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Alkyl-substituted derivatives of 1,3-dipyrrolyl-1,3-propanedione; BBmplexes, the efficient receptors

for halide and oxoanions with use of bridging CH

as well as pyrrole NH, are reporteccddfplexes

with only one pyrrole NH interaction sit@¢,e), which exhibit smaller affinities than the basic structure
(2b), bind anions tightly, which is inferred by UV/vis absorption spectral changes, compared to the
derivatives with an alkyl group at the bridging carb@f) (or two pyrrole nitrogen site2€). With use

of 'H NMR and theoretical studies for anion complexefdfind2e, bridging CH (and ong-CH in 2d)

as well as pyrrole NH is found to interact with anions.

Introduction

Among the versatile artificial anion binding receptbisclic
oligopyrroles such as diprotonated sapphyrarsl calixpyrrole
show an efficient complexation forf-using multiple NH sites.
However, there are few examples of acyclic oligopyrroles, such
as seen in amidopyrroleand dipyrrolylquinoxalined Recently,
we reported a new class of naked-eye anion sensors, BF
complexes Zab) of 1,3-dipyrrolyl-1,3-propanedioned ,b),
which efficiently bind anions such as halides (EI-, and Br)

(1) (a) Beer, P. D.; Gale, P. AAngew. Chem.nt. Ed. 2001, 40, 486.
(b) Martinez-Mdez, R.; Sancemg F. Chem. Re. 2003 103 4419. (c)
Sessler, J. L.; Camiolo, S.; Gale, ®oord. Chem. Re 2003 240, 17.

(2) (a) Sessler, J. L.; Cyr, M. J.; Lynch, V.; McGhee, E.; Ibers, JJ.A.
Am. Chem. S0d.99Q 112 2810. (b) Shionoya, M.; Furuta, H.; Lynch, V.;
Harriman, A.; Sessler, J. ). Am. Chem. S04992 114 5714. (c) Sessler,
J. L.; Davis, JAcc. Chem. Re001, 34, 989.

(3) (a) Gale, P. A.; Sessler, J. L.; Kr&.; Lynch, V. J. Am. Chem. Soc.
1996 118 5140. (b) Gale, P. A.; Sessler, J. L.;"Kr&. Chem. Commun.
1998 1.
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Hursthouse, M. B.; Light, M. EOrg. Biomol. Chem2004 2, 2935. (c)
Vega, |. E. D.; Gale, P. A.; Light, M. E.; Leob, S.Ohem. Commur2005
4913.
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J. Am. Chem. S0d.999 121, 10438.
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and oxoanions (HPQ,~ and HSQ™) using two pyrrole NH units
and a bridging CH (Figure 1alRing irversionof pyrroles from
the stable geometries was found essential to capturing anions,
using these binding sites (Figure 1b). Upon the additionof F
the fluorescence of BFcomplex, rather solubleb, was
guenched, and in the case of Cbn the other hand, emission
was not completely suppressed. In the solid state, unsubstituted
2aforms a chloride-bridged 1-D network with-NH---CI~ and
C—H---Cl~ interactions

Furthermore, totally N-“blocked” derivativc has not
exhibited the F binding in CHCl,, which indicated the bridging
CH moiety, less polarized than NH, in this acyclic system has
not been able to associate with the anion in solution, and also
suggested that the NH moieties as the interaction sites are more
essentiato associate with anion than bridging Chh this new
class of anion binding system, whene NH site is available
for association, which of the interaction sites, the other NH or
bridging CH, is more important as a supporting role for an
efficient binding? To answer this question, the substituent effect
at the NH or the bridging CH site is investigated in detail. If
there are no differences in binding affinities of N- and
C-substituted derivatives, the positive or negative effect of

