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X = H, clionastatin A (1a) X = H, clionastatin A (1)
X = Cl, clionastatin B (2a) X = Cl, clionastatin B (2)
(originally proposed structures) (revised structures)
» first polyhalogenated steroids in nature; « C1, C2-pseudoeqguatorial dichlorides;

« highly unsaturated androstane framework; « no total synthesis reported.
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X = H, clionastatin A (1a) X = H, clionastatin A (1)

X = ClI, clionastatin B {2a) X = Cl, clionastatin B (2)
{originally proposed structures) (revised structures)
« first polyhalogenated steroids in nature; « C1, C2-pseudoequatorial dichlorides;

« highly unsaturated androstane framework; « no total synthesis reported.

A. Facile aromatization of the C19-hydroxyl dienone compound
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B. Retrosynthetic analysis of clionastatins A and B
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X = H, clionastatin A (1a)
X = Cl, clionastatin B (2a)
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@ possible reaction sites of 8 for radical addition

@ traceless stereochemical relay: 1059 »6-»5-+1a or 2a

OMOM

Ireland-Claisen  OAc OMOM O OMOM
rearrangement CBS reduction
v L v

11



O OMOM 1. (R)-Me-CBS

i' J BHy-Me;S, then Ac,O
1

93%, 85% ee

FPh

H y.Ph
C,T:BS (R)-Me-CBS

L]

Me

Me
~NA 9 80Ck, DMF
O1-S0| H 79%
1 0
16

10. Se0;, dioxane
44% 17 (+ 42% 16)

Me

11. Et;NCl3 (3.3 equiv)
62% 18, or

i7. Et,q N Clﬂ

clionastatin B (2)

&,

42% 2 (+ 45% 1)

OAc OMOM OMOM 3. 'BuQCOCI, NMM
1 2. KHMDS, TMSCI Ph;Te,, DIBAL-H
80% 5, _~COOH 79%
9
Me Pd(OAC),, dppp M 4. Et3B, air, 8
Et.N DMF then MeOH
Tt — i e s 5. Tf;0, Et;N
> 1 5% e} 50% (2 steps)
Me Me
HO MOMO ‘
8. 6M HCI. MeOH 6. NaBH,, CeCly-TH;0
H o 74% “ H O 7 Pd(OAC), dppp, PMP
. o] ] 8] then DMP, 46% (2 steps)
15 14
h
Me:
°\ 12. Ac,O, DMAP, 92%
X from 18
— g { ) - Cl.,
- ".u.~ ( 13. TiCly, LiCl, 75%
- AcO
18 [X-ray]

clionastatin A (1)

&,

9

-

1 [X-ray]

o~

{

14. PPhg, CCly, 63%

15. m-IBX, PhaSe;
then LiOH, 81%

Me:

16. Martin sulfurane cl

-

T0%
HO

21



COREY-BAKSHI-SHIBATA REDUCTION (CBS REDUCTION)
(References are on page 565)

H Ph
0 = _L-Ph o
. 1.THF,-10 "C to r.t.
+ BH4-Ligand + 0 -
R'” "R? N~pg’ 2. work-up
R1> R2 (1 equiv) ;?3 2° Alcohol
(catalytic)

R'-2 = alkyl, aryl; Ligand: THF, Me,S, 1,4-thioxane, diethylaniline; R® = H, alkyl
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CLAISEN-IRELAND REARRANGEMENT
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22 (desired) 23 (R=0H)—

{undesired) PFha, CCly

see SI | CITI(OPr)3), 'BuOCI 73%
for details | 22:23:24 = 11:54.35
(Table S1)| ("H NMR ratio) |||

25 (R = Cl) =—

25 [X-ray]

conditions®

EtsNCl; (2.0), -78 °C

CITi(O'Pr)5 (1.5), 'BuOCI (1.5), rt

CITi(O'Pr); (1.5), 'BuOCI (1.5), (1S,2R)-L {0.3), rt
CITi(O'Pr)3 (1.5), 'BuOCI (1.5), (1R,28)-L (0.3), rt
CITi(O'Pr)5 (1.5), 'BuOCI (1.5), TI{O'Pr)4 (0.2), rt
Cl,Ti(OPr), (1.2), 'BuOCI (1.2), rt

ZrCly (1.5), 'BuQCI (1.5), rt

SnCly (1.5), 'BUOCI (1.5), rt

SnCl, (3.0), ‘BuOCI (2.5), 0 °C

SnCl, (3.0), 'BuOCI (2.5), 0 °C, then BF5-Et,0 (2.0) (0)°

By

24 [X-ray]
'H NMR ratio
22 23 24
40 50 10
11 54 35
25 10 23
13 13 44
10 40 50
14 59 27
12 48 40
£ (32)F o
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A. Possible pathways for dichlorination of 15 to afford 22, 23 and 24 (without conformational lock):
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B. Possible pathway for dichlorination of 16 to afford 27 (with conformational lock by sultine):
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H
16 54 path b Cl

(disfavored)

RO
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twist boat conformation 26 (minor)
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