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Abstract - The syntheses of 7, 14 and 20 membered heterocyclic esters

have been reported in coonection with the study of photobehaviour of

such type of compounds.
In recent years conformationsl flexibility and the influence it can have on photoreactions of
certain classes of compounds has aroused coneiderable intereu.l Effect of ring size on photo-
reactivity as such has not been analysed. Cyclic esters afford examples of substrates wherein
variation in number of photosensitive -CO-O- chromophore leads to compounds of varying sizes
expectedly with different conformational flexibility.

The above investigation interalia necessitated eynthesis of cyclic esters of different
ring eizes which had to precede photochemical studies. In this paper we describe the synthesis
of model 7, 14 and 20 membered cyclic esters, the synthesis of 8, 12, 16 membered cyclic esters
being already avaihble.z’3 The studies on photoextrusion are dealt with in the separate cow
-unication.l‘

The synthesis of seven membered cyclic esters viz. llH-dibenzo[b,e][1,4]dioxepin-1i-ones

(depsidones) (4-6) was nccoaplioheds'6 by simple dehydration of 2-(2-hydroxyaryloxy)benzoic

acids (1-3) with acetic anhydride (Scheme 1). The methoxy analogs 11 and 12 were prepared
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similarly from the corresponding acid substrates (9 and 10) which in turn were also synthesized
as shown in Scheme 2. The mode of cyclization was found to be different when PPE (polyphosphate
ester) was employed, as the same acids (1-3) yielded corresponding fourteen membered cyclic
esters viz. |1H,22H-tetrabenzo(b,e,1,1])(1,4,8,11] tetraoxacyclotetradecin-11,22-diones (15-17)

(Scheme 1) along with the depsidones.
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With a view to study the effect of functional groups on the photodecarboxylation of
depsidones two wodel coampounds 13 and 14 containing forwyl and carboxylic functional groups
were aleo lynthuized.7

Similar dehydration of 2-(2-mercaptoaryloxy)benzoic acide (19,20) with acetic anhydride
yielded seven membered 11H-dibenzo{b,e][1,4)oxathiepen-11-ones (thiadepsidones) (21, 22), whereas
treatment with PPE yielded a mixture of thiadepsidones as well as correeponding fourteen member-
ed cyclic esters, 11H,22H-tetrabenzo[b,e,i,1](1,8,4,11)dioxadithiacyclotetradecin-11,22-diones
(23, 24) (Scheme 3); which were separated by column chromatography. All these compounds were

characterized by elementsl analysis and spectral data.
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Though tetrasalicylide possesses four ester linkages, alternate structures (phenyl ester
type) can be envisaged, which would also possess four ester linkages. Synthesis of one such
large ring compound necessary for photochemical studies was carried out. The intermolecular
cyclocondensation involving two molecules each of terephthaloyl chloride and catechol was found
to yield a twenty membered cyclic ester viz. 7,10:19,22-dietheno-6H,11H, 18H,23H-dibenzo(b,1]-
[1,4,11,14])-tetraoxacycloeicosine-6,11,18,23-tetrone (25). The MS data of this tetra-ester
shoved an entirely characteristic fragmentation pattern (Figure 1). The metastable transition
observed at m/z 247 clearly indicated the relationship between the ion at m/z 344 and the parent
ion M'480 u/s.

With the cyclic esters of different sizes in hand, the etudy was now focussed on their
photochemical behaviour which is discussed in the accompanying communication.

BXPERIMENTAL

The welting points were determined in open capillaries and were uncorrected. IR epectra
were recorded on a Hilger and Watte Infracord Model H-900 and Beckman Spectrophotometer Model
IR-4250. Msess epectra were taken on Varian Mat CH-7 and Varian Mat CH-6 Spectrometers.

PMR spectra were scanned in Cl)Cl3 on Varian EM-360 -60-MAz and Bruker WP-80 Spectrometers.
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UV spectra were recorded in spectral grade methanol on Bausch and Lomd Spectronic 2000.

