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[Palladium catalyzed Dearomatization Reaction}

&

Electrophilic rearrangement of amides




Palladium catalyzed Dearomatization Reaction: background

Dearomatization Reaction

Starting material product
Aromatic compounds Alicyclic compounds

2002 1997
Wipf, P Arthur G. S
Vv

E N
0% H o
(0) S
[}
\ ) & H

(-)-tuberostemonine

o T

(-)-aspidospermidine (+)-discorhabdin A

(-)-TAN1251A

Natural products

a) Roche, S. P.; Porco, J. A., Jr. Angew. Chem.,Int. Ed. 2011, 50, 4068-4093; b). Pouysegu, L.; ,
Deffieux, D.; Quideau, S. Tetrahedron 2010, 66, 2235-2261.



Palladium catalyzed Dearomatization Reaction: background

1. oxidative dearomatization 4. nucleophilic additive dearomatization

. . H
OR CO,H LiO_ _OLi E‘ CO,

CO,H Phl(OAc), RLi Il | EX :
— CO,Me OO — —>
NHCbz o N
HO Cbz

2. reductive dearomatization 5. 0 -rearrangement dearomatization
p— I —
é@ cio cs®
1 R? ',_@
COOR K, NH3 COOR! sz KO'Bu “‘“\SM
‘: COOR! — — e
OMe OMe OMe
3. photocatalyzed dearomatization 6. transition metals promoted dearomatization
1
'R
Cl
N cl ci ZN
v
@ — R2Lj R?
cl, cl cl o
Cl “Cr(CO)s “R3




Palladium catalyzed Dearomatization Reaction: background

Application of [(n°-Arene) Mn(CO),]*

CO,Me

(+)juvabione

Miles, W. H.; Brinkman, H. R. Tetrahedron Lett. 1992, 33, 589 6



Palladium catalyzed Dearomatization Reaction: background

Palladium catalyzed dearomatization reactions

Pd,(dba);* CHCI3(5 mol%)

R
\>
(of PPh; (40 mol%) /\/(/:/r ©/
SnBu Pd
4 ¥ /\/ ? acetone, rt > z Z [ r) ]

11 examples
71-85%

=
/)

*  Br

BrPh . ¢
! ¢
@ Pd(dba), (3 mol%), chiral ligand Q @L
N > ¢
| O LiO'Bu (1.2 eq) N N OQ

solvent, 70°C, 15h

11 examples H
62-95% :BH
ee: 66-93%

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

a). Bao, M.; Nakamura, H.; Yamamoto, Y. J. Am. Chem. Soc., 2001, 123, 759; b). Fortanet, J. G.;
Kessler, F.; Buchwald, S. L. J. Am. Chem. Soc., 2009, 131, 6676 ’




Palladium catalyzed Dearomatization Reaction: background

Tsuji-Trost reaction

l/ NUH Fd

X"¢c + Pd0) —» (\—Pd—CIb—> é/ + Pd(0) <'_pd_c|
N ase

T Nu ‘ \-—Nu

U

Palladium catalyzed Nucleophilic Dearomatization ?




Regional Selectivity ?




Palladium catalyzed Dearomatization Reaction: background

Possible solutions

!

A: introducing R group B: reducing aromacity C: intramolecular nucleophile

10



Palladium catalyzed Dearomatization Reaction: exploration

COOEt
Cl R R
| COOEt COOEt
(5 N COOEt  pg(PPh;), (5 moj%) 2 COOEt .\ P
g COOEt base, THF, 12 h SN s
l 2
entry substrate base temp [°C] product yield [%]

cl
1 ©/\ NaH rt S NR
COOEt
Cl NaH 50 99
2 COOEt

2
COOEt
Cl
COOEt
XY e o« O e
COOEt

cl COOEt
OO NaH =20 -rt OO 99




Palladium catalyzed Dearomatization Reaction: exploration

COOEt
Cl._R R
GOOEt COOEt
2 N <F°°Et Pd(PPhs); (5 mol%) 2 COOEt .2
L\ COOEt base THF, 12 h *\: + L\ )
! T3
entry substrate base  temp [°C] product yield [%]
COOEt
Cl
COOEt COOEt
COOEt 95
> KsPOs  -20-1t (5/95)
COOEt
c COOEt COOEt
COOEt 87
6 Cs,CO; -20-rt (7193)
COOEt

E
“l =t | COOEt | EtOOC t
COOEt 85
! NaH (37/16147)

EtOOC COOEt

Cl Ph Ph
| COOEt
COOEt
8 " o .

