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in 25 ml of liquid NHj) suspended in 15 ml of PhMe, 1.96 g
(0.0084 mole) of 2-chlorophenothiazine was added, the mixture
was refluxed for 3 hr, then 1.7 g (0.0084 mole) of XI in 10 ml of
PhMe was added, and the whole was refluxed with stirring for 6
hr. After cooling it was extracted with 30 ml of 109, HC], the
aqueous layer was made alkaline with 509, NaOH, and the oil
that separated was extracted (Et;0), The extract was dried
(NasS0O,), the solvent was evaporated, and the oil residue was
treated with dry HCI in ether to give 2.5 g (63%) of 1I-1-2HCI,
mp 189-192° (Et.O-EtOH).

10,11-Dihydrodibenzocycloheptene Derivatives of 3,8-Diaza-
bicyclo[3.2.1]octanes (III, IV). Synthesis of 8-[5-(10,11-Di-
hydrodibenzocycloheptenyl)propylidene] - 3-methyl - 3,8 -diazabi-
cyclo[3.2.1]octane (III). (a) Reaction of the Grignard of X
with Dibenzosuberone. 8-[5-Hydroxy-5-(10,11-dihydrodibenzo-
cycloheptenylpropyl)] - 3 - methyl - 3,8 - diazabicyelo[3.2.1} octane
(XIV).—To a suspension of 0.9 g (0.037 g-atom) of Mg turnings
in 10 ml of anhydrous THF, a crystal of I. and a few drops of
EtBr were added. As the reaction started, a solution of 7.5 g
(0.037 mole) of X in 10 ml of THF was added within 0.5 hr.
The mixture was refluxed for 1 hr, then 3.9 g (6.085 mole) of
dibenzosuberone was added portionwise, and the whole was
refluxed for 16 hr. After cooling the resulting solution was
dropped into 200 ml of a stirred 1097 solution of NH,CI at 0°.
The oil separated was extracted (CHCI;), the extract was dried,
and the solvent was evaporated to give 5.6 g (799) of XIV, mp
153-155° (Et:O-petroleum ether). A4nal. (C::H:N0) C, H, N.

(b) Dehydration of XIV to 8-[(10,11-Dihydrodibenzocyclohep-
tenyl)propylidene]-3-methyl-3,8-diazabicyclo[3.2.1] octane (III).—
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A mixture of 5.4 g (0.014 mole) of XIV, 3.3 g (0.017 mole)
of p-toluenesulfonic acid monohydrate, and 200 ml of PhMe was
refluxed 1 hr, then 100 ml of the solvent was slowly distilled.
After cooling, the solution was concentrated to a small volume
and washed with two 20-ml portions of 109, NaOH. The organic
layer was dried (Na.SQ0s) and the solvent was evaporated. The
residue was chromatographed on silica gel, eluting the impurities
with EtOAc—cyclohexane (8:2), then eluting with MeOH to give
4 g (789,) of III as an undistillable oil which exhibited a single
spot on tle.

The dihydrochloride melted at 271-273°,
N, CL.

3-[5-(10,11 - Dihydrodibenzocycloheptenyl)propylidene - me-
thyl-3,8-diazabicyclo[3.2.1]octane (IV) was prepared from XI
according to the procedure described for III. The intermediate
3-[5-hydroxy-5- (10,11 -dihydrodibenzocycloheptenyl)propyl] - 8-
methyl-3,8-diazabicyclo[3.2.1]octane (XV), mp 167-169° (ether),
was isolated in 429 yvield. Anal. (Cy:HeN.0) C, H, N.

Dehydration of 2.1 g of XV led to 1.8 g of an oil which was
chromatographed on AlQO; eluting with EtOAc-cyclohexane
(8:2) to give 1.2 g (60¢7) of pure IV as undistillable oil.

The dihydrochloride melted at 239-242° (EtOH-Et,0).
Aﬂnal. (sz,HazClzNz) N, Cl

Anal. (CysX5ClNy)
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The stereochemistry of optically active a- and S-methadol has been dediced by the asymmetric synthetic
procedire of Prelog. The apparent dissociation constants of the title compounds, when compared with those
of methadone and 3-deoxymethadone, suggest the absence of substantial intramolecular H bonding in aqueous
meditm. Nmr and ir studies point to the presence of strong intramolecular H bonds in nonpolar media, with
the 8 isomer being more strongly internally associated. Possible preferred conformations which are consistent
with the spectral data are depicted. The (6R), (6S), and (6R) receptor stereoselectivities for methadone, a-
methadol, and acetyl-a-methadol, respectively, have been rationalized in terms of differing modes of interaction.

