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This paper describes research performed in the Laboratory of Organic Chemistry, Showa Pharmaceutical Universi-
ty. Oxidation reactions involving the oxidase can be divided roughly into two kinds of reactions: The first involves elec-
tron removal from an aromatic ring or an active CH-bond. The other reaction involves hydrogen abstraction from an in-
active CH-bond. The oxidase models, Fe (DMF) ;CLi* and Fe (AN) ¥ /AN, which we have synthesized, have been shown
to work by the former mechanism, and the models Fe (AN);"-10; /AN, Fe (AN)2"-Ac,0-H,0,/AN, Fe(AN)Z*-
2PAH-5Py-Ac,0-H,0,/AN, Fe (PA);(OH,)-H,0,/AN and Fe (PA) ; (OH,)-O,—¢lectrolysis/AN do so by the latter
mechanism. Further, we found some iron (IT or III) picolinate-H,0,/AN complexes have the 7o—hydroxylase-like activi-

ty.
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I IR ILHNIAE T H,0, 0)%&'(*3‘4 I35,
BEAIE LT O, 2L ZEEE HO, 2L
G OETCAIRGFOE, AEEL T, #ah
BETTINEDOMERIIBVWTHRKETH 5.
ODNONDTEL 128k K > AT L DN, ET
Wdbb, HEES CH-bond /5 DE 5k
ETRIEDHABEIN TS EEZENERELTIE
RDO2IATLND D, 7 /)=y T IR
S 3172 Fe (DMF);Cl, « FeCl,3— 19 {7
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Fe D3 1A AL x)LF— +30.57eV
Fe3t (gas) +aq—>Fe3* (aq)
Fe3t /KT )L F— —45.14eV
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(Fe (DMSO),Cl,) [(FeCl,) ®[REERICL THEHIZH
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A&, ClOy 14 > TIEFEU —1 OfEIIA W
FIZH L TWDDTRIERSA T > DR 2355
<, @A EOIARHEMERRLRD, B1A
CERBAF IR EELSIZT LD bbb I D
ClO; 1 # > Db FMEEZFIMA LT, HlkoEfE
FEEE 8k Fe(ClOy); * 9H,0 & 2 W aE FREE 5
— & Fe (ClOy), + 6H,O 7 5 #5 F v I 0 8k 55 1K
Fe (S)(ClOy) 38 % Wi Fe (S) ¢ (ClO,) , D I ik A3
HicfonsZea/MLE B8k F8nd
NOGE BRI i D BAKFEE Ac0 ITX
DRI RS NI & 72 5. BV Z LT, EflE
DOEALIFZIEHEITH <, BF —% DNgpcis 2.7 O
nitromethane |2 X > THBRRFICEZ NS (Table
1.

Fe (H,0)4(ClOy) 5 or 3 +6Ac,0

—>Fe (AcOH) ((ClO,) 5 or 3+ 6AcOH
Fe (AcOH) 4 (CIO,) 5 or 3+ 6S
—>Fe(S) ¢ (ClOy) o 3 +6AcOH

o N /MEEEmgkEEAOFR T, Y2 MY
)l (AN, MeCN) ik O LR TTEMMIE —F &
< 1.73V vs SCE2L.2 %55 L, Fe(bpy);(ClO,); -
3H,0 ® E°=1.10 V vs SCE2® X D {E5NnIiTEL,
Fe (AN) 4 (Cl0O,) 57 alkylbenzene DX\ > )L fif. CH-
bond %> carbonyl DIEEAF L 2 ip 5 E T &5 EHK
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Table 1. Formal Redox Potentials (E° V vs SCE) of
Fe(S)?"/** in Donor Solvents (S)

Solvent (S) DNgpeis E9V vs SCE
Nitromethane 2.7 1.30
Acetic anhydride 10.5 1.32
Acetonitrile 14.1 1.73
Sulfolane 14.8 1.39
Propylene dicarbonate 15.1 1.28
Acetone 17.0 1.28
Ethyl acetate 17.1 1.24
Water 18.0 0.48
Methanol 19.0 0.70
Dimethylformamide 26.6 0.38
Dimethylsulfoxide 29.8 0.22

512, Fe(AN)((ClO,);D 7 b= b UILIAHK
I ARIRD NalOy, ZMA THEMNL, HO5N2ER
Fe (AN)3"-10; 1% alkane @ 1 T3 H# Y Oxida-
tion onset potential E, @ L fif # {i£ V) adamantane
(E,=2.5V vs SCE) I35 cyclohexane (E,=2.7V
vs SCE) ML bKFZKRNETZSIEHKE VRN
FALEET DI EDOWMNBBILFD E/xbl L%
R 7.

