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Abstract: The first total synthesis of tbe highly functional&d monoterpenoid indole 
alkaloid (+)-aristolone ((+)-2) is described. This investigation uncovered the hitherto 
unknown relative and absolute configuration of this rare metabolite which had been 
isolated before by others in ppm-amounts from Aristotelia australaka. Dehydmion of 
synthetic (+)-2 led to a readily separable mixtum of the two alkaloids 11,12didehydro- 
lO-oxomakom&ine ((+)-3) and 11,12didehydro-lO-oxohobartine ((-)-4) which had 
been isolated in 1988 fkom A. chilensis. 

INTRODUCTION 

The ArisroWa alkaloid family comprises some forty, strucmmUy closely intenelated members that arise 
biogenetically from tryptamine and ao unrearranged monoterpene unit 2. While several unfunctionaliaed 
representatives, such as makomakine ((+)-5) 3 and the related endocyclic double-bond isomer (-)-hobardne 4 
have been synthesized before 5, we are not aware of any attempts aiming at a preparation of more highly 
oxidized metabolites like aristolone, for which formula 1 was derived originally 6, nor of the corresponding 
naturally occuring dehydration products 3 and 4 7. 

scheme 1 

1 R’ = CH3, R* = OH (+)-3 
(+)-2 R’ = OH, RZ = CH:, B~mlmbeaing* 

Aristolone was isolated in small amounts 6omAristotelia aurtralasica and characterized as a yellow oil 
that decomposed too rapidly to permit a eation of its optical rotation; its chimptical properk were 
defined by means of a CD spe&um, however 6. The constitutional formula of this metabolite was derived by 
means of an analysis of its spectral data, but no conclusive evident concc&ng the nlative configuration at 
C(17),assumedtobeasshowninfarmula1,wasputf~~.Iherelatedcompounds3~4w~isolated 
from ArismeZia chifensis and their structures deducedbyspectrbscopicmeaus?Inthecaseof3thisproposal 
was corroborated through a singleqtal X-ray analysis 7q 
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RESULTS AND DISCUSSION 

Our initial plan to prepare compound 1 foresaw a reductive oxirane ring opening of an exe-17,2O-epoxy- 
makomakine derivative. such as 15 (Scheme 21, followed by oxidation at C(10) and C(ll). The required 
starting alkaloid (+)-5 was readily prepsred in optically pure form starting from (-)-B-pinene by means of a 
modified version 9 of the original synthetic protocol of Stevens and Kemey 10. After protection of the indole 
moiety the chemoselective oxidation of the exo-methylene double bond was investigated. Whereas several 
established methods failed to give useful amounts of defined products 11, the catalytic version of the 0~04 
oxidation furnished the expected 17cm,20-diol 8 in 73 % yield 12. The unprotected alkaloid (+)-7, which has 
not yet been detected in natural sounzes, was prepared for the first time through reduction of 8 with sodium 
amslgam in methanol 13. A byproduct foamed in the 0904 oxidation had the same chamcteristic chtomophore as 
aristolone and after depmtection this compound was identified as (+)-lo by means of its highly chamcte&tic 
specuoscopic data (see Table and &per. Part). When longer reaction times were chosen, 9 eventually became 
the major product and was formed in up to 50 5% yield through an unprecedented pathway. 

scheme 2 

Cl+2 
HN QTG - -+ 

\‘\ ‘b) 

“I’ - 
X-pMPS 

x 
(+)-5 X = H 

J 

(+)-7 X = H, R = Ii 
a) 32% 

6 X=~PS 8 X=pMPS.R=H 

,- 11 1 X=pMPS,R=Mes f) 93% 

12 X=pMPS,Rdccl Q) 
I ?R 

HO 
\ G 

J 16 X=PMPS,R=AC 

13 X=pMPS J hp se% 
16 17 X=pMPS,R=H 

c) 92% 
pMethoxyphenylsulfonyl (-)-14 X-H -J (-)-18 X=R=H PM= 0 

Reagents: a) 1. NaH, THF, 3 h at 00, 2. p-meth~~yphenyl~~W~~~yl chloride. 16 h et 25’; b) N-mahY~O@O~** 
0~4,~oxaoe/H2O. A:16hat25’+ 73%8+15%9; B:48bat2Y+ 3%8+56%9b 

c) Na / Hg. NaH904, MeOH. 2 h 29; d}~leht&le,pyri6iae.2hat~ e)~lC&Cl2,2hattOO: 
f)~anhy&ide,pyAinc,4hat500; g)thionylchkzidc.wridioe.3Omioato”; h)KCELBOK24h*~0. 
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Unfortunately, all attempts to reduce the hydmxymethylene unit of 8 and 9 to 8 methyl gmup failed. 
Treatmentofthederivedmesylatellwithbase,fotinstance,didnotleadtotheepoxide15,butfurnishedthe 
novel pentacyclic compound 13 in high yield. On the other haud, the cotresponding acetate 12 could be 
dehydrated in good yield to protected 2&acctox~ (16) which had been prepamd before via a different 
mute t4. 

