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An iniproved synthesis of 6-methylenedihydrodesoxymorphine (6-MDDM) from dihydromorphinone in an

over-all yield of 53% is described.
rapid onset but similar duration of action.
tagonized by nalorphine.
and to a lesser degree than is the case for morphine.

In rats, 6-MDDM is a more potent analgesic than morphine with a more
The analgesia as measured by the tail-flick response to heat is an-
Tolerance to the analgesic and sedative effects of 6-MDDM develops more slowly
Effects on arterial pressure and intestinal motility are less

for 6-MDDM than for morphine, but the two have about the same respiratory depressant and antidiuretic

actions.
actions.

Initial pharmacological evaluation of 6-methylene-
dihydrodesoxymorphine (6-MDDM) (IIa) and related
compounds? revealed that in mice and dogs, 6-NMDDM
is a potent analgesic with less side effects than morphine,
Minimal effects of analgesic doses on the propulsive
activity of the gastrointestinal tract were particularly
interesting and called for detailed pharmacologic
study., However, the original nmethod of preparation?
was not adequate to provide the quantities of pure
material needed for extensive testing, so a new synthe-
sis was devised. The previous procedure resulted in
only a 209 yield of impure 6-MDDM (Ila) from di-
hydrocodeinone (Ib). The contaminant was probably
the endo isomer (III) or material in which the oxide
ring, now allylic, had been cleaved. On the basis of the
specific optical rotations of —115° for pure IIa and
—240° for III, and assuming III was the impurity in
the original IIa, the —140° rotation found for that
sample indicates it was 809 ITa and 209, III. Pure 6-
MDDAI could be obtained fronm this product by chro-
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(1) This (nvestigation was suypported in part by research Grant NB-00570
from the National Institutes of Health.

(2) R. Okun and H. W. Elliott, J. Pharmacol. Ezptl. Therap., 124, 255
(1958).

(3) M. 8. Chada and H. Rapoport, J. Am. Chem. Soc., T9, 5730 (1957).

Limited human trial indicates that 6-MDDM has analgesic, sedative, and respiratory depressant

matographic separation and recrystallization but the
yield then was less than 59.4

Consideration of the previous method of preparation
indicated that the step probably responsible for intro-
ducing impurities was the final cleavage of the methoxyl
group in 6-methylenedihydroxydesoxycodeine (IIb)
(pyridine hydrochloride, 220°) to the phenolic Ila.
Such high temperature and acidity could easily cause
isomerization of the exo to the endo double bond isomer,
as well as oxide ring opening. This suggested that
milder conditions might be used to generate the phenolic
group at C-3.

In an attempt to avoid the necessity of ether cleav-
age, dihydromorphinone (Ia) methylenetriphenylphos-
phorane was treated directly. However, even when
using a large excess of Wittig reagent, starting ketone
was the only substance isolated.

An alternative was to apply a more easily removable
blocking group such as a methoxymethyl ether. These
ethers are easily prepared, stable to the anticipated
reaction conditions, and removed by relatively mild
acid hydrolysis. It was possible to prepare the O3-
methoxynmethyl ether of dihydromorphinone (Ie) by
treating the sodium salt of Ia with chloromethyl methyl
ether. This, when treated with methylenetriphenyl-
phosphorane, gave IIc¢c which on hydrolysis in acetic
acid yielded 6-MDDM (IIa). The reactions were
straightforward and the over-all yield (Ia = Ic — IIc —
I1a) was 339.

Purity of the product was established in three ways,
First, a sample of Ila was converted in practically
1009, yield to its methyl ether, IIb, by treatment with
diazomethane, The product was identical with IIb as
prepared by the original method? in which IIb is con-
sidered free of the endo isomer, since no acid was used

(4) P. E. Wiegert, G. Dela Mater, G. C. McElheny, and L. A. Patterson,
J. Org. Chem., 26, 5249 (1961),



in it preparation. Second, no C-methyl group could
be detected in I1a by appropriate analyses (Kuhn-Roth
and n.m.r.). Third, we demonstrated that the acid
conditions to which ITa had been exposed in its prepara-
tion (0.1 M H;PO, at room temperature and 2 1f acetic
actd at 90°) were nonisomerizing and nonequilibrating
by repeating this exposure in the presence of tritinm
oxide. Since the recovered 6-NMDDMN was nonradio-
active, we ean =et 0.19 ax the upper limit of isomeriza-
tion or equilibration.

