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ALLAN W. REY, WALTER A. SZAREK, and DAVID B. MACLEAN. Can. J.  Chem. 70, 2922 (1992). 
A highly convergent synthesis of the pentacyclic indole alkaloid (+)-mostueine (1) is described. The key step in- 

volved the coupling of the dianion derived from (1 's)-3-(1'-hydroxyethy1)-4-methylpyridine (4) with the iminium salt 
3,4-dihydro-2-methyl-9-(p-toluenesulfonyl)--carbolinium iodide (3). Low asymmetric induction (15% de) at the C-1 
position of the P-carboline ring system (C-3 of mostueine) was obtained. The nonfermenting baker's yeast-mediated re- 
duction of 3-acetyl-4-methylpyridine provided the hydroxyethylpyridine component in acceptable yield (67%) and high 
optical purity (99.0% ee). This synthesis of 1 has established that the absolute stereochemistry of mostueine is (3S,19R). 

ALLAN W. REY, WALTER A. SZAREK et DAVID B. MACLEAN. Can. J .  Chem. 70, 2922 (1992). 
On dCcrit une synthkse hautement convergente de I'alcaloide indolique pentacyclique (+)-mostukine (1). L'Ctape clC 

implique le couplage du dianion d6rivC de la (l'S)-3-(1'-hydroxyethy1)-4-mCthylpyridine (4) avec le sel iminium (3), 
l'iodure de 3,4-dihydro-2-mCthyl-9-(p-toluknesulfonyl)--carb01inium. On a obtenu une faible induction asymCtrique 
(15% de) ii la position C-1 du systkme cyclique P-carboline (C-3 de la mostukine). La reduction de la 3-acCtyl-4- 
methylpyridine, sous I'influence de la levure pstissikre qui ne ferrnente pas, fournit la portion hydroxykthylpyridine avec 
un rendement acceptable (67%) et une grande puretC optique (99,0% ee). Cette synthkse du COI~IPOSC 1 a Ctabli que la 
stCrCochimie absolue de la mostuCine est (3S, 19R). 

[Traduit par la rkdaction] 

Introduction 
The structurally interesting pentacyclic indole alkaloid 

mostueine (1) (also referred to as 3,14-dihydrodecussine) is 
composed of a P-carboline skeleton possessing an azepino 
ring attached to a pyridine ring. Mostueine, a weak muscle 
relaxant, was originally isolated from the leaves of Mostuea 
br~ozotzis (2). It has also been found to be a constituent in the 
root and stem bark of S t r ~ ~ c h n o s  decussata, S .  d d e ,  S .  elae- 
carpa (3) and, most recently, S .  johtzsotzii (4). The phar- 
macologically more active compound decussine (2) is 
identical with rnostueine except for a site of unsaturation at 
C-3-C-14. It is noteworthy that mostueine has been re- 
ported to be converted into decussine (3, 5) on storage (3). 

syntheses are strategically similar in that they both rely upon 
the alkylation of the indole nitrogen to close the azepino ring 
as the last step. Herein we report another more convergent 
and enantioselective synthesis of mostueine. 

The addition of nucleophiles to iminium salt electro- 
philes has been effectively exploited by us and others for the 
synthesis of a variety of alkaloids (8). It became apparent that 
this reaction may permit an efficient synthesis of rnostueine 
as shown retrosynthetically in Scheme 1. Furthermore, this 
strategy would establish the absolute stereochemistry at C-3. 
Another more general and synthetically interesting question 
was the extent of asymmetric induction at the C-1 position 
of the P-carboline ring system (C-3 of rnostueine) upon ad- 
dition of the chiral nucleophile 4. In any event, the diaste- 
reoineric-adduct mixture should be readily resolvable by 
chromatography, thereby providing an enantioselective route 
to rnostueine. 

Results and discussion 
Sytztlzesis qf'4 

'The synthesis of (1's)-3-(1'-hydroxyethy1)-4-methyl- 
pyridine (4) is outlined in Scheme 2. The starting material, 
3-cyano-4-methylpyridine (6), was prepared in gram quan- 

1 2 tities using the 3-step procedure developed by Bobbitt and 
Scola (9). The conversion of 6 into 3-acetyl-4-rnethylpyri- 

The total synthesis of (i)-mostueine was accomplished dine (8) was originally accomplished by Webb and Corwin 
by McGee el L l / ,  (6) and by Onanga and Khuong-Huu (7), (10). However, this transformation necessitated 3 steps and 
and their combined studies have established the relative the overall yield was 30%. Another higher-yielding but longer 
configuration at C-3 and C-19 to be 3SR,19RS. These sequence involved conversion of 6 into 4-methylnicotinal- 

dehyde (3 steps, 71% yield) ( lo ,  11). This aldehyde was then 
'A  preliminary account of a part of this work has appeared (1). converted into the desired methyl ketone 8 by way of its tri- 
' ~ u t h o r s  to whom correspondence may be addressed. methysilylcyanohydrin derivative in 63% yield ( 1  2). In 
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contrast to these methods, we have found that a more direct 
route was the Grignard addition of methylmagnesium bro- 
mide (3.0 M solution in diethyl ether) to the niti-ile 6 fol- 
lowed by itz situ acid-catalyzed hydrolysis of the presumed 
imine intermediate 7.  This protocol, based upon work done 
by Canonne et al. (13), conveniently furnished 3-acetyl-4- 
methylpyridine in 83% yield. 

