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A new regio- and diastereoselective 1,3-dipolar cycloaddition reaction of 7,9-bis[(E)-arylidene]-1,4-dioxa-spiro[4,5]decane-8-ones,
sarcosine/1,3-thiazolane-4-carboxylic =~ acid and  acenapthequinone  has been  developed for the  synthesis  of
trispiropyrrolidine/thiapyrrolizidine derivatives using 2,2,2-trifluoroethanol as a green solvent. The solvent (TFE) can be readily separated
from reaction products and recovered in excellent purity for direct reuse. A regio- and stereochemical outcome of the cycloaddition reaction

was ascertained by X-ray crystallographic study.
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INTRODUCTION

Nitrogen-containing five membered heterocycles are an
important class of compounds, not only because of their
natural abundance, but also for their chemical and
pharmacological significance. Functionalized pyrrolidines
are important targets in synthetic chemistry and form the
central skeletons of numerous alkaloids and are classes of
compounds with significant biological activity.>* On the
other hand, spiropyrrolidines have gained significant
attention due to their interesting biological activities, such as
antimicrobial, antitumor and antibiotic properties.”” Some
spiropyrrolidines ~ are  potential  antileukemic  and
anticonvulsant agents and antiviral and local anaesthetic
activities. Therefore, the synthesis of these compounds has
become an important target in recent years.*'°

The most developed procedure for construction of spiro-
containing compounds depends mainly on cycloaddition
reactions, especially 1,3-dipolar cycloaddition to exocyclic
double bonds."' Azomethine ylides are considered as one of
the most important dipole systems which are used
intensively for preparation of spiropyrrolidine compounds
where, great attention was directed towards their reactions
due to their high regio- as well as stereoselective
properties.'*

Development of eco-friendly synthetic protocols for the
assembly of new chemical entities is of great importance in
recent years.”” In this context, fluorinated alcohols have
emerged as new ‘green’ solvents to replace the conventional
volatile organic solvents.'®
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They exhibit a booster effect as a reaction medium and
thus, they promote various reactions by pure solvent effect.
'"18 Further, their unique and promising physicochemical
properties, such as high selectivity, low nucleophilicity, high
hydrogen  bonding  donor  ability, nonvolatility,
nonflammability, high ionizing power and recyclability by
simple distillation made them well known polar solvent in
green synthesis.'” %

Recently, our research group has been largely involved in
the synthesis of dispiropyrrolidine{(pyrrolizidine derivatives
via 1,3-cycloaddition reaction.”*** Encouraged by these
studies and our research program aims to develop new
selective and environmental friendly methodologies for
synthesis of spiroheterocycles,”>" herein we report an
expeditious and facile protocol for the synthesis of novel
trispiropyrrolidines derivatives through 1,3-dipolar addition
reaction of  7,9-bis[(E)-arylidene]-1,4-dioxa-spiro[4,5]-
decane-8-ones (3), acenapthequinone (4) and sarcosine (5)
using 2,2,2-trifluoroethanol as a reusable solvent for the first
time (Scheme 1). To the best of our knowledge, there is no
report for the synthesis of novel trispiropyrrolidine
derivatives using acenapthequinone, sarcosine and bis-
(arylidene substituted)-spiro[4,5]decan-8-ones so far.
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Scheme 1. Synthesis of trispiroacenaphthylenepyrrolidines (6a-d)
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RESULT AND DISCUSSION

The required dipolarophiles 7,9-bis[(E)-arylidene]-1,4-
dioxaspiro[4,5]decane-8-ones (3a-d) were prepared by
green approach using water and mild base K,CO; under
microwaves by the reaction of spiro[4,5]decan-8-one (1)
with various substituted benzaldehydes 2 in shorter reaction
time and in excellent yield as compared to conventional
method.”' The geometry of the olefinic double bond was
found to be E as evidenced by '"H NMR spectra wherein the
olefinic protons appeared at & 7.64-7.67 (s, 2H) and is found
to be identical with those of authentic samples prepared by
reported method.

