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Abstract: A synthesis of (-)-horsfiline ((-)-1). a metabolite isolated recently from 
Hor$eZdiu superbu, is described. The diasteteoface selectivity of the crucial oxidative 
rearrangement of chiral tetrahydro-b-carboline precursors into the corresponding 
oxindoles was investigated in some detail and found to depend critically on the 
substitutiou pattem of the aliphatic amino group. These findings were exploited for the 
preparation of (-)-1, as well as of the uuuatural optical antipode (+)-1. starting from 5 
hydroxy-Ghyptophan as the single source from the chiral pool. 

INTRODUCTION 

In 1991 Bode and coworkers isolated three i,ndole alkaloids from the medicinal plant Hor@iekiia superba, 
which grows in South East Asia 1. Apart from the knowa achiral metabolites 2 and 3 (Scheme I), they isolated 
a novel oxindole alkaloid that was named horsfil&. The Malayan-French team deduced strucmre lfortbis 
compound on the basis of spectroscopic evidence and they corroborated tbeir proposal through a two-step 
conversion of 2 into racemic 1 in 19 % yield. A second synthesis of (i)-1 was reported in 1992 by Jones and 
Wilkinson who relied on a radical cyclization as the key step in their a-h 2. Very recently two altemative 
mutes to (z&l have been disclased by a French team, one involving an oxidative narrangcmeIlt of a tetrshyh 
pa&line derivative and the other a spimcyclization between 2-oxcFS-methoxyQ%amine aud formaldehyde 3. 

scheme I 

Me0 

Since the absolute configuration of (-)-1 was not known at the time we initiated the project outlined below, it 
was planned to develop au unambiguous enantioselecdve synthesis which should furnish both optical aatipodes 
of hors!%& with established absolute configuretion 4. To solve this pm&m, we decided to take recoume to a 
chiralhaadltwhichwouldevcntuallybenmavedatal~stageoftbesynthesisnamely~~~ttocreation 
ofthechiralspiro~n~.Thissaategy~~theproblemdan~ti~o~~af2and~y 
causfarcontmloverthediastaeo&cdvityiIlthecnlcialrearrangemmtstep. 
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RESULTS AND DISCUSiION 

The refrosynthetic scheme presented below illustrates the chosen approach. Provided that the diaatemoWn&c 
oxindole intermediates F and G can be separated or prepared diastereoselectively, a single optically pure 
tetrahydro+carboline derivative B could serve as the common p~~msor for both optical antipodes of homfihne 
(1). This approach seemed all the more attractive because the required compounds of type B can readily be 
prepared by means of a Pictet-S’rtgZer condensation between commrcially available ~dyptophan derivatives 
of general structure A and formaldehyde 5. 
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For the definition of R' and R*. 

Model studies with the more readily available demethoxy compounds 4,5. and 6 allowed us to draw the 
following conclusions (see Scheme 3 and Tubk 1. entries l-3): a) the one-pot oxidation-rearran ~tsaquence 
(N-bromosuccinimide / H20 / AcOH) 6 furnishes the desired oxindoles in fair to good yields, b) the resulting 
mixtures of the F- and G type isomers can readily be analyzed by tH-NMR spectroscopy, c) the relative 
configuration (and therefore also the absolute configuration at the crucial spiro centre) can be deduced 
unambiguously by means of NOE difference experiments, and d) the diastereoselectivity of the reaction 
sequence depends critically on the nature of the N-substituent R2 (for a discussion, see below). 

The requited intermediates (+)-7 and (-)-8 were prepared in optically pure form as shown in Scheme 4. Using a 
slightly madified version of Brossi’s protocol 7, we transfarmed the hydrochloride of the comnxz&lly available 
(S)-5hydroxytryptophan into (-)-20 in vhtually quantitative yield. The method of choice far the O-methylation 
of the derived protected compound (+)-21 turned out to be treatment with TM- in the presence of 
HUnig’s base, which furnished (+)-7 in very high yield a. The N-methyl analogue (-)-8 was prepared from (+)- 
7 through deprokctiofi followed by the reductive amination 9. Surprkingly, this reaction led to a 1:3-mixture of 
two co,,pounds, the minor component representing the desired target (-)-8. The NMR- spectroscopic data 
obtained for the major product points to structure 23 for this compound, and it turned out that treatment of the 
alleged betain with Et3N in boiling THF led to quantitative formation of (-)-s 10. 
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B 
*able I. Ditwtereoselenivity of the &dative Rearrangement of Inable Pmursors 4-g. 

EtItN B R’ Fl2 Condiiions G F Comb. Yidd 

1 4 H H 2hat0” 9 3.1 ; 1 14 81% 

2 5 H 2 5minat-50 10 1 : 4.2 15 84 % 

3 6 H Me 1 h at 0” 11 > 95 :5 16 50% 

4 7 OMe BOC 40minat-W 12 1 : 12 17 83% 

5 8 OMe Me 20minst-10” 50% 

Z = C(=O)OCH2Ph 

BOC 5 C(=O)oc(Ctl3)3 
t f 

(Sk1 m-1 

As in the above-mentioned model experiments, the diastereosekctivity of the oxidative rearrangement of (+)-7 
and (-)-#I was remarkably divergent (see T&e I, entries 4 and 5). In the former case the stereochemistry at the 
spiro ceutre relative to the pm-existing cbiral centre could be determined for both epimer~ formed with the aid of 
NOE difference experiments. The major diastereoisomer ((-)-17) was analyzed after &protection and IV- 
methylation. The resuhing oxiudole (-)-18 (Scheme 5) was shown to represent the unZ&e (3R, 3’S)komer (see 
Figure I). The data presented iu Tables 2 and 3 shows that while the 13C-NMR chemical shifts are of little use 
for assigning the relative configuration, the difference between the 1H-NMR &values of the two methylene 
protons at C(1’) seems to be of diagnostic value: in the G-series A8 ranges from 0.10 to 0.29 ppm, as compared 
to 0.42-0.94 ppm in their F-type counterparts. 

s&t?nae 4 

19 
Reegent9: 
a) 1.36 76 sq. CH20. MeOH, 2 h refhxx. 

2. TMSCl, MeOH, 2.5 h reflux. 

6) (BOQO, Et$l / THP / H20.2 h at 25O. 

