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The optical isomers of «-adrenergic receptor antagonists prosympal (2), piperoxan (3), and dibozane (4) were prepared
by methods establishing the absolute configuration of each. (2S5)-3-(2’-Hydroxyphenoxy)-1,2-propanediol ditosylate
(10) was prepared from (2R)-3-tosyloxy-1,2-propanediol acetonide (6). Intramolecular displacement afforded
(29)-tosyloxymethylbenzodioxan [(2R)-11]. Reaction of (2R)-11 with the appropriate amine (diethylamine, piperidine,
or piperazine) afforded the 2S isomers of 2, 3, and 12, respectively. Reaction of (25)-12 with (2R)-11 afforded the
SS isomer of 4. Reaction of (25)-3-benzyloxy-1,2-propanediol ditosylate (14) with catechol (NaOMe) afforded
(2R)-benzyloxymethylbenzodioxan (15). Subjecting 15 to hydrogenolysis, tosylation, and displacement with the
appropriate amine afforded 2R isomers of 2, 3, and 12. Reaction of (2R)-12 with (25)-11 afforded (RR)-4. Reaction
of (2R)-12 with (2R)-11 afforded meso-4. The S isomers were more effective antagonists to the «-adrenergic response
of methoxamine-induced contraction of rabbit aortic strips by twofold in 2 and 18-19-fold in 3 and 4. meso-4 was
as effective as the SS isomer of 4. The results are interpreted in terms of a similar conformational distribution
of aminoalkyl, oxygen, and aromatic functional groups of the (S)-benzodioxans and (R)-epinephrine.

The search for compounds which alter responses to the o N
adrenergic neurotransmitters has long been a focal point "0 - O
in the search for useful therapeutic agents. Among the 7 /\|( \
groups of compounds which are effective agents in rev- A \/)\ o )\CHZX
ersing the pressor response to epinephrine (1) are the O e C ol - 2. X = NEt
2-alkylaminobenzodioxans.** Some of the compounds were | 3: X = c.Néus
used clinically as antihypertensive agents because of their ChghHCiig
a-adrenergic blocking properties but since have been 1
discarded because of the usual adverse affects associated ) o
with blockade of a-adrenergic receptors.>> However, some = ™ | =
of the compounds, e.g., prosympal (2),*®2 piperoxan (3),*® . j P Sy Y, Nz A o A

and dibozane (4),%**? remain as very important phar-

macological tools because their a-adrenergic receptor
antagonism is a competitive blockade. Additionally, the
alkylaminomethylbenzodioxan system remains as a focal
point for the study of other amines, some of which have
similar activity, e.g., guanoxan,’” acetoxatrine,? and spi-
roxamide.’

Although the a-adrenergic receptor antagonist properties
of the compounds have been widely studied, only a single
report appears in the literature relative to the effect of
absolute stereochemistry on these properties. (-)-Pro-

4

sympal (2) was five to six times more potent than the (+)
isomer in reversing the pressor response to epinephrine in
cats and was also a more potent miotic by a factor of four-
to eightfold.'®

Our investigation of this system is related to our con-
tinuing interest in glycerol derivatives which can be readily
synthesized as either R or S enantiomers and as such can
be used in determination of absolute configuration of
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drugs. These benzodioxans can be regarded as disguised
glycerol derivatives. In this communication we report
synthesis of the enantiomers of these three benzodioxans
by methods which establish the absolute configuration of
each and the results of testing of the compounds for a-
adrenergic blocking effects.

Synthesis. Chiral compounds derived from (2R)-
glyceraldehyde-2,3-acetonide (5), available from (2R,-
3R,4R,5R)-mannitol,!! were used for starting materials in
both enantiomers of the dioxans (Scheme I). (2R)-Tos-
yloxy-1,2-propanediol acetonide (6)'? was converted to 7
(79% yield) by displacement of the tosylate using sodium
2-benzyloxyphenolate. The acetonide was hydrolyzed in
the presence of 1 N HCl affordlng diol (2R)-8 (96% yield).
Tosylation, using 2 equiv of tosyl chloride, proceeded
smoothly to produce ditosylate 9 (2S stereochemlstry) 13
The benzyl ether was removed by hydrogenolysis pro-
ducing 2S-ditosylate 10. Intramolecular ring closure af-
forded the (2R)-tosyloxymethylbenzodioxan 11 in excellent
yield.

Conversion of the (2R)-benzodioxan tosylate to the
corresponding a-adrenergic antagonist was readily ac-
complished using an excess of the appropriate amine at
reflux for 24 h. Reaction of (2R)-11 with excess piperazine
afforded (25)-12'° isolated as a dihydrochloride salt, an
intermediate suitable for preparation of the dibozane
enantiomers 4.

The conversion of (2R)-glyceraldehyde-2,3-acetonide (5)
into (25)-3-tosyloxy-1, 2-propanedlol acetonide (enantiomer
of 6) has also been reported.”'? Protection of the hydroxyl
group at C-1 [of the (28)-glycerol-2,3-acetonide formed by
reduction of 5] as a benzyl ether is required. Subsequent
steps performed were hydrolysis of the acetonide function,
formation of the monotosylate at C-3, and removal of the
benzyl ether followed by formation of the acetonide.
However, since this process involved an additional five
steps, we hoped to find a more direct route to the R en-
antiomer of 2 and 3.

(2R)-3-Benzyloxypropanediol (13), the first intermediate
in the above-discussed sequence, was converted to ditos-
ylate (25)-14 by tosylation of both hydroxyl groups. The
tosylate groups were then displaced using catechol (2 equiv
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Figure 1. CD spectra of enantiomers of 3 and 4 (HCI salts in
MeOH): heavy solid line, (RR)-4; heavy dashed line, (SS)-4; light
solid line, (2R)-3; light dashed line, (25)-3.

of NaOH). Hydrogenolysis of (2R)-15 gave (2R)-16. Steps
to the R isomers then involved tosylation to afford (2S)-11
followed by displacement with the necessary amine.

