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ABSTRACT: a-Amino nitrile 2a was conveniently prepared in two individual steps from chiral hexafluorophosphate salt
isoquinolinium (—)-8b including anodic cyanation as an efficient means to activate the sp> C1—H bond of the THIQ nucleus.
The lithiation of 2a was carried out in THF at —80 °C in the presence of LDA to produce a stable @-amino carbanion which was
condensed on a large variety of alkyl halides. The resulting quaternary a-amino nitriles were subjected to a stereoselective
reductive decyanation in ethanol in the presence of NaBH, as the hydride donor to yield N-Boc-1-alkyl-THIQs (+)-10a—g in up
to 97:3 er’s after removal of the chiral auxiliary group. Examination of the ORTEP view of THIQ (+)-1f revealed that the newly
created stereogenic center had an absolute S configuration. Likewise, (—)-xylopinine was synthesized in four workup steps in an
overall 63% yield from a-amino nitrile (+)-2b. In this process, crystallization of an enantioenriched mixture (90:10) of
(—)-norlaudanosine with 1 equiv of (—)-N-acetyl-L-leucine afforded the leucinate salt (+)-13 (99:1 dr). Similarly, (+)-salsolidine
was displaced from its (—)-DBTA salt (—)-12 in 99:1 er, which was determined by proton and carbon NMR spectroscopy in the
presence of thiophosphinic acid (+)-14 as the chiral solvating agent.

B INTRODUCTION brain processes such as neuronal plasticity and synaptic
communication.” So, approaches allowing the stereoselective
syntheses of 1-alkyl-THIQs are of great value and rely on one of
three strategies that are drawn on Scheme 1.”

The first approach (eq 1, i) is based on diastereoselective
hydride reduction of the C1—N2 double bond of 1-alkyl-34-
dihydroisoquinolinium salts which are readily prepared by a
Bischler—Napieralski cyclization.® Similarly, asymmetric transfer
hydrogenation with chiral Ru,” Rh,'" or Ir complexes'' has

Isoquinolines form a large group of compounds which are found
in nature and in pharmaceuticals." 1-Alkyl-tetrahydroisoquino-
lines (1-alkyl-THIQs, 1) are a subclass of isoquinolines occurring
in at least 20 families of the plant kingdom.” Apart from their
significance in biosynthesis,” these compounds also display a
broad range of interesting biological activities. For example,
numerous 1-benzyl-THIQs were shown to act as ligands of
calcium activated potassium channels.* They also shown to
selectively inhibit the Orexin system which is involved in feeding
behavior and insomnia.” Many derivatives showed potentiation Received: June 13, 2016
of NMDA glutamate receptors which play a prominent role in Published: July 13, 2016
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Scheme 1. General Approaches for Stereoselective Syntheses of 1-Alkyl-THIQs

Eq.1: The Bischler-Napieralski approach
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become a well-established method that allowed an efficient
control of the absolute configuration of the C1 carbon.
Asymmetric Pictet—Spengler cyclization (eq 2, ii) between a -
arylethylamine and an aldehyde, in which the control of the
absolute configuration of the C1 carbon atom is performed
during the cyclization process, has also been successfully
employed for the synthesis of THIQ alkaloids; it is worthy of
note that enantioselective approaches have been recently
reported.'” However, both approaches are not completely
satisfactory since they required the presence of electron-rich
aryl groups (ie, R; = R, = OMe) in the molecule for the
construction of the future C8a—C1 bond.

This problem can be avoided by using the bond disconnection
between the THIQ ring and the C1 substituent. This so-called
C1—Ca connectivity approach (eq 3) can be achieved through
the diastereo-'> or enantioselective additions'* of carbon
nucleophiles on the azomethine bond of the isoquinoline ring
(eq 3, iii) or through the alkylation of dipole-stabilized anions
obtained from the deprotonation of THIQs (eq 3, iv) in which
the chiral auxiliary is appended by the N2 or C3 atoms.'’
However, the condensation of such a-amino-organolithium
species with alkyl halides has proven to be somewhat problematic
due to the presence of an unwanted single electron or elimination
processes which limit this approach to a restricted number of
electrophiles.l(’ To overcome this drawback, the use of lithiated
1-cyano-stabilized THIQs seemed a promising possibility which
has been little studied to date.'” This is surprising since in the
past decade, several catalytic,'® visible-light photoredox
approaches,”” and stoichiometric oxidants such as DDQ,*
PhI(OAc),,”" and 1-cyano-3(1H)-1,2-benziodoxols** have been
utilized for the synthesis of 2-aryl-tetrahydroisoquinoline-1-
carbonitriles. However, the above-mentioned methods have a
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limited substrate scope due to the fact that cleavage of the N-aryl
bond (R, = Ph) in the late stage of the syntheses could only be
achieved under Birch type conditions.”

On the other hand, examples of oxidation of tertiary aliphatic
amines are scarce. As far as the a-cyanation of natural products is
concerned, Sundberg reported the synthesis of 3-cyanocathar-
antine in the presence of DDQ and 3 equiv of TMSCN, and a
photoredox catalytic version of this study has been recently
reported by Stephenson.”* 12-Cyanogalanthamine was obtained
by Hametner by the successive treatment of galanthamine with
N-bromosuccinimide and KCN.>®

In this area of research, we reported the synthesis of the
pyrroloisoquinoline alkaloid (+)-crispine A from a stable THIQ
a-amino nitrile, prepared by electrochemical means.”® Yet,
anodic cyanation and alkylation of metalated a-amino nitriles
seemed to be a quite general approach for the formation of new
carbon to carbon bonds in the C1 position of the THIQ
nucleus.”” In addition, the presence of an a-phenylethylamine
group (a-PEA) linked to the nitrogen atom allowed an efficient
1—3-stereoinduction during the reductive decyanation process.
The objectives of the present study were 2-fold. First, we wish to
widen the scope of our electrochemical approach for the
synthesis of natural optically active THIQs derivatives such as
(+)-salsolidine or (—)-xylopinine (Figure 1); second, to
investigate the chemistry of a-amino nitrile 2a which comple-
ments the existing methods reported for the synthesis of
pyrrolo[2,1-a]-isoquinoline (—)-3 and tetrahydroberberine
(—=)-4, analogous to (—)-crispine and (—)-xylopinine, respec-
tively.

DOI: 10.1021/acs.joc.6b01419
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Figure 1. Natural and synthetic THIQs.

B RESULTS AND DISCUSSION

Synthesis of THIQs (+)-6a,b. We set the intermediary
THIQs (+)-6a,b as initial synthetic targets according to the two
distinct protocols depicted in Scheme 2. The synthesis of THIQ

Scheme 2. Syntheses of THIQs (+)-6a,b"
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“Reagents and conditions: (a) HCO,H, (CH,0),, S0 °C, 12 h; (b)
isoquinoline, 1-chloro-2,4-dinitrobenzene, 60 °C, 2 h, then acetone,
reflux, 2 b; () (—)-a-PEA, E,NH, CH,CL,, 1t, 48 h; (d) 37% HPF;
(e) NaBH,CN, THE, rt, 12 h.

(-)-8b, X = PFg", 70%

(+)-6b was carried out according to the procedure Wthh has
been reported in a previous work from this laboratory.”** Thus,
treatment of f§ phenylethylamine (—)-5 in the presence of a
mixture of formic acid and para-formaldehyde proved to be the
most straightforward access to synthesize the expected THIQ
(+)-6b which was obtained in an overall 75% yield. In lieu of an
impracticable Pictet-Spengler cyclization necessitating alkoxy or
hydroxyl substituents on the aromatic ring, we decided to utilize
chiral isoquinolinium salt 8a which was formerly employed by
Marazano in a stereoselective access to 1-alkyl-THIQs.”® Thus,
the treatment of Zincke salt 7 with (S)-(—)-a-PEA in
dichloromethane in the presence of 1.2 equiv of diethylamine
for 48 h provided the intermediary pyridinium chloride salt 8a.
For subsequent chemical manipulations, the chloride salt 8a was
displaced from its chloride counterpart upon the addition of a
concentrated solution of HPF onto an aqueous solution of 8a to
yield the hexafluorophosphate (—)-8b which was recovered in an
overall 70% vyield from 7. The borohydride reduction of
isoquinolinium salts is a well-established method,”® and in a
first trial, the hexafluorophosphate salt (—)-8b was stirred in
ethanol at ambient temperature in the presence of 3-fold excess
of sodium borohydride. Unfortunately, the '"H NMR analysis of
the reaction mixture revealed the presence of the intermediary
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1,2-dihydroisoquinoline as the major compound and varying
amounts of unidentified products. In a second trial, the same
experiment was carried out in the presence of 2 equiv of acetic
acid to afford the expected THIQ_(+)-6a in yields ranging from
50% and 65%.

Unfortunately, close examination of the "H NMR spectra of
derivatives still revealed the presence of oligomeric compounds
which could not be removed by column chromatography.
Finally, the best yields and reaction rates were obtained when the
reduction was performed in the presence of 2 equiv of NaBH;CN
to afford cleanly and reproducibly the THIQ (+)-6a {[a]*p =
+9.2 (¢ 0.5, CHCl;)} in 80% yield.

Analytical Study of THIQs (+)-6a,b. The electrochemical
behavior of THIQ (+)-6a,b was studied by cyclic voltammetry,
and details are reported in Table 1. The polarization curves were
recorded at a vitreous carbon electrode at a scan rate of SO mV's™
on a 20 mM solution of THIQs (+)-6a,b in methanol containing
LiClO, (0.1 M) as the supporting electrolyte and NaCN as the
trapping agent. The first voltammogram was recorded on a 20
mM solution of THIQ (+)-6a (y = 0, Table 1), and the feature of
primary interest in the voltammogram is the presence of a well-
defined irreversible bielectronic system which was recorded at E,
=+10V.

The addition of incremental amounts of sodium cyanide (up
to 2 equiv) to the previous solution caused an increase of the
anodic current which is no longer under diffusion control.”” The
effect of cyanide on the voltammetric profile of (+)-6a is
attributed to the presence of a typical catalytic current due to the
return of the aminium radical cation A to its neutral form which
occurred during the homogeneous redox process (Table 1, top)
in which the cyanide anion is now oxidized at a lower potential
than that required for its direct oxidation at the electrode
surface.”’ The magnitude of such process is given by the value of
the i / i, ratio (where i, and 1p represent the anodic currents in
the presence and in the absence of sodium cyanide, respectively).
At low concentrations of sodium cyanide (up to 40 mM) the i,/
'P ratio turned to be 1.90 indicating that the redox process
predominantly occurred. In contrast, further addition of sodium
cyanide did not modify the i,/i,’ ratio providing evidence that
acid properties of radical cation A dominate at this concentration.
As a result, deprotonation at C1 yields the neutral aminyl radical
B which is immediately oxidized at the electrode surface to form
the stable iminium cation C.*”

A similar behavior was observed for THIQ (+)-6b (Table 1,
entry 2). The values of the i,/ iPO ratios indicate that electron
donating substituents on the aromatic ring did not significantly
modify the redox properties of our substrates, and it was also
concluded that the initial electron transfer involved the amine
moiety.

Anodic Cyanation of THIQs (+)-6a,b. The electrolysis of
THIQ (+)-6a was carried out at a vitreous carbon electrode in an
undivided batch cell at a controlled potential of +1.0 V in the
presence of 2.5 molar excess of sodium cyanide and 0.5 equiv of
acetic acid to balance the excess of base that was produced at the
cathode surface. After the consumption of 2.1 F per mole of
substrate, the cyclic voltammogram recorded on the resulting
solution showed the disappearance of the first oxidation peak,
and aqueous workup and filtration of the crude reaction mixture
on a silica column afforded a-amino nitrile 2a which was
obtained in 81% yield as a mixture (60/40) of diastereoisomers.
Slow crystallization of this mixture in a diethyl ether/petroleum
ether biphasic system afforded single crystals which were found
to be suitable for an X-ray diffraction study, and from the ORTEP

DOI: 10.1021/acs.joc.6b01419
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Table 1. (Top) Redox and Proton Transfer Options for Aminium Radical Cations A and Synthesis of @-Amino Nitrile 2a and
(Bottom) Cyclic Voltammograms of THIQ (+)-6a in the Absence (y = 0) and in the Presence (y = 1—3) of NaCN“
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entry no. E, (V) y=1 (/%) r =2 (i,/i,”) Y =3 (iy/i,%)
1 (+)-6a +1.00 142 1.90 1.90
2 (+)-6b +0.90 172 2.50 3.00

“MeOH/LiClO,-3H,0 (0.1 M), glassy carbon electrode, v = 0.05 V s™': y = 0: THIQ_(+)-6a (20 mM) alone; y = 1 plus NaCN (20 mM); y = 2:

plus NaCN (40 mM); y = 3: plus NaCN (60 mM).

view of (+)-2a (Figure S13 in the Supporting Information) we
were able to determine the absolute configuration of the Cl
carbon atom of the major diastereoisomer as R.

The electrolysis of (+)-6b was carried out under conditions
similar to those used for 6a. After workup, @-amino nitrile (+)-2b
was obtained as a colorless powder in 70% yield after a rapid
crystallization of the crude reaction mixture in ethanol.
Interestingly, a slow crystallization of this powder in the same
solvent afforded a single crystal which was suitable for an X-ray
diffraction study. The ORTEP view is shown in Figure S23 in the
Supporting Information. As the absolute configuration of the
exocyclic benzylic carbon is known to be S, the R absolute
configuration of the newly created stereogenic center at C1 is
simply deduced from examination of the structure. In addition,
the determination of the Flack parameters values [—0.03 (6)]
calculated from the Friedel pairs reflection for each structure
confirmed the absolute configuration of (+)-2b in the solid state.
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Syntheses of 1-Alkyl-THIQs 1a-i. With the required a-
amino nitriles in hand, we set to synthesize 1-alkyl-THIQs la—e
displaying an alkyl chain with an increasing length, and the results
are collected in Table 2. The deprotonation sequence was carried
out on a frozen (—80 °C) THF solution of a diastereoisomeric
(60/40) mixture of @-amino nitrile 2a by the slow addition of 1.5
equiv of LDA (prepared from diisopropylamine and 2.5 M of
BuLi) upon which the resulting solution turned rapidly deep red.
The solution was warmed up to —20 °C over a 2 h period, before
being cooled to —80 °C. The commercially available alkyl iodides
were added at that temperature on the anion solution to afford
the unstable quaternary @-amino nitriles D which were used in
the next step without further purification. To control the
diastereoselectivity of the hydride incorporation, the reductive
decyanation was best achieved when an excess (4 equiv) of
NaBH, was introduced onto a solution of D in ethanol at —20
°C. Workup and a filtration over a silica column afforded THIQs
la—e in yields ranging from 72% to 40% (Table 2, entries 1—5).

DOI: 10.1021/acs.joc.6b01419
J. Org. Chem. 2016, 81, 6721—-6739


http://dx.doi.org/10.1021/acs.joc.6b01419

The Journal of Organic Chemistry

Table 2. Syntheses of THIQs 1a—i”

2a L chjgrph L /g\i/ph L N\_/Ph
Me R4y Me R Me
D E 1a-i

entry no. R, yield (%) dr
1 (-)1a CH, 72 90:10
2 (=)-1b C,H, 73 90:10
3 (=)-1c CH,, 71 88:12
4 (-)-1d CH 60 90:10
st (=)-1e CyHy; 40 85:15
6° (+)-1f (X-ray) 4-(MeO)-Ph—CH, 75 95:5
7¢ (+)-1g (X-ray) 3,4-(MeO),-Ph—CH, 70 95:5
8 (=)-1h (CH,),-O-THP 70 95:5
9 (—)-1i (CH,),—1,3-dioxolane 70 97:3

“Reagents and conditions: Procedure A: (a) LDA, THF, — 80 to 0 °C, 2 h, then RX, — 80 °C to —10 °C; (b) NaBH,, EtOH, 20 °C, 12 h. bTHIQ
(+)-6b was recovered in 20% yield. “THIQs (+)-1f,g were obtained as single diastereoisomers after a slow crystallization in ethanol.

Table 3. Syntheses of N-Boc-THIQs (+)-10a—g“

wo om0 2 L
Boc
R4 R4

9a-g

entry no. R,

1 (=)-9a CH,

2 (=)-9b C;H,

3 (=)-9¢ CsHyy

4 (-)-9d CHis

S (=)-9¢ CiiHas

8 (—)-9of 4-(MeO)-Ph—CH,

9 (—-)-9¢ 3,4-(MeO),-Ph—CH,

10a—g
yield (%) entry no. yield (%)
80 10 (+)-10a 80
73 11 (+)-10b 85
70 12 (+)-10¢ 75
80 13 (+)-10d 73
75 14 (+)-10e 75
70 18 (+)-10f 80
80 19 (+)-10g 78

“Reagents and conditions: Procedure B: (a) 20% Pd(OH),/C, H, (S bar), EtOH, 48 h. Procedure C: (b) (Boc),O, Hiinig’s base, acetonitrile, reflux,

4 h, then NaOH 4 M/THE, rt, 2 h.

Upon comparing entries 3 and 4, one sees that the size of the
alkyl chain has an influence on the yield. Entry S, clearly showed
the effect of the length of the alkyl chain, and a prolonged stirring
was however required to complete the reaction with 1-
iodoundecane. It is also worth mentioning that the parent
THIQ (+)-6a, which resulted from the reductive decyanation of
unreacted @-amino nitrile 2a, was recovered in 20% yield. The
stereoselectivity of the reductive decyanation process has been
determined from the careful examination of the 'H NMR spectra.
For compound (—)-1d, a doublet of doublet (J = 8.3, 4.2 Hz, 0.88
H) attributable to the 3-Hb proton of the major diastereoisomer
was recorded at 6 = 3.50, whereas the similar system was
recorded at 6 = 3.95 for 3-Hb proton of the minor
diastereoisomer indicating that these two derivatives are present
in a 90:10 ratio. Comparing entries 1—5 also revealed that the
length of the alkyl chain has little effect on the stereochemical
outcome of the reductive decyanation procedure. To extend the
scope of our methodology, we also decided to evaluate the
reactivity of benzyl bromides displaying one or two methoxy
substituents on the aromatic ring. Thus, the treatment of the
anion solution of 2a with 1-(bromomethyl)-4-methoxybenzene
afforded the corresponding bifunctional @-amino nitrile D which
was reduced as above to provide the THIQ_(+)-1f in 75% yield
and in a 95:5 dr which could be improved to 99:1 dr by a slow
crystallization in ethanol. To our satisfaction, an X-ray study
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performed on one of these crystals revealed the stereochemical
outcome of the decyanation process. The ORTEP view (Figure S
43 in the SI) clearly shows that the newly created stereogenic
center at C1 was S indicating that incorporation of the hydride
had occurred on the least hindered Re face or the intermediary
iminijum E. From Table 2, it is also seen that when 4-
(bromomethyl)-1,2-dimethoxybenzene was selected as the
electrophile, the THIQ (+)-1g was obtained in 70% yield and
in a 99:1 dr after crystallization.” As an extension of the previous
reaction sequence, we sought to introduce a three carbon chain
tethered by a potential cyclizing group with the aim of
synthesizing pyrroloisoquinoline (—)-3. Alkylation of the anion
solution of 2a with 2-(2-iodopropoxy)-tetrahydropyran or 2-(2-
iodoethyl)-1,3-dioxolane as the alkylating agents, afforded the
THIQ (—)-1h and (—)-1i, respectively. Analyses of the 'H and
the *C NMR spectrum were straightforward. For example, in the
case of THIQ (—)-1i, the CH proton of the O,0’-acetal
protecting group (J = 4.6 Hz) resonated as a triplet signal (J = 4.6
Hz) at § = 4.71 in the major S,S diastereoisomer. The same signal
was recorded at 6 = 4.92 and comparison of the relative
integration of these two characteristic protons showed that
reductive decyanation occurred in a 97:3 dr. The nature of the
iminium species has an effect on the stereochemical outcome of
the reductive decyanation, as the best dr’s were obtained in the
presence of oxygenated chains at C1 as shown by entries 6—9.

