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of water to the residue afforded a yellow precipitate, which was 
collected by filtration and was recrystallized from ethyl ace-
tate-ethanol (1:3) to yield 19 (Table II) which was used without 
further purification. 

£raiis-4'-(Hydroxymethyl)-4-nitrostilbene (20). A mixture 
of CaCl2 (0.159 g, 1.41 mmol) and NaBH4 (0.109 g, 2.86 mmol) 
in dry THF (60 mL) was stirred at room temperature for 1 h. A 
solution of 19 (0.28 g, 0.955 mmol) in 30 mL of dry THF was added 
in one portion, and the mixture was stirred at room temperature 
for 18 h, cooled in an ice bath, and 3.5 mL of water was added 
dropwise. The solution was acidified to pH 1.5 by the dropwise 
addition of cold 6 N HC1, and the resulting mixture was stirred 
at room temperature for 1 h. The THF was evaporated to afford 
0,2 g of a solid material, which was purified by column chroma
tography on silica gel. Elution with CHC13 yielded 20 (Table II). 

£raas-4'-Substituted-4-aminostilbenes (10-13 and 21; Table 
II). A solution of 0.17 mol of SnCl2 in 40 mL of concentrated 
HC1 was added dropwise to a solution of 0.02 mol of the trans-
4'-substituted-4-nitrostilbene in 125 mL of glacial acetic acid with 
constant stirring (20 was dissolved in warm THF) and the reaction 
mixture was stirred overnight at room temperature. A precipitate 
formed which was collected by filtration, washed with 50 mL of 
glacial acetic acid, and suspended in 1.4 L of H20. The aqueous 
suspension was adjusted to pH 9-10 with NaOH pellets and was 
extracted with CHC13. The combined CHC13 extracts were washed 
with 150 mL of water and dried over MgS04, and the CHC13 was 
evaporated under reduced pressure. Compounds 10,11, and 13 
were recrystallized from ethanol, while compounds 12 and 21 were 
recrystallized from hexane and benzene, respectively. 

(rans-4-Substituted-4-acetamidostilbenes (2-5 and 22; 
Table I). The appropriate trans-4'-substituted-4-aminostilbene 
(0.5 mmol) was dissolved in 50 mL of benzene. Acetic anhydride 
(0.5 mmol) was added and the reaction mixture was stirred ov
ernight at room temperature. The precipitate was collected by 
filtration and recrystallized to a constant melting point, constant 
specific activity, and homogeneity by TLC. 

Disopyramide [1; 4-(diisopropylamino)-2-(2-pyridyl)-2-
phenylbutyramide]* is a recently available, orally active, 

trans-4'-Substituted-4-(JV-hydroxyacetamido)stilbene8 
(14-17; Table III). The appropriate trans-4'-substituted-4-
nitrostilbene (0.01 mol) was dissolved in 80 mL of DMF, 40 mL 
of ethanol, and 20 mL of water. Ammonium chloride (0.04 mol) 
and zinc dust (0.04 mol) were added and the mixture was stirred 
for 1 h at room temperature. The reaction mixture was filtered 
and the filter cake was washed with two 50-mL portions of DMF. 
The washes and the filtrate were combined and poured into 30 
mL of water. The hydroxylamine was extracted from the aqueous 
phase with three 100-mL portions of ether, which were combined 
and washed with three 50-mL portions of saturated NaCl. The 
ether solution was cooled to 0 °C and 5 mL of saturated sodium 
bicarbonate was added. Acetyl chloride (0.01 mol) in 25 mL of 
ether was added dropwise over 20 min to the reaction mixture. 
The mixture was stirred for 30 min and the ether was removed 
under reduced pressure. The residue was stirred with 150 mL 
of saturated sodium bicarbonate solution for 1 h at 0 °C. The 
hydroxamic acid was collected by filtration, washed with 100 mL 
of water, and recrystallized from benzene. The 14C-labeled hy
droxamic acids were synthesized using 0.05 mmol of the nitros-
tilbene and 0.001 mCi of [1-14C]acetyl chloride. The products 
were recrystallized to constant melting points, constant specific 
activity, and homogeneity by TLC. 

