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— 2004. Kung et al. identified chetomin from a screen of ~600,000 compounds as the
only compound that showed inhibition of HIF-1a/p300 binding

@
SN
,N S
— Viable drug target \Cr)]/J
Chetomin effective in vitro and in vivo, 0
. _ N Ng-ST
| HIF mediated gene expression OJ\‘,N\
| tumor size in mouse xenograft models -\OH
Properties Recent mechanism of action
«Antitumor, antiviral and antibacterial activity. studies of ETP core and
eInhibitor of transcription factor NF«B, Chetomin
eInhibitors of farnesyl transferase and HIF. Schofield <2009JBC26831>
ecatalytic .

Kung <2000Nature Medicine 1335> °
Kung <2004 Cancer Cell 33>
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ETP Core Synthesis
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Increasing interest in formation of aryl C-S bond due to increasing prevalence
in areas of therapeutic interest, such as Cancer, HIV and Alzheimers disease

Previous work on metal catalysed aryl C-S bond formation has been limited due to
the view that metal catalysts would be deactivated by thio-compounds.

C-H activation has more recently been investigated for the formation of C-S bonds

HS A

For recent papers, see the following: | X | R @/S©
- —R

<20090L1697> Y M
<20080L5147>
<2009J0OC4005> SR
<2009J0OC1663> |/ P
<2009J0OC459> Y
<2009Green Chemistry326> Reaction in water
<2009J0OC4005> NS
<2009JACS7852> | /
<2009TL3661> - Microwave Ulimann type reaction Y

Ma<20090L — ASAP article> Aryl iodide, Cul, Sulfur powder
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Cross-Coupling of Thiols with Aryl halides under Ligand free Conditions

3.0 mol% In,O3 nanoparticles
X ! KOH (2.0 equiv.)

|// |/\ | \—R
Y DMSO (2.0 mL) 24 h 135 °C VF =
HS A
R Aryl thiols only

Yields 60-91% Ra0<20090L1697>

Zinc-Mediated Pd-catalysed C-S bond formation

S
SORGN
N
RSH 079,

| - Br KH (1.1 equiv) ©/S\R
g S

[Pd(u-Br)(PtBus)l, (0.5 mol%)
THF

99%
Yields 70-99%

monodentate phosphine ligand pSK
O

See also Hartwig<2009JOC1663>
Bisphosphine ligand - 99%
alkyl and aryl thiols tolerated. Yields >80%

12

Cat loading 0.01-0.5% Stambuli<2009J0OC4005>
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Newman-Kwart Rearrangement of O-Aryl Thiocarbamates

| N O\”/NMez Classic NKR : XN S\H/NMez

v A 200-300 °C gz °
Kappe<2009EJOC1321>
<20090PRD321>.

NKR in flow and microwave chemistry

O _NMe; Tol 100 °C S NMe
AN 2 Toluene AN 2
J 1 - [JT
Y/ Z 25Hh Y/ =
[Pd(tBusP),]

Proposed Pd-Sulfur complex

Entry Ar Time Conv. (%) Temp.
1 p-NO,CH, 25h >99 180 °C
2 p-MeOCH, 14 h 92 >295 °C

13
Lloyd-Jones<2009ACIE1>
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\\
NH \>7S_<\ 1(
SUlFa T
NH, =N  N= Cl NH,
Optimum Ligands HSP 90 Inhibitor

H Se) O/

N._S K :
X N

Y- g N ~ S—sH Z %
Ny S Cu(l)/ L A~g Cull)/L
K2003 KZCO3

Optimum Ratio = dithicarbamate:aryl iodide:Cul:ligand:base

1:1:0.05:0.1:1.3

Patel<20090L4254>
Yields 56-90%

Benzothiazoles via C-H activation

"Pd" (10 mol%)

H
N R! Cul (50 mol%) R R@N%Rl
R T Bu,NBr (2 equiv) - g
S DMSO-NMP (1:1 0.05 M)
100-120 °C, 2-12 h

Catalysts: PdCl,, PdCl,(cod),, PdBr,
14

Inamato & Doi<20080L5147>
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RB(OH),

B PdCl, (3 mol%)

r

X S-Phos (3 mol%)

By = U
SH Br S

K3PO4/NEt; (3 equiv.)

dioxane 110 °C

O
N OH
O DG (L~
Raloxifene

91% 96%

\— @E\>_/

MeO
83% 80% (using BEt3)

