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Abstract

The mechanism of (salen)Mn(Ill)-catalysed olefin oxygenation to the alcohol in the presence of
NaBH, was investigated. In the case of styrene, the oxidation proceeds through acetophenone to
phenethy] alcohol, which was proved using NaBH:CN as reducing agent. The overall catalytic cycle
was suggested to inviove Mn(+2) and Mn(+3) species rather than Mn(+5) oxo intermediate. In
addition, hydride radical and peroxo radicals are considered to play a pivot role in this oxygenation
system.
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(salen)Mn(1IT) 1 AR (1)
OH

ArY + Oy(1atm) + (1.5-20)NaBH, -
R benzene/ethanol
(73-87%)
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Zoj2 AMEE (UMD HEL 2 AYAolAM F48td Agagion, i3} whgo) A& 713
2 A Aldrich AEFE 7Y AHE3ch Thin Layer Chromatography(TLC)E E. MerckAl A&
9] precoated silica gel aluminum sheet(Silica Gel 60F-254, 02mm)€ A}g3tgdth.  Gas
Chromatography(GC)= 4d 600D 29 A|Fol v|F4 gz FJHP-5E FIsle AL
GC-MSD< HP-5 # o] Z&d HP 5972A8 AH8-3t%id

(Z)%p3m) &9 §4

943 Zol HE 1o FAHUG® §2 ZeA3dl trans-1,2-diaminocyclohexane (Aldrich, 2.85g,
0.025mol), salicylaldehyde (Aldrich, 6.71g, 0.055mol)E ¥ @2 150mLE 7} ¥ reflux condensers
AAAZ F oil bathol A 80°CE FAHA 508 T autaodd whg & AL JAAA de 3
ANEg A3, ASESEmMNE Ha ogzdte] AF solA ARAH =F49 salen ligand (6.25g, 78%
yield)& 431t

Three-neck flask®]l Mn(OAc): « 4H:0 11.4g (46.6mmol)# of &t& 109mL& ¥ 3, toluene 46mLo] £
¥ &4 2B= 50g (155mmol)& addition funnel€ o] 834 20-30% Lol AH A 7M. o] EF
& 80-85°Coll A @F/A1713, 1213t F¢ air bubbling & ©& ¥ 3} NaCl €9 17mLE 782 mutsia
A Aoz Y ¥ H0 0mLE 7Heie 208 3 wwtaioh whg EYPEE sintered glassZ o 73}
A 249 3HE deth o) A §3& HO 50mL$t toluene 30mLE M3 F AF ARAA
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(salen)Mn(Ill) 3& 546g (85% yield) & 24 powder AHZ AU}
Mass Analysis (low resolution): 375 (M-Cl)'. elemental analysis, calcd for CapHxN20MnCl C,
58.47%; H, 4.87%. N, 6.82%.; O, 7.79%; Mn, 13.40%. Cl, 8.65%, found: C, 58.15%; H, 4.87%: N, 6.60%

A3} wtg 33

g2 qEHY A3uke BAHLE Jepd Aol 50mLe 2 Z2 A6 ¢ -methylstyrene(l.0mmol,
118mg), (salen)Mn(Ill) #&(0.05mmol, 20mg)& ¥ WA 20mLE Y=u) dlg gro)o] A4 THE #
4 ¥ 4018 AF/FQ AR L Fde 347§ A2 3389 BA flushing Fc}. o) ¥E §7]d)
A @E dmlo] &3¥ NaBHs(1.5mmol, 56mg)E syringeE ¥l 2080 A3 FY@t EFEL AL
ol A 471 wutyt & £ 3} NHCl §9o) & F {713 E diethyl ether2 £&%t} 2ad /718 =
€ anhydrous MgSO:2 M 2|3l dry3 ¥, Gas chromatographye o|£3&le] vtgo] 23 Lef& FAs&
gt 718 £9& Y 35 F, silica gel flash coumng ol §3dle HHNEL Ba AHAsd,
2-phenyl-2-propanol(116mg, 85% yield)& 4t}

43 32 13

S X9 JE
a -methylstyrene€ 7] A2 o] &s8to] JLuhgo] dig o 71x) vy 2d & HEsHen 1 I
€ E 1o 893

10 mol % (salen)Mn(Ill) 1

Ph
Ph . Y-
\( + Oy(1atm) + 1.5NaBH, benzene/ethanol OH

t. 4hrs

Entry Benzene (mL) Ethanol (mL) Comment Product (%)"

1 10 2.0 92
2 10 ] 39
3 10 20 Air 3q®
4 10 20 N, 7
5 1.0 20 g4°

*GC yields using dodecane as an internal standard.
PAir was used as an oxidant instead of oxygen.
‘Reaction was performed under nitrogen.
9Reaction was performed using 5 mol % catalyst.