(6) Maeda, H.; Kusunose, YChem. Eur. J2005 11, 5661.
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FIGURE 1. (a) Structures of 1,3-dipyrrolyl-1,3-propanedionésa-{
c) and BR, complexesZa—c) and (b) possible anion binding mode of
2a
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SCHEME 1. Synthesis of B Complexes 2d-f from
Dipyrrolyldiketones 1d—f
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was complexed with the BRunit in 74% to afford2f under a

C—H---anion interaction can be neglected. Here, we report the simjjar method fo2d,e(Scheme 1b). Structural determinations

synthesis and anion binding properties of the derivatives, in
which some of the association sites are blocked by an alkyl
group or one of the pyrrole rings is removed. In these
derivatives, substitutions at pyrrole N and bridging C interfere
with the anion binding and the CH site is found to act in a key
role to assistNH unit(s) to form anion complex€§.”° The
partially “blocked” receptors also afford the exact anion binding
mode, using CH in solution.

Results and Discussion

Synthesis and Characterization.The partially N-“blocked”
diketone derivativeld was synthesized in 24% from malonyl
chloride and a 1:1 mixture of pyrrole amttmethylpyrrole®10
BF, complexation of diketoné&d into 2d was performed in 43%
yield by treating with an excess of BIOEL in CH,Cl, (Scheme
1a). The derivative with only one pyrrolég was obtained from
the reported procedurésalso transformed into BFcomplex
2ein 88%. Alkyl-substituted diketongf, C-“blocked” diketone,
which has an ethyl group at the bridging carbon between two

of BF, complexe2d—f were performed byH NMR and MS
analyses.

Exact conformations and self-assemblies of the B&mM-
plexes2d—f were revealed by X-ray single-crystal structural
analyses (Figure 2&c). Similar to the B complexes2a—c
(Figure 2d,e¥, each pyrrole N of2d—f points to the carbonyl
oxygen side possibly due to intramolecularN---O interaction.
Both derivative2d,e, with one NH site, form a supramolecular
network with intermolecular NH---F(—B) interactions (2.864
and 2.820 A, respectively). Furthermore, weak association
between bridging CH and FB) was also observed: 3.287 and
3.343 A for2d and 3.380 and 3.447 A f@e These short atom
distances, within the sum of the van der Waals radii between
carbon-hydrogen and fluorine, were also observed in the solid-
state structure ofc, which fabricate the 1-D chain supramo-
lecular assembly. In the case of C-ethyl-substit@&dn the
other hand, only N-H---F(—B) intermolecular interactions
(2.890 and 2.844 A) were observed. These weak interactions
were not detected in the solution phase to demonstrate the
potential anion binding properties of NH as well as bridging

carbonyl moieties, was also synthesized in 7% by condensationCH

of pyrrole and ethyl-substituted malonyl chloride. Furthir,

(7) (a) Sato, K.; Arai, S.; Yamagishi, Tretrahedron Lett1999 40,
5219. (b) Yoon, D.-W.; Hwang, H.; Lee, C.-tAngew. Chem.Int. Ed.
2002 41, 1757. (c) Lee, C.-H.; Na, H.-K.; Yoon, D.-W.; Won, D.-H.; Cho,
W.-S.; Lynch, V. M.; Schevchuk, S. V.; Sessler, J.JLAm. Chem. Soc.
2003 125 7301. (d) Kim, S. K.; Kang, B.-G.; Koh, H. S.; Yoon, Y. J;
Jung, S. J.; Jeong, B.; Lee, K.-D.; Yoon,Qrg. Lett.2004 6, 4655. (e)
Kwon, J. Y.; Jang, Y. J.; Kim, S. K.; Lee, K.-H.; Kim, J. S.; Yoon,dJ.
Org. Chem2004 69, 5155. (f) llioudis, C. A.; Tocher, D. A.; Steed, J. W.
J. Am. Chem. So@004 126, 12395. (g) Miao, R.; Zheng, Q.-Y.; Chen,
C.-F.; Huang, Z.-TTetrahedron Lett2005 46, 2155. (h) Lee, C.-H.; Lee,
J.-S.; Na, H.-K,; Yoon, D.-W.; Miyaji, H.; Cho, W.-S.; Sessler, J.X..
Org. Chem 2005 70, 2067.