 \oTHP

Pd/C (2 mol%)
me (p-MeOCgH,)sP (8 mol%) N
gH Br ©:s \—OTHP

Cul (4 mol%)/HNEt, (2.5 equiv.)
toluene 110 °C 62%

Note: reaction catalysed by Pd/C

I
S N-OH

o~

Zileuton

Lautens<2009ACIE7064>

NH,

15
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AN
Synthesis of 3-sulfenylindoles © &L
/O ©
N—co,Me
N

S—Ar H

Me Me
~ N - _ N - R AI’SC'
=R _— L-737,126
| = n-BugNI %R Anti-HIV
N
Me

CICH,CH,CI 70 °C

Reaction in absence of TBAI

pN02C6H4SC|
CH,Cl,, 18 h
ON Entry Additive Solvent °C  Time  Yield (%)
Q 1  TBAI (1.0eq) DCM t 60h 86
ArSCI 5 2 TBAI (1.0eq) 1,2-DCE 70 5h 90

n-BugNI O

CICH,CH,CI 70 °C

N

For the synthesis of indoles and 3,1-benzoxazines, dihydrobezofurans, see:

<2007T7T8250>
16

Larock<2009J0OC6802>
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Reaction traditionally carried out with Bu;SnH or derivatives
Drawbacks: toxicity, purification, cost.

Thiol mediated cyclisations avoid these problems

Ph.
s
It PhsH,ABN  \ \.
/\/\\\“ 90(%) /\/\\\“
MeO,C~ “CO,Me MeO,C~ “CO,Me
Renaud<20040L2563>

For recent papers:

<2008T9799> Review — Majumdar
<20070L1061>

<2007TL9124>

<2009TL228>

<20070L4375> - Renaud
<20090L2651>

<2007TL5265>

<2007TL7031>

<20090L3298> - Initiator Free
<2008CSR1603> Review N-centred radicals, Xanthate - Zard

17
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Thiol Mediated Radical Cyclisations

Thiophenol-mediated 1,5-hydrogen transfer for the
synthesis of indolizidenes and related compounds

H
I PhSH (2 equiv.) S
ON AIBN (2 equiv.) - N SPh
MeO,C CO,Me tBuOH, reflux MeO,C CO,Me
55%
Mechanism of cyclisation
I | Hy_—spn|
O PhSH (2 equiv.) Og . ~—SP
N AIBN (2 equw.): N
MeO,C CO,Me tBUOH, reflux MeO,C co,Me
~_—SPh

=

xr

MeO,C CO,Me

SPh

SPh

CO,Me

92%

18
Renaud<20070L4375>
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Amine-mediated single electron transfer

Ph S—Ph
Ph o amine (40 equiv) Ph  S—Ph —
Ph/s—s =—Ph - H>—f‘ g
Ph
Minor
Entry amine  Time Temp. Yield (%)
1 NEt; 8h 90 °C 74
5 PN 3h 140 °C 83 Addltlpn of 2 equiv.
o _ water increases yield
3 Pyridine 24 h 115°C No reaction
4 iPrNEt, 4.5h 125°C 69
Ph~S\g-Ph
It PhS™\ PhS PhS™\
Pr3N (40 equiv)
MeO,C~ CoMe ~ 140°C MeO,C~ ‘CO,Me Me0,C~ CO,Me MeO,C~ CO,Me
Yield = 80%, Ratio 56:17:27
Ph~Sig_
PhS
HL /@ PrsN (40 equw) PESTN —
N o - N"=
140 °C
T b te"
Yield = 61%, Ratio 89:11 19

Ishibashi<20090L3298>
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R-N= —] —  R-N=C=S ' R?2 Fragmentation
AIBN N
RZ-SH  — R? =
st , Cyclisation
R~ N R
Barton-McCombie-type reaction
o) <|~N= O .
HS .\\O>< W O><
o "0 80 °C, AIBN o "0
)io or RT, BEty )YO
>95%
HS ~
AN
N\©\ 110 °C, AIBN Ph\KQ
Ph >
2
Cl 80% Ph

Ph

20
Minozzi<2004ACIE3598>



The School of Pharmacy
University of London

Thiol Radicals and Isocyanides

CO,Me
CO,Me m CO,Me N\ CO,Me
p— N — p— p—
Y \ H %

Indolizidene Core

o allylBr
4 b
N
EtOJ\/

83%

K,COj3, TBAB, MeCN

0

=
N
EtO
= AN

SH
(3.0 equiv.) Me
AIBN (0.2 equiv) o ﬁ —
Tol. mwave 2 x 5 min
Yield 88%

Can also be carried out on a solid support: <2004TL8541>

CO,Me
5-exo-trig Sl
Con

OH

|

O H

21
Kilburn<2008TL6364><2003TL1347>
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Sulfur Mediated C-C bond Formation
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Reviews: Feldman<2006T5003> see also Pellissier<2006T1619>

