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NBD - 245-norvornadiene
NMR nuclear wiznetic resonance
q _ gquartaet
8 stroony
17 triplet
Vs very strong
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ABSTRACT

THE SYNTHESIS, CHARACTERIZATION AND
INVESTIGATION OF THE CATALYTIC
ACTIVTIES OF SOME
1,5-CYCLOOCTADIENE AND
2,5-NORBORNADIENE
GROUP VIB TRANSITION METAL

CARBENE CARBONYI COMPLEXES
by

WAKGARI HIRPO

Research Advisor: MAKONNEN DILGASSA

The reaction of 1,5-cyclooctadiene tetracarbonyl tung-
sten (0) with methyllithium gave products in which the diene
ts no more coordinated to the metal. It was investigated that
the compound is catalytically active and could metathesize 2-
pentene itnto 2<butene and 3-hexene in the presence of EtAZCZz
as a cocatalyst.

43;hfdiene)M(CO)4 =

(1,chyclooctadiene)w(00)4, (23Snnorbornadiene)w(00)4,

A series of some (diene)M(C0)

(23Swnorbornadiene)MO(CO)4, (235=norbornadiene)0r(00)4 !, and

(CHZCN) ;Mo (CO) 5, complex were tested in the ratio of M to coca-
talyst to 2-pentene to be 1:6:1000, For comparison the active
WCZG~CZH50H—02H5A2012 System was used. Gas chromatographic
analyeis of the reaction products showed that (2,5-norbornadienel -
W(Co), is able to give 59.24% conversion after 24 hours at room
temperature, The other complexes showed different percentage

conversions and (NBD)Cr(C0), was found to be completely inactive.



TIRCDECHNION

In the presence of catalysts, noat comionly containing
tungsten, molybdenum, or rhsning, oleflins undergo the reac-
tion generalized as BEq.(L) ¢ kruosm on olefin metathesis

~-12

reactian.l Metathesis vesults in nolyuners colled polyalk~

enamers when the olefinic honds ure included in rings,

Bg. (2),17H

a

)kﬁ C““"? /‘\ \/g

Such reactions are most often brought aboub by the metal ca-

) > 7T UUU @

talysts in the prescnce of coc: talzste such &a organcaluminin

15-20

compounds or organic dcrivatives of olher netals, nota-

bly tin. Bome catalyst syslteas nced traces of oXygen or
. 0 . ) 1‘1’ 02
oxygen containing species as an activator, 6,19,25 while,
others initiate the recactions only in the oresence of some
. ., 24 = T

Lewis acids ™ or light ™ and even at thae absence of any

26

cocatalyst at all.
The metathesis reaction i~ zolning a wide spplication

primarily in petroleum industry duc to 1ts wgse far synthesis

of some olefins which would othervige he Jifficult to ebtain

through some other common syntietic wetiods, Terminal ole-

fins can be synthesized by ethylene cleqvize of an unsymmetri-

cal internal alkenes or by rveaction of s ametric internal olew

1'0/2



fins with etkylene. For exesmple l-hexene wag prepored by
metathesis of 2-heptene and ethylene with 2 homogeneocus

molybdenum catalyst, Ea.(3)-25

g, (0 1=CIICH
Cit, (C11,)) 5 CH=CTICH

1 C?Ii4<+---—-~-> CH C‘H:C__:? +-

3 +

on :CH(CHz)CHS C )

2
Metathesis of acyvclic dienes can yield either cycloalkenes
{(intramolecular metathesis) or acyclic polyenes (intermcle-
cular metathesis), A convenient route to wultinple unsgstu-
rated derivatives has been attrined by cross-metathesis of
an aeyclié and crelic atkenes. wWith ethylene =s the acyclic
reactant, o ,&/-dienes are formed. ¥.B.Hughes and his cowork-
er825 have prepsred 1;,9-decadiene and l,13-tetra-decadiene
from cyclooctene and cyclogqodecene, resvectively, by using

a howogeneous molybdenum catalyst, Egs.{(4) and (5).

SN N A
{\\ |+ Gy S,=0(C,) 0 (4)
N/

(5)

oy CH,=CH(CH,) {4 5

In a matter of Z2hr st 0065 1,5,9-decatriene could be
obtrined in 184 yierld by the metathesis of ethylene with

1,5-cyclooctadiene, Eq.(G).

IL\ ‘ o CpH, s (=Cl(CIL, ) ,Ci=CH(CH, ) ,CH=CH,, (6)

The preparation of polyalkenameres by metathesis is one
of the most widely studied areas since the discovery of the

disproporticnation reaction. The zsvnthesis of perfectly

/B
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slternating interpolymers, the synthetic objectives not at-
tainable by any other technigue is cone of the most attrscs
tive aspplicaticns. By use of convention~l methods, the co-
polymerization of butadiene and isoprene yields vpolymers that

contain random secuences of quCH:CHCHé“énduCHQO{UHB):CHCH§-

units., In contrast, metathesis of l-wethyl-1,5-cvcloocta-

diene‘yields a polywer in which these units sare more than
: . . 2

97% perfectly »lternating, Lq.(?).7

5

?H
oy
1;pp CH=(HCH 9~%C_QC = HCH ); " (7)

Metathesis of b-wethylcyclooctene gives the perfectly
altern-ting terpol¥er of butadiene, ethylene, and pronyle-

ne, k 8).
v B (8) CH CH.,

SN ,.?

; , L O, CH=CHCH )~ {0 {CECHp) 4 (8)

The synthetic utility of the wetathesis vesction would be
greatly extended by t:e metnthesis of =lkenes that berr fun-
ctinnal groups. Boelhouwer et al were able to metathesize
long chain fatty acids esters by use of a EClG/(CHB)dﬁn co-
thlyst.zg Methylester of 9-octdecene gives the 9-octadecene
dimethvlester, Eq.(9) which is changed to the corresponding
diacid providing a starting materisl for the preparation of
civetone, a valuable periume component, ¥q,(10) and for the

preparation of an unsatursted valcanizable polyesters,

VA
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© o T P . oo CHo(CR Y=CH(CH H.,
2CTi4 (CH,y) oCH=CH(CHL,) £ CO,CH, % CRL; (OR,)  CU=CH (Gl ) Oy
roCH K (=CH(or ), Ol o ‘
+ C 1302C(Ck.2)70h Ci((‘r?)7(}(‘20 5 o
(9)
H(CH
%}({12)7\___0 o (10)
S(GH, )., CH=CH(CE, ), G0 H  ——m > ] = 0
HO £(CT, ), Gr=0it(Crs, ), 00, ! e

CH(CH,) 5

The metathesisa of slkynes ig o1lzo goining ntientiocon,
theugh most of the works done in this ~rea =0 far nave cen-
tred on alkenes, By use of UOB(SiOQ) catalyst the conversion

of 2-pentyne into 2-butyne and %-hexvne could be accowplished
30

in a 2%% yield. In this respect terminal acetylenes seem

to be less useful since the major reaction becomes cyclo-

51 Cycloalkynes under-—

trimerigaticn to benzene derivatives,
go ring-opening metathesis, like their clefinie counterparts;
the conversion of cvelodecyne to a series of oligomers,

(C6H16)n’ upto the hexamer (n=6) has been demonstrateﬁ.32

The spplication of the metathesis reaction for organic
synthesig is exp-nding at such a2 tremendons rate that it is
not easy to cite ~ll examnles. IHNHeverthless, two last points
are worth menticning., These are, the svnthesis of isotopic-
ally labelled olefins like “"he veaction of tetradeuteroethy-
lene with cyclooctene to produce terminally deuterated,
diene Tg.,(1ll), and the svnthesis of FMuscalure (cis-9-trico-
Sene), the sei pheromene of the comwon housefly (Musca

T, e T iy

£.CoDy ,C=ClI(CH, ) (CH=CD, (11)

/5.
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in the absence of wet=ls prevent 2 + 2 cycloadditions from

31-41

occuring. Consequently one would expect either of the

following two things to ogeur,
.5

a) the formaticn of cyclobutanes as side products
from oleiin metathecis reaction.
b) the cleavage of the cyclobutanes »hen added fo

metasthesis re~ction mixiures.

