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Abstract—The stereoselective synthesis of spiroannulated cyclopentenones by the Pauson-Khand reactions on hexose and pentose
derived enynes was achieved under carbon monoxide free conditions using a stoichiometric quantity of Co,(CO)s. The cobalt com-
plex of the alkyne was cleaved using dimethoxyethane—acetonitrile at 85 °C to furnish spiroannulated cyclopentenones in 75-94%

yields.
© 2005 Elsevier Ltd. All rights reserved.

Spirocyclic skeletons are present in many biologically
active natural products.! Furthermore, molecules con-
taining spirocycles have found many applications as
the spiro system results in rigidity in the conformation
of peptides,”® carbohydrates,”®< etc. As a result, the
synthesis of spiro moieties has attracted a lot of atten-
tion in recent times.?> One of the preferred methods to
prepare the spiro unit exploits a ring closing metathesis
reaction using Grubbs’ catalyst.* Several groups have
investigated spirocyclisation by metathesis and have
synthesised spiro compounds comprising peptides, carbo-
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hydrates and barbituric acids as their core scaffolds.’ In
our programme directed towards the synthesis of oxy-
gen-rich, chirally homogeneous and polycyclic frame-
works, we became interested in exploring the utility of
an intramolecular Pauson—Khand reaction (PKR) to
accomplish spiroannulation on carbohydrate scaffolds.

The Pauson-Khand reaction is a 2+2+1 cyclisation
involving a suitably substituted alkyne and an alkene
in the presence of Co,(CO)g under a high pressure car-
bon monoxide atmosphere.® Two major milestones in

Scheme 1. Synthesis of spirocyclic compounds by intramolecular Pauson-Khand reactions reagents. Reagents and conditions: (a) allylzinc bromide,
THF, 0 °C to rt, 2 h, 90%; (b) NaH, propargyl bromide, BusN*I~, DMF, 0 °C to rt, 2 h, 95%; (c) Co,(CO)s, CH,Cl,, 3 h; then CH;CN-DME (4:1),
85°C, 3 h; (d) propargylzinc bromide, THF, 0 °C to rt, 2 h, 65%; (¢) NaH, allyl bromide, BuyN*I~, DMF, 0 °C to rt, 4 h, 82%.
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Figure 1. NOE Interactions in compound 3.

the Pauson-Khand reaction are the carbon monoxide
free protocol using stoichiometric Co(CO)g and cleav-
age of the resulting Co,(CO)¢—alkyne complex using
NMO® and acetonitrile-dimethoxyethane.®® The intra-
molecular version of the PKR has been exploited in sev-
eral ways to synthesise cyclopentenones by coupling of
an alkene and an alkyne. The Pauson—Khand reaction
was tested on various substrates but the use of this reac-
tion in carbohydrate chemistry was initiated only a few

years ago.” To the best of our knowledge, the PKR has
not been utilised for the synthesis of spiro compounds
using carbohydrates as starting materials. Thus, in this
communication, we disclose an efficient procedure for
the synthesis of spiroannulated cyclopentenone carbo-
hydrate frameworks. It is worth mentioning that the spi-
roannulated cyclopentenone framework realised from
our endeavour is present as a part of the structure of
zidolactone A.® a constituent of curcumin that is used
traditionally in India to treat inflammation and also as
a flavour in spices. In our approach, the required enyne
precursors for the PKR were synthesised by standard
methods (Scheme 1).

To begin our investigation, commercially available
di-acetone glucofuranose was oxidised to obtain 3-ulose
1.° Subsequently, compound 1 was treated with allylzinc
bromide in tetrahydrofuran at 0 °C and then at room
temperature for 2h to yield the 3-C-allyl derivative,

Table 1. Spiroannulated compounds prepared using the Pauson-Khand reaction on carbohydrate derived enynes
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which was O-alkylated using NaH, propargyl bromide
and N-tetrabutylammonium iodide in DMF to provide
the required enyne 2.° In the '"H NMR spectrum of
compound 2 the anomeric proton was observed at
5.57 ppm as a doublet, and the allylic methine occurred
at 6 6.02 ppm as a multiplet and the acetylenic CH ap-
peared at § 2.42 ppm as a triplet. The other proton res-
onances of 2 were in accordance with the assigned
structure. In the '*C NMR spectrum, the resonances
corresponding to the anomeric carbon at 6 102.9 ppm
and the olefinic carbons at ¢ 132.2 and 118.9 ppm were
observed with all the other signals in complete agree-
ment with the assigned structure.

