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1. General Information

Experimental. Air- and moisture-sensitive reactions were carried out under the protection of argon
atmosphere. Reactions were stirred using Teflon-coated magnetic stir bars. Elevated temperatures
were maintained using Thermostat-controlled metal or silicone oil baths. Organic solutions were
concentrated using a rotary evaporator with a diaphragm vacuum pump. Analytical TLC was
performed on silica gel GF2s4 plates. The TLC plates were visualized by either ultraviolet light (A =
254 nm) or a KMnOy stain. Purification of products was accomplished by flash column
chromatography on silica gel (Innochem SilicaFlashP60, 230-400 mesh).

Chemicals. Pd(OAc), was purchased from Energy Chemical, Pd(MeCN),Cl, was purchased from
Innochem, Pd(PPhs)s was purchased from Bidepharm. Reagent-grade tetrahydrofuran (THF),
acetonitrile (MeCN), dichloromethane (DCM), toluene and diethyl ether (Et,O) were purified by
MBRAUN SPS 800 solvent purification system prior to use. Other solvents were purchased from
J&K Scientific or Innochem as anhydrous solvent and were used as received. Other chemicals were
purchased from various commercial sources and were used as received. Known compounds such as
11, 32, 53, 6%, 7°, S1°, S26, S67, Cp>Zr(H)CI® and Cp,Zr(D)CI® were synthesized according to
literature methods and spectroscopic data matched those reported. The identity of deuterated
alkylation products were confirmed by comparing the "H NMR spectra with their undeuterated
derivatives.

Analytical. NMR spectra were recorded on a Bruker AVANCE 111 HD 400 ('H at 400 MHz, '3C at
100 MHz) nuclear magnetic resonance spectrometer. The 'H NMR spectra were calibrated against
the peak of tetramethylsilane (TMS, 0 ppm), the *C NMR spectra were calibrated against the peak
of CDCl; (77.0 ppm). Diastereomeric ratio of stereochemical probes and alkylation products were
determined by simulating their "H{?>H} (with inverse gated 2H decoupling) NMR spectra. Infrared
(IR) spectra were recorded on a Bruker FT-IR alpha (ATR mode) spectrophotometer.
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2. Stereochemical Probe Synthesis

2.1 +-Bu Substituted Stereochemical Probe 1

t-Bu substituted stereochemical probe 1 was synthesized according to the literature method that
reported by Gladysz group (Figure Sla).! A ca. 5 : 1 diastereomeric ratio was determined for our
synthesized sample by simulation the corresponding '"H{?H} NMR spectra at the region of 3.11-
3.19 ppm (H; of compound 1; Figure S1b).

(a)
1
(1) CpoZr(D)CI (1 eq), (1) Cp2Zr(H)CI (1 eq), D H
DCM, r.t., 30 min THF, rt, 3h |
Z D - o
(2) DO, toluene, 1 h D (2) I, benzene, 30 min D H
1
66 %
30 %
threo:erythro = 5:1
(b)
Name: M1
From: 3.099 ppm
To: 3. ppm
Re: Error:5. 13e+03
# ppm Height Width(Hz) L/G Area
1 3. 1840 22.78 2.55 0.63 635. 365
- 3.1719 41.21 1.41 0.60 637. 400
3 3.1674 143.87 1.87 0.22 3121.554
4 1643 6, 65 126 0.7 1177.305
3.1592 873.54 1.38 0.88 12653. 763
6 3. 1465 5203, 1.37 1.26 70615. 487
¥ 3.1348 5142.93 1.36 1.73 64247. 130
8 3. 1263 959. 71 1.35 1. 20 12987. 493
9 3.1141 12.29 2.78 2.00 298. 305
T T T T T T T T T T T T T T T T T T T T T T
3.26 3.24 3.22 3.20 318 3.16 3.14 3.12 3.10 3.08 3.06 3.04 3.02 3.00 298 2.96 2.94 292 2.90 2.8 2.8 2.84 282 280

Figure S1. Synthesis and characterization of -Bu substituted stereochemical probe 1

During the process of repeating this synthetic method, we noticed that the magnitude of deuterium
ratio can affect the results of 'H{?H} NMR simulation (Figure S2). We suggested that this
uncertainty was mainly caused by the peak overlapping between the desired, dideuterated
stereochemical probe 1 and its monodeuterated derivative. However, consistent simulation results
can still be obtained by analyzing the region of 1.85-1.91 ppm (H? of compound 1) in '"H NMR
spectra. Thus confirmed the reproducibility of this method.
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Figure S2. Influence of the deuterium ratio on simulation results: (a) Synthesized stereochemical
probe 1 with realtive low deuterium ratio; peak overlapping between stereochemical probe 1 and its
monodeuterated derivative caused simulation error (b) Synthesized stereochemical probe 1 with
high deuterium ratio

2.2 TBS Protected Stereochemical Probe 2

To unambiguously determine the relationship between the magnitude of Hi-H> coupling constant
and the realtive configuration of compound 2, various synthetic routes were carried out to
independently synthesize this TBS protected stereochemical probe. Procedures of these synthetic
routes were summarized in Figure S3.

Method A:
(@) (b)
b (1) CpaZr(H)CI (1.2 eq), D H H (1) CpoZr(D)CI (1.2 eq), D H'
THF, rt, 1h “(\ THF, rt, 25 h A((
D~ OTBS ——————— > |TBSO 3 | D~ OTBS — ———— > |TBSO™ |
A (2) 1, toluene, 30 min AT A (2) I, toluene, 30 min o %2
s1 2 s2 2
33 %, erythro- 37 %, threo-
Jht-Hz = 6.36 Hz Jht-Hz = 6.93 Hz
Method B:
@ (1) NaBD4 (1.12 eq), BF3 (1.5 eq) o o ® . D H
H THF, 40 °C, 3 h; then 3M NaOH, A(/( D (1) BH3 (1.2 eq), THF, 40 °C, 3 h; N
H,0,. 50 °C. 2 h then NaBOj (4 eq), r.t., overnight TBSO ) |
D\/\/OTBS 22 ¥ — TBSOT S 2 ! D\%\/OTBS . — D 12
(2) PPh3 (1.4 eq), |5 (1.4 eq), imidazole E H (2) PPh3 (1.4 eq), I (1.4 eq), imidazole 2
82 (1.4 eq), DCM, 0 °C, 30 min 81 (1.4 eq), DCM, 0 °C, 30 min
58 %, threo- 29 %, erythro-
JH1H2 = 6.95 Hz JH1H2 = 6.34 Hz
Method C:
(@) (b)
(1) NaBD4 (1.12 eq), BF3 (1.5 eq) 1 1
H THF, 40 °C, 3 h; then 3M NaOH, A? D (1) BH3 (1.2 eq), THF, 40 °C, 3 RH
H,0, 50°C,2 h TBSO > | then NaBOj (4 eq), r.t., overnight TBSO ) |
b._h_oTBs 2029 . 5% p._h_oTBs 2 5%
(2) Ms20 (1.25 eq), NEt3 (1.25 eq) 2 (2) Ms,0 (1.25 eq), NEt3 (1.25 eq) 2
s2 DCM, rt, 2 h 1 DCM, rt, 2h
(3) Mglz (2 eq), Et,0, rit, 1 h 29 %, threo- (3) Mgl, (2 eq), E,O, rt, 1 h 47 %, erythro-
JH1-H2 = 6.99 Hz JH1.H2 = 6.34 Hz

