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%= 3 - Al 169 ¥HEAIZ] mE AE-E

=4 -9 e e oo TESE BRoFeE =

wHg A7) 8 A U
_]
o=

o3, AAelE Fie] ¥ AP T
g 7] 9% RozA, B ounel Wizt ofr)d 2a

el

1 A8 ol

n

¢

AH oz o] grbsd FFBE Zr1Hel AA = Az glo] AHEST. H NIR (400 MHz), “C NMR (100

MHz), B ONR (376 MHz) % “P MR (162 MHz) 212 Bruker Ascend 400 %= Bruker Avance III HD
spectrometer< Ab&3lo] 42305} th. Mass 2=FE&= Bruker Daltonik microTOF-Q II1 high-resolution mass
spectrometer (ESI) & AR&3}o] #4313},

[A Ao 1] briphos 1lad] A=

Cy Cy
| \

OH O OH OH N OH OH NH OH
. MeOH, rt, 6 h NaBHy, rt, 3 h
0Ok A OA®

4a 5a

P(NMez);  6a

Toluene, 120°C
4 h

2,2 -tlo|slo] =@ A Ml 2= (2, DHBP) (2.14 g, 10.0 mmol)S MeOH (15 mL)o] Y3 WRHA|Z|HA Alo]|Z 2
s)alobl (3a, 1.37 ml, 12.0 miol)S 7FEFATH. Aol 6A7HESH mukdh & 1 NYRE o]%l 343 4] 9
e koo, Hmo AAHRA §lo] thy vkl AREEReit).

AL x] A7) wreE3Eo NaBH, (1.13 g, 30.0 mmol)E 7}8}aL 3A|17FESr mwkAlzth. 18 oS, 23
, CHCly (3 X 50 mL) & F&3Ach. ol f7152 F54 MgS0,2 AZxA7]aL,
oqstar skl FFAA crude 3FE 58 F53ITH 7] crude 3EE 5= MR HAHA ¢
W-Sof] ARg-3k3i T,

33l E 1a9] A FE

Ao A 7] crude 3FE 52 B4 (20 mL)o]| SIA7| T AAWEE AT 2~ E|o}u] = (HMPT, 6a) (2.18
mL, 12.0 mmol)E 7Fsivh. 19 thg, Ha 7] 3F 120TollA 4A17He<t BhgAZl 5, 2oz WA 7)o
etetol A HEAIATH, Aol ZALE Ayt A ZgA] AY aEvE 89 (ethyl acetate/hexane=1/40)%
AAANA FA w9 BgE 1as F5IFATH(1.73 g, 53% F).

=
o
ja)
()
o
Py
of
2
—~
Do
()]
=3
S
N
ftllo
N
-
ol
-~
£

I NR (400 MHz, CDCl3): & ppm 7.20 - 7.09 (m, 4H), 7.00 - 6.89 (m, 4H), 4.98 (d, J = 4.9 Hz, 1H),

3.26 - 3.01 (m, 1H), 1.83 - 1.67 (m, 4H), 1.64 - 1.52 (m, 1H), 1.49 - 1.33 (m, 2H), 1.31 - 1.15 (m,
2H), 1.15 - 0.98 (m, 1H).
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[0104]

[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

on

££40 10-1574071
“CNIR (100 MHz, CDCls) & ppm 149.8, 149.7, 128.6(3), 126.8, 122.2, 119.1(2), 60.0, 59.7, 52.2, 34.1,
34.0, 26.0, 25.6.

“P NWR (162 MHz, CDCls): & ppm 98.0

+

HRMS (ESI) calculated for CigHaoNOoP [M+Na] : 348.1129, Found: 348.1127.