It is generally believed that strong analgeties exert
their effect by interacting with specific sites in the
CNS, and that these sites possess asymmetric topog-
raphies which enable them to distinguish between
enantiomorphs.’®

The more active enantiomers of methadone (1) and
certain related analgetics possessing a common asym-
metric center have been determined to have the (R)
configuration.® It subgequently was pointed out that
there are also a number of strong analgeties whose
configurations are in the (S) series, and that the reversal

(1) Part VI of this series: P. S. Portoghese, A. A, Mikhail, and H. J.
Kupferberg, J. Med. Chem., 11, 219 (1968).

(2) We gratefully acknowledge support of this work by National! In-
stitutes of Health Grant NB 05192,

(3) (a) Presented in part at the 152nd National Meeting of the American
Chemical Society, New York, N. Y., Sept 1966, Abstract P-4. (b) For a
preliminary report on this work, see P. S. Portoghese and D. A. Williams,
J. Pharm. Sci., 86, 990 (19686).

(4) NIH Predoctoral Fellow 5-F1-GM-20515, 1963-1966.

(5) P. S. Portoghese, J. Pharm. Sct., 68, 865 (1966), and references cited
therein.

(6) A. H. Beckett and A, ¥. Casy, J. Chem. Soc., 900 (1955).

of stereoselectivity may be due to differing modes of
drug-receptor interaction.”

th(‘}COEt Ph,CCH(OR )Et
CH,CH(NMe,)CH, CH,CH(NMe,)CH;
1 2,R=H
3,R = A¢

One of the most dramatic and interesting examples of
this phenomenon has been in the literature®® for some
time and is illustrated in Table I. The more potent
a-methadol enantiomer [(—)-a-2] is derived from (6.S)-
methadone which has a low order of activity. More-
over, conversion of a-2 to a-3 again reverses the stereo-
selectivity so that the more potent enantiomer, (+)-
a-3, now has the (6R) configuration. With the optically
active 8 isomers there is no inversion of stereoselec-
tivity and, consequently, the activity is found in the
(6R) series [(—)-8-2, (—)-8-3]°

(7) P. S. Portoghese, J. Med. Chem., 8, 609 (1985).

(8) A, Pohland, F. J. Marshall, and T. P. Carney, J. Am. Chem. Soc., T1,
460 (1949).

(9) N. B. Eddy and E, L. May, J. Org. Chem., 1T, 321 (1952).
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TaBLE ]
ANALGETIC ACTIVITY? OF METHADONE,
METHADOLS, AND ACETYLMETHADOLS

15Ds0, E Dy, Eso.
1 wg/kg 2 mg/ kg 3 mg/kg
. - (+ ) 2407 (+ 3.3
0.~
(Bl ). (— -8 7.6 (- )-8 0.4
. - (— e ) (=)o 1.8
5S 25,7 -
03 (s 63,7 (+ 1o 40

« Analgetic activitics were obtained from ref 9.

In an effort to explain these remarkable changes in
receptor stereoselectivity, an investigation of the com-
plete stereochemistry of the methadol isomers wuas
undertaken.?  Nmr, ir, and pK, studies were also
carmted out in order to investignte the conformational
preferences of these molecules,

Chemistry.—Application of Prelog’s®® procedure for
determining the absolute configuration of asymmetric
carbinols has been employed!! with great suceess, and
we therefore used this method for our stereochemical
studies of the methadol isomers.

Esterification of (—)-a-methadol with benzoylformyl
chloride afforded benzoylformate ester hydrochloride
(4-HCD in 959, vield. The free base (4). upon reaction

0 OH
H
Et 0 |
C—Ph, ( —Ph
GH h
B—C—H B—(—H
3 1
CH ('H.
4. B=2NMe_ 6.B=NMe or "NMe. |
5 B="NMe, I~
Ph H
COOH Ph Et_Me
{ H NS X7
HO=—C—Me \Me
Ph Me
7 8.X =PhCOCOO™ or (1~

with MeMNgl, gave rise to the atrolactate ester (6,
B = XNDMe;) which when saponified in situ, afforded
S-(4)-atrolactic acid (7) (7.6% optical purity) in an
over-all vield of 209 {(based ou 4).