6. BEZRLCLTHAD.T. Sawyer bD 7 &z
b= b 1) JLEXEE(A Fe''(MeCN),(Cl0,),(CRI T DR
I24728)

D. T. Sawyer 5 |3 #E/K I Fell (MeCN),(ClO,) %
dry MeCN H1 T D Fell (H,0)4 + (ClOy4) , D Ffii iy 2
BOIRT ZEITL DT, dry MeCN HTldig bk
FREORIHEBBKBEHE P L3RR LI EE2H
HLTWS, Sawyer SI3EBL/KEDTHIRD 30%
-H,0, /15 0°C T EEZEH T 2 2 £ITXD 100
% DRUF B R LK #E 2%, T % dry MeCN T
OIEREHEHAL TWs, LTk R=LDIZ, K
T3 Fe(Il) & H,0, & DX ® Fenton N H#EfT
U, 8kix3Mic2kl, K> )L OH %&£ ik
ERSYAR

Fe (IT) + H,0,—Fe (IIT) (OH") +*OH

dry MeCN H1 9 RTH/KGEHATIROSOSAEZ D,
1 7 F® H,0, MEEALFIE LU Tl & free @ "OH <
T H ) Tid7z <, iron-bound D &R Tl A4+ &
Fe(IV)=0%* 4, Fe(IV) =02t 2L > THE
355 1070 H0, gl S N THE D H0, LA
HFIE L IR WG BITII ZHIARE 0, 24T 27,
diphenylisobenzofuran (DPBF) %& @ diene M {F{E
9 5 A 1213 singlet oxygenlO, 24 UEBIZED
MR ERRT S 2 &2 REL Tns,

Fe (1) +H,0,—>Fe (V) =02* +H,0

Fe(IV) =02t +H,0,—>Fe (II) +30,+H,0

WTNOLHEITHEASHETIE, SO MK
JRDFIE T Fe(I) OFEFTAEML TWRWN,

7. BRIEBRBEETT L F"(AN)G' - A0 -
H202/AN %31,32)

FIRLZL DI, bIbd MeCN Hifik D
WG 5 — %k Fe (ClO,), - 6H,0 & % Wil
F WL — 8 Fe (ClO,); + 9H,0 & HE/KEFEE 72 5
Fell (MeCN )¢ (ClO, ), & % W {3 Felll (MeCN )
(CIO) 2P DI N Iz /AL T
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7 F IV S NEEEER AcOOH &72 5%,
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—>Fe(AN) 2 + 12AcOH
H,0,+ Ac,;O—>AcOOH + AcOH
HEEEE AcOOH 135 k7 O A P450 Atk 5
Effector ) 52930 £, {#\\T, EHIZ Fe(AN)Z"H %
WiE Fe(AN) ;" &G L,
Fe(II) —OOAc—=Fe(IV) =02+
Fe(II1) —OOAc—Fe (V) =03+
IEVERE Fe(IV) =02 & 5 Wid Fe(V) =03* 24 /k
L, B (H,O, D~ & [FEF) 1T cyclohexane %
benzene O X D IR IR S NEENEE %2 b
acetoxyl {63329 %, AKIED IS EEIZIEFICHE

<, WEARIE E OB ERE S — 8 Fel (H,O)6 -
(ClOy) &+ ED Ac,O K UHE 72 MeCN IZIEM

U 7 WO IR BEFR T 30% -H,0, ® MeCN i %
WEL, R T SABOKITE ST 2, K

% D 8k D JE il Fe (II) & Fe (IID DR U o 7234k
HEIZ725. Benzene DL D7% E, 782V vs SCE L) |
DR THE & U CREERIRE kO RD DI
REFE_SOBHEHEALZEED, RIGEOEHOH
TlitZ Fe(II) & Fe(IIll) ORU->dD LR
72 .33 Z D% Z @ % % methyl cyclohexylphenyl-
glycolate,3¥ methyl valproate,3 (+)-camphor3?s39
LOmFAICEAL, K#HMEOHKEZITY, #i—
FHITDWTIE Fig. 5 1T L & D 7k REE R
REETINELTHEMEEZ SN HRD 25 RN
S5k,
Figure 5

27”2 L 72 & 912, methyl cyclohexyl-

AcO— —COOMB AcD—- _COOME AcO— _COOME - —COOMe AcO=|=—CO0OMe
I "’"fo.«s z

Methyl cyclohexylohenylglycolate
Fe(ClOy), 6H,0-Ac,0-H,0,/AN  (cat.)

