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moiety, >P(OXOAcn), already represents a relatively energy-rich phosphate
bond, i.e., an a-ketol or sugarlike phosphate, as shown by the following
hydrolysis (see ref 30a): (CHgO)iP(O)(OAcn) + HO™ — (CH30).P(0)0~
+ HO-Acn; k = 360 L. mol~*s~" (25 °C, pH 7.7-8.3). Only 5% of the al-
ternate hydrolysis products are observed: (CHzOP(OXOAcn)O~ + CHzOH
(see ref 43).
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(1973).

(46) Note Added in Proof: It should be emphasized that the P(5) = P(6) inter-
mediate hypothesis Is advanced in connection with reactions of phos-
photriesters exclusively, and may not be operative in reactions of phos-
phomonoesters and diesters where other mechanistic alternatives may
be favored.
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Synthesis of the optical isomers of oxprenolol [(2R)- and (2S)-1-(isopropylamino)-3-(o-allyloxyphenoxy)-2-pro-
panol ((2R)- and (25)-1)] was accomplished starting from (2R)- and (2S)-1-tosyloxypropane-2,3-diol acetonide.
Cupra A CD spectra are reported for the intermediate diols [(2R)- and (28)-1-(0-allyloxyphenoxy)-2,3-propanediol
((2R)- and (28)-3)] and the oxprenolol isomers. These spectra were consistent with the previous results, allowing
assignment of the absolute configuration based on transitions in the 285 nm region. The NMR spectra of the oxpre-
nolol enantiomers (2R)- and (285)-1 in the presence of a chiral shift reagent, Eu(hfbc)s, and of the amides formed
from optically active a-methoxy-a-trifluoromethylphenacetyl chloride (Mosher reagent) were examined. The spec-
tra of the diastereoisomeric amides showed upfield shifts of partial resonances for the isopropy! methyl groups,
which result from shielding effects of the aromatic ring of the acyl fragment. The assignments were confirmed by

use of specifically deuterated oxprenolol amides.

Oxprenolol  [3-(0-allyloxyphenoxy)-1-(isopropylamino)-
2-propanol (1)] is an important 8-adrenergic blocking agent
of the 3-aryloxy-1-(alkylamino)-2-propanol type. Many of the
drugs in this class have significant therapeutic utility in a wide
variety of cardiovascular disorders.2 Oxprenolol and others
are used extensively in Europe in the treatment of cardiac
arrhythmias, angina pectoris, and hypertension.3 Some of the
related compounds have useful effects in other unrelated
disease states.?

e O\/\
CHL CH
S o e S NHCH(CHY),

OH

The absolute configuration of 8-adrenergic blocking agents
of the 3-aryloxy-1-(alkylamino)propanol type is extremely
important in the determination of pharmacological properties
and metabolic disposition of these agents. Differences in
pharmacological activity of the optical isomers in in vitro as-
says show differences of up to 50-500-fold between individual
enantiomers.52— Differences in rates of uptake into tissues5d
and in rates of metabolism?¢ of the individual enantiomers are
also observed. Previous work has noted a significant difference
in the in vitro pharmacological activity (blockade of isopro-
terenol induced contraction of bronchial muscle) of the re-
solved enantiomers of oxprenolol of 10-35-fold,¢ with the
(—)-enantiomer being more active. Although the (—)-enan-
tiomer was likely to have the 25 absolute configuration, based
on the analogy of the sign of optical rotation, compared to
other aryloxypropanolamines, the assignment was not un-
equivocal. Absolute configuration of enantiomers of many of
these agents have been assigned on the basis of experience
with the Horeau method.® Few instances of establishment of
absolute configuration by unequivocal means are reported.”

We had previously noted that individual enantiomers of the
3-aryloxy-1-amino-2-propanol nucleus of known chirality can
readily be prepared from optically active glycerol derivatives
of known absolute configuration, which are obtained from
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naturally occurring mannitol.’d This paper reports extension
of the use of this method to the oxprenolol isomers. The results
of NMR experiments on these enantiomers in the presence
of a chiral shift reagent, Eu(hfbc)s, and on the diastereomeric
amides prepared using Mosher reagent and the Cupra A CD
spectra of the individual enantiomers of oxprenolol and the
intermediate diols are reported.

