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o.-Arylation of cyclic amines

o
>
2
O
Ar-X, M w“
O\ baln O\ Dieter  CuCN LiCl Pd(PPha),, (chiral Li) =
N Li > N7 A Campos ZnCl,, Pd(OAc),, P(t-Bu)s - HBF, (chiral Li) =
Boc R " Knochel ZnCl, Pdydbas, RuPhos ®
S
(%]
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I ArMgBr (2 eq) I <
Fe(acac)s (5 mol %) &
X N +-BuOMe, 50 °C: N~ Ar Nakamura %
15-30 min Bn =
X =i, Br
ArB(OR),
[\ Rug(CO)so (3:3 mol %) O\
N > N Ar Sames

t-BuCOMe (5 eq)
% 150 °C, 4-19 h i\
Ar-CN, NaOAc
O Ir(ppy)s (1 mol %) MacMillan

N DMA
R 23°C, 12 h i
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Previous work

,, Cu(OTH),
H BusSn.___S MS 4A BugSn.__S 2,6-lutidine S 23 examples
A ] CH,Cl, - ] 4:1 CH,Cly:HPIF J: j 40-77%
R0 HoN 2h, rt RSN 12, rt. RN
R = aryl, alkyl
Cu(OTH),
H BuSSn\/X\ MS 4A Bu3Sn\/X\ 2,6-lutidine X\ I
——Me —Me 4. . —Me 5-94%
J CH,Cl, o 4:1 CH,Cly:HPIF J
FES HaN 2h, rt RSN 12h, rt. RN
R = aryl, alkyl X= 0, NBoc
E% ELOELEQEL(OHLL Lgroﬂli
75% 64% 58% 75% 79% 57% 63%
dr > 10:1 dr > 10:1 dr = 5:1
E %[L[@[H EJYOBLL(OB; (
79°/ N 0 N g 84% 79% 51% B0 N
dr>101 dr>5:1 dr>10:1
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Seven-membered rings

[oX
Cu(OTf), (1 eq) 5
o
N MS 4A BusSn__x .a._ 2,6-lutidine (1 eq) I G
L j : : N e k 5
+ i s CHyCly, 2h,rt j > 41 CH,Cl,:HPIF J s =
R/go H,N T R N 12'h, rt. < =
2 ®
X= 0, NBoc =
®£0> O p -
<
(@]
: @’Q o » g
H H Ph H H 2
F.C HO FaC FsC £
86% 75% 55% 66% 86%
d.r.=10:1
Boc
0 0 0 N S
Oﬁi N> /d Nz OJ OY[ > Oﬁi
N N N
o H ¢ A Eo H Eo H eo H
52% 74% 9 62% 66%
dr. = 9:1 A41%
Boc Boc
Nz N N N
MeO,C N7 N
Br 78% 71% 65% \=N 83% 78%
d.r. =9:1
Boc
} ) O
g[ z N VL N
BocN MeO H H
% 67% o, . % 83%
43% iy 59% 72% A
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Eight and Nine-membered rings

Cu(OTf), o
(@] N =
H Bu3Sn\/O n.’ S MS 4A BusSn— n.’ Son 2,6-lutidine .’ e o
/& + i+ CHuCly, 2h,rt ! .} 4:1 CH,Cly:HPIF I i
R™ "0 S R “e¥? 12h, rt. RN, s
HoN-+" N+t ’ S
X =0, NBoc ®
n=0,1;m= Boc =
0] N @
) ) ( ) :
0 S
HN < HN HN 0
MeO,C o F £
46% 38% 20% 45% -
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N ) o) o) N
o ) | o
FsC H EtO H = H H
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Mechanism
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Mechanistic Studies
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Conclusions

SnAP provides an alternative method for the synthesis of
medium-sized N-heterocycles.
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Uses mild reaction conditions.

SnAP reagents air and moisture stable.
Stoichiometric in Cu and Sn
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6-endo

C-attack
favored by
3.4 kcal/mol

R j
N
5-exo
N-attack
6-endo 5-exo
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Synthesis of SnAP Reagents:
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s
LDA, THF HZN/\/SH g
1 .

)_78 °C-0°C NIS. PPhg KeCOs  BusSn S &
3 BugSn” “OH Bussn™ | j S
2) (CH,O)n, THF THF 3 EtOH:H,0 2
rt, 4h rt, 12h 70 °C, 12h HoN <
73% 93% 98% w
()
=
o

1) LDA, THF Nal

-78°C-0°C a

HSHBU3 > BU3SH/\C| B Bu Sn/\l
2) (CH,O)n, THF acetone 3
rt, 4h rt, 16h
3) MsCI, THF 98%
-78°C - rt, THF

89%
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Synthesis of SnAP Reagents