c.J ‘lMSCBN2, H&d&z base. 

~~~H~l,l8h~~O. 

d) ~,~~~, MeOH, 2 b R&X. 

e) 36 % aq. CH@, NaBH$TN, AcOH. 

jJ E$N / THF 1:l.S h dlux. 

8 R’=OMa,R2aMe _ 
+ n I 

97% 
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R 

S- 13 R=Me - 
50% 95 % 

27 R=H 

Reaeents: a) TMSCI. M&H, 2 h r&l. b) 1.5 aq. 36 % aq. CH20, NaBH3CN, ACOH. 25 O: 2. M&XZ!N HCI 5:l. 3 h WI. 

c) 1. NH3, MeoH, 48 h 29: 2. (CF3Go)zO. dioxane, pyridine 2 h 25’: d) NaEt&, EtOJS pyridine. 12 h at 40°. 

e) 1N NaOH, M&XX f) 1. CXOOCH~~. N-Msmorpholi; 2.2-me~+t0py~idi~-N-0~ B&&SK hv. 

Figure I. IH-NMR Spectra of18, A: Regular, B: NOE Di@rence Spectrum upon Irradiation at 3.51 ppm. 
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The removal of the now uncalled-for carbomethoxy group in the intemediates (-)-13 and (-)-18 pnsented 
some problems: whereas the Barton method l1 waked seasonably well in the former case aud finally fumished 
the unnatural enantiomer (+)-horsfiie ((+)-lx the same procedure, when applied to (-)-18, pmduced very 
disappointing results (at most 5 % yield) 12. However an alternative method that involves reductive removal of 
the cyan0 group in the corresponding nitrile 25 proved quite satisfactory l3, giving (R)-(-)-1 in reasonable 
overall yiekL The material obtained this way was identical with a sample of natural horsfiline 14, thus defining 
the absolute configuration of the natural product to be as shown in Schrme 2 4. 

Since the final products are expected to racemixe under acidic or basic conditions 15, the optical purity of both 
samples of horsfihne was checked through lH-NMR spectroscopy of their salts with Moshcr’s acid and shown 
to exceed 95 4% e.e. (see Exper. Part, Figure 2) 16. The required reference sample of racemic 1 was prepared as 
shown in Scheme 6. Whereas the Pictet-Spengler condensation between 5-methoxytryptamine (28) and CH20 
proceeded in very high yield 17, the oxidative rearrangement of 30 led to an unseparable mixtu~ of (f)-1 and 
the corresponding 6-bromo derivative (~I+31 which, however, could be quantitatively debnmrinated by means 
of catalytic hydrogenation to give (f>l6. 

scheme 6 Me 
/ 

a) 38 % aq. CHaO. TMSCl. 

b) 1.38 % aq. C&O, NaBHsCN 
2. N+neulylmlXphe~ THF, 

c) NBS, Hz0 / AcOH. -100. 
d)Hs,W/C. 

1 

95 % 

.2hretllu. 

The observed changes of the dlastereoselectivity during the oxldatlve rearrangement of the indole precursors 
deserve some comment: it seems as if the hybridization of the piperidine N-atom would dictate the stereo- 
chemical outcome, because it determines the ground-state conformation of the starting materi& in the case of 6 
or its protonated form 6’ (Scheme 7) the carbomethoxy group presumably occupies ptefexentially an equatorial 
position, whereas the corresponding carbamates are present as l:l-mixtures of two rotamers around the amide 
bond (7 and 7’. for instance), in both of which the ester group is axially oriented lg. Maximum overlap of the 
relevant orbit& during the bromination step would lead to the axial trans- or cis-3-bnnncAndolenines 34 and 
37, respectively 19. 

Seemingly, the following addition of water to the imine group also proceeds under stertwelechonic control, 
requiting a previous conforrnational change of ring C. In both series the resulting cis-bromohydrins have 
perfectly aligned bonds for the subsequent pinacol-type rearrangementthatleadstotheobservedmajorproducts 
11 and 17, respectively. 

CONCLUSION 

Both optical antipodes of hot&line (1) have been synthesized in abut 10 steps and satisfactory overall yields 
from the same enantiomer of the starting tryptophan derivative. Tbe success of the chosen approach bodes well 
for analogous preparations of alkaloids endowed with similar smmbuW, 
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34 X=Br 35 X=OAc 
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34’ 

scheme 7 
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Synthesis of (-)-horsfiline 

Table 2.13C-Nh4R Chemical Shifts (ppm. rel. to TMS) of Some Spiro-Oxindoles in CDCl3. 

Sties G-Type F-Type 