The pure 6-MDDMI obtained by this method was
converted to the acetate salt by addition of 1 mole of
acetic acid to 1 mole of buse and was used as such in the
followiny pharmacologieal studies with morphine as the
control drug. These were determination of (a) the
15D for analgesia, LDy, and therapeutie index in rats;
(by the rate of development in rats of tolerance to
analgesie and sedative effects; (¢) the action on the
respitation of rats; (d) the effect of single doses on the
blood pressure of rats; (¢) the antidiureti action in
rat< and the influence of cortisone thereon: and (f) the
cffects on the gastronntestinal tract of rats and rabbits,
Results of administration of G-NDDXM to four human
subjeet= will also be reported.

Experimental Section

Synthesis.? O!Methoxymethyldihydromorphinone (Ic).—To
100 ml of 1.07 .V sodhnn ethoxide in ethanol was added 31.4 g.
(0.11 mole) of dihydromorphinone (Ia)." The resulting solution
was evaporated, and the residue was dissolved in 100 wl. of ben-
zene which was also evaporated to leave the sodium salt of di-
hydromarphinone as a frothy residne. This i 100 mlb. of an-
hvdrous CHCly was cooled in an tee bath aud treated dropwise
with 8.0 g. (0.1 mwote) of chiloromethyl meihyl ether. The re-
action mixture, after standing it room temperature for 12 hr.,
wis dilnted with 200 ml of CHCL, extracted four times with -
mik. partions of 1 N NaOH, washed with water, and dried. Ewvap-
oration left a resichue (30.2 g.; which was crystallized from ethyl
acetnte-hexane to give 24,1 g, (70973 of Te, mup. 102-103°, [«]*»
—164°.

Aned. Caled. for CigHaNO:: C, 6905, H, 7.0; OCHsg, 9.4,
Found: €, 69.5; H, 7.1; OCH;, 0.4

O3-Methoxymethyl-6-methylenedihydrodesoxymorphine (Ilc).
- A solution of 12.0 g. (36 mmolez) of Le in 150 ml. of tetrahydro-
furau was added dropwise 1o a standardized solition® of methyl-
enetriphenylphosphorane prepared from 15 g. of methyltri-
phienyiphosphoninmbromide.  The mixtiwe was stirred for 3 hr.
at roomn temperature aud for 60 hr. at reflux after which time the
solveut was evaporated, and the residue was digsolved in 200 ml.
of CHCl;.  ‘This was washed with four 100-nil. partions of 0.1 1/
H,POy, the combined agieons extraets were adjusted to pH 10
with NaOH, the aqueons phase was extracted with two 100-nl
portions of CHyCly, and the CH,Cl; was evaporated to leave 9.1 g.
of residue.  The original CHClLy =olution was now shaken four
tines with 50-ml, portion= of £ N NaOH and then extracied with
HzP04 and CH.Cls as described ubove to give another 4.5 g. of
¢rnde residue. The combined residues were digested with 400
wl. of benzene., Washing the benzene solution with pH 7 bi-
snlfite—=ulfite hutfer removed ketonic material which was then
recovered by adjusting the pH to 12 and extracting with CH.Cls,
Iivaporation of the CH.Ch left 2.0 g. (1747) of recovered Ie.
The residue from evaparation of the bemene solution was chro-
niatographed on alumina (Merck, alkaline), using benzene to
elnte the ITe as a colorless glass; vield, 7.8 g. (6347 couversion
or T80, allowlng for recovered ketone,

‘o All aelting poiats ace corcected and those above 200° were takea 1«
cvamated capillaries; aaalyses were performed hy tle Microchemieal Lals-
oeninry, Univecsity of Califocnia, Berkeley: all evaporations were made (n
rarue from rotary evapocators: optical rotations wece observed with e
soditm » line on 19 sohaions ia 9547 ethannl.

+6) Generoasly stpplied by Dr. A, Homeyece of the Mallinekrodt Chemi-
cal Warks, St. Loots, Mo,
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The picrate, prepared from ethanolie pierie acid, was reerystal
lized from ethanol; nip. 188-189°.
Anal. C{Ll(‘(l. far (‘35H952\’4()1(\2
Found: €, 56.2: H, 2.1: N, 0.8,

6-Methylenedihydrodesoxymorphine (IIa)—The O#aneth-
oxymethyl ether TTe (1.1 g, #.4 mmoles) was diz<olved in 50
ik of 2.V acetie acid and heated at 90° for 40 e, Chloroform
1200 k) was added after the aqueous =olntion was evaporated to
dryness, mud the CHCL; phase was extraeted with two H0-mkb
portions of 2 N NaOH.  After adjusting the combined agneais
extracts to pH L, they were extraneted with 200 mb of CH.CL.
Evaparation of the CH.Cl eft a residne which was twice ervsinl-
lized from methanokbavater and snblimed (150°, 10 g0 1o give
0,94 g (07T 3 of G-methylenedihydrodesoxymorphine, np. 207
‘_)(]HO, [ee] 22 — LEA® (hit. n.p. FTOG=TO8°,2 20852 HLA% ¢ tal*n
—140°,7 [a] %y - 11770,

Aral. Catedlfor CLHaNOw: C, 76030 Ho 700 N 400 CCH.,
0. Found: €, 7G.2; H, 7.4; N, 4.8; CCH,, 0.