Figure S3. Summarization of the synthetic methods that leading to TBS protected stereochemical
probe 2

One thing noticeable is that the H'-H? coupling constant of the threo-isomer of compound 2 is larger
than its erythro-isomer, while in the case of #-Bu substituted stereochemical probe 1, the erythro-
isomer is the larger one. We suggest that these two stereochemical probe 1 and 2 may adopt different
conformation, thus caused this seemingly contradiction (Figure S4). #-Bu substituted stereochemical
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probe 1 mainly adopts the anti conformation due to the large steric hindrance of the bulky 7-Bu
group. However, TBS protected stereochemical probe 2 may adopt the gauche conformation as the
CH,OTBS group is less sterically encumbered. Hyperconjugation effect (6c.n/cc.o = 6°ca) may
also favored the gauche conformer of compound 2.

D H' D H

TBSO/\_.(<I threo- TBSO/\;e\I erythro-
D H? D H?
D H? H? D
D H' D H' D H' D H'
Jthreo- > Jerythro-
H;SaiCHZOTBS TBSOHzcjﬁaiD DjﬁaiCHQOTBS TBSOHQC}jaiHZ
| [ | [
CH,0TBS CH,0TBS
D H' D H'
Jthreo- < Jerythro—
D H? H? D

Figure S4. The relationship between the magnitude of H'-H? coupling constant and the
conformation of compound 2

Method A: This reaction was carried out by a slightly modified procedure of Gladysz et al.' A dry
Schlenk flask was charged with Cp>Zr(H)CI (495 mg, 1.9 mmol, 1.2 eq) and a stir bar. THF (10 mL)
and S1 (278 mg, 1.6 mmol, 1 eq) was added stepwise under the protection of argon. After stirring
the reaction mixture at r.t. for 1-2.5 h, THF solvent was removed in vacuo. Toluene (10 mL) was
then added to redissolve the solid residue. The resulted solution was cooled to 0 °C and a solution
of iodine in toluene (406 mg I in 2 mL toluene) was added. The mixture was stirred for 30 min at
0 °C and then saturated Na,S,O3 solution was added to quench the reaction mixture. The aqueous
phase was extracted with Et,O after filtering through a short pad of celite. The combined organic
phase was washed with brine, dried over Na,SOs, and concentrated in vacuo. The resulting residue
was further purified by flash column chromatography (eluted with petroleum ether/ethyl acetate 20 :
1) to afford the desired product 2 (erythro-isomer, 131 mg, 33 % yield). When using Cp,Zr(D)Cl
and S2 as substrates, the thero-isomer of compound 2 can be obtained in 33 % isolated yield.

Method B: The first step of this method was carried out by a slightly modified procedure of Kambe
et al.® To THF suspension (11 mL) of NaBD4 (497 mg, 11.9 mmol, 1.12 eq) and S2 (1.84 g, 10.6
mmol, 1 eq) was added BF3°Et,0 (2.26 g, 15.9 mmol, 1.5 eq) was at 25 °C over 20 min. The resulting
suspension was heated to 40 °C and stirred for 3 h. The reaction mixture was then cooled to 0 °C,
and water (3.5 mL) was added dropwise cautiously, followed by 3 M NaOH (4.0 mL), and then 30%
hydrogen peroxide (4.0 mL; dropwise). The resulting reaction mixture heated to 50 °C for 2 h. NaCl
was then added to the reaction mixture and the aqueous phase was extracted with ether, washed with
brine, and dried over Na,SOs. The solvent was removed, and the residue was then filtered through
a short column of silica gel (eluted with petroleum ether/ethyl acetate 10:1). The resulting crude
product was directly used in next step without further purification.

PPh; (38.1 mg, 0.14 mmol, 1.4 eq) and DCM (0.5 mL) was charged into a 5 mL sample flask and
then cooled to 0 °C. I (47.8 mg, 0.14 mmol, 1.4 eq) was added portionwise and stirred for 10 min.
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Crude product of first step (26 mg, ca. 0.1 mmol, 1 eq) was slowly added and stirred for further 30
min. After reaction completed, excess Na>S>03; was added to quench the reaction mixture and the
aqueous phase was extracted by Et,O. The combined organic phase was washed by brine, dried by
NaySOs, and concentrated in vacuo. The resulting residue was further purified by flash column
chromatography (eluted with petroleum ether/ethyl acetate 20:1) to afford the desired product 2
(threo-isomer, 29.6 mg, 58 % yield).

Modified procedure of this method can be carried out to synthesize the erythro-isomer of compound
2: S1 (1.07 g, 6.1 mmol, 1 eq) and 1 mol/L BH3*THF (7.35 mL, 7.4 mmol, 1.2 eq) was added
stepwise to a argon filled, dry Schlenk flask. The resulting solution was heated to 40 °C and stirred
for 3 h. The reaction mixture was then cooled to 0 °C, and water (4 mL) was added drop wise
cautiously, followed by NaBO3*4H,O (5.8 g, 37.6 mmol, 6.2 eq). The resulting reaction mixture
was then warmed to r.t. and stirred overnight. Workup and subsequent experimental manipulation

is consistent with the procedure described above.

Method C: The first step of this method is consistent with method B. The crude product of first step
(ca. 2 mmol, 1 eq) was dissolved in DCM (8 mL). NEt3 (253 mg, 2.5 mmol, 1.25 eq) was added,
followed by portionwise addition of Ms>O (436 mg, 2.5 mmol, 1.25 eq) at 0 °C. The resulting
reaction mixture was then naturally warmed to r.t. and stirred for 2 h. Saturated NaHCO3 solution
(40 mL) was then added to the reaction mixture and the aqueous phase was extracted with ether,
washed with brine, and dried over NaSO4. The solvent was removed, and the residue was then
filtered through a short column of silica gel (eluted with petroleum ether/ethyl acetate 10:1). The
resulting crude product was directly used in next step without further purification.

This reaction was carried out by a slightly modified procedure of Madonik et al.'” The crude product
of previous step (ca. 1.2 mmol, 1 eq) was transferred into a round bottom flask with a precharged
stir bar. Freshly prepared Et;O solution of Mgl (0.2 mol/L, 12 mL, 2.4 mmol, 2 eq) was added
under stirring and then allowed to stir for further 1 h at r.t. After reaction completed, excess Na>S»03
was added to quench the reaction mixture and the aqueous phase was extracted by Et,O. The
combined organic phase was washed by brine, dried by Na;SOs, and concentrated in vacuo. The
resulting residue was further purified by flash column chromatography (eluted with petroleum
ether/diethyl ether 30 : 1) to afford the desired product 2 (¢hreo-isomer, 297 mg, 29 % yield). The
erythro-isomer of compound 2 can be obtained by this method when use S2 as substrate.

