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lanads Wﬁw /] system. Applicalion nnemm%uz 2-pyricinyllindole 17, which is
prepared vWa Taylor-Boger iaziné Disis-Alder annuiasion cheimistry, affords the xwifteronic sertpervirine (3).

The relatively small assemblage of biogenetically and thearetically fascinating zwitierionic indole alkaloids, such as
imblo{Z,&a]qyﬁnolizine (1), flavopereirine (2), and sempervirine (3), has received only sporadic attention from synthetic
chemists! since Woodward's synthesis of N-methylsempezvirine some forty years ago.2

Although several sirategies have been devised for the construction of the indolof2,3-ajquinolizine ring system, all of the
ultimately successful syntheses have necessitated a final ring C and/or ring D oxidation step that can be inefficient and
capricious.!

Recent reports that flavopereirine (2), sempervirine (3), and some related alkaloids exhibit both strong affinity for DNA
and novel antiturnor activity3 have piqued our interest in this area and led us to devise an expedient metalation route to the
indolof2,3-alquinolizine ring system. Thus, in preliminary form,4-5 we have described a synthetic protocol involving
pyridine-nitrogen directed beta-ithiation of 1-(phearylsulfonyl)-2-(2-pyridinyl)indole (4) and subsequent reaction of the
derived 3-lithio species § with an appropriate two-carbon bis(1,2)clectrophile 1o furnish the target ring system 1 (Scheme 1).
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We now report the full details of this methodology in the context of a new total synthesis of sempervirine (3). Our first
synthetic objective was 2-(3-(5,6,7,8-wetrahydroisoquinolinyl))indole (8), which was synthesized by Stevens in an abortive
approach to sempervirine.¢ Unfpriunately, this systhesis of 8 is extremely lengthy and the overall yield is very low (Scheme
2).

TThis peper is dedicated, with affection, o Ted Taylor on the occasion of his 65th birthdxy.
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Therefore, we initially investigated a better preparation of nitrile 6. Selective hydrogenation of isoquinoline (9) in 12N
hydrochloric acid at 50 psi with platinum oxide” or, more economically, in trifluoroacetic acid (TFA) with 10% palladium on
carbon’8 procecded very siowly to give a mixture of 5,6,7,8- (10) and 1,2,3,4-tetrahydroisoquinoline, in acoord with the
titerature? (Scheme 3). nm&mmﬂmgmmmwulwcmuMdum
ary amine by-product as the amide and led 1o the isolation of 5,6,7,8-tetrahydroisoquinoline (10) in 72-79% yield. Oxidation
mﬂlSO%hydrogmpemmdcgach-oxidellmS?%y:eld. Treaunent of 11 with neat dimethylsulfate afforded the N-
methoxy methylsulfase salt 12, which, without being isolated, was stirred at 0°C with aqueous potassium cyanide. Much 1o
our surprise, and in stark contrast to the synthesis of other cyanopyridines,” a complex mixture was obtained, consisting of
the (separable) isomeric cyanoisoquinolines 6 and 13 in a 1:12 ratio (13% yieid), 10 (25% yield), presumably resulting from
base-induced elimination of formaldehyde from 12, and products that appeared to be derived from cleavage of the carbocyclic
ring. Furthermare, the reaction of N-oxide 11 with rimethylsilyl cyanide in HMPA at 115°C -~ alternative conditions that we
have found can circamvent the base-induced decomposition of N-methoxypyridinium salts!C - also gave a complex mixture.
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Known pyridine ring syntheses from nitriles! 1,12 prompted us to explore the preparation of 8 (or the N-phenylsulfonyl
derivative 17) from the appropriate 2-cyancindole. Thus, 2-cyano-1-(phenylsulfonyl)indole (16) was readily synthesized
from indole via N-protection, 3 2-lithiation!13 followed by quenching with r-butylisocyanate, and then 2 von Braun reaction’4
(Scheme 4). Unfortunately, treatment of 16 with 1,7-octadiyne and cyclopentadienyicobalt dicarbony!!! in refluxing xylene
did not lead to the desired 17 (no reaction). This observation parallels Vollharde's results with electron-deficient nitriles.

Scheme 4
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Pocy, CRCo(C0),
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We also examined Takabe's pyridine synthesis!2 as a route to 17 (Scheme S). Thus, aldehyde 18 was prepared as
described!S and converted to the aldimine 19. Hm,wwmakﬁmimbwim&nﬂe 16 in the presence of
lithium diisopropylamide (LDA) according to Takabe's procedure 12 failed to yield 17.

