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RUTHENI UM - AND OSM UM METAL CARBENE COWVPLEXES
F NVENTORS: 5 Robert H. G ubbs, Peter Schwab, and
SonBi nh T. NgW@a#H1/06185 This application clains the FET&ISPHI26¥4 U, S,
Provi si onal application No. 60/001, 862, filed August 3, 1995, and

U.S. Provisional application 973, filed Septenber 19, 1995, both
'of which are i ncor por af*bl\lqo}" H&Tégﬁ% gv TXMHEEH? The .

U S. Covernment has certai n ANPEIRMIUMMERASCARBENE CONPLEXEuant to Grant No.
CHE- 8922072 awar ded by the Nat i onal Sci ence Foundati on. 15
BACKGROUND This invention MNVENTORS:to highly active and stable

rut heni um afid osm um net al Reizr ble Gamblso Aypdr Sochwab, and SouRiMyDINggsn t hei r synt hesi s
and“use as catalysts for olefin netathesis reactions. o
Transi tion-metal nmtapplicd clsiméthb Sdehit ool SBdviaidnal hjplilidiNol6ore! g6 a&l Augise3, Of

consj der abl e i\gsekgss, ﬁ@dmm hcﬁmeb%a/b@ o4 el Soprembad s, 1995, Ritifyien e LN 5

area were bas%gwg L8 x beRfthdey active m xfures consi sting of
transitions or| oxl des' or oxychl orides, cocatalysts such as

EtAICI[errf or R r and rom)te I ncl udi n err]

PhOH. For exarrpl e{?h E&Y‘g ﬁl‘ﬁ“["é'}gﬁtf jodhisipyeqtion pfsuaqeﬁ%ggn 5{93?%%{?%35% alyze
olefin FRRrdee fetop Hatjopal Seiengs Foundatiovey er their catal ytic centers are
I1l-defined and systematic control of their catalytic activity is not
possi bl e. Recent efforts have been directed towards the

devel opnments of wel | - defi ned net at hesi BAGKGROENDRS cat al ysts based on

transition metal ThsTlefion Selated Rchighattvé fnd @bbld @RI Ofnfidh inetal Gaibeh\@mblBE past

two decades  compounl¥@ir SAMEN ARk &P ad cRaItBREr e AetiRdia ey, Of the ol efin

net at hesi s reacti Fbhsifoh-rhetd @Jtﬂm E)Son%%r&ﬁﬁoﬁ {;ﬁgﬁﬁntﬂl%esxs is of coﬁEﬁLrﬁJle .ﬁt&@QPL.ﬂxeS

In contrast, fsﬁﬁ.etil%h{; emﬂi‘au &J&%s dn%s W&%%%Z%%E{ﬂmﬁ [A%g%}the’s‘ cJ;(Es%Qé‘ nsm for
I

par tcul ar® ¢ mmh o %«?’? sor gRyahctols Sty uch v pene g

osmi um net at h&EH @“ﬁ T ST 05 PEmlE WGl G(BIRTREH 1:4:1. These W&W‘Wﬁel"”‘
transition mef§Pmes Epstigas hamarehBer @yt camersrsii-danet wof sysigmatly coneleEPium and
osm um car ben&atalytic activiy st possitle. have been described in United States
Patents No. 5, 312RecaOeffarrha%e [@eXiirg@ towads indevdabm8it af well-defined metibesie aptive
applicati o¥s hkigalys® 84338 nadBBiommelal GANENBE, Fhe/rpsulss df resdarchvisffoniidigingthe prsiowpdecaitse d
herei n by r ef daveemabled an in-depth hhderstanding @fitheI6RIR Rdtah S reatiof ay darRRd BY&ENY Raxsiton

di scl osed i n we@iSOmflekts th SonB4f] the Ridrt 6fAkel iRBBedifeS arfdfthel rbb@ion mechaniGSBtradp VI

formul a 35 transition metal catalysts have remained elusive. In pamcular the oxidation states &n8@ ligalion of 180

where Mis rufnmﬁmﬂﬂma%mmmamm%éﬂ& Sl L wRbe ani on| c Ilgands and L and

L[err] are ()neut r rgﬂ% \ﬁ etal fod \Retattiesis zigtal sts, specx lcal ed St P%'tbent S
o ol2 U5 gt e %mﬁa@&f'ms T
net at hesi s poLFJ FEFPPIsaop P s’ﬁé{w aliof phic ﬁ‘"fﬂ'ﬂ?fafeﬁgm"}W’Eﬁ”F""bf t he

speci fic al kyi ed@h@'“&'@ﬁ?)?ﬂ’é’s”ﬂ%f?%éﬂ dlswsﬁégﬁerﬁéff”é‘ri’f‘%app‘lﬂf@f“rfe qf ghe

hydr ogen general formula
35

x\ | R
. /M C
x| r
L'
40
where M is ruthemum or osmlum, X and Xl are amomc hgands and L and Ll are neutral e]ectron
Umted States Patents No. 5,312.940 and 5,342,909 disclose specific vinyl alkylidene ruthenium and
. .. ~osmium.complexes-and their use in catalyzing the ring opening metathesis- polymerization. ("ROMP") of -+ - .
45  strained olefins. In all of the specific alkylidene complexes disclosed in these patents, Rlis hydrogen



WD 97/ 06185

PCT/ US96/ 12654 and Ris either a substituted or unsubstituted vinyl
group. For exanple, a preferred vinyl alkylidene . conpl ex disclosed in
t.hese patents is o COWPLEX A .

[err] 10 wWo9mm6i8here Ph i s phenyl . Uni t ed BEHP¥E113¢ ent

applications No. 08/282,826 and 08/ 282,827 di sclose specific vinyl

al kyl i dene rut heni um.and osnm um conpl exes. and their_use. in tal yzi ng
a variety of néPdf Hégegaﬁ*{@aﬂ'ﬁaﬂ‘g%*ﬁ'&&@m?a?& V&PP*&P?&W%%’M "P‘?Cﬁ" ese
appl i cati ons h&mplex disclesed ip these PRFNSY S o) ect ron donor ligands L and L[err];

nanel y, phosphines in which at | east one substituent is a
secondary-al kyl or cy€OMELEXA group. As in the above U S. patents, in
all of the specific al kylidene conpl exes discl ol in the patent
applications, Rerr] is hydrogen|:\|u|\3'I L either a substituted or
unsubstituted vinyl group. For exar@f.e,| a pgrerexred vinyl al kyl i dene
conpl ex disclosed in these patent ap@: ons iRh20

COVPLEX B v iy H [err] 25
where Cy is,eyclohexyl. 30 At PPbgh the vinyl al kylidene conpl exes
di scl osed in the above patents and patent applications exhi bit high
nmet at hesi s acti vi tg and remarkabl e stability towards functional groups
there are at | &3¢ Fhiphenyl. drawbacks to these conpl exes as netathesis

catal ysts. First, Vited SnesFaemanplioptions No.|08/282;82A 4nd 43/382 837 fliselase specific vigyhfiptidene s
requi res a mul tmitheipme pndpgmitith cemplexes anditheirusein databizing a vdrigy jof metdthesiy reastinas. Cl¥pp| exes
have rel ati V&| yaulytdisclosed in these pplitations havespedific nBulielegfon Hémesigams heuk1s ; winely,he
vi nyl al kyl i depeosghinegih ekieitat dease onersaiaithentcibs ecohdaty-alklybor cycloslityl g®us Asriehaiboesi s
catal ysts. The Ul pientsSh Q) of 86 ipedifici aficyRaRae chiiblekds WRCIGEIA tigipien appitasxipRhsi ve and
may result in hydrogen n@® WG cithdr @ ShibGtiutddiof lufdibstituldd VinlIQ¥bub. NFdr eﬁﬁﬂ?m gfeaet&re: déﬂ}%/.

i stribution

resul t in ROVP ROl Bmblediaisdiost i o3 JariiPAppifchtlont is vei g |
and prol ong reaction times inring closing netathesis ("RCM') reactions.

For the reasons discu @P ve, there is a need for well-defined
net at hesi s active catgﬁég? ?hat have t he £o||omﬁng characteristics:
first, they are stable in the presence of gwd Qariety of functi onal
groups; 40 second, they can catal yze BCyan of metathesis reactions
i-ncluding the netathesis of acyclic un ai ned cyclic ol efins;
third, theyZhave a high initiation rgf, fourth, they are easily
pr epar ed. Furthernore, there is a p or olefin netathesis catal ysts
that can catal yze the ROW of stained and unstrained cyclic olefins to
yield polyners of very | ow pol ydispersity (i.e., PDI[err]1.0) and that can
catal yze the RGOy iReptohdx@. di enes with short reaction tinmes. 45
30 Although the vinyl alkylidene complexes disclosed in the above patents and patent applications
exhibit high metathesis activity and remarkable stability towards functional groups there are at least two
- drawbacks to these complexes as metathesis catalysts. First, the preparation of the vinyl alkylidene
complexes requires a multi-step synthesis; and second, the vinyl alkylidene complexes have relatively low
initiation rates. Both of these aspects of the vinyl alkylidene complexes are undesirable for their use as
35 metathesis catalysts. The multi-step synthesis may be time consuming and expensive and may result in
lower product yields. The low initiation rate may result in ROMP polymers with a broad molecular
weight distribution and prolonged reaction times in ring closing metathesis ("RCM") reactions.
For the reasons discussed above, there is a need for well-defined metathesis active catalysts that have
the following characteristics: first, they are stable in the presence of a wide variety of functional groups;
40  second, they can catalyze a variety of metathesis reactions including the metathesis of acyclic and
unstrained cyclic olefins; third, they have a high initiation rate; and fourth, they are easily prepared.
- .. ..Furthermore; .there is a need for olefin metathesis catalysts that can catalyze the ROMP of strained and =~~~
unstrained cyclic olefins to yield polymers of very low polydispersity (i.e., PDIx1.0) and that can
... catalyze the RCM of acyclic dienes with short reaction times. .. ... . - e e e
45
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SUMVARY The present invention neets the above needs and

provi des wel | -defi ned rutheni umand osm um car bene conpounds t hat
are stable in MW9796E85ence of a variety of functional groups RETUO6GIR6EE
used to catal yze olefin netathesis reactions on unstrained cyclic

and acyclic olefins. The conpounds of the 5 resent invention are highly
active in netathesis reactions and have ﬁP H"“mpt iation rates.

In one embodi ment G&fe REFSER [SyemtQnpeets fhe ahovs 'Bﬁls andipeovides: well defined ruthegivgond epmium

car bene conpou rfrSeng, sqmpounds that aresiable inthe prepeace ofa variety of functional groups and can be used to
[err] 10 catalyze olgfie: metathgsipreepetins o@unsarinedeycliciped paydlic iolsfiry Erecoraroundiofthel
X[err] may bé dwdsdntineentionare highly agtiverin nientiesiiirexctions/and hive higicinitidtion rates.gand; L and
Llerr] may be diff broasemi@bimert of hepresend iblenfidngthélfishedihhl kid dbmiGh C£Heke@BmsbRAYS have aNd

R may be tieyeknaigen, substituted or unsubstituted al kyl, or substituted
or unsubstituted aryl. The rytheni um and osm um car bene

conpl ‘exes of the present invention areystgble Rh the presence of a
variety of fynctional groups. A conseqxéﬁq *f’ this is that the al kyl and
aryl R group may contain one or fuhﬁt i onal groups including

al cohol, thiol, ketone, al dehyde, ester, gther, amne, imne, 20 amde,
nitro, car boxyl ic acid, disulfide, carbonate, isocyanate, carbodiim de,

car boal koxy, and hal ogen roups. Ris preferably

hydr ogen, (] er rher€Memay]be &s y/Ru; Rglls hadrggen; XTane: X Ejney e] dif@feat ar he sdmic yukd aneeayty anionic

optional |y B& digdndili andfLdahay be differant drithecane and arermy @euril\¢lectroh Adnbrelénd RNysbOXY
Clerr]-Cerr] aydeapay subaituréd o ikishbséihted diyl, of semiiieAsappshingt @yps. The aryl
may optional |y be pHébshdnfumtafdosiiuintaBie cldga'{gei@ ofthd Priet }nvé.}hshr aEJ stablk infthe prlEnéd -

hydroxyl , ([ er iof a tahi&ty bf st up@m fsequénde of thit fs that tﬂgal %ﬂ%ﬁqﬁz

L and L[err] arl; ﬁ'ed?'?n% (l dﬂ?ﬁco%l Juolek o% rrl Eterr]
e e e B oo oot ek 0 g
cycl oal kyl . and ;{ err%? be the sane or different.

L and L[err] ar e gD £hiCp oﬂ%’é ot e Thin6lr-Gaoeliyippay wetionss ke substitared | |
-P(cycl opentyl )“"[“éf“l“’]"“"G'ie aryl, hide, F’(%bﬁ&pyh‘ﬂ@w F2-Cog alkoxycarbonyl groppsa Te fler r]

are nost pref emabpryionalybesybtitutadh Wittpene omyiroC -Gy alkyl, aryl, hydroxyl, C1103 alkevot dweino,
enbodi nent &f mitre. ophalidegroups.nventi on, the rut heni um and osm um car bene

conmpounds halvandti} erefpmlfﬂiy@hosﬁﬁes of the formula PR3R?R5, where R3 is 2 secondary alkyl or
[err] 40 cchﬁlQﬂ,Qnmm RIereQi, 1 pnn?‘ryadﬂgl sebdn aIEW—)br Qﬁoﬂyf frgrR@RS or
the sanme and amgy sile saklé S Hifferehd gand and L[err] be different or

the sane and are qn%d@e%rﬁlmoglp%% %e%&%%%gﬁ%g%%g)l g’g‘%‘%;l"my be

different og,t same and

unsubst 1 2 ST 2R St U O IS DS o0 aryl . The

In another embodiment of the present invention, the ruthenium and osmium carbene compounds
have the formula

35 )\ ll* R®
M—C=—=
1~
X I|‘l \Rl 0

40 where M may be Os or Ru; X and x1 may be different or the same and are any anjonic ligand; L and L1
may be different or the same and are any neutral electron donor; and R? and R10 may be different or the
* same and- may be hydrogen, substituted or unsubstituted alkyl, or ‘substituted or unsubstituted aryl: “The =
R? and R10 groups may optionally include one or more of the following functional groups: alcohol,

- thiol, ketone, aldehyde, ester, ether, amine, imine, amide, nitro, carboxylic acid, disulfide, carbonate, ... - : ... -

45  isocyanate, carbodiimide, carboalkoxy, and halogen groups
The ruthenium and osmium carbene compounds of the present invention may be used to catalyze

-3.



Rierr] and Rl err] groups may optionally include one or nore of the

follow ng functional groups: alcohol, thiol, ketone, al dehyde, ester,
ether, amne, imne, amde, nitro, carboxylic acid, disulfide, carbonate,
45 isocyanate, carbodiim de, carboal koxy, and hal ogen groups

_The rut heni um aW® %496486m car bene conpounds of the present i nveATAUSY/IIEEE be
used to catalyze -

3 - WO 97/ 06185
PCT/ US96/ 12654 olefin metathesis pepctipps includipa, but pot limited 1. ROMP, REM; dreplymgrizatinn of ysgturated
limted to, ROVIPOMRENEYIEIESSOF frivehelicpalmen angrolefin satherisat ed pol yners,

synthesi s of tel ech®|thedROMR sartiansa comprindceording ta; the, prisgen jinyention is contacted with a cydfig)

t he ROWP react i olfinte Ym@u@m@m@nm ROMeregstiens & rimpound erdrdingrto the present
contact ed wi th dnvenjion iscontacted with aodiené tfoyieki@ riyig-clbsed prodtNR tlﬁaépymimnmbmdhbﬁbn, aln
the RCM react i omompaurdaesomiig tb theieéntlinfeftion & dofite Wl @i\insaturated polymity 8(ike paiSenbsSof
contacted with an ﬂ:&&i@@leﬁﬂo&hﬁ'a@eﬁlyﬁ:&ﬂ&ﬁ&d% efd tﬂrsﬁm&ﬁ; of tél&heinbﬁ)lymers, a compou.nd
depol ynmeri zat i OQeck @8 tht/ bresét invention is Retelisafalitate glﬁ:%e h ﬂlQl[l Qesgn of B-nr J?l?m:uonal

i nvention is cogkﬁgﬁg‘ ﬂé:}eﬁn satlg{hgtle ,efcm,‘ ﬁ“{"ﬁ’& g myﬂgégsﬁogheafesem

an acyclic ol flmnenmn ﬂl g r

tel echelic po yrrers a oeTito o]0 Ho ey t T"r’({f A sgf-mefashesis r coosmetathesis plefip
is contacted w P cycl ic olefin in the presence of an

[err], [err]-difunct¥®5hLe ruthenium and psmipm parheps cpmpauegis of the:presert invintionyars| stable in thel
the ol efin synt Aesnes of eyariety efifunctional grepns. thecpleflocioyotiietiy theabavmactione sanoptionallDbe
i nvention is coswbstitutedvithiotepr owm fimetiopahgrowps inciuding alxoled, ithiel, Ketoney dldehyde, ester, ether,
sel f- et at he$i s amine, dniges amide hiard, le@rBixglic@tia; idiswifide, carbonateJibdaghidtd, Sarbodiimide, carboalkoxy,
Si nce the ruthemidhabgigrogsi um car bene conpounds of the present invention

are stable in the The above RdcAhE MG be Rimicd oMk hefibols, Protid Wlpﬁ%ﬂgﬁ of flEn

ol efins invol vegyjefs e rb [ Qe
substituted w t%sg erhq gr\é%]%aunctlona °g§%3‘8§‘}5+"g uééing a crgﬁmftsm? be"fthe

ketone, al dehy mh,e mm . 15 am ne, n% nitro, carboxylic
acid, disulf] de ar onat' e l&'f’éﬁ'éhf’gmﬂ‘é’f’%ﬂ ‘P‘?ﬁ’ﬁﬁ“ m&“&f“f?d‘&?’ ReS(gpesized using
and hal ogen groff Sompotiids, by neu 8 By FEosTSIatSes, psife aretylpne, yting
aqueous, proti cmgped,plefns,and ’§6I°9°€H‘i'c'§e“191’ “Wﬂaﬁ’r‘é@l’wds%’ﬁ“m electron dansysy ent s
The reactions may al so be carried out in the absence of a solvent. The
reactants nay be in the gBRIEFRESCGRIFTION QHIDRAWINGS. 20 The
rut heni um ark$ osmi The peantievell baobeyep umictstood by teftten@ite te fipendaiMigitts vareiiny be
synt hesi zed using Figures 1A ghd AB @re Cepregafithtivel Binetib ot 6o hdyalic nitaBéls O Phel@O Gin | | gand

exchange, by crmsx:(mm%mmﬂad 1oga 85 haal €ne, usi ng cunul at ed
olefins, and in a @ierPRG aBRIBPL Poth? RIE. (RS ﬁ@ﬁg@ eutral electron
donors. Bl 2(EHRA M ?%&@%R%PTI ON OF

DRAW NGS 25 The invention WldEerﬁﬁ: st(ih’ﬂa erstood by reference to

t he appended figurq?
representative ki]
RuCl [ err] (=CHPhY{ t
Figure 2 is an ORT P’B‘g“b\"" the ‘Eﬂ‘E’PFP eleRtetierangrion pnd|agipriq 1 |
(conpl ex 15). ligends (ie. L, L*, X, and X*) on the s ility and utility of the ruthenium and[Offiynh Eartiene
DESCRI PTI ON35  complexes, the effigeof aisiation o the illolidendvigietii(R sheR b noviseeri suiied. By, Cp,
n-Bu, and THF rsefiging thoefive bfejdse supitimys| it hds Bep Hisgyered that rutheniufrydid G domplexes
cycl opentyl, n-chudinihg thespetific alkylmbig diolfies bt prései Mdlidn\baVeinexpectedly high initiatiodfaiel €
previ ous i nvestcoifted €die VY kyliidat Smplexel Rvidullf Ldd@BRC QfntilafV? aHEN incRdea BLIGET T ON
donor and ani Oﬁhé:demonstratesltﬁagﬁg fifRiatoh rdies ofthe JoLa Eed of tl?&pre@eﬂgm)gtﬁﬁ b R)err&

X283,

stability aﬁﬁl L\!ﬁo‘ulah& tﬁne?iugl#epﬁlﬁié ?@%&%@Me%ﬁ%dﬂmm%‘v Faqal eco:%z
ed

d?f“?’f’ S a{’é"“ﬂ’r cCYn%"f a?w 'i’g’lm H‘é‘E’érrPé"W fsppropyl,
JePegivelYr 1 C; and

the effect of ne_no S not
been. st udi ed. :ﬁoﬁ% ﬁ)aOm% mt‘ra?%&te ?o é Midinmatiia ”Ffmqluea‘g
been di scoverec ‘ﬁf‘ﬁ@ﬁ ﬁ pheiaiesis activity alloping i igycatelyes
speci fic al kyl |’dé‘ﬁ’8’ Wﬁs'égawsm@dwm-s ‘ieﬁwmnl*"dﬁn&m@ 2t ensymined e&luy

.- hi gh- i niti-ati-ofleft es - - ~ = conpared-ito ‘the vinyl alkylidene conpléxes
previ ously @&escri bBg. cor@srmdt pftthet pregept idhaehitipn iarg nitheaibin eheichsrierh @lkylidene compleke tof the
denonstrat es t Isemerakfomulani ti ati on rates of the conpl exes of the present
i nvention are approximately a

4.



40 thousand tines higher than the initiation rates of the corresponding
vi nyl al kyli dene conpl exes. In addition to having unexpectedly high
initiation rates, the conpl exes of the present invention are stable in
the presence of a variety of functional groups and have high netathesis

activity all onVWRPH06H8h t 0 cat al yze a variety of netat heRGTUS96/42654 ons

i ncl udi ng netathesis reactions involving acyclic and unstrai ned cyclic

ol efins. 45 The conpounds of the present invention are rutheni um and
osm um al kyl i dene conpl exes of the g&ner ak,f ormul a
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[err] where Rerr] is hydroﬁen'!and Ris selected fromthe
specific grodip descri bed bel ow. Generally™=X and X[ err] can be any

anionic ligand and L and L[err] can be any neutral electron donor. Specific
enbodi ment s of \Qﬁere R! is hydrogbh &HdIR is selected?#ish b edific pRuf deAABQIDEIRG Glrdrafilek @l x1i N
U.S. Pat ents aﬁﬁ-g\mﬂﬁqgﬁﬁ'gwdi agélgl &Q %e QIQQeuualgle fﬂi na't Sﬁcjcgic efdbbd eﬁ?&l’ ns

No. 08/282 826 Vi n t|tu ed

or unsubstl ted al "%d lméj l?““%sﬁ%? tufmacf ““’T‘Zg

r ut heni um and o m é conE t he present |nvent| on are stable
st B

hcatlon}g No of

in the presence of g'aY/ T‘ » Subs Froogprivter gk o gPoitsd o wsibHiRYGIEnEE of
this is that tfgheappend %Hd'"‘ef?‘?ﬁ“ rempletss 5 theprgacnt mentignyfre stabla irf the Rresenpe of a variety

functional gro®himetiaral gravps gA sdnesgivnde OfﬁlhﬂSdhat thc et} i aryd R besgscheny centaines variesy bfer |
am ne, imne, Jdmetipaal groupsrinsluding dcohal,hiblokeydné, @ldehydecigster pthean|afinglcimine, amktie mittog,

i socyanat e, 1T arcigbutylicnicid,alisulfide; afradateicatyanste) darbvaiinigks Barlgilkotyd Snd halogen groups. I n
a prefered enbodi nRntprdfrédembidEicRFER hyddga, C]-coJ M1, br ). k’ﬂlc C]Ctir o@!dd'may $if3nally

Clerr]-Clerr] akkwhintedYvil Bhe of Bare k1, hatide, hydidxy, Q‘% hlk&*& arbdny Bodubs.

