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Abstract: The first invertive B-alkyl Suzuki—Miyaura coupling has
been achieved. The coupling of enantioenriched a-(acylami-
no)benzylboronic esters with aryl bromides and chlorides took
place efficiently in toluene at 80 °C in the presence of Pd(dba),
(5 mol %), XPhos (10 mol %), K,CO3 (3 equiv), and H,O (2 equiv).
The reaction proceeded with inversion of configuration to give
diarylmethanamine derivatives in high yields with high conserva-
tion of enantiomeric excesses.

The Suzuki—Miyaura coupling utilizing alkylboron compounds
has become a powerful tool in organic synthesis.* Cross-coupling
of deuterated, configurationally defined primary akyl-9-BBN
derivatives with alkenyl and aryl iodides proceeds with complete
retention of configuration.? Retention of configuration was also
established in the coupling of diastereomerically pure cyclopropy-
Iboron compounds with organic halides and triflates.® Quite recently,
Crudden and co-workers demonstrated the first stereospecific cross-
coupling of acyclic secondary akylboron compounds, in which
enantioenriched 1-arylethylboronic esters produced the coupling
product with retention of configuration.* There seems to be great
potential in the development of the stereospecific coupling of
a-branched alkylboron compounds not only for greater utilization
of cross-coupling in asymmetric synthesis but also for clarifying
the mechanism of the coupling reaction.®

We have recently developed the Suzuki—Miyaura coupling of
o-(acetylamino)benzylboronic esters with aryl and alkenyl halides.®
Because the reaction is expected to be a useful method for synthesis
of enantioenriched benzylamines, our interest was then focused on
the establishment of a stereospecific coupling system using enan-
tioenriched organoboron reagents. Herein, we describe the highly
stereospecific cross-coupling of enantioenriched o-(acylamino)ben-
zylboronic esters, which proceeds with inversion of configuration.

Reaction of enantioenriched o.-(acetylamino)benzylboronic ester
17 with 4-bromotoluene (2a, 1.2 equiv) was carried out in toluene
at 110 °C in the presence of Pd(dba), (5 mol %), ligand (10 mol
%), base (3 equiv), and H,O (2 equiv) (Table 1).%° The yield of
coupling product 3 and enantiospecificity (es)*® of the reaction
strongly depended on the ligands and bases. For example, a Pd/
P(t-Bu); catalyst gave 3 in good yield using KF as a base, whereas
a significant amount of protodeborylation product 4 was formed
with K,CO;s (entry 1). The es values were low under both conditions
(19 and 21% es, entry 1). Among severa other combinations of
ligands (Q-phos,® SPhos,** RuPhos,*? and X Phos"®) and bases (KF
and K,CQOs) (entries 2—5), use of XPhos and K,CO; gave the best
yield along with the highest es (59%) (entry 5, right).

Further improvement of the es was achieved by modification of
the acyl group on the nitrogen atom of the starting boron compounds
(Table 2). Reactions of 2a with propionyl (5) and benzoyl (7)
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Table 1. Effects of Ligands and Bases?®

Pd(dba)g (5 mol %) o o
ligand (10 mol %)
base (3 equw
(S) B H,0 (2 equiv) ‘/(8)\‘\ ©)
toluene
110°C
base: KF base: K,CO,
entry ligand time (h) % vyield® % es® time () % yield® % es®
1 P(t-Bu); 18 78 (8) 19 3 28 (38) 21
2 Q-phos 60 85 (8) 19 3 83 (4) 47
3 SPhos 18 34 (44) 35 3 75 (17) 35
4 RuPhos 18 88 (9) 6 3 46 (45) 8
5 XPhos 48 73 (27) 28 18 95 (<1) 59

21 (0.20 mmol), 2a (0.12 mmol), Pd(dba), (5.0 umol), ligand (10
umol), base (0.30 mmol), and H,O (0.20 mmol) were stirred in toluene
(0.2 mL) at 110 °C. " Isolated yield of 3. GC yield of 4 in parentheses.