6.08%
16.84%

1(subst.) : 1(cat.)
1(subst.) « 0.1{cat.)

COOMe

—<

Methyl Valproate
Fe(ClO,); 6Hy0-Ac;0-H;05/AN  (cat.)

1("subst..) : 0.5(cat,)

-

Fig. 5.

0|I|||

mix.
6.65% 38.80%
19.02% 6.08%
COOMe
/\) My, N
S coome 52%
OAc
m,,‘% /\
syn 0.4%
OAc
OAc COOMe
Mf”!”” /‘\
10.8%
OAc COOMe
§ anti
KN
10.3%
Recovery 38.7%
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phenylglycolate D55 Al D kBN L W & HHFER,
DI EREMRERANOKBILNESL L. £k
methyl valproate TIZ RN FEFE, TATI)LD
o fIEME A F > TOKEEALRINTHEST L TWRWN,
ZDORIFNEE, FHEBRERGKEESTZ X T
HOMRFENMTIIMAMEERET I EL CEFITED
BRMEZEFEHE T 20, IEEFLORKIT RF—E D/
SN2 RZNUIILHESLL TWEETROT, %
DCENL RN Z D, RF—HOoRENWT I >
Y IRHEEEBEE LSBT Fig. TITRLEX

Fe(AN)s 2'-2PAH-5Py-Ac,0-H,0/AN

adamantane

| Fe(PA)y(1,0) - H,0, / AN

Fe(AN)s ™~ 10,7/ AN \

96%

2T, HEOHANDELIZ LD REHILLTLED
RENDHD., TITTI/HEDTIREZEDEE
FEREMOTILVF) C-HEBRBFE DD DM
FNBRETINROUBEZHAATZ.

8. EAR(LEAZMABETT )L Fe'(AN){" - 2PAH -
5Py - Ac,0 - H,0,/AN 39

FATR T2 EHTHEW Fe"(AN) 2T« Ac,0 - H,0,
/AN 2 ~N—Z2I12L T, ZNICEEEYDOT I/
EP7 I RELOSITH L THE<EAML, BBhD
AEPE C-H & e AL T 5 3 B fill g M 2 2%

68.2% 19.7%
OH
o)
+ﬂ
60.8% 25.4%

OH
+
12.6%

NHAG

f Fe(AN)s *"-Ac,0 - H,0, / AN
OAc
+

OAc NHAc
HAc
+ +
46.5% 8.7% 4.9% 15.5%

2-adamantanol

OH 0
g Fe(AN)g 2"-2PAH-5Py-Ac,0-H,0,/AN g

100%

Fig. 6.
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HisnF L — MEEL T & U T picolinate 2 #0X,
picolinic acid (PAH) & pyridine (Py) Z{&RML /=
HIZDWT, adamantane, hexobarbital K U & %35
It &% D N,N-dimethylaniline Z: % 8 & U ClEg &
bR ER ATz, BED ETOYRBALBRET
JVE LT, D. H. R. Barton » D& /K% Gif > A7
13738 Fe (Cl0,), + 6H,0-PAH-H,0,/Py-AcOH &
X Sawyer 52428 ¢ 4 K % Fe (PA), - H,0,/Py—
ACOH 1B D, WIFNDHEDH NS DR TII Fe
(PA),MZE{t L T MeCN IZ R D u—oxo dimmer
[(PA),FeOFe (PA),] MAERT 2D THEHELL T
Z @ dimer 22BN T Py-AcOH i L TW 5,
Fe(AN)¢" + Ac,0 + HO,/AN R Tl3EE £ %17
5 & &, 30%-H,0,1 mmol (0.11ml) 2% L,

Ac,O ##) 0.8ml % & L 7=/, Fell (AN)ZH -
2PAH - 5Py * Ac,0 * H,0,/AN % Tl iz r
WaA—=IVInr s> Ty 7 —hZ2ER LN &
5, AO IRIFDEHPEDH 0.4ml TH4T, %
3 Fe (ClO,), + 6H,0 12 Ac,0 Z Ml A #% ik 2 B2
L7056, BIEEDO MeCN 2H1Z, S5icEaY >
2 PAH O Y 2> Py Z8 1 mmol IZx L T%
NF4N 2mmol & 5 mmol AL HE Zinx TiEg#
T, 30%-H,0, ® MeCN ¥E# 2 F L, 15 7121
LR L /=, Figures 6, 7, 8 Jx T\ Tables 2, 3 IZ/rL 7=
KORKERMNESN, TIORTY I REDTEED
BOSHEST U 7z, 39

Figures 6, 7 &2 O 8 Tl Fe'l (AN)Z* - 2PAH -
5Py - Ac,0 - H,0,/AN Z D iE 7, Fell(AN)Z" -

H4C. CH, HaC CHO
N \./
N N
Fe(AN)g 2+—2PAII—5P}'—AC20—I 1,0,/ AN
N, N-dimethylaniline Fe(PA);(H,0) - H,0, / AN 22 00,

Fe(AN)g 2" -Ac,O - Hy0, / AN

o< O<
N + N
\Me \Me

N.R.

