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a-Lithiated Oxiranes

Under |nvestigation:

O -generation
R Rl -nature (carbanion or carbenoid)
_ -chemical and configurational stability
LI R 5 -stereochemistry

e b Reviews and Accounts:
The History: Satoh, Chem. Rev. 1996, 96, 3303

Cope and Crandall Li Mori,  Rev. Heter. Chem. 1997, 17, 183
(late fifties) <I§ Hodgson, Synthesis, 2002, 12, 1625
Hodgson, Synlett 2006, 1-22

Florio, Tet. Symposia in Print, 2003, 9713

RL|
Eisch and Galle Q H +LI O E Florio, Synlett 2005, 9, 1359-1369
(middle seventies) <Ph <Ph <Ph Chemla, The Chemistry of Organolithium
Compounds, Patai, 2004, Vol. 2, chap. 18

Eisch, Molander, Pfaltz, Yamakawa, Satoh,
Mori, Jackson, Doris and Dechoux,
Hodgson, Malacria, Uneyama, Florio
(nineties)



Oxiranyllithiums in Synthetic Organic Chemistry
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Deprotonation |
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R = H, Alkyl

K. Yamakawa, J. Org. Chem.

1989, 54, 3130
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Multifaceted Reactivity of Oxiranyllithiums:
Carbanions and Carbenoids
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2-Ene-1,4-diols by Dimerization of Terminal Epoxides

Homochiral
dimerization
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D. M, Hodgson Org. Lett. 2005, 2305
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Oxiranyl anion methodology: synthesis of the natural

product Xialenon A
[Si]O CiPrLi
OO oc-lsosparteme:
[Si]O

1) -90 °Cto 25 °C
2) H*

.
v

[Si]O Orsi

1) TPAP-NMO
80 % | 2) LDA, TMSCI
3) Pd(OAC),

AllyIMgBr
O H O Cul, LiBr,
' DBU, MeCN : . TMSCI
9% =~/ 60 %
S0 N s16 OIS
88 9 Ph|(OAC)2
KOH TPAP: Tetrapropyl ammonium perruthenate

NMO: 4-methylmorpholine N-oxide

D. M, Hodgson Synthesis 2005, 1

Xialenon A




Oxiranyl anion mediated cyclopropanation: synthesis

of (-)-Sabina ketone

1) t-BuOK, BulLi
THF, -78 °C, MgBr,
O, OH

Yy

j\: > 99 % ee )\:\/\/ NaOH
MeOH =
53 %

93 %

2
(4

(-)-Sabina Ketone

Precursor of important flavor chemical found
in a variety of essential oils.

@ 0°Cto15°C
60 %

@)

\Y
YN

LTMP
t-BuOMe
0°Cto 15 °C

TPAP: Tetrapropyl ammonium perruthenate
NMO: 4-methylmorpholine N-oxide

D. M, Hodgson Synthesis 2005, 1



Stabilized Oxiranyllithiums
Q R?

L‘q ‘u< o R?
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Silicon-Stabilized Oxiranyl Anions:
Total Synthesis of Cerulenin

OEt OEt
TMS 1) Sharpless Ox T™™S, O g s-BulLi, Et,O ™S, O g
\_LOH 2) Ethylvinylether AMO TMEDA, —116°C Li/uLo
3) H*
4E,7 E-nonadienal T™™S, O, H 1) BuyNF H, O, H TPAP
X = 2) PPTS NMO
OH © MeOH ¢ E L,
~"OFEt
H O H 1) NH,OH H, @) H
%/\ﬁ& 2) TPAP WNHQ
H o O NMO o) o)
CERULENIN
(Fungal inactivator of fatty acid synthetases)

PPTS: Pyridinium p-toluensulfonate
TPAP: Tetrapropyl ammonium perruthenate
NMO: 4-Methyl morpholine N-oxide

Mani, N. S. et al., J. Org. Chem. 1997, 62, 636




Synthesis of Spatol Analogues

Llndlar

OTMS T e5%

o)
H

Et,0, —95 °C

><—\)— MCPBA %F sBull 7(—;//\

BuNF

83%

Mé H

SPATOL

0
Al
A
N

Salomon, R. G. Terahedron Lett. 1994, 35, 517




Oxiranyl anion methodology: Iterative synthesis of
the ABCDEF—ring system of yessotoxin

