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ABSTRACT 

An adaptation of a malonic ester synthesis successfully yielded the tricyclic ketones 

105 and 106 as key intermediates for the synthesis of conformationally restricted analogs, 

l2a-d and l3a-d. Investigation of alternative routes led to the development of a general, 

regiospecific method for the introduction of a vinyl group into the important indole 

3-position utilizing the palladium-catalyzed cross-coupling reaction between 3-indole

boronic acids and vinyl triflates. 

The malonic ester route provided 105 in 14.8% overall yield. When the nitrogen atom 

of 105 was protected as the carbobenzyloxy (Cbz) derivative followed by the isomerization 

in a strong base, the stereochemistry of the product 106b was determined as cis-~ by 1 H 

NMR spectroscopy using homodecoupling technique. N-deprotection of l06b under acidic 

conditions suggests that the apparent stereoselectivity of the PPA cyclization of 104 is due 

to partial equilibration of the tricyclic ketone 105 to the more stable trans-isomer 105a. 

Examination of molecular models of 106a and 106b reveals the existence of a severe 1,5-

steric interaction between either of the carbamate oxygens and the benzylic carbon of the 

central ring in either 106a or the a-conformer of 106b. This steric: interaction does not 

occur in the cis-~ conformer of 106b. Molecular models of the ~-conformer of l06b 

reveal steric congestion around the ketone carbonyl group, thus explaining the failure of 

attempts to successfully perform either the epoxidation or the Wittig reaction on 106b. 

From I-substituted-3-piperidones, two kinds of triflates can be made with high 

regioselectivity depending on the substituents on the nitrogen. When the substituents are 

electron donating (methyl, benzyl), only the allylamine-type isomers (34a and 34b) could 

be detected by GC-MS and high field NMR. If the substituents are electron withdrawing 

(Cbz, Boc), the enamine-type isomer (35c and 35d) was exclusively obtained. For the 



13 

synthesis of 3-indoleboronic acids, the mercuration-boronation route appears superior over 

halogen-metal exchange method. 
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1. INTRODUCTION 

As part of a continuing effort to investigate structure-activity relationships at serotonin 

receptors (Taylor, 1987, 1988), this study was initiated to design and synthesize rotation

restricted serotonin analogs. In the course of the investigation, a new method for the 

introduction of vinylic groups into the indole 3-position via palladium-catalyzed cross

coupling between 3-indoleboronic acids and vinyl triflates was studied. 

1.1 Pharmacological Background on the Neurotransmitter Serotonin 

More than 100 years ago, it was realized that blood contained an endogenous 

vasoconstrictor substance which was referred to as serum factor (Stevens, 1884). Later in 

1933, Erpsamer and colleagues demonstrated a widespread distribution in nature of a 

smooth-muscle-contracting substance called "enteramine" because large amounts of it were 

stored in the enterochromaffin cell system of the gastrointestinal tract (Vialli, 1933). No 

significant progress was made in this area until Rapport, Green, and Page were able to 

purify a vasoconstrictor substance that they called "serotonin" to describe its "serum tonic" 

character (Rapport, 1947). Two years later, the structure of serotonin was identified as 5-

hydroxytryptamine (5-HT, 1; Rapport, 1949). It soon became clear that the serum factor, 

enterarnine, and serotonin were the same substance. 

Fig.l The Structure of Serotonin (5-HT) 

HO 

1 
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Extensive research into the physiological activities of serotonin was initiated by its 

synthetic production in 1951 (Hamlin, 1951). Since then, scientific interest in this 

compound has increased dramatically. As shown in Fig.2, the number of papers published 

yearly under the serotonin category jumped from about 500 during the 1970's to nearly 

2500 in 1992. 

Fig.2 The Number of Papers Published Yearly under Serotonin Category 
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Never before had a single neurotransmitter been known to involve so many 

physiological activities, such as blood platelet aggregation, temperature and blood pressure 

regulation, emotion, sexual responses, appetites, etc. (Fozard, 1991; Peroutka, 1991; Zifa, 

1992; Tollefson, 1991). The ability of serotonin to evoke these diverse physiological 

responses is believed to arise from its differential interactions at multiple 5-HT receptor 

subtypes. 
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5-HT receptors were initially classified as 5-HT1 and 5-HT2 (Peroutka, 1979), then 5-

HT3, and 5-HT4 categories were added (Peroutka, 1993; Zifa, 1992). Recently molecular 

biological techniques have led to the cloning of 5-HT 5' 5-HT 6 and 5-HT 7 sUbtype 

receptors (Shen, 1993; Ruat, 1993; Matthes, 1993). The further subdivision is even more 

complicated and new receptors are often reported. For example, the 5-HT 1 receptor now is 

subdivided into 5-HT1A--5-HT1F (Leonhardt, 1988; Peroutka, 1993; Zgombick, 1992). 

and the subtype 5-HT ID receptor is further divided into 5-HT IDa and 5-HT ID~ (Peroutka, 

1993). 

5-HT receptors are primarily distributed in the central nervous (CNS), cardiovascular 

(CV), and gastrointestinal (GI) systems in humans and animals. In the CNS, numerous 

experiments have suggested that most 5-HT-linked syndromes, such as hypotension, 

hypothermia, sexual behavior, schizophrenia, migraine, depression, sleep, anxiety, etc., 

are mediated by the central 5-HT receptors (Zifa, 1992; Cowen, 1991; Jacobs, 1992; 

Robertson, 1988; Wikstrom, 1990). In the CV system, serotonin receptors are found in 

highest concentration within platelets but have been identified throughout the CV system, 

where serotonin is shown to be involved in platelet aggregation (Wang, 1990), 

vasodilatation (Trevethick, 1984; Bond, 1989; Schoeffter, 1990; Blauw, 1988), vasocon

striction (Saxena, 1990; Cohen, 1988; Connor, 1989; Chester, 1990), and bradycardia as 

well as tachycardia (Saxena, 1990). In the GI tract, although all major serotonergic 

receptors have been identified, the most prominent are 5-HT lA (Fozazrd, 1985), 5-HT 2' 5-

HT 3 (Sanger, 1985), and recently reported 5-HT 4 receptors (Craig, 1990). 

In spite of the vast amount of research that has gone into characterizing serotonergic 

systems, there is still a relatively poor understanding of the exact roles and mechanisms of 

action of 5-HT in the CNS. Numerous approaches have been used to study central 

serotonergic mechanisms, but there have often been major difficulties in interpreting data 
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from such studies. One complicating factor is the heterogeneity of serotonergic systems: 

multiple 5-HT subtype receptors coexist with many of the different neurophysiological 

pathways. Another complication is that the general lack of selective 5-HT agonists or 

antagonists which can discriminate between different 5-HT receptor SUbtypes. Also, the 

roles of other neurotransmitter systems, such as adrenergic and dopaminergic systems, 

create immense difficulty in this area. Indeed, the characterization and further 

understanding of the function of 5-HT receptors would be greatly enhanced by the 

discovery and development of agents that selectively interact with specific 5-HT receptor 

subtypes and could lead to many useful clinical applications. 

1.2 The Design of Target Compounds for Pharmacological Evaluations 

Structurally, serotonin is an indolealkylamine wherein free rotation around the bonds of 

the ethyl amino side chain can create numerous conformations (Scheme-I). Since no 

compounds lacking the basic amino group have been shown to have high affinity for 

serotonin receptors, the amino group in the side chain is considered essential for the 

peripheral and CNS activities of 5-HT. Based on the assumption that different 5-HT 

receptors may recognize 5-HT with different side chain conformations, many semi- and 

fully-rigid 5-HT analogs were synthesized (Taylor, 1988; Romero, 1992; Audia, 1991; 

Wikstrom, 1990; Taylor, 1987) and some of them were found with selectivity toward 

5-HT receptors (Ward, 1988; Arnt, 1989a; Arnt, 1989b; Glennon, 1986; Pierce, 1989; 

Leonhardt, 1989; Slaughter, 1990; Macor, 1990; Sills, 1984; McBride, 1990; Hillver, 

1990; Rasmussen, 1991). RU 24969 (~), a cyclic homologue of 5-HT, is a potent 

5-HTIA' 5-HTIB' and 5-HT1C agonist. When compared with 5-HT, ~ is more selective 

toward 5-HT1A and 5-HTJB receptors (Hoyer, 1985). A homologue of~, CP-96501 (~), 

possesses a six-fold greater selectivity for 5-HTJB over 5-HT1A receptors while keeping a 
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similar binding affinity, a significant improvement since 5-HT itself has similar affinities 

for 5-HT1A and 5-HTlB receptors. 

Scheme-1 Free Rotation of Serotonin Side Chain 

HO HO 

H 

Fig.3 Structures of RU 24969 and CP-96501 

RO 

~ R= CH3 

J. R = n-Pr 

In a continuing effort to discover more selective 5-HT receptor ligands, the synthesis 

and biological evaluation of the target compounds in this study was based on the following 

considerations (Taylor, 1987): 

1) Prototypical compounds should show relatively high potency and/or selectivity. 

Tetrahydropyridylindoles have been of interest since the initial reports that RU 24969 

(~) and RU 28253 (~) had high potency as 5-HT agonists and were able to differentiate 

between certain 5-HT receptors (Euvrard, 1980; Hunt, 1981). This has been reinforced 

by the recent report that RU 28253 and RU 24969 are discriminated by the newly 

proposed 5-HT4 receptor, which has been defined by its stimulation of adenylate 
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cyclase and a unique pharmacology (Dumuis, 1988). At this receptor, RU 28253 acts 

as an agonist, whereas RU 24969 has no effect. 

2) Compared to most other indole derivatives, many ergolines such as d-Iysergic acid 

diethylamide (d-LSD, ~), metergoline (~) and methysergide (1) show high potency at 

most 5-HT recognition sites (Zifa, 1992). Another observation is that 8-hydroxy-(2-

di-n-propylamino )tetralin (8-0H-DPAT, .8), which possesses partial ergoline structure, 

is a potent 5-HT 1 A agonist and has been used to characterize the recognition 

requirements of the 5-HT 1 A binding site. Derivatives of tetrahydro-beta-carboline 

(THBC, 2) have been found to have very low affinities for both 5-HT 1 and 5-HT 2 sites 

(Casio, 1982), thus discouraging our interest in this category and causing us to focus 

on the ergoline type conformation. 

3) The compounds should be conformationally rigid. This criterion is important so that the 

pharmacological evaluation and the subsequent QSAR studies can be accomplished 

with reasonable degrees of accuracy. The trans C/D ring fusion will give only one 

conformation while the cis isomer will lead to at least two possible stable 

conformations. On the other hand, the interesting observation that the introduction of a 

2-methyl group to the analogs of RU 24969 (10,11), which can force the 

tetrahydropyridine ring out of the plane of the indole ring, causes the binding affinity to 

5 -HT l' 5-HT 1 A and 5-HT 2 receptors to drop 5- to 36-fold, suggesting that the co-

planar conformation provides better binding affinity (Taylor, 1987, 1988). In our target 

compounds, the nitrogen in the piperidine ring will be approximately in the plane of the 

indole ring when the CID rings are fused in a trans manner. 

Therefore, we proposed the synthesis and pharmacological evaluation of the fully 

conformationally restricted RU 28253 analogs 12a-d and 13a-d, all of which exhibit the 

following structural characteristics: a). contain the basic structure of saturated RU 28253. 
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b). have an ergoline-type conformation and c). possess trans CID ring fusion which lead to 

relatively flat molecules. 

Fig.4 Structures of 5-HT Analogs 

o 

~ ~ 
RU28253 d-LSD 

OH "n-Pr 

OO
~\\"'N, I n-Pr 

~ 

8-0H-DPAT 
.H 

THBC 
.2 

f! 
Metergoline 

R 

7. 
Methysergide 

10 R=H 
11 R=MeO 

Fig.5 Proposed Structures of Conformationally Restricted 5-HT Analogs 

RO RO H 

u. R=H, R'=H 
b. R=H, R'=Me 
c. R=Me,R'=H 
d. R=Me,R'=Me 
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1.3 Overview of Palladiwn-Catalyzed Cross-Coupling Reactions 

The use of palladium reagents in synthetic chemistry has expanded tremendously 

during last several decades and has found applications to such transformations as: double 

bond isomerizations; molecular rearrangements; substitution and elimination reactions at 

allylic carbons; coupling and cross-coupling reactions; dimerization and oligomerization of 

alkenes, dienes, and alkynes; carbonylations and decarbonylations; cyclopropanations 

(Mitchell, 1992; Erdick, 1992; Tsuji, 1990). Through the application of palladium 

chemistry, many traditional multi-step reactions, especially those involving the most 

important and frequently difficult construction of carbon-carbon bonds, can be achieved in 

one or a few steps, under mild conditions, in high yields and with good regio- and 

stereoselectivity (Heck, 1982, 1985; Powell, 1988). In particular, the palladium-catalyzed 

cross-coupling of organometallics (Ag, AI, B, Cu, Li, Mg, Sn, Zn, and Zr) with organic 

electrophiles has attracted considerable attention and remains one of the most extensively 

studied processes (Stille, 1986; Kalinin, 1992; Negishi, 1982). The novelty of the 

reactants, the clarity of the regio- and stereochemistry, and the diversity of reactivities 

among different organometallics and organic electrophiles provides chemists with many 

advantageous choices in the arsenal of reactions for organic synthesis (Miyaura, 1985; 

Dang, 1978; Negishi, 1982; Campbell, 1980; Tamao, 1978; Normant, 1983; Whitesides, 

1971; Larock, 1978). 

As a coupling mate, an organoboronic acid has many extraordinary advantages over the 

other organometallics mentioned above. First, organoboronic acids are relatively stable. 

The similarity in electronegativities of boron (2.0) and carbon (2.5) endows the boron

carbon bond with more covalent character than that in many other organometallic-carbon 

bonds. Therefore, organoboronic acids, especially with the boron atom bonded to an 
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unsaturated carbon center, are inert to many electrophiles like carbonyls, carboxylic acids 

and their derivatives, nitriles, and even active protons and oxygen. Most arene- and 

alkeneboronic acids can be recrystallized from water or alcohols. Second, a variety of 

methods are available for the preparation of various types of organoboronic acids and esters 

(vide infra). Finally, organoboronic acids are relatively nontoxic, easy to handle, and 

inexpensive. 

In 1981, Suzuki and his co-workers (Miyaura, 1981) first reported that benzeneboronic 

acid could be coupled with aryl halides, using palladium phosphine complex as a catalyst in 

the presence of bases to provide the corresponding biary Is in good yields (Scheme-I). 

Since then, a large body of literature exploring the application of this versatile reaction has 

emerged (Martin, 1993). 

Scheme-l Suzuki Reaction 

< }-B(OHh + Br-(Y 

z 

<) < r z 

Z = o-Me, p-Me, o-MeO, p-MeO, p-CI, p-COOMe, etc. Yields: 40-99% 

The detailed mechanism of the reaction has not been fully elucidated, but a schematic 

sequence based on information available from related studies with other organopalladium 

reactions can be outlined (Miyaura, 1985; Martin, 1993). The general catalytic cycle for the 

cross-coupling of organometallics with organic electrophiles, such as organic halides, 

catalyzed by palladium(O) is shown in Scheme-2 (Collman, 1987). This type of coupling 

reaction involves the initial oxidative addition of the electrophile to the palladium(O) catalyst 

(step a), followed by transmetallation of the organometallic to yield the corresponding 

bis(organo)palladium(II) complex (step b), which rapidly undergoes reductive elimination 

to form the coupled product and regenerate the palladium(O) catalyst (step c). 
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Scheme-2 Catalytic Cycle for General Cross-Coupling Reactions 

R-X 

Pd (0) 

R-R' 

R-Pd-:X 
c 

R-Pd-R'~ 
b R'M 

The mechanisms of the oxidative addition and reductive elimination processes have 

been intensively studied, and are reasonably well understood (Stille, 1977; Gillie, 1980). It 

is generally accepted that the oxidative addition of electrophiles to tetrakis(phosphine) 

palladium(O) complex results in trans addition products and the subsequent transmetallation 

usually does not change the stereochemistry. Since the I,I-reductive elimination is carried 

out in an intramolecular cis manner, prior isomerization from the trans- to the cis-

configuration is required (Scheme-3). 

Scheme-3 
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I 

R- PdII-L 
I 
R' 

cis 

trailS 

.. a 
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R'M 

L 
I 

R- PdII -R' 
I 

L 
trails 
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Similarly, Suzuki has suggested a catalytic cycle for the cross-coupling of 

organoboranes with organic halides (Miyaura, 1985). The crucial difference between the 

organoborane cross-coupling cycle and the general catalytic cycle is that in the Suzuki 

cycle, oxidative addition is followed by the metathetical displacement of the halide ion from 

R-Pd-X by a basic species to give an organopalladium alkoxide (R-Pd-OR') or 

organopalladium hydroxide (R-Pd-OH), depending on the base used. These 

organopalladium alkoxides and organopalladium hydroxides were found to be more 

reactive than the organopalladium halide, which is consistent with the reactivity order 

reported earlier (Larock, 1976): MeO > acac, OAc »Cl. Since boronic acids are 

chemically quite similar to organoboranes, the mechanism of the cross-coupling of boronic 

acids with organic halides is likeiy similar to that suggested for organoboranes by Suzuki 

(Scheme-4). 