DOI: 10.1021/acs.joc.6b01419
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Gratifyingly, THIQs (—)-1h,i could be obtained as sole products
(99:1 dr’s) after a careful filtration over silica column.

Synthesis of N-Boc THIQs (+)-10a—g. Benzyl groups are
commonly employed to protect secondary amines, and as shown
below, they proved to be useful when a substrate had to be
subjected to basic conditions. In contrast to catalytic hydro-
genolysis of simple benzylamines which are generally carried out
in the presence of a low Pd/C catalyst loading, debenzylation of
substrates containing the more sterically demanding a-PEA
group are generally performed under more elevated hydrogen
pressure and catalyst loading. Examining the structure of THIQs
la—g, one can see that a nonselective cleavage of the endocyclic
C1—N2 bond could occur in competition with removal of the
chiral auxiliary. The first experiment was carried out with 10%
Pd/C (20% in mass) under a hydrogen pressure of S bar and with
THIQ (—)-1b as the substrate. After treatment, the expected
THIQ (—)-9b was obtained in a low 10% yield accompanied by
unreacted starting material. It was also found in a second
experiment that higher catalyst loading (up to 30%) resulted in a
nonselective cleavage of the C1—N2 bond. Finally, the best yields
and reaction rates were obtained upon a 48 h stirring of THIQs
la—gin ethanol under an H, atmosphere of 5 bar in the presence
of Pearlman’s catalyst (20% in mass).

We could observe clean reductions with yields ranging from
73% to 80% (Table 3), and to prevent oxidation with ambient air,
these derivatives were converted into the corresponding N-Boc-
THIQs (+)-10a—g by treatment with Boc,O in the presence of
Hiinig’s base in refluxing acetonitrile. In all cases, '"H NMR
analysis revealed the presence of two rotamers which strongly
affect the interpretation of the spectra. For example, in the
spectrum of (+)-10g in CDCl; at 296 K, the signals for the
rotamers of the H1 proton exhibit resonance signals at § = 5.14
and 0 = 5.33 and were found to exist in a 65:35 ratio.

Synthesis of Pyrroloisoquinoline (—)-3 and Tetrahy-
droberberine (—)-4. From the requisite THIQ (—)-1h in hand,
we first turned our attention to the synthesis of pyrroloisoquino-
line (—)-3. Previous studies from this laboratory and others,
showed that the third pyrrolidine ring could be constructed by
the intramolecular displacement of a terminal chloride leaving
group by the deprotected amine. As shown below, the synthesis
of the requisite amino alcohol (—)-9h (Scheme 3) was carried
out in a three step procedure. The acid catalyzed deprotection of
O-THP protected THIQ (—)-1h was carried out without event
by stirring it at 20 °C in a 1:1 mixture of THF and 2 N HCL. The
amino alcohol (—)-1j was obtained in 94% yield as an oily residue
{[a]**, = 57 (c 1.0, CHCL} and its '*C NMR, well resolved,
displayed a set of 8 independent resonance line in the region 6 =
20-3S, providing evidence that this compound exists as a single
diastereoisomer. Removal of the chiral auxiliary was initiated with
hydrogenolysis of the N-a-PEA group using Pd(OH), as the
catalyst under H, atmosphere, a procedure that proved inefficient
in that case. The starting material was recovered in nearly
quantitative yield and a prolonged stirring (up to 72 h) did not
modified the conversion. To circumvent these drawbacks, we
utilized a protocol described by Polniaszek.”* Thus, the catalyst
(10% Pd/C) was pretreated under an H, atmosphere of 6 bar in a
10:2 mixture of ethanol and 10 M HCI for 12 h, prior to the
addition of amino alcohol (—)-1j. The resulting solution was
stirred for an additional 72 h period under the same H, pressure
to afford the expected (—)-9h in 75% yield as a viscous oily
residue after column chromatography. Chlorination of the
pendant alcohol was accomplished by refluxing (—)-9h in
CH,Cl, in the presence of a 2-fold excess of SOCI, according to
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Scheme 3. Syntheses of Pyrroloisoquinoline (—)-3 and
Tetrahydroberberine (—)-4“

N._Ph
7e
HO

1i

al ()%
l(d)
NH

|

O
I OMe
OMe

(9)

0" o
\_/
(-)>-1j, 94% (-)-9i, 65% (-)-4, 72%, 99:1 er, X-ray
[0J?%p = -360 (¢ 0.5, CHCl3)
(b) ()
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CEF SeW
HO
(-)-9h, 75% 11, 82%
l (U]
(-)-3, 74%

[a]??p = -98 (c 0.5, MeOH)

(-)-3, 81%, 99:1 er
[a]?%p = —106 (c 0.5, MeOH)

“Reagents and conditions: (a) THF/HCI 2 N, 1:1, rt, 12 h; (b) 10%
Pd/C, EtOH/HCI 10 N, 10:2, H, (6 bar); then, (—)-1h, H, (6 bar), rt,
72 h; (c) SOCL,, reflux, 3 h; (d) 20% Pd(OH),/C, H, (S bar), EtOH,
48 h; (e) THF/HCI 2 N, rt, 24 h; then AcONa, pH = 4.5; then NaCN,
rt, 2 h; (f) NaBH,, EtOH, 24 h, rt; then reflux, 3 h; (g) HCO,H/35%
HCHO, reflux, 2 h.

the protocol described by Xu.** The intermediary hydrochloride
salt was not isolated but was stirred in a biphasic system (Et,0/2
M NaOH) to afford (—)-3 in 81% yield. The spectroscopic data,
the magnitude and the sign of the optical rotation of our sample
{[a]®p — 106 (c 0.5, MeOH)} matched in all aspects with those
previously reported in the literature.*®

To complement the previous synthetic efforts, an alternate
procedure for the formation of the pyrrolidine ring was sought.
This approach is based on the formation of an unstable iminium
ion which could be prepared from THIQ (—)-9i through the
condensation of the terminal aldehyde group and the
deprotected N2. In this sequence, the hydrogenolysis of THIQ
(=)-1i should be carried out first under non acidic conditions,
and we found that Pearlman’s catalyst was the reactant of choice.
Following the previous procedure, THIQ (—)-9i was obtained in
a satisfactorily 65% yield as an oily residue which should be
stored at —20 °C to avoid aerial carbonatation.®” Deprotection of
the 0,0’-dioxolane moiety was carried out by stirring (—)-9i in a
degassed mixture of THF and 10% HCI over a 24 h period and
after the removal of the organic solvent, the pH of the remaining
solution was raised up to 4.5 upon the addition of solid AcONa.
Then, the resulting emerald green solution was treated with an
excess of sodium cyanide, causing the precipitation of @-amino
nitrile 11 as a 1:1 mixture of diastereoisomers. For our purposes,
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Scheme 4. Stereoselective Synthesis of (+)-Salsolidine and (—)-Norlaudanosine”

(a)

(-)-2b

Me Me
(+)-1k, 85%

(+)>-2b —

(—)-1I, 90%

N Ph
MeO ; Y

(b)

—_—

(+)-salsolidine, 76%, 85:15 er

MeO. MeO
—»
MeO ~Ph MeO
Me
MeO OMe

(=)-norlaudanosine, 90%, 90:10 er

“Reagents and conditions: Procedure A: (a) LDA, THF, — 80 to 0 °C, 2 h, then CH,]I, — 80 °C to —10 °C, then: NaBH,, EtOH, 20 °C, 12 h. (b)
10% Pd/C, EtOH/10% HCI (10:2), H, (7 bar), 48 h. (c) Procedure A but with 4-(bromomethyl)-1,2-dimethoxybenzene. (d) Procedure B: 20%

Pd(OH),/C, H, (S bar), EtOH, 48 h.

Scheme S. Approaches for Obtaining Enantiopure (+)-Salsolidine and (—)-Norlaudanosine from Enantiomerically Enriched

Mixtures
- HO,C
(+)-salsolidine, 85:15 er
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(+)-salsolidine, 92%, 99:1 er
[a]?p +46.7 (¢ 1.0, CHCl3)
[0]?%p +52.0 (c 1.0, EtOH)

H
(-)-norlaudanosine, 90:10 er Me\n/N.,, CO,H
[0]2p —22.0 (¢ 1.0, CHCly) S Q/Me
Me
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(-)-13, 78%, 99:1 dr
[a]??5 —2.6 (c 1.0, CHCl3)

(b) NaOH/Et,0

(-)-norlaudanosine, 95%, 99:1 er
[a]?p —24 (c 1.0, CHCI3)

this mixture was dissolved in ethanol and treated with NaBH, for
removal of the cyanide group. Because it appeared difficult to
remove it under standard conditions, the crude reaction mixture
was refluxed for an additional 3 h period to afforded (—)-3 in an
overall 60% yield from (—)-9i.

The optical rotation of this sample {[a]**; — 98 (¢ 0.5,
MeOH)} was consistent with that reported above, confirming
the chiral conservation in both the synthetic approaches.

To extend this approach further, we performed the synthesis of
the tetracyclic compound (—)-4 by refluxing its precursor (+)-9g
in a mixture of 35% formalin and formic acid for 2 h. After an
aqueous workup, the tetrahydroberberine (—)-4 was obtained as
a solid {[a]* — 360 (¢ 0.5, CHCl,), mp 146—148 °C)} in 72%
yield after column chromatography.”® A further X-ray study
which was performed on a single crystal of (—)-4 confirmed the
proposed structure.
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Stereoselective Syntheses of THIQs Alkaloids. These
encouraging results prompted us to expand the scope of our
study to the synthesis of naturally occurring THIQs such as
(+)-salsolidine or (—)-norlaudanosine.*”*” The synthetic
scheme for preparation of (+)-salsolidine involved the alkylation
of @-amino nitrile (—)-2b which was prepared from THIQ
(=)-6b by anodic cyanation. Thus, treatment of (—)-2b
according to protocol A with iodomethane as the alkylating
agent (Scheme 4), afforded THIQ_(+)-1k (85%) in a 85:1S dr
which was determined from examination of the 'H NMR
spectrum in C4Dg. Similarly, the preparation of THIQ (—)-11,
the advanced precursor of (—)-norlaudanosine, proceeded in
90% yield (90:10 dr) from the alkylation—reduction sequence of
enantiomeric @-amino nitrile (+)-2b with 4-(bromomethyl)-1,2-
dimethoxybenzene as the electrophile. Unfortunately, the
diastereomeric ratio of these two precursors could not be
increased by fractionate crystallization, and as shown in Scheme
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4, selective removal of the N-a-PEA group by hydrogenolysis
afforded enantiomerically enriched (+)-salsolidine (85:15 er)
and (—)-norlaudanosine (90:10 er) in 64% and 81% overall
yields from enantiomeric a-amino nitriles 2b, respectively. At
this point, it should also be noted that neither variation of the
temperature nor modification of the hydride source could
improve the stereoselectivity of the reductive decyanation. In
literature, the optical resolution of THIQ_ racemates can be
traced back to 1938, when Spith reported the cocrystallization of
salsolidine with chiral tartaric acid.*' This approach is simple and
effective and prompted us to screen a series of carboxylic acids
that would hopefully afford the expected alkaloids as single
enantiomers. After several experiments, it was found that
addition of (—)-DBTA to an enantioenriched mixture of
(+)-salsolidine (85:15 er) afforded the corresponding diaster-
eoisomeric salts in nearly quantitative yield.

Gratifyingly, a single crystallization of this mixture in ethanol
afforded the tartaric salt (—)-12 in 78% yield, and the 'H NMR
attested to the 1:1 stoichiometry of this complex (Scheme §). A
base treatment (Et,0/10% NaOH) of this salt, afforded
enantiopure (+)-salsolidine which was obtained as an oil. The
optical rotation of our synthetic sample {[a]*p + 46.7 (c 1,
CHCl;)} matched the values reported in the literature {[a]** +
51 (c 1, EtOH)}.**" The access to enantiopure (—)-norlauda-
nosine was carried out to the similar crystallization process but
with (—)-N-acetyl-L-leucine as the resolving agent according to
the protocol formerly reported by Corrodi and Hardegger.** The
expected leucinate salt (—)-13 was obtained in 78% yield (99:1
dr), and a basic treatment of this salt afforded (—)-norlaudano-
sine in a 99:1 er.

Determination of Enantiomeric Ratios of THIQ Alka-
loids by Proton and Carbon NMR Spectroscopy. We
encountered problems with baseline return during chromato-
graphic separation of THIQs enantiomers and therefore turned
to NMR to determine the optical purity of our samples. In
contrast to chiral derivatizing agents which rely on bond
formation with the substrate, chiral solvating agents (CSAs) do
not require chemical manipulations thus facilitating the sample
recovery. Previous studies from this laboratory and others, have
shown that CSAs which are able to bind to enantiomers through
Bronsted—Lowry acid/base interactions could form diastereoi-
someric salts which could be differentiated by NMR spectros-
copy. Thus, we turned to the utilization (R)-(+)-tert-
butylphosphinothioic acid (+)-14 as CSA to determine the
enantiomeric ratios of our samples of (+)-salsolidine and
(—)-norlaudanosine by proton and carbon spectroscopy
(Scheme 6). The addition of 1.5 equiv of (+)-14 to an
enantioenriched mixture (85:15 er) of (+)-salsolidine dissolved
in C¢Dg resulted in the formation of the thiophosphinic salts
(RRp)-15 and (S,Rp)-15.

As expected and observed, the C1-Me resonance signal in the
proton NMR spectrum of the major diastereoisomer (R,Rp)-15
resonated as a doublet signal (J = 6.7 Hz) at § = 1.72, whereas the
C1-Me group in the minor diastereoisomer exhibited a similar
doublet signal at § = 1.66. The magnitude of the A5 (0.06)
allowed the enantiomeric ratio to be determined from the further
integration of these two signals which proved to be 85:15 dr. This
result also indicated that no racemization occurred during the
removal of the chiral auxiliary in the parent THIQ_ (+)-1k, and
when a similar experiment was carried out on optically pure
(+)-salsolidine, a single doublet was observed at § = 1.72,
indicating that our synthetic alkaloid had a > 98:2 er. As expected,
an analogous experiment performed with enantioenriched
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Scheme 6. Determination of the Enantiomeric Ratios of
(+)-Salsolidine and (—)-Norlaudanosine by Proton NMR
Spectroscopy”

(R\Rp)-15
MeO. (IJI o
(+)-salsolidine, 85:15 er @, mH . CeHs—P1S
MeO T ® 2 4\
Me

S(RRp)=1.72
5(S,Rp) = 1.66

(S\Rp)-16

(=)-norlaudanosine, 90:10 er —(E—’)—»

;» 5(S,Rp) = 6.82

5(R.Rp)=6.86

“Reagents and conditions: (R)-(+)-tert-butylphenylphosphanylthioic
acid, (+)-14, C¢Dy.

(=)-norlaudanosine (90:10 er) provided a well resolved
spectrum in which the H-6" proton resonated as a characteristic
doublet of doublet (J = 8.1, 1.7 Hz) at § = 6.82 in the major
complex (S,Rp)-16.

Conversely, the H-6" proton signal resonated downfield at 6 =
6.90 in the minor complex (RRp)-16 indicating that both
molecules could be efficiently discriminated in this way. Finally,
when a similar experiment was carried out on optically pure
(—=)-norlaudanosine, a single resonance signal ascertained to the
H-6' proton in (S,Rp)-16 was recorded at § = 6.82, providing the
final proof that our sample was enantiomerically pure.

Scheme 7. Synthesis of (+)-Carnegine and (—)-Xylopinine”

MeO
(+)-salsolidine, 99:1 er ~ —@L > D@
NMe
MeO Y
Me
(+)-carnegine, 73%
¢

OMe
(=)-xylopinine, 90%, X-ray

MeO

(=)-norlaudanosine, 99:1 er —(9)—> MeO

OMe

“Reagents and conditions: (a) ag. HCHO (35%), NaBH,CN, pH = 7,
CH,CN, 15 min; (b) HCO,H/aq. HCHO (35%), reflux, 2 h.

Synthesis of (+)-Carnegine and (—)-Xylopinine. Finally,
methylation of the free nitrogen atom of (+)-salsolidine was
carried out according to the protocol first described by Borch
(Scheme 7).** Thus, addition of an excess of sodium
cyanoborohydride on a solution of (+)-salsolidine (99:1 er)
and aqueous formaldehyde in acetonitrile at pH 7, afforded
(+)-carnegine in 73% yield after workup and purification of the
crude reaction mixture on a silica gel column. The specific optical
rotation of our sample of (+)-carnegine proved to be [a]* + 18
(c 1.0, EtOH), which is in close agreement to that reported in the
literature {[a]?p + 23.5 (¢ 1.5, EtOH)}L.*" The synthesis of
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(—)-xylopinine, the prototypical member of the tetrahydrober-
berines which was isolated from Xylopia Discreta, seemed to be
also an interesting possibility.” This, can be cleanly achieved by
refluxing (—)-norlaudanosine (displaced from its leucinate salt
(—)-13) for 2 h in a mixture of 35% formaldehyde in formic acid.

Basic treatment and purification of the crude reaction mixture
by silica gel chromatography, afforded (—)-xylopinine as a white
solid in a combined 90% yield from (+)-12 with specific optical
rotation and spectral data identical to that reported for the
natural product. Additionally, an X-ray study which was carried
out on a single crystal of (—)-xylopinine confirmed the proposed
structure and provided the final proof that the Pictet-Spengler
type cyclization process occurred regioselectively to form the
C8—C8a bond, the so-called “berberine” bridge.

B CONCLUSION

In summary, we have found that LDA is able to deprotonate an
isoquinoline based chiral non racemic a-amino nitrile in THF.
The resulting a-amino cyano carbanion is condensed on a set of
alkyl halides and the intermediary quaternary a-amino nitriles
thus obtained are submitted to a reductive decyanation
procedure to yield a series of 1-alkyl-THIQs in excellent yields
with diatereoisomeric ratios ranging from 85:15 to 97:3. The
same chemistry was applied successfully to the synthesis of
THIQs (+)-salsolidine and (—)-norlaudanosine which was
cyclized into (—)-xylopinine whose X-ray crystallography study
was reported for the first time in the literature. Our efforts are
currently directed toward the application of this strategy to the
asymmetric synthesis of more complex molecule containing a
THIQ nucleus. These results will be reported on due course.

B EXPERIMENTAL SECTION

General Techniques. Purification by column chromatography was
performed with 70—230 mesh silica gel. TLC analyses were carried out
on alumina sheets precoated with silica gel 60 F254; R; values are given
for guidance. The 'H NMR spectra were recorded with a 500 MHz, a
400 MHz, or a 300 MHz spectrometer. The *C NMR spectra were
recorded with a 125 MHz, a 100 MHz, or a 75 MHz spectrometer.
Positive-ion mass spectra were recorded on an orthogonal acceleration
quadrupole time-of-flight mass spectrometer equipped with a standard
electrospray probe. Melting points were measured on a Kofler apparatus,
the values reported in °C, and were uncorrected. Optical rotations were
recorded at 20 °C in a 1 dm cell. For air-sensitive reactions, the glassware
was oven-dried (90 °C) for 24 h and cooled under a stream of argon
before use. All commercially available reagents were used as supplied
and THF was distilled over sodium benzophenone ketyl. Diisopropyl-
amine was distilled from solid potassium hydroxide.

