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2-Diethylaminoethyl p-Nitrophenylpropionate.—A ixture of
10.0 g. (0.05 mole) of p-nitrophenylpropionic avid® and 25 ml. of
thiony! chloride was allowed to reflux for 2 hir.  "The excess thi-
vnyl ehloride was remaved by distillation and the residue was
treated with 60 ml. of dry benzene. A solutian uf 18.0 g. (0,15
moles) of 2-diethyvlaminoethanol in 60 ml of dry benzene was
slowly added to the acid chloride salution.  When the additinn
was completed, the mixture was refluxed (or 2 hr. and filtered.
‘The filtrate, when distilled, yielded 10.0 g. (66"} if u viseons
vellow oil which boiled between 167-164° (0.1 mm.;.  This il
dissolved in 100 ml. of anhydrous ether, was eomverted to s
hvdrachloride by treatment with anhydrous hvdmgen chhwide,
T'he salt was filtered and recrystallized fram avetone by the addi-
tinnn of isopropyl ether.  The white, vrvstalline product melced at
131-132°,

Al Caled. for CaHuCINGO;: O, 50400 ML 7.0 N, ST,
Fonnd: 54.96: H, 7.19; N, &38,

2-Diethylaminoethyl  p-Aminophenylpropionate.---2-1}ethyl-
amineethyl  p-nitrophenylpropionate  hvdrachloride (11.2 g,
0.034 mole) was dissolved in 30 ml. ol water, Saturated sodinm
carbonate solutinn was added in snflicient quantity to raise the
pH of the solntion to 9. The oil thut seprrnied was extracted
with three 30-ml. portions of ether.  After dryving with anhvdrous
sodinm sulfate, 0.1 g. of platimnn exide, v 0.5 g0 0l W-2 Raney
nickel catalvst was added, and the vampannl was redieed at w
livdrogen pressure of 2.1 kg, /e ® and 34° fur 3 hr. - Atter filtra-
tion, the solvent was removed by evaporativm qnd the remaining
vellow oil was distilled.  The produer digtilled at 160-162°
(0.2 am. ) and weighed 6.7 g. (754 4.

Anel.  Caled. for CuHa NGO ) GX20;
Found: C, 68.44; H, 9.41; N, 10.61.

Infrared Spectra.—All infrared spectra were obtained on
Beckman IR-4 infrared spectrophatometer. TIn the region of

(10} I Van Kunek and L. Pacsu, Ber., 51, 837 (1118).

1, w0 N, 10.61.
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carbonyl absorptinn the frequencies were measiured nsing a pericd
of 8 speetral shit width 5 e 71l o aain of 100X, A speed
uf 0.02 /min. was emploved.

Pharmacology.---A sulution of the hvilrachloride v hivilvice
dide nf the test camponnd, in known molar voneentrathom, aml 1
peml ol epineplaine hydrochlaride in mormal saline suhition
was prepared. A 025 bl duse of this salnGan wag injectal
intraentanennszlyoin rthe anterior area of eaels of 2 inen pigs
whuse Loeks had hoen previously clipped. An identival dose ol
the same sohition was njected into the posterior avea of eaelind 2
cther guinen pigg. The lowders uf the resultane whenls were ont-
linel with an indelible peneil. At the el of 2 5 min. perbul,
each aninal was prolal with & pin in the area vueside the zme
of the wheal. After chserving tle normad response ni (he aninal
tn the stinmns, a tatal of G probes were appliald to the aren inside
the whenl aCintervals nf 5-5 gevs Themmber ol probes toowhicl
the guinea pig Giiled tirespond was recearded.

The tegt of 6 prahes to the area of the wheal was repeated on
each gninea pig at 5 min. intervals fir a total periad of T hr.
Tle mumber uf tinees the probe failed o elielt a response in all -
animals was adided and the st was divided Dy the tatal mnuber
of posgible respenses. The gquotient, expressed in terms of pre
vent, wos platred ca prodit-lngarithm graph paper against the
mudar econeentration ni the campamnl iy the dose administeral.
Using the game 4 animals, o scoamd voncentration of the test
compand was administerad except that the injeetim sites (rn-
terivr-pmsteriar it were reversed fnoenvh avimal. Inoa similar
nwnner additinonal vowenirations of the test emupomd were
vinplaved mntil o well defined dusc-respanse aarve was obtained.
The malay i for enclomonpannd, the aomeentration at whicli
the plotted e intersevtal the Hne of 5047 response (probit 53,
was then determined.

