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Utility of Chiral Sulfinimines
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* Provide a general solution to the addition of nucleophiles to chiral
imines
— Sulfinyl group activates the C=N bond to nucleophlic addition
— Chiral N-sulfinyl exerts powerful stereodirecting effects.

— Nucleophilic addition possible to both enolizable and nonenolizable
sulfinimines.

— Epimerization of newly formed stereocenters inhibited by the ability of
the sulfinyl group to stabilize anions at nitrogen.

— Sulfinyl group can be removed under relatively mild acidic hydrolysis.

Zhou, P.; Chen, B.-C.; Davis, F. A. Tetrahedron, 2004, 60, 8003.
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Preparation of Chiral Sulfinimines

I. Asymmetric oxidation of

sulfenimines S P
2
II. Asymmetric iminolysis §
. A S,
of sulfinates and derivatives R”7TOR
3
III. Condensation of g
enantiopure primary R™NH;
sulfinamides with (Ss)-5
aldehydes and ketones 5
R/S\NHZ
(Rs)'5

R = p-Tolvl, t-Bu, and etc.

Zhou, P.; Chen, B.-C.; Davis, F. A. Tetrahedron, 2004, 60, 8003.
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Chiral Oxidant
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Amino-ketodienes: Precursors in the Synthesis of
Chiral 4-Aminocyclopentenones

 Enolate addition to the chiral 0 CH.COMo p_Tolyl/(é)\NH 5
sulfinimine 3 produced the N- p_To.yr&N’)\/AR . A~
sulfinyl-B-amino ester 4. Naniibs e

(S)-(+)-3 (Ss, F)-(+)-4
« Reaction of 4 with lithium . p.my./g\NH .
dimethyl methyl phosphonate e~ A_Bowe,
provided the N-sulfinyl-0-amino- m-BuLi (81-83%)
B-ketophosphonate 5. (S5, R)-(+)-5

@)

« Wittig chain extension CHCHO, DBU p'TO%
provided the desired o, - (94-95%) s ~
unsaturated 2-amino ketone 6 in (Ss, R)-(+)-6

a) R =H; b) R=Me

good yield.
Davis, F. A.; Wu, Y. Org. Lett. 2004, 6(8), 1269-1272.
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Utilising RCM to

Generate Chiral 4-
Aminocyclopentenones

Table 1. Ring-Closing Metathesis of Amino Ketodienes with

Grubb’s Catalysts in DCM at Reflux

products
amino (% isolated
entry ketodiene catalyst/conditions yields)
1 (+)-6a (R =H) I (2—30 mol %) 40h NR
2 IT (5 mol %) 16 h (R)-(+)-9 (85)
3 (H)-6bR=Me I(2-30mol%)40h NR
4 IT (5 mol %) 16 h (R)-(+)-9 (25)
5 (-)-7a(R=H) I (2 mol %) 18 h (R)-(+)-10 (94)
6 IT (5 mol %) 18 h (R)-(+)-10 (95)
7 (—)-7bR=Me) I(2-30mol%)40h NR
8 IT (5 mol %) 18 h (R)-(+)-10 (8)
9 (-)-8a(R=H) I (2 mol %) 18 h (R)-(+)-1 97)
10 IT (2 mol %) 16 h (R)-(+)-1 (97)
11 (—)-8b (R=Me) I(2mol%) 16h NR
12 IT (2 mol %) 16 h (R)-(+)-1 (21)
13  (+)-13a(R=H) I(20mol %) 18h (+)-14 (58)
14 IT (5 mol %) 18 h (+)-14 (93)
15  (H)-13b (R=Me) I(10mol %) 16 h NR
16 IT (5 mol %) 16 h (+)-14 (84)
ol 'TCY3 . Mes-N_ N-Mes
C|VRIUKPh Clu,.T H
Ru=<
PCys, c~ |- Ph
PCy,

Davis, F. A.; Wu, Y. Org. Lett. 2004, 6(8), 1269-1272.
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(Ss,R)-(+)-6
Ts.
r§|H o) catalyst X-HN,, 0
RW g
(R)-()-7 (R)-(+)-1: X = Boc
(R)-(+)-9: X = p-TolyS(O)
Boc.. -(+)-10: X=Ts
NH O

Q
i .78 ° _S.
LiHBEt,/-78 °C p-Tolyl”>"NH  OH
(Se,R)-(+)-6 : P
(74-76%) R™™
a)R=H, b)R = Me (+)-13
H
cat. lorll p-Tolyl ,N,,AgOH
A
DCM O
(Ss,1R,4R)-(+)-14
Boc. o H
l;lH OH 5 mol % | N, OH
S A Boc g

(4R,6R)-(-)-15

(91%)

(1R4R)-(+)-16
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Asymmetric Synthesis of syn-(2R, 35)-Ethyl
Diamino-3-phenylpropanoates

Table 1. Reaction of Glycine Enolates with
(8)-(+)-N-(Benzylidene)-p-toluenesulfinamide (2) at —78 °C

1) LDA, -78°C, THF S . .
o p-Tolyl”"NH O a.3-diamino ester
(PhCHz)zN\)kOEt o H > bh : A O conditions (isomer ratio)?
S J entr lycine base/equiv/solvent % isolated yield?
2 pToM,s\NkPh (PhCH,),N y  gly q 6 y
1 1 LDA/1.6/THF (+)-3 (20:3:2:4) 30¢
1 -(+)- S5,2R,39)-(+)-3
ortrs (5235 2 LDA/5.0/THF (20:3:2:3) 68
(68%) 3 LDA/5.0/Et;0 (20:4:3:0) 50
1) TFA/EtOH NH, O 4 LiHMDS/5.0/THF (20:2:2:4) 65
2) Pd(OH),/H,/EtOH /\)J\ 5 NaHMDS/5.0/THF (20:7:6:7) 80°
o Ph ; OEt 2.10N- -
- H 6 KHMDS/5.0/THF (20:3:10:6) 76¢
(61% 2-steps) NH,
(2R,39)-(-)-4

@ Estimated from the 'H NMR of the crude reaction mixture by
monitoring the C(3) and NH protons. ? Isolated yield of the pure major
diastereoisomer. < Conversion yield, isomers not separated.