Synthesis

Preparation of (2R)- and (2S)-oxprenolol [(2R)- and (25)-1]
was accomplished utilizing (2R)-3-tosyloxy-1,2-propanediol
acetonide [(2R)-2] and the corresponding (25)-acetonide
[(28)-2], respectively. Both are derived from (29)-glyceral-
dehyde 2,3-acetonide,’d® which is readily available from
(2R,35,45,5R)-mannitol 1,2,5,6-diacetonide.® The synthesis
(Figure 1) of the (2R)-oxprenolol [(2R)-1] was accomplished
by allowing catechol monoallyl ether to react with an equi-
molar quantity of (2R)-3-tosyloxy-1,2-propanediol acetonide
[(2R)-2] and a 1 molar excess of NaOMe (EtOH-H,0). The
resulting intermediate (2R)-3-(0-allyloxyphenoxy)-1,2-pro-
panediol acetonide was hydrolyzed to afford the corre-
sponding (2R)-diol [(2R)-3]. Diol (2R)-3 was converted to its
monotosylate [(25)-4]* using an equimolar quantity of tosyl
chloride in pyridine-benzene. Epoxide formation from tos-
ylate (25)-4 was effected using an equimolar quantity of
NaOMe in aqueous MeOH, affording (2R)-3-(0-allyloxy-
phenoxy)-1,2-epoxypropane [(2R)-5].1¢ Ring opening with
isopropylamine at 110 °C gave the desired (2R )-oxprenolol
{(2R)-1]. The synthesis of the (2S)-oxprenolol {(2S)-1] was
achieved in an analogous fashion starting with (2S)-1-tos-
yloxy-2,3-propandediol acetonide [(25)-2]. !

The magnitude of the optical rotations of the synthesized
enantiomers were very similar to that reported for one of the
enantiomers prepared by resolution,5¢ [a]p +5.4 and —5.7°
compared to [a]p +5.5 £ 0.5°, suggesting that the synthetic
processes occur without major racemization. Since none of the
reaction steps involve a chiral center, major epimerization
would not be expected.

© 1978 American Chemical Society
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Figure 1.
NMR Experiments /
A detailed analysis of the proton NMR spectrum of ox- +10Hz ~
prenolol was made because substantial use of NMR methods 4 80 420 360 MHz

was planned for possible determination of enantiomeric pu-
rity. Although multiplets were observed in the 60-MHz
spectrum of oxprenolol (1), a spectrum with better signal
separation of the allyl side chain was obtained at 80 MHz
(Figure 2). The propanolamine side chain, however, remained
poorly resolved, because of very similar chemical shifts of
protons at differently substituted carbons.

In oxprenolol, Hy appears as a ten-peak signal resulting
because Jgfgfcis = 2:]2/1/ (J2'3fcgs =10.2 and Jz/y =5.1 HZ) and
protons at C-1’ behave as a set. Coupling constant JJo3trans =
17.2 Hz. The signals for protons Ha;s and Hagxrans are located
at 6 5.35 and 5.24, respectively, Jgem = 3.2 Hz and allylic J3-
= 1.4 Hz. Protons H; appear at 6 4.54 as two triplets with
couplings J13 and Jy-9.