With acetylpyridine 8 in hand, the next challenge was the 
stereoselective reduction to. forin the (S)-alcohol 4. Our ini- 
tial notion was to employ methodology developed by Brown 
and co-workers (14) for the asymmetric reduction of aralkyl 
ketones. Thus, treatment of 3-acetyl-4-n~ethylpyritline with 
(-)-B-chlorodiisopinocampheylborane [(-)-(lpc),BCI], and 
subsequent removal of the boron moiety with diethanol- 
amine, gave (l'S)-3-(1'-hydroxyethyl)-4-inethylpyridine (4). 
The overall yield was 60% and the enantiomeric excess was 
93%. This result is consistent with Brown and co-workers' 
(14) reduction of 3-acetylpyridine (65% yield and 92% ee).  
It is pertinent to note that, in each case, 2 .3  eq~livalents of 
the (-)-(lpc),BCl reagent were ,required, presumably be- 
cause of cornplex formation. 

Owing to the expense of the (-)-(IPC)~BCI reagent, we 
examined the possibility of a yeast-mediated reduction. Thus, 
treatment of the substrate 8 with Fleischiiiann's Baker's yeast 
(170: 1 yeast to 8 ratio (w/w)) for 4 days at 32°C provided 

H+, H20 

Yeast 

4 
ee=93%, yield=60% [(lpc),BCI] 
ee=99%, yield=67% [Yeast] 

MTPAO Me 

4 in 67% yield and 99.0% ee ([a], -53.5; c l .O, CHC1,). 
The product was isolated by extractive processing, and the 
reaction was performed on a 5-gram scale. Another salient 
feature was that this reduction was accomplished using 
nonfermenting yeast (i.e., glucose or sucrose was tzot added), 
thereby facilitating processing. This modification was based 
upon work done by Bucciarelli et ul. (1 5) and by Rasor and 
Riichardt (16). An interesting point is that, under almost 
identical conditions, Takeshita et al. (17) found that the yeast- 
mediated reduction of 3-acetylpyridine gave ( 1  's)-3-(I '-hy- 
droxyethy1)pyridine in 40% yield and 67% ee. Clearly, the 
4-methyl group in substrate 8 has a profound effect on the 
stereochemical outcome of this reduction. 

The enantiomeric excesses were determined by conver- 
sion of the crude alcohol products into their corresponding 
diastereolneric (S)-a-inethoxy-a-(trifluoromethy1)phenylace- 
tate derivatives (9) using S-MTPA (Aldrich) and N,N'-di- 
cyclohexylcarbodiiinide as the coupling agent. The ee was 
then assessed by high-resolution ' H  nmr (400 MHz) inte- 
gration of the well-resolved signals (A6 = 20 Hz) of  the 
diastereoineric 4-methyl protons. 

The absolute stereochemistry of 4 was ascertained to be S 
by 'H nmr analysis of its S-MTPA and R-MTPA esters (18). 
This conclusion is consistent with Brown and co-workers' 
observation (14) that reduction of similar cornpounds with 
(-)-(lpc),BCI leads to the S enantiomer. Furthemiore, yeast 
reductions of nralkyl ketones give predominantly the S-al- 
coho1 ( 19). , . 

It has not escaped our attention that the enantiopure com- 
pound, (l'S)-3-(l'-hydroxyethyl)-4-methylpyridine may be 
of value as a synthetic intermediate in the synthesis of var- 
ious pyrido-alkaloids and other natural products. Further- 
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more, its N-benzyl salt may be of therapeutic value (20) as 
a possible antineoplastic agent. 

Synthesis of 3 
The synthesis of the intermediate of which the P-carbo- 

line portion of mostueine is comprised, specifically the 
iminium salt, 3,4-dihydro-2-methyl-9-(p-toluenesulfony1)- 
P-carbolinium iodide (3), is depicted in Scheme 3. The 
starting material was the known 3,4-dihydro-P-carboline (or 
norharmalan) (S), which is readily accessible by way of the 
Bischler-Napieralski reaction of ~ ~ - f o r m ~ l t r ~ ~ t a m i n e  (21). 
Protection of the indole nitrogen as its tosylamide presented 
some difficulty. Initially, phase-transfer catalytic methods 
(22) were examined; however, the yields were low (<30%) 
owing to formation of side products. Finally, reproducible 
yields (65%) of the desired 3,4-dihydro-9-(p-toluenesul- 
fony1)-P-carboline (10) were obtained by formation of the 
sodium salt of the indole (sodium hydride, DMF, - IO°C, 
30 min) followed by addition of p-toluenesulfonyl chloride 
(-60°C, 1.5 h). The major by-product resulted from sul- 
fonylation at the C-3 position of the indole nucleus (C-7 of 
mostueine). This procedure is an adaptation of a method 
developed by Langlois et al. (23) for the N-benzylation of 
5. Methylation of the imine nitrogen of 10 by treatment with 
iodomethane (THF, room temperature, 12 h) and subse- 
quent filtration provided the iminium salt 3 in 91 % yield. 

Coupling of 3 and 4 uncl con~zpletion c!f the synthesis c!f I 
The remaining steps in this convergent synthesis of mos- 

tueine are shown in Scheme 4. The critical coupling of 3 and 
4 went as predicted and afforded adducts l l a  (3S, 19s) and 
l l b  (3R, 19s) as a 1.35: 1.00 mixture, respectively, and in 
62% yield. Considerable effort was spent optimizing this 
reaction and it was found that the use of a con~bination of 
potassium tert-butoxide and lithium diisopropylamide af- 
forded the highest yield. A 30-n~in reaction time at -78OC 
was found to be sufficient; longer reaction periods led to a 
reduced yield. The diastereomeric compounds l l c i  and l l b  
were readily separable by silica gel flash chromatography. 