Br Br
— 0]
X\ _NSEM Oﬁ'Br )&\qBr Br Br
L SEM TF,0 N” SEMN

Br.
2 6-lutidine N\ NH
WN 07 >ccl QN Br

NH,
/
PN~o 45% CH,Cl, PN\/< 0%  NH
S~0° X
0 PN -78°C SCH; /
Me =N 45% -
Me/S\® oroidin HN\<NH
Ooe . 2
~ . ~ ] biomimetic

o o o ' oxidation ?
)\qBr J ) Br J ) Br i
@ SEMN N" HN @ HN Br
=
/ \o

Br TBAF, NCS / Br \\/ Br / ,
PN~ PN~ PN Br

92 \ N
SCHs ’ ©S-Me C S-Me __OH
crD N
/
- . - . HN—{
|
Br Br Br

74 , 7 | 4 , dibromoagelaspongin
o N o N o N
Br A? Br Br

B B 23
Feldman<2008JACS14964><2009J0C3449>
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O

?/OEt
Ethyl- S
©\ AcOCH,CO,H ©\ LOAC 1) K,CO3, MeOH ©\ /EO thioglycolate ©\//L
> > > O
NH EDCI N 0O 2) Swern N 0 TFAA, Sc(OTf)3 N
R R

| HOBT CH-CI \
R 90-100% 67-85% 4% R

Reaction proceeds via a Pummerer-type reaction of the hemithioacetal

_ Connective
Pummerer Reaction Pummerer-type
Reaction
S
G N
il |
R™ 0 2 )
®é% - %S%«R H{S\jjl

Nu
24

Proctor<20090BC589>
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Synthesis of Azospirocyclic cyclohexadienones

Reaction proceeds via the same Pummerer-type reaction of the hemithioacetal

.

\ yields 50-95% /
®

\O /ES\R
e

However, reaction does not work for all benzylic substrates:

0}

s @)
RSH, CH,Cl, R S-gr

then BF3 OEt2

P

O/ /EO
o e
c|> R 25

Proctor<20080L1441>
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Reaction proceeds via the same Pummerer-type reaction of the hemithioacetal.
However, the outcome of the reaction depends heavily on the intermediate:

3
- /
b 0
S-R S-R
R R
slow fragmentation rapid fragmentation
spirocyclic product rearanged product
o~ _0 O/ O/
RSH, CH,Cl, S-R S-R
Vo —
R then TFAA B @
c|> followed by BF 3 © N™~0 —0 SN0
L R _ L R _

64% over 2 steps

Sulfur nucleophiles can incorporate a fluorous tag.
Used to synthesise a range of substituted a-aryl acetamides.

26
Proctor<2009CC3101>
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rsit
e oTRenen Trifluoromethylation

Dithianes as trifluoromethylketene equivalents:
provides for a facile way to introduce the CF; group

©

0.9
S S Ts S S
O n-BuLi, THF, -20°C_ /j 1) LAH S /j 1) NalO4 /j
S CFgCOZEt S 2) TSCl, NEt3 S 2) tBuOK, tBuOH = S
CF3 CF3 CF3
Products are versatile and make use of the dithiane
\/\SIMeg
/j Tf,0 (1.2 equiv) S/j 1) HCI, MeCN O RZnl O
= NN - NN
% I T
CF, CH3NO, CFs >70% CF3 >80% CF;
86%
NaBH,, HCI
97%

o

n BuLi S S
NN

\/\)\/j Electrophile

CF3

27
Oshima<20090L2185>
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S0 OH
O —
=
— 730
HO  OH ©

(+)-vaitriol

Ramberg-Backlund Reaction

>0  opP
@i o
=
o\
HO ©OH |

p—
HO  ©OH
>0  oP
< P(0)
g o

Utilising a domino HWE/conjugate addition/Ramberg-Backlund sequence

- >0 OTBS
O OP
HOw O 1) NaH, THF . o
+ = ot
2) KOH-ALL,0
/P(O)(OEt ﬁ 2-3
//S\\O ( )( )2 0 0 CBI’2F2
0 >< o. O
A47% ><

See also <2009J0C2271>

28
Taylor<2007T12123>
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J ~—CO,H
Decarboxylative Ramberg-Backlund sequence Q‘COZH
H
Kainic Acid
Boc HO
SOZiPr BOC O\ O N /\/I
’ ‘N 85°C27h _ \S//\dk "o Boc~p
I @ 63% ~ D BusSnH,
Syringe pump, N
Et3B, O, \( o)
82%
BuLi
CoClg
~ _ 86%
HO
4-AcNH-TEMPO 04/0,, Me,S Boc~N—"\<
Br2 Si’
KOH, NasS,03 Cl Ne)

