Synposi um on the chemistry of natural products
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Scheme 1: a) CICOyMe, CHCl3 (95%); b) ScO,, dioxane-H,0 (10:1) (77%); c) PCC (90%); d) Hy, 5%
Pd-C, McOH (98%); €) NaBH4, MeOH; f) 10% NayCO3 (77% in 2 steps); g) Ac7O, py. (74% in 2 steps)
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< NR ) — —

i-Pry0, 32~35°C, 109 h (74% from 3)

(85%, 90% ee)
H H
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—H, 2D0KBREBICBVWTH, it Hlipase CEX & & RIF %2 #
RE5x, BIHRCEOHINERE, PO B HBHEHET, &
EF T NL()S X655 DPWERTH .

Ao, H - OAc AcO H OH AcQ H O

- - &

/ lipase CE
NR -
phophate buffer (pH = 7)

PCC, CH,Cl, <
——— NR
(65% from 3)
32~35°C, 23 h (84%., 80% ec)
H H H
2 3 (-4 (R =CO;Me)
2. FAY YR Y T = VYD Y — ¥Ehi g3
R, FIRVBOFINVNERESHICESEZ, glycol 5 O lipase fil

BEECETRIFIT T B2 -0, B DODEK % 4T o 7. (Scheme 2).
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Scheme 2: a) Hjy. 5% Rh-C, EtOAc (80%); b) NaBH,, EIOH (95%)
glycol5 %, lipase it = X F VAL IKfF L 22 & & A, celite & &

EAftlipase AK X i-Pr,O P THW S AXRLVEBEFL2HERE S 2, ¥F
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FAEBICE DD FEXF IOV L(+)8 % ?% 7= (Scheme 3).
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Scheme 3: a) NaBH,, EtOH, 0 °C (92%); b) vinyl acetate, lipase PS, i-Pr;0 (47% of acewte, 52% of (--8); ¢)
K,CO4, E(OH, 0 °C (90%); d) Jones oxidn. (80%)

B, FTEEERTOH I G811, Jones BRIL T b & D B-keto
ester7 N EEHR, BB TLI LT E .

4. * I VEFO-BLUEBAIOXRYER~DEHE T3

FF )4 BEE &£ L, dihydropinidine @ & K % 1T - 72 (Scheme 4).
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Scheme 4: a) HC(OMe)y, cat HpSO4 (86%); b) O3 then NaBH4 (98%); c) TBDPSCI, EiyN, DMAP (94%); d)
K2CO3, MeOH; ¢) MOMCI, Hiinig base (88% in 2 steps); f) Super-Hydride (87%); g) Swem oxidn. then
ethanedithiol, BF; ' Et7O; h) Raney Ni (W-4) (60% in 3 steps); i) c. HCI, MeOH then MsCl, Py.; j) DBU, toluene
(48% in 3 steps); k) Hp, 5% Pd-C, MeOH (80%)

piperidine (-)-10 X , ¥ T i & 4 2 #% dihydropinidine ~ & Z H# L T B
h, SR EFODEXEGH T T2 EHCHIOENER L HEE
L7, B U< ()4 & v (-)cassine (1) D G XK &= B L 7-#HR,
(-)-11 DD * F IV H5 K% FBK L 7 (Scheme 3).
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COgMe ., COgMe
a( R= TBDPS
OMOM
— —_—
10 ']‘ Me
COzMe
(-)-11: cassmc

Scheme S: a) TBAF, THF (90%); b) Swem oxidn.; ¢) (Phy3P=CH(CH,);CH=CHj (86% in 2 steps); d) Oy, PdCl,,
CuCl, DMF-H,0 (70%); ¢) Hy, 5% Pd-C, McOH (92%); ) TMSI, CHCl3, reflux (65%)

KA, ()4 % w(+)spectaline I2) D &+ RF LR, + 0
MO F T NVAEER%ERL 7 (Scheme 6).
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/u\é')‘,'z N Mo )L(“)‘,'; N""Me
COz:Me H

(+)-12: spectaline
Scheme 6: a) TBAF, THF (90%); b) Swern oxidn.: c) (Ph)3P=CH(CH3)yCH=CH, (77% in 2 steps); d) 05, PdCl,,
CuCl, DMF-H,0 (70%); ¢) Hy, 5% Pd-C, McOH (92%); f) TMSI, CHCl5, reflux (65%)