We were somewhat disappointed by the low degree of 
asymmetric induction (de = 15%) obtained for the addition 
of enantiopure 4 to the iminium salt 3. Preliminary efforts 
were made to improve the diastereoselection of this process 
by varying the hydroxyl protecting group (tert-butyldi- 

niethylsilyl ether and methoxymethyl ether) on 4 and the 
indole protecting group (beniyl and free indole). No im- 
provement in the asymmetric induction was obtained for the 
coupling of these modified compounds (all combinations 
were tried). These results suggest that the stereocenter on 4 
is too remote to offer significant stereoinduction upon ad- 
dition of this nucleophile. 

Compounds l l a  and l l b  in racemic form were also iso- 
lated by McGee et al. (6) in their synthesis of (*)-mos- 
tueine. Of significance is that our high-resolution 'H nmr data 
obtained for ( + ) - l l a  and (-)- l lb  correspond exactly with 
the literature (6). Their work demonstrated that the racemic 
modifications of the (3S, 19s) diastereomer l l a  can be cy- 
clized under forcing conditions (potassium tert-butoxide in 
THF) to provide (?)-mostueine. Mechanistically, this re- 
action is consistent with the transfer of the p-toluenesul- 
fonyl group from the indole nitrogen to the C-19 alkoxide 
followed by S,2 displacement of the p-toluenesulfonyloxy 
group by the indole nitrogen (for a related example of this 
type of cyclization, see ref. 24). Thus, treatment of l l a  with 
potassium tert-butoxide in anhydrous THF provided (+)- 
mostueine in 13.5% yield. The major product of the reac- 
tion was the imine 12 (40% yield) presumably formed by 
C-alkylation of the intermediary C-19 tosylate. Our results 
are consistent with those obtained by others (6, 7). The rel- 
ative (and in this case the absolute) configuration of 12 was 
established by 'H nmr nOe experiments. For instance, a 
significant enhancement (6.8%) of the H-14ax signal was 
observed upon presaturation at the signal for H-19. Addi- 
tionally, presaturation at the signal for the H-18 methyl pro- 
tons gave a 7.5% intensity enhancement of the H-21 signal. 

Attempts to improve the yield of mostueine were unsuc- 
cessful. For instance, the adduct corresponding to l l a  de- 
protected at N-9 was oxidized (MnO?, CH,C12, reflux, 36 h, 
42%) at C-19 to provide the ketone. Unfortunately, condi- 
tions to reductively aminate the indole nitrogen with the ke- 
tone were not found. 

The spectral data for the synthetically prepared (+)-mos- 
tueine were identical with the data for a sample of the 
natural product that was kindly provided by Prof. F. Khuong- 
Huu. Also, the optical rotation for mostueine synthesized by 
this method was + 186 (c 1 .O, CHCl,), a value that closely 
corresponds to the optical rotation of natural mostueine (+ 196 
(2)). This result unambiguously demonstrates that the ab- 
solute stereochemistry of 1 is (3S, 19R), an assignment that 
is consistent with the proposed biosynthesis (4) of mos- 
tueine from strictoside. 

In summary, the enantioselective synthesis of the indole 
alkaloid mostueine has been accomplished in a convergent 
and efficient manner. This work shows that the absolute 
configuration of mostueine is (3S, 19R) as depicted. 

Experimental 
Ap[~,~'~u-utu.s, m~~rerials ,  and methods 

The ' H  nmr spectra were recorded at 200 MHz and 400 MHz (as 
indicated) on Bruker AC-F2OO and AM-400 spectrometers, re- 
spcctively. The samples were dissolved in either C D C l  or DMSO- 
L / ,  (as indicated). The proton chemical shifts are quoted in parts per 
million (ppm) downfield relative to the internal standard, tetra- 
methylsilane (6 scale). The '" nmr spectra were recorded at 
50.3 MHz on a Bruker AC-F200 spectrometer. The carbon 
chemical shifts are quoted in ppm with reference to CDCI, 
(77.00 ppm). The multiplicities of signals were determined by 
JMOD experiments. The analyses were done as a first-order ap- 
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Me 
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lla L l lb  1 

proximation. The ir spectra were determined using KBr disks or 
taken from films on sodium chloride plates (as indicated) on a 
BOMEM MB-I 20 ft-ir spectrophotometer at room temperature. 

EI (electron ionization) mass spectra were recorded at 70 eV on 
a VG Analytical ZAB-E mass spectrometer equipped with a VG 
11-250 data system. CI (chemical ionization) spectra were re- 
corded on the same instrument using NH, at - 1 Torr (1 Torr = 
133.3 Pa) as reagent gas. The peak intensities are given as a per- 
cent of the base peak (100%) intensity. High-resolution mass spectra 
(hrms) measurements were performed on the above instrument 
under EI conditions. 

Melting points were determined using a Fisher-Johns appara- 
tus and are uncorrected. Optical rotations were measured on a 
Perkin-Elmer 24 1 polarimeter and were run at room temperature 
(-23°C). Thin-layer chromatography was performed using silica 
gel 60-Fz,, plates (E. Merck No. 5714) of 0.25 mrn thickness. 
Preparative-layer chromatographic (ptlc) separations were accom- 
plished on silica gel 60-F2,, plates (E. Merck No. 5717) of 2 mm 
thickness. For flash chromatography, silica gel 60 (230-400 mesh, 