(7
W

(7
W,

12



Palladium catalyzed Dearomatization Reaction: scope study

COOEt

PA(PPhy),s (5 moloe)

COOEt 1.0 eq NaH, THF
rt,5-12 h

Ph
| COOEt
O‘ COOEt
2a, 93% 2b, 86% 2¢, 92% 2d, 71%
Me
Ph Ph
. Bh Phcooa | COOEt | COOEt
COOEt COOEt
et CO O
O o (L
Me Br
2e, 63% 2e, 75% 2f, 90% 29, 72%
COOEt
Ph Ph

| COOEt FEtOOC

COOEt
+
Me Me

2h, 30% 3h, 64%
13




Palladium catalyzed Dearomatization Reaction: application

Application to Tetracyclic Compounds

g

|  COOEt

‘ COOEt
2a

Q al?G% O

. 0 COOEt ‘ COOEt
I, et QYoo e (O foos
5 54% 4 45% 6

Reaction conditions: (a) Pd/C, H, (1 atm.), THF, rt; (b) KOH, EtOH, rt; (c) HCI, H,0, rt; (d) 170 °C;
(e) PClg, SnCl,, DCM, -20 °C;(f) Mn(OAc);*H20, HOACc, 140 °C

(7
&

OMe

OH O

R = H, dalesconol A ]
R = OH, dalesconol B Collinone

14



h

Cl<__Ph P
|
Pd(PPh3), (5 mol%) Nu
OO + NuH o
1.0 eq NaH, THF

1a 2a, 2ab-2af
Ph Ph Ph
| COOEt | COO'Bu | COOEt
O‘ COOEt O‘ COO'Bu O‘ COMe
rt,6 h rt,7h 50 °C, 72 h
2a, 93% 2ab, 91% 2ac, 42%, 111 dr
Ph Ph Ph
O O O
COOEt
EtOOC” | >COOEt EtOOC” | ~COOEt o
Me Ph
rt, 6 h rt, 96 h 50°C,12h

2ad, 92% 2ae, 67% 2af, 71%, 3/2 dr

15



Palladium catalyzed Dearomatization Reaction: intramolecular

Intramolecular palladium catalyzed dearomatization

“ (PP o COOE

> COOEt
COOEt NaH (1.0 equiv), THF O"
-20°Ctort, 12 h

TA
7a
rearoma‘tW EtOOC COOEt

885; X LT

8a (52%) EtOOC” “COOEt
9 (25%)
Cl COOEt
COOEL  bypphy), (5 mol%) COOE

COOEt -
OO NaH (1.0 equiv), THF O“
-20°Ctort,5h

7b 8b (95%) 16



Palladium catalyzed Dearomatization Reaction: mechanism

Possible mechanism

e<COOE’t NgH COOEt
COOEt COOEt

Cl Ph

L i | PhCOOEt

O‘ COOEt
Pd(0)

17



Palladium catalyzed Dearomatization Reaction

summary

COOEt  pd(PPh;), (5 mol%)
+ < >

COOEt NaH, THF, rt

recent progress

b Frme(ey)- o
—
NaH, THF, rt

R1'N‘R2 R1.N\R2

CNH Ek,') ©/NH2 ©/NHMe

a) Peng, B.; Zhang, S.; Yu, X.; Feng, X.; Bao, M. Org. Lett. 2011, 13, 5402-5405; b). Zhang, S
Wang, Y.; Feng, X. J. Am. Chem. Soc. 2012, 134, 5492-5495.



