Epoxide Synthesis Using Sulfur Ylides
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Summary of Catal_ytic_ Cycle for Epoxidation
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90-94% ee, high de, 35-74% yield.
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Can Diazocompound be Formed In Situ ? YES
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Na
40-45 °C 7 3-5 Hours 95 %,
1.5 eqv. 0.2 egv. '

= 98 % trans

John Studley Angew.Chem. Int. Ed. 2001, 1430-3.

Can the hydrazone be formed /n Situ ? YES
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Bridged Bicyclic Sulfides: Synthesis

¢l
PPhy N ph/ﬁ\/

1,4-dioxane / H;O 4:1 ' e
1h, reflux K;CO,;, THF, r.L.

’ o Ph
S0,CI 90% sH O 20m,78% S/\[r

O
mechanism of % th .
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Bicyclic Sulfides: Results in Epoxidation

Rh2(0A0)4 {1 mol %)

) _
PhCHO + PhAN’KTs + PTC (5 mol e AID"

% | 'CH3CN | PhT )
40-45°C, 24h 87% yield
1.5 eq. : : . 93% ee
0.2 eq. _ >98:2 {t:c).
- 0.1eq. 85% yield, 94% ee, »98:2 (t:c)
2.0 eq. 0.05eq. . _ -82% yleld, 94% ee, >98:2 (1:c)

Marina Porcelloni, Emma Alonso Angew.Chem. Int. Ed. 2001, 1430-3.

'In Situ Generation of Diazo Compound Appllcatlon
o Aromatic and Aliphatlc Aldehydes
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77% ee - ) 94%_6_6: < . 90% ee



in Situ Generation of Dlazo Compound: Application
‘to Heteroaromatic and Unsaturated Aldehydes
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Use of Aromatic and Heteroaro_matic Sulfonylhydrazon&e

S . .
- g % RhAOAC), (1 mol %) o on
PhCHO + Ar” N7 s + @ PTC(510mol%) EAYS
@ :  CHLON : “Ar :
Na 40 °C / 24-48 Hours
1.5eqv. 0.05 eqv.
© ) ©
Sty TBSO SN \ N
5_ : Ts
@ @. @
Na Nd Na
74 % yield - 67 %vyleld . 95% yield . 70% yield
95:5 (frans:cls) - -~ 100:0 {trans:cis} C 80:20 {trans:cis} 100:0 {trans:cis}
93% ee . 92%ee 91% ee 93% ee
@ _ o '
N | S
SNTT Nt N
Vo T ® N O 718
Na Na 0 N
Me0,C : _ _ %
Mamta Patel ‘, 81 %yleld : 80 % yleld 58 % yleld
. «Jeft Richardson 48:2 {trans:cls) ©100:0 (trans:cls) 95:5 (trans:cis)
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Use of Unsaturated Sulfony_lhydrazones

R .
—I\;-\‘ - . . . . . R
_N\ 1} 1.1 eq NaHMDS, -78°C-0°C 0 == e
HN“—S%ONOQ _ N A
- PR R =CH,,
- “) 1 mol% nhg{OAC)‘, @) 50:50 (ﬂ'ﬂﬂs C’S}
15 eq 20 mol% sulfide
- 20 mol% BnEt;N*CY gi_:agf},ﬁzhs}sﬂ_?’; 1s)
PhCHO ¥ . .
40°C, 6 hrs

15eq
K. Lydon, J. Richardson '

; P.hCHC.) ' ' O, ‘ ©
.7 ‘\ Mez&) on | Phjé”

Diastereocontrol in Epoxidation
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Greater reversibility In reacfions  py, H S |
with aromatic aldehydes : - FS5Me;,
compared to aliphatic aldehydes; :
greater trans selectivity

S. Calamai, J. Chem. Soc. Perkin 1, 1997, 593.
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B3LYP/6-311+G**(MeCN) Calculations of Reaction Pathway
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Jeff Richardson JACS, 2002,
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" Diastereocontrol in Epoxidation

Y Heo Ph -0
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/ Ph H Ph H Ph Ph -
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MezsﬁPh thaH . o
p H Ph H ph” Ph
"R @SMe; '
increasing _co.njugation of aldehyde : PhCHO CBHHCHb
- Increased reversibility
_ Increased trans selectivity S ' 98:2 §5:35
increasing steric hindrance of
ylide : ' C5H11CHO S 6812
= Increased reversiblllty : S
= Increased trans selectivity : 65:35 R
Reducing stability of ¥Iide _ . PhCHN, _ p-MeOCsH4CHN2
— Reduced reversibility PhCHO ’
S ' 98:2 71:29

— Reduced trans selectivity

Diastereocontrol results
from both steric and
electronic control

0"M80C6H4CHN2 p-MQOC 5H4C HN,

PhCHO
100:0 80:20



{5,5})-epoxide : ' - (R,R)-epoxide

All aldehydes give 91 £ 4% ee
Controlled by ylide conformation

Origin of Enantiocontrol with More Stable Ylides

For more stabifised ylides,
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H ﬂ‘“
_ Ar
veversible,
/@H ) eversi .
! ] LIRN Results in reduced ee's
®R™ | '