This first wechnnism proposed we=s ruied out whep experi-

ments to demenstrate either showed that neither occured.42"45

The most resconsble mechrnisw so far forwsrded empha-

sizes the involvement of tre metrl-carbene species to pro-

) 4655

pagate the chain re=ction, Lg. (15 nlike the mecha-

b
b - : b
L+ - ) . ,g ;am% oM 3\\§f//
SOL T 4. "‘"’“’\J - jh i .“.:‘.::.: PO
R AR
a“ i A e e ek - g T~
+ X g © °f
\ -
- jul
e )
7

nism provosed above, tkis ch~in mechanism neither cslls for
cycloputanes to be formed nor reasct, but yet, it nieely
accounts for the pross structural chrnge. Yhe metsl-carbene

species involved werc thouszht Lo he of bigh enerey and dif-

ficult +to isolate.

It was in 1964 that the first stable tronsition metal

carbene complexes were synthesized rund characterized by

A
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5.0, Fischer's gr&up‘ﬁﬁ They found that welal carbonyls
react with corganolithium reagents to “roduvce scylwmetsl an-
ions which could gubseguently be alkyleted on oxygen to
¢ive transition metal carbene co&plexes,'%q.(l6)‘ Since
then many stoble Tropsition metnl carbene comploXes .have

been eynthesized and these are shortly reviewesd ilv the cowming

Q
- il
Jly § S I T PRI I I o
2;(@:;..}6 b Cgliphi i (?{'}5" C-Cy 5
s CligH (16)

,GCH3
(CG}5V:C<“

”(}6I15
chapters, The heteroator stabilized carbenes krnown shich
are coordin-tively ssturated =yve not sc efficient as c=talv~
sts in the clefin metathesis reaction exceptd under scome dra-
stic cou itiouns, It ie generslly helieved that the cataly-
tic activity dimivisghes s5 the stability of the carbene
complex ia enhanced.

The isol-tion of 2 non-heternsatom stabilized metal
carbene cowplex 1 was =zechlevel by Uasey rnd Bﬂrkharﬁt.g?
This compound {(diphenvlc-rheng) pentacarbonyl tungsten (OF
wng synthesized by the rcute chown in Eqg, (17), 2nd it wes
fouvnd to be catalytically rcetive in the olefin metathesis

repcotion,

%
L ] i
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Cells
- Uel's o i (cc) ﬁ-d:o . HCl
(CO) M=C, et 5UTVIVES e w—%—ab;
~ 1 _78 X . _
OCH, OCH.y
| - Cels
(CG) 55’;’:—: _\\.'h ) (17)
CeHs
1

If » central metel is catelytically inactive in the
olefin-metsthesis re~ction one would theoretically expect
the isolation &f 2 metal carbene to be possible in the pre-
sence of an olefin ccordinated to the centr-1l metal, VWhat
would be rather interesting is to ¥now what happens when =n
ole’in is coordinated to a catalyticz1lly acltive metal centre.
An attempt to isol-te an active metel carbene in the rresence
of an olefin cocrdinated to the metal and subsequent studies
to know the fotc of the clefin could he a desirable project,
Thie in a way can support the sttempts to explain the mecha-
nism of the clefin-metathesis reaction., It w=as from this

point of view that the project was designed.

The first pert of thepfoject ig directed towards the
development of metheds for the svnthesés of some (diene)-
M(OO)4 complexs, Tdienezl,5~cyc1000tadiene (oeDy, cr.2,5—
norbornadiene (NBﬁ} and M=Cr, Mo,ﬁqg and reaction of

(COD)W(CO)4 with metnyllithium ~nd subseguent wethylation

../9
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54

following similsr procedures as Fischer's 20 s to isolate
the carbene cowplex. 4An attewpt is aleo done te isclate the

trimethylsileone derivative of the carbene cowplew,

The 'second part of theproject is investigation of some
of the (diene) ?(06)4 complexes, whether they cap catalyti-
cally metsthesize Z-ventene into 2-butene and 3~hexene or not
(Trisacetonitrile) tricarbonyl molybdenum (Q), (0}130}!’)3?10(00)3

is also included in the series of cownounds subjected to cat-
alytic test Just Tor cempar~tive reasons. Singe the aceto-
nitrile lig=nd has lesg piI-dT1 back bonding éharacter and
is more labile th-n the diene ligands, it is reasonable to
know if this has any effect on the aciivity of the central
metrl g compared to the diene couplexes. The well knowvn
cocatalyst, 0255£1012 is umed in these catalytic tests,
since it is believead that ite role in the catalytically ne-
tive fTransiticn metal oarboﬂ% complexes is to generate the
acyl metal anions which “hen lead to metal-carhbene comp-

0unds.55’56

In the follecwing chapters, sowme attempts will be done
to present a hivd's-eye-view of the bonding in the transition

a

metal carbene cowmvlexes and rome general methods used to
synthesize svch comvlexes, This is followed by a chepter
dealing with a short review of different catalyst systems

known in the ole-in metathesisg rescticn,
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CHALTER 1
THE CRIGIHS OF TRANSTTYCK HETAL CARBEHE 0OMT TEXES

1.1.  The Hature of Bonding

The transition metal carbene complexes have the pgener~l
formula 2, where CXY is defined as a ligand with approxima-
R .
tely. 3v° hybridized eleciron deficient carbene carbon. The

Cearb., is direcily attacre’ to the metal without a formal

Cearb-X or Cecarb-Y wmultiple honds,

/fl 0=Ccarb {Carbene carbon)
el L=Ligrnd
Lie=C. M=ie tal
Ty X,Y,= substitunents attrched to Ccarb.

2

For the nlkoxy cubetituted Fischer type carbene couple-

xes, there nre three iuportsnt resonsnce structures(3a, %b,3c).

LOR! o OR! B-R
M=0 L S - - - ¢~

g © - R - "“R

3a 3b 3¢

The bonding of the carbene ligand to a transition metal is
conveniently desceribed in terme of the donsation of the SPE
hybridized lone-pair eleetrons of the earbene carbon to the
metal atowm together with a concomitant scceéeptance of elect-
rons frow the filled d orbitals of the tr-nsition metal into

the empty ¥z astomic orbitals of the carbene, The metal-car-

/11



~11-~
ban length and the degree pf double bond charecter i~ det-
ermined by the extent to which these tvo processes occur,
The electron donation from tbe lone pair of adjacent hetero-
~toms into the empty Pz orhital of the carbene csrbon atom

gencerates double bond character in the carbon-hetero=tom

hond.57

Carbene complexes are now known for many of the latter
trensition metals, Yhe central metal electron configuration

10 . 5 9. . s
with @7 2nd 47 with yet unpresented, oxi-

r nge frowm 65 to 4
dation states frow O to +4, and coordination numbers from

2 to 7., The correcsponding confipurations around the cen-
tral metrsl include linear, scauare planar, teotrehedrz:, tri-
gonal bipyramidal ~nd octahedral. The majoriiy of corbene
complexes are neutral, mchonuclesr and have cingle coordina-
ted coarbene. However, cationic species are known, as are a
number of di~ and tri-nuclear derivatives. To dafe no an-
ionic carbene cbmpexes have been reported, =21lthough the acyl

metallates (LM-COR) are intermediates in » nuwber of syn-

theses,

The stable metal carhene comnlexes =~re derived from
nucleophilic carhenes and th-1t Cecarb is highly electrophilic.
This results in multiple bonding with the heteroatoms (x or y}
of the ligand (see 4a) and not in (d-P) TT (ﬁ?ck bonding)

with the wetal, g a ligand, we c¢~n therefore deseribe the

.. /12
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P -

coordifinte’ carbene as a atrong ~donor, but a weak IT-,
acceptor. In this context the molarity clenrly differen-

tiates it from the 'ylide! (eg.RBI—Chz), atrveture;

+ LD ‘a
X X .
- . / | . X
M-C - £ e s TR-T & ey L0
N\ . AN ) \‘\‘
v y
y
4a 4b 4¢

The conclusion that 4a =»nd 4b are the princinal cano-
nical forms implies (i) the absence of a hond order signifi-
cantly greater then unity in H-~Cecar, (ii) the consider=ble
multiple hend charvscter in Cearb-x, (iii) the electrophilic
character of Ccarb, (iv} the analogy hetween Cear-01 or
Ccar«NR’RQ and Cacvl-OR or Cacyl—NR’Rg, rather then Cr1llyl-OR
or Galkylwﬁﬁ’RZ orgenic compounds, nand (v) an electronic ef-
fect of the carbene lig-nd on M. The clearest evidence for

(i), (ii), ~nd (iv) i= orystallographic°58

1,2, Some Synthetic Approaches

Chugaev Salts were first prepared as early as 191559

but they were only recently recognized to contain carbene

. =
60,61 The success of E.L.Fischer)4 in isolating

comnlexes.
and characterizing the. first heterostom stabiliszed transition
metal carbene complexes, hag heen » geod basis for the further

development of different synthetic routes.

