% 4”) {t % DOI: 10.6023/cjoc201802004

Chinese Journal of Organic Chemistry

ARTICLE

S (L BABT S Rk S O R I FR T IR RIS

B ARHC BEFC ARES X B
AAZT SR
(‘THREKRY ZERIERNF-FBRSRNAEGERRAGYII RIS BY 650500)
CEHRBERY RERARFAFEFRZ-AEPEALRE  2Y 650500)

BAER ¢

RE PSR AR I KR IR AR FRIT R SRR B 1 A D A R B RGN BT ik —, W28
PSEAZIR A Tz R, RIS T — R AR RO R, BRI 9 H F RO SEAL 1R, FOR A2 2RI B vk I iR A
XFRIFER SN AT LA FvF 22 L PR &9, Tz H Al o il. s i 7ok, B 7% Rh(COD),BF, 5 F1%
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Rhodium Catalyzed Asymmetric Ring-Opening Reaction of Oxa-

benzonorbornadienes with Anhydride
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Abstract Transition metal catalyzed asymmetric ring-opening reaction (ARO) of oxabenzonorbornadienes is a useful tool in
the formation of carbon-carbon bond or carbon-heteroatom bond, which have attracted extensive study and received great
achievements over the past decades. A series of efficient catalysts have been established and the high-level control of enanti-
oselectivity for these reactions have been realized. A wide range of nucleophiles including carbon and heteroatom nucleophiles
have been used in this reaction. Anhydride is a common acylation reagent and there has been no report about the ARO reaction
of oxabenzonorbornadienes with anhydride, which can generate some useful chiral compounds. In this work, Rh-catalyzed
ARO of oxabenzonorbornadienes with acetic anhydride and propionic anhydride have been developed. The developed protocol
could result in ARO product in high yield (up to 94%) and excellent enantioselectivity (up to 95% ee).

Keywords rhodium; catalysis; oxabenzonorbornadiene; anhydride; asymmetric ring-opening reaction
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Z R RN, AR TSR E R A, R
FAFBONTVER; Q)FHRIZIRT, EZAMEN, pugl

A%

1 &R511R

FRATUR AL — B UK #3 FRO AN S TR S5 I8 R 455 TR
JEEI PSR, FESCIL T B A BE bR 5 UK 945 B AN R
{6 B s S i 5150, 3 e o e A A % 1 i B4
LT A AR 5 SR 2 R I B KR M (R A FR 2+ 2134
P S R Bl S, R IR S TR S T U 4 4 A
P A A AR A S 2% T B DR 0 6 AN X R34 S
LR R EYE, DT, ok, B M.
i S5 SR A% TR 220 1 A P X6 R RO R DI s R A
SERRIFIR S Ri ek, 4 BB . B R, TR
BEAE Ry — R F BB 650, 72 R EAL T th e
SRR BRI R B TP RN, R0 B B 2k A2 AT
PLAL & RE 5 SCELAS [F IR S8 2 2R I PR UK I 5 IR T LA
L BRIT BIANKERRTFIR S, 122 S L e % BRI e UL
HFR T IR e B, 2 R SEB, #E— B R T
T IFA RN SRAZ G R A. TH., BRI A
FIEFEVK T I A RRIT A = e i K A, T BL—28 45
BTk X% A PG e 1 A