L]
1

Oﬁ/R E.g. Ar = p-CNGgHy , 64% ce

H -

betaine formation Enantiodifferentiating
‘reversible step -
| © W H © |

S’J@Ar ———— S Ar : S Ar |

U S Ph e H i /&’f

. - Ar Ph
R . R R o

Q ar Ar ©

r | SI!I @
L[i(%)i% e — L‘i(@ H o LE(S Ho
gl et H Ph \n
| | | At TPh



Bicyclic Sulfides: Results in Aziridination
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Ph Na
R 1.5 eq.
SES
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C0O,CMe,CCly
BOC '

Rh{OAc)s (1 mol %) i

PTC (10 mol %) ,_'} JPh

1,4-dioxane - Ph
40-45°C, 24h

Yield tc | ee

75 70:30 94
68 70:30 98
71 86:14 90
33 89:11 92

‘Marina Porcelloni, Emma Alonso Angew.Chem. Int. Ed. 2001, 1433-6.

Syhthesis, of Cyclopropane Amino Acids
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Fang Gangyu Angew.Chem. Int. Ed. 2001, 1433-6.



Scope and Limitations in Catalytic Asymmetric Epoxidation

N 0
Good electrophites (\"—CHO / 2_cHO /\) R CHQ
(high yield/ high ee) |/ /P io) PN I\H \(
_ R

R

| R o} . 0
Poor electrophiles . ‘ \\MCHO A)\ R.__CHO /U\
{low yleld/ low selectivity) N/) - R o H . R; R,
' ' : lower de
and ee

R -
Good Carbene Precursors p—CHO (/ 5‘“‘3“0
R/\/ O

Poor Carbens Precursors ~CGHO ' l/\——CHO /\)J\
R . A R H

Problem Su’bstrates: Use of Stoichiometric Sulfide

CH;Cl,, -78°C A
ACHO . Ph_
N -
{MezN)z]ﬁ/ %P(Nmezis = EtP,
~Et Soladlé-Cavallo, Tel. Lett.

2000, 41,7309 |

A S

% yield 64% yield 52% yield
98.2 (frans -cls} 92:8 (trans:cis) 9B:2 {trans:cls}
9% ee |  97% ee 99% ee
.0
/\\\)LH - TIPS—z=——CHO
90% yield 57% yleld 37 % vyield
David Williams 98.2 (trans:cis) 65:35 (trans:cis)

95% ee 99% ce 94% ee’



Retrosynthems of CDP- 840

+ Selective PDE IV inhibitor, potential anti-asthma agent.

+ Discovered by Celftech, 1997 (patent), Iicensed to Werck.

MeO

CDP-840

Hee Yoon Lee, KAIST

Synthesis of CDP-840

OH
' HBF,,
iy . BES
2 _2steps /Q ' L o S+
OH 97% (9] )
. O
0

80%
89% yield
/ CHO )
-- trans:cis= 7:3
EtzP DCM {> 98% ee with both isomers
-718°C,1h {100% sulfide recovery)

809% from alcohol

l. Bae



Rationale for Enantiocontrol

P};H d/a\
o, -
- h r — O )

PY trans :cis= 7:3

& H _ = 98% ee with both isomers

|. Bae

Synthesis of CDP-840

0. 25eq. PhMgBr
0.25 eq. Cul

—_—

0
i THF, -40 °C

trans:cis= 7:3

85%, (anti : syn=7: 3)

79% vyield from alcohol

1. E3N, MsCL 0 °C

2, Zn, AcOH (> 98% ee)
+ Overall Yield: 47% from commercially available aldehyde
+ Enantiomerically pure .
. F - Bsteps . .
l. Bae -+ Sulfide reisolated -

- Competitive with published literature routes
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Scope and Limitations in Asymmetric Epoxidation
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PN |
l/\O CHO @ CHO
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Carbene Precursors o
=y stoichiometric
g~ @_CHO R/\)J\H catalytic
L X X \/ X

Alternative Diazo CompOunds: Reactivity of Ylides

@ LO.R, |
Cagia RCHO —¥— ®

R

K. Ratts, A. Yoa, JOC, 1966, 1689.
AW, Johnson, JOC, 1969, 1240.

e—) 02R1 R Q “602H1
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G.B. Payne, JOC, 1968, 3517.
LONEt
st—/ RCHO — > VA 2

K. Ratts, A. Yoa, JOC, 1966, 1689.
M.V. Fernandez, Tet. 1990, 7911



The Catalytic Cycle: Use of Diazoacetamides

_HZS (2] Cu{acac)