Electrochemical Techniques. Cyclic voltammetry experiments
were carried out on a potentiostat using a three-electrode device with a
glassy carbon (GCE, diameter = 2 mm) as the working electrode, a
saturated calomel electrode (SCE) as the reference and a platinum wire
as the auxiliary electrode. The experiments were carried out in methanol
containing LiClO,#3H,0 (0.1 mol L™") as the supporting electrolyte.
Preparative electrolysis were carried out at a controlled 6potential ina
single compartment cell which was described previously.*® The solution
was stirred with a magnetic stirring bar and the electrolysis was stopped
after the consumption of 2.1 F/mol.

2-(2,4-Dinitro-phenyl)-isoquinolinium Chloride, 7.*” A 200 mL
Schlenk tube fitted with a magnetic stirring bar was successively charged
with 10 mL (11.00 g, 85.09 mmol) of isoquinoline and 17.10 g (84.42
mmol) of finely powdered 1-chloro-2,4-dinitrobenzene. The resulting
suspension was stirred vigorously and heated at 60 °C for 10 min. The
resulting orange solid paste was warmed at that temperature for an
additional 1 h, and 5 mL of acetone were added to the reaction mixture.
The resulting suspension was refluxed for 6 h, and the solid was filtered
over a sintered glass funnel and was taken up with a minimum of acetone
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to afford 21.80 g (78%) of the isoquinolinium chloride 7. Orange
powder, mp = 200—202 °C. '"H NMR (DMSO-d,, 400 MHz) 6 = 8.18
(td,J=7.2,1.1Hz, 1 H), 845 (td,J=7.2,1.1 Hz, 1 H), 8.56 (d, ] = 8.0
Hz,1H),8.63(d,J=8.7Hz,1H),8.69(d,J=82Hz, 1 H),890(d,]=
7.0 Hz, 1 H), 9.04 (dd, ] = 8.6,2.5 Hz, 1 H), 9.15 (d, ] = 2.5 Hz, 1 H),
9.19 (dd, J = 6.8,2.1 Hz, 1 H), 10.77 (s, 1 H). *C NMR (DMSO-d,, 100
MHz) 6§ = 121.5 (t), 125.3 (t), 126.7 (q), 127.6 (t), 1302 (t), 131.6 (t),
131.8 (t), 132.2 (t), 135.4 (t), 137.9 (q), 138.8 (), 139.0 (q), 143.1 (q),
148.9 (q), 1522 (t). HRMS (ESI*, CH,OH, C,;H,(N;0,, [M]") calcd
for 296.0671, found 296.0670. Anal. Calcd for C;sH,,CIN,0, (331.71):
C, 54.31; H, 3.04; N, 12.67. Found: C, 54.15; H, 3.07; N, 12.55.
(5)-(—)-2-(1-Phenylethyl)-isoquinolinium Hexafluorophos-
phate, (—)-8b, New Compound. A 200 mL Schlenk fitted with a
magnetic stirring bar was successively charged with 100 mL of CH,Cl,,
5.0 g (15.07 mmol) of Zincke salt 7, 1.87 mL (1.32 g, 18.07 mmol, 1.2
equiv) of diethylamine, and 2.31 mL (2.22 g, 18.33 mmol, 1.2 equiv) of
(S)-(=)-1-phenylethylamine. The red solution was stirred at 20 °C for
48 h, and the solvent was evaporated under reduced pressure to afford a
solid gum which was taken up with 50 mL of water containing 5—10
drops of a 35% ammonia solution. The 2,4-dinitroaniline was filtered off
and the aqueous phase was extracted with 20 mL of AcOEt (X3). The
combined organic layers were discarded and the isoquinolinium chloride
(8a) solution was treated for 12 h with 5 mL of a 37% solution of
hexafluorophosphoric acid. The resulting suspension was extracted with
30 mL of dichloromethane (X3) and the combined organic phases were
washed with water until neutral pH. The organic phases were dried over
MgSO, and concentrated to afford 4.03 g (70%) of isoquinolinium
hexafluorophosphate salt (—)-8b as a viscous oil which solidified upon
cooling. Slightly orange solid, mp =106—108 °C (CH,CL). [a]*} =
—78 (¢ 1.0, CHCL;). "H NMR (CDCl,;, 500 MHz) 6 = 2.12 (d, ] = 7.0
Hz,3H),6.17 (q,J=7.0 Hz, 1 H), 7.26—7.39 (m, 3 H), 7.48—7.50 (m, 2
H), 7.86 (t, ] = 8.1 Hz, 1 H), 8.02—8.08 (m, 2 H), 8.21 (d, ] = 6.9 Hz, 1
H),8.35(d,J=6.9Hz,1H),846(d,J=83Hz 1H),9.81 (s, 1 H). *C
NMR (CDCl,, 125 MHz) & = 203 (p), 71.1 (t), 126.9 (t) 127.1 (t),
127.5 (t), 127.8 (q), 129.7 (t), 130.1 (t), 131.2 (t), 131.7 (t), 132.1 (t),
136.3 (q), 137.58 (t), 137.6(q), 147.7 (t). HRMS (ESI*, CH;0H,
Cy;H; 6N, [M]*) calcd for 234.1283, found 234.1282.
(5)-(+)-2-(Phenylethyl)-1,2,3,4-tetrahydroisoquinoline,
(+)-6a, New Compound. A 200 mL Schlenk tube fitted with a
magnetic stirring bar was charged with 20 mL of THF and 2.0 g (5.27
mmol) of hexafluorophosphate salt (—)-8b. Then, NaBH,CN (0.66 g,
10.50 mmol, 2.0 equiv) was added by portions to the resulting
suspension and the reaction mixture was stirred under argon for 12 h at
20 °C. The solvent was removed under reduced pressure, and the
resulting paste was taken up with 20 mL of water containing 5 drops of a
35% ammonia solution. The resulting suspension was extracted with S0
mL of dichloromethane (X2) and the organic phases were dried over
MgSO, and concentrated under reduced pressure to afford a crude oil
which was transferred to a chromatographic column (diethyl ether/
petroleum ether, 3:7). The combined fractions were evaporated to
afford the THIQ (+)-6a (1.0 g, 80%) as a colorless oil. [a]?p = +9.2 (c
0.5, CHCL,). R; = 0.7 (diethyl ether/petroleum ether, 3:7). '"H NMR
(CDCl,;, 400 MHz) 6 = 1.47 (d, ] = 6.9 Hz, 3 H), 2.56—2.63 (m, 1 H),
2.73-2.90 (m, 3H),3.53 (q,J=6.9 Hz, 1 H), 3.54 (d, = 16.0 Hz, 1 H),
3.79 (d,] = 16.0 Hz, 1 H), 6.93—6.96 (m, 1 H), 7.02—7.08 (m, 3 H), 7.23
(tt, J=5.3,2.3 Hz, 1 H), 7.28—7.32 (m, 2 H), 7.34—7.37 (m, 2 H). 1*C
NMR (CDCl;, 100 MHz) 6 = 20.1 (p), 29.3 (s), 48.0 (s), 53.5 (s), 64.4
(t), 125.5 (1), 125.9 (t), 126.7 (1), 126.9 (t), 127.5 (t), 128.3 (t), 128.6
(t), 134.6 (q), 135.2 (q), 144.3 (q). HRMS (ESI*, CH,CN, C;;H,(N,
[M + H]*) calcd for 238.1590, found 238.1590. Anal. Calcd for C,,H;oN
(379.28): C, 86.03; H, 8.07; N, 5.90. Found: C, 86.18; H, 7.94; N, 5.90.
(1R,25)-(+)-2-(1-Phenyl-ethyl)-1,2,3,4-tetrahydroisoquino-
line-1-carbonitrile, (+)-2a, New Compound. A 500 mL undivided
electrolysis cell equipped with a planar vitreous carbon electrode
(diameter 100 mm, Carbone Lorraine) and a magnetic stirrer, was
successively charged with 300 mL of methanol, 2.0 g (8.42 mmol) of
THIQ (+)-6a, 3.0 g of LiClO,, 0.82 g (16.73 mmol, 2.0 equiv) of NaCN
and 0.19 mL (0.19 g, 3.32 mmol, 0.4 equiv) of acetic acid. The working
potential was adjusted to +1.0 V/SCE and after the consumption of
1700 C (2.1 F/mol), the electrolysis was stopped. Then, 150 mL of

DOI: 10.1021/acs.joc.6b01419
J. Org. Chem. 2016, 81, 6721—-6739


http://dx.doi.org/10.1021/acs.joc.6b01419

The Journal of Organic Chemistry

water was added to the solution (Caution: LiClO, may lead to severe
explosions when the material is evaporated to dryness. NaCN was destroyed
by adding an excess of KMnO, onto the aqueous phase. Due to the possible
release of HCN, the electrolysis should be carried out under a well ventilated
hood) and methanol was evaporated under reduced pressure at +50 °C.
The aqueous phase was extracted with dichloromethane (50 mL X 3)
and the combined organic layers were dried over MgSO, and
concentrated in vacuo. The crude material was diluted in 10 mL of
dichloromethane and poured into a chromatographic column (30 X 3.5
cm) prepared with 30 g of silica and 3:7 petroleum ether/diethyl ether.
The combined fraction were concentrated to afford a-amino nitrile 2a
(1.78 g, 81%) as a mixture (6:4) of diastereoisomers. A further slow
crystallization (3 weeks) of this mixture in a biphasic system (petroleum
ether/diethyl ether S5:1) afforded a single crystal of (+)-2a whose
absolute configuration was determined by X-ray diffraction. Colorless
plate, mp =104—106 °C (petroleum ether/diethyl ether). [a]?, =
+21.5 (¢ 1.0, C¢Hg, 99 (R,S):1 (S,S) dr); [a]*p = —58.0 (¢ 1.0, C¢Hy, 60
(R,S):40 (S,S) dr). Due to a slow epimerization of C1(R) in benzene, the
optical rotation of the sample should be recorded within a S min period. R;=
0.9 (diethyl ether/petroleum ether, 3:7). "H NMR (C4Dg, 400 MHz) &
=1.20 (d, ] = 6.6 Hz, 3 H), 2.06 (dd, ] = 12.6, 4.2 Hz, 1 H), 2.42—-2.55
(m, 2 H), 2.60—2.66 (m, 1 H), 3.66 (q, ] = 6.6 Hz, 1 H), 4.89 (s, 1 H),
6.75 (dm, J=7.3 Hz, 1 H), 6.90 (td, ] = 8.4, 1.5 Hz, 1 H), 6.93—6.99 (m,
2 H), 7.05—7.09 (m, 1 H), 7.12—7.19 (m, 4 H). *C NMR (CD, 400
MHz) 6 =21.4 (p),28.2 (s), 44.9 (s), 52.4 (1), 62.3 (1), 116.5 (q), 126.2
(), 127.0 (1), 127.2 (t), 127.4 (1), 128.0 (t), 128.6 (t), 129.2 (), 130.3
(q), 134.8 (q), 144.7 (q). "H NMR (isomeric mixture, 60 (R,S):40 (S,S),
C¢D, 400 MHz) & = 1.18 (d, ] = 6.6 Hz, 1.8 H); 1.20 (d, ] = 6.6 Hz, 1.2
H); 2.06 (dd, J = 12.6, 4.2 Hz, 0.6 H); 2.34 (dd, ] = 16.6, 2.6 Hz, 0.4 H);
2.42-2.66 (m, 2.2 H); 2.76 (ddd, J = 17.1, 11.6, 6.2 Hz, 0.4 H); 2.98
(ddt, = 11.9, 6.3, 1.6 Hz, 0.4 H); 3.66 (q, ] = 6.6 Hz,0.6 H), 3.76 (q, ] =
6.6 Hz, 0.4 H); 4.52 (s, 0.4 H); 4.90 (s, 0.6 H); 6.28 (d, ] = 8.3 Hz, 0.4
H); 6.71—6.76 (m, 1 H); 6.79 (d, ] = 3.7 Hz, 0.4 H); 6.88—7.00 (m, 2.2
H), 7.05-7.10 (m, 1 H); 7.12—7.20 (m, 3.2 H); 7.32—7.36 (m, 0.8 H).
"H NMR (isomeric mixture, 60 (R,S):40 (S,S), CDCl,;, 500 MHz) 6 =
1.47 (d,J = 6.6 Hz, 1.8 H), 1.50 (d, ] = 6.6 Hz, 1.2 H), 2.56—2.63 (m, 1
H),2.77 (td, ] = 11.9,4.0 Hz, 0.4 H), 2.83—2.91 (m, 1.8 H), 3.11 (ddd, J
=174, 11.6,6.2 Hz, 0.4 H), 3.47 (dd =11.9, 6.3 Hz, 04 H), 3.73 (q,] =
6.6Hz,0.6 H),3.80 (q,J= 6.6 Hz,0.4 H),4.49 (5,0.4 H), 5.18 (5,0.6 H),
6.96 (d, ] = 8.3 Hz, 0.4 H), 7.10—7.40 (m, 8.6 H). 3C NMR (isomeric
mixture, 60 (R,S):40 (S,S), CDCly, 125 MHz) § = 21.7 and 21.8 (p),
28.5and 28.9 (s), 42.6 and 45.0 (s), 52.6 and 54.1 (t), 61.9 and 62.4 (t),
116.8 and 117.1 (q), 126.3 (t), 126.5 (), 127.1 (), 1272 (t), 1274 (t, 2
C), 127.5 (1), 127.8 (t), 128.3 (t), 128.4 (t), 128.7 (t), 128.9 (t), 129.1
(t),129.4 (t), 129.8 and 130.3 (q), 134.5 and 134.9 (q), 143.1 and 144.4
(q). HRMS (ESI*, CH,OH, C,¢H;{N,Na, [M + Nal]*) caled for
285.1368, found 285.1361. Anal. Calcd for C,gH;gN, (C;gH;4N,): C,
82.41; H, 6.92; N, 10.68. Found: C, 82.47; H, 6.89; N, 10.38.

(1R,1'S)-(+)-6,7-Dimethoxy-2(1-phenylethyl)-1,2,3,4-tetrahy-
droisoquinoline-1-carbonitrile, (+)-2b. The synthesis was as
reported for (+)-2a (vide supra) but with 2.0 g (6.72 mmol) of
(+)-(8)-6,7-dimethoxy-2-(1-phenylethyl)-1,2,3,4-tetrahydroisoquino-
line (+)-6b. After the consumption of 1430 C (2.2 F/mol), 100 mL of
water were added to the electrolysis solution. Methanol was evaporated
under reduced pressure, and the aqueous phase was extracted twice with
100 mL of diethyl ether. The combined organic layers were dried over
magnesium sulfate and concentrated. The crude reaction mixture was
crystallized in a minimum of boiling ethanol containing 0.1 g of sodium
cyanide to afford 1.58 g (73%) of (+)-2b as a white solid: mp 163—16S
°C; [a]™p + 40 (c 1.0, C¢Dy). Spectral data were reported in ref2%* A
single crystal was obtained upon a slow crystallization in ethanol and was
studied by X-ray crystallography.

(1S,1’R)-(-)-6,7-Dimethoxy-2(1-phenylethyl)-1,2,3,4-tetra-
hydroisoquinoline-1-carbonitrile, (—)-2b. The synthesis was as
reported for (+)-2a but with (—)-(R)-6,7-dimethoxy-2-(1-phenylethyl)-
1,2,3,4-tetrahydroisoquinoline to afford (—)-2b as a white solid: [a]**p
— 38 (c 1.0, CDy).