1.1 RMNEFHHFERMLL

KH 78844 2RI BR UK I (1a) A R AR R FE SR
w, METFRRMNBEATRGEHR. Bk, E&#H
[Rh(COD)CI], 1EAHEAFIRTA, (R)-Binap J9F-TERELAA,
1,2- =5 L KE(DCEVN R BLEFIAE 70 CHI#AGKHET, %
SN BES IR R A, 133 T LBREF S A KRR UK
PIAKFRIEIR =), FEHAR T 48%MILZEA 60% ee 1
(3R 1, Entry 1). ik — D4 i SN B WO R ik
P, SO HE AR M R R EEAT T — 2552,
(R,R)-Diop. (R,R)-BDPP. (S)-NMDPP, =4 UK &%
(3% 1, Entries 2, 5, 6). i /% EkZREAAE(R,S)- Josiphos
B, STHOERERER T —@ i3 s, (HICR TN 18% (%
1, Entry 3). 4K KA FHEURZE ] 1) (R,S)-PPF-
P'Bu, B}, S IV g % 15 2 i 28 % w44 i A8 25 1 ol
85%F1 81% ee LR (R 1, Entry 4). #:3, XITAFM
SIBEERTAAS T LB 5 I S R, A EIEE AL
G E R B AR S T TR AR 1 4% A P A mT DAL %
SN R A, T T B4 Rh(COD),BF, F1[Rh(COD),]-
OTf fE R M 5 SR AR H L F5, JLH 28 Rh(COD),BF,
IF, AT LLIEF] 92% KUK AT 95% ee FRIXTMREFRNE(E 1,
Entry 9).

BAEIZ N A E R EEAER, Ak RP AN
BRI, % BANRE R A, TR 12 f 0% 12 30 BR 15T ) 7
. R T B R NAR R EK 2 BB O IRE K R
RO, KRB QRN Z R N FIRERE S KA, FF
IENEE Y A oS =R 2 Sy S P NS A E €
BUBR TG0 1k 2 b R IR U e 4, DRI, 76 5 86l 11 i
B R T B SE SR O L. A T ALe N, B

R ARRERE LR T i%

Table 1 Screening of chiral ligands and Rhodium precursors

OAc
[Rh(COD)CI],/Ligand OAC
2 NEt;, DCE, 70 C
1a a
3aa
Entry [Rh] Ligand Time/h Yield”/% ee/%
1 [Rh(COD)CI], (R)-Binap 12 48 60
2 [Rh(COD)CI], (R,R)-Diop 70 17 64
3 [Rh(COD)CI], (R.S)-Josiphos 55 18 75
4 [Rh(COD)CI], (R,S)-PPF-P'Bu, 12 85 81
5 [Rh(COD)Cl], (R,R)-BDPP 41 18 81
6 [Rh(COD)CI], (S)-NMDPP 39 57 59
7 [Rh(NBD)Cl], (R,S)-PPF-P'Bu, 13 87 83
8 [RhCp*Cl,], (R,S)-PPF-P'Bu, 13 76 78
9 Rh(COD),BF, (R,S)-PPF-P'Bu, 16 92 95
10 [Rh(COD),]OTf (R.S)-PPF-P'Bu, 18 88 95
11 RhCl;+3H,0 (R,S)-PPF-P'Bu, 18 78 79

“Reaction conditions: 1a (0.3 mmol), 2 (0.6 mmol), [Rh] (5.0 mol%), ligand (6.0 mol%), NEt; (0.6 mmol), DCE (2.0 mL). *Isolated yield. ¢ ee were determined by

chiral HPLC using Chiralcel AS-H column.
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B s, e LS A T BRI, BHCA KL.COs Y,
SN REETRE] 904% TR 95% ee [HFRARLE BL(E 2,
Entry 4), iMiB8%5EE 4k s s, B IR E 2~
[, i Cs,CO; A1l NaO'Bu B, R HEEICR 50%H1
46%(3K 2, Entries 5, 6). ¥ 71lS256% % = N H A TE
DCE Al DCM( 5 )i A4 % A2 S0 (3 2, Entry
11), 7778 HeAth 35 550 40 DY PR I (THF) - 1 2K (Toluene)
N,N-— Ff 35 H it g (DMF) A 2. i (MeCN) B 2 b 35 AR i
BEAT . MR R N AR — R, YR BRI R
60 CHF, BT S 14 Bl A i ) PR AR 9 58, sk
ARV TE A, FEUCE TN IE(ER 2, Entry 12), 1024165
T2 80 CHF, WM 94%[% % 75%(3 2, Entry 13),
A2 B 5 DR e R A BRI P A 2R Ry, ORI I e U
S~ 70 C.
2 PR

Table 2 Optimization of reaction conditions

Rh(COD),BF, (R,S)-PPF-PBu
l“'*Aﬁ) (COD);BF4, (RS) 2

Base, solvent, Temp.

