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SussTiTUTED diphenylpropylamines of general structure I, in which R
is a radical and NAA’ an open or closed tertiary amino group, have
been shown by different workers to possess pronounced analgesic or
atropine-like activity!—8.1416-22,24,25  No known compound is both a
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potent analgesic and a potent atropine-like substance’:5. Which sort of
activity predominates seems to depend, in the first place, upon the nature
of substituent R of structure 12.

Analgesics have been found among compounds of the methadone
type, for example I, R = COC,H;, methadols and acylated methadols,
I, R =CHOR"-C,H;; sulfones, I, R =SO,C,H;; esters, I, R=
COOC,H;; ketimines and acylated ketimines, I, R = C:NR'-C,H%53
16,17—24.

Atropine-like activity has been found among primary amides like R 79
(R = CONH,), “reversed” amides like R 79, for example R = NH-
COR’, nitriles, R = CN, tertiary alcohols, R = OH, and unsubstituted
amines R = H!-8. Within these groups of compounds the relative
potency depends not only upon the nature of R, but also upon the
configuration of the basic side chain, CHe-CHS-NAA'.

Potent analgesics of type I are usually dimethylamino-, morpholino-,
piperidino- or pyrrolidino-derivatives.

Open dialkylamines with alkyl groups other than methyl have generally
little activity, the analgesic activity decreasing with increasing size of the
alkyl groups.

Only a few heterocyclic amino analogues of the pyrrolidino-, piperidino-,
and morpholino-derivatives are known ; they were found to be less active
than the parent compounds.
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Quaternisation of tertiary amines of type I decreases the analgesic
activity, but increases the atropine-like activitys®.

The presence of the methyl group on the basic side-chain (Ies — Ib or Ic)
generally increases the analgesic activity and lessens the atropine-like
activity. Ketones, R = COC,H,;, primary amides, R = CONH,, and
nitriles, R = CN of type I¢ are more active than their isomers of type Ib.
Some acetylmethadols of type Ib however are more active than their
isomers of type Ic.

Some racemates of type Ib and Ic have been resolved, and in all, the
analgesic or atropine-like activity is found with only one of the optical
isomers.

The spatial configuration of the analgesically active isomers of type Ic,
NAA' = N(CH,),, is identical and related to that of D-(-)-alanine!t—13,

A large number of modifications of structure I have been made by
attacking the molecule at all points2,

In general, reduction or complete loss of analgesic activity occurs when
one or both phenyl groups are substituted or replaced by other groups,
or when the side chain is lengthened, shortened, or branched with groups
other than methyl.

A number of new chemical modifications of structure I have not yet
been examined, and the available information on the pharmacological
properties of many of the known derivatives is poor and often con-
flicting?2. We therefore decided to continue our research program!-—8
and to investigate a series of secondary and tertiary amides of type I8,
R = CONR’'(R’ = secondary or tertiary amide group). The synthesis
and physico-chemical properties of the new compounds, listed in Table IV,
will be described elsewhere.

PHARMACOLOGICAL METHODS

Analgesic Activity in Mice

The analgesic activity in mice was measured with an adaptation of the
“hot plate” method'’2, Male albino mice of 20-30 g. and of a mixed
inbred strain were used.

The hot plate was a restraining cylinder on a copper bath containing
equal parts of boiling (55°-55-5°) acetone and ethyl formate!s:2.

The reaction time is the interval, measured in intervals of 2 x 10—
seconds, between the moment the mouse reaches the hot plate and the
moment the animal either licks its feet or jumps out of the cylinder. All
other signs of discomfort, such as kicking of the hind legs, dancing
around the cylinder are disregarded.

Using groups of five mice, the reaction time is measured 10 and 5
minutes before and 10, 20, 30, 45, 60, 90, 120, 180 and 240 minutes after
subcutaneous injection or oral administration of 0-1 ml./10 g. body weight
of an aqueous solution, The “normal reaction time” is defined as the
average of both reaction times, estimated 10 and 5 minutes before giving
the drug. The response was considered to be positive when the reaction
time after injection was longer than 30 seconds at least once, or when three
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or more readings exceeded the normal reaction time by a factor of three
or more. All responses were negative in 300 mice, injected with saline or
water over a period of one year.

The results were statistically evaluated using the graphical method of
Litchfield and Wilcoxon?, and expressed using the following symbols:
ED50: median effective dose (mg./kg,); L.L. and U.L.: lower and
upper fiducial (confidence) limits; S = slope; P.R. = potency ratio; fyps,
fs and f,; = factors for computing confidence limits (P == 0-05) of ED50,
S and P.R.; s.c. = subcutaneous injection; and or = oral administration.

The distribution of the differences between the first and second estimation
of the “normal reaction time” on 1000 untreated mice is shown in Table I.

