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Asymmetric Allylation of N,O-Acetal and Application in the

Synthesis of Epiquinamide and (+)-Febrifugine
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Abstract Lewis acid catalyzed asymmetric allylation of N,0-acetal 7 with allyltrimethylsilane was developed for the synthe-
sis of compounds 9, 10 and 16 with high disasterselectivities. A key middle compound 21 for synthesis of (—)-epiquinamide
(1) was easily prepared from allylation product 16. In continuation of our work, a convenient method for synthesis of
(+)-febrifugine (3) was also described from the mixture of (25,35) and (25,3R)-9. Therefore, a possible approach for gram

scale preparation of (+)-febrifugine (3) from glutamic acid was achieved.
Keywords N,O-acetal; allylation; glutamic acid; Epiquinamide; (+)-Febrifugine
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fh 454

Figure 1 The structures of (—)-Epiquinamide, (—)-Swain-
sonine and (+)-Febrifugine
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W AR 24 AR A A . VS b, S LR e
PR ZE A, i BRI R e 2 e PR 100 £
SR, H T8 (L 24 fa 2 Kk S s | Ve, H AT
ENPUIE AR ENIRIR, (HHATEY Tempostatin
(RU-19110, 5)1F N 77 B RREF 44k 2 Sk AR
HH]“, HARIR 3 B AT R o 1 A Kk vk, il 55 E
%y FIAE N IR BRI R G b ik E B =R A
7, PE RN N7, CARS & 44 o0 PR N B RR TR
P i S 5 LS B A TR R
Bk d 9§ (Coccidiosis in  Chichen) #1 (1 F& #y + d
(Cryptosporidium) 5 | 2 2= Hfi e 6 171,

¢y f;@ o" g ;g@

(+) Febnfugme Isofebrlfuglne

~OH /, Br

H 5 O
Tempostatin (RU-19110)

Bl 2 Febrifugine i Isofebrifugine fIAHH #1k

Figure 2 The transformation of the febrifugine and isofebri-
fugine

XSRS CAT LRI, [ 20 AL 50 4
ROITUG, Wl 1T KA K25 W) 5 KSR, AN
TRy, W LR S5 H R 1999 A4 H H AR E Kl
L TR S SR R T, A R TR E 1Y
24K, ZB] KGR X ER, BERRY 30
AN VAT AKX B -G I AR 0L Bl AR
FUBCA I AR, A Ll 6 A0 X e 5 1 £ P R A ) e,
IR AL HE LB PR RS 25 PERIE 9 SN — AN R Y. AE 3K
E,@T%?ﬁ%Z% WA AE D Hus iR 24T
TERAEGE. W I BRAE P 255 R & B, HOarTii s
AR S RAE 1%~3%. EHAITRIER, BT 2
s A BB AN, B SR St A
PEE R L2 —. HRT, A L SO R L
BORIEA R, P, Il & T BORBGE — M
RUga@AR. 0 T LS T AR IE IR 2, (H NGRS
A BRI LS, WA SRR kR
TR 26 LU ) s 2k 3 EU A VR

AR, A/NAEC T LR 2 R 58 U T
R a2 P i bk, I 0 T BoAy 35 A P 1 R AR 7
PIIASKERR A O AR R, SRR i B 1 R
% N,O-4ils 6 197575, IFSIL T Lewis BRUEEALAAE R
5 0 T A T A S PR o 1 e 1O R A 2 KA A
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ik IR JEC A2 1) J B PR AN e D (5 1% 2 LA IS PR AR
PRI . R, T IR R R b, 4R80T JE ]
EHN 2 3585 N,O-4aEE(6) C-2 AL AR RRIEHEEA
M7 ARSCIRIE 3-FRHEEIRIE N,O-4il(T) C-2 ArAKY
TR A AL (158 T 12 S AE(— )-Epiquinamide F1 1L A5
e N (B 3).

