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Synthesis of Aristotelia-Type Alkaloids. Part XI I,
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Abstract: Optically pure sarples of the rare Aristotelia alkaloids (+)-sorelline (2) and (+)-
aristolasene (3) have been synthesized for the first time. Since natural {S)-perilla alcohol served
as one of the starting building blocks, these syntheses delineate the previously unknown absolute
configurations of these metabolites as shown in the schemes. In connection with this work we
also prepared (-)-20-hydroxyhobartine (1), which, however, turned out 1o be different from a
natural product that had been assigned this structure six years ago.

There are several biogenetically interrelated members of the Aristotelia alkaloid family 2 that are functionalized at
C(20),3 such as 20-hydroxyhobartine (1),% sorelline (2),5 aristolasene (3),0 aristocarbinol (4),7 aristolarine
(5),8 and aristolasol (6) 6 (sec Scheme 1). Since no synthetic approach to these metabolites has been reported
up to now,? and since they occur in such small amounts in natural sources that their potential pharmacological
properties could not be evaluated, we decided to elaborate a feasible route to these scarce indole alkaloids.

Scheme 1
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Recently, we disclosed an efficient synthesis of the unique indole alkaloid (+)-aristofruticosine ((+)-9),
which was assembled from (S)-perilla alcohol and N-protected 1H-indole-3-acetaldehyde in 7 steps with an
overall yield of 15 %.10 Thiophenyl ether 7 (Scheme 2) was the key intermediate in that synthesis, and we felt
that this readily available compound should prove useful for providing access to some of the rare alkaloids
shown in Scheme 1. For this purpose it was necessary to convert the thiophenyl substituent into an oxygen
functional group. Since the Pummerer reaction 1! represents the method of choice for the required trans-
formation, compound 7 was oxidized with NalO4 in MeOH / THF 12 to give the corresponding sulfoxide 10
(70:30-mixture of two diastereoisomers) in nearly quantitative yield.
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Reagents: a) 2,6-Diflucrobenzylbromide ! 12 ,2,6,6-pentamethylpiperidine | AgBF4 | DMF,7 dat 25° ; 10
b) NalHg in MeOH, 90 min. at 25°; c) NalO4 in THF/MeOH, 48 h at 25°.

However, all attempts to convert 10 into aldehyde 12 through a Pummerer reaction failed. In most cases
the major product was indole-protected 18-endo-hydroxymakomakine (14) (Scheme 3) or the corresponding O-
acetate 16, depending on the reaction conditions (see Table 1). Obviously, the desired transformation can not
compete with the alternative allylsulfoxide [2,3]-sigmatropic rearrangement.!3 The fact that in the absence of
external thiophiles only the endo-products 14 and 16 are formed has been interpreted as follows:14 at elevated
temperatures an equilibrium among 10, the sulfenic acid ester 13 and the corresponding exo-isomer is set up. In
the case of 13 the piperidine N atom acts as an internal thiophile,15 and since the formation of the resulting
sulfenic acid amide is probably an irreversible process, 13 is constantly removed from the equilibrium mixture.
In the presence of a good external thiophile, such as a trialkyl phosphite, both epimeric sulfenic acid esters are
cleaved (presumably under kinetic control) and give rise to the observed mixture of 14 and 17 (Tabie 1, run 6).
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Reagents: a) see Table 1; b) Na/Hg in MeOH, 90 min. at 25% ¢) BF3 ‘Ety0 in CH2Cl2;  d) p-TsOH, (CH2Cl), 14 h 70°;
e) MesCl, Et3N, CH3Clp, 24 h 25°.

Both 18-hydroxymakomakine derivatives 14 and 17 were deprotected to give the alkaloids 15 and 18,
respectively, which have not been detected yet in natural sources. On the other hand, treatment of 16 with p-
TsOH in boiling 1,2-dichloroethane, or of 17 with BF3-Et20 in CH2Cla furnished indole-protected sorelline
(19) in decent yield. Attempts to convert the readily available allylic alcohol 14 into 19 met with little success,
but it was found that treatment of 14 with mesyl chloride and Et3N furnished indole-protected aristofruticosine
(8) in excellent yield. This intramolecular SN reaction, which formally proceeds with retention of configuration
at C(18), is probably the result of a double inversion, involving the 18-exo-chloride as the second intermediate.
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The free plant metabolite (+)-2 was prepared in 88 % yield from 19 by treatment of with Na / Hg in
MeOH. Since the spectral properties and the optical rotation of our preparation coincide within experimental
limits with the data reported for the natural product 5 the previously unknown absolute configuration of (+)-
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sorelline (2) is established as shown in Scheme 1.

