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Radical Oxidation of a-Hydroxyl Ester Initiated by
Sodium Hypochlorite
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Abstract Sodium hypochlorite has been used as a green oxidant in oxidation of alcohols. However, the oxidation of
a-hydroxyl ester via sodium hypochloriteis difficult under the same conditions. Herein, an efficient method is developed for
the oxidation of a-hydroxyl ester with sodium hypochlorite in the presence of hydrogenbromide. In this case, a reaction
mechanism was proposed with the formation of free radicals as reactive intermediates, which was different from the mecha-
nism of traditional Stevens oxidation. The method is also applied to the oxidation of common secondary alcohol and has good

selectivity for multi-hydroxyl compounds.

Keywords sodium hypochlorite; green; radical oxidation; selectivity

BEI AR BN R R Az —, B8k
JE AR E 2 1 SARFT AR5 1. Horf Stevens 484k
FIMREBRAN/BE R B T Fi5 e o AR fe A 22 4
Sl O 2 N, A T AR PR R R s A
WRFINZ —. R T ot S . e R 38 P,
R 8 T S A AR A AR AR, B BT i 2
R T EPIRN 2,2,6,6- P I BENR BT A AL M) TEMPO) 12

F a-FBIEEEERNE YA BT R CEER 2
MM, HA s 2 R ER. W Dz Wl
—FhFE o RIENER, BT A YA E BSGZIR)
JAHEE A (coenzymeA, CoA)Zz4¥1°). JiJiEl) DL iZ N
Be & ik R 2, R -5 T BE-FALE A R
T TR - 2R A BGET N H TS AR R A
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R syl T4 e 24l DIz T, (R ERAE
I, B PR AROE 7R R A e —
AU, H T AN RRIE S5 R AE s 25 15 e A ]
J7 TSR A, tk, DL-TZ N B E A 25 B B2 N
fig, FREEAT AXFRIE R & B D-12 W BRI — 2% A7 0%
#£(Scheme 1),
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Scheme 1 Synthesis of D-pantolactone
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SRIM IR K IR a-FR LB AIRIE IR DY, HRER 4
HEEAT), EEEATEESRMEKIEE, FEE
RRLZ, PR AR, B BEIRRAAE T, IR
SR T P S RO AL o- RS, MUFERFCRE, 5
4[] Stevens A, £— N HBEEEMIE. %
FEAUT T EA a-F22E0, 0] LA A i fh i,
It BAE Z RS AT s R e R 1.

1 &R511R

PAT T AR FCR A, R VK o R S 3 1)
FEFARERT o-F23ER8. U0 Stevens E AL NAEZE R
TLFE E AR EE, M Toda ZEPHR3E 1% o- 25
B SEALEIELE 70 C/RA. 4 h A 26%1) 7%,
Leduc %36 A DU T 35404 (TBAB)TEME AL 7, TRE
PR == Ui T DL P R A MR R B, (BIRATT R % 7
EAEHT DL Z W5, IEERENA I TEMPO 727
FAMIRE Bl E A S, (B o RS E = R A . B
I8 A R B B AL T IR AL a-FR IR, (77 R AR
KL Chang P MRIE = iR T NaBrO ANE/L
A, ISIEAE ) HCL o] 7= et S8 A o-F2 R, (HE
2SI R I R BEIR B 1% (R 1, Entry 1).