The low yield of 7 was likely due to the formation of
pyrrolidinium quaternary salt 8 (X = PhCOCOO~)
since this compound was isolated when 4 was allowed
to stand at room temperature for 3 days. Presumably,
this was formed by displacement of the benzoyl-
formyloxy group in 4 via intramolecular SN2 attack by
the basie nitrogen. Treatment of 8 (X = PhCOCO0-)
with HCI gave the quaternary chloride (8, X = Cl-)
which possessed spectral properties identical with the
compound isolated by Perrine and May,!? who had
obtained this material in racemic form from reaction of

(10) V. Prelog, Bull. Soc. Chim. France, 987 (1956).

(11) (a) V. Prelog and H. L. Meier, Helr. Chim. Acta, 86, 320 (1953);
(b) W. G. Dauben, D. F. Dickel, O. Jeger, and V. Prelog, ihid., 86, 325
(1953); (el A.J, Bireh, J. W, Clark-Lewis, ami A. V. Robertson, /. Chem.

Noe., 3586 (1457).

(12) T. D). Perrine and E. L. May, J. Org. Chem., 19, 773 (1934).

a-methadol with methanesulfonyl chloride.  The tenta-
tive stereochemistry for 8 was deduced from the con-
figuration of the benzoylformate ester (4).

In order to prevent the fornmtion of 8, the ester (4)
wag quaternized to the methiodide 5 prior to treatment
with  Grignard rcagent.  Under these  conditions,
S-(+)-atrolactie aeid (optieal purity. 7.3%0) was ob-
tained in an over-all vield of 81¢¢

It the diphenylalkyl group, Et, and H are designated
large, medinnm, and small. respectively, and are in the
sequence depteted by 4, then Prelog's rule prediets
that approach of Grignnd reagent from the less
hindered side of the ketonmie group should stereo-
sclectively afford the (8)-atrolactate ester (6). The
configuration at C-3 for (—)-e-methadol therefore is
assigned to the () sevies.  Inasmueh agz this wsomer is
dertved from (68)-methadone, the eomplete storco-
chemistry is designated asx (38,68) [(—)-91.  Since
(4 )-g-methadol also 15 obtained from (6S)-methadone,
its stereochemistry differs from the (—)j-a tsomer only
at C-3, and hence is assigned the (3R,68) configuration
[(4)-10]. The enantiomers of the preceding methadol
1somers, (4 )-a- and (--)-g-methadol, therefore, possess
the (3R.6R) {(+)-9] ‘md (3S.6R) [(— 101 sterco-

chemistries, respeetively.

H (I)H
Ph;(l' ------ Et Ph,.("——— I——-Et
‘H OH CH, H
1 3
1
Me, --( ‘—H He(=—NM
1"H, CH.
Loy t=)
(38,65 13R.6R
9
| |
Phg(}'--~C|-—~E1 Ph,.t[‘———(lf———m
CH, H CHs OH
3 1
Me,N—(—H Heel —NMe,
) 1
CH CH
(+) (=)
(3R.6S8) (38.6R
10

The configurations of the methadols have been
corroborated by pyrolytic cyelization to isomeric 2-
ethyl-3,3-diphenyl-5-methylfurans® whose stereochem-
istries were elucidated by nmr analysis and chemieal
studies, .14

pK, Studies.--Dissociation constants have been
employed as ecriteria for assessing the ability of an
electronegative group to stabilize the conjugate acid of
an amine, as this often gives rise to enhanced basicity
due to intramolecnlar hydrogen bonding.'™  Since

(13) P. S. Portoghese aml 1), A. Willams, 154th National Meeting of the
American Chemical Society, Chicago, 11, Sept 1967, Abstracts S-90; I'. ~.
Portoghese and D. A, Williams, J. Heterocyel. Chem., 6, 307 (1969).

(14) A. I, Cawy and M. M. A. Hassan, Petrihedron, 23, 4075 (1967).

