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Rosenberger ¥ A #) 7 k474 & (CHMALE 2 EY 47, 2134 &L T 48
XR(1982)), RAAHLETHANX VUL 5 2-F K1 3-30 X = 8/1-
AT EREI-F, 295 FEEFTHRAFRECHRIAS, 4
At E X IX e, MEBERKERT, #le#-70C, 59 A -5
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BB/ FPARARAAEAABREAH/EHNEL, Wi kbR AES /it
BERGEN., A PR RAFELRFTREAMSY C, - AL N L
o X, X 4440 T A B ARl 7 ik 4 &

1% B Peterson LR B (CHMALF L EY 33, 780 AL TFHER
(1968)), KRG X X RMAFHER S = PR APELE (EH Tk
AL EAALBELERETHE) EXKTREE, MEBEMAK, £34
XY X XLLad. ME, REaEhs, EwfckdmEs b, £
KTEBRHBRET, Pl 0CE 15 CHRELEAR, HEHFX X
eI AT E X 1Tla Rk 5 BER, fAshadfed, Hhdabr
X—->XI FRAAEEN G X AE, HAZE - ALESE XIola 6557
(k) KR, AEHEEHY 62C (WRAHHHEH 66 C).

A LB B PR AR XI A A A B A A e

BASY AR EGX a2k B M Ao = Pk s S B5 09423,
MmAKG, HLFHG BT —fFESHENFR, LELT
—FIRBI, Bl KR T, RA—FIREME B EIR, #4 = 28,
LEAEZALET M, #7464,
AFPRRELA, RRAC AL m&AA I GX Kk
BEBE T VA BT 5] BB ALAR 2 ) &
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L 1 Bl

Padw
L X X ]

> »
L [ 4 L d " ~e
rar ree A& B . 9
L} [ L4 Al

RRLiRAE 2

CH,=CHCOC,H; + (CH,),CHCOOCH, —— ir
OH

L] .«

Xl
R4H, | 2%,
%A
H
H,Si(CH,) o i
® (i) LiICH,Si(CH,),,
. il
R (i) H,0 f
X1V R
\KH,
% ) Xl
™~ H,
,IRA.
’ b

APRRATFERL CAARFTARNX XL R Chneh( 5
AU € bimd 37,1015 A VA FTH A T (1996)# EP 31875 ), 7T ¥l
P& Rosenberger # A# 7 H# T74 & (CHMALF L E)Y 47, 2134
(1982)), BHMAFT Y EA LKA ZH L (8L Robinson RIRR A ),
MG R PR X XU 69 1-B2 AR C-3-8 5 2t 7 44 44 % B5 14 47 B HE AL 64 BR AL
B R, 133 peg X XIDAL64. &6 — A4S B XII>XIT &5,
TR AT FRRBR AL ESMERBALA, KK, #ledik, XF
F BERPE, ARESAMEN, LPROAATRE LEL
AT REUG C - ALK L X XIIT A4 7T LB A8 & 4

14
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WEREAX b AR HFEBOE AR E— IR &S 4
HAT R S R E TR S B XX Foid 2 F B Xiollla T2
ABR GG (32 B8 Peterson WL A B, A MALELE) 33, 780 Bl F 0L
R(1980)). REXAXIVIAHTAELLER 4 BEfuit, Rite.2
WAL, LEASLIAHX, ETA T HTFEHAX XV ILdH

HSI(CHJ) 5
‘ XV,

o)

B, X XIVREMELRFETEHZATTHAUEA, it dk
WFTRE, LMATHRBEWALET A (RBE—A) iy U,
RE—AEBRFBREESANFRGAET, AwfokubEm i Pitir, A
BEELEHOCEISTHILEA,

MAKE, BRFHG_HERTA -HESHENER, LEZ
—HIRAIE, Hloe RIER TR, R —FP IR b 8 B, )4 = B,
REEHELTT RS, #ATHAL,

AR ATX NIb Bk MM &5 kR, £ 0CZE-10 CHB
ETF, X XN 5 = FREAFAEASKTALE, £ERAWE
KAEMARE RS, EEAH v S kb g BRI —#— 85 K (one-
potreaction). Edw B X Illa RGBS 694 &5 %, X XIV F 1)
HRELGTBAMEAX b RAHBa A = PB4, Rt Y
BRAEEK G TGRSk, BALLIEAMBGEST, g
RGBSR F ML A B X XVI T

CH

3

XVI
R-i
B, Fd RE R EARA—ATHREIK LT ZHA-O
C(RPNR®)-0-4 X, 111 21K = 4 BE8E 7T o045 B F 5 B A2 3 47 D) &,
BAGRA I8 1,5- K24 4-ZFRILK-1-H-3-FAK 1,6- =724
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2,4,4-= P K I &, -1-H6-3-BR:
B A2 3

( 0 o
+  RSCORE —> (
HO or o
OH RSRSC(OCH,) s \—0 XVl
3)2 R)\Eﬁ
Xvil ()  LICH,SI(CH,),
. A
(i) HO0
OH
H
( C 2 : KH, ( .
- CH,SI(CH,),
o B 0
0
s 3 -0 e RS)T
g);;s o XIX

A—FfAF bk, BX XVIIiLedhs —#8 RPCOR £ =
WEHERS TR A, FHNRGX XVI o4 (L (2
FIY 64,2436 R L FARE A (1981)% EP 0085158 A2 ), 4= Ff /A &) B
R -—PEERLIARXE —FASE, ARELT, dFa e X XVII
et ey, AFPREROHERATE, mREOXI. Fif, £
Ak F VRS Tak— T A %A A W BLR AN, I K245 R’ 5 ROHAL
A A8 XVILLad, TaREALTEY B XVII->XIX Fo XIX— Ilc 7T ¥
SAEBEBMTEAALAE 1 X2 4EIBTER XoXI 5 Xi->lla & XIII
>XIV 5 XIVoIlb & % sk 47. it B iked Z4h 2 4,6,6-=F &k
5,6,7,7a-v9 £.-5- K FH-1,3-F5F ZFORIR, L E R L5 R FARAZLL m
RE 18X cibb,

FALK I B3Rk M Bedk, M B X IV, V Fo VI &) b {4482 375
8, FAIHRATALAGE—FFaAzE.

MBAZAT HOETY. AR, K8 RBRAGBEX] EHAR
ABRELETEAT M /MR, TARAMENFT EMmAA R, 4otk H
FomA et AThe. Bh. A (LALER. BRAE) F/EE
BHE TR, 8Pt HEaNf/RRE (REREK. %

16
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NE) #ldn, FHERERATHEEFENIEZEE, TURBAS UK
& 7k S % B ik, F-erhi A ¥ 5 No. 630578 Brik.

Fe it T 7 5% 3645 2t AR BA BE AT A BL R
A - EH(0,0-= Ak mas) (X I1Ld4h) a4 %
5364 1

88 - FAMAY M EB - TASR (St —H - FTAER)

ETHEREFEAPALILKEELS 500ml B AEMKY, K 15g
(50.1mmol)& 4 it 8% —BE( 48 38 HPLC £ X, 4 £ >99% )# 30g (141mmol)
EREARTEEEFAE SOml — K TP 40ml FEF., £ERT, —12
WA —ZGHA PN 60mg st FEBB—REMH. HALEGHKRESY 2
-39 NER, ALSOHEAREREER. LI585, &
A 250ml VAR, G2 0.3ml = LMK, MG /A(BS50 - 400mbar/ 35 -
40kPa). 30 CTF, &30 44 R AWMLY Soml &R, F_RFK. X
EHEARMBAKEAHEOC, B, A-10CFHIE EAHAT. %
BT TR F2 178g S B TR, AEFE LK. A 50ml
AR TR T ELS, —SHBF—2qH PiEm 2600ml FE, REE
EO0C, it RI0OCT®MkAE AFE HATTTERG, 5 17.02¢
(4 87%) St — VAR, HBREFERK B.E 138 C,
3 HPLC £ %, 4 %>99%; UV (SRN%HKFHK) : 456nm
(logE=4.63), 423nm (logE=5.02), 398nm (logE=4.90), 378nm (logE=4.63);
'H-NMR (C¢Ds, 400MHz): 1.83 (s, 6H), 1.87 (s, 6H), 3.18 (s, 12H), 4.59 (s,
2H), 6.25-6.7 (m, 10H, # H);

