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Fe(OTf)s-Catalyzed Synthesis of Boronic Ester Containing
N,O-Acetal Structure
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Abstract A convenient approach acess to boronic ester containing N,O-acetal structure has been established through the
Fe(OTf)s-catalyzed addition of N,O-acetal with organic boric acid. A series of N-O-acetal boronic ester compounds have been
successfully prepared in 58%~98% yields. Moreover, these compounds retain the property of boronic ester and can be used
for coupling reaction.
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Scheme 1 Several active molecules containing boronic ester
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0 B R T A R AR AR R B, FLAE 1958 4F,
Sugihara ZEMEENT T R S A0 AE DA R A (R0 Y
Jik, JERETIER)Z T BB G R
(Scheme 2). 1HXTT&H N,O-46 s 45 ¥y (KM R lg, H4h
MEA NO-%ilE rA Fa e PRI e R, 7RI
T a2 B 5 Wi AP P AR S, X SEELIEA e 1E
G AR RE S IR B SR Ry A . AR, FRAT—H
AT NO-4iWe 2 5 AN G TT %5 K= Ak R
W), AR SCHRIRTE, 25T 2% 34 25 4 B A $0 ) g 2E
Koo IRYT BRI IR R B G M E 0L B N,O-
AR SRR EE vT LMESN NO-45 2 5 ] N5 1E 77
THEINT, Hah, HARTUENIAR], S5 — i)
FEANREHEAT R B, A SO HRIE Fe(OTHs fiE1L N,O-4ii
555 EME N % 5 N,O-45 8 45/ B R 8 1 25 Bl
777%(Scheme 2).
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Scheme 2  Esterification of diol with organic boric acid
1 HBR5WL

H N-Boc TRAPIIFHEMEME T 1 50 F A ORI R
2d AT R EFIRIR R, B, FREBIA NN A S
FRPEN F — & e (DCM) FR A8 B A AL 75 HE AT S,
1E0 °C 2R RN H BN IR s =4 A2 (3 1, Entry
D). 8, KHMEREE G R & R BLEAETS), 785 iR
S E A T A S RI T P2 YK 1, Entry 2). A
TR IX — ) B, FRATI A R AL R G K100 1405y
AL, SRR R NARRIREIR(R 1, Entry 3). A4
W, B NO-4ils 45 M —BE T fe A, TTHAEM S
WIRAFAE TR, N T IUEX —J548, A2 1)
% 5 W R A A7) = PP SR e it — 5 P B R B (TMISO T)
1 BF3*E6L0, TEALZETHE I TMSOTS AL T N AR R
WAIRE A (F 1, Entry 4). X —4%5 B 5AR B T e
(1) N,O-4lis L5645 — 31314l X 7 R AE N,O-
Uil SR TN TR IR AE LR 2%, 2 R oR, B AR RBEHED
% ) Wi ML & BT i, SEIRES IR, U H 0.2
equiv. TMSOTSHY, M ANREREAT (3 1, Entry 5); {Hfd
fEALE ) BFs*ERLO I, =4/~ % 5 30%(K 1, Entry 6).
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N T PR FICR, AT AR T R & 8 1 1k
. Seat sk BRI, B R0 LB 5 R 1 A 7 0 1R Ak
MEREAE, RIS 20%~39%HIWH (£ 1, Entries 7~
11). 8 F SE56 =% A 1V & B AL R, SR AT
i A & R AL TR ISR (41%~ 51%)H A TR THEE 1,
Entries 12~17). 24{#H Fe(OT); I, MRS
81%(3E 1, Entry 18). #2 Tk, XNIRZE T R AN MV
R M. 45 FER I, fF DUk .. & LA
N,N- " F 35 G e VR o R, OISR A il 65%,
78%H 60%(% 1, Entries 19~21). 1 F B A 7 7t
(£ 1, Entry 22), RMNAGEHEAT. &5, EME T HEAAT
FVERIRI 26T, MIRER T AL H 20 N 1) 52
M., 25 R, MEAFIHER 0.1 equiv.if, EH
FHEIE 90%(F 1, Entry 23). 1M 244k SE B AL
F&EZ 0.05 equiv.Bf, IR AF R IFE R 58%((FE 1,
Entry 24).
R RNEMRAL

Table 1 Optimization of reaction conditions

OH o
Uw " % A
O P

|
Boc

Boc

1 2d 3d

Entry  Additive (equiv.) Solvent  Yield®/% dre
14 DCM  Trace
2¢ DCM NR
3 K-10 DCM Complex
4 TMSOTS (1.0) DCM  Complex
5 TMSOTf (0.2) DCM  NR
6 BF3°Et20 (0.2) DCM 30 >99 11
7 Ce(0OTH)4(0.2) DCM 20 >99 11
8 Pr(OTf)3 (0.2) DCM 35 >99 11
9 Dy(OTf)s (0.2) DCM 39 >99 11
10 Tm(OTf:(02) DCM 32 >99: 1
11 Yb(OTf)s (0.2) DCM 33 >99 11
12 Sc(OTf)s (0.2) DCM 50 >99 11
13 Ni(OTf); (0.2) DCM 49 >99 11
14 Zn(OTf):(0.2) DCM 41 >99: 1
15 Cu(OTf)2 (0.2) DCM 51 >99 11
16  In(OTDs(0.2) DCM 34 >99: 1
17 AuCl3/AgSbFs (0.2) DCM 33 >99 11
18  Fe(OT: (0.2) DCM 81 >99: 1
19 Fe(OTs (0.2) THF 65 >99: 1
20 Fe(OTf)s (0.2) DCE 78 >99 11
21 Fe(OThH;3(0.2) DMF 60 >99: 1
22 Fe(OTf)s (0.2) Toluene NR
23 Fe(OTf)s (0.1) DCM 90 >99:1
24 Fe(OTf); (0.05) DCM 58 >99:1