1a 2a
OAc
3aa

Entry Temp./C Base  Solvent Time/h Yield”/% ee /%
1 70 — DCE NR NR  NR
2 70  Li,CO; DCE 30 40 95
3 70 Na,CO; DCE 3.5 45 95
4 70  K,CO; DCE 30 94 95
5 70 Cs,CO;  DCE 30 50 94
6 70 NaO'Bu DCE 3.5 46 97
7 70  K,CO;  THF 30 NR —
8 70 K,CO; Toluene 30 NR —
9 70  K,CO; DMF 30 NR —
10 70 K,CO; MeCN 30 NR —
11 70  K,CO; DCM 27 40 87
12 60  K,CO; DCE 29 87 94
13 80  K,CO; DCE 18 75 89

¢ Reaction conditions: 1a (0.3 mmol), 2 (0.6 mmol), Rh(COD),BF; (5.0
mol%), (R,S)-PPF-P'Bu, (6.0 mol%), base (0.6 mmol), solvent (2.0 mL).
P Isolated yield. ¢ ee were determined by chiral HPLC using Chiralcel AS-H
column.

CEEFEREU LSRG R G, Mg T 1% RN A %
N 46444 Rh(COD),BE, AMEALFIFTA, (R,S)-PPE-P'Bu,
NFMERCR, Ko,CO5 A, DCE N, 70 CF 0.

1.2 RYEATCEEE

TRV, X S HE AL IR I S AR R UK
Fi 988 AN RT3 B FR A0 P PR AT 1 548, %%
BT AT AR 1 35 P SR 2 R R UK o, 25 2R
W 3. A NEXHRE, fEZBEMRTIERT, #MAE
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Fe 2RI B UK R R e IR 1 5 2R EF(22) K AEFF IR R
NE, FE DU ISR AR 75 (1 06T g 6 A AR B (1) T
WPl —RORUE, &AL, RS TR
WA BT BRI W2 (3R 3, Entries 1~5), T
FL - EA S DU s B2 RSO A BT PR, B SRR ) 4
TR I PEVK A IR 1g, HA RN TR =i L H
25%(% 3, Entry 6). B A 2[RI LRI IR L5 0 (1) 44
FAIEREVK AR 1Th WEEIRRI 25 KPR 3, Entry 7),
FHREIRAF T0% UL T 91% ee {H.

bR T CEREF, NERIFEZ A N RIFERENS S5 e
TR UK M R AE A RRFF IR OB, HUAS T1% U028 A 91%
ee {H(Eq. 2). BRI, HEEREF WK FERET M A KR
B AR R T #0 A IR, N T #E =Y 4a s 14
R, BATEEFR T 7790 3ga HHL G, BT X 5Tk B S AT
e 17NN AT (E 1).

“ \)L JK/ Rh(COD),BF, (R,S)-PPF-P'Bu,
K,COj, DCE, 70 °C

Et

Q 7))

3ab
73% yield, 91% ee

1 et 3ga AT
Figure 1 The single crystal x-ray of 3ga
FUE WD TS AW, 2EPIEEIE
A T4 Sz PR RCAR, H SR BT X S8 A A8 I 0K B
ANKIFRITHE 74 3aa 2232 15 R (R 7K A S5 LA mT LAAS 315
PE B2 4, RN 92%, XTIRIE BN 94% ee, Nl

G E A T R T — s A Ak
LR 7E 5 mol% Pd/C WAL R, 7= 3aa &It A ik
JRARE] T FHINAZE LR 5, RN 85%, XMLk
&N 94% ee (Scheme 1).
1.3 RMNHIE