W5
HHEAE: C74.19% H 9.34%
LA C 74.1% H 9.32%

I 345 2
88 -—MAMF P FBM AR (Hujis — %)
KEERT, ETHHEBEESFEAAKEY 250ml BARRR T, #
10.0g & 40758 =8 (AR4E HPLC £ £, 4 /E>99%) &% 4 30ml =& 7
A= T0ml TP, E£ERT, —2HHF—AHHL P A 22g (140mmol)

17
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ZLERVEEEA SOmg 5T P RSB —REHW., MALEGRIKES 10 -
IS 54 MEm, BAREZEER EEERTHREH 15545, REHA
0.5ml Z M PFor, MG AMAER00 - 120mbar/20 - 12kPa)F Fe % = &
Wit, Aty BaHELA, ToEMA IO L8, RohA4£E0T,
Bk, M-10 CLBkA, AHAE. 2R TTRE, A2 11.23g
FUo B U AHE, ARMOBEENR, 5128 - 129T, R0
CHRPIR/CEYELET, 55 104g ( F & 68%) HFLrfthh — i
LAEE, A maEdEe Rk, %% 130 - 130.5 C, #&3 HPLC 4 %,
AHFH 97.5%; UV (FLK/AB% =R FIHK) : 462nm (logE=5.11), 434nm
(logE=5.10), 411nm (logE=4.88); /& : 444 (M", 80); 'H-NMR (C¢Dy,
400MHz): 1.26 (t, J=7Hz, 6H), 1.94 $= 2.04 (2s, #4 3H), 3.50 #= 3.70 (2m,
4 %4 2H), 4.90 (s, 1H), 6.4-6.8 (5 % H);

WE 2

it HAE: C 75.63% H 9.97%
EMAE: C 75.44% H 9.86%

B - R HEEE (X IIed) i

E A 3

-FTEA244-ZF R3S FERAMB X P RRAA R
REFRTEL, mAL0)

() 1-FTHRE-2,44- = FHIRRAE-3-Feh 4 &

ATHE_FREAEKRYEEXwmEL (“LDAERRE”), ERAT,
% 470ml (750mmol) T &£ 4245 1.6M T E &S 390ml W & okwm 6 RS
% A 117ml (830mmol)=F # ik, Fimi 30 4R TR, HEBAL
BH%ZE-15C.

¥ 430ml (% 330mmol) L& LDA E %R E THAIMBAS. BET
500ml FRFE-FARAIMEESG 1.5 AR T, AL PiEs 55
(327mmol) 1-F T &K -2-F LK N H-3-80. LR RSP RBEL-T0CTHR
# 20 4-4F, KB A 20.3ml (46.3g, 326mmol) W A sk R 452, 185 EA
EFER ATRTHRE 15995, AERESHAH E-70 C, HiF H 300ml
(230mmol) L i& LDA ix#&, RE 2 14.1ml (32.1g, 226mmol)‘¥7£§5¥*§? A% 3t
LHBREBENHETR, ZRAFATHANXRMNEL =K 128ml (98mmol)

18
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LDA &% #» 6.1lml (14g, 100mmol) ¥ 2 3. 86ml (66mmol) LDA /& % #=
4.0ml (9g, 65mmol) ¥ & &1L & 42ml (32mmol) LDA &% # 2.0ml (4.5g,
32mmol) PRz, LERRERSMHAETRTHE— B

ATHARTEE, LAEPEZHE M 100ml K, KEA 500ml =
LEE, 5 BA KM, HHARAY 500ml sk BALREREER. B AN
MR AKRBA TR, £35C. RAETRSE. 45 65ge) -7 TAKE
-2,4,4-Z W RN H-3-8, AREMH,

M 49g (291mmol) 1-5 T B A -2-F R IR AW -3-FAF 45, A T4
MFEERETRRS., AXFFF kit —F 52 49g #e§ 1-F TR
-2,4,4- = 9 B30 R K -3-8R,

@it e 42 Vigreux A L&A, stk dabdn Fa (3% 114g ) #4744k
(¥ 6.#5 83 C/0.4mbar (40MPa)). 32| 85g 4, 34 B LA 3 K.
¥ EHET S00ml KAk, £kHE (25C) FAREZERPER. SRS,
MARETIRE., AFT(14mmHg) T FiE. 5% 79.6g ( F £ 66%) 1-FTH
K-244-ZFRILAEH-3-B, AFGEd kK, B5.563C. RIFEAIE#E
(GOVER, FTEFhiha £ 4 100%.

(i) 1-F T & 4-2,4,4- = F K -3-40 T F K350 5 09 41 &

¥ 170ml = Faki A P 4 4229 140mmol)4) £ 0.8M A BiE#R (4 &
F k%, ¥ 3.3g(0.48mol)4E 4 49 140ml K IE % L 24.7g (0.2mol) & ¥ &
ZWEKEE 40 C (ERBRE) Th# 16 8, ERATHEARE
BTk, B 20ml K FE%; HRBETER, HEFRHEALGFEHA 0 -
85%: W AAMABLFEREY 9,165-168 (1967)) £ FH A It 2.
B, BBt R R ANE B 500ml wWHALBEEP. £20CTF,
& E P # A 23g (112mol) 1-57 T 8.4 -2,4,4- = ¥ A 30 X HH-3-80 (4R GC
%R, EA %) ¥ 50ml W ELhER. RE, BRASHEEALE
B, HE Vigreux B, AMHEEN (i), E4mAwia ki (g
£ 300mol ), AERLBAEXR62C, Kz, BWRAEMAFEOC,
Amo150ml K, B AR ER, AR EFRBAEER R RALRIER LS
B, BRAKHRBHTHR, S, £ 35C. mETHRMA. @id4E Vigreux
A 4B AR B 49 - 55 C/0.40 - 0.45mbar (40 - 45Pa)), #£%| 17.2?1g( 7
£ 78%) 1-FTRE244-ZFRI3SEFELEE, ALEH, 7
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¥ GC 4%, 4 %4 99.4%. 'H-NMR (250MHz, d-DMSO): 4% %1% 4.37
(d, J~3Hz, 2H, ¥ H), 3.65 (d, J~7Hz, 2H, -O-CH,-CH); IR (f): 1659,
1619cm™; Jii%: 194 (M7, 65%).

.
L Y )

RF 5
i H A C 80.35% H11.41%
M {E:  C 80.47% H11.32%

3B 4

-FTREE244-ZFE 3B FEROH X T FRKLE, R
REFTEE mRE1; &FE)

D 1-FTEL244-=FAI-BEI-ZFRREEAF LR TIN5 &

¥ 450ml = Fabtp A P R4 (4 360mmol/1.3 % ¥ ) &) 0.8M RIE
& (M 7.1g (Imol)4E#r. Slg (0.41mol) . F A& = ¥ &)X A» 350ml K Ie 4k
BB R T LS 3 Gi)Y KANEBALFERED) 9, 165-168 (1967)Frik a4 5
FHE) BT H AR, BET. BAaRRtIAAANERN 750ml
WHAREI T, £4-20 CTF, EY—DHA, @RERTHM 60g
(0.278mol) 1-F TR E-2,44-Z FHA L TH-3-80 (AR GCHR, #EH
9.75%), 3| K BMHARE L. MATERE, RAHE 0 CRiBPHIE
— B, AEHREGCER, ZRUIRBRAL.

T, #@id@EBFEENA 100ml K. £E, B4 KME, AL
#£4 100ml 69 SR BB A, 4K S0ml. 43 THAEMNAA 100m] 485
Rk, AAKESS TR, ARETHRSE. —2A£50CTH
Foh— e, —@A 125ml KP4, RiE EHAE. ZRET TR
2 18 BTG, 123 75g (F & 90%) 1-FTAA-244-ZFE3-2L-
JZVRKATEAROEK, A &R K54 50C; 'H-NMR (250MHz,
CDCly): % %)2 0.12 (s, 9H, Si(CH;)3), 1.80 (t, J=7Hz, 2-CH,), 1.86 (s, 2H,
-CH,-Si), 2.47 (t, J=7THz, 3-CH,).

ML RIFRAET b, RACAEFTRELH, HTEH
AR X XViLsd ( R—Ar3ieg & o) 48 m i ).

