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chromatography. Thin-layer chromatograms [silica, CHC13:-
MeOH:H20 (95:36:6)] of I revealed at least five components (Rf 
0.11, 0.24, 0.36, 0.64, 0.75) with major spots at Rf 0.24 and 
0.36; all components gave positive color tests (ammonium 
molybdate-stannous chloride) for phosphorus. Elemental anal
ysis of multicomponent I showed it to contain phosphorus 
(3.73%) and nitrogen (2.11%). Chromatography of 500 mg of 
I on a silicic acid column (0.5 X 30 cm) with CHCl3:MeOH (4:1) 
as the eluent gave 81 mg of a homogeneous fraction II, Rf 0.38, 
which gave positive tests for phosphorus (ammonium molybdate-
stannous chloride), unsaturation (fluorescein-bromine), and amine 
(ninhydrin). The Rf value of II was identical in two tic systems with 
the main ninhydrin spot of crude phosphoglyceride obtained from 
hog kidney and with commercial bovine phosphatidylethanolamine 
standard. 

The ir spectrum (neat) of II included bands at 3000, 1626 
(C=C), 1709 ( O O ) , 1212 (P=0), 1053 (POC), and 900 cm"1 (POH) 
and several absorptions characteristic of polar head NH and OH 
stretching and deformation vibrations of phosphatidylethanol-
amines:2,pmr (100 MHz) 5 0.96 (CH,), 1.35 (CH2), 1.80 (CH= 
CHCH2C#2CH2CO), 2.14 (CH=CHC//2), 2.45 (CH2CO), 2.96 
(CH=CHC#2CH=CH), 3.26 (CH2N), 3.87-4.75 (glyceryl protons, 
CH2OP), 5.54 (CH=CH), and 8.24-8.68 [(0)P(0#)OCH2CH2N#2 

and/or (0)P(0-)OCH2CH2N#3
+ ]. 

Several milligrams of phospholipid II were dissolved in 3 ml of 
methanol-benzene (1:1), 1 ml of methanolic 0.5 N KOH was added, 
and the mixture was heated (100°) for 5 min in a Teflon-lined 
screw-cap centrifuge tube flushed under N2; after cooling, 2 ml of 
12% BF3-methanol2S then was added followed by heating (100°) 
under the same conditions for another 5 min. Tic of the lipid re
sulting from work-up of the organic phase25 confirmed the 
presence of methyl esters as the major species (ca. 95%). 

Qualitative and quantitative analysis of the fatty acid methyl 
esters was performed using flame-ionization gas-liquid chroma
tography. The relative retention times of the methyl esters of the 
natural sample, before and after hydrogenation (Pt02-Adam's 
catalyst, MeOH, 1 atm, 1 hr), were compared with several authentic 
methyl ester standards on polar (DEGS) and nonpolar (OV-1) 
columns. Lipids I and II were treated with phospholipase A1'2 and 
the corresponding lysophosphatides were incubated with dog renin 
in the presence of dog renin substrate; the amounts of angiotensin 
formed (Table II) were assayed in the pentolinium-treated 
vagotomized rat.1'2 

Acknowledgments. This work was suppor ted in part by 
Rhode Island Heart Association Grants 98-07-7016 and 
98-09-7038 and National Heart and Lung Ins t i tu te Grant 
HL 13587. The authors wish to express their appreciat ion to 
Mr. J o h n G. Casey and Mr. Harold W. Prat t , N.O.A.A. , 
National Marine Fishery Service, Narrangansett Labora tory , 
R. I., Mr. Charles En tenmann , Science Advisor, Bayshore 
Tuna Club, N. Y., and Mr. David W. Morgan, Gradua te 
School of Oceanography, University of Rhode Island, for 
their help in the collection of marine specimens. Thanks are 
given to Dr. Theodore Maruyama, Mr. Yasushi Ogawa, and 
Miss Lynda Addington , Jeol Inc., Cranford, N. J., for de
terminat ion of 100-MHz pmr spectra. 

References 

(1) S. Sen, R. R. Smeby, and F. M. Bumpus, Biochemistry, 6, 
1572(1967). 

(2) R. R. Smeby, S. Sen, and F. M. Bumpus, Ore. Res., Suppl, 
20(H),129 (1967). 