Mk PL b sEG, $E T % 8 AT RS N ML ER
(Scheme 2), Rh(COD)BF, # %t 5(R,S)-PPF-P'Bu, it & 7%
JRTF-HEEERC & A, 1% T M BERC & Wi N B R I ik
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Table 3 Substrate scope of asymmetric ring opening reaction

OAc
N Rh(COD),BF,, (R,S)-PPF-P'Bu, 0 T A
R + Ac0 RA-
% K,COj3, DCE, 70 °C =
2a
1 3ba ~ 3ia
Entry Oxabenzonorbornadiene Product Time/h Yield ?/% ee‘/%
Me OAc
Me ~OAC
1 e ) O‘ 6 90 94
(5]
1b 3ba
OAc
(0]
- _0O WOAC
2 N O‘ 7 94 94
Te 3ca
o OAc
{ Oa o LOAc
3 o { O‘ 3 9 95
1d ©
3da
OAc
[O (o) WOAC
; : SOOI v
(0]
le 3ea
OMe OMe OAc
~OAc
5 O(’ O‘ 3 93 92
OMe OMe
1f 3fa
Br OAc
Br. wOAC
6 o i O‘ 8 25 91
r
19 3ga
OAc
wOAc
7 ) O 2 70 o

-
=2
(2]
=3
Y

<
©

72 NR

(o<}
_‘97
‘QG
W
(]
[e]
L)%
/>
2 O
o
>
(3]
~

“Reaction conditions: 1a (0.3 mmol), 2 (0.6 mmol), [Rh] (5.0 mol%), (R,S)-PPF-P'Bu, (6.0 mol%), K,CO; (0.6 mmol), DCE (2.0 mL). * Isolated yield. © ee were
determined by chiral HPLC using Chiralcel AS-H, AD-H, OD-H and OJ-H column.
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OAc OAc OH
~OAc OAc
Pd/C (5 mol%) O‘ o NaOMe «OH
-— —_—
s H; (101 kPa) MeOH, r.t. O‘
85% yield, 94% ee Saa 4
! 92% yield, 94% ee
B 1 7= 3aa i1k

Scheme 1 Derivatization of the product 3aa

AcO
~_,0AC

hL*

:

e

Rh(COD),BF4 + (R,S)-PPF-P!Buj

(e} (@]

)J\ )J\ + Base
(0]
2a

O

Rh*LAC
0 o)
A OAC )J\Rh*l_/ )@
o]
;
E
o)
7
O 1a
*| o
Rh*LAc Qb *\A\o
oA F-RhL
D o)
B2 JFH RN RERIATEE

Scheme 2 Proposed mechanism for the ARO reaction

HiE A B, BEJE FPEIR B K E 5 SR B UK X
AR A C, EERE KRR, K OAc it
KO0 — v, Ac 55 FEAE FFE A2 B0 o5 — S fE A
D, fiija D KAERKITHAEEE, )5 E L HiReet:
IR 3aa, TERUEACTEIL.

it

LA Jm B AN Tk — BRI A 28 S O EAL 71, i
XHILEE WIS RS2 DAL, B RSB T RIS X 4R
AR F VKR I AR RO IR SN, IS T B 94%
FICR 95% ee (EIIPLREAR, § R T AT TIFM R
RLRSRAZ RIS, P R R L X5 20 L AT A
TOARIN, T HL A2 fag B 7 gt mT LAAS 21 eons ik
HEFEPER PR, W e JE AT R BT EZE L
TR e,