.. /13
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,;32;1 Nucleophilic #ttack op Metal Carbonyle:

s

For the direct synthesis of carbene conplexes from non=-

carbene couplex precursors, Fischer's origin=l preparationg4
(Scheme I) is *t:e west useful, though different methods seew

to appear nowadayvs., The ~nionje #exl couwplexes have been
' 0

.01
¢_H_Ii : f et O
Cr(Co) «§“§=~w~{§ (C0)5Cr-C *iLf?LL )501ﬁg““c,5
6 | C,H \ o5
; 675 K
Cil 05C PHofay, oo,
R T"‘-'\‘"“ ‘1_4,._‘.‘..,_."_'_3 (1 ’
or (CE3,30 (CO)5CT N
CeHs
Scheme 1

isolated and cherecterized as stable tetraallylammponium

.
salts.02 In the initial preparation of (CO)SWC—(GGH5)OOH3

Fischer reacted the anionic scyl cownplex . ith diazomethane
in acidic solution to give 55% yield of the carbene complex.
The preferred ~lkylating =g ents 7or the g nthesis of alkoxy-

substituted wetal-carhene comnlexes are trialkyloxonium
63 b4

salts , e ‘
g which give yields in excess of 80%,

and'OHBOSOBF

L great number of crnrbepe coumplexes have been prep-red by
PR . T . : o 3

this route from Cr(CC)6, Mo(CO)6, U(CO)6, an(COjlo,
Rez(CO)lO, Fe(CO)g, Ni(00)4, and msny substiiuted metal
65,66

carbonyl compounds. Phe Jithium reagents widely empi-

oyed are CH3L1, n-tutyliithium, substituted arvlliithiums,

L./14
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furyllithium and ferrocenyllithium. Awides can also be

used to prepare metal carbene complexes from metal carho-

nyls.67’68

Llcohols add across the carbon-nitrogen bond of cowmple-
xed icocyanides, Eu,(18).69 fmines alga readily »sdd to

complexed isocynides, Ec.(l9).fo

0H30H20\\\
O I, ~HZ0-Pt0L, (FEL, )-itCH > C=T't01,(PEt,) (18)
65 : o\l = e o\t
H-l
Celiy
C6H5—N:C—Td012(P¢3) + CH306H4NH?mmw“m~mf%

OHBC6H4H§. |
;C=?d012(1¢3)

C ML T

65 (19)

1.2.%. _Reactions of Metsl Carbonyl Anions

s b= R Y S er R

The resction of Nazﬁr(co)5 with 1,2-diphenyl-3,%-dichlo-

rocyclopropene gives the novel carbene complex, (Eq.?O).Tl
.
¢l r-ﬁ o L (20)
Na?Cr(CO)5 + : w—mwwvufﬁ(GO)BCr'“iﬁiﬂ
o C .‘Lr Q \\“‘-i—-, g

The reacticn of NaFe(CC)4H with the 1,3-dimethylimida-

../15
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zolium ion gives o carbon-bonded imida zole complex { l(f . 21)7“
vHs cH

A N>
i \.H wmme>(00) Fe_,/ \} (21)

HPE(CO), + .14 .

, 3
CH3
1.2.4., flkene Scission Hescbic

Electron-rich glkenes react with metal complexes to
split the alkene =nd give carbene cowplexes, Eq.(?Z)?3 By

a siwmilar route a bis-crrbene complex of chromium wags pre-

pared | Fa.(23), 7% (22)
@ ? , CgHs
! Ay i
(Jﬂ\vﬁ/y-~ N
. . Et,7)C1,Pt=C
(E45P)Pt01, 5'*L¢1/"*\N;J (1657) 01, <ﬂi]-
; ‘ . C.H
g ¢ 553 EHB
P N
Cr(CQ) (hCCua) N r >ﬁf/ H1 —— )
. ) - Ny P
CH oh by
Clg“ (CO N le‘ ?T- (23)
! o
CH NCE, '3

_/

1,2.5, A-FEliminstion Reactions

Re=ction of (Ch OCL Tall, with (CH CCH Ll gives

2 s
ILsbeling studiers indicate that

AE
75

3)3
a tantalum-carbrue complex,

the reaction proceeds via "™ -eliminat‘cn from an intermediate

RgTo compound, Eqg.(24).

(ChB)BGOH 50801y Rgla ——-m—2R-ll 4

] C///G(CHBJB

1 _ Ta=

2.3 \ (24)
z \\H
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Reveraible iA-climination of hydrogen from a methyl-
tungsten compound to Zive a tungsten-methylene hydride deri-
vative has been proposed as a key step in the reactions of

T i . '%r TLY +' r?' T
(C5HS)QH(CH2ﬁ6H2)Ch3 with i(LnB)Q s Ba. (25).

- = O\
&>~ \ N %

e i e
V) A TSugn
%gf Cﬂ2 Qg;;” 1wf// ’
(’”X; \\\Lq 1 (CH,) ¢ (25)

1,2,6, Alvg atior of fcvl Complexes

The resction of NaMn(GO)5 with 1,3-dibromoprc:ane produces
the cyclic carbene ccmplex 5 [ precuna bly vie intrawmole-

culsr alkylation of an intermedizte acyl compnlex (Scheme I1T)

CH,CH,Br

(CO)5Mne + BrOHOHOH,Br  ~——-—3 (CO) giin-Cl,Cli,CH,E

2727727 2

\LMn(oo)B“

In -k (GO
(CC)5MU Mn(_\{)4

i

L

/‘"ﬁ_‘\\ O:-:—;TC—CHQ

o ( éH
_ p .- CH
] o CH
vy i D - s}
(C0) 5in-din (60) >~ Br
5

Scheme IT

AN
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" The O-alkylation of =2cyl mercurials prcduces cationic
carbene tomplexes Eq.(26);78

CHBO\ /;,O(,H3

e +- sy o
Et N-C-Hp-0-NEt Liﬁglagwg " OeHg=C] (26)
e N
EtZN/ ‘NEt

L.2,7, _Carbene Transfer Reactions:

Light-catalyzed transfer of a carbene ligrnd from moly-
bdenum t¢o iron hss beeh obserbed, Eq.(??)]g though it is not
known whether 1listt activated the irown or the molybdenum com-

plex tec catrlyze this reaction.

'C6H5

X e
'*"’06H5 - Fe(CO)S—m—‘——%(CL-‘)AFFe:C\ +

OCH3

(G_H )MO(CO)?NO

5°5
(27)

Casey and Anderson were able to transfer a harbene lega-

nd frow chrowmium to tyngsten by thermal activation, Eq.(28)80

(00) Cr“//m\] + w(00), 140 (C0)glr & (00) gy (28)
b ey
1.2.8, Diazoalkane precursors: \\ﬂﬂ”

The reaction of diazo compounds with metal complexes

has recently been renorted to . ive carbene coumplexes Eg. (29)81
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Complexes of electron noor carbenes can be prepared via this

route,
_ ' o - N
(CH305H4)Mn(CO)2(EHB) + 6H5COCN206P =
o, H
(CH405H,) (CO) pin= c” 6
G=O
I
0635
(29)

