
























































































































































































































































In this retrosynthetic analysis, the basic framework of (-)-cycleanine was designed
to be obtained by a SyAr-based coupling of 128. A BNC reaction of amide 129 should
lead to 128. Finally, a Schotten-Baumann reaction between 117 and 130 could form 129.
Compound 117 had been synthesized previously as described in the early part of this
thesis (Scheme 3.1). The synthesis of compound 130 could be achieved using 4-
fluorobenzaldehyde (132) and the procedure will be described in the following Section
3.2.2.1.
3.2.2.1 Synthesis of the fluorobenzylisoquinoline subunit

The synthesis of the fluorobenzylisoquinoline subunit commenced with the

preparation of compound 130 (Scheme 3.11). First, 4-fluoro-3-nitrobenzaldehyde (131)

[0) ()
HO
H a H b
—_— F
F
K NO,
NO; 133
132 131
O * C
HO NC Br
e d
-
N02 N02 NOZ
130 135 134

Conditions: a) HNO;, H,SOq, 0 °C, 74%; b) NaBH,, THF, CH;OH, 84%; c) PBr;, CH,Cl,, 0 °C, 51%; d)
Et;NCN, CH;CN, 43%; e) aq. conc. HCI, reflux, 95%.

Scheme 3.11
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reaction with the desired precursor was attempted next by employing the same procedure
as the model reaction. When the reaction was finished after a reaction time of 92 h and

worked up as before, the crude product was checked by APCI-MS. This time, two mass

Scheme 3.15
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peaks were found, one corresponding to the ring dimer 139a, the other corresponding to
the linear dimer 140 (Scheme 3.15). But just as before, all of the efforts attempted for
isolating these products from the mixture failed. The subsequent steps such as removing
the nitro and the chiral auxiliary groups, and the introduction of the methyl groups to the
nitrogen atoms was therefore not be performed although these steps may have led to
products which could be separable.

Thus, as with the improved Ullmann coupling reaction, SyAr-based reactions also
did not afford the desired products. However, if the results of the SyAr reaction are
compared, they still provide some useful information. The model coupling reaction with
138b via SyAr reaction only produced a macrocyclic product with no linear dimer
remaining in the crude reaction product according to APCI-MS. However, the coupling
reaction of 138a using the same reaction conditions formed both linear dimer 140 and
the macrocyclic dimer 139a. If the abundance of the M" ion is used as a reference peak
in the MS for determining the ratio of product amounts, the linear dimer 140 appears to
be formed in a greater amount than the macrocyclic product 139a. The macrocyclic
dimer 139b (Scheme 3.15) formed by the homocoupling of 138b contains a 22-
membered ring, whereas the dimer 139a (Scheme 3.16) formed from the homocoupling
of reaction of 138a contains only an 18-membered ring. This meant that in the SyAr-
based reaction once the linear dimer of 138b was formed, it would undergo
intramolecular ring closure to form the 22-membered macrocyclic product 139b
relatively easily because of the relatively larger ring size. However, in case of 138a,

possibly due to the constraints of the smaller 18-membered macrocycle, it is difficult to
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form 139a from the linear dimer 140. This experiment needs to be further evaluated in
the future in order to ascertain whether re-subjecting the product mixture to the reaction
conditions would result in a changed 139a to 140 ratio. Of course, although the coupling
of 138a using the SyAr-based reaction approach seemed to more easily give 140, it does
not mean that this methodology is completely unsuitable for synthesizing the target (-)-
cycleanine. As was discussed before, there are various factors which can affect the result
of this coupling reaction. Since the MS data suggests that the desired dimer 139a formed,
a more systematic investigation of this reaction could possibly lead successfully to the
desired synthesis of (-)-cycleanine.
3.3 Summary and conclusions

In this chapter, an enantioselective synthesis of (-)-cycleanine was attempted.
Both the improved Ullmann coupling methodologies and a SyAr-based aryl ether reaction
were used to build the basic skeleton of the target molecule. However, neither of these
two key reactions provided a satisfactory result. From the experience of this author, it is
felt that both methods are still viable for synthesizing (-)-cycleanine, although the SyAr
reaction appears to be more viable if the mild reaction conditions and the simplicity of
isolating the product are considered. It is also felt by the author that the synthesis of the
benzylisoquinoline subunit should also be given more attention. Although the BNC
reaction in this thesis resulted in the desired product with correct stereochemist-ry, its low
yield and lack of regioselectivity limited the experiments which could be undertaken in

the subsequent steps.
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1-(R)-(4-Benzyl)-N-[(R)-o-methylbenzyl]-6-benzyloxy-7,8-dimethoxy-1,2,3,4-tetra-
hydroisoquinoline (119)