2,3-Dimethoxy-11H-dibenzo(b,e][1,4]-dioxepin-11-one (11).- 2-Browo-4,5-dimethoxybenzoic ac ids
(7.88 g, 30 mmol) and 4.5 ml of benzyl chloride were taken in 30 ml of dry DMF and anhydrous
K2C€03 (3 g) wes added to it. The reaction mixture was heated on water bath. After 6 h the
reaction was decomposed over crushed ice with vigorous stirring. The crude oil obtained was
extracted with ethyl acetate. Combined ethyl acetate extract wvas washed with saturated NaHCO
solution, dried over Na2S0;, and concentrated. The semisolid obtained was vacuum distille
(2 =m) to furnish & colourless compound, benzyl 2-bromo-4,5-dimethoxybenzoate, a.p. 67°. Yield:
8.95 g (852).

Thie ester (7.0 g, 20 mmol) and catechol monobenzyl ether (3.72 g, 20 mmol) were taken ina
three-neck round bottom flask. Dry pyridine (35 ml) and anhydrous K3C03 (5 g) were added to
it. Dry nitrogen gas was passed through the reaction mixture. The stirred reaction wmixture
was heated to 130° (oil bath) and Cu0 (0.150 g) was added to the mixture. The temperature was
oaintained at 13Q° for two hours and then it wvas raised to 150°. The stirred reaction mixture,
under dry nitrogen was refluxed at this temperature for 14 hours. The reaction mixture was
cooled to room temperature and then it was decomposed over crushed ice and acidified with 2N
HCl. The solution was extracted with chloroform. The combined chloroform extract was washed
with 2N HCl followed by brime solution. The dried (NaS04) chloroform extract was concentrated
to yield a viscous oil; which was chromatographed over silica-gel column. The petroleum-ether
(60 - 80°) - ethyl acetate (95 : S) fraction yielded the corresponding diaryl ether (7), m.p.
87-89°. Yield : 5.93 g (63.12).

Compound 7 (2.0 g, 4.2 umol) and Pd/C (10X palladium on carbon; 0.2 g) were taken in ethyl
acetate (40 w®l). It was shaken over hydrogen at 60 psi. The reaction was monitored on tlc
(CHC13) after every hour. The reaction was complete after three hours. The reaction mixture
was filtered to remove the reagent and the filtrate was charcolised and concentrated to yield
the required hydroxy-acid (9), m.p. 215-16°. VYield : 0.5 g (40.5%).

A aixture of the acid (9) (0.29 g, ) mmol) and acetic anhydride (15 ml) was refluxed for
five hours at 145° in an oil bath. The excess acetic anhydride was distilled out under vacuum.
The residue was poured on crushed ice. The viscous o0il was then extracted with ether.The co-
mbined ether extracts were washed successively with 22 NazC03 solution and water. The extract
was dried (Na250,) and concentrated to afford an oil. Crystallisation of this oil from benzene-
petroleua ether yielded the correspouding depsidone (11). wm.p. 121-22°. Yield : 0.16 g (58%).
(Found: C, 65.94X; H, 4.42%; Ci?ﬂyzos requires: C, 66.17%; H, 4.442) ;)\ gax: 265, 306 nm, IR (KBr):
2940, 2920, 1720 (lactone) cwl ; PMR (CDCl3) §3.89 (s, 3H, -OCH3), 3.96 (s, 3H, -OCH3), 6.78
(1H, H at C-4), 7.25-7.3 (m, 4H, aromatic), 7.41 (1H, H at C-1).

J,4-Dimethoxy-11H-dibenzo[b,e]{1,4])-dioxepin-ll-one (12).- 30 mmol (7.83 g) of 2-bromo-3,4-
dimethoxybenzoic acid? were benzylated with 4.2 ml of benzyl chloride using the same procedure
wentioned above to obtain benzyl 2-bromo-3,4-dimethoxybenzoate, m.p. 64-65° (benzene-petroleum
ether). Yield : 8.4 g (801).

This ester (21 g, 60 mmol) and catechol wonobenzyl ether (12 g, 60 mmol) were reacted in
pyridine and K2C03 as wmentioned in the case of compound 7 to yield the corresponding diaryl
ether (8). m.p. 87-88°. Yield : 24.1 g (67%).

Debenzylation of this diaryl ether (2 g, 4.2 wmol) using 10X Pd/C (0.2 g) in 40 ml ethyl
acetate resulted in yielding the hydroxy-acid (10), m.p. 165°. Yield : 0.5 g (40.5%).

