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Abstract. A versatile, efficient route to ribosylhopane with control over all asymmetric carbon atoms
of the side-chain is presented. The synthesis is based on two chain elongations starting from diploptene
by subsequent additions of two acetylenic moieties. In a key step a kcto-propiolate is stereoselectively
reduced to the corresponding hydroxy-propiolate by means of a chiral oxazaborolidine assisted
hydroboration. This synthetic protow] represents a uscful tool for the access to natural and unnatural
hantarinhananannlunl darivat: of hinlagiral intaract ac wall ac tn lahalad rikhaculhanana ang 1
Uubl\allUllUlJall\ulJ\Jl’\JA U\all'(lth\aD UL UlUlel‘ual ILLGIVIL Ad W\rll Al 7 iausiisa uuuayluupuu\, LlllU
bacteriohopanetetrol for biosynthetic studies. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Bacteriohopanepolyols represent a particularly interesting class of triterpenoids.! They are widespread in
hacteria, and their role as membrane stabilizers in prokaryotes is wel d.? These remarkable triterpenoids
can be easily distinguished by the presence of an extended non-terpenoid side-chain of carbohydrate origin

hopanoids have been characterized, showing a huge diversity in both structures and functionalities, especially in
the side-chain.22 Some rather peculiar features include groups such as adenine, carbohydrates and amino-acids
which have sparked speculations of other possible important biological roles for at least some of thesc
compounds.?

Biosynthetic studies primary focused on the formation of the side-chain more than ten years ago led to the
surprising discovery of an alternative non-mevalonate pathway for isoprenoid biosynthesis, which is now well
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side-chain, however, still remain largely obscure. The majority of these side-chains consists of a polyhydroxyla-
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X = 0OH, OP, OPP, adenine Z = OH, NH;.

Scheme 1. Hypothetic biogenetic scheme for bacteriohopanepolyol biosynthesis.

Ribosylhopane derivative as puiative precursor of bacteriohopanepoiyols.
ted Cs unit often terminally substituted with other functional groups as mentioned above. Incorporation

experiments using isotope labeled metabolites have demonstrated the origin of the side-chain from a D-pentose

bacterium Nitrosomonas europaea.8 This lactone represents the oxidized putative ribosylhopane precursor.
Several attempts aimed at synthesizing ribosylhopane in order to elucidate the biosynthesis of
bacteriohopanepolyols have been carried out. In a first approuch, one made use of appropriate D-ribose
precursors coupled to the triterpenic skeleton by Wittig type reactions.?-1! This biomimetic strategy, inspired by
the proposed biogenetic route to the bacteriohopane skeleton, afforded the desired ribosylhopane, although
always in unsatisfactory yields. In a second approach, ribosylhopane was formed by oxidation of an
aminobacteriohopanetriol 16 derivative by dimethyldioxirane.!? The latter method was of limited synthetic value
due to the lack of available starting material and to the few possible synthetic variations for the preparation of

alternative related analogs. In this paper, we wish to present a new convenient strategy of general utility leading



5 6 Aminobacteriohopanetriol 16

Scheme 2. Synthesis of bis-homohopan-32-al 6 from diploptene 1 or from aminobacteriohopanetriol 16.
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LiAlH4, Et20, reflux; H2SO4. (e) Hy, Pd/CaCQOs3, THF. (f) Hs510g, THF/H2O.
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propiolate to an appropriate Cap aldehyde 6, synthesized in good yields from diploptene 1 in a stereoselective
manner (Scheme 2). After the coupling of lithium ethyl propiolate to the aldehyde, the propargylic moiety could

efficiently be transformed further to the unsaturated lactone 9, which could finally be derivatized to the desired

I 1 by an 1-reduction procedure in which the propargylic alcohols 7a,b were first oxidized to
the corresponding ketone 8, and then stereoselectively reduced back to the alcohol 7a with diborane in presence
of the chiral oxazaborolidine 15.13 Asymmetric reductions of propargylic ketones by this method have

previously been of little success,!4 and, only recently, a few reports appeared for oxazaborolidine assisted



ketopropiolate.

The starting C3, aldehyde 6 was obtained in excellent yields by a sequence as outlined in Scheme 2.
Diploptene 1 was initially hydroborated with 9-BBN to yield alcohol 2 in 90% d.e., in favor of the 22§ epimer
with the configuration of the natural biohopanoids, which could be easily separated from the 22R epimer by
ordinary silica gel chromatography. The alcohol 2 was quantitatively oxidized to the corresponding aldehyde 3
by the Swern oxidation. Reaction of this aldehyde with lithium ethoxyacetylene 12 followed by LiAlH,4
reduction of the resulting acetylenic compound 4 afforded the o,B-unsaturated aldehyde 5. Finally.
hydrogenation of 5 over Lindlar catalyst yielded the desired C3> aldehyde 6. The same aldehyde could
alternatively be obtained by treating aminobacteriohopanetriol 16 (Scheme 2) with periodic acid.20 The two
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with lithium ethyl propiolate at low temperature to form a 1:1 mixture of
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viewpoint!32 and later shown by comparison of the acetylated bacteriohopanetetrol resulting from this synthesis
with the acetylated natural compound of known configuration.” The diastereomeric excess was evaluated by 'H-
NMR of the Mosher esters of the propargylic alcohols 7a,b obtained after treatment with (R)- or (§)-a-