[AAle] 2 WA 4] briphos 1b, 1c & 1d9] A=

R R
OH O OH OH lll OH OH IllH OH
N+ R EtOH, 110°C, 48h ~ NaBH,, MeOH, 3h -~
= NH; = %
2 3 4 5

ne /R
P(NMe);  6a @ N
op R= Ph (b)

Toluene, 120°C 3,5-Me,-CgH3 (c)
ah o 35-(MeO),-CoHs (d)

3}3HE 4b, 4c 2 4de] A%

DHBP (2) (2.14 g, 10.0 mmol)& EtOH (15 mL)oll ¥ WWFAIZIAA o}d@ 31gE (3b, 3¢ Hi 3d, 30.0
mmol) & 7F8FSAth. 110TCelAl 48A1RFEet ke & H NIRZ 7Hzhe] o]®l 3hgHE 4b, 4c 2 4d9] FAS <l
stalon, WEe]l A glo] v wkeel ARkl

3}8tE 5b, 5¢ @ 5d¢] A%

445 AHgska, Wee 1508 o ARgshs
2 3 5b, 5c @ 5dE 47 FE3T

=
o

AAle 19] o|Rl S}3HE 4a diAlel oWl BHgHE 4b, 4c EiE
= o

Aelstars Ao 19] 843 Sao] Alxgd LI Y

3}8HE 1b, 1c 2 1d¢] A%

Anel 1] st 5a tialel BHHE 5b, Sc B 5dE AMESHE A& AlCstas Al 19 e 1] A%
Hg3 FLE WHoR kg Ib(AAH 2), (@A 3) B 1d(AAe] 4)8 247 #5350

ARl 2 (FFE 1b) :
A4 34 (1.76 g, 55% yield); H MR (400 MHz, CDCly): & ppm 7.31 - 7.24 (m, 4H), 7.23 - 7.15 (m,

OH), 7.14 - 7.08 (m, 2H), 7.06 - 6.97 (m, 5H), 5.58 (d, J = 4.0 Hz, 1H); C NMR (100 MHz, CDCly): &
ppm 149.0(2), 144.0(2), 129.4, 128.7, 127.0(2), 126.9, 123.1(2), 122.7, 120.8, 120.7, 118.9(2), 54.6:
“P NWR (162 MHz, CDCls): & ppm 90.5; HRMS (ESI) calculated for CioHyNOP [M+Nal': 342.0660, Found:

342.0671.
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[0117]

[0118]

[0119]

[0120]

[0121]

[0122]
[0123]

[0124]

on

££4d 10-1574071

Me

AR 3 (= 1c) :
MM TA (2.47 g, 71% yield); lH NMR (400 MHz, CDCls): & ppm 7.34 - 7.27 (m, 2H), 7.25 - 7.18 (m,

20), 7.11 - 7.01 (m, 4H), 6.78 (s, 2H), 6.73 (s, 1), 5.62 (d, J = 4.0 Hz, 1), 2.29 (s, 6H); “CNIR
(100 MHz, CDClz): & ppm 149.4, 149.3, 144.2, 144.1, 139.4, 128.9, 127.5, 127.4, 127.1, 125.3(2),

122.9, 119.1(2), 118.9, 118.8, 55.0, 21.5; “p NIR (162 MHz, CDCl3): & ppm 90.5; HRMS (ESI) calculated

for CyuHisNOP [M+Na]+1 370.0973, Found: 370.0956.

OMe

OMe

AANd 4 (FFE 1d) -

o

A A (1.93 g, 51% yield); ' NR (400 MHz, CDCl3): & ppm 7.30 - 7.22 (m, 2H), 7.22 - 7.13 (m,

2H), 7.06 - 6.96 (m, 4H), 6.27 (s, 2H), 6.14 (s, 1H), 5.529 (d, J = 4.0 Hz, 1H), 3.73 (s, 6H); 13C NMR
(100 MHz, CDCls): & ppm 161.6, 149.2(2), 146.2(2), 129.1, 127.2(2), 123.0, 119.1(2), 99.3(2),

95.1(2), 55.5, 54.7; P NMR (162 MHz, CDCl3): & ppm 90.1; HRMS (ESI) calculated for CuiHisNOP [M+Na]+3
402.0871, Found: 402.0847.

