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B. In Vitro Susceptibility Tests. MIC's of the compounds 
for the various bacterial strains were determined by a microtiter 
broth dilution assay.8,9 For comparative purposes, MIC's of 
racemic compounds were divided by two to reflect the fact that 
only one oxazolidinone enantiomer possesses antibacterial activity. 
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10, 139071-74-2; 10 isocyanato, 2243-54-1; 11, 139071-75-3; 11 

(8) Slee, A. M.; Wuonola, M. A; McRipley, R. J.; Zajac, I.; Zawada, 
M. J.; Bartholomew, P. T.; Gregory, W. A.; and Forbes, M. 
Ozazolidinones, a New Class of Synthetic Antibacterial Agents: 
In Vitro and In Vivo Activities of DuP 105 and DuP 721. 
Antimicrob. Agents Chemother. 1987, 31, 1791-1797. 
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Tricarbonylchromium Complexes of Hantzsch 
Esters Possess Robust Calcium Antagonist 
Activity1 

4-Aryl-l,4-dihydropyridines (Hantzsch esters) are im
portant cardiovascular drugs which exhibit calcium chan
nel antagonist activity.1 Interest in the synthesis of this 
class of compounds continues, both to elucidate the mo
lecular basis of action and to improve their pharmaco
logical profile.2 (Arene)chromium tricarbonyl derivatives 
have found wide application in synthesis3 and, more re
cently, in biological applications4 as probes of drug-re
ceptor binding. A central question for the potential use 
of a functionalized drug as a probe of any drug-receptor 
interaction is whether the structural change introduced 
perturbs the binding or abolishes biological activity.5 We 
herein report the first preparation of tricarbonylchromium 
4-aryl-1,4-dihydropyridines,6 and present evidence that 

(1) (a) Triggle, D. J.; Langs, D. A.; Janis, R. A. Ca2+ Channel 
Ligands: Structure-Function Relationships of the 1,4-Di-
hydropyridines. Med. Res. Rev. 1989, 9,123-180. (b) Janis, 
R. A.; Triggle, D. J. New Developments in Ca2+ Channel An
tagonists. J. Med. Chem. 1983, 26, 775-785. 
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Lett. 1988,29,6335-6338. (b) Davis, R.; Kern, J. R.; Kurz, L. 
J.; Pfister, J. R. Enantioselective Synthesis of Dihydropyridine 
Sulfones. J. Am. Chem. Soc. 1988,110, 7873-7874. (c) Bald
win, J. J.; Claremon, D. A.; Lumma, P. K.; McClure, D. E.; 
Rosenthal, S. A.; Winquist, R. J.; Faison, E. P.; Kaczorowski, 
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bell, S. F.; Cross, P. E.; Stubbs, J. K.; Burges, R. A.; Gardiner, 
D. G.; Blackburn, K. J. Long-Acting dihydropyridine Calcium 
Antagonists. 1. 2-Alkoxymethyl Derivatives Incorporating 
Basic Substituents. J. Med. Chem. 1986, 29, 1696-1702. 
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these molecules are robust and stable calcium antagonists 
which compete with [3H]-l,4-dihydropyridine binding at 
Ca2+ channels in cardiac membranes. 
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Results and Discussion 

Dihydropyridine complexes of chromium are known 
wherein the ij8 tricarbonylchromium (TCC) is bound to the 
dienamine function.6'"6 Recently, TCC-dihydropyridine 
complexes have been obtained by nucleophilic addition to 
TCC-pyridine complexes.6' We present here compounds 
which, to the best of our knowledge, represent the first 
examples of metalation selectively on the 4-aryl ring in the 
presence of a 1,4-dihydropyridine. Regioselectivity was 
clearly established as ?j6 to the 4-aryl substituent by the 

(3) Collman, J. P.; Hegedus, L. Principles and Applications of 
Organotransition Chemistry; University Science Books: Mill 
Valley, CA, 1980; pp 651-72. 