——

11 For ihose componuds isplated as the water insoluble free base, an

vagoivaterd annnint ol kydrovhlorie aeid was added.
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5-Propyl- and 5.,9-Dipropyl-6,7-benzomorphans and a
Pharmacologic Summary '

J. Harrisox AGER, 8. E. FrirertoN. axp EveErReETTE Lo May

National Institutes of Health, Bethesdia 14, M aryrand
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Cyelization of d-propyl- and 3,4-dipropyl-2-(p-methoxybenzyl)-1-methyl-1,2,5,6-tetrahydropyridines (11T)
obtained in the Stevens rearrangement of the quaternary compounds (IT) has produced the expeeted benza-

morphans (IV) and (V).
which show significant diuretic activity in the rat.

Compounds Va and Vb have been converted ta open nitrogen analogs VIa and VIb
A tabnlar summary of the analgesic activity, acute toxieity

0yr_

(mice) and morphine-abstinence-suppressing capacity (monkey) of various 2’-hydroxy-2-methyl-6,7-benzo-

morphans is presented.
dependence property has becn achieved.

2’-Hydroxy-2-methyl-6,7-benzomorphans, a rela-
tively new class of analgesic agents synthesized in our
laboratory to date, include the 5-methyl?; 5-ethyl?;
a- and 8-5,9-dimethyl; 5,9-diethyl; 5-ethyl-9-methyl;
and 5-methyl-9-ethyl derivatives.!* Of the monoalkyl
compounds the 5-ethyl analog was far more effective
in mice than the 5-methyvl. In the «-dialkyl series
maximun  activity was shown by the 5-methyl-9-

(1) (a) Paper XXIV, & E. Fullerton, .J. I, Ager, and E. L. May. J. Org.
Clrem., 27, 2551 (1982); (b} In honor of Dr. Frich Mosettig, deceased June,
1062,

(2) J, (&0 Murphy, J. II. Ager, aml K. L. May, J. Org. Chem., 26, 1386
(1960).

(3) S, Saitoamd IX, L. May, thid., 27, 948 (1962).

(4) For a leading reference and for etails of the stereochemistry of the
5.9-dialkyl compounds, ¢f. 8. E. Fullerton, E, L. May, and E. D. Becker,
ibid., 27, 2144 (1962),

In this series a pronounced, consistent scparation of analgesic activity and physical

ethyl derivative, while the d-ethyl-9-methyl proved to
be the most potent 3-compound.}* Thus, it appeared
that a combined total of three carbon atoms in the 5 and
9 positions might be optimal for analgesic activity in
this type of structure. To obtain additional informa-
tion on this point, 5,9-dipropyl- and 3-propyl-2/-hy-
droxy-2-methyl-0,7-benzomorphane (IV and V) have
been synthesized. A pharmacologic summary is also
included in this report along with details of the con-
version of V to corresponding open nitrogen derivatives
(VI) desired for testing as diuretics.

Compounds IV and V were synthesized by the Stev-
cns rearrangement method described previously.! s

(3) E.M. Fry and L. L. May, ibid., 26, 2392 (1961).
(6} J. H. Ager and E. L. May, ibid., 87. 245 (1962).
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TaBLE I
PHARMACOLOGY OF (= )-53-ALEYL AND (= )-5,9-DI1ALKYL-2-METHYL-6,7-BENZOMORPHANS

-3-Monoalkyl and «-5,9-dialkyl compounds

Physical
Abstinence suppressant dependence
No. R Ri EDs® LDs® dose, mg./kg.? capacity
VII Me HY 10.4 175 2-60, No suppression None
VIII Et He 2.3 170 1-16, No suppression Low
Va Pr H 2.1 130 3-30, No suppression None
IX Me Me® 3.0 175 24 Low
X1 Me Et’ 1.5 134 2-12, No suppression None
X Et° Me* 4.9 309 >40 Low
XII Et Eth 4.2 425 2-60, No suppression None
XII Pr Me? 2.9 >300
Vbl Pr Pr 71.2 >400 3-48, No suppression None
8-3,9-Dialkyl compounds
X1v Me Me® 0.44 67 >18 Low
XV Me Et° 0.47 100
XVI Et Me® 0.27 75 1.0 Intermediate
XVII Et Et? 0.28 120 0.5-12, No suppression None
v Pr Pr 0.87 55 el
XVIII Morphine 2.1 550 3 High