AR
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CHAPTER 2

A DHORT CURVEY OF THE CLerIN METAPHRSTS REACRICH C/T71YSES

bs early as 1954,°°

norhornene was polywerized by a wix~
ture of titsnium tetrachloride and either ethylwegnesium
bromide or lithium tetrsbutylalumin um, but the product wes
recoginized as a polyalkenawer only in 1960.83 The first des~-
cription of the metnthesis reaction wass given in 1957,84 when
molybdenum oxide on =2lumina combined = ith ftriscboutyl alumi-
n.um could transform propene into ethene and butene, When the
snhme catalyét, molybdenum oxide on alumina was used in the
presence of lithium-nlumin um hydride ~nd Rydrogen, norbor-
nene ~nd cyclopentene were changed into their respective po-
1yalkenamers.85 in 196%, tungsten cr wmolybdenum halides with
organcaluwminium compounds as cocat~lysts were introduced

as metathesis catelyvets, when they were found to polvmerirze

cyclobutene and 86 norbornene,87

2nd the significonce of their
application became apparent the following vear when they were
found to polymerize the unstrained cyclopentene to trans-
polypentenamer.88 Rutheniuvm trichloride in ethanol was dig-
covered to be a catalvst the following wear. 2290 Soluble

catalyst, notably the combinations W016—C?H50H~62H5ﬁ1012

.f/zo
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Y Y " 92,25
and lo E?Sﬁs)afj2012(L0)2(0H3)3A12013 777 were also found

to be effective,

Certonin metal carbene complexes sueh as kOH3)4§J
‘(CO) L C0Ph| and (CO).wC{OC,H.)Th in combhinaticn ith PR,
s 5 25 3

sulfides, sulfoxidr-s, guinones, or HN-Chlorosuccinimide, to-

cocat-lyst, were also effective coemtalyste,
93

gether with TiCl4

. at monomer /W molar ratios of up to 5000/1,
The majority of the metathesis inducing catalysts con-
tain either tungsten ar molybdenu@ as the transition metal.
Rhepium is the only other metél that has shown general cata-
lytic activitys Other transition metals have been used in
special cagses. The olefin metathesis reaction has been
_found to be general for a large number of olefins and can be
catalyzed by a varietv of complexes, The catelysts in mrny
cases are very active, IFor exswple, one howogeneous system
will copvens 104moles of olefin per mole of catalyst to an
equilibrium mixture of products in a matter of seconds at
25Q0491’94, Procedures employed in the preparation of coata-
lyst systems are diverse in many aspects, Different oxidation
gtates con initiate the metathesis reaction under different
conditions, For example, tungsten based catalysts can be
prepared from precursor compounds ranging from ¥(0) to W{(VI)
oxidation st=tes, The comzosition of the ligend field sur-~
rounding the metal is not very restricted, However, the 1i-

gand field does affect specific catalyst features, such as 3ye-
' ./ 21
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rhl1l efficiericy, capacity to metathesize certain substrates,
stereospecificity, and retestion of activit:- in volsr en¥i-

renments,

The metszthesis catalysts can he cleseified into three

major r-ther arbitrary catecories,

i) Catalyst avatems utilizing » rel=tively stable nnd
well-characterized carbene which is attached to the
metal,

ii) Catalyst systems th-t -re activated b, organometa-

. wt3lic’ cobathlysts which jpresuwsbly form - -bonded
R-# transients, vherein M is the transiition metal
ii1) Catalyst combinaticns that do not involve a prior

carbene or an organowetallic component.

2,1, Catalysts Possesing Carbene Metal Lig-nds:

After the novel synthesis of the first non-heteroatom
stabilized carbene, diphenylcarbene (pentscarbonyl) tungsten(O)
complex47, Katz 2nd coworkers demonstrated that this stable
W(0) complex may =1lso be employed as a metathesis catalyst

Fq.(30),

" Ph
Ph Fh , 1 f\\/,Ph
N4 (Mo \\SC=CH2 . 3
/

Npp
H 0
CHy 76% 105
execess

w(oe)

455 {(30)

C.el/22
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In compariﬂon'to other Cnfnlyst39 the coordinatively
A/’JTJI]
saturated (CO)gﬂzGi\\ is surpricibgly sluggish.g
-~ Ph
Recently, Banasiak frow Thillips T'etroleum Company,97 has

demonstrated that the stshle (wethoxyphenylcarbene) penta- )
carbonyl tungsten (0), (OC)SW:CPhOMe is capable of converting
l-pentene to 4-octene in a yield of 37.2 mol % in =72h when

heated to 5500. For this coordinsatively satursted heteroatom
stabilized carbene the ?rOmoters found to be effective were

hzlogenated compounds of genersl formula}ﬁCClB, R+CCIBCO,

Ph, Br efgi, and tin alkyl cowpounds R4Sn9 ?R:Me,EtFBU or

-t -t

BuSnClB.

It has been well documented th~{ organowmetallic cosnsta-
lysts do provide #/~honded alkyl groups when reacted with trs-
nsition wmetal dsrivatives, pafticul=rly when the trsunsition w
metal is at a high oxidation state, Typnical exaunles of
sctive catalyst systems =re unmodified =nd aleokhol-modified
vClé/RmAlCln (m+11=%), w016/RLi,W016/R4Sn, w016/R2Zn,MoClg/
R3Al9 and Mo(IhBP)?Olg(NO)Q/ R3A12013' Carbene metal-gene-
ration from & -bended »1lkyl groups was first proposed by
Muetlerties when he obserbed CH4 generaticn by reacting
(CH3)QZH vith WCl6. Muetterties' schemes are presented

in Bgs.(31) and (%2}.
. 0/93
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CH
o P
MOlg o+ (LAS)zén ~%nC1 c1,’ \\\ e
H
4&_Ch >
W=CF - [
014 0{2 4 CH4
(31)
- ] 17 e A .
01 4 (on,), snSHzZnCl g 01 WOH oeeme C1W=CU,
6 372 L
S = 014H:CH2 + CH4 (32)
The CH,-Wo————=Cil,=¥W-H equilibrium, proceeding by
I

/

~hydro~en migration frem the ~al¥yl to the wet~-1l, has been
demonstrated by Green,loo Shrock has =2lso reported th~1t ab-
straction of -hydrogens is s route to isolesble alkylidene-
tentalum complexes, after which »n addion evidence for the

formation of carbenoid species in t e reactions of

(CH,) 441,01, and o 1£?h3P)9012(N0f£l as well as (CI;),Sn
and ﬁ016 was recent:y rerorted by Grubbs.lo2 Vhen (GP3)4

wags used as a cacatrlyst predeuntrated methane and ethylene

were pmeduced Eq.(33).

4 OD?:CD + W -—@atalyst

.r B ™ o« —
WCle A (Cu3 451 S CD ,

(33)
AR #2278
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The suggested scheme for ethylene formation is diweri-
zation of methylene nctal complexes:
) . CH,=CH
2 LnM=CH om0 2
Evidence for s methylene-metal initisting species was
provided by detection of yropylene early in the course of

metathesis of 2,3-decadiene with lie Sn/HCl69 in addition to

4

normal metethesis products, La., (34). Proper deuteriuvm-

\&L/ MeySa/uCle

labeling experiments involving (CD5)4Sn and {1,1,1,10,10,

-
+ ! + Il (34)

trace

lO,—Dg]~2,8—decadiene confirmed that propylene is indeed
the first forwed olefin, -nd its structure indicated that
the methylidebe and ethylidene moities originated frou

Me4Sn and ,8-decadiene, respectively.

Vhereag formation of the originml carbene metal species
in catalyste from the above two categories is reasonably =2c¢-
counted for and substantiated by experiwental work, pathways
for carbene formation in systems that do not coploy organo-
metallics are in mest cases still unresclved. Hevertheless

it is sugpested nowadays, that hydrogen trrnsfer processes in

.. /25
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Mo and ¥ complexes with olefins take place, which msy be

related to carbene generation in olefin metathesis catalysts,
Osbhorn observed that Mo(GEH4)2
octahedral structure, undergoes protonation when reacted with

(diphos)2 havins a trans

CFSCCOH Yg.(35)., NMR studies clesrly indicated that a
‘Il \'__"_]:_:/ }:} ) ‘>-‘-:\~_~;_-(
- i N =0y . \ _
\\ V- ~. O COCH / I w-k._nx“} ,/f?_ et
_Howu é R RN / ﬂ//Jfo : 1 (%5)
N //\.:::.:1;:’ K\ ,I ) NP I \\ 7
P v Cop

ropid and reversible ethylene ipservtion-deinsertion process

takes plnce Eg.(36).

