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ABSTRACT

Flavors consist of crude flavors and artificial flavors. Owing to the
limit of natural conditions and process, the variety and the quality of
crude flavors are limited. Artificial flavors can not only settle the shortage
of crude flavor, but also can reduce the cost; moreover, Some particular
artificial flavors can make up the limitation of the scent of crude flavors
which was induced by processing. These having carbonyl group
compounds such as aldehydes, ketonesh and carboxylic acids which are
flavors are widely used, especially in daily and edible essence.

The studies of TEMPO-éatalysed oxidation of alcohols and the
studies of the synthesis of a, B-unsaturated ketones by allylic oxidation in
recent years were summarized, respectively. The synthesis of aldehydes,
ketones and oxocarboxylic acids were completed by oxidation in the
thesis.

1. The oxidatioﬁ of alcohols by H,0,/Cul/TEMPO system was
described. The reaction conditions for effects on yields and the scope of
H,0,/Cul/TEMPO system were investigéted, and the proposal
mechanism was speculated. It was discovered that benzyl alcohols. allylic
alcohols and secondary alcohols could be selectively oxidized to
corresponding aldehydes and kc;tones with high yields by

H,0,/Cul/TEMPO system in CH,Cl,-H,0. The structures of the products

m



were identified by NMR and MS.

2. 4(5)-oxocarboxylic acids were synthesized from y(3)-Lactones by
NaClO and NBS respectively. Reaction conditions for effects on yields
were investigated, good yields of 4(5)-oxocarboxylic acids were obtained,
and the structures of the products were identified by NMR and MS.

3. VO(acac),-Catalysed allylic and benzylic oxidation for the
synthesis of a, p-unsaturated ketones by t-BuOOH was described. The
reaction conditions for effects on yields and the scope of this system were
investigated, and the proposal mechanism was speculated. Moderate to
excellent yields of o, P-unsaturated ketones were obtained, and the
. structures were identified by NMR and MS.

Keywords: Flavor; oxidation; carbonyl; aldehyde;- a, B-unsaturated

ketone
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bmpy: 1-butyl-<4-methylpyridinium
1.4

CHO

RCH,OH

4 mol% Cu(ClO,),, 4 mol % TMDP j’\ N A

TMPD
Ri” "Rz 6 mol% acetamido-TEMPO, 0, R{” "R, |l J P
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R MR TR SR RBRWEL I 2-5 °C A KERSLAY
AT TR F R, R o BRI R AT A7
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#=#E Cul 5 TEMPO #4k H,0, FAR RS B N I RE KT

2.1

=k
o

¥ HRW. SRR S o, p-FEMRE 2 A B A BERAY
B &> 4, HREARAT RN EE LS W7 A =R 4
WIFER—AREEMHRNS, AT, 5% LSRN —1
CrOs, KMnOy, MnOj, SeO, B S ATF MK T LB EHIS
g, Eit, FRFOFEEIF. BANBRENITERILEFRITE
HiEsk ey A7 |

H,0, R — & EMNF, SRE4E H0 5 0, MFEFAE
A, BALERE H0, HEMF, Cul 5 TEMPO AL, #
WREK A AR BT (B 2.1). 38 0,0, WAL, ZEEER
RE&BXEALE, mEt, 5ERNERURGRITERNEE.

/OKH Cul 5mol% TEMPO 3mol% @

R1 Rz CHzclz—Hzo, HzOz R1 R2

1, Ry=Ph, CHzPh, CH;OPh, p-CIPh, m-CIPh, p-NOPh,
PhCH=CH, PhCH,, CH3(CH,)s

Ry=H
2, Cyclohexanol, 2-Indanol, 2-Octanol
A 2.1
2.2 RIS

2.2.1 BRI 5RFA
FEE (4, iR RRERAG)
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ok S L. ('ﬁfﬁé’@, Alfa Aesar)
SHEE R PEE (74, Alfa Aesar)
-REFRE (A4, AlfaAesar)

4-FEFEE (8, Alfa Aesar)

WHER (Sihd, EASALEAFFTRARD
HOBE (54, AlfaAesar)

FZEE (oind, BAERLERFTRAR)
-8 (g, BHERLESHTRAFD
H,0, (b%4, KIURFMLTHRAR)
R (g, BAERMLEARERAE)D
Eoke (g, BAERLEARFTRAE)
LR ZBE (thd, WirImaRERA )
R (airdl, BAEBRLEAANERAE)
g (rind, BAEBALEAFFRAFD
2B (orirdk, WmImia KA
PUSRRRE (SrHrdl, ASkm BT )
TR (s, BERMTATHRA )
ZB (i, OHERE)

AE (Hret, WimImie KT )
2,2,6,6-JIFEREBHE (TEMPO, 44k, AlfaAesar )
Cul (BB, LEEXKIIT



EREFEML YOS

CuCl (4r#rék, b= KALTBIF )

CuCl, (srifrgk, tE=/KITBIH )

CuBr, (&#r4l, KA RERAF])D
Cu(NOs), (/3#hé, KEMRAERFRATD

2.2.2 1L 38
Agilent GC-MS 6890-5973 RIS B, AT =Y EH 5 € &:
Varian INOVA-300 MHz BRUEREFIRIL, FATFEE=IHEH.

223 ﬂi")iﬁifa‘éf’ﬁ

Z B E¥ 1.08 g(10 mmol), Cul 0.095 g(0. S mmol), TEMPO 0.046
g(0.3 mmol), CH,Cl, 10 mL, ZE&##+# T H,0,(30% ) 200 mmol, 8
h jEEIEBiHE, A —E 2 Na,SO; &?—%LEB’J H0, M1 I, ¥,
BURERE GC-MS 1, BEF R, 2RKREEESE, VIESK):V(Z
R LBEy=4:1 AW, FETEBECETE)LO g (94%).

224 FYREHESEES

F Agilent GC-MS 6890-5973 Xt & N =i 1T €t 5 & B (Ml
FIR—i%), BEAEEILEHN HP-5M (60 m x0.25 mm x0.25um). £2iE
&M FAERS, BHEQEE 250C, HREN 1.0 mL/min, 53#
ek 4:1, RABFAE, BHEREAN 70C, {RFF 2min, B 15°C/min
F+ % 280 'C, £R#F 3min. JRIE KM B FIRA EI R, BFEE 706V,



LR AUA:'

B FIRIBRE 230 C, MEAMHEEN 50~550 amu (m/z). F Varian
INOVA 300MHz #% B L 4R A0 & A= "H-NMR 01 >C-NMR #1T

W E, CDCl; AEF), HEERENAR.

23 ER51e
LI B RN RREY, H0, WEULA, TEMPO ML, &
SLREBRNAENEFREAETEFRAE®, MNNHESE
FIRMN%ZH (K22 .
A, TEMPO
@—CHZOH — CHO
Solvent, H,0, _

A 22

23.1 EHAAHEXN EFRE LK E R

I 1.08 g(10 mmol), Cul 0.095 g(0. 5 mmol), TEMPO 0.046
£(0.3 mmol), CH,Cl, 10 mL, FEZEFAF(H0,)EN X FEEH W XK
FEEREWE. KREREY. XRBRHELREEELTIHO0)NA
Bgmmgn, SEMFIH0)KHAER 200 mmol K, HEPEELR
B, EFEMH>99%. (BFK2.1)

R2LNEBEUNAENEZFRELN T
H,0,/mmol 50 100 . 150 200
HALE/% 24 51 73 100

*EFEE>99%.
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FREFEL YA SR

2.3.2 AR ERXS 2 R B AL KO

34*:'33 A% 1.08 g(10 mmol), TEMPO 0.046 g(0.3 mmol), CH,Cl, 10 mL,
H,0,(30% ) 200 mmol, ZBR AR EE FAEFEE M %
FEREWE. EREREKH: JRN 2h 5, Cul. CuCl CuCly. CuBra.
Cu(NOs), 5 TEMPO 4 %X FEZE ALK SLAE LI, R LR S
FA 18%- 11% 2% ~ 2%~ 4%; ZRM 8 h J&, Cul. CuCl. CuClp.
CuBr,. Cu(NO,), 55 TEMPO % BB E ALK IL 4077 aT, | KRR
SR HNA 79%- 35%. 4% 6% 5%. (RFK 2.2) Hit, EATA
& Cul ARELFIBEE .

