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Photochemical Rearrangement of These molecule$a—c (Figure 1) are bestowed with carbonyl
Calix[4]arene-Derived Bis(spirodienones): and ether linkages in an alternant/nonalternant fashlqn as part
Formation of a New Macrocycle _of a 14-membered cavity making th_em potentlgl candl_dates as
ionophores or as precursors for designing modified calixarenes.
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FIGURE 1. Oxidative cyclization products gftert-butylcalix[4]arene.

The participation of bis(spirodienongp as a 2r component
in cycloaddition reactions prompted the investigation of its
cycloaddition under photochemical conditions. Accordingly, we
irradiated solutions ofla and 1b with dimethyl acetylenedi-
Bis(spirodienones) of calix[4]arene undergo a facile photo- carboxylate (DMAD) in dry acetonitrile &t 300 nm in separate
chemical rearrangement leading to a new macrocycle havingexperiments. Both reactions afforded the same pralircé5%
a spirocyclic cyclopentenone—THF unit, a trisubstituted and 50% y|elds_, respectwely._ Cycloaddition did not take place
phenol, and a benzofuran moiety. The macrocyclic ring under_the_ experimental cond|_t|ons gnd the DMAD was re_covered
system has a 14-membered irregular cavity and resembles uantitatively from the_ reaction mixture. The investigations on
. . . the structural elucidation of the product revealed the formation
partial bowl in the solid state. : . . ; .
of an interesting macrocycle in good yield through a photoin-
duced radical rearrangement d&1b. The results are being
Calixarenekconstitute an important class of macrocycles in discussed in detail in this note.
the realm of hostguest chemistry. They have a unique electron-  The bis(spirodienones)a and1b were prepared as reported
rich, Cavity_shaped architecture' and their ab|||ty to be func- in the literature* Degassed solutions éaandl1b in acetonitrile
tionalized by anchoring reactive groups either at their lower or Were irradiated at 300 nm separately in a photochemical reactor
upper rim has generated considerable interest in the design of(Scheme 1). During the course of 3 h, the original yellow
selective receptors. As significant changes in the chemical andsolutions gradually turned colorless. After workup and column
physical properties can be brought to calixarenes by function- chromatography, a single product was isolated from each
alizing them, they have been widely used as three-dimensionalréaction mixture and assigned the strucfiby detailed spectral
building blocks for the design of selective receptors for anions, analysis.

cations, and even neutral molecu#ésAn interesting molecular ~ The compouna exhibited a well-definedH NMR spectrum

skeleton based on calixarene was obtained by the mild oxidativein full agreement with the molecular structure. Protons of one

cyclization of adjacent phenolic hydroxyls by Biali etaP of the methylene groups resonated as a broad single8&21.
*To whom correspondence should be addressed. Tel: 91-471-2515275.  (4) Litwak, A. M.; Biali, S. E.J. Org. Chem1992,57, 1943.

Fax: 91-471-2491712 or 91-471-2490186. (5) Aleksiuk, O.; Grynszpan, F.; Biali, S. El. Chem. Soc., Chem
" Regional Research Laboratory (CSIR). Commun.1993, 11.
* Central Salt and Marine Chemicals Research Institute. (6) Litwak, A. M.; Grynszpan, F.; Aleksiuk, O.; Cohen, S.; Biali, S. E.
(1) For reviews on calixarene, see: (a) Gutsche, CC@ixarenesRoyal J. Org. Chem1993,58, 393.

Society of Chemistry: Cambridge, 1989. (b) Gutsche, CARIrichim. (7) Aleksuik, O.; Grynszpan, F.; Biali, S. B. Org. Chem.1993,58,

Acta1995,28, 1. (c) Béhmer, VAngew. Chem., Int. Ed. Endl995,34, 1994.

