© 2001 American Chemical Society, Organometallics, Perch om010876u Supporting Info Page 1

Experintental

7 General Me'tho,ds. Anhydrous hexanes,’ triethylsilane, dimethyl malonete, 3,5-
»bis(triﬂuoromethyl)benzonitrile (Aldrich), VH1:3CEF13C13CHQOH, and (13C02Et5213CH2
(Cambridge Isotope -Labor’atories), and dimethyl drallylmalonate (Lancaster) were used as
received. Dichloromethane and dichloroethane were distilled from CaH, prior to use.
[(phen)Pd(Me)(NCAr)]+ [BAr4]~ [Ar = 3,5-CgH3(CF3),],} (phen)Pd(Me)Cl 2 NaBAry,3 and
DSiEt3# were prepared accordmg to known methods Labelled dienes 1-2 ,0-dy. and 1-3,3,5,5-dy
have been previously synthe51zed 1n_our laboratory.5 Elemental analysis was performed by
Complete Anéinis Labdra‘torie‘s,‘ Inc. (Parsippany, NJ). Low temperéture NMR were' recorded at
500 MHz for 'H and 125 MHz for 13C except where noted; room temperatrlre NMR were
recorded at 400 MHz for 1H and 100 MHz for 13C. NMR Probe temperatures were measured

using a methanol thermometer and were mamtamed to within + 1 degree Atom labeling schemes

for phenanthroline, N=CAr, and BAr4 are shown in Figure Sl NMR Yields for the conversion
of 3 to 2 2 to 4,4 to S and S to 6 were ‘obtained employmg al0s delay between pulses Error

limits for rate constants refer to the deviation of multiple runs.

Figure S1. Atom labeling schemes for phenanthroline, N=CAr, and BAr4~.
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Labelled Dieneé ‘
(13C0O2Et)213C(CHCH=CH>)> (15-13C3). A suspension of (13CO2Et);13CH -
" (150 pL, 1.0 minol), allyl bromide (260 pL, 3.0 mmdl) and NaH (140 mg, 6.0 mmoi) in THF
was stirred overr.lightl at foom temperature. Work up and chroinatography (SiOy; hexane-EtOAc =
24:1) gave 1a-13C3 (126 mg, 52%) as a colorless oil. 'H NMR (CDCls, 25 °C): & 5.64 (dtdd, J
= 1.4, 7.4, 10.6, 14.9 Hz, 2 H), 5.11 (dm, J = 1.2 Hz, 2 H), 5.08 (broad d, J = 2.0 Hz, 2 H),
4.17 (dq, J = 3.3, 7.2 Hz, 4 H), 2.63 (m, 4 H), 1.24 (d, J = 7.1 Hz, 6 H).  13C{1H} NMR "
(CDCl3, 25° C): & 171.0(d, J =57.2 Hz), 132.5, 119.4, 614,574 (t,J=573Hz),369(, J
= 34.0 Hz), 14.3. |
| (CO2Me)2C(13CH,13CH=13CHy); (1-13Cq). Labelled diene 1-13C¢ was
synthesized in four stgps from H13C=13C13CH,0H in 24% overall yield by the pathway depicted.
in Scheme S1. A solution of HI3C=13CI3CH,0H (250 mg, 4.2 mmol), HSiFts (081 g, 7.0
mmol), [Rh(COD),]* BF4— (13 mg, 0.03 mmol), and PPh3 (16 mg, 0.06 mmol) in acetone (7
mL) wés stirred at room température for 40 min.6 The solvént was evaporatéd and the rééidue was
chromatographed (SiOg; - hexanes—EtOAc =50:1 = 25:1) to give Et3Sil3‘CH'=13CH13CHzOH
(S1) (0.65 g, 88%) as a cblorléss oil. A solution of Sv1 (0.63 g, 3.6 mmol), methane
sulfonylchloride (0.82 g, 7.2 mmol), and triethylamine ((‘).8‘1 g, 8.0 mmol) iﬁ CHQCiz (15 mL)
~ was warmed from 0 to 25 °C and stirred for 4 h Solvent was evaporated and the residue was
diluted with ether and washed with water, 1. N HCIl, isaturated NaHCOs3, and brine, and dried
(MgSOy). Evapérati'on of ether gave Etgsii 3CH=13CHI3CH,0Ms (S2) (0.79 g, 86%) as a fale
yellow oil which was ~97% pure by GC and NMR analysis. S
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Scheme S1

