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Episulfonium or Thiiranium ions
* Mustard gas - Meyer 1886
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* First used in the great War during 1917
* Takes ~12h to take effect

* Only a small amount required in a shell as it can survive in the earth for up to four weeks
« Takes, on average, four to five weeks to die

» Attacks - Bronchial tubes
- Mucus membranes

- Cross links DNA

V. Meyer, Ber. Deutsche chem., 1886, 19, 3260

Episulfonium or Thiiranium ions

* Mustard gas - Meyer 1886
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* Halonium ions first proposed in 1937 by Roberts

* First spectroscopically observed episulfonium ion by Goodman in 1958 (first halonium ion 1968)
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Episulfonium ions and THFs
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Episulfonium ions and THFs
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Episulfonium ions, THFs and lactones
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Episulfonium jons and THFs - Kinetic Methods

\m,
PhS,
phs § “ E_m
¥ o
Me

Eames

PhS

l{/\/ Iﬁovu Me _u_._m \TO
OH ¢ HN-TsO anﬁ 0\ sph
OH OH

CH,Cl,

RT, 2 mins 98%; 23:77 91%

TsOH PhS

CH,Cl, Vva
o ,,,0H

House 97%

J. Eames and S. Warren, Unpublished work
D. House et. al., Chem Commun., 2000, 1781

Episulfonium ions and the Evans-Mislow Rearrangement
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Pyrrolidines
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« Is it possible to have N-protection with simultaneous O-activation ?
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rrolidines
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Pyrrolidines
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Pyrrolidines

* X =Ph, NMe,, OMe

L. Caggiano, D. Fox, S. Warren, Chem. Commun., 2002, 2528



Pyrrolidines

R-Group Pyrrolidine (yield, %) Allylic Sufide (yield, %)
H >95 0
Me 77 14
Bn 54 30
Pr 0 88

L. Caggiano, J. Davies, D. Fox, D. Moody, S. Warren, Chem. Commun., In Press

Pyrrolidines
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Disconnection
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Amino alcalols Michael

*» Davies style Michael additions of lithium o-methylbenzyl amides proceed with high diastereoselectivity
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Aldol Chemistry
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Step-wise Procedure
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Aldol Chemistry

Tandem Procedure
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Aldol Chemistry
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Amino Alcohol Synthesis
- Mono-debenzylation by ceric ammonium nitrate (CAN) (S. G. Davies)
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Mechanism

* Thermal instability of the cyclic carbamate ?
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Imidazolide
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Me >99 <1
Et >99 <1
Benzyl 80 20
‘Pr 20 80
a-Methyl benzyl <1 >99
Benzhydryl (Ph,CH) <1 >99

Done in collaboration with B. Oelze



Mechanism
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- R-Group — PK, Relative Rate
Methyl 10.64 100
Ethyl 10.67 13.0
"Propyl 10.58 10.3
"Butyl 10.58 124
Allyl 9.49 2.42
Benzyl 9.34 1.93
‘Butyl 10.42 5.10
*Propyl 10.63 0.495

E. Amet, J. G. Miller, A. R. Day, J. Am. Chem. Soc., 1950, 72, 5635



Mechanism: NMR Kinetics
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« There is a kinetic isotope effect, for the formation of imidazolide, of ky / k=2

* [Imidazole] affects only the rate of carbamate formation
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Mechanism
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Molecular Modelling
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N-Me 201.23
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pKa-MeNH, 10.64
pKa-PrNH, 10.63

at the 6-31(d,p)+t level



Molecular Modelling
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Derivative AH,., /kJmol
N-Me 205.17
N-Pr 22071

This represents an ~400 fold decrease in rate

at the 6-31(d,p)++ level

Structural Modifications
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Structural Modifications
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Thorpe-Ingold Effects
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A. J. Kirby, Adv. Phys. Org. Chem., 1980, 185

Molecular Modelling
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PM3 STO-3G(d)+ 6-31G(d,p)++ cm!

1°0, 1°S 267 247 - -

1°0, 2°S 244 208 201 237 (6_31)
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2°0, 1°S 215 191 187 197 (6_31)
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2°0, 3°8 194 167 157 234 (6_31)




Molecular Modelling

J

¢
o« ./
\Q\g_ \oF\/_\mE,
S e
& N
Substrate
1°0, 2°S
2°0, 1°S

1°0, 2°S Starting material

C-SBond /A
2.029
2.129
2.746

L/\m_u__
«u

C-OBond /A
2.372
2472
1.437

C-S bond lengths in X-ray structures of episulfonium ions ~1.9A

A. J. Bennet et al.,, J. Org. Chem., 1994, 59, 7108
V. Lucchini et al., J. Org. Chem., 2000, 65, 3367

Episulfonium jon X-ray structures

S-C1.909 A

Ph Ph
S0 =550 — 50 oo
C-S-C46.1°

cP ®oTs

C-C-S679°

v__

.EQ
E_mo_

v__@/m [

A.J. Bennet et al,, J. Org. Chem., 1994, 59, 7108



Molecular Modelling
Electron density differences between the ground state and the transition state
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Structural Modifications
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Structural Modifications
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Structural Modifications
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Ritter Reactions

« The Ritter reaction
Ao ol e [ Je] 2

* Need to be able to form a stable carbocation intermediate

« Toshimitsu has developed a stereospecific Ritter reaction
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Ritter Reactions

= Compernolle - intramolecular Ritter reaction
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Ritter Reactions
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Ritter Reactions

« Duckner - inter/intramolecular Ritter reaction
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Transannular Interactions
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