With ethereal diazomethnne, a methanolic =olntion of Tla gave
a quantitative viebl of G-methylenedibyvdrodesoxyeodeine (IThy,
ilentical (melting poin, =pecific rotation, nliraviolet, sud wdra-
redd > with ihe previous nuterial preparved from Ih.®

6-Methyl-Af%-desoxymorphine (IIT) was liberated fron a =aple
of the hyvdrochloride™ nud after two eryvsiatlizations frouc ethanol--
water and subliumtion 1707, 10 g3 mehed nt 232-2383°, [o]*o
—M40° (IS np. 225-220°, |@|®n —215°% m.p. 25513770

tnal, Caled. tor CUWHaNO €, 76230 Hy 7.0 N 400 CCTL,
500 Found: G765 H, 7.7 N, A1 CUOHy, 5.1

6-Methylenedihydrodesoxymorphine hydrochloride wus pui-
paced by adding a =light excess of concentrated aqueous HC o
iowarnt sohition af G-niethylenedibydrodesoxyimorphine i abso-
hite ethanol. The crvstals formed on cooling were recryvsinlbized
from ethanol: wm.p.314-315° The vanr. absorption showed the
absgence of o CHC==C gronp and the presence of o HC'=C group.

dncd. Cated. for 5 HLNO.-HCE Coa7.6:0 H 600 N1
Fouud: C, 67.4; L 7.0 N 44

Isomerization and Equilibration Studies with 6-Methylenedi-
hydrodesoxymorphine {IIa).---Solutionx of 55 mg. of IIa in 5 mb
of Gry 0.0 1 HLPOs and ¢hl i Voseetie acid were prepared, each
containing A-ue. of mdionetivity ax tritinm oxide.  The HaP'O
<olntion stood n1 room 1emperntire far 4 days, and 1the neetie newd
<oltiow was heated at 91° for 40 hr. Alkalization i ench ense
gave practieally o qaantitative recovery of complerely inaetive
1Ia, ax determiied by <ciniillatione connting.

Estimation of Analgesia, Acute Toxicity, and Development of
Drug Tolerance.-- Young aduli male Spraguc-Dawley s
weighing SO-170 g were used for drug potercey =tadies.  L-
MDDA and worpliine =ulfate or vartous dig combinntions were
administered subientaneonsly nud doses were expressed 1y 1erms
of the free hases. At least 20 rats were n=cd at ench dose level,
The tml-flick respouse to o thermal stinmlns innnlgesia) was
determiined by ihe method of D' Amonr and Smith.* Letlality
wis measured a1 24 hrowith all rats in gronps of not more than 5
animals in similar wive wesh cages. The EDj, (analgesin and
the LD aund their confidence Hims were established by ihe
method of Litehfiebl and Wileoxan,® The 1ail-flick response¢ was
quantified hy the nrethod of Winter nud Flatakertt o which the
toral analgesie effect i expressed ax “niinnte-~ceonds,” /., (he
prochiet of the prolougationcof reaction thne and the daration of
this pratongation. T determinntion of olernbee o analgesia,
equipotent doses of morphine {811 mg. fkg.d and 6-MNDDM (0250
mig. kg ) were ndiminiztered snbentaneonsty onee daily, nad the
tnil-flick response wias mescired weekly or onee every 2 werks.
bDevelopuent of toleraice 1o (he =edative effects of 6-MD DN and
norphine was =tudied i the sane s by meastoing the period of
sedation or ngetivity vime following drng ijection. For this
puarpose, after their daily drng injection, the ratx were pliced
simple activity eages made from wire baskets suspended from
Cirass foree-dizpliceineni iransdieers (FT 03) which recorded
cage novement on g polvgraph, Pendulim motion was kepu
1o nominiimnm by =n=pending the eages 1=2 cun above wooden
bases provided with 4 nails than fit 1the corners of the enges. The

¢, 56.1; H, 5.t0 Nt

71 We are iwleboed o D I Plister of Merek Sharp aod Daoiow:,
Raliwiey, NoJ. for this sanple,

S H. 1. Broto, 1. AL Rasmussen. G B Vaaoe, aol Ko Pfiscer, Gl
Joome Chene Sor., T8, 6238 14551,

My L D vmenr ool TN Smah, S Pheeonarad. Bopitl Pacasop, 12,
T

13 1T, Lwebtiehi Jr. and o Wilcoxva, ¢hid., 98, 40 (161,

11 0 AL Wiatee nod L. Flatakec, fod., 98, 305 (1000).
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end of the period of sedation was elearly marked by the recording
of continuous or near-continuous activity. Inactivity time was
measured 6 days a week and ou the 7th day the response to tail
flick wa= determined.