As an altemati~~, we took IWMM to the tactical manoeuvres shown in Scheme 3. Oxidative cleavage of 
glycol8 with sodium periodate fbmished the expected norketone 19 in good yield. Addition of methyl lithium 
pmce&ed with high ~lectivity from the more accessible convex face of the starting material, to pmducc 
e&o-alcohol 20 as the single product 1s. Reductive removal of the protecting gmup furnished (+)-17,2@ 
dihydm-17c,do-hydmxwe (21) in virtually quantitative yield. The material obtained this way was 
identical with a compound that had been prepared before by Gri6ble and Burden thmugh an intramolecular 1,3- 
dipoh cycloaddition of the nitmne-olefin 22, followed by reductive ND-cleavage of the resulting isoxazolidine 
ring system in 23 16. Obviously, the absolute configuration at C(14) of the ptccursor 22 dictates the stereo- 
chemishy of the newly creared chiral centers C(16) and C( 17) in 23 and 21 as shown in Scheme 3. 

schenu 3 

0 

a)NalO4,THF; 1 hatO“.Zhat29; b) MeLi, E&O.10 II at -780; ~)N;JH~.N~~.McOIC~II~~~; 
a) N-muby~-oxi&, OaOh l.edioune/Hzo, 48 h au 25”; e) SOU2. m 2 h at 250; 

f) 1.12.1 M aq. NaKO3KHCl3.2 h at 25’. 2 E@N, 30 min at 29; B) 1. NdHg, N@FO4,2. za, &OH 16; 

h) toluenc, 5 h reflux 1’5. 
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Inmrmediate 20 could then be oxidized in decent yield to the C-acyl imine 12 with OsO4/N-methyl- 
morpholine-N-oxide by tsking advantage of the serendi#ous observation made while mating 6 with the same 
reagent (Sdmne 2). Reductive zemoval of the indole pmtecdng group with sodium amalgam in methanol cculd 
be achieved chemosekctivc4yty, when the reaction was carried out at O* and furnished (+)-2 in 63% yield, 
Unfortunately, natural aristolone is no more available to permit a rigorous identification of our sample, but a 
comparison of the 13C-NMR spectral data of the two specimen clearly points to their identity (see Table). Thus 
the originally proposed formula 1 (Scheme I) has to be revised m 2. Since the Q) spectra of synthetic and 
natural (+)-2 are very similar, the hitherto unknown absolute configuration of (+)-aristoione ((+)-2) must be aa 
shown in Scheme 3. Treatment of synthetic (i-)-2 with thionyl chlozide in pyMne furnished a 1:3-mixture of 
the two dehydration products (+)-3 and (H-4. While the minor pmduct W-3 codd also be prqared dire&y 
from the parent alkaloid makomakine (5) through oxidation with iodine Q.17, a similar treawnt of the 
WIT- double bond i- hobartine failed to give (4-4 but furnished products of a different mttm 18. 

Table. I%-NMR Chemical Sh@s of Compounds 25,7,10,14, and 2X(6 rel. to TMS in ppmZDCl3) 