Table 1. Product Compositions Resulting from Thermal Treatments of Sulfoxide 10.

Run Method Conditions 10 14 16 17 19 8

1 (18] 16q. P4C10. 5 eq. (Me3Si}o0 25% 51% / / 18% <5%

CH2CHCHCI, 120 h at 80°

2 Toluene, 20 h at 100° 10 % 41 % / / 24 % /

3 CHgCN, 75 h at 50° 55 % 42 % / / / /

4 [17} 1 eq. NH4Cl, CH3CN, 5 h at 50° 36%* 43% / / / /

5 [18] 1 eq. piperidine, EtOH, 24 h 70° 5% 87 % / / / /

6 [15] 1 eq. P(OMe)3, toluene, 16 h at 110° / 28 % / 21% 2% 13%
7 AcOH/Ac20, 2h at 80° / / 80% / / /

‘ According to the 'H-NMR spectrum of the crude reaction mixture, only the minor diastereoisomer of the starting
material 10 was left.'®
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) p-TsOH, MeOH, HC(OMe)3 ; g) LiBHEt3, THF, 40 h at 25°.
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While it was not possible to introduce an oxygen substituent at C(20) by way of a Pummerer reaction 2
or an alternative procedure, 21 it was discovered that treatment of the readily available allylic alcohol 14 with
thionyl chloride gave the rearranged allyl chloride 20 (Scheme 4) in high yield. In addition, small amounts of 8
were formed. The required transformation of indole-protected 20-chlorohobartine (20) into (-)-20-hydroxy-
hobartine ((-)-1) was straightforward and proceeded with an overall yield of ca. 45 %. Structure 1 has been
proposed by Quirion for an alkaloid he had isolated from Aristotelia australasica. Surprisingly, the physical
data (m.p., [e]p, IH-NMR spectrum,22 and MS) of our synthetic material is decidedly different from the
reported values for the natural product.23 At present, the reasons for the observed discrepancies are not obvious,
but the following arguments convinced us that our preparation indeed possesses structure (-)-1: there is a near
coincidence of the IH-NMR chemical shift values of (-)-1 and of the metabolite (-)-hobartine ((-)-25) 24 in the
region which is expected not to be influenced much by the presence of a OH-group at C(20), namely around the
gem. dimethyl group, C(14) and C(15). This is not the casc for natural "20-hydroxyhobartine” (see Table 3). To
corroborate the claim that our preparation unequivocally possesses the constitutional formula 1, its precursor 20
was correlated chemically with (-)-hobartine ((-)-25) via the protected intermediate 24 25 (see Scheme 4).

Notwithstanding a future issue of this disagreement, we oxidized synthetic (+)-1 with DCC/DMSO 26 1o
the corresponding aldehyde 23, which was transformed into (+)-aristolasene ((+)-3) in a single operation.
While this acid-catalyzed cyclization looked quite clean on TLC, and though a 'H-NMR spectrum of the crude
reaction mixture indicated a ca. 80 % yield of (+)-3, the subsequent purification steps caused serious losses of
product. The spectral data of our preparation agrees within experimental limits with the reported values of
natural (+)-aristolasene.6 Since the optical rotations of the two specimen are of the same sign and order of
magnitude ([x]p= + 475 (c=0.28, CHCl3) vs. + 493 (c=0.3, CHCI3) 4), the previously unknown absolute
configuration of (+)-3 is defined as shown in Scheme 1.

Figure. Biogenetic Numbering of the Hobartine Skeleton. 3
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Table 2. 13C-NMR values (100 MHz, CDCl3, ppm from TMS); for numbering system, see Figure.