TABLE I

DISTRIBUTION OF DIFFERENCES BETWEEN THE FIRST AND SECOND ESTIMATION OF
NORMAL REACTION TIME ON 1000 MICE

Frequency
Seconds Positive  Negative Total Eddy?*®:®
per_cent per cent
0 108 108 19-6
0-2-1-0 298 384 68-2 426
1:2~2-0 72 99 17:1 277
2-2-3-0 12 20 32 81
3240 3 4 07 2:0
- Total 385 507

Statistical analysis of the frequency distributions of the normal reaction
time, with 20 successive groups of 1000 mice during about one year,
showed insignificant differences between these populations. The average
normal reaction time for a group of 10,000 successively examined mice
was 4-96 seconds, compared with the significantly different 9-51 seconds
figure, reported by Eddy (Fig. 1). Ninety per cent of our values fall within
the range of 3-3 to 7-0 seconds (Eddy: 6 to 13 seconds). There was no
significant correlation of body weight and normal reaction time. The
difference between the lowest and the highest of five ED50 values for
morphine hydrochloride, estimated during a period of one year, was also
statistically insignificant (subcutaneous injection). Rank correlation
analysis failed to show a significant correlation of body weight (15 to
35 g.) and frequence of positive analgesic response after subcutaneous
injection of 10 mg./kg. morphine hydrochloride.

For 150 substances with an ED50 value of 100 mg./kg. (subcutaneous
injection) or less, the average slope value S was 1:58. The highest value
of S was 2-74 and the lowest was 1-10; 90 per cent of these 150 values fall
within the range of 1-20 to 2-:20. The average f;-value for this whole
group was 1-255. In some instances therefore the dose-effect curves of
two substances deviated significantly from parallelism (S.R. exceeds f;3).
A few examples are given in Table IL

Mydriatic Activity in Mice
The mydriatic activity in mice after subcutaneous or oral administration
was estimated as described previously'-3:57. The same animals were used
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for the simultaneous measurement of the analgesic and mydriatic
effects.

The mydriatic effect was considered positive when the pupil diameter
equalled or exceeded 30/25 mm. at 10, 20, 30, 60, 90, 120, 180, 240, 300,
360 or 420 minutes after giving a drug. In a series of 300 mice, injected
with water or saline, all mydriatic responses were negative. The results
were statistically evaluated and expressed as before.

TABLE II

ANALGESIC ACTIVITY IN MICE AND RATS BY SUBCUTANEOUS INJECTION
POTENCY RATIO, P.R.: MORPHINE HYDROCHLORIDE = 1-00

P.R.T L.L.t U.L.t fpgpt S.R.t fart
R875 M | 185 167 20-5 1-11 1-06 1-40
R 40-5 330 499 1-23 131 1-20*
R610 M 9:60 8-65 107 I-11 1-06 1-10
R 234 17-1 32-1 1-37 1-01 1-47
R660 M 870 791 9-57 1-10 1-01 1-23
R 30-6 21-3 44-1 1-44 1-14 1-45
R888 M 1-54 1-38 1-72 1-12 1-01 1-27
R 1-20 097 1-49 124 1-14 1-22
R530 M 0-88 0-80 096 1-10 1-03 1-10
R 048 0-34 0-68 1-41 1-18 1-45
Heroin M 6-00 5:46 6-66 1-11 1-11 1-16
R 150 117 19-2 1-28 122 1-20*
Phenadoxone HBr M 490 429 5-59 1-14 1-06 1-34
R 652 505 8-41 129 1-07 120
Methadone HCl M 2-32 2:11 2-55 1-10 1-10 1-20
R 3-06 228 4-10 1-34 1-05 1-44
N-morpholino-ethyl-nor- M 0-65 0-52 0-81 125 127 1-47
pethidine 2 HCI R 0-65 0-47 090 1-38 1-03 135
Pethidine HC1 M 043 0-39 047 1-10 1-19 1-13*
R 028 021 0-37 1-31 1-01 1-26
Codeine phosphate M 023 021 0-26 1-11 1-11 123
R 0-11 0-08 014 1-30 1-01 1-25

* The curves deviate significantly, 19/20 probability from parallelism (S.R. exceeds fg g ).
+ For definition see page 383.

Analgesic Activity in Rats

The analgesic activity in rats was estimated by the hot plate method
described for mice, except that the bath was bigger.

Male albino rats of an inbred Wistar-strain, weighing from 100 to
250 g., were used.

The copper bath (diameter: 40 cm., height: 15 cm.) contains 4 litres of
a boiling mixture of equal parts of acetone and ethyl formate (55° to
55-5°). A resiraining glass cylinder had the following dimensions;
height 25 cm., internal diameter 26-5 cm., and external diameter 27-5 cm.

About 95 per cent of all animals eventually lick their feet after being
dropped on to the hot plate and about one rat in 20 learns to jump out
of the cylinder.

The frequency distribution of 1500 successively determined “normal
reaction times” is shown in Figure 1. The adopted experimental design
was practically identical with the one described for mice. The same
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definitions of “‘reaction time”, “normal reaction time” and ‘‘positive
response” were adopted. Groups of ten rats were used and subcutaneously
injected with 0-2 ml./100 g. weight of an aqueous solution containing
various amounts of the drugs. The pupil diameter was not measured.
The results were statistically evaluated and expressed as before. No
significant rank correlation could be detected with body weight and
normal reaction time, although heavy rats jump out of the cylinder
oftener than light ones.
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Fi1G. 1. Frequency distribution of the “normal reaction time” in seconds on 1500
rats and 10,000 mice, and of the distance from pylorus to appendix in c¢m. of
1000 mice.