Characterization data of compound 2:

D H' D, H'
TBso/\(<| TBSO/\;e\I
D H? D H?
threo- erythro-

'H{2H} NMR (400 MHz, CDCL) § threo-isomer: 3.66 (d, J = 5.7 Hz, 2H), 3.26 (d, J= 7.0 Hz, 1H),
1.97 (dt, J= 7.1, 5.7 Hz, 1H), 0.90 (s, 9H), 0.07 (s, 6H); erythro-isomer: 3.66 (d, J = 5.7 Hz, 2H),
3.26 (d, J= 6.3 Hz, 1H), 1.97 (q, J= 7.9 Hz, 1H), 0.90 (s, 9H), 0.07 (s, 6H).
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13C NMR (101 MHz, CD,Cl,) & threo-isomer: 62.3, 35.8 (t, J= 19.7 Hz), 25.6, 18.1,3.6 (t, /= 23.3
Hz), -5.7; erythro-isomer: 62.3, 35.8 (t, J= 19.7 Hz), 25.6, 18.1, 3.6 (t, J = 23.2 Hz), -5.7.

IR (ATR): threo-isomer: 2955, 2929, 2857, 1472, 1252, 1747, 1098, 1005, 936, 833, 773 cm’!;
erythro-isomer: 2954, 2929, 2857, 1471, 1255, 1099, 1006, 940, 879, 835, 776 cm’!.

HRMS (APCI) caled. for CoH2oD,10Si" [M+H*] 303.0605; found threo-isomer: 303.0597; erythro-
isomer: 303.0603.

2.3 Epimerization of Stereochemical Probes
Our preliminary stereochemical investigations was carried out under standard Catellani reaction
conditions and complete epimerization of recovered stereochemical probe was observed (Figure S5):

PPh3 (22 mol%) D
Pd(OAc), (10 mol%
>H/5\ b oL (GAc), ( o) >IY5\I
2 norbornene (5 eq), Cs,CO3 (5 eq) D
0.05 mmol, 1 eq 1 (2 eq) MeCN (1 mL), 100°C, 1h recovered-1

threo : erythro =5 : 1 complete epimerzation of recovered stereochemical probe

4.7 Hz 4.7 Hz

e FTE

prepared
stereochemical probe

recovered
stereochemical probe

Figure S5. Epimerization of #-Bu substituted stereochemical probe 1 under standard Catellani
reaction conditions

Similar epimerization process was also observed during the synthesis of TBS protected

stereochemical probe 2 by extending the reaction time:

D, H’
(1) NaBDy (1.12 eq), BF3 (1.5 eq)
H THF, 40 °C, 3 h; then 3M NaOH, TBSO , I
H,0,, 50 °C, 2 h D H
D\/\/OTBS =2 ’ .
(2) PPh3 (1.4 eq), |, (1.4 eq), imidazole 2
$1 (1.4 eq), DCM, 0°C, 18 h Jutm2 = 6.7 Hz
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We suggest that these epimerization processes were caused by the in situ formed free iodine anion
during the reaction progress.'! Further control experiments confirmed this hypothesis (Figure S6):

@) D D
>H/k| . s A
MeCN (1 mL),

D 100 °C, 30 min D
0.1mmol, 1 eq 1eq
(b) D D
TBSO/\‘/'\I +  Csl TBSO/%I
D MeCN (1 mL), D
100 °C, 30 min
0.1mmol, 1 eq 1eq
D D
TBSO |+ Csl TBSO/\AI
/T\ MeCN (1 mL), D
100 °C, 30 min
0.1mmol, 1 eq 1eq

Figure S6. Epimerization of stereochemical probes in the presence of free iodine anion

Based on the results discussed above, we planned to do the study by performing stoichiometric
reactions between the synthesized palladacycles and the probe molecules. Meanwhile, in order to
eliminate the affection of the iodide anion generated as a byproduct after alkyl substitution, silver
salts should be used as an iodide trapper. As shown in Figure S7, this epimerization process can
indeed be suppressed by increasing the amount of AgrCOs base and carefully controlling the

reaction time.

< \2 ;; > AgoCO;3 (x eq)
>H/5\ + VCoEt T,

CH3CN (1 mL)
PhaP PPh3 100°C, th
3 1(4eq) 2eq
0.04 mmol, 1eq threo : erythro=5:1
(b) I |

overlapped with benzo-
cyclobutane side product

o
?t_
\k_;
= _
—
=

AL e

S ) [ R~

Iy / i
I 4eq2Aag;C0; :' A .“. H Il i :‘,[.

Sl 4 I -

4 q Ag:COs 71\
6h

{ N, el i \;
N M U Sl

Figure S7. Suppressing the epimerization process by adding Ag>COs as base and reducing the
reaction time (peaks corresponding to unreacted stereochemical probe was highlighted)
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3. Undeuterated Alkylation Product Synthesis

Me Me
™
! PN . | Pd(OAC)(10 mol%), PPhs(22 mol%) COE
= ~CO,Et ﬁ/\/ norbornene(5 eq), Cs,CO5(5 eq)
1 eq, 0.2 mmol 5eq 2eq MeCN, 100 °C, 22 h <3

17.6 mg, 30 %

An oven-dried 15 mL vial was charged with Pd(OAc), (4.48 mg, 0.02 mmol, 0.1 eq), PPh3 (11.5
mg, 0.044 mmol, 0.22 eq), and Cs>CO; (325.8 mg, 1.0 mmol, 5 eq). Then evacuated and backfilled
with argon (3 times). MeCN (2 mL), 1-iodo-2-methylbenzene (43.6 mg, 0.2 mmol, 1 eq), 3,3-
dimethyl-1-iodobutane (84.8 mg, 0.4 mmol, 2 eq), ethyl acrylate (100 mg, 1.0 mmol, 5 eq) and
norbornene (94.1 mg, 1.0 mmol, 5 eq) was added stepwise under the protection of argon atmosphere.
The vial was then sealed with a PTFE screwed cap and stirred on a metal bath preheated to 100 °C
for 22 hours. Then the reaction mixture was filtered through a short pad of celite to give a clear
solution. The filtrate was concentrated in vacuo and the resulting residue was further purified by
flash column chromatography (eluted with petroleum ether/ethyl acetate 100 : 1) to afford the
desired product S3 (17.6 mg, 30 % yield).

Characterization data of compound S3 :
Me
X CO,Et

'H NMR (400 MHz, CDCls) & 7.86 (d, J = 16.4 Hz, 1H), 7.19 — 7.11 (m, 1H), 7.05 (d, J = 7.6 Hz,
2H), 6.06 (d, J = 16.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 2.64 — 2.55 (m, 2H), 2.34 (s, 3H), 1.44 —
1.37 (m, 2H), 1.34 (t, J= 7.1 Hz, 3H), 0.94 (s, 9H).

BCNMR (101 MHz, CDCls) 8 166.6, 143.3, 142.1, 136.3, 133.7, 128.3, 128.1, 127.2, 124.2, 60.5,
46.0,30.7,29.3,29.2,21.2, 14.3.