A suspension of 82 (0.78 g, 3.1 mniol), dimethyl malonate (0.17 g, 1.3 mmol), and NaH
(60% in mineral oil; 0 21 g 52 i’nndol) in THF (15 mL) was refluxed ovefnight Water ahd other
were added, the layers were separated and the orgamc fraction was washed w1th water, 1 N HCI
saturated NaHCO3, and brine, and dried (MgSOy). Chromatography (8102, hexane—EtOAc =
80:1 — 50:1) of the residue gave (COzMe)QC(13CH213CH=13CHSiEt3)2 (83) (0.36 g, 62 %) as a
pale yellow oil. A solution _of S3 (0.35 g, 0.78 mmol) and CF3CO7H (1.0 mL, 13 mmol) in
CH;,Cls (3.2 mL) was stirred at room temperature for 24 h The rosulting solution was diluted
with CH,Cl,, washed with saturated NaHCO3, and dfied (MgSOgy). Chromatography of thé
residue (SiO2; hexane-EtOAc =75:1 — 50:1) gave 1-13C¢ (89-mg, 52%) as a colorless oil.

Fof S1: 13C{1H} NMR (CDCls, 25 °C), labelled carbons only: § 146.4 (dd, J = 42% 60
Hz), 126.0 (d, J = 60 Hz), 66.1 (d, J = 43 Hz). HRMS Caled. (found) for 12C413C3H15081
(M* = 12CyHs): 146. 0993 (146 0996) _

For S2: 13C{1H} NMR (CDCl3, 25 °C), labelled carbons only: ‘& 138. 5‘(dd J =45, 60
Hz) 134.0 (d, J = 60 Hz) 72.5 (d, J = 45 Hz). HRMS Calcd. (found) for 12C413C3H17O3551
(M 12C2H5) 224.0768 (224.0764).
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For S3: 13C{1H} NMR (CDCls, 25 °C), labelled carbons only: & 141.6 (dd, J =41, 60
Hz), 1324 (d, J = 60 Hz), 40.6 (d, J = 41 Hz). HRMS Calcd. (found) for 12C1513CH3904Si,
(M+ - 12CyHs): 417.2588 (417.2581).

For 1-13Cq: H NMR (CDCl3, 25 °C): § 5.62 (dm, Jcy = 156 Hz, 1 H), 5.08 (dm,

JcH = 160 Hz, 2 H), 3.71 (s, 6 H), 2 62 (dm, Jcg = 132 Hz, 4 H). 13C{IH} NMR (CDCl3, 25
°C) labelled carbons only: & 132.5(dd, J =43, 69 Hz), 119.5 (d, J = 69 Hz), 37.2 (d, J = 43

Hz). HRMS Calcd. (found) for 12C413C6H 1305 (M+ = O12CH3): 187.1066(187.1065).

~ Palladium CompleXes ’ '
[(phen)Pd(SiEt3)(NCAr)]* [BArg]- (2). HSiEt3 (2 62 mg, 0. 0225 mmol) was
added via syringe to an NMR tube containing a solutlon of [(phen)Pd(Me)(NCAn)}* [BAr4]~ (3) at

—78 °C. The tube was shaken bneﬂy and placed in an NMR probe precooled to 81 °C. Reaction

progress was determmed by measuring dlsappearance of the Pd—CH3 resonarce of 2 (§ 1. 26)
relative to the para phenyl proton of the BArs~ counter ion (8 7.76) in the TH NMR spectrum.
After 20 min, 3 was completely consumed to form 2 in 101+10% yield. - Complex 2 was

therma]ly sensitive and characterized in solutlon by IH NMR spectroscopy. 'H NMR (CD2Cly,

-81°C): 6 9.02(d,J=4.9 Hz, 1 H, then), 8.83 (d, J=45 Hz, 1 H, Hphen), 8.55 (d, J =8.2 -

Hz, 1 H, then), 8.43 (d, J = 8.3 Hz, 1 H, Hphen), 8.39 (s, 2 H, H,), 8.36 (s, 1 H Hp), 7.93
(m, 3 H, Hphen), 778 (dd, J =4.8,80Hz 1H, Hy), 7.73 (s, 8 H, Hy), 7.46 (s, 4H Hp),
1.06 (t, J=7.5Hz, 9 H S1CH2CH3) 097 (q, J = 7 5Hz, 6 H, SlCHzCH?,)

