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STEREOSELECTIVITY OF A-RING CONTRACTION FOR 3-

OXOTRITERPENOIDS

Liliya M. Kacharova, Sergiy V. Yemets, Alexey D. Kacharov
University of Minnesota Duluth USA

The A-ring oxidation/contraction of 3-oxotriterpenoids was developed as a two-step and “one
pot” process. A benzylic acid type rearrangement of triterpenoid diosphenols gives (S)- as major and
(R)-a-hydroxycarboxylic acids as minor reaction products. The absolute configurations were determined
from the X-ray crystal structure analysis.

Inroduction

The development of triterpenoid chemistry over the last ten years'*® was encouraged by the
discovery of potential anticancer, antibacterial and antiviral bioactives.?* The structure/activity
relationship led to the development of methods for modification of triterpenoids with different
hydrophilic groups (carboxylic, carbonylic, hydroxylic etc.).%* The modification of the A-ring through
a benzilic acid rearrangement of 2,3-dioxo derivatives displays a high potential to the synthesis of new
bioactive triterpenoids. Previously reported approaches**® are cumbersome because they utilize the
bromination of 3-oxotriterpenoids followed by the ring contraction of corresponding o,0-
dibromoketones; it is apparent that diosphenols®® of lupane and oleanane triterpenoids are more relevant
precursors for this purpose.

CH;3N,,
ethyl ether
—_—

R =CHj (1), R = CHj (6), R = CHj (11), R = CHj (16),
CH,OH (2), COOH (3) CH,OH (7), COOH (8) CH,OH (12), COOH (13) CH,OH (17), COOCHj (18)
| 1) Oy, t-BuOK, t-BuOH; 2) H,0 T

CH;No,

X = H, (19), O (20)

X = Hj, (9), O (10) X = H, (14), O (15)
| 1) Oy, t-BUOK, +-BUOH; 2) H,0 T

Scheme 1 Oxidation and A-ring contraction triterpenones
This work is focused on the development of a convenient stereoselective method for A-ring
contraction of triterpenones using oxygen and t-BuOK in t-BuOH. In particular, combining the first-step
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oxygen oxidation with the second-step benzilic acid rearrangement (BAR) or benzilic ester
rearrangement (BER) could lead to the development ofa “one pot” ring contraction of 3-oxotriterpenoids
into corresponding a-hydroxycarboxylic acids (BAR) or their esters (BER). Such combination would be
successful only if the further oxidation of diosphenols to 2-oxa-2- nortriterpenoids® is avoided. The
other goal of this work was to clarify the stereoselectivity of A-ring contraction that could lead to the

formation of (S)- and
a-hydroxycaboxylic

stereochemistry of A-
oxotriterpenoids  was
previous studies,® the
conditions was also our

Fig. 1 The X-ray
19p,28-epoxy-3f-

(R)- isomers of tertiary
acids or their esters. As
ring contraction for 3-
not disclosed by
influence of reaction
matter of interest.

structure of methyl
hydroxy-1(2—3)-abeo-

18a-oleanan-2-oate (19)
Results and

discussion
Diosphenols contraction

Starting triterpenoids — lupenone (1), betulone (2), betulonic acid (3), allobetulone (4), 3-oxo-
18a-oleanan-28,19p3-olide (5) and corresponding diosphenols 6-10 (Scheme 1) — were synthesized from
commercial lupeol” and betulin.Diosphenols 6-10 form smoothly for one hour under these reaction
conditions. Stereoselective benzilic acid rearrangement of diosphenols 6-10 into corresponding (S)-
hydroxy acids 11-15 occurs with a good yield in KOH/t-BuOH/water over 24 hours at 75 °C. Hydroxy
acids 11-15 were esterified with diazomethane into corresponding methyl esters 16-20. The
configurational determination (Fig. 1) was performed by X-ray analysis of the monocrystal for ester 19.
Analogous reaction conditions for the oxidation and contraction prompted the possibility of combining
the two-step process into a “one-pot™ oxidation/contraction process to avoid anisolation of intermediate
diosphenols 6-10 (Scheme 1). The introduction of oxygen was interrupted after the complete conversion
of starting 3-oxotriterpenoids 1-5 and then the consequent contraction was carried out for 22 hours at
75 °C after adding water to give hydroxy acids 11-15 in >85% overall yields.