~OTBS
\\OTBS
TMSOTF [ii]
i id == N~ "OR' .
Glutamic acid OTMS N '///U\R..
O~ OR R"
)\/ O%\OR
6 R=Bn, R =Ac
Our previous work
7R=tBu, R'=Ac

8R=tBu R'=PhSO __ jac

AllyISiMe3 “, or
. . N~
or AIIyIMgCIH Lewis acid u N

=

NHAc

(+) or (-)-Epiquinamide (1

fp—_ r

9
or its enantiomer 10 (+) Febrlfuglne

This work

B3 ARSI H AR
Figure 3 The target of this paper

1 HR5WE

1.1 N,O-45E 6, 7, 8 Ry & & C-2 (iR A M FRIFER
R

ARSI A B ARSE AR/ T AR A, HEEH O
5t A 1(28,35)-9 H E(+)-Epiquinamide (1)AJ5 k. LA
L-ARI 0 5Ok, 4% T S8t P IRk N,O-4a 5 (6)""), 4%
b SR BORME 2 SE I RNAE L. {F BFs*ELO 1L T, 6
5N = ISR AIAE —78 CRMY 6 h, ARk A
FEATEY) 9 BN . EBRIESE S 2 TN EBOR TS I 45
R—5(82%, dr, 90 : 10)'L b5 9 L NIRY LG, &
T 45 U JE AL S R IR 52 43 il (RCM) S, 1] 7 5 (1) ) ek
(+)-Epiquinamide (1) E 4L, 76554 N EAEA
R E XA RREA AT, R 5028 TMS-11,
TFA™, HBr/AcOH!" 1% ik CRIE 125 Cbz Ry 774,
{HA A3 H kst &9 11, A EhE Rl 6 h (1)
TR T 2R EE L G4 5 12 (Scheme 1).

RENWEY) 9 ATIRBENERY G W TF R (+)-
Epiquinamide (1)1 &1k, [H% GBI LR E R D E
%2R A3 AR B, NP T Boe R N,O-4il 7
F1 8 7F Lewis BRUEAL T C-2 {7 IR AT FRMS A JE40 2 W 15
R. NE % HFPR K (—)-Epiquinamide (1)fF) AR 22T
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\OTBS OH
Q AllylSiMe, O-\‘OTBS 6 mol-L"" HCl O“\

N” "OAc BFgEO SN~ v reflux6h N7 N
oy T H HCl
12

6 9 (dr =90:10)

TS ﬁn or HBr/ACOH

TFA
O‘\\OTBS
N T R

H 11

Scheme 1

YL, k¥ D-BEIR N EEL, H14% T (3R)-13 (Scheme 2).
RIE, A 13 F Boc,O JEATIRY, DL 86% HICH AL Ak
ZE ) KR AW 15, A&y Haeik T Zmte, L
%R AE K N,O- 4514 (7). SR, KHH NO-%i 6
505 TR 3 = AR I 451 S 0 9 1RSSR AR 04T J
N, {HPEH) 16 HIBCREE T NO-Z6EE 6 MM i B
(63%). AW 16 )2 n) S AR E T R EIR A AN e 56 42 00
B, LA G 17 J5, WU R0 &, JEfE T
NI =4 16 [FIEREME(dr=91 1 9).

OTBS

D-Glutamic acid —— w
N~ "0 TEA, DCM
H 30 h, 86%
13
OTBS otes OTBS
\
Boc éoc
14 15 7
OTBS
15 _PhSOH q
CaCly, 15h l\‘l SO,Ph
Boc
Boc Boc
Scheme 2

H T REBRATCE, TRR T A Lewis 1R
N N,O-%i1 7, 8 WIGNFAL SO, G5 R IE 1. R 1
BOREH, TEARIR) Lewis BRMEALSAET, AL
W) 16 MR P&, (HIEREERLr. o, N O-45lE 7 1
TMSOTE AL R, 728 16 R T #2 = 3] 73%
(Entry 3).
1.2 (—)-Epiquinamide (1) §2 [B1{K RIS B

ERBMAEYI 16 )G, 19561 TFA/DCM Hhib47 3% £
P25 Boe fRY13E, DL 73%004r B CRAS 2% 18, 2R 5,
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Table 1 The screening of different conditions for the allylation