*\ Vi A e
0=C" e (0 L (e
I \ e e e s \ )
H-..H“_IVI.O H Mo (36)

A different reaction occurs when propylene is employed.
A II-allyl hydride cemplex is the observed stable product,

thus suggesting the following ecuilibriumn,

o ,!__‘ ‘ ’-:_.v

Yy Ol Lot

L P AN

fr;m\ < fI\'Io’/ : (37)

The two significant items confirmed in this work were
that (i), Molybdenum, and most »nrobably tungsten, cmn expand
its sphere of coordinastion beyond 6 and, (ii) hydride
shifts transforming olefins to allyls or II-allyls, via
IT- =»nd II;*? processes, respectively, a2re feasible in me~

tals that are known to produce active metathesis catalysts,

/76
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According to Green a IT-allyl complexed fto W or Mo

can undergo a nucleophilic attack by ¥ on thecentral car-

beon of the 3 allylic group, forming » stable metallocyclo-
butane Bg.(%8). Cyclopropane nnd propylene were evolvedloS
on heating the metallocyclic product of Eq.(38). Irradiation
i
[ 4/ "¢ CH | Q> iy
S N - ‘V"."-*-m i ~ -
. f} 2 xE ) 2 H T W \
e N A Lo
@ ol
| (38)
of the comnlex produced ethylene and rmome methane.
A e _0H2
I CH,, 04\ ya
T . - . N < W 7
W By - T
’ Hy —™772~2 L
¢ H/ ) P
/ Ni 2 E
] e HyU (39)

Osborn and Green's eleg=nt result are instructive but
their relevance to metathesis must be gualified. Until actu-
al catalytic activity with the respective complexes is demo-
nstrated, it rewmains uncertain whether +this chemigiry indeec

relates to clefin metathesis.

The route to carbene initiation for systems catalyzed

106

solely by transition metal salts or their combination

with bewilis acids such as 41C1 is not well established.

3?
Hevertheless, some evidence suggests reduction of the metal

4y -

»‘-/27



by the olefinic substrate.

=27~

105

It is quite obvious that, the number of catalvsts, and

the different ccnditions needed for metathesis to tzke pla-

ce are nowadays becoming so vast and faetly developing th=t

it would be unwise to attempt to discuss all,

Jugt for the

snke of partial completness the differeht catalyst systems,

their seledtivities and speed of reactions are summariged

in Table 1 below,

Table 1. Common Catalyst Systems, their Selectivities ond

Speed_of Reactions.

Cotalyst éxstem

Holybdenum

1oCl, (WO) oL, /21, (CH,) 501,

L=, EtTY, @70, @-hs
MO(CG)S/CI(NR4+)
Moo15/(Et3A1)/02
MoClS/EtBAl

10 (00) ¢/510,/41,0,

Tungsten
w016/EtA101?(4)/EtOH(1)
MCI6/ht3A1(O.5)(02)

; Y

w016/L1A1H4(1)

Speed selectivity  Ref
fast 9 5 15,16,17
slow 107
slow 71 19
slow 19
108
very vast 99,6 18
fast 96 19
fast 9% 109

12/28



Catalyst system

i 3 ’)

w016/BuL1 (2) (02)
w016/n~Pr—Mg01(2)‘ether
WCI6/§u4Sp

t(Pyr) 01, ~Et21C1,(8)C0
\J l[

6CH30L/BuA Sn(4)

(C0) 001, . 1ight (809)

V(CgHE)C1,/0101

Yol

3
W038102

7(8,0)(00)5(50°)

w(arene)(co)3

WO(0CH, ), or W(CCL_ ), /BtA1C]
374 36

Rhenium

ReClSEt3

Re(ce)501.EtA1012(9o°)

Al.02

Re207/8102

Other mgtals

P8

Speed

8dow -

very

s8Tow
fast
Tast
slow

slow

elow

alow

fast

fast

RHCl(s1?~CSH5)2 /H1,(CH,) 501

Cr012(N0)2(¢3P0)2

i)

Ir(cyoloocteﬁe)20ij2

slow

2 fast

slow

insctive

only with
gtrained
olefins

Selectivity

Ref

100

97
85

high

100

23
116

21
111
22
112

24
1173

95
114

115

19

20
116

17
17

117

e Bt e A b nn At | ek
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CH!TTLR 3

RLIULTS LD DISCUSHION

3.1 The Synthetic Part

The change in colour of the reaction solution, the cha-
nge in their gpectivm in the carbonyl ~bsorption and the
NMR dats clesrly indicete thot reaction has taken place be-

tween (COD)W(CU)4 and methyllithium,

The sharp =bsorption bands at 2041, 1946, and 189%cn™"
which correspond t~ the starting waterial, are cl esrly cobser-
ved to change during the progress of the reaction by c-ntin-
uous decreasment in the intensity of the bhands at 2041 and

1898, ou” ]

which finally disappeared vhen a completely brow-
nish-red =zolution 1 was obtsined. The band at l946¢cm“1

was shifted to 1965 om~ lwith a shoulder at 1925 a4~ ]

In addition to the chsnge in the terminal carbonyl abso-
rption region, the other observation wes a development of

another peak at 1620rgm“j

Theugh free olefinsg show a C=C
stretching vibrations in this region +the coordinated 1,5~
cyclooctadiené in the starting material doesn't give an
absorption-band in the ssme region presuvmably due te the

decreswent in the bond order by cowplex formation with tun-

gsten metal, This fsct ig »1so theoretically supported

« s /30
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gince the antibonding orbitals of theolefinic carhong accent

electron from the wmetal by back donation. The new —eak

suggests the formation of a ketonic type carbonyl, CHE—Q—W.
Q

This is also supported by the fact that C HSW(CO)3OOCH

5 3,
absorbs at 1631 cm*l which corresponds to the C=0 stretch-

ing fréquency in the CH ~(-~W.
0

The NiR spectrum of Ia doesn’t indicate the presence of
any olefinic protons which are exrected to appear at a lo-
wer field. This obviously tellg us thst 1,5-cycloctadiene
is no wore coordinated to the metal as an olefin after the

-

v
reaction. ©The resonance at 2.2¢ corresnonds to CHEH_-protons

3
introduced by methyllithiuwm. This can be compared with the
CHB-protons intreoduced by the reaction of W(CO)6 with methy-
1lithium in the Fischer type couplexes with a resonance =t
2.326 54. The shift to the upfield region in out case is
consistent with the theoretical expectation in that in the
Fishcher tyre comvlexes the metal 1s surrounded by five
carbonmonoxide ligand<e which have a very strong IT-b-clr acc-
epting capacities te their antibonding orbitals and hence

a deerease 1n the electrondencity cn the metal, and thet has
the effect of further decreasing the electron cloud cn the
attacked carbouyl carbon. Further the wusrtet at 5.45(§

and the triplet at 1.25 of Ia corressond to the protons of
diethylether, which is similar to that of the cﬁordinnted

67

diethylether of Fisher complex, (Ct)50r(CE(0H3)2011.20(02H5)p

VA
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The multiplet at 1.2ppm for Ia cculd be the formaticn ol the
G - ty:e cownl-x which might have occured by disappear-nce of
the olefing by attac of the metby from weithyllithium, but

this idea is not yet established.

The cowpound II Formed alfter treatment with agueous
acid anc diazomethane which srtowed the multiplet at O.9é‘
and a siglet at 2.08 are similar to th others above, with
the anpearance of another peak at 3.2€§vﬁdch is thought to
be the CHzonprotons, cut the other peaks are not in accord-

ance with what is expected.

The red-brown ccwpound IV precipitated from the red-bro-
wn solution I by treatment vith n-hexane gave the s-me pro-

duct as commound Ia Scheme ITI).
Iy e T

CODE(CO), + Heli u_—-—-a

~5 C \\‘
K~hexane

Solvent
% : »
1a” Iemoved Iy

E——
-

la = IV

Scheme IIT

- & "A}?
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Treatment of the red-brown solution I with (GH3)38101
which gave a precipitate of LiCl and 5 deep red solution de~
morstrates that the red brown solutien contains 1lith'uwm ion
in some form which in this csse is a8 ~» lithium salt of the
complex, and this ides is stpported by the high solubility :
of the ipitial residue aflter removal of the ether. The NHR

spectruw shows that (CH 51~0 is presumably present

3)?
- (see Scheme IV) which correspcnds to the sharp singlet at

l.2c§, which would be expeeted to appear upfield nearer tlo
the standard TS if %he silicon wes not bonded to =n hetero-
atom. The vevopnance at Q,Oélin this cas corresoponds to the
CHB_ initially introdsuced by the wethyllithium, and the mul-
tiplet and singlet at 0.95and 0.75¢ respectively, could

possibly be the alkyl type ligand as suggested above...

