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ABSTRACT

A series of new class of bola-shaped diester-dicarboxylic compounds were
synthesized and characterized. Desymmetrization of various anhydrides
such asphthalic, succinic and maleic anhydrides using varieties of dihydroxy
compounds such as 1,4-butane diol, 1,4-butyne diol, 1,6-hexane diol and
1,4-cyclohexanedimethanol were shown to provide aseries of diester-dicar-
boxylic compounds with good yield. Length and flexibility of the spacer
and head groups of these diester-dicarboxylic acid are varied by appropri-
ately adapting suitable diol spacer possessing four carbon flexible alkyl
group in “a” and unsaturated rigid alkenyl chain with four carbon spacer in
“b” while the same is expanded to six carbon in “c” and “d”. Similarly the
head groups of these bola shaped compounds were altered using phthalic,
succinic and maleic anhydrides (aromatic, saturated and unsaturated). All
these compounds were characterized using elemental analysis, and various
spectroscopic techniques such as Nuclear Magnetic Resonance, Infrared
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INTRODUCTION

Diegter-dicarboxylic compoundshad gained signifi-
cantimportance, dueto their potentidity for theforma
tion of macrocyclic dilactones™® andtetra actones. Un-
derstanding theimportance of the diester-dicarboxylic
compounds, researchersinthisareaare constantly at-
tempted to synthesi sthese compounds, adapting vari-
ous synthetic methodol ogied®%. Among the synthetic
method, the synthetic strategy involving
desymmetrization*®t of cyclic anhydride using
dihydroxy compounds is considered to be superior
method because of itshighyield.

With an understanding on the COOH-COOH in-
termol ecular association, werecently demonstrated that
these diester-dicarboxylic compounds are potential
compoundsfor theformation of hollow microtubesby
introducing appropriate spacer moiety throughits self
assembly process*. In continuation of that, wefurther
illustrated them recently for the formation of somein-
teresting paddiewhed! dimeric Cu, compounds™. Thus
these bola-shaped diester-dicarboxylic compounds
possessing exodentate carboxylic acid head groupsis
demonstrated for theformation of varietiesof self-as-
sembled nano-structures and novel binuclear paddie
wheel dimeric Cu(ll) metallomacrocyclic complexes.
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Figurel: Anhydridesused ashead groups. (1) Phthalic an-
hydride, (2) Succinicanhydride, (3) Maleicanhydride

Further our recent investigation exploresthesynthesis
of someinteresting macrocyclic compoundsusing the
samediester-dicarboxylic compounds?. Inthisseries
the bol aamphiphiles reported by Schimizu et al .14
arewd | documentedintheliteraturefor itscapability to
provide varieties of nano-assembly!*&24 which provides
variety of potentia materialssuch asgels, micdles, fi-
bers and crystals etc. The strong dimeric COOH-
COOH interaction inthesemol eculesinterestingly pro-
videsvariety of superstructures such ashelix, knots,
etc. Thusthedicarboxylic compounds possessing vari-
ous potentia applications, weinspired to synthesisva
rietiesof somenew diester-dicarboxylic compounds,
following the desymmetrization method in aview to
enrich these versatile organic molecules. Carboxylic
acid being multidentateligand, their coordination with
meta ionleadsinto varietiesof metal complexes.

