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G. Wilke et al., Angew. Chem. Int. Ed. Engl. (1988), 27, 185, present a
general review on Ni-catalyzed dimerization, oligomerization and polymerization
of olefins.

25 G. Wilke et al., Angew. Chem. Int Ed. Engl. (1966), 5, 151, and 897, and
Angew. Chem., Int. Ed. Engl. (1966), 5, 582, disclose general procedures for
preparing allyl-nickel-halide and allyl-nickel-methyl complexes. No detailed
experimental procedures were reported.

Laufenberg (US 5,324,847) discloses methods of preparing ethylene

30 adducts of polyunsaturated 18-22 carbon fatty acids or alkyl esters in the presence
of Ru, Rh, Pd, Ir, and Pt-containing catalysts.

Drent (US 4,692,548) discloses methods of reacting acrylate esters and
ethene using Ru or Pd compounds along with Ag or Cu salts.

SUMMARY OF THE INVENTION

35 Disclosed is a process for the preparation of methyl 4-pentenoate, which
comprises contacting ethylene with methyl acrylate in the presence of a nickel II
catalyst complex of the structure [QNiL,L,]*X", wherein
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25 charge. The coordinating capability of such anions has been discussed in the .
literature; see, for instance, W. Beck, et al., Chem. Rev., vol. 88, p. 1405-1421
(1988), and S. H. Strauss, Chem. Rev., Vol. 93, p. 927-942 (1993). The preferred
weakly coordinating anions of the present are [B(3,5-(CF3),CgHs)4]- and
[B(CgFs)4]"-

30 The preferred catalyst is selected from the group consisting of:
(n3-C3Hs)Ni(PCy3)(OEt,)*BA;
(n3-C3H5)Ni(PCy3)(NCCH;)*BAr'y;
(n3-C3H5)Ni(P(2-CH30C¢H,)3)(INCCH3)*BAr',; and
(n3-C3H5)Ni(P(CH;3)3)(OEty) ' BAr';

35 and the in situ formed catalyst systems:

(n3-C3H5)Ni(PCy3)(CHj3) + H(OEty), *BAr'y;
(n3-C3Hs5)Ni(COD)*BAr's~; + PCys; and
(n3-C3H5)Ni(COD)*BAr'y~ + P(2-CH30CgHy)3;
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15
The chlorine atom is replaced with an R group by reacting the complex

with an RMgBr Grignard reagent (Equation 3).

/™ gee /"
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Equation 3
20

The resulting complex is reacted with L, and with the boron compound
HBAT's to form the desired catalyst (Equation 4).

+
L Ly
/ ' La /
(—-—Ni > _Nl\ BAr'y
\R H{Ly)oBAr", Ly

Eguation 4

25
An alternate synthesis route involves reacting the allyl-chloro-phosphine-

nickel complex with L, and the Na form of the boron salt (Equation 5).



3 WO 98/ 22424

PCT/ US97/ 16540 [err] The conpound ([err]-Clerr]Herr])N (COD)+BAr'[err] is
pr epar ed\bq9smmti ng the 5 diallyl-dichloro-dinickel conBFEUSPTHIF0
Equation 1 directly with COD and NaBAr'4 (Equation 6). [err] Equation 6 10
The cross-dinerization process is preferably carried out in L& non- reacting,

weakl y coordi nating sol ve t Non-reacti ng, akl -coorr_cy naf ithg sol vents are
defined as solvents hat/a e not CQ r di nate taI r, if they are,

t hey can be easil y/di-spiiaced f re%’ct\l/ve S f,| ned as not
reacting in the pr t \qventlonuaaﬁprptlc rgamcC solwvent suc Yas

hal ogenat ed aronati c™15 §blvents, e.qg. nochl or obed2enk and

o- di chl orobenzene are typically errpl oyed Most preferred are nethyl ene
chloride, and excess of neat neth¥dnuagéeylsate. The process can be carried
out at any convenient pressure. Normally, the pressure can vary from about

14 to about 120 psiThd &in m82ﬁ3m)N1(®@m*EAﬁj ﬁegrepmawrr@achag% is from

about 28t Sl a,(b out 47 nper at ure
range typ| @L@Hp‘?g%@&? qhé ? WFE’EM ’BEIGWE%%EJF“ ?}H{‘@(@F@ﬁﬁ?if erred

t enperature raiﬁgBArs(qumtmmbbut 15 to about 60[err]C. The process is
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[err] 4 WD 98/ 22424

PCT/ US97/ 16540 [err] Equation 8 In thatbExperi ments and Exanpl es the

foll owi ng abbreviations are used:

10 The cross-dimerization process is preferably carried out in a non-reacting,
weakly coordinating solvent. Non-reacting, weakly-coordinating solvents are
defined as solvents that are not coordinated to the metal or, if they are, they can be
easily displaced from the metal. Non-reactive is defined as not reacting in the
present invention. Aprotic organic solvents such as halogenated aromatic

15  solvents, e.g., monochlorobenzene and o-dichlorobenzene are typically employed. -
Most preferred are methylene chloride, and excess of neat methyl acrylate.

The process can be carried out at any convenient pressure. Normally, the
pressure can vary from about 14 to about 120 psia (96 to 827 kPa). The preferred
pressure range is from about 28 to about 69 psia (69 to about 476 kPa).

20 A temperature range typically employed is from about 0 to about 100°C.
Preferred temperature range is from about 15 to about 60°C.

The process is sensitive to oxygen and moisture and is preferably carried
out in an atmosphere of an inert gas, ethylene (which is a reactant) or in a mixture
of inert gas and ethylene, in the absence of oxygen and moisture. Typical inert

25  gases are nitrogen and argon. The reacting mixture is preferably agitated.

The dimerization reactions are shown in Equations 7 and 8, below.
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"Experiments" reported hd2R is nktkydiZ-penterioatepr epar ati on of the catal ysts
used. "Exagppl es” descri bgsdhgepfy@ss-di merization of ethylene with nethyl

acryl ate. WO 98/ 22424
PCT/ US97/ 16540 EXPERI MENFLT e¥dparation of [Ni(C[err]Herr])Cl][err] The

synthesis of this conpl eTONgsuEleG&] hiaberdf nfoles¥fl deGssalimet formbd gevnole
of catalyst. .
EXAMPLES
15 | General Information :
All complexes were manipulated in an atmosphere of dry, oxygen-free
nitrogen within a dry box or on a standard Schlenk line. Methylene chloride was
distilled in a nitrogen atmosphere from phosphorus pentoxide prior to use.
Toluene, hexane, and diethyl ether were distilled in a nitrogen atmosphere from
20  sodium and benzophenone prior to use. 'H and 13C NMR spectra were recorded
on either a Varian X1.-400, Bruker WM-200, a Bruker WM-250, or GE-300
spectrometer. Chemical shifts were reported by reference to protonated residues
of solvents. Elemental analyses were performed by Oneida Research Services,
Inc., Whitesboro, NY. Gas chromatography (GC) analyses were conducted on a
25  30-meter DB-210 column from J&W Scientific, Folsom, CA, using flame
ionization detection. Ni{(COD), was purchased from Strem Chemicals, Inc.,
Newbury, MA. Some of the following preparations have been reported in the
literature but have limited detailed experimental sections. Most of the compounds
have not been previously fully characterized.
30 “Experiments” reported herein describe the preparation of the catalysts
used. “Examples” describe the cross-dimerization of ethylene with methyl
acrylate.