Scheme 5
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A successful synthesis of 17 was realized using Taylor-Boger trinzine Diels-Alder annulation chemistry16.17 (Scheme
6). Thus, 1-(phenylsulfonyl)indole (14) was converted to ketone 21 in standard fashion.!® Oxidation of 21 o ketoaldehyde
22 was accomplished with sclenium dioxide. Condensation of 22 with methylthiosemicarbaride hydriodide (23) gave the
expected triazine 24. Since even forcing conditions failed to induce the Diels-Alder reaction between triazine 24 and enamine
26, 24 was oxidized to sulfone triazine 25 with m-chloroperbenzoic acid. Now, as anticipsted, 1617 this electron-deficient
triazine 25 reaciod mpidly with comnine 26 and gave the expected pyridine suifone 27. Attempts 10 desulfonyise 27
selectively to 17 were unsuccessful.1 However, under carcfully controlled conditions, 27 couid be efficiently coaverted to 8
with sodium amalgam. Substantial reduction of the pyridine ring occurred unless this reaction was performed exactly as
described. Reprotection of the indole nitrogen of 8 under the usual conditions gave, in good yield, the desired sempervirine
precursor 17.
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Finally, the synthesis of sempervirine (3) was completed as follows (Scheme 7). Treamment of 17 with a-butyilithium at
<78"C followed by quenching with anhydrous bromoacetaldehyde0 and the usual workup with acetic acid provided the
indoloquinolizinium beomide 29. Afkatine hydrolysis of the N-phenylsulfoeyi protecting group of 29 was accompanied by
dehydration to give sempervirine (3). This material was identical to a sample and spectra of the alkaloid.

Scheme 7
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In conclusion, the pyridine-nitrogen directed beta-lithiation and subsequent annulation of appropriately substituted 2-(2-
pyridinyl)indoles provides & convenicnt entry to the indolo{2,3-a)quinolizine ring system, exemplified herein by & total synthe -
1is of the alkaloid sempervirine (3).

Experimental

Melting points were determined with a Biichi 510 melting point apparatus and are uncomrected. Infrared spectra were
recorded on a Perkin-Elmer 599 spectrophotometer using CDCly solutions unless otherwise noted. 'H NMR spectra were
taken on a Varisn EM-360A instrament and 13C NMR spectra were measured with a Varian XI-300 instrument using CDCl,
solutions for all NMR measurements. UV spectra were taken on a HP 8451 A Diode Array spectrophotometer. Mass spectral
determinations were made at 70cV with a Finnigan 4023 GC/MS system. Elemental analyses were performed by Adantic
Microlabs, Atlanta, Georgia. Tetahydrofuran (THF), dried over sodium and benzophenone, was distilled immediately before
use. Commezcial alkyllithium solutions were standardized with diphenylacetic acid.

5,6,7,8-Tetrahydroisoquinoline (10). -
Method A: Compound 10 was prepared in 72-79% yield via catalytic hydrogenation of isoquinoline in TFA with
10% Pd/C according to Eliel's method”: bp 113-116°C/26 torr (lit.2! bp 114-115°C/16 torr). The 1H NMR and IR dase for
10 matched that reporsed by Ginos22 for this compound; 13C NMR (CDCl3) § 150.0, 146.0, 136.4, 132.7, 123.6, 285,
26.1, 224, 22.2.
Method B: Caslytic hydrogeaation of isoquinoline in 12 N aqueous HCl with PtO, according to Eliel's proce -
dure? provided 10 in 71% yield, identical (TLC, 'H NMR) to that prepared by Method A.

