
4994 J. Am. Chem. Soc. 1989, 111, 4994-4995 

clusters by low kinetic barriers. Further studies of the properties 
and reactivity of this complex are in progress. 
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Molecular recognition by abiotic synthetic receptors is an im­
portant goal in current bioorganic chemistry. To achieve selec­
tivity, a number of recognition features (i.e., electrostatic or hy­
drophobic interactions, hydrogen bonds) must be incorporated to 
the molecular receptor to complement, in a multiple point binding, 
the chemical characteristics of the substrate.2 For anionic sub­
strates, positively charged or electron-deficient binding sites are 
required.3 This may be accomplished either by Lewis acid-
containing receptors,4 by ammonium quaternary salts,5 or by 
protonated polyamines6 and guanidines.7 The guanidinium group 
(pfca ca. 13.5) remains protonated over a much wider range of 
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pH than does the ammonium group and forms characteristic pairs 
of well-organized, strong zwitterionic hydrogen bonds (N-H+-O") 
with carboxylates or phosphates. Nature offers a number of 
examples of this bonding pattern, involving the arginine side chains 
of proteins.8 

We recently described the synthesis of the rigid bicyclic 
guanidine subunit 1, which was assembled in nine steps from 
asparagine. Both enantiomers 1-SS and 1-RR were obtained in 
excellent optical purity from L- and D-asparagine, respectively.9 

We present herein evidence for the complexation of aromatic 
carboxylic oxoanions by a bis-naphthoyl derivative of 1 and the 
first example of chiral recognition of anions, namely the enan­
tiomers of the sodium salt of N-acetyltryptophan. 

Reaction of 1 with 2-naphthoyl chloride (3 equiv) in dry N,-
iV-dimethylformamide with an excess of triethylamine afforded 
a mixture of the mono- and bis-naphthoyl esters, 2 and 3, in 20% 
and 58% yields, respectively (eq I).10 

Cl" r ^ ^ / 0 0 0 

CCl OCT 
J, H H I 

HO OH 

l 

(D 

Sodium p-nitrobenzoate was quantitatively extracted from water 
by a chloroform solution of 3. Despite its ionic structure, no traces 
of 3 were found in the water layer, and the chloroform extract 
was composed exclusively by the p-nitrobenzoate guanidinium salt 
(eq 2). The 1H NMR spectrum revealed significant shifts for 

most signals of both ions in the 1:1 complex. For instance, NH 
guanidinium protons showed a 1.78 ppm downfield shift relative 
to 3, whereas most aromatic protons of the host and the guest 
shifted upfield. Moreover, both multiplets corresponding to the 
methylene protons of the host side arms approached each other 
from 0.40 to 0.09 ppm apart. These data strongly support for­
mation of a complex of a well-defined geometry, involving a double 
recognition of the guest by the guanidinium cation (zwitterionic 
hydrogen bonds with the carboxylate function) and the naphthoyl 
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side arms (stacking with p-nitrophenyl moiety). The stability 
constant K, = 1609 M"1 (±12%) was determined by NMR ti­
tration of 3 in CDCl3 with triethylammonium p-nitrobenzoate.11,12 

Similarly, sodium p-methoxybenzoate and sodium phenylacetate 
were extracted by 3, and NH guanidinium protons shifted 
downfield, whereas aromatic naphthoyl protons shifted upfield. 
However, the overall effect was somewhat lower than in the 
p-nitrobenzoate case. For example, the naphthoyl H1 proton 
shifted only 0.27 and 0.26 ppm in thep-methoxybenzoate and the 
phenylacetate complexes, respectively. 

The chirality of 3 should force any substrate to bind in a 
dissymetric environment, allowing the enantioselective recognition 
of chiral carboxylic acids. Extraction experiments of sodium 
(5)-mandelate and (5)-naproxenate [(+)-6-methoxy-a-methyl-
2-naphthaleneacetate] with both enantiomers 3-55 and 3-RR 
afforded the corresponding diastereomeric salts. Chemical shifts 
for these complexes were quite similar as those for the achiral 
guests mentioned above, but small differences in both diastereo­
meric salts of each guest were observed. For instance, the na­
phthoyl H1 protons of the 3-55 host showed upfield shifts of 0.26 
(mandelate) and 0.27 ppm (naproxenate), but the shifts were 0.30 
and 0.32 ppm, respectively, when the 3-RR host was employed. 
It was also noteworthy that in the naproxen complexes, the proton 
at the chiral carbon center of guest shifted upfield quite differently 
in both species: 0.11 ppm for the 3-55 host but only 0.05 for the 
3-RR one.13 