IR (ATR): 3064, 2954, 2868, 1717, 1640, 1465, 1365, 1303, 1263, 1189, 1165, 1036, 988, 766 cm
1

HRMS (ESI): calcd. for C1sH26NaO,* [M+Na*] 297.1825; found 297.1814.

OMe OMe
' N Pd(MeCN),CI(10 mol%), PPhs(22 mol%) @\/\/;CC’QtB”
7 700 Bu T TBSO | norbornene(5 eq), Cs,CO4(5 eq) OTBS
1eq,02mmol  5e€q 2 eq MeCN, 100°C, 20 h s4

30.9mg, 38 %

An oven-dried 15 mL vial was charged with Pd(MeCN),Cl (5.19 mg, 0.02 mmol, 0.1 eq), PPhs
(11.5 mg, 0.044 mmol, 0.22 eq), and Cs>CO3 (325.8 mg, 1.0 mmol, 5 eq). Then evacuated and
backfilled with argon (3 times). MeCN (2 mL), 1-iodo-2-methoxylbenzene (46.8 mg, 0.2 mmol, 1
eq), tert-butyl(3-iodopropoxy)dimethylsilane (120 mg, 0.4 mmol, 2 eq), tert-butyl acrylate (128 mg,
1.0 mmol, 5 eq) and norbornene (94.1 mg, 1.0 mmol, 5 eq) was added stepwise under the protection
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of argon atmosphere. The vial was then sealed with a PTFE screwed cap and stirred on a metal bath
preheated to 100 °C for 20 hours. Then the reaction mixture was filtered through a short pad of
celite to give a clear solution. The filtrate was concentrated in vacuo and the resulting residue was
further purified by flash column chromatography (eluted with petroleum ether/ethyl acetate 60 : 1)
to afford the desired product S4 (30.9 mg, 38 % yield).

Characterization data of compound S4 :
OMe

OTBS
'H NMR (400 MHz, CDCls) § 7.79 (d, J= 16.1 Hz, 1H), 7.21 (t, J = 8.0 Hz, 1H), 6.84 (dd, /= 7.7,
1.1 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.58 (d, J= 16.1 Hz, 1H), 3.86 (s, 3H), 3.64 (t, J = 6.3 Hz,
2H), 2.85 — 2.76 (m, 2H), 1.86 — 1.75 (m, 2H), 1.53 (s, 9H), 0.90 (s, 9H), 0.05 (s, 6H).

BCNMR (101 MHz, CDCl3) 8 167.3, 159.2, 143.9, 137.3, 129.7, 124.4, 122.4, 122.1, 108.8, 80.0,
62.4,55.5,34.2,30.1, 28.3, 26.0, 18.3, -5.3.

IR (ATR): 2929, 1705, 1625, 1595, 1573, 1470, 1390, 1366, 1311, 1254, 1157, 1087, 984, 834, 774,
754, 662 cm!.

HRMS (APCI): calcd. for C23H3904Si" [M+H*] 407.2612; found 407.2628.

o)
MeO
(o} I N |
MeO T Gea N
N
P:d—N\ | eAmylOHylene (1-1)
S5

NCMe 130°C, 1h

6
0.10 mmol, 1 eq 13.3 mg, 37 %

This reaction was carried out by a slightly modified procedure of Chen et al.’ In a argon-filled
glovebox, an oven-dried 15 mL vial was charged with 8-aminoquinoline coordinated palladacycle
complex 6 (48.4 mg, 0.10 mmol, 1 eq), ~AmylOH/xylene (1:1, 1 mL), 3,3-dimethyl-1-iodobutane
(63.6 mg, 0.3 mmol, 3 eq) in a stepwise manner. The vial was then sealed with a PTFE screwed cap
in the glovebox. The vial was subsequently taken out of the glovebox and stirred on a metal bath
preheated to 130 °C for 1 hour. Then the reaction mixture was diluted with DCM and aqueous HI
solution (55 %, 10 puL) was added to quench the reaction. After stirring at r.t. for 1 h, the reaction
mixture was concentrated in vacuo and the resulting residue was further purified by flash column
chromatography (eluted with petroleum ether/ethyl acetate 20:1 to 10:1) to afford the desired
product S5 (13.3 mg, 37 % yield).
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Characterization data of compound S5:

MeO

'H NMR (400 MHz, CDCL3) & 10.15 (s, 1H), 8.95 (dd, J= 7.5, 1.5 Hz, 1H), 8.78 (dd, J= 4.3, 1.7
Hz, 1H), 8.19 (dd, J = 8.3, 1.7 Hz, 1H), 7.64 — 7.58 (m, 1H), 7.56 (dd, J = 8.3, 1.5 Hz, 1H), 7.46
(dd, J=8.3,4.2 Hz, 1H), 7.23 (d, J= 8.5 Hz, 1H), 7.16 (d, J = 2.8 Hz, 1H), 6.97 (dd, J = 8.5, 2.78
Hz, 1H), 3.84 (s, 3H), 2.86 — 2.74 (m, 2H), 1.62-1.53 (m, 2H), 0.83 (s, 9H).

BCNMR (101 MHz, CDCl3) 8 168.2, 157.6, 148.2, 138.4, 137.6, 136.5, 134.7, 133.6, 131.5, 128.0,
127.5,121.8,121.7, 116.8, 116.2, 112.5, 55.5, 46.8, 30.6, 29.2, 28.0.

IR (ATR): 3351, 2953, 1677, 1608, 1522, 1483, 1424, 1385, 1326, 1288, 1099, 1042, 826, 791 cm
1

HRMS (ESI): calcd. for C23H27N202" [M+H*] 363.2067; found 363.2054.
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4. Stereochemical Investigations
4.1 Norbornene Derived Palladacycle Complex 3

Me
QO ;
PN
Pd + >H/'\| + = CO,Et
D
1

PhsP PPhs

2eq
3 4 eq

0.04 mmol, 1 eq threo:erythro = 5:1

In a argon-filled glovebox, an oven-dried 15 mL vial was charged with norbornene derived
palladacycle complex 3 (32.6 mg, 0.04 mmol, 1 eq), MeCN (0.5 mL), #Bu substituted

AgoCO3 (4 eq)

MeCN (1 mL)
100 °C, 6 h
9%

threo:erythro = 1:3

stereochemical probe 1 (34.2 mg, 0.16 mmol, 4 eq), ethyl acrylate (8 mg, 0.08 mmol, 2 eq), MeCN

(0.5 mL) and Ag>CO3 (44.1 mg, 0.16 mmol, 4 eq) in a stepwise manner. The vial was then sealed
with a PTFE screwed cap in the glovebox. The vial was subsequently taken out of the glovebox and
stirred on a metal bath preheated to 100 °C for 6 hours. Then the reaction mixture was filtered

through PTFE Syringe Filter to give a clear solution. The filtrate was concentrated in vacuo and the

resulting residue was further purified by flash column chromatography (eluted with petroleum

ether/ethyl acetate 100 : 1) to afford the desired product 3a (1.05 mg, 9 % yield).