(8) (&) Ihm, H.; Yun, S.; Kim, H. G.; Kim, J. K.; Kim, K. SOrg. Lett.
2002 4, 2897. (b) Kim, S. K.; Singh, N. J.; Kim, S. J.; Kim, H. G.; Kim,
J. K.; Lee, J. W.; Kim, K. S.; Yoon, Drg. Lett.2003 5, 2083. (c) Yun,
S.; Ihm, H.; Kim, H. G.; Lee, C.-W.; Indrajit, B.; Oh, K. S.; Gong, Y. J.;
Lee, J. W.; Yoon, J.; Lee, H. C.; Kim, K. 8. Org. Chem2003 68, 2467.
(d) Yoon, J.; Kim, S. K.; Singh, N. J.; Lee, J. W.; Yang, Y. J.; Chellappan,
K.; Kim, K. S. J. Org. Chem2004 69, 581. (e) Chellappan, K.; Singh, N.
J.; Hwang, I.-C.; Lee, J. W.; Kim, K. SAngew. ChemInt. Ed. 2005 44,
2899.

(9) (a) Bryantsev, V. S.; Hay, B. B. Am. Chem. So@005 127, 8282.
(b) Bryantsev, V. S.; Hay, B. Rl. Am. Chem. So@005 7, 5031.

(10) Stark, W. M.; Baker, M. G.; Leeper, F. J.; Raithby, P. R.; Battershy,
A. R. J. Chem. SocPerkin Trans. 11988 1187.

(11) Sundberg, R. J.; Pearce, B. X.0rg. Chem1985 50, 425.
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Anion Binding Properties. Anion binding properties of
N-“blocked” (2d,e) and C-“blocked” derivativef were eluci-
dated by UV/vis absorption spectral changes in,Chl upon
the addition of various anions. In the case oftinding of2d,
the absorption maximum at 435 nm was decreased gradually,
while a new shoulder around 470 nm emerged (Figure 3a).
Similarly, the absorption c2eat 370 nm disappeared with the
appearance of the band at 383 nm and shoulder around 400 nm
(Figure 3b). In2f, upon the addition of F, Amax at 443 nm
declined with the new shoulder around 480 nm. In these cases,
isosbestic points were observed at 384 and 445 nradpB22
and 377 nm fore and 406 and 454 nm f&f, respectively.
Spectral changes dtd—f by other anions such as Cland
H,PO,~ were also observed except for the"Qlomplexation
of 2f.

According to the reported procedui®sinding constantsi(,

M~1) were estimated by the 1:1 curve fitting for spectral changes
(Table 1). Binding stoichiometry (1:1) was confirmed by Job
plots, using2d and F in dry CH,Cl,. Affinity orders, F >
H,PQ,~ > ClI-, are matched with that of unprotect2d.® The
association constant @d for F~ is comparable (ca. 1/2 times)
to that of2b, while CI- and HPO,~ are ca. 1/10 folds smaller
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(a)

FIGURE 2. Sélf-assembled structures of BEomplexes: (aRd, (b)
2e (c) 2f, (d) 2b, and (e)2c.® Atom color code: brown, pink, blue,

red, yellow, and green refer to carbon, hydrogen, nitrogen, oxygen,
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TABLE 1. Binding Constants (Ka, M~1) of BF, Complexes (2b,
2d—f) for Anions upon the Addition of Tetrabutylammonium Salts
in CH 2c|2a

2b 2d 2e 2f

F 100 000 4200(%(0.42) 25000(0.25) 34 000 (0.34)
o 2000 240 (0.12) 160 (0.08) <10 (-)
H,PO,~ 13000 1400 (0.11) 3200 (0.25) 250 (0.02)

aThe values in the parentheses are the ratigof 2b for each anion.
b For F~ binding, dry CHCIl, was used becausg was drastically affected
by the amount of water in solution compared to other anidReference
6.