Palladium catalyzed Dearomatization Reaction

&

[ Electrophilic rearrangement of amides }
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Electrophilic rearrangement of amides: background

Keteniminium Chemistry

Generation of Keteniminium Salt

= 0 Tf,0, collidine Ry  OTf Rs _@I\I,Rz | AN
e ——— — = ='=N

3\‘)I\NR1R2 R s _

R4 NR1R2 4 1 N

R4

2.4.6-collidine
[2+2] cycloaddition of Keteniminium Salt
|nterm0|ecu|ar IntramOIGCUIar
OBn
H o
NMe,  Tf,0, 2,6-di-t-Bu-py |) Tf,O, DTBMP :
Ph\/& > . ‘
©) OBn S CH CI z
s Ph (@) 2%~12 G
- i) H,O
65% yield ? 62% yield, 92% ee

\=:=N\ oTf

BnO—/_I

Snider B.B. Chem. Rev. 1988, 88, 793



Electrophilic rearrangement of amides: background

(o) cyciocadadition /
/\/O\/\)L,\D Tf,0, collidine

DCE




(o] o]
/\/O\/\)]\D Tf,0, collidine \/\do
120 °C, yW, DCE
H,0

2010 Vivi, Claire

9] 0
Rvo\/\)LD Tf,0, collidine R%o
120 °C, uW, DCE
H,O
Tf,0,
collidine
S
0 ] @)
D ' © ] |ori
S¥hale el
O\/R o _\R O

Keteniminum induced Claisen Rearrangement

b). Madelaine C., Valerio V., Maulide N., Angew. Chem. Ed. 2010, 49, 1583-1586; c). Valerio V., Madelai2r12e

C., Maulide N., Chem. Eur. J. 2011, 17, 4742-4745.

R2 R1 0
o]
n

R4/=2%

R3
33%-90%

12 examples

(0]
O

31%- 90%

9 examples

Electrophilic rearrangement of amides: background

R
<
( o

40%-70%

6 examples
R
o "
(0]
n( o

40%- 76%

6 examples




Electrophilic rearrangement of amides: content

4 )

Part 1. Nucleophilic/electrophilic capture of in-situ generated iminium ethers

Tf0
TfO
JJ\/\/O\/\ Tf,0, collidine Nu °"E é_/: y
) “ o -
\
/

Part 2. Development of Asymmetric a-Allylation

[0} ©
o
Tf,0, collidine ﬁ Tfo .
{CN —_— C —» HO
DCE O
0} N A\ |

K chiral auxiliary chiral auxiliary

NS

-

Part 3. Development of A Brensted Acid-Catalyzed Redox Arylation

o]
Q o
/E:) + Ph/g\R —> st\é\ \\/
\_ R /

23



Part 1. Nucleophilic/electrophilic capture of
in-situ generated iminium ethers

With Daniel and Igor

Previous discovery:

o)

/\/O\/\)LD Tf,0, coIIidine> aq. NaHCO; A
120 °C, yW, DCE O
O
O Tf,0, collidine o
N \/\)I\I\D . ? react“"ty ”
120 °C, uW, DCE

24



Part 1. Nucleophilic/electrophilic capture of
in-situ generated iminium ethers

With Daniel and Igor

Tf,0, 2,4,6-collidine
120 °C, yW, 5 min
CH,Cl,

25



Part 1. Nucleophilic/electrophilic capture of
in-situ generated iminium ethers

With Daniel and Igor

scope of substrates

Crmyst

o)