2 2a 3 3b 4 10 5 7 14 21 

2 138.5 136.9 135.6 135.6 135.8 137.2 122.4 121.8 12f.8 122.3 

3 114.6 114.7 115.5 115.s 115.4 114.6 113.8 114.2 114.4 114.6 

4 127.0 127.2 126.8 126.8 126.7 126.8 127.9 127.4 127.8 127.7 

5 122.7 122.8 122.8 122.9 122.8* 123.2 119.3 119.0 119.2 119.2 

6 123.7 123.7 123.7 123.7 123.7 124.0 119.1 119.3 119.2 1192 

7 122.9 122.9 122.8 122.8 122.7* 122.8 121.9 122.1 122.5 121.9 

8 111.2 111.5 111.1 111.1 111.1 111.3 111.1 111.2 111.1 111.1 

9 135.9 136.2 135.8 135.9 135.9' 13S.6 t36.4 136.5 136.4 136.6 

10 190.0 190.2 187.6 167.5 188.8 190.3 31.5 31.7 32.1 32.2 

11 167.2 167.3 166.3 166.4 168.0 165.9 54.2 5S.Q 67.0 57.4 

13 59.8 60.0 59.3 59.3 60.5 69.2 53.1 53.6 59.1 53.9 

14 35.2 35.5 35.7 3S.F 34.3' 34.9 36.8 37.0 36.3 36.0 

15 25.8 25.6 29.0 29.1 29.1 25.2' 33.2 29.4 29.0 30.6 

16 41.9 42.2 39.8 39.6O 34.0. 37.5 43.4 40.8 45.8 42.9 

17 72.5 72.7 146.2 146.1 135.5' 73.6 150.5 75.0 79.6 74.6 

18 34.1 34.5 30.0 30.0 121.7 30.2 32.1 30.4 29.0 36.2 

19 26.5 26.5 29.5 29.4 25.1 26.1' 29.3 24.4 21.4 24.8 

P 26.8 26.9 110.0 110.1 23.1 66.6 106.8 70.8 59.7 91.1 

21 26.4 26.7 27.0 27.0 27.7 28.3 27.2 26.9 28.8 26.5 

22 31.3 31.5 31.2 31.2 31.4 31.6 29.9 29.4 28.0 29.1 

l or": Assignments may bs interchanged. 

* Values for natural (+)-2 (50 MHz. CLXIl& taken tiom ref. 6. 
b Values for natural (+)-3 (67.9 Mklz, CDCl& taLen from zef. 7h. 
CThc~lrssignmentswer*~~inthistabtetoobtainabettwc~~wim(+~2,farwhichthecritical 
sssignmentswsrscorroborated bymeansofaHETCOFtexperimsnt. 

Acknowledgmentz The authors would like to thank the ~~~~0~ c&r B&w Ckemiscitem Indus& zur 
Wntersriitzung von Doktoranden auf dem Gebiete der Chemie, d&r Biotechorogtc d der Phamuzie’ for 
financial support. 
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EXPERIMENTAL PART 

Geiter&u solvents unpioyed BS reacdoa media were reageat grade f&ku, par&.) and web? stored ovb m&ctdar sieves (4A). 
Up. (mt conected): Torwli w, sealed evaamed c!apiMb, mles mdamd othemh. Ophd matiax Perkit~-Ek 241 
at 250 and 589 mu (NW). CD spectra (& [ml]. log Ae. in blackets): J.4.wcl Jdoo. w/vu specea (i&U [mnl. loge 
[dm3/mol~cml): Kontron Cl&n 869. IR spactraz Perkin-Elmer 781, v,= in cm-l. lH-NMR spectra (8 [ppm] from TMS, 
appareat coupling constanta 3 [Hz]): 300 MHxz Vu&cm Gemini 3fh& 400 MHxz Br&r AMX 400; 500 MHz Bra&r RMX 500. 
13C-NMR spectm (8 @pm1 fmm TM& iwIt@li&ies as deter&A fmm DEFT spectra): 75 MHxz Vurim Gmini 3m. 100 MHz 
Bnrkr AlcIx d(n1.125 MHz Brnker AMX SOU. NOE: BrvLcr WM 300 (300 MIIZ); isradii proton + &&ted signal(s). 
HETCfzlR vorion Gemini 300: illdicah of cross peaks as 6 rt3c1 I&s )[‘Ell. Mass spectra (m/z [amul (% base peak)): J&&i- 
P&in-Elmer, VG TRIBRID @I at 70 eV, unless stated otherwise; for FAB: 3-nitmbeaxyl alcohol as matrix). GC-MS: 
Gaschromatograph: HP-5890 Se&s II, He constant folw 0.3 m/e; MS: HP-5971A. 70 eV. 

