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Quaternary Carbon: Definition

Quaternary carbon is a carbon atom bearing four carbon substituents

Quaternary Carbon Tetrasubstituted carbon

Commonly misidentified
as “quaternary carbon”

Fuji, K. Chem. Rev. 1993, 93, 2037.



Some Recent Advances in Asymmetric
Quaternary Center Construction
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Chiral Leaving Groups

R1
/ﬁ/ DME, 78%C15h R?

entry R1 R?2 Yielda Y%ee’

Analysis 1 CH, H 99 86
2 CH, CH, 69 93

3 CH, C,Hs 87 85

4 C,Hs H 94 82

5 C,Hs CH, 65 90

6 C,H; C,H; 89 96

7  CH,CH=CH, H 86 87

8  CH,CH=CH, CH, 54 92

9 CH,CH=CH,  C,H; 69 96

a|solated yield, ®PDetermined by 'H NMR with Eu(hfc),

o Other metals examined including Li and Cu, but Zn

74% in 2 steps from was found to be superior in yield and selectivity
H entry 4 product

Fuji, K. et. al. J. Am. Chem. Soc. 1989, 111, 7921



Lewis Acid-Catalyzed Claisen Rearrangement
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column.

Reaction proceeds in high yields with excellent diastereoselectivity I

Yoon, T.; Dong, V.; MacMillan, D. J. Am. Chem. Soc. 1999, 121, 9726



Enantioselective Acyl-Claisen
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97% ee
75% vyield

Although high enantioselectivities were demonstrated,
3 equivalents of chiral Lewis Acid were required

Yoon, T.; MacMillan, D. J. Am. Chem. Soc. 2001, 123, 2911.



Ireland-Claisen Rearrangement
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Via chair arrangement

Corey, E. Jet. al. J. Am. Chem. Soc. 1995, 117, 193.



Ireland-Claisen Rearrangement- Dolabellane

/ (S,S) L2BBr, pentaisopropylguanidine, « HiC o fc PhHPh cFs
N YL 90 0 0 N
O CH,Cly, -94°C 3h, -78 °C 16h, 4 'C 55h —co0H D_gzu\?N ; _Q
Y \, >98:2 diastereoselectivity H Fod B -
>98% ee 9 (86%) LoBBr
(E) form of boron enolate required
lsteps
HaC o
MW
N

Correct structure of
Crystal structure of amide derivative dolabellane established

Both enantiomers were prepared to confirm the need for structural revision I

Corey, E. J; Kania, R. J. Am. Chem. Soc. 1996, 118, 1229.



Selective Reduction
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Adding TMS (R) increased steric bulk to favor 8a
Corey, E. Jet. al. J. Am. Chem. Soc. 1997, 119, 11769.



Claisen Reaction
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79% three steps

e

“SiMe,y
CO,H
98 %

g8

C
20

52% (60% w/ respect to
recovarad SM: 14 %)
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CBS reduction followed by Claisen enables the synthesis of either enantiomer

Corey, E. J et. al. J. Am. Chem. Soc. 1997, 119, 11769.



Stereospecific Rearrangement of Allylic Epoxides
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(COCH), , DMSO Zn, PhyP
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N sa-e P e a 79 (94/6) 93 (92) 82 9
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(COCl)s ‘/lyCHO PhyP=CH, @/1 ¢ 68 (96/4) 67 (90) 97 97

owso. LO%e T n%% d 88 (96/4) 91 (96) 84 794

then TEA e 87 (95/5) 89 (96) 83 88

Ta-¢ Ba-o
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b AR= d R =©
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Jung, M.E.; D’Amico, D. J. Am. Chem. Soc. 1995, 117, 7379.



Rearrangement Mechanism
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Rearrangement proceeds well for
epoxyalkenes with allylic, benzylic
and silylethyl substituents >90%

Simple alkyl substituents remain
problematic

a, R =-Ph c.Rx-CgHyy @ R=-CHaPh

0
bl R = d, R =
MeO A s

/' \

N\ omecH Aldehyde product experiences
~<,.; H eclipsing vinyl group
dehyde Ketone product experiences

alkyl eclipsing methyl group

Table 2. Isolated Yields of Carbonyl Compounds

ketone ’/'>/“ L \/Ck Hg 0 i
A, Rr_k./ R\/‘H)
(o 3 Me +

Me
Ba-» ga-e¢ 10a-¢
conditions? % 9 % 10
a i quant.
b i 51
il 91
c i 53
iii 36 31
iv 40 31
d i 98
e i 26 21
iv 30 48

@ (iv) BFyELQ, —78 °C, 120s. (i) S M LiClO; in Et;0, reflux.
(iil) ELAICL, CH,Cly, —78 °C. (iv) SiO,, sonication.

Jung, M.E_; D’'Amico, D. J. Am. Chem. Soc. 1995, 117, 7379.



Enantioselective Michael Reactions
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Synclinal approach
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60%, >95% ee and de

0]
Me

CN

H OAc
74%, >95% ee and de

Excellent enatio- and diastereo-
selectivities afford quaternary
center in moderate to good yields

D'Angelo, J. et al. Tetrahedron Lett. 2001, 42, 381.