M. DOBLER et al.

NN\ Cpd. 12 1) 259 22) 3¢0) 92) 15 18
2 122.2 1224 122.3 1224 143.5 122.0 1229 1224
3 1134 1123 113.5 113.6 115.6 113.5 112.3 1135
4 127.6 127.5 127.6 127.8 128.2 127.8 127.5 127.8
5 119.0 118.6 1189 1192 117.9 119.2 119.0 119.2
6 1193 1189 118.9 119.1 119.6 119.1 119.3 119.2
7 122.0 121.6 121.6 1219 122.0 121.8 122.0 121.9
8 111.1 111.2 111.0 111.0 110.8 111.0 1113 111.0
9 136.4 136.6 136.3 1364 136.1 136.2 136.6 136.5
10 315 308 317 30.3 27.6 308 30.8 313
11 54.4 54.4 54.6 539 64.3 623 53.0 53.4
13 53.7 53.8 54.2 53.3 524 65.9 523 52.6
14 35.5 356 35.1 39.0 39.8 429 373 39.4
15 294 29.1 293 29.5 30.4 338 32.7 33.1
16 33.8 35.6 38.3 38.7 371 448 45.4 45.3
17 137.7 137.2 135.5 142.8 134.7 158.7 149.6 153.1
18 126.9 126.3 124.7 1319 1316 64.8 69.2 69.0
19 27.8 276 279 132.7 134.1 430 36.1 39.8
20 67.8 66.8 257 114.7 116.2 99.0 114.6 106.9
21 259 26.5 259 249 258 240 26.0 264
22 30.0 294 300 29.7 30.5 30.8 29.4 29.8

a) Assignments corroborated through HETCOR.

Table 3. LH-NMR chemical shift values (400 MHz, CDCl3, ppm from TMS).

b) Data of natural "20-hydroxyhobartine”. 4

c) Tentative assignments.

Nr~_Cpd. 1 1) 25 2 3 9 15 18
2 7.09 7.03 7.09 7.04 - 6.94 7.01 6.99
5 7.62 7.58 7.64 7.64 7.54 7.61 7.61 7.62
6 7.11 7.03 7.11 7.10 7.10 7.10 7.11 7.10
7 7.19 7.12 7.18 7.18 7.14 117 7.20 7.19
8 734 7.33 7.35 7.33 7.31 7.34 7.38 7.36
10 2.6 2.53 2.82 2.83 3.48 2.81 2.89 275
10’ 267 2.53 2.69 2.72 1.95 2.66 277 2.56
1 3.51 3.33 3.49 348 393 3.75 340 3.40
14 1.53 131 1.46 2.01 1.32 1.85 1.55 1.60
1548 1.60 1.34 1.62 1.77 1.78 1.47 1.60 1.58
155yn 2.15 1.85 2.08 2.04 2.00 1.96 2.17 2.07
16 242 2.11 2.17 2.38 2.46 225 2.53 2.51
18endo 595 5.85 5.63 6.35 6.57 - - 5.30
18.x0 - - - - - 391 4.09 -
19.ndo 239 2.14 228 5.94 6.10 2.52 223 241
19,20 215 1.91 2.08 - - 1.71 1.74 1.26
20 415 3.90 1.81 508 6.39 4.82 5.12 5.11
20° 4.09 3.90 - 475 - 472 4.89 4.81
21 1.17 0.97 1.16 1.28 1.32 1.14 115 1.10
22 1.10 0.87 1.09 1.01 1.10 143 118 1.10

a) Data of natural "20-hydroxyhobartine”. 4
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Experimental Section

General. All solvents employed as reaction media were reagent grade (Fluka, puriss.) and were further purified and dried
as follows: CH,Cl; and CHCla, filtered through Al2O3 (Woelm, basic act. I); THF was freshly distilled from K under Ar; benzene,
toluene and pyridine were freshly distilled from LiAlH4; DMF and DMSO were freshly distilled from CaH; under slightly reduced
pressure. M.p. (not corrected): Tottoli apparatus, scaled evacuated capillaries, unless mentioned otherwise. Optical rotations: Perkin-
Elmer 241. UV spectra: Uvikon 860. IR spectra: Perkin-Elmer 781. TH-NMR spectra (5 (ppm] from TMS, appearant coupling
constants J [Hz]): Bruker AMX 400 (400 MHz). 13C NMR spectra (3 [ppm] from TMS, multiplicitics as determined from DEPT
spectra): Bruker AMX 400 (100 MHz). *H / 13C-COSY (HETCOR) spectra were recorded on a Varian Gemini (200/50 MHz). Mass
spectra (m/z [amu] (% base peak)): VG TRIBID (EL, 70 eV) or GC-MS: HP 5890 series I GC with HP 5971A MS, EI (70 eV) T=
190°; column: Supelco SPB-5, fused silica, 30 m, @ 0.25 mm, film thickness 0.25 pm; mode: 25-90° 70°/min., 90-300°:
10°/min., hold at 300°: 30 min.

