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Hydrogen Peroxide and Aerobic Oxidation of Dihydroxy Arenes
Catalyzed by Homogeneous and Silica Gel-Supported Catalysts

Seiji Iwasa
(Toyohashi University of Technology)

Abstract :

Ruthenium(IT)/dimethyl phenyloxazoline (Ru(II)-dm-Pheox) complex and its silica gel-supported
catalysts were found to be very rapid and efficient catalysts in the hydrogen peroxide and areobic
oxidation of 1,2- and 1,4-dihydroxyarenes. Most of the quinone products were delivered in 99%
yield. The silica gel supported catalyst could be reused at least five times. This catalytic system

can be used for versatile synthesis of quinone derivatives from the corresponding dihydroxy arenes.
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KFEBCIZ DTG Lz, ThODRIRAE S L12, BBLAIE UTE SICLliA R4 w7z
FlE A IR RIRAL BRI DWW T OMET & 18 72, AWFRETIE. Ru(pheox-dm)litk & 2 ) 1 7L & o
7= FBE R I SRR AL BB S DWW TRRGET Uy il 25 BRSSO 2 T & 20125 Z L &M
L7z,

3. (Pybox)(Pydic)Ruf&{F % A\ /- it 0B ER bk FER1L BT

A= bid, LUl F 7 Y EEOBRIEOM 2 HE LT, i BRBUZE LORILAIT & %8R
AR % FHO 72U RS DWW TRRET L. Ru(pybox-dh)(pydic)#tifAk 28 @t /K RBIL L 35 1 5
F 7 e & U CHERES % Z & & Wi L 72(Scheme 1), @RI AKRIRILSIEIZ BT, Ru(pybox-
dh)(pydic) A I3 R AL IR R & WML 2 @R EEME L LTHWS RS, LA L, T Ol

Scheme 1
pa 0 N | o)
N cat.(0.01-1 mol%), oo N
~ H205(1.1 equiv.) e - N—pgy—N

PRI - - o %
L THF, 0 °C tort. Soo- o
- OH I 0 ﬁ 0

OH up to 99% X

cat.: Ru(pybox-dh)(pydic)

T, BALOMBETHEDOR T L FLEEIIZEEENETH 5720, WEIZK-> T ZORIBR%
OB ZEMTELEDP 572, ZITTEHIIRERLL . KOBRILEEI O 2 RIS R %
572012, LifFEE THIZE & 117zRu(pheox-dm)§E Ak & Fl TR E R ILAKRIRL SIS 2DV T
BEt L. Z O8RS HE LK BRSO M & U CHREL . B DR IS & T X 1
5 Z L AEME LAY, X512k %1%, Rulpheox-dm)$iAZ VT, & BTl i 36 & Wbl & L
THRIHS 2 fldE R R SRR AL SIS DWW TIRET U 726558, W1 U 72 il pe I3 B L e 5 72, L
L., iz GO RIGRE S ) ATV ATLrav b5 7 4 =@ L, IRPFROA R OB % 3R
Al T A, B REZLITERNCAERMOF 7 b V3B chs Z 2/ MLEY, 20
5 5. Ru(pheox-dm)§ithk & > ) 1 77 )L & FI 7= b e SR AL B D W TR % 4T - 720
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Scheme 2
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Tablel. Effects of Silica Gel.

Cat. 1mo|% Silica Gel \
+
‘ ‘ THF, r.t.,, 23 h ‘ * (CH30N)

Entry Cat. (mol%) Silica Gel (mg) Yield (%)2
1 - - 2
2 - 250 4
3 1 46
4 1 25P 70
5 1 250P° >99

a Determinded by 'H-NMR. ° Silica Gel 60,200-63 um (70-230 mesh ASTM), MERCK.

3-2-2. XFNWTV—=DIVATFNELTET A FORMHE

WU, FBDORISE A ZNT ) =D ) A7, F72132 T4 b OHFEE N T, 2 ORMZIR
IZOWTHREF L 72, KBS FEIREIZRu(pheox-dm) 1 mol%., X 2L 7V —D¥ ) #7XhBLU+t
74 b 250 mg. WHE 1 mL. FIROLKM T % 5 72(Table 2), X ZL7) =D ) I L ERIML
238, YU AT ERINL &5 5 72854 (Table 1, entry2, 3) & XX UK RAE 5 17z (entry
2-4), LI 4 PEBMU 56, RIGEEOMMAA SNz, ) A FILERML ZRIEE DR
Fid s h > 7z(entry 5, 6) £z, H T ZARKRERMU 72354 & ISR TR L 725, ¥ ) 50
1 E DRI A > 7z (entry 7)o

Table2. Effects of Metalfree silicagel and Celite.

