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APPLI CATI QRlo3¥NIES! S OF RUTHENI UM OR OSM UM METATHESI S CATAPQETSIT0880
application clains the benefit of U S. Provisional Application No.

60/ 031,088, filed Novenmber 15, 1996 by inventors Robert H G ubbs, 10

Tomas Bel derrain, and Seth N. Brown %&%@ﬁg@ks of Rut heni um
Met at hesi s Catalysts fron1Ruthen|um which is

i ncor porated herein by reference The U. S. vaernnent has certain
HgMS|ntMS|ngm%@% %ﬁ&ﬁgﬁ ﬂﬁﬁ ﬁﬁ e
Nati onal Sci ence Foundati on. %@% P presen |nvent|on relates ?g
the synthesis of 20 hi ghly active rutheniumor osm um carbene

net at hesi s catalysts. To the synthetic organic or polymer chem st, sinple
met hods for form ng carbon-carbon bonds are extrenely inportant and

val uabl e gools. One nethod of C-C bond formation that has proved 25
particularly useful is transition-netal catalyzed ol efin netathesis. The
past two decades of intensive research effort has recently culmnated in
t he di scovery of well defined rutheniumand osm um carbene conpl ex

catal ysts that ar@hiisgjlipplietattimsicl8ms the henhefétand $t.&le in the

presence of a variggly, Qs JHCIASNA c K P4RSNo 150/031, 088, filed
November 15, 1996 by inventors Robert H. Grubbs,
10 Tomas Belderrain, and Seth N. Brown entitled
"Synthesis of Ruthenium Metathesis Catalysts from
Ruthenium Hydride Complexes" which is incorporated
herein by reference.

15 The U.S. Government has certain rights in this
invention pursuant to Grant No. CHE 9509745 awarded
by the National Science Foundation.

BACKGROUND

The present invention relates to the synthesis of

20 highly active ruthenium or osmium carbene metathesis
catalysts. To the synthetic organic or polymer
chemist, simple methods for forming carbon-carbon
bonds are extremely important and valuable tools.
One method of C-C bond formation that has proved

25 particularly useful is transition-metal catalyzed
olefin metathesis. The past two decades of intensive
research effort has recently culminated in the
discovery of well defined ruthenium and osmium
carbene complex catalysts that are highly metathesis

30 active and stable in the presence of a variety of
functional groups.



WD 98/ 21214 PCT/ US97/ 20390 These :
‘rut heni um and osm um car bene conpl exes have been descri bed i | at es
Patents NoWO 242 940 and 5, 342, 909 and United States Paten?cggipsﬁgmﬁ ons
nos. 08/ 708,057, 08/282,827 and 5 08/ 693, 789, all of which are

I ncorporated herein by reference. The ruthenium and osm um car bene

conpl exeshdi scl Osl;ﬂaéé\ Mm@nl $en Parh eha 6E§iﬁﬁpbiaci&iérﬁ1$cr]cﬂiﬁl¢bﬁl§§?§§v€€t al
centers that are.form in the, +2 oxjdati.gn, state ve .an el ectron count
0f 16, “and 10 betmiedenhedois pRLEER' S8Rl Fan R s ot T
general fornul a [Ser3]2 vée0 cadli S, B42h8ABPuaNndr UpsiiadnStateewl Pheent are

ani oni ¢ | i gands, Q?gi a t hak el 0 and R and
Rlerr] are specif&gggﬁ%s | %%ﬁ%ééfhgﬁ/gﬁﬁrbgg'lg%yiégléﬁi&éﬁ%ed.in nor e
detail bd& ow. UniG%tF%t a18%, Fallnef whichsaze igwpranrs:siheoveidi byl ose

specific vinyl aljdgfdcenee ! Utfral #HtABH I ORTRHA UM X &S iPey®i ch the
neutral el ectron donagr Iiga ds t an LgerL] are triphenyl phosphi nes or 20
di phenyl net hyl e%esS dpscHpefodBd Lrfsen 3Tt Snd IRPRALGRYEPESBar e

usef ul ijn f:a]E al yz Iy ;bdswasesss's@gn@peni agnfretralt lReits a&@wm'%:gtjmﬂngﬁﬁ@wg) of
strained ol efins. _Uni t ai es_Paj ent plihcations Nos. 708, 057 ;an

08/ 282, 827 disch%ﬁ?ééé&??i%éiée’aﬁsvev%%yFlﬁﬁEﬁQQkﬁﬁ?QEn?éﬁ$€h13%6 osm um
conpl exdP i n whi ¢ire Ipemeatcadrdingtedn dFhesd igamlydtamicre [efrtheare
phosphines wth fod&asi PHEmgEgoOndary-al kyl or cycloal kyl substituent.
These secondary-al kyl phosphine catal ysts are nore netathesis active than
30 the correspondi ng tri phenyl phosﬁhine ﬁ@talysts and

7

where M is ruthenium or osmium, X and X* are anionic
ligands, .and L. and L' are neutral electron donors and
R and R’ are specific substituents that will be

15 described in more detail below.

United States Patents Nos. 5,312,940 and 5,342,909
disclose specific vinyl alkylidene ruthenium and
osmium complexes in which the neutral electron donor
ligands L and L! are triphenyl phosphines or

20 diphenylmethyl phosphines. As disclosed in the
patents, the catalysts are useful in catalyzing the
ring opening metathesis polymerization ("ROMP") of
strained olefins. United States Patent applications
Nos. 08/708,057 and 08/282,827 disclose specific

25 vinyl alkylidene ruthenium and osmium complexes in
which the neutral electron donor ligands L and L! are
phosphines with at least one secondary-alkyl or
cycloalkyl subst%gggnt. These secondary-alkyl
phosphine catalysts are more metathesis active than

30 the corresponding triphenyl phosphine catalysts and

-2~



-2- + WD 98/21214 PCT/ US97/ 20390
may be usedwDOsR#zial yze a variety of netathesis reactions i n\REWUSR]/28390c| i c
and unstrained cyclic olefins. United States Patent application no.

08/ 693, 789 di scl oses specific non-vinyl alkylidene 5 conpl exes that

are nore netathesis tiv their,vinyl alkylidene counterparts. The
preferred catal ystma | 21?: olgse%;ﬁot%%%&a Zf) i%aﬁ’%%egyeogeﬁf&l 'ttg'tﬁ%elsr ut heni um
and osmi um car beneesstpingisinvel dirg| acpdlbg anit vdsSratieedPatyaritisc Nos.
5,312,940 10 ¥ s 343 7 I Lden s al be

synt hesi zed by a &éﬁlefﬁsbfa#zg%g%ss?%%?%d#%ééﬁﬁespggé?5§% 0 IHratj:theniumor
osniun1conpounds\MQ4§Q§&§Q§NQ&E#%@S%$ sPesphbfanes - vinylnadkydlidgneni onic
I}gang excshﬁnge- Qlcorﬁﬂm_@bélrtﬁﬁ?h@r@&ﬁﬁfésme{:faﬁhééis ?ptt:ifbregft@fdrfctﬂ@wod
of making the catalysts is via.the reaction of a sybstituted cyclopropene
with a ruthenium(%1Q¥§;?ﬁ%¥#+€ﬁ?ﬁe€°¥ﬂ?%¥?ﬁﬁﬁ?ely? hP§%ﬁﬁqﬂ%ﬁls linited

to the synthesis afabhdlwyst alkytloeed iatthystapplieatioat axrests in which E
is 20 hydr o ﬁqg. rl,.d : SUbsy jpt [ raoup)..and cannot be
used to directly syn% e3|§%§%ré3%%%%% a éﬁaa E@guéhgégﬁgﬁg Séﬂﬁ%ﬂﬂé?'

di scl osed in the 08/282,826 and 08/ 282, 827 applications. The synthesis of

these secondary- a'zi‘é’|d$&k9§&§éd‘%}¢aﬁﬁiﬁ/éaSSEHEEeragéﬁ%r 85s2° 5,312, 940
reacting _the triphenyl_phosphi ne catal ysts E(oduce romthe cycl opropene
dﬁﬂir

reactionM th sec 3-38 %70 PhoSHRY herlkyladepgaratatypasg@ave ke i on.
synthesized by a variety of methods including the

reaction of ruthenium or osmium compounds with
cyclopropenes or phosphoranes, and neutral or anionic
ligand exchange. Of these previous methods, the

15 preferred method of making the catalysts is via the
reaction of a substituted cyclopropene with a
ruthenium or osmium dihalide. Unfortunately, this
method is limited to the synthesis of vinyl
alkylidene catalysts (i.e., catalysts in which R is

20 hydrogen and R! is a substituted vinyl group) and
cannot be used to directly synthesize the secondary-
alkyl phosphine catalysts disclosed in the 08/282,826
and 08/282,827 applications. The synthesis of these
secondary-alkyl phosphine catalysts further requires

25 reacting the triphenyl phosphine catalysts produced
from the cyclopropene reaction with secondary-alkyl
phosphines in a ligand exchange reaction.

In part to overcome the fact that the cyclopropenes
are not readily available and are generally limited
30 to the synthesis of vinyl alkylidene catalysts,
United States Patent application No. 08/693,789
discloses a method for synthesizing alkylidene
complex catalysts via the reaction of substituted
diazoalkanes with ruthenium dihalides. The synthetic
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In part to overcone the fact that the cycl opropenes are not readily

avai |l abl e %d%s?ﬁrlgugeneral ly limted 30 t o the synt hesigeiisori20350
al kyl i dene“catal'ysts, United States Patent application No. 08/ 693, 789

di scl oses a nethod for synthesizing al kylidene conplex catal ysts via the

reacti on of substituted di azoal kanes with ruthenium di hali des. The
synthetic -3- MREsivnes disclosed in this application can be used

PCT/ US97/ 20390 pr E{M@%?&Esﬁix?ffdaiﬁy%ﬁigﬂép%inﬁ%koEaﬁa'i Ssed ip make

non-vi nyl al kyli dene conpl ex catal ysts w are npre netathesis active
than their corresHhdIPRE eRALReKiS | 3ehEVR obReBr pRELE. CRITESPOREing

cycl opropene basegh gl horeyl {dens ecomieéypatkyl pAesphi Becat al ysts cannot

be synthesized direcily fromthe reactjon,of t heni_um.di hal_i,de ,and

i azonl Kanes. || n<PEPBTIRETS RRRET Ha R92S prbEBNEREBAPAP S st be
synt hesi zed by | ipfarspleimdaraealifes canndttheughnthesigedodidieazd st arti ng
materials greatly, . i sgi..Lsm car bene

catal ysts that cd%ﬁ%9§g%§$ﬁ?%£§}é§3?§tﬁétgg%ggﬁ ggh%ggggi%gadiazocompounds
on a | arge scal e dtazealkanes: ri Epstead, coheererandany -rabolakdopriting ty

of 15 this apt tsMusEdbé | Opnt h88i dbazpyelBaddr exened.he
synthesis to be conducted at lowte rature (about -80[err]Cto -5Q[err]C
and requi%es the ks ?thoag?d%$%b?gp§b?§%n§t RtiRe PRREF1GdS BXeaboh of

the catal yst. As hidddéhed cylte opangenef syut heaiammahdodsmidm carbdre
secondary- al kyl H9§é§ﬁ§ggscéﬁ§éyééélgugé Q?nthesized, the danger of
handling diazocompounds on a large scale severely
restricts the commercial and laboratory utility of
15 this method. In addition, the diazo method requires
the synthesis to be conducted at low temperature
(about -80°C to -50°C) and requires the use of
considerable solvent in the final purification of the
catalyst. As with the cyclopropene synthesis method,
20 the secondary-alkyl phosphine catalysts must be
synthesized using a multi-step ligand exchange
procedure which may be time consuming and expensive
and may result in lower product yields.

In both the cyclopropene and diazo synthesis methods

25 the secondary-alkyl phosphine catalysts must be
synthesized using a multi-step, ligand exchange
procedure. Since the secondary-alkyl phosphine
catalysts are more metathesis active than the
triphenyl phosphine catalysts and therefore may have

30 wider commercial utility, the necessity of a multi-
step synthesis in these cases can be a severe
limitation.

Although the previous methods have been adequate to
make reasonable quantities of the ruthenium and

-4 -



synt hesi zed using a multi-step |igand exchange procedure which may be tine
consumi ng wodsexpensi ve and may result in |ower product yiel BSI/UBH/298%h t he
cycl opropene and di azo synt hesi s nmet hods 25 t he secondary- al kyl
phosphi ne catal ysts nust be synthesized using a multi-step, |igand exchange

rocedure. Since the secondary-alkyl,phosphine, catal vst r r ‘e
getathesis activ@ﬁﬂﬁﬁ?tﬁﬁ?ﬁ?ﬁ%ﬂﬁé%ﬁlgﬁgéph?ﬁetggtauégFg'3H§E¥%E$%?%$écnay

have 30 w @gerd commsrxstisdl lappligatidnsnefesdicte cfatalusts - step

synthesis in fNesefashed alk Mndro£4e! Cal hELLALbAR: Aidiouslibre, previous
met hods have been adequate to make reasonable quantities of the ruthenium
and -4- WO 98/8&fR14 and inexpensive methods of synthesizing these

PCT/ US97620390 oyinpbaideits el By Yeksloas theiRumptlertfiaaci entific and
commercial applications of these catalysts continues to increase, a need

exists for sinple, safe, and inexpensive nethods of synthesizing these 5
conpounds to fully exploit their potenti SUMMAKBYVARY The present invention

addresses this nelleji_t L gén@&%;eéifgheagaggg’% n@ﬂj}e\s:%e%i)eﬁ&vel get hods

of synthesizing r i Um ahd osft Um carbere _catalys .
general , one stepramidescsinpke presfededandi Agsst gxpensismlingthods| abl e

starting materi @'@nt@f@sﬁﬂ?fsﬁ?éhéﬁ§ﬁﬂnt ahB 8204 Ui UHend else M {Beut the
need for expensive and sophisticated equi ppnent. In . )
10 In general, one step syntheses are provided using

stable, readily available starting materials. The
processes result in good product yield without the
need for expensive and sophisticated equipment. 1In
addition, both vinyl and non-vinyl alkylidene

15 catalysts may be synthesized. Moreover, the methods
can produce catalysts in a form which makes post
synthesis purification unnecessary.

In one aspect of the present invention, a method for

synthesizing ruthenium and osmium carbene complex

20 catalysts of the formula
;\:(4_ H
xt’ 1
1 R

is provided where M is ruthenium or osmium; X and X?!
are any anionic ligand, preferably chloride; and L
and Ll are any neutral electron donor ligand,
preferably tricycloalkylphosphines; and, R! may be

25 any one of a variety of substituents which are
described in detail below. In the preferred
catalyst, R!' is phenyl. 1In this embodiment of the
invention, a compound of the formula

-5-



addi tion, both vinyl and non-vinyl alkylidene 15 catal ysts may be :
synt hesi zed. Moreover, the nethods can produce catalysts in i ch
makes postV§9ﬂW%E%fs purification unnecessary. |In one aspectpg?ﬁgﬁghgggsent
invention, a method for synthesizing rutheniumand osm um car bene conpl ex
20 catal ysts of the formula [err] is provided where Mis ruthenium or
osmum X and X err] are any anionic ligand, preferably chloride; and L and
L[err] are any neutral electron donor |j an&{ preferably
tricycl oal kyl phosphi nes; and, R err] nakp e|25 any one of a variety
of substituents which are described in det (H %PML In the preferred
catalyst, R err] is phenyl. In this enbﬁﬁynqnt of the invention, a conpound
of the fornula -5- WO 98/ 21214 1

PCT/ US97/ 20390 [err] (n =1 o0or 2) is contacgéd wi th a conpound of the
formula RRERRIC(X) (X[ERR])H in the presence of an olef in to yield the
requi red rutheniumor gsm um. carbene conplex catalyst. 5 | p anot her
aspect of the pregbnf ﬂn@@h?ﬁo&szfqﬁﬁﬁégéq(ﬂl rﬂfﬁ%ﬁ&??@ﬂv?ﬁyFﬂﬁlkylidene
catal ysts of the fotrnmula REBRK)i(X'pHovhdeHewbeeseMceXofX[ar Idleflin ans

Llerr] are as desgilRgd3ROVE ANYdd Sdthedhi dr SUKhGhoELILERY be the

sane or
complex catalyst.

5 In another aspect of the present invention, a method
for gynthesizing vinyl alkylidene catalysts of the
formula

L 17
R
X
j:)L::: R12
xi
ll \C==£/

is provided where M, X, X', L, and L' are as described
above and R'?, R'3, and R'7 may be the same or

S 10 different and may be any one of a variety of
substituents that are described in detail below. 1In
the preferred catalyst, R'? and R'? are the same and
are both methyls and R'7 is hydrogen. In this
embodiment of the invention, a compound of the

15 formula

L
H_
>1\'4(H2)n
X! L1



10 different and nmay be any one of a variety of substituents that are
descri bed wodsteid below In the preferred catal yst, R err] 2rmus§no3do are
the sane and are both nmethyls and R err] is hydrogen. In this enbodi nent of
t he invention, a conpound .of the 15 formula [err] -6- WD 98/ 21214
PCT/ US97/ 20390 (n = 1 qQr 2) 1S contacted w.th,a conmpound of_ the formula
[err] to yield thd™ e=q§1 roe% %)uth%n?%?%?tﬁgn’(’ﬁﬁpcér FORP DI ik al yst. 5
Al ternatively, thécaimaliee may be of the general formula,
Rlerr]Cc=CCRlerr]Rerr]R, wherein R is hydroxyl. 1In this variation, the
al kyne is reacted with the di hydrogen conpl ex as above but then
subsequently reacted with HX to formthe above described vinyl 10

al kyl i dene catal yst. However, in another variati ®2of this reaction

schenme, when R is hydrogen or a CJerr]-Cerr] alkyl, the nethod produces a
non-vinyl al kylidene catalyst of RidqgemeQ (X) (X[err]) (L)
(L[err])M=C(R[ err]) (CH[err]CR[err]R[éFFTR‘). 1 In yet another

ﬂgpg

aspect of the present invention, a nmethod for sy si zi ng compounds of the
formula [err] is provided where M X, Xerr], L, d L[err] are as
descri bed above and R err], Rerr], and Rerr] may be any one of a

to yield the required ruthenium or osmium carbene
complex catalyst.

5 Alternatively, the alkyne may be of the general
formula, R!7C=CCR?R'’R‘’, wherein R’ is hydroxyl. 1In
this variation, the alkyne is reacted with the
dihydrogen complex as above but then subsequently
reacted with HX to form the above described vinyl

10 alkylidene catalyst. However, in another variation
of this reaction scheme, when R’ is hydrogen or a
C;-Cyp alkyl, the method produces a non-vinyl
alkylidene catalyst of the general férmula,
(X) (X1) (L) (L) M=C(R'7) (CH,CR2R13R") .

