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Summary: Fluorine-assisted asymmetric pentacycliza-
tion of (S,S)-acetal 8 gave 18ca(H)-oleanane 28b as the
major product in 59% isolated yield (86.5% de) and with
retention of the fluorine atom at C13.

We recently reported the first total synthesis of a
pentacyclic triterpenoid (racemic sophoradiol) employing
the pentacyclization of an acyclic polyene substrate.! As
an extension of this study an investigation was under-
taken with the aim of realizing an enantioselective
synthesis of representative oleananes in which the key
step was a chiral acetal-initiated asymmetric pentacy-
clization.2® Previous studies have all concentrated upon
the construction of the olean-12-ene carbon framework,!
and so a synthesis of the 18a(H)-oleananes,* e.g., 1,5
would provide additional insight into these pentacycliza-
tion processes and allow access to this ring system.

Two complementary polyene acetals 2 and 3 were
selected as substrates for cyclization studies. The poly-
enes share a common carbon framework which upon
pentacyclization should yield the 18ca(H)-oleanane ring
system. Acetals 2 and 3 incorporate a fluorine atom
cation-stabilizing auxiliary which has been shown to

¥ The X-ray crystallographic analyses reported herein were per-
formed by F.S.T. and R.K.K. at the Department of Chemistry,
Rensselaer Polytechnic Institute, Troy, NY 12180.
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promote and control the cyclization.l?¢® For example,
treatment of racemic acetal 4 with tin(IV) chloride gave
a separable mixture of C4 isomeric pentacycle alcohols
5 in 51% isolated yield (48:4qa, 5.5:1) (eq 1).1° It is

| l SnCl, (3 eq)

——

CH,Cl,
MegSi 78 °C, 10 min
0" "0 5b:5a, 5.5:1
RPN (51%)
4 5b: 48,

5a: 4a,, (1)

important to note that no fluoropentacyclic products were
isolated; these evidently underwent regioselective in situ
dehydrofluorination to create the C12—13 olefinic bond.”
Hence, cyclization of the corresponding acetal with the
pro-C17—-18 trans-olefin, i.e., 2 and 3, was expected to
yield the 18a(H)-pentacycle with the D/E anti-trans ring
junction.

The synthesis of the cyclization substrates 2 and 3 was
linear in design and was accomplished by the same basic
strategy that was developed for the preparation of 4.l
Alcohol 10 served as a branching point in the synthesis,
leading either to substrate 2 or, after conversion to the
trimethylsilyl derivative 18, to substrate 3. Thus, cou-
pling of the sodium enolate of S-keto ester 62 with the
known allylic acetate 7% under palladium(0) catalysis
gave 8 as predominantly the trans-isomer (83:17) in 85%
yield (Scheme 1).° Decarboethoxylation of 8 to ketone 9
followed by reduction with LiAlH, provided alcohol 10
which was readily separable from the corresponding pro-
C13—14 cis-isomer simply by column chromatography.
Cyclopropylcarbinol 10 was rearranged under Brady-—
Julia conditions? to bromide 11 with high trans selectivity
(97:3) and subsequent treatment of 11 with NaCN gave
nitrile 12, which was then reduced with DIBALH to
aldehyde 18. Reaction of 18 with CH,;=C(Me)MgBr gave
allylic alcohol 14, which underwent orthoester Claisen
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17: R=H (39% over 2-steps) 15: X=CO,Et; R=H (71%)
25: R=SiMej; (37% over 2-steps) l:zs: X=CO,Et; R=SiMey (58%)
m

-] P
(95%) (89%)

e Key: (a) 6, NaH; Pd(PPhj)s, PPhs; (b) NaOH; (¢) LiAlHy; (d)
t-BuLi, TMEDA; (e) Me3SiCl; (f) KoCOs; (g) PBrs, LiBr, 2,6-lutidine;
(h) ZnBry; (i) NaCN; (j) DIBALH then H30*; (k) CHy=C(Me)MgBr;
(1) MeC(OEt);, H*; (m) DIBALH; (n) PhyP*CH;OMe Cl-, s-BuLi;
(0) (£)-2,4-pentanediol, H*; (p) (+)-(25,4S)-pentanediol, H*.