{(phen)Pd[n!, n32- CH(CHZSIEt;;)CHZC(COZMe)2CH2CH CHZ]}+ [BAr4]—
(4) ‘Dlmethyldlallyl malonate (4 7 UL, 0. 023 mmol) was added via syringe to an NMR tube

containing a solution of [(phen)Pd(SiEt3)(NCAD)]* [BAr4]~ (2) (0.023 mmol) in CD,Cl3 (0.6 mL)

at—78° C. The tube was shaken briefly and plaéed in the probe of an NMR spectrometer precooled

to -81 °C. The probe was warmed to —62 °C and the solution was monitored periodically by 1H

NMR spectroscopy. Reaction progress was determined by integrating the carbomethoxy

~ resonances of 4 (8 3.69 and 3.43) relative to the para phenyl proton of the BArs~ counter ion ¢
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7.74). After 20 nﬁn, 2 had been completely consumed to form 4 as the exclusive product in
84%=+10% yield as a single diastereomer by 1H NMR spectroscopy. Complex 4'Wa§ themally
sensiti\;'e an& was characteriz¢d in solution by 'H NMR spectroscopy at 62 °C. Assignment of
the proton resonances and coupling constants of 4 was aided by 1H COSY analySis (Figure S2)
and by spectroscopic analysis of the deutefiﬁm isotopomers {(phen)Pd[n!,n2-
CD(CHZSiEt3)CH2C(C02Me)2CHZCD=CH2]}+ [BArs]~ (4-d3) and {(phen)Pd[n!,n2-
CH(CHQSiEt3)CDzC(COzMe)2CD2CH=CH2]}+ [BAr4]— (4—d4) (see below).’
For 4: 1H NMR (CDyClp, 62 °C): & 8.71 (d, /=44 Hz, 1 H, H,), 8.61 (d, J = 8.1
Hz,1H, H), 848 (dd, J=1.2,82Hz, 1 H, H.), 8.35(dd, J = 1.2, 4.9 Hz, IIH, Hy), 8.16 (s,
2 H, Ho), 8.14 (s, 1 H, Hyp), 8.05 (dd, J = 5.2, 8.0 Hz, 1 H, Hy), 7.96 (s, 2 H, Hy), 7.87 (dd, J
=4.9, 8.1 Hz, 1 H, Hy), 7.74 (s, 8 H, Hy), 7.49 (s, 4 H, Hyp), 6.41 (dtd, J=43,84, 16.1 Hz,
1 H, -CH=CH3), 544 (d, J = 9.0 Hz,'l H,. —CH=CH2), 422 (d, J =16.1 Hz, 1 H,
~CH=CH5>), 3.68 (S, 3 H, COsMe), 3.43 (s, 3 H,. COyMe), 3.02 (dd, J - 8.2,12.7 Hz, 1 H,
, —CH2CH=CH2), 2.66 (m, 1 H, Pd-CH), 2.22 (dd, J = 4.0, 12.6 Hz, 1 H, -CH,CH=CH,),
| 1.74, 1.70 [ABX, JAB = 15..6 Hz, Jax = 10.9 Hz, Jgx = 5.4 Hz, 2 H, Pd—CH(CH;SiEt3)CH>],
1.23 [dd, J = 2.6, 13.3 Hz, 1 H; Pd—CH(CstiEt3)CH2],- 1.11 .[t, J =133 Hz, 1 H, Pd-
CH(CH,SiEt3)CHa], 0.94 (t, J = 7.9 Hz, 9 H, SiCH2CH3), 0.64 (q, J = 7.9 Hz, 6 H,
SICH,CH3). -
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Figure S2. 'H COSY Spectrum of 4.
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{(phen)Pd[n1,n2-CD(CHZSiEtg,)CHZC(COZMe)2CH2CD=CH2]}+ [BArs]-
(4-dy). Réaction of 1-2,6-dy (4.9 uL,l 0.024 mmol) and 2 (0.024 mmol) in CD>Cl, (0.6 mL) at-
—-62 °C employing a_prdcedure analogous to that used in the synthesis of 4 gave 4-d; as the
exclusive product by !H NMR analysis. 1H NMR (CD;Cly, -62 °C), hexenyl ligand only: &
5.45 (s, 1 H, -CH=CH3), 422 (s, 1 H, -CH=CH>), 3.69 (S, 3 H, CO2Me), 3.43 (‘s, 3 H,
CO,Me), 3.02 (d, J = 12.7 Hz, 1 H, -CH,CD=CHy), 2.22 (4, J = 12.7 Hz, 1 H,
—-CH,CD=CHy), 1.73, 1.70 [ABq, J = 15.6 Hz, 2 H, Pd-CD(CHSiEt3)CH>], 1.23, 1.11 [ABq,
J=13.6Hz, 2 H, Pd—CD(CHgSiEtg;)CHg]., 0.92 (t, J = 7.8 Hz, 9 H, SiCH,CH3), 0.62 (q, J =
7.7 Hz, 6 H, SICH)CH). | | -