Generui procednm. A) Work-up: The mixture was pouted onto sat. aq. Na2CO3 sobs. end extracted with 3 ptions of 
CH2Cl2. The combined extracts were d&d (QC@). filtered and evaporated B) Removal of the pMps protecting group: To a 
~~~O.~~l~~~~~lC compooemin7mIofMeOHwereaddedO.l6mmol~~4~O.~~lof6% 
sodiumamalgam.~~gat25afor4-12bthcorganir:sdventwasdecanttdfromtbc~ ~~~~~ 
re&luewaswolkedupspabove. 

(+)-M&m&it@ ((+)-5). Method: retlO, mod&d act. to ref. 9. To a suspeasion of 3233 g (99.41 mmol) of dry Hg(NO3)2 
ia 50 ml of CH$!l2 which was stiazd at - 4Sa were added a soln. of 1183 g (75.74 mmol) of Ziadolylacem&& (RI&, pro~t.) ia 
5 ml of CI-I#12 and then 126 g (92.5 mmol) of (-)-&pineae (F~&J, punun). The making orange. mixme was stirred at - 45” for 
30minandthenfa5hatOo.nKsuspeosionwascooledto-200sndeeatedwitham~~of63mllNaq.NaOHand190m1of 
MeOH. Atthesametempentolnwas~yaddedasofn.of75g(l97mmo!)6N~~in63mloflNaq.N~Hand190ml 
ofMeoH.After~gfor3om~atoO,l8%rq.HcIwasstawiyaddcdmr~il~evolution~stapg#lWbst-up,~followcd 
by chromatography (silica get; cycloe /Etfl lOOAOzl) and recrystanization from MeoH fmnii 7.6 g (34 %) of (+)-5 
as colorless crystals. 

M.p.: 104-105’ (M&H) Lit.: 106-106.50 10 c2oH2du2 (294.44) 

b]D: + 145.4 (c = 0.922. CHCl3). Lit_: + 142.5 (c = 2.7, CHCl3) 

IR (KBrj: 3080,1638,1507,1430,1421,884,875,755. 

1H-NMRZ (400 MHZ, cDc13) 7.95@r. .v. 1H): 7.63@n, J= 7.9.1H); 7.34(&J= 8.1,0.9,lH); 7.18(&&f, J= 8.1.7.0.1.2. 
IEf); 7.10(&d, J= 7.9,7.0*0*9.1?Q 7.cO@, J= 23. Hi); 4.77(&I= 2.5,lH); 4.58&I= 2.5,lH); 3.49(&u, i= 
7.8, 5.9.2.7, 1H); 3.08(&f&J= 14.3, 13.4.6.5, 2.5. Hi); 2.76(&U, J= 14.2.5.9.0.8. 1H); 2.62(&j. I= 14.2, 
7.8.0.7. U-l); 2.27(m. lw); 2.18(br. dd, J= 14.3.6.1. 1H): 2.12(dr, J= 12.7. 3.0. 1H): 2.07(nr, 1H): 1.59(&. J = 
12.7,3.1, El); 1.49(&J, /= 13.4.6.1.4.1.lH); 1.4qm. 1H); 1.14(~, 3H); l.lqs, 3H). 

13C!-NMR: (100 MfIx. CDCl3) 1505 (s). 136.4 (s). 127.9 (SJ, 122.4 ld). 121.9 Id), 119.3 Id). 119.1 (d), 113.8 (s), 111.1 (d), 
108.8 (0, 54.2 (dl, 53.1 Is), 43.4 fd). 36.8 (d), 33.2 ft). 32.1 ft), 31.5 (tj, 29.9 (qj, 29.3 It), 27.2 fqj. 

HriTtmE 122.4 I7.00; 121.9 f 7.18; 119.3 17.63; 119.l/7.1& 111.1/7M; 108.8 f 4.77 and4.58; 54.2B.49: 43.4/2.2E 
36.8/l.@ 33.2c2.12 and 1.59; 32.1F3.08 sod 2.1s; 31.M.76 and 2.Q 29.9/1.10; 29.3fi.07 aad 1.49; 27.2Jl.14. 

MS@): 294 (7, M+), 279 (4), 199 (2). 164 (100). 130 (30). 

oxidation of N(Z)-p-MPS-makomakine (6). To a suspensioa of 10 g (250 nunol) NaH in 50 ml of THF was added a soln. 
of6.48g((22mmdl)of(+)-Sin80mlof~at~lmderAr.AAl?rstiningfor2hasoln.ofp~~~~yichloride 
(Fluka,~~t.,raai,~Et~)inU)mi~~wasa&dadrrodgcontinuair250for16h.Tomt~~a 
W~addedlOmlof~~aodtbewixttneW;aoworlredupsP~~thehymogracMfutionhsd~~y(~ 
geI: CHCl$MeOH, gmdieat ti 10~1 to 1:l) gave 8.37 g (82 %I of 6 as a buff foam. To a s&n. of 1.76 g (13 11111101) of N- 