Entry Compd. Lewis acid  Yield/% dr  Nucleophile
1 6  BF;Et,0 82 90:10 AllylTMS
2 7 MgBn 56 91:9 AllyITMS
3 7 TMSOTf 73 9416 AllylITMS
4 7  ZnCl, 53 92 :8 AllylTMS
5 8 ZnCl, 52 92 :8 AllylTMS
6 8 ZnCl, 31 91 :9 AllylMgCl

© 2013 Chinese Chemical Society & SIOC, CAS

& NaH &8 F, FGRFRRIEAT N-AGP R Y, B
1% IR A Ak &4 19. 76 Grubbs AU AL FIAN
TsOH JL [k FiE47 RCM SOV, LA 53% 5 A4 iR
Ifi 20, ARG ARG, L 85% I AE il OB o ]
& 21 (Scheme 3), Mifi A LAt — & pli(—)-Epiquin-

amide (1).
OTBS OTBS
(I/\ TFA OTBS  Anyigr (I/\
X DCM X NaH N X

OTBS OTBS NHAc
Grubbs 2nd Pd/iC
TToH MeOH

eplqumamlde

Scheme 3
1.3 (+)-Febrifugine 892 & B R

75 52 0(—)-Epiquinamide (1) 22 i) & F B 2 )5,
NAEFHRE 4L g i 4 5 (5% (+)-Febrifugine
)Lk, M Figure 2 o LLBRAN 5555 Ll ] LAAH B 5%
e, 8GN IEALT= ) 9 F 16 112 [n) SR AR AN e 1l
TR Z AT RE 4> B B L e 22— 45 AA(2S/R,35)-9
A O 2 4l (+)-Febrifugine (3) ) % 2k (Scheme 4). ¢
(2S/R 35)-9 7 In) SR AR IR G AL 53 B AL AT AL
SV, LA 75% IR AR B G ) 22, ARG A A AL R
tF, 5 quinazolin-4(3H)-one (23)HEAT IFERAF 4%, LA
67% IR L B 24, BT I DUAS A AR E s E
% DMP %k, Pl Eleied: A ol s o 4 28 4y
BIALA(25,35)-25 FI(2R,38)-25(LLHI 4 89.5 & 10.5).
h T BAIE 2 ) S R AR TR AN ) G O A A LR R,
KRG 25 BEEADKR IR TR 4 h, =) BRIR
b G TG AU IR, Wi o B B R B I7E £
FErpon AR 6 h, W45 H 4 JGK SR E L, L
T3%IFICHR A5 {0 8 44 (+)-Febrifugine (3), m.p. 139~
140.5 C (EtOH) (1it!"” 138~140 C); [a]3 +28.3 (c
0.50, EtOH) [lit.!""[a]¥ +28 (c 0.5, EtOH)]; NMR %
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55 mrdRoE g — 2L
WOTBS WOTBS
X o
Cbz s /0 N

OTBS

'KOH, MeOH m ( DMP, DCM
reflux 36 h
67% qantltatlve
) con. HCI
\OTBS Reflux 4h
+)-Febrifugine (3)
(2)KyCO5
73%
25 (dr= 9010
Scheme 4

A EHERGE T —F Lewis MRS E Tl N,O-
il 7 50T I = AR N R R 45 (25,39)-16
(7738, FF LA B )V, 58 T (—)-Epiquinamide
(D) RBE P RAR 1 G e (ERTIRR SO b, R R T
FE RG] Chz (RY1(2S,38)-9 (R A HEAL S M 2%
i, AL T —4LL(2S,38)FI(2S,3R)-9 T4 skl %
(+)-Febrifugine (3)I¥1771%. MIITF R T —4 LRI &
RN TR} v R A LR ) T IR AR, R LR
HE— 20 2y BRI TR T ORI fR B
3 XWEH
3.1 UESIKFH

41 4 & B Nicolet-FT-IR360 {37 A8 41 4 i
X, CH,Cl, RS0 5 ; A% Hg 1% P L MERCURY-400 %4
M‘ZQ SR 5, TMS S AR, CDCLy A7 70 i

WL HP6890/5973 s ik A i 5, EST J; et % M
Perkin-Elmer 241M %! H 2l @G AGIA T 5E .

