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Abstract: The reactions of a series of Pd(Il) methyl compounds of general formula LPd(NCCH3)CHj3, where
L is a bulky phenoxydiazene or phenoxyaldimine ligand with the polar olefin acrylonitrile (AN), are reported.
The compounds react with an excess of AN to give the products of 2,1 insertion into the Pd—Me bond,
yielding dimers and/or trimers which feature bridging a-cyano groups. The reactions were studied by low
temperature 'H NMR spectroscopy, revealing an initial formation of compounds featuring N-bound AN,
which isomerized to an (unobserved) z-bound species that rapidly underwent 2,1 insertion into the Pd—
Me bond. Intermediate oligomeric complexes retaining a Pd—Me function were observed at low [AN] in
these reactions. Under pseudo first-order conditions, kops values of 8.5 x 107510 2.68 x 103 M~! (=22 °C
to 10 °C, 100 equiv of AN) and activation parameters of AH* = 14.4(5) kcal mol~* and AS* = —19(5) eu
were obtained in one case. Comparison of the overall rates of insertion between two LPd(NCCH3)CH,
differing in the overall charge on the supporting ligand L, showed that the complex bearing a negatively
charged ligand reacts with AN twice as fast as one with no anionic charge. The rates of insertion in both
of these complexes are significantly faster than reported rates for analogous reactions in cationic Pd(ll)
derivatives, indicating that increasing the negative charge on the complex enhances the rate of AN insertion.
These results provide fundamental mechanistic insights into a crucial reaction for incorporation of polar
comonomers into alpha olefins via a coordination polymerization mechanism.

insertion mechanisrhdirect evidence for this is rare and some
of these examplésinvolve monomers in which the polar
function is relatively far-removed from the olefinic locus of
insertion. Polar monomers such as acrylates or vinyl halides,
in which the polar group is directly bonded to the olefinic moiety
to be inserted, are the most desirable polar monomers but
provide several challenges to be overcome if a coordination
insertion process is to be viable (Scheme 1). The first obstacle
involves the preference of binding for the substrate; for olefin
insertion to take place, it is clear that the olefinic moiety must
bind at some point to the metal center. Since the catalysts for
olefin polymerization are generally electrophilic in nature, there
is a tendency for polar monomers to preferentially bind the metal

Introduction

While tremendous success in the controlled polymerization
of aliphatic olefins by homogeneous, single-site catalysts has.
been attained in the past 15 yearthe development of
organotransition metal compounds capable of incorporating
comonomers with polar functions remains a significant challenge
in polymerization catalysisCurrently, polymers or copolymers
integrating polar monomers are prepared via relatively uncon-
trollable radical or anionic initiation polymerization proceses.
While polymers that incorporate polar groups have useful
properties, it is likely that even more functional materials could
be discovered if the stereo and regiocontrol bestowed by single.
site cata_llysts could be deployed in an effective coordination through the polar function in & bonding mode. Thus, there
polymerization process for these monomers.

. must at least be an equilibration to théound form involving

While there have been some late metal based catalysts tha

tedlv able to i ‘ | > the olefin function, if not a clear preference forbonding, in
are reportedly able 10 Incorporate polar MONOMErs via an , ey for insertion to take place at appropriate rates. Assuming

a w bound complex from which insertion can take place is
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accessible, the next challenge involves control of the regio-
chemistry of insertion. Vinyl monomers with polar groups
generally exhibit a tendency to undergo kinetic 2,1 insertion,
since the polarity of the 4-centered transition state disfavors
electron withdrawing groups in thg position® These 2,1
products, however, may undergo isomerization to the 1,2 isomer
with the polar group now on thg carbon and facilgs-PG
elimination processes often enstfepoisoning the catalyst
toward further reactivity. In other instances, the polar group
simply forms a stable chelate to the metal from fheosition,
blocking the vacant coordination site necessary to take up further
equivalents of monomer. In yet another scenario, the polar group
can facilitate oligomerization of catalyst sites by binding to the
vacant site of a separate catalyst molecule. All of these
proclivities have a tendency to preclude further steps in a
polymerization reaction. Finally, even if one can design a
catalyst that effectively binds the polar monomer through the
olefin and regioselectively inserts the monomer to an alkyl with
an a polar group that is relatively stable toward isomerization
or oligomerization processes, a final challenge is likely to be
encountered. The electron withdrawing nature of the polar group
tends to raise the barrier toward its migration to a coordinated
olefin since it is significantly less nucleophilic than an unfunc-
tionalized alkyl ligand. Thus, while it may be possible to exert
some control on the insertion of the polar comonomer into@®/
bonds, subsequent insertions of aliphatic olefins or polar
comonomers may be prohibited by the presence of the polar
substituents, even if it is nonchelating.

(6) Doherty, N. M.; Bercaw, J. EJ. Am. Chem. Sod 985 107, 2670. (b)
Burger, B. J.; Santar5|ero B. D.; Trimmer, M. S.; Bercaw, JJEAmM.
Chem. 8001988 110 3134. (c) Burger B. J.; Thompson M. E.; Cotter,
W. D.; Bercaw, J. EJ. Am. Chem. S0d.99Q 112, 1566. (d) Halpern, J.;
Okamoto, T.Inorg. Chim. Actal984 89, L53.

Early metals: (a) Stockland Jr., R. A.; Jordan, RJFAm. Chem. Soc.
200Q 122 6315. (b) Shen, H.; Jordan, R. ®Brganometallics2003 22,
2080. (c) Stockland Jr., R. A,; Foley, S. R.; Jordan, RJFAm. Chem.
So0c.2003 125, 796. (d) Strazisar, S. A.; Wolczanski, P.J.Am. Chem.
Soc.2001, 123 4728. (e) Kraft, B. M.; Jones, W. OJ. Am. Chem. Soc.
2002 124, 8681. (f) Clot, E.; Megret, C.; Kraft, B. M.; Eisenstein, O.;
Jones, W. DJ. Am. Chem. So2004 126, 5647.

Late metals: (a) Shen, H.; Jordan, R(fganometallic2003 22, 1878.
(b) Foley, S. R.; Stockland Jr., R. A. Shen, H.; Jordan, R. Am. Chem.
Soc.2003 125, 4350.

Intermediates in Scheme 1 that contgihydrogens could also potentially
undergqg3-hydrogen elimination, forming Heck-type products; for simplicity
(and because this chemistry is unobserved in the systems presented herein
these reactions are not depicted in Scheme 1.
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Acrylonitrile (AN) is a particularly challenging polar comono-
mer given its high tendency to polymerize via radi€abr
anionid?! processes. Indeed, there are several transition metal
complexes that have been reported to be active for the
polymerization of AN!2 but in only a handful of cases has the
mode of polymerization been elucidated. In these cases,
anionid?® or radicat* mechanisms have been shown to be
operative, while some reports invoke enchainment via a group
transfer mechanisi®. Furthermore, the nitrile function is a
relatively good donor and though complexes of AN exhibiting
bonding via the olefinict electrons are know#, N-bound
isomers are energetically competitive, particularly for hard
metals. Little is known regarding the barrier to isomerization
between N-bound and-bound’ AN isomers!® and when
N-bound complexes dominate, insertion is preclutfedihen
sz bonding is accessible, kinetically or thermodynamically,
products consistent with 2,1 AN insertion into-\2° or M—C?!
bonds have led authors to invoke this as a mechanistic possibility
but direct observation of these reactions has not, to our
knowledge, been reported.

While suitable catalysts for AN enchainment via a coordi-
native mechanism are currently not known, computational
investigation® point to certain key characteristics one might
expect in a candidate catalyst. To encourageb@anding mode
involving the olefinic function of the monomer, softer late
transition metal-based catalysts would be more effective than
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32, 6431. (b) Barboiu, B.; Percec, Wlacromolecule001, 34, 8626. (c)
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Mayadunne, R. T. A.; Meijs, G. F.; Moad, C. L.; Moad, G.; Rizzardo, E.;

Thang, S. HMacromolecule4998 31, 5559. (d) Benoit, D.; Chaplinski,

V.; Braslau, R.; Hawker, C. . Am. Chem. S0d.999 121, 3904.

Ono, H.; Hisatani, K.; Kamide, KPolym. J.1993 25, 245. (b) Kamide,

K.; Ono, H.; Hisatani, K.Polymer J.1992 24, 930. (c) Feit, B.-A,;

Mirelman, D.; Zilkha, A.J. Appl. Polymer Scil965 9, 2459. (d) Feit,

B.-A.; Mirelman, D.; Katz, Y.; Zilkha, A.J. Appl. Polymer Scil965 9,

2475. (e) Jaacks, V.; Eisenbach, C. D.; Kern,Makromol. Chem1972
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1974 175 1329.
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Chem.1993 194, 1445.

(13) See Schaper, F.; Foley, S. R.; Jordan, Rl.Am. Chem. So2004 126,
2114, and refs 810 therein.

(14) Milan, B.; Stabon, E.; Zangrando, E.; Mestroni, G.; Sommazzi, A.; Zannoni,
C. Inorg. Chim. Acta2003 349, 209. (b) Matyjaszewski, K.; Jo, S. M.;
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K.; Daniels, J. A.; Jennings, J. Roord. Chem. R£1982 44, 149,
a7 Throughout, the termz-bound” refers to AN bonded via the olefinic
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the harder early metal systems known to polymerize olefins. H DA H
Indeed, it is well-recognized that late metal catalysts, such as igand ¢ r& ?? 2. 18-crown-6
Brookhart’s cationic diimine nickel and palladium catalysts, BF3--"'*6"'f‘o] B(OH),
or Grubbs’ neutral salicylaldiminato nickel catalyst$(Chart 0~
1), offer significantly greater “functional group tolerance” than kou [__ ’)(( ;:('

do, for example, the cationic group 4 metallocenium family of

catalysts. In comparing the Brookhart and Grubbs classes Ofbutyl grouportho to the phenoxy donor, to provide a poly-
catalysts, Deubel and Ziegler have shown that the catalystsmerization-relevant environment for this model study. We find
incorporating the second row metal palladium actually favor  hat 2,1 insertion of AN in these complexes is facile and present
bonding over bonding for AN since the greater separation in - resyits that corroborate some of the predictions of theory, but
the nsip andnd levels @ = 4,5) allows for more effective 4t the same time underscore that some of the problems presented
back-bonding to the AN than in the nickel compounds where  jy Scheme 1 are significant. The computational results men-
= 322 Furthermore, since the N-boundbinding mode has a  {ioned above notwithstanding, Jordan and co-workers have found
strong electrostatic component, the cationic Brookhart catalyststat several cationic Pd methyl complexes also undergo these
more strongly favor this detrimental bonding mode than the reactions, indicating thatr-bound AN complexes are also
neutral Grubbs systend& In fact, it was shown that for the Pd  5ccessible in these systems, although the N-bound isomers
salicylaldiminato catalystsz bonding is expected to be the  gominate as determined by spectroscopic methods. Their results

favored mode of bonding for AN. The calculations also show gre described in a companion paS@nd comparisons are made
that, for thesr bound isomer of the AN complex, the barrier to  \yhen appropriate.

insertion into an M-C bond is comparable to that found for

ethylene, suggesting that the insertion of AN might be experi- Results and Discussion

mentally observable in such systefs. Ligand and Palladium Complex SynthesesThe bulky
Given the above discussion, we have targeted neutral pal-diazené’ (a series) and salicylaldimingt*28(b series) ligands

ladium Complexes inCOprI’ating bU”(y Sa|i0y|a|diminat0 donors were prepared according to literature procedures using the

and closely related ligands incorporating a diazene function gppropriate amine/aldehyde or phenol/diazonium salt precursors

(Chart 1) as good candidates for studying AN insertion into and converted to their alkali metal salts using standard reagents

metal alkyl bonds. Furthermore, extending the idea that neutral and procedures. The synthesis of the salicylaldiminato ligand

catalysts are more likely to engagezirbonding than cationic ¢, bearing an anionic group, is outlined in Scheme 2. Bromi-

derivatives, we have developed a negatively chaeetsion nation of 3tert-butyl-2-hydroxy-benzaldehyéin the para

of the Grubbs Salicylaldiminato |Igand framework to compare position was accomp”shed usingzmand the crude solid was

with the neutral versions. These ligands use established motifsreacted with 2,6-diisopropylaniline in methanol to prepare the

for engendering polymerization activity, such as the 2,6- prominated salicylaldimine in 54% vyield. Protection of the

diisopropy! aryl substituent on the imine nitrogen, anted- phenolic group with a trimethylsilyl group via deprotonation
with NaH an nching with CISi ve the silyl ether
(23) Wang, C.; Friedrich, S.; Younkin, T. R.; Li, R. T.; Grubbs, R. H.; Bansleben, ari a .d .que ¢ . 9 . .C S Mega ethe s y ether as
D. A.; Day, M. W. Organometallics1998 17, 3149. (b) Connor, E. F.: a yellow solid in quantitative yield after evaporation of all the
Younkin, T. R.; Henderson, J. I.; Waltman, A. W.; Grubbs, R Ghem. volatiles. The anionic BEgroup was installed using a procedure

(24) Trabition of sther 1 i recently reported by Flm3! involving lithium—halogen ex-
polar monomers into PdH; bonds have been y rep Yy ) g g
gbserved: seerefs 4;‘64(2%8‘2"152“1912'(’)\% Sen, A.; Zakharov, L.; Rheingold, change by reaction with one equivalentreBulLi in cold THF
(25) The use of ligands with discrete negative charges has been shown to impart(—78 °C, yellow solution) followed by quenching with an excess
novel reactivity in several recent studies: (a) Komon, Z. J. A;; Bu, X;; ; ;
Bazan, G. CJ. Am. Chem. S02000 122 1830, (b) Komon, Z. J. A.; BU, of B(OMe); and letting the mixture warm to room temperature
X.; Bazan, G. CJ. Am. Chem. So200Q 122 12379. (c) Lee, B.-Y.;

Bazan, G. C.; Vela, J.; Komon, Z. J. A.; Bu, ¥. Am. Chem. So2001, (26) Wu, F.; Foley, S. R.; Burns, C. T.; Jordan, RJFAm. Chem. So2005

123 5352. (d) Kim, Y. H.; Kim, T. H.; Lee, B.-Y.; Woodmansee, D.; Bu, 127 1841.