Chem, Int. Ed. Engl. 1966, 5, 151. A 500 ml round-bottoned flask was
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resonances,] 13C NWR (100 MHz, R bf (B P& JC—H = 159 Hz,

central lic C 74. 8 al | c Ctrans
to P), 43. 8y(:tlt 3 en&@skyesphagqcswhﬂ%(s}hﬂy)qlb (@%ﬂsng,@ %)rlmr@h) 0 (dd,
Jp-lc ; 18I Hz, aHa'tHc 18Reky wg ]}%ﬁmhm)“’)me?rﬁsﬁwfak cooled 7}:1;&@6| HZC P
CyCIl ohex CcyC ex
e © G@“ﬂé gi %r%%%# HPign midtg s et

(Cal cd.): c °§Bm(d€db1rﬁﬂ)for 30 mén. 4'17he( @1} waEMRERICVENT redluBedprassatd. OTheof

(C3HE) N e ffoSelllad Ll B30 81 A NAGARL A, (426 19, 1. 58

mmol ) 35 tion was cooled to
-78C and 3. 15 ﬁitereql and plaggdsad|-2? tors 05€, nmm mpsratisn erysBiliztian eeturradas

added dropw seThéVieldR4s 455 rﬁgl(vsi%) N MR €400 ﬁ/mm@bdﬂl@6ngpm 98(Rl ng to 23C
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sol vent was r eHiV
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25  tricyclohexylphosphine resonances. 13C NMR (100 MHz, 23°C, CgDg); 5 108.7
(d, Jo.g = 159 Hz, central allylic C), 74.8 (dt, Jo.p =20 Hz, Jo.y = 161 Hz, allylic
C trans to P), 43.8 (dt, Jp.c =7 Hz, Jo.y = 153 Hz, allylic C cis to P), 34.0 (dd,
Jp.c = 18 Hz, Jo.y = 121 Hz, cyclohexyl C a to P), 30.3 (t, Jo.y = 126 Hz,
cyclohexyl C vy to P), 27.9 (dt, Jo.y = 117 Hz, Jp.¢ = 10 Hz, cyclohexyl C B to P),
30  26.8 (1, Jo.y = 123 Hz, cyclohexyl C para). Analysis: Found (Calcd.): C, 60.95
(60.68); H. 9.47 (9.21).
EXPERIMENT 3
Preparation of (C3H;5)NiCIPMe,
A Schlenk flask was charged with [Ni(C3Hs)Cl], (426 mg, 1.58 mmol)
35 dissolved in 50 ml of diethyl ether. The solution was cooled to -78°C and 3.15 ml
of a 1M solution of PMe; in toluene (3.15 mmol) was added dropwise. At-78°C,
a solid immediately formed but upon warming to 23°C redissolved. The

red-orange mixture was stirred at 23°C for 1 hour, and the solvent was removed at
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e e ke, TR ayad Gulr oo, of Ak pilants IR LE RS, o

allylic H)15 3. sﬁﬁlt{mhdﬂ' MdMgBr in Et,B7(0. Immai) Wis added didpwidd, THd sahition) E 92
I( ﬂdd Ht f gln:) Tt Eeﬁ%h nﬁﬂxeﬁmﬁlﬁgljﬁﬁkd mﬁ% aﬁ’i“ﬁ ido%s cu g%:ﬂb&tlp B e‘i}%syHﬁ"e#&(y;s e
signal's, 1-2.278% f@&&ﬂ I@h’ex’@he)SOhUlODBWScﬁltezﬂ tOZBflaSk\kathSf’Q—lzﬂNOld:H[ err]).

13C NW\R (75 M‘Fazm%Qrengﬁﬂ%@B@ﬂ{e]r}:acdoﬁrrﬁﬂm&ga'ﬁwﬁﬂmné%%ﬁv sz, central
allylic C, 60. l'ic CtranstoP)

53.5 (dt, JP- éemgdfiriﬂ‘fej é’g%‘“m 155¢ o anw?’iﬂ"i’ €°ng i “? Waﬂ;‘mﬂf@ dwithid, Jp-C =
18 Hz, C 28 = lﬂe&&neHmd ne;myb«ahm& lt G8aCH(D3Phg, BB Fidld). IHNMK (300VIHZ,
cyclonexy C 1R el Phy 0l ey R e S I AR
Hie (iy((:ljgheﬁ%/l %dﬂ:]’.[lj% Fi]zgglé, Iy I‘E@i’g?mlﬁdihk)J 222dd§z Jmﬁydlﬂméiyl 3ﬁiil.par a),
= ?+ Th% %’ﬂ\” as,
SRR Gt chnE i e IEC A
25  Jp.y=T7Hz Ni-CH;). 3CNMR (75 MHz, 23°C, C¢Ds); 8 109.3 (d, Jo.y =
154 Hz, central allylic C), 60.8 (dt, Jo.p =22 Hz, Jc_; = 158 Hz, allylic C frans to
P), 53.5 (dt, Jp.c =5 Hz, Jc.y = 152 Hz, allylic C cis to P), 35.2 (dd, Jp.c =
18 Hz, Jc.y = 123 Hz, cyclohexyl C a to P), 30.5 (t, Jo.y = 126 Hz, cyclohexyl C
y to P), 30.4 (t, Jc.y = 126 Hz, cyclohexyl C y to P), 28.1 (t, Jo.y = 118 Hz,
30 cyclohexyl C B to P), 28.0 (t, Jc.y = 118 Hz, cyclohexyl C B to P), 26.9 (t, Jo.y =
122 Hz, cyclohexyl C para), -16.1 (dq, Jp.c = 16 Hz, Jo.y = 122 Hz, Ni-CHj).
EXPERIMENT 5
Preparation of [(C3Hs)(PCy;)Ni(Et,O)]"[BAr's]-
A Schlenk flask was charged with 53.4 mg (0.13 mmol) of
35 (C3Hs)(PCy3)Ni(CHj) and 143 mg (0.14 mmol) of H(Et;O),BAr'y. The flask
was cooled to ~78°C, and 3.5 ml of Et;O was added. The solution was slightly
warmed to allow for the complete dissolution and reaction of the reactants. Once
complete dissolution had occurred, the flask was kept at -78°C for 15 min. At that




35 ((err]Herr)(PCy[err)N (CH3) and 143 ng (0.14 mmol ) of

H Et[err]Oferr]BAr'[err]. The flask was cooled to -78C, and 3.5 m of

Et[err] OWA8244d. The solution was slightly warned to al PERUSIT/1654E
npl et e

| ete di [ ti .t ts. .On

i sbotuti on nailtcR B SHAEAN s dded lsoe e brocieiiaion of imellowa ¢ hat 7
WD 98/ 22424  product. After stirring at -78°C for an additional hour, the surnatant wa§T/ US97/ 16540
ti , 2 10 i e %g’;\ﬂﬂlﬁ ' . Ly tati f th
erInFow p;(oduc{ﬁ ls‘%;%?éa?. Stirring at Ei"?’%C o?ﬁlg%ﬁ_lglgég{eiea%lﬁa leﬁ(‘)‘h&&‘i%ﬁ'é‘m‘e
sur nat ant was %‘?%F&g lory NExang s ol0°¢ yiglded @B howg (@SR efane and
ggi gd un?eﬁ \éanumre oRdistlyy tettlel (303%) i‘ﬂmd‘%ttg{lmlﬁw)%ﬁ)ngg%x N RIMR &%{é}\gl/ged

. ca 9 ure o e 0 . and wat'er 0
conpl reni?es. A %—1@'% ‘?a‘sgr@f“ ?@ﬁ‘?éffof%ﬁﬂﬁlf?‘?é@&?r Eﬁﬁ‘h‘ﬁéf(%? MHE% 886Gl i zat i on:
|4 n NXR (3og gﬂ-@DzCBﬂ(é,J 7.@[%8H|} G:I'D,e’kﬂ {s, 4HeAr"), S7627@n, centrai il ﬁéll-xﬁ,:.:?s 1 ]()s

, Ar'), 5. . ' , | S \ rr
ol A7 PN LT P o G S T
|(42 CH i(r) r] C:iIBI—:O) Lm (Sl Mazz@,@g?ﬂ ,1I ;5 (HmnmlH%la)]ﬁ (@d,1D=@da\d 13 Hz, 4 ?)nd 14

, , HS) ), 1< , 1 . err]).
The 13C NWR s ectrumS) S rgr(l:odryca{],%as%?tagr @?Hé(r:ggté%ﬁ)ﬂﬂggtf%ﬁﬂgg %c% ng the
presence of a rﬁs){qug\el%?ﬁqqﬁqu_ﬁ 1ZaRensLoRirmiag theypresgngs ofagpixtyre of HoDH}  NVR
(10t0 I\/:—Iz I |'6|0_[(§) aq@tzmémfilﬂeﬁﬂ‘g’?ﬁ{m@mk (QO@MI;%L@;C? @J}@l?; 5 ]1315-2)1) (s,
central a i o , _P.= ,
74.3 (d, 3Cp °6‘1ng5éh)z’f’ sighplh, {131 & eduaal %@Wﬁ g,')(?‘w@-!’(‘é,ﬁ? b altyle ¢
(CH[ er r] CH[ er F1ayte PrE)), 7%%.@5 Jesp = a5 Ha, aldylic Girons to P(10),)N,0@0. 3 (s, allylic
C cis to B5(2XCH;@H,8H,), a26!(eamht Coas RPP§)), 41943(% a(lfylicc is 10 P (2)), 24-36

