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Stereochemical Studies on Medicinal Agents. 21.l Investigation of the Role of 
Conformational Factors in the Action of Diphenylpropylamines. Synthesis and 
Analgetic Potency of 5-Methylmethadone Diastereomers 

James G. Henkel, Eric P. Berg, and Philip S. Portoghese’ 
Department of  Medicinal Chemistry, College of Pharmacy, University of  Minnesota, Minneapolis, Minnesota 55455. 
Receiued April 1,  1976 

The synthesis of racemic threo- and erythro-5-methylmethadone (3a and 3b, respectively) was carried out and the 
solution conformation of each isomer was investigated through pKa and NMR studies. The data indicate that 3a-HCl 
exists exclusively in an internally hydrogen-bonded conformation while the erythro isomer 3b.HC1 is present as 
a mixture of conformations. The erythro racemate 3b was found to possess 5.4 times the analgetic potency of 
(&)-methadone in contrast to the threo racemate 3a which was inactive and devoid of antagonist activity. The fact 
that the inactive racemate 3a contains the 5S,6R stereoisomer, which combines the configurations found in the more 
active enantiomers of methadone and isomethadone, suggests that the chiral centers do not behave as independent 
units and that conformational factors are playing an important role in governing stereoselectivity. These results, 
when analyzed together with earlier reports, suggest that one of the pharmacophoric conformations of the di- 
phenylpropylamine analgetics possesses an antiperiplanar-like disposition of the PhzCCOEt and +“Me2 groups. 

One of the most widely studied classes of synthetic 
analgetics has been the diphenylpropylamines,2 of which 
methadone (1) and isomethadone (2) have played a central 
role. Many compounds in this group have chiral centers 
in common with either 1 or 2, and numerous investigations 
pertaining to the steric requirements for analgetic activity 
have been r e p ~ r t e d . ~ - ~  

CH, CH,COCPh,CHRCHR“Me, 
l , R = H ; R ‘ = C H ,  
2, R = CH,; R’ = H 

One aspect of the structure-activity relationship which 
has been the subject of recent inquiry is the fact that some 
methadone-related compounds show inversion of antipodal 

stereoselectivity a t  analgetic receptow6 As no such 
inversions occur with analgetics related to 2, it was 
suggested that this could be due in part to the greater 
conformational flexibility of 1 relative to 2.7 This was later 
given additional support by the finding that a solution of 
1 consists of comparable fractions of three gauche con- 
formers while 2 exists predominantly as the chain-extended 
rotamer (either as the bases or the salts).* However, 
because of the conformational heterogeneity of methadone, 
no correlation between conformation and activity of 1 and 
2 was made. 

In an effort to provide further insight into the ste- 
reostructure-activity relationship of the diphenyl- 
propylamines and analgetic potency, we have synthesized 
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and tested two diastereomeric racemates of 5-methyl- 
methadone (3a,b). The rationale for preparing 3a and 3b 
was based on the expectation that there would be a 
substantial difference in their conformational preference 
and that this would be reflected by a large potency 
difference. The results of the present study indicate this 
to be the case and suggest that an antiperiplanar-type 
orientation between NMez and CPhzCOEt favors analgetic 
activity. 

Ph2C COEt PhZCCOEt 
I I 
I I 

I I 

3a 3b 

Chemistry. Initially, the approach to the stereospecific 
synthesis of each of the diastereomers 3a and 3b was 
similar to Easton'sg synthesis of methadone (Scheme I). 
Stereospecific opening of the cis- and trans-2-butene oxides 
(4) with diphenylacetonitrile anion afforded trans- and 
cis-iminotetrahydrofurans 5a and 5b, respectively. 
Treatment of 5 with MeMgI produced the corresponding 
threo- and erythro-2,2-diphenyl-3-methyl-4-hydroxy- 
valeronitriles 6a and 6b. Reaction of 6 with p-toluene- 
sulfonyl chloride gave the corresponding tosylate esters 7a 
and 7b. Conversion of 7a to the corresponding eryth- 
ro-aminonitrile 9b with dimethylamine was attempted 
under a variety of conditions. In every case, high yields 
of olefin 10 were isolated along with small amounts of 9b. 
Efforts to circumvent this elimination reaction during the 
nucleophilic displacement were unsuccessful, and as it 
became clear that this approach was not feasible, an 
alternative scheme was developed. This route involved the 
oxidation of 6 to ketonitrile 8, with the concomitant loss 
of one of the chiral centers. Despite this disadvantage, the 
ready availability of 6a and 6b made it an attractive 
alternative. 

Starting from threo-hydroxynitrile 6a, oxidation with 
Cr03-pyridine1° afforded 8 in good yield. Reductive 
amination of 8 with NaI3H3CNl1 was not successful despite 
repeated attempts under varying conditions. Amination 
finally was accomplished using dimethylamine and TiC4,12 
followed by reduction catalytically or with sodium bo- 
rohydride. Interestingly, the only product which was 
formed was found to be identical with the minor product 

H-C-CH, 

H-C-CH, 

H-C-CH, 

CH,-C-H 

N(CH,), N(CH3)* 

9b resulting from the reaction of dimethylamine with 7a. 
It was decided that the feasibility of the conversion of 

9b to 3b should be investigated before more effort was 
spent on the threo system. Thus, when 9b was treated 
with ethylmagnesium bromide in refluxing toluene13J4 or 
at 20 "C, either unreacted starting material was recovered 
or decyanated product 12b was formed, presumably as a 
consequence of thermal decomposition of intermediate 
11 b. Although cleavage has not been reported in the case 
of 1 or 2 under these conditions, similar behavior has been 
reported in the presence of sodium amide.15 The cleavage 
reaction also was observed when 9b was treated with 
ethyllithium at lower temperature. 

