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Spiro-annulation of barbituric acid derivatives and its analogs
by ring-closing metathesis reaction
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Abstract—Barbituric acid 1 and related b-dicarbonyl compounds were dialkenylated under the phase-transfer catalyst [e.g., benzyl-
triethylammonium chloride (BTEAC)] conditions to generate the diallylated products. These diallylated products were subjected to
the ring-closing metathesis (RCM) reaction to deliver the corresponding spiro-annulated derivatives.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Barbituric acid 1, prepared by Adolf Von Baeyer in 1864
from a fusion of the urea and malonic acid has widely
been used in the manufacturing of plastics,1 textiles,2

polymers3 and pharmaceuticals.4,5 Pharmacologically
active barbituric acid derivatives are either mono- or
di-C-alkylated derivatives. The first intravenous barbitu-
ric acid was a combination, in equal parts of barbital
and dial (or diallylbarbituric acid), synthesized by
Fischer in the later half of the 19th century (Fig. 1).
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Figure 1. First examples of pharmaceutically important intravenous

barbiturates.
Since then, several important drug molecules based
on 5,5-dialkylated barbituric acid were discovered.6

Generally, these compounds have been used as sedative
hypnotics or local anesthetics. In addition to the phar-
maceutical value, they are also useful building blocks
in assembling supramolecular structures via nonco-
valent interactions.7 In this respect, recently Fenniri
et al. devised helical nanotubes.8

As part of a programme related to the application of
metathesis reaction in organic synthesis, we envisioned
ring-closing metathesis (RCM) reaction as a useful pro-
tocol9 for designing new barbituric acid derivatives and
its analogs. The readily available b-dicarbonyl com-
pounds such as barbituric acid 1, thiobarbituric acid 4,
tetronic acid 5 and thiotetronic acid 6 were selected as
our starting substrates (Fig. 2).

Towards spiro-annulation of these heterocycles, we con-
ceived two strategies based on RCM reaction. In princi-
ple, condensation of alkenylated malonate precursors
with urea either before or after metathesis sequence
could deliver annulated barbituric acid derivatives.
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pounds.
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The first strategy (Scheme 1) involves the RCM reaction
of dialkenylated malonate precursor (7!8!9!10). The
second strategy (Scheme 1) rely on alkenylation of active
methylene group present in compound 11 by various
electrophiles containing terminal olefin. The RCM reac-
tion of these dialkenylated derivative generates the
spiro-annulated compound 10 (11!12!10). By varying
the length of electrophile containing terminal olefin, one
can generate various alkenylated barbituric acid
derivatives.

Recently, RCM reaction has been used as a reliable tool
for the construction of various carbo- and heterocycles.
In this respect, a well-defined ruthenium-based carbene
complexes 13 and 14 are useful (Fig. 3).10,11

To realize the strategy shown in Scheme 1, diethyl mal-
onate was allylated with 2 equiv of allyl bromide in the
presence of sodium hydride to deliver the known com-
pound 15 (76%).12 The RCM reaction of 15 with the
Grubbs 1st generation catalyst 13 in dichloromethane
at rt gave the spiro-annulated diester 16 in 92% yield
(Scheme 2). The structure of 16 is well established on
the basis of 1H and 13C NMR spectral data. The pres-
ence of six lines in 13C NMR spectrum confirmed the
C2-symmetry present in the molecule 16. Later on, we
found the spirodiester 16 on reaction with various urea
derivatives gave no condensation product. The hindered
nature of the spirocyclic system 16 might be responsible
for the failure of this reaction. Consequently, the efforts
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Scheme 2. Reagents and conditions: (i) bis-(tricyclohexylphosphine)-

