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Abstract: Optically pure samples of the rare Aristoteliu 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 
inactions of t&se metabolites as shown in the schemes. In cormection with this work we 
also prepared (-)-~-hy~o~yhob~ne (I), which, however, turned out to be different from a 
natural product that had been assigned this structure six years ago. 

There are several biogenetically interrelated members of the Arisrofelia alkaloid family * that arc functional&d at 
C(2O),3 such as 20-hydroxyhobartine (1),4 sorelline (2),5 aristolasene (3>,6 aristocarbinol (4),7 aristolarine 
(S),* and aristolasol(6) 6 (see Scheme 1). Since no synthetic approach to these metabolizes has been reported 
up to now,9 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 alkal&&. 
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Recently, we disclosed an efficient synthesis of the unique indole alkaloid (+)-aristofruticosine ((+)-9). 
which was assembled from (S)-ptilla alcohol and N-protected lH-indole-3-acetaldehyde in 7 steps with an 
overall yield of 15 %.lO 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 11 represents the method of choice for the required trans- 

formation, compound 7 was oxidized with NaI04 in MeOH / THF 12 to give the corresponding sulfoxide 10 
(70:30-mixture of two diastereoisomers) in nearly quantitative yield. 

Scheme 2 
p-Mps = pmethoxyphenylsulfonyl 

;-MPS 7 

Ij-MPS 10 

90 % 

b_MPS 11 ;-MPS 12 

Reagents: a) 2.6-Difkorobenzylbromide I1 22.6.6-penramerhylpiperidine I AgBF4 I DMF. 7 d aI 25” ; lo 
b) NaIHg in MeOH. 90 min. at 25 ‘; c) NaIOq in THFMeOH. 48 h at 25 9 

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 I). Obviously, the desired transformation can not 
compete with the alternative allylsulfoxide [2,3]-sigmatropic rearrangement.13 The fact that in the absence of 
external tbiophiles 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 exe-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 (Table I, run 6). 
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Reagents: a) see Table 1; b) NaIHg in MeOH. 90 min. at 25”; c) BF3 .Et20 in CH2Ci2: d) p-TsOH. (CH2ClJ2.14 h 70°; 
eJ MesCl. Et3N. CH2Cl2.24 h 259 

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 1,2dichloroethane, or of 17 with BFg+EtZO in CH& 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 EtsN 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-exe-chloride as the second intermediate. 
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The free plant metabolite (+)-2 was prepared in 88 96 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 (+)- 
sorelline (2) is established as shown in Scheme I. 

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

I Run Method Conditions 10 14 16 17 19 8 

1 (161 leq. P4010. 5 w3su20 eq. 25 % 51% I I 18 % c 5 % 

CH&CCH$A, 120 h at 80” 

2 Toluene, 20 h at 100’ 10 % 41% ! I 24 % I 

3 CH&N ,75 h at 50’ 55 % 42 % I I I I 

4 1171 1 NH&I, CHsCN. 5 h at 50” eq. 36%’ 43% ! / / I 

5 1181 1 eq. piperidi ne. EtOH, 24 h 704 5% 07% / I / I 

6 1151 1 eq. P(OMe)s, toluene, 16 h at 110” I 28% / 21% 2% 13% 

7 AcOWAc20.2h at 80” I I 80% / / I 

l According to the ‘f-t-NMR spectrum of the crude reaction mixture, only the minor diastereoisomer of the starting 

material 10 was left.‘s 

scheme 4 

HO H 

+ 8 

8% 

R 

14: R=p-MPS r 20: R’= pMPS, R2= CH2CI 

zkL+*+1g 
21: R’- pMPS, R2- CH20Ac _ 

4-J 0) 92 % 10 % 

R’- pMPS, R2= CH;?oH 
16 % 

G) 93 % 
22: 

(-1-l : 

1+)3 = 
0 

34% I 
23: 

L (-)-24: 

