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Phosphines

R __R?
P

R3
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Weaker bases, but stronger nucleophiles than nitrogen analogs
React with saturated and unsaturated C, O, S, X(VII A), and N

Practically all useful transformations involve
R,P + Electrophile = [R;P]"[Electrophile]-

Can be a leaving group (catalysis)

Basicity and Structure

PK, Bond angles  Bond length
MesP  8.67 99° 184 A
MesN  9.76 108° 147 A

Organophosphorus Reagents in Organic Synthesis, Ed. By J.1.G. Cadogan, Academic Press, © 1979
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Phosphine Catalyzed Reactions

Morita-Baylis-Hillman B-Addition
©
Opp COLR' ® Nu
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©
Nucleophile v-Addition o
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7 “COR Z > CO,R ® PR,
R R
Isomerization [3+2] Cycloaddition
E
®PpR, o —/
LT AU COR UCoOR Q/ COR
g~~~ COR XX CO; ®PR,
E
a-Addition [4+2] Annulation
@ NU@ Nu R R
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R o Me _
— CO,R'
RsP  CO,R'
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Phosphine Catalyzed Reactions

v-Addition reaction of nitrogen

0 CHs o}
BocHN PPhs (10 mol%)  BocHN =
%'?‘H * ||‘ HOAc/NaOAc gJJ\’?'/\/\CozCHs
[o]
R OCH, CO,CH, Tol., 110 °C, 18h R OCH,

67-76% yield
J. Org. Chem., 1997, 62, 5670-5671.

v-Addition reaction of carbon

-

o O o
10 mol%)
e ( Me
Me\N)J\&C R > \N)v\l/\NOZ
| MeNO, (5.5 eq.) I

OMe PhOH (10 mol%) OMe R

dioxane, rt. .
62-94% yield
81-97% ee

J. Am. Chem. Soc., 2009, 131, 14231-14233.
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v-Addition reaction of oxygen

R_/—)q\/\
\o H 7 CO,Et

63-90% vyield
87-94% ee

OH X >
CO,CH3  PhCO,H (50 mol%)
THF, 55 °C

Angew. Chem. Int. Ed., 2009, 48, 2225 -2227.

v-Addition reaction via prochiral
nucleophile Ph.,

Me
o Me\Lb/ (10 mol%)

> > Nu X -COOR
RoJJ\éC NuH (100 mol%) g
NaOAc (50 mol%) 31-83% Vi
| -83% yield
AcOH (50 mol%) 41-75% ee

PhMe, rt

o) 0 o)
é/COOMe é/COMe ob/cowle
o}
% NO, NCTCOOEt

J. Org. Chem., 1998, 63, 5631-5635.
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Oxindoles

R2 R3
G, Found in natural products
R O
Z H Prominent substructure in bioactive molecules
[ HQ sxg/(o HQ \—%O o 4 | N cl
o) o)
=
Br N N N Cl Ho N
Antinociceptive Anticonvulsant agent Antidegenerative Antimalarial H
(R)-convolutamydine A disease agent NITD609

NC— |
N
/ o)
N
~OH M in A ~oH e
aremycin HIV Protease inhibitor AChE inhibitor Potent on progesterone
~1OH Maremycin B Trigolutes A receptor antagonist
WAY-255348

Org. Lett., 2012, 14,4018-4021.; Org. Biomol. Chem., 2014, 12, 1885-1891.;
Science 2010, 329, 1175-1180.; J. Med. Chem., 2008, 51, 1861-1873.
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Synthesis of 3,3’-disubstituted oxindole

R1 R1

N allyl carbonate CINF
| °© ™ lyzed = ©
= Q o-catalyze N

92-99% vyield
74-95% ee

J. Am. Chem. Soc., 2006, 128, 4590.

0 HO
N N allyl acetate ' o
N Ir-catalyzed PN
Bn Bn
73-92% yield
91-96% ee

Angew. Chem. Int. Ed., 2009, 48, 6313
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R2
—<
X Boc0></ X R
R O > RI- O
NN Pd-catalyzed Z~N
R R

50-88% vyield
32-99% ee

J. Am. Chem. Soc,. 2011, 133, 7328.

OBoc
R3  CcO,Me
R2 R2 - 2
R RSJ\WCOZMe R 2
0] > (0]
N (DHQD),AQN N
Boc Boc
71-98 %yield
86-96 %ee

Chem. Commun., 2009, 3955.
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Aim and Optimization