¢ See ref 10.
PCy.
&> PrBu), Pcy2 PCy, A Prz
Ph FeF’h MeO. OMe (i-PrO 0(, Pr
Ph
Q-phos SPhos RuPhos XPhos

Table 2. Effects of Acyl Groups®

R B Pd(dba), {5 mol %) o}
A " XPhos {10 mol %) L
HN" "0 KsCOs (3 equiv) HYT R
.0 + —_— <
©/(g} B H,0 (2 equiv) O ) O
o toluene
1,5,7,9a 2q O1107C1218N 3,6,8,10a
entry substrate temp (°C) % yield® % ee® % es® config
1 1(R=Me 87% ee) 110 95(3) 51 59  inw
2 5(R=Et 95% e®) 110 85(6) 65 68 inw
3 7(R=Ph 87% ee) 110 65(8) 77 89  imw

4  9a (R = t-Bu, 96% ee) 110 80(10a) 927 965 inv
5° 9a (R = t-Bu, 96% ee) 80 84 (10a) 934 973 inv

& Organoboronic ester (0.10 mmoal), 2a (0.12 mmol), Pd(dba), (5.0
umol), XPhos (10 umol), K,CO; (0.30 mmol), and H,O (0.20 mmol)
were dtirred in toluene (0.2 mL) at 80—110 °C for 12—18 h. P Isolated
yield. ¢Determined by HPLC with a chiral stationary phase column.
d See ref 10. ©0.20 mmol scale reaction.

derivatives gave the coupling products 6 and 8 with higher es's
than the reaction of the acetyl derivatives 1 (entries 2 and 3). We
finally found that a highly stereospecific coupling could be achieved
using boronic ester 9a bearing a sterically more demanding pivaloyl
group (96.5% es, entry 4). The optimized conditions using X Phos
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Table 3. Suzuki—Miyaura Coupling of Enantioenriched 9 with 22

Pd(dba), {5 mol %)

tBu XPhos (10 mol %) 0
KoCO;, (3 equiv) .
HNT o + Broa? 27T, BN CBu
A (ST Blpin) HzO (2 equiv) AR
toluene
9a (Ar‘ =Ph), 9b (Ar' = 4-MeQCgHy), 2 80 °C 10
9c¢ (Ar! = 2-naphthyl), 9d (Ar! = 2-MeCgH,)
(S)-9 time
entry (% ee) ArBr (h) % yield® % ee® % es?

1 9a(9%) 2b(Ar=4MeOCH,) 12 76[(9-10b] 93 97

2 9a(9%6) 2c (AP = 4EO,CCH,) 12 87[(9-10 93 97
3 9a(9%6) 2d (A =4-CFCHs) 12 85[(9-10d] 92 96
4 9a(96) 2e (Ar? = 4-AcCgH,) 12 71[(S9-10] 92 9%
5 9a(96) 2f (A =4-CHOCeHy) 12 84[(9-10f] 94 98
6 9a(9%6) 2g(Ar=3-MeCHs) 12 89[(9-10g] 93 97
7 9a(9) 2h(Ar?=2naphthyl) 12 76[(S-10n] 92 96
8 9a(9%) 2i (Ar?=2-MeCeHy) 18 79[(S-10] 91 95
9 9a(9) 2j (A2 = 3-thienyl) 12 80[(9-10] 92 9
10° 9a(96) 2k (Ar? = 3-pyridyl) 72 83[(9-10k] 88 92
11 9b (>99) 2 (Ar2 = Ph) 12 79[(R-10b] 98 98
12 9c(>99) 2 12 68[(R-10n] 95 95
13 od (90) 2l 18 55[(R)-10] 74 82

29 (0.20 mmoal), 2 (0.24 mmol), Pd(dba), (10 umol), XPhos (20
umoal), K,CO; (0.60 mmol), and H,O (0.40 mmol) were stirred in
toluene (0.4 mL) at 80 °C. " Isolated yield. ® Determined by HPLC with
a chiral stationary phase column. © See ref 10. ©9a (0.30 mmol) and 2k
(0.20 mmol) were used.