. ; f i 2 rgd) %a? d.):

(OO0 AL I3 6 oo s o
[ (d err]H err FoppdYCalcd.):) & §CHE 50.9DNH] 4[6BA4.2Drrr]]- 20 A Schl enk

flask was charged with 40.3 ng (0.0 Clerr]Herr])N (PCy[err])Cl
and 88 ng (0.099 mml) of NaBAr' 4. mm cooled to -78C, at which’

tenperature 50 [err]| (CProparatesn of € IEREYINKCRIERY(BAr'fY oze al ong the
side). Tepom of U2t astkadlditiakled WMl d08ng (OI0BT LA acetoni trile
was

0 St B G o e o s
Thg sol uti on v\b&"Gl‘, iat whichdemperatute£0 Fb{mmm@@solﬂlcgqgmewgg 5}@@@ aq,-g?jellt rﬁ"tveR
L I i e I )
Ar'), 5.46 (mntedsn flask tathesepeianty. The flask wasiyardsidaipto 23°C and stirred for ca |
25 45 min. The clear yellow solution became cloudy as NaCl formed. The solution
was filtered, and the solvent was removed from the filtrate under vacuum, yielding
a glassy yellow solid (116 mg, 93% yield). 'H NMR (300 MHz, 23°C, CD,Cly);
8 7.72 (s, 8H, Ar'), 7.57 (s, 4H, Ar'), 5.46 (m, central allylic H), 4.45 (brd, Jeis =
7 Hz, 1H, H;e), 3.25 (brd, Jypans = 13 Hz, 1H, Hiang), 3.10 (br, 1H, H;o), 2.37 (5,
30 3H, CH;CN), 2.10 (brd, J= 13 Hz, 1H, Hirang), 1.0-2.0 (m, cyclohexyl). 13C
NMR (100 MHz, 23°C, CD,Cl,); 6 162.2 (q, Jc.g = 50 Hz, C",1352(d, Jcy=
159 Hz, C,Y), 130.9 (s, CH3CN), 129.3 (g, Jo.p = 35 Hz, C3"), 125.0 (q, Jop=
272 Hz, CF3), 117.9 (dd, 4Jc.p = 4 Hz, Jc.y = 164 Hz, Cs), 116.1(d, Joy =
162 Hz, central allylic carbon), 78.2 (brt, Jo.yy = 162 Hz, allylic C), 51.3 (brt, Joyg
35 =170 Hz, allylic C), 34.8 (dd, Jc.p = 20 Hz, Jcy = 125 Hz, cyclohexyl C to P),
30.5 (t, Jc.y = 128 Hz, cyclohexyl Cy to P), 28.0 (dt, Jp.c = 11 Hz, Jo.y =
128 Hz, cyclohexyl C B to P), 26.5 (t, Jo.ly = 135 Hz, cyclohexyl C para), 4.2 (g,




7 Hz, IH Hcis), 3.25 (brd, Jtrans = 13 Hz, 1H, Htrans), 3.10 (br, IH,

H[err]) wo3dniss 30 3H CHerr]CON), 2.10 (brd, J= 13 Hz,pchiisobfaésans) .
1.0-2.0 (m cyclohexyl). [err]C NVR (100 MHz, 23C, CDlerr]Cerr]); 8 162.2

(g, JCB = 50 Jdzy =Q40)Hz, ;(353@11 dAnalgsisF el (dalcdQf o2,r51.69, (5130);9.(388 CH3CN) ,

129. 3 , JC 125.0 JC-F 272 Hz, CF3 117.9 (dd,
4JCF (:q4 Hz, F(386§§\ll_%go q-gé)r b | (

Cerr] 116.1 (d JC—H—162Hz central
allylic carbon) 78.2 (brt, JC—H—léﬁ_E&[_EN&ﬂw O, 513(brt JC-H 35

= 170 Hz, aIIyI ic O, 34 81(; 362 6F PR/ tHzs Hz, cycl ohexyl C
to P), 30(5 JC— Oara (PR EMe I Mé”) 8.0 (dt, Jp-C
11  He, H—128 Y@ carg }‘h8|§)g JC—H—135Hz
cycl ohexyl C p(@gH);)(PMeE},)N@I pBepared® abBvLdidRived in 40 ml of E O(oran e

el e e il

(Clerr]Herr])e M;ﬁ!@éﬁi{l\é@mlﬁk dd 0p)ymrgol) was slowlp agded with af | ask was
h d with 7 d

oo g S RSO T e ks TRl Rolorighy o =

cool ed t ol107gellpyewas stisged oty eérﬁ% ‘?nga%fwaé rempyest, and, g8 thst

Mel?,slt - CH2 Ng Er mkn&%@s(warﬁﬁdlm?hblvwawslmmy?mg vitduubh. arrkseyydnawebﬂo%o the

sol uti on. e r,om,or an

yel | ow, was stS%?l?NV 5§ tra% er r]jéES ofggggne ‘i‘ﬁ%mgb?odorblgfﬂ%\%gow &¥8%ed,

and, as the mdcpwmeosmgn gxane “@heemwedérmn ﬂ@sﬁltreWDyleldlmwaiwranmhm The

yel | ow br own @9 %gé‘@év%&ﬂ?c’fﬁé mdh& Hme &rés@o@r O»fﬁﬂﬂ%col or

resulted from'sone |on xan vvas re m)ve romt
Vrolding 38 orGRE VIR 2 Grdehe; SHT (h.crairal ainic PO otiss (debrs Tk Ay 1H NVR
spect r oscopy. MHHLVH{;LH&% isX 306 (V= 6253Her1H, Gic,sg;[ma thfe-rn]aHz[mr] 4.72 (m

geg? ga:_lzal |yl I}li!&n&))l 43%? 6(-_-"@ giz,__u%g W&O%ﬁil_qa ﬁw ar?sl% 91';?({5%]‘3)33 stii

Hz, 1H, Htr ans{} 1. S?ZCI(lgi)a),Jﬁneihyleeld-dhast@bptoﬁl(c(ﬂﬂpten mja obsaufdd b)OthEB ( s,
Si(CHerr])[ ergli@HB)é) ggﬁ?ﬁloem &,rpga,sltze; tﬂ.&l éléﬂ wascq@? S t he

Si (CH3) 3) S|gna err
(75 Mz, B3CeFsPe); 53084 qufeHﬁ 55 He,gepiralgdiylic
central al I yliJe. ,9= 15344 aligitic CifangTo Eﬂ 5|H=lzs (RO ! —1155 Hﬂ, allglid E'clz.ﬁto?)t Eans25
t o, Pﬁ C 34—51(2%“342 3C 53 5323 Hz ﬁSiOzH(q%ﬁ? IP?CEQ%S‘Q?‘L%C@ é?ﬁ(l) [err ] ). -8.8
(dt, JP-C = 1(81((2H3)5§;a318:(du 1B-CGHz,100#, d g Sil Mo Hey €HRSiMes).
EXPERIMENT 8
25 Preparation of [(C5Hs)(PMe3)Ni(Et,O)]*[BAr's]-
A Schlenk tube was charged with 41.3 mg (0.16 mmol) of
(C3Hs)(PMe;)Ni(CH,SiMes) dissolved in 5 ml of diethyl ether, A separate
Schlenk tube was charged with H(Et,O0),BAr'y (159 mg, 0.16 mmol) and cooled
to -78°C. The solution containing the nickel complex was transferred via cannula
30 into the cold flask containing the acid. Once all reactants dissolved, 4 x 10 ml
portions of hexane were slowly added to the orange solution under vigorous

stirring at -78°C. An orange-yellow solid precipitated immediately. The
surnatant was discarded, and the solid was dried under vacuum (143.8 mg, 82%).
Upon recrystallization, disproportionation occurred, giving, presumably,

35  (C3H5)Ni(PMe3)2* and (C3Hs)Ni(Et;0), 'H NMR before recrystallization
(250 MHz, 23°C, CD,Cl,); 8 7.72 (s, 8H, Ar'), 7.56 (s, 4H, Ar"), 5.67 (m, central
allylic H), 4.34 (br, 1H), 3.64 (g, J = 7 Hz, 4H, (CH3CH,0),), 3.25 (br, 1H), 2.65
(br, 1H), 1.85 (br, 1H), 1.50 (t, ] =7 Hz, 6H, (CH3CH,0),), 1.32 (d, Jp.y = 9 Hz,