(3) S. Sen, R. R. Smeby, and F. M. Bumpus, Amer. J. Physiol, 
214,337 (1968). 

(4) S. Sen, R. R. Smeby, and F. M. Bumpus, ibid., 216, 499 
(1969). 

(5) R. R. Smeby and F. M. Bumpus in "Kidney Hormones," J. W. 
Fisher, Ed., Academic Press, New York, N. Y., 1971, p 207, 
and references cited therein. 

(6) H. Nishimura, M. Oguri, M. Ogawa, H. Sokabe, and M. Imai, 
Amer. J. Physiol., 218, 911 (1970), and references cited 
therein. 

(7) J. P. Capelli, L. G. Wesson, Jr., and G. E. Aponte, ibid., 218, 
1171 (1970). 

(8) IUPAC-IUB Commission on Biochemical Nomenclature, The 

Nomenclature of Lipids, Biochemistry, 6, 3287 (1967). 
(9) D. H. Osmond, R. R. Smeby, and F. M. Bumpus, / . Lab. Clin. 

Med., 73, 795 (1969). 
(10) D. H. Osmond, L. A. Lewis, R. R. Smeby, and F. M. Bumpus, 

ibid., 73,809 (1969). 
(11) D. Ostrovsky, S. Sen, R. R. Smeby, and F. M. Bumpus, Circ. 

Res., 21,497(1967). 
(12) A. J. Slotboom and P. P. M. Bonsen, Chem. Phvs. Lipids. 5, 

301 (1970). 
(13) F. R. Pfeiffer, S. C. Hoke, C. K. Miao, R. E. Tedeschi, J. 

Pasternak, R. Hahn, R. W. Erickson, H. W. Levin, C. A. 
Burton, and J. A. Weisbach, /. Med. Chem., 14, 493 (1971). 

(14) S. Rakhit, Can. J. Biochem., 49, 1012 (1971). 
(15) S. Rakhit, J. F. Bagli, and R. Deghenghi, Can. ./. Chem.. 47, 

2906(1969). 
(16) J. G. Turcotte and C. Yu, Abstracts of Papers, presented in 

part at the 164th National Meeting of the American Chemical 
Society National Meeting, New York, N. Y., Aug 1972, 
MEDI012. 

(17) F. R. Pfeiffer, C. K. Miao, S. C. Hoke, and J. A. Weisbach. /. 
Med. Chem., 15,58(1972). 

(18) D. Chapman,/. Amer. Oil. Chem. Soc, 42, 353 (1965). 
(19) D. Chapman and A. Morrison,/. Biol. Chem., 241. 5044 

(1966). 
(20) F. D. Gunstone, "An Introduction to the Chemistry and 

Biochemistry of Fatty Acids and Their Glycerides," Chapman 
and Hall Ltd., London, 1967, p 22. 

(21) T. E. Morgan, D. O. Tinker, and D. J. Hanahan,.4/r/?. Biochem. 
Biophys., 103,54(1963). 

(22) A. Montfoort, L. M. G. Van Golde, and L. L. M. Van Deenen, 
Biochim. Biophys. Acta, 231, 335 (1971). 

(23) D. C. Dervichian, Progr. Biophys. Mol. Biol, 14, 263 (1964). 
(24) D. Chapman, "The Structure of Lipids," Wiley, New York. 

N. Y., 1965, p 113. 
(25) L. D. Metcalfe, A. A. Schmitz, and J. R. Pelka, Anal Chem.. 

38,514 (1966). 

Absolute Configuration by Asymmetric Synthesis 
of (+)-l-(4-Acetamidophenoxy)-3-(isopropylamino)-
propan-2-ol (Practolol) 