'éa bst ! tCu‘tC

aryl, halide, h’)féjm)fﬁéy oftlofity ]>e sgs%&J Tvﬁl &13)6%15? A8 X% 1

al koxycar bonyl .d q@é hd ary

one or rmreC[ rr X err] rr] al kox
amino, nitro, ? °rf %g o= b Wgﬂy%bf?e% C%Y' céﬁyﬁ’bf“}iﬂ‘ﬁ'fed“’ﬁxf’%‘ or
hydr ogen, d er °§Psr’fle If';‘/"l" ‘heﬁl’?éh sistipg %frhf"]de»@!‘g?’% “%FX 5 alkpryraboylipled i t h
one or i) %Ylg?bé'ew}sd %‘@wechrwrerwm seleeed dffom ths gcosnsongs@mmf CafCstalivh €eCs

hydr oxy, and Cplexy]amiifoenitrd, and belisiky car bonyl , or phenyl substituted with
one or nore groupsinaeioeegireiaied mmrménekmh@ydmm,i rgethiyl) ephyy -Gy lisbJprofiffl 6 CHJCI, -

al kyl , ([ er23 - CHgCHCH,OH, -CHg0A¢Ophynyl. &Kk Plikny! fiay bpfionaBy it shtsdititelewith a chloride,

In a nore pref éwmide ieideOflliond NOR -RMY,, Rethdky,.Ct: @GN grotls {1 ¥ nore @tektyt embtrifidhty the

i so-propyl, - Chpleayl lis gata-substind&. [err]CH err]CH err] OH, -CH err] QAc,

phenyl . The pheny! i, B@bst g}a@gﬁd&*ﬂ&&@gﬁl tuted with a chloride,

brom de, iodide, fdugrj ) nmet hoxy, or nethyl group.
In a nore pjefered enmbodi r‘r’ee’r‘lt tﬁ{fﬂmtm lnh'MJd i s para-substituted.

In a nost prefered enbodi nent R is phenyl PRs Preferred conpl exes

of the present invention include 30 ¢
[err] ]>‘L1__(/
Cl
llR;; \h

35
where R is cyclohexyl, cyclopentyl, iso-propyl, or phenyl.
The most preferred complex of the present invention is
40 PCy3 H
_ Cl\ 1L
| o \)
FCys h
45 The ruthenium and osmium alkyhdme complexes of the present invention may be synthesized by a

variety of different methods including those taught in P. Schwab et al. Angew. Chem. Int. Ed. Engl. 34,

-5.



35 where R is cycl ohexyl, cyclopentyl, iso-propyl, or phenyl.
The nost preferred conplex of the present invention is 40

[err] 45 The rut heni um and osm um al kyl i dene conpl exes of the
present invention nmay be synthesized by a variety of different

nmet hods i ncl udwayendstese t aught in P. Schwab et al. Angew. Ch&®ER/USPE/1265ad.
Engl . 34, - 5 -
WD 97/ 06185

PCT/ US96/ 12654 20392081 (1999868 ‘2(5&&“‘( F gk im- Shigp- Foc. HEARKAIOLI998y both pf whigh a0y
Soc. 118, 100- 1‘1@"’%@98&“’" WIEHEE which are i ncor por ated herej n_ by
ref er ence. e rufhigninn. gd qeoiym comaleees ofLbA RFYPL B Yrption may besynthepized By alodidpne

i nventi on rmay bEnserfomdlispoalkpes) This syathptic methed may Emef#‘!a\’FstE‘F“ ®rom di azoal kanes.
Thi s synthetisc nethod may generally be witten as

[err] 10 where M X, Xferr], L, L[eNg], R and R[erx] descri bed
above; mand n are inde&aﬂdent{ 0- 3 sucly t hat m+n-’@-, pis a
positive integer. In th l|i/}’ynt e5|} a corrpounﬂ ofxu?h mul a
(XX[err]I\/L[err]L[err])[err] is cd tactBvamthadlaz 1co und of the

formula RC(N err [ yiel.dyan aI | i dene ac ordl

present i nvgh ‘6472‘5‘[%(')& 3 R’Pﬁg] 'ffﬂf“ﬁ’ﬁ?dmcfg g%zr‘ﬂ Qgs'ﬁ?mfthe

present invent |'B'H"?rd‘9d R.fs3@osffive wiegey- H‘é@‘f dinzq the Spramlp 056 Migh gp

| i gand exchangels getagtpswithadisge opppaundpf theferpyple BC “sylsl‘i@ aljoylglens geronding pthey 0 9

and U. S. Passentinvetition i cat i ons No. 08/ 282, 826 and 08/ 282, 827.

The rut heni um and dbsuthenivoommp bsmivpscomplexehef tlprmmihvehtmm ilsorpe Fyethesizbdshy nntral

synt hesi zed 18y elstwonsionor ligandvextimbga @sdissiosed 1hi LSS, PattritsONo. I5312,99@ adr5342,999 el WNS.i t t en
Patent Applications No, 08/2828%5 ahd 08/282,82720 where R[err] and Rerr] may

be the sane or dif figd QnidHd BBV mPOMAKE FHR Prescitiveheioh uﬁ,edso% sydissizRedychonst ed

al kyl, or substjdileQd s mbMd R dedetilbl vifiedd as he rutheni um and
osm um conpl exes of the present 1 nvent ion may al so be synt he5| zed using
acetyl ene reactants. This net hod. xgenq-qr al | ygnbe witte m:

x/ 1 \( \Rlz x‘/ll

20 where R!! and R12 may be the same or different and may be hydrogen, substimted or unsubstituted
alkyl, or substituted or unsubstituted aryl.
The ruthenium and osmium complexes of the present invention may also be synthesized using
acetylene reactants. This method may generally be written as

(XIMLLlp)y + R—C=C-—RW )’\/)}:‘: \
10

25 In the acetylene synthesis, a compound of the formula (XX MLnL] )p is reacted with an
acetylene compound of the formula R9CCRlo to yield an alkylidene according to the present invention.
R? and R1C may be the same or different and may be hydrogen, substituted or unsubstituted alkyl, or
substituted or unsubstituted aryl.
The ruthenium and osmium complexes of the present invention may also be synthesized using
30 cumulated olefins. This method may generally be written as

L e H -+ - - R® c e g L . RS
,—c./ + \c=—_c—_-—_r./ —_— e Llrc:c_-zc/

o X”T, o e X o

xl

',

35



[err] 25 In the acetyl ene synthesis, a conpound of the formula
(XX[err]MJ[err]L[err])[err] is reacted with an acetyl ene conpound of
the formula Rlerr]CCRlerr], to yield an al kylidene according to the present
I Avent i on. Rlerr] and Rlerr] may be the sanme or different and may be
hydr ogen, subsWa{6#50r unsubstituted al kyl, or subst i PETARIHI2654
unsubstituted aryl. The rutheni um and osm' um conpl exes of the
present invention LR, nt hesi ze .cunul at ed mbea,, Thi s

S
met hod nay gener (;}| QA tgemum aPtf "é comp exes of the presegt invention [ng ﬁo be syn
6 - °%€?

PCT/ US96/ 12654 The rut heni um and osm um corrpbexes of the
present invention nmay al so be synthesiPed by a "one pot 7~ et hod t hat
can generally be witten GMLllw, + + L2 — Jers

In this method, a compound of the fafuMa (XxX[err]M[errFllkrr®err] is
contacted vmthadlazo conpound 5 of the formula RC(N[err])R err] in
the presence of a neutral electron donor L[err] to yield an al kylidene

conpound acC maiflnétbd! dxoiffindéfaeTotinulh PEMLL IO ) .s contacted with a diazd Ebfhpound

catal ysts ofstmmpﬁm ubmtm%sa,seeoflah&t}hxleaﬁ;a u2rio?i’a &l 6 Fle compound
reactions and nB¥4hg catalyze a variety of netathesis

in
reactions includin Ylmtedto of Str ned nst alnd
cyclic ol efins, RC%? ngm %T;:?QJ;%% b 8 g;lcr%a %rgg,l ?"ﬁe% andme?& Pons
I nvol vi ng at | S5ay=
depol yneri zat i Sl ot °’B‘F ‘?é"yf)'lfl A CIF aadgressm ?‘Eﬁ‘éﬁ@“??éf‘&?‘ﬁ‘é%?témt one acyclic
pol yreri zat #®n “%BVE‘!’“Y}.’.“" olefineiprelymeizstion of dlefinic splymessaroyilin diencaneathesisat i on, and
preparation of pplanesizdtien ("ADMET"), alkpmpy]mrgatlon, carbonyl olefination, fRdipfepardRio\of tq;qchpgg
nmet at hesi s, depoymyaeri zati on, and tel echelic pol yrreﬁraﬁ;p%g;t'gga%s %ﬁ been
descri bed i n det ai ROMP HdNtScroqsaieﬁm&ismﬁﬂljmﬂiaii@nanN&kc e ions Ren
skilled in the datibeddetsiFaUS patnfippiichtlion No.108/282827. 2B QRN Be GO B irdadiGNEeniirp
carrying ouist meseprspaaseohms fdSéahfing HE thes FERLiBnt GsingQe dolflexed SR Hresdnt Wéefich.ON-
Any specific d'Afnégfe WE}J&' mac{uﬁl@ﬁigc'lo%% %}eﬁ%ﬁiﬁaﬁlgn N 09/%2t %9} and those
appl i cation No rgsgrggﬁgn ang the detailed desrn tlons giv hels I nvention

noted in the défa f Foceris gn'lggesm%ed\lbyrkg’ Flusd 6t al. in J Am. Chem. Soc. 1989, 111, 8004-

8006, and by L.Y. Park et al. in Macromolecules 1991, 24 3489-3495, both of which are incorporated
20  herein by reference. Carbonyl olefination is described by K.A. Brown-Wensley et al. in Pure Appl.
Chem. 1983, 55, 1733-1744, by A. Aguero et al. in J. Chem. Soc., Chem. Commun. 1986, 531-533, and
by G.C. Bazan et al. in Organometallics 1991, 10, 1062-1067, all of which are incorporated herein by
reference. ADMET is described by K.B. Wagener et al. in Macromolecules 1991, 24, 2649-2657, which
is incorporated herein by reference. Those skilled in the art can readily identify the appropriate conditions
25  for carrying out these reactions using the complexes of the present invention.
We now describe specific examples of the synthesis and olefin metathesis reactions described
above. For clarity, detailed reaction conditions and procedures are described in the final, "Experimental
Procedures” section.

30
SYNTHESIS OF ALKYLIDENE COMPLEXES
Synthesis of RuCly(=CHR)(PPh3), via Alkylidene Transfer from Diazoalkanes (Complexes 1-9)
The alkylidene complexes of the present invention may be synthesized by the reaction of
RuCl,(PPh3); with alkyl, aryl, and diaryldiazoalkanes. Generally, the synthesis reactions involve a
35 spontaneous N, evolution at -78°C, indicating rapid reaction of RuClz(PPh3)3 with diazoethane,
diazopropane or a para-substituted aryldiazoalkane of the formula p-CgHyXCHN, to give

RuCl,(=CHR)(PPh3), (R=-Me [complex -1]; Et {complex 2]) and 'RuClz(=C'H;p-C6H4X)(PPh3)2" X=H "~ s

. [complex 3], NMe, {compiex 4], OMe [complex 5], Me [complex 6], F [complex 7], Cl [complex 8],
... .. NOy [complex 9]). respectively (eq. 1).. However, no reaction was observed with diphenyldiazomethane
40  or 9-diazofluorene at RT, and reaction with diazomethane led to a complex mixture of unidentified
products.



Al kyne pol ymerization is described by R Schlund et al. in J. Am Chem
Soc. 1989, 111, 8004- 8006, and by L.Y. Park et al. in Mcronol ecul es
1991, 24 3489-3495, both of which are incorporated 20 her ei n by

ref erence. Carbonyl olefination is described by K A Brown-Wnsley et al.
in Pure Appl. WO970¢8&m 1983, 55, 1733-1744, by A Aguero eFPCHUSI1Z654
Chem Soc., Chem Commun. 1986, 531-533, and by GC Bazan et al. in
Organonetal lics 1991, 10, 1062-1067, all éﬁ&w are incorporated herein
by reference. ADMET is described b gener et al. in

Macr onol ecul es 1991, 24, 2649-2657, whi ch i's e orated herein by
reference. Those skilled in the art can regdi=Matide e appropriate
conditions 25 for carrying out these reactfi ons using onpl exes of the
present invenfion. V& now descrfi be speci f [ exarrpl es of the
synt hesi s and ol efin net at hesi s rﬁﬁt; cribed B4 bove. For
clarity, detailed reacti eI t %‘Feﬁsedures are descriBtd in the
final, "Experinental Procedures" sectfion. 30

SYNTHESI S OF ALKYLI DENE COVPLEXES Synt hesi s of 'l'm

RuC [err] (=CHR) (PPhlerr])[err] via Al kyli ddep@HdnsT S p,th D azoal kanes

( Conpl exes 1 ) The al kyl i dene conpl exe® of t resent

i nvention may be synthesized by the reaction of PPl

RuC [err] (PPhlerr])[err] with alkyl, aryl, and di &{ O SMafes .
Generally, the synthesis reactions involve a 35 spoil ebus N err

evol ution at S{OEIPP’]GCW werel iselated in §O-PQpyield pscreeen dircstable olids. In all of these reactions, transfer
Rud [err] (Pth e rof the plisyliddne mbieth froin Aeciiagd@mpound to ruthenighh wascrierrtyindicstedby the

par a- subst i t ut echadcytistic Gmafddaesotmes of HySant Cf, WTHhealkylidshemsidey] Pable | XéibiNisBIséldeted O

gi ve RUC [MMR §kat6rdmpdiiRe¥d-err] ) [err] (R=Me [conplex 1], Et [conplex

2]) and RuC [err](=CHp-Cerr]Herr]X)(PPh[err])[err] (X=H [ conpl ex
3], NMe[err] [conpl ex 4] Ove [conpl ex 5], TME[Iconpl ex 6], F [ compl ex 7],
G [conpl ex 8], pm alplex Ql)_Los e: ______ Bly—tag_—l_However,

no reaction Bas fI uor ene

at RT, and reac —%—: ————————————————————————— e e e o g=&

uni dentified

-7 - "IIT"IGTUS’

PCT/ US96/ 12654 4 NMe, 18.30 6.1 309.68 114 EQUATI ON |

[err] 10 | o exe% wer g qol ata‘ﬁgzd i 8011819 '
n_all cgp

green air-stabl reactiogs

al kyl i dene noi efly freomthe dieazgl_ co_rrmmmlj to mth

i ndicated by th v ~e e

eni 30%. 172

Cerr] of thé allkyl i"dene} noifety.] Tabl1824 | bel o®0 i|st s 38%}le NVR
data for conpl e’nes ¥ 9 ci 1927 92 | 30734
9 NO, 19.47 10.8 31343 112 "

pectra taken m CD,Cly (in ppm) unless indicated otherwise.
a In CgDg (in ppm).
30
In analogy to the structurally characterized vinyl alkylldene RuCly(=CH-CH=CPh,)(PPh3),
{Complex A), these resonances appear as triplets due to 31p coupling. These spectroscopic data suggest
that the phosphines are mutually trans and that the alkylidene unit lies in the P-Ru-P-plane. Additionally,
the chemical shifts of H,, and C, in complexes 3-9 are downfield compared to RuCly(<=CH-
35 CH=CPhy)(PPhs), (Complex A) (8 H, = 17.94, C, = 288.9 ppm), possibly attributed to the relatively
reduced conjugation of the alkylidene unit of complexes 3-9. This phenomenon might also be
responsible for-the relative- instability of comipléxes 1-9 in solution. - These complexes decompose within =~
several hours via bimolecular pathways as evidenced by the formation of the corresponding disubstituted
_olefins RCH=CHR (R = Me, Et, p-C4H,X)..



TABLE | 20 Conpl ex X Herr] Jlerr] (Hz)

Cerr] J[err] (Hz) 3 H 19.56[ err]
10. 2 310. 12 11.4 4 NMVe[ err]

18. 30 6.1 309. 68 11.4 5

19. 38[ err] G¥Qq 97/06185 309. 20 10. 7 BCT/US96/12654  \e
19.55[ err] 9.6 309. 17 10.9 25 7 F
19. 24 9.0 . 307%. 51 11.4 o 8 d
9. 27 gSythesis of RuCl,(sEH-p-GeH,X)PCy3)y vig)Phgsphine excliange (Complexes 10-16)

NO err] 19. &9 broaden the sypthetig utility of the triphemylphosphrine catalysts, analqgpusitrialkylphosphine

Spectra taken i$erigatipes pfpuplexes 39 were preparsd priphiosphie dxehelige- o Tretiment fespmplexes 3-9 with

a | n ([ er r] OR-&equiv. fi¢yrlohoxmighospiifie at RT afforded, after/workasp,ait -C4HX taed |y
characterized vicompllex a0lkiyMe,dennmpicin G M fchhpiéeti2) e fobiaiexs 131, F (E3mbik 141,101 [cokhpidx
(Conpl ex A), thBRaNO,deRRMEDSasPRPRMomPiex {11k SR MicriinBtallife dofids'id RetCRHA! abcalamg
These spectrosctgm{eqolga{n reichggest t hat the phosphines are nmutual ly
trans, and that the al kylidene unit lies j P- Ru-P-plane. Additionally,
the chenical shifts of Herr] and CJerr] 1n conplexes 3-9 are downfield
conpared. to Cl[err] (=CHPP85 G—lzCPh[err])(PPh[err])’ﬁerr] (Conpl ex A)
([err] Herr] = 17.94, -8 288, %P ,_MP A}__Lé.l—*bute tothe
relatively reduced"coh ug on of t i defe juni rrpl exes
3-9. This phenonenon ni ght® respon3| ble f8fnt | ative
instability of conpl exes lsenl n sol ution. These conpl exee deconpose within
several hours via binolecular pathways as evidenced by the formation of the
correspondi n§ di subibd fullycthadterized confPpbufdifl vide ditotabiéinFthe(sbird\dute ad did not show any signs of

p- { err] H err] Xgecomfdition in solution (CH,Cl, or 043, /v@Bk&Pheated to 60°C or in presence of alcohols,

PCT/ US96/ 12654 amines or watexS}SQu?e‘a§bl§tlongMR data for complexes 10-16 are ll ed in Table II. As can be seen
Rud [err] (= m%ﬁﬁ&ﬁiﬂ%ﬁw&ﬁ 4&5"9 no Bl  Bensd Gy

( Conpl exes 10- 3,@;), ances flefxes 10- :}g]tgﬁgous Frl alc&un?nl gb%ctheée resonané/es aredepen t

tri phenyl ph ph| e
derlvatlvesggf cghpegm% "Bi%r ed by phosphlne exchange. Treat nent
tri cycl ohexyl phosphine at RT

of conplexes 3-9 with 2.2 equiv.

af forded, after work-up, RuCd[err]( CH-pWﬂﬂH[err]X)(PQ/[err])[err](X—
H 5 [ conpl 4 \[VE| € (PTTY V E [ conpl ex
13], F [conple lmw ), as
purple (conpl ex 11 1hS 9f een), mcrocrystyg] il ds
accordi ng t &t hel £ ql I%Wl nglreact| :
EQUATION 2 251§ 1 NMe, 18.77 [ $¥s123 a
12 OMe 19.48 290.90 a
13 Me 19.80 293.86 83
14 F 19.86 291.52 8.6
15 Cl 19.98 291.46 8.0
30 16 N02 20.71 289.07 7.6
Spectra taken in CD,Cl, (in ppm).
a broad signal
35 The lack of 31p coupling suggests that the alkylidene moiety is perpendicular to the P-Ru-P-plane

as in RuCly(=CH- CH=CPh2)(PCy3)2 (Complex B). Also, the resonance shifts’ dependency on the
" electronic nature '6f the X ‘siibstitiient suggests a High degrée of conjugation between the carbene carbon "
and the aromatic ring of the benzylidene moiety.

40



15 The fully-characterized conpounds were air-stable in the solid
state and did not show any signs of deconposition in solution
(CHerr]CJerr] or CJerr]Herr]), even when heated to 60C or in presence of
ai cohol s, am nes or water. Selected solution NVR data for conpl exes
10-16 are |listwD9706185ble I1. As can be seen from t hi s PABISIE/ 12654
contrast to the PPh[err] conplexes 3-9, no [err] P coupling was observed for
t he Ha resonances of conplexes 10-16 in the . [err]H NVR The chem cal

shifts of thesd®eRetiietivis of ReChLEEHRNERS, Complexey i {handdBhct roni ¢ nature of
the X substituent. Due to the relative instability of the intermediate RuCl,(=CHPh)(PPh3); (complex 3) in solution,

TABLE || RuCl2(=CWJB)\2 (complex 10) cambe synthesized in 75 - 80% yield qule qulz(PPh3)3.
derr] J[er rl-]o(vm:) avoiding isolation of compl$)3 and adding tricyclohexylphosphine at ~-50°C shortly after
20. 02 5 RugB®PPigl was treated with Ghenyldiazomethane, compiédk110 can be obtained in fdbAB{ qRintitative
18. 77 yieRiGf ledsBhan 1 hour in a so-célled "one pot synthesis". Thelsime procedure can also@¥Bpplied to
19. 48 the syidsisX? more soluble derivhtives including RuCly(=C 3), where R is Cp (&¥hplex 17) or
ig gg | R i% ﬁé&@ﬁex 18) that exh|8b§ 'é:glnparable metathesis activitI ording to the followir&rEclion:
19. 98 291. 46 8.0 30 16 : NJ err]

20. 71 0 289 07 7.6 BQUATION 3" g0t ra taken in

CD[err]C[err] (in ppm. mﬂq br oad signa},& 35 The | ack
of [err]P:-coupling sugge tha’t"&. 3 o KY oo gk, MOBRL Y | super pendi cul ar to
t he P-Ru-P-pl ane I E ecw! re®err]
(Conpl ex B). Also, the resonance®sfts' deé®®ddency oPRsth el ectronic
nature of the X substituent suggests a high degrema.efioepi)#dsti on bet ween

t he carbene carbon and the aromatic ring of the benzylidene noiety.
40 Synthesis of Methylidene Complex RuCly(=CH,X(PCy3), (Complex 19) -9 -

WO /97/ 06 }§2654 Whereas RuCl,(=CH-CH=CPh )(PEIy g (Com(ﬂex B) reacts with ethylene under 100 psi pressure
EuC(Tj US96/12 8t 50°C in DGl il §éﬁ§&]tt s libgigm of auj;é%n-cuwphz)(rc;@)z DU
e b 25 IOl 8] o R i i o ottt ;
RuC [err] (=CHP 1 { *Pﬁj' y%:PrP;]le-x(l i '&ati\sejy qoxﬁyerges Fqﬁ:q raﬁl?ylidene complex 19 within a
RuC [ err] ( =CHPI*( B RT|vpfes 14 psi pf edsd- D0) can be synthesized in 75 - 80%
yield fromRud [err](PPh[err])[err]. However, avoiding isolation of
conplex 3 and adding tricycl ohexyl phospERUAIN 7[err]-50[err] C shortly after
io RuCIb[erﬁ(PPhgerr]%'[ eﬂ;g, was :.r;aaz ed with phenyclnﬂjﬁpnﬁ:ehan?h cogplhex

can be obtained in @Geally gwantitative : yi in SS an our
in a so-called "one poges ﬁs@ hal = s?%l’?ﬁecbwe‘"&'a%,pl s@ be appl i ed

r

to the synthesis opg ol ubl e dePiCtdHi ves | di ng
RuCI[err](:CI—|Ph)(PR[err])[1%rr] where Ris Cp (conplex %Z? or
30

Complex 19 is isolated as a red-purple, air-stable solid. A pentacoordinate ruthenium center may be
inferred from the analytic and spectroscopic data. Methylidene complex 19 is less stable in solution than
benzylidene complex 10; decomposition is observed after 12 hours in solution (CH,Cl,, CgHg)- The
decomposition rate increases as catalyst solutions are heated. Among all isolated methylidene complexes

35 including RuCI(NOYCH;)(PPhs3), and Ir=CH,(N(SiMey-CH,PPho(5), complex 19 is the first isolable
metathesis-active methylidene complex. Complex 19 has a high activity and exhibits a similar stability
towards functional groups as benzylidene complex 10, as shown in the ROMP of cyclooctene and 1,5-
cyclooctadiene and in ring-closing metathesis of diethyldially] malonate.