R2
404\ EWG _

Z =N phosphine-catalyzed

_ E ? CO5R
)\l/\ PPh, )\(\ PPh, )Y\ PPh; )4 —C CO = \/\ 2
2

NHR O<_NH HN, S o
/T\ HN N catalyst (10 mol%
1a:R=Ts 1c 1d \©\ Boc toluene, RT Boc
1b: R = Boc F 6a
RH/\ PPh, )O\R(\Pph Entry  Catalyst t[h] R 8 Yield[b] [%] e [%)]
e O 1 Ta 15  CHPh, 8a-4 67 20
5\ 2 1b 15 CHPh, 8a-4 78 27
FaC CF, )5\ 3 1c 15 CHPh, 8a-4 62 21
2o R o, R < 1 Fﬁd: . CFs 4 1d 18 CHPh, 8a-4 82 53
gab'.; 511 ’gf R;,?;_ l-l:Ae g:; rf: TTEI;ASS 5 2a 15 CHPh, 8a-4 93 86
2¢:R'=tBu, R? = H 2g: R = TBDPS 6 2b 15 CHPh,  8a-4 90 79
OTBDPS OTBDPS OTBDPS ; ; Z i: E: g:z : ::: ;Z gg
)YPP“Z )\f"”"z )\lﬁ"”“z 9 2e 15 CHPh, 8a4 90 80
10 2f 15  CHPh, 8a-4 85 79
\;NHBOC \(TNHBOC \;[ ) 2g 15 CHPh, 8a4 83 78
OTBOPS 12 3 24 CHPh, 8a-4 90 5
13 4a 24 CHPh, 8a-4 86 11
O e R 785, - o 14 2a 15 Et 8a-1 96 90
R1°7I . gb_: 211 Iggpréz cho(t:%ut . 15 2a 15 tBu 8a-2 95 94
NHR?  Se:R]=TBDPS, R? = COMBu 16 2a 15 Bn 8a-3 94 75
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Asymmetric y-addition of 3-alkyl substituted oxindoles

7b

R? —c=, R? . /~COtBu E 2a OMe\A,\;\PPW

RO COBu RO i

N 2a (10 mol%) N i

Boc toluene, RT Boc i

8 l FsC CF,
Entry R' R? 8 Yield® [9] ee' [%]
1 H nCsHy, 8a 95 94
2 H Me 8b 96 88
3 H Et 8c 96 92
4 H nPr &d 95 89
5 H iPr 8e 98 94
6 H nC,Hq 8f 95 93
7 H nCH,; 8g 98 90
8 H CH(CH,), 8h 92 90
) H CH(CH,); 8i 97 93
10 H CH(CH,), 8j 91 92
11 5-MeO Me 8k 98 89
12 5-Br iPr 8l 98 85
13 H CH,Ph 8&m 97 81
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Asymmetric y-addition of 3-aryl substituted oxindoles

7d OTBDPS
Ar

=Cc= A, /~~CO,CHPh, PPh,
R:—\ o COZCHhE R o O- _NH
Z~N catalyst (10 mol%) N T'PSOWj:
NHCOfBu
9 10 '

5d

Boc toluene, RT, 12h Boc

Entry Ar R Cat. 10 Yield® [%] ee [%]
1 C(H, H 42 10a 89 80
2 C(Hs H 4b 10a 87 66
3 CHs H 5a 10a 94 83
4 C(Hs H b 10a 90 89
5 CeHs H 5c 10a 89 88
6 CeHs H 5d 10a 95 91
7 3-Me-CgH, H 5d 10b 94 86
8 4-Me-CgH, H 5d 10c 96 90
9 4-tBu-CgH, H 5d 10d 93 88
10  4Ph-CH, H 5d  10e 91 90
11 4-MeO-CgH, H 5d 10f 92 90
12 4F-CH, H sd 10g 96 88
13 4ClCH, H sd  10h 86 89
14  35MeCH, H sd  10i 96 90
15 CH. 5MeO 5d  10j 95 92
16 CH. 5Me 5d 10k 96 90
17 CeHs 5-F 5d 101 90 86
18 CeHs 5,7-Me  5d T10m 94 82
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A formal total synthesis of natural products

M //~CO,tB M //~CO,tBu Me .
MeO e \/\ HtBu MeO e \/\ 2 MeO e ~~CHO
1) TFA, DCM, RT 03, DCM
. Vs, DOM o
N

o 2) Mel, NaH, DMF O 78°C
N e (93% for 2 steps) N, (98%) N
8k
Me Me
MeO MeHN_ O
MeNH,, LAH | X NMe 1) BBrs, DCM,23°C T]/ NMe
MgSO,, THF PN 2) NaH, E,0; MeNCO o Y
(90%)1 Me (31% for 2 steps)? Me
(—)-Esermethole (—)-Physostigmine

LJ. Am. Chem. Soc., 2004, 126, 14043-14053. 2J. Am. Chem. Soc., 1998, 120, 6500-6503.

—/CO,tBu —/CO,tBu
\ 1) TFA, DCM, RT _ \ 1) Pd/C, Hy, MeOH, RT
o 2) Mel, NaH, DMF O 2) LiOH, THF/H,O, RT
(93% for 2 steps) N (97%)

0]

NHMe | AH. THF e
—_—
0 °C to reflux N TH ©
(88%) Me
A core motif of bioactive natural
alkaloid with seven-membered ring

1) (COCI),, DMF, DCM
2) MeNH,, TEA, DCM
(91%)
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Proposed transition state model

_C— 5\\\/\C02tBu
COztBu \ o
catalyst (10 mol% N
R

toluene, RT
: 8g: R=Boc
6g': R= H 8g"R=H
Entry 6 Catalyst ¢ [h] 8 Yield® [%] eel [%]
1 6g 2a 15 8g 98 90
6g 2a’ 36 8g 77 44
3 6g  2a 36 8g 81 53
M B ]*
2a ° PPh,
) 0
C Sy B
FsC CF3 ® p Ph
R(a» +\\\
¥ o .
2a Me PPh, W—~0. R CF3
C AR
FsC CFs o ’
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Conclusions

 3,3’-Disubstituted oxindole compounds were prepared
enantioselectively from 3-substituted oxindoles and allenoates
using a phosphine-catalyzed asymmetric y-addition in high yields
and excellent enantioselectiveties.

* Its synthetic utility was amply demonstrated by the formal total

synthesis of natural products and the preparation of molecules of
biological significance.
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