J. C. Danilewicz* and J. E. G. Kemp 

Research Division, Pfizer Ltd., Sandwich, Kent, England. 
Received June 19, 1972 

In recent years many substances based on the general 
structure l-aryloxy-3-alkylaminopropan-2-ol (1) have been 
prepared in different laboratories in a search for compounds 
with /3-adrenergic receptor blocking activity. To date, it has 
been found that the (—) isomers are the most effective in 
antagonizing the effects of isoproterenol and it has been of 
interest to relate the absolute configuration of these com
pounds to that of the natural agonists, epinephrine and 
norepinephrine. With this objective, Dukes and Smith have 
related (+)-propranolol (1, Ar = 1-naphthyl, R = isopropyl) 
to (+)-lactic acid and hence shown it to have the R con
figuration.1 The configuration of other |3-adrenergic re
ceptor blocking substances, including the two enantiomers 
of practolol, were then in turn related to (7?)-propranolol 
by Horeau's method of partial asymmetric synthesis, and 
it was thus inferred that all the active (-) isomers had the 
same S configuration, stereochemical^ equivalent to (/?)-
(—)-epinephrine. 

During the course of our work on other cardiovascular 
drugs, we obtained (i?)-(-)-l-(4-acetamidophenoxy)-2,3-
epoxypropane (6) and the reaction of this substance with 
isopropylamine offered a convenient opportunity to pre
pare an isomer of practolol (7) with a known absolute con
figuration. The compound obtained showed a positive ro
tation both as the free base and as the hydrochloride salt 
and thus by direct evidence (+)-practolol was shown to have 
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the R configuration, in agreement with the result obtained 
earlier by Horeau's method.1 

The synthetic route is shown in Scheme I. The starting 
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point was (i?)-(-)-a-(4-toluenesulfonyl)acetone glycerol 
(2) which was obtained2 from D-mannitol. Compound 2 
was converted to the 4-acetamidophenoxy derivative 3 by 
treatment with sodium 4-acetamidophenoxide. The ace
tone-protecting group was removed by dilute acid hydroly
sis, and the resulting diol 4 was treated with 1 mol equiv of 
TsCl in pyridine to give the primary tosyl derivative 5. The 
selective tosylation was investigated on racemic material 
and demonstrated by :H nmr spectroscopy. Using DMSO-d6 

as solvent, primary and secondary hydroxyl groups were 
easily distinguished as a clear triplet and a (poorly resolved) 
doublet, respectively. Base treatment of compound 5 gave 
(R)-(-)-l-(4-acetamidophenoxy)-2,3-epoxypropane (6) 
which was then treated with isopropylamine to give (/?)-(+)-
1 -(4-acetamidophenoxy)-3-isopropylaminopropan-2-ol (7). 

Experimental Section 

Melting points were taken in open capillaries and are uncorrected. 
Specific rotations were measured on a Perkin-Elmer 141 polarimeter. 
Percentage yields are given for materials (pure by tic) as used for 
subsequent reactions. In the cases where the analyses were done 
after a further crystallization, melting point and rotation did not 
change significantly. Analyses are indicated only by symbols of the 
elements analyzed and were within 0.4% of the theoretical values. 
Nmr spectra were taken with a Varian A-60 nmr spectrophotometer 
and ir spectra were taken as KBr disks with a Perkin-Elmer 257 
spectrophotometer. Spectra for all substances not reported were con
sistent with the proposed structures. 

(S)-(+)-a-(4-Acetamidophenyl)acetone Glycerol (3). Sodium 
(0.755 g) was dissolved in 2-methoxyethanol (12.5 ml), and 4-
acetamidophenol (4.96 g) was added followed by (R)-(-)-a-(4-
toluenesulfonyl)acetone glycerol2 (2, 9.4 g) in 2-methoxyethanol 
(20 ml). The mixture was refluxed for 1.5 hr, cooled, added to 
water (150 ml), and shaken. The resulting precipitate was washed 
with water (4 X 25 ml) and dried under vacuum. The product (5.5 g) 
was crystallized from PhH to yield a white solid (4.0 g, 46%), mp 
141-142°. Recrystallization raised the melting point to 142-143.5°, 
Ml5 , , +37.9° (c 1.0, EtOH). Anal. (C14H19N04) C, H, N. 