SOZPh
ch H ch-: O
: A @)
TfO. SitB
@) =l BnO
H
ch H

T

4 4 OTES OTBDPS

HsC H H OTBDPS
= BnO O : _OTES /g;
mm[)ps

Li SO,Ph
OTf
BnO
H

Mory, Y.; Noyori, R.; Takase, T.
Tetrahedron Lett. 2003, 2319
° Yessotoxin



Carbonyl-stabilized oxiranyl anions




“Oxazolinyloxiranyllithiums
particularly promising”

G. Molander, Pure & Appl. Chem. 1990, 62, 707-712



o-LITHIATED
OXAZOLINYLOXIRANES

“G g@x

mifutational DFT study (bond

\ _ s) @d IR spectroscopy
LI frequence)
sug a ch ted tetrahedral

AN
N )\ _—
/K/ N meric agytegate.

-very easy generation (THF, s-BuLi/TMEDA),
-high chemical stability,
-amenable to synthetic elaboration



Lithiation of Oxazolinyloxiranes: Synthesis of Oxazolinyl Ketones
HOMO:

filled o R@ 1
H sec-(or n-)BuLi Li\ LR orb!Eal (L(; R
§w{R TM EDA - N C‘sg,'Rl _100 oC> . \
N="0 R Et0,-100°C ¢ = > rt. Nep 00
AN 15 min /O :
LUMO:
emptyp
l orbital
R R1 Yield, %
p-Me-CgH, H 67 O
H p-Me-C:H 67 1
p-F-CgH, p-F-C66H44 60 N\\})K(Rl 4|_|_+ AEN\>_(Z*R
Ph Ph 63 ></
i-Pr H 30 O R O
Me Me 80 v
Et Et 62

'(CH2)4' 62

gt Y
-(CH,)s- 75
2-Adamantylidene 60 N
R 7/
Peptidyl derivatives are HNE
o @)

Tetrahedron Lett., 2000, 41, 8835 (Human Neutrophyl Elastase)
Inhibithors




Oxazoline-Stabilized Oxiranyllithiums

h LI h - ®
S- BuL|/TMEDA

N= Et,0, -100°C, 2h 1h
7&/ O Ph 7C‘ O Ph -100°C ->r.t. l
O E Ph

| Electrophile % Yield | syn/Anti
AN . (CH,),SiCl 95 H
>£ L+ PhCO  cp=cHeH,Br 76 ;
O CH,l 62 h
(CH,),CO 67 H
Cyclohexanone 79 O Ph
Tetrahedron Lett., 1996, 37, 4781 PhCHO 83 50/50 0
- - - 64/36
Tetrahedron Lett., 1998, 39, 5639 P-CH3-CeH,-CHO 0
(CH,),CHCHO 65 55/45
Eur. J. Org. Chem., 1999, 409-417 CH,CHO 68 56/44




Regio and Stereospecific Deprotonation-Trapping of cis-
Oxazolinyl Epoxides

| x* Y “p-Tolyl
sBuLiTMEDA =% O Y@ E
Et,O, -100°C —

><_|\ J “p-Tolyl H EL,O ox Y P -Tolyl

R*,S*+ R*’ R*

b-Tolyl

E*=D,0, Mel, PhCHO, MeCHO, Et,CO
60-95% Yields
R* S*/R* R* ratio: 80/20 - 95/5

J. Org. Chem., 2001, 66, 3049 - 3058



Trans-LlI
0 kcal/mol

1.51 kcal/mol

B3LYP/6-311+G*//[RHF/6-31+G*




Regio and Stereospecific Deprotonation-Trapping of trans-
Oxazolinyl Epoxides

-Tolyl .
s-BULi/TMEDA Li

O
‘ Stable I
65 - 80% /E@

dr > 95:5 |

E, E': Me, D, SiMe;, SnBu,;, CH,CH=CH,,
CH,CH=CMe,, Carbonyl compounds

J. Org. Chem., 2001, 66, 3049 - 3058




Lithiation of Chiral Oxazolinyloxiranes

, 50 -75%
/ - , i- PrO O| Pr ] %(S) dr >97:3

‘. %(S) /_Oi-Pr <\ N

5 LDA/Ti(i-PrO), N~ T' R,C=0 JK&/R

Y —» O
<:|\/CI THF, -98°C O/‘%/CI I_Is“(S) "R

lS-BuLi/TMEDA

THF, -98 °C, 1h

(S) .
N @ R i p—
/IL}&’R - SOl
@) B -
. (S).k/O
E R s

E* =D,0, CHsl, Acetone
dr >50:50 —

e a-Lithiated Oxazolinyloxiranes are configurationally unstable

Tetrahedron. 2003, 9707




B-Amino Acids

a R, N
R

HOOC
\ NH2 /

-present in natural products

-exhibit important biological properties

-valuable chiral building blocks for the asymmetric
construction of B-lactam antibiotics