la) 9 11 13 26 27 14 16 17 16 24 25 

2 162.6 102.2 101.4 181.1 162.2 181.3 182.4 161.1 176.3 181.7 181.7 180.2 

3 54.1 55.3 52.6 52.9 55.8 53.1 54.6 52.1 52.0 52.8 55.0 53.1 

36 137.6 132.5 135.3 136.0 134.0' 135.8 133.0 134.4 134.2 136.0 134.5 136.5 

4 110.4 123.0' 124.2' 110.7 110.2O 111.9' 122.8' 123.2. 110.1 110.7' 110.0' 110.6' 

5 156.2 122.6' 123.2' 156.4 156.4 157.6 122.7' 122.9' 156.1 156.1 156.3 156.4 

6 112.5 128.1 128.0 113.4 112.9 115.5 120.2 120.3 112.7 112.4 112.7 112.8 

7 109.6 109.6 109.5 109.6 110.0" 111.1. 110.0 109.7 109.3 110.4. 1lO.T 110.5' 

76 133.4 140.4 139.9 133.0 133.9' 130.7 140.7 140.3 134.2 134.0 133.6 133.6 

1' 66.3 58.9 65.9 65.6 59.0 63.4 58.3 65.5 54.7 65.5 56.3 64.1 

5 56.7 61.1 67.3 67.2 61.1 69.1 61.4 67.8 58.2 67.8 61.4 55.9 

+ 38.1 41.4 41.1 41.3 41.5 41.1 41.6 41.6 39.3 41.7 41.7 41.0 

LxJOMe _ 174.6 173.1 b) 174.6 169.0c) 173.6 172.5 172.1 172.6 173.4 l16.9d) 

XoMe - 52.4 52.0 52.1 52.4 - 52.4 52.1 52.0 52.1 52.4 - 

bOMe 55.9 - - 55.9 55.9 56.1 - - 55.4 55.9 55.9 55.7 

JMe 41.6 40.6 40.7 42.6 40.2 - 40.2 - - - - 38.3 

*/"AssignmentSm8ybeinterchanged 

3 Assignments by Bodo end coworkexs l. b, Not de&&d. =) COOH. d, CN. 

Table 3. IH-NiUR Chemical Shifts (ppm, rel. to TMS) of Some Spiro-Oxindoles in CDC13. 

Series G-Type F-Type 

9 11 13 26 27b) 14 16 16 24 25 

4 6.97 7.26 7.59 7.26 6.92 7.23 7.25 7.27 6.66 6.66 6.99 

5 7.06 7.06 - - - 7.04 7.06 - - - 

6 6.67 7.22 7.21 6.74' 6.74 6.60 7.22 7.22 6.74 6.75 6.76 

7 6.76 8.92 6.91 6.77' 6.83 6.88 6.94 6.90 6.87 6.63 6.90 

"S)n 2.85 3.36 3.20 3.22 3.36 4.14 3.51 3.60 3.60 3.52 3.14 

l',U 2.81 3.26 2.91 2.92 3.24 3.64 3.09 2.70 2.66 3.08 2.95 

9 2.75i2.96 4.30 3.51 3.53 4.29 4.07 4.19 3.55 3.51 4.16 4.16 

ew 2.05 2.31 2.26 2.26 2.20 2.61 2.44 2.66 2.65 2.49 2.73 

4&#lm 2.63 2.70 2.75 2.72 2.70 2.85 2.44 2.37 2.34 2.43 2.56 

CooMe - 3.02 3.79 3.80 3.61 - 3.79 3.80 3.00 3.06 - 

Ar-OMe 3.73 - - 3.70 3.79 3.70 - - 3.79 3.79 3.79 

N-Me 2.41 - 2.52 2.52 - 3.22 - 2.55 2.53 - 2.60 

*)Convention:synmeensonthesamesideottheringa9the~ygroup. 

b)Ashy~hlorideinCDjOD. 
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EXPERIMENTAL PART 

c;encraLAil solvents employed as tea&on media were reagent gxade ~Fl&a,pruis.~ and were stored eves mo~ecntar sieves (4A). 
M.p. (not cone&d): l’otto~ appamms. sealed evacuakd cz@mies. unless mentiotbzd otbawk Optical tutations Perkin-E&ner 241 
at 2S’ and 589 nm @Tat& JR spectnx I’mkin-Elmer 781, vmu in cm -1. halR spectra (8 @pm] lkxn TMS. appamlt caupliag 
eoosEsnts J [Hz]): 300 MHZ: V&an Gemini 300; 400 MHz Brukcr AMX a 500 IbiHx Bmker AMX 500.1kXMR spectra (S 
&pm] from TMS. mukiplicities as decertked fmm DEPT spectra): 75 MHz Varian Gem&i 300; 100 MHz Broker A&fX 400, 
125 IbfEk Brztkcr AhfX 500. NOE: Bruker WM 300 (300 A&H?& irr&ht& pmtm -+ affectad s&m&(s). Mass spea~a (m/z [am] 
(% kase peak)): Hitachi-Perk&Elmer, VG TRIWD @I: 70 eV, unless stated otbwisq FAB: in 3-t3hhm$ akohol as mairix). 

A) Syn#esis of (-)-(R)-li~m$!line ((-}-I) 

(3S)-3-Carbornethoxy-6-hydroxy-IP,3,4-tenahydro-&carboline ((-)-20). To a wh. of 3 g (13.6 mttwl) of (L)-S- 
hydroxytryptophan (19) (Fluka, puriss.) in 40 ml of MeQH wem added 15 ml of 2 N HCI. After stir&g at 25O far S min the 
mixturewssevaporataduoderreduced~.’Iheresidue~diagolvadin70mlof~Handl.32ml(15mnol)d36%aq. 
formaldehyde~adde6Zhans~~themixMewase~toyield3.65gofabufffosmw~was~in80 
mlofMd3H~3.6mlofTMSC1.Themixhnewesreflunedfor150miaandevaporPBedp,give3.84g(l3.6mmd,99%) 
of the hydrochlorhle of 20. 

Mp.: > 27!P (dec.). C13H14N20J.HCI (282.73) 

[aID: * 37.1 (c=l.l, MeOH). 

IR (KBr): 2954,2743,1739, 1598, 1438. 1354.1262, 1214, 1137,802. 

‘H-NMRZ (300 M?ix, CqOD) 7.17(&, J= 8.7.0.3,lH); 6.82(dds J= 2.3.0.3. IH), 6.69(&f, I= 8.7,2.3,lH); 4.43(nt, w, 
4.4O(dd. J= 10.4.5.3, IH); 3.90@. 3I-Q: 3.3o(dd, J= 16.0,5.3. 1HJ: 3.OS(dd, i= 16.0. 10.4, HI). 

‘3c-NMR: (75 MHz, C&OD) 170.8W 152.WsJ. 133X& 128.lfsJ, 127.-W, 113SdJ. 112.8fdJ. lOS.4@J. 103.3fdl. 
56A(dJ, 53.8(q), 42.1(t), 23.6(t). 

MS (FAB): 274000, M++l), 2r16(63, WI. 176(24), l6oc48). l5W9). l36(51), W25). 77WI. 