In view of these unexpected results, an alternative 
four-step method for the conversion of 9b to 3b was used, 
which makes use of ester 14b. It was believed that the 
difficulties experienced with dimethylaminonitrile 9 could 
be circumvented by the addition of ethyllithium to 14, as 
this would produce an intermediate which would eliminate 
the less basic methoxide group upon hydrolysis, rather 
than the diphenylalkane group. In an effort to produce 
the desired intermediate 14b, the acid hydrolysis of 9b was 
undertaken. This hydrolysis proceeded only as far as 
amide 13b. The conversion of 13b to 14b was accom- 
plished with n-butyl nitrite16 followed by treatment with 
diazomethane. With 14b in hand, its conversion to 3b by 
the action of ethyllithium proceeded in excellent yield. 

In view of the availability of only a small amount of 3b 
and the likelihood that preparation of 3a would be 
troublesome due to the fact that the isomer 9a was not 
obtainable by this route, an alternate stereospecific 
synthesis of 3 was devised. Since the introduction of the 
dimethylamino group was the source of considerable 
difficulty, an approach was chosen which placed it into the 
molecule a t  an earlier point (Scheme 11). The relative 
stereochemistry of the products also was assured by the 
presumed anchimeric participation of the dimethylamino 
group during the key alkylation step proceeding through 
17. This route proved to be successful for both stereo- 
isomers, although differences in chemical reactivities of 
the two systems necessitated some modifications. The 
starting material for each isomer was threo- and eryth- 
ro-3-dimethylamino-2-butanol(15a and 15b, respectively), 
obtained from 4a and 4b by a modification of the method 
of Smissman et al.I7 For the synthesis of the threo isomer 
3a, 15a was treated with 1 equiv of p-toluenesulfonyl 
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Table I. Vicinal Coupling Constants Js,6 for 
5-Methylmethadone Diastereomers 3a,b 
and Their HCI Saltsa 

a, R = CH,; R' = H 
b, R = H; R' = CH, 

(i)-3a 6.7 7.0 b 
(i:)-3b 7.2 7.6 b 

(t )-3b.DC1 8.3 6.6 6.0 
(*)-3a.DCl <, 1c b 6 1 C  

a Determined at 100 MHz with decoupling unless noted 
otherwise. Not determined. Determined at 270 
MHz with decoupling. 

chloride to afford the highly reactive ester 16a, which was 
converted in situ to 14a with excess Ph2C-COOMe Li+. 
Conversion of 14a to 3a was accomplished by the addition 
of ethyllithium, as described earlier. 

The other diastereomer 3b also was synthesized by the 
above route. However, in the case of 16b, addition of 
Ph2C-COOMe Li+ resulted in a low (<lo%) yield of 14b, 
thus necessitating a modification of the alkylation step. 
To reduce what was felt to be a higher degree of steric 
hinderance about the alkylation site due to the trans 
disposition of the two methyl groups, diphenylacetonitrile 
anion was employed for the alkylation of 16b, affording 
a 60% yield of 9b. Conversion of 9b to 3b was then carried 
out as described earlier. The stereospecificity of this 
scheme also was demonstrated by the conversion of 15a 
to 9a. 

NMR Studies. In an effort to gain some insight into 
the conformational flexibility and rotamer distribution of 
3a and 3b, the high-resolution NMR spectra of both the 
free bases and the HC1 salts were determined in CDC13, 
CD30D, and (for the salts) D20. Of special interest was 
the magnitude of the C-5,6 vicinal coupling constant, which 
is known to be sensitive to solvent polarity changes in the 
methadone system but relatively insensitive in the case of 
isomethadone.s The magnitudes of 55,6 for both systems 
in various solvents are shown in Table I. With the free 
bases, the coupling constants seem to reflect a nearly equal 
distribution of the rotameric population about the C-5,6 
bond. Perhaps more significantly, the corresponding DC1 
salts of 3a and 3b exhibit widely divergent C-5,6 coupling 
constants. This is likely a reflection of extreme differences 
in the respective conformational populations. The coupling 
constant for erythro racemate 3b.DC1 in CDC13 suggests 
a somewhat unequal distribution of rotamers 18a-c. 
Increasing the solvent polarity brings the coupling into the 

range which usually is indicative of a population that is 
equally divided. These data suggest that 3b.DCl is quite 
flexible and that the barriers for conformational inter- 
conversion are not inordinately high. Of course, it should 
be noted that the behavior of 3b-HC1 may well be ra- 
tionalized in terms of off-staggered conformers and that 
the truly staggered conformations presented here are 
serving only as a reasonable first approximation to the 
actual distribution. 

C H ,  CH, C H ,  

18a 18b 18c 

In contrast to its diastereomer, the threo salt (3a-DC1) 
exhibits a uniformly small coupling constant (51 Hz) in 
solvents of widely different polarity. The magnitude of 
the observed coupling constant effectively rules out 
contribution by all three staggered rotamers (19a-c) 
because the contribution of 19a and 19b would be expected 
to produce an observed coupling constant in the order of 

19a 19b 19c 

2.5 Hz, while J5,6 for 19c should be at least 1 2  Hz.18 A 
plausible explanation for the small coupling constant is 
that 3a.DC1 exists almost exclusively as an off-staggered 
conformation, resulting in near orthogonality of methine 
protons Ha and Hb as shown in 20a. The alternative 
rotamer of 3aDC1 containing orthogonal protons, 20b, is 
not expected to contribute, due to both a lack of internal 
H-bonded stabilization (see pKa Studies) and the presence 

20a 20b 

of severe nonbonded interaction due to partial eclipsing 
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ternized analgetics has shown stereoselective binding to 
opiate receptor preparations. The latter study implicates 
the charged species in the drug-receptor interaction. 