-incorporated into biologically active molecules enhance
bioactivity and can probe mechanisms of action




Retrosynthetic Approach to a-Epoxy-B-Amino Acids:
Combining the Oxiranyllithium Methodology with the
Chemistry of Nitrones and Oxazolines




Reaction of Lithiated Oxazolinyloxiranes with Nitrones

. ?(N
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R=R!=Ph

s-BuLi/TMEDA ?_L!IN

.98 °C; THF O

> l' ~5

R
Yields 68 — 82 % Single

Diastereoisomer

Org. Lett. 2003, 2723 |




Synthesis of a-Epoxy-B-Amino Acids

NHO 8 0. O
o“)’_j R (COOH)2>§—S>\R H,
O~N 'R, THF O~N "R, Pd/C
!t-Bu !t-Bu
R R! Oxazolidinon
Yield %
\ Me Ph 68 08
/ . pP-MeOCgH, 85 08
O'Js, SR g 0-CF5CeH, 90 08
L./g\R 72 08
| 61 08
O~ T 1
O R
N
on="

t-B u/ Org. Lett. 2003, 2723 |




Enantioselective Synthesis of a-Epoxy-B-Amino Acids

(R) — -]

|N s-BuLi/TMEDA O
M, o (CH; THF, -98°C, 1h
4§

AN ~| HC”
® Vep, @

H

(@)

(R) O

H3Cq ,CH3 ® H cH
O\‘ N Q"' °
HO 20,0(S) Ph H,/Pd/C R NH2 " O :S) = S) CH3
(R) 98% H,O
O HN_ OH 2 O\N (R) Ph
t-Bu |
t-Bu

Org. Lett. 2003, 2723




B-LITHIATED
OXAZOLINYLOXIRANES

-very easy generation
-Chemically and configurationally stable !
-synthetically useful



y-Amino Acids

-

S

R O R;

H->N

\ o, [3-epoxy-y-amino acids

R
HOOC

o, [3-cyclopropyl-y-amino acids

HOOC




& o)

Stereoselective Synthesis of
Q, B-Epoxy-y-Amino Acids and a.,3-Epoxy-y-Butyrolactams

'\A Dioxane/H,0
iR -

A e

51 -78 %
Ph
Me Q .Ph
7\ CH,CI>/TFA
niR
o— R = Ph, p-CICgH4
Ph 90 %
dr > 98/2
Me// \\\Ph
H2, Pd/C > H \\\R
— o
R =Ph,70 % 0 NH,
dr > 98/2

Me Q .Ph

N\

iR
O—N
H

R = Ph, p-CIC6H4,
p-MeOCgHy4, CeH14
40-71 %

HCOONH,, Pd/C

-
MeOH
R =Ph, 55 %

Org. Lett. 2006, 0000



Enantioselective Synthesis of 4,5-Epoxy-1,2-Oxazin-5-ones

51 -65 %
dr > 98:2

H3C,

ﬁH

(S) N 2b

Ss-BuLi/TMEDA
THF, -78 °C,

0,8
y R) (SP'"'"'R

S’N  O—N
H \

R, = t-Bu, PhC(CH,),
R = Ph, CH4(CH,):CH,

R =

Ph

HC, JR o
(S),/A\\(S)\\ R
SN

HOOC

Ph

NH»

)

Org. Lett. 2006, 0000

X (S)

Rj

|

Rl = Ph C(CH3)2

70 % O

HC O Ph
(S)/

~

(S)

(S iR




Cyclopropane-y-lactones: Useful Precursors of
Biologically Important Target Molecules

RS ,R?

’y

H
HO N>
/ O \ |\/|

H,; Histamine Receptor Ligands

Furofuran Lignans

Brown, R. C. D. et al. Brana, M. F. et al.Bioorg. Med.
J. Org. Chem. 2004, 69, 122. R4\‘ Chem. Lett. 2002, 12, 3561.