X.; Bazan, G. COrganometallic2002 21, 3082. (e) Lee, B. Y.; Bu, X,; (27) Schialer, D. L.; Keim, W.; Zuideveld, M. A.; Mecking, $4acromolecules
Bazan, G. COrganometallics2001, 20, 5425. (f) Stradiotto, M.; Cipot, 2002 35, 6071. See also (b) Hashida, Y.; Landells, R. G. M.; Lewis, G.
J.; McDonald, R.;J. Am. Chem. So2003 125 5618. (g) Cipot, J.; E.; Szele, I.; Zollinger, HJ. Am. Chem. Sod 978 100, 2816. (c) von
Wechsler, D.; Stradiotto, M.; McDonald, R.; Ferguson, MOdganome- Laali, K.; Szele, I.; Zollinger, HHelv. Chim. Actal983 66, 1737.

tallics 2003 22, 5185. (h) Thomas, J. C.; Peters, JJCAm. Chem. Soc. (28) Hofslokken, N. U.; Skattebol, lLActa Chem. Scand.999 53, 258.

2001, 123 5100. (i) Lu, C. C.; Peters, J. G. Am. Chem. So002 124, (29) Verner, E.; Katz, B. A.; Spencer, J. R.; Allen, D.; Hataye, J.; Hruzewicz,
5272. (j) Thomas, J. C.; Peters, J.LAm. Chem. So003 125, 8870. W.; Hui, H. C.; Kolesnikov, A.; Li, Y.; Luong, C.; Martelli, A.; Radika,
(k) Held, A.; Mecking, S.Chem.-Eur. J200Q 6, 4623. (I) Bauers, F. M,; K.; Rai, R.; She, M.; Shrader, W.; Sprengeler, P. A.; Trapp, S.; Wang, J.;
Mecking, S.Macromolecule®001, 34, 1165. (m) Soula, R.; Broyer, J. P.; Young, W. B.; Mackman, R. LJ. Med. Chem2001, 44, 2753.

Llauro, M. F.; Tomov, A.; Spitz, R.; Claverie, J.; Drujon, X.; Malinge, J.; (30) Adapted from a procedure given in Podall H. E.; Foster, WJ.EOrg.
Saudemont, TMacromolecule®001, 34, 2438. (n) Soula, R.; Novat, C.; Chem.1958 23, 280.

Tomov, A.; Spitz, R.; Claverie, J.; Drujon, X.; Malinge, J.; Saudemont, T.  (31) Frthn, H.-J.; Franke, H.; Fritzen, P.; Bardin, V. ¥. Organomet. Chem.
Macromolecule001, 34, 2022. 200Q 598 127.
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Figure 1. Crystalmaker diagram of the structure of the phenolic form of
borate functionalized ligand. Selected bond distances (A): CED(1),
1.360(2); C(11)-N(1), 1.280(2); C(4)-B(1), 1.601(3); B(1)-F(1), 1.402(2);
B(1)—F(2), 1.426(3); B(1)F(3), 1.403(2); F(1}K(1), 3.1533(15); F(2)
K(1), 2.6570(13); F(3yK(1), 4.376. Selected bond angles (deg): ©(1)
C(1)—C(2), 119.84(14); C(1)C(2)—C(11), 121.16(16); C(2)C(11)-N(1),
122.67(15); C(11yN(1)—C(12), 122.08(14). Selected torsion angles
(deg): O(1)-C(1)—C(2)—C(11), 0.2(2); C(1yC(2)—C(11)-N(1), —3.4(3);
C(11)-N(1)—C(12-C(13),~79.2(2); C(11}N(1)—C(12)-C(17),—106.59(19).

(almost colorless). Addition of water immediately formed the
boronic acid and hydrolyzed the-€5i bond. The crude product

reaction of alkali metal salts of the ligands and (COD)Pd(CI)-
Me®? as shown in Scheme 3. Acetonitrile was condensems(

°C) onto a mixture of the deprotonated ligand and one equivalent
of (COD)Pd(Cl)Me. After the solution was warmed to room
temperature and stirred for a few hours, filtration gave a clear,
bright yellow solution from which pure compoun@isNCCHj3
were isolated as light yellow solids after removal of the solvent
in vacua The main difference between the neutral complexes
1la,b-NCCHs; and the anioniclc-NCCHg is their solubility
properties,1a,b-NCCH; being completely soluble in hexanes,
while 1c-NCCHz needing more polar solvents to dissolve.
Compoundsl-NCCHg are stable as solids when stored under
inert atmosphere and low temperature, but exhibit a tendency

was dissolved in methanol whereupon treatment with an aqueoud® decompose at room temperature in solvents other than

solution of KHF, converted the boronic acid to the potassium
trifluoroborate salt, which was recrystallized from an acetone/
pentane solution and isolated in 56% yield. Stirring equimolar
mixtures of the ligand and 18-crown-6 in toluene for 24 h
followed by removal of the volatiles yielded pure [K-18-Crown-
6][4-BFs-t-BuG(OH)] as a beige solid. It was then deprotonated
with 1.2 equivalent of K&Bu in a CHCN solution at room

temperature. The ligand and all the intermediates were com-

acetonitrile, depositing Pd(0). Typically, solutions of compounds
1-NCCHj3 were kept at-78 °C and NMR spectra measured at
—20 °C to prevent decomposition. TH&l NMR signals for

the isopropyl group, as well as the-Phlle moiety provide good
spectroscopic handles to confirm the preparation of the com-
plexes. When the ligands are not coordinated to the metal center,
only one doublet is observed for the CH{g),; upon coordina-

tion to the Pd, the rotation of the aryl group is hindered and

pletely characterized by NMR spectroscopy, elemental analysistWO separate doublets are observed. The signals for the Pd

and in the case of the proteo ligandX = H, Scheme 2) by
X-ray diffraction studies.

The molecular structure of the proteo ligaads shown in
Figure 1; benzene molecules (1.5) and water cocrystallized with

CHj3 group are found characteristically at higher field at 0.0
and—0.1 ppm forla,b-NCCHj, respectively and slightly further
upfield at—0.22 ppm for anioniclc-NCCHa. In nOe experi-
ments, enhancement in the aryl isopropyl methines was observed

in the centro-symmetric P-1 space group. The structure shows that/Pon irradiation of the palladium methyl group, while no

the potassium cation is strongly bonded by the six oxygens of

enhancement in theert-butyl group was seen. This indicates

the crown ether (average+O distance: 2.87(7) A) and a water that in these cqmpounds the demethyl occupigs the site trgns
molecule). A fluorine atom (F2) also comes to close contact ©© the phenoxide oxygen. Assignment of this structure is
with the potassium (K F2 distance: 2.6570(13) A) while the consistent with th_e results of Z|eg_ler and cq-workers, who have
two other fluorine atoms are much further away (more than 3.15 Shown computationally that the isomer with Me trans to the
R). As a result, bororfluorine distances are not equivalent, Phenoxide is the most stable isomer.
B1—F2 distance being elongated (BE2: 1.426 A> B1-F1 Crystallographic analysis of the structureslafNCCH; and
~ B1—F3: 1.402 A). Metrical parameters in the rest of the 1b-NCCHsconfirm that the methyl groups occupy the position
structure are normal. The diisopropylphenyl group is roughly trans to the phenoxy donor in these compounds. Blih
perpendicular to the phenolic group and the acidic proton of NCCHs and 1b-NCCHj; crystallize with two independent
the phenol function is oriented toward the nitrogen of the imine.
Palladium methyl complexes incorporating these ligands and
stabilized by coordinated acetonitrile can be prepared via

(32) Preparation of (COD)Pd(Me)Cl: "R, R. E.; Ernsting, J. M.; Spek, A.
L.; Elsevier: C. J.; van Leeuwen, P. W. N. M.; Vrieze, IKorg. Chem.
1993 32, 5769.
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Table 1. Selected Bond Distances (A) and Angles (deg) of 1a-NCCHs and 1b-NCCH3

parameter 1a-NCCH; parameter 1b-NCCH,
Pd(1)-C(27) 2.021(4) PA(BC(L) 2.004(5)
Pd(1)-N(1) 1.978(3) Pd(LyN(1) 2.013(3)
Pd(1)-0(1) 2.050(3) Pd(H0O(1) 2.062(3)
Pd(1)-N(3) 2.018(4) PA(LIN(2) 2.001(4)
N(2)—N(1) 1.285(4) C(8)yN(1) 1.292(6)
N(3)—C(28) 1.136(5) N(2)-C(25) 1.132(6)
O(1)-Pd(1)-N(1) 90.36(12) O(1)Pd(1)-N(1) 91.66(13)
N(1)—Pd(1)-C(27) 95.47(17) N(LyPd(1)}-C(1) 93.40(18)
C(27y-Pd(1)-N(3) 88.88(17) C(1yPd(1-N(2) 87.92(19)
N(3)—Pd(1)-0(1) 85.60(13) N(2)Pd(1)-0(1) 87.19(14)
O(1)—Pd(1)y-C(27) 173.03(17) O(HPd(1)y-C(1) 173.98(18)
N(1)—Pd(1)-N(3) 173.92(14) N(L}Pd(1)-N(2) 176.92(15)
Pd(1)-0O(1)—-C(2) 125.9(2) Pd(H0O(1)-C(2) 127.7(3)
O(1)-C(1)-C(2) 123.4(3) O(1rC(2)-C(7) 122.4(4)
C(1)-C(2)—N(2) 127.1(4) C(2)y-C(7)-C(8) 124.3(4)
C(2)—-N(2)—N(1) 124.6(3) C(7-C(8)—N(1) 130.5(4)
N(2)—N(1)—Pd(1) 127.2(3) C(8YN(1)—Pd(1) 122.6(3)
Pd(1)-N(1)—C(15)-C(16) —82.9(4) Pd(1)N(1)—C(13)-C(14) 78.6(4)
Pd(1)-N(1)—C(15)-C(20) 96.0(4) Pd(EyN(1)—C(13)-C(18) —99.2(4)
N(2)—N(1)~C(15)-C(16) 92.6(4) C(8YN(1)—C(13)-C(14) —98.4(5)
N(2)—N(1)—C(15)-C(20) —88.5(5) C(8)y-N(1)—C(13)-C(18) 83.7(5)

T

Figure 2. Crystalmaker diagram of the structurela-NCCHjz. See Table
1 for selected metrical data.

c1 ~ N
c2
o1
Pd1
m: c2
Cc28

7

Figure 3. Crystalmaker diagram of the structureldf-NCCHs. See Table
1 for selected metrical data.

molecules in the unit cell, along with solvents of crystallization,
but the metrical parameters within the two molecules do not
differ significantly. Figure 2 shows the structurel#-NCCHj,
while Figure 3 shows that o1b-NCCHg; Table 1 gives a
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Figure 4. Crystalmaker diagram of the structurelaf-PMe;. See Table 2
for selected metrical data.
marginally better donor; corresponding increases in the Pd
CHs and P&-NCCH; distances are observed.
Ligand substitution reactions using PMe& CO occur rapidly
to produce the complexdsL; in the case of CO, insertion to
form the acyl complexe2-CO is facile. The phosphine
complexes were fully characterized for identification purposes
in experiments described below and are generally much more
stable than the acetonitrile adducts toward deposition of Pd(0)
in solution. In addition to characteristic resonances in'tie
NMR spectra, they exhibit peaks in tF#> NMR spectra in the
regions around-3 ppm for L= PMe;. The X-ray structure of
complexlc-PMe; was obtained and demonstrates that the ligand
comparison of selected metrical parameters for the two relatedbearing the anionic borate center coordinates the Pd similarly
compounds. For both, the coordination environment around theto the parent ligand; the molecular structure is shown in Figure
Pd center is square planar with minimal distortion, the largest 4, while pertinent metrical data are given in Table 2. Aside from
angle being the N(t)Pd—CHjs angle due to the sterically bulky
N-aryl group. The P¢O and Pd&N bonds are slightly shorter
in the diazene compleka-NCCHpg, indicating this ligand is a

the presence of the-BF3K(18-crown-6) moiety and the
substitution of CHCN for PMe;, the structure is geometrically
identical and metrically quite similar to that observed fdr-
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Table 2. Selected Bond Distances (A) and Angles (deg) of Scheme 4
1c-PMes U A
O/ \N/
parameter 1c-PMe; N |
Pd(1)-C(1) 2.041(5) + Lo g ©
Pd(1)-N(1) 2.093(3) /4©/ = "CH,
Pd(1)-0(1) 2.097(3) R
Pd(1)-P(1) 2.2273(13) oN
C(8)—N(1) 1.296(5) ‘ —/ neat
C(5)-B(1) 1.602(7)
B(1)—F(1) 1.412(7)
B(1)—F(2) 1.386(8)
B(1)—F(3) 1.387(7)
K(1)—F(1) 2.716(3)
K(1)—F(2) 2.905(4)
K(1)—F(3) 3.125(4)
O(1)—Pd(1)-N(1) 89.27(13)
N(1)—Pd(1)-C(1) 92.36(17) 1a-NCCH; 3a
C(1)-Pd(1)-P(1) 85.41(15) 1b-NCCH, o } h=2.3
P(1-Pd(1)-0(1) 93.07(9) 1¢-NCCH3 3¢
O(1)-Pd(1)-C(1) 177.08(19)
N(1)—Pd(1)-P(1) 176.50(11) A
Pd(1)-0(1)-C(2) 129.0(3) =N SR
O(1)-C(2)—C(7) 122.5(4) O,Pd\ SN
C(2)—C(7)-C(8) 125.0(4) 3a ppth L
C(7)-C(8)-N(1) 130.4(4) 3b-Pie,
C(8)-N(1)—Pd(1) 122.9(3) 3c-PMe;
Pd(1)-N(1)—C(13)-C(14) —99.7(4)
Pd(1)-N(1)—C(13)-C(18) 79.9(5) o . .
C(8)~N(1)—C(13)-C(14) 79.5(5) the lithium salt of the ligand and (COD)Pd(Cl)Me using AN as
C(8)~N(1)—C(13)-C(18) —100.9(5) the solvent (Scheme 4). These observations all suggest that the

NCCH3 (Figure 3). Slight elongation of the P&, N and O
bonds is observed itc-PMe;, but this may be due to the greater
steric presence of the PMégand in comparison to the more
rodlike acetonitrile donor rather than any electronic perturbation
caused by the anionic substituent.