The determination of enantiomeric purity using a chiral
lanthanide shift reagent has been successfully applied to many
compounds especially using tris[3-(heptafluorobutyryl)-
d-camphorato]europium, Eu(hfbc)s. We had previously used
this reagent in LIS spectra for related benzodioxanes! and in
some other aryloxypropanolamines (unpublished results). At
high molar ratios (shift reagent to compound), e.g., 0.60, the
aromatic singlet of (2R)-oxprenolol [(2R)-1] remained as a
singlet, whereas using the 25 enantiomer the aromatic protons
became an unsymmetrical doublet, with one of the signals
being identical in chemical shift with that of the aromatic
residue of the 2R enantiomer. By spiking the 2S enantiomer
with known amounts of the 2R enantiomer (MR = 0.80), ad-
dition of 10% 2R enantiomer could be readily detected. Con-
versely, the method is slightly less sensitive, e.g., at about
12-14%, using the S enantiomer to spike synthetic 2R material
(MR = 0.80). Within the limits of this detection method, none
of the wrong isomer was found, suggesting that the compounds
prepared by chiral synthesis are at least 82% ee (91:9) and
probably greater.

An alternative NMR method for determination of enan-
tiomeric purity involved derivatization of amines with opti-
cally active a-methoxy-a-(trifluoromethyl)phenylacetyl
chloride (Mosher reagent).!?2 Many diastereomeric amides
from a wide variety of amine derivatives have been success-
fully differentiated by NMR!2 and/or GC.13

Using 1 equiv of the (—)-Mosher acyl halide, we prepared
the diastereomeric amides (as evidenced by a single carbonyl
band in the IR at 1634 cm~1) using 2R and 2S enantiomers of
oxprenolol [(2R)- and (2S)-1] as well as with racemic oxpre-
nolol (1). In the NMR spectra of the amides, the methoxy
groups appeared as a series of closely grouped signals rather
than as one or two peaks. More notable, however, was the

Figure 2. Partial 80-MHz NMR spectrum (CDCls) of racemic ox-
prenolol (1).
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Figure 3. (A) 60-MHz NMR spectra (CDCl3) of {—)-a-methoxy-a-
(trifluoromethyl)phenylacetylamide (Mosher reagent) of racemic 1;
(B) (~)-a-methoxy-a-(trifluoromethyl)phenylacetylamide of (2R)-1;
(C) (=)-a-methoxy-a-(triflucromethyl)phenylacetylamide of (25)-1;
(D) (—)-a-methoxy-a-(trifluoromethyl)phenylacetylamide of 8 (ox-
prenolol-isopropyl-dy).

appearance of two very high field doublets in the spectrum of
the mixture of diastereomeric amides from rac-oxprenolol (1)
(Figure 3). The spectra of the amides from the R- and S-
enantiomers each showed one doublet. Signals were noted at
0 0.46 (J = 6.5 Hz) for the R-enantiomer and 6 0.32 (J = 6.5
Hz) in the S-enantiomer. These signals integrated for ap-
proximately two protons each. Additionally, in these spectra
the isopropyl methyl groups appeared as doublets at § 1.14,
J = 6.5 Hz, for the R-enantiomer and 6 1.19, J = 6.5 Hz, for
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the S-enantiomer, integrating for less than the expected
number of protons. One likely explanation seemed to be that
the slow rotation about the amide carbon-nitrogen bond was
probably responsible for the observation of two different
isopropyl methyl signals with different chemical shifts.
However, since the signals were considerably upfield from the
normal methyl groups (~0.7 ppm), further characterization
and some explanation was required.

Ozxprenolol (1) with deuterium substituted in the isopropyl
group was prepared to corroborate the assignment of the
signals to the methyl peaks. Oxprenolol-isopropyl-dg (7) and
-isopropyl-dy (8) were prepared by reductive alkylation of
deisopropyloxprenolol (6) with acetone-dg (or acetone) with
sodium borohydride (or borodeuteride).

GEO\/\
. CH,
/CH_\(EH/ Z\NHz

OH
w Y O~ CcX
N .
A /CHf\fH/ B~ n
OH

CX;

7.X=D; Y=H (a= CD,C(=0)CD,/NaBH)
8.X=H; Y=D (a = CH,C(=0)CH;/NaBD,)

In the NMR spectrum of the mixture of diastereomeric
Mosher reagent amides from the oxprenolol-dg (7), no methyl
group signals were observed. No signals were observed at field
strength above 1.5 ppm. In diastereomeric amides from ox-
prenolol-d; (8), upfield doublets became singlets, at § 0.46 and
0.31. These results confirmed the assighment of these signals
to protons from the methyl groups.