RS R2 N
l Arozs/\vo“\onlvs

|i3
NMDA Receptor Antagonist (+) Ambru_ticin S
\(\CONHZ Novel Antifungal
Shuto, S. et al.
Bioorg. Med. Chem. 2002, 10, 3829. S CONHZ Martin, S. F. et al.
ACHN N Tetrahedron 2003, 59, 6819,

Magiin, S, F. etal. Mammalian Grb2-SH2 Antagonist
Tetrahedron Lett. 2003, 59, 1571.
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g,

Synthesis of Cyclopropane-y-lactones,
precursors of cyclopropane-y-amino acids

S-BuLi/TMEDA

R Et,0,-98°C

H

J. Org. Chem. 2004, 69, 9204

OMe

1 (CO)5WJ\/\Ar

R, R
Et,0, -98 to 20 °C O L
2. SiO, N W(CO)s
> —
X/O Ar OMe
R oLi WI(CO)s
H* = Y4
~ N AN | OMe
XY™
R Ar Yield (%)
Ph Ph 80
2-Furyl 75
4-MeOCH, 81
4-CIC.H, 83
Me 4-CIC.H, 61

Yield of Pentacarbonyl(3-oxa-2-bicyclo[3.1.0]
hexylidene)-Tungsten Complexes




Cyclopropanation of Lithiated Oxazolinyloxiranes with Fischer Carbene
Complexes: Synthesis of Cyclopropane-y-lactones

Y. Y
(}K\ "' (o}RKQ N
Li

o.R /=N
i~ ,CHs
R Q' o
/;:)=W(CO)5
Ar

g

¢ re face

(OC)sW (OMe J. Org. Chem. 2004, 69, 9204




Cyclopropanation of Lithiated Oxazolinyloxiranes with Fischer
Carbenes: Synthesis of cyclopropane-y-hydroxy esters

OCH; R | ?LIN OH
N 1. (CO)sW 7 CAr OJ>L,' Ar'
| . _ HeC
OJ,,,' AGAr Et20,-9810 20°C o = OCH,

: — o
: 2. Si0, Ar

. [ Ar=4-MeOCqH, (64%) l
Ar'=4-MeOCgH, L - Ar=4-CICgH, (63%)
¢ PyNO

f N
R' O Arq ,COOH ?\IN QH
HO\)\NH}V/ OH - , Ar'
H - 3
HN R 3, &"/oc:H3

Ar=4-CIC¢H,, (81%)

i
>

J. Org. Chem. 2004, 69, 9204




Synthetic Use of Epoxy Lactones
O

Epolactaene

Briarenic

Xilobovide :
H diterpenes




Stereoselective Synthesis of a,B-Epoxy-y-Butyrolactones

CH3 1) LDA; THF; -98 °C HC,, O H
2) ArCHO A
N=¢" ¢ >  N= Ar

dr = 1:1; 71 % + s-BuLi/TMEDA

THF, -98 °C

HC O Ar HC, O Ar HsC, O Ar
S pl ‘ &

H. A . R RRC=0
Newe R -— m R| € N=(Q\Li
Ao -7K/o\__ —7K/o

¢ H*/H,0 - - - =

RRIC=0: (CH3)2C:O, (C2H5)2C:O, thC:O,

O
CH,CHO, PhCHO, Q’
)1,2

Org. Lett. 2002, 1551




Enantioselective Synthesis of a,B-Epoxy-y-Butyrolactones

1) LDA; Ti(i-PrO);;  H, O [Ph 1)S-BuL/TMEDA — H.c, O Ph
(S) Cl 98 °C: THF KYAR THF, -98 °C ’, RN 50%

‘?Z\Q/o 65% (S\z\k/o _
W‘ dr >99:1 \l‘ *S-BULI/TMEDA

THF, -98 °C

H C O
(COOH), 3 Ph HsC, O Ph

H,0 (S) N7 {Lph phyco AR
ﬁ& o ~—— N=" SRV |
()

H:C, O, Ph
(5) ‘(S)Ph

O ®)

Ph ‘\\\k/O
WZ0%: er 98:2 _ﬁ
PhCHO -
Y
HsC, Op P coon, H3(C) AL, H3C X P (coony, HsC, QoPh
o H,O SY4 ‘(S) (S) \(S) H20
0=\ /W, \ Ph ﬁ “Ph O\ /™ pp,
50%:; er >99:1 dr 2:1

w270, W22%; er >99:1

Org. Lett. 2002, 1551 |




Regioselective lithiation of terminal Oxazolinyloxiranes

N
B!