3 SCIEER4Y
eSS
W M LR TE % B BrukerAvance 400 MHz i S:AZ% i

2

3.1
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LRI E, TMS NWNFR; XFTBOIEEEMERH Agilent
1260 & RORAH ik ill, FE 44 Daicel AS-H.
AD-H. OD-H 1 OJ-H; mi7r#iikifiid VG Autospec-
3000 J5 BN E A 52, EST J; X- 52 B AT S i
APEX DUO H. S T ATHACINE ;. 5 52 X-4 45 s A0
5E, IEARKIE; e)tiEid Rudolph APV-PLUS/6W i€
FEAI 5.
3.2 XWHE
3.2.1 BRETA A 4RI
TR R R

FETFEM D, KK Rh(COD),BF, (6.0 mg, 0.015
mmol) FAL{A(R,S)-PPF-P'Bu, (9.7 mg, 0.018 mmol) i\
seZv M, M 1 mL DCE JG T %5 Fitfk &
30 min, ZAJE AR AR FERFE VK 7 J5 EKA(0.3 mmol) %
(0.6 mmol) LA K B #F(0.6 mmol)Ff-#Mii 1 mL DCE & %€
MR EEEFEMTHB 70 CM. #Z G (TLC)
For s B HEAT I B, 24 R R 58 A I AF I K E B =
T, ¥ OB fa R AT 44k,

(1R2R)-1,2- A Z5-1,2-— Z. 2 fiE (3aa): &R

Mok B M £ A A4k 04 T 3 Ak
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WAk, 69.4 mg, 773 94%, 95% ee. [a]y —3.3 (c 0.564,
CH,CL,); 'H NMR (400 MHz, CDCl;) J: 7.32~7.26 (m,
3H), 7.17~7.15 (m, 1H), 6.63 (d, J=9.7 Hz, 1H), 6.15 (d,
J=5.9 Hz, 1H), 5.98 (dd, /J=9.7, 4.08 Hz, 1H), 5.58~
5.55 (m, 1H), 2.10 (s, 3H), 2.05 (s, 3H); *C NMR (CDCl;,
100 MHz) 4: 170.3, 170.2, 132.2, 130.9, 130.5, 129.2,
128.4, 128.2, 127.2, 124.1, 71.1, 69.9, 21.1, 21.0; HRMS
caled for C4H;404 [M—}—Na]+ 269.0789, found 269.0784.
HPLC: Daicel Chiralcel AS-H column (25 cm X 0.46 cm
V(n-hexane)/V(i-PrOH) = 90/10, 1.0
mL/min, 254 nm; #yiner = 6.35Min, fygj0r = 8.16 min.

(1R2R)-6,7- — W £ -12- = & 25-12- = & % ik
(3ba): A A, 74.0 mg, 773 90%, 94% ee. m.p. 94~
95 C; [a]? —4.2 (¢ 0.57, CH,Cl,); '"H NMR (400 MHz,
CDCl;) o: 7.13 (s, 1H), 6.98 (s, 1H), 6.63 (d, J=9.7 Hz,
1H), 6.08 (d, J=4.8 Hz, 1H), 5.97 (dd, J=9.6, 4.4 Hz,
1H), 5.50~5.48 (m, 1H), 2.28~2.27 (m, 6H), 2.10 (s,
3H), 2.05 (s, 3H); *C NMR (CDCl;, 100 MHz) §: 170.2,
137.7, 137.0, 130.7, 130.0, 129.9, 128.6, 128.1, 122.7,
774, 77.1, 76.7, 70.7, 69.6, 21.1, 21.0, 19.7,19.5; HRMS
caled for C;¢H;sO.Na [M + Na] = 297.1103, found
297.1097. HPLC: Daicel Chiralcel AS-H column (25 cm X
0.46 cm ID), conditions: V(n-hexane)/V(i-PrOH)=90/10,
1.0 mL/min, 254 nm; fyine= 5.30 min, fpajor=6.30 min.