Tf,0, 2,4,6-collidine
120 °C, yW, 5 min

\IN,/

H,0, NaBH,

NaCN, NaSPh, NaN;, PPh,,

- (o)
ii. Nu T - T
1a n=1,R=H ( / pyrrolidine, piperidine
1b n=2,R=H L n4 R
1¢ n=1, R = hexyl 2
o O
e Q 9
- (o] = H
OH N o — N
Mh R ( —
N CN onr e
o oTf PPh,
3a, 90% 4a, 72%
3b, 57% 4b, 41% 5a, 62% 6a, 58%
3¢, 71%, d.r. 5:1 4c, 73%, d.r. > 9:1 5b, 82% 6b, 40%
Nu =H,0 Nu = NaBH, Nu°= NaCN Nu =° PPh;
aq. NaHCO;, rt, 16 h rt, 16 h 120 °C, 5 min 120°C,1h
(o] (o]
Q Q L e
N N ( (
n
— o) — (¢ N "N
SPh N3 ¢ ) O
(& m (Mm
7a, 72% 8a, 56% 9a, 73% 10a, 47%
7b, 85% 8b, 42% 9b, 47% 10b, 46%
Nu =NaSPh Nu = NaN; Nu = piperidine Nu = pyrrolidine
120 °C, 5 min rt,24 h 120 °C, 5 min 120 °C, 5 min

26



Part 1: chleophl||c/elec.:‘rrt0|‘3h|hc capture of With Daniel and Igor
in-situ generated iminium ethers

o Tf,0, 2,4,6-collidine
120 °C, yW, 5 min
>

G,J\/\/OV\/\ CH.CI
2Cl,

L H,0, NaBH,

NaCN, NaSPh, NaN;, PPhs,

_/ pyrrolidine, piperidine

H,0 NaBH,
.
AN
H O H N
H H
HI o H
OH
3d 78%, 9:1 d.r. 4d 62%, 7:1 d.r.

NaSPh NaN,

7d 40%, 7:3 d.r. 8d 28%, 7:3 d.r.

5d 62%, 7:3 d.r. 6d 48%, 5:1 d.r.
piperidine pyrrolidine

@Hl G #;Ns G‘#HAO G«#’*AD

9d 54%, 2:1 d.r. 10d 31%, 2:1 d.r.

27



Part 1. Nucleophilic/electrophilic capture of
in-situ generated iminium ethers

With Daniel and Igor

Dearomatisation inspired by Ji Woong’s SM

ii. H,O0 0
(o)
3e 72%
i Tf20
24, 6 collidine
rt 5 mln ii. NaBH4 Q
1e
4e 46%

B D ] BN
©;\n/ _Tf:0, colliding ¥ o ‘
O -
!
T smin \m/a\ /}ijr
not observed M)K:;g\b- |
Clalsen —~

Cope 11 65% TN

28



Part 1. Nucleophilic/electrophilic capture of
in-situ generated iminium ethers

With Daniel and Igor

Tandem Electrophilic/Nucleophilic trap of
In-Situ Generated Iminium Ethers

0
iii. aq. N32C03
rt,2h o)
> Ph
o i. TH,0, 2,4,6-collidine|  ©pr ® 3g 51%
120 °C, W, 5 min °
N/u\/\/o\/\ - N / — CN
ii. NaH, BnBr o (o)
DMF, 75 °C ili. NaCN, DMF
1a 16 h Ph 120°C, yW, 1h_ />N
29 Ph
Y
i. Tf,0, 2,4,6-collidine 59 46%
120 °C, pW, 5 min ii. BnBr
o Nucleophilic Capture
OoTf
@] <]
ii. NaH N
—
o) o)
Electrophilic Capture

29



Part 1: chleophl||c/ele<.:‘rrtoph|hc capture of With Daniel and Igor
in-situ generated iminium ethers

summary

Nu R2

Hzo, NaBH4 1) _—

)

-
R1

- O = 41-90% yield
o Claisen O (@) 8 examples
o R2 rearrangement N
CI\IJ\/H»]/ ~X 9 > | = |
R1 O

NaCN, NaSPh,
L R1 _
NaNs,PPhg, 0

pyrrolidine, Nu
piperidine C/\l
> R1
| R2
28-85% yield

‘i" 18 examples

e) Peng B., ODonovan D. H., Jurberg |. D., Maulide N. Chem. Eur. J. 2012, 18, 16292 — 16296 30