Effect of 6-MDDM and Morphine on Respiration of Rats.—
The effects of 6-MDDM and morphine on respiration were deter-
mined in rats using the body plethysmograph-metabolism chani-
ber described by Kokka, Elliott, and Way.'? With this appara-
tis, respiratory rate, tidal and minute volumes, and oxygen cou-
sumption cau be measured before and after drug administration.
In essence, a rat zealed in a body plethysmograph by means of a
latex collar is placed in a metabolism chamber with connections
for administering drugs and recording pressure changes withiu the
chamber. A schematic drawing of the apparatus is shown
in Figure 1. After the rat hax adjusted to its surround-
ings, control recordings of rate, tidal volume, aud oxygen con-
sumption are made at 15-min. intervals for 1 hr. and a drug i¢ then
administered vie a previously implanied no. 50 polyethylene
catheter, Measurement of respiratory parameters is then con-
tinued for the duration of drug actlon. In these studies the
original niethod of recording wax slightly modified. Instead of
determining tidal volume from pressure changes within the
plethysniograph, that chamber was opened to the atmosphere
duriug recording and tidal volume was recorded as pressure
changes within the metabolism chamber. This minimized
errors from leakage of air around the collar and made the fit of
the collar less critical. Equianalgexic doses (EDygs) of 6-MDDM
(0.19 mg./kg.) and morphine (4.0 mg./kg.) were given in these
studies. Five animals weighing 133-172 g. were used for each
drug with each animal serving as itx own control. Measurements
were made until values returned to control levels, The time
involved was less than 8 hr., a period during which respiratory
rate, tidal volume, and oxygen cousuniption of untreated rats
did not change.

Effect of 6-MDDM and Morphine on Blood Pressure of Rats.—
Male Sprague-Dawley rats weighing 265-300 g. were anesthetized
with urethan (1.5 mg./kg.) and given 10 mg./kg. of heparin intra-
venously. The trachea and a carotid artery were canuulated
and the arterial catheter was connected to a Statham transducer
(Model P23AC) for recording blood pressure on a Grass poly-
graph. Equianalgesic doses of 6-MDDM (4.5 ug./kg.) and
morphine (100 ug./kg.) were given to two groups of three rats
each i a volume of 1.0 ml./kg. of body weight.

Evaluation of the Antidiuretic Effect of 6-MDDM and Mor-
phine.—Essentially the method of Winter, el al.,!® was used to
determine the antidiuretic effect of the twodrugs iu male Sprague-
Dawley rats weighing 88-124 g.  The rats were fasted overnight
but had free access to water. Just before drug administration,
50 ml./kg. of tepid tap water waz administered by intragastric
tibe. The treated rats were then placed in groups of 6 or 7 in a
metabolic cage, the floor of which was covered with paraffin.
Crine volume was measured every 15 mii, for 120 min,

In determining the effect of chrouie cortisone treatment on the
narcotic antidiuretic action 12 rats per drug plus 12 controls were
given 2.5 mg. of cortisone (Cortone acetate, Merck) subcutane-
ously, daily for 9 days. Narcotic injection and uriire collection
were done H0-120 min. after the last injection of cortisore.

Effects of 6-MDDM and Morphine on Gastrointestinal Motil-
ity.—The method of Van Arsdelt was used to determine the
effect of the ED; (analgesia) of 6-MD DM and morphine on the
passage of a charcoal meal through the gastrointestinal tract of
rats, The drugs were given subcutaneously to rats fasted for 36
hr. Thirty minutes later 0.6 ml. of a slurry composed of 5%
charcoal and 59 tragacanth in distilled water was administered
by intragastric tube. After another 30 miu., the rats were killed
by ether, and the stomach and small intestine were removed,
suspended from the stomach, aud stretched with a 5-g. weight.
The perceutage of the length of the small intestine traversed by
the slurry was computed.

Other studies on intestinal mobility utilized 6 unanesthetized
male, New Zealand, white rabbits (2.7-3.7 kg.). TUnder ether
anesthesia a no. 10 rubber catheter was introduced into the jeju-
num and secured by a purse string suture. The catheter was
brought through a stab wound, sutured to the skin at the point
of exit, filled with saline, and clamped. Several days were al-

(12) N. Kokka, H. W. Elliott, and E. L. Way, J. Pharmacol. Exptl.
Therap., 148, 386 (1965).

(13) C. A. Winter, ibid., 111, 360 (1934).