The NMR and pKa data suggest that the inactive threo 
racemate 3a.HC1 exists overwhelmingly in a hydrogen- 
bonded conformation (20a). On the other hand, the highly 
potent erythro racemate 3b.HC1 appears to possess 
considerable conformational mobility (i.e., comparable 
mole fractions of 18a-c) and has less propensity for in- 
tramolecular hydrogen bonding. 

These data are consistent with the idea that 3a-HC1 is 
inactive because its predominant conformer 20a does not 
possess the requisite geometry €or efficacious association 
with analgetic receptors. In contrast, 3b-HC1 offers much 
greater latitude for effective binding because of its in- 
creased conformational flexibility. 

When the reported8 conformational properties of the 
protonated forms of methadone (1-HC1) and isomethadone 
(2.HC1) are analyzed in light of the present study, an 
intriguing relationship emerges which has an important 
bearing on the possible identity of the pharmacophoric 
conformation(s) of diphenylpropylamine analgetics. It had 
been determined8 that 1.HC1 exists as a mixture of 
conformers (21a-c) whose composition can be altered with 

.u 0 

Table 11. Dissociation Constants of 5-Methylmethadone 
Hydrochloride Diastereomers in Methanol-WateP 

Compd PK, 
(+)-3a.HCl 8.71 
(t)-3b.HCl 8.16 
Methadone HCl (19HC1) 8.62b 
Isomethadone HCl(2.HCl) 7.76c 

Determined in MeOH-H,O by the method described 
in ref 6. See ref 6. See ref 7. 

Table 111. Analgetic Potencies of Racemic 
5-Methylmethadone Diastereomers 

Compd ED,,, mg/k$ Re1 potency 
(+)-3a.HCl > 50 Inactive 
(* )-3b.HC1 0.36 k 0.08 5.4 
(* )-l .HCl 1.95 k 0.40b 1 

a Administered sc as solution in normal saline. Lit.' 
1.62 mg/kg. 

of the vicinal methyl groups. While a difference in the 
observed coupling constants for the DC1 salts is under- 
standable when viewed on the basis of the above ar- 
guments, the insensitivity of J5,6 to changes in solvent 
polarity is somewhat surprising and may be indicative of 
an unexpectedly high stabilization due to strong in- 
tramolecular hydrogen bonding. 

pKa Studies. In an effort to further elucidate the 
solution conformational populations of the salts of 3a and 
3b, their apparent dissociation constants were determined. 
The results are shown in Table 11, along with values for 
methadone and isomethadone. The threo isomer proved 
to be more basic than the erythro isomer by 0.55 p& units. 
Since it is unlikely that this is due to differences in the 
electronic states of the closely related isomers, it is 
probable that the greater basicity of 3a is a consequence 
of stronger internal hydrogen bonding of the respective 
conjugate a ~ i d . ~ ~ ~ J ~  Moreover, it appears that hydrogen 
bonding is greatly facilitated by conformational factors; 
this is consistent with the conclusions drawn from the 
preceding NMR studies. 

Pharmacology. The analgetic potencies of 3a.HC1 and 
3b.HC1 (Table 111) were determined 15 min after sc 
administration in mice, using a modified hot-plate pro- 
cedure.20 The erythro racemate 3b exhibits about fivefold 
greater potency than methadone ( l ) ,  in contrast to the 
threo diastereomer 3a, which is inactive at 50 mg/kg. The 
activity of 3b was completely antagonized by prior 
administration of 0.6 mg/kg of naloxone, supporting the 
involvement of the same receptor site for both 3b and 1. 
No significant antagonism of 3b was produced by the prior 
administration of 3a, which suggests that 3a is not 
competitive with 3b for the analgetic receptor site and is 
not acting as a narcotic antagonist. 

Stereostructure-Activity Relationship. One 
plausible explanation for the dramatic potency difference 
between the erythro (3b) and threo (3a) racemates may 
be related to the fact that these diastereomers exhibit 
profound differences in their conformational behavior as 
salts rather than as the free bases. There is now good 
reason to believe3 that the protonated form is involved in 
the interaction of analgetic ligands with receptors. Firstly, 
most if not all strong analgetics exist predominantly in the 
protonated form at physiological pH. Secondly, evidence 
has been presented that lipids bearing acidic groups 
extracted from opiate receptor preparations form salt-like 
complexes with analgetics and that the stability of the 
complex parallels the binding of these drugs to analgetic 
receptors.z1 Thirdly, a very recent study22 using qua- 

21a 21b 21c 

a change of solvent polarity. Two possible internally 
hydrogen-bonded gauche conformers (21a,b) were sug- 
gested for 1-HC1, but the extent of their contribution to 
the total conformational population could not be de- 
termined. Since an x-ray studyz3 of (+)-l-HBr shows that 
its geometry approximates an antiperiplanar conformation 
(21c), it seems likely that the difference in AGO between 
hydrogen-bonded conformations (21a and/or 21b) and 21c 
is not substantial. With regard to 2-HC1, the antiperi- 
planar-like rotamer 22 has been reporteds to be highly 
favored with little, if any, contribution of gauche forms to 
the population. These results and those of the present 

C,H5CQ0 \ Y  

22 

study tend to implicate an antiperiplanar arrangement of 
+"Me2 and PheC-COEt for one of the pharmacophoric 
conformations. Thus, conformationally mobile compounds 
such as 1.HC1 and 3b.HC1 can readily dispose these groups 
in such an orientation 22 (favored by isomethadone) 
because their conformational energy differences apparently 
are not large. By analogy with 3a.HC1 which resides 
overwhelmingly in an off-staggered gauche conformation 
20a, it is possible that the gauche rotamers for 3b.HC1 and 
for 1.HC1 similarly do not possess the proper geometry for 
effective drug-receptor association. 

