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3+2 Cycloaddition Reaction
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3+2 Cycloaddition using Alkynoates
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Nucleophilic Trigger




3+2 Cycloaddition Mechanism
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Uses of non-Chiral Phosphorus

R Ts {20 mol%) !
\ : cozEt + )NI’ PBu3 Rl ' . 0R1
R‘ CsHs. rt —
8 2 g CO:E
a)R = n-Pr, Rt =Ph, 63% ¢) R = n-Pr, Rt = 2-furyl, 33%

b) R = Et, R = piperonyl, 65%  d) R = THPO(CH,);, R1 = 1-naphthyl, 75%
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Du, Y.; Lu, X.; Yu, Y. J. Org. Chem. 2002, 67, 8901-8905. .
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First Example of Ch1ra1 Phosphorus
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And the Best Chiral Phosph()rus 1S......

R
COOR; 2
/\= C :< R, SR3E
H - cat. PRy '..‘.93 .
-+
R H henzene
L Ny, 1t COOR, COOR;
—= A 8
R> -
hosphine E R, R> R; solvent T (°C)¢ yield (%) A:B? % ee of A®
7 COOEt Et H H benzene 1t 66 95:5 81
8 COOEt Et H H benzene 1t 76 97:3 81
9 COOEt Et H H benzene 1t 80 80:20 56
10 COOEt Et H H benzene 1t 83 72:29 6
11 COOEt Et H H benzene 1t 33 73:27 12
‘Bu t benzene 1t 4 X
7 COO'Bu Et H H benzene 1t 69 95:5 89
7 COOBu Et H H toluene 0 42 97:3 93
8 COOMe Et H H benzene 1t 87 96:4 79
8 COOBu Et H H benzene rt 92 100:0 88
8 COO'Bu Et H H toluene 0 88 100:0 93
8 COOBu Et H H benzene 1t 75 95:5 88
7 COOEt ‘Bu H H benzene 1t 13 97:3 89
8 COOEt ‘Bu H H benzene 1t 84 94:6 69
8 COOEt Et COOEt H toluene 0 49 79
8 COOMe Et H COOMe benzene 1t 84 36

Zhu, G.; Chen, Z.; Jiang, Q.; Xiao, D.; Cao, P.; Zhang, X. J. Am. Chem. Soc. 1997, 119, 3836-3837



And the Best Chiral Phosphorus is......
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Proposed Transition State




3+2 Cycloaddition of Allenes & Enones

O CO,Et

CO,Et 0
! 3 g é'( |
[ | R
R -
. R
1.2-2.0 equiv maijor

Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1426-1429



Survey ot Chiral Phosphorus
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Survey of Chiral Phosphorus

CO,Et 0 CO.Et CO,Et
10% phosphine
Ph - Ph
H/ | toluene § ; Ph
Ph RT 2
A Ph B O
Ph
Phosphine! Yield [%]! ee [%]1 A:B
I(R)-2 64 88 13:1) =
(S)-binapine 0 - -
(R)-binap 2 50 >20:1 P~
(R)-nmdpp 4 4 11:1 @( Et
(R,R)-Me-bpe 61 4 6:1 . S
(R,R)-ferrotane 64 11 7:1 D
[(R.R)-Et-DuPhos 61 58 7:1] Et
(R.R)-Et-DuPhos

P—Bu




CO.Et O
Scope H/ /HL - 10% (R)-2
| toluene
R RT
Entry R R' Yield [%]" ee [%] A:B
1 Ph Ph 64 38 13:1
2 Ph 4-chlorophenyl 76 82 7:1
3 Ph 4-methylphenyl 61 g7 20:1
4 Ph 4-methoxy- 54 88 >20:1
phenyl
5 4-chlorophenyl  Ph 74 87 9:1
6  4-methoxy- Ph 67 87 10:1
phenyl
7 2-furyl Ph 69 38 3:1
89 2.quinolyl Ph 52 88 20:1
96 4.chlorophenyl  2-(5-methyl- 54 89 >20:1
furyl)
10 Ph 2-thienyl 74 90 6:1
11 C=CC.H,, Ph 65 85 6:1
12 C=CTES Ph 70 87 >20:1
13 CHy, Ph 390c 75 >20:1

CO,Et

O
A

-
-~

A

Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1426-1429
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Spiro Example

CO,Et
[ m e
toluene / (/ -
Ph
n X vield (%) ee(%)
1 Br 97 89
2 H 32 95

Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1426-1429



Dienones

CO.Et
10% ( R)-
toluene

n vyield (%) ee (%)

1 81 89
2 S7 93

EtO,C 4

CO,Et /\)Ol\/\ 10% (R)}-2_ W
Ph™ ™ R  toluene R

RT =z
Ph

R yield (%) ee (%)

Ph 75 89
2 6-dichlorophenyl 68 73

Wilson, J. E.; Fu, G. C. Angew. Chem. Int. Ed. 2006, 45, 1426-1429



4+?2 Cycloaddition Reaction...