[ ' 8 ‘,,CONEtz]_ ' %
R R,S Cu==\
? , 'CONEt,
"*\j\
NEt,
phcHo + [ ) + Cuacac) over3 h, 60°C | CONEY,
' ' MeCN - /&“
(1eq) (0.2 eq) (0.05 eq) 79%
' trans only

Paul Blackburn " Tet. Lett., 1998, 39, 8517-8520

The Catalytic Cycle: Use of Diazoacetamides

O

NP |
X ” "NEty
over 3 h, 60°C
PhCHO + [ | + Cu(acac) —— O [CONEL,
S MeCN A“\
(1eq) (0.2 eq) (0.05 eq) Pl 79%
: ' trans only
44% yield 60% vyield 8% yield 65% yleld
- 10% ee . 8% ee 10% ee 14% ee

Paul Blackburn  Tet. Lett., 1998, 39, 8517-8520



Asymmetric Synthesis of Epoxyamides using Sulfur Ylides
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R/go
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gi)]\ NaOH 2q, DCM gj//weu
._..._...'.__..................._b..
OH NEt:  r KOM, CH,CN o 00 e . Z'},s‘cmﬂz
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L. X. Dai, J. Chem. Soc. Perkin Trans. I, 1999, 77-80

betaine formation Enantiodifferentiating

reversible step is bond rotation!
D
\S/ J ® 90 Oo
)e Me.S H
.RoNOC ——
+ PhCHQ @ Shie;
P. Blackburn

R = Ar, Yield 80-24%, ee 57-70%
R = Alk, Yield 70-80%, ee 1-11%

CONR,
o, e . A
P H Ph H P
CONR;

Mechanism of Epoxidation: Reversible Formation of Betaine

betaine formation Enanticdifferentiating

reversibie step is bond rotation!
\(;3/ @90 Sg
) Me,S H H CONR; 0 CONR,
© - : . AS
CONR, @SMe;
+ PhCHO
/H‘ o rotationfring
N closure
’Os ¢ y  FAST fof JCONR,
Me o Br /(-D Ph
s .
CONR,
NEt
OH 2 —
o rotation/ring
+ PRCHO closure C  CONR
' M- -0 2
O dn  SLow L
/@ . PO
Ph H

P. Blackburn



Synthesis of the Auxiliary and Initial Results
Mechanism-based Discovery

p-TolSO,SMe, ' 2) NaH, Mel - OMe
0 DMPU _ 0
86% 0%
o . :
0 p-CiCgH,CHO, .
Br\)L | 6! 4 1
NEt + NaOH aq.
t RTR:= &)S\JJ\NEE > 1’03 ~CONEt,
acetone, — - @ 3
Br | DCM, 0 ¢C, 2h p-CICH |
> 90% 10;1 mixture of diastereclsomers 92% '
C 10010 after recrystallisation (2R, 385) -
G. Hynd trans/cis > 20{1
ee = 92%

Synthesis of Epoxyamides ! Optimis_ed Conditions

Mechanism-based Discovery

niﬂe 0
st RCHO O CONEt
oM NEt, ——— N ?
e B KOH;EtOH R ' ,
Trans:Cis > 20:1
R T {°C) Yield (%} - Ee (%)
p-MeOC6H4 - -50 90 97
Ph - -50 .83 o7
p-CICEH4 - 50 87 - 99
p-MeCeH4 -50 88 98
p-FC6H4 - 50 Bs 96
- p-CF3C6H4 -50 89 96
p-NO2C6H4 -50 85 92
3-Pyridyl -50 LY 95
0-Ph-{CH2)8- -30 77 50
Dodecyl .20 84 63
t-Butyl -20 84 93

G. Hynd, W. Picou), J. Am. Chem. Soc., 2002, 9964-5



Applications

Synthesis of SK&F 104353 | Me O BF
Lo
o Ph{GH,)s ome
CHO 1) t-BulNH,, A _ HO .
2) TMP, n-BuLi KOH, MeOH
Ph{CH,),Cl -30°C
90%
" _COMe
HS/\/ 2
———
Yb(OTH), THF
89%

(Sharpless, JOC, 1985, 1560)

W. Picoul

_ Applications
Synthesis of SK&F 104353 Me O Br

E
s\/lL Ph{(CH
Me Ph(CHz}B oH NEt, GHe
CHO 1}t~BuNH;, _ .
2) TMP, n-Buli . KOH, MeOH
Ph{CH,};CI 30"
(CHz)r . 30 _C ee = 80%
90% 77%
COH-
COMe Ph{CHals §7
Hg TR "
Yb{OTH);, THF
89%
(Sharpless, JOC, 1985, 1560) Hs~ - COMe "t \ OH, MeOH,
H,0
. Y . CH,C 2
. 0(OThs CHCL | eT. 16h, 81%
64%

Ph{(GHy)s

Ph{(CHg)s 0

- o

I CONEtz ppis 78-C ‘mCPBA 2
—— i T
THE —_—— OPh
68%
84%

Meth-Cohn, Tet. Lett, 1999, 6069