Compound 2 was then treated with Co,(CO)g for 3 h
under a nitrogen atmosphere in order to yield the
Co,(CO)g¢-alkyne complex, which was passed through
a pad of silica gel, dissolved in acetonitrile-dimethoxy-
ethane (4:1) and then heated to 85 °C for 3 h to afford
the spiroannulated cyclopentenone 3 in excellent yield.'!
In the "H NMR spectrum of compound 3, resonances
corresponding to the allylic and propargylic protons
disappeared and a new singlet attributed to the olefinic
proton was apparent at 6 6.02 ppm.'>!3 In addition, the
anomeric proton was observed at 6 5.78 ppm as a
doublet, whilst two methylene groups of the spirocyclic
moiety were observed at 6 2.69 and 2.13 ppm as double
doublets integrating for one proton each and a multiplet
for two protons at ¢ 1.85 ppm. The presence of an o, -
unsaturated enone group in compound 3 was evident
from the '*C NMR spectrum wherein the diagnostic
resonances of the carbonyl group and olefinic carbons
were noticed at é 206.9 ppm and 6 174.9 and 127.7
ppm, respectively. The anomeric carbon was present
at ¢ 103.8 ppm whilst all the other resonances were in
complete agreement with the assigned structure. The
DEPT spectrum unambiguously confirmed the presence
of four —CH,-groups at é 67.3, 63.9, 41.8 and 34.3 ppm.
In addition, the structure was established by means of
mass spectral and elemental analysis data. It was grati-
fying to observe that the spiroannulation resulted in the
formation of a single diastereomer (Fig. 1). The forma-
tion of a single diastereomer can be rationalised
based on steric factors as the Co,(CO)g—alkyne is
disposed in a highly hindered fashion and thus the par-
ticipation of the alkene during carbonyl insertion was
unidirectional.

One of the advantages of the current spiroannulation
procedure is the precision in which the newly created ste-
reogenic centre can be installed. For instance, an inter-
esting sequence of reactions on 3-ulose 1 comprising a
Barbier reaction and an alkylation gives an enyne at
C-3 of the diacetone glucofuranose (Scheme 1). Accord-
ingly, glucofuranosyl 3-ulose (1) was treated with prop-
argylzinc bromide to afford the 3-C-propargyl moiety
whose tertiary hydroxyl group was subsequently alkyl-
ated using NaH, allyl bromide and N-tetrabutylammo-
nium iodide in DMF to give the required enyne 4 in
good yield. Furthermore, cobalt complexation of enyne
4 and subsequent carbonyl insertion were successfully
carried out under aforementioned reaction conditions
to afford the spiroannulated compound 5.!%13

We then checked the efficiency of the methodology on a
panel of substrates utilising various pentose and hexose
derived enynes. All the substrates (4, 6, 8, 10, 12 and 14)
for the Pauson—Khand reaction were synthesised from
the corresponding ketones via a Barbier reaction and
O-alkylation strategy.!® It is worth mentioning that in
all cases single diastereomeric spiroannulated products
(3,5,7,9, 11, 13 and 15) were obtained (Table 1).13

In conclusion, we have synthesised spiroannulated poly-
cyclic compounds using an intramolecular Pauson—
Khand reaction on hexose and pentose derived enynes.
Furthermore, the current endeavour can be extended
to the diversity oriented synthesis of natural product-
like polycyclic compounds by exploiting o,p-unsatu-
rated enone and acetonide moieties. We anticipate that
this unexplored class of compounds will have interesting
biological properties.
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. General experimental procedure:

To a solution of enyne (1 equiv) in anhydrous CH,Cl,
under a N, atmosphere was added dicobalt octacarbonyl
(Strem Chemicals) (1.5 equiv) at room temperature and
the resulting reddish brown solution was stirred for the
specified time (see Table 1). At the end of the reaction
(TLC monitored), the reaction mixture was concentrated
in vacuo and the residue was passed through a bed of silica
gel to obtain the alkyne—Co,(CO)s complex which was
then dissolved in acetonitrile (40 ml per 100 mg of
complex) and dimethoxyethane (10 ml per 100 mg of
complex) and kept at 85°C for 1-5h. The reaction
mixture was cooled to room temperature and then filtered
through a pad of silica gel-Celite, the filtrate was
concentrated in vacuo and the resulting residue was
purified by silica gel column chromatography.

. Characterization data for 2, 3, 4, 5 and 7: Compound 2:

[odb (¢ 1.75, CHCly): +58.77; IR (cm™Y): 3276; "TH NMR
(CDCls, 200 MHz): 6 1.33, 1.37, 1.45, 1.59 (4s, 12H), 2.29
(dd, 1H, J = 7.8, 15.16 Hz), 2.42 (t, 1H, J = 2.40 Hz), 2.73
(dd, 1H, J = 6.19, 15.16 Hz), 3.94 (m, 1H), 4.12 (m, 3H),
4.47 (m, 3H), 5.15 (d, 1H, J =7.96 Hz), 5.22 (s, 1H), 5.57
(d, 1H, J=3.54Hz), 6.02 (m, 1H); *C NMR (CDCl;,
50 MHz): & 25.3, 26.4, 26.4, 26.9, 35.1, 53.7, 68.2, 72.5,
73.7, 80.7, 81.1, 83.0, 83.8, 102.9, 109.7, 112.8, 118.9,
132.2; CHNS Anal. (Calcd for Ci;gH,404: C, 63.89; H,
7.74). Found: C, 63.63; H, 8.07.