xR 2.2 MR KRB H LR

#i1££(0. 5 mmol) HALE /%
2h 8h
Cul 18 79
CuCl 11 35
CuCl, 2 4
CuBrn, 2 6
Cu(NOs), 4 5

* Cul AR, EFEME>99%, 10hEXEFBLPEUNETE

233 %Q?ﬂli‘ﬁiﬁ?@%{«tﬂﬁ%ﬂﬂ

% B8% 1.08 g(10 mmol), CH,Cl, 10 mL,. H;0,(30% ) 200 mmol,
ZEEEAUFHENEFEEUAETROEWN. BIMRA: 2uEH
TEMPO Bf, KEEEJLFEAAL: SEMEA Cul HELFIN, FHEE

21



AP AL 38 3

HALRR . %4 TEMPO 5 cul Rt R, AED, XFEHEL
(X184, M. % Cul 2§ 0.5 mmol. TEMPO 4 0.1 B, HE20h
AHEERRLL GASREHAH, RATERE TEMPO 55 Cul AR
4314 0.3 mmol(0.47 g)5 0.5 mmol(0.095 g)fl FAREFREHIE M. (I

&23)
23 EUFBENEPRELNTZW
Cul/mmol TEMPO/mmol it 8)/h EALE%
0.5 no 10 ' 5
no 0.3 10 no
0.5 0.5 9 100
0.5 0.3 10 100
0.5 0.1 20 100
1 0.5 6.5 100
1 0.3 9 100
1 0.1 12 100

2.3.4 REGHIX KR EELESEFEERNER

ZXFEE 1.08 g(10 mmol), TEMPO 0.046 g(0.3 mmol), Cul 0.095
g(0.5 mmol), H,0,(30% ) 200 mmol, EEARRIEREER T EFE
HUHE RN, SRERKRY: ELMINE, 2], L8 =
PER, —HTH, TE G, NERW, EoRARERH, R
T CHCL PR, XPEEAAXTROELERY, MHE
FHCIO% . (BF2.4) FTEL, BATAN, EHF CHCL AR

22



FREFMESYHIO R

B RBREF
R 24 RGN ZPRENESEFEGENR
R FUEY% EHEE%

1 LK LB 35 58
2 , M 5 55
3 ZiE 9.3 31
4 — BRI No reaction -
5 “H PR 100 >99
6 : L3F: 3 6 43
7 5L ‘ 28 72
8 IERR ] 8 >99
9 FEk 10 45

A, HEFEH 1.08 g(10 mmol)if, FALF H,0, HEN
200 mmol, Cul } 0.095 g(0. 5 mmol), TEMPO 4 0.046 g(0.3 mmol),

EHETFTECHCLON0mL) PRMEBEEH .

2.3.5 Cul 5 TEMPO f#{k H,0, EUAREEH RN 4R
SREFHENREFBORMEMSE, RIS ML ERE#TT
SFUHR, ERAEK2S. @EER 2S5, BITTUEDH: ¥E. HRE
MBI RE R B LR N R, HFRBIET TN~ E. ®
B A e TR A RE B IR IR AR AL AR N RO BE R (dn - 4- R 2



R A UA

K RE entry 2 F 4-FEEEK T entry 3); HREFREARNELF
BEE CHRMNEZEA S mol%# TEMPO 7E A8 i BT 8] B 4 6
AL R BRI (fn: 3-AAEFBE entry 4, 4-FA X FHE entry 5 1 4-
THE A FEE entry 6); #AT0 H,Oy Cul. TEMPO 4k R{SR7EDE 5 Y
FREPREAR B RMFEEG: FEBLRAENFEAEE
KFE, SREXFHUALS Cul BT RALAEY, ATIEXAME
RRET RMEN): HRBERBERX AN AR &FTHL
FRMGEE (N : PAERE entry 7); PRI E 40°CHIRMNEEFEH 5 mol%
1 TEMPO ZEMXKHIAT A 2 A GEF AL AN FIEI(n: A CBEFE
24 hentry 10). {ERX TR EEERRER TEEERNE, H,0p/ Cul,
TEMPO AR AH IR M RNEFENE, XLBE 1-FEAFELEN
ZREIEFHE (entry 12,  entry 13).

% 2.5 Cul 5 TEMPO #4t H,0, BRI R MR *

Entry Substrate Product Time Conv Yield
(L)) (%)

! ®—CH20H ane 9 100 94
2 H3C—©-CH20H H3C©—CH0 9.5 100 94
3 Haco—Q—CHzon H3CO—©—CH0 8 100 93

Cl Ci .
b
> Cl—-< >—CHon CI—< >—CHO 95 100 95

11 100 95




FTREFEL AV R

EER(k25)
Entry  Substrate Product Time  Conv  Yield
(h) (%)

b

© on p-cmon ow—( powo 10100 %8

! ‘ 8 100 9
Ph/\/CHZOH Ph A -CHO

8 OH o
A PN 10 100 9
Ph™ "CHs Ph” “CH,

2 OH o)

©:> : f 4 100 95
b ' 1
10 Q oH C>= ° 24 90 80

11°¢ 8 6 —
Ph” > CH,OH Ph” > CHO

12° NN D NG NP 8 6 -
CH,0H CHO

(a) EEME >99%. (b) RMEE 40 C. (c) B%: Cul: TEMPO=10:0.5:0.5 (/K L),
RILRE 40 C.FmF K B=%

2.3.6 =YEHIRIE

Entry 1. X8 §=7.48-7.52 (m, 2H), 7.60-7.65 (m, 1H), 7.85-7.90 (m,
2H), 9.95 (s, 1H). °C NMR: 192.053, 136.106, 134.145, 129.423,
128.691. MS (EI): m/z 106 (M").

Entry 2 4-FEXHE 'H NMR: §=2.440(s, 3H), 7.317-7.344(d, J/=7.5
Hz, 2H), 7.763-7.789(d, J=7.8 Hz, 2H), 9.964(s, 1H). C NMR: 191.687,
145.237, 133.916, 129.553, 129.415, 21.594. MS (EI): m/z 120 (M").
Entry 3. 4-FIE X FEE "H NMR: §=3.897(s, 3H), 6.987-7.003(t, J=2.7
Hz, 1H), 7.018-7.034(t, J=2.7 Hz, 1H), 7.822-7.838(t, J=2.4 Hz, IH),

7.853-7.869(t, J=2.4 Hz, 1H), 9.893(s, 1H); °C NMR: 190.703, 164.499,
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B+ X

131.872, 129.850, 114.204, 55.480. MS (EI): m/z 141 (M")

Entry 4. 3-8 X B 'H NMR: $=7.464-7.516 (t, J=7.8 Hz, 1H),

7.590-7.627 (m, 1H), 7.856-7.868(t, /=1.8 Hz, 1H), 9.938 (s, 1H); °C

NMR: 190.672, 137.677, 135.320, 134.252, 130.247, 129.164, 127.829;

MS (EI): m/z 141 (M)

Entry 5. 4-F % & 'H NMR: 6=7.505-7.534 (d, J/=8.7 Hz, 2H),
7.816-7.845 (d, /=8.7 Hz, 2H), 9.989 (s, 1H). *C NMR: 190.802,

~ 140.896, 134.664, 130.857, 129.415. MS (EI): m/z 141 (M").

Entry 6. 4-FH3 % B 'H NMR: §=8.070-8.099(d, /=8.7 Hz, 2H),
8.391-8.420(d, J=8.7 Hz, 2H), 10.168(s, 2H). *C NMR: 190.260,
151.080, 140.011, 130.438, 124.251. MS (EI): m/z 151 (M").