The dibozane enantiomers (RR)-4 and (SS)-4 were
prepared from (2R)-12 and (25)-12 by allowing these
amines to react with tosylates (2S)-11 and (2R)-11, re-
spectively, in ethanol at reflux for 24 h. Similarly, we have
prepared the meso isomer of 4 by allowing (2R)-12 to react
with (2R)-11 under the same conditions.

The results of circular dichroism spectral determinations
appear in Figure 1 (3 and 4 only). Consistently, in the CD
spectra of these enantiomers and those of 2 and 12 (not
shown, data in the Experimental Section), the S isomers
show a negative 'Ly transition with the maximum near 275
nm and a much stronger positive 'L, transition with the
maximum near 230 nm. The expected magnitude of these
transitions in the dibozane enantiomers is about twice as
large as observed in the other benzodioxans because of the
presence of two chromophores.

Optical Purity. The nearly equal intensities of the CD
bands of enantiomers suggest that no significant differ-
ences in the degree of racemization occur in the synthetic
sequences after separation of routes, with the possible
exception that in similar processes in each of the schemes
racemization could occur to similar extents. The additional
possibility of racemization in the early steps, e.g., formation
and reduction of (2R)-glyceraldehyde-2,3-acetonide, also
remained. These potential problems suggested the need
for an investigation of the optical purity of the benzo-
dioxans.

The NMR spectra of the racemate and the R and S
isomers of prosympal (2) in the presence of a chiral shift
reagent were very informative (Figure 2). In the presence
of various molar ratios of tris(heptafluropropylhydroxy-
methylenecamphorato)europium (THFC-Eu), beginning
at MR = 0.11 (THFC-Eu-2) the spectrum of racemate
begins to show two different C-methyl groups. At molar
ratios greater than 0.70 complete separation of two triplets
occurs. The synthesized individual R and S enantiomers
showed no peaks assignable to methyl groups of the “wrong
enantiomer”. Spectra of an admixture of the synthesized
enantiomers in a R/S ratio of 90:10 in the presence of
THFC-Eu produced the expected two different methyl
groups, integrating in the ratio 9:1 indicating the method
is sufficiently sensitive to detect an enantiomeric impurity
of less than 10% and probably less than 5% of the “wrong
isomer”. We interpret these results to indicate the dioxans
are of at least 90% ee and perhaps better.
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Figure 2. 60-MHz NMR spectra of the terminal methyl group
of prosympal (2), recorded in CDCI; in the presence of various
amounts of THFC-Eu: A, B, and C, racemate of 2 with various
molar ratios (MR) of THFC-Eu; D, (2R)-2, MR = 0.45; E, (29)-2,
MR = 0.45; F, 90:10 mixture of (2R)-2 and (25)-2, MR = 1.0.

Table I. Competitive Antagonist Effects of Chiral
Benzodioxans on Methoxamine-Induced Contraction of
Rabbit Aortic Strips

S/R -Log
Compound pA,¢ ratio Kp?
(S)-Prosympal [(25)-2] 5.60 £ 0.12 2.2 6.21
(R)-Prosympal [(2R)-2] 5.26 = 0.12
(S)-Piperoxan [(2S)-3] 7.12+0.17 18.2 6.51
(R)-Piperoxan [(2R)-3] 5.86+ 0.14 5.99
(SS)-Dibozane [(SS)-4] 7.66:0.08 19.1 6.85
(RR)-Dibozane [(RE)4] 6.38 + 0.11 6.25
meso-Dibozane (meso-4) 7.53+ 0.18

@ :SEM (n = 5). ? Affinity for [°*H]dihydroazepetine
binding site of «-adrenoreceptor related protein from rat
vas deferens. Data from ref 14.

Pharmacological Testing. The compounds were
tested for competitive a-adrenergic blocking effects in
rabbit aortic strips, using methoxamine as the agonist. The
results appear in Table I. In all cases, the S enantiomer
was more potent than the R enantiomer by twofold in
prosympal (2) and 18-19-fold in piperoxan (3) and di-
bozane (4). The meso isomer of dibozane (4) is equiactive
with the more potent SS isomer suggesting that a single
S-chiral center is sufficient for activity in the dibozane
system.

The greater potency of S enantiomers in this assay is
similar to that observed in the ability to displace the
radiolabeled antagonist [*H]dihydroazepetine from a-
adrenoreceptor related protein from rat vas deferens,
although a greater S/R ratio is observed. Only three- to
fourfold differences were noted in the latter assay.

Discussion

Interpretation of greater potency of S enantiomers of
the benzodioxans by comparison of their stereochemistry
with that of (R)-(-)-epinephrine is ambiguous. For such
stereochemical comparisons the alkylamine side chains are
considered to be equivalent. Considering stereochemical
analogies between the (S)-benzodioxan isomers and (R)-
epinephrine, the oxygen substituents (hydroxyl and OAr)
would be equivalent, leaving the aromatic ring of epi-
nephrine to be considered analagous to the alkyl sub-
stituent of the benzodioxan ring.

When the (R)-benzodioxan enantiomer is compared to
epinephrine, the OAr substituent would be stereochem-
ically equivalent to the aromatic ring of epinephrine
(seemingly a reasonable analogy) but that leaves the al-
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Figure 3. Drawings of CPK models of (25)-3 (piperoxan) and
(R)-epinephrine (1).
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kyloxy chain of the dioxan being similar to the hydroxyl
substituent of epinephrine. Both analogies suffer from
weaknesses, and neither seems clearly more plausible than
the other.