To anhydrous methanol (5.0 mL) was
added 46b (0.10 g, 0.16 mmol) and 10%
Pd/C catalyst (30 mg). The mixture was
stirred under H, at atmospheric pressure
(maintained using a balloon) for 4 h. The
Pd/C catalyst was removed by filtration
and the solvent was removed on a rotary

evaporator. The residue obtained was

purified by column chromatography
(CHCI13:MeOH:NH4OH = 9:1:0.1) to afford 119 as a colorless oil (66 mg, 84%); 'H
NMR: & 7.48-6.66 (m, 15H, Ar-H), 6.51 (s, 1H, H-5), 5.09 (s, 2H, H-o'), 3.87 (s, 3H,
OCH3), 3.80 (m, 1H, H-3), 3.66 (s, 3H, OCHj), 3.56 (q, J = 6.4 Hz, 1H, H-o"), 3.48 (m,
1H, H-3), 3.31 (m, 1H, H-4), 2.90 (m, 1H, H-4), 2.80 (m, 2H, H-a), 2.37 (dd, J =4.5 Hz,
J=17.5Hz, 1H, H-1), 1.22 (d, J = 6.0 Hz, 3H, H-f"); '°C NMR: 151.6, 151.2, 146.1,
141.1, 1409, 137.5, 136.8, 132.1, 130.7, 129.9, 129.8, 128.7, 128.3, 128.1 128.0, 127.9,

127.8,127.5,127.4,127.3, 126.3, 125.6, 125.1, 109.4, 71.1, 61.1, 60.7, 58.9, 56.6, 41.5,

38.6,22.7, 22.4; APCI-MS (m/z): 494.2 (M"+1, 100).
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N-[(R)-0o-Methylbenzyl]-N-[(3-benzyloxy-4,5-dimethoxy)phenethyl]-4-bromophenyl
acetamide (121)

To a solution of oxalyl chloride (0.28 mL, 1.5
mmol) in anhydrous benzene (30 mL) were
added 120 (0.54 g, 2.5 mmol) and DMF (3
drops). The mixture was stirred for 0.5 h. The
benzene was removed on a rotary evaporator

to afford the acid chloride which was

immediately redissolved in CH,Cl; (20 mL)
at 0 °C. The solution was added to a stirred mixture of 117 (1.6 mg, 4.0 mmol) and
CH,Cl;- aqueous 5% NaOH (1:1.5, 20 mL). After stirring at room temperature for 1 h,
the mixture was extracted with chloroform (10 mL X 3). The combined extracts were
washed with water (15 mL.), dried over MgSQy, filtered, and the solvent was evaporated
in vacuo. The residue was purified by flash column chromatography (30%
EtOAc/hexane) to afford 121 (2.2 g, 91%) as a viscous oil; The "H NMR spectrum of 121
was similar to that of compound 88 described earlier in this thesis. APCI-MS (m/z): 590.1

(M'+1, 100); 588.1 (M*-1, 98).
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1-(R)-(4-Bromobenzyl)-N-[(R)-o-methylbenzyl]-8-benzyloxy-6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (122a) and
1-(R)-(4-bromobenzyl)-N-[(R)-a-methylbenzyl]-6-benzyloxy-7,8-dimethoxy-1,2,3,4-

tetrahydroisoquinoline (122b)

122a 122b

Compound 121 (0.18 g, 0.31 mmol), POCl; (2.5 mL) and CH3CN (5 mL) were combined
under an atmosphere of argon and brought to a gentle reflux. After approximately 6 h, the
solvent and excess POCl; were evaporated on a rotary evaporatorand 1 rona
vacuum pump for 1 h. The resultant residue was re-dissolved in 1eOH (5.0 mL) and the
solution was cooled to -78 °C in a dry ice bath. To this solution was added NaBH, (0.10
g, 2.8 mmol) in two portions over 4 h. The reaction was quenched through the addition of

aqueous 10% HCI (10 mL), and the mixture was stirred at room temperature for 30 min.
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Scheme 4.2

4.3 Further proposal for the diaryl ether formation step
The results obtained during this research demonstrated iler

formation step using either the Ullmann coupling or the SyAr rea ( yduce
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Another interesting example was reported by Li et al. whe @ e trac ional

Ullmann coupling reaction was accelerated greatly using a microwave process (Scheme

4.4)%
X HO ~
K,COyDMSO.MW . -~ ~ Y
Ry + R, . Ry - Ry

5-10 Min. \/ .

57 58 59

Scheme 4.4
Obviously, these newer methodologies can also potenti ed 1 the

synthesis of (-)-cycleanine.
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Appendix

'H and C NMR Spectra
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