methoxy-a-trifluromethylphenylacetyl chloride. Attempts to purify the largely predominant 32R epimer,

including different HPLC systems, did not succeed. Strong oxidation conditions using Jones reagent were
the
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asymmetric reduction of propargylic ketone 8 was obtained when the propargylic ketone was slowly added at
0°C to a mixture of excess diborane and freshly synthesized oxazaborolidine 15 (0.2 to 0.8 equivalents).!52 The
triple bond was reduced to a cis double bond by hydrogenation over Lindlar catalyst and directly lactonized by
treating the crude ester with NaH in THF yielding the o,B-unsaturated lactone 9. Attempts to directly purify the
resulting acyclic o,-unsaturated ester on silica gel caused partial lactonisation. Dihydroxylation of unsaturated

turanone 9 in pyridine with stoechiometric amounts of OsO4 solely proceeded with attack from the less hindered



yielded the tetraacetate of bacteriohopanetetrol 14 which was identical in all respects to the natural
(32R,33R,34S)-bacteriohopanetetrol,” demonstrating the absolute configuration of all asymmetric carbon atoms

of our synthetic samples.

OAC HN\B/O

CHs 15

Scheme 3. Synthesis of acetylated ribosylhopane 13 and bacteriohopanetetrol 14.

(a) LiC=CCO3Et, THF, -78°C. (b) CrO3/H2SQy4, acetone/THF/water. (¢) BoHg/chiral oxazaborolidine 13,

w RN o~

HF, rt. (e) OsOy4, pyridine, rt,. ()
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dimethoxypropane/TsOH. (g) DIBAL, toluene, -78°C; AcOH, H,O, A. (h) AcyO/pyridine. (i) LiAlH4, THF.



molecular fossil, in the organic matter of sediments, but also a versatile method for the preparation of various

described previouslyll can be used for the preparation of aminobacteriohopanetriol 16 as well as its amino acid
containing derivatives.4P The synthetic methodology here presented could also be of use in the preparation
unsubstituted analogs often encountered in sediments and oils as molecular fossils.23 Application of a similar
synthetic protocol has also been employed for the construction of other terpenoids with polyhydroxylated Cs
side-chains and will be published in due course.
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General
Reagents were of analytical grade or of similar purity and used as purchased. All solvents were redistilled before
use. Anhydrous solvents were dried as follows. THF and Et;0 were distilled from sodium benzophenone ketyl
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stored for several days over a b Ve
was monitored by TLC using 0.25 mm aluminum-coated silica sheets
ved n

visualized by spraying with diluted H,SOy4 follow

nm). Products were purifie

230-400 mesh) and moderate overpressure or by preparatwe TLC on glass-coated silica gel plates (Merck 60.
Fass, 0.25 mm layer). Eluted preparative TLC were sprayed with a 0.1% ethanolic solution of berberine
hydrochloride and visualized under UV light (366 nm). Analytical samples of crystalline compounds were
obtained from CH,Cl,/MeOH after careful evaporation of CH,Cly. Melting points were measured on a Reichert
Thermovar microscope and are uncorrected. NMR spectra were recorded on a Bruker AC 200 or a Bruker AC
500. All NMR experiments were carried out in CDClj3 using the signal of CHCI3 as internal standard (8=7.26
ppm) for 'H-NMR and of CDCl3 (8=77.56 ppm) for 13C-NMR. Assignments of NMR spectra are based on

extensive structure elucidaiions prev1oumy carried out Dy our group on similar or related nopanoms 10 13C
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in the electron impact mode on a Finnigan TSQ 700 spectrometer at 70 eV by direct inlet. GLC analysis were
carried out with a Carlo Erba 4160/00 equipped with an "on column" injector and a flame ionization detector.
Semipolar capillary columns (DB-1 or DB-5) were used with temperature program: 50°C - 220°C (20°C/min. ).
220°C-310°C (6°C/min.), 310°C (30 min.).

(228)-Hopan-29-0l (2)

Diplopterol was isolated from commercially available Dammar resin.?* A 3:2 mixture of diploptene and hop-21-
ene was thaned by treating diplopterol with an an excess of SOCl; in pyridine/CH,Cl,.24 To this olefin
mixture (320 mg, ca. 0.46 mmol diploptene) in solution in dry THF (20 ml) under an atmosphere of argon was
added a solution of 9-BBN in THF (0.5 M, 13 m!, 6.5 mmol). The reaction mixture was stirred for 24 h at

room ttemperature, after which time no diploptene could be detected by GLC. To the stirred reaction mixture
was added dropwise an aqueous solution of NaOH (3M, 10 ml) followed by 30% H,0; (10 ml). The two
phases were vigorously stirred for 1 h at 40 °C and then separated. The aqueous phase was extracted twice with
ether. The combined organic phases were washed with brine, dried (Na;SO4) and solvents were evaporated
under reduced pressure. An aliquot of the crude mixture was acetylated (Ac,O/pyridine 1:1, 0.2 ml) and GLC
analysis of the acetylated crude mixture revealed a ratio 94:6 between the diastereomers 225/22R. The crude
colorless powder was purified by FCC (toluene/EtOAc, 95:5) to yield the (225) alcohol (158 mg, 81%, R,
0.24, toluene/EtOAc, 95:5) and 22R (9 mg, 4%, R 0.28) and unreacted hop-21-ene (115 mg, Ry 0.85).