A comparison of Newman projections about the C-2
methine-a-methylene carbon suggested that major con-
tributors to the conformational equilibrium would be
conformer A and B. Conformer A would be expected to

\N/ H H
] H (] H 0 H
/ — —n ~
S e iy
"o 0 0
A B c

be slightly more favorable than B, based on the smaller
interaction of the amine nitrogen and ether oxygen than
amine nitrogen and methylene group, if other factors did
not complicate the comparison.

A study of space-filling models supports conformer A.
In CPK models the (S)-benzodioxan enantiomer can be
made to approximate a reasonable conformation of (R)-
epinephrine, whereas the (R)-benzodioxan enantiomer
cannot. The conformation of epinephrine chosen for
comparison is one which has a great deal of conformational
freedom and which is also attractive because of potential
intramolecular interaction of OH and NH,. It is similar
to suggested preferred solution conformations of ephed-
rines, etc., of gauche disposition of the OH and NH, groups
in the free base (or OH and *NH; in salts)."*'" Such
conformations have been speculated upon in terms of
adrenergic receptor agents.'”'®* However, NMR evidence
has suggested no preferred conformation of epinephrine
salts, since an average coupling constant for the protons
a to the amino function was observed.’® Conformational
freedom in the models and the results with the related
ephedrines, however, suggested a possible comparison.

One of the conformations of the (S)-benzodioxans with
few intramolecular interactions (Figure 3) resembles
(R)-ephinephrine with respect to similar spatial rela-
tionships among the amine, oxygen, and aromatic ring.
Although this similarity may be only fortuitous, no similar
analogy could be made between the (R)-benzodioxan
enantiomer and (R)-epinephrine. Although such an
analogy should not be necessarily extrapolated to represent
receptor-site events, it certainly is consistent with such an
occurrence and thus is attractive to explain the observed
pharmacological results. Work on these and other gly-
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cerol-related systems 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 a Varian T-60 spectrometer using Me,Si
as internal standard. Notations used in the descriptions are s
= singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet.
IR and NMR data are provided for only one enantiomer from
each set of two. Circular dichroism spectra were recorded on a
Cary Model 60 ORD instrument with a 6001-CD attachment.
Microanalyses were performed by Dr. F. B. Strauss, Oxford,
England. Where indicated by the symbols of the elements,
analyses were within £0.4% of theoretical values.

2-Benzyloxyphenol. Benzyl chloride, 38.0 g (0.30 mol), was
added to a solution of 33 g (0.30 mol) of catechol and 16.8 g (0.30
mol) of powdered KOH in 100 mL of DMF. The resulting solution
was heated at 80-90 °C for 5 h, cooled, diluted with CHCl; (300
mL), washed with H,O (5 X 100 mL), and dried (MgSO,).
Evaporation of the solvent and vacuum distillation yielded 45.0
g (75%) of 2-benzyloxyphenol: bp 125-130 °C (0.5 mm) (lit.%°
bp 157 °C (6 mm)].

(2R)-3-(2’-Benzyloxyphenoxy)-1,2-propanediol Acetonide
(7). 2-Benzyloxyphenol, 15.0 g (0.075 mol), was mixed with 4.05
g (0.075 mol) of NaOCHj3; in 25 mL of aqueous EtOH and refluxed
24 h with 15.91g (0.055 mol) of (2R)-3-tosyloxy-1,2-propanediol
acetonide (6).15? The solvent was evaporated and the residue
was dissolved in ether (4 X 100 mL). The ether was washed with
H,0 (100 mL), 5% NaOH (100 mL), and H,;O (5 X 50 mL), dried
(MgSO,), and evaporated to yield an oil. Vacuum distillation
afforded 13.7 g (79%) of 7: bp 120-160 °C (0.5 mm), used without
further purification; ap +13° (¢ 0.5, absolute EtOH).

(2R)-3-(2’-Benzyloxyphenoxy)-1,2-propanediol (8).
(2R)-3-(2"-Benzyloxyphenoxy)-1,2-propanediol acetonide (7), 12.7
g (0.040 mol), was refluxed 1.5 h in 50 mL of a 1:1 mixture of
acetone and aqueous 2 N HCL. Upon cooling a white solid formed
which was collected by filtration, dried, and recrystallized from
CCl to yield 9.2 g (85%) of 8: mp 92-93 °C; NMR (CDCl,) 6 7.38
(s, 5, PhH), 6.93 (s, 4, ArH), 5.10 (s, 2, CH,Ar), 3.90 (m, 7, H;,
H,, H;, and OH). Anal. (CysH;s0,) C, H.

(2R)-3-(2-Benzyloxyphenoxy)-1,2-propanediol Ditosylate
(9). Tosyl chloride, 9.7 g (0.05 mol), was added to an ice-cold
solution of 6.85 g (0.025 mol) of diol 8 in 15 mL of anhydrous
pyridine and the resulting mixture was stirred 24 h at room
temperature. The solution was diluted with ethyl acetate (400
mL), washed with 1 N HCI (3 X 100 mL) and H,O (3 X 100 mL),
dried (MgSO,), and evaporated to yield an oil. Crystallization
from ether yielded 8.1 g (556%) of 9 as a white solid: mp 80-82
°C; NMR (CDCly) 6 7.70 (m, 4, H, and Hg of T's ring), 7.26 (m,
9, PhH and H; and H; of Ts ring), 6.88 (m, 4, ArH), 4.95 (m, 3,
H, and CH,Ar), 4.28 (d, 2, H,, J = 6 Hz), 4.13 (d, 2, H;, J = 6
HZ), 2.40 (S, 6, AI'CHS) Anal. (CgngoSzOg) C, H.

