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Use of Molecular Oxygen in Catalytic Cycle

Substrate Product Substrate Product

Cat. ox. Cat. red. Cat. ox. Cat. red.

Catalytic one electron

Byproduct Oxidant donor/acceptor

Oxidant ideal: O,
real: DDQ, CAN, etc...
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1. Cu-TEMPO catalyzed Aerobic Oxidation of Alcohols
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Cu-TEMPO catalyzed Aerobic Oxidation of Alcohols

R-OH

cucl (10 mol %), TEMPO (10 mol %) j’\
DMF, 25 °C R” "H
Table I. Conversion of Alcohols to Aldehydes with Oxygen®
ent-
ry aleohal aldehyde time, b yield®
I p-MeOCH,CH,O0H p-MeOCH,CHO 1.0 96%
2 p-MeOCH,CH,OH p-MeOC,H,CHO 240  97%
3 p-MeOC,H,CH,OH p-MeOC,H.CHO 104  92%
4 p-MeOCH,CH,OH p-MeOCH,CHO 2.0+ 1%
5 p-MeOCH,CH,0H p-MeOCH,CHO 6.0% BO%
6 p-MeOCiH,CH,OH p-MeOC;H,CHO 7.0/ 25%!
7 C;H;CH,OH C;H.CHO 4.0 4G
§ p-NO,C,H,CH,OH p-NO,C,H,CHO 7.0 85%
9 piperonyl zleohol piperonal 160 B5%
10 {E)-hex-2-en-1-al {E)-2-hexenal 1.75  100%4
11 geramol geranial 1.75 92%
12 cinammyl alcohol cinammaldehyde 2.73 93%
13 myrtenol myrtenal 2.0 92%
14  2-cyclohexenol 2-cyclohexenone 18,57 0%

Semmelhack et al. J. Am. Chem. Soc. 1984, 106, 3376.

Proposed Reaction Mechanism by Semmelhack

4cul) + 4 >N

4Cu(lly + 4 N -
| .
ély Actual oxidant
2 >N + 2RCH,OH ————» 2 N + 2RCHO + 2HF
Il
O OH
+ > - |
2 N + 2 N 2H" + 4 ]TI
I Il
OH 0 0.
+ 2l
4Cu(l) + 4H" + O, — 4 Cull) + 2H,0 0, : Oxidize Cu(1)
2 RCH,OH + O, — 2 RCHO + 2 H,0

Semmelhack et al. J. Am. Chem. Soc. 1984, 106, 3376.




Proposed Reaction Mechanism by Sheldon

(TEMPOH)

OH Cu(ll)- 5 1/2 O,
)< complex
R; H Actual oxidant
R
\Fo Cu(l)-

complex
+ H” 0, : Oxidize TEMPOH

-

Sheldon et al. Org. Biomol. Chem. 2003, 1, 3232.

Verification of the Mechanism 1

(TEMPOH)
NPT %
OH
T
o SN N e
+H*
2:‘T
', Cu(1) + TEMPO
Cu(1) + TEMPO

Cu(2) + TEMPOH

l N,, rt, 24 h
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curt” 600 750 900

Fig. 4 UV spectra of 2 mM solutions of Cu™(0OAc)-TEMPO (H),
Cu™{0Ac), (&), TEMPO (x) and Cu™OAc (#) in acetonitrile under an
inert atmosphere.




Verification of the Mechanism 2

(TERABCIHY

R><OH Cu(l)- ) 120,
R H comiplex - rlq
: OH
Ry -
Cu(l)- \\ -
R:FD m:ﬁplex ‘ ,>|1N/‘*: H0
+H* 0.
T,
S e ve = Sk e
N N
| |
CH o, (3)
SN R
OH o, (4)
Instantaneously occur in basic H,O (checked by the color)
Verification of the Mechanism 3
(TEMPOH)
R><OH Cu(l)- ) 120,
R H corriplex - rlq
: OH .
) KIE Compared with
H'/;_D Cul)- \\ 5 ix Ha0 Hammet other reactions
R3 complex - N/{x
+H* 0.