& 5 IS, methyl N,O-diacetylspicigerinate (-)-13 @ ¥ 5 IV &4 &K % 47 » ,
BBET7MVMHOAL F spicigerine D Mk BB * e L 7~ (Scheme 7).
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Scheme 7: a) Swern oxidn.; b) TBSO(CHy)gCH=PPh3 (74% in 2 steps); c) H,, 5% Pd-C; d) n-PrSLi, HMPA; ¢)
Acy0, py. (73% in 3 steps); f) TBAF (85%); g) PDC, DMF; h) CHyN, (63% in 2 steps); i) c. HCl, MeOH then
Ac, 0, py. (92% in 2 steps)

=X, ()4 PLEFEHIHS 1 B2,3-didehydropiperidine (-)-14 @ i 4k &
R & Michael R It % # T # & + 5 , indolizidine alkaloid 207A, 209B,
235B' O ¥ 7 VG B & B F L 72 (Scheme 8).
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Scheme 8: a) TBSCI, Et3N, DMAP (95%); b) NaH, DMF-CgHg, S0 °C (92%); ¢) Me,CuLi, 60 °C (92% ); d)
Super-Hydride (94%); €) Swem oxidn.; ) (E10),P(O)CH,CO,Me, NaH (90% in 2 steps); g) Hy, 5% Pd-C; h)
MOMCI (93%); i) TBAF (95%); j) MsCl, Ei3N; k) Nal (85% in 2 steps); 1) CH,=CHCH,MgCl, Cul. -30 °C (74%);
m) n-PrSLi, HMPA; n) c. HCl, McOH (65% in 2 stcps)
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piperidine (-)-16 &, F T i # Ik 510 4= ¥ 5 T indolizidine 207A, 209B
CEAMAhTBY, FOoORBRXERERETTLAL. 28, Michael & i &
Lo TiBLN LA IMEG-15 O 461 %¥ 12, oxazolidinone ~ & BB
FOHNMRICED F T vy 24kTH B L % BERL 7 (Scheme 9).

Me Me
Ej, 20 1850 g C,H. ddd. J = 10.5,7.5,4.5 Hz

3 8 “, 4 | Crp-H,dd, J=8.5,7.5 Hz
! T COMe NS Cro-H. dd, J = 8.5, 4.5 Hz
CO2Me

o)
Scheme 9: a) Super-Hydride (34%). b) NaH, DMF-CgHg (93%)
COMichael Eie 0 ZIRHEE R kD LI CHEHSINE., T4bBH,

2.3-didehydropiperidine (-)-14 BRUTFTRT _BOLAREE»NZF Z O N
Z %, conformerB CREXLEBRELNMNMHA L O FIC A3 girain
T L AN HEKERNELARRA TH B, o TRIL I conformer A K B
WTERECZH, 0B, PN REXHTFTHBBRBC tETRL
EAFT L, ()-15%25 27260 &Ex 5 N5 (Figure 1).

TBSO

Figure 1 TBSO
), +
N q N —————-  (.)-15
SCO;Me ~CO,Me
CO:Me Me /~OMe
(Me]- “-‘ C
~~ TBSO
OTBS o Me /\,22 t
N/COZMQ ‘\ N—COz;Me
B —
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X5 2, FA OK&BIT LD indolizidine 235B' D 1 O ¥ T VE R D
# B L 72 (Scheme 10).

Me Me Me
SRS G P &
IW“);: r;: t ‘);OMOM /\Hs h'J { ’);OMOM /\Hs

COzMe COxMe indolizidine 235B'

Scheme 10: a) CH,=CH(CH;);MgBr, Cul, -30 °C (82%); b) n-PrSLi, HMPA,; ¢) c¢. HCI, McOH; d) PhyP, CBryg,
Et3N (63% in 3 steps)

5. * I VEFO6CODRRYABE~ I’

acetate (-)-6 X, FARVEEROBEHOFIVETC N FRI L
# x TH L 72 & £, decalin (-)-17, octalone (+)-18 @ ¥ 7 WV & B & &K
L, (-)-polygodial,“ (-)- wa.rburgana.l,11 (-)-drimenin12 DEEREK = 7
T L 7z (Scheme 11).
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H
b T8S0.,, ~OMOM "
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(+)-19: R = CO,Et
de f( R = Me

Me Me
H
o) +OMOM X
—
h:lle l\:ﬁe hjte 4
X=0 7 (4)+17: 34-saturated
MOy X=H, ' 4 (+)-18: 3.4-unsaturated (75%)