(2R)-3-(2"-Hydroxyphenoxy)-1,2-propanediol Ditosylate
(10). A solution of 10.25 g (0.017 mol) of ditosylate 9 in 100 mL
of a mixture of 1:1 ethyl acetate and methanol and 5.0 g of 10%
Pd/C was hydrogenated in a low-pressure Parr apparatus, initial
pressure 40 psig. The catalyst was removed by filtration and the
solvent was evaporated to yield an oil. Crystallization from
methanol yielded 6.6 g (79%) of 10 as white crystals: mp 119-120
°C; NMR (CDCl,) 6 7.76 and 7.33 (4 d, 8, TsArH, J = 8 Hz), 6.85
(m, 4, ArH), 5.86 (s, 1, OH), 5.03 (m, 1, H,, J = 5 Hz), 4.26 (d,
2,H,,J = 5Hz),4.16 (d, 2, H;, J = 5 Hz), 2.50 (s, 6, ArCHj). Anal.
(CysH,48,09) C, H.

(2R)-2-Tosyloxymethyl-1,4-benzodioxan [(2R)-11]. A
solution of 4.91 g (0.010 mol) of ditosylate 10 and 0.54 g (0.010
mol) of NaOCHj in 200 mL of ethanol was refluxed for 3 h. The
solvent was removed and the residue dissolved in ether (400 mL).
The ether was washed with H,O (2 X 100 mL), dried (MgSO,),
and evaporated to yield 3.0 g (93%) of (2R)-11 as a yellow oil:
IR (neat) 3.486, 6.26, 6.70, 7.31, 7.90, 8.40, 8.50, 9.14, 9.58, 12.05,
12.28, 13.30, and 15.09 p; NMR (CDCl;) 6 7.86 and 7.36 (2 d, 4,
TsArH, J = 8 Hz), 6.95 (s, 4, ArH), 4.33 (m, 5, H,, H;, and CH,),
2.50 (s, 3, ArCH3); CD (¢ 0.120, MeOH) (]300 0, [8]2s5 =530, [8]2s0
=670, [8]g75 =720, (0]270 =480, [0]260 0, (81240 O, (01255 +3050, (01230
+9070, [6]495 £8530.
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(28)-2-Piperidinomethyl-1,4-benzodioxan Hydrochloride
[(2S)-Piperoxan Hydrochloride] [(2S)-3 HC1]. (2R)-2-Tos-
yloxymethyl-1,4-benzodioxan [(2R)-11], 1.30 g (0.004 mol), was
refluxed 24 h with 10 g (0.12 mol) of piperidine. The solvent was
removed and the residue was suspended in 50 mL of 2.5% NaOH
and extracted with CHCl; (3 X 80 mL). The CHCl; was washed
with HyO (2 X 100 mL), dried (MgSQ,), and evaporated to yield
an oil. The oil was dissolved in ether and the HCI salt was
precipitated by addition of gaseous HCl-saturated ether. The
precipitated oil was crystallized from absolute ethanol-ether to
yield 0.58 g (54%) of (25)-3 HCI: mp 182-185 °C (lit.?? racemic
mp 232-234 °C); IR (KBr) 2.83, 3.40, 3.80, 3.96, 6.29, 6.71, 7.92,
and 13.25 u; NMR (CDCl,) 4 6.95 (s, 4, ArH), 5.26 (brs, 1, NH),
4.60-1.70 (m, 15, H;, H,, and CHy); Aper %™ 217 nm (log € 3.84),
276 (339); CD (C 0016, MeOH) [0]300 0, [0]285 —480, [0]275 —1120,
(8965 —400, (0355 0, []240 O, (8235 +3050, [6]a30 +11170, [6]a95 +5480,
[0]220 +2070. Anal. (C“HgoNOgCl) C, H.

(28)-2-Diethylaminomethyl-1,4-benzodioxan Hydro-
chloride [(2S)-Prosympal Hydrochloride] [(2S5)-2 HCI].
(2R)-2-Tosyloxymethyl-1,4-benzodioxan [(2R)-11], 0.98 g (0.003
mol), was refluxed 24 h with 24 g (0.33 mol) of diethylamine. The
solvent was removed and the residue suspended in 100 mL of 2.5%
NaOH and extracted with CHCl; (3 X 80 mL). The CHCl; was
washed with H,O (3 X 80 mL), dried (MgSO,), and evaporated
to yield an oil. The oil was dissolved in ether and the HCl salt
was precipitated by the addition of gaseous HCl-saturated ether.
Crystallization of the oil from isopropyl alcohol-ether yielded 0.26
g (34%) of (25)-2 HCl as flakes: mp 129-130 °C (lit.2! mp 129-130
°C, racemic mp 125-127 °C); IR (KBr) 2.80, 3.38, 3.65, 3.74, 4.00,
6.26, 6.70, 6.82, 7.90, 9.17, 9.54, 9.78, 10.89, 13.10, and 13.30 ;
NMR (CDCl,) 6 6.95 (s, 4, ArH), 5.20 (br s, 1, NH), 4.26 (m, 3,
H, and Hy), 3.33 (br m, 6, CHy), 1.43 (t, 6, CHg, J = 8 Hz); Ay MM
217 nm (log ¢ 3.84), 2.76 (3.40); CD (c 0.10, MeOH) (]300 0, [6) 285
=370, (8975 ~1180, [6]265 =520, (8] 955 O, 8240 O, [8] 255 +1820, [6]30
+10590, [0]255 +5780. Anal. (C13H19N02C1) C, H, N.

