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in a minimum quantity of warm EtOH and converted into the 
hydrogen maleate ~ a l t , ~ 7  [a]% - 15' (c 2,  HgO), as described fur 
the Me ether. 

B.--A solution of 2.1 g (0.012 mole) of PhCH2Br in 10 ml of 
1)NSO was added slowly to a stirred mixt,iu'e of 2.0 g (0.012 mole) 
of (1 R,2S)-a-( l-aminoet~hyl)-rn-hydroxybenzyl alcohol (metara- 
iniiiol) i l l  100 ml of DMSO and 6.0 ml of 2 ,V NaOII at' Xh'. 
Aft,er addition was complet,e, t,he reaction mixtiire 11-as stirred a t  
S.5" for an additional 2 hr and then poured into 500 ml of ice 
H20. Bfter saturating with NaC1, and extracting with four 200- 
ml portions EtOAc, the organic extracts were combined, dried 
(Na2S04), filtered, and concentrated. The crude product was 
converted into the hydrogen maleate salt and recrystallized 
(EtOH-Et20) to give 3.2 g (72Yl) of product, mp 150.0-154.0'. 
Repeated recrystallization did not improve the melting point. 
Anal.  (C,,H,,,ru0,.C4H4O4~H; C:  calcd, 64.32, found 65.16, 
65.1.5. 

(1  K,2S)-a-( 1-AminoethyI)-m-(4-cyanobenzyloxy)benzyl Alco- 
hol Methanesulfonate (IV, R = CH2C6H4CN).-The inter- 
mediate ( 1 R,2S)-a-( l-acetamidoethyl)-m-(4-cpanobenzyloxy)- 
beiizyl alcohol w a ~  prepared by the general method using 9.2 g 
(0.0405 mole) of (1  R,L)S)-a-( 1-acet,amidoethyl)-m-hydroxybenzyl 
alcohol h ~ d r a t e , ~  7.6 g (0.050 mole) of p-cyaiioberizyl chloride, 
aiid 80.4 g of K&OI in ll.le2C0 (500 ml). -4 solution of 6 g (0.0185 
mole) ( i f  t.he amide in EtOH (50 ml) was converted into t,he 
correspoiidiiig amitie by heating 4 hr at reflux with 1 S HCI (100 
nil). After removing moyt of the EtOH under reduced pressure, 
the residue was neutralized with excess satd NaHC03 solution. 
The product was extracted into EtOAc, dried (Xa2S04), filtered, 
arid coilcentrated t o  4 g of a yellow oil. The crude product was 
coiiverted into the methanesulfonate salt in the usual manner. 
Whet1 purificat,iori proved difficult, the salt was reconverted into 
the free base with dil SaOH and EtOSc extraction. The 1.7 g 
of recovered oil was chromatographed on 85 g of silica gel. Elu- 
tion with CHCl3 then 10-50yc MeOH-CHC13 removed 0.7 g of 

side products. The desired ether (0.7 g) was eluted from the 
column with X\leOH (YO0 ml). The methanesulfonate salt was 
prepared in the usual manner and recrystallized from i-PrOH- 
Et20 t o  give an analytical sample.27 

( 1 R,ZS)-a- [1-(4-CyanobenzyIamino)ethyll -m-(4-cyanobenzyl- 
oxy)benzyl Alcohol Methanesu1fonate.-A solution of 3.0 g (0.020 
mole) of p-cyanobenzyl chloride in 20 ml of DMSO was added 
slowly to a stirred solution of 3.4 g (0.020 mole) of ( lR ,ZS) -a -  
(1-aminoethy1)-m-hydroxybenzyl alcohol (metaraminol) in 200 
ml of DMSO and 8.0 ml of 2 S XaOH at  85'. Aft8er stirring 2.5 
hr at, %I", the reaction mixture was poured int,o 1 1. of ice H20 aud 
extracted with EtOAc (4 x 200 ml). The combined extracts 
were dried (Xa2SOa), filtered, and concentrated. The crude 
product was converted into the methanesulfonate and recrystal- 
lized from i-PrOH-Eta0 to give 0.8 g (16.2%) of product, mp 