Entry 7. PIE:E "H NMR: 8=6.687-6.766(q, J,=16.2 Hz, J;=7.5 Hz, 1H),
7.429-7.511(m, 4H), 7.558-7.590(d, J=6.9 Hz, 2H), 9.700-9.725(d,
J=1.5 Hz, 1H). >C NMR: 193.472, 152.553, 133.787, 131.056, 128.897,
128.409, 128.297. MS (EI): m/z 132 (M*).

Entry 8. ¥ Z. & "H NMR: 6=2.615(s, 3H), 7.441-7.500(m, 2H),

7.544-7.597(m, 1H), 7.950-7.982(m, 2H); *C NMR: 197.996, 136.952,

132.932, 128.401, 128.134, 26.446. MS (EI): m/z 120(M").

Entry9 Eiffd '"H NMR: §=2.679-2.718(m, 2H), 3.133-3.173(t, J=7.5 Hz,

2H), 7.346-7.399(t, J=7.8 Hz, 1H), 7.467-7.499(d, J=9.6 Hz, 1H),

7.564-7.618(t, J=7.5 Hz, 1H), 7.752-7.780(d, /=8.4 Hz, 1H); '3C NMR:

206.746, 154.826, 136.754, 134.267, 126.951, 126.372, 123.389, 35.890,
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FEREFRHL SIS

25.485. MS (EI): m/z 132 (M").
Entry 10 3% 'H NMR: 6=1.687-1.759(m, 2H), 1.828(m, 4H),
2.364(t, J=6.6 Hz, 4H); °C NMR: 212.131, 41.916, 26.957, 24.935. MS

(ED): m/z 96 (M").

2.4 PLEH

H,0, A &AL, Cul 5 TEMPO N3 FIZE CHCL, 531 2.
T BT R & R R T, AT ROPLEOR.
HeR Cu(1)# H0, B Cu(ID[RE 2.3, )R] KFE Cu(ll)
¥ TEMPO B #iZE()EMLE— 1 HEESTQ) (RE 2.3, (DA
REETQESEEAMEN, BRESWBKE, HPHEESTQ)
EER N-FE-2, 2, 6, 6- U FEIRIE3) [LE 2.3, 2)=]; N-F2 5 2, 2,
6, 6-HFRRRG)FEHEBRPTRERWHEEEFQIERAERH
TEMPO A1) [LHE 23, (3):], UMBEHREE, MmTiEL
RN
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R4 X

+ 4Cu(ll) —m 4 ® + 4Cu(l) (1)
N N
o1 o 2
2 X 2 [ >£tk
2 ©) + 2H*
2 N 2 A +2 @
02
Sk ;Jil<_» >(j<+ w6
N ) 2 2 @)
o]
4Cu(l) + 4H* + 2H,0,—= 4Cu(ll) + 4H,0 4)

& 2.3 Cul 5 TEMPO #1t H,0, B

25 N
H,0, 4L, Cul 5 TEMPO H3LHEALA, 7E CHCl, A%
B RS R EAL R — R A SRR, BT R R A

&R, EEENTRR, WHERET.
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HREFLHL SIS

B=F y-H s-AMEANE K 4-F1 5-FAURRR

31805

FREME S RLERNPEES, R 2 ARERS S, g
RIEMERRMERFTERE, W0 William %90 0, HEMLF, F
B4R, TRED—IMRERFRERKRR: ELHIRRELAR
K EE, BLCroy' %, RuO,-NalO/ %k & 4k 787 18 ZIA M R AR
B: M5h, Ruholl™5 XA 2 EME BT RBEARKRR. R
EREMERTES, KBEEARMRS: (DFEFRM; )~
Yo & LR A ()Pt A RIS T R B E RIS 3, AL
ZENEBRATRAR Ld—&5 s, BREEEBGELSCI WAL,
BT K RAGEFE R B, XERIBRBUD, Y550 BRI TR
AT —HayEK.

WL R—FOIA 5 BHAULA, ST, Bl
AR EEEPOE . B B BR824 77,

NBS(N-bromosuccinimide, N-iRAX T Z Bt I &) IR & —FF B 5 15
BRG], ZEBEREAT T LRI B OTERE, RBRE. &4
B, HEfE. EEEK, Kim™SRE T #H NBS ¥ 1,4- —FEHES
LA 1, 4- 258 Khurana" UJ#R 18 7 NBS R #HHELL 1, 2-B & AL
1,2-—Hd.

BATEFELL v-F0 8- A EE A =L, IR ERHA S NBS 4351 A FALH,
FAE AR A 4-30 5S-FARROLE 3.1).
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B -7 3T

0
COOH

r/< 1,NaOH_ 2,NacloorNBs. <
O > > J(CHy)

(HLh~("  heat 3,H0" o<
’ R

R

XAH18EF2, RIFHE 2-10MKEFHRE
B 3.1 y-M 5-ABRE AR 4-F0 S-E AR M

3.2 RS

3.2.1 RS
y-EAEE (ﬁﬂﬁé’% Alfa Aesar)
y-BRAEE (5Hr4l, Alfa Aesar)
v-ENE (OHT4, Alfa Aesar)
Y-EABE (M4, REURTURX &)
y-ZAEE (94, Alfa Aesar)
y-+—REE (O, FRARIVHRA &)
5-FMNME (SHr4l, Alfa Aesar)
5-EMBE (Oihdl, FREUETUkRXS4)
5-ZWAE (24, Alfa Aesar) |
St (T RRMRTARREH)
-+l (A, RRUMRTUHKALH)
S-tHMAE (Airdl, REMUWERITWHEKXSH)
REABH (FE, FRAKT 10%)
NBS (fthdt, aknEsELT )
LB (OHsE, RERENRATRA)
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THEREFHULSYHER

ESk OHihdl, #imaXEEdm,)
LBRZEE (SHhdl, BRmEKELERA)

3.2.2 {428
Agilent GC-MS 6890-5973 RIS Bk A {X, Varian INOVA-300

MHz BUZEEIEHRA.

323 YN SE &M

Fi Agilent GC-MS 6890-5973 Xt R M. F=#it 4T EtE 5 € B 7,
EME ALK HP-5M (60 m x0.25 mm x0.25um). BigE&MHt: &S
e8RS, BREDERE 250C, HERER 1.0 mL/min, 4MHELR 4:1,
KHARFHE, BIKEEA 70°C, fREF 2min, EA 15°C/min 7+ 2 280 C,
fRFF 3min. SR &M B FIEAN ELR, BFEEE 70 eV, BFIREE 230
‘C, MEFARTEEN 50~550 amu(m/z). F Varian INOVA 300MHz #%
RIS ORTR R4 'H-NMR 1 BC-NMR #EAFRIsE, CDCl i
7, TUREEERNAF.

3.2.4 REMAEAL y-F0 5-WEE AR 4 S-EARBITLR e
BT 250mL R AA 15mmol AR, 22.5 mmol NaOH
35mL K, ¥, REEKAETRHELST LT, MA35mL
NaClO #%#, FHEPMAERN NaHCO;, T pH EZE 8-9,
KA T (0-5°C) BIZUR L BUNIT, SRIEEBMA 6 mol/L FFiEL
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B+ # 0 3X

W pH <1, BEEBIHE 0.5h, f &-FURBMA S-ERBRBITE
Ko IIAZEE3X50mL, 2 =R#ITEE, &HBEE, ATK Na,SO,
Fo, . MEHER, BAERRRSNENESY, 8 BU LY
FREBETHES, FHECKESR, B EEHROARRE;
4-ERERS 4- SRR, WB I R 1T 2 BB 7 A
ZEZB=41), BIHER, KE, BHEEHRES.

3.2.5 NBS 4L y-F1 8- M Be& A 4-F0 5-FARRBR I L 10 R 1
100mL %E#EF BN 5 mmol KBS, 7.5 mmol NaOH #1 20 mL K,

n#okeE, RERHANEER, A 7.5 mmol NBS, 7E 40°C/K&E PR
FIHHINE, RHRER, REEEIA 6 mo/L BHRELEE
¥ pH fE<1, SREEHH 0.5h, 1F 4-FHRREM S-FARRIH H XK.
MAZEE2X20mL, ATRHTER, AHEZ, FEAK NasSO,F
B, T, REER, BEEARRE™Y), CHECKESS, §
A APRIEARKRR.