Characterization data of compound 3a :

threo:erythro = 1:3

'H{2H} NMR (400 MHz, CDCL3) 5 7.86 (d, J = 16.4 Hz, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.08 — 7.02
(m, 2H), 6.06 (d, J = 16.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 2.57 (d, erythro-isomer: J = 13.0 Hz;
threo-isomer: J = 4.8 Hz, 1H), 2.34 (s, 3H), 1.40 — 1.31 (m, 4H), 0.94 (s, 9H).

HRMS (ESI): calcd. for C1sH24D2NaO," [M+Na*] 299.1951; found 299.1942.

#101.6,240 E?-'rrnrdutm'NMR_ARCHIVEFZOE“l’,]adcl!'uydﬂ{l—fomrﬂjj?fﬂld

ﬂ4.8 Hz |
Ve |

J

/\/\J il L

61 163 262 261 180 15 156 L5 156 L56 L5 L5 L6 L5 LB L4 2

Figure S8. Determine the diastereomeric ratio of 3a by NMR simulation
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4.2 Alkene-ligand Derived Palladacycle Complex 4

Our stereochemical investigations on the alkene-ligand derived palladacycle complex 4 (in situ
formed by the reaction of its precursor 7 with base) was initiated by testing the reactivity of this
complex with 1-iodo-3,3-dimethyl butane (undeuterated derivative of stereochemical probe 1).
However, no alkylation product formation was observed even we increased the amount of alkyl
iodide to 30 eq (Figure S9).

OMe
base (z eq) x_CO,'Bu
solvent, T °C
24 h
X y base solvent, T yield
1 4 4 Ag>CO3,4eq | MeCN, 100 °C undetected
2 30 4 AgxCOs 4eq | MeCN, 100 °C undetected
3 20 10 Cs,CO3, 10 eq MeCN, 100 °C undetected
4 20 10 Ag,CO3, 4 eq DMF, 120 °C undetected

Figure S9. Test the reactivity of alkene-ligand derived palladacycle complex 4

Thus, subsequent stereochemical investigations were carried out with less sterically encumbered,
TBS protected stereochemical probe 2

D H'

O TBSO/\\.(QI (10 eq)
| ™
Ag>CO; (2 eq) 2 (threo-)
(PO E e |
~Pd- P MeCN (1 mL) R AgaCOs (2 eq)
MeO . o o
H 40°C,2h A o4
= y Z "CO,Bu(5 eq) 5 %, erythro-
| 100 °C, 6 h Jnro = 9.8 Hz
4
- D H'
0 TBso/\/\l (10 eq)
O o ¥
Ag>CO3 (2 eq) 2 (erythro-)
_PoEsleed |
MeCN (1 mL) R Ag5CO5 (2 eq)
40°C,2h S PN
# ~CO,'Bu (5 eq)
/7 L - 100 °C,6h 6 %, threo-
4

0.07 mmol, 1 eq JH1-H2 =59 Hz

In an argon-filled glovebox, an oven-dried 15 mL vial was charged with complex 7 (51.4 mg, 0.07
mmol, 1 eq), Ag>COs (38.6 mg, 0.14 mmol, 2 eq) and MeCN (1 mL) in a stepwise manner. The vial
was then sealed with a PTFE screwed cap in the glovebox. The vial was subsequently taken out of
the glovebox and stirred on a metal bath preheated to 40 °C for 2 hours. Then the reaction mixture
was added Ag>CO3 (38.6 mg, 0.14 mmol, 2 eq), TBS protected stereochemical probe 2 (211 mg, 0.7
mmol, 10 eq) and tert-butyl acrylate (44.8 mg, 0.35 mmol, 5 eq) in glove box. After stirring at
100 °C for 6 hours, the reaction mixture was filtered through a short pad of celite to give a clear
solution. The filtrate was concentrated in vacuo and the resulting residue was purified by flash
column chromatography (eluted with petroleum ether/ethyl acetate 60:1). Further purification was
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carried out by preparative HPLC to afford the desired product 4a (contaminated with inseparable

carbonate ester impurity, 1.5-1.7 mg, 5-6 % yield).

Characterization data of compound 4a :

OMe

erythro- threo-
"H{?H} NMR (400 MHz, CDCl5) § erythro-isomer: 7.79 (d, J= 16.2 Hz, 1H), 7.24 — 7.17 (m, 1H),
6.84 (dd, J=17.6, 1.1 Hz, 1H), 6.80 — 6.76 (m, 1H), 6.59 (d, /= 16.1 Hz, 1H), 3.86 (s, 3H), 3.63 (d,
J=6.3 Hz, 2H), 2.78 (d, /= 9.8 Hz, 1H), 1.79 — 1.75 (m, 1H), 1.53 (s, 9H), 0.90 (s, 9H), 0.05 (s,
6H); threo-isomer: 7.79 (d,J=16.1 Hz, 1H), 7.20 (t, /= 8.0 Hz, 1H), 6.84 (dd, /= 7.6, 1.1 Hz, 1H),
6.78 (d,J=8.2 Hz, 1H), 6.58 (d, J=16.1 Hz, 1H), 3.86 (s, 3H), 3.63 (d, /= 6.3 Hz, 2H), 2.78 (d, J
=5.9 Hz, 1H), 1.77 (q, J= 6.5 Hz, 1H), 1.53 (s, 9H), 0.90 (s, 9H), 0.05 (s, 6H).

HRMS (APCI): caled. for C23H37D204Si" [M+H*] 409.2738; found 409.2732.

4a (erythro-)
m M L i i U L JL._
OMe
x_CO,'Bu D )OL D
b * TBSO/\)\O o)\/\OTBs
D D ,
5 OTBS
4a (threo-) J I
T PR T | | | ‘,__._un I A L_-___,.,_)._LJ - __J‘..._
)Y 'l
TBSO™ 07 Y07 >"0TBS l
S7 M (8 i), i ol

T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 35 0 25 20 L5 Lo 0.5 0.0

4.0
1 (ppm}

Figure S10. Assignment of the carbonate ester impurity
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Carbonate ester S7 was synthesized as following:!?

Ji§
o~ N
N \;,N 'L\/N (0.5 eq) j\
P~ g AN AN
TBSO OH TBSO 0" o OTBS
s NaOEt (0.03 eq), DMF 7
rt, 20 h
49 %

A flame-dried flask was charged with CDI (405 mg, 2.5 mmol, 0.53 eq), 3-((tert-
butyldimethylsilyl)oxy)propan-1-ol (905 mL, 4.7 mmol, 1 eq), and DMF (3 mL) and this mixture
was treated with EtONa (10.2 mg, 0.15 mmol, 0.03 eq) and stirred at r.t. for 20 h. The mixture was
then poured into sat. aq. NH4Cl and extracted with Et;O. The combined organic layers were then
washed with brine, dried over Na,SOy, filtered, and concentrated in vacuo. The resulting residue
was further purified by flash column chromatography (eluted with petroleum ether/ethyl acetate 10 :
1) to afford the desired product S7 (464 mg, 49 % yield).