¢ Expressed in mg./kg. (mice, subentaneous administration); c¢f. N. B. Eddy and D. Leimbach, J. Pharmacsl. Exp. Therap., 107, 385
(1953). 2 All abstinence signs were not uniformly suppressed by any dose (to 12 mg./kg.) which did not produce some side effects.
¢ 5. L. May and J. H. Ager, J. Org. Chem., 24, 1432 (1959). ¢ J. H. Ager, personal communication. ¢ See ref. 1. S See ref, 2. 7 See
ref. 3. % See ref. 6.

The yields of Va and Vb* (based on Ia and Ib) were ca.
309, and 209, respectively; IV was obtained in 39,
over-all yield.* Cyelization of IIT (crude, or purified
through the picrate) was effected with 489, hydro-
bromic acid (bath temperature 140-145°); 859, phos-
phoric acid gave low vields and principally decomposi-
tion products. Diastereoisomers IV and Vb were
separated by fractional crystallization from acetone in
which IV i1s much more soluble. Infrared data were
valuable in following these separations (¢f. Experi-
mental) as were methiodide rate studies.*

CHs0

a. R=H, b. R=CaH7

Conversion of Va and Vb to the open nitrogen com-
pounds VIa and VIb was accomplished as in analogous
series® bv Hofmann degradation of the methyl ether and
catalytic hydrogenation of the resultant methines. The
product VIb was aromatized (59, palladium-charcoal)
to 7-methoxy-1,2-dipropylnaphthalene,

In Table I are given the analgesic activity (mice),
acute toxicity (mice) and physical dependence ca-
pacity? of 5-alkyl- and 5,9-dialkyl-2’-hydroxy-2-methyl-
6,7-benzomorphans synthesized in our laboratory to
date. Regarding activity, the BH-propyl derivative
(compound Va) and the -ethyl (VIII), although race-
mates,® are equivalent to morphine (XVIII), 5 times
as potent as the 5-methyl homolog (VII). The racemic
a-5,9-dialkyl compounds® except the dipropyl deriva-
tive (Vb) are of the same order of effectiveness as mor-
phine, maximum activity being shown by the 5-methyl-
9-methyl analog (X). The first significant fall in activ-
ity is seen with the dipropyl derivative (Vb) which is

(7} G. A. Deneau and M. H. Seevers (Univ. of Mich.), personal communi-
caticns, and Addenda tc the Minutes of the 1958, 1960, 1961, and 1962 meet~
ings of the Committee on Drug Addiction and Narcotics, National Research
Council. Physical dependence capacity is defined as the capacity of a con-
pound to suppress withdrawal symptoms in addicted monkeys (stabilized-
on 3 mg./kg. of morphine administered 4-8 times daily). Morphine (XVIII)
is given as the reference compound.

(8) It is well known that in this type of structure (3-hydroxy-N-methyl-
morphinan, 2/-hydroxy-2.5,9-trimethyl-6,7-benzomorphan, ete.) almost all of
the analgesic activity is due to the (—) isomer; ¢f. E. L. May and N. B.
Eddy, J. Org. Chem., 24, 294 (1959).

(9) The stereochemistry of the levo-isomers has been shown to conform
to that of levo-3-hydroxy-N-methylmorphinan and morphine.4
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ouly about 150 as potent as X. The B-racemates
(c¢f. vef. 4 for stereochemistry) are from 7-70 times
more poteit than the « counterparts, maximum activ-
ity again being shown by the ethyl-methyl series.
In this instance, however, it is the J-ethyl-9-methyl
(XVI1) racemate showing highest poteney, 30 times that
of morphine. The fall in activity in going to the di-
propyl derivatives is again sharp, albeit not as pro-
nounced as n the a series.  Apparently then the carbou
atom total in the 5 and 9 positions should not exceed 4.
The acute toxicity of the o compounds, although always
lower than that of the 8 coumterparts, does not nearly
parallel analgesic  activity.  Thus the therapeutic
index (LDg: D5 of the 8 compounds is invariably
more favorable thaun that of the corresponding « iso-
mers.  The highest therapeutic index (1000) is shown
by 8-(£) H-ethvl-2 9-dimethyl-2'-hydroxy-6,7-benzo-
morphan (XVI),