Hydrogenolysis of (1R,2S)-~-(l-Aminoethyl)-m-benzyloxy- 
benzyl Alcohol.-The free base (1.3 g, 5.06 mmoles), liberat'ed 
from 2 g of the hydrogen maleat,e salt of t,he benzyl ether, was 
hydrogenated in 23 ml of EtOH with a 5yo Pd-C catalyst at 
at,mospheric pressure until 1 equiv of H2 was taken up. After 
filteriiig and conceiitrat,ing under reduced pressure, the crude 
product was converted into a fumarate salt (0.86 g), mp 192-195' 
dec. Further recrystallization (AIeOH-Et,OAc) gave 0.70 g 
(6l.5yo) of the pure fumarate salt of metaraminol, mp 199-200' 
dec, [a]% - 22.3" (c 2, H20). This product was identical by 
mmp and nmr with an authentic sample of metaraminol fumarate, 
mp 200-201" dec, prepared from metaraminol. 

194.5-196.5'. Anal. (CijHa3Xj302.CHI03S) C, H, S. 

Acknowledgment.-We wish to thank K. B. Streeter, 
Y. C. Lee, and their staff for elemental analyses, W. R. 
3TcGaughran and Donna Kessler for the ir and nmr 
spectra, and Dr. I<. Hoogsteen and his staff for the 
optical rotations. 

Agonists-Antagonists Derived from Desomorphine and Metopon 

LEWIS J. SARGEXT AND EVERETTE L. MAY 

Laboratory of Chemistry, National Institute of Arthritis and Xrtabolic Diseases, 
Xational Institutes of Health, Bethesda, Maryland 20014 

Received June 10, 1570 

,V-Phenethyl, -3-methyl-2-butenyl, and -cyclopropylmethyl derivatives (3b, c ; 4c, d ; and 5a, b )  of normetopon, 
nordesomorphine, and 5-methyldihydronormorphine (3a, 4b, and 5, R = H) have been synthesized and evaluated 
for analgetic activity (mice) as well as for physical dependence capacity and properties of antagonism (monkeys). 
RIarked separation of favorable and undesirable pharmacologic properties has been achieved in some instances. 

It is well documented tha t  the substitution of such 
radicals as allyl, 3-methyl-2-buteny1, and cyclopropyl- 
methyl for Me on the 9 of morphine, levorphanol, and 
certain 6,7-benzomorphans confers a combination of 
agonist (analgetic) and antagonist properties that  
renders these molecules much less prone to abuse 
without markedly impairing their analgetic effective- 
1iess.l Similar substitution of phenethyl is known to 
increase analgetic potency five- to tenfold with some de- 
crease in abuse liability.'X2 Consequently, we wish to 
report the preparation and some pharmacologic prop- 
erties of N-3-methyl-2-butenyl- and -cylopropylmethyl- 
nordesomorphine (4c, d) ; N-3-methyl-2-butenyl- and 
-phenethylnormetopon (3c, b) ; and N-cyclopropyl- 
methyl and -phenethyl derivatives (5a, b) of the corre- 
sponding 6-carbinol. Desomorphine (4a) was chosen 

(1) E. L. May and  L. J. Sargent in "Analgetics," G .  destevens, Ed . ,  
Academic, Sew York, N .  Y., Chapter 4, 1965, 

(2) X. B. Eddy and  E. L. May,  "Ssmthetic Analgesics," Par t  I1 B, 
Pergamon Press, Ltd., Oxford, 1966, p 155 f f .  

(3) L. F. Small, K.  C.  Yuen, and  L. I(. Eilers, J .  Amer. Chem. Soc., 66, 
3863 (1933),  This compound is also known as dihydrodesoxymorphine-D 
and uaa  supplied by Hoffmann-La Roche, Inc., Nutley, N. J. 

as a base structure, because i t  is 10 times more potent 
than morphine with a rapid onset of' action;4 metopon 
(1)5 is 3 times as active as morphine after parenteral ad- 
ministration and is very effective orally.'c4J 

Sordesomorphine (4b), the starting material for 4c, d, 
was obtained in 20-30% yield by demethylation of the 
0-acetyl derivative of 4a by either the von Braun 
method6 or with diethyl az~dicarboxylate.~ Reaction 
of 4b with cyclopropylcarbonyl chloride followed by re- 
duction of the  resultant amide with LAH gave 4d.* 
Compound 4c r e d t e d  from direct alkylationg of 4b with 
l-bromo-3-methyl-2-butene. 

