292 HEeLVETICA CHIMICA ACTA — Vol. 78 (1995)

23. Synthesis of Aristotelia-Type Alkaloids
Part XV')
Total Synthesis of (+)-Hobartinol

by Markus Dobler, James C. Andersonz), Mathias J uchz), and Hans-Jiirg Borschberg*

Laboratorium fiir Organische Chemie der Eidgendssischen Technischen Hochschule, ETH-Zentrum,
Universitatstrasse 16, CH-8092 Ziirich

(20.X11.94)

Synthetic (+)-makomakine (6) was transformed in six steps into (+)-(17R,18R)-17,18-dihydrohobartine-
17,18-diol ((+)-5) with an overall yield of 38 % (Scheme 2). This compound was shown to be identical with natural
hobartinol, a monoterpene indole alkaloid from Aristotelia australasica, originally believed to be the (175)-epimer
1. At the same time, the synthesis of (+)-5 delineates the hitherto unknown absolute configuration of this
metabolite.

1. Introduction. — In 1986, Quirion reported the isolation of several novel monoter-
pene indole alkaloids from the aerial parts of the shrub Aristotelia australasica [4]) (for a
review, see [5]). Among them was a compound named hobartinol having the elementary
composition C,,H,N,O,. The constitutional formula of this metabolite and the relative
configuration at C(11), C(16), and C(18) were readily deduced on the basis of spectro-
scopic arguments. On the other hand, the configuration at the quaternary centre C(17)
could only tentatively be assigned as shown in formula 1 (Scheme 1), the putative
argument being the fact that, on treatment with Ac,0O in hot pyridine, hobartinol was
transformed into a diacetyl derivative. This compound was believed to be O,0-diacetate
2, and the ready acetylation of the tertiary OH group was explained by invoking a
neighbouring-group effect of the piperidine N-atom®); thus, it was assumed that the OH
group at C(17) occupies the endo-position in the parent alkaloid [4].

A critical re-evaluation of the reported 'H-NMR data of the above diacetate,
however, rather points to an N(12),0 *-diacyl derivative, since both Me groups attached
to C(13) are deshielded by more than 0.4 ppm as compared to hobartinol (see below,

'y Part XIV:see [1].

2)  Taken in part from the diploma theses of J. C. 4. [2], participant of the Imperial College (London)/ETH
exchange scheme, and M.J. [3].

%} The authors would like to thank Prof. H.-P. Husson for providing them with a copy of this thesis.

4 During the presumed transformation of 1into 2, the intermediacy of 3 was invoked [4]. However, at least in the
most stable conformation of 3, the two centers of interest (O —C(17) and O=C—N(12)) seem too far apart for
a significant interaction. Furthermore, amide 3 conceivably is thermodynamically more stable than ester 2, so
there is no obvious reason why the N-acetyl derivative 3 should rearrange to the latter.



HEeLvVETICA CHIMICA ACTA — Vol. 78 (1995) 293

Table 1)[6]). Provided that this new interpretation is correct, the argument originally put
forward to delineate the relative configuration at C(17) of hobartinol is no longer valid,
and either of the structure proposals 1 or 5 is compatible with the data gathered so far
from this alkaloid [5]). With the aim to clarify this situation, the following investigation
was undertaken.
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2. Results and Discussion. — Synthetic (4+)-makomakine (6) [8] (Scheme 2) served as a
convenient starting material for the envisaged transformations. The required amounts of
optically pure (+)-6 were prepared in two steps from (—)4-pinene and (1 H-indol-3-yl)-
acetonitrile by employing a modified version [1] [9] of the original protocol developed by
Stevens and Kenney [10]. After protection of the indole moiety with the 4-methoxyphenyl-
sulfonyl group (Mps), the resulting 7 [1] was isomerized to the indole-protected derivative
8 of hobartine ((—)-9) in almost quantitative yield by simple treatment with hot mineral
acid.

Our first attempt to synthesize (+)-5 was governed by the finding that 8 furnished
exclusively the corresponding (175,18 R)-epoxide when exposed to an organic peracid [2].
A similar treatment of indole-protected hobartin-20-ol 10, which has become readily
available in 100-mg quantities [1] [11], furnished the analogous epoxide 11 as the single
product. The configuration at the new asymmetric centres followed from the observation
that in the '"H-NMR spectrum of 11, one of the two H—C(19) shows only a geminal
coupling (J = 16.7 Hz), the vicinal couplings with H—C(14) and H—C(18) amounting to
less than 0.5 Hz. An inspection of Dreiding models showed that the required dihedral
angles in the vicinity of 90° can only be assumed if the oxirane ring is placed on the
concave face of the molecule (see Fig. 1)%).

%)  Similarly, both Me groups show up at 1.64 ppm in the 'H-NMR spectrum of the N(12)-acetyl derivative of
hobartine (9), and at 1.74 and 1.43 ppm in the N-acetyl derivative of makomakine (6) [7}.