Kinetic isotope effect

H
Cu-TEMPO catalytic under O,: ky/kp = 5.42
OH o Stoichio. under N,: ky/kp = 5.77

\
+




Ri_ o Cuill)-
R2><H COMplex
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\Fg Cully-
R3 complex
+H*

Hammett plot

Verification of the Mechanism 3

(TEMPOH)
2 y 120,
OH
N
005 oy CUCITEMPO
' 141
p-OMe . DMF, 25°C, O,

0.3 0.1 0.5

=005
loglkyky,) = ooy

0,107

log(kylky:)

0.7

p-NO,

Verification of the Mechanism 3

Kinetic isotope effect (kylkp)”

Hammett p-value

System
CuCl-TEMPO-0O, 5.42 —0.16
| Uxoammomium chlonde 1.7-2.3 —I_3 |
RuCly{ PPh; )~ TEMPO-0, 512 —(.58
CuCl-TEMPO-N,“ 5.77 —
[CuiiBsP}O, 3.3 —0.14
Galactose oxidase 5.02 —0.09
_H-\H' "
NG }?u - I-'II, H
r‘: \-._N"C‘:l O_<
1 0 Ph
: \—/ l
M S _'\-\ ';‘-— R.D.S
| | Bu ()‘—l.'l{
Q 0OH SPh O:@_IR“ (/{JH H
. <Ph N v~ : :
(oxXoammonium) [Cu(IDBSP] , CN '_,,C'\hu{:J Ph




Verification of the Mechanism 3

cf. Galactose oxidase

OH OH HO O

| -0 . 0 GDase L. o
RO -OH z HO- " OH
oH QH

(S S

+ Hy04

@ 6L
H's N-., 2+“ deprotonation His ™ -‘fch2+" d
bstrate v ~
HEN of substra His oL \
N
H/ \‘R H R
Hy04 H atom
abstraction

and e-transfer

RCH;0H :

° Q
. N-.,
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—
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Proposed Hydrogen Abstraction Mechanism

Ri_ O0—Cul_ O—Cull_
K >N —
R, HO R HO/

. w0
. H'SN"""*cuz*‘ H
IS ~
C >—0 ~N
H/ "*--.R R, HO

By analogy with galactose oxidase




Proposed Catalytic Cycle

Further Improvement through Condition Optimization

5 mol% CuBry 5 mol% \ 7 N/
N N

R/\\OH - R/\\\O
1 5 mol% TEMPO; 5 mol% t-BuOK 2
CH3CN/H,0 (2:1)
Air, 25 °C

Conversion (%)
Entry Bipy TEMPO  r-BuOK 0.5h 1.5h
1 1o ves yes <1 6
2 yes no yes No reaction
3 yes yes no 10 275
4 ves ves yes 38 83¢

a Selectivity >99% based on GC. ? 100% Conversion after 24 h. € 100%
Conversion after 2.5 h.
Sheldon et al. Chem. Comm. 2003, 2414.




Other Examples of Cu-TEMPO Catalyzed Reactions

HS
. TEMPO cat., Cu®* cat. J-H,/L
1 4 L 4
R /]\/kﬂ MeCN, O, rt. . N R

Vatele SYNLETT 2009, 13, 2143.

Me [Cat], (10 mol%) pje
O
+ P — TEMPO, (10 mol%) \Q
0, (1 atm) N
1a 2a pyridine (4.0 eq) H g
NH, toluene, T (C) Jaa

[Cat] = CuBr, Jiao et al. J. Am. Chem. Soc. 2010, 132, 28.
T=60°C

2. Organic Photo Catalyst System
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Aerobic Photocatalytic Reactions

OQ\KQ\/:*\H[BF i I DH; HD'JI‘;::_BH

OR

'|I"‘ (
\Tm) Floreancig et al.

hv
N

F. F
F F )
CN Fukuzumi et al.
Heee <
0, hv
Me

Ket ) Acr—Mes™ | Ky +/ (Acrt—Mes)
N
oL H Me

) —— ef==

H Fukuzumi et al.

Aerobic Oxidation of Toluene with Photo Catalyst

hv
N

F. F

F F
CN

vield Conditions

oH R
COnversion —E.'HD
=

LD

p-xylene 100 % 100 % Fl\l
mi-xylene 67 % 00 o4 [ 95 Me
o-xylene 70 % 94 % 6% AcrR”
2 ! " (R= Ph 33mol%
toluene 3P 100 %"
O,
p-tolualdehyde 0% 0% 0,, CHCI;, 25 °C

Fukuzumi et al. . Am. Chem. Soc. 2003, 125, 12850.