(-)-25: 

R’= H, R2= CHpCX-i 

R’= H. R2= CHO F+a90% _= 

Reagents: a) SOC&. CF3COOH. CH2Ci2.16 h O"; b) KOAc, dicyclohcryl-I&crown-6 CH3&?I, 6 d at 25O; 
c) KOH. EtOH, 24 h at 25 9- d) NalHg. MeOH, 90 min. at 25 9_ e) DCC. DMSO. H3POq; 

f) p-T&H, MeOH. HC(OMe)3 ; g)LiBHEt3, THF.~O h at259 
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While it was not possible to introduce an oxygen substituent at C(20) by way of a Pummerer reaction 2o 
or an alternative procedure, 21 it was discovered that treatment of the readily available allylic alcohol 14 with 
thionyl chloride gave the rearranged ally1 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 Q&ion for an alkaloid he had isolated from Aristotelia australasica.4 Surprisingly, the physical 
data (m.p.. [a]~, 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 case for natural “2O-hydroxyhobartine” (see Table 3). To 
corroborate the claim that our preparation unequivocally possesses the constitutional formula 1, its precursor 20 
was correlated chemically with (-)-hobtie ((-)-25) via the protected intermediate 24 25 (see Scheme 4). 

Notwithstanding a future issue of this disagreement, we oxidized synthetic (+)-I with DCCJDMSO 26 to 
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 IH-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 ([c&F + 475 (c=O.28, CHCl3) vs. + 493 (c=O.3, CHC13) 4 ), the previously unknown absolute 
configuration of (+)-3 is defined as shown in Scheme 1. 

Figure. Biogenetic Numbering of the Hobart& Skeleton.3 

Acknowledgments: The authors would like to thank the Swiss National Science Foundation (project No. 
20-28267.90) and the Stipendienfonds zuf UntersMtzung von Doktoranden auf dem Gebiete der Chemie for 
financial support. 



1416 M. DOBLER~~U~. 

Table 2. l&Z-NMR values (100 MHz, CDCL3, ppm from TMS); for numbering system, see Figure. 

1 b) 25 a) 2 a) 3 c) 9 a) 15 18 

2 122.2 122.4 
3 113.4 112.3 
4 127.6 127.5 
5 119.0 118.6 
6 119.3 118.9 
7 122.0 121.6 
8 111.1 111.2 
9 136.4 136.6 

10 31.5 30.8 
11 54.4 54.4 
13 53.7 53.8 
14 35.5 35.6 
15 29.4 29.1 
16 33.8 35.6 
17 137.7 137.2 
18 126.9 126.3 
19 27.8 27.6 

20 67.8 66.8 
21 25.9 26.5 
22 30.0 29.4 

122.3 
113.5 
127.6 
118.9 
118.9 
121.6 
111.0 
136.3 

31.7 
54.6 
54.2 
35.1 
29.3 
38.3 

135.5 
124.7 
27.9 
25.7 
259 

122.4 143.5 122.0 122.9 122.4 
113.6 115.6 113.5 112.3 113.5 

127.8 128.2 127.8 127.5 127.8 
119.2 117.9 119.2 119.0 119.2 
119.1 119.6 119.1 119.3 119.2 
121.9 122.0 121.8 122.0 121.9 
111.0 110.8 111.0 1113 111.0 
136.4 136.1 136.2 136.6 136.5 

30.3 27.6 30.8 30.8 31.3 
53.9 64.3 62.3 53.0 53.4 
53.3 52.4 65.9 52.3 52.6 
39.0 39.8 42.9 37.3 39.4 
29.5 30.4 33.8 32.7 33.1 
38.7 37.1 44.8 45.4 45.3 

142.8 134.7 158.7 149.6 153.1 
131.9 131.6 64.8 69.2 69.0 
132.7 134.1 43.0 36.1 39.8 
114.7 116.2 99.0 114.6 106.9 
24.9 25.8 24.0 26.0 26.4 
29.7 30.5 30.8 29.4 29.8 

a) Assignments corroborated through HETCOR. b) Data of natural “20-hydroxyhobartine”. 4 c) Tentative assignments. 