trans-4'-Substituted-4-(2-hydroxyacetamido)stilbenes 
(23-25; Table III). The appropriate trons-4'-substituted-4-
aminostilbene (1.0 mmol) was dissolved in 15 mL of dry benzene 
along with 10 mmol of ethyl glycolate. The solution was heated 
under reflux for 42 h, cooled to room temperature, and 25 mL 
of petroleum ether was added. The glycolamide was collected 
by filtration and was recrystallized from benzene. 
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Disopyramide was resolved by fractional crystallization of its diastereomeric bitartrate salts from methanol-acetone. 
Diastereomeric sulfonamides prepared from (+)-camphor-10-sulfonyl chloride and the primary amines obtained 
by LLA1H4 reduction of the resolved bases were separable by high-performance LC and were used to show that within 
experimental error resolution of disopyramide was complete. The absolute configuration was determined by X-ray 
crystallography. (+)-[(2fl)-(-)-4-(Diisopropylamino)-2-(2-pyridyl)-2-phenylbutyramide (+)-(2iJ,3fl)-bitartrate] 
crystallizes in space group P212121: a = 14.789 (4), b = 18.151 (4), c = 9.878 (2) A; Z = 4; Dx = 1.225, Dm (flotation 
C6H6/CC14) = 1.226 g cm'3. The structure was solved by direct methods. The enantiomeric bitartrates were tested 
for antiarrhythmic properties. The enantiomeric bitartrate salts were equally effective in prolonging the effective 
refractory period (ERP) of rabbit ventricle. At 3 x 10"6 M, the (-)-bitartrate [from (2S)-(+)-disopyramide] increased 
the ERP 21.8 ± 6.3 ms and the (+)-bitartrate [from (2i?)-(-)-disopyramide] increased the ERP 25.8 ± 3.6 ms. At 
1.5 x 10"5 M no significant difference was noted, as the increases in the ERP were 41.2 ± 8.9 and 50.5 ± 6.3 ms 
for the (-)- and (+)-bitartrate, respectively. 
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and metabolic fate has greatly increased as this agent has 
become more widely used.4"10 Our interest in the rela
tionships between stereochemistry and the biological ef
fects and metabolism of drugs led us to attempt to resolve 
it into its enantiomers. In this paper, we report a facile 
resolution of the disopyramide enantiomers as their bi-
tartrate salts, the determination of the absolute configu
ration of the enantiomers by X-ray crystallographic ex
amination of one of the bitartrates, and the antiarrhythmic 
properties of these enantiomers.11 

Resolution. Disopyramide was resolved by repeated 
crystallization of the salt formed by the addition of 1 equiv 
of (2i?,3i?)-(+)-tartaric acid to a solution of disopyramide 
in methanol-acetone. Repeated crystallization from ab
solute methanol-acetone (1:10) afforded one diastereo-
isomeric salt, [a] 2 ^ +36.0°. Decomposition of the salt and 
crystallization (n-hexane) afforded the free base, [a]D 
-19.4°. Disopyramide enriched in the (+) enantiomer was 
recovered from the filtrates of the initial resolution. The 
enantiomeric bitartrate, formed using (2S,3S)-(-)-tartaric 
acid, was obtained by crystallization from methanol-ace
tone (1:10), [a]D -36.0°, and subsequently converted to the 
enantiomeric free base, [a]D +18.9°. 

To establish optical purity, the enantiomers were re
duced with lithium aluminum hydride, and the resulting 
primary amines were converted to their diastereomeric 
sulfonamides by reaction with (+)-camphor-10-sulfonyl 
chloride (Scheme I). The diasteriomeric sulfonamides 
were separable by high-performance LC, and no contam
ination of one by the other was observed (Figure 1). 

Crystallography. The X-ray structure and determi
nation of absolute configuration was accomplished using 

(1) Norpace (Searle) is the phosphate salt; Rhythmodan (Rousell) 
is the free base. 

