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ABSTRACT

The desymmetrization of cyclic anhydrides is carried out using dihydroxy compounds. A mild route to synthesize fused saturated/unsaturated
macrocyclic tetralactones with different ring sizes (20 —34) having a wide variety of spacers is described. The structure is confirmed by the
representative single-crystal X-ray analysis. The multiple reduction of unsaturated macrocyclic tetralactones is also illustrated. This method

is mild, selective, and efficient and achieves high yield.
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and ion selectivity. Many researchers have been involved Of the reaction assisted by alkaline metalsRecently,
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importance in ion transporsHowever, only a limited ; {3/ E B 1 S Neter, s, £ Thompsn v, D o
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synthesis of dilactones was also reported through lipase|jj R ARG

catalysi$? or photochemical acylatiolf.Even though meth-
ods available in the literature provide a mixture of dilactones
and tetralactones, the reactions give low yields and require
drastic conditions. Thus, in this paper, we report a new high-
yielding, selective method to synthesize macrocyclic tetra-
lactones having various spacers/ring sizes via dicyclohexyl-
carbodiimide (DCC)-mediated double esterification of di-
carboxylic acids.

Toward the objective to synthesize new macrocycles, we
initially proposed performing the desymmetrizafibrof
cyclic anhydrides (Figure 1) in the presence of dihydroxy

@sﬁ@i@ii
@i%ﬁ%

Figure 1. Anhydrides used for the desymmetrization reactions.

compounds. Therefore, an excess amount of phthalic anhy-

dride 1a was reacted with 1 equiv of tetra(ethylene glycol)
in the presence of triethylamine to furnish the corresponding
dicarboxylic acid3ain 90% yield (Scheme 1, Table 1). The
product was undoubtedly confirmed on the basis of the
spectral data. This interesting result encouraged us to
investigate this reaction with various dihydroxy compounds.
Toward this end, the anhydridex was reacted with several
diols such as tri(ethylene glycol) and 1,2-benzenedimethanol
to afford the respective producsb,cin good yield.
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Table 1. Synthesis of Dicarboxylic Acid8 via Scheme 1
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2Yields are unoptimized and refer to isolated yields.

To extend this strategy, the reaction was performed with
several cyclic anhydrides. Thus, the reaction was carried with
the racemic anhydridekb,c. The anhydridéb was reacted
with cis-1,4-butenediol in the presence of triethylamine to
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provide the corresponding dicarboxylic acid in an
excellent yield. The anhydrideb was also reacted with tri-
(ethylene glycol) or tetra(ethylene glycol) to afford the

Table 2. Synthesis of Macrocyclic Tetralactonbs

o-Y~o_ o o0-Y~0

dicarboxylic acids3e,f having oxyethylene moieties as O?’ . v Dboc.owe OX \go
spacers in very good yield. However, the reaction of SN A TR §
unsymmetrical anhydridéc with tri(ethylene glycol) pro- ¢ °H3H° ° ) ¢ O\:O ¢
vided the dicarboxylic aci@g as a mixture of regioisomers. iy daboni e Sl
Similar reaction with anhydrid&d with tetra(ethylene glycol) o acid tetralactones (%)
provided the dicarboxylic acigh. f"ﬁ,}

Next, we investigated the reactions involviags-cyclic a 3a @éﬁ ?Q 61
anhydridesle—qg. Initially, the reaction of 1,4-butynediol and ¢ s
an excesscis-cyclic anhydridele, in the presence of Lot 5a
triethylamine, afforded the corresponding dicarboxylic acid oy
3i. Similar reactions were performed with this-anhydride b 3b . . 54
leand various diols such ass-2-butene-1,4-diol, di(ethylene G o
glycol), tri(ethylene glycol), and tetra(ethylene glycol) to N s
afford the corresponding dicarboxylic aci@g—m. )

The desymmetrization of cyclic anhydride reactions was c 3b Qi‘ i@ 55
successfully carried out witkxo- as well agndo-anhydrides. S’ s
Thus, theendeanhydridelf was reacted with tetra(ethylene [t
glycol) to furnish the respectivendo-dicarboxylic aci@n. d 3¢ @:ﬁ Q@ 61
Similarly, the reaction oéxo-anhydridd.g with di(ethylene o\d
glycol) or tetra(ethylene glycol) afforded the respectwxe- o~
dicarboxylic acids30,p. All of the above reactions provided C C 20 “
the corresponding dicarboxylic aci@sn very good yields S
(Table 1) except the produdh. The NMR data character- PEaSN s
istically evidenced a single isomer of the dicarboxylic acids ¢ e CC 150 6
3 except in the case &g. Formation of the corresponding Lo S
hydroxy acids4 was not observed in the above reactions as ~ St
confirmed by spectroscopic data. . ¢ ‘%O .