General Procedure for the Removal of the Indole Protecting Group 27. To a solution of the
protected alkaloid in MeOH (80 ml per mmol) were added 2 eq. of NaHoPOy (Fluka, purum) and 16 eq. of 6% sodium amalgam.
After stirring for 4 h at 25°, the mixture was decanted from the mercury and evaporated. The residue was worked up with CHCl3 / aq.
NaHCO3 and the resulting org. phase dried over K2CO3. The crude material was chromatographed (benzene/Et70/EtyNH 8:4:1).

20-Phenylsulfinyl-(N (1)-p-methoxyphenylsulfonyl)hobartine (10). To a solution of 739.6 mg
(1.29 mmol) of 7 in 50 m1 of THF/MeOH 1:1 was added a solution of 321 mg NalO4 (Fluka, purum) in 25 ml of H20 at 25°C.
After stirring for 48 h, the suspension was filtered and the filtrate evaporated. The residue was worked up with CHCl3 and H;0, and
the combined organic layers dried over K2CO3 and evaporated to yield 732.4 mg (96 %) of 10 (yellow-white crystals, 70:30-mixture
of two diastereoisomers).
M.p. 123-124°
IR (KBr): 1594, 1497, 1444, 1369, 1265, 1167, 748, 665, 580, 546.
IH-NMR:  8.06(dt, J=8.3, 0.8, 0.7H); 8.00(ds, J=8.3, 0.8, 0.3H); 7.82(dm, J=9.1, 1.4H); 7.80(dm, J=9.1, 0.6H); 7.47(br.s,
0.7H); 7.45-7.2(m, 6.3H); 6.86(dm, J=9.1, 0.6H); 6.75(dm, J=9.1, 1.4H); 6.69(ddm, J=8.1, 1.1, 0.7H); 5.96(br.1,
J=3.4, 0.7H); 5.73(br.t, J=3.4, 0.3H); 3.73(s, 0.9H); 3.62(s, 2.1H); 3.56(ddd, J=9.0, 6.1, 2.5, 0.7TH); 3.49(br.d,
J=12.6,0.3H); 3.35(brd, J=12.6, 0.3H); 3.33(ddd, J=ca.8, ca.7, 2.1, 0.3H); 3.27(d, J=12.5, 0.7H); 2.96(br.d,
J=125, 0.7H); 2.64-1.9(m, 6H); 1.70(dt, J=12.8, 3.2, 0.7H); 1.57(m, 0.7H); 1.50(d1, J=12.4, 3.2, 0.3H); 1.46(m,
0.3H); 1.25(s, 2.1H); 1.16(s, 3H); 1.05(s, 0.9H).
MS (FAB): 589(100, M*+1), 481(18), 464(15), 463(34), 307(19), 293(15), 288(18), 164(63). 155(29), 154(86),138(36),
137(57), 136(72), 107(36), 8%(30), 77(37).

(+)-18-endo-Hydroxymakomakine ((+)-15). A solution of 748 mg (1.27 mmol) of 10 and 0.2 ml (1.9
mmol) of piperidine (Merck. p.a.) in 150 ml of EtOH was heated under Ar at 70° for 24 h. After removal of the solvent under
reduced pressure, the residue was chromatographed (CHCl3/Et2O/EtoNH 40:1:2) to yield 527.5 mg (86.5 %) of 14 (pale brown
crystals, m.p. 226-227°) and 374 mg (5 %) of starting material 10. A 83.7 mg sample of 14 was deprotected using the General
Procedure to give 48.3 mg (89 %) of (+)-15.

Mup.: 174-175° (Et20).

{alp: + 91.5 (c=0.82, CHCI3).

UV (EtOH): 290 (3.65), 282 (3.71), 222 (4.51).

IR (KBr): 1640, 1619, 1458, 1422, 1386, 1360, 1341, 1111, 1069, 1035, 971, 910, 743.

