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- B-amino acids

% B-aminoacids identified as essential component in natural products
COy

+ NHAc
& N HO,C OH
N~ TCOzH Me Me
H
pyrrolidine-2.4-dicarboxylic acid B-prolinebetaine siastatine B

= found in citrus foods (natural iminoglycoside)




B-amino acids

% B-aminoacids identified as essential component in natural products
CO,

+ NHAc
& /N\ HO,C OH
N~ COzH Me Me
H
pyrrolidine-2.4-dicarboxylic acid B-prolinebetaine sigst_atine B _
= found in citrus foods (natural iminoglycoside)
OH
= phenylisoserine
= B-Tyrosine ( )

NHBzO

Taxol
= antitumour agent

Jasplakinolide
= from marine organism
insectividal, antifungal properties




5 P-amino acids synthesis

% Amination of a,p-insaturated carboxylic acids

o pmense g we
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HOMR 10.55% g HOMR
- (o]

|. Braschi, G. Cardillo, C. Tomasini, R. Venezia, J. Org. Chem., 1994, 59, 7292

Chem. Soc. Rev., 1996, 117-128
For a recent review of asymmetric synthesis of a- and f-amino acids : ACIE, 2003, 42, 4290-4299.
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% Amination of a,B-insaturated esters
0 1 Ph/LN’RZO
- R2 THF, -78 °C‘ - 5
MOR1 + Ph +N o MOR']

23-88%
Li

S. G. Davies, O. Ichihara, Tetrahedron asymmetry, 1991, 2, 183

Chem. Soc. Rev., 1996, 117-128
For a recent review of asymmetric synthesis of a- and f-amino acids : ACIE, 2003, 42, 4290-4299.




, B-amino acids synthesis

% Hydrogenation of B- aminoacrylic acids

AcHN o) AcHN O

Ru or Rh complex
R1J\€JJ\OR2 H2 B R1J\)kOR2

Y.-G. Zhou, W. Tang, W.-B. Wang, W. Li, X. Zhang, JACS, 2002, 124, 4952.

Chem. Soc. Rev., 1996, 117-128
For a recent review of asymmetric synthesis of a- and f-amino acids : ACIE, 2003, 42, 4290-4299.




% Direct amination of olefins
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Sthal, JACS, 2003, 125, 12996
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-> Pd-benzoquinone or Pd-Cu(ll) salt systems as oxidants for aminocarbonylation
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-> Pd-benzoquinone or Pd-Cu(ll) salt systems as oxidants for aminocarbonylation
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aminopalladation !

NZ [0)/CO M
R)\/ Pd" T 1 R OR
. aminocarbonylation
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(K1) R RNy o |
- - NZ [O))CO I .
P " aminopalladation o |
RPN+ R-NHZ L _pd - A Aor |
i aminocarbonylationi
l reaction !
X k,>k,
How to favor the aminopalladation ¢
I/CF3 I
O  + nBuN' I - o +  CFal
n-BuN*
o) o)

Togni's reagent could react with lodide
Nevado and al., ACIE, 2013, 52, 13086
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Pd(0,CCF3), + PhI(0,CAd); > Pd(0,CCF3)"  + Phl|(OZCAd) + O,CAd

more activated Pd specie O,CCF3
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aminopalladation NZ [0]/CO

R)\/Pd” g

aminocarbonylation
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_______ reaction
80%
X Kk, >k, vk, <<k,
How to favor the aminopalladation ¢

Pd(0,CCF3), + PhI(0,CAd); > Pd(0,CCF3)"  + Phl|(OZCAd) + O,CAd

more activated Pd specie O,CCF3




. Optimization

Table 1. Optimization of Reaction Conditions“

3\\ PA(0,CCFa), (10 mol %)
PR + HN \':I} oxidant (2 equiv.) _

CH;CN/Toluene
(HN-oxa) CO (1 atm), 60°C,30h
1a  2a(3equiv.)
entry Pd catalyst oxidant

1 Pd(OAc), PhI(OAc),
2 Pd(CH;CN),Cl,  PhI(OAc),
3 Pd(acac), PhI(OAc),
4 Pd(OTFA), PhI(OAc),
5 Pd(OTFA), PhI(OPiv),
6 Pd(OTFA), PhI(O,CAd),
7€ Pd(OTFA), PhI(O,CAd),
g Pd(OTFA), Phl1(O,CAd),
9 Pd(OTEA), (NH,),S,04
10 Pd(OTFA), oxone
11° Pd(OTEA), 35% aq H,0,
12 none PhI(O,CAd),

Nu 9
Ph)\/c"GH

3a' Nu = 0,CR
yield (%)"
3a 3a’ (R)
45 4 (Me)
65 5 (Me)
36 3 (Me)
80 5 (Me)
55 5 ("Bu)
90 (83) 5 (Ad)
80 13 (Ad)
85 10 (Ad)
31 0
27 0
21 0
0 0