33 &R 5
3.3.1 REBWEN v-T 5-HEEE L 4-F0 5-F AR

ly-ENEEAN RMEY, NaClO AEWA, EIERERRN
X 4-ARERFENER, NTHERENRNEH.
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THEREFHULSYHER

ESk OHihdl, #imaXEEdm,)
LBRZEE (SHhdl, BRmEKELERA)

3.2.2 {428
Agilent GC-MS 6890-5973 RIS Bk A {X, Varian INOVA-300

MHz BUZEEIEHRA.

323 YN SE &M

Fi Agilent GC-MS 6890-5973 Xt R M. F=#it 4T EtE 5 € B 7,
EME ALK HP-5M (60 m x0.25 mm x0.25um). BigE&MHt: &S
e8RS, BREDERE 250C, HERER 1.0 mL/min, 4MHELR 4:1,
KHARFHE, BIKEEA 70°C, fREF 2min, EA 15°C/min 7+ 2 280 C,
fRFF 3min. SR &M B FIEAN ELR, BFEEE 70 eV, BFIREE 230
‘C, MEFARTEEN 50~550 amu(m/z). F Varian INOVA 300MHz #%
RIS ORTR R4 'H-NMR 1 BC-NMR #EAFRIsE, CDCl i
7, TUREEERNAF.

3.2.4 REMAEAL y-F0 5-WEE AR 4 S-EARBITLR e
BT 250mL R AA 15mmol AR, 22.5 mmol NaOH
35mL K, ¥, REEKAETRHELST LT, MA35mL
NaClO #%#, FHEPMAERN NaHCO;, T pH EZE 8-9,
KA T (0-5°C) BIZUR L BUNIT, SRIEEBMA 6 mol/L FFiEL
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B+ # 0 3X

W pH <1, BEEBIHE 0.5h, f &-FURBMA S-ERBRBITE
Ko IIAZEE3X50mL, 2 =R#ITEE, &HBEE, ATK Na,SO,
Fo, . MEHER, BAERRRSNENESY, 8 BU LY
FREBETHES, FHECKESR, B EEHROARRE;
4-ERERS 4- SRR, WB I R 1T 2 BB 7 A
ZEZB=41), BIHER, KE, BHEEHRES.

3.2.5 NBS 4L y-F1 8- M Be& A 4-F0 5-FARRBR I L 10 R 1
100mL %E#EF BN 5 mmol KBS, 7.5 mmol NaOH #1 20 mL K,

n#okeE, RERHANEER, A 7.5 mmol NBS, 7E 40°C/K&E PR
FIHHINE, RHRER, REEEIA 6 mo/L BHRELEE
¥ pH fE<1, SREEHH 0.5h, 1F 4-FHRREM S-FARRIH H XK.
MAZEE2X20mL, ATRHTER, AHEZ, FEAK NasSO,F
B, T, REER, BEEARRE™Y), CHECKESS, §
A APRIEARKRR.

33 &R 5
3.3.1 REBWEN v-T 5-HEEE L 4-F0 5-F AR

ly-ENEEAN RMEY, NaClO AEWA, EIERERRN
X 4-ARERFENER, NTHERENRNEH.
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THRETHASYHER

3.1 EHAHEN 4-ERETE=ENZ MW

LA y-F R B (1S mmol) b B, ERMNEE N 0-5C, pHIEA
8-9, RAZEYIA] 5 hEf, %ET NaClO £ &N RN (LR
RFE3.1). LRKH: BEE NaClO EMUF AR, 4-8 R F8#*~
E#, B2, NaClO &4 40 mL MIEHR, £ GC-MS 247, 4-
SRIB&TEFHETR, TaEFEEELTLETHXE~Y,
b, Hy-EABHAEN 7.5 mmol Bf, NaClO FIE X 35 mL A& tE.

RINVEUANAEN4-EREIRTFENER

Fg NaClO / (mL) P& 1%
1 10 32
2 15 47
3 20 56
4 25 75
5 30 79
6 35 87
7 40 81

3312 RNBEN 4-BEREE=EHEW

B y-E W B A R L, NaClO(35 mL) A &AL, %4 pH {EN 8-9,
RRERFE] 5 h B, HRT KB FRERN LR MR RLER
32). ARR\: BB THITEURN, 4- 8 REBYUT=EES,
033 & 7t 7 2 25-30°C Y, AR AIRIETE 0 C, IRFMMELAE
B8P, o] f% & 5 F NaClO 7 pH 4 8-9 HIFS M &4 T BT UK
FEATaE, FRHEMMIR, v-TABELERN 4-8 K T8~
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R A

2T

RI2RNEEMN4-EARFBRTENEW

Fs BE/(C) FEER %
1 ' 0-5 87
2 25-30 48

33.13pHEXN 4- AR TN E W

B y-F A 85 b R EH(15mmol), NaClO (35 mL) N &L, Eﬂ
BEHR 0-5C, RMNETE 5h b, B8 TARE pH EX R MR (4
BRFE33). GRER: SHERNEFHEAZKE, pHENR 8-9
i, 4- AR ITMOTRER. B3R RAREN, ARKELN
RREAEBREZGTRENE, BABNENRRR,: WIEBRBE
K3&E, BAFF NaClO Efb, X#RLAERIE: 3 NaClO # & pH
8% 8.6-9.5 i, HEMAEHERRD Y. FEN NaClO B S
RHPH HCIO, HCIO —1 58 (pK.~7.54), BFE5HTFE I
BEN pHEGENILTE. ERNEBRBREAR, WHFPH HCIO 4
FHxT®RD, REEARRUAELE,

RIIpHEN 4-FARERT RN E W

F5 pH PR/ %
1 34 | 0
| 8-9 / 87
2 14 30




FREFEE YN R

PLEBFFIRY: AR R BN, LIREBRHAELT, @
y-ERBEER4&-ENER, HRNFHR: L y-TABER 15 mmol
B, NaClO FH&X 35 mL, % pH EX 8-9, vk/K#BETF (0-5C) &
M, 4-EREBH=FRLT.

3.3.1.4 NaClO &4k v-F1 §-WEE & 1L 4-F1 S-H BB LRE R
BiZ2BHy-TAHEAK4&-ERTRAOBRMKEME, BdHE §-
M S-NEEA R 4-F1 S-ERBRB(E R WK 3.4).

% 3.4 NaClO AL v-71 8- BEA AL 4-F0 S-FUR R L0 45 B+

&Y B [8)/(h) a7/ =2 %
1 y-C A S 7 4-EFRCH 35
2 y-E A B 6 4+ FARER 53
3 Y-¥ A 6 4+ ERER 82
4 y-E B 5 4+-FRER 87
5 Y-R N A 5 LERER 86
6 y-+—REE 5 4-FR+—B ‘ 66
7 y-+ZPBE 8 4 ER+ =R 65
8 5-F Mk 5 - RER 92
9 - LB 5 55 TR 84
10 5-Z A BE 5 S-HARRR 86
11 5-t+—AMEE 5 S-EA+T—RR 72
12 8-+ Pfk 8 S-ERTZR 50

* y-f15-WB55r 514 15 mmol, NaClO35mL, pH {EK 8-9, RNEEHN 0-5C

3.3.2 NBS &4t v-H - B & Ak 4-F0 S-EH AR R
Lly-FABENRNEY, NBS YELF, @it TRERERNE
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5t - B R TR™ R R R B0, M E & EN RN
&1

3321 EHFHEMN 4 BRI ENEW

y-F P B 5 mmol W &S, 7.5 mmol NaOH 1 20 mL /K, fn#vk 2,
RIEANEZER, 40CHMA NBS, %% NBS Exf 4- K FH™
EHEMERRK 3.5). HER3ISTAN, 4-FAREBAF=ELENE
¥ NBS B mmsgin, =R R(y-F WBE:NBS)H 1:1.35 B,
4-FRTBO=EXBER 97%, BN NBS HER, 4-8K
IO LE M. Bk, ERK(Gy-EANBEE:NBS)H 1:1.35
KB