{(phen)Pd[n,12-CH(CH;SiEt3)CD,C(CO;Me)2,CD2CH=CH]}* [BAr4]-
(4-dg). Addition of 1-3,3,5,5-d4 (5.0 pL, 0.025 mmol) to a solution of 2 (0.025 mmol) in
CD,Cl (0.6 mL) at ~62 °C gave a 5:6:10 mixture of 1-ds, A-dy, and 5-dg by 'H NMR analysis.
From this mixture, the lH NMR resonances rfor the hexényl ligand of 4-d4 were determined. 1H
NMR (CD;Cly, 481 °C), hexenyl ligahd.only: 6 6.41(dd, J=9.0, 159 Hz, 1 H, -CH=CHpy),

545, J =90 Hz, 1 H, —CH%CHz), 4.23 (d, J= 16.1 Hz, 1 H, —CH=CH2): 3.68 (S,3H,
‘COzMe), 3.4 (s, 3 H, COMe), 2.64 (dd, J = 3.4, 12.4 Hz, 1 H, Pd-CH), 0.61 (q, J = 7.7 Hz,
6 H, SiCH;CH3). The SiCH,CH3 resonances were obscured. |

{(phen)Pd[n1,nz-CH(CHZSiEtg,)CH213C(13C02Ef)2CH2CH=CH2]}+
[BArs]- (4a-13C3). Reaction of 1-13C3; ‘(4.7 iL, 0.023 mmol) and 2 (0.023 mmol) iﬁ_CDgClz
(0.6 mL) at —62° C employing a procedure analogous to that ﬁsed in the synthesis of 4 gave 4a-
13C3 as the ex_clusivé product by 1H NMR analysis. 13y 1H} NMR (CD;Cly, -62 °C), labelled
carbon atoms only: & 172.6 (dd, J = 2.3, 5.3 Hz), 172.5 (d, J = 58.4 Hz), 65.5 (dd, J =552,
58.4 Hz). |

{(phen)Pd[n!,n2- | |
13CH(13CH25iEt3)13CH2C(COzMe)£1'3CH213CH=13CH2]}+ [BArs]- (4-13C¢).
Reaction of 1-13Cg (4.2 uL, 0.021 mmol) and 2 (0.022 mmol) in CD,Cl; (0.6 mL) at —60 °C

employing a procedure analogous to that used in the synthesis of 4 gave 4-13Cg as the exclusive
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product by 1H NMR analysis. 13C{1H} NMR (CD,Cl,, 75 MHz ~60 °C), labelled carbon atoms

only: 8 103.7 (dd, J = 41, 47 Hz, -CH=CHy), 87.5 (d, J = 47 Hz, -CH=CHy), 50.0 [dd, J = »

30, 36 H27 Pd-CH(CH>SiEt3)CH>], 39.2 [d, J = 36 Hz, PA-CH(CH»SiEt3)CH3], 32.5 (d, J =
~ 41 Hz, -CH,CH=CHy), 20.3 [d, J = 30 Hz, Pd-CH(CH>SiEt3)CHj].

{(phen)Pd[CHz(llHCHzC(COzMe)_ZCszCHCstiEt3](NCAr)}+ ‘[BAr4]'“
(5). An NMR tube containing a solution 4 (39 mM) and NCAr in CD,Cly was warmed at —41 °C
and monitored periodically by !H NMR'As.pectroscopy; the progress of the réaction wﬁs determined
by. integrating the carbomethoxy resonances of 5 (83.67 and '3..59) and 4 (8 3.69 and 3.43) and

the para phenyl resonance of the BAr4~ counterion (8 7.72). After 2 h, 4 had been completely

consumed to form 5 in 96%+10% yleld by IH NMR analysis. Complex 5 was thermally sensmve