Electrophilic rearrangement of amides: content

~

Part 1. Nucleophilic/electrophilic capture of in-situ generated iminium ethers

TfO ore Tfo
u Or
C/ JJ\/\/O\/\ T£,0, collidine é_/: é_/, y

~

N [

Part 2. Development of Asymmetric a-Allylation

[0} ©
(0}
Tf,0, collidine ﬁ Tfo .
{CN —_— C —» HO
DCE O
0} N A\ |

chiral auxiliary chiral auxiliary

/
o

~
/

Part 3. Development of A Brensted Acid-Catalyzed Redox Arylation

o]
Q o
/}N’\) + Ph/g\R —> st\é\ \\/
\_ R /

31



Part 2. Development of Asymmetric a-Allylation With Danny

o 37 oTf °
2
/\)]\ /\/0\/\ r‘\ 3 ) 1/J \:> )
R N 3 R\/\ R 210 R N
I ﬁ/\/OV\ ~ \/\r_,_ — | oTf
| /N ,
4 - )




Part 2. Development of Asymmetric a-Allylation With Danny

\+
o &9
~~N X9 G base (2.0 eq.), Tf,O (1.5 eq.) 0 -oTf
=0 AL
R DCM,0°C,12h
1a, 1b and 2a 3a,3b and 4a
entry substrate base (2.0 eq.) Product (yield)
1 1a 2.4.6-collidine 3a (--)
2 1b 2,4,6-collidine 3b (-)
3 2a 2,4,6-collidine 4a (16%)
4 2a 2-fluoropyridine 4a (> 95%)
Ph L _en
Xe= N 0 L0
™ 39 % X
la 1b 2a
L-prolinol (1R,2S)-pseudoephedrine (18,2S)-pseudoephedrine

33



Part 2. Development of Asymmetric a-Allylation

Remove auxiliary towards a-allylated carboxylic acid and aldehyde

With Danny

N+ -
Q a) Claisen N oTf
\/\)LN Ph  rearrangement \/\/l mmpPh
| H o v (0]
© ;0 - : H;O*/dioxane
2-fluoropyridine (
2a X o 4a -
i \# -OTf
/(")\)(j)\ /k/Ph a) Claisen '\;/é o c) reduction/
rearrangement ny
9 N™ /HQ\/LO
5 Tf,0

a): Tf,O (1.5 eq), 2-fluoropyridine (2.0 eq), DCM, 0 °C, 12 h;

>
j\ 2-fluoropyridine
2b AN

b): H,SO,/dioxane (1/1), 100 °C, 24 h;

(4b

hydrolysis
_————>

K-selectride/
H,O

c): K-selectride (3.0 eq), -78 °C to rt, 3 h, then silica/DCM/H,0, rt, 12 h.

b) hydrolysis \/\)LOH
—>

O

5a
63% (96%ee)

6b
76% (96%ee)

34



Part 2. Development of Asymmetric a-Allylation

With Danny

O
P on
o . [ ] 7 b)hydrolysis 8 examples
A ] ] e
'?l é rearrangement R\/&O umPh
O z

> > R\./lCJ)\H
2 k _( 4

c) reduction/ z 10 examples
- hydrolysis (
selected examples 6
in situ hydrolysis to carboxylic acids
S 0 o) 0 0
\\/\)L
Y~ TOH Y~ "OH Ph\/o\:)l\OH Ph 3y OH
I r M
5¢c 5d 5¢ 5h
75%(88%ee) 43%(88%ee)°° 47%(94%ee) 80%(95%ee)
in situ reduction/hydrolysis to aldehydes
S 0 0 0 0 o) 0
B Jn N
WLH MeO > H r\/""g\E/U\H Ph Y H
6c 6m 6k 6h
68%(90%ee) 87% (90%ee)® 55% (90%ee)P-e 549(91%ee)® 35




MeO\ﬂ/\/\/U\ 0/\/

o)

o
1m L
+ X
o =
MeO\[(\/\)L _Ph
N
Y

Part 2. Development of Asymmetric a-Allylation

MeO

o)

rac-6m |

step a

Claisen rearrangement

step b

reduction/hydrolysis

OH

LDA(Z%AQ) MeO
o

-78° o

tort

HF
rac-6m

LDA (1.1 eq of 2.1 eq)

With Danny

wﬁ

(0]
(o)
TMSCI 1eq) e OH
(0]
- 78 to 50 °C
THF
rac-6m
step ¢
H Pinnick OX|dat|on
rac-5m

rac-6m

36



Part 2. Development of Asymmetric a-Allylation

With Danny

O
a) Claisen rearrangement R1 .«
b) reduction/hydrolysis

- H
t
k/RZ
.