$,6,7,8-Tetrahydrolsoquinoline N-oxide (11). - A solution of 10 (14.4 g, 0.108 mol) in glacial HOAc (50 mL)
1 65°C was treated dropwise with 30% HyO- (38 mL, 0.4 mol). The solution was stirred for 10 h at 65°C (monisored by
TLC). The solution was allowed to cool to room temperature and excess HyO, was destroyed with MnO,. The resulting dark
brown solution, which gave a ncgative st with starch-iodide paper, was filtered through a pad of Estimaceous earth, coa -
centrated in vacuo, and diluted with waser. The aqueous solution was then extracted with EHp€3y (¢x 200 mL). The com -
bined extracts were dried (MgSO4) and concentraed in vacuo to give, after vacuum distillation of the crude oil, 9.2 g (57%) of
11 as & coloriess oil, bp 140-145"CA0.15 torr (1it.23 bp 170-175"C/3 torr), which crystallifed on standing: mp 102-107°C; IR
(KBr) 3010, 2910, 2850, 1690, 1600, 1480, 1440, 1260, 1220, 1160-1085, 923, 840, 745 cur}; 300 MHz IH NMR
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(CDCl3) §7.99(s, 1 H), 7.96 (d. J =7 Hz, 1 H), 698 (d, J =7 Hz, 1 H), 2.71 (m, 4 H), 1.82 (m, 4 H); 13C NMR (CDCl)
§138.1, 137.3, 135.9, 135.7, 125.7, 27.7, 26.1, 21.9, 21.6.

3-Cyano-5,6,7,8-tetrahydroisoquineline (6) and 1-Cyano-5,6,7,8-tetrabydroisoguineiine (13). - To
N-oxide 11 (7.6 g, 0.051 mol) was sdded dropwise over 35 min dimethylsulfate (6.4 g, 0.051 mol). The resulting mixture
was heated at 90-95°C for 2 b, cooled, and dissolved in water (25 mL). This solution of 12 was then added dropwise over
30 min to a solution of KCN (9.9 ¢, 0.152 mol) in waser (25 mL) at -5°C. The reaction mixture was stirred overnight while
allowing it to warm to 20°C. Extraction with CHy(3 (3 x 100 mL), washing the extract with brine, drying (MgS0,), and
concentration in vacuo gave an oil. Coburrn chromasography over sillica gel with hexane-EfOAc-EtyN (gradient elution,
10:1:0.05) to provide 0.10 g (1%) of 6 as an oily residue followed by 0.92 {12%) of 13 as a coloriess solid (mp 59-62°C),
and 1.7 g (25%) of by-product 10. Nitrile 6 slowly crystallized on standing to give coloriess plates, mp 66-69°C (1it.5 mp
65-66"C), and the regioisomer 13 was recrystallized from ether-petroleum ether to furnish colorless needles, mp 62-63°C.
Dat for 6: IR (neat) 3025, 2925, 2225, 1590, 1560, 1455, 1435, 1390, 1300, 1265, 1070-1019, 950, 880, 800 cm'!; 1H
NMR (CDCl3) 3 8.48 (s, 1 H), 7.48 (s, 1 H), 3.1-2.6 (m, 4 H), 2.1-1.6 (m, 4 H); MS m/e (relative intensity) 158 (M*, 96),
157 (99), 143 (38), 143 (19), 130 (100), 103 (19), 77 (21), 76 (18), 63 (14), 51 (23). Data for 13: IR (KBr) 2935, 2860,
2220, 1595, 1580, 1460, 1450, 1425, 1400, 1325, 1255, 1185, 845, 800 cm'!; 1 NMR (CDCl3)$ 843 (d, ) - 5 Hz, 1 H),
728 (d, ) = 5 Hz, 1 H), 3.23-2.67 (m, 4 H), 2.23-1.63 (m, 4 H); 13C NMR (CD(13) 5 147.9, 147.1, 1377, 133.5, 1270,
116.0, 28.5, 25.8, 21.7, 21.4; MS mJe (relative intensity) 158 (M+, 100), 157 (98), 143 (33), 130 (79), 118 (18), 103 (20),
77 (19), 51 (21), 41 (21), 39 (25). Anal. of 13 Caked for CyoHygNa: C,75.92; H, 6.37; N, 17.71. Found: C,7597; H,
6.41; N, 17.62.

Bromoscetaldehyde. - Anhydrous bromoncetaldehyde was prepared in 39% yield from 1,4-dibromo-trans-butene
acoording to Kraus' method?0 as 2 0.79 M solution in methylene chloride/pentane. This solution, which could be kepe at 0°C
under argon for several weeks, was used directly in the metalation reaction. 1H NMR (CDCl;) 8 9.64 (1, = 2.5 He, 1 H),
5.34 (s, CHyCly), 3.87 (d, J = 2.5 Hz, 2 H).

1-{Phenylisuifonyhindole (14). - This material was prepared in 89% vield aceoeding to our published method 13
from indole with #-butyllithium and benzenesulfonyl chloride: mp 76-77.5°C (tit.24 mp 77.5-79°C).