The carbonyl derivatives were prepared to acquire a quantita-
tive measure of the effect of the ligand on th&ack-donating
capacity of the palladium center. The reactions were monitored
by IH NMR spectroscopy, which showed that compouhds-

CO rapidly formed at low temperature and then more slowly
converted to the acyl carbonyl compouRdver the course of

a few hours. Carbonyl stretching frequencies for the coordinated
CO ligand in compound&-CO were 2088 cm! for 2b-CO

and 2085 cm! for anionic compoun®c-CO. A comparison
between the latter two indicates that the effect of the anionic
BF3; group on the electron density at Pd is not profound, but

measurable. In comparison to cationic Pd complexes incorporat-
ing a hard NN donor set, these compounds are considerably

more electron rich, sinceco values 0f~2120-2130 cnt! are
observed in the cationic systeffs’3

Insertion of Acrylonitrile Into Pd —Me Bonds The aceto-
nitrile adducts of compoundkall react with an excess of pure,
dry AN to afford products that were determined to be oligomers
of the product of 2,1 insertion in which tlecyano alkyl group

coordinates to the Pd center of another molecule (Scheme 4).

In NMR tube reactions, free acetonitrile was apparent in the
medium. Reactions were carried out in THF at room temperature
and the products were isolated via evaporation of the volatiles
and washed before analysis by NMR spectroscopy and mas
spectrometry. Alternatively, the oligomeric product mixture

containing the diazene ligaradcould be generated directly from

(33) Carfagna, C.; Gatti, G.; Martini, D.; Pettinari, Organometallics2001,
20, 2175. (b) Carfagna, C.; Formica, M.; Gatti, G.; Musco, A.; Pierleoni,
A. Chem. Communl1998 1113. (c) Binotti, B.; Carfagna, C.; Gatti, G.;
Martini, D.; Mosca, L.; Pettinari, COrganometallics2003 22, 1115.

o-cyano group is a stronger Lewis base than the free nitrile
groups present, enthalpically favoring oligomerization.

While sparingly soluble in aromatic solvents, the products
of these reactions were soluble in chlorinated solvents such as
methylene chloride. ThéH NMR spectra, however, were
exceedingly complex due to the presence of both dimers and
trimers (and possibly higher oligomers), each with the potential
to consist of a mixture of diastereomers given thatdhgyano
carbon is chiral. Similar diastereomeric mixtures for dimers of
chiral a-cyano Pd alkyls have been observed previo&sly.

The features of the spectra for the neutral compodadand
3b were quite similar, particularly in the region associated with
the isopropyl methine resonances, suggesting a similar constitu-
tion for these mixtures. In thtH NMR spectrum of salicyla-
I[diminato derivative3b, the region associated with the aldimine
proton (~7.5 ppm) is quite informative. Five singlets are evident,

a 1:1:1 group of three and another 1:1 group of two at
approximately half the intensity of the first group. We tentatively
assign the less intense pair to a 1:1 mixture of syn and anti
dimers. In the case of a trimeric structure, because of the
identical constitution of the three chiral centers, there are only
two diastereomeric pairs of enantiomers possible, one in which
the relative stereochemistry for each center is the same, and
one in which two are the same and one is opposing. In the
former (RRR/SSS), &3 axis exchanges the homotopic ligand
environments and one singlet for the aldimine proton would be
expected in théH NMR spectrum. In the RRS/SSR péhr,
however, the Pd centers cannot be exchanged by any symmetry
operation and so three aldimine resonances in a 1:1:1 ratio is
expected. Since this is what is observed, it appears that trimer

Sformation in these systems is diastereoselective for this pair of

enantiomers. Interestingly, thel NMR spectrum for the anionic
compoundcwas somewhat simplified, and only two prominent

(34) Ruiz, J.; Rodriguez, V.; Lopez, G.; Casabo, J.; Molins, E.; Miravitlles, C.
Organometallics1999 18, 1177.
(35) This diastereomer is identical to the RSR/SRS and SSR/RSS pairs.
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Figure 5. Left: experimental and simulated FD mass spectrunBaf
(PdiCaoH12dN90O3) Right: experimental and simulated ESI mass spectrum
of dimeric 3c (szC54H7QN40282F6K).

aldimine peaks in an approximately 1:1 ratio were observed,
suggesting that two diastereomeric dimers dominate the solution
chemistry of this species.

The NMR spectroscopic evidence for the assignment of main-
ly dimers and trimers for compoun8svas augmented by mass
spectrometry data, which showed strong parent peaks corre-
sponding to the trimer foBa (M* = 1703, FD MS) and dimer Figure 6. Crystalmaker diagram of the structure of the trimeBaf Top,
for the anionic comple8c (M~ = 1195, ESI MS)¢ Figure 5 the full molecule; bottom, the Bctore of the molecule. See Table 3 for
shows the parent peaks for these two compounds along withse'ected metrical data.
the simulated spectra based on the expected isotopic distributionTable 3. Selected Bond Distances (A) and Angles (deg) of 3a

showing excellent agreement in both cases. In the spectrum for parameter 3 3 3
3a, peaks at M= 1137 and 567 indicate the presence of the Pd(1) PdQ) Pd(3)
dimer and monomer, respectively; likely the monomer arises pg-c 2.058(6) 2.073(7) 2.069(6)
from fragmentation. The spectrum for the anionic com8ex Pd—Niigand 1.979(5) 1.998(6) 1.960(6)
contains no evidence for trimeric species but a peak at=M Pd-0O(1) 2.012(4) 2.022(5) 2.030(4)
508 is indicative of ¢ ¢ The lack of evid Pd—Neyanoalky! 2.005(6) 2.000(6) 2.008(6)
is indicative of a monomer fragment. The lack of evidence  _y, .., 1.279(7) 1.285(8) 1.078(8)
for the trimer is consistent with the solution NMR data which
indicate that in3c the dimeric diasteromers dominate. O—Pd-Nigand 88.33(19) 90.7(2) 90.1(2)
: . : Niigana—Pd—C 95.3(2) 95.0(3) 94.2(2)
X-ray quality crystals were obtained from solutions of the  c—pg—N¢yunoay 88.0(2) 88.6(2) 87.9(2)
diazene comple8aand analysis provided further confirmation Neyanoalky— Pd—O 88.6(2) 85.8(2) 87.76(19)
of the assignments made on the basis of the NMR and MS data (ND—Pd—ISd_N gggg)) gggg)) g?gg))
H H H H ligand™— cyanoalkyl . . .
desc_rlbed aboye. T_he st_ructure is shown in Figure 6 and selected Pd-O—Cipsofo) 122.4(3) 126.1(4) 125.4(3)
metrical data is given in Table 3. The structure shows that  0—CjsorCipsory 121.7(3) 122.2(4) 121.6(4)
insertion of AN has occurred with 2,1 regiochemistry, producing  Cipsoy~Cipsoyy—N 126.9(3) 129.0(4) 129.5(4)
a-cyano propyl ligands that occupy the position trans to the ﬁigs,{f“_‘)_N_P’\gigand 1122%12(21)) 1122%63((?) 1122%-%((54))
phenoxy donor at each Pd center. Trimerization occurs through  py NG ¢ 177.6(6) 174806)  1745(5)
the lone pair of thex-cyano group. As suggested by the NMR Neyanoalky— C—Cpad 176.3(7) 176.0(7) 176.6(7)
spectroscopy foBb, the diastereomer observed f8a in the Pd-C-CN 104.6(4) 101.6(4) 103.2(4)

solid state is the RRS/SSR pair, rendering the Pd centers

heterotopic. Despite their chemical inequivalence, the metrical

. . L . addition are comparable to those found 1@-NCCHjs (Table
arameters associated with each center are quite similar, and irf! . .
P q 1). The Pd-C bonds are slightly longer than that observed in

(36) The parent peak fdsc indicates loss of two 18-crown-6 molecules and 1a-NCCH, “kely a reflection of the greater steric bulk of the
one potassium ion is facile. Attempts to obtain ESI data for the negitral o-cyano alkyl group vs methyl.
mixture were unsuccessful, but we assume on the basis of the similarity in Treatment of mixture8 with one equivalent of PMgor PP'@

the NMR data that the conclusions regarding the composition of oligomers X . . X .
3acan be extended to the salicylaldimine compouBbls based on Pd resulted in breaking of the dimers and trimers into
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phosphine stabilized monome3sPR; as shown in Scheme 4,
significantly simplifying the NMR spectra since now a single

species dominates in solution. In the case of RMddition of G

«-1b-n-AN
n 4b-n-AN
4 total [Pd-Me]

more than one equivalent of phosphine resulted in formation 5 5 |
of Pd(0) species, so careful control of the phosphine stoichi- ©
ometry is necessary in these reactions. Diagnostic patterns forg 0.0z |
thea-cyanopropyl group were found in the signal for tik€CH-
(CN) moiety, which coupled to the two diastereotopic methylene
protons as well as the phosphine phosphorus atom, and the sign
for the methyl group which exhibited coupling only to the _
methylene protons, appearing as a pseudo triglét. NMR 0.005 | i TR o
chemical shifts were in the range expected for RldePPh B
complexes of a Pd alkyl complex with these ligands, suggesting 0 .
that the alkyl group maintains its position trans to the phenoxy 0 5
donor.

NMR Investigations of the Reactions of 1-NCCH with
AN. The complexities of AN insertion reactions are summarized ogzs5 |\ = 4b-n-AN
in Scheme 1, the reaction is further complicated in the case of 4 total [Pd-Me]
compoundsl-NCCHs; due to the dissymmetry of the ligand 0.02 T\
donor, which creates the possibility of geometric isomers. <
However, in the presence of excess donor, interconversion of-.g 0.015 | .
these isomers should be rapicind in the discussion below, £ -
we assume that this is the case, given that for the most part ag 001 |
large excess of AN is employed. Thus, although insertion of & e
AN into the Pd-Me bonds of compounds-NCCHj; presumably 0.005 TN
leads to products with the-cyanoalkyl group trans to the imine L R
function of the ligand, these are not observed and isomerize 0
rapidly to the more thermodynamically stable isomer with the
alkyl trans to the phenoxy donor.

To gain further insight into the details concerning the reaction
of AN with compoundsl-NCCHg, the reaction oflb-NCCHj;
was examined by variable temperatdfeNMR spectroscopy.
Similar experiments with the diazene complee¢«NCCHjz; and

mol

0.015 | » Fa

(a}}
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o
v
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!
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Figure 7. (a) Concentration vs Time plot fdb-n-AN and4b-n-AN (10

equiv of AN, 3.1°C). (b) Concentration vs Time plot fdtb-n-AN and
4b-n-AN (190 equiv of AN, 3.1°C).