(14) W. C. Van Arsdel and N. David, Federation Proc., 12, 375 (1933).
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Figure 1.—Schematic drawing of apparatus for studying respira-
tion in unanesthetized rats.

lowed for recovery before the animals were used for drug studies,
To determine the effects of 6-MDDM aud morphine on jejunal
motility the animals were confined iu rabbit holders, and the
catheters were filled with saline and counected to a Statham pres-
sure transducer for recording pressure chauges on a polygraph.
After a countrol record was obtaiued, drugs were given via a
marginal ear vein and recordings were made during the duration of
drug action. Each animal was nsed several times with 1-2 days
rest between recordings.

Results and Discussion

ED;, and LD;,.—Values for the ED; and LD;, of
6-M DDA and morphine administered subeutaneously
to rats are shown in Table I. In the rat, 6-MDDM is

Tasre 1

AxaLgEsic PoTENCY AND ToxiciTy oF MORPHINE AND
6-MDDM 1x Rats

Thera-

petttic

EDj, mg./kg. LDs, mg., kg. index

(959, confidence {959, confidence (LDse

Drug limits) limits) ED:w)
Morphine 1.020(0.76-1.35) 270.0(207-351.0) 265.0
6-MDDM 0.045 82.0 1822.0

(0.033-0.062) (45.0-148.0)

more than 22 times as potent as morphine and its
therapeutic index is about 7 times that of morphine.
A favorable ratio has also been reported for the mouse.?
When equipotent doses (EDg) of morphine and 6-
MDDM were quantified by the method of Winter and
Flataker,!! the two drugs produced approximately the
sanie minute-seconds of analgesia (Figure 2). Signifi-
cant analgesia was produced 7 min. after adminis-
tration of 6-MDDM with maximum response at 135
min., in contrast to morphine for which at least 15 min,
was required for development of analgesia. The drugs
summate, since a mixture of half of the EDs; of both
drugs produced the sanme minute-seconds of analgesia as
the EDy; of either drug (Figure 2).

Analgesia, as measured by the tail-flick response to
heat, is reversed when either 6-MDDM- or morphine-
treated rats are given nalorphine. TFigure 2 shows that
2.0 mg./kg. of nalorphine decreased the response to the
EDy; doses to about one-third of control values. No
attenmpt was made to determine the optimum narcotie;
nalorphine ratios for antagonism of analgesia, but a 6-
MDD /nalorphine ratio of 1/10.5 had about the same
effect as a morphine/nalorphine ratio of 1/0.5. Anal-
gesia was practically abolished at a 6-MDDM/nalor-
phine ratio of 1/21. Since nalorphine antagonizes
equipotent doses of both drugs equally, they probably
cause analgesia by the same mechanism. The ratios
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A=4.0mg/Kg MORPHINE
8=0.19Mmg/Kg 6-M.D.D.M.
Ce2.0mg/Kg MORPHINE

+ 0.095 mg/Kg 6-M.D.D. M.
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Figure 2.—Analgesic response in minnte-seconds of Il g, vahies
of individual drugs aud of drug combinations in rats.
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Figure 3.--Development of tolerance 1o analgesic effecis of
6-MD DA and worphine by ras,

do not necessarily mean that nalorphine is a more effec-
tive antagonist of morphine than of G6-MDDAMI, since
the latter may penetrate to the ultimate site of action
nmore uickly than does morphine.

The increased poteney and more rapid onset of -
tionr of G-MDDM, as compared to morphine, might
be taken as another example of mereased activity fol-
lowing masking of the alcohiolic hydroxyl on the C ring
of morphine. In addition, substitution of a lipophilic
(methylene) group for o hydrophilic (hydroxyl) group
may contribute by either making the molecule more
lipid soluble, thus enhancing penetration to hypothetical
receptors in the brain or by permitting formation of a
more stable hydrophobic bond with the receptor.

Tolerance Studies..—With two groups of 5 rats ecach,
given the EDy; doses (G-MDDM 0.19 mg./'kg., mor-
phine 4.0 mg./kg.), analgesia was measured ou the 1st,
8th, and 15th days of treatment.  On the 8th and 15th
days, 6-MDDNM retained 87 and 689, respectively, of
its original effectiveness, whereas comparable figures for
morphine were 24 and 7%. Another two groups of 5
raix each were given the 19Dy, doses (6-AMDDN 0.35
mg. kg, =.¢. and morphine 8.0 mg./kg. s.c.) and tested
weekly for 3 weeks. On the 22nd day 6-MDDM re-
tained 809 of its original effectiveness; morphine fell
to 2766, Another two groups of rats each were given
daily 2Dy doses and followed for 5 weeks, The con-
trast between the rapid development of tolerauce to
morphine and minimal tolerance to 6-AIDDM is shown
graphically in LIigure 3. Since the duration of anal-
gesia is the same following comparable doses of 6-
MDDAL and morphine, opportunity for tolerance de-
velopment should be the same tor bhoth drugs. How-
ever, the more rapid onset of action of 6-MIDDM sug-
gests that the half-life of the drug in the body may be
shorter than is the case for morphine. The gradual

