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Described is a single-step synthesis of diazadioxacalix[4]-
arenes and diazadioxa[14]cyclophanes bearing an alternat-
ing N/O-bridge substitution pattern. The macrocycles are
formed regioselectively by condensation of 3- or 4-amino-

Introduction

The past decade has brought dramatic advances in meth-
odology for the construction of aza- and oxacalixarene
macrocycles.[1] Current methods of synthesis permit en-
hanced control over obtainable functionalization, arene
identity, ring size, and bridging-atom patterns, thus facilita-
ting the development of increasingly sophisticated applica-
tions.[2] Nucleophilic aromatic substitution (SNAr) reac-
tions that couple electron-deficient 1,3-dihalides with 1,3-
diphenols or 1,3-diaminobenzenes have been used exten-
sively by us[3] and others[4–6] to efficiently generate structur-
ally diverse aza- and oxacalix[4]arenes.

Methods remain limited for the construction of N- and
O-bridged heteracalix[4]arenes bearing asymmetrically po-
sitioned functional groups, even though the inherently chi-
ral[7] nature of such compounds renders conformational ri-
gid versions desirable as potential chiral ligands and molec-
ular hosts.[8] Use of nonsymmetric monomers in thermody-
namically controlled oxacalix[4]arene formation (e.g., from
4-substituted resorcinols or electrophiles) is problematic
due to the production of regioisomeric mixtures of prod-
ucts.[3c] Stepwise, fragment-coupling strategies that proceed
under kinetic control have proven viable, but these methods
require pre-generation and isolation of linear precursors.[9]

Only recently has a single-step method for the formation of
asymmetrically functionalized azacalix[4]arenes been re-
ported, by regioselective macrocyclization of 4-substituted
1,3-diaminobenzenes with 1,5-difluoro-2,4-dinitrobenz-
ene.[3e]
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phenols with 1,5-difluoro-2,4-dinitrobenzene. Conforma-
tional properties of the macrocyclic products are discussed,
as well as mechanistic details of the synthesis leading to the
observed bridge-pattern selectivity.

We have previously disclosed a one-pot procedure for the
production of asymmetrically functionalized diazadioxaca-
lix[4]arenes.[3e] The diazadioxacalix[4]arenes were generated
by using three different aromatic monomers by initial con-
densation of a 1,3-diaminobenzene with 2 equiv. of 1,5-di-
fluoro-2,4-dinitrobenzene to form a linear 2:1 adduct (tri-
mer), followed by cyclization through the addition of a 1,3-
diphenol. The intermediate linear trimer need not be iso-
lated or purified, as C–N bond formation is nonreversible,
and the desired 2:1 linear adduct is formed quantitatively
from an ideal stoichiometric ratio of the aromatic mono-
mers. By using this method, a variety of diazadioxacalix[4]
arenes bearing N- and O-bridges at adjacent positions (Fig-
ure 1a) were produced in good yields (66–72%), and asym-
metry was imparted by use of a single 4-substituted diamine
or diphenol nucleophile.

Figure 1. Diazadioxacalix[4]arenes with (a) an adjacent N/O-bridge
pattern, (b) an alternating N/O-bridge pattern.

Following the success of the synthetic method described
above, we sought to develop a complementary strategy for
the synthesis of inherently chiral[10] diazadioxacalix[4]-
arenes. It was envisaged, by taking advantage of nucleophi-
licity differences between arylamines and phenols and the
potential for reversible C–O bond formation, that 3-amino-
phenols could be induced to react with 1,5-difluoro-2,4-di-
nitrobenzene (1) and regioselectively form diazadioxaca-
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lix[4]arenes bearing an alternating pattern of N- and O-
linkages (Figure 1b). This approach would allow for the se-
lective formation of asymmetrically substituted macrocycles
by use of functionalized aminophenols enforced through
bridge-pattern control. 3- and 4-aminophenols were first in-
vestigated as nucleophiles in SNAr-based heteracalix[4]-
arene formation in 1974.[4b] However, the described method
produced mixtures of regioisomeric macrocycles that were
not separated nor fully characterized. No subsequent re-
ports of diazadioxacalix[4]arenes bearing an alternating
N/O-bridge pattern have appeared in the literature. We now
report that 3-aminophenols and 4-aminophenols will re-
gioselectively condense with 1,5-difluoro-2,4-dinitrobenz-
ene (1) in a single step to yield only the corresponding diaza-
dioxacalix[4]arenes and diazadioxa[14]cyclophanes bearing
alternating N/O-bridge connectivity, and we describe details
of the synthetic method, our initial mechanistic investi-
gations, and the scope of accessible macrocycles.