4 Reaction conditions: 1 (0.49 mmol), 2d (0.54 mmol) and additives in 2.5 mL
of solvent, 5 h at r.t.; ® Isolated yield; ¢ dr was determined by 'H NMR;
40 ‘C~r.t.; ¢Reflux or r.t., K-10=montmorillonite K-10.
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TEEAARATHAREME R T, thEY 3a BRIk
90%. IRINHT A etk | e S R L 2 AR, DL 76%~
90%MCR 3] T AL AW 3b~3g. 1T, & I
S FRE I IKIG R, 7249 3h (78%)~ 3i (76%)F!
3j (58%) B ZRIZ W T P, ORI A B EE Sy 20 2
i, 729 3k IR 87%. R K, XIRER T #I0

R2 PR DGRE b

Table 2 Reaction substrate expansion

OH O.__Rr
N N B~
HO.__OH Fe(OTf
OMOH . B (OTf)3 [ \-d
) K oow y
Boc Boc
1 2a~2w 3a~ 3w

3h R=4-F, 78%

3i R=4-Cl, 76%

3j R=4-Br, 58%
3k R =4-Vinyl, 87%
3l R=3-Me 76%
3m R=2-Me 75%

=\ 3a R=H,91%
Og A/ 3b R=4-Me, 78%
g R 3c R=4-Bu, 87%

N 3d R =4-OMe, 90%

Boc 3e R=4-SMe, 77%

3a~3m 3f R =4-OEt, 76%
3g R =4-OPr, 78%

A @)Q Qf’.;fj@k

|
Boc éoc

3n, 60% 30, 76%
O
0. KeX N
i—j‘ B @ B
...O "'O
\ \
Boc Boc
39, 85% 3r, 76%

o IB
Z }"'O Z SHIOI

o5 -\\O\Béﬁ ) @“O‘,B

...O
N N .
Boc ' Boc
3s,67% 3t, 96% 3u, 81%
(36 (X_o o SIS
110 ! "lo
N 0 N 0 !
| ) Boc
Boc Boc
3v, 98% 3w, 96% 4, Nd

4 Reaction Conditions: 1 (0.49 mmol), 2 (0.54 mmol) and Fe(OTf); (0.05
mmol) in 2.5 mL of DCM, reaction 5 h at r.t.; * Isolated yield; ¢ 3a~3w, dr>
99 : 1, and dr was determined by '"H NMR.
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R IR R A PR RVE 570 g YA =1 T N T W e o [ 1 VA
RELAR 52 mel, SR AR SRR AL A9 3b (S i i,
IRIA AL 3L N 76%, T AR E A7 HUAR ™
V) 3m UER 75%. 4R B 2 A HUREERS, WL
RIS B R, 2838 2,4,6- = FHBE U 7=
) 3n IR BARN 60%, 125 A7 B /N R IR EUAR,
3,5- R HUAR =4 3q W dm =i 85%. 2,5- — HI gk
2,3- T FIERN 4-F A JE-3- SR SRR B =4 30, 3p Al
3r RS, BN 76%. ARG NIRRT iR S
N,O-ZEBEN N, ] LR IR e BRI =4 3s 72
IR, N 67%, FIRERZRIR 1 ILHERN 15 A2 R 05 J
K= A A . B IRER T 2RI E S
RS NO-als I BE, LA 81%~98% [ =i K 3515
T 3t~3w. IX— RFI =P = 1 s R AT RE AR
W R SLsita e 7 IRRES M 45 0. BRI 2 7S o
N,O-#EENS, AL /NTE N,O-4i B BR s Al HEANRE 2,
WA EBRERERN Y 3h, HAR ST SRR 5
(CCDC 2224008)3EZ501IE 52 M (38, 6a8).

N TUESE N,O-4 1 S50 S SLAE B P= 0 R X,
KA HER) 1 5 RINERAE IR bRUE 21 R B, BL91%
FIWCR AL T W EAR 3a (CCDC 2224009), A4 H %
PR, F=YI°A cis-3a (Scheme 3).

OH O,
L_&H HO. . OH Fe(OT 4—5_
oH* |
I}l Ph DCM l}l
Boc Boc
Rac-1 2a cis-3a cis-3a

B3 i
Scheme 3  cis-Product

NIRRT SR, 2B 5258 = DART ) CAESIEL
Je SCHR A AL 2R HRDS), i — SR e 5 1R 3K I
L 1) 2 PR [R) 7 2 RN RR T J& 17 R 3R S, AR S i &
AR T ATREM SOV : 58 N,O-4d 7L % b iR
Fe(OTf)s AL ™A SO Rsfid RS, 85 A AL =R
t— AN 5 WSS EEAT IR, T N, O-4 i Rk
HBME -, T &H NO-HELSHTIEERE 3a.
ffH 3-OTBS fR¥'[) N,O-4ilis i, % M AREREAT
(Scheme 4).