(2) D. T. Mason, Drugs, 15, 329 (1978). 
(3) R. C. Heel, R. N. Brogan, T. M. Speight, and G. S. Avery, 

Drugs, 15, 331 (1978). 
(4) A. Karim, Angiology, 26 (Supplement 1, Part 2), 85 (1975). 
(5) P. H. Hinderling and E. R. Garrett, J. Pharmacokin. Bio-

pharm., 4, 199 (1976). 
(6) P. H. Hinderling and E. R. Garrett, J. Pharm. Sci., 63, 1684 

(1974). 
(7) J. L. Cunningham, D. D. Shen, I. Shudo, and D. L. Azarnoff, 

Clin. Pharmokin., 2, 373 (1977). 
(8) P. J. Meffin, E. W. Robert, R. A. Winkle, S. Harapat, F. A. 

Peters, and D. C. Harrison, J. Pharmacokin. Biopharm., 7, 29 
(1979). 

(9) K. F Ilett, B. W. Madsen, and J. D. Woods, Clin. Pharmacol. 
Ther., 26, 1 (1979). 

(10) M. L. Aitio and T. Vuorenmaa, Br. J. Clin. Pharmacol., 9,149 
(1980). 

(11) After completion of this work, two preliminary reports on 
testing the enantiomers appeared.12,13 To our knowledge, no 
method of resolution or assignment of absolute configuration 
of the enantiomers has been reported previously. 

(12) C. S. Kook, A. Karim, D. Chappelow, and J. H. Sanner, Annual 
Meeting of the Academy of Pharmaceutical Sciences, 27th, 
A.Ph.A., Washington, D.C., 1979, 84. 

(13) M. J. Mirro, A. M. Watanabe, and J. C. Bailey, Circulation, 60 
(Suppl. II), 11-89 (1979). 
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Figure 1. (A) High-performance LC trace of the products ob
tained by treatment of (+)-camphor-10-sulfonyl chloride with the 
primary amines obtained by LiAlH4 reduction of racemic 1, (B) 
of (+)-l, and (C) of (-)-l. Separation conditions are given under 
Experimental Section. 

the (+)-disopyramide (2R,3/?)-bitartrate salt. It crystallizes 
from methanol-acetone (1:10), in orthorhombic space 
group P212121: a = 14.789 (4), b = 18.151 (4), c = 9.878 
(2) A; Z = 4; D% = 1.225, Dm (flotation C6H6/CC14) = 1.226 
g cm"3. The structure was solved by direct methods.14"17 

Of critical importance to the determination of absolute 
configuration of the disopyramide molecule was the un
ambiguous discrimination of the phenyl and 2-pyridyl 
groups. The position of N(3) was assigned on the basis 
of the short bond distance, 1.345 (7) A, from aromatic ring 
C(ll) to one of the adjacent ring atoms.15 The other in
teratomic bond distances from the aromatic ring carbons 
to adjacent ring positions varied from 1.377 to 1.396 A. In 
the earlier stages of refinement, this position had also been 
included as a carbon atom. In the final stages of refine
ment, positional and isotropic thermal parameters for 
hydrogen atoms were allowed to vary along with positional 

(14) J. P. Declercq, G. Germain, and M. M. Wolfson, Acta Crys-
tallogr., Sect A, 31, 367 (1975). 

(15) J. M. Stewart, G. J. Kruger, H. L. Ammon, C. Dickinson, and 
S. R. Hall, "The X-ray System", Technical Report TR-192, 
June 1972, Computer Science Center, University of Maryland, 
College Park, MD. 

(16) D. T. Cromer and J. T. Waber, Acta Crystallogr., 18, 104 
(1965). 