() 1-FTAERK-244-Z PR3 EFRFIHEGH & _

H 60ml FAL4TF 69 b B & (%9 20%wt/vol., & 24 12g/0.3mol K}\{)ﬁ;f'
WAMMAE R, BA. HRBTA R RE T 750ml wH AR
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b, AA47IR E R TSml &Y N HC «5’6& o‘c, £k 25ml, HORESR G M
YA, G e 200ml v Ak, AR KGR REMEFHEST,

ERAiT 10 CHRAT, 2 1 B A #Am Lk 75g (0.25mol) 1-7F T A
£ 244-ZFR3-2R3-= EP;;: ﬁuf';kse;r akmé’J 50ml wavkwiu&

( GC 4 #96% =%, FRARAZEN).

ATHRFEREE, ¥ReSHAHEO0T, JN e Mo i A 200ml K,
5Bk HAEE, KA LR 300ml @ SIKERZ K, FKX 100ml. &
T e AR 100ml i FALBE R &, AL KHME TR, K.
Bk THRAMBAET 250ml AR, BRALAKRBRA TR LK
MR T RS, 135 58g 4y 1-F T RA-2,44-2F L3502 F K
T, A& &k, 89 10cm Vigreux 42 L vA 0.1mbar (10Pa) & 48,
B WS H 55 - 60°CeS1.2g ( FHE93%) 1-FTRE-2,44- X
3B EAIROHE, AL, B GCER, MEFHEETH I5%.
'H-NMR (C¢Ds, 250MHz): 0.89 (d, J=7THz, 2xCH), 1.12 (s, 2xCH3), 1.42 (t,
J=THz, 2-CH,), 1.80 (L &4, I=7Hz, -CH-(CHs),), 2.03 (t, J~2Hz, 5-CHs),
2.08 (bt, J~7Hz, 3-CH,), 3.28 (d, J=7Hz, O-CH,), 4.97 (d, J=10Hz, =CH,);
IR (F£): 1643, 1118cm’';

WEF 5
Wt HAE: C 80.71% H11.61%
kM AE:  C 80.64% H 12.01%

F A 5

- TARA244-ZFEISEFELTHEH (—F &)

35 400m] = P A A TELE (£ 03mol/1.2 %F) # 0.76M R5LF
i (A 8.5g (1.2mol)42#r. 50g (0.4mol) & F & = F st 4t A= 300ml % I3
B8 A4 F Rkl 3 (i)Y CAMEBALFLEY 9,165-168 (1967)ATE &7
FE &) B TS AR, BA. ARk 20cm Vigreux i
A EALE B eh 750ml v H AR Y. £H-20CT, £330 54K, @
-;f.oa.,mv«mu 53¢ (0.25mol) 1-5% T @A -2,4,4-= F 2L LH-3-8 (#E’u}%

s R, BN 97.5%) & lOOml‘Bi&."k"ﬁJpe-&, %lﬁ’i#’“{”ié’]ziﬁ)xf
%«tné\%/ﬁ-() CF 43 1o, MG i it Vigreux A2 A48 4 X %9 300ml
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B, A 200ml w9 £k wh G, A4 EAR, ﬁizﬁw é']"’J 60 T ( GC
WH: B 90%E i, R PARRTRERLE),

KG, WRAMA I E45C, DU HE A 200ml K, ke wl & 69X
( SAH] 4 (ii)) *R A4 AT F 484F. 138 S5g 4y 1-F T A k-2,4,4-
ZWA ST FRIROH, HiEMmE ek, £ 0.15mbar (15Pa)# FH AT
FiBit 10cm Vigreux it 77 &8, /£ 58 - 60 C#yih &, 1F5] 39g ( I
£ 71%) 1-FTARE244-ZFAISEFEARTIHE, AHRFERIK
I GCEE, 454 94%; KiEHIE 4 L34 4 ().

5% #.45] 6

2.2.4.66-5F%-56,77Ta-8E-5-KFE-1,3-KHBRK(X 1 P
RERERARAEFAH AKX, mAE1)

() 2,2,4,6,6- B9 2-5.6,7,7a-v9 £.-5- = ¥ AR A W K-1,3- K 5 — A%
IR-S-By 6 H) &

¥ty 500ml = WAk A A4 (4 0.4mol/2.0 L F) 6545 0.8M K%
%k (M 5.2g (0.75mol)4EHr. 62.5g (0.51mol) R F A& = F a4t Fr 250ml
Bl B EM T 446 3 Q)Y CAMNEBILFEE) 9,165-168 (1967)77
Ry ikH &) ETHANMEFE, RAT. & Rt AR AL E
0 1.5 Freg AR Y., E#-20CTF, £30 454 A, QRERFEW
42.0g (0.2mol)#y 2,2,4,6,6- £ F %-5,6,7,7a-v9 £.-1,3-F 5 = FRIR-5-8 89
140ml W& kvhisd. R 5, EAAROHBELZBRAZEIOC, KEHE
B, ETSTHBE I M. AEELE, BREMFEREHEOT,
%1 m 200ml K, S ESKAE REX 200ml HEFRHBKR, FX
100ml . AALAEAFF, JA 100ml 18 Fe sk B B4R A= 100ml 487 A AL
ik vk, 8RB TR, f& 40 'C/30mbar (3kPa) T R 4. #F 2] 59.6¢
HE 2,2.4,6,6-1F %-56,7,7a-19 £,-5-= Fab s B 7 -1,3- K5 = BRI
5By, ARGHEBALA. A 250ml BETFELH (ERREMR. A
EFH20CE), 23 493g 45, AaE Kk, BEIST. RERF
Tik— 4B 3.7g ik, B 95C, HAH, REHFF 53.0g (FE
89%) 2.2,4,6,6-5 % -5,6,7,7a-19 £.-5- = F el A F5-1,3- ;;.?r 1,
#-5-Br. 'H-NMR (250MHz, CDCL): 4% 51 £ 0.06 (s, 9H, SI(CH3)3) 0.98
(s, 6H, C(6)-(CHs),), 1.40 #= 1.42 (25, 6H, C(2)-(CHs),), 4.43 (£ = £,
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J~8Hz, CH-0); fii#: 281 (M-OH, 5%), 242 (M'-5 T %, 100%);

RE 5

it HE: C64.38% H 10.13%

LMAE: C64.10% H 9.95% |

(i) 2,2,4,6,6- A F #-5,6,7,7a-v9 5,-5- K F XK -1,3- X 3 — f 8369 )
%

 23ml 2404789 20%h &k (A H % 3.7¢/92mmol KH ) A& %
BANTRABBEFEALAE L ST HENH BT S00ml B &
RHLF, ROtk =k, Ak 10ml. KE, AL FmA 120ml w5 %
W, EERTEXLPHEm250g (83mmol) 2,2,4,6,6- & F 24-5,6,7,7a-v9 &.-
5-Z WA AW A-1,3- K Z RO ER-5-8r 49 220ml w Sokvhisik, %A
METBTHHFI0 24 ( GCEH: BRWRERLE). K5, FRbsb
HAE0C, BB Soml K, A7 EMTO)F &S B, 135 29.7g
#LHG 2,2,4,6,6- 5 F 1-5,6,7,7a-19 R-5- K FRE-13-EHFKIR, A&
& 670, fE3EF £0 Vigreux 2 L&MW, 3% 5% 50 C/0.02mbar (2Pa)
4 15.6g ( FH90%) 4 >4, HA &, 'H-NMR (250MHz, CDCly):
4§72 1.12 = 1.23 (25, ¥ # 3H, C(6)-(CH;),), 1.50 #= 1.53 (2s, ¥4 3H,
C(2)(CHs),), 1.73 (s, 3H, C(4)-CH3), 4.55 (m, 1H, CH-0), 4.79 (d, J=6Hz,
=CHy); IR (B#): 1693, 1112cm’"; Jf3&: 208 (M*, 40), 107 (100);

W 5

HHEAE: C74.96% H 9.68%
A C 74.70% H 9.42%
5k #1457

4,6,6-=F K-56,7,7a-9 F-5-KFA-13-E£H X% (X 11T # R
HRILARAETEL, mAE1)

(i,a) 4,6,6- = ¥ }£-5,6,7,7a-v9 £.-1,3- % # — & X 3R-5-BA 65 4] & (£ A
FEt— W)