2-(t-Butylaminocarbonyl)-1-(phenylsulfonyl)indole (15). - To a solution of diisopropylamine (0.865 g, 8.55
mmol) in THF (20 mL) under nitrogen at -78°C was added dropwise over 10 min a-butyllithiom (1.45 M in hexane, 5.63
mlL, 8.16 mmol). The resultant solution was stirred at -78°C for 15 min and then treated dropwise over 15 min with a solu -
tion of 1-(phenylsulfonyl)indole (14) (2.0 g, 7.8 mmal) in THF (20 ml). After stirring at -78°C for 1 b, the resulting milky-
white suspension was warmed o -5°C over 20 min and then cooled to -78°C and queacbed very rapidly with -butylisocyanase
(1.16 g, 11.7 mmol). The mixture was stirred at -78°C for 2 h and then aliowed 1o warm slowly to room emperature over
4 . The reaction mixture was poured into saturated NH,Cl (25 mL), atirred 5 min and extracted with CHoCl; (3 x 50 mL).
The combined organic extracts were washed with brine (2 x 50 mL), dried (MgSOy) and conceatrated in vacuo to give a light
yellow oil. Crystallization from ether afforded 2.3 g (83%) of 15 as colorless prisms: mp 162.5-165°C; TLC (Bt;O-bexane,
1:1) Rg0.38; IR (KBr) 3370, 3050, 2960, 1660, 1555, 1510, 1445, 1360, 1315, 1270, 1210, 1170, 1160-1060, 1045, 920,
910, 870, 830, 755, 720 cm'1; 'H NMR (CDCl3) § 8.4-7.0 (m, 9 H), 6.87 (s, 1 H), 6.1 (br s, 1 H), 1.58 (s, 9 H); 13C
NMR (CDCly) 8 161.0, 137.3, 136.7, 136.7, 133.9, 129.0, 128.9, 127.5, 126.0, 124.2, 121.9, 115.2, 1132, 52.3, 28.5;
MS m/e (rel int) 356 (M*, 3), 284 (11), 144 (25), 143 (48), 142 (100), 115 (19), 100 (16), 89 (13), 77 (32), 57 (42), 55
(11), 51 (12), 45 (11). Anal Calcd for CoHagN7038: C, 64.02; H, 5.66; N, 7.86; S, 9.00. Found: C, 63.96; H, 5.66;
N, 7.80; 8, 8.96.

2-Cyano-1-(pbenylsulfonyl)indole (16). - A solution of amide 15 (2.06 g, 0.00578 mol) in benzene (50 mL) at
ToO0Mm temperature was treated with POCH; (2.9 mi, 0.031 mal) and refluxed for 6 h. Concentration i wacuo gave an oil.
This was partitioned between CHCl; (50 mL) and 10% aqueous NaHOO3 (50 mL) and stirred until gas evolution had
ceased. The Inyers were separated and the arganic Iayer was washed with water (100 mL), beine (100 mL), dried (N2;SO,),
and concentrated in vacuo 1 give 1.6 g of 16 as a pale yellow solid. Crystllization from ether-cthyl acetate gave 1.4 g (86%)
of coloriess prisms: mp 127.5-129°C; IR (KBr) 3100, 2200, 1610, 1585, 1535, 1445, 1380, 1310, 1250, 1230, 1190-
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1070, 1050, 920, 845, 750, 730 cm-!; 1H NMR (CDChy) & 8.50-7.98 (m, 3 H), 7.83-7.27 (m, 7 H); 13C NMR (CD(11) 8
136.9,136.3, 134.6, 129.4, 128.5, 127.2, 126.8, 124.6, 123.1, 1224, 114.3, 112.0, 108.7.

1-(1-(Phenylsulfonyl)indol:2-yl)ethanol (20). - This was prepared in 90% yield from 14 as described.!3

1-(Phenyisulfonyl)-2-indolyl Methyl Ketone (21). - A mixture of activased MnO+. (73 g, 0.84 mol) and alcohol
20 (18.1 g, 0.60 mol) in CHCl; (200 mL) was heated at reflux for 18 h. The solution was thea cooled, filtered, and the
solids were extracted with CHCl3 (3 x 100 mi). The cambined filtrate and exteact was concentrated i vacmo to-give a crode
sofid. Recrystallization fram cther/hexane (1:1) gave tiny white needies (16.1 g, 90%), mp 89-90°C (1it.25 mp 90.5-91.0°C);
speciral characteristios masched hiterature reports. 25 Anﬂ”CﬂcdhC;d{BNO;S C, 64.20; H, 4.38; N, 4.68; S, 10.71.
Found: C, 64.20; H, 4.3%; N, 4.64; S, 10.67.