A mixture of 7,9-bis[(E)-4-fluoro-benzylidene]-1,4-dioxa-
spiro[4,5]decane-8-one (3a), acenapthequinone (4) and
sarcosine (5) was refluxed for 30-40 minutes in
trifluoroethanol to furnish a yellow solid, to be characterized
1-N-methylspiro[2,2'lacenaphthylene-spiro[3,9"]-7"-(4-
fluorophenylmethylidene)-1,4-dioxa-spiro-[4",5"]decan-4-
(4-fluorophenyl)-pyrrolidine-8”,2'-dione (6a). The product
is isolable simply by filtration with reasonable purity.
Initially to study the effect of solvent on present
cycloaddition reaction, the reaction was also carried out in
different solvents and among them, trifluoroethanol was
found to be the best to get a maximum yield of product
(Table 1).

Table 1 Preparation of 6a in different solvents for optimization of
reaction conditions®

Entry  Solvent Temp.,’C Time, h Yield™ %
1 ethanol Reflux 8 78
2 methanol Reflux 6 75
3 acetonitrile  Reflux 5 69
4 1,4-dioxane  Reflux 6 71
5 THF Reflux 7 68
6 TFE Reflux 0.5 92

#Reaction conditions: Immol of 3a, 4 and 5; ®Isolated yields

Encouraged by these results, the rest of compounds as
listed in Table 2 were similarly synthesized using
trifluoroethanol as solvent. The reaction gave a single
product in all cases as evidenced by thin layer
chromatography (TLC). This cycloaddition is also
regioselective with the electron rich carbon of the dipole
adding to the B-carbon of the a, f-unsaturated moiety of 3
and stereoselective affording only one diastereomer is obtain
exclusively, despite the presence of three stereo center in the
product 6. In this cycloaddition only one C=C of 3 is
involved, ascribable to steric hindrance encountered for the
second cycloaddition resulting in chemoselectivity. The
stereochemical information was obtained from an X—ra}y
crystallographic study of a single crystal of 6a (Fig. 1).
The cyclohexanone and the pyrrolidine rings of 6a are in
half chair and envelop forms, respectively. The structures
and the regiochemistry of the cycloadducts were also
confirmed by spectral analysis. The IR spectrum of 6a
showed two peaks at 1710 and 1680 cm™ due to carbonyl
groups of the acenapthequinone and bis (arylidene)-1,4-
dioxaspiro[4,5]decane-8-ones. The 'H NMR spectrum of
compound 6a the three N-CHj; hydrogens of the pyrrolidine
ring appear as a singlet at 6 1.89 ppm. The -NCH, protons
and benzylic proton of pyrrolidine ring appeared at & 3.23
(m, 1H), 6 3.71 (t, 1H, J =7.2 Hz), 6 4.95 (t, 1H, ] = 7.2 Hz)
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which explained the regiochemistry of the cycloadduct. The
BC NMR spectrum of 6a showed two signals at & 163.83,
and o 187.20 for the carbonyl groups.

Figure 1. ORTEP diagram of compound 6a

To further explore the potential of this cycloaddition
reaction for synthesis of other spiro-heterocycles, we have
investigated the present reaction with thiazolidine-4-
carboxylic acid (8) in place of sarcosine (5) to obtained
novel trispirothiapyrrolizidine derivatives listed in table 2
(Scheme 2). The structures of all products were
characterized by IR, '"H NMR and "“C NMR spectral
analysis.
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Scheme 2. Synthesis of trispiroacenaphthylenethiapyrrolizidines
9a, b

Table 2  Synthetic results of trispiroacenaphthylene-
pyrrolidine/thiapyrrolizidines (6a-d/9a-b)

No. Ar Yield,% Mp,°C R:?