(15) J. ¥. King in "Technique of Organic Chemistry,” Part I, Vol. X1,
1nterscience Publishers, Ine., New York, N. Y., 1963, Chapter V1, p 318,
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methadone and the methadols possess an clectronega-
tive group at C-3 which conceivably might stabilize
the protonated dimethylamino group, it was of interest
to compare the pK, values of these compounds with
3-deoxymethadone (Table II). The substantially
greater basicity of methadone when compared to the
deoxy analog suggests that the conjugate acid of
methadone assumes a cyclic conformation which is
stabilized by internal H bhonding.'® Two possible
internally bonded rotamers are depicted by conforma-
tions 11a and 11b. It i assumed that C=0 and the

11b

acidic proton are coplanar so as to allow maximum
stabilization. If this is the case, the phenyl groups then
would be oriented in “quasi-axial”’ and “‘quasi-equa-
torial” conformations. Accordingly, the C-5 and C-6
substituents would be staggered in “axial”’ and “equa-
torial” positions to minimize vieinal nonbonded
interactions.

TaBLE IT

APPARENT Digsoctation CONSTANTS FOR
MeTHADONE AND RELATED COMPOQUNDS

Compd pKa
Methadone 8.62
3-Deoxymethadone 7.93
a-Methadol 7.86
B-Methadol 7.59

The stereospecificity of the catalytic reduction®.?17.18
of methadone to a-methadol may be explained in terms
of the eyclic conformations. Stuart—Briegleb models
indicate the upper face of the carbonyl carbon to be
less hindered and hence more accessible to the hydro-
genation catalyst. A similar explanation can be in-
voked to rationalize the stereospecificity of LAH
reduction.!® In this case a eyclic conformation could be
maintained by coordination of an aluminum hydride
species between N and O functions.

It can be noted (Table II) that the methadol dia-
stereomers are less basic than methadone and its 3-
deoxy analog. The decreased dissociation of the
methadol diastereomers can be ascribed to one of the

(18) It has been suggested |A. H. Beckett, J. Pharm. Pharmacol., 8, 848
(1956) | that intramolecular association of this type could occur with metha-
done, although it was found that 3.3-diphenyl-N,N-dimethylpropylamine is
a stronger base than 6-desmethylmethadone. A possible explanation for
these results might be related to the fact that the former is not a good model
compound, since it does not possess a substituent comparable to the size of
the propionyl group.

(17) E. L. May and E. Mosettig, J. Org. Chem., 13, 459 (1948).

(18) M. E. Speeter, W. M. Byrd, L. C. Cheney, and S. B. Binkley, J. Am,
Chem. Soc., T1, 57 (1949).
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following possibilities: (1) there is no substantial intra-
molecular H bonding of the type, =(H)O. .. - H-N, or
(2) internal O-H- - - N bonding competes with —(H)O-
+++.H-N1* and thereby decreases the stability of the
conjugate acid.

Tactors contributing to 1 might be related to the
lower proton acceptor capacity of the carbinol oxygen
(when compared to the carbonyl O of methadone) and
to greater steric hindrance to intramolecular association
when the H-bonding proton acceptor group is attached
to a tetrahedral center. In case 2, OH.- N bonding
might offset stabilization gained from —(H)O. . -H-N+
association.

Of the two possibilities, we presently favor 1.!?
In support of this, existing evidence? suggests that
(H)O- - -H-N'* bonds are stronger than O-H- -+ N and
hence should substantially increase basicity of tertiary
amines by stabilizing the conjugate acid. Since the
methadols are less basic than 3-deoxymethadone, it is
conceivable that both diastereomers are not internally
H bonded in aqueous solution to any great extent. If
this is the case, the different pK, values for - and 8-
methadol may be due to differences in accessibility of
solvent to stabilize the conjugate acid.

Infrared Studies.—Although evidence suggests that
the methadol isomers are not substantially internally
H bonded in polar solvents, ir studies indicate the
presence of strong intramolecular assoeiation in non-
polar media. The high-regolution ir spectra of 0.4 M
solutions (CCly) of a- ahd B-methadol bases revealed
a broad bonded OH absorption overlapping the CH
stretching vibrations at approximately 3000 cm—!2
Examination of a 0.005 M solution of the bases showed
no change of the absorption characteristics in the
3000-em~! region. However, some concentration de-
pendence was observed for the o iSomer in that a very
weak (e 2.5) free OH absorption appeared at 3580
em~!. No free OH band could be seen with 8-methadol.
The ir data suggest that both a- and g-methadol are
strongly internally H bonded in nonpolar solvent and
that the former diastereomer forms weaker H bonds.
It has been reported?®? that a chain length of four carbons
between electronegative groups gives maximal stability
to intramolecular H bonds. The strong internal H
bonding observed in the methadol isomers might be due
in part to the fact that they possess the optimal number
of carbon atoms between the OH and amine functions.