EXPERI MENT 8 25 Preparati on of
[((err]Herr])(PMe[err])Ni (Et[err]O]+[BAr'4]- A Schlenk tube was charged
with 41. WOgs2B246 ol ) of (C[err]H[err])(Pl\/E[err])Nl(CH[B?T’PSPW@H])

wi th W & 20 285 s RisSgShsotidiine 1 AR LI IR BB ipeiengd o ut or

cont ai ni ng t hé3 @W&(lﬁ@hﬁﬂaﬂ&@&?& GDAHg) &rcounteniomsigaais)ll14.83d, Jd_gt=0 the col d
fl ask t t 4 t
of “hexane. wer L0 FerRfl Ay fRCE 130 (ERC) 26 18, SalatBllyriciel 0 @ PO oo

or.a orous ’stirring

at -78[err]C.J M‘D%%Ee Ioa A W0 o allylip Corrgnsite £).ctP-8 Gndaiz at Mi6Hz The
surnatant $as (OHSCH, ,mn@m;g,epaolnzn ma@ AIRUEIT MaksdP $441$ &, "o,
|

G TR C T T
(Cerr] H err] 57 Hz, piylid Ocfsdo P), 152 (dyRclpet 626 Hzp(@HTIE) 0),),d8i lofdg( 35@ Mz,
23[err] C, CD[e.riyi_fk[JerrL)lggq_Igr@Hgg) g%l-q&darﬂﬁcjziglz,(f 4'126'%2) . 67 (m

central allylic
(CH err] CH er P(€FBbwr]), 3.25 (br. 1H), 2.65 (br, 1H), 1.85 (br, 1H), 1.50

(t, J =716z, 6H (CHerr]CH err]O) XrFERIMENBD (d, JP-H =9 Hz, 9 WO
08/ 22424 . ] PCT/ US97/ 16540
P(CH err])[err]). Two conpﬁiﬁﬂﬁwﬂmw&)@[err]o and

Et[ e[ r] O conpl exes)A 10®nmiljflaskiviss Hadged\ivith [NKBEHE )t(jlpz‘l(lﬁllﬁ)fnglt; 0.]3%{11&612]341:10[ e(rjr ]
counterion sign a |

JCH = 162 e 2{‘“&%’?"&’? éﬁ phg%ﬁ‘%@%g %‘i‘%‘% 74C'§Q‘°b THY ) soffds pere 1 4 Hg
allylic Ct raﬁssso](yeqb)n E® 60 ml), apd the resultipg sQlutlgn was stirred ovemlght As the
(CHerr] Cifer ziaglbﬂgfd&ciea gxe(p‘i'éductJ @rﬂa%%o%ex;)‘}&d’buatfd"foﬂé% ?dlht%ﬂoc C

trans to P

43.7 (dt, )JP- dhe nfBXPEe Wﬂ:ﬁhﬁeda@? SPE was aphed Veﬂbp@% apyl dried updery J)C- H =
126 Hz, (CH[elvaclxﬁlri[leﬁ‘he}ﬁ)e[cbms]zsoﬁg(&9%)iq Jp-c = 28 Hz, JC-H = 126 Hz,
P(CHB)B) 13.0 (dq, JP—C-2 , P(CH[err])[err] 10
EXPERI MENT 9 Preparation of H4))3 A 100-m flask was
charged with [Ni (C ePrepaspdon <Pf5[@saﬁis)le‘@r(aMe(@ﬂ@)MCH@CBW]*M;] and

tris(2- meggoxypheny, 259 %Bﬂdjﬁot(&ﬁé’dﬁ&kv@asc?la@@@with@hﬁ%&ﬁv@wﬂﬁﬁﬁ Foter e

di ssolved I n [err and .the re sQl utl was, st
overni ght . As CHRINCIRIMEC SRS (0 DS H B A RABALY GBI BonIE )
preci pitated OHyON 35 ﬁt}blmlxmlﬁol)TheHﬁmi ummsfadﬂécerﬂﬁ,clbm sohltioths was

washed w th p%ats%ﬂxereg 9251’6 t%g 4% pmn (Na ﬁjrlécr:?pltg;ec% @tlmng Was stLZ) ecf%r( 69% .

15 minutes, and the solid was filtered off from the orange solution. Solvent and

25  excess acetonitrile were removed at a reduced pressure from the filtrate. The
resulting glassy solid was washed twice with 7 ml of pentane and dried under
vacuum. The yield of the orange powder obtained was 70 mg (59%).

EXPERIMENT 11
Preparation of [(C3Hs)Ni(COD)]*[BAr,]

30 A 100-ml round-bottomed flask was charged with 106 mg (0.39 mmol) of
[(C3Hs)NICl}, and 696 mg (0.79 mmol) of NaBAr'y. A solution of 1,5-cyclo-
octadiene (2 pl, 16.3 mmol) in Et,O (50 ml) was added. It was stirred at 25°C for
75 min. The orange-yellow solution was cloudy due to precipitation of NaCl. It

was filtered and the solvent and excess COD were removed under vacuum,

35  yielding a yellow powder. It was redissolved in Et,O and filtered. The solvent
was removed under vacuum from the filtrate, giving the desired complex as a
yellow powder (630 mg, 75% yield). 'H NMR (CD,Cl,, 23°C, 300 MHz): d
7.72 (s, 8H, Ar'), 7.56 (s, 4H, Ar"), 5.96 (m, 3H) (2 protons from the COD ligand

10



EXPERI MENT 10 Preparation of
[((Jerr] err N| P(2-OMe(CoH4) ) [err](CH err]CN)] [ BAr' [err]ll 97/16540
50-m rou 123mad flask was charged with 43 ng (0.088 rrm)

(derr]Her r] )Ngﬁaé zwﬂa\@@[cartfdl lllgli¢ prota)ds. 7@@%(2}1 Q&GDYP d@fJ NaBAr 4. A

sol ution of ?%W@Cgf r(ﬁp@l ans2'5 rl?g é%ﬂé &il) was

added. The cl
precipitated). cen)rzn&gmms €0dPped for 15 minutes, and the solid was

filtered off fromthe orange sol uti ongxGo\fpeRt; and 25  excess acetonitrile
were renoved at a reduced Eressure frO'mTTTezgrlftrate The resulting gl assy

solid was wWashed t whddsahier-Rorterinbewap ehargerwithdd g €i022mmoafcuum  The

>F/)ir gr gr 2{2 Eeo gff”r £ dit WS Ya@eml[irécgefg%m gﬁﬁ’gwwétﬂi%lene
i

rouﬁd- bot t omed l\é i é‘gﬁ‘gw %"I]S’i stgie, f("@“‘%éfﬁ?ﬁb‘l‘ yelrl_ﬂWPOWder toa

[(CJerr]H err]‘)thChMearm]:e dueitodass offEtG0).7A sohatioh ofimeiayBAciylate @.5al,ut i on of

1, 5-cycl o- oct , s added.
|t vva>s/ stirre a] B(nf%ﬁe‘;%](h X rﬁﬁfﬁoﬁ'ﬁ% 278'0&}/‘% I[ag\%lv&lso t{t}% Sgnnéva\,\ﬁlﬁ %’g%ly due
to preci pilQat i was pressuaiged ta 71 pria (39310 kP of aﬁd enhcanddhe pelovaseludoncwss COD

were removed URRRIG Ao Br s, VI eI ding a yell ow powder. It was
from the il trate, OB CRCLEFs O ax i ye P e AP Te S o,
/5% yield). [ eT-!bhtanm%ﬁB[&hYlh%érﬁéﬂohte (RBMP) (390) Mﬂlt)‘anst dinfethyBexefith Af )
7.96 (s, 4H, Aéiogt’e (Bl\/?ﬁDS ﬁ4°/§’}._|)ﬂgezco?1§/8}s%rﬁsoff ) %It he lzgo% prog dg@gg /aT% 540

98/ 22424
over| ap wilsh tDRMEBhwasl7% B0 equip).ofls) thegurnovérdd Ohnumiber footle, 4. 50 (dt,

Jcis = 7-5 HZ,c,-gss—dﬂne%W; g;@s(;) 3.06 (d, Jtrans = 14-6 Hz, Mrans),
2.75 (m 4H, COD), (m E 15 A |scher-Porter