15 In yet another aspect of the present invention, a
method for synthesizing compounds of the formula

X 1‘ R
\hc/
X }_1 NCHR RIS

is provided where M, X, X!, L, and L! are as described
above and R, R'®, and R may be any one of a
variety of substituents that are described in detail



variety of substituents that are described in detail -7- WO 98/ 21214

PCT/ US97/ 20390 below. In this enbodi nent of the invention, a conpound of -

t he fornul‘g,o[gg{zy 4(n = 1 or 2) is contacted with a conpound gfridde6396Mul a

[err] 5 lyield the required rutheni umor osm um carbene conpl ex

catal yst. DETAI LED DESCRI PTI ON CGeneral Description of the Catalysts The

nmet hods of the present invention nay be used to 10 synt hesi ze

rut heni um or osmbehosar bdme tddmplembastimanytstef tHhe LnEend&os. r 8t heni um or

osm um netal cen gkﬂ%hj?%iﬂﬁéifHQdﬁiﬁation state, have an el ectron count
-coordin

of 16, and are pent ated. More specifically, the nmethods of the

present 15 i nvention may be used to dynthesize conpounds with the
formula [err] -8- WO 98/ 21214 H
PCT/ US97/ 20390 wherein: Mis rutheniun16b\§zﬁkin3
2/n
x1” |
L1

(n = 1 or 2) is contacted with a compound of the

formula
R[6 Rl4
erd’

5 to yield the required ruthenium or osmium carbene
complex catalyst. '

DETAILED DESCRIPTION
General Description of the Catalvysts

The methods of the present invention may be used to
10 synthesize ruthenium or osmium carbene complex
catalysts that include a ruthenium or osmium metal
center that is in a +2 oxidation state, have an
electron count of 16, and are penta-coordinated.
More specifically, the methods of the present
15 invention may be used to synthesize compounds with
the formula
L -
XJ_ .,
M=C
17 N
x| 'R
L‘l



X and*X[err] are independently any anionic ligand; L and L[err] are any
neutral el 8%@@8RI2dénor |igand; 5 R and Rl err] are PEIEVSIRIBAgen
or one of the follow ng substituent groups: Cerr]-Cl[[err] alkyl,

Cerr]-Cerr] alkenyl, (err]-Clerr] alkynyl, aryl, Cerr]-Cerr]
car boxyl at e, C[er(h),her 1Q,.al koxy, (ferr]-C(err] alkenyloxy, Cferr]-(ferr]
al kynyl oxy, aryl oxy, err]-derr] al koxycarbonyl, Clerr]-(err] alkylthio,
Cerr]- 10 C20 aww%mwtémm\amcpzqmmz}urq err] al kyl sul finyl .
Optionally, the substitugpg %[pog&errqulk t}ytéa,giyvg,}pmlqgg 95 gHRES -
roups selected from Cer er err err] al koxy ary
\g/l\henpt he substitute a%‘i a@;“]rdo > Péf]epﬁ@a%neq%r%ﬁﬁcwm%h@,?n@?ab%@gﬁ@@ed
with one sr 15 nwarmm}par&eleemmdaa he’;hhﬁzl'oc&@é‘ %ﬁ @ﬁgrr% Cerr]
al kyl, or a (Jerr err. aIk over, the Ityuent may
further include o#é&[r ré(:tll Jf RS %n&%?ﬁ‘f %'S'UI 2315120
functi onal groupsalmanwde &chaﬁeathny1n1aeylnoclh¢g5ouqrboxylate, c, -

i 1o, car boxyl i c GBI ARarLr FF At AN Y| (G el AR | i o,

car boal koxy, car bé‘rﬁ‘tléxYan@zh&bogéhkoxﬁcarbpéﬁfénré»‘d 6abo@llkmhthloheCE{-
substitugent is 2%, alkyﬂ]&dl?@ﬁ?laaﬁdt %eréik§'l@§if§.ﬂ§§]t i s one of the
followi ng: (1) hy o en; ()) %[Qﬁrr \13 k%/‘}F Clerr]-Cerr] aIkenyI
(4) aryl; (5) (e al ‘P%Po%%b%ﬁlﬂb%rl&%@
selected fromt hewg.lt(bumm)mﬁj stoxeg gﬁou;ssllsetwd;@g@nfrbmdc x(y gﬁy%]t%e[rg
al koxy, and ([err | ko carbta_b substitute
with one or nore ]g‘,’%gi“’s &gy 3 g‘ é/c%%%]rs:fé‘ﬁ ¥ ePFPY
Cerr] alkyl, aryhls Wmnmlyl A tCmavyr ]bGC[fianrt}h@t kenlyst dtuned wmtho_pn@n@br
hal ogen. 15N a IMOr Gl aldiplh QRNUIERD erdi® o1 oded DSt bl UEI al Ry B 1CBY
or phenyl substituted with 1

a C,-Cg alkoxy Moreover, the R* substituent may

further include one or more functional groups.

Examples of suitable functional groups include but

are not limited to: hydroxyl, thiocl, thioether,

20 ketone, aldehyde, ester, ether, amine, imine, amide,
nitro, carboxylic acid, disulfide, carbonate,
isocyanate, carbodiimide, carboalkoxy, carbamate, and

halogen.

In a preferred embodiment, the R substitutent is

25 hydrogen and the R' substituent is one of the
following: (1) hydrogen; (2) C;-C,, alkyl; (3) C,-C,q
alkenyl (4) aryl; (5) C;-C,, alkyl substituted with
one or more groups selected from the group consisting
of aryl, halogen, hydroxy, C,-C; alkoxy, and C,-Cq

30 alkoxycarbonyl; and (6) aryl substituted with one or
more groups selected from the group consisting of C,-
Cs alkyl, aryl, hydroxyl, C,-Cg alkoxy, amino, nitro,
and halogen. In a more preferred embodiment, the R?
substituent is phenyl or phenyl substituted with a

35 group selected from the group consisting of chloride,

-9-



35 group selected fromthe group consisting of chloride, -9-

98/ 21214 PCT/ US97/ 203
i odi de, fl UWP%GIZMNCI err], -Nve[err], methoxy, and nethyl. ?’%m%g?

preferred enbodi nent, the R[err] substituent is phenyl. The L and L[err]

| i gands may be the sane or different and 5 may be any neutral

el ectron donor |i paehidel,n iddidef, erft]_e;ﬁ;zqraaqdl ! t, _tmﬁ_]:: Q({a_?;ﬂé,gf](r)]?lﬁlggggds
may be the sane or ere e | onat e

phgsphltes phosphAt g!b‘é’tet gﬁogg’ﬁom‘%&s r%&oﬁrpﬁ&‘{] ’rf%%n etﬁgg am nes,
am des, imnnes, 1@ubstitusmitf gsi geenydar boxyls, nitrosyls, pyridi nes, and
thioethers. In a nore preferred enbodi nent, the L and L[err] | i gands may be
the same or different and are phosphines of the formula PR3R4AR5, where R3
is a secondary al Fe & aagelLo Ek?ﬁnéﬁomﬁ)’ ked tReememeamyr Rlifferent asd

the sanme er diffemapt b@ndnwahemrauyle,leqt&rcrrﬂ ﬁr%f]li%*éer??; é ghnghl rent.

Kyl I . I th st_pre
the L and Llorr] PrERREzef nbedinenl, s Lyafkbrieni inds avay be the
- P(cycl ohexyl) [ er shme- Bfc ddifdpeehyl )aﬁrﬁr mﬂay @r; ﬁﬂdmt ey ) )é@lfdmaeed
h d X ne | ff.er an
;n?oﬁlgnllggﬁér] hhg@% rfegﬁoﬁg%&?%bnt gh%%ﬁ] c% $#35h8§¥nay be
t he sanme or dlffeﬁeﬁﬂRGﬁd phjibbaes, h&h@g@ﬁﬂ @minnyy1am1¢mm ofmihes,

fol | owi ngogroups: s@ﬁ%b&hﬁ@herﬁhrﬁb 1s aEﬁEr&%??%ﬂlégfﬁé%ng§ and
al koxi de, aryl oxi dg C20 al kyl di ket onat e ona Cerr]-Cerr]
carboxyl ate, aryl “8*°€f FFF C[ éFr p more preferred embodiment, the L

and L' ligands may be the same or different and are
phosphines of the formula PR3R%R5, where R3 is a
secondary alkyl or cycloalkyl group, and R? and RS are

15 the same or different and may be aryl, C;-C,, primary
alkyl, secondary alkyl, or cycloalkyl groups. In the
most preferred embodiment, the L and L' ligands may
be the same or different and are —P(cyclohexyl)3,
-P(cyclopentyl),, or -P(isopropyl),.

20 The X and X! ligands may be the same or different and
may be any anionic ligand. In a preferred-
embodiment, the X and X! ligands may be the same or
different and may be a halogen, hydrogen or one of
the following groups: C;-C,, alkyl, aryl, C,-C,,

25 alkoxide, aryloxide, C;-C,, alkyldiketonate,
aryldiketonate, C,-C,, carboxylate, aryl or C,-
alkylsulfonate, C;~C,, alkylthio, C;-C,,
alkylsulfonyl, or C;-C,, alkylsulfinyl. Each group
may optionally be substituted with C,-Cg alkyl,

30 halogen, C;-C; alkoxy or with a phenyl group. The
phenyl group in turn may optionally be substituted
with halogen, C,-Cs alkyl or C;-Cg alkoxy. In a more
preferred embodiment, the X and X' ligands may be the
same or different and may be chloride, bromide,

CZO
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al kyl sul fonate, Cerr]-Cerr] alkylthio, (Jerr]-Cferr] alkylsulfonyl, or
Cerr]-Cew09s2R¥M sul finyl. Each group may optionally be sulRGEEIHE39i t h
Cerr]-Cerr] alkyl, 30 hal ogen, C[err]-C[err] al koxy or with a
phenyl group. The phenyl group in turn nay optionally be substituted with

hal , err al r n e erred
onbodi ment -t he s ay0sd E¥prPhetl B 1 Uliddy el ca eRoiRE dROREE | oY
be chlori de, brorrF@ESlSE@ng OfWDb%/ZPFQZPZL C,-Cs carboxylate, C,-Cg
PCT/ US97/ 20390 IOQ!LH?J. hysﬁéaeszf Or: a aekbsx%el %Ct%d E'lf&ﬁ?l%hgbou%.

consi sting of: benz car box Geri]-(err], alk
phenoxy, (err]- CfB Fla?fko?( E‘F fr] élal%h t“}ﬂlcf—‘t}ér'%y élonale

C[grr] C[EE;Ir] alhklpé subéomaueedEarthmlm ety ﬁ&kyapfdxorwlﬂnel{yl groulbe
tituted wt rye e rou
?r;ysoptr onal |y be'gélgbg%‘ &?e p n])equf?b %r‘? Fﬁgﬁ 1P
Clerr]-Cerr] al kbagcogen,aﬁlevenahbyé preCerCedabkbxdr rremn amhev)érﬂrmtbre

X i d f f

G er 1] 00terr], CoForeFoet ki gt Sl P KR g iﬁ%rﬁ%r gk
(CFlerr]) [err] ( CERBEr P)—'oél feeenr ead @] Hereherieao, CReeP, £t G CO

t osyl at egonesyl at E€FHOLO Jifd r st h@me_{sgl( 3o, |H hqdﬁgst cr ebﬁbr ed
enbodi nent, X and X erg h.chl ori he nost preferred cat al ysts

are [err] where CJ 8roﬁ8§9’ a5e RSN IARSM Sd Me is methyl. The above
catal ysts are stabréfinorbaephasescd foharear bt ytloé thosct ppadergedups

i ncl uding hydrOXVEmbodiment, X and X! are both chloride.

The most preferred catalysts are

c:l/:icy3 /

u==
ILCy3

15 and

P
CI\AC% = )
u e
cl” H
PCys

where Cy is cyclohexyl or cyclopentyl and Me is
methyl.

The above catalysts are stable in the presence of a
variety of functiomnal groups including hydroxyl,
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WD 98/ 21214 PCT/ US97/ 20390 t hi ol ,
ket one, al dehyde, ester, ether, amne, imne, amde, nitro, carboxylic

aci d, di sul WORB2124r honat e, i socyanate, carbodiim de, carboalB&HYSI72A0
hal ogen. Therefore, the starting naterials and products of the 5
reactions described bel ow may contain one or nore of these functional
groups wi thout poigaiNg kdteortd! A ¥ednydd, addi £i0Ne 108 Cé&&b&%tgm%%,
stable in the presence of aqueous, organic, of pfotic_so6lvents, for

exanpl e, aromati c AR HPHR, @rRpFnbieradd, disuhfidecachaivonageher s,

al i phatic hydr ocarheissard N GErba@i Biide] SaxboaERol, ! BRIARAYSgen .
Therefore, the req@%%o descr.i be belom/nqg be cirrle out .in oné or nore

of these sol vents T8y0i Whi TPt TS RaF SE1a hF oanet Progucts ofgihe a
Synt het i c5Schenes rHaetprasendesawidrdd drelek ahep tonbeinr oHikesrf abre of

hesi zi th ; | ' m_um cakbene. cat al ysts
W ch ol mnat o meng o R o L AR b AR bR SR G ERET, hote.
Unl ess 20 egdtadinat. stk afddithion sthe ttatalpstst arat stablehdn
catalyst are as deHengfhaon I o scagratic! Ngk bRg:IN! BeRlumand
osm um car bene catal ysSts y be synt hesi zed |§éoneistep synt heses "using
readi |y avail abl e R c & ey hydrocapbongs afhieyinased As wil |

be described in déiydinodsatbmms ! et Heatd0 a1 Bfhd Ec PhP&LBEaLBY¥ARL I on al | ow
for the synthesis cif Lut-heni wp and osmum car beng t(::r(gkr:_rpIagévgorrpounds wi t hout

alcohols, water, or mixtures o
t he use of unstablé s?tarlu’ng !
Therefore, the reactions described below may be

carried out in one or more of these solvents without
poisoning the catalyst product.

15 General Synthetic Schemes

The present invention relates to new routes for
synthesizing the above-described ruthenium and osmium
carbene catalysts which eliminate many of the
problems associated with previous methods. Unless

20 explicitly stated otherwise, the substituents of the
catalyst are as defined above.

We have discovered that the ruthenium and osmium
carbene catalysts may be synthesized in one-step
syntheses using readily available and stable carbene

25 and metal sources. As will be described in detail
below, the methods of the present invention allow for
the synthesis of ruthenium and osmium carbene complex
compounds without the use of unstable starting
materials and using reactions that may be run at room

30 temperature or above. The method also allows for the
preparation of catalysts with varying anionic and
neutral electron donor ligands and varying
substituents on the carbene carbon. The methods of
the present invention generally yield the carbene

-12-



mat erti al s *and using reactions that may be run at room 30 tenperature
or above. WaésRtlhod also allows for the preparation of cat aPGEUSIYROSHD

varying anionic and neutral electron donor |igands and varying substituents
on the car bene carbon. The nethods of the present invention generally yield

the carbene - L1 Yreat 1d and a
PCT/ US97/ 20390 corrpl ?Qes |52n grea]%%? ? hggoﬁo efy&eand e i tici ently

clean that the reSWELisg el ﬁlt%alha‘}'h%‘é Eb@drﬁﬁﬂmgeﬂmm%dwy
synthesis purificaei eRedswidittaussetéfsibe paskosgwtthedis section, all

of these aspects of t resent ipveption sess rtant advantages over
the existing met h84E AR i 5@5 +%ﬁu?gﬁ %FﬁﬁﬁiﬁﬂP Ahi ch the

cat al yst s5may be syemth&m,zeﬂl rob| thege aaspéb&ll o ﬁ,lhel(bresent osn} um f
di hydr ogen conpl e Je | P unﬁ The two gener ornms o
t he” di hydrogen coé'rﬁ@é%tglrogi j) a{&éﬁe%{gﬁ APERREOSS r]qg_z' %
N(H)X(H[err])nL[e?FF§QMﬂ§%mﬁth@ 8, L and L[err] are as preV|oust defi ned
and nis 1 or 2. Because the dissociation of the first dihydrogen 15

species is facile, the S|n Ie dlhydr (n=l') and bis(di hydrogen) (n=2)
cgrrpl exes are essyﬁ"t e’g}br%e FRUugeRe taroughe Wilig] %'d tyeir ogen)

S e o oo A e
f'oﬂ,?lee(d ngrﬁggPéa n@lo%}&éf o;)grgr?acggn%piex and a simple organic
compound. The two general forms of the dihydrogen
complex are M(H), (H,) L'L and M(H)X(H,) L'L wherein M,
X, L and L! are as previously defined and n is 1 or
2. Because the dissociation of the first dihydrogen
15 species is facile, the single dihydrogen (n=1) and
bis(dihydrogen) (n=2) complexes are essentially
interchangeable. In general, the bis(dihydrogen)
complex predominates in the solid form of the complex
and the single(dihydrogen) complex predominates in
20 solution.

In the first route, the dihydrogen complex is
M(H), (H,) L'L and the organic compound is a
substituted alkane which includes a carbon atom
bearing the X, X!, and R! substituents of the

25 catalyst. In the second route, the dihydrogen
complex is M(H) (X) (H;) 'L and the organic compound is
a substituted alkyne. In the third route, the
dihydrogen complex is M(H) (X) (H,) ,L'L and the organic
compound is an alkene (olefin).

30 For clarity and ease of presentation, specific
reaction conditions and procedures are collected
together in the final Experimental Procedures
section. .
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MH) [err](Herr]) nL[err]L and the organic conpound is a substituted

al kane which includes a carbon atom bearing the X, X1, and Rl substituents ’
of the 25 WO98212Wt al yst. In the second route, the di hydr ogBRTASAHIER0 | s
MH (X) (Herr])nL[err]L and the organic conpound is a substituted al kyne.
In the third route, the dihydrogen conplex is MH) (X) (Herr])nL[err]L and
the organi c conmpound is an al kene (ofgREi Alka’® Route FOr clarity and ease
of presentation, ecific reaction_copditions and procedures are, col |l ected
together in the fi %ﬁ[i?"ﬁ%ﬂFaP PFg‘Ee&EI‘F’%“é‘é’d’c MY ke gummayyzed 33214
PCT/ US97/ 20390 ThEaan:tlz(iusne Sohere Thi, sbedbadi nent of the invention may be
summari zed in Reaction Schene 1, below. REACTION SCHEME 1 [err] 5

Thi s enbodi ment includes a process for synthesizing a conpound of the
formula [err] whiRBACDHN| SEEEMRelst ep of contacting a conpound of the
formula [err] wth a conmpound of the formula Rlerr]C(X) (X[err])H in the 10
presence of an olefin.._. MIRerr], X. Xerr], L, and L[errl, are

descri bed defined in t cTtaIysts SQﬁfbﬁﬁnand nis e her|1 or /2.

2 —— M=

H” | (2) RI-CHXIX SN
L L
5 This embodiment includes a process for synthesizing a

compound of the formula

M:C/

x1~ | \

which comprises the step of contacting a compound of
the formula

H |
M (H),
H |
Ll

with a compound of the formula R!C(X) (X1)H in the

10 presence of an olefin. M, R, X, X!, L, and L! are as
described defined in the catalysts section and n is
either 1 or 2.