O~ %, i-PrLi/TMEDA
/ THE
() -110°C, 20'

E_ Yield (%)
N D 53
Y, :O: Li Me 75

Y Bn 71
Ph Allyl 85
Me;Si 90| |n situ
BU3SH 50 guench
)’/, Q (\‘-
L|O Ph

Eliminative dimerization

Mixture of Diastereomers Unpublished Results




Regioselective lithiation of terminal Oxazolinylaziridines

C(Ph)s

I
H N H
EtO AN
CIAY

1) HO

80 %

er>98:2

DAST = N—SF4

Unpublished results

—
2) DAST

f(Ph)s s-BuLi
H, N F THE 278 °C
N-_-((?(H 4h -

@)

er>98:2
E* Yield %
D,O 75
Mel 75
Etl 60
BnBr 45
AllylBr 66
Me,AllylSiCl 70
Bu;SnCl 75
Et,CO 44

Sterically Hin‘glered

P I
/' Configurationally
\“§/N """ Li stable
— l E@
f (|3(Ph)3
H, N H
N= (S)(R)"E
O
— dr>99:1
er > 98.2




Lithiated Aryloxiranes:

-Chemically and configurationally stable

-Synthetically useful



Lithiated Aryloxiranes

o ; 0O 1 0
Ph Ny, Y \\\\\‘\\ R RLi/(TMED PL Phy, Wy, \\\‘\\\\R E D Phy, “,,
/ \ ~60/-98 °C / \ » / \
H R2 Li R2 E

Lifetime : 30 min-2h

Chemically and configurationally stable

R', R°= H, Me, Ph, 2-oxazolin-2-yI




Trapping of ortho-lithiated N-methylphenylaziridine

s-BuLi/(TMEDA),
THF, -78 °C, 2h

PhCONH(OMe)

Org. Lett. 2005, 7, 3749-3752



Stereospecific Synthesis of Substituted Aryloxiranes

0 RLi / TMEDA
Ph{R)<L"' R1 >

THF, -98 °C, t
R, = H, CH;, Ph Chemically and
RLi =s-BuLi, n-BulLl; Configurationally
t=0.5-2h Stable
pr o1 > - PN
THF, -98 °C, t Ph™(S)

E* =D,0; CHl; CH;CH,I; CH,=CHCH,Br; PhCH,Br; MetallyICl
(CH;),CO; PhCON(CH,),; PhCHO; Cyclopentanone;
Yields: 51 — 98 %; dr: > 98:2; er =97:3 -99:1

Org. Lett. 2002, 2445

J. Org. Chem. 2004, 3330




Lithiated Aryloxiranes:

-Are they carbanions or carbenoids?

-Does the aryl group provide stability to the
lithiated oxirane?

-Chemical Experiments
-ADb Initio Calculations



\\\\\\\ E

Ph

\

(o)

‘ S\ \\\\\\ Li

Carbenoid Character of
o-Lithiated Styrene Oxide

sec-BuLi /(TMEDA)

sec-BulLi/ TMEDA
THF, —98 °C

T>-98°C

pentane, —98 °C

o)
/ S\\\\\\\ Li
Ph
0 \%\
A\\/

Li OLi

O)
1,2-elimination |H

sec-BulLi

LiO

\
Li
”:f

-uzol

reaction time

Ph ]\ 530 min

1(4“

"Eliminative dimerization"

"Reductive alkylation"




Transition State Model of the Reaction of

o-Lithiated Styrene Oxide with RL1
in Non-Donor Solvents and in the Absence of Ligands

—+

Metal Assisted lonization
(“MAI”) Effect

The bridging Li could help to cleave the C-O bond
“Metal-Assisted lonization™




Lithiated Styrene Oxide might be “Terminally Bonded”
in Good Donor Solvents and in the Presence of Ligands

Donor solvents (e.g. THF) and ligands (e.g. TMEDA)
could compete successfully with Li—-C-O bridges favouring
tetrahedral isomers with “less carbenoid” character.




