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The isoquinoline ring system is a reoccurring structural motif in alkaloids and pharmaceuticals. Conse-
quently, the synthesis and functionalization of isoquinolines have attracted considerable attention from
the synthetic community.3 We previously reported a facile synthesis of 1,3,4-trisubstituted isoquinolines
from commercially available 1,3-dichloroisoquinoline 1 (Scheme 1).4 A key step in the process is the
direct lithiation of 1 at C4. The resulting lithium species 2 was trapped with a variety of electrophiles
to produce 4-substituted-1,3-dichloroisoquinoline 3, which was further elaborated to give1,3,4-trisubsti-
tuted isoquinoline 4 by exploiting the different reactivity of C1–Cl and C3–Cl bonds under Pd-catalysis.

� 2010 Elsevier Ltd. All rights reserved.
In connection with an internal structure-based drug design pro-
gram targeting protein–protein interactions, we proposed two iso-
quinolines, 5 and 6, shown in Figure 1. The structures of
compounds 5 and 6 present significant challenges for synthesis,
notably a 1,3,4-trisubstituted isoquinoline which is also a part of
an unprecedented 6–6–5–5 tetracyclic ring system. In our retro-
synthetic analysis, we envisioned compound 7 as a key intermedi-
ate for constructing the challenging tetracyclic core in 5 and 6. In
the forward direction, an aldol (R = H in 7) or a Dieckmann conden-
sation (R = OCH3 in 7) would install the key cyclopentane ring.
Compound 7 could be prepared from isoquinoline 8, which in turn
could be obtained from 1,3-dichloroisoquinoline 1 utilizing the
chemistry we previously described. Herein, we report our efforts
along this line which culminates in a total synthesis of 5.

Our initial effort to install a 5H-furan-2-one ring directly onto
the C4 position of 1 from either the lithium intermediate 2 or io-
dide 9 met with little success (Scheme 2). For example, transmet-
allation of 2 from lithium to copper (CuI) followed by the addition
of 5H-furan-2-one 10 and TMSCl gave a complex mixture. In addi-
tion, we also prepared a zinc reagent from 2 and ZnCl2 (1 equiv)
and explored the Rh-catalyzed conjugate addition reaction with
10 (5 mol % [RhCl (COD)]2, THF, TMSCl).5 Once again, a complex
mixture was obtained. The iodide 9 has been shown to be an effec-
tive partner in Suzuki cross-coupling reactions.4 Unfortunately, it is
ineffective in the Heck reaction with 10 under a variety of condi-
tions we examined, leading to recovered starting material and/or
de-iodination product 1. The difficulties were attributed to the
poor reactivity of 4-functionalized-1,3-dichloroisoquinolines as
nucleophiles and the tendency of 10 to undergo isomerization to
give 2-hydroxyfuran. We reasoned that the siloxyfuran in 14 is a
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masked dihydrofuranone moiety, therefore, the synthesis of 14
was pursued. We were pleased to see that the Negishi cross-cou-
pling reaction between iodide 9 and zinc reagent 13 afforded furan
14, albeit in a low yield (7%, unoptimized). Monoselective cyana-
tion went smoothly with concomitant removal of the labile TIPS
group to give 5H-furan-2-one 15 in good yield (53%). The remain-
ing C3–Cl bond underwent efficient carbonylation to give methyl
ester 16. Unfortunately, all our attempts to selectively hydrogenate
the double bond in 15 or 16 failed,6 resulting in either no reaction
or hydrogenation of the isoquinoline ring under forcing conditions.

To understand the difficulties associated with the hydrogena-
tion step, we carried out a conformation analysis of compound
15.7 It was found that 15 exists in one conformation, in which
the furanone ring is orthogonal to the isoquinoline (Fig. 2). The
hydrogen at C5 and the chlorine at C3 effectively blocked both face
of the double bond, rendering it inaccessible for hydrogenation/
reduction.

Installation of a dihydrofuranone moiety at C4 was eventually
accomplished via a step-wise route (Scheme 3). Starting from
4-allyl-1,3-dichloroisoquinoline 18, methyl ester 19 was obtained
in a 3-step sequence of ozonolysis, oxidation, and esterification.
Allylation of 19 provided compound 20, which set the stage for
the dihydrofuranone formation. Reduction of the methyl ester
group with LiBH4 went smoothly without noticeable reduction of
either isoquinoline C–Cl bond. This was followed by ozonolysis
and PCC oxidation to give 8, which was prepared on gram quanti-
ties by this route.