PFg~
Cat.(1 mol% Silica Gel
+
‘ — THF, r.t., 23 h ‘ * CHSCN)
Entry Cat. (mol%) Silica Gel (mg) Yield (%)@
1 1 250P >99
2 - 250¢ 4
3 1 o5C 42
4 1 250°¢ 47
5 1 celite 259 64
6 1 celite 2509 94
7 1 glass powder 250°¢ 77

a Determinded by 'H-NMR. ° Silica Gel 60,200-63 um (70-230 mesh ASTM), MERCK. ¢ Non-
metal silica: Chromatorex SPS 100-5 FUJI SILYSIA CHEMICAL LTD. ¢ Celite 545, KANTO
CHEMICAL CO., INC. © Gurapera, ISHIZUKA GLASS CO., LTD.
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WICTEBANRIZOW TG L7=(Table 3), x4/ =)L, Yruuxay, FLIVEEOT TN
e RRPE, JERREEEE A 75 E . WM OEESR T SRl TRILAE T L 7= (entry 1, 3, 5).
AV 7 arss = ETHF & V72558 Tl RODEE KT U 23IFEHIE & TRISA & T U 7= (entry
2,6), 7T =PV ALEHOEEETIE, SKELAICRIGAHE T Liz(entry 4), ¥ 7ua x4y
&P TTDONTUR, b4 BIVE 2 MG 2B ORMVEICED & 2 72, F o KERIE
LNz &5 2EVERMIBINE N 5722 26, Rilik A & 7 — LAl siEE e U,

Table3. Solvent effects.

PFg™
Cat.(1 mol%) Silica Gel
“ solvent, r.t. * CHSCN)
Entry Solvent Time Yield (%)@
1 CH,ZOH 1h >99
2 iso-propanol <23 h >99
3 CHJCl, 1h >99
4 CNCHj4 3h >99
5 Toluene 1h >99
6 THF <23 h >99

a Determined by "H-NMR.
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B L L 2B FIchiT 5, Ve Fafy 7L — VBB fifgme KL IS I DWW T
it U7z(Table 4), 7L FILIAELTEHETIE. 91-99% WETHY TS5+ Vikska2/H5Z &
MNTET/z, (entry 2, 3, 5), t-Buk Fuf/ VIZBHL TIE, 25% WETt-Bu¥ / ¥ 25N 728,
A B =V EFENIE U 7z & b 2 BB AR & 7z (entry 4), BTG EEAH TS b
FblFuadx /) UTid, 69% WERETA MFoF ) V2852 &N TE 2(entry 6), BTWAIHEAEA
FThrullb Fufs vEBXO, 773 LVETIRKIGIEET LK 5 7 (entry 7-9), WEFh & i
BIED S RFEERLE T IRIC K O BHEME T L T 5720 ThrEEL6N5,



Table4. Oxygen oxidation of dihydoxyarene derivatives.

OH 0
R! R!
R R? R3 PFg™
Cat. (1 mol%), Silica Gel
OH ( d o) /X(
or or
OH MeOH, 40°C 0
OH (CHSCN
Cat.
RS R1 R3 R1
R2 R2
Entry Dihydroxyarene Time (h) Yield (%)
1P 1,4-dihydroxynaphtalene 1 >99
2 R!'=Me, R2=Me, R3=H 24 91
3 R' = Me, R? = Me, R® = Me 3 >99
4 R'=tBu,R2=H,R3=H 24 25
5 R' = +-Bu, R2 = H, R® = t-Bu 5 >99
6 R'=0OMe, R, =H,R®=H 24 69
7 R'=Cl,R2=H,R®=H 24 N.R.
8 R'=H,R2=tBu,R®=H 24 N.R.
9 R'=0OMe,R2=H,R%®=H 24 N.R.

a Determinded by 'H-NMR. P This reaction was carried out at room temperature.

3-2-5. Ru(pheox-dm)/SiO. ik D EF A4

WIZ. Ru(pheox-dm)/SiO.filtii % O FFIFIZ DWW CTHET & 1T 5 72(Table 5)s 3. Ru(pheox-dm)
1mol%, ¥ VU 717 L 250 mgDGfFTIT - 7z(entry 1), KIGHE TH. AMIZK > TY ) &7 )L & B
L. ZOY ) A7 L EHOCTBERILISEIT 5728 24, RICHIZRPRELS LT o280
D, EEMNHET L 22 (entry 2-5), ZOFERM 6. 20 I 7S U 2z Rufilfie 23 il RS RE & 7
HLTWw3aEEZ6N%, CKHEARS KoTW-72Z LT 2O008HBEL NS,
—DIXEEIEE OB 5. AMICHOW BB SRS B LTSRS B 5, &5 —Did
LR 5 BUS 2 6. RuSA D RILAE I O & W RuUDFEFHERICHE L TLE > T B HENED & 5,



Table5. Reusability of Ru(pheox-dm)/Sio, system.