(3S)-2-terr.-B~l~c~~nyl-3-c~~~t~~-6-h~o~-l~~,4-te~~ro-~corbolirrc? ((+)-21). TO a a&. of 
1.52g(5.4mmol)of(-)-20ioamixtureofU)mlofTHF,5mlofH~0and1.65mtofB~thathadbeGnBtirredat-15”fca5 
min, were added 1.52 g (7 mmol) of di-tert.-butyl dicarbonate {Fl~,prownf.AAa~gru250far2hthemixtlsewssw~ 

upwithaq.Nazcojand~~~~and~~~~~(silicagel,~~A~gradient4:1to1:1)toyic)d157gof 
a yellow wlid (4.54 mmoi. 84 %I). 

Mp.: 11P (dec.). Ctsb$Ws 046.41) 

[aID: + 97.1 (WO.9. MeoH). 

DR (CHCkj): 3600,346O. 1735.1682,160.5. 1452,1400,1332,1097,1022.900. 

1H-NMR: (ux, MI-Ix. CDCl3) 8.16&r. s, OS-Q; 7.84(brs, OJH); 7.09(d, J= 8.6, OJY); 7_05(d, J= 8.6,OSQ 6.91fd. b 
2.7. OJH); 6.9O(d, J= 2.7, OS); Wl(dd, J= 8&27,0.5H); 6.68&&f, J= 8_6,2_7,OS& 5.58(brJ. OSl); 
5.51(k.s, OS); 5.40&B, J= 6.2,0.8,0.5H); 5.19Qid. J= 6.2sO.8, OSIQ 4.84(d, J= 16.2, OSH); 4_78(d, J= 16.2. 
O.!SI); 4.54(d, J= 16.2,0.5H); 4.47(d, I= 16.2.0.5H); 3.6l(s. 1.5H); 3.57(s. t.5H); 3.32(dm, J=15.5. 1H); 
3.02(dd, J= 15.5,6.2. 1H); 1.53(s. 9H). 

13C-NMR: (75 MHZ. CDC13) 172.3(s). 1722fsJ. 155.9(s). 155.7(s). 149.8(s). 149.6((s)). 131_5(sJs). 13O.iQJ. 127.5(s). 
127.3(s), lllA(2xdJ. 111.3(d), lllZ!(dJ, 105.8(s), 104.8((s), 103.1(d), 103.o(d).81.4(~). 81.1(s). 53.8(d). 525(d), 
52.4(q). 40.7(t), 40.3(t), 28.4(2xqJ. 23.4&J, 23.1(t). 

MS (FAB): 347(15, M++l). 346(22, I@), 349(19), 289@3), 245WlCQ. 231<14), 185(40). lm3i), 57(62). 

(3S)-2-tert.-Bu~i~~c~~nyl-3-carbomertioxyb-mcth-~~~,4-~~~~~o-~ca~li~ ((+)-7). To a soln. of 
1.22 g (3.53 mmol) of (+)-21 in a mixtum of 9 ml of acetonitrile and 1 ml of h4eOH were. add#l 1.82 ml (10.6 mm&) of 
ethyldibpropylamine (Fkk~. puntnt) and 5.3 ml (10.6 mmol) of a 2 N win. of TM?+-diaumethaae in hexagon (Flu&a. pamm). 
~sriningat250for18hinthedarkthaewereadded0.7mlofAcOHmdstirringcootinuedfarl0min.Thenthe~was 
evqxxatsdunderzeducedpressureandthe&due~ (silicagel;hexanelELOAc,~t4:lto1:l)toyieldl.lSgofa 
yellow s&i (3-40 mm&, 96 %). 

M.p.: 59-610. C19&@W5 @60.41) 

Ialo: + 127.2 (c=O.95. MeoH). 

IR (CHCl3): 3460,3330, 1735. 1685, 1605. 1482, 1168, 1098, 1025. 
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WlbiR: (400 MHz, CLXI3) 8.3ybr.s. 0%); 7.syats. 0.W. 7.18(d, J= 8.7, OS); 7.16(d, J= 8.7. OSH); 6.94& 
OS& 6.93(s, 0.5H); 6.8O(d, J= 8.7. OSH); 6.79(d, J= 8.7, OS)); 5.42&f, J= 6.4,12,0.5k& XX&id, J= 6.3, 
1.3,OSH); 4.88(d, J= 162,O.Sf3.); 4.8O(d, J= 16.2,O.SH); 4.55fd.J= 16.2, OS); 4SO(d,J= 162,O.nr); 3.85(s, 
3H); 3.63(s, 1.5H); 3.61(s, 1.5H); 3.40(3,0.5H.k 3.36(s, l.SH); 3.09(&, 1~63. 1.3.O.S-Q: 3.06(&, J=6.4.1.2, 
0.5H-J; 1.53(s, 9H-J. 

lti-NMR: (125 MHz, CDCl3) 172.1(2xsJ, 155.8(s), 155.6(s), 154.1(s). 154.0(s), 131.5(s). 131.4(sJ, 130&s), 130.5(s), 
111.6(d), 111.5(d). 111.4&d), 106.2(s). 105.3(s), loO.!@xd). 81.1(s). 80.9(s), 55.9(q). 53&dJ, 52.5(q). 52.4(q), 
40.7(t), 40.4(t). 28.4(2xq). 23.5(rJ, 23ZrJ. 

MS @AB): 361#4, M++l), 360(55, I@), 359(30). 305(38), 304@4). 303(33). 260(S), B9(100). 199(42), 174(43). 57(74). 

(3R, 3’S)-f%indde (+)-24. To a aolo. of 23 g (6.4 mmol) of (+)-7 in a mixture of 140 ml ~~/~~~ 3~2~2 which 
was~undaArat-15owaepdded13g(6.7-l)ofN-~(F~~.F~)insmallpcatims.Aftastirring~ 
-10Pfot40minintbe~thrrwcnadded1Mmlofsat.aq.Na2Cq3~~.andtbemixanawascxtractedwith~~(3x100 
ml). vy (tica, hexaoe&tOAc. gradient 4:l to 1:l) gave 2.0 g (83 96) of a 8:1-mixture of 17 and 12 which was 
&protected using pmetbylanisole as scavenger 2a tbe above mixtme and 0.81 ml (6.4 mmol) of pmethybmiaole (Fluke, pmm) 
w~dissolvcdin100mlofMeOHrmdaearwfwith0.8lml(6.4mmol)ofTMSCLIhcm~~rms~llxcdfor30minandtben 
IJlawedmstandat250for12h.Evaporation~reducedpnswne.followsdby~wimsataq.Na2Cqtsoln.aadCHZClZ 
and cbromarogmphy (silica gel; El0A.c. gradient with O-20 % of Me0H) fomkkd 1.3 g (74 % over b&l steps) of (+)-24 a5 
colofieasclyat&3. 

M.p.: 1280. C14HlbN204 076.29) 

[aID: + 61.2 (c=&%, MeOH). 

IR (CHC& 3425,1735,1695.1597.1478,1433.1295,1172,1024. 

1H-m (300 M?B, CDC13) 8SJ(br. s, 1H); 6.88(d, J= 2.4,lH); 6+83(d, J= 8.4, IH); 6.75(dd, J= 8.4,2.4, IH); 4.18(dd, 
J= 8.4,7.5,1H); 3.80(s, 3HJ; 3.79(s. 3Hf; 352(d, J= 11.4,lH); 3.05(ds J= 11.4.1H); 2.6P@r. s, 1H); 2.47(dd, J= 
