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An improved synthesis of 6-methylenedihydrodesoxymorphine (6-RIDDRI) from dihydromorphinone in an 
over-all yield of 53% is described. In  rats, 6-AlDDlI is a more potent analgesic than morphine with a more 
rapid onset but similar duration of action. The analgesia an measured by the tail-flick response to heat is an- 
tagonized by nalorphine. Tolerance to  the analgesic and sedative effects of 6-hIDDlI  develops more slowly 
and to a lesser degree than is the case for morphine. Effects on arterial pressure and intestinal motility are less 
for 6-MDDJI than for morphine, but the two have about the same respiratory depressant and antidiuretic 
actions. Limited human trial indicates that  6-h1I)DhI has analgesic, sedative, and respiratory depressant 
actions. 

Initial pharmacological evaluation of 6-methylene- 
dihydrodesoxymorphirie (6-XDDlI)  (IIa) and related 
compounds2 revealed that in nice and dogs, 6-MDDM 
is a potent analgesic with less side effects than morphine. 
Alinimal effects of analgesic doses on the propulsive 
activity of the gastrointestinal tract were particularly 
interesting and called for detailed pharmacologic 
study. However, the original method of preparation3 
was not adequate to provide the quantities of pure 
material needed for extensive testing, so a new synthe- 
si- was devised. The previous procedure resulted in 
only a 20% yield of impure 6-MDDM (IIa) froin di- 
hydrocodeinone (Ib). The contaminant was probably 
the enclo isomer (111) or inaterial in which the oxide 
ring, now allylic, had been cleaved. On the basis of the 
specific optical rotations of -1I5" for pure I I a  and 
-240" for 111, and aqsuming I11 was the impurity in 
the original IIa,  the -140" rotation found for that 
sample indicates it way 80% I Ia  and 2OyO 111. Pure 6- 
AIDDlI could be obtained from this product by chro- 

Ia, R = H IIa, R = H 111 
b, R = CH, 
C, R = CHaOCHz 

b, R = CH, 
C, P, = CHZOCHZ 

( 1 )  This investigation n-as supported in part  hy  research Grant NB-00570 
from the Kational Institutes of Health. 

(2) R.  Okun and H. TV. Elliott, J .  I'harmacol. Ezptl. T h e r a p . ,  124, 255 
(1958). 

(3) &I. S. Chada and H. Rapoport. J .  Am.  Chem.  SOC., 79, 6730 (1967). 

matographic separation and recrystallization but the 
yield then was less than 5y0.4 

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 IIa.  
Such high temperature and acidity could easily cause 
isomerization of the ex0 to the enclo double bond isomer, 
as well as oxide ring opening. This suggested that 
milder conditions might be used to generate the phenolic 
group a t  C-3. 

I n  an attempt to avoid the necessity of ether cleav- 
age, dihydromorphinone (Ia) niethylenetriphenylphos- 
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 inore easily removable 
blocking group such as a niethoxymethyl ether. These 
ethers are easily prepared, stable to the anticipated 
reaction conditions, and removed by relatively mild 
acid hydrolysis. I t  was possible to prepare the 03- 
niethoxymethyl ether of dihydromorphinone (IC) by 
treating the sodium salt of Ia  with chloroniethyl methyl 
ether. This, when treated with methylenetriphenyl- 
phosphorane, gave IIc which on hydrolysis in acetic 
acid yielded B-NDDM (IIa). The reactions were 
straightforward and the over-all yield (Ia - IC + IIc + 
IIa) was 53%. 

Purity of the product was established in three ways. 
First, a sample of I I a  was converted in practically 
100% yield to its methyl ether, IIb,  by treatment with 
diazomethane. The product was identical with I Ib  as 
prepared by the original method3 in which I Ib  is con- 
sidered free of the endo isomer, since no acid was used 

(4) P E M-iegert, G. Dela Nater ,  G. C. McElheny, and L. A Patterson. 
J .  Ore. Chem., 26, 5249 (1961). 
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eiid of the period of sedation was clearly marked by the recording 
of contiiiuous or near-continuous activity. Inactivity time was 
measured 6 days a week and on the Tth day the response to tail 
flick was determined. 