FEJZ AT BT W B 370 k900 5 Y0 2 ) I e A2 7 I ek
JKE, 300~400 H, W14 A [RAAFR LA A ik (ol
1 60~90 C)FI LR LRI G, B & Tty
FH VR A ¥ 700 1 O IR ) 3 46 1ok B 78 A B A3
fik, 2R M6, — 50 e A B A 2 A RS Ab R v
FUBI A A AT AR5 A R-13 F1 S-13 (1]
#VEILSCHER[10].

3.2 XWAHE
3.2.1 (2S/R,3S)-2-% A
w2 A (9)89 6%

¥ N,O-4ils 6 (2.42 g, 4.44 mmol)iE T T4 5

LE(100 mL)AZ1ZE —78 °C, I A e = B L Ak doe

SB-(RT R T ARk
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(2.83 mL, 17.82 mmol)#ii ¢ 10 min. R J5, KA
BF;+Et,0 (1.50 mL, 11.89 mmol)ff] 54 F¢(15 mL)ZE 1
W2 SNV, 2945 min 58, fE—78 CLkEidt 6
h, I 30 mL YRIRRIR S A K A KR N, BT
E, W, KA ZE AR50 mLX3). &I
AU PR £ 2R /K PE34(50 mL X 2), Jo/KBRIREE T
B IR R, ISR E AT AL, £33
(2S/R,38)-9 WAL AR 1.9 g (82%). & HPLC
{Kromasil C18 150 mmX4.5 mm, ¢ 5 pum, (CH;CN-+
0.1% TFA)/(H,0 + 0.1% TFA)} 4> #1, (2535)-9 :
(2R,35)-9 [AIELAFI R 90 & 10. %74 '"H NMR (CDCl;,
300 MHz, rotamers) o: 7.37~7.28 (m, 5H), 5.80~5.61
(m, 1H), 5.17 (brs, 2H), 5.12~4.93 (m, 2H), 5.17~4.44
(m, 1/2H), 4.34~4.29 (m, 1/2H), 4.04~4.02 (m, 1/2H),
3.98~3.89 (m, 1/2H), 3.79 (m, 1H), 2.78~2.68 (m, 1H),
2.51~2.26 (m, 2H), 1.72~1.49 (m, 4H), 0.97 (s, 9H),
0.38 (s, 3H), 0.01 (s, 3H); °C NMR (75 MHz, CDCl,, ro-
tamers) 0: 155.6, 136.9, 135.6, 130.9, 128.3, 127.8, 128.7,
116.7, 69.7, 66.9, 56.1, 55.4, 37.8, 31.9, 28.4, 25.7, 22.7,
18.1, —4.7, —5.0; IR (film) vpa: 2951, 2857, 1701,
1642, 1422, 1248, 1104 cm™'; MS (ESI) m/z: 412.2 (M+
Na'); HRMS (MALDI/DHB) calcd for Cy,H3sNO;SiNa
(M-+Na"): 412.2285, found 412.2283.

322 (BR)-3-RT A=W I W Akt UK -2- AR IR -
1-F BT B5 (14) 89 4%,

BALE 13 (2.0 g, 8.7 mmol) A DMAP (532 mg, 4.4
mmol)IMA #3545 CH,Cl, (35 mL) Bl F IR ZE 0 °C,
I Boc,O (2.28 g, 10 mmol) )5 i Bl = Z. 2 (TEA)
(3.62 mL, 26 mmol), HAAF 2 EEIELNIF: 30 h.
A NHLCL KN, A AU, KA = S0 e 2
(20 mL X 3). &IFMAHUAH MR ShoK sk, MgSO,
T kIR A R AT E A 24k 5 A3 L (A 14
(2.34 g, 86%). [a]5 +22.08 (c, 1.40, CHCl;); 'H NMR
(CDCls, 400 MHz) &: 4.17~4.20 (m, 1H), 3.63~3.69 (m,
2H), 1.95~2.00 (m, 1H), 1.80~1.90 (m, 3H), 1.49 (s,
9H), 0.91 (s, 9H), 0.086, 0.17 (each s, 6H); *C NMR
(CDCls, 100 MHz) &: 171.9, 152.7, 82.7, 71.5, 45.5, 30.4,
27.9, 25.7,19.9, 18.3, —4.60, —5.66; IR (KBr) v: 2957,
2929, 2856, 1776, 1721, 1461, 1391, 1294, 839, 800 cm .
HRMS (ESI) calcd for C;sH3;NNaO,4Si: 352.1920, found
352.1896.