NaH, BuzSnCH,l
HO™ -1 “OH =2 BugSn” 07 ™ OH

THF/DMF,
15h, 50 °C
n=1:94%
n=2:97%
NH2NH2 ° Hzo P
> BusSn” ~0”7 . NH
EtOH, 0.25 h 8 n 2
reflux
n =1:quant.
n = 2: quant
1)BU3anH2I
K>CO3, Acetone
O reflux, 12h
). 2 Phthalimide, B}
N DIAD, PPhg,

OH THF, 16h, r.t.
1:66 %;n=3:95%

1) LAH, THF
o 16h, 0 °C, 79%
2) NaH, BU3S”CH2|

— | O\/ShBUS NH2NH2 ° HZO O\/ShBu3
_—
N ) EtOH, 0.3h )
n n
OH

1)n=1:69 %; n=23:89 %.
n=

E\ OH DMF, 16h, r.t. 85 %

pZ OH  3) MsCl, Et3N,
Et,0, 2 h, r.t.
0] 4) K+ Phthalimide
DMF, 3 h, 100 °C
90 % (2 steps)

1) MsCl, EtsN, o)

EtQO, 2 h, r.t.
PN
>  BusS 0 N
2) K+ Phthalimide 3> 'y
DMF, 3 h, 100 °C o
n=1:88 % (2 steps)
n = 2: 64 % (2 steps)

o)
Oy, OH 1) LAH, THF I

3h, 65 °C, 92% SnBus

NH2  5) NaH, BugSnCH,l
DMF, 3h, rt. 76 %

reflux
NH,
99 %

n=1:
n = 3: quant.

0" >SnBus  NHoNH; « H,O 0" >SnBus

—_—

EtOH, 0.3h
reflux

0 quant. NH,
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Synthesis of SnAP reagents
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1) Boc,O, THF, 24h S
2) TIPSCI, im, 1) Phthalimide, 5 =
CH,Cly, 15 h, r.t H DIAD, PPh, oc o
NHz 905 (3 steps) N._ SnBus THF 24h,rt. N._SnBug .
3) NaH, BugSnCH, 2) NH,NH, « H,0 2
DMF, 1h, 0 °C 91 % EtOH, 0.3, reflux =
OH  4) TBAF, THF, OH quant. NH, 9
1'h, rt. 96% =
©
1) Boc,O, EtgN 1) K+ Phthalimide
- CHQCLQ, 18 h, o DMF, 0.75 h,
HaNT " '+ 97% > Busn” N7 N 100°C, 81% gy g >N NH,
2) NaH, BugSnCH! Boc 2) NHoNH, * Ho0 Boc
DMF, 3h, r.t. 76 % g EtOH, 0.3 h, reflux

95%




SnAP for Substituted Piperazines/

Morpholines

Br. 1) Boc,0, CH,CI B
oY, oLl OC
NH;  18n, rt, quant. N__-SnBus
[B 2) K+ Phthalimide [
" DMF 24h,rt91% NH,

3) NaH, BUSSnCHzl
DMF, 5h, 0 °C 71%
4) NH,NH,, EtOH
reflux 30 min 95%

1) BOCQO, CH20|2
\[NHz 18h, rt, 89%
OH 2) TIPSCI, Im, CH,Cl,
18h, r.t. 87%

3) NaH, BugSnCHjl
DMF, 5h, r.t., 86%

1) NaH, BuzSnCH,l
OH THF/DMSO, 15h,
[ 55 °C, 71%

OH 2) MSCI, EtsN, Et20
1h, r.t.
3) K* Phthalimide
DMF, 3 h, 100 °C
82% (2 steps)

NH,

Boc

\EN\/SHBUS

OTIPS

(0] SnBU3
~0

C

)

N

1) TrCl, EtgN
CH,Cl, 16h, r.t. 92% \[OvSnBU:a
2) NaH, BuzgSnCH,l NH.

DMF, 5h, r.t. 98%

3) ACOH, CH,Cl,,
TFE, 4h, r.t. 90%

1) TBAF, THF,

Boc
1h 0°C \[N\/SHBUs
2) Phthalimide, NH,

DIAD, PPhs,

THF, 18h, r.t.

80% (2 steps)

3) NH,NH,, EtOH
reflux 45 min, 95%

NH,NH, [OVS”BUS
R
EtOH, 0.3h NH,
reflux
quant.
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3Het+0Car 2 Het + 1 Car | 1 Het + 2 Car | 0 Het + 3 Car
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Mol Wt

Solubility (uM) 242

Daylight clogP 2.5

CHI logD7.4 1.59

HSA (% binding) 87

AGP (% binding) 75.4

CyP 3A4 (pIC50) 4.71

CyP 2C9 (pIC50) 4.7

CyP 2C19 (pIC50) 4.55 |

CyP 2D6 (pIC50) 4.71 478 ,
CyP 1A2 (pIC50) 4.51 4.56 4.39

n icen) [ 04 a7 IS S