Effect of 6-MDDM and Morphine on Respiration of Rats.- 
The eflerts of 6 3 1 D D l I  and morphine 011 respiration were deter- 
mined i n  rats using the body plethysmograph-metabolism cham- 
ber de-cribed by Kokka, Elliott, and Way.'* With this appara- 
tiis, re-piratory rate, tidal and minute volumes, and oxygen con- 
siimptioii can be measured before aiid after drug administration. 
In essence, a rat sealed iii a body plethysmograph by means of a 
latex collar is placed in a metaboliqm chamber with connections 
for administering drugs and recordiiig presswe changes within the 
chamber. A schematic drawing of the apparatus is shown 
in Figure 1. After the rat ha- adjn.ted to its surround- 
iiigs, control recordings of rate, tidal volume, and oxygen con- 
sumptioil are made at  15-miri. intervals for 1 hr. and a drug is theii 
administered via a previoiisly implanted no. 50 polyethylene 
catheter. 1Ieasurement of rwpiratory parameters is then coii- 
tilllied for the duration of drug actioii. In these studies the 
original method of recording war. slightly modified. Instead of 
determining tidal volume from pre;js.ure changes within the 
plethysmograph, that  chamber was opened to  the atmosphere 
diiring 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. Equianalgesic doses (EDg,) of 6-hIDDhI 
(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 
drrig with each animal serving as it. own control. Measurements 
were made iintil value. returned t o  control levels. The time 
involved was less than 8 hr., a period during which respiratory 
rate, tidal volume, and oxygen con-nmption of untreated rats 
did not change. 

Effect of 6-MDDM and Morphine on Blood Pressure of Rats,- 
)Tale Sprague-Dawley rats weighing 265-300 g. were anesthetized 
with iirethan (1.5 mg./kg.) and given 10 mg./kg. of heparin intra- 
venously. The trachea and a carotid artery were cannulated 
and the arterial catheter was connected to a Statham transducer 
(Model P23.iC) for recording blood pressure on a Grass poly- 
graph. Equianalgesic doses of 6-11DDM (4.5 Kg./kg.) and 
morphine (100 pg./kg.) were giveii to two groups of three rats 
each in 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  a1.,13 was used to 
determine the antidiuretic effect of the twodrugs in maleSprague- 
1)awley rats weighing 88-124 g. The rats were fasted overnight 
but had free access to water. Ju-t before drug administration, 
,50 ml./kg. of tepid tap water was administered by  intragastric 
tnbe. The treated rats were theii placed in groups of 6 or '7 in a 
metabolic cage, the floor of which was covered with paraffin. 
Cririe volume was measured every 15 min. for 120 min. 

In determining the effect of chronic cortisone treatment on the 
narcotic antidiiiretic action 12 rats per drug plus 12 controls were 
given 2.5 mg. of cortisone (Cortotie acetate, Nerck) subcutane- 
oiisly, daily for 9 days. Xarcotic injection aiid urine collection 
were done (30-120 min. after the last, injection of cortisone. 

Effects of 6-MDDM and Morphine on Gastrointestinal Motil- 
ity.-The method of Van Arsdell+ was used to determine t,he 
effect of the EDj, (analgesia) of 6-MDDAI aiid morphine on the 
pasage  of a charcoal meal through the gastrointestinal tract of 
rats. The drugs were given snbciitaneously to rats fasted for 36 
hr. Thirty minutes later 0.6 ml. of a diirry composed of 5% 
charcoal and 5 q  tragacanth in distilled water \vas administered 
by intragastric tube. After another 30 min., the rats were killed 
by ether, arid the stomach and small intestine were removed, 
suspeiided from the stomach, aiid stretched with a 5-g. weight. 
The percentage of the length of the >mall i n t e 4 n e  traversed by 
the slurry was compiited. 

Other .titdies on intestinal mobility utilized 6 unanesthetized 
male, Kew Zealand, white rabbits (2.T-3.7 kg.). Under ether 
anenthesia a no. 10 rubber catheter was iiitroduced into the jeju- 
num and secured by a purse string suture. The catheter was 
brought through a stab wound, sutured to the skin a t  the point 
of exit, filled with saline, and clamped. Several days were al- 

(12) N. Kokka, H. JV. Elliott, and E .  L. \\-ay, J .  Pharmacal. Erptl. 

(13) C .  .I. Winter, i b i d . ,  111, 360 (1954). 
(14) IV. C. Van Arsdel and X, DaT-id, F e d t r a f z o n  Proc., 12, 375 (1953). 