3.2.3  (28/R3S)-2-M A A -3- T A — W A T Ak A
Hookez-1-F BRAR T 85 (16) 495 A%,

Jiik—: NO-4il 7 5505 8k = W LA e S WA

YRR ZE 3.3.1 7%

Chin. J. Org. Chem. 2013, 33, 1291~1297
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Tk BAeA Y 14 (400 mg, 1.2 mmol) & T
MeOH (15 mL) 415 0 CHiFE 5 min, JIA NaBH,
(55 mg, 1.5 mmol), HiFE 1 h J5 R IR S ANV K R
B, IIAZK(10 mL)#iRE, H LR LBE(10 mL X 3)A<H,
T I R & ShKVEE, MgSO, T, HBRSif
FH= 4 15 (402.4 mg, 1.2 mmol), A4tk HEM T
N RN B A 15 (402.4 mg, 1.2 mmol). FHiifil &
f) HSO,Ph (585 mg, 4.2 mmol)FI /K S LH5(500 mg,
4.5 mmol) I A BT 1 — & HHE(15 mL)H =i FE: 15
h. 28 H,O (15 mL)¥ K [ W F S0 e A< (20 mL X
3). E I AR & EK P, JoKBR B EE T
SEI IR WA G, M ME AR RS
) 8 (518 mg, 1.14 mmol, /% 95%). # ZnCl, (2.8 mL,
0.5 mmol/mL in THF)##7E T-151¥ CH,Cl, (5 mL)Hy,
SR G N2 s N BB 85 (1.4 mL, 1.7 mmol/mL in
THF), JFESEAM FHEE 30 min J5AH1E—78 C.
N EIREEY 8 (518 mg, 1.14 mmol) ¥ il ££ T 15 il
CH,Cl, (15 mL), 22 n sl e Nk RF. fE—78 C
SV 4 h i HARTEE SR AR SRR 10 he [ R N AR R T
TN H,0, KN, F HCL K #H(10 mL, 1 mol/L)F
R P, KA CHLCL (20 mL X 3), & IF AL
AL RO Eh K VEss, T, i ugwk4gs. MW Entk
FEEHT, £28MIRY) 16 (125 mg, 31%, cis © trans=91 :
9). &Iy EfE EEEY I (o] —832 (¢ 1.75,
CHCl;); '"H NMR (CDCls, 400 MHz) §: 5.80~5.71 (m,
1H), 5.50~5.11 (m, 2H), 4.16~4.09 (m, 1H), 3.81~3.78
(m, 1H), 2.87~2.76 (m, 1H), 2.37~2.29 (m, 1H), 2.25~
220 (m, 1H), 1.99~1.92 (m, 1H), 1.72~1.60 (m, 2H),
1.40~1.28 (m, 1H), 0.96 (s, 9H), 0.90 (s, 9H), 0.03 (s,
6H); *C NMR (CDCls, 100 MHz) ¢: 155.4, 134.5, 117.3,
67.0, 58.5, 38.6, 34.2, 26.8, 25.9, 25.7, 18.9, 17.7, —4.6,
—4.9; IR (KBr) v: 2954, 2928, 2858, 1677, 1464, 1425,
1252, 1141 cm™ .