NIRRT ERITERT, 2 1Y) 3a FEBIRAL
FEAE N SRR SRRE, 12 5L RENGUR 2B B3 A% 30K 7 47 Bk
ZR1a16)(Scheme 5). HTWREG L&A N,O-4alE 45,
PR B AT DLEEAT R N,O-Hi B (1) SR, IR s iX —
SERL AR ER R AEAR 22 6 2 BRI 2R IF D ARANES E, SRR
TR,
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Scheme 4 Isotope experiment and mechanism speculation
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Scheme 5 Coupling reaction of boronic ester
2 Zhig

RIET —H Fe(OTH: AL EH N,O-Z 45 K4 HI
PR T 1) T 5 5 BTV, RS 48 30 e 84+ (a1 5 ML
TR N, BA 58%~98% KW | 4¢ T — & 41 N,O-
FiRER AL &9 3a~3w. PEWL L FARNT S S2 56 7
E 74X F4 71 SR (3a8,6a8).

3 SIS
3.1 UESHFA

41 M & LA Nicolet-FT-IR360 #3728 441 A 3
X, CHoCl AL 2. A% HE 1% & LA MERCURY-400 %Y
ARG 5E , TMS AW AR, CDCL . w2 #
i L ABSCIEX X500R 2Y i t54% I 2, EST J6IR; gtk
H Perkin-Elmer 241M B4 B 26T E. A ENT
FIT R B 7R R M 6 VA o BT R AR P2 IR, 300~400
H, BeWiA A [FARF LG ) A7 i BE(b.p. 60~90 °C)FI
LR CTRWR G R, T R 7540t B2 A
B AR 2R O RS AR E BT RN fE A3 35 e
BT BT Ak AR
3.2 &1 3a~3w AR

PL 3a A, fERSRY T 50 mL BSEH I
N,O-%i%(100 mg, 0.49 mmol)FIZEHER 2a (66 mg, 0.54
mmol), FIIA Fe(OTf); (25 mg, 0.05 mmol)Fl 2.5 mL
DCM, T = FHEPE&N 5 h, Al A NaHCO; 7K #%
WK G, F DCM Z5H0(20 mL X 3), A1 Kok,
GIFANUHE, TGKBEREE T8, LUk, ek,
PLA K .88 B8 (V - V=8 : 1) AT HEATRE A
afifk. 3b~3w & A% S A .
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T E BRI (3aS,6a8)-2- K Fe-4H-[1,3,2] =W ¢
[4,5-b)MEM%-4- SRR AT BR(3a): AL, 129 mg, =%
91%. m.p. 127~129 C; [a]® +159.6 (¢ 1.00, CHCl3);
'H NMR (400 MHz, CDCly) §: 7.93~7.73 (m, 2H),
7.52~7.44 (m, 1H), 7.41~7.32 (m, 2H), 6.34~6.06 (m,
1H), 5.10~5.01 (m, 1H), 3.79~3.63 (m, 1H), 3.38~3.28
(m, 1H), 2.19~2.00 (m, 2H), 1.58~1.45 (m, 9H); '3C
NMR (100 MHz, CDCls) 6: 153.6, 135.0 (135.1), 131.7,
127.8, 89.8, 81.7, 80.7 (80.6), 42.3 (42.9), 31.9 (32.5),
28.4; "B NMR (192 MHz, CDCl3) §: 31.45; IR (film) vinax:
2980, 1701, 1601, 1395, 1247, 1163, 1080, 701 cm
HRMS (ESI-TOF) caled for C;sH;BNOs [M + H]©
290.1558, found 290.1561.

BT 4 PRI (3aS,6a8)-2-(hf F AR 3E)-4H-[1,3,2] %
AT B [4,5-b] ML i -4-F2 T BT BR(3b): H (B 4E, 116
mg, 7% 78%. m.p. 83~85 C; [a] +114.4 (¢ 1.00,
CHCL); 'H NMR (400 MHz, CDCl;) 6: 7.83~7.62 (m,
2H), 7.24~7.12 (m, 2H), 6.32~6.07 (m, 1H), 5.09~4.99
(m, 1H), 3.79~3.62 (m, 1H), 3.37~3.26 (m, 1H), 2.37 (s,
3H), 2.19~2.01 (m, 2H), 1.57~1.46 (m, 9H); '*C NMR
(100 MHz, CDCls) d: 155.5, 141.9, 135.1, 128.6, 89.8,
81.6, 80.7 (80.5), 42.2 (42.9), 31.9 (32.6), 28.4, 21.8; ''B
NMR (192 MHz, CDCls) d: 31.33; IR (film) viax: 2917,
1710, 1613, 1367, 1317, 1163, 1077, 726 cm !; HRMS
(ESI-TOF) calcd for Ci¢H;3BNOs [M+H]" 304.1715,
found 304.1715.

BT A HE (3a8,6a8)-2-(4-(FU T 3 A HE)-4H-[1,3,2]
TSR BE[4,5-b] ML s -4- 3R TR BUT B (3e): A LI A,
147 mg, %% 87%. m.p. 97~99 C; [a]® +165.6 (¢
1.00, CHCLs); 'H NMR (400 MHz, CDCl;) o: 7.83~7.71
(m, 2H), 7.44~7.39 (m, 2H), 6.34~6.06 (m, 1H), 5.08~
5.02 (m, 1H), 3.77~3.62 (m, 1H), 3.35~3.26 (m, 1H),
2.18~2.02 (m, 2H), 1.56~1.48 (m, 9H), 1.32 (s, 9H); 1*C
NMR (100 MHz, CDCls) 6: 155.0, 153.5, 134.9 (135.1),
124.8, 89.7, 81.6, 80.7 (80.5), 42.2 (42.8), 35.0, 31.9
(32.5), 31.2, 28.4; "B NMR (192 MHz, CDCl;) ¢: 31.14;
IR (film) vmax: 2966, 1710, 1612, 1369, 1318, 1163, 1117,
775 cm™!'; HRMS (ESI-TOF) calcd for C1oH2oBNO4 [M+
H]" 346.2184, found 346.2187.