RESULTSAND DISCUSSION

Synthesis

Diester-dicarboxylic compounds depicted in
TABLE 1 aresynthesized and characterized usng vari-
ous spectroscopic techniques suchasNMR, IR and
MS. All these compounds possess two terminal car-
boxylic head groupsand the diol spacersin common.
The diol spacers and head groups are appropriately
changed in such away to expand thevariouslengths of
diester-dicarboxylic compounds. The spacer moi ety
possessing ester functiona group, thelength of the hy-
drophobic spacer increased four to Six carbon moieties
uponintroducingthe compounds(a-d) asshownin Fg-
ure 2. Phthalic anhydride being head group uponintro-
ducing spacer moiety 1,4-butanediol (a), 1,4-butyne
diol (b), and 1,6-hexanedial (c) and 1,4-cyclohexane
dimethanol (d), were systematically varied to obtain
compound (1a), (1b), (1c) and (1d) to alter thelength
between the head groups of the bola-shaped com-
pounds. The addition of anhydrides (shownin Figure
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Figure?2: Dih(y()jroxy compoundsused asspa(lcér moiety. (a) 1,
6-Hexanediol, (b)1,4-Butanedial (c), 1,4 -Butyndial (d), 1,4
-Cycohexanedimethanaol

1) intodiols(showninFigure2) in 2:1ratio, in pres-
enceof tetragthylamineresultsinto thesediester-dicar-
boxylic organic compoundsasdepicted in TABLE 1.
All thesecompoundsareisolated assolid powder. The
dicarboxylic moieties at the terminal positions are
bridged through diols, such as 1,4-butane diol, 1,4-
butyne diol, 1,6-haxane diol and 1,4-cyclohexane-
dimethanal.

Phthaic, succinic and maleic anhydridesare used
asaromatic, saturated and unsaturated head groupsre-
spectively. Compound (1a), (1b), (1c) and (1d) were
obtai ned upon adding phthalic anhydride with 1,4-bu-
tanediol, 1,4-butynediol, 1,6-haxane diol and 1,4-
cyclohexanedimethanol respectively. Similarly, upon
treating succinic and maeic anhydride, thesmilar spac-
ers provide compound (2a-2d) and (3a-3d) respec-
tively, whilehighest yield 90-96% wasobtainedin com-
pound (1c) and (1d), the compounds (2b) and (3a)
wereobtained inlowest yield (77%).

Crystal structureof (1c)

A further confirmationwasmadeusngsnglecrys-
tal obtained for the compound (1c). ORTEPdiagram
with atom numbering schemefor representative com-
pound (1c) isgivenin Figure 3. Thecrystallographic
dataispresentedin Ref. 22. Compound (1¢) possess-
ing flexible hexamethylene spacer and two terminal

&

Figure3: ORTEP diagram of thecompoundm(lc) with the
atom numbering scheme (30% probability factor for thether -
mal ellipsoids)
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phthalyl moieties, they are oriented oppositeto each
other. Theterminal carboxylate oxygen O, and O, me-
diatesastrong O-H...O, H-bond, with O, and O, of
the next neighboring moleculefrom ether end and forms
COOH-COOH mediated single stranded supramol ecu-
lar helical architecture. [ Detallsof thisH-bondinginter-
actions is O,-H,...0, : H,...0, = 1.8134; O,-
H,...0, = 2.6683 A; and <O,-H,...0, = 176.99°].

CONCLUSION

Inconclusion, wehave synthesized aseriesof bola
shaped diester-dicarboxylic acids. The desymme-
trization of various anhydrides, such asphthalic, suc-
cinic and maliceadapting appropriatediolssuchas 1,4-
butanedial, 1,4-butynedial, 1,6-hexanediol and 1,4
cyclohexanedimethanol wasdemonstrated without any
ambiguity. These compounds possessing end carboxy-
licacidsinthelr termina moiety, thevariationinther
spacer withrigid and flexiblenature, givesspecia rec-
ognition for its application in the construction of
suprmolecular network, such as helicesmacrocycles,
metallomacrocycles, MOFsetc and thework inthis
directionisunder progress.