Results and Discussion

Condensation of 5-amino-2-methylphenol (2a) with 1 by
using CsF as base in DMSO at temperatures below 60 °C
led to the formation of linear species, with only small
amounts of macrocycle formation evident. Extended reac-
tion times at 80 °C slowly yielded the heteracalix[4]arene,
and it was evident from 1H NMR analysis that diazadiox-
acalix[4]arene 3a was being selectively generated as the
major product. Under optimized conditions (CsF, DMSO,
80 °C, 18 h), 3a was formed as �80 % of the unpurified re-
action mixture without detectable amounts of the alterna-
tive bridge-pattern regioisomer. The formation of 3a was
most efficient when the reaction was carried out at relatively
high concentration (0.25 m with respect to 2a), which is con-
sistent with related ring formations.[3e,5b]

The reaction scope is summarized in Table 1. In all cases,
the corresponding diazadioxacalix[4]arenes 3 constituted
�80% of the unpurified reaction mixtures as analyzed by
1H NMR spectroscopy in [D6]DMSO. Isolated yields were
variable, reflecting the extent of material loss during chro-
matographic purification.[4b] The sparingly soluble macro-
cycle 3a was obtained in modest yield following purification
(37%, Entry 1), while the increased solubility observed for
3b and 3d led to much higher isolated yields (86% and 77 %,
respectively for 3b and 3d, Entries 2, 4). Both reactivity and
regioselectivity were maintained for 3-aminophenols bear-
ing strong electron-donating (3e, Entry 5) or electron-with-
drawing substituents (3f, Entry 6). Halogen substitution
was also readily accommodated at the 2-position (3c, En-
try 3) and at the 2- and 4-positions (3d, Entry 4), with the
higher yield of 3d reflecting the markedly improved solubil-
ity of 3d over 3c.

The ability of both 2- and 4-aminophenols to regioselec-
tively form diazadioxa[14]cyclophanes with an alternating
bridge pattern was also investigated. Reaction of 2-amino-
phenol with 1 did not produce macrocyclic products;
hetera[14]cyclophane formation is likely complicated by
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Table 1. Synthetic scope of diazadioxacalix[4]arenes 3.[a]

Entry Aminophenol Product Yield[b]

1 2a (R1 = CH3, R2 = H) 3a 37%
2 2b (R1 = H, R2 = H) 3b 86%
3 2c (R1 = Cl, R2 = H) 3c 56%
4 2d (R1 = Cl, R2 = Cl) 3d 77%
5 2e (R1 = OCH3, R2 = H) 3e 59%
6 2f (R1 = CO2CH3, R2 = H) 3f 53 %

[a] 1.0 equiv. of aminophenol 2, 1.0 equiv. of 1, 10 equiv. of CsF.
[b] Isolated yield after chromatographic purification.

base-catalyzed self-condensation of the 2-aminophenol.[11]

In contrast, 4-aminophenols reacted analogously to 3-
aminophenols, both with respect to the high selectivity for
the desired diazadioxa[14]cyclophanes 5 and the variable
isolated yields due to low solubility for some systems
(Table 2). Reaction efficiency was similar for 4-aminophe-
nols substituted at the 3-position (4b, Entry 2) or at the 2-
position (4c, 4d, Entries 3, 4). In addition, the 4-amino-
phenol could be substituted with either electron-donating
(4c, Entry 3) or electron-withdrawing groups (4d, Entry 4),
producing macrocycles 5c and 5d in 57% and 51 % isolated
yields, respectively.

Table 2. Synthetic scope of diazadioxa[14]cyclophanes 5.[a]

Entry Aminophenol Product Yield[b]

1 4a (R1 = H, R2 = H) 5a 60%
2 4b (R1 = H, R2 = Cl) 5b 66%
3 4c (R1 = OCH3, R2 = H) 5c 57%
4 4d (R1 = CO2CH3, R2 = H) 5d 51%

[a] 1.0 equiv. of aminophenol 4, 1.0 equiv. of 1, 10 equiv. of CsF.
[b] Isolated yield after chromatographic purification.