“All reactions were run at 0.2 mmol scale. “Yield obtained by "H NMR
with CF;-DMA as intemal standard. “2a (1.2 equiv). “2a (2.0 equiv).
°Oxidant (5.0 equiv). /Tsolated yield of ester 4a.
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Table 1. Optimization of Reaction Conditions“

0
)\\ Pd{ﬂz%ﬁl?}[l% (10 mt;l %) Nu O
A O __oxidant (2 equiv.) _ &
Ph™ =+ HN_ | ™ cH,CNoluene Ph)\’ “OH

(HN-oxa) CO (1 atm), 60°C,30h  3a Nu = N-Oxa M
1a  2a (3 equiv) 3a'Nu=0,CR

yield (%)"
entry Pd catalyst oxidant 3a 3a’ (R)
1 Pd(OAc), PhI(OAc), 45 4 (Me)
2 Pd(CH;CN),Cl,  PhI(OAc), 65 5 (Me)
3 Pd(acac), PhI(OAc), 36 3 (Me)
4 Pd(OTEA), PhI(OAc), 80 5 (Me)
5 Pd(OTFA), PhI(OPiv), 55 5 ("Bu)
6 Pd(OTFA), PhI(O,CAd), 90 (83) 5 (Ad) Best conditions
7° Pd(OTFA), PhI(O,CAd), 80 13 (Ad)
g Pd(OTFA), Phl1(O,CAd), 85 10 (Ad)
9 Pd(OTEA), (NH,),S,04 31 0
10 Pd(OTFA), oxone 27 0
11° Pd(OTEA), 35% aq H,0, 21 0
12 none PhI(O,CAd), 0 0

“All reactions were run at 0.2 mmol scale. “Yield obtained by "H NMR
with CF;-DMA as intemal standard. “2a (1.2 equiv). “2a (2.0 equiv).
°Oxidant (5.0 equiv). /Tsolated yield of ester 4a.
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0
)\\ Pd{ﬂz%ﬁl?}[l% (10 mt;l %) Nu O
A O __oxidant (2 equiv.) _ &
Ph™ =+ HN_ | ™ cH,CNoluene Ph)\’ “OH

(HN-oxa) CO (1 atm), 60°C,30h  3a Nu = N-Oxa M
1a  2a (3 equiv) 3a'Nu=0,CR

yield (%)"
entry Pd catalyst oxidant 3a 3a’' (R)
1 Pd(OAc), PhI(OAc), 45 4 (Me)
2 PA(CH,CN),Cl,  PhI(OAc), 65 5 (Me)
3 Pd(acac), PhI(OAc), 36 3 (Me)
4 PA(OTEA), PhI(OAc), 80 5 (Me)
5 Pd(OTFA), PhI(OPiv), 55 5 ("Bu)
6 Pd(OTFA), PhI(O,CAd), 90 (83) 5 (Ad) Best conditions
7° Pd(OTFA), PhI(O,CAd), 80 13 (Ad)
g Pd(OTFA), Phl1(O,CAd), 85 10 (Ad)
9 Pd(OTFA), (NH,),S,04 31 0
10 Pd(OTFA), oxone 27 0 Strong oxidants
11° Pd(OTEA), 35% aq H,0, 21 0
12 none PhI(O,CAd), 0 0

“All reactions were run at 0.2 mmol scale. “Yield obtained by "H NMR
with CF;-DMA as intemal standard. “2a (1.2 equiv). “2a (2.0 equiv).
°Oxidant (5.0 equiv). /Tsolated yield of ester 4a.




. Optimization

Table 1. Optimization of Reaction Conditions“

0
)\\ Pd{ﬂz%ﬁl?}[l% (10 mt;l %) Nu O
A O __oxidant (2 equiv.) _ &
Ph™ =+ HN_ | ™ cH,CNoluene Ph)\’ “OH

(HN-oxa) CO (1 atm), 60°C,30h  3a Nu = N-Oxa M
1a  2a (3 equiv) 3a'Nu=0,CR

yield (%)"
entry Pd catalyst oxidant 3a 3a’ (R)
1 Pd(OAc), PhI(OAc), 45 4 (Me)
2 Pd(CH;CN),Cl,  PhI(OAc), 65 5 (Me)
3 Pd(acac), PhI(OAc), 36 3 (Me)
4 Pd(OTFA), PhI(OAc), 80 5 (Me)
5 Pd(OTFA), PhI(OPiv), 55 5 ("Bu)
6 Pd(OTFA), PhI(O,CAd), 90 (83) 5 (Ad) Best conditions
7° Pd(OTFA), PhI(O,CAd), 80 13 (Ad)
g Pd(OTFA), Phl1(O,CAd), 85 10 (Ad)
9 Pd(OTEA), (NH,),S,0, 31 0
10 Pd(OTFA), oxone 27 0
11° Pd(OTEA), 35% aq H,0, 21 0
12 nomne PhI(O,CAd), 0 0 Without palladium