quenched, and the solution acidified to pH -2 by addition of 4 M 
HC1. This solution was stirred for 2 h, at which point it was basi- 
fied to pH -10 using concentrated NH,OH solution (aq.). The 
aqueous layer was extracted with ethyl acetate (6 X 60 mL), the 
combined organic extracts were dried over MgSO, (anhydrous), and 
the solvent was removed in vacuo. The crude red oil (5.14 g) was 
purified by silica gel flash chromatography (ethyl acetate - hex- 
ane (2:3, v/v)) to furnish the acetylpyridine 8 (4.75 g,  83% over- 
all yield from 6) as a colorless oil (this material is slightly volatile 
and, thus, should not be exposed to reduced pressure for pro- 
longed periods); bp 57-58°C (1-2 Torr); v,,, (film): 3052, 2979, 
2928, 1687, 1592, 1358, 1270 cm-';  'H nmr (200 MHz, CDC1,) 
6: 2.53 (3H, s,  CH3CO), 2.62 (3H, s,  CH, at C-4), 7.17 ( lH,  d, 
J = 5.0 Hz, H-5), 8.51 ( IH,  d ,  J = 5.0 Hz, H-6). 8.92 ( I H ,  s,  
H-2); "C nmr (50.3 MHz, CDC1,) 6: 20.8 (CH, at C-4), 29.1 
(CH,CO), 126.6 (C-5), 132.8 (C-4), 147.8 (C-3), 150.2 (C-6), 
15 1.5 (C-2), 199.2 (CH3CO); ms (EI), rn/z (%): 135 (52) [MI', 
120 ( loo), 92 (82), 65 (37). Exact Mass calcd. for C,H,NO [MI': 
135.0684; found (hrms): 135.0692. 

E. Merck No. 9385-5) was employed. (I'S)-3-(l'-Hydro.uyethyl)-4-methylpyridize (4) 
All reactions involving lithiation were performed in apparatus Met,zorl I .  (-)-( lpe)2BCI reductiorz 

dried in the oven at 140°C for at least 12 h and assembled hot under To a solution of (-)- B-chlorodiisopinocampheylborane 
a stream of argon. Septa and syringes were used for transfer of re- (Ipc):BCI, Aldrich, 5.95 g, 18.5 mmol) in THF (20 mL) at -20°C 

--. agents. Solvents and reagents were reagent grade and, when re- 
.. . and under an argon atmosphere was added 3-acetyl-4-methylpyri- 

quired, further purifications were accomplished following published dine (8) ,00 g, 7.41 mmol), The reaction mixture was stirred for 
procedures (25). Titrations of the organolithium reagents were done 17 and the volatiles were removed under vacuum, The residue 
using diphenylacetic acid (26). was dissolved in diethvl ether (30 mLI and diethanolamine 
3-Ace~l-4-merhylpyridirze (8) 

To a stirred solution of 3-cyano-4-methylpyridine (6) (5.01 g ,  
42.5 mmol) (prepared according to ref. 9) in benzene (30 mL) at 
0°C and under an argon atmosphere was added a 3.0 M solution of 
MeMgBr in diethyl ether (42.0 mL, 126 mmol). The solution was 
stirred at 0°C for 2 h, the temperature was then raised to room 
temperature, and the stirring was continued a further 16 h. The 
mixture was cooled to O°C, the excess of MeMgBr was carefully 

(4.29 g,  40.8 mmol) was added. This mixture was stirred for 3 h 
and the solid that precipitated was removed by filtration through a 
sintered-glass funnel (medium porosity). The filter cake was washed 
twice with pentane and the combined filtrate and washings were 
concentrated in vnclro. To remove the remaining a-pinene, the oil 
was taken up in 0.2 M HC1 (40 mL) and washed with ethyl ace- 
tate (60 mL). The aqueous layer was basified with NaHC03 (s) and 
extracted with ethyl acetate (5 x 50 mL). The combined extracts 
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were dried over MgSO, and the solvent removed irl vtrcuo. The 
remaining oil was purified by silica gel flash chromatography (ethyl 
acetate - methanol (95:5, v/v)) to yield 0.61 g (60% yield) of the 
chiral alcohol 4 (ee = 93.0%) as a colorless oil; [all, -50.2 (c l .O, 
CHCI,). 

Merhnd 2 .  Y~,trsr  reducriorz 
Six 500-mL side-arm Erlenmeyer flasks, each containing a 

mixture of the ketone 8 (0.85 g ,  6 .3 mnmol) and dry baker's yeast 
(Fleischnmann's Yeast Limited, "Traditional Active Dry Yeast") 
(145 g) in tap water (250 mL), were shaken on a wrist-action shaker 
for 4 days at 32°C. The solutions were combined and centrifuged 
(13,000 rpm, I0 min, 4°C). The supernatant aqueous layers were 
decanted, more water was added to the centrifuge tubes, and the 
yeast re-suspended. This mixture was centrifuged as above and the 
supernatant aqueous layers were collected. All aqueous extracts 
were combined and passed through a 2-cm bed of Celite. Extrac- 
tion of the aqueous phase with ethyl acetate (6 X 400 mL), fol- 
lowed by drying of the combined organic layers over Na2S0, and 
removal of the solvent irz VCICIIO, gave a slightly-yellow oil. This 
material was further purified by silica gel flash chromatography 
(ethyl acetate - methanol (95:5, v/v)) to provide 3.45 g (67% yield) 
of the (S)-alcohol4 (ee = 99.0%) as a colorless oil; [a], -53.5 (c 
1 .O, CHCI,); v ,,,,, (film): 3296, 2975, 2926, 1603, 1449, 1416, 
1373, 1096, 1071 cm-'; 'H  nmr (200 MHz, CDCI,) 6: 1.46 (3H, 
d. J  = 6.5 Hz, C-2' H's), 2.30 (3H, s ,  CH, at C-4), 4.80 ( 1 H, br 
s, DzO-exchangeable, OH), 5.06 ( 1  H, q ,  J  = 6.5 Hz, H- 1 '), 6.98 
( l H ,  d ,  J  = 4.8 Hz, H-5), 8.18 ( IH,  d, J  = 4.8 Hz, H-6), 8.51 
(IH,  s,  H-2); "C nmr (50.3 MHz, CDC1,) 6: 18.1 (C-2'), 23.4 (CH, 
at C-4), 64.5 (C-l ') ,  125.0 (C-5), 140.0 (C-4), 144.3 (C-3). 145.7 
(C-6), 146.3 (C-2); ms (EI), m/z (%): 137 (28) [MI', 122 ( loo) ,  
94 (50), 93 (13), 92 (12), 65 (14). Exact Mass calcd. for C8H,,NO 
[MIi: 137.0841; found (hrnms): 137.085 1. 