[AA]d 5 WA 6] briphos 1le 2 1f2] A%

Fr '?
OH O OH OH N OH NaBH,, MeOH, OH NH OH
+ 3 neat, MW, 180°C, 2h SN 3h
NH, L
2 3 4 5
H
e \N/R
P(NMey); 6a |
‘0P R= 35F,CeHs (&)
Toluene, 120°C / 3.5-(CF3),CeHs ()
(0]
4 h
1

SIHE de 9l 4f°] A=

DHBP (2) (214 mg, 1 mmol)¥} obd# 3}3HE (3¢ & 3f, 3 mmol)S mlo]aZ g0l wFHE7] (250 W)olA 180
CE 2A7HE0H WS A ATH, H NRE Zhzhe] oWl BFE de D 4fe] PAL Felstglon], Wrel HA|wy
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[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

on

££0 10-1574071

glo] the Wl Abgatelr,

S}3HE be B 59 Alx

29) SHEHE b WA SR de Ei 41 ASE AL ASSaE WA 29] FFE 5be] A£AA
o}

o
% EAF PHoR HYE e B 50F 2 S5

o}t le B 1f9] AX

i
_>“,
o

o] 3}g& 5b thalel 3R Se Ei= 5fE2 ALESE AL ALstus Ao 29 3% b9 AxHA
+ o
7]

¥ %%l'& o shdte le(AAld 5) 2 1 (HAld 6)5 2472

ARl 5 (FFE 1le) :
A 1A (161 mg, 51% yield); lH NMR (400 MHz, CDCls): & ppm 7.30 = 7.25 (m, 2H), 7.24 - 7.18 (m,

2H), 7.07 - 7.01 (m, 4H), 6.68 - 6.61 (m, 2H), 6.48 - 6.40 (m, 1H), 5.56 (d, J = 3.8 Hz, 1H); 13C NMR
(100 MHz, CDCl3) & ppm 165.1, 165.0, 162.7, 162.5, 149.0, 148.9, 129.4, 127.2, 126.6, 126.5, 123.4,

119.3, 119.2, 103.07(m), 98.6, 98.3, 98.0, 54.3; “F NIR (376 MHz, CDClg): & ppm —108.2; “p MR (162

MHz, CDCls): & ppm 88.7; HRMS (ESI) calculated for CigHsFoNO,P [M+H]+I 356.0652, Found: 356.0610.

CF3

CF3

Al 6 (33E 1)

A4 A (137 mg, 33% yield): H NMR (400 MHz, CDCIy): & ppm 7.53 (s, 2H), 7.50 (s, 1H), 7.35 - 7.29
13

(m, 2H), 7.26 - 7.19 (m, 2H), 7.11 - 7.02 (m, 4H), 5.66 (d, J = 3.7 Hz, 1); 'C NMR (100 MHz, CDCls)

§ ppm 148.9, 148.8, 146.0, 145.8, 133.1(q, J = 33.4 Hz), 129.6, 127.2, 126.3, 126.2, 124.5, 123.6,
121.8, 119.7(2), 119.6, 119.5, 119.3(2), 116.3, 116.2(2), 54.4; “F NIR (376 MHz, CDCl3): & ppm -63.1;

“P NMR (162 Mz, CDCly): & ppm 88.3; HRMS (ESI) calculated for CuHuFeNOP [M4Na, MeOH]': 510.0670,

Found: 510.0700.

[AAle] 7 WA 14] briphos 1g WA 1ne A=

Qatolul (3% o] FHE D stel A7) Qe 1 A 69
z3h9it.

,4
ey
10

2 3719 briphos 1g WA 1nE 247}t A
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

on

££40 10-1574071

AR 7 (FFE 1g) :
'H NMR (400 MHz, CDCly): & ppm 7.26 (s, 5H), 7.19 - 7.11 (m, 2H), 7.02 - 6.97 (n, 3H), 6.95 - 6.85 (m,

3H), 4.77 (d. J=4.7 Hz, 1), 4.42 (p. J=6.7 Hz, 1H), 1.61 (dd, J = 6.8, 2.9 Hz, 3Hz): C NMR (100
Mz, CDCI,) & ppm 150.0, 149.9, 149.2. 149.1, 142.9, 142.8. 128.7. 128.6, 127.6 (2), 127.5 (2).