Nmr Studies.—Additional evidence regarding the
relative intramolecular H-bonding strengths of «- and
B-methadol in nonpolar solvent was obtained by study-
ing the temperature dependence of the hydroxylic
proton chemical shift. According to Hyne,? the dia-
stereomer which is intramolecularly H-bonded more
strongly should show the OH proton resonance as
being less temperature dependent. The results of our
variable temperature study (Figure 1) show that the
regression corresponding to S-methadol has a lower
slope than that of the « isomer. The lower temperature

(19) In our preliminary reportt® we suggested the presence of (H)O-
H-N *bonding. Subsequently, however, the apparent pKj value determined
for 3-deoxymethadone indicated this to be no longer tenable.

(20) H. Rapaport and S. Masamune, J. Am. Chem. Soc., TT, 4330 (1955).

(21) A similar observation was reported ]A. M. DeRoos and G. A. Bakker,
Rec. Trav. Chim., 81, 219 (1962)| with several hydroxypropylamines.

(22) A. B. Foster, A. H. Haines, and M. Stacey, T'etrakedron, 16, 177
(1961).

(23) J. B. Hyne, Can. J. Chem., 88, 125 11960).
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Figuce 1.—The temperatnre dependence of the OH resouahce
for a-methadol (O) and 3-methadol (@) in C:Cl..

dependence for the OH resonance of g-methadol sug-
gests that it 1s more strongly H bonded.

The qualitative difference in H-hond strength ean be
rationalized in terms of “chair-like’” conformations 12
and 13 for a- and g-methadol, respectively. If ''di-
axial” Ph-Me interactions are important in destabilizing
12b and 13a. then 12a and 13b should be the primary
contributors to the rotameric populations. Stuart
Briegleb models reveal that 13b ix less hindered than
12a, since the gauche interaction between the two phenyl
rings and the ethyl group in the latter is considerably
greater than the single gauche interaction between
these groups in the former. It might be expected that n

12a 12b

13a 13b

double gauche interaction would not simply be double
that of a xingle interaction, but greater, since one phenyl
group should influence the orientation of the second.
Molecular models also indieate that a “diaxial” inter-
action between the Bt and the C-5 proton in 13b
probably ix much lexs than that found in eyvelohexane
hecause of the flexibility of the molecule.

Henee, the more stable “'chair-like”” conformation of
s-methadol (13b) should be less hindered than that of
a-methadol (12a), and this is consistent with the re-
sults obtained {rom the proton-exchange studies which
indicated the 3 isomer to be more strongly intra-
molecularly H bonded.

In CDCls. the OH protons of a- and 8-methadol are
seen at 8.3 (Wyx = 30 cps) and 7.9 (Wy = 23 cps) ppm.
respectively. The appearance of OH absorption at nn-
nsually low field suggests the presence of strong H

Vol 12

bond=2* At —40° the proton in g-methadol exhibited
adonblet s/ = 10 ¢ps) at 8.5 ppnr, whereas the o i=omer
showed a singlet a1t 9.7 ppir (W = 10 epst. The Large
coupling constant observed for the g isomer is snggestive
of trans conpling™ and is consistent with conformation
13b. The presence of the broad singlet for a-methndol
suggests that the OH exchange rate at — 407 i~ too
rapid for coupling to he observed.  Since gauwche C1H

OH coupling has been tound™ to be between 2 nud 3
eps. it s hikely that coupling would be observed i
lower temperatnre,

Another featnre ol the nmr speetra of a- utal -
methadol which was nobscured by other proton reso-
nances was the carbinol proton absorption. The fen-
tures of these resonances were of interest beenuse they
might poss=ibly provide information on the diliedral
relationship between the C-2 CH, protons and the
earbinol proton. The earbinol proton would be expeetad
to display a pattern characteristie of an X proton in an
ABX spin svstent. The carbinol proton rezonance for
c-methndol base (CDCL) was seen as a2 quartet
(/ = 10 and 3 ep=) centered at 3.87 ppm and i< elor-
acteristic of {rans und yawche vieinal coupling.  Projec-
tion formnlas 14a. 14b, and 14c¢ illustrate the possible
~taggered conformations for the C-2.3 centers in these
diastercomers.  The conpling ix consistent cither with
14a or 14b as the predominant rotamers. Of these two
possibilities, it would be expected that 1da wonld he
favored since the remainder of the moleenle is 1802
removed from CHe.,