0 5 10 30

Scheme 5

the anionic 1c-NCCHs; indicated a qualitatively identical -0.26 ppm g’f
reaction course; for practical reasons (solubility issues, more -/
spectroscopic information) we focus on the experiments utilizing S 051.0 equiv.
1b-NCCHj in the following discussion. N, N=C-CH,
When 1b-NCCHgs is reacted with 1.0 equiv of AN at80 \\C‘CH3'8° to -30°C

°C in CDyClI,, signals for both free and bound NCgldre
observed, and two resonances-& 26 and—0.30 ppm indicate
the presence of two PeMe containing species in solution. The
region for the AN vinyl protons shows two sets of resonances,
one for free AN and one due to N-bound AN, shifted only by
~0.2 ppm upfield of the resonances for free AN. Typically,
m-bound AN exhibits more severely shifted resonances for these
protons!®38 and no signals forr-bound AN are observed in
any of these experiments. The relative intensities of the Pd
Me signals indicate that the ratio @b-NCCH3 to 1b-n-AN is
about 1:1 at-80 °C. When the sample is warmed 30 °C,
the ratio of1b-NCCHs to 1b-n-AN changes slightly and a third ~ shown in Scheme 5. Although free AN and acetonitrile are
Pd—Me species appears~(0% total); since it is in this present, this dimer forms because theyano group is the most
temperature regime and above that insertion of AN ensues, webasic nitrile group in the system. Further warming results in
assign this peak, which intensifies as the equivalency of AN consumption of all the AN in the system and formation of
dimers and trimer8a. When only 0.5 equiv of AN are used,
(37) While four coordinate complexes of Ni(ll) are subject to rapid isomerization 4b-n-NCCH3 can also be identified among the final products.
more resisant 1o fsomenzation in the absendo. of bxcess donar hoand,  When 1b-NCCH i reacted with a 16190-fold excess of
however, interchange of these isomers b)_/ an associative m_echanis_rr] is facleaAN at —78 °C, the equilibrium at the top of Scheme 5 shifts
when such donor is present. (b) Jun, H.; Young Jr., V. G.; Angelici, R. J. o )
Organometallics1994 13, 2444. (c) Wakatsuki, Y.: Yamazaki, H.; Grutsch, completely tolb-n-AN; all of the acetonitrile present is free
by IH NMR spectroscopy. As these samples are warmed to
temperatures where product formation is observed, the Pd-Me

1b-NCCH3; 1b-n-AN

-30to -10°C

-0.24 ppm

ab-L
L = NCCH3, AN

used decreases to 0.5, to the-fe containing dimergtb—L

P. A.; Santhanam, M.; Kutal, . Am. Chem. S0d.985 107, 8153.
(38) See for example: Albano, V. G.; Castellari, C.; Cucciolito, M. E.; Panunzi,
A.; Vitagliano, A. Organometallics1990 9, 1269.
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Table 4. Observed Rate Constants for the Reactions of 0.0015
Compounds 1 with AN
AN Koss (x1079) . e .
complex (equiv) T(°C) (MY *

1b-NCCHz 20 —22.8 4.83 0.001 z

1b-NCCHjz 20 —-15.0 13.0

1b-NCCHjs 20 -5.0 39.3 2 :

1b-NCCHs 20 31 95.8 g

1b-NCCHs 20 9.8 193

1b-NCCHjz 100 —22.8 8.5 0.0005

1b-NCCHjs 100 —-15.0 18.2

1b-NCCHz 100 -5.0 65.8

1b-NCCHz 100 31 123.0

1b-NCCHjz 100 9.8 267.5

1b-NCCHz 10 31 75.5 0 - - - - -

1b-NCCHjz 40 31 108.3 0 1 2 3 4 5 6 7

1b-NCCHj3 60 3.1 117 [AN] moliL

1b-NCCHs 80 31 120.8

1b-NCCHz 190 31 127.2 1500

1c-NCCHs 20 31 215

1c-NCCHs 100 31 316.8

1300 - o
signal forlb-n-AN begins to diminish, while that for the dimer » 1100 -
4b-n-AN increases to a maximum and then disappears as the 2 /,/’
reaction approaches completion. At low concentrations of AN, < s -—
the waxing and waning efb-n-AN is more prominent; a typical - y = 194.22x + 76111
concentration vs time plot for the Pdle containing species is vt R? = 0.9977
shown in Figure 7a. However, at high loadings of AM,never 700 -
comprises more than 5% of the total concentration of Me
present (Figure 7b). 500 , , . . ,
Observed rate constants for the disappearance of Pd-Me car 0 0.5 1 1.5 2 25 3

be evaluated by integration of the signals for bathn-AN 1/[AN]

and4b-n-AN and constructing pseudo first-order plots on the Figure 8. (a) Plot ofkebs vs [AN] in the reaction oflb-n-AN with AN.
basis of the disappearance of total [Pd-M&T.hese plots are (b) Plot of 1kops Vs 1/[AN] in the reaction oftb-n-AN with AN.
linear over the course of the reaction, dggk may be evaluated

Scheme 6

as a function of [AN]; values fokossin all of these experiments 1b-NCCH; WA
are collected in Table 4. A plot dfops Vs [AN] (Figure 8a) C=N__ CHs
shows saturation behavior, with saturation being reached at about y “NCCH: AN ‘e AN
100 equiv of AN at 3.1°C. These results may be interpreted u 8c ~
on the basis of the mechanism depicted in Scheme 6. In the =/ 1b-p-AN E.
presence of an excess of AN, formation @b-n-AN is 10-190 equiv. not observed
essentially quantitative and upon warming to the temperature § 4b-r-AN
regime where product formation ensuéb;n-AN is in equi- . AN 2310+10°C | kins
librium with the (unobservedy bound isomerb-p-AN with jl( N
an equilibrium constanKeq This species undergoes rapid 1-rHAN CHy
insertion to give the transiently stable insertion product, which o HoA o /

X . X A K oligomerization N AN coordination/ N CH3
rapidly coordinates AN and in the process isomerize3ttm- isomerization /Pd\‘wj

. . i N X 3b < — o

AN. This species can undergo oligomerization to dimers and ¢

trimer 3b, or react withlb-n-AN to give the dimeric intermedi-
ate Pd-Me complex4b-n-AN, which we observe spectroscopi-
cally. As the concentration of this species builds up, it can react
with free AN to generate one equivalent ®-n-AN, which
forms product, and one equivalent dbb-n-AN and re-enters

not observed

3b-+-AN

not necessarily allow for straightforward evaluatiornaf; and
40 i i
the reaction scheme. As the concentration of AN increases, then,k'"s.' Clearly, howeve_r, a h|g_h_[AN], where the concentration
. N build-up of 4b-n-AN is negligible over the course of the
the persistence ofb-n-AN diminishes. . -
Although . lot of K4 1/TAN] (Ei 8b) | reaction, and the equilibrium betweéb-n-AN and 1b-p-AN
ough an inverse plot of kfys vs 1/[AN] (Figure 8D) is [s saturateds,psapproachekins. By evaluation ok,psat various

linear, the complicated nature of the reaction scheme presenteqemperatures under near saturation conditions (100 equivalents

n S_l(_:gu_s-meKG (in dpda_rtlcttqular_ ihe eftfet<_:t Gr?t?]A'\Il ;)n :jhg of AN), an Eyring plot (Figure 9) can be constructed and the
equilibriumKeq) muddies the interpretation of this plot and does activation parameters @&fH* = 14.4(5) kcal mot! andASF =

—19(5) eu forkps extracted. This corresponds t\&* of ~20.2

(39) Treatment of the data in this way is a simplification given that formation
and involvement of the dimetb-n-AN modifies the order in [PdMe]
somewhat. However, pseudo first order plots constructed by monitoring (40) Wilkins, R. G.The Study of Kinetics and Mechanisms of Reactions of
the disappearance of onlyb-n-AN exhibit curvature, while inclusion of Transition Metal Complexe#\lyn and Bacon, Inc., Boston, 1974; pp-26
the Pd-Me signal fodb-n-AN leads to linear plots. 31.
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-1 imparts a positive influence on the kinetics of AN insertion into
the Pd-Me bond. These observations were corroborated by the
i y =-7242.3x + 13.987 experiment outlined in Scheme 7, a competition experiment
R? = 0.9956 designed to give a direct comparison of the relative rates of
insertion of AN into the Pd-Me bonds db-NCCH; and 1c-
E-13 - NCCH3 by setting up a competition for 1 equiv of AN and the
.§ two complexes. To distinguish between the two, comglbx
X NCCH3; was selectively deuterium labeled in the -Rde
L L position, yieldingds-1b-NCCHa. A 1:1 mixture of this species
and 1c-NCCHjs was treated with one equivalent of AN (0.5
15 | equiv based on total Pd) and allowed to form a complex mixture
of unreacted compounds product oligomersls-3 and mixed
dimers4. These mixtures were then treated with 2 equiv of PMe
-16 . . . . . to yield the more simple mixture shown to the right of Scheme
0.0035  0.0036  0.0037  0.0038  0.0039 0.004 7. As shown in Figure 10, the ratio df-3b-PMe; to ds-1b-

1" PMe; was determined byH NMR spectroscopy to be 0.39:
Figur_e_Q. Eyring‘plot for the disappearance db-n-AN under saturation 0.61, while the ratios ofls-1b-PMe; to 1c-PMe; and ds-3b-
conditions at various temperatures. PMes to 3c-PMe; were found to be 0.67:0.33 and 0.42:0.58 by
3P NMR spectroscopy. These assignments were possible since

kcal mol? at 25 °C. Although theAS' value is subject to h of th d d d identified |
considerable experimental uncertainty, given the narrow tem- €a¢" of these compounds were made and identified separately
fs described above in Schemes 3 and 4.

perature range we were able to access, it is comparable to thal

reported by Brookhart et a{—14(7) eu) for the insertion of Taking the average of the ratios obtained shows that the
bound methyl acrylate into the Pdle bond of a cationic insertion of AN into the PetMe bond of the complex containing
diimine complex akin to that shown in Chart'The overall the borate functionalized ligand occurs with an overall rate
barrier is slightly higher than that calculated (17.6 kcal ipl ~ roughly 1.6« as fast as the insertion into the Phlle bond of

by Ziegler et aP?d and that found by Brookhart et.dbr the the conventional neutral catalyst. This is consistent with the ratio

insertion of methyl acrylate (17.4 kcal md) in the cationic of kobs Obtained by direct monitoring of the two reactions as
compoundg€® Interestingly, in some of Brookhart's systems, described above.
O-bound methyl acrylate was observed at low temperatures, but These experiments do not identify the reason for the increased
for this carbonyl containing monomer, the isomerization to the macroscopic rate of insertion visvés improved access to the
m-bound species necessary for insertion has a comparable orr-bound isomer of the AN complexKgy), or an enhanced
slightly lower barrier than that for insertion. In the AN system, migratory insertion ratek(,s), but do illustrate that the concept
it appears that isomerization db-n-AN to 1b-p-AN is rate of using anionically charged catalysts to improve reactivity
limiting.** Given the differences in coordination geometry for toward polar comonomers is moderately successful. Computa-
these two polar monomers (i.e., bent for the O-bound methyl tional results suggest that the largest effect of increasing the
acrylate vs linear for the N-bound AN) this is not too surprising. negative charge on the complex should have a positive effect
Relative Rates of Insertion in Neutral vs. Anionic Com- on Keq but increase the barrier to insertiéis.Since we are
plexes.The effect of charge on the overall rate of insertion is unable to reliably deconvolute these two parameters from the
of interest in designing compounds that exhibit facile insertion data at hand, we cannot comment on the most likely origin of
rates. For example, while the character of the reactions of the higher rates observed for the anionic compaloytNCCHs.
cationic Pd-Me complexes, where N-bound AN is even more However, we note that based on thg, stretches in compounds
thermodynamically favored, appears to be similar to these 2b,c-CO, the change in electron density at the metal center is
reactions, overall insertion rates are somewhat sléi@iven slight upon introduction of the BJ(18-crown-6) group and
this trend, complexes bearing an anionic charge should encour-thus perhaps the effect ¢ty would be expected to be minimal.
agesr-bonding (i.e., increaskey and increase the overall rate  The observation of larger rates flg,s under near saturation
of insertion. conditions (AN= 100 equiv) suggests that the insertion rate
The ionic nature of compountc-NCCHz made monitoring may be inherently larger for the complex supported by borate
the reaction with AN somewhat more technically challenging bearing liganct in comparison to its noncharged analogue. In
than for the neutralb-NCCHs as described above, but we were any case, the result is encouraging in light of the apparently
able to obtain values fdgpsunder nonsaturation (20 equivalents modest effect on the electron density at the metal that the
of AN) and near-saturation (100 equiv) conditions. In both cases, positioning and nature of the anionic group gBRas in this
the observed rate constants were nearly twice as large as thosease. Situating the anionic group in a position closer to the metal
observed for the neutral complex under identical conditions center may lead to enhanced effects in this regard.

(Table 4), showing that the ligand bearing the anionic group  Conclusions. The development of catalysts capable of

o ) - o ) incorporating polar comonomers, and particularly acrylate
(41) Little is known about the mechanism of this isomerization, but it appears L . . .
to be influenced by the presence of free [AN], suggesting it is associative derivatives, requires a detailed understanding of the factors that

in character. A pathway involving bimolecular species with bridging AN fayor 7-coordination of these monomers and insertion via a
ligands is conceivable, since complexes with such bridging AN ligands

are knowrflb< Further studies on the nature of this isomerization process conventional four centered coordination mechanism. It appears
are underway. (b) Johmann, F.; tom Dieck, H.; Kruger, C.; Tsay, Yl.H. i P ; ;
Organomet. Chemio79 171, 353, (c) Massaux, M- le Bihan. M.-T. based on this and other studi®¥that the barriers to insertion
Chevalier, RActa Cryst. Sect. B977, 33, 2084. for such monomers are not the crux of the problem, but that
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Scheme 7
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CN
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FB— 0"
@ ° o PMes
K(18-C-6) >/
2H NMR sertion to givex-cyanopropyl derivatives that readily associate
to give dimers and trimers via tlecyano groups. Furthermore,
ds1b-PMe; we have shown that incorporation of an anionically charged group

into the salicylaldiminato ligand framework can enhance the
overall insertion rate for AN, although the effect is modest in
the system studied. New generation negatively charged ligands
are being explored in an attempt to increase this rate enhance-

ment further.
w While we have demonstrated that it is possible to observe 2,1

T T T T T T insertion of AN into Pd-carbon bonds, this is just the first chal-
lenge in developing a transition metal catalyst capable of copoly-
merizing AN and related monomers with, for example, ethylene.
The dimers and trimers formed after insertion are quite robust
d>3b-PMe; 3c-PMe; and although they can be ruptured with strong donors such as
PMe;, they do not react with ethylene or carbon monoxide under
conditions where they do not decompose first. Furthermore, pre-
liminary experiments utilizing compoundia,b-PR; indicate
that these species are also unreactive toward small molecules
that might be expected to undergo insertion into thexRzyran-
opropyl bond. Thus, while a first insertion of AN can be ob-
served and enhanced by going from cationic to neutral to anionic
complexes, subsequent chain growth reactions appear to become
T T T T 1 more energetic challenging as the charge on the metal increases.

d33b-PMe;

31P{'H} NMR

adz>1b-PMe;

-3 -4 -5 -6 ppm Interestingly, Jordan and co-workers have observed insertion
Figure 10. 2H (top) and®P{1H} (bottom) NMR spectra for the competiion ~ Of CO into ana-cyanoalkyl derived from AN insertion into the
experiment depicted in Scheme 7. Pd—Me bond of a cationic complex with a strongly electron

donating N ligand se€® suggesting that a subtle balance of
charge, or an ability to modulate the charge at the metal may
prove a useful strategy for further catalyst design modification.

