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Study of a Facile Oxidation Process with Light and Molecular Oxygen
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Abstract: Oxidation is a very important transformation in organic synthesis; however, hitherto these methods usually involve the use
of large quantities of heavy metals, which generate a large amount of waste, and are detrimental to the environment. On the other
hand, recently, many researchers have reported catalytic oxidation processes with molecular oxygen, which generate little waste.
Molecular oxygen has received a great deal of attention as an ideal oxidant, since it theoretically produces only water as the end
product with a certain suitable catalyst is inexpensive and has higher atom efficiency than that of other oxidants.

With this perspective, we have studied the oxidation with molecular oxygen, and developed the oxidation of methyl aromatics and
alcohols to the corresponding carboxylic groups in the presence of a catalytic amount of bromine sources such as aq. HBr and Br,
under UV irradiation (<400 nm). We have found that the same oxidations proceeded in the presence of a catalytic amount of MgBr,
as a bromine source under visible light (VIS) irradiation (>400 nm). Moreover, in developing the above-mentioned oxidation
following esterification, we accomplished efficient direct aerobic photooxidative synthesis of aromatic methyl esters from methyl
aromatics.
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Scheme 1. Oxidation with molecular oxygen.
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Scheme 2. Photooxidation of arylmethyl halides with FSM-16.
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Scheme 3. Aerobic photooxidation in the presence of catalytic
LiBr.
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Scheme 4. Plausible path of aerobic photooxidation of methyl
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Table 1. Aerobic photooxidation of methyl aromatics under
UV irradiation in the presence of aq. HBr.
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Table 2. Aerobic photooxidation of alcohols under UV
irradiation in the presence of aq. HBr.

0,, hv (UV) 0,, hv (UV)
Ar—Me _8a-HBr(02equiv) — a_cop RS 24 HBr02equiv) o coH
1 EtOAc, 10h 2 3 MeCN, 10 h 4or2
entry substrate product yield (%) entry substrate product yield (%)

1 R'=-H (1a) 2a  46° 1 n= 10(3m) co,H 4m 81°
2 Me  -Bu(1b) CoH 2 98 2 Son 4(3n) ™M e

3 O/ -OMe (1c) @/ 2 87 OH

4 -Cl (1d) 2d 507

5 R CN(e) R 2 53 3 “(\J)\ 30 57

8 -NO, (1f) 2f  87°

Me CO,H
e Jo g
Me 19 HO,C 29
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9 D g2 R? = 1-Me (1) a 2i 76
10 @ 2-Me (1j) | = COMH i 92
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N me 1 N“co,H 2

# Starting material, which could not be recovered because of its
volatility, remained after the reaction. ¢ Unidentified by-products were
genarated. © 36 h, @ Used ag. HBr (0.4 equiv.). ¢ Used aq. HBr (0.5
equiv.).
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Table 3. Aerobic photooxidation under VIS irradiation for
methyl aromatics in the presence of aq. MgBr,*OEt,.
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Table 4. Aerobic photooxidation under VIS irradiation for
alcohols in the presence of aq. MgBr,*OEt,.

0;
fluorescent lamp (VIS)
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3 EtOAc, 10 h, without stirring 4or2
entry substrate product yield (%)
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2 {\’):\OH 4(3n) \E/)'n : 4n 64
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5 R =-H (4a) 2a 9

8 OH “Bu (4b) COH 2b 89
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8 R -Cl (4d) R 2d 69°
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2 R2 = 1-CH,OH (3i) 78

R 2-CH,0H (3j) @ CO?H 92

11

12
A R o
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S 3q S
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@36 h. ? 4-Chlorobenzoic anhydride was also obtained in 25% yield.
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Scheme 5. Aerobic photooxidation of methyl aromatics in 1
mol scale.
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Scheme 6. Study of the reaction mechanism.
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Scheme 7. Plausible path of aerobic photooxidation of methyl

aromatics.
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Scheme 8. Working hypothesis
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(entries 8-13), HAID T AT )UK 7o DU R T i f ] &
24 BFRICIER T2 2 L CEBMNICHEOLND Z &b
7= (entry 14), X HIT, REX 03 MIZT5Z L T CBry
OfifitE % 0.1 Y EIZE TRS LT HRAERIETCORRL
FOSEITT 5 2 E3bho 7= (entry 15), 72, BFEJH,
S TIRBBEN VG A R L ORI 21T WEAITIT,
HIDOZ AT VERNZIEAEHBLNRN Eb0TR
LWETHD Z Enbho7- (entries 16-18),