and was characterized in solution by 1H and 13C NMR spectroscopy at —41 °C. The 1H and 3¢
NMR labeling scheme for the cycl_opentyl portion of § is shown in Figure S3. Ass1gnment of
proton resonaﬂces and Jyy coupling constants was aided by H COSY analysis (Figure VS4) and
by !H NMR  analysis of -the labelled  derivatives
{(phen)Pd[CHzCDCHz(?(COzMe)QCH2CDCHQSiE‘t’3.](N'CAr)}+ [BAr4]~ (5-d2) and
{(phen)Pd[CHZCHCD_QC(COQMe)zCD2CHCH2$iEt3](NCAr)»}+ [BAr4]~ (S-ds) (see below) .
For 5: 1H NMR (CD2Cly, —41; °C): § 8.86 (dd, J = 1.0, 5.4 Hz, 1’H, Hy), 8.84 (dd, J
=15,49Hz, 1 H, Ha), 865 (s, 2 H, Hy), 8.64 (dd, J = 1.1, 8.6 Hz, 1 H, Hc); 8.55 (dd, J =
1.5,8.4 Hz, 1 H, H;), 8.38 (s, 1 H, Hp), 8.02 (d, .I =2.7Hz, 2 H, Hd), 7.99 (dd, J =5.4,8.2
Hz, 1.H, Hy), 7.86 (dd, J =4.8,8.2 Hz, 1 H, Hy), 7.72 (s, 8 H Hy), 7.51 (s, 4 H, Hp), 3.67
(é, 3 H, CO,CH3), 3.59 (s, 3 H, C02CH3), 293 (dd, J =74, 13.5 Hz, 1 H, H3), 2.62 (dd, J =
| 6.3, 13.1 Hz, 1 H, Hs), 2.52(dd, J=4.0,7.7Hz, 1 H, Hy), 2.18 (dd, J =‘1'O.4; 13.4 Hz, 1 H,
1), 2.09 (dd, J = 8.3, 10.8 Hz, 1 H, H1), 1.80 (m, 1 H, Hp), 1.77 (dd, J = 11.9, 12.9 Hz, 1 H,
Hs), 1.67 (m, 1 H, Hg), 1.26. (dd, J = 3.0, 13.4 Hz, 1.H, H7), 092 (t, J = 7.9 Hz, 9 H,

-SiCH,CH3), 0.55 (q, J =79 Hz, 6 H, -SiCH>CH3), 0.46 (dd, J = 11.9, 13.6 Hz, 1 H, H7).

13C{1H} NMR (CD2C12, 62 °C): & 175.4 (COzCH3),' 175.2 (CO,CH3), 163.8 (g, Jcllpg =

49.7 Hz, superimposed on a septet, Jc10B = 16.8 Hz, Cj), 159.4, 150.5, 149.6, 145.4, 142.4,

- S9
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1414 (Cphen). 136 6 (Cy), 136.1 (Co), 134.9 (q, 2JcE = 35.1 Hz, Ca 132.6, 132.0 (Cphen):
1313 (Cp). 130.6 (, 2Jcr = 314 Hz, Cm), 129.9, 129.6, 1279, 1278 (Cphen). 1264 (9, cF
— 273 Hz, Cy), 1241 (g, Vep = 274 Hz, C), 1215, 1138 (Ci and Cg), 119.5 (Cy), 59. 2 (Ca),
55.3 (CORCHa), 55.2 (CO>CHs), 53.6 (C), 45.2, 44.8, 43.9 (C3, Cs, and Ce) 32.4 (C1), 16.0
(C7). 9.5 (SiCH2CH3), 5.2 (SiCH2CH3). - | | |

Figure S3. Atom labeling Schemes for complexes 5 and 6.
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{(phen)Pd[CHzéDCH2C(COzMe)‘2CH2éDCHZSiEt3](NCAr)}+ [BAr;;]- (5-
dz). Warming a solution of 4-do (0.023 mmol) in CD2Cl (0.6 mL) at —41 °C for 90 min formed -
3-dj as the exclusive product by 1H NMR analysis. 1H NMR (CD,Cl,, —41 °C): §3.66 (s, 3 H,
COQCH3),F 3.57 (s, 3 H, CO,CH3),2.92 d, J = 13.6‘Hz, 1 H, H3),2.59 (d, /= 13.4 Hz, 1 H,
H5I), 248 (d,/J=8.2Hz, 1 H, Hy), 215 (d, J = 13.5 HZ, 1 H, H3), 2.06 (d, J = 8.1 Hz, 1 H,
Hy), 174 d, J = 13.5 Hz, 1 H, H5), 123 (d,‘J= 14.3 Hz, 1 H, H7),0.90 (t, /=78 Hz, 9 H,
-SiCH»CH3), 0.53 (g, /= 7.8 Hz, 6 H, —SICHZCH?,) One of the two diastereotopic -CH,SiEt3

protons (H7) was obscured.