Dehydration of the hydroxy-acid (10) (1.45 g, 5 wmol) using 20 ml of acetic anhydride and
work-out of the reaction mixture in a manner similar to that described for compound 11 yielded
the required depsidone (12). wm.p. 116°. Yield : 0.843 g (62X). (Found: C, 65.96X; H, 4.15%;
C15H 205 requires: C, 66.17%; H, 4.44%). Apax (MeOH): 268 nm. IR (KBr): 2960, 2900, 1730 cm™ !
(lactone). PMR (CDC13): & 3.94 (s, 3H, -OCH3), 4.07 (s, 3H, -OCH3), 7.01-7.43 (m, SH, aromatic),
7.76 (1H, H at C-1).

J1H-Dibenz(b,e][1,4])-oxathiepin-11-one (21).- A wixture of n-amyl alcohol (17 ml), thiosalicylic
acid (4.9 g, 30 mmol), 2~iodoanisole (7.5 g, 30 mmol), anhydrous K2C03 (4.6 g) and copper acetate
(0.1 g) was refluxed for 16 h. Aqueous sodium hydroxide (25%, 25 ml) was added and smyl alcohol
was removed by steam distillation. The alkaline aqueous layer was acidified with HCl to obtain
2- (2-methoxyphenylthio)benzoic acid (18) which was crystallised from ethanol as colourless
needles, m.p. 203°. Yield : 8 g (96.32).

A mixture of the acid (18) (5 g, 10 mmol), hydrobromic acid (60%) (25 ml) and acetic acid
(10 ml) was refluxed for 2 h at 135-140° in a&n oil bath. The reaction mixture was decomposed
in ice water. The product was extracted in ether. The ethereal layer was washed with sodium
bicarbonate. The bicarbonate extract was acidified to get a crude product which was crystallized
from benzene to yield colourless plates of the hydroxy-acid (19), wm.p. 175°. Yield : 2 g (42%).

8 mmoles (2 g) of this compound were dissolved in acetic snhydride and refluxed at
145-148° for 8 h. The excess acetic anhydride was distilled off and the reaction mixture was
decomposed in ice and water. Extraction with ether yielded the depsidone (21) which was re-

crystallized from benzene; colourless needles, m.p. 124°. Yield : 1 g (54%). (Found: C, 68.72%;
H, 3.97%; S, 14.13%; C)3Hg02S requires: C, 68.42%; H, 3.50%; S, 14.032). ) gax (MeOH) : 25)am,
IR (KBr) : 1740 (lactone) and 1590 cam™!

7-Methyl-11H-dibenz{b e][1,4]-oxathiepin-11-one (22).- A mixture of Z-iodo-d—.ethylphenollo
(7 g, 20 omol), n-amyl slcohol (25 ml), thiosalicylic acid (5 g, 30 =mol), anhydrous K;CO3
(5 g) and copper acetate (0.1 g) was refluxed for 16 h. Aqueous sodiuam hydroxide (25%Z, 25 ml)
was added and amyl alcohol was removed by steam distillation. The alkaline aqueous layer was
made acidic with HCl to give 2-(2-hydroxy-S-methylphenylthio)benzoic acid (20), crystallised
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from ethanol as colorless plates, m.p. 251°. Yield : 7 g (87X). (Found : C, 64.23; H, 4.81X;
S, 12.41%; Cj4 H12013S requires : C, 64.61%; R, 4.61%; S, 12.31%). IR (KBr) : 3400 (-OH), 1690
(C = 0) en~].

This acid (5 g, 19 mool) was dissolved in acetic anhydride and refluxed at 145-148" for
8 hr. The excess acetic anhydride was distilled off and the reaction was decomposed in ice and
wvater. The product was extracted with ether, washed with sodium bicarbomate (4 x 25 ®l) and
then with water (50 wml). Removal of ether afforded compound 22 which was crystallized from
benzene, colorless needles, m.p. 107°. Yield : 3 g (64.52). {(Found : C, 69.64%; R, 3.79%; S,
13.52%; C 14010025 requires : C, 69.42%; H, 4.132; §, 13.222). A pgx (methasol) : 251, 305 nm.
IR (KBr} : 1730 ca~! {(lactone); PMR (CDCl3) : 8 2.34 (s, 3H, CH3), 7.06-7.88 (7H, m, aromatic
protons).