2-(1-Piperazinylmethyl)-1,4-benzodioxan Dihydrochloride
[(2§)-12 2HCI1]. (2R)-2-Tosyloxymethyl-1,4-benzodioxan
[(2R)-11], 3.2 g (0.01 mol), was refluxed 36 h with 17 g (0.2 mol)
of piperazine in 50 mL of ethanol. The solvent was removed and
the residue was suspended in 100 mL of 2.5% NaOH and ex-
tracted with CHCl; (3 X 100 mL). The CHCIl; was washed with
H,0 (3 X 100 mL), dried (MgSQ,), and evaporated to yield an
oil. The oil was dissolved in ethanol and the 2HCI salt precipitated
by addition of excess gaseous HCl-saturated ether to yield 2.16
g (86%) of (25)-12 2HCIL: mp 217-220 °C (EtOAc-MeOH); IR
(KBr) 2.79, 3.18, 3.40, 3.60, 3.78, 3.95, 4.05, 7.94, 9.12, 10.40, 10.88,
11.63, 11.95, 13.30, and 14.35 u; NMR (D,0) 6§ 6.91 (s, 4, ArH),
5.10-4.60 (m, 3, HOD), 4.50-4.20 (m, 3, H, and Hj), 4.00-3.60 (m,
10, CHQ); CD (C 0.108, MeOH) [0]300 0, [0]285 -600, [0]275 -1040,
(81265 ~490, (81250 O, (61240 0, (81235 +4040, [6]250 +11 320, [8]555 +7670,
[0]220 0. Anal. (C13H20N202C12'0.5H20) C, H, N: calcd, 885; fOund,
8.39.

(8S)-1,4-Bis[2-(1,4-Benzodioxanyl)methyl]piperazine
Dihydrochloride [(SS)-Dibozane Dihydrochloride] [(SS)-4
2HCI] Sodium methoxide, 0.324 g (0.006 mol), was added to 0.918
g (0.003 mol) of (25)-2-(1-piperazinylmethyl)-1,4-benzodioxan
dihydrochloride [(25)-12 2HCI] in 10 mL of ethanol and the
mixture was refluxed 24 h with 0.96 g (0.003 mol) of (2R)-tos-
yloxymethyl-1,4-benzodioxan [(2R)-11]. The reaction mixture
was diluted with 30 mL of 5% NaOH and extracted with CHCl;,
(4 X 50 mL). The CHC]; was washed with H,O (3 X 100 mL),
dried (MgSO,), and evaporated to yield an oil. Crystallization
from absolute ethanol yielded 0.40 g (35%) of 4: mp 150-151 °C
(lit.% racemic mp 162-167 °C); IR (KBr) 3.40, 3.51, 6.29, 6.71, 7.91,
9.60, 9.90, 10.75, 11.65, 12.20, and 13.29 »; NMR (CDCl,) 6 6.95
(s,-8, ArH), 4.30 (m, 6, Hy and Hj), 2.66 (m, 12, CH,).

(SS)-Dibozane dihydrochloride [(SS)-4 HCI] was prepared by
the addition of excess gaseous HCl-saturated ether to a solution
of 0.128 g (0.0003 mol) of (SS)-4 in absolute ethanol. The
precipitate was collected to yield 0.140 g (94%) of (SS)-4 2HCI:
mp >250 °C (lit.%* mp >250 °C); IR (KBr) 2.85, 3.40, 3.58, 3.65,
3.78,3.91, 4.07, 6.11, 6.25, 6.70, 7.92, 9.58, 10.37, 10.87, 11.62, 11.95,
13.25, and 14.35 p; NMR (Me,SO-d;) 6 6.95 (s, 8, ArH), 5.02 (br
s, 2, NH), 4.70-3.40 (m, 18, CH and CH)); Amax™°H 217 nm (log
€4.14), 276 (2.72); CD (c 0.108, MeOH) (]300 O, [6]285 —1430, [6]275
—2490, [6]2g5 —1180, [6]250 0, [8]240 0, [8]235 +6590, (81250 +22 800,
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[0]225 +15970. Anal. (C22H28N204C12) C, H, N.

meso-1,4-Bis[2-(1,4-Benzodioxanyl)methyl]piperazine
Dihydrochloride (meso-Dibozane Dihydrochloride) (meso-4
2HC]). Sodium methoxide, 0.302 g (0.0056 mol), was added to
0.857 g (0.0028 mol) of (25)-2-(1-piperazinylmethyl)-1,4-benzo-
dioxan dihydrochloride [(2S)-12 2HC]] in 15 mL of aqueous
ethanol and the mixture refluxed 48 h with 0.89 g (0.0027 mol)
of (28)-2-tosyloxymethyl-1,4-benzodioxan [(2S)-11]. The reaction
mixture was diluted with 50 mL of 5% NaOH and extracted with
CHCI; (3 X 80 mL). The CHCI; was washed with H,O (3 X 100
mL), dried (Na,S0O,), and evaporated affording an oil. Crys-
tallization from absolute ethanol yielded 0.270 g (27%) of meso-4
as a white solid: mp 165-167 °C (lit.% racemic mp 162-167 °C);
IR (KBr) 3.40, 3.51, 6.29, 6.71, 7.91, 9.60, 9.90, 10.75, 11.85, 12.20,
and 13.29 ; NMR (CDCly) 4 6.95 (s, 8, ArH), 4.30 (m, 6, H, and
H3), 2.66 (m, 12, CHQ) Anal. (C22H26N204) C, H, N.

A solution of 0.90 g (0.005 mol) of meso-dibozane (meso-4) in
absolute ethanol was converted to the 2HCI salt by the addition
of excess gaseous HCl-saturated ether to yield 0.41 g (30%) of
meso-4 2HCL: mp >250 °C (lit.** mp >250 °C). Anal. (Coo-
HysN,0,Cly) C, H, N.

(285)-3-Benzyloxy-1,2-propanediol Ditosylate (14). To a
cold (0 °C) solution of 9.1 g (0.05 mol) of 13% in 20 mL of an-
hydrous pyridine was added 19.0 g (0.10 mol) of p-TsCl. After
stirring 24 h at room temperature, 400 mL of ether was added
and the solution was washed with 2 N HCI (3 X 100 mL) and H,O
(5 X 100 mL), dried (MgSO,), and evaporated to yield an oil which
solidified. Crystallization from ether yielded 19.6 g (80%) of 14
as a white solid: mp 62-64 °C; NMR (CDCl,) 6 7.76 (2 d, 4, H,
and Hg of Ts ring, ./ = 8 Hz), 7.33 (m, 7, ArH and H; and H; of
Ts ring), 4.76 (m, 1, H,, J = 6 Hz), 4.43 (s, 2, CH,Ar), 4.23 (d,
2,Hy,J = 6 Hz), 3.66 (d, 2, Hs, J = 6 Hz), 2.48 (s, 6, ArCHj). Anal.
(C3H26S,07) C, H.