# 852 (0.5mol)2,2,6- = F £ 45 — A K T-5-H-1-804) 700ml Z &
LES B A 210ml 2. 4mol) Fer —FABRE T 2 B RIRAM T, JmA Sg
Amberlyst®15 (H'#). %5, WHHARBHEIARRE ( 500m\1, ;-4
A3AGTFH) SEAERARMKE. BXDRE 10085, MR &L
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s, £ 35 C/62mbar (6. 2kPa)Tﬂ£’c"'f§ :EL 1051.11 MAMEME, 1%
F|kE A 78 - 84 C/0.3 - 0.15mbar (30 - 15Pa)é# 77.5g ( % 85%)
i, A B, HF SgiE AR 20ml RARIE-20 C oA P E L.
EAESALT. £RTFRE, 145 4.50g4,6,6-= F %-5,6,7,7a-19 £.-1,3-
FH AR ER-5-BR, ek, B8 555 - 57°C, IR (cm’): 1690,
1639; Jiik: 182 (M, 30), 126 (100); '"H-NMR (400MHz, CDCl3): 1.16,
1.21 (2s, ¥4 3H), 1.73 (s, 3H), 1.91 (t, J=19Hz, 1H), 2.27 (q, §;=19Hz,
J;=9Hz, 1H), 4.6 (m, 1H), 5.32 (s, 1H), 5.61 (s, 1H);

3 44
A C65.92% H 7.74%
FA4E:  C 65.83% H 7.79%

(i,b) 4,6,6- = F %.-5.6,7,7a-9 £-1,3- K HF — B X IR-5- 698 & () A
¥ P &)

# 10.0g (58mmol) 2,2,6- = F %-4,5- —# A 3L &-5-H-1-8A 45 100ml
LB LB EEA 3.5g (116mmo)fAR FBE T 250ml B A RAF, ImA
500mg Amberlyst®15 (H'&). AR KLE A LB T E @ 30cm

- Vigreux A 43 296 A48 (A0t 10:1 ), 2.5 B, @A TP ImA

50ml LB A, Fd—n, RFEEEEERLER, AR, ATH
AT T R4, BREERTE, ABRETHRS. £ 03mbar (30Pa)df 100
'C iR F 8t 4742 %% /2 (short path)&M, 5% 9.8g ( =& 93%) wH &AM
B, HIEEK. FHERG)FiEe FHAAE.

(ii) 4,6,6-=F %-5,6,7,7a- 9 £-5- = Fam A FA-13- K} 8 X%
-5-Br G 4] &

1# 24.7ml (20.6g, 0.17mol) R ¥ & = F st bt 55 2.92g (0.42mol)42#r /£
150ml I B (M BB #4463 PAIAGFTE). SR ZFRIRAT
ARAL(4 0.14mo)W KA R AR AAEATE T 500ml BEHF. £-20
CTF, £42044H, GELFmA 20g (0.11mol) 4,6,6- = F %-5,6,7,7a-
v R-1,3- K F R ORER-5-BR e 25ml w Sokvhia k. Bid 20 o E G, 1R
RoWBREZRSELR, REAHFE0C, L5, AR Filiim90ml A,
MG, ERASBETHSER AARERHBA HA 100ml . K%
SRR BT R RAERELE, ZELKERA TR, KE. BF

24
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$1(31.9¢)4 60ml SAE T 48, A E-25 <. ﬁ:l:ﬁfr «‘%—é: &Mk, A
F-20 CHRBE LR, AHAET. ERT TR 435 305z (FE)ULE+H
100%) 4,6,6-=F 1-56,7,7a-v9 £,-5- = F el E P I-1,3- £ 8RR
S5-BY, A AE &K, 5.5 63-64.5C. IR(Nujol,em™):3510(0H); fii:
253(M*-OH,5), 214(M-C4Hy); 'H-NMR(C4Dj,400MHz); 4 %) 2 0.27(s,9H),
4.9(s,1H), 5.19(s, 1 H).

WE 5

i HAE: C62.18% H9.16%

Smi{a: C62.07% H9.51%

(iii) 4,6,6- = F %.-5,6,7,7a-v9 £.-5- K T 3-1,3- K F ~ B RFR 4 &

B 23ml (#41 3 F)EAA4AFCh T 200)E THAERKHES. @kkB-t
B ALK E 750ml v H AR, AEERZK, A 120m]
wWEa%H., £0CT, @KL +Fidim304g(0.11mol)4,6,6-=F #%-5,6,7,7a-
w9 £-5- = F ALK T AE-1,3- 05 Z BN IR-5-Br ey 200ml w9 SRR A
M5, HRERAE2 - 30 CTHHE2 I, BRRAEHEOT, Uk
EAe 200ml K, MG, AORERIK, &K 100ml, AL iLbiE
Rk, BEKABA TR, AAETREENE, 1§35 18.7g R & 64,
fBET#ATE2EM. £ 77 - 85 °C/0.75mbar (7.5kPa) F iF %] 15.6g
( & T74%) 4,6,6-=F#-56,7,7a-v9 £,-5- K P E-1,3-FHF 8 RHF, A
Lewgh., B GC &R, MEFHOGESETA 96% ( HHRN%).
IR(AZ ,cm™):1697,1600; Fri&: 180(M",50), 107(100); IH-NMR(C4Ds,
400MHz); 4452 0.83 #= 0.95(2s, 3% 3H), 1.78(bs, 3H), 3.9(m, 1H),
4.59(s, 1H), 4.70(s, 1H),4.75(s, 1H),4.91(Ss,1H).

& B

i+ HAE: C73.30% H8.95%

Lm{E: C73.08% H9.21%

£ .45 8

4,6,6-=F #£.56,7Ta-v3 H-5- K FE-1,3-FKHF R RHK (“Hid k")

A 8.7g (1.25mol)42#y = 74ml (61.6g, 0.5mol) R F A= F At f
450ml X P H B0 = Farln ki 7424 0.43mol)iE R E T R
R, FHERF. ARBPRAAEELY 750ml wHHLEMF. £-20C

25
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T30 54 A, @1 PH M 60.0g (033mol) 4.6.6-Z T £-56,7 Tam
£-13-F 4 AN IR-5-8A6 75ml W A vdhiE k. R, RS MIBELE
BHEER, ME#EIT Vigreux £ 62 Ci#p AT RABRE . RiB
M8 RIE R S00ml WA kAR, RE, REMAE GC BHT e
HEAR 128, BB, AFHE0C, #FHm200ml K, LAEHMHE, AKX
AR ERZ R, AKX 100ml . 23FAHAA 150ml 4ef 8 8 R ANE
A BACHE R bk, BAKARBATIE, SEFKRE. 72 675K E
¢, @il 10cm H A A EAB, A6 A4 38 C/0.04mbar (4Pa) T, 5%
49.0g ( * & 82%) 4,6,6-= % %-5,6,7,7a-v9 £.-5- K ¥ K-1,3-% 3 AKX
I, AREMH. FHAOSHEEE Lk T 6 FHAER.

C - stARe. KRR S (X 14ddh) 6944

% 34 9

22- kP HEER (KNI PR ARAR m&AAO0, nfKEl;
“Hidk” [+II-[IV]-1 )

¥ 3.4g (8.6mmol)H 4 it dy — 8 — F R & 5.1g (25mmol) 1-5+ T
FRE244ZFRI ST FRILRSE (RE GC &R, AN 98%) &
60ml ZHERE THAAEBNHEES 100ml FHERBEMF, mA 400mg
(1.8mmol, 20mol%) % K 4, R ARASMAE SO C T HHE 16 8. &
BB R BGE, RAITHEEGCES, AT EL TR TE 91 RbW
A bk, SREFANEASLER B _FEAERALRSY
0.6), v BALA X IV R E = HHERSH 0.3).