In preferred embodiments of the alkane method: M is
ruthenium; L and L' ligands are each a phosphine of
15 the formula PR*R®*R®, where R® is a secondary alkyl or
cycloalkyl group, and R* and R® are each aryl, C,-C,,
primary alkyl, secondary alkyl, or cycloalkyl groups;
X and X! ligands are each a halogen, benzoate, C,-Cg

-14-



I n preferred enbodi nents of the al kane nmethod: Mis ruthenium L and L[err]
| i gands ar eveasMi2a4 phosphi ne of 15 the formul a PR err] RGE/VINR20390] ,
where R3 is a secondary al kyl or cycloal kyl group, and R4 and R5 are each
aryl, CJerr]-Clerr] primary al kyl, secondary al kyl, or cycl oal kyl groups; X

d X | d | t R, - -14- WO
o Merr) 11 oA, g gtater BLopmpEene; Slpbey here) (1 VO
Jerr]-Clerr] al kglkytEbie] - ar¥ln] ozl kex¥s Tlbyi] saldonptsy @HQHﬂdin§uyl

| § 1
ng : g[r re]r E:]q g[r re]r r] earﬂrff%%[ ere%ﬁl@dlenc 5 bdlis g da*aﬂpgl’ddi 56 rdg]g(@% ecri9ebge
(CF[err])[err](CH MELST )er(r%s)F@H[ éﬁlipy[( B0 PREP VMO \EESO 15

togyl ate,s gesyl at@osb?mdtérl Eléb?ﬂ.aﬁ&t hahas&Iﬁlmaidzoﬁmaﬂesﬁlﬂaﬁlaaﬁenkér a
substituted or unsubst i.t ut e or_ar ei,n .t
substituted group*?s ¥QF89F§d n%gg%i & :ﬁ%ﬂ?qﬁfgﬁt§€§{3dhgid§éh
hydr oxy, am no, nalkpl ﬁﬁearylcpherplm icyle, sﬂhavﬂtuﬁedrgramyoxg and 10
oL er o FEEYERERA ¥ ona80 EaRe0 I des BRI Of21 Agka Cad 1Y
under go net at hesi S reactions or rate

met at hesi s. |1 n eshEdrakyy Eméﬂ@nr@étéﬁhoéhnﬁet§1ky1an@1thra} nganégdare

each - P(gycl OheXYt%I@”allkc:E’)ﬁ@é(fﬂ)&Q?Dt yAhdethb, oQerl? is one RIHSWrapws) 3;
X and X[err] ligan ogen; err] substituent is an

substituted or annﬂﬁsﬁﬁégFiUtB&dSFBFhFF§ FHRAC W2 AT t he
substituted grouprégefigkratkedhkr eanichepgcdes apvn Shet@rloésEsl ori de,
brom de, iodide, fluoride, -NJerr], -N™e[err], nethoxy, and 20

met hyl ; and the olefin is cycl ohexene or styrene. In the nost Preferred
enbodi ments: L an@nlLgepefibildanpsreferred embodiments: L and L* ligands

are each -P(cyclohexyl),, -P{cyclopentyl),, or
15 -P(isopropyl);; X and X! ligands are each a halogen;
R! substituent is an substituted or an unsubstituted
aromatic hydrocarbon wherein the substituted group is
selected from the group consisting of chloride,
bromide, iodide, fluoride, -NO,, -NMe,, methoxy, and
20 methyl; and the olefin is cyclohexene or styrene.

In the mést preferred embodiments: L and L! ligands
are each either -P(cyclohexyl), or -P(cyclopentyl),;; X
and X! ligands are each chloride; R! substituent is a
substituted or unsubstituted phenyl wherein the

25 substituted group is selected from the group
consisting of chloride, bromide, iodide, fluoride,
-NO,, -NMe,, methoxy, and methyl; and the olefin is
cyclohexene.

As stated previously, it is preferred that the olefin

30 selected for use in this synthetic route is one which
does not readily undergo metathesis. When a
metathesis active olefin such as ethylene is used,
the expected product may not be generated in high
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are each either -P(cyclohexyl)3 or -P(cyclopentyl)3; X and X[err] |igands
are each chloride; R err] substituent is a substituted or unsubstituted
phenyl wherwWOrsRIx425 substituted group is selected frAGHGW7EPIAp
consisting of chloride, bromde, iodide, fluoride, -NJerr], -Nwe[err],
met hoxy, and nethyl; and the olefin is cycl ohexene. As stated previously,

it is preferred.tgatela@ed@deeftiona?: otentiadChRAi£hé O s Us8atbRibhi Betwalkheti C
route i s one which, doe qt readi l_}ésunde({go nmet at hesi s. When a netat hesi s
&EF U

active ol efin suchPgs® f&q & ¥t pr ofioEt SKBPPASE be

generated in hi ghwheh- Ru (HWQ(88] 2022, ), was reacted with either

PCT/ US97/ 20390 yiﬁé%ﬁ ue .04 Bﬁé&ﬁﬁééin gthesi% reac%ion bet ween t he
olefin and the product @afil y5e  ror axaiptRS RASHCBSEHP e A EERe
[err] (PCyPerr])[ einptead ofathed expertsid fenBhCHEherahdoester

G [err] CHCJ err] Meairbehle R %\%%'?ﬁzqi@ferﬁt ?dﬁg{%af Iandas forhdgtead of the

expected benzylidene and ester carbene, ene conpl ex was forned.
Observations of t RESEXVBEAONS Sfokhee SHThrnes Wotor Feserapdeat of therr] =

20.59 and 20.15 renpegtieddlatesas Wl 20a$d nd 0B § ORe Bbe &t Y4-ED) 2BE

met hyl 10 nethacryl ate confirmthat . this is due.to the subSequent
neta?hesis reactigﬁggfa tﬁ&ﬁe%@nﬂﬁﬁ+qﬁu?§eégﬁﬁ?9® WADEF e and ester

car bene. 1fowever , mehhacsyisteueon fintmatdhesti < hisncts ofué stsubkeanti al |y

eli m'eQg;gf'e%gﬂeﬁshsggq%hitvﬁe%'a%&ﬂegiiss rkdction &FCERYELLES.EYR Rhgxene:

resulting benzylidene and ester carbene.

However, this subsequent metathesis reaction is
substantially eliminated when a less active olefin is

15 used such as cyclohexene. For example, when
Ru(H), (Hy) , (PCy;) , was reacted with PhCHCl,, Cl,CHCO,Me
or CH,Cl, in the presence of cyclohexene, the
corresponding carbenes were formed in good yield.
When these reactions were monitored by 3!P NMR using

20 triphenylphosphine oxide as the internal standard,
the NMR experiments showed that these conversions
were essentially quantitative.

Alkyne Route
25 One version of this embodiment of the invention may
be summarized in Reaction Scheme 2, below.

REACTION SCHEME 2

L 17
12 R
R X

L
H
\L‘{(HZ)n +RIIC=C X —— o R12
)G/" 13 X }) \bzzdl

v TEANE
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Ru(H{err]"(H err])[err](PCy[err])[err] was reacted with PhCHO [err],

C[err] CHCYy@ps2ig4 or CH err]Cl[err] in the presence of cycl SEIEIF20390e
correspondi ng carbenes were formed in good yield. Wen these reactions were
nonitored by [err]P NWR using 20 tri phenyl phosphi ne oxi de as the

i nternal standar f he NVR,experi nen howed _t hat these caonversions were
essentially quan&qla‘?i °%‘E€‘§% %ﬁiédég a4 Procgys &20 siTn oteThfLig 2
enbodi nent of thecomyeaumd ovf nelye bEoswudari zed i n Reacti on Schene 2, bel ow.
REACTI ON SCHEME 2 [err] [err]] WO 98/ 21214

PCT/ US97/ 20390 Thi s enbodi nent includes a process for synthesizing a
conpound of the formula [err] which cgnprises,jhe step of contacting a

compound of the fornula [err] 5 X lvvith onpound of the formula [err]
wherein M X, Xferr], L, and L[err rle as _Jreviouslywa,defined in the

catal ysts section. Alternatively, theVhHe%e may be the general fornula,
Rlerr]C=CCRlerr]Rlerr] R, wherei KIK ifs hyd?‘péyl. In -17-
L! =

f ks

which comprises the step of contacting a compound of
the formula

L
H
| (H2)n
L1

x17

5 with a compound of the formula

R12
Rl7c==c c/ X
\R13

wherein M, X, X!, L, and L! are as previously defined
in the catalysts section.

Alternatively, the alkyne may be of the general
formula, R*’C=CCR'?R'3R’, wherein R’ is hydroxyl. 1In
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WO 98/ 21214 PCT/ US97/ 20390 this
variation, the alkyne is reacted with the di hydrogen conpl ex as above but
t hen subsequemm;aldeact ed with HX to formthe above descri be@CTA{ATHEP0
However, in another variation of this reaction 5 schenme, when R is
hydrogen or a (Jerr]-Cerr] alkyl, the nmethod produces a catal yst of the

general formila, gﬁaf(%ggr%kholJ éﬂé‘gfﬂ (¥{§fgéééed thh the

(CHerr]CRerr] R 'her versio renal Variabl es are n
which is either 1dahyZrogen wemsex aﬂ/cﬁhsgm buty ythen a@bsequently

et L], okt Sl it o a s gty caeteons
al kenyl, derr] ngI@?”F]"% kY [RnOHRAT (‘;Iqre‘rart]l‘t‘f[ e‘?% &E:h%/bﬁ?(%'éi-@l‘
Cerr]- C[ grr] al k@&henﬁ,elwﬂerﬂmr rils aiydamgeaxqu@ -]e RAKYIL alty! oxy,

aryloxy, derr]- Iko arbonyl % r] al kyl t hi o,
Cerr]-Cferr] alk 1’ %srtr] g%‘?s‘ﬁ??’ﬁ??‘ f an t he
substituent group (EayXdeé (MHH‘DMaCéR {CH AR 28r3RON @ groups sel ected from
Clerr]- (err] alkyl, Cferr]-Clerr] alkoxy, and aryl. \Wen the substitute
aryl group is phenyl It may be further substituted 20 w th one or
more groups sel ectlad efithara enssgsh, theo[xangirgng r‘ram«ple%ara n
fC[e{ L] C[erlr]dal Kxd.ch My%l\&fe:;[ tlh%?fjﬁ aeid leiicwtisst Iﬁy&ra%
urther include o no uncti.o rom X
thiol, tHhCoether, E&e?@he i]ai’%eh%% 1Qest%}‘?%@t h&f* i‘m"ﬁ? eﬁh ‘9 %/%"’ﬁe
am de, nitro, carlmxy:lnec ca‘izltd:;e dicllldwidey m&udmhanmtlgnoypsat €, -Cq5
carbodii m de, car ? X¥p and hal o pra:[;gre epbodi ment s
of the al kyne net %g }}il\/l 2 rad h%%ﬁéﬁ}’lt g?\dele[ gieﬂjy#ﬁg’anf %’r eeéag[f)? a
phosphi ne of 30 carbcm)daf'c(ﬂ mihx PR dLkPRyer £ RE gy rdlkamplex®] ef51Cis a
secondary al kyl oRixynyloxy, aryloxy, C,-C,5 alkoxycarbonyl, C;-C,q
15 alkylthio, C,-C;4 alkylsulfonyl and C,-C,q
alkylsulfinyl; wherein the substituent group may be
substituted with one or more groups selected from C,-
Cs alkyl, C,-Cs; alkoxy, and aryl. When the substitute
aryl group is phenyl, it may be further substituted
20 with one or more groups selected from a halogen, a
C,-Cg alkyl, or a C,-Cg alkoxy. Moreover, the R'? and
R'? substituent groups may further include one or more
functional groups selected from hydroxyl, thiol,
thicether, ketone, aldehyde, ester, ether, amine,
25 imine, amide, nitro, carboxylic acid, disulfide,
carbonate, isocyanate, carbodiimide, carboalkoxy,
carbamate, and halogen.

In preferred embodiments of the alkyne method: M is
ruthenium; L and L' ligands are each a phosphine of
30 the formula PR3R®*R®, where R?® is a secondary alkyl or
cycloalkyl group, and R* and R® are each aryl, C,-Cyp
Primary alkyl, secondary alkyl, or cycloalkyl groups;
X and X' ligands are each a halogen, benzoate, C,-Cg
carboxylate, C,-Cg alkyl, C,-C; alkoxy, C;-Cg
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cycl oal kyl " group, and R err] and R err] are each aryl, Cerr]-(err]
primary al lgybgsgemagendary al kyl, or cycloal kyl groups; X and XpeTmp9i/i03ends
are each a hal ogen, benzoate, ([err]-Clerr] carboxylate, Cerr]-(err

al kyl, (err]-Cerr] al]koxy, C[err] Cerr] -18- WO 98/ 21214

PCT/ US97/ 20390 al k I S Ifonat ncl udi ng

chl oride; brom 3e ﬂ‘éfg g’é G IEér]r] (i%[gélr'}csq%@h]%&lg??gteﬁﬂf I err] ,

I(Dﬁ?g[ eR/lre]O) [ E{VO] Cto chChirdide],) Wdﬁ}l(d}i[ eiodydeE) SEE{JGU]G?Hi .em—'ﬂ'ﬁ % r] :
) , L to e r|

and R13 are each 3&g6§?9 fegée 4 ﬁ& %ﬁykétu éﬂ £f8§¥fqgferr ?&SP €

wher ei n t he subst kpgydatgromesylaks ceAard trbﬁiaogpmph@@xﬁtshﬁmgﬁm aR

hal ogen, dr oxy, 3 r Y, r Ikoxy,
and %[er r]byC[ err] aglm‘k%;ycg%o%?cg 3 c&llkt%%rt{sé%aédlk %”é%‘%gé%%%ﬁ b% é

In especial ly prefdk¥dd ognﬁd@f]wéﬁ‘h%re{n alre Lf\égﬁ}'— Mgeed graup deth
;([P(cyitl Fhexylj) [eééllec?i:%d ?&fﬂn@@r&ﬂé Z;Beédsﬂ;sa.etlng( &0%&@9{)' %I?atlat@%ﬂd
err i gands ar ch _a hal.ogen ach subs uted or
unsubstituted ar oﬁé’arg’Wydraé‘Eég%orP’vﬁfé‘?m ﬁgl't%fe %a:{}b\éfr thre’ds B Ys 384
sel ected from t heCgrGypatkosiyshirbonyfl ;clend iRl, ilr dridimgerndbriemethydri de,
-NdJ err], -Nve[err], nethoxy, and nethyl; and R err] is hydrogen. In the
nost preferred embodi ments: L and ééenr] l'igands are each either

- P(cycl ohBxyl )3 ofn- P(smm@ddm \Bysferxred embodimentit L gmidarls geaute
chloride; R12 andzRL3 3l eachywihisnd )ed orppgﬁgbgbéhgg,qq phepy!l or

wherein the substituted group .i’'s sel ec fromthe group’consisting of
chloride, bromde- P {3 og %ﬂﬂ"(ﬁaand 1lgands gre gach a halo%en,

R12 and R!? are each substituted or unsubstituted

aromatic hydrocarbon wherein the substituted group is
15 selected from the group consisting of chloride,

bromide, iodide, fluoride, -NO,, -NMe,, methoxy, and

R'7 is hydrogen.

methyl; and
In the most preferred embodiments: L and L* ligands
are each either -P(cyclohexyl); or -P(cyclopentyl),; X
20 and X! ligands are each chloride; R'? and R!3 are each
substituted or unsubstituted phenyl or wherein the
substituted group is selected from the group
consisting of chloride, bromide, iodide, fluoride,
-NO,, -NMe,, methoxy, and methyl; and R'7 is hydrogen.

25 This embodiment of the invention is an extremely
efficient method for synthesizing the above described
ruthenium and osmium vinyl alkylidene catalysts in
essentially a one pot synthesis. Because the metal
complex need not be isolated, it may be generated in

30 situ and then subsequently reacted with a substituted
alkyne to form the desired product.
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-NJ err], -Nwve[err], nethoxy, and nethyl; and Rl7 is hydrogen. 25 ,
Thi s enbodi nent of the invention is an extrenely efficient nethod for
synt hesi zi W§ 981824bove descri bed rut heni um and osni um vi nyl BFEYSPTROAYP
catalysts in essentially a one pot synthesis. Because the netal conplex

need not be isolated, it may be generated in 30 situ and then
subsequent |y reaghedddili ch SUDSEhd UL 3bKYBEntREREN the @daddEhditoduct.
-19- WD 98/ 21214 PCT/ US97/ 70390 | n

addition to the 8488 desiitithel NigmPERBBarn¥aeldeso FozuEXamMBE i gh
product yields. kde examlds dhkofiydsi domphéer RA&HTqaRh X, RUCHY,(C ) (H2)
(PCy[err])[err] reacts rapidl mﬁth?connerC|alh¥ aval_l, b% 3-chﬁq;o- 5
S bt hyl -1 - but ynd SAT TRk LAY o | RNSE FOPLYnE VBAABRAE AahSEO"
Ru(d)[ ebr] ( PCy[ sr-methyrir4 <git BieMa?) ménhghbed®s chdbatide yicelfehrmNtde t hi s
reacti on was noni ﬁ@ﬁ% { t f ound, t ed i IS
conpleted in | esgta&(}[?z;%%‘e?gcngﬁin%}tbes, e}/%a%(%ﬁé)@%e%r#]@%gt hlixgaé::L%%
tenperature, intd§odEt®d ateekdtc Mhent ehhdl repefdond wasy awmns tarad thie
yield is approxi gt @iMr,99.+5%aRemainONshat tEhet Peacaikynes, cespaetdld ¥
propargylic halides, were found to react simlarly. Ruthenium carbenes
Ru(Cllerr]) (PCyEEr Moot evEesr ] fVer BF and@°ts At tHFaerr])
(Pq/[ermlpl)[err] ( TEnkpEt(Ehtidy, V\Bﬁtﬁe?ﬁdﬁﬂtdrkllf agaihbse a]gnr ﬁmmmﬂi}ngstedﬂ@am( §; in
essentially quantitatiwve MWl gh_a_trace.of .the rutheni um (1
conpl ex, Ru(l—i)[e&'ﬁﬁg%a])s[ eérhafe'l( %TZ#%T? e%?] aa,g?%f%m%g ds 9§ 'Eé;%p‘r oduct .
Interestingly, the anmount of the byproduct increased

Reactions with other alkynes, especially propargylic

halides, were found to react similarly. Ruthenium
carbenes Ru(Cl,) (PCy,;), (=CH-CH=(CH,) ) and

15 Ru (Cl,) (PCy;) , (=CH-CH=CHPh) were formed from the
corresponding alkynes in essentially quantitative
yields, although a trace of the ruthenium (IV)
complex, Ru(H),(Cl),(PCy,;), was formed as a byproduct.
Interestingly, the amount of the byproduct increased

20 as the steric bulk of the alkyne decreased. For
example, the monomethyl substituted HCECCH(CH3)C1
formed the carbene product Ru(Cl), (PCy,), (=CH-CH=Me)
and the byproduct Ru(H),(Cl),(PCy;), in an 8:1 ratio,
and HC=CCH2Cl formed the carbene product

25 Ru(Cl),(PCy,), (=CH-CH=CH,)} and the byproduct in a
0.8:1 ratio.

Changing X also affected the amount of the byproduct
formed. For example, the dimethyl-substituted
propargyl bromide, HC=CC(Me),Br gives 30:1 of the

30 expected mixed halogen carbene RuClBr(PCy,;), (=CH-
CH=CMe,) to the mixed halogen Ru(IV) species

_RuClBr (H), (PCy;), which is substantially different

than from the greater than 200:1 ratio seen with the
corresponding chloride, HC=CC(Me),Cl. As a result,

-20-



20 ) as the steric bulk of the al kyne decreased. For exanple, the
nmonomnet hyl Wh%#21214 ed HC-CCH(CH err])C forned the car bene pPEAEN97/20390
Ru(Cl)[err](PCy[err]) [err](=CH CH=Me) and the byproduct
Ru(H[err](d)[err](PCy[err])[err] in an 8:1 ratio, and HCCCH2Cl forned the

byproduct i n a 0. 8o VA0 CORHEILS HpEEak: | BRRRFIATI, RAN LY (ho

bypr oduct forned. FROPasE @, Chl@’fuﬂﬁethye polbst pretfedyedopar gyl brom de,

HC=CC( Me) 2Br gives 30:1 of the 30 expect ed m xed hal ogen car bene
Rud Br (PCy[err])[err] (=CH CH=CMe2) to the m xed hal ogen Ru(lV) species
Rud Br(H)[err] (P Y§rer r’{a%ﬁ’c‘hfl gsaxhgaeako R (IVd| y@mzaduathaeat roen

the greater than %Mbibﬁéﬂldtém&ﬂh&&lhytﬂﬁ EEEVQ%RQ@ﬁdnlé”HHHﬂéEH from

E&?S(Sg‘;; ggg]odt erqqS a_,yor%ésng%ﬂ?%? i h%??ﬁ%neegﬁegf’&ﬂe?et -er BYarSV ik IpERgy | i ¢

chlorides are nostsqiresers edchd/bs ebvand Oasin plrodachen® ygRddudt

bypr oduct can be i Bk I t A4S ed fro
di chl or onet hane to e%z%%efjor to ﬁ%ﬂﬁg) é% L ?@ﬁ?ﬁﬂ cs:%)l‘\”/yépf(zél mpﬁgvglgl%é’nd
0.8:1 product to BfrlodRd %3 o@ewemﬁm err])CI and HOCCH2O wer e

inproved to 30:1 and 37:1 respectively. 10 When L and L[err] groups

are triaryl phosphj.nes tijon Scheme 2 may, K be nodjfied by replacing a
di hydr ogé?{? speci ed'HSH tlhea’é‘féru%’%?rp%% W%ﬁrxltﬁhpapbhagﬁm %@aqtgam
The resul ting hydSdiemompimay We Imodified by replacing a dihydrogen

species in the starting complex with a third
phosphine ligand. The resulting hydrido complex will
be of the form M(H) (Cl) (H,) LL'L? or M(H) (C1)LLlL2

15 depending on the starting dihydrogen species. In all
other respects, M, X, X!, R2, R!3, and R!? are as
described above. Reaction Scheme 2A shows one
version of this embodiment.