Compound 3: [¢]p (¢ 1.00, CHCl3): +11.72; IR (cm™}):
1709, 1634; 'H NMR (CDCl;, 300 MHz): 6 1.33, 1.38,

1.42, 1.62 (4s, 12H), 1.85 (m, 2H), 2.13 (dd, 1H, J =2.93,
18.58 Hz), 2.69 (dd, 1H, J = 6.60, 18.58 Hz), 3.15 (m, 1H),
3.94 (m, 1H), 4.05 (m, 3H), 4.63 (ABq, 2H, J = 14.65 Hz),
4.73 (d, 1H, J=3.66 Hz), 5.78 (d, 1H, J = 3.66 Hz), 6.02
(s, 1H); 3C NMR (CDCl;, 50 MHz): & 25.3, 26.5, 26.6,
26.8, 34.3, 35.2, 41.8, 63.9, 67.2, 73.2, 79.7, 81.2, 814,
103.8, 109.6, 113.1, 127.7, 174.9, 206.9; CHNS Anal.
(Caled for C19H»O7: C, 62.28; H, 7.15). Found: C, 61.86;
H, 7.35; MALDI-TOF (Calcd for Ci9H»507: 366.17).
Found: 389.23 (M+23 for Na).

Compound 4: [¢]p (¢ 1.75, CHCl3): +43.03; IR (cm™'):
3308; 'H NMR (CDCls, 200 MHz): 6 1.35, 1.36, 1.43, 1.58
(4s, 12H), 2.11 (t, 1H, J = 2.65 Hz), 2.56 (dd, 1H, J = 2.65,
17.18 Hz), 2.77 (dd, 1H, J = 2.66, 17.31 Hz), 4.20 (m, 6H),
4.68 (d, 1H, J =3.79 Hz), 5.13 (qd, 1H, J = 1.52, 3.16 Hz),
5.32(qd, 1H, J=1.77,3.42 Hz), 5.76 (d, 1H, J = 3.79 Hz),
5.92 (m, 1H); >*C NMR (CDCls, 50 MHz): § 21.6, 25.3,
26.6,26.7,26.9, 66.6, 67.6, 71.9, 73.3, 79.1, 81.6, 82.5, 83.5,
104.1, 109.5, 112.7, 115.6, 135.1; CHNS Anal. (Calcd for
CisH»606: C, 63.89; H, 7.74). Found: C, 63.42; H, 7.87.
Compound 5: [«]p (¢ 1.05, CHCl3): —50.57; IR (cm™'):
1708, 1627; 'H NMR (CDCls, 200 MHz): § 1.32, 1.37,
1.46, 1.58 (4s, 12H), 1.96 (dd, 1H, J = 2.15, 18.95 Hz), 2.53
(dd, 2H, J=4.55, 18.57 Hz), 2.93 (d, 1H, J=13.39 Hz),
3.13 (m, 1H), 3.41 (t, 1H, J=11.24 Hz), 3.92-4.28 (m,
SH), 4.31 (d, 1H, J=3.79 Hz), 5.74 (d, 1H, J = 3.79 Hz),
6.06 (s, 1H); '*C NMR (CDCls, 50 MHz): é 25.3, 26.6,
26.6,26.8,33.2,37.2,40.7, 67.4,69.9, 73.5, 79.4, 80.7, 83.1,
103.7, 109.8, 113.1, 129.6, 177.0, 207.3; CHNS Anal.
(Calcd for C19H,607: C, 62.28; H, 7.15). Found: C, 61.93;
H, 7.55; MALDI-TOF (Calcd for C9H,507: 366.17).
Found: 389.25 (M+23 for Na).

Compound 7: [o]p (¢ 1.05, CHCly): +9.77; 'H NMR
(CDCl3;, 200 MHz): 6 1.29 (m, 22H), 2.12 (dd, 1H,
J=2.56, 18.21 Hz), 2.69 (dd, 1H, J=5.37, 18.37 Hz),
3.13 (m, 1H), 3.90 (m, 1H), 4.03 (m, 3H), 4.63 (ABq, 2H,
J=1420 Hz), 4.70 (d, 1H, J=3.92 Hz), 5.79 (d, 1H,
J =3.92 Hz), 6.01 (s, IH); 3*C NMR (CDCl;, 50 MHz): 6
23.64,23.79, 23.86, 23.90, 24.83, 25.01, 34.46, 34.79, 35.23,
36.11, 36.20, 36.21, 41.81, 63.80, 67.12, 72.93, 79.41, 81.38,
81.39, 103.58, 110.08, 113.74, 127.45, 175.35, 207.03; IR
(cm™Y): 1707, 1634; CHNS Anal. (Calcd for CysH3407: C,
67.24; H, 7.67). Found: C, 67.51; H, 7.15.

13. See Supplementary data.
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