% The powerful cis-directing effect of the protonated piperidine N-atom on epoxidation reactions in this series
was observed and discussed before [9] [12].
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a) 1. NaH, THF; 2. Mps-Cl. b) HCI, AcOH, 30 min reflux. ¢) 1. 1 equiv. of OsO,4, THF, 15 h at 25°; 2. Na,S0;,
H,0. d) 6% Na/Hg, NaH,PO,, MeOH. ¢) DMSO, {CF,C0),0, CH,Cl,. f) LiBHEt;, THF. g)3-CIC,H,CO-H,
CF,COOH, CH,Cl,, 72 h at 25°. h) NaBH,, NaOH, ¢-BuOH, 25°.

Surprisingly, during an attempted reduction with NaBH,, epoxide 11 was trans-
formed into an isomeric compound which, according to its spectral data, must have
structure 12 (see Tables I and 2). This outcome of a Payne rearrangement [13] was not
unwelcome, since we hoped that 12 could be reduced to diol 13, the immediate precursor
of (+)-5. However, all attempts to bring about this reduction failed. Treatment with
Super Hydride®, e.g., just gave back the original epoxide 11! Therefore, the following
alternative route was developed.
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Fig. 1. a) Biogenetic numbering of the hobartine skeleton. b) Newman projection along the C(18)—C(19) bond.
¢) Newman projection along the C(19)—C(14) bond. d) ' H-NMR section of the CH,(19) group

cis-Hydroxylation of 8 with OsO, (stoichiometric amount or catalytic version [14])
furnished exo-diol 14 as the single isolable product in excellent yield. The configuration
at C(18) followed from the evidently axial nature of H—C(18) which shows up in the
"H-NMR spectrum as dd (J = 11.3 and 5.9 Hz) at 4.53 ppm’). Deprotection of 14 with
sodium amalgam in MeOH [16] led to diol (+)-15, a diastereoisomer of hobartinol that
has not been detected yet in natural sources. The corresponding (17R,18R)-diol 13 was
prepared from 14 through a two-step oxidation/reduction procedure: the intermediate
hydroxy-ketone 16 was obtained in high yield by applying Banwell’s method [17] and was
found to exist as a 1:1 mixture of the keto and hemiaminal form 16’ which could not be
separated. Reduction of the crude material with Super Hydride® produced the desired
epimeric diol 13 as the single product. Standard deprotection furnished diol (+)-5 which
we believe to have the same structure as natural hobartinol.

This identification was not as straightforward and unambiguous as one might wish:
synthetic (+)-5 has m.p. 95-96°, e.g., whereas the natural product was reported to melt at
270° after crystallization from CHC], [4]. Since this value seemed suspiciously high for a
tetracyclic Aristotelia alkaloid, we suspected that in the original work, the hydrochloride
of hobartinol had actually been analyzed®). The same seems to hold for the determination

") As in the analogous OsQ, oxidation of 7 {1], the aliphatic amino group apparently exerts no cis-directing
effect, which was shown recently to operate in the case of a vaguely similar substrate [15]. The reason might be
that in our case, the N—Os bond of a complex between reagent and substrate (if formed at all) is exclusively
equatorially aligned for steric reasons. Such an ‘unproductive’ complex seemingly cannot compete with the
uncomplexed reagent attacking from the less hindered convex face of the olefinic double bond.

8)  Conceivably, hydrochloric acid which is invariably present in commercial CHCl, caused formation of the
hydrochloride. The same problem was encountered before in the Aristotelia alkaloid family, such as in the case
of peduncularine [18] and of aristofruticosine [19].
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Fig.2. 'H-NMR Spectrum (400 MHz, CD;0D) a) of syathetic ( +)-5 and b) of natural ( + )-hobartinol

of the optical rotation [« ], which was reported to amount to +120 [4], whereas our
sample, derived from optically pure (+)-6, showed a value of only + 71.4. Therefore, the
hydrochloride of synthetic (+)-5 was prepared and analyzed, and indeed, the agreement
between the two samples (m.p. 254° vs. 270° and [x], = +115 vs. +120) was now signifi-
cantly better. In addition, the 'H-NMR spectra of the two specimen are virtually superim-
posable (see Fig. 2), and the readily prepared diacetate 4 displays 'H- and *C-NMR data
that coincide within experimental error with the one reported for the diacetate derived
from natural hobartinol [4] (see Tables I and 2). Therefore, we believe that hobartinol has

Table 1. "H-NMR Chemical-Shift Values § [ppm]. In CDCls, unless stated otherwise.

4 4% 5P % 9 15 8 14 13 11 12
H-C(2) 7.03 700 710 7.35 709  7.01 744 734 736 744 138
H-C(5) 755 755 751 780  7.64 760 748 747 748 749 749
H-C(6) 711 7.4t 701 727 701 71 722 724 725 722 125
H—-C(7) 720 721 710 735 78 720 730 733 734 730 735
H—C(8) 737 737 734 762 735 736 799 801 802 798 802
H-C(10) 3.57 356 305 311 282 30l 267 28 295 296 297
H'—C(10) 348 349 292 297 269 28 254 276 289 287 287
H-C(11) 414 415 359 367 349 352 338 341 345 329 341
H—-C(14) 148 148 148 148 146 149 147 147 148 158 146
H,—C(15) 180 174 180 183 208 174 208 170 178 198  2.09

Hg—C(15) 2.09 ? 2.39 2.43 1.62 2.21 1.61 221 2.36 1.41 1.97
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Table 1 (cont.)
4 4%) 5b) 559 9 15 8 14 13 11 12