29
Hodgson<2005SL1267>
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Method for meta-substitution of arenes

Synthesis of substituted arenes and heterocycles
using sulfoxides as directing groups for lithiation and
also as removable auxiliaries

For directed ortho-metallation see also:
<2004ACIES888>, <2007J0OC3199>

Brown<20080BC1215>

30
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Method for meta-substitution of arenes

o~ 0 o~ o o~
n-BuLi, 1.2 e Raney Ni, EtOH
©/S\t8u q’ S\tBu
-78°C, THF, 2 h X reflux 3 h X
electrophile
Yields 52-96% Yields 44-94%
Formation of quinazolines
~
_ o)
0 (,3, n-BulLi, 1.2 eq N Ph
S. N
tBu
-78 °C, THF, 2 h ~N
electrophile Ph
n-BulLi
Q 9 g |l_tBu
S. Cs”
Li =\
PhCN PhCN Ph
N\ 970
S
“tBu
N
~ L
Ph 31

Brown<20080BC1215>
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Reviews: Schulz<2007CR5133> see also Pellissier<2007T1297>,
Sone<2008Current Organic Synthesis305>
Aggarwal<2007CR5841>

Enantioselective addition Ligand in Palladium-catalysed
of indoles to nitroalkenes addition to N-benzylisatin

CF3
S CF
K NS
XNQ F3C H)LH S Me N/SK
H . Me C PPhy

/7

F3C
NN : /H ” CF3
Asymmetric Sulfa-Michael Additions HO
to o, pB-unsaturated sulfonates Seidel<2008JACS16464>

Qin<2009J0OC283>

CF3

! Epoxy-Annulations
of a-amido ketones
CF I . ®
3 Epoxidation/Cyclopropanation SN\
Aziridination

Reaction with Boranes <2007JACS14632>

H Q

Enders<2009EJOC1665> O
®
Dixon<20080L1389> ST R
Enantioselective Michael addition
O Aggarwal<20080L1501>
Asymmetric Pauson-Khand Reaction
iBu o Intramolecular
[ Aggarwal<20080BC1185> v
i, - _N SQTO' <2008CC120>, <2006CEJ568> C-H oxidation
oC- co <2006T11297> 0, //\ 0
Co—Co’ Substituted pyrrolidines /
oc’ CcoO I Ph—S S“Ph
/é piperidines <2006CC2156>
(OAC)2
Verdaguer<2009OL4346> White<2009NC547> 33

<2007ACIE5020>
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Ph/SH
(”)/ o catalyst I:)h\S (”)/ o
Me/\/S:O-CHex (20 mol%) Me)*\/S:O-cHex
toluene
Enders<2009EJOC1665>

Catalyst 4 (Takemoto<2003JACS12675>)
yields 40-94% ee’s of 31-64%

_SH
0 Bn B
O n<
catalyst S O e}
/\/[(N% > )\/U\
I\/O (10 mol%) Me™* N™ 5
chloroform \\/

Entry Catalyst Time Conv. (%) ee (%)

1 4 24 h 95 45
2 5 5h >99 68
3 6 5h >99 85

Yields 84-99%, ee’s 85-96%

Deng<2009JACS418>
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Chiral Sulfur Ligands and Catalysts

University of London
®) ®) ||\IBOC
o MO A~ @2 cat (10 mol%)
F X DCM 10 h
R
CF5
HN_
S
Catalyst 2 gave best ee’s and yield /u,\,)k,\, CF,
Yields 70-96% e

ee's 81-97%

Lu<2009ACIE7604>

0]

Oj@/\/ NO,
o

See also Ellman<2009JACS8754> for similar additions to nitroalkenes
and Seidel<2008JACS16464>