Charge Mapping by
Natural Population Analysis

B3LYP/6-311+G*// B3LYP/6-31+G*




B3LYP/6-311+G*// B3LYP/6-31+G*

The o-_ bond is weakened
and thus more easily attacked
by a nucleophile !

* Bond-lengths in pm




Lithiated Styrene Oxide:
a Multinuclear NMR Investigation

s-Bu®Li (1 equiv)
TMEDA (1 equiv)

>

bs, 76.0
(AS = 23.7)

QNCY

55.0

THF-dg, —98 °C 162.4 122.8
0.4 M 122.1
129.2° 128.9 127.7 119.8
bs, 57.2
s-Bu®Li (1 equiv) (A% = -3)
TMEDA (1 equiv) 13.7Me, O 6&
THF-dg, —98 °C R o a) (1224
0.4 M 122.0
129.3~ 128.8 127.7 119.7




Stereospecific Deprotonation of Styrene Oxides

OH OH
1) s-BuLi / TMEDA = (R
H |7 9g°c; THF QA N9 A A
> Ph -« Ph
SNpp|  2) PhCHO ONp, (S) Ph 80 % Yield
syn/anti = 1/2
ee syn >95%

ee anti > 95 %
1) s-BuLi/TMEDA

H - of™. SN = %
< 98 °C; THF u<\Ph . &5 Ph
pp| 2 PhCHO (R) (R)

Optically active Styrene Oxide is not an Asymmetry Inductor

Org. Lett. 2002, 2445




Stereoselective Synthesis of 4-Hydroxymethyl-1,2-oxazetidines

(

Li

g’,’&
. J

N
@)

(£)-1-Li
Ry R YieI:(g:I % Yielétlj % dr
Me PhCMe, 42 70 >08/2
Cl PhCMe, 50 70 >908/2
2-Furyl PhCMe, 82 62 >908/2
H PhCMe, 60 502 >08/2
MeO PhCMe, 54 40°% >908/2
CF4
0 PhCMe, 82 65 >908/2
CF3 t-Bu 60 50 90/10
H t-Bu 63 58° >98/2
Cl t-Bu 78 >95 >908/2
H PhCH- no reaction - -

@
T N

Org. Lett. 2006, 8, 3923-3926




Mechanistic Hypothesis

trans-stilbene oxide

o—N’R Sn2
HO/'//, \\H <—N
4-exo-tet
Ph Ph

Org. Lett. 2006, 8, 3923-3926 |




Asymmetric Synthesis of 1,2-Oxazetidines

R O
Q  s-BuLi i Li, 9 | \=N~/ o " 4 NaOH
Ha, TMEDA y 1) R?’> |>\§/R iPrOH
THF; -98°C 2) H* Rg'N‘OH 60 °C
(R)- or (S)-1 - - S
configsl#;g'?ieonally l
5 6
R® R’ vield% Yieldo% & O
4-ClICgHg4 Cumyl 78 /8 08/2 >98/2
2-Furyl Cumyl 60 62 98/2 >98/2
Ph t-Buty! 63 80%  98/2 >98/2
Ph t-Butyl 60 759  98/2 >98/2

a) Reaction performed at room temperature

Org. Lett. 2006, 8, 3923-3926




Triazole Antifungal Agents




Hydrolitic Kinetic Resolution R) (s)
of 4-Chlorostyrene Oxide * |

H,0,, CF3COCH; o

Z pH = 11 _JUL
> (S)
ol quant. (£) *

Cl 3 h
R
o (R) \_
(S,S)-(salen)Co''OAC (S)
. (S) *
0, 241 c
i er > 99% 20 h

Org. Lett. 2002, 2445 HKR monitored | ———— —




Synthesis of an Optically Active
Triazole Antifungal Agent

_Buli 1) p-CIC;H,CHO 3
5 | SN sec-BuLyTMEDA _ 1) p-CICeH,CHO 75
/ THF,_98 OC 2)H@
Cl Cl

er > 99% 80 %, dr antilsyn 2/1

NaH/1,2,4-Triazole

DMF, 70 °C

N
< s
N¢, HO

quant.
er > 99% (o]

[a]lp = +113.5

Org. Lett. 2002, 2445 lit. [OL]D = +117.3




Synthesis of Optically
Enriched Cyclopropanes



Cyclopropanation Reaction of Optically Active Lithiated
Styrene Oxide with Fischer Carbenes

o 1.5eq. 3.eq. O
Ph, s-BuLi/TMEDA | Ph,
(S) THF, -98°C | Li ]
er =98:2 Configurationally

