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Synthesis of Framework Structure of Guaiane
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Abstract A new method for the synthesis of chiral 5,7-fused oxygen bridged ring based on Prins cyclization is reported. It
provides a new way for the synthesis of the skeleton structure of guaiacane sesquiterpenes. Based on dioxinone, the synthesis
of chiral 5,7-fused oxygen bridged ring is achieved in a two-step combined yield of 72% by using Lewis acid induced intra-

molecular Prins cyclization.

Keywords guaiane; chiral oxygen bridge seven-membered ring; Prins reaction

R A FE (Guaiane) Y 3% 2 1 28 R S8 7= 4 B A gL Y
IS, 71 FE 40 S 2 FE B AR s 1, 72 AR S A 28
SARERHAL. HET, O BFEE TEMEaA
SRR ATt/ I i G

MREEEHEYY Phyllanthus engleri WIFR JZ At iz v
41521 Englerin A (1), &z~ T 98 K1) B e 40 o 410
HITEYERL M Decachaeta scabrella THYIHI T FR 525 1
733 Achalensolide (2)F A7 # A ARG HEGIOKL A 1 55
WS TER). AT BHEY) Pogostemon colelin 1R
far 8 HR 43 B 45 21 [ Pogostol (4), EAA K 4T 1R - $0 61 76
PESL O B A 2 5 S8 R AR = B R B H 9 22 05 T
R E A R R B 2R S5 MBI 5] T AR A L
B B AR [P 58 0% B,

45Nk, BEIF KR T 2RI HT 5,719
IR G5 1) L 0 I B B A I Y A - i S R AR = ) st
Fo. Blan: M) 1,3 MR U R (Scheme 1,
a). FEIEALIY Pauson-Khand = U1, Ik 52 73 fift I BiL8)
% 2 Wi %5 S 1) Michael/coniaene M1, FAMEALIKI[4

+ 3130 RO Smil, 53 R B L I8 S A R S R
PLJ 3T P R B 28 P I B2,

IRKRR[S, TR ) Tk, K2 H R A
FlR & B ML, Blhn: B8BTS SR AL,
TR & BT, FECE B KRB =

2018 4F, A= B R S AR R T — Fl b by
[5, 713 R S5 M) /18 (Scheme 1, b). &7k il 4 5
WriRi%5 5 Chan Mtk SXURIENEYI KA T Aldol
G B Prins MU, SEIL T[S, 7)1 AR I R
=y

BT Chan X WA Z# K 1 AFRE PEAIHKC I
[F)f A7 2 8 T, A CAE & R R 2 3 T ARK PR
il AT BRI E S AS R &b F 5t 4 B AL R, (R
fift ke Chan 3K P4 X B84 A 55 A8 o 1) i A, ARAT 7228
8 T W 7T &K BLK dioxinone (2,2,6-trimethyl-4H-1,3-di-
oxin-4-one) b &N Prins IR L SR, T D22 35 b i ok
Mntey if -
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Figure 1 Representative guaianes-type sesquiterpenoid natural
products

(a) Previous work: 1,3-dipolar cycloaddition

O e —
CO,Et = COAlyl
Rhy(OAc), (cat.)
5 N2 Toluene

Fe

7

(b) Lee's work: Aldol-addition-Prins-cyclization approach
TMSO OTMS

(0]
W MeO
H LeW|s acid
(0]
9

(c) This work: practical construction of 5,7-fused ring

HO o (a)oxidative cleavage of
e the double bonds

- O (b) Lewis acid mediated
N ’\ Prins cyclization

B 1 G 5,7 HARIRRIEG] 7 AAHT T K AR
Scheme 1 Representative examples of synthesizing 5,7-fused
ring and our work
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1 HR5R

%A R AE 2 BT TAE R SRR BT, e L
3 2-AARMR IR IR AR H &, S8R SCHR[15]5]
NIGEFERRMEY) 12, BB LRV AR R 1)
%AFEF, 5 dioxinone KA SERZ N N, L 80% AR
BREMEY 13. Kb &Y 13 LR8N A 5 Wi
T Prins LN G, BRIIHLSEEL T Foo ot LonEME
IR, 153 7154 14 (Scheme 2). b &) 14 £33
B X SRR, UESE T L[S, TR A A S ST AR AL
2R AW A S F RN R L5 B e IR
MR R, oML EER B I A& o<
R, LABESEMERARLAR.