0

15.7% 43.1%

O,
e
Me, m
>= 0
N-
H
o

4.3%
0

Ve Fe(AN), * 2PAH-SPy-Ac,0-H,0, / AN

Me
>:Q
N.
H

0
hexobarbital

] Fe(AN)s 2" -Ac,0 - H,0, / AN

N.R.

Fig. 7.

+

2.3%
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CaHi7

Fe(AN)s 2 -2PAH - 5Py -Ac,0- H,0, / AN

CgHy7

b ol [ LIRS

\‘\\“\\...

lanosterol acetate

Fe(AN)s " - Ac,O - H,0, / AN

AcO

Ac,0 + H,0,/AN % & Of Fel (PA); - H,0,/AN %
WX BB O R B L T/R L 7=, Figure 8 IZ7R
L 7= 3B-acetoxylanost—8—ene ¢ Fell (AN )2t .
Ac,0 - H,0,/AN R 1T & % B Ak @ £ H 13 CrO;-
HOAc Z il U 7z# R4 1T L Tz,

Table 3 IZ7~ L 7= cholesteryl acetate DEE{L, T, &k
D JEF M2 B fR72 < Fell' (PA); (OH,) + H,0,/AN
% KON Fell (PA) , (OH,) ,-H,0,/AN 3 TIEAT/RZEIR
(I Ta-hydroxy—K N £k & L TH 5 N7z,
it DG ENL 5,6-epoxy— (KN ELLM TH > /=, Fell
(acac) 5=H,0,/ AN 24 K N EB T DO H D %
i U7z Fell(H,0)¢ + (ClO4) ;-H,0,/AN 24 Tl

D ED T-hydroxy— R B 5N TSN, ARZEIR
PEZ 2 < 7R\, Gifly %4 Tl hydroxy—Ki3 5 5 1
9, 7-one 5.9%, 15-one 2.8%, 16-one 0.9%, 20—
one 5.1%, 24-one 2.0%%EDT7 F > DHNESNT
W5,

Blank test & L C Fe(ClO,), » 6H,O IZxt L, #i
SO EA T Ac,0, PAH, Py 2 1A RIZERITH L T
1/2 )LD H,0, X 1/4 BV OFEFEZ A SE L
THBL ERELDHE Z 0 BRI LLNIZ Fe (Py),
(ClO,)sDWT PyH™ - ClO; @ 2 i D & A3
LT&Ek. Lh> TP icidgke oy - — h ol
K Fe (PA); - HHO > TWwsdbD EEZ BN
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Table 2. Oxygenation Reactions of Adamantane with Various Metal-complexes and Oxidants in MeCN
R Reagent system Product (yield, %)®
un
0.2 mmol 1-Adamantanol 2-Adamantanol 2-Adamantanone

1 Felll(PA) ; (OH,)-H,0, 60.8 12.6 25.4

2 Fel''(OH,) ¢ (C104) ;-3PAH-5Py-Ac,0-H,0, 61.8 3.9 23.2

30 Fell(OH,) 4 (C10,) ,-2PAH-5Py-Ac,0-H,0, 68.2 — 19.7

4 Mn!' (OH,) ¢ (Cl04) ,2PAH-5Py-Ac,0-H,0, 68.8 2.8 19.8

5 Coll (OHz) 6 (CIO4) 2_2PAH_5Py_AC20_H202 69.1 - 28.3

69 Fell(PA) ; (OH,) —cathode-0, 65.0 — —

a) Yields were determined by gas chromatography. ) PAH 0.4 mmol, Ac,0 2 ml, Pyridine 1.0 mmol, 30%—H,0, 7 mmol, MeCN 20 ml. ¢) Constant poten-

tial-0.1 V vs Ag—-AgCl, One-compartment cell.

Table 3.

