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The ultimate goal of supramolecular chemistry is to gain control Scheme 1

over the noncovalent self-assembly of molecules in order to direct
their functionst Solid-state synthesis is one of the most fascinating
and rapidly emerging fields of supramolecular chemidt§onco-
valent interactions have recently proven fruitful in dictating the
regioselectivity of solid-state reactiofgzor instance, hydrogen
bonding has been used to pin olefins to linear temptaaes to
form discrete supramolecules meeting Schmidt’s requirements for
UV-induced [2+ 2] cycloaddition reaction3 A full utilization of
this innovative approach requires the successful exploitation of new
and effective noncovalent interactions for the self-assembly of
architectures geometrically tailored to preestablished reactions.
In this contribution we describe the first case wherein halogen
bonding, namely the charge-transfer interaction between Lewis
bases and halogen atofhdrives the assembly of a template with
an olefins’ carrier, orienting double bonds for photocyclization in

the crystal. To achieve this result, we engineered and synthesized

the tetratopic halogen-bonding dor®(Scheme 1Y.

The pentaerythritol ethéis obtained by a $Ar attack of oxygen
sites in1 on iodopentafluorobenzerZ The reactions occur with a
very high regioselectivity on the sites occupied by the para fluorine
atoms. This SAr reaction, previously used for the preparation of
ditopic halogen-bonding donofsis here proven as an effective
strategy to new tectoPgor halogen-bonding-driven crystal engi-
neering.

lodoperfluoroarenes are very good halogen-bonding donors, and

they easily self-assemble with nitrogen-substituted hydrocarffons.
To test the ability of the tetratopic tectd® to be involved in
halogen-bonding-driven intermolecular recognition processes, we
challenged it with 1,2-diaminoethada (Scheme 2). Single crystals
of 5a, melting at 435 K, were grown under isothermal conditions
(T = 298 K) by using the diffusion technique within a chloroferm
tetrachloromethane system.

The X-ray diffraction analysis of those cocrystals gave details
about their supramolecular organization (Figuré:1£).

Modules3 and 4a are present in the cocrystéh with a 2:1
ratio, and they form infinite 1D halogen-bonded ribbons.

As expected, the pentaerythritol derivatid behaves as a
tetratopic halogen-bonding donor, while the dinitrogen modale
is a ditopic acceptor. The structure presents two different halogen
bonds with N-+I distances of 2.811 and 2.960 A. These are,

respectively, 20 and 16% shorter than the sum of the van der Waals

radii for N and 1 (3.53 A):2 The N--<I—C angles are 174.99 and
168.20. This is consistent with the+ o* character of the halogen
bonding? and confirms its high directionalifi#. The tectorB differs
from the other pentaerythritol derivatiVéén that it does not show

either a planar or a tetrahedral conformation. Instead, the four arms
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of 3 point two by two to the opposite sides. The tetrafluorophenyl
rings lying on the same side are paired in a quasi-parallel fashion
due to remarkable face-to-fage--xr intramolecular interaction®
(distances ranging from 3.551 to 3.915 A; typical cutoff distance
3.9 A19). The wider distances are observed between the carbon
atoms closer to the iodine atoms. In fact, the rings slightly open
up. This is probably caused by the steric hindrance of the iodine
atoms, which do not show any reciprocal attraction. Thanks to the
sr+-+gt stacking interaction forces, the iodine atoms in the periphery
of module3 stay at a distance of about 4 A. Thus, tetratopic tecton
3looks ideally pre-organized for enforcing topochemical alignment
of the electron donor module by means of a double supramolecular
control: intramolecularz---r stacking interaction and intermo-
lecular halogen bonding.

With this in mind, we tried to obtain halogen-bonded adducts
betweerB andtrans-1,2-bis(4-pyridyl)ethylene (4;4pe,4b), which
is a strong halogen-bonding acceptor and easily self-assembles with
iodo- and bromoperfluoroaren&sColorless cocrystalsb were
obtained upon a slow diffusion of the volatiles in a chloroferm
tetrachloromethane crystallizing system (ScheméThe thermal
analysis of5b gave very interesting information. The melting
endotherms of the source compounds 439 K,4b: 426 K) were
both missing in the thermograph &b, while a new endotherm,
corresponding to the sample melting, appears at 494 K. This
behavior is consistent with the formation of new well-defined
crystalline species. The dramatic melting-point increase demon-
strates the robustness of the crystal matrislnt° Suitable crystals
of 5b were submitted to single-crystal X-ray analysis (Figuré®2).