As for physical dependenice capacity (often equated
with addiction liability), in the monkey species all com-
pounds of this series except compound XVI either will
suppress none of the svmptons of morphine abstinence
or llave low capacity to do so.  Iiven the very potent
compoind XV1 has only intermediate phvsical depend-
ence capacity. It is evident, therefore, that referred
to the mouse for analgesic activity and the monkey for
physical dependence property, there i a uniformly good
divorecement of these two phenomena in the benze-
morphait series.  Furthermore, in a 30-day chronic
stuedy” of compound X171, only mild physical dependence
developed in contrast to severe withdrawal symptoimns
always secn in similar tests with stroug analgesies such
as morphine. Iinally, it has been shown that in the
case of XII and the levo-isomers of 1X, these results
regarding addiction liability!® and analgesic activity!!
arc to a pood degree transferable to man. There
can be little doubt then, that substitution of an alkyl
or alkyl groups for ring C' of morphine and the mor-
phinans constitutes a step in the right direction in the
dissociation of analgesic activity and addiction liabil-
ity. Atteution is called to compounds VIII, Va, XI1
and particularly XIV and XVII; the last two repre-
sent the nnnatural configuration of morphine type alka-
loids at positions 13 and 14 (5 and 9 of the benzowor-
phatis). A thorough study of these compounds in man
would seem warranted,

Experimental

Melting points were taken in a capillary (Hershberg apparatus,
total-immersion thermometers). Microanalyses are by the
Institute's service analytical nnit, Harold Mc¢Cann, Director.
Infrared spectra (Perkin-Elmer 21) are by H. K. Miller and
Mrs. Ann Wright, also of this Laboratory.

3,4-Dipropyl-1-methylpyridinium Iodide (Ib).-—3,4-Dipropyi-
pyridine (18.4 g.),228 ml. uf acetone and 15 ml. of methyl iodide
were mixed (heat evolntion), kept at room temperature for 2-3
hir., dilnted with ethyl acetate (10-12 ml.), and left at —15° for
223 hirs toogive 31.4 g (020¢) uf ervstals, m.p. 98-100°; prisms
from uectone or aectone—ethyl acetate, m.p. 99-100°.

Anal. Caled. for CaHoIN: V) 47.22: H, 6.60. Found: C,
46.98: H, 6.60.

3,4-Dipropyl-1-( p-methoxybenzyl)-1-methyl-1,2,5,6-tetrahy-
dropyridinium Chloride (IIb).—To 31.4 g. of Ib, 150 ml. of N
sodinm hydroxide and 30 ml. of methanal was added 5.5 g. of

10y H. V. Traser, 11 Ishetl, Do T Rusenberg, aml A, D, Wolbach, Jr..
persinal romne i than.

f11) L. Lasagnua aml 1. .1 De Kornfuld, personal communieativn,

i12) Supplicd by e P, X, Cislak, Reilly Tar and Chemiecals Curpe
Tudinmwlis, Ind.
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sodinm burohyvdride (stirring).  The temperature nose te 657
and was maintained at 55-63° for 90 wmin.  The mixture was
diluted with ecold water and extracted 3 times with ether. The
combined extraets were washed onee with water, dried (sodinm
sulfater and evaporated at the water pimp leaving 16.6 g, ol
ernde base whicli was treated with 13 g of p-methaxybenzyl
chloride and 20 ml acetone.  Afver 2 e at = 15° the materinl
(TIh)y was filtered and washed with acetime-ether (3:14 vichl
Bl g (U1, romep. 165-168°, after drying at 60° in & vacimim
nven, T ervstallized from acetone in needles, mup. 171--173°.

dnd. Caled, for CoHeCINO: CL 7THOR: HL, 954 Famnnl:
Cor1280 HovAD.