(4) (a) Gruselle, M.; Deprez, P.; Vessieres, A.; Greenfield, S.; 
Jaouen, G.; Larue, J. P.; Thouvenot, D. Cobalt and Molybde
num Carbonyl Clusters in Immunology. Synthesis and Bind
ing Properties of Mycotoxin Derivatives of Zearalenone. J. 
Organomet. Chem. 1989, 359, C53-C56. (b) Vessieres, A.; 
Tondu, S.; Jaouen, G.; Top, S.; Ismail, A. A.; Teutsch, G.; 
Moguilewsky, M. Transition-Metal Carbonyl Complexes in 
Progesterone Receptor Assay. Inorg. Chem. 1988, 27, 
1850-1852. (c) Jaouen, G.; Vessieres, A. Transition Metal 
Carbonyl Oestrogen Receptor Assay. Pure Appl. Chem. 1985, 
57, 1865-1874. 

(5) For our previous studies on bioisosteric replacement, see: 
Natale, N. R.; Triggle, D. J.; Palmer, R. B.; Lefler, B. J.; Ed
wards, W. D. 4-Isoxazolyl-l,4-dihydropyridines: Biological, 
Theoretical and Structural Studies. J. Med. Chem. 1990, 33, 
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*H and 13C NMR chemical shifts.7 The assignments were 
made unambiguously by 2D ^ - " C correlation and off-
resonance decoupling. The proton chemical shifts of the 
4-phenyl substituent for the starting material (6 7.0-7.2) 
shifted dramatically upfield (6 4.9 to 5.6). Similarly, the 
carbon signals for the aromatic ring were also prominently 
shifted upfield, from 147.7 (ipso), 127.8,127.7, and 126 to 
118.9,97.4,96.0, and 87.7, respectively. In contrast, the 
signals for the vinylogous urethane functional group of the 
1,4-dihydropyridine changed only slightly from 167.7 
(C02R), 144 (C=CNH), and 103.8 (C=CNH) for the 
starting material to 167.1,145.3, and 102.9 for the corre
sponding TCC complex. The characteristic spectroscopic 
features of the tricarbonylchromium derivative, which 
recommend its use as a drug-receptor probe, are the in
frared carbonyl stretching absorptions at 1964 and 1884 
cm-1 and the 13C NMR chemical shift observed at 233 ppm 
for the TCC moiety. Both of these regions represent useful 
spectral "windows'' for the study of TCC-DHP interaction 
with receptor protein. 

In the structure-activity relationship (SAR) for the DHP 
calcium antagonists, electron-withdrawing substituents on 
the ortho or meta position of the 4-phenyl ring normally 
enhance biological activity. Therefore, the procedure was 
extended to the metalation of functionalized 4-phenyl 
rings. Representative electron-withdrawing groups (i.e., 
o-CF3,42% yield; o-Cl, 74%) and electron-donating groups 
(i.e., 0-OCH3, 59% yield; m-OCH3, 66%; and p-OCH3, 
56%) can be incorporated. However, limitations were 
encountered with o-N02 and 4-isoxazolyl5 substituents. In 

(6) Chromium carbonyl complexes with electron-rich dihydro-
pyridines are well-known: (a) Bear, C. A.; Cullen, W. R.; 
Kutney, J. P.; Ridaura, V. E.; Trotter, J.; Zanarotti, A. Studies 
in the Dihydropyridine Series. I. Novel and Stable Complexes 
of N-Methyl-3-ethyl-l,2-dihydropyridine and N-Methyl-3-
ethyl-l,6-dihydropyridine. J. Am. Chem. Soc. 1973, 95, 
3058-3060. (b) Kutney, J. P.; Greenhouse, R.; Ridaura, V. E. 
Studies in the Dihydropyridine Series. II. Unstable Di-
hydropyridines Generated from their Chromium Complexes 
and their C-Alkylation. J. Am. Chem. Soc. 1974, 96, 
7364-7365. (c) Kutney, J. P.; Noda, M.; Worth, B. R. Studies 
in the Dihydropyridine Series. III. Piperideine Synthons by 
Nucleophilic Substitution to Dihydropyridinetricarbonyl 
Chromium(O) Complexes. Heterocycles 1979,12,1269-1273. 
(d) Kutney, J. P.; Mak, T. C. W.; Mostowicz, D.; Trotter, J.; 
Worth, B. R. Studies in the Dihydropyridine Series. IV. Bi-
piperidyl Synthons via Coupling of Dihydropyridinetri-
carbonylchromium(O) Complexes. Heterocycles 1979, 12, 
1517-1521. (e) Kutney, J. P.; Noda, M.; Lewis, N. G.; Mon-
teiro, B.; Mostowicz, D.; Worth, B. R. Studies in the Di
hydropyridine Series. V. Synthesis of Pyridocarbazole Alka
loids: Olivacine and Guatambuine. Heterocycles 1981, 16, 
1469-1472. (f) Davies, S. G.; Shipton, M. R. Pyridine Tri
carbonylchromium Complexes: Complete Stereoselective a,a-
Dialkylation of 2-Methylpyridine Tricarbonylchromium. J. 
Chem. Soc, Chem. Commun. 1990,1780-1781. 