benzyl ruthenium dichloride, CH2Cl2; (ii) urea.
were directed towards the alternate route. Thus, barbi-
turic acid 1 was reacted with allyl bromide under
phase-transfer catalyst (PTC), BTEAC conditions to
generate the diallyl barbituric acid derivative 2 in 57%
yield. Since the diallyl compound 2 was insoluble in
most of the organic solvents, the RCM strategy was
not realized. At this juncture, protection of nitrogen
atoms of 2 was considered to improve its solubility. To-
wards this objective, attempted N-tosylation gave only
10% of tosylated product. Prolonged reaction time and
forcing reaction conditions did not improve the yield.
Next, barbituric acid 1 was treated with 4 equivalents
of allyl bromide in presence of K2CO3 under PTC con-
ditions using BTEAC gave the tetra-allylated compound
18 (52% yield), which is soluble in most of the organic
solvents (Scheme 3). We were pleased to note that when
the tetra-allylated barbituric acid derivative 18 was sub-
jected to RCM, the spiro compound 19 was obtained in
good yield and the allyl groups attached to the nitrogen
atom remained intact. It is known that N-allylated com-
pounds gave deallylated products under the RCM con-
ditions using Grubbs catalyst.13,14 The other diallyl
barbituric acid derivatives prepared under similar reac-
tion conditions were subjected to the RCM strategy
and the details are included in Table 1.

To expand the utility of this approach, tetronic acid 5
and thiotetronic acid 6 were alkylated with allyl bro-
mide. In case of tetronic acid O-alkylated product was
also formed along with the required diallylated com-
pound (3:5). However, unwanted O-allylated derivative
was converted into the desired isomer by Claisen re-
arrangement (Scheme 4).15 For diallylation of thiotetronic
acid 6, similar protocol was adopted and the diallyl thio-
tetronic acid 30 was found to be major product when
the temperature of the reaction was maintained around
0–15 �C. After successful diallylation of tetronic acid 5,
thiotetronic acid 6 was diallylated. Then, the corre-
sponding RCM products were obtained by treating the
diallylated products with catalytic quantities of 1st gen-
eration Grubbs catalyst in CH2Cl2 at rt for 42 h.

In conclusion, the RCM methodology has been found to
be useful to generate various spiro-annulated barbituric
acid derivatives. Also, the PTC conditions developed in
this study for diallylation may also be applicable with
other alkylating agents. In addition, various other bio-
logically important molecules such as tetronic acids,16

thiotetronic acids, pyrazolone derivatives17 have been
annulated via the RCM reaction. In view of extensive
use of barbituric acid derivatives in medicinal chemistry,
the compounds prepared in the present study and the
methodology developed here may find useful applica-
tions in bio-organic and medicinal chemistry.
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Table 1. List of various barbituric acid derivatives and its analogs synthesized using RCM as a key step
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Scheme 4. Reagents and conditions: (a) allylbromide, base; (b) Claisen

rearrangement, silica gel support.
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2. Experimental

2.1. Typical experimental procedure for allylation of
barbituric acid 1 to 18

To a suspension of barbituric acid 1 (200 mg,
1.56 mmol) in chloroform (10 mL), powdered potassium
carbonate (1.29 g, 9.37 mmol) and BTEAC (889 mg,
3.9 mmol) were added. The reaction mixture was cooled
to 0 �C and allyl bromide (850 mg, 7.03 mmol) was
added drop-wise. After 18 h at rt, the reaction mixture
was quenched with water (10 mL) and the aqueous layer
was extracted with chloroform (3 · 20 mL). The com-
bined organic layer was washed with water, brine and
dried over MgSO4. The solvent was removed and the
crude product was purified by silica gel column chroma-
tography using 5% ethyl acetate–petroleum ether to give
18 (234 mg, yield 52%) as a colorless thick liquid.

Rf: 0.8 (20% ethyl acetate–petroleum ether). IR (neat)
mmax: 1686, 1654 cm�1. 1H NMR (200 MHz, CDCl3): d
2.69 (d, J = 7.4 Hz, 4H), 4.42 (d, J = 5.9 Hz, 4H), 5.03
(t, J = 6.9 Hz, 2H), 5.12 (br s, 2H), 5.24 (d, J = 1.2 Hz,
2H), 5.17 (br s, 2H), 5.37–5.58 (m, 2H), 5.66–5.85 (m,
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2H). 13C NMR (50.32 MHz, CDCl3): d 43.1, 43.8, 56.6,
118.4, 120.8, 130.4, 131.2, 149.8, 170.2. Mass: m/z
311.2025 (M+Na).

2.2. Typical experimental procedure for RCM reaction

To a suspension of tetra-allyl barbituric acid 18 (90 mg,
0.313 mmol) in toluene (10 mL), first generation Grubbs
catalyst (25.7 mg, 10 mol %) was added and stirred at
90 �C for 26 h under nitrogen. The solvent was removed
under vacuum and the crude product was purified by sil-
ica gel column chromatography using 5% ethyl acetate–
petroleum ether as an eluent to give 19 (86 mg, yield
95%) as a faint yellow solid.