(1R2R)-6,7- — WA FE-12- — & 25-12- — Z TR g
(3ca): TLEIHIRIBAE, 86.3 mg, 7= 94%, 94% ee. [aly
—6.1 (¢ 0.352, CH,CL,); 'H NMR (400 MHz, CDCl;) o:
6.94 (s, 1H), 6.72 (s, 1H), 6.64~6.61 (d, J/=9.6 Hz, 1H),
6.01~5.95 (m, 2H), 5.43~5.41 (m, 1H), 3.91 (s, 6H),
2.08 (s, 3 H), 2.04 (s, 3H); *C NMR (CDCls, 100 MHz) ¢:
170.3, 170.2, 149.5, 148.8, 130.7, 125.4, 123.1, 121.3,
112.8, 110.4, 70.4, 68.7, 56.1, 56.0, 21.1, 21.0; HRMS
caled for CigH;sOgNa [M + Na] = 329.0998, found
329.0996. HPLC: Daicel Chiralcel AD-H column (25
cmX0.46 cm ID), conditions: V(n-hexane)/V(i-PrOH)=
90/10, 1.0 mL/min, 254 nm; fyine:= 14.83 min, fpgjor=
16.16 min.

(5R,6R)-5,6-V. /! — 4 3t — A Z5-1,2-— 2 &g (3da):
4k, 78.3 mg, % 90%, 95% ee. m.p. 117~
118 C; [a], —3.4 (c 0.848, CH,ClL); 'H NMR (400
MHz, CDCls) d: 6.88 (s, 1H), 6.68 (s, 1H), 6.55 (d, J=9.7
Hz, 1H), 5.99 (d, J=4.6 Hz, 1H), 5.98~5.97 (m, 2H),
5.94 (dd, J/=9.7, 4.5 Hz, 1H), 5.45~5.43 (m, 1H), 2.09 (s,
1H), 2.05 (s, 1H); *C NMR (CDCl;, 100 MHz) §: 170.2,
170.1, 148.2, 147.4, 130.6, 126.8, 124.7, 121.7, 109.9,

ID), conditions:

1692 http://sioc-journal.cn/
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107.8, 101.4, 70.7, 69.0, 21.1, 21.0; HRMS calcd for
CsH40¢Na [M-+Na]" 313.0690, found 313.0683. HPLC:
Daicel Chiralcel AD-H column (25 ¢cmX0.46 cm ID),
conditions: V(n-hexane)/V(i-PrOH)=90/10, 1.0 mL/min,
254 nm; tgjor = 7.98 Min, fyiner = 8.56 min.

(6R,TR)-6,7- W&kt — & Z5-1,2-— L. e (3ea): T
IR, 82.1 mg, 72 90%, 93% ee. [alp —4.1 (c
0.775, CH,CL,); 'H NMR (400 MHz, CDCl3) ¢: 6.87 (s,
1H), 6.69 (s, 1H), 6.52 (d, J=9.7 Hz, 1H), 5.99 (d, J=5.1
Hz, 1H), 5.89 (dd, J=9.7, 4.4 Hz, 1H), 5.47~5.44 (m,
1H), 4.25 (s, 4 H), 2.07 (s, 3H), 2.03 (s, 3H); *C NMR
(CDCl3, 100 MHz) 4: 170.2, 170.1, 143.9, 143.3, 130.1,
126.0, 124.2, 122.0, 118.1, 116.2, 70.5, 69.4, 21.1, 21.0;
HRMS caled for Ci¢H;s0K [M+K]" 343.0587, found
343.0578. HPLC: Daicel Chiralcel OJ-H column (25 cm X
0.46 cm ID), conditions: V(n-hexane)/V(i-PrOH)=90/10,
1.0 mL/min, 254 nm; fygjor= 17.91 min, fyiner=23.40 min.