Vol 9
100 B 8.0 mg/Kg MORPH(NE
- & 0.35 mgsHg 6-M.0.D.M.
A ‘A
T / o
S N S ‘A g boaC -

SEDATION TIME IN MINUTES

o )3 113 )8 20 23 25 a7
DAYS

Figure 4.-—Development of tolerance 1o sedative effects of
G-MD DM and morphine by rats.

developrient of tolerance after morphine differs from
the abrupt development of tolerance to the respiratory
effects of morphine as reported elsewhere.'® The re-
sponge of the third group of rats to the sedative effect
produced by 12Dy doses of the two drugs is shown in
Figure 4. The period of sedation following morphine
administration decreasced rapidly from an average of
60 min. until the 7th day when sedation was replaced
by the hyperactivity characteristic of rats tolerant to
morphine.

The period of nactivity for the rats given 6-NDIDAI
dropped from an average of 74 min, on day 2, to 50 min,
on day 5, and remained there for the next 23 days.
Thus, ax was the case for analgesia, only minimal tole-
anee developed to the sedative effects of 6-NIDDAL,
The contrast with niorphine was even more <triking
than was found for analgesia, =inece. after 7 dayvs, scda-
tion following morphine completely disuppearal; after
6-MDDML tolerancee to serlation did not progress be-
vond the minimal amount seen on day 3. The com-
plete tolerance seen after morphiue resembles that pro-
duced to the depressant effects on respiratory rate.
oxygen consumption, aud response to CO. after 418
day='? If the decreased rate of development ol toler-
anee to 6-MDDAL relative to morphine, demonstrated
i thexe studies on rats is valid when G-N DDA ix giver
i multiple, daily doses ax well as in other species, the
compouttd may have an advantage over morphine not
sliown for other morphine-like agents.

Respiratory Studies.-—'I'he effeets of 11Dg doses of
G-MDDM and morpline on respiratory vate. tidal
volume, minnte volume, and oxygen constumption are
presented in Table TI. For simplicity, only control,
peak-effect, and end-experiment values ave ineluded.,
The peak re=ponse oceurred 15 min. after injection of G-
MDDAM and 45 min. after morphine administration.
Maximal depression ol minute volume persisted for
about 45 min. in both cases, followed by gradual re-
covery over the next 120 min.  In keeping with the
early onset of action. recovery was complete 165 min.
after 6-MD DN #s. 180 min, for morphine.  Respiratory
rate was not depressed, and henee, deerenxed tidal
volume was responsible for the changes hic minuie
volume.  This aprees with the findings of Kokka, «f
al.,’? tor 5 mg. ke, ol morphite.  The fall in oxvgen
cotsumption at the peak effect of 6-MDDM was prob-
ably the result of =edation.  Further work will be re-
quired to determine if the apparent stimulation nf
oxvgen consutmption at 163 min. i= related to persist-
ence of a stimulant action of G=-MDDNIL Tt ix apparent
that in equianalgesie doses, 6-NDDNI is approxiniately
s depressing as morphine to the respiration ol rai«
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TasLe II
Tue Errects oF 6-MDDM AxD MorrHINE 0N RESPIRATION OF RaTs

Av. control values
{Range)

Av. peak effect values,
45,0 min, (Range)

Morphine, 4.0 mg./kg. (5 animals)

95 (86-103)

0.99(0.84-1.17)
94.2(85.5-102)
2.73(2.46-2.97)

91 (78-114)
0.64(0.51-0.73)
58.3 (45-38.6)
2.94(2.2-3.48)

6-MDDM, 0.19 mg. /kg. (5 animals)

94 (75-107)
1.06(1.0-1.17)
100 (88-108)
2.77(2.45-3.73)

ce. of 0:/100 g./min.

93 (70-102)
0.55(0.50-0.63)
51.0(45-38)
2.35(2.2-2.7)

Av. end expt. values,
180.0 min. (Range)

96 (92-103)
0.99(0.86-1.2)
95.2(80-112)
3.08(2.47-3.31)

93 (80-110)
1.11(1.03-1.22)
101 (86-113)
3.45(3.2-3.7)

Ot

This parallelism between analgesic and respiratory-de-
pressant potency also holds for morphinan and benzo-
morphan narcotic-antagonist analgesies such as pen-
tazocine. !