BT IRAREMN a-FREEBER AT IR AT, 3R
T Z s B HEAT TR N IR 58 . & 2 A FH A HE 1)
Stevens N Z1F, RN 1 h VA 1% M7= (3%
1, Entry 2). SOHHEEEAGE, RBF=FAH Frigm, (22
Rl A K S . N [H) IG5 A0 58 4 (Entries 3, 4). HE
SRR U BN AR M S BRI 4 iR, BT R B
RN INEACAN G, N3 B 2 (Entries 5~7).
BRSOV SRR 5, 18 =& i (DCM) A 7 i
SN NGE, 1 h BIAT 50%7 =T RR, {EZE K SN [
FEREA B AL (Entry 9). HATEERZ, dE—B1
RGN ) &, I 2 R P A (Entry 10), 7EIX A
IEFE HPOUL S Bk RS IR SR TR I AR Ak, FRATTHED,
] A4 YR TT R ot B 1) IR U BR Ak — 2B S A ik = AL
PERITC . AR, WRINMUGRIR & B3R s T RV
;=% (Entries 11, 12), MERR N EZ T IRERAN, &
MNAFEEIR 1 h 584 (Entry 12). SUH SEBRERIRAL AN
A SRR I TCE AT R 45 R (Entries 13, 14), &
A 2 0 B R PE AR A2 I SR AT 58 A L B4R . I
WAREE T BIT 221 Chang ZEPMRIE I 4ME T I IR
18 KR K (Entry 1), #E— B 3HAFIREEAT T4k, #R
FAE T R BALNG, AR B AN R I D ¥ 7R FH ORI R
WP, X ATREZ T /KA A 2 2 S BUm AR PEAS 2
Fr3 (Entries 15, 16).

X2 AARNEEEEET TR, Wk 2 s, ki
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Table 1 Optimizationof reaction conditions

OH o)
: o oxidant o
oY Oy
1a 1b
Entry (()e):udlin)t /?:;J:LV)C Solvent (¥/mL) Product’/%
1 NaBrO (1.5) HCI(0.3) AcOH (1) 11
2 NaClO (1.5) — AcOH (1) 1
3 NaClO(1.5) — EA (1) 21(33)
4  NaClO (1.5) — DCM (1) 11 (22)
5 NaClO (1.5) NaBr (0.5) AcOH (1) 4
6 NaClO (1.5) NaBr (0.5) EA (1) 37 (41)
7  NaClO (1.5) NaBr (0.5) DCM (1) 9(11)
8 NaClO (1.5) HBr(0.5) EA (1) 29 (36)
9  NaClO (1.5) HBr (0.5) DCM (1) 51 (60)
10  NaClO (2.0) HBr(0.5) DCM (1) 25
11 NaClO (1.5) HBr (1) DCM (1) 87
12 NaClO (1.5) HBr(2) DCM (1) 99
13 NaClO (1.5) HCI(2) DCM (1) 9 (10)
14 NaClO (1.5) NaBr(2) DCM (1) 21 (23)
15 NaClO (1.5) HBr(2) DCM (2) 61

16 NaClO (1.5) HBr(2) DCM (0.5) 32
17°  NaClO (1.5) HBr (2) DCM (1) 4

© 2019 Chinese Chemical Society & SIOC, CAS

“ Conditions: 0.5 mmol of substrate (1a), 1 mL of solvent, r.t., 1 h, natural
light. “HPLC yield, results after 3 h are given in parentheses.® In the dark.

JRLGEARRT a-FR BB R T ARE I 45 R, 1.5 h #in]
PLSE 440 9 HFRP= 4 ab~1d). {3 F A7 BH A K 0 5 75
B 0T J52 S8 TR 0 72 2R AR A SE R (Le). 0 1 4 B A ]
A I = RS B AR =), (AR R, TR
R AR I BB o AR R R,
X R R YA Ty T R 14 J52 7 2 A RV P S B2 B T

HE— 0 Z BRI T IR B A AL A . 35
FEMHEE FEE2a) M EALTTE 15 min N SERK, (HA /D&
BIF2W( 3, Entry 1). 0 CHEATIRN, B9t —
b, AT 94% 73 BSRARAT T-FR R AL 17
2b (Entry 2). AB MR & 5 98 2 SR F R (3a) Y
SRR BT TR, £ 2177 3b MIFIR CEAE
Z R B (Entry 3), X EREA 5> PR NN R B
IR BT, BT LA 83% 4 IR IR 7 Rt
AL 3b (Entry 4).

G BA TGS B s RS AR T DL-Z W
da AL, 765 g BINBE, [V E 1.5 h B A] 58 45614k,
PL 97%M155 B 3645 BIMH B2 B 4b, = R0RAE il
(HPLC) Kl 46 B KT 99% (Eq. 1).