2.(1-(Phenyigulfonyl)mdel-2-y1)-2-0x0¢thanal (22). - Selenium dioxide (1.69 g, 0.015 mol) and water (0.3
mL, 0.017 mel) in dioxane (20 mL) were heated for 1 h at reflux, at which point ketone 21 (2.38 g, 7.95 mmol) was sdded.
Heating was continued for anbdher 12 h. The yellow solution containing a black precipitate was filtered, the solids were
washed with additionat dioxane, and the solvent was removed by rotary evaporation. Flash chromatography (ethyl ace -
tate/hexane (1:1)) yielded 22 as a yellow oil (2.33 g, 94%) that slowly solidified. Although this material rapidly oligomerized
(trimerized?), the process was reversible as evidenced dy the mass spectram: mie 313 (M*), 284 (100%), 258, 220, 192,
165, 143, 115, 77.

5-(1-(Phenyisulfonyl)indol-2-yi)-3-thiomethyl-1,2,4-triazine (24). - A mixture of the oligomeric ketoalde -
hyde 22 (1.98 g, 6.32 mmol), methylthiosemicarbazide hydroiodide (23) (1.67 g, 7.16 mmel), NaHCO; (0.87 g, 10.4
mmol), CHCI; (30 mL), and water (10 ml) was vigorously stirred at room tempesature overnight. The Layers were
scparsted, the aqueous portion was extracted with CHCly (10 mi), and the combined organic layer was washed with water (2
x 20 mL), brine (20 mi.), dried (N8;SO,), and concentrated in vacuo o give a crude solid. Crystallization from thyl acetate -
gave dark green prisms (2.01 g, 83%): mp 150-151°C; IR 1610, 1570, 1530, 1495, 1455, 1380, 1260, 1180 cml; 1H NMR
(CDC13) 89.05 (s, 1 H), 7.95 (4, ¥ = 6 Hz, 1 H); 6.9-7.5 (m, 8 H), 7.03 (3, 1 H), 2.67 (s, 3 H); 13C NMR (CDClp) &
172.8, 150.0, 145.6, 139.4, 136.0, 135.4, 134.1, 129.8, 128.8, 127.4, 1269, 125.2, 122.4, 121.1, 116.4, 13.9; MS m/e
382 (M*), 318, 281, 242, 156, 149, 140 (100%), 113, 77. Anal. Calcd for C1gH14N40285: C, 56.53; H, 3.69; N, 14.65;
S, 16.77. Found: C, 56.42; H, 3.72; N. 14.64; 5, 16.67.

3-(1-{Phenyisulfonyl)indol-2-yl)-1.methansnifonyl-5,6,7, 8-tetrahydrolsoquinoline (27). - The triazine
24 (1.14 g, 2.98 mmol) in CHyCY; (SO mL) was cooled in an ice bath, and technical grade (80-85%) m-chloroperbenzoic acid
(1.60 g, >7.42 mmol) was added in portions over 3 min. Stirring was continued at 0°C for 1 h followed by 2 h at room tem -
peranmre. The bright yellow solution was washed with 10% aqueous NaHOO, (2 x 30 mL) and brine (30 mL). After drying
(N2;S0y), concentration ix vacuo gave a somewhat unstable, bright yeHow foam which was used directly in the next reaction
without farther purification (characteristic TH NMR resonances: 9.74 (s, 1 H), 3.53 (s, 1 H)). The crude triazine sulfone 25
was dissolved in CHCl3 (50 mL) at room tesrperature and, to this solution, enamine 26 (0.60 mL, 3.97 mmol) was added
dropwise over 2 min, whereupon the solution immediately darkened and gas evolution was observed. After 1 b of stirring at
room temperature, the dark red reaction mixture was heated for 10 h at reflux, cooled, and the Sohution was concentrated in
vacuo. The residue was passed through a 4 cm pad of silica gel (CH,Cl; as eluent), concentrated to give a crude solid, and
recrystallized from ethyl acctate/hexane {1:2) to afford 27 as tiny prisms (0.62 g, 45%): mp 160-161°C; IR 1610, 1550,
1455, 1440, 1380, 1310, 1185, 1160, 1130, 1095 cml; 'H NMR {CDCy) 58.13 (d, } = 7 Hz, | H), 7.0-7.6 (m, 9 H),
6.75 (s, 1 H), 3.23 (s, 3H), 3.0-3.5 (m, 2 H), 2.7-3.0 (m, 2 H), 1.6-2.0 (m, 4H); 13C NMR (CDCl;) 3 155.1, 149.6,
146.1, 139.2, 138.1, 136.9, 133.6, 131.3, 129.9, 129.2, 128.6, 126.6, 125.6, 124.5, 121.3, 116.2, 115.6, 40.3, 29.6,
23.9, 21.6, 21.2; MS mie 466 (M*), 325 (100%), 261, 245, 218, 77. Anal. Calcd for CyHpoN2OS2: C, 61.78; H, 4.75;
N, 6.00; S, 13.74. Found: C, 61.76; H, 4.78; N, 5.97; S, 13.68.