00
%O NNBr KoCO, o Ao
_ ProTemEs _ .
0 Acetone, reflux o BF5-OEt 5, LIHMDS
0 @) THF, -78 °C, N,

100%
/ 1 o J 12

—/ o = .
e % Y-
0 . X O |
.\\OH/ (1) O3, DCM, -78 'C EtO—\‘i o}
O then Et3N, rt. o OH O

13 o

o)
(2) BF3* OEt, jL

—_—
DCM Eto—\\
60% for 2 steps 0 i o

14
dr=3:1
66%, brsm: 87%

B2 HirbEY 14 16 SR LR
Scheme 2  Synthetic route of target compound 14

TEUESE T A H dioxinone b &4 931 W ] Prins
M BRI o - Lon s M E Y, TR T
RO B8 12 T7 R AE T 1) R AN T AR SE M FR A & 1 1 R
FIRCR. Z I8 SCHR (18 R A ity 28 1o 9 28 45 4 s
JE I B EARR BRI A 15 BINIE TN EE, BRI ED16. 1k
E 16 FER 1 HFIKI 2644 T 5 dioxinone AT V5%
W, #ARMBATIAKNEY 17. ST EEIN A, T
L&Y 17 | S AL AR, LA, T2, %
a 16 HEEHEBATH R, 1EY) 16 £E Krapcho fi
FRUVEAT TR BB EA S 18, FEREAL &) 18 1E
BF3+OEt, fll LIHMDS XU %+ T, 5 dioxinone &£
RN AR R EAEY 19. (&Y 19 &1 RA
1SR PA J. BF3*OEt, 153 (173§ M Prins FRAL B, BA
2% SR SE I FAE TeI-Eon E ML &Y 20 K&
%(Scheme 3).
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Table 1 Attempt to synthesize compound 17

0O
o AP
<OEt Cs,CO3, Acetone, 0 °C H\\, '—_\
H

99%

15 16
Entry Condition®* Substrate? Tempreature/C Result
1 LiHMDS, ZnClz, N2 Dioxinone —78 No reaction
2 KHMDS, ZnClz, N2 Dioxinone —78 No reaction
3 NaHMDS, BF3+OEt2, N> Dioxinone —78 No reaction
4 LiHMDS, BF3+OEtz, N2 Dioxinone —78 No reaction
5 KHMDS, BF3*OEt2, N2 Dioxinone —78 No reaction

“@General procedures were followed. 2.0 equiv. of base (LIHMDS, NaHMDS or KHMDS) was used. 2.0 equiv. of Lewis acid (ZnCl, or BF;*OEt,) was used. ¢1.5

equiv. of dioxinone was used.

0
LiCl aH

DMSO, 150 °C A =
\ 85%, dr=10:1 H \\

18

o <o (a) O, DCM, -78 °C

\ then Et3N, r.t.
O (b) BF3-OEt,, DCM

0
0
« % “OEt
H \
16
o><o
Mo

HO,

LIHDMS, BF,OEt,

THF, -78°C - two steps yield:
68%, dr>20:1 \ 72%, dr=10:1
19
20 0 Guaianoid

B3 Hbrfb &) 20 (6 kL
Scheme 3  Synthetic route of target compound 20
WE 20 I E R, KB T FAEooIE-Ens
PRI, IR LA R 5 BRI iR
RIS, TR R AR AL, AT FU 45 SR o AT U 20
Ja BaEAT AU B A5 2 5 2K R AR I A L BE T
BLfi.

