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A [2+2+2]-cyclotrimerization approach for the synthesis of enantiopure
isochromans using a carbohydrate derived dialkyne template
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Abstract

An easy access to enantiopure isochromans through cross alkyne trimerization of a glucose derived dialkyne was developed. One of
the synthesized isochromans was converted into a novel tricyclic nucleoside by simple transformations.
� 2007 Elsevier Ltd. All rights reserved.
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Fig. 1. Key [2+2+2]-cyclotrimerization approach for enantiopure iso-
chromans.
Designing effective routes to construct complex cyclic
structures through organo transition-metal catalyzed reac-
tions has been recognized as an attractive strategy for
delivering molecular diversity.1 Integrated with transition-
metal catalyzed reactions, sugar templates have been well
deployed to address the synthesis of a variety of complex
natural product skeletons.2 Amongst the many other metal
catalyzed reactions which have been explored on sugar
templates, catalytic [2+2+2]-alkyne cyclotrimerizations
are important as they deliver highly functionalized aro-
matic rings appended with sugar rings.3 An early example
in this context is an expedient total synthesis of the spiro-
cyclic C-arylglycoside framework closely related to the
papulacandins by McDonald et al. utilizing a rhodium(I)-
catalyzed [2+2+2]-cyclotrimerization4 which has been well
explored with various sugar derivatives.5 Considering the
simplicity of the [2+2+2]-alkyne cyclotrimerization com-
bined with our current interest in exploiting carbohydrates
for constructing useful molecular diversity,6 herein, we
report the synthesis of enantiomeric tricyclic molecular
skeletons consisting of isochroman units (Fig. 1).

Isochroman (1, 3,4-dihydro-1H-benzo[c]pyran) is a
structural unit found in some important biologically active
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compounds, commercially available drugs and cosmetics.7

Several synthetic 6,7-dimethoxyisochromans and their
1-arylated analogues have been disclosed as new investi-
gational drugs with a wide range of activities such as
analgesic, muscle relaxant, antidepressant, anti-inflamma-
tory, antihistaminic, anticoagulant and antihypertensive.8

Kakimoto et al. prepared a series of tricyclic isochroman
derivatives 2 from glucose and evaluated their herbicidal
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Scheme 1. Reagents and conditions: (a) NaH, propargyl bromide, THF,
0 �C to rt, 8 h, 89%; (b) (i) 0.8% H2SO4, MeOH, rt, 24 h; (ii) NaIO4–silica
gel, CH2Cl2, rt, 1 h; (iii) (MeO)2P(@O)C(@N2)COCH3, methanol, K2CO3,
rt, 7–9 h, 49% for three steps; (c) Rh(PPh3)2Cl, toluene–ethanol (4:1),
80 �C, 8 h, 61%.
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activities.9 A number of synthetic methods involving elec-
trophilic reactions mediated by Lewis acids, radical and
carbanion-mediated annulations, and cycloadditions have
been reported for the synthesis of isochroman units.7 The
oxa-Pictet–Spengler condensation is a widely used method
for the preparation of isochroman units.7b An expedient
approach for sugar annulated isochromans by Martin
et al. using intramolecular Friedel–Crafts cyclization has
been reported.10 Recently, Kaliappan and Ravikumar
reported an intramolecular enyne-metathesis and subse-
quent trapping of the resulting dienes by various quinones
for the synthesis of tetracyclic derivatives containing an
isochroman ring.11

Our intended strategy is described in Figure 1. The syn-
thesis of the key diyne 3 started with the propargylation of
glucose diacetonide 4 to procure the propargyl ether 5.12

Selective monoacetonide hydrolysis of 5 followed by
sodium periodate mediated cleavage and subsequent
Ohira–Bestmann alkynylation13 of the intermediate alde-
hyde provided 3 in 49% overall yield (Scheme 1). With
the fully elaborated diyne framework 3 in place, cyclotri-
merization was attempted with 2-butyne-1,4-diol (6). After
a careful examination of some of the catalysts reported for
Table 1

Entry Alkyne

1 HO OH

2 HH

3
AcO OAc

4 CO2MeMeO2C

5 TMSTMS

6 PhPh

7 n-C5H11n-C5H11

8 HPh

9 N

O

O

10 Hn-C14H29
[2+2+2]-alkyne cyclotrimerization, we found that Wilkin-
son’s catalyst afforded the tricyclic derivative 7 in good
yields.5d The spectral and analytical data of 7 were in
accordance with the assigned structure.14 For example, in
the 1H NMR spectrum of 7, the two aromatic-H appeared
Product(s)