the dominance of coordination of polar functions (both in the
monomer and in the products of insertion) must be overcome
to give insertion a chance to occur with any degree of efficiency.
To this end, we have shown that neutral Pd(ll) methyl com- Experimental Section

pounds, while favoring N-bound acrylonitrile, undergo isomer-  General ProceduresAll operations were performed under a purified
ization to thesr-bound isome® which undergoes rapid 2,1 in-  argon atmosphere using glovebox or vacuum line techniques. Toluene,
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Table 5. Crystal Data, Data Collection and Structure Refinement Parameters
anionic | 1a-NCCHs 1b-NCCH3s 1lc-PMes 3a
formula GsHs4BF3sKNO»4. ngH43N30Pd. 025H35N20Pd. CaoHesBFsKNO;P Cgoled\lgO3Pd;
1.5GDg- 0.5 0.5n-hexane 0.22 CHCI, Pd. 1.5 CHCN X CHxCl»
H>0
cryst color/habit beige block yellow needle yellow needle yellow block yellow block
dimensions, mm 0.2& 0.15x 0.09 0.40x 0.03x 0.01 0.20x 0.06 x 0.04 0.14x 0.11x 0.10 0.10x 0.10x 0.02
symmetry triclinic triclinic orthorombic triclinic monoclinic
space group P-1 P-1 Pbcn P-1 P 2/c
a, A 8.5510(10) 13.9617(12) 23.574(2) 14.004(4) 23.5116(12)
b, A 10.112(2) 14.0737(11) 14.380(3) 16.841(5) 17.1359(8)
c, A 26.361(5) 17.2592(14) 31.490(4) 21.172(6) 27.4042(14)
a, deg 91.776(5) 93.220(4) 85.573(17)
p, deg 98.641(5) 110.871(3) 80.042(16) 113.717(2)
y, deg 99.773(10) 98.433(3) 88.58(2)
volume, A 2217.1(7) 3112.9(4) 10675(3) 4903(2) 10108.5(9)
z 2 4 16 4 4
D(calcd) (g cnT?) 1.249 1.230 1.288 1.308 1.119
diffractometer Nonius KappaCCD Siemens P4 Nonius KappaCCD Nonius KappaCCD Siemens P4
T (K) 173(2) 153(2) 173(2) 173(2) 153(2)
2, A (Mo Ka) 0.71073 0.71073 0.71073 0.71073 0.71073
u, mmt 0.18 0.621 0.757 0.553 0.573
scan type  scan  scan  scan  scan  scan
Omax ° 275 31.53 25.0 27.5 28.00
h,k,Irange —1l1<h=<11 —20=<h=<20 —28=<h=<27 —18<h=<18 —31=<h=31
—13=<k=13 —20=k=20 —17=k=17 —21=<k=21 —22=<k=22
—34=<1=34 —24=<1=<24 —37=1=37 —27=<1=<27 —36=<1=<36
refl collected/ind. 18589/10103 47987/19140 17626/9370 40813/21810 115473/24308
absorption correction multiscan method SADABS multiscan method multiscan method SADABS
T (min, max) 0.964, 0.984 0.670673, 1.00000 0.863, 0.970 0.927, 0.947 0.548361, 1.00000
R, wR2 0.048, 0.104 0.0496, 0.0898 0.045, 0.109 0.063, 0.125 0.0816, 0.1919
GOF 1.00 0.765 1.06 1.09 0.939

Hexane, and THF were dried and purified by passing through activated suspended in THF (50 mL) at20 °C and transferred onto a basic

alumina and Q5 columfor have been purchased dry form Aldrich.
Dichloromethane and acetonitrile were dried over gahd distilled
under reduced pressure. Deuterated NMR solvatstichloromethane
(CD.Cl,), ds-acetonitrile (CRCN), andd-chloroform (CDC}) were
dried and distilled over CaH*H, ?H, 1°C, and®'P NMR 1D and 2D-
experiments were performed on Bruker AC-200, AMX-300, DRV-400,

solution of sodium phenolate in ethanol/water prepared by dissolving
the phenol (20 mmol) in a minimum amount of ethanol and adding
NaOH (10 g, 250 mmol) dissolved in 100 mL water. The reaction
mixture was warmed to 25C and stirred for 15 h obtaining a system
with two phases. Hexane (50 mL) was added. The organic layer was
separated washed first Wwi8 M HCI and then successive portions of

DPX400, and DRX700 spectrometers. Data are given in ppm using water until neutralized. The organic phase was dried witfSaand

the residual solvent signals or internal TMS for calibration of tHe
2H, and 13C spectra3'P spectra were referenced to externaPg,.

all volatiles removed under high vacuum. The dye was isolated by flash
chromatography (silica gel, hexane/&H, 3/1). A pure compound was

Elemental analyses were performed in the microanalytical laboratory obtained by crystallization from methanol-a20 °C which was dried

of the Department of Chemistry (University of Calgary) or at the Bayer

Industry Sevices laboratory for element- and water analysis (Bayer AG,

in high vacuum over fs. Yield: 70%. Mp.. 82°C. 'H NMR
(CDCly): 6 (ppm) 13.2 (1H, ®1), 7.80 (s, 1H, AH), 7.50 (s, 1H, AH),

Leverkusen). IR spectra were recorded on a Nicolet NEXUS 470 FT- 7.25-7.32 (m, 3H, AH), 3.05 (septet, 2HJy_ = 7.8 Hz,i-Pr CH),
IR spectrometer using KBr plates and given in reciprocal centimeters 1 .49 (s, 9H,t-BuH), 1.37 (s, 9Ht-BuH), 1.20 (d, 12H3J-y = 7.8

(cm™%). UV—Vis-Spectra were recorded on a Varian Cary 4 spectrom-
eter at 25°C. X-ray crystallography was performed on suitable crystals

Hz, i-Pr CHs). 3C{1H} NMR (CDCL): 6 (ppm) 149.8 (Ar), 148.5
(Ar), 141.3 (Ar), 140.2 (Ar), 137.9 (Ar), 136.9 (Ar), 128.6 (AGH),

coated in paratone or perfluoropolyether oil and mounted on a Nonius 128 2 (ArCH), 127.7 (ArCH), 123.7 (ArCH), 35.4 ¢-Bu C), 34.3

KappaCCD diffractometer (University of Calgary) or a Siemens P4
diffractometer equipped with a SMART-CCD-1000 area detector, a

(t-Bu C), 31.4 ¢-Bu CHj3), 29.5 ¢-Bu CHg), 27.9 {-Pr CH), 23.7 {-Pr
CHgs,). Anal. for GgH3gN,O: C, 79.0; H, 10.4; N, 6.9; Calcd: C, 79.14;

MACScience Co. rotating anode, and a Siemens LT2 low-temperature 4 g 71: N, 7.10.

device (Bayer AG). Crystal data and refinement details are given in
Table 5. Field desorption mass spectrometry (fII5) analyses were
carried out with a MAT 900 double focusing magnetic sector instrument
(ThermoFinnigan Inc., San Jose, CA, USA/ThermoFinnigan MAT
GmbH, Bremen, Germany) equipped with PATRIC-detector, while
Electron spray ionization mass spectrometry (EEIS) analyzes were
carried out on a Bruker Esquire 3000 instrument equipped with an
Agilent model 1100LC source. (COD)Pd(Me)& was prepared by
literature procedures.

Synthesis of 2,4-Diert-butyl-6-[2,6-diisopropyl-phenylazo)phenol
[N2,0H]. 2,6-diisopropylaniline (20 mmol), isoamylnitrite (2.9 g, 3.4
mL, 25 mmol) and BEOEL (3.1 g, 2.8 mL, 22 mmol) were mixed in
CHCl; (200 mL) at—10°C. Within 1 h, the diazonium salt precipitated
and was isolated by filtration at10 °C. The diazonium salt was then

(42) Otwinowski, Z.; Minor, W.Methods Enzymoll997, 276, 307.

Synthesis of Lithio-2,4-Ditert-butyl-6-[2,6-diisopropyl-phenyla-
zo)phenolate [N,O]Li. The azo dye, [MOH], (14.2 mmol) was
dissolved in 150 mL THF and cooled te78 °C. n-BuLi (2.7 M
solution in heptane, 5.8 mL, 15.6 mmol) was added and the reaction
mixture was stirred fol h at—78 °C. After being warmed to 258C,
all of the volatiles were removed under high vacuum, and the residue
was dissolved in 60 min-hexane. The pure compound was obtained
by crystallization at—20 °C. After isolation and drying under high
vacuum, it could be used without any further purification. Yield:
quantitative.

Synthesis of 5-Bromo-3tert-butyl-2-hydroxy-benzaldehyde).Bro-
mine (8.025 g, 50.2 mmol) in 15 mL of 1,2-dichloroethane was added
over 2 h to astirred solution of Yert-butyl-2-hydroxy-benzaldehyde
(9.0 g, 50.2 mmol) in 25 mL of 1,2-dichloroethane at®©. Further
stirring (1 h) and removal of the volatiles yielded crude 5-bromo-3-
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tert-butyl-2-hydroxy-benzaldehyde (12.65 g, 98% yield) as a beige solid.
Purification can be achieved by chromatography (silica gel, hex/ethyl
acetate)!H NMR (CDClh): o6 (ppm) 11.74 (s, 1H, €), 9.82 (s, 1H,
imine H), 7.59 (d, 1H,"Jy—y = 2.44 Hz, AH), 7.52 (d, 1H,*04-n =

2.40 Hz, AH), 1.41 (s, 9H{-BuH). 13C{*H} NMR (CDCl): 6 (ppm)
196.94 C=0), 160.17 C—OH), 141.10 C—tBu), 136.95, 133.58,
121.65 C—CHO), 111.11 C—Br), 34.90 {-Bu C), 28.98 (-Bu CHs).
Anal. for G1H1Bro,: C, 51.59; H, 5.11. Calcd: C, 51.38; H, 5.10.

Synthesis of 4-Bromo-2ert-butyl-6-[(2,6-diisopropyl-phenylimino)-
methyl]-phenol. 5-Bromo-3tert-butyl-2-hydroxy-benzaldehyde (3.0 g,
11.7 mmol) and 2,6-diisopropylaniline (2.76 g, 15.5 mmol) were stirred
in 20 mL of methanol for 24 h at room temperature. Removal of all
the volatiles and purification by column (silica gel, hexanes) yielded
pure 4-Bromo-2Zert-butyl-6-[(2,6-diisopropyl-phenylimino)-methyl]-
phenol as a bright yellow solid (2.70 g, 56% yielt). NMR (CDCl):

o (ppm) 13.70 (s, 1H, @), 8.25 (s, 1H, imineH), 7.51 (d, 1H J-n

= 2.44 Hz, AH), 7.33 (d, 1H,*J4-n = 2.48 Hz, AH), 7.21 (s, 3H,
ArH), 3.00 (septet, 2HJy-n = 6.88 Hz,i-Pr CH), 1.50 (s, 9H}-BuH),

1.21 (d, 12H3Jy_y = 6.88 Hz,i-Pr CHs). 13C{*H} NMR (CDCL): ¢

(ppm) 166.06 C=N), 159.75 C—OH), 145.79 C—N), 140.53 C-

tBu), 138.75 C—iPr), 133.24, 132.29, 125.65, 123.35, 119.78-(
C=N), 110.14 C-Br), 35.23 {-Bu C), 29.20 {-Bu CHs), 28.15 (-Pr

CH), 23.62 {-Pr CH3). Anal. for GgH3BrNO: C, 66.17; H, 7.42; N,
3.22. Calcd: C, 66.34; H, 7.26; N, 3.36.

Synthesis of (5-Bromo-3tert-butyl-2-trimethylsilanyloxy-ben-
zylidene)—(2,6-diisopropyl-phenyl)-amine.THF (120 mL) was con-
densed onto a mixture of 4-bromot@r-butyl-6-[(2,6-diisopropyl-
phenylimino)-methyl]-phenol (3.4 g, 8.17 mmol) and KH (0.5 g, 12.5
mmol) and stirred fol h atroom temperature. The mixture was then
cooled to 0°C. SiMe&Cl (2 mL, 15.7 mmol) was added; the resultant
mixture was stirred for another hr at room temperature and filtered.
All of the volatiles were removed under high vacuum to obtain the de-
sired product as a pale yellow solid in quantitative yielid. NMR
(CDCl): 6 (ppm) 8.42 (s, 1H, imindd), 8.21 (d, 1H,*Jy-n = 2.88
Hz, ArH), 7.55 (d, 1H,*J4-n = 2.88 Hz, AH), 7.13 (m, 3H, ArH),
2.95 (septet, 2HJy_y = 6.81 Hz,i-Pr CH), 1.42 (s, 9H{-BuH), 1.17
(d, 12H,3JH7H =6.81 Hz,i-Pr O"g), 0.24 (S, gH, SI(Hg)) 13C{1H}
NMR (CDCl): 6 (ppm) 157.99C=N), 154.47 C—0O), 148.87 C—N),
143.87 C—tBu), 137.45 C—iPr), 133.40, 129.560—C=N), 128.27,
124.16, 122.92, 114.9C(Br), 35.07 (-Bu C), 30.21 (-Bu CH3), 27.80
(i-PrCH), 23.58 (-PrCHs), 1.74 (SiCHs)s). Anal. for GgH3sBrNOS::

C, 64.17; H, 8.02; N, 2.73. Calcd: C, 63.92; H, 7.84; N, 2.87.

Synthesis of (5-trifluoroborate-3+ert-butyl-2-trimethylsilanyloxy-
benzylidene)-(2,6-diisopropyl-phenyl)-amine [4-KBFs-t-BuG(OH)].