(1R2R)-5,8- — H & 3t -12- “&H ZE-12- ~ 28 g
(3fa): FIAfE4A, 85.3 mg, =% 93%, 92% ee. m.p. 100~
101 C; [a]y —1.7 (¢ 1.052, CH,CL); 'H NMR (400
MHz, CDCl;) o: 7.16 (d, J=9.8 Hz, 1H), 6.86 (dd, J=
21.2, 9.0 Hz, 2H), 6.33 (s, 1H), 6.14 (dd, /=9.8, 5.4 Hz.
1H), 5.30 (dd, J=5.5, 1.7 Hz, 1H), 3.83 (s, 3H), 3.81 (s,
3H), 2.04 (s, 3H), 1.99 (s, 3H); *C NMR (CDCl;, 100
MHz) ¢: 170.0, 169.9, 151.8, 149.7, 125.3, 122.4, 122.0,
118.7, 112.5, 111.5, 66.5, 64.3, 56.1, 56.0, 21.1, 21.0;
HRMS calcd for C;¢H 3O¢Na [M+Na]" 329.0996, found
306.1103. HPLC: Daicel Chiralcel OD-H column (25
cmX0.46 cm ID), conditions: V(n-hexane)/V(i-PrOH)=
90/10, 1.0 mL/min, 254 nm; fmajor="7.92 min, fminor=9.12
min.

(1R2R)-6,7- —{R-1,2- & %5 -1,2- — Z & Iig (3ga):
ToEHPIRIBAR, 30.2 mg, 7= 25%, 91% ee. [a]y —2.0
(c 0.246, CH,Cl,); 'H NMR (400 MHz, CDCl) d: 7.57 (s,
1H), 7.42 (s, 1H), 6.54 (d, J=9.8 Hz, 1H), 6.09~6.03 (m,
2H), 5.51~5.48 (m, 1H), 2.10 (s, 3H), 2.04 (s, 3H); °C
NMR (CDCl;, 100 MHz) ¢: 170.1, 170.0, 133.5, 132.8,
131.8, 131.5, 128.7, 126.0, 125.6, 124.1, 69.7, 69.0, 21.0,
20.9; HRMS caled for C,H;0,Br,Na [M + Na] *
426.8990, found 426.9151. HPLC: Daicel Chiralcel AS-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=98/2, 0.5 mL/min, 254 nm; fyine— 11.92 min,
fmajor = 13.32 min.

(1R2R)-1,2- ~ & K FF3F-1,2- ~ LR R (3ha): ({0
[E4A, 72.7 mg, F2Z 70%, 91% ee. m.p. 214~215 C,
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[a]F —5.5 (c 0.494, CH,Cl,); "H NMR (400 MHz, CDCls)
9: 8.77~8.72 (m, 2H), 8.32~8.30 (m, 1H), 8.10~8.07
(m, 1H), 7.74~7.65 (m, 5H), 6.82 (s, 1H), 6.52~6.47 (m,
1H), 5.43 (dd, J=5.6, 1.7 Hz, 1H), 2.06 (s, 3H), 1.97 (s,
3H); *C NMR (CDCls;, 100 MHz) §: 170.4, 170.0, 131.1,
130.7, 129.9, 128.9, 128.4, 127.7, 127.6, 127.4, 127.2,
127.0, 124.2, 123.7, 123.7, 123.6, 123.4, 123.2, 77.4, 77.1,
66.6, 66.3, 21.1, 21.0; HRMS calcd for CpH;50,4 [M]":
346.1209, found 346.1205. HPLC: Daicel Chiralcel OD-H
column (25 ¢cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=90/10, 1.0 mL/min, 254 nm; fyino,=7.59 min,
Imajor = 10.88 min.