General procedure for the preparation of cyclic esters (15~17, 23 and 24).- A wixture of 5
mmcl of the appropriate acid (1-3, 19 and 20), 5 mmol of polyphosphate ester snd 30 ml chloroform
was heated to reflux for one hour. The reaction mixture was cooled and the chloroform layer
was washed with water and 52 sodium bicarbonate solution. The dried (Na2504) chloroform extract
was concentrated and subjected to chromatography on silica-gel column. The corresponding seven
membered cyclic esters (depsidones ) (45, 17%; 56, 18Y; 66, 19%; 21, 44.4% and 22, 49%) which
eluted first were identified by comparison with suthentic samples. Continuation of eluting the
column with more polar soclvents afforded the corresponding fourteen wmembered cyclic  esters
15-17, 23 and 24.

11H,22H-tetrabenzolb, e, i,1]1(1,4,8,11]tetraoxacyclotetradecin-11,22-dione  (15)!1 .- w.p. 202°
Yield : 48Y. Found : C, 73.62Y; H, 3.47%. C2gH1606 requires : C, 73.58%; H, 3.80%. X gax (MeOH):
289 nm. IR (KBr) : 1765 ca !, PMR (CDCl3) : & 6.88 to 7.78 (aromatic protons), MS : m/z 424
(M.

8,19-Dimethyl-11H, 22H~tetrabenzolb,e,i,1)[1,4,8 11]tetraoxacyclotetradecin-11,22-dione (e)'' .-
m.p. 272°. Yield : 46.9%. Found C, 74.2%; H, &4.S¥. C28H2006 requires : C, 74.43%K; H, 4.42%
Apax (MeOH) : 292 nm. IR (KBr) : 1755 cm-1, PMR (CDC1 3D : &§2.42 (s, 6K, CH3), 6.82-7.7 (m,
14H, aromatic protons), M5 : m/z 452 (M*).

7,18-Dimethyl-11H, 22H~tetrabenzo[b,e i 1}(1,4,8,11]tetraoxacyclotetradecin-11,22-dione (17).~
m.p. 2567, Yield : 47%. Found : C, 74.3%; H, 4.15%. C28H200¢ requires : C, 74.33X; H, 4.46X.
Apax (MeOH) : 291 nm; IR (KBr) : 1760 cm~!, PMR (CDCl3) : & 2.4 (s, 6H, CH3), 6.88-7.72 (m,
14H, aromatic protons).

11K, 22H~tetrabenzo(b,e, i, 1]11,8,4,11]dioxadithiacyclotetradecin-11,22-dione (23).- m.p. 229°.
Yield ; 12.2X. Found : C, 68.64%; H, 3.70Z; S, 14.32%. C2¢H160452 requires : C, 68.42%; H, 3.5%;
S, 14.03%. Agax{MeOH) ; 253, 283 nm. IR (KBr) : 1730 co~!, MS : w/z 456 (M*), 228.

7,18-Dimethyl-11H, 22H~tetrabenzolb,e,i 1][1,8,4,11]dioxadithiacyclotetradecin=-11,22-dione {(24).~
m.p. 109°. Yield : 20.3X. Found : C, 69.34X; H, 4.08%; S, 13.24X. C28H20045; requires : C, 69.42%
H, 4.132; S, 13.22%. Apex (MeOM) : 289 nm. IR (KBr) : 1730 cm-!, PMR (CDCl3) :8 2.33 (s, 6H,
CH3), 7.1-7.56 (m, 14H, aromatic protons).

7,10:19,22-Diethenc~6H, 11H, 18H,23H-dibenzol{b,1}{1,4, 11, 14]tetraoxacycloeicosine-6,11,18,23-tetrone
(25). Terephthaloyl chloride (1.7 g, 8.4 mwmol) was added to & mixture of catechol (0.9 g, 8.4
amol) in pyridine (5.0 ml). The reaction mixture was allowed to stand overnight and then de-
composed in ice-cold water. The solid formed wvas thoroughly washed with saturated sodium bi-
carbonate solution followed by water to remove unreacted starting components. The residue left
behind was crystallized from excess volume of benzene to obtain the required tetrone; w.p. 220°.
Yield : 1.4 g (70X). Found : C, 70.21X; H, 3.05%. C8Hj40g requires : C, 70.00%; M, 3.33%; IR(KBr)
1720 cm~!, MS : m/z 480 (M%), 247 (M*) (Figure 1),
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