K, BIFBWEERTMAIOM ZRLE, RERSGHAINEO
C, B 5ml LEEEAKE 9:1 ReHAE, HITREHKRE. REKREYD
BAEIZBET 4 — o,

AT BREF, RSB 300ml TEEHE, LFREL K.
1o, o B B SRR R Fobh o RALARIE M, A 100ml . A HLARR LK
BB TR, £ 35 CLB AT k4. 35 6.8g 414 8,8-—F #.4&-7,8,7.8-
WH-22-ZEFREEEK (X IV GRS H P, R ALKAT
A, AfM. wEeh, ‘

B T S0ml LB, BE R 5.7ml L8RS 1.6 B R LELER( 4
# 9mmol NaOC,Hs ) 4. R ERA4MAE 80 CTHHF 2 I8, RER

26
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#E0C., AREFRELES %fl’] @aﬂﬁi /ﬁ—r‘lﬁ-_r. iR T T8, 4
B 3.7 469 2,2°- K FAMEHRA, AHEERK HAHEET 75m
FEE, RAMEGARET K 16 D, BUGM R T h/F R E(1:])
PEgR, ERETHREXIES AW, kA, EEFLER. &
Az TFTFH, 35 2.5 (Fgé 54%, vAX I # = EEit) 2,2°-2 % 718
WMEER, AWEERK, BE 223 - 224 T; UV GRUKL2% AT
e ).527nm(10gE—5.02), 494nm(logE=5.13), 468nm(logE=5.02),
319nm(logE=4.45); 1H-NMR(400MHz, CDCl,);4F #1 & 1.33(s, 2x CHy),
1.90, 2.00, 2.03(3s, 3x CHj), 2.35(s, 3-CH,); IR(KBr):1685cm’™".

i 536(M",100%).

LA 10

8 8- FAL-78,7,8-WH-22-Z AT mEFRATEAK (X IV
PR AEELE RAAFTE mRE0, nRE1) BHERFTH

¥ 1.18¢ Gmmol)F4cfbig —am —FA%HE. 1.76g (9mmol) 1-5¥7T
f.4-2,4,4-2F % 3-5 B T A K S A 135mg (0.6mmol, 20mol%) £ AR i
WA 25ml LA PR RS E T A BBH 8¢9 S0ml B R T, £
40 CF #3318 B, B 50 C THH 6 ) 8, Al 4o ket 9
Frik ARG R EE#EES. ARG, BRSHAHE 0T, A 2ml
LB AKE 9:1 A, KREMA 10ml ZEETE. RAHEO0TCT RN

B G, AT E R T B e B O FTIE ), KRG A 150g #EAK(0.04

- 0.063mm) Lt AT A GRS, A 9l TR/LHRLEENRMR, &
A 50 CE#ATHAER. 55 230mg ( %4 13%) 8 - WEHRL
78,78 -9 E-2,2- B ER, A& LA B R 163 - 164 C,
'H-NMR(CDCl;,400MHz): 4 #] £ 1.18,1.21(2s,12H,C(1)-(CH;),,C(17)-
(CHs),),2.29(s,4H,C(3)H,,C(3")H,),2.45(dxd,],=14Hz,J,=5Hz,2H,C(7)H,C(7
"YH),2.69(dxd,J ,=14Hz,J,=7Hz,2H,C(7)H,C(7°)H),3.13(s,6H,2xOCH3),3.75(
dxd,J,=7Hz,J,=5Hz,C(8)H,C(8°)H),6.05-6.7(m # 10H,5 %2 &) H).

Ji#:600.5(M",25%).

AP 11
M ER (XTI PRRAK mAnfREl)
(i) 3,4,3° 4~ L 5.-7,8,7,8° -0 £-4,4-—F T R %-8,8-= 7 A &-

27
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BR-HY FE (X VPR ﬂfa‘?% R 5&:&%1‘%‘« m F= n #AR K
1) &

BRI 8. R Ao ALA5 K F 09 50ml A BEA T, 1.7
(43mmo)& L ftm —m — P S EFE 20ml T Sml L8 L&
. E0-SCTTF, A 2.7g(12.3mmol) 1-F T & H&-2,4,4"-=F K-3-5}
9L RO A 120mg (20mol%) B K AL, £ G, BEKE, H
BEeERERATRTRIEL 200 . O FLHEEERERT A 0.5m]
=, BERAmAHE0C, —IHERAREEITE AEER. HA
iTﬁs@}i%ﬁéé, 188) 2.6g ( FHEL 82%) AL MeGLsH, HKE
EHr K, HE 155 - 156 C,

HTHEEOFEE, BiEAHRATER, BAME 25m] AR TR
30 04F, REAFHE-10C, AREELR. EE2R. HAZTTERS
123 1.4g 3,4,3°,4°- W )L £.-7,8,7,8 -9 £-4,4-=F T HHK-8,8-= F 44
BR-AE &, AR FEHA EEL66 - 173C. UV GRLI2% A ):
430nm(logE=5.16),404nm(logE=5.15),383nm(logE=4.93),365nm(logE=4.6
0;'H-NMR(C¢D¢,400MHz): 45 #) & 0.89(d, J=7Hz, 12H, 2xCH(CH;),),
1.20(s, 6H, C(1)-CH;,C(1°)-CH3), 1.23(s, 6H, C(1°)-CHs, C(1°)-CHj), 3.09(s,
6H, 2xOCH;), 3.33(d, J=7Hz, 4H, 2xO-CH,-), 4.59(t, J-5Hz,2H,2xC(3)H);
IR(KBr):no C=0, 1650, 1089cm™'(C-0-C);

Ji 1 740(M",£1%),533.4(15%),326.1(100%).

(i1) 7,8,7",8° -9 £.-8.8’-— M EA MM B # A X IV R REAK, R
REFER, mPonHikl) 4 &

AR HEREER. RET A AANE TN 50ml WF AT, FF 1.00g
(1.35mmol) 3,4,3°,4’-v9 Bt £,-7,8,7°,8°- w9 £.-4,4- = F T A A-8,8- = F A
ABP-#HF £ (5166 - 173 C) &%/ 10ml FEF, A lml 4
50%4 K LaR AR, KGR 30mg XV EBBK—KESH. HREMHE 35
- 40 CTF I I, T, GLPRA2m K, FREMHAHZ0OT

it ik, ﬁ;)éi}};'l‘{-ﬁa){s 23] 800mg ( & % 94%) AL ARG &
% AEHEEH LR, BE 183 - 189 TC,

AT KAV HIE,  750mg ATAE -4 AR (0.04 - 0. 063mm),l:

sk, MR FE L8 91 RAWAEARBE. FHeRSRE,

28
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FAWAE 10m] PEY LG ARE /h 4& 2 'J HT /\v’fvﬁ; I_,fiﬁﬂ’/ﬁ’—izm
SATTFR, #3 370mg dieh 7,8,7°,8°-v9 £.-8,8 - =P A8k ¥
R ﬁlkﬁ'é#}* % & 200 - 203 C; #&#%E HPLC 4R, 2 F % 96.5%
(@ M%), UWHRTBKENB % & 4F):  429nm(logE=5.14),
403nm(logE=5.13), 382nm(logE=4.90), 365nm(logE=4.59); 'H-
NMR(CDCls;), 400MHz): 4% %) 2 1.14(s=6H, C(1)-CH;, C(17)-CH3),1.19(s,
6H, C(1)-CHs, C(17)-CH,), 2.40(dxd,J,=14Hz, ],=4Hz,2H , C(7)-H,C(7")-H),
2.65(dxd, J,=14Hz, J,=7Hz, 2HC(7)H, C(7°)H,2.50(t,J~7Hz, 4H,
C(3)H,.C(3")H,), 3, 11(s,6H,2xOCH;), 3.70(dxd,J;=14Hz, J,=7Hz,2H,
2xCH-OCH;), 6.0-6.7(m, 10H, ## H); IR(KBr):1660cm ' (C=0); fii&:
628.5(M", 20), 477.3(100).

Z 5

it HAE: C79.62% H9.63%  (with 0.26%H,0)

F@ME: C79.43% H9.63% (H,0, 0.26%)

T 12

B ER (XNIPRAREAE, mAndRi 1) (“HildE)

3,43 ,4-W9 K 4.-7,8,7 8- -44- = F THL-88-—FAL-B,PB-
WMYFPE (X VIRREAFTLA R'RAFRTELE mAnfRELL)
8 5 &

# 25ml —/FHEE 25ml LB LB RS FH 60mg (0.4mmol,
Smol%) B K RALL DA 5 i 1-F THRE-2,44- = F L35 F H-1-37
CHETFAEERE. BETAEAAE LY 100ml R H B R T,
RAEMEETRTHEE2 6. KB, BREWMAHFE-20C, 4 MmA 3.0g
(7.5mmol)& 4 o8k — & — W g% ( HPLC: 45 E299% )4» 4.0g (19mmol,
2648 F)-FTARA244-ZFRI S PFRE1-LTH, BREMWAE-20C
E-15 CTH4 2 o8f, FHA-10 CE-S5 CTHRB 2 D, BHBimA 1.0g
(4.6mmol) 1-FTHRA244-ZF RIS BFE-1- 5T, RE5HA-10
CEZSCTHEHBE 2. K5, REHA 0.5ml =P F, fwA 20ml
V&, £ 20 - 30 C. BE(350mbar/35kPa) F ki K ¥, T @ HAr
B BRAE-S C T 2 . RiERERG, kK (FE, 0T)
FEER. BHAETTFHR I8 0, 45 53g ( FR495%) 3,43 .4-

29
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v9 B £.-7,8,7°,8°-v9 %-4,4’-;%'1‘?%—8,8’-:—“% ;"Lf;ﬁ-ﬁ,ﬂ’-éﬂ? ME, A
Yad ik, ZEPRAET—AREGD)T.