Effects on Blood Pressure.—Small equianalgesic
doses of 6-MDDM (4.5 pg./kg.) and morphine (100
ug./kg.) were given intravenously to anesthetized rats
prepared for recording blood pressure. The 6-MDDAI
caused an average drop in mean blood pressure of 13.0
nn. (range 7.0-16.0 mni..). The equivalent dosze of
morphine produced an average fall of 45 mm, (range
35.0-61.0 mm.). Asshown in I'igure 5, the duration of
hypotension and an increase in pulse pressure were
greater after morphine than after 6-AMIDDJI, indicating
that in the rat, 6-MDDMI produces less vasodilation
and/or other cardiovascular depression than morphine.

Antidiuretic Actions.—The antidiuretic effects of 6-
MDDAI and morphine were determined in normal and
cortisone-treated rats. The results are depicted in
Iligure 6 in terms of percentage of water load excreted
in 120 min. In normal rats both drugs had approxi-
mately the sanme antidiuretic activity, However, cor-
tisone pretreatment almost completely negated this
action in the case of morphine and partly negated it
when 6-MDDMI was given. Thus, cortisone has been
shown to antagonize the antidiuretic action of mor-
phine-like drugs, as well as the analgesia, hypnosis, and
catalepsy in rats, and the hyperactivity and methadone
toxicity in mice.!r It has been shown!é that methadone
concentration in the brain was reduced after cortisone
treatment and that at the same time the drug was ex-
creted more rapidly. Thus, the cortisone antagonism
could be the result of lower drug concentrations at brain
sites of action achieved by alterations in the blood—
brain barrier or simply by speeding the passage of the
drug through the organism.

Effects on Intestinal Motility.—The findings shown
in Table III indicate that, as was true for mice,? 6-
MDD has much less effect on gastrointestinal motility
of rats than morphine which slows motility to about
1409, of control values. The same conclusion is valid
for the rabbit. In this species the response of jejunum
to approximately equianalgesic doses of 6-MDDM (0.1
mg./kg.) and morphine (2 mg./kg.) was determined
from pressure changes transmitted through previously
implanted catheters. Both drugs depressed motility
without prior stimulation. Depression after 6-N[DDAI

(13) J. W. Bellville and J. Green, Clin. Pharmacol. Therap., &, 152 (1965).
(16) H. W. Elliott and C. Elison, J. Pharmacol. Exptl. Therap., 181, 31
(1981).
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Figure 5.—Blood pressure chauges induced by 6-MDDM and
morphine in anesthetized rats.
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Figure 6.—Excretion of water load of normal and cortisone-
treated rats 120 min. after 6-MDDM or niorphine administra-
tion.

Tapre IIT

TrE ErFecTs oF 6-MD DM AxD MoORPHINE ON INTESTINAL
MortrLiTy IN RATS

%% of small
intestine
traveled by
No. of the slurry Comparison
ani- Mean = S.E. to
Treatment mals (Range) control
Saline, 1 nil. /kg. 12 al.4 £ 1.79
(36.4-61.0)
6-MDDM, 0.045 13 45.5 £ 2.87 No significant
mg./kg. (23.1-39.7) slowing
Morphiue, 1.0 9 21.0 = 3.91 Significant
nig. /kg. (3.8-41.9) slowing; »
< 0.01

lasted an average of 20 min, (range 12-27 min.). The
comparable value for morphine was 86 min. (range 80—
90 min.). Alorphine, in a dose of 1.0 mg./kg., caused
depression for about 60 min. The mechanism of action
of morphine-like drugs on the intestine is uncertain
and has been ascribed to effects anywhere between the
brain and the intestinal smooth muscle cells. These
experiments shed no light on mechanisms but do indi-
cate that 6-M DDA may possess a clear advantage over
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morphine in that it ix analgesic without interfering
markedly with intestinal motility.

Human Studies.—A 52-vear-old female with meta-
static carcinoma of the breast who was extremely
tolerant to morphine was given 6-MDDN in dosex of
0.5, 1.0, 2.0, and 3.0 mg., subcutancously. After the
2.0- and 3.0-mg. doses, she was euphorie and less con-
cerned  with her pain. The effects occurred sooner
(10-15 min.) than with morphine and were accompanied
by a mild hypotensive effect (115/60 mm, from 130,75
mm.) and miosiz (3.0-mm. pupil diameter from 3.4
mni).  In a single blind study the patient was given a
plucebo, 15 myg. of morphine, and 2 mg. of 6-N[DD)I
in a 9-hr. period. The placebo was ineffective, and the
morphine and 6-MDDAI provided a stmilar degree of
analgesia which was distinguishable to the observers
by the hypotensive effect of the 6-MDDNL.  No de-
pression of respiratory rate was noted.