XISNBS EXf4-ERTEREENEW

FER o :

oG F A 1:1 1:1.25 1:1.35 1:1.4 1:1.5
A5 :NBS)

= % /% 75 96 97 97 96

3.3.2.2 BES kN EKE W

y-F A BS 5 mmol AES, 7.5 mmol NaOH 120 mL /K, Hn#vkf##,
REWHE SR, MA NBS 6.75 mmol, EEE A 5 R KM BWI(L R
WK 36). AR 3.6 TN, EXEFHFTRIZBHS h, 4-ARER
RIF= R 92%; JRMNBHEHN 40C, RF 15h, - AR EEH*~
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ik 97%; YRMNEENRNS0C, RM1h 4-HRKTEKZEL
& 97%. BMTATN, RNAESEEEWRA, BEMEE, &
I AR

FR36\HEE RN [EHZ W

EBEIC EiR(20-25) 40 50
Bt 18]/h 8 1.5 1
F=E /% 92 97 97

EUEA AL, = y-T R B S mmol, NBS 4 6.75 mmol, £ 40°C/K#
P RNEBIEH.

3.3.2.3 NBS &1t y-F1 - EE & A 4-F0 5-ERERAILTRG R
SHEHy-THEEE R 4-FRRBRMLREME, BNSHNEKRT
— RN EE A EREKERN 4-1 S-HERBRERILEK 3.7).

% 3.7 NBS £4k y-71 8- A& A 4-F1 5-FRARRA LR 4 R*

IE%7) I8l (h) =Y £ (%)
1 y-C B 2.5 4-ERCE, 91
2 y-BR AR 2.5 4-FHRERR 92
3 ¥ N8 2 4+ ARFR 92
4 y-EABE 1.5 +FRTR 97
5 y-Z A 2 4-FREM 97

¥TR
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-7} Bt &) (h) =Y = %(%)
6 y-+—H B8 2.5 4-FHR+—8 96
7 -t ZHEE 3 4+ R+ 8 94
8 3-FA M 25 5-8R¥ER 90
9 >-EAB 1.5 5-FRER 97
10 5-% pa 2 sER®E 9%
11 5-+—MRlE 2 S-HA+—R 96
12 -+ =Mk 25 5- 5 R+’ 96
13 5-+IupRE 35 5-E AR 53

* y(8)-BE S mmol, NBS 6.75 mmol, £ 40°C/KBEPRMN; FEAFHEZE,

3.3.2.4 NBS &b LB ERIT

NBS /LB SR, FRMATEMIES Y, —FyERER
HA P, BRFUEE FREERKRERE, RREREFHRZRUE
FEREER; B—MNR2ERRREERENKEHN—E, BEEHNE
BE5R—FAR%E, EEER. NBS ZERMEKNEFPEL v(6)-AfEK
fRIEIFEHEE, Koy EAE M, RRREBE LN, B
KRR, REBRFZRUE, EgriE (K 3.2).

H H
—-C;Z-OH NBS_ —é)OCBr ﬂr——cl::o
& 3.2 NBS S {3

34 =Y GEHRIE

4-F X 28: NMR (CDCl;) 8y 2.74 (m, 2H, H-3), 2.64 (m, 2H, H-2),

2.49 (q, J =15.0 Hz, 2H, H-5), 1.07 (t, J =6.9 Hz, 3H, H-6), ’C, 209.7
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(C-4), 178.4 (C-5), 36.5 (C-3), 35.7 (C-5),29.4 (C-2), 27.7 (C-6). MS m/z:
130(M™).

4-F LB NMR (CDCl,) 8y 2.75 (m, 2H, H-3), 2.63 (m, 2H, H-2),
2.44 (t,)=1.5 Hz, 2H, H-5), 1.64 (m, 2H, H-6), 0.92 (t, /=6.9 Hz, 3H,
H-7), °C, 8¢ 209.2 (C-4), 178.7 (C-1), 44.5(C-5), 36.6 (C-3), 27.6 (C-2),
17.1 (C-6), 13.5 (C-7). MS m/z: 144(M").

4-F A ¥H: NMR (CDCl3) SH 2.74 (m, 2H, H-3), 2.63 (m, 2H, H-2),
2.45 (t,J=7.5 Hz, 2H, H-5), 1.57 (m, 2H, H-6), 1.30 (m, 2H, H-7), 0.90
(t, J=6.9 Hz, 3H, H-8), °C, §:209.1 (C-4), 178.8 (C-1), 42.4 (C-5), 36.7
(C-3), 27.7 (C-2), 25.8 (C-6), 22.2 (C-7), 13.8 (C-8). MS m/z: 158(M").
4-F R T#: NMR (CDCl;) 8y 2.72 (m, 2H, H-3),2.63 (m, 2H, H-2),2.44
(t,J=7.5 Hz, 2H, H-5),1.58 (m, 2H, H-6), 1.21-1.38 (m, 4H, H-7-8), 0.8¢
(t, 3H, J =6.9 Hz, H-9), °C, §c209.1 (C-4), 178.9 (C-1), 42.6 (C-5), 36.6
(C-3),31.2(C-7), 27.7 (C-2), 23.4 (C-6), 22.3 (C-8), 13.8 (C-9). MS m/z:
172(M").

4-E %% : NMR (CDCl;) 8,3 2.73 (m, 2H, H-3), 2.63 (m, 2H, H-2),
2.44 (t,J=7.5 Hz, 2H, H-5),1.58 (m, 2H, H-6), 1.26-1.31 (m, 6H, H-7-9),
0.87 (t, J=6.9 Hz, 3H, H-10), °C, 8¢ 209.1 (C-4), 178.9 (C-1), 42.7 (C-5),
36.7 (C-3), 31.5 (C-8), 28.8 (C-7), 27.7 (C-2), 23.7 (C-6), 22.4 (C-9),
14.0 (C-10). MS m/z: 186(M").

4-Ff8+—8: NMR (CDCly) 8 2.72 (m, 2H, H-3), 2.63 (m, 2H, H-2), -

2.44 (t,J=1.5 Hz, 2H, H-5), 1.58 (m, 2H, H-6), 1.27-1.32 (m, 8H,
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H-7-10), 0.88 (t, J =6.9 Hz, 3H, H-11), °C, 8¢ 209.1 (C-4), 178.9 (C-1),
42.7 (C-5), 36.7 (C-3), 31.6 (C-9), 29.1 (C-8), 29.0 (C-7), 27.7 (C-2),
23.7 (C-6), 22.5 (C-10), 14.0 (C-11). MS m/z: 200(M").

4-F 8+ —F: NMR (CDCl3) 8, 2.72 (m, 2H, H-3), 2.63 (m, 2H, H-2),
2.44 (t,J=7.5 Hz, 2H, H-5), 1.58 (m, 2H, H-6), 1.27-1.32 (m, 10H,
H-7-1 1), 0.87 (t, J=6.9 Hz, 3H, H-12), °C, 8¢ 209.1 (C-4), 178.9 (C-1),
42.7 (C-5), 36.7 (C-3), 31.8 (C-10), 29.3 (C-9), 29.1 (C-8), 29.0 (C-7),
27.7 (C-2), 23.7 (C-6), 22.6 (C-11), 14.1 (C-12). MS mv/z: 214((M*).
5-%UXFB: NMR (CDCL;) 8y 2.51 (t, J =7.5 Hz, 2H, H-4), 2.41 (1, J
=7.5 Hz, 2H, H-6), 2.38 (t, J=7.5 Hz, 2H, H-2), 1.90 (m, 2H, H-3), 1.60
(m, 2H, H-7), 0.90 (t, J=6.9 Hz, 3H, H-8), "*C, §.210.7 (C-5), 179.1
(C-1), 44.6 (C-6), 41.2 (C-4), 32.9 (C-2), 18.4 (C-7), 17.1 (C-3), 13.6
(C-8). MS m/z: 158(M").