One additional factor which should be considered is the 
orientation of the carbonyl group during the drug-receptor 
interaction. As it is known that an oxygen function at C-3 
is required for analgetic activity in the diphenyl- 
propylamine series,2 it is conceivable that it might be 
involved in receptor binding, possibly through the 
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formation of a hydrogen bond. If the carbonyl group in 
3a.HCl were unavailable for binding as a consequence of 
strong intramolecular hydrogen bonding (20a), this also 
could contribute to its lack of affinity. 

If one were to ignore conformational factors and consider 
the chiral centers in 3a and 3b as independent units, it 
might have been predicted that the more potent optical 
isomer (5S,6R) would be found in the threo racemate. This 
conclusion would have been based on the fact that the 
more potent enantiomers of methadone (1) and iso- 
methadone (2) possess the 6R and 5 s  configuration, 
r e~pec t ive ly .~~$~~  Such a prediction, of course, is not correct 
because only the erythro racemate (containing the 5R,6R 
and 5S,6S enantiomers) is active. This emphasizes that 
each chiral center does not behave independently but 
interacts with other groups to afford a conformational 
population which strongly influences the potency of the 
diastereomers. 

Finally, since conformational effects are but one facet 
of the stereostructure-activity relationship, other factors 
must also be considered in any attempt to fully explain 
the activity of these compounds. Further studies are 
currently in progress. 
Experimental Section 

All melting points are uncorrected. The ir spectra were obtained 
on either a Perkin-Elmer Model 237B or a Beckmann IR-9 
spectrometer and the NMR spectra on a Varian A-60D or XL-100 
spectrometer using Me4Si or DSS as an internal standard. The 
NMR spectra of 3a.HCl were run on a Bruker 270-MHz 
spectrometer a t  the Southern New England Hi-Field NMR 
Facility at  Yale University. The NMR studies of 3b were 
performed on the Varian XL-100. Mass spectra were obtained 
on either a Perkin-Elmer RMU-6D or AEI MS-30 high-resolution 
mass spectrometer. GC analyses were carried out on a Per- 
kin-Elmer 900 gas chromatograph. Microanalyses were performed 
by M-H-W Laboratories, Garden City, Mich., and are within 
420.4%. 

threo- and erythro-3-bromo-2-butanol were prepared by the 
method of Winstein and LucasZ6 from pure cis- and trans-2- 
butene, respectively. 

cis- and trans-%-butene oxides (4a,b) were prepared from the 
corresponding threo- and erythro-bromohydrins by the method 
of Wilson and L u c a ~ ~ ~  and purified to literature values. 
trans-4,5-Dimethyl-3,3-diphenyl-2-iminotetrahydrofuran 

(5a). A solution of 109.0 g (0.563 mol) of PhzCHCN in C6H6 (200 
ml) was added dropwise to a stirred mixture of 16.20 g (0.675 mol) 
of NaH and 100 ml of C6H6 under Nz. The temperature was 
maintained at  45 "C for 6 h after which 40.49 g (0.563 mol) of 
4a was added dropwise at  20 "C. The mixture was stirred for 4 
h and then maintained at  45 "C for 12 h. After heating to reflux 
for 15 min, the cooled mixture was added to H20 (200 ml) and 
extracted with C6H6. The extract was dried over MgS04 and 
concentrated in vacuo. Dissolution of the residual oil in Et20 
and addition of ethereal HC1 gave 147.7 g (87.7%) of 5a.HC1, mp 
240 "C dec. The free base was liberated with NaOH, extracted 
with EtzO, dried over MgS04, and concentrated in vacuo. 
Addition of hexane to the resulting oil gave a solid which was 
recrystallized from petroleum ether (bp 6C-70 "C) to give 5a: mp 
75--77 "C; ir (KBr) 3315 and 1677 cm-l; NMR (Cc4)  6 0.81 (d, 
3 H, J = 7.0 Hz, Ph2CCHCH3), 1.35 (d, 3 H, J = 6.0 Hz, CH3CHO), 
2.81 (m, 1 H, Ph2CCH3CH), 3.83 (m, 1 H, CH3CHO), 7.2 (m, 10 
H, C6H5). Anal. (ClsH1gNO) C, H, N. 
~.is-4,5-Dimethyl-3,3-diphenyl-2-iminotetrahydrofuran (5b) 

was prepared as above from 92.6 g (0.48 mol) of PhZCHCN, 13.8 
g (0.576 mol) of NaH, and 34.52 g (0.48 mol) of 4b: yield 69.78 
g (55%); mp 130-131 "C, after recrystallization from cyclohexane; 
ir (KBr) 3265 and 1680 cm-1; NMR (CDC13) 6 0.77 (d, 3 H, J = 
7.4 Hz, Ph2CHCH3), 1.22 (d, 3 H, J = 6.8 Hz, CHsCHO), 3.24 (m, 
1 H, Ph2CHCH3), 4.62 (m, 1 H, CH3CHO), 7.30 (m, 10 H, C6H5). 
Anal. (CiaHIgNO) C, H, N. 