IH-NMR:  7.61(dm, J=8.0, 1H); 7.38(ddd, J=8.1, 1.0, 0.7, 1H); 7.20(ddd, J=8.1, 7.1, 1.1, 1H); 7.11(ddd, J=8.0, 7.1,1.0, 1H);
7.01(d, J=2.3, 1H); 5.12(d, J=2.2, 1H): 4.89(d, J=2.2, 1H); 4.09 (m, 1H); 3.40(ddd, J=9.4, 4.8, 2.7, 1H); 2.89(ddd
J=14.5,48, 0.8, 1H); 2.77(dd, J=14.5, 9.4, 1H); 2.53(m, 1H); 2.23(dm, J=14.3, 1H); 2.17(dg, J=12.3, 3.1, 1H);
1.74(ds, J=14.9, 3.1, 1 H); 1.60(d1, J=12.8, 3.1, 1H); 1.55(m, 1H); 1.18(s, 3H); 1.15(s, 3H).

13C.NMR:  149.6(s), 136.6(s), 127.5(s), 122.9(d), 122.0(d). 119.3(d), 119.0(d), 114.62), 112.3(s), 111.3(d), 69.2(d), 53.0(d),
52.3(s), 45.4(d), 37.3(d), 36.1(1), 32.7(1), 30.8(1), 29.4(q), 26.0(g).

GC/MS: 3104, M), 295(3), 292(2), 199(5), 181(13), 180(100), 159(13), 130(28), 117(6), 58(7).
(+)-18-exo-Hydroxymakomakine ((+)-18). A solution of 183.2 mg (0.311 mmol) of 10 and 150 ul (125

mmol) of trimethylphosphite (Fluka, pract.) in 4 ml of toluene was heated in a sealed glass tube (110°) for 18 h. After removal of
the solvent under reduced pressure, the residue was chromatographed on silica (hexane/benzene/EtoO/EtyNH 18:8:4:1) to furnish
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42.3 mg (28.3 %) of 14, 30.9 mg (20.7 %) of 17, 18.5 mg (12.7 %) of 8,10 and 18.6 mg (10.4 %) of starting material 10. A
sample of 17 (30.4 mg, 0.063 mmol) was deprotected using the General Procedure to give 19.6 mg (84.5 %) of (+)-18.
M.p.: 58-61° (CHCl3).
[alp: + 84 (c=0.35, CHCl3).
UV (EtOH): 290 (3.56), 282 (3.62), 223 (4.32).
IR (CHCI3): 3582, 3480, 1453, 1430, 1416, 1380, 1337, 1254, 1089, 1066, 1023, 1009, 906.
IH-NMR: 7.62(dd, J=19, 1.0, 1H); 7.36(dm, J=8.1, 1H); 7.19(ddd, J=8.1, 7.1, 1.0, 1H); 7.10(ddd, J=7.9, 7.1,
1.0, 1H); 6.99(d, J=2.2, 1H); 5.30(dd!, J=11.2, 6.7, 2.2, 1H); 5.11(¢, J=2.2, 1H); 4.81(t, J=2.2, 1H); 3.40(ddd,
J=8.5, 5.3, 2.6, 1H); 2.75(ddd J=14.3, 5.3, 0.8, 1H); 2.56(ddd, J=14.3, 8.5, 0.6, 1H); 2.51(m, 1H); 2.41(dd!.
J=14.8,6.7,2.5, 1H); 2.01dm, J=12.5, 1H); 1.60(m, 1H); 1.58(d, J=12.5, 3.3, 1 H); 1.26(ddd, J=12.8, 11.2,
4.0, 1H); 1.103(s, 3H); 1.099(s, 3H).
I3C.NMR: 153.1¢s), 136.5(s), 127.8(s), 124.3(d), 122.4(d), 121.9(d), 119.2(2d), 113.5(s), 111.0(d}, 106.9(1), 69.0(d), 53.4(d),
52.6(s), 45.3(d), 39.8(¢), 39.4¢(d), 33.1(1), 31.3(¢), 29.8(q), 26 4(q).
GC/MS: 310030, M%), 295(2). 292(6). 184(5). 181(14), 180(100), 162 (8), 159(20). 143(11), 131(14), 130(73). 117(12),
77(11), 58(29), 41(11), 30(17).