(17) R. F. Stewart, E. R. Davidson, and W. T. Simpson, J. Chem. 
Phys., 14, 670 (1971). 
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Table I. Changes in Effective Refractory Period 
(AERP) Induced in Rabbit Ventricle 
by the Enantiomeric Disopyramide Bitartrates 

disopyramide 
concn, M 

3.0 X 10"6 

1.5 X 10~s 

AERP, ms, 

{2R)-la N 

+ 25.8 ± 3.6 6 
+ 50.5 ± 6.3 4 

± SEM 

(2S)-l a 

+ 21.8 ± 6.3 b 

+ 41.2 ± 8.9b 

N 

5 
5 

a (2R)-l is the (+)-(2i?,3i?)-bitartrate of (-)-(2i?)-l. 
(2S)-1 is the (-)-(2S,3S)-bitartrate of (+ )-(2S)-l. b Effect 
on AERP is not statistically different from (2R)-1 by one-
tailed Student's t test (p > 0.50). 

and anisotropic thermal parameters of the heavy atoms 
until convergence at R = 0.066. A final difference map was 
calculated omitting H(C6). This atom appeared as a peak 
much larger than other randomly distributed peaks (0.43 
vs. 0.25 e/A3). None of the randomly distributed peaks 
were within bonding distance of N(3), thus confirming the 
identification of this nitrogen atom and the pyridine ring. 

A stereoscopic drawing of (+)-disopyramide (2R,3R)-
bitartrate is shown in Figure 2. The (-)-disopyramide 
enantiomer in this salt has the 2R absolute configuration. 
Supplementary material available include Figure 3, which 
contains pert inent angles and bond distances; Table II, 
which contains atomic positional parameters; and Table 
III, which contains structure factors and thermal param
eters. 

Antiarryhthmic Activity. Antiarrhythmic drugs may 
exert their therapeutic effect on the heart in a variety of 
ways, dependent in large measure on the nature of the 
arrhythmia. Reentry arrhythmias may be terminated by 
prolonging the effective refractory period (ERP) of myo
cardial cells and /or increasing the velocity of impulse 
propagation through the myocardium.19 Disopyramide 
and quinidine prolong the ERP but slow myocardial con
duction velocity.20 

The enantiomeric bitartrate salts were tested for their 
effect on the ERP of the ventricular myocardium of rabbits 
as an estimate of relative antiarrhythmic activity. The 
results appear in Table I. The enantiomers are nearly 
equiactive. 

Our finding tha t the effects of disopyramide in pro
longing ERP resides in both the enantiomers in essentially 
equal amounts is in agreement with the lack of stereose
lectivity among most antiarrhythmic agents.21 Kook et 
al.12 have shown that the anticholinergic effect of disopy
ramide, which requires interaction with a specific mem
brane receptor, is more stereoselective. (+)-l had 3.6 times 
the anticholinergic activity of (-)-l. Mirro, Watanabe, and 
Bailey13 have examined the effects of racemic 1 and its 
enantiomers on the action-potential duration (APD) in 
canine cardiac Purkinje fiber and report that racemic 1 and 
(+)-l prolong APD, while (-)-l shortens APD. These re
sults suggested that refractory periods would be similarly 
affected, a suggestion that is not supported by our results. 
The difference could, of course, be due to species and/or 
preparation differences. On the other hand, refractory 
period duration may not be absolutely dependent on the 
APD. For example, Dawson et al.22 observed that APD 

(18) M. N. G. James and G. J. B. Williams, J. Med. Chem., 14, 670 
(1971). 

(19) A. L. Wit, M. R. Rosen, and B. F. Hoffman, Am. Heart. J., 88, 
664 (1974). 

(20) S. S. Deshpande and C. M. Mokler, Arch. Int. Pharmacodyn. 
Ther., 169, 55 (1967). 

(21) P. H. Morgan and I. W. Mathison, J. Pharm. Sci.. 65. 635, 
(1976). 

increases induced by propranolol were reversed by si
multaneous infusions of isoproterenol, whereas the pro-
pranolol-induced E R P prolongation was not. Thus, APD 
effects may be mediated through /3-adrenergic receptors, 
while the E R P effects may not be. 

Although our results show no difference in the antiar
rhythmic activity of the enantiomers of 1, as measured by 
change in ERP, differences in other pharmacological 
properties of the enantiomers and /or of circulating me
tabolites, e.g., anticholinergic properties,23 could be im
portant to the therapeutic use of the drug. Similarly, 
dispositional characteristics, e.g., stereoselectivity in 
metabolic pathways or in renal clearance, could also con
tribute to differences in observed effects in vivo. Some 
differences in the disposition of the enantiomers have been 
noted in rats and dogs.12,24 Further work is needed to 
examine these possibilities in some detail. 