5-8f £®: NMR (CDCl3) 8y 2.50 (t, J=7.5 Hz, 2H, H-4), 2.42 (t, J
=7.5 Hz, 2H, H-6), 2.38 (t, J=7.5 Hz, 2H, H-2), 1.90 (m, 2H, H-3), 1.56
(m, 2H, H-')), 1.31 (m, 2H, H-8), 0.90 (t, J=6.9 Hz, 3H, H-9), °C, &¢
210.5(C-5), 179.2(C-1), 42.6(C-4), 41.2 (C-6), 33.0 (C-2), 25.9 (C-8),
22.3 (C-7), 18.5 (C-3), 13.9 (C-9). MS m/z: 172(M").

5-%(fX 2 #: NMR (CDCls) 8y 2.50 (t, J=7.5 Hz, 2H, H-4), 2.42 (t, J
=7.5 Hz, 2H, H-6), 2.38 (t, J=7.5 Hz, 2H, H-2), 1.90 (m, 2H, H-3), 1.56
(m, 2H, H-7), 1.22-1.33 (m, 4H, H-8-9), 0.89(t, J =6.9 Hz, 3H, H-10), "°C,

8c 210.6 (C-5), 179.4 (C-1), 42.8 (C-4), 41.2 (C-6), 33.0 (C-2), 31.3 (C-8),
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23.4 (C-7), 22.4 (C-9), 18.5 (C-3), 13.9 (C-10). MS m/z: 186(M").
5-8 X +—%: NMR (CDCl;) 8 2.50 (t, J=7.5 Hz, 2H, H-4), 2.41 (t, J
- =7.5 Hz, 2H, H-6), 2.38 (t, /= 7.5 Hz, 2H, H-2),1.90 (m, 2H, H-3), 1.56
(m, 2H, H-7), 1.26-1.33 (m, 6H, H-8-10), 0.89 (t, 3H, J=6.9 Hz, H-11),
BC, 8¢ 210.6 (C-5), 179.4 (C-1), 42.9 (C-4), 41.2 (C-6), 33.0 (C-2), 31.5
(C-9), 28.8 (C-8), 23.7 (C-7), 22.4 (C-10), 18.5 (C-3),14.0(C-11). MS m/z:
200(M").
5-F X+ =&:: NMR (CDCl;) 8y 2.51 (t, J=7.5 Hz, 2H, H-4), 2.42(t, J
=7.5 Hz, 2H, H-6), 2.38 (t, J =7.5 Hz, 2H, H-2), 1.90 (m, 2H, H-3), 1.56
(m, 2H, H-7), 1.27-1.32(m, 8H, H-8-11), 0.87 (t,J=6.9 Hz, 3H, H-12),
B3¢, 8¢ 210.6 (C-5), 179.3 (C-1), 42.9 (C-4), 41.2 (C-6), 33.0 (C-2), 31.6
(C-10), 29.1 (C-9), 29.0 (C-8), 23.8 (C-7), 22.6 (C-11), 18.5 (C-3), 14.0
(C-12). MS m/z: 214(M"). |

5-E X+ VUE: NMR (CDCl,) &y 2.50 (t, J =7.5 Hz, 2H, H-4), 2.41 (t,
J=1.5 Hz, 4H, H-6), 2.38 (t,J =7.5 Hz, 2H, H-2), 1.91 (n, 2H, H-3), 1.56
(m, 2H, H-7), 1.26-1.30 (m, 12H, H-8-13), 0.88 ( t, J=6.9 Hz, 3H, H-14),
BC, 8c210.5 (C-5), 179.2 (C-1), 42.9 (C-4), 41.2 (C-6), 32.9 (C-2), 31.8
(C-12), 29.4 (C-11), 29.3 (C-10), 29.2 (C-9), 29.1 (C-8), 23.8 (C-7), 22.6

(C-13), 18.5 (C-3), 14.1 (C-14). MS m/z: 242(M").

3.5 P&
BAVEFELL v-F 5-KEEN R, 7 FEBURE BRI NBS A%
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feil, Gk, FHART MR 4-50 S-ERAR. BT ALRN
%ff, T NBS BMMYE. TRGEREYN: LAXHHALN
HATEULET, &R 4-F0 S BRI T RBIF% . SR
S, TR, XFHLR b,
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BIUE VO(acac), LT EN T BERAL E R A: o, B-
AR A B

41805

AL SR ENRRS o, p-AUABRNEENTERZ —,
e, o, B RIS B3 M A B P BRI B 7T, Rt
B BHL. BEFIAL KL RSHEEYES T,

G LR TIALS AL RL KA T # R, 0: Cro,PY,
Cr(CO)™>*%, nithe-Cro,™, Fekmmitne™, ntne BHR™), HMM
), E AR B RS, BRI R AL
ERAI LRI RBRTE, KT, KRR E AR UER R
AR, THATER T BT,

SRRTRR—HA R EESBORLN, AR ERRTES
K, MEHFWES, BRI RORMA. RIBEETERT
BRI, VO(acac)(Z BTN REILAL, %5 VO(acac),
WU T RO TR 5 B ) RS 4 1538 FI T, SR
BMRMNIE. B ol o FEE. pEDLM, p-FEED
L, pADE. 1 KEFOE. KRG A RAEY, A
B o, B-AHEFE. (LB 4.1)

S, ket

(1a) (2a) (1b) (2b)
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(1c) @) (1d) @d)
~H 00
(le) (2e) (1)
CO0— ~
(1g) (2g) (1h) (2h)
M 4.1
| Scheme. 4.1
4.2 LR Iy

4.2.1 ERREHSEA
a-J&%  (o-pinene, ZMAT4E, Alfa Aesar )
0B 2H (o ionone, A4, Alfa Aesar)
B-K T LW (B-ionone, A4, Alfa Aesar)
B-FHH KT LE (P-methylionone, 43 H74f, AlfaAesar)
BKDE (3-damascenonc, 5474, Alfa Acsar)
1-EREHCH  (1-phenylhexene, S3H74l, Alfa Aesar)
%7 (fluorene, #r#fét, Alfa Aesar )
ZXHBEH  (Diphenylmethane, 2 4f4li, Alfa Aesar)
Eck (ohdd, BASBLFAFERL)
LB ZER(SH e, MimImiERERF)
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FREFRAL SO R

KR (BT, BRIk AT

I (HHs, BT R A )
2B MRS, BRI KR
WEBR (M, WSk THTEBALT)
ZE (A, B R )
TR (A, BRI R A)
SRE (i, AR T )
—EER (ML, BRI KRN

422 {438

Agilent GC-MS 6890-5973 B4 S JlkA{X, Varian INOVA-300 MHz &
BHESE IR

423 BB RVIRIE

a-J&#% 1.36 g(10 mmol), VO(acac),0.13 g(0.5 mmol), K& 10 mL,
T 100 mL BERPZEE A, SERTE 50 mmol ZE#M, 6h/)5
EiEH, BOSBEELR, REER, 2F6ES BNV IE
Ot: V ZRZE=6:1)B AN YD H EIEE(63%).