The supramolecular architecture Bib was also characterized
by infinite 1D halogen-bonded ribbons. The similarities between
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alignment of the arms of the template is translated into alignment
of olefins at the distance needed for the photoreaction. Only
.‘;_‘13&%;-6’""}\%-@%&-@.,.._ occasional precedents have been reported wherein the halogen
N bonding affects solid-state photoreactions. A paper describes a
Figure 1. Infinite 1D halogen-bonded ribbois formed by self-assembling chlorodiazirine that packs in infinite chains and photodecomposes

%\@“"1&{2’5&{ ){5;\31{%’-‘“%@ ’-'195?«@ ) ;f‘_ﬁ‘qu"%r_,
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modules3 and4a. Hydrogen atoms are omitted for clarity. with low selectivity due to intermolecular ‘NCI interactiong®

e _ e oo Schmidt reports how weak €ICl contacts align polyenes in
W"“F&ﬁé i Wm@""%"%’ ] discrete assemblies that undergo photocyclization to cyclobutanes.

MH‘@’; ; %L@----%%‘,_mrégﬁ pase In contrast to Schmidt, we have used for the first time the halogen

bonding in the context of a template/cocrystal system, thus inducing
stereoselective photocyclization of olefins. The limited flexibility
of template3, the strength ofr—x interactions between perfluo-

Figure 2. Infinite 1D halogen-bonded ribboiih formed by self-assembling
modules3 and4b. Hydrogen and disordered atoms are omitted for clarity.

Scheme 3 rophenyl ringsia and the directionality of the NI halogen
r : — ing4a hat the impact of the templated synthesis here
_ P T ’\__‘,_E%_,.,No_f@ bonding“@suggest t p p Y
o @_//—@. g j\‘}\_c' Foat n@_é_@ described may extend to a variety of solid-state photoreactions
o - ’ ) ’ @ involving nitrogen substituted partners.

Acknowledgment. We thank MIUR (PRIN 2003) and EU
v | 300 nm (HPRN-CT-2000-00002) for the fundings granted.

Supporting Information Available: Crystallographic Information
Files (CIFs) for5a,b. Experimental data fd3, 5a,b, and6. This material
is available free of charge via the Internet at http:/pubs.acs.org.

. References
o . . ) (1) Atwood, J. L.; Steed, J. Wsupramolecular ChemistryJohn Wiley &
the organization of the interacting modules in cocryska® are @ gons: Iétd\}v c\?lcgester, UCK,LZOQO- 3 Chem. G 2001 2159
. : - [H H ave, G. . V.; Raston, C. L.; Scott, J. em. Commu .
impressive and confirm the _valldlty_ of our supramolecular design. (3) (3) Desiraju, G. RAngew. Chem., Int. Ed. EngL995 34, 2311. (b)
The arms of the pentaerythritol derivati8eshow the same parallel Feldman, K. S.; Campbell, R. B. Org. Chem1995 60, 1924. (c) Coates,
e e ; B G. W.; Dunn, A. R.; Henling, L. M.; Ziller, J. W.; Lobkovsky, E. B.;
arranggment withr---7r distances ranging from 3.524 to 3.?97 A. Grubbs, R. HJ. Am. Chem. S0d998 120 3641. (d) Rao, K. S. S. P..
Two different halogen bonds are present here, too, witktIN Hubig, S. M.; Moorthy, J. N.; Kochi, J. KI. Org. Chem1999 64, 8098.

; 0 (e) Amirsakis, D. G.; Elizarov, A. M.; Garcia-Garibay, M. A.; Glink, P.
distances of 2.7952.8}9 A, about 21% shorter than the sum of T Stoddart, J. F.: White. A. 3. P.. Williams, D. Angew. Cherm.. Int
the van der Waals radii for N and | (3.53 8 The N--1—C angles Ed. 2003 42, 1158.

i i (4) (a) MacGillivray, L. R.; Reid, J. L.; Ripmeester, J. A.Am. Chem. Soc.
are 177.09 and 176.7espectively. In cocrystab, -z stacking 200Q 122, 7817. (b) Papaefstathiou, G. S.. Kipp, A. J.; MacGillivray, L.
interactions determine the pre-organization of moddilend the R. Chem. Commur2001, 2462.

i i i i i i (5) Schmidt, G. M. JPure Appl. Chem1971, 27, 647.
high strength and directionality of the halogen bonding transfer this &) Metrangolo, P.- Resnali G. Halogen Bonding. Emcyclopedia of

topochemical information to the olefins that are pinned in the Supramolecular ChemistyAtwood, J. L., Steed, J. W., Eds.; Marcel

ribbons in a parallel fashion with a distance of less than 4.5 A Dekker Inc: New York, 2004. In press. ) )

b he olefins’ ids. Bb. the olefi h ical (7) For details and characterization, see Supporting Information.
_etweent e olefins Cen_tm'_ S. :t_eoe Ins present the typica ~ (8) Liantonio, R.; Mele, M. L.; Metrangolo, P.; Pilati, T.; Resnati, G.