PFg™
OH . /><
Cat., Silica Gel
) —
MeOH, r.t. CH3CN
OH O Cat.

Run Silica Gel (mg) Time (h) Yield (%)
1 250P° 1 >99
2 250°¢ 2 >99
3 250° 4 >99
4 250°¢ 6 >99
5 250°¢ 8 >99

a Determined by 'H-NMR,  Silica Gel 60,200-63 um (70-230 mesh ASTM), MERCK. ¢ Ru cat.
absorbed on silicagel was reused.
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P EDOFERS &, Ru(pheox)/SiO: il A1\ T, KGR H TRudlA A > ) # 7L K ki

ﬁféz&ﬁﬁkﬁaéﬁﬁbfwék%aéhéob#b\h%wﬁ%Qﬁ?%ﬁ%%%bt
FEWEL T30, & 5VE5FHEES N, WL RS L THh2507E, 5, T
B, 2T, SAROREBIZOWTHRET T 2 720, AABRE 25 A L 72(S)-Ru(pheox-Ph)#fi{k % H
1 72(S)-Ru(pheox-Ph)/SiO. BRI L D Y VY FIAD T T T — DS THAKFY 7 a7l
VALRIB# T, Z OIS D WA L 72(Table 6). £9°. Y 7 a7 as s ALKIBD
HEELTHWS YV F IV T TET— o, YV F INTLI—A2562BRORIGIZK
D, ARINEE6% THK L 72(Scheme 7).

WOH K2003 ©/\/\O)K/ Br
CH,Cl,, 0°C, 10 min

(0]
TsNHNHTs
DBU ©/\/\OJK&N2
THF, 0°C, 10 min

66% Yield

Scheme7. Synthesis of trans-cinnamyldiazoacetate.
VUFINYTITET— PO THAAREY 20 T u S ALRIBIZONTIE, TR e LRy v
ZKoTI8BULE, 96 %ee TRIBT D Z ERHE XN T3 (entry 1), (S)-Ru(pheox-
Ph)/SiOz@Mi%Q EHOWTRIEZIT o728 2 A, PEREFEMEIZHE TMKNT U Zz(entry 2), ) 47
LEBR L, AEORIEET 572 25, HEEEAMR L2 E £ Th > (entry 3,4), TD XS
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Table6. Intramolecular cyclopropanation for mechanistic study.

O/> PF6
') ~ 7/ "'Ph
- H N
Cat.(1mol%), Silica Gel o /
)J\/NQ AI’ S (@) BU+
s NCCH
©/\/\ CHZC|2, 0°C © H ( 3)4
Cat.
Run Silica Gel2(mg) Time (min) Yield (%)P ee (%)°
1¢.d 250 10 70 92
2 250° 10 70 90
3 2508 30 27 92

aSilica Gel 60,200-63 um (70-230 mesh ASTM), MERCK. ? Isolated yield. ¢ Determineded by GC. 9 Reaction condition
: Cat. 1 mol%, Silica Gel 250 mg. d Stirred for 3 h before addition of the substrate. © Ru cat. absorbed on silicagel was
reused.
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BREGICHE LV IRILAl & U ORIBILKE % V2B LIS % TV, Ru(pybox-dh)(pydic)$fitk s & O°
Ru(pheox-dm)$E{AD 2 D DRI I KRR KB 551 2 H & it & UCBEES 5 2 & &t
Fi L7z, FA41d. Ru(pheox-dm)§lik % F\ 7ol e SR AL S0 S DV TRRET & dfd . S L 7 fil
RIS O N A 5728 DD, ) 7 ILLEE T CRu(pheox-dm)gA 2 it & U CH¥BES 2 Z &
EHEPE LIz, ZOREERIZ, Rulpheox-dm)§ifk & 2 ) J1 57 )L % FH 7= il R I SR AL SIS 12
DWTHFZR A 4T > 720 Z DFER, Ru(pheox-dm)§fithke >V A X LA RAETHZLIC&kDBEONh 3
Ru(pheox-dm)/SiO.fil % h, MRS OMEEE UTHBEST 2 Z & 2 WM L. ol 2 RS
RZFOEMHAMIZOVTHS ML, 72, ¥ ) 770 EICWEE L 7-Ru(pheox)$E A D 75 15
IZDWTUE, MR ARE BOGO KRR & Z O 55 1R 2 #ER U CRILDHET LT 5 Z L &R
BL T3,
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