Kwon Reaction

Ts
Me |
Ts PBu3s (20 mol%) R N
COEt + RN - T\)\ 3
1 2 CH2Cl, RT Z CO,Et

R product yield (%)" R product yield (%)"
Ph (2a) 3ac 08  4-pyndyl (2k) 3k 924
4-OMeCsHy (2b) 3b 99  4-NO,CeHy (21) 3 86
4-MeC¢Hs (2¢) e 05  2-OHC¢H, (2m) 3m 0
3-CICH, (2d) 3d 96  2-OTBSCHy (2m) 3n 93
2-CICeH, (2e) 3e 93 2-pyrrolyl (20) 3o 0
4-FCeH, (26) 3f 95  N-Boc-2-pyrroyl (2p) 3p 99
4-CNCH, (29) 3g 9§  ftrans-styrenyl (2q) 3q trace®
2-CF3CeH, (2h) 3h og  t-butyl (2r) 3r 86/
I-naphthy! (2i) 3 96 npropyl(2s) - Is 08
2-furyl (2)) 3i 97 2-furyl (2y) 3i 97

Zhu, X.; Lian, J.; Kwon, O. J. Am. Chem. Soc. 2003, 125, 4716-4717



4+2 Cycloaddition Mechanism
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Additional Substrates

PBus (20 mol%) 1s
R&N’Ts + } - R N R'
CO,Et CH,Cl,, RT U 13
2 12 Z N COo,Et
entry R R’ product  vyield (%)” dre
| Ph (2a) 4-CNC¢Hy (12a) 13a 99 98:2
2 Ph (2a) 2-FC¢Hy (12b) 13b 99 97:3
3 Ph (2a) 3-OMeCgHy (12¢)  13c 99 98:2
4 Ph (2a) 2-MeCsHy (12d) 13d 82 88:12
S Ph (2a) Ph (12e) 13e 99 98:2
6 4-OMeCe¢Hy (2b)  Ph (12e) 13f 99 97:3
7 4-NO-CsHy (21) Ph (12e) 13g 90 95:5
8 3-CIC¢Hy (2d) 4-CNC¢Hy (12a) 13h 99 98:2
9 2-CF;CgHs (2h)  4-CNC¢Hy (12a) 131 80 90:10
10 2-ClCgHy (2e) 3-OMeC¢Hy (12¢) 13 96 83:17
11 4-MeCgHy (2¢) 3-OMeCgHy (12¢) 13k 99 98:2

Zhu, X.; Lian, J.; Kwon, O. J. Am. Chem. Soc. 2003, 125, 4716-4717



Asymmetric 4+2 Reaction

0B ne  Phe N _COoR
Pr\r/N ~Ts /[E 5% phosphlne= 2
H CO,Et CH2Cly, r.t. =

= O-&
entry phosphine ee (%)° cis:trans isolated yield (%)
| Me-BPE =72 72:28 94
2 Et-BPE —87 66:34 99
3 TANGPHOS —44 34:66 99
4 2 —21 74:26 80
5 3 —7 75:25 99
6 4 —62 72:28 53
7 5 0 70:30 46
8 6 51 69:31 99
[9 1 08 91.9 93]
10 BINAPINE — — 0
“—- CC
R " Q_Q
R : 7 .
E(/’—/_;j | HH: >
4 R t-Bu  t-Bu
R

R = Me: (R,R)-Me-BPE  (5,5,A.R)-TANGPHOS
R = Et: ( R,R)-Et-BPE

(S)-BINAPINE

Wurz, R. P.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 12234-12235

~
=
oo

R = Ph ((R)-2)

R = 4-MeO-CgH, ((R)-3)
R = NEt; ((R)-4)

R = Et ((R)-5)

R = i-Pr ((R)-6)

R = t-Bu ((R)-1)



Allene Scope

Ts
Ph\r/N\Ts /ER 5-15% (R)-1 P’ﬁﬂ
H _ R1 CH2C|2. r.t. _ R1
entry R R' ee (%)° cis:trans isolated yield (%)
| CO-Et CO-Et 98 91:9 93
2 Ph CO-Et 87 99:1 78
3 4-(CEF3)CeHy CO-Et 88 99:1 81
4 H CO-Et 68 — 72
5 H COPh 76 — 97

Wurz, R. P.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 12234-12235



Imine Scope

Ts
R /N\TS XZOZE 5% ( R)-1 R ll\l CO-Et
\Hr P O-Et CHoCl>, r.t. ucoza
entry R ee (%)° cis:trans isolated yield (%)

1 Ph 98 91:9 93
2 3-MeC¢H4 98 93:7 98
3 3.4.5-(MeO);CecHo» 96 96:4 86
4 4-(MeO)CgHy4 98 93:7 4?2
5 4-CICgHy4 96 91:9 99
6 3-BrCgH4 99 89:11 98
7 2-(NO»)Ce¢Hy 638 96:4 98
8 2-CICe¢Hy 60 79:21 75
9 2-naphthyl 99 93:7 96
10 2-furyl 97 87:13 98
11 3-pyrnidyl 97 91:9 76

Wurz, R. P.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 12234-12235



Use in Synthesis

H,NTs (99%)
COgEt

COgEt
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1) MeSOH
2) BocO

Wurz, R. P.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 12234-12235
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