Hoo W g H()\jj{"'{l{ 1O M‘:%”
\% WO e TN
1. 1, 11,
14a 14h l4¢

The 8 isomer shows an unresolved resonance (H'y =
13 cps) at 4.0 ppm for the carbinol proton. Since this
diastereomer hus been determined to be more strongly
intramolecularly H bonded than the « isomer, it was
thought that the OH proton exchange rate might he
sufficiently  reduced to permit  coupling with  the
carbinol proton and that this might be the reason for the
observed multiplicity. Indeed, the resonance resolved
tt=self into an ill-defined quartet (/ = 8 und 4 eps) an
trentment with D,O. However, the broadness of the
peaks suggested that factors other than coupling with
OH were responsible for this phenomenon. Interest-
igly. there was no observable change when a-methadol
was exchanged with D.0O, which 1s consistent with our
findings that this diastereomer is less strougly internally
H bonded than the 8 tsomer.

Stereostructure-Activity Relationship, - The  more
active enantiomers of a- and g-methadol [(—)-9 and
(—)-10, respectively] have in common the (38) con-
figuration. Siuce the stercochemistry at C-6 in these
1somers is (S) and (R), respectively, it appears that the
OH group is of importance in orienting the molecule at
the receptor surface, with the 6-Me playing a relatively

(24) G. C. Pimente! and A. L. McCellan, “The Hydrogen Bond.” W. [L.
Freeman and Co., San Francisco, Calif., 1960, p 145.

(25) E. F. Kiefer, W. Gericke, and 8 T. Amimoto, J. Am. Ckem. Soc.. 90,
6246 (1968). :

(26) We were unable to stuldy a-methulul at tempers oires elow 11
Jdae 1y erverallizaGon of the salve,
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minor role. This is consistent with the stereochemistry
of the active isomethadol antipode (15)¥ which also
possesses the (38) configuration.® Nloreover, it re-
cently has been reported that the configuration of the
more active enantiomer of normethadol (16) also is
(38).%

| |
Ph.‘?“‘?"-Et th(;"'(lj"‘Er‘
| OH I OH
H—(;—Me CH,
?He CIJHZ
NMe, NMe,
(38,58) (38)
15 16

It has been suggested previously that the constitution
and geometric disposition of an H-bonding group on the
analgetic molecule has an important bearing on the
antipodal diseriminatory power of analgetic recep-
tors.”® If the reasonable assumption is made that
there are several donor and acceptor H-bonding dipoles
situated in different locations on the receptor, the vary-
ing stereoselectivities of the analgetic-receptor inter-
action can be rationalized on this basis. According to
this concept,” the steric course of the drug-receptor
interaction would depend upon the particular receptor
dipole involved in H bonding, and this would be a func-
tion of the constitution of the H bonding group of the
analgetic and also upon the over-all conformation of the
molecule. This is illustrated schematically in Figure 2.
The great difference in C-6 stereoselectivity between
methadone and a-methadol could arise from the
possibility of the carbonyl oxygen of methadone acting
as a proton acceptor (Figure 2A) and the OH behaving
as a proton donor (Figure 2B). This would lead to
different modes of interaction of these molecules with
analgetic receptors with the result that the C-6 asym-
metric centers would be located in different steric
environments. In this regard, it appears that the
receptor environment in the vieinity of the C-6 center
of the more active enantiomers of a- and 8-methadol
does not have high steric demands, since the configura-
tions of the more active enantiomers are (6S) and (6R),
respectively. However, with methadone, the mode of
binding is such that the configuration at the C-6
asymmetric center is important.

When a-methadol is acetylated, the receptor stereo-
selectivity changes from (6S) to (6R) (Table I). This
possibly could be related to the fact that such a conver-
sion eliminates the H-bonding donating potential of the
C-3 group. Thus, the C-3 function can now act only as
a proton acceptor, and this alters the mode of interac-
tion (Figure 2C). Since the more active enantiomers of
both a- and S-methadol acetates possess opposite con-
figurations at C-3, this asymmetric center no longer
appears to be of primary importance. This suggests
that the steric environment of the receptor in proximity
with the C-3 center of the acetate esters is essentially

(27) E. L. May and N. B. Eddy, J. Org. Chem., 17, 1210 (1952).