(7) A representative preparation is described below: 3,5-dicarb-
ethoxy-l,4-dihydro-2,6-dimethyl-4-[i;6-tricarbonylchromio-
phenyl]pyridine. Obtained from 3,5-dicarbethoxy-l,4-di-
hydro-2,6-dimethyl-4-phenyl-pyridine by reaction with chro
mium hexacarbonyl at reflux in re-butyl ether/tetrahydrofuran 
solution (9:1). The product was obtained as a bright yellow 
crystalline solid by recrystallization from benzene/hexanes, in 
76% yield. IR: 1964,1884,1695. 'H NMR (CDC13) « 5.87 (br 
s, 1 H), 5.6 (d, 2 H), 5.43 (t, 1 H), 4.98 (t, 2 H), 4.82 (s, 1 H), 
4.22 (q, 4 H), 2.41 (s, 6 H), 1.29 (t, 6 H). l3C NMR: 233.3 
(CrCO), 167.1, 145.3,118.9, 102,9, 97.4, 96.0, 87.7, 60.3, 36.7, 
19.55,14.3. Mass spectrum: m/z 465 (1.1% relative intensity, 
M+), 437 (3), 409 (8.4), 381 (91), 392 (3.2), 336 (10.2), 252 (100). 
Anal. (C22H23NO,Cr) Calculated: C, 56.77; H, 4.98; N, 3.01. 
Found: C, 56.53; H, 4.83; N, 3.08. Complete spectroscopic 
characterization of all new compounds has been provided to 
the Editor. 

these cases, apparent reduction of the nitrogen-oxygen 
bond competes favorably with metalation. 

The 4-aryl group in the solid state usually adopts a 
conformation in which the mean plane of the 4-aryl ring 
approximately bisects the mean plane of the 1,4-dihydro
pyridine (DHP),8 and theoretical studies have suggested 
that this conformation represents an energy minimum.9 

For unsymmetrically disubstituted 4-aryl rings, there are 
two such conformations possible, that is, with the G-group 
endo or exo to the DHP.8 Given the large size of a TCC 
group, an exo conformation would be expected. The 
conformation with respect to this ring juncture may sig
nificantly effect binding to the receptor; therefore, it was 
of interest to study the solution conformation of the tri
carbonylchromium derivative. A 2D NOESY was under
taken of ro-OCH3-TCC-DHP to elucidate the relative 
conformation of the TCC-DHP in solution at room tem
perature (Figure l).11 As expected, a correlation was 
observed for the C-4 proton of the dihydropyridine and 
the C-2 proton of the aromatic ring, corresponding to the 
less hindered O-exo conformer. Prominent cross peaks 
were observed for the m-OCH3 group with (1) the C-2,6 
methyl signal of the DHP and (2) the methyl of the C-3,5 
ester function. The former provides strong evidence for 
an O-endo conformation with respect to the ring juncture 
between the DHP and its 4-aryl substituent. In an O-endo 
conformation at the ring juncture, the latter correlation 
would be likely for the ap ester conformation. This as
signment is corroborated by a cross peak observed from 
the C-2,6 methyl signal of the DHP and the methyl of the 
C-3,5 ester function. 

The (arene)chromium carbonyl group is usually con
sidered an electron-withdrawing moiety.3 We expected 