40  Synthesis of substituted alkylidene complexes via cross metathesis
The rapid reaction of RuC12(=CHPh)(PCy3)2 (complex 10) with ethylene to give - _ B
- =" RuCly(=CHPh)(PCy3), (complex '19) has prompted extension by the inventors of these metathesis studies
to terminal and disubstituted olefins. Although olefin metathesis is an equilibrium process, the kinetic
.- . products may be isolated under-certain conditions. Indeed, complex 10 is quantitatively converted to the
45  alkylidenes according to the formula RuCly(=CHR)(PCy5), [R=Me (complex 20), R=Et (complex 21),

-10-



Ris [err]Pr (conplex 18) that exhibit conparable netathesis activity,
according to the follow ng reaction: 10

EQUATI ON 3 [err] 15

Synt hesi s of Mt hylidene Conpl ex RuCi [err](=CH err])(PCy[err])[err]

.(Conpl ex 19) WO 97/46185 VWhereas Rud [err] (=CH CH=CPh[ er r | ) RGID$9%641265} [ er r |

(Conpl ex B) reacts with ethylene under 100 psi pressure at 50[err]C
in COerr]Cl[err] within several hours to reach _an . eqU| | i bri um of

RUC [ er r] ( =CH RerR-isqmpler 23] pisy memold 3 of prEpepR bsjuiqns or Jhgene, respectively.
Rud [ er r] ( =CH[ Brepchctsp @y painola) freoupt]o wduswqoafﬂlb'dwﬁ@dmz@

benzyl i dene Rud [ err] (=CHPh) PQ/[err] )[err] (conplex 10) is
quantitatively converted to the nethyl i BQUATIGNAPl ex 19 within a few
m nutes at BT unde,;cn14 psi of ethylene (eq. 7). PG

EQUATION 7 25¢ : err] ] %30 Conplex 19 is

i sol ated as a rggH Q. a4 BN %}m&@t“bordl nat e rut heni um
center may be red f r om IgagHnRg Iyt‘?’c hnd sﬁ)ec‘a,roscopl c data.

Met hyl i dene conpl epxpy’lQ 's less stable in soI ut i &% t han benzyl i dene
conpl ex 10; deconpasition is observed after . ag/ggad N SOl Ution

(CHerr]d [(grr] Cerr]Herr]). The decomtl on rate increases as
catal yst solutions are heated. Anong all isolated nethylidene conplexes 35

i ncl udi ng Rud ( NO)Theisplaed cprygopmps Py 32]aye] caspparablg fryprecursor complex 10 in stability and solubility

| r =CH[ er r] ( N( Simf/efoenver] to Grefuesprr ompRy| 18 rin the presench Pf a largagutess (30139 efuiv.) df styreper st
i sol abl e Metgtheais hisdisvbstiged olefips ¢ie2-bupdne ahd i7is-3 thexeps! lels to @e fophatimn A9 has a hi gh

activity ard emiGlLjE-CHR)@C;) rdnelienzytidadei complak 10. Howeverpdhia kaCkbe steribilllk affiitbe ofjfifs,| S
as benzyl i denehE i $roded coaﬁdeﬁmpmef fharl it tRRCAMRssdhdif)tein AR GlefiikS NAEActibn 5-

cycl ooct adi eneocainda befvebd e ieg :matsm@n-mmﬂé %dwluaérdcydn beRkA MRt €.
40 Synt hesi sm&q, P tah(] ﬁ' & BS S w&%{%
The rapid react{ugnj H CV%T? Eﬁ' but
et hyl ene t

pr onpt ed e%Pen?fS’Pf ’°f'ﬁe§“1" }?gs glatlon was O

termnal and of°SPiEe #dmpthglidess, °é'f'l?"f’fs‘9 ‘”ﬁﬂ ‘E‘FRS’G ‘h6f°é°f’F"Ff'%'[°${°hé§1"§""i’e§e s of °
equi | i bri um pritCLCHRIEEY3k of sqmplexes 20 - 2215?‘!?615@!‘%9 immedintrly after Sormition sipifestion
certai n condi t¥ithrexcess|ofefie eeshlts indheforamstion Of RuCLEERIPEYa i (cpmplox 19hwishin 101§ hows t he
45 al kyl i derfes8according to the formula RuC [err] (=CHR) (PCy[err])[err]

[ R=Me (conpbex 20), R=Et (conplex 21),

- 10 - WO 97/ 06185 EQUATION 8
PCT/ US96/ 12654 R=n- Bu (conpl ex %&2] when reacted with a tenfold
excess of propene, 1-butene or lhexemag re}pectlvely
a’ﬁ"'
PCrs
30 ©
10-'#“./\;‘
sstyrona
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I'n each case, an equinolar anmount of styrene was fornmed and
spectroscopically identified (eq. 4).

EQUATI ON 4 [err] 10

The isol ated conpounds 20 - 22 are conparable to precursor conplex 10 in
stability and woloa0618s t y and reconvert to precursor conPCENSHO2654 t he
presence of a |arge excess (30 50 equiv.) of styrene Met at hesi s of
di substituted ol efins cis-2-butene and cjs-3-hexene |eads tao the f FE:;[

of 15 Rud[err] ?"ﬂﬁﬁb F@F’? IH"PW‘B@WZ‘)?I’%%@W]E’ e b @ fermptgal olefin to
However, due t &P forey 4 el dhet thegtwo substituenty, (Rh pnd ) afe dn, L3~

proceed consi d@Ps#iop fer §‘F°8?/\fé?‘°’tsh5'f‘?d'ﬁ“t"ﬁle‘!"f‘i’é °E$f tswisdistemetellagyele Jopds 2n the,fommation s
No reaction  ofaliglidme sompietsedlnci@ e lpeieorpdgf- conpl ex 10 and

3, 3-dinmethyl$1-butene, and stearic interaction between the nmet al
fragment and the incomng olefin is REACTIONSOHEMH It 0 be responsible for the
slow reaction with 20 equi v. 3-nethyl-1-butene. The expected

20 its concentration rengi ngﬂsﬁmal I and s.t thr ougfout the reaction.
After 6 houqf i ni ti amiFEACyA W 19 was
he ylldene forns

| sol ated as sol e react | on pf'ﬁduct

al kyl'idene RuC [err](=CH err]Pr)(PCy[err])[err] was identified by NVR but
al

RuC [err]( CHR)(PQ/[err]")[err] of co Ie es - 22 ama-#lot i sol at ed

i medi ately after format ow reactlon cess olefin results
in the formation of RuCI[ "‘U—l[err])(PQ/[err])[ Ggonmpl ex 19) within
10- 15 hours (eq. 8).

EQUATI ON 8 15 R [err]

40 WD 97/ 06185 m=c’" ,;é_,,

PCT/ US96/ 12654 As d’bos&ll/‘rﬂt th on schene | bel ow,

conplex 10 is likely to react vu!th a term nal olnefln to

lmm’

20
On extended reaction times, alkylidene complexes RuCIz(=CHR)(PCy3)2 (complexes 20 - 22) undergo a
slow reaction with excess olefin to form methylidene complex 19 presumably through intermediate
metallocyclobutane II. RuCly(=CHyXPCy3), (complex 19) appears to be the thermodynamic product as
it will not metathesize a-olefins in dilute conditions.

25

Metathesis of conjugated and cumulated olefins
Treatment of RuC12(=CHPh)(PCy3)2 (complex 10) with a tenfold excess of 1,3-butadiene and 1,2-
propadiene resulted in the high-yield formation of vinylalkylidene RuCly(=CH-CH=CH,)(PCy;),
(complex 23) and vinylidene RuCl,(=C=CH,XPCy;), (complex 24), respectively (eq. 5). The former
30 complex cannot be synthesized via ring-opening of cyclopropene.

EQUATION 5
35 1o YT """—':2:= A
"Ws
Ya
Cla Tc M CH:Cls 5
. ,nl =c© e PhCH=CH,
40 PCys
10 Cys
e L TN C=C-’H
10-15equlv. ~ o 'l'""" T
PCy,
45 The spectroscopic data for these complexes is similar to those of related compounds RuCly(=CH-

CH=CPh, XPCy3), (complex B) and RuCl,(=C=CH-t-Bu)(PPh3),. In contrast to observations made in

C.12-



rapidly forma netall ocycl obutane internmediate 1, in that the two

substituents (Ph and R) are in 1, 3- position for stearic reasons.
Productive cleavage of the internediate netallacycle |eads to the formation
of al kylidene conplexes 20 - 22 as kinetic products. 5

REACTI ON SCHEM¥O|97/06185 [err] 1@CTUSIEI2654 20

On extended reaction tinmes, alkylidene conpl exes

Rud [err] (=CHR)( err err conpl exes 20 - 22 ow
reaction with é%?é%&s Jé‘%‘*‘a“?ﬁ“’i”&?ﬂz %’l"?ﬁff"f"ﬂ’é’h%o)'c%ﬁﬁ‘\" 2%9”‘ é@ﬁw

t hrough i nter mEa %lldene RuCly(7EH t19)yees fomed extended react:on times can be

Rud [ er r] ( =CH| &xnidined nthe loy raﬁﬂ)'fye?f Pqmplexes 7P laash24 taypards thejeelefisic precupsersy Fowever, both

t her rodynam c eprerdiyest23 and 24 exhibit ROMPyyictivity that, inrtieet case lofth¢ formef, ovay dvidgriceffiyns i n

di l ute condig i cenpara@sly slow polyhitgibrhefydoocténe (RDIF2L0) aVieylidena congplerad spidigt ol ef | ns
Treatment of Rupélirheizdd|nprbriiing) akhchgl [redtivgly §ie¥ initiat{o CdiIde Mferrdddy tivd 1hck ofithé enf ol d

excess of 1, 3- ni-a@tis@é@ioR Bridngd, akd both codeachmdﬂa&Mfomauié@&abﬁhMi&mhl gh-yield
formation of vinylalkyli dene RuCl [err] (=CHCH=CH[ err]) (PCy[err])[err]

(conpl ex 23) a \4 &Xﬁb ?H:]m(e g—|[ err})(P(y[ﬁr{]é[err]tggolmz)ggx
\2/|4)a r r ﬁs pgciedn:/e SS acnve%xan eir early sxtxoncncl)egP Sinteryaci, nghemurg aliyl enes ave
EQUATI C]%l 5p adoer syn |c n hty cExe to their tolerance of functional groups ]: media. Tha Gwentors ha!ﬁ;

The spect r oscoffio¥n gt iyl lidenee ReCIAT L P e PR3)s (Bl SPmRles A5 RORTCY ofomplgr B} ed
conmpounds RuCl peagtrepdilyyith clectron-ritriqlefysguely gs vinyireters Hp¢-CHIQR 11D yigld mepthesis-inBytivand
Rud [err]( C-Cﬂuﬂg?lztBQﬂmf—)ﬂ’l!‘g)Qr Ti§ imrevedsible|reactiv hds ibees Exténgivebuitized by the imsentwesclor then
- 12 - endcapping of growing polymer chains. Electron-deficient olefins are not metathesized by the

triphenylphosphine catalyst RuC12(=CH-CH=CPh2)(PPh3)2 (complex A), and the tricyclohexylphosphine
catalyst RuCly(=CH-CH=CPh,PCy3), (complex B) displays only limited activity towards these
substrates. However, the enhanced activity of the benzylidene catalyst complex 10 prompted further
exploration of this reaction. As shown in eq. 6, metathesis of functionalized olefins catalyzed by

20  benzylidene complex 10 is not limited to electron-rich olefins, such as allyl acetate, but also includes
electron-deficient alkenes, such as allyl chloride. Benzylidene complex 10 will also undergo efficient
metathesis of unprotected en-ols, as shown with 4-pentene-1-ol, to generate the corresponding hydroxy
alkylidene RuCl,(=CH(CH,)30H)(PCy3), (complex 27) (eq. 6).

25 EQUATION 6
PCys
N L cl\a|u—c ’H
10-15equiv. 7] “CHX
PCys
30 N I"Cya X=0Ac25,C126 (6)
M _CH ,
cl,lralu_c:O e . prcHacH,
Pcy3
10 : PCys
N\/OH Cla., | M
35 30-150quv. . O HI"'-_'CW""'
PCys
27

Compounds 25-27 were readily isolated and fully characterized. In all cases the alkylidene H,
40  resonances appeared as triplets due to coupling with the vicinal CH, groups. Alkylidenes 25-27 are
active in ROMP of low strained olefins, whlch makes thcm atn'actwc catalysts for the synthesxs of
-+~ -telecheli¢ and other functionalized polymers. B
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PCT/ US96/ 12654 the synthesis of RuC[err](=CHR) (PCy[err])[err]

[ R=Me (conplex 20), Et (conplex 21), n-Bu (conplex 22)], that no
methylidene RuC [err](=CH err])(PCy[err])[err] (conplex 19) was formnmed at
ext ended reactWoryIméiAes can be expl ai ned by the | ow aBETUIEA2654
‘conpl exes 23 and 24 towards their ol efinic precursors. However, both
conpl exes 23 and 24 exhibit ROVP-activit that |n t he case of the forner,

was evi denced b 5 URHAPALKYLINENE Cf j%gr%oct ene
(PDI =2.0). Vi nﬁ/'?‘ﬂ’éﬁlé““ifdﬁﬁf’ B9lymexizgtig, pljogporene °a vaEM‘E

al t hough rel at i(GOMRex®3\ | nitiati on can be inferred by the | ack of the
characteristic col éemplekssddgeolymerige nashomereahiyeia ATrd SGequivihaurde CHClf B RT tagivgt hesi s
of acyclic of efpoimrbomnene in quantitativetyietislusl reations fvert accobpaweicty aghacagteristio/dolar change

met at hesi s 10 from green-brovAl tb bi@hjg fthat ifdiGteS@nplete inftiBtivh. Thecreshltifgppolyyherk iré Bplokinaely
netal count er Pad Srans'as defeRiithed By Qi KVIRL dRA&EY, Jaag*&em catalysts Bfoﬂlﬁdﬁiﬂy&ﬂdﬂ&dﬁl?&*&
utility due to ggid @bﬁquoﬁﬂqfi’o QSmJaHE'{btl'ﬁ'?d? uélé(&%hﬁ’élt 2)@%93)})?%&'@ The

i nventors have . MH Cln(~CH-CH: Ph !exA
ESJCI [err] I(’;act %E- er[ro e{rol llv sﬁﬁs smc?( rx hzﬁ%uﬁ% g

H err] C=CH OR , lr7 9a ( tP)ds tgel Coﬁ vnége mon]edular wei tso?th sp aya

Rud [err] (=CH "5 enge }"["éﬁaﬁa s‘]’['l‘Pﬂ°§’°"i’ Pfieversi bl e reaction has been
extensively utilizBd mﬂyenméthemmbwtt!euthetahérdenwoméﬁaé‘awthﬁlsewgmw ng

pol ymer chai ns.quditatixslyrassessed e Catgyss besedénecbinpiexessd-ERnCly (=GB 2G HgXXFPRg, Re] FIQQZZ

t ri phenyl pho$ piM)merearadet iwith horbluntehq (@nnandrieriGHo.BHMYRNERIC,| spiitioiRh [Tieer psduid frstsolder
(conpl ex A), amde dolbents for Mjtiation AIrbpRRAGGHIARTeOBtained by inte@aling|teH , resonances of complexes
RUQ Ler 1] (~Crt- GRS colrihdB] Sl bl GAEUIGNGR i Rhcou i) e | 1 M t ed
activity towar @rehddg ffdnomer conceﬁma. AsER - imdridVRYdRkne sthldfd GRPRVEF TR AV LY Of

the benzyli dengalgegt,ﬂj XxﬁtkPQ:Q'ﬁB A% Tl gy onpt ed furt her expl oration of
this reacti shédwn Pn eq nmet at hesi s of functionalized ol efins

catal yzed by 20 benzyl i dene corrpl ex 10 *ﬁcﬁln]ﬁ limted to electron-rich
ol efins, such as_a ) but also T des eI ectron-deficient

al kenes, such
ef ficient
4- pent ene- 1- ol
Rud [err] (=CH( it
EQUATI ON 6
30 & i
characterized. jIn all cpsR®ies | he al kyI [ demggg —i[err] 40  11%¢$ appear ed
as triplets du ' ~r—t-he—vrtetrar—cHer+—grotmps—Arkyl | denes
25-27 are 25 actsi ve j nOReVA of | ow st 33 hed ol efi ns, 1-3%h es them
attractive catfplysts Tof the Synthesis o telrechel] | Clan otlher
functional i zed?pol Ners Me 369 1ds 35

7 F 6.19 128 48

8 Cl 1.56 1.28 1.2

9 NO, 2.91 128 23

I

—_—
30 a For [Ru] = 0.022 M; inorbornenei =0435 M in CeDg at T7°C

As can be seen in Table 111, the electronic effect of X in RuCI2(=CH-p-C6H4X)(PPh3)2 on
initiation rate seems to be relatively small: the rate in the fastest case (X=H [complex 3]) was

approximately 10 times higher than in the slowest (X=Cl [complex 8]). A general trend concerning the

...+735 . electronic influéhee of thé substituénts'X was not observed. Under similar reaction onditioii$ with
RuCl,(=CH-CH=CPh,)(PPh), (complex A) as catalyst, observed initiation was <50%. When
. norbornene consumption was complete, uninitiated carbene was spectroscopically identified. The
extrapolated ratio of ki/kp =6x103is approximately 1000 times smaller than that observed for
complexes 3-9. These results suggest that conjugation seems to decrease k;, presumably by lowering the

-14 .-



-.13 - WD 97/ 06185

PCT/ US96/ 12654 USE OF ALKYLI DENE COVPLEXES AS
METATHESI S CATALYSTS Kinetic studies of the polynerization of
ner borene catalyzed by RuCl[err] (=CHp-Cerr]Herr]X)(PPh[err])[err]
(Conpl exes 3- 9)wo 97/06185 Conpl exes 3-9 pol yneri ze nor bor nBOBUSA6/1265¢ at e

of [err]150 equiv./hour in CHerr]C[err] at RT to give 5 pol ynor bor nene
in quantitative yields. Al reactions were acconpani ed by a characteri st | c
col or change  ground sfatesperey obthstasting arylidenes dor soraplexes 3 Rrrelptiveiiodhe: likely metaliorysioputan
initiation. Theinteguediati Alhopgh|bonzylideneforms ofisomploxes e ¢ Better initiators PO RuClhRY- as
determ ned by [ €H(HN,XHPRY), (Gompiexck), appliratiop pEhefotmer atngtathesisatglyspdsisieilanip dimited to
nonodi spersed ROMP of REtiwRIgh-stainbd Srclie olefifddsuch ab ndrbomee0aiid &icioblitdn® detivativesf vattose

RuCl [ er r] ( =Ctd- Ciiriallla GainleickhPBloRa 13-4 Bkirdol. (coOnplex A, consi st ent
Wi th nmeasured initiation rates. As observed for

RudCl CH Cldg' gﬁm &% I 3-9
fulfi[?lrrltﬁle genera cr ?]e(%f;{%jqifﬂpg\fh arr@ lg’f&ﬁ) by rgogp ;ai(es

al kyl i dene ([err 2( P6 é ‘“P"a‘? t Pﬂglﬁout
the reaction, ”Ls'ﬁé° "e'B EFPWW%”“'B F§°' 59 5° hi

| i near depe n’c?enE@‘"Eﬂff”?'ﬁ'Be'{ inciyding functjong “ﬁ‘iﬂﬁ‘&'ﬁ?&? "sr ?"P‘B"""me“e" and varicusly substigited

i nfluence of therclsbmessuppreved tfé’ﬂﬂlsmg Wdtl%mazplkmﬁl ithrracepfighatly pargy mofpeular weight
nmet at hesi s act i distrijutipua<PDIs < 1.1). Imanalbgytte RuGlg(+GH-EH<Ph@PEy4){ Iz oraglexR).scoipiexeti 100n
conpl exes 3-9 ( Ruéh pler polyfrm@rilop-stpiie cyclodifing, mjcp dytlbviereraid) [, eyeiboctaflibte] Akh@gHOR
15I M wer $ ht I’e&in&(ion:icnk boljﬂﬂl"szggﬁﬁﬁ@mﬁ{pm@mh]l 56 - QM%sdgbolﬁanﬁl{nEﬁlbdeQ :{1@; r]
sol ution. B PN And withStgniQEahtB lower polydispdraie® heORAIRROLECHUH-CA, (PG, ), Aol
propagati on wer g, gial e bisd)”h&Wvé}%é‘&an}Qﬁekﬁ%ﬁ ]mn? SRR fefefiond E aué?gimd@txes
3-9 against they Eugg Tifer-pbrd] LsQSolyn%ﬁ&H 0% Gn be LofifaeRl g%l:ﬂ&ﬁ

’ﬂ‘%“’

speci es, and no g‘t&?ﬂg‘rf(ﬂ’ R?% ?I‘T°\‘7%+°)')9b*r ggal nst

an internal fer w °°mpv° I'Uies of
k[err] and k[err] frompiex 14 g tptraerie JHCDy C12 thh complete initiation, but propagation

TABLE |11 does not occur, and facile back-bltmg leads to the formation of bepzens. | The ingreased-petivity of

Pr opagat i on Rat gomplexes 10 - 16 commared sl RuClo(=CH-CH=LPh,y}PCy3), (Complex B) istiriuted o a faftasy r |
Const ant , k[ err ]mtiatlon k{te rRe};qhib[ d;veloped catalyst mixtures containing [(cymene)RuClzjz, a bulky tertiary
(x10[ err]/ nmol . sg®phiné mﬁ(ﬁﬁrﬂth]ykllyfmbm&fhm% were found to catalyze ROMB of cyclooctenes.  H

11.5 1. 9.0 4 NMVe[ err]
3.32 25 Metathw]s o? Acycllc Olefins 2.6 25 S Ove

3.34 in%éltors recently showed that yiftyl&lkylidene RuCly(=CH-CH=CPR,)XPCy3), (Coxﬁﬁf& B)
3.69 exhibits I;Jm is activity towards acycll olgfins, e.g., cis-2-pentene. AlthJugh the turnover- xmaers
?_' ég were moi—s‘t gg-npared to the best of the tu ;}gst and molybdenum-based cag sts, vinylalkylidene

N[ err] RuCl,y(= CPh@(Ps )y (complex B) was the first xa.zlgle of acyclic metathesis mgucgd lg

a For [RuP -'“6“’6‘2‘2“&31"“1"&‘8}‘%0 FRKTYEn slav iyitigion Wy 4 Rresent '@?‘P]“Eférr‘?s gengial Use psd ] C
As can be seen faRYity DL to|their excentienally Righ qotity in RAME, cqmplsges YO und to be efficient
RUC [ er r] ( =CH- pacilie metpthisia ety @PrRprescntativily shows wirbenzylidene Rufil,(~CHPIFERY 1)z (camplex
seenms to be rel Hbidisessed gkl | © the rate in the fastest case (X=H [ conpl ex
3]) was
35 Kinetic studies with RuCl,(=CH-p-C¢H (X)(PCy3), (Complexes 10-16)
The electronic influence of X on the initiation rates of RuCly(=CH-p-CgHXXPCy3), (complexes
10 - 16) was probed by examining their reactions with 1-hexene. Clean and quantitative conversion to
the pentylidene RuCly(=CH-n-Bu)(PCy3), complex 22 was observed in all cases. Pseudo first-order rate
constants were measured by integration of the Ho resonances of benzylidene complexes 10 - 16 versus
40 pentylidene complex 22. Representative plots are shown in Figures 1A and 1B, and initiation rate
constants (k;) are listed in Table_ IV i _
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approximately 10 tinmes higher than in the slowest (X=C [conplex 8]). A
general trend concerning the 35 el ectronic influence of the substituents
X was not observed. Under simlar reaction conditions with

Rud [err] (=CH CH=CPh[err])(PPh[err])[err] (conplex A) as catal yst, observed

dnitiation wasWesURs18§hen nor bor nene consunption was C(?Ffﬁiué?"é‘““
uninitiated carbene was spectroscopically identified. The

extrapol ated ratio of k[err]/k[err] = Ai' -rr] is approximtely 1000
tinmes smal l'er than that observed for R Y exes 3-9, --v;, esults
suggest that ci U OEtmipfef sepns t g¢ decr g fase K[ Gfitfation Rl SOMBRO! Y by | oweri ng
t he v10-3 . 14 -

WO 97/ 06185 A k[0 (Umed

PCT/ US96/ 12654 logroun stagp ene gy of t he sb@gting arylid Ines for

conpl exes 3-9 riplatd =

i nternedi ate. A though benzylidmmﬁbforgm of conpleme$ 3-9 are bgmter
I

initiators tha r\uuLCTi—J\— :H*—\Jril[ciﬁ\ffppil[criij[clr (Corrplex
A, applicati5o of tH& fornpr aPMetathesis catalyd® is simlarlly limted
to IET relatirvely highestrained cyclic (}Il?ti ns, such @s

nor bor nene and fcycl obut ene Herjvarjves hose 0 1t ed ain

10- 174 kcal / pol .

f‘rr\vv'll_lrr\vv \A/Df\rnrr'l\r
oreTT ezt royrert1,re
r

:0 [errl§( CH- C[eiCt]H[eri

energi es exceeo
RuC [err] (=CH
Benzyl i denes R
16) are extre
anal ogs conpl e 9. Ex noi b _ 14
nmononer s i ndludi ng tunctional1 zed norbornenes, ponenes, and
variously substituted For (Ru] = 0.orMojMhtxesePs 0.50M i:pcn)cegattrewbe living and | ead
to polynmers with exceptionally narrow nol ecul ar wel ght distributions

(PDls < 1.1). In anabiegVedid 11ks-ROMP bfl dobbehinirtni Gty el (REVE-EJH kR )]

(conpl ex B), COuRlpR%Es - ;Ptheran e of kis o Eﬁi@ﬂ\%ﬂﬁ&dm ﬁ&@l@ﬂm %él

cycl 0ol efi ngs kS s 90 oSS s 'enta,

corr espondi ng emases ; no I SPE i “ P;}o
these pol yneri za | ﬁ‘b? 2r 3)3&0 ‘gi ?ﬁ’ﬁ }/ff’ower
pol ydi spersi ti e&% C:fz e i-Cire TRIEKFISY flif figt Sqmppjetely

(conpl ex ?“"’a‘?" I°9"§R'°"( fapdeq thg gbove-mentigned cqndifierso | the occurrence of"
"back-biting" in these reactions causes broader PDIs. Ther ef or e,

t hese pol ym@Pi zati ons cannot be considered |iving, even though a

pr opagat i ng al kyl i dene WATRUDHRE/Q@FEXEMPIXRV"COMPLEX | ooct adi ene by

[err] H NMR (8 1Bra8iffrdcdion study lof RECHIHEH-p-UgH «CI(PCy3), (Complex 1§onpl ex 10 al so
reacts with cycl OOREp&Eoﬁiadiv&Qﬂﬁ)mbleem-ell’ﬁfﬂiarﬁcﬁ&d’ifMd-ﬁhbﬁﬂﬂbﬂ&ﬁiddﬂﬂkﬁdlﬂ%}ﬂﬁl
but propagat i orcAHPEQE waditheP Sofifitined By W inf1d erdta® XA eerriidnl sy, Iﬁ@éismmmtvit
formation obs beRHBREnplek IEhbACh BRSEY, A feleddaloyndlin ths and angﬁpa‘fpk.%%ﬁr \rbeiin@
comared o, RUGh] it etk itd Lot %P%;&E.g @bg

attributedto i st

ecarbene 15 Ial o' thRn IeeanXthe lel i
er al? son
g‘héggt.ez;zﬂaa;?:ﬁg e ‘i Wb b Sl e

cycl ooct enes, Y)et iﬁg@l)] °'R“C‘(‘C(° - The
i nvent or s ré%empﬁmﬂ%hdﬁu%(ﬂ T@)?Pz)@@fﬁz F] [d-(Ru-C) = 1.874(3), respectively.