324 (2R3R)-2-M A3 T AT A Falr AL
WA IR I (18) 494 A%,

WAL&Y 16 (170 mg, 0.48 mmol) i T T 1 11
CH,CL "3 % 0 CHidk. SRJ5¥ TFA (037 mL, 4.8
mmol in 4 mL DCM)ZZ1% N2 VAR R HiEE 2 h,
TLC Kl J5ORHHE, IR NaHCOs ¥ K V. 43 H
HHUAH, KA CHLCL AT (20 mL X 3), & HEFIA N
MR SRk ISk, ST, WIERIRYAE, Pt =4
ZRERAE T [V(DCM) : V(MeOH)=10 : 1, 2% TEA],
BERIOMIRY) 18 (90 mg, 73%). [a]d —2.58 (c
0.43, CHCl3); 'H NMR (CDCl;, 400 MHz) J: 5.87~5.81
(m, 1H), 5.10~5.04 (m, 2H), 3.73~3.71 (m, 1H), 3.05~

Chin. J. Org. Chem. 2013, 33, 1291~1297
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3.02 (m, 1H), 2.65~2.55 (m, 2H), 2.13 (t, J=7.2 Hz),
1.85~1.82 (m, 1H), 1.76~1.71 (m, 1H), 1.61~1.53 (m,
1H), 1.35~1.31 (m, 1H), 0.89 (s, 9H), 0.12~0.10 (m,
6H); *C NMR (CDCl;, 100 MHz) ¢: 136.5, 116.3, 67.6,
60.3, 46.3, 37.2, 32.4, 25.9, 21.3, 182, —4.3, —4.8; IR
(KBr) v: 2949, 2924, 2855, 2722, 1744, 1600, 1461, 1377,
1255 cm™'; EI-MS m/z: 256 (M+H", 100). HRMS (ESI)
caled for C;4H3NOSi (M + H)+: 256.2097, found
256.2095.

325 (2R3R)-12-= WA -3-RTA TR Tk
ST R (19)89 6 A%

$1b&4) 18 (67 mg, 0.26 mmol)E T T-J4:(%) DMF
FRili s 0 °C, mRMNAERT A NaH (18 mg, 0.39
mmol) i # 20 min. FR 5K N 3EIR(0.09 mL, 1.1 mmol)
FfRAE DMF HRZEI85 N, AR R =l 3 h, TLC
BT IEURRE 2%, I NHLRT NH,CLV K N, ] ELO #HL
(20 mLX3), GIFAHUAREHIKDEG =k, BRIk
k. 330 SRR JC KRR T, IR ),
AR 2 [V(DCM) & V(MeOH)=20 : 1, 2%
TEA], SEIEEAMEIRY (70 mg, 91%). [a]y +4.7 (c
0.24, CHCL3); '"H NMR (CDCls, 400 MHz) J: 5.92~5.90
(m, 1H), 5.17 (dd, J=17.2, 1.6 Hz, 1H), 5.12~5.10 (m,
1H), 5.05 (dd, J=17.2, 1.6 Hz, 1H), 4.97 (dd, J=10.0, 0.8
Hz, 1H), 3.88~3.86 (m, 1H), 3.28~3.26 (m, 1H), 3.22~
3.20 (m, 1H), 2.91~2.90 (m, 1H), 2.52~2.50 (m, 2H),
2.35~2.31 (m, 2H), 1.67~1.60 (m, 2H), 1.55~1.45 (m,
2H), 0.09 (s, 9H), 0.08 (m, 6H); *C NMR (CDCls, 100
MHz) §: 139.3, 136.7, 116.7, 114.8, 70.1, 63.8, 57.1, 45.8,
29.8, 29.7, 25.9, 21.9, 18.1, —4.6, —4.7; IR (KBr) v:
2956, 2923, 2853, 1740, 1602, 1462, 1372, 1248, 1119,
1094 cm™'; EI-MS m/z: 296 (M~+H)". HRMS (ESI) calcd
for C,7H3,NOSi: 296.2410, found 296.2405.