M.p. 209-210°C. IR (KBr) v/cm-! = 3357 (OH). IH NMR (200 MHz) &/ppm = 3.62 (1H, dd, J=2.6 and 9.5
Hz, 29-H,), 3.40 (1H, dd, J=5.6 and 9.5 Hz, 29- Hb) , d, J=6.2 Hz, 22-Me), 0.95 (6H, s, 8B- and
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(C-3), 41.7 (C-14
20), 24.1 (C-12), 22.7
(C-25), 15.8 (C-28).

(225)-Hopan-29-al (3)

A solution of (COCI); (0.2 ml, 2.2 mmol) in dry CH,Cl; (0.7 ml) was cooled to -78°C under an atmosphere of
argon, and dry DMSO (0.2 ml, 2.81 mmol) was added slowly by syringe. The alcohol 2 (120 mg, 0.28 mmol)
in dry CH,Cl; (1.5 ml) was added within 2 min, and the reaction mixture was stirred at -78°C for 3h. After this
time the reaction was quenched with EtsN (1 ml) at -78°C, and the mixture was allowed to reach room
temperature. Water and ether were added and the two phases were separated. The aqueous layer was extracted
once with ether. The combined organic phases were dried (Na;SO,4) and solvents were evaporated under

reduced pressure yielding an almost pure crystalline product (120 mg, 100%) which was purified by FCC
(toluene/EtOAc, 95:5) (113 mg, 94%, Ry 0.62, toluene/EtOAc, 95:5).
M.p. 180-181°C. IR (KB )v/c; -1 = 1727 (-CHO). 'H NMR (200 MHz) 8/ppm= 9.42 (1H, d, J=4.4 Hz, 29-

H), 2.49 (1H, m, 22-H), 1.10 (3H, d, J=6.6 Hz, 22-Me), 0.96 (6H, s, 8B- and 140.-Me), 0.85 (3H, s, 40-
Me), 0.82 (3H, s, 10B-Me), 0.79 (3H, s, 4B-Me), 0.74 (3H, s, 18a-Me). '3C NMR (50 MHz) 8/ppm = 205.2
(C-29), 50.6 (C-22), 41.0 (C-21), 27.8 (C-20), 16.7 (C-29).

(225)-Bis-homohop-30(30E)-en-32-al (5)

A solution of ethoxyacetylene (50% in hexane, 0.28 ml, | mmol) in dry THF (0.3 ml) was cooled at -78°C

under an atmosphere of argon and n-BuLi (1.6 M in hexanes, 0.3 ml, 0.48 mmol) was added dropwise. After |
h stirring, aldehyde 3 (40 mg, 0.094 mmol) dissolved in dry THF (0.4 mi) was added dropwise, and the

reaction mixture was stirred at -78°C for 3 h, after which time no starting material could be detected by TLC.
The reaction mixture was diluted with ether and quenched w h a saturated aqueous solution of NH4Cl1 (2 ml).
The two phases were separated, and the aqueous phase was extracted once with ether. The combin nic
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wise. The suspension was refluxed for 1 h under an atmosphere of argon. After this time, excess LiAlH4 was
destroyed by careful addition of MeOH, and the aluminates were hydrolyzed by stirring with 10% H;SO4 (4 ml)
at room temperature for 10 min. The two phases were separated, and the aqueous phase was extracted once with
ether. The combined organic extracts were washed five times with brine (until the washings became neutral) and
dried (NaySOy). Solvents were removed under reduced pressure to yield an almost pure crystalline product
which was purified by FCC (toluene) (35 mg 82% R 0. 5”7 toluene/EtOAc 95'5)

= 9.49 (_1'n, d, J=9.5 Hz, 32-H), 6.60 (1H, dd, 129.6 and 15.5 11z, 30-11), 6.02 (1H, dd, J=7.9 and 15.5 Hz
31-H), 2.58 (1H, m, 22-H), L.11 (3H, d, J=6.3 Hz, 22-Me), 0.96 (6¢H, s, 88- and 14a-Me), 0.85 (3H, s, 4o-
Me), 0.82 (3H, s, 10B-Me), 0.79 (3H, s, 48-Me), 0.70 (3H, s, 18c-Me). 13C NMR (50 MHz) 8/ppm = 194.5
(C-32), 164.3 (C-30), 131.3 (C-31), 44.8 (C-21), 41.3 (C-22), 27.8 (C-20), 22.0 (C-29)

(225)-Bis-homohopan-32-al  (6)

A solution of unsaturated aldehyde § (20 mg, 0.044 mmol) in THF (3 ml) was stirred vigorously under an
atmosphere of hydrogen in the presence of Lindlar catalyst (7 mg). After 3 h, no UV absorption (254 nm) of the
TLC spot could be seen, indicating complete saturation of the C=C bond. The catalyst was filtered off by
passing the reaction mixture through a short plug of silica, and solvents were evaporated under reduced pressure
yielding quantitatively the saturated aldehyde 6 as colorless crystals (20 mg, 100%, R 0.60, toluene/EtOAc.
95:5).