The upfield shift must result because these protons lie in

a shielding zone of one of the two aromatic rings in the mole-
cule, the catechol ring or the aromatic ring from the Mosher
reagent. In order to determine which was responsible, amides
were prepared from several acid chlorides including the cy-
clohexane derivative of Mosher reagent, a-methoxy-a-(tri-
fluoromethyl)-a-cyclohexylacetyl chloride (9). The NMR
spectra of benzamide and phenylacetic acid amides of ox-
prenolol showed no large upfield shifts. The NMR spectrum
of the reduced Mosher reagent amide derivative also showed
no large upfield signals. These data suggest that the aromatic
ring of the Mosher reagent contributes significantly to the
observed shielding.

The results are explicable in terms of a shielding effect of
the aromatic ring of the phenylacetyl fragment Mosher re-
agent on the isopropyl methyl groups, principally in one of the
conformers of the amide, probably 11. There are two major
conformations resulting from isomerism about the carbon-
nitrogen bond of the amide (11 and 12).14 Since the major
shielding effect was only noted in «,a-disubstituted phen-
ylacetylamide derivative (Mosher reagent amide), and not in
the simpler phenylacetylamide, it seems likely that the sub-
stituents at the « carbon aid in shifting the conformational
equilibrium toward a conformation like 11, in which the
shielding effect is noted. Since no corresponding shift of the
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Figure 4. (A) Cupra A CD spectra of diols (2R)-3 and (25)-3; (B)
Cupra A CD spectra of amino alcohols (2R)-1 and (25)-1.

methyl groups of the Mosher reagent diastereomeric amides
of propranolol are noted (unpublished observation), it may
be that other factors in the molecule also contribute to the
population of conformations in the oxprenolol Mosher reagent
amide.

Although the upfield signals seem to be the major difference
in the diastereomeric amides, their use in determination of
optical purity is somewhat limited because these signals result
from only one conformation of the amide and do not represent
the entire molecule or concentration. However, no extraneous
signals were noted to suggest that other diastereoisomers were
present, although limits the detection of signals >3% since the
Mosher reagent is only 97% pure.

Cupra A Circular Dichroism

Correlation of the Cotton effects observed with chiral
1,2-amino alcohols and 1,2-diols in Cupra A solution has al-
lowed facile determination of absolute configuration in closely
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related series of compounds.’®1> A weak, long wavelength
transition is observed for diols and amino alcohols in Cupra
A showing a Apax near 560-580 nm and a stronger, shorter
wavelength transition, Apax 280 nm. This latter transition is
used more often for the assignment of absolute configuration.
R enantiomers in these series of aryloxypropanediol deriva-
tives give negative Cotton effects in Cupra A solution at the
shorter wavelength and positive Cotton effects at the longer
one. S enantiomers give mirror image spectra. It has also been
shown that amino alcohols in which the amine is secondary
give a second weak long wavelength Cotton effect near 500 nm,
which is of the same sign as the short wavelength transition
at 280 nm.!6 Diols and primary amino alcohols do not exhibit
this second long wavelength transition.

Cupra A CD spectra were determined for the synthesized
(R)- and (S)-oxprenolol [(2R)- and (25)-1] and the corre-
sponding diols [(2R)- and (2S)-3] (Figure 4). The spectra were
consistent with previous results. The R enantiomers (diol and
amine) show Cotton effects [e277 = —380 for (2R)-3, eazs = 560
for (2R)-1] as expected and the S enantiomer diol gave tran-
sitions of €77 = +460 and eggg = +580 for (25)- 1. The other
expected bands are also observed (see Figure 4 and Experi-
mental Section). These compounds add to the growing num-
ber of examples of aryloxypropanediols and -propanolamines
where the Cupra A CD method is useful to assign the absolute
configuration.1?

Further work on other glycerol-related systems related to
aryloxypropanol derivatives is in progress.