Dc 0-Si(CH,)
L TY TRV 3:] +
LiCl

[‘>O"OI‘IT] * (Cif3)3§101 mw__"}

AL

S;heme'IV

The absence of the olefiﬁrg;protons cannot be sﬁrprising
gince the catalytic investigation has shown that (COP)H(OO)4
has the capzcity to dispréportionate 2-pentene into 3-hexene
and 2-iutene {See table IiI). Eventhoush it cen be ambi-
guous to nredict what has gxactly hanrened to the 1,5-

cyclooctadiene ligsnd, it is not expected to remain

L. /33
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coordinated to the metsl centre in the presence of the car-
bene which is expected to be generated by the reaction with
methyllithium, Yresumably the absence of the olefinic prox..
tons after the reaction suggests that an active metal centre
which in this case consists of a metal carbene bond wust have

been formed,

Itiis expected that the isolation «f the carbene in the
presence of a diene coofdinated to the metal is possible for
catalytically inactive compounds like (NBD)Cr(CO)4. The ki-
nds of products formed from the reactionof alkylmetals rea-
gants with the diene tetracarbonyl metal cownlexes and the
comparisons of the products obtained from active and inact-
ive systems can give hints to the actusl path of the meta-
thesis reactiocns, The complete characterizotion of the
products should include elemental analysis and mass epectra.
Yet, the high sensitivity of carbene complexes to air 2nd
moisture seem to halt their complete chatracterization to
some extent, In olefin mrtathesis reaction tle success to
establish the fully correct mechronism go side by side with
the different attempts to isolate the catalvtically active
com:lex, Though it should not be frustrating, the isolation
and charactrrization of the active species from:a eatalytic
solution is one of the mest difficult tasks that should

be given special attention in this area of inquiry,

I'-- .
. o.'./";ji'
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3.2 The Catalytic Investigation Part

In the anaslysis of the products obtained frow the eathal-
ytic reactions, it is ascertained th-t from the active systems
the products obtained are 2-butene and 3-hexene, .  Thé forha-
tion of 3~hexene.wal confirmed by-dictilling i1t out and
characterizing by NIMK spectroscopy, which gage resonances
at 5.38 (a triplet), at 2.0& (a multiplet) and at 1.0& (a
TrIplet in the ratio of 1:2:3)., The ccmparison of the dis-
tilled 3-hexene retention time, with the peske obtained
in the unltnowns clearly demonstrates that %-hexene i=s obh-
tained, Further the “ormaticon of %-hexene is supported by
the fact that after distilling awey the hexene the chromato-
gram obtained didn't sive the hexene peak. The addition of
3~hexene intoc the catalyst sclution after deactivation,

lead to increament in the peak area of the %-hexene.

In 2ll systems where the %~hexene neak anpeared in the
chromatogram, there is always ancther peak of alumost the
same area as thet of 3-hexene which comes just before the
2~pentene peak, 'This presumably corresponds to Z2-butene

which comes as a product of the metathesis reaction. Eq. (40)

- CATALYST - -
CH., ~ : {,-CH=CH-CH
13 ﬁi . CPB CH=CH-U 5t
CH,~CH y~--CH H,- ~(H==CH-CH.,~
3 CH2 CH CL3 CH2 CH=CH Ch2 CH3 (40)
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The comparison of our systems with the 3016—CQH50H-

Etﬁ.lCl2 system which is Xknown to be a metathesis active sys-

91

tem has further helped identification of fthe reasction pro-

ducts, 2-butene and 3-hexene,

It is ruite interesting to‘note that in general,; the
tungsten compounds are more active than the wolybdenum comp-
lexes. The chremium couplex tested (NBD)Cr(CO)4 ig inf-ct
comnletely inmctive with no traces of 3-hexene even after
24 hours, The inac ivity of the chrowmium complex is not =0
surprising since so fnr there is no chromium coiplex puk
among the most sctive systems since the discovary ol oleflin
metathesis resction, The begt activity of th {tupngsten conmp-
lexes among the sub-group can be explained by the fact
that the formsetion of the metallo-cyclobutane intermediate
is favoured wnwore since the oxidation of themetal, the last
element in the subgréup catt ea 1ly take place, It 1a belie-
ved thst the 0¥ idation state of the nmetal has to chonge by
two units to form the metallocyclobutane intermcdiate};

Bq. (41), 118

ay
Cll, =CH,  + R yrn+? (41)

This mechanism explains the sctivity of the WCl,. sys-

6
tem where the oxidation state of tungsten is changed from +6
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to where the oxidation state of tungsten is changed frow

6 to +4(W S, UVI). futtertis and his coworkers

:‘t\_"““:“_’:‘m"

found that the standard tungsten hexachloride based catalyst
systems were insctive when prepared uvnder completely oxygen

115

free conditions. The introduction of oxygen or oxXygen

containing species induced high activity,

In our systems also it ig believed that thé oxidation
of the mwmetals to s higher oxidation state ig emsential,.
Eventhough the catalyst systems were prepared under oxygen
free conditions, the introduction of oxygen thraugh syringe
transfer of solvents, or rubber serum caps efc. ig suffi-

cient to ~ctivate the systems.

In the catalysts prepared from tungsten »nd melybdenum

carbonyl complexes, it has been Qrovedll9 that, they require

oxygen as an activator, It was shown that, a wmixture of

1 equivalent of J(CO)r 1(06 5 3 and 4 equivalents of

? 55101 showed no cestalytic activity until 12 equivalents
(based on %) of O wos introduced, Introduction of the
oxygen oxidizes the alumin um alkyl to increase its acidity,
This observation is consistent with the fact that the inc-

reased activity of the WCl_ system in the presence of an al-

6
20
cohol ia due to the formation of W-0 systems,
0f the diene-tetracarbonyl and acetonitrile tricarbenyl

metal commlexes we tested the systews which show 8CthLt

el /3T
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have one common feature, and that is the equilibrium seemns
to be attaiuved slowly, In ~ther words, all catslysts which
show some activity st the end of the ISt houvr give wore re-
action products at the end of 24 hours, In these systems
no attempt was done to deactivate the catalysts after o few
seconds or minutes, The break sg wasg shown in table II11
was chosen after 1 and 24 hours. This dats is not ruite
sufficient tc say that equilibrium is ~ttained after several
heurs, Tt is possible that the catalyst becomes ~ctive in
the first very few gseconds after addition of theolefin and
start being desctivated, hut this neede Turther studies to

he conclusive.

The chromatogram of ~11 the active systems showed a
swall peak just before the 2~butene pealk, (see zpencices
IIT and IV}, which presumably corresponds to = 3~carbaon
propene peak which arigegs from the ecrose metathesis of 2-

pentene wiith l-pentene, which ean be present as an impurity.

. 2 . '
It was observed that 120 a mixture of l-nentene and
2-pentene when subjected to metathesis conditions, gave

homo and cross products of vhich the latter were the m= jor

products Lg. (42),
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— =

U OH—CHO . OH-CHCH B CF=
CHBCH_LﬂﬂghS CJBC} LHOF3 + G I CI CH~- 02L5
|
+ o S 2 2 +
T
CBH7CH:CH2 CBH7CH:CHOBH7 + JLZ:CH _
— 1 1

HOMO PROIUCT

oo 1 CH- ¢, +  CH.LCH=CH

-y

25 3 2
1?2 4
I _CH= - (=CHC 1
_EQLBCI 0557 - 0H3CL " CBIZ‘
CROSS TRODUCTS (42

This result indicates that a primasry olefin can coup-
éfs with the internsl olefin in the cross reaction but does
not undergo metathesis witli itself. The formnation of prope-
ne =s one of the cross products from the sbove experimental
result is in support of the idea that the propene pealk is

present in the chromatogram,

The remarkable result obtained from complexes subjected
to catalyst tests is the high activits of (NBD)W(C¢)4 vhic
gave a complet conversion after 24 hcurs (table III). The
fact thet clefin metathesis is a reversible ecuilibrium con-~
trolled reaction and that for simple acyclic alkenes, the
heat of reaction is egsentislly zZero, the equilibrium conc-
entration heing dictoted by entropy factors and hence the