424 FYRERSEESWT
i Agilent GC-MS 6890-5973 X R N =¥ T et S € B4,

FME GIEH N HP-5M (60 m x0.25 mm x0.25um). & i &4 BSE
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/5, #FEOEE 250C, AEFEN 1.0 mL/min, SHHA 41, K
RBRFTHR, RIGEFE X 70°C, R 2min, Ll 15C/min 2 280 C,
{545 3min. FRIG A B FUEH ELE, BB FREE 70 eV, B TIRIB A 230
C, ﬁ%ﬂ#ﬁ?ﬁ[ﬂﬁ 50~550 amu(m/z). Al Varian INOVA 300MHz #
RESEIRACT R B =4H9 '"H-NMR #1 °C-NMR #1T#lE, CDCl; A%
jl, PYERERE R AR,

43 GR 5T
a-JEME 1.36 g(10 mmol), FHEENLFE. FAFE. HAKRN

BT A=Y D R G B R .

t-BuOOH '
VO(acac), / Solvent o

A 4.2

43.1 EHFEN DEEHTFTRNEH

a-JE4 1.36 g(10 mmol), VO(acac),0.13 g(0.5 mmol), P& 10 mL,
£ BEMAFTER T BHEXN DHEEEF~E£NEWH.(HRIK 4.1)
LEMFT AR T BAR ) 50 mmol B, o-JRfE SLHAST, SIS
WELERRRIT 63%, JTEMMEAFIEN, FTaEAAELEA L

FEYIEIL, DRI REEH TR |
R 4.1 BRI EN DEEEE R W

i E AT B¥/mmol 20 30 40 45 50 55
R Y% 28 45 53 57 63 62




FRETRL YNGR

* ERBBEESETE (KD

4.3.2 EALFIEX DR EIEEZ W

a-7%#% 136 (10 mmol), M 10 mL, FEMTHE 50 mmol, %
£ (20-25C) FHEALFI[VO(acac)| B DM EIE BRI M. 4R
K. B VO(acac), FE N 0.13 g(0.5 mmol) B, DHEEIEEH
RIPE R BRI (63%), KRR HEE, HAFIKEEM, ~R#
kHEm, RUEFED. (RE4.2)

% 42 BATIER LS HRE RN TW
VO(acac),/g th e %
0.066 13 62
0.13 10 63
0.20 8 58
0.266 7 57
0.33 6.5 53

* FENEERAREE

433 BRIR BHESHRRH W

a-JRM 1.36 g(10 ;nmol), VO(acac),0.13 g(0.5 mmol) , iTEM T B
Fi & 50 mmol, % EEF(20-25°C) FARERIX D HEE G I~ F M Z
W, KRERAS: ELH. 8. AR TSP R S
BrEERRLY, RHERNEPRN, DHEEER>%&R, i 63%: 8
B, AZBZE. NEKRM. ECk. BX. X889 RP R
R, DGR~ RER, 258 8%, 5%  10% . 6%  12%. 3%.
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(% 4.3)
RAIBERXN D EER LW

gl th FEE%
2 - 10 49
. 4 33
ol | 10 | 63
LB B 12 8
LR 16 - 5
A=t | 16 ‘ 10
GEPS “ 16 6
EHEFRT B 0 40
H ok . 10 12
ot {0 10 .3

GRS AR

4.3.4 XD HEE AR R AW

o-7%4% 1.36 g(10 mmol), VO(acac),0.13 g(0.5 mmol) , it &R T BF
F & 50 mmol, K 10 mL, % £ NEiR BE X DR IG M= R K W,
KL BHY: BT (0-25C) R DUHEMIH R 63%; LK
NMBEARE 40C, DHERETERE 3% JRNEESET
®E 50C, BHMREHEETROE 40%. (MK 44) TUEH, DT
HE R ERE AR, Bit, RITAAEZEB TRMNBEE.
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R 4.4 BEXN DK 2w

BE/IC 20-25(Z ) 40 50

PR [%* 63 43 40

C EEABBES B E

Z R, 4 o9 1.36 g(10 mmol), VO(acac), 0.13 g(0.5
mmol), iTEAT B 50 mmol, ZEEHE T T 10 mL &K 10 h,
DB R R, 55 63%.

4.3.5 VO(acac), LT E T BG RN ST AU LRER

21 VO(acac), LT E AT BEXT a-TRMEE AL D HEBLE BT ) R
RZ %A%, LA VO(acac), MHEMLF. EEMT BEAHENF, EREFZE
B TR ERS S ENEYHITHERALS RS, EGRAE
5. % 4.5 PRATUFH, HRLEY o-EFLH(1b). p-ET2
Mi(lc). B-FEET ZE(1d). B-KDE(le)EMZFM T RERMFIRIH
WRARRLE o, B-AFNER, T HIRE T BT, - FEA O
(IDFEWEER 3-FERC-2-HHROMRE TREFZE@0%); 71+
“ERRRSHERENEURT . —XTE, RETIRENTE,
435k 98%F1 96%.
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2 4.5 VO(acac), LT ER T BEAM S FUEMALRER"

&Y & iE)/h =Y FER (%P
~;§j 10 fﬁtk 63
(1a) 0 (2a) -

(0]
(1b) 0 @)
(o]
| - |
’ 1
o T o
(o] (o)
|
(1d)
o @d)
(o) (o]
|
1
(le) I o
0
. (1g) 0.0 o
(1h) O O -

a) ATEREMEFREARF LIRS, ERTERTDELERIEEHN
b) PRGILEEFEE
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43.6 YLK

O &% 2a: '"H NMR §: 1.014(s, 3H), 1.499(s, 3H), 2.017-2.023(d,
J=1.8 Hz, 3H), 2.399-2.442(td, J=J=6.6 Hz, J;=J~=J=1.2 Hz, 1H),
2.632-2.677(td, J,=J=6.3 Hz, J=J~Js=1.8 Hz, 1H), 2.775-2.815(t, J=5.4
Hz, 1H), 2.805-2.842(t, J=5.4 Hz, 1H), 5.730-5.745(dd, J,=3 Hz
J=J=1.5 Hz, 1H); *C NMR &: 204.289, 170.442, 121.085, 57.479,
54.145, 49.606, 40.864, 26.530, 23.585, 21.983; EI-MS m/z(%): 150(M",

48), 135(79), 122(17), 107(100), 95(13), 91(59), 79(36), 67(15).

-E KR EF LN 2b: '"H NMR & 1.199(s, 6H), 1.802(s, 3H),
1.897-1.925(t, J=6.9 Hz, 2H), 2.364(s, 3H), 2.539-2.565(t, J=6.9 Hz, 2H),
6.165-6.220(d, J=16.5 Hz, 1H), 7.218-7.277(q, J,=16.5 Hz, J,=J=7.2 Hz,
1H); C NMR &: 198.514, 197.393, 157.694, 140.271, 133.451, 131.254,
37.164, 35.432, 34.067, 27.865, 27.193, 13.332; EI-MS m/z(%): 206(M",
1), 191(1), 163(1), 150(23), 135(6), 121(3%), 108(100), 91(5), 77(10),

65(2).

- E R E P XK 2cc 'H NMR & 1.010(s,3H), 1.082(s, 3H),
1.898-1.903(s, 3H), 2.123-2.184(d, J=17.1 Hz, 1H), 2.287(s, 3H),
2.337-2.395(d, J=16.8 Hz, 1H), 2.699-2.731(d, J=9.6 Hz, 1H),
5.984-5.993(m, 1H), 6.161-6.216( q, J=15.6 Hz, 1H), 6.632-6.716(q,

Ji=15.6 Hz, J=9.6 Hz, 1H); °C NMR &: 198.247, 197.485, 159.106,
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143.528, 133.680, 126.852, 55.366, 47.264, 36.630, 27.842, 27.514,
27.270, 23.440; EI-MS m/z(%): 206(M", 72), 163(100), 149(20), 135(25),

121(47).

4-F A HEE T 2XH 2d: '"H NMR §: 1.86(s, 6H), 1.135-1.275(t, J=7.5
Hz,3H), 1.800(s, 3H), 1.866-1.913(t, J=6.9 Hz, 2H), 2.512-2.557(t, /=6.9
Hz , 2H), 2.613-2.687(q, J=14.7 Hz, J~=7.2 Hz, 2H), 6.182-6.238(d,
J=16.8 Hz, 1H), 7.247-7.305(q, J=16.5 Hz, 1H); ">C NMR §: 199.972,
198.629, 158.152, 139.233, 132.436, 37.263, 35.524, 34.585, 27.255,
26.377, 13.363, 7.909; EI-MS m/z(%): 220(M", 67), 205(11), 191(41),
177(21), 163(100), 149(35), 136(33), 121(50), 107(17), 91(25),

77(14%), 65(10), 57(25).