1H and 13C NMR spectral analysis of macrocycles 5c
and 5d indicate that these compounds exist as mixtures of
atropisomers that are slow to interconvert on the NMR ti-
mescale.[12] This is evident by two distinct 1H signals ob-
served for the hydrogen atoms on the electrophile-derived
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aromatic rings that are oriented towards the inner cavity of
cyclophanes 5c and 5d (labeled as Ha in Table 2). The ob-
served diastereomeric ratios in [D6]DMSO at 25 °C are 1:1
for 5c and 2:1 for 5d. Chemically distinct 1H NMR signals
in the same ratios are also present for hydrogen atoms on
the methoxy group of 5c and the methoxycarbonyl group
of 5d. It is assumed that compound 5b also exists as a mix-
ture of atropisomers, but the conformers could not be dif-
ferentiated by 1H or 13C NMR spectroscopy. NMR investi-
gations of 5b–5d in alternative solvents, as well as measure-
ment of the atropisomeric preferences and rotational barri-
ers to interconversion of these systems, are ongoing and will
be reported in a subsequent publication.

The regioselective formation of the alternating N/O-
bridge connectivity pattern is perhaps the most intriguing
aspect of these macrocyclization reactions. To probe the re-
action mechanism, 1,5-difluoro-2,4-dinitrobenzene (1) was
condensed with 3-aminophenol 2d, and samples of the reac-
tion mixture were removed periodically, precipitated by ad-
dition of aqueous acid, and the unpurified solid residue was
analyzed by 1H NMR spectroscopy. Aliquots removed at
short reaction times (5 min at 25 °C; 5 min at 80 °C) re-
vealed that only two compounds are initially formed: O-
linked dimer A, and O,O�-linked trimer B (Figure 2).[13] At
extended reaction times (1–18 h at 80 °C), increasing
amounts of 3d are formed concomitantly with the disap-
pearance of intermediates A and B. There is no evidence
for the buildup of significant quantities of any other dis-
crete linear precursor to 3d. Furthermore, the sharp reso-
nances and lack of baseline broadening suggest that long
linear oligomers are not formed, and subsequently equili-
brated, under the reaction conditions.

Figure 2. Intermediates formed in the production of diazadioxaca-
lix[4]arene 3d.

Tentatively, we suggest that formation of diazadioxaca-
lix[4]arene 3d proceeds as follows: Rapid and reversible for-
mation of both O-linked dimer A and O,O�-linked trimer
B, followed by self-condensation of two dimers A[14] by rate-
determining intermolecular C–N bond formation. Rapid in-
tramolecular cyclization of the resultant linear (tetrameric)
precursor leads to diazadioxacalix[4]arene 3d. Reversible
C–O bond formation permits the recycling of O,O�-linked
trimer “errors” in chain growth, while the low nucleophilic-
ity of arylamines likely precludes the formation of N,N�-
linkages in the growing oligomer chain.

Several experiments were conducted to probe the revers-
ibility of C–O and C–N bond formation during the synthe-
sis of macrocycles 3. First, when a 1:1 mixture of diaza-
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dioxacalix[4]arenes 3b/3c was subjected to the cyclization
conditions (CsF, DMSO, 80 °C, 18 h), no products resulting
from exchange of nucleophilic monomers were formed, and
no linear species were observed. Second, macrocycle 3b was
combined with 2 equiv. of either 3-aminophenol 2e, or 4-
ethylresorcinol under the cyclization conditions (CsF,
DMSO, 80 °C, 18 h). In both cases, compound 3b remained
intact, and no exchange of nucleophilic monomers was ob-
served. These experiments suggest that macrocycles 3 are
formed in a kinetically controlled cyclization step, and that
C–O and C–N bond cleavage is not observed on intact
macrocycles 3.

The structures of 3a and 5b were confirmed by X-ray
crystallographic analysis.[15] Diazadioxacalix[4]arene 3a
adopts an expected 1,3-alternate conformation, and unlike
a relatively similar anti-azacalix[4]arene,[3e] exhibits almost
no gearing in the solid state from the asymmetrically dis-
posed substituents (Figure 3a). Diazadioxa[14]cyclophane
5b crystallized as a single atropisomer, with the chlorine
atoms pointing to the same side of the macrocycle (Fig-
ure 3b). The chlorine-substituted rings were found to tilt
the chlorine atoms significantly toward each other, with a
distance of 4.42 Å between chlorine atoms and an angle
between ring planes (deviation from coplanarity) of 30.5°.