Procedure A: Synthesis of THIQs 1a—i from a-Amino Nitrile
2a. (1S,1'S)-(—)-1-Methyl-2-(1-phenylethyl)-1,2,3,4-tetrahydroiso-
quinoline, (—-)-1a. 139 An oven-dried, 200 mL, one-necked Schlenk
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tube, fitted with a magnetic stirring bar, connected to an argon inlet tube
was flushed with argon and was successively charged with 10 mL of dry
THF and 1.6 g (6.10 mmol) of a-amino nitrile 2b as a 60:40 mixture of
diastereoisomers. The flask was then cooled to —80 °C, and 10 mL of a
LDA solution in dry THF [prepared from 1.20 mL (0.86 g, 8.54 mmol)
of diisopropylamine and 2.90 mL (7.25 mmol, 1.18 equiv) of
butyllithium (2.5 M solution in hexane)] was slowly added by syringe.
The anion solution turned rapidly red and was allowed to warm to —20
°C over a 2 h period and was then cooled to —80 °C. Then, 1.71 g (0.7S
mL, 12.04 mmol, 2.0 equiv) of iodomethane was added dropwise, and
the reaction mixture was allowed to warm to —20 °C for 3 h. The
contents of the flask were poured into a mixture of 100 mL of diethyl
ether and 15 mL of water containing 0.25 g of NaCN. The organic layer
was washed with 10 mL of water, dried over anhydrous magnesium
sulfate, and evaporated under reduced pressure to yield a crude oily
residue which was used in the next step without further purification. The
oily residue was dissolved in 10 mL of ethanol and poured in a 100 mL,
one-necked flask, equipped with a rubber septum. The flask was cooled
to —20 °C, and 0.92 g (24.40 mmol) of NaBH, was added in portions.
Stirring was continued for 1 h at that temperature, and the solution was
allowed to reach room temperature overnight. The solvents were
evaporated under reduced pressure, and the crude material was taken-up
with 20 mL of a 15% ammonia solution and the aqueous layer was
extracted twice with 25 mL of dichloromethane. The combined organic
layers were washed with 25 mL of water, dried over anhydrous sodium
sulfate, filtered, and concentrated on a rotary evaporator. The crude oily
residue was diluted with S mL of dichloromethane and poured into a
chromatographic column (50 X 2.5 cm), prepared with 40 g of silica and
1:1 diethyl ether/petroleum ether. The combined fractions were
evaporated, to afford 1.1 g (72% based on a-amino nitrile 2b) of (—)-1a.
Yellow viscous oil. Ry= 0.70 (diethyl ether/petroleum ether, 3:7). [a]*p
—21 (¢ 1.0, CHCl,, 90 (S,5):10 (R,S) dr). "H NMR (isomeric mixture,
90 (S,9):10 (R,S) dr, major diastereoisomer, CDCl;, 300 MHz) § = 1.32
(d,J=6.9Hz,3H), 138 (d,J = 6.9 Hz, 3 H), 2.47—2.63 (dm, ] = 14.0
Hz, 1 H), 2.80—3,00 (m, 3 H), 3.75 (q, ] = 6.9 Hz, 1 H), 4.06 (q, ] = 6.9
Hz, 1 H), 6.98—7.38 (m, 9 H). *C NMR (CDCl,, 75 MHz) 6 = 19.4
(p), 21.3 (p), 26.5 (s), 39.9 (s), 53.6 (t), 59.5 (t), 125.5 (t), 125.7 (t),
126.7 (t), 1272 (t), 127.8 (t), 1283 (t), 128.9 (t), 134.6 (q), 140.5 (q),
146.6 (q). HRMS (EI', C;gH, N, [M]*) calcd for 251.1674, found
251.1679. Anal. Calcd for C;gH,,N (251.37): C, 86.01; H, 8.42; N, 5.57.
Found: C, 85.90; H, 8.25; N, 5.87.
(15,1'S)-(—)-1-Propyl-2-(1-phenylethyl)-1,2,3,4-tetrahydroisoqui-
noline, (—)-1b, New Compound. The synthesis of THIQ (—)-1b (1.24
g, 73%, 90:10 dr) was carried out according to procedure A, but with
1.18 mL (2.06 g 12.20 mmol, 2.0 equiv) of l-iodopropane as the
alkylating agent. The crude oily residue was diluted with 5 mL of
dichloromethane and poured into a chromatographic column (50 X 2.5
cm), prepared with 40 g of silica and 2:8 diethyl ether/petroleum ether.
Orange oil, [a]?, = =35 (¢ 1.0, CHCL,, 90 (5,5):10 (R,S) dr). R;= 0.8
(diethyl ether/petroleum ether, 20:80). "H NMR (isomeric mixture, 90
(5,5):10 (R,S) dr, major diastereoisomer, CDCly, 300 MHz) & = 0.80 (t,
J=7.4Hz, 3 H), 1.02—1.15 (m, 1 H), 1.20-128 (m, 2 H), 1.38 (d, ] =
6.9 Hz, 3 H), 1.70—1.80 (m, 1 H), 2.57 (dt, J = 13.0, 3.6 Hz, 1 H), 2.96
(ddd, J = 16.5, 10.4, 6.9 Hz, 1 H), 3.15—3.22 (m, 2 H), 3.60 (dd, ] = 8.3,
4.2 Hz, 1 H),3.75 (q, ] = 6.9 Hz, 1 H), 6.85—6.90 (m, 1 H), 7.02—7.10
(m, 3 H), 7.20—7.30 (m, 5 H). 3*C NMR (isomeric mixture, 90 (S,S):10
(R,S) dr, major diastereoisomer, CDCly, 75 MHz) § = 14.7 (p), 20.2 (p),
21.5 (s), 24.4 (s), 26.1 (s), 39.7 (s), 58.9 (t), 59.1 (t), 126.0 (t), 127.2
(t), 128.1 (t), 128.7 (t), 129.3 (t), 135.3 (q), 140.0 (q), 1469 (q).
HRMS (ESI*, MeOH, C,oH,(N, [M + H]*) calcd for 280.2065, found
280.2064. Anal. Caled for C,gH,N (279.42): C, 85.97; H, 9.02; N, 5.01.
Found C, 86.15; H, 9.04; N, 4.94.
(15,1'S)-(=)-1-Pentyl-2-(1-phenylethyl)-1,2,3,4-tetrahydroisoqui-
noline, (—)-1c, New Compound. The synthesis of THIQ (—)-1c (1.33
g, 71%, 88:12 dr) was carried out according to procedure A but with 2.46
g (12.42 mmol, 2.0 equiv) of 1-iodopentane as the alkylating agent. The
crude oily residue was diluted with S mL of dichloromethane and poured
into a chromatographic column (50 X 2.5 cm), prepared with 40 g of
silica and 2:8 diethyl ether/petroleum ether. Orange oil, [a]**p = —30 (c
0.5, CHC,, 88 (S,5):12 (R,S) dr). R; = 0.8 (diethyl ether/petroleum
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ether, 2:8). '"H NMR (isomeric mixture, 88 (5,5):12 (R,S) dr, major
diastereoisomer, CDCl;, 400 MHz) § = 0.82 (t, ] = 7.4 Hz, 3 H), 1.02—
1.15 (m, 2 H), 1.20—1.28 (m, 3 H), 1.32—1.49 (m, 2 H), 1.38 (d,] = 6.9
Hz,3H), 1.70—1.80 (m, 1 H), 2.49 (dt, J= 13.0,3.6 Hz, 1 H), 2.91 (ddd,
J=16.5,10.4,6.9 Hz, 1 H), 3.15-3.22 (m, 2 H), 3.50 (dd, ] = 8.3, 4.2 Hz,
1H),3.75 (q,]=6.9Hz, 1 H), 6.85—6.89 (m, 1 H), 7.02—7.12 (m, 3 H),
7.18—=7.30 (m, 5 H). 3C NMR (isomeric mixture, 88 (5,5):12 (R,S) dr,
major diastereoisomer, CDCl;, 100 MHz) § = 14.1 (p), 21.0 (p), 22.7
(s), 239 (s), 26.1 (), 319 (s), 36.8 (s), 39.0 (s), 58.54 (t), 58.58 (t),
126.7 (t), 1276 (t), 128.1 (t), 1282 (t), 128.7 (t), 134.8 (q), 1396 (q),
1465 (q). HRMS, (ESI*, MeOH, C,,HyN, [M + HJ*) caled for
308.2378, found 308.2373. Anal. Calcd for C,H,N (307.48): C, 85.94;
H, 9.51; N, 4.56. Found: C, 86.19; H, 9.73; N, 4.67.
(1S,1'S)-(—)-1-Heptyl-2-(1-phenylethyl)-1,2,3,4-tetrahydroisoqui-
noline, (—)-1d, New Compound. The synthesis of THIQ (—)-1d (1.23
g,60%, 87:13 dr) was carried out according to procedure A but with 2.75
g (12.20 mmol, 2.0 equiv) of 1-iodoheptane as the alkylating agent. The
crude oily residue was diluted with S mL of dichloromethane and poured
into a chromatographic column (50 X 2.5 cm), prepared with 40 g of
silica and 2:8 diethyl ether/petroleum ether. Orange oil, [a]**p = —23 (¢
0.5, CHCL,, 87 (5,5):13 (R,S) dr). R; = 0.85 (diethyl ether/petroleum
ether, 2:8). '"H NMR (isomeric mixture, 87 (S,5):13 (R,S) dr, major
diastereoisomer, CDCl,, 400 MHz) & = 0.86 (t, ] = 7.4 Hz, 3 H), 1.02—
1.15 (m,2 H), 1.16—1.35 (m, 8 H), 1.37 (d, ] = 6.9 Hz, 3 H), 1.40—1.48
(m, 1H), 1.70—1.80 (m, 1 H), 2.50 (dt, J = 13.0, 3.6 Hz, 1 H),2.91 (ddd,
J=16.5,10.4,6.9 Hz, 1 H), 3.15—3.22 (m, 2 H), 3.52 (dd, ] = 8.3,4.2 Hz,
1H),3.75(q,]=6.9Hz, 1 H), 6.85—6.89 (m, 1 H), 7.02—7.12 (m, 3 H),
7.18=7.30 (m, 5 H). 3C NMR (isomeric mixture, 87 (5,5):13 (R,S) dr,
major diastereoisomer, CDCl;, 100 MHz) 6 = 14.1 (p), 20.9 (p), 22.7
(s),24.0 (s),26.5 (s),29.3 (s), 29.7 (s), 31.9 (s), 36.9 (s), 39.1 (s), 58.6
(), 125.5 (t) 125.6 (), 126.7 (t), 127.6 (t), 128.1 (t), 128.2 (t), 128.7
(t), 134.8 (q), 139.7 (q), 146.5 (q). HRMS (ESI*, MeOH, [M + H]*,
C,4Hy,N) calcd for 336.268S, found 336.2686. Anal. Calcd for C,,Hy3N
(335.53): C, 85.91; H, 9.91; N, 4.17. Found: C, 85.72; H, 9.84; N, 4.27.
(15,1'S)-(—)-1-Undecyl-2-(1-phenylethyl)-1,2,3,4-tetrahydroiso-
quinoline, (—)-1e, New Compound. The synthesis of THIQ (—)-1e
(0.95 g,40%, 85:15 dr) was carried out according to slightly procedure A
but with a 4 h stirring at 0 °C and with 3.44 g (12.20 mmol, 2.0 equiv) of
1-iodoundecane as the alkylating agent. THIQ (+)-6b was recovered in
20% vyield after purification of the crude material by column
chromatography (petroleum ether/diethyl ether, 80:20). Orange oil,
[a]*p = —11 (¢ 1.0, CHCl,, isomeric mixture, 85 (S,5):15 (R,S) dr). R;=
0.8 (petroleum ether/diethyl ether, 80:20). '"H NMR (isomeric mixture,
85 (5,9):15 (R,S) dr, major diastereoisomer, CDCl;, 400 MHz) & = 0.88
(t,J=74Hz,3H),1.02—1.15 (m, 1 H), 1.16—1.35 (m, 17 H), 1.37 (d,]
= 6.9 Hz, 3 H), 1.40—1.48 (m, 1 H), 1.70—1.80 (m, 1 H), 2.50 (dt, ] =
13.0,3.6 Hz, 1 H), 2.91 (ddd, J = 16.5, 10.4, 6.9 Hz, 1 H), 3.15—3.22 (m,
2H),3.52(dd,]=8.3,42Hz, 1H),3.75 (q,] = 6.9 Hz, 1 H), 6.85—6.89
(m, 1 H),7.02—7.12 (m, 3 H), 7.18—7.30 (m, 5 H). *C NMR (isomeric
mixture, 85 (5,5):15 (R,S) dr, major diastereoisomer, CDCly, 100 MHz)
5 =142 (p), 21.0 (p), 22.7 (s), 24.0 (s), 26.5 (s), 29.4 (s), 29.71 (s),
29.75 (s), 32.0 (s), 36.9 (s), 39.1 (s), 58.6 (1), 125.5 (t), 125.6 (t), 126.7
(t), 127.7 (t), 128.1 (t), 1282 (t), 128.8 (t), 134.9 (q), 139.6 (q), 146.5
(q). HRMS (ESI*, MeOH, [M + H]*) C,H,,N caled for 392.3311,
found 392.3310. Anal. Calcd for C,gH,;N (391.64): C, 85.87; H, 10.55;
N, 3.58. Found: C, 85.74; H, 10.41; N, 3.66.
(1S,1'S)-(+)-1-(4-Methoxybenzyl)-2-(1-phenylethyl)-1,2,3,4-tetra-
hydroisoquinoline, (+)-1£.7*" The synthesis of THIQ (+)-1f (1.63 g,
75%, 95:5 dr) was carried out according to procedure A but with 1.84 g
(9.15 mmol, 1.5 equiv) of 1-(bromomethyl)-4-methoxybenzene as the
alkylating agent. A slow crystallization of THIQ (+)-1f in ethanol
afforded single crystals which were analyzed by X-ray diffraction.
Colorless crystals, mp = 82—84 °C (ethanol). R;= 0.4 (petroleum ether/
diethyl ether, 8:2). [a]?p = +57 (c 1.0, CHCl,, 99:1 dr), lit."** = +12
(0.6, CHCI,, 90 (S,5):10 (R,S) dr). 'H NMR (CDCl,, 400 MHz) 6 =
1.33(d,J=6.5Hz,3H),2.51 (ddd, = 16.8, 6.8, 1.9 Hz, 1 H), 2.69 (dd, |
=13.6,6.3Hz,1H),2.93 (ddd, J=16.8,11.5,6.0 Hz, 1 H), 3.02 (dd, ] =
13.6,7.8 Hz, 1 H), 3.21 (dm, J = 13.8 Hz, 1 H), 3.33 (ddd, J = 13.8, 11.6,
4.7Hz,1H),3.73 (q,] = 6.6 Hz, 1 H),3.77 (t, ] = 6.8 Hz, 1 H), 3.80 (s, 3
H), 6.60 (d,]=7.6 Hz, 1 H), 6.75 (dm, J = 8.7 Hz, 2 H), 6.85 (dm, J = 8.7
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Hz, 2 H), 6.95—7.05 (m, 3 H), 7.08—7.15 (m, 5 H). '*C NMR (CDCl,,
100 MHz) 6 = 21.8 (p), 242 (s), 394 (s), 41.7 (s), 55.3 (p), 59.1 (t),
60.9 (), 113.2 (t), 125.2 (t), 125.9 (t), 126.4 (t), 127.3 (t), 128.0 (t),
128.6 (t), 128.8 (t), 130.7 (t), 132.1 (q), 135.0 (q), 138.2 (q), 146.1 (q),
157.8 (q). HRMS (ESI*, CH;OH/CH,Cl,, 90:10, C,sH,,NO, [M +
H]") caled for 358.2171, found 358.2170. Anal. Calcd for C,H,,NO
(357.49): C, 83.99; H, 7.61; N, 3.92. Found: C, 84.27; H, 7.85; N, 3.96.
(15,1'S)-(+)- 1-(3,4-Dimethox;/benzyl)-2( 1-phenylethyl)-1,2,3,4-
tetrahydroisoquinoline, (+)-19.”% The synthesis of THIQ (+)-1g
(1.65 g, 70%, 94:6 dr) was carried out according to procedure A but with
197 g (8.54 mmol, 1.4 equiv) of 4-(bromomethyl)-1,2-dimethox-
ybenzene as the alkylating agent. The crude oily residue was diluted with
S mL of dichloromethane and poured into a chromatographic column
(50 x 2.5 cm), prepared with 30 g of silica and 8:2 petroleum ether/
diethyl ether. A slow crystallization of THIQ (+)-1g in ethanol afforded
single crystals which were analyzed by X-ray diffraction. Colorless
crystals, mp = 88—90 °C (ethanol). R; = 0.3 (petroleum ether/diethyl
ether, 8:2). [a]?p = +14.0 (¢ 1.0, CHCI, 99:1 dr). 'H NMR (CDCl,,
400 MHz) § = 1.34 (d, ] = 6.5 Hz, 3H), 2.51 (dm, = 17.0 Hz, 1 H), 2.72
(dd, J=13.6, 6.5 Hz, 1 H),2.93 (ddd, ] = 17.0, 11.5, 5.8 Hz, 1 H), 3.02
(dd, J=13.6,7.2 Hz, 1 H), 3.21 (dm, J = 13.8 Hz, 1 H), 3.31 (ddd, ] =
13.8,11.6,4.7 Hz, 1 H), 3.67 (s, 3H), 3.74 (q,J= 6.6 Hz, L H), 3.79 (t, ]
= 6.8 Hz, 1 H), 3.86 (s,3H),6.33 (d,] = 1.9 Hz, 1 H), 6.51 (dd, ] = 8.1,
1.9 Hz, 1 H), 6.60 (d, ] = 7.6 Hz, 1 H), 6.72 (d, ] = 8.1 Hz, 1 H), 6.95—
7.05 (m, 3 H), 7.06—7.11 (m, 2 H), 7.12-7.16 (m, 3 H). *C NMR
(CDCly, 100 MHz) & = 21.5 (p), 24.3 (s), 39.6 (s), 42.5 (s), 55.6 (p),
55.9 (p), 59.1 (t), 61.0 (t), 110.7 (t), 112.9 (t), 121.8 (t), 125.2 (t),
125.9 (t), 126.5 (t), 127.4 (t), 128.0 (t), 128.6 (t), 128.8 (t), 132.6 (q),
135.0 (q), 138.0 (q), 146.2 (q), 1472 (q), 148.3 (q). HRMS (ESI*,
CH,OH/CH,CL, 9:1, C,H;oNO,, [M + H]*) caled for 388.2276,
found 388.227S. Anal. Caled for C,sH,oNO, (387.52): C, 80.59; H,
7.54; N, 3.61. Found: C, 80.19; H, 7.52; N, 3.65.
(15,1'S)-(—)-2-(1-Phenylethyl)-1(3-((tetrahydro-2H-pyran-2-yl)-
oxy)propyl)-1,2,3,4-tetrahydroisoquinoline, (—)-1h, New Com-
pound. The synthesis of THIQ (—)-1h (1.62 g, 70%, 95:5 dr) was
carried out according to procedure A but with 2.47 g (9.15 mmol, 1.§
equiv) of 2-(3-iodopropoxy)-tetrahydro-2H-pyran as the alkylating
agent. The minor (1R,1'S)-1h diastereoisomer eluted at R; = 0.5
(petroleum ether/diethyl ether, 8:2) and was separated by column
chromatography. THIQ_ (—)-1h (1.54 g) was recovered in 65% yield.
Viscous yellow oil. R¢= 0.3 (petroleum ether/diethyl ether, 8:2). [a]*
—16.5 (¢ 1.0, CHCL,). 'HNMR (CDCl,, 400 MHz) 6 = 1.38 (d, ] = 6.5
Hz, 3 H), 1.40—1.85 (m, 10 H), 2.55 (dt, J = 16.8, 3.5 Hz, 1 H), 2.91
(ddd, J = 16.8,9.7, 7.2 Hz, 1 H), 3.15—3.28 (m, 3 H), 3.42—3.47 (m, 1
H), 3.54—3.65 (m, 2 H), 3.72—3.82 (m, 2 H), 4.46—4.50 (m, 1 H), 6.90
(dd,J=7.0,2.0 Hz, 1 H), 7.05—7.11 (m, 3 H), 7.18—7.31 (m, S H). 1*C
NMR (CDCl,, 100 MHz, splitting signals indicated with an asterisk (*)
are due to the presence of the tetrahydropyranyl group) & = 19.6* and
19.7% (s), 20.6 (p), 23.9 (s), 25.5 (s), 26.5* and 26.6* (s), 30.73* and
30.75* (s), 33.2* and 33.3* (s), 38.9 (s), 58.28* and 58.37* and 58.40*
(t), 62.2%* and 62.3* (s), 67.6* and 67.7* (s), 98.73* and 98.75* (t),
125.57 (t), 125.64 (t), 126.7 (t), 127.6 (t), 128.2 (t), 128.7 (t), 134.9
(), 139.3 (q), 146.29 and 146.31 (q). HRMS (ESI*, C,sH;,NO,, [M +
H*]) calcd for 380.2589, found 380.2589. Anal. Calcd for C,H;3,NO,
(379.54): C,79.11; H, 8.76; N, 3.69. Found: C, 79.51; H, 8.76; N, 3.93.
(15,1'S)-(—=)-1-(2-(1,3-Dioxolan-2-yl)ethyl-2-((S)-1-phenylethyl)-
1,2,3,4-tetrahydroisoquinoline, (—)-1i, New Compound. The syn-
thesis of THIQ (—)-1i (1.44 g, 70%, 97:3 dr) was carried out according
to procedure A but with 2.08 g (9.15 mmol, 1.5 equiv) of 2-(2-
iodoethyl)-[1,3]-dioxolane as the alkylating agent. Trace amount (up to
2%) of the minor (1R,1’S)-1i diastereoisomer was separated by column
chromatography. Highly viscous yellow oil, R; = 0.3 (petroleum ether/
diethyl ether, 8/2); [a]*p = —13.5 (¢ 1.0, CHCl;). 'H NMR (CDCl,,
400 MHz) 6 = 1.37 (d, ] = 6.5 Hz, 3 H), 1.56—1.62 (m, 2 H), 1.80—1.90
(m, 2 H),2.50 (dt, ] = 16.8,3.7 Hz, 1 H), 2.90 (dt, ] = 16.8, 8.2 Hz, 1 H),
3.15-3.19 (m, 2 H),3.57 (dd, ] = 8.4, 4.3 Hz, 1 H), 3.73—3.79 (m, 3 H),
3.87-3.90 (m, 2 H), 4.71 (t,] =4.6 Hz, 1 H), 6.90 (dd, J = 5.8,2.0 Hz, 1
H), 7.05—7.20 (m, 3 H), 7.18—7.30 (m, 5 H). *C NMR (CDCl,, 100
MHz) 6 =20.5 (p), 23.9 (s), 30.53 (s), 30.61 (s), 38.8 (s), 58.1 (t), 58.3
(t), 64.76 (s), 64.77 (s), 104.6 (t), 125.6 (t), 125.7 (t), 126.7 (t), 127.6
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(), 128.1 (t), 1282 (t), 128.8 (), 1349 (q), 139.0 (q), 146.24 (q).
HRMS (ESI*, C,H,NO,, [M + H']) calcd for 338.2115, found
338.2116. Anal. Caled for Cp,H, NO, (337.46): C, 78.30; H, 8.06; N,
4.15. Found C, 78.17; H, 8.01, N, 4.20.