Scheme-4 Catalytic Cycle of Suzuki-Type Reaction 

Ar-Ar' ArX 
Pd (0) 

~ 
Ar-Pd-Ar' Ar-Pd-X 

08 (OH)4 --\ L OH 

)'- Ar-Pd-oH-1 

X 
OH 
Ie 

Ar'-B-OH 

~H yAr'B(OH), 

OH 
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Since two equivalents of base are needed to provide the best results, the question of the 

role of the second mole of base naturally arises. Under basic conditions organoboronic 

acids can serve as Lewis and/or Br!Zlnsted acids (Scheme-5). Arylboronic acids much more 

likely react as Lewis acids under basic conditions to form tetravalent-bonded species similar 

to boron tetrafluoride anion BF4- and borate B(OH)4- (Lorand, 1959). 

Scheme-5 

vacant p orbital 

~ 
OR '~OR OR 

~---------- R-B~ • 
As Br«1nsted acid 0" OR As Lewis acid 

OR 
QI 
.,/' BIIII·· OR 

R " OR 

The mechanism for transmetallation is less well understood than those of oxidative 

addition and reductive elimination, although Stille has implied that it may take place by an 

electrophilic substitution mechanism with the organopalladium halide acting as an 

electrophile (Stille, 1986). Accordingly, the transmetallation reaction is favored by the 

formation of both arylboronate and organopalladium hydroxide or alkoxide. 

For the other coupling partner, vinylic electrophiles were limited almost exclusively to 

vinyl halides (Colquhoun, 1984; Collman, 1980), although some earlier studies showed 

that other electrophiles, particularly enol ether derivatives such as methyl vinyl ethers 

(Wenkert, 1979, 1984), siJyl enol ethers (Hayashi, 1980), in nickel-catalyzed coupling 

reactions with Grignard reagents could undergo the necessary oxidative additions. 

The discovery that vinyl triflates undergo coupling with a variety of organometallic 

reagents, e.g. in a vinyl alkynyl ketone synthesis (Ciattini, 1991), Heck-like reaction 

(Arcadi, 1992; Luo, 1991), or cross-coupling with organostannanes (Stille reaction, Stille, 

1985, 1986; Scott, 1988; Saa, 1992) or organoboronic acid (Gronowitz, 1986a; Huth, 

1989; Wustrow, 1991), has proven to be very valuable, especially in those cases where 
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aryl halides or vinyl halides are difficult to prepare. Since such triflates can be obtained 

from ketones, enol ate chemistry is available to form triflates selectively from an 

unsymmetrical ketone by generating either the kinetic or thermodynamic enol ate (a typical 

example is shown in Scheme-6 (d'Angelo, 1976; Scott, 1988). 

Scheme-6 Enolization of Ketone under Kinetic and Thermodynamic 

Conditions 

0 OTf OTf 

CY ~ (y + cY 
Kinetic Control: 
a. LDA; b. Tf2NPh 

95 5 

Thermodynamic Control: 
3 97 

a. (i-PrhNMgBr; b. Tf2NPh 

A mechanistic study by Scott and Stille (Scott, 1986) indicated that vinyl triflates 

undergo oxidative addition with palladium(O) complexes quickly, but metathetical 

displacement of triflate with chloride is necessary to facilitate effective transmetallation with 

an organostannane, which suggests the use of base in palladium-catalyzed cross-couplings 

with organoboronic acids when triflates are used as electrophiIes. 

During our studies to design selective 5-HT receptor ligands, particularly in the 

synthesis of RU 28253 analogs, a regiospecific method to introduce a vinylic group into 

the indole 3-position was needed for a general synthesis. The indole nucleus (14) is a 

building block for approximately 1400 naturally occurring alkaloids (Pelletier, 1983), and 

synthetic compounds (Manske, 1950-1979; Hesse, 1964; Glasby, 1975; Saxton, 1983; 

Suffness, 1985; Trudell, 1989; Zhang, 1990; Fu, 1992). Although the synthesis and 

functionalization of indoles has been the subject of research for more than a century and 

many versatile methods, such as Fischer indole synthesis (Ishii, 1981; Robinson, 1982), 

reductive cyclization of ortho-nitrobenzyl ketones (Dungberg, 1984), Batcho-Leimgruber 
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indole synthesis from ortho-nitrotoluenes and dimethylformamide acetal (Maehr, 1981; 

Kruse, 1981), the cyclization of ortho-haloaniline derivations (Wender, 1981; Bard, 1980), 

and Nenitzescu indole synthesis, have been very well developed (Allen, 1973; Bernier, 

1981), surprisingly there are no general methods which can regiospecifically introduce 

vinylic groups into the very important 3-position of an indole nucleus. Functionalization of 

existing indole ring systems tends to rely heavily on well-established electrophilic 

substitution reactions (Jones, 1984). When employed to introduce alkenyl groups into 

indole rings, many of the classical electrophilic substitutions lead to regioselectivity 

problems. For example, the reactions between indole derivatives and symmetric ketones 

under basic or acidic conditions can be employed to introduce vinylic groups into indole 

3-position, while the results from non-symmetric ketones sometimes are difficult to predict 

(Scheme-7; Freter, 1975; Taylor, 1988). 

Scheme-7 

z-OO+ 
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R 
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Another widely used transition-metal-assisted process is the Heck type coupling, which 

is particularly useful for joining two unsaturated carbon centers. Since the steric effect 

dictates the addition direction of organopalladium halide to olefin, good regioselectivity can 

not be always achieved and sometimes not controlled (Heck, 1982) 

Therefore, we were motivated to investigate the palladium-catalyzed cross-coupling 

between 3-indoleboronic acids and vinyl triflates as a regiospecific and general method to 

introduce a vinyl group into the indole 3-position. Hopefully this method would find 

broader application in vinylation of other indole positions. 

1.4 Objectives 

A. The versatile palladium-catalyzed cross-coupling between organoboronic acids and 

vinylic triflates was studied as a general, regiospecific route to introduce vinylic 

groups into indole 3-positions. 

B. The design and synthesis of the conformationally restricted 5-HT analogs 12 and 

13 was attempted. The accomplishment of the synthesis combined with pharmaco

logical evaluation and molecular modeling studies were expected to enrich our 

knowledge to the conformation-activity relationship of serotonin receptors. 
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2. CHEMISTRY AND DISCUSSION 

2.1 The Synthesis of 3-Indoleboronic Acids 

Organoboronic acids and esters of the type RB(OR'h or R2BOR' are widely employed 

in organic chemistry (Mikhailov, 1984), and several well-established methods have been 

used for their preparation (Lappert, 1956). In general, there are two approaches to the 

preparation of organoboronic acids, namely those which do not involve organometallics 

(routes 1-3 below) and those which do (routes 4 and 5). These routes go through the key 

intermediate RBX2 (X = halides or alkoxides), which can be easily hydrolyzed to boronic 

acids by dilute mineral acids. 

Route 1. Boronation of aromatic rings via Friedel-Crafts-type reaction (Lappert, 1967; 

Muetterties, 1959, 1968): 

Ar-H + Ll, Pd A BX 
--------~.- r 2 
AI or AICI3(cat.) 

X = CI, Br, I 

ArB(OHb 

This method works well with unsubstituted aromatic compounds such as benzene or 

ferrocene (for example, ferrocene reacts with BI3 in CS2 at lOoC to form ferrocenylboron 

diiodide in 92% yield; Ruf, 1974), but sometimes it leads to poor regioselectivity or 

rearrangement side reactions when applied to substituted aromatic rings. 

Route 2. Reaction of aryl iodides with boron triiodide (Siebert, 1970a-c; Schmidt, 

1968): 
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This redox reaction, in which elemental iodine is formed, usually provides high yields 

of aryldiiodoborane; however, the reactions of a-tolyl iodide and other aryl iodides 

containing substituents in the artha position are frequently accompanied by rearrangement 

and lead to mixtures containing the meta- and para-isomers (Siebert, 1970a,b): 

Me 

Me-O-I 
Me 

__ BI_3--l"~ ~ }-BI, 
-12 

Me 

Me 

< ~I 
Me 

Route 3. Exchange reactions of trialkylboranes with borates (Koster, 1961; Mikhailov, 

1984): 

200°C. 20 h. 
-------l .. ~ 3 n-C4H9BCI2 

74% 

[n-BU2BHh 
-------l .. ~ 3 EtBCI2 

SO°C. 98% 

This is one of the most convenient and economical methods for the synthesis of 

alkylboronic acids and their esters. In the presence of tetraalkyldiboranes or other 

compounds with B-H bonds, the exchange of substituents proceeds quite rapidly at lOO°e. 

When R is a secondary acyclic alkyl group, the exchange is much more difficult than when 

R is a primary alkyl group and is sometimes accompanied by partial isomerization: 

~C12 
CH3CH2CH2'CHCH2CH3 

60% 
+ 

~C12 
CH3CH2CH2CH2'CHCH3 

40% 
+ 

C H3C H2C H 2C H2C H 2C H 2BCI2 

trace 
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Interestingly, the organoboranes from cyclic and bicyclic olefins undergo redistribution 

easily: 

(4 B BCI3 hoc), tf:; ... + 

BCl2 

90% 10% 

Although the above procedures which do not require the involvement of 

organometallics have been found useful in certain cases, the most important and widely 

used methods by far are the reactions between a variety of organometallics and borane 

halides, or borates (Route 4) and even diborane (Route 5) to form dihalo(organo)boranes, 

dialkoxyl(organo)boranes, or alkylboranes respectively. Each can be transferred to boronic 

acids by known methods. 

Route 4. The reaction of organometallics with borane halides or borate (Lappert, 1967): 

RM + BX3 ----1 ... - RBX2 ----1 ... - RB(OH), 

RM = RLi, RNa, RMgX, R2Mg, RZnBr, R2Zn, R2Cd, RHgX, R2Hg, 

R3A1, R2 AIX, R4Sn, R4 Pb, 

x = F, CI, Br, I, OCH3' OBu, 

Among the organometallics listed above, Grignard and organolithium reagents are most 

popular. Many boronic acids have been prepared in this way. A few examples (a. Caple, 

1987; b. Matteson, 1965; c. Gronowitz, 1986c) are shown below: 

a. 

n 
~s/-Br 

Mg O-~ 
.. S MgBr 

B(OMeh ... ![J-
S B(OMeh 

_H_
20-J"_ ![J-

Reflux S B(OH)2 



b. 

c. 

t-BuO 

N)'Br BuLi 
)!. 

~ ----1 __ 

,~ -75°C 
t-BuO N 

t-BuO 

N~Li 
t-BUO)!. NJ 

l. B(OBuh .. 
t-BuO 

N~B(OH)2 
)!. •• J 

t-BuO N 

80% 
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Route 5. Boronation of organomercurio- (Breuer, 1974; Hylarides, 1989), thallio

(Breuer, 1975), and Grignard (Kabalka, 1983) reagents with diborane. 

ArHgX 

or 

ArTI(OCOCF3h 

or 

ArMgX 

Although numerous papers describing the chemistry of aryl boronic acids have 

appeared in the last three decades, limited work has been done with indoles. 5-

Indoleboronic acid was prepared, with prior protection of the N-H, by halogen-metal 

exchange followed by reaction with tri-n-butyl borate and hydrolysis, as shown in 

Scheme-8 (Yang, 1992c). 

Scheme-8 

B~ 
l. KH 

Li~ (HOhBOJ DOC 1. B(OBuh I I ... -~ N 2. t-BuLi ~ N 2. IN HCI ~ N 
I -78°C I I 

H K H 
15 50% 16 
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3-Indoleboronic acid was also prepared similarly as shown in Scheme-9 (Conway, 

1990) 

Scheme-9 

o:rBr 

I I 
~ N 

I 

S02Ph 

17 

t-BuLi ~Li 
VN)J 

I 

S02Ph 

18 

1. B(OMe)i. 

2. Rei 

Despite their wide application, these approaches have two major limitations when 

applied to the general preparation of 3-indoleboronic acids. First, many functional groups 

are sensitive to the organolithium reagents; therefore, a protection-deprotection procedure is 

required, as in the synthesis of 2-formylbenzeneboronic acid (Scheme-lO; Gronowitz, 

1986b). If multi-functional groups exist, the protection-deprotection procedure could be 

tedious. Second, when this method was used to prepare 3-indoleboronic acid derivatives, 

some isomerization of the intermediate 3-indolyllithium to 2-indolyllithium was reported 

(Saulnier, 1982). 

Scheme-lO 

~CHO 

V • B(OHh 

57% 

In order to circumvent these problems, we investigated the more gentle mercuration-

boronation method (Scheme-lIB), reported first by Breuer and Thorpe (Breuer, 1974) and 

compared it with the halogen-metal exchange procedure (Scheme-11A). 



Scheme-11 

A. Halogen-Metal Exchange Method 

1. BuLi 

I Br2, ., I XOJ XWBr I-~· I 
2. (n-BuOhB 

~ N 95% ~ N 
+ 3. H30 

I I 
Ts Ts 50% 

a.X=H 21a, b 
b. X=CH30 

B. Mercuration-Boronation Method 

20 a,b 
Hg(OAc)z 

• 
HOAc 

>95% 

XwHgOAC 
~ I I 
~ N 

I 

Ts 

23a, b 

2. H20 
75% 

XWB(OH)2 
• I I 

~ N 
I 
Ts 

22a, b 

Total yield: - 50% 

22 a,b 

Total yield: -70% 
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The boronation proceeded rapidly at room temperature. Borane should be used in at 

least eight-fold excess, otherwise decreased yields result. The role of excess borane and the 

precise mechanism for this reaction are uncertain, but the mechanism is probably similar to 

that of the reaction between Grignard reagent and diborane (Kabalka, 1983; Scheme-12). 

Thus, excess diborane could completely consume the mercury reagent in step ,!!, and 

therefore inhibit step ~ leading to the formation of diarylborane, etc. 

The mercuration of I-tosylindole (20a) at the 3-position was carried out by a known 

method in almost quantitative yield (Harrington, 1984). A slurry of mercury acetate in 

glacial acetic acid was stirred at room temperature for 30 min and then filtered to remove the 

insoluble solid. After the I-tosylindole was added and the mixture was stirred at room 

temperature for 15 min, a clear solution was obtained, which was stirred overnight (after a 

few hours, heavy, shiny, white crystals began to grow). In order to reduce darkening, 
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Scheme-12 

a 
ArHgOAc + BH3 

B{-4HgOAc 

ArHgOAc 

B{-4HgOAc 

protection with nitrogen and freedom from light are recommended. The product was 

collected on a filter, washed with glacial acetic acid, and dried under reduced pressure 

below 40°C. The volume of acetic acid used is very important to ensure high yields, and the 

filtration is crucial for obtaining pure product. The addition of perchloric acid as a catalyst 

was reported in the mercuration of 4-bromo-l-tosylindole (Harrington, 1984). In the case 

of I-tosylindole and 5-methoxy-l-tosylindole, perchloric acid did accelerate the reaction 

rate at the beginning (crystals began to appear within 60 min), but also made the reaction 

more complicated and colored. High yields and nicely crystalline product could be obtained 

only without the addition of perchloric acid. The solubility of the products is very poor in 

most organic solvents except dichloromethane and chloroform, in which recrystallization 

can be accomplished. 

Both tosyl and benzenesulfonyl groups are frequently used as indole N-H protecting 

groups which can tolerate a variety of reagents, such as organolithium, Grignard reagent, 
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and acid, and be easily removed under basic conditions (Bowman, 1971). In this study, we 

chose the tosyl group primarily because the NMR pattern of tosyl is very characteristic and 

seldom interferes with the assignment of indole and other aromatic proton NMR spectra. 

Compared with halogen-metal exchange, this method proved a more suitable route to 3-

indoleboronic acids since a much wider range of functional groups can be tolerated; no 

isomerization is observed; the yields are higher; and the reaction is easier to perform. 

2.2 The Synthesis of Triflates 

The introduction and ready availability of perfluoroalkanesulfonic acids and their 

derivatives, particularly of fluorosulfuric acid (24), trifluoromethanesulfonic acid (25), 

and nonafluoro-n-butanesulfonic acid (26) made possible the preparation of their esters, 

commonly referred to as fluorosulfates (27), triflates (28), and nonaflates (29). Due to 

their excellent leaving group properties, these perfluoroalkanesulfonate groups have 

considerably extended the range of sulfonic ester reactivity and thereby added a new 

dimension to their chemistry. A comparison of the relative leaving ability of 

perfluorosulfonates and other common leaving groups is shown in Table-l (Noyce, 1972). 

