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Development of Stereospecific Cross—-Coupling Reactions Using
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WFFER R OBEEE (5530) : An efficient catalyst system was established for Suzuki-Miyaura coupling of
branched alkylboron reagents bearing a nitrogen functional group at the a-position. Stereochemical
course of the reaction was switchable by additives. The carbon-carbon bond formation took place with
inversion of configuration, when the reaction was carried out with phenol. In contrast, zirconium
alkoxide mediated the reaction with retention of configuration. Two enantiomers of optically active
nitrogen-containing organic compounds could be synthesized effectively by this method.
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B XPhos (10 mol %)
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80°C,12h
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i XPhos . (S)-3§ (R)-3.a
L inversion retention

entry additive equiv. % yield® %es® config.

1 - - 87 29 inv
2 H,O 2.0 85 53 inv
3 PhCO,H 2.0 85 56 inv
4 AcOH 2.0 87 61 inv
5 PhOH 2.0 85 96 inv
6 MeOH 2.0 91 12 inv
7 EtOH 2.0 87 4 ret
8 i-PrOH 2.0 90 15 ret
9 t-BuOH 2.0 89 32 ret
10  PhOH 1.0 89 69 inv
11 PhOH 3.0 51 99 inv
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Pd(dba), (5 mol %) o}
XPhos (10 mol %) U
K2COg (3 equiv) HN™ "Me
1+ — A
PhOH (2.5 equiv) A~ “Ar?
toluene 3
80°C,12h inversion
,,,,,,,,,,,,,, R
/& Br—Ar2
HN"S0

; S 2a (Ar2 = 4-MeCgH ) i
‘ Arl'm) B(pin) 2b (Ar2 = 4-MeOCgH,) !
' (S)-1a (Ar' =Ph) 2¢ (Ar2 = 4-CFsCgH,)
i (S)-1b (Ar' =4-MeOCgH,)  2d (Ar2 = 2-MeCgH.)

entry 1 2 % yield" % es® config

1 (S-1a 2a  67[(S)-3a] 98  inv

2 (S-1a 2b  60[(S)-3b] 99  inv
3 (S-1a 2c  83[(S)-3¢c] 94  inv
4 (S-1a 2d  69[(5)-3d] 91  inv
5 (S-1b 2a  75[(R)-3e] 98  inv
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(S)-1a (R =Me) 2a R)-3a (R = Me, 63% es, ret)

) (
(S)-4 (R =Et) (R)-7 (R = Et, 36% es, ret)
(5)-5 (R =Ph) (R)-8 (R = Ph, 11% es, ret)
(5)-6 (R = t-Bu) (5)-9 (R = t-Bu, 83% es, inv)
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Pd(dba), (5 mol %)

XPhos (10 mol %)

K2003 (3 equiv)
Ph7(s) B/7>\< addltlve

toluene
80°C,12h
o (0]
Hl\:l)l\Me HN)LMe
Phﬁ@ ' Ph%a}@
Me Me
(5)-3a (R)-3a
inversion retention

entry additive equiv yield es
1 B(OMe); 20 60 24 rer
2 B(OEt), 20 85 57 vret
3 B(Oi-Pr); 20 74 63 ret
4 B(O#-Bu); 2.0 80 28  ret
5 Al(Oi-Pr); 20 68 61 et
6 Ga(Oi-Pr); 2.0 74 75  ret
7 In(Oi-Pr); 2.0 55 74 ret
8 Ti(Oi-Pr), 20 74 36 ret
9 Zr(0i-Pr), 20 14 3 et

10 Zr(Oi-Pr)4i-PrOH 2.0 10 76  ret
11 Zr(Oi-Pr)4+i-PrOH 1.0 50 78  ret
12 Zr(Oi-Pr)4i-PrOH 0.5 86 78  ret
13 Z1(0i-Pr)4+i-PrOH 0.1 85 53  ret
14*  Zr(Oi-Pr)4+i-PrOH 0.5 63 83 et

“ At 60 °C for 96 h.
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Pd(dba), (5 mol %) o]

XPhos (10 mol %) PR
K2COg (3 equiv) HN™ "Me

1+2
Zr(Oi-Pr)+i-PrOH (0.5 equiv) AT~ TAr2

toluene 3
80°C,18 h or 60 °C, 96 h retention

HN"0
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‘ (7) B(pin) 2b (Ar2 = 4-MeOCgH,) !
' (S)-1a (Ar' =Ph) 2¢ (Ar2 = 4-CF5CgHy)

i (S)-1b (Ar! =4-MeOCgH,)  2d (Ar2 = 2-MeCgH.)