RuC [err]( CH-CH:CPh[err])(PQ/[err])[err]FAPIEE)HpI ex B) exhi bits
nmet at hesi s act vt T U5 dCyclTC orertns,. e 9., cls-2 pentenej Al t hough
t he turnover-n wer e rmd%@f’ ed to the best of tHe tungsten
and nnlybdenu )

l ] (corml exlﬁﬁi%s the firfst exarrpl e
_of acycLic met. ft . hesi.s i ndiﬂg%ﬂ by..a 30 . rjutheni.um Cilrimﬁgte conpl. ele However:,.

S|OWInIt|at|O vas a. present limtationd faor its qe use as
catal yst. Dsse jo their exae.mzi onaIIy hICh act|V|ty2_i;g3(1ROVP corrpl

+16 wer e~found fo—be
represent ativey shovvn wi tRy-Phenzyl i dene RudCl [err](ZWh)(P(y[err] [err]
(conpl ex 10), dr SCusSsed belrow. 35 Rimetic studies wrn

RuC [err](=CHp-(err]Herr] X)(PCy[err])[err] (Conplexes 10-16)

The el ectronic influence of X on the initigion rates of

RuCl [err](=CHP-Cferr]H err] X)(PCy[err])[err] (conpl exes

xes 10 -
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10 - 16) was probed by exam ning their reactions with 1-hexene. C ean and

quantitative conversion to t he pentylidene
Rud [err] (=CH n- Bu)(PQ/[err])[err] conpl ex 22 was observed in all cases.
Pseudo first-order rate constants were neasured by integration of the

Herr] resonam@emsissbenzyl i dene conpl exes 10 - 16 versus 40PCTARIMM3BS dene
conpl ex 22. Representative plots are shown in Figures 1A and 1B, and

|n|t|at|onrate constants (klerr]) are listed in Table 1V
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|V itiation

Rat e Const ant

ki 1-10[err]] {1/ nmol . sec¥li-Rue-P .10 87.2(1)

2.87 T NveferTT

0.31 5 w 12 P1-Ru-Cl OVe 97.5(1)

1.01 3 Me

5 15 5 [ 1 h1-Ru-CI2 = 91.5(1)

1.21 " 1611-Ru-P2 c 90.8(1)

1.37 +6 MNEFer-r1

1.77 10 " a ClRyP2 [ Ru] :0. 1M [1- he&@éﬂeﬂ = 0.32 Mfin
CD[err]C[err]gat T=0C " ; omerved'rgi’ VI Ng- f

nor bornene w tfn_cat al ystS"BEE [err](=Cip-Cerr H &¥Px) (PPhlerr] [err]

(conpl exes 3 ' 9) the r@nﬁgzcgf k[err]s anong the fykgyituted berfzylidenes

i s approxi mat g Bt . rend can
be di scerndd, ny pertur@aku-@m to the afomati c [errpi@ystem (i.e.f X
[err] H) decr [err]

(conpl ex 10) ifnitiated aﬁb‘?"ﬁ% mat el y 10 DO ti WX aster tha

vi nyl i dene Ru [err] (= Cl-hlgﬁﬁ_g?h[err])(PW[err] ) [ er 5(()Corrpl ex B) ich did
not conpl et el al D —wnder tihe

above-nenti oned cond| tions. 20 STRUCTURE

OF EXEMPLARY COMPLEX X-ray diffraction study of : :

RuCl [err] (3€Hp-Cerr] H err] d) ( PCPKBERIMENTALSECTUMMN| ex 15)

Repr esent at i veGepéralCxpprinenat Prb@dures1 6, t he structure of the O -substituted

benzyl i dene Rud [ @Nmjahipidtiond-were performed using standard Schlenk techniques under an atmosphere of
argon. Argon was purified by passage through columns of BASF R3-11 catalyst (Chemalog) and 4A
molecular sieves (Linde). Solid organometallic compounds were transferred and stored in a nitrogen-

20 filled Vacuum Atmospheres drybox or under an atmosphere of argon. NMR spectra were recorded with
either a QE-300 Plus (300.1 MHz 1H; 75.5 MHz 13C), a JEOL GX-400 (399.7 MHz 1H; 161.9 MHz
31p) or a Bruker AM 500 (500.1 MHz 'H; 125.8 MHz 13¢; 202.5 MHz 3!p; 470.5 MHz 15F)
spectrometer.

Methylene chloride and benzene were passed through columns of activated alumina and stored

25  under argon. Benzene-dg and methylene chloride-d, were degassed by three continuous freeze-pump-
thaw cycles. RuClz(PP‘n3)3, tricyclohexylphosphine, and the diazoalkanes H2CN2, MeCHNZ, EtCHNz,
PhCHN,, p-CgH,NMe,CHN,, p-CgH,OMeCHN,, p-CgH;MeCHN,, p-CgH,FCHN,, p-CgH,CICHN,
and p-CcH4NO,CHN, were prepared according to literature procedures. Norbornene was dried over
sodium, vacuum transferred and stored under argon. Cyclooctene, 1,5-cyclooctadiene, and 1,3,5,7-

30 cyclooctatetraene were dried over CaH,, distilled and stored under argon. The following chemicals were
obtained from commercial sources and used as received: ethylene, propylene, 1-butene, cis-2-butene, 1-
hexene, cis-3-hexene, 3-methyl-1-butene, 3,3-dimethyl-1-butene, 1,3-butadiene, 1,2-propadiene, allyl
acetate, allyl chloride. 4-pentene-2-ol, diethyl diallyl malonate, triisopropylphosphine, tricyclo-
pentylphosphine, pentane, ether, acetone, and methanol. :

s wmem r--Synthesis-of RuCly(=CHMe)(PPhy), and RuCly(=CHE)(PPh), (Complexes 1 Hind 2) =it w3

A solution of RuCl,(PPh3)3 (417 mg, 0.43 mmol) in CH,Cl, (10 mL) was treated at -78°C with a
-50°C 0.50 M solumion of diazoethane (1.90 mL, 0.93 mmol, 2.2 eq.) in ether. Upon addition of

-17 -



err]Herr]d)(PCy[err])[err] was further confirmed by a single crystal
X-ray diffraction study. An ORTEP drawi ng 25 of this conplex is shown in
Figure 2, and selected bond |engths and angles are given in Table V bel ow.
Tthe anal ysis reveal s distorted square-pyram dal coordination with a nearly
i near d (1)- RW@I¥0BI8Sangl e (167.61[err]). The car bene RGATUSIY/I3654
perpendi cular to the P1-Ru-P2 plane, and the aryl ligand is only sllghtly

E\]/_VI Zgg?3§ufa\) OI h he Cl%g;o t{rc%mge%om ] %e Rugeen-cj'brtgv(\)npgndglllg%;[baﬂgb lgg \Ivesre ol hOI; . Aﬁer
Iyt W 3 andf (i dGiness. The
%8 Ee& ]O(VE)CH- % F'F 3‘[ fgth F‘?ﬁ g“" cold ﬁ?(?glﬁportmns) and the

[ Rud [ er r] ( =CH- Cpeitingq h@? Eln HMe)Fp 3)ﬂae ri-rlqd]un eavaem-f@)sewrowmogy =
respectively. 5 246mg (78%) HNMR (CDZClz) 8 1847 (tq, Jpy = 102 Hz, ;HH 5.1 Hz, Ru=CH), T68PL% V
Bond Lengt hs [ Ajnd 7.49-7.36 (both m, P(CgHs)s), 2.59 (d, JHH RJHQCH:;) C NMR (CD,Cly): 8 320.65 (t, 1153

1.839(3) = 9.9 Hz, RO5CH)] 134.76 (m, o-C of P(CgHy);), 132.06 (m, ipso-C of P(CgHs)s), 130.38%s, Hldf

35 P(CgHs)y), 128.44%i; fnlc2of P(CgHs)). 3IP NMR (CD,Cly): 5 29.99 (s, PPhy). Anal. Caled. for

2.395(1) C3gHz4CloPoRu: C, 62.99; H, 4.73. Found: C, 63.12; H, 4.61.

'2 3 9'7 15 S [t B In an’ andlogous procedure, RuClz(—CHEt)(PPh3)2 was prepRarléld, IsDu:l'rtmg with RuCIz(PPh3?96(502

V\b 97; 06185 mg, 0.52 mmol) and a 0.45 M solution of diazopropane (2.56 mL, 1.15 mmol 2.2 eq.) in ether. An

PCT/ US96/ 12654 arange-brown m;crocrystallme solid was obtained. YR‘.‘I =3)1 mg (81%). Iy NMR (CgDg): & 18.21

2.435(1) gn, Jpy = 10.8, “Jyy; 6.6 Hz, Ru=CH), 7.91-7.86 and 6.97-6.80 (botigpn BCARg 11 (fqe?J

Cl1- Ru- P1 Jypp = 6.6 Hz, CHyCHy), 0.79 (t, Slypy = 6.6 Hz, CHEH;2 ( 'Pr NMR (CD,CLy): 5 320.88 JPC

P1- Ru-Cl1 15 =100 Hz, Ru=CH), 134.36 (m, 0-C of P(CgHy)3, 13227 (thn (ids)-C of B(CgHs)s), 129.89 (s, p-C of

P1-Ru-d 2 P(CgHs)3), 128.14 (m, m-C of P(CgHs)s), 53.20 (s, CH 35 (28.74 (s, CHyCHy). 3!P NMR

Cl1- Ru- P2 (CD,Cly): 8 30.02 (s, PPh3). Anal. Calcd. for c39}1361 1&( &) 63.42; H, 491. Found: C, 62.85; H,

C - Ru- P2 481 2(1)

Cli1-Ru-C 88 7(1)

81 1RuRu -CIOZ 2 20  Synthesis of RuCly(=CHPh)(PPhy), (Complex 3) 165 ?E 1) 10

P1- Ru- P2 A solution of RuClz(PPh3)3 (237 g, 247 mmol) mL) was treated at -78°C with a

C12- Ru- P2 -50°C solution of phenyldiazomethane (584 mg, 4.94 mm8162 8 de%_ in CH,Cl, or pentane (3 mL). A
vigorous bubbling were observed.

spontaneous color change from orange-brown to brown-green an
After the cooling bath was removéd, the solution was stirred for 5 min and the solution was then

25  concentrated to ~3 mL. Upon addition of pentane (20 mL), a green solid was precipitated, separated
from the brown mother-liquid via cannula filtration, dissolved in CH,Cl, (3 mL) and reprecipitated with
pentane. This procedure was repeated until the mother-liquid was nearly colorless. The remaining grey-
green microcrystalline solid was dried under vacuum for several hours. Yield = 1.67 g (89%). 1y NMR
(C6D6) 8 19.56 (¢, Jpy = 102 Hz, Ru=CH), 7.80-7.64 and 6.99-6.66 (both m, CgHs and P(CgHs)s).

30 I3cNMR (CD,Cly): 6 310.12 (1, Jp = 11.4 Hz, Ru=CH), 155.36 (s, ipso-C of CgHs), 13491 (m, m-C
or 0-C of P(CgHs)3), 133.97 (d, Jp 19.6 Hz, ipso-C of P(CgHs)3), 130.44 (s, p-C of P(CGH5)3)
130.03, 128.71 and 127.09 (all s, CgHs). 12837 (s(br.), m-C or o-C of P(CgHs)3). 31p NMR
(CD4Cly):  30.63 (s, PPhg). Anal. Calcd. for C43HzCloPoRu: C, 65.65; H, 4.61; P. 7.87. Found: C,
65.83; H, 4.59; P, 7.93.

35
Synthesis of RuCI2(=CH-p-C6H4NMe2)(PPh3)2 (Complex 4)

A solution of RuClz(PPh3)3 (466 mg, 0.49 mmol) in CH,Cl, (10 mL) was treated at -78°C with a
-50°C solution of P-CgH4NMe,CHN, (160 mg, 0.98 mmol, 2.0 eq.) in CH,Cl; (3 mL). A spontaneous
color change from orange-brown to brown-green and vigorous bubbling was observed. After the cooling

40  bath was removed, the solution was stirred for 10 min and then the solvent was removed under vacuum.
The brown residue was dissolved in minimal amounts of CH2C12 3 mL), and pentane (20 mL) was

was colorless. The remaining olive-green microcrystalline solid was dried under vacuum for several
s o wDours, Yield = 317.mg (78%)... lH NMR (CD,Cl;): 5.18.30 (t, Jpy =:6. 1 Hz, Ru=CH),7.64-(d; JHH
45 =87 Hz, o-H of CgH,NMe,), 7.52-749 (m, o-H of P(CgHs)g), 742 (t, 3pgyg = 7.5 Hz, p-H of
P(CgHs)3, 733 (t, "Iy = 7.5 Hz, m-H of P(CgHs)3), 6.32 (4, 3JHH = 8.7 Hz, m-H of CgH NMe,),

-18-
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15 EXPERI MENTAL SECTI ON Gener al
Experinental Procedures Al'l mani pul ati ons were perforned using
standard Schl enk techni ques under an at nosphere of argon. Argon was
purified by passage through colums of BASF R3-11 catal yst (Chenal og) and
4A nmol ecwioam/osiseves (Linde). Solid organonetallic conp®GRESGH26
transferred and stored in a nitrogen- 20 filled Vacuum At m)spheres dr ybox
or under an atnosphere of on. NWR spectra were recorded with

ei ther a QE- 3039 ¥(CQHhY. '?C%MR (P l—|5 39981, fpetrd 14 e RS, 152786 Peek 900
(399. 7 MHz [ er r¢HsNMGL 1350V, mCoro-qtéP(qsﬁj)a)oF33é7 6r uk ey m-Af SeibyNMse)0 131 8645;,C
1H, 125.8 MHz [ofP(CkH:;)3)2B02.25(sM-2 of mCrof BgHMNM)51282% (0f, € piro-C of P(CgHs)s), 127. 54
Spect ronet er. (str), p-C of CgH MaE M @s16d.Th): 6121.5 Bz, 4melC oEPEgHID;, WEI0es, NEB R 3P

t hrough col usmsrqmi(cméttzyat;esh @/ FPRd) N Anak TlIcd; 66 105 ¢H,, 261, NP RG:AE 65. B, OA98; N, 1.69.
Benzene-d6 and pygiahy66.0€ HCMbON G d2 were degassed by three conti nuous

freeze- punp- t haw cycles RuCI[err](PPh[err])[err]

tricycl ohexyl phosphin AL A0 H 5we r]CN[err], MeCHN err],

e e B0 e e
FT glr}, .)'in CHZ%G mL). A spontaneous

p- C err] H ef?] F PpF 2é

p-Clerr]Herr] NQP@\E'F’FQHN[ rbrwer € é‘ﬁﬁ?"é’ﬂd &&‘E‘E‘F brbbline tvas qbpepved. oAfsF the cooling
pr ocedur es. Norbath waznemoved the sighition] wap\stired for 5 min anddfier e sojvnt Wanfemevad uriden vaeem.and
stored under armobrowireh osidieone dissblvéd-it myingbatoos o 103,Cla (2ImID), &d'penfane GYmL)
cycl ooct at et r aeneadderte predipittel a bioen solid Htebrown-ghlénsbibtion ewdls @jashted tviarcantlulafiichgion
argon. The fi9l |apu\Erite uiabtCaduga| She\Mtathing olive-gedat dlid) Cshnplek 6/ QPTIRAIG washed St 'S
and used as r e((ﬁ’ ﬁﬁ? mcﬁl)%&i@@und&rv%ﬂ P Goverat hérl GRS w. 406 me (34). éﬂQGMI{]{C6D6)
hexene, cis-3- tl-m’ku "bs?")% and 7%39!;6768:9 ]i-‘l %hep( H5)3, 641 (d,

i geﬁ'ltjteﬁgl gngl 3 f {fl a 322{ ocair‘” opr é% bh T -
pent yl phosphi né‘% p‘é s ‘éﬁ”}é dfs’r'é ‘gﬁ € Hs éE
Rud [ err] ( =@Hvay FPﬁﬁ{*&Pbe BN aﬁd‘f F(&sjlspﬁ,r &3}; gl‘eﬂéi

(Conpl exes 1 arfpreslot, m-C or o-C of P(C ssyaﬂft&@np‘ﬁﬁ 'P(”’ fFET 1)"[*ézl‘1”‘]""(9{17
ng, 0.43 ol ) A@HH[ Bi77 (sOPEEyr P(N_MR KED,Clyh $ 32.flat Rl )aAnal. TRlcdfor] C with a
-50[ err] C 0. 50 QBRLCYOPM0: ©f64.01; 27 464 Fame ¢, §5.BOHMTE. 0. 93 mMmol, 2.2 eq.) in
ether. Upon addition of

- 17 - 25  Synthesis of RuCly(=CH-YYO,H M§@ERY, (Complex 6)

PCT/ US96/ 12654 in atechmquc analo dilk RARE hiBAR Synthdsifiid cohples hamﬂﬁ‘z(idmﬁtg}r4mmh OWI"I
to green-brown v@?ﬁep%le& fﬂ)}é‘ 193305 eo?ﬂ%ﬁrﬁvaﬁéi CAl MREHN, (48 mg, 037mmol tyl
cooling bath 58 HJ&Q%&X&% %Eeid Jﬁ@'m %fm?’ }Hﬂllyjnﬂ e£P19ss
evapor at ed to nes A 5-ae)

times with |f’| 784763”‘17(103 °a"P % H

renai ni ng o?‘#nig F (= é( rr Lfvvés 3? L]’nder

vacuum for sevér (hd‘ﬁ?§°f§6l'bf‘”d) 5.50(s, o-C orm 6% ‘F

(CD[ err] d [ er r PfCstphr 131316 pA7 of R(EgHs ). 43339 (&°‘R}’Z“‘F‘Tz nis 12854 G ’“%“P‘F—&f
Ru=CH), 7.68- 7%}15):1) 126.76 (s, p-C of CghhyMe} 1152374, gﬁtfydlﬁz, mlo-C ofP(C6H5)3) 4092 (s,

P(C err] H err] gk 1} NMR.(60,ls}; & 3129115, BPtg). r Anab Calod-for Cﬁ‘k:&'z”&‘}“ Cl &P L AIMR

(CO err] d [ esr]rpund] ere6sjoo;38Q765 (t, J[err] .9 Hz, Ru=CH),

134.76 (m o-C of P(Cerr]JHerr])[err]), 132.06 (m i pso- C of

P(C err] H err] Jshthesis bs Rules éﬂp-(: H, (P9 (Complex 7)

P(Cler 1] H or 1])Tarey e e f&%%&ﬂ&wi&cﬁ %dal)-cwgﬁ%

(COlerr]d[err]). Lerr &ng;y e o, 240
C[ er r.] H err ]r[|0 %eg?ﬁﬁbil% G 13 g%?agg{:%& $ %rﬁﬂﬁ:lmmc ﬁll.:;e sol d was :
.pr epar ed, st ar PP‘H@"‘"V\A 1ot ‘Iiﬂgﬂgé’P (gg%cf’ 29 2 26%6‘_n{}1 23 rﬁ'?d‘F’-’ _2*
513 1 5s = mH o
eq.) in ether. opfgHyF), 15221 (s, ipso-C Oﬁffaﬁm@eﬁl&?i)(mﬂrﬁ errodfe pfyPEG s )3 ) A34.04 &4, I oF TS

--=-0bt-atkned Yi-el-@zm-Bof CgHyFY, 3MRAP (s, p-Erof PIENND, (3CPedr Y p=A 13 o-C[OQCgl}4F182831 (i, -

(tt, J[err]4s #0c8;o-EermggH; gtuﬂssﬁ(cﬁjﬂéz-zlmoc&mgﬂg)ﬁé RNMRECOFCHY: 80
(both m P(C[err]H[err])[err]) 3.11 (dqg, [err]Jd[err]
[err]J[err] = 6.6 Hz, CHerr]CHerr]), 0.79 (t, [err]J[err] = 6.6 Hz,

CH err]CHerr]). [err]C NVR (CO[err]C[err]. [err] 320.88 (t, J[err]

15 = 10.0 Hz, Ru=CH), 134.36 (m o-C of P(Cerr]Herr])[err], 132.27 (m
| pso- C of P(C[er JHerr])[err]), 129.89 (s, p-C of

P(Cerr]Herr])[err]), 128.14 (m mC of P((Jerr]Herr])[err]), 53.20 (s,
CHerr]CH err]), 29.74 (s, CHerr]CHerr]). [err]P NWR



(CD[ err]Cl[err]): [err] 30.02 (s, PPh[err]). Anal. Calcd. for
]H[err]CI[err]P[err]Ru C, 63.42; H 4.91. Found: C, 62.85; H,