(2R)-2-Benzyloxymethyl-1,4-benzodioxan (15). Sodium
methoxide, 4.32 g (0.080 mol), was added to an ethanolic solution
of 4.40 g (0.04 mol) of catechol and the mixture was refluxed 24
h with 9.80 g (0.02 mol) of ditosylate 14. The ethanol was removed
and the residue was partitioned between 300 mL of ether and 100
mL of 2.56% NaOH. The ether was washed with H,O (5 X 50 mL),
dried (MgSOQ,), and evaporated to yield 4.5 g (88%) of an oil.
Vacuum distillation afforded 3.5 g (70%) of 13: bp 140 °C (1 mm);
ap +10° (¢ 0.5, EtOH); IR (neat) 3.22, 3.36, 3.42, 6.24, 6.67, 7.83,
9.01, 9.54, 11.80, 13.32, and 14.30 x; NMR (CDCl,) 6 7.36 (s, 5,
PhH), 6.90 (s, 4, ArH), 4.63 (s, 2, CH,Ar), 4.40 (m, 3, H, and H3),
3.75(d, 2, CH,, J = 5 Hz); CD (c 0.152, MeOH) (]34 0, (6], +570,
(61275 +640, (81270 +300, [8]260 +120, (01250 O, [8]249 O, [8]035 —4720,
(61230 —8620, [8] 525 —5050, (81220 O.

(2R)-2-Hydroxymethyl-1,4-benzodioxan (16). A solution
of 1.28 g (0.005 mol) of benzyl ether 15 in 100 mL of methanol
with 1.0 g of 10% Pd/C was shaken overnight in a low-pressure
Parr apparatus, initial pressure 40 psig. The catalyst was filtered
and the solvent was removed to yield an oil. Crystallization from
EtOH-H,0 yielded 0.46 g (55%) of 16 as white needles: mp 71-73
°C (lit. mp 81 °C,* racemic mp 86 °C);®® [a]p +34.0° (¢ 0.10,
absolute EtOH); IR (KBr) 2.80, 3.40, 3.46, 6.28, 6.70, 7.90, 9.08,
9.58, and 13.35 »; NMR (CDCl;) 6 6.88 (s, 4, ArH), 4.91 (brs, 1,
OH), 4.20 (m, 3, H, and Hs), 3.86 (d, 2, CH,, J = 4 Hz); CD (¢
0.106, MeOH) (6] 0, [8]285 +1530, (8] 230 +1740, [8]2:5 +1660, (647
+1220, [6]260 0, [0]240 O, [8]235 —6010, [6]530 —11000, [8]525 —9400,
[6]220 —6900. Anal. (C9H1003) C, H.

(28)-2-Tosyloxymethyl-1,4-benzodioxan [(28)-11]. Toa
solution of 0.52 g (0.003 mol) of alcohol 16 in 4 mL of anhydrous
pyridine at 0 °C was added 0.59 g (0.003 mol) of p-TsCl and the
mixture was stirred 18 h at room temperature. The solution was
diluted with 100 mL of ether and washed with 1 N HCI (3 X 100
mL) and H,;0 (5 X 100 mL), dried (MgSO,), and evaporated to
yield 0.74 g (77%) of (2S)-11 as a yellow oil: CD (c 0.132, MeOH)
(0)500 0, (8)285 +530, (6250 +730, [8]275 +870, (81570 +490, (6] 260 O,
(81260 O, (8235 —4270, [8]030 —9460, [8]295 —9210.

(2R)-2-Diethylaminomethyl-1,4-benzodioxan Hydro-
chloride [(2R)-Prosympal Hydrochloride] [(2R)-2 HCI).
(25)-2-Tosyloxymethyl-1,4-benzodioxan ((25)-11], 2.2 g (0.006
mol), was refluxed 36 h with 22.0 g (0.30 mol) of diethylamine.
The diethylamine was removed by rotary evaporation and the
residue was partitioned between 100 mL of 2.5% NaOH and 300
mL of ether. The ether was washed with H,O (3 X 50 mL), dried
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(MgS0,), and evaporated to yield an oil. The oil was dissolved
in absolute ether and the HCl salt was precipitated by the addition
of gaseous HCl-saturated ether. Crystallization from isopropyl
alcohol-ether yielded 0.73 g (49%) of (2R)-2 HCl as flaky crystals:
mp 129-130 °C (lit.2 mp 129-130 °C, racemic mp 125-127 °C);
CD (c 0.108, MeOH) [8]30 O, [6]2g5 +340, [8]75 +1170, [8])445 +530,
(81255 O, (@240 O, [8]235 —1990, [8]a50 —10 870, [8]905 —6500. Anal.
(C13sH oNOCD C, H, N.

(2R)-2-Piperidinomethyl-1,4-benzodioxan Hydrochloride
[(2R)-Piperoxan Hydrochloride] [(2R)-3 HCI1]. (25)-2-Tos-
yloxymethyl-1,4-benzodiozan [(2S)-11], 1.43 g (0.004 mol), was
refluxed 18 h in 17 g (0.20 mol) of piperidine. The piperidine was
removed and the residue was suspended in 100 mL of 2.5% NaOH
and extracted with CHCl; (3 X 80 mL). The CHCI; was washed
with H,O (2 X (100 mL), dried (MgSO,), and evaporated to yield
an oil. The oil was dissolved in absolute ether and the HCl salt
was precipitated by addition of gaseous HCl-saturated ether.
Crystallization from absolute ethanol-ether yielded 0.56 g (56 %)
of (2R)-3 HCI as white crystals; mp 182-185 °C (lit.? racemic
mp 232-234 °C); CD (c 0.104, MeOH) [0]300 0, [0]285 +300, [0]275
+1110, {6] 265 +590, (8255 0, (01240 O, [H] 35 —2240, [Hlago —11320, {6905
-7870, [0]220 —-3700. Anal. (C“HgoNOQCl) C, H, N.