CQD) . EXAWR
t ube was charged w Qﬁ)-@gssr@e%tgosgggcmwls gf the reaction mixture confirms the
(Cerr] H err])d¥daye (ﬁdiriﬂaﬁﬁh [oﬁ hicki)] #Efntehoatel(>965%) Ma@ﬂhﬂ@pdntéhoatem (101.3

kP f ethyl | h t
From a yel | ow Sukreiph mietiy 25 Horiee RRP, By ddeqitf abE il o3ty s ) U7 o1
of met hyl 28cr ybutemoatel(bsariched, ]<.L2%)50 mol) in CH err] Cflerr] (4.5 m) cool ed

to -78[err]C was added vvith a syri nge.Eg@piL was pressurized to 71
I utl

psia (393.0 kPa) of eth | ene, an theK ?n was stirred at
|5[err]C for 24 hrsA Fischer-Porter tube was charged 9mg 0.022 mmol) of

(C3Hs)NiPCy;(EtyO)*BAr'y. It was placed under 1 atm. (101.3 kPa) of ethylene.
A solution of methyl acrylate (4.5 pl, 50 mmol) in CH,Cl, (4.5 ml) cooled to

25  -78°C was added with a syringe. The tube was pressurized to 37 psia, (255 kPa)
of ethylene, and the yellow solution stirred at 15°C for 23.5 hrs.

TH NMR (CDCl3) analysis of the reaction mixture reveals the presence of
1-butene (20%), methyl 4-pentenoate (M4P) (57%) and trans-2-dimethylhexene-
dioate (DMHD) (23%). The conversion of methyl acrylate to products (M4P and

30 DMHD) was 12% (270 equiv). Thus, the TO number for the cross-dimer, M4P,
was 150.
GC-mass spectroscopic analysis of the reaction mixture confirmed the

selective formation of methyl 4-pentenoate (>98% yield).
EXAMPLE 3
35 A Fischer-Porter tube was charged with 24 mg (0.018 mmol) of
(C3H;5)NiPCy3(EtyO)BAr'y, (Ar' = 3,5-(CF3),C¢H3). It was placed under 1 atm.
of ethylene (101.3 kPa). A solution of methyl acrylate (4.5 ul, 50 mmol) in
CH,Cl, (4.5 ml) cooled to -78°C was added with a syringe The tube was

11



[err]H NVR (CDCl[err]) analysis of the reaction m xture reveals the
presence of 1 -butene (37%, nethyl 4-pentenoate (MIP) (49% and
t rans- 2- dWO8R#424exene- dioate (DVHD) (14% . The conversi orfCHVUS?é'thb

crylate to products and D s 17% (390 equiy). Thus, the
Corover (70 REERed 154 R (i 7kpat oy R sh 0 ey Shbidrwas Hoated
spect roscopi ¢ terfdl’¢siTheqgiresshres inaraased dmt mibeh theedesved temperdtive vmlredché&,g
formation of % t 0 . - ,
29 oyl o Baeslre RGBT, 6V N RSN R RN, o

but enoat e { br aRTEFUEE Wapegntingsdifyn15. SHhr, atiwhichtimpghe selutionasellowed e ged wi t h
2|9 rrgd( 0. 832 1nmil jo ahb{gﬁi tgnfpl];idme ;(&a {\'ﬂa?’[ The %A\dlﬁiclirﬁw_ﬁg Qtro’eﬁa%lf n}é Giﬁccllﬁsa\cﬂffl; ate
r L . a e ene. ol utio

Ca s erri T, oot HEforngtiohar Bopaet pesastly o cffed polial poce o £ |
was added wi t hTke polymeywas fiteeipitated imdeQH;6GE6 analysisl of meﬂtrmira;eaﬁaﬁﬁe kEa%\l N%f

hyl , d S [ ' . ES.
(OO0 Kl et 1) ASTeple of S inks MIP Sl Wi dinothol Biehtaibles. Coditishg
1- but ene ( 20%)the gticod tha arsa of tecaess-dimerto thatfithaheme-metleyl acrilate timdrhex ene-

di oate (DNWD) WwitB¥He cobitSpéiditeratib @Btatled TR ERYpRCI HHRERS BQmFthgzgﬁlt s (MiP and
30 DVHD) was 12% i)f 8 eg v Thus, the 'I;Jg&)lénber_for the cradss-di ner,

Ui V) .
MAP, was 150. oY modimer 4n. the; RresepteXam quaRtitative-date Werg xt ur e
confirmed the cgdieed) ve formati on of nethyl 4-pentenoate (>98%yield).

EXAMPLE 3 35 A Fi scher-PorterE % charged with 24 ng (0.0 18
mmol) of (Cerr]Herr])N PW[errg(Et[e%' 4, (Ar' =
3,5- (CF[err]) [ er r] CAdrigghef-Bertgr)tubg wasyghargs N I%f?tge(ﬂ.(é)ﬁwmmvl)ofl;t hyl ene
(101.3 kPak. AGEIM(CH;NPCYDLaNd! 52368 Y0.05 EmbblPof (B 0), +BArTMRiwas! N
tCJ:Lgr\rNLS Eﬁrr]p(lzé'dg;gﬁ%hgﬁga?& 5 %Pé)7§ e?l{yrllnce. %golét%g?gf r?lne ﬁlérﬁl%{el nge The
PCT/ US97/ 165464 mbsSfrmet] 1040 54ui$}in6CI€{§.71§ (4 Bayl) eboled tyyl78Pe iwaaladdesdtﬂﬁ yel I ow
| uti .06 r [essure.i pcrea , e e _
dosi red t enper i # vifed it hbcivad (en BIGREEE 1 BEPEATEA IR peSBiRe 2 (476
kPa). Stirri ngngdithe hieltow solgéemwas sti t368C farrld wmand¢htiimubd NMR 15.5 hrs,
at whi ch tpme 139 htHly S0MBE réiclioN Bifxthit reveal e prdsen AT 1 SMtherde{BRHH AL UT €

(ca 1 hour). ThgnsPa pehioatSMa b A% hdd tams 2 dimethylhexenedioate (DMHD)
(6%). The conversion of methy! acrylate to products (M4P and DMHD) was 32%
(390 equiv). The TO number for the cross-dimer, M4P, was 300. GC-mass
spectrometric analysis of the reaction mixture confirms the selective formation of .
25  methyl 4-pentenoate (87%) over methyl 3-pentenoate (M3P, 8%), methyl
2-pentenoate (M2P, 4%) and methyl 3-methylbutenoate (branched, 1%).
EXAMPLE 5
A Fischer-Porter tube was charged with 15 mg (0.038 mmol) of
(C3Hs)Ni(CH3)(PCy3) and 41 mg (0.040 mmol) of H(Et,0),*BAr'y~. It was
30  placed under 1 atm. (101.3 kPa) of ethylene. A solution of methyl acrylate
(4.5 ml, 50 mmol, 1300 equiv) in EtyO (4.5 ml) was added with a syringe after
being cooled to -78°C. The tube was then pressurized to 69 psia (476 kPa) of
ethylene, and the yellow solution was stirred at 25°C for 15 hrs and 40 min. In
this example, no quantitative data (TO numbers) were obtained but GC analysis of
35  the reaction mixture indicated a ratio of M4P:M3P:M2P: (branched) of 93:1:4:2.
EXAMPLE 6
A Schlenk tube was charged with 15 mg (0.038 mmol) of
(C3H5)Ni(CH3)(PCys) and 41 mg (0.040 mmol) of H(Et;0),"BAr'y. It was

12



indi cating the formation of polymer, presumably through a free radical

process. mer was precipitated in MeOH GC anal ysi s 9, trate
reveal ed ‘%’-ﬁg %?eéence of cross-dinmer MAP along with di net hyI‘IZ"f #g(ber}g |boat es.