20 Synt hesi s of RuCI[err]( =CHPh) (PPh[err])[err] (Conplex 3)
Asolutlon of RuC[err](PPh[err])[err] (2.37 g, 2.47 mmol) in
CH err]d [err]woa®o68y was treated at -78[err]Cwth a PCT/US96/12654
-50[err] C sol ution of phenyl d| azorret hane (584 ny, 4 94 mmol, 2.0 eq.) in
CH err]C[err] or {)enta ontaneous col or change

from or ange- br &% 6 ¥Fhun- Fg’?'%l‘FDczﬁb) \ﬁﬁéﬁé%gs*bEhMWahﬁa'%efP’eC@ 351l Balfu: C.
After the cool i Baf-pe- \Eeundr EnfAARdH. 4éRe sol ution was stirred for 5 nin and
the solution was then 25 concentrated to ~3 nL. Upon addition of
pent ane (20 i )Synthesiy pERCIATOCH-BCRLCNIPRY)) (Gompler ), separ at ed

from the brown notnernechiiqye arellogiusto tiarused| im extunplé 2, RuCIgECHCyHOINEPH,)) Was prepared
CH err] G [err] fiom RuC) (PRI, (B50E 0.3 Tiuhdlf £ p\UHTICHN, (111 mg, 0.73 mmd XY RNEA grddhi S
procedur e Was ie@Rakthe islives biaed OHASE 24d m@awﬁﬁm Ycig0b Warae S, Ib
remai ni ng greszRu=CH),751-744 597'3%% oty

b‘FQ

vacuum f or sev% e Y|1 éD 2)%3§ gﬁt@yélﬁ? ?’zg(:;h' o ,;J{lf er
53 Cg Sr g] tE))ESeE ﬁﬁ%%) 34%1% rgpr( syl rg‘[(ﬁpggf }i) 125.87, 128.31 apg 127.85
[err]C NMR ( ér'P‘F o8¢5 o (CeHs)3 I 1509, Jpc ’1%1 1z fpso-Gpf=CH) ,
155.36 (s, ips (CGH I“F 35,3046, 1??!!3)( mmlrﬁatgd for C43HsClyPoRu: G3162.9%; 8, of

P(C[err]H[err])‘{“r"srlfﬂ]ﬂ)d C13‘8879H 449, J[err] 19.6 Hz, ipso-C of
P(Clerr]Herr])[err]), 130.44 (s, p-C of P(C[err]H[err])[err])

130. 03, 128157 1 Symttksisl & RulH,(<CH-p-CgH, NOp@Ph )k @uniplex 9) 128. 37 (s(br ), mCor o-C
of P(( err] H err] )ih@telnique 4n@lbgohso tidsed in synthesizing com r r] ) [ err]

leChIRaE
30. 63 h o s
30.63 (s, ffpa[liﬁ R, ol e s O e e

a0 NOLCHN, ol 2.0 eq.) A tan micro ’wasobgéred Yxelz %)‘k
8194 10.8 He, Ru=CH) 767 7387 and 7.02-6.71

Rud [err] (sgH erlg rrlgl;gg

A sol ution of %{%&‘ % fz.‘[’% 44 H), 15840

CHerr]d [err] P &y P 4‘7431(“"'“C°" °fP(C6Hs?S@G322‘ G

sol ution of p- l?\?@[(ﬁafﬂ‘@ﬁ%ﬁﬁs]m{?@ Wf%ﬂé@zhﬁﬂ“ (2. Ceoro-F in

CHerr]Cl [err]® (P@ ”AO (SolpCaAd 6. ipso-C of PCHs)s). *LNMR (@hEh & 3220t PPhy).

or ange- br own t@%%f@%ﬁjs@m@z&@oﬁm@ (L 8.24; N @68 cRpurgih Se62830H, 4461 6r1.88.he

cool i ng 25 40 bath was renoved, the solution was stirred for 10 mn

and then the s%nthesisof Ra€l,-CHBRELCYYH (Einpléa 0oy UM The brown

residue was di SsolAvselitiénvf RuCly(RORPHPARLY, (22 A, 03irinedol bl (10 4D Wik reated Rih 2

pent ane (20 M goluibéhSof tricyclohexylphosphine B96RE ols® nﬂ%@ﬁbmﬁﬂm @hgrlﬂs BndSlrlaChe RS €T

cannul a filtr agoigai, TheRtbitioR WQQM& , GndeSsolvaP 6 réifbvdd Hhid 11 Has

was col or | &gs. repbhi&ny @sﬂﬁh %ﬁ‘%a@ eV & ¢ mrvneo S q'ﬁwas dried

under vacuum f Ero }éﬁi% 9% § |ed dﬂfﬁ ;ﬂigﬁzﬁw 8 g -CH)(s

(Cherr]d [err i tf r

[err]J[err] 5Fr }Hh!ééf? )’7 3§2’HH49

(m o-H of P e?F‘fHI’éPFZ@"[séFF 58 */774257(E 'I%raf“} Pk ] allm, (G

P(Cerr]H err]¢ 294.78G. Ry=CH), di317 §% iepa§ of-Cellslp 121, lmﬂmfl”” s, CsHs>

P(Clerr]H éfr] {‘%fﬂ’ﬂ"}’*f ,53‘29( Hz ipsefof DCeHn)3), 20.84 G, nt-@ of PICH16)5, 28.24 (pseudo-t,

C[ err] Hl er r ] NVigpeT4-3 §iz, 0-C of P(CgH)1)3), 2696 (5, p-C of P(CgH; 1)3). 3P NMR (CD,ClLy): & 36.61 (s,

18 PCy3). Anal. Caled. for C43H72CI2P2R\AQ: Qz"mﬁlﬁfz Found: C, 62.84; H, 8.71.

PCT/U896/12654 2.96 (s, N(CHerr])[err]). [err]C NWR

( oD | erCr ] fCI [ er rQnk-pot S3hthdsis 3ORwE= ?;, orh exA‘l J: =CH), 152.72 (s,

i pso-C of 49 solution of RuCl, E g W

o et e AR "4&%"&? by iﬁmrg '

_ or- . .

CUme of | C[ et Iq ?;NI%IP(SW] msme(?§, ro&zpt green brown and vigorous

P(C[err] H err ] lf)é Afjer the reaction mlxture was stlrred at (W00 Gyt0 §0°C for £21Qmin, an ice-
oz Gl £} errk &403tipg. of tricyelohexyIppesphing (%:57rg) 9.18 molﬁlﬂ-m) in} PxG15rap fdded via syringe: -

P(Clerr]H &rr ]A):fogpqn]ed b34®°°3@ chapge fitfi Gleljve-gredn)té @4, ithe solfition whdallowed to warm to RT and 5
NVR ( CD[ er r] Cistireed ffr B0 mjne (The soBtionBs filgered, RBvEntrated tp halfoTate. voliuad dadl filtrheed. Methanol
Cerr]Herr]dJerr]NP[err]Ru: C, 65.14; H 4.98; N, 1.69.

Found: C, 65.28; H 4.97; N 1.80. Synt hesi s of

RuC [err] (=CH P- C[err]H[err]OVE)(PPh[err])[err] (Conpl ex 5)

A solution of RuC[err](PPh[err])[err] (561 ng, 0.59 mol) in

CHerr]CdJ[err] (12 nL) was treated at -78C with a 10 -40C
solution of p-Cerr]Herr]OMCHN err] (87 mg, 0.59 mmol, 1.0 eq.) in
CHerr]C[err] (3 nL). A spontaneous col or change from

orange-brown to brown-green and vigorous bubbling was observed. After the



- 7128.47 (m “gW’“h%“C‘z(

was added to precipitate a brown solid. The brown-green sol ution was

separated via cannula filtration 15 and dried under vacuum
The renmai ning olive-green solid, conplex 5, was repeatedly washed with
et her (10 nmL portions) and dried under vacuum for

several hours.wW&9ghassy, 400 ng (83% . [err]H NVR ({ err] O er PLT/US96/12654
[err] 19.39 (t, J[err] = 8.7 Hz, Ru=CH), 7.85-7.72 and 7.03-6.80 (both m
C[err]H[err]C]VE and P(C[err]H[err])[err] 6.41 (d

[err]Jd[err] = &107 nl) waspdded porprecipitate 4 qupple m FGVE‘)‘“‘“%“‘?‘Q‘ lex $-tiptayas filteredioffy | C
NVR (CDerr]d Pg;hfx] §everaf @;pqsrv:t[gg:gtomn( pcthagflé}oqu portipgp), ',mq.@'led under vacuum for several
Ru=CH), 147. 42 hpuss. Yigdpd0® @9%)X ] err] H err] OMe), 135.56 (pseudo-t, mC or o-C
of P(Cerr]Herr])[err], 133.98 (s, o-C or 20 m C of

d err] H err | OViSynthedis df Rl CH-p CLH NMe(Ryg), (Coptax1})) [err] ), 130.43 (s, o-C
or mt C of ( err] H sirfife@lh RuCIJEBHALH NMe,)(PPh )2(316mg 0.38 mnio) Sfid EiEyclohexylpospRife
0-C of P(C[[ e (sblofy e, i RGIE2CH 5.2 R Siecsbevd 113. 95

(d, Jlerr] = 2] ifecHgal Qﬁﬂuﬁa ogous to s E¥idid B "okl
55.77 (s, OCH ‘?JGF/ )1y mlaﬁf(éﬁz%rz)'\ﬁt?@i 3 us}:r?rhf‘?ﬁﬁj by oﬁ&g‘%}gﬁ“ 5 @ 3me

PPh

ror i H b 6 L2 e;p g SN T KA ,?S,,;;‘%g;;"z;o’” 7 g
25 S h i I@Mﬂm

6) ynt °s! S 14480 1348 and 1 050 @"n‘ §6 4@‘&4*?2? é(saN 033554{‘@9”@}1@?5 433,3 mnpss'x

synt hesi zi ng c&miP&H ?)RQ@ {san-C| of 2CgH 3] 2836 }m-lpéfrqf]l’(%)i(lplj?méﬂ KS]x)-F@fr]

was prepared f PEgHRMC TBNMR((PPEGISr ¥ J9Hds, PEy3). 3801 Gged. Br B4HEFIINPRING, 6241; H,

p- C[ err] H etx | BGHNL62.r fouldd &, 6187; B, B04; Nppdo, 1.0 eq.) A
brown mcrocrystalline solid was obtai ned. Yield = 258 ny (87% [err]H NWR

(Rg[_e”] D[7€£3£1] )7s6.I§ﬁ§.£lfﬂ|-% 1u.c6H OM (PCy3) Complex 12} - ]J[e”] = 9.6 Hz,
B(CLet ] or ] L- “?f“gz“ nged ,% 3 s 'Aﬁ:fa“gg'agg;“?ﬂghwe
f H
UL e R bt R
f H 6 HA6
of Glert] Herr (79,3 of Cg1,0Me), 382 (s, Oy RSPy IR 1610 st I 26135 (@ m. - C. of
P(C[ err] H err] P{Ceti)3) , "CIIOAR GEP,Ch); S@9EI0s(brh K=6H), T483# (s} (o of OEOMO2B43Y (' m
m C or 0-C of 13230 and 12883 (all 5, CgH,OMeR(SSB 6T Q052 132.31) pgudolt) y,, EXBL HE igssC opy- C of
C err] H er r3sVeP(CgH }3;).28.0¢ @, m-&[of PECLH )53, 12848 {hdeuda-t g 0-=C. Df-lz, o-C of P(CgH} 1)3), 27.00
P(C[ err] H err] | gCrol JCgHy g )30 216 MR (CD,CLy): & 35.83 (s, PCy3). Anaf lchié. ro} l:441{7§tfl£dP§RJ\JNR
u for

(CDl er r]Q [ er 1 E) 61958, 874 oud® ¢ $23@RNk#rr]). Anal. Cal cd.
C[err]H[err]CI[err]P[err]Ru C, 66.00; H, 4,78. 35 Found: C

65.90; H 4.75

_ Sy ms of 1
RSt rfu* i” .

us
Rud [err]( Cl-l-gﬁg' q a bright p“"’]\'7'\/615
prepared from "e‘f“r‘ g0 %E?“r'r'&d iin symthesizing Fgmplex 40- Y'elg 385 mg
p-Cerr] H[err]ﬁ—’éﬂ\l éW (E(B“ d, 55076 Hz, o-H of CgHyMe), 73 (4, 376
Conpl ex 7 was e%fFé’eMe)» hosema%gy 62- GS%éﬁbr@xl@ 1.4%and 122, b17(plbmnP(CgHy 1)3).

m crocrystali @M(@zﬂQSM% 86 (1, Jpc=8.3 Hz, Ru=CH), 14048 &i meeC of Y| Mk), 13 3Gy
(89% . [err]H NORs (W@bseCgH,NE)| 352 |@seudp-6 U], = 29 HiAipspiC, of PGRH( 1)3),3097 @, MiC, of
RuaC|7—l) ,357762272(6 ; z)ng(c(gpgeudo-t ];gis 43 H4, IBC ﬁnkté c}), C):%zem ]sH{-ezlr['ﬂ(Eglju)g) , 281394s,44
an PRy er. 69 & [ A T
[err]J[err] = hﬁj 5263M 2 > ¢ 9dy§) G lé‘r}igfdl-{%rrﬁzg 141%289211 (s,
| pso- C of err]H[err]F) 134 95 (m mC or o- C of P(Cerr]Herr])[err]),
134.04 (d, J[e err F 130: 56 (s C of
P(C[erer[ er£]§y["16hr°’r' ?‘“é'agéﬁ E‘&%’fq E‘] ,.)o C of. ferr Elerr]F) o
THEP-GetlB) E?ﬁ( Be &3¢ Pl A S‘fy&‘?'re]‘ylp 9spitines 7 (q,
J[ err] = 21. 8 P g J &b mmolo? 2 OCREGTH TR EsHFN a)p)was ¢bgained 45 aRyple microcrystalline

o D[ ]~i f-e: rﬂQ’ld,Jn - technique analogous to- that used-in synthesizing: complex~10:  Yield-583-mg' (83%):~1H NMR -

- 19 45 (CDyClhy): & 19.86(0, BW+IID1BB-8.50 (s(br.), o-H of CgH,F), 7.00 (dd, JHH=3JHF—88 Hz, m-H of
PCT/ US96/ 12654C¢H4F), 2.63-2.59] £T7%1.68314701310(afid 1.78R7€dlirn, )P(CGH?PQ] lscNMik(cnzcrz) E
(CD[err]dferr]): [err] 45.63 (s, Cerr]Herr]F) Cal cd. for
C[err]H[err]CI[err]FP[err]Ru C, 64948, H 4.38. Found: C, 64.42; H,
4.42. Synt hesi s-of Rud [err] (=CH p- C[err]H[err]CI)(PPh[err])[err]
(Corrpl ex 8) 5 In a technique anal ogous to that used in exanple 2,
RuC [err](=CHp-(Jerr]Herr]d)(PPh[err])[err] was prepared from
RuCl [err] (PPh[err])[err] (350 ng, 0..37 mmol) and P-Clerr]H err]d CH\[ err]
(111 nmg, 0.73 nmmol, 2.0 eq.) A green m crocrystalline solid was
obtained. Yield = 246 ny (820/<) [err]H NNR (CD[err]CI[err]) [err] 19. 27

e — PR



P(Cerr]Herr])[err]). [err]P NVR (CD[err]Cl[err]): [err] 30.47 (s,
PPh[err]). Anal. Calcd. for (JQerr]JHerr]d[err]Plerr]Ru: C 62.90; H,

4.30. Found: C, 62.87; H, 4.40. 15 Synt hesis of

RuCl [err](=CHp-Cerr]Herr]NJerr])(PPh[err])[err] (Conplex 9)

In a techni quew@I6sus to that used in synthesizing conpl eRCBUSIEI12654

Rud [err] (=CH- p- C[err]H[err]NCIerr])(PPh[err])[err] conpl ex 9 was

preparedfromRuCI err]iPP err [erro] 3!\ andp-

err]Herr (‘2(%% 1475 rﬁ’p’-”“"c of
%cro!:rglst a} :\Ilqn%"s 1% %fﬁﬁf%ﬁﬁgg“?ﬁ@% ”6‘3999 JCF‘=2l gHﬁf °f 5891, 32143 ¢ r%
NVR ( CD[ err] O [@ferdort: Jogps?-} Ha 1r30-G pf REGH ) IBX 495 (&= m@ofP(GgHyy) semiws 7,
7.38-7.33 and 7HQECH! PCHPM) 2684 6 m§ ofB@gH, b1 4P NMRGDaER): 5 366 G, PCy3).
P(C err] H er 5] )MRICP,Clhed #3.42 (GIHFLDAmL Ciléd. foe CysH),;Ci{FesRu} C,3131; 43861 ,Fodr[derCr ]

= 11. 2 Hz, Ru=@iB2; H,3839.40 (s, ipso-Cof Cerr]Herr]NJerr]), 148.11
I(D?C[p C]a{ C[ia;s{r]HEi;r]NQerr]) 135. 49(m meor oC]arE N .

err err o err err err
130.91 (s, p-C 3% 'R'k% (pﬁn%%%l £

H 06611fmo|l_.) tncyc ho 1e
i gl m I rachys oo
(CD[err]d[err] d' a 'q3°2a“§?g° °"‘?’ é‘r "'s‘z‘“g“'“l""" el 7""Por
C[err]H[err]Ci[ ‘ﬁr? PTG 8683 (&5 Htﬁ”ﬁlozﬁif&ﬁk@)i?@ JARThdHz @

62.31; H, 4.66;H¢f 05114@)1263-258 176-1 68, 145 hd1rpnd 1.25-6I7 (all m, P(CgH; 1)) 13C NMR(CD,CLy): &
Rud [ er r ] ( =CHPIZPL.520Y [/p¢=1810)HZe Ru={CH), ABIAD (% ipsdtQ pf CgH,CD), 134.64 (5, p-C of B¢15@N)LI132.661and f
RuCl [ er r] ( =G5Php¢.SARBétEE, o]Q dne kG of (CGHLINTER.51 Qpsditio- 38.9i Hy, &}d[cecrfrpldghhqg 30.06 &0
M) was treat edndiof RCgH) ), 2822 Gidhadt, JON=50 Hd, bicGor BCOI Y 2eDaGs plo 'oﬁﬁ(C{; 2%).10,

0.68 mrol , 2. 2 diNMRIcD,EL}. i3k ksl Lnr.?carzh)fwgu ,a £, 86 b0 811 405, Found:
30 nin. The solalh npeigs 111 tered, nd the sol vént' ®ag removed under

vacuum The residue was 30 repeatedly washed with acetone or nethanol (5

L portions rre crocrystalllne solid was
obt ai ned. Yr&el PIR %@Lﬁs’f Aj‘gﬂkﬁ?h) % rr]l)) err 20. 02 (s,
Ru=CH) (s, ‘bhr(f”%ﬁ rpol) agd °Y6!° exylphosphine
Clerr]Herr]), (4;52% L m'["ésr?rw)é%"F "CH'P‘QB WHOD@Cxdares it in g mpseqiye msforyy
(t, [err]J[err]othatin examxﬂel?l 8 aspdpurpleipiaery@plinersplid] dield 27 me (3% 2 HRMR(CD,CLy):
1.77-1. 67, 1.46-20.780 Bur6H) 8561 Uya-4m amofpgmrmer% sz mH &t 1] C NVR
(CDf err] O [ 85 r yhndyBRi6}-2 30 477268, 3.47- Rss) 26- 153, H(GgH, |)ps BCBIMK (CD,Cly) &
Clerr]H err]), 28500 (QIPC=1.3912,4&=6Hﬂ15$§9(5213s0(G’:ﬁf|C NOG}, e4s03k id, pCrof £gH,80,), 13322 49
(pseudo-t, J[ erid 125:08(dth kz.C hﬁspe G?Ggﬁ4rR§2§}[3251 tﬁrtr ﬁim},)pso-@GﬂQéG}i, )mC
oo b LR e P R
err err r I
(CDerr]d [rj\(rr}_,)f)1 e]r ) f& 431910'2 %;{e”fsb Ana? et d’ﬁﬂ >
C[err]H[err]Ci[err Perr Ru C 62 76; H 8 82. Found: C, 62.84; H 8.71.

One-pot Synt he r err] (Conpl ex 10) 40
A sol ution of %&Hﬁf‘?’%@i& (}F@‘% 17 nmmol) in ‘;err] Clerr]
(40 nL) was treat€ ‘W“‘PI‘P “&a"?gy °°°mp1°’5 *’é?P"]’@’ﬂS‘PHFF“B‘H‘ 19lid, using

pheny! di azomet A¥rePrald* Mg, 447 smolyphanyldigzometisne (P86 g, faTmmple2q eBd a1 ) . Upon
addition 35 trigyclopentyl-phosphine @dﬁ’pcﬂjﬁmmﬁhﬁ 2 et Bvetta fhe bener solobilsy ofti agwtyanethanpin
or ange- br own t & ugpd dernhelyrashings. awdsnwm H NMR (Ctibx] d 2000 (soRu=CH); @4 @d. Af ter
the reaction nmijj.eHuasH sttdgHERUEHE, 470405 Ha, ~BOL QY. 7.56 ¢G5 Han-Hee-

col d sol ution ofnd,riespsb, alBeAyh 523 Bk ¢.44- 2abén 8, p<a ﬁ%‘)rﬁﬁdmn@: DSCES 8300.52
CHerr]Q[err]g 7@@&%%?:@35 (PR dn gf‘a@@@ﬁs@ Lito 5 @P%aer 2*3@5196

9

from br own- gy e, yec;nbhs, SlciroRIn5 QuESh &&h%ﬂ@d‘h f

stirred for 304y lf" ere n ?}3 of the

vol une and f.i I 5 &?@%ﬂ%ﬁsﬁ 8$) lewaac‘i E37h5° ZPC]& &F{} gﬂts Found' > 503% L

- 20 - WO 97/ 06185

PCT/ US96/ 12654 (100 m.) was added to preC| p| tate a purpl e

o [ GF OC LSt @l i- Ae-Rob Pynthesivof yCl( CHEN®MPrakh (amples 18+ et ed - off

washed sevetbal ti rfompies 18Hs ehtaiedinanalugyltorverniiea1® ks ﬂ(pll&lermmmrsthllmr:sl)d, usa;ed dri ed
under vacuum f RuClgRhe); €4.00 g, 4.17 mmol), phenyldiazén@thare (98 img) &1353undl) 29 f.9) 3Ad) triisopropyl-
5 Synthesis of RuC[err](=CHp-(Jerr]Herr]N™e[err])(PCy[err])[err]

(Conpl ex 11) Startingwth

RuC [err](=CHp-Cferr]H err]NMe[err])(PPh[err])[err] (316 ng, 0.38 mmol)
and tricycl ohexyl phosphi ne (235 ng, 0.84 mmol, 2.2 eq.)
RuC [err] (=CHp-Cerr]Herr]Nve[err])(PCy[err])[err] was obtal ned as a
green m crocrystalline solid in a procedure anal ogous to
that used in synthesizing conplex 10. Yield 284 ny (86% .