13.3. 7.5, 1H); 2.45@i, J= 13.3.8.4, 1Hf. 

13C-NMR: (75 MHz, -3) 181.7(s), 173.4(s), 156.31~). 134.5(s), 133.80). 112.7(d). 110.2(dJ. llO.OfdJ, 61,4(d). 58.3(t), 
55.9(q). 55.0(s), 52.4(q). 41.7(t). 

MS(U): 276(31, M+). 218(22). 217@1), 188(17). 177(21), 176(100). X0(20), lOl(22). 

(3R, 3’s)-t%kd&? (-j-18. To a a&n. of 0.30 g (1.09 mmoi) of (+)-24 in 10 ml of acetonihSe wese added 0.46 ml of 36 46 
aq, C&O aok 138 mg (21 mmol) ofNaBH3CN (Fluke parum). and 0.31 ml (5.5 mmol) of AcOIX The mixture was s&red at 
25” for 2 h and then woxked up with sat. aq. Nr&O3 soln. and CH$l2 to give the N(l)-hydnoxymetbyl daivarive of 18 (93 8 
yield). which was cleaved through treatmeM with aq. 2 N HQlMsoH 1:5 (3 II n?fhu). Evapomkn on&s reduced pmsam~, followed 
by workup with sat aq. Na$% soln. and CH2Cl2 and chromatography (silica gel; EtOAc) fumisbed 160 mg (0.55 mmol, 51%) 
of (-)-18 as a slightly yellow solid. 

h&p.: 1633 %Hll#204 (290.32) 

[alr>: - 9.5 (c=O.P, Me0H). 

IR (CHC13): 3430*1720,166& 1490,1435,1297.1174,1030. 

‘H-NMR: (300 MHz, CDc13) P.22@r. s, 1H); 6.87(d, J= 8.6, 1H); 6.86(d, J= 24, 1H); 6.74(dd, J= 8.6.2.4, 1II); 3.80(s, 
3H): 3.79(s, 3H); 3.6O(d. J= 9.7, 1H): 3.51(dd, J= 8.9.7.6,lH); 2.66(d, J= 9.7.lH); 2.65(&J= 12.9,8.9,1H); 
2.53(s,3H.); 2.34(&i, J= 12.9.7.6,lH). 

NoFk a) Irrad. at 3.51 GGC(31) + 4 signals at 686 (Hc(4)). 2.66 &&XI’)), 2.53 (CH3-N), and 2.34 (I&&(4’)). 
b) Inad. at 2.34 @L&(4’)) -+ 4 s&oak at 6.86 (H-C(4)), 3.51 (Hc(3’)). 2.66 &&(l‘)). and 

2.65 @+C(47f. (See Figure I). 

‘3C-NMR: (75 b@k CDC13) 181.7&J, 172.6(s), 156.l(sJ. 136.0(s), 134.OfsJ. 112.40, 110,7{dJ, 110.4(d), 67.8(d), 65.5(tJ, 
559(q), 52.8(s). 52.1(q). 41.7(t). 40.2(q). 

hISpI): 290(4. M+3. Wl(l~). 188(27). 17X15), 160(23). 115(13). 100(35X 

(3R, 3~)-Ckindo~e (+)-25. A soh of 160 mg (0.55 mmol) of (-)-18 in I2 ml of MeiX# was ~aturafcd witbgaaeoeaNH3at 
200aedstinedat~O~~n3~~far48h.ThemixtmcMuevcprmedand ~@iIicKEt0Ac/Mc0H 
5:~~myictd~~mg(054mmol,98%)ofheoily~irnidt;145~(0~3anaol)~~material~~~~5~ 
Ofl,edioxsne~~gO.l3m~~.~~_~~~~~f~3miaand~~~~~~ 
(0.5gmmoi)ob(CF3COhOand~~~f~90lnin~25’.W~~~~~.N~soln.and~2~2gavea 
crude mate&l which was B(ti ~~.~~vlrho-~%otMeoH)to~~45mg(O.16~~31%)oI 
the intermediate amide and 80 mg (0.31 mmol, 59 46) of (+)-25 as a white a&d, 
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Mp.: 115-116’. C14H15N302 (257.28) 

[aID: + 18.4 (1~1.1, MeoH). 

IB (CHC13): 3420,1710, 1472, 1432.1297,1171,1035. 

‘H-NMR: (300 MHz, CDCl3) 9.18@r. s. U-l): 6.99(d, J= 2.6,X-l); 69O(d, J= 8.5, U-l); 6.76(dd, J= 85.2.6. 1H); 4.1qdd. 
J= 8.2.3.3,U.l); 3.79(s. 3I.0; 3.14(d, J= 9.5. 1H): 295(d. J= 9.5. II-Q; 2.73&f. J= 13.6.3.3,lH): 2.6qs. 3H); 
250(&J= 13.6,8.2, 1H). 

13C-NMR (75 MHz, CDCl3) 180.2@j. 156.4(s). 136.5(s). 133.6(6(s), 116.9(s), 112.8(d). 110.6(d), 110.5(d). 64.1(r), 55.9(d). 
55.7(q), 53.1(s), 52.1(q). 41.8(r), 38.3(q). 

M8 (FAB): 257(2. M+). uo(6), 202(32). 187(55). 17504). 160(37), a53). 4204). 27UOO). 

(R)-Horsfiline (-)-I. To a soln. of60 mg (0.23 mmol) of (+)-25 in 3 ml d BtOH aad 1 ml of py&8ne wme added 50 mg (1.31 
mmol)ofNaB~~pPum)st250undaAr.Th:mixtanwspBtimdIlt4(Pfor12hand~workadupwi~setsq.N~ 
soln.andCH~togiveaaudemataUdmtw8schromatogcaphed (silica: EtOAc/MeOH 5:l) to give 32 mg (0.138 mmd. 60 96) 
of(-)-lasacolorless~~thstwasrecsy~fromacetoae. 

r&p.: 123-125”. Lit.: 125-126” l. 

[aID: - 7.0 (~12.7, MeOH). Lit.: - 7.2 (c=l. M&XI) t. Hydrochloride: - 28 (c=O.6. MeOH). 

IR-. lH-NMB-, and 13C-NMR spectra agree with the ones of natural (-)-1 within experimeaktal enrr l*t4. 

B) Synthesis of (+)-(S)-Horsfilne ((+)-I) 

(3S)-3-Carbomethoxy-6-metho~-I,2,3,4-tetraZ&ro-/Lxrboline ((-)-22). To a S&I. of 100 mg (0.28 mmol) of (+)- 
7 (x-c above) in 12 ml of MeOH were added 0.105 ml (0.83 mmol) of TMSCl and 0.105 ml (0.83 mmol) of p-methyhmisol. The 
mixhrre was refluxed for 150 min and then evaporated under reduced premmr.. Workup with sat. aq. N&q sol& and CH2Cl2 
bmished67mg(0.26mmol,93%)ofaasawhitesolid. 

M.p.: 1570. C14H16N23 (260.29) 

