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Table 2. Palladium-catalyzed cross-coupling of 1 and 2.

Pd(OAc),

1in (ROGeO. ) + X=Ar w" R—@—Ar
15 H,0,
1a: R=Me 2 S 3
1b" R=MeQ (O
1c: R=F
Run 1 2 Time  Product Yield™
(h] [%]
1 1a 4ICH.OMe (2a) 4 3a 58
2 1la 3-ICH.OMe (2b) 4 3b 31
3 la 2. ICH,OMe (2¢) 4 3c 16
4 1a 4-ICH:NO; (2d) 1.5 3d 75
5 1b 2d 4 3e 71%
6 1c 2d 4 3f 62
7 1b 4-ICH,CH; (2e) 4 3g 77
8  1a 4BrCH,OMe (2f) 8 3a 47
9 1la 4-BrCH.NO; (2g) 4 3d 66
10 1b 8 3e 45+
11 1a 1-Br-Naphthyl (2h) 4 3h 66°
12 1b 2h | 3i 81
13 1a 4-BrCH,COCH, 1.5 3j 54
(2i)
14 1b2 1 x4
15 1b 3-BrGH(CF, (%) 1 3l 76"
16 1b 4BrCHF (2k) 2 3m 58
17 1b 4BrCH,CH,(2l) 8 3g 51

' Reactions employed 1 (0.6 mmol Ge), 2 (0.5 mmol), Pd-

(OAc), (5 mol %), and 4 mL each of solvents.

"l Isolated yields unless otherwise noted.
I Determined by VPC.

<Reference>
- Ar-Ge

Kosugi, M. et al. Adv. Synth. Catal. 2004, 346, 1685.
Kosugi, M. et al. Adv. Synth. Catal. 2007, 349, 1025.
- Vinyl-Ge
Wnuk, S. F., Wang, Z. J. Org. Chem., 2005, 70, 3281.

»Vinyl-Ge

TABLE 2. Pd-Catalyzed Coupling of the Z-Vinyl
TTMS-germanes 4 (See Scheme 1 for Description of R in
Substrates 4)

H,0,/NaOH/H,0 (Method A) -
R GelSiMe or t-BuOOH/KH (Method B) R
\—/ (SiMe;)s ; \=<
R'X, (PhsP)4Pd H
4 THF/45°C/10 h s5R'=Ph
6 R' = CH=CHPh
sub- vield*®* A  yield*? B
entry strate R X product (E/Z)bc (EiZ)»e
1 4a Ph 1 S5a  60(33/67) 83(3/97)
2 4a Ph Br Sa 53 (50/50) 78 (8/92)
3 4a Ph Cl ba 44 (67/33r <5
4 4a Ph OTf S5a 33(982y <5
5 4c Ph 1 5c  90(13/87) 96 (3/97)
6 4c Ph Br Sc  50({64/36) 10 (2/98Y
7 4c PhCH=CH Br 6c 66k 524
8 4d Ph 1 5d  41(21/79) 77 (1/99)
9 4d Ph Br 5d  30(76/24) 15 (3/97)
10 4e Ph I Se  80(H5/45) T1(5/95)
11 4e Ph Br Se 68(99/1) 58 (1/99)
12 4e Ph Cl Se 15(b6/44)* <5
13 4f Ph | 5f  36(45/55) 60 (25/75)
14 4f Ph Br 5f 64 (33/6T) 60 (20/80)
15 4f PhCH=CH Br* 6f 674 <5

@ Isolated yield (method A). * Based on two independent experi-
ments. © Based on '"H NMR and/or GC-MS. © Isolated yield (method
B). © E/E izsomer of 1,4-diphenyl-1,3-butadiene was also isolated.
! Isomers of 1,4-di(4-methoxyphenyl)-1,3-butadiene were also iso-
lated (2—30%). # E/Z mixture (~88:12) of §-bromostyrene was used.
"1E,3ENZ3E (27:73). ' 1E,3E/1Z 3E (18:82).  Isomers of 1,4-di(2-
trifluoromethylphenyl)-1,3-butadiene were also isolated (20%).
¥ Isomers of 1,4-di(4-trifluoromethylphenyl)-1,3-butadiene were
also isolated. ! 1E,3E/1E,3Z (34:66).
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<Ref>Wang, M., Lin, Z. Organometallics 2010, 29, 3077.

* R3Sn-R" » 2 RG> i i D B Bk

UF AL TRsSNCl & S S E D H D AIBN & R3SnH TT U VI ERLT
HHD, NTA R LT(RSN) & Pd 2GS TH vy 7Y U THROARKE
T HONR—EHTE LB WET, LITFO Review 1213 H 90 Lfli> TWET,
<Ref>Stille, J. K. Angew. Chem. Int. Ed. 1986, 25 508.

* R3Sn-R' ® 2 XD R (UG L2V J7) DfIfE
sp> C-Sn FEAIZBUSHERIEFITARN E RSN T WD, sp’ a7 b
T LRIV E WD ORI T, Me = Bu NEW T,

- 8 X—VD SM(75% ee. )DL klE & ee DIEDE
ee [THFENEMNH RO LN TVET,
SM DA ik

(R)-(—)-Benzyl-a-d Chloride (1a). A mixture of 2.71 g (27.8 mmol)
of (S)-(+)-benzyl-a-d alcohol (from enzymatic reduction?® of
benzaldehyde-1-d* containing 1.00 £ 0.05 deuterium per molecule,
[a]?5p +1.32 £ 0.02° (neat, / =0.1)),83.5 % 1.9% e, and 4.13 mL
of dry pyridine in S mL of dry methylene chloride was added dropwise
to a stirred solution of 2,40 mL (4.024 g, 26.2 mmol) of POCl3in §
mL of methylene chloride with the temperature being kept at =10 to
—15 °C. A white precipitate appeared during the addition. After 1
h at this temperature the mixture was kept for 2 h at 0 °C, and then
poured on ice-water. The organic layer was extracted with methylene
chloride, washed with 10% aqueous H2SOj, saturated aqueous
NaHCOj;, and water, and dried over MgSO,. Concentration of the
solvent through a short-path distillation column followed by distillation
at 3.0 mmHg gave 2.19 g (69%) of a colorless oil: bp 43.5-45 °C:
[«]?p —1.28 £ 0.02° (neat, / = 0.1); 83.5 = 1.9% ee.

<Ref>K., Stille, J. K. J. Am. Chem. Soc., 1978, 100, 838.
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Scheme 3. Pathways for a) the classical Stille and b) the gold cocata-
lyzed processes, induding the transition-state energies for the rate-
determing step when X=Cl and R*= 2-methyl-1-(4-(trifluoromethyl)-
phenyl) naphthalene.

Figure 1. Transition states and AG™ for the transmetalations.

Espinet, P. et al. Angew. Chem. Int. Ed. 2013, 125 2245.
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<Ref>Casado, A. L. Espinet, P. J. Am. Chem. Soc. 1998, 120, 8978.
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Figure 5. Comparison of the energy prohlcs n the gas phase for the open and cyclic transmetalation mechanisms of the Stille coupling
reaction of vinyl bromide (1a) and trimethyl 2) lyzed by Pd(PMes);, starting from trans-I1I+Br.

<Ref>Lera, A. R. et al. Organometallics, 2008, 27, 3378.
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