H-C(16) 1.86 186 1.85 187 217 191 209 186 179 1.65 1.64
H,—C(18) - - - - 563 459 563 453 - - -
Hy—C(18) 486 488 330 327 - - - - 331 314 3.08
H,—-C(19) 203 7 196 198 228 207 226 204 209 236 2.16
Hy—C(19) 203 7 213 215 208 1.55 207 156 202 1.86 1.96
Me(20) 1.48 1.49 1.51 1.52  1.81 153 1.72 146 1.53  3.55/3.45 296/2.71
Me(21) 1.60% 1.60% 1.07 1.029 1.16 099 115 092 1039 121 1.12
Me(22) 1.58% 1.57%9 1.13 1109 109 1.05 1.09 1.02 115 1.08 1.17
H-C(2), H-C(6") - - - - - - 778 777 779 7179 7.79
H-C(3),H-C(5") - - - - - - 685 685 687 6.85 6.87
MeOAr - - - - - - 378 377 378 3.78 3.79
Me—CCO 211 213 - - - - - - - - -
Me—CCO 209 207 - - - - - - - - -

%) Values taken from [4). The systematic deviations in the low-field area of natural 5 are probably due to a scaling
error in the previous work (see also Fig.2).

) CD;OD as solvent.

) Tentative assignments.

Table 2. ’C-NMR Chemical-Shift Values & [ppm]. In CDCl,, unless stated otherwise.

7 8) 14 13 11 12 4 4% 59 6 97 15
@) 1238 1235 12329 12349 1236 1239 1225 1227 1226 1223 1223 1217
C@3) 1206 119.8 1214 1203 1208 1191 1144 1146 1132 1139 1135 1144
@ 1314 1310 1309 1306 1313 1306 127.1 1274 1286 1280 127.6 127.5
C(5) 1197 1196 1195 1194 1196 1194 1195 1196 1192 1193 1189 119.3
c(6) 1229 1231 12319 1233% 1231 1234 1185 1186 1198 119.1 1189 1189
) 1246 1259 1249 1251 1247 1251 1221 1223 1238 1218 1216 [22.1
C®) 138 1137 1139 1140 1138 1140 1113 1115 1125 1100 1110 {111
C©) 1355 1352 1356 1356 1353 1355 1365 1368 1384 1365 1363 136.5
C(10) 318 297 321 314 302 302 3109 312 327 315 317 324
c@1) 533 541 550 547 542 529 59.6 599 570 542 546 558
c@13) 531 555 530 526 509 524 589 501 535 531 542 530
C(14) 365 348 384 371 287 368 418 420 387 359 350 386
C(15) 330 287 288 282  28.0% 292 2989 300 291 333 293 289
C(16) 432 367 465 451 346 416 434 439 458 435 383 465
Q) 1500 1322 744 752 643 597 743 746 7157 1506 1335 746
c(18) 311 1247 710 723 521 707 743 745 731 320 1247 710
C(19) 292 276 339 309 2619 336 308) 309 318 294 279 340
C(20) 1090 251 280 2879 637 540 295 296 286 1086 257 28.0
c@l) 272 256 263 259 261 260 266 266 258 272 259 263
C22) 298 289 295 2889 297 297 304 305 288 298 300 29.5
(1) 1298 1297 1297 129.6 1298 1296 - - - - - -
CQ2),C6) 1289 1290 1289 1289 1290 1290  — - - - - -
C(3),C(5) 1143 1144 1144 1145 1143 1145 - - - - - -
@) 163.6 1637 1637 1638 1636 1638  — - - - - -
MeO 556 556 556 556 556 557 - - - - - -

%) Assignments corroborated through HETCOR experiments.
%) Taken from [4]. The signals in the aliphatic section were not assigned and their multiplicities not specified [4].
‘) InCD;0OD.
9)®) Assignments may be interchanged.
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the relative and absolute configuration shown in formula 5. For comparison purposes
and for a final settlement of the argument, it would have been ideal to have access to
compound 1 as well, but unfortunately, all attempts to prepare 1 have failed up to now.

The authors would like to express their gratitude to the Swiss National Science Foundation (project No.20-
33456.92) and to the Stipendienfonds der Basler Chemischen Industrie zur Unterstiitzung der Doktoranden auf dem
Gebiete der Chemie, der Biotechnologie und der Pharmazie for financial support.

Experimental Part

General. Reagents and solvents: purchased from Fluka AG in the highest obtainable purity, unless stated
otherwise. CHCl; and CDCl; were passed through basic alumina (Woelmn, act.I) immediately before use. M.p. (not
corrected): Tottoli apparatus; sealed evacuated capillaries. Optical rotations: Perkin-Elmer 241 at 25° and 589 nm
(Nap). UV/VIS Spectra (4., [nm], loge [dm?/mol-cm]): Kontron Uvikon 869. IR Spectra (¥,,,, [cm™']): Perkin-
Elmer-PE-781 spectrometer. TH-NMR Spectra: é in ppm. rel. to internal SiMe, (= 0 ppm), J in Hz; 400 MHz,
Bruker AMX 400, 500 MHz, Bruker AMX 500. '3*C-NMR Spectra: multiplicities from DEPT experiments; 100
MHz, Bruker AMX 400; 125 MHz, Bruker AMX 500. NOE: Bruker WM 300 (300 MHz, CDCl,); irradiated
proton — affected signal(s). HETCOR: Varian Gemini 300 (300 MHz, CDCly); cross-peaks, §(*C)/6 ("H)('s). Mass
spectra (m/z [amu] (% base peak)): Hitachi-Perkin-Elmer, VG TRIBRID ; El at 70 eV, unless stated otherwise; for
FAB: 3-nitrobenzyl alcohol as matrix.