The above observations suggested that only one or two binding
sites are efficient for the small anion Fwhile larger anions
such as Ct and HPO,~ need a multiple number of interaction
NH and CH unitsIn addition, the higher association constants
in 2b also confirm the binding mode proposed in Figure 1b.

The anion binding mode was confirmed by NMR study upon
the addition of anions as tetrabutylammonium salts to GDCI
at—50 °C. Before the addition of anions, NH and bridging CH
signals of N-blocked derivatives were resonated at 9.49 and 6.54
ppm for2d and 9.65 and 6.24 ppm f@g, respectively. Upon
the addition of the Cl anion (11 and 4 equiv foRd and2e),
these signals disappeared and new resonances appeared at 13.38
and 7.97 ppm fod (ca. 1.5x 1072 M, Figure 4) and 13.53
and 7.37 ppm fore (ca. 1 x 1072 M), respectively. In the
case of the F anion (6.7 and 4.7 equiv), similar signals
resonated at 17.14 and 7.96 ppm faf and 17.89 and 7.48
ppm for 2e, respectively. Compared to GIF~ can attract the
more polarized NH and shift the signal downfield wittd
values (the shift differences between before and after addition
of the anions) of, for example, 7.65 ppm for Bnd 3.89 ppm
for Cl~ in 2d. In contrast, CH resonates in a similar downfield
with Ad values of 1.42 ppm for Fand 1.43 ppm for Cl in
2d. In addition, one of thg-CH protons at 7.21 ppm was also
shifted to 7.60 and 8.05 ppm by Fand CI binding,
respectively. Such downfield shifts infer the weak interaction
between the anion and theCH site as well. Assignment of

boron, and fluorine, respectively. One of the disordered ethyl substit- the bridging CH ang8-CH was achieved byH—H COSY!?

uents is represented in part c.
values than2b. A similar trend was observed iBe. On the

other hand, C-“blocked” derivativ@f exhibited comparable
affinity for F~ and much les&;, for CI~ and HPO,~ than2d,e.
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FIGURE 3. UV/vis absorption spectral changes of @ (1.5 x 1075 M) and (b)2e (1.5 x 1075 M) in CHxClI, upon the addition of F(0—4.3
and 0-5.0 equiv, respectively).
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On the other hand, in the case of C-blockfdca. 3x 1072

M), the resonance ascribable to NH was completely eliminated
by F~ (9 equiv) and a new peak did not emerge even-80

°C, and, in contrast, Clcomplexation of was not observed.
These spectroscopic data infer the anion binding modes, both
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FIGURE 4. 'H NMR spectral changes upon the addition Glis a
tetrabutylammonium salt to the CD@Golutions of2d (1.6 x 1073 M)
at—50°C: (a) 0, (b) 0.7, (c) 4.7, and (d) 100 equiv of Cl

N/

FIGURE 5. (a) Schematic representation and (b) optimized structures
of possible anion binding modes &fl, 2e, and 2f at the B3LYP/6-
31G** level.

NH and CH interaction ir2d,e and only NH interaction ir2f,
represented in Figure 5a.

DFT calculations at the B3LYP/6-31G** level suggest the
optimized geometries of anion complexXén the case ofd-X~
and2e X~, one pyrrole ring, whose NH orients to the oxygen
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side in the anion-free optimized structures, is inverted to capture
the anion and make a complex (Figure 5b). The estimated atom
distance between association sites and anions is 2.524 and 2.526
(N—H-++F)14 and 3.088 and 3.158 A (eH:--F") for 2d and