To a solution of (5-bromo-3ert-butyl-2-trimethylsilanyloxy-ben-
zylidene)-(2,6-diisopropyl-phenyl)-amine (0.5 g, 1.02 mmol) in THF
(50 mL) at—78 °C, was addea-BuLi (0.7 mL of a 1.6 M solution in
hexanes, 1.13 mmol). After the mixture was stirred at the same
temperature for 2 h, B(OMgJ2 mL, 17.8 mmol) was added dropwise

CHj3). Anal. for GsH3BF:KNO: C, 63.79; H, 7.09; N, 2.75. Calcd:
C, 62.30; H, 6.82; N, 3.16.

Synthesis of [K-18-Crown-6][4-BFR:-t-BuG(OH)]. [4-KBFs-t-BuG-
(OH)] (252 mg, 0.568 mmol) and 18-Crown-6 (150 mg, 0.568 mmol)
were stirred in toluene (15 mL) for 24 h. Removal of the solvent gave
pure [K-18-crown-6][4-BE-t-BuG(OH)] in quantitative yield*H NMR
(CDsCN): 6 (ppm) 13.22 (s, 1H, &), 8.35 (s, 1H, imineH), 7.62 (s,
1H, ArH), 7.39 (s, 1H, AH), 7.22 (m, 3H, ArH), 3.55 (s, crown ether),
3.05 (septet, 2HJy—y = 6.88 Hz,i-Pr CH), 1.46 (s, 9H-BuH), 1.16
(d, 12H,334-n = 6.88 Hz,i-Pr CHs). *C{*H} NMR (CDsCN): & (ppm)
170.49 C=N), 159.35 C—OH), 147.95 C-N), 140.08 C—iPr), 135.39,
126.19, 124.29, 70.99 (crown ether), 35.48( C), 30.15 {-Bu CHj3),
29.05 (-PrCH), 23.84 {-PrCHs). Anal. for GsHsBFsKNO7: C, 59.08;

H, 7.52; N, 1.75. Calcd: C, 59.40; H, 7.69; N, 1.98.

Synthesis of [K-18-Crown-6][4-BR-t-BuG(OK)]. [[K-18-Crown-
6][4-BFs-t-BuG(OH)] (601 mg, 0.849 mmol) and KBu (125 mg, 1.02
mmol) were stirred in acetonitrile (30 mL) for 1.5 h. Crude product,
obtained by removal of the solvent, was dissolved in 2 mL THF, then,
ca. 20 mL of E4O was added to precipitate the deprotonated ligand.
Filtration and washing with 2 portions of £ (30 mL) gave pure
[K-18-crown-6][4-BRs-t-BuG(OK)].

Synthesis of 1a-NCCH. The lithium salt [N,O]Li (1.75 g, 4.38
mmol) was dissolved in acetonitrile (20 mL) af0 and transferred to
(COD)Pd(Me)CI (1.16 g, 4.38 mmol) dissolved in acetonitrile (20 mL)
at 0°C. The mixture was stirred for 15 min at°C and for another 3
h at 25°C. All volatiles were then removed under high vacuum and
the residue was extracted witkhexane. The solution was concentrated
and the compound crystallized within 2 days-&0 °C. Yield: 1.76
g, 72%. Dp: 126-123°C.*H NMR (CDCl): o (ppm) 7.49 (dIn-n
= 2.6 Hz, 1H, AH), 7.38 (d,*Jy-n = 2.6 Hz, 1H, AH), 7.38 (d,
4Ju—n = 2.6 Hz, 1H, AH), 7.2 (m, 3H, AH), 2.32 (s, 3H, EisCN),
1.48 (s, 9H-BuH), 1.32 (d,2Ju—n = 7.0 Hz, 6H,i-Pr CHz), 1.25 (s,
9H, t-BuH), 1.09 (d,%J4-n = 7.0 Hz, 6H,i-Pr CH3), 0.00 (s, 3H,
Pd-Me).*3C{*H} NMR (CDCls): 6 (ppm) 155.7, 140.6 (A€H), 130.7
(Ar CH), 129.1 (Ar CH), 127.0 (Ar CH), 123.1 (Ar CH), 119.0
(CHsCN), 35.8 ¢-Bu C), 33.9 ¢-Bu C), 31.1 ¢-Bu CHs), 29.6 (-Bu
CHj3), 27.6 {-Pr CH), 24.5 {-Pr CHj3), 22.6 {-Pr CH3), 4.5 (CHsCN),
—5.7 (PdCH3). IR: 3069 (w), 2959 (s), 2906 (m), 2886 (m), 1616,
1482, 1456, 1391, 1360, 1323, 1271, 1253, 1227, 1145. MS (FD)[%)]
(toluene): 555 [100, M]. Anal. for CosHasNsOPd: C, 62.6; H, 7.7;

N, 6.9; calcd. C, 62.64; H, 7.79; N, 7.56.

Synthesis of 1b-NCCH. The sodium salt of the bulky salicylaldi-
minato ligand (0.236 g, 0.55 mmol) and (COD)Pd(Me)Cl (0.145 g,
0.55 mmol) were weighed into a round-bottom flask in a glovebox,
placed on a frit assembly and transferred to the vacuum line. Acetonitrile
(10 mL) was condensed onto the solids-at8 °C and the reaction
was warmed to room temperature. Upon warming, the yellow solution
became turbid and was allowed to stir for an additional 3 h. The reaction
was filtered, and the solids washed until the filtrate was colorless. The
solvent was then removed in vacuo and the sample was isolated as a

and the mixture was allowed to warm to room temperature over a 30 light yellow solid, which was pure by NMR spectroscopy. (0.250 g,

min period. Water (10 mL) was then added and the solution stirred for
another 30 min. The mixture was extracted with@and the volatiles

91% yield).'H NMR (CDCL): 6 (ppm) 7.67 (s, 1H, imingéd), 7.35
(d, 1H,%34-n = 7.11 Hz, AH), 7.20 (m, 3H, AH), 6.97 (d, 1H3J4-n

of the organic part were removed under vacuum. The residue was= 7.95 Hz, AH), 6.39 (t, 1H,3Jy_y = 7.46 Hz, AH), 3.47 (septet,

dissolved in methanol (30 mL) and an aqueous solution of K@F
mL, 0.39 g/mL) was added. After the mixture was stirred for 1 h, all

2H, 3J4_4 = 6.81 Hz,i-Pr CH), 2.29 (s, 3H, NCEls), 1.49 (s, 9H,
t-BUH), 1.30 (d, 6H,3JH7H =6.81 Hz,i-Pr CH3), 1.10 (d, 6H,3\]H7H =

of the volatiles were removed. The product was extracted with acetone 6.81 Hz,i-Pr CH3), —0.10 (s, 3H, Pe-CHjy). 13C{*H} NMR (CDCl):
and dried under high vacuum overnight, washed with pentane, and dried.é (ppm) 168.31 C—0), 166.10 C=N), 147.91 (N-C), 141.30 C—

Pure product (450 mg, 54% yield) was obtained after recrystallization
from an acetone/pentane solutidl. NMR (CDs;CN): 6 (ppm) 13.24

(s, 1H, CH), 8.33 (s, 1H, imineH), 7.60 (s, 1H, AH), 7.39 (s, 1H,
ArH), 7.17 (m, 3H, ArH), 3.00 (septet, 2F,-n = 6.88 Hz,i-Pr CH),

1.46 (s, 9Ht-BuH), 1.15 (d, 12H.2J4—4 = 6.88 Hz,i-Pr CHs). *°C-
{1H} NMR (CD:CN): & (ppm) 169.74C=N), 159.65 C-OH), 147.50
(C—N), 139.63 C—'Pr), 135.57, 135.08, 134.90, 125.92, 123.97,
118.50, 35.27tBu C), 30.04 (-Bu CHj3), 28.76 {-PrCH), 23.62 {-Pr
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iPr), 134.35, 131.17, 126.30, 123.20, 122.99-{Bu), 119.27 C—
C=N), 117.91 C=N), 111.80 (ArCH), 35.22 {-Bu C), 29.52 (-Bu
CHa), 27.68 (-Pr CH), 24.84 (-Pr CHs), 22.73 (-Pr CHs), 2.88 CHs-
CN), —5.15 (Pd€H3). Anal. for GeHzeN,OPd: C, 62.34; H, 7.21; N,
5.88. Calcd: C, 62.58; H, 7.27; N, 5.61.

Synthesis of 1b-PMe. PMg; (0.102 mmol) was condensed onto a
frozen THF solution (25 mL) oftb-NCCHs; (51 mg, 0.102 mmol).
The mixture was warmed to room temperature and stirred for 2 h.
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Filtration and evaporation of all the volatiles gave plilePMe; as a
yellow solid (38 mg, 70% yield)*H NMR (CD,Cl): ¢ (ppm) 7.91
(d, 3JH7P =11.98 Hz, 1H, |m|nd'|), 7.28 (dd,SJHfH =7.18 HZ,4\]H7H
= 1.80 Hz, 1H, AH), 7.18 (m, 3H, AH), 6.95 (dd,2Jy—n = 7.78 Hz,
4Jn-n = 1.62 Hz, 1H, AH), 6.39 (t,°J4-n = 7.51 Hz, 1H, AH), 3.27
(septet, 2H 33— = 6.83 Hz,i-Pr CH), 1.44 (d,2J4_p = 10.24 Hz,
9H, PHy), 1.42 (s, 9Ht-BuH), 1.20 (d, 6H,3Jy—n = 6.88 Hz,i-Pr
CHjg), 1.05 (d, 6H,%J4- = 6.88 Hz,i-Pr CHg), —0.42 (d,3Jy-p =
3.88 Hz, 3H, Pe-CHj3). 13C{'H} NMR (CD.Cl,): ¢ (ppm) 168.05C-
0), 166.73 C=N), 147.82 (N-C), 141.16 C-iPr), 140.61 C—tBu),
135.54, 131.36, 125.89, 123.18, 119.83-C=N), 111.82, 35.24t{
Bu C), 29.09 (-Bu CHs), 27.75 {-Pr CH), 24.78 {-Pr CHs), 22.45
(i-Pr CHg3), 15.1 (d,"Jc-p = 31.7 Hz, FCH3), —4.28 (d,2Jc—p = 13.7
Hz, PdCHj). 3'P{*H} NMR (CD,Cly): o (ppm) —3.73. Anal. for
(C27H42NOPPd): C, 60.17; H, 7.97; N, 2.52. Calcd: C, 60.73; H, 7.93;
N, 2.62.

Synthesis of 1b-CO. 1b-NCCH (25 mg, 0.051 mmol) in CECl,

IH NMR (CD.Cly): 6 (ppm) 7.87 (s, 1H, iminé¢d), 7.45 (s, 1H, AH),
7.18 (m, 3H, AH), 7.01 (s, 1H, AH), 3.52 (crown ether), 3.03 (septet,
2H,3J4-y = 6.53 Hz,i-Pr CH), 1.99 (free CHCN) 1.41 (s, 9H{-BuH),
1.18 (d, 6H,2Jy—4 = 6.68 Hz,i-Pr CHs), 0.99 (d, 6H,2Jy—4 = 6.69
Hz, i-Pr CHs), 0.05 (s, 3H, PetCHy). Traces of2c-CO are also found
in this spectrum.

Synthesis of 2b-CO. 1b-NCCH (25 mg, 0.051 mmol) in CECI;
was frozen, evacuated and exposed to an atmosphere of CO. The
mixture was kept at-78 °C and'H NMR spectrum taken at @C after
2 h.™H NMR (CD.Clp): 6 (ppm) 7.96 (s, 1H, imineH), 7.40 (dd,
8Ju-n = 7.42 Hz,*Jy—py = 1.84 Hz, 1H, AH), 7.21 (m, 3H, AH),
7.05 (dd,sJHfH =7.85 HZ,4\]H7H = 1.83 Hz, 1H, AH), 6.43 (t’3\]H,H
= 7.60 Hz 1H, AH), 3.28 (septet, 2H3J4—p = 6.85 Hz,i-Pr CH),
2.68 (s, 3H, G=CCHj3), 1.99 (free GI5CN), 1.33 (s, 9H1-BuH), 1.33
(d, 6H, i-Pr O‘|3), 1.11 (d, 6H,23Jy—n = 6.83 Hz,i-Pr O‘|3) 13C{1H}
NMR (CD,Cl,): 6 (ppm) 218.74 (PeCO), 184.44 (freeCO), 174.22
(Pd—COCH;), 167.11 C=N), 165.10 C—0), 150.80 (N-C), 140.90

was frozen, evacuated and exposed to an atmosphere of CO. ThgC—tBu), 139.66 C—iPr), 134.91, 132.37, 126.72, 123.74, 119.50 (free

mixture was kept at-78 °C and*H NMR spectrum taken at60 °C.
IH NMR (CD:Cl,): o (ppm) 7.90 (s, 1H, imingéd), 7.33 (d,334-n =
7.24 Hz, 1H, AH), 7.21 (m, 3H, AH), 7.00 (d,3J4-n = 7.99 Hz, 1H,
ArH), 6.43 (t,%J4-n = 7.56 Hz 1H, AH), 3.01 (septet, 2HJy—n =
6.64 Hz,i-Pr CH), 1.99 (free CHCN) 1.36 (s, 9Ht-BuH), 1.16 (d,
6H, 3JH7H = 6.75 Hz,i-Pr CHg), 0.97 (d, 6H,3\]H7H = 6.69 Hz,i-Pr
CHj3), 0.06 (s, 3H, Pe&CHa). Traces of2b-CO are also found in this
spectrum.