Table 1. Examination of the reaction conditions for the oxygenation of a -methylstyrene in the
presence of (salen)Mn(IIl) complex 1 as the catalyst.
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47489 11-dimethylbenzyl alcoholol 92%¢] ¥& &2 YojFtHentry 1). FAHY A7t 5% WA
&(entry 5 =) oA FHE 12 5 mol % o E¥ F9olx dojAct waty, & 19 2} YHE
T 9 w93 A0 A8 A o] Mg 4Vt AAAEM YWEHoZ ojgYE ¥ F UL F
7] FAME w30l APd £ oy Hgol ulf FUTHentry 3). ¥H8o) AL 2 o} o]FojR
A, AY A&l dojAA ¥thentry 4). € APl ethanolo] WFHo 2 o] &5 .0 (entry
2), 1 °lfr= W Fol protono] YLR37] wWEol2iz JAANT. EE NaBH,o) $3=8 Eol7] 9
EA02x o]§HI Urt. &, MeOH &2 i-PrOH §9 protic solentd] A& w8 A &9 A g 23
st

NaBH, R &vj9 9%
a-methylstyrene& 7142 o] g3to} NaBH,S) A€ % &ojo A4 & A8 v gtrh(Figure 1).
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Figure 1. Plot of GC yield vs. the amount of NaBH; added to the reaction mixture in Table 1.

€ A4YL 05 3 NaBHs ¥ 5 mol %9 Zullg Alg3le] vt g APA|7 F 5A% Fo} w3 &
o 10 FFe NaBH,E H7H3le] utg-g A& APA AT vkl A3 43 1AL F 243 2+y
o2 GCE& °]843l3 dodecaned internal standardZ A&l A& 2 A wge w9 i
Ay, 05 T NaBH; AHEES BB 50% |49 F&& dolAn, ©] o4 wrgo] APz 9
&€ ¢ 7 A 5AF ¥, 1999 NaBHE ¥7H8t 2A% 3 vh38 3 4% 23 &4 830 Al
a2 AAQEol >95%9] &2 dojd. o] AHdL w3 o) W¥ol= NaBH/t G w2 233 9
& UehdYg. £, (salen)Mn(l) FEL FojA utgzHo]A vf¢ A, 5AIZ o)FoE Zujo)
o] fAHD AULE BaFn o FAE salen ligandE B2 3= imine 287]E= NaBH:9
2394 457 A2 43E 2R/3dn ok 23y (salen)Mn(I) &9 immine group NaBH;ol
g3 A $L=A ¢ Aoz Addd. a1 o|fE AW-HT AS imine group®l ¥ztol chelate
5ol olA, B4 ub3ol gidt vkgAo] TAHUY wWEolgdy AR,
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P83 A A’ A, £ 48 AFo)N 4z g & dE A vinyl arene HiHE o] %
-S4 @A HEdo ATA HHEL P33, o]olH NaBHeol 9ate] epoxide’t == o
A A4 + 0o g2A, & FE AN AEA HUHES T2 dY wEe] APHE A9 ARE
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o ,
2 under the reaction 4

3 conditions
(0%)

Figure 2. Styrene oxide 3 was not reduced with NaBH,, which eliminates the Mn'=0O species as the
possible intermediate.
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Styrene?] 74 w§ 7t212d 39EQ acetophenonedl GC EAo] 9zt n|3(<5%) HEEt wat
A, W& HAANA acetophenoneo]l B45 1 YA NaBHl 9J3te] ¢F2 48T Yot B UG
olg|¥ FLME X337l HAde] NaBH, dAilol NaBH:CNE o]83te @ 3& JAAMANZAY. 2 A3 72
Bd %8 acetophenoneo] AojAow, 4FL oA A 4td. Foj WwE=olA4 NaBH:CNL 7}
2ryd P YIFZ FUHA g st2rd FPEY JHE& RAFE EHE HZ22 vinyl
ether BH{&9 A4 AE AME F vk NaBH®] EA 3tolA vinyl etheres ofAd JPE2 A¥E
T 2. A2HE HHEL NaBHo| 3] JUHA] gfonz 7128d 7|9 &4 o7& APYA ¥
F 1. 4A butyl vinyl ether& ol 8% 2 YA butyl acetate’} FrE¥ BHEEZ Aoz w2AA,
€ #ANAM st2rd 717t 9A BojAa &S & F U
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(salen)Mn(III) 1 . Ph ‘(
OH

Ph? + Oy(1atm) + 2.0NaBH, (2)

benzene/ethanol
(81%)