Table 5. Study of reaction conditions of direct aerobic
photooxidative synthesis of methyl esters from methyl

aromatics.
0;
Me  fluorescent lamp (VIS) CO;Me
/©/ cat[Br] /©/
Bu 'Bu
1b MeOH b
entry cat.[Br] (equiv.) M (mollL)  time(h) vield (%)°
1 Br, (0.3) 0.06 10 19
2 aq. HBr  (0.3) 0.06 10 2
3 NBS (0.3) 0.06 10 7
4 LiBr (0.3) 0.06 10 NR?
5 NaBr (0.3) 0.08 10 NR®
5] KBr (0.3) 0.08 10 NR®
7 MgBr,+OEt, (0.3) 0.06 10 3
8 AlBrs (0.3) 0.06 10 16
9 TiBry (0.3) 0.08 10 14
10 ZrBry (0.3) 0.08 10 59
11 SmBr (0.3) 0.06 10 6
12 YbBrg (0.3) 0.06 10 60
13 CBry (0.3) 0.08 10 90
14  CBry (0.3) 0.06 24 100 (99)
15  CBry (0.1) 0.30 24 100 (92)
16 - 0.30 24 NR®
17¢  CBry (0.1) 0.30 24 3
18¢  CBry (0.1) 0.30 24 NR®

214 NMR analysis. Yield of isolated product in parentheses. ® No
reaction. ¢ Under an Ar atmosphere. 9 In the dark.

U EoFEb DSt E ik 2 OFFER AT VED
BN 72 BB L) = 2 7 WAV EUG % 4T - T2 55 % Table 6 12
R EER ICE G A AT 2 T CldmEE Txt
ot B AF T AT AR ST~ (entries 2 and 3), —
Fa T oD LS B TR E S EFR LICHET 55K
BB L CiE, aTADEIRE TS ANE < 500W & /v
T TERNDZE T AT R E BRIFRINE TS 2
LW TE7- (entries5and 8), F7o. FHERLEICBITHE
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BEEOA BRI OV THRF ZIT o7& T A5, o ifEHE S
U7 2-bromotoluene (luo) “TlIZ O NLARFETE D 72 DRI
RIZL EFE oz, T HIZ . mALIZE#R X7z 3-bromotoluene
(lum) TIHEHREOWERTHMO Tum 15 b7z,
Hammet O EHEEFELRIZ L AUT mALEHRO LB To,<op &
o THRY  FOETRMEDTZD p iLEHO LD L VUL
RPMEL ol b B2 HND (entries 5-7) W, LS
BRI THD T AL N REFET A
TIXHFRRED GIRIERIZ & & F o 72 (entries 9-10), 7 #
VUBRERT 5 EEICE LTI RED S RAFRIGET
HEID A NVR BT AT )V A D 2 & 3T X7z (entries
11-12), F7z, BLEFTN Z2fFET 5 pxylene (1g) %
DANR AR B L BT D ITEEIEREEE A
HEED B RNTH LN, ARGEEAT 5 & Bt
INETHMOYZ AT NVERELND ZERbhroTz
(entry 13), & 51T, 4,4’-dimethylbiphenyl (Iw) [EILR
THIET DV AT IVERAT VRN E BRI ND Z END
o7z (entry 14), L2>L7223 5, 2-methylthiophene (1k)
X 2-picoline (11) DX S e~T Rz H T 5 EE TILK
IR #& 3> > 7= (entries 15-16) ,

Table 6. Direct aerobic photooxidative synthesis of methyl
esters from methyl aromatics.

03, hv (fluororescent lamp)

CBry (0.1 equiv.
Ar—Me 4 0.1 o} Ar—COMe
1 MeOH, 24 h 7

entry substrate product yield (%)
1 R'=p-H (1a) 7a 71
2 p-Bu (1b) 7b 92
3 p-Ph (1s) Ts 89
4 p-Bz (1v) Tv 70
5 p-Br (1up) L CO:Me 7up 807
6 mBr(lum) R 7um  52°
7 0-Br (1uo) Juo 317
8 p-Cl (1d) 7d 782
9 p-CN (1e) Te 53ab
10 p-NOs (1) i 2430
1 N o2 R?=1-Me (1) ‘; . 5320
12 @ R 2-Me (1j) ) CoMe 7825

)
=
m:
@

CO;Me
/©/ gaabc
MeO,C 79
COzMe
14 O O gzabe
Me w Me0,C

I\ f \ bd
15 QME 1k COZMe Tk G
L
16
NZ “Me 1l N/ coMe T
2 With 500W Xenon lamp instead of fluororescent lamps. © 48 h. ¢ With CBr, (0.2
equiv.) in MeOH (0.15 M). ® "TH NMR analysis.

gabd

FIAKIED T T DA — )V TORBNEITT2 8 25,

10 mmol A7 —/L B L OEIRE (30 wiv %) DOFFIZBW
T 78%& V) BIFRINER THNDOZ AT VKESGD Z &
I Eh L7- (Scheme 9),

02

Me  fluorescent lamp (VIS) CO:Me
/©/ CBrs (0.1 equiv.) /©/
‘Bu Bu

1b (10 mmol, 148g)  MeOH (ML) 7b (78%)

Scheme 9. Gram-scale synthesis of methyl esters.