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Infrared spectra were
recorded on a Beckman IR-5A spectrophotometer. NMR spectra were
recorded on Varian EM-360, T-60, and CFT-20 spectrometers using
Me4Si as internal standard. Notations used in the descriptions are
s = singlet, d = doublet, t = triplet, q = quartet, and m = multiplet.
Circular dichroism spectra were recorded on a Jobin Yvon Dichro-
graphe R. J. Mark I1l instrument. Microanalyses were performed by
Dr. F. B. Strauss, Oxford, England.

(2R)-3-(o-Allyloxyphenoxy)-1,2-propanediol [(2R)-3]. A so-
lution of 8.75 g (0.162 mol) of NaOMe and 24.30 g (0.162 mol) of cat-
echol monoallyl ether in 40 mL of ethanol and 10 mL of H,O was
added to 24.24 g (0.081 mol) of (2R)-3-tosyloxy-1,2-propanediol
acetonide [(2R)-2]7d and the mixture was refluxed for 24 h. The so-
lution was cooled and solvent was removed by rotary evaporation to
yield a dark brown sludge. The residue was dissolved in 200 mL of
ether, washed with 5% aqueous NaOH (5 X 100 mL) and water (4 X
100 mL), dried (NazS0y4), and evaporated affording 27.88 g of an or-
ange oil, which was determined by NMR to be 72% product. Inte-
gration of the area of protons of the tosyl group was used as a measure
of remaining starting material. The crude acetonide, 27.88 g (repre-
senting 20.00 g, 0.071 mol), in a mixture of 50 mL of acetone and 10
mL of aqueous 2 N HCL, was refluxed for 5 h, Evaporation of the sol-
vent afforded an oil which was crystallized repeatedly from ether
(charcoal), affording diol (2R)-3: 6.83 g (35% overall yield); mp 82-83
°C; [a]*°p —7.4° (c 0.10, absolute EtOH); CD (¢ 0.10 Cupra A) [6]520
+17, {61412 0, [0]357 0, {6]o77 —380; IR (KBr) 3.03, 3.41, 6.30, 6.66, 6.90,
7.98, 8.20, 8.91, 9.48, 9.66, 10.66, 10.92, 13.69 um; NMR (CDCl;) 6 6.97
(s, 4, ArH), 5.76-6.63 (m, 1, Hy), 5.06-5.73 (m, 2, 2H3), 4.57 (d, 2,
2Hy), 4.08 (s, 3, Hy, 2H3), 3.79 (s, 2, 2H,), 3.21 (s, 2, OH, exchangeable).
Anal. Caled: C, 64.27; H, 7.19. Found: C, 64.26, H,.7.18.

(28)-3-(0-Allyloxyphenoxy)-1,2-propanediol [(25)-3]. Diol
(2S5)-3 was prepared from (2S)-3-tosyloxy-1,2-propanediol acetonide
[(28)-2]7d and catechol monoally! ether by a procedure analagous to
that for the preparation of (2R)-3. Hydrolysis of the intermediate
acetonide afforded (25)-3 in 28% overall yield: mp 82-83 °C; {«]%p
= +7.7° (¢ 0.094, absolute EtOH); CD (¢ 0.010, Cupra A), [f]522 —16,
[0]412 0, [0]357 0, [8]277 +4860. Anal. Caled: C, 64.27; H, 7.19. Found: C,
64.11, H, 7.24.