methylmorpholine-N-oxide momhydrate (Flaka, purum) and SO mg of OsG4 (0.2 mmot) (F1uk.a. pu&t.) in 200 ml of lp- 
diaxPlle/H201:1wasaddedaso~.of5.u)g(11.4m~l)of6in100mlof1,4-~~et25a.Afl#s~gfa12hintbedart 
th;blacl~nwastreatcdwithasoln.of4gNa~S~in150mlofH~O.ARa~fa30minat250the~~~ 
filtered through Celite* aad worked up as usual Chmmatogmphy (silica gel: hexanej&OAc 3: 1) fm&hed 4.1 g (8.2 m1~4 72 46) 
ofg~dO~g(4%)of9.Standsnt~of40mg(O.~~)of8gavc25mg(95%)of(+)-7ascokxless~f 
pleparedinastightty~~ttiishioabyM.J~kinoilr~t9, 

Mp.: !!O-53” (cH$l2) C2~2aN202 (328.46) 

[aID: + 10.7 (c = 1.1. h&OH). 

w 0: 282 (3.85). 221 (4.69). 

IR (KBr): 3412,3053.2952,2921,1614,1453,1430,1378,1355,1317,1255.1233, 1183,1156.1090,1025.9o6,737. 
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‘H-NMR: (400 MHz. CDc13) 8.060~. s. H-i); 7.61(dm./= 8.0, lI1); 735(dr, J= S.LO.9. 1H); 7.19(&d, J= 8.1, 7.1.1.1, 
1H); 7.ll(ddd,J= 8x),7.1,1.0. H-l); 7.04(&J= 2.2, H-I); 3.77(d, k 10.9,lH); 3.66(d, J= 10.9, 1H); 3.5&W, J= 
10.1, 3.6.2.1, 1H); 3.07(&U &= 14.3, 3.6.0.9. 1H); 2.81(&s /= 14.3, 10.1, lH); 2.44(td, J= 13.7. 5.2. lH); 
2.27(m. 1H); 2.2+, 1H); 1.92-1.82(m, 3H); 1.73(&U, J= 13.9, 5.3, 4.1, IH); 1.47(&, J= 13.5. 5.0. 1H); 
1.37(4uint.. j= 3.0. IH); 1.06(s. 3H); 1.02(& 3H). 

13C-NMR: (100 MHZ. CDCl3) 136.5 fs), 127.4 (s). 122.1 Cd). 121.8 (d), 119.3 (d). 119.0 (d). 114.2 (s). 1112 (d), 75.0 (8). 
70.6 (tJ. 55.9 fdJ. 53.6 fs). 40.8 (d), 37.0 (dJ, 31.7 (t), 30.4 (t). 29.42 (t), 29.38 (9). 26-9 (4). 24.4 0). 

HETCOR: 122.V7.19; 1218 17.04; 119.3 / 7.11; 119.0 / 7.61; 111.2/ 7.35; 70.6 j 3.77 and 3.66; 55.9 / 3.58; 40.8 11.85; 
37.0 / 1.37; 3 1.7 / 3.07 aed 2.81; 30.4 / 244 and 1.47; 29.42 J 2.27 and 1.88; 29.38 / 1.06; 26.9 / 1.m; 24.4 f 
1.88 and 1.73. 

MS PAB): 329 (100, W+l), 311 (50), 198 (91). 159 (31), 154 (27), 136 @I), 130 (41). 77 (13). 

Standard depmtection of 100 mg (0.2 mmol) of 9 gave 56.7 mg (85 96) of (+)-lo as colorless crystals. 

h&p.: 97-980 @2Q C2&4N203 (340.43) 

[aID: + 140.3 (c = 0.5. CHCl3). 

uv(Et0r-Q: 313 (3.84). 266 (3.86). 255 (3.86). 209 (4.40) 

IR (CHC13): 3450.3250,2921, 1601. 1579. 1513.1419,1100.1043,908,887. 

‘H-NMR (400 MHz, CDC13) 8.83(br. s, 1HJ; 8.41(dm, J= 7.9, 1H); 7.39(dm, /= 7.6, 1H); 7.31(ddd, I= 7.6.7.1, 1.4, 1H); 
7.27(&, J= 7.9, 7.1. 1.5, 1H); 7.W(d. J= 22. 1H); 5.70(s. 1H); 3.8O(br. d. J= 11.0. 1H); 3.w. d, I= 11.0. 
IH); 3.15 (m. 1H); 2.55(s. 1H); 1.96l-89@. 2H); 1.79(dq, J= 10.5.21, H-I); 1.78(m, H-l); 1.73(dm. J= 13.2. 
1H); 1.52&J= 14.5,4.2, 1H); 1.45(s, 3H): 1.38(s. 3H); 1.35(td, J= 14.2.4.8, H-l). 

13C-NMRz (100 MHz. CDC13) 190.3 Is). 165.9 (s), 137.2 (d), 135.8 (s), 126.8 (s). 124.0 (d). 123.2 (d), 1228 (d). 114.6 {s), 
111.3 fdJ, 73.6 fsJ, 66.6 ft). 60.2 (s). 37.5 (d). 34.9 (d), 31.6 (4). 30.2 (t). 26.3 (q), 26.1 (t), 25.2 (t). 

MS @31): 340 (6. M+). 325 Q, 158 (11). 144 (100), 116 (41). 77 (11). 55 (28). 