. . 21
maximum conversion expected to be 50%, 1 may secem to con-

tradict the cxperimental result (59.24%) at a first glsnee.

ll'/39
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The presence of l-pentene ag an impurity ¢sn be one factor
for this discrepency. As was shown in Iﬁ.(42) abhove the cr-
oss products are the wsjor products which contain higher
ratios of the isomers of 4-corbon =2nd 6-carbon, Since the
percentage conversions were calculated referring to the

peak ares of 3-hexene the cnlculation didn't excluéde the

the area which cowes from the crogs product as these were
not resolved in the chromstographic analysis, The use of

an internal st ndard =nd a very pure‘2~pentene gan minimize
this error, It is aslsc possible that 2-butene, one of the
reaction products which is a gas at room temperature escapes
out of the reaction solution thus shifting the eguilibrium
towards the formnticn of more of 3-hexeue which may also
support the high percentage conversion, In any cas it is
cuite interesting that (NBD)W(CO)469n be put among the most

=ctive catalysts in the olefin metathesis resction,

So far nco attemut wss done to explain the mechanism of
the reasctions for the particular ccomplexes tested for cota-
ly¥tc activity. In this respect Casey's Scheme®!, ETq.(43)
wﬁich emphasgizes a need to accommodate the incoming olefin
within the coordihation sphere of the wmetal prior to rear-
rangement to a metzllocycle in the explasnation of the mech-
anism, followed by the first ncn-heterostom stabilized
(diphenylcarbene) tungsten ventacarbonyl seems to bhe oth-

ractive,

../40



-40-

RCH:%_ KOH-V RCH

[ A | W

e g N
K'CHE=CHR' R'CE-CHR' R'CH CIHR'!

The scheme calls for an empty coordination site ou the
metal in addiftion to the complexed carbene. The generation
of the esarbene for the metathesis active carbonyl complexes
Re(CO)s(};L/RAl(}l2 and MO(CO)BTy/Rﬁlle wn s proposed by
55,56,122

Farona and coorkers. In their explsnations it
is stressed that the key step is the insertion of CO ligand
in the R—AlCl? followed by a sequence of steps thet produce

the initi-1l carbene Lo, (44),

Py
. !
M O . \ USRS 8 . -
0(C0) 5Py + Collgh1Cl e (COJ Mo qgglglg
275
/G% |
G, H-A1CL G
Hzchﬁ_ \Alclz 2 502 (CO) 4 MoCO
(ce) 4Mo o 5o
~NE o>ls
]
—[?H2:GH2

- filocl
5

\/ e _‘,J

(€0),,H0=0HC

(44)

ollg
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The need for an empty coordination site after the
carbene generation before metathesis takes place can be a
key step in the (NBD)M(CO)4, (COD)M(co)4 and (CHBGN)BM(CO)3
(¥=Cr or Mo or W) comnlexes considered, The lability of
the acetonitrile and olefin complexes .is éxXpected to be
higher than carbonmonoxide ligand due to the high back ac-
cepting capacity tc its empty sntibonding orhital of fthe

latier,

Casey has also dewonstrated the carbonyls of (CO)SN:OPhQ
are vulnerable to exchange procegses under relatively mild

123

conditions Bq.(45) + Under conditions where carbonyl

13
ey 700, 13 -
(C0)g=CPhy, % (7700)(00),W=Crh, (45)

33°C
exchange is suppressed, the highly reactive (GO)QW:CHPh
did not exhibit any carbene exchange. The ligand excha-
nge to the‘logistics agpects of olefin metathesis3’4’124
is enormous. The inefficiency of (00)5W=0Ph2 as a meta-
thesis catalyst is thought to be due to the slow‘rate
of displacement of corbonyl ligends. The hypothesis is sup-
perted by Choauvin's report 1250n a catalyst derived from
(CO)5W=C(OEt)O4H99 which is highly stable carbene W(0)
compound but displays an efficient catalyst system by photo-

chemi®al or thermal =ctivotion, or when mixed in dark with

TiCl4, where the latter is expected to promote the carbenyl

ve s /42
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displacement:"Eventhough the whole work done was not directed
to the study éf the actual path of the reactiow, extension

of Farona and his oo~workérs proposal} for the mechanism
fallowed by the (00)5MQPy complex ,Bq,(44) to the catalyst
aystemg studied here which showed activity in the dispro-
portionatiom of 2-pentene is quite reascnable;The role of
‘the co-catalyst EtA1C1, used is most likely to prnduce the
metal carbene speeies which immediately co-ordinate the olefin
and subject 1t to metathesis; The lability of COD, NBD and
acetonitrile ligands as compared to CO support the idea that
a free co-ordination site is initially formed with a better
ease, The better lability of the acetonitrile ligand as
compéfe&‘to the NBD dose not seem to enhance the catalytic
activity of molybdenum, but more experineptal detéiis are
needed to be conclusive,

In our ppinion (NBD)W(CO)4 can polymerize cyclic ole-~
fins like norbornene which are more strained than 2~pentene,
in the eatalytic investigations done the ratio of the metal
complexes to‘2—pentene was only 1:1000, far less than
stoichiometric ratio, Hence it was not possible to detect
whether some olefinic compounds formed fwom metathesis of
2y,5-norbornadiene with 2~pentene were also formed ox not,
This may be achieved by using higer concentration of the

catalyst, but in this case the system turns out to be a

‘..../43
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CHAPTER 4

LEPERTMENTAT, SECTION

General Teehniques

A1l syntheses of moisture and air sensitive compounds

L3

were done under dry nitrogen atwmosphere,

Diethylether was dried over potassium metal, Tt was
treated withibenzophenone and the stoble blue solution
reflaxed for several .hours and distilled for an immediate

use.

Hexane ‘wags dried over lithiumaluminium hydride and dis-
tilled under an inert atmosphere.

Infrored spectra were obteined on Yerkin Elmer 727B .
Infrared Spectophotometer, The voalues are given in cm_1
units,

Nuclear magnetic resonance spectra were obtoined on
varian T-60 spectrometer, Values are given in (vpm) down-

-

field from tetramethyl=ilane (& =0).

Melting points were determined in = capillary tube on

a Hoover capillary melting point apparntus -nd are uncorrected..

Gas chromatography wns obt-ined by Helwett Packard

57104 Gas Chromatosraph using 3% SE-30/80/10V chromosorp

co o /45
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(CHBCN)3H(CO)3 gradually dissolved forming = solution with
;a yellow characteristics colour of the complex. However,
some insoluble watter remained during the entire reaction
period, After the renction period was over, the re=action
mixture was filtered hot and the residue washed with a few
milliliters of boiling hexane. The filterate was cooled
for four hours in a -40°C bath, and bright yellow crystals
were collected and characterized to be (COD)W(CO)4.

Yield: 30%

128

M, P: 159-163°C (dec.), 1it. 159-162%C(dec. )

ir ¢ 2043 cm"l(s), 1952 om—l(vs), 1907 om_l(vs).

114128 4,058 (spp.t), 2.48¢ (app.d) in the ra-
tio of 4:8

128 N .
1it: 4.258 (app.t), 2.4848 (app.d) in the

retio of 4:8

fo4. Preparation of (2,5-norbornadiene) tetracar-

banyl tungsten(0), (NBD)W(CO)4.128

A mixture of 1.i7 g (3 mmole) of (CHBCN)BM(CO)B, % ml
of 2,5-norbornadiene, and 50 ml of n-hexane was refluxed
at the boiling point with magnetic stirring for 16 hours.
The yellow reaction mixiture was filtered hot and the resi-
due washed with a few williliters of ©toiling hexane, The
filterate was cooled for four hours in a -40%¢ bath to ob-

tain yellow crystals. The vellow crystals identified to be

vl /48
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pale yellow crystals characterized to be (NBD)MO(CO)4 were
filtered and the unreacted MO(CO)6 remeved by sublimation.
Yield: 32% -
M,P 1 76-77°

ir: 2030 cm”l, 1990 cm"l, 1960 cm”l, 1925 om-l,
1880 cm”l.
11429 20%0 en” Y, 1980 cn™L, 1920 em™t, 1870 en.