4. 2. EICHE

FEER LA TFNVESHERANE ) — )V OEBENREE
L= 2T AL E WG T 5 R CUEE Gk E LTT
AT RBPERLTWD Z 2R LE, #l21F,
4-tert-butyltoluene (1b) % FLEIT 4 REfE] FIHHIL A MU L7z
%4012 4-tert-butylbenzladehyde (5b) 7% 8% DR TH H
7219 £ 'HNMR L0 RS LTT U= AF AT
avA R, 7AFE R, AR CBOFENRTE I,
—7J7. benzaldehyde (5a) ZFEEIZH, KEEEERILEL
Z5HRTT o728 25, 91%DIERT HIARY Ta 2315
BTz, WICFEIGZE | TR T LI Z2A, 7T
RIKIIFEEETICOAFAT Y =LKL LTHEELT
W5 Z EMbh o7 (Scheme 10, 5), BT, VAF
T H =R 8a B TRE 21T o7 & 25,
BHID A F NV AT VKRR LT (X 6), A EDZ o
O URRISITHFERE LT v & — kil L CGEfTL
TWaboLEZLND, £o, WK 2a #FLEIC
s L, BIOx 27 URIE 24 R T b FRE DI
THDHZEND VR UERERET 2R EILT7 85—
ZRRMT DR LV B ORISR IIHEV HFELT
WiWnWeEZ ons (7).,

02 oM
fluorescent lamp (VIS)
@/CHO CBr, (0.1 equiv.) @/CO?ME @om ®)
MeOH
5a
91% {5 h)
30% (1 h) 64% (1 h)
02
M
OMe fluorescent lamp (VIS) CO.Me OMe
©/L0Me CBrs (0.1 equiv.) @f o, ©/L0Me (8)
MeOH
8a 7a 8a
100% (5 h)
33% (1 h) 58% (1 h)
0
fluorescent lamp (VIS)
©/C02H CBr (0.1 equiv.) ©/002Me ©/COQH
MaOH
2a
42% {24 h) 38% {24 h)
25% (5 h) 67% (5h)

Scheme 10. Study of reaction intermediates.

PLEDFERMN S | ARER{LHEHE %2 Scheme 11 D X HITE %
TWnb, T7bb, CBry MBLEULERZT VINANEFH
BREATNVENOKRFBEBIEHRE TV =N ATFNLT TR
NFEDNERT D, 22T REFVINE N T v TTDH L
TYV—=NAFATu~A KD, —J7, s RBEEO b



FRE D L EBRFE 2 TEM T 2 MERRRL Y o' 2 ORI 20

Ty TEKRFOFEHRE, HPAKIZEVTATER S
DERT D, ALMET. TATE RSREPAFAT L —
N8 L7 JEEFEMLINIZ LY Z AT LT S LS
N5, Tz, TIATE RSOLOEUIZ L D LR EE 2
ERCZATNMCEIBE LB X O, LRRoEBIC
X0 ERE TRV EEZ TS,

hv

(1) CBry— = Bre =

Brs

Ar—CHgBr

Bre HBr Bf‘ﬂ*’“‘ 0, HBr  Br-
00~ OOH
Ar—CHs AN Ar—CH, ANA :

Ar—CHz —T»

(2) Ar—Me

Br- HBr Q5
MeOH OMe OMe MeO. 0O+

Ar—CHO ——= e a_\_. a>ome

fast Ar OMe Ar

5 8 HBr
(o] K
HBr Br; HBr Bre
MeOH MeO. _OH E fl MeO. _OOH
Ar—COzH Ar—C0OM
f 2 7 slow d 7 2N g Ar><OMe ArXOMe

MeOH

Scheme 11. Plausible path of direct aerobic photooxidative
synthesis of methyl esters from methyl aromatics.

5.

DLk R D IR CRA RSy 1IRERSR A iR kAl & LT
FA BB AR L 7 m B A DB E1T > TE T2,
TORER, A, AR ERAVAZ EICLY, FERE
AFNIERLT )V a— VD H VIR U EA~D R FRBIL X
W& TR A FNEDIFEIR I VIR = AT e~ DIE
B RBL = 2 T WALROG &2 RN T 2 L DN TE T2, 5
B B A FNEOEBEN LB T 2T LAY O®E T
bb, o, RSO RRETHLAT—NLT v
R LRI ARIC IS T h 5 rIE R RELIC BV T
BREICRT 2 KEARICHY Lz, b0 EITE
A ZM TR F RO @G FIREER 2 JHN TV D 5 1
ik & e U CREEM D DIV E R EOREEA L TR
D, XY IV —r IR MY =" OMEITHE - T AHEA
B EE ARk E B 6D,

6. HiEE

ARGz 0 DTEE £ Lzl BIRE KRS
%S L B SRR AE S D FE IR L E T,
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