[err]H NWR (CD{err]C [err]): [err] 18.77 (s, Ru=CH), 8.25-8.14 (s(vbr.),



10 = 7.2 Hz, mHof Cerr]Herr]NMe[err]), 2.97 (s, N(CHerr])[err]),
2.63-2.61, 1.80-1.67, 1.43-1.41 and 1.21-1.17 (all m

P(Cerr]Herr])[err]). [err]C NWVR (CD[err]Cl[err]): [err] 286.13 (s(br.);
Ru=CH), 151.28 (s; ipso-C of Cferr]Herr] Nwve[err]), 144. 80,
134. 85 and 110we®7/(eilss s; Clerr]Herr]Nve[err]), 40.30 (s N(PGH[llsPﬁf]foPerr]
32.54 (pseudo-t, J[err] = 8. 2 Hz, i1 pso-

P err]Herr err 30.10 (s, mC of P err rr err 28.36 (m o-C
O]g qP(C[]erI[‘] H ]el)’ Tsyl[x%;l){}l mLQ-,tseupo 32 )CYgl%q%g( %). (? N]I\)R[(CDZ(]JIZ) 8 20. lO(s(
P(CJerr]Herr] )1?l¢§“i31rl)]‘352 »er’m]r‘f"l‘WRo't‘@DFéH]@FF‘erJH}ﬁ“T‘%P‘l“]“@é“ﬁil’ ’(7§‘
PCy[err]). Anal’gegi6dts, mHef CEloy 288186 (m] @Wg?PﬂH@NFR&GP@PWﬁ S¢NMR
15 8.96; N, 1.(6R,Clpoiavdss @br)oRu=-CH), 153.819s, Qpbo-C W CeHsh 031.37, 129.54 and 129.20 (all s,

Synt hesi s of s Ruggh émmi(w@%p o Sl Hisema POAED,,REYT @PcHEHE P WdRRODY,):152)
Starting with Regl {sewipr chﬂcﬂ@qujgagrzk@&k(ﬁ%lmrh era, Bléglﬁlsrgg 0.21
nmol ) and trlcyclohexy phosphi ne 130 ng, 0.46 mol,

e RuC [err err err] was obtai ned as a
darkpurpl o SRalg ﬂﬁé& ﬁ@? L&m%" ])[ 03 ]éﬁ%ﬁ”‘(‘lﬂmﬁ\%‘ L 200us 1o
that used |n synt he 'm" mm° " 2 i'gg@

[err]H NVR { °“° °é$?j‘““1’§“&8 §°“'%‘”%“""°§“‘2f’§' ‘Br“‘j WY of
Clerr]Herr] C]\/Eﬁpe"“ﬂ'y@?“fﬂw“h[‘éﬁt‘?“f 97 Reptane (S-ml) agd dried under vacuum f‘“’

d err] H er r ] Ovibyrgurdy gizrotrystalimesqlid wed optaingd. (Vield745ang (quamy- i UB'R @D%)‘ls W&nd
1.26-1. 15 (al | RyrCH,), 2.50-2.44, 1.81-1.70, P(@[léff ardHi26-1 23 Wem?(psﬂilgbr] C NYIR(CD,Cly): 3
(CDO err] d[err294.71[(e8gd = 288z gy €640 H3 (gatéddséohpled), M&Ml@S(pseuqtstoJaﬁ ©9.6 Hz,
C err] H err 1$Vigso-CoBH( )3) 29.58 (s, m-C of P(CgH3 )aﬂzwdudbiaapgssiai lo-CSaf P(CgH[1)3),
Clerr] H err] OMajss B8 it {365 AR (OB o om0y okl ¢ O § 1Y

i pso- C of C37H3CL pzlﬁ(thr ‘3§§ H[ﬂsr]F)o[uﬁréJ 42; 399933 (S m C of
P(C[err]H[err])[ér ])2 pseudo-t, J[err] = 2 Hz, o-C of
P(Cerr]H err] ek R é p- Cof
P(Clerr]Herr] YYers 2P D er r errl. 35,83
CEHRE e e s o sl ICURRTAN YU
61.96; H, 8.74 °btﬂwﬁﬂmé:v“f82m%°rv#lmssorli using RuCly( PhX CY3)2 89 mpis3 gumep) and
RuCl [err] (=CH M‘@F@%WJJWW@FIF]#@WW(%I HNMR(CD,Cly): & 19.26(q,
Starting with M$QM%Em DS iyt 1okl TG I3, KA71[78) k-7-1(50 18! §2§;120 (82
mol ) and tri cycPaRBy)pPROSMRIEB,CL): 531632 (t, Ipc=1.6(F82Ru=0Y), 44151(4, Q3N 32.37Xp2udo-
eq.), Rud [ESI’]t,(J_ pnmcbﬂ(emllyb)mxgercbf)xf( ]bw\mzcmaalb-neg 59 H, o-C
bri ght-purple ofP(C H, )3)s 26.94 (s B-C OIS HP. 1P ﬂmﬂMan:m 12)lan.>,se4 tserdyLy. qﬁﬂ Calcd. for
anal ogous to t gkhl@ se3HNES] zpogg €0k £, 0! Yield 385 ng

(889%) . [err]HN Olerr]): [err] 19.80 (s, Ru=CH), d,

[err]J[err]=7.6 Hz o Hof C[err]H[err]Me) 7.13 (d, [err]J[err] =7.6

Hz, mH of err S, err]), 2.62-2.58, 177167
1.43-1. 40 a %T?‘i)‘iﬂ%( S‘F‘?i é’lr 4%[ er H%) \L [ r]
NVR ( CD[ err] CI [err )" TF pralogpy 19, Fﬁffcdqu'i(ﬂﬁyﬁ%

i pso-C of Cer ,o ,a* % ul'ple_l_xgqroggtagﬁﬂsohd usmg uClz(—CHPh) )Bgld(amfoﬁi eeess o
Cerr]Herr] Me “'ﬂ!B@fSE%ﬁ@@hﬁ@Wms piteials] Yield$lOme £97%). HHANR (FD,Cly): 6 19.12 ("
P(C err] H err] VprsP Hz BeCHy2.79%(dq, &;}@,—gp 3JHH-7le,CH2CH3) 2.55-2.49, 1.84-1.81, 1.54-147
P(C[ err] H e85 ] pidet:2611123 (aB8n, 2EcHpSHLICESL, ; JHHaerer}z, €HA/CHY). He¢ NMRACD4CLy): 8 322.59 (1,
P(C err] H err] JjcedB He, RuZCHDSB.48%s, CHyCH 032 B (heddort] L[ 8.9 13, i286-Clof P(CAZ. RS 26.85,
CH err]). [err}Pmd\dRef ?%néﬁ ([;her}r i), 1828 (dseudbr, 19 4.6 Hz R bEH(EH), )5 \0648.s,
Cal cd. " or Ol epid ek SHI Stk 2L s 3639 G3rChD: kb, il For CagHnClopyRu: C,
Found: 63. 295451, $37 Found: C, 60.56; #109.30. Synt hesi s “of

Rud [err]( ﬂ?—p C[err] Herr] I‘—‘)(PQ/[err])[err] ( Conpl ex 14)

Starting wt

F PPh 672 0.84
ol ) and. trlcggq %@“&I‘%ﬁfﬁ& L ples 25 é[er;]r\é[i”] ( )(rrg 2
eq.), Rud [err]( =y Br ?@FF‘T‘P{&??]“P}'{"‘MP@@“E %‘%‘Fﬁﬁl‘i‘éﬁ 59’312
purple m crocr §&iRe Y aed-pulq microgrystaliing solith i G&H@-“cﬂét"“@r@é@')rﬂﬂ

< Sy nt-hesi-zt ng: edipxemy(53BOL;-430ahnbl, 38 39.hay sedeDhaterpler- Y il 3PIvAR (95%). - “H-NNR (CD,Cly);

(CD[ err] O [4 r p1924 @Fog; 59 HBRU-EH), RU=@HF 11 85.5 afgiwxezs(mm)z) 2.56-247,11.82-1.78,

Clerr] H err] F) 1.761.66) 164043, | 26-1.32n@0.93-0.86 (hiEihy ¢ aadﬁrc g, Hchinat
Clerr]Herr]F), 2.63-2.59, 1.77-1.68, 1.47-1. 1.26-1 7 (all m
P(Clerr]Herr])[err]). [err]C Nl\/R(CD[err]Clzgerr]) [err]

- 21 - WD 97/ 06185

PCT/ US96/ 12654 291.52 (t, J[err]—8.6 HZ, Ru=CH), 162.10

(d, J[err]=254.3 Hz, p-Cof (err]Herr]F), 150.57 (s, ipso-C of
Cerr]Herr]F), 134.10 (d, J[err]=8.9 Hz, o-Cof CJerr]J]Herr]F), 116.00 (d,
[err]CF=21.3 Hz, mC of Cerr]Herr]F), 32.49 (pseudo-t,
J[err]:9.3Hz |pso Cof P(C[err]H[err])[err]) 30.05(5, m C of

NN NN ~ ' o ~



.Synthesis of RuC[err](=CHp-Cerr]Herr]dA)(PCy[err])[err] (Conplex 15)
Starting with RuC[err](=CHp-Cerr]Herr]d)(PPh[err])[err] (543 ng, 0.66

nmol ) and tricycl ohexyl phosphi ne 10 (408 ng, 1.45 mol, 2.2
.q.), RudJerr](=CHp-Cerr]Herr]d)(PCy[err])[err] was obtained as a
purpl e m crocryevzbdizme solid in a techni qURCTAURIB/BYSUS t O

"that used in synt heSIZI ng conpl ex 10. Y| eld 493 ng (87%. [err]H

NVR(CD[err]C[err] errJ 19. 98 Ru= 8.43 (d, ﬁ{perr]\]][errl =8.7
.0-H of C[err]H[ %3217 6.9, ﬂ6:&§ 6% (S,g?H?HﬂZ?Z.Z seudo-t Hz, ipso-C of H
of (Jerr]H err]™s ,11)2) BP0 S5, el of P 23 @’%@‘ﬁ’nﬂpfs:ﬁﬁ& o “2'5’“3:5“11?3 @é?ll Gm
P(C err] H er r ] YA&eBGeH P 3958 NﬁRefeD[‘éé all 61QHFRIOHs). [ 'SP NMR (CD,Cly): 5 36.05 (5
291.52 (t, J[ erfCyp8Aaal Caled. Mor-CpiH7,Cis¥pR:8C, €152 H, 856- 1@“’@# CHishEm.Pferr] d),
134.64 (s, psC of (Jerr]Herr]d), 132.56 and 15 129.51 (both
s, o-Cand m C@itnﬂerndm{(&nmmaﬁlcimawp t, J[lerr]=8.9 Hz, ipso-C
of P(C[err]H err]){fbtddiene 13’90»@{5!: led into a solutlon of complex 10 (708 Qg,Qfss mmol) in CH,Cl,
P(C[err]H[err]) ] r gﬁa ﬁS@ fe egto mIOmm a color
P(C[err]H[err]) err) g rr Herr rr 3
[err] P NVR( °° b'fw'é'éolg ‘err ) 8 ?’em' e
derr]Herr] “'“°”°"

60. 22 H, 8. 45| purple mlcrocrystal meztgld |§el f27 mg (95%) HNMR (CD2012) b1 ]906 (d

Rud [er r] (=CH Irq—-éﬁ Ferqﬁ)r\iqléﬁfid] mg@}f{ fmgc}*f%% rJ}n{f@J&d&F 8% CHgFHy), 625 (4,
Starting with SérJr ]'l%’i@-ﬂ&cﬂﬁ)eﬂl]@[ émijs B HTYE pPeri=tth), $.5%2.93} 1.8B0B, ny,
0.73 nmol) and 1rsz-usgladdane-xm (ah o5 PICiHR)3)- C NMR (CD,Cly): & 206@At, dgghy 7.6 HE Ru+TH)|
2.2 eq.), Rug isx61] cl-cp;) Qs ¢HcR)NBe W&P%J*Btﬂ]z,):,{uecroh(ogus”gb)tzawed,

C

in a procedure @pal 1)) 28.15 (pseudo-t, J —sﬁ@!z,tdﬁ@sf l—qp@fﬁdﬁ(s,l}-c of B(CBH, 1)3)
red-pur pl e m CROCRMR @IS B9F res)f %&2 H 9.3 g:i.'ni
NVR( CD{ er 1] O [ 1 gdb: 1, 0,30, err § R"ﬁ_ 86 47(d

[err]J[err]=8. 4 H =~ o-H of C[err]H[err]NCIerr]) 8 13 (d, [err]J[err] =8.4

Hz, mH of er [.r 2.63-2.58, 1.73-1.68,
1.47-1. 40 ahH PW'P@?%T&HZ%é%%ZPrB[eH élz(rr] C NMVR
(COerr]d[err] g 18 a pjocedire analogous to gythesiping pomplex XPGgla (¥afy |
155.93 (s, ips8? "EP“SPS ‘[f’é‘\“&‘j"ﬂ[’%‘r“r“f F@ﬂ_’vé‘f"?gj °P'“P'994’S9 (93 "{3505 OuneoDgpd 1,2- -propadiene as
d er r] H er r ] NOptarting mpateriglg | Yiplg 373 mg (98%). TH NMR (CDaGiQD § 263 GARUEGHIY), 3.71-264C2.8Nd
m C of ([ err] H28LNPBNOPand]132-1.2P (aB T, P(EgiEyH0- 3c NVIREEDACEY:. 53271, (t, Ijpsd7.LHof
P(C[ err] H e¥ | Rired=CH)), 99.34 (s, Ru=C=CHy), 33.30 (:32dB5 1 {,5-89Hz0p@fC of P(CgHy));), 3041 (s m-C
P(C[ err] H err] pfrcgH,})s58s. &&psemu%g-&t: , Hz) b-Clof i'(egh 1)k127.0206,5-0d¢ PCH,4 1)5). 3

P( err] H err] Nvrcbjcly)l #3537 £ CiiddChot € §c Ry: ] 60.14; H, 9.03. Found: C,
38. 11 (s, PCy[ egsd9] h; 89<}nal Cal cd for CJerr] err] [err]qurr]P[err]Ru
C 59.50; H 8.25; N, 1.61. Found: C, 59.18; 30 H, 8.25; N, 1.49.

On t S | 17
et g“%d;eéea% FE Ik e 3;;;” S

m crocrystall |
(4.00 g, 4.17 1)°5‘ Hﬂ’r‘rbr‘b Forl Cn il heseltion '" 02'"'6*‘ T&ﬁd
35 tricycl opefits PURHBIFREehEvR ay epsgved. 9Thi8°lYFPFdY”'°2‘°‘2d °c he

better sol ubi | Fepégtedy washed “e'h fisg- c%eﬁ%m@ |(5 mL portions) and dried underuvscumedseml hqug

washi ngs. Yidel purpte larmgysrag@e/gohd ;mﬁbk%%@(ﬂyﬁn S ptiained. | Yield p42rmg (82%0). 28 (s,
RU=CH), 8.47 (NMR (CD,Cl,): 8 1890 (t, *Jyp[~et Bz Re<CH), 277 6, gy, =34 HoCH ), 2DHserr] )
7.63 (t, [err]G(oscH,),2.53-247, Hz}-10,H.594.5Cine 1 24-HR2 (all Jm), P(CEH 6,).( Bc NMR (cD,CL):
[err]J[err]=7. 505k t, 3} H ¥ Hz, Ru=C), 170.41 5. CO)C 93’f9](H ,132.89 d%-t,@f =86
1,81-1.77, 1.68; 1, scﬁéoﬁﬂdr-i]ﬁ%éeﬂén(-ébip(@gn ﬁﬁs(la éBfﬂ(é L) 2691r(§§;rdo§9
MR T Sk ikt felecfshy A et L T

C[err]H[errf39 ZR“8 Ef Pe ]% %[err]— 11.2 ‘Hz, ipso-Cof . ... -

P H 29.99 and 26.39 (both P H
T e i At

i AN - Caked...for O eprdetyecansijaoysite thecupsl dysyltisizingsomplex 251 RuCH=CHCHITHAGH), &~

60. 39 H, 45 obtained as a purple nfkrderystallin@nelidpsitg cOppleOL583 mm‘07l mmol) and allyl chloride
Rud [ er r ] ( =CHRISYX(i, Pof mol] )o ea) b statting mmbriale. YR) 552 mg (80%). I45IMR(CD2C12) Gaspd ¢x 18
Is obtained in analogy to conplex 17 as a purple mcrocrystalline solid,

usi ng RuCl [err] (PPhlerr])[es4] (4.00 g, 4.17 mol),
phenyl di azonet hane (986 ng, 8.35 mmmol, 2.0 eq.), and triisopropyl -

- 22 - WD 97/ 06185 '

PCT/ US96/ 12654 phosphine (1.79 nm., 9.18 mmol, 2.2.
eq.). Yield 2.26 g (93%9. [err]H NWVR (CD[err]Cl[err]): [err] 20.10 (s,
Ru=CH), 8.52 (d, [err]J[err]=7.6 Hz, o-Hof Cerr]Herr]), 7.36 (t,
Terr]J[err]=7.6 Hz, p-H of C[err]H[err]) 7.17 (t



5 (derr]Herr]) 22.99 (vt, N=[err]J[err] + [err]Jd[err] = 18.9 Hz,

PCHCH err]), 19.71 (s, PCHCH err]). [err]P NWR (CD[err] d [err]): [err]
45.63 (s, PiPr[err]). Anal. Calcd. for (JerrJ]Herr]dJ[err]P[err]Ru: C,
51.54; H, 8.31. Found: C, 51.69; H, 8.19. Synt hesi s of
Rud [ err] (=CHvep 9706(8Cy[ err])[err] (Conpl ex 19) PCT/US96/12654

‘A solution of RuC[err](=CHPh)(PCy[err])[err] (821 ng, 1.00 mmol) in
CHerr]d[err 15 mb) was stirrgd unde of
eyl cne for 15mes B ROt Sipshd Chtirb g agdroy P W IRR TS
resi due (all m, P(CgHy)y)- ! QWE@PQ%);/ 0290 8c/part-iHa RETOrfE2 dane (5
nL) and dried 83Qseudats duymBBdiz pwieaf R(CoH ) <29-50, MCOfP(C5H1;)3) 27.81(pseudo-,

bur gundy m cr odgyS2diz ¢-Aef BEEH G)3ha6 56 iohBEsH i %l'PM(ﬁ@ﬂﬁlﬁaﬁt% ¥s, POyak r | H
NVR (CD[ err]5Cl [agdl.rCaled. férelspHi oCBPRA: €,5$57.39; H, 8.74. Found: C, 57.55; H, 88Ru=CH err] ),
2.50:2.44, 1.81-1.70, 149143and125123(a|| m

P(C err] H err] syfedid Arn rcehpied47)) : [err]
analy Lo%]that‘us

294.71 (t, J Rkl
31. 05 (E)seudE)err] Pthset ﬁg@“ﬁ"gﬁ'%@% ), BHIEE),

gcro stalline sqlid, com 61 D 4-pentene-1-
(Pég[eﬁtr?l(r)]-r[e ]WS Er‘sﬁ?‘m %é@“y ned ﬁ't‘l g{tﬂﬁ’ i lrg(CD 5 19.20

26.94 (s, p-C 8 J ‘H"% érP’ 2B (o err
43.74 Es gcy[ EFgGH! rzﬁrsdr 45153 d [2612 23""’ Csﬂlfl)snt B ]) err]
d err] H err] O NMR(GIBCh): r8]3Pé|66 £/p593 Ba Rurt, 63.66 6. CHaON) 33.0(nd 30084both 4/CHCD)
Synt hesi s of ReZ32[pemaid-% iﬁ%)l{zﬂ@p{@ofﬂ%{lgog)]w@mm PEOgH, 1)3), 28.28. (psendot, 20
In a procedw ejgnaBanpas of BICEHG);), 268, ipFC G JHR §E)Z | thM&(qmzel%) 8 87.06 (s, PCy3).
RuC [ er r] ( =CHViapdL.RQed. Gr/d, Jii-5CF, P,ORGSC, 59.69; H, 9.27. Found: C, 59.51; Hobb®i ned as a
red-purple mcrocrystalline sol | d, using Rud [err](=CHPh)(PCy[err])[err]

(763 mg, 0.93 m \qmrnenewith Com lexs3—9 as Catal pyl ene (or 2-butene) as
start 'y mater i al %qo,bnn%,leqsﬁ E.g d,s WE !; R LR Pigh lrgll ek doutions 6 T
[err]J[err]%5. W"“éﬁ (&t '3 ) 'EC 033‘"1‘ 'f§°"°'i orpres | B VIRR 3 o3
(all 5 min and the cﬂ?r c &%ﬁr tT grﬂgf) The PtPTSCNW at RT for 1 hour,
(CDl err] Cl [ err fyn expespd tp aingrg v3a2ed(w' 2{ ml) cgntgiping W%G di-g-bytyl-4 ethylphenol
CH err]), 32.3fnd(efaylevirybether. The resulting green spltions werg ftized for-29 mjin mpd, afiers@imtion hrough
P(C err] H err] o kolnns oPélic8 gel,(peecipitated intf vigefo@§he stird-thetirandl.) Wbite; {adky polpmepsiwere
(pseudo-t, 25 ettdided thatOvdrdzisolated Gvashed several times with methanol anll dried @hder vaduidp.e Nields prr] ),
26.94 (s, p-C ofw, R0 funk IM] 315 42[368¢kmb) PD] (@Ivkdel? NWR.10CD[ err] C [err]): [err]
35.54 (s, PCy[err]). Anal. Calcd. for
Clerr]Herr] O bgbhkdakiby 1';f]IBHatio£:nn§pro Rates th ROMIPS Mbrbofnenewith Complexes 3.933.
30 Synthesis Of Rlﬁgx l%-l’sl’ %‘ Lne:{o{hglyicf%r;w&m ec?fﬁto%}k tubes and

‘)I\/a soluti

In a proced

a Qen Jp en'ocene stoc on in genzege c? 0( MS was ga%ded as an
Rud [err 6
red- E)ur p} ((a m c n%ﬁ ’leg “""ﬁ “’l—*\;hiﬁ‘ il bﬁﬂﬁ’ﬁ (',§F[ ?r E%o
and a tenfol d E3ddRBeazegg-dg)(250 F‘L) A MR routine was "d‘t“éﬁ@" Hyr takipes60-spaca

starting mat er M en 20p gregiragrithin o 971‘)5‘““‘1“@'? Tl ISPIRRS Q‘Q?Bf’éf'ﬁ‘m‘[dé’?' |“T°F““‘[“é’f‘° r

19.12 (t, H, resonances of the mma[nggrap g‘[);@gafn}g:sgec@s Hihe pmgm ratez;onfgms(@ﬁ
[err]J[err]3s. @etm{lleqdrb}'j{oamn]lsﬂﬁe decrpize of @lefiagner o@efiteation] Versus 2heiMermal stapdards, Fhe 1. 81,
1.54-1.47 results are givédSn Tabledll fabde). 1. 23 (all m P(Cerr]Herr])[err]), 1.35

(t, [err]Jd[err]=7.1 Hz, CHerr]CH err]). [err]C NVR (CD[err]Cl[err]): [err]
322.59 (t, Reaction of Complex 10 with[35h dilyFRbulenkignd ﬂlﬁﬁﬁ)wl-l-rbaleﬂ@ (s,

Ig](-l[CFre:: 1 ]CI:'% 2r r } )0[ 3112 mﬁQ.d&a‘P ﬁﬁl‘ﬁ%& a so“iﬂx'; Ef]cmﬁpl& 15‘%5 0 llng %9- pg'noﬁfm methylene chloride-d,
P(Clorr] H efr] %j% LF 0ot WX *@e@g fepmme

Jierr]=4.6 He, cq“l“

p- C of P(C[err}"f—lf"@r5 "j%lmﬁeéwf a tgggtion (s
PCy[etr]). AnaPith b‘F‘B‘F sé‘}aP Heder u=CHiPr), 2.27 (m

w-00.45;  H.9s 37CH%)H@ 1. a:(d. é@)ﬂﬁﬁ? 2-|Hz, @{Q},@) may- heatmbutedtothezfgmanon of RuCly(=CH-i- - Sl

Synt hesi s of5 REMEPEy)or [Howekt: the Bueh(itPEXthee signplf did nt ictBase il thexco@ ) of the reaction, and

I n a procedur eafentl migabescotrapdhdiing resasadls dfivorsplext 10 deharid dvgringronpl ex 19,

RuC [err] (=CH n-Bu) (PCy[err])[err] was obt ai ned as a

red-purple mcrocrystalline solid, using Rg&l[err] (=CHPh) (PCy[err])[err]

(354 ng, 0.43 mmol) and 1-hexene (538 [err]L, 4.30 nol, 10 eqg.) as

starting materials. Yield 328 ng (95% . [err]H NVR(CDO[err]Cl[err]),

45 [err] 19.24 (t, [err]Jd[err]=5.1 Hz, Ru=CH), 2.74 (dt, [err]J[err]=5.1,

[err]J[err]=5.2 Hz, (CHCH err]), 2.56-2.47, 1.82-1.78,

1.70-1.68, 1.54-1.43, 1.26-1.22 and 0.95-0.86 (all m CHerr]CHerr]CH err]

and P(C[err]Herr])[err]). [err]C NNR

N NS A S



P(Cerr]Herr])[err]), 29.90 (s, mCof P(Cerr]Herr])[err]), 28.23
(pseudo-t, J[err]=5.3 Hz, o-C of P(Cferr]Herr])[err], 26.91 (s, .

p-C of P(Cerr]Herr])[err]), 30.53, 22.94 and 14.06 (all s,

CHerr]CH err]CHerr]). [err]P NVMR (COerr]Cl[err]): [err] 36.05 (s,
PCy[err]). Anawoozméissl. for C[err]H[err]CI[err]P[err]Ru: C, BaT/BM6/126549. 54,

‘"Found: C, 61.51; H, 9.71. Synt hesi s of
Rud [ err] (=CHCH=CH err])(PQ/[err] rr] (Co Iex 23

1, 3-but adi ene RO tadicnc,yith W“EI‘ oﬁfﬂré’x“'ﬂ?(?m ng, 0.85
mmol) in CHerr]d F@Pﬂ"’f“’s 10- 16(5°"m°')we"°md'("f?"¥rﬂ‘ solyed in GipCLyQHBand, freated figh