Table 3. 1 H-NMR chemical shift values (400 MHz, CDC13, pprn from TMS). 

1 a) 25 2 3 9 15 18 

2 

5 
6 
7 
8 

10 
10’ 
11 
14 

15uzfi 
15syn 
16 

18cndo 
18,x0 
lPc?ldo 
19tx0 
20 

20 ’ 
21 
22 

7.09 7.03 7.09 7.04 
7.62 7.58 7.64 7.64 
7.11 7.03 7.11 7.10 
7.19 7.12 7.18 7.18 
7.34 7.33 7.35 7.33 
2.76 2.53 2.82 2.83 
2.67 2.53 2.69 2.72 

3.51 3.33 3.49 3.48 

1.53 1.31 1.46 2.01 

1.60 1.34 1.62 1.77 
2.15 1.85 2.08 2.04 
2.42 2.11 2.17 2.38 
5.95 5.85 5.63 6.35 

2.39 2.14 
2.15 1.91 
4.15 3.90 
4.09 3.90 
1.17 0.97 
1.10 0.87 

2.28 
2.08 
1.81 

1.16 
1.09 

7.54 
7.10 
7.14 
7.31 
3.48 
1.95 

3.93 
1.32 

1.78 
2.00 
2.46 
6.57 

5.94 6.10 

5.08 

4.75 
1.28 
1.01 

6.39 

1.32 
1.10 

6.94 7.01 
7.61 7.61 
7.10 7.11 
7.17 7.20 
7.34 7.38 
2.8 1 2.89 
2.66 2.77 
3.75 3.40 
1.85 1.55 
1.47 1.60 
1.96 2.17 
2.25 2.53 

3.91 4.09 
2.52 2.23 
1.71 1.74 
4.82 5.12 

4.72 4.89 
1.14 1.15 
1.43 1.18 

6.99 

7.62 
7.10 

7.19 
7.36 
2.75 
2.56 

3.40 
1.60 

1.58 
2.07 
2.5 1 
5.30 

2.41 
1.26 
5.11 

4.81 
1.10 
1.10 

a) Data of natural “20-hydroxyhobdne”. 4 
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Experimental Section 

General. All solvents employed as reaction media were reagent grade (Flub. puriss.) and were further puri!ied and dried 
as follows: CH2Cl2 and CHC13, filtered through Al203 (Woe/m, basic act. I); THF was freshly distilled from K under Ar; benzene, 
toluene and pyridme were freshly distilled from LiiH4; DMF and DMSO were freshly distilled from CaH2 under slightly reduced 
pressure. M.p. (not corrected): Totfoli apparatus, sealed evacuated capillaries, unless mentioned otherwise.. Optical rotations: Perkin- 
Elmer 241. UV spectra: UviRon 860. lR spectra: Perk&Elmer 781.lH-NMR spectra (S [ppml from TMS, appearam coupling 
constants J [Hz]): Bruker AMX 400 (400 MHz). 13C NMR spectra (8 [ppml from TMS, multiplicities as determined from Dm 
spectra): Bncker .&44X 400 (100 MHz). ‘H / 13C-COSY (HETCOR) spectra were recorded on a Vu&n Gemini (21X/50 MHz). Mass 
spectra (m/z [amu] (% base peak)): VG TRIBID @I, 70 eV) or GC-MS: HP 5890 series II GC with HP 5971A MS, EI (70 ev) T= 
190°; column: Supelco SPE-5. fused silica, 30 m, 0 0.25 mm, film thickness 0.25 pm; mode: 25-90°: 70°/min., 90-3OOO: 
lO”/min., hold at 300”: 30 min. 