Single 0.5-mg. doses of 6-NMDDM were then ad-
niinistered intramuscularly to 3 healthy adult males.
Thesc¢ subjects were =upine and wore an anesthesia

Vol 9

mask for administration of CO. All =ubjects were
sedated within 15 min. and remained =o for more than
2 hr.: recovery was nearly complete after 4 hr. lind
tidal CO, values were elevated in all =ubjects from 10
180 min. after drug administration. mos=t markedly at
15 mun. Intermittant breathing of 3 and 6S¢ CO.
produced a ventilatory respon=e to a CO, curve which
was shifted down and to the vight as is typieal for nar-
cotie unalgesiex.”  No hypotension wiuas noted in the
supine position and none of the subjects expetienced
cuphoria, dy=phoria, or nausca.

Thus, on the basic of limited trial in man, 6-NTDDM
appears 1o be an analgesie. =edative, and resphrutory-
depressant drug which exhibits partial cross toleranee
with morphine and may produce orthostatis hypoten-
ston but not nausea or notable euphoria.  Addiction
ltability studies will be doue in monkevs and thien in
humens if the animal evidenee is favorable.

(17 ¢ ). Larobecisea ia '1aadbook of Paysiology,” Vol 1, WL 0. Moy

and H. Raba, Fd., Agecieaa Physiological Socieiy, Washiogtow 1L €, 1061,
. O4S

Analgesic Antagonists.

1. 4-Substituted

1-Acyl-2,3,4,5-tetrahydro-1H-1,4-benzodiazepines

P. M. CaraBATEAR AND L. 8. Harris

Sterling-Winthrop Research Institute, Rensselaer, New York
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A serles of 4-subsiituted 3H-1,4-benzodiazepie-2,5( 1H,4H )-diotes hax been prepared by two methods.  Fe-
ductive cyclization of an ethyl N-(o-nitrobenzoyl)glycinate gave the seven-membered eyelic dianiide in very
good vield. Heating an ethyl glveinate with an isatoic anhydride also gave the beuzodiazepinedione, but

poor vield.
compounds, which are analgesic antagonizis.

Anilides of the structural type I have been shown!
to be strong analgesics. In our search for analgesics
and analgesic antagonists, we considered structures of
the type IT as likely to possess analgesic and/or anal-
gesic antagonist activities, since IT may be cobnsidered
as a eyelized version of I The struetural relationship

?OR ?OR

N N—_R
ST S,

N N
0¢ R, R,

, I

between IT and Librium® was a further spur to our
interest in these compounds. The synthetic routes used
for obtaining the benzodinzepines I are shown in
Scheme [

Mivatake aud Kaga? reported the preparation of
3H-1,4-benzodiazepine-2,5(1H.4H)-dione (VI, Ry = R.
= X = H) by the reduction of o-nitrobenzoylglycine us-
ing Raney nickel catalyst.  Uskokovic and co-workers™
have also prepared this compound by heating the piper-

Py WL B Wrigio. 11 4. Beabandee, am! Ro A, Hardy, Je., J. Am. Chem.

Soc., 81, 1518 (1934,
(2) K. Mivarake and S, Kaga, J. Pharm. See. Japan, T2, 1160 (1952).

Reduction of the diamides with lithimin ahuninun hydride followed by acylatiun gave the title

idide of o-aminobenzoylglveine. They reported that
heating ethyl o-aminobenzoylglycine gave a poor vield
of VI(R, = Ry = X = H).

We have repeated the preparation of VI (Ry = I, =
X = H) as described by Miyatake and Kaga® and ave
obtained the aforementioned product in 87¢¢ yield.
The reduction of o-nitrobenzoylglycines® or their ethyl
esters was found to be a general method for the prepu-
ration  of  3H-1,4-benzodiazepine-2,5(1H 4H)-diones.
Bither Raney niekel or iron-acetic acid was used ax tlie
reducing agent, depending on what funetional groups
were present in the o-nitrobenzoylglyeine derivatives:
the eyelle diamines (VI) were obtained in very good
vields by cevaporation of the filtered reaction mixture
(=ce Table I).

Another method which was used to prepare com-
pounds of the type VI wuas heating an i=atoie anhydride
(X) with a glyeine ethyl ester (IX). The poor yields
obtained made this niethod less desirable than the re-
duction method. However. VI Ry = R, = X = H)
and VI (R, = X = H: R, = CH,CH==CH,) prepared
by this method were found to be identical with the
corresponding products prepared via the reduction

) (o) ML Uskokovie, b Iacobelli, aad W, Wennee, J. Ovg. Cheni., 27,
3606 119625, i) After this work bad been completed, J. Krapeho, U, S

Tatery 3,173,912 (Macch 16, 1063) was issied, eseribing a sanilar aualiest
foo (hie prepacacion of 1.4-berzodiazepinediones.