(25)-3-(0-Allyloxyphenoxy)-1-( p-toluenesulfonoxy)-2-pro-
panol [(2S5)-4].!9 p-Toluenesulfonyl chloride, 4.64 g (0.024 mol), in
75 mL of anhydrous benzene was added slowly (9 h) to a cold (0 °C)
solution of 5.44 g (0.024 mol) of diol (2R)-3 in 20 mL of anhydrous
pyridine and the mixture stirred for 5 days at room temperature. The
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mixture was diluted with 200 mL of Et20, filtered, washed with 1 N
HCI (5 X 100 mL) and H20 (5 X 100 mL), and dried (NasSQy4) and
solvent was evaported to afford 8.07 g (88% yield) of an orange oil
which was used without further purification: IR 2.82, 3.25, 3.39, 6.27,
6.68, 6.90, 7.34, 7.96, 8.52, 8.90, 9.12, 10.03, 10.07, 12.03 um; NMR
(CDCls) 6 7.79 and 7.22 (two d, J = 5 Hz, tosyl ArH), 6.91 (s, 4, ArH),
6.53-6.59 (m, 1, Hy), 5.64-5.03 (m, 2, 2Hy), 4.52 (d, 2, 2H;/), 3.63-4.39
(m, 5, 2H1, Hg, 2H3), 3.23 (S, 1, OH), 2.41 (S, 3, AI‘CHg)

(2R)-3-(0-Allyloxyphenoxy)-1-( p-toluenesulfoxy)-2-propanol
[(2R)-4].19 Tosylate (2S)-4 was prepared from (25)-3 and p-tolu-
enesulfonyl chloride by a procedure analagous to that for preparation
of (25)-4, affording (2R )-4 in 87% crude yield, which was used without
further purification.

(2R)-1-(Isopropylamino)-3-(o-allyloxyphenoxy)-2-propanol
[(2R)-1]. A solution of 539 mg (10.0 mmol) of NaOMe in 12 mL of 80%
MeOH was added to 3.77 g (10.0 mmol) of tosylate (25)-4 and the
solution was refluxed for 2 h. The MeOH was evaporated, 50 mL of
ether was added, and the precipitated NaOTs was removed by fil-
tration. The ether was evaporated affording 2.50 g of a yellow oil,
which was 42% of the desired epoxide (2R)-5 as determined by NMR.
The NMR determination was done by comparison integration of the
signal of tosyl aromatic protons with other aromatic protons. Crude
epoxide (2R)-5 was used without further purification.

A solution of 2.58 g of crude epoxide [representing 733 mg (3.4
mmol) of pure epoxide] in 15 mL of isopropylamine was sealed in a
Parr bomb and heated at 110 °C for 16 h. After cooling, the resulting
liquid was evaporated and dissolved in 50 mL of 2 N HCL. The aqueous
acidic solution was washed with ether (3 X 50 mL), made alkaline with
solid NaOH, and extracted with ether (3 X 50 mL). The combined
ether extracts were dried (NagSQy) and evaporated, affording a brown
oil which solidified. Repeated crystallization afforded 800 mg (84%
vield) of (2R)-1: IR (KBr) 2.92, 3.42, 6.30, 6.67, 6.92, 7.99, 8.24, 8.93,
9.81, 13.62 um; NMR (CDCl3, Me4sSI) 6 6.97 (s, 4, ArH), 6.53-5.73 (m,
1, Hy), 5.66-5.06 (m, 2, 2Hy/), 4.58 (d, 2, 2H;/), 4.05 (s, 3, Hs, 2H3),
3.13-1.19 (m, 5, 2H1, H,,, NH, OH), 1.09 (d, J = 6 Hz, 2CHy); [2]2%
+5.8° (lit. [f]p +5.5 + 0.5°); CD (¢ 0.10, Cupra A) {700 +14, [f]ee0 +36,
[]540 0, (6500 —10, [84z0 O, [8]360 O, [8]330 —90, (6288 —560, [6]ago 0.

At 80 MHz the NMR spectrum (CDCl3) was done on racemic 1; a
complete analysis of the allyl side chain revealed: § 6.05 (2q, Hy, Jo1
=35.1,Jogis = 10.2, Jog1rans = 17.2 Hz), 5.35 and 5.24 (m, Ha'yrans and
Hg/cis, J3‘tran52’ = 17.2, Jgem = 3.2, J3'1/ = 1‘4, Jgfciszf =10.2 HZ), 4.54
(2t, 2Hy, Jy9 = 5.1,J13 = 1.4 Hz). Anal. Calcd: 67.89; H, 8.74; N, 5.28.
Found: C, 67.83; H, 8.71; N, 5.30.