(i) 7,8,7",8"- w9 £,-8,8 -~ VR AL mFH H A X IV F R RAA, R
REFTL mAbonFRLkl) H5&

LS HHEREREREAAEES 100m] SUH B RBMT, H 5.2g (4
7mmol) 3,4,3°,4°-v9 Bt £.-7,8,7°,8°-v9 £.-4,4’- = F T B %88 - = ¥ 8.k -
BB -3AE M EFAEL35ml FEEF. @iZRER T A Sml#) 50%EK T
Bifo— N 71 R 3T P AR EE— KA, RAMAE A0 - 45 CT HEH 3.5 4D
B, RAMmAHEICE, GLFieA 15ml K, 30545, &R
P3 kB B ATRIE, FA-20CH 10ml PEE®E FHEETR HE
ETFIRE, 1358 4.0g 4 M 4 ARegiedth, AR ERK, BE 169 - 179
C.¥ESATFLEL, 7 A LA T 30ml — KPR, S ERET A 20ml
WEEARE (DA ), 45 3.0g ( F&68%) 7.8,7,8-W4A-88-=F
AAMBEEK, HBELAK, 5 188 - 201 T (FHEREH A
SRR LEAR 11 30)). EMEERET —ARAGI)F.

(1i1) 28 i o 3% i &9 %) &

EMHEREE. BEIT ALK E 6 SOml W2 BAREAT, HF
2.8g (4.5mmol) 7,8,7°,8°-m9 £.-8,8’- —F A& Bk & ME T 30ml AT
B, RE, BRAHAHE-IST, —ZiEH—F A 1ml (#5 9mmol)ig
48% A K Gk EE. WA ERE (4 1.25 08 E; HPLC#E4H), — KM
A 10ml (%5 10mmol)#) IN S A L E &R, RAMAE 0 CTHIF 15 54,
RELSBEAKIE, A_fPEERMEL, &L 10ml. 43T a9 H 480
[Smi 1 Fo 5% 88 4N R R &, 2R KBTI, REE4 20ml. T &,
it 20g AR, A SRTR/ RO DER. LEEYNFHE
LB ETHRE, EHHH 100mbar (10kPa), F B 5 20ml AR Xk,

F#¥ALET ey BE/Z b & E: 77%, 92+13Z: 13%.

HATRMA, RAWMALY 100 CHEAZKETHRE 7 I8 #5754
e, REAPEER, HilE. AFHAT. T0CTTFRA4DHE, 55
23g ( Fhe 82%) MegH B KM, AEFEHE, HPLC &% (&
B%) A 90.5% (4 E ). ATHATLS, Hik HhET 30m L7
¥, FL5 100mbar (10kPa) F 5 15ml AR #H. £-25 CThA¥E, K
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B4k, 0 CHmBkE EHAT. 70 CTFHRANE. 45 20g (P
£ 76%) MibE &K, AEEELM, 1B.E 207 - 2087C; HPLC 4%
( & #2% )

(A2 B2 @£ A 95.7%

(9Z+132)-h B E S 1.6%

8 -FT A2 i W) 5 - 2.1%

UV( 2R 2 %% /3% CHCl3):470nm(logE=5.09); IR(KBr):1657cm’™"; Ji
#:564(M", 22); '"H-NMR(400MHz, CDCI;):1.20(s, 12H), 1.85(t,J~8Hz, 4H),
1.87(s, 6H), 1.99 #= 2.00(2s, 12H), 2.50(t,J~7Hz, 4H), 6.2-6.7(div.m, 14H).

f 5348 13

8.8 - WH 4787 ,8-WAI33-— k44 —WEAPP- AT E
bk (XIVER REAZE RARRATE mPFnfikil) d4E
Fo i &

3% 582mg (1.5mmol)FH 4t dk — 8 — F A% # ( HPLC LB >97%)
#2 937mg (4.5mmol) 2,2,4,6,6- & F 3£-5,6,7,7a-v9 £-5- K ¥ K-1,3-F 5 =
EARBETEABBREESFEANLELY 25ml HERM T 8ml TH
. AN 25mg (0.2mmol) B K RALH G, B RIEREE R T HF 16 )8,
AR EEEEEY. MEBLEERESE, MM HE 50g#5(0.04 -
0.063mm).E 44k, B PH/ =B 1R EAMN. 55 331mg (F %
33%) K ik, AR kg FHE MR —F o, BLAKRTEP
HA, 3 FE20C, BEALEHZAZTT TR 535 190mg 8,8°-=F A&
787 .8-WE-33-—HA AL RMEPP-AFME, AREBEEMLK,
& 171 C; HPLC % E A 99.5% # ;UV( # T X% /3%
CHCl;):429nm(logE=5.12),  403nm(logE=5.11),  382nm(logE=4.90);
IR(KBr):1657cm’"; 'H-NMR(CDCl;, 400Mhz):4% % £ 1.17, 1.23, 1.24,
1.28(4s, 12H), 3.09, 3.10(2s, 2xOCH,), # 3.7(m, 4H), 4.3(m, 2H), 61-
6.7(10 ¥ 12 4 H).

W5

it EAME: C76.33% H9.15%

Zm4E:  C76.13% H9.18%

5 3.4 14
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3.3 -—f A 44— MABR-HT £, EF*T%’% (X1 ¥ R RA
A, mApndAL 1 K IHI-SD) &4 &

4% 580mg (1.5mmol)&F it s — & — W A % m ( HPLC 4£E>97%)
F2 940mg 2,2,4,6,6- 5 9 2%-5,6,7,7a-W £.-5- K FE-13-KF —AXKET
HHRERE B AR AAE E S 25m] B ERA P 8ml LA . AN 50mg
(0.4mmo) XK RALHE, RESRAEZETHFE 2.5 of, REEEH#
kirh, BiERERERANE20T, MASHIT%ERARK. 54
G, RRAMEBEAEOC, AZBRETHRKE 1S54 ME, H R
RN 100ml A, ARPRFRFA, HK50ml. FhosiFs)
B BE 4T &, bR 4 70g A 8%(0.04 — 0.063mm) kit 47 & 3% k5 A, A
SRR/ LRGSR EN . XA F R 358mg (£ & 40%) T
Tk, YRUERK (5 REEERSRAHY). ATHEEFH
¥, 320mg AR FTEFHL SHEREE AFATT FH%. 55 198mg
WFHE, AREWESSE LK, K5 212 - 218 C. IR(KBr):1657,
1610cm™; i 596.5(M", 40); '"H-NMR(CDCl,, 400MHz): 1.29, 1.32(2s,
2x6H), 1.84(t, J=12Hz, 2H), 1.94(s, 2x 3H), 2.00, 2.03(2s, 2x 6H), 2.16(q,
J=6Hz, 2H), 3.68(d, J~1-2Hz, 2H), 4.8(m, 2H), 6.2-6.7(14 % & &) H).