To synthesize the macrocyclic compounds, we planned f CO °§
to carry out the double esterification reaction of the above LS 5
dicarboxylic acids3. To this end, the reaction of the ) SaR?
dicarboxylic acid3a, tetra(ethylene glycol), and an excess " 3 (f:;@ 0
DCC was carried out at €C in the presence of a catalytic ) /:x 5h
amount of DMAP to furnish the macrocyclic tetralactone i 3 o N 60
Bain 61% yield (Table 2). The produéawas characterized KO
on the basis of detailed spectroscopic studies. Interestingly, J; 5i
the linear dicarboxylic acid3a affords the macrocyclic ) @i 0
tetralactoneba having 34 atoms in the cyclic core. To ! ¥ [ *
generalize the synthesis of macrocyclic tetralactdnese g
representative dicarboxylic acids were subjected to the . 5 ﬂ:@ .
double esterification reaction. To synthesize several tetra- O:;U
lactones having different ring sizes, the double esterification o~k
reaction of dicarboxylic aci®b and tri(ethylene gycol) or ! 3 ©¢ 33 5
tetra(ethylene glycol) was performed to afford the corre- g .
sponding macrocyclic tetralactongb,cin moderate yield. o
The productda—chold several oxyethylene units with 34, m 3 @é ‘j;j 56
28, and 31 atoms in the cyclic core, respectively (Table 2). Lo pd
Further, the reaction of dicarboxylic acidc and 1,6- -
hexanediol provided the tetralactobé having 22 atoms in . a C¢ i:@ -
the cyclic core. The dehydration reactions of dicarboxylic Wp
acids3ej,j,l,n andcis-2-butene-1,4-diol, 1,4-butanediol, 1,4- e s
benzenedimethanol, tri(ethylene glycol), or tetra(ethylene . . Bﬂ% Q%a s
glycol) were carried out in the presence of DCC/DMAP to (20 °§

LolJ

afford the corresponding macrocyclic tetralactoBes-oin
moderate yield. Notably, this facile method affords many
macrocyclic tetralactones having 20, 22, 23, 24, 27, 28,

aYields are unoptimized and refer to isolated pure compounds
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31, and 34 atoms in the cyclic core. The cyclic anhydrides ||| NN @R

1 exceptld used in this experimental study provide mac- Scheme 2
rocyclic tetralactone§ having two fused cyclic/bicyclic ring
systems on the macrocyclic core, which offer conformational
rigidity to some extent. The structure of the tetralactbke
having fused cis-cyclohexene ring system was further
confirmed using single-crystal X-ray crystallography (Figure
2).15 The result of the higlR value for the tetralactongk is
due to the extensive dynamic disortfepresent in the
aliphatic chain even at 100 K.

H,/Pd-C
B —

98%, 8 hrs

hydrogenation was also carried out with the tetralactsime
having the alkyne spacer to furnish the tetralactahe
(Scheme 3). In this process, the triple bond is also reduced

Scheme 3

H,/Pd-C
_—
99%, 8 hrs

Figure 2. X-ray crystal structure of macrocyclic tetralactoble
(hydrogen atoms are omitted for clarity).

Finally, we were interested in reducing the double bonds 454 with the double bonds. Thus, the unsaturated tetra-
of the unsaturated macrocyclic tetralactones in order to obtain|tqnes having three double bonds and one triple bond are

a more flexible saturated macrocyclic core. Thus, the gimitaneously reduced under mild reaction conditions.
macrocyclic tetralacton®j was reduced by catalytic hydro- In conclusion, we have developed a novel method to

genation in the presence of 5 wt % of palladium on activated gy \hesize macrocyclic tetralactones in a facile manner from
carbon to afford the saturated macrocyclic tetralacténe . commercially available materials. This methodology

(Scheme 2). In this process, three double bonds are reduced,,,ijes synthesis of medium as well as large interesting
under mild reaction conditions. This interesting multiple macrocyclic tetralactones having oxyethylene, alkenyl, alky-

(15) Crystal data for the compoumd: CpsH190s M = 435.39, 0.24x nyl, .alkyl’ and. aryl spacers in good yIEIdS.' Further, the
0.13 x 0.06 mn¥, monoclinic, space group21/cwith a = 13.342(3) A, multiple reduction of unsaturated macrocyclic tetralactones

b=09.981(3) A,c = 16.534(4) Ao = 90°, 5 = 94.778(4)°y = 90°,V = was successfully performed to afford a fused saturated

2134200 §;ld:: 1002 gK ;ﬁ;;‘(’b%)%ﬁivg%s:ag;?gﬁo‘;”cggif?gﬁn? macrocyclic core under mild conditions. Work on the detailed

=0.100 mm, A = 0.71073 A, 7284 reflections were collected on a smart - application and chiral version of these crown ethers is under

apex CCD single-crystal diffractometer, 2714 observed reflection2p- i i i

(). The largest difference peak and hote 0.714 and-0.428 e A>. progress in our laboratory and will be reported in due course.

respectively. The structure was solved by direct methods and refined by .

full-matrix least-squares oR? using SHELXL-97 software. Acknowledgment. This research was supported by DST,
(16) The data collection was carried out at 100 K using liquid nitrogen New Delhi. B.G. thanks CSIR, New Delhi, for a fellowship.

and the extensive dynamic disorder observed in one of the bridging aliphatic

chains with the cyclohexene rings during structure solution. Thus, carbon rtina Information Available: Experimental pro-

atoms C19, C20, C21, C22 and oxygen atoms O5, O6 of the chain are Supporting ormatio ailable: perimental p O

disordered along with one carbon atom C17 of the cyclohexene ring. The C€dures, spectral data for all new compounds, copies of

occupancy factors for these disordered atoms were fixed using FVAR from spectra for the compounﬁ@—e,h,j —m, 6, and7, and X-ray

the SHELXTL (Sheldrick, G. M. SHELXTL, version 5.10, Bruker AXS, . Sy .
Madison, WI, 1997) program; all of the disordered atoms were refined only structural data for compoum‘ik. This material is available

isotropically. Hydrogen atoms were fixed at geometrical positions for all free of charge via the Internet at http://pubs.acs.org.
of the non-hydrogen atoms refined anisotropically and not for the disordered
atoms. OL060509K
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