Experimental Sect ion 
Melting points were determined on a Thomas-Hoover capillary 

melting point apparatus and are uncorrected. Circular dichroism 
spectra were recorded on a Jobin Yvon Dichrographe R. J. Mark 
III instrument. CI mass spectral data were obtained on a Biospect 
mass spectrometer using methane as reagent gas. 

Resolution. To a solution of 15.90 g (46.3 irimol) of disopy
ramide (1) and 6.95 g (46.3 mmol) of (2fi,3fl)-(+)-tartaric acid 
[L-(d)-tartaric acid] in 120 mL of absolute methanol was added 
600 mL of acetone. After the solution had cooled for 44 h, 9.16 
g of a mixture of diastereomeric salts was collected as rosette-like 
clumps of needles, mp 167-170 °C. This salt was dissolved in 
25 mL of hot absolute methanol, 250 mL of acetone was added, 
and the solution was cooled at room temperature. Repeated 
crystallization of the resulting salt (five times) from absolute 
methanol-acetone (1:10) afforded 5.10 g of the (+)-bitartrate salt: 
mp 174.5-175.5 °C; [a]D +36.0° (c 1.0, absolute methanol). This 
salt was used for X-ray crystallography. 

Decomposition of the (+)-bitartrate salt was accomplished by 
adding 100 mL of aqueous 5% sodium hydroxide to a solution 
of 5.10 g of the salt in 100 mL of water and extracting the free 
base into ether (2 x 100 mL). Evaporation of the solvent and 
crystallization from 40 mL of ra-hexane afforded 3.00 g (41 % yield 
from disopyramide) of the free base [(2i?)-l]: mp 82.5-84 °C; [a]D 
-19.4° (c 1.0, absolute methanol); CD (MeOH) [0]325 0, [6]m +44, 
Mas 0, [fla* -71, [AW 0, [8]m +11190, [8]m +6710, [6]*, +10290, 
[0J26i +7600 (shoulder), [8]2ib 0, [8]22i -17 000, [0]21O 0. 

The (+) enantiomer of disopyramide was obtained from the 
filtrates of the resolution of the (+)-bitartrate. The combined 
filtrates from the initial resolution were evaporated. The resulting 
salt was decomposed, affording 12.04 g of disopyramide, enriched 
in the (+) enantiomer. Repeated crystallization of the bitartrate 
salt formed from (2S,3S)-(-)-tartaric acid [D-(/)-tartaric acid] 
(methanol-acetone, 1:10) afforded 5.97 g of (-)-bitartrate salt: mp 
174-175 °C; [a]D -36.0° (c 1.0, absolute methanol). 

Decomposition of the (-)-bitartrate salt (5.97 g) as described 
for the (-) enantiomer of disopyramide f(+)-bitartrate] afforded 
3.34 g of (2S)-(+)-disopyramide [(2S)-1]: mp 83-85 °C; [a]D 
+18.9° (c 1.0, absolute methanol); CD (MeOH) [8]m 0, [0]m -38, 
[0]a» 0, [8}236 +60, [8]m 0, [8]21i -12080, [8\m 7520, [8]X7 -10520, 
[0]261 -7270 (shoulder), [0]246 0, [8]224 = +15 330, [0]21O 0. 

LiAlH4 Reduction. A mixture of 100 mg (0.29 mmol) of 
racemic disopyramide (1) and 40 mg (1.05 mmol) of LiAlH4 in 
5 mL of anhydrous ether were stirred at reflux for 24 h. Excess 
hydride reagent was decomposed by the addition of 5-10 drops 
of H20 (until liberation of gas stopped) and the suspension was 
filtered (Celite). The solvent was removed under nitrogen, af
fording 77 mg of clear, yellow oil. 