FFEH 15

8.8 -~ HL-787 8-WE-33-—Fi44-—WMEAPR-RAFT &
(X IVPR' REELE, RARAZEA mAn#HfEl) 48&

¥ 20ml —RPRETFAAKFEZ S AAFE T 50ml B RIRAR
P, Ao A 29 40mg (4 7 ; 0.4mmol) & 8 = F A % Ao 24 25mg (2 i ; 0.2mmol,
Smol%)Z AALM — 28 s ., BEERELE TR D (URER
bR BK) B, A E25C, REHE P RANZRAEMNG 1.11g
(2.5mmol) & 41 it Bk — & — Z A %8 A 1.30g (7.2mmol) 4,6,6- = F -
5,6,7,7a-v9 £,-5- K P & -1,3-% 5 — AR, BRAEMAE-20 £-25 CT HH,
B HPLC #2 4],

££-20 C T A 90%5 K LE, RAEMWAETETHIE 10 548iTK
B, REMAKRY, RTRFRAHR, HKL 100ml, Aot 245
Aok S ek, R AR TR, LR R, 452,808
416,495, F£ 100g A 8:(0.04 - 0.063mm) LT ka4, AZRAT
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W/ LB DA EH. HHTES H 2 1.00g ( F%58%) 88-=2
7878 -WE3-ZHE AL REBP-AT £ AL
#; HPLC 4%: 98.1% ( @#%). A T HGXEFRE, HFEdfii
15ml A PE PN, AHE20C, BEFEHZATT TR, HHIFEH
620mg # & &4k, 5.5 140 -~ 150 C, #&3¥% HPLC £ R, 4 %% 98.8%
( @H%).

UV( 3= & $ /3%CHCl;):429nm(logE=5.14), 403nm(logE=5.13),
382nm(logE=4.91); IR(Nujol): 1664cm™, 1607cm™; Fi#&: 688.6(M", 5),
521.4(30);'H-NMR(CDCl;,400MHz; 3F st sk kiR &%): 4% 7 2 2.3(dxd,
J,=14Hz, J,=3Hz, 1H), 2.45(dxd, J,=14Hz, J,=4.5Hz, 1H), 2.6(dxd,
J,=14Hz, J,=7.5Hz, 1H), 2.7(dxd, J,=14Hz, J,=8.5Hz, 1H), 3.1 #= 3.35(2m,
4H, 2x OCHy), 3.65(2d, J~6Hz, 2xOH), 3.8(m, 2H, CH-OC,Hs), 4.3(m, 2H,
CH-OH), 6.1-6.7(div.m, 10 $ 2 &) H).

WS (& T2 20mol% F 8% ):

HHAME: C7634% H936%

Lalfi: C75.92% H9.02%

E A 16

3.3 - X44-ZMEPP-AT L E. irFE (XTI F R RA
2R, mAin&ARELl; “Hilik) HHE

¥ooml — R PRI THAMEH B f LK E 4 100ml w9 2 551
B P, MmAZ 55mg (6 #; 0.5mmol) R & —F R B4 25mg (2 78,
0.2mmol, 2mol%) = RAL M — s 4. HiZ AR A TR TREL 16 et
(A EBGHRIE, A E25C, —REARE T mALA AN 3.33g
(7.3mmol) F 4L e B — @ — Z A %8 ( HPLC #/E A 97.5%) #= 3.80g
(21mmol, 29 % &) 4,6,6-=F }£-5,6,7,7a-m £.-5- K FH&-1,3-FF A X
. T&, R&MHAE-20 £-15 CTHHF 9 8F, A HPLC &4, £-20
CTFTHEEdmA 0.7ml (£ 1g, 6mmol) 48% 4K 5L 8%, R4 EZBRE
T 30 54F.

@ RAMH T — KM mA 10ml (10mmol)#g IN REAHERBATF
fo. MG, RAME O CRBPEHE 45 H4, KEM Iml Lakski. %
B, REARM _—FFRER, AREEHR SLAKRABRBTHRER
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4. 195 S84gmEsL & Bk Ath, HHEFE 60ml ALY, RERE
100 CTEA3 e, BRAHNEZELRETE. MEGMKEA R EE. &
BREGAEE, ERTFRE, #3410gHaeHm R, BEETFT_ATK
(60ml 3%, 35ml), Jf AR AT & 48 HF40m] X 30m)R A, T ELH.
Ad (200C), A (20C) mEA%kE A£HAEE. 55CTFFHR—D
BHJG, 755 2.20g ( F & 45%, A A FLtk LSRG T FE,
A E R e AR, #KE219°C; HPLC: 97% ( @#%).

ATHRBLSHHEE, HABRALELR. FRAKFERLALE
KFHHK, 5.5 219C; HPLC:97% ( @#H%); HPLC ( SirAe4hb
56 wt.% ):

(£ BE)-FF%&: 94%

(9Z+13Z)-3FF%: 0.3%

PLEATRANFFE: 1.6%

8 -FIAMSFH A B 1.6%

33 - R-23-ZBLEA-44-=ME-BP -4 ¥ I % (“halbastacin™):
0.1%

AR 2%

UV (3f &%/3%CHCI;): 476nm (logE=5.10)

MESMN (AEEFH 2% R FRMSEEL )

i+ R AE: C 78.95% H 8.65%
5 44 : C 78.79% H 8.52%
&3 17

4,8,4°,8°-v9 W § K -7.8,7,8-19 £,-3,4,3°.4- 0 (O- T F £)-B,p -3 ¥
FEFRMK X VIFRRATEA RERHEAEAL mPn#RED)
BH&Fn B

(a)B RACEMEAL, A TEEAVEA B

¥ 580mg (1.5mmol)&4rit g —m —F A4t ( HPLC 46E>97%)
#o 815mg (4.5mmol) 4,6,6- = F 3-5,6,7,7a-v9 £.-5- K ¥ H&-1,3-KFF 8%
HETHABEHSAAAAEEN 25ml BARR T 10ml & &8 T,
£0CT, A% A% 20mg (10mol%) % A SALAE AL T2, Fid4E &, & ik
ESCTH#HIR, AEAZRTHIE SR, BHELFERER Ta,
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AdpE10 C, AAEERA, £-20 CFA Sml Ok, EIHAT AL
B, H& e SkE 1oml A FEFHL, AHE-10C, BHIFEHLZ,
w2 T Fre. 3% 690mg ( ~ £ 62%) 48,4’ 8- WHKL-787.8-wH
343 4-W(O-EFE)-BP-AF &, AREN K.

ATHEEOWHRE, BRELAOARPOHFRAENT ERTH
. HEEEE DI, BE 1705 T,

UV( 3% & % /3% CHCI3):429nm(logE=5.14), 403nm(logE=5.12),
382nm(logE=4.91); IR(cm'):no C=0 bands; M #:748.5(M", 5), 537.3(50),
179(100); 'H-NMR(d6-DMSO, 400Mhz; 3F ¥ B4k iR &4 ):4% 51 2 3.05,
3.17(2s, OCHj), 3.60, 3.70(2s, C(3)-H), 4.98 #= 5.07(2m, OCH;0), 6.10-
6.70(div.m, % J2 4 H).

#E 45

Pt EAE: C74.16% H8.66%

LM{E: C74.07% H8.96%

(b)YH (= RARBR)EMA, A THAEAE A

%1 40ml TR F A T2mg (% 8 #)R B FRASERE, KEE 43mg
(0.12mmol, 1.2mol%)= R P84, REOWIEHLY 16 1. K5, £O
CTFéafd ¥ 4.01g (10mmol)&4rfbog —d — ¥ %m ( HPLC 4%
>97% ) #o 4.60g (25.6mmol, 2.6 % &) 4,6,6-= F %-5,6,7,7a-v9 £-5-R F A&
A3-EHZEKIR, BASWAOCTHNES I, £FETHHY 24,
BREMTF(MEYF %, AH02ml ZLEFRE, REHAEIE-20
C, BB EFEHAY, EHAE. TRT & F58 7.06g ( £ 94%)
4,848 -v9 F & % -78,7,8 -9 £-3,43",4-R(0- & FE)BP-HAT
%, A& HK.

()W AL (DAL, B K FEMEHE R

¥ 100ml — & FHEF49 100mg (Immol) &8 = F A 48 A T6mg
(0.5mmol, 4mol%) % K FALE (I3 A M B A ALK EH 150ml
B ABEARL PRI 16 . REHRAHAEHEZ0C, —KKEGLT
MAEAEM G 5.6g (14.0mmol) &4 Lok — & — P Ak mk ( HPLC 4R A
>07%), # 52 6.5¢ (36mmol) 4,6,6- = F 1-5,6,7,7a-v9 £-5- 4 F K-1,3-
¥ B SR, RAMAE-25 £ 30 CFHM 7 008, A HPLC 424,
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WA 0.5ml = B b A A A, AAUE T (150mbar —15kPa), = HF B4
12 R #5 00ml WEL4CHE, RASHMAHE-20T, EEAFHK AA (20
C) WEkk, AEHATTFHRYG 16 6t 742 990g ( % 94 %)
484879 P B HA-7,8,7 8- £.-3,43,4-R(0- & F X)-Bp-AF [
£, AERESIK, BE 169 - 172 T, F#:748.5(M", 2)537.3(10);
'H-NMR(C¢Ds, 400MHz; 3k 3 BeikiR4a-4): 45512 2.40, 2.75(2m, 4H),
3.12(s, OCH;, 6H), ~3.35(2s, OCH;3, 6H), 3.8(m, 2H), 4.6(m, 2H), 5.11 =
5.14(2s, 2H), 5.33(s, 2H), 6.3-6.8(m, 10 # %2 &) H).