General Procedure for the Removal of the Indole Protecting Group z7. To a solution of the 
protected alkaloid in MeOH (80 ml per mmol) were added 2 eq. of NaH2PO4 (Fhka, purum) and 16 eq. of 6% sodium amalgam. 
After stirring for 4 h at 2.S’. the mixture was decanted from the mercury and evaporated. The residue was worked up with CHC13 / aq. 
NaHCO3 and the resulting org. phase dried over K2CO3. The crude material was chmmatographed (benzene&t2O/Et2NH 8:4:1). 

20-Phenylsulfinyl-(N(l)-p-methoxyphenylsulfonyl)hobartine (10). TO a solution of 739.6 mg 
(1.29 mmol) of 7 in 50 ml of THF/MeOH 1:l was added a solution of 321 mg NalO4 (Fluke. pwumj in 25 ml of H20 at 25°C. 
Aftex stirring for 48 h, the suspension was filtered and the filtrate evaporated. The residue was worked up with CHCl3 and H20, and 
the combined organic layers dried over K2C@ and evaporated to yield 732.4 mg (96 46) 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. 

‘H-NMR: 8.O6W,J=8.3,0.8,0.7H); 8.oo(dt, 1=8.3,0.8.0.3H): 7.82(dm,J=9.1, 1.4H); 7.8O(dm.J=9.1,0.61-1); 7.47&s, 
0.7H); 7.45-7.2(m. 6.3H); 6.86(dm, J=9.1,0.6l-I); 6.75(dm. /=9.1. 1AH): 6.69(ddm. J=8.1, 1.1.0.7H); 5.96(br.r. 
J=3.4.0.7H): 5.73(br.r. J=3.4.0.3H); 3.73(&0.9H); 3.620.2.1H); 3.56(ddd. J=9.0.6.1,2.5,0.7H); 3.49(br.d. 
5=12.6.0.3H); 3.35&d, J=12.6,0.3H); 3.33(d&, J=caB. ca.7,2.1,0.3H); 3.27(d, J=12.5.0.7H); 2.96(br.d, 
J=l2.5.0.7H); 2.64-l.Q(m. 6H); 1.7O(dr, J=12.8, 3.2.0.7H); 1.57(m. 0.7H); 1.5O(dr. J=l2.4.3.2, O.3H); 1.46(m, 
0.3H); 1.25(s, 2.1l-I); 1.16(s. 3H); 1.05(s. 0.9H). 

MS FAB): 589(lOO, M++l), 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). 89(30). 77(37). 

(+)-18-endo-Hydroxymakomakine ((+)-15). A solution of 748 mg (1.27 mmol) of lo and 0.2 ml (1.9 
mmol) of plpcridlne (Merck. pa) in 150 ml of EtOH WBS heated under Ar at 70” for 24 h. After removal of the solvent under 

redwed Pressure, the residue was chromatographed (CHCl$Et2O/Et2NH 4O:1:2) to yield 527.5 mg (86.5 46) of 14 (pale brown 
crYst& m.P. 226-227’) and 37.4 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. 

M.p.: 174-1750(Et2O). 

kX]D: + 91.5 (c=O.82, CHC13). 

W @OH): 290 (3.65). 282 (3.71). 222 (4.51). 

IR (KBr): l~O,l619.1458,1422.1386,136O. 1341.1111.1069,1035.971.910,743. 

‘H-NMRz 7.61(~,J=8.0,1H);7.38(ddd.=8.1,1.0,0.7.1H);7.20(ddd./=8.1.7.1,1.1.1H);7.11(~,~=8.O,7.1,1.O,1~); 
7.Ol(d, Jz2.3.W; 5.12(d.J=2.2, 1l-I); 4.89(d. J=2.2.1H); 4.09 (m, 1H): 3.4O(ddd. J=9.4.4.8.2.7, 1H); 2.89(&d 
Jz14.5.4.8.0.8.1H); 2.77W. J=l4.5.9.4.lH); 2.53(m. 1I-I): 2.23(dm. 5=14.3. 1H); 2.17(&, J=l2.8.3.1,1H); 
1.74(& J=l4.9.3.1, 1 H); 1.60(& J=12.8.3.1,1H); l.SS(m. 1H); 1.18(s, 3l-1); 1.15~~. 3~). 