REACTION SCHEME 2A

20 Alkene Route
This embodiment of the invention may be
summarized in Reaction Scheme 3, below.
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be of the formMH (d) (Herr])LL[err]L[err] or MH (d)LL[err]L[err] 15
dependi ng on the starting di hydrogen species. 1In all other respects, M X
Xerr], RRewogdspierr] and R err] are as descri bed above. RREUUSHRIZ¥hene

2A shows one version of this enbodi nent. REACTI ON SCHEME 2A [err] 20

Al kene Route This enbodi nent of the i nvention may be summari zed in Reaction

Schene 3, bel ow.
PCT/ US97/ 20390 R@@W&%é err] Thi s enbodi nent includes a process
for synthesizing a c ound of the forrmula [err] This prqgcess conprises the

step of contacting a cqmﬁound okt4 he fornul a fker wi t R¥® conpound
of the formula [er X[err ddnd L[err] are a scrji ed defi ned
in the catal ysts sect z)m +s e)', eF {Ror 2—amd™R| e ,} -22-
VD 98/ 21214 H” | X P | PS97/ DUCHRIRIS

This embodiment includes a process for synthesizing a
compound of the formula

X1 lﬂ NCHRI4RIS

This process comprises the step of contacting a
5 compound of the formula

L
H
)A(Hz)n
). ¢ Ll

with a compound of the formula

R16

Ri4
\C _.—..—_:C/
v NR1s

M, X, X}, L, and 1' are as described defined in the

catalysts section; n is either 1 or 2; and R'%, R!5,
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and R16 are each is hydrogen or one of the fol I.owi ng substituent groups:

- l,, - rr] al kenyl, errj- err] al ,
g[[g”} -g:[[gi‘ﬂ)gg}azr 1gxyIC[at(:are,r] C[C[e(rar]!C[err] yaI kgy, ]C[eﬂ] -C][err{&lgpﬁgr@lr’%]lxy,

C2- C19 al kynyl oxy, aryloxy, Cerr]-Cerr] 5 al koxycar bonyl ,
Cerr]-Cerr] alkylthio, (Jerr]-Cferr], alkylsulfonyl and CJerr]-Cerr]

al kyl sul finyl ; whendi B*f hareubstht denhydrogemer e wSttthelt £d1 Wbivlingne or
nore groups sel ec rs ery ] rrd &l kyl; errd-Cler Xy ,~ and
aryl. Wen the su%gg’iszt&%e@egtylgrﬂ;r usg' ic}s1 g:l%n)%‘},kgi[lt’ ré&ygﬁé %%kgkbﬁ, Fart her
substituted with Sae dtk¥BYE, gRBUPs Set€cs cxr¥Povyhahal ofenC; a LikaSyal kyl

or a (Jerr]-derrk,abkoxyikdbyeong! . cihe, RAannyRep! lardtdx etrlc
substituept groups further _i ncl ude ongf 05 gg e flunctional groapsl9

sel ected Prom hydP&%ycﬂ‘F Py lhiGether 21k¥LEREC, 161-Crs akkudRpd&onydt er
ether, amine, ini aad @yi-de, alkybsulfiihpXyl whegeiith tdiesWilidleitwanbonat e,

| socyanate, carbodilj.md rb Me...calf barmmt e, _and_hal ogen. I n preferred
enbodi ments of th ygﬁ%eﬁfg}pn%teh%ﬁg%&@n}elﬁ h"ént?lﬁn?nf Shd™PEEr BFOUPFands ar e
each a phosphi ne selegted fromh&,f-GxnmallkyPRIRYRE, ahkosyR3ainsl argdgcondary
al kyl or cycl oal k r , ae;g;ﬁ e aryl,
Cerr]-Cerr] pri %Fz g:ﬁ%ylﬁ%%éc%tﬁ{fz’adry Al %P&%é %c?ggﬁg%’ é%o@ﬁ%’; b)? and
X[err] |#+8ands ar &uskiera shbstdditeasbizidh coneer rioTe egrpupsr Sedpicites

Jerr]-Cerr] al kfromCaehall odledr,’ la & kexyalfkhar,’ lxClLrd |- 25 alkoxy.
ncl ddi r?g chl ori de,

| kyl t hi o, |, - | |
gr 0?1/1' del, C)i ogir ée, %F%S’]regq & ,rlglé;[ é?rlér'] %‘é?ﬁ]ﬂt e%hﬁ[%\“?‘]‘%ﬂ eFFPups may
I(Dﬁg[ eR/lre]O) [ E{VO] Cto faeEhent [injcdmde( G!{&I’Ch:}[ e (ﬁﬁ{x@ﬂiﬁbﬁai C.bf]grﬁﬁib}s) [ erer]A,CQ |
, ,  to ri 0 nesul f opat e: an
R15 are each substé?é?%{cggdglrﬁéﬁkﬁfgtit tlefd %%%][%%Jé?ﬁﬁ§ﬁ' Qe%on&l'kyl or
aryl whet®i n the 3&Behydgre@s§edup stheyo| amiste f ronine gravpdeonsisiong of
aryl, hal ogen, hygdaewpxyaficnacid,! idsudlidd, Gersdnt Ky 1sGEeanhd errl

al koxy, and R
y carbodiimide, carboalkoxy, carbamate, and halogen.

In preferred embodiments of the alkene method: M is
ruthenium; L and L! ligands are each a phosphine of

20 the formula PR3R?*R5, where R3 is a secondary alkyl or
cycloalkyl group, and R* and R® are each aryl, C,-C,q
primary alkyl, secondary alkyl, or cycloalkyl groups;
X and X! ligands are each a halogen, benzoate, C,-Cg
carboxylate, C,;-Cs alkyl, C,-Cg alkoxy, C,-Cs

25 alkylthio, aryl, or C;-C; alkyl sulfonate including
chloride, bromide, iodide, CF3C0O,, CH3CO,, CFH,CO,,
(CH3) 3C0, (CF3),(CH;)CO, (CF;) (CH,),CO, PhO, MeO, EtO,
tosylate, mesylate, and trifluoromethanesulfonate; R4
and R'® are each substituted or unsubstituted C,-C,q

30 alkyl or aryl wherein the substituted group is
selected from a group consisting of aryl, halogen,
hydroxy, amino, nitro, C;-C; alkyl, C,-Cg alkoxy, and
C,-Cs alkoxycarbonyl; and R€ is hydrogen.
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Cerr]-Cerr] al koxycarbonyl; and R16 is hydrogen. -23- WO 98/ 21214

PCT/ US97/ 20390 In especially preferred enbodinents: L and L[err] |igands
are each - Kovstabexyl)[err], -P (cyclopentyl) [err], or -P(PCOPSHIREBI0 3; X
and X[err] ligands are each a halogen; Rerr] and Rlerr] are each
substituted or unsubstituted 5 aromatic hydr ocar bon wherein the

substituted grou I s sel ect fr the pnsistin chhori . de
broni de, i odi de, lfcﬁl??o%la E%Q%’F‘? ery @Mmﬁmox@ aﬁﬂdE iﬁ??hdind
Rlerr] is hydrogere Iafadme-mc]mlﬁ:eyl ed erOoirabopentylhnd eferr] |igands

10 are each cI rs ) X err]
| i gands are each cﬁ oF 1°die %%i ?.r:]gazrxg&éé'galaroﬁg %Astalgth%&g&gn
unsubstituted phdiy asd Rﬁiar@rﬁ @ﬂ@hsa SF!—EP‘éGngé“upmﬁsl@éIlé‘c{t@ﬁ fromthe

group comsi sting fHord¥ 04 | r&'ﬁ&fﬁ&?wﬁé’f’égﬁ tﬁéUQﬁbgﬁltﬁﬁed groug\deLrrl,
-NMe[err], methoxy, and rre aan’{R%‘%Prrslé dr ogen. and Llerr]

groups are triar\yi® s 1ﬁﬁy°5e°ﬁ$8i’-’ﬁ-l‘i@d by
replacing a di hydjﬂgﬁdépem&saen fI‘lﬁbﬁi@éI | AgOL prrpﬂunézovmrﬁétleowt rend
phosphi ne |igand. q} esul é‘%d g’% conpl ex wi | be of the
formMH (O) (M ST{LLT% ’?g[ (A)LL[err]L[err] depending on
the starting di hydrogen species. In aII ot her respects, M X, Xerr],
Rlerr], Rerr], QS &6 HE &rérf&g NEg . REaghigon1 SehgaRg3A shows
one version of thIS ri S_n@f- 25 R%A O%d%%%EE/E 3% §

10 are each either -P(cyclohexyl); or -P(cyclopentyl),; X
and X' ligands are each chloride; R'* and R® are each
substituted or unsubstituted phenyl or wherein the
substituted group is selected from the group
consisting of chloride, bromide, iodide, fluoride,

15 -NO,, -NMe,, methoxy, and methyl; and R!® is hydrogen.

When L and L' groups are triaryl phosphines, Reaction
Scheme 3 may be modified by replacing a dihydrogen
species in the starting complex with a third
phosphine ligand. The resulting hydrido complex will
20 be of the form M(H) (Cl) (H,)LL'L? or M(H) (C1l)LLL?
depending on the starting dihydrogen species. In all
other respects, M, X, X!, R**, R'5, and R*® are as
described above. Reaction Scheme 3A shows one
version of this embodiment.
25
REACTION SCHEME 3A

L 16 RM L RI16
H L2 R X ,
x1” L ) d NRis X! Ncprupis
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[err] -24- _
PCT/ US97/ 20390 Because the al kene route reactions appears to be |ess
efficient t

preferred met hod when non- vinyl

For 5

WD 98/ 21214

B2¥d4ot her two nethods, the al kane route is gen®rHUSY7/30AY
al kyl'i dene catalyst are to be synthesized.
exanple, Ru (H (d) (H2) (PCy[err]) [err]reacts with vinyl

chl ori de tf(giVF'Bé@aﬁ%@eﬁ?@da%ﬁéﬁ%ﬂ?buﬁﬁ]reafﬁﬁ??ﬁ %gpggﬁglgg be less
Ru(d)[err] (PCy[er errl(s rrl). e ne

SEIEHIE Clce s Sl duconl i o
Cesul 101 @ subcqugp 6193 BN MAR ARCLLN, BOLACE. a0 e
car bene product anﬁﬁglnyF ?%ﬁor.%éQ%ﬁﬁﬁéﬁ al so resﬁ%%g TR-CHE S Atat iFGF of
1- chl or &pr opene)eX#BRke er Rudile { CAf i) HE vl gl reacheneriptoduictyl ar e t aken

into account, thechdbrodef teagReRe the expectéd RN

2.1: 1.

[err]-carbon (to &%

n@Yyproduct is a nodest

Unli ke the alkyne roufe, increasing the steric bulk at the al kene's
it

¢¥s}4 (fcHfFH: on) theyi me by 1 i ApRey eomed esar bene

614 LT ) ) o et o TR ) ey
ne clooctatrl .
frFy G EPELRE ! e oo ey b f5aF obBPLSROIS A o

this method, Ru(
to as "Ru(COD) (
synt hesile cat al ysesubt ofieagenbsaquestmdmodRi(Mfatheésis[ eeabticdR err])

wher ei n:
section;

25

15

20

25

30

betweeRl EhE] 1hEefR U Wy HESG06E LRat DEnGat @l yst
chloride (which also results in the formation of 1-
chloropropene). However, even when the total carbene
products are taken into account, the ratio of carbene
to Ru(IV) byproduct is a modest 2.1:1. Unlike the
alkyne route, increasing the steric bulk at the
alkene’s f-carbon (to suppress B-addition), did not
improve the carbene yield.

Alternative Synthesis for Ru(X),(L),(=CHR?):
In this method, Ru(1,5-

cyclooctadiene) (cyclooctatriene) (hereinafter
referred to as "Ru(COD) (COT)") is used instead of the
dihydrogen complex to synthesize catalysts of the
general formula Ru(X), (L), (=CHR') wherein:

R! is as previously defined in the catalyst
section;

X is a halogen; and,

L is a phosphine of the formula PR3R%R5, where R3
is a secondary alkyl or cycloalkyl group, and R*? and
R® are independently selected from aryl, C,-C,,
primary alkyl, secondary alkyl, or cycloalkyl groups.
In preferred embodiments, X is chloride and L is
P (cyclohexyl),, P(cyclopentyl),, or P (isopropyl),.

-25-
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X is a halogen; and, L is a phosphine of the fornula PR3R4AR5, where R3 is a
secondary al kyl or cycl oal kyl group, and R4 and 30 R err] are ' ’
i ndependentwp 9s2imdt ed fromaryl, Cerr]-Clerr] primry al kyl PCEHESI0380y
al kyl, or cycloal kyl groups. In preferred enbodinents, X is chloride and L
I's P(cycl ohexyl)[err], P(cyclopentyl)[err], or P(isopropyl)[err]. -25-
WD 98/ 21214 1 . . CIL US9 90 RICHX2 is
added to a solutignc%¥zﬁbfcfﬁgf€£ﬁ? FnSFH@*ﬁfESéHEéng&5ﬁ6§%ﬁ$ e?nLFth a
sui tabl e sol vent Rresepeme: efp@rmapline, deneinta shétpbddusblvent at
Ru(X)[err](L)[ errl.(.,ag-llgg%&;ggatul@é I téé{é%’&éxé‘ﬂgl ﬁ§08[1c§w table 5

0 e

sol vents i ncl ude bu"téxgre not ted to toluene, zene and

| i
di chl or onet hane. FHéXded®? al(=ﬁ§g}|bni skl bisEEaEdiven exampias afwseitaislet he

oxi dat i vesaddi t i oBoQirebite dlolludl haltd derd tmébel Ruf Qraspectes ubpld owed by
an a-halide eli m'gation. 10 An illtﬁtrative exanple of this nethod is

shown in Reacti on°SRRERE F0h HFHRXANRE 3RS 500 product yiel d of
RuCl[err] (PCy[err])[err](=CHPh). REACTION SCHEME 4 [err] However, this

synthetic route p e t jsal. 1 limtations. . The first is
that al t hough googﬁéi é%’gg Rave cz{é%lfée%é% eﬁéaﬁ%w?ﬁ ©Fs B¥Pr FEERS: and
tedi ous to synt heSh2eoxfdatdyeomdidis-iamtof Hehe oablylodibhlpHes plothem

sal ts, such as POY3CH BheCiesMi Yowed byrikh Lo nEEYRE" B} imiRYcAGRENt i &l 1y

limt t . .
hfo An illustrative example of this method is shown in
Reaction Scheme 4 which results in a 50% product
yield of RuCl, (PCy;), (=CHPh) .

REACTION SCHEME 4

—— PC%
4 2days Q) D
SRu+— +2PCys + PhCHCl ————— Ru=C.
O>q ] . Y 2 C|' 'U CH

Toluene PCys

However, this synthetic route presents two potential
15 limitations. The first is that although good yields
have been reported, Ru(COD) (COT) is difficult and
tedious to synthesize. The second is that the
formation of phosphonium salts, such as PCy3CHCLR*C1-
when X = Cl and L = PCy;, may potentially limit the
20 viability of this route for some carbene catalysts.
For example, while RuCl, (PCy,), (=CHPh) and
RuCl, (PCy3) ,(=CH,) may be synthesized in this manner,
RuCl, (PCy,;) , (=CHCO,Me) cannot be synthesized using
. Cl,CHCO,Me because of the formation of the phosphonium
.25 salt, [Cy,PCHCLCHCO,Me]l*Cl” as a side reaction.
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20 viability of this route for sone carbene catal ysts. For exanple,
while RuC[err](PCy[err]) [err] (=CHPh) and

RuC [err] (Wp8R1Zid[err] (=CH err]) may be synthesized in thi GRPIRER03N0
RuC [err] (PCy[err]) [err] (=CHCJ err]Me) cannot be synthesized using
Cl[err] CHCO2Me because of the formation of the phosphoni um 25 salt,
[Cy[err] PCHA CHOGherd I | g sidessearhb®s (p

] Ve Syn| i V3] 2= ; i S
al ternative rout &his AMBIRATHIL oFOUER hfkaAn¥ardatdophat ke RldanRis y

described and t akes taduaitgrm e prePDdesl yabeBBraAbRAS G @rddHN bet ween 5
the olefin used in,the reactjon and the car begg groduct. Firs
S SFREy

t,,
Rud [err] (PCy[ er A9YEa9e FFRRY LIRS P By Sr &88GEG PR between
Ru(H) [er ] (H errJoHeerald Gy [esed ) imi the (}{ea?tILSHCQndr lthdlihb darldre plr esence
f th | efin, st I t he escr ane
Ceact fon. The' fomeugy+ | FLrdlP nidl HRofy) ol rrred BT
(=CHCO err] [ Me) wredariions Ru SlbsEtplePOygd avhisdi SlL,€HC0,Me vt ithet yrene to

duce the final =GHPh), rd |
e " A, (U G sl o pppmetialor |

Q
general , unless &85 iaReVe dREEH BeRertkaRe HRRCEdPRent dPned degassed
prior taouse. [RedAwand (sd)] o@d;@-)Q(QCyél;(é& Me) Badedgded 12.0 9,
ed inp

42. 86 1), d OH (7. | .a 50Q Fi sher-Porter bottle.
[ RuCl 2?22]3% ] xains s&’hﬁﬁ%ﬁfe‘zﬁ g%%‘lggégeglggﬁﬁﬁ?‘é%oﬁr B’&ﬁg’tét&%&ﬂq He® r eact i on of
RuC [err] wth Cgrodemmstsiesl SiwabupybdattoRall(28Qyyl) (verPh)ided, and

Experimental Procedures

Synthesis of Ru(H),(H;), (PCy;),.