[aID: - 40.2 (l&Q, M&H). 

IR (CHCl3): 3455, 1730. 1594, 1476.1451,1435.1264,1130. 

lH-NMR (300 MHz, CLICl3) 7.93&x s, 1H); 7.15(d, J= 8.8, 1H); 6.92(d, J= 2.4, 1H); 6.79(dd, J= 8.8.2.4, 1H); S.oS(m. 
2H); 3.84(s. 3H); 3.79(s. 3H); 3.78(dd, J= 9.6.4.8. H-l); 3.08(dd, J== 15.2.4.8, 1H.k 2.85(d& .I= 15.2.9.6.1.8. 
1H); 2.13(s, 3H). 

13C-NMk (75 MHz. CDC13) 173.8(s), 154.2(s), 132.9(s). 131.1(s). 127.7(s), 111.2(d). 111.1(d). 100.4(dJ, 56.0(9). 55.9(d). 
52.2(q), 42.2(r), 25.4(t). 

MS @I): 260(27, M+), 201(39). 184(10), 174(34), 173(100), 158(75), 13q15). 

(3S)-3-Carbomethoxy-6-metho~-2-methyl-I ,2,3,4-tetrahydro-/karboline ((+)-8). To a soIn. of 388 mg (1.49 
mmol) of (-)-22 in 10 ml of acetonitrile went added 0.62 ml (7.46 mmol) of 36 % aq. CH@ soln., and aftez stining at 25” for 15 
min 220 mg (2.98 mmol) of NaBH$!N (Fluka, pram) and 0.43 ml (7.5 mmol) of AcOH wex ad&d. S&ring was continued for 1 
handthenrhemixtmewasevapomtedunderreducedprcsmre and woked up with sat. aq. Na2COj soln. The resulting BH2CN- 
complexof(+)-8wasrefluxcdfor2hin12mlofTHFwntaining2O%ofhie&ylamk.‘Ihecrudematuialwasc~ 
(silica gel; EtOAc, gradient with O-20 % of MeOH) to yield 325 mg (1.19 mmol, 80 %) of (+)-8 as a slightly yeUmv oil. 

M.p.: oil. C15H18N2% (274.31) 

MD: + 40.7 (c=O.85, M&H). 

IR (CHC13): 3470.1765, 1482. 1454.1435.1171, 1151. 1034, 1025. 

lH-NMRz (400 MHz, CDCl3) 7.El(br. s, 1H); 7.14(d, J= 8.7.1H); 6.92(d, J= 2.4,U-l); 6.78(&f, J= 8.7.2.4.1H); 4.05(d. 
J= 15.2. 1H 1; 3.84& 3H); 3.79(d. J= 153. IH ); 3.72& J= 5.5, 1H 1; 3.7qs. 3I-l): 3.12(ddr. J= 15.5.5.5.1.5, 
1H); 3.06(dd& J= 15.5, 5.5, 1.5. U-l); 2.58(s, 3H). 

13C-NMRz (100 MHz. CDCl3) 173.0(s). 154.0(s). 1320(s), 1312JsJ). 127.5(s). 111.4(d), 111.2(dj. 105.7(d). 1003(d), 
61.5(d), 55.9(q). 51.7(q), 493(r),41.9(#. 23.5(r). 

MS (FAB): 2?5(27. M++l). 274(100. M+), 215(53), 2130.174(42). 173(32). 

(3R. 3’R)-Oxindole (-)-23. To a soln. of 85 mg (0.31 mmol) of (+)a in a mixture of 4.5 ml of TfiF/AcOH/H20 k6:4 
which was stincd under AI at - 5” wcm added 61 mg (0.34 mmol) ofIV-bnxn~ (Flu&z, pwum) in small paths. Af&x 
stirringat-5oforu)mininthedarlcthemixauewarrworkedupwi~spt.~.Nryco3Boln.pndcH~~.chnmetDgrqhy(sjlica. 
E(OAc,gradieatwithO_U)%ofM60H)gavc50mg(56%)of(-)-Uasaycllowiehoil 
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up.: oil. Cl5Hlti204 (290.29) 

[aID: - 44.8 (c=2.5, MeOH). 

lR (CHCl3): 3680,3440,1720,1605,1485.1447, 1300,1178,1035.905. 

IH-NMRz (so0 MHz, m) 7.93@r. s. 1H); 7.2ll(d, J= 2.5,lH); 6.77(dd, I= 8.4.0.5. H-l); 6.74(dd, I= 8.4.25.lH); 
3.80(s, 3H); 3.78(s. 3H); 3.53(m. 1H); 3.22@. d, .I= 9.2,lH): 2.92(d. .I= 92,lH); 2.72@f, I= 13.2.8.8, III-); 
2.52(s, 3H); 226(d, J= 13.2.7.9,lH). 

NOE: a) Irmd. at 3.22 (I&+Jl’)). + 3 signals at 7.28 (H-C(4)). 292 &&X)). autl (weak) 2.52 (CH3-N). 
b) Irrad at 2.92 &i-C(l’)) + 4 &MIS at 7.93 @I-N(l)). 3.53 (H-C@)). 3.22 0&X(1’)). 2.66 (I&&(1’)). 

aIMI 2.52 (CH3-N). 
C) hd at 2.26 (H+&(43). + 3 @l&Z at 7.28 (H-C(4)), 3.53 (IK(33). 2.72 (I&&(43). 

13C-NMRz (125 MI-Is. CDC13) 181.1(s). 177.0(s). 156&s). 136@& 133.0(s), 113.4(d). 110.7(d). 109.8(d), 67.2fdJ.65.6ft). 
55.9(q), 52.9(s), 52.1(q). 41.3(t). 40.7(qJ. 

MS (MB): 291(100. M++l), 290(37. hi+). 289(44), 231(70), 107(24). 77(21). 

(3R, 3’R)-Oxbdole (+)-27. To a sobs of SO mg (0.17 mmol) of (-)-13 in 2 ml of MeOH vm: added 0.27 ml of 1 N Na0f-L 
Afterstirringat250underArthemixturewasconcen~andtheresiduedissolvedinO.5mlof2NHCI.ARafiltrntiooand 
evapomtka of the filtrate 39 mg (0.12 mmol, 70 %) of the hydmchloside of (+)-27 wen obtakd (cobrkss crystals). 

M.p.: >2ooo,deC. C14H16N204. Ha (312.6) 

[aID: + 14.8 (c=2.1, MeOH). 

‘H-NMRz (300 MHz, CDJOD) 7.23(d. J= 2.0, 1H); 6.88(&f, J= 9.0.1.0. H-l); 6.83(&J= 9.0,2.O.lH); 4.87(dd, J= 11.4. 
6.9, 1H); 4.14(d, J= 12.7,lH); 3.77(s. 3H); 3.65(d.J= 12.7, HI); 3.22@, 3H); 2.85(dd. J= 13.7.6.9.lH); 
2.6l(dd, J= 13.7. 11.4, IH). 

NOE: a) Irrad. at 4.14 (H,,c(l7). + 2 signals at 7.23 (H-C(4)) ami 3.65 (I&&l’)). 
c) II&. at 2.61 (HsynC(43). + 3 signals at 7.23 (H-C(4)). 4.87 (H-(X3’)). and 2.85 (I&&(43). 