M.p. 183-184°C. IR (KBr) v/cm-! = 1728 (C=0). H NMR (200 MHz) &/ppm = 9.77 (1H, t, J=1.9 Hz, 32-
H)., 2.38 (1H. m, 31-H), 0.95 (6H, s, 88- and 14a-Mc), 0.93 (3H, d, J=6.4 Hz, 22-Me), 0.85 (3H, s, dar-
Me), 0.82 (3H, s, 10B-Me), 0.79 (3H, s, 48-Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) 8/ppm = 203.2
(C-32), 46.0 (C-21), 41.1 (C-, ), 36.4 (C-22), 27.9 (C-30), 19.9 (C-29). EI MS (direct inlet) m/z = 454.4

3 1 4 7. , ). E 1/
(M*, 10%), 439.4 (M* - Me), 369.4 (M* - side-chain, 23%), 233.2 (ring C cleavage, 78%), 215.2 (41%).
191.2 (ring C cleavage, 100%).

(225)-Bis-homohopan-32-al (6) (from aminobacteriohopanetriol 16)

To a crude Streptomyces extract fraction (500 mg) containing ca. 40% of aminobacteriohopanetriol (i.e. ca. 220
mg, 0.40 mmol) suspended in THF/water 4:1 (10 ml), was added solid H5IOg (1.4 g, 6.14 mmol). The reaction
mixture was vigorously stirred at room temperature for 1.5 h. Water was added, and the aqueous suspension
was extracted twice with ether. The combined organic extracts were dried (Na>SQy), and solvents were
removed under reduced pressure yieiding a pale yeilow solid. The crude product was purified by FCC
(toluene/EtOAc, 95:5) yielding pure aldehyde 6 as colorless crystals (180 mg, R¢ 0.60, toluene/EtOAc, 95:5).

M.p. 182-184°C. IR (KBr) v/em! = 1728 (C=0). 'H NMR (200 MHz) &/ppm = 9.77 (1H, (, J=1.9 Hz, 32-
H), 2.38 (1H, m, 31-H), 0.95 (6H, s, 88- and 14a-Me), 0.93 (3H, 4, J=6.3 Hz, 22-Me), 0.85 (3H, s, 4a-
Me), 0.81 (3H, s, 108-Me), 0.79 (3H, s, 48-Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) &/ppm = 203.2
(C-32), 46.0 (C-21), 41.1 (C-31), 36.4 (C-22), 27.9 (C-30), 19.9 (C-29). EI MS (direct inlet) m/z = 454.4
(M*, 10%), 439.4 (M* - Me), 369.4 (M* - side-chain, 23%), 233.2 (ring C cleavage, 78%), 215.2 (41%).

191.2 (ring C cleavage, 100%).

(228,32R S)-Propargylic alcohols (7a,b)

A solution of ethyl propiolate (194 mg, 1.90 mmol) in dry THF (3 ml) was cooled at -78°C under an atmosphere
of argon, and n-BuLi (ca. 1.6 M in hexanes, 1.1 ml, 1.76 mmol) was added dropwise producing a pale red
solution. After 10 min, a solution of aldehyde 6 (440 mg, 0.97 mmol) in dry THF (3 ml) was slowly added.

and stirring was continued for 1 h, after which time no starting materiai couid be observed by TLC. The reaction
was quenched at 78°C with AcOH (0.5 ml), and the reaction mixture was allowed to attain room temperature.
. h
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(440 mg, 82 %, Ry 0.33, toluene/EtOAc, 95:5).

IR (KBr) vicm! = 3499 (O-H), 1717 (C=0, ester). 'H NMR (200 MHz) &/ppm = 4.44 (1H, dd, J=5.8 and 6.0
Hz, 32-H), 4.24 (2H, q, J=7.1 Hz, -CO,CH2CH3), 1.31 (3H, t, J=7.1 Hz, -CO2CH,CH3), 0.95 (6H., s, 8B3-
and 140-Me), 0.93 (3H, d, J=6.2 Hz, 22-Me), 0.85 (3H, s, 40-Me), 0.81 (3H, s, 103-Me), 0.79 (3H, s, 4B-
Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) &/ppm = 153.5 (C-35), 88.0 (C-33 and C-34), 62.7 and 62.5
(C-32RS), 62.2 (-CO,CH,CH3), 46.0 (C-21), 30.9 (C-31), 29.8 (C-30), 27.6 (C-20), 20.1 (C-29), 14.1 (-
CO,CH,CHj3). EI MS (direct inlet) m/z = 552.4 (M*, 4%), 537.4 (M* - Me, 6 %), 369.4 (M* - side-chain.

| PR 1

16"/0), 331.2 (rlng C cleavage, lUU"/O) 191.2 (‘jé /0 rmg C LlCdVdgC)

{22‘;)=Prupargy!ie ketone (8)
0 a solution of propargylic alcohol 7a,b (63 mg, 0.11 mmol) in acetone (0.7 ml) and THF (50 pl) was added

droowxse a solution of Jones reagent prepared from CrOz (55 mg, 0.55 mmol), water (0.3 ml) and concentrated
H;SO4 (80 pl). The resulting green reaction mixture was vigorously stirred overnight. After this time. no
starting propargyl alcohol could be detected by TLC. Ether and water were added, and the two phases were
separated. The aqueous layer was extracted once with ether and the combined ethereal layers were washed three
times with brine (until the washings were neutral) and dried (Na;SOg4). Evaporation of solvents under reduced
pressure yielded almost pure ketone as a thick colorless oil. The crude product was passed through a short plug
of silica gel with toluene/EtOAc, 95:5 yielding pure propargylic ketone 8 (58 mg, 92%, Ry 0.70, toluene/EtOAc.