Standard Deprotection Procedure [16). To a soln. of the specified amount of the indole-protected component in
MeOH (90 ml per mmol of substrate) were added 2 equiv. of NaH,PO, and 8 equiv. of 6 % sodium amalgam. After
stirring at 25° for 4-12 h (TLC control), the solvent was decanted from the inorg. material and evaporated. The
residue was purified as indicated.

1-[ (4-Methoxyphenyl)sulfonylJhobartine (= (18,4R,58)-4-{{I-[ (4-Methoxyphenyl)sulfonyl]-1H-indol-3-
yljmethyl}-2,2,6-trimethyl-3-azabicyclo]3.3.1 Jnon-6-ene ; 8). To a soln. of 1 g(2.16 mmol) of 7[1}in 80 ml of AcOH
were added 200 m! of conc. aq. HCI soln. and 200 ml of H,O at r.t. under Ar. The mixture was refluxed for 30 min,
cooled to 0°, and then poured onto ice-cold 30 % aq. NaOH soln, Workup with CH,Cl, furnished 934 mg (93 %) of
8. White foam. IR (CHCl,): 2915, 1593, 1578, 1495, 1444, 1367, 1260, 1182, 1162, 1126, 1117, 1097, 1018,971, 828.
'H-NMR (400 MHz, CDCL,): 7.99 (dm, J = 8.2, | H); 7.78 (dm, J = 9.1,2 H); 7.48 (dm, J = 7.7, | H); 7.44 (s, | H);
7.30 (ddd, J = 8.4,7.3, 1.2, 1 H); 7.22 (ddd, J = 8.2,7.4, 1.1, 1 H); 6.85 (dm, J =9.1,2 H); 5.63 (m, 1 H); 3.78 (s,
3H);3.38 (dt, J =7.3,2.3,1 H); 2.67 (ddd, J = 15.1,6.7,0.9, 1 H); 2.54 (ddd, J = 15.1, 7.6, 1.1, 1 H); 2.26 (br. 4,
J=18.5,1H);2.11-2.05(m, 3H); 1.72 (¢, / = 1.9,3 H); 1.61 (dr, J = 12.5, 3.1, 1 H); 1.47 (m, 1 H); 1.15 (s, 3 H);
1.09 (s, 3H). *C-NMR (75 MHz, CDCly): 163.7 (s); 135.2(s); 132.2 (s); 131.0 (s); 129.7 (5); 129.0 (2d); 125.9 (d);
124.7 (d); 123.5 (d); 123.1 (d); 119.8 (s); 119.6 (d); 114.4 (2d); 113.7 (d); 55.6 (q); 55.5 (5); 54.1 (d); 36.7 (d); 34.8
(d):29.7(1); 28.9 (¢); 28.7 (£); 27.6 (£); 25.6 (¢); 25.1 (q). EI-MS: 464 (0.5, M™), 449 (2), 293 (5), 165 (16), 164 (100),
130 (11).

17,18-Dihydro-1-[ (4-methoxyphenyl) sulfonyl Jhobartine-178,188-diol (= (IR 4R,SR,6R,7S)-4-{{1-[ (4-Me-
thoxyphenyl)sulfonyl J-1 H-indol-3-y!l fmethyl }-2,2,6-trimethyl-3-azabicyclo[ 3.3.1 Jnonane-6,7-diol; 14). To a soln.
of 100 mg (0.216 mmol) of 8 in 25 ml of THF were added 56.2 mg (0.216 mmo!) of OsOy4 (Fluka, puriss.) at 0°. After
stirring for 3 h at 25°, the yellow mixture was refluxed for 12 h. After cooling to 25°, a soln. of 200 mg of Na,SO5 in
10 m! of H,O was added. Workup with CHC}; and aq. NHj soln. furnished a crude product that was chro-
matographed (silica gel, AcOEt/hexane 2:1); 86.2 mg (80%) of 14. Colorless crystals. M.p. 79-81° (AcOEt). IR
(CHCly): 3540, 3500, 2940, 1592, 1575, 1491, 1367, 1306, 1268, 1161, 1094, 1016, 972. 'H-NMR (400 MHz,
CDCly): 8.01 (dt, J =8.2,0.8, 1 H); 7.77 (dm, J = 9.1, 2 H); 7.47 (dtm, J = 7.6,0.9, 1 H); 7.34 (s, | H); 7.33 (ddd,
J=82,73,12,1H);7.24 (ddd, J =8.2,7.3,1.0, 1 H); 6.85 (dm,J =9.1,2 H); 4.53 (dd, J = 11.3,5.9, 1 H); 3.77
(s, 3 H); 3.41 (de, J = 11.3, 2.6, 1 H); 2.89 (ddd, J = 14.6, 2.9, 1.1, 1 H); 2.76 (dd, J = 14.5, 10.6, | H); 2.21 (dt,
J=13.1,32, 1 H);2.12 (br. 5, 2 H); 2.04 (ddt, J = 13.0,5.9,2.3, 1 H); 1.86 (¢, J = 2.5, 1 H); 1.70 (dg. J = 13.1, 2.8,
1 H); 1.56 (ddd, J = 13.0, 11.3, 4.2, 1 H); 1.47 (m, 1 H); 1.46 (s, 3 H); 1.02 (s, 3 H); 0.92 (s, 3 H). >C-NMR (100
MHz, CDCl;): 163.7 (s5); 135.6 (s), 130.9 (5); 129.7 (s); 128.9 (2d); 124.9 (d); 123.2 (d); 123.1 (d); 121.4 (5); 119.5
(d);114.4 (2d); 113.9(d); 74.4 (5); 71.0 (d); 55.6 (¢); 55.0 (d); 53.0 (5); 46.5 (d); 38.4 (d); 33.9 (1); 32.1 (1); 29.5 (9);
28.8(1);28.0(g); 26.3(g). EI-MS:498 (< 1, M™), 483 (3), 309 (7), 198 (100), 171 (11), 130 (28), 107 (14), 77 (12), 56
(13), 43 (12).