713. (d) Gutsche, C. DCalixarenes Reuvisited; Royal Society of Chemis- (8) Grynszpan, F.; Biali, S. El. Chem. Soc., Chem. Commu®94,

try: Cambridge, 1998. (elalixarenes 2001; Asfari, Z., B6hmer, V., 2545.
Harrowfield, J., Vicens, J., Eds.; Kluwer Academic Publishers: Dordrecht, (9) Grynszpan, F.; Aleksuik, F.; Biali, S. B. Org. Chem.1994, 59

2001. 2070.

(2) Van Gelder, J. M.; Aleksiuk, O.; Biali, S. B. Org. Chem1996, (10) Varma, L. R.; Ganga, V. B.; Suresh, Eetrahedron. Lett2005,
61, 8419. 46, 3061.

(3) Van Gelder, J. M.; Brenn, J.; Thondorf, I.; Biali, S.EOrg. Chem. (11) Varma, L. R.; Ganga, V. B.; Suresh, E.; Suresh, CTétrahedron
1997,62, 3511. Lett. 2006,47, 917.

10.1021/j0062231f CCC: $37.00 © 2007 American Chemical Society
Published on Web 01/11/2007 J. Org. Chem2007,72, 1017—-1019 1017



JOCNote

SCHEME 1. Photochemical Rearrangement of la
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Each set of protons of the other two methylene groups exhibited
diastereotopicity and appeared as AB systemé 4t98 and

3.44 (J=13.5 Hz) and ab 4.26 and 3.44J = 14.4 Hz). The
presence of the three methylene carbons was further confirmed
by DEPT experiments. The proton,Fesonated ab 6.18 as a

close doublet (3= 1.8 Hz) and showed allylic coupling with D 5
Hp which resonated abt 4.19 (J= 1.8 Hz). The singlet ad - ‘

6.58 which readily underwent deuterium exchange was assignecc :

to the phenolic hydroxyl group. In the IR spectrum, the '
cyclopentenone carbonyl was discernible at 1766%cfihe3C
NMR spectrum displayed the characteristic signal for the
carbonyl carbon ab 206.0 and the spiro carbon@89.9. The

FAB mass spectrum exhibited the (M 1) peak atm/z 645, ;
the same as that of the parent compound. A M
X-ray Structure Analysis. Single crystals of suitable quality , : , - , , ,
4.4 40 18

were obtained by slow evaporation of an ethyl acetate solution 32 28 24

of 2, and final confirmation of the structure was obtained by

X-ray analysis (Figure 2, df. The molecule in the solid state  FIGURE 3. (A) 'H NMR spectrum of the methylene region bé:
assumes a cup-shaped architecture due to strong hydroger(B) after 1 min of UV irradiation; (C) after 3 min; (D) after 4 min; (E)
bonding between the phenolic hydroxyl and the tetrahydrofura- after 5 min; (F) after 10 min; (G) 15 min; in CDEIThe doublets at
noyl oxygen (09) (O---H= 2.126 A). The crystal packing 4.12, 3.75, 3.00, 2.82 correspond to the isortierand are formed
exhibited “stacked bow!” like arrangement in a linear direction by the slow isomerization afa.

with an ethyl acetate molecule juxtaposed between two bowls ketene which can be trapped by a good nucleophile like an
(Figure 2, b). amine!® In the absence of such a nucleophile, the ketene either
reverts back to the original cyclohexa-2,4-dienone or undergoes
cyclization to yield bicyclo[3.1.0]hex-3-en-2-one. But in this
case, we were not able to detect the formation of a ketene
intermediate spectroscopically. In order to obtain information
on the reaction mechanism of the photochemical rearrangement
of la containing two such cyclohexa-2, 4-dienone units,
irradiation experiments were carried oue&800 nm in the NMR
tube. A solution oflain CDCl; was irradiated at intervals of

1, 2, 3, 4, 5, 10, 15, 20, 25, 30, and 35 min, and after each
irradiation, the!H NMR spectrum was recorded (Figure 3). The
methylene protons ofb began to appear soon after the first
irradiation and the isomerization fib progressed after succes-
sive irradiations, indicating that the rearrangement is taking place
through the intermediacy dfb. After 15 min, the spectrum
appeared very complicated.