(I'S)-3-[1'-0-(S-MTPA)etl~yl]-4-rr1etlr~lpyridi1ze (9) 
To S-(+)-a-methoxy-a-(trifluoromethy1)phenylacetic acid (101 

mg, 0.430 mmol) in dichloromethane (15 mL) were added 
N,Nf-dicyclohexylcarbodiimide (114 mg, 0.553 nmmol), 4-di- 
lnethylaminopyridine (10 mg. 0.082 mmol). and the chiral alco- 
hol 4 (42.0 rng. 0.306 mmol). and the solution was stirred for 
16 h. The white precipitate was removed by filtration through a 
sintered-glass funnel (fine porosity) and washed with pentane (2 x 
15 mL). The filtrate was diluted with dichloromethane (20 mL) and 
sequentially washed with saturated aqueous solutions of NaHCO, 
and NaCl (15 mL of each). The organic layer was dried over MgSOJ 
and the solvent removed irz tlclcuo to afford 76.8 rng (7 1% yield) 
of the acetate 9 as a colorless oil (the spectral data for the ( l lS ,R)  
diastereomer are given in parentheses if they are different from those 
of the ( I IS ,S)  diastereomer); 'H nmr (400 MHz, CDCI,) 6: 1.56 
(1.63) (3H, d, J  = 6.7 Hz, C-2' H's), 2.38 (2.33) (3H, s, CH, at 
C-4). 3.45 (3.55) (3H, q, J  = 1.2 Hz, OCH,), 6.27 (6.23) ( I H ,  
q, J  = 6.7 Hz, H-1'), 7.06 (7.03) (1H. d, J  = 5.0 Hz, H-S), 7.30- 
7 .45(5H,  m, Ph), 8 .39 ' (8 .37) (1H,d ,  J =  5 . 0 H z ,  H-6), 8.53 
(8.35) ( IH,  s, H-2); "C nnmr (50.3 MHz, CDCI,) 6: 18.4 (18.3) 
(C-2'), 21.1 (21.0) (CH, at C-4), 55.3 (55.5) (OCH,), 70.5 (70.4) 
(C-1'), 120.4 (CCF,), 125.4 (125.2) (C-5), 126.2 (CF,), 127.2, 
128.3, 129.6, 131.8 (127.0. 128.4) (Ph), 134.4 (134.3) (C-3), 
144.2 (C-4). 147.6 (147.4) (C-6), 149.1 (149.0) (C-2), 165.6 
(165.8) (RC02Rr); ms (EI), 111/z (%): 354 (5) [M + HI', 224 (12), 
I89 (65), 143 (14), 120 (100); ms (CI), rrz/z (%): 354 (100) [M + 
HI '. 120 (15). Exact Mass calcd. for C18H,,N0,F, [M + HI ': 
354.13 16; found (hrnms): 354.1322. 

4,Y-Dihydr-n-9-(p-rol11erzesu!fo11~I)-3H-pjricl~7-[3,4-b]ir1tlole (10) 
At - 1O0C, the 3,4-dihydro-P-carboline 5 (see ref. 21 for prep- 

aration, 1.40 g ,  8.23 mlnol) was added slowly to a suspension of 
NaH (0.58 g. 60% in mineral oil. 14.6 ~nlnol) in DMF (20 mL) and 
under an argon atmosphere. (Caution: various 3,4-dihydro-P-car- 
bolines and 3,4-dihydro-2-methyl-P-carbolinium salts have re- 
cently been implicated in provoking the neuronal degeneration 
underlying idiopathic Parkinson's disease (27).) The mixture was 