127.4, 127.2, 126.9, 122.5, 122.3, 118.9, 58.5, 58.3, 52.4, 22.7, 22.5;:HP NMR (162 MHz, CDCl3): §

ppm 97.3; HRMS (ESI) calculated for CgﬁthOﬂ)[M+Na]+i 370.0973, Found: 370.0958.

A4 8 (FE 1h) :

I NMR (400 MHz, CDCl3): & ppm 7.19 - 7.05 (m, 7H), 6.96 - 6.80 (m, 8H), 6.70 (d, J = 7.8 Hz, 2H),
4.77 (d, J = 4.4 Hz, 1), 4.57 (q, J = 7.7 Hz, 1), 3.34 (dd, J = 14.0, 8.5 Hz, 1H), 3.15 (dd, J =
13.8, 6.5 Hz, 1), 2.26 (s, 3H); “C MR (100 MHz, CDCl3) & ppm 149.9, 149.8, 149.6, 149.5, 140.7,
140.6, 135.9, 134.7, 129.1, 128.9, 128.6, 128.5, 128.4, 127.7, 127.6, 127.4 (2), 127.0, 122.3, 122.0,
119.0, 118.9(3), 65.4, 65.2, 52.4, 40.5, 40.4, 21.2;£HP NMR (162 MHz, CDCls): & ppm 95.8; HRMS (ESI)

calculated for Cgﬁb4N02P[M+Na]+i 460.1442, Found: 460.1446.

Al 9 (BHE 1)
H ONWR (400 MHz, CDCly): & ppm 7.24 - 7.06 (m, 6H), 7.06 - 6.85 (m, 6H), 4.84 (d, J = 4.7 Hz, 1H),

4.72 (g, J = 8.4 Hz, 1H), 2.88 - 2.67 (m, 2H), 1.92 - 1.62 (m, 4H); e MR (100 MHz, CDCl;) & ppm

150.6, 150.5, 149.7, 149.6, 138.8, 135.8, 135.7, 129.3, 128.9, 128.8, 128.6 (2), 128.0 (2), 127.6,
127.5, 126.9, 126.7, 126.2, 124.4, 124.1, 122.4, 119.2 (2), 119.0 (2), 59.1, 58.8, 51.2, 31.4, 29.3,

21.3; 31P NMR (162 MHz, CDCls): & ppm 98.7; HRMS (ESI) calculated for C%HmNOﬁ1M+Na]+Z 396.1129,
Found: 396.1100.
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[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

on

££0 10-1574071

AAd 10 (BFE 1)) -
H MR (400 MHz, CDCl3): & ppm 7.13 (m, 4H), 6.99 - 6.88 (m, 4H), 4.92 (d, J = 4.8 Hz, 1H), 3.28 -
3.13 (m, 1H), 1.76 - 1.53 (m, 5H), 1.47 - 1.33 (m, 1H), 1.17 - 0.76 (m, 8H); e MR (100 MHz, CDCls)
§ ppm 150.1, 150.0, 149.9, 149.8, 128.8 (2), 128.6, 128.5, 128.1, 128.0, 126.8, 126.6, 122.3, 122.2,

119.2, 119.1, 119.0 (2), 61.2, 60.9, 51.5, 42.4 (2), 30.4, 29.7, 26.4, 26.3, 26.2, 18.7, 18.6; P NIR
(162 MHz, CDCl3): & ppm 98.4; HRMS (ESI) calculated for C21H24N02P[M+Na]+2 376.1442, Found: 376.1430.