Proposed Catalytic Cycle

LUMO —

- H,0
NCOCHO - ROOH
¢ Homo 4—%

mr

LUMO —r
N\ HOM0—1—
E

+H" Photo catalyst 1

CN F

- I -\\‘" F
ROO >

C
F

CM

NC—O—ME
FF F
CN Koet (RH)
—RH kEI
+02

CN

CN F

F. F RH™ R‘@ LUMO 4_

=N F F

: : ke oN HOMO 4—}—
CN ‘________/

—H*

Organic Photo Catalysts

photosensitizer E%i® (V) vs SCE Bl (V) s SCE ° (ns) EwlS) (V) kE(M s
1 1.2.4 5-tetracyanobenzene —0.74 317 43 381 1.5 x 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% 45" 33 7.3 % 10°
3 tetrafluoro-p-dicyanobenzene —1.10 2.66 32 376 4.9 % 10°
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 26 4.18 34 % 10°
5 tetrafluoro-m-dicyanobenzene —1.33 2.61 39 3.99 3.3 x 10°
6 1.4-dicyanobenzene —1.46 255 97 401 74 % 108
7 1-methylquinolinium ion —0.96 2.54 20 3.50 22 x 108
8 1.4-dimethylquinolinium ion -1.0% 251 19f 358 1.2 % 108
9 1.2-dimethylquinolinium ion —1.05 246 15 351/ 8.7 % 107
10 10-methylacridinium ion —0.43¢ 2328 37¢ 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 0.25 3.50 i
12 tetrachloro-m-dicyanobenzene Jj 0.20 371 i
N N N N
R F F N
4
F F X’
F F D
NC ©N CN ! | +5—R
2
1 3 4 \

Me

N N N RQuH*
= E Cl |
(R =H, 2-Me, 4-Me, 3-CN)
F CN Cl Cl 7 9 8 2
F 5 CN 6

CN 11




Organic Photo Catalysts

photosensitizer E%.* (V) vs SCE Bl ¥ (V) vs SCE ™ (ns) EwlS) (V) (]
1 1.2.4 5-tetracyanobenzene —0.74 3.17 43 381 1.5 % 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% 45" 33 7.3 % 10°
3 tetrafluoro-p-dicyanobenzene —1.10 2.66 32 376 49 % 107
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 26 4.18 34 % 10°
5 tetrafluoro-m-dicyanobenzene —133 261 39 399 3.3 x 10°
6 1.4-dicyanobenzene —1.46 253 97 401 74 % 108
7 1-methylquinolinium ion —0.96 2.54 200 350 2.2 x 108
8 1. 4-dimethylquinolinium ion —-1.0% 2,51/ 19 358 1.2 % 108
9 1,2-dimethylquinolinium ion —1.05 246 15 351/ 8.7 x 107
10 10-methylacridinium 1on —0.43¢ 232¢ 37 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 0.25 3.50 i
12 tetrachloro-m-dicyanobenzene Jj 0.20 371 i
One electron reduction potential of ground state
- H0
NC—@— CHO -«——— ROOH CN
F
LUMO — _ Lumo 4—
_°® 5 F F
. CN
HOMO HOMO +H
CN
cf. O+e” — 0, :-0.72eV F
ROO*
FYY O F
CN Ko
Organic Photo Catalysts
N N
photosensitizer E%i® (V) vs SCE Bl (V) s SCE EwlS) (V) kE(M s
/
1 1.2.4 5-tetracyanobenzene —0.74 317 — | 3.81 1.5 % 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% NC CN 332 N 10°
3 tetrafluoro-p-dicyanobenzene —1.10 266 | . 376 F. E 10°
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 Y e R T 10°
5 tetrafluoro-m-dicyanobenzene —1.33 2.61 39 399 10°
6 1.4-dicyanobenzene —146 2.55 97 4.01 F F 108
7 1-methylquinolinium ion —0.96 2.54 "IQ" 3.50 108
8 1.4-dimethylquinolinium ion -1.0% 2,51 338 CN 108
9 1.2-dimethylquinolinium ion —1.05 246 351/ 8.7 x 107
10 10-methylacridiniom 1on —0.43¢ 2328 . 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 1 *
12 tetrachloro-m-dicyanobenzene Jj CN
CN F
One electron reduction potential of singlet exited state F 14 F
NC—@— Me
LUMO LUMO 4—
e (RH)
——
Ket
HOMO HOMO
\
N
F
RH™
cf. DDQ: +0.56 V Y F