(+)-17.18-Dihydrohobartine-178 ,18f-diol (= (IR 4R,SR,6R.78S)-4-[( I H-Indol-3-vl)methyl]-2,2 6-trime-
thyl-3-azabicyclof[3.3.1 Jnonane-6,7-diol; (+)-15). The general deprotection method, applied to 50 mg (0.1 mmol) of
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14, furnished a crude product that was chromatographed (silica gel, AcOEt/MeOH 5:1): 29.8 mg (91 %) of (+)-15.
Colorless crystals. M.p. 80-81° (AcOEY). {a]p = +51.1 (¢ = 1.17, CHCl,). UV (EtOH): 290 (3.49), 282 (3.56), 222
(4.32). IR (CHCl): 3540, 3460, 3300, 2940, 1592, 1449, 1373, 1082, 1011, 903. '"H-NMR (400 MHz, CDCL): 8.08
(br.s, 1 H); 7.60 (dm, J = 8.0, 1 H); 7.36 (dt,J = 8.1,0.9, 1 H); 7.20 (ddd, J = 8.3,7.1, 1.1,  H); 7.11 (ddd, J = 8.0,
7.1, LI, 1 H); 701 (d, J =23, | H); 4.59 (dd, J = 11.2, 6.0, 1 H); 3.52 (ddd, J = 10.5, 2.9, 2.5, 1 H); 3.01 (ddd,
J=143,32,10,1H);2.86(dd, J = 14.3,10.5,1 H); 2.21 (dt, J = 13.1, 3.2, 1 H); 2.07 (ddt, J = 13.0, 6.0, 2.7, 1 H);
1.91 (m, 1 H); 1.74 (dg, J = 13.1, 2.9, L H); 1.55(ddd, J = 13.0, 11.2,4.2, 1 H); 1.53 (s, 3 H); 1.49 (m, 1 H); 1.05 (s,
3 H); 0.99 (s, 3 H). *C-NMR (100 MHz, CDCl3): 136.5 (s); 127.5 (s); 122.1 (d); 121.7 (d); 119.3 (d); 118.9 (d);
114.4 (s); 111.1 (d); 74.6 (s5); 71.0 (d); 55.8 (d); 53.0 (s); 46.5 (d); 38.6 (d); 34.0 (2); 32.4 (1); 29.5 (¢); 28.9 (¢);
28.0(9); 26.3 (). EI-MS: 328 (2, M), 313 (12), 311 (10), 199 (13), 198 (100), 180 (17), 130 (28).