Therap. ,  148, 386 (1965). 
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Figure 1.-Schematic drawing of apparatus for studying respira- 
tion in unanesthetized rat$. 

lowed for recovery before the animals were used for drug studies. 
To determine the effects of 6 - l IDDJI  and morphine on jejunal 
motility the animals were confined i n  rabbit holders, and the 
catheter$ were filled with saline and connected to a Statham pres- 
sure transducer for recording presslire changes on a polygraph. 
After a control record was obtained, drug< were given via a 
marginal ear vein and recordings were made during the duration of 
drug action. Each animal was used several times with 1-2 day.: 
rest between recordings. 

Results and Discussion 

EDso and LDso.-Values for t'he EDso and LD, of 
6 - l I D D l I  and morphine administered subcutaneously 
to rats are shown in Table I. In  the rat, 6 - l I D D l I  is 

TABLE I 

6 - l I D D l I  KITS 
AN.ILGESIC P O T E N C Y  .%&D TOSIC.1'I.B OF 1\IORPHINE . IKD 

Thera- 
peutic 

EDx,  mg./kg. L L h  mg., kg.  index 

Drug limits) limits) EDaa) 
(95% confidence (957, confidence (LDsc 

hIorphiiie 1.020 (0.  T6-1.35) 2 T O .  0 (207-351. 0)  265.0 
6-MDD31 0.045 82 .0  1822.0 

more than 22 times as pot'erit' as morphine and its 
therapeutic index is about 7 times that' of morphine. 
A favorable rat'io has also been reported for the iiiouse.2 
When equipotent doses (EDgJ of morphine and 6- 
N D D l 4  were quantified by the method of Winter and 
Flataker," the two drugs produced approximately the 
same minute-seconds of analgesia (Figure 2 ) .  Signifi- 
cant analgesia was produced 7 niin. after adminis- 
tration of 6-XDDJI  with maximum response at 15 
niin., 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 E D g j  of both 
drugs produced the same minute-seconds of analgesia as 
the EDgs  of either drug (Figure 2 ) .  

Analgesia, as measured by the tail-flick response to 
heat, is reversed when either G-lIDDlI- or morphine- 
treated rats are given nalorphine. Figure 2 shows that 
2.0 mg./kg. of nalorphine decreased the response to the 
EDg5  doses to about one-third of control values. S o  
attempt, was made to determine the optimum narcotic; 
nalorphine ratios for antagoiiisni of analgesia, but' a G- 
hlDDlI/nalorphine ratio of 1/10.5 had about the same 
effect as a niorphine/nalorphine ratio of 1,'O.S. dnal- 
gesia was practically abolished at a 6-I\IDDJl,/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 

(0.033-0.062) (46.0-148,O) 
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TABLE I1 
THE EFFECTS OF 6-31DDM ASD ~IORPHINE OK RESPIR ITION OF RATS 

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

Morphine, 4.0 mg./kg. (5 animals) 
Respiratory rate 95 (86-105) 91 (78-114) 
Tidal vol., cc. 
Minute vol., cc. 94 2(85 5-102) 58 3(45-58 6) 
0 2  consumption" 

0 9 9 ( 0  84-1 17) 0 64(0 51-0 73) 

2 i 3 ( 2  46-2 97) 2 94 ( 2  2--3 48) 
B-liDDM, 0.19 mg./kg. ( 5  animal>) 

Respiratory rate 
Tidal vol., cc. 
Alinute vol., cc. 
O2 consumptioil" 

a O2 consumption = cc. of 02/100 g./min. 

94 ( is-107) 
1 0611 0-1 17) 
100 (88-108) 
2 i i ( 2  45-3 73) 

This parallelism between analgeyic and respiratory-de- 
pressarit potency also holds for morphinari and benzo- 
morphan narcotic-antagonist analgesics such as pen- 
tazocine.15 

Effects on Blood Pressure.-Small equianalgesic 
doses of 6-;\IDD1\1 (4.5 pg./kg.) and morphine (100 
p g .  /kg.) were given intravenously to anesthetized rats 
])repared for recording blood pressure. The 6-1IDDlI 
caused an average drop in mean blood pressure of 13.0 
nmi. (range 7.0-16.0 nini ). The equivalent d0.e of 
morphine produced an average fall of 45 nun. (range 
3.3.0-61.0 mni.). A* showii in E'igure 5 ,  the duration of 
hypoten.;ion and an increa,e in pulse pressure were 
greater after morphine than after 6-lIDDS1, indicating 
that in the rat, 6-IIDDAI produces less vasodilation 
and/or other cardiovascular deprersion than morphine. 