EXPERIMENTAL

All reagentswereof commercia quality (Aldrich)
and were used asreceived. Solventswere dried and
purified using standard techni ques. Reactionsweremoni-
tored by thinlayer chromatography onsilicaall reac-
tion wascarried out under an atmosphere of nitrogen.
IR spectra were recorded using KBr pellets on a
Perkin-Elmer Spectrum GX FT-IR spectrometer. High-
resol ution mass analyseswere performed using posi-
tive dectron spray ionization (ESI) techniqueon aWa-
ter QT of —micro mass spectrometer. Elemental ana-
Iytical datawererecorded on aPerkin-Elmer 4100 -
emental analyzer. *H and *C NMR spectrawerere-
corded (500 and 125 MHz respectively) on a
BRUKERAVANCE I1 500 NMR spectrometer using
Methanol-D, or CDCI... All '"H NMR Spectra were
calibrated with respect to TMSand TM Swasused as
aninternd referencefor solvents such asCDCI, and
CD,OD.Carbontypeweredetermined from *CNMR
experiments.
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General procedurefor thebolaamphiphilicdicar-
boxylicacid synthesis

Anhydride (0.02mol) and diol (0.01moal) in dry
dichloromethanewere mixed homogeneoudyin2:1ra
tio under nitrogen atmosphere. Thereaction mixturewas
thermostated & 0°C and 0.06mol of triethylamine (TEA)
added. Thewhole reaction masswasallowed to con-
tinueinthesameconditionfor 3hwith constant stirring.
Thethermostat wasremoved and continued with con-
stant stirring for overnight at room temperature. After
al theanhydridewasreacted, the solvent was evapo-
rated. Theresiduewascooled again at 0°C and added
200mL of saturated NaHCO, solutioninfractionsand
extracted with ether. The aqueous layer was cooled
and acidified usng dilute HCI with constant tirring till
the effervescence stops. The preci pitate obtained was
filtered, washed by water thoroughly and dried.

2-({4-[(2-car boxybenzoyl)oxy]butoxy}car bonyl)
benzoicacid (1a)

'H NMR (CDCI,, 500.13MHz) &: 7.51 (b, 2H,
OH), 7.53-7.82 (m, 8H, Ar-H), 4.35-4.37 (t, 4H, -
CH,), 1.89-1.90 (t, 4H, -CH,); “C NMR. (CDCl,,
125.76MHz) 6: 174.49 (C = O), 167.64 (C = O),
128.77 (quat -C), 129.33 (quat -C), 129.70 (= CH),
130.94 (=CH), 131.37 (=CH), 131.82 (= CH), 65.56
(-OCH,), 24.91 (-CH,). IR spectral data: (v/cm?)
3438, 3236, 2644, 1957, 1757, 1732, 1598, 1489,
1451, 1392, 1247, 1130, 1074, 1039, 938, 743. MS
(ESI*): Calcd. for C, H,,O,Na(M+Na): 409, Found:
409.28.Andl. Caled. for C, H O, C,62.17; H, 4.70;
Found: C, 62.21; H, 4.62.
2-[({4-[(2-car boxybenzoyl)oxy]but-2-ynyl}oxy)
car bonyl]benzoicacid (1b)

'H NMR (CDCI,, 500.13MHz) &: 7.57 (b, 2H,
OH), 7.27-7.84 (m, 8H, Ar-H), 1.89-1.90 (t, 4H, -
CH,), 4.35-4.37 (t, 4H, -CH,); *C NMR. (CDCl,,
125.76MHz) 6: 173.79 (C = O), 167.09 (C = O),
132.19 (quat -C), 131.82 (quat -C), 131.86 (= CH),
131.44 (=CH), 130.82 (= CH), 129.36 (= CH), 80.22
(-C=C-),53.12 (-CH,). IR spectral data: (v/cm™),
3447, 2991, 2856, 2683, 2559, 2113, 1755, 1731,
1696, 1598, 1580, 1494, 1428, 1372, 1315, 1285,
1152, 951, 764, 649. MS (ESI*): Calcd. for
C,,H,,O,Na(M+Na"): 405.00, Found: 405.11. Anal.