2 Zhig

AN BG5S AR W BAT 22 5 T ) A
T PEANEAE IO 25 IO EL, TP 2 M R 5 i i, %
RRAR ) BRI TR SCIE ML, ARG T —
s H BRI & BT e - Bs 8 ik, A
TR T A A8 R 2 IR SR 77 B4 0 J B
T L.
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3 XIEs
3.1 X5

Avance 300. 400M IZHGILHRIC(EL TMS N INFF,
CDCls A7), 1% E Bruker A 7)); AB-QSTAR Jik i 2 i
AL Agilentg6230 KATHF AT G, UV-210A Y {X
MEHEERE; RY-1 BE R CREED IS ). OV
F S FH A FR RN DO SRR I 35 2 20 0 4 A T I S 7%
TS, S P AR P,Os BT, M
R AR 4 A4 R R 7R 2 A Acros . Aldrich
Adamas-beta® 258 1) A 7 W LT #3, FRAE S A i,
IIE 232 A IR A E R
32 ZIWHE
3.2.1 1A 14 896 R

ZIESCER[1S] & R AR &9 12. B &9 12
(348.5 mg, 2.00 mmol)JI A T4 50 mL XV, 7F
R, A AN T8 ¥ VY &K T (THF) (10
mL). 7E—78 CHMT, I M A S 2 I TG K
f) BF3*OEt, (253 pL, 2.00 mmol), #i#E 1 h. 5k [FER,
# dioxinone (369.6 mg, 2.60 mmol) A 3 #h—ASTF-JE )
50 mL M, ERARTR, SA AT
THF (10 mL). fE—78 CZ&KUFT, MR HEH
JI LiHMDS (1.0 mol/L in THF, 2.60 mL, 2.60 mmol).
KRB h G, fE—78 CHMTR, FXCEKE P k53 4
APV e, A, F<2> i RMNES
MBI <1>vh, 4iFFfE—78 CHRLERMN 3 h. FINiAN
FAE(10 mL)A K B, IIAZK(10 mL)F 2R 21620
mL) AT R, AKAHGR S 48 (10 mL X 2)FHY,
G AN, FICKIREREE TR, o8, MR 28 R
ATHA, EREENVCAME) @ MO OHE)=3 !

http://sioc-journal.cn/ 1741



BIKE

1], 75153 148.7 mg 1-J N 5E-2-((2,2-— H E-4- Bl Jik-
4H-1,3- 5 O 55 ) 1 356)-2-F2 B 3R R e H IR 2 T
(13): TLEHCRIEE, R 65%, brsm: 87%, dr=3: 1.
'H NMR (400 MHz, CDCl;) 0: 5.66~5.55 (m, 1H), 5.28
(s, 1H), 5.10~4.93 (m, 2H), 4.20~4.02 (m, 2H), 2.67 (dd,
J=13.7, 7.0 Hz, 1H), 2.56 (s, 1H), 2.41 (d, J=14.1 Hz,
1H), 2.25 (d, J=14.1 Hz, 1H), 2.20 (dd, J=13.6, 7.6 Hz,
1H), 2.14~2.01 (m, 1H), 1.93~1.85 (m, 1H), 1.81~1.67
(m, 4H), 1.64 (s, 3H), 1.64 (s, 3H), 1.22 (t, J=7.1 Hz, 3H);
3C NMR (100 MHz, CDCls) J: 174.84, 168.97, 161.11,
134.29, 118.20, 106.70, 96.23, 82.48, 60.96, 60.79, 41.09,
36.77, 35.54, 30.18, 25.26, 25.04, 18.84, 14.26; HRMS
(ESI-TOF) caled for CisHxNaOs [M+Na]® 361.1622,
found 361.1622.

DAY 13 RJERL, 2% A0t 54 Je il CaoE T
TEUTE Ak &4 14.

2,2- — HI 3 -4-$ 3K 4.5,6,8,9,10- /5 & -5,9a- I 41 B
[5,6-d][1,3]- ~MEHE-6a(7TH)-F IR LR (14): I EE Ak, 7=
# 60%. m.p. 109~111 C; 'H NMR (300 MHz, CDCls)
5: 4.95 (d, J=5.9 Hz, 1H), 4.17~4.01 (m, 2H), 3.07 (d,
J=12.5 Hz, 1H), 2.68 (d, J=18.5 Hz, 1H), 2.38~2.23 (m,
2H), 2.03~1.87 (m, 3H), 1.85~1.66 (m, 3H), 1.63 (s,
3H), 1.62 (s, 3H), 1.22 (t, J=7.1 Hz, 3H); 3C NMR (75
MHz, CDCls) 6: 175.46, 163.53, 159.43, 106.78, 106.67,
94.77, 72.39, 61.80, 61.31, 46.92, 40.69, 37.09, 34.83,
26.15, 24.23, 23.90, 14.16; FTIR (KBr, thin film) v: 3425,
2984, 2949, 1723, 1657, 1441, 1238, 1100, 811, 704, 525
cm '; HRMS (ESI-TOF) caled for C;7H2306 [M+H]"
323.1489, found 323.1489.