(8) (a) Fossheim, R. Crystal Structure of the Dihydropyridine Ca2+ 

Antagonist Felodipine. Dihydropyridine Binding Prerequisites 
Assessed from Crystallographic Data. J. Med. Chem. 1986,29, 
305-307. (b) Fossheim, R.; Svarteng, K.; Mostad, A.; Rom-
ming, C; Shefter, E.; Triggle, D. J. Crystal Structures and 
Pharmacological Activity of Calcium Channel Antagonists: 
2,6-Dimethyl-3,5-dicarbomethoxy-4-(unsubstituted, 3-methyl-, 
4-methyl-, 3-nitro-, 4-nitro-, and 2,4-dinitrophenyl)-l,4-di-
hydropyridine. J. Med. Chem. 1982,25,126-131. (c) Seidel, 
W.; Meyer, H.; Born, L.; Kasda, S.; Dompert, W. Rigid Calci
um Antagonists of the Nifedipine Type: Geometrical Re
quirements for the Dihydropyridine Receptor. Abstracts of 
Papers, 187th National Meeting of the American Chemical 
Society, St. Louis, MO, April 8-13,1984; American Chemical 
Society: Washington, DC, 1984; MEDI14. (d) Fossheim, R. 
Crystal Structure of a 1,4-dihydropyridine with Enantiomers 
Showing Opposite Effects on Calcium Channels: Structural 
Features of Calcium Channel Agonists and Antagonists. Acta 
Chem. Scand. 1987, B41, 581-588. 

(9) Rovnyak, G.; Anderson, N.; Gougoutas, J.; Hedberg, A.; Kim
ball, S. D.; Malley, M.; Moreland, S.; Porubcan, M.; Pudzia-
nowski, A. Studies Directed toward Ascertaining the Active 
Conformation of 1,4-Dihydropyridine Calcium Entry Blockers. 
J. Med. Chem. 1988, 31, 936-944 and cited references. 

(10) (a) Hofmann, H. J.; Cimiraglia, R. Conformation of 1,4-di
hydropyridine—Planar or Boat-like? FEBS Lett. 1988, 241, 
38-40. (b) Mahmoudian, M.; Richards, W. G. A Conforma
tional Distinction Between Dihydropyridine Calcium Agonists 
and Antagonists. J. Chem. Soc, Chem. Commun. 1986, 
739-741. (c) Holtje, H. D.; Marrer, S. A Molecular Graphics 
Study on Structure-Action Relationships of Calcium-an
tagonistic and Agonistic 1,4-Dihydropyridines. J. Comput.-
Aided Mol. Des. 1987,1, 23-30. (d) Turi Nagy, N.; Jergelova, 
M. Study of 1,4-Dihydropyridine type Ca2+ Blockers by the 
methods of Quantum Chemistry. Chem. Papers 1989, 43, 
279-284; Chem. Abstr. 1989, 111, 49918. 
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Figure 1. 2D NOESY spectrum of m-OCH3-TCC-DHP. The 
correlations of a-e and b-e correspond to the m-0CH3 group and 
its ortho and para protons. The correlation a-c corresponds to 
the ortho proton and the C-4 DHP proton, and thus provides 
evidence for the 0-exo conformation. The e-f correlation arises 
from interaction between the m-OCH3 and the C-2/6 methyl 
groups of the DHP, and therefore provides evidence for the O-endo 
conformation. The f-g correlation, between the C-2/6 methyl 
groups of the DHP and the C-3/5 ethyl esters, must arise from 
an ap ester conformation. The g-e correlation probably arises 
from the m-OCH3 group in the O-endo conformation and an ap 
ester. 
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Figure 2. Relationship of competitive binding of the TCC-DHP 
series with [3H]PN 200110 to guinea pig heart membranes versus 
the 4-aryl-DHP series. The correlation is consistent with both 
series interaction at the same site. 

that the biological activity could be comparable to or 
greater than that of the uncomplexed Hantzsch esters, if 
the large steric bulk of the TCC group can be presented 
in a favorable orientation in the receptor "cavity". In 

accord with this expectation the Ki values of TCC-DHPs 
(Figure 2) compare favorably with the values for the 4-
aryl-M-dihydropyridines.1'815'13 In fact, the o-OCH3-
TCC-DHP is more active than its unmetalated counter
part. The same general trend in the Hansen relationship14 

for substitution at the 4-aryl moiety is observed for the 
TCC-DHPs as for their unmetalated counterparts: 
binding follows the order EWG > H > EDG, and para 
substitution greatly diminishes binding. The observation 
of robust activity of TCC-DHPs is consistent with the 
recently proposed drug-receptor model of Langs, Strong, 
and Triggle15 in that the conformation evidenced for the 
4-aryl moiety of TCC-DHP should allow for facile adap
tation to the receptor site during binding to the voltage 
sensor moiety of the membrane-bound enzyme which 
serves as the DHP receptor.12 
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