(+)-Sorelline ((+)-2):
Method A: To a solution of 18 mg (0.034 mmol) of 16 in 5 ml of 1,2-dichlorocthane were added 3.7 mg p-TsOH (Fluka,
puriss.). The mixture was stirred under Ar at 70° for 14 h. Workup with CH2Cl; gave 16 mg of a mixture that was
chromatographed to give 8.2 mg (51 %) of 19 and 4 mg of a 2:1-mixture of two unknown compounds which arc presently under
investigation.
Method B: To a solution of 11.2 mg ( mmol) of 17 in 2 ml of dry tuluene were added 8.8 ul of freshly distilled BF3-Et0
(Fluka, purum). After stirring at 25° for 3 h, the mixture was worked up with 10 % aq. NH3 solution and Et20 to to yield 10.0 mg
(93 %) of a yellow oil which according to 1H-NMR spectroscopy coasisted of pure 19.
A sample of 19 (83.7 mg, 0.181 mmol) was deprotected according to the General Procedure to give 47.2 mg (89.2 %) of (+)-
sorelline ((+)-2).

Mp.: 165-167° (CHCl3) [Lit.: 165-168° (Etz0) 5].
[olp: + 158.3 (c=0.97, CHCl3) [Lit: + 157 (c=1.07, CHCl3) 5].
UV (EIOH): 290 (3.76), 282 (3.81), 223 (4.72) [Lit: 291 (3.80), 282 (3.85), 224 (4.72) 5).

IR (CHCl3): 3480, 3005, 1595, 1456, 1418, 1381, 1090, 1011, 892.

IH.NMR:  7.64(dm, J=8, 1H); 7.33(dm, J=8, 1H); 7.18(ddd, J=8, 7.1, 1.2, 1H); 7.10(ddd, J=8, 7.1, 1.1, 1H); 7.04(m, 1H);
6.35(d, J=9.6, 1H); 5.94(br.dd, J=9.6, 6.6, 1H); 5.08(d, J=2.0, 1H); 4.75(dd, J=2.0, 1.5, 1H); 3.48 (ddd, J=1.7,
6.3, 2.7, 1H); 2.83(ddd, J=14.6, 7.7, 0.6, 1H); 2.72(ddd, J=14.6, 6.3, 1.0, 1H); 2.38(m, 1H); 2.08-1.98(m, 2H),
1.77(de, J=12.5, 3.3, 1H); 1.28(s, 3H); 1.01(s, 3H).
(Max. deviation from reported values for natural (+)-2 5: + 0.07 ppm).

13C.NMR:  142.8(s), 136.4(5), 132.7(d), 131.9(d), 127.8(s), 122.4(d), 121.9(d), 119.2(d), 119.1(d), 114.7(2), 113.6(s),
111.0(d), 53.9(d), 53.3(s), 39.0(d), 38.7(d}, 30.3(t), 29.7(q), 29.5(¢), 24.9(q).
(Max. deviation from reported values for natural (+)-2 5:404 ppm 28).

MS: 292(6, M+), 199(17), 162(18), 162(100), 159 (50). 130(40), 117(16), 105(15), 91(27), 77(11).

(N (1)-p-Methoxyphenylsulfonylaristofruticosine (8): A solution of 22.6 mg (0.047 mmol) of 14
and 16 pl (0.116 mmol) of Et3N (Fluka, purum; dist. from CaHj3) in 5 ml of CH2Cl2 was cooled to 0°. After adding 9 ul (0.116
mmol) of methanesulfonyl chloride (Fiuka, puriss.) under Ar, the mixture was stirred at 0° for 2 h and at 25° for 24 h. The mixture
was worked up with CH2Cly/sat. aq. NaHCO3 to give 23.2 mg of crude material. Chromatography (benzene/EtoO/Et;NH 8:4:1)
fumished 19 mg (87 %) of pure 8, which was identical with a sample that had been prepared before via a different route. 10

(-)-20-Hydroxyhobartine ((-)-1): To a solution of 50 mg (0.104 mmol) of 14 in 20 ml of CH2Clp were added
11.5 pl (0.15 mmol) of CF3COOH (Fluka, purum) and the stirred mixure cooled to -20°. After addition of 11.5 1 (0.15 mmol) of
freshly dist. SOCly, the mixture was allowed to reach room temperature and was stirred under Ar for 15 h. Workup with CHCls/sat.
aq. NaHCOj3, followed by chromatography (EtOAc), fumished 46.4 mg (89.4 %) of 20 (white crystalline foam, m.p. 54-55°) and
3.8 mg (8 %) of 8.