13C-NMR: 149.6(s). 136&J. 127.5(s). 1229(d), 122.0(d). 119.3(d). 119.0(d). 114.6(r). 112.3(s). 111.3(dj, 69.2(d), 53.0(d), 
52.3(s), 45.4(d). 37.3(d). 36.1(r), 327(r). 30.8(r), 29.4(q). 26.0(q). 

GUMS: 310(4. M+)n 295(3). 292(2). 199(5). 181(13), 18O(loO), 159(13). 130(28). 117(6), 58(7). 

(+)-18-exe-Hydroxymakomakine ((+)-18). A solution of 183.2 mg (0.311 mmol) of 10 and 150 @ (1.25 
mmol) of hmethylphosphhe WA&U, pruct.) in 4 ml of toluene was heated in a sealed glass tube (1 loo) for 18 h. after re.moval of 
b solvent under reduced pressure. the residue was chromatographed on silica (hexan&enzene/Bt2o~/EtZNH l&8:4:1) to furnish 
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42.3 mg (28.3 46) of 14, 30.9 mg (20.7 76) of 17. 18.5 mg (12.7 %) of 8. lo and 18.6 mg (10.4 96) of starting material 10. A 
sample of 17 (30.4 mg, 0.063 mmol) was depmtected using the General Procedure to give 19.6 mg (84.5 46) of (+)-18. 

M.p.: 

b]D: 

w (Em-K): 

JR (CHCl3): 

IH-NMRZ 

* 3C-NMR: 

GCiMS: 

58-61” (CHCl3). 

+ 84 (c=O.35. CHC13). 

290 (3.56). 282 (3.62). 223 (4.32). 

3582.3480, 1453. 1430, 1416.1380, 1337.1254, 1089, 1066, 1023, lOC9.906. 

7.62(dd. 5=7.9, 1 .O, 1H); 7_36(dm. b8.1. 1H): 7.19(&&j, 3=8.1.7.1,1 .O. 1H); 7.10(&f. /=7.9,7.1, 
1.0. 1H); 6.99(d.J=2.2, 1H); 5.3O@dLJ=11.2.6.7,2.2, H-I); S.ll(r, J=2.2, 1H); 4.81(1. ~m2.2, 1H); 3.40(&&f, 
3=8.5.5.3,2.6, 1H): 2.75(dddJ~14.3.5.3,0.8,lH.I; 2.56(ddd,J=14.3.8.5,0.6, IH); 2..51(nr, 1H); 2.41(&f, 
5=14.8,6.7,2.5, 1H); 2.07(dm.J=12.5.1H); 1.6O(m, 1H); 1.58(&. J=12.5,3.3.1 H); L26(&fd. 5=12.8,11.2, 
4.0, 1H); 1.103(s, 3H); 1.099(s, 3H). 

153.lbj. 136.51s). 127.8(s). 1%.31d), 122.4(d). 1219(d), 119.2(2dJ, 113.5(s). 111.0(d), 106.9(t). 69.0(d). 53.4(d), 
52.6(s), 45.3(d), 39.8(t). 39.4(d), 33.1(t). 31.30). 29.8(q). 26.4(q). 