2e, respectively. The Cl anion also locates near the binding
sites of these receptorgd,e) at 3.087 and 3.045 (NH---CI™)

and 3.570 and 3.594 A (eH---CI), respectively, suggesting
that, in the optimized structures @fl,e, anions are captured
and shifted to the NH side, in contrast to the “centered” location
in the theoretical results &a. Similarly, the complexes with

an oxoanion such as,;RO,~ are optimized with the distances

of 2.720 and 2.659 (NH---O) and 3.161 and 3.221 A (eH-

--O) for 2d and2e, respectively. Atom distances between anions
and the neighboring-CH of 2d are estimated as 3.684 {C
H---F"), 3.853 (C-H---Cl7), and 3.670 (ESH---O of H,POy ")

A, respectively. In solution, anions associate with CH as a weak
interaction site, which augments the association constants for
Cl~ and PO, as compared taf. On the other hand, a single
pyrrole NH unit is more than enough for Fas seen in the
similar K, values amon@d—f. The optimized structures @f
locate anions only at the NH site with the distance of 2.540
(N—H---F")4and 2.616 A (N-H:--O in H,PO,~ complex) and
show no pyrrole inversion.

Conclusions

In conclusion, BE complexes of alkyl-substituted dipyrro-
lyldiketones have exhibited the essential role of the CH site for
anion binding. The CH site cannot behave as an association
unit by itself, and itassiststhe complexation between more
polarized NH and anions, especially Gind HPO,~. On the
basis of the unique properties seen irld:--X~ interaction,
further investigation to fabricate functional anion receptors of
dipyrrolyldiketones is currently going on in our group.

Experimental Section

1-(2-Methylpyrrol-2 '-yl)-3-(pyrrol-2 '-yl)-1,3-propanedione, 1d.
To a solution of pyrrole (0.509 g, 7.59 mmol) and 1-methylpyrrole
(0.333 g, 4.11 mmol) in 80 mL of Ci€l, was added malonyl

(12) Larger Cf (effective ionic radius: 1.81 A) can be associated with
B-CH than F (1.33 A). For the ionic radii, see: Shannon, R. Acta
Crystallogr. A1976 32, 751.

(13) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A,
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.;
Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A,;
Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels,
A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.;
Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.;
Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;
Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson,
B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. Baussian 03
Revision C.01; Gaussian, Inc.: Wallingford, CT, 2004.

(14) (a) F associates with NH without removal of proton from the
pyrrole ring due to the concerted downfield shifts of bridging CH Ar@H
upon the addition of anion. Theoretical studies onlinding of 2d—f,
however, infer the more stable complexes of deprotonated form and HF.
Such deprotonation of pyrrolic NH by halide anion and the formation of
an ion pair complex was previously reported; see: (b) Camiolo, S.; Gale,
P. A.; Hursthouse, M. B.; Light, M. E.; Shi, A. £hem. Commur2002
758. (c) Gale, P. A.; Navakhun, K.; Camiolo, S.; Light, M. E.; Hursthouse,
M. B. J. Am. Chem. So®002 124, 11228. (d) Gmez, D. E.; Fabbrizzi,

L.; Licchelli, M.; Monzani, E.Org. Biomol. Chem2005 3, 1495.
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TABLE 2. Crystallographic Details for 2b,d—f
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parameter 2b 2d 2e 2f
empirical formula G1H29BF>N>O» C1oH11BFN2O» CgHgBFoNO» C13H13BFoN2O2
MW 390.27 264.04 198.96 278.06
space group (no.) Pbcn(no. 60) P2:/n (no. 14) P2;/c (no. 14) C2/c (no. 15)
crystal system orthorhombic monoclinic monoclinic monoclinic
a, 18.193(5) 7.2512(15) 8.4650(11) 13.2822(17)
b, A 11.808(3) 10.180(2) 15.953(2) 10.0025(13)
c, A 9.980(3) 15.873(3) 7.1898(10) 19.084(2)
f, deg 90 91.287(4) 112.498(2) 93.460(2)
vV, A3 2143.9(10) 1171.4(4) 897.0(2) 2530.7(6)
T,°C 90(2) 90(2) 90(2) 90(2)
z 8 4 4 8
Decalca g CNT 3 1.209 1.497 1.473 1.460
crystal size, mm 0.40x 0.15x 0.10 0.20x 0.10x 0.05 0.35x 0.20x 0.10 0.45x 0.20x 0.15
no. of reflectns measd 9704 6937 5339 7567
no. of reflectns obsd 1887 2667 2003 2874
u(Mo Ka)), mm2 0.088 0.122 0.130 0.117
GOF onF? 1.331 1.261 1.143 1.030
R(1>20(1)) 0.1095 0.0802 0.0508 0.0487
Ru(1>20(1)) 0.1916 0.1531 0.1126 0.1176
R(all data) 0.1235 0.0949 0.0575 0.0548
Ry(all data) 0.1972 0.1593 0.1158 0.1220