Figure 3. X-ray crystal structures of (a) 3a and (b) 5b. Thermal
ellipsoids are drawn at the 30% probability level; oxygen = red,
nitrogen = blue, carbon = gray, chlorine = green, hydrogen = black.
Solvent molecules have been removed for clarity.

Conclusions

We have described a single-step, regioselective method for
the synthesis of diazadioxacalix[4]arenes and diazadioxa-
calix[14]cyclophanes from 3- and 4-aminophenol nucleo-
philes. The selectivity for alternating N/O-bridge connecti-
vity greatly facilitates the selective synthesis of asymmetri-
cally substituted hetera[14]cyclophanes. Investigations into
the rates of conformational interconversion of the described
macrocycles, further mechanistic details of their synthesis,
and resolution of enantiomers, are ongoing and will be re-
ported in due course.
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Experimental Section
General Reaction Conditions for the Synthesis of Diazadioxacalix-
[4]arenes 3 and Diazadioxa[14]cyclophanes 5: Under ambient atmo-
sphere, an air-dried flask was charged with aminophenol 2 or 4
(0.245 mmol, 1 equiv.) and 1,5-difluoro-2,4-dinitrobenze (50.0 mg,
0.245 mmol, 1 equiv.). DMSO (1.0 mL) was added, followed by
CsF (369 mg, 2.45 mmol, 10 equiv.). The reaction mixture was
heated to 80 °C under a positive pressure of argon and stirred for
18 h. After cooling to room temperature, the product was precipi-
tated by the addition of water (10 mL) and 1 m HCl (1 mL). Un-
purified 3 or 5 was isolated by vacuum filtration, washed with water
(10 mL), and dried in vacuo. Macrocycle 3 or 5 was then dissolved
in 7 mL of CH2Cl2, and stirred vigorously for 30 min. The solution
consisting of dissolved product was filtered, and the filtrate sub-
jected to flash column chromatography.

Supporting Information (see footnote on the first page of this arti-
cle): Compound characterization for 3a–f and 5a–d, X-ray crystal-
lographic experimental data for 3a and 5b, and 1H NMR spectra
from mechanistic investigations.

Acknowledgments

This work is supported by the National Science Foundation (CHE-
0640729), the Petroleum Research Fund (45440-B1), and Colby
College.

[1] Recent review articles: a) M.-X. Wang, Chem. Commun. 2008,
38, 4541–4551; b) W. Maes, W. Dehaen, Chem. Soc. Rev. 2008,
37, 2393–2402; c) H. Tsue, K. Ishibashi, R. Tamura, Top. Het-
erocycl. Chem. 2008, 17, 73–96; d) M.-X. Wang, Acc. Chem.
Res. 2012, 45, 182–195.

[2] a) A. Ito, K. Tanaka, Pure Appl. Chem. 2010, 82, 979–989; b)
J.-C. Wu, D.-X. Wang, Z.-T. Huang, M.-X. Wang, J. Org.
Chem. 2010, 75, 8604–8614; c) M. E. Alberto, G. Mazzone, N.
Russo, E. Sicilia, Chem. Commun. 2010, 46, 5894–5896; d) A.
Ito, Y. Yokoyama, R. Aihara, K. Fukui, S. Eguchi, K. Shizu,
T. Sato, K. Tanaka, Angew. Chem. 2010, 122, 570; Angew.
Chem. Int. Ed. 2010, 49, 8205–8208; e) Q.-Q. Wang, D.-X.
Wang, H.-B. Yang, Z.-T. Huang, M.-X. Wang, Chem. Eur. J.
2010, 16, 7265–7275; f) H. Tsue, K. Ono, S. Tokita, K. Ishiba-
shi, K. Matsui, H. Takahashi, K. Miyata, D. Takahashi, R.
Tamura, Org. Lett. 2011, 13, 490–493; g) M. Xue, C.-F. Chen,
Chem. Commun. 2011, 47, 2318–2320; h) L.-X. Wang, L. Zhao,
D.-X. Wang, M.-X. Wang, Chem. Commun. 2011, 47, 9690–
9692; i) C.-Y. Gao, L. Zhao, M.-X. Wang, J. Am. Chem. Soc.
2011, 133, 8448–8451; j) S.-Z. Hu, C. F. Chen, Chem. Eur. J.
2011, 17, 5424–5431; k) C. F. Chen, Chem. Commun. 2011, 47,
1674–1688.