Synthesis of 1c-NCCH. The dipotassium salt of liganzi(312 mg,
0.42 mmol) and (COD)Pd(Me)CI (111 mg, 0.42 mmol) were weighed
into a round-bottom flask in the glovebox, placed on a frit assembly,

CHiCN), 114.72 C—C=N), 39.18 (P&-COCHj3), 35.14 {-Bu C), 29.13
(t-Bu CHa), 28.12 (-Pr CH), 24.84 (-Pr CHa), 22.92 (-PrCHy), 2.14
(free CH3CN). IR (KBr pellets; cm?): 2088 (co, coord G=0), 1733
(Vco, acyI-C=O), 1610 (/CNy C=N)

Synthesis of 2¢-CO. 1¢c-NCCH (22 mg, 0.025 mmol) in CECl,
was frozen, evacuated and exposed to an atmosphere of CO. The
mixture was kept at-78 °C and*H NMR spectrum taken at T@C after
2 h.'H NMR (CD,Clp): ¢ (ppm) 7.95 (s, 1H, imingéd), 7.60 (s, 1H,
ArH), 7.19 (m, 4H, AH), 3.56 (crown ether), 3.31 (septet, 2Hy-n
= 6.78 Hz,i-Pr CH), 2.67 (s, 3H, CCHs), 1.98 (free GisCN), 1.36
(s, 9H,t-BuH), 1.33 (d, 6H.2J4—n = 6.80 Hz,i-Pr CHg), 1.10 (d, 6H,

and transferred to the vacuum line. Acetonitrile (25 mL) was condensed 3Jy-n = 6.83 Hz,i-Pr CH3). 13C{*H} NMR (CD.Cl,): 6 (ppm) 220.63

onto the solids at-78 °C and the reaction was warmed to room

(Pd—CO), 174.61 (Pe-COCH), 167.69 C=N), 163.96 C-O), 151.36

temperature. Upon warming, the yellow solution became turbid and (N—C), 139.92 C—iPr), 138.22, 137.02, 126.39, 123.60, 123.20,

was allowed to stir for an additional 2 h. The reaction was filtered,

118.72, 70.19 (crown ether), 39.41 (FAOCH), 34.98 (-Bu C), 29.51

and the solvent was removed in vacuo. The product was isolated as a(t-Bu CHs), 28.08 (-Pr CH), 24.90 {-Pr CH3), 22.96 (-Pr CHs), 2.15

light yellow solid, which was pure by NMR spectroscopy (320 mg,
88% yield).'H NMR (CDCl): o (ppm) 7.68 (s, 1H, imingd), 7.62
(s, 1H, AH), 7.23 (s, 1H, AH), 7.16 (m, 3H, AH), 3.57 (1, 24H,
crown ether), 3.50 (septet, 2AJy—n = 6.81 Hz,i-Pr CH), 2.26 (s,
3H, NCCH3), 1.49 (s, 9Ht-BuH), 1.25 (d, 6H 24— = 6.33 Hz,i-Pr
CHs), 1.05 (d, 6H,234-4 = 6.99 Hz,i-Pr CH3), —0.22 (s, 3H, Pd
CHs). 33C{*H} NMR (CDCl): o (ppm) 167.86 C—0), 166.60 C=
N), 148.44 (N-C), 141.61 C—'Pr), 138.05, 136.480—BFs), 125.80,
122.94, 118.77¢—C=N), 117.68 C=N), 69.94 (crown ether), 35.05
(t-Bu C), 29.86 (-Bu CHj3), 27.49 (-Pr CH), 24.89 (-Pr CH3), 22.70
(i-PrCHa), 2.86 CH3CN), —5.89 (Pd€Hz3). Anal. for GegHsgBFsKN 07
Pd: C, 52.89; H, 6.76; N, 3.09. Calcd: C, 52.52; H, 6.84; N, 3.22.
Synthesis of 1c-PMe PMe; (0.078 mmol) was condensed on a
frozen THF solution (25 mL) ofilc-NCCHjs (68 mg, 0.078 mmol).
The mixture was warmed to room temperature and stirred for 2 h.
Filtration and evaporation of all the volatiles led to the isolation of
crudelc-PMe; as a yellow solid (48 mg, 68% yield)Hd NMR (CD,-
Clp): 0 (ppm) 7.89 (d2Jn-p = 12.33 Hz, 1H, imineH), 7.46 (s, 1H,
ArH), 7.18 (m, 3H, AH), 7.06 (s, 1H, AH), 3.55 (s, crown ether),
3.30 (m, 2H,i-Pr CH), 1.44 (d,2J4-p = 10.24 Hz, 9H, PEl3), 1.42 (s,
9H, t-BuH), 1.19 (d, 6H,2Jy—n = 6.52 Hz,i-Pr CHg), 1.04 (d, 6H,
8Ju-n = 6.42 Hz,i-Pr CHg), —0.48 (d,3Ju—p = 2.91 Hz, 3H, Pé-
CHjs). B°C{*H} NMR (CD.Cly): 6 (ppm) 167.34 C=N), 167.28 C—
0), 148.27 (N-C), 141.40 C-Pr), 138.75, 137.91, 135.99, 125.51,
122.99, 118.61G—C=N), 70.05 (crown ether), 35.12-Bu C), 29.46
(t-Bu CHg), 27.65 (-Pr CH), 24.83 {-PrCHg), 22.46 {-PrCHj3), 15.15
(d, 1chp = 31.46 Hz, EH3), —4.59 (d,z\]cfp = 14.2 Hz, Pd€H3)
SIP{1H} NMR (CD,Cly): 6 (ppm)—3.85. Anal. for (GoHesNO;PBFR-
KPd): C, 50.84; H, 6.98; N,1.51. Calcd: C, 51.80; H, 7.25; N, 1.55.
Synthesis of 1¢-CO. 1¢-NCCH (22 mg, 0.025 mmol) in CECl,

(free CHsCN). IR (KBr pellets; cnm?): 2085 o, coord G=0), 1724
(’Vco, acyI-C=O), 1603 (/CN, C=N)

Synthesis of 3a[N,0]Li (1.5 mmol) was dissolved in acrylonitrile
(10 mL) and transferred to a solution of (COD)Pd(Me)Cl (1.5 mmol)
in acrylonitrile (5 mL) at 0°C. The resulting suspension was stirred
for 15 h at 25°C. After removal of all volatiles the residue was extracted
with toluene and filtered; the toluene was removed and replaced by
n-hexane. A pure reddish-purple compound was obtained by crystal-
lization at—20 and—78 °C. Yield: 74%. Mixture of diastereomers:

IH NMR (CDCl): o (ppm) 7.1-7.4 (ArH) 3.60 (septetidy—n = 6.7
Hz, i-Pr CH), 3.46 (septet®Jy—y = 6.7 Hz,i-Pr CH), 3.33 (septet,
8Ju-n = 6.7 Hz,i-Pr CH), 3.15 (septetJy—n = 6.7 Hz,i-Pr CH), 3.06
(septetlJy—n = 6.7 Hz,i-Pr CH), 2.87 (septet®Jy—p = 6.7 Hz,i-Pr
CH), 2.14 (m, CHCHy), 1.95 (m, CHCH,), 1.59 (d,®J4-n = 6.7 Hz,
i-Pr CHa), 1.47 (d,3Jh-n = 6.7 Hz,i-Pr CHj), 1.38 (m, CHCH,), 1.32
(d, 3-]H7H = 6.7 Hz,i-Pr O‘|3), 1.28 (d,3JH7H = 6.7 Hz,i-Pr CH3),
1.25 (s,t-BuH), 1.24 (st-BuH), 1.23 (st-BuH), 1.22 (st-BuH), 1.19
(s, t-BuH), 1.14 (s,t-BuH), 1.11 (d,3J4-n = 6.7 Hz,i-Pr CHs), 1.00
(t, 3Ju—n = 5.4 Hz, (H3), 0.91 (dd, GICN), 0.88 (dd, GICN), 0.61
(dd, CHCN), 0.42 (t,3Jy—n = 5.4 Hz, (Hz). MS (FD)[%] (toluene):
1703 [100, M, trimer], 1137 [20, dimer], 567[20, monomer]. IR: 2235
(s, ven). UV—vis [toluene]: Amax 501 nm;e: 56135. Anal. for
(CaoHaaNzOPd): C, 63.5; H, 7.8; N, 7.2; Calcd. C, 63.43; H, 7.63; N,
7.40.

Synthesis of 3a-PPk The oligomer Pd complega (0.82 g, 0.48
mmol) was dissolved in 10 mh-hexane at 25C. Triphenylphosphine
(excess) in 20 min-hexane was added and after 15 min a precipitate
was observed. The mixture was stirred for 15 h and the reddish-brown
precipitate was isolated by filtration and was dried in high vacuum.
Yield: 1.2 g, 86%H—H—COSY (GDg¢): ¢ (ppm) 8.1-8.2 (m, AH),

was frozen, evacuated and exposed to an atmosphere of CO. The7.92 (s, AH), 7.71 (s, AH), 7.1-7.3 (m, AH), 4.24 (septet, 1HJ4_n

mixture was kept at-78 °C and*H NMR spectrum taken at70 °C.

= 6.8 Hz,i-Pr CH), 3.74 (septet, 1HJ_; = 6.8 Hz,i-Pr CH), 2.58
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(dd, 1H,3Jy—x = 12.0,3J4—p = 5.0 Hz, CH—CHCN), 1.61 (d, 6H,
3Ju-n = 6.8 Hz,i-Pr CHg), 1.42 (s, 9H{-BuH), 1.31 (d, 3H2y-n =
6.8 Hz,i-Pr CHg), 1.18 (d, 3H,2Jy-n = 6.8 Hz,i-Pr CH3), 1.01 (m,
1H, CHCH,), 0.94 (s, 9Ht-BuH), 0.65 (m, 1H, CHCH,), 0.53 (t,
3H, 3J4-n = 6.4 Hz, GH3CHy). H-*C—HSQC (CDC¥): 6 (ppm) 154.0
(C-0), 149.5 C-N), 142.9 C-t-Bu), 142.5 C-i-Pr), 141.3 C-i-Pr),
140.7 C-i-Pr), 136.8 C-t-Bu), 136.2 (ArCH, PPh), 136.0 (ArCH,
PPh), 135.8, 131.9, 131.0 (A€H, PPh), 130.6, 123.9, 123.6, 35.3
(t-Bu C), 33.9 ¢-Bu C), 31.2 ¢-Bu CHj3), 29.7 ¢-Bu CH3), 29.0 {-Pr
CH), 25.2 {-PrCHg), 24.9 {-Pr CH3), 24.0 CH—CN), 22.9 {-Pr CHa),
22.7 (-Pr CHs), 14.4 CH,CHCN), 0.77 (CH). 3P{H} NMR
(CDCl): 6 (ppm) 30.4 ppm. IR: 2192 cm (vcy). MS(FD) (tolu-
ene): Mf(829, correct isotope pattern).

Synthesis of 3bDry acrylonitrile (136 mg, 2.56 mmol) was added
to a stirred solution oflb-NCCHj3 (319 mg, 0.64 mmol) in THF (25
mL) at —78 °C. The solution was stirred f& h while warming to

29.46 (-Bu CH3), 28.02 and 27.76{Pr CH), 25.86, 24.93, 22.60 and
22.10 (-PrCHs), 24.93 (CH(CNEH,), 14.59 (CH(CN)CHCHj), 10.27
(d,2Jc-p=9.46 Hz, PdC). Anal. for (GgHsoN,O;BFsKPd),: C, 52.71;
H, 6.60; N, 3.40. Calcd: C, 53.16; H, 6.75; N, 3.18.

Synthesis of 3c-PMe PMe; (0.026 mmol, 1 eq) was added to a
frozen CDQCI; solution of anionic oligomer mixtur8c (23 mg, 0.026
mmol). The mixture was warmed to room temperature and the NMR
tube shaken for 5 mirtH NMR (CD.Cly): ¢ (ppm) 7.89 (d3Jy-—p =
12.85 Hz, 1H, imineH), 7.51 (s, 1H, AH), 7.20 (m, 3H, AH), 7.09
(s, 1H, AH), 3.54 (s, crown ether), 3.27 (sept&l;— = 6.58 Hz 2H,
i-Pr CH), 1.62 (d,?J4—p = 10.64 Hz, 9H, PEl3), 1.43 (s, 9Ht-BuH),
1.38 (m, 1H, (G(CN)CH,CHs), 1.29, 1.25, 1.07 and 0.98 (d, 12H,
8Ju-n = 6.72 Hz,i-Pr CH3), 1.22 and 1.03 (m, 2H, (CH(CN}:CHz),
0.34 (t,34—n = 7.04 Hz, 3H, (CH(CN)CHCHj3). **C{*H} NMR (CD»-
Cly): 6 (ppm) 168.09 C=N), 166.13 C—0), 147.17 (N-C), 142.27
and 141.50 €—'Pr), 138.67 (ArC—H), 137.81 (ArC—tBu), 136.91

room temperature. The volatiles were removed in vacuo and the sample(Ar C—H), 129.32 (d3Jc-p = 6.03 Hz,C=N), 128.35 C—BF3), 126.58

was isolated as an orange solid (305 mg, 93% yiéld)NMR (CD-
Cly): o (ppm) 7.59, 7.54, 7.53, 7.52, and 7.50 (5 s, imitie 7.32—
7.15 (m, AH), 7.00-6.89 (m, AH), 6.45-6.30 (m, AH), 3.73, 3.58,
3.53,3.36, 3.36, 3.11, 3.02 (-1 = 6.5-6.9 Hz,i-Pr CH), 1.37 (s,
t-BuH), 1.30-0.90 (m,i-Pr CH; and P&-CH(CN)CH,), 0.65 (m, CH-
(CN)CH,CH3). 13C{*H} NMR (CD.Cly): ¢ (ppm) 166.61, 165.94,
165.85, 165.66 and 165.1CN andC—0), 147.27, 147.23, 146.98
(N—C), 141.53-140.90 C-i-Pr), 133.5+123.15 (ArCH and CN),
119.07, 118.78, and 118.5Z+{tBu andC—C=N), 113.01, 112.93,
and 112.60 (ArCH), 35.22 and, 35.13t{Bu C), 29.46-28.75 (-Bu
CHs), 27.78-27.58 (-Pr CH), 26.01-24.79 (-Pr CHj3), 23.43-22.13
(i-PrCHs), 14.90-14.10 CH3CH,CH(CN)), 10.32-8.43 (CHCH,CH-
(CN)). Anal. for (G7HzeN2OPd): C, 63.43; H, 7.18; N, 5.59. Calcd:
C, 63.46; H, 7.10; N, 5.48.