322 (5R.6aR,7S,9aR)-2,2,7- = ¥ #.-5,6a,7,8,9,10-5<
£.-5,9a- 3 BB [5,6-d][1,3]- = BB 3% -4(6H)-FR (20) 49 &
AR

2 {8 SCHR[ 1814 i Hh R A4 (15,2)- 1-J5 1 Fik-2- i 35k -
5-3F R B I -1- R 2. B (16), ¥R B (CUMDIR AR, 7R
97%. 'H NMR (400 MHz, CDCl;) d: 5.66~5.53 (m, 1H),
5.12~5.08 (m, 1H), 5.06 (t, J=1.1 Hz, 1H), 4.17 (dq, J=
10.8, 7.1 Hz, 1H), 4.09 (dg, J=10.8, 7.1 Hz, 1H), 2.63
(ddt, J=14.2, 6.3, 1.4 Hz, 1H), 2.57~2.43 (m, 2H), 2.30
(dq, J=12.0, 6.7 Hz, 1H), 2.17~1.98 (m, 2H), 1.86~1.72
(m, 1H), 1.23 (t, J=7.1 Hz, 3H), 1.02 (d, J=6.9 Hz, 3H);
13C NMR (100 MHz, CDCls) &: 216.22, 170.51, 133.33,
119.49, 62.94, 61.09, 39.01, 38.65, 35.70, 28.32, 15.45,
14.32; FTIR (KBr, thin film) v: 2968, 1741, 1454, 1227,
1115, 1019, 924, 860, 762, 587 cm™!; HRMS (ESI-TOF)
caled for C1,H 1903 [M+H]" 211.1329, found 211.1326.
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LAY 16 (1.32 g, 6.26 mmol )& fiF T — F 3 T AK,
(DMSO) (20 mL)H, JIA H,0 (112.7 uL, 6.26 mmol)Fl
LiCl (530.7 mg, 12.52 mmol), FHEZ 160 ‘C < 36 h.
S N EE PR R = RS, TN K (20 mL) AT & H e
(DCM) (15 mL)#HL. KA4kLEH DCM (10 mL X 2)%
W, &ICAENUAH. AU JCKRREE T8, JIE,
JE e 78 RAXGE T, FERAE Z AT [ VA i) - (2R
LIR)=10: 1], /B35 482.8 mg (2R,3S)-2-4 P %-3-
FHEEIA - 1-FR(18): TG uHPIRIE, W 85%, dr=10 :
1. '"H NMR (400 MHz, CDCl3) 6: 5.74 (ddt, J=17.2, 10.0,
7.2 Hz, 1H), 5.10~4.97 (m, 2H), 2.36~2.34 (m, 2H),
2.14~2.01 (m, 2H), 1.96~1.88 (m, 1H), 1.76~1.70 (m,
1H), 1.46~1.35 (m, 1H), 1.14 (d, J=6.5 Hz, 3H), 0.90~
0.88 (m, 1H); C NMR (100 MHz, CDCly) §: 220.25,
135.62, 116.68, 56.12, 38.07, 36.30, 31.99, 29.55, 19.46;
FTIR (KBr, thin film) v: 2960, 1735, 1649, 1451, 1167,
1004, 916 cm™'. HRMS (ESI-TOF) calcd for CoH;sO
[M+H]" 139.1117, found 139.1118.