AT S Kk % (3aS,6aS)-2-(4- F 480 3 2K 45 )-4H-[1,3,2]
TR RN E[4,5-b] N 1 -4-FR FR BT BB (3d): £ [ A4k,
110 mg, 7% 90%. m.p. 105~107 C; [a]® +162.7 (c
1.00, CHCL3); '"H NMR (400 MHz, CDCl;) d: 7.84~7.71
(m, 2H), 6.91 (d, J=28.0 Hz, 2H), 6.32~6.01 (m, 1H),
5.07~5.00 (m, 1H), 3.83 (s, 3H), 3.76~3.62 (m, 1H),
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3.37~3.28 (m, 1H), 2.17~2.00 (m, 2H), 1.56~1.46 (m,
9H); *C NMR (100 MHz, CDCl3) J: 162.5, 153.6, 136.8,
113.5 (2C), 89.7, 81.6, 80.7 (80.5), 55.1, 42.2 (42.9), 31.9
(32.6), 28.4; "B NMR (192 MHz, CDCl;) ¢: 31.15; IR
(film) vmax: 2977, 1707, 1605, 1367, 1249, 1162, 1099, 775
cm '; HRMS (ESI-TOF) calcd for C1sH;3BNOs [M+H]"
320.1664, found 320.1661.

T S BRI (3aS,6a8)-2-(4-(H i 38 K 35 )-4H-[1,3,2]
TR AR RE[4,5-b] ML -4- 3R TR AT TiE (3e): R [ 44,
127 mg, & 77%. m.p. 134~136 C; [a]® +157.7 (¢
1.00, CHCLy); '"H NMR (400 MHz, CDCly) o: 7.79~
7.66(m, 2H), 7.25~7.20 (m, 2H), 6.32~6.06 (m, 1H),
5.08~5.01 (m, 1H), 3.79~3.64 (m, 1H), 3.38~3.28 (m,
1H), 2.49 (s, 3H), 2.18~2.02 (m, 2H), 1.56~1.47 (m,
9H); 3C NMR (100 MHz, CDCl3) §: 153.5, 143.3, 135.3,
125.0, 89.8, 81.6, 80.7 (80.6), 42.2 (42.9), 31.9 (32.5),
28.4, 15.0; "B NMR (192 MHz, CDCl;) §: 31.24; IR
(film) vmax: 2977, 1708, 1590, 1367, 1318, 1161, 1079, 723
cm '; HRMS (ESI-TOF) calcd for C1H2;BNO4S [M+H]"
336.1436, found 336.1439.

AT R KL (3a8,6a8)-2-(4- 28 HE K HE)-4H-[1,3,2]
TR ARIN (4,5~ b -4- R TR BT R (30): A,
124 mg, /=% 76%. m.p. 91~93 C; [a]? +146.9 (c
1.00, CHCLs); '"H NMR (400 MHz, CDCl;) d: 7.81~7.70
(m, 2H), 6.89 (d, J=24.0 Hz, 2H), 6.30~6.06 (m, 1H),
5.06~4.99 (m, 1H), 4.07 (q, J=12.4 Hz, 2H), 3.76~3.63
(m, 1H), 3.37~3.28 (m, 1H), 2.16~1.99 (m, 2H), 1.57~
1.47 (m, 9H), 1.45~1.40 (m, 3H); '*C NMR (100 MHz,
CDCl3) d: 161.9, 153.5 (153.6), 136.9 (136.8), 113.9, 89.8
(89.7), 81.5, 8.06 (80.4), 63.2, 42.2 (42.9), 31.9 (32.5),
28.4, 14.8; "B NMR (192 MHz, CDCl;) §: 31.22; IR
(film) vmax: 2979, 1708, 1605, 1369, 1248, 1163, 1099, 775
cm '; HRMS (ESI-TOF) caled for C17H2sBNOs [M—I—H]+
334.1821, found 334.1820.

AT R KL (3a8,6a8)-2-(4- T4 480 3 K 58 )-4H-[1,3,2]
AR R T [4,5-b] T G -4-FR BR AU T iR (3g): A B [ Ak,
124 mg, %% 73%. m.p. 109~111 C; [a]® +141.8 (c
1.00, CHCLs); '"H NMR (400 MHz, CDCl;) d: 7.85~7.66
(m, 2H), 6.89 (d, J=8.8 Hz, 2H), 6.30~6.05 (m, 1H),
5.07~4.99 (m, 1H), 3.95 (t, J=6.8 Hz, 2H), 3.78~3.63
(m, 1H), 3.38~3.27 (m, 1H), 2.17~1.99 (m, 2H), 1.86~
1.76 (m, 2H), 1.57~1.45 (m, 9H), 1.07~0.99 (m, 3H);
13C NMR (100 MHz, CDCl3) §: 162.1, 153.6, 136.8, 114.0,
89.7, 81.5, 80.6 (80.4), 69.3, 42.2 (42.9), 31.9 (32.6), 28.4,
22.5, 10.5; "B NMR (192 MHz, CDCl;) §: 30.89; IR
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(film) vmax: 2972, 1709, 1605, 1369, 1249, 1163, 1100, 775
cm '; HRMS (ESI-TOF) calcd for C1sH2sBNOs [M+H]"
348.1977, found 348.1981.

