Enantioselective Total Synthesis of
Nigelladine A via Late-Stage C-H
Oxidation Enabled by an Engineered P450
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1. Were recently isolated from Nigella

{ A glandulifera. All possessing new skeletons
with highly conjugated
2. These alkaloids exhibited potent protein
) tyrosine phosphatase 1B (PTP1B)
Nigelladine Nigelladine Nigelladine  Nigellaguinomine (4) inhibitory activity
A1) B (2) C{3)

3. The first enantioselevtive total synthesis
norditerpenoid alkaloids, nigelladines A—C (1-3), and of Nigelladine A
pyrroloquinoline alkaloid, nigellaquinomine (4)
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Forward Synthesis o A NP 6 o
N > 1.LDA, THF, -78°C N
Me,NNH,, TFA 2. 1M HCI, THF, 50 °C ©
benzene, 60 °C 3. Mel, NaH, DMF, 0 °C
91% yield 73 % yield over 3 steps
70 1.7:1 E/Z 11 9
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Pd,(dba)s (2.75 mol%)
(R)-CF3-£BuPHOX (6.0 mol%)
(2:1) hexanes:toluene, 40 °C
96% yield, 87% ee

Z 1. PdCl, (20 mol%)
CuCl (2 equiv) iy
DMF: H,O (9:1), 23 °C
2. KOH, xylenes, 110 °C
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. Boc,
6 (1.1 equiv) N

o Xphos Pd G2 (3 mol %) H o
NBS (1.1 equiv) 0.5M K3POy4
MeCN, 0 °C e, THF, 50 °C

83% yield 88% yield g
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1. P450 8C7 (0.02 to 0.04 mol %)
NADP (10 mol %), ~#PrOH, ADH
2.5 % DMSO in KPi buffer (pH 8)
23°C,12h

TFA, DCM. 23 °C .
then NaHCOj; (aq); then SiO,

75% yield 2. DMP, CH,CI,, 0 °C, 4h
5TFA
(25 % yield from 10, over 10 steps) 7
5% yield over 2 steps
11% yield based on

recovered 5
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A~ Pd,(dba); (2.75 mol%)
(R)-CF3-£BuPHOX (6.0 mol%)
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1. PdClI, (20 mol%)
CuCl (2 equiv)

DMF: H,0 (9:1), 23 °C ""/
2. KOH, xylenes, 110 °C
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"y MeCN, 0 °C 0,
83% yield
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TFA, DCM. 23 °C

1. P450 8C7 (0.02 to 0.04 mol %)
NADP (10 mol %), #PrOH, ADH
2.5 % DMSO in KPi buffer (pH 8)

S)
OTFA
23°C,12h

then NaHCOj (aq); then SiO,

75% yield

2. DMP, CH,Cl,, 0 °C, 4h,
21% yield over 2 steps

43% yield based on recovered 5
5TFA
7

(25 % yield from 10, over 10 steps)

TFA, DCM. 23 °C

then NaHCOj3 (aq); then SiO,
75% yield

5TFA
(25 % yield from 10, over 10 steps)

NaHCO3; (aq)
Sio,

5.TFA

1. P450 8C7 (0.02 to 0.04 mol %)
NADP (10 mol %), ~PrOH, ADH
2.5 % DMSO in KPi buffer (pH 8)
23°C,12h
2. DMP, CH,Cls, 0 °C, 4h,

21% yield over 2 steps
43% yield based on recovered 5
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