0 R B AT SRR EE S, RIS LT 58 A 241k
(£ 1, Entry 17), BR FIRZAFT o- R A B
e HBENE. — BN KRR AL RPLELE “ B
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K2 JERMEVE
Table 2  Scope of substrate

HO NaCIO, HBr, h Q
>_R2 '4'\}> §_R2
R DCM, r.t. R
(e} fe) (e}
O\ )S(O\ )\)S(O\
O fe) (6}
1b 1c 1d
0,
1h, 97% 1.5 h, 99% (HPLC) 1.5h, 93%
~N
o)
o]
1e
1.5h, 92%

1.5 h, 95%"

“Conditions: 1 mmol of substrate, 1.5 mmol of NaClO (1.8 mol/L), 2 mmol of
HBr, 2 mL of DCM, r.t., natural light, isolated yield unless otherwise noted. b3
mmol of NaClO (1.8 mol/L), 4 mmol of HBr.

K3 ZREMSVREEEEL KT

Table 3 Selective oxidation of multi-hydroxyl compounds

NaClO
—_—
HBr, DCM
mOH
SR R
) } HO
2a:R' = p-H 2b, 3b
3a:R"=a-H

Entry* Substrate NaClO/equiv. Temp./C Time/h Yield®/%

1 2a 1.5 25 025 92
2 2a 1.5 0 025 97 (94)
3 3a 1.5 0 1 78

4 3a 0.75X2° 0 1 87(83)

“ Conditions: 0.5 mmol of substrate, 0.75 mmol of NaClO (1.8 mol/L) ,1 mmol
of HBr, 1 mL of DCM. *HPLC yield; ELSD detector, uncalibrated; Isolated
yield in parentheses. “ NaClO was added in two times (after 15 min).

OH (0]
NaCIO
o — o} (1)
[e] HBr, DCM [e]
4a 5 g scale 4b

1998 http://sioc-journal.cn/
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EE T HLE(Scheme 2)1'% Y2k, WE T FIRR LA A
GHLE T, T AE %N R E I —ANT], R R
FRX o-FERE T 1 A AL 5 il A AE AR K K 22 591

i Vs A
Xo X0 N0 ( Xo ) HX o
or XO" \f
H H X

BR2 KRR R LR
Scheme 2 Mechanism of oxidation of secondary alcohol with
hypohalite

) B LA o-FR BEBEHLER 4NN Scheme 3 i
7N
NaClO + HBr —> NaCl +HBrO
HBrO + HBr=—= H,0 + B,

hv
Br, —_— 2Br-

\ Soee 9 H
© O — o d + Her
H
(0] H Br, \ (0] H
o) / — 0 4
\—0 (e} + Br

Br
O H
\O Y W P
0 > OKFO + HBr
Br

B3 KRR o IR

Scheme 3 Mechanism of oxidation of a-hydroxyl ester with
hypobromite

EE R, AR IR, BRI
LRI ATAR G My 51 A S S, 3R VA Bl T iR - R i i RE B 59,
T FRE SR AT T, A ) ERR S S Je v AT W] BE A2 1h T Lt
AR R, TIEGIRIRN. R R AR E S
AIRIRIR B VIR, BT U2 W IR T S ML3EAT
LS A

BE— 00 S BALERREAT 1WA, A i AT
PR [ B3 4), KL Stevens AKX ER TN £ R TE I
JCRIANE G O T #8 AT LAERAS H AR =4, B s i
AP AN R 2L B SRR, T b A AE L
A A T TR R S AR AT BUA A Sz, HA G
LSRN, RDEEERA B BAR. WIHZE0 A
SR AT A% “IE” pALERREAT, H T E i
T HmELRE. XANEIRERY], a-FRREEE KNI
3 AR E VR I T e e A2 B B AL 5.