3,4-Dipropyl-2-¢ p-methoxybenzyl{:-1-methyl-1,2,5,6-tetrahy-

dropyridine (IIIbj) Picrate.—Ta 31.1 2. vf IIb wus added (vigar-
ous, exathermic rew-tions as rapidly as pussible (stirring), 305 ml.
uf 04037 ethereal phenyllithinm, The mixtnre was stirred for 2
lir., poured intiiee water and the ethereal layver extraeted 3 times
with dilute hydrehhwie aeid in excess.  The extracts were made
alkaline with aqneons mmmonia and the liberated base was dried
m ether. Lyvaporation of the ether left 145 g0 of emde ITEH
which was purificd thraugh the pierate, using 50 ml. of aectone
and 4.5 g of pierie aeid. The yvield of pierate, m.p. 132--136°.
wis 196 g (421 nrange needles from aeetane, m.p. 134-136°.

Anal. Caled, e CoHaN O C, 58654 H, 6.66; H, 1021
Fonnd: ¢, 54.40; H, (.65; N, 10.58.

«-5,9-Dipropyl-2'-hydroxy-2-methyl-6,7-benzomorphan : Vb,
--A solntion of 4.5 g. vt 111b (regenerated from the pierate with
aquenns lithinm hydroxide and petreleum etber, bop. 30-60°3 in
48 ml. of 48" hydrobromie aeld was kept at a bath temperatire
nf 1401507 fur 25 hr., pored into ice. made alkaline with am-
nnnimn hydroxide and extracted with chloroform.  Fvapura-
tian nf the dried extracts i ccamo left a residne which crystallized
from 10-15 ml. of acctime Ceooling eventually to —5°) in a yvield of
2.6 g (BOVa mLp. 204207°; drregular prisms from acetine or
methanol, m.p. 200 2117 AN 615 1), G.30 (s p.

~l(((([. (‘211(’(1. f!lT' (‘1‘:)}{‘,“;-N()Z (‘. T()-;(l I{‘ l()ll_
DAL H, T045.

The hydrochloride vrystallized (rom acetome-ether; m.p. 215
2]R°.8

Jdnads Calall for CuHeCINO:D 07045, H, o
Fonne: €, 70.35; H, 9.26; 1, 10.83.

g=Isomer (IVi-—Thc acctone filtrate from the 2.6 g ol Vh
above was evaporated to dryness and the residne evaporatively
distilled at 0.2 mm. (bath temperatnre 190-200°).  The viseous
distillate was dissolved in hot acetone, and the solution was con-
centrated tv abaut 3 ml.  On cooling tn —15°, 0.56 g. (134, 1
of needles (TV3,"* m.p. 164-194°, separated. The base IV conld
he further purified through the hydrochloride salt (see belaw) or
by reervstallization fram aecetane: m.p. 196.5-198°, A 6.10
(BTN

Ad. Caled. tor CoHaNO ) 7039 H, 10017
7932 H, 0.80.

The hydrochloride ot 1V iIrnn acetone-hydrogen chlorides
ervstallized from methanol-ueetane in prisms of 1m.p. 255-258°.

Anal. Caled. for CyHCINO: (L 70,45 H, 939 Found:
', 70.35: H, 420,

1-Methyl-4-propylpyridinium Iodide (la}.—4-Propylpyridine
(20 ml.n 16 ml. of methyl iodide and 30 wl. of acetone were
mixed (iee coaling may be necessary), kept at raom temperature
bricfly, then evaled in Dry Tee-acetone,  The erystals were el
leeted, washed with acetone-ethyl acetate at =8°, placed in a
weighed eontainer and dried at 63° (25 mn) for 2 hr.; vield 34 g
A small sample was reeryvstallized from acetone-ethyl acetate fur
analysis: mLp. a4 575,

Anal. Caled. Tur CHGIN: O 40,700 H, 53360 Found:
40.62; H, 5.27.

2'-Hydroxy-2-methyl-5-propyl-6,7-benzomorphan  (Va;.--"Tu
34 1. of I, 200 kL of ¥ sodinm hydroxide and 10 ml. of methannl
was added (stirring) 3.0 g. of sodiumn borohydride.  "The tem-
peratire rose ta 52° and was kept at 55-60° for 2 hr. The re-

Fammnb: U

Cl, T0.H5.