t hreo-2,2-Diphenyl-3-methyl-4-hydroxypentanenitrile (6a). 
An ethereal solution of 133.42 g (0.503 mol) of 5a was added to 
400 ml of an ethereal solution of CH3MgI made from 85.6 g (0.603 
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mol) of CH3I and 14.7 g (0.603 mol) of Mg turnings. The mixture 
was heated a t  reflux for 2 h, cooled, and shaken with 130 ml of 
saturated aqueous NH4Cl. The Et20 layer was separated, 
extracted with dilute HC1, neutralized with NaHC03, and dried 
over MgSO4. The solvent was removed in vacuo to afford 115.90 
g (86.8%) of 6a as a viscous oil which resisted crystallization from 
a variety of solvents: ir (neat) 3450 and 2240 cm-'; NMR (CDCl3) 
6 1.07 (d, 3 H, J = 7.0 Hz, Ph2CCHCH3), 1.26 (d, 3 H, J = 6.3 
Hz, CH3CHO), 1.67 (9, 1 H, OH), 3.04 (m, 1 H, PhzCCHCH3), 
3.85 (m, 1 H, CHBCHO), 7.38 (m, 10 H, C6H5). Anal. (Cl&gNO) 
C, H, N. 
erythro-2,2-Diphenyl-3-methyl-4-hydroxypentanenitrile 

(6b). To 300 ml of an ethereal solution of CH3Mg1, prepared from 
58.1 g (0.41 mol) of CH3I and 9.95 g (0.41 mol) of Mg turnings, 
was added 90.5 g (0.342 mol) of 5b in 750 ml of a 2:l CsH6-Et20 
solution. The procedure employed for 6a was then followed to 
give 88.75 g (98.2%) of solid 6b, mp 98-100 "C, which was 
recrystallized from cyclohexane: ir (KBr) 3500 and 2240 cm-1; 

3 H, J = 6.5 Hz, CHsCHO), 1.77 (s, 1 H, OH), 2.70 (m, 1 H, 
Ph2CCHCH3), 3.88 (m, 1 H, CH3CHO), 7.35 (m, 10 H, C&). 
Anal. (Ci8HigNO) C, H, N. 

threo-2~-Diphenyl-3-methyl-4-tosyloxypentanenitrile (7a). 
A solution of 9.0 g (0.034 mol) of 6a and 12.94 g (0.068 mol) of 
p-TsC1 in 50 ml of pyridine was allowed to stand for 84 h a t  25 
"C. The solution was poured into ice water with stirring and the 
resulting solid filtered, washed with H20, and dried. Recrys- 
tallization from EtOH gave 11.22 g (80%) of 7a: mp 149-150 "C; 
ir (KBr) 2240,1195,1180, and 1350 cm-1; NMR (CDC13) 6 1.21 
(d, 3 H, J = 6.5 Hz, Ph2CCHCH3), -1.21 (d, 3 H, J = 6.5 Hz, 
CH&HO), 2.41 (s, 3 H, PhCH3), 3.39 (m, 1 H, Ph2CCHCH3), 4.42 
(m, 1 H, CH3CHO), 7.32 (m, 14 H, C6H5 and CsH4). Anal. 
(CzsHz5N03S) C, H, N. 
Reaction of 7a with Me2NH. A solution of 7 ml of liquid 

Me2NH, 25 mg of CuSO4, and 2.0 g (4.7 mmol) of 7a was heated 
in a steel reaction vessel for 48 h a t  145 "C. The solution was 
cooled in dry ice, poured into C6H6, washed with H20, and 
extracted wth 2.5 N HCl. The acidic extract was basified with 
7 N NaOH, extracted with C6H6, and dried over Na2S04. The 
solvent was removed in vacuo to give a small amount of oil which 
after crystallization (EtOH-H20) gave 0.027 g (1.9%) of solid 
product, mp 101-102.5 "C, whose ir spectrum was identical with 
that of 9b. 

Evaporation of the original C6H6 layer which remained after 
extraction with dilute HC1 gave 0.81 g of an oil having spectral 
characteristics consistent with olefii 1 0  ir (neat) 2240 cm-l; NMR 
(CDC13) 6 1.14 (d, 3 H, J = 6.8 Hz, CHsCH), 3.49 (m, 1 H, J = 
6.8 Hz, CHBCHCH), -5.08 (m, 2 H, C=CH2), -5.80 (m, 1 H, 
HC=CH2), 7.20, 7.50 (m, 10 H, C6H5). Anal. (C18H17N) C, H, 
Tu'. 
erythro-2,2-Diphenyl-3-methyl-4-tosyloxypentanenitrile 

(7b) was prepared by a method identical with that of 7a. Thus, 
20.0 g (0.075 mol) of 6b and 28.76 g (0.151 mol) of p-TsC1 in 133 
ml of pyridine afforded 26.88 g (85%) of 7b, mp 166-167.5 "C, 
after recrystallization (CHC13-EtzO): ir (KBr) 2240, 1180, 1174, 
and 1350 cm-1; NMR (CDC13) 6 1.18 (d, 3 H, J = 6.5 Hz, 

PhCHs), 2.79 (m, 1 H, Ph2CCHCH3), 4.78 (m, 1 H, CH3CHO), 
7.3 (m, 14 H, C6H5, C6H4). Anal. (C25H25N03S) C, H, N. 
2,2-Diphenyl-3-methyl-4-oxopentanenitrile (8). A total of 