Fig.7 Structure of Perfluoroalkanesulfonic Acids and Their Esters 

0 0 0 
II II II 

HO-S-F HO-S-CF HO- ~-C4F9-1l 
II II 3 

0 0 0 

24 25 26 

0 0 0 
II II II 

RO-S-F RO-S-CF RO- ~-C4F9-1l 
II II 3 
0 0 0 

1:1. 28 29 

tluorosulfates tritlates nonatlates 
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Table-1 Relative Rates of Solvolysis of 1-Phenylethyl Esters and Halides 

in 80% EthanollWater at 75°C 

x 

o 
II 

CH 
... C, 

3 O· 

o 
ON-o-~ ~ 2 _ '0' 

cr 

o 
II 

CF 
... C, 

3 O· 

k reI 

• 6 
1.4 x 10 

5 5 10
·6 

• X 

9 0 10
·6 . x 

1 x 10. 5 

·3 
1.4 x 10 

1.0 

2.5 

x k reI 

7.2 

B r 1.4 x 10 

I 

o 
II 

H C-S-O' 
3 II 

o 

o 
HC-o-~ M-o' 3 II 

- 0 

o 
II 

F C-S-O' 
3 II 

o 

o 
II 

IZ-C4F9 - ~-O' 

o 

9.1 x 10 

2 
5.5 x 10 

4 
3.0 x 10 

4 
3.7 x 10 

8 
1.4 x 10 

8 
2.8 x 10 

Since the first reported synthesis of vinyl perfluoroalkanesulfonic esters in 1969 

(Jones, 1969, Stang, 1969), a variety of methods were developed for the preparation of 

diverse vinyl triflates and other perfluoroalkanesufonates. The following is a brief 

summary of the five frequently used methods. 
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Method A (Scheme-13) involves the addition of triflic acid to alkynes or allenes. The 

application of this route is limited by the substitution pattern and the regioselectivity (Stang, 

1969). 

Scheme-13 

R'-C=C-R" + 

+ 

Method B (Scheme-14) is useful in the synthesis of triarylvinyl triflates (Jones, 1969). 

Scheme-14 

_C_F_3_S_0_3_" ....... _ [Ar)=~ ]_C_F_' 3_S_0_3_"-:I"'_ Ar)= /OTf 

Ar 'Ar Ar ~Ar 

This procedure has not been widely used since the preparation of the triazene itself 

requires several steps, and it cannot be used to prepare trialkyl vinyl triflates. 

Method C (Scheme-IS) is the interaction of silver salts of triflic acids with reactive 

vinyl halides such as bromocyc1ooctatetraene (Lee, 1974). 

Scheme-15 

( yDr + AgOSO,CF, 
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The most convenient route to prepare primary vinyl triflates is method D (Scheme-16). 

The enolizable aldehyde is converted to vinyl silyl ether first (House, 1969; Stork, 1968a), 

followed by the formation of lithium enol ate which can be converted to triflates. 

Scheme-16 

R, I/O 
"' TMSCI FH-CH .. 

R' base 

OTMS 
R, / CH Li 

C=CH 3 .. 

R/ Glyme 

OLi 
R, / Tf20 

C=CH ---~ I .. 
R' 

R OTf , / 
,c=CH 

R' 

Finally, the most widely used method to date for the preparation of acyclic, cyclic, 

mono-, di-, or tri-substituted vinyl triflates is the trapping of enolates of ketones by 

triflating reagents (method E, Scheme-17). 

Scheme-17 

• [ 0- 1 R, / Tf2NPh 
C=C • I , 

R' R" 

base 
R OTf " / /C=c, 
R' R" 

This route is applicable to a wide range of enolizable ketones which are usually 

available via functional group modification. For those ketones with two possible enolizing 

directions, moderate to excellent regioselectivity usually can be reached by controlling the 

reaction conditions according to well-established methods (House, 1969). 

The effect of a-heteroatoms on the direction of ketone enolization has attracted much 

attention (Kowalski, 1978; House, 1971; Seebach, 1973; Coates, 1974; Wilson, 1976). 

One of the most systematic studies, which established the general trend of enolization 

direction of a-amino ketones via trialkylsilylether formation, is the work of Garst et al. 

(Garst, 1978, 1980). As a general rule, a-amino ketones, except I-substituted-3-

pyrrolidinones, exhibit an increasing tendency to form enol ate toward nitrogen under 
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kinetic control as the electronegativity of the nitrogen moiety increases. The results under 

thermodynamic control indicated that enolization toward nitrogen is more favored, although 

some results are difficult to explain (Scheme-I8). 

Scheme-IS 

cro __ 1._1_.2_m---"ol,-L_D_A-.. 2. CISiEt3 .. 
N -78°C, THF 
I 

R 

a. R = -Et 

b. R = -C02Et 

c. R = -C02CF3 

I. 1.2 mol ClSiEt3 
2. 2.4 mol Et3N .. 

80°C, DMF 

a. R = -Et 

b. R = -C02Et 

~OSiEt3 + 

N 
I 

R 

31 

5 

+ 

3.5 
4 

6 

19 

By applying the same tactics and under the assumption that enolate formation was the 

controlling step for the regioselectivity, we expected that under kinetically controlled 

conditions, enamine-type vinyl triflates would predominate when the substituents on the 

nitrogen were electron-withdrawing groups like Cbz and Boc, while allylamine-type vinyl 

triflates would be favored when the substituents were electron-donating groups like Me and 

benzyl. The ratio of the two isomers should be comparable to that in the earlier work 

(Garst, 1980). To our surprise, in both categories only one isomer could be detected by 

GC-MS (detection limit was 3%). The results are shown in Scheme-19. 
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Scheme-19 

crO 
1) LDA, THF, -78DC 

()OTf+ a OTf 

N .. N N 
I 2) Tf2NPh I I 

R R R 

33 a-d 34 a-d 35 a-d 

* 34 35 Entry R Yield(%) 

a CH3 8 I >97 "* 
b CH2Ph 86 >97 "* 
c Cbz 75 "* >97 
d Boc 73 "* >97 

* Isolated yields after chromatography on silica gel 
** Unable to be detected by GC-MS (detection limit is 3%) 

Although isomerization of vinyl trimethylsilyl ethers under strongly acidic conditions 

(such as anhydrous p-toluenesulfonic acid, anhydrous hydrogen chloride, or trifluoroacetic 

acid) is a well-established method (Stork, 1968b,c), isomerization with an ammonium salt 

is considered to be more efficient and reliable (House, 1969). For example, 6- or 2-

methyl-l-cyc1ohexenol trimethylsilyl ether (36 or 37) was isomerized to equilibrium under 

the conditions shown in Scheme-20 (House, 1969). 

Scheme-20 
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A reasonable working hypothesis is that the lower regioselectivity observed in 

trimethylsilyl ether formation was due to partial isomerization of the vinyl trimethyl sHyl 

ether products under the reaction conditions (Scheme-21). 
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Scheme-21 

I. 1.2 mol LDA 
2. Et3SiCI 

Inferences from this assumption are that the regioselectivity of enolization of ketones 

could be much higher than that indicated by the trapping of the enolates as trimethylsilyl 

ethers, and that a new approach to improve the regioselectivity of the silylations would be 

to choose more efficient trapping reagents and milder reaction conditions. 

Another less probable explanation is that the isomers in both categories were too 

unstable to be detected by GC-MS and 1 H NMR. In an effort to prepare the minor isomers 

in order to study their stability, a thermodynamically-controlled enolization procedure was 

applied, which was reported to give predominantly the minor isomer in a very similar 

system (Garst, 1980). Unfortunately, although excellent regioselectivity in the 

trimethylsilyl enol ether formation from 2-methylcyclohexanone was obtained (Crisp, 

1984; McMurry, 1983), this method caused extensive decomposition when applied to N

Me- and N-benzyl-3-piperidinone (Scheme-22). After 24 hours, neither the starting 

material nor the products could be detected by TLC or GC-MS. 

Scheme-22 
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The reason why these thermodynamically-controlled conditions could not be applied to 

the preparation of triflates from a-amino ketones has not yet been determined. In order to 

investigate this reaction more fully, the following future work is proposed: 

a) An isomerization study of 3-piperidinone-l-ethyl TMS enol ethers and their 

triflates under kinetic control. 

b) The preparation of the following isomers, followed by the study of their stability, 

NMR and GC-MS behavior. 

~OTf 

~ 
Cbz 

34c 

Q'0Tf 

N 
I 

CH2C/iH5 

35b 

c) A comparison of the regioselectivity oftriflation and TMS enol ether formation. 

2.3 The Palladium-Catalyzed Cross-Coupling Reaction 

The palladium-catalyzed cross-coupling between organoboronic acids and vinyl triflates 

is a relatively new reaction when compared with other cross-coupling reactions. Despite the 

relatively few publications that have appeared since 1989 (Ruth, 1989; Fu, 1990; Shieh, 

1992; Wustrow, 1991), this reaction appears to have broad utility for the synthesis of 

arylalkenes and biaryls. 

The addition of 2 mol. LiCI has become standard for the cross-coupling between 

organoboronic acids (or organostannanes) and vinyl (or aryl) triflates, and sometimes 

becomes crucial for success. Two mechanisms for the role of LiCI have been proposed 

(Scott, 1986; Schemes-23 and 24). 
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Transmetalation 

In mechanism-I, after oxidative addition, the displacement of triflate anion by chloride 

ion (bromide and iodide ion have similar effects, but sometimes cause decomposition of the 

catalyst) can benefit the subsequent transmetallation process. This widely accepted 

explanation together with the results from Suzuki reaction leads to the following reactivity 

order: 

ArPdOH > ArPdCI > ArPdOTf 

Scheme-24 Mechanism-2. 
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Mechanism-2 presumes salt formation of lithium chloride with palladium catalyst before 

oxidative addition takes place and leads to the conclusion below: 

These mechanisms rationalize the Stille-type and Suzuki-type reactions well but can not 

explain why both LiCI and base are required to obtain good yields for the cross-coupling of 

arylboronic acids with vinyl triflates (Huth, 1989). 

By using typical literature procedures (Wustrow, 1991; Huth, 1989), I-tosyl-3-

indoleboronic acids (22a,b) were cross-coupled with triflates (34a,b, 35c,d) in the 

presence of sodium carbonate, lithium chloride and tetrakis(triphenylphosphine)

palladium(O) to give the desired products in good yield. The reaction was complete within 2 
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hours under reflux. The protection of the reaction system with an inert atmosphere was not 

necessary. The products were easily purified with column chromatography to provide good 

to excellent yields. 

As shown in Scheme-25 and Table-2, high regioselectivity, mild conditions, and good 

yields prove the cross-coupling between the 3-indoleboronic acids and the readily available 

vinyl triflates to be an excellent method for the introduction of vinyl groups into the indole 

3-position. These results also suggest the application of the reaction for substitution in 

other indole ring positions. 

In the 1 H NMR spectra of those products carrying Boc or Cbz group on 

tetrahydropyridine nitrogen, each vinyl and indole 4-proton presented two broad peaks 

while the indole 2-proton always appeared as a single sharp peak. Variable temperature 

NMR studies performed between 23 and 60°C in d6-acetone showed coalescence of the 

pairs of broad peaks as shown in Scheme-26. 
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Table-2. ~-tosyl-3-(tetrahydropyridine-3-yl)indoles 

Compounds* x 

38 H 

39 H 

40 CH30 

41 CH30 

42 H 

43 H 

-+4 CH30 

45 CH30 

Scheme-26 
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This is presumably due to restricted rotation about the bond linking the Boc or Cbz 

group to the nitrogen atom which they protect (Scheme-27). 

Scheme-27 

Support for this conclusion is the observation that the allyl amine compounds, 38-41, 

all exhibited simple and sharp 1 H NMR absorption to 4- and vinyl protons. 

2.4 The Synthesis of Conformationally Restricted Serotonin Analogs 

Conformational flexibility of 5-HT might be partially responsible for multiplicity of 

biological activities mediated by various 5-HT receptors. The complete understanding of 

the relation between conformation and biological activities of a flexible molecule can not be 

achieved until a large number of analogs, especially those having distinct, fixed confor

mations, are synthesized and pharmacologically tested. Our initial effort focused on the 

synthesis of the conformationally restricted 5-HT analogs 12-13, which has not been 

completed since a stereochemical problem emerged, vide infra. Other routes and further 

studies are currently under investigation. The chemistry is discussed below together with a 

brief discussion of the synthetic approach to conformationally restricted analogs of RU 

24969 (46 and 47, Scheme-28). 
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Scheme-28 

General synthetic considerations are represented by retrosynthetic routes 1-3. The first 

effort of route 1 (Scheme-29) will be concentrated on the preparation of key intermediates 

48 and 49. The second will involve the transformation of 48 and 49 into the final target 

compounds as racemates. The final step will be the optical resolution of the interested 

compounds guided by the pharmacological test data, which could significantly reduce the 

cost and time involved in the optical resolution procedure (Scheme-3D). 

Scheme-29 Retrosynthesis Route-l 
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Scheme-30 
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Route 1 is shorter from synthons 48 and 49 than other routes. The most questionable 

step for this route is the Friedel-Crafts intramolecular acylation. Generally speaking, the 

indole 2-position is more reactive toward electrophilic attack than is the indole 4-position. It 

is uncertain whether the activating effect of the 5-substituents together with the deactivating 

effect of the I-tosyl group would overcome the natural reactivity of the 2-position to 

electrophilic attack. Another important factor directing the cyclization is the angle strain 
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associated with the product. Although Barrett et al. (Barrett, 1984) did obtain some 

cyclized product 52 by this method, the yield was extremely poor (Scheme-31). Clearly, 

the strong ipso-directing ability of the TMS group and the deactivating effect of the toluene-

4-sulfonate on the indole A-ring still can hardly overwhelm the combined consequence of 

the angle strain and the electron preference of the indole ring. Other alternatives using 

indole-indoline-indole synthetic sequences (Russell, 1985) exist but will take more steps. 

Scheme-31 
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Ts Ts 

52 53 

5% 34% 

In a parallel effort, this route was applied to the synthesis of conformationally restricted 

analogs of RU 24969 (46) which is another interesting type of compound based on the 

same pharmacological background whose synthesis seemed easier. The first route tried is 

shown in Scheme-32. Although intermediate 56 was obtained via known methods 

(Taylor, 1988), all attempts to make intermediate 59 gave only starting materials back. The 

oxidation of 56 to 58 was complicated when Jones and Collins reagents were used which 

suggested that the unprotected indole nitrogen might cause the problem. Thus, another route 
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was examined (Scheme-33). The condensation of indole and I-tosyl-4-piperidinone under 

basic conditions gave 62 in a good yield. The following N-protection reaction did not 

occur until the concentration of NaOH reached 10% or above. When 15% NaOH was 

used, the reaction was completed within 30 min with a 98% yield. After boration-

oxidation, the alcohol (64) could be oxidized to 65 with Sarett reagent 

(Cr0302PyrICH2CI2) in a moderate yield, but the following transformation from 65 to 66 

failed due to the formation of undesired products. 

Scheme-33 
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In effort to synthesize conformationally restricted congeners of dopamine, Cannon 

reported the synthesis of trans-6,9- or 6,8-dimethoxyoctahydrobenzo[g]quinoline 67, 68 

(Fig. 8) starting from 2,5- or 2,4-dimethoxyphenylacetyl chloride, respectively (Cannon, 

1984), the methodology of which is fully applicable to the synthesis of trans-9-methoxy-

1 ,2,3,4,4a,5, 10, lOa-octahydrobenzo[g]quinolin-5-one (69), a key intermediate for the 

synthesis of target compounds via Route 2 (Scheme-34). 

Fig.8 Structures of Some Known Octahydrobenzo[g]quinolines 
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The transformation from tetralone (73) to 1,3,4,5-tetrahydrobenz[cd]indole (77) has 

been reported via epoxidation, epoxide opening and elimination reaction, followed by 

thermolysis of vinyl azide to build the indole A-ring in a total yield of 12.9% (Scheme-35; 

Beck, 1990). 

Scheme-35 
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Reagents and Conditions: i. Me2S\O)CH2-, DMSO, 55°C; ii. NaN3• LiCI. DMF; 

iii. SOCI2. pyridine, room temperature; iv. mesitylene, reflux 

Retro-synthesis route-3 (Scheme-36) introduces the indole nitrogen at an earlier stage. 

Two synthetic routes are shown in Scheme-37 and Scheme-38. The nitration of the anisole 

79 with either HN031H2S04 or HN03IHOAc gave a mixture of nitrated products together 

with other by-products. Changing the solvent, temperature, and the concentration of 

nitrating reagents did not significantly improve the regioselectivity. Scheme-38 shows the 
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Scheme-36 Retro-synthesis of Route-3 
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synthetic route which introduces the nitro group in the very beginning. Despite the fact that 

the initial several steps went very well, this route was abandoned because it would be 

difficult to find suitable N-protecting groups which can survive acidic, basic, and catalytic 

hydrogenation conditions, and be easily cleaved later. 