t3C-NMRz (5OMHz, WOD) 181.3(s), 169.0(s). 157.6(s), 135.8(s). 130.7(s). 115.5(dJ. 1119(d). lll.l(d).69.l(d).63.4~t~, 
56_l(qJ. 53.1(s), 42.6(q). 41.1(t). 

MS (FAB): 277(100, M++l), 276(16. M+). 232(14), 231(36), 107(10), 77(13). 

(S)-Horsfiline (+)-I. A mixtme of 20 mg (0.06 mmol) of (+)-27.20 mg (0.2 mmol) of N-me&ylmmpholine (Flnka, purwn), 
and28mg(02mmol)ofisobutylchloroformatc(Fl~,pwum)in3mlofTHPwasstirrcdat250forlh.Thenwa9addad02ml 
of THF, containing 36 mg (0.36 mmol) of triethylamine aad 45 mg (0.36 mmol) of 2-macapoWridine-l-oxide (FUa, pttntm). 
After stining at 25” for 1 h 0.2 ml of tert.-butyl mczcaptane ~80 added to the yellow mixture which was &diatcd with a hmgsten 
lamp (250 W) for 3 b. Work-up with sat. aq. Ne soln. and CH2Cl2 gave a crock mate&l that was chrometographed (silica gel; 
EtOAc, gradient with O-SO % of MeOH) to give 10 mg (0.043 mmol, 72 %) of (+)-1 as an oil that solidified in the n&idgemtor. 

M.p.: insuf&ient material for recrystaUkkm. 

[aID: + 5.2 (c=o.S, MeoH). Hydmchkik + 28.0 (eO.6, MeOH). 

IR-, tH-NM&, and 13C-NMR spectra agree with the ones of (-)-1 within expeaimental enm l*14. 

C) Synthesis of (f)-Rorsfilinc ((*)-I) 
A suln. of 310 mg (1.43 mmol) of 32. prepaced from 5-methoxytryptamine (30) BCC. to ref. 17. in 24 ml ofTHF/AcOH/H20 
l&7:7 WBS coded to - 5”. Following portionwise addition of 281 mg (1.58 mmol) ofNB.3 stining WBB cuttinti for 30 mb~ Then 
were added 50 mg of NEJS and after 1 b an addtitionnl50 mg (total amount 2.14 mmol, 1.S eq.). Wok-up with sat. aq. Na2m 
soln.and~~C12gaveacrudematerialtherwasdissolvedin200mlofMeOHandhy~~,l~~HH2)for12hover 
1OOmg5%PdonchatwalintbepXsenceoflmlofAcOHand5C0mgofNaOAc.Filtmrion,foUowedbyc~y(silica 
gel;EtOAc.~entwithO%9bofMeOH)firmishedl80mg(54%)d(f)-lasasdid~was~~~~ 

Mp.: 154-156” Lit.: 155-156” @&one) l, 153-154” @c&one) 3. 

JR-, lH-NMR-, and *k-NEAR spectra agree with the ones of (-)-1 within expwixnental enor 1.14. 

D) Preparation of R4odel Compounds 
(3s. 3’S)-oxindole 9. To a soln. of 100 mg (0.38 mmol) of (-)-4 21.22 inamixtureoflmlofH20andl.5mlofAcOH 
which was &red under Ar at 00 wae added 80 mg (0.45 mmol) of N-bnnnosnocinimid (Flub, p-) in small portima A& 
Sting at 0” for 2 b in the dark the mixture was evapomted snd wcfked ap with sat. aq. Na2CO3 sobs. and CH2Cl2. 
Chromatography (silica gel: EtOAc) fumished 76 mg (81%) of a J:l-mixtnre of 9 and 14 ss a cok&ss oil. 
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Dataofth3mjorlxoduct9: 

Ma.: Oil C13Hl4N2e (1A6.16) 

IR (CHCi$: 3420,1720,1670, 14gS,147Ct, 1447,1341,1236,Si?& 

‘H-NMRZ (300 MHz. CDCkj) 8.50@. s. IH); 7.28(dm, J= 8.0. Hi); 7.22(td, J= 8.0.1.3, iw); ?.06(td. J= 8.0.1.0, IH); 
6.92&, J= 8.0, 1H); 4.30&f, J= 9.1,6.1,1H); 3X?@, 3H); 3.36(d, J= 11.8,lH); 3.26(d, I= 11.8, 1H); 27O(dd. 
J= 13.5,g.l. 1H); 2.47(m. 1H); 2.31(dd, J= 13.5,6.1 1H). 

13C-NMR: (75 MHz. cDc13) 182.20, 174.6(s), 140.4(5). 1325(s). 12&l(d), 123.O(dJ, 122.qdJ. 109.8(d), 61.1(d), 58.9(t), 
55.3(s), 52.4(q), 41.4(t). 

MS@& 26(y31, M+k 214(10,1ss(l3). l~(l~),lS8@5.L l46(T8), 13007). 101@4). 

Data oftbe minor pmdact 14, prepand fmm 15 tbtuagb bydrogenolysis (H2 /&I), aa tkxibedfos16~ 

M.p.: oil C13HldN2@ (246.1) 

lR (CHCl3): 3415.1720. 1614, 1462,1430,1382.1100. 

1H-NMR: (300 MHz, CDc13) 9.340~. s, 1H); 7.2!i(dm, J= 7.6,lH); 7.22&f, J= 7.6,:.3.1H); 7.04&f, J= 7.6,l.O.lH); 
C.W(dm, i= 7.6. 1H); 4.19@. J= 8.0. Hi); 3.7%~. 3H); 3.51(d, J= 11.5, 1H); 3.09(d, J= 11.5,lH); 2.9o(m, 1H); 
2rn(l?z. w). 

13C-NMR: c75 MHz. cDct3) 182.4&J, 173.6&J, 140.7fsJ. 133XysJ, 128.2fdJ. 12RgldJ. 122.7(d), llO.O(dJ, 61.4fdJ. 58.3&J. 
54.6(s). 52.4(q). 41.6ftJ. 

MS (En 246(6. M+). 214(3), 188(12). 187(81), 158(51), 146@1), 130(100). lOl(45). 

(3s, 3’S)-&&tdok (-)-II. To a sola. of 1.1 g (4.5 mtnol) of (+)-6 22 ia 65 ml of a mixture of TIiF/AcOm20 20: 27: 18 
which was atinxd onder Ar at 0” wem added 800 mg (45 mmol) of N-bromoeuccinimide (Flu& purum) in small pottims. After 
stirring at 00 for 20 min in the dark the mixmre was evapomied aad wofked ap with aat. aq. Na2CO3 aoln. aad ~2C12. 