95:5).

Mp. 163-165°C. IR (KBr) v/icm-! = 1717 (C=0, ester), 1692 (C=0, ketone). 'H NMR (200 MHz) &/ppm =
A AN LY Y7 1 LY~ ralaYv al & PVal & SIRN N LN FNLT o 21 IIN 1 27 72LT «+ T__"7 1 1T~ I _ MY EY _ N oOg
4.50 (2n, q, 4=/.1 nz, -COCnn3j, 2.60 (0, m, 31-11j, 1.33 (30, t, J=7.1 0z, -COCHpTH3), U.95
(EH ¢ RR_ and 14y MeY 002 (R A T=& A Hy 297 Ma) 005 (A ¢ Anv Mol N 21 (M < 10R_ May )70
\011, §, 6p= dllg 15U-ViC), V.75 (S, G, 950.49 11Z, L44-¥IC ), U.0O (OI11, §, 7U-M1€ ), V.01 (011, S, 1Up-i€j, U.i¥
(3H, s, 4p-Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) o/ppm = 186.6 (C-32), 152.7 (C-35), 129.1 (C-
33 or C-34) 128.2 (C-33 or C-34), 638 (-CO1CHICH), 459 (C-21), 422 (C-31), 29.3 (C-30). 27.5 (C-

(225,32R)-Propargylic alcohol (7a)

A solution of BoHg. THF complex (0.1 M, 0.9 ml, 0.09 mmol) and (R)-B-methyl-4,5,5-triphenyl-1.3.2-
oxazaborolidine!52 (ca. 0.20 M in toluene, 0.56 ml, 0.11 mmol) was cooled to 0°C under an atmosphere of
argon, and a solution of propargylic ketone 8 (75 mg, 0.136 mmol) in dry THF (0.4 ml) was slowly added with
a syringe (10 min.). The reaction mixture was stirred at 0°C for 1 h, after which time no starting material could
be observed by TLC. The reaction was quenched by careful addition of MeOH (0.5 ml). The mixture was
allowed to attain room temperature and surrmg was continued for 15 min. Solvenis were evaporated under
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' 5 8. 90%, R;0.31, w0 ).
M.p. 164-166°C. IR (KBr) v/icm'! = 3499 (-OH), 1717 (-C=0, ester). 'H NM (200 MHZ) &/ppm = 4.44 (1H.
dd, J=6.1 Hz, 32-H), 4.30 (2H, q, J=7.1 Hz, -CO,CH,CH3), 2.60 (2H, m, 31-H), 1.33 (3H. t. J=7.1 Hz.
-CO,CH,CHj), 095 (6H, s, 83- and 14a-Me), 0.93 (3H, d, J=6.2 Hz, 22-Me), 0.85 (3H, s, 4a-Me). 0.81
(3H, s, 10B-Me), 0.79 (3H, s, 48-Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) &/ppm = 153.5 (C-35).
88.0 (C-33 and C-34), 62.5 (C-32R), 62.2 (-CO,CH,CH3), 46.0 (C-21), 30.9 (C-31), 29.8 (C-30), 27.6 (C-
20), 20.1 (C-29), 14.1 (-CO,CH,CH3).

The diastereomeric excess (84 %) was calculated from the relative intensities of the methoxy group signals in the
IH NMR spectrum of the major (32S) ester of 7a containing minor amounts of the (32R) ester of 7b obtained
with each enantiomer of the MTPA chloride Only the spectrum of the ester obtained with S enantiomer of
Mosher's acid is described

FON RATIDA Acébna- AIRAD /AINN RALTN Seninans . T EDN 720 /&TT s DL £ £Y F11T PA A | Y& 7 131 727 LIy
(D) ivll l'z"\ CHLICT Ul Id ﬂ INIVIIN ( DUV VII1Z ) Olpp = /7.04-/{.,07 (o0, 111, ri), 2.01 (11, 4d, J=20.0 IlL, 2£-11)
AIDS MU A =71 Hy _CO-CHOCT.Y 280020, 2T A T=NQ 7 _NN\ o actar nf Ta) and 2 84 Q0. 2T
Tl \LLL, Y, 3= 1 AL, SUNUTURRINNLT f, D.J 7 \F4L 70 OXd, U, y=V0 J1d, i, Wl U1 sa) aiild 5.0 (07 A1,
d, J=0.8 Hz, -OMe, ester of 7b), 0.95 (3H, s, 8B- or 14a-Me), 0.94 (3H, s, 8B- or 14u-Me), 0.87 (3H, d. 6.5
Hz, 22-Me), 0.85 (3H, s, 4a-Me), 0.82 (3H, s, 108-Me), 0.80 (3H, s, 48-Me), 0.69 (8% 3H, s, 18a-Mc



ester of 7h) and 0.66 (92% 3H, s, 18ua-Me, ester of 7a).