20" 14
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TABLE 1: Synthesesof bolaamphiphilelikediacidswith variousspacer and head groups
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Entry Anhydrides Diadl Bolaamphiphilic diacids Yield %
o}
HO_-0O 0._-0
OH 0NN o)
NS N
o] OH
o}
o} —
3b | o HO\/\OH _<:>_ — 00 83
HO o}
e) O O
o}
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3 | © HO N "0 /U\/j/ _ 91
HO o)
o}
o} —
OH HO—<_>—O
3d | o /—<:>—/ 0 O \—<:>—\ 0 O 90
HO O—U—OH
S —

Cdcd. for C_H. O. C, 62.83; H, 3.69; Found: C,

200 1478
62.58; H, 3.74.
2-({6-[(2-car boxybenzoyl)oxy]hexanoxy}car bonyl)
benzoicacid (1c)

'H NMR (CDCl,, 500.13MHz) &: 8.87 (b, 2H,
OH), 7.57-7.93 (m, 8H, Ar-H), 4.36-4.39 (t, 4H, -
OCH,), 1.77(s, 4H, -CH,), 1.52 (s, 4H, -CH,); *C
NMR. (CDCl,, 125.76MHz) &: 173.46 (C = O),
168.18 (C = 0O), 133.80 (quat -C), 132.41 (quat -C),
130.65 (= CH), 129.81 (= CH), 129.53 (= CH),
128.79 (= CH), 65.56 (-OCH,), 28.14 (-CH,), 25.42
(-CH,). IR spectral data: (v/cm*), 3449, 2959, 2916,
2858, 2670, 2552, 2359, 1737, 1690, 1598, 1579,
1492, 1469, 1420, 1286, 1256, 1256, 1145, 1119,
1074, 945, 848, 786, 739, 685. MS (ESI*): Calcd.
for C_H,,O,Na(M+Na): 437, Found:437.21. Anal.
Calcd. for C_H,,0, C, 63.76; H, 5.35; Found: C,
63.53; H, 5.24.
2-({4-[(2-car boxybenzoyl)oxymethyl]-cyclohexyl-
methoxy}car bonyl)benzoicacid (1d)

'HNMR (CDCl,, 500.13MHz) 5: 7.54-7.87 (m,
8H, Ar-H), 4.22-4.24 (t, 4H, -OCH,), 1.21-1.86 (m,
10H, -CH,) cyclohexane; *C NMR. (CDCI,,
125.76MHz) 6: 174.31 (C = O), 167.34 (C = 0O),
132.52 (quat -C), 132.14 (quat -C), 130.66 (= CH),
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130.00 (=CH), 129.71 (= CH), 128.84 (= CH), 70.50
(-OCH,), 37.13 (-CH), 28.73 (-CH,), 24.40 (-CH.).
IR spectral data: (v/cm®) 3478, 3030, 2922 2558,
2363, 1743, 1689 1598, 1492, 1422, 1283, 1249,
1125. MS (ESI*): Cdlcd. for C, H,,O,Na(M+Na’):
463, Found 463.33. And. Cdcd. for C,H,,0, C,
65.45; H, 5.49; Found: C, 65.21; H, 5.39.
4-{4-[(3-carboxypropanoyl)oxy]butoxy}-4-
oxobutanoic acid (2a)

'H NMR (CDCIl,, 500.13MHz) : 6.01 (b, 2H,
OH), 4.14 (s, 4H, -OCH,), 2.63-2.69 (m, 8H, -
CH,), 1.66 (s, 4H, -CH,); *C NMR.(CDCl,,
125.76MHz) &: 178.36 (C = O), 171.78 (C = 0),
64.36 (-OCH,), 29.36 (-CH,), 29.26 (-CH,), 25.19
(-CH,). IR spectral data: (v/cm™) 3430, 3041, 2964,
2770, 2685, 2593, 2362, 2206, 1722, 1696, 1401,
1366, 1344, 1249, 1204, 1176, 932. MS (ESI*):
Calcd. for CH,,O,Na (M+Na): 313, Found:
313.23.And. Calcd. for C ,H,,O, C, 49.65; H, 6.25;
Found: C, 49.61; H, 6.12.