Oxygenation Reactions of Cholesteryl Acetate with Various Iron-complexes and Oxidants in MeCN

Product (yield, %)

Recovery (%)

Run Reagent system

7-Hydroxy 2a, 7-Oxo0 3a, 5,6-Epoxy 4a la
Fel(PA); - H,O - H,0, «:40.0,4:1.2 20.0 a 43, p:52 22.6
Fel!(PA), - 4H,0 * H,0, a:27.7,8:0.5 12.9 a:51, p:17.0 30.4

3 Fell(C1O,), * 6H,0 -
2PAH - 2NaOH—H,0, a:33.5,8:05 13.8 .49, .65 32.5
Fell(PA); - AcOOH 0.0 6.4 «:34.3,0:49.5 0.0
Felll (PA); - t-BuOOH 0.0 0.0 0.0 100.0

Fell (C104) 5 - 9H,0 -
3PAH - 5Py - Ac,O - H,0, 0.0 11.0 o :28.0,8:50.6 3.4

7 Fell(C10y,), * 6H,0 -
2PAH - 5Py + Ac,O - H,0, 4.6 13.7 a:22.0,p:36.1 5.9

8 Fell(C1O,), * 6H,0 -
3PAH - 5Py + Ac,O - H,0, 0.0 7.9 a:25.6,0:43.0 0.0
9 Felll (acac) 3 + H,0,* 5.0 (mix.) 4.0 a:12.8,4:51.2 27.0
10 Fell(C10,) 5 * 9H,0 - H,0,%® 8.0 (mix.) 6.0 a:13.3,4:26.7 46.0
11 Gif (IV) 4 0.0 5.9 0.0 68.0

. TITZOROEMMEE E X 51 % Fe
(PA)3 + H,O IZ® H,0, ZEz{tAl & U Tle B bk
EEND 2 D TR NWAEEZ R, RITT DOl iE
ERET A& ELE.

9. Fe(PA); - H,0 DL L b E

9-1. Tryptophan @ {X#i4) T3 B Picolinic Acid
(PAH) D#k$E{X Iron (III) Tris—picolinate Fe
(PA); » HyO 3R WEIFH CHAMERNICEEL, (&M
FMEZHAEL T, DNAEHEO ZORXY > 74
Bk, X270V —AOIRE SRV K O F# G LS
EREREGL TWASZENAHEINTED, Elbe
e & OB THIR R 2N 5.

Fe(PA); - HHOIZRD LD IC L THHICH SN
5. $RIZH L T 3 f5EJ)L D sodium picolinate @ 7K
VEHRIZ Fe (ClOy) 5 « 9H,0 DI/KIEIR & — I A,

LI <Hifd 2 &, KEAGRHEL T Fe(PA);
- H,O MFFE L RRWICHHEL T 5. Zhz
MeOH 7 5 B fE T 2 Z &I K 0 W o 5 U g
7K @D Fe (PA) ;7% mp. 285—6°C D 7 V) — LB D #E i
LLTHLNS,

Fe(PA); + H,0 |3 Sawyer 5 73ffifi L 7= Fe (PA),
EERLETIERBNWA, Kb 0.1 mm L EDEET
1% dimer [Fel (PA),OH, & DHHELTLED
MeCN HTHZ DRE KR VOB /KEITK > Tl Fe
(PA); & Fe(PA);(OHy) 23 F#IcdH 0, KERIARE
D & u—oxo dimmer (PA),FeOFe (PA),7 Fe (PA);
(OH,) IWETVHHL TL 5.

Fe(PA) ;<= Fe(PA);(OH,)
— (PA) ,FeOFe (PA),
u—oxo dimmer (PA),FeOFe (PA),l% MeCN [ZI1E A
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W TdH DA, DMF IZI3E T H0, 22 {k L T sin-
glet oxygen 'O, #4189 % Z & 78 Sawyer 52422
KT ORERIN T VB, Fell(PA);(OH,) HD#E b
7KiZ Mn!ll (PA) ; (OH,) [Flfk X-ray I & 5 & f@hT
MEBHHASNREDICT HO IFHESITEAM L= 7
Bl AL #5404 2 B> TWd, £ D7z Fell (PA);,
(OHy) H O FKIZ AcO ITIAEMRL EHBL THZ
DEFEFTELET ACOH 24T 52 EH7n, L
ML MeCN H Tl #& fh7K H,O 234k 21t g b 7k 37
HO, Et ANRbrZENTES. LML
Fe(AN)Z"® Fe(AN) ' LIZB B OO EDL O ML
SN ERALTFTED SN TWNT Ac,O NS S5
MTDIENTERVED, S E>T
H,O S H0, 27 FIMET H T &EHTERN,
MeCN H1 @ Felll (PA); D FEHERE (IR uE AL E0 13
Fell (AN)3* D E°=+1.78 V vs Ag-AgCl IZ b X T
& < Fe'(PA);H &1Z1% C-H bond & DO {LEEIL /R
W,