15 In general, unless explicitly noted otherwise, all
solvents used are degassed prior to use.
[RucCl,(COD)1, (6.0 g, 21.43 mmol), PCy,; (12.0 g, 42.86
mmol), and NaOH (7.2 g) were placed in a 500 mL
Fisher-Porter bottle. [RuCl,(COD)], is a polymeric

20 complex produced from the reaction of RuCl, with COD.
Degassed sec-butyl alcohol (250 mL) was added, and
the suspension was pressurized under H, (2 atm) and
heated at 90°C. The system was repressurized several
times, an indication of H, uptake. The reaction

25 mixture was stirred overnight. The system was
allowed to cool to room temperature under H,
pressure. A pale yellow crystalline precipitate was
obtained. All of the following manipulations were
carried out under H, pressure. Water (30 mL) was

30 added to the resulting mixture, and the mixture was
filtered though a glass frit filter. The filtrate
was washed twice with water (30 mL portions) and with
methanol (twice with 20 mL portions. The solid was
dried under a H, stream. 11.8 g (83% yield) of a

35 pale yellow crystalline compound was obtained. The
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t he suspension was pressurized under H2 (2 atm and heated at 90[err]C. The
system was repressurized several tines, an indication of H2 uptake. The
reacti on 25oo9gr1214n xture was stirred overnight. The systempeIaisayredsed to
cool to roomtenperature under H2 pressure. A pale yellow crystalline
precipitate was obtained. Al of the follow ng mani pul ati ons were carried
out under H2 pre e, ter nl) was.30 added.to.the resul ting
mixture. | and | ho R VRS 9 | LErL P TIOTOR KoEPaseoRPAFS e TORG
filtrate was washperevivwsl windpowetted (130t bbteresnwyreadidorwi t h net hanol
(twice with 20 tiens. olid was dried under a H2 stream 11.8 g
(83%vyield) of a %g@f)z( 255;&%%%/2?1 ow crystal line conmpound was obt ai ned.
The -27- WD 98/ 21214

PCT/ US97/ 20390 Nidgriti¥eddian ff ﬁﬁ'&ﬁzﬁr qgt(=m)i,dent ical to those
previously reported in the |iterat

re fof
RUCH [er 81 (L or 159 & FXEReaASHST 13 5ry My (HaleciBS¥ 2 (1-0g, 1.50
Rud [err] (PCy[ er mmdlar rir{ Hedttene 5(40 mL) Jocpclohpaeneon(1afs mL, 14.80
Ru err](Herr N\ CY, 50 1- myol ) i ent-ane. (.40
m_§ H) E:ycl ]oéleiene%.%’a) MADS léfﬁ%%i %é’l#a? a'gjéiré‘éFg%\f t &r y%']'r%‘\%r‘?ﬁtséjsl,uq-‘al | 1 ow
sol ution is obtailedbtakned t @ndRftent S, ménptke,yel Pewepyedimw ate is
formed. The reactd,QibiB4¥E MaSrdfhed. Tﬁé'féﬁétggéd%tig&ﬁ:e W

vol atiles were rénoved under vacuum Pentane_was_a e solid.
Addi ti of%f PhcHEferrqd (fpm Inhour 11 Feel Yolalidest Wereoreaved sindey ed
sol ution, which wascufiin S I epbritine wa 'ali®@sd dBethe solid. Addition of

PhCHCl, (0.4 mL, 3.11 mmol) led to the formation of a
red solution, which was stirred for 45 minutes. The

solvent was evaporated, and the residue was washed

15 with cold methanol (three times with 10 mL portions).
0.75 g (61% yield) of a purple solid was obtained
whose NMR spectra were identical to the compound
RuCl, (PCy;) , (=CHPh) .

Synthesis of RuCl,(PCy;),(=CH,) and
20 RuCl, (PCy;) ; (=CHCO,Me) .
RuCl, (PCy;), (=CH;) and RuCl, (PCy;), (=CHCO,Me) were
prepared in an analogous manner as above except that
Cl,CH, and Cl,CHCO,Me were added as the dihalo
compounds respectively. In the case of the synthesis
25 of RuCl, (PCy,;),(=CH;), because the reaction is slower
as monitored by NMR, the reaction mixture was stirred
overnight after the addition of Cl,CH,.

Selective spectroscopic data for

RuCl, (PCy,) , (=CHCO,Me) : 1H NMR (300 MHz, C.D.: & 20.15
30 (s, Ru=CH), 3.53 (s, CO2CH3); 13C NMR (125.71, CD,Cl,,

-30°C) &5'276.37 (t, J(P,C) = 5.1 Hz, Ru=CH), 178.69

(s, CO,Me), 50.84 (s, CO,CH;); *P (161.9 MHz, C.D;) &

38.66 (s, PCy;); IR (Nujol) v 1721 cm™! (C=0O- (ester)).

-28-



sol vent wa,s evaporat ed, and the residue was washed 15 with cold

nmet hanol g,r s with 10 nL portions). 0.75 g (61% yi el d}cflilsﬁ/ﬁ%tpl e
solid was o tal ne whose NWVR spectra were identical to the conpound

RuCl [err] (PCY[err])[err] ( =CHPh) . Synthesi s of

RuCl PCy[err err] and 20
RUCl% 2; H § Pg% err }i) [ (B p)( éﬁéﬁr;} Me)8 Eyeeme et} ¢ dighdprprpduene =CH)

and Rud [erL] ( PCglegirielnd e(ror Iz (nE.QHCiCI'ﬁﬁﬁrﬂlc]Q’P% noggéeaaasaaﬁedal %?%tqmrbg{r 39@18
r above exc a err
ggggg agst he di han‘(%éﬁﬁgaLa&% %v%"fﬁ 19 ?F.em@aié oP tRe el s 25
of RuCd [err] (PCy[ els].) [ &fte=aH exix],) , ahﬁ-@@iﬁ]&lbhgtbﬁﬁéh;oﬁfl .9 ?tom?{]asas
t d b NVR, Qi er e
nad thon 5t Cf e APEREL B r dRaHt Frd edp LESTRSYREHS. B or )
(PQ/[ err])[err] (FeRcHisn umture WwWivR gBooredizfor] éErl}lmerr]I'he[ ealjvez: 15

= 2
CD[ err1d E:rrFU _C%[ efi‘re]'ﬁ%v(e%i Zag:xgi g'.r?Hé %@{&Jé wééﬁ‘e&"vﬁl(:ﬁ ﬁeéb)anohg%dg (s,

cOerr] M), 50. s4aacetang afficadiag ]9 eﬁ@%i jon wﬁza PpspAEDEOLAd), 6

38.66 (s, P | (=R ip - .
98/212(12 Cy[ er r EdentR fiNd &l9 Ra wrel, (L‘é}% ES Usgi;v}%%g%fmd 250

Ru(H[err](H)[err](PCy[err])[err] + styrene +[err] ,[err]-dichlorotol uene.
Styrene 0.2 ni, Is?mamlo)lmsiarh:ie‘ld.ttm @fgmualbanef-reaction

4 7 t ol 20
Ru(H) [err] (H err] kL ] er ‘Jél.%] oro f’efgn(gs Zﬁgkgxlege ol uene (

m). After 15 mn, [err uen added
to the resulting Bé‘e(ﬁ’ q}’teI)Qr(Hz)TRGYhéaet ion mxture was stirred for

45 min. The sol veayciehe@Ry el il wdie d83dduesRalag il ), (Eéhanol and
(1.1 g; 1.65 mmol). The formation of a red solution
15 was observed and immediately a pale yellow solid
precipitated out. Pentane was added (20 mL) and the
suspension was stirred for 2 h. The solid was
isolated by filtration. Yield: 81 %. ;H in CgD:
-5. (br s, 2H, Hp), 1.2-2.0 (m, 66H, PCy;), 3.0 (s,
20 1H, CHgjefin) . 20.1ppm; 3'P{IH} S59ppm (s).

Addition of RCHX!X to this intermediate,
Ru (cyclohexene), (H,) (PCy,;), results in the ruthenium
catalyst, RuX'X(PCy,;)},(R'). As a result, the specific
intermediate, Ru(cyclohexene),(H,) (PCy;),, or any

25 intermediate of the general form,
Ru(olefin), (H;) (PCy;3),, may replace Ru(H),(H,), (PCy;),
and the olefin in the alkane reaction route.

For example, Ru(=CHPh)Cl,(PCy,;), was synthesized by
adding o,a-dichlorotoluene (5 uL) to a solution of

30 Ru(cyclohexene), (H;) (Cy,;P), (20 mg; 2.68 e 10-2 mmol)
in CgDg (0.5 mL) The solution turned deep red and the
4 and 3'P{'H} NMR spectra showed the quantitative
conversion to Ru(=CHPh)Cl,(PCy;),. Similarly,
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acetone affording the isolation of a purple solid, identified as

Ru(=CHPh) C 2(PCy[err])[err] by NMR Yield 25% 10 | sol ati on and’
utility of wooeshkrane-reaction internediate where the ol efi n PETARIN %X ene:
Ru(cycl ohexene) [err] (Herr]) (PCy[err])[err] . Cyclohexene (5 nL was

added to Ru(H2) (H2)[err](PCy[err])[err] (1.1 g; 1.65 nmmol). The formation

of a red solution (5=CHCOOMé(38éla?3§>e°f§;3\('S%SWEE? S'Xﬁ%%ihsq_tz@&/ %&r\){gl | ow solid

precipitated out. Pentane was € suspension s stirred
for 2 h. The sol imptiesl iGorhtexragetater £8ikh) tojal golugiow ofH in CD6:

CE'[ (b]r)s, 2(2)H,1 H%%%yp%&&éﬁ) 66t (E@)Q{ﬁ r]él_i?_ g0 f@Sg,ssZQ 1&_—0? n%ﬁfdsl)t

err]), : m err S). ition o err err 0

this intermed at an F&«%yé@o%&éﬁ?)o F Fﬁ(ﬁﬁ[lé’rd‘ﬁ%n (W%ﬂ‘ﬁ‘fjeﬂ]g?ésg s in

t he rut heni um cat®® wsid ReXNMRr bxeECyheshbwedr theR@radt)itaAsive result, the
ific int ' P : ,

ST T of hedi afertort Koo HENERRCOONL] clL BhEpd) T i el O 2

(PCy[err])[err], @2 cpl tree GRHH PCY ) ( )3 efs] (Fy [ €@OTHEkr r 20abdpmhe

olefin in the al kghe * ForL N )
Ru(=CHPh) Ol [err] ( Q/[%}??%[%ér}ﬁqsﬁvagt)synt et od by sRaqR8pPm (s PCys)

a, a-dichlorotoluene (5 [err]L) to a solution of 30 Ru( cycl ohexene) 2
(H2) (On3P)2 (20 s@itRedbs *of (R (EOL)) (R, ﬁmfé}[ﬁerr] (0.5 mL) The
r

Shoved the quant | PR Eiver SorfY @ RALGPATETErHE POy err 1) for ]

][eré}r]‘ PCy[err])[err].
Simlarly, -29- trisydsRdtl¥phosphine (8.46 g of 97% from Strem,

PCT/ US97/ 20390 RygGHOQENEY 1 hers ] s PuEar £h) al 866 W25 RYBLNEYARAY adding

system equipped with a pressure gauge. To this

15 system, 200mL of degassed sec-butanol and
triethylamine (1.99 mL, 14.28 mmol) were added. The
system is then placed under vacuum, and purged with
hydrogen. After purging, the system is pressurized
with 1.5 atm of hydrogen, sealed, and heated to 80°C

20 for a total of 20 hours. When the pressure dropped
below an atmosphere the system was cooled and re-
pressurized, approximately every 20-30 minutes for
the first several hours.

Generation of Ru(H) (Cl) (H;),(PCy;), can also be

25 accomplished in a suitably sized, thick walled
teflon-valved Strauss flask. Depending on the scale
of the reaction and the size of the flask, the system
is re-pressurized with hydrogen gas after several
hours. Alternatively, the reaction can be carried

30 out by bubbling H, gas at atmospheric pressure.

Isolation of the air-sensitive orange solid was
accomplished by allowing the system to cool to room
temperature and adding a volume (200 mL) of degassed
methanol to insure complete precipitation. The solid
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met hyl dichloroacetate (5 [err]L) to a solution of Ru(cycl ohexene)2(H2)
(PQdmrD ng; 2.68 * 10-2 mol) in (Jerr]Derr] (O. e
sol ution thﬁu@géfol et and the 5 [err]H and [err]P NNR%&Z%:%gF’,azo?ﬁomed
the quantitative conversion to Ru(=CHCOOwe) Cl[err] (PCy[err])[err][err]
[err]Hin (err]Derr]: 1.2-2.7 (m 66H PCY3), 3.5 (s, 3H, COOCCH err]),

20. 1ppm (s, CH ceabetfid lieire)d, 3¢r{esd rqi—t)himetIuenp]lD[(éN,] 3B mdm (and
PCy[err]). 10 ynRth f H2pher tle(PCy[err]) [err] -

[ RuC [err](c:oo)]dr&ig1 B{tn Q'%’JCZ‘CP t%ﬁ dé?éfcyt%l or?]ef§<y| phosphi ne (8. 46 g
of 97% from StreRp (9. (2'-'@ rﬁﬁbl))z(\REVe)pkaced in a 500 n, high pressure

system equi pped with a pressure gauge To this 15 system 200ni of
degassed sec- but anol tr| eth n{Pne (1 99 n, 14 2% nmol ) wer e added.
The systemis t h& kv hydrogen. After

pur gi ng, 5t he sysmeghios gesssumm mml:el 5 atm of hydr ogen, seal ed, and

heated to 80C 20 t urs. en t Rr.essure dropped
bel ow an at m)sphere(Ht)h(Jl?y(sl'{a‘zgrr‘l%\/va{}s3 coo d gn X\gr essu [ z“{en ,eéj an
appr oxi mat el y evéngr20-a3Mmospheans st)rdiehszolveét 1se\3@r all ledurs. Generation

f Ru a)(H b 2 l'i shed
0 (H (d)( [ea&%}xhﬁ]xfc]ufg%%%ﬁdd d]tSa”‘s@ 80 38423 -5 3(rc§‘0§°”p | she

in a suitably size on val ved ‘St rauss Depend| ng on

the scal e of themﬁééb’tll‘d-rrwehe(%'?(%eufef 1he wmmadR, 1t5hé’15§3ﬁ§1-em'?
re-pressprized WebhutMGrOdeistGas Bf t@irssVesak B@@r—imrﬂltéi‘r Hd ves Yy, the

br essure. 1 S0l at POROHEY B0 A54%HRF (FHECEP AT R RA AR TR ORI P8 by
all owi ng the systam tfd askolfron rideen ¢eopingt baehaatdadeintgeret neot iree £200
m) of degassed gEiAanQl,d HiNSUSSRLE fePhERLR (Bl M) HIE S04 to
precipitate the purple solid, which is then washed
15 with methanol (3X, 10 mL) and dried to give 1.09 g or
approximately 95.2% yield of the carbene.

Selected NMR data (CD,Cl,): H:6 19.26 (d, RuCH, Jyy =
11.7 Hz), 7.81 (d, RuCHCH, Jyg; = 11.7 Hz); 3!P:6 36.4
(s, RuPCy,); *3C: & 288.4 (t, Ru®H, Jgp = 9.6 Hz),

20 146.9 (s), 133.5 (s). :

NMR studies show that this reaction at -30°C is
extremely clean (no other carbene species) and
proceeds to approximately 99%. At room temperature
the reaction is less clean (i.e., other presumed and

25 unidentified carbene species are generated in small
quantities) but also proceeds in ~98% yield.
Therefore, the use of low temperatures for the
generation of this compound should give a slightly
easier isolation and higher yield of a pure product.

30 However, the generation of this carbene for use in
situ can be done at room temperature with little or
no visible effect.
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- 30- WD 98/ 21214 PCT/ US97/ 20390 .
was filtered, washed with nethanol (3x, 50 nmL, and dried in égﬁ@g%%%mgkve

9. 269, 93968F’¥$@H¥ (a) (H[err])[err](Pcy[err])[err] Synt h

RuC [err] (PCy[err]) 2 (=CH CH=CMWe2). Met hod A - al kyne route:
Ru(H)(CI)(HZ)(PQIB?lZ (1.00 g, 1.43 rrrml) under an inert atnosphere is

di ssol ved i n.30 nblbforher| seagbinafewdsd By (Hy (CI0[ 640]{ECYahkd 3-chl oro- 3-

net hyl - 1- but yne (é:ZQci%éhLmltﬁenHels):rh t&@@he%orm%r;tfbf the solution
instantly turns dar and .i s al,l stir r, fifteen m nutes

e T Sy g g LR PRI FRR RN
viscous oil. Degassedgnmethaaolin(B05malL of abdell,t o NoACkpmnetreilaldypurpl e

lid, h t d t | d d dt
ive 100 g or apbiOkiABLS §LB¥RSS, yebkyharE, a3 0.0 And died to
(CD{err]d[err]): Preparativer Recegylenid, CRe®HE s txpor . :Brmldfsm&,) 7.81 (d,

) 288, 4
(R;JmcRJJ[ efEfL r] [erg.]%szvm sESERER: pib3Eshels BR"@}PQ’({ﬂsrt]érc% 1%%”1 i

Hz) ,
show that this reﬁctWSﬁnﬁFr 8t éﬂr}ccih@%xﬁeé'ne(k?)?cl e?efh‘”('r?o'L 7 hEk983L bene
speci es) and procgfdskioHapakexi &t al1y ,99% oHenr ocs'aélerrpajamwze théns .

e sbee! oo aphToRrSr 5, (U PRI e S nceRanL Y,

~98% yi el d. Ther ehereint by mefewmbnkew t enperatures for the

Method B - triarylphosphine version of the alkyne
route 0.24 mL of 3-chloro-3-methyl-l-butyne was added
to a -30°C solution of Ru(H) (Cl) (PPh3); (2.0 g, 1.99

15 mmoles) in methylene chloride (20 ml). The reaction
mixture was stirred for 1.5 hour at 0°C. After the
volume was reduced to 1 mL under reduced pressure, 20
mL. of pentane was added. The resulting brown solid
was isolated by filtration, redissolved in 1 mL of

20 methylene chloride and then was washed twice with 10
mL portions of pentane to yield 1.5 grams (90% yield)
of the desired product.

Method C - in situ generation of Ru(H) (Cl) (H,) (PCy,),
[RuCl,(coD)], (0.500 g, 1.78 mmol) and

25 tricyclohexylphosphine (1.050 g, 3.75 mmol) were
placed in a 250 mL thick walled teflon-valved Strauss
flask. To this system, 20 mL of degassed sec-butanol
is added. The system is then placed under vacuum,
purged with hydrogen, sealed, and heated to 80°C.