Fromd

{13) Prulonged boiling uf this hyilroehloride in acetone canverteld 1t 1o a
hyitrovhloyide {eltipspids), mo 261-263°, which alap analyzed vorrectly
and gave the saure base (Vh) as the lnwer-melting hyilroehlorile.

(14) Ouensionally the needles were contaminated with a few heavy »risis
i Vh) which conld he separated meehnnically or by fractional erystallization
fri avetone in which TV is muel wmore sunble than Vbh.  Infrared sperctral
differrnees o Najo) fesperially in the €-6.5 g region) were alsn pronannerd
{or TV andd Vi, These and methimlinle rate studies were utilized in vffeering
the & ation and in deternining the ronfignvational assignuents of TV aad
Vhocer vef, Foand b
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mainder of the procedure was essentially the same as that used
in the preparation of IIb; yield of hygroscopic Ila, 28 g. (7T3%),
m.p. 132-134°, Rearrangement of 28 g. of IIa (dried at 60° tn
vacuo) was effected as described for ITb and gave 23 g. of impure
IIIa. This and 200 ml. of 489, hydrobromic were kept at a bath
temperature of 140-150° for 24 hr. and the resultant Va isolated
as described for Vb; vield 9.8 g. (439) of crude Va; 6.8 g. m.p.
214-217°, after a recrystallization from acetone or methanol,
Auel 6.14(w), 6.30(s) u.
Anal. Caled. for CsHCINO: C, 68.19; H, 858. Faund:
C, 68.42; H, 8.60.
«-5,9-Dipropyl-2’-methoxy-2-methyl-6,7-benzomorphan
Methiodide.—Methanol (45 ml.), 5 g. of Vb and 80 ml. of 397
ethereal diazomethane were stirred to solution (4-6 hr.). An
additional 80 ml. of diazomethane solution was added and the
mixture kept at 25° for 2-3 days. Solvents were distilled finally
in vacuo and the residue evaporatively distilled at 0.2 mn1, (bath
temperature 145°), The 4.3 g. of distillate and methy! iodide
in acetone gave the methiodide; prisms, n.p. 245-247°.
Anal. Caled. for C,Hu,INO: C, 56.88; H, 7.95. Found: C,
57.06; H, 7.85.
1,2-Dipropyl-7-methoxy-1- (2-dimethylaminoethyl)-1,2,3,4-
tetrahydronaphthalene (VIb) Hydrochloride.—The above meth-
iodide (4.3 g.), 4.3 g. of sodiui hydroxide and 43 ml. of water
were refluxed for 6 hr., cooled and extracted with ether. Evapora-
tion of the ether left 2.5 g. of oil which, with 0.2 g. of platinum
oxide and 30 ml. of methanol, absorbed 1 molar equivalent of hy-
drogen in 30 min. The filtered solution was evaporated (o dry-
ness and the residue converted to the hydrochloride (acetone—
ether—dry hydrogen chloride).
Anal. Caled. for CaH3sCINO: C, 71.3; H, 10.3. Found: C,
71.3; H, 10.4.
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1,2-Dipropyl-7-methoxynaphthalene Picrate,—One gram of
VIb and 1.0 g. of 5% palladium—charcoal were mixed intimately
in a vented test tube which was then immersed in an oil bath,
preheated to 250°. The temperature of the bath was raised to
315° during 10 min. and kept at this temperature £=5° for an-
other 20 min. The cooled mixture was extracted 3 times with
ether and these extracts were washed with dilute hydrochloric
acid. Drying and evaporation of the ether and evaporative dis-
tillation at 100-110° (0.2 mm.) gave 0.6 g. of hydrocarbon which
with 0.6 g. of picric acid and 3-3 ml. of ethanol (warming to
solution) yielded, after cooling to —15°, the crystalline picrate;
orange needles from methanol, melting at 68-69° to a melt which
did not flow freely until 100°.

Anal. Caled. for CyaHayN3()s: C, 58.58; H, 5.35. Found: C,
58.45; H, 5.33.