Characterization data of compound S7 :

1
TBSO” " 07 0”7 ""oTBS

'H NMR (400 MHz, CDCls) 5 4.25 (t, J = 6.4 Hz, 4H), 3.73 (t, J= 6.0 Hz, 4H), 1.89 (p, J= 6.2 Hz,
4H), 0.91 (s, 18H), 0.07 (s, 12H).

BCNMR (101 MHz, CDCl3) 8 155.3, 64.9,59.2,31.8, 25.9, 18.3, -5.4.

IR (ATR): 2955, 2929, 2857, 1747, 1472, 1402, 1361, 1327, 1252, 1098, 1005, 936, 833, 773, 662
1

cm.

HRMS (ESI): calcd. for C19H4305Si>" [M+H*] 407.2644 found 407.2644.

The relationship between the magnitude of Hi-H» coupling constant and the realtive configuration
of compound 5a was assigned based on the previous investigation of Biscoe et al. (Figure S11):13

D, H' D, H'

. OTBDPS - _OTBDPS
EtO,C EtO,C
8 (erythro-) 8 (threo-)
JH1-H2 =9.3Hz JH1-H2 =6.3Hz

Figure S11. Assignment of the relationship between the magnitude of H;-H> coupling constant and
the realtive configuration of compound 8 (which have similar structure with 4a) by Biscoe et al.

A standard sample of 4a with mixed erythro- and threo- isomer was also synthesized under standard

Catellani conditions (Figure S12a). Our assignment result was further confirmed by comparing the
"H{?H} NMR spectra of this standard sample with erythro-/threo- isomer (Figure S12b).
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(@ OMe

OMe b Pd(MeCN),Cly(10 mol%) XxCO,'Bu
TBSO | PN PPh3(22 mol%)
+ + t
\/;X/ 7~ "CO;Bu norbornene(5 eq), Cs,CO43(5 eq) D
D MeCN, 100 °C OTBS
1 eq, 0.1 mmol 2 (erythro- and threo-) 5 e 259
q (ery 2eq ) g 5% 4a (erythro- and threo-)
(b)
5.8 Hz

standard sample

erythro- isomer

Figure S12. (a) Standard sample synthesis (b) Comparison between the "H NMR spectra of standard
sample and erythro-/threo- isomer (no apodization function was used in NMR spectra processing to

enhance the resolution)

To avoid the contamination of inseparable carbonate ester impurity, a step by step alkylation
procedure was also tested (Figure S13a). After the in sifu formation of palladacycle complex 4,
unreacted AgoCO3 was removed by filtering through a PTFE Syringe Filter. TBSO protected
stereochemical probe 2 was then introduced. After stirring the reaction mixture at 100 °C for 8 h,
unreacted stereochemical probe 2 was removed by filtering through a short column of'silica gel, and
the remaining residue was further treated with acrylate and Cs,COs3 to give the desired alkylation
product 4a. However, a diminished diastereomeric ratio of the alkylation product was observed in
this case (Figure S13b), presumably due to the rapid epimerization of stereochemical probe in the

absence of silver salts.
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(a) — — D H'

O O TBso/\_e)N (20 eq)
() - ol
] AgsCO; (2 eq) r 2 (erythro-)

MeG MeCN (2 mL) MeCN (0.5 mL)
€0 i L H 40°C, 4 h 100°C, 8h
7 — 4 _
0.02 mmol, 1 eq
Cs,CO0s5 (10 €q) OMe  coum
2
Z>C0,Bu (15 eq) 5
MeCN (1 mL) OH *
100 °C, 12 h D OTBS
H2
4a (threo-), major 4a (erythro-), minor 2k 2k 2k 2 27
JH1-H2 =59Hz JH1_H2 =9.8Hz

Figure S13. Erosion of product diastereomeric ratio in the absence of Ag,CO3

4.3 Pyridine Coordinated Palladacycle Complex 5

/ N Me
=N 077°Q D Ag,CO; (4 &
P4 B N g2C03 (4 eq)
O=--0 N= | t-AmylOH/MeCN (9: 1, 1 mL)
T ) D 100 °C, 6 h
Me N\ . 10 %

5 3eq

0.10 mmol, 1 eq threo:erythro = 5:1 threo-erythro = 1:3

This reaction was carried out by a slightly modified procedure of Zhang et al.* In a argon-filled
glovebox, an oven-dried 15 mL vial was charged with pyridine coordinated palladacycle complex
5 (48.4 mg, 0.10 mmol, 1 eq), ~AmylOH/MeCN (9:1, 1 mL), #-Bu substituted stereochemical probe
1 (64.2 mg, 0.3 mmol, 3 eq), Ag2CO3 (110 mg, 0.4 mmol, 4 eq) in a stepwise manner. The vial was
then sealed with a PTFE screwed cap in the glovebox. The vial was subsequently taken out of the
glovebox and stirred on a metal bath preheated to 100 °C for 6 hours. After the reaction was
completed, the reaction mixture was allowed to cool down to room temperature. The reaction
mixture was diluted with ethyl acetate and washed with aqueous Na,S solution and brine, then
filtered through a small pad of Celite. The filtrate was concentrated in vacuo. The resulting residue
was further purified by PTLC separation (petroleum ether/ethyl acetate 7:1) to afford the desired
product 5a (4.8 mg, 10 % yield).
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Characterization data of compound Sa (undeuterated derivative of this compound is known):

N

threo:erythro = 1:3

"H{?H} NMR (400 MHz, CDCl;) 6 8.76 — 8.66 (m, 1H), 7.86 — 7.73 (m, 1H), 7.43 (d, /= 7.8 Hz,
1H), 7.37 = 7.25 (m, 5H), 2.62 (d, erythro-isomer: J = 13.0 Hz; threo-isomer: J= 4.6 Hz, 1H), 1.28
(d, erythro-isomer: J = 13.0 Hz; threo-isomer: J = 4.6 Hz, 1H), 0.75 (s, 9H).