[3] a) J. L. Katz, M. B. Feldman, R. R. Conry, Org. Lett. 2005, 7,
91–94; b) J. L. Katz, K. J. Selby, R. R. Conry, Org. Lett. 2005,
7, 3505–3507; c) J. L. Katz, B. J. Geller, R. R. Conry, Org. Lett.
2006, 8, 2755–2758; d) J. L. Katz, B. J. Geller, P. D. Foster,
Chem. Commun. 2007, 1026–1028; e) J. L. Katz, B. Tschaen,
Org. Lett. 2010, 12, 4300–4303.

[4] Synthesis of oxacalixarenes: a) N. Sommer, H. A. Staab, Tetra-
hedron Lett. 1966, 25, 2837–2841; b) F. P. A. Lehmann, Tetra-
hedron 1974, 30, 727–733; c) E. E. Gilbert, J. Heterocycl. Chem.
1974, 11, 899–904; d) F. Bottino, S. Foti, S. Papalardo, Tetrahe-
dron 1976, 32, 2567–2570; e) R. D. Chambers, P. R. Hoskin,
A. R. Kenwright, A. Khalil, P. Richmond, G. Sandford, D. S.
Yufit, J. A. K. Howard, Org. Biomol. Chem. 2003, 1, 2137–
2147; f) M.-X. Wang, H.-B. Yang, J. Am. Chem. Soc. 2004,
126, 15412–15422; g) W. Maes, W. Van Rossom, K. Van Hecke,
L. Van Meervelt, W. Dehaen, Org. Lett. 2006, 8, 4161–4164; h)
E. Hao, F. R. Fronczek, M. G. H. Vicente, J. Org. Chem. 2006,

www.eurjoc.org © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2012, 2303–23072306

71, 1233–1236; i) F. Yang, L. Yan, K. Ma, L. Yang, J. Li, L.
Chen, J. You, Eur. J. Org. Chem. 2006, 1109–1112; j) H. Koni-
shi, T. Mita, O. Morikawa, K. Kobayashi, Tetrahedron Lett.
2007, 48, 3029–3032; k) C. Zhang, C.-F. Chen, J. Org. Chem.
2007, 72, 3880–3888; l) Q.-Q. Wang, D.-X. Wang, Q.-Y. Zheng,
M.-X. Wang, Org. Lett. 2007, 9, 2847–2850; m) M. Li, M.-L.
Ma, X.-Y. Li, K. Wen, Tetrahedron 2009, 65, 4639–4643; n)
W. Van Rossom, L. Kishore, K. Robeyns, L. Van Meervelt, W.
Dehaen, W. Maes, Eur. J. Org. Chem. 2010, 4122–4129; o) Y.
Zhu, J. Yuan, Y. Li, M. Gao, L. Cao, J. Ding, A. Wu, Synlett
2011, 52–56; p) W. Van Rossom, K. Robeyns, M. Ovaere, L.
Van Meervelt, W. Dehaen, W. Maes, Org. Lett. 2011, 13, 126–
129; q) C. Capici, G. Gattuso, A. Notti, M. F. Parisi, G. Bruno,
F. Nicolò, S. Pappalardo, Tetrahedron Lett. 2011, 52, 1351–
1353.

[5] Synthesis of azacalixarenes by SNAr: a) Q.-Q. Wang, D.-X.
Wang, H.-W. Ma, M.-X. Wang, Org. Lett. 2006, 8, 5967–5790;
b) M. Touil, M. Lachkar, O. Siri, Tetrahedron Lett. 2008, 49,
7250–7252; c) J. Clayden, S. J. M. Rowbotton, M. G. Hutch-
ings, W. J. Ebenezer, Tetrahedron Lett. 2009, 50, 3923–3925; d)
J. Clayden, S. J. M. Rowbottom, W. J. Ebenezer, M. G. Hutch-
ings, Org. Biomol. Chem. 2009, 7, 4871–4880; e) H. Konishi,
S. Hashimoto, T. Sakakibara, S. Matsubara, Y. Yasukawa, O.
Morikawa, K. Kobayshi, Tetrahedron Lett. 2009, 50, 620–623;
f) Y. Yasukawa, K. Kobayshi, H. Konishi, Tetrahedron Lett.
2009, 50, 5130–5134; g) M. Xue, C.-F. Chen, Org. Lett. 2009,
11, 5294–5297; h) L.-X. Wang, D.-X. Wang, Z.-T. Huang, M.-
X. Wang, J. Org. Chem. 2010, 75, 741–747; i) R. Haddoub, M.
Touil, J.-M. Raimundo, P. Marsal, M. Lachker, O. Siri, Tetrahe-
dron 2010, 66, 4377–4382; j) J.-M. Raimundo, Z. Chen, O. Siri,
Chem. Commun. 2011, 47, 10410–10412; k) M. Touil, M. El-
habiri, M. Lachker, O. Siri, Eur. J. Org. Chem. 2011, 1914–
1921.