Relative Atropine-like Activity In Vitro

The atropine-like activity was evaluated as previously described!—%8.7,
using the inhibition of acetylcholine-induced spasms on the isolated
intestine of rabbits as the criterium of activity, and atropine sulphate
as the standard. All potency ratios (P.R.), calculated on an equimolar
basis, are based on the results obtained with 3 x 12 doses of atropine and
3 x 12 doses of the substance investigated.

Inhibition of the Gastrointestinal Propulsion of a Charcoal Suspension in
Mice

Groups of ten young female albino mice, 12 to 24 g., 2 to 4 months old

of a mixed inbred strain, fasted overnight, were injected intraperitoneally
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with 0-1 ml./10 g. weight of an aqueous solution containing varying
amounts of the drug. One hour later the animals were given by stomach
tube 0-3 ml. of an aqueous suspension containing 10 per cent charcoal
and 5 per cent gum acacia. Two hours after the charcoal meal, the mice
were killed, the intestines immediately excised ffom cardia to anus, and
carefully laid out on clean white glass or stainless steel for inspection and
measurement of the distances “pylorus to anus” and ‘““pylorus to appen-
dix”. In 300 control mice, which were injected with saline only and given
charcoal by stomach tube in the course of one year, the appendices of
all were filled with charcoal (black appendix). Pretreatment with
increasing doses of substances like analgesics or antispasmodics, which are
known to depress gastrointestinal motility, increased the proportion of
“white appendices” (no charcoal detected inside the appendix) in these
experimental conditions. An all-or-none criterium was therefore adopted,
the effect being considered “positive” when the appendix was “white”,
and “negative” when the appendix was “black” (contained some charcoal).

TABLE 111
RELATION OF BODY WEIGHT AND DISTANCE FROM PYLORUS TO APPENDIX

Distance from Weight in g.
pylorus to appendix|

cm. 10-15 15-5-20 20-5-25 Total
20-5-25 0 0 1 1
25-5-30 5 6 1 12
30-5-35 56 78 11 145
35-5-40 116 309 78 503
40-5-45 21 172 101 294
45-5-50 1 24 19 44
50-5-55 0 0 1 1

Total 199 589 212 1000

In our experience the frequently used quantitative criterium, the
distance traversed by the charcoal meal, expressed as the proportion of
the total length of the intestine is unsatisfactory, because of the inaccuracy
with which these measurements can be made and of the very flat dose-
effect curves thus obtained. The results were statistically evaluated using
the graphical method of Litchfield and Wilcoxon®. Observations on 1000
female albino mice, weighing from 10 to 25 g. and 2 to 4 months of age,
showed that the distance from pylorus to appendix slowly increases with
increasing weight. (Table IIL.)

As shown in Figure 1, 99 per cent of these values fall between 30 and
48 cm. (average: 38:6 cm.). In spite of these variable intestinal lengths,
we were unable to detect a significant rank correlation of body weight or
intestinal length and percentage positive effects in large groups of mice
treated with ED40 to ED60 doses of R 875, R 79 (Priamide), morphine
hydrochloride, atropine sulphate and chlorpromazine hydrochloride.

RESULTS

Analgesic Activity in Mice and Chemical Structure
The analgesic activity in mice by subcutaneous injection of 21 secondary
and 58 tertiary amides of type I are listed in Table IV. Some 38 primary

386



A NEW SERIES OF POTENT ANALGESICS. PART I

amides, ketones of the methadone type, esters, alcohols, ketimines and
acetylketimines of structure I, as well as 12 miscellaneous analgesics are
included in Table IV for comparison. The relation between analgesic
activity in mice and chemical structure of secondary and tertiary amides
of structure I, can be described in the following way.
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FiG. 2. The analgesic activity in mice by subcutaneous injection of 9 basic butyryl-
pyrrolidines and of 9 corresponding butyryl-dimethylamines. The confidence limits,
P 0:05 are shown graphically.

The Amide Group (R = CONHR’ or CONR'R")

Highest analgesic activity was found among N-pyrrolidine- and NN’-di-
methylamides. As shown in Figure 2, the corresponding derivatives
of these two amides show about the same activity. Considerable loss of
activity occurs when the tertiary amide group is derived from an open
amine having alkyl-substituents other than methyl or from a cyclic amine
larger than pyrrolidine. The most active secondary amides are N-ethyl-
derivates, a few of them being about as active as pethidine.

o and B

A methyl group in the a-position of the side chain (type 1b), increases
the analgesic activity; inactive unbranched substances (Ia) may even
become as active as morphine when branched with a methyl-group in the
a-position. This advantageous effect is more pronounced among tertiary-
than among secondary amides. A methyl group in the B-position of the
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side chain gives less active compounds than their a~-methy! isomers of type
Ib, and as a rule even less active than their unbranched analogues. Most
of them are completely inactive. Lengthening, shortening or branching
the chain joining the tertiary nitrogen atom and the quaternary carbon
atom with groups other than methyl causes reduction of activity.
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Fic. 3. The analgesic activity in mice by subcutaneous injection of 12 basic ketones
of the methadone-type (R = COC,H;) and of the 12 corresponding basic pyrrolidino-
amides of the R 610-type. The substances with a methyl-group in «- or p-position
are the racemic mixtures; one of the two optical isomers is about twice as active as
the racemate ; the other optical isomer is inactive.

