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ABSTRACT

R' = F3C0,; R®=H, A™;
X =H, OAc, OBz; Y =H, OBz
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Ring opening of steroidal spiroketals under exceptionally mild conditions is smoothly achieved via reaction with trifluoroacetyl

trifluoromethanesulfonate (TFAT). The new spiroketal ring-opening protocol provides

difficulties that attended previously employed vigorous reaction conditions.

artrifluoroacetyl vinyl ethers in good yield and avoids

Site-specific functionalization and isomerization of spiroketal
subunits in common steroids are pivotal operations for the

normal-type structures, and the transformation of normal-
to iso-types proceeds via pseudospirostaddn addition,

syntheses of steroidal natural products and their derivatives.pseudospirostan® have proven to be useful intermediates

With regard to the spiroketal subunits E rings) in
spirostans, normal-type structurdsare the major class

for functionalization at C-25,26 t6 and spiroketalization
of terminal olefin4 to 6 in our program for synthesis of

among the naturally occurring spirostans rather than iso-typecephalostatirfsand ritterostatin 1.6

structures (Figure 1)? Several investigations have revealed
that iso-type structure3are more stable to strong acid than
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During the last few decades, a number of acid-catalyzed
isomerative F-ring-opening protocols have been developed
for obtaining pseudospirostahslowever, these suffer from
several drawbacks. Although, in some cases, reaction tem-
peratures were somewhat ameliorated (70~1@)7 the
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reaction conditions still require quite high temperatures, often affording C-3, C-26 differentiated pseudospirostans. Reagents
resulting in moderate yields. No example of F ring opening initially screened, including O, TMSI, TMSOTf, (RCO)0,
with a double bond in the E ring has been reported, implying and p-NO,CsH,OTf, were unrewarding.
that such substrates may be problematic. Finally, differentia- Since the preparation and isolation of trifluoroacetyl
tion of protecting groups at C-3 and C-26 (cf. Scheme 1) trifluoromethanesulfonate (TFAT) from the dehydration of
has been rarely realized. a 2:1 mixture of trifluoroacetic acid and trifluoromethane-
sulfonic acid by J. C. Martin et a2 only a few examples
_ of its application in organic syntheses have been repdrted.
Due to its strong electrophilicity, the applications of TFAT
are focused mainly on trifluoroacetylation of oxygen, nitro-
gen, carbon, or halogen centers (Figuré 2).
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We were initially pleased to note that addition of 4.4 equiv
of TFAT to tigogenin acetat&5 in CH,Cl, at —78 °C for
0.5 h, followed by quenching with NaHGQ provided
hemiketall8 and exocyclic olefirl9in 60 and 36% yields,
respectively (Scheme 1). Interestingly, further treatment of
either hemiketall8 or olefin 19 with catalytic triflic acid
gave the desired endocyclig-trifluoroacetyl enol ethe20

] 20, 78% combined

Previously, our group has reported a method resulting in
F ring opening with differentiated protecting groups at C-3
and C-26 using (GHCCO)O and NHCI as a catalystAn

alternative protocol featured F ring opening with concurrent _
halogenatior.

Herein, we wish to report a general and efficient tool for Table 1. Optimization of the Reaction Conditions
F ring opening of spiroketal rings in common steroids
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Table 2. Reactions of TFAT with Common Steroids

entr; substrate TFAT time roduct yield
y (equivalent) () P (%)
o~
~ o}
1@ 1.5 2 94
AcO
AcO
20
o«‘:F3
~ o}
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AcO
H . AcO
sarsasapogenin acetate 25 H 30
< O o) \\{CF(S
~ o}
32 1.5 2 96
AcO
diosgenin acetate 26 AcO 31
orc i 9 Fs
~ o 4 %
42 1.5 2 95
AcO
diacetate 27 AcO 32 i
Ee) 8
QAc = & ohc g \gf
50 3.25 144 73
AcO
28 AcO
6° 3.25 20¢ 83

AcO'

AcO

aProcedure A was used at30 to —40 °C. P Procedure B was used &f78 °C. ¢ Isolated yield @ TFAT reaction to hemiketal (2 h) and dehydration (12

h). @ TFAT reaction to hemiketal (4 h) and dehydration (16 h).