4-F R ALK 2e: 'H NMR &: 1.196(s, 6H), 1.623(s, 3H), 1.912-1.934(t,
J=6.9 Hz, 2H), 1.963-1.991(q, J=6.9 Hz, J~J;=1.5 Hz, 3H),
6.161-6.230(m, 1H), 6.690-6.812(m, 1H); *C NMR &: 198.843, 197.828,
160.814, 148.037, 132.810, 129.393, 37.973, 34.647, 34.204, 27.232,
18.657, 13.037; EI-MS m/z(%): 206(M*; 31), 191(30), 163(12), 150(10),

138(29), 121(12), 109(8), 91(7%), 79(9), 69(100), 55(7).

-EEFCHE 2f: 'H NMR & 2.122-2.206(m, 2H), 2.477-2.521(t,

J=6.6 Hz, 2H), 2.764-2.809(td, J,=J=6.0 Hz, J=J=Js=1.5 Hz, 2H),
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6.427-6.437(t, J<1.5 Hz, 1H), 7.408-7.430(m, 2H), 7.442-7.480(dd,
J=1.5 Hz, J=6.6 Hz, J=4.5 Hz, J;=3.3 Hz, 1H), 7.528-7.561(m, 2H);
BC NMR & 200.170, 160.006, 129.949, 128.958, 128.843, 128.676,
128.477, 125.998, 125.230, 37.126, 27.979, 22.685; EI-MS m/z(%):

172(M", 63), 144(100), 128(11), 116(51), 115(77), 102(8), 77(7).

%M 2g: 'TH NMR 6: 7.261-7.314(td, J;= 7.5 Hz, J=6.6 Hz, J;=J,=1.8 Hz,
J=15 Hz, 2H), 7.450-7.479(dd, J=J,=7.5 Hz, Ji=J,=1.2 Hz, 2H),
7.498-7.532(dq, J;= 7.5 Hz, J,=1.8 Hz, J= 1.5 Hz, 2H), 7.638-7.668(dt,
Ji= 7.2 Hz, J~=J;=0.9 Hz, 2H); °C NMR 8: 193.876, 144.291, 134.610,
133.977, 128.965, 124.182, 120.223; EI-MS m/z(%): 180(M", 100),

152(34), 126(5), 76(10).

:%EF!%J 2h: 'H NMR §&: 7.459-7.520(tt, J= 7.2 Hz, J~=2.1 Hz,
Ji=J,=1.5 Hz, 4H), 7.571-7.629(tt, J;=J=1.5 Hz, J5=2.1 Hz, J= J5=1.5
Hz, 2H), 7.796-7.828(dt, J= 6.9 Hz, J=J5=1.2 Hz, 4H); >C NMR &:
196.752, 137.479, 152.391, 130.018, 128.225; EI-MS m/z(%): 182(M",

74), 152(5), 105(100), 77(70).

4.4 PLEHT
VO(acac), T ER THER S M ENETHENE N 8 d
EFECET (i 4.3): TEMTESNH A VO(acac), fEF 4%
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R A

BRI VO(OH)(acac (B 1) 5 R T & B B %
VO(OH)(acac)zﬁii@‘ﬁLﬁTE%ﬁiz VO(t-BuOO)(acac), (B 2) 5iK;
RTEEHESTEARTEEMRER t-BuO0 BEHEERTEE;
+-BuOO E i SR 4% ti: VO(-BuOO)(acac),
5140 8 AEERR +-BuOO HAEKEHRM E (B 3), REK
ERTBER o, B,

t-BuOO» t-BuOH

H.0 \/O(aca®2 @ X +-BuOOH X t-BuO*
X 0OBu+ X
t-BuOOH VO(acac)z VO(acac), Q —_— q; + t-BuOH

OOBu t
t- BuOo t-BuOOH

& 4.3 VO(acac), LT ER T BHER M 5 ¥ AR

4.5 Mg

A VO(acac), AHEWT, EER T BEA RN ER R PBITHR
P EHFALEMR—MFHE BATEFE T L o-TRE A RYXE R LI
bR B A8 3EAT T 81T, 34 o-JRJA 1.36 g(10 mmol), VO(acac),0.13
£(0.5 mmol) , T T B 50 mmol, ZIH T F 10 mL WHIF R 10h,
H AR Y DGR = B, X3 63%. sh5ikmER A
TEBRTEZ, RARCKRENN - KT 2H. B-KDLHE. B-FL
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FHRETRUL SRR

ETZH. B-KEE. 1-KER CEEHLFM TIRE TRIFN=E;
ook, EFMEMNL: ZEXFLR, HEAMERP ZFE TR ZE%RE
TIREFHF=2, 45k 96%F 98%. EHt, VO(acac)/id &M T B/
WRIAIE A —FhE R AL SRR A A K o, B-FEFEIIH i
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R UAS'S

BLE GRERE

5.1 &2 |

BATEEEUTEE R T HERN ERETEMLED, BHUTSE
W

1, EREBHEMLT, BALEHE H,0, AEMHF. TEMPO 1 Cul
AL, RN E Y IZ BB RAR N I BE N o« LUK B R R AT,
EBTEURNEN, BERNEGA: JFEFEFA 1.08 g(10 mmol)
&, ?Lﬂ:?fu H,0, A &% 200 mmol, Cul 4 0.095 g(0. 5 mmol), TEMPO
4 0.046 g(0.3 mmol), ZEi{& F# CH,Cl, (10mL) FRMNE, KFEERE
FIEFEYE (99%) HEBERRE, FEh 94%. SREFENE L
RN, £ CHCL, ERMAFMTFEE. BARMAREEHER
LR T MR, RAMRFNE, BT HO/TEMPO/CUl
AP RNYE. XNMHFER—ANFRRFOREELTE, H0, 1]
FANELEMIZW, EEFHELD. 8% EWEHTERE.

2, H#405)-FMRERPI S HABERT v-F0 5-H B A4 R EL,
KiEfE, 4 5EH NaClO 1 NBS #1T8 & AN M EE 4(5)-4
REB. HANERTHHEMANEMYRNESF, TRERKRDR:
NaClO ZEVKK#F (0-5°C). NBS 7E 40°C/K#EH ft m Bt 25 1)
BESIRBE, EHRIER, BYo. BT NBS SUBENH
B, fEKHEPENTTRETIKRBLEIE.

3, o, B-NEMEEH: EATLL VO(acac), AREMF], TENT &
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AR, WSRO S ENE R T N o, B-NEME. L o-
WIEHRY), BRT RNEMF, BERMNEHHD: 3 o-JRIF 1.36 (10
mmol), VO(acac),0.13 g(0.5 mmol), & T EZ 50 mmol, ZEERT
T 10 mL WEF R 10 h, DRFIERA=REL, BF 63%. &
BARDWEERGRNES, o EBLH. p-ET LM, p-FRE
TE. B-KOE. ZXBEE. AT s R A9 E AL AR
() o, B-RMAE, FHHGBBIFHE, BIT REAE, VO(acac),
AT SR T RS RS AR AT E N B IR L.

g EFHE, ASCPHRR AR A R A R E LA
Y J5 i A 4L (I H,0,« NaClO. NBS 5 t-BuOOH)¥ /8
THRERENYR, BURAFERERNTREEERNYE, Fit,
i BT IER RSB K 7 %

52R¥E

BAT, BRI T RS A M S R FFRAH
AER (MSEELAMAS. WEA. TARTREOER), &
RABAEFINE SR (%) U BHLA Y (T A HFER T
RALR, EREMERE. KER, TARKHETRLE AKM
6 T ARSI S, X AR AR EOANR. BE.
RIREALRIOTFIE F AT, B R AR T R AEAS TR
WA BN T BARIHTE, HRBAAE , d T KL AR A,
SE, T FEE T S0NA. B, ERLES. ERRY
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FIr A S X 1 TR R AT EHE— S IR
BEAh, 55— BT AT A T S A R B A A
X 7 R EAL R AT UM AE D ENEF T ERN AR R
FEARXEMNERMENTESHESE.
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