(salen)Mn(TI) 1

Phez + Oy(1atm) + 2.0 NaBH,CN = Py (3)
benzene/ethanol 0
(salen)Mn(TI) 1

BUOw* + Oy1atm) + 2.0 NaBH, » BUOy (g
benzene/ethanol o

HAUZY A
€ Ashibgolx Zujz o] fE AA-PIH+3)S 2 cycled WIH+2)Y FIH+3)E AF W
e BT BTy

[ (salen)Mn(III) T 3 [ (salen)Mn(lI) j

L dark purple color J L pale pink color J

olig F&E 1A e olf FY s BHSAAYNA YAsE B9 A7 Wsolg WL
g 23 FolX FRGHY Zu) 1ol Yato] wlg AP HHRE A 2y, A4 FTFo] BE
FelolA g SAL A9 FHo) sl7le FeHZ Aol WML ¢ £ U o] AMAL YH+3)o)
NaBH.o| 93t @450 #(+2)2 AL Z3HA AlAetT Qi) ow) 8 A9 2Fo) o
FoiAY A uh g Mzt AY BYoz g HESE ¢ 5 g =, Aae o} &
9 Mn(+2)7} Mn(+3)2.2 A3}s 1 YU&E BFY ol Abe] TAS e 2L we wuz
< A & A (Figure 3).

(FA)YH(+3) Fvl 12 AAZ 43S hydride(H)E 54 SOZ(H)Z M@ (AA)BH+2) 0
2 g9 o] W Y4E F4 AYZL vinyl arene 3EHEo] Arls)o] WA 2ty Bg AU W
A A& WA 12]9) resonance &0 9t tARE AANY @& FUTL AAg vl
3443} 2tiZH(peroxy radical) CE HAstA "tk A48 Foe YH+2)] Ao Y-z
DE ¥4%dn gddnt 343 Soids MAEuA P3H+2)L 449 AR Hojo| 93] Bri(+3)0
2 459 Zojg. & AAI FRE Yu9 B Ao AR LMa(IDOE ¥4 8ta, YA
LMn(IHO,7t &4 YT Bt wheste] 4-341388 DE §4% 71545 Ut ¥4E 234 D=
7149 F% wat &7F3Hdisproportionation) #AE AH ketoned AAHFHINE &1, 0-0 2
(cleavage)l ¢i3to] 33t ¢go] AojA7l1E @t B4 E ketone Ex F0j7 vtg2 o)A NaBH,o) <3
o GE2 FYI ketoneo) FHZ UojWtkE AFA L ofm] Yol A AF G vie} g}
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Figure 3. Proposed mechanism of the oxygenation of vinyl arenes to the corresponding alcohols in the
presence of NaBHs and (salen)Mn(Ill) catalyst.

¥4 AdiA 4 g B 9 33 @by C7F 48 AN BOE AL Lyuy g
Zt #Eo] w9 (coordination)H ) &7t sHe Holth Iz, LHBH B4 wjYE o|Folxx Y= A
o2 Aodd. ¢d i Qivhd, #8 F4U (AP HEL ZviZ o] L3 AYM o-
X chirality7t Aolxlalzl #adan. 12y, B3 849 Jacobson ZWE o] ¥ AP MAHEA
E 69 AR Hd94c] A Ao Y& & F AT (4 5). AgA ML NMRoIA chiral
shift reagent?! Eu(hfc)s& o] &3t 23U
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€ d7dME (F)WKD) Eridtdls Sddo] 4350 ¢@o] oA #3A2g Medd
o € g NaBHot 339 W3uza £ dit4 F9AZ A4 o g ALoA 3
B, 1719 39 A4} o gdY. wtA, w4 L3¢ HE2AE BHART Jloem2 f71EANA
+83A o8 F & RAelth

A& AFFHeZ, £ g AAHL BHC)H WA(+2)0] 43 - FUHE FAL HEHUAN 2
"l cycled ¥A43te A2 #EEY. YH(+3)o] FX(+2)2 FYHE HYo: NaBHot dojdia 9o
o, BL(+2)0] ()2 AHs e FAole Y47t ARA2 FE4sa Yoz FEE. g A4
€ U8 484 % 35 FEY URAZA FAA QUL FA 2 Y= Aol gL Aoz
doF w7t SE Fata JAs T Uk oW AL L HOZ AAAQ A EAFGAM go] 1Y
HA 3&& Fao] AW £ Uk Fod AAAZE NaBH F4 &ol2o] A £2 FUBH)
°of ol g1 Ut EHWY T4 AN W PAE @4 Fue AL BEAE EYsiof, FA 7
O3 YU Y49 A3 Fo2e Mn(DE Mn(Do 2 AHA71a HFFHE L 0-0 9%
+& 339 slard E& ¢S YAV AHE SlEnde vz ddN gE2 @49 B 9
ToAME 349 7t28dd EAF o3 7HA Wiz Ay

€ d7oAH Agd 43 v FL ¥F NaBD: && EOD §9 ANYE ol4¥ F54 ¥4
(incorporation) A @& ¥3l ©] S &3 stejof ¥ ol & ATl Ul wjzhyZFol die o)
2 U222 3o J2E K718 H&& dse dol olgHald AU £, oY i e
o i oldfe WM 43 g9 714G oj¥de doAE EZo ¥ Rold
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