(22) A. K. Dawson, S. B. Reele, R. L. Woosley, and R. F. Smith, 
Fed. Proc, Fed. Am. Soc. Exp\Biol., 39, 966 (1980). 

(23) M. W. Baines, J. E. Davies, D. N. Kellett, and P. L. Munt, J. 
Int. Med. Res., 4 (Suppl. 1), 5 (1976). 

(24) K. M. Giacomini, J. C. Giacomini, S. E. Swezey, D. C. Harri
son, W. L. Nelson, T. R. Burke, Jr., and T. F. Blaschke, J. 
Cardiovasc. Pharmacol., in press. 
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Figure 2. Stereoscopic drawing of (+)-[(2fl)-(-)-4-(diisopropylamino)-2-(2-pyridyl)-2-phenylbutyTamide (2/?,3i?)-(+)-bitartrate] showing 
the conformation and relative sizes and shapes of the thermal motion ellipsoids (50% probability), viewed along the y axis. 

Thin-layer chromatography [petroleum ether (bp 30-60 
°C)/MeOH (1:1)] showed starting material at Rf 0.44 as a light 
spot and product at Rf 0.27 as a dark spot. A less intense third 
spot appeared at Rf 0.61. High-performance LC separation 
[Zorbax CN column, using 95% cyclohexane and 5% strong 
solvent (MeOH-i-PrOH-NH4OH, 70:30:1), flow rate 3 mL min"1, 
detection at 220 nm] showed starting material eluting at 7.0 min 
and product at 12.3 min. Peak identification was done on the 
basis of mass spectral examination of the appropriate fractions, 
disopyramide QM = 340 amu and the amine QM = 326 amu. The 
optical isomers (2R)-\ and (2S)-1 were treated in the same way. 

Preparation of Diasteriomeric Sulfonamides. The fol
lowing procedure was performed on amines from racemic diso
pyramide (1) and its (+) and (-) enantiomers. A solution of 33 
mg (0.10 mol) of the crude amine in 5 mL of CH2C12 containing 
0.5 mL of NEt3 and 250 mg (1.0 mmol) of (-f)-camphor-lO-sulfonyl 
chloride was refluxed overnight. The solvent was evaporated 
(nitrogen) and the residue was stirred with 5 mL of aqueous 2 
N HC1 for 5 min. The aqueous acidic layer was washed with 1 
X 20 mL of ether, made alkaline (pH >10) by the addition of solid 
NaOH, and extracted with 20 mL of ether. Evaporation of the 
ether (nitrogen) afforded 52 mg of clear light brown syrup. 
Thin-layer chromatography [ether-MeOH (5:1)] showed one 
predominant spot, Rf 0.67. 

High-performance LC separation of diastereomers was per
formed as described above. The diastereomeric camphor-10-
sulfonamide from the (-) enantiomer [(2fl)-l] eluted at 9.4 min, 
and the one from the (+) enantiomer [(2S)-1] at 8.7 min (Figure 
1). The composition of the peaks was confirmed by mass spectral 
analysis of collected fractions, QM = 540 amu. 

Crystal Structure. A single crystal (0.1 X 0.1 X 0.2 mm) of 
the (+)-bitartrate salt (C25H35N307) derived from (2R,3R)-(+)-
tartaric acid was obtained by slow crystallization from acetone-
methanol. Systematic absences (MX), h ^ 2n; 0/z0, k ^ In; 00/, 
I 9* In) observed in Weissenberg photographs uniquely defined 
the space group as P212121 with four molecules per unit cell. 
Lattice parameters [a = 14.789 (4), b = 18.151 (4), c = 9.878 (2) 
A] and the orientation matrix for data collection were determined 
by least-squares refinement of 14 reflections (30° > 28 > 25°) 
automatically centered on a Picker FACS-I diffractometer using 
zirconium-filtered Mo Ka radiation (X 0.7107 A). The experi
mentally determined and theoretical crystal densities are 1.225 
(flotation C6H6-CC14) and 1.226 g cm"3. Intensity data were 
collected using the u-scan mode. The intensities of three standard 
reflections remained constant [+3a(70)av] throughout data col
lection. Intensity data were corrected for Lorentz and polarization 
effects, but an absorption correction was not applied. Of 2644 
unique reflections, 2059 were considered observed according to 
the criterion 70 > 3IT(7). The structure was solved by direct 
methods using the program MULTAN with magic integers.14 An 
E map revealed the positions of 32 of the 35 nonhydrogen atoms, 
and a difference Fourier map revealed the positions of the three 
remaining atoms. The structure was refined using the CRYLSQ 
link of the X-RAY 72 system.12 The atomic scattering factors 
for nonhydrogen atoms were obtained from Cromer and Waber,16 