After all the possibilities were compared, route-2 appeared to be more promising since 

there was a solid base of references citing successful examples that were very similar with 

our system. Considering this approach more closely, we designed the following synthetic 

route (Scheme-39). 
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Scheme-38 
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The questionable steps are the epoxidation (step I) and dehydration (step n). Although 

5- and 7-methoxytetralone derivatives had been converted into the corresponding epoxides 

in good yield (Beck, 1990), the epoxide derived from 6-methoxy-l-tetralone is known to 

be very unstable, rapidly rearranging to the corresponding acetaldehyde derivative (Kumar, 

1982). The effect of the fused piperidine ring on the stability of the epoxide is not clear. 

Furthermore, the stereochemistry of the epoxidation can affect the isomer ratio in the 

subsequent reactions (Scheme-40). 
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Scheme-40 
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For the epoxidation, the carbonyl group can be attacked either in the a-direction which 

is syn- to Ha or ~-direction which is anti- to Ha' According to molecular model analysis, 

the a-attack is more favored since steric hindrance from Hb and He will make the ~-attack 

much more difficult. For the dehydration of azido alcohol (108) via cis-elimination, two 
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possible directions exist to form either an endo or an exo double bond. If the epoxidation 

takes place in the a-direction which only forms Cring-O bond anti- to Ha, the desired exo 

dehydration product is expected. On the other hand, if ~-directed epoxidation is sterically 

favored, a mixture of exo and endo products is anticipated. In the case of I-tetralone as a 

starting material, the desired exocyclic and undesired endocyclic dehydration products were 

isolated in a ratio of 4: 1 (Beck, 1990). Finally, the construction of the indole "A" ring is 

based on the thermolytic cyclization of vinyl azide (Smolinsky, 1968; Beck, 1990). 

This route is a typical linear synthesis comprising a minimum of 15 steps, which are 

generally time-consuming and expected to result in low yield. During our studies, the first 

nine steps c.!!--i) went smoothly with a 14.8% overall yield (Scheme-41). However, the 

protection of the nitrogen with benzyloxycarbonyl (Cbz) under basic conditions (step i) 

resulted in mainly cis product (cis/trans = 5 - 10/2) and the isomerization (step k) led to 

solely the cis isomer. The epoxidation of the cis isomer turned out to be troublesome. By 

applying the Corey reagent Me2S(O)CH2 or Me2SCH2 in dimethylsulfoxide, a new 

product was formed, which decomposed quickly to purple materials with high polarity on 

TLC. Other attempts, such as Wittig reaction to introduce a vinyl group followed by 

epoxidation and Darzens' reaction to introduce an a-azidoester, were also without success. 

The synthetic procedures from step !! to i are briefly discussed below, followed by a 

detailed discussion of the stereochemical assignment via spectroscopy and chemical 

approaches. 

The 2-methoxyphenylacetyl chloride (99) was obtained in high yield using the reported 

method (Katagiri, 1982). The yellowish product was stable and solidified while kept at 

-18°C. The completeness of reaction!! was crucial to get a high yield for the following 

acylation reaction ~. It was found that eight hours refluxing of diethyl 2-(2'

cyanoethyl)malonate with NaH in dry toluene (Cannon, 1984, 1986) sometimes was not 
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long enough to complete reaction!! and led to variable yields (with freshly opened NaH 

60% oil dispersion, from Aldrich and with the solvents carefully dried). Although the 

formation of a very thick gray slurry was a good indication for completion of the reaction, a 

20--26 hr reflux is strongly recommended. For step £, an oily product was initially 

obtained and the recrystallization was troublesome. Ethanol proved to be the best solvent 

for recrystallization of the product. The catalytic reduction-cyclization reaction (step.d) was 

completed within 48 hours under 45 psi of hydrogen in acetic acid. As a comparison, 5% 

Pd on charcoal was tried to replace the expensive Pt02 as catalyst. After 96 hours, the 

reaction was still incomplete (the ratio of the starting material to product was about 6 : 4 

from TLC). Acidic conditions were also important for the reductive cyclization since all the 

reactions done under neutral conditions in EtOH or MeOH failed to give satisfactory 

results. The subsequent N-benzyloxycarbonylation went smoothly but attempts to 

crystallize the product failed. After chromatography on silica gel, a pale oil thus obtained 

was kept at -16°C to avoid decomposition. After the alkaline hydrolysis of the diester, the 

thermolytic decarboxylation of 102 (step g) was a very clean reaction, which took place at 

the temperature range of 180-200°C and was completed within a few minutes. 

Several attempts to avoid the repetitious N-protection-deprotection procedure and the 

tedious PPA mediated cyclization were made without success (Scheme-42 and 

Scheme-43). The thermolytic cyclization caused extensive decomposition after 101 was 

gradually heated to 220-250° under N2. The cyclization mediated by trifluoroacetic acid 

anhydride did not occur after 48 hr stirring at 60°C. An attempt to cyclize 103 in PPA with 

simultaneous cleavage of the N-benzyloxycarbonyl group failed since a complicated 

reaction mixture was obtained as indicated by TLC. 

The N-methyl product 111 was obtained via reductive alkylation in 60% yield, but the 

purification of the product of the following hydrolysis reaction, 112, proved to be difficult 

because of the formation of a zwitterion. The decarboxylation using crude dicarboxylic acid 
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112 resulted in a complex reaction mixture, from which no product could be detected by 

GC-MS after attempted derivatization of the products as TMS derivatives. 

2.5 Stereochemical Study of Octahydrobenzofg]quinolines 

Walsh and Smissman (Walsh, 1974) reported that polyphosphoric acid-mediated 

cyclizations of 2-benzylpiperidine-3-carboxylic acids to form octahydrobenzo[g]quinolines 

give rise to the trans-fused ring system exclusively regardless of the relative 

stereochemistry of the starting acid. This reaction has been extensively employed to 

synthesize octahydrobenzoquinoline derivatives (Cannon, 1984, 1986). However, in our 

hands under the same or similar reaction conditions, ring system 105 was obtained as a 

mixture of two isomers with a ratio of 105a : 105b = 6 : 1 detected by GC-MS (Scheme-

44). The configuration of the major component 105a was determined as trans later. The 

pure trans isomer was obtained by recrystallization from ether as a hydrogen bromide salt 

but the assignment of its ring fusion pattern by 1 HNMR was difficult since complicated 

spectra were obtained. 

Scheme-44 
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The N-protection of 105a (trans) with benzyloxycarbonyl chloride and triethylamine, 

carried out under standard conditions (Cannon, 1984), resulted in two isomers 106a and 
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106b in a ratio of 2 : 5. Under basic conditions (NaH in THF or NaOMe in MeOH), the 

isomer 106a in the mixture was completely isomerized to 106b (Scheme-45). 

Scheme-45 
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Initially, the stereochemistry of 106b was presumed to be trans since it has a nearly 

planar conformation in which non-bonding interactions are minimized. However it was 

puzzling to explain the geometric change during the N-protection and isomerization 

detected by GC-MS and the failure of subsequent reactions such as the Corey epoxidation 

and Wittig reactions. Therefore, in order to obtain a clearer picture about the 

stereochemistry for these reactions, it was crucial to find a more unambiguous method to 

determine the ring fusion of compound 106b. The three low energy conformations of 106 

are shown in Scheme-46. While a number of papers have been published (Eliel, 1968; 

Horii, 1969; Cannon, 1984) for the structural assignment of this type of compound, most 

of them have employed indirect methods. For example, after analogous tricyclic ketones 

were hydrogenolysized to the corresponding methylene groups, strong absorptions in the 

"Bohlmann region" of the infrared spectra (2780 cm-1) were considered to be indicative of 

the trans geometry of ring fusion (Horii, 1969; Eliel, 1968; Cannon, 1984). Another more 

widely used method is 1 H NMR analysis of the corresponding N-benzyl derivative using 

the chemical-shift difference of the AB system for the N-benzyl methylene protons 

(Cannon, 1984, 1986; Walsh, 1974). In the rigid trans isomer, the N-benzyl group is 

always adjacent to an equatorial alkyl substituent and the benzylic signal should appear as 
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an AB quartet having a large (- 60 Hz) chemical shift difference. The cis series is mobile 

and can undergo ring flip; thus the N-benzyl group is adjacent to a 2-equatorial and 3-axial 

substituent only part of the time. The benzyl signal would be expected to appear as a singlet 

or as an AB quartet having a relatively small chemical shift difference. 

Scheme-46 

Cis-a 

(106b) 
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(tOM) 

Cis- f3 
(106b) 

Hg 

The proton NMR spectra of l06b suggested that the application of a homodecoupling 

could be used as a direct and more accurate method for the structural determination of this 

type of compound. Since the resolution of the regular proton NMR spectrum was not 

sufficient (Bruker AM250), the Gaussian multiplication resolution enhancement technique 

was applied to achieve the resolution required for the subsequent homodecoupling 

experiment (the spectra thus obtained are shown in Scheme-47). 
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Both the proton assignment and ring fusion pattern can be accomplished by peak-by

peak homodecoupling. The proton NMR spectrum is assigned as below. Proton HI: in a 

deshielded peri position to the benzylic carbonyl, 0 7.66, d,d, J = 7.85 and 0.8 Hz. 

Protons on phenyl ring: 5 H, 07.34, s. Proton Hm: 07.30, m. Proton Hn: 07.05, d, J = 

7.7 Hz. Methylene in benzyloxy group: 05.16, s. Methoxyl group: 03.87, s. Ha: 02.8-

2.68, two triplet J = 12.24 and 4.8 Hz. Hb: 04.90-4.75, broad. He' H d, H g, H h: 4 H, 0 

2.0-1.5, m. He: 0 3.18, quartet, J = 4.89 and 16.84 Hz. H f : 0 2.95, quartet, J = 11.73 

and 16.73 Hz. H j : 04.13-4.27, two broad peaks, J = 12.46 Hz. Hi: 0 3.05, t,d, J = 3.32 

and 13.46 Hz. 

The ring fusion pattern of l06b was determined as cis-f3 and l06a as trans. The 

most indicative information was obtained by observing the change of splitting pattern and 

coupling constants of the Ha signal while Hb was irradiated. The predicted and observed 

splitting patterns are shown in Scheme-48. 

Scheme-48 

Predicted Splitting Patterns of Ha 

Without Irradiating Hb Irradiating Hb Supposition 

Trans ili lUl J -J Ha-Hb - Ha-Hc 

Cis-a & J!t JHrHb~JHrHc~JHrHd 

Cis-~ * D lUl J -J Ha-Hb - Ha-Hd 

* Observed pattern. 
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It has been suggested by Johnson (Johnson, 1968) and Paulsen (Paulsen, 1967) that 

there is a serious steric interaction between an amide group and an adjacent equatorial group 

in the piperidine ring system as demonstrated using deuterium labeling as shown in 

Scheme-49. 

Scheme-49 

For either amide or carbamate of piperidine nitrogen, resonance requires near 

coplanarity of atoms of the carbamate or amide group with the equatorial substituents on 

the adjacent carbons. As a result, an unfavorable 1,5-steric interaction could cause 

conformational bias, resulting in the preference for axial configuration for the alkyl groups 

on the adjacent carbons. As indicated in Scheme-50, both the rigid trans isomer l06a and 

mobile cis-a isomer of l06b have an equatorial benzyl group on the adjacent carbon to the 

piperidine nitrogen, while cis-~ isomer of l06b carries an axial benzyl group on the same 

position. The consideration of 1,5-interaction between coplanar oxygen and carbon atoms 

is helpful to explain Johnson's and our observations that the isomer having the cis-~ ring 

juncture is the thermodynamically more stable isomer. 

The preference for the cis-~ conformation of l06b can also explain the failure of the 

subsequent reactions involving the carbonyl group. Molecular models reveal that the trans 

isomer exists in a flat geometry and the attack from the direction syn to Ha should be 

accessible. For the cis-a isomer, although the direction anti to Ha is completely blocked, 

the steric hindrance of syn side is not great. However, for the cis-~ conformation, the 

approach from both sides is hindered by either Hb or the cis-fused piperidine ring. 
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Scheme-50 

1,S-interaction 

Trails Cis-a 

Cis- f3 

There is no 1,S-interaction 

In order to confirm the stereochemistry of the cyclization reaction, l06b was subjected 

to N-deprotection under acidic (Ben-Ishai, 1952) and catalytic oonditions as shown in Scheme-51. 

Under neutral catalytic hydrogenation, the Cbz group was cleaved to form cis product 

(105b) without isomerization, while acidic cleavage resulted in almost complete 

isomerization of the product from cis (105b) to trans (105a). The initial isomerization of 

l06b to l06a under acidic conditions was less probable since after l06b was stirred in 

glacial acetic acid at room temperature for 14 hr., no isomerization was observed. The 

mechanism for the acidic isomerization from l05b to l05a could be attributed to the 

tautomerization between ketone and enol forms under strong acidic conditions. 
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In conclusion, the stereochemistry study of the PPA-mediated cyclization, N-

benzyloxycarbonylation, and the basic isomerization is summarized as the following 

scenario. 

1) PPA-mediated cyclization of both cis- and trans-2-benzyl-3-piperidinecarboxylic 

acid derivatives (104) strongly favors trans product (105a) which is a 

thermodynamically more stable isomer formed through an acid-catalyzed 

isomerization mechanism. 

2) When the nitrogen is protected with a Cbz group, the cis-f3 configuration is the low 

energy form and the trans isomer can be isomerized to cis easily under basic 

conditions. The factors which make the usually unstable cis configuration the lower 

energy isomer could be the 1,S-interaction between carbamate oxygen and the 

equatorial benzylic group on the adjacent carbon of the piperidine nitrogen, which 

exists only in trans and cis-a configuration but not the cis- f3 ring juncture. 

3) Under neutral catalytic hydrogenation, the N-Cbz group in 106b can be cleaved 
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without affecting the stereochemistry; but under acidic condition, the deprotection is 

accompanied by complete isomerization. 

4) The desired trans intermediate l06a cannot be obtained by this route since even a 

weak base such as triethylamine during N-benzyloxycarbonylation will give 

significant isomerization of the product. Other approaches like using an N-benzyl 

protecting group may favor the trans isomer and are currently under investigation. 
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3 . EXPERIMENT AL 

General Methods: 

Melting points were determined with an Electrothermal capillary melting point apparatus 

and are uncorrected. 

Proton magnetic resonance spectra were obtained for all compounds using Bruker 

M1500 (500 MHz), Bruker AM-250 (250 MHz), or JECL FX-90Q (90 MHz) spectrometers. 

Gas-chromatography mass spectra were obtained on Hewlett Packard 5970 MSD and 

Varian MAT 90 spectrometers. 

Infrared spectra were recorded on Beckman IR-33 spectrophotometers with samples 

prepared as potassium bromide pellets or as thin films on N aCI plates. 

Elemental analyses were performed by Desert Analytics, Tucson, AZ. 

Purified products were shown to be homogeneous by thin-layer chromatography on 

silica gel plates (l x 3 in) with visualization by iodine vapor. 

Column chromatography was performed using low-pressure or flash liquid 

chromatography with glass columns packed with silica gel (60 A) unless indicated 

otherwise. 

All the chemical reactions requiring inert atmosphere were carried out under nitrogen in 

oven-dried glassware using septum techniques. 

Tetrahydrofuran (THF) and diethyl ether (ether) were dried and distilled prior to use 

from sodium benzophenone ketyl. Benzene and toluene were distilled from sodium. 

Pyridine and triethylamine (TEA) were distilled from calcium hydride. Chloroform and 

dichloromethane (DCM) were distilled from phosphorus pentoxide. N,N-Dimethylfor

mamide (DMF) was dried over 3 A molecular sieves and distilled under reduced pressure. 
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I-Tosylindole (20a) 

In a 500 ml flask 7.52 g NaH (60% dispersion in mineral oil, 188 mmol) was washed 

with dry petroleum ether twice, followed by the addition of 50 rnl dry THF. The gray 

slurry was cooled to 0-5°C under N2. Into the slurry was dropped the solution of indole 

(20 g, 170 mmol) in 50 ml dry THF within 15 min at 0-5°e. After the addition, the 

solution was stirred at 20°C for 30 min, and then cooled to 0-5°e. A solution of 39.4 g 

(207 mmol) p-toluenesulfonyl chloride in 150 ml of dry THF was added to it within 10 

min, and then the reaction was allowed to stand at room temperature overnight. The gray 

slurry was poured into 100 ml brine and the organic phase washed with brine (4 x 60 rnI) 

and dried with anhydrous Na2S04. The solvent was removed under reduced pressure. 

Recrystallization of the residue from hot methanol afforded 37.9 g of a white crystalline 

solid (82%). m.p. 86-86.5°C (lit. 83-84°C; Bowman, 1971). Rf = 0.63 (50% 

hexane/CH2Ch). 

5-Methoxy-l-tosylindole (20b) 

Into a 1 liter flask were placed 5-methoxyindole (5 g, 33.6 mmol), p-toluenesulfonyl 

chloride (10.1 g, 39.4 mmol), tetrabutylammonium bisulfate (1 g), toluene (200 ml), and a 

solution of NaOH (40 g in 390 rnl H20). The two-phase mixture was stirred vigorously at 

room temperature for 2 h. The organic phase was washed with water until it was neutral. 