Ultraviolet maxima (in ethanol) of the crude distillate above or
liydrocarbon prepared from the pure picrate were at 234, 279,
288, 315 and 330 mu. These and extinction coefficients were
consistent with the 7-methoxy-1,2-dialkylnaphthalene structure.t

7-Methoxy-1-(2-dimethylaminoethyl)-1-propyl-1,2,3,4-tetra-
hydronaphthalene (VIa) Hydrochloride.—This compound was
prepared essentially as described for VIb. The intermediate
2’-methoxy-2-methyl-5-propyl-6,7-benzomorphan methiodide
crystallized from acetone-methanol; m.p. 199-204°. It was
dried at 100° for analysis.

Anal. Caled. for CisHiINO: C, 53.89; H, 7.03. Found: C,
54.06; H, 7.32.

The VIa hydrochloride prepared from this methiodide crystal-
lized from acetone in needles, m.p. 202-204°; vield from Va 709;.
It was dried at 100° for analysis.

Anal. Caled. for CisHy,CINO: C, 69.33; H, 9.70. Found: C,
69.36; H, 9.76.

Stereochemistry of the Interaction of Enantiometic 1.3-Dioxolane

Analogs of Muscarone with Cholinergic Receptors'

B. BELLEAU AND J. PURANEN

Department of Chemistry, University of Ottawa, Ottawa, Ontario

Received November 19, 1962

Starting from p-isopropylidene glycerol, the synthesis of L(+ )-cis-2-methyl-4-trimethylammoniummethyl-1,3-

dioxolane iodide (XVI) and its enantiomer (VIII) is described as outlined in Charts 1 and 2.

The relative con-

figurations were established by direct comparison of the key intermediates VI and XIV with corresponding race-

mates of previously established configurations.

Comparison of the cholinomimetic activity of VIII with that of

XVT revealed the latter to be approximately 100 times more active than the former and 6 times more potent than

acetyvlcholine.
active conformation of p-muscarone.

It is pointed out that these observations are not consistent with Waser’s interpretation of the
The inversion of the optical specificity of the receptors toward the enan-

tiomers of muscarone but not toward the dioxolane analogs VIII and XVTI is accounted for if the presence of an

accessory nucleophilic site on the receptor is postulated.

Iu the first paper of this series ® the synthesis, stereo-
chemistry and cholinomimetic activity of quaternary
salts of the 1,3-dioxolane series (the Fourneau series?)
was reported. The effect of optical isomerism on
activity in this group was also studied in a preliminary
fashion! and the results suggested that the enantiomers
of c¢is-2-methyl-4-trimethylammoniummethyl-1,3-diox-
olane iodide (cis-1'2268) (I, R = CH,;) should be of
special interest because optimum activity is associated
with the ¢is configuration. Resolution experiments
having produced negative results, the synthesis of the
desired enantiomers (VIII) and (XVI) was approached
using a starting material of known absolute configura-
tion. We have shown' that the 1,3-dioxolane I (R

(1) Published as part II of the series entitled *'Studies on the Chemical
Basis for Cholinomimetic and Cholinolytic Activity." lor part I, sec D.
Triggle and B. Belleau, Can. J. Chem., 40, 1201 (1962).

(2) J. P. Fourneau, D. Bovet, F. Bovet, and G. Montézin, Bull. Soc. Chim.
Biol.. 26, 134, 516 (1944).

= CH,;) referred to as 1’2268 in the literature? consists
of a 60:40 mixture of cis- and trans-isomers. The
synthesis of pure dl-cis- and dil-trans-F2268 was success-
fully accomplished and the configurations rigorously
established.! We now wish to report the synthesis and
cholinomimetic activity of the enantiomers of di-cis
I'2268.

Starting from p-isopropylidene glycerol, the sequence
described in Chart I was applied to the synthesis of
optically pure p(-)(VIII) (p-cis-F2268). Tutermedi-
ates (III) and (IV) were described in part I.! We
had observed! previously that the separation of cis,
trans isomers in the 1,3-dioxolane series could be ac-
complished best when a trichloromethyl substituent
rather than a methyl group was present at position 2.
As expected, the reaction of chloral with IV led to a
60-40 mixture of p-trans-(V) and p-cis-(VI) from which
pure VI could be separated by crystallization albeit