The various effects of methyl-branching in the «- and B-position on the
analgesic activity of representative members of the 2 : 2-diphenyl-4-amino-
butyryl-pyrrolidino-, and of the 4:4-diphenyl-6-amino-hexan-3-one-,
(methadone) type are graphically represented in Figure 3.

These effects are more pronounced among basic amides than among
ketones of type I.

Whereas isomethadone-like aminoketones may be more or less active
than the unbranched parent compounds, the introduction of a methyl
group in B-position increases the analgesic activity by about two and a half
times. The fact that the B-methyl substituted amides are nearly inactive
might therefore be more surprising than the high activity of the «-methyl
analogues.
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The Basic Group NAA'

The most active analgesics in mice and rats are basic amides with a
morpholino group in the NAA’ position. Among tertiary amides with
a methyl-group in the «-position, the dimethylamine-, pyrrolidine- and
piperdine analogues were also found to cause analgesia. They are about
asactive as morphine, but their S-methyl-isomers as well as the unbranched
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F1G. 4. Analgesic activity in mice versus analgesic activity in rats of 12 compounds
listed in Table IV by subcutaneous injection. The confidence limits (P 0-05) of the
EDS50 values are shown graphically.

parent compounds are nearly inactive. All known analgesically active
dimethylamino-derivatives of type I (NAA’ = N(CH;),) are proportion-
ally ‘inactivated by replacement of one or both methyl groups by alkyl
groups of increasing size. Ring-substitution with alkyl groups in deriva-
tives of heterocyclic amines also results in reduction of activity.

All known quaternary amines of type I are much less active than the
tertiary amines from which they are derived.

Optical Isomers
The presence of the methyl-group in the a- or S-position introduces an
asymmetric carbon atom. In the o-methyl series, one of the optical
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isomers of each enantiomorphic pair is about twice as active as the
racemic mixture, while the other optical isomer is devoid of significant
analgesic activity. The spatial configurations of active optical isomers
of type I will be discussed elsewhere.
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Frc. 5. Mydriatic versus analgesic activity in mice by subcutaneous injection of 29
basic amides related to R 875 (black circles) and of 33 other analgesically active sub-
stances (white circles), listed in Table IV.

Modification of the Diphenylmethane-group

The unpublished data from tests which we have made with this group
show that replacement of one or both phenyl groups by hydrogen, various
alkyl groups or other aryl-groups as well as substitution by an alkyl
group, an alkoxy group or a halogen atom, invariably leads to less
active compounds.

Analgesic Activity in Rats

As shown in Figure 4, significant correlation is observed with the
analgesic activities in mice and rats by subcutaneous injection. Six
.compounds with an ED50 in mice of less than 10, also show an ED50
rat: mouse ratio of less than one; the other six compounds, shown in
Figure 4, having ED50 in mice values of 10 or more, also have ED50 rat:
mouse ratios greater than one. In four instances, however, this ratio
‘was not significantly different from one.
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Atropine-like Activity In Vitro and Mydriatic Activity in Mice

The compounds listed in Table IV have been tested for relative atropine-
like activity in vitro. All secondary and tertiary amides, ketones, esters,
methadols, acetylmethadols, ketimines, and acetylketimines of type I are
devoid of significant activity (P.R. < 0-02 atropine). As shown in Figure
5, a significant correlation is found in mice with the analgesic and the
mydriatic action of the analgesically active compounds listed in Table IV.
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F1G. 6. The relation between the analgesic activity by subcutaneous 1nject10n in
mice and the activity in the charcoal test in mice of twenty analgesically active com-
pounds listed in Table IV. The confidence limits (P 0-05) of the EDS50-values are
graphically represented.

This typical relationship has been discussed previously’. A number of
analgesically inactive secondary and tertiary amides of type I however
are quite active mydriatics in mice. Since these substances are devoid
of atropine-like action in vitro and the mydriatic activity after subcutaneous
injection develops slowly—the maximal effect being seen after 2 to 3 hours,
it seems likely that metabolic transformation into active metabolites
occurs, possibly into the corresponding primary amides.

Inhibition of the Gastrointestinal Propulsion of a Charcoal Meal in Mice

All known analgesics significantly inhibit the gastrointestinal propulsion
of a charcoal meal in mice, but we find no obvious quantitative correlation
391 (continued on p. 398)
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TABLE 1V
R

l
CiH;—C—CH—CH—NAA’