Organic Photo Catalysts

photosensitizer E%.* (V) vs SCE Bl ¥ (V) vs SCE ™ (ns) EwlS) (V) ks (M'sTY)
1 1.2.4 5-tetracyanobenzene —0.74 3.17 43 381 1.5 % 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% 45" 33 7.3 % 10°
3 tetrafluoro-p-dicyanobenzene —1.10 2.66 32 376 49 % 107
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 26 4.18 34 % 10°
5 tetrafluoro-m-dicyanobenzene —133 261 39 399 3.3 x 10°
6 1.4-dicyanobenzene —1.46 253 97 401 74 % 108
7 1-methylquinolinium ion —0.96 2.54 200 350 2.2 x 108
8 1. 4-dimethylquinolinium ion —-1.0% 2,51/ 19 358 1.2 % 108
9 1,2-dimethylquinolinium ion —1.05 246 15 351/ 8.7 x 107
10 10-methylacridinium ion —0.432 2328 37¢ 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 0.25 3.50 i
12 tetrachloro-m-dicyanobenzene Jj 0.20 371 i
Fluorescence life time
#*®
CN CN CN
F F F
hv
_—>
F F F F F F
CN CN N
: Fluorescence
Organic Photo Catalysts
photosensitizer E%i® (V) vs SCE Bl (V) s SCE ° (ns) EwlS) (V) ks(MTsTY)
1 1.2.4 5-tetracyanobenzene —0.74 3.17 43 3.81 1.5 % 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% 45" 33 7.3 % 10°
3 tetrafluoro-p-dicyanobenzene —1.10 2.66 32 376 4.9 % 10°
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 26 4.18 34 % 10°
5 tetrafluoro-m-dicyanobenzene —1.33 2.61 39 3.99 3.3 x 10°
6 1.4-dicyanobenzene —146 2.55 97 4.01 74 % 108
7 1-methylquinolinium ion —0.96 2.54 20 3.50 22 x 108
8 1.4-dimethylquinolinium ion -1.0% 2,51 19 358 1.2 % 108
9 1.2-dimethylquinolinium ion —1.05 246 15 351/ 8.7 x 107
10 10-methylacridinium ion —0.43¢ 2328 37¢ 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 0.25 3.50 i
12 tetrachloro-m-dicyanobenzene Jj 0.20 371 i
4 i i 0 _FO0O =x
N NS Singlet exited energy E° _,—E°. .4
—R
E E | r’?’ . Nearly HOMO-LUMO gap
|
F F Me
CN RQuH* 1 eV =ca.1200/A (nm™) = 23 kcal/mol
(R=H,2-Me, 4-Me, 3CN)  p_p ppy
1:3.81eV 8:3.58 eV 10: 2.75 eV
A =312 nm A =417nm




Organic Photo Catalysts

photosensitizer E%.* (V) vs SCE Bl ¥ (V) vs SCE ™ (ns) EwlS) (V) (]
1 1.2.4 5-tetracyanobenzene —0.74 3.17 43 381 1.5 x 1010
2 1-methyl-3-cyanoquinolinium ion —0.60" 2.7% 45" 33 7.3 % 10°
3 tetrafluoro-p-dicyanobenzene —1.10 2.66 32 376 49 % 107
4 tetrafluoro-o-dicyanobenzene —1.62 2.66 26 4.18 34 % 10°
5 tetrafluoro-m-dicyanobenzene —133 261 39 399 3.3 x 10°
6 1.4-dicyanobenzene —1.46 2.55 9.7 401 74 % 108
7 1-methylquinolinium ion —0.96 2.54 200 350 2.2 x 108
8 1.4-dimethylquinolinium ion —1.0% 2.51f 19f 358 1.2 % 108
9 1,2-dimethylquinolinium ion —1.05 246 15 351/ 8.7 x 107
10 10-methylacridinium 1on —0.43¢ 232¢ 37 2758 h
11 tetrachloro-p-dicyanobenzene —0.95 2.55 0.25 3.50 i
12 tetrachloro-m-dicyanobenzene Jj 0.20 371 i
' *
CN 1 .
F CN = CN QuenChlng rate constants
hv
_—>
F F F F F F
CN CN CN
Fluorescence
N
F
F F
CN
0 . .
E” .4 VS Reactivity
11 N N N N
F. F F N
1 F F I&
NC CN CN 3 I F
- 1 3 4
Iiﬂ
T N N N
= 5 = cl |
g Cl Cl
o F CN
o F g CN 6 CN 11
4 R
3 ° =
O QGC
7 1 1 1 N 2 N -
2.4 26 2.8 3.0 32 | |
Qo Me Me
rea VS SCE, V RQuH* AcrR*
- _ _ (R =H, 2-Me, 4-Me, 3-CN) (R =H, Ph)
0.1 eV difference: ca. 50 times faster reaction 7 9 8 2