After being dried with anhydrous Na2S04, the organic phase was concentrated under 

reduced pressure to a brown oil. Recrystallization from 120 rnl hot methanol afforded 9.76 

g (96%) of a white crystalline solid. m.p. 111-113°e. Rf= 0.5 (25% hexane/CH2Cb). 

Mass spectrum: m/e 301 (M+, 45%), 146 (100%). IH NMR (500 MHz, CDCI3): 02.33 

(3 H, s, tosyl CH3), 3.8 (3 H, s, OCH3), 6.57 (1 H, d, d, indole 3-H, J = 0.7 and 3.7 

Hz), 6.91 (1 H, d, d, indole 6-H, J = 2.7 and 9 Hz), 6.95 (1 H, indole 4-H, d, J = 2.2 



75 

Hz), 7.20 (2 H, d, tosyl H adjacent to methyl, J = 8 Hz), 7.5 (1 H, d, indole 2-H, J = 3.7 

Hz), 7.72 (2 H, d, tosyl H adjacent to sulfonyl, J = 6.7 Hz), 7.87 (1 H, d, indole 7-H, J = 

9.2 Hz). IR (KBr, em-I): 3140, 3100,3000,2950,2840,1615, 1590, 1470, 1365, 1228. 

CI6HISN03S requires: C 63.75, H 5.02, N 4.65, S 10.65. Found: C 63.34, H 5.04, N 

4.60, S 10.63. 

I-Tosyl-3-indoleboronic Acid (22a) 

To a suspension of 3-(acetoxymercurio)-1-tosylindole (800 mg, 1.5 mmol) in 40 ml 

THF purged with N2 was added borane solution (1M in THF, 15 ml, 15 mmol) at room 

temperature and the mixture was stirred at room temperature for 1 h, followed by the 

addition of 8.4 ml H20. A clear solution and elemental mercury were obtained. The 

mercury was removed by filtration, and the solvent was evaporated at 40°C under reduced 

pressure. 90 ml THFlEtOAc (119) was then added to the white residue and the insoluble 

material was removed by filtration. The filtrate was extracted with H20 (2 x 30 ml), and 

concentrated. 354 mg white solid was obtained. Recrystallization from MeOH afforded 

130 mg (75%) of a crystalline solid with Rf= 0.70 (10% MeOH/CH2Ch). The melting 

point and elemental analysis are not reliable for characterization since an anhydride may 

form. IH NMR (500 MHz, CDCI3+D20): 02.35 (3 H, s, tosyl CH3), 5.75 (broad, OH), 

7.22 (2 H, d, tosyl H adjacent to Me, J = 7.97 Hz), 7.30 (1 H, d, d, 7-H, J = 7.21 and 

1.51 Hz), 7.45-7.38 (1 H, m, 5-H), 7.9-7.75 (2 H, two doublets, tosyl H adjacent to 

sulfonyl, J = 8.4 Hz), 7.98-7.90 (1 H, m, 6-H), 8.29 and 8.03 (1 H, two multiplets, 4-

H), 8.45 and 7.96 (1H, two singlets, 2-H). 

5-Methoxy-l-tosyl-3-indoleboronic Acid (22b) 

To a suspension of 5-methoxy-3-(acetoxymercurio)-I-tosylindole (280 mg, 0.5 mmol) 

in 14 ml THF purged with N2 was added borane solution (1M in THF, 5 ml, 5 mmol) at 
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room temperature and the mixture was stirred at room temperature for 1 h, followed by the 

addition of 2.8 ml H20. A clear solution and elemental mercury were obtained. The 

mercury was removed by filtration, and the solvent was evaporated at 40°C under reduced 

pressure. To the white residue was then added 30 ml THFlEtOAc (1/9) and the insoluble 

material was removed by filtration. The filtrate was extracted with H20 (2 x 10 ml, and 

concentrated to give 170 mg white solid. Recrystallization from MeOH afforded 130 mg 

(77%) of a crystalline solid. m.p. 120-122°C. Rf= 0.70 (10% MeOH/CH2Cb). IH 

NMR (500 MHz, CD3COCD3+D20): 82.34 (3 H, s, tosyl CH3), 3.81 (3 H, s, OCH3), 

6.94 (1 H, d,d, indole 6-H, J = 8.95 and 2.6 Hz), 7.39 (2 H, d, tosyl H adjacent to 

methyl, J = 8.4 Hz), 7.57 (1 H, d, indole 4-H, J = 2.6 Hz), 7.85 (1 H, d, indole 7-H, J = 

9.2 Hz), 7.86 (2 H, d, tosyl H adjacent to sulfonyl, J = 8.42 Hz), 8.10 (1 H, s, indole 2-

H). IR (KBr, cm- I ): 3520,3140,2950, 1600, 1570, 1480, 1380, 1160. 

3-(Acetoxymercurio)-1-tosylindole (23a) 

A mixture of mercuric acetate (3.63 g, 11 mmol) and 100 ml of glacial HOAc was 

stirred at room temperature for 30 min. The insoluble material was removed by filtration. 

To the filtrate was added 1-tosylindole (2.98 g, 11 mmol). The clear solution was stirred at 

room temperature for 4 h, and became a white slurry which was stirred at room temperature 

overnight. Filtration gave 4.1 g of a white heavy crystalline material, along with another 

1.2 g of crystals from the filtrate for a total yield of 91 %. Recrystallization from CH2Cb 

afforded the pure product. IH NMR (250 MHz, CDCI3): 82.11 (3 H, s, acetoxy CH3), 

2.33 (3 H, s, CH3 of the tosyl), 7.22 (2 H, d, tosyl H Adjacent to methyl, J = 8.2 Hz), 

7.24 (l H, t, indole 5-H, J = 7.1 Hz), 7.33 (1 H, t, indole 6-H, J = 7.2 Hz), 7.47 (l H, s, 

indole 2-H), 7.51 (l H, d, 4-H, J = 8.3 Hz), 7.77 (2 H, d, tosyl H adjacent to sulfonyl, J 

= 8.3 Hz), 8.01 (1 H, d, indole 7-H, J = 8 Hz). IR (KBr, cm- I ): 3170, 3130, 2990, 1720, 
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1600, 1480, 1385, 1220, 1140. C2oH21HgN07S (product'HOAc) requires: C 38.72, H 

3.41, N 2.26, S 5.17. Found: C 39.09, H 3.10, N 2.15, S 4.69. 

5-Methoxy-3-(acetoxymercurio )-l-tosylindole (23b) 

A mixture of mercuric acetate (5.45 g, 16.6 mmol) and 150 ml of glacial HOAc was 

stirred at room temperature for 30 min. The insoluble material was removed by filtration. 

To the filtrate was added 5-methoxy-1-tosylindole (5 g, 16.6 mmol). The clear solution 

was stirred at room temperature for 4 h and became a white slurry. Filtration gave 6.4 g of 

a white heavy crystalline material, along with another 2.26 g of crystals from the filtrate. 

Recrystallization from HOAc (the temperature was controlled below 40°C) afforded the 

pure product, m.p. 130-132°C. Yield: 90%. (Product·HOAc). IH NMR (500 MHz, 

CDCI3): 0 2.11 (6 H, s, 2 acetoxy CH3), 2.33 (3 H, S, CH3 of the tosyl), 3.80 (3 H, s, 

OCH3), 6.93 (1 H, d,d, indole 6-H, J = 2.3 and 9.5 Hz), 6.95 (1 H, s, indole 4-H), 7.21 

(2 H, d, tosyl H Adjacent to methyl, J = 8.5 Hz), 7.41 (1 H, s, indole 2-H), 7.73 (2 H, d, 

tosyl H adjacent to sulfonyl, J = 6.6 Hz), 7.87 (1 H, d, indole 7-H, J = 9.6 Hz). IR (KBr, 

cm- I ): 3170, 3130, 2990, 1720, 1600, 1480, 1385, 1220, 1140. C2oH21HgN07S 

(product·HOAc) requires: C 38.72, H 3.41, N 2.26, S 5.17. Found: C 39.09, H 3.10, N 

2.15, S 4.69. 

I-Methyl-3-piperidinone (33a) 

Sodium (17.9 g, 777 mmol) was placed in a 1000 ml flask and 150 ml MeOH was 

added with cooling. The mixture was refluxed until a clear solution was obtained (about 1 

h). Into this solution was dropped a solution of 3-hydroxypyridine(64 g, 673 mmol) in 

150 ml MeOH at O°e. The mixture was heated under reflux for 40 min. The reddish 

solution was cooled to O°C and treated with CH31 (206 g, 1,45 mol). After the addition, 

the mixture was heated under reflux for 7 h. The solvent was removed under reduced 
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pressure and water (800 ml) was added to dissolve the residue. After cooling in an ice 

bath, the solution in a 1 liter beaker was treated with NaBH4 (52 g, 1.37 mol; added in 

small portions) over 1 h. After the addition was completed, the solution was basified with 

100 g K2C03 to pH 12. The solution was extracted with ether (100 ml. x 10) and the 

ether layers were combined and dried over anhydrous Na2C03. The ether solution was 

concentrated, and the residual oil was distilled under reduced pressure to give 45.75 g of 

product (56-58°C/11mmHg, Lit. 60-63°C/11 mmHg, Lyle, 1959). yield: 53%. Rf= 0.5 

(10% MeOH/CH2CI2). Mass spectrum: mle 127 (M+·, 27%), 112 (6.9%), 96 (9%), 84 

(29%),69 (10%), 54 (19%), 43 (100%). 

To a 100 ml flask containing I-methyl-l,2,5,6-tetrahydro-3-pyridyl methyl ether 

cooled to ooe was added 48% HBr solution (30 ml, 177 romol). After it was refluxed for 

6 h, the solution was basified with 2N NaOH under cooling to pH 11 and extracted with 

ether (10 x 50 ml. The ether extracts were combined and concentrated. The residual oil 

was distilled at 150°C oil bath in vacuo. The fraction distilling at 63-67°C/13 mmHg (lit. 

63-64°C/13 mmHg, Lyle, 1959) was collected to give 4.87 g of colorless product (60%). 

Rf= 0.3 (10% MeOH/CH2Ch). The product is highly sensitive to 02 and light, so it 

should be stored under N2 in a refrigerator. 

3-Piperidinone-t-carboxylic Acid Phenylmethyl Ester (33c) 

To a solution of 4-acetylamino-2,2,6,6-tetramethylpiperidinyl-l-oxy (4-acetylamino

TEMPO, 33.6 g, 158 mmol) at O°C in 200 ml CH2Ch was added p-toluenesulfonic acid 

monohydrate (29.97 g, 158 romol). An intense red color developed from the oxaromonium 

salt. This solution was added dropwise to a cold solution of 3-hydroxy-l-piperidine

carboxylic acid phenyl methyl ester (18 g, 76.6 romol) in 200 ml CH2Ch. The intense red 

solution was stirred at room temperature for 7 h, then kept in a refrigerator overnight at 

-16°C. The white solid was removed by filtration. After it was washed with cold CH2Ch 
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(50 ml. x 2) and dried in vacuo, 56.3 g of the reduced form of the oxidant was recovered 

(92%). The filtrate was washed with H20, sat. NaCl, then dried with anhydrous Na2S04. 

Vaccum distillation afforded 15.24 g (85%) product (170-176°CI0.40 mmHg). Some 

decomposition of the product was observed when it was heated above 150°C. The 

analytical sample was obtained by column chromatography with silica gel (CH2CI2). Rf= 

0.55 (5% MeOH/CH2Ch). IH NMR (500 MHz, CDCI3): 82.00 (2 H, broad, 5-H), 2.48 

(2 H, t, 6-H, J = 6.8 Hz), 3.66 (2 H, t, 4-H, J = 6.1 Hz), 4.09 (2 H, s, 2-H), 5.14 (2 H, 

s, -CH2Ph), 7.35 (5 H, s, phenyl). Mass spectrum: m/e 233 (M+·, 2.8%), 186 (1 %), 160 

(4%), 127 (16%), 91(100%). 

1-(tert-Butoxycarbonyl)-3-piperidinone (33d) 

A solution of I-benzyl-3-piperidinone hydrochloride (10 g, 41 mmol) in aqueous 

ethanol (100 ml, 50%) was hydrogenated (45 psi) in a Parr hydrogenation apparatus using 

Pd-C (1.4 g, 5%) as a catalyst for 18 h. The reaction mixture was filtered and evaporated 

to dryness in vacuo at 45°C. To an ice-cooled solution of the residue in water (20 ml) were 

added triethylamine (13 g, 125 mmol) and a solution of di-tert-butyl dicarbonate (10.91 g, 

50 mmol) in 20 ml THF. The reaction mixture was stirred at O°C for 2 h. THF was 

removed under reduced pressure and the pH of the remaining aqueous solution was 

adjusted to 5 with acetic acid at O°C. The solution was extracted with ether (6 x 40 ml). 

The combined ether phases were washed with saturated sodium bicarbonate solution (20 

ml. x 4) and dried with sodium sulfate. The ether was evaporated (aspirator), the residue 

was distilled under reduced pressure and the fraction with b.p. 100-103°CI0.45 mmHg 

(lit. 104-105°CI0.45 mmHg, Brehm, 1986) was collected to give 4.8 g (59%) colorless 

oil, which solidified at room temperature. Rf = 0.63 (2% MeOH/CH2CI2). Mass 

spectrum: m/e 199 (M+, 2.8%), 143 (17%), 126 (15%), 115, 99, 87, 70, 57 (100%), 41 

(32%). 
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1-Methyl-3-hydroxy-1,2,S,6-tetrahydropyridine Triflate (34a) 

A solution of freshly distilled diisopropylamine (2.31 g, 22 mmol) in 20 ml dry THF in 

a 100 ml flask was purged with N2, then cooled to -78°C. n-BuLi (2.5 Min hexanes, 9.3 

ml, 23.2 mmol) was added and the solution was agitated at -78°C for 15 min, then at O°C 

for 45 min. It was cooled to -78°C, and a solution of I-methyl-3-piperidinone (2.5 g, 22 

mmol) in 20 ml dry THF was added along the flask wall within 5 min. After stirring at 

78°C for 60 min, a solution of N-phenyl trifluoromethanesulfonimide (8.3 g, 23.2 mmol) 

in 60 ml dry THF was quickly added to the clear solution at -78°C. After agitating at -78°C 

for 10 min, the slurry was warmed slowly to O°C and stirred at O°C for 3 h. The solvent 

was removed at 40°C under reduced pressure. The yellow oil was eluted on a basic Al20 3 

column with CH2Cl2 and 4.41 g of light yellow oil was obtained (80%). An analytical 

sample was obtained by vaccum distillation: b.p. 81-82°C/l0 mm Hg. Rf= 0.8 (10% 

MeOH/CH2Ch). The product was kept under N2 in a refrigerator. IH NMR (250 MHz, 

CD3COCD3): 8 2.31 (2 H, m, 5-H), 2.35 (3 H, s, CH3), 2.50 (2 H, t, 6-H, J = 5.5 Hz), 

3.08 (2 H, m, 2-H), 5.93 (1 H, m, vinyl H). Mass spectrum: mle 245 (M+·, 10%), 134 

(0.8%), 112 (42%),84 (33%),69 (62%), 42 (100%). C7HIOF3NI03S requires: C 34.27, 

H 4.11, F 23.25, N 5.71, S 13.08. Found: C 34.42, H 4.02, F 23.33, N 5.69, S 13.38. 

1-Benzyl-3-hydroxy-1,2,4,S-tetrahydropyridine Triflate (34b) 

A solution of freshly distilled diisopropylamine (2.5 g, 26 mmol) in 22 ml dry THF 

(distilled from N a) in a 100 ml flask was purged with N2, then cooled to -78°C. To this 

solution was added n-BuLi (2.5 M in hexanes, 10.44 ml, 26 mmol) and the solution was 

agitated at -78°C for 15 min, then at O°C for 45 min. It was then cooled to -78°C, and a 

solution of I-benzyl-3-piperidinone (4.5 g, 23.6 mmol) in 22 ml dry THF was added along 

the flask wall within 5 min. The mixture was stirred at 78°C for 1 h. To the clear solution 
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was added a solution of N-phenyl trifluoromethanesulfonimide (9.07 g, 25.2 mmol) in 60 

ml THF quickly at -78De. After stirring at -78DC for 10 min, the slurry was warmed slowly 

to ODC and stirred at ODC for 4 h. The solvent was removed at 40DC under reduced 

pressure. The yellow oil was eluted from a basic Al20 3 column with CH2Ch to give 6.11 

g (80%) yellow oil. Distillation in vacuo afforded 5.72 g (74.8%) of product. b.p.: 93-

102DC/0.05-0.075 mmHg. The product decomposed at room temperature and was kept 

under N2 at < -lODe. Rf = 0.55(30% CH2CI2/hexanes). 1 H NMR (500 MHz, CDCI3): 8 

2.30 (2 H, m, 5-H), 2.61 (2 H, t, 6-H, J = 5.5 Hz), 3.14 (2 H, q, 2-H), 3.65 (2 H, s, 

-CH2Ph), 5.84 (1 H, m, vinyl H), 7.33 (5 H, s, Phenyl). Mass spectrum, m/e 321 (M+o, 

5.2%), 230(5.4%), 188(22%), 91(100%), 69(15%). 