disorder of stilbene derivatives, which has also been observed in © f/lmctm‘:lmoli Cgengooa %5617T7 . Definit 4 SconEriavel

etrangolo, P.; Resnatl, . Tectons: efinition an Ccop ayClo-

the structures of relat?d supramolecdfés. pedia of Supramolecular Chemistrtwood, J. L., Steed, J. W., Eds.;

A powdered crystalline sample &b, placed between two glass w0 l\éarceclj_DEkk,e\:Ar |_r|1|c: é\le\\;v Yﬁrk, _2004MlnTpreNS|S- o PR G
. . . orradi, E.; Meille, S. V.; Messina, M. T.; Metrangolo, P.; Resnati, G.
plates, was irradiated using a Rayonet at 300 nm. The cocBistal Angew. Chemlnt. Ed. 200Q 39, 1782.

readily underwent a photochemical cycloaddition under topochemi- (11) Crystal data foba: colorless prisms, crystal size 0.38 mm0.32 mm

cal control, producing tetrakis(4-pyridyl)cyclobutaéScheme 3). é)o)fsc”;mié‘ff?(‘g;“}fhsiagg.%rg“g E%‘;%%é%sg’)f‘ébozéf’ﬂf’j'

As confirmed by!H NMR spectroscopy of the crude reaction 4182(2) B, 26 = 54.7£, Mo Ko radiation ¢ = 0.71073 A) forz = 4

; } ; ) andR = 0.0347. CCDC 225183,
rr_1|_xture and FAB MS spectrometry, the reaction oceurs stereospe (12) Bondi, A.J. Phys. Cheml964 68, 441.
cifically and with high yields. Afte 3 h a100% conversion o5b (13) Foster, ROrganic Charge-Transfer Complex@cademic Press: London,

ieldi 0 i .7 1969; p 100.

occurred, yielding 100% th?:t.t Isomer Onl.y (GC anaIyS|§7. No (14) (a) Metrangolo, P.; Resnati, Ghem. Eur. J2001, 7, 2511. (b) Fontana,
byproducts were revealed; b, the olefin ethylene bonds are F.; Forni, A.; Metrangolo, P.; Panzeri, W.; Pilati, T.; ResnatiSBpramol.
always parallel, while the apparent cross-like feature is only due Chem.2002 14, 47.

L . . . (15) Nattinen, K. I.; Rissanen, KCryst. Growth Des2003 3, 339.
to long-range statistical disorder of these pairs (see Supporting (16) (a) Liu, J.; Murray, E. M.; Young, V. G., JEhem Commur2003 1904.
Information). Moreover, cross-plane photoreactions are prevented (b) Messina, M. T.; Metrangolo, P.; Pappalardo, S.; Parisi, M. F.; Pilati,

. . T.; Resnati. GChem. Eur. J200Q 6, 3495.
by the absence of any short contacts between the olefins belonging (17) pe santis, A.; Fori, A; Liantonio, R.; Metrangolo, P.; Pilati, T.: Resnati,

to adjacent ribbons in the crystal stacking (inter-ribbons distance G. Chem. Eur. J2003 9, 3986. ) )
> 7 A)19 (18) Crystal data fobb: oblique colorless prisms, crystal size 0.40 nxm
)' 0.32 mmx 0.16 mm, monoclinic, space groupR2 a = 12.900(2) A,

In summary, we present a means to achieve supramolecular b = 10.3505(17) Ac = 20.172(3) Ao = 90.00, 8 = 97.446(2}, y =
control on reactivity in the solid state using a tempftiat operates 2())'%?”ZU::22§]3‘;(1) (}fb%(i;_ é%g%’ '2'\2"51';%_ radiation ¢ = 0.71073
via halogen bonding. It is based on noncovalent interactions and (19) Frigi¢, T.; MacGillivray, L. R.Chem. Commur2003 1306.
operates at two levels. The intramolecutar-x interactions pre- (20) Sﬁgﬁm/go%é'\li;oiugégga' C.P.; Dang, H.; Garcia-Garibay, Nl Bays
organize the template. The intermolecular halogen bonding as- (21) Elgavi, A.; Green, B. S.; Schmidt, G. M. J.Am. Chem. S0d973 95,
sembles template and olefin carrier in ribbons. As a result of the 2058.

remarkable strength and directionality of the halogen bonding, the JA039884N

J. AM. CHEM. SOC. = VOL. 126, NO. 14, 2004 4501