in 90 and 67% yields, respectively (Scheme 1). In search of A) furnished then-trifluoroacetyl enol ethe20in 94% yield
an optimized procedure, a series of test reactions at higher(Table 2, entry 1).

temperature with reduced amounts of TFAT revealed that

the conversion could be completed with 1.5 equiv of TFAT
at —30 to —40 °C (Table 1, entry 3). The final procedure
involves low-temperature (—30 te-40 °C) treatment of
tigogenin acetatel5 with 1.5 equiv of TFAT for 2 h,
followed by water workup to give a mixture of hemiketal
18 and olefin19. Evaporation of the reaction mixture in a

warm water bath and subsequent basic workup (Procedure
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Expanded application of the TFAT-assisted spiroketal ring
opening to the other common steroids was also successful.
In the case of sarsasapogenin ace2&tecompoundB0was
obtained in 95% via the general reaction procedure (Table
2, entry 2). Diosgenin aceta®6 and diacetat@7 provided
compounds31 and 32 in 96 and 95% yields, respectively
(Table 2, entries 3 and 4).

In contrast, the 14,15-olefinic steroB (Table 2, entry
5) gave a mixture of cyclopentadien28 and 24 in 78%
yield (2324 = 1:6.1) from acid-promoted subsequent E ring
opening (Figure 3). This can be explainedf»glimination
of oxonium ion22, generated from protonation @j-tri-
fluoroacetyl enol ethe21, to give a thermodynamically more
stable cyclopentadiene along with some acid-catalyzed
epimerization at C-20 (Figure 3).
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Table 3. Relationship between TFAT and the Products
B-face hindered

o \«CFs
§H+ AcO le)
AcO X\ 2 -
AcO o O
21
TPt "] o-(°F:
| ) CH,Clp, - 78°C, AcO )
21 1 h, Procedure A
28
23 C-20 a-Me
ACO %L”“% 24 C-20 B-Me
23, C-20 a-Me
24, C-20 p-Me entry? TFAT (equiv)® 21 (%) 23(%) 24(%) 28 (%)
Figure 3. 1 1 0 0 0 100
2 2 5 0 6 89
3 3 24 0 2 74
Careful investigation on the relationship between the 4 3.25 47 4 32 17
) 5 3.5 5 21 69 5
amount of TFAT and the products from spiroketa8 6 4 0 17 59 17

indicated that 3.25 equiv of TFAT gave the best result (Table
aYields of the products were calculated from the integratioH-bNMR

9
3)' ) ) peaksP Freshly prepared TFAT was used.
To avoid the consequences of protonation at C-20, the

reaction mixture was given a basic workup with saturated
NaHCQ; followed by subjecting the reaction mixture of - Fyrthermore, trifluoroacety! trifluoromethanesulfonate (TFAT)
hemiketal and exocyclic olefin to a catalytic amount of has advantages of providing acid-stable trifluoroacetyl esters,
pyridinium p-toluenesulfonate (PPTS) in dichloromethane at \yhich are selectively deprotected in the presence of the C-3
reflux for 12 h (Procedure B) to provide the desired acetate or other ester groups, which is very advantageous
compound21in 73% yield (Table 2, entry 5). This was also  for subsequent reactions.
applicable to compoun®9, which has a C-23 axial benzoate
to furnish compoun@3 in 83% (Table 2, entry 6). Acknowledgment. We thank the National Institute of

In conclusion, we have demonstrated an efficient and Health (CA 60548) for funding. Arlene Rothwell provided
useful synthetic method for opening spiroketal rings in the MS data.
various steroids by addition of TFAT, which is commercially
available and also easily prepared from inexpensive reagents. Supporting Information Available: Experimental pro-

cedures and copies éH and**C NMR spectra. This ma-
(9) Same reaction using 1.5~2.0 equiv of TFAT 480 to —40 °C, terial is available free of charge via the Internet at

followed by basic workup, led to conversion, during evaporation, to http://pubs.acs.org.
cyclopentadiene®3 and24 (75%,23/24= 1:3.8) along with 25% of pseudo
compound21. No hemiketal was observed. OL035284H

3622 Org. Lett, Vol. 5, No. 20, 2003