3-(Indol-2-y1)-5,6,7,8-tetrabydroisoquinoline (8). - Sulfone 27 (0.405 g, 0.87 mmol) was dissolved in THF
(20 mL) at room semperature, dry methanol (20 mL) was added and the rapidly stirred solution was cooled to -30 - -40°C with
a dry ice/fisopropano! cooling bath. This semperature was maintained as dibasic sodiim phosphate (0.31 g, 2.18 mmol) and
powdered, 6% sodium amalgam (3.10 g, 7.75 mmol, added in 6 x 0.5-g portions over 3.5 h) were mixed in. Afier a total of
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5 hat-30°C, the pale yellow mixwure was decanted from the amalgam and filiered. The filtrate was concentrated in vacuo and
the residue was partitioned between cthyl acetate (50 mL) and water (S0 mL). The organic phase was washed with water (2 x
50 mL), brine (50 mL), dried (N2,S0O4), and concentrated in vacuo. Flash chromasography (methylene chloride - methylenc
chloride/ethy! acemte (3:1), gradient elution) gave a gum which solidified afier being treated with ether followed by slow
evaporation to dryness (0.196 g, 91%). Recrystallization from ethyl acetate/hexanc gave flat prisms: mp 159.5-160.5°C (lit.6
mp 158-158.5°C); 1H NMR (CDCly) 3 10.08 (br s, 1 H), 8.30 (s, 1 H), 7.0-7.7 (1n, 5 H), 693 (s, 1 H), 2.5-3.0 (m, 4 H),
1.8-2.0 (m, 4 H); 13C NMR (CDCly) 8 149.5, 1474, 146.8, 137.2, 1364, 131.9, 129.2, 122.6, 120.8, 1199, 119.8,
111.3, 99.4, 28.8, 26.2, 22.6, 22.4; MS m/e 248 (M*, 100%), 220, 117, 85.

3-(1-(Phenylsulfonyl)indol-2-yi)-5,6,7,8-tetrahydroisoquinoline (17). - A 50% dispersion of NaH (19
mg, 0.39 mnol) was stirred in dry pentane (1 mL) for 30 sec and then the solid was allowed to settie. The pentane was
decanted and the residue was covered with THF (4 mL). The rapidly stirred suspension was cooled and 8 (16 mg, 0.06
mmol) dissolved in THF (0.5 mL) was added dropwise over 2 min, and stirring was continued at 0°C for 1 h. Pheaylsul -
fonyl chioride (0.07 mL, 0.55 mmol) was then added dropwise over 1 min followed by stirring at 0°C for 1.5 h. Saturated
aqueous NaHCO; (2 mL) was carefully added dropwise and the reaction mixture was vigoroualy stirred for 30 min at 0°C,
and then 30 min at room temperature. The layers were scparated and the aqueous phase was extracted with ether (10 mL).
The organic Iayer was washed with brine (2 x 10 mL), dried (K2004), and concentrated in vacwo to give a crode foam. Final
purification by flash chromatography (methylene chioride-ethyl acetate, gradient clution) gave 17 as a pale yellow solid (18
mg, 72%) which gave off-white plates afier recrystailization from ethyl acetate/bexane: mp 158.5-159.5°C; IR 1605, 1585,
1480, 1450, 1370, 1185, 1170, 1150 cm-; 'H NMR (CDCl3) 8 8.39 (s, 1 H), 8.20 (d, } = 8 Hz, 1 H), 72-7.7 (m, 9 H),
6.80 (s, 1 H), 2.7-3.0 (m, 4 H), 1.7-2.1 (m, 4 H); 13C NMR (CDCl3) 8 149.4, 148.0, 145.7, 141.4, 137.9, 137.2, 133.5,
132.8, 130.5, 128.6, 127.0, 126.3, 125.0, 124.3, 121.2, 116.2, 114.5, 28.7, 26.2, 22.5, 22.3; MS m/e 388 (M+), 324
(100%), 295, 247, 219, 77. Ansl. Calcd for C3HpgN2O,S: C, 71.11; H, 5.19; N, 7.21; §, 8.25. Found: C,71.18; H,
5.25; N, 7.17; S, 8.30.