(2R)-2-(1-Piperazinylmethyl)-1,4-benzodioxan Di-
hydrochloride [(2R)-12 2HCI]. (2S)-2-Tosyloxymethyl-1,4-
benzodioxan ((25)-10], 3.2 g (0.01 mol), was refluxed 36 h with
17.0 g (0.20 mol) of piperazine in 25 mL of ethanol. The solvent
was removed and the residue was suspended in 50 mL of 2.5%
NaOH and extracted with CHCl; (4 X 80 mL). The CHCI; was
washed with H,O (3 X 150 mL), dried (MgSO,), and evaporated
to yield an oil. The oil was dissolved in EtOH and the 2HCI salt
obtained by addition of gaseous HCl-saturated ether to yield 2.25
g (73%) of (2R)-17 2HCI: mp 217-220 °C (EtOAc-MeOH); CD
(c 0.108, MeOH) [6]300 0, (6] 285 +510, [8]275 +1020, (68265 +540, (8]0
0, [8]240 O, [6] 235 ~4080, [8] 550 —11 630, [6]225 ~7840, [0]229 O.

(RR)-1,4-Bis[2-(1,4-Benzodioxanyl)methyl]}piperazine
Dihydrochloride [(RR)-Dibozane Dihydrochloride] [(RR)-4
2HCI]. Sodium methoxide, 0.324 g (0.006 mol) in 5 mL of H,0,
was added to 0.918 g of (25)-12 2HCI (0.003 mol) in 20 mL of
aqueous ethanol and the mixture was refluxed 48 h with 0.96 g
(0.003 mol) of (2R)-11. The reaction mixture was diluted with
30 mL of 5% NaOH and extracted with CHCl; (3 X 75 mL). The
CHC]; was washed with H,O (2 X 100 mL), dried (MgSO,), and
evaporated to yield an oil. Crystallization from absolute ethanol
yielded 0.25 g (20%) of (RR)-4 as white needles: mp 150-151 °C
(1it.% racemic mp 162-167 °C). Anal. (CyH,.N,0,) C, H, N.

Excess gaseous HCl-saturated ether was added to a solution
of 0.160 g (0.00044 mol) of (RR)-4 in 50 mL of absolute ethanol.
The resulting precipitate was collected to yield 0.174 g (87%) of
(RR)-4 2HCl: mp >250 °C (lit.. mp >250 °C); CD (¢ 0.108,
MeOH) (6385 +1000, (8]275 +2660, [6]265 +1180, (8250 0, [6]240 O,
[8]235 —9420, [6)550 —25 900, [6]595 —17020. Anal. (CyHN,0,Cly)

’ ’ N'

Pharmacological Testing. Aortas from male New Zealand
rabbits (2-4 kg) were placed in a modified Krebs-Henseleit
(Krebs) solution and cut into helical strips approximately 1.5 mm
wide and 2 cm long. The strips were suspended in isolated
(10-mL) organ baths under 2 g of tension. The tissues were bathed
in Krebs solution maintained at 37 °C and aerated by bubbling
with 95% 0,-5% CO,. The strips were allowed to equilibrate
for 2 h prior to adding drugs. Muscle activity was magnified
tenfold on a kymograph drum. All strips were maximally con-
tracted by adding methoxamine in a cumulative manner. Fol-
lowing the maximal response the tissues were repeatedly washed
until the original baseline was reached. Each strip was then
incubated for 1 h with a specific concentration of the antagonist
under study. Following the incubation period a second cumulative
dose-effect relationship to methoxamine was obtained. The EDs,
for methoxamine in the control period and antagonist-treated
period was obtained for each strip using the appropriate dose—
response curve. Three to four concentrations of antagonist were
used per experiment with one concentration of antagonist per
strip. All EDj, values were appropriately corrected for changes
in sensitivity during the course of the experiment by running a
“time control” tissue which received only methoxamine. The pA,
of each antagonist was obtained according to the method of
Arunlakshana and Schild.?



Substituted 1,3-Dioxanes

Acknowledgment. This work was supported by a U.S.
Public Health Service Research Grant (GM-20357) and
NIGMS Research Career Development Award (1-K04-
GM-70023), 1971-1976, to W.L.N. and by grants from the
Washington and Iowa Heart Association to D.C.D.

References and Notes

(1) For paper 3 in this series, see W. L. Nelson, J. E. Wen-
nerstrom, and S. R. Sankar, J. Org. Chem., 42, 1006 (1977).

(2) A portion of this work was presented at the 172nd National
Meeting of the American Chemical Society, Fall 1976, San
Francisco, Calif., Abstracts, MEDI 12. A communication
concerning chemical aspects of this work has appeared: W.
L. Nelson and J. E. Wennerstrom, J. Chem. Soc., Chem.
Commun., 921 (1976).

(3) For areview of antihypertensive adrenergic blocking agents,
see L. H. Werner and W. E. Barrett in “Antihypertensive
Agents”, E. Schlittler, Ed., Academic Press, New York, N.Y.,
1967, Chapter X, pp 331-392.

(4) (a) E. Forneau, D. Bovet, and P. Maderni, J. Pharm. Chim.,
18, 185 (1933); (b) E. Fourneau and D. Bovet, C. R. Seances
Soc. Biol., Ses Fil, 113, 388 (1933).