{(phen)Pd[CHZCHCDZC(COzMe)zCDzbHCHZSIEt3](NCAr)}+ [BArg]l- (5-
d4): Warming a 5:6:10 mixture of 1-d4, 4-ds, and S-d4 (0.023 mmol combined) in CD,Cl, (0.6
mlL) at —41‘ °C for 90 min formed 5-dy as the exclusive product by lH NMR analysis. 1H NMR -
(CD2Clp, 41 °C): 83.67 (s, 3 H, CO2CH3), 3.58 (s, 3 H, CO,CH3), 2. 50 (dd, J= 4.1, 8.0 Hz,
lH Hy), 208(dd J= 8.6, 10.7 Hz, 1H Hl),177(dt J=4.2,103 Hz, 1 H, Hy), 164(dd
J—IOO 11.8 Hz, 1 H, Hg), 124(d J-137Hz lH H7), 091 (t, J = 8.0 Hz, 9 H,
: —SlCHzCH?,), 0.54 (q, J =7.9 Hz, 6 H, -SiCH,CH3). One of the two diastereotopic —CstiEtj ‘
protons (H7) was obscured. ,
'_{(phen)Pd[CHzéHCH213C(13COzEt)zCHEHCstiEtﬂ(NCAr)}+ [BAr;;]-
~ (5a-13C3). Warming a solution of 4a-13C3 (4.66 pL, 0.023 mmol) in CD,Cl, (0.6 mL) at 41

°C for 90 min formed 5a-13.C3 as the exclusive product by !H NMR analysis. 7.13C{ 1H} NMR
(CD;Cly, —41 °C), labelled carbon atoms only: & 175.4 (dd, J = 1.4, 58.4 Hz, CO,CH3), 1752
(dd, J = 1.4, 58.4 Hz, CO,CHs), 592 t,J = 58.4 Hz, Cy).
{[(phen)Pd[13cH213éH13CHZC(Cone)ZBCHZI?CHBCHZSiEm |
(NCAr)}* [BArg]- (5-13Cg). Wamﬁﬁg a solution of 4-13Cg (0.021 mmol) in CD,Cl; (0.6

mL) at -40° C for 90 min formed 5-13Cg as the exclusive product by IH NMR analysis. 13C{!H}
NMR (CDyCl,, 75 MHz —40 °C), labelled carbon atoms only: & [51.8 (q),43.3 (q), C; and Ce)l,

[42.7 (d), 42.2 (d), 31.0 (d), C1, C3 and Cs], 14.8 (d, C7); all 1Joc = 31-34 Hz.

S12
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Kinetics <;f the Conversion of 4 to 5. An NMR tube containing an equimolar
solution 4 and N=CAr (0.0213 mmol) in CD,Cl; (0.6 mL) was warmed at 41 °C aﬁd monitored
periodically by 1H NMR spectroscopy. The concentration of 4 was determined by integrating the
carbomethoxy resonances of 4 (& 3.69 and 3.43) relative to the para phenyl resonance of the
BAr4~ counterion (8 7.72). A plpt 6f ln{[4]t/[4]0} was linear to >3 half-lives with a first-order

- rate constant of k = 4.7£0.3 x 10~4 M—15-1 (Figure S5). The ébsence of curvature in _the fipst-

order plot indicates that the rate of conversion of 4 to 5»i.s independent of [N=CAr] from 0 to 35.5

mM.

Figure S5: First-order plot for the conversion of 4 to 5 at —41 °C_,_if1 CD,Cl3.

-3 4 ™ T
0 ) 2 ' 4 o 6
“Time (s x10%) -

{(phen)P‘rd[QHCH(Me)CH(CHZSiEt3)CHZQ_(C(‘)OMe)(COOMe)] 1t [BArg]—

(6). Triethylsilane (12.3 uL, 0.077 mfnol) was added via syringe to a sblution of -
[(phen)Pd(Me)(N=CMe)]* [BAr4]~ (3a) (93 mg, 0.077 mmol) in CH2Cl3 (25 mL) at —78 °C,
stirred for 30 nlinutes, and treated with 1 (16 pL, 0.077 mmol). The resﬁlting solution was

warmed to room temperature and stirred for 120 min. Solvent was evaporated under vacuum to
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form a yellow glass which was triturated with hexanes 3 .>< 5 mL) and dried under vacuum to give
6 (52 mg, 49%)'a-s,a yellow microcrystals. lThe lH and 13C NMR labeling scheme for the
cyclopentyl portion of 6 is shown in Figure S3. 1H NMR resonances were a551gned based on
COSY analysis (Figure S6). The stereochermstry of 6 was a531gned assummg non-dissociative
rearrangement of 5 (Scheme S2). | )