Free amino acids in zwitterionic form (i.e., valine, phenylalanine, 
tryptophan) were not extracted from aqueous solutions by 3, hence 
TV-acetyl and TV-rerr-butoxycarbonyl derivatives of sodium tryp­
tophan were examined, since they contained two recognition 
functions (the carboxylate and the well-known ir-donor indole ring) 
and a bulk substituent to interact sterically with the host aromatic 
side arm not involved in the stacking. Indeed, extraction of an 
excess of the racemic salts with 3-55 afforded two diastereomeric 
salts in each case, with diastereomeric excesses (de) of ca. 17% 
for the L-tryptophan derivative.14 For the TV-acetyl derivative, 
a 1.07 ppm downfield shift was observed for the guanidinium NH 
protons, whereas naphthoyl protons shifted upfield (0.22 ppm for 
H1). Both diastereomeric complexes became evident from the 
well-differentiated downfield shifted signals of the guest: NH 
(0.16 and 0.19 ppm) and methyl (0.21 and 0.32 ppm). NMR 
titration of the triethylammonium salts of TV-acetyltryptophan in 
CDCl3 gave Ks = 1051 (±19.3%) and 534 (±15.6%) M'1 for the 
L- and D-enantiomers, respectively. A similar de was obtained 
when the sodium salt of D-/V-acetyltryptophan was extracted with 
the enantiomeric receptor, 3-RR. This represents, to our 
knowledge, the first example of enantioselective recognition of 
anionic species by an abiotic receptor. Studies toward the design 
of more selective receptors, based on three-point binding hosts 
(derived from 2), are underway. 
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The similarity of carbon monosulfide (CS) to CO has stimulated 
much interest in the synthesis and reactivity of CS complexes.1 

There are four types of CO bridging ligand:2 carbon bridging 
(A), semibridging (B), in which a filled orbital on M' donates into 

A g C D 

the empty T* orbital of the CO ligand, side-on bonding (C), 
involving donation from the filled T-orbital of the CO ligand into 
an empty orbital on M', and end-on (D). Unlike CO, CS has not 
been found or suggested to be a side-on bridging ligand (type C) 
in any metal complexes. The C-S group is known as a carbon-
bridging ligand (e.g., Cp2Fe2(CO)2(/n-CO)(it-CS),3 MnPtGu-
CS)(CO)2(PMePh2)2Cp),4 as an end-to-end bridging ligand (e.g., 
(dppe)2(CO)W—C=SS-W(CO)5,5 (^-C6H5Me)(CO)2Cr-G= 
S—Cr(CO)5),6 and as a semibridging ligand (e.g., [HB(pz)3]-
(CO)W(/i-CO)(M-CS)Au(PR3), R = Me, Ph).7 In all of these 
types of complexes, the CS ligand has a greater preference for 
the bridging position than CO. In this communication, we describe 
the synthesis and structure of [HB(pz)3](CO)2W(/x-CS)Mo-
(CO)2(In) (1; In = 77'-C9H7-, indenyl; HB(Pz)3", hydrotris(l-
pyrazolyl)borate), the first example of a complex containing a 
side-on bridging CS ligand. In this type of bridging situation, 
the CS ligand also forms a more stable complex than CO. 

Addition of 1 equiv of [(In)Mo(CO)2(MeCN)2]BF4
8 to a THF 

solution of Bu4N{[HB(pz)3](CO)2W(CS)}9 (0.553 mmol) at 25 
0C produces a brown solution of 1 in 30 min. After the solvent 
is removed in vacuo, the resulting brown residue is recrystallized 
several times from THF/Et 20. A final recrystallization from 

fIowa State Molecular Structure Lab. 
(1) For a recent review, see: Broadhurst, P. V. Polyhedron 1985, 4, 1801. 
(2) For recent reviews, see: (a) Horwitz, C; Shriver, D. F. Adv. Orga-

nomet. Chem. 1984, 23, 219. (b) Crabtree, R. H.; Lavin, M. Inorg. Chem. 
1986, 25, 805. (c) Sargent, A. L.; Hall, M. B. J. Am. Chem. Soc. 1989, 111, 
1563. 

(3) (a) Quick, M. H.; Angelici, R. J. J. Organomel. Chem. 1978, 160, 231. 
(b) Wagner, R. E.; Jacobson, R. A.; Angelici, R. J.; Quick, M. H. J. Orga­
nomel. Chem. 1978, 148, C35. 

(4) Jeffery, J. C; Razay, H.; Stone, F. G. A. J. Chem. Soc, Dalton Trans. 
1982, 1733. 

(5) Dombek, B. D.; Angelici, R. J. J. Am. Chem. Soc. 1974, 96, 7568. 
(6) Lotz, S.; Pille, R. R.; Van Rooyen, P. H. Inorg. Chem. 1986, 25, 3053. 
(7) Kim, H. P.; Kim, S.; Jacobson, R. A.; Angelici, R. J. J. Am. Chem. 

Soc. 1986, 108, 5154. 
(8) Allen, S. R.; Beevor, R. G.; Green, M.; Orpen, A. G.; Paddick, K. E.; 

Williams, I. D. J. Chem. Soc, Dalton Trans. 1987, 591. 
(9) Greaves, W. W1; Angelici, R. J. J. Organomel. Chem. 1980, 191, 49. 

0002-7863/89/1511-4995S01.50/0 © 1989 American Chemical Society 