Mp: 52–53 �C. Rf: 0.5 (10% ethyl acetate–petro-
leum ether). IR (CHCl3) mmax: 1692, 1646 cm�1. 1H
NMR (200 MHz, CDCl3): d 2.99 (s, 4H), 4.45 (d,
J = 5.8 Hz, 4H), 5.16–5.29 (m, 4H), 5.64 (s, 2H), 5.72–
5.89 (m, 2H). 13C NMR (50.38 MHz, CDCl3): d 44.1,
44.9, 54.8, 118.8, 127.2, 131.1, 150.3, 171.5. Mass: m/z
260 (M+).

2.3. Typical experimental procedure for allylation of
tetronic acid 5 or thiotetronic acid 6

To a solution of tetronic acid 5 (150 mg, 1.5 mmol) in
chloroform (10 mL), powdered potassium carbonate
(621 mg, 4.5 mmol) and tetrabutylammonium hydrogen
sulfate (1.5 g, 4.5 mmol) were added. The reaction mix-
ture was cooled to 0 �C and to this cooled solution, allyl
bromide (545 mg, 4.5 mmol) was added dropwise and
the reaction mixture was stirred at 0 �C for 1 h. Then,
the reaction temperature was maintained between 0
and 15 �C till the completion of the reaction (12 h, mon-
itored by TLC) and the reaction mixture was quenched
by addition of water (10 mL). The organic layer was sep-
arated and the aqueous layer was extracted with chloro-
form (3 · 20 mL). The combined organic layer was
washed with water, brine and dried over MgSO4. The
solvent was removed under vacuum and the crude prod-
uct was purified by silica gel column chromatography
using 1% ethyl acetate–petroleum ether as an eluent to
give 28 (99 mg, yield 55%) and 35 (63 mg, 35%) as a col-
orless liquid. Similar procedure was used for the dially-
lation of thiotetronic acid 6.

2.4. Typical experimental procedure for allylation
of 20 to 21

To a suspension of 1,3-dimethyl barbituric acid 20
(150 mg, 0.962 mmol) in chloroform (10 mL), powdered
potassium carbonate (796 mg, 5.77 mmol) and BTEAC
(548 mg, 2.41 mmol) were added. The reaction mixture
was cooled to 0 �C and to this ice-cooled stirred solu-
tion, allyl bromide (407 mg, 3.37 mmol) was added
dropwise and the reaction mixture was stirred at 0 �C
for 1 h. Then the reaction mixture was stirred at rt for
24 h. At the conclusion of the reaction (TLC monitor-
ing), the reaction mixture was quenched with addition
of water (10 mL). The organic layer was separated and
the aqueous layer was extracted with chloroform
(3 · 20 mL). The combined organic layer was washed
with water, brine and dried over MgSO4. The solvent
was removed under vacuum and the crude product
was purified by silica gel column chromatography using
3% ethyl acetate–petroleum ether as an eluent to give
21 (227 mg, yield 81%) as a colorless solid. Mp: 58–
59 �C.

By using similar procedure, compounds 24, 26 and 33
were synthesized.

2.5. Selected spectral data

Compound 21: 1H NMR (300 MHz, CDCl3): d 2.69 (d,
J = 7.4 Hz, 4H), 3.26 (s, 6H), 5.02–5.11 (m, 4H), 5.45–
5.54 (m, 2H). 13C NMR (75.4 MHz, CDCl3): d 27.9,
42.7, 56.9, 119.9, 130.8, 150.8, 170.5. m/z 236 (M+).

Compound 22: 1H NMR (300 MHz, CDCl3): d 3.00 (s,
4H), 3.30 (s, 6H), 5.66 (s, 2H). 13C NMR (75.4 MHz,
CDCl3): d 28.8, 45.3, 54.8, 127.2, 151.3, 172.3. m/z 208
(M+).

Compound 24: 1H NMR (300 MHz, CDCl3): d 1.15 (t,
J = 7 Hz, 6H), 2.67 (d, J = 7.4 Hz, 4H), 4.36 (q,
J = 7 Hz, 4H), 4.97–5.97 (dd, J = 10.3, 6.9 Hz, 4H),
5.36–5.56 (m, 2H). 13C NMR (75.4 MHz, CDCl3): d
12.2, 43.3, 56.7, 120.6, 130.4, 168.8, 178.8. m/z 280 (M+).