H;C; o B
Serial Ani-
number R a B NAA’ Salt |mals*| ED50 | L.L.t | ULt | St fy
i
RS02 | -C-NH-CH, cu| B | NcHy, | Ho | A | 16 s 197 | 181 | 145
M |>150 Y I S (el
—
» N A |>100 — — - —
R637 H| H l vase | & 719 - | -1 =]=
» N » A 1>100 — — — | =
R608 H| H Q M 39| 2- 386 | 161 | 1.10
7N\
. ol ., | a 438 | 350 | 548 | 175 | 160
R588 H | H N ¢ M | 390 | 320 | 476 |163 |144
. R A 441 | 401 | 485 | 118 | 106
R766 CH,| H HCl | M | 486 (434 |544 |123 | 109
. ., A 539 | 481 | 604 | 131 | 107
R727 o H | CH, base | M | 539 |486 |59 | 128 | 106
I
R750 | -C-NH-C,H; H | H| N(CH) » IR - i I
., . A | 145 e 181 155 | 1116
R847 CH,| H CHOJ M | oo | 742 129 | 147 | 117
—
. A [>100 —_ — _ —
R646 H| H N\— base M | >50 _ -
A | >50 S R .
R605 " alul N .| & 160| 138 | 186 | 164 | 112
N CH| 150 088 | 255 102 |220
A 540 | 454 | 643 | 158 | 127
R1123 ” CH,| H " s | M | 272|235 |316 | 148 |19
CH| 335 |276 |47 |149 | 137
SN
R590 R qal m N ol . | a 70 | 423 |522 1128 |11
0 M | 320|286 |358 |120 | 107
. . L la 259 | 239 | 281 |143 | 120
R685 CH,| H M | 260|224 |302 |191 | 185
| N
_ o A 620 | 530 | 725 | 150 | 122
R680 NH-G,H, H |CH,| N Dl base | 3 | 655|590 |727 |131 | 109
» i s A >50 e o Yy Y
R979 H | H | NGCH», M | 250 | 225 |278 |126 | 106
o
| T
N | A {>100 — ==
R600 ) -C-NH-CH(CH,), | H | H N\__> M 100| 146 {271 | 154 | 122
/N
. ol . | a 655 | sos | 721 | 117 | 107
R580 H  H N« M 160 | 121 |211 | 180 | 124
. . .| oA 820 | 726 1927 | 119 | 110
R760 CH,| H M | 738 | 653 |834 |130 | 115
(”)
N ) | A |>100 S U S
R591 | -C-NH-nG,H, H| B & |zl — | - |z =
* Analgesic activity: Mydriatic activity: Charcoal meal:
A:in mice (S.C.) M : in mice (5.C.) CH: in mice (I.P.)
AOQO: in mice (oral) MO: in mice (oral)
AR: in rats (S.C.)
f For definition see page 383
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TABLE IV—continued