4-({4-[ (3-car boxypr opanoyl)oxy]but-2-ynyl}oxy)-4-
oxobutanoicacid (2b)

iH NMR (CDCI,, 500.13MHz) &: 4.75 (s, 4H, -
OCH,), 2.68-2.69 (d, 4H, -CH,); *C NMR. (CDCI,
125.76MHz) &: 178.11 (C = O), 170.09 (C = O),
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80.02 (-C = C-), 50.21 (-OCH,), 27.51 (-CH,). IR
spectra data: (v/cm) 3454, 3054, 2944, 2764, 2666,
2544, 2361, 1734, 1697, 1449, 1411, 1386, 1354,
1327, 1263, 1227, 1170, 959, 891, 843, 812, 650.
MS (ESI*): Cdcd. for C_H, ,O,Na (M+Na’): 309,
Found: 309.48. Anal. Cdcd. for C H,,0, C, 50.35;
H, 4.93; Found: C, 50.45; H, 4.78.

4-({6-[(3-car boxypropanoyl)oxy]hexyl}oxy)-4-
oxobutanoicacid (2¢)

'H NMR (CDCI,, 500.13MHz) &: 8.31 (b, 2H,
OH), 4.13-4.16 (t, 4H,-CH,), 2.68-2.71 (q, 4H, -
CH,), 2.60-2.63 (g, 4H, -CH,), 1.61 (s, 4H, -CH,),
1.36-1.37 (t, 4H, -CH,); ®C NMR. (CDCI,,
125.76MHz) &: 178.69 (C = 0), 171.89 (C = O),
64.66 (-OCH,), 29.37 (-CH,), 28.78 (-CH,), 25.86
(-CH.,). IR spectral data: (v/cm™) 3047, 2963, 2873,
2735, 2672, 2360, 1726, 1707, 1477, 1413, 1371,
1322, 1189, 984, 921, 806, 647. MS (ESI*): Calcd.
for C ,H,,O,Na(M+ Na’): 341, Found: 341.16.Anal.

14" 22

Cdcd. for C, H O, C, 52.82; H, 6.97; Found: C,

14" 2278
52.73; H, 6.71.
4-[(4-{[(3-carboxypropanoyl)oxy]methyl}
cyclohexyl)methoxy]-4-oxobutanoic acid (2d)

'H NMR (CDCl,, 500.13MHz) 6: 9.01-9.78 (b,
2H, OH), 3.95-3.96 (d, 4H, -OCH.,), 2.68-2.69 (d,
4H, -CH,), 2.63-2.64(d, 4H, -CH,),1.78-1.79(d, 2H,
-CH), 1.02-1.63 (m, 8H, -CH,); *C NMR. (CDCl,,
125.76MHz) &: 178.29 (C = O), 172.28 (C = O),
69.59 (-OCH,), 37.08 (-CH), 34.29 (-CH), 29.07 (-
CH,), 29.01(-CH,), ), 28.7 (-CH,), 25.06(-CH,). IR
spectral data: (v/cmt) 3660, 3441, 3052, 2935, 2855,
2733, 2676, 2632, 2361, 1728, 1702, 1435, 1422,
1323, 1166. MS (ESI*): Calcd. for C H,,O,Na
(M+Na"): 367, Found: 367.17. Anal. Calcd. for
C..H,,0O,C,55.81; H, 7.02; Found: C, 55.62; H, 6.90.