1,4,5,6-Tetrahydro-1-benzyloxycarbonyl-3-hydroxypiperidine Triflate (35c) 

A solution of freshly distilled diisopropylamine (1.89 g, 18 mmol) in 15 ml of dry THF in 

a 100 ml flask was purged with N2, then cooled to -78DC. n-BuLi (2.5 M in hexanes, 7.2 

ml, 18 mmol) was added and the solution was agitated at -78DC for 15 min, then at ODC for 

45 min. It was cooled to -78 DC, and a solution of I-benzyloxycarbonyl-3-piperidone (4 g, 

17.2 mmol) in 15 ml of dry THF was added along the flask wall within 10 min. After 

stirring at -78DC for I h, into the clear solution was added a solution of N-phenyl 

trifluoromethanesulfonimide (6.43 g, 18 mmol) in 40 ml dry THF quickly at -78 DC. After 

it was stirred at -78DC for 10 min, the slurry was warmed slowly to ODC and stirred at ODC 

for 4 h. The solvent was removed at 40DC under reduced pressure. The yellow oil was 

eluted from a basic Al203 column (hexanes: EtOAc = 10 : 1). The oil obtained was purified 

by chromatography on a silica gel column (hexanes : EtOAc = 20 : 1) yielding 4.71 g of 

product as a yellow oil (75%). Rf= 0.5 (10% EtOAc/hexanes). IH NMR (500 MHz, 

CDCI3): 8 2.00 (2 H, m, 5-H, J = 6.2 Hz), 2.46 (2 H, t, 6-H, J = 6.2 Hz), 3.60 (2 H, m, 

4-H), 5.21 (2 H, s, OCH2), 7.27 (1 H, s, vinyl H), 7.39 (5 H, s, phenyl). Mass 
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spectrum: m/e 365 (M+', 1.2%), 232, 188, 181, 142, 116, 91 (100%), 69. 

CI4HI4F3NOsS requires: C 46.00, H 3.86, F 15.61, N 3.84, S 8.73. Found: C 46.60, H 

4.08, F 14.95, N 3.67, S 9.00. 

1,4,5,6-Tetrahydro-l-tert-butoxycarbonyl-3-hydroxypiperidine Triflate (35d) 

A solution of freshly distilled diisopropylamine (2.31 g, 22 mmol) in 17 mI dry THF in 

a 100 ml flask was purged with N2, then cooled to -78°C. n-BuLi (2.5 M in hexanes, 8.8 

mI, 22 mmol) was added and the solution was agitated at -78°C for 15 min, then at O°C for 

45 min. The solution was cooled to -78°C, and a solution of 1-tert-butoxycarbonyl-3-

piperidone (4 g, 20 mmol) in 17 ml dry THF was added along the flask wall within 10 

min. The mixture was stirred at -78°C for 1 h. To the clear solution was added a solution 

ofN-phenyl trifluoromethanesulfonimide (7.15 g, 20 mmol) in 50 ml dry THF quickly at 

-78°C. After stirring at -78°C for 10 min, the slurry was warmed slowly to O°C and stirred 

at O°C for 4 h. The solvent was removed at 40°C under reduced pressure. The yellow oil 

was loaded on a basic Al20 3 column and purified by flash chromatography (CH2CI2 : 

hexanes = 1 : 2) to obtain 5.6 g light yellow oil. An analytical sample was obtained by 

chromatography with a silica gel column (total yield: 73%): hexanes : EtOAc = 20 : 1. Rf 

= 0.45 (6% EtOAc/hexanes). I H NMR (250MHz, CD3COCD3): 0 1.49 (9 H, s, Boc 

CH3), 1.95 (2 H, m, 5-H), 2.5 (2 H, t, 6-H, J = 6.3 Hz), 3.66 (2 H, m, 4-H), 7.22 (1 H, 

b, vinyl H). CIIHI6F3NOsS requires: C 39.86, H 4.79, F 17.21, N 4.23, S 9.68. 

Found: C 40.29, H 5.01, F 17.60, N 4.21, S 9.68. 

I-Tosyl-3-(I' -methyl-I' ,2' ,5' ,6' -tetrahydro-piperidin-3'-yl)indole (38) 

A mixture of I-tosyl-3-indoleboronic acid (0.46 g, 1.45 mmol), 1,2,5,6-tetrahydro-l

methyl-3-hydroxypiperidine triflate (0.36 g, 1,45 mmol), Na2C03 (2M, 1.5 ml), 1,2-

dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenylphos-
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phine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 ml flask which was 

purged with N2 immediately. The mixture was heated to reflux for 1.5 h and the solvent 

was then removed under reduced pressure at 65°C. The green-black residue was 

partitioned with 20 ml CH2Cl2 and 20 ml 2 M Na2C03 containing 1 ml concentrated 

NH40H. The aqueous phase was extracted with CH2Cl2 (4 x 20 ml). The CH2Cl2 phases 

were combined and dried with anhydrous Na2S04. The solvent was evaporated under 

reduced pressure and the residue was purified with silica gel (MeOH/CH2CI2 = 1 : 25) 

yielding 395 mg of product (90%). m.p. 101-102°C. Rf = 0.65 (CH2CI2 : MeOH = 10 : 

1). I H NMR (250 MHz, CDCI3): 8 2.33 (3 H, s, tosyl CH3), 2.50-2.40 (2 H, m, 5'

CH2), 2.48 (3 H, s, N-CH3), 2.63 (2 H, t, 6'-CH2, J =5.83 Hz), 3.28 (2 H, q, 2'-H), 

6.28 (l H, m, 4'-vinyl H), 7.21 (2 H, d, tosyl H adjacent to Me, J = 8.22 Hz), 7.38-7.15 

(2 H, m, indole 5- and 6-H), 7.47 (l H, s, indole 2-H), 7.75 (3 H, d, tosyl H adjacent to 

sulfonyl and indole 4-H, J = 8.22 Hz), 7.99 (1 H, d, indole 7-H, J = 7.4 Hz). IR (KBr, 

cm- I ): 3140,2940, 1765, 1600, 1445, 1370, 1170. C21H22N202S requires: C 68.82, H 

6.01, N 7.65, S 8.76. Found: C 68.92, H 5.97, N 7.54, S 8.67. 

l-Tosyl-3-(l' -benzyl-l' ,2' ,5' ,6'-tetrahydro-piperidin-3'-yl)indole (39) 

A mixture of 1-tosyl-3-indoleboronic acid (0.46 g, 1.45 mmol), 1,2,5,6-tetrahydro-1-

benzyl-3-hydroxypiperidine triflate (0.47 g, 1,45 mmol), Na2C03 (2M, 1.5 ml), 1,2-

dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenylphos

phine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 ml flask which was 

purged immediately with N2. The mixture was heated to reflux for 2 h and the solvent was 

then removed under reduced pressure at 65°C. The mixture was extracted with CH2Ch (3 x 

20 ml). The CH2Ch phases were combined, washed with brine and dried. The solvent 

was evaporated and the residue was chromatographed with a silica gel column (CH2Ch). 

Recrystallization with ether/hexanes yielded 589 mg (92%) of product with m.p. 124-
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126°C. Rf= 0.7 (CH2Ch : MeOH = 10: 1). IH NMR (500 MHz, CD3COCD3): () 2.32 

(3 H, s, CH3), 2.40-2.30 (2 H, m, 5'-H), 2.60 (2 H, t, 6'-H, J = 5.5 Hz), 3.40 (2 H, q, 

2'-H), 3.69 (2 H, s, CH2Ph), 6.33 (l H, m, vinyl H), 7.45-7.20 (9 H, m, phenyl, indole 

5-,6-H, tosyl H Adjacent to methyl), 7.61 (l H, s, indole 2-H), 7.81 (l H, d, indole 4-H, 

J = 7.4 Hz), 7.86 (2 H, d, tosyl H adjacent to sulfonyl, J = 8.4 Hz), 8.03 (l H, d, indole 

7-H, J = 8 Hz). IR (KBr, em-I): 3060, 2920, 2800, 1600, 1450, 1370, 1300, 1180. 

Mass spectrum: mle 442 (M+·, 1.2%),351 (1.5%),323 (100%),287 (27%), 195 (6%), 

167 (90%),91 (98%). 

5-:Methoxy-l-tosyl-3-(1' -methyl-I', 2', 5', 6' -tetrahydro-piperidin-3' -yl)indole (40) 

A mixture of 5-methoxy-l-tosyl-3-indoleboronic acid (0.5 g, 1.45 mmol), 1,2,5,6-

tetrahydro-l-methyl-3-hydroxypiperidine triflate (0.36 g, 1,45 mmol), Na2C03 (2M, 1.5 

ml), 1,2-dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenyl

phosphine)palladium(O) catalyst (60 mg, 0.05 mmoI) was placed in a 10 ml flask which 

was purged immediately with N2, followed by refluxing for 2 h. The solvent was removed 

under reduced pressure at 65°C. The green-black residue was partitioned with 20 ml 

CH2Ch and 20 ml of 2 M Na2C03 with 1 ml concentrated NH40H. Then the aqueous 

phase was extracted with CH2Cb (4 x 20 mI). The CH2Ch extracts were combined and 

dried with anhydrous Na2S04. After the solvent was removed under reduced pressure, the 

residue was purified with silica gel (CH2Ch : hexanes = 1 : 2) to provide 520 mg of a pale 

oil. After recrystallization from ether, 491 mg of product was obtained (86%). m.p. 106-

107°C. Rf = 0.50 (CH2Ch : MeOH = 10 : 1). IH NMR (250 MHz, CDCh): () 2.33 (3 H, 

s, tosyl Me), 2.46-2.37 (2 H, m, 5'-H), 2.49 (3 H, s, N-Me), 2.63 (2 H, t, 6'-H, J = 5.9 

Hz), 3.22 (2 H, q, 2'-H), 3.76 (3 H, s, OCH3), 6.16 (1 H, m, vinyl H), 6.92 (1 H, d,d, 

indole 6-H, J = 8.8 Hz), 7.15 (1 H, d, indole 4-H, J = 2.4 Hz), 7.18 (2 H, d, tosyl H 

adjacent to Me), 7.43 (1 H, s, indole 2-H), 7.71 (2 H, d, tosyl H adjacent to sulfonyl, J = 
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8.4 Hz), 7.83 (1 H, d, indole 7-H, J = 8.2 Hz). IR (KBr, cm- I ): 2900, 2820, 2760, 1605, 

1590, 1460, 1355, 1210, 1165. Mass spectrum: mle 396 (M+·, 9.2%), 353 (100%), 241 

(27%), 198 (50%), 183 (63%), 155 (37%), 128 (8%), 91 (23.7%). C22H24N203S 

requires: C 66.62, H 6.10, N 7.07, S 8.09. Found: C 66.39, H 6.00, N 6.89, S 8.36. 

5-:Methoxy-l-tosyl-3-(1 '-benzyl-I' ,2' ,5' ,6' -tetrahydro-piperidin-3' -yl)indole (41) 

A mixture of 5-methoxy-l-tosyl-3-indoleboronic acid (0.5 g, 1.45 mmol), 1,2,5,6-

tetrahydro-l-benzyl-3-hydroxypiperidine triflate (0.47 g, 1,45 mmol), Na2C03 (2M, 1.5 

ml), 1,2-dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenyl

phosphine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 ml flask which 

was purged immediately with N2, followed by refluxing for 2 h. The solvent was removed 

under reduced pressure at 65°C and the residue was partitioned with 20 ml CH2Cl2 and 20 

ml 2 M Na2C03 containing 1 ml concentrated NH40H. The mixture was then extracted 

with CH2Cl2 (3 x 20 ml). The CH2Cl2 layer was combined, washed with brine, and dried 

with anhydrous Na2S04. The solvent was evaporated and the residue was eluted through a 

silica gel column (CH2CI2). Recrystallization of the solid residue with EtOAc/MeOH 

yielded 520 mg of product (76%). m.p. 127-128°C. Rf= 0.4 (5% MeOH/CH2CI2). IH 

NMR (500 MHz, CD3COCD3): 0 2.32 (3 H, s, tosyl Me), 2.34 (2 H, m, 5'-H), 2.6 (2 H, 

t, 6'-H, J = 5.6 Hz), 3.37 (2 H, q, 2'-H), 3.68 (2 H, s, benzyl-CH2), 3.78 (3 H, s, 

OCH3), 6.30 (1 H, m, vinyl H), 6.97 (1 H, d,d, indole 6-H, J = 2.3 and 9 Hz), 7.22 (1 

H, d, indole 4-H, J = 2.4 Hz), 7.45-7.23 (7 H, m, phenyl H, tosyl H adjacent to Me), 

7.57 (1 H, s, indole 2-H), 7.81 (2 H, d, tosyl H adjacent to sulfonyl, J = 8.5 Hz), 7.92 (1 

H, d, indole 7-H, J = 9 Hz). IR (KBr, cm- I ): 3105, 3000, 2900, 2795, 1595, 1450, 1365, 

1205, 1168. Mass spectrum: m/e 472 (M+·, 2.4%),353 (95%),317 (28%), 225 (7.3%), 

183 (40%), 155 (23.7%),91 (100%). C2sH2SN203S requires: C 71.14, H 5.97, N 5.93, 

S 6.79. Found: C 70.99, H 5.75, N 5.80, S 6.78. 
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1-Tosyl-3-(1 '-benzyloxycarlJonyl-l' ,4' ,5' ,6'-tetrahydro-piperidin-3'-yl)indole (42) 

A mixture of 1-tosyl-3-indoleboronic acid (0.46 g, 1.45 mmol), 1,4,5,6-tetrahydro-1-

benzyloxycarbonyl-3-hydroxypiperidine triflate (0.53 g, 1.45 mmol), Na2C03 (2M, 1.5 

ml), 1,2-dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenyl

phosphine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 m1 flask which 

was purged immediately with N2. It was heated to reflux for 2 h. The solvent was 

removed under reduced pressure at 65°C. The green-black residue was partitioned with 20 

ml CH2Ch and 20 ml2 M Na2C03 containing 1 ml concentrated NH40H. The aqueous 

phase was extracted with CH2Ch (4 x 20 ml). The CH2Ch phase was combined and dried 

with anhydrous Na2S04. The solvent was removed under reduced pressure and the 

residue was purified by chromatography on silica gel (CH2CI2 : hexanes = 1 : 2). A pale 

oily product was obtained. After being recrystallized from MeOH, 563 mg of product was 

obtained (80%). m.p. 125-127°C. Rf= 0.6 (CH2CI2)' IH NMR (250 MHz, 

CD3COCD3): 82.01 (2 H, m, 5'-H, J = 5.7 Hz), 2.32 (3 H, s, CH3), 2.53 (2 H, t, 6'-H, 

J = 5 Hz), 3.07 (2 H, broad, 4'-H), 5.24 (2 H, s, Cbz-CH2), 7.3-7.83 (11 H, overlap, 

phenyl, vinyl, indole 4-,5-, 6-H, tosyl H adjacent to Me), 7.64 (1 H, s, indole 2-H), 7.87 

(2 H, d, tosyl H adjacent to sulfonyl), 8.06 (l H, d, indole 7-H, J = 8 Hz). IR (KBr, cm

I): 3140, 2945, 1710, 1650, 1600, 1400, 1170, 1145. Mass spectrum: m/e 486 (M+o, 

3.3%),351 (9.7%),331 (1.8%),287 (17%),260 (0.4%), 196 (4.6%), 155 (7.9%), 91 

(100%). C2sH26N204S requires: C 69.10, H 5.39, N 5.76, S 6.59. Found: C 68.90, H 

5.12, N 5.57, S 6.92. 

1-Tosyl-3-(I' -tert-hutoxycarlJonyl-l' ,4' ,5' ,6' -tetrahydro-piperidin-3' -yl)indole (43) 

A mixture of 1-tosyl-3-indoleboronic acid (0.46 g, 1.45 mmol), 1,4,5,6-tetrahydro-l

tert-butoxycarbonyl-3-hydroxypiperidine triflate (0.48 g, 1,45 mmol), Na2C03 (2 M, 1.5 



87 

ml), 1,2-dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and tetrakis(triphenyl

phosphine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 ml flask which 

was purged immediately with N2' It was heated to reflux 1 h. Then the solvent was 

removed under reduced pressure at 65°C. The green-black residue was partitioned with 20 

ml CH2Cl2 and 20 ml of2 M Na2C03 with 1 ml concentrated N140H. After the aqueous 

phase was extracted with CH2Cl2 (4 x 20 ml), the CH2Cl2 extracts were combined and 

dried with anhydrous Na2S04. The solvent was removed under reduced pressure, and the 

residue was chromatographed on silica gel (CH2CI2 : hexanes = 1 : 2). After 

recrystallization from ether, 583 mg of product was obtained (89%). m.p. 139-140°C. Rf 

= 0.6 (30% CH2CI2/hexanes). lH NMR (500 MHz, CD3COCD3): 0 1.52 (9 H, s, tert

Bu), 1.97 (2 H, m, 5'-H, J = 5.8 Hz), 2.31 (3 H, s, tosyl Me), 2.50 (2 H, t, 6'-H, J = 

6.3 Hz), 3.64 (2 H, broad, 4'-H), 7.32 (2H, d, tosyl H adjacent to Me, J = 7.9 Hz), 7.42-

7.27 (2 H, m, indole 6-, 6-H), 7.60-7.48 (1 H, two broad peaks, vinyl H), 7.61 (l H, s, 

indole 2-H), 7.80 (l H, 2 broad peaks, indole 4-H), 7.87 (2 H, d, tosyl H adjacent to 

sulfonyl, J = 8.4 Hz), 8.08 (1 H, d,d, indole 7-H, J= 7.4 Hz and 1.2 Hz). IR (KBr, cm

I): 3140,2970,2940, 1700, 1645, 1595, 1450, 1370, 1315, 1170, 1140, 1115. Mass 

spectrum: m/e 452 (M+·, 1.4%),396 (12%), 351 (3.7%),271 (1.5%),241 (100%), 197 

(50%), 168 (11 %), 155 (7.6%),91 (23%),57 (26%). C2sH28N204S requires: C 66.33, 

H 6.24, N 6.19, S 7.09. Found: C 66.34, H 6.19, N 5.82, S 6.99. 

