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The enantiospecific synthesis of chromanes and isochromanes obtained from an intramolecular Nicholas
cyclisation reaction is discussed. During the course of this study we observed the formation of chroman-
4-ones from a CAN deprotection step of a dioxolane and this is also discussed.
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Scheme 1.
Previously we described the antihypertensive activity of a range
of novel chromanes,1 synthesised using a variation of an intramo-
lecular Nicholas reaction2 that has been developed, over a number
of years, in our laboratories.3 The assay involved isometric tension
recordings on segments of mouse thoracic aorta. After an initial
period of equilibration the tissues were contracted by application
of the a-1-adrenoceptor stimulant, phenylephrine. Once the con-
traction had stabilised our compounds were evaluated by compar-
ing their ability to relax the pre-contracted tissue versus the
benchmark compound cromakalim (1).4 The best candidate (2) is
shown (Fig. 1).

Although the derivatives that were synthesised retained some of
the pharmacophores, present in cromakalim (1), it was no surprise
that our best candidate 2 failed to replicate the same response as 1.
It was active at the 20 lM scale compared to cromakalim 1 which
provided the same level of relaxation of the tissue at the 1 lM level.
It was observed, however, that when the same assay was carried
out in the presence of glibenclamide, a selective blocker of ATP-sen-
sitive K+ channels, chromane 2 continued to produce relaxation of
the contracted mouse thoracic tissue whereas cromakalim (1)
was ineffective. This observation therefore suggested two different
modes of action for these molecules.

The potassium channel modulating properties of cromakalim
(1) have been well documented.5 In collaboration with colleagues
at St. George’s Hospital Medical School we have been investigating
ll rights reserved.

).
the possible modes of action of these novel chromanes. One line of
enquiry is the possibility that they may be involved in alternative
ion-selective membrane channels such as chloride channels. Com-
pared to potassium channels, the mechanisms of action of chloride
channels are less well understood despite the fact that they are
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Table 1

Entry Product ee (%) Product ee (%) (c.24 ee%)

1 8a 50 11a 45 90
2 8b 74 11b 71 95
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implicated in a wide range of physiological activities.6 As part of
our ongoing investigations into the structure–activity relationship
of 1 we were keen to determine the structural features that were
responsible for the selectivity we had observed. This would involve
the synthesis of simpler derivatives that might act as probes during
our investigations. Apart from the aryl substituents the main struc-
tural modification to be considered was the removal of the C-3
moiety to afford a chromane such as 3 (Scheme 1).

Another key aim in our ongoing screening investigations has
been the development of asymmetric variants of the Nicholas reac-
tion.7 Our approach to the synthesis of 3 was via aldehyde 5 which,
we reasoned, should be readily obtained from the deprotection of
dioxolane 4 (Scheme 2).

An asymmetric Carreira alkynylation8,9 of aldehyde 5 and cobalt
complexation followed by a Friedel-Crafts variant of the Nicholas
cyclisation10,11 should, after the oxidative decomplexation of dico-
balt hexacarbonyl, afford the desired chromane 3 in an enantiomeric
enriched form. Thus O-alkylation of phenol with 2-(2-bromoethyl)-
1,3-dioxane12 provided the corresponding dioxalane 4a (90%)
(Scheme 3). Our attempts to deprotect 4a were thwarted by variable
yields of the desired product 5a, substrate and decomposition prod-
ucts.13 A recent publication described the use of cerium ammonium
nitrate (CAN) for the deprotection of a wide range of dioxanes and
dioxolanes under mild conditions.14 Exposure of 4a to CAN15 led rap-
idly to the formation of a new product. Spectroscopic analysis failed
to reveal the desired aldehyde 5a, but instead showed the formation
of chroman-4-one 7a in a yield of 70%.

We reasoned that the origin of 7a was from 5a, via the alcohol 6a.
A survey of the literature confirmed that CAN oxidation of benzylic
alcohols to ketones (in the presence of TEMPO) is not without prec-
edent.16 Although unexpected, this serendipitous outcome, in terms
of an effective two-step formation of chroman-4-one 7a directly
from 4a in the presence of CAN, and an absence of a catalyst such
as TEMPO, may also be of synthetic interest.17 We were able to opti-
mise the production of aldehyde 5a (55–70%) by reducing the expo-
sure time of 4a to one equivalent of CAN for 20 min,18 any longer
would provide either 6a or 7a. Although the formation was a dis-
traction from our main aims we did investigate the production of
chromanones, 7b (75%) and 7c (78%) derived from p-methoxyphe-
nol and p-methylphenol, respectively.19 With the aldehyde 5a in
hand, we undertook the asymmetric alkynylation reaction. Previ-
ously, we revealed that both the yield of the Carreira asymmetric
alkynylation of aldehydes and the enantiomeric excess were vari-
able. For instance, the asymmetric alkynylation of benzaldehyde oc-
curred with a yield of 80% (ee 81%), p-bromobenzaldehyde 97% (ee
99%) and p-methoxybenzaldehyde 53% (ee 99%).20 Furthermore, the
reactions with non-aryl aldehydes were often slower, less efficient
and occurred with reduced enantioselectivities.21 Importantly,
however, it has been demonstrated that the stereochemical out-
come of the alkynylation reaction is dependent upon the choice of
chiral ligand.8,22 Thus the asymmetric alkynylation of aldehyde
5a, with phenylethyne in the presence of (+)-N-methylephedrine,
gave the corresponding propargyl alcohol 8a in a yield of 77% and
a disappointing enantiomeric excess of 50%. This result seems to
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Scheme 2.

3 10a 81 12a 77 95
4 10b 82 12b 82 100
5 10c 77 12c 76 99

6a 11b 73 13b 71 97

a Obtained from the use of (�)-N-methylephedrine.
represent an outlier as our subsequent data reveals. The use of 4-
ethynyltoluene provided 8b in 74% yield and an ee of 74%.23 The
same reaction performed upon the readily available aldehyde 9 pro-
vided propargyl alcohols 10a (89%, ee 81%), 10b (90%, ee 82%) and
10c (78%, ee 77%) (Scheme 4).
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Propargyl alcohols 8a,b and 10a–c were then subjected to the
Nicholas cyclisation reaction conditions (Scheme 5). This consisted
of complexation with dicobalt octacarbonyl (70–85%), reaction
with boron trifluoride diethyl etherate at �75 �C, to effect cyclisa-
tion, followed by decomplexation using CAN which provided the
corresponding chromanes 11a,b and isochromanes 12a–c in good
to excellent yields, that is 76% for 11a to 90% for 12a. The cyclised
products were analysed by chiral HPLC and our first example 8a,
with the lowest enantiomeric excess (50%), provided the corre-
sponding chromane 11a with an ee of 45% (90% corrected).24

The data for the other cyclisation products are provided (Table
1)25 which were all found to be consistently better than our proto-
type. Also included (entry 6), are data for 11b, that is, the antipode
to 10b.

The data summarised in Table 1 serve to confirm that, apart
from the outlier, (entry 1), the intramolecular Nicholas cyclisation
reaction provides chiral chromanes and isochromanes from chiral
substrates with a minimum loss in optical activity. During the
course of these investigations, we additionally identified an effi-
cient synthesis of chroman-4-ones from the CAN-mediated depro-
tection of a dioxolone.26 Although the biological activity of the
chromanes and isochromanes that were synthesised during the
course of this study are currently underway, obtaining answers
to the challenging questions such as the stereochemical relation-
ships between the substrates and products continues to remain a
high priority in our group.
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