31W30. M+). 295(2). 29Z6). 1840.181(14). 180000). 162 (8). 159(20), 143(11). 131(14). 130(73). 11702). 
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 l&dichloroethane were added 3.7 mg p-TsOH (FL&a. 
puriss.). The mixture was stirred under Ar at 70’ for 14 h. Workup with CH2C12 gave I6 mg of a mixture that was 
chmmatogmphed to give 8.2 mg (51 %) of 19 and 4 mg of a t:l-mixhue 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 ~1 of freshly distilled BFJ’Et20 
(Fluka, pww). After stirring at 25O for 3 h. the mixture was worked up with 10 96 aq. NH3 solution and Et20 to to yield 10.0 mg 
(93 %) of a yellow oil which according to lH-NMR spectroscopy consisted of pure 19. 

A sample of 19 (83.7 mg. 0.181 mmol) was deprotected according to the GeneraI Procedure to give 47.2 mg (89.2 %) of (+)- 
sorelline ((+)-2). 

M.p.: 

[aID: 

w (J3oH): 

IR (CHC13): 

‘H-NMRI 

t3C-NMR: 

MS: 

165-167O (CHCl3) Lit.: 165-168O (Et20) 5]_ 

+ 158.3 (czO.97, CHC13) wt.: + 157 (c-1.07. CHCl3) 5]. 

290 (3.76). 282 (3.81). 223 (4.72) &it: 291 (3.80). 282 (3.85), 224 (4.72) 5]. 

3480.3005. 1595. 1456. 1418. 1381. 1090. 1011, 892. 

7.64@,5=8, 1H); 7.33(dm,J=8.1H); 7.18(d& J=8,7.1.1.2,1H); 7.lO(ddd.J=8.7.1, 1.1. 1~); 7.04(m. 1H); 
6.35(d, J=9.6. 1H); 5.94&rdd, J=9.6.6.6, 1H); 5.08(d, J=2.0, lH);4.75(& k2.0, 1.5, U-I); 3.48 (&#, J=7.7, 
6.3.2.7, 1H); 2.83(&d, J=14.6.7.7,0.6.lH); 2.72(ddd. J=14.6.6.3, 1.0, 1H); 2.38(m, 1H); 2.08-1.98(m, 2H); 
1.77(dr, /=12.5. 3.3, 1H); 1.28(s. 3H); l.Ol(s. 3H). 

(Max. deviation from reported values for natural (+)-2 ? + 0.07 ppm). 

142.8(s). 136.4(s). 132.7(dJ, 1319(d), 127.8(s), 122.4(d), 121.9(d), 119.2(d). 119.1(d), 114.7(r). 113.6(s), 
111.00,53.9(d), 53.3(s), 39.0(d), 38.7(d), 30.30). 29.7(q). 29.5(t), 24.9(q). 
(pax. deviation from reported values for natural (+>-2 5: zt 0.4 ppm 28). 

292(6. M+). 199(17). 162(18). 162(100). 159 (SO). 130(4O). 117(16). 105(U). 91(27), 77(11). 

(N (1)~p-Methoxyphenylsulfonyl)aristofruticosine (8): A solution of 22.6 mg (0.047 mmol) of 14 
and 16 pl(O.116 mmol) of Et3N (Fhka, purwn; dist. from CaH2) in 5 ml of CHzCl2 was cooled to 00. After adding 9 pI (0.116 
mmol) of methanesulfonyl chloride (Fhku. pwiss.) under Ar. the mixture was stirred at O0 for 2 h and at 25” for 24 h. The mixture 
was worked up with CH2Clz/sat. aq. NaHCO3 to give 23.2 mg of crude materU. Chromatography (benzene&O/Et$IH 8:4:1) 
furnished 19 mg (87 96) of pure 8. which was identical with a sample that had been prepared before via a different route. 10 