stirred for 30 nmin and then cooled to -60°C at which time p-tolu- 
enesulfonyl chloride (3.15 g. 16.5 mmol) was added. The reac- 
tion mixture was acidified after 1.5 h using 0.2 M HCI (40 nmL) and 
extracted with diethyl ether (2 x 30 mL). The combined organic 
layers were extracted with 0.2 M HCI (25 mL) and the combined 
aqueous extracts made basic with concentrated NH,OH solution 
(aq.). Extraction with dichlorolnethane (2 x 60 nmL) and subse- 
quent drying over MgSO, and removal of the solvent irz \,ncuo 
provided a solid amorphous material. This solid was purified by 
silica gel flash chromatography (ethyl acetate - hexane (7:3 v/v)) 
to yield 1.74 g (65%) of the tosylamide 10, which was recrystal- 
lized from ethyl acetate - hexane; mp 143-145°C; v,,, (KBr): 3048, 
2936, 2849, 1596, 1554, 1444, 1365, 1230, 1167 cm-I; ' H  nmr 
(200 MHz, CDCI,) 6: 2.31 (3H, s ,  Ts-CH,), 2.75 (2H, app t, J  = 
8.7 Hz, H-4), 3.84 (2H, td, J  = 2.2, 8 .8  Hz, H-3), 7.16 (2H, d, 
J  = 8.2 Hz, Ts), 7.28 ( I H ,  t, J  = 7.5 Hz, H-6), 7.43 ( l H ,  t, J  = 
7.8 Hz, H-7), 7.47 ( l H ,  d ,  J  = 7.9 Hz, H-5), 7.65 (2H, d, J  = 
8.2 Hz, Ts), 8.18 ( l H ,  d, J  = 8.3 Hz, H-8), 8.99 (IH, app s, H-1); 
"C nmr (50.3 MHz, CDC13) 6: 18.7 (C-4), 21.4 (Ts-CHI), 47.1 
(C-3). 115.1 (C-8), 120.1 (C-5), 124.1 (C-6), 125.6 (C-44, 126.5 
(Ts), 127.3 (C-7), 127.8 (C-4b), 128.6, 129.8 (Ts), 134.7 (C-94, 
136.8 (C-8a), 145.1 (Ts), 150.9 (C-I); ms (EI), nz/z (%): 324 (24) 
[MI',  169 ( loo) ,  142 (22), 115 (2 l ) ,  91 (19). Exact Mass calcd. 
for C18Hl,NZ0,S [MI': 324.0932; found (hrms): 324.0926. 

4.Y-Dil1~~dr-o-2-r1rer~l-9-(p-rol11e12e~r11~f011yI)-3H-pyrido- 
[3,4-b]ir1clolirzi~~111 iodide (3)  

To a solution of the tosylamide 10 (501 mg, 1.54 mmol) in tet- 
rahydrofuran (25 mL) was added iodomethane (0.49 mL, 
7.7 mnmol) with stirring and at room temperature, and the mixture 
was allowed to stand overnight. The solid precipitate 3 was iso- 
lated by filtration through Whatman filter paper (hardened) and the 
filter cake washed with hexane (2 x 20 mL) to provide 0.653 g 
(91% yield) of the bright-yellow crystalline 3,4-dihydro-2-methyl- 
P-carboliniu~n salt 3; mp 195- 197°C; v,,,, (KBr): 3077, 3035, 2994, 
2970, 1640, 1540, 1434, 1370, 1171, 1096 cm-I; 'H nmr 
(200 MHz, DMSO-cl,) 6: 2.31 (3H. s ,  Ts-CH,), 3.37 (2H, app t, 
J  = 9.0 Hz, H-4), 3.89 (3H, s ,  N-CH,), 4.16 (2H, t, J  = 9.1 Hz, 
H-3). 7.16 (2H, d ,  J  = 8.4 Hz, Ts), 7.45 ( IH,  app t, J  = 7.9 Hz, 
H - 6 o r H - 7 ) , 7 . 7 0 ( 1 H , a p p t , J = 7 . 9 H z , H - 6 o r H - 7 ) , 7 . 8 7 ( 1 H ,  
d, J  = 7.9 HZ. H-5). 7.99 (2H, d ,  J  = 8 . 4 H z , T s ) ,  8.07 ( lH,  d, 
J  = 8.6 Hz. H-8), 9.47 ( l H ,  s, H-I); "C nnlr (50.3 MHz, DMSO- 
cl,) 6: 19.0 (C-4). 21.0 (Ts-CH,), 47.7 (N-CH,), 49.8 (C-3). 1 14.6 
(C-8). 123.2 (C-5). 125.4 (C-6), 125.8, 125.9 (C-4a, C-4b), 127.4, 
130.4 (Ts), 131.6 (C-7), 132.5 (C-9a), 134.1 (Ts), 138.7 (C-8a), 
146.5 (Ts). 155.1 (C-I); ins (EI). rrz/z (YO): 340 (17) [M - I + HI '-, 
185 ( loo) ,  184 (73), 183 (36), 157 (18), 156 (18), 142 (61), 139 
(24), 92 (5 1). 9 1 (64). Exact Mass calcd. for Cl,H,,,N,02S [M - 
l + HI': 340.1245; found (hrms): 340.1234. 

Tosylarrlide crdtlrrcrs lla[(IS,I"S)-2,3,4,9-terr~~l1yeIro-l-{[3'-(1"- 
hydro.rye~hyl)-4'-~~yridi11~~I]111etlzyI}-2-111e~hyl-Y-(p-toli~e1ze- 
su!fbrz!l)- 1 H-p~~rido[3,4-b]irzrlole] clrlrl 11 b[( 1 R,  1"s)- 
2,3.4,9-rc~trr~l1ydro-I -{[3'-(l"-hydro.~-yer11~~1)-4'- 
~~yr-itli1z~l~netl~jI}-2-met/2yl-9-(p-lie1zesifo1yl)- H- 
pyrirlo[3,4-b]ir1tlole] 