o,B-Unsaturated lactone (9)
A. Propargylic alcohol 7a (30mg, 0.054 mmol) was dissolved in benzene (1 ml) and vigorously stirred at
room temperature under an atmosphere of hydrogen (1 atm) in the presence of Lindlar’s catalyst (8 mg) for 15
min only. The triple bond was completely reduced to yield the saturated compound upon prolonged reaction
time. The talyst was filtered off, yielding the corresponding acyclic o,fB- unsaturated ester of sutficient purity

ncimaea cilicra oal alraady rancad nartial lactanicatinn
UJI&LE NI B AT \ w3 uuvuu_y CALIOVAL lJ“l LI 1AW LUILIOULIVLL,.
B. NaH (13 mg, 60% in mineral oil) was placed in a dry round bottom flask under argon and washed three

times with pentane and then suspended in dry THF (0.5 ml). To the stirred suspension of NaH was injected a
solution of the crude o,B-unsaturated ester from the former step (70 mg, ca. 0.13 mmol) in dry THF (3 ml). The
reaction mixture was stirred at room temperature until no starting material could be detected by TLC (ca. 30
min), and then poured into a saturated aqueous solution of NH4Cl. The aqueous solution was extracted twice
with ether, and the combined organic layers were washed once with brine and dried (Na;SOy). Solvents were
removed under reduced pressure yielding «,B-unsaturated lactone 9 as a colourless solid which was purified by
FCC (toluene/EtOAc, 95:5), (52 mg, 80% yield from propargylic alcohol 7a, Ry 0.29, toluene/EtOAc, 95:5).

M.p. 241-243°C. IR (KBr) v/cm-! = 1756 (C=0, lactone). 'H NMR (200 MHz) 8/ppm = 7.42 (1H, dd, J=1.5

T Y W] frTT

and 5.7 Hz, 33-H), 6.09 (1H, dd, J=1.9 and 5.7 Hz, 34-H), 5.00 (1H, m, 32-H), 0.95 (6H, s, 8B- and 14u-
Me), 0.93 (3H, d, J=6.2 Hz, 22-Me), 0.85 (3H, s, 4a-Me), 0.81 (3H, s, 10B-Me), 0.79 (3H, s, 4B-Me). 0.69
AW 1~ Mol 1307 NIMB (&8N M) R/mmm — 177119 (' _28Y 1RA2 (A 191 A (0.4 QAQ /C 2\ A5 Q
\J11, 5, 10UL-VIC) OINIVIRN OV IR ) Gippiil = 170.4 (=30 ), 1I90.J (=30, 141.0 (L-549), 63.0 (L34, 407
(CO1Y. 36.4 (C-22). 30 8 (C-30). 30.0 (C-31) 200 (C-29Y EI MS (direct inlet) m/z = 508 4 (M+ 6%\ 403 4
(C-21), 36.4 (C-22), 30.8 (C-30), 30.0 (C-31), 20.0 (C-29). EI MS (direct inlet) m/z = 508.4 (M+, 6%), 493 .4
(M* - Me, 6%), 369.4 (M* - side-chain), 287.2 (ring C cleavage, 100%), 191.2 (ring C cleavage, 65%)

Lactone (10)

To a solution of furanone 9 (30 mg, 0.058 mmol) in pyridine (1.5 ml), crystalline OsO4 (25 mg, 0.098 mmol)
was added. The resulting brown reaction mixture was stirred at room temperature. for 20 h. After this time
pyridine (1.5 ml) and a saturated aqueous solution of sodium sulfite (2 ml) were added and the dark brown
suspension was vigorously stirred for 3h. Brine (10 ml) was added, and the aqueous suspension was extracted
five times with CHCl3. The combined organic extracts were dricd, and solvents were evaporated under reduced

pressure yielding essentially pure lactone 10 as a colorless solid material, (31 mg, 97%, Ry 0.25.
toluene/EtOAc, 1:1) which was d1rectly used in the next reaction. For NMR analysis, a sample of crudc diol (3
an ) txrne anntzrlatad acinamiabhe St A A L MY 101 I+ N D enY pad el Tl o Alnnatnta AF TN o i £ T
llg) ad dLClyI WCU OVCHHNEZHL { PYLHULIIC/ ALV, 1.1, ViV, U.4 1111), dllU UIC 1CSUILE lg UlaLLdaiC 011U Wdd purtlicd
huTT O (1) mao Q20, R-N A talniana/FtNA~ 05-8)

v AL Vo llls, AL Uy AN Vo Jd T, LJLUVHIVLANT M, ZJ0.07 )

Diacetate of lactone 10. 'H NMR (200 MHz) 8/ppm = 5.62 (1H, d, J=5.6 Hz, 34-H), 5.29 (1H, d, J=5.6 Hz,

33-H), 4.45 (1H, dd, J=5.4 and 8.0 Hz, 32-H), 2.16 (3H, s, -COCH3), 2.11 (3H, s, -COCHj3), 0.95 (6H,

. 5.
8B- and 140-Me), 0.93 (3H, d, J=6.2 Hz, 22-Me), 0.85 (3H, s, 4a-Me), 0.82 (3H, s, 10B-Me), 0.79 (3H, s,
48-Me), 0.70 (3H, s, 18a-Me). 13C NMR (50 MHz) &/ppm = 170.2 (C-35%), 169.8 (-COCH;3"), 169.3 (-
COCH3"), 83.6 (C-32), 70.9 (C-34), 65.6 (C-33), 45.9 (C-21), 36.1 (C-22), 31.2 (C-30), 29.5 (C-31), 20.6
(-COCHa3), 20.2 (-COCHj3), 20.0 (C-29). Assignments of the signals from carbonyl carbon atoms are labeled
with * and may be interchanged. 'H and *C NMR spectra were identical with those of the corresponding natural
compound obtained from N. europaea .