BT B 3 (3aS,6a8)-2-(4- 8 5 )-4H-[1,3,2] 4
AT B [4,5-b] ML g -4-FR2 T AU T BR(3h): E (L [E 44, 118
mg, 7% 78%. m.p. 88~90 C; [a]> +160.3 (¢ 1.00,
CHCL); 'H NMR (400 MHz, CDCl3) 6: 7.91~7.75 (m,
2H), 7.11~7.01 (m, 2H), 6.32~6.09 (m, 1H), 5.09~5.02
(m, 1H), 3.79~3.64 (m, 1H), 3.38~3.28 (m, 1H), 2.18~
2.03 (m, 2H), 1.57~1.47 (m, 9H); *C NMR (100 MHz,
CDCLy) d: 166.2, 164.5, 153.4, 137.3, 115.1 (115.0), 89.9,
81.7, 80.8 (80.7), 42.2 (42.9), 31.8 (32.5), 28.4; UF NMR
(376 MHz, CDCl3) d: 107.5, 107.6; "B NMR (192 MHz,
CDCls) 6: 31.05 ; IR (film) vimax: 2979, 1709, 1599, 1368,
1319, 1227, 1162, 730 cm”'; HRMS (ESI-TOF) calcd for
C1sH23sBFN,O4 [M+NH,]" 325.1729, found 325.1733.

T S R FE (3aS,6a8)-2-(4- K FE)-4H-[1,3,2] &
H W T [4,5-b] ML M -4- SR BR U T Big (3i): A AU A4, 120
mg, 7R 76%. mp. 95~97 C; [a]® +151.1 (¢ 1.00,
CHCl;); '"H NMR (400 MHz, CDCLy) 6: 7.83~7.67 (m,
2H), 7.42~7.32 (m, 2H), 6.35~6.08 (m, 1H), 5.10~5.02
(m, 1H), 3.80~3.64 (m, 1H), 3.38~3.25 (m, 1H), 2.19~
2.03 (m, 2H), 1.57~1.48 (m, 9H); 3C NMR (100 MHz,
CDCls) 6: 153.4, 138.1, 136.4, 128.2, 90.0 (89.9), 81.8,
80.8, 42.2 (42.9), 31.8 (32.5), 28.4; "B NMR (192 MHz,
CDCl3) 6: 31.12; IR (film) vmax: 2978, 1709, 1596, 1368,
1318, 1163, 1097, 774 cm™'; HRMS (ESI-TOF) calcd for
C1sH20BCINO, [M+H]" 324.1169, found 324.1171.

T S R FE (3aS,6a8)-2-(4- 1R 2K FE)-4H-[1,3,2] &,
He B 4 [4,5-D] ML s -4- SR BR AU T R (3j): B [E A4, 104
mg, 73 58%. m.p. 103~105 C; [a]® +137.3 (c 1.00,
CHCl;); '"H NMR (400 MHz, CDCLy) 6: 7.73~7.62 (m,
2H), 7.55~7.49 (m, 2H), 6.34~6.08 (m, 1H), 5.10~5.01
(m, 1H), 3.79~3.64 (m, 1H), 3.38~3.27 (m, 1H), 2.18~
2.01 (m, 2H), 1.58~1.46 (m, 9H); 3C NMR (100 MHz,
CDCly) 6: 153.4, 136.6, 135.4, 131.1, 126.8, 90.0, 81.8,
80.8 (80.8), 42.2 (42.9), 31.8 (32.5), 28.4; "B NMR (192
MHz, CDCl3) &: 31.05; IR (film) vimax: 2977, 1708, 1590,
1367, 1317, 1161, 1080, 723 cm '; HRMS (ESI-TOF)
caled for C;sHBBrNO, [M + H]" 368.0664, found
368.0672.

AT A Pk 5L (3a8,6a8)-2-(4- 2.4 R HE HLH)-4H-[1,3,2]
TR RN R [4,5-b] N 1 -4-FR R T BB (3k): £ [ Ak,
135 mg, 7% 87%. m.p. 71~73 C; [a]} +164.0 (c
1.00, CHCL3); '"H NMR (400 MHz, CDCl;) d: 7.86~7.71
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(m, 2H), 7.45~7.39 (m, 2H), 6.73 (dd, J=25.6, 18.8 Hz,
1H), 6.38~6.04 (m, 1H), 5.82 (d, J=17.6 Hz, 1H), 5.31
(d, J=11.2 Hz, 1H), 5.10~5.01 (m, 1H), 3.78~3.63 (m,
1H), 3.38~3.28 (m, 1H), 2.19~2.02 (m, 2H), 1.56~1.46
(m, 9H); *C NMR (100 MHz, CDCl3) d: 153.5, 140.7,
136.8, 135.3, 125.6, 115.2, 89.8, 81.7, 80.7 (80.6), 42.2
(42.9), 31.9 (32.5), 28.4; "B NMR (192 MHz, CDCl;) ¢:
31.16; IR (film) vaay: 2978, 1708, 1608, 1368, 1318, 1163,
1079, 766 cm™'; HRMS (ESI-TOF) calcd for C17H,3BNO,
[M+H]" 316.1715, found 316.1714.