and the atomic scattering factors for hydrogen were obtained from 
Stewart, Davidson, and Simpson.17 The quantity minimized in 
the least-squares calculations was 2W(|F0| - |FC|)2. Isotropic re
finement of all nonhydrogen atoms was followed by anisotropic 
refinement and calculation of bond distance in the aromatic rings. 
Based upon the short bond distances from C(ll) to one of the 
adjacent ring positions (Figure 3), it was possible to assign the 
position of N(3) which to this point had been included in the 
refinement as a carbon atom. A difference electron density 
synthesis revealed the positions of all 35 hydrogen atoms. In all 
subsequent refinements, the positional and isotropic thermal 
parameters were allowed to vary along with the positional and 
anisotropic thermal parameters of the heavier atoms. The final 
cycles of least-squares refinement were weighted by l/<r2, where 
a = 0.0012|F|2 - 0.075|F| + 2.25. Block-diagonal least-squares 
refinement converged with R = 2(\F0\ - |F0|)/S|F0| and Rw = 
[2(w\F0\ - |i7'0|)7zw|F0|2]1/2 equal to 0.066 and 0.064, respectively. 
Refinement was terminated when shifts in all parameters were 
less than the estimated standard deviations. The error in an 
observation of unit weight, 2, was 1.42. A final difference map 
was calculated omitting H(C6). This atom appeared as a peak 
of 0.43 e/A3, and none of the weaker peaks were within bonding 
distance of N(3). This confirms the assignment of the position 
of N(3) based on bond distances in phenyl and pyridyl rings 
(Figure 3).18 Figure 2 shows the correct absolute configuration 
for both (+)-tartaric acid (2R,3R) and (-)-disopyramide (2R). A 
listing of structure factors and thermal parameters has been 
deposited. 

Pharmacologic Evaluation. Prolongation of the effective 
refractory period (ERP) of ventricular myocardium in the isolated 
hearts of New Zealand white rabbits was used for the estimation 
of antiarrhythmic activities of these compounds. Rabbits were 
sacrificed by blows on the cervical vertebrae, the hearts were 
removed, and coronary vessels were cleared of blood with 
Krebs-Henseleit buffer at room temperature. Perfusion of cor
onary vessels with buffer at 36.5 °C was performed in the Lan-
gendorf apparatus under 53 cm water pressure. After 1 h of 
perfusion for equilibration, the hearts were driven at 3 Hz with 
square wave pulses of 5 ms duration at a stimulus strength 30% 
greater than threshold. The ERP was determined from 
strength-interval curves as described by Brooks et al.25 The 
interval was measured by interposing a test stimulus from a slave 
stimulator after every 10th drive stimulus and increasing the test 
stimulus strength until it produced a conducted electrical response. 
The strength of the stimulus (in milliamperes) which produced 
this response was calculated by measuring the voltage drop across 
a 20 ohm resistor in the stimulus circuit. The ERP was taken 
as that interval after the drive stimulus which required a test pulse 
exceeding 10 mA to obtain a response. 