(25)-1-(Isopropylamino)-3-(o-allyloxyphenoxy)-2-propanol
[(28)-1]). The 2S enantiomer (25)-1 was prepared from tosylate
(2R)-4 in a manner analagous to the preparation of (2R)-1, in 24%
overall yield: [8]700 —13, [8]s00 ~34, [6]540 0, [8]500 +13, [0]430 0, [#]360
0, [6]320 +85, [0]288 +580, [6]280 0. Anal. Caled: C, 67.98; H, 8.74; N, 5.28.
Found: C, 68.01, H, 8.75; N, 5.26.

3-(o-Allyloxyphenoxy)-1,2-epoxypropane (5). Epoxide 5, pre-
pared according to a literature method,!8 was obtained in 41% yield:
bp 117-119 °C (0.4 mm) [lit. bp 145-157 °C (11 mm)]; NMR (80 MHz,
CDCl3) 66.98 (s, 4, ArH), 4.23 and 3.99 (2 q, H3, and Hap, Jgem = 11.3,
J3a2 = 3.7, Jap2 = 5.1 Hz), 3.34 (11-peak multiplet, Ho, Jo 3, = 3.7,
Jzygb = 5.1, J2.lcis = 4.2, J2,1trans =27 HZ), 2.86and 2.72 (2(], chis and
Hitrans: Sgem = 5.0, J 1cis2 = 4.2, J1trans,2 = 2.7 Hz). Cis and trans refer
to the relationship between Hy and protons at C; of the epoxide. The
allyl side chain appeared very similar to the one in oxprenolol, dis-
cussed for compound (2R)-1: 6 6.05 (2q, Hy, Jo 1 = 5.1, Jogeis = 10.1,
Jograns = 17.2 Hz), 5.35 and 5.24 (m, H3trans and Havis, S 3transe’ =
172, Jgem = 3.2, Jy1r = 1.4, Jycisy = 10.2 Hz), 4.56 (2t, 2Hy, J 1o =
5.1,J1:3 = 1.4 Hz).

1-Amino-3-(o-Allyloxyphenoxy)-2-propanol (6). Into a 200-mL
solution of 2-propanol previously saturated with NHj at —70 °C was
added 1.0 g (4.8 mmol) of 3-(0-allyloxyphenoxy)-1,2-epoxypropane
(5). The mixture was stirred at room temperature, lightly stoppered,
for 24 h. Warming (hood) removed excess NHj, and the remaining
solvent was rotary evaporated. The residue was crystallized (hex-
ane-2-propanol), affording 0.81 g (62%) of 6: mp 80-82 °C; NMR
(CDCl3) 6 6.87 (s, 4, ArH), 6.30-5.67 (m, 1, Hy), 5.53-5.07 (m, 2, 2H3"),
4.63-4.43 (m, 2, 2Hy), 3.97 (s, 3, 2H3, Ho), 3.0-2.73 (s, 3, OH, NH,),
2.98-2.75 (m, 2, 2H;).

1-(3,8,8,8',8',6'-Hexadeuterioisopropylamino)-3-(o-allyloxy-
phenoxy)-2-propanol (Oxyprenolol-isopropyl-dg) (7).1% Amino
alcohol 6, 500 mg (2.2 mmol), in 10 mL of absolute EtOH was warmed
to effect solution. Acetone-dg, 1.20 mL (4.4 mmol, Stohler > 99%), was
added in two portions. After the first 600 mg of acetone, NaBH, (210
mg, 5.5 mmol) was added slowly in three portions. Five minutes after
the third portion, the entire set of borohydride additions were re-
peated after adding the second portion of acetone-dg. After 20 min,
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20 mL of HyO was added and the mixture was extracted with ether
(1 X 75 mL, 3 X 50 mL). The combined ether extracts were washed
with 3 X 50 mL of 5% aqueous NaOH and H20 and dried (NaSQ,),
and the solvent was evaporated, affording a yellow oil. Crystallization
from 2-propanol-hexane afforded 120 mg of 7. Evaporation of the
filtrate and crystallization from hexane afforded an additional 200
mg of 7: mp 72-74.5 °C; total yield 54%; MS (EI, 70 eV) m/e 271 (35,
M+), 253 (30, M — CDg), 227 (100, M — CH;30), 150 (85, CgH1¢05).
1-(a-Deuterioisopropylamino)-3-(o-allyloxyphenoxy)-2-

