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Abstract

Generally, Claisen-Schimdt condensation produces E-isomers of enones. However, in the Claisen Schimdt
condensation between tetrahydropentalene-2,5(1H,3H)-dione and aromatic aldehydes, though initial
condensations proceeded with the expected stereochemistry, subsequent condensations, where possible,
produced the unexpected Z-isomers.
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Introduction

Apart from being versatile photoactive molecules, bisarylidenecycloalkanones exhibit interesting biological
activities including antitumor,® antitubercular,* and antioxidant properties.>® These compounds are
conveniently prepared by Claisen-Schimdt condensation’?® between cycloalkanones and aromatic
aldehydes.!! In the present study, we have examined the Claisen-Schmidt condensation between a cyclic
diketone viz, tetrahydropentalene-2,5(1H,3H)-dione (1) and aldehydes 2a-c with a view to synthesizing the
corresponding tetraarylidine derivatives (Chart 1).1>'3 We recognized this as a simple strategy to incorporate
several aromatic residues in a highly ordered fashion into a compact structural unit.!* Incipient
tetraarylidenediketones are expected to have interesting properties. Both tetrapyran-2-ylidine and
tetraanthracen-9-ylidene derivatives should exhibit intense fluorescence while terathiophen-2-ylidine
derivatives should act as ideal monomers for the generation of highly cross linked polymers.>8 In principle,
reaction between 1 and aromatic aldehydes 2 can give seven isomeric tetraarylidine derivatives A-G (Chart 1).

(0] H H
Ar)J\H B (12,3Z,4Z,6E)
2a-c

Ar Ar

H Ar Ar Ar Ar Ar Ar Ar

D (1Z,3E,4Z,6E) E (1Z,3E,4E,6E) F(1E,3E,AE,6E) G (1Z,3E,4E,62)

Ar = a) anthracen-9-yl, b) pyran-2-yl, c) thiophen-2-yl

Chart1

Among A-G, based on known stereochemical preference for Claisen Schimdt condensation, the E,E,E, E-
isomer F is expected to be the most likely product.?® However, F suffers from steric crowding of aryl residues.
Steric crowding is prominent in E and G as well. In order to avoid steric crowding, both E and G can assume
nonplanar structures, but with concomitant loss in extended conjugation. All Zisomer A and Z,Z,Z,E isomer B
are less likely products. This leaves C with C; symmetry and D possessing o, symmetry as the most probable
structures. Thus, the reaction between 1 and aryl aldehydes 2 provides an exciting platform to investigate
regio and stereochemical preferences of the Claisen Schimidt condensation. We were hence interested in
exploiting the synthetic potential and unraveling the mechanism of this reaction. In the present investigation,
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we examined the base catalyzed reaction between 1 and aromatic aldehydes such as anthracene-9-
carbaldehyde (2a), pyrene-2-carbaldehyde (2b) and thiophene-2-carbaldehyde (2c) (Chart 2).
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Chart 2

Results and Discussion

We synthesized tetrahydropentalene-2,5(1H,3H)-dione (1) using Weiss-Cook procedure.?° This compound was
subjected to Claisen-Schmidt condensation with anthracene-9-carboxaldehyde (2a), pyrene-2-carboxaldehyde
(2b), and thiophene-2-carboxaldehyde (2c). Reaction between 1 and aldehydes 2a and 2b (4 eqv.) gave the
corresponding 1,4-diarylidine derivatives 3 and 5 in good yields (Scheme 1). Structure of 3 and 5 were assigned
on the basis of spectral and analytical data. Diketone 1 has four active methylene groups and hence four
aldehyde molecules can, in principle condense with 1. MS data of 3 and 5 clearly indicated the formation of
1:2 condensation products. NMR spectra of 3 and 5 agreed with the condensation taking place at the 1 and 4
positions of 1. Based on literature precedencies and appearance of the vinylic protons downfield around 6
8.50, E configuration was assigned to the double bonds in 3 and 5.2122 Treatment of 3 with excess of 2a (and 5
with excess 2b) under harsher conditions failed to induce further condensation; slow decomposition of 3 and 5
was the only observed transformation. We attribute steric factors induced by bulky anthracene and pyrene
components in 3 and 5 for restricting condensation to 1 and 3 positions. In order to extend condensation at
the two remaining methylene carbons, both 3 and 5 were further subjected to reaction with relatively smaller
molecules such as benzaldehyde, 4-nitrobenzaldehyde and thiophene-2-carbaldehyde (2c). Even after
prolonged treatment under harsh conditions, both 3 and 5 resisted further condensations. These results are
noteworthy since they provide information on three different aspects of the condensation reaction with bulky
aldehydes: i) reaction takes place at distal 1,3-positions, ii) the stereochemical outcome is E, and iii) steric
and/or electronic factors disfavor further condensations.