(R)-(-)-a-(4-Acetamidophenyl)glycerol (4). Compound 3 (25.5 
g) in aqueous 80% AcOH (125 ml) was heated at 50-75° for 0.5 hr; 

the solution was cooled and then added to ether (1250 ml). The 
precipitated product was washed with ether (5 X 50 ml) and dried 
under vacuum, yield 17.7 g (82%), mp 148-150°. Recrystallization 
O'-PrOH-EtjO, charcoal) gave pure 4: mp 153-155°; [a]|5„ -4.36° 
(c 5.0, pyridine). Anal. (C u H l s N0 4 ) C, H, N. The known3 racemic 
compound melts at 137.5-138°; its nmr spectrum (DMSO-d6) shows 
a primary OH group, T 4.64 (/ = 5.5 Hz, triplet), and a secondary 
OH, T 4.90 (», , , = 6 Hz, rectangular singlet = unresolved doublet). 

(5)-(+)-l-(4-Acetamidophenoxy)-3-(4-toluenesulfonoxy)propan-
2-ol (5). The diol 4 (9.01 g) in dry pyridine (90 ml) was cooled to 
- 1 0 ° , and pure TsCl (7.63 g) was added in one portion and shaken 
to dissolve. The mixture was allowed to warm to +5° over 16 hr and 
then diluted with EtOAc (100 ml) and added with cooling to H2S04 

(35 ml) in water (200 ml). The layers were separated and the aqueous 
phase was extracted with EtOAc (2 X 100 ml). The combined organic 
layers were dried (4A molecular sieves) and the solvent was re
moved under vacuum. The residual oil (15.0 g) on trituration with 
ether (50 ml) yielded a pale pink solid (12.7 g) which on crystalliza
tion from 1,2-dichloroethane yielded a white solid (8.0 g, 53%), mp 
118.5-120°. Recrystallization gave the pure tosylate: mp 120.5-
121°; [a]||s +37.0° (c 2.0, EtOH). Anal. (C18H2JN06S) C, H, N. 
The racemic isomer of 5, mp 132-134° (Anal. C, H, N), was pre
pared similarly (yield 42%); its nmr spectrum (DMSO-rf6) shows a 
secondary OH group, T 5.47 (vl,, = 6.5 Hz, rectangular singlet = un
resolved doublet). 

(i?)-(-)-l-(4-Acetamidophenoxy)-2,3-epoxypropane (6). The 
tosylate 5 (5.0 g) in DMSO (10 ml) was treated with aqueous 20% 
NaOH (5 ml) for 10 min at room temperature. Water (50 ml) was 
added and the mixture was extracted with EtOAc (3 X 25 ml); on 
evaporation the extracts yielded an oil (2.79 g) which slowly crystal
lized, mp 92-95°. One crystallization from PhH yielded the pure 
compound (1.5 g, 55%): mp 104-106°; [a]\\s -18.5° (c 2.0, 
EtOH)..4;w/. (CuH1 3N03) C, H, N. The known4 racemic epoxide 
melts at 110°. 

(i?)-(+)-l-(4-Acetamidophenoxy)-3-(isopropylamino)propan-2-
ol (7). The epoxide 6 (0.250 g) was dissolved in j'-PrNH2 (10 ml) 
and kept 3 days at ambient temperature. Evaporation under vacuum 
gave a white solid (0.328 g), mp 128-129°, which on crystallization 
from dioxane yielded pure y?)-(+)-practolol (6) (0.155 g, 48%): mp 
130-131.5°; [a\\\, +4.3°, [a]\5

n +3.5° (c 1.0, EtOH). Anal. 
(Ci4H22N203) C, H, N. The hydrochloride (prepared in situ) 
showed [a] ;^+26.0° and [a]?;, +14.0° (c 1.0, water). The racemic 
free base" melts at 134-136°. 
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The structure of the antimalarial drug chlorguanide (pro-
guanil; paludrine; l-(p-chlorophenyl)-5-isopropylbiguanide) 
is usually depicted in the imino form la. In some instances, 
however, an analogy has been drawn between the structures 
of chlorguanide and several of the diaminodiazines and tri-
azines {e.g., cycloguanil, 2a) possessing similar drug activ
ity,1 by writing chlorguanide in the amino form, lb. 

An X-ray crystallographic study2 of chlorguanide hydro
chloride (1-HC1) reported a structure which may be de
scribed as 3 or some resonance form thereof. The six bi-
guanidinium C-N distances were sufficiently similar that 
no one of the resonance forms for this compound could be 
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