M1 oY and a traca Af TeNH /21 mo) Tha raantinn mivtnra wag gfirrad at ranm temmnaratiirae 1intil na grarfing
(U.1 Iiuj anG a trace oI 1svun (<1 mg). 1a€ réaclion nmuxwure was stirrea at rooim ienperature untii no starting
material could he detected by TI.C (ca. 30 min_ after which time the reaction mixture hecame clear) Rrine was
maieria: couid pe delected by 1.0 (Ca. 20 min, atter which Ume the reaction muxture dbecame ciear). sSrne was

extracted three times with ether. The combined ethereal layers were washed

nd solvents were evaporated under reduced pressure. The acetonide protected



lactone 11 was purified by TLC yielding colorless crystals (20 mg, 80%, R 0.40, toluene/ EtOAc, 95:5).

Mp. 238-240°C. IR (KBr) v/cm! = 1783 (C=0, lactone), 1260 and 1226 (C-O, ether bond). 'H NMR (200
MHz) &/ppm = 4.74 (1H, d, J=5.7 Hz, 34-H), 4.51 (1H, d, J=5.7 Hz, 33-H), 4.50 (1H, m, 32-H), 1.48 (3H.
s, -CMey), 139 (3H, s, -CMey), 0.95 (6H, s, 8B- and 14a-Me), 0.93 (3H, d, J=6.2 Hz, 22-Me), 0.85 (3H. s.
4a-Me), 0.82 (3H, s, 10B-Me), 0.79 (3H, s, 48-Me), 0.70 (3H, s, 18a-Me). i3C NMR (50 MHz) &8/ppm =
173.6 (C-35), 113.9 (-CMey), 83.3 (C-32), 79.6 (C-34), 74.9 (C-33), 36.2 (C-22), 30.5 (C-30), 29.7 (C-31).
26.8 (-CMejy), 25.7 (-CMe3).

Rihacylhanana (17 and wihaocvlhanana triasatata (1)

I\IUUDJ lllul’allc \il&) Gl 11UUdYy lllUPallC mi1asviale \1J)

The acetonide nrotected lactone 11 (16 mg, 0.027 mmol), was dissolved in drv tolu (0.5 mD and cooled t
tel 11 (10 V.0Z4/7 mmol), 1 dry toluene (U0 ml) and cooled

ride pr lacton and ¢
-78°C. To the cooled solution was added a solution of DIBAL (1M in toluene, 0.2 ml). Sllmng was Lontmued
until no starting material could be detected by TLC (ca. 10 min). The reaction was then quenched with McOH
(0.4 ml) and allowed to attain room temperature A saturated aqueous solution of NH4Cl (0.5 ml) and a
phosphate buffer (pH 7) were added, and the two phases were vigorously stirred for 10 min. CHCl3 was
added, and the two phases were separated. The organic phase was washed once with brine, dried (Na;SOy) and
solvents were removed under reduced pressure yielding the acetonide protected lactol 12 (16 mg, 100%, R,
0.21, toluene/EtOAc, 95:5). This crude lactol was dissolved in AcOH/H,O (7:3, v/v, 1 ml) and heated at 90°C
for 2 h yielding the corresponding free triol 12. Solvents were co-evaporated under reduced pressure with
toluene, and the crude product was acetylated overnight (pyndme/ACoO 1:1, v/v, 1 ml). The o 13a and B 13b

3 . 11L_.TTY ™

anomers of the

triacetaie lD were \t.pd.rdt CA Dy O yltuunlg two CUIU €58 COlTlpounU (3:' o-anomer l.)d D mU
210, D.N1Q t~Alizama O+sMN A~ Q8.5 282 anamar 1T2h. Q oy SA0L DN DAY
JL/0, INfULLY, WVIUCLUC/ LI AC, 7., JJP_aI.lU.lllcl A TRX. 7 lll&", SJUY0, IN VL)
IR (KBr) (mixture of ¢ and R annomerc) \1/{~m-1 = 1781 (C=0) aratate) 1284 and 1227 (C_() acetate)
\‘\_ull \lluA‘. Vi W AANE P Al I.AJVAD} Yiwii L i \\/ NSy u\a\/tut\.ﬂj’ A b ITH QBRI L s s St \‘-l NSy u\a\ilul\l’
350-Anomer 13a. 'H NMR (200 MHz) 8/ppm = 6.36 (1H, d, J=4.5 Hz, 358-H), 5.21 (1H, dd, 4.5 and 6.8
Hz, 34-H), 5.04 (1H, de??and68H7 33-H), 4.19 (1H, m, 32-H), 2.12 (3H, s, -COCHz), 2.11 (3H,

s, -COCH3), 2.06 (3H, s, -COCH3), 0.94 (6H, s, 88- and 14a-Me), 0.93 (3H, d, J=6.8 Hz, 22-Me), 0.84
(3H, s, 40-Me), 0.81 (3H, s, 10B-Me), 0.79 (3H, s, 4B-Me), 0.69 (3H, s, 18a-Me). 13C NMR (50 MHz)
d/ppm = 170.1 (-COCH3, x2), 169.9 (-COCHj3), 94.0 (C-35), 83.9 (C-32), 74.9 (C-34), 73.9 (C-33), 46.0
(C-21), 36.5 (C-22), 31.0 (C-30), 30.9 (C-31), 21.1 (-COCH3y), 20.5 (-COCH3), 20.5 (-COCH3), 20.1 (C-
29).