Antidiuretic Actions.-The antidiuretic effects of 6- 
lIDD-11 and morphine were determined in normal and 
vortisone-treated rats. The results are depicted in 
Figure 6 In terms of percentage of water load excreted 
in 120 111111. In  iioriiial rats both drugs had approxi- 
iiiately the ianie antidiuretic activity. However, cor- 
ti*oiie pretreatment a1nio.t completely negated this 
action in the caqe of morphine arid partly negated it 
when 6-ILDDlI was given. Thus, cortisone has been 
-hewn to antagonize the antidiuretic action of mor- 
1)hine-like drug&, as well as the analgesia, hypnosis, and 
catalepsy in rat,, and the hyperactivity and methadone 
toxicity 111 iiiice.ll I t  has been that methadone 
c~oncentration in the brain was reduced after cortisone 
treatment and that a t  the same time the drug was ex- 
rreted inore rapidly. Thus, the cortirone antagonism 
c~ould be the result of lower drug concentrations a t  brain 
site* of action achieved by alterations 111 the blood- 
brain barrier or simply by speeding the passage of the 
drug through the organism. 

Effects on Intestinal Motility.-The findings shown 
111 Table I11 indicate that, as was true for mice,2 6- 
J I D D l I  hay much le+ effect on gastrointeitinal motility 
of rats than morphine which slows motility to about 
JOYo of control values. The same concluqion is valid 
for the rabbit. In this species the response of jejuiiuni 
to approximately equianalgesic doses of 6-AIDDII (0.1 
mg. I kg.) and morphine (2 mg./kg.) was determined 
from pressure changes transmitted through previously 
implanted catheters. Both drugs depressed motility 
without prior ctiniulation. Depression after 6- I IDDII  

(15)  J .  W. Bellrille and J. Green,  Clin. Pharmacol. Therap., 6, 152 (1965). 
(16) H. \V. Elliott and C. Elison, J .  Pharmacol. Esptl. Therap., 131, 31 

(1961). 

93 (70-102) 
0 55(0 .50-0 .63)  
51 O(45-58) 
2 . 3 5  (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  4i-3 31 

93 (80-110) 
1 1 1 ( 1  03-1 22 

3 45(3  2-3 7 )  
101 (86-113) 
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Figure >.-Blood pressure changes induced by 6- l IDDlI  and 
morphine in aneathptized rats. 

NORMAL RATS 

g 80 RATS 
CORTISONE TREATED 

Figure 6.-Eucretion of TTater load of normal and cortisone- 
treated rats 120 mixi. after 6-1IDIIlI or morphine administra- 
tion 

TABLE 111 
THE EFFECTS OF 6-1IDI>lI .ISD ~ I O R P H I S E  O S  ISTESTIS~L 

MOTILITY IX KITS 

No. of 
ani- 

Treatment mals 

Saline, 1 nil./kg. 12 

6-11DDl1, 0.045 13 
mg./kg. 

AIorphine, 1.0 9 
nig./kg. 

55 of small 
intestine 

traveled by 
t!ie slurry 

Mean i S.E. 
(Ranee) 

5 1 . 4  f 1 . 7 9  
136.4-61 0) 

45 5 It 2 87 
(23.1-59.7) 

21 0 f 3 . 9 1  
(3.8-41.0) 

Comparison 
to 

control 

S o  s i g i d c a n t  
slowing 

Significant 
slowing; p 
< 0.01 

lasted an average of 20 min. (range 12-27 niin.). The 
comparable value for morphine was 88 niin. (range 80- 
90 niin.). Morphine, in a dose of 1.0 nig./kg., caused 
depression for about 60 niin. 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 niechanisnis but do indi- 
cate that 6-IIDD-11 may possess a clear advantage over 



Analgesic Antagonists. 1 .  4-Substituted 
1 -Acyl-2,3,4,5- tetrahydro- 1H- 1,4-benzodiazepines 

A Serieh of 4-hiihstitiit ed 3H-l,i-beiizodiazepiiie-L',.i( lH,-iH)-dioiies tiit? beeii prepared kn- t v , ~  metliod-. I:(,- 
lizatioii of ati ethyl X-( o-iiitroberizoyl)gly~iiiate gave t,he seven-inemhered 

Heating ai1 ethyl glycinate with ail isatoica aiihydride also gave the beiiz 
I<edirctJiori of the diamides with lithirun aliuuiiiiim hydride follox-eti hy poor yield. 

mmpoiuids, which are arialgesic antagoiii-ts 