5-Methoxy-l-tosyl-3-(1 '-benzyloxycarbonyl-l' ,4' ,5', 6'-tetrahydro-piperidin-3' -yl) indole 

(44) 

A mixture of 5-methoxy-l-tosyl-3-indoleboronic acid (0.5 g, 1.45 mmol), 1,4,5,6-

tetrahydro-l-benzyloxycarbonyl-3-hydroxypiperidine triflate (0.53 g, 1,45 mmol), 

Na2C03 (2M, 1.5 ml), 1,2-dimethoxyethane (DME, 4 ml), LiCI (130 mg, 3 mmol), and 

tetrakis(triphenylphosphine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 
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ml flask and the system was purged immediately with N2. It was heated to reflux for 20 

min. The dark green reaction mixture was cooled and extracted with CH2Ch (3 x 20 ml). 

The CH2Ch phases were combined and the solvent was removed at 35°C under reduced 

pressure. The residue was purified by chromatography on silica gel (CH2Ch : hexanes = 1 

: 1). The first 1500 ml fraction was collected and after removal of the solvent, the residue 

was rechromatographed on a silica gel column (CH2C12 : hexanes = 1 : 2). The product 

was recrystallized from ether yielding 0.62 g of white crystalline solid (82%). m.p. 112-

113°e. Rf= 0.42 (10% MeOHlCH2C12). IH NMR (500 MHz, CD3COCD3): B 2.04 (2 

H, m, 5'-H), 2.33 (3 H, s, tosyl CH3), 2.52 (2 H, t, 6'-H, J = 6.3 Hz), 3.61-3.85 (3 H, 

2 peaks, OCH3), 3.73 (2 H, m, 4'-H), 5.26 (2 H, s, Cbz-CH2), 6.94-7.06 (l H, m, 

indole 6-H), 7.08-7.3 (l H, two broad peaks, indole 4-H), 7.3-7.58 (8 H, m, vinyl H, 

phenyl H, tosyl H adjacent to methyl), 7.61 (l H, s, indole 2-H), 7.84 (2 H, d, tosyl H 

adjacent to sulfonyl, J = 8.3 Hz), 7.94 (l H, d, indole 7-H, J = 9.2 Hz). IR (KBr, cm- I ): 

2940, 2000, 1700, 1680, 1600, 1470, 1405, 1250, 1170. Mass spectrum: mle 516 (M+o, 

3%),381 (5.5%),362,317 (21%), 226 (19%),91 (100). C29H28N20SS requires: C 

67.40, H 5.47, N 5.43, S 6.21. Found: C 67.45, H 5.63, N 5.63, S 6.71. 

5-:Methoxy-l-tosyl-3-(1' -tert-butoxycarbonyl-l' ,4' ,5' ,6' -tetrahydro-piperidin-3' -yl)indole 

(45) 

A mixture of 5-methoxy-1-tosyl-3-indoleboronic acid (0.5 g, 1.45 mmol), 1,4,5,6-

tetrahydro-l-tert-butoxycarbonyl-3-hydroxypiperidine triflate (0.48 g, 1,45 mmol), 

Na2C03 (2M, 1.5 ml), 1,2-dimethoxyethane (DME, 4 ml), LiCl (130 mg, 3 mmol), and 

tetrakis(triphenylphosphine)palladium(O) catalyst (60 mg, 0.05 mmol) was placed in a 10 

ml flask which was immediately purged with N2. After the mixture was heated to reflux 

for 60 min, the solvent was removed under reduced pressure at 65°C. The green-black 

residue was partitioned with 20 ml CH2Ch and 20 ml 2 M Na2C03 with 1 ml concentrated 
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NH40H, then the aqueous phase extracted with CH2Cl2 (4 x 20 ml). The CH2Ch phase 

was combined and dried with anhydrous Na2S04. Removal of the solvent under reduced 

pressure and purification of the residue via column chromatography (silica gel, CH2Ch : 

hexanes = 1 : 2) afforded 616 mg pale oil. Recrystallization was performed from MeOH, 

and 553 mg of product was obtained (79%). m.p. 154-156°C. Rf = 0.6 (30% 

CH2Ch/hexanes). IH NMR (500 MHz, CD3COCD3): 8 1.52 (9 H, s, tert-Bu), 1.98 (2 

H, m, 5'-H, J = 2.2 Hz), 2.34 (3 H, s, tosyl CH3), 2.49 (2 H, t, 6'-H, J = 5.9 Hz), 3.64 

(2 H, broad, 4'-H), 3.84 (3 H, s, OCH3), 7.02 (1 H, d,d, indole 6-H, J = 2.5 and 9 Hz), 

7.3-7.18 (1 H, two broad peaks, indole 4-H), 7.35 (2 H, d, tosyl H adjacent to Me, J = 

8.6 Hz), 7.56-7.42 (1 H, two broad peaks, vinyl-H), 7.58 (1 H, s, indole 2-H), 7.84 (2 

H, d, tosyl H adjacent to sulfonyl, J = 8.4 Hz), 7.97 (1 H, d, indole 7-H, J = 9.1 Hz). IR 

(KBr, cm- i ): 2960,2000, 1700, 1655, 1470, 1370, 1250, 1170. Mass spectrum: m/e 482 

(M+o, 1.6%),426 (11 %), 382 (3.9%), 271 (100%), 227 (73%). C26H30N20SS requires: 

C 64.69, H 6.27, N 5.81, S 6.65. Found: C 64.21, H 6.04, N 6.09, S 6.65. 

3-(1' -Tosyl-l' ,2' ,5' ,6-tetrahydropyridin-4' -yl)indole (62) 

To a 250 ml flask were added indole (7.2 g, 60 mmol), 1-tosyl-4-piperidinone (27.5 g, 

110 mmol), NH40Ac (27.6 g), glacial HOAc (120 ml), and THF (120 ml). The solution 

was stirred at room temperature for 6 days. The yellow slurry was filtered and the solid 

thus obtained was washed with HOAc and dried to give 12.65 g white solid. m.p.227-

228°C. Recrystallization from HOAc afforded another 2.54 g of product from the mother 

liquor. m.p. 227-228°C (lit. 224°C; Freter, 1982). Yield: 70%. Rf= 0.2(CH2Ch). 

I-Tosyl-3-(I' -tosyl-l' ,2' ,5' ,6-tetrahydropyridin-4' -yl)indole (63) 

To a 1 liter flask were added in sequence 3-(1'-tosyl-1',2',5',6'-tetrahydropyridin-4'

yl)indole (13.5 g, 38.4 mmol) , TsCI (8.6 g, 45 mmol), BU4NHS04 (1.3 g), 500 ml 
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toluene, and a cold solution of NaOH (45 g, 1.125 mol) in 300 ml H20. The reaction 

mixture was stirred at room temperature until the starting material disappeared as indicated 

by TLC (usually within 30 min). The toluene layer was separated and washed with 1 % 

HCI and 20% NaHC03 and dried with anhydrous Na2S04. Evaporation of the solvent and 

recrystallization of the solid residue from acetone afforded 19.06 g of product (98%), m.p. 

116-119°C. An analytical sample was obtained by recrystallization from acetone as large 

colorless crystals which melted partially at 118-121°C, then had a second m.p. at 146-

153°C. Rf= 0.4 (CH2CI2). IH NMR (250 MHz, CDCI3): 0 2.34 (3 H, s, indole-1-Ts 

CH3), 2.43 (3 H, s, l'-N-Ts CH3), 2.61 (2 H, m, 5'-CH2), 3.37 (2 H, t, 6'-CH2, J = 
5.65 Hz), 3.79 (2 H, m, 2'-CH2), 6.10 (l H, m, 3'-vinyl H), 7.21 (2 H, d, 1-Ts H 

adjacent to Me, J = 8.17 Hz), 7.36-7.18 (2H, m, indole 5- and 6-H), 7.33 (2 H, d, 1'

Tosyl H adjacent to Me, J = 8.39 Hz), 7.45 (1 H, s, indole 2-H), 7.64 (l H, d, indole 4-

H, J = 7.4 Hz), 7.72 (2 H, d, l'-tosyl H adjacent to sulfonyl, J = 8.13 Hz), 7.73 (2 H, d, 

1-tosyl H adjacent to sulfonyl, J = 8.3 Hz), 7.98 (1 H, d, indole 7-H, J = 7.9 Hz). IR 

(KBr, em-I): 3200,2960,2860, 2820, 1600, 1430, 1370, 1170, 1160. 

I-Tosyl-3-(1 '-tosyl-3' -hydroxy-piperidin-4' -yl)indole (64) 

A mixture of I-tosyl-3-{1'-tosyl-l'2'5'6-tetrahydropyridin-4'-yl)indole (34.16 g, 67.6 

mmol) and 160 mI dry THF was placed in a 500 ml flask and purged with N2, then stirred 

at room temperature for 1 h to dissolve the solid. Into this solution was added a complex 

of borane-methyl sulfide (11.28 g, 148 mmol) at room temperature. After refluxing for 30 

min, 2N NaOH (40 mI) was carefully added at O°C to the milky mixture within 15 min. 

After the addition was completed, 30% H20 2 (30 mI) was added dropwise and the mixture 

was stirred at room temperature for 1 h. The mixture was poured into 40 ml 2 N HCI with 

stirring at room temperature. A large quantity of white solid appeared 10 min later. After 

the solid was collected on a filter, it was washed with H20 until neutral and then dried at 
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90°C in an oven to yield 33.7 g of white solid. Recrystallization from CH2Ch afforded 

27.22 g (77%) product. m.p. 229-230 0c. Rf= 0.4 (10% MeOH/CH2CI2). IH NMR 

(250 MHz, CDCI3): 8 1.62 (1 H, broad, OH), 1.98 (2 H, m, 5'-CH2), 2.25 (2 H, t, 6'

CH2, J = 9.84 Hz), 2.34 (3 H, s, indole I-Ts CH3), 2.47 (3 H, s, 1'-N-Ts CH3), 2.60 (l 

H, m, 3'-H), 3.88 (2 H, m, 2'-CH2), 4.06 (l H, m, 3'-H), 7.23 (2 H, d, I-tosyl H 

adjacent to Me, J = 7.3 Hz), 7.4-7.18 (2 H, m, indole 5- and 6-H), 7.37 (2 H, I-tosyl H 

adjacent to Me, J = 8.18 Hz), 7.40 (1 H, s, indole 2-H), 7.49 (l H, d, indole 4-H, J = 7.7 

Hz), 7.70 (2 H, d, 1'-tosyl H adjacent to sulfonyl, J = 8.1 Hz), 7.75 (2 H, d, I-tosyl H 

adjacent to sulfonyl, J = 8.27 Hz), 7.98 (l H, d, indole 7-H, J = 8.2 Hz). IR (KBr, cm

I): 3500, 3400, 2940, 2840, 1600, 1450, 1340, 1180, 1167. 

I-Tosyl-3-(1' -tosyl-3' -oxopiperidin-4'-yl)indole (65) 

Chromium(VI) oxide (3.42 g, 34.2 mmol) was added to the solution of pyridine (5.7 

g, 68.4 mmol) and 90 ml dry CH2CI2. Stirring at room temperature gave a dark brown 

solution with some black precipitate. To this solution was added I-tosyl-3-(l'-tosyl-3'

hydroxy-piperidin-4'-yl)indole (3 g, 5.7 mmol) in 80 ml dry CH2Ch. The mixture was 

stirred at room temperature for 2 h, then purified on a silica gel column (CH2Ch : hexane = 

2: 1). 1.54 g (51%) of product was obtained. m.p. 209-211°C. Rf= 0.65(CH2Ch). IH 

NMR (250 MHz, CDCI3): 82.31 (2 H, m, 5'-CH2), 2.33 (3 H, s, I-tosyl CH3), 2.47 (3 

H, s, 1'-tosyl CH3), 3.18 (l H, m, 4'-H), 3.79 (2 H, q, 2'-CH2), 3.80 (2 H, m, 6'

CH2), 7.34-7.15 (5 H, m, indole 4-,5-, 6-,H, 1-tosyl H adjacent to Me), 7.39 (2 H, d, 

l'-tosyl H adjacent to Me, J = 7.9 Hz), 7.40 (l H, s, indole 2-H), 7.71 (2 H, d, 1'-tosyl 

H adjacent to sulfonyl, J = 8.04 Hz), 7.73 (2 H, d, I-tosyl H adjacent to sulfonyl, J = 8.3 

Hz), 7.93 (1 H, d, indole 7-H, J = 8.26 Hz). IR (KBr, cm- I ): 3130,2960,2940,2860, 

1730, 1600, 1460, 1375, 1370, 1175, 1165. C27H26N20SS2 requires: C 62.03, H 5.02, 

N 5.36, S 12.28. Found: C 62.00, H 4.97, N 5.34, S 11.97. 
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2-(2'-Methoxyphenyl)methyl-3,3-Piperidinedicruboxylic Acid Diethyl Fster Hydrochloride 

(79- HCI) 

A mixture of (2-cyanoethyl)(2-methoxyphenyl)acetylpropanedioic acid diethyl ester (11 

g, 30.5 mmol), Pt02 (700 mg, 3 mmol), and 220 ml HOAc was hydrogenated at room 

temperature under 45 psi for 48 h. The catalyst was removed by filtration and the solvent 

was evaporated. The residue was dissolved in 50 ml of IN HCI and the acidic solution 

was extracted with ether (3 x 25 ml) and then basified to pH 12 at 0-5°C with 40% NaOH. 

The basic solution was extracted with ether (5 x 25 rnl) and the ether phases were combined 

and dried with anhydrous Na2S04. After the filtered solution was cooled to 0-5°C, dry 

HCI gas was slowly bubbled in. The crystalline solid thus formed was collected on a filter 

to yield 6.05 g of product (51 %). An analytical sample was obtained by recrystallization 

from THF-ether. m.p. 150°C (dec.). Rf= 0.4 (CH2CI2. free base). IH NMR (250 MHz, 

CDCI3, HCI salt): () 1.07 and 1.20 (6 H, two triplet, CH3 in ethyl ester, J = 7.1 Hz), 2.5-

1.7 (4 H, m, 4- and 5-CH2), 3.56-3.10 (2 H, m, one CH2 in ethyl ester), 3.37 (2 H, 

broad, 6-CH2), 4.10-3.52 (2 H, m, one CH2 in ethyl ester), 3.91 (3 H, s, CH30), 4.15-

4.05 (2 H, m, benzylic CH2), 4.36 (1 H, broad, 2-H), 6.83 (1 H, d, phenyl 3'-H, J = 

8.33 Hz), 6.86 (1 H, t, phenyl 5'-H, J = 7.92 Hz), 7.17 (1 H, d, phenyl 6'-H, J = 7.5 

Hz), 7.21 (1 H, t, phenyl 4'-H, J = 7.92 Hz), 8.90 and 10.00 (2 H, broad, d, +NH2)' IR 

(KBr, cm- I ): 3430, 3030, 3000, 2600, 1740, 1600, 1520, 1260. Cl9H2SCIN05 requires: 

C 59.12, H 7.32, N 3.63. Found: C 59.25, H 7.37, N 3.37. 

2-Methoxy-5-nitrophenylacetonitrile (91) 

To a solution of NaCN (17.5 g, 0.35 mol) in 30 rnl H20 was added a slurry of 2-

methoxy-5-nitrobenzyl bromide (72.16 g, 0.28 mol) in 100 rnl95% EtOH. The slurry was 

refluxed under N2 for 20 min and then cooled to 5°C. The solid was collected on a filter. 
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Recrystallization from EtOH afforded 56 g of white crystals (93%), m.p. 99-103°C. A pure 

sample was obtained by recrystallization from EtOH. m.p. Ill-113°C. Rf= 0.9 (2% 

MeOH/CH2CI2). 1 H NMR (250 MHz, CDCI3): 8 3.76 (2 H, s, CH2), 4.20 (3 H, s, 

CH3), 7.01 (1 H, d, 3-H, J = 8.5 Hz), 8.31-8.25 (1 H, d,d., 4-H, J = 8.4 Hz and 2.2 

Hz), 8.29 (1 H, overlap, 6-H). 