28.20 g (0.284 mol) of CrO3 was added in small portions to 282 
ml of pyridine and the mixture stirred at 0 "C until a yellow 
precipitate formed. A pyridine solution of 30.32 g (0.142 mol) 
of 6a was added to the mixture and stirred at 25 "C for 48 h. After 
addition of 1 1. of EtzO, the inorganic salts were filtered and the 
pyridine was removed in vacuo. The residual oil was dissolved 
in CHC13, filtered, washed with H20, dried over MgS04, and 
concentrated in vacuo. The oil was crystallized from CHCl3- 
petroleum ether (bp 60-70 "C) to afford 23.38 g (62.5%) of 8 mp 
117-118 "C; ir (KBr) 2240 and 1725 cm-l; NMR (CDCl3) 6 1.33 
(d, 3 H, J = 7.0 Hz, P ~ ~ C C H C H B ) ,  2.10 (s, 3 H, COCH3), 3.79 
(q, 1 H, J = 7.0 Hz, PhzCCHCH3), 7.40 (m, 10 H, C6H5). Anal. 
(CiaHi7NO) C, H, N. 
erythro-4-Dimethylamino-3-methyl-2,2-diphenylpen- 

tanenitrile (9b). Part A. A solution of 3.6 g (0.019 mol) of T ic4  
in 15 ml of C6H6 was added dropwise to a stirred, cooled solution 

NMR (CDC13) 6 1.15 (d, 3 H, J = 7.0 Hz, Ph2CCHCH3), 1.19 (d, 

Ph2CCHCH3), 1.40 (d, 3 H, J = 6.5 Hz, CHsCHO), 2.43 (s, 3 H, 
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of 5.14 g (0.114 mol) of MezNH and 5.0 g (0.019 mol) of 8 in 75 
ml of C6H6. After 3 days a t  25 "C the solvent was removed in 
vacuo and 75 ml of THF was added to the residual oil. Sodium 
borohydride, 3.59 g (0.095 mol), was added followed by dropwise 
addition of 11.4 ml (0.19 mol) of glacial HOAc. After 2 h the 
mixture was heated to reflux for 1 h, cooled, and basified with 
15% NaOH. Following the addition of 150 ml of H20, the mixture 
was filtered and the filtrate extracted with EtzO. The extract 
was dried over NazS04 and concentrated in vacuo. The resulting 
oil was crystallized from petroleum ether (bp 60-70 "C) to give 
1.72 g (26.4%) of 9b: mp 101-101.5 "C; GC (1% OV-17 on 
Chromosorb W, 210 "C) 3.68 min; ir (KBr) 2830,2735, and 2240 
cm-1; NMR (CDCl3) 6 0.83 (d, 3 H, J = 6.8 Hz, Ph&CHCH3), 
1.20 (d, 3 H, J = 6.9 Hz, CH3CHN), 2.08 [s, 6 H, N(CH&], -2.7 
(m, 1 H, P ~ z C C H C H ~ ) ,  -2.7 (m, 1 H, CH3CHN), 7.35,7.60 (m, 
10 H, C6H5). Anal. (CzoH24Nz.HCl) C, H, N. 
Part B. Into the upper flask of an apparatus identical with 

that used for the preparation of 14a was placed 5.692 g of a 50.6% 
suspension of NaH (0.12 mol) and 125 ml of dry THF. Re- 
crystallized PhzCHCN (23.19 g, 0.12 mol) was dissolved in 40 ml 
of dry THF and added dropwise to the suspension with stirring. 
The mixture was heated gently and stirred for 2 h, after which 
time a deep red color had formed. Into the lower flask was placed 
11.70 g (0.10 mol) of 15b and 75 ml of dry THF. The stirred 
solution was cooled to 0 "C and 45.5 ml of 2.2 M n-BuLi in hexane 
was slowly injected under Nz. After 15 min, 19.065 g (0.10 mol) 
of p-TsC1 in 50 ml of dry THF was added dropwise. The mixture 
was stirred at 0 "C for 45 min to allow ester formation, after which 
time the contents of the upper flask were added in one portion. 
The mixture was brought to 25 "C and allowed to stir for 72 h. 
The suspension was poured into 1 1. of ice water and extracted 
three times with EtzO. The extracts were evaporated under 
reduced pressure to remove most of the THF and then taken up 
in EtzO. The product was extracted into cold 10% HC1; the 
aqueous extract was back-washed with EtzO, cooled with ice, and 
made basic with 15% KOH. The resulting precipitate was taken 
up in Et20 and dried (MgS04) and the solvent removed to afford 
23.0 g (79%) of solid which was recrystallized from EtzO-pe- 
troleum ether (bp 60-70 "C) to afford 15.0 g of pure 9b, mp 
101-101.5 "C. Spectra were identical with that prepared above. 
Reaction of 9b with EtMgBr. A solution of EtMgBr in 10 

ml of Et20 was prepared from 0.93 g (0.0085 mol) of EtBr and 
0.208 g (0.0085 g-atom) of Mg. The volume was reduced to 5 ml 
by gentle heating. Xylene (10 ml) was then added and the 
temperature was raised to 110 "C. This was followed by dropwise 
addition of a solution of 0.250 g (0.85 mmol) of 9b in xylene (5 
ml) and the temperature was maintained at 120 "C for 7.5 h. The 
reaction mixture was cooled, HzO added and then EtzO, and the 
mixture extracted. The Et20 extract was washed with HzO, dried 
over NazS04, and filtered, and the solvent was removed in vacuo. 
The resultant oil (0.249 g) was determined by TLC (alumina; 
C6Hspetroleum ether) to be a mixture of two compounds (Rf 0.5 
and 0.9) and its ir spectrum showed no CN or CO absorptions. 
The higher Rf product was shown by NMR to be olefinic and was 
not investigated further. The lower Rf  product was isolated by 
acid extraction of an Et20 solution of the crude reaction product, 
followed by basification, Et20 extraction, drying over NazS04, 
and evaporation of solvent. A homogeneous oil (0.134 g) was 
obtained, the spectrum of which was consistent with the de- 
cyanated product 12: NMR 6 0.87 (d, 3 H, J = 7.0 Hz, 