16: X=CHO; R=H
24: X=CHO; R=SiMey

rearrangement!? to ester 15 (£:Z, 95:5). Reduction of 15
with DIBALH and treatment of the resulting aldehyde
16 with (methoxymethyl)triphenylphosphorane gave the
homologated enol ethers 17 (E:Z, 49:51), which under-
went smooth acid-catalyzed acetalization with (+)-2,4-
pentanediol to yield the (E,E,Z,E)-tetraene acetal ()-2.
The trimethylsilyl group of substrate 3 was most ef-
ficiently introduced by treatment of 10 with excess
t-Buli, trapping of the dianion with TMSCI, and then
desilylation of the TMS ether with K;COyMeOH to
furnish the propargylsilane 18.1! The elaboration of 18
to enol ethers 25 (E:Z, 50:50) followed the same synthetic
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sequence (Scheme 1) with similar yields and stereose-
lectivities, and then acid-catalyzed acetalization of 25
with (+)-(25,48)-pentanediol gave (E,E,ZE)-tetraene
(S,8)-acetal (—)-3.

Prior studies suggested that cyclization of acetals 2 and
3 would be most effectively achieved with tin(IV)
chloride.'»2¢ Thus, treatment of acetal 2 with SnCl, (3.0
equiv, CH;Cl,, —78 °C, 60 min), followed by quenching
with NEt;—MeOH and aqueous NaHCO3, gave after flash
chromatography pentacycle 26b in 56% yield with reten-
tion of the fluorine atom at C13. Analysis of the crude
reaction product mixture, principally by 'H NMR, indi-
cated that the minor cyclization products (<5%) included
the 22(Z)-chloroethylidene isomer 27 and a trace amount
of the corresponding C22 allene 28, but predominantly
consisted of products of partial cyclization. The 4a-
alcohol 26a was not observed as a product of the
cyclization. The structure and relative configuration of
26b were confirmed by X-ray structure determination of
the purified crystals, mp 172—-174 °C.

20b: R = H; X = C=CH,
30b: R = (A)-MTPA; X = C=CH,
31h: R = (A)-MTPA; X = O

Cyclization of acetal (—)-3 with SnCl, under identical
conditions (reaction time = 10 min) gave a crude product
which contained 28b and 28a in the ratio 5:1 by 'H NMR
analysis. Column chromatography separated fluoropen-
tacycle 28b in 59% yield.!? Further purification by
recrystallization gave pure 28b, mp 173—175 °C, [a]?"p
= +88° (¢ = 0.22, CHCI;). The retention of the F-atom
at C13 during Lewis acid promoted cyclization of 3 (and
2) can be attributed to the lack of steric congestion of
the carbon skeleton in the all-trans fluoropentacyclic
product 28b (and 26b), and so there was no strong
driving force for the elimination of HF (cf. 4 — 5).13

In a separate sequence of reactions, the crude reaction
product mixture from the cyclization of (—)-3 (i.e., pre-
dominantly 28b) was converted to the Mosher esters!‘
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31b by the following transformations:!% (1) removal of the
chiral auxiliary? by oxidation with PCC to the cor-
responding ketone, followed by KOH-catalyzed §-elimi-
nation to 29b;!€ (2) esterification of the C4 hydroxyl with
(+)-(S)-MTPA-Cl (pyridine, DMAP) to 80b; and finally
(3) ozonolysis of the C22 vinylidene to give 31b. The
optical purity of 31b was determined by 'H NMR analysis
to be 86.5% ee. Except for the possibility of some
enantioenrichment, it may be concluded that the cycliza-
tion 3 — 28b proceeded with an asymmetric induction
of 86.5%, which is consistent with previous results.? The
relative configuration of 28b follows from the unequivo-

(15) This sequence of reactions was performed with a minimum of
purification and characterization of the intermediates. Where chro-
matography was unavoidable, great care was taken (by GC analysis
of all fractions) to ensure that no diastereomeric oleananes were
separated.

(16) Removal of the auxiliary at C4 was also accompanied by base-
promoted dehydrofluorination (ca. 20%) to yield predominantly the
C12—13 olefin isomer.
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cally established constitution of the closely related pen-
tacycle 26b (X-ray analysis) and that the absolute
configuration is that of the natural oleananes is almost
certainly assured by the established stereochemical
course of the cyclization of related chiral acetal polyenes.2
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