Procedure B: Synthesis of THIQs (+)-9a—g. (S)-(—)-1-Methyl-
1,2,3,4-tetrahydroisoquinoline, (—)-9a. A 50 mL low-pressure hydro-
genator was charged with 10 mL of ethanol, 0.08 g (20% in mass) of 20%
Pd(OH),/C and 0.38 g (1.5 mmol) of THIQ (—)-1a. Air was removed
from the reactor by alternatively filling it with hydrogen and venting it
three times. The hydrogen pressure (3.75 X 10° Torr, § bar) was applied,
and the suspension was stirred for 48 h at room temperature. The
suspension was filtered over a small pad of Celite, and the vessel was
washed with ethanol. The filtrate was concentrated under reduced
pressure, and the resulting paste was dissolved in 10 mL of water. The
solution was cooled in an ice bath and was basified with solid KOH. The
white oily residue was extracted twice with 50 mL of dichloromethane,
and the combined organic layers were washed with 10 mL of water, dried
over anhydrous magnesium sulfate, and concentrated on a rotary
evaporator. The crude oily residue was diluted with S mL of
dichloromethane and poured into a chromatographic column (20 X
2.0 cm), prepared with 10 g of silica and 95:5 dichloromethane/
methanol. The unreacted THIQ (—)-1a (0.040 g, 10%) was eluted first,
followed by 1.76 g (80%) of THIQ (—)-9a. Yellow oil. [a]*, = =51 (¢
1.8, CHCl,, 90:10 er), lit.* = +75 (¢ 1.0, CHCl,, 99:1 er, this value is
referred to the R enantiomer). R = 0.2 (dichloromethane/methanol,
8:2). 'TH NMR (CDCl,, 500 MHz) & = 1.45 (d, ] = 6.7 Hz, 3 H), 2.04—
2.06 (s, br. One H), 2.74 (dt, ] = 16.0, 4.6 Hz, 1 H), 2.83—2.90 (ddd, J =
16.0,8.7,5.5Hz, 1 H), 3.00 (ddd, J = 13.0, 8.8,4.7 Hz, 1 H), 3.25 (dt, J =
13.0, 5.1 Hz, 1 H), 4.10 (q, J = 6.7 Hz, 1 H), 7.05—7.15 (m, 4 H). *C
NMR (CDCl,, 125 MHz) & = 22.6 (p), 29.8 (s), 41.6 (s), S1.5 (t),
125.89 (t), 125.90 (t), 126.0 (t), 129.2 (t), 134.8 (q), 140.2 (q). HRMS
(C1oH,N, EL [M—H]*) caled for 146.0970, found 146.0983. Anal.
Caled for C,oH,;N: C, 81.58; H, 8.90; N, 9.51. Found: C, 81.00; H, 8.80;
N, 9.45.

(S)-(—)-1-Propyl-1,2,3,4-tetrahydroisoquinoline, (—)-9b.* The
synthesis of THIQ (—)-9b (0.19 g, 73%, 90:10 er) was carried out
according to procedure B. The unreacted THIQ (—)-1b (0.029 g) was
recovered in 7% yield after column chromatography (dichloromethane/
methanol, 8:2). Yellow oil. [@]**, = =35 (¢ 1.0, CHCl, 90:10 er). R;=
0.2 (dichloromethane/methanol, 8:2). "H NMR (CDCl;, 400 MHz) 6 =
0.97 (t, ] = 7.3 Hz, 3 H), 1.40—1.60 (m, 2 H), 1.70—1.88 (m, 2 H), 2.75
(dt, J=13.0,5.1 Hz, 1 H), 2.80—2.90 (m, 1 H), 3.00 (ddd, ] = 12.6, 7.6,
5.1Hz, 1 H),3.25 (dt, ] = 12.6, 6.8 Hz, 1 H), 3.45—3.55 (s, br. One H),
4.02 (dd, J = 8.8,3.9 Hz, 1 H), 7.05—7.15 (m, 4 H). 3*C NMR (CDCl,,
100 MHz) & = 142 (p), 19.3 (s), 29.5 (s), 38.5 (s), 40.7 (s), 55.4 (t),
125.9 (t), 126.0 (t), 1262 (t), 129.2 (t), 134.7 (q), 139.0 (q). HRMS
(C,H;gN, ESI*, MeOH, [M + H]*) caled for 176.1439, found
176.1436. Anal. Caled for C,,H,,N (175.27): C, 82.23; H, 9.78; N, 7.99.
Found: C 81.99; H 9.73; N 7.99.

(S)-(—)-1-Pentyl-1,2,3,4-tetrahydroisoquinoline, (—)-9¢.*° The syn-
thesis of THIQ (—)-9¢ (0.21 g, 70%, 88:12 er) was carried out according
to procedure B. The unreacted THIQ (—)-1c (0.055 g) was recovered in
12% yield after column chromatography (dichloromethane/methanol,
8:2). Yellow oil. [a]*p = —90 (¢ 1.0, CHCl,, 88:12 er). R = 0.3
(dichloromethane/methanol, 8:2). '"H NMR (CDCl,, 400 MHz) § =
0.90 (t,J=7.3 Hz, 3H), 1.25—1.50 (m, 6 H), 1.68—1.76 (m, 1 H), 1.79—
1.88 (m, 1 H), 2.00—2.09 (s, br., 1 H), 2.75 (dt, J = 13.0, 5.1 Hz, 1 H),
2.78—2.88 (m, 1 H),2.98 (ddd, ] = 12.6,7.6, 5.1 Hz, 1 H), 3.22 (dt, ] =
12.6, 6.8 Hz, 1 H), 3.95 (dd, ] = 8.8, 3.9 Hz, 1 H), 7.05—7.15 (m, 4 H).
3C NMR (CDCl,, 100 MHz) § = 14.1 (p), 22.7 (s), 25.9 (s), 30.0 (s),
32.04 (s),36.5 (s),41.1 (s), 55.8 (t), 125.7 (t), 125.8 (t), 126.1 (t), 129.2
(t), 135.1 (q), 139.8 (q). HRMS (C,,H,,N, ESI*, MeOH, [M + H]")
calcd for 204.1747, found 204.1746. Anal. Calcd for C,,H,,N (203.32):
C, 82.70; H, 10.41; N, 6.89. Found: C 82.28; H 10.31; N 6.90.

(S)-(—=)-1-Heptyl-1,2,3,4-tetrahydroisoquinoline, (—)-9d, New
Compound. The synthesis of THIQ_ (—)-9d (0.27 g, 80%, 87:13 er)
was carried out according to procedure B and was purified by column
chromatography (dichloromethane/methanol, 8:2). Yellow oil. [a]**;,
—62 (¢ 1.0, CHCl,, 87:13 er). R; = 0.4 (dichloromethane/methanol,
8:2). 'H NMR (CDCl,;, 400 MHz) 6 = 0.88 (t, ] = 7.3 Hz, 3 H); 1.25—
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1.50 (m, 10 H), 1.68—1.76 (m, 1 H), 1.79—1.88 (m, 1 H), 2.05—2.09 (s,
br, 1 H),2.75 (dt, = 13.0, 5.1 Hz, 1 H), 2.78—2.88 (m, 1 H), 2.98 (ddd,
J=12.6,7.6,5.1 Hz, 1 H),3.22 (dt, J = 12.6, 6.8 Hz, 1 H), 3.95 (dd, ] =
8.8,3.9 Hz, 1 H),7.05—7.15 (m, 4 H). 3C NMR (CDCl,, 100 MHz) 6 =
14.1 (p), 22.7 (s), 26.2 (s), 29.3 (s), 29.8 (s), 30.0 (s), 31.9 (s), 36.5 (s),
41.1 (s), 55.8 (t), 125.7 (), 125.8 (t), 126.1 (t), 129.2 (t), 135.1 (q),
139.7 (q). HRMS (C;HyN, ESIY, MeOH, [M + HJ]") caled for
232.2060, found 232.2062. Anal. Caled for C,H,iN (231.38): C, 83.06;
H, 10.89; N, 6.05. Found: C 82.70; H 10.70; N 6.03.

(S)-(=)-1-Undecyl-1,2,3,4-tetrahydroisoquinoline, (—)-9e, New
Compound. The synthesis of THIQ (—)-9e (0.32 g, 75%, 85:15 er)
was carried out according to procedure B. The unreacted THIQ (—)-1e
(0.047 g) was recovered in 8% yield after column chromatography
(dichloromethane/methanol, 8:2). Yellow oil. [a]*p = —47 (c 1.0,
CHCI,, 85:15 er). R;= 0.6 (dichloromethane/methanol, 8:2). '"H NMR
(CDCl,, 400 MHz) 5 = 0.88 (t, ] = 7.3 Hz, 3 H), 1.20—1.50 (m, 18 H),
1.68—1.77 (m, 1 H), 1.79—1.88 (m, 1 H), 2.00—2.09 (s, br,, 1 H), 2.75
(dt,J=13.0,5.1 Hz, 1 H), 2.78—2.88 (m, 1 H), 2.98 (ddd, J = 12.6, 7.6,
5.1 Hz, 1H),3.22 (dt, ] = 12.6, 6.8 Hz, 1 H), 3.95 (dd, ] = 8.8, 3.9 Hz, 1
H), 7.05—7.15 (m, 4 H). ®*C NMR (CDCl;, 100 MHz) § = 14.1 (p),
22.7 (s),26.2 (s),29.4 (s), 29.64 (s), 29.65 (s), 29.66 (s), 29.68 (s), 29.8
(s), 30.0 (s), 31.9 (s), 36.5 (s), 41.1 (s), 55.8 (1), 125.7 (), 125.8 (1),
126.1 (t), 1292 (t); 135.1 (q), 139.7 (q). HRMS (C,oHy,N, ESI,
MeOH, [M + H]*) calcd for 288.2685, found 288.2684. Anal. Calcd for
CyoH;;N (287.49): C, 83.56; H, 11.57; N, 4.87. Found: C 83.00; H
11.40; N 4.85.

(5)-(—)-1-(4-Methoxybenzyl)-1,2,3,4-tetrahydroisoquinoline,
(—)-9f, New Compound. The synthesis of THIQ_ (—)-9f (0.27 g, 70%,
99:1 er) was carried out according to procedure B. Because of a rapid
oxidation upon air contact, the analyses of THIQ (—)-9f should be
performed promptly after chromatographic purification (dichloro-
methane/methanol, 9:1). Yellow oil. R¢ = 0.3 (dichloromethane/
methanol, 9:1). [a]?p = —30.0 (c 1.8, CHCL;). "H NMR (CDCl,, 400
MHz) § =2.35-2.55 (s, br., 1 H), 2.73—2.98 (m, 4 H), 3.16—3.25 (m, 2
H),3.78 (s,3H),4.15(dd, ] =9.8,3.9 Hz, 1 H), 6.86 (d,] = 8.6 Hz, 2 H),
7.08—7.25 (m, 6 H). *C NMR (CDCl,, 100 MHz) = 29.6 (s), 40.6
(s), 41.5 (s), 552 (p), 57.3 (), 113.9 (t), 125.7 (t), 126.17 (t), 126.22
(t), 129.3 (t), 130.3 (t), 130.9 (q), 1352 (q), 138.5 (q), 158.3 (q).
HRMS (C;,H,,NO, ESI*, MeOH, [M + H]") calcd for 254.1545, found
254.1543. Anal. Calcd for Cp,H,,NO (253.34): C, 80.60; H, 7.56; N,
5.53. Found: C 80.30; H 7.55; N 5.50.

(S)(—)-1-(3,4-Dimethoxybenzyl)-1,2,3,4-tetrahydroisoquinoline,
(—)-9g, New Compound. The synthesis of THIQ (—)-9g (0.34 g, 80%,
99:1 er) was carried out according to procedure B. Because of a rapid
oxidation upon air contact, the analyses of THIQ (—)-9g should be
performed promptly after chromatographic purification (dichloro-
methane/methanol, 9:1). Yellow oil. R¢ = 0.3 (dichloromethane/
methanol, 9:1). [a]?p = —19.0 (¢ 1.0, CHCL;). "H NMR (CDCl,, 400
MHz) 5 =2.55—2.65 (5, br,, 1 H), 2.73—2.84 (m, 2 H), 2.86—2.95 (m, 2
H),3.16—3.25 (m,2H), 3.83 (s,3H),3.85 (s,3H),4.15 (dd,] = 9.8,3.9
Hz,1H), 6.72 (d,] = 1.6 Hz, 1 H), 6.80 (m, 2 H), 7.08—7.25 (m, 4 H).
BC NMR (CDCl,, 100 MHz) & = 29.7 (s), 40.8 (s), 41.9 (s), 55.8 (p),
55.9 (p), S7.1 (t), 111.4 (t), 112.5 (t), 121.4 (t), 125.7 (t), 1262 (t),
1293 (t), 131.2 (q), 1352 (q), 138.2 (q), 147.7 (q), 149.0 (q). HRMS
(C1sH,NO,, ESIY, MeOH, [M + H]*) caled for 284.1645, found
284.1644. Anal. Calcd for C,sH,,NO, (283.37): C, 76.29; H, 7.47; N,
4.94. Found: C 76.00; H 7.40; N 4.90.

Procedure C. Synthesis of THIQs (+)-10a-g. (S)-(+)-tert-Butyl-1-
methyl-3,4-dihydroisoquinoline-2-(1H)-carboxylate, (+)-10a, New
Compound.®’ An oven-dried, 50 mL, one-necked Schlenk tube, fitted
with a magnetic stirring bar, connected to an argon inlet tube was
successively charged with 20 mL of dry acetonitrile, 0.12 g (0.81 mmol)
of THIQ (—)-9a, 1.0 mL (0.74 g, 5.72 mmol) of N,N-diisopropylethyl-
amine and 0.32 g (1.46 mmol) of di-tert-butyldicarbonate. The reaction
mixture was refluxed for 4 h and the solvent was evaporated. The residue
was next stirred for 2 h in a biphasic mixture of THF (10 mL) and NaOH
4 M (10 mL) to remove the di-tert-butyldicarbonate in excess. The THF
was evaporated under reduced pressure and the aqueous phase was
extracted with SO mL of diethyl ether. The ethereal layer was dried over
MgSO, and concentrated, and the crude reaction mixture was poured
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into a chromatographic column (20 X 2.0 cm) prepared with 10 g of
silica and 6:4 diethyl ether/petroleum ether. The combined fractions
were evaporated to yield 0.16 g (80%) of THIQ (+)-10a. Yellow oil.
[a]?p = +44 (¢ 0.5, CHCl;, 90:10 er). R¢= 0.6 (petroleum ether/diethyl
ether, 8:2). 'TH NMR (CDCl,, 400 MHz) & = 1.46 (d, ] = 6.8 Hz, 3 H),
1.52 (s, 9 H), 2.72 (dt, J = 16.0, 3.6 Hz, 1 H), 2.80—3.00 (m, 1 H), 3.10—
3.30 (m, 1 H), 3.90—4.02 (m, 1 H), 5.00—5.30 (m, 1 H), 7.08—7.19 (m,
4 H). 3C NMR (CDCl,;, 100 MHz, rotamers) & = 22.0 (p), 28.5 (p),
29.0 (s), 36.7 and 38.1 (br,, s), 49.9 and 50.6 (br,, t), 79.6 (q), 126.1 (t),
1262 (t), 126.9 (t), 128.9 (t), 1342 (q), 138.67 and 138.95 (br,, q),
154.5 (q). HRMS (C;5H,;NO,Na, ESI*, MeOH, [M + Na]*) calcd for
270.1464, found 270.1465. Anal. Caled for C,sH,NO, (247.34): C,
72.84; H, 8.56; N, 5.66. Found: C, 72.88; H, 8.60; N, 5.64.
(S)-(+)-tert-Butyl-1-propyl-3,4-dihydroisoquinoline-2-(1H)-car-
boxylate, (+)-10b, New Compound. The synthesis of THIQ (+)-10b
(0.2 g, 85%, 90:10 er) was carried out according to procedure C and was
purified by column chromatography (petroleum ether/diethyl ether,
8:2). [a]*p = +50 (¢ 0.5, CHCly, 90:10 er). Ry = 0.4 (petroleum ether/
diethyl ether, 8:2). '"H NMR (CDCl,, 400 MHz, rotamers) § = 0.93—
1.00 (t, J = 7.1 Hz, 3 H), 1.40—1.50 (m, 2 H), 1.47 (s, 9 H), 1.60—1.70
(m, 1.3H), 1.72—1.85 (m, 0.7 H), 2.70—2.80 (m, 1 H), 2.80—3.00 (m, 1
H), 3.10—3.20 (m, 0.6 H), 3.20—3.40 (m, 0.4 H), 3.85—4.00 (m, 0.4 H),
4.10—4.25 (m, 0.6 H), 495-5.10 (m, 0.6 H), 5.10—5.20 (m, 0.4 H),
7.05—7.17 (m, 4 H). *C NMR (CDCl,, 100 MHz) § = 14.0 (p), 19.7
(s),28.5 (p), 28.4 and 28.6 (s), 36.7 and 38.5 (s), 39.1 and 39.4 (s), 54.0
and 54.5 (t), 79.3 and 79.6 (q), 125.9 (t), 126.3 (t), 127.0 and 127.3 (t),
128.6 and 129.0 (t), 134.1 and 134.4 (q), 138.4 and 138.6 (q), 155.0 (q).
HRMS (C,,H,sNO,Na, ESI*, MeOH, [M + Na]") calcd for 298.1778,
found 298.1778. Anal. Caled for C;-H,NO, (275.39): C, 74.14; H,
9.15; N, 5.09. Found: C, 74.00; H, 9.10; N, 5.05.
(S)-(+)-tert-Butyl-1-pentyl-3,4-dihydroisoquinoline-2-(1H)-car-
boxylate, (+)-10c, New Compound. The synthesis of THIQ_(+)-10c
(0.3 g,75%, 88:12 er) was carried out according to procedure C and was
purified by column chromatography (petroleum ether/diethyl ether,
8:2). Yellow oil. [a]*, = +148 (¢ 0.5, CHCl;, 90:10 er). R; = 0.8
(petroleum ether/diethyl ether, 8:2). 'H NMR (CDCl,, 400 MHg,
rotamers) & = 0.80—0.95 (m, br., 3 H); 1.25—1.50 (m, br., 6 H), 1.47 (s,
9 H), 1.60—1.70 (m, br.,, 1 H), 1.70—1.85 (m, br,, 1 H), 2.65—2.75 (m,
br,, 1 H), 2.80—3.00 (m, br,, 1 H), 3.10—3.35 (m, br., 1 H), 3.90—4.00
(m, br.,0.5 H), 4.12—4.28 (m, 0.5 H), 4.95—5.05 (m, 0.5 H), 5.05—5.20
(m, 0.5H),7.05—7.17 (m, 4 H). ®*C NMR (CDCl,, 100 MHz) § = 14.0
(p), 22.7 (s); 26.1 and 26.3 (s), 28.5 (p), 28.3 and 28.6 (s), 31.71 (s),
36.6 and 36.9 (s), 37.2 and 38.4 (s), 54.1 and 54.8 (t), 79.3 and 79.7 (q),
125.9 (t), 126.3 (t), 127.0 and 127.4 (t), 128.7 and 129.0 (t), 134.1 and
134.4 (q), 138.4and 138.7 (q), 155.0 (q). HRMS (C,,H,,NO,Na, EST*,
MeOH, [M + Na]*) calcd for 326.2090, found 326.2090. Anal. Calcd for
C1sH,0NO, (303.44): C, 75.21; H, 9.63; N, 4.62. Found: C, 75.16; H,
9.67; N, 4.65.
(S)-(+)-tert-Butyl-1-heptyl-3,4-dihydroisoquinoline-2-(1H)-car-
boxylate, (+)-10d, New Compound. The synthesis of THIQ (+)-10d
(0.3 g 73%, 87:13 er) was carried out according to procedure C and was
purified by column chromatography (petroleum ether/diethyl ether,
8:2). Yellow oil. [a]*p = +132 (¢ 1.0, CHCL;, 87:13 er). R; = 0.8
(petroleum ether/diethyl ether, 8:2). "H NMR (CDCl,, 400 MHz) § =
0.80—0.90 (m, 3 H), 1.25—1.50 (m, 10 H), 1.47 (s, 9 H), 1.60—1.85 (m,
2 H), 2.65-2.75 (m, 1 H), 2.80—3.00 (m, 1 H), 3.10—3.20 (m, 0.6 H),
3.20-3.30 (m, 0.4 H), 3.90—4.00 (m, 0.4 H), 4.15—4.22 (m, 0.6 H),
4.95—5.05 (m, 0.6 H), 5.10—5.15 (m, 0.4 H), 7.05—7.20 (m, 4 H). °C
NMR (CDCl,, 100 MHz) § = 14.1 (p), 22.7 (s), 26.5 and 26.6 (s), 28.4
and 28.65 (s), 28.50 (p), 29.3 (s), 29.5 (s), 31.9 (s), 36.7 and 36.9 (s),
37.3 and 384 (s), 54.2 and 54.9 (t), 79.3 and 79.7 (q), 125.9 (t), 126.3
(t), 127.0 and 127.3 (t), 128.7 and 129.0 (t), 134.1 and 134.4 (q), 138.4
and 138.7 (q), 155.0 (q). HRMS (C,,;H;;NO,Na, ESI*, MeOH, [M +
Na]*) calcd for 354.2404, found 354.2404. Anal. Calcd for C,;H;3,NO,
(331.49): C, 76.09; H, 10.03; N, 4.23. Found: C, 76.02; H, 10.04; N,
4.285.
(S)-(+)-tert-Butyl-1-undecyl-3,4-dihydroisoquinoline-2-(1H)-car-
boxylate, (+)-10e, New Compound. The synthesis of THIQ_(+)-10e
(0.25 g, 75%, 85:15 er) was carried out according to procedure C and
was purified by column chromatography (petroleum ether/diethyl
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ether, 8:2). Yellow oil. [a]*y = +46 (c 0.5, CHCl,, 85:15 er). R;= 0.8
(petroleum ether/diethyl ether, 8:2). "H NMR (CDCl, 400 MHz) § =
0.88 (t,J]=7.5 Hz, 3H), 1.25—1.45 (m, 18 H), 1.47 (s, 9 H), 1.60—1.85
(m, 2 H), 2.70 (m, 1 H), 2.80—3.00 (m, 1 H), 3.10—3.20 (m, 0.6 H),
3.20—3.30 (m, 0.4 H), 3.90—4.00 (m, 0.4 H), 4.15—4.23 (m, 0.6 H),
4.98-5.05 (m, 0.6 H), 5.10—5.20 (m, 0.4 H); 7.05—7.20 (m, 4 H). 3C
NMR (CDCly, 100 MHz) § = 14.1 (p), 22.7 (s), 26.5 and 26.6 (s), 28.4
and 28.65 (s), 28.5 (p), 29.3 (s), 29.56 (s), 29.64 (s), 29.69 (s), 31.9 (s),
36.6and 36.9 (s), 37.3 and 38.5 (s), 54.2 and 54.9 (t), 79.3 and 79.7 (q),
125.9 (t), 126.3 (t); 127.0 and 127.4 (t), 128.7 and 129.0 (t), 134.1 and
134.4 (q), 138.4and 138.7 (q), 155.0 (q). HRMS (C,sH,;NO,Na, EST*,
MeOH, [M + Na]*) calcd for 410.3030, found 410.3030. Anal. Calcd for
C,sH,1NO, (387.60): C, 77.47; H, 10.66; N, 3.61. Found: C, 77.51; H,
10.80; N, 3.57.