16" 248
4-(4-{[3-car boxypr op-2-enoyl]oxy}butoxy)-4-
oxobut-2-enoicacid (3a)

IH NMR (CDCI,, 500.13MHz) 5: 9.55-9.95 (b,
2H, OH), 6.40-6.42 (d, 2H, -CH = CH-), 6.27-6.30
(d, 2H, -CH = CH-), 4.26 (s, 4H, -O-CH,), 1.80 (s,
4H, -CH.,); ®CNMR. (CDCl,, 125.76MH?z) 5: 169.85
(C = 0), 165.445 (C = 0), 131.42 (-CH =), 129.41
(-CH =) 65.67 (-OCH,), 25.15 (-CH,). IR spectral
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data: (v/cm™) 2970, 2363, 1721, 1692, 1435, 1360,
1277,1228, 1168, 1028, 923, 861, 814. MS (ESI*):
Calcd. for CH,,O,Na (M+Na): 309, Found:

12° "14

309.37.Anal. Calcd. for C_H, O, C, 50.35; H, 4.93;

12" '1478
Found: C,50.43; H, 4.81.
4-[(4-{[3-carboxyprop-2-enoyl]oxy}but-2-
ynyl)oxy]-4-oxobut-2-enoic acid (3b)

'HNMR (CD,0D, 500.13MHz) : 6.28-6.40 (m,
4H, CH=CH), 4.20-4.21 (t, 4H, -CH,), BCNMR.
(CD,0OD, 125.76MHz) &: 170.17 (C = O), 132.82
(-CH =), 129.40 (-CH =), 84.39 (-OCH.,), IR spec-
tral data: (v/icm?) 3436, 3101, 2925, 2848, 2715,
2516, 2036, 1738, 1694, 1447, 1402, 1169, 1021,
864, 758, 595, 525. MS (ESI*): Calcd. for
C,H,,O;,Na(M+ Na): 305, Found: 305.13. Anal.

12° '10

Cdlcd. for C._H, O, C, 51.07; H, 3.57; Found: C,

12° '10™8
49.93; H, 3.43.
4-[(6-{[3-car boxypr op-2-enoyl]oxy}hexyl)oxy]-4-
oxobut-2-enoicacid (3c)

'H NMR (CDCIl,, 500.13MHz) &: 8.89-9.51 (b,
2H, OH), 6.29-6. 14 (m, 4H, CH = CH), 4.26-4.28
(t, 4H,-O-CH,), 1.42-1.73(t, 8H, -CH,); ®CNMR.
(CDCl,, 125.76MHz) 6: 168.22 (C = 0), 166.38 (C
=0), 131.74 (= CH), 130.59 (= CH), 66.10 (-OCH,),
28.33(-CH,), 25.68 (-CH,). IR spectral data: (v/cm»
1) 3430, 3068, 2965, 2895, 2872, 2604, 1724, 1697,
1479, 1425, 1364, 1260, 1216, 1645, 1075, 981, 734,
682. MS (ESI"): Calcd. for C H,,O,Na (M+Na):
337, Found: 337.41. And. Cdlcd. for C H O, C,
53.50; H, 5.77; Found: C, 53.37; H, 5.58.
4-{[4-({[3-car boxyprop-2-enoyl]oxy}methyl)
cyclohexyl]methoxy}-4-oxobut-2-enoic acid (3d)

1H NMR (CDCI,, 500.13MHz) 5: 6.35-6.44 (m,
4H, CH = CH), 4.11-4.19(t, 4H, -CH,), 1.07-1.86
(m, 8H, -CH,); *C NMR. (CDCl,, 125.76MHz) &:
167.39 (C = 0), 165.38 (C = 0), 135.01 (-CH =),
132.97 (-CH =), 130.70 (= CH), 129.72 (= CH),
71.37 (-OCH,), 68.93 (-OCH,), 36.69 (-CH), 33.79
(-CH), 28,54 (-CH,), 24.84 (-CH,); IR spectral data:
(vicm) 3756, 3422(-OH), 3062, 2929, 2858, 2622,
2531, 2362, 1723, 1693, 1433, 1274, 1169, 1018,
987, 819, 734. MS (ESI*): Calcd. for C,.H, O.Na

16" 208

(M+Na"): 363, Found: 363.43. Anal. Calcd. for
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C,.H,O,C,56.47; H,5.92; Found: C, 56.38; H, 5.90.

16° '20~8
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