(28) P. S. Portoghese and D. A. Williams, Tetrahedron Letters, 6299
(1966).

20) A, F. Casy and M. M. A. Hassan, J. Med. Chem., 11, 601 (1968).

(:i0) I'. 8. Portoghese and D. L. Larson, J. I*harm. Sci., §3, 302 (1964).
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Figure 2.—A schematic illustration rationalizing changes in
the C-6 and C-3 stereoselectivities of analgetic receptors. Hy-
drogen-bonding proton donor (H) and acceptor (G) dipolex
located in different positions on the receptor are believed to play
an important role in the orientation of the analgetic molecule.
(=re-2 (R = H, R = Me)and (—)-8-2 (R = Me, R = H) are
represented in illustration B. (+)e-3 (R = H, R’ = Et) and
(=83 (R = Et,R = H)areshown in C.

different and less demanding than the highly stereo-
selective force field interacting with C-3 of the more
active methadol isomers.

Although we have illustrated only one proton donor
and one proton acceptor dipole on the receptor, there
may be more than one of each type. For instance, it is
conceivable that the C-3 proton acceptor function of two
analgetics may be involved in H bonding with different
proton donor dipoles located on the receptors. This
would also result in a change in the mode of binding.
Examples of this type may occur with methadone, its
carbethoxy analog, and the basic anilides. All of these
analgetics possess a C=0; however, their modes of
interaction have been analyzed as being different from
one another.s”

It should be emphasized that all of the changes in
stereoselectivity may also be rationalized on the basis
of there being more than one receptor species for
analgetic activity.>” Two receptor species, o and 8,
may have different steric demands due to differences
in the locations of H-bonding dipoles. If analgetic A
were bound preferentially by « receptors and B by 8
receptors, then a difference in stereoselectivity also
would be observed.
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Experimental Section?!

( — )=a-Methadol Benzoylformate Hydrochloride (4.-HCI).
An EtOAe solntion (7 mb containing 0.531 g (0.0017 mole) of
(— »a-methadol and 0.46 g (0.0027 moled of benzoyiormyl
chloride was refluxed for 6 hr.  After cooling in an ice bath, the
prodict (0.55 g) was filtered and reervstallized (tOH-KEtOAcy;
vield 0.5 g (617:% mp 105-196° dec, {al?n —67.5° (¢ 1.25,
MeOH . Absorption bauds (ir) were as expected. A portion of
this wax converted to the chloroplatinate =alt, mp 201-202°.
1/111 121( l»I{g;\()g) H. Pt(le;( I{ \

-a-Methadol Benzoylformate Methiodide (5),--A suspen-
>i|:|) ul" 0.5 g (0.001 mole) of finely powdered 4-HCI in 20 ml of
chilled BEtOAce-NMexCO 1:1) was treated with an equivalent
araoantt of freshily prepared AgeO) and shaken vigoronsly for 14
min with iatermirtent ecooling. The addition of excess Mel to
the filtered solntion and cooling overnight yielded 0.44 g (709
of prodaet, mp 208-210° dec, [«]*h —42.8° (¢ 1, MeOH) after
recrystallization (MeOH). Anal. (CsHsINO;) C, H, N.

Reaction of (— )-a-Methadol Benzoylformate Methiodide with
Methylmagnesium Iodide.—A tenfold excess of MeMgl and 0.4
g 10.0068 mole) of firely powdered 5 was stirred nuder Ni for
3 las The rencton mixtare was decomposed with eold, satarared
NHCL d the solvent was retnoved in racuwo.  MeCUN was
added to the solid vesidne, and the insohdle imorganic salts were
fittered.  Remowval of solvent afforded « brawu vil, which was
refluxed with 5%¢ MeOH-KOH for ¢ hr. The MeOH was
removed and O was added to the residue which then was
extracted with DtOAc¢. The alkalive extract was acidified
(HCD), extracted =everal times with EtOAc, and dried, and the
solvent was removed in eaco. The vesnltant oil wus extracted
several times with Na¥CO: solution, acidified (HCI), extracted
(E1OA ), and dr ied (\Ig*(h) The solvent was rentoved in vacwo
to vield 0.095 g (8297) of (+ )atrolactic acid.  Recrystallization
{from (-y(-lnhexane aﬁolded pure airolactic acid, wmp S9-91°,
Jel?*n +4.15° (¢ 1, 1 N NaOID), eorresponding to 7.3 optical
pnrity.3?