BUT 48R (38, 6a8)-2-(I7] 2 3 )-4H-[1,3,2] &
AT K [4,5-b] ML s -4-FR BR AU T ER3D): H B E AR, 113
mg, 7R 76%. m.p. 75~77 C; [a]® +144.8 (¢ 1.00,
CHCl;); '"H NMR (400 MHz, CDCl3) d: 7.79~7.52 (m,
2H), 7.33~7.26 (m, 2H), 6.35~6.10 (m, 1H), 5.10~5.00
(m, 1H), 3.79~3.64 (m, 1H), 3.38~3.27 (m, 1H), 2.36 (s,
3H), 2.19~2.02 (m, 2H), 1.57~1.44 (m, 9H); '*C NMR
(100 MHz, CDCl3) 0: 153.6, 137.2, 135.6, 132.5, 132.1,
127.8, 89.8, 81.6, 80.7 (80.6), 42.2 (42.9), 31.9 (32.5),
28.4, 21.3; "B NMR (192 MHz, CDCly) d: 31.41; IR
(film) vaax: 2977, 1708, 1607, 1365, 1318, 1162, 1105, 772
cm '; HRMS (ESI-TOF) calcd for C1sH;3BNO4 [M+H]"
304.1715, found 304.1719.

HUT 4 35 (3aS,6a8)-2-(46 F 3 )-4H-[1,3,2] =4
AN [4,5-b1 0k % -4-F2 T AU T B (3m): B Al 44, 112
mg, 7% 75%. m.p. 63~65 C; [a]® +157.0 (¢ 1.00,
CHCl;); '"H NMR (400 MHz, CDCl3) 8: 7.90~7.72 (m,
1H), 7.38~7.31 (m, 1H), 7.21~7.14 (m, 2H), 6.35~6.04
(m, 1H), 5.05 (t, J=13.6 Hz, 1H), 3.76~3.64 (m, 1H),
3.34 (td, J=11.2, 6.0 Hz, 1H), 2.53 (s, 3H), 2.20~2.03
(m, 2H), 1.56~1.48 (m, 9H); '*C NMR (100 MHz,
CDCl) d: 153.5, 145.3, 136.3, 131.4, 130.0, 124.8, 89.5,
81.3, 80.6 (80.4), 42.2 (42.8), 31.8 (32.6), 28.4, 22.2; ''B
NMR (192 MHz, CDCl;) d: 31.65; IR (film) vimax: 2977,
1708, 1601, 1362, 1316, 1163, 1067, 730 cm™'; HRMS
(ESI-TOF) caled for Ci¢Hy;3BNO, [M+H]" 304.1715,
found 304.1713.

AT R Pk B (3a8,6a5)-2-(2,4,6- = 1 HE 5 L )-4H-
[1,3,2] S A2 ke [4,5-b] L % -4- SR TR U T B8 (3m):
14, 98 mg, =& 60%. mp. 101~103 C; [a]? +
153.0 (¢ 1.00, CHCLy); '"H NMR (400 MHz, CDCl;) o:
6.84~6.76 (m, 2H), 6.30~6.08 (m, 1H), 5.10~5.02 (m,
1H), 3.82~3.68 (m, 1H), 3.38 (td, J=11.2, 6.0 Hz, 1H),
2.36 (s, 6H), 2.25 (s, 3H), 2.20~2.02 (m, 2H), 1.51~1.47
(m, 9H); *C NMR (100 MHz, CDCl3) d: 153.5, 142.9,
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139.7, 127.7, 89.3, 81.1, 80.6 (80.0), 42.3 (42.8), 31.8
(32.5), 28.3, 22.4, 21.2; "B NMR (192 MHz, CDCls) ¢:
32.45; IR (film) vimax: 2977, 1710, 1611, 1392, 1311, 1159,
1060, 777 cm™!'; HRMS (ESI-TOF) calcd for C;sH27BNO4
[M+H]" 332.2028, found 332.2026.

T PRHE (3aS,6a8)-2-(2,5- — R ZEIE)-4H-[1,3,2]
TR IR K [4,5-b] L -4- R R BT TR (30): 1 [ A,
118 mg, F“% 76%. m.p. 85~87 C; [a]F +159.2 (c
1.00, CHCL3); '"H NMR (400 MHz, CDCl;) d: 7.70~7.54
(m, 1H), 7.19~7.13 (m, 1H), 7.10~7.03 (m, 1H), 6.34~
6.03 (m, 1H), 5.05 (t, J=3.6 Hz, 1H), 3.75~3.64 (m, 1H),
3.33 (td, J=7.6 Hz, 4.0, 1H), 2.48 (s, 3H), 2.31 (s, 3H),
2.18~2.03 (m, 2H), 1.55~1.48 (m, 9H); '*C NMR (100
MHz, CDCls) d: 153.6, 142.1, 136.8 (137.1), 134.0, 132.2,
130.0, 89.6, 81.2, 80.6 (80.3), 42.2 (42.8), 31.8 (32.6),
28.4,21.6,20.8; "B NMR (192 MHz, CDCls) 6: 31.42; IR
(film) vmax: 2977, 1710, 1394, 1317, 1247, 1163, 1066, 778
cm '; HRMS (ESI-TOF) calced for C;H2sBNO4 [M+ H]*
318.1871, found 318.1875.