and K,CO3; were effective for the reaction of 9a even at 80 °C to
give 10a in 84% yield with 97.3% es (entry 5).***°

Absolute configurations of the major enantiomers of 3, 6, 8, and
10a were determined to be S by comparison with the specific
rotation of the authentic samples, which were prepared by N-
acylation of (S)-phenyl(p-tolyl)methanamine.*® The stereochemical
assignment clearly indicated that the C—C bond formation took
place with inversion of configuration. The stereochemical course
was also confirmed by our independent determination of the
absolute configurations of the starting material and the product by
X-ray crystallographic analysis.*®

Various aryl bromides were subjected to Suzuki—Miyaura
coupling with 9a under the optimized conditions (entries 1—10,
Table 3). The reactions of electron-rich 2b and electron-deficient
2c—f took place efficiently to give the corresponding amides
10b—f in high yields (entries 1—5). The es’'s of the reactions
were 98—96%, indicating that the electronic nature of the aryl
bromides does not affect the stereospecificity. Sterically more
demanding 2g—i also reacted with high es's (entries 6—38).
3-Bromothiophene (2]) reacted efficiently with a high es (entry
9), whereas a slow reaction with a slightly lower es was observed
in the reaction of 3-bromopyridine (2k) (entry 10). Enantioen-
riched 9b and 9c also reacted with bromobenzene (21) with high
es's to give 10b and 10h in good yields, respectively (entries
11 and 12). However, inefficient coupling was observed in the
reaction of sterically demanding 9d, which gave 10i in moderate
yield with a lower es (entry 13). It should be noted that 10i
could be obtained from the coupling of 9a with 2i with a better
es (entry 8).

Aryl chloridescoulda sobeusedfor theinvertive Suzuki—Miyaura
coupling under the optimized conditions (eq 1). 4-Chlorotoluene
(11a) and 4-chlorobenzaldehyde (11b) reacted smoothly with
9a at 80 °C to give amides 10a and 10f, respectively, in high
yields with remarkably high es's. The 1:1 coupling of 9a with
1,4-dichlorobenzene (11c, 1.2 equiv) was also successfully
achieved. The absolute configuration of 10l was assigned to be
S,*” indicating again that the coupling proceeded with inversion
of configuration.
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| Pd(dba), (5 mol %) o}
¢ XPhos (10 mol %) J
K»COj3 (3 equiv) HN™ “+Bu
9a + - ~ (1)
(96% ce) H20 (2 equiv)

R toluene, 80 °C R
11a (R = Me) 10a (80% yield, 92% ee, 96% es)
11b (R =CHO) 10f (85% yield, 94% ee, 98% es)
11c (R=Cl} 10l (85% yield, 93% ee, 97% es)

A mechanism involving transmetalation via transition state TS1
is proposed as the rationale for the stereochemical outcome (path
a, Scheme 1).*8° We assume that backside attack of the palladium
complex on the benzylic carbon atom of a-(acylamino)benzylbo-
ronic ester is preferred because of strong intramolecular coordination
of the carbonyl group to boron,?® which prevents an approach from
the boron side by occupation of the vacant p-orbital of boron.
Competitive transmetalation via conventional transition state TS2,
which would lead to a stereoretentive transformation (path b), may
lower the es as observed in some of the reactions.?*

Scheme 1. Possible Mechanism

X X
HN R HN R
Ph” A
em‘10
/ l/XK
P d(ArL \ Pd AnL
B entB
YB{pin) lnvers:on path a path b retention V YB(pin)
base *
__________ o)
Y HN ; RCONH/ Blo-
L(Ar)Pd-~ c HN o :
(Ar) )\ L(Ar)Pd -y
"H OJ P Blpin)
TS1 9 TS2

Y: halogen or oxygen functional group

In conclusion, we reported the first highly stereospecific
Suzuki—Miyaura coupling of acyclic o-heteroatom substituted
benzylboron compounds. The stereochemical course of the reaction,
inversion of configuration, is particularly notable.?? Mechanistic
details are now under investigation in our laboratory.
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