(1R,2R)-1,2- — A 25-1,2- N R HE (3ab): A ([ 14,
60.0 mg, =% 73%, 91% ee. [aly —3.3 (c 0.428,
CH,CL,); 'H NMR (400 MHz, CDCl;) §: 7.35~7.25 (m,
3H), 7.18 (d, J=7.3 Hz, 1H), 6.63 (d, J=9.8 Hz, 1H), 6.22
(d, J=6.5 Hz, 1H), 5.98 (dd, J=9.7, 3.8 Hz, 1H), 5.65~
5.62 (m, 1H), 2.43~2.31 (m, 4H), 1.20~1.12 (m, 6H);
C NMR (CDCl;, 100 MHz) d: 173.7, 132.2, 131.3, 130.2,
129.0, 128.3, 127.6, 127.1, 124.5, 71.3, 70.4, 27.7, 27.6,
9.1, 9.0; HRMS caled for C,¢H;sO,Na [M + Na] *:
297.1105, found 297.1097. HPLC: Daicel Chiralcel OD-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=90/10, 0.5 mL/min, 254 nm; #y,jor=9.53 min,
tminor — 10.68 min.
3.2.2 4 3aa W9 KR

BARYE, ET RN BRI AR XM 3aa
(123.0 mg, 0.5 mmol), NaOMe (135.0 mg, 2.5 mmol)F 8
mL Jo/K RS, RN, RSB )R, F R SR
9 J5 P RE R M a4k, 3 (1R2R)-1,2- & 25-1,2- %
@', A A, 64.8 mg, 7FE 80%, 94% ee. m.p.
112~113 °C; [a]s —2.1 (¢ 0.25, CH,Cl,); '"H NMR (400
MHz, DMSO-d) d: 7.48 (d, J=6.1 Hz, 1H), 7.24~7.18
(m, 2H), 7.09~7.07 (m,1H), 6.37 (d, J=9.8 Hz, 1H),
5.89~5.86 (m, 1H), 5.48 (d, J=4.4 Hz, 1H), 5.22 (d, J=
3.2 Hz, 1 H), 4.54~4.51 (m, 1H), 4.23~4.21 (m, 1H); *C
NMR (DMSO, 100 MHz) o: 138.6, 133.3, 132.8, 127.7,
127.6, 126.7, 126.1, 125.8, 74.1, 72.5. HPLC: Daicel Chi-
ralcel AS-H column (25 cmX0.46 cm ID), conditions:
V(n-hexane)/V(i-PrOH) = 90/10, 1 mL/min, 254 nm;
Imajor= 10.58 min, o= 12.49 min.
3.2.3 =44 3aa 89 A4L

FEFPR ) BB AR A 3aa (123.0 mg, 0.5
mmol), Pd/C (135.0 mg, 5%)F1 5 mL Jo/K 4, Eili T
WMANEAURSL, TLC Al SN, [N 5E4 05, H VR
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WaE 5 EERAE2ELL, 1577 (1R2R)-1,2,3,4- DU -
1.2- — ZBREE S, TC PR AR, 1054 mg, 773
85%, 94% ee. [a]d —2.6 (¢ 0.246, CH,Cl,); '"H NMR
(400 MHz, CDCl3) d: 7.54~7.52 (m, 1H), 7.25~7.20 (m,
2H), 7.12~7.10 (m, 1H), 5.05~5.00 (m, 1H), 4.74 (t, J=
6.1 Hz, 1H), 2.97~2.84 (m, 2H), 2.44 (d, /=5.9 Hz, 1H),
222~2.11 (m, 6H), 1.97~1.87 (m, 1H); “C NMR
(CDCl3, 100 MHz) d: 171.5, 136.6, 135.7, 128.4, 128.3,
127.9, 126.7, 75.6, 71.5, 26.8, 25.6, 21.5. The ee of 5aa
was determined by HPLC analysis using Daicel Chiralcel
AS-H column (25 cmX0.46 cm ID), conditions: V(n-
hexane)/V(i-PrOH)=90/10, 1 mL/min, 254 nm; fpinor—
11.06 min, #ysjor = 14.14 min.

i BhA1 &l (Supporting Information) 7##) "H NMR.
PC NMR. 5 A (3% 1 e A6 59 3aa (B0 S AT S
Bl X e 8L ] B A 3% A T 9 3 (http://sioc-
journal.cn/) | N #K.
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