(-)-14.~0 a soln. of 100 mg (0.2 mmol) of 8 in 25 & of CH2Cl2 were added 1 ml of pyridine and 23 fl(O.3 mmol) of mesyl 
chlorideat00.Afterstiningf~5hat25’undezArtbemixtllrewasworkadupandcl?nnnatographed(silicagel;~~)tohrmish 
105.3 mg (91 %) of 11 as yellowish crystab (m.p. 69-700). 

To a soln. of 50 mg (0.087 mmol) of 11 in 10 ml of CH2Cl2 were added 0.5 ml of Et* at 25”. Stirring fox 12 h, followed by 
srendard work-q resulted in 35.5 rag (85 %) of prre 13. Staodard aepotection fond&d (-)-14 in 92 96 yield 

M.p.: 90-920 (CH$.I&$ C2oH2&0 (310.43) 

[aID: - 43.5 (c = 2.2, MeoH). 

uv (McoH): 281 (3.50). 221 (4.36). 

IR (KBr): 3410,3240,2922,1615, 1470. 1452.1385,1340, 1309, 1285. 1253.1231,1207.1091. 977,907.808,738. 

‘H-NMRZ (400 MHz, CDC13) 8.30@. s. 1H); 7.7O(dm, J= 7.9, U-I); 733(dm, J= 8.0, H-l); 7.17(&U, J= 8.1. 7.1. 1.2, 
1H); 7.ll(d&f,,= 8.0.7.1, 1.1. 1H); 7.02(d,J= 2.0, 1H); 3.65(ddd,,= 10.7.3.6.23. Hi); 3.30(&i,.= 13.4. 1.5. 
1H); 3.24(&. J= 14.0, 10.7, 1H); 3.18@1, J= 13.4 Hi); 29O(dd, J= 14.0.3.9, Hi); l.%(d, J= 5.3, 1H); 1.83(dd, 
J= 6.5, 3.0, 1H); 1.81-1.6l?(m, 3H); 1.56(&f, J= 5.6, 1.8. 1H); 1.52(&i, J= 7.5. 3.3, 1H); 1.4O(ddd, J= 8.3.4.0, 
1.7. H-l); 1.320. 3H); 1.18(s, 3H). 

‘k-NMRz (100 MHz. CDC13) 136.4 (s), 127.8 (sJs). 122.5 (d). 121.8 (d). 119.20 (d). 119.16 (d). 114.4 (s). 111.1 (d). 
79.6 (s). 67.0 (d). 59.7 It). 59.1 (s). 45.8 (d), 36.3 (d), 32.1 (t). 29.1 (I). 29.0 (t), 28.0 (4). 26.8 (q), 21.4 (t). 

MS (FAB): 311(100, M++l), 293 (6). 180 (8). 130 (13). 

~6.Toa~.d150mg(0.3mmol)of8in20mlof~wenadded03mlofaceticanhydrideat250.Afteratirringfor8hat 
25oMderArthemixtllrewasworlreduptoyield151mg(93%)of12spbafInystals(~p.5o-53o). 

To a solo. of 20 mg (0.037 mmol) of 12 in 2 ml of CH2C12 wae added 15 ~1 of pyridine and 5.4 fl (0.3 mmol) of thiooyl 
chloride~r.Afterrtirringat00for30min.thedcepycllowmixturewaswolkadupandcbnmatographcd (silica gel; EtOAc) to 
give15.8mg(82%)of16asawhitefoamThismatcklwsside&xlwithcompouud21inrcf. 14. 

(+)-2Z.To a soln. of 200 mg (0.4 mmol) of 8 in 8 ml of THF was slowly added a aoln. of 88 mg (0.41 mmol) NaIO4 in 8 ml of 
H20. After stirring for 12 h at 2Y tbe torbid mixture was tiltaed and the filtrate evaporated. Smndatd work-up, followed by 
chromatogrpphy (silica g+ hexamYEtOAc 21) forkhcd 166 mg (89 %) of 19 as colorless crystals (m.p. 9&W). 
Asob1.of46Omg(OXJ9mmol)of19in2OmlofEt2Owascookdto-78~underAr.Atthistemperature 0_94mlofa1.6MMeLi 
soln.in13t20wereaddedviaasyringe.Afterstirringfor2hat-780thecoolingbamwasremwedandthem~~~h 
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25”. Addition of 2 ml of sat& aq. NI-L+Cl S&I., followed by smodrmd wck-up and c hKnWog@y (silica gel; MeOH/EtoAc 1: 1) 
fuoWed 435 mg (91%) of 26 as cokkss crystab (m.p. 67-68“). 

Standard depmWtioe of 40 mg (0.083 mmol) of 20 gave 24.9 mg (96 %) of (+)-21 es colorless crystals. 

M.p.: 133-134O (EQO) C20H2sN20 (312.46) 