Under an argon atmosphere and at - 10°C, the hydroxypyridine 
4 (228 mg, 1.66 mmol) in tetrahydrofuran (20 mL) was treated with 
potassiunm rer-r-butoxide (1.5 M in tetrahydrofuran, 1.44 mL. 
2.16 mmol). The solution was stirred at this temperature for 
10 min at which time it was cooled to -78°C and lithium diiso- 
propylamide ( 1.5 M in tetrahydrofuran, 1.44 mL, 2.16 mrnol) was 
added; the solution became yellow. After 25 min, the solution was 
added dropwise using a cannula to a vigorously stirred suspension 
of the 2-methyl-P-carboliniuln salt 3 (5 19 mg, I .  l I mmol) in tet- 
rahydrofuran (20 mL) at -78°C. The reaction was quenched after 
0.5 h by addition of saturated NaCl (aq.) (2  mL) and then diluted 
with dichloronmethane (40 mL). This mixture was washed sequen- 
tially with saturated NaHCO, (aq.) (15 mL) and saturated NaCl (aq.) 
(15 nmL), dried over MgSO,, and the solvent removed irl vncrro. The 
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residual oil was purified by silica gel chromatography (ethyl 
acetate - methanol (95:5, v/v)) Silica gel flash chromatography 
(dichloromethane - 95% ethanol (20: I ,  v/v)) afforded the dia- 
stereorners l la (1 88 mg) and l l b ( 139 rng) (62% overall yield) as 
slightly yellowish crystals. (The numbering system used for both 
' H  nmr and "C nmr assignments for l l a  and l l b ,  and for the fol- 
lowing two compounds (12 and I ) ,  refers to mostueine number- 
ing, as shown in the structural formula for I . )  

l l a :  mp 85-90°C; [a], +68 (c 1 .O, CHCI,); v,,,;,, (KBr): 3363, 
2967, 2933, 2847, 1597, 1450, 1366, 1 170, 754 cm-.I; ' H  nmr 
(400 MHz, CDCI,) 6: 1.60 (3H, d, J = 6.6 Hz, C-I8 H's), 2.29 
(3H, s. Ts-CH,), 2.35 (3H, s, N-CH,), 2.3 1-2.40 ( IH,  m,  H-5 or 
H-6), 2.48-2.83 (3H, m, C-5 H's, C-6 H's), 3.34 ( 1  H, dd, A of 
ABX, J = 7.4, 14.2 Hz, H-14), 3.53 (IH, dd, B of ABX, J = 3.5, 
14.2 Hz, H-14'), 4.46 ( IH,  dd, J = 3.2, 7.3 Hz, H-3), 5.15 (1H. 
q , J =  6.6Hz,  H-19),7. l l  ( 2 H , d , J =  8 .4Hz,Ts) ,7 .22(1H,d ,  
J = 5.1 Hz, H-16), 7.29-7.41 (3H, rn, H-9, H-10, H-l I ) ,  7.50 
(2H, d, J = 8.1 Hz. Ts), 8.22 (LH, d, J = 7.8 Hz, H-12), 8.32 
( IH,  d, J = 5.1 Hz, H-17), 8.61 ( lH,  s, H-21); "C nmr 
(50.3 MHz, CDCI,) 6: 15.9 (C-6), 19.9 (Ts-CH,), 2 1.4 (C-18), 
36.5 (C- 14), 41.3 (N-CH,), 43.1 (C-5), 62.5, 62.9 (C-3, C-19), 
115.7 (C-12), 118.6 (C-9), 118.9 (C-7), 124.2 (C-lo), 125.2 
(C-l I ) ,  125.7 (C-16), 126.1, 129.5, 130.0 (Ts), 134.5 (C-8), 137.1 
(C-2), 137.2 (C-13), 138.8 (C-20). 144.9 (C-15), 146.9 (C-17), 
147.0 (Ts), 148.7 (C-21); ms (EI), tn/: (%): 476 ( < I )  [M + HI", 
339 (100), 184 (47), 183 (36), 122 (23), 91 (35). Exact Mass calcd. 
for C27H,oN,0,S [M + HI': 476.1993; found (hrms): 476.2008. 

l l b :  [a], - 149 (c 1.0, CHC1,); v ,,,;,, (KBr): 3378, 2969, 2935, 
2849,2801, 1596, 1450, 1368, 1 170,753 c m ' ;  'H nmr (400 MHz, 
CDC1,) 6: 1.68 (3H, d, J = 6.5 Hz, C-18 H's), 2.25 (3H, s, 
N-CH,), 2.29 (3H, s, Ts-CHJ, 2.5 1-3.40 (4H. m, C-5 H's, C-6 
H's), 3.16 ( lH,  dd, A of ABX, J = 10.0, 14.2 Hz, H-14), 3.37 
( lH,  d, J = 14.2 Hz, H-14'), 4.23 ( IH,  br d, J = 9.8 Hz, H-3), 
5.02 (IH, q, J = 6.5 Hz, H-19), 7.10 (2H, d, J = 8.0 Hz, Ts), 
7.26-7.41 (3H, m, H-9, H-10, H-11), 7.49 (2H. d, J = 8.4 Hz, 
Ts), 7.88 ( lH ,  d, J = 5.2 Hz, H-16), 8.24 ( lH ,  d, J = 8.1 Hz, 
H-12). 8.55 ( lH ,  d, J = 5.1 Hz, H-17), 8.76 ( lH ,  s, H-21); "C 
nmr (50.3 MHz, CDCI,) 6: 16.4 (C-6), 21.4 (Ts-CH,), 23.1 (C- IS), 
36.6 (C-14), 42.3 (N-CH,), 44.1 (C-5), 61.4 (C-3), 65.4 (C-19), 
115.7 (C-12), 118.6 (C-9), 119.9 (C-7), 124.2 (C-lo), 125.0 
(C-11), 126.0 (C-16), 126.2, 129.5, 130.2 (Ts), 134.4 (C-8). 134.8 
(C-2), 137.2 (C-13), 139.5 (C-20), 144.8 (C-15), 146.3 (Ts), 148.0 
(C-17). 148.1 (C-21). 