Compound 25: 1H NMR (300 MHz, CDCl3): d 1.22 (t,
J = 7 Hz, 6H), 2.99 (s, 4H), 4.41 (q, J = 7 Hz, 4H),
5.63 (s, 2H). 13C NMR (75.4 MHz, CDCl3): d 12.1,
43.6, 44.1, 55.8, 126.9, 169.8, 179.4. m/z 253 (M+1).

Compound 26: 1H NMR (300 MHz, CDCl3): d 1.92 (q,
J = 7, 7.5 Hz, 4H), 2.13 (t, J = 7.5 Hz, 4H), 3.29 (d,
J = 5 Hz, 6H), 4.91 (dd, J = 10.5, 6.5 Hz, 4H), 5.60–
5.66 (m, 2H). 13C NMR (75.4 MHz, CDCl3): d 28.8,
36.5, 39.3, 55.7, 115.8, 135.7, 150.3, 171.8. m/z 264 (M+).

Compound 27: 1H NMR (300 MHz, CDCl3): d 2.27 (m,
4H), 2.46 (m, 4H), 3.29 (s, 6H), 5.65 (t, J = 3.2 Hz, 2H).
13C NMR (75.4 MHz, CDCl3): d 25.1, 34.8, 39.4, 53.9,
130.1, 141.5, 172.9. m/z 236 (M+).

Compound 28: 1H NMR (300 MHz, CDCl3): d 2.50 (d,
J = 6.3 Hz, 4H), 4.39 (s, 2H), 5.13–5.20 (m, 2H), 5.59–
5.65 (m, 2H). 13C NMR (75.4 MHz, CDCl3): d 39.1,
54.1, 121.2, 130.2, 203.8, 209.8. m/z 180 (M+).

Compound 29: 1H NMR (300 MHz, CDCl3): d 2.63 (d,
J = 8 Hz, 4H), 4.32 (s, 2H), 5.68 (s, 2H). 13C NMR
(75.4 MHz, CDCl3): d 35.2, 42.3, 66.3, 127.3, 197.1,
209.1. m/z 152 (M+).

Compound 30: 1H NMR (300 MHz, CDCl3): d 2.40–
2.42 (m, 4H), 3.75 (s, 2H), 5.08–5.12 (m, 4H), 5.54–
5.65 (m, 2H). 13C NMR (75.4 MHz, CDCl3): d 40.9,
41.2, 60.6, 120.7, 130.5, 203.5, 207.7. m/z 196 (M+).

Compound 31: 1H NMR (300 MHz, CDCl3): d 2.77 (s,
4H), 4.02 (s, 2H), 5.62 (s, 2H). 13C NMR (75.4 MHz,
CDCl3): d 39.38, 42.3, 60.1, 127.3, 201.9, 205.01. m/z
168 (M+).



S. Kotha et al. / Bioorg. Med. Chem. Lett. 15 (2005) 1039–1043 1043
Compound 33: 1H NMR (300 MHz, CDCl3): d 2.04 (s,
3H), 2.29–2.30 (m, 2H), 2.59 (q, J = 7 Hz, 2H), 4.98–
5.15 (dd, J = 16, 10 Hz, 4H), 5.4–5.6 (m, 2H), 7.13 (t,
J = 7.5 Hz, 1H), 7.36 (t, J = 8 Hz, 2H), 7.9 (d,
J = 8.5 Hz, 2H). 13C NMR (75.4 MHz, CDCl3): d 14.2,
38.8, 59.1, 118.7, 119.5, 124.8, 128.7, 130.8, 137.8,
161.7, 174.5. m/z 254 (M+).

Compound 34: 1H NMR (300 MHz, CDCl3): d 2.05 (s,
3H), 2.59 (d, J = 14.9 Hz, 2H), 2.90 (d, J = 15.2 Hz,
2H), 5.77 (s, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.38 (t,
J = 7.5 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H). 13C NMR
(75.4 MHz, CDCl3): d 13.1, 41.1, 57.4, 118.5, 124.7,
128.4, 128.7, 138.1, 164.2, 176.9. m/z 227 (M+1).
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