presenceof 10 tool%(5_

CsRs)Re(NO)(PPh3)(OCH3)(18; R = H, Me). Data are summarizedin Chart I. We
have studiedthe mechanismof this previouslyundetected(for homogeneous,low-

oxidationstate metal complexes)carbon-hydrogenbond activationiridetail.

The methoxideligandof 18 first exchangeswith the alcohol_ubstrateto

give alkoxidecomplexes(n5-CsR5)Re(IIO)(PPh3)(OCHR'R") (19).
Authentics4mples



_¢tlune VI. Reactions¢flthe Ace_ytideComplex 101 and n-BuLl.
1. HBFeOEt_/CeHsCI

2. RCBCH

3. t.BuO"K*/THF

Re fRe_
ON _PPh3 2. CH31

C (6 equiv) C C C CH_III Iii III Iii
C C C C
I I 1 I
H CH_ H CH3

ql

101 12 13 14

Entry n-BuLl CH31 addn. Yield Product Distribution(%)10a 12 1:) 14

la 1,0 equiv. 0 °C 79% 8 66' 0 26
-80 °C, 1,5 h

2=' 1,5 equiv, 0 =C 89% 0 46 0 54
-80 °C, 1,5 h

3a 2.0 equiv, 0 °C 91% 0 0 0 100
-80 °C, 1.5 h

4b 1,0 equiv, 20 °C 71% 10 80 0 10 ,
20 °C, 3 rain

5b 2,0 equiv. 20 °C 53% 0 8 0 92
20 °C, 3 rain

aSolvent rHF. bSoivent 1:1THF:Hexane.

Scheme VII. Lilhiocarbideand StannylcarbideComplexes

/Re_. Re 2,6 Ph_SnCI Re
ON I PPh:30N/I _PPh:}''--''_ ON/ I _'PPh3

c C C

III III III
C C C
I I I

Li Li SnPh_

15 16 17

=



e_rt 1.Dataonther::_me_onof_oo_/_ by10mot%(_5-_P_)I_(NO)(PPh_(OC_)

S.u_g Almhol Cal_/_ Temp Time Ru_ : k_ x 1# k._x10s
0,1) produa (s") (s")

H 1 II 65 48 32:68 2,7 ± 0.2 1.3+ 02

1 II 66 32:68 22 +02 1.1±02

ll-Mes 65 48 30:70 14± 1 5± 1
((±)-exo-_meol) e

H 18 65 48 68:32 12±0.1 2.5:t:0.1

((_+)._m/o-_meol) e

H 18 71 180 24:76 0.52±0.01 0.16±001

H 1 II r71 24:76 0.63 :i:0101 0.20 :t:0.01

((_+)-ermt_.norloomeol)" 11kMes 71 162 18182 103 :t:0.04 0.22 :t:004

OH (c_'ans)

CH.,s 1 6 80 80 30:70 0.51 ::L0.03 0.21 + 0.03

1 II 80 28:72 0.51 +0.03 0.20 :t:0.03

((_+).Hs-2.m_hylcyclohexanol)" 11kMes 80 52 23:77 0.91 :t:0.04 0.27 .:L0.04

OH

18 91 40 28:72 15:1:0.1 0.6:1:0.1

18 91 30:70 11 +0.1 0.5¢0.1

CH3 llkMes 93 14 30:70 3.9¢0.1 1.7+0.1

(_=_,-,m_I'_cyctol'_xl=nol)b

16 80 48 28:72 1.2+0.1 0.5 :L0.1

16 80 28:72 1.0¢0.1 0.4¢0.1

HO4' lI-Mes 80 48 30:70 1.9¢0.1 0.8+0.1
H

((+)..a._holmtanol)'

(a) InC.IDe. (b) In CeDsCD3.
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Figure 3. Eptmedzatlonof (RRRR)-1911:(a) 3lp{lH} NMR

spectrumof startingmaterialat 35 °C; (b) spectrumafter
9 h at 35 °C; (c-cl)spectraafter0.6 and 10 h at 65 °C.
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of diastereomericallyand enantiomericallypure 19 have been prepared,where

OCHR'R" is derivedfrom (+)-and (-)-,e_x_o-and end____o.-borneol.NMR data show

that epimerizationaccursfirst at rhenium(ca.35 °C) and then carbon (ca. 65

°C), as illustratedin Figure3. SJ;bstitutionreactionsand rate experiments

show that PPh3 initiallydissociatesfrom 19 with anchimericassistanceby alk_
oxide oxygen lone pairs, as sketchedin Scheme VIII. An intermediatewlth a

trigonalplanarrhenium (20),which can either return to 19 (withepimerization

at rhenium)or undergo B-hydrideeliminationto the ketonehydridecomplex 21

(leadingto epimerizationat carbon),forms. Accordingly,rates of epimeriza-

tion at carbon (butnot rhenium)are stronglyinhibitedby added PPh3, and show

a significantkH/kD.

,_henrie VIII, ProposedEpimedza_n Mechanism

' -" Rf _R'

19 20 21

;l
R

ON" I._PPh, +PPh, ON ON/"

H.,/o,, _ HC
"'C "'_'" I R'/ _R

R'/ \R R'
19' 20' 21'
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