30 After four hours the system is cooled to room
temperature, re-pressurized with hydrogen, and
allowed to stir at 80°C for a further sixteen hours.
The system is then cooled to room temperature and one
volume of toluene is added. The resulting solution
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generation of this conpound should give a slightly easier isolation and

hi ghér yield of a pure product. 30 However, the generaj} | S
car bene foVOP8213M4 situ can be done at room tenperature w t#ﬁ@?%m?ru no
visible effect. -31- W98/ 21214

PCT/ US97/ 20390 Al | ot her.react]j w th_Ru ( H2 PCylerr])[err]
described in théHERMIH i b &?éoﬁnéf zfﬂgg%&(fgf"i)bé’%ﬁ%ﬁ('\&ge done in a
simlar fashion (B4 anlL.a 206 érygmsod) eisna@dednl Gff e extri]®Ghirey rfor None
commercially 5 i . Al kype | s in
Preparative Acethy?uerni%P(%hée(?nﬂgﬁ&!1 l¥_E EP&?%?&&%%JSEJ\* gﬁ%i%\%?@%ﬁi shers
B. V. (Ansterdamofladsyassed \petanocdt ig| addedemo Ruve B2 Punmby-9abid,

(1989); sand K. Hdgldre®lad! above £868ive00i. 59009 t qusTigms. 10 :
873-877 (1985), all_of which are incorporated herein by reference. Method B
- triaryl phosphiBEXalBEYa 2 FEhEETMF2E -route 0. 24 nl of

3-chl oro-3-net hyl - 1- butyne was added to a -30[err]C solution of Ru(H (d)

Feact] on m xt ur SYREERTS 2 REPEs Byl (RRHErtHE) 11 1 &Fe (A8 ol e s
reduced to 1 nl mewissdseduced pressure, 20 nL of pentane was added. The
el g b o GRS FOLE ShAY, 415 By g sl e o Lt of 20
to yielld® 1.5 grdsi¢oobehesylphesphhnedddi.08® sodudit mmol) were
placed in a 500 mL high pressure system equipped with
a pressure gauge. To this system, 25 mL of degassed
sec-butanol and triethylamine (0.250 mL, 1.79 mmol)
were added. After purging with hydrogen, the system
15 was pressurized with 1.5 atm of hydrogen and heated
to 80°C for a total of 20 hours, repressurizing as
needed. An orange precipitate, known to be
Ru (H) (H,),Cl (PCy,), is observed as well as a slightly
brown solution. The apparatus was then cooled to
20 room temperature, and then to 0°C, at which point it
was purged with argon. 3-chloro-3-methyl-1l-butyne
(0.600 mL, 5.3 mmol) is added. Over a period of one
hour the orange precipitate turns red-purple, and the
reaction is then removed from the ice bath and
25 allowed to stir for one additional hour. Degassed
methanol (25 mL) is added to precipitate the purple
solid, which is then washed with methanol (3x10mL)
and dried to give 1.35 g, 94.5% of the carbene.
Selected NMR data (CD,Cl,):1H:d19.26 (d, RuCH,
30 Jyy=11.7Hz, 1H), 7.81 (d, RuCHCH, Jyy=11.7Hz, 1H);
3lp:d 36.4 (s, RuPCy3); 3c: 4 288.4 (t, RucCH,
Jep=9.6Hz), 146.9 (s), 133.5 (s).
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Method C - in situ generation of Ru(H (A )(Herr])(PCy3)2 [RuC[err] (COD) ] x
(0.500 g, 1.78 mmol) and 25 tricycl ohexyl phosphine (1.050 g, 3.75 )
mol ) wer eWO 921814 n a 250 nlL thick walled tefl on-val ved StrBGESESPTHI To
this system 20 nL of degassed sec-butanol is added. The systemis then

pl aced under vacuum purged wth hydrogen, seal ed, and heated to 80[err]C.
30 After faynthesis ife RuCILAP P, porl Mh (LCHOCHRCMEDET 2t B1i€, pot
re-pressurized mﬁtg hydrogen, and allowed to stir at 80C for a further

si xteen hours. THE ??ét‘em is then cooled to roomtenperature and one vol une
of toluene is ad@bds Phecedsulet iimy istEnitiiaal 132-the e 98dR21Renthod for

PCT/ US71 20390 | 8pe0gl el red re3 Weedc ity?) IPLEML chr=litken Sxkape( ke

2.66 mMmol ) is added. After stirring Rour 't he so )
concent riated by hakifisgRFoRylyphss st Tt rno? - 58 maekl i8 yeed a

purple solid, 5 insteaas@fatztaq JRiHRsey ThoEpiei it 59019, t #4860 ehsBUEhREr ']
RUG [or 11 oy er T FEMPRCZ6R BBl 285181850 wot RoBoLFRYEY [ S47EPE0H) | x
(0.500g, 1.79 nmmeed-brdwhl solutidm iwhyicdiohex whEwsedohed (dn08ogwhichd
mol) Vet Bl 20oghnat R L g S O LD S gPeCLLD @ pressure
(0.250 R, 1.79 weBcFimer dsadndde AIFOrous giwikivi g@s hgdebyed, the system
15 vas presgheldd et etht ink % AdBP o P Isre 20\9i 2Rt edbserved.

After stirring for thirty minutes the solid is

isolated as above to give 1.85 g, 92.5% of the

carbene. Selected NMR data (CD,Cl,):H:d19.38 (d,

15 RuCH, Jyy=11Hz, 1H), 7.95 (d, RuCHCH, Jyy=11Hz, 1H),

2.80 (m, PCH(CH3)2, 6H), 1.54 and 1.26 (s,

RuCHCHC (CH;),, 3H each), 1.23 (dd, P PCH(CH;),, 36H);

31p:d 45.8 (s, RuPCy3).

Synthesis of Poly-dicyclopentadiene using in situ

20 generated catalyst.
The in situ generation of Ru,Cl, (PCy,), (=CH-CH=CMe,)
(hereinafter referred to as the ruthenium carbene
catalyst in this example) is accomplished by
dissolving 18 mg (0.025 mmol) of Ru(H) (Cl) (H,), (PCy;),

25 in approximately 0.5-1.0 mL of dichloromethane under
argon. This solution is cooled to -30°C, at which
point 3-chloro-3-methyl-l-butyne (3.5 mL, 0.030 mmol)
is added. The solution instantly turns red-purple,
and is allowed to stir for fifteen minutes before

30 removing the solvent to give a dark oil. If a solid
is desired, the solution can be concentrated and a
small amount (<1 mL) of degassed methanol can be
added to give a purple solid, which is dried in vacuo
(without filtration).
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to 80[err]C for a total of 20 hours, repressurizing as needed. An orange
preci‘pitate, known to be Ru(H (Herr])[err]Cl(PCy[err])2 is

s
wel | as a MR brown solution. The apparatus was then co%?g@g{%ﬁg%)a
roomtenperature, and then to O[err]C, at which point it was purged with

argon. 3-chloro-3-nethyl-1-butyne (0.600 nL, 5.3 mol) is added. Over a
peri od of one hoRelyherbrahiengr asppleaeebyupiaciag figleoluktorhe

reaction is thenopegpyed Heoswt B hc@oket Biandath for ordd |1MEH, tangtir for
one additional hour. Degassed nmethanol ,(25 nL) is added to precipitate the

purple solid, whFReniattheashaShed hifefader 88 GA9°Gnd dried to give
1.35 g, 94.5% of the carbene. Selected NVR data (CD2C [err]) :[err]H: dl9.26

(d, RuCH, 30 M élgrg1:11.7kt, IH), 7.81 (d, RUCHCH, J[err]=11.7Hz, 1H)
[err]p:d 36.4 ( = err]); [err]C d 288.4 (t, RuCH, J[err]=9.6Hz),
146.9 (s, 133.5 (s).Th83in siVD §8h2tatéd ruthenium carbene catalyst

PCT) USS71 20390 Sygt osis1 9LaRYE) b ik BECHOR Lol [+ GOl er ] -one

pot method. This procedure Is 1dentical to the one “pot nmethod for the
synt hesis of Rudre@gkeyferr])[err](=CH CH=CMe2) except that 5
triisopropyl phosphine (0.573 g, 3.58 mmol ) is used instead of

tricycl ohexyl phos th ._In this case the internedi ate Ru(H)
(H2)[err]CI(PiFW%&%—P&—@éluble, giving a red-brown solution which is then

cool ed and to which tihRe3iahkdrtoa Jemetragledl dutthareiis ctdeshe ThetdDyst

reactioPois quitfsvaggégfgedwkhhsg%i %%OBH§$ which contains 40 mg of
triphenylphosphine, and allowed to stir under argon.
After four hours the solution has become quite
viscous and is added to 20 mL of DCPD in a beaker.

Method C:

15 The in situ generated ruthenium carbene catalyst
is dissolved in 1 mL of DCPD which contains 40 mg of
triphenylphosphine, and allowed to stir under argon.
After 17 hours this solution has a slimy, soft
gelatin like consistency, which can be dissolved in

20 4 mL: of DCPD before being added to 20 mlL DCPD in a
beaker.

Ru(COD) (COT) + 2 PCy; + o, a--dichlorotoluene.
To a solution of Ru(COD) (COT) (0.11 g; 0.33 mmol) and
PCy, (0.19 g; 0.67 mmol) in 15 mL of toluene was
25 added o, a-dichlorotoluene (50 mL; 0.39 mmol). The
reaction mixture was stirred at room temperature for
two days. The resulting deep brown solution was
evaporated, and the residue was washed with acetone
and methanol (twice with 5 mL portions) affording the
30 isolation of a purple solid. The NMR spectra of this
product were identical to the compound
Ru (=CHPh)Cl,(PCy;),. Yield: 50%.
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i mredi ately and a deep purple precipitate observed. After stirring for .
thirty mnutes the solid is isolated as above to give 1.85 g, g%mg/oof t he
carbene. SKPERI4NVR dat a (CD2Cl[err]):[err] H d19.38 (d, 15° 97%&,
Jlerr]=11Hz, 1H), 7.95 (d, RUCHCH, J[err]=11Hz, 1H), 2.80 (m PCH(CH3) 2,
6H), 1.54 and 1.26 (s, RuCHCHC(CHerr])[err], 3H each), 1.23 (dd, P
PCH(CH3)[err], 36}\9(Hlﬁfﬁj)ﬁmﬂﬁ28ﬂstymﬂ?@/3¢) CEICRC®Mes. Of

Pol y-di cycl opent S u yst. The in
situ generation ?‘t é’ '(i_’én § E ﬁa)gferrt]( %ﬁ%ﬁ%ﬁ%ﬁ?ﬁ( ereinafter
referred to as tH@ff%’(h ene( c&t 8yt 5t mpk) cl@nperyane

acconpl i shed by dissahy) ng iﬁenﬁeﬁosgaﬁtm hn@&ecﬂ’é@l%%ﬂtaln?d was

(H2)[err](PCy[err er a mat el

di chl or orfet hane Lflh%’[e]F % %ﬂr ?fhpgu%l G’F‘goﬁ:iz Q0 9. Bd{re 8T, MR Wi ch
poi nt 3-chl oro- 3mhtylher1 adtgde (Thé eac® i@ it re Swasldegi rfha for
solution instantlpyet dp dlsalovvedt stir for fift

m nutes before 3 4y5 Mﬁtég &lﬁg %te)lg% et (fegﬁc?/vecg ‘itb}l‘? regt He
solid is desi red Wéme”'%%h%lﬁl EhtbaﬁCBQO@sne@m mettdthrzold tcwiee | wanhunt (<l

m.) of degassed g e obosen addgd % r | iy S
dried i a vacuo (without il I t?gtgl) on R ph?pg"e %V%lgié/ gilzlésléJ Sas "‘95_&&35

PCT/ USOH®0390 PA3Fret$9 %Y—%ﬂswﬁ?eedHNB Bpta mane kdrntigat vn bheaened
bel ow i n a 40[ er idfC matl pepdyf)or(=mmpHiour, and then at |east one hour in an
oven at 100[err]C
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Met hod A1 5 uﬁ“ﬂLated rut heni um carbene catalyst is
di ssol ved |n 25 Hmumm to a beaker. Method %%r'l'/ﬂg i itu
generated ™M@ 7ﬁfn car benec cat atyst 10 i s dissolved i 978133 D
whi ch contains 40 ng of triphenyl phosphi ne, and allowed to stir under

argon. After four hours the solution has becone quite viscous and is added
to 20 nL of DCPD in a beaker. Method C XLAIMS The in situ generated
r ut heni um car ben I Jved in 1 nL of DCPD which contains 40
ng of triphenyl pﬁo%%h?r%%ldl eqi[IS"'OSEP\/ved to stir under argon. After 17 hours
this solution has a slinmy, soft gelatin |like consistency, which can be

dissolved in 20 1. 2 ngerid @qiog;ﬁma@spsmg addefpltntd di (XD 0 2
dlchlorot uene.

beaker. Ru(COD) g % + 2 PCy[err] + [err], [efr]-- To a
sol ution of Ru( (0.11 g; 0.33 nnnl) and PCy[err] (0.19 g; 0.67
mml) in 15 nL of toluene was 25 added a, a:dichl orotoluene (50 ni;
0.39 mmol ). The reaction mxture wa tirgned at omtenperature for two
days. The resulting deep brown solutio 4 evapprat ed, and the residue was
washed wi th acetone and nethanol (twc 3¥? portions) affording the
30 isolation of a purple solid.Xl4he|NVR ctra of this product were
identical to the conpound Ru(=CHPh)d [errLLPCy[e I)[err]. Yield: 50%
- 35-

5 comprising the step of contactlng a compound of the

formula

H_ |
SMEH),
H |

L1
with a compound of the formula RIC(X) (X1)H in the
presence of an olefin, wherein

n is 1 or 2;

10 M is osmium or ruthenium;

Rl is selected from the group consisting of
hydrogen, substituted substituent, and an
unsubstituted substituent, wherein the substituent is
selected from a group comsisting of: C,;-C,, alkyl, C,-

15 Czo alkenyl, C,-C,, alkynyl, aryl, C,-C,, carboxylate,
' Cy-Cy alkoxy, C,-C,, alkenyloxy, C,-C,, alkynyloxy,
aryloxy, C,-C,, alkoxycarbonyl, C,-C,, alkylthio, C,-
Cyo alkylsulfonyl and C;-C,, alkylsulfinyl;
X and X' are independently selected from any
20 anionic ligand; and

L and L! are independently selected from any

neutral electron donor.

2. The method according to claim 1 wherein M is
ruthenium.
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WO 98/ 21214 PCT/ US97/ 20390 .
Ru(H[err] H) &Pcy[err])”wm HIHIHJHJWI Clerr]CHCO err] mi,fm%j
nm.) was a 1 susper‘i’5|6n bf err](Herr])[err] (PCy ers}é err]
(3.0 g, 4.50 nnDI) in pentane (50 nmL). The red solution i medi ately
obt ai ned was 5 stirred for 1 hour, and CI[err]C}KIIerr]Nb (0.9 ni,
8.7 mmol ) was then adbeel. mé'hhodeaccondlngxtqrelwam 4t whegw ifro/R 45 81 nut es.

The sol vent was ég¥%g§%d gthe bdgﬁnggngg hg@ C@ﬁﬁ{one and

met hanol (twice w port| purple oI I d .0 g, 4%y| eI d) 10
was isol at ed whosesSpREL Heebedefe- Cszeﬁtllkd’d-I' tﬁ}lhtsrfo‘s@'éﬁ C;-Cyo al

SUC% [Ugg r7 } (2 (F)’%gerﬁﬂléxﬁsétiéuéwkb:t ¢ 6~a1ken\9@ 99élaa&lﬂtuted C,-Csyp Q _
is cla ht hesi zi ng a
conmpound of theq_ﬁf‘ﬁ’byg\hLunS?Pg kﬂgedcﬁﬁgivsﬁﬁé tslﬁ’%’ gt’vé:b“%tﬁdsy h]:t:ti ngga

compound of the fornmula [err] with a conpound of the fornula R[err]C(X)

Mo oshiumor rit nerperfeiofoabebeliag PELELAE & shstestiin & of

Mis osm um or rutheniam e group consis
hydr ogen, substisubetituenti subatituhdonnis selected from a group

consisting of unsubstituted C,;-C; alkyl, substituted
C,-Cs; alkyl, unsubstituted C;-C; alkoxy, substituted

10 C,-Cs alkoxy, unsubstituted aryl, and substituted
aryl.

5. The method according to claim 1 wherein R?
includes a functional group selected from a group
consisting of hydroxyl, thiol, thioether, ketone,
15 aldehyde, ester, ether, amine, imine, amide, nitro,
carboxylic acid, disulfide, carbonate, isocyanate,
carbodiimide, carboalkoxy, carbamate, and halogen.

6. The method according to claim 3 wherein R?! is
phenyl.

20 7. The method according to claim 1 wherein X and X2
are independently selected from a group consisting of
hydrogen, halogen, a substituted substituent, and an
unsubstituted substituent, wherein the substituent is
selected from a group consisting of C,-C,, alkyl,

25 aryl, C;-C,, alkoxide, aryloxide, C;-Cy,
alkyldiketonate, aryldiketonate, C;-C,, carboxylate,
aryl or C,-C,, alkylsulfonate, C,-C,q alkylthio, C,-C,,
alkylsulfonyl, and C;-C,, alkylsulfinyl.

8. The method according to claim 7 wherein the
30 substituent substitution is selected from a group
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gloﬂfllnflfl ngr 98' ? { Hﬂ”ﬂjﬁmm ﬁ"TH]err]lSC[ err] gI[E(r);]y, Qicdg?diﬁébmﬁa =0

al kenyl oxy, - C20 al kynyl oxy, ary oxy, C2-C20 al koxycar bonyl
C[err]-C[err] al kylthio, Cerr]- C20 al kylsulfonyl and Clerr]-Clerr]

al kyl sul finyl; Xcomsd§teing of chahdgpandeptly akkelted,FCgmaakpx2) and

ani oni c |igand; g’ 5§g L[err] are independently selected from any
neutral el ectron donor The met hod according to claim1 wherein Mis
rut henium -37- WD 98/ 21214 PCT/ US97/ 20390

3. The nmethod agcor drpg fh@tﬁbé' HeéoWMaghe &of%[cqra:]mlﬁ ﬂ%f&iﬁdxfaﬁal 1
group consi sting of %Sro en ubst tute err err alkz

Substituted O erry=e] LRAGOPRGRE Lirnsanect e 5184589 Pt ed
Cc2- ﬁzg 55 i al keTwtidensob o;pt% ybstar qged; alrjyl 4. The
met hod accordi ng er ubstit |on is
selected froma g{%ﬂg m%ﬁl ng(eé Béﬁ) Pz’g) CP@I’OE'] r]%[ t] %‘/
substituted ( er riesFkat¢, akkgl frafidubspmetrthecheEerfidnaiferr] al koxy,

substituted 10 Cerr]-Cerr] alkoxy, unsubstituted aryl, and
substituted aryl. 5. The method according to claim1 wherein Rl |ncludgs a
functional group %%led?bﬁ Tebhed geeapdiogsitat iqior hywrexgin ¥napd, X

t hi oet her, ketonegrdShoth chibgehrde, ester, ether, amne, imne, am de,
nitro,

unsubstityted substi tu%lj:wher ein the substituent is selected froma group

10 11. The method according to claim 1 wherein L and L1
are each a phosphine of the formula PR3R*R® wherein
R?® is a secondary alkyl or cycloalkyl group and
R* and R® are independently selected from a group
consisting of aryl, C,-C,, primary alkyl, secondary
15 alkyl and cycloalkyl groups.

12. The method according to claim 11 wherein L and
1! are independently selected from a group consisting
of -P(cyclohexyl),;, -P(cyclopentyl);, and

-P {isopropyl) ;. :

20 13. The method according to claim 1 wherein the
olefin is cyclohexene.