96 h

96% vyield, 94% ee
(recrystallised to >99%, 87% yield)

o
DCM, -20-0°C

MeO

NO,

Q/O NH

MeO

Antidepressant
(R)-rolipram, >99% ee
63% yield/ 6 steps

35
Dixon<20080L1389>
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/O
NS /S/

/O
NS /S/

Me N MeO N
Me O PPh3 K MeO O PPhs K
(RaS) 1 (Ra,S) 2
o Pd(OAC), (5 MoI%) HO, Ar
©jzg:0 Ligand (10 mol%)
N BF; OEt, (4 equiv) N
Bn THF, 1t/ 48 h Bn
yields 30-80%
ee's 38-73%
Entry Ligand Product Yield (%) ee (%)
1 (R,S)1 R=Ph 63 67 (S)
2 (S,S)1 R=Ph 48 62 (R)
3 (R,S)2 R=Ph 40 60 (S)
4 (S,,S)2 R=Ph 30 57 (R)
Ligands are related to those of Ellman<20030L545>
36

Qin<2009J0C283>
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Polyketide macrolides present a number of
synthetic challenges including: DN
stereocontrol, and macrocyclisation

6-Deoxyerythronolide B, R =R'=H
Erythronolide B, R=0H, R'=H
Erythronolide A, R=R"'=OH

OH OP OP o) OH OP OP o)

Stereochemically defined Stereochemically versatile

37
White<2009NC547>
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Yamaguch}\\ Intramolecular
Cl3CgH,COCI C-H oxidation
iPrNE o o
DMAP R Ph—S  SPh
Pd(OAC),
Bezoquinone, 45 °C
45%

Yamaguchi macrolactonisation failed to produce
the macrolide. Use of C-H oxidation leads to activation with the
palladium catalyst facilitating selective ring formation

38
White<2009NC547>
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O O
I I

S. “S.
>r NH, ﬁ NH,

tert-butanesulfimines - chiral amnie equivalents
-related to Davis’ para-toluenesulfimines <2006JOC8993><1998CSR13>

For reviews of the Ellman reaction see: Ellman<2002ACR984>,
Chemla<2009CSR1162>, Lin<2009ACRS831>, Stockman<2006T8869>.

39
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O O
I I

S. “S.
>r NH, ﬁ NH;

tert-butanesulfimines - chiral amnie equivalents
-related to Davis’ para-toluenesulfimines <2006JOC8993><1998CSR13>

O
2
NH, OH 1R
R R i, i~ NH

NH, OH

For reviews of Ellman sulfonylimines see: ElIman<2002ACR984>,
Chemla<2009CSR1162>, Lin<2009ACR831>, Stockman<2006T8869>.

40
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Ellman Type Sulfonylimines

*AOH

H_N
OH

Cat. 1 Cat. 2

; OH
H_N
X&OKH

i) Cat. 2 (0.52 mol%), VO(acac), (0.5 mol%)

%3 % sjp

M \

S < acetone, H,O, 0 °C (slow addition) S <
i) trituration (hexanes) 75% 95% ee

i) (2,4,6-Me)PhSO,CI

Na,COs, 20 °C - 90% N*§
o)
ii) SOCl,, lutidine -45 °C

iii)crystallise (80% - multikilo)

NH,

I o

(+)-cis-1-amino-2-indanol

t-BuMgCl

-78°Cto-10°C
97%

i) LINH, (2.5 eq.) 0
NHs, -33 °C Sf\/
i) recryst. NH

77% (~1kg) (Rs) >99%ee

Ellman<20050S157>

e} . O
NH S\ LiNH, (2.5 eq.) g
S S,
C NHs, -78 °C
90% (Ss) >99.5%ee
41

Senanayake<2005ACA93>
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Formation of aldimines and ketimines

U
R
MgSOy, (5 eq.) > S/,O
PPTS (0.05 eq) N >991EZ
CHzclz, rt R 7

Jo
Ti(OEt), (2 eq.), %S’

N
THF reflux /
R 51105091 E2
it "
R R,

Deprotection is straightforward under acidic conditions:

O Et HCI, MeOH Et

= T n
\ PN

Recycling of tert-butanesulfinyl group: Ellman<2009J0C2646>, Aggarwal <2009TL3482>

42
Ellman<2001JACS10127>
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aza-Morita-Baylis-Hillman reaction Analogous use of lithium allenolates—
synthesised in-situ via initial Brook rearrangement
NP .
HO SiX .
0 © 3 RL__0OSiX
Nuc 7 R T R n-Buli T ” i
Rl - RITX R1 R3 H - . = 1 S)
\ ® 1,2-Brook JL R |
Nuc R? R%2” "H R2
SiXs n-BuLi (0.05 equiv.) OSiX3 OSiX3