AT PRHE (3aS,6a8)-2-(2,3- = R ZEIE)-4H-[1,3,2]
TR E[4,5-D] M i -4-FR TR AT R (3p): 1 [ A,
118 mg, F“% 76%. m.p. 81~83 C; [a]} +165.4 (c
1.00, CHCL3); '"H NMR (400 MHz, CDCl;) d: 7.72~7.58
(m, 1H), 7.26~7.22 (m, 1H), 7.14~7.06 (m, 1H), 6.31~
6.08 (m, 1H), 5.06 (t, J=5.6 Hz, 1H), 3.77~3.65 (m, 1H),
3.34 (td, J=11.2, 6.0 Hz, 1H), 2.46 (s, 3H), 2.28 (s, 3H),
2.19~2.02 (m, 2H), 1.55~1.45 (m, 9H); '*C NMR (100
MHz, CDCL3) d: 153.5, 143.6, 136.7, 134.0, 132.9, 124.9,
89.5, 81.3, 80.6 (80.3), 42.2 (42.8), 31.8 (32.6), 28.4, 20.5,
18.3; "B NMR (192 MHz, CDCls) 6: 31.88; IR (film) Vinax:
2977, 1710, 1395, 1317, 1249, 1164, 1033, 728 cm
HRMS (ESI-TOF) caled for C;7H,sBNOs [M + H] ©
318.1871, found 318.1873.

AT PRHE (3aS,6a8)-2-(3,5- — R ZEIE)-4H-[1,3,2]
TR E[4,5-D] M i -4-FR TR AT R (3q): L f [ A,
132 mg, 7% 85%. m.p. 86~88 C; [a]} +154.5 (¢
1.00, CHCLs); '"H NMR (400 MHz, CDCl3) d: 7.55~7.35
(m, 2H), 7.15~7.08 (m, 1H), 6.31~6.08 (m, 1H), 5.08~
5.02 (m, 1H), 3.79~3.63 (m, 1H), 3.36~3.26 (m, 1H),
2.32 (s, 6H), 2.18~2.02 (m, 2H), 1.57~1.46 (m, 9H); '*C
NMR (100 MHz, CDCls) o: 153.4, 137.2, 133.4, 132.7,
89.8, 81.5, 80.7 (80.5), 42.2 (42.9), 31.9 (32.5), 28.4, 21.2;
IB NMR (192 MHz, CDCl3) d: 31.37; IR (film) Vi
2977, 1708, 1367, 1239, 1161, 1118, 1001, 710 cm !;
HRMS (ESI-TOF) caled for C;7H»sBNO, [M + H] ™
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318.1871, found 318.1878.

AT A B JE (3aS,6a8)-2-(4- A -3- HTOOE R
F)-4H-[1,3,2] 541 5c[4,5-b LI -4-FRER BT BB (3r):
H @ E A, 124 mg, 7% 76%. mp. 93~95 C; [a]® +
154.0 (¢ 1.00, CHCl;); 'H NMR (400 MHz, CDCl;) ¢
7.71~7.51 (m, 2H), 6.83 (d, J=8.4 Hz, 1H), 6.28~6.06
(m, 1H), 5.06~4.99 (m, 1H), 3.85 (s, 3H), 3.77~3.63 (m,
1H), 3.37~3.27 (m, 1H), 2.21 (s, 3H), 2.18~2.02 (m,
2H), 1.57~1.47 (m, 9H); 3C NMR (100 MHz, CDCl3) §:
160.8, 153.6, 137.4, 134.7, 126.0, 109.3, 89.7, 81.5, 80.6
(80.4), 55.2, 42.2 (42.9), 32.0 (32.6), 28.4, 16.0; ''"B NMR
(192 MHz, CDCl3) 6: 33.36; IR (film) viax: 2964, 1707,
1607, 1363, 1252, 1162, 1139, 775 cm!; HRMS (ESI-
TOF) caled for C;7H,sBNOs [M+H]" 334.1821, found
334.1820.

BT 4RI (3aS,6a8)-2- 34 R -4 H-[1,3,2] — 56 4l
Bi[4,5-b) LI -4-FR R T BE(3s): F 44, 93 mg, 7~
% 61%. m.p. 61~63 C; [a]> +141.3 (¢ 1.00, CHCL);
'H NMR (400 MHz, CDCly) &: 6.17~5.86 (m, 1H),
4.93~4.80 (m, 1H), 3.76~3.59 (m, 1H), 3.31~3.20 (m,
1H), 2.08~1.91 (m, 2H), 1.91~1.67 (m, 2H), 1.62~1.59
(m, 2H), 1.56~1.42 (m, 13H), 1.29~1.20 (m, 1H); '3C
NMR (100 MHz, CDCls) &: 153.5, 89.3, 80.6 (90.0), 79.9,
42.0 (42.7), 31.9 (32.5), 28.6 (28.6), 28.4, 26.8; ''B NMR
(192 MHz, CDCl3) 6: 35.46; IR (film) vaax: 2977, 1707,
1605, 1367, 1249, 1162, 1099, 775 c¢cm !; HRMS (ESI-
TOF) caled for C14H,sBNO, [M+H]" 282.1871, found
282.1867.