14. A method for synthesizing a compound of the
formula

/"

Xl/ | \

comprising the step of contacting a compound of the
25 formula
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carboxylic acid, disulfide, carbonate, isocyanate, carbodiim de, .

car boal koxy, carbamate, . 6. The nethod according to claim3
wher ei n R[wopjuzuuphen“"fmgﬂﬁ"mmmm] The nethod accor di n§CTFOTA390 1
wherein X and X/ err] aré indepe selected froma group consisting of
hydr ogen, hal ogen, a substituted substituent, and an unsubstituted
substituent, wherein the substituent is selected froma group consisting of
Cerr]-Cerr] alkyl, 25 aryl, erri*C[err] al koxi de, aryl oxi de,

C3- C20 al kyl di ket onat e, aryl di ket onat Clerr]-C err] carboxylate, aryl or
Cerr]-Cerr] alkylsulfonate, C[err]-CfB? S}%ﬁylthio, Cerr]-Cerr]

al kyl sul fonyl, and Cerr]-Cerr] alkyliyL y1</0g, The met hod accordi ng

|

to claim7 wherein the 30 substH uedt substitution is selected froma
group - 38- WO 98/ 21214 L1 PCT/ US97/ 20390
consisting of halogen, CJerr]-Clerr] alkyl, Cerr]-Cerr] alkoxy, and a
phenyl . 9. The met hod according to claim7 wherein X and X/ err] are

i ndependent | y s#iigdt &d dammaundyrdfuthofigmmly RIC &) (X1 H din dehele,

Crlerr]COerr], oCHdCdRrd o1l dt e &Fein] . (CHerr])[err] CO
(CF3)[err](CHerr])CO (CF[err]) (CH3)[err]CO PhO MO EO tosylate,

nmesyl ate, and trifl udt dfethd&ifestd fonate. 10. The nethod according to claim
9 wherein X and X[ erM ia¥ ecditHdniaihori de. 10 11. The net hod
accordigg to claim1_wherein err a hi ne of the

h h
o B whor & n i dhtectay el il BRAED SoRtePgcegl NS

hydrogen, unsubstituted C,-C,, alkyl, substituted C,-
C,o alkyl, unsubstituted C,-C,, alkenyl, substituted
C,-Cyp alkenyl, unsubstituted aryl, and substituted
aryl;

10 X and X' are independently selected from a group
consisting of halogen, CF;CO0,, CH,CO,, CFH,CO,,
(CH;),C0, (CF;),(CH,)CO, (CF,) (CH;),CO, PhO, MeO, EtO,
tosylate, mesylate, and trifluoromethanesulfonate;

and

15 L and L! are independently selected from a group
consisting of -P(cyclohexyl),, -P(cyclopentyl),, and
-P(isopropyl),.

15. The method according to claim 14 wherein
R}C(X) (X*)H is a dihalo compound and the olefin is
20 cyclohexene.

16. The method according to claim 14 wherein
X and X' are both chloride and
L and L' are both -P(cyclohexyl),. :

17. The method according to claim 16 wherein R! is a

25 phenyl or a substituted phenyl wherein the
substitution is selected from a group consisting of
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R4 and R3 are independently selected from a group consisting of aryl,

Cerr]-Cd ry al kyl and cymedTrakdylosso
groups. 12““9 Eghﬁt hoﬁ’mmw,ﬁmmmﬁ ﬂ a| m 11 wherein L and L[err] are

i ndependent |y sel ected from a group censi sting of - P( cycl ohexyl Yerr],
-P(cycl opentyl)[err], .and -P oprqpyl,). [err] The net hod
according to cIth;?r&ﬁérepﬁo Héeolépﬁﬁq (ﬁAHQHﬁgﬁﬂuaNth AMez hod for
synt hesi zi ng a cqapRoRrg, oknlhgetaiaul a [err] conprising the step of
contacting a conpound of the 25 formula -39- WO 98/ 21214

PCT/ US97/ 2039 [err] with*a conpound of the fornula Rlerr]C(X) (Xerr])Hin
t he presence of a8.ol Af mathotefornsynthebioir® aMcoompanidnofinthé

Rlerr] is selectEgF% q the group consisting of hydrogen, unsubstituted
Cerr]-Cerr] al , substituted CJerr]- ([err] alkyl, unsubstituted
Jerr]-Cerr] al kenyl substituted C2-C20 al kenyl, unsubstituted aryl, and
substituted aryl; 10 X ang, X[ err]_3ne independently sel ected
froma group consisting of hal , [err] err], CHerr]CJerr],

CFH err]Cderr], (CHerr])[err ) (%3)[ ](CHB)CO (CF[err])
(CHerr])[err]CO PhO MO EO M=

X 1"1 C=C/
ke

5 comprising the step of contacting a compound of the
formula
L
H\ I
M (HZ)n
x|
L1

with a compound of the formula

R12
Rl7c=c < X

N’

RI3

wherein .
n is 1 or 2;
10 M is osmium or ruthenium;
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tosyl ate, nesylate, and tr.i I If l ul fonate; and 15 L and-
Llerr] are,l dent | JBQ m#m* a:gigroup consi sting ofpermuserzoses
-P(cyclohgyéﬁﬂﬁgﬁp], - P( 1")'s, d -P (isopropyl)[err]. 15. The

met hod according to claim 14 wherein Rerr]C(X) (Xerr])His a dihalo
conpound and the olefin is 20 cycl ohexene. 16. The nethod according
to claim 14 wherein XR¥nand &7 azec ebehh indemsnttentity [sehectedr £xoar e
both -P(cycl ohexld [ffddp ddnsTELiAR! Bedngacedimg hih&l flfgdd wherein
Rlerr] is a 25 B sja"roc%elﬁlyl or A suBstitu ed phenyl wheriztl&néttﬁe

substitution is Sieciient onpRd gRBUBREBRSEIttGDSubgituenp 9g/ 21214
PCT/ US97/ 20390 GglHe¥d ©he, t s o8t it adhde i sf bediddtaad -f¥dn a met hoxy,

eh! NiMESup
oI sithg o SR TS | e G oI G e TR (& Ghowi th &
conpound of the ddeynyrly, [&xyl, Wigr@| ) carkoxdylomt; €C0-C,5 alkoxy, M-S
osmi um or rUthth%”hlkenyloxy, C,-C,g alkynyloxy, aryloxy, C,-Cig
alkoxycarbonyl, C,;-C,g alkylthio, C;-C,5 alkylsulfonyl
and C,-C,;g alkylsulfinyl;
10 R!7 is selected from a group consisting of
hydrogen, aryl, and C;-C,5 alkyl;
X and X! are independently selected from any
anionic ligand; and,
L and L' are independently selected from any
15 neutral electron donor.

19. The method according to claim 18 wherein M is
ruthenium.

20. The method according to claim 18 wherein R'? and
R'? are each independently selected from a group

20 consisting of hydrogen, unsubstituted C,-C,g4 alkyl,
substituted C,-C;g alkyl, unsubstituted C,-C,,
alkenyl, substituted C,-C,g alkenyl, unsubstituted
aryl, and substituted aryl.

21. The method according to claim 18 wherein the R12

25 or R!? substituent substitution is selected from a
group consisting of unsubstituted C,-C; alkyl,
substituted C;-C; alkyl, unsubstituted C,-Cg; alkoxy,
substituted C,-Cy alkoxy, unsubstituted aryl, and
substituted aryl.

30 22. The method according to claim 18 wherein R!? or
R!® includes a functional group is selected from a
group consisting of hydroxyl, thiol, thiocether,
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-41-, WD 98/ 21214 (wa mlmg PCT/ US97/ 20390 C L M
S Rerr] (2 5%&35] ar w”}i ﬁ(l y sel ected from t hep@¥FB5d¥20390
consistin§p f ydr ogen, “substituUted su stituent, and an unsubstituted
substituent, wherein the substituent is selected froma group 5

consi sting of: E{eeon}s Chaddehyaleky lest@er rétiGE ey r;améhleen)imine[,eraﬂidfé err]

al kynyl , aryl, 4 it I y, (Jerr]-
derr] alkenyloxy, éfer i Skgﬁgqu?{;% q%&ééffié S?E 2a %%% derr]

al koxycar bonyl , 1epeyppateer Gard » (FRF ?a€¥@FV} §PEWQﬂEWQMuﬁn%nd
Cerr]-Cerr] ahlﬂbgghfl nyl ; 10 Rlerr] is selected froma group
consi sting of hydrogen, aryl and err]-CJerr] alkyl; X and X err] are

i ndependent |y sel ected fron1any anionic ligand; and, L and L[err] are

i ndependent |y sgBect athef myuham/ diccording neoit cdaiml 20t whierddroR*21andlhe
nmet hod accordin 15 | & in Mis ruthenium 20. The nethod
250 v REFA RIREY Y,

according to cl and R13 are each independently sel ected
froma group 20 consi sting of hydrogen, unsubstltuted Cerr]-Cerr]

al kyl, substitubgd rer]meqlfﬁfci]aié dindneybei bl 08 Cheridienr hna

aIkenyI substit ged err err enyl, unsu stltute ary
substi t ut ed aryR’~ 2are bﬁ% n@?ﬁbﬁ according to claim18 wherein the R12 25
or Rlerr] substituent substitution is selected froma group consisting of

unsubstituted ngtr]&%kgggthlésadcordlng to claim 18 wherein X and

10 X! ligands are independently selected from a group
consisting of hydrogen, halogen, a substituted
substituent, and an unsubstituted substituent,
wherein the substituent is selected from a group
consisting of C,-C,4 alkyl, aryl, C,-C,, alkoxide,

15 aryloxide, C;-C,;, alkyldiketonate, aryldiketonate, C,;-
C,p, carboxylate, aryl or C;-C;, alkylsulfonate, C,-C,,
alkylthio, C;-C,q alkylsulfonyl, and C,-C,,
alkylsulfinyl.

26. The method according to claim 25 wherein the

20 substituent substitution is selected from a group
consisting of halogen, C;-C; alkyl, C;-Cg alkoxy, and
a phenyl.

27. The method according to claim 25 wherein X and
X! are independently selected from a group consisting

25 of chloride, CF,CO,, CH,CO,, CFH,CO,, (CH,),CO,
(CF3) 5, (CH3)}CO, (CF;) (CH3),CO, PhO, MeO, EtO, tosylate,
mesylate, and trifluoromethanesulfonate.

28. The method according to claim 27 wherein X and
X! are both chloride.
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substituted CJerr]-Cferr] alkyl, unsubstituted CJerr]-Cerr] alkoxy,
substituted CJerr]-Cerr] j tuted aryl, and substituted ‘aryl.
30 2%vo dim 21t hod a“ﬂl‘“mm Im{umﬂmlﬂ 18 wherein R12 orPGY/EEY7%20390

i ncludes a functional group is $el Bct®d from a group consisting of

hydr oxyl, thiol, thioet he_r, -42- WO 98/ 21214 _ o _ _

PCT/ US97/ 20390 kgtoneqyal dehvde E8keii ) Y crU¥ieg | idfe 1AM gnani tr 0.
Id odr

carboxylic acid, “di'sul e, Carbonate, "Tsocyanat€, carb 3&? €, _
car boal koxy, carbanare, eagli Rapbgerhipe of thes formhd ardR&IRIcwbedeid t o

claim20 wherein R12 gad;R13 akechahRyPBERY. o2t cytNSdBEIOGASES! &hag to
claim 20 wherein R[er%han Rperr] are both ne ?/I. Ziﬁﬁﬂe net hod
according to clai m 18Rwh@Rgi R~ x@5Rgiagependen é r EplS £rgm a group

i ndependsnt |y sekeasdétiimamot @rglp QRS 5tphgmatyhrlkelensehandzary a
substituted substh%Uﬁnt h"dremd n._unsubstituted substituent, wherein the
substituent is s@é&dte ShC °§‘ﬁ&ﬁ¥ EFTERR ng of Jerr]-(Jerr] alkyl,
aryl, Cerr]-Cerr] al koxide, 15 aryloxide, Cerr]-Cerr]

al kyl di ket onat e, L&ryl dike - gcg% r y4 @t r
Cerr]-Cerr] al l%%l'sulqlfﬂc%ntg%g?ltoa grgf'ﬁzréﬁ'& al kylt a?%?,f ge@ﬁ%ér?] anfl

al kyl sul fonyl , akd @rer ipdependpniilicysedected frmn ariErolR Heenete®idsng to

cl ai m 25 wher ei ngfhe p2@vyclohe t;gt,i L@qayci@?gﬂttﬂ)i on ang sel ected froma
group c%si sting %f(ig%lpo %rylfl) err]-Cerr] alkyl, Cﬁer r]-Cerr] al koxy, and
- S~

31. A method for synthesizing a compound of the

formula
Rl 7
X
>1\!I :=C/ Ri2
x }J \b:=:¢<

H/ R13

comprising the step of contacting a compound of the
formula '

L

\I\l’I (HZ)n
- |

L1

H

x1
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a phenyl .
i ndepende
CF[err] )
(CF3)[err](CH[err])CO (CF3) (CH[err])[err]CO PhO MeQ, EtO, tosylate,

mesyl at e,

err

and trjf] uoronet hanesul f onat e

27 The neth ﬂ ﬂut | aim 25 wherein X and X[ err] are
/ﬁ‘i Ct ed ﬁ IH leS' sti ng 25 of gighassedLesso
1 err er *CFsRCE eerr], (CH3)[err] CO

27 wherein X anttS®eRr FORPQURG: REcAbS |fd?¥mujﬁ, WD 98/ 21214
PCT/ US97/ 20390 29. The nmethod according to claim 18 wherein L and L[err]
are each a phosphine of the formula PR[GFF]WFHéﬁéﬁGFF] wherein R err]

secondary al kyl
selected froma group 5
secondary al kyl and cycmh

al kyl ,

or cycl oal kyl group and R err]

clain129 wherein L and L[err] are independently selected froma group
consi sting of

-P(lsopropyl)[err]

- 44-

10

15

20

-P(cyclohexyl)[err], -P (cyclopergy3)[err], and 10
31. A nethod for synthesizing a conpound of the formul a
[err] conmprising the step of contacting a conpound of the fornmula [err]

wherein

n is 1 or 2;

M is ruthenium;

R12 and R'? are each independently selected from
a group consisting of hydrogen, unsubstituted C,-C,g
alkyl, substituted C,-C,5 alkyl, unsubstituted C,-C,4
alkenyl, substituted C,-C;g; alkenyl, unsubstituted
aryl, and substituted aryl;

R17 is selected from a group consisting of
hydrogen, aryl, and C,-C;5 alkyl;

X and X! are independently selected from a group
consisting of halogen, CF;CO,, CH,;CO,, CFH,CO,,
(CH,;)5CO, (CF3),(CH;)CO, (CF,) (CH,),CO, PhO, MeO, EtO,
tosylate, mesylate, and trifluoromethanesulfonate;
and,

L and L' are independently selected from a group
consisting of -P(cyclohexyl),, -P(cyclopentyl),, and
-P(isopropyl) ;.

32. The method according to claim 31 wherein

X and X! are both chloride and
L and L' are both -P(cyclohexyl),.

-45-~

R5 are independently

i sting of ar Cerr]-Cerr] primry
E?QH&H&S- -39—-}ﬂ'he met hod according to

The net hod according to claim

is a



WO 98/ 21214 PCT/ US97/ 20390 with a conpound

of the formula [err] wh 1 trE; Mis ruthenium 5
Rlerr] ampmgh“re eacﬂ|m‘]u“iu“[ﬂ elected froma gr olfCPORG g of
hydrogen, unsubstituted € efr]~derr] alkyl, substituted CJerr]-Clerr]

al kyl, unsubstituted (Jerr]-Clerr] alkenyl, substituted CJerr]-derr]
al kenyl , unsubssizt.ut @heamdthahdacursdingittesl @tgim 30 wherein theRl7 is

sel ected from ac%%%%n(é).@f q__tﬂggfeér)]{qlwgrogen, aryl, and CJerr]-Cerr]

al kyl; X and X[ errf are indepen y selected froma group consisting of
hal ogen, CF[err]CJerr], CHerr]CdJerr], CFHerr]CJerr], (CH3)[err]CQ
(CF[err])[err](CH err])CO (CFlerr]) (CHerr])[err]CO PhO MO Eto, 15
tosyl ate, nesylate, and trifl uoronethanesul fon 12: "and, L and Ll[err] are

i ndependently selected froma gr ou?, consisting of -P(cyclohexyl)[err],
-P(cycl opentyl )3, and -P (i soproth )C[ - 32. The met hod
according to claim31 wherein X and X[ err] aré.QSth chloride and L and
L[err] are both -P(cycl ohexyl)[err]. -45- 8/ 21214

PCT/ US97/ 20390 33. The nethod according to claim 31 wherein the conmpound of
the formul a

is a propargyl haligde.

34. The method according to claim 31 wherein the
5 compound of the formula

R12
Rl7’c=c c./ X

R13

is a tertiary propargyl halide.

35. The method according to claim 34 where the
tertiary propargyl halide is a tertiary propargyl
chloride.

10 36. The method according to claim 31 wherein the
contacting step occurs in solvent.

37. The method according to claim 36 wherein the

solvent is selected from a group consisting of
methylene chloride, benzene and toluene.
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[err]. is a propargyl m m;l '“] hod according to claim31 wherein
ek oo o I s et 2ot e
35. The nethod according*tcd cltai m 3% where the tertiary propargy ide is
a tertiary propargyl chloride. 10 36. The method according to claim
31 wherein the contacting step occurs in solvent. 37. The nethod according
to claim36 wherd¥n tRemebnodnforssysthesigdingm cammaynd ovgi sheng of

nmet hyl ene chl ori flexrmbeazene and tol uene. -46- 38. A nethod for

synt hesi zi ng a conpound of the fornula [err] conprising the step of
contacting a conpound of the fornula [err] with a conpound of the fornula

[err] -47- WO 98/ 21214 PCT/ US97/ 20390
wherein x L Rr!7
\M=J R12
xj/’ | \
L! C—=—
\Rl3

comprising the step of contacting a compound of the
formula

with a compound of the formula

R12
Rl7c=c c,/ X
\

RI3
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Mis osmumor ruthenium Rerr] and R err] are each independently selected

0 et A5 e 1 oy

group consisting of: (err]>Clerf] alKenyl, Cerr]-Cferr] alkynyl,
Jerr]-Cerr] alkyl, aryl, C(err]-Clerr] carboxylate, Cerr]-Cerr] al koxy,
Clerr]-Clerr] akkmwdirxy, Cerr]- C[err] alkynyloxy, aryloxy, (err]-Cerr]
10 alkoxycarboqxl 5%{2- %9 hio, Clerr]-(err]
al kyl sul fonyl and CferrI-Cerr R[err] is selected froma
group consi sting of rylre 3ad=hC[leldepe@[d£m]1}al$@1¢ctxednﬂr¢({ner r]
are mdependentl;qg% dcgﬁgfrééq_\ 15f h dr g%lnonlé.‘uﬂé ed@nd, L,

r

L[err], and L[er dependent sel e romany triary phosphine.

39, Th& et hod SPAEH EheRtn wWepﬂsuhﬁpétﬁﬁﬁ%rﬁqhﬁtWent

R][ eL r!j and Rfer rv}%ég[‘@#&?@glel @@B@@ﬂﬁﬂéhh})’l%fbéﬁb@ié& Cﬂ?cﬁ? @é nsiqst i n]g
of hydrogen, unsubstjtufe err] a [ e err err

al kyl , unsubst i tTRRFTOLRYG P4} k ﬁg l%'t eq:lZ ra]tllf‘@[“é’ C‘E!.l ayl ,
unsubst i t ut ed arallkylancasybst¢iurgd @ml-qu}a&te, c, c:L |c§ -ty dr ogen;

X and X[err] are qPéﬂ&ﬁ%L?r'éw %ﬂ'&fﬁ"w] ,aﬁpflok{,er&]

trlphenylphosphln
PCT/ USS® 20390 40 koxyeareenybr SyrEiweslRwidhieonBottuk @fllqyriesulfonyl

and C;-C;g4 alkylsulfinyl;
R'7 is selected from a group consisting of
hydrogen, aryl, and C,-C,g alkyl;
X and X! are independently selected from any
15 anionic ligand; and,
L, L', and L? are independently selected from any
triaryl phosphine.