(-)-ZO-Hydroiyhobartine ((-)-1): To a solution of 50 mg (0.104 mmol) of 14 in 20 ml of CH2C12 were added 
11.5 J (0.15 mmol) of CF3COOH (Fluke. purum) and the stirred mixure cooled to -20”. After addition of 11.5 pl (0.15 mmol) of 
freshly dist. SOCI2, the mixture was allowed to reach rcom temperature and was stirred under Ar for 15 h. Workup with CHC13/sat 
aq. NaHC@, followed by chromatography (EtOAc), furnished 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 pl(1.63 mmol) of AcOH (Fhku. pwiss.) in 10 ml of MeCN was stirred 
under Ar at 2S” for 5 min. ‘Ihen were sdded 29.4 mg (0.5 mmol) of KOAc (Fkka. purum, dehydrated) and 6 mg of dicyclohexyl- 18- 
crown-6 (Fluka pwum). The resulting turbid mixture was stirred under Ar at 40” for 13 h. The solvent was evaporated and the 
residue chromatographed (BtOAc) to yield 58.1 mg (68.1 %) of 21 (oil), 11.2 mg (14.8 46) 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 hl KOH in EtOH at 00. The mixture 
was stirred under Ar for 20 h at 25”. then was added 1 ml of sat aq. N&Cl. Most of the solvent was removed under reduced pressure 
and the residue worked up with CH2C12. The resulting buff foam was purified by chomatography (benaeneJEt~O/Et2NH 8:4:1) to 
give 46.6 mg (92.2 %) of white crystalline 22 (m.p. 8082O). A sample of this material (35.6 mg, 0.074 mmol) was deprotcctcd 
according to the General Procedure to give 18.9 mg (82.4 9b) of O-1. 

M.p.: 

b]D: 
uv (EtoEij: 
JR (CHC13): 

‘H-NMR 

‘3c-NMB: 

MS: 

99-100’ (CHC13. colorless crystals) &it.: amorphous. no m.p. recorded4]. 

- 16 (c=O.242. CHC13) ILit.: +113 (c=O.38, CHC13) 4]. 

290 (3.58). 282 (3.66). 222 (4.46) [Lit: 290 (3.56). 282 (3.63). 220 (4.18) 4]. 

3455, 1621. 1445. 1381, 1370, 1335.1148. 1091. 

8.fWbr.s. HI); 7.62(dm,J=8.O.lH); 7.34(dm, J=8.0. HI); 7.19(ddd, J=8.0.7.1,1.2. HI); ‘I.ll(ddd, J=8.0.7.1, 
1.0, lH); 7.09(br.s, lH); 5.95(m. 1H); 4.15(dm, J~13.0, 1H); 4.09(dm. J=lJ.O. 1H); 3Sl(ddd. 1=7.8.6.7,2.4, 
H-l); 2.76(add,J=14.5,7.7,0.5.1H); 2.67(ddd, 5=14.5.6.7,0.7, 1H); 2.4qtn, 2H); 2.13(m. 2H); 1.6O(dt, J=12.6, 
3.2, 1H): 1.52(m. HI); 1.48(br.s. 2H): 1.17(s. 3H); l.lqs. 3H). 

[Lit.: 7.58(d, J=7.5.1H); 7.33(d, /=7.5. HI); 7.120. J=7.5,1H); 7.030. J=7.5. HI); 7.03(s. 1H); 5.850. J=3.5, 
lH); 3.90@& J=142. W); 3.33(dr, 5=7.5,2.5,1H); 3.00&s, W): 2.53(d. J=75,2H); 2.14(ddd, J=16.3,3.5, 
1.5, HI); 2.1l(ddd, 3=3.3,3x), 2.5, HI); 19l(ddd. J=16.3.5.3,1H); 1.85(ddd, J=13,3.5,3, HI); 1.34(qd, J-3.0, 
1.5. 1H); 0.97(s, 3H): 0.87(s. 3H) 4]. 

137.7(s), 136.4(s). 127.6(s), 1269(d). 122.Xd). 122.0(d). 119.3(d), 119.0(d). 113.4(s), 111.1(d). 67.8(r), 54.4(d). 
53.7(s), 35.5(d). 33.8(d), 31.5(t). 30.0(q). 29.4(r), 27.8(r). 25.9(q). 