Davis, F. A.; Deng, J. Org. Lett. 2004, 6(16), 2789-2792.
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Asymmetric Synthesis of anti-(2R, 3S5)-Ethyl
Diamino-3-phenylpropanoates

o) Table 1. Reaction of Glycine Enolates with
1) LDA, -78°C, THF : - -N- i -p- i — °
o ) pToy S NH 0 (8)-(+)-N-(Benzylidene)-p-toluenesultfinamide (2) at —78 °C
Ph YN \)J\OEt - Ph/\)kOEi a,f-diamino ester
Ph 2) (S)-(+)-2 N conditions (isomer ratio)?

(89%) o )J\ on entry glycine base/equiv/solvent % isolated yield”
7 5 LDA/1.1/THF (—)-6 (10:0:5:3) 36

> (56:25,351)-6 8 LDA/1.6/THF (100:0:2:2) 89

TFA/EtOH NH, O 9 LDA/2.0/THF (10:0:4:3) 34
o - Ph/\)J\OEt @ Estimated from the 'H NMR of the crude reaction mixture by
(80%) NH, monitoring the C(3) and NH protons. ? Isolated yield of the pure major

(2S,35)-(+)-7 diastereoisomer. < Conversion yield, isomers not separated.

Davis, F. A.; Deng, J. Org. Lett. 2004, 6(16), 2789-2792.
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Proposed Mechanism of Stereoinduction

PhCH, OFEt

PhCH; V7oL
E-1

'
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OEt
LPEL L CHoPh

/ “ ) :N:4// N H
o ~
b,s.- up.To|CH2Ph
H
TS-1

syn-(Sg,2R,35)-(+)-3
O

p—TonI/S\NH O

Ph™ > TOEt
(PhCH,).N

Li
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OEt
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e
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Davis, F. A.; Deng, J. Org. Lett. 2004, 6(16), 2789-2792
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(—)-Agelastatin A

» Isolated in 1993 by Pietra

and co-workers from the

) Me
marine sponge Agelas HO & o
dedromorpha - \/é

: : Br H D
Unique tetracyclic —NH
alkaloid possessing potent /AN g H

. POSSES A H
cytotoxic activity N,

: H

Syntheses of this natural O
product have been |
reported by Weinreb (-)-Agelastatin A 1
(racemic), Feldman, and
Hale

Davis, F. A.; Deng, J. Org. Lett. 2005, 7(4), 621-623
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Retrosynthetic Analysis of (—)-Agelastatin A

Me

HQ N__O
Br. H . D\f
o8 NH NH NBn2
/A N'B H H — 7 : —
= N, =__RNH
H

0 0
(-)-Agelastatin A 1 (-)-2

Davis, F. A.; Deng, J. Org. Lett. 2005, 7(4), 621-623
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Synthesis of (—)-Agelastatin A -- 1.

o)
1) LDA, -78 °C, Et,0 L
p-Tolyl” "~NH
BnoN._CO,Et \/'\(cogEt
5 @ H Bn,N
S.
2) p-Tolyl” N)m (Sr2S.3R)-(-)-4
(R)-(-)-6
(73%)
Q
, 1) TFA/MeOH
LIN(OMe)Me pTonI/S\NH o )
. N .Me
-78°C (89%) N 2) @
Bn,N  OMe N~ ~CO,H
H
Sr,28,3R)-(-)-7
(525,3R)-() HBTU, DIPEA
(88%)
Me MgB
r
meo-N_ O R R
0°C, THF
- 2) EtgN, EtOH =
/7 D NBn ) Fo j ~NBn,
N NH \ lilH
H (2 steps 85%) N
H
o o
(28,3R)-(+)-8 (8R,49)-(-)-3
Mes-N N-Mes
o)
Cl.l nH 9
S = ~NBn
PCys S
N
H
DCM. 12 h o}
(87%)
(1R5S)-(-)-2

Davis, F. A.; Deng, J. Org. Lett. 2005, 7(4), 621-623
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Synthesis of (—)-Agelastatin A -- I1.

O O
Cs,CO NBn NBn
(1R5S) — N i & N :
MeOH
(-)-10 (A)-(--1
16 min (68%) trace
2h (0%) (46%)
Pd/C, H,
Me-NCO

o} o}
(-)-12 (32%) (-)-13 (47%)
I NBS
THF/ 12 h
(69%)

(-)-Agelastatin A 1

Davis, F. A.; Deng, J. Org. Lett. 2005, 7(4), 621-623
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Conclusions

« Total Asymmetric synthesis of the marine alkaloid (-)-
agelastatin A has been described in 11 steps and 9%
overall yield.

« Highlights of the synthesis included the sulfinimine-
mediated, enantioselective synthesis of a syn-a, p-diamino
ester, ring closing metathesis of a diaminoketodiene to
provide a C-ring core intermediate, and D-ring formation
by the addition of methyl i1socyanate under reductive
conditions.

Davis, F. A.; Deng, J. Org. Lett. 2005, 7(4), 621-623
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