Stable

1)15eqg. 3.eq.
s-BuLi/TMEDA

THF, -98°C

Q
(R),Q
Ph
er: >98:2 —

Ph

HsCO
2)

W(CO)5
79 %, er: >98:2

J. Org. Chem. 2005, 70,5852-5858

87 %, er: >98:2

H,N

Ph
(S)

\ \\\\

COOH
()

V(R)

Ph



Cyclopropanation Reaction of Optically Active Lithiated
trans-Phenylpropylene Oxide with Fischer Carbenes

H3CO
- 7 W(CO
1.5eq. 3.eq. .0 /=): (s
R) S A\~CHs s-BULITMEDA | Li., M\ CHa|
/0 > | o) (R) -
phy ® THF, -98°C, Ph
er: >98:2 1h i /\ ]
Configurationally
Stable
H3CO
_ . W(CO)s
1.5eq. 3.eq. —
Ph, A (s s-BuLiTMEDA | P, © PH
(S) > | L6 >
CH; THF, -98°C, Li CHs
er: >98:2 1h ) )

( W (CO)
5
Ph(s)
H3C o S) OCHj3
T IR eg
Ph  ¢r: >98:2

Single Diastereomer

70 %
er: >98:2

JOC 2005, 70, 5852



Cyclopropanation Reaction of Lithiated cis- Stylbene Oxide
with Fischer Carbenes

s-BuLi/TMEDA
II,A\\ ! -

H3CO

/_):W(c0)5

Ph. O Ph THF, -60°C Ph., /PN | Ph

-

Ph 62 %

Configurationally
Stable

Single Diastereomer

J. Org. Chem. 2005, 70, 5852-5858



Deprotonation of trans-Stilbene Oxide:
ortho-Lithiation vs. a-Lithiation

W(CO)
Ph >
Ph \I\\\\ OCH3
OH 5, 73%
OCHj,
(OC)5W=<=\
Ph
1.5 3 i W(CO) Ph
S5eq. 3.eq. 0 5 .
Q.Ph  sBBuLimMEDA | Mo /AGPh e AL
/ - OCHs
Ph THF, -78°C >
(= Ph  W(CO)s
Mayjor 6-endo tet l H*
OH
PyNO, THF ~_ ,Ph
R SE——




Lithiation of trans-Stilbene Oxide : Alpha vs Ortho

0 o
HMP*‘ RLi / TMEDA CHl Hscwph
' Q » » 4y o +
Ph H THF Ph H

o) [ oo

TMEDA

100+ alpha
ortho s-BuLi

TMEDA

95

s-BulLi
TMEDA alpha
s-BulLi
TMEDA

74

alpha ortho

O
l,"' “‘\ P h O |

T(°C)

-98°C -98°C -78°C -60°C -60°C

Deprotonation of 4&
trans-Stilbene oxide-d, Org. Lett. 2004, 6, 4191.

Ph




Enantiospecific Synthesis of Tetrahydronaphthols

‘\Ph

Li

(R,R)-1a-Li

Ee determination via 'H-NMR

MeO
W(CO)s
PR" 3¢ 1) -78°C—=R.T.
T
THF, -78°C, 30 min  2) H*

HO CF5
(R)

(I

Chiral Solvating Agent

Org. Lett. 2005, 7, 4895

OH

(.

Ph

+Ph

RS

«,, OMe
r

W(CO)s

(+)-4a

ee >959%

[a]po= +245°

PyNO
THF

OH

! E “\ Ph

w,, ~OM
r
O

Ph

e

(+)-5a

ee >959%

[a]p= +104°




Enantiospecific Synthesis of Dihydrobenzo|c]furans (Phthalans)

o“@ (R @E ®D
(S) \\“ ©/\ SMe,
DCM NaOH 50%

PTC 91 %

Chiral HPLC l

(S \\s‘© PhLi, THF s\“@
S) S .
Br Li

(60%)

2) H* l ee>950%0
(S \\\\©

S
O()

1) PhLi

H

J. Org. Chem. 2006, 71, 3984-3987



a-Lithiation of trans-N-Alkyl-2,3-diphenylaziridines:
Stereospecific Synthesis of functionalized Aziridines