In continuation we examined the base catalyzed reaction between 1 and thiophene-2-carbaldehyde
(2c) taken in a 1:4 ratio. Unlike in the condensation with bulky aldehydes such as 2a and 2b, 1 underwent
condensation with 2c at all the four methylene carbons to give a 1:4 condensation product as a single isomer
(6) in 72% yield. Interestingly the 1:2 condensation product 4 could not be detected in the product mixture. In
an attempt to arrest the reaction at 1:2 condensation stage, we repeated the reaction with 1 and 2c taken in a
1:2 ratio. Even under these conditions, (6) was the only product formed with “excess” 1 remaining unchanged.
Thus, in contrast to 1:2 adducts 3 and 5 that resisted further condensation reactions, 1:2 adduct 4 appears to
be even more reactive than 1 towards condensation (Scheme 1).
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Scheme 1

Structure of 6 was identified on the basis of spectral and analytical data. MS data indicated its identity
as a 1:4 condensation product. Assigning the stereochemistry of 6 was challenging, but could be accomplished
on the basis of NMR spectral data. Among the seven possible isomers A-G (Chart 1), the all Zand all E isomers
(A and F respectively), based on their higher order of symmetry, are expected to exhibit fewer signals in their
NMR spectra. Isomers B and E on the other hand are expected to give maximum number of signals. Isomers
C,D and G having two each of E and Z double bonds are expected to show the vinylic protons as two distinct
singlets (2 protons each). However, in the case of isomer G, the two methine protons are not chemical shift
equivalent and hence are expected to appear as a pattern of two doublets. In isomer C, the two methine
protons are enantiotopic in nature and hence are chemical shift equivalent. On the other hand, the two
methine protons in D are homotopic and are also chemical shift equivalent. Hence, though differentiating
between C and D on the basis of simple 'H NMR spectral data is difficult, they can easily be distinguished
between each other on the basis of 3C NMR spectral data. In isomer D possessing 02 symmetry, the two
carbonyl carbons are chemical shift equivalent and hence should appear as a single peak. In the case of isomer
C, the two carbonyl carbons are not chemical shift equivalent and hence should appear as two distinct signals.
Since the vinylic protons appeared as two distinct signals and methine protons as a singlet in the *H NMR
spectrum of 6, and the two carbonyl carbon appeared a single peak in its 13C NMR spectrum, we identified the
structure of the 1:4 adduct as (1Z,3E,4Z,6E)-1,3,4,6-tetrakis(thiophen-2-ylmethylene)tetrahydropentalene-
2,5(1H,3H)-dione (6) (Figure 1).
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Figure 1

The mechanism for the formation of 6 may be understood in terms of the pathways shown in Scheme
1. Initial condensations may be occurring at the 1 and 3 positions of 1 to give the E,E-isomer 4. This
assumption is based on the results obtained in the reaction between 1 and 2a,b. Further condensations at 3
and 6 positions followed by stereoselective dehydration yields two new double bonds having the Z-geometry.
The volte-face in stereocontrol is understood in terms of opposing demands of electronic and steric factors
that settles for the Z,E,Z,E-isomer as the best compromise.

Conclusions

We have exploited sequential Claisen-Schmidt condensation for the synthesis of a rigid propeller shaped
molecule and demonstrated a rare example for both E and Z selectivity in a domino sequence of the same
reaction carried out under identical conditions. Our results indicate that steric factors are important in
controlling stereoselectivity in Claisen-Schmidt condensations.

Experimental Section

General. All reactions were carried out using oven dried glasswares. All experiments were done with distilled
and dried solvents by using standard protocols. All starting materials were purchased from either Sigma-
Aldrich or Spectrochem Chemicals and were used without further purification. Separation and purification of
compounds were done by recrystallization technique. Melting points are uncorrected and were determined
on a Neolab melting point apparatus. Infra-red spectra were recorded using Jasco 4100 and ABB Bomem (MB
Series) FT-IR spectrometers. The *H and 3C NMR spectra were recorded at 400 MHz Bruker Avance Il FT-NMR
spectrometer with tetramethylsilane (TMS) as internal standard. Chemical shifts (8) are reported in parts per
million (ppm) downfield of TMS. Here we are giving the spectral and analytical data only for novel compounds
and the corresponding reference cited for known compounds.