10




Reaction with p-tolunitrile

hv
NG—@—Me + 0 ——» NC@—CH@ + H0
N
F. F
rt 33 mol %
F I FE0 *=+3.17V

Table 2. Reactant Conversion and Product Yields in
Photooxygenation of p-Tolunitrile (3.0 x 10-2 M), Catalyzed by
Tetrafluoro-p-Dicyanobenzene (1.0 x 1072 M) in Oz-Saturated

MeCN
time, h conversion, % yield, %
CHO CH,OH 254, 365, 405, 436, 546, 577, 579 nm
CN CN
0 0 0 0 Mercury lamp through
1 6 6 0 acetophenone —methanol filter
5 9 9 | (>300 nm)
4 18 15 3
8 27 22 4
Reaction with Xylens
hv
Me—@—Me ‘0O, > Me—@—CHO + Hs0
Ph
=
rt m 33 mol %
!
Me
Table 3. Photooxygenation Yields of Xylenes and Toluene (3.0 x Table 4. Fluorescence Quenching Rate Constants of AcrH* and
10-2 M), Catalyzed by AcrPh* (1.0 x 10-2 M) with 05 in AcrPh™ by Ring-Substituted Toluenes and Aldehydes in Deaerated
Oy-Saturated Chloroform at 298 K2 MeCN at 298 K
yield E M lg!

q*

) o n AcrH* AcrPh™
conversion —CHO —;CHO
=
= Z ™
— A —CHO —M —CHO
p-xylene 100 % 100 % 0% \C ¢ \Q \C © \Q

m-xylene 67 % 99 % 1%

p-xylene 8.6x10° <10° 1.4x10' <108
-xvl 0, 0, o,
gxylene 70% 94 % 6% (4.2 x 10%° (6.9 x 10%?
toluene 39%P 100 %"
m-xylene 7.7x 107 52x107 4.7x 10° <10®
p-tolualdehyde 0% 0%
o-xylene 7.9x 10° 3.8x 108 6.5x 10° <108
a Irradiation time i b ,
Tiradiation time is 10 h. ® Benzaldehyde. tolucnc 24x 108 < 106Y <108 <1080

. aValues in parentheses were determined in CHCls. £ Benzaldehyde.
Xenon lamp through UV cutoff filter (> 310 nm) P ’ ’ ?




Aerobic Photocatalytic Reactions

= S B 3
Oz\“f/@\/ﬁj ‘\"-,I"f[ dn v, OH

|l| .'I
o /NN Bypon
M OR

|'_::_"3 n
ROg

Floreancig et al.

hv

NC—@—Me + O —— NC—@—CHO + Hy0
N
F. F
F F ]
CN Fukuzumi et al.
Heee <
0, hv
Me Me
Kot | Acr=Mes™ | ke O (Acr*—Mes)
o \
K o’ LH
or + LD -t
H Fukuzumi et al.
Stichio. Reaction
~
Ao Ao,
N L )
Ph/\]/\(\’):\OH | Stichio.
OR hv RO™ ™o

@ Reaction conditions: /v, N-methylquinolinium tetrafluoroborate
(1—=2 equiv), NaOAc, DCE, fert-butylbenzene (4:1).

Entry Substrate® Product Yield {%) D.R.C Entry Substrate® Product Yield (%) DRSS
Ot-Bu OtBu
Ph OH B OH ,
1 RO’Q 74 7 ph/\l/\/'\/ (j’ 82 1.1:1

OR RO" "0

82 -

RO™ ™,

) 0
4 . AOH ,O\/ 74 10:14 RO™ O
Ph/Y\/\/ RO™ G OH 0

8 Ph/\l/\/\/OMOM D " 14
OR RO™ O

e
s Ug
o

OR @ Reaction conditions: /v, N-methylquinolinium tetrafluoroborate
oH (1—2 equiv). NaOAc, DCE. tert-butylbenzene (4:1). R = n-octyl.
5 Ph/\r\/[\/ OH \O _OH 92 1.2:19 ¢ Diastereomeric ratio. The major diastereomer is represented by the
OR RO™ "0 structure in the Product column. Stereochemical assignments were based
OtBu OLBu on 'H Nl\IR_couphug constants except \‘_\-’here noted. 9 Srereoghelmsny
6 S _OH D 84 174 was determined by NOE analysis. ¢ Yield at 88% conversion. / The
Ph/\f/\/\/ o relative stereochemistry of the starting material and the products was
OR RO” 0 not determined. € Yield at 91% conversion.