Serial Ani-
pumber R « !l B NAA’ | Sait |mals*| ED50 | LL { UL | 8 | £,
A |>100 — — — —
R765 ” CH, | H ” i M [>100 — — — —
o
_ﬂ ' A {>100 — — — —
R909 _NH-C(CH;), |CH,| H . & 1210 i e B M
o
R910 —@—NH—CH.—C.H. CH,| H » s | HE RS 2|22 =
o
R731 JL—N(CH.). H|H|NCH): | » |3 X% | 2| Z | =
Y A 210 | 186 |237 | 171 | 142
R777 » CH,| H M 143 | 127 |162 | 151 | 130
N | A 910 | 850 | 974 | 112 | 106
R711 » H| H N ” M 825| 676 | 10-1 | 1-44 | 109
7N
» 1 A |>100 — — — —_
s H|H) N M | o4 | 758|117 | 135|110
, . LA 14 | 104 | 125 159 | 112
R700 ’ CH,| H M 10 {102 | 119 | 149 | 109
A 223 | 205 |243 | 172 | 111
S M | 251|269 |314 |156 107
RS55 » H| H N O = AO 446 {391 | 508 | 134 | 117
A MO| 630 | 504 |788 | 179 | 174
CH| 383|280 |525 |167 135
A 138 125 | 152|171 | 122
Yol 750| 6% | ou8 | 198 | 138
o -5 . B .
R660 ” CH,| H » » | Mo| 975| 871 | 109 |136 | 109
AR | 049| 036 | 067 | 167 | 1-41
Chi| 109 | 642 | 183 |277 {212
AR R AR AR AR
R630 " CH,| H » HCl | Jo| 150|128 |176 |187 |133
MO| 190 | 178 |203 |128 | 1.06
o
_g N\ A 245 | 217 277 {160 | 113
R676 _N(CH,) H |CH, N O base | M | 242 | 228 |257 | 116 | 104
N CH| 402 1234 |61 |243 | 240
CH,
R876 . gl ul ¥ o lua | A 19713 895 | 145|118
(S M | 770 |es1 |870 |155 123
j CH, CH,
R881 - K-C,H, H| H| NCH), | base | & |29 - — |- =
—
A [>100 — — — —
R883 g H| H N _‘ "M | 330 | 270 | 403 | 143] 117
A |>100 — | — 1 =1 =
R865 > H H I‘{/_\/ M 401| 329 | 489 | 144 | 117
N\
A 700 | 579 | 847 | 130 | 119
R868 ? H| H N Ol HCA | M | 538 453 |63l | 126|116
A 260 | 232 1291 | 150 | 1-34
R850 » CH,| H » base | 275 | 250 | 303 | 135 | 122
i
R732 —vl:—N(c,Hﬁ), H| H| NCHy, | base | & |20 e I S R
: 7N\ A | >75 — — | =1 -
R567 » H| H N T M 635 | 508 | 794 | 157 | 124
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TABLE IV—continued
Serial Ani-
number R o NAA’ Salt |mals*| EDS50 L.L. U.L S fg
., , A | >50 [ U S
R945 » CH,| H ’ M 190 | 167 | 217 | 135 | 1-10
- A >25 — — — —
R974 » H |CH ” » M 408| 311 | 534 | 146 | 122
—
., o A 620 | 571 | 673 | 1118 | 1-08
R358 HIH N_® » | M| 600|551 |65a |124 106
A 321 | 292 |352 | 134105
R775 ” CH, H ” » M | 422|377 |43 | 135 | 106
i
— A | 1180 {952 [146 159 | 132
R545 N J H | H | N(CHy), » M 770 | 653 {907 | 137 | 115
~
A 163 | 148 | 179 | 2:16 | 1-33
R554 » CH,| H » M 165 | 146 | 187 | 235 | 142
R616 - H |cH, - Ho | & 2% S I B
A [>100 — — — —
R561 » H| H| NGH) | -~ M 910 | 695 | 192 | 1-55 | 155
—
A 89-5 | 712 |111-3 | 158 | 1-57
R535 » H| H N\_‘ base M | >20 il i e s
A 209 | 188 | 232 | 141 | 111
R695 » CH;| H » » M 160 | 138 | 186 | 1-60 | 122
| — —
A | >50 — | = = =
R720 | -C-N H |CcH N | base — |z || =
s ] M | 550
A 700 | 614 | 798 | 130 | 1-10
R540 » H| H N » M 150 | 126 | 179 | 140 | 128
~— CH| 120 | 851|169 | 199 | 1-40
A 132 | 119 | 147 | 214 | 128
b B
A . o K . .,
R675 » CH;| H ” " MO| 439 | 366 |527 |190 | 130
AR | >25 R Ei B B
cH| 290 184 | 458 | 325 | 165
A 780| 696 | 874 | 170 | 126
| o] BF| S50 (20 | 1
extro-| Al 15-7 . - - .
R888 ” CH,| H » base | MO| 197 | 176 | 221 | 160 | 119
AR| 125 | 112 | 140 | 168 | 116
. CH 171] 108 | 270 | 325 | 1-65
A | =50 — | = | = =
R982 " H |CH, . HCl | M 130 1107 {159 | 117 | 115
CH| 330 196 |554 |196 |18
A 136 | 127 | 146 | 164 | 1109
ol e | B IR HE IR |
R330 » H | H N_ Ol base | Mol 608 | 558 | 663 | 118 | 108
- AR | 315|237 |419 |174 | 141
CH| 253 [169 |380 |225|188
A 125] 1113 | 139 | 179 | 1-09
AR
.7 . B . o
Ré10 » CH;| H " » | MO| 700 619 { 791 | 149 [ 124
AR | 064 050 | 082 | 149 | 144
CH| 500 360 | 695|211 |131
A 0645 058 | 072 | 1464 | 107
o xo| 3% 9% | 38 |1 19
extro- . N N . :
R875 » CH,| H » base | MO| 520 433 | 624 | 228 | 146
AR| 037] 033 | 040 | 121 | 106
CH| 372| 305 | 454 | 168 | 1117
A |>150 — | = | ==
R898 » CH,| H ” laevo- | M |>150 — — —
base CH |>100 — —
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TABLE IV—continued
Serial Ani-
number R o ¢} NAA’ Salt |mals*{ EDSO L L. fq
A 570 | 504 | 644 | 146 | 107
R652 . H |cH, » base | M | 469 | 204 | 544 | 153 | 1-09
ox CH| 500 |313 |800 |226 210
3|
e
N A 630 | 538 |737 | 150 | 115
R822 » Hi H) N O PHO | M | 698|607 |803 |143 | 112
o CH,
I —
P A |>100 — = =1=
R73 -GN S H| H| NCHy), | base | & 219 — |1z =
- A [>100 — | -1 ==
RISS » H| H | NGCH), | HO | & |29 — | -1 - |z
A i>100 — | — 1= =
w15 > H| H N:> base | M |7 164 | 125 | 215 | 194 | 130
R { o A 730 | 620 | 847 | 140 | 124
R550 H | H N O » | m | 85|76 |93 |123|10s
A 590 | 539 | 646 |133 | 113
R641 » CH,| H ” " | M | 70|61 |80 | 137|120
o cH,
R579 —(!—N\ H| H » HCl | A 1>200 — — | = | —
N HO | M |5200 _ | == -
(ﬂCH,
AN A [>100 — — — | =
R687 | -C-N / H|{ H »” base M 12100 _ i _ _
d
CH,
(ﬁ CH,
7
A |>100 — | - =1 =
R601 | -C-N H | H ” | M |7 875 | 7142|103 131 118
éH,
I
/7N
A [>200 - - =] -
R66 —C—I\i o] H H N(CH,), » M =25 _ — — —
R H| H " CHJI| A [>100 — | = | =1 =
R73 (ﬂ}{_?) A | 140 (114 72 | 129 | 124
N H| H | NCHy), | HCl | 3 | 164 (143 (189 125 | 1112
R149 H | H | NGGH,), | base | & |19 o e A
L
A |>100 — | ==
R147 » H| H N b7 | v |Ta21 | 931|157 | 167|116
A |>100 — | = =] =
R152 - H{ H » cHd | & |19 R e
A |>100 - =1 =1=
RI51 » H] H » CHBr By 19 — |-l
AN A [>100 S I R e
R36 » H| H N | base | 125 | 912 {171 | 155 | 119
A |>100 — ] - ==
R144 ” H| H » cHl | & 19 - i e
A A 950 | 896 [1007 | 112 | 110
R67 » H| H N O] base M | >3 g _ _ .
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TABLE 1V—continued
Serial Ani-
number R M NAA’ | Salt |mals*| ED50 | LL. | UL | S | f,
R769 » H| H | NGCH), |base | & 219 | = | = | = | =
woa | I e P AT T
R1093 . H| H|NCH), |cHOJ| 4 |23 | = | T | Z =
CH,
pa
. A | 140 [o40 [200 |[220 | 167
R863 H| H| N O jubase | y | 76 l135 129 |145 118
(|)H CH,
R9I9 | -CH-C.H, CH,| H | N(CHp, |w«Hcl| & | 3211282 (366 | 149 |1%
A 370 | 314 | 437 | 158 | 124
R923 H | CH, 7 M 330 | 380 | 389 | 131 | 113
. ! A 400 | 351 | 456 | 156 | 1:27
R89s H | CH, ” E-HCL) 3 | 532 | 455 | 622 | 168 | 137
0-COCH,
_CH- a(=)| A 720| 581 | 893 | 194 | 145
R1078 H-C.H; H | CH, HC)I M 108 | 907 | 129 | 1-68 | 1-28
R1080 » H |CH, aﬁ;:)l ﬁ ;:(5)0 139 1 14 1 is liz
R1079 » H | CH, . ﬁ-l(LI —C)l '1:‘4 - }%3 1 22 1_49 1 io 1 ~_60
Ils‘m
wn | o o) n | vew. el & 39168 |80 | 11K
2HCI | A [>100 N I I R
R8T CH,| H | NGH: 3pH0 M |>100 — — | -1 =
TN
» A 190 | 161 | 224 | 215 | 134
R662 CH,| H N O base | ¥\ 2661242 |293 | 139 | 107
R832 cH | B ¥ N\ 2Ha a | _p2|mo 291 |23 148
> J— —
—
, 2HCI| A 610 | 415 | 897 | 223 | 190
R877 CH:i} H | N_| HO | M | 373|278 |500 |160 | 134
N-COCH, /ic,H,
R290 | -C-CH, H{ H|N HCl | A [>200 — — —_ ] -
AN
CH,
R293 » H H N@GCsH,), » A [>200 — — — -
R247 » H H N \| ,, A [>200 — _— —
N—-,
A |s2s| — | — | — | =
Ro16 » CH:| H nNcH) | » | M |2B3| Z | Z | 2|2
e ;
R904 ” CH;| H N » ﬁ ;gg - - = | =
N—
- . 1A 379 | 330 |436 | 155 | 127
R835 CH:| H N > M | 273|232 |s30 |143 |16
N
R . | A 710 617 | 817 | 197 | 135
R713 CH,| H N o M 80| 795 | 997 | 160 | 119
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TABLE IV—continued