“All reactions were run at 0.2 mmol scale. “Yield obtained by 'H NMR
with CF;-DMA as intemal standard. “2a (1.2 equiv). “2a (2.0 equiv).
°Oxidant (5.0 equiv). /Tsolated yield of ester 4a.




y Role of Phl(O,CAd),

100 T T T T
|~
80 -
L — ~+—[Pd] (0.1 eq.)
60 s + 1(1ll) (2 eq.)
Zoor — 1
2 e
% I N-[Pd] (1 eq.)
a4t 7 .
/9 #- [Pd] (0.1 eq.)
fr g—— e -—-— 1§ +BQ(2eq.)
20/ .
%
V g--—B-—""7" === =
uﬁ'f‘ - ] ] ] I
0 10 20 30 40 50

Reaction Time (min)

Figure 1. Time course of controlling experiments. [Pd] = Pd-
(O,CCFy),, I(1IT) = PhI(O,CAd),, BQ = benzoquinone.




. Reaction scope
Some examples..

1) Pd(O,CCF3), (10 mol %)

PhI(O,CR'), (2 equiv.) O NRZ

Ar”X + HNRZ CO (1 atm), CHsCN/Tol. _

2) MeOH,1h, r.t. MeO Ar

1 2aor2b  3) TMSCHN,, 3h, r.t. 4or5
2a = HN-oxa
NPhth
N-oxa AR A
CO,Me 2
N 2 Xry-5x
R+—
=
R =p-H 4a 83% 5x 73%° y N

Me 4b 59%
CH,CN 4c 68:/0 Br  NPhth NPhth NPhtgo .
Ph 4d 69% CO,Me MeO CO,Me :
fBu de 82%
'Pr 4f 68:/o MeO Br AcN__
OMe 49 68% Sy 64%¢ 52 77%C 5aa 57%°
OBn 4h 72%
OAc  4i 81% NPhth (" Me NPhth )
F 4j 92% COyMe CO,Me
cl 4k 75%
Br 4 64% 0
| 4m 63% 5ab 35%° Sac 83%(1:1)°9 | 5ad 0% D

CF;  4n 35%
NO, 40 0%




. Reaction scope
Unreactive alkenes..

1) Pd(O,CCF3), (10 mol %)

Phl(O,CR'), (2.2-2.4 equiv.) )NiZ/C,?
alkyl” X + HNRZ ) 1(\:40 <§:4 a1thm). ::Hschrol. - alkyl C oMo
e Ll o
6 2aor2b T 7 (NRZ = N-oxa)
o)
N Ph\/\,/\C02Me A Y CoMe
) ™Y CoMe Lo NEiZ
NRZ
7a 82% 7b 75% 7¢ (Ar = PMP) 53%
8a 62% 8b 67% 8c (Ar = Ph) 55%

E E 0]
R CO-Me
/\sz\ < BnWCOzMe BnOJ\/\(\COzMe
NRZ

(E = CO,Me) NRZ

7d (R = Cy5H34) 60% 7€ 61% 7 50%
8d (R = CgH1g) 55% 8e 49% 8f 45%
PhO R
PhO™ " CO Me N coMe ™Y coMe
NRZ NRZ NRZ
79 48% 7h 54% 7i [R = 3-(N-Ts-indole)] 73%

89 62% 8h 55% 8i [R = P(O)(OEt),] 59%




Stereochemistry

Deuterium labeling..

0O 1) Standard condition OYO
CO (1 atm) Ph
AP L HNTTO - N
2) MeOH, r.t "\
trans-1e-d N X
(Ar = BuCgHy) 2¢ Ph 3) TMSCHNz rit Af)»—’cozme
(87% D) »D H 10a-d; 48%
84% D (d.r. 1.6:1)

H ,—Bn Bn
Ar...;ﬂ PhMgBr HI-!N»/ Pd/C, Hz\
» Cso )\’,cozrule 97%

LD

60% AT )

82% D H D H
10c-d, 10b-d,




Mechanism

Ph
RCO,H Q
Pd™] a0+ 2\/&
m=230r4 N O
PhI(O,CR), more active I!I-lNph
[Pd™] catalyst ( '
- nE00r2 cis-amino
g8 palladation
Ar” ) TOCR
H D
PhN H O PhN H
N I Pd
RCO,H Ar)ﬁ(c\lpd] A "D[ |
Phy H O int.l H D\_/ iﬂ:"
Ar)»{ “om - <
i C-0O bond

10a-d, formation




Conclusion

First infermolecular aminocarbonylation pallado-catalyzed.
Functionnalized B-aminoacids from simple and available alkenes.

Phi{O,CAd), not only used as oxidant but can improve the
reactivity of Pd catalyst.

The mechanism need to be more studied to understand exactly
the role of the hypervalent iodine.




Conclusion

“ Thank you for your attention