1) s-BuLi (TMEDA)
-78 °C, 4h
THF

H Ph
E dr Cis/Trans Yield %

Me > 98/2 o8
Et > 98/2 92
Bn > 98/2 70
Allyl > 98/2 92
ANZ >98/2 48
D_/ > 98/2 38

Unpublished results



a-Lithiation of trans-N-Alkyl-2,3-diphenylaziridines:
Stereospecific Synthesis of functionalized Aziridines

Pr 1) s-BuLi (TMEDA) Pr
3 -78 °C, 4h Isl L
Ph, N f' Hexane or Toluene Ph, /\ o
4 ~ » 4 ~
H Ph 2 E H Ph
frans
E+ dr TranS/CiS Yleld % Selected NOE interaction
Mel > 98/2 64
Etl > 98/2 95
SnBu,Cl > 98/2 80

Unpublished results






Isomerization of Oxazolinyl Aryl Oxiranes:
Synthesis of Oxazolinylarylalkanones

?L\N R" R Rl Yield

0 Q Et H 85

LDA, Et;Q R Me H 10
8 Cert o Et Cl 95
Q Et F 79

Et Me 85

a1 Et OMe 88

n-Pr H 85

|Tetrahedron Lett., 2002, 43, 7739 I



Isomerization of Oxazolinyl Aryl Oxiranes:
Synthesis of Oxazolinylarylalkanones

-98° -> rt Ph

|Tetrahedron Lett., 2002, 43, 7739 I

LDA, Et,0 O. N



Synthesis of Substituted Isoquinoline Derivatives

%( QR
R3| N 1) R3Li

Q THF, -78°C | 02 OQ THF, -78°C N
A By - ACHEAY 2)H® 217X

R2 Rl R2

( ) H
@)
O © ><\O o % R\
><; ‘ <N .:\\‘N\
. ~ .

. (76%)

K S
\\\N

NS

>

O QO
1

’

/
R

J

\
AW\

(67 %)

(70 %)

Unpublished results



Synthesis of Substituted Isoquinoline Derivatives

/ \

 Unpublished results



Mechanistic Hypothesis

?L/N Br\©
OJ g PhLi, THF

Me _78°C Me

e :
LiO a LI ph
N .
Tl — — Me—
Me Me
O Lio
HN
(,EB -H,O N
Me
Me
@)

 Unpublished results
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Lithiated Styrene Oxide:
a Computational Investigation at DFT Level

“Tetrahedral structure”

% s 1.49 A O“:u/' 143 A

1.44 A 16
n-charge
L Lo - THF, TMEDA
\ _L -
[/OA ob f— Ph
15204 Ph L ~0
0 kcal/mol 3 kcal/mol

“Bridged structure”

in donor solvents, in
the presence of TMEDA

B3LYP/6-311+G*// B3LYP/6-31+G*

In nondonor solvents,
in absence of ligands




Oxazolinyloxiranyllithium: Carbanion or Azaenolate?
-An IR-Spectroscopic Study-

Il q
O’S&(Me sec-BuLi/TMEDA
d =
THF, -98 °C

| : log
0] 4 Me
/W —= X X
-
. Me
e @)




o-Lithiated Oxazolinyloxiranes:
an in situ React-IR Investigation

H, O Me  s-BuLi/TMEDA Li, O Me

Nz{Q\Me THF, —98 °C Me
7'\/0
Band at 1600 cm*!

Bands at 1660 and 1678 cm! /

Vedreenuarher fom 1)

Unpublished results




A DFT Study B3LYP/6-31+G*//[PM3

Oxiranyllithium
Ve=n = 1550 cmt

R1C|HNR2
Li
/T\Nl
“t-But
THF -Bu

1 THF

(ve-c = 1830 cm™

ven = 1608 cm™!
\__ =N Y,

J. Am. Chem. Soc. 1983, 105, 2082 |

_lorg' Lett. 2004, 403 Planar Azaenolate

Ve=c = 1844 cm!




Trapping of ortho-lithiated N-methylphenylaziridine

Org. Lett. 2005, 7, 3749-3752

R3R4CO: (CH,),CO (89 %), PACHO (47 %, dr = 1:1),
Ph,CO (52 %), n-PrCOPh (55 %, dr = 1:1)

( |\l/|e )
NH
O
+ \\\ R4
L @) R3 )
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