(d) 8 = RAH — TR S, AR FHRE LIRS EAE
#)

#£-30 CF, F% 40mg (3 #, 0.3mmol, 4mol%) = RAL = L8540
4 2.72g (6.8mmol)&4r it B — & — PR %® ( HPLC 2> 97%) 5
3.28g (18.2mmol) 4,6,6- = F £.-5,6,7,7a-79 £-5-K F &-1,3-F 5 = 2R3
£ 50ml R FHEE 10ml ZHGH RS FRAEMRE (Je(b)FTik) 2
D, AZCEPRFER (ERTFE) & FH4T1g (FF92%)
484 8-m F A 4 -787,8-m £.-3,4,3,4-%(0-&F k)Bp-#AY I
F, ARFERK, HE175 - 177 T,

% #4518

34— M BR-AY K. A E (KT F R RA
£, mApendikil) HHE

= RS LIRS i3S ]

ERABBEHEREAERY 100ml BEREMLT. F 490g
(6.55mmol) 4,8,4°,8’-v9 ¥ f, % -7,8,7,8- w9 £.-3,4,3°,4 - (0- & F & )-
BB -4 ¥ F£E T 60ml =R FI. HFEkAHE-20C, A 2ml & 48%
AKEeR A, #A HPLC #4). 1.5 8E, £-15%-20CTF, &
SR 20ml &9 2N LENAR R TR, EoRABTTESE. AAMMR
BB SRR A, BB R b AR ERERE, ELKBER
T, EFRHEEY 35ml . Bkl 15g ARHELIE ( 0.04 -
0.065mm ; EH: ZHFHR/_T8G:)), ERETHRARS, EE5A
LEAE, LEREABH20m Ek, AP, HERERM—
NN E TR AATELR, ALY 16 hNRITRAEL. REAHE
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0°C, RRiEELE, AA LB A ASAE. 70 CTFREHF2 3.002
e duik, HEE T 50ml — R Fix, ZE M4 40 'C/400mbar (40kPa) T
ESERAEARE (RENRESH30m ), AHFE07C, FEHFM-20C
FERE RHAFEH. ASHAET. TRTTRISIEEH2 280g (7
68 %, BiEL)FFE, ALALELESLK, L 219 - 220 C.

HPLC 4% ( Bir bz ed wt% ):

(2 E)-¥FH%E: 94%

(9Z+132)-¥F % %: 0.7%

R -M A FHEE: 1.3%

EPEATRETFE: 1.6%

33-2# % 23-ZHEA-44-—8ME-PB -4 ¥ I £ (“Halbastacin™):
0.3%

AT 1%

UV( 3% & #% /3%CHCI;):467nm(logE=5.10); & # :596(M*, 10),
147(100); 'H-NMR(CDCl;, 400MHz):1.21 #= 1.32(2s, % # # A 6H),
1.81(t,J=12Hz, 2H), 1.95, 1.99 #= 2.00(3s, 3x6H), 2.16(dxd, J,=12Hz,
J;=6Hz, 2Hz), 3.68(d,J~2Hz, 2x OH), 4.32(dxdxd, J,=12Hz, J,=6Hz,
J:~2Hz), 6.2-6.7(div.m, 14 # %% &5 H).

(LY T ey K fe LR

EEAT, ¥ 49g (%4 6.5mmol) 4,8,4°,8° -9 TR A-7,8,7,8-19 £.-
3,43 4 -R(O-EF )PP -HE & (BE 167 - 174 C) AT H AR
WH B R ALEEWN 100m] B EBEAT. £-15CTF, —2HH—2 G
EHERZRF AN 2ml (3g, 20mmol) 4] 48% 4 K 52 &, HERAME =
BPER, 1S44E, BmEFEZ0C (AB), RERLEZSETHERME 4
AvEF, JF A HPLC 4#£4). K&, M 20ml (20mmol)#) IN £ 8L K &L
wAEAM, RREETE, BARAREKR®RE. Ta, H#HBOE
HETF 250ml —R TR, BRBAKAKN TR, TEFERET RS
24 50ml. T&E, HRETHEREAD 15g A %(0.04 - 0.065mm)id
W, AR T/ LEBGDEN RS, ERABE TS AR,
KB, kBhtdin 60ml L8, SRk, LERENERYY 15
- 20ml. PR3 RERACATHE 2 0 witirFH#ik, AHEFER, T
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B, MARA-20CH 10ml LE®E. EHAZ. o CT%"I%EM #t G 1%
B 330g M HE, AREELKR, AL @MEMN TOml —R Fitl 40ml
AEATEFEL. 3 3.10g ( FE£74%) FHFE, AREENLH K,
#5222 °C; HPLC 4 ¥ ( 5 dhbia) wt.% )

(£ E)-¥F% 91%

(9Z+13Z)-5FF%: 0.3%

B-FIAsFHHEB: 1.7%

FPEATRIFFE 1.9%

33 -—# K 23-Z A -4.4-—8E-B,p-¥F I £ (“Halbastacin”):

3.6%

ZE PR 1.4%

UV (3R &55/3%CHCL3): 477nm (logE=5.07); i ## 'H-NMR % # 2>
UNEY ¥ R

F# P 19

33-—fha 4 ZWABP-AF M E. FEFE (X1 PR AR
A, mAnHEAk 1, CHEE N1 ) B8 &

¥ 50ml —RFHETFTHAMBEE. SETAALARELS 100m]

AR T, AL 55mg (67, 0.5mmol)® B = F A & = 40mg

(3mol%) &K FALE (). HAHAE IS — 40 CTHRHE2 Mo, TaE, %
FEI30C, —RMAEFRAEAENY 2.80g (Tmmol)F 4Lt B — 8
—WR R ( HPLC #68>97%) # 3.28¢ (18.2mmol, 2.6 % ¥) 4,6,6-=F
3%-5,6,7,7a- &5k FE-13- KR NFK. T, REME-30 CTE-
25 C F 44k 4.5 8, 3 HPLC 41, 5, £-25 CT@ i ¥ iml
(%1 1.5g/9mmol)#y 48%4- K £.:& B An 50ml — R P, %EHAE-15TT
B 1.25 D H.

fR At b — ke A Sml (10mmol)éd 2N SR AE R, RSP
oS o4, fTP R, RE, MAKT, 2 EEK AV KR
SE kA E el fALRER AR, BAKAKRATER ERETK
% £% 30ml ., 4ER% T eh k8L 15g AAH#(0.04 - 0. 056mm)5i‘ii§,
SRR TR OB EN R, EAE TSRS, &%
B, B EBAARY 20ml, REHAALL. HAFRERA-DIR
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THRAGZEPTRLE, SAY 16 :J HMU ff#}ﬂc ,.\.Es/\%Pii(&
Repkskidil, MALEBLE EHALZT. 70 CTFRADNGEHFE

3.60g ¥ & &K, BRhpEEM BQMERNZATR/ARPTELLA
K. vAiX AR X 49 %) 3.00g ( F & 68%, A A ELLR B TR
Bit) SFEE, AREENEMA K, KE 219 C., HPLC 4% ( B4
AL 4 YA &G wt.% )

2 E-FFE 95%

(9Z+132)-¥F F4: 0.2%

ERERFTETFFA 1%

-F AN F AR 1%

33K 23- 2B EA-44-—8A-B,B-A ¥ I & (“halbastacin”):
0.3%

ZRFIE: 1%

UV (3% &9%/3%CHCL,): 476nm (logE=5.10); &4 'H-NMR 5 #a
UNGEC €0 R

»

.
LAE X J
*T »
.l b
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