HOL1 X 1,2-Brook RO R* e

R? R? R2

yields 70-94% \1/ NS0 |
d.r. 8:1to 20:1 : | S
O HN"0 R® "H ) n-BuLi 0SiX3
R1 H _ (1equiv)
RL R3 ~ R H
| Rr2 House-Stork Y
R3 Rz

See also Chemla <20090L931> and Viso <20080L4775> for related reactions

43
Scheidt<20080L5227>
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Sulfur ylide formation

Ellman Type Sulfonylimines
Aziridine Formation

O O - 0 - R
OTf
o o Ny R? R
® ® ®
Ph” > Me Cs,COs Ph” > Me \ Ph” > Me ;
CO,
- - Ph > Me
Combined Ellman reagent with Ley butanediacetal to synthesise aziridines
9 OMe C”) OMe
) S. 0
XS\N/ o >‘\\S Né\@\é
H OMe H ome Forbes<2009CC1882>
Yield 92% dr >95:5 Yield 88% dr >78:22
I
|\/||°\0Et H ZnBr
OEt =\
cl ™S s
0 LHMDS H H o RS TMEDA H R
S. /)\ A _OEt I Et,O /W<RL
TTONT CAr o " N DoEt SR T )
THF (-78 °C) Iy X 50.87% ™S 1
S 72-82% S0 >r N¢)
(Ss) (Rs)
single isomer >98:2 dr
Davis<2006J0C6894> Chemla<2004J0OC8244>

For additional examples:

44
Sweeney<2009EJOC4911>
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Rearrangements
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PRI 12,3] Mislow-Braverman-Evans Rearrangement

Classical [2,3] Mislow-Braverman-Evans rearrangements results in formation of an alcohol
with loss of sulfur

Arsg-O A0 Thiophile OH

K/AR — V\R V\R

Satoh’s approach results in retention of the sulfur atom

o Satoh<2006TL1981>
on the original carbon
0
Tohg-0 ij\lu cl
c/x( Me TOI\S)\AOH
Me 90% ZE 7327 Me
0 0
@] Tol
o O o\
) N
Tohg-0 [2,3] 03> Tol o@ S o
u)\( CI/\) cl CI/\H

Reaction was carried out with 5 equivalents of base (LDA produced complex mixtures) 46
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iversit .
ey eeneEn [2,3] Thia-Sommelet-Hauser

Synthesis of substituted arenes

Entry Catalyst Solvent Time Yield (%)
N PhS.__CO,Et 1 RhZ(OAC)4 DCM 2 h 51
2 PhS” “CO,Et
©)kCOZEt —— COLE! 2 Rh,(OAc), Tol. 2h 67
catalyst, Solvent 3  Rh,(O,CCF), Tol. 05h 87
o "
® ®
MLN PR Eto,c” s ! Et0,c” s ! ElOC- S
PhS CO,Et o proton [2,3]
CO,Et CO,Et CO,Et Z S CO,Et
catalyst, Solvent transfer
l [1,3]
shift
Ph
EtO,C.__S
&0023
_Bn BnS.__CO,Et
S Rh,(OAC),
CO,Et CO,Et
©)\ 2 NNOH 2
o)
N 2@ ph / . . . . .
BIOC° S Reaction can easily be carried out in “reverse” with
CO,Et ethyl diazoacetate
47

Wang<20080L693>
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[1,2] Stevens and sulfimide [2,3] rearrangements

Synthesis of Allenamides via sulfimide [2,3]-sigmatropic rearrangement

O

Et< )k OTf

0" N
H N

sulfimidation PG [2,3] sigmatropic \

1 = . E S \\
R /\ , DCM, NaHCO; R1/\ rearrangement >::\

yields 70-83%,
ee's 81-89%
Armstrong<20090L1547>

Asymmetric [1,2]-Stevens Rearrangement of Sulfur Ylides

EtO,C
CuOTf 28

S/> Etozcﬁ[ ]
o} N0
Ligand (10 mol%)
Cl DCM 40 °C Cl

Tang and co-workers investigated a range of bisoxazoline ligands

Yields 60-98% ee’s 50-90% 48

Tang<2009ASC309>
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iversit i I
rersyerenden [3,3] Sulfonium Ylide rearrangements

CO,Et Cl N Ero.c. COEt
2

N [Rho(OAC),] (5 mol%) 7 CO,Et = CO,Et
S =S =S

\ / 83% 3.4:1
3,3
CO,Et [3:3]

EtO,C Cl
$

\ @ CO,Et . _
S Rainier synthesised a number

N R . . . .