Sempervirine (3). - The protected indole 17 (18 mg, 0.046 mmol) in THF (5 mL) was immersed in a dry ice/isopro -
panol cold bath and 1.39 M a-butyllithium (0.14 mL, 0.19 mmol) was added dropwise over 1 min. Stirring was continued for
1 hat -75°C, and then 2 0.79 M solution of bromoecetaldehyde in pentane (0.35 mL, 0.28 mmol) was added over 2 min, and
the reaction mixture was stirred for another 1 h. Acetic acid (0.07 mL, 1.17 mmol) was added dropwise, followed by 1 h of
stirring at -75°C. The solution was allowed to warm to 0°C over 30 min and saturated aqueous NH,C1 (5 mL) was added.
The layers were separated, the agueous phase was extracted with etiryl acetate (5 mL.), and the combined organic extracts were
washed with 10% aqueous NaHCO; (10 mL), and brine (10 mL). The yellow solution was dried (Na;SO,) and concentrated
in vacuo w leave a yellow gum. The crude reaction mixture was dissolved in CHCl; (1 mL) and stirred for 30 min to allow
for complete cyclization. The solvent was then removed in vacuo and the residue was washed with boiling cther (5 x 2 mL)
leaving 16 mg of bromide 29 as a pale yellow powder. An additional 4 mg was obtained through chromatography (gradient
elution, MeOH - 19:1 McOH/AcOH) of the ether washings (characteristic 1H NMR signals: 9.09 (s, 1 H), 820 (d, J =9 Hz,
1 H), 8.17 (s, 1 H). This crude salt was dissolved in methanol (5 mL), 10% aqueous NaOH (1 mL) was added, and the
resulting yellow solution was heated for 45 min at reflux. The dark yellow reaction mixture was cooled, conceatrated in
vacuo, and partitioned between CHCly (10 mlL) and 10% aqueous NaOH. The organic phase was washed with water (10
mL), brine (10 mL), dried (Na,SO,), concentrated in vacuo, and subjected to flash chromatography (methanol/acetic acid,

-9:1). The appropriate fractions were combined and concentrated in vacuo. The residue was partitioned between ethyl acetase
{20 mL) and 10% aqueous NaOH (10 mL). The organic layer was washed with water (2 x 20 mL), dried (K,CO3), and
concentrated in vacuo to leave pure sempervirine (3) as a red-orange powder (6 mg, 48% from 17). IR 1645, 1615, 1555,
1480, 1400, 1360 cm-1; 'H NMR (CDCl3) 5§ 8.72 (s, 1 H), 7.1-8.1 (m, 7 H), 2.9-3.0 (m, 2 H), 2.7-2.8, (m, 2 H), 1.8-1.9
(m, 4 H); 13C NMR (CDCl;) 8 153.7, 1439, 140.7, 134.3, 130.9, 130.1, 1259, 123.0, 122.0, 120.6, 120.2, 118.6,
118.0, 117.3, 115.8, 28.8, 26.2, 22.0; UV A, (MeOH), acidic or neutral conditions, 386, 340, 296, 244 nm; basic, 356,
316, 286, 245 om (1it.26 A, (95% EtOH), pH < 6, 385, 342, 294, 249, 242 nm; pH 12, 435, 360, 320, 288, 242 nm).
The nitrate salt of synthetic sempervirine gave an IR spectrumn that was superimposable on that of an authentic sample.
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