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Background

Isolation:

¢ Isolated by Ye and co-workers in 2017 and
obtained only 1.9 mg from the toad Bufo
bufo gargarizans;

Biological activities :

¢ possess a cardioactive effect and promote
blood circulation through causing a 43%
inhibition of Na/K ATPase (NKA) at 25 uM

Structural features:

¢ Unusual [5-7-6-5-5-6] ring system
¢ rearranged A/B ring system rather than the usual decalin system
¢ 11 Stereocenters: 10 contiguous, two quaternary, one spiroketal

Tian, H. Y., Ye, W. C. et. al. J. Nat. Prod. 2017, 80, 1182-1186.
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Asymmetric Synthesis of 19
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bufospirostenin A (1)

Mukaiyama hydration

Methylation

Pauson-Khand reaction of an alkoxyallene-yne
spiroketalization
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Seyferth-Gilbert homologation

Colvin & Hamill (1973): Gilbert & Weerasooriya (1979):
Me n-BuLi Ph o 0 t-BuOK Ph
0 Me. | (1.1 equiv) CIJ MeO\H N. (1.1 equiv) c
)k * SN ™ /=" )k ¥ MeO” 2 X
Ph Ph Me \f THF C Ph CH3 e \f -[HF C
H -78°Ctor.t. I H -78 °C, 12h é
20h: 80% Ph then r.t.; 60% Hs
Seyferth-Gilbert homologation:
* ; —n= 2
(0] [l ) base (=1 equiv) R'-C=C—R 3~ O
+ H P—OR3 » + N- + R O\Il ~
A | t 2 p ,P\\)
R R2 T OR3 solven In@ernal or R30 o
aldehyde or N, =room temperature terminal alkyne
ketone
Modification for the synthesis of terminal alkynes (Ohira & Bestmann):
0 '
0 T K,COs (2 2 equiv) Ep— 0 .
JIg + P—OR? RI-C=C—H R%0.]]
R'™ "H “oR? MeOH i * /U\OMe RIS
aldehyde N, room temperature Terminal alkyne
R' = alkyl, aryl, heteroaryl; R? = H, aryl, heteroaryl; R® = Me, Et; base: n-BuLi, KO-tBu
o 8 0 o
RJO——P , I Of OMe Q [ MeOH  nan Il
RS \/\ — R°0-P — + RO-P_.o *MeOH Rio-p__H
OMe R30 OMe R0 m ) R3O \[‘r
i - MeO
N> N2 2

Reaction of the anion with carbonyl compounds:
( N P c -C=C-
R‘;O 9/\/>:o —— RBO | R1 O - v
R3O ﬁ RJO R2 )]_F P Internal or

terminal alkyne
Ny
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Pauson—Khand reaction

Pauson & Khand (1973):
R'——R? +

terminal or internal
alkyne

Modified P-K reaction:

transition metal

R3 RS
R* R®
mono-, di- or
trisubstituted alkene

o}
Pp— 2 complex It 6
R—R ( 1 equiv) R C\AR
+ \ / R5
R3 RS promoter / solvent [ R
_ CO atmosphere RZ R3
R* R®

Co(CO)s (1 equiv)
solvent / heat
R1 > R2

R4
RZ R3

Substituted cyclopentenone

Intramolecular vanant:

R‘I
) Co,(CO)g
/ ( 1equiv)
X promoter / solvent
=R - CH,, CHR,
CR,, O, NHR, S

R'6 = H, alkyl, aryl, substituted alkyl and aryl; transition metal complex; Co,(CO)g, F&(CO)s, Ruy(CO)12, Cp,TiRy, Ni(COD),,
W(CO)g, Mo(CO)g, [RhCI(CO),],; promoter: NMO, TMAO, RSCHj, high-intensity light/photolysis, "hard" Lewis base

R!
8 I f R
0SS O R3 CO(CO)
== 3
(OC)3Co Co(CO) R /?CO(CO co Co(C0); _—/ Rz/é/
N / — </ Co-CO
o loss 0f 2CO Co alkene | ~co Substrate
(CO (CO), coordination ==, coordination
3
18 e complex R!'>R2 18 e” complex 16 e” complex R L- Rh —(CO),
18 e complex
R1
) (COKCO(COKCOS R loss of R! Qj>: Product
+co R “Co(CO); +CO R? _ [Cox(CO)]  |R2 dissociation
e / —_— Cc=0 — - —
alkene Co(CO)3 co c=0
insertion insertion
R3 R3 5 /(CO),.
18 e” complex 18 e complex R

/\\

n=1o0r2

Reductive

+ /(CO)n

Oxidative
cyclization

©:> +_(CO),

inserti k

Qi/:g_ (CO),

v L




Mukaiyama hydration

« Reaction Mechanism

, Cof(acac),
R

o-O~H,SiPh
4

PhSiH,

2).\‘<R3 Co(acac), fFolacac),
R / o
0-0 0-
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Horner-Wadsworth-Emmons olefination

0O
(I)I base / solvent (II) (I)e 3J\‘ 1 (I)
ase / solven
R" P a R - - | RU PR . R'Psy R R + R""IJ\ o
R 0-110°C R 5 R - ) R o)
base: NaH, KH, R% R'=H,
KHMDS, NaHMDS alkyl, aryl
LiIHMDS, KOtBu
R = aryl, alkyl; R? = alkyl, aryl, COR, CO,R, CN, SO,R C—>  Horner-Wittig reaction
= O-aryl, O-akyl, NR,; R? = aryl, alkenyl, COR, CO,R, CN, SO,R ———» Wadsworth-Emmons reaction
N oesM
0”0 o 0
Ro|-p -~ ROI' P -~ RO"P OR
OR' ¢ 7 TOR R
RO RO ea
phosphonate carbanion R, R' = alkyl
B M mt: M. B _M_ *
RO T Kantiaciton 9 9 ﬁ Ksyn addition RO, o/ ?
"‘P;'\)\ —.(faSt) RO P + A (fast) I'Pil\'/\ \
ro” T R| T s Z oR' R H ==———== oo’ 47 OR
J'il phosphonate carbanion aldehyde
H™ "R® ]
TS (ant) 0
' Kanti RO;P\OG RO!' P _©
1 (faster) RO RO
MO
Keis M 3 ;
(slower) O_FI,.~"OR R Ri
) Oxfb~or =<~ | || —
rY  YcoR OO0 COR
cis (Z)—Alkene (E)—Al_kene
oxaphosphetane — major oxaphosphetane
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