H-it.: 137.2(s), 136.6(s), 127.5(s), 126.3(d). 122.4(d), 121.6(d), 1189(d). 118.6(d), 112.3(s), 111.2(d), 66.8(r), 
54.4(d), 53.8(s). 35.60,35.5(d). 30.8(r), 29.4(q), 29.1(r), 27.60). 25.5(q) 4]. 

29X1.5. M+-15). BWO.6). 181(12), 18qlOO). 159(6). 158(3). 131(6). 130(33). 79(7), 77(6). 

[Lit.: 3lO(6l. M+), 295(7l). 294(78). 279(100). 237(39), 222(36), 193(19), 182(34). 174(31). 164054) 41. 

(+)-Aristolasene ((+)-3): To a solution of 44 mg (0.143 mmol) of (-)-1 in 8m1 of DMSO (Flvkn. puriss., stored 
over 3 A mol. sieves) were added 30 mg orthophosphoric acid (Fluke, puriss.) and 65 mg of dicyclohexylcarbodiimid (Fluka, 
puriss.). After stirring for 2 h at 25” the mixture was worked up with CHCldsat, aq. NaHCe. According to lH-NMB spectroscopy 

the crude product consisted of at least 90 % pure aldehyde 23. AU 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 &gassed MeOH were added 5 mg of p-TosOH (Flutn. 

puriss.) and 5 ml of trimethyl orthoformate (Fluke. 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 (lH-NMB evidence) and was chromatographcd 
(benaene&O/EtzNH 84~1) to give 3.7 mg (33.6 %) of the rather unstable alkaloid (+)-3 (yellow. strongly fluorescent oil). 

b]D: + 475 (c=O.28, CHC13) Lit.: + 493 (c=O.3, CHC13) 4]. 

W (EtOH): 330 (3.91). 262 (3.93). 214 (4.13) &it.:330 (3.89). 262 (3.90). 215 (4.13) 4]. 

IB (CHC13): 3470, 1455, 1380,1366,1343.1310.1291, 1170, 1157.1096 Lit.: 3400. 1460 (fdm) 4]. 

‘H-NMR 

WNMR: 

MS: 

7.94@r.& 1H); 7.54(dm, J=7.8,1H); 7.31(dm. J37.7, D-i); 7.140&U. 5=7.7,7.1.1.3,1~); 7.iqddd. ~~7.8.7.1. 
1.3. 1H); 6.57(d. J=9.5, 1H); 6.390. 1H); 6.lO(br.dd. 1=9.5.6.8, 1H); 3.93 (rd, J=8.7, 3.0, 1~); 3.48(dd, J=15.4, 
9.0.1I-O; 2.46h. 1H); 2.14(dr. 5=6.8.3.O,lH); 2.OO(dm. J=12.6, 1H): 1.950&r, ~=15.4,8.4, 1~); 1.78 (dr, 
J=12.6.3.6, 1H); 1.32(s, 3H); l.lqs. 3H). 

(Max. deviation from repormd values for natural (+)-3 4 f 0.03 ppn). 

143.5(r). 136.W. 134.7(s). 134.1(d), 131.6(d). 128.2@). 1220(d). 119&d). 117.9(d), 116.2(d), 115.6(s), 
11WdJ. 64.3(d). 52.4(s). 39&d). 37.1(d), 30.5(q). 30.4(r). 27.60). 25.8(q). 

290(~.~+)~233(33)~232(69),221(18).2~8(100).217(52).207(22).206(16),205(20).U)4(~9),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 Bl of 0.3 M LiBHBt3 in THF (Aldrich). After stirring for 40 h at 25” the mixture was worked 

up with CH&‘l2. The crude product was purified through prep. TLC (CHClfitOH 91) to give 2.6 mg (93.5 %) of 24.= Standard 

deprotection of this material furnished 1.4 mg (92 %) of a compound that was identical with synthetic (-)-hobartine ((-)-25). 24h 
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