HRMS (ESI): calcd. for C17H20D2N+ [M+H™] 242.1872; found 242.1866

13.0 Hz

11101.6.240.67/nmrdata/NMR_DATA/jiaoleixxy-279-3-dry/1 11—

Figure S14. Determine the diastereomeric ratio of 5a by NMR simulation

4.4 8-aminoquinoline Coordinated Palladacycle Complex 6

0 MeO
MeO D
N |+
Pd—Nx I t-AmylOH/xylene (1 : 1, 1 mL)
130°C,1h

NCM )
CMe 16 %

6 1

0.05 mmol, 1 eq 3eq

threo:erythro = 5:1

threo:erythro = 4.5:1

This reaction was carried out by a slightly modified procedure of Chen et al.’ In a argon-filled
glovebox, an oven-dried 15 mL vial was charged with 8-aminoquinoline coordinated palladacycle
complex 6 (24.2 mg, 0.05 mmol, 1 eq), ~AmylOH/xylene (1:1, 1 mL), #Bu substituted
stereochemical probe 1 (32.1 mg, 0.15 mmol, 3 eq) in a stepwise manner. The vial was then sealed
with a PTFE screwed cap in the glovebox. The vial was subsequently taken out of the glovebox and
stirred on a metal bath preheated to 130 °C for 1 hour. Then the reaction mixture was diluted with
DCM and aqueous HI solution (55 %, 5 uL) was added to quench the reaction. After stirring at r.t.
for 1 h, the reaction mixture was concentrated in vacuo and the resulting residue was further purified
by flash column chromatography (eluted with petroleum ether/ethyl acetate 20:1 to 10:1) to afford
the desired product 6a (3.3 mg, 16 % yield).
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Characterization data of compound 6a:

MeO

threo:erythro = 4.5:1

"H{H} NMR (400 MHz, CDCl3) 8 10.16 (s, 1H), 8.95 (d, J= 7.4 Hz, 1H), 8.78 (dd, J=4.4, 1.6
Hz, 1H), 8.21 (dd, J=8.3, 1.7 Hz, 1H), 7.62 (t, /= 7.9 Hz, 1H), 7.57 (dd, J= 8.3, 1.5 Hz, 1H), 7.47
(dd, J= 8.3, 4.2 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H), 7.16 (d, J = 2.7 Hz, 1H), 6.97 (dd, /= 8.5, 2.8
Hz, 1H), 3.85 (s, 3H), 2.76 (d, erythro-isomer: J = 13.0 Hz; threo-isomer: J = 4.7 Hz, 1H), 1.53 (d,
overlapped with H»O, erythro-isomer: J = 12.9 Hz; threo-isomer: J = 4.6 Hz, 1H), 0.83 (s, 9H).

HRMS (ESI): calcd. for C23H25DoN2O>" [M+H*] 365.2193; found 365.2179.

#101.6.240. ._ARC} i :133—2“‘1’”!
4.7 Hz=>
13.0 Hz </>
v 1‘\
25 20 15 25 175 ) 65 180 25 2% 25 2 1% 290 3% 2 A7)

Figure S15. Determine the diastereomeric ratio of 7a by NMR simulation

When this reaction was carried out in DMF solvent, stereoretentive alkylation product was still

favored, albeit with a lower diastereomeric ratio (Figure S15, threo:erythro = 1.5:1):

# 5
1. 52 2842. 852
0. 06 2996. 846

Figure S16. Determine the diastereomeric ratio of 7a (formed in DMF solvent) by NMR simulation
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5. DFT Calculations

5.1 Computational Methods

All of the quantum chemical calculations in this work were performed with Gaussian 16 program.'#
Single point energy calculations and geometry optimization were carried out at MO06-
SMD(solvent)/SDD-6-311++G(d,p)//B3LYP-D3(BJ)-SMD(solvent)/Lan2ldz-6-31G(d) level of
theory.!>2? To mimic the real reaction conditions, solvent = MeCN was selected for the alkylation
transition states of complex 3 and 4"; eps = 17.61, epsinf = 1.95 was selected to mimic the #-
AmylOH/MeCN for the alkylation transition states of complex 5;2 solvent = DMF was selected for
the alkylation transition states of complex 6°. Several important conformations were evaluated
manually. Frequency calculations (298.15K, ideal gas) were also performed to evaluate the nature
of optimized structures. For transition states with one imaginary frequency, IRC calculations were
also carried out to confirm its connectivity between corresponding substrates and products. Nature
population analysis was performed at M06-SMD(solvent)/SDD-6-311++G(d,p) level of theory by
Gaussian 16 program.>* Charge decomposition analysis (CDA)> was carried out at the B3LYP-
D3(BJ)-SMD(solvent)/SDD-6-311G(d,p) level of theory by Multiwfn program?®. Energy levels of
Kohn-Sham canonical molecular orbitals were calculated at the same level of theory. Visualizations
were completed through CYLview and Multiwfn program.?’
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5.2 Geometry Structures of Alkylation Transition States

Bu \ H ‘Bu | H
Me | H Me | H
: ZP’d‘ Pd
PhsP  PPhs PPh,
TS3a TS3a’
0.00 0.83 kcal/mol
Me
1
®—® yoH P
1‘P‘d Me %%
O
tgy—/H Pdl
i PhsP I
TS3b’ TS3c

9.57 kcal/mol

TS3b’ TS3c
9.57 kecal/mol 3.21 kcal/mol

Figure S17. Alkylation transition states of the reaction between #-Bu substituted stereochemical

probe 1 and palladacycle complex 3 (solvent = MeCN)
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' '
/

H, [ 0TBS H, ! 0TBS H,/
/"J /J H

H Y ! \

'NCMe -. . TBS
P-éip,2—naphthyl ' . 2-naphthy! P d/f F,,2—naphthyl
MeO™ Hi. [\H ) 2-naphthyl MeO” . /, \~2-naphthy! MeO i y—{ g | 2-naphthyl

TS4a TS4a’ TS4a”"
0.00 2.66 kcal/mol 1.38 kcal/mol
|

H,MOTBS H _ OTBS

e H W

NCMe
7P,2-naphthyl _2-naphthyl
MeO . JH ) 2-naphthyl MeO i} \ 2-naphthyl

TS4b TS4c

TS4a’ TS4a”
2.66 kcal/mol 1.38 kcal/mol

TS4b TS4c
8.23 kcal/mol 4.83 kcal/mol

Figure S18. Alkylation transition states of the reaction between TBSO protected stereochemical
probe 2 and palladacycle complex 4~ (solvent = MeCN)

S22



TS5¢’
15.65 kcal/mol _

TS5¢’
15.65 kcal/mol

Figure S19. Alkylation transition states of the reaction between #-Bu substituted stereochemical

! tB
H,, /Bu e
HY =, H&—H
/ o N N J \\
! -l
= _Pd 3 Pd:
N \o/>\Me OAG
TS5a’ TS5¢c
10.39 kcal/mol 10.28 kcal/mol
Py
H, | Bu
HT
N o
— /Pd/ B
~ N \O Me
TS5b

TS5a’ TS5¢c
10.39 kcal/mol 10.28 kcal/mol

TS5b
20.22 kcal/mol

probe 1 and palladacycle complex 5 (solvent = t-AmylOH/MeCN)
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. i ‘Bu
H H H,,'\

= N \ =3 | = N "

C:\/r I _DMF C; ; C; " LDMF

Pd N-Pd N-Pd7

o 0 o?\©
MeO MeO MeO

TS6a TS6a’ TS6b

0.00 5.48 kcal/mol

7.33 kcal/mol

TS6c
-5.65 kcal/mol

TS6a’ TS6b
5.48 kcal/mol 7.33 kcal/mol

TSéc
-5.65 kcal/mol

Figure S20. Alkylation transition states of the reaction between #-Bu substituted stereochemical
probe 1 and palladacycle complex 6” (solvent = DMF)
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5.3 Orbital Energy Level Calculations

Me

I

PhsP’