H of substituted indolines via [3,3] rearrangement

Products are readily converted to spirocyclopentanes

49
Rainier<2008ACIE5374>
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Reaction of sulfoxides with gold-carbenoid species:

Ph

S« S
~0 5% Ph3PAUCI

SN 5% AgSbFg

CH2C|2 rt O

Reaction proceeds via rearrangement and reaction of the metal carbenoid:

(+G
Nu

Nu
GL—N@/\‘”LA@ > q|\ — ®
|

-AuL kAu L \AU L

®S; 5 S
D
\ LAu/ ©

For related reactions see also Zhang<2007ACIE5156>
and reactions of allenes Krause<2006ACIE1897>

94%

50

Toste<2007JACS4160>
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nversiyerkondon Catalysed by Gold (I) Complexes

Reaction of sulfoxides with gold-carbenoid species:

OMe
S
5% Ph3PAUCI
- MeO
S 5% AgSbF
CH,ClI, rt Et™ O
N
X
Et 64%

Fh S S
S\\o 5% PhsPAuCI

Me 5% AgSbFg i i
X ZF CH,Cl, rt o 07X

56% _
‘ ‘ Me
Reaction also works with sulfimines:
/Ts
N S
®/S/’\J// 5% IMesAuCl @
5% AgSbFg =
CH,Cl, rt N-Ts
H 51

88%
Toste<2007JACS4160>
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Jniverstyeftondon Catalysed by Gold (I) Complexes
Reaction of allyl sulfides with gold-carbenoid species:
o) o) o)
S o)
[M] R 23
) R R
N M
2 [M] R/S\/\ R/S

Doyle-Kirmse reaction — anticipated product:
OA
© o AuCl, 1,2-DCE OAC
~ /\/ >
X S N-Sopp
70°C,6h
95% =
®o/*o él\ OAc
— ' ) Ph <
P N Ph/\% ®S\J = > Ph
X

[M] © [M] Ph”

52
Davies<2008CC238>
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University of Lond
e ereneen Catalysed by Gold (I) Complexes
Reaction of sulfoxides with gold-carbenoid species:
Ph
Ss S
Qa 5% PhsPAUCI @
X 5% AgSbFs
N CH2C|2 rt6 (@)
Reaction of sulfur with the metal carbenoid: Toste<2007JACS4160>
| N
N0
i C"AC.:UI Ph 0
o || .
/\(S cat (5-10 mol%), 1,2-DCE S
Ph 70°C
Yields 40-85%
[ o | | M O I o | 0
[M] i S 23] N
s S i S S
i and and

53
Davies<2009ACIE8372>
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Thanks to the organising Committee

Thank you for listening
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ACA
ASC
ACIE
ACR
CC
CR
CSR
EJOC
JACS
JBC
JOC
NC
OBC
OL
OPRD
OS
PNAS
SL

T

TL

Journal Abbreviations

Aldrichimica Acta

Advanced Synthesis and Catalysis
Angewandte Chemie International Edition
Accounts of Chemical Research

Chemical Communications

Chemical Reviews

Chemical Society Reviews

European Journal of Organic Chemistry
Journal of the American Chemical Society
Journal of Biological Chemistry

Journal of Organic Chemistry

Nature Chemistry

Organic and Biomolecular Chemistry
Organic Letters

Organic Process Research and Development
Organic Syntheses

Proceedings of the Natural Academy of Sciences
Synlett

Tetrahedron

Tetrahedron Letters
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Additional Slides
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Stable sulfur electrophile instead of sulfenyl chloride

R® R? .
N _N_ Ph Catalyst N _____ Quinine
N o, * TS -~ N o
R’ Et N~/ 10 mol% R’ & Et
o)

R, R, Solvent Temp. Equiv. Time Yield (%)

Et Et Tol. Rt 3.0 60 h 77
Et Et Tol. Rt 8.0 48 h i
Bn Bn Tol. Rt 3.0 60 h 75

Olenyuk <2009TL4310>
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Thiophenol catalysed Claisen rearrangement of coumarin derivatives

e} 0 N e} S\Ph
A= H /\\ PhSH, AIBN, t-BuOH
AN X > AN AN
R P SPh Ri— P reflux 1 h R
o Yo o o Yields >80% Z>0 o