A solution of 81 mg (0.163 mmol) of 20 and 9.3 ul (1.63 mmol) of AcCOH (Fluka, puriss.) in 10 ml of MeCN was stirred
under Ar at 25° for 5 min. Then were added 29.4 mg (0.5 mmol) of KOAc (Fiuka, purum, dehydrated) and 6 mg of dicyclohexyl-18-
crown-6 (Fluka, purum). The resulting turbid mixture was stirred under Ar at 40° for 13 h. The solvent was evaporated and the
residue chromatographed (EtOAc) to yield 58.1 mg (68.1 %) of 21 (oil), 11.2 mg (14.8 %) of 8 and 3.4 mg (4.5 %) of 19.
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To a solution of 55 mg (0.12 mmol) of 21 in 5 ml of EtOH were added 250 pl of 0.5 M KOH in EtOH at 0°. The mixture
was stirred under Ar for 20 h at 25°, then was added 1 ml of sat. aq. NH4Cl. Most of the solvent was removed under reduced pressure
and the residue worked up with CHClp. The resulting buff foam was purified by chomatography (benzene/EtoO/EtoNH 8:4:1) 1o
give 46.6 mg (92.2 %) of white crystalline 22 (m.p. 80-82°). A sample of this material (35.6 mg, 0.074 mmol) was deprotected
according to the General Procedure to give 18.9 mg (82.4 %) of (-)-1.

M.p.: 99-100° (CHCl3, colorless crystals) [Lit.: amorphous, no m.p. recorded?].
[alp: - 16 (c=0.242, CHCl3) [Lit.: +113 (c=0.38, CHCl3) 41.
UV (EIOH): 290 (3.58), 282 (3.66), 222 (4.46) (Lit.: 290 (3.56), 282 (3.63), 220 (4.18) 4).

IR (CHCl3): 3455, 1621, 1445, 1381, 1370, 1335, 1148, 1091.

IH.NMR:  8.04(br.s, 1H); 7.62(dm, J=8.0, 1H); 7.34(dm, J=8.0, 1H); 7.19(ddd, J=8.0, 7.1, 1.2, 1H); 7.11(ddd, J=8.0,7.1,
1.0, 1H); 7.09(br.s, 1H); 5.95(m, 1H); 4.15(dm, J=13.0, 1H); 4.09(dm, J=13.0, 1H); 3.51(ddd, J=1.8, 6.7, 2.4,
1H); 2.76(ddd, J=14.5, 7.7, 0.5, 1H); 2.67(ddd, J=14.5, 6.7, 0.7, 1H); 2.40(m, 2H); 2.13(n, 2H); 1.60(ds, J=12.6,
3.2, 1H); 1.520n, 1H); 1.48(br.s, 2H); 1.17(s, 3H); 1.10(s, 3H).

{Lit.: 7.58(d, J=7.5, 1H); 7.33(d, J=1.5, 1H); 7.12(, J=7.5, 1H); 7.03(z, J=7.5, 1H); 7.03(s, 1H); 5.85(1, J=3.5,
1H); 3.90(AB, J=14.2, 2H); 3.33(dt, J=1.5, 2.5, 1H); 3.00(br.s, 2H); 2.53(d, J=7.5, 2H); 2.14(ddd, J=163, 3.5,
1.5, 1H); 2.11(ddd, J=3.3, 3.0, 2.5, 1H); 1.91(ddd, J=16, 3.5, 3, 1H); 1.85(ddd, J=13, 3.5, 3, 1H); 1.34(¢d, J=3.0,
1.5, 1H); 0.97(s, 3H); 0.87(s, 3H) 41.

I3C.NMR:  137.7(s), 136.4(s), 127.6(s), 126.9(d), 122.2(d), 122.0(d), 119.3(d), 119.0(d), 113.4(s), 111.1(d), 67.8(1}, 54.4(d),
53.7(s), 35.5(d), 33.8(d), 31.5(1), 30.0(q), 29.4(s), 27.8(1), 25.9(q).