Felll (PA);+e~

—>Fell(PA)i~ E°=—0.08 V vs Ag-AgCl

10. BRILBEZRBAETT L Fe"'(PA); - H,0,/
AN %42744)

MeCN H Felll (PA) ;2 W5 30%-H,0, 1T L5
B AU S 25t U Table 4 1278 U 7= & O ks s

5#7z. Bank test (H,O, HEMWHEEDHE) TiX
0, ZFAEL, FUNKRD 513 Fe'(PA); - HO D
b EEMIZEILL /2.

Fell (PA); + HyO,/AN RICK D BT, FFiTik
HiZMEd %2 DI Fig. 9 kU Table5 IZ/R L /&
cholesteryl acetate TRFE X 1% A5-steroids DL &
IR, SEARERD TaKBRILRIETH B, RN
DALVATH—)VEORBITHBNT, To-kb ROF
SIVENEERARHEE TH 5 Z &0 5 JEH I HEBR
NFEN, ZoRFIALZXTO0—)-Ta-k FOF
DI—BFEETINELTHRALES., ZORIGD
HEREIZBI L TIEARGR L DR HEIC Fig. 11 IR L2 &
DB TS,

£/, ZORXRTETEMEO Fig. 7TIZRLEEXD
WWEBRLEMDHEE /0%, N,N-dimethylani-
line %> aminopyrine TH NEMHLT 5 Z &7 < Ky
MEEFT L /=, K& A aminopyrine, 1,3—diphenyliso-
benzofuran [ U cis—stilbene @ 35 & 13 Fig. 10 (2R
L 72 & 51 electron rich 7% ene & % 1| diene N D
dioxygenation ff il i 238 Z > TH O, singlet
oxygen 'O, FAL TR LEZDDEEZ NS,

Table 3 IZ/R L 7=z & © 12, MeCN H cholesteryl
acetate DL T, B aU CEEEEAZMAL =%
T3 2 fligk, 3 Mgk dNEMHHL TH To-hydrox-

Table 4. Oxygenation Reactions with Fe (PA); - H,O (0.1 mmol) - H,0,/MeCN

Substrate 30%-H,0, reaction Products
(1 mmol) (mmol) Time (min) (Isolated yields, mol%)
Blank 0.2 120 0,, H,0, Fel'(PA); - H,O (100%)
Adamantane 6.0 30 1-Adamantanol (60.8% ), 2-adamantanol (12.6%), recovered material (25.4%)
2-Adamantanol 2.0 30 2-Adamantanone (43.7%), recovered material (53.0%)
N,N-Dimethylaniline 3.0 30 N-Methylformanilide (43.1% ), N-methylaniline (15.7% ), recovered mate-
rial (21.1%)
Aminopyrine 2.0 120 2-Acetyl-2-methyl-1- (N,N-dimethyloxamoyl)-1-phenylhydrazine (80%)
1,3-Diphenyliso-benzofuran 2.0 3 1,2-Dibenzoylbenzene (100%)
cis-Stilbene 3.0 30 Benzaldehyde (41.6% ), recovered material (50.1%)
Methyl 38-O-acetyl- 3.0 180 11o-Hydroxy-der. (19.2%), 11-keto-der. (6.8%), methyl 38-O-acetyl-
18B-oleanolate* 12,13-dihydro-12-oxo-188-oleanolate (9.3%), recovered material (51.3%)
Betulin-diacetate* 2.0 180 3,28-Diacetoxy- (20R ) -lupan-29-al  (15.0% ), 38,28-diacetoxy- (20S) -lu-
pan-29-al (29.8%), recovered material (41.4%)
Cholesteryl acetate* 3.0 180 7o-Hydroxycholesteryl acetate (40.0% ), 7-ketocholesteryl acetate (19.8

%), 3p-acetoxy-3,6-epoxycholestane (13.1%, «=4.7%,8=8.4%), reco-
vered material (24.7%)

The reaction was carried out in acetnitrile 5—70 ml at room temperature. *Fel'(PA); - H,O % 0.5 mmol.
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+
1 \\
" Rl}(\/\( -
AcO OH
cholesterol acetate 28
N \\
b: R1= * R;=H
< stigmasterol acetate
0
AcO o]
c: R1¥ . Ry= 3
pregnenolone acetate +
\- d: Ry, R;=0 g A .
dehydroisoandrosterone acetate ’\\ \\
A0 %\\\\\“\ e &
dn 4p
Fig. 9.
Table 5. Oxygenation of A3 + Steroids 1a—1d with Fe (PA); + H,0,/MeCN
Substrate Product (isolated yields, %) Recovery (%) Mass balance (%)
la 2a-0:(40.0) 3a(19.8) 4a-a(4.7) 4a-f(8.4) 22.6 96.6
2a-( 1.1)*