(+)-Hobartinol (= (+)-17,18-Dihydrohobartine-178,18x-diol = (IR 4R,5R,6R,7R )-4- (1H-Indol-3-yI)-
methyl]-2,2,6-trimethyl-3-azabicyclof 3.3.1 [nonane-6,7-diol; (+)-5). To a soln. of 0.60 ml (7.5 mmol) of DMSO in
15 ml of CH,Cl, under Ar were added 1.1 ml (7 mmol) of trifluoroacetic anhydride (Fluka, puriss.) at —78°. The
slightly turbid mixture was stirred at —78° for 1 h, then there was added slowly a soln. of 200 mg (0.40 mmol) of 14
in 5 ml of CH,Cl,. After stirring for 90 min at —78°, 3 ml of Et;N were added, and stirring was continued for 1 h.
Workup with CHCl; furnished a yellow oil that was filtered through a small column (2 g of silica gel, AcOEt/hex-
ane 1:1) to give 181 mg (91%) of 16/16’ as a slightly yellow unstable oil that was not further purified nor
characterized. To a soln. of 115 mg (0.232 mmol) of this intermediate in 20 ml of THF were added 0.5 ml of 1M
LiBHEt; in THF (Aldrich) at 0° under Ar. After stirring for 30 min at 0°, the cooling bath was removed and stirring
continued for an additional 30 min. Workup with ag. NH; soln. and CHCI, furnished a crude product that was
chromatographed (silica gel, AcOEt/MeOH 5:1) to give 88 mg (76 %) of 13 as a colorless crystalline compound
(m.p. 109-110° (Et,0)). Standard deprotection of 45 mg (0.90 mmol) of 13 furnished a crude product that was
chromatographed (silica gel, AcOEt/MeOH 5:1): 27.3 mg (92%) of (+)-5. Colorless crystals. M.p. 95-96° (Et,0;
[4]:270° (CHCly)). [a]p = +75.8 (¢ = 0.5, CHCLy). [a]p = +71.4 (¢ = 0.8, MeOH; [4): +120 (¢ = 0.8, MeOH)). UV
(EtOH): 290 (3.59), 282 (3.65), 250 (3.41), 222 (4.43). IR (CHCl,): 3470, 3290, 2955, 2900, 1450, 1423, 1381, 1113,
1070, 1028, 970, 878. 'H-NMR (400 MHz, CD;0OD): 7.51 (d¢, J = 7.8, 1.1, 1 H); 7.34 (dt, J = 8.1, 0.9, 1 H); 7.10 (s,
1 H); 7.10(ddd, J =8.1,7.0, 1.2, { H); 7.01 (ddd, J =7.8,7.0, 1.1,1 H); 3.59 (ddd, J = 10.2,4.0, 2.6, 1 H); 3.30 (m,
1 Hj; 3.05 (ddd, J = 14.3, 3.1, 09, 1 H); 2.92 (dd, J = 14.3, 10.3, 1 H); 2.39 (dr, J = 13.1, 3.1, 1 H); 2.13 (dt,
J=149,47,1H); 1.96 (dg, J = 147, 2.1, 1 H); 1.85 (m, 1 H); 1.80 (dq, J = 13.0, 3.0, 1 H); 1.51 (s, 3 H); 1.48 (m,
1 H); 1.13 (s, 3 H); 1.07 (s, 3 H); max. deviation from natural (+)-5 [4]: £ 0.05 ppm in the aliphatic region.
3C.NMR (100 MHz, CD;0D): 138.4 (s); 128.6 (s); 123.8 (d); 122.6 (d); 119.8 (d); 119.2 (d); 113.2(s); 112.5 (d);
75.7 (s); 73.1 (d); 57.0 (d); 53.5 (5); 45.8 (d); 38.7 (d); 32.7 (¢); 31.8 (r); 29.1 (£); 28.8 (q); 28.6 (g); 25.8 (q).
HETCOR: 123.8/7.10; 122.6/7.10; 119.8/7.01; 119.2/7.51; 112.5/7.34; 73.1/3.30; 57.0/3.59; 45.8/1.85; 38.7/1.48;
32.7/3.05, 2.92; 31.8/2.13, 1.96; 29.1/2.39, 1.80; 28.8/1.13; 28.6/1.51; 25.8/1.07. EI-MS: 328 (5, M™), 313 (7), 198
(100), 180 (12), 159 (34), 154 (14), 131 (31), 130 (77), 117 (24), 58 (48), 43 (33).

17a,18a-Epoxy-17,18-dihydro-1-{ (4-methoxyphenyl)sulfonyl Jhobartin-20-0l (= (IR4R,5SR6R,7R)-6,7-
Epoxy-4-{{I-[ (4-methoxyphenyl) sulfonyl]-1 H-indol-3-yl Jmethyl }-2,2- dimethyl-3-azabicyclo{3.3.1 Jnonane-6-me-
thanol; 11). Method A: To a soln. of 50 mg (0.10 mmol) of 10 [1] [11] in 10 ml of CH,Cl, were added 10 pl (0.12
mmol) of CF3;COOH (Fluka, purum) at 0° and a soln. of 18.2 mg of 3-chloroperbenzoic acid (Fluka, pract. ; purified
according to [20}) in 1 ml of CH,Cl,. After stirring for 72 h at 25°, 0.5 ml of Me,S (Fluka, puriss.) were added, and
the mixture was worked up with CHCl; and aq. NH; soln. Chromatography (silica gel, AcOEt/MeOH 1:1)
furnished 33 mg (64 %) of 11. Colorless crystals. M.p. 85-86° (Et,0). IR (CHCly): 3550, 2960, 2900, 1596, 1577,
1496, 1448, 1369, 1261, 1164, 1097, 908, 831. 'H-NMR (500 MHz, CDCl,): 7.98 (dt, / = 8.2, 0.9, 1 H): 7.79 (dm,
J=9.1,2H);7.49 (ddd, J =18, 1.1,0.8, 1 H); 7.44 (s, | H); 7.30 (ddd, J = 8.3, 7.3, 1.1, L H); 7.22 (ddd, J = 7.9,
7.3, 1.0, 1 H); 6.85 (dm, J =9.1, 2 H); 3.78 (s, 3 H); 3.55(d, J =124, 1 H); 3.45 (d, J = 12.4, 1 H); 3.29 (ddd,
J=90,53,28,1H);3.14(d, J = 3.6, 1 H); 2.96 (ddd, J = 15.3,9.0,0.7, 1 H); 2.87 (ddd, J = 15.3, 5.3, 1.5, | H);
2.36(d,J =16.7,1 H); 1.98 (dm,J = 13.1, 1 H); 1.86 (ddd, J = 16.7,7.9,3.6, 1 H); 1.65(¢q, J = 3.0, | H); 1.58 (d!,
J =17.9,3.5 1 H); 1.41 (d1, J = 13.1, 3.4, L H); 1.21 (s, 3 H); 1.08 (s, 3 H). '3C-NMR (125 MHz, CDCl): 163.6 (s);
1353 (s); 131.1 (5); 129.8 (s); 129.0 (2d); 124.7 (d); 123.6 (d); 123.1 (d); 120.8 (5); 119.6 (d); 114.3 (2d); 113.8 (d};
64.3 (5); 63.7 (£); 55.6 (¢); 54.2(d); 52.1 (d); 50.9 (s); 34.6 (d); 30.2 (¢); 29.7 (q); 28.7 (d); 28.0 (¢); 26.12 (¢); 26.07
(g). FAB-MS: 497 (100, [M + 17%), 196 (28), 123 (52), 107 (96), 91 (23), 81 (64), 78 (52), 77 (80), 69 (92), 55 (98).