[6] Synthesis of azacalixarenes by non-SNAr methods: a) A. Ito,
Y. Ono, K. Tanaka, J. Org. Chem. 1999, 64, 8236–8241; b) T. D.
Selby, S. C. Blackstock, Org. Lett. 1999, 1, 2053–2055; c) S. I.
Hauck, K. V. Lakshmi, J. F. Harwig, Org. Lett. 1999, 1, 2057–
2060; d) Y. Miyazaki, T. Kanbara, T. Yamamoto, Tetrahedron
Lett. 2002, 43, 7945–7948; e) M.-X. Wang, X.-H. Zhang, Q.-
Y. Zheng, Angew. Chem. 2004, 116, 856; Angew. Chem. Int. Ed.
2004, 43, 838–842; f) W. Fukushima, T. Kanbara, T. Yamam-
oto, Synlett 2005, 2931–2934; g) H. Tsue, K. Ishibashi, H. Tak-
ahashi, R. Tamura, Org. Lett. 2005, 7, 2165–2168; h) M. Vale,
M. Pink, S. Rajca, A. Rajca, J. Org. Chem. 2008, 73, 27–35; i)
E.-X. Zhang, D.-X. Wang, Z.-T. Huang, M.-X. Wang, J. Org.
Chem. 2009, 74, 8595–8603.

[7] a) V. Böhmer, D. Kraft, M. J. Tabatabai, Inclusion Phenom.
Mol. Recognit. Chem. 1994, 19, 17–39; b) A. Della Cort, L.
Mandolini, C. Pasquini, L. Schiaffino, New J. Chem. 2004, 28,
1198–1199.

[8] B.-Y. Hou, Q.-Y. Zheng, M.-X. Wang, Tetrahedron 2007, 63,
10801–10808.

[9] Q.-Q. Wang, D.-X. Wang, H.-B. Yang, Z.-T. Huang, M.-X.
Wang, Chem. Eur. J. 2010, 16, 7265–7275.

[10] Inherently chiral macrocycles described in this Communication
lack internal planes of symmetry due to asymmetrically dis-
posed substituents and are formed as racemic mixtures that
may undergo conformational enantiomerization at ambient
temperature. Measurements of enantiomerization rates, confor-
mational rigidification of the macrocycles, and resolution of
enantiomers will be addressed in a future manuscript.

[11] D. Sawyer, S. Harmalker, J. Org. Chem. 1984, 49, 3579–3583.
[12] An atropisomeric mixture was also reported for a related tet-

raaza[14]cyclophane (ref.[5h]).
[13] Unreacted 1 was not detected by 1H NMR spectroscopy and

was presumably hydrolyzed and removed during the aqueous
workup of the unpurified reaction mixtures.

[14] Alternately, nucleophilic attack of dimer A on O,O�-linked tri-
mer B followed by C–O bond cleavage will lead to the same
tetrameric precursor.



Diazadioxacalix[4]arenes and Diazadioxa[14]cyclophanes

[15] Crystallographic data: 3a: M = 574.46, orthorhombic, space
group P2(1)2(1)2(1), a = 9.1641(9) Å, b = 12.1597(13) Å, c =
21.919(2) Å, V = 2442.5(4) Å3, Z = 4, R1 = 0.0503, Rw =
0.1108, GOF = 1.053. 5b: M = 698.21, triclinic, space group
P1̄, a = 8.9497(7) Å, b = 9.5830(8) Å, c = 18.4492(15) Å, α =
80.564(2)°, β = 86.242(2)°, γ = 66.7940(10)°, V = 1434.6(2) Å3,
Z = 2, R1 = 0.0741, Rw = 0.1830, GOF = 0.898. CCDC-866173

Eur. J. Org. Chem. 2012, 2303–2307 © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 2307

(for 3a) and CCDC-866172 (for 5b) contain the supplementary
crystallographic data for this paper. This data can be obtained
free of charge from the Cambridge Crystallographic Data Cen-
tre via www.ccdc.cam.ac.uk/data_request/cif.

Received: February 6, 2012
Published Online: March 16, 2012