1b 2b-(36.5) 3b(23.1) 4b-a(4.8) 4b-B(6.1) 24.7 95.2
1c 2c-a(33.1) 3¢ (15.7) 4c-a(3.3) 4c-B(3.4) 19.9 75.4
1d 2d-a(39.3) 3d(22.0) 4d-(0.7) 4d-B(1.9) 19.8 83.7

*Yields of 2b-8,2¢c-f and 2d-8 were trace amounts (+0.5%) . Typical reaction procedure: to a solution of substrate (1 mmol) and Fe(PA); (0.5 mmol). In
MeCN (70 ml) were added three 0.1 s-ml portions of 30% aqueous H,O, (0.3 ml, 3 mmol) every 30 min at room temperature and the reaction mixture was stirred

for 3h at room temperature. Isolated yields based on substrates 1.

ycholesteryl acetate AVERYIC EAEEY E L THS
NDTENS, HETHRRD KD ITKEEL L DIE
PR 2 Mgk, 3MSkVWTNEMEHL THHETE
Ko7z dimer NEZ 501 5. H,0, DO DIT 1~
BuOOH % ffi i U 7= B & 13 KB 7T & 7,
AcOOH % ffi i L 723 To-hydroxy—Ri3&E 519
5,6—epoxy— AN EERM TH o/, BV ke

RORDOIGRIERBRE LT E2FERHL GG EE
R 5,6-epoxy—{K T, A& D T-hydroxy—{K 315
SN, ofhE pARDIFTHERREAM TH o 72
Table 3 @ Run 1, 2 T 3 Tld 7o~ RO F )11k
DINTAREIRAYICHETT L, Run 9 O 10 TII A KGE
R TRWHEE L TEEREORESNEDI O L&
BEATWSD, ZO$HE Y CESEARN A-Z 501
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CHg
| Ne—pn 0
o]
—_—
HSCM‘N
N
0 HiC™
CHy
aminopyrine

/
\ %/

N—Ph N—Ph
—
N
8] Hac.-/ [o]
O goosyield

Ph
—
0 —- 0 ——
=
Ph

1,3-diphenylisobenzofuran

RIZHT S To-b ROF 2 5 —FRERETT I &
U THERES 2 B 2% & & WG PE A 4K dimer 12 &
% Z EMR TR D ALK HO, DD DI
FIRMEFE O, LEMAEMATDOEERITK DL
Nz

11. BEREBERBEEET T )L Fe'(PA); - H,0-0,
/MeCN Electro-Redox System*>

F b7 0L PASO T v > bRERE T EE (LK &
H,0, 2L AIETH5ZEHTEDN, ARKORKE
TIX O, LA E L, BoucBeENY >0 L THRE
DAL 217> TWb,. 3f-acetoxy—A5-steroids 175
LTTe-b ROFT I —FEERERETIVERDS
iron (II or III) picolinate—-H,0,/MeCN #4244 Dy
FRALKFORDDICO, 2L, BILRITEMNZ
aArho—)lLGWERETZEAGDELRTO
cholesteryl acetate D FIL Zit 52 & & L
Jz. BFRITEMAGOEZELORELT, Gif-
Orsey system [FellFel'O (OAc)4Pyr; s—0,/Pyr—
AcOH-Electrochemical reduction system) KOS
DI AT LBRSENZD, WTNHOSDERIROE AL
Z—0.6Vvs Ag-AgCI LA FIZREL O, ZiELt L T
W5, RFEOEERETCEMISERCRMEEZICX
S THRIRZM, HETIR

O,+e —=0;° E°=-—0.72V vs Ag-AgCl

ODNONILEEFE DR ICEM TIE/R<, Fe'(PA);+
e —Fell(PA); E°=—0.08V vs Ag—AgCl/n5,

100% yield o©

Felll' (PA) ;DR LB —0.1 V vs Ag-AgCl IZ/ES)
EW TREM] &M %Z2FKE L one-compartment
glass cell 2 vy, MeCN H cholesterol acetate 0.3
mmol {Z%f L T, iron complex 0.06 mmol Z{HHL,
0, gas ZMMEAARBNS EEBMEREITHO. T
DfEH % Table 6 D run 1,2 KO 3 1Z,R L 72,
Epoxide [ZJEBIREE LW ERET, FAERYIT H0,
i Fi D35 & & [FAE To—hydroxy—{k & 7-oxo—{ATH
o7, UL2L, rundiRLELD ITREESG &2
il & [ M D [ % glass filter T X ) 5 7= two-com-
partment cell IZRA 7272V TROGIE & < EFTL7x<
Bofz. TOZENS ZDORIMITIIR BH)
WMETHDZENGND T,