(S)-(+)-tert-Butyl-1-(4-methoxybenzyl)-3,4-dihydroisoquinoline-
2-(1H)-carboxylate, (+)-10e, New Compound. The synthesis of THIQ
(+)-10e (0.25 g, 80%, 99:1 er) was carried out according to procedure C
and was purified by column chromatography (petroleum ether/diethyl
ether, 8:2). Yellow oil. R; = 0.4 (petroleum ether/diethyl ether, 8:2).
[a]*p = +39 (¢ 1.70, CHCL;). '"H NMR (CDCls, 400 MHz, rotamers) &
=1.25 (s, 6 H) and 1.43 (s, 3 H), 2.55 (dt, ] = 15.0 Hz, 4.0 Hz, 0.35 H)
and 2.65 (dt, J = 15.0, 4.0 Hz, 0.65 H), 2.70—2.80 (m, 0.35 H), 2.82—
3.08 (m, 2.65 H),3.20—3.32 (m, 1 H), 3.71-3.82 (m, 0.35 H), 3.76 (s, 3
H), 4.14—4.19 (m, 0.65 H), 5.14 (t, ] = 6.4 Hz, 0.65 H), 5.33 (t, ] = 6.4
Hz, 0.35 H), 6.76—7.20 (m, 8 H). *C NMR (CDCl,, 100 MHz) & =
28.2and 28.5 (p), 28.6 and 28.7 (s), 37.1 and 39.4 (s), 41.8 and 42.1 (s),
55.2 and 55.3 (p), 55.9 and 56.7 (t), 79.4 and 79.5 (q), 113.5 and 113.8
(t), 125.8 (t), 126.5 and 126.6 (t), 127.3 and 127.6 (t), 128.4 and 129.0
(t), 130.56 and 130.64 (t), 134.6 and 134.7 (q), 137.0 (q), 154.5 and
154.7 (q), 158.2 and 158.4 (q). HRMS (C,,H,,NO;Na, ESI*, MeOH,
[M + Nal*) calcd for 376.1883, found 376.1885. Anal. Calcd for
C,H,,NO; (353.46): C, 74.76; H, 7.70; N, 3.96. Found: C, 74.72; H,
7.68; N, 3.94.

(S)-(+)-tert-Butyl-1-(3,4-dimethoxybenzyl)-3,4-dihydroisoquino-
line-2-(1H)-carboxylate, (+)-10f, New Compound. The synthesis of
THIQ (+)-10f (0.35 g, 78%, 99:1 er) was carried out according to
procedure C and was purified by column chromatography (petroleum
ether/diethyl ether, 8:2). Yellow oil. R; = 0.4 (petroleum ether/diethyl
ether, 8:2). [a]*p = +50 (¢ 1.80, CHCL,). "H NMR (CDCl;, 400 MHz,
rotamers) § = 1.25 (s, 6 H) and 1.43 (s, 3 H), 2.55 (dt, J = 15.0 Hz, 4.0
Hz, 0.35 H) and 2.65 (dt, J = 15.0, 4.0 Hz, 0.65 H), 2.70—2.80 (m, 0.35
H), 2.82—3.08 (m, 2.65 H), 3.20—3.32 (m, 1 H), 3.71-3.75 (m, 0.35 H)
and 4.09—4.15 (m, 0.65 H), 3.72 (s, 1 H) and 3.78 (s, 2 H), 3.83 (s, 1 H)
and 3.84 (5,2 H), 5.14 (t, J = 6.4 Hz, 0.65 H), 5.33 (t, ] = 6.4 Hz,0.35 H),
647 (s,0.35 H) and 6.53 (s, 0.65 H), 6.60 (d, ] = 8.0 Hz, 0.35 H) and
6.63 (d,] = 8.0 Hz, 0.65 H), 6.72 (d, ] = 8.0 Hz, 0.35 H) and 6.78 (d, ] =
8.0 Hz, 0.65 H), 6.88 (d, ] = 7.2 Hz,0.35 H) and 7.00 (d, ] = 7.2 Hz, 0.65
H), 7.05—7.20 (m, 3 H). 3C NMR (CDCl,, 100 MHz) § = 28.3 and
28.5 (p),28.6 (s),37.4and 39.6 (s), 42.1 and 42.6 (), 55.7 and 55.8 (p),
55.9 and 56.0 (p), 56.9 (t), 79.4 (q), 110.9 and 111.3 (t), 112.9 (t),
121.72 and 121.81 (t), 125.8 (t), 126.5 and 126.6 (t), 127.4 and 127.6
(t), 128.3 and 129.0 (t), 130.8 and 131.1 (q), 134.7 and 134.9 (q), 136.9
(q), 147.6 and 147.8 (q), 148.4 and 148.7 (q), 154.6 and 154.8 (q).
HRMS (C,;H,,NO,Na, ESI*, MeOH, [M + Na]*) calcd for 406.1989,
found 406.1989. Anal. Calcd for Cy3H,oNO, (383.48): C, 72.04; H,
7.62; N, 3.65. Found: C, 72.02; H, 7.60; N, 3.60.

(—)-3-((S)-2-(— 1-Phenylethyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)-
propan-1-ol, (—)-1j, New Compound. Compound (—)-1h (1.5 g, 3.95
mmol) was dissolved in 20 mL of a mixture (1:1) of THF and HCI 2 M.
The solution was stirred for 12 h and the organic solvent was evaporated
under reduced pressure to yield an aqueous phase which was basified by
the addition of NaOH pellets until the precipitation of a crude oily
residue. This residue was extracted with 20 mL of dichloromethane
(x3), and the combined organic phases were dried over MgSO, and
concentrated to yield a viscous oil which was purified by column
chromatography (petroleum ether/diethyl ether, 1:1) to yield 1.10 g
(94%) of (—)-1j. Colorless viscous oil. R;= 0.3 (petroleum ether/diethyl
ether, 1:1). [a])?p = —57 (¢ 1.0, CHCl,). "H NMR (CDCl,, 400 MHz) §
=1.38—1.50 (m, 1 H), 1.44 (d, ] = 6.5 Hz, 3 H), 1.62—1.86 (m, 3 H),
2.55 (dm, J=16.5Hz, 1 H), 3.02 (ddd, ] = 16.5,10.9, 7.5 Hz, 1 H), 3.30—
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3.38 (m, 2 H), 3.40—3.50 (m, 2 H), 3.64—3.68 (m, 1 H), 3.71 (g, ] = 6.5
Hz, 1H),6.82 (dm, J=7.0 Hz, 1 H), 7.05—7.14 (m, 3 H), 7.20~7.31 (m,
5H). BC NMR (CDCl,;, 100 MHz) § = 20.8 (p), 22.3 (s), 30.8 (s), 36.5
(s), 38.3 (s), 58.4 (1), 59.3 (t), 63.4 (s), 126.0 (1), 126.1 (t), 127.3 (1),
128.0 (t), 128.3 (t), 128.4 (t), 128.8 (t), 133.8 (q), 137.8 (q), 144.2 (q).
HRMS (Cy,HysNO, [M + H*]) caled for 296.2014, found: 296.2008.
Anal. Caled for C,yH, NO (295.2): C, 81.31; H, 8.53; N, 4.74; found C,
81.18; H, 8.76; N, 4.83.
(S)-(-)-3-(1,2,3,4-Tetrahydroisoquinolin-1-yl)-propan-1-ol,
(—)-9h, New Compound. In a low-pressure hydrogenator were
successively added 0.07 g of 10% Pd—C (20% in weight) and 10 mL
of ethanol containing 2 mL of 10% HCI. Air was removed from the
reactor by alternately filling it with hydrogen and venting it three times.
The solution was stirred during a 12 h period under a 6 bar (5.50 X 10°
Torr) hydrogen pressure. Then, the reaction vessel was open, and THIQ
(=)-1j (0.35 g 1.18 mmol, 99:1 dr) was dissolved in the reaction
mixture. The mixture was stirred for 72 h at 20 °C under a 6 bar (5.50 X
10® Torr) hydrogen pressure. The suspension was filtered over a small
pad of Celite, and the vessel was washed thoroughly with ethanol. The
filtrate was concentrated in vacuo, and the resulting paste was dissolved
in 10 mL of water. The solution was cooled in an ice bath and basified
with solid KOH. The white oily residue was extracted with
dichloromethane (50 mL X 3) and the combined organic layers were
dried over MgSO, and concentrated. The oily residue was purified by
column chromatography (dichloromethane/methanol, 8:2). The less
polar THIQ (—)-1j (0.0 g) was eluted first followed by THIQ (—)-9h
(0.17 g, 75%) as a viscous yellow oil. Analyses should be carried out
immediately after chromatographic purification. THIQs (—)-9h is
sensitive to aerial oxidation and should be kept under argon at —20 °C
for storage. R;= 0.2 (dichloromethane/methanol, 8:2). [a]*p = =35 (¢
1.8, CHCL,), lit.” [a]?, = +55 (c 1.0, MeOH, 95% ee, this value is
referred to the R enantiomer. '"H NMR (CDCl,, 400 MHz) § = 1.65—
1.81 (m, 2 H), 1.96—2.22 (m, 2 H), 2.75 (dt, ] = 16.6, 6.0 Hz, 1 H), 2.86
(dt, ] = 16.6, 6.0 Hz, 1 H), 2.80 (ddd, J = 11.9, 6.7, 5.2 Hz, 1 H), 3.22
(ddd, J = 11.9,6.7, 5.2 Hz, 1 H), 3.54 (ddd, J = 11.1, 7.5, 3.6 Hz, 1 H),
3.64 (ddd,J=11.1,6.2,3.8 Hz, 1 H), 3.80—3.98 (br. Two H), 4.03 (t, ] =
6.0 Hz, 1 H), 7.05—7.17 (m, 4 H). *C NMR (CDCl,, 100 MHz) & =
29.1 (s), 30.3 (s), 35.3 (s), 39.8 (s), 55.6 (t), 62.7 (s), 126.1 (t), 126.2
(t), 126.4 (t), 1293 (t), 134.6 (¢), 1382 (q). HRMS (C,,H,{NO, ESI",
MeOH, [M + H]") calcd for 192.1385, found 192.1386. Anal. Calcd for
C,H;,NO (191.27): C, 74.35; H, 8.96; N, 7.32. Found: C 74.30; H
8.90; N 7.28.
(S)-1-(2-(1,3-Dioxolan-2-yl)-ethyl)-1,2,3,4-tetrahydroisoquinoline,
(—)-9i, New Compound. The synthesis of THIQ (—)-9i (0.23 g, 65%,
99:1 er) was carried out according to procedure B. The unreacted THIQ
(=)-1i (0.06 g) was recovered in 12% vyield after column
chromatography (dichloromethane/methanol, 9:1). Because of a rapid
oxidation and/or carbonatation upon air contact, the analyses of THIQ
(=)-9i should be performed promptly after chromatographic purification.
Yellow oil. R; = 0.2 (dichloromethane/methanol, 9:1). [a]*p = =53 (¢
0.5, CHCL;). '"H NMR (CDCl,, 400 MHz) § = 1.80—1.97 (m, 2 H),
1.98-2.10 (m, 1 H),2.78 (dt, J = 16.3, 5.3 H, 1 H), 2.83-2.92 (m, 1 H),
3.03 (ddd, J = 12.6, 7.6, 5.1 Hz, 1 H), 3.20—3.30 (m, 1 H), 3.20—3.30
(br,,2H), 3.80—3.90 (m, 2 H), 3.93—4.00 (m, 2 H), 4.10 (dd, ] = 7.0, 2.6
Hz, 1 H), 492 (t, ] = 4.5 Hz, 1 H), 7.00~7.15 (m, 4 H). *C NMR
(CDCl,, 100 MHz) & = 29.3 (s), 30.0 (s), 30.1 (s), 40.7 (s), 55.3 (t),
64.9 (s), 65.0 (s), 104.4 (t), 126.0 (1), 126.2 (t), 126.3 (t), 129.2 (1),
134.7 (q), 138.2 (q). HRMS (C,,H,(NO,, ESI*, MeOH, [M + H]*)
caled for 234.1488, found 234.1490. Anal. Calcd for C,H;(NO,
(233.31): C, 72.07; H, 8.21; N, 6.00. Found: C 71.60; H 8.10; N 6.04.
(10b5)-1,2,3,5,610b-Hexahydropyrrolo[2, 1-a]-isoiquinoline-3-car-
bonitrile, 11, New Compound. A 200 mL, one necked Schlenk tube was
successively charged with 0.20 g (0.86 mmol) of THIQ (—)-9i, 10 mL of
THF, and 10 mL of an aqueous HCI 2 M. The resulting solution was
degassed by a bubbling of argon and stirred at ambient temperature over
a 24 h period. The organic solvent was evaporated under reduced
pressure, and solid AcONa was added to the resulting clear aqueous
solution until pH 4.5. Then, 0.5 g of NaCN was added by portions until
the complete precipitation of an oily residue which was extracted with
diethyl ether and stirred in the biphasic system for an additional 2 h
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period. The aqueous phase was discarded, and the ethereal phase was
washed with a saturated Na,COj; solution, dried over MgSO,, and
concentrated in vacuo to yield a-amino nitrile 11 (0.14 g, 82%) as a
yellow viscous oil. 'H NMR (CDCl,, 400 MHz, isomeric mixture, 1:1) §
=1.75—1.82 (m, 0.5 H), 1.86—1.92 (m, 0.5 H), 2.20—2.45 (m, 2.5 H),
2.46-2.55 (m, 0.5 H), 2.64 (td, ] = 11.7, 5.0 Hz, 0.5 H), 2.82—2.98 (m,
1.5 H), 3.10—3.28 (m, 1.5 H), 3.32—3.42 (m, 1 H), 3.49 (ddd, ] = 10.5,
7.0, 1.8 Hz, 0.5 H), 3.83 (t, ] = 8.1 Hz, 0.5 H), 4.08 (dd, J = 8.3, 3.0 Hz,
0.5 H), 7.02—7.09 (m, 1 H), 7.12—7.19 (m, 3 H). *C NMR (CDCl,,
100 MHz) & = 283 (s), 28.37 (s), 28.40 (s), 28.44 (s), 29.1 (s),29.2 (s),
45.8 (s), 47.6 (s), 52.9 (), 53.1 (t), 60.9 (t), 63.5 (t), 118.4 (q), 119.8
(q),125.0 (1), 125.6 (1), 126.0 (t), 126.1 (t), 126.5 (t), 126.8 (t), 128.57
(t), 128.65 (t), 133.6 (q), 133.8 (q), 1372 (q), 137.6 (q).- HRMS
(C13H4,N,Na, ESIY, MeOH, [M + Na]*) caled for 221.105S, found
221.1055. Anal. Caled for C3H, N, (198.26): C, 78.75; H, 7.12; N,
14.13. Found: C, 78.68; H, 7.20; N, 14.10.