NMez), -2.48 [m, 2 H, CH(CHs)CH(CH3)], 4.14 (d, 1 H, J = 9.5 
Hz, PhzCH), 7.30 (m, 10 H, C6H5). Repeated attempts to obtain 
an analytically pure HCl salt were unsuccessful. The same product 
was obtained when 9b was treated with EtLi a t  25 "C or above. 
erythro-2,2-Diphenyl-3-methyl-4-dimethylamino- 

pentanamide (13b). A solution of 10.0 g (0.034 mol) of 9b and 
66% (200 ml) was heated a t  115 "C under Nz for 88 h, 
after which time no nitrile absorption was visible in the ir. The 
solution was cooled with ice and carefully neutralized with 40% 
KOH. The precipitate was extracted with four portions of CHzClz 
which was dried over Na2S04 and evaporated to afford 10.38 g 
(98% of impure solid. The crude product was triturated with 
hot Et20 several times, which left 1.5 g of residual side product. 
Concentration of the solution afforded 7.55 g (71%) of 13b as 
colorless needles: mp 143.5-144 "C; ir (KBr) 3280, 2850, 2790, 

Ph2CCHCH3), 0.92 (d, 3 H, J = 6.8 Hz, CH3CHN), 2.17 (s, 6 H, 

Journal of Medicinal Chemistry, 1976, Vol. 19, No. 11 1313 

and 1680 cm-1; NMR (CDC13) 6 0.99 (d, 3 H, J = 7.2 Hz, 
Ph2CCHCH3), 1.41 (d, 3 H, J = 7.2 Hz, CH3CHN), 1.97 (s, 6 H, 
NMeZ), -2.74 (m, 2 H, Ph$2CHCH3 and CHsCHN), 6.0 (br s, 
2 H, NHz), 7.20 (m, 10 H, C6H5). Anal. (CzoHz6N20) C, H, N. 
Methyl erythro-2,2-Diphenyl-3-methyl-4-dimethyl- 

aminovalerate (14b). A stirred solution of 3.824 g (12.3 mmol) 
of 13b in glacial HOAc (75 ml) was saturated with gaseous HC1. 
The solution temperature was maintained at 45 "C throughout 
the reaction. With the aid of an infusion pump, 25 ml of freshly 
distilled n-BuONO was added over 6 h and the red solution was 
allowed to stir overnight. n-BuONO (25 ml) was again infused 
over 12 h and again the reaction was stirred overnight. The process 
was repeated a third time, a t  which point only a trace of 13b 
remained by ir. 

The pale yellow solution was evaporated under reduced pressure 
to afford a yellow oil. The oil was taken up in dry MeOH, to which 
was added ethereal CHzNz to excess. After standing 4 h, the 
solution was extracted with 10% HC1. The aqueous solution was 
back-extracted with EtzO, maintained at 5 "C, and neutralized 
with 40% KOH. The resulting precipitate was extracted into 
EtzO, dried over MgS04, and evaporated to afford 2.96 g of crude 
14b. The oil was purified by column chromatography on basic 
A1203 (activity I), eluting with 30% CHC13-hexane to afford 2.465 
g (61.5%) of pure 14b which solidified upon standing. The product 
was recrystallized from EtzO-hexane: mp 111-112 "C; ir (neat) 
2830,2775, and 1730 cm-'; NMR (CDCl3) 6 0.96 (d, 3 H, J = 7.0 
Hz, PhzCCHCH3), 1.02 (d, 3 H, J = 7.0 Hz, CH~CHZN), 2.15 (s, 
6 H, NMeZ), 2.18 (m, 1 H, PhzCCHCH3), 3.27 (m, 1 H, CH3CHN), 
3.67 (s, 3 H, OCHs), 7.35 (m, 10 H, CsH5). 18b.HCl had mp 
183.5-184 "C. Anal. (C21H27NOrHCl) C, H, N. 
erythro-4,4-Diphenyl-5-methyl-6-dimethylamino-3-hep- 

tanone (erythro-5-Methylmethadone) (3b). Into 40 ml of 
anhydrous Et20 (dried over Na) was shaved 0.268 g (0.0386 
g-atom) of Li wire under Nz. The stirred mixture was cooled to 
-40 "C and 2.108 g (19.4 mmol) of purified EtBr added dropwise. 
More Et20 and EtBr were added periodically to ensure complete 
reaction of the Li. After 3 h, no Li remained. Ester 14b (0.817 
g, 2.5 mmol) in anhydrous Et20 was slowly added to the EtLi 
solution. After addition was complete, the solution was allowed 
to warm to 0 "C where it was held for 6 h and then stored a t  5 
"C for 24 h. The solution was poured into vigorously stirred ice 
water (700 ml) and extracted with EtzO. The product was taken 
up in 10% HC1 which was then cooled and neutralized with 15% 
KOH. The resulting precipitate again was extracted with EtzO, 
which was dried over MgS04 and evaporated to afford 0.784 g 
(94%) of an oil. The product was purified by column chro- 
matography on A1203 (activity I), eluting with 50% CHCb-hexane 
to afford 0.557 g of 3b as a viscous oil: ir (neat) 2830, 2775, and 
1705 cm-l; NMR (CDC13) 0.70 (t, 3 H, J = 7.0 Hz, CH~CHZ), 0.85 
(d, 3 H, J = 6.8 Hz, P ~ Z C C H C H ~ ) ,  0.92 (d, 3 H, J = 6.8 Hz, 
CHsCHN), 2.02 [s, 6 H, N(CH3)2], 2.28 (9, 2 H, J = 7.0 Hz, 
CHsCHz), -2.20 (m, 1 H, J = 7.2 Hz, P ~ z C C H C H ~ ) ,  3.26 (m, 1 
H, J = 7.2 Hz, CH3CHN), 7.45 (s, 10 H, CsH5). 3b.HC1 had mp 
223-224 "C dec. Anal. (CzzHZgNO.HC1) C, H, N. 
erythro-3-Dimethylamino-2-butanol (15b). A solution of 10.0 