(4) X. B. Eddy, H.  Halbach, and 0. J. Braenden, Bull. W. H. O.,  17, 

( 5 )  L. F. Small, H.  M. Fitch, and W. E .  Smith, J .  dmer. Chem. Soc., 68, 

(6) J. Von Braun, Ber., 47, 2312 (1914). 
(7) 4 .  Pohland and H .  R.  Sullivan, U. S. Patent 3,342,824 (Sept 19, 

1967). 
(8) This is essentially the  method of A I .  Gates and T. Alontzka, J .  .Wed. 

Chem., 7,  127 (1964). 
(9) Procedure of S. Archer, iV. F. dlbertson, L. S. Harris, A .  K .  Pierson, 

and  J. G. Bird, ibid., I ,  123 (1964). 

569 (1957). 

1457 (1936); G. Stork and  L. Bauer, ibid. ,  76, 4373 (1953). 
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3a ,R=H 
b, R = CH2CH2Ph 
c, R = CH,CH=CMe, 

NR 

4a, R = Me 
b,R-H 
c, R = CH,CH=CMe, 

d, R = CH2+ 

sa, R = CH,+ 

b, R = CH2CH2Ph 

I'ioducth Sa, 5b, :tiid 3c \\ cre pi'epaicd -iniii:irl\ i lon l  
.i-mctliyldih~ droniorpliinonc (metopon. 1)  C I Q  d1:icet:rtc. 
2, :iiid nor compound, 3a. Oxidation of the (i-c;Lrbincil 
iiirictioii oi 5b to give carbonyl compouiid 3b \\:I. 

:tcliicved in  modent yield tlirougli the use' of dicyclo- 
lies\ 1c:irbodiimide (DCC') in DlISO. I o  

Pharmacology. - I11 Tablc I are giveit analgctlc :I(>- 



filtered and the filtrat'e evaporated to dryness in vacuo. Trit,ura- 
tion of the residue in EtlO, filtration, shaking the filtrate with 3 
portions of dil HCl in excess, basification of the combined HCl 
extracts, and drying the liberated base in EtzO gave 0.6 g of 4c 
(needles), mp 166-166.5' (from hIezCO ). Anal. (CzIHz7NO2) 
C, H. 

3-Acetyl-5-rnethyldihydromorphinone Enol Acetate (2j.- 
5-hlethyldihydromorphinone (1, 16.1 g),b 225 ml of .4cz0, and 15 g 
of fused KaOAc were heat,ed under reflux for 6 hr. Concent,ra- 
tion in L~UCUO left an oily residue which was t,reated wit,h ice- 
NHlOH and extracted with EhO. Drying (XarSOI) and evapora- 
tion of the Et20 left 9.6 g of pale yellow 2, mp 161-163'. Sub- 
limation (160-165', 0.1 mm) and recrystallization (Et20 ) of the 
sublimate gave pure 2, mp 171-173". Anal. (CI2H2;NO5) C, H. 
During 48 hr 3.9 g of 1 separated from the dark ",OH solution 
above. 

5-Methyldihydronormorphinone (3aj.-To 7.1 g of 2 in 45 ml 
of CHCl3, 2.7 g of BrCX in 45 ml of CHCL was added during 30 
min. After refluxing for 3.5 hr, solvent was evaporat,ed. The 
sirupy residue and 140 ml of 674 HC1 were refluxed for 18 hr. 
Addit,ion of a slight excess of 12 J1 NHaOH to the ice-cooled 
solution yielded 4.4 g of crude 3. Recrystallization from 957,  
EtOH afforded 3.4 g (64%) of minute, colorless prisms, mp 
>300". Anal. (Cl7HI8NO3) C, H. 
AV-Phenethyl-5-rnethyldihydronormorphine (5b).-To 2.6 g 

