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Synthesis of Natural Products Using Overman Rearrangement

Allylic Amines : Antifungal, Antihistimine and Antidepressant properties
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(+)-iso-6-cassine
(depressant and anticonvulsant)

(+)-7-deoxypancratistatin analogue
(highly active against many cancer cell lines)

MOMO
E HO CiaHp NBN, E NBn;

- — > ' - OH
X o= (Y (O =2
HN NH, OH

4-deoxy-4-fluoro-L-xylo-
phytosphingosine
(agrochemistry)

CCl, (-)-clavaminol A
(antiproliferative activity
in cancer cell lines)

Ph Ph
o PTC catalyst (10 mol%) Ti(OiPr)4 (2 equiv)

HN_ __N : .
~ K3PO, (6 equiv) N \ (Me,HSI),0 (3 equiv) \
POPh, CeF5-CH5-Br (3 equiv) % POPh, Na,SO,4, Hexanes, 60 °C N PPh,
OO DCM : Hexane (1:1), 0 °C, 3d ' 16 h ,
NgZ

73%, 99.9% ee (S)-StackPhos
after recrystallization 88%, 99.9% ee
after recrystallization

v' Gram scale synthesis

v' Axially chiral 6,5-biaryls
v' Configurationally stabilized by 1r-11 stacking

(S,R,R)-StackPhim (S)-StackPhos (S,S,S)-StackPhim

v Tunable axially chiral Imidazole/ Imidazoline backbone
v' Position tuning and size tuning with different substituents

X-ray crystal structure
showing T1r-stacking

Plausible Mechanism
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® Cyclization induced rearrangement e Deoxypalladation yields rearranged products

® Allylic imidates to allylic amides ® Imidate nitrogen attacks Pd-complexed alkene
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chiral diamine ligands
5 mol%, , 40 °C, 2d
69%, 55% ee
(R' = n-Pr; R? = p-MeO-Cg4Hg;

phosphino-oxazoline ligands
5 mol%, , 40 °C, 1d
41%, 76% ee
(R' = n-Pr; R? = p-MeO-CgHg;

COP-CI
5 mol%, rt, 60 h
(R' = n-Pr; R? = p-MeO-Cg4Hg;

R3 = Ph) R3 = Ph) R® = CFy)
Z-isomer 92%, 92% ee
E-isomer 78%, 89% ee
=P
I\ Our Work: 5 mol%, 40°C, 18 h
-pr— NN o= (R = n-Pr; R? = H; R® = CClj)
Pd / Z-isomer 99%, 95% ee
OO @) E-isomer 17%, 71% ee
PIN
10 mol%, 40°C, 24 h

10%, racemic
(R' = n-Pr; R? = H; (S)-StackPhos.PdCl,
R® = CCly) Axially Chiral P.N-Ligand-Pd complex

Substrate Scope

Ar? Ar?
S)-StackPhos.PdClI, (5mol% 1
NN (5) 20( °) AF\NAO
N~ O AgBF, (10 mol%) o
Ar/R/\) DCM (0.1M), 4A MS Ar/R/k/
40 °C, 24 h
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82%, 92% ee 78%, 93% ee 90%, 92% ee 81%, 93% ee 43%, 90% ee
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53%, ee TBD

91%. 94% ee 70%, 94% ee 40%, 95% ee at 60 °C, 2d
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60%, 93% ee 41%. 74% ee 68%, 85% ee 92%, 89% ee 43%, 90% ee

(from Cis - olefin)
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50%, 55% ee 25%, 40% ee I No Reaction No Reaction Low Conversion
Substrates that did not work
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Ph Ph Ph
Ar\N/)\O (S)-StackPhos.PdCl, (5mol%) _ Ar\N/go . Ar\N/&O
o DCM (0.1M), Temp., Time n_Pr)\/ |
(Ar = p-CF3-CgHs) A B
Modification of reaction |Isolated vield ee of Unreacted
conditions of A productA SM:A:B
No Ag(l) salt, rt, 16 h 93% 0% ee Only Pdt A
AgBF, (10 mol%), rt, 44 h 14% 92% ee 5:1:1
AgBF, (10 mol%), 40 °C, 20 h 62% 95% ee _:1:0.6
(S)-StackPhos.Pd(MeCN),(BF,), 25% 69% ee 2.5:1:0.3

[instade of (S)-stackPhos.PdCl, +
AgBF,], 40 °C, 24 h

Ag(l) Screening:

Ph Ph
A"\N/)\O (S)-StackPhos.PdCl, (5mol%) Alr\N/go Ag(l) Salt Yield ee
Py Ag(l) Salt (10 mol%) A~ AgBF, 70%  95%
n-Pro "X DCM (0.1M), 40 °C, 24 h n-pr

(Ar = p-CF5-CgHs) T ’ AgOTf 50% 94%
AgOTs 35%  79%

AgPF, 32%  75%

No Ag(l) 92% 0%

Solvent Screening: AgBF, (5 mol%) 95%  88%

Ph Ph
(S)-StackPhos.PdClI, (5mol%)
A
AF\N/)\O AgBF,4 (10 mol%) r\N/gO

Py Solvent (0.1M), 4AMS P)\/ Solvent Yield ee
n-Pre S 40 °C, 24 h e DCM  82%  92%

CHCl; 90%  94%

(Ar = p-CF3-CgHs)

Ligand Screening:

Pd(l)-Ligand* Yield ee

Ph _ Ph (S)-StackPhos.PdCIl, 91% 94%
)\ (Ligand™).PdCl, (5mol%) Ar
AN N0 AgBF, (10 mol%) “NTT0 (S,S,5)- 20%  87%
- StackPhim.PdCl in 48h
o /\) DCM4((§).O1CM)2, jﬁ MS n_Pr)\/ L )

(Ar = p-CF3-CgHs)

(S)-StackPhos.PdCl, (S,S,S)-StackPhim.PdCl,

i Ph
, Ar
Alr\N/go HBcy;, (2 equiv) Jone's Reagent \N/go

/\/'\/ THF (02 M) 40°C. 181 »/\)\/\OH Acetone (0.05M), rt, 6 h /\)\/COOH

94% ee 45%, 94% ee 92%
(Ar = p-CF3-CgHs) (B-) amino acid derivative

Ph
Jone's Reagent Ar\N/go

Acetone (0.05M), rt, 6 h g
@)
2 /\)\COOH

70%, 92% ee 80%
(a-) amino acid derivative

Ph Ph
Alr\N/go 03 Ar\N/go

~_J_~ DCM(0.1m),DMS (1.5 M) "

94% ee -78°Cto0°C
(Ar = p-CF3-CgH5)

Ph

Ph.
NH Phuh

LAH (5 equiv) _ /\/k/ Pd/C (10%), H, _ /\/k/
THF. -78°C_ 3h Z "EtOAc (0.02 M), 50 °C, 5h

95% ee 96%, 94% ee 6%
chiral amine
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