Selectivity and mechanism of A-ring contraction

Though a-hydroxycarboxylic acids 11-15 were isolated as (3S)- isomers only (Scheme 1)
formation of (3R)-isomers also is possible. Stereoselectivity of analogous contraction was explained by
steric factors for chair conformation of o-diketone rings in previous studies of steroids and
triterpenoids.However, these studies did not provide an isomeric resolution of reaction mixtures. We
performed a study of benzilic acid rearrangement stereoselectivity through analysis of reaction mixture
before product isolation.

1) Oy, %
BUK, s 1)KOH,  HO
t-BuOH; ° H,0, t-BuOH,;
+ -—
(¢} 2) Hy0; 2) CHNy, (o}
3) CH,N,, ethyl ether
Scheme ethyl ether 2Stereoselectivity

of contraction for 3-
1- 5 and diosphenols 6—
BuOH

The presence of both isomers were indicated when GC/MS and NMR analyses were performed
for crude reaction products that had been methylated with diazomethane (Scheme 2). The influence of
reaction conditions on stereoselectivity has been studied for benzilic acid rearrangement of diosphenol
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6. It was determined (GC/MS) that the (S)/(R)-isomeric ratio of methyl 3B-hydroxy-1(2—3)-abeolup-
20-en-2-oate (16) to 3ahydroxy-1(2—3)-abeolup-20-en-2-oate (16") was 95/5 for the contraction with
KOH in tert-butanol and 81/19 for the contraction with KOH in methanol (BAR). A significant decrease
of selectivity (78/22 16 to 16' ratio) was observed when diosphenol 6 was treated with KOCHs in
methanol (BER). Isomeric esters of a-hydroxycarboxylic acids 16 and 16" were isolated individually by
separation on silica.
Conclusion

Efficient "one pot" stereoselective A-ring contraction for 3- oxotriterpenoids was developed.
Benzilic acid rearrangement of triterpenoid diosphenols is a stereoselective process with the formation
of (S)-a-hydroxy acids as major products. For the first time, corresponding (R)-a-hydroxy acids were
detected, isolated and characterized. The stereoselectivities for benzilic rearrangement of diosphenols
depend on the reaction conditions (reaction solvent and basic reagent). All synthesized triterpenoids are
potential bioactive compounds and being tested for antiviral, anticancer, antibacterial activities.
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XIMIYHI TEOPII KOJIIPHOCTI
IIpycoBa M.O.
[TontaBchbkuil HalllOHAIBHUI TiegaroriyHuil yHiBepcuteT imeH1 B.I'. Koponenka

VY naHiii HayKOBI CTATTi PO3TIAAAIOTHCS (I3UKO-XIMIYHI 0COOIUBOCTI BUHUKHEHHS KOJIbODY,
MeEXaHi3M CIIPUUHSATTS KOJIBOPIB JIFOJCHBKMM OKOM, & TAKOXK CTPYKTypa MOJIEKYJI 3a0apBICHUX PEUOBHH.
3HayHa yBara MPHUAUISETHCS BUBYCHHIO €JIEKTPOHHUX MEPEXOJiB Ta CHEKTPIB MOTJIMHAHHSA COHSYHUX
MIPOMEHIB.

CrpuiHATTS KOJIbOPY Lie CKIagHuM ¢Qi3uko-XiMidyHui npouec. Komip, skuit Mu cripuiiMaemo, €
Pe3yabTaTOM JAEKUIBKOX MPOIIECIB: B3a€MO/Iii MArHITHUX KOJIUBaHb, SIK1 CTBOPIOIOTH CBITJIOBUI TPOMIHb,
13 MOJIEKyJlaMH DPEYOBHMHH; BUOIPKOBOTO TIOTJIMHAHHS, 3YMOBJIEHOTO OCOOIMBOCTSMHU CTPYKTYPH
MOJIEKYJI; BIUIUBY IPOMEHIB, BIAOUTHX Ha CITKIBKY OKa [1].

CoHsyHMIA TPOMIHb MICTUTB CBITJIOBI XBUJT1 PI3HOT TOBKUHU. SIKIIIO COHSIYHE CBITIJIO MPH MaAIHHI
Ha PEUOBUHY HE MOTJIMHAETHCS, a MOBHICTIO BiIOMBAETHCS 1 PO3CIOETHCS, TO Taka pedoBHHA Oyre
3/1aBaTHCs 611010, a KO BCl IPOMEHI BUANMOT YaCTUHH CHIEKTPY OyAyTh MOTJIMHATHCS PEYOBHUHOIO, TO
MU 106a4nMoO ii YopHOIO. Y TOMY K BUNAJKY, KOJIM PEYOBHHA IMOTJIMHAE JIMIIE YaCTHHY MPOMEHIB
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