Scheme 11: a) MOMCI, Hilnig base (96%); b) K;CO4; ¢) TBSCI, Et3N, DMAP (90% in 2 steps); d) LiAlHy (95%);
e) L, PhyP, imidazole (96%); ) Zn, AcOH; g) TBAF (87% in 2 steps); h) PCC (92%): i) LDA, TMSCl then
PAOAc), (76%); j) LDA, Mel (86%); k) LDA, Mel (62%); I) Hy, 5% Rh-C (98%); m) TsNHNH,, BF3 Et;O; n)
MelLi (82% in 2 steps); 0) Hy, 5% Pd-C; p) c. HCl, MeOH; q) PCC (30% in 3 sieps)

X 5 2, acetate (-)-6 D W HHECHFH L, + 0o FEAA R E
% 4T v decalin (+)-19 @ 3 ¥ K (-)-19 £ %, < n i £ b E Z terpene M

DTS vy FIA YA NX—I 2 ST E T o 2.
1) TBSC], EtsN, DMAP

H 2) KC0y H
AcO., WOH D Hinig base MOMO., L,OTBS
: (71% in 3 steps) :

COoLEt COo,Et
(-)-6 (-)-19

6. ¥ I NVEFOSDODEXRYAER~DICH
piperidone (-)-8 i, F V23 KEBEMLE N MNP LBMEETRE %
#x TBBH, »»D6 fHflactam carbonyl X 2 iF B + n ¥, H 4 »

3-piperidinol alkaloid ? 2k KX F # ML T & 5 & F z 7z (Figure 2).
Figure 2

07N "“CO,EL
Bn
(-)-8 )

O ,.Oo H | QO H (1.,;0 H D ‘.no H
RISNT™R2 RITONT TR RTTONT SR2 RTTON “R2
| |
R R R

P3N AR X Y rBREFLLZER, BE S (£ DH
D ERT 2 S & A T X 72 (Scheme 12).
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a ( R = MOM
OH 0OBn
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Scheme 12: a) MOMC], Hinig base (98%); b) Super-Hydride, 0 °C (36%); c) NaH, BnBr, DMF-CgHg (96%); d) c.
HC1, MeOH; e) PCC, AcONa (83% in 2 steps); ) Hy, Pd(OH)4; g) NaB(OAc)3H, AcOH (97% in 2 steps)

3 T I2 Stille 5 1342 (£)-20 » 5 prosopinine ® F K & fF » T v 3 .
BE, Z#43BB R LAEZ L TESMBERIECEZMEL,
FRFINEF4,6,80MMECETHELIAGRT 22 L 27T 3
7. & b il , ¥ HE D alkaloid B £ Fterpene D ¥ 7 VE K % 17 Vv,
ERETELELTOAARLLHALGAKC T B &HTE 2.

M aminoalcohol (-)-16 D E WM A R PV F — % x T HE T &
WELARFENKEHHKT Z KK 5 UK indolizidine 235B° X &
D EEA RS PNVFT -5 & TESET S W E L A NIH, John. W, Daly
Mt #HHRLETT. T2, EHEY)V SN -EEXTRHETEVELL
XREREMNMEBEEALARXIRHEL I 7.
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SYNTHESIS OF VERSATILE CHIRAL BUILDING BLOCKS BY ADOPTING BIOCATALYSIS
AND THEIR APPLICATION TO NATURAL PRODUCT SYNTHESIS

N. Toyooka, M. Jin, A. Nishino, K. Tanaka, Y. Yoshida and T. Momose

(Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical University)

Biocatalysis is recognized as a useful tool for organic synthesis, especially for the asymmetric
synthesis of natural products. ~ As part of our efforts to synthesize versatile chiral building blocks
by adopting biocatalysis, we developed the lipase-catalyzed desymmetrization of the meso- glycol 1
and the meso-diacetate 2 to afford both enantiomers of the ketol acetate 4 as an optically pure state,
respectively. The desymmetrization of the meso-glycol 5 was also achieved to give the
monoacetate (-)-6, which was led in three steps to the decalin (+)-19.  Enantiomerization of (+)-19
was readily accomplished to give (-)-19.  On the other hand, baker's yeast reduction of the B-keto
ester 7 proceeded in a highly enantioselective manner and furnished the homochiral piperidone (-)-8
in good yield. The enantiomer (+)-8 was obtained by the lipase-mediated optical resolution of (£)-
8. Thus, we achieved highly efficient synthesis of both enantiomers of chiral building blocks 4,
6,8. The versatility of 4, 6 and 8 for natural product synthesis was demonstrated by the first total
synthesis of (-)-cassine (11), (+)-spectaline (12), (-)-indolizidine 235B' and the formal synthesis of
(-)-dihydropinidine, (-)-indolizidine 207A, 209B, (-)-polygodial, (-)-warburganal, (-)-drimenin, and

prosopinie, respectively.
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