Ani-

mals*| ED50 LL. U.L. S fy

A 12:0 | 112 12-8 1-69 | 1-08
M 131 | 11-5 12-9 2:35 } ‘116

Morphine hydrochloride ?/[OO ggg g(S)Z IZZZ% %gg 138
AR 150 | 124 18-2 1-47 | 1-15

CH 150 987 | 228 2:14 | 1-52

Morphine sulphate A 10:5 9:38 | 118 166 | 1-33
A 200 184 | 218 | 1-52 } 115

Diacetylmorphine (heroin) XIR %83 (l)gg %%g’ }gg % };
CH 10-8 6-39 | 183 2-79 | 2:03

AR ARt AR

. 70+ 1. 7 1:5

Codeine phosphate AR | 142 118 170 145 | 120
CH 32:5 | 203 520 | 2-16 | 1-98

Ethylmorphine HCI (Dionine) ﬁ 1(5)(5)'8 gg !lgg'l }Z’; {%g
A 3-00| 2-56 3-51 | 1-84 | 1-45

Levorphan M 294| 221 | 391 | 298 | 225
A >100 — — — —

Nalorphine HBr M |>100 — — —

AR | >75 -— — — —

A 280 | 257 30-5 142 | 1-12

| 3188 2

g 6 > . 7 - N .

Pethidine HCI MO| 695 |621 |778 |14l | 118
AR 54-5 | 450 660 145 | 121

CH 560 | 38-1 82:3 1:56 | 1-40

A 186 | 150 23-1 214 | 1446

N-Motpholino-ethyl-norpethidine 2 HC (ref. 22) Mol s |81 (% |18
CH 109-0 | 90-8 (131 164 | 1:21

A 11-4 | 10-2 12-8 1-41 | 1-18

4-Carbethoxy-1-(2-hydroxy-2-phenethyl)-4-phenyl- M 144 | 126 164 1-59 | 1-30
piperidine HCI (ref. 27) CH 360 | 242 536 192 | 1-64
A 6-50( 5-99 705 | 1-28 | 105
1 : 1-(Di-2-thienyl)-3-(N-piperidino)-buten-1-ylamine M 6-40| 5-82 7-04 | 1-42 | 1-10
HCI (ref. 22) CH 189 | 152 234 1-41 | 1-32
A 658 | 577 750 1-:34 | 1-09

Propoxyphene HCI (ref. 26) M 76:0 | 644 897 1-43 | 1-25
CH 670 | 52:3 858 1-63 | 1-26