Reactlon of (— i=x=Methadol Benzoylformate with Methyl-

il; -Xll 111eh1m; poings were recorded using a Thowas-tovver melting
point apparatus aml are correctesl. Flemental analyses were perfurmed by
Schwarzkopf Microanalytical Laboratury, Woodside, N, Y. Routine ir
spectra were recorded using a erkin-Elmer 327B spectrophotometer, aml
high-resolation ir spescra were obtainel on a lerkin-Eliner 521 spectm-
pliotometer. Nmr spectra were recorded using a Varian A-60 spectrometer,
(TMS) at aynbient temperatvre of tlie magnet, ail under variable tempera-
ture conditions the temperatare wus monitored asing a Honey well potentioin-
eter Model No. 2705 Optical rotations were ubtained nsing a Ierkin-
Elmer 114 polarimeter with a t-dm cell.

(32) A. Mekenzie ansl C, Clough, J. Chera. Soe., 97, 1016 {1010).
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magnesium fodide. A =aspension of 0.8 g (0.0017 nwlec of
41O e H.O was shaken with NHLOH, the free buse was ex-
tracted into 60 wnd dried, and the solvent was reraoved
racio.  Alter drymg in vacuo, the residae was dissolved in dry
I'hH (10 ml) aud added drapwise to a fourfold excess af MeMgl
in KO, The solntion was stirred for 1 hr and thew refluxed for
t hr. The rixtire was decpmposed withe suturnted NTLCL
extrarted several times (F GO and dried and the <olvent was
removed 7a vacio. The resaltant »il was saponified by reflnxing
i 10€, MeOTL-KOIT {or 4 hir. The eooled solutinn wis dilnted
THaO s and extracted (EGOL The aquans liver was aeidified
with HCL extractert (600 snd dried.  Reraoval of solvear
in vaeno atad addition of petrolenm ether (bp 6065+ atfordad
cende atrobactic acid which, after treatmment with activatel
charcoal, aftorded 0.05 ('.20";’) atrolactie aeld, mp 8687
[e]?) +4.1° (o 1, 1 N NaOH).

(+)-1,1,5-Trimethyl-2-ethyl-3,3-diphenylpyrrolidinium Ben-
zoylformate A =aspension of 2.1 g (0.0044 mole) of 4-T1CT i«
a0 wax shaken with dilnte NILOH followed by extractioa
(1,00, dried, then coucentrated 7 racuo. The resnltiant oil wis
deted inoraew Gor 3 dews and, npore additione of dryv beazeae,
0.5 g 2471 of w vellow solid, mp 209-210° dee, wax obtainced.
This produet was recrystaltized GStOH 1260 mp 21 2130 b,
[a)* D 0%.5° (e (95, MeOlln Absarptione bunds of speetrs
dr, re s were as expected. Jtnall (CallpNOg) C) H, N

(+1=1.1,5-Trimethyl-2-ethy!-3,3- dlphenylpyrrolidininm Chlo-
ride. — Au Ftoll solation nf 8 (benzoylformate: was acidified o,
a congo red end poirt withe TTCE wed evaporated to drvness,
The resuttwnd solid was erystallized {rom EtOAc to give the
chloride salt, mip 264 263° dee, [ o F120.1° te 0.95, MeOH 5.
The ir speetrmn was virtadly identiesd walt racend: nuaterid
provided by Mayv.®

Apparent Dissociation Constants, --Approximately 0.02 3 of
the HCI =alts were dissolved in awvalvtieal grade MeOIl 5 mb
arel titrated agaiist agneons 00115 N NaOH. The titration
carves were recorded nsing o Radiometer aatonmatie titator
Model TT17T1-1, aatfitted with are antobarette and  recorder
(Radiometer-Copenhager, the Loudow Co., Westlake, Ohiot.
The titrativns were caeried ont at 23° nuder constant conditions
and the avernge vedaes of three determitcitions are cocorded in
Fable 11.

Acknowledgment —The authors gratefully acknowl-
edge the generosity of Dr. L. L. Mayv, National In-
stitutes of Health, for providing quantities of 3-deoxy-
methadone and (=)-1.1,5-trimethyl-2-ethyl-3.3-diphen-
vipyrrolidinium ehloride.