AAld 11 (3EE k)
' NMR (400 MHz, CDCls): & ppm 7.20 - 7.05 (m, 4H), 7.01 - 6.88 (m, 4H), 4.99 (d, J = 4.8 Hz, 1H),

3.21 (dq, J = 14.2, 7.1 Hz, 1H), 1.14 (d, J = 7.1 Hz, 3H), 0.87 (s, 9H); e MR (100 MHz, CDCls) &
ppm 150.2, 150.1, 149.5 (2), 128.7, 128.6, 128.5, 128.1, 128.0, 127.0, 126.8, 122.3, 122.2, 119.2 (2),
119.1, 119.0, 64.8, 64.6, 53.6, 36.6, 36.5, 27.0 (2), 15.6, 15.4; “P MR (162 MHz, CDCl3): & ppm

99.5; HRMS (ESI) calculated for ClgngNOQP[M+Na]+: 350.1286, Found: 350.1280.

AANd 12 (FE 1) ¢

H MR (400 MHz, CDClz): & ppm 7.20 - 7.08 (m, 4H), 7.00 - 6.89 (m, 4H), 4.87 (d, J = 4.5 Hz, 1H),
3.54 (tdd, J = 11.4, 5.0, 2.7 Hz, 1M), 2.12 - 2.01 (m, 1H), 1.75 (m, 1H), 1.68 - 1.52 (m, 3H), 1.36
(m, 1H), 1.28 - 1.19 (m, 1H), 0.84 (d, J = 8.4 Hz, 6H), 0.75 (s, 3H); “C MR (100 MHz, CDCl;) & ppm
150.0, 149.9, 149.8, 149.7, 128.7 (2), 128.2, 128.1 (2), 128.0, 127.0 (2), 122.3, 122.1, 119.1 (3),
119.0, 67.3, 67.1, 56.3, 50.5, 48.6, 48.5, 44.9, 33.9, 33.7, 28.2 (2), 28.1, 20.1, 18.6, 14.4; P NIR
(162 MHz, CDCl3): & ppm 98.0; HRMS (ESI) calculated for Cz;gHz(;NOQP[M+Na]+: 402.1599, Found: 402.1597.
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]
[0154]

on

££40 10-1574071

AAle 13 (BshE )
'HONVR (400 Miz, CDCly): & ppm 7.25 - 6.86 (m, 121), 5.14 (q, J = 8.2 Hz, 1), 4.82 (d, J = 4.8 iz,

1H), 2.96 - 2.84 (m, 1H), 2.75 (m, 1H), 2.22 - 2.11 (m, 1H), 1.87 - 1.74 (m, 1H); e MR (100 MHz,
CDCl3) & ppm 150.3, 150.2, 149.9, 149.8, 143.8, 143.7, 141.8, 141.7, 128.7, 128.6(3), 128.5,

128.4(2), 128.1, 126.8, 126.7, 125.0, 124.5, 122.5, 122.4, 119.3, 119.2, 119.0, 118.9, 64.9, 64.5,
50.3, 33.2, 33.1, 30.2; P NMR (162 MHz, CDCly): & ppm 98.1; HRMS (ESI) calculated for

ngngNogp[M+Na]+I 382.0973, Found: 382.0977.

AAA 14 (B3HE 1n)

H NR (400 MHz, CDCly): & ppm 7.95 (d, J = 8.1 Hz, 1H), 7.89 - 7.81 (m, 1H), 7.76 (d, J = 8.2 Hz,

M), 7.57 (d, J = 7.1 Hz, 1H), 7.48 - 7.36 (m, 3H), 7.18 - 7.07 (m, 2H), 7.01 (d, J = 8.0 Hz, 1H),
6.94 (d, J = 8.0 Hz, 1H), 6.90 - 6.80 (m, 4H), 5.26 - 5.13 (m, 1H), 4.79 (d, J = 4.6 Hz, 1H), 1.74

(dd, J = 6.7, 3.5 Hz, 3H); “C MR (100 MHz, CDCl3) & ppm 150.1, 150.0, 149.0, 148.9, 138.2, 138.1,
134.1, 131.2, 129.1, 128.7, 128.4, 127.7, 127.6, 127.3, 127.3, 127.2, 126.3, 125.7, 125.6, 123.9,
122.6, 122.5, 122.1, 119.0, 119.0, 118.9, 118.9, 77.2, 54.7, 54.4, 52.9, 22.4, 22.2; P NMR (162 MHz,

CDCl3): & ppm 97.5; HRMS (ESI) calculated for C25H2()N02P[M+Na]+: 420.1129, Found: 420.1133.