blD: + 65 (c = 0.85, CHC13). 

IR (CHC13): 3600.3480.2981.1455.1418, 1382,1339.1261.1103,1080,1012,976,908. 

‘H-NMR: (400 MHz, CDC13) 8.07@r. s. HI); 7.66@m, J= 7.4, 1H); 7.38(dr, J= 8.1,0.9. 1H); 72O(ddd,,= 8.1,7.1. 1.1, 
1H); 7.12(ddd, .I= 8.1.7.1.1.1, 1H); 7.OP(d, I= 2.3, 1H): 3.58(ddd, J= 9.0.5.5.1.9. HI); 3X’(ddd, J= 14.5.5.5, 
0.8, HI); 3.21 (ddd.l= 14.5, 9.1.0.5. 1H); 2.41(tdJ= 11.5, 3.6 IH); Z.Ol(m. 1H); 1.89(dq, J- 12.8.2.5, H-I); 
1.72(m, 1H); 1.6P(dl.J= 12.9,3.4, 1H); 1.5&1.48(m. 2H); 1.37 (m. Hi); 1.33(s. 3H); l.ll(s. 3H); l.lO(s, 3H). 

13C-NMR (100 MHZ. 136.5 (sJ. 127.7 (s). 122.3 (d). 121.9 (d). 119.2 114.6 111.1 74.6 57.4 CDc13) (2xd). (s), (d). (s). (d), 
53.9 (s). 42.9 (d), 36.2 (rJ.36.0 Cd). 32.2 W,3l.l(q). 30.6 (I), 29.1 (qj, 26.5 (q), 24.8 (I). 

HErrCoR 122.3D.09; 121.9/I.u); 119.2Y7.66 and 7.12; lll.li7.38; 57.413.58; 42.9fl.72; 36.222.41 and 1.51; 36.011.37; 
32.ZB2P and 3.21; 31.1D.33; 30.6/1.89 and 1.69; 29.W.11; 26.5D.10; 24W.01 and 1.52. 

MS @I): 297 (3. M+-15). 182 (100). 164 (21). 130 (36). 56 (35). 43 (12). 

(+)-Aristolot~ ((+)-2). To a sotn. of 62 mg (0.46 mmol) of N-methylmoqholioe-&oxide monohydrate (Fluke, prum) aad 
2 mg of OS04 W&a. pwiss.) in 10 ml of ltl-dioxane&O 1:l was added a solo. of 2IXl mg (0.41 mmol) of 6 in 3 ml of 1.4- 
dioxaneat25’.Afterstiningfor72hinthedark~blaclrsuspeosionwastreetedwithasoln.ofUX)mgNaZS03in5mlofH20. 
After stirring for 30 min at 25O the mixtme was filtered through Ceiite@ and worked up as usual. Chnxnatogmphy (silica gel; 
hexaae./EtGk 2~1) fornished 114.8 mg (56 %) of 12 as a buff foam. Standard depmtectioa at 00 of 100 mg (0.2 mmol) of 12 gave 
41.3 mg (63 %) of (+)-2 as a colorless oil that solidifks to a waxy compomml in the refrigerator. 

M.p.: oit Lit yellow oil 6. C20H24N202 (324.44) 

[aID: + 36.9 (c = 0.44. CHCl3). 

CD @tGH): 339 (-1.66). 319 (O), 304 (+1.37). 290 (0). 275 (-1.93). 254 (0). 247 (+1.54) [c = 2.6*10-5gIml. d = 0.5 cm]. 
Lii: 340 (-1.58). 276 (-2.97) 6. 

UV @OH): 314 (3.85). 268 (3.87). 254 (3.87). 210 (4.30). Lit: 313 (3.83). 267 (3.85). 254 (3.84). 210 (4.30) 6. 

Et (CHCl3): 3455.1610.1579, 1512.1458,1420,1381,1371,1360, 1126, 1099.1063,1011,980,908,889. 

‘H-NMR: (500 MHZ, CDc13) 8.82@. s, 1H-J; 8.45(dm, J= 7.8,lH); 3.1. H-I); 7.35(dm, J= 8.0, 1H); 728(&fd, 
J= 7.8,7.2.12.1H); 7.23(&d, J= 8.0.7.2,1.3, 1H); 3.80(s. 1H); 3.OP(m, El); 1.95(m, 2H); 1.81(&U, J= 13.2, 
3.5.2.0,lH); 1.75(m, 1H); 1.60~1.5O(m. 3H); 1.470, 3H); 1.43(d, J= 0.5.3H); 1.32(s, 3H). 

Lit.: inter alin: 3.06&r. s, H-l); 1.48(s, 3H); 1.45(s. 3H): 1.33(s, 3H) 6. 

13C-NMR: (125 MHz. 190.0 167.2 136.5 135.9 127.0 123.7 122.9 122.7 114.6 cDc13) (s), (s), (d), (3). (s), (d). (d), (d). (s). 
Ill.2 (4.72.5 (s). 59.8 (s). 41.9 (d). 35.2 (dJ, 34.1 (tA31.3 (4). 26.8 (4). 26.5 (0.26.4 (4). 25.8 (t). 
Agreemeot with repolted data for natma~ (+)-2: * 0.4 ppm 6. 