[Lit.: 137.2(s), 136.6(s), 127.5(s), 126.3(d), 122.4(d), 121.6(d), 118.9(d), 118.6(d), 112.3(s), 111.2(d), 66.8(1),
54.4(d), 53.8(s), 35.6(d), 35.5(d), 30.8(1), 29.4(q), 29.1(1), 27.6(1), 25.5(q) 4].

MS: 295(1.5, M*-15), 194(0.6), 181(12), 180(100), 159(6), 158(3), 131(6), 130(33), 79(7), T7(6).
[Lit.: 310(61, M*), 295(71), 294(78), 279(100), 237(39), 222(36), 193(19), 182(34), 174(31), 164(64) 4].

(+)-Aristolasene ((+)-3): To a solution of 44 mg (0.143 mmol) of (-)-1 in 8ml of DMSO (Fluka, puriss., stored
over 3 A mol. sieves) were added 30 mg orthophosphoric acid (Fluka, puriss.) and 65 mg of dicyclohexylcarbodiimid (Fluka,
puriss.). After stirring for 2 h at 25° the mixture was worked up with CHCl3/sat. aq. NaHCO3. According to IH-NMR spectroscopy
the crude product consisted of at least 90 % pure aldehyde 23. All attempts to prepare an analytically pure sample led to severe
decomposition of this labile intermediate.

To a solution of 11 mg (0.036 mmol) of crude 23 in 10 ml of degassed MeOH were added 5 mg of p-TosOH (Fluka,
puriss.) and 5 ml of trimethyl orthoformate (Fluka, purum). The mixture was kept under Ar for 72 h at 25°. The crude product left
after evaporation of the solvent consisted of at least 80 % pure aristolasene (!H-NMR evidence) and was chromatographed
(benzene/Et20/EtzNH 8:4:1) to give 3.7 mg (33.6 %) of the rather unstable alkaloid (+)-3 (yellow, strongly fluorescent oil).

{odp: + 475 (¢=0.28, CHCl3) [Lit.: + 493 (c=0.3, CHCl3) 41.

UV (EtOH): 330 (3.91), 262 (3.93), 214 (4.13) [Lit.:330 (3.89), 262 (3.90), 215 (4.13) 4].

IR (CHCl3): 3470, 1455, 1380, 1366, 1343, 1310, 1291, 1170, 1157, 1096 [Lit.: 3400, 1460 (film) 4].

1H-NMR: 7.94(br.s, 1H); 7.54(dm, J=1.8, 1H); 7.31(dm, J=7.7, 1H); 7.14(ddd, J=1.7, 7.1, 1.3, 1H); 7.10(ddd, J=1.8, 7.1,
1.3, 1H); 6.57(d, J=9.5, 1H); 6.39(s, 1R); 6.10(br.dd, J=9.5, 6.8, 1H); 3.93 (1d, J=8.7, 3.0, 1H); 3.48(dd, J=15.4,
9.0, 1H); 2.46(m, 1H); 2.14(dt, J=6.8, 3.0,1H); 2.00(dm, J=12.6, 1H); 1.95(ddm, J=15.4, 8.4, 1H); 1.78 (dt,
J=12.6, 3.6, 1H); 1.32(s, 3H); 1.10(s, 3H).
(Max. deviation from reported values for natural (+)-3 4.+003 Ppm).

I3C.NMR:  143.5(s), 136.1(s), 134.7(s), 134.1(d), 131.6(d), 128.2(s), 122.0(d), 119.6(d), 117.9(d), 116.2(d), 115.6(s),
110.8(d), 64.3(d), 52.4(s), 39.8(d), 37.1(d), 30.5(q), 30.4(1), 27.6(t), 25.8(q).

MS: 290(60, M), 233(33), 232(69), 221(18), 218(100), 217(52), 207(22), 206(16), 205(20), 204(19), 167(11),
58(23), 42(28).

Chemical correlation of compound 20 with (-)-Hobartine ((-)-25): To a solution of 3 mg (0.006 mmol) of
20 in 2.5 ml of THF were added 12 pl of 0.3 M LiBHEt3 in THF (Aldrich). After stirring for 40 h at 25° the mixture was worked
up with CH2Cls. The crude product was purified through prep. TLC (CHCI3/EtOH 9:1) to give 2.6 mg (93.5 %) of 24.25 Standard
deprotection of this material furnished 1.4 mg (92 %) of a compound that was identical with synthetic (-)-hobartine ((-)-25). 24b
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