Expected Product

In absence of Thiophenol no rearrangement takes place

O O O
t-BuOH, t-BuOH,
m PhSH X PhSH AN
0 o) reflux 0 0 AIBN o o)

reflux
l [3,3]

0 | on | N
@ff @Ei' [
O "0 O "0 O "0

Similar reaction observed with indole annulated sulfur heterocycles <2007TL7031>

Majumdar<2007TL5265>
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Ramberg-Backlund Reaction

Synthesis of stilbenoid anti-cancer agents combrestatin A-4 and DMU-212

ONg MeO N
e g ®
© O X MeO
MeO OMe

(]
OH

MeO
o
MeO
OMe

TBS
S\\
0
OMe
B
OMe

OMe OMe
MeO
DMU-212 Combrestatin A-4 SH
MeO
OMe
MeO© oSC TBS Conditions MeO N
oo
MeO OMe MeO
OMe OMe op
OMe
Entry Conditions E:Z Yield (%) Conditions
1 CF,Br,, tBuOH, KOH-Al,O,, 0°Ctort12h 90:10 81 Chan 1994CC1771
2 C,F,Br,, tBUuOH, KOH-AI,QO,, reflux12 h 85:15 72 Franck 1999012149
3 CCl,, tBuOH, KOH, H,O 47:53 69 Meyers 1969JACS7510

59
Taylor<2007CC1617>



The Schoolof Pharmacy  PUMMerer and Pummerer-type reactions

Oxidative desulfurisation procedure to produce geminal 1,1-difluoroalkanes

F Br
F)\AX

Minor by-product

University of London
Fluorination
L0
Br-N
' 7fN Br
u@s/\/\x
Py.9HF
\ DCM
90%
CPZ
Ar—8~ "R

Br @F
Haufe<2008SL106>
Similar work by Hara, results in polyﬂuorinated alkanes
FR F
IF5 40 °C
o~ Y5 — PO

heptane F FF s_

\ X
F F
Ar\g/ R AI'\S \ — Ar< /Kr — R

®

See also fluorinating cleavage of solid phase linkers:
<2008ACIE8120>

Hara<2004T11445>

ae

o

*@@

NIS, HF/Py DCM




The School of Pharmacy Eschenmoser Coupling reaction

University of London
0 , O
R
S Br\)J\R4 S/ﬁ}/ Base R*
r2. R2.®~ o] R2 |
N~ "R® N~ "R® Thiophile N~ "R®
R R R
O Ph (@]
O Ph
Br
EtO NH \/kﬁh
| /g EtO | IN
H H S
O Ph (@] Ph
i i (@]
EtO)E(kNH OH Sulfide Contraction Eto)tfk/'\@)k
— Ph
Me N)\/kPh Me™ "Ny
H
O Ph O Ph
" Q-ren
EtO | /Ii—l )\ 1.5¢€q. EtO | M
K,CO5(1.5€ /acetone TN

One-pot, two step procedure

61
<2009TL1838>
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Optically pure Indolines from chiral tolyl-sulfinylalkylbenzenes

o .
S\“Tol N/PMP Tandem Reaction
| _
RZJ\R3 -
iy Yields 35-71%

d.r >98:<2

Tandem process proceeds at room temperature

0
\“-' SOT I
St _PMP LDA/ THF °
Tol N HN/PG
b _
R2 R3 -78 °C y z R3
R 10-15 min R'" R?

Yields 40-86%
d.r >98:<2

PMP
N R3
,//Rz
R1

PMP
KHMDS THF N R3

0°C R?

R1

Yields 60-83%
d.r >98:<2

62
Fustero<2008ACIE7941>
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PRI 12,3] Mislow-Braverman-Evans Rearrangement

Classical [2,3] Mislow-Braverman-Evans rearrangements results in formation of analcohol
with loss of sulfur

Ar\ ,O S

S Ar” O Thiophile OH
R R R
Satoh<2006TL1981>
©
@)
H é@
(j/ “p-Tol P(OMe)3 HO\(j
o~ “Ph MeOH, 50 °C o ph
4 days
50% + 50% recovered s.m.
C)
@)
H © P(OMe);
= “p-Tol > HO/,
MeOH, 50 °C
O" "Ph 12 h o~ YPh

100%

Detailed investigation into the effects of substituents on the pyran ring and how they affect
the rearrangement outcome. 63

Pradilla<2008J0OC8929>