HETCOR 136.5 17.36; 123.7 17.23; 122.9 17.28; 122.7 18.45; 111.2 17.35; 41.9 / 3.09: 35.2 I 1.75; 34.1/1.57 and 1.50: 
31.3 I 1.32; 26.8 / 1.43; 26.5 I 1.95 end 1.59; 26.4 I 1.47; 25.8 / 1.95 and 1.81. 

GC-MS: 3% (62, M+), 309 (42), 158 (13), 144 (KIO), 117 (la), 116 (16). 89 (14). 43 (51). 

Dehydrution of (+)-Aristolone ((+)-2). A soln. of 30 mg (0.93 mmoi) of (+)-2 and 0.1 ml of pyridine itt 5 ml of&o WBS 
coolcdto-200andecatcdwitho.lmlofthionylchloridc.~stiningfor30minat-200Iheminturcwasallowcdtoreach~ 
temperahue. Standard wcsk-up fomikd a yellow oil that was chromatograpkd (silica gel; chl~fcnmRHFiEt3N 20~5~1) to give 
19.2 mg (68 %) of (-)-4 and 6.4 mg (23 %) of (+)-3. 

Data of (-)-11,12didehydro-N-oxohobartine ((-)-4): colorless plates. 

Mp.: 22&?25” @a ether/l&o 1:3) Lit.z 225’ ‘b C~OHZZNZO (306.42) 

[aID: - 245 (c = 0.32. CHCl3). 

UV OH): 315 (3.88). 265 (3.87). 255 (3.88). 208 (4.40). 

IR (CHC13): 3455,2935,1620.1579.1510,14180. 1257.1098.1008.911,890. 

‘H-NMRz (400 MHZ, cDc13) 8.59@r. s. H-0; g.4PW I= 7.7. 1H); 8.19(d, J= 3.1. 1H); 7.39(dm, I= 7.2, H-l); 730&f, 
J= 75% 1.4, 1H); 7.27(rd, J= 7.1. 1.5. 1H); 5.36(m, 1H); 3.62&. s, 1H); 23O(m, 2H); 2OO(m. HI); 1.92(d&f, 
J= 122 32 0.8 1H): 1.76(&J= 122.2.8.lH); 1.(X&f. I= 20.3H); 136(s. 3H); 1.32& 3~). 

AgBnentwithrepateddIuaf~Mtm7ll(-)47qf0.01ppm. 
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13C-NMR: (100 h@k -3) 188.6 0). 168.0 (8). 135.9 (s). 135.8 (d), 135.5 (sJ, 126.7 (s). 123.7 (d). 122.8 (d), 122.7 (d). 
121.7(d). 115.4(s), 111.1 ~d~,60.5(s),34.3(dJ.34.O(dJ.31.4(q),29.1 (r).27.7(qJ,25.1 @),23.1(q). 

GC-MS: 306 (46. I@+). 291(14), 144 (lOO), 116 (38). 93 (27), 89 (27). 77 (16). 

Data of (+)-11,12&lehydro-10 ((+)-3) :colorless plates. 

n4.p.: 240-241° (Et20) Lit.: 257O 7b CmH22N20 (306.42) 

WD: + 75 (c = 0.97, CHC13). 

W (EDOH): 316 (3.90). 265 (3.90). 257 (3.91). 209 (4.46). taken fmm refs. 9 and 17. 

IR ww 2972, 1622,161O. 1575,1517.1452,1431.1128,1107.888,751, take.n from I&. 9 and 17. 

‘H-Nhik (400 MHz. CDCl3) 8.64&r. s, 1lQ; 8.48(& I= 7.7, 1I-l); 8.32(d. .I= 3.1, 1H); 737&n, .I= 7.2, 1I-I); 7.28(m. 
1H): 7.28(m. 1El); 725(m. 1H); 4.86(m 1H): 4.68(m. lH):3_94(m. 1H): 216(m. 1H); 2.13(m. U-l); 2.1O(m. 
1H); 2.07(m. 1%); 1.85h, 1H); 1.75(&f, J= 12.5.32.2.2, 1H); 1.62(kfd, J= 15.3.86.3.8, 1H); 1.51(s. 3H); 
132(s, 3IQ.. tnLen kom refa 9 and 17. Agreement with reported data for natural (+)-3 7h f 0.01 ppm. 

‘3C-NMR: (100 MHZ. CDC13) 187.6 (sJ, 166.3 (sJ. 1463 (s). 135.8 (s), 135.6 (d). 126.7 (s). 123.7 (d). 122.84 (d), 
122.77 Id). 115.4 fsA 111.1 (d). 110.0 (t), 59.3 (s). 39.6 (d). 35.7 (d). 312 (q), 30.0 (t). 29.5 (t), 29.0 (t), 27.0(q). 
ralrenhmref%9and17.Agnementwithreporteddatafornamml(+~37kf0.1ppm. 

GC-MS: 306 (31. M+). 291(10). 144 (100). 136 (6). 116 (37). 77 (12). 
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