propanol) (Oxyprenolol-isopropyl-d;) (8). Amino alcohol 6, 200
mg (0.90 mmol), was dissolved in 5.0 mL of absolute EtOH and 260
mg (4.5 mmol) of acetone was added. Over a 3-min period, 190 mg (4.5
mmol) of NaBD, (Stohler, >99%) was added with stirring. After 5 min,
an additional 260 mg (4.5 mmol) of acetone was added and the mixture
was stirred for 45 min.

The pH was lowered to 5 with aqueous HCI, and the alcohol was
evaporated. The residue was partitioned between aqueous 5% KOH
and ether. The ether layer was washed with 5% aqueous KOH (3 X
5 mL), dried (NasS0y), and evaporated, affording 163 mg of 8 (67%
yield) as a yellow oil which solidified.

a-Methoxy-a-(trifluoromethyl)-a-cyclohexylacetyl Chloride
(10). To a solution of 1.0 g (4.3 mmol) of (—)-a-methoxy-a-(trifluo-
romethyl)-a-phenylacetic acid (Aldrich) in 40 mL of 95% EtOH with
0.5 mL of HOAc was added 500 mg of 5% RhAl;03. The mixture was
hydrogenated at 45 psig for 22 h, after which time the required 3 equiv
of hydrogen had been taken up. Filtration (Celite) and evaporation
afforded 1.07 g of acid 9 (100% yield) as a white solid, mp 103-105 °C,
which could be distilled: bp 130 °C (3 mm); m/e 241 (MH*); IR (KBr)
2.89, 3.41, 5.83, 7.82, 8.63, 8.83, 9.94, 10.23 um; NMR (CDClg) é 10.60
(s, br, 1, COOR), 3.53 (m, 3, OCHj), 2.77-0.90 (m, 11, cyclohexane
ring).

The acid chloride was prepared similar to the method of Mosher2
by refluxing 250 mg (1.04 mmol) of acid 9 for 23 h in 4 mL of SOCl,.
Evaporation of the excess SOCls under nitrogen afforded an oil (10),
which was dissolved in methylene chloride and used for amide prep-
aration.

Amides for NMR Experiments. The following procedure is il-
lustrative of the method used for amines (2R)-1, (25)-1, and racemic
1. To a solution of 1, 100 mg (0.38 mmol), in 2 mL of 1,2-dichloro-
ethane and 0.5 mL of NEt3 was added to 0.8 mL of a 4.9 M solution
of (—)-a-methoxy-«-(trifluoromethyl)phenylacetyl chloride (0.39
mmol) in 1,2-dichloroethane. The mixture was refluxed for 3 h.
Thin-layer chromatography (silica gel G, 250 um, developed in
CHCI3/EtOAc/MeOH/NH,OH, 40:12:20:0.5) was run and no starting
oxprenolol (Ry 0.56) was present. The solvent was evaporated, af-
fording a yellow oil with some crystalline NEts-HCI present. The
mixture was transferred to a 10-mL centrifuge tube with 3 mL of ether
and 2 mL of 1 N HCL The HCl layer was removed with a pipette, and
the ether layer was washed with 2 mL of 5% NaOH and dried
(MgSO04). Removal of ether gave an oil, 141 mg (77%) (carbonyl 1634
cm~ Y, which was used for NMR analysis. The individual enantiomers
(2R)-1 and (2S)-1 were subjected to similar procedures using the same
acid chloride. In subsequent runs, benzoyl chloride, phenylacetyl
chloride, or acid chloride 10 was used to prepare amides of 1 for NMR
analysis.
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