Wi | e the sol utnesayclosctens erdwiesyrloogadisne %ot"ﬁ""R’Fo%‘lt) BiRT- Fgcompapied by ¢ lqs change from
change from purppiple ta erangs, gha eractibnr wixtures mmedsspus avithin 3-H min Ghe\splptiongymere sticredoay BE
under vacuung tfbre.5rhosri ad)@pon exposure to air, fréhted Wit CHJChyl$ mL)warsdieing tvabds bf 2edivartatybr
pentane (5 nl) saithyiihenélGnd bEEIEYinyY &kl UARer 00 miSlEVistdus SRt werd filtéélt through short
purple m crocr %Slhﬂslokﬁﬁcaisalaﬂ relipftated e bigbRclsly ;(med xﬁlmﬁl?eY TH r&%@pon &$ Wikl NVR

(CD[e”]G[e”] eh, Sl ¢ Shith meth o, " dydtosekchdartick Cwhite ey

[er r] J[ er8l‘ ]1 1 )e{l E% blllI!'l leg; tj;% e& %5? !%4 polybutadiene: (white glue
[err]J[err]g ié y"ﬁ[% felas e‘i'sr kg/("t?l PPLOJuR: P61 61 ans=9. 3,
Herr] of CH=CH err]), 2.59-2.53, 183178 1.52-1.47 and
1.25-1.21 (all Hﬁerqne(qoepfrl}'ﬁf@mnse[%mn)s In psrch‘]mm piichexane pith Campplexps 10[-or 1 |
296. 00 (t, J[erfpsQatgystdz Ru=CH), 15 153.61 (s, CH=CHerr]),

115. 93 (s, CH=CH e6.03 ymol 82atajts(bpsdd orckomplexes] (0116 jver8 pléced-into NMIRS tubeS awif dissolved in
P(C err] H eus ] etylede chiordf8-d 3350 pL). At 0°C, 1-hexene (22.§ fil, 008 @miof, 30 eq.) was added and a Iy
P(C err] H err] NMR-fohtine (a€ 6C).Was stR%8,Usk@rz160 spift@ Withir 20 shinHZhe ifitisioR fate constants were
P(Clerr]Herr] )st%En]x)by &%ﬁ%&n ((f%re rgomcePNrﬁﬂie&Js% efd'iﬁ Eﬁrﬁalv}esults are jven in

[err] P NMR (CD[-@M t[o@J [er 36.17 (s, PCy[err]). Anal. | cd. for
Cerr]JHerr]d[err] err]Ru C, 60.61; H 9.13. Found: C,
60.79; H 9

Rud [err]( E"Ecr?ir'@? Pﬂ’t‘*ﬁt‘ﬁ‘%ﬂgﬂ’f S?f fﬁ?&ﬁ% (Complex 15) In

a procedure anal ogberoptPnat “ﬂ%’@‘d ehiet pissloy GHffpsipnghbprases g a concentrated

RuC [err]( ocnsmlm P ewrig] it '}'ﬂv@mhl%“ mL) within 24 hours. ‘A crytl of rcsire §3mm X an
m crocrystal | i §émmay §.mm wad selgctedonifshaunted@ a(gtpssFibernd wgnstrredier| Sjemens @4

1, 2- pr opadi ene diffsactometer equipped with a modi§edalT-1 log temptraiwre sybten. TiedktemBatidn 0L 8% .
[err] H NVR 25CDbwunelr] cysirclajs; unft edlirphraBetds3 ardshe cistalCafinfatiunimalrix vere tamidd.ooel, 2. 05-
2.01, 1.81-1. 53ccoridg tb.sRadarl tedihigha) Lownemﬁﬁﬁﬁ[nemss] B[iensidy Xdpte tverk collw fia @ 20b/stan
(CD err] A [ err leptinigu@wit M2, /radisbio t , J[ err]=17.2 Hz,

Ru= C‘rgH[ fer L ]( )C[ 99. Sft71ss daids QG%Q: ::of éﬁm {).3,3“3% mamﬂ@p&:mi.[,@éﬁe&rﬁd Pladelf on

I pSO 0 T W 1 € Vi

P( err] H eiy %pr if (ﬁlftg e y l ﬁ )<g 65 gned t§e t:l#ue I)QOI—O There
P(C[err]H[err] Eg f the og‘r d, S@jﬂmrm‘]c%r clloxce

NVR (CD{err]d é*?r“] S‘&i&“"ﬁ&? -
Jerr]Herr] CI er r fa[lagraphic qalculgsigns were ‘H"e"g’“ UCéA C"ys‘a"°g'“1’h'°

60.29: H, 8.9 1 ing Package ogthe S Thé’gp% prggram. The analytxcal scattering factors for neutral atoms
Rud [ er r] ( =CHCHM® Fﬁe‘} thyughoydthe ["L'FNF'} Yopth the yeal (6HrApd impginry) (IAf”) components of anomalous

A sol ution ¥f dienssiowvert Dl Thergyantyy Gibineizrd Kjring feasifizzss palokif wasiZK(IFEIFE) was
treated with awheydwicel(iyi+0.0002(|Fy]). The structufeSmabsofvet by|direct Metfidds (SHBLXTL) @ndeq. )
at -20C. Wi | erefile@ b$ Qillutair MeasteyuirB dechiiquis] Hptirbddh BordsGverél I6tatefrdad differéaberoger
from purple tomg A8 gRuEE MWMNisHRSc RASPINEHamERE Rebheti bf HESodeIEINY SehviifaR"
vacuum the regjsfipe 3 5% Ryfp=3.6% and GOF={ @Pﬁﬁ'ﬁze%ﬁméé@éﬁhﬁqulﬂsﬁzﬁbsé &1 G \Olthmi‘t ha”0|

éﬁrg}_ep%rzzlr‘{ggfz/? I n%l sg] g’%‘ﬁﬁ%gf&ﬁf‘{%é&@{f rr_]o?ﬁ%(PQ/[err] )[err] was

obtai ned. Yield 342 ng (83%. f[err]H . . NIVR (CD[err]O[err])
[err] 18. 90(t [err]J[err] = 42 Hz, Ru=CH), 4.77(d [err]J[err] = 3.6 Hz,
CHerr]OAc), 2.09 (s, C(OCHerr]), 253247 181170

. .1.59-1..53 -and-. 1. 26~1.-22; -(-al | mPgerr] Hrerr])Terr]) .- [err]C NVR
(CD{err]C[err]): [err] 305.76 (t, J[err] = 7.6 Hz, RuC)
170 41 (s. ¢(OCHerr]), 83.19 (s, CHerr]QAc), 32.59 (pseudo-t, J[err] =
8. Hz, ipso-Cof P(Jerr]JHerr])[err]) 29.94 (s, mC of
P(C[err]H[err])[err]) 28.23 (m o-C of P(gderr]lHerr])[err]), 26.91 (s,
p- C of 40 P(Cerr]Herr])[err]), 20.91 (s, C(OCHerr]). [err]P

NVR (CO{err]Cl[err]): [err] 36.66 (s, PCy[err]). Anal. Calcd. for
CerrJ]Herr]dJerr]derr]Plerr]Ru: C, 58.05; H 8.99. Found: C, 58.13; H,
9. 07. Synthesis of RuC[err](=CHCH err]C ) (PCy[err])[err]
(Conplex 26) In a procedure analogous to that used in synthesizing conplex
25 RuC [err](=CHCH err]d ) (PCy[err])[err] was 45 obta| ned as a

I NN P —



[err]J[err]=4.5 Hz, Ru=CH), 4.43(d, [err]J[err]=4.8 Hz, CHerr]d),

2.55-2.50, 1.81-1.70, 1.59-1.52 and 1.27-1.23 (all m
P(Cerr]Herr])[err]). [err]C NMR(CD[err]Cl[err]): [err] 303.00 (t,
J[lerr]=7.8 Hz, Ru=C), 63.23 (s, CHerr]d), 32. 05( pseudo-t,
J[err]=8.8 Hz, wio36185 of P(C[err]Herr])[err]), 29.50(s, m CPEF/US%/12654
‘P(Clerr]H err])[err]), 27.8 1 (pseudo-t, J[err]=5.2 Hz, o-C of
P(Clerr]Herr])[err]) 26.56(s, p-C of P( Herr])[err]). [err]P
NVR(CD{err]Cl[err]): [err] 37.36 (s, PCQy|[ 5 Anal. Calcd. for

C[err]H[err]cr[erfFlfle ¥Ru: C 57. 39 H 8.74. Found: C, 57.55; H, 8.81.
Synthesis of RuCJ[err](=CH(CH err])[err]OH) (PCy[err])[err] (Conplex 27)
I n a procedure anal-ofeomgpotnd of haformubed i n synt hesi zi ng conpl ex 25,

RuC [err] (=GH(CH err])[err]O) (PCy[err])[err] was obtai ned as a
purple mcrocrystalline solid, using corrpl_ex 10 (617 ng, 0.82 mmol) and

4- pent ene- 1- 10 ol (823 [err]L 8. E’O eq.) as starting
materials. Yield 459 ng (76%. [err]HN rr]CI[err]) [err] 19.20

(t, [err]Jd[err]=4.6 Hz, Ru=CH, 5. 46(s(y 1 , 2.82-2.78, 2.06-2.01 and
1.62-1.58. all m CI-l[err]CI—l[err CH err]OH), 2.55-2.51, 1.84-1.81,
1.55-1.52 a 1.26-1.23 (all m P(Cerr]Herr])[err]). [err]C

NVR(CD{err]Cl[err]): [err] 305.66 5, J[lerr]=7.3 Hz, Ru=C, 62.66 (s,
CHerr]OH), 33.01 Wrering0. 08 (both s, CH[err]CH[err])
32. 32( pseudo-t, J[err]M:BStﬁectetkfromplsm@@ﬁsmﬁ!(s@@sm}ilﬂPerr])[err]) 29.94 (s,

m C of P(C[err]H[err])R[arhy]ir);gen,ZS 28. (pseudo-t, 15 J[err]=5.3 Hz, o-C
of P(Cerr]iferr])[ermi}seledtai fooin thEgroup-comsisting B‘(l@negeﬁ,]shi{semﬁd Jr[ueisubs}ituted N, radd”
NVR(CD{ err] C [ er r ] substifuRdl br] unstbstitied @§1; PCy[err]). Anal . Cal cd. for

qerrlr[ﬁgrLG[err]P[er@lﬁR&emﬁmﬁ%t 9e|ecéabfro9n3.?amfnﬁbmg§m§d 59.51; H 9.09.
ROWP o rbor nene wi dqﬁ;“
Nor bor nene (59 ng, O. tElS'S ‘r%ro ﬁr‘/\ﬁé’dél $S0 In %‘faielridiog?rr] (0.7 nmL) and

treated wt soI ut j of j exe 5

CHerr]c[eft] (0. &f‘)""’&‘t"“i@“‘%‘@ t"‘?ﬁﬂ“%’f%} QQL'E’QA’LY@’S\?’?“&B‘EE Wit hin
3- 5 nmn ﬁw"r POt AL gloehah thich kerpragrflfshyder Fiter,
sol utions were sti rﬂreeamat: inpigpe, F‘b‘ﬁ‘ev pitrp,Ferpoxylic acid, disulfide; gpehqnagey jsesuange, cgbodiinides n g
treated with CH[ ertaibedlosy; pid holpgend ) cont ai ni ng traces of

2,6-di-tert-butyl - 4- met hyl phenol and ethyl vinyl ether. The
resul ti ng gefen soi.uA canpeundivedcardisg tfolrclaiadl, wberei’ e substituait eryl iadiddesroné orlniorecfirictinnal
t hr ough S#r6upi selREMALIFBMIheOdroup icdnkifting gfdtkyl, fICaldopdl | tRibiCKkktone) hldehyde QoD US| Y

stirred methanol . b, Erﬁine §rRSdS ¥niB) it B REBoxyRaBld, disdifde, QRombteNBSLydnkié) CarbdBikniide,
i sol ated, washed sgu&fi@ky, klaFRSgea t h met hanol and dried under vacuum Yields

95- 99% J[err] 9)'0% t rans Merr] = 31.5-42.3 kg/nol, PDI (toluene):
1.04-1.10. Det erm ion Propa ation tes in
ROVP of Nor Bor nene*vit FHFPE5R °r5 §8’§'J Uhée 'ssew?gg“’ 9"1 oy I:E’E}m)l of

catal ysts based on coﬁ“bf‘ é 3 - 9 were wei ghed into NIVR tubes and 30

di ssol ved in benzene- & 4'628““??1’_). Ferrocene stock solution in benzene-d6
(20 [err]L) was added(@&an internal standard. These mi xtures were
treated with sol uti onéd&f-Copalkybsuhsituged Witls o opgyore grogps seingted fronpihe group consisting @f ):
in benzene-#6 (250 [ ennyl} halide, Bydfosy, IC; 16, jhkxy,aut €@y wikexysartauhiedd | rmedi at el y,
taking 60 spectra w t k) BrysQostituted with onEorinord gi6ups seleded Fp@mahe! glouplcdnkisting bf 04y, -
The initiation rate coRdlAMhFarkdsl €]-CL bk Mind ity Mdhade Dy i ntegration of

H err] resonances of the initiating and propagating speci es. The

PLgpgggﬁ 'egg J S]E em)@gﬂoﬁrg%u%% écgc%ﬁl:i% tLI):ISMPJ G:hereuﬁ?xs phe% of Iyl stmed%ﬂhg&ﬂd ne
%\ ¢ gfoup tonbstx%sf cﬁlomf“l sbromuFe 'ﬂP cget{luon e, < 2C0 er:F methixé

results are gi ven |n e‘fg 1 on’ o

with 3-nethyl - 1- b PeREYind 3, 3-di methyl - 1-butene .

i ndi vidial NMR-tubes, a sol ution of conplex 10 (5.0 rrg, 6. 1 [err]rml) in
met hyl ene chl ori deﬁ-d’fm‘}““d acaqyding to clgimf, yheygipsR isipheayled with 10 equr v.

- 3-4ret hyl - 1--butene-and 3; 3-di-nethyl -1-but ene" (:61. 0 [err]nol?)

respectivel4s. \Wherkascompduhd schdidgab tleim 4; 9méinants,selm<1 framn it gotp mnatnser ved
wWithin 12 hours, anygrogfluiihyl, ethyl, n-butyl, Wwo-pidpy -CH OH, O &idgEH o.M
red-purple to orange indicates that conplex 10 un ergoes a reaction

wi th 3-nethyl-1-butene. Resonances in the [etr]H NVR at [err] 18.96 (d,
[err]J[err]=7.5 H Ru=CH Pr), 2.27 (m CHCH err]) and 1.01(d,

[err]Jd[err]=7.2 Hz, CHCH err]) may be attributed to t m
RuC [err] (=CHi - 45 Pr)(PCy[err])[err]. However, I ﬂmmﬂmlﬂ lthese
signals did not increase in the course of the reactron* gnd- " after

10 min, the correspondi ng resonances of conplex 19 becane dom nant.
- 25 -
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PCT/ US96/ 12654 ROWP of cycl ooctene and 1, 5-cycl ooctadi ene with
Conpl exes 10 - 16 as Catal ysts Compl exes 10 - 16 (6.0
Ferr]mol) were individually dissolved in CHerr]C[err] (0.5 nm) and treated
with newo wgeisHoct ene or 1, 5-cycl ooct adi ene (3.0 mmol PCHYS6EEESE at
‘RT. Acconpani ed by a col or change from purpl e to orange t he
reaction mxtures t ur ned VISCOUS within 3-5 lTe oq were s stirred
at RT 5 for 2.5 hofommums sedhe i |, whersin L ape L! g indep ‘k’npﬁf“

CH err]C [err] (5 upEghsisie pf phgsphing, sylfonatsd P'?‘%‘“ﬁlph‘ts@?‘f PhsRNpe, phosphonite, arsine,

4- et hyl phenol  andstiinggther, amine) amidey,suffoxidacarbqxylpitrasyl,pyrifing andithioethets <o) ut i ons
were filtered through short colums of silica gel and precipitated
into vigorou$ly st?r4Aecvnpoendaceonding toFhim §, ebertin L ang lﬂmlsnw\eﬂwdenﬁy selected

i sol ated, washed shuePRIR?RT wieeinkt insclvatdfamabe gond celsistingl of sarimiary atiyl sarhaycloalkyl
Cycl ooct eneaner ( Waid v@ertimRK ynd R are mdmmﬁwm%%uﬁﬁnsﬁﬂ@%ml €110
Merr]=111-211 kg/ a,ydﬁgj scedn@dry! SR Jand cJeloalkyrl - 63; pol ybut adi ene: (white
glue- 10 1like po yrrers) Yi el ds 96-9 % 6-68%cis, Merr] 57.9-63.2

kg/ mol , PO gt ol ueﬂ)e) d ghcoqziigfto f'[lalﬁl 9 whegﬁxt & lllg,Tel gge&fcnﬂ%ge'letu%moﬂe Rat e

Const ant s | n Acycl i c
as Catal ysts g'°"p°°“s'sm’§ g ?J‘F’]"Pr%e&‘gf"pc?m’( “on conpl exes 10

- 16 were placed into NWR tubes and di ssol ved |n 15 rret hyI ene chl ori de-d2
(550 pL). At Of err}ic,A omperdsreonfieto vlaimey pepein loand ' arichoth -Bopemds) was added
and a [err]H NVR-routine (at O[err]C was started, taking 60 spectra
Wi thin 40 nith. Theld Aicommtridarcornding @ oaim8.twertis Laadt i are the samelet er m ned by
integration of the Herr] resonances of conplexes 10 - 16 and 22. The
results are given i3 A compound @&Sdrding  cliMAOWIRIein X 2 X! drelimipehdeitylséldied fdin ik UdY
of Rud [ err] (=CH- PgxlpRersisidy 8f alogin) ﬁ,e.%edr m*;ram( Iaﬁasuda@y.ox.de, S0

A maroon prism of g@me{gg,(a wzmg tca hg ny USAkQQm ed,t(,ﬁ [ nto
{ 1

a concentratgd augm?iS’ldj 26?"9? lfg;,gL lsulﬁgﬁ al Q:zj?\
m§n$

t hi 24 h
e et ed O?Fffmun"ggg ool 0 5 %a* Fome bf’%"‘r“éa“"f“‘“ %

di f f r act omet er equT 5t Y nmodified LT-1 | ow tenperature system The
determ nati on of Laue 25 mretry, crystal class, un|t cell paraneters,
and the crystal's Yr |"e‘i?t“a‘t“P prooeding e siaimd3.avhersin X;aadiX Oere independently seleggedfromli o
st andar d t e@hni queBr 1. Hobenzoateil rCytcarbaylftd, $3-Cg plkylnhenexy, Cy-Cel alkexy.\(a1CGs alipithicect ed
via a 2[err]-[err]adome-Cs alkyl stifoadte eagiueptiouaitylsubistitined with € jaClj alkyl @i phenyl group

Al 7782 data wer eopdmmmbsedted@nhlabgea,rqt-crscukymd:liogralkb@r entz and

pol ari zation effects and pl aced on an approxi mately absol ute scal e.

Any reflection wtf |A(d%ﬁ§3u§@ac¥%ng&§§bﬂﬁ$dvh&rﬂﬁx\éﬁd Heart Fﬁ%ﬁanhy'glectéﬁ%ﬁﬁhtso

were no sysggnmati cg,g;,;tc&,ggg,hgf@l a@ﬁ @@d Qéu than the
Friedel condition. (CF (Clg )286 ﬂhﬂe%' d)fwi)t] gggﬁxg rr%;{éﬁdm&ﬁésﬁéﬂ r osym*ret ric
OLF’B i orrect ¢

triclinic space gr
crystal | ographic C%| culatigns were carried out usj either the UCLA
Crystal | ographic °°%‘f?ﬂd?°?’ﬂ‘ggisa98%b‘e“8femt’h§'d§4e%m CbLUS program The
anal ytical scattering factors for neutral atons wer e used throughout
the anal ysi® bot h'7t hé peendféedqmels and i maginary (i[err]f") conponents
of anomal ous 35 di spersion were included. The quantity m nim zed during

| east - squares anal ysis was [err] x(]| F[err}lj - |E[err]|[err] wher e

werr] =o[err](|F[err]|)+0.0002(|F[er$! [err)ﬁ The structure was sol ved by

di rect methods (SHELXTL) and refi full-matrix | east-squares

t echni ques. 4gHydr ogen atons were | ocat from g di f f erence- Fouri er map
and included with isotropic tenperature gdrameters. Refinenent of the nodel
led to convergence ... wth Rerr]=3.5% Rerr]=3.6%and GOF=1.42 for 726
~variabl es refined a al nst those 6411 data wth 40
| Flerr]|>3.0[err] ("T lérr]l A final difference-Fouri er map yi el ded
- prax=0:52 e[-err}.- M|sseectedﬁ'omthegroupeonsxstmgofOsandRu, R TP

- 26 - 45 R! is hydrogen;
R is a group selected from the group consisting of

-28 - e
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CLAI M5 What is clainmed is: 1. A conpound of the fornula
5 : [err] 10

wher ei n: WO 97/06185 Mis selected fromthe group CcOorRGRUSINGRSA Os
“and Ru; Rl err] is hydrogen; 15 Ris
selected fromthe group consisting of hydrogen, substituted or
.unsubstituted al kyl, sheydrogen; substituted or unsubstituted aryl;

X and X[ err] are indefsefigénslkw; sel ected from any anionic |igand; and

L and L[err] are indeg@ereoht|y sel ected fromany neutral electron donor.

20 2. A conpou@iCacg iyl subginited with ahenar npre \gloays dlested frem thel potp donsistiagg ofll Ky |
i ncl udes ong or nore h,hde,hydmxy,mdcf: loRytabongf aIPS sel ected from the group
consi sting of aryl, alefshant subdtitthed with xﬁtogﬂgre gl SdiveLironf b ?’Bucf consisting of C;-Cs

ether, amine, imne, g}lc@lcsmkuyomgoa;, :ﬁ ﬂaﬁgam d, disul car bonat e

i socyanate, carbodii ‘P& ’3“%"“&“‘%}% nic aRd hlu? ogen

3. A compound accor di er el n |ncI des
one or nore functional i‘ L" are independeinly, phosg “eég cffrg'ﬂ:ﬁiﬁm Heg gt %é ceted
consi sting ¥ al kyfom BergRup copsietiyg of se°°{“1‘ﬁydlkyl REpeppliyl apd &’E‘Hﬁ"ﬂ

ether, amine, ini riedepepdeptiyeselectsd fipm arvh S1-Gonrimee aliod; scondsnealfivt #“ﬂéy"l%‘!é)f‘ bonat e,

[ socyanat e, carbodiim de, car boal koxy, and hal ogen. 30
4. A conpound accasdi snpbund adcaxding th clainhi5 ehervinfhel sgbstiratbdphbnytlis parasubstieed.gr oup
consi sting of (a) hydrogen; (b)

Cerr]-Cergs] al kyib; A compound according to claim 18, WhereiRR ¥ phenyl or pheny! substituted with a grotl)

Clerr]-Cferr] al kyle ; {6 e t fr he
group consi sting %lf] &HM%%GPwmmmﬁﬂE%fdg{&ﬁ@%?%xw glfil‘?]n{'yéﬂ:[&err]

al koxy, and Clerr]- @?’eryr] al koxycar bonyl ; and (e) aryl
substituted with gne or nore %rougqs sel ected fromthe group consisting of
ding Wp

Cerr]-Cerr] 20. A compound 19, 3perein RiRPAF¥y1 . Cerr]-Cerr]

al koxy, am¥o, nitro, and hali de. 5. A corrpound according to
claim4, wherein Rl 4 cpmhpepnd|aceording taqlajn 1% (whereip R iptselepteglifrom the srprp eppsistipe of

sel ect ed from t he hydreasp mebylsdtyl, |nfbgtybfs0-m>'br-¢i&@1 -GHEH, C0H, adi-elaOAR] uor i de,
-NO2, -Nwe2, nethoxy, and net hyl . 6. A conpound

according to clai ne5A coliimiateording So i Y hvhereirtb and L! are indépendintlyQetireed it the

according tmg clai rgdh Mﬁﬁ@éfﬂp(%cloﬁexﬁg| @gp@dieﬂ)g%&hﬁsogﬁ@gg consi sting of
hydr ogen, methyl, % n-butyl, isé6-propyl, “CHerr]d

B CI;[76I‘ rjCHerr] CH[2§I‘ [k]cgﬁgourﬁqgcordﬁgkoe&ﬁ]l %therem X and X! are both CL
24. A compound according to claim 17, wherein R is phenyl, M is Ru, X and X! are both Cl, and
30 L and L! are the same and are selected from the group consisting of -P(cyclohexyl)s, -

P(cyclopentyl)s, and -P(isopropyl);.