Proposed Reaction Mechanism

de :

PhW\OH Ph/\‘/\(v)ﬁ\ OH | Associative ( ‘E’"
OR

OR e cyclizaton RO (@

Recombination L Dissociation

ization
ot NOH Cydlizatio J\—q-gn

RO, RO~

-
R * fert-butylbenzene @/"B“ *
+
N

Floreancig et al. J. Am. Chem. Soc. 2001, 123, 3842.

Catalytic Reaction

= +
Bn. ®

oo, S| ool — O

N OR RO™ "o
Catalytic
) |\ Bn

O, . WOH

"*' OR

Floreancig et al. Org. Lett. 2001, 3, 4123.




Condition Optimization

h‘\-’, NMQPF5,02 | =
BnY\AOH NaDAc, DCE, D N7
OCeH:7 cosensitizer CsHi70™ 0 NM |Q+

1 2

entry  NMQPFs (mol %) cosensitizer time (h)  vield (%)?

1 200¢ TBB4 4 55¢
2 50 TBB 1.5 79
3 10 TBB 1.5 82
4 2.5 TBB 2 86
5 2.5 toluene 3 82

9 Reaction conditions: 1 (50 mg). NMQPFs. NaOAc (100 mg). 1.2-
dichloroethane (6 mL). cosensitizer (1 mL). gentle air bubbling. irradiation
with a medium-pressure mercury lamp. ? Reported yields are of isolated.
purified products unless noted otherwise. ¢ Air was not used in this example.
d TBB = tert-butylbenzene. ¢ 74% yield based on 76% conversion.

Substrate Scope

Entry Substrate’ Product  Yield (cat.l’ Yield (stoic.)
Bn ‘4 ==
¢ \(\g/\o"' ﬁ % 78 L.
OR RO O i
NMQ*

Bn OH
s Y MY Q 85 82
OR ro”~ ©
Bn OH
M o
3 HN\H,H\ \H'U\N 5 75 78
4
o) 4H
4 B"\(HWOTHP rﬂ—D 73 82
2
R
0" O o'} Ho

OR

9 Reaction conditions: 50—150 mg substrate, 2.5 mol % NMQPF, 2
wt equiv of NaOAc, 2 wt equiv of Na;S»0;, DCE/toluene (6:1). gentle air
bubbling. irradiation with a medium-pressure mercury lamp. ® R = n-CgH,7.
¢ Reported vields are of isolated. purified products. 4 Procedures for the
stoichiometric reactions in enfries 1 and 2 can be found inref 5. ¢ A 1.3:1
ratio of diastereomers was isolated. The relative stereochemistry of the
isomers was not determined.




Other Examples of This Type Reaction

Entry Subsirate Product Yield (%) DRY
"0
1 H Hir Cs"'a)\ﬂ" 75 21
3 4
peuliEhe
z _ E’C#" ey Tr &7 191
5 [
B'Y]\/\’GH \O
[
3 '_,N],Can Cg_'llj\lr 56 =181
7 ]
. L)
o
! EI\/\/N‘SDzAr CgHyy N 68
sH éO;Ar
B 9
H
64

50,40
87y \N,CEHH
s}

10

CaHi iﬁ’@
S0z

2 Reaction cenditions: hy, NMQPF; (2.5 mol %), O;, NaOAec, Na3S:0;,
DCE. PhiMe. ® Diastereomeric ratio. The major diastereomer is shown in
the product column_ Stereochemical assignments were based on 'H NMER
coupling constants. ¢ 1:1 mixture of diastereomers.  Ar = p-NO2CsHa.

Entry Substrate Product Y iedd (%) DAY
9’1‘5 MO,
1 B"\(V\/DT'_P N’O 63 21
HBoc BocH o
14 15
OMe
2 - THP Decompaosition
N{Me)Boc
16

B‘}\l-"\/‘omp O
3 gl - 21 »18:1
> =

17 18

mGF4En P
s OH ~

4 Boc H ><:__Q 56 =191
5<0 Boc

19 18

T Reaction conditions: v, NMQPFs (2.5 mol %), Oz, NaOAc, Nay$:0s,
DCE, PhMe. ? Diastereomeric ratio. The major diastereomer is shown in
the product column. Stereochemical assignments were based on 'H NME.
coupling constants.

Floreancig et al. Org. Lett. 2002, 4, 3443.