2 i
RIB T — R BN ENL o R IE G (71, HAT %
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Table 4 Oxidation of 4-phenyl-2-butanol
OH O

Oxidation
5a 5b
Entry (()e);ﬁin)t ?ili:i/v; Light ?;/1::{1; Product’/%
1 NaClO (1.5) HBr (2) w  DCM (1) 70
2 NaClO (1.5) HBr (2) w/o DCM (1) 62
3 NaClO (1.5) — w  AcOH (1) 74
4 NaClO (1.5) — w/o  AcOH (1) 78

“ Conditions: 0.5 mmol of substrate, 1 mL of solvent, 1.5 equiv. of oxidant.
"HPLC yield.

FEPR V55 AR AR R 0k B SIALER R 7T 2 B
SEGMPLEANE, 2R UL BB AT, Lk,
SRR R A A 5 PR S R B R FRAIE S S HEAT PR B X
HIEAFPEE, 2t RoR T ARG AL RE ) A R R i
L.

3 SEEEy
31 X5

'"H NMR £ *C NMR H Bruker-AM 400 %4 &%, Bruker-
AM 300 BURZ GRS €, 25 TRl B, ¥ LLCDCL,
PRV, 5% B AR ITARIE TR W AR(0n=17.26, 5c=77.0);
EI-HRMS H Waters Micromass GCT Premier J5i i/
5€; ESI-HRMS H Thermo Fisher Scientific LTQ FT Ultra
JRIEACNE; FEtE H Anton Paar MCP 5500 FE a4
S FEARL SR A H RY-1G WS4 E. & ke
(LR ER AL TA R A ), NaClo #7(_Lig i F}
A MAF, FrEN 1.8 mol/L), HBr (47%, | iE#ELk
LRFERA A, kR R Tl H R AR,
AMRE LR, o-FFHR OR(BEBEAREE A
Al), 4-FRHE-2- T RE( B H A E A IR A ), IR
(Pl EREMERAT). HEOIERKH GF254 w3
B, TN AMT B TR (Bl 10% B EH R 2.1
W AR HEER(100~200 H AT 200~300 H)EHN
[i] 5 AH.

32 WK
3.2.1 @A AT &

HY 1 mmol 1a (166 mg)¥ T 2 mL & H ki, A
VKIB, BN 2 mmol HBr (47%, 240 pL), B&/5i 0 1.5
mmol NaClO /K& (1.8 mol/L, 0.84 mL), # % =i+
1 h, HEGOETLO)MIERMTEA. A 0.5 mL HF1E
TR BN K. K, AN S, KA 5 mL =&
Hge e 2 IR, IRV, R4, Puds:Zis

Chin. J. Org. Chem. 2019, 39, 1996~2000
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F 161 mg MR FEEF R F (b)), TE iR
&, WZ 97%. "H NMR (CDCl;, 400 MHz) §: 8.01 (d, J=
7.3 Hz, 2H), 7.66 (t, J=7.4 Hz, 1H), 7.51 (t, J=7.8 Hz,
2H), 3.98 (s, 3H).

AR F g (1c)'?: T EBIA. "TH NMR (CDCl;, 400
MHz) 8: 2.49 (s, 3H), 3.88 (s, 3H).

2- AR -4-H R R FEE (1) Ak, R
93%. '"H NMR (CDCls, 400 MHz) 6: 3.86 (s, 3H), 2.72 (d,
J=6.8 Hz, 2H), 2.26~2.11 (m, 1H), 0.96 (d, J=6.7 Hz,
6H).

2-5EAR-4-F L R IR S A R (1o)™Y T tififk, Wi
92%. "H NMR (CDCls, 400 MHz) d: 5.19~5.04 (m, 1H),
2.68 (d, J=6.8 Hz, 2H), 2.24~2.11 (m, 1H), 1.33 (d, J=
6.3 Hz, 6H), 0.95 (d, J=6.7 Hz, 6H).

3,7- ARG AR FEs (D" Ak, Uk
% 91%. m.p. 155~160 C(lit."" 155~156 C); [a]5 —
32.7 (¢ 0.50, CHCl3); 'H NMR (CDCl;, 400 MHz) §: 3.65
(s, 3H), 1.29 (s, 3H), 0.92 (d, J=5.2 Hz, 3H), 0.68 (s, 3H).