6a 4-FC4Hy 92 228-230 0.85

6b 2-CIC¢Hy 93 234-236 0.81

6c 4-CIC¢Hy 94 188-190 0.87

6d 4-MeCg¢H, 92 196-198 0.83

%9a 4-FCeH, 89 220-222 0.79

9b 4-MeCgHy 90 190-192 0.83

4(CeHs:EtOAC=8:2)

A plausible mechanism for the formation of the
cycloadducts is proposed in Scheme 3. It is known that due
to the Bronsted acidity (pKa =12.4) and strong ionizing
power 2.2 2-trifluoroethanol play unique behavior in
organic transformations.” In the present cycloaddition
reaction the reaction of acenapthequinone (4) with sarcosine
(5) leads to the “in situ” formation of an azomethine ylide
(10). Subsequent 1,3-dipolar cycloaddition reaction of
dipolarophile 3 and 10 afford trispiropyrrolidine derivative
6. The hydrogen atom of TFE being electron-deficient and
could form hydrogen bonds with carbonyl groups of both
acenaphthequinine and dipolarophile 3 thereby catalyses

684



A selective green synthesis of trispiroheterocycles in CF;CH,OH

reaction. Further, the polar transition state of the reaction
could be stabilized well by high ionizing solvent TFE. These
catalysis presumably expedites the reaction in TFE relative
to other solvents.

4 })“H\ O
CH,CF;

H,c=\~~COOH
o

H
5

Scheme 3. Plausible mechanism for synthesis of trispiropyrrolidine
derivatives

EXPERIMENTAL SECTION

The melting points of all compounds were determined on
a Toshniwal apparatus. The purity of compounds was
checked on thin layers of silica Gel-G coated glass plates
and n-hexane: ethyl acetate (8:2) as eluent. IR spectra were
recorded on a Shimadzu FT IR-8400S spectrophotometer
using KBr pellets. 'H and C NMR spectra were recorded
in DMSO-d¢ and CDCl; using TMS as an internal standard
on a Bruker Avance spectrophotometer at 300 and 75 MHz,
respectively. Mass spectra of representative compounds
were recorded on JEOL SX-102 spectrometer at 70 eV.
Elemental analyses were carried out on a Carlo-Erba 1108
CHN analyzer. X-ray intensity data were collected on
Bruker Kappa Apex II instrument.

General procedure for the synthesis of trispiro-
pyrrolidine/thiapyrrolizidines 6/9

An equimolar mixture of appropriate 7,9-bis[(E)-
arylidene]-1,4-dioxa-spiro[4,5]decane-8-ones (3) (1 mmol),
acenapthequinone (4) (I mmol) and sarcosine
(5)/thiazolidine-4-carboxylic acid (8) (1 mmol) in 2,2,2-
trifluoroethanol (2-3 ml) was refluxed for the appropriate
time (30-40 min). After completion of the reaction as
indicated by (TLC), the solid precipitate was filtered and
washed with TFE to furnish pure
trispiropyrrolidine/thiapyrrolizidine derivatives. The TFE
was distilled off (to recover for the next run).

Synthesis of 6a. Yellow Solid; Yield: 92%; IR (KBr, v
em™): 3030 (arom-CH), 1710 (>C=0), 1680 (>C=0); 'H
NMR (300 MHz, DMSO-de): & 1.65(d, 1H, J = 13.8 Hz),
1.89 (s, 3H, N-CH3), 2.31-2.48 (m, 2H,), 2.90 (m, 1H), 3.23
(m, 1H), 3.29-3.43 (m, 4H, OCH,),, 3.71 (t, 1H, J = 7.2 Hz),
4.95 (t, 1H, I = 7.2 Hz), 6.62-8.14 (m, 15H, Ar-H and =CH-
Ar); °C NMR (75 MHz, DMSO-ds) 35.09, 37.78, 40.33,
47.63, 56.71, 63.18, 63.06, 64.22, 80.54, 105.37, 114.78,
115.06, 115.31, 115.59, 115.90, 119.96, 124.38, 125.16,
127.99, 128.42, 129.73, 130.89, 131.92, 132.04, 132.57,
133.42, 135.30, 135.69, 141.51, 159.58, 198.58, 204.79;
Anal.: Caled for CyHaoF,NO, C, 74.86; H, 5.06; N, 2.42.
Found: C, 74.71; H, 5.02; N, 2.38; Mass (m/z): 578 [M'].