O

O

O

O

R'

R

Yield (%)

7 (R = R0 = CH2OH) 61

8 (R = R = H) 65

9 (R = R0 = CH2Oac) 57

10 (R = R0 = CO2Me) 45

No reaction

No reaction

No reaction

11 (R = Ph, R0 = H) 72
12 (R = H, R0 = Ph)
(1:3)

13 (R = CH2NPhth, R0 = H) 67
14 (R = H, R0 = CH2NPhth)
(2:3)

15 (R = n-C14H29, R0 = H) 49
16 (R = H, R0 = n-C14H29)
(1:1)
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as singlets at d 6.99 and d 7.24 ppm. The characteristic
C(1)–H and C(2)–H of the furanose ring appeared as dou-
blets at d 5.92 and 4.70 ppm (J1,2 = 3.8 Hz), respectively.
C(4)–H appeared downfield (d 4.89 ppm) as a doublet with
J = 2.3 Hz. The observed cross peaks in the NOESY spec-
trum between C(4)–H and the aromatic ring proton at d
7.24 ppm were indicative of a possible anisotropic effect
of the furanose ring oxygen, which helped in assigning
the ratios of the regiomeric compounds resulting from
unsymmetric alkynes. The presence of two methyleneoxy
groups at d 62.7 and 66.9 ppm in the 13C NMR further
confirmed the assigned structure.

To illustrate the flexibility of our strategy, various
alkynes were employed in the [2+2+2]-cyclotrimerization
and the results are summarized in Table 1. With acetylene,
the cyclotrimerization reaction proceeded effectively at
80 �C in a sealed tube to afford 8 in good yield.15 Unsym-
metrical alkynes such as phenylacetylene and hexadec-1-
yne gave inseparable regiomeric mixtures in moderate to
good yields (Table 1).

Having established the feasibility of the [2+2+2]-cyclo-
trimerization for the synthesis of sugar annulated isochro-
mans, we next applied isochroman 8 for the synthesis of
modified nucleoside 19. As shown in Scheme 2, isochroman
8 was subjected to acid catalyzed acetonide hydrolysis
using acetic acid followed by acetylation in dichlorometh-
ane, acetic anhydride and Et3N to afford a 1:1 anomeric
mixture of 17. Treatment of 17 with uracil under modified
Vorbrüggen16 conditions afforded the protected nucleoside
18.17 Subjecting 18 to Zemplen’s deacetylation gave the tri-
cyclic nucleoside 19. The structure of 1918 was established
with the help of COSY and NOESY spectra that confirmed
the assigned b-configuration for 19 beyond doubt.

To conclude, a general synthesis of chiral isochromans
via [2+2+2]-cyclotrimerization of a sugar template as the
key reaction was reported. One of the derived isochromans
was converted into a tricyclic nucleoside by simple syn-
thetic manipulations. Considering the importance of con-
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Scheme 2. Reagents and conditions: (a) (i) 60% AcOH, reflux, 2 h, 92%;
(ii) Ac2O, Et3N, DMAP, CH2Cl2, rt, 1 h, 94%; (b) uracil, N,O-
bis(trimethylsilyl)acetamide (BSA), TMSOTf, CH3CN, 50 �C, 2 h, 79%;
(c) NaOMe, MeOH, rt, 20 min, 96%.
formationally restricted nucleosides as antiviral agents
and as potential antisense therapeutic and diagnostic
agents, the results from the present investigation could be
further explored for a strategic construction of these
molecular skeletons. Work in this direction is ongoing in
our laboratory.

Acknowledgements

We thank the Director (NCL) for the constant encour-
agement and SBS thanks CSIR (New Delhi) for financial
assistance in the form of a research fellowship.
References and notes

1. (a) Schreiber, S. L. Science 2000, 287, 1964–1969; (b) Schreiber, S. L.;
Nicolaou, K. C.; Davies, K. Chem. Biol. 2002, 9, 1–2; (c) Tan, D. S.
Nat. Chem. Biol. 2005, 1, 74–84; (d) Walsh, D. P.; Chang, Y.-T.
Chem. Rev. 2006, 106, 2476–2530.

2. (a) Sinou, D.; Bedjeguelal, K. J. Carbohydr. Chem. 2001, 20, 335–357;
(b) Sinou, D.; Bedjeguelal, K. Eur. J. Org. Chem. 2000, 65, 4071–
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