3,7- AR RS AR R (1): AV ik, foR
95%. m.p. 152~155 C(lit'" 160~161 C); [aly —
17.3 (¢ 0.50, CHCl3); "H NMR (CDCl;, 400 MHz) §: 3.65
(s, 3H), 1.26 (s, 3H), 0.91 (d, J=6.4 Hz, 3H), 0.67 (s, 3H);
C NMR (CDCls;, 101 MHz) d: 210.4, 209.6, 174.6, 54.7,
54.0, 51.5, 49.6, 48.7, 47.8, 45.7, 44.1, 42.5, 38.5, 37.5,
36.9, 36.0, 35.2, 31.0, 30.9, 28.2, 24.9, 22.1, 18.3, 12.1,
11.0; HRMS (ESI ") caled for CysH30, [M + H] "
403.2847, found 403.2843.

7- AR 2 AR P R 2p) Y (e E AR, IR
94%. m.p. 100~105 C; [als —31.7 (¢ 1.0, CHCL;); 'H
NMR (CDCl;, 400 MHz) d: 3.65 (s, 3H), 3.60 (dq, J=
10.7, 5.1 Hz, 1H), 1.18 (s, 3H), 0.90 (d, J=6.3 Hz, 3H),
0.64 (s, 3H).

322 3b# &Ik

HY 0.5 mmol 3a (202 mg)¥A T 1 mL & H ki, #
ANVKIBH, I 1 mmol HBr (47%, 120 uL), B /50
0.375 mmol NaClO /K% ¥i(1.8 mol/L, 0.21 mL), itk 15
min, FHREI0 0.375 mmol NaClO (1.8 mol/L, 0.21 mL),
FEHE 1 h, N 0.5 mL W ANE BREREN VAR K. Kk, B
UM 85, KM 5 mL & H IR 2 Ik, &AL
M, WAEHT, PO ZEHT5 3] 167 mg B A 7-44%
i %8 2 0 H R R 3b)", 77 E 83%. mup. 158~
162 C; [a]p —40.6 (¢ 0.50, CHCl;); '"H NMR (CDCl,,
400 MHz) 6: 4.06~4.08 (m, 1H), 3.64 (s, 3H), 1.02 (s,
3H), 0.90 (d, J=6.4 Hz, 3H), 0.63 (s, 3H); *C NMR
(CDCls, 101 MHz) 6: 212.1, 174.7, 65.9, 55.6, 54.7, 51.5,

http://sioc-journal.cn/ 1999
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50.1, 48.9, 45.9, 42.5, 41.4, 38.7, 36.5, 36.0, 35.2, 31.8,
31.0, 30.95, 28.6, 28.3, 24.9, 21.1, 18.4, 12.1, 10.7; HRMS
(ESI™) caled for CysHyO4 [M+H]' 4052999, found
405.2993.

3-SR IS L AR F BR3bx) P02 B Ak, 0k
7%, m.p. 135~140 C(1it.”?” 137~139 C); [als +
12.6 (¢ 0.50, CHCLy); '"H NMR (CDCl;, 400 MHz) §:
3.84~3.88 (m, 1H), 3.66 (s, 3H), 1.00 (s, 3H), 0.92 (d, J=
6.3 Hz, H), 0.68 (s, 3H).

P 592 e (4b): I EEE, 18 97%. mp. 66~
69 C(lit.”* 69 C); '"H NMR (CDCls, 400 MHz) J: 4.44
(s, 2H), 1.30 (s, 6H).

4-ZK 2T (b)Y Bk, IR 94%. 'H
NMR (CDCls, 400 MHz) 6: 7.28 (t, J=7.2 Hz, 2H), 7.19
(t, J=6.4 Hz, 3H), 2.89 (t, J=7.4 Hz, 2H), 2.75 (t, J=7.4
Hz, 2H), 2.13 (s, 3H).

4B EL(Supporting Information) {L&4) 1b~1g X
2b~5b ) '"H NMR 3% P, X L0 kF AT DL 3 AT
¥ (http://sioc-journal.cn/) | %K.
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