HOMO (d,?-type orbital; -5.31 eV) LUMO (d,?-y2-type orbital;-1.19 eV)
Figure S21. d’-type and di?-y*-type orbital energy levels of norbornene derived palladacycle

complex (isovalue = 0.08)

_ -2-naphthyl
MeO' | pd P\Z-naphthyl

HOMO (d,2-type orbital; -5.47 eV) LUMO+2 (dy?-2-type orbital; -1.14 eV)

Figure S22. d,>-type and d*-y*-type orbital energy levels of alkene-ligand derived palladacycle

complex (isovalue = 0.07)

O

MeO '}‘
Pd—Na« )
HOMO-2 (d,?-type orbital; -6.31 eV) LUMO (d,?-,2-type orbital; -2.10 eV)

Figure S23. d,>-type and d*-y*-type orbital energy levels of 8-aminoquinoline derived palladacycle

complex (isovalue = 0.06)

—

Z \N\%/O/’) Me
~0

-5.35 eV 4? HOMO; (d,2-type orbital)

o)
—

- N/I%j\ > —Me

Y 0 -
-6.36 evjﬁ— HOMO-1; (d,2-type orbital)

Figure S24. Influence of d®-d® interaction on the d,-type orbital energy levels of pyridine

coordinated palladacycle complex (isovalue = 0.06)
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5.4 Natural Population Analysis and Charge Decomposition Analysis

By selecting the norbornene derived Catellani intermediate 3 and 1-iodo-3,3-dimethyl butane as
model compounds, natural population analysis was carried out to study the charge transfer process
involved in the alkylation transition state. Compared with reactants, positive charge was deployed
on the Pd center while significant negative charge was accumulated on the iodide atom in the Sp2-
type OA transition state (Figure S25a and S25b). This result confirmed the nucleophilicity of the Pd
center and the electrophilic nature of alkyl iodide. However, negative charge was accumulated on
the Pd center in the stereoretentive OA transition state and the iodide atom was less negative charged
(Figure S25c¢; compared with Sy2-type OA transition states), indicating the back donation from the
iodide atom to the Pd center.

(@) |~ -0.633
Me tBu \\\ H
H N -0.027

Pd “H
71\ Pd
PhaPlPPhs -0.481 PhP  PPRI™ 0 045
-0.152 TS3a
(b) | 0502
" ‘Bu_ \ H
2 > .0.178
0.029 == I\;(\’< Me | H
2 H H @_I,u
Pd l <O
PhaF 0.481 i 0.192
0.166 -0. PPh, :
TS3a’
(C) tBu
Me H H
H Me == -0.030
| 002 s e TR0
Pd_ ) H|H P
H Pthl "
PhsP -0.204
0.166 -0.481 -0.106
TS3c

Figure S25. Natural population analysis; atomic charges of Pd, C and I were labeled

To further analysis the donor-acceptor interaction involved in the alkylation transition state, charge
decomposition analysis was carried out (Figure S26 — S27):
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Important fragment MO pairs involve in the major donor-acceptor interaction of TS3a:

.
donation 0.040 e”
LUMO; o*¢
HOMO; d,%p4 -3.16 eV
-5.16 eV
Important fragment MO pairs involve in the major donor-acceptor interaction of TS3a’:
—_

donation 0.049 e

HOMO; dzzpd LUMO; 6*¢
-5.24 eV -2.69 eV

Figure S26. Donor-acceptor interactions involved in TS3a and TS3a' (isovalue = 0.05)

Important fragment MO pairs involve in the major donor-acceptor interaction of TS3c:

donation 0.005 e

%

LUMO; o*c,
-3.17 eV

___ back donation 0.050 e

LUMO; d,2,%pg HOMO/HOMO-1
-1.36 eV lone pair of I; -6.78 eV/-6.79 eV

Figure S27. Donor-acceptor interactions involved in TS3c¢ (isovalue = 0.05)
In addition to the results depicted in Figure S26, the back-donation from o(C-I)-type orbital to the

empty palladium dy?-y?>-type orbital was also shown to be significant in TS6¢ (Figure S28), which
we attribute to the lower di?-y>-type orbital energy level of complex 7.
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Important fragment MO pairs involve in the major donor-acceptor interaction of TS6c:

donation 0.014 ¢ - t f
[
J
S

LUMO; %
-3.15 eV

( é
__ back donation 0.110 e iﬁ %do

HOMO/HOMO-1 HOMO-3; 6¢.
lone pair of I; -6.79 eV/-6.80 eV -7.28 eV

Figure S28. Donor-acceptor interactions involved in TS6c¢ (isovalue = 0.05)

-6.33 eV

LUMO; d,2%pq
-2.26 eV

5.5 Ligand Substitution Equilibrium of Complex 5

The ligand substitution equilibrium of complex 5 was calculated and summarized in Figure S29.
Our calculation results clearly indicated that substituting one of the acetate ligands in complex 5 by
alkyl iodide electrophile is highly unfavored.

C-, -0
<N - Pd\ |\\>
R/ Me

C\ /O
(N/Pd\é\
- N/, —Me

, >M + R—l
N\ /O N\ /O/) e

Pd ( Pd_ 7
<C/ OAc c” O

S9 5
13.8 kcal/mol 0.00
disfavored favored

(e
\ C

(C:Pd/OAC -~ 1/2 :\\> Me | R—| -
R (N\Pd/of" Me N AT

R c” \é S |

S10 5
12.5 kcal/mol 0.00
disfavored favored

(S:Pd\/ '~R

~ 1/2 + R
OAc
S11 5
13.5 kcal/mol 0.00
disfavored favored

Figure S29. Ligand substitution equilibrium of complex 6 (R = ~-BuCH>CH>)
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Further analysis on the influence of ligand substitution equilibrium on alkylation mechanism was
depicted in Figure S30. Indeed, if we only compared the activation energy barrier of S11 — TS5a
(21.8 kcal/mol) and 5+ R-1 — TS5c (25.0 kcal/mol), the OA mechanism was favored than the Sn2-
type OA on Pd mechanism. However, when ligand substitution equilibrium was added into
consideration, the Sn2-type OA on Pd mechanism was favored. Thus, the alkylation product Sa was
formed through stereoinvertive pathway when complex 5 reacted with stereochemical probe.

Relative Gibbs Free Energy

- TS5c
I 10.28 kcal/mol
———————————————————— - TS5a
21.8 kcal/mol
25.0 kcal/mol
- S11
I 13.5 keal/mol
""""""""""" - 6 + R—I

Figure S30. Analysis on the influence of ligand substitution equilibrium on alkylation mechanism
(R = +-BuCH2CH>)
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6. NMR Spectra
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Figure $32. 'H{?H} NMR (CDCls, 400 MHz) of 2 (threo-)
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Figure S34. 'H{?H} NMR (CDCls, 400 MHz) of 2 (erythro-)
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Figure $35. °C{'H} NMR (CD,CL, 101 MHz) of 2 (erythro-)
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Figure $38. 'H{2H} NMR (CDCls, 400 MHz) of 3a
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Figure S48. '°C{'H} NMR (CDCls, 101 MHz) of S5
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