Rh(D-50)5} 25 A0 = A7hgolq 27k we w38 tolus] fake] ofesh 2ol

i

0 Rh(acac)(C,Hy), (1 mol%) o
; 0
+ PhB(OH), Ligand (2.5 mol%)
(2 equiv) Toluene/H,0 = 10:1
50 °C, 10 min Ph
Az d7lgtel A 871 & 10 Z1AE 9 ERE= (2.5 mol%), Rh(acac)(CHy)z (1 mol%) B &<l (5 )& &

g 9, A2oA 1087 AR Y. dhe E3Eo] FF5 (0.5 mL), #HIEEAF (975 mg, 8 mmol, 2

eq) @ 2-AtolZRAAM-1-& (0.39 nL, 4 mmol)S H&AZ 74skar 50 Col A wukstATh. WS AFES oo}
AHIER Agl7l A& F3E dEFE(aliquot) ] GC B4z A3t
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[0155]

[0156]

[0157]

[0158]

[0159]
[0160]

[0161]

[0162]
[0163]

on

££4d 10-1574071

BEE
' NMR (400 MHz, CDCl3): & ppm 7.35 - 7.32 (m, 2H), 7.26 - 7.22 (m, 3H), 3.11 - 2.90 (m, 1H), 2.63 -

2.34 (m, 4H), 2.19 - 2.07 (m, 2H), 1.91 - 1.73 (m, 2H); 13C NMR (100 MHz, CDCl;): & ppm 211.2, 144.5,

128.8, 126.8, 126.7, 49.1, 44.9, 41.3, 32.9, 25.7.

F 1
WS 108 A ES] &
98
A 19] 1a
100

| AAd 29] 1b

® 5
g:P-NMez
(Hlaelzhe A ‘

47 E 10] NAE ARRRE, B Uy
2 100%9] AEES Ho oo 2AAZ WH, MY TAXUTo|E gi=ol HlmYs A= o
7 5%0] AFHS Bt webd, B wel v)atad e FuE X z2tE ¥ Aaurtio]El o
}\]’gl'}\]'EH‘/] 7(4 ] év\_% %‘uﬁi 0]%——3}"‘_\:‘ §]—$ﬂ]—]i]_%o1] 7§|—g—/\] 1?_]:%9] g—xés_:_% %Z‘]’E}-}“ %—7]—}&]7]‘-—‘:— _§.J’]’7]' 311\—‘05—

o o~
2 & & v

[2A]e] 16] Pd(0)-Fm3t 29 ASH whgoA 2= a3t
Pd(0)-Fm 3t ZFAE H7Pk-golA 2t we adE dotrr] flsto] ofgie} o] At

Pd,(dba)s (1 mol%)
Ligand (4 mol%)
Phl  + = snnBus Fg— Ph™ X

A2 7)stel A 2 = (AAld 1 WA 79 briphos la WA 1f, 4 mol%), Pdy(dba); (1 mol%) 2 THF (1.5
) S Zekaze] Wi, Ao 1087 wykA Zoh, whe B3] ofo]owdlAl (56 ul, 0.50 mmol) L E
ZEE )" (0.18 mL, 0.60 mmol)S 7F8}aL Aol Al WHFSFAATE, WES-A|Z o] w2 Hhg HA3-EL2 o HolA
HolER g7t S 39 dgFE(aliquot)d] GC FA o2 AA3AT. 2 AE = 30 =8
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