39. The method as in c¢laim 38 wherein:
M is ruthenium;
20 R'? and R'? are each independently selected from
a group consisting of hydrogen, unsubstituted C,-C,4
alkyl, substituted C;-C,;5 alkyl, unsubstituted C,-C,,4
alkenyl, substituted C,-C,, alkenyl, unsubstituted
aryl, and substituted aryl;
25 R'7 is hydrogen;
X and X! are both chloride; and,
L, L', and L? are triphenylphosphines.
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fornmula [.err] conprising co i nd of the fornula [err] with a
conpound o&&%ﬁl%ﬂrnul a, Hgﬁﬂmm#mﬂﬂl&r] R and 5 pct/ossysdst ng a
conmpound of the Tormula HX whereintn M s sl or 2; Mis osmumor ruthenium
R is hydroxyl; 10 Rlerr] and Rl err] are each independently
selected fromthe group consi sting of gydr_o en, substitutcfd%gubstituent,
and an unsubsti t4R ed RUBRERPehPT AHBFERAIERETS G IAMRRBAD QL sef@ct ed from
a group consistifgrmilaClerr]-Cerr] alkyl, Cerr]-Cerr] alkenyl,
Cerr]-Cierr] 15 al kynyl, aryl, Cerr]-Cerr] carboxylate,
Clerr]-Clerr] alkoxy, C- (err] alkenyloxy, (err]-C(err] alkynyl oxy,
aryloxy, (err]-Cerr] alkoxycarbonyl, (ferr]-Cerr] alkylthio,
Cerr]-Cerr] alkylsul fonyl and errf‘qerrﬂl"al kyl sul finyl; R17 is
selected froma group consisting 2Q. C/ hydroglen, aryl, and

2 M= R12

Cerr]-Cerr] alkyl; -49- WO 98/

PCT/ US97/ 20190 X and X[ err] are iXit€pdndeni\y selfcted from any anionic
ligand; and, L and L[err] are indepengdntly ted fromany neutral

el ectron donor. 5 41. A nethod for[-f&nt hes\ zing a conpound of the
formula (X) (X[err]) (L) (L[err])MC(R er#) (Cl-l[é?:IT’]CR[err]R[err]R),

comprising contacting a compound of the formula

L
H\ l
1\'/1 (H2)n

-
X1 L1

with a compound of the formula, R*7C=CCR!?R}3R' and
5 then adding a compound of the formula HX
wherein
n is 1 or 2;
M is osmium or ruthenium;
R’ is hydroxyl;

10 R!2 and R'? are each independently selected from
the group consisting of hydrogen, substituted
substituent, and an unsubstituted substituent,
wherein the substituent is selected from a group
consisting of: C,~C;y alkyl, C,-C,4 alkenyl, C,-Cyg

1s alkynyl, aryl, C,~C,5 carboxylate, C,-C,g5 alkoxy, C,-
C,g alkenyloxy, C,-C;5 alkynyloxy, aryloxy, C,-C,4
alkoxycarbonyl, C,-C,g alkylthio, C,-C,4 alkylsulfonyl
and C,-C,;g alkylsulfinyl;

R'7 is selected from a group consisting of
20 hydrogen, aryl, and C,-C,5 alkyl; o
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conprising contacting a coi'iound of the fornmula [err] with a conpound of

the fornula, R[err] C=CCR] "Iml mm E t hen addi ng a compound of the
formul a HXWOP821214 vvher I I II II Mis osmum or rut RGHRUSA7/2890; 5

hydrogen or Clerr]-(err] al kyI R12 and R13 are each I ndependent |y
sel ected from 15 the group consisting of hydrogen, substituted

substituent, and an gyt ut-ed 13 Wﬁt} vg}]qr@ét_rbahpr&gbi%&t uent is

selected froma gr.oup conS|st|ng of err| er al kyl, (err]=Cerr]

al kenyl , Cferr] 28feric 448a084; 8, Cerr]-Cerr] carboxyl at e,
Cerr]- C[ err] al koxy 1 Gy nl* a2@ indepegdentlaldend sy, ££dRr ahyC err]

al kynyl oxy, aryl ox ryr eraO al koxycar bonyl, Cerr]-(err] alkylthio,
Cerr]-Cerr] alr’t?#ﬁﬂi(ﬁ‘}ﬁ“%? -Clerr] al kyIsquinyI; R17 is
selected froma group consisting of hydr ogen, aryl, and Cerr]-Cerr]

al kyl; g5 n&&% s§[net t t m any

ani oni cgl I gand; and AL an Cﬁerr’]] re}%é%;éz}g %téfé’mé e‘gt gg H’%m any
neutral el ectrofoaswda (HUX) (IMIéQMzﬂ?Z ) (CH2CR 2g13

PCT/ US97/ 20390 4mpA iRt & dritfa BN @51 ddnifibiéh & WP OLRE Eérin’(]?;af ormul a
[err] conmprising the step of contacting a conpound of the

:M (Ha)n
X! Ll

with a compound of the formula, R}7C=CCR2R?3R’ and
then adding a compound of the formula HX
10 wherein
n is 1 or 2;
M is osmium or ruthenium;
R’ is hydrogen or C,-C,, alkyl;
R'2 and R!? are each independently selected from
15 the group consisting of hydrogen, substituted
substituent, and an unsubstituted substituent,
wherein the substituent is selected from a group
consisting of: C;-C,;4 alkyl, C,-C,;g alkenyl, C,-C,4
alkynyl, aryl, C;-C;4 carboxylate, C,;-C,4 alkoxy, C,-
20 C,s alkenyloxy, C,-C,g alkynyloxy, aryloxy, C,-Cig
alkoxycarbonyl, C,-C;5 alkylthic, C,-C;y alkylsulfonyl
and C,-C,;4 alkylsulfinyl;
R'7 is selected from a group consisting of
hydrogen, aryl, and C,;-C;g alkyl;
25 X and X' are independently selected from any
anionic ligand; and,
L and L' are independently selected from any
neutral electron donor.
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formula [err] 5 g It "ﬂ e fornmula [err] wherein nis 1
or 2; Mlg‘{(? ﬂ?q ruth muﬂmmmml | Err] and R err] arerross7io3so
i ndependentTy sélected 10 * ¢ frof the ‘group consisting of hydr ogen,
substituted substituent, and an unsubstituted substituent, wherein the

substituent is seI ect ed f rou onsi Stl ng of: ] al kyl,
Cerr]-Cerr] d&%eny® é?a]%E% t&i qﬁ é%f é ?g%FéF

car boxyl at e, Ciﬁwfiuféerr] al koxy, C2- 15 C[err] alkenyloxy,
Cerr]-Cerr] al kynyloxy, aryloxy, (err]-Cerr] al koxycarbonyl,
Cerr]-Cerr], alkylthio, (err, -C[&rr] aIkyt@ylfonyl and Clerr]-(err]
al kyl sul finyl; -51- WO 98/ 2¥k14

PCT/ US97/ 20390 X and X1 are indep ntly €el ected fromany anionic |igand,
and, L and L[err] are independentl d fromany neutral electron
donor. 5 43. The method odding to dglg(}n 1sherein Mis

rut henium 44. The nethod accor ngI}o claim ein Rerr], Rerr], and
Rlerr] are each independently selected froma group consisting of hydrogen,
unsubstituted CJerr]-Cferr] 10 al kyl, substituted CJerr]-Clerr]

al kyl, unsubstituted CJerr]-Clerr] al kenyl, substituted CJerr]-Clerr]

al kenyl , unSUbséé&ﬁgfging the step of contacting a compound of the
formula

L
H ~,

(HZ)n
1/
L1

5 with a compound of the formula

R!6 R4
\Y:::=:(f/
& \Ris
wherein
n is 1 or 2;
M is osmium or ruthenium;
R4, RS, and R'® are each independently selected
10 from the group consisting of hydrogen, substituted
substituent, and an unsubstituted substituent,
wherein the substituent is selected from a group
consisting of: C;-C,;4 alkyl, C,;-Cy4 alkenyl, C,-Ci4
alkynyl, aryl, C;-C,4 carboxylate, C,-C;4 alkoxy, C,-
15 C,9 alkenyloxy, C,-C;4 alkynyloxy, aryloxy, C,-C,4
alkoxycarbonyl, C;-C,, alkylthio, C,;-C;, alkylsulfonyl
and C,-C;4 alkylsulfinyl;
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aryl, and substituted aryl T according to claim42 wherein
the Rlerr] or Rerr] substUI lﬂn tml on is selected froma 15
group conswetsstzidf unsubstk M - err] alkyl, subst®GI{¥20390

Cerr]-Cerr] alkyl, unsubstituted Cerr]-Cerr] al koxy, substituted
Cerr]-Cerr] al koxy, unsubstituted aryl, and substituted aryl. 46. The

met hod according to & %.'n@ 4@1 whear %ae%rdrelntqr 2b1ected REEh]ahpcl udes a

functional group sel ect 0 oup consi stl ng of hydroxyl, thiol,
t hi oet her, ket oﬁé‘l%‘lld’eﬁw}@é dg]staé’rg‘{,' ether, anine, inine, amde, nitro,

carboxylic acid, disn famBELlca&'bOﬁde&pe&ﬁimmﬂJ@atsaelmém&th@ny

car boal koxy, car bartr_atg nd h Il_logiaor}1 125 47. The nmethod according to
cl ai m 42 wher ei RSR%4 err I gan 0% are i ndependently selected froma
group consi sting of hydrogen, hal ogen, a substituted substituent, and an

unsubstgtuted syRsti tx?,gnc?“eemﬁ g&gggg]%lb&;lé}@m b8 §§£%%£ﬁd fg_?m a group

30 consistin err]-Clerr] aryl, (err err]| al koxi de,
aryl oxi de, (er 31”]‘“ -al kyl di ket onate, aryl di ketonate, Cerr]- -52-
WO 98/ 21214 PCT/U897/2030

glzgyfﬂnngyg[agsﬁ]‘lagl "%"%ﬂgs %"teﬁrﬁdln% %?‘f‘]age\”%rﬁF% %m finyl.

48. The et hod R&EprdnngH) ateai eadd jméependehﬂﬁ selectedb$triouent

substitutlon 1S Seles i WPUR aonsla! | MMatbsbetaoen ol ] -dlerr]
al kyl, Cerr]- oxy,
10 alkyl substltuted C1 C19 alkyl, unsubstituted C,-C,q

alkenyl, substituted C,-C,, alkenyl, unsubstituted
aryl, and substituted aryl.

45. The method according to claim 42 wherein the R*
or R!> substituent substitution is selected from a

15 group consisting of unsubstituted C,-C5; alkyl,
substituted C;-Cg; alkyl, unsubstituted C;-Cg; alkoxy,
substituted C;-C; alkoxy, unsubstituted aryl, and
substituted aryl.

46. The method according to claim 42 wherein R or
20 R!5 includes a functional group selected from a group
' consisting of hydroxyl, thiol, thiocether, ketone,
aldehyde, ester, ether, amine, imine, amide, nitro,
carboxylic acid, disulfide, carbonate, isocyanate,
carbodiimide, carboalkoxy, carbamate, and halogen.

25 47. The method according to claim 42 wherein X and
X' ligands are independently selected from a group
consisting of hydrogen, halogen, a substituted
substituent, and an unsubstituted substituent,
wherein the substituent is selected from a group

30 consisting of C;-C,, alkyl, aryl, C,-C,, alkoxide,
aryloxide, C;-C,, alkyldiketonate, aryldiketonate, C;-
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49. The method accordi ng in X and X[err] are independently
sel ected fy@ 12%Foup con mﬂ“@“’ﬁ”{' uTof chI ori de, CF[ erpgdrns3esnodso
CI—I[err]CC][ergﬁui err] CQ3 era erri)lerr]

(CF[err])[err](CH[err])CO (CF[err]) (CH[err])[err]CO, PhO MeO, EtO
tosylate, mesylag, capBokylakeor amtmaﬁe ahEky,"nQul'fbexalw hcaq-zu;,gor di ng

to claim49 V\/ner |nXa.nd ert] a chl gride. The

met hod accor di n&%l&% 9] —\gﬂérgﬁﬁyg ﬁgoe[y rr]‘—’1 q]éleaéﬁ a phosphl ne of
the fornul a PR3IBARYLshafdinylRl err] is a secondary al kyl or cycloal kyl group
and Rlerr] and Rlerr] are independently sel ect ed froma group consisting of
aryl, (Jerr]-Cferr] primary alkyl, secondary 2 al kyl and cycl oal kyl

groups. 52. The4fet hhe e R IEOER Bigh 52 WF\EP-EH ﬁ7LW§1¢G"eL1[1brtr1]e are
i ndepengdent | 'y S%lmteictdémmm@wﬁl §L~I aelaf:tedP(f&bﬁJ ehgyedud err],

-P(cycl opentyl)[err and (, so - 53- rret hod or
synt hesi zing a g Q%ehapo‘?é?ﬁﬁga e’i 5] ?ngéir?e{
contacting a comp@hehydf. the fornmula [err] with a corrpound of the formJIa
[err] wherein Mis osm umor ruthenium -54-
49. The method according to claim 47 wherein X and
X' are independently selected from a group consisting
10 of chloride, CF;CO,, CH,;CO,, CFH,CO,, (CH;);CO,
(CF,;), (CH;)CO, (CF;) (CH;),CO, PhO, MeO, EtO, tosylate,
mesylate, and trifluoromethanesulfonate.

50. The method according to claim 49 wherein X and
X! are both chloride.

15 51. The method according to claim 42 wherein L and
L' are each a phosphine of the formula PR3R%*R® wherein
R? is a secondary alkyl or cycloalkyl group and
R? and R® are independently selected from a group
consisting of aryl, C;-C,, primary alkyl, secondary
20 alkyl and cycloalkyl groups.

52. The method according to claim 51 wherein L and
L' are independently selected from a group consisting
of -P(cyclohexyl),;, -P(cyclopentyl),;, and

-P (isopropyl) ;.
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Rlerr], Rerr], and R[err ndently selected fromthe group
consi sting of hydrogen, "mrf mrm WEE tuent, and an unsubstituted -
substi t uenWo 98124284 n t he substl tlue Is ect ed from a gr oupC¥/US97/20390
consisting of: Clerr]-Cerr] alkyl, (err]-Clerr] alkenyl, Cerr]-Cerr]
al kynyl, aryl, Cerr]-Cerr] carboxylate Cerr]-Cerr] al koxy, C2- (err]
al kenyl oxy, (ergk-C@r

al koxycar bonyl , qberrg %%gﬁbﬁyg$E3é&ﬁ€?é%ﬁenr% (Ienéﬁélﬁé %guFPonyl and
Clerr]-Cerr] al f(?F@H finyl; 10 X and X1 are independently

sel ected from any anionic Ilgand an L, L[err], and L[err] are

i ndependently sel ected from any rlaiyl phosp lﬁe 54. The nethod as in

cl ai m 53 wherein: 15 5‘ rut henfum Rierr], Rerr], and R err]
are each independently selected fro grogp consisting of hydrogen,
strtulked (Jerr]-Clerr] alkyl,

unsubstituted Clerr]-Cerr] alkyl (s
unsubstituted CJerr]-Clerr] al k ﬁubstlt CHRBRLS al kenyl, 20

unsubstituted aryl, and substituted yl; X and X/ err] are both chloride;
and, L, L[err], and L[err] are tr| phenyl phosphi nes. 55. A nethod for naking
a conmpound of the fornula [e wherein, nis 1 or 2; Mis osmum
or ruthenium X SRBPKEEAPE 55’@ |Sﬁ&§’p(9r1€dé¥ﬂqtf%%’rré%t%QCGP'PB‘FWBﬁy"ﬁnFBﬁl c

i gand; and L anfiokjheda] are |ndependently sel ected from any neutral

el ectron donor, conprising: -55-

-~ |
X1 L1

with a compound of the formula

IUG R}4
.\C=c/ |
e NRis

wherein

M is osmium or ruthenium;
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WO 98/ 21214 Jymgwr"uﬁw’ 7/ 20390 reacting [MXX[ err] (COD)]
mwth L and L[err] int and Herr]. 56. A nmethod for
maki ng a opopsuiadsof the formul & [érrf wherein, nis 1 or 2;pdWis®72e3soum or
ruthenium Xerr] is 5 an anionic ligand; and L and L[err] are

i ndependently selected fromany neutral electron donor, conprising:
reacting [MX err])[&*t] (R¥D) dret rg**mawiet lealclaMde{pmnc}emtﬂ.y heepeesedce of

SL?;S%er%?(L)[errg%CﬁH? Eﬁ%ﬁﬂpé%ﬁ%?%ﬁﬁh #Z; d&%¥2}§§ﬂs9§ﬁﬁg§d{2££;|a

(COT) in the prevbstdtaent, and s31 wEmu t‘émf—‘d Rewpstityentlected froma
group consi stingn@tedd the sdBéqzrl %@%ﬂéé&@&df rﬁré] %ﬁfzr] al kyl,
substituted Cerr]- (err] alkyl, unsufstltute err]-Cerr kenyl ,
substit¥t ed C2- E2BSAF °fun§{1b§u9t% EalarGe- Conc i ¢ eyl Xis

3/“ hal oggn_; and, aZngyl aryl,l d;s® pbi@ﬁpbxyeaeé t e —ti% Al RoR3RERS

ere is a sgcon o oup, _an a err are
i ndependently s L%d?€%¥F¥£ﬂ¥¥ry?2 %Né% Q&eﬁbﬁ pr?ﬁ%f?xﬁrk ?.“econdary
al kyl, or cycl oalkpkygaoinesiyl58.C, Fag ;nelkpiithtoer @ RG, § (nbltlalsusfomfgfér ein

the Rlerr] 25 I ngl u al group selected froma group
conS|st|ng of hyad e dgfk?léﬁ?gééﬂf ket one, al dehyde, ester, ether,

1
am ne, 1P m ne, an‘gg?ihaézgx are independently selected from any
anionic ligand; and,
L, L', and L? are independently selected from any
triaryl phosphine.

54. The method as in claim 53 wherein:
15 M is ruthenium;
R, RS, and R'® are each independently selected
from a group consisting of hydrogen, unsubstituted
C,-C;9 alkyl, substituted C,-C,, alkyl, unsubstituted
C,-C,4 alkenyl, substituted C,-C,;, alkenyl,
20 unsubstituted aryl, and substituted aryl;
X and X! are both chloride; ang,
L, L!, and L? are triphenylphosphines.

55. A method for making a compound of the formula

25 wherein, n is 1 or 2; M is osmium or ruthenium; X and
X! are independently selected from any anionic
ligand; and L and L* are independently selected from
any neutral electron donor, comprising: -
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- 56- WD 98/ 21214 PCT/ US97/ 20390 '
carboxylic acid, disulfi c‘e}l{!ll!{H“mclml[lugﬂiIH#cyanat e, carbodiimde

car boal koW % 22bhinat e, and hal @gen. *'The method accor di RGTUSIFRM 57
wherein X is chloride; 5 L is selected froma group consisting

of P(cycl ohexyl)[err], P(cyclopentyl)3, and P(isopropyl)[err]; and, the

sol vent is toluene. 6Q;-Ehe g EhBed (28807dI f9thorCla@adn3’ swhengin Rl is 10
phenyl . -57- "
presence of NaOH and H,.

56. A method for making a compound of the formula

L
~U
/,ﬁd(}{ZLu

H

wherein, n is 1 or 2; M is osmium or ruthenium; X! is
5 an anionic ligand; and L and L! are independently
selected from any neutral electron donor,
comprising:
reacting [M(x1),(cop)], with L and L' in the
presence of H,.

10 57. A method for synthesizing a compound of the
formula Ru(X),(L),(=CHR!), comprising:
reacting RCHX, with Ru(COD) (COT) in the presence
of L in a solvent wherein:
R! is selected from a group consisting of
15 hydrogen, unsubstituted C,-C,, alkyl, substituted C,-
C,o alkyl, unsubstituted C,-C,, alkenyl, substituted
C,-C,y alkenyl, unsubstituted aryl, and substituted
aryl;
X is a halogen; and,
20 L is a phosphine of the formula PR3R*R>, where R3
is a secondary alkyl or cycloalkyl group, and R? and
R® are independently selected from aryl, C;-C;,
primary alkyl, secondary alkyl, or cycloalkyl groups.

58. The method according to claim 57 wherein the R?
25 includes a functional group selected from a group

consisting of hydroxyl, thiol, thioether, ketone,

aldehyde, ester, ether, amine, imine, amide, nitro,
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carboxylic acid, disulfide, carbonate, isocyanate,
carbodiimide, carboalkoxy, carbamate, and halogen.

59. The method according to claim 57 wherein

X is chloride;

L is selected from a group consisting of
P(cyclohexyl),, P(cyclopentyl),, and P(isopropyl),;
and,

the solvent is toluene.

60. The method according to claim 57 wherein R! is
phenyl.
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