(5) (a) M. Nickerson, Pharmacol. Rev., 9, 246 (1957); (b) A.
B. Demson, Jr., S. Bardhanabaedyna, and H. D. Green, Circ.
Res., 2,537 (1954); (c) W. Rosenblatt, T. M, Haymond, S.
Bellet, and G. Koelle, Am. J. Med. Sci., 227, 179 (1954).

(6) (a) E. Fourneau and D. Bovet, Arch. Int. Pharmacodyn.
Ther., 46, 178 (1933); (b) D. Bovet and A. Simon, ibid., 55,
15 (1937); (c) A. P. Swain, U.S. Patent 2695294 (1954);
Chem, Abstr., 49, 14039 (1955); (d) C. E. Rapela and H.
0. Green, J. Pharmacol. Exp. Ther., 132, 29 (1961).

(7) J. Augstein and A. M. Green, Nature (London), 201, 628
(1964).

(8) C.J.E. Niemegen, J. C. Vergauggen, F. J. Van Neuten, and
P. A. J. Janssen, Int. J. Neutopharmacol., 2, 349 (1963).

(9) W.K. A. Schapers, A. H. M. Jageneau, and P. A. J. Janssen,
Arzneim.-Forsch., 13, 579 (1963).

Journal of Medicinal Chemistry, 1977, Vol. 20, No. 7 885

(10) D. Bovet and A. Simon, Bull. Sci. Pharmacol., 42, 466 (1935);
Chem. Abstr., 30, 769 (1936).

(11) E. Baer, Biochem. Prep., 2, 31 (1952),

(12) (a) E. Baer and H. O. L. Fischer, J. Biol. Chem., 128, 463
(1939); (b) J. C. Sowden and H. O. L. Fischer, J. Am. Chem.,
Soc., 64, 1291 (1942).

(13) The absolute stereochemistry as designated by the
Cahn-Ingold—Prelog system changes with different sub-
stituents from 7 to 8, 11 to 12 (or 2-4), and 16 to 11, although
no stereochemical change at the asymmetric carbon has
occurred. In the synthetic steps, a single inversion occurs
in each sequence, 10 to 11 and 14 to 15: R. S. Cahn, C. K.
Ingold, and V. Prelog, Experientia, 12, 81 (1956); Angew.
Chem., Int. Ed. Engl., 5 385 (1966).

(14) R.R.Ruffolo, Jr., J. W. Fowble, D. D. Miller, and P. N, Patil,
Proc. Natl. Acad. Sci. U.S.A., 73, 3730 (19786).

(15) J. B. Hyne, Can. J. Chem., 39, 2536 (1961).

(18) G. G. Lyle and L. F. Keifer, J. Org. Chem., 31, 3921 (1966).

(17) P.S. Portoghese, J. Med. Chem., 10, 1057 (1967).

(18) B. Belleau, Pharmacol. Rev., 18, 131 (1966).

(19) A.F. Casy in “PMR Spectroscopy in Medicinal and Bio-
logical Chemistry”, Academic Press, London, 1971, pp
254-255.

(20) E. Klarmann, L. W. Gates, and V. A. Shternov, J. Am.
Chem. Soc., 54, 1204 (1932).

(21) (a) E. Fourneau, P. Maderni, and Y. de Lestrange, J. Pharm.
Chim., 18, 185 (1933); (b) J. Trepouel and Y. Dunant, Bull.
Sci. Pharmacol., 42, 459 (1935).

(22) E. Fourneau, U.S, Patent 2056 046; Chem. Abstr., 30, 8530
(19386).

(23) (a) B. Belleau and J. Puranen, J. Med. Chem., 6, 325 (1963);
(b) D. Triggle and B. Belleau, Can. J. Chem., 40, 1201 (1962).

(24) J. Frefouel and Y. Dunant, Bull. Sci. Pharmacol., 42, 459
(1935).

(25) A. Grin, U.S. Patent 2366 102; Chem. Abstr., 40, 2271 (1946).

(26) O. Arunlakshana and H. O. Schild, Br. J. Pharmacol., 14,
48 (1959).

Various 5-Substituted and 2,5-Disubstituted 1,3-Dioxanes,

a New Class of Analgesic Agents
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A series of 5-substituted and 2,5-disubstituted 1,3-dioxanes was prepared and evaluated for analgesic activity in
mice and rats. Some of the compounds possessed significant analgesic effects; their structure—activity relationships
and chemistry are discussed. These compounds represent a unique series of analgesic agents.

The compound 5-benzoyl-5-methyl-1,3-dioxane (8)! was
determined to be an impurity in the Mannich reaction of
propiophenone. The acid-catalyzed reaction of phenyl
alkyl ketones with formaldehyde will provide compounds
such as 8 and 5-benzoyl-1,3-dioxane (6a).” During the
course of preparing various derivatives of 6a and 8 for
broad pharmacological screening, a new class of analgesics
was found.

We wish to report this new class of analgesics which is
represented by the following general formula

R\N/R

Q

s
ol

The substitutents Ar and R are illustrated in Table IV.
Chemistry. Most of the 5-substituted 1,3-dioxanes 4a-t
(Table IV) and 2,5-disubstituted 1,3-dioxanes 5a—g (Table
IV) were prepared as outlined in Scheme I. The
Knoevenagel condensation? of arylaldehydes with diethyl
malonate provided diethyl (arylmethylene)malonates 1la-p
(Table I). A Michael addition of secondary amines to

Scheme I
ArCHO + CHyCO,CoHgly ——= ArCH=C(CO,C,Hgl,
1
jHN(R‘,RzJ
R1\N/R2 R\\N/RZ
' (1] |
ArCHCH(CHOH), =———=—— ArCHCH(CO,CaHgk
3 2
Rian.~R2 Rian ~ 2
)\C’ )\C’ :
3
Ar > Ar ><
g o R4
4 5

la-p gave substituted diethyl malonates 2a-t (Table II)
in quantitative yields. These products 2a-t were viscous