- For é6: IH NMR (CDCl3, 23 °C): & 8.92 (dd, J = .1.4, 49 Hz, 1 H, H), 8.85(dd, J =
14,54 Hz, 1 H, Hc),.8.64 (dd, J= 1.2; 8.2 Hz, 1 H, H,), 8.62 (dd, J = 1.6, 8.4 Hz, 1 H, H,),
8.07, 8.03 (ABq, J = 8.9 Hz, 2 H, Hy), 7.95 (dd, J = 4.8, 8.3 Hz, 1 H, Hp), 7.89 (dd, J = 5.3,
8.2 Hz, 1 H, Hp), 7.72 (t, J = 2.4 Hz, 8 H, Hoy), 7.55 (s, 4 H, Hp), 4.16 (s, 3 H, Hy3), 3.78 (s,
3 H, H11), 2.85 (dd, J= 7.1, 13.0 Hz, 1‘ H, H4), 2.47 (d, J = 10.5 Hz, 1 H, H}), 1.70 (m, 1 H,
H3), 1.67 (d, J = 12.8 Hz, 1H, H4) 1.47 (m, 1 H, Hy), 12()(d J =65 Hz, 3 H, Hg), 1.06
(dd, J =24, 144 Hz, 1 H, H7) 0.97 (t J =79 Hz, 9 H, Hy), 058 (q, J =7.8 Hz, 6H Hg),
037 (dd, J =112, 144 Hz, 1 H, H7) I3C{IH} NMR (CDCl3, 23 °C): & 191.5 (C12) 171.7
(C10), 161.9 (9, JcB = 50.0 Hz, Cy), 151.7, 149.1 (C,), 147.8, 143.8 (Ce), 139.7, 139.1 (Cvp),
134.9 (Co»), 130.9, 130.2 (Cy), 129.2 (q, 2JcF = 31.7 Hz, Cpy), 128.0, 127.5, 126.0, 125.4 (Cyp
and C¢), 124.6 (q, 1Jcg = 272.8 Hz Cr), 117.6 (Cp) 68.5, 56.5, 53.8, 53.2, 42 1, (Cl, C, Cs,
C11, and Cy3), 42.9, 40.9 (C3 and C4) 17.3 (Ce), 15.8 (C7), 7.5 (Co), 4. O (Cg) IR (neat, cm~1):

| 2960, 2887, 1746, 1612, 1457, 1355, 1275, 1122, 889, 841. Anal. Caled (found) for
C61H51N204F24PdSiB: H 3.48 (3.14), C 49.59 (49.47), N 1.90 (2.02).
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Figure S5. lH COSY Spectrum of 6.
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Scheme S2. Stereochemical model for the non-dissociative conversion of 5 to 6.

Conversion of 5 to 6. An NMR tube containing a solﬁtion of 5 (0.0214 mmol) in
CD»Cl, (0.6 mL) was warmed at ~9° C and monitored periodically by 1H NMR specﬁoScopy.
The concentration of 5 and 6 were determined by integrating the carbomethoxy resonances of 5 (8
3.67 and 3.59) and 6 (6 4.13 dnd 3.75) and the para phenyl resonance of the BAr4— countérion 6
7.72). A plotof In {[Sjt) 510} vefsus time re\;ealéd a slight positive deviation from linearity with
an initial half-life of 32 min (Figure S7). The solution was then warmed at 25 °C for 30 min to