35B8-Anomer 13b IH NMR (200 MHz) &/ppm = 6.12 (1H, d, J=1.2 Hz, 35a-H), 5.32 (1H, dd, J=1.2 and

4.9 Hz, 34-H), 5.18 (1H, dd, J=4.9 and 6.4 Hz, 33-H), 4.12 (1H, m, 32-H), 2.11 (3H, s, -LOCHg), 2.08
(3H, s, -COCH3), 2.06 (3H, s, -COCH3), 0.94 (6H, s, 83- and 14a-Me), 0.92 (3H, d, J=6.8 Hz, 22-Me).
N oA 7/2LY A ARAN N Q1 ALT - 1NN ALY N 7Q 720LT A AAN N £O (21T & 1Q-~ RA-Y 1377 NIRATY) /&N
U.o04 (Oon, b, 4WU-iviC ), V,01 {OI1, 5, 1UP~IVIC), V. /T (OI1, S, 4p—1vu:), U.0O¥ (OI1, 5, 10U-IVIC). *YL INIVIKN (JU
MY R — 1A0Q /. OCNCLT. v\ TAO K (_OCNCH.Y QR A (C.A8Y Q2§ (2N 74 Q (C_4N 72 Q (C_12y AL N
WIIEG ) U — 1UZ.7 \"NAFWll3, ALY, 1UZU \TUUCIL3 ), 207 \C0J), Okl \(Nm04 ), 1.7 \\ 09, 1J.7 \C-335), 90U
(C-21), 36. 5 (C-22), 31.0, (C-30), 30.9 (C-31), 21.0 (-COCH}3), 20.5 (-COCH3), 20.6 (-COCHj3), 20.1
(C-21), 36. 5 (C-22), 31.0, (C-30), 30.9 (C-31), 21.0 (-COCH3), 205 (-COCH3), 20.6 (-COQCHj3), 201
(C-29). EI MS (mixture of o and B anomers, direct inlet) m/z = 670.4 (M+, 2%), 610.4 (M*+ - AcOH, 35%).

595.4 (M* - AcOH - Me, 11%), 449.2 (ring C cleavage, 16%), 389.2 (ring C cleavage - AcOH, 88%), 369.4
(ring C-cleavage, 24%), 191.2 (ring C cleavage, 100%).

(32R,33R,34S5)-Bacteriohopanetetrol tetraacetate 4

A solution of lactone 10 (6 mg, 0.009 mmol) in dry THF (0.5 ml) was added to a suspension of LiAlH4 (4 mg.
0.1 mmeol) in dry THF (0.3 ml). The reaction was rcfluxed for 2 h, then quenched with a saturated aqueous
solution of NaySOy4 (a few drops) giving a white precipitate. Stirring was continued for 30 min. Solvents were
removed under reduced pressure (co-evaporated with toluene), and the solid crude mixture was acetylated

overnight (pyridine/Ac,0, 1:1, v/v, | ml). Inorganic salts were filtered off and the tetraacetate was purified by
TIOC (A& ma RSO, R-NYT talnianas/BEtHD A~ Q-1
R A N L llls, U /Uy IN UV L, VUIULLIVT LA ML, 7.1 }

n 179-181°C (Lit. 180-182°C).7 1H NMR (400 MH7) &/nnm = 5 26 (1 34.HY 522 (1H. m. 33
WYa.ppe 4777101 S \aaal. 20UTa O ] A3 ANAVARA\SUY VaaLy Urppin L i, iy JTTIa), Ju4 Lhky Bk, JI=01

8 9 ’) \
(8 1 e & I
1H, dd, J=2.6 and 12.0 Hz, 35-H,), 4.14 (1 H dd, J=6.7 and
.0 Hz, 35-Hyp), 2.08 (3H s, —COCHz) 2.07 (3H, s, -COCHz3), 2.06 (3H, s, -COCHj), 2.05 (3H, s.
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-COCH3), 0.94 (6H, s, 8B- and 14a-Me), 0.90 (3H, d, J=6.4 Hz, 22-Me), 0.84 (3H, s, 4a-Me), 0.81 (3H, s.
10B-Me), 0.79 (3H, s, 4B-Me), 0.68 (3H, s, 18a-Me). 13C NMR (100 MHz) 8/ppm = 170.7 (-COCH3).
170.4 (-COCHsj), 170.3 (-COCH3), 169.8 (-COCH3), 72.0 (C-34), 71.7 (C-33), 69.6 (C-32), 62.2 (C-35).
45.9 (C-21), 36.1 (C-22), 30.9 (C-30), 26.2 (C-31), 21.0 (-COCHj3y), 20.9 (-COCH3), 20.8 (-COCH3).

20.8 (-COCH3), 19.9 (C-29). EI MS (direct inlet) m/z =714.5 (M*, 6%), 699.4 (M* - Me, 4%), 654.4 (M+ -
AcOH, 5%), 493.2 (ring C cleavage, 100%), 369.3 (M* - side-chain, 21%), 191.2 (ring C cleavage, 9%).
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