Having established a robust synthesis of dihydrofuranone 8, we
next focused on installation of the central cyclopentane ring in 5
and 6 (Scheme 4). Bis-methyl ester 21, a precursor for the planned
Dieckmann condensation, was prepared by biscarbonylation of 8
without any incident. However, under a variety of conditions,8 no
desired product 22 was obtained. In many cases, upon addition
of a strong base, such as lithium tetramethylpiperidine (LHMDS)
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Figure 2. Lowest energy conformation of 15 by molecular modeling. The carbons
and chlorine are colored in green. The nitrogens are in blue. The hydrogens are in
white. The oxygens are in red.
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Figure 1. Two proposed isoquinolines and key retrosynthetic analysis.
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Scheme 2. Reagents and conditions: (a) Pd(PPPh3)4 (10 mol %), 9, 13, THF, 60 �C,
8 h, 7%; (b) Pd(PPh3)4, DMF/H2O, Zn(CN)2, 85 �C, 6 h, microwave, 53%; (c) Pd(PPh3)4,
CO, DMF/CH3OH/Et3N, 100 �C, quant.
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or KOt-Bu, to a solution of 21 in either THF or DMF, a thick and dark
suspension resulted. We attributed this phenomenon to single
electron transfer processes occurring between the electron-defi-
cient isoquinoline and the base. Therefore, avoiding strong bases
could be the key for a successful ring closure. Toward this end,
compound 8 was elaborated to aldehyde 23 in three steps (cyana-
tion, Stille cross-coupling, and ozonolysis). Rewardingly, subjecting
23 to a mild aldol condition employing a combination of a Lewis
acid (TBSOTf) and a mild base (i-Pr2NEt) gave tetracycle 24 in good
yield (78%).9 The 1:1 diastereomeric mixture of 24 could be sepa-
rated by preparative thin-layer chromatography (TLC), but it is
usually used without separation. The TBS in 24 was then deprotec-
ted with HF�pyridine to give alcohol 25.

Structural assignment of the two diastereomers, 24a and 24b,
was initially based on coupling constants from HNMR. The litera-
ture compounds, 26 and 27, have been reported (Fig. 3).10 The Ha

in 26 appeared as a dd with J = 8.0 and 7.0 Hz while the Ha in 27
showed a very similar pattern and coupling constants as those of
26. This observation led us to conclude that the coupling constant
between Ha and Hb (cis-relationship) is about 8 Hz while the cou-
pling constant between Ha and Hc (trans-relationship) is close to
7 Hz. Therefore, one of the diastereomers of 24 was assigned as
24a based on the fact that Ha appeared as a dd with coupling con-
stant of 8.8 and 7.3 Hz. In the other diastereomer 24b, Ha appeared
as a d with a coupling constant of 7.9 Hz, presumably due to the
lack of coupling between Ha and Hc in a cis-relationship.

Further support of the cis-fused 5–5 ring can be obtained from
analysis of the transition states required for the product formation.
There are two possible transition states, A and B (Fig. 4). Both are
nearly equal in energy due to the small size of H and O of the alde-
hyde and presumably react at similar rates under the reaction con-
ditions, leading to a 1:1 mixture of 24a and 24b (Fig. 4). On the
other hand, transition states required for the trans-fused 5–5 ring
cannot be achieved.

All attempts to effect deoxygenation of either TBS ether 24 or
alcohol 25 were not successful. However, deoxygenation of thiono-
carbonate 28 (Bu3SnH, AIBN) afforded tetracycle 29 in a satisfac-
tory 77% yield. Hydrolysis of the nitrile group at C1 accompanied
with a concomitant lactone hydrolysis, which readily relactonized
to give acid 30 (Scheme 5). Finally, coupling of 30 with N,N-
dimethylethylenediamine under standard conditions yielded tar-
get 511 in 20% over two steps. It is noted that the low yield in
the last two steps is presumably due to aqueous solubility and
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polarity of the intermediates since the liquid chromatography–
mass spectrometry (LC–MS) profiles of both reactions are quite
clean.

In summary, the total synthesis of a proposed 1,3,4-trisubsti-
tuted isoquinoline 5 with an unprecedented 6–6–5–5 tetracyclic
ring system is described.12 One of the key steps is an intramolecu-
lar aldol reaction with a combination of a Lewis acid (TBDMSOTf)
and a mild base (i-Pr2NEt) to construct the central cyclopentane
ring. During the course of this work, the scope of our previously re-
ported 1,3-dichloroisoquinoline chemistry was further examined.
The synthesis of target 6 and the biological evaluation of related
synthetic analogous are currently in progress.
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