4.7.. Reaction of (COD)W(CO), with mebhyllithiwm,

In é-gry ~ir free diethyl ether, 0.5 g of (CO]})H(CO)4
wes digsolved ~nd the solution cooled to -5°C., The solution

was trented with % ml of a 0,5 M methyllithium (prepered

sccording to Gilmen et 2l 130) in 25 wml diethyl ether from

= dropping funnel in 15 minutes time with const-nt stirring.
The resction wrs followed by trking the infrared spectrn of
the renction solution »t different stsges., A brownish red

solution I wes obtrined at the end of the reaction.

diethyl ¢ther . ..~ "
(COD)w(co)4 + Meli — = s brown~red solution
-5°C I (46)

ir: Heo orf I, 1965'6m-1 (s), 1925 cm"l(w), 1620 cmhl(s)

The solvent from I wes decreased and the sclution cool-
ed in a ~40°C bath for 2 hrs. o crystals were obtained,
The solvent was completely rrmoved ~nd = brownish-red gu-

mny resgidue Ia soluble in weter insoluble in n-hexmne and

.../50
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CHECl2 and sparingly soluble in chloroform was obteined.
M.P. of Ia 13000 (decowp’ )
. . . . -1 ~1 -1
ir (in aujol): 1965 cm” ~(s), 1925 cm” ~(w), 1620 cm ~(s)
NMR (in CDCl.): 2,258 (s), 3.458 (q), 1.256 (+),0.828(n)
et b 3 * eI S ] . i . CJ_ ] LI )Q 5 . - A *

The NMR indicrtes th-t CH3 is introduced (2;255) end

diethyl ether is coordinated in some form '3.455 (g) and

1.255'(t), but there is no indicntion for the presence of

olefinic protons.

The brown-red solution I wes obtrined ~z in expt. 4.7.
Solution I was first treated with an aqueous golution of
1.24 mmole of diazomethane in diethylether. Removing the
solvent under vacuum pump led 1o tr-ces of yellowish-red
residue which was further treated with 10 ml of n-hexsne
and cooled in a —4000 b~th for 2 hours, Traces of yellow
crystals Il were formed,

1(s), 1620 om—l(

ir: 3400 cm T (br), 1960 cm” 5).

WHR(in ODC15): 3.24 (8), 2.7d (a), 21d(s), 1.78 (s),
0.9 (m).

4.9 _Renction of T with (CHz),81C1, trimethylehlorosilane.

Solution I wag obhtrined as in 4.7 nbove and treated

with 0,13 g of (CH,);8iCl, 4 deep-ved solution LIT and =

.../51
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greyish white precipitate IIIb were obtained., ILIb gave
nositive test for chloride, and was discarcded., Rewovel of

the solvent from the deep-red solution fIf led to o reddish

brown residue [1ln,

I+ (053)33101 ey A deep-red solution + LiCl
| hiss IIIb
(47)

11T solvent r_eﬂ?g_}_r‘ed} Illa

ir of fIIg (iv Fujol): 1600 cm™ (=), 1960 cm™(s)
MR (in CBO1g): 2,08 (s), 1.54 (s), 1.2d (s),0.75¢ (s)

There ist an indigaticn for the form~tion of —O--Si(CH5)3

from the NMR spectrum, 0.7564(8) ]

4,10, Jrecipitation of Ia vith n-hexane

Solution 1 was prepared ns in 4.7 above "nd after fil-
teraticn trested with n-hexane drop by drop. A reddish-
brown precipitate IV wrs obtained. After filteration, IV

wos characterized to be the serme 2s compound Iz above.

4,11, An attempt to Precipitate Is as its tetra ethyl-

ammonium Salt.

Solution I was treated with 1,24 mmole of an aqueous
solution of tetra ethyl ammoniumchloride drop by drop, Lo

precipitnte wrg obtained,

]
e
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4,12 Investigation of the Catalytic Activities of gome

[RLISS.. Ao am i P P

(diene)li(Ce), |diene=NBD or COD, HCr,Ho,i | ond

§CH3§§)3MO(GQAK Coumplexes,

Chlorobenzene wad dried by refluxing on lithiuwm alu-
minivm hydride for three daye, Ethylaluminum dichloride
EtAlCl? wa g prepared in our laboratory asccording to lite-

131

rature, As an olefin, ?-pentene was chosen, and it was
prepared by dehvdration of 2-pentanol with concentrated

phosphoric acid. DPrior to use 2-pentghe w2s dried by re-
fluying over socium metal fcr 3 hours and then distilling

from EtAlCl? for an immediate uge.

A1l the chromium, molybdenum and tungsten NRD, COD
tetracarbonyl complexes and (trisacetonitrile) tricarbonyl
#o(0) complexes were prepared in our l-boratory, The ¥BD
and COD tetracarbeunyl metal complexes were used after sub-
lim~%tion but the acetonitrile molybdenum cewplex wzs used
without further purification., Tungsten hexnchloride, WC16,
wag obterined frem Fluka AG,;Buchs SG and was used as purcha-

sed,

The catalyst solutions were prepared in the ratio of
f to E41C1, to 2-pentene to be 1:6:1000 as follows if’I:Cr,
Mo,w[ .

Eleven Schlenk flesks were labeled from 1 to 11, They

were all ecuipped with one stirring bar e~ch and the comple-

AY
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xes to be tested were weighed ag ghown in table II.

Table IT, Weights of Cr, Mo, W Compounds M~ken.

FLASK WUMBER COMPLEX UWEIGHT OF COMFLEX
mg (mmole)

1 (COD)w(oo)4 12,12 {0.03%)
2 (NBD)W(OO)4 11.64 (0,0%)
3 (NBD)MO(CO)4 9.00 (0.03%)
4 (CHacN)EMo(CO)B 9,08 (0.0%)
5 MC1, 11,89 (0.03%)
6 (con)w(co)4 12.12 (0.03)
7 (HBD)H(CO)4 11.64 (0.03)
8 (NBD)MO(CO)4 9,00 (0.0%)
9 (CH3CN)3M0(CO)3 9,05 (0.03%)
10 WOl | 11,89 (0.0%)
11 (KED)Cr(CO) , 7.68 {0,03)

The complexes were dissolved in 1.5 ml of shloroben-
zene, Contents of the flasks % and 10 were each treated
with 1,75 1l (0.0% mmole) of ethanol, From sncther flssk

which containg 400 unl of E$4ALCL in 28+75 ml of Chlerohen-

2
zene, 1,5 ml was added to each of the flasks 1 through 11.
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The contents were then stirred for 15 wminutes, and subse-~
guently 1.5 ml of 2-pentene was transferred to each of the

flasks and the strirring continued st room tempersture,

After one hour the contents of the Floskn inbelled 1 to
5 were ench breated wiith 400 ul of 2Z2-pentanol which was
chosen for deactivation of the catalyst =solutions., The con-
tents of the flasks labelled 6 through 11 were deactivated

after 24 hours in the sawe manner,

4.13 Gag Chromatographic Analysis

The following set of conditions was chosen for a be-

tter resolution.

Oven temperafure: Sy 50-1509¢
Injection port temperature: BOOC
Detector tamperature: 1.00°¢
Injection volume: 2 ml
Chart speed 30 in/ hr

The comprrison of the retention tiwmes of the peaks Qb—
tained with retention times of standard fresh somples of ch-
lorcbenzen, 2-pentene, 2-pentanol and 3-hexene {(distilled
from one of the -active samples and characterized bv its
IMR spectrum) led to identificestion of the resaction pro-
ducts, The perceninge cfnversion was cslculated for all

active systems by referring te the peak areas of the consti-

coo/55
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tuents and the analysis result ie given in table TII,

Table (ITI): Percentage Convergion of 2-pentene into_ ! -«

S PSSRty Rl SO Sy ey

FLASK FUMBER COMPLEX .. .. FPURCHITAGE CONVERSICON .
e e AFTER 1 hr  ARTIR 24 hrs
1 (GOD)w(co)4 , T.44 -
2 (NBD)W(GO)4 18,23 -
3 (HBD)M@(CO)4 trace -
. 1, CH) . tio (¢ -
4 (CFBCL)BLO((O)B trace
5 1!016 S 7 4 78 —_
6 (COD)U(CO)4 - 9.48
7 (NBE)W(CO)4 - 59,24
8 (NBD)Ho (CO) , - 3.4
9 (CHBCN)BMO(CO)4 - 0.84
10 e, ~ 2%,63
11 (HBD)Cr(CO)4 - NO CONVERSION

——— = s s i s e PO UV PP
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