(25) C. McC. Brooks, B. F. Hoffman, E. E. Suckling, and O. Orias, 
"Excitability of the Heart", Grune & Stratton, New York, 
1955. 
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Structure-Activity Relationship of Diphenylthiourea Antivirals 
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The dependence between chemical structure and antiviral activity of N^'-diphenylthioureas is studied by synthesis 
and testing of model compounds and use of conformational data. The analysis revealed a number of structural 
features as essential for the antiviral effect: (1) the presence of an intact -NHC(=S)NH- grouping; (2) the presence 
of a substituent of the XH type (X = 0, NH) in the aromatic ring; (3) the distance between these substituents and 
the sulfur atom in the 6.68-6.75 A range for the active compounds; (4) a trans conformation of the -C(=S)NH-
group bound to the substituted phenyl ring. The directed synthesis of compounds satisfying the above requirements 
yielded the derivative iV-phenyl-2V'-(m-aminophenyl)thiourea exhibiting a very high antipicornavirus activity in 
vitro and several other active analogues (four out of seven synthesized). The possible mechanism of interaction 
between the active diphenylthiourea derivatives and the viral target is discussed. 

N,N'-Disubsti tuted thioureas were reported to show a 
strong antipicornavirus activity both in vitro and in vivo.1"6 

The structure-activity analysis of 54 iV-phenyl-iV -aryl- or 
-alkylthiourea derivatives on poliovirus 1 (Mahoney) 
growth in cell cultures revealed a marked antiviral effect 
in compounds containing a hydroxyl group in the phenyl 
or alkyl radical bound to one of the nitrogen atoms, the 
spatial location of the hydroxyl group being of critical 
importance. The molecular geometry of these compounds 
shows that the most active among them have one common 
feature: the distance between the oxygen atom of the 
hydroxyl group and the nitrogen atom attached to the 
same ring is within the 4.73-4.81 A range. Besides, it was 
found that the electronic effect of the substituents is not 
significant. Thus, for example, the corresponding methoxy 
derivatives which have a similar electronic effect are in
active.1 The governing role of the geometric factor in 
antiviral activity made us study the conformation of those 
derivatives, since the - N H C ( = S ) N H - grouping offers 
several possible conformations. IR and NMR spectral 
analysis of diphenylthioureas in neutral medium reveals 
a state of equilibrium between several conformational 
forms7 (Scheme I). Obviously, a systematic s t ructure-

(1) A. Galabov, L. Shindarov, G. Vassilev, and R. Vassileva, Che
motherapy, 17, 161 (1972). 

(2) A. Galabov, L. Shindarov, G. Vassilev, and R. Vassileva, Arch. 
Virol., 38, 159 (1972). 

(3) L. Shindarov, A. Galabov, G. Mitev, P. Tekerlekov, N. Ney
kova, and G. Vassilev, Zbl. Vet. Med., B, 20, 111 (1973). 

(4) A. S. Galabov and E. H. Velichkova, Antimicrob. Agents 
Chemother., 5, 1 (1974). 

(5) A. S. Galabov, Prog. Chemother (Antibact., Antiviral, Anti-
neoplast.), Proc. Int. Congr. Chemother., 8th, 1973, 981-985 
(1974). 

(6) A. S. Galabov, E. H. Velichkova, and G. N. Vassilev, Chemo
therapy, 23, 81 (1977). 

(7) B. Galabov, G. Vassilev, N. Neykova, and A. Galabov, J. Mol. 
Struct., 44, 15 (1978). 

Scheme I 

activity relationship study should cover all conformational 
possibilities. 

Resul ts and Discuss ion 
For the purpose of a more detailed study of the struc

ture-activity relationship of diphenylthioureas, we carried 
out the synthesis of a series of model compounds and 
diphenylthiourea derivatives expected to exhibit an an
tiviral effect on the basis of data accumulated until now. 
Antiviral activity was tested in vitro against three human 
enteroviruses—poliovirus 1 (Mahoney), Coxsackie B l , and 
ECHO 19—using the agar-diffusion plaque-inhibition 
screening method of Rada and Zavada,8'10 which in the case 
of poliovirus 1 was supplemented with the one-step growth 
cycle setup (two-stage system).1'9,10 The two most active 

(8) B. Rada and J. Zavada, Neoplasma, 9, 57 (1962). 
(9) A. S. Galabov and G. A. Galegov, Acta Virol. (Engl. Ed.), 22, 

343 (1978). 
(10) Details of the methods used for antiviral testing are given 

under Experimental Section. 
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