g of 4b, 13 ml of liquified MezNH, and 2 drops of 12 N HC1 was 
placed in a Parr pressure bomb and heated in a steam bath for 
7 h. The contents were cooled, diluted with Et20 (50 ml), washed 
with saturated NaHC03, and dried over NazS04. Evaporation 
of solvent and distillation afforded 8.39 g (52%) of 15b, bp 154-156 
"C (lit.17 152.5-153.5 OC). 
threo-3-Dimethylamino-2-butanol(15a) was prepared from 

10 g of 4a in an analogous manner to afford 11.6 g (71%) of 15a: 
bp 138-140 "C (lit.17 141-142 "C). 
Methyl threo-2,2-Diphenyl-3-methyl-4-dimethylamino- 

valerate (14a). Into a dry, three-neck flask modified for 
downward addition and fitted with a mechanical stirrer, Nz inlet, 
septum, and drying tube was placed 11.0 ml of 5.07% CH3Li in 
Et2O. The Et20 was evaporated under a stream of dry Nz and 
the resulting solid was redissolved in 10 ml of dry THF. To this 
solution was added 4.40 g (0.0188 mol) of Ph3CH in 10 ml of dry 
THF. The solution was stirred for 2 h, forming a deep red color. 
Enough PhzCHCOOMe in THF was added to just discharge the 
red color (1.858 g, 8.2 mmol) and form an orange solution. Into 
a second dry, three-neck flask fitted to the bottom of the above 
apparatus, to which was attached an additional funnel with Nz 
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inlet, injection septum, and drying tube, was placed 0.958 g (8.2 
mmol) of 15a in 10 ml of dry THF. To the cooled solution (0 “C) 
was injected dropwise 4.32 ml (8.2 mmol) of n-BuLi (1.9 M in 
hexane). After stirring for 10 min, 1.568 g (8.2 mmol) of p-TsC1 
in 10 ml of dry THF was added dropwise. The solution was stirred 
for 45 min. 

The contents of the upper flask were added to the lower flask, 
after which the yellow mixture was brought to 25 “C and allowed 
to stir for 18 h. The pale yellow suspension was poured into 100 
ml of ice-water and extracted with four portions of Et2O. The 
extracts were combined and dried over MgS04, and the solvent 
was removed. The residual oil was taken up in 100 ml of Et20 
and extracted three times with cold 10% HC1. This aqueous acidic 
solutim was washed twice with EtzO, cooled, and made basic with 
15% KOH. The resulting precipitate was extracted with four 
portions of Et20, which were combined, dried over MgS04, and 
evaporated to afford 1.216 g (46%) of product as a yellow oil. The 
product was distilled, bp 155-158 “C (0.15 mm), to afford a yellow 
glass: ir (cc14) 2820, 2780, and 1730 cm-1; NMR (Cc4) 6 0.56 
(d, 3 H, J = 6.8 Hz, Ph2CCHCH3), 0.77 (d, 3 H, J = 6.5, CH3CHN), 
2.12 (s, 6 H, NMeZ), -2.2 (m, 1 H, Ph2CCHCH3), -3.2 (m, 1 H, 
CH3CHN), 3.40 (s. 3 H, OCH3), 7.3 (m, 10 H, C6H5). 14a-HC1 
had mp 184-185 “C. Anal. (CzlH27NOyHCl) C, H, N. 
threo-4,4-Diphenyl-5-methyl-6-dimethylamino-3-heptanone 

(threo-5-methylmethadone, 3a) was prepared in a manner 
analogous to 3b from 1.272 g (0.392 mmol) of 14a, 0.284 g (0.0041 
g-atom) of Li wire, and 2.240 g (2.10 mmol) of purified EtBr to 
afford 1.211 g (96%) of 3a as a pale yellow solid. Recrystallization 
from EtzO-petroleum ether (bp 60-70 “C) afforded 3a: mp 
109.5-111.0 “C; ir (KBr) 2825,2780, and 1680 cm-l; NMR (CDCl3) 
6 0.38 (d, 3 H, J = 6.6 Hz, Ph2CCHCH3), 0.71 (t, 3 H, J = 7.5 
Hz, CH3CH2-), 0.78 (d, 3 H, J = 7.0 Hz, CH$HN), 2.20 ( ~ , 6  H, 
NMe2), -2.4 [m, 3 H, CH3CHz ( J  = 7.5 Hz) and Ph2CCHCH3 
( J  5 1 Hz)], -3.3 (m, 1 H, J 5 1 Hz, CH&HN), 7.3 (m, 10 H, 
C6H5). Anal. (CzzH2gNO) C, H, N. 3a-HC1 had mp 214-215 “C. 

Apparent dissociation constants were determined on the 
HCl salts in aqueous MeOH as described previously.6 

Biological testing was performed using a modified hot-plate 
test of Eddy,28 as described previously,m using a group of ten male 
Swiss-Webster mice for each dose level examined. The drugs were 
administered subcutaneously in normal saline solution and the 
reaction times determined after 15 min. ED50 values were 
determined by probit analysis, according to the method of 
Stanley.29 
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