~y~~gel;EtoAc,~with0_20%0f~~~640mg(55%}of(-)-11contsininglcssthan5% 
of 16. 

M.p.: oil C14H#2% (260.1g) 

[aID: - 65.1 (c=1.6, MeOH). 

IR (CHC13): 3420, 1720.1618, 1482.1438. 1347, 1178. 1100,907. 

lH-NMR (XI0 MHz, CD@) 8.6&k s, 1H); 7.59(dm, J= 7.6,lH.J; 7.2l(td, k 7.6,1.3. Ii-l); 7_06(td, Jo 7.6.1.0, SIi); 
W1fdmr. J= 7.6.B); 3.79@, 3H); f.Sl(dd, f= 9.0,7.6,1H); 3Lzo(d .k 9.1,lH): 2S(d, J= 9.1, fH); 2;7S(dd, 
J= 13.3.9.0. l?i); 2.52(s, 3H); 2.26(dd, 3s 133.7.6 1H). 

‘3C-NMR: (75 MHz, CDCl3) 181&J. 173.1(s), 139.9(s). 135.3(s), lzS.O(dJ. 124.2fdJ. 123.2fdJ. 109.5(d), 67.3(d), 65.9(t), 
52.6(s), 52.0(q), 41.1(t), 40.8(q). 

MS @I): X1(95, M++l), !&X)(13, M+). 259(52), 202(16),201(100). 158(14). 130(19). 

(3R, 3’s)-Oxintio& Id. To a sob. of 500 mg (1.88 mmol) of (-)-4 22 in 29 ml ofCH2Cl2 wbicb was stirted anda Ar at -1Oe 
wcrc ad&xi 0.32 ml (2.26 mmol) of benzyl e (~l~,puna).ARa~gat-1oofop15minmemixtm*waswutsd 
up with sat. aq. Na2C@ soln. and CH2Ci2. Chromamgrapby (silica gel; EtOAc/‘pez. &et, gmdient ftom I:4 to kl) fun&bed 645 
mg(94%)of5.Toasdn.of6U)mg(1.7mmol)ofSin23mlofamixaueofH~/~~8:12:3wfrichwaestimdnnda 
At at -5” wen t&led 333 mg (1.87 mtnol) of IV-btomosuccinimide (Fti. pwtm) in small portium Afm airting at 00 for 15 min 
in tbe datk the mixture was evaporated and worked up witb sat. aq. Na2CO3 sobs. aad CH2Cl2. -by (silica gek 
EtOActpet.ether,l:l)furnished545mg(84%)ofa*:l-mixnaeof15andlOpsawhitcfoam.To250mg(O.~mmol)ofthis 
mixtltrein15mlof~Hwcrcadddl20mgoffO%Pdoac~.Aftas~fa2btmduan~~ofH2the~ 
wasfiltered~~celikeOand~eevaporated.nK,nsidue(15om~92%)wssaaoiEy4:la3~mof14end9which 
was N-metbylafed as follows: To a a&. of &is mixture (0.61 mmol) ia 15 ml of CH3CN were &ded 0.25 ml (3.05 mmol) of 36 
%aq.formaldehyde.90mg(1.22m~l)ofNaBH3~and0.3mlobAcOH.Afta:stirringat250for1bdrsmixtrat~w~~ 
as usual. The teaidne. consisting mostly of tbe N(l)-hydtoxytneIby1 desivative of 16. WBS dieaolved io 11 ml of a l&l-mixmre of 
2Naq.HCIandMeOHand~nr800for12h.Worl;lqp,~w~by &omaqr+y(silicagel,gfadk&F*DAcc4In~O-20 
46 of MeOH) fumisbed 110 mg (61%) of 16 as a coloriess oil. 

Mp.: oil C14Hlf@2@ (260.16) 

fR (CHCl3): 3420,1725.1620,14g6.1446,1331,1175,1105.904. 

1H-m (300 MHz. CBCl3) 8.36cbr. s. 1Hk 7.27(d, J- 7.7.H-Q: 7.22&i, J= 7.7.1.3.lEI): 7.06(td.J= 7.7.1.0. IHI): 
6.9O(d, J= 7.7, IH); 3.80@, 3H); 3.6O(d, J= 98 1H); 3.5S(d.f= 8.7,7.6, U-I); 2.7O(d, &9&1H); 2.66@d, 
J= 13.0.8.7, 1I-I); 2.55(s, 3H); 2_37(dd, J= 13.0.7.6 1H). 



Synthesis of (-)-horsfiline 1991 

‘3c-NMR: (75 MHz. ClX13) ltU.l(sJ. 172.5(s), 140.3(sJ, 134.4(s). 128.3fdJ. 123.20, 122.9fdJ. lO!X7(dJ. 67.8(d), 65.5ffJ. 

52.1(s). 52.1(q). 41&f). 40.2(q). 

Acetoxyindolenine 35. TO B NIL of 30 mg (0.12 IMIO~) of (+)-6 22in3mlofCH2Cl2whichwass&edimrk!xAral-loo 

were added 60 mg (0.13 mmol) of Pb(OAc)4 (Fhku, p-). At?a stirring at -10” for 3 h the mixture was dilated wilh EtOAc and 
filtered through silica gel. The filtrate was ewponwd aad chnwatogrsphed (silica gel, gwJia~tz ElOAc umtaiaiag O-20 % of 

MeOH)togive28mg(79%)of35asa~anstableyellowoiL 

M.p.: Oil C16HlsN204 (302.18) 

IR (CHCl+ 1752.1730.1602, 1486.1451.1433, 1367.1112, 1088, 1061.902. 

[aID: 

IH-NMRz 

NOE: 

‘3c-NMRZ 

+94.5 (c=l.l, MeOH). 

(300 MHZ, Cml3) 7.60&h J= 7.9. 1H); 7.4%. 2H); 7.23(&f, J= 7.5. 1.0. 1H); 3.8S(d, I= 12.5, 1H); 3.770, 

3H); 3.53(dd, J= 12.0.2.3, 1H): 3.37(d. /= 125, H-l); 292(dd. J= 14.3.2.3,lH); 2.39(s, 3~); 207(~, 3~); 
1.6&a% J= 14.3, 12.0,lH). 

a) II’&- at 2.92 &i~(4))- + 3 G@S Bt 7.41 (He(s)). 3.53(H-C(3)). ad 1.68 (Hvn-C(4)). 

b) w. at 3.53 @L-C(3)). + 4 signals at 3.37 &S(I)). 2.92 (IL&J~)). 239m-Me). and 207 (ok). 
(75 =. -13) 175.5(s). 17WsJ. 168.5fsJ. 154.3(s), 136.2(s). 130.2((d). 12&4(d). 122.5(d), 121.7(d), 

83.W. 61.8(d), 54.5(r). 52.5(q).41.9(q), 38.8(t), 20.9(q). 

E) Determination of the Optical Purity of (+)- and (-)-Horsfilinc (I) 

t-1-1 3IiGzlLi-:, 
+ 

2.5 eq. in CDC13 

Figure 2. IH-NMR spectra of the salts of (*)-I and (-)-1 with 2.5 eq. of (IQ-2-methoq-2-trifluoromethyl-2- 
phenyiacetic acid (CDCi3,300 MHz). 
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