Eorrparl Sﬁn| of ﬁlﬁ&dﬁﬁidleﬂl @{mt(hlel an@a)ﬂffemﬁen@ms&owdgem% éthahclgf thed
ono- net hy acr tn t ndi ng, ,atl o tained in
Exanpl e 1 indi'® r?'tf(?!ﬁ’loﬁroéé’? a‘%%?‘{)élgﬁb ﬂglr?@ Sé‘éent

exanpl e (no qlﬁHQCtza(mS/ml)dmsaadded mtbtatsanngd)ThGBMANR{aEpl’acédﬁla;whterbﬁihrater
tube was char ggg Npapeol 1

(Jerr]Herr])N (CHerr %Se?gw(s?err? and)reg?or]té(zg 1& HNM?@PC@

H(Et[err] OFf ertig qacm fﬁ@éﬂ"%?fﬁfé? P@S%%Of(lilﬂlie@s @i4F), endet hyl ene.
A sol ution of tf@istmﬂuﬁahymk@m{déoa'ie MHES). Mielconvdiéitn eﬂﬂieﬂ-)yl bétylate to

Cube ves t hen BPRAde R ESP gt @Néﬁ[@%wﬁ?%f&iﬁﬁw THEE I v e | ow
sol uti on was stimberdonthe tiSsidimer] M4R, svaa80. G analysislof thid/Fea2fion mﬁ:&@@ 3)
mothyl 4- SLnEenoZ?ﬂg?ksﬁ%}%Eﬁ%ﬁﬁaﬁﬁans é@i"yﬁs@%ﬁ?ﬁ% MBS D)
(6% . The 18onvandgnethybd-matkiputenpats (bganched 21%)oducts (M4P and DWHD) was 32%
(390 equiv). The TO nunber for the creguxppier; MP, was 300. GC-nass

t tri | ysi f th t f th I ti
Format i on of 25 WedHyAHeY BT BRG HES RO WISk AR TORD R enoat o ( NEP,
?g;g : EE;(EA rl\%:_ E2 qmq,msaﬁi(eﬂg)(@@g) ard’43 rapg ¢0.042 hglkolﬁﬁﬂH(mﬁﬁnﬂBMQﬁtle“(ggr ﬁTr;g Ih )edof
(Cerr]Herr]) &-\?ﬂ (eargfa f éyg tk}b? o(”%ﬁ;ﬂ%&c ﬁ?gluﬁ"a%oﬂ%ﬁym 4{91':199,
H(Et[err] GP[ erG4}5+BAr504mm equiv.) api &ﬁ@demdél md, hBinnmqloﬂjCBta«md)of

hyl A 4 j
L 20 (4.5 m?q&‘;&‘“%@‘am%‘”“*’ké@”@%‘M‘m" HILRED The AU e

g fter bein
was then pres s?IP?SE@Ge‘f ¥ &P%&é&f? lepg, 2pd Hig yellew sphuiopistirgd gt ow
sol ution was s23°0 fod 18thrs? SGC aaslydis ohﬂ& remxoﬂﬁ)mmume revBaledilfe pRe<Rfitd 6 NO

feacti on mxt (- Bries o aunar pa Flstufl 3 s Ramiipisiores s Feh oot . .
EXAMPLE 6 28 Scthk erdsstditber MA®; it hacayotedor 1 %51 thy towl G@SS dmzﬂr)proﬂucts (M3p
(err]Herr]) fegéﬁt@& QM) W&%rdh}i)brmﬂetflé%ﬁrgTﬁQTm lear tRE production

H Et[err]O[err] +BAr
cross—dlmers was 395

EXAMPLE 8§
A Fischer-Porter tube was charged with 35 mg (0.033 mmol) of
25 (C3H;5)Ni(COD)*BAr', and 11 mg (0.039 mmol) of PCy;. It was placed under
1 atm. (101.3 l;Pa) of ethylene. Then a solution of methyl acrylate (4.5 ml,
50 mmol, 1500 equiv) in CH,Cl, (4.5 ml) cooled to -78°C was added with a
syringe. The tube was pressurized to 68 psia (469 kPa) of ethylene and the yellow
solution stirred at 25°C for 15 hrs and 40 min. GC analysis of the reaction
30 mixture revealed the same selectivity for the cross-dimer M4P (>98%).
EXAMPLE 9
A Fischer-Porter tube was charged with 33 mg (0.031 mmol) of
(C3H;5)Ni(COD)*BAr'y and 10 mg (0.036 mmol) of PCy;. Under nitrogen, a
solution of methyl acrylate (4.5 ml, 50 mmol, 1610 equiv.) and tetradecane (1 ml,
35  3.85 mmol, GC standard) in CH,Cl, (4.5 ml) was added at room temperature.
The tube was then pressurized to 67 psia (462 kPa) of ethylene, and the yellow
solution was stirred at 25°C for 19 hrs. GC analysis of the reaction mixture
revealed the presence of 1-butene, cross-dimers and traces of methyl acrylate
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WD 98/ 22424 PCT/ US97/ 16540
placed under 1 atm (101.3 kPa) of ethylene and cooled to -78[efr]C at
whi ch t ernyor9aRed2e¢ a sol uti on of et hyl acryl ate (4.5 m, S50CCHER97/165300

equiv) in CHerr err] dW|t ringe. The_ tube was
placed in a é‘l S(L{P‘T‘fs ?"Eg’[aéqfﬁ{'?g\aéw &f%r%ﬁf@%l’utt.asw%%fosww ed for
ca 22 hrs. 1H JdiR (cRidCréssrdifngr products fMp®iand M2R werermndeaeeuedmmelﬂiee reveal s
the presence %ﬁ% aCQ'd3 e e (DVHD) .
The conver si o;g %‘#&%gtl ”ééﬂygf%l%eg to pro g c?gq’%g{%%ﬁ%&? D (43%
was 16% (210 SE0Sd lme‘FhYYés e TO nunber for the cross-diner, MiP, was 80.
GC analysig of the reaction m xture cCERAMPEE e sel ective formation of MP

919 MBP (19 fhyl 3- hyl t t

(br anched. 5\ ExAMBIEDROR b Fepghrerd Vibal meld DRARIRRD of th 16
(()]9 a?(ét Fgﬂ% O)c(Cﬁ-I@jI‘é:ﬂbel@ﬂ §ONNBAGH. dt wh3 pREy widet ) amct1683?r;ma16f 0;1f2 mol )
et hyl ene. t{tﬁpl&](l)n 0 Oﬁtl?ﬁgig@ﬁfaﬁﬁqi?}gﬁﬂ %) ”“r& 549@1%\’ JPB%0 equiv.)

and tetradecariétr%qecme (23nB3 mol@Csstaad@rd) m)CHfCl@l{n%énnlp@a[sadde]d with 5 nl)

cooled to C o T to 67
Coia (46 IEPa) géletedisolibtion c%lSIédr’(G@ C.T e bithSyiafed Ekupi%@@ ngdslé?a? 19

t.h and e vellow solution stirre or
hrs. GC anal ys(rv’gé Bﬁa)céjeﬁ%ﬁg '5\?133?{8?‘@0 ééf‘ﬁﬂd Fq?é°§rf€§%ééf%f6cl‘ but ene,
cross-di ners amdlysitdfyhe mactwrﬂhﬁchlimrfeveiled&rxe re?éiﬁe B betendy, e@u@amm 20

(NP r opr esentiad iges bEndA SR Hory Rl AT e ) hbor Ghode Birperiyed 0" °
producti on of dbows dhwﬁzibmpmta@)ofm@rs. A9%|(Wi’e);34%|(bmnchedhé%vas

h d h ) of 25 err]H err])N (COD) +BAr' 4, and 11
(r:rg aE 8603\31% l?()ﬁm? , 43 AvEm! ) qe

PCy[err]. It was placed under 1 atm (101.3 kPa) of
et hyl ene. Then a sol ution of nethyl m& 5m, 50 mol, 1500 equi V)
in CHerr]d[err] (Apsscnwpmlt@mbwsc owzsrmxﬁog»fl nge. The

tch)Pﬁt \INg?l 2{ |efr E’Jahzﬁﬁilgg%*‘ff&?@%)aﬁ Agpg%plg{"’?ftr’%g glgﬂs"tlgf?a)l"ﬁlal ?\(,avact i on
30 mxture rﬂﬂ%émmdﬁtshbngmnﬁmﬁ%e@wlﬂm@ 5 ml, 50tremot, 890 dquie) ah@P (>98%) .