Imitze 12 [(6S, 12R)-5,12-dihydro- 12,15-c/it11erl1~11-6H-6, I 1 b- 
(i1~li1~oerlzntzo)~1y1'ido[3',4':4,5]~~~~clolze~~r[I ,2-b]itlclole] cltzd 
(+)-t~zosrueitze (I)  [(SR, 13aS)-1,2,3,S, 13,13a-lzc~.~r1l~yc/ro- 
1,8-clitnethyl-I, 76, I0-r1'iazc1be~zzo[5,6]~~~clc~lze~1tr1[I ,2,3- 
j kljl~loretlc] 

To a stirred solution of the tosylamide l l r r  (163 mg, 0.343 mmol) 
in tetrahydrofuran (15 mL) at 0°C was added potassiun~ rerr-bu- 
toxide (231 mg, 2.06 mrnol). The medium was allowcd to warm 
slowly to room temperature and, after 5 h, was dilutcd with di- 
chloromcthane (40 mL) and washed with saturated NaCI (aq.) 
(20 mL). The organic layer was dried over MgSO, and the solvent 
removed itz vnc.uo. The residual solid was purified by ptlc (dicthyl 
ether - 95% ethanol - diethylamine (90:3:7, v/v)). The major 
product isolatcd was the imine 12 (40.3 mg, 40%) along with 
mostueine l ( 1 4 . 0  mg. 13.5%). 

12: [a][, -42.8 ( c  I .O,  CHCI,); v ,,,,, (KBr): 2930, 2859, 2794, 
1593, 1451, 1325, 1143,920 cm- ' ;  ' H  nrnr (200 MHZ. CDCI,) 6: 
1.72 (3H, d, J = 7.2 Hz, C-18 H's), 1.96-2.37 (4H, m,  C-5 H's, 
C-6 H's), 2.38 (3H, s, N-CH,), 2.78 ( IH,  q ,  J = 7.2 Hz, H-l9), 
3.1 1 ( IH,  dd, A of ABX, J = 6.3, 14.9 HZ, H-14). 3.47 ( IH,  dd, 
B of ABX, J = 1.9, 14.9 Hz, H-l4'), 4.12 (IH. dd, J = 2.0, 6.4 
Hz, H-3). 7.23 ( lH,  td, J = 1.2, 7.3 Hz, H-lOor H-l I ) ,  7.24 (IH, 
d, J = 4.8 Hz, H-16), 7.37 ( IH,  td, J = 1.3, 7.5 Hz, H-10 or 
H-l I ) .  7.46 ( IH,  d, J = 7.5 Hz, H-9). 7.64 ( IH,  d, J = 7.3 Hz, 
H-l2), 8.47 ( lH ,  d ,  J = 4.8 Hz, H-L7), 8.58 (IH, s. H-21); "C 

nmr (50.3 MHz, CDCI,) 6: 18.5 (C-18), 30.6 (C-6), 36.0 (C-141, 
38.2 (N-CH,), 42.1 (C-7), 42.3 (C-19), 47.1 (C-5), 60.7 (C-3), 
121.0 (C-12), 124.9 (C-11), 125.1 (C-lo), 125.8 (C-9), 128.1 
(C-16), 137.1 (C-20), 144.9 (C-8), 148.2 (C-17), 148.3 (C-15), 
148.7 (C-21), 154.2 (C-13), 187.3 (C-2); ms (EI), tn/z (%): 303 
(82) [MI-', 288 (8), 260 (23), 184 (100); ms (CI), tn/z (%): 304 
(100) [M + HI', 184 (IS), 183 (18). Exact Mass calcd. for 
C20H21N1 [MIi-: 303.1735; found (hrms): 303.1741. 

1:' [a],, + 186 (c 1 .O, CHC1,); v ,,,;,, (KBr): 2920, 2850, 2790, 
1596, 1457. 1320, 1192, 1051, 747 cm-'; 'H nmr (200 MHz, 
CDCI,) 6: 1.67 (3H, d, J = 7.0 Hz, C-18 H's), 2.54 (3H, s, 
N-CH,), 2.62-2.79 ( 1  H, m, H-6), 2.90-3.00 ( l H, m, H-5 or H-6), 
3.10-3.38 (2H, m, C-5 H's or C-6 H's), 3.15 ( lH ,  dd, J = 2.1, 
13 HZ, H-l4), 3.52 ( l H ,  t, J = 12.7 HZ, H-14'), 3.85 ( lH,  dd, 
J = 2.1, 12.7 Hz, H-3). 5.79 ( IH,  q, J = 7 Hz, H-19), 7.19 (IH, 
t ,  J = 7.0 Hz, H-lo), 7.28 ( IH,  d, J = 4.9 Hz, H-16). 7.29 ( lH,  
t ,  J = 7.0 Hz, H- l l ) ,  7.47 ( lH ,  d, J = 8.3 Hz, H-9), 7.52 
( lH ,  d, J = 7.5 Hz, H-12), 8.55 ( lH ,  d, J = 4.9 Hz, H-17), 8.62 
( IH,  s, H-21); "C nmr (50.3 MHz, CDCI,) 6: 18.7 (C-6), 22.8 
(C-18). 36.8 (C-14), 37.3 (N-CH,), 53.1 (C-5), 55.3 (C-19), 60.8 
(C-3), 108.2 (C-7), 109.5 (C-I?), 118.4 (C-1 I), 119.6 (C-lo), 
121.8 (C-9). 125.1 (C-16), 126.8 (C-8j, 133.7, 134.8 (C-2, C-20). 
136.3 (C-l3), 147.1 (C-15). 149.4, 150.2 (C-17, C-21); ms (EI), 
tn/z (96): 303 (100) [MI', 288 (33), 260 (56), 184 (74); ms (CI), 
m/: (%): 304 (100) [M + HI', 183 (37). Exact Mass calcd. for 
C20H21N3 [MI': 303.1735; found (hrms): 303.1738. 
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