3.2.6  (1R9aR)-1-(# T J = W 3 22 £/ )-2,3,4,6,9,
9a-7x £- 1 H-"5%(20) 495~ R,

FLE 19 (60 mg, 0.2 mmol)Fl TsOH*H,O (40
mg, 0.2 mmol) I Z| T4/ DCM (10 mL), Z ik
30 min Ji i Grubbs 2™ 4L F(17 mg). 485 kAl
5 h, TLC fillJsURHH 2%, = 1km#k, HARBER =R, &
NiA& 2] CHLCL, (5 mL)FT 10% NaOH (10 mL)Fi R Ji 23
V. ZKAHIH CHLCL Z5H0(20 mL X 3), & AN T
Mg ok g, T, R4, M= & ek A2
[M(DCM) : V(MeOH)=20 : 1~10 : 1, 2% TEA], 155
145120 (28 mg, 53%). [a]d +7.25 (¢ 0.28, CHCLy); 'H
NMR (CDCls, 400 MHz) ¢: 5.78~5.76 (m, 1H), 5.61~
5.58 (d, J=10.4 Hz, 0.5H), 5.50 (d, J=9.6 Hz, 0.5H),
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3.86~3.79 (m, 1H), 3.25~3.21 (m, 1H), 2.93~2.86 (m,
2H), 2.50~2.41 (m, 2H), 2.16~2.10 (m, 1H), 2.00~1.98
(m, 1H), 1.96~1.91 (m, 2H), 1.88~1.85 (m, 1H), 1.82~
1.75 (m, 2H), 1.55~1.46 (m, 3H), 0.90 (s, 9H), 0.08 (s,
6H); *C NMR (CDCls;, 100 MHz) §: 125.7, 124.9, 123.8,
69.1, 60.0, 54.9, 26.9, 26.8, 26.3, 20.7, 18.2, —5.38, —
456, —4.61; IR (KBr) v: 2953.98, 2925.58, 2854.50,
1741.54, 1459.98, 1377.14, 1259.64, 112474 cm .
HRMS (ESI) caled for C;sH3NOSi: 268.2097, found
268.2099.

32.7 (1R9aR)-1-(R T A = F R s 8 ) N &.-1H-
R (21) 896 %

LA 20 (34 mg, 0.13 mmol) ! Pd/C (20 mg)'E
TR, Ar B S MR AR5 101 kPa Hy =
WAEFE 7 h. TLC Al 24 ORI 2%, K SO i o Ak fiss i <
IR Z: PA/C 5 BB, 15 BIRH S SR RAT = 4T
[(DCM) : V(MeOH)=15 : 1, 2% TEA], #5354 21
(32 mg, 85%). [a]¥ —5.74 (c 0.75, CHCl); '"H NMR
(CDCls, 400 MHz) 6: 3.66 (s, 1H), 2.84~2.91 (t, J=11.2
Hz, 2H), 1.91~2.07 (m, 3H), 1.75~1.80 (m, 3H), 1.57~
1.72 (m, 3H), 1.26~1.50 (m, 4H), 0.91 (s, 9H), 0.02, 0.09
(each s, 6H); *C NMR (CDCls;, 100 MHz) 6: 70.09, 66.79,
57.34, 32.73, 26.15, 24.82, 20.14, 18.44, —4.55, —4.51;
IR (KBr) v: 2953.98, 2925.14, 2854.27, 1739.51, 1597.17,
1460.15, 1376.54, 1253.20, 836.95 cm . HRMS (ESI)
calcd for C;sH3,NOSi: 270.2253, found 270.2253.

3.2.8 ARyE LM 25 698 R

1545 (2S/R,3S5)-9 A H(1.87 g, 4.80 mmol ) FIA iR
ZHH(2.023 g, 20.04 mmol) NI H I FJ ) — &
LE(100 mL)A A1 0 CHiHE 5 min, IS AR H
2(60%, 4.85 g, 16.9 mmol)J&, HARTFE S ELHEFE 17 h,
TLC # J5ik} s .58 4. S TR A ) T RE I 21 1ot &,
PEW A A P A RE IR 2k, 159305 DUAS AR AR
M SRR RIR ) 22 (1.46 g, 75%). BALEY) 23 (584
mg, 4 mmol)ﬂl KOH (18 mg, 0.32 mmol)/& A 100 mL [f]
ZHUpE T, AUE G L0 FTRE(20 mL), AREH
EHIAY) 22 (1.46 g, 3.60 mmol) 1) 455 H (20 mL) i
NE NI, InEEE 36 he A ke B SE,