entry 1 2 temp (°C) yield (%) % es

1 (S-1a 2b 80 67[(R)-3b] 78 ret

($)-1la 2¢ 80 96 [(R)-3¢] 83 ret
(S)-1la 2¢ 60

2
3 54[(R)-3¢] 87 ret
4  (S-1a 2d 80

5

6

73 [(R)-3d] 86 ret
(S-1a 2d 60
(S-1b 2a 80

56 [(R)-3d] 93 ret
71[(S)-3e] 85 ret

ICOWTHAEL-E Z A (entries 10-13)
XPhos &£ ¥ & =2 /X7 K72 PCy,Ph 73 RA4f7¢
fERAE G 272 (entry 10), Fcf&HIIZ 2e (12X L
TNBREIED 10 WAL Z L2k, 11 %
BURNETHEL I LN TE (entry 14), FE
RN - (THFALT ) TILFLR
0T AT VI N R RS S & eSS
HIEWTET,

5. RISRIFORR

Me Br—Ph (2e, 1.2 equiv)

PhJ\jg 4}:?:;?1221()120(131?0) HN/?I\Me
B mmas

rac-10 80-145°C, 12 h 1

entry ligand base temp (°C)  yield (%)

1 XPhos K,CO; 80 0

2 XPhos K,CO; 110 0

3 XPhos K,CO; 135 11

4 XPhos K,CO; 145 15

5 XPhos KF 145 0

6 XPhos K5POy4 145 4

7 XPhos KOH 145 4

8 XPhos Cs,CO; 145 5

9 XPhos CsF 145 17

10 PCy,Ph  CsF 145 48

11 PCyPh, CsF 145 46

12 PPh; CsF 145 29

13 PCy; CsF 145 40

14° PCy,Ph  CsF 145 83
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“10 (1.2 equiv) and 2e (1.0 equiv) was used.
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R Br—Ph (2e)
/1% Pd(dba), (5 mol %) o
HN™ =0 ligand (10 mol %) )I\
/\)\ 0 HN R
Ph B~ i A
1 base (3 equiv) Ph~">""Ph
o m-xylene
145°C,12h
(5)-10, 12 (S)-11,13
(1.2 equiv)

entry boronic ester yield (%) %ee %es

1 10 (R=Me, 90%ec) 82(11) 24 27
2 10(R=Me, 90%ee) 42(11) 64 71

3 12(R=Et97%ee) 75(13) 41 42

5. F/pFEKFmLE
(WFFERFE . BFEEoo P M ONEEERF SR
1T TR

CdesERm 3] (B 1)
©) Tomotsugu Awano, Toshimichi Ohmura,
Michinori Suginome,  “Inversion  or
Retention? Effects of Acidic Additives on the
Stereochemical Course in Enantiospecific
Suzuki-Miyaura Coupling of

a-(Acetylamino)benzylboronic Esters”, J. Am.

Chem. Soc. 2011, 133, 20738-20741 (#7

Ao
DOI: 10.1021/ja210025q

B2 - IMEG LD

O XFHEE, —Wkr. LR ER DLE
Ea- (TAT ) TAFALRR Y
e 27 v OSLARK RS- A 7
U7 ) BAEFRE 93 BEER, 2013
F3 70230, VmERFUDI - <&ED
Fy oo (HER)

@ KAFE, SEEFEIN, =dmk. ZEFH
BAL Ta- (TEFAT ) RUVLR
B UBET AT VOIS T AR R EA-
A v 7Y v 7B D SRR R - SR
TRFF DR W L 25 59 BIA B AL 75
Az, 2012 4E 9 A 15 B, KBRS %
Y o8 A (AT

® Toshimichi Ohmura, Tomotsugu Awano,
Kyoko  Miwa, Michinori  Suginome,
“Switchable  Stereochemical Course in
Stereospecific Suzuki-Miyaura Coupling of
a-(Acetylamino)benzylboronic Esters”, XXV
International Conference on Organometallic
Chemistry, 2012 4£. 9 H 3 H, U AR (R
v NTTV)

@ KA, T4 ROSHZ V2 BB 4
JEBRBERS OFRBR |, 5 45 AR
HFOZEDTFR, 201247 4 10 H, &
TNTIN=7 Y — 5t (LIRLR)

® KA, SRR SRR v 7
Y72 B HEE A T I,
2011429 A 23 B, gkt SLA (JLifE
1B)

©® Toshimichi Ohmura, Tomotsugu Awano,
Michinori Suginome, “Stereospecific
Suzuki-Miyaura Coupling of
a-(Acylamino)benzylboronic  Esters ~ with
Aryl Halides”, IME Boron XIV, 2011 4% 9 H
BH, FATHTT74+—NX (I H)

(£ D)
R _R— U5
http://www. sbchem. kyoto—u. ac. jp/suginom
e—lab/jp/

6. WFICHERR

(D) MR FRE

KA+ Z3F (OHMURA TOSHIMICHI)
P 7Nt N 5 e )| oy S G 21 o
WFgeE 5 : 00378803

(2) W72y i
ML

(3) PR T
ML