DML G 18 JEkl, #ZBBAEY 13 AT iES
BT 6-((1R,2R,38)-2-45 TR -1 2 k-3 - BL- 3R R e 5% )
B 3E)-2,2- — W HE-4H-1,3- L4 (19): ¥ (bR
WAk, 772 66%, brsm: 88%, dr>20: 1. 'H NMR (400
MHz, CDCl3) d: 5.85 (ddt, J=17.2, 10.0, 7.2 Hz, 1H),
5.28 (s, 1H), 5.09 (dt, J=17.2, 1.8 Hz, 1H), 5.00 (ddd, J=
10.1, 2.2, 1.1 Hz, 1H), 2.64 (d, J=13.9 Hz, 1H), 2.35~
2.23 (m, 2H), 2.23~2.12 (m, 1H), 1.98~1.78 (m, 4H),
1.68 (s, 6H), 1.66~1.59 (m, 1H), 1.26~1.08 (m, 2H),
0.99 (d, J=6.4 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
169.32, 161.07, 138.44, 116.01, 106.70, 95.84, 82.23,
55.95, 44.86, 38.34, 38.04, 32.87, 30.93, 25.33, 25.27,
20.41; FTIR (KBr, thin film) v: 2953, 2356, 1720, 1628,
1386, 1275, 1009, 906, 815, 641, 564 cm™'; HRMS (ESI-
TOF) caled for CiHysO4 [M+H] " 281.1747, found
281.1751.

BIERAL S 19 (1.0 g, 3.57 mmol)¥Efi# T DCM
(10 mL)H1, fE—78 CE&%M N, MR BARSA, |
B N AR, WA EGN (9925 uL,
7.14 mmol), EZ iR FHHE 12 h. SIIAZK(10 mL)FI
DCM (10 mL)#H. 7KAH4%82H DCM (10 mL X 2)%EHL,
AN, YU A 2K (10 mL)¥Es, Tk
FREET M, 1UE, FHeRe 28 RACZET VAR 4 Pris 21
=B AT DCM (10 mL)H, 0 TR, A
BF3*OEt; (906.8 pL, 7.14 mmol), #Z0Kis, KBRIER
N 4REEHEEE 3 he AT NaHCO; (5 mL)iF K,
BIIAZK(10 mL)AT DCM (10 mL)X£HL. /KAH4% 42 H DCM
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(10 mLX2)ZEHL, &AL, 3 HUH oK BB e T
fe, TR, PR 28 RANZE TG, RERAEE M VA
it) : MR ZT8)=10 : 1], 7535 678.8 mg (5R,
6aR,7S,9aR)-2,2,7- = 1 3£-5,64,7,8,9,10- 7~ A.-5,9a- 3 4,
BA[5,6-d][1,3]- —REF-4(6H)-FH(20) (PP UE 72%). 20:
TETIRIBAR, 775 72%, dr=10: 1. '"H NMR (400
MHz, CDCl;) d: 4.96 (d, J=5.6 Hz, 1H), 2.72 (d, J=
18.0 Hz, 1H), 2.30 (dd, J=11.9, 8.4 Hz, 1H), 2.06 (d,
J=18.0 Hz, 1H), 2.01~1.96 (m, 1H), 1.93~1.87 (m,
1H), 1.87~1.81 (m, 1H), 1.81~1.67 (m, 3H), 1.61 (d,
J=1.7 Hz, 6H), 1.40~1.32 (m, 1H), 0.92 (d, J=6.9
Hz, 3H); “C NMR (100 MHz, CDCL) o: 163.54,
159.51, 107.59, 106.66, 91.40, 73.69, 55.66, 43.41,
41.85, 39.69, 35.26, 33.83, 26.64, 23.60, 20.28; FTIR
(KBr, thin film)v: 3518, 2953, 2868, 1726, 1645, 1420,
1269, 1203, 1035, 898, 702, 584 cm '; HRMS
(ESI-TOF) caled for CisHyOs [M+H]" 265.1435,
found 265.1436.

%8 B #4 Bl (Supporting Information) 1t &%) 14
(CCDC 1895118) ¥ 5. i it L S A 54 13~14. 16+
18~20 1) '"H NMR A1 3C NMR Ei. X gep481m) LA
G B AT WX 3t (http://sioc-journal.cn/) £ T %K.
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