(S)-(-)-1,2,3,5,6,10b-Hexahydropyrrolo[2,1-aj-isoquinoline,
(—)-3. From THIQ (—)-9h. A 200 mL, three necked Schlenk tube fitted
with a reflux condenser and a magnetic stirring bar was successively
charged with 10 mL of dichloromethane and 0.12 mL (0.19 g, 1.6S
mmol, 2.1 equiv) of SOCL,. The resulting solution was heated at reflux
and S mL of dichloromethane containing 0.15 g (0.78 mmol) of THIQ
(—)-9h were added dropwise over a 30 min period. The solution was
stirred for an additional 3 h period upon which the solvent was
evaporated in vacuo to yield a green paste which was stirred overnight at
room temperature in 10 mL of a 2 M NaOH solution and 20 mL of
diethyl ether. The organic phase was separated, dried over MgSO, and
concentrated in vacuo. The yellow oily residue was purified by column
chromatography (dichloromethane/MeOH, 8:2) to afford 0.11 g (81%)
of pyrroloisoquinoline (—)-3. Yellow oil. R; = 0.4 (dichloromethane/
methanol, 8/2). [a]?, = —118 (¢ 0.5, CHCI,, 99:1 er), [a]?*p, — 106 (c
0.5, MeOH), lit.>* [a]?, — 101.7 (c 2.0, MeOH)]. 'H NMR (CDCl,,
400 MHz) 6 = 1.72—1.80 (m, 1 H), 1.85—2.10 (m, 2 H), 2.34—2.43 (m,
1 H),2.55 (q,] = 7.9 Hz, 1 H), 2.67 (ddd, ] = 15.0, 10.2, 5.0 Hz, 1 H),
2.60 (dm, J = 15.07 Hz, 1 H), 3.08—3.18 (m, 2 H); 3.23 (ddd, J = 11.1,
6.3,2.8 Hz, 1 H), 3.45 (dd, J = 9.0, 7.6 Hz, 1 H), 7.08—7.20 (m, 4 H). '*C
NMR (CDCl,, 100 MHz) § = 22.2 (s), 28.7 (s), 30.2 (s), 48.6 (s), 53.4
(s), 63.5 (1), 125.6 (t), 125.7 (t), 126.0 (t), 128.4 (t), 134.2 (q), 139.0
(9)- HRMS (Cy,H (N, ESI*, MeOH, [M + H]*) calcd for 174.1283,
found 174.1291. Anal. Calcd for C,,H;sN (173.25): C, 83.19; H, 8.73;
N, 8.08. Found: C, 82.98; H, 8.70; N, 8.05.

From a-amino nitrile 11. A 50 mL, one necked flask was charged with
10 mL of ethanol, 0.10 g (0.50 mmol) of @-amino nitrile 11, and 0.076 g
(2.0 mmol) of NaBH,. The solution was stirred at ambient temperature
for 24 h and heated at reflux for 3 h. The solvent was evaporated and the
resulting mixture was taken-up with a 5% ammonia solution and
extracted with dichloromethane. The combined organic phases were
dried over MgSO, and concentrated to yield an oily residue which was
purified by column chromatography (dichloromethane/methanol, 8:2)
to afford (—)-3 (0.065 g, 74%) as a yellow oil. [a]?p, — 98 (c 0.5,
MeOH). The spectroscopic data were in keeping with those reported
above.

(S)-(—)-10,11-Dimethoxy-5,8,13,13a-tetrahydro-6H-isoquinolino-
[3,2alisoquinoline, (—)-4, New Compound.** A 50 mL, one necked
flask was charged with 3 mL of 35% aqueous formaldehyde solution, 4.2
g of formic acid, and 0.20 g (0.70 mmol) of THIQ (—)-9g. The resulting
solution was refluxed for 2 h and cooled by the addition of 10 mL of
water. The solution was basified with solid sodium carbonate, and the
resulting oily residue was extracted with 50 mL of dichloromethane. The
organic phases were dried over magnesium sulfate and concentrated.
The crude residue was diluted in 3 mL of dichloromethane and poured
on a chromatographic column prepared with 10 g of silica and diethyl
ether. The combined fraction was evaporated to yield 0.15 g (72%) of
THIQ (—)-4 as a viscous oil which solidified as a white solid upon
cooling. This solid was dissolved in 10 mL of boiling ethanol and the
resulting solution was allowed to cool to ambient temperature slowly
over a 72 h period to yield a single crystal which was analyzed by X-ray
diffraction. Colorless plate, mp = 146—148 °C (ethanol). R; (diethyl
ether) = 0.4. [a]?, — 360 (¢ 0.5, CHCl,, 99:1 er). 'H NMR (CDCl,,
400 MHz) 6 = 2.59—2.67 (m, 1 H), 2.71-2.90 (m, 2 H), 3.11-3.25 (m,
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2H),3.27 (dd,J=15.9,3.8 Hz, 1 H), 3.62—3.70 (m, 2 H), 3.83 (s, 3 H),
3.84 (s,3H),3.93 (d,] = 15.0 Hz, 1 H), 6.57 (s, 1 H), 6.64 (s, 1 H),
7.11-7.27 (m, 4 H). *C NMR (CDCl;, 100 MHz) § = 29.5 (s), 36.2
(s), 51.1 (s), 55.91 (p), 55.96 (p), 58.2 (s), 59.9 (t), 109.1 (t), 111.5 (t),
1254 (t), 126.0 (t), 126.1 (t), 126.3 (q), 126.4 (q), 128.9 (t), 134.5 (q),
138.0 (q), 147.4 (q), 147.6 (q). HRMS (C,oH,,NO,, ESI*, MeOH, [M
+ H]J*) caled for 296.164S, found 296.1647. Anal. Calcd for C,,H,;NO,
(295.38): C, 77.26; H, 7.17; N, 4.74. Found: C, 77.16; H, 7.15; N, 4.72.
(1R, 1'R)-(+)-6,7-Dimethoxy-1-methyl-2-(1-phenylethyl)-1,2,3,4-
tetrahydroisoquinoline, (+)-1k, New Compound. The synthesis of
THIQ (+)-1k (1.24 g, 85%, 85:15 dr) was carried out according to
procedure A, but with 1.74 mL (3.96 g, 27.95 mmol) of iodomethane as
the alkylating agent and (+)-2b as the @-amino nitrile. Orange oil, []**;,
= +8.9 (¢ 1.0, CHCL,, 85 (RR):15 (SR) dr), [a]*p = +10.9 (c 1.0,
EtOH, 85 (RR):15 (SR) dr). Ry = 0.4 (diethyl ether/petroleum ether,
50:50). '"H NMR (isomeric mixture, 85 (RR):15 (SR) dr, major
diastereoisomer, C¢Dg, 300 MHz) 6§ = 1.42 (d, J = 6.7 Hz, 6 H), 2.67 (dt,
J=16.0,3.2Hz, 1 H),2.86 (ddd, ] = 16.4,10.0, 6.2 Hz, 1 H), 3.0—3.2 (m,
2H),3.50 (s,3H),3.57 (s,3H),3.86 (q,]=6.7Hz,1H),4.11 (q,]= 6.7
Hz, 1 H), 6.41 (s, 1 H), 6.57 (s, 1 H), 7.20—7.30 (m, 3 H), 7.40—7.50
(m, 2 H). *C NMR (isomeric mixture, 85 (RR):15 (S,R) dr, major
diastereoisomer, C¢Dg, 7S MHz) & = 20.0 (p), 21.4 (p), 25.8 (s), 40.0
(s),53.6 (t), 55.6 (p), 59.5 (t), 111.7 (t), 112.7 (t), 126.8 (t), 127.3 (t),
129.5 (t), 132.5 (q), 1474 (q), 148.41 (q), 148.4S (q).
(R)-(+)-6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinoline, (R)-(+)-sal-
solidine. A low-pressure hydrogenator was successively charged with
0.25 g of 10% Pd/C (20% in weight), 10 mL of ethanol containing 2 mL
of 10% HCl and 1.24 g (3.98 mmol, 85:15 dr) of THIQ (+)-1k. Air was
removed from the reactor by alternately filling it with hydrogen and
venting it three times. The solution was stirred during a 48 h period
under a 7 bar (5.25 X 10°® Torr) hydrogen pressure. The suspension was
filtered over a small pad of Celite, and the vessel was washed thoroughly
with ethanol. The filtrate was concentrated under reduced pressure, and
the resulting paste was dissolved in 10 mL of water; the resulting
aqueous solution was cooled in an ice bath and basified with solid KOH.
The white oily residue was extracted with dichloromethane (50 mL X 3)
and the combined organic layers were dried over MgSO, and
concentrated to yield an oily residue that was purified by column
chromatography (dichloromethane/methanol, 95:5) to afford 0.63 g
(76%) of (R)-(+)-salsolidine. [a]?, = +35.2 (¢ 1.0, CHCl,, 85:15 er),
[a]?, = +40.0 (¢ 1.0, EtOH, 85:15 er). Colorless oil. R; = 0.4
(dichloromethane/methanol, 8:2). '"H NMR (CDCl,;, 300 MHz) § =
1.45 (d,J = 6.7 Hz, 3 H), 2.66 (td, ] = 16.0, 4.7 Hz, 1 H), 2.80 (ddd, ] =
16.0,8.7,4.7 Hz, 1 H), 3.01 (ddd, ] = 12.8, 8.70, 4.7 Hz, 1 H), 3.26 (dt, |
=12.8,4.7Hz, 1 H),3.86 (s,3H),3.87 (s,3 H),4.05 (q, ] = 6.7 Hz, L H),
6.58 (s, 1 H), 6.64 (s, 1 H). *C NMR (CDCl,, 75 MHz) & = 22.8 (p),
29.5 (s),41.8 (s), 51.2 (t), 55.9 (p), 56.00 (p), 109.1 (t), 111.8 (t), 126.8
(q), 132.5 (q), 147.26 (q), 147.34 (q).
(R)-(+)-Salsolidinee(—)-(R,R)-O,0’-dibenzoyl--tartaric acid,
(—)-12, New Compound. To a solution of partially resolved (R)-
(+)-salsolidine (0.63 g, 3.04 mmol, 85:15 er) in 20 mL of ethanol was
added 1.14 g (3.18 mmol) of (—)-(R,R)-O,0’-dibenzoyl-L-tartaric acid
[(—)-DBTA], and the solution was stirred for 1 h and concentrated to
afford a white residue which was taken-up in cold ethanol to afford 1.60 g
(93%) of (R)-(+)-salsolidinee(—)-(R,R)-0,0’-dibenzoyl-1-tartaric acid
salt (88:12 dr) as a white powder. This powder (0.50 g, 88:12 dr) was
dissolved in 20 mL of hot ethanol, and the solution was allowed to cool
at ambient temperature over a 48 h period. The precipitate was filtered
over a sintered glass funnel to give 0.40 g (78%) of (R)-
(+)-salsolidinee (—)-(R,R)-O,0’-dibenzoyl-L-tartaric acid (99:1 dr)
salt (—)-12, as colorless crystals, mp = 182 °C. [a]*p = =57 (c 0.25,
EtOH, 99:1 dr). '"H NMR (DMSO-d, 300 MHz) § = 1.46 (d, ] = 6.7 Hz,
3 H), 2.70-2.90 (m, 2 H), 3.08—3.17 (m, 1 H), 3.23—3.29 (m, 1 H),
3.71 (s, 3 H),3.72 (s, 3 H), 435 (q, ] = 6.7 Hz,  H), 5.71 (s, 2 H), 6.66
(s, 1H),6.73 (s, 1 H), 7.54 (t,] = 7.8 Hz, 4 H), 7.66 (t,] = 7.7 Hz, 2 H),
8.00 (d, J = 7.6 Hz, 4 H), 8—10 (br. One H). 3C NMR (DMSO-d,, 75
MHz) § = 19.1 (p), 24.6 (s), 38.0 (s), 49.5 (t), 55.4 (p), 55.6 (p), 72.8
(t),109.4 (t), 1115 (t), 123.6 (q), 125.9 (q), 128.6 (t), 129.2 (t), 129.6
(q), 1334 (1), 147.6 (q), 1479 (q), 1649 (q), 168.3 (q). HRMS
(C,H,{NO,, ESI*, MeOH, [M]*) calcd for 208.1332, found 208.1331;
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(C4H4N,0,,, ESTY, [2 M*, A7]" caled for 773.3280, found 773.3280.
Anal. Caled for Cy0H;NO,, (565.56): C, 63.71; H, 5.52; N, 2.48.
Found: C, 63.20; H, 5.50; N, 2.50.

(R)-(+)-Salsolidine from Tartrate Salt (—)-12. Tartrate salt (—)-12
(0.50 g, 0.88 mmol) was stirred in a two-phase system (Et,0/NaOH
10%) for 1 h under an argon atmosphere. The aqueous phase was
discarded and the organic phase was washed with water until neutral pH.
The ethereal layer was dried over magnesium sulfate and concentrated
under reduced pressure to afford 0.17 g (92%) of (+)-salsolidine as a
viscous oil. [a]*p = +46.7 (¢ 1.0, CHCl;, 99:1 er), [a]?p = +52.4 (¢ 1.0,
EtOH, 99:1 er).

(R)-(+)-Salsolidine (85:15 er)e(R)-(+)-14. (R)-(+)-Salsolidine (0.025
g, 120 umol, 85:15 er), (R)-(+)-14 (0.043 g, 200 ymol), and CDy (0.7
mL) were mixed in a $ mm NMR tube. The 'H and '*C NMR data were
collected on a SO0 MHz spectrometer. Signals attributed to the minor (S)-
(+)-salsolidine® (R)-(+)-14 complex (SRp)-15 are indicated with an
asterisk (*). "H NMR (C¢Dg, 500 MHz, y = 1.55) 8 = 143 (d, ¥Jpy = 15.9
Hz, 139 H,y=1.55),1.66 (d,] = 6.7 Hz,0.45 H),* 1.72 (d, ] = 6.7 Hz, 3
H), 243 (dt, ] = 16.7,5.1 Hz, 1 H), 2.51 (dt, ] = 16.7, 5.1 Hz, 0.15 H)*,
2.86—2.92 (m, 1 H), 3.03—3.07 (m, 1 H), 3.24—3.32 (m, 1 H), 3.45 (5,6
H), 4.51 (q, ] = 6.7 Hz, 1 H), 6.18 (s, 1 H), 6.25 (s, 0.15 H)*, 6.26 (s,
0.15H)*,6.28 (s, 1 H), 7.20—7.30 (m, 4.5 H, y = 1.5), 8.29—8.32 (m, 3
H,7=1.5).®C NMR (C¢Dy, 125 MHz, y = 1.55) § = 19.3 (p), 25.2 (p),
36.3 [q, (d, YJpoc = 75.0 Hz)], 39.9 (s), 50.6 (1), 55.3 (p), 55.4 (p), 109.4
(1), 109.5 (t)*, 1119 t), 124.1 (q), 126.0 (q), 127.1 [t, (d, *Jpc = 10.0
Hz)], 129.8 (t), 1332 [t, (d, ¥Jpc = 11.0 Hz)], 138.5 [q, (d, 'Jpc = 89.0
Hz)], 148.95 (q), 148.99 (q)*, 149.33 (q), 149.37 (q)*.

(R)-(+)-Salsolidine (99:1 er)e(R)-(+)-14, (R,Rp)-15. (R)-(+)-Salsoli-
dine (0.02 g, 96.7 ymol, 98:2 er), (R)-(+)-14 (100 gmol) and C;D (0.7
mL) were mixed in a 5 mm NMR tube. The "H and *C NMR data were
collected on a 500 MHz spectrometer. 'H NMR (C¢Dg, 500 MHz, y =
1.0) 6 =139 (d, ¥Jpy = 15.6 Hz, 9 H, y = 1.0), 1.72 (d, ] = 6.7 Hz, 3 H),
245 (dt,J=16.7,5.1 Hz,1 H), 2.86—2.92 (m, 1 H), 3.03—3.07 (m, 1 H),
3.24-3.32 (m, 1 H),3.47 (s,3H),3.48 (s,3H), 4.47 (q,] = 6.7 Hz, 1 H),
625 (s, 1 H),6.39 (s, 1 H), 7.20—7.30 (m, 3.10 H, y = 1.03), 8.29—8.32
(m, 2.06 H, y = 1.03). ®C NMR (C¢Dg, 125 MHz, y = 1.0) § = 19.7 (p),
254 (p), 26.0 (s), 37.0 [q, (d, Ypco 75.0 Hz)], 40.2 (s), 50.6 (t), 55.3
(p), 55.5 (p), 109.6 (t), 112.0 (t), 124.7 (q), 127.1 [t, (d, ¥Jpc = 10.0
Hz)], 127.3 (q), 1294 [t, (d, *Jpc = 2.5 Hz)], 1332 [t, (d, ¥Jpc = 11.0
Hz)], 139.5 [q, (d, YJpc = 89.0 Hz)], 148.8 (q), 149.2 (q).

(15,1'S)-(+)-1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-2-(1-phenyl-
ethyl)-1,2,3,4-tetrahydroisoquinoline, (+)-1I, New Compound.*® The
synthesis of THIQ (+)-11 (1.33 g, 80%, 90:10 dr) was carried out
according to procedure A, but with 1.23 g (5.32 mmol, 1.5 equiv) of 4-
(bromomethyl)-1,2-dimethoxybenzene as the alkylating agent and was
purified by column chromatography (diethyl ether/petroleum ether,
1:1)]. [a]?p = +10 (c 1.0, CHCl,, 90:10 dr). R; = 0.2 (diethyl ether/
petroleum ether, 1:1)]. '"H NMR (isomeric mixture, 90:10, major
diastereoisomer, CDCl,, 300 MHz) 6 = 1.37 (d, ] = 6.5 Hz, 3 H), 2.43
(dm, J = 16.3, Hz, 1 H),2.70 (dd, J = 13.3, 7.7 Hz, 1 H), 2.89 (ddd, ] =
16.5,11.0,6.4 Hz, 1 H), 3.04 (dd, J = 13.2, 6.1 Hz, 1 H), 3.20—3.30 (m, 2
H), 3.54 (s, 3 H), 3.67—3.79 (m, 2 H), 3.69 (s, 3 H), 3.84 (s, 3 H), 3.85
(s,3H),5.89 (s,1H),6.37 (d,] = 1.8 Hz, 1 H), 6.49 (dd, ] = 8.1, 1.8 Hz,
1H),6.59 (s, 1 H), 6.72 (d, ] = 8.1 Hz, 1 H), 7.11-7.20 (m, 5 H). °C
NMR (isomeric mixture, 90:10, major diastereoisomer, CDCl;, 75
MHz) § =219 (p), 23.9 (s), 39.8 (s), 42.2 (s), 55.6 (p), 55.69 (p), 55.76
(p), 55.9 (p), 59.1 (t), 60.7 (t), 110.8 (t), 111.3 (t), 111.5 (t), 112.9 (t),
121.9 (t), 126.5 (t), 127.4 (t), 128.1 (t), 129.6 (q), 132.8 (q), 146.3 (q),
146.5 (q), 1472 (q), 1484 (q).