chloride (0.507 g, 6.25 mmol) in Gi&l, (20 mL) dropwise over
15 min with stirring for 2 h. The mixture was washed with Na

by the previous reported proceddfeTo a CHCl, (160 mL)
solution of 1e (0.098 g, 0.648 mmol) was added BBEt (2.0

CGOs aq, water, and brain. The solvent was removed by evaporation, mL, 15 mmol) with stirring at room temperature for 5 min. The
and the residue was purified by silica gel column chromatography solvent was removed, and the residue was purified by silica gel

(Wakogel C-300, 2%MeOH/CHLI,) to give 1d in 25% yield. R
0.72 (5%MeOH/CHCI,). 'H NMR (CDCls, 400 MHz) d (ppm)
9.54 (sh, 1H), 7.12 (dd) = 1.6 and 4.0 Hz, 1H), 7.04 (m, 2H),
6.83 (m, 1H), 6.28 (m, 1H), 6.14 (dd,= 2.4 and 4.0 Hz, 1H),
4.21 (s, 2H), 3.92 (s, 3H). FABM&Vz (% intensity) 216.2 (52,
M™), 217.2 (100, M + 1). Calcd for GoH1oN,0,, 216.09.

2-Ethyl-1,3-(dipyrrol-2'-yl)-1,3-propanedione, 1f.A mixture

column chromatography (Wakogel C-300, 4%MeOHCH).
Recrystallization from CECl,/hexane gav@ein 88% yield.R; 0.65
(5%MeQH/CHCI,). *H NMR (CDClz, 400 MHz) 6 (ppm) 9.65
(sb, 1H), 7.27 (m, 1H), 7.19 (m, 1H), 6.45 (m, 1H), 6.19 (s, 1H),
2.30 (s, 3H). UVlis (CHCl,, Amadnm] (e, 10* M1 cm™1)) 369.5

(6.1). FABMSm/z (% intensity) 198.8 (100, M). Calcd for GHs-

of distilled thionyl chloride (2.81 g, 23.6 mmol) and ethylmalonic  diffraction analysis.

acid (1.00 g, 7.49 mmol) was stirred at reflux temperature for 6 h.

BF,NO,, 199.06. This compound was further characterized by X-ray

BF, Complex of 1f, 2f. To a CHCI, (20 mL) solution of1f

The reaction mixture was purified by distillation under reduced (0.020 g, 0.087 mmol) was added BBE% (0.32 mL, 2.5 mmol)

pressure (5455 °C/23.0-24.7 mmHg) to give 2-ethylmalonyl

and the resulting solution was stirred at room temperature for 5

chloride in 53% yield. To a solution of pyrrole (0.537 g, 8.00 mmol) Min. The solvent was removed, and the residue was purified by

and AICk (0.638 g, 4.78 mmol) in 160 mL of Cj€l, was added
2-ethylmalonyl chloride (0.665 g, 3.93 mmol) in @&, (10 mL)