Synthesis of 3b-PMe. PMe; (0.045 mmol, 1 eq) was added to a
frozen CDCI, solution of neutral oligomer mixture (23 mg, 0.045
mmol). The mixture was warmed to room temperature and the NMR
tube was shaken for 5 mifH NMR (CD,Cly): 6 (ppm) 7.91 (d, 1H,
3Ju-p = 12.3 Hz, imineH), 7.33 (d, 1H3J4_n = 7.35 Hz, AH), 7.22
(m, 3H, AH), 6.97 (dd, 1H3J4—n = 7.88 Hz,*J4—n = 1.74 Hz, AH),
6.44 (t, 1H,3J_p = 7.51 Hz, AH), 3.23 (septet, 2H3J,_ = 6.84
Hz, i-Pr CH), 1.63 (d, 9H,2Jy_p = 10.73 Hz, PEls), 1.41 (s, 9H,
t-BuH), 1.30, 1.26, 1.08 and 0.99 (4d, 1%, = 6.88 Hz,i-Pr CH3),
1.45 (m, 1H, (B(CN)CH,CHs), 1.22 and 1.05 (m, 2H, (CH(CN}&-
CHs), 0.35 (t, 3H 23y = 7.10 Hz, (CH(CN)CHCH5). 133C{*H} NMR
(CD,Clp): 6 (ppm) 167.51 C=N), 167.05 C—0), 146.70 (N-C),
142.03 and 141.280—i-Pr), 140.53 (ArC—tBu), 135.54 (ArC—H),
132.24 (ArC—H), 128.91 (d,%Jc-p = 6.23 Hz,C=N), 126.97 (Ar
C—H), 123.65 (ArC—H), 119.46 C—C=N), 112.97 (ArC—H), 35.19
(t-Bu C), 29.29 (-Bu CHg), 28.14 and 27.994Pr CH), 25.53 and 25.09
(i-Pr CHg), 24.55 (d,2Jc—p = 2.90 Hz, CH(CNEH,), 22.42 and 22.08
(i-Pr CH3), 14.26 (CH(CN)CHCHg), 14.17 (d,'Jc—p = 30.76 Hz,
PCHj), 6.05 (d,2Jc-p = 8.92 Hz, Pd€). 3P{*H} NMR (CD.Cly): o
(ppm) —5.29.

Synthesis of 3cDry acrylonitrile (38.3 g, 0.72 mmol) was added
to a stirred solution oflc-NCCHj; (157 mg, 0.18 mmol) in THF (25
mL) at —78 °C. The solution was stirred f@ h during which room
temperature was reached. All the volatiles were then removeacuo

(Ar C—H), 123.44 (ArC—H), 118.70 C—C=N), 70.03 (crown ether),
35.04 (-Bu C), 29.63 {-Bu CHj3), 28.08 and 27.87i{Pr CH), 25.63
and 25.16i¢Pr CHs), 24.54 (CH(CNEH,), 22.42 and 22.05Pr CHa),
14.30 (CH(CN)CHCHs3), 14.21 (dXJc—p = 30.11 Hz, FCH3), 5.82 (d,
2Jc-p = 9.46 Hz, PdE). 3P{*H} NMR (CD.Cly): 6 (ppm) —5.68.

Competition Experiment (Scheme 7).ds-1b-NCCH; (11 mg,
0.0219 mmol, 1 eq) antic-NCCH;z (19 mg, 0.0219 mmol, 1 eq) were
dissolved in CHCI, (0.7 mL). Acrylonitrile (116 mg of a 1% w/w
CHCI; solution, 0.0219 mmol, 1 eq) was then added and the NMR
tube was shaken and allowed to stand for 20 min. at room temperature.
The solution was frozen in liquid nitrogen, the tube evacuated and PMe
was added via gas transfer (19.1 mL at 42.4 mmHg anti23.438
mmol, 2 eq). The mixture was warmed to room temperature and shaken
for 1—2 min.2H and®'P NMR specta were recorded unlocked-£0
°C and referenced using naturally abundant deuterated soRrnoi(
external HPQy in CD.Cl, (3*P). The experiment was repeated to confirm
the reproducibility of the results?H NMR (CH,CL): 6 (ppm)
(integration first experiment, integration second experiment, assignment)
0.30 (1.00, 1.00ds-3b-PMe;), —0.47 (1.56, 1.55¢:-1b-PMes). 31P
NMR (CH:Cly): o6 (ppm) (integration first experiment, integration
second experiment, assignmen.73 (0.68, 0.85¢-1b-PMe;), —3.89
(0.36, 0.38,1c-PMey), —5.29 (0.73, 0.74¢s-3b-PMes), —5.68 (1.00,
1.00,3c-PMey).

NMR Tube Reactions of 1-NCCH; with Acrylonitrile. 1a-NCCH 3
(20 mg) was dissolved at78 °C in CD,Cl, (650 uL). Acrylonitrile
was then transferred to the NMR tube—@0 eq) and the tube
transferred to a pre-cooled NMR probe. SevéraNMR-experiments
have been carried out for compl@a-NCCH; at different temperatures
in CD.Cl; to examine the exchange of acetonitrile by acrylonitrile and
insertion of acrylonitrile into Pd-Me. The exchange of acetonitrile by
acrylonitrile (AN) was monitored by observing the signals of coordi-
nated AN and free AN2 Free AN at—30 °C: *H NMR (CD.Cly): ¢
(ppm) 6.33 (d3Jn = 17.9 Hz, 1 H, ®ly), 6.18 (d,3Jwn = 11.9 Hz, 1
H, CHy), 5.77 (dd 33— = 17.9, 11.9 Hz, 1 H, BICN). 13C{*H} NMR
(CD.CL): 6 (ppm) 130.1 CHp), 117.1 (CHCN), 107.3 CHCN).
N—Coordinated AN at-30 °C: *H NMR (CD;Cl,): 6 (ppm) 6.58 (d,
33y-n = 17.9 Hz, 1H, ®,), 6.45 (d,3J4-n = 12.1 Hz, 1H, ®&), 5.97
(dd, 3Jy—n = 17.9, 12.1 Hz, 1H, EICN). *3C{*H} NMR (CD.Cl,): 6

and the sample was isolated as an orange solid (122 mg, 77% yield).(ppm) 142.2 CH,), 106.0 CHCN), 119.1 (CHCN). During the

1H NMR (CD,Cly): 6 (ppm) 7.49 and 7.47 (s, iminid), 7.42— 7.12
(m, ArH), 7.07 (s, AH), 3.52 (s, crown ether), 3.26 @n-n = 6.65
Hz, i-Pr CH), 3.20-2.80 (m, i-Pr CH), 1.33 (s,t-BuH), 1.26, 1.22,
1.04 and 0.95 (mi; Pr CH3), 1.30 and 1.18 (m, CH(CN)d:CHs), 0.97
and 0.84 (t3Jy_y = 6.80 Hz, G4(CN)CH,CHs), 0.53 (t,3Jy_1 = 7.08
Hz, CH(CN)CHCHa). 3C{'H} NMR (CD.Cl»): & (ppm) 165.69 C=

N), 164.92 C—0), 147.03 (N-C), 141.85 and 141.600—Pr), 138.05
(Ar C—tBu), 137.09 (ArC—H), 136.93 (ArC—H), 133.84 C—BF3),

129.01 and 128.383=N), 127.06 (ArC—H), 123.69 (ArC—H), 123.48
(Ar C—H), 117.88 C—C=N), 70.02 (crown ether), 34.94-Bu C),
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exchange proton signals of free acetonitrile at 2.0 ppm have been
observed. For comparison ta-NCCH; at —30 C: *H NMR (CD»-

Cly): 0 (ppm) 2.35 (G3sCN). No insertion reaction was observed in
CD,Cl, at —30 °C when a ratio of AN:1a-NCCH; = 20 was used.
Upon warming to higher temperatures, the disappearanta-nfAN

was monitored over time by observing the decrease of the Pd-Me signal
intensity at 0.0 ppm. Similar reactions were studied VlitiNCCH3;

(43) Rosenblum, M.; Turnbull, M. M., Begum, M. Kl. Organomet. Chem
1987, 321, 67.
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(12 mg, 190 eq AN, total volume: 70@L) and with 1c-NCCH;z
(21 mg, 1-100 eq AN, total volume: 70@L). Below —30 °C, the

acetonitrile ligand is completely replaced by N-bound AN when more

20 eq of AN, or more, are present in solution to foido-n-AN and
1lcn-AN, respectively, whereas insertion into the Pd-Me bound
observed above-30 °C.

1b-n-AN at —60°C *H NMR (CD.Cly): ¢ (ppm) 7.66 (s, 1H, imine
H), 7.23 (d,3Jy-n = 7.0 Hz, 1H, AH), 7.14 (m, 3H, AH), 6.92 (d,
3Jy—y = 7.0 Hz, 1H, AH), 6.47 (d,3J4—4 = 17.8 Hz, 1H,n-bound
AN), 6.29 (d,%Jy—4 = 12.6 Hz, 1H,n-bound AN), 6.23 (d3Ju-n =
18.5 Hz,free AN), 6.09 (d,2Jy-n = 13.0 Hz,free AN), 5.97 (dd,2J4-n
= 17.8, 12.6 Hz, 1Hp-bound AN), 5.77 (dd3J4—y = 17.9, 11.9 Hz,
free AN), 3.23 (septetdJy—y = 6.58 Hz, 2H,i-Pr CH), 1.99 (s, 3H,
free CH3CN), 1.36 (s, 9Ht-BuH), 1.19 and 0.97 (Jy—n = 6.52 Hz,
6H, i-Pr CH3), —0.25 (s, 3H, PeMe). 13C{*H} NMR (CD,Cl,): o
(ppm) 167.17C=N), 165.53 C—0), 146.85 (N-C), 142.02 -bound
AN), 140.60 C—'Pr), 140.15 (ArC—H), 138.26 {ree AN), 137.81
(Ar C—tBu), 136.86 (ArC—H), 134.48 (ArC—H), 126.27 (ArC—H),
123.10 (ArC—H), 118.66 (Pe-NC), 117.94 free CH;CN), 117.46 free
AN), 111.91 C—C=N), 107.27 free AN), 106.21 (Pe-NCC), 35.01
(t-Bu C), 28.66 {-Bu CH3), 27.38 (-Pr CH), 24.62 and 22.15i{Pr
CHs), 2.28 (freeCH3CN), —4.87 (PdC).

1cn-AN at —60°C H NMR (CD.Cly): 6 (ppm) 7.62 (s, 1H, imine
H), 7.42 (s, 1H, AH), 7.14 (m, 4H, AH), 7.05 (s, 1H, AH), 6.47 (d,
3J4-n = 17.4 Hz, 1H,n-bound AN), 6.34 (d3Jy-n = 12.6 Hz, 1H,
n-bound AN), 6.23 (d3Js-n = 18.3 Hz,free AN), 6.09 (d,3J4-n =
13.0 Hz,freeAN), 5.97 (dd,3J4-n = 17.4, 12.6 Hz, 1Hn-bound AN),
5.77 (dd,3Jy-n = 18.3, 11.9 Hzfree AN), 3.52 (crownether), 3.29
(septet,2Jy—p = 6.68 Hz, 2H,i-Pr CH), 1.99 (s, 3H,free CH;CN),
1.39 (s, 9Ht-BuH), 1.20 and 1.04 (fJy—n = 6.62 Hz, 6H,j-Pr CHg),
—0.30 (s, 3H, Pe-Me). 13C{*H} NMR (CD,Cly): ¢ (ppm) 166.80C=
N), 166.16 C—0), 147.52 (N-C), 141.72 t-bound AN), 141.18C—
iPr), 138.19 free AN), 137.44 (ArC—tBu), 136.10 (ArC—H), 128.50
(Ar C—H), 123.02 (ArC—H), 118.10 (P&-NC), 117.75 {ree CHsCN),
117.42 {ree AN), 108.20 C—C=N), 107.36 {ree AN), 106.66 (Pd-
NCC), 69.95 (crownether), 34.98-Bu C), 29.24 {-Bu CH3), 27.78
(i-Pr CH), 24.76 and 22.3G{Pr CH3), 2.29 (freeCH3CN), —5.34 (Pd-
C).

Kinetic Studies of AN Insertion in the Pd—Me Bond: Complex
1b-NCCHj3 or 1¢c-NCCH;z (0.024 mmol. 12 and 21 mg respectively)
was dissolved in CECl, at —78°C. A CD.Cl; solution of acrylonitrile
(1 to 190 eq) was then syringed to the NMR tube (total volume: 700

S ulL) and the tube transferred to a NMR probe set at different temperature

from —22.8 t0+9.8 °C. The temperature in the probe was measured
accurately using a thermocouple device. Disappearance of the total [Pd-
Me], which includel-n-AN as well as a new species identified4as-

AN, was used to monitor the reaction at set temperatures and amounts
of AN. The obtainedk.ps are listed in Table 4.
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