BT A Bk FE (3aS,6a8)-2-( FK I [d][1,3]5- A IR FR
F)-4H-[1,3,2] — % 4% T B [4,5-b] e 1% -4- 382 TR AU T Big
(3t): A, 157 mg, 3 96%. mp. 95~97 C,
[a]® +155.3 (¢ 1.00, CHCL); 'H NMR (400 MHz,
CDCly) d: 7.44~732 (m, 1H), 7.29~7.25 (m, 1H),
6.89~6.80 (m, 1H), 6.30~6.07 (m, 1H), 5.97 (s, 2H),
5.09~4.98 (m, 1H), 3.78~3.63 (m, 1H), 3.38~3.26 (m,
1H), 2.17~1.99 (m, 2H), 1.57~1.41 (m, 9H); '*C NMR
(100 MHz, CDCls) d: 153.5, 150.6, 147.3, 130.3, 114.1,
109.2, 108.4, 100.8, 89.8, 81.7, 80.7, 42.2 (42.9), 31.9
(32.5), 28.4; "B NMR (192 MHz, CDCl;) 6: 30.98; IR
(film) vmax: 2978, 1705, 1618, 1438, 1365, 1240, 1159,
1039, 775 cm™'; HRMS (ESI-TOF) calcd for CisHz BNOsg
[M+H]" 334.1457, found 334.1460.

T A% 5 (3a8,6a5)-2-(2- 25 3L )-4H-[1,3,2] — 4 24
WE[4,5-b]ME % -4- SR BB T B (3u): H A, 126 mg,
P 81%. mp. 103~105 C; [a® +169.2 (¢ 1.00,
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CHCl;); '"H NMR (400 MHz, CDCLy) 6: 8.48~8.32 (m,
1H), 7.91~7.81 (m, 4H), 7.55~7.46 (m, 2H), 6.42~6.11
(m, 1H), 5.11 (t, J=5.2 Hz, 1H), 3.82~3.66 (m, 1H),
3.42~3.32 (m, 1H), 2.23~2.05 (m, 2H), 1.59~1.47 (m,
9H); *C NMR (100 MHz, CDCl;) d: 153.5, 136.8 (137.0),
1352, 132.8, 130.4, 128.7, 127.8, 127.2 (127.1), 125.9,
90.0, 81.8, 80.8, 42.3 (42.9), 31.9 (32.6), 28.4; ''B NMR
(192 MHz, CDCly) &: 31.41; IR (film) vaax: 2977, 1706,
1598, 1386, 1316, 1162, 1073, 749 cm !; HRMS (ESI-
TOF) caled for CjoH,3BNO4 [M+H]" 340.1715, found
340.1714.

T S % 3, (3a8,6a5)-2-(9- FE 55 )-4H-[1,3,2] —- S 24
JE[4,5-bIE I -4-FR IR IR (3v): I Al {A, 187 mg, 7=
98%. m.p. 127~129 C; [a]? +155.3 (¢ 1.00, CHCl3);
'H NMR (400 MHz, CDCl;) 6: 8.84~8.75 (m, 1H),
8.73~8.65 (m, 2H), 8.55~8.37 (m, 1H), 7.96~7.90 (m,
1H), 7.73~7.57 (m, 4H), 6.51~6.15 (m, 1H), 5.19 (t, J=
6.0 Hz, 1H), 3.85~3.70 (m, 1H), 3.43 (td, J=11.2 Hz,
6.0, 1H), 2.31~2.09 (m, 2H), 1.62~1.51 (m, 9H); '*C
NMR (100 MHz, CDCly) o: 153.6, 139.1, 134.2, 132.1,
130.9, 130.0, 129.5, 128.9, 128.1, 126.8, 126.6, 126.3,
122.7, 122.5, 89.8, 81.6 (80.8), 42.3 (42.9), 31.9 (32.7),
28.5; "B NMR (192 MHz, CDCls) 6: 31.78; IR (film) Vinax:
2977, 1706, 1448, 1392, 1318, 1265, 1158, 1002, 752
cm !'; HRMS (ESI-TOF) caled for Cy3HysBNOy [M—i—H]+
390.1871, found 390.1875.

T B % 3 (3a8,6a8)-2-(9- 18 3L )-4H-[1,3,2] — %A 24
WE[4,5-b]E I -4- SR TR T BR(3w): FIEEE, 184 mg,
FEE 96%. m.p. 206~208 C; [a +180.7 (¢ 1.00,
CHCl;); '"H NMR (400 MHz, CDCL3) 0: 8.55~8.46 (m,
1H), 8.47~8.30 (m, 2H), 8.06~7.92 (m, 2H), 7.54~7.37
(m, 4H), 6.61~6.32 (m, 1H), 5.40~5.29 (m, 1H), 3.98~
3.81 (m, 1H), 3.66~3.57 (td, J=12.0, 4.0 Hz, 1H), 2.40~
2.16 (m, 2H), 1.57~1.49 (m, 9H); 3C NMR (100 MHz,
CDCls) 6: 153.5, 136.1, 131.2, 130.2, 128.9, 128.4, 126.0,
125.0, 89.9, 81.8, 81.0, 42.5 (43.1), 31.9 (32.7), 28.4; "B
NMR (192 MHz, CDCls) d: 31.07; IR (film) vimax: 2966,
1701, 1397, 1240, 1161, 1109, 993, 737 cm '; HRMS
(ESI-TOF) caled for CxHasBNO, [M+H]" 390.1871,
found 390.1878.

BCPE(5): ATE K, 52 mg, 7% 97%. mp. 69~
71 “C; 'H NMR (400 MHz, CDCly) d: 7.38~7.32 (m,
2H), 7.51~7.39 (m, 4H), 7.65~7.56 (m, 4H).

4 BIi#1 8} (Supporting Information) 1454 3a~3w )
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'H NMR, *C NMR 1 '"B NMR K 24k &4 3a, 3h
() e PR AT 5 S IR B . X ekl mT DA 4 B AR T IR 32
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