BRAMIH NN 40 mL (& F1 20 mL 7K, SE4S G oy
W, AT AR IR, &I AU A& £k
VR IR, T R4 G R AR AL R AT A4k, sk
TLC FAHEAS XA A TR 59 24 (1.33 g, 67%).
BEAY) 24 (133 g, 2.41 mmol)% T & H4¢(60 mL)
H, I DMP (1.31 g) = H i 4 h, TLC Rl s b 56 4.
M 10% NaS,05 WK, 73, KA S HEA (30
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mL X 3), & I B AU 53 o0l FH B I S0 7K I 80RH £ 36
KBEW. TG, (7Yt aith, 7433
(2S/R,35)-9 (1324 mg, & E7Z). FEY)(25,35)-9 Hh
Fdiik. [a]F +57.4 (c 2.53, HCCl;); 'H NMR (CDCl;,
400 MHz) d: 8.28 (d, J=7.8 Hz, 1H), 8.03 (br s, 1H),
7.78~7.71 (m, 2H), 7.52~7.47 (m, 1H), 7.38~7.24 (m,
5H), 5.20~5.05 (m, 3H), 4.94~4.79 (m, J=2H), 3.95~
3.83 (m, 2H), 3.07 (dd, J=3, 13.2 Hz, 1H), 2.94~2.89 (m,
1H), 2.71 (t, J=12 Hz, 1H), 1.78~1.68 (m, 2H), 1.55~
1.43 (m, 2H), 0.91 (s, 9H), 0.10 (s, 6H); *C NMR (100
MHz, CDCl;) 0: 201.9, 161.3, 156.4, 148.5, 147.2, 136.5,
134.5, 128.8, 128.3, 128.1, 127.8, 127.3, 127.0, 122.1,
69.3, 67.9, 54.0, 53.6, 38.6, 36.5, 29.9, 28.6, 26.0, 23.9,
18.2, —4.3, —4.6. HRMS (MALDI/DHB) calcd for
C30H4N305Si (M+H)": 550.2737, found 550.2752.
3.2.9 (+)-Febrifugine (3)494- %

AL API(2S/R,35)-9 (1306 mg, 0.303 mmol)
N 6 mol/L ()R V(50 mL), #rlifi4 h )5, FRIEE
0 C, fEUK/KHTAH T FHERIRHR T pH=9. 5 &
FZHUPYIR (40 mLX4). &5 A HUH R AT K oE
Y1 WG, HITCKRBRER B/ IR AN 145, I uEk4i s, Ar
32 S O AR NN ZBE(50 mL) IR 6 h, #e4h
JE ST B AR oK ORF E 45 i AR 3 (650
mg, 73%). m.p. 139~140.5 ‘C (EtOH) (lit.'” 138~140
C); [a]® +28.3 (¢ 0.50, EtOH) [1it."" [a]Z +28 (c 0.5,
EtOH)]; '"H NMR (500 MHz, CDCl3) 0: 8.20~8.12 (m,
1H), 7.84 (s, 1H), 7.74~7.68 (m, 2H), 7.42~7.38 (m,
1H), 4.80 (d, J=17.50 Hz, 1H), 4.74 (d, J=17.5 Hz, 1H),
3.20~3.16 (m, 1H), 3.01 (dd, J=4.6, 16.0 Hz 1H), 2.87~
2.85 (m, 1H), 2.80~2.76 (m, 1H), 2.57~2.45 (m, 4H),
1.98~1.96 (m, 1H), 1.63~1.64 (m, 1H), 1.45~1.37 (m,
1H), 1.28~1.21 (m, 1H); *C NMR (100 MHz, CDCl5) ¢:
202.5, 161.0, 148.1, 146.5, 134.5, 127.5, 127.4, 126.7,
121.8, 72.0, 60.1, 54.8, 45.8, 43.8, 34.3, 25.5. HRESIMS
caled for C;gHyoN3;O; (M + H)+ 302.1505, found
302.1500.
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