form 6 in 110%=10% by IH NMR analysis.
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Figure S7. First-order plbt for the conversion of 5 to 6 at -9 °C in CD,Cl5.
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tran.é-1,1-Dic»arbomethoxy-4-deuteriomethyl-3-triethylsilylmethy1'
cyclopentane (7-d1). DSiEt3 (300 ML, 1.88 mmol) was added to a solution of dimethyl
diallylmalonate (100 pL, 0.50 mmol) (phen)PdMeCl (8 mg, 0. 024 mmol) and NaBAr4 (23 mg,
'0 027 mmol) in DCE (10 mL) at room temperature and st1rred for 30 min. Solvent and excess
silane were evaporated and the residue was chromatographed (SlOz, hexanes—EtOAc = 24:1) to
g1ve 7-dy (167 mg, 102%) as a colorless oil. MS analysis of 7-d| revealed exclusive (298%)
formatien of the d isotopomer. !H and 13C NMR analysis of 7-d; indicated complete (>95%)
d¢uteration at the C(4) methyl gro_up. 1H NMR (CDCIg): S 3.64 (s, 6 H), 2.51 (dd, J = 6.8,
13.3 Hz, 1 H), 2.44 (dd, J =6.8,13.3 Hz, 1 H), 1.61 (d, J = 13.3 Hz, 1 H), 1.58 d,J=132
Hz, 1 H), 1.36 (m, 2 H), 0.86 (t, / = 7.9 Hz, 9 H), 0.81 (dd, J = 2.3, 14.6 Hz, 1 H), 0.46 (q, J
=7.9 Hz, 6 H), 0.21 (dd, J = 11.5, 14.5 Hz, 1 H), —CH2D doublet obscured by resonancé at-o
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0.86. 13C{1H} NMR (CDCl3): & 173.6, 58.3, 52.7, 43.8, 43.5, 43.1, 42.3, 17.1 (t, ‘JCD =
~19.1 ﬁz, isotopic shift = 360 ppb), 14.9, 7.6, 4.0.
Reaction of 5 and DSiEt3. DSiEt3 (5 uL, 0.031 mmol) was added via syringe to an
NMR tube containing a bs‘olution of 5 (0.019 mmol) in CH2Cl (0.6 mL) at 78 °C and placed in
the probe of an NMR spectrometer precooled at —41 °C and monitored periodically by 1H NMR
spectroscopy. Reaction progress was determined by integrating the cérbomethoxy resonances of 5
(8 3.67 and 3.59) relative to the para phenyl résonance of the BArg~ countérion (67.72). After 5
"minutes, resonances cbrrequndiﬁg to" 5 ééuld no longer be observed and resonances
corresponding to 2 and 7-d1 were formed as the only observable products in  a 1:1 r,étio.l The
~ solution was then warmed to room temperature (leading to decompositibn of 2), filtered th’roﬁgh a
plug of Celite, and analyzed by 13C NMR specv:tvroscopy.i The predominany (290%) formation of
the 7-d;.isotopomer was established by the predominance of the 1:1:1 triplet at § 17.1 [t, Jop=
. 191 Hz, —C(4)CH2D] relative to the singlet at § 17.4 [-C(4)CHa] in the 13C NMR spectrum.
trans-Z-Deuterio-l,l;dicarbomethoxy-3-methyl-4-(triethylsilyl)methyl
cyclopentane (7-dy’). DSiEt3 (107 pL, 0.67 mmol) was added via syringe to a solution of 6
(161 mg, 0.13 mmol) in CH»Cl, (1.6 mL) at room temperature and the resﬁlting .solution was
stirred for two hours to form a dark brown solution. The solvent was evaporated and the residue>
was chromatographed (SiOp; hexane-EtOAc = 24:1) to give 7-d¢' (20 mg, 46%) as a colorless
oil. MS analysis of 7-d)’ revealed an 83:17 fatio of dy:dy isotopomers. | ‘1H and 13C NMR
analysis revealed predominanf 280% EleuterationA of ‘the‘C(2) ring carbon without formation of
significant amounts of 7-dy. The stereochemistry of 7-d;' was assigned assuming retention of
stereochemistry in the silylation of 6. 1H NMR Y(CDC13): 0. 3.68 (s?'6 H), 2.55 (dd, J = 6.6,.
13.3 Hz, 1 H), ‘1.63 (m, 2 H),. 1.4VO‘ (m, 2 H), 0.93 (d, J = 6.3 Hz, 3 H), 0.90 (t, J =7.8 Hz, 9
H),0.83 (dd, J =24, 146 Hz, 1 H), 049 (g, J - 7.8 Hz, 9 H), 0.25 (dd, J = 11.1, 14.6 Hz, 1
H). 13C{1H} NMR (CDCl3): & 173.7, 58.3, 52.8, 43.8, 43.5, 43.1, 42.0 (t, Jcp = 20.6 Hz,

isotopic shift = 315 ppb), 17.4, 14.9, 7.6, 4.0.
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