2-Methoxy-5-nitro-phenylacetic Acid (92) 

A mixture of 2-methoxy-5-nitrophenylacetonitrile (6.6 g, 34 mmol) and 70% H2S04 

(30 ml) was heated to reflux for 20 min, then poured into 30 ml ice-cold water with 

efficient cooling. The solid was collected on a filter and dissolved in 100 ml 2N NaOH. 

After extraction with ether (2 x 50 ml), the yellow basic solution was acidified with 5 N 

HCI to pH 3. The white slurry was cooled to O°C and the white solid was collected on a 

filter to give 6.62 g (91 %) product after drying. m.p. 158-160°C. Rf= 0.5 (10% 

MeOHlCH2CI2)· 

2-Methoxyphenylacetyl Chloride (99) 

Into a 1 liter flask were placed 2-methoxyphenylacetic acid (101 g, 0.6 mol), 100 ml 

SOCI2, and 500 ml dry benzene. After purging with N2, the mixture was heated to reflux 

for 3 h. The solvent and unreacted SOCl2 were evaporated and the residue was distilled in 

vacuo to afford 110 g (98%) pink product (105-107°C/3.5 mmHg). When stored in a 

refrigerator at -18°C, the pink liquid solidified. 

2-Cyanoetbyl-2-(2' -metboxyphenylacetyl)propanedioic Acid Dietbyl Fster (100) 

In a 1000 ml flask 6.5 g NaH (60% oil dispersion, 0.16 mol) was washed with 

petroleum ether (2 x 50 ml), followed by the addition of dry toluene (450 ml) and diethyl2-
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(2'-cyanoethyl)malonate (28 g, 0.13 mol) in sequence at room temperature. After the flask 

was purged with N2, the mixture was heated to reflux for 26 h. The thick white slurry was 

cooled to 0-5°C and a solution of 2-methoxyphenylacetyl chloride (25 g, 0.13 mol) in 50 

ml toluene was quickly added. The mixture was stirred at room temperature for 36 hand 

the solid was removed by filtration. The solvent was evaporated from the filtrate to yield a 

reddish liquid. Absolute ethanol (30 ml) was added and the solution was stored in the 

refrigerator at -16°C. After filtration and drying, 40 g of white crystals was obtained 

(81%). m.p.74-76°C. An analytical sample was obtained by recrystallization from 

absolute ethanol. m.p.75-77°C. Rf= 0.35 (CH2CI2). IH NMR (250 MHz, CDCI3): () 

1.33 (6 H, t, CH3 in ethyl ester, J = 7.14 Hz), 2.55 (4 H, s, ethylene in cyanoethyl 

group), 3.77 (3 H, s, CH30), 4.04 (2 H, s, benzylic CH2), 4.32 (4 H, q, CH2 in ethyl 

ester, J = 7.0 Hz), 6.87 (1 H, d, phenyl 3'-H, J = 8.3 Hz), 6.93 (1 H, d,t, phenyl 5'-H, J 

= 7.33 and 0.83 Hz), 7.12 (1 H, d, d, phenyl 5'-H, J = 7.5 and 1.25 Hz), 7.27 (1 H, d, t, 

phenyl 4'-H, J = 7.91 and 1.66 Hz). IR (KBr, cm- i ): 2990, 2940, 2900, 2240, 1740, 

1720, 1700, 1600, 1490, 1460, 1270. CI9H23N06 requires: C 63.02, H 6.41, N 3.87. 

Found: C 63.21, H 6.40, N 3.99. 

1-Benzyloxycarbonyl-2-(2'-methoxyphenyl)methyl-3,3-piperidinedicar

boxylic Acid Dietityl F1;ter (101) 

To a solution of 2-[(2-methoxyphenyl)methyl]-3,3-piperidinedicarboxylic acid diethyl 

ester hydrochloride (0.96 g, 2.5 mmol) and benzyl chloroformate (0.52 g, 3 mmol) in 6 ml 

CHCl3 at O°C was added a solution of triethylamine (0.6 g, 6.1 mmol) in 0.6 ml CHCl3 

under N2 within 15 min. The mixture was stirred at room temperature for 4 h, and then 

washed with H20 (2 x 10 ml), cold dilute HCI (1 %, 10 ml), 5% NaHC03 (2 x 10 ml), and 

H20. After the organic phase was dried with Na2C03, and the solvent was evaporated, the 

residue was purified by silica gel chromatography (CH2Ci2lMeOH = 50/1) to give 1.07 g 
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(89%) of colorless oil. Rf = 0.6 (2% MeOH/CH2CI2). Mass spectrum: m/e 483 (M+', 

1.2%),438 (1.5%), 394 (1.2%), 362 (32%), 318 (77%), 91 (100%). 

2-(2' -Methoxyphenyl)metbyl-I, 3-piperidinedicarboxylic Acid I-(Phenylmetbyl)-ester (103) 

Into a solution of NaOH (28 g, 0.49 mol) in 150 ml 95% EtOH was added a solution 

of I-benzyloxycarbonyl-2-(2'-methoxyphenyl)methyl-3,3-piperidinedicarboxylic acid 

diethyl ester (24 g, 51 mmol) in 35 ml 95% EtOH. The mixture was heated to reflux for 6 

h. A white solid was obtained by filtration. It was washed with 95% EtOH, then 

dissolved in 150 ml H20. Insoluble material was removed by filtration. The filtrate was 

then extracted with ether (3 x 30 ml) and the aqueous layer was acidified to pH 2 with 15% 

HCl. The acidic solution was extracted with ether (3 x 40 ml). After the ether solution was 

dried with anhydrous Na2S04, it was evaporated to dryness, affording 15.22 g of white 

solid. The solid was placed in a flask and heated at 180-200°C (oil bath) for 20 min. An 

oil, 13.62 g (72%), was obtained, which solidified at room temperature. After 

recrystallization of the residue in methanol, a white crystalline solid was obtained. m.p. 

138-139°C. Rf= 0.75 (3% MeOH/CH2CI2, with 4 drops of HOAc/4 ml solvent). IR 

(KBr, cm- 1): 3209, 2980, 1724, 1660, 1495, 1431, 1227. Mass spectrum (TMS 

derivative), m/e 445 (M+', 0.4%), 440(1.4%), 396(3%), 334(17%), 290(33%), 

91(100%). 

2-(2' -Methoxyphenyl)methyl-3-piperidinecarboxylic Acid (104) 

A mixture of 2-(2'-methoxyphenyl)methyl-l,3-piperidinedicarboxylic acid 1-(phenyl

methyl)ester (5.7 g, 14.9 mmol), 5% palladium on charcoal (1 g), and 250 ml of absolute 

EtOH was hydrogenated at room temperature at 45 psi for 30 min. Removal of the catalyst 

by filtration and the solvent by evaporation afforded 3.26 g white solid, which was 
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recrystallized from MeOHlhexane. m.p. 275°C (dec.). Rf= 0.55 (15% MeOHlCH2Ch). 

IR (KEr, cm- i ): 3430, 2937, 2833, 1630, 1495, 1394, 1244. Mass spectrum (TMS 

derivative), mle 378 (M+·, 4%),272(100%), 154(12%), 73(58%). 

9-Methoxy-l,2,3,4,4a,5, 10,1 Oa-octahydro-5-oxo-benzo[g ]quinoline (105) 

To a 25 m1 beaker containing 12 g PPA (polyphosphoric acid) at 90-105°C was added 

fine crystals of 2-(21-methoxyphenyl)methyl-3-piperidinecarboxylic acid (500 mg, 2 mmol) 

within 5 min. After being stirred at 90-105°C for 1.5 h, the mixture was poured onto 

crushed ice and the pH was adjusted to 12 with 40% NaOH with ice bath cooling. The 

basic solution was extracted with ether (5 x 30 ml). The ether layer was dried with 

Na2C03 and the solvent was evaporated. Recrystallization of the residue from MeOH 

afforded 0.48 g (76%) of white crystalline product. m.p.236-238°C. Rf= 0.4 (10% 

MeOH/CH2CI2). GC-Mass spectrum: mle 231 (M+·, 55%), 214 (54%),188 (18%),148 

(87%), 120 (100%), 90 (52%), 77 (36%). 

9-Methoxy -I ,2,3,4,4a,5, 1 0, 1 Oa-octahydro-5 -oxo-benzo[g] quinoline-I

carboxylic Acid Phenyl methyl Ester (106) 

A mixture of 9-methoxy-1 ,2,3,4,4a,5, 10, lOa-octahydro-5-oxo-benzo[g ]quinoline 

(3.84 g, 9 mmol) and benzyl chloroformate (3.9 g, 22 mmol) in 30 m1 CH2Ci2 was purged 

with N2 and cooled to O°C. To this cold solution was added a solution of triethylamine 

(2.2 g, 22.5 mmol) in 3 ml CH2Ch over 15 min. The mixture was stirred at room 

temperature for 4 h. The solution was washed with cold 1 % HCI and water and the 

organic phase was dried with Na2C03. Evaporation of the solvent and recrystallization 

from MeOH yielded 3.96 g (84%) of white crystals with the ratio of trans and cis isomers 

= 2: 5 (indicated by GC-MS). Rf= 0.35 (20% EtOAclhexanes). GC-Mass spectrum: first 

fraction: (retention time = 12.43 min, 29%) mle 365 (M+·, 1.5%), 274 (10%), 257 
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(2.2%),230 (56%), 148 (20%), 91(100%). Second fraction: (retention time = 12.46 min, 

71 %) m/e 365 (M+', 1.7%),274 (12%), 230 (58%), 148 (40%), 120 (24%), 91 (100%). 

The Isomerization of trons-9-:Methoxy-l,2,3,4,4a,5, 10, 10a-octahydro-5-oxo-benzo[g]

quinoline-I-carboxylic Acid Phenylmethyl Fster (l06a) to cis-9-:Methoxy-,2,3,4,4a, 

5,10, 10a-octahydro-5-oxo-benzo[g] quinoline-I-carboxylic Acid Phenylmethyl Fster (106b) 

A mixture of cis and trans isomers of 9-methoxy-l,2,3,4,4a,5,1O,lOa-octahydro-5-

oxo-benzo[g]quinoline-l-carboxylic acid phenyl methyl ester (2.63 g, 7.2 mmol) was 

dissolved in 50 ml THF and 12 rn1 MeOH. To this solution was added 250 mg NaH (60% 

in oil dispersion) slowly at -78°C. After the addition was complete, the mixture was stirred 

at -78°C for 1.5 h, then 1 ml HOAc and 100 rn1 sat. NH4CI solution was added at -78°C. 

The mixture was slowly warmed to room temperature and the organic layer was separated. 

The aqueous phase was extracted with CH2Cl2 (5 x 30 ml). The organic extracts were 

combined and dried with K2C03' After removal of solvent and chromatography with a 

silica gel column (EtOAc : hexane = 1 : 4), 2.5 g of product was obtained. No cis isomer 

was detected by GC-MS (detection limit was 3 %). An analytical sample was obtained by 

recrystallization from MeOH. m.p. 134-135°C. Rf= 0.35 (20% EtOAc/hexanes). IH 

NMR (250 MHz, CDCI3): 82.0-1.5 (4 H, m, 3- and 4-CH2), 2.72 (l H, two triplet, 4a

H, J = 12.2 and 4.8 Hz), 2.95 (1 H, q, lO-axial H, J = 16.9 and 11.9 Hz), 3.06 (1 H, d, 

t, 2-axial H, J = 13.2 and 3.1 Hz), 3.18 (1 H, d, d, 1O-equatorial H, J = 17.1 and 5.1 Hz) 

3.86 (3 H, s, OCH3), 4.20 (1 H, two broad, 2-equatorial H,), 4.84 (1 H, m, lOa-H), 5.16 

(2 H, s, OCH2Ph), 7.04 (1 H, d, d, 8-H, J = 8.5 and 0.7 Hz), 7.30 (1 H, t, 7-H, J = 7.9 

Hz), 7.35 (5 H, s, phenyl H), 7.66 (1 H, d,d, 6-H, J = 7.9 and 0.8 Hz). IR (KBr, cm- I ): 

2970, 2800, 1683, 1583, 1427, 1259, 1160, 1048. C22H23N04 requires: C 72.29, H 

6.35, N 3.84. Found: C 72.59, H 6.29, N 3.83. 
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A mixture of 2-(2'-methoxyphenyl)methyl-3,3-piperidinedicarboxylic acid diethyl ester 

(3.6 g, 9.2 mmol), sodium cyanoborohydride (0.92 g, 14.8 mmol), and acetonitrile (33 

ml) was placed in a 100 ml flask with a glass outlet which reached almost to the bottom of 

the flask. This tube connected directly with a lO-ml. round-bottomed flask containing 2 g 

of paraformaldehyde. This flask contained an inlet tube for admitting dry nitrogen. The 

stirrer was started, and the flask containing the paraformaldehyde was heated in an oil bath 

to 180-200°C. The formaldehyde formed by depolymerization was carried over into the 

reaction mixture by a slow current of dry nitrogen. At the end of 45 min, the reaction was 

complete. The mixture was neutralized with acetic acid, then stirred at 40°C for 40 min. 

The solvent was evaporated under reduced pressure. The residue was purified by 

recrystallization from ethanol to yield 1.8 g (64%) product. m.p. 64-65°C. R f = 0.4 

(hexane: AcOEt = 2 : 1). I H NMR (250 MHz, CDCI3): 8 0.99 (3 H, t, CH3 in ethyl 

ester, J = 7.17 Hz), 1.22 (3 H, t, CH3 in ethyl ester, J = 7.1 Hz), 1.64 (2 H, m, 5-CH2), 

2.32 (3 H, s, N-CH3), 2.7-2.05 (4 H, m, two CH2 in ethyl ester), 3.23-2.40 (2 H, m, 4-

CH2), 3.95-3.43 (2 H, m, benzylic CH2), 3.83 (3 H, s, OCH3), 4.01 (1 H, t, 2-H, J = 
5.6 Hz), 4.19 (2 H, m, 6-CH2), 6.79 (1 H, d, phenyl 3'-H, J = 8.11 Hz), 6.85 (1 H, 

phenyl 5'-H, J = 7.43 Hz), 7.14 (1 H, t, phenyI4'-H, J = 7.43 Hz), 7.18 (l H, d, phenyl 

6'-H, J = 7.43 Hz). IR (KBr, cm- 1): 2980,2925, 1740, 1550, 1290, 1200, 1030. 

2-Methylcyclohexen-l-yl Triflate 

A solution of freshly distilled diisopropylamine (2.2 g, 21 mmo1) in 250 ml dry THF in 

a 500 ml flask was purged with N2 and cooled to 0-5°C. To this clear solution was added a 

1M solution of EtMgBr in THF (21 ml, 21 mmol). The mixture was stirred at room 
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temperature in the dark for 9 h, then cooled to 0-5°C. 8 ml of hexamethylphosphoramide 

(HMPA, distilled from CaH2) and 2-methy1cyclohexanone (2.49 g, 22 mmol) was added 

in sequence. The mixture was then stirred at room temperature for 18 h in the dark. Solid 

Tf2NPh (7.5 g, 21 mmol) was added all at once and stirring was continued at room 

temperature for 16 h. GC-MS analysis indicated that the ratio of product to regioisomer (6-

methy1cyclohexen-l-yl triflate) was 26: 1 (The reported ratio was 32: 1). Mass spectrum 

of 2-methylcyc1ohexen-l-yl triflate, m/e 244 (M+', 15.4%), 111(2.6%), 95(5.4%), 

83(34%), 69(29%), 55(100%),41(48%). 

6-Methylcyclohexen-l-yl Triflate 

A solution of diisopropylamine (0.71 g, 7 mmol) in 60 ml dry THF was placed in a 

250 ml flask, purged with N2, and cooled to -78°C. n-BuLi (2.5 M in hexanes, 2.8 ml, 7 

mmol) was added. The mixture was stirred at -78°C for 10 min, then warmed to O°C 

slowly and kept at O°C for 10 min, and then cooled to -78°C. 2-Methy1cyclohexanone 

(0.71 g, 6.3 mmol) was added, and the mixture was stirred at -78°C for 2 h. A solution of 

Tf2NPh (2.5 g, 7 mmol) in 20 ml dry THF was added at -78°C. The mixture was warmed 

slowly and stirred at O°C for 14 h. GC-MS analysis indicated that the ratio of the product 

to the regioisomer (2-methylcyclohexen-l-yl triflate) was 21 : 1 (reported ratio, 19 : 1; 

McMurry, 1983). Mass spectrum of the product (6-methy 1cyclohexen-l-y I triflate), m/e 

244 (M+', 4%), 111(1.7%),94(22%), 79(40%), 69(29%), 55(100%), 41(71 %). 
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