(EéAZ/er]EH? §9r ]F; o6 tl%‘ﬁ’ﬁ)‘-} Gb%fa%&dw qa?él&fm]g c@ )Qﬁ zr'engﬁze of

nitrogen, a sd’i’?ftq &B‘Fﬂ’r?e?yﬁ‘?geaIP?@F&%@@WSS%@dﬁﬁ&gpsw 9 kBaiaf ) and
t et radecane ( kthflens3nd thdy&fowrsalutionstirsédatdsrO Yori 17.33Hier Ghdasy r] (4.5 nl)

(a2 eney! ot SPRMdERE RRUINiEor (i feddiBE iRfid ATBPHERh S Bullendd, P! @

cross diners, and traces ot%lome-methyl acrylate dimers. The percentage of
25  cross-dimers was as follows: 53% (M4P), 42% (branched), 3% (M2P), and 2%.
(M3P).

EXAMPLE 12
A Fischer-Porter tube was charged with 31 mg (0.023 mmol) of

(C3Hs)NiP(2-OMe(C6H4))3(CH3;CN)*BAr'y. It was placed under 1 atm.

30 (101.3 kPa) of ethylene. A solution of methyl acrylate (4.5 ml, 50 mmol,
2170 equiv) in CH;Cl; (4.5 ml) cooled to -78°C was added with a syringe. The
tube was then pressurized to 67 psia (462 kPa) of ethylene, and the orange
solution was stirred at 25°C for 15 hrs. GC-mass spectroscopic analysis of the
reaction mixture indicates the formation of butenes, cross-dimers and

35  homo-methyl acrylate dimers. In this example, no quantitative data (TO numbers)
were obtained but GC analysis revealed the presence of cross-dimer products:
M4P (34%), M3P (3%), M2P (42%) and branched cross-dimers (21%).
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solution was stirred at 25[err]C for 19 hrs. GC analysis of the reaction
m xture r{yaalBthst he presence of 1 -butene, cross-diners angcfigyrasssef
met hyl acrylate 13 WO 98/ 22424

PCT/ US97/ 16540 hono-di ners. The maj or MBEE lwas the cross-dinmer MAP; it

Gotected while the frbcheREBheltl vl clipe g@i B urber 1 or
the producti on(GFHINYEOIRN Bédry” 9%{‘5176813 (Q 037 mmol) OfP '0M3(06H4))3 It was

o TH o ﬁi\@&fﬁnd%?ﬂtaﬁﬁ (lops kmmma@d Malm,&;ofg%g@, D2y o

(2)(2{;30 e?g \[/ ) ?mhtaayrmgec'ﬁmau(ba wds,prassﬁ%emm 66 p@@(sﬁmkharod)ﬁthylhne and the
err err . ' Wsb | S so | on
cooled to Of erﬁl@éﬁ'ﬂhﬁ?x\%as &ﬁﬁter? grfgrsﬂszgsr hrzse g‘émﬁ ’ano(%g ? of
et hyl ene, and €date (JQInumbers) were ebtainet bubGCanalysisaevepledithe preSereof s. GC
anal ysi s of t h@-bh@e%tmmmr&cf&x% M&t@rﬁﬁfﬂtﬁ@%? MEW%?SM 2P
cross-di ners, g&% es ow) qu%/ﬁh icr | at | ners nunmber
(cross- di nét s) (43®) apgibragg P‘iil( @), A8 YA gerylatehomergtmers ($43%r s: 59%
(MAP), 34% ( br paahedimethil BéxenédiBaE). and 3% (MBP). EXAMPLE 11 ‘A
Fi scher-Porter tube was charged wt hBMMEG nmol ) of
(Cerr]Herr])N PCy[err] (CH[err] CN) + s placed under 1 atm (101.3
kPa) of ethyl ene AAsExlseher ortef tubre Mrag icharged, With @6 (g €0.033 me®Dofol , 1890
equiv.) and 20¢c + gr?;i (5};1 t I
CHerr]d[err ]( N?S ; gﬁlﬁt&%’) ﬁArpé(:( 3 C?)%NI §ai’t§9§§|;ﬂzice e t ube was
then presshdi zéatmo(léia 3;!@’&50’(‘%13916@&)13 alrc keliagupdarcreagts in syled %ﬂr«@@m i on
stirred at 25Cgbfra 5Le7no|2,5 p&der t@@-“%ﬁ‘sap@&ﬁgﬁdefa@ﬁtrémﬂ?t cﬁﬂé&skﬁ"Bi ,O). Ahe
reaction m xt ur reve S r ut traces
of hone- net hyI ak e @P’Eﬁ@a&l@g Iﬂéggéﬂ?‘ 62?29 cPHv i %@22‘? Frérﬂ was as
foll ows: 53% (l:mmd to4r2%’¢ was addestiyith 8%yxingeP)Thednot w84 thed/PRssurizZsdiPLE 12 A,
Fi scher-Porter WQA o
(Jerr]Herr] )Rﬁgi:u;, @%Q@?I er r]%ga?le?%n &éti %urﬂfd % 25|%£%rd under 1
atm 30 Germ é%swypf'émcomc apalysis reaﬁﬁ%mlxtateﬂpﬂla@féd@zp
50 mol , formation of butenes, cross-dimers and homo-methyl acrylate dimers (94%

trans-2-dimethylhexenedioate). In this example, no quantitative data (TO

numbers) were obtained but GC analysis revealed a mixture of cross-dimer

products: M4P (37%), M3P (57%), M2P (1%) and branched cross-dimers (5%).

The conditions and results of the cross-dimerization Examples 1-14 are
summarized below in Tables 1 and 2.

TABLE 1
Reaction of Ethylene with Methyl Acrylate
Example Catalyst
1 (n3-C3Hs)Ni(PCy3)(OEty)*BAr's-
2 as 1
3 as 1
4 (n3-C3Hs)Ni(PCy3)(CH3) + H(OEt;)*BAr'y-
5 as 4 (Et,O solvent)
6 as 4 (CH,Cl, solvent)
7 as 4 (CH,Cl, solvent)
8 (T’]3-C3H5)Ni(cOD)(0E12)+BAI'4‘ +PCys
9 as 8
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2170 equiv) in CHerr]CJ[err] (4.5 mM) cooled to -78C was added with a
syringe. The tube was then pressurized to 67 psia (462 kPa) of .ethylene,
and t he woasge4xiol uti on was stirred at 25C for 15 hrs. GCRGHEESI7/16540
spectroscopi ¢ analysis of the reaction mxture indicates the formation of
but enes, cross-di M@rs and (§5C3;HgWaPGr)@YyCCHgY BAate dimers. In this
exanpl e, no quantjfative dayg (TO nunbers) were obtained but GC analysis
reveal ed the presence of cross-diner products: MP (349, MP (3%, MP
(42% and brancheblzcross-dﬂ%@a&lﬂl‘@@/@rmﬁp%}*w PRAT

PCT/ US97/ 16540 EXMVPLE 13 (R36 cOMtBAL' L WEH-. GO d wth 36 ng
(0.034 nmml ) of (Clerr]H (ﬁ‘; ST %r'ﬁé&-;g%klf nggu?‘g.?%? nmol ) of

P(2- Ove( d er . o mj:) ) : r149'rm(|ﬂ1 3.kPa) of

et hyl ene. A s@9l=itycdohexiy! net hyl acrylate 5 (4.5 mM, 50 mml, 1470 equivV)
in CHerr]d [Elr.=r§(54_1 g;%%f oled to -78[err]C was added with a syringe. The
tube was pressurized t3 38_si a (455 kPa) of ethylene, and the yell ow

sol ution was GODrt é§-eyclasfadient C for 22.5 hrs. In this exanple, no
guantitative data (TO nunbers) were obtai ned but GC anal ysis reveal ed the
presence of 1-butene, and a m xture of cross-diner products: MP (36%, MP
(1%9, M2P 10 (42% and branched (21%, and nethyl acrylate hono-diners
(ca. 73%trans-2-di nmethyl hexenedi oate). EXAMPLE 14 A Fischer-Porter tube
was charged with 26 nmg (0.023 mmol ) of

(derr]Herr])N (PMe[err])(Et[err]O +BAr'4 (Ar' =
3,5-(CF[err])[err]Cerr]Herr]). It was placed under 15 1 atm (101.3
kPa) of ethylene (the nickel conplex reacts in the solid state turning from
a yell ow powder to a "wet" appearance as a result of loss of Et20. A
solution of nethyl acrylate (4.5 m, 50 mmol, 2170 equiv) in CHerr]dJerr]
(4.5 mM) cooled to -78C was added with a syringe. The tube was then
pressurized to 66 psia (455 kPa) of ethylene, and the orange sol ution was
stirred at 25C for 20 17.5 hrs. GC-nmass spectroscopi c anal ysis of the
reaction m xture indicated the formati on of butenes, cross-diners and

honmo- net hyl acrylate diners (94% trans-2-di net hyl hexenedioate). In this
exanple, no quantitative data (TO nunbers) were obtained but GC anal ysis
reveal ed a m xture of cross-dinmer products: MAP (37%, MP (57%, MP (1%
and branched cross-diners (5% . The conditions and results of the
cross-dinerizati on Exanples 1-14 are
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[err])(OEt[err])+BAr' 4- 2 asl 3 as
err])Ni (PCy[err])(CH err]) + H(OEt[err])+BAr'4 5
as 4 (CHerr]dJerr] solvent) 7 as 4