Synthesis of 6b. Yellow Solid; Yield: 93 %; IR (KBr, v
em™): 3020 (arom-CH), 1711 (>C=0), 1685 (>C=0); 'H
NMR (300 MHz, DMSO-dq): 5 1.23 (d, 1H, J = 13.8 Hz,),
1.78 (s, 3H, N-CH3), 1.85-1.97 (m, 2H), 2.73-2.79 (m, 1H),
3.02-3.29 (m, 4H, OCH,),, 3.43 (t, 1H, J = 8.6 Hz), 3.75 (t,

Eur. Chem. Bull., 2013, 2(9), 683-686

Section A-Research Paper

1H, J = 8.7 Hz), 5.11 (t, 1H, J = 8.7 Hz), 7.01-8.07 (m, 15H,
Ar-H and =CH-Ar); >C NMR (75 MHz, DMSO-dg) 35.112,
35.80, 37.78, 40.36, 48.61, 57.21, 64.12, 65.18, 80.34,
105.27, 110.10, 122.52, 123.45, 124.69, 125.56, 126.38,
126.71, 126.98, 128.42, 129.14, 130.15, 130.62, 132.65,
133.57, 134.86, 135.08, 136.18, 136.28, 137.26, 137.98,
198.68, 203.42. Anal.: Calcd for C3sH,CLNO, C, 70.82; H,
4.76; N, 2.29. Found: C, 70.98; H, 4.72; N, 2.34; Mass
(m/z): 610 [M'].

Synthesis of 6¢. Yellow solid; Yield: 94%; IR (KBr, v
cm'): 3045 (arom-CH), 1708 (>C=0), 1687 (>C=0); 'H
NMR (300 MHz, DMSO-dg): 6 1.25 (d, 1H, J = 13.7 Hz),
1.84 (s, 3H, N-CH3), 2.56-2.65 (m, 2H), 2.95 (m, 1H), 3.09-
3.34 (m, 4H, OCH,),, 3.46 (m, 1H), 3.78 (t, 1H, ] = 8.7 Hz),
5.12 (t, 1H, J = 8.7 Hz), 7.04-8.23 (m, 15H, Ar-H and =CH-
Ar); BC NMR (75 MHz, DMSO-ds) 35.06, 35.89, 36.28,
42.35, 47.83, 56.61, 63.48, 64.89, 80.14, 105.27, 109.21,
121.51, 121.22, 123.41, 125.35, 126.51, 127.98, 128.99,
129.53, 129.85, 131.42, 132.73, 133.53, 134.46, 135.18,
135.48, 135.97, 136.21, 140.24, 142.54, 198.34, 203.19.
Anal.: Calcd for C;H,CLNO,4 C, 70.82; H, 4.76; N, 2.29.
Found: 70.68; H, 4.72; N, 2.23; Mass (m/z): 610 [M"].

Synthesis of 6d. Yellow Solid; Yield: 92%; IR (KBr, v
em™'): 3060 (arom-CH), 1710 (>C=0), 1688 (>C=0); 'H
NMR (300 MHz, DMSO-dg): & 1.45 (d, 1H, J = 13.8 Hz),
1.78 (s, 3H, N-CHj3), 2.14 (s, 3H, CH3), 2.18 (s, 3H, CH3)
2.32-2.42 (m, 2H.), 2.82 (m, 1H), 3.25-3.43 (m, 4H, OCH,),,
3.70 (t, 1H, J = 7.3 Hz), 4.92 (t, 1H, J = 7.3 Hz), 6.65-8.24
(m, 15H, Ar-H and =CH-Ar); °C NMR (75 MHz, DMSO-
de) 34.41, 35.55, 37.44, 47.66, 57.29, 61.36, 64.39, 65.18,
76.97, 105.34, 109.21, 11535, 115.54, 116.26, 116.67,
122.16, 125.17, 127.53, 130.27, 132.76, 133.16, 133.37,
135.87, 138.21, 139.76, 143.32, 134.08, 134.58, 135.28,
137.26, 198.58, 204.79. Anal.: Calcd for CigH3sNO,: C,
80.12; H, 6.19; N, 2.46. Found: C, 80.26; H, 6.23; N, 2.41;
Mass (m/z): 570 [M'].