A I>100 — — — —
Atropine sulphate M 0-096, 0-084{ 0-109| 1-40 | 1-10
CH 165 | 11-8 231 614 | 199

A |>100 — — — —

. M |>100 — — | =] =
Papaverine HCt CH 950 | 736 {123 219 | 1:33
A |>100 — — — —
Adiphenine HCI M 47-8 | 416 550 143 | 122
CH |>100 — — — —

of this property and the analgesic activity in mice or rats (Fig. 6). The
ED50 (charcoal) to ED50 (analgesia) ratio for methadone, morphine and
codeine is not significantly different from one. Heroin, R 875 and its
N-morpholino-analogues have a ratio of 5 to 10, whereas the N-piperidino-
analogues of R 875 are surprisingly active in the charcoal-test (ratio of
0-2 to 0-6). Pethidine has a ratio of about 2.

It is reasonable to assume an inverse relation between ED50 (charcoal)
to ED50 (analgesia) ratio and the constipating effect of analgesics.
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R 875, the dextrorotatory isomer of (2 :2-diphenyl-3-methyl-4 morpho-
lino-butyryl-pyrrolidine (II), appears to be worth more investigation.
It has twice the analgesic activity in mice and rats as the racemic mixture
R 610 (the laevorotatory isomer, R 898, is inactive), and is more active
than any other analgesic we have tested (Tables II and IV),

4
o X
e

8 \—(lZ—CH—CHz—N/_\O
N4 %\W (I: N _/
l 3
N

an
(+)—R610. (+)—R875. (—)—R898.

SUMMARY

1. Some pharmacological properties of a new series of secondary and
tertiary basic amides are described.

2. The relation between the analges1c act1v1ty in mice and rats, and the
chemical structure of these amides is discussed.

3. Thedextro-rotatory isomer of 2 : 2-diphenyl-3-methyl-4-morpholino-
butyrylpyrrolidine, R 875, is more active as an analgesic in mice and rats
than any other compound tested.

The authors wish to express their gratitude to A. F. Green of Beckenham,
N. Eddy of Bethesda and A. Pohland of Indianapolis, for nalorphine
hydrobromide and 1: 1-(di-2-thienyl)-3-(N-piperidino)-buten-1- ylamine
hydrochloride ; R 1078, R 1079, R 1080 ; and propoxyphene hydrochloride
respectively, and to J. Huygens, Miss M. Van Dessel, R. Frederickx and
A. Claessens for their splendid technical assistance.

REFERENCES

1. Janssen, Zivkovic, Demoen, de Jongh and van Proosdij-Hartzema, Arch. int.
Pharmacodyn., 1955, 103, 82, 100, 120.

2. Janssen, Over de pharmacologie van een reeks propylaminen (Proefschrift
Geaggregeerde Hoger Onderwijs Pharmacologie, Univ. Gent, 1956).

3 Ja1119s2en, Zivkovic, Jageneau and Demoen, Arch. int. Pharmacodyn., 1956, 107,

4. Janssen, Zivkovic and Demoen, J. Amer. chem. Soc., 1955, 77, 4423.

5. Janssen and Jagencau, Experientia, 1956, 12, 293.

6. Janssen, Verhandelingen der Koninklijke Viaamse Akademie voor Geneeskunde
van Belgle, 1956, 18, 136.

7. Jageneau and Janssen Arch. int. Pharmacodyn., 1956, 106, 199.

8. Janssen, J. Amer. chem. Soc., 1956, 78, 3862.

9. Litchﬁeld and Wilcoxon, J. Pharmacol., 1949, 96, 99.

10. Litchfield and Wilcoxon, Analyt. Chem., 1955, 27, 299.

11. Beckett and Casy, J. Pharm. Pharmacol., 1954, 6, 986.

12. Beckett and Casy, Nature, Lond., 1954, 173, 1231.

13. Beckett and Casy, J. chem. Soc., 1955, 900.

14. Beckett, J. Pharm. Pharmacol., 1952, 4, 425.

15. Clllgngy theatIey, Speeter, Byrd Fxtzglbbon Minor and Binkley, J. org. Chem.

52, 17, 770

399



PAUL A. J. JANSSEN AND ANTON H. JAGENEAU

Carney, Medicinal Chemistry, Chapman and Hall, 1956, 3, 1.
Eddy, Touchberry and Lieberman, J. Pharmacol., 1950, 98, 121.
Eddy and Leimbach, J. Pharmacol., 1953, 107, 38S.

Eddy, J. Amer. pharm. Ass. (Pract. Ed.), 1947, 8, 536.

Eddy, J. chronic Dis., 1956, 4, 59.

Leimbach and Eddy, J. Pharmacol., 1954, 110, 135.

Green, Brit. J. Pharmacol., 1953, 8, 2; 1956, 11, 32.

Bockmiihl and Ehrhart, Ber. Deut. Chem. Ges., 1943, 731, 560.
Sander, Arzneimitt.-Forsch., 1954, 4, 183, 257, 375.

Small, Ann. New York Acad. Sci., 1948, 51, 12,

Robbins, J. Amer. pharm. Ass., Sci. Ed., 1955, 44, 497.
Perrine and Eddy, J. org. Chem., 1956, 21, 125.

400