Chiral a-Amino Amide Auxiliaries

O NEt,
Ox _NR' I o
j‘: i iPr” NH \/U\M Q o
=

R” NH CO,Et 4 Mo
CO,Et - COEt
CU(OAC)2 - H,0
3a 5a (2.5 Mol-%) (R)-6a
Enamine screen 23 °C 86%, 98% ee

Table 1. Selected results for the screening of enaminoesters 3 with MVK (4) in the presence of different metal
enamine R R’ salts 5.1

3c iPr Allyl Enamine e (6a) [%]" Metal salt (mol %) ce (6a)" Metal salt (mol %) ec (6a)"!
_ without metal salt [%] [%]
3d iPr (CH,)s _ -
3c 28 Cu(OAc), H,0 (10) 59 SuCl. (5) 4
3e Bu (CH,), 3 47 Cu(OAc),-HO (5) 57 FeCl (5) 59
3e 53 Cu(OAc)-H.0 (10) 73 FeCl (3) 50
3g Bu Me  3g 78 Cu(OAc) H,0 (2 86 Cu(OTE),* (10) 68
. 3h 7 Cu(OAc')yH:O 5) 76 FeCl, (5) 77
3n Bu Me 3 66 Cu(OAc).-H.O (20) 86 FeCli-6H.O (10) 73

3i sBu Me

[a] Reaction conditions: Scale = approximately (.20 mmol of 3: 3:4= 1:2: salvent = CH,CL. [b] The ce value of
6a was determined by GC on a chiral phase." The yields were not determined. [¢] Tf = F;CSO,.

Copper-Catalyzed Process gives good yields and excellent enantioselectivites at rt

Christoffers, J.: Mann, A. Angew. Chem. Int. Ed. 2000, 39, 2753.



Chiral a-Amino Amide Auxiliaries

0] NM92
Method has been extended
0 o)
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Tridentate ligand formed

Christoffers, J.; Mann, A. Chem. Eur. J. 2001, 7, 1014.
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Carbonyl Compounds
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Chiral Pd Enolate Michael Addition
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= o 0
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a o

Sodeoka, M. et al. J. Am. Chem. Soc. 2002, 124, 11240.



Catalytic Enantioselective Michael Reaction
With Enones- Scope

Table 1. Michael Reaction Using Various j-Ketoesters

0O O o) . o 0 :
o )j\,)Lons \ (mw cat.2a(5mol %) Moni* Reaction shows broad scope
R2 | THF, -20°C, 4 M 2 with many p-ketoesters
8a-e 6a:R;=Me o - =0
6b: Ry =Et ag R*
entry ketoester enone time product yield ee conf.
(h) (%) (%)
1 R Oo:a n=1:6a 6a 24 92 92 92 F Tolerates cyclic as well as acylic
g . .
a,b n n=2:8 6a 72 9b 92 90 R cases all with good yields and
2 selectivities
q6.d M OtBu ¢  6a 48  9c 88 89 -
o 0
qabc /H)Lor-au 8d 6a 72 9od 88 90
0o o P2+ _OH,
gb.c )‘\|)koph 8¢ 6a 72 9e 69 93 R *(p:P <OH
_ 2
6° 8a 6a 40 9a 93 93 - | 2Tio
74 8a 6b 20  of 84 88 - 2a-b
gab 8b 6b 72 9g 89 86 - ab§ ((g){g?[l\;ig\lAP
« Catalyst 2b was used. " The reaction was conducted at O °C. < 10 mol Catalyst

% of Pd catalyst was used. ¢ 1 M 8¢. ©2 mol % of catalyst 2b was used.

Sodeoka, M. et al. J. Am. Chem. Soc. 2002, 124, 11240.



Proposed Transition State

/)7 i‘ Bulky ester group was essential for high
/ enantioselectivity
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: o

R oh (R = Ph): 97% ee R/—>:O 9i 89% yield dr ( 8/1) 24h

8a 6c-d 9i (R = CHs3): 99% ee 9h-i

Sodeoka, M. et al. J. Am. Chem. Soc. 2002, 124, 11240.



Chiral Lewis-Base Method

: OH
Chiral Catalyst . M
/i/\i/\ PhCHO, 6b (10 Mol %) pp 57 X
) N N , >
h Me SICl3 CH,Cly, i-PryNEL, -78 °C Me
H syn/anti, 1/99; ee 94% . Me Vi
E-8 yield 83% anti-9 .
R,R Bisphosphoramide :
Me Me

PhCHO, 6b (10 mol %)
X —-
SiCl, syn/anti, 98/2; ee 98%
yield 78%

R)Ol>/\/ ON OCH,

P’ "CHy Synthesis of Seratonin Antagonist LY426965:
LY426965
(S,S) 6b (10%), OH
Ph 0 BugN* I 2
Me>=\—SiCI3+ Ph/u\H CH,Cly, -78 o th
64% anti

dr: 99/1; er: 97/3

Denmark, S. E.; Jet. al. J. Am. Chem. Soc. 2001, 123, 9488.



Conclusions

The use of chiral nucleofuges can provide good yields and selectivities, but
requires stoichiometric chiral material not encorporated in the final product.

The Claisen rearrangement remains a useful way to establish a quaternary center
and has been demonstrated with many examples.

Sharpless Asymmetric Epoxidation coupled with the LA catalyzed rearrangement
affords good yields of aldehydes with a-quaternary centers.

Much progress has been made very recently in the enantioselective
Michael Reaction.

Catalytic enantioselective allylation to form quaternary centers has been
demonstrated to proceed with good yields and selectivities.