Synthesis of 9a. Yellow Solid, Yield: 89%; IR (KBr, v
cm™): 3070 (arom-CH), 1710 (>C=0), 1685 (>C=0); 'H
NMR (300 MHz, DMSO-dq): & 1.66 (d, 1H, J = 13.8 Hz),
2.56-2.76 (m, 3H), 2.81 ( dd, 2H), 3.08 (dd, 1H, J = 6.9 Hz),
3.45(dd, 1H, J = 7.4 Hz), 3.61-3.72 (m, 4H, OCH,), 4.32 (d,
1H, J = 10.5 Hz), 4.54 (m, 1H), 6.28-7.49 (m, 15H, Ar-H
and =CH-Ar), 10.63 (s, 1H, NH); C NMR (75 MHz,
DMSO-dg) 31.13, 35.85, 37.46, 48.21, 52.10, 53.01, 63.33,
64.84, 66.60, 76.77, 105.96, 109.59, 114.98, 115.26, 115.94,
116.23, 121.11, 124.23, 129.74, 129.97, 131.38, 132.30,
132.41, 132.60, 132.70, 133.33, 133.52, 133.92, 142.75,
177.93, 197.61. Anal.: Calcd for C3;H,0F,NO,S: C, 71.48; H,
4.70; N, 2.25. Found: C, 71.42; H, 4.66; N, 2.21; Mass
(m/z): 622 [M'].

Synthesis of 9b. Yellow Solid, Yield: 90%; IR (KBr, v
em'): 3055 (arom-CH), 1710 (>C=0), 1684 (>C=0); 'H
NMR (300 MHz, DMSO-d): & 1.98 (d, 1H, J = 13.8 Hz),
2.05 (s, 3H, CH3), 2.20 (s, 3H, CH3), 2.24-2.50 (m, 3H),
291 (m, 2H), 3.13 (m, 1H), 3.44 (dd, 1H), 3.56-3.69 (m,
4H, OCH,),, 4.41 (d, 1H, J = 10.6 Hz), 4.71 (m, 1H), 6.68-
8.04 (m, 15H, Ar-H and =CH-Ar); °C NMR (75 MHz,
DMSO-de) 19.16, 19.41, 33.77, 35.82, 36.07, 39.00, 50.71,
51.35, 61.28, 62.74, 65.43, 77.42, 103.91, 118.90, 123.70,
124.26, 125.91, 125.91, 126.21, 127.05, 128.00, 128.55,
129.62, 129.81, 130.74, 130.18, 130.63, 131.91, 133.89,
134.62, 136.12, 137.20, 179.50, 196.23. MS (m/z): 611[M '+
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1]. Anal.: Caled for C30H;3sNO4S: C, 76.32; H, 5.75; N, 2.28.
Found: C, 76.20; H, 5.70; N, 2.22; Mass (m/z): 614 [M'].

CONCLUSION

In conclusion, we have developed an efficient and
regioselective three-component 1,3-dipolar cycloaddition
reaction for the synthesis of novel trispiro-pyrrolidine and
thiapyrrolizidines that incorporate in their structures a 1,3-
dioxalane moiety. This method has the advantages of good
yield, mild reaction condition, low cost and simplicity in
process and handling. The recovered TFE of this method for
other useful reactions are currently underway.
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