Method B: A soln. of 10 mg (0.02 mmol) of 12 (see below) in 5 ml of THF was cooled to — 20° under Ar. With
rapid stirring, 0.1 ml of 1M LiBHEt; in THF (Aldrich) was added via syringe. Then the cooling bath was removed
and stirring continucd for 16 h at 25°. Quenching with 2 m! of sat. aq. NHCl soln., followed by workup with CHCl,
and aq. NH; soln., and chromatography (silica gel, AcOEt) furnished 8 mg (80%) of crystalline 11 which was
indistinguishable from a sample prepared by Method A.



300 HeLvETica CHIMICA ACTa — Vo0l.78 (1995)

178,20-Epoxy-17,18-dihydro-1-[ (4-methoxyphenyl)sulfonyl Jhobartin-18a-0l (= (IR4R,5R,68,7R)-4-{{1-
[(4-Methoxyphenyl)sulfonyl]-1H-indol-3- yl }methyl )-2,2-dimethylspirof 3-azabicyclof 3.3.1 Jnonane-6,2 -oxiran -
7-0l; 12). To a soln. of 27 mg (0.055 mmol) of 11 in 8 ml of 1-BuOH were added 2 ml of aq. 0.258 NaOH and 5 mg
of NaBH, (Fluka, purum) at 25°. After stirring for 12 h, the mixture was worked up with CHCl; and aq. NH; soln.
Chromatography (silica gel, AcOEt/MeOH 1:0 — 1:2) furnished 23 mg (85%) of 12. Colorless plates. M.p. 84-85°
(Et,0). IR (CHCl5): 3550, 2960, 2920, 1593, 1578, 1496, 1460, 1446, 1370, 1260, 1162, 1100, 1083, 908, 831.
'H-NMR (500 MHz, CDCl,): 8.02 (dt, J = 8.3,0.8, 1 H); 7.79 (dm, J =9.1,2 H); 7.49 (dm, J = 7.9, i H); 7.38 (s,
1H);7.35(ddd, J =8.3,7.3,1.1, | H); 7.25 (ddd, J = 8.1, 7.3, 1.0, 1 H); 6.87 (dm, J = 9.1, 2 H); 3.79 (s, 3 H); 3.41
(dt, J =10.1, 3.1, 1 H); 3.08 (dm, J = 3.6, 1 H); 2.97 (dd, J = 14.6, 10.4, | H); 2.96 (d, J = 4.5, 1 H); 2.87 (ddd,
J=14.6,3.8,08,1 H);2.71 (d,J =4.5, 1 H);2.16 (dq, J = 15.0, 1.5, 1 H); 2.09 (dg, J = 13.3, 3.2, 1 H); 1.97 (4!,
J=13.3,3.0, 1 H); 1.96 (dt, J = 15.0, 5.1, 1 H); 1.64 (m, 1 H); 1.46 (m, | H); 1.17 (s, 3 H); 1.12 (5, 3 H). *C-NMR
(125 MHz, CDCl,): 163.8 (s); 135.5(s); 130.6 (5); 129.6 (s); 129.0 (2d); 125.1 (d); 123.9 (d); 123.4 (d); 119.4 (d);
119.1 (s); 114.5 (2d); 114.0 (d); 70.7 (d); 59.7 (s); 55.7 (q); 54.0 (2); 52.9 (d); 52.4 (s); 41.6 (d); 36.8 (d); 33.6 (1);
30.2(1);29.7(g); 29.2 (1); 26.0 (q). EI-MS: 496 (1, M), 481(3), 325 (12), 196 (100), 178 (62), 171 (31), 130 (65), 123
(21), 117 (12), 107 (59), 93 (17), 92 (35), 91 (22), 81 (18), 78 (13), 77 (73), 69 (34), 58 (54), 55 (40).