(S)-(—)-1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-1,2,3,4-tetrahy-
droisoquinoline, (—)-Norlaudanosine,. The synthesis of (—)-norlau-
danosine (0.61 g, 90%, 90:10 er) was carried out according to procedure
B. The unreacted THIQ (+)-11 (0.01 g) was recovered in 5% yield after
column chromatography (dichloromethane/methanol, 95:5). Yellow
oil. [@]*p = =22 (c 1.0, CHCI, 90:10 er). R; = 0.25 (dichloromethane/
methanol, 95:5). "H NMR (CDCl,, 300 MHz) § = 2.60—2.75 (m, 2 H),
2.80—2.94 (m, 2 H), 3.10—3.25 (m, 2 H), 3.79 (s, 3 H), 3.81 (s, 6 H),
3.83(s,3H),4.10 (dd, ] = 8.9,4.3 Hz, 1 H), 6.56 (s, 1 H), 6.62 (s, 1 H),
6.73—6.81 (m, 3 H). *C NMR (CDCl,, 75 MHz) 6 = 29.5 (s), 40.9 (s),
42.2 (s), 55.80 (p), 55.82 (p), 55.88 (p), 55.95 (p), 56.8 (t), 109.4 (t),
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111.3 (t), 111.8 (t), 1124 (t), 121.4 (t), 127.4 (q), 1304 (q), 131.4 (q),
145.0 (q), 1474 (q), 147.6 (q), 1489 (q).

(5)-(—)-Norlaudanosinee(—)-N-acetyl-i-leucine, (—)-13.*> To a
solution of 0.40 g (1.16 mmol, 90:10 er) of (—)-norlaudanosine in 4
mL of methanol and 6 mL of diethyl ether was added 0.20 g (1.16 mmol)
of (—)-N-acetyl-L-leucine. The solution was kept standing in a closed
vessel at =20 °C for 12 h and the precipitate was collected over a
sintered glass funnel to afford 0.45 g (83% based on isomer content) of
(—)-norlaudanosinee (—)-N-acetyl-L-leucine [(—)-13]. Colorless nee-
dles, mp =184—186 °C. [a]*p = —2.6 (c 1.0, CHCly, 99:1 dr), [a]®p =
+5.7 (¢ 1.0, EtOH, 99:1 dr). '"H NMR (CDCl,, 300 MHz) § = 0.83 (d, ]
=6.2 Hz, 6 H), 1.30—1.65 (m, 3 H), 1.90 (s, 3 H), 2.80—3.10 (m, 3 H),
3.20—3.32 (m, 3 H), 3.60 (s, 3 H), 3.79 (s, 3 H), 3.84 (s, 3H), 3.85 (s, 3
H),4.23—4.30 (m, 1 H), 4.51 (t, = 6.5 Hz, 1 H), 620 (s, 1 H), 6.45 (d, ]
=7.8 Hz, 1 H), 6.58 (s, 1 H), 6.70—6.73 (m, 3 H). 8.65 (s, 2 H). *C
NMR (CDCl,;, 75 MHz) 6 = 22.1 (p), 23.1 (p), 23.3 (p), 25.0 (t), 26.1
(s),38.8 (s),40.7 (s), 422 (s), 53.0 (1), 55.4 (p), 55.7 (p), 55.8 (p), 55.9
(p), 109.8 (1), 111.3 (t), 112.9 (t), 122.0 (t), 124.6 (q), 125.4 (q), 129.1
(q), 1472 (q), 148.1 (q), 148.3 (q), 149.0 (q), 169.7 (q), 176.5 (q).
HRMS (C,H,NO,, ESI*, MeOH, [M + HJ") calcd for 344.1862,
found 344.1859. Anal. Calcd for C,gH,N,0O; (516.62): C, 65.10; H,
7.80; N, 5.42. Found: C, 64.29; H, 7.80; N, 5.45.

(S)-(—)-Norlaudanosine from Leucinate Salt (—)-13. Leucinate salt
(—)-13 (0.10 g, 0.19 mmol) was stirred in a two-phase system (Et,O/
NaOH 10%) for 1 h under an argon atmosphere. The aqueous phase was
discarded and the organic phase was washed with water until neutral pH.
The ethereal layer was dried over magnesium sulfate and concentrated
under reduced pressure to afford 0.063 g (95%) of (—)-norlaudanosine
as a viscous oil. [@]?p = =24 (c 1.0, CHCl,, 99:1 er), Lit.** [a]?, =
—21.9 (¢ 1.0, CHCl,, 99:1 er).

(S)-(—)-Norlaudanosine (90:10 er)e(R)-(+)-14. (S)-(—)-Norlauda-
nosine (0.02 g, 58.2 ymol, 90:10 er), (R)-(+)-14 (0.014 g, 64.1 ymol),
and C¢Dy (0.7 mL) were mixed in a $ mm NMR tube. The 'H and *C
NMR data were collected on a 500 MHz spectrometer. Signals
corresponding to the minor (R)-(+)-norlaudanosinee (R)-(+)-14 complex
(RRp)-16 are indicated with an asterisk (*)."H NMR (C¢Dg, 500 MHz, y
=1.07) 6=1.47 (d, %oy = 15.6 Hz, 10 H, y = 1.07), 2.60—2.65 (m, 2 H),
3.10-3.20 (m, 4 H), 3.37 (s, 0.3 H)*, 3.39 (s, 3 H), 3.46 (s, 3 H), 3.49 (s,
3 H), 3.50 (s, 0.3 H)*, 3.62 (s, 3 H), 3.68 (s, 0.3 H)*, 4.85—4.90 (m, 1
H), 6.27—6.30 (m,2H), 6.62 (d,]=8.1Hz,1H),6.82 (d,]=8.1,1.7 Hz,
1 H), 6.86 (d, ] = 8.1, 1.7 Hz, 0.1 H)*, 6.94 (s, 1 H), 7.04 (s, 0.1 H)*,
7.20—7.30 (m, 3.30 H, y = 1.10), 8.30—8.40 (m, 2.2 H, y = 1.10). *C
NMR (C¢Dy, 125 MHz, y = 1.07) § = 25.3 (p), 25.9 (s), 36.4 [q, (d, Joc
=75.0 Hz)], 39.07 (s), 39.15 (s)*, 40.7 (s)*, 40.8 (s), 55.25 (p), 55.28
(p), 5547 (p), 55.57 (p), 55.6 (t), 110.6 (t)*, 110.8 (t), 112.0 (t), 112.3
(1), 113.9 (t), 122.1 (t), 124.7 (q), 125.6 (q), 127.1 [t, (d, ¥Jpc = 10.0
Hz)], 129.4 (q), 129.8 (t), 133.2 [t, (d, ¥Jpc = 11.0 Hz)], 139.0 [q, (d,
Yoc = 89.0 Hz)], 148.2 (q), 149.1 (q), 149.2 (q), 1502 (q)-

(S)-(—)-Norlaudanosine (99:1 er)e(R)-(+)-14. (S)-(—)-Norlaudano-
sine (0.025 g, 72.8 umol, 99:1 er), (R)-(+)-14 (0.016 g, 74.7 pmol, y =
1.03) and C4Dy (0.7 mL) were mixed in a S mm NMR tube. The "H and
3C NMR data were collected on a 500 MHz spectrometer. 'H NMR
(C¢Dg, 500 MHz, y = 1.05) & = 1.46 (d, ¥Jpy; = 15.6 Hz, 9 H, y = 1.05),
2.60—2.65 (m, 2 H), 3.10—-3.20 (m, 4 H), 3.39 (s, 3 H), 3.47 (s, 3 H),
3.49 (s, 3 H), 3.62 (s, 3 H), 4.85—4.90 (m, 1 H), 6.30—6.31 (m, 2 H),
6.62 (d,J=8.1Hz,1H),6.82 (dd, J = 8.1, 1.7 Hz, 1 H), 6.95 (s, 1 H),
7.20—7.30 (m, 3 H), 8.30—8.40 (m, 2 H). *C NMR (C¢Dg, 125 MHz, y
=1.05) §=25.4(p),26.1 (s), 36.4 [q, (d, Jpc = 75.0 Hz)], 39.1 (s), 40.9
(), 55.25 (p), 55.28 (p), 55.47 (p), 55.57 (p), 55.6 (t), 110.8 (t), 112.0
(1), 112.3 (1), 113.9 (1), 122.1 (t), 124.9 (q), 125.7 (q), 127.1 [t, (d, ¥Jpc
=10.0 Hz)], 129.5 (q), 129.7 (q), 1332 [t, (d, %Jpc = 11.0 Hz)], 139.0
[q, (d, YJpc = 89.0 Hz)], 148.1 (q), 149.1 (q), 1492 (q), 150.2 (q).

(R)-6,7-Dimethoxy-1,2-dimethyl-1,2,3,4-tetrahydroisoquinoline,
(R)-(+)-carnegine. A 50 mL, one necked flask was charged with 0.48 g
(2.31 mmol) of (R)-(+)-salsolidine (99:1 er), 10 mL of acetonitrile, and
10 mL of a 35% aqueous formaldehyde solution. To the previous
solution was added 0.23 g (3.36 mmol) of sodium cyanoborohydride.
The reaction mixture was stirred for 15 min while glacial acetic acid was
added to maintain the pH near neutrality. The solvents were evaporated
under reduced pressure and 10 mL of a 2 M KOH solution was added to
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the residue. The mixture was extracted with S0 mL of diethyl ether and
the ethereal layer was dried over magnesium sulfate and concentrated
under reduced pressure to afford 0.36 g of crude (R)-(+)-carnegine as a
crude oil. The crude residue was diluted in 3 mL of dichloromethane and
poured on a chromatographic column prepared with 10 g of silica and
1:1 dichloromethane/methanol. The combined fraction were evapo-
rated to yield 0.37 g (73%) of (R)-(+)-carnegine. [a]**, = +20 (c 0.5,
CHCl,, 99:1 er), [a]® = +18 (¢ 1.0, EtOH, 99:1 er), lit.*" + 23.5 (¢ .S,
EtOH). Colorless oil. R; = 0.5 (dichloromethane/methanol, 1:1). 'H
NMR (CDCl,;, 300 MHz) § = 1.37 (d, ] = 6.7 Hz, 3 H), 2.47 (s, 3 H),
2.61(ddd, J=11.7,7.1,4.8 Hz, 1 H), 2.74—2.79 (m, 2 H), 3.01 (ddd, J =
12.8,8.70,4.7 Hz, 1 H), 4.05 (q, ] = 6.7 Hz, 1 H), 3.84 (s, 6 H), 6.56 (s, 1
H), 6.58 (s, 1 H). *C NMR (CDCl,, 75 MHz) § = 19.7 (p), 27.6 (s),
429 (p), 48.9 (s), 55.8 (p), 55.9 (p), 58.6 (t), 109.1 (), 111.2 (t), 125.9
(q), 131.7 (), 147.19 (q), 147.22 (q). HRMS (C,H,(NO,, EI*, [M —
CH,]") calcd for 206.1181, found 206.1196.

(S)-(—-)-2,3,10,11-Tetramethoxy-5,8,13,13a-tetrahydro-6H-
isoquinolino[3,2aj-isoquinoline, (S)-(—)-Xylopinine. Leucinate salt
(—)-13 (0.25 g, 0.48 mmol) was stirred in a two-phase system (Et,O/
NaOH 10%) for 1 hunder an argon atmosphere. The aqueous phase was
discarded and the organic phase was washed with water until neutral pH.
The ethereal layer was dried over magnesium sulfate and concentrated
under reduced pressure to afford 0.16 g (96%) of (—)-norlaudanosine as
aviscous oil. This oil was placed in a 50 mL, one necked flask which was
charged with 1.3 mL of a 35% aqueous formaldehyde solution and 2.15
mL of formic acid. The resulting solution is refluxed for 2 h and cooled
by the addition of 10 mL of water. The solution was basified with solid
sodium carbonate, and the resulting oily residue was extracted with SO
mL of dichloromethane. The organic phases were dried over magnesium
sulfate and concentrated. The crude residue was diluted in 3 mL of
dichloromethane and poured on a chromatographic column prepared
with 10 g of silica and diethyl ether. The combined fraction were
evaporated to yield 0.15 g (90%) of (S)-(—)-xylopinine. This solid was
dissolved in 10 mL of boiling ethanol and the resulting solution was
allowed to cool to ambient temperature slowly over a 72 h period to
yield a single crystal which was analyzed by X-ray diffraction. Colorless
plates, mp =188—190 °C (ethanol). R; (diethyl ether) = 0.2. [a]*, —
275 (c 1 CHCl,, 99:1 er), lit.**" [a]?, — 280 (¢ 0.19 CHCL,). 'H NMR
(CDCl,, 500 MHz) 6 = 2.61—2.68 (m, 2 H),2.83 (dd, J=15.3,11.5 Hz,
1H),3.11-3.17 (m, 2 H), 3.24 (dd, J = 15.3,3.7 Hz, 1 H), 3.58 (dd, ] =
11.1,3.5Hz, 1 H), 3.67 (d, J= 14.8 Hz, 1 H), 3.85 (s, 3H), 3.86 (s, 3H),
3.87 (s,3H),3.89 (s,3H), 3.94 (d, J = 14.8 Hz, 1 H), 6.58 (s, 1 H), 6.62
(s, 1H), 6.66 (s, 1 H), 6.74 (s, 1 H). ®*C NMR (CDCl,, 125 MHz) 6 =
29.1 (s), 36.4 (s), S1.4 (s), 55.8 (p), 55.91 (p), 55.96 (p), 56.0 (p), 58.3
(s), 59.6 (t), 108.6 (t), 109.05 (t), 111.37 (t), 111.41 (t), 126.3 (q),
126.4 (q), 126.8 (q), 129.8 (q), 147.41 (q), 147.44 (q), 14749 (q),
147.6 (q). HRMS (EI*, [M]*, C,;H,sNO,) calcd for 355.1783, found
355.1794. Anal. Calcd for C,;H,NO, (355.43): C, 70.96; H, 7.09; N,
3.94. Found: C, 71.00; H, 7.10; N, 3.96.

Single Crystal X-ray Analysis of Collection and Refinement
Results of Derivatives. The structures were solved by direct methods
with SIR-97,°° which revealed the non-hydrogen atoms of the
molecules. Refinement was performed by full-matrix least-squares
techniques based on F* with SHELXL-97°" with the aid of the
WINGX®® program. All non-hydrogen atoms were refined with
anisotropic thermal parameters. H atoms were finally included in their
calculated positions. Figures were drawn with ORTEP-3 for Windows.>”
The absolute configuration of derivative (+)-2a was estimated by the
determination of Flack parameters [—0.03(6)] values calculated from
Friedel pair reflections for each structure. CCDC-1431995 [(+)-2b],
CCDC-1431996 [(+)-1g], CCDC-1431997 [(+)-1f], CCDC-1431998
[(=)-4], CCDC-1046886 [(+)-2a], CCDC-807858 [(—)-xylopinine],
contain the supplementary crystallographic data for this paper. These
data can be obtained from the Cambridge Crystallographic Data Center
via www.ccde.cam.ac.uk/data_request/cif.

Crystal data, X-ray Data Collection, and Refinement Results of
Derivative (+)-2a. C,H,,N,0,, M = 322.40, orthorhombic, space
group P2,, P2, P2,,a =7.0779(2), b =9.2640(3), c = 26.1004(7) A, a =
90°, #=90°y=90°V=1711.39(9) A3, Z=4,D,=1.251 Mgm™>, u =
0.647 cm™, A (Cu Ka) = 1.54184 A, F(000) = 688, T = 150(2) K. The
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sample (0.48 X 0.24 X 0.15 mm) was studied on a diffractometer with
multilayer monochromated Cu Ka radiation. The data collection (0,
=74.48° range of HKL: H— 8 — 8, K — 11 — 10, L — 32 — 32) gave
18672 reflections with 3488 unique reflections from which 3141 with I >
2.06(1).

Crystal Data, X-ray Data Collection, and Refinement Results of
Derivative (+)-2b. C\gH gN,, M = 262.34, orthorhombic, space group
P2,,P2,,P2,,a="7.0231(4), b =7.1476(3), c = 29.3182(16) A, a = 90°,
B =90°%y=90°V=1471.72(13) A3, Z=4,D, = 1.184 Mgm™, pu =
0.70 cm™, 1 (Mo Ka) = 0.71073 A, F(000) = 560, T = 100(2) K. The
sample (0.57 X 0.52 X 0.49 mm) was studied on a diffractometer with
graphite monochromatized Mo Ka radiation. The data collection (0,
=27.46° range of HKL: H— 8 — 5,K— 7 = 9,L — 38 — 35) gave 7366
reflections with 1937 unique reflections from which 1801 with I >
2.00(1).

Crystal Data, X-ray Data Collection, and Refinement Results of
Derivative (+)-1f. C,sH,,NO, M = 357.48, monoclinic, space group P2,,
a=6.2810(2),b=19.8359(7),c=7.8253(3) A, a =90°, =91.333(2)°,
y=90° V=1034.75(14) A3, Z=2,D,=1218 Mgm™, 4 =0.73 cm ™",
2 (Mo Ka) = 0.71073 A, F(000) = 384, T = 120(2) K. The sample (0.46
X 043 X 0.38 mm) was studied on a diffractometer with graphite
monochromatized Mo Ka radiation. The data collection (®,,,, = 27.47°,
range of HKL: H — 8 — 8, K — 23 — 25, L — 9 — 10) gave 9426
reflections with 2273 unique reflections from which 2077 with I >
2.00(1).

Crystal Data, X-ray Data Collection, and Refinement Results of
Derivative (+)-1g. C,sH,oNO,, M = 387.5, monoclinic, space group
P2, a = 6.2620(5), b = 8.1188(6), ¢ = 20.3785(16) A, a = 90°, B =
92.859(2)°,7=90° V=1034.75(14) A=, Z=2,D,= 1244 Mgm™>, u =
0.78 cm™, 4 (Mo Ka) = 0.71073 A, F(000) = 416, T = 100(2) K. The
sample (0.57 X 0.45 X 0.41 mm) was studied on a diffractometer with
graphite monochromatized Mo Ka radiation. The data collection (0,,,,
=27.48° range of HKL: H— 6 - 8, K— 9 — 10, L — 26 — 26) gave
7767 reflections with 2534 unique reflections from which 2433 with I >
2.06(1).

Crystal Data, X-ray Data Collection, and Refinement Results of
Derivative (=)-4. C;yH,;NO,, M = 295.37, orthorhombic, space group
P2,,P2,,P2,,a=5.0889(2), b =13.9187(6), c = 21.5365(9) A, a = 90°,
B =90°%y=90°V=152545(11) A%, Z=4,D, = 1.286 Mgm™, u =
0.83 cm™, 1 (Mo Ka) = 0.71073 A, F(000) = 632, T = 100(2) K. The
sample (0.53 X 0.17 X 0.09 mm) was studied on a diffractometer with
graphite monochromatized Mo Ka radiation. The data collection (0,
=27.48° range of HKL: H— 6 - 6, K — 17 > 13, L — 19 — 27) gave
8316 reflections with 2047 unique reflections from which 1694 with I >
2.00(1).

Crystal Data, X-ray Data Collection, and Refinement Results of
Derivative (—)-Xylopinine. C,;H,;NO,, M = 355.42, orthorhombic,
space group P2, P2,, P2, a="7.9409(6), b =9.0559(5), c = 25.8657(16)
A, a=90° =90°y=90°V=1860.1(2) A3 Z=4,D,=1269 Mg
m™> 1 =0.87 cm™, 1 (Mo Ka) = 0.71073 A, F(000) = 760, T = 100(2)
K. The sample (0.48 X 0.32 X 0.26 mm) was studied on a diffractometer
with graphite monochromatized Mo Ka radiation. The data collection
(Opax = 27.44°, range of HKL: H— 10 > 9,K — 11 > 7, L — 33 — 26)
gave 8390 reflections with 2433 unique reflections from which 2177
with I > 2.06(I).
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