) (CEt[err])+BAr' 4- + PCy[err] 9 as8 15

< ) O A 3 0 i 1 f ) N
[elrr#-C[e"gnr]'H["ér?«]).ﬁi (PG et r]') (NCCH err]) +BAr ' 4-

CHerr]OC[err]H err])[err])(NCCH err])+BAr' 4 13
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68
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1. A U!mclaml““m“lurluulrepar ation of nethyl 4-pentenoate, said process
conprising: (a) contacting ethyk _ Jacrylate in an.ox n-free
and 5 W0 e82¥Ree at nosphere Eﬂﬁ T efice 0f| a ni ckel ?W@ﬁ?’éﬁég&
conpl ex of thg,strugture .[ ONi L] wherein Qis [err]
car bon- based SY‘HSP%F“&%BETHM ed allyl; L[err] is a nonodentate
trisubstituted phosghi né progesadontbp preparationl obmethiyb4{pentendae,RRid process
Rerr]Rerr], . Fﬁ%g‘ each of Rerr], Rerr], and Rerr] is 10
i ndependently a Tinear, Rranched, or cycljc monoval ent, hydrocarhon radi cal
havi ng 1-20 carbon at onfd) ﬁﬁ“i}thc‘t%eeub\flﬁ‘}ﬁ‘g’éhmgtyl _aﬁ‘{ylai%a@f“%@ﬁrf?aﬁferr],
and R err]5 t alkaterifigaitospheainfthe plegerick Bfa nicReMD cahlystmptactfthe a di val ent
radical; L[err] is a[Qﬁgklltﬁjﬁgpohdl nating ligand; X- is a nonreactive anion
that either dSEECHS: ; t ¥ 15  nickel or weakly coordinates
therewith, in the optional Qisepeatendfasel alyl vestbsttutadi dliygnt , wherei n any
liquid mediumthat may be pr | tiidaSqNON-reactive
P 1 §o& HonBaerflats %s\ﬁﬁmtmﬁg Pﬂf#g?{ﬁ% e{lpéaag? e of

under the conditions of this process and Is eilt .
coor di nati ng Wepresepted by theformula R iRaR 3¢ wherginrech A ReHx @l Ra:is and 20

(b) recovyyi NnghdePendentidlQ lin€@AS biaQbhdd; Bfkiklic B{dhd?ﬂ&ﬁ ﬂr&ﬁb@nﬁﬁcﬁéﬁssi h2|-
step o y

The process o ai further ingluding.th eparat i

X pent onoat o PFORE 1129 e bRAPESCPIR: et et et a5 g 36 D Rocknddeoikes 2 m 1
wher ei n L[ er r jogethes ehreformch fimgyrim trhichgaseigach 5s a divalesi mtlicaly of
tricycl ohexyl phosphi ne, tri ' : i phenyl - phosphi ne. 4.

The process of daim1l mﬁﬁ?ﬁf@g?gg‘ig&‘ggﬂg?‘gm t he group consisting of
di et hyl ether, tetrahydrof & &ha neieaciive eaign th4t eisherzloes naticeopdinpte withof C ai m

[18\(/\2er5ei( &5;( h]ﬁ;)k[gp(grai;%[qt@ éd(ﬁaghg@gﬂﬁ;&qg, 30 dconsi sti ngFof | A

, 5- err err err err].)[err]]- a err.] F[er err]]-. 6.
The process of Caim1 whi l‘h&‘iesol’bé'wipé%f];%‘i?t"r}éﬁ[’g'gg‘&@hpé" Wﬁ’gﬁh}aﬂ%spheri c
to 689.5 kPa Hgdidahediutnethgianasyt bey presdnt 8§ ®soly€nt bodil@t & onGeactive undethpr ocess
of Claim6 whj ' A pre 5.1 0. 370, nd at a
tenperature o%: g@{@%sc%as%g%&yg ar?&_lsglt%r @&%}? aFgéeo%?)ggdé}slés{m%f&gg gilégal&v\he' rein
t he ni ckel caisawsakly peordisiating dgrewithnapthe group consisting of:

([err]-Cmyr]Herr])Ni( gg&&b%ﬂé%ﬁé cRide lrdacBh pfbduct produced by said
([err]-C[err]g{oecre;J.)Nl ( [err])(NCCH err]) +BAr' 4-;

2.  The process of Claim 1 further including the step of separating

methyl 4-pentenoate from the crude reaction product.
3.  The process of Claim 1 wherein L is selected from the group
25  consisting of tricyclohexylphosphine, trimethylphosphine, and triphenyl-
phosphine.
4,  The process of Claim 1 wherein L, is selected from the group
consisting of diethyl ether, tetrahydrofuran, and acetonitrile.
5.  The process of Claim 1 wherein X- is selected from the group
30 consisting of [B(3,5-(CF3),CgHj3)4)- and [B(CgF5)4]".
6.  The process of Claim 1 which is carried out at a pressure from
atmospheric to about 689.5 kPa and at a temperature of about 0°C to 100°C.
7.  The process of Claim 6 which is carried out at a pressure of about
96.5 to 379.2 kPa and at a temperature of about 15 to 60°C.
35 8.  The process of Claim 1 wherein the nickel catalyst is selected from
the group consisting of:
(n3-C3H5)Ni(PCy3)(OEty)-BAr's-;
(n3-C3Hs)Ni(PCy3)(NCCH;3)*BAr'y;
(n3-C3Hs)Ni(P(2-CH30CgH,4);)INCCH3)*BAr's; and
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([err]-C3H5)Ni(P(2-Cm[| Hﬂl H ﬂW r])[err])(NCCH err])+BAr' 4-; and 18

e ; OFt ' BAr' 4-,
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Claim1l wherein the ni cW_Cgﬁgﬂimtﬁ3§3)t@ﬁmm4_,si tu and is selected from
5

th i sti f!
([2r ?]r f)uC[IOe(r:?]nSHI[ Zr Ir ]n)gNiO( piberechs is 13 TLFEDe Lo, andcEy pssviclobeayk | +BAr ' [err] ;
([err]-Cerr]Herr] pN ( PaDprddles of-Claim PeyHerdit ie @BKEI catalyst is formed in siru
62 byl onexpd isgleoteigmag fhédratn fansisfAEaer 1| iy orr]. | and D00 = 1
, 5-cycl oo adi ene. 10 (n3—C3H5)MG?Cy3Wﬁr*oH@EtZQﬁB@fai;m 8 wherein the
ni ckel catalyst is [er rmﬁﬁﬁswgéﬁbb;%%.g%w);] t[err])+BAr' 4. 11.

S ot in

The process of Caim1l arrrfe >solvent. 12. The process

of daim 11 wherein the(%io&vgﬂlm(@o@a"ﬂﬁfdﬁi R(2EHaACeHalst vent . 15

13.  The process of O aiyRede?CyasgiohekyICARPI NE(CFDLOFNALS 28PLOTNE i S
sel ected frongthe 9rOJ .consisting of nmonochl orobenzene, o-dichl orobenzene
I

met hyl ene chl bor¥E100§la9i901 et her, and tetrahydrofuran. 14. The process of
Claim 13 Mhi ch is daxri &te prdcessofiCleina8rdeptie tie mitkabicatalygeis. 20 19

13-C3Hs)Ni(PCy3)(OEty)+BAr'y~.
11.  The process of Claim 1 which is carried out in a solvent.
12.  The process of Claim 11 wherein the solvent is an aprotic organic

solvent.
15 13.  The process of Claim 12 wherein the aprotic organic solvent is
selected from the group consisting of monochlorobenzene, o-dichlorobenzene
methylene chloride, diethyl ether, and tetrahydrofuran.
14.  The process of Claim 13 which is carried out in the atmosphere of -~
nitrogen.
20
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