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Why Do We Care?

* Challenging to synthesize trisubstituted olefins (especially with Zgeometry)

- Common olefination procedures (Wittig and Peterson) give variable selectivites

* Trisubsubstituted olefin functional array common in natural products
HO,,

OMe k506

Schreiber, S.L. J. Am. Chem. Soc. 1990, 112, 5583.



lMetallate Rearrangement: General Reaction
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-Common metals: Al, B, Cu, Ni, Zn and Zr



Background
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Reactions were plagued by long reaction times

Hill, C.M., Walker, R.A., Hill, M.E. J. Am. Chem. Soc. 1951, 73, 1663
Hill, C.M., Senter, G.W., Haynes, L., Hill, M.E. J. Am.Chem. Soc. 1953, 76, 4538



 Nickel-Catalyzed Rearrangement of Grignard
- Reagents with Dihydropyran and Dihydrofuran

1) 1.0% dpppNi(R),

1.0 equiv. RMgBr OAc
@ PhH, 80°C > g

0 2) 1.0 equiv. Ac,0 R
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Rearrangement proceeded wrth mversron of conflguratlon ;

Wenkert, E. et. al. J. Org. Chem. 1984, 49, 4894



Stereoselective Nickel-Catalyzed
Rearrangement of Dihydropyran

(1 1.0% (PPhy),Ni(R); /l/j\
. 1.0 equiv. RMgBr .
o R PhH, 80°C, 36 h HO" R R
Dihydropyran Grignard Reagent Product (Yield %)*
O HO R
(4) (6) R = Ph (70% - I
) R Ch o (54% Prolonged reflux in benzene

destroyed catalysts
MeMgBr /l/j\/
PhMgBr

19) R = Me (35%) reagents lacking B-hydrogens
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(18)
MeMgBr .
(j\)\ PhMgBr m -Dihydrofurans rearrange to
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-Reaction is limited to Grignard

the exocyclic isomer under
{9) R =Me (39%) .
(101 R = Ph (457 prolonged heating

MeMgBr
OSiMe,Bu OSiMezBU*
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Kocienski, P., Dixon, N.J., Wadman, S. Tetrahedron. Lett. 1988, 29, 2353



Organocuprate Catalyzed Rearrangement
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2- Bu
Bu i+
- i A 2 Li X
U\Li n BuCu(CN)L|) { 0\5 CﬁBu (\Cr RX ﬂ
° CN o”""~cN HO
R =D, 82%, >97% E
R = Me, 62%, >97% E
R = allyl, 78%, >97% E
a-lithio enol equiv.
entry ether RM (4 equiv.) CuCN R (% yield)
1 n-BuLi 0.1 n-Bu (82%)
2 t-BuLi 0.1 xR s-Bu (88%)
3 @ _ 0-MeOCgH,Li 0.5 0-MeOCgH, (47%)
4 0" Y Me,C=C(CH,),MgBr 1.0 HO Me,C=C(CHb,), (75%)
5 MeLi 0.1 Me (52%)
6 PhLi 1.0 Ph (25%)
7 @ CH,=C(Me)Li 0.07 | CH,=C(Me) (79%)
8 o~ L PhCH.MgBr 1.0 HO R PhCH, (60%)
9 PhMe,SiLi 0.2 PhMe,Si (92%)
10 Me;SnLi 0.2 MesSn (78%)

Copper catalyzed rearrangement proceeds with inversion of configuration|

Kocienski, P., Wadman, S., Cooper, K. J. Am. Chem. Soc. 1989, 111, 2363



Mechanism: Organocuprate Rearrangement
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Kocienski, P., Wadman, S., Cooper, K. J, Am. Chem. Soc. 1989, 111, 2363



Mechanism: Proposed Catalytic Cycle
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* Key Steps
-Formation of the higher
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Kocieniski, P., Wadman, S., Cooper, K. J. Am. Chem. Soc. 1989, 111, 2363



Cuprate Rearrangement. Synthesis of
Homoallyl Amines
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Trs
Product
entry cuperate electrophile R E % yield
1 (CH,=CH),CuCNLi, H,O CH,=CH H 66
2 (t-Bu),CuCNLi, H,O t-Bu H 93
3 (t-Bu),CuCNLi, Mel t-Bu Me 92
4 (t-Bu),CuCNLi, allyl bromide t-Bu allyl 88
5 (t-Bu),CuCNLi, I t-Bu | 92
6 (t-Bu),CuCNLi, Mez;SnCl t-Bu MesSn 80

-Electron withdrawing group on nitrogen is necessary
-Slight excess of higher order cuprate is need to achieve good yields
-Lithiation of dihydropyrole prior to treatment with cuprate is required

Martin, S.F., Neipp, C.E., Humphrey, J.M. J. Org. Chem. 2001, 66, 531.



Synthesis of C16-C23 Fragment of FK-506
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Kocienski, P., et. al. Synthesis, 1995, 2, 195



Application: Total Synthesis of Jaspamide
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Kocienski, P., et. al. Synthesis, 1995, 2, 199



Jaspamide: Cuprate Rearrangement
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Kocienski, P., et. al. Synthesis, 1995, 2, 199



Application: Total Synthesis of (+)-Manoalide

Sharpless kinetic resoluti

Zr-catalyzed
carboalumination ’ ‘ o
H Me
HO., O Z:::} Me Me
Me A I Bu,Sn
Me Me OH + 3
N '7"7. X
Me
Me

photooxidation
1,2-metallate rearrangeme

Me

Me. Me M 1) Et,SiH (1.5 equiv) Me. Me Mew Me 2
@\/\/go [PPh;IRRCI (1 mol%), 80°C ij\/\/go 1) LDA G(\//
2) HF, MeCN-H,0, rt 2) (Et0),POCT
Me 90% Me 3) LDA M

e
73%

Cp,ZrCly (10 mol%) [ 4 o Me Me. _Me f° I,, PPh; Me.__Me
Me;Al (3 equiv) N AlMe; oxirane (3 equiv) - A Imidazole

H,0 (Tequiv) 23°C,tor, 12h OHCHCl, 1t 1h

CH,Cly, -23°C Me 62% Me 92% Me

Kocienski, P., et. al. J. Org. Chem., 2003, 68, 4008
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1) t-Buli, Et,0-pentane
-78°C, 30min; 0°C 1h

2) Pr-CECCu, -78°C to rt

Me Me
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(+)-Manoalide: 1,2-Metalate Rearrangement
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Kocienski, P., et. al. J. Org. Chem., 2003, 68, 4008



( +)-Manoalide: Final Steps

-78°Ctort
over 12 hours
1,2-metallate rearrangement

CO, [PPh3]4Pd (3 mol%)

DIPEA-MeOH-THF, 65°C, 24h
91%

Me

Me

Me

q2.
SiEt, | 2Li*

I
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-78°C, 5 min.
66%

1) DIBALH
CH2C|2.PhMe
-78°C.15 min

-
2) O,, hv, Rose Bangal

MeOH, -78°C, 15 min e .
75% (+)-manoalide

(+)-manoalide was synthesized in 12% overall yield 12 steps longest linear

Kocienski, P., et. al. J. Org. Chem., 2003, 68, 4008



;;Conclusion

e Advantages
-Steroselective formation of trisubstituted and disubstituted olefins
-Complex metal reagents prepared from relatively simple starting material

* Disadvantages
-Reactive starting materials (i.e. RLi, and RMgBr).
-Limited scope

e Future Directions
- Use of functionalized Grignard reagents