silica gel column chromatography (Wakogel C-300, ;CH).
Recrystallization from CkCl,/hexane gavéfin 74% yield.R; 0.59

dropwise over 10 min and the resulting solution was stirred for 16 (5%MeOH/CHCI,). *H NMR (CDCls, 400 MHz) 6 (ppm) 9.83
h at room temperature. After monitoring the consumption of the (Sb, 2H), 7.22 (m, 2H), 7.20 (m, 2H), 6.50 (m, 2H), 2.97 {g=
pyrrole on TLC, the mixture was poured into ice and extracted 7.6 Hz, 2H), 1.39 (tJ = 7.6 Hz, 3H). UV/vis (CHClp, Ama{nm]
with CH,Cl,. The organic layer was washed with brine and the (e, 100 M™* cm™)) 443.0 (9.2). FABMS 278.2 (100, ). Calcd
solvent was removed by evaporation. The residue was purified by for C1aH1sBF2N20,, 278.10. This compound was further character-

silica gel column chromatography (Merck silica gel 60, 4%MeOH/ ized by X-ray diffraction analysis.
CH.Cl,) and recrystallized from Cjl,/hexane to givelf in 7%
yield. Rr 0.37 (5%MeQH/CHCI). *H NMR (CDCls, 400 MHz) 6
(ppm) 9.33 (sb, 2H), 7.03 (m, 4H), 6.26 (m, 2H), 4.54)(& 7.2
Hz, 1H), 2.15 (qui,J = 7.2 Hz, 2H), 0.99 (tJ = 7.2 Hz, 3H).
ESI-MS mVz (% intensity) 229.1 (100, M — 1), 230.1 (15, M).
Calcd for GsH14aN2O,, 230.11.

BF, Complex of Diketone 1d 2d. To a CHCI, (200 mL)
solution of diketoneld (0.226 g, 1.05 mmol) was added BOEL,
(2.6 mL, 21 mmol) and the resulting solution was stirred at room
temperature for 20 min. The solvent was removed, and the residue
was purified by silica gel column chromatography (Wakogel C-300,
0.5%MeOH/CHCI,). Recrystallization from ChkCl,/hexane gave
BF, complex2d in 43% vyield. R 0.72 (5%MeOH/CHCI,). H
NMR (CDCl;, 400 MHz) 6 (ppm) 9.48 (sb, 1H), 7.17 (m, 2H),
7.11 (m, 1H), 7.00 (sb, 1H), 6.53 (s, 1H), 6.42 (m, 1H), 6.28 (m,
1H), 4.04(s, 3H). UV/vis (CECly, Amadnm] (e, 10* M~ cm™1))

X-ray Crystallography. Data were collected on a Bruker
SMART CCDC for2hb, 2d, 2e and2f, refined by full-matrix least-
squares procedures with anisotropic thermal parameters for the non-
hydrogen atoms. The hydrogen atoms were calculated in ideal
positions. Solutions of the structures were performed by using the

Crystal Structure crystallographic software package (Molecular

435.0 (7.0). FABMSWz (% intensity) 264.2 (100, ). Calcd for set.

C12H11BFNLO,: 264.09. This compound was further characterized
by X-ray diffraction analysis.

BF, Complex of 2-(1,3-Dioxobutyl)pyrrole le, 2e. The
2-(1,3-dioxobutyl)pyrrolele as a starting material was prepared

Structure Corporation). Crystals 2b,d—f were obtained by vapor
diffusion of hexane into a Cj€l, solution of2b,d—f, respectively.
CIF files (CCDC-288404-288407 fatb, 2d, 2e and 2f) can be
obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Computational Methods. Ab initio calculations of2d—f and
its F, CI-, and HPO,~ binding complexes were carried out by
using the Gaussian 03 progréhand an HP Compaq dc5100 SFF
computer. The structures were optimized, and the total electronic
energies were calculated at the B3LYP level, using a 6-31G** basis
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