R2

H

@)
/,, )’Iz,, H
| n-Hex |
8a, 72%

8b, 67%
(d.r.3.2/1, 94% ee)

8c, 42%
(d.r. 2.6/1, 93% ee)

(d.r. 3.7/1, 94% ee)

a4, O, O
”"l H ,I’l, H l,," H Ill
| | | n-Hex
8d, 65%° 8e, 82%° 8f, 53%
(d.r. 4.3/1,94% ee) (d.r.5.3/1,93% ee) (d.r.5.7/1, 92% ee)

89, 69%°
(d.r.3.2/1, 87% ee)

37



Part 2. Development of Asymmetric a-Allylation With Danny

Single-crystal X-ray determination of
the absolute configuration

Tf,0 (1.5 eq), 2-fluoropyridine (2.0 eq)

Br j\ DCM, 0 °C, 12 h Br ( 3
N

1f 4f.BF -

N BF,
0O a) Claisen I Ywph
N Ph rearrangement HBF, aq. o
"




Part 2. Development of Asymmetric a-Allylation With Danny

Myers alkylation Claisen rearrangement strategy
Ph R J\/Ph
uLJV_ph L e > A
OH OH O
(1S, 28)—pseud oephedrine
A
LDA, LiCl| enolization electrophilic | Tf,0,
activation 2-F-pyridine

“, OTf
(soIvent)nLl ﬁ
\\\N_K / /
R —\
: OLl(soIvent)n

B Q
¢ Vo
o A Pty

H R
OH O o

| R =-n-CyoH2 ( .



Part 2. Development of Asymmetric a-Allylation With Danny

Mechanistic proposal for the observed diastereo- and enantioselectivity

2 —
O

- ]
J_T / : /
X N : &N Ra,
steps — / N 7 steps H
- R o— / /R o— » H™ [«H
Q) @ (2S.3R)
8a
boat transition state chair transition state \w
(disfavored) (favored)
less hindered facial interaption less hindered facial interaption
(favored) (favored)

| Lo naVi
(2R,3R) _/=J @ Q @ (2R,3S)

boat transition state chair transition state
(disfavored) (favored)
hindered facial interaption hindered facial interaption
R = -n-CioHxy (favored) (disfavored) 40



Part 2. Development of Asymmetric a-Allylation With Danny

summary
0]
R
o
i ____ 7 b)hydrolysis 42-80%
* a) Claisen N oTf | —— B 88-99% ee
R\)LN/'\/Ph rearrangement | o \/& mPh o 8 examples
: —> -0 —
6 TF,0, : R,
2-F-pyridi z
2 k pyricine ( 4 c¢) reduction/ > 54-92%
- - hydrolysis Il/ 89-99% ee
6 10 examples

Peng, B.; Geerdink, D.; Maulide, N. J. Am. Chem. Soc. 2013, 135, 14968-14971 41



Electrophilic rearrangement of amides: content

4 )

Part 1. Nucleophilic/electrophilic capture of in-situ generated iminium ethers

Tf0
TfO
J\/\/O\/\ Tf,0, collidine \\/5_/7 NuorE éf y
O oy (-
\

Part 2. Development of Asymmetric a-Allylation

[0} ©
o
Tf,0, collidine ﬁ Tfo .
{CN —_— C —» HO
DCE O
0} N A\ |

K chiral auxiliary chiral auxiliary

d Part 3. Development of A Brensted Acid-Catalyzed Redox Arylation A

o]
Q o
/}N’\) + Ph/ng —> st\é\ \\/
N R J

AN

-

42



Part 4. Development of A Brensted Acid-Catalyzed Redox Arylation

Previous work:

NN
o (l) - \N/ - N
st R,z R
R\)L _ electrophilic activation =~ Ph” "R "‘%\((l) o
N . 'SR T] > » ~ S\ _> S\ 1
| 2-iodopyridine, Tf,0 ©/ + R R
4 - 0 - 9 N\
0 . e [ o
Yo electrophilic activation OYO Si_, m‘)\( R
Ph” "R Roz o
—_— (0] >
/N\) HA- o N+\) )Aé .. 1 ?
R Ro ©/ TR R
A
N\ : - L~ x y

43



YO Q acid n-C4oH24 \\/O
N\) + —®  phs
/ Ph">Ph  slovent
n-C4oHo4 rt, S min
4a 5a 7a
entry acid(eq) amount of solvent yield
nucleophile
1 HOTf(1.0 eq) 1.0 eq DCM 89%
2 TFA(1.0 eq) 1.0 eq DCM NR
3 HOTf(0.2 eq) 1.0 eq DCM 90%
4 HOTf(1.0 eq) 2.0eq DCM > 95%
5 HOTf(1.0 eq) 1.0 eq toluene 74%
[ 6 HOTf(0.1 eq) 2.0eq DCM > 95% ]

44



With Huang and Xie

13 examples

: ] .
Y2 S HOTF (10 mol%)
Z Voot U Tt ‘\/

rt, 30 min
R 2.0 eq. 44-96%
4a-m 5a
O o o0 o 0 o 0 O o0
MeO
A \Z NJ(O € N/I(O MeO NJ(O
bhS - PhS (W O PhS (- PhS ("
7i, 53% 7k, 85% 71, 83% 7m, 87%
Nucleophile scope: o o
o)
%0 ! n-CqoHz /l(
Y X g2z HOTf (10 mol%) N" o
NS+ R —— Y rs
=z F DCM N 1 12 examples
n-C4oHa4 2.0 eq rt,1h S 37-96%

4a 5a-l 7aa-al

o) o) 0O 0
i i i i
o o O
Cl

Tae, 60% 7af, 86% 7aj, 37% 7al, 79% 45




With Huang and Xie

DOTf(1.0 eq)
_— (a)

\
Ct
+
»n=0
(o

Ph” “Ph 30 min
R
4a 5a, 2.0 eq d,-7a
0 R R

N\) I g HOTf(0.1 eq) N"No NS
Z + Ph>Ph + dsP” Phdy g S Lo ®

R/ 30 min ph~> 4 ds-PH” 7 I

4a 5a,1.0 eq 80% pure 2D\

of deuterium dy
R = n-C4oHy d4o-5a, 1.0 eq fa do-7a

7a:dg-7a=63: 37
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With Huang and Xie

O o
SN n-CyoHz1 NJ(
Y 0 HOTf (10 mol%) 0
N\) + g PhS £
/ : Ph”~>Ph DCM t-Bu
n-CqoH»1 t-Bu 20 eq. -78°Ctort,12h

92%, dr = 75:25
8a 5a 9a

Synthesis of a dibenzothiophene:

0O
o n-CyoHz1 o
o) O
E:) a S N4
0,
/ n ‘_‘ HOTf(10 mol%) Q O k/o
Nn-CyoHay DCM, rt, 1 h
4a 5n 7an, 72%
Elaboration of products:
(o) fo) o) o
n-CqoHz NJ( . n-CqoHz NJ(
0] Raney Ni, H, 0]
.S s — = |
Ph acetone, rt

7a 10, 89% 47



— 0 =
oTf ) orf o o
0 H* N+ Ry 12 O
I R 1 03
/N\) + Ph/S‘RZ Lr;» 1 H./ 9 ~—— 1 23é ‘T R,S \\/
R S R "
1 Ph” "~ R, O/

- - good to excellent yield
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