Run 5 |3 glass filter @2 H 9 % H-% two-com-
partment cell 1, 2'BE &% )L 0.3 mmol @ Fell
(PA);(OH,) % 0.1M (n—Butyl) ;N - BF, MeCN i#

WIZEMN L, 7IVT KW, —0.1Vvs Ag-AgCl
TS5nMEBMEILETD &, $ROEFMNZELT
% 1= DRIR DD pale-yellow 7n 5 deep-red 1225
%. Z Z T cholesteryl acetate 0.3 mmol /1%, O,
HAZEREALE, gL T 0.5 F)L 0.15 mmol
DEEFHEZ W > THRIUIIEE D, BROKREHIHEZ,
b 2% 3 B9 12 u—oxo—ferric dimer (PA),Fe—O-Fe
(PA),ZERLT 2 (BZEHEO L 20 D35 Thgs
KIZEBMO MM 2 ML T+2.0V vs Ag-AgCl &
BALTY IV LR T 15 riEbmigitzir> 2 &
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Table 6. Electrochemical Oxygenation of Cholesteryl Acetate (1) with Iron-complexes and Dioxygen in Acetonitrile under Constant

Potential Conditions

T S

19 Felll(PA);(OH,) —0.1V 2:19.5 2B:1.6 11 trace 26

20 Fel'(PA),(OH, + 2H,0) —0.1V 20:27.1 28:1.9 14 trace 24

39 Fel!(OH,) 4 » (CIOy), —0.1V 200 7.65 2B :5.35 13 trace 33

40 Felll(PA) ; (OH,) —0.1V no reaction

50:0 Felll(PA) ; (OH,) —0.1V, then 2 10.1 28:1.92 1.5 trace 52
+2.0V

a) Thereaction was run in the undivided cell (one-compartment cell) . b) The reaction was run in the divided cell (two-compartment cell) . ¢) The reaction con-

ditions are different from those of other runs.

2L D run 5 OFERMDGE SNz, BEREE LTI &
7J<0)ﬁ§€4|3 ZE > TEJE 7§k u—oxo—ferryl dimer
FelV-O-Fe!lV )34 pk L, DWT/KEEILIEMERE (PA),
Fell-O-FeV=0 (PA),IC£b 5. #hfhKDOEELTHE
U HY WEETH0EEEORIBEICET 5 u
—oxo ferric dimer (PA),Fe—-O-Fe(PA),/37 'O~ >
LU MeCN {51 5 DITHZI W T WS D EEH
AbNs. HWEKFRZMENLZEES Fig. 1112
?bti5”£<ﬂUﬁﬁ@%iUTDé%®&%
A6N5. Run3IZRL7ZLDIT Fg k7 A
L7255 %ﬂﬁﬁﬁmﬂ@ﬁ?é# H,O, i D
& Ak T-hydroxy—{RIZ1F 5 N 5 DI AR ER M
T2V OIIIEMEFEDY u—oxo—ferryl dimer T®H > T HED
MFDKBEENKTH D70 VERICHNRERL
INENDTHIRNREFEITRS IRV EEZS
N%. Fel'(OH,)6 + (ClOy), % filtlt & U 7= H A 13 Al
IZ Table 3 @ run 10 IZ/RL 72K DI H,0, i L
72354 Table 6 O run 3 [AFRLAKEIRIC To-E
rRofFoubaniar-7zl ens, Eax—Fh
ZEH U 72356 O SEARERME O I R B E fl o #iE
WEDIUARBETFHIRETIIRVWEZSZ 5N, ¥
M ZDHERND D EEZ NS, BRI ZH A
BOEERTEEAEIRF ERNERLZNDIT
ZORTIHBEILICHES O, DIEATT RTOEMN
dimer IZ/2 570 EHE A 6N 5. #HE{L/KE H0,
ZFHA L7758 DX D 7 monomer D oxo ferryl i
W (TRFAMOWEEREEZ SN TNWDS) &4
TERWEHEEZEAZSNS, Table6 D run 5 T
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