Keeping with this finding, a possible mechanism has been
proposed for the photochemical rearrangement (Scheme 2). The
molecule absorbs a photon, and the spirocarbon C{gp3jond
undergoes photochemical cleavage in the initial step leading to
the formation of two phenoxy radicals, the driving force for
this cleavage being the aromatization of the ring and the ensuing
stability of the radical. Regeneration of the-O bond occurs

b with reversal of the directionality of the spirodienone moiety
leading to the formation of the most stable isoribr Further
FIGURE 2. (a) ORTEP diagram of. (b) Packing diagram o2 rearrangement and ring contraction leads to the formation of a
resembling_ a stacked bowl architecture entrapping ethyl acetate cyclopentenone ring (C), followed by hydrogen abstraction
molecules in between. forms the final produc®. IH NMR studies showed that even

In the normal course, linearly conjugated cyclohexadienones though the isomerization ofa to 1b is almost quantitative,

on photolysis undergo ring-opening, giving rise to an unsaturated further radical cleavage and rearrangement leading to the product
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SCHEME 2. Proposed Mechanism for the Photochemical Rearrangement of 1a to 2 via 1b
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is not taking place in a quantitative manner. It is also noted solution gradually turned colorless, and the reaction was stopped
that2 is the only isolable product in the rearrangement. In order after 3 h when TLC (10% ethyl acetatbexanes) indicated the
to look into the mechanistic details, we have carried out the complete absence df. The reaction mixture was concentrated in
reaction in the presence of oxygen and a radical scavenger, tri-vacuo, and the crude product was purified by column chromatog-
n-butyltin hydride. In the presence of oxygen, the reaction did raphy on silica gel (5% ethyl acetatbexane) to get a colorless
not take place and more than 80% of the starting matetial ( Solid (50% yield): mp dec above 16C; IR (KBr) vmax 3440,
and1b) was recovered. This suggested that the transformation2956, 1766, 1597, 1480, 1359, 1186 ¢y'H NMR (300 MHz,
from 1ato A most probably involved a triplet intermediate CPCh 1) 0 7.31 (d,J = 6.1 Hz, 2H), 7.11 (s, 1H), 7.04 (s, 1H),
which is quenched by oxygen. In the presence ofitbutyltin 2.29H(d“1]|—|_ %1'798sz Zﬂ)ig'g?_i(svlﬂ")fz'? c(j’—l;'a),’fﬁs (f::
hydride, 23% of the product and 15% & were isolated, the 4'19 (Zd 3 :)’1 8 Hz( ‘L:) 3'44 (Zu’neVZelnﬁ :(142 HZ‘ 3 22’13 %
remaining being intractable material. This suggested that radicals,; X , ’ s 1 : 2 :

9 0= , ; . “*SHz, 2H), 3.27 (bs, 2H), 1.41 (s, 9H), 1.33 (s, 9H), 1.11 (s, 18H);
are definitely involved in the reaction. Further experiments will 15C NMR (CDCh) 6 206.8, 159.4, 153.2, 152.1, 151.9, 148.6, 145.7

be carried out to look into the detailed mechanistic aspects. 144.8,143.7, 129.4, 127 4, 126.5, 125.8, 125.5. 125.2, 125.0, 122.9,

In conclusion, we have unravelled a photochemical rear- 1555 1198 114.7 106.8. 89.9. 51.0. 36.6. 34.5. 31.9. 31.8. 31.4
rangement by which the calix[4]arene-derived bis(spirodienones) »g 7- EAB MSm/zcalcd for Q4H5;o4 63,4, found 645 (W 1)_12' '
of p-tert-butylcalix[4]arene can be converted to a highly

functionalized new macrocycle having a spirocyclic cyclopen-
tenone—THF unit, a trisubstituted phenol, and a benzofuran
moiety.
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