25. A compound of the formula
35 c/
M"—C:=

wherein:
40 M is selected from the group consisting of Os and Ru;
R? and R10 are mdependently selected from the group consisting of hydrogen, substxtuted or . ..
unsubstitued alkyl, "and substituted or unsubstituted aryl
X and X! are independently selected from any anionic ligand; and
e - :L-and-L! are independently selected from any néttal electiondonct. -~ T 77
45
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PCT/ US96/ 12654 8. A conpound according to claim1, wherein
L and L[err] are independently selected fromthe group

consi sting of phosphine, sul fonated phosphi ne, phosphite, phosphinite,
phosphoni te, ayesoimeiss sti bi ne, et her am ne, ardQIasIgI26¥4oxi de,
“carboxyl, nitrosyl, pyridine, and thioether. 9. A conpound
according to claim8, wherein L and Ller are phosphi nes | nde endent |y
sel ect ed 26. ‘A qoppgypdRpaEing]Rplem 25 R]["gf“l’]“eﬁb}‘?ﬁ% ﬁlkﬁ{g °°’ B8 ect ed
fromthe group conitctienlgpups se'S‘é’é'@Hﬂ sopistingof agyy aleqhiol; thip). ketone, aldehyce, ster
and wherei n R] er r ] ethgr emif, émind, &aﬂenﬁhamm}éﬁﬂ IW“‘@@} @tbpnats: acyspste FrEodiimidsy
consi sting of aryl cabGllkexy, ind®plegen.| primary al kyl, secondary

al kyl, and cycl oal kyl . 10 10. A compound according to claim?9,
wherein L and L[erg] AaJoﬁpduﬂdjﬁ Q&&lhﬁi 28 Qihaeih e subktidiiedtalyPincludes one ormore  gr oup

consi sting of -P(cyel ected ﬁ&)&éﬂtlhg’gof afBA0ary1 Pl ol i RéonleSaldehyde,
11. A conpound acc.ﬂrd arm

%&D
- P(phenyl) 3. 15 whi d%ﬁ‘"&ﬁ?ﬁ” &%&thbcﬁnﬂ% o[i% al%mrlna(i‘er Bo erein L and
L[err] are the sanp@bodimide, c XY iy corrpound according to claim1,
wherein X ahy X[err] are independently sel ectegl

consi sting of hal offerh compIpdferlingdy gaim]2s, thfF’H‘ éﬂd qp]mél’FiPF“d"'@(ﬁeF‘fd f@f"e‘ger]

al koxi de, aryl oxi deoupEpreistingol7 err | al kyl di ket onat e,
aryl di ketonate, ( err)a)&ydeagen; car boxylate, aryl or (Jerr]-Cerr]
al kyl sul fonate,  err Jb)Cenj iik20 al kylthio, (err]-(err]

al kyl sul fonys, or Clegghyl err] alkylsulfinyl; each optionally substituted

with Cferr]-Clerr] (d) C1-Cop alkyl subbtii¥dd with ag.eﬁifsaec:e@h% litle-gfa Eohdistifd df Baide, em
wi th a phenyl group oifkb nﬁﬂ ,o,gu phgtituted with halogen, Clerr]-Clerr]

al kyl or err err 4 to
o35, e gt o e bR Boe

claim13, wherein X a
Br, I, H benzoate lr‘”r“] carboxyl at e, C[err] Cerr] alkyl,

phenoxy, r] Clerr] al koxy, Cerr]-Clerr] alkylth yl,
or (Jerr]- C[ err] a?%ﬂ] compqupd i 8'%&%‘1‘? hﬁhm*éu'&@ﬁllolﬂeé‘aﬁﬂﬁeﬁ'ﬁmd 4
err]-Clerr] al kyte 6k ad Lgadhydre Y mp and are selected from the groyn cgppigtine,ef F(debpeyds o
wi t h hal ogen, ([ er PGycichentyds -RilsdpropylaranCiPéahenyDs] err]  al koxy.

15. A compound according to claim 14, wherein X and X err] are

i ndependent by sel emt edprécess for pbl@nedfing cyclic olefirg leanpfisinpthsstep tof ¢vgtagihg Chyelic olefin
CFlerr]COerr], CHyrd dbfapdus étlhe féambberr] C err], (CHerr])[err]CO

(CFlerr])[err](CH err])CO CFlerr])(CH err])[err] CO PhO
MeO, EtO tosylate, nesylate, and trify uofonetgfanesul f onate.
16. A conpound according to claim.15, eié(X and X[ err] are both d. 35
17. A conpgund of the formila g@/' N\
[err] wher ei n: Mis selected fromthe
group consisting of Gs and Ru; 45 Rlerr] is hydrogen;
Ris a group selected fromthe group consi sting of
wherein:
M is selected from the group consisting of Os and Ru;
35 r! is hydrogen;

R is selected from the group consisting of hydrogen, substituted or unsubstituted alkyl, and
substituted or unsubstituted aryl;
X and X! are independently selected from any anionic ligand; and
LandL! are independently selected from any neutral electron donor.
40

-30- -

T,



- 28 - WD 97/ 06185

PCT/ US96/ 12654 (a) hydrogen; (b)
Cerr]-Cerr] alkyl; (c) phenyl;

(d) derr]-Cerr] alkyl substituted with one or nore groups selected from
t he group conswebvwosyssof 5 hal i de, hydroxy, and BFEUSIAZHEEr |
-al koxycar bonyl ; and (e) phenyl substituted with one or

nmore groups selected fromthe group consisting of CJerr]-Clerr]

al kyl derr]-d err3l 2 neesssy for depphmenzing pry upsaturpted polypper grimprising contacting an unsaturated %
and X[ err] are i ndevpweitital compouideaf thedonimlom any ani onic |igand; and

L and L[err] are independently phosphi nest of th1e formul a

PR err]Rlerr]R err] wherein Rerr] is | gctegR’10 fromthe group
consisting of§ secondary al kyl and cycl oalMfCand wherein Rerr] and Rl err]
are - i ndependent |y sel ect et flom\onyl , Jerr]-derr] primry
al kyl, secondary al kyl and cycl oal kyl . t! 18. A conpound
according to claim 17, wherein the substituted phenyl is para-substituted.
15 ° 19. A com\?aound acfor di g lgfo Cllx ajm 18, wherein R is phenyl or
phenyl subst it ut ed™MPHRSF Biageic oretin, wherei:

) . sel ected fromthe group
consisting & chlori dé{l'sﬁ‘?’ﬁﬁ‘f H‘é‘,’ﬂ‘FédePo%’,‘s'sf"lglff)Pfﬂg,l‘“;- N err], -Nwve[err],

met hoxy, R fischyiragemsy | . 20. A conpound according to
claim 19, wherein R i R ipislseigd fronpibe group consisting of hydrpgen, spbstituiadhes wpstibstiebalien. e t o
claim 17, wherein &bsisted el udgibsiduet syin t he group consi sting of

hydrogen, methyl, et hw and X1 brelindépendertlp sqlsctoPiydm any Gifnelighnd) and

-CH err] CH g5 r] CH  er r [ Ghli 1.0 inadpbrki@ifiy dcfeQ6d from any neutral clectron dodet. A compound
according to claim 17, wherein and L[err] are independantly selected from

t he 25 I Sti f.- A9 l). . . .
- P?cycl opent yl )g{ glrjzl&] %Opgiﬁﬁ%-%?’ﬂg‘g’&%ﬂﬁ ‘%?Q? l"](%‘?’('Xp")s'Lﬁi]‘g bep of contactigg a digne Wi 2 ound

according to cl ai nPpund ey’ ang” X[ err] are both d. 24.
A conpound according to claim17, whereinLR is_pheny], Mis Ru, X and
X[ err] are Bbth d, and 30 L aL)errjBare the same and are

selected fromthe group consisting of -Pg y"_c‘l?.phexyl)[err], -
R

P(cycl opentyl)[err], and -P(isopropyl )X'eru] ) 25. A conpound

of the formula 35 [err]
wherein: 40 Mis selected fromthe group consisting of Gs and
Ru; 25 wherein:

M is selected from the group consisting of Os and Ru;

Rlis hydrogen;

R is selected from the group consisting of hydrogen, substituted or unsubstituted alkyl, and

substituted or unsubstituted aryl; :
30 X and X! are independently selected from any anionic ligand; and

Land L} are independently selected from any neutral electron donor.

33. A process for synthesizing an unsaturated polymer comprising the step of contacting a diene
with a compound of the formula

35 L ]
/M—C
1 N\
x|l R
L
40
M is selected from the group consisting of Os and Ru;
' R! is hydrogen;
o - - R is selected from the group consisting of hydrogen; substituted or unsubstituted alkyl, and” "
45 substituted or unsubstituted aryl;

X and X! are independently sefected from any anionic ligand; and

-31- -
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Rlerr] and Rl err] are independently selected fromthe group consisting of

hydr ogen, substituted or unsubstitued al kyl, and substituted
or unsubstituted aryl; _ X and X[err] are independently
sel ected fromany anionic |igand; and L and L[err] are

i ndependent | y welozoéiesl from any neutral electron donor. 45 PCT/US96/12654

- 29 - WD 97/ 06185

PCT/ US96/ 12654 . .26. A conmpound accordi.ng to claim25, wherein
the substituted al kyl #ﬂél%d@@dmﬂtﬂv:‘%ﬁbﬂmmynmquﬁﬂﬂ?ﬂ| onal groups
selected fromthe group consisting of aryl, alcohol, thiol, ketone,

al dehyde, ester, 34. A process for spitliesizing televhalic polymeis by metathdsid eolymeiization comprisivgxy| i c
acid, disulfide, ceanbeaiagheyclicddinpihatampound piibdfomudade,

car boal koxy, sand hal ogen. 5 £7- A conmpound according to claim
25, wherein the substituted aryl inclugesfone B! nore

functional groups selected fromthe grou M@gogl sting of alkyl, aryl,

al cohol, thiol, ketone, aldehyde, N gster, ether, amine, imne,
am de, nitro, carboxylic acid, disul fl)ée Ltar bonat e, isocyanate,

carbodii m de, carboal koxy, and hal ogen. 10 28. A conpound
accordi ng td claim 25, wherein Rlerr] and Rlerr] are independently sel ected
fromthe in thepresenee @eﬁspﬂfvwnﬂplefn wherein: (a) hydrogen;

(b) Cerr]-Cerr] al kyM;s stlsted from the group consisting ¢f \Os andyRu; . (d)

Clerr]-Cferr] alKkyl smfsthstdmged with a group selected fromthe group
consi sting of halide, misyélected from the group consisting of hyettoled xsyibstittadlor ansybstioutgd alleyh cind
(e)_ aryl substitut aMstialtddlar @nsebidnigd a5 ect ed from the group consisting of
halide, alkyl, aryl, xadx! aremdepmdently selélell BY anyaohiiighidOany - 20

29. A corrpound accor d'Lngld]tLDa&lﬂkpmd&ﬁyumgﬂgkn&uu&lmmﬁo&xr] and Rlerr]

are hydrogen, X and X err an err] are the

d I df th t h
E?L"ch‘gpeﬁ[; )S[ee??i;e PRE ORISRl o SRR A ST Sl oRh bin 3

30 Aprocegfor f ?‘f C|IC ol efins conprising the step of
contacting a cyclic olefin W h a &prrpound of the formula
[err] 30 wher ei n: Mis selected fromthe
group consisting of Gs and Ru; 35 1/'i’—c Rlerr] is hydrogen;
X b R
25
wherein:

M is selected from the group consisting of Os and Ru;
Rlis hydrogen;
30 R is selected from the group consisting of hydrogen, substituted or unsubstituted alkyl, and
substituted or unsubstituted aryl;
X and X! are independently selected from any anionic ligand; and
LandL! are independently selected from any neutral electron donor.

35 36. A process for synthesizing olefins by cross metathesis comprising contacting a first acyclic

olefin with a compound of the formula

i
xJ_ N
1 hl‘_ N

40 X b R

in the presence of a second acyclic olefin

v es ..--wherein; . e e e ek
45 M is selected from the group consisting of Os and Ru;
R!is hydrogen;

-32- -
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Ris selected fromthe group consisting of hydrogen, substituted or
unsubstituted al kyl, and : substituted or unsubstituted aryl;

X and X[err] are independently selected fromany anionic |igand; and

L and L[err] are independently selected fromany neutral electron donor. 40
- 30 - WO 97/06185 WD 97/ 06185 PCT/US96/12654
"PCT/ US96/ 12654 31. A process for depolynerizing an
e PO T O e G covading o S e Bk o it sy, e
[err] fybstituted or unsubstituted aryl; in the presence of an acyclic
ol efin, wherein: X and leindependently selected froph iny anjericdigandgand r om t he gr oup
consi sting of Os and MRuand L! are independently selected from any neutral pleqron dongrs  hydr ogen;
Ris selectedl fromthe group consisting of hydrogen, substituted or
unsubstituted al Kyds sgekess for synthesizing a compound of the fohndd i t ut ed or unsubsti tut ed
aryl; X and X[qu] are i ndependently sel ected
fromany anionic |igand; and 15 R! L and L[err] are

i ndependent|y sel ected from any neutréf esé(on donor.

32. A process for synthesizing a cyclsgfﬁ eflhnconprising the step of
contacting Ydiene with a 1 conpound of the formula

20 [err] 25
wher ei n: Mis selected fromthe group consisting
of Gs and Ru; comprising the step of contacting a compRumst of jtheifoymitly Q@dyéﬁ{? mlp with a diazo
compound of the formula RC(NZ)RI, wherein:
15 M is selected from the group consisting of Os and Ru;

R and R! are independently selected from the group consisting of hydrogen, substituted or
unsubstituted alkyl, and substituted or unsubstituted aryl;
X and X! are independently selected from any anionic ligand;
L and L! are independently selected from any neutral electron donor;
20 n and m are independently 0-3, provided n+m=3; and
p is an integer greater than 0.

38. A process according to claim 36, wherein Rlis hydrogen.

25 39. A process for synthesizing a compound of the formula
K L Ril
I
xv’ l \ez
30 1
comprising the step of contacting a compound of the formula
L |l
x\\|__ y
M=C,
17 N\
35 x| m
L1

with an olefin of the formula

40

AL
e

45 wherein:
M is selected from the group consisting of Os and Ru;

-33-
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Ris selected fromthe group consisting of hydrogen, substituted or

unsubstituted al kyl, and substituted or unsubstituted
aryl ; 30 X and X[err] are independently sel ected
f.rom any anionic |igand; and L and L[err] are

i ndependent |y ambenéetss f rom any neutral el ectron donor. PCT/US96/12654
:33. A process for synthesizing an unsaturated polyner conprising the step
of contacting a diene . wi th a conpound of the fornula
35 R’ is hydrogen; [er r]

40 Ryjis eefegtpd from the group consisting of hydrogen, substituted oy mpsubstitutpdalieyh; @nd

fromthe group conssubtifured oomsubitvederylRRu; R[{err] is hydrogen;
Ris selected fromtheR] mdrllz:mmd@mdﬂ:gy efectind/febmOthecgaoup sankigting dfl Hydrogem rsubstituted
unsubsti t ut eds al Kyl or uiddBktituted alkyl, and sdBstituted or unsubshitul®d brbl} Ut ed or unsubstituted

aryl; X and X! are indeberd@iitly ¥ieted fronPdn aiddfii@@BARNt | Y sel ected
]j r gT ?‘ny anionic li ganq_ an@ﬂd%n$el}7116egt_)|_)é§§1ected from any neutral electron donor;

PCT/ US96/ 12654 .. L_and L[err] are independently
sel ected from any n¥uth ¥pees o8 dPhgiFng 8 sumpouad ot 64 formil 34. A

process for é‘i/nt hesi zing tel echelic pglynkers by npgathesis polymerization

conpri si ng cont act®Q g{la cycl yc olefin with a conpound
of the formula 5 CV

[err] 10 x! L,n t he akasence of an
[err],[err]-difunctional olefin, wherein: Mis
sel ected from the GloRbing el Sikdfiohhct  Conpaiid ofRié formula CCXIMLL ) with an acetylene
Rlerr] is hydrogen;fthe formula ROCCRI®, wherein: Ris selectéed '?Pom t he group
consi sting of hydr Ogenmé'ﬁ@é&dﬁdﬂhﬁgyﬂfpcwm%%}&dﬁﬁ&’ al kyl, and 15
substituted or unSUbStl deﬁmdentl selected from the group consisting ofhyéo&gdsu&tgtwclr
are i ndependently sel Forg '8‘?‘@ onlgs sga H" na

L and L[err]_are in “§ ss ik heutral el ectron donor.

35. A proces® for synt gignic 'E’B‘i'rﬁ?q sing contacting

|
( 1
an acyclic olefin wit hLd“"”* are ‘n""P"Q@F"‘Y s"'e"“'d from IRFSEILEIESTORIPROTf or Ul a
[err] n and m are independently 0-3, provided n+m=3; and

p is an integer greater than 0.

25 41. A process for synthesizing a oompound of the formula
M_C=(/
x+” |
. R 10
30

comprising the step of contacting a compound of the formula

1
\I A
M-—C
.l/ N\
35 X l R
L1
with a cumulated olefin of the formula
40 H R
_ \3=C=C/
o \eto
45 o wherein:

M is selected from the group consisting of Os and Ru;

-34-
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25 wher ei n: Mis selected

“fromthe group consisting of Gs and Ru; Rerr] is
hydr ogen; 30 R is selected fromthe group consisting
.of hydrogen, substituted or unsubstituted al kyl, and

substituted okvowypelssti tuted aryl; PRTAISEH/ IRy 1 |

-are independently selected fromany anionic |ligand;, and
L and L[err] are indepgnde,nt__l y selected fromany neutral electron donor.
35 36. A procBSisbydiegensynt hesi zi ng ol efi ns by cross netathesis
“conpri sing contact i ngRas seleatatfromhyecerdup consisting of hydrogen, substituted of, prgibtisued;ployly and
conpound of the f Gubstithted or unsubstituted aryl;

[err] 40 R? and R10 are indéperdditly pleaiaicfomathogrom consisting df kydrpgsh.i substishted dr n
wher ei n: 5 AfRsubstitued alkyl, and substithed & ufs@tisfGiedalylf r om t he group consi sting
of 3(235 and Ru; V\?é ;l‘xéd?XIOare independently selefRid@Fofn]any Shicit a6 GRd

- - 1 a@e,;liﬁ 1 fi tral electron donor.

PCT/ US96/ 12654 d d%penﬁn?ys“?gf’eg?gn ‘}e? orrﬁ'et‘:hen aroup consi sting of

hydrogen, substituted or unsubstituted al kyl, .an substituted or
unsubstituted ary|42 A process for synthesizing a compoyng &Fém‘g‘ére i ndependent |y sel ected
from any anl®nic |igand; and L2 L and L[err] are independently

sel ected fromany neutral electron doxqQr | 5,R1 37. A process for
synt hesi zi ng a conpound of the fornula SM=C

[err] 10 conpri sing thexﬁ{elt-g o?‘ncont acting a conpound of the
formula (XX[err]MJerr]L[err])[err] with di azo conpound of the
formula RC(NMerr])R err], wherein: 15 Mis selected fromthe

group consi sting QfmfRing & stBHof contacting a compound of the BroMCMRIML LT 3 weth a diazo
i ndependent |y sel e&;,%i,.f Jfgws‘%j:gﬁr é’?@%ﬁ@p‘iﬁ%@%& aqﬁuubweﬂlgg"ﬂe&m st $rimiL B d
al'ky

or unsubst ‘:In,ute , and substituted or unsubstituted aryl;
X and Xerr] are iNGeRpRdent] v 58l ol dld:g 8l aq N ¢ |1 gand;
20 Rand R! are independently selected from the group consisting of hydrogen, substituted or
unsubstituted alkyl, and substituted or unsubstituted aryl;
X and X! are independently selected from any anionic ligand;
L, Ll, and L2 are independently selected from any neutral electron donor;
n and m are independently 0-3, provided n+m=3; and
25 p is an integer greater than 0.
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L and L[err] are independently sel :éct ed from ariy neutr al
n and mare independently 0-3, provided n+m=3; and

i nt eger greater than
wherein R err]

0.

i s hydrogen.

conpound of theoboedtss a

el ectron donor; 20
pis an
38. A process according to claim 36,
39. A process for synthesizing a
PCT/US%llzqser r ]

25

SUBSTITUTE SHEET (RULE 26)

~30 conprising the step of contactjng a conpound of the formula
35 [er/? with an olefin
of the for rrulﬁONﬁﬁmRAT'ON Terr] 45
wher ei n: - "M TSl Sel éct ed T Fam 1he gr ob—d tonél 'stll ng of’ ps and
Ru; B 33
WO 97/ 06185 [ O [Ru=CHPh] -
PCT/ US96/ 12654 - Rlerr] is hydrogen;
R is-selected from Hw group con$i §Ru=CH-oFBUydr ogengﬁgD d or -
unsubstituted al kyl, rgnd substituted stituted aryl;
Rlerr] and Rlerr] are¢ i nd pendently sel ect edwhe group consi stiqg of
hydr ogen, substi@.088¢ D5 or un uted al kyl, and substiHuted
or unsubstituted aryls B o X and X[ err] are independefitly
sel ected from any anlLo ICE| gand; L and L[errt are
i ndependent |y sednﬁéé ¢d fromr_any ral el ectron donor; 7 40. A
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15 conprising the step of contacting a conpound of the formula
(XX[err]M[err]L[err])[err] with an acetyl ene of the formula
Rlerr] CCR err], wherein: Mis selected fromthe group
consi sting of Gs and Ru; Rlerr] and Rl err] are

i ndependent|ly WW9®6188 from the group consisting of hydrogenpcsiisdibadt ed
or unsubstitued al kyl, and substituted or unsubstituted aryl;
20 X and X[err] are independently selected from any anionic
li gand; and L and L[eré}2 are independently selected from
any neutral electron donor; n and m are independently
0-3, provided n+m=3; and p is an integer greater than O.
25 41. A process for synthesizing a conpound of the fornula

[err] 30 conprising the step of contacting a conpound of the
formil a 35 [err]

with a cunul ated olefin of the formula 40

[err] 45 wher ei n: __Mis selected fromthe
group consisting of Gs a iir’
- 34 - VO 9ANIRERE T
PCT/ US96/ 12654 WYX\ ®Efr] is hydr\gen; R
is selected fromthe group cORsI § \

unsubstitued al kyl, and \
Rlerr] and Rl err] are independg
hydr ogen, substituted or

74

W, A\
o
.‘V

nsubstituted aryl;
e group consisting of

FIG. 2
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54 . : t ged | kyl, and subst ift
X and X[& % aa'dgpe emllésel ecte
L and L[efr] are Imdependent|{sel ect edt-Hr-
42. A process for synthesizing a corrpou
[err] 15 conprising the st
formula (XX[err] MPpy

] L[ err] ) femw e

the formula RC(N err] ngrré in the
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Ruthenium and osmium carbene compounds that are stable in the presence of a variety of functional groups can be used to catalyze
olefin metathesis reactions on unstrained cyclic and acyclic olefins are disclosed. Also disclosed are methods of making the carbene
compounds. The carbene compounds are of formula (a) where M is Os or Ru; R! is hydrogen; R is selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, and substituted or unsubstituted aryl; X and X! are independently selected from any anionic

.| ligand; and L and L' are independently selected from any ncutral electron donor. The ruthenium and osmium carbene compounds of
‘| the present invention miay be synthesized usirig diazo compounds, by neutral electron donor ligand -exchange, by cross metathesis, using

acetylene, using cumulated olefins, and in a one-pot method using diazo compounds and neutral electron donors. The ruthenium and osmium
carbene compounds of the present invention may be used to catalyze olefin metathesis reactions including, but not limited to, ROMP, RCM,
|- depolymerization-of -unsaturated polymers,: synthesis: of telechelic polymers, and.olefin synthesis. A v s e