(+)-12,0"-Diacetylhobartinol (=18-Acetoxy-12-acetyl-17,18-dihydrohobartin-17-0l = (IR, 4R,SR,6R,7R )-
7-Acetoxy-3-acetyl-4-[ ( 1 H-indol-3-yl )methyl J-2,2 6-trimethyl-3-azabicyclof 3.3.1 [nonan-6-ol; (+)-4). To a soln. of
6 mg (0.018 mmol) of synthetic (+)-5 in 4 ml of CH,Cl,/pyridine 1:1 was added 1 ml of Ac,O at 25°. After stirring
for 72 h, the mixture was diluted with 20 ml of CH,Cl, and washed with 20 ml of sat. aq. NaHCQO; soln. and with
20 ml of sat. aq. CuSQO, soln. After drying (K,CO;) and evaporation of the org. phase, the crude product was
chromatographed (silica gel, AcOEL): 5.2 mg (69 %) of (—)-4. Oil. [a]p = —107 (¢ = 0.28, CHCl,). IR (CHClL):
3611, 2970, 1720, 1621, 1442, 1388, 1242, 1041, 875, 649. 'H-NMR (400 MHz, CDCl,): 8.02 (br. 5, 1 H); 7.55 (dm,
J=179,1H);7.37 (dt,J =8.1,0.9,1 H); 7.20(ddd, J =8.1,7.1, 1.1, | H); 7.11 (ddd, / = 7.9, 7.1, 1.0, | H); 7.03 (d,
J=23,1H);4.86 (m, 1 H); 4.14 (ddd, J = 8.7, 6.9, 1.0, 1 H); 3.67 (s, | H); 3.57 (ddd, J = 14.9,6.9,0.9, 1 H); 3.48
(dd, J =14.9,8.7, 1 H); 2.11 (s, 3 H); 2.09 (s, 3 H); 2.09 (dz. J = 12.9, 3.0, 1 H); 2.05-2.00 (m, 2 H); 1.86 (m, 1 H);
1.80 (dm,J = 12.9, 1 H); 1.60 (s, 3 H); 1.58 (s, 3 H); 1.48 (5, 3 H); 1.48 (m, | H); max. deviation from 4, derived from
natural (+)-5 [4]: £ 0.06 ppm. PC-NMR (100 MHz, CDCl;): 172.4 (s); 171.0 (5); 136.5 (s); 127.1 (5); 122.5 (d);
122.1 (d); 119.5(d); 118.5(d); 114.4 (5); 111.3 (d); 74.3 (d + 5); 59.6 (d); 58.9 (5); 43.4 (d); 41.8 (d); 31.0 (¢); 30.8
(1); 30.4 (g); 29.8 (1); 29.5 (¢); 26.6 (9); 23.7 (9); 21.1 (g); max. deviation from 4, derived from natural (+)-5 [4]:
+ 0.5 ppm. EI-MS: 240 (36, [M —172]%), 180 (15), 169 (30), 168 (22), 156 (11), 130 (100), 117 (14), 100 (17), 98 (26),
58 (16), 43 (93).

REFERENCES

[1] M. Dobler, H.-J. Borschberg, Tetrahedron: Asymmetry 1994, 5, 2025.
2} J.A. Anderson, Diploma Thesis, ETH Ziirich, 1987.
[3] M. Juch, Diploma Thesis, ETH Ziirich, 1993.
[4] J.-C. Quirion, Ph.D. Thesis, Université de Paris-Sud, Centre d’Orsay, 1986.
[51 H.-J. Borschberg, in ‘The Monoterpenoid Indole Alkaloids, Supplementary Volume’, Ed. J. E. Saxton, John
Wiley & Sons, Chichester, 1994, Chapt. 2.
[6] H.-J. Borschberg, Habilitationsschrift, ETH Ziirich, 1989.
[7] H.-J. Borschberg, unpublished resuits.
[8] T. R.C. Bick, M. A. Hai, Heterocycles 1981, 16, 1301.
91 R. Giiller, Ph.D. Thesis, Diss. No. 10387, ETH Ziirich, 1993.
[10] R.V. Stevens, P.M. Kenney, J. Chem. Soc., Chem. Commun. 1983, 384.
[11] M. Dobler, R. Beerli, W.K. Weissmahr, H.-J. Borschberg, Tetrahedron: Asymmetry 1992, 3, 1411.
[12] R. Giller, H.-J. Borschberg, Helv. Chim. Acta 1993, 76, 1847.
[13] C.H. Behrens, K. B. Sharpless, Aldrichim. Acta 1983, 16, 67.
[14] a) V. VanRheenen, R.C. Kelly, D.Y. Cha, Tetrahedron Lett. 1976, 1973; b) M. Schréder, Chem. Rev. 1980,
80, 187.
[15] A.C. Peterson, J. M. Cook, Tetrahedron Lett. 1994, 35, 2651.
[16] G.E. Keck, S. Fleming, D. Nickall, P. Weider, Synth. Commun., 1979, 9, 281.
[17] M.G. Banwell, C.M. Amon, G.L. Gravatt, J. Org. Chem. 1987, 52, 4851.
[18) a) W.J. Klaver, H. Hiemstra, W. N. Speckamp, J. Am. Chem. Soc. 1989, 111,2588; b) C. Dragar, 1.R.C. Bick,
Phytochemistry 1992, 31, 3601.
[19] R. Beerli, H.-J. Borschberg, Helv. Chim. Acta 1991, 74, 110.
[20] N.N. Schwartz, J. H. Blumbergs, J. Org. Chem. 1964, 29, 1976.