Tetrahydropentalene-2,5(1H,3H)-dione (1) was prepared using the Weiss-Cook procedure.®
(1Z,3E,4Z,6E)-1,3,4-Tris(thiophen-2-yImethylene)-6-(thiophen-3-yl methylene) tetrahydro- pentalene-
2,5(1H,3H)-dione (6). To a mixture of compound 1 (0.14 g, 1 mmol) and thiophene-2-carboxaldehyde (2c, 0.45
g , 4 mmol) in methanol (25 mL) taken in 100 mL flask, potassium hydroxide pellets (0.22 g, 4 mmol) were
added and the reaction mixture was stirred at room temperature overnight whilst a greenish brown
precipitate separated out.The crude product (1Z,3E,4Z,6E)-1,3,4-tris(thiophen-2-ylmethylene)-6-(thiophen-3-
ylmethylene)tetrahydropentalene-2,5(1H,3H)-dione was washed several times with 1 mL portions of ice cold
ethanol.

(1Z,3E,4Z,6E)-1,3,4-Tris(thiophen-2-yImethylene)-6-(thiophen-3-yl methylene) tetrahydro- pentalene-
2,5(1H,3H)-dione (6). Yield 72%; mp 208 °C (dc); IR (KBr) 3056, 3009, 2948, 2841, 1656, 1600, 1576, 1511,
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1263 cm™’; 'H NMR (400 MHz, CDCls): § 7.97 (s, 2H), 7.52-7.31 (m, 4H), 7.48-7.46 (d, 2H), 7.32-7.31 (d, 2H),
6.94 (s, 2H), 7.18-7.16 (dd, 2H, J; 5.2 Hz and J2 4 Hz), 7.00-6.97 (dd, 2H, J; 5.2 Hz and J2 4 Hz), 4.74 (s, 2H). 13C
NMR (400 MHz, CDCls): 192.5, 138.7, 137.9, 137.4, 136.9, 133.5, 133.4, 132.5, 130.4, 130.2, 128.3, 127.6,
126.9, 46.7. MS: m/z 514 (M*). Anal. Calcd. for C2sH180,S4: C: 65.24, H: 3.41, S: 24.76. Found: C: 65.27, H: 3.46,
S: 24.86.

(1E,4E)-1,4-Bis(anthracen-9-ylmethylene)tetrahydropentalene-2,5(1H,3H)-dione (3). To a mixture of
compound 1 (0.14 g, 1 mmol) and anthraldehyde (2a, 0.82 g, 4 mmol) in methanol (25 mL) taken in 100 mL
flask, potassium hydroxide pellets (0.22 g, 4 mmol) were added and the reaction mixture was stirred at room
temperature overnight whilst an orange-red precipitate separated out. The crude product was washed several
times with ice cold 1 mL portions of ethanol.
(1E,4E)-1,4-Bis(anthracen-9-ylmethylene)tetrahydropentalene-2,5(1H,3H)-dione (3). Yield: 62%, mp 160 °C
(dec); IR (KBr): 3047, 2853, 1632, 1406, 1276, 886 cm™; *H NMR (400 MHz, CDCls): 6 8.69 (s, 1H), 8.49 (s, 1H),
8.05-8.03 (m, 4H), 7.57-7.49 (m, 4H), 3.50-3.46 (m, 1H), 1.46-1.44 (m, 2H) ; 13C NMR (400 MHz,CDCls): 196.1,
146.1, 135.1, 131.2, 129.1, 128.8, 128.4, 126.6, 125.5, 125.3, 41.6, 38.5. MS: m/z 514 (M"). Anal. Calcd. for
C3gH2602: C: 88.60., H: 5.03. Found C: 88.69, H: 5.09.
(1E,4E)-1,4-Bis(pyren-2-ylmethylene)tetrahydropentalene-2,5(1H,3H)-dione (5). To a mixture of compound 1
(0.14 g, 1 mmol) and pyrene-2-carboxaldehyde (2b, 0.92 g , 4 mmol) in methanol (25 mL) taken in 100 mL
flask, potassium hydroxide pellets (0.22 g, 4 mmol) were added and the reaction mixture was stirred at room
temperature overnight whilst red precipitate separated out. The crude product was washed several times with
ice cold 1 mL portions of ethanol.
(1E,4E)-1,4-Bis(pyren-2-yImethylene)tetrahydropentalene-2,5(1H,3H)-dione (5) Yield: 50%; mp 180 °C; IR
(KBr): 3042, 1658, 1592, 645 cm™:; 'H NMR (400 MHz ,CDCls): & 8.75 (s, 2H), 8.41-8.39 (m, 2H), 8.21-8.16 (m,
2H), 8.13-8.10 (m, 3H), 8.09-8.07 (m, 4H), 8.03-8.01 (m, 4H), 8.00-7.98 (m, 4H), 4.18-4.15 (m, 2H), 2.69- 2.61
(m, 2H), 2.21-2.15 (m, 2H); MS: m/z 562 (M"*). Anal. Calcd. for C42H2602: C: 89.60, H: 5.49. Found C: 89.66, H:
5.66.
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