of 3a, 120 ml of CHZClz, and 18.5 ml of Et,3N was added dropwise 
during 15 min (stirring), 4.2 g of phenylacet,yl chloride. The 
system was refluxed overnight, cooled, washed with cold 1 A' 
HC1 then HzO, dried (K&03),  and concent.rated in z'acuo to 
4.5 g of pale yellow foam. This bis-O,.V-phenylacetyl derivat,ive 
in 115 ml of Na-dried T H F  was added gradually to 24 ml of 1.3 M 
ethereal LAH. The mixture was stirred at room temperahre for 
24 hr. .4fter careful addit,ion of 14 ml of EtOAc and 200 ml of 
saturated ammoilium tartrat,e, the mixture was st8irred for 1.5 hr. 
The organic phase was separat,ed and the aq phase extracted wit,h 
CHsCL. Drying (NaaSOI) and evaporation of the combined 
organic solutions to dryness gave 4.1 g of yellow sirup. This 
sirup in 150 ml of CH2Cl.i was extracted wit,h several portions of 
1.5 S HCl. The combined ext,racts were washed with Et20 and 
basified (ice-cold) with 12 '$1 ",OH to give, aft'er drying (Na2- 
Sod) in EtsO, 1.8 g of 5b which was twice evaporatively distilled 
a t  180-190" (0.1 mm). dnal. (C&zgN03) C, H, For pharma- 
cologic testing, 5b was converted into t,he hydrobromide with 
ethereal HBr. The salt was purified by digesting in LIe2C0 and 
recrystallizing from i-PrOH-Et,O, mp 292-295' dec. 
S-Phenethyl-5-rnethyIdihydronorrnorphinone (3b).-Cryst,al- 

line ort,hophosphoric adid (0.7 g) was added to a solution of 1.7 g 
of 5b and 2.7 g of DCC in 12 ml of DLISO. The mixture was 
shaken and left at  room temperature for 20 hr. The resultant 
semisolid brei was t,reated with 50 ml of CH2C12, and the in- 
soluble material was collected and again triturated in 25 ml of 
CH2Clz. The combined filtrates were repeatedly extracted with 
30-ml portions of 2 S HC1 to a negative Mayer's test. The 
combined extracts were washed with EtzO, cooled, basified wit'h 
12 ;II NHIOH, and extracted. After drying and removal of 
solvent, 0.4 g of a colorless tacky solid (crop I )  remained. A 
small sample was twice evaporatively distilled at  180-190" (0.1 
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mm) and the clear, colorless glass analyzed; 5.8 p. dnal. 
(C2aH27NOa ) C, H. The base crystallizes in small, colorless plates 
(solvated) from 60% EtOH, mp 120-125" (froth). An additional 
0.4 g (Crop 11) of 3b was obtained by extracting the CHzC1,- 
insoluble 1,3-dicyclohexylurea (filter cake above) with a hot 
AcOH-H20 (1 : 2)  mixture and basification of the ice-cold ext,racts. 
The ir spectrum of this material was identical with that of crop I. 

The hydrobromide was prepared by adding et,hereal HBr (to 
faint, permanent acidity) t'o a solution of 3b prepared by dis- 
solving 3b in the minimum of hot i-PrOH, cooling, and diluting 
with 10 volumes of dry EtZO. The supernate was decant,ed, and 
the precipitate vias washed with dry Et.20 (by decantation) then 
collected. This solid was dissolved in a large vol of boiling 
AIeICO. The solution was filtered and concentrated to a small 
vol when the 3b.HBr separated; mp 309-312" dec. The analyt- 
ical sample (from abs EtOH) melted at  313-315' dec. Anal. 
(C25H28BrN0~) Br. 

3,~~-DicyclopropyIcarbonyI-5-methyldihydronormorphinone,- 
As described ill the preparat,ion of 4d, 3.5 g of 3a, 3.7 g of cyclo- 
propylcarbonyl chloride, 24 ml of EtSN, and 130 ml of CH2C12 
gave ,5.3 g of solid which, after sublimatioti at 195-200" (0.1 mm) 
and recrystallization from EtOAc-EbO, melted at  195-196'. 
.4nal. (C&2irU'Oj) C, H. 

~~-CyclopropyImethyI-5-methyldihydronorrnorphine (5a).- 
The above diacyl derivative (5 .2  g) in 140 ml of dry T H F  was 
added gradually to 50 nil of 1.3 Ji' ethereal L.4H. As described in 
the preparation of 5b, 3 g of crude 5a was obtained. It was 
recr)-st,allized by dissolving 0.2 g in 75 ml of boiling EtzO, filter- 
ing, concentrating to a small vol and adding ligroin (bp 30-60') 
to faint turbidity. ilfter 48 hr the cryst,als of 5a, mp l57-15Y0, 
were collected. Anal. (CzIHziNO3) C, H. 

Hydrobromide of 5a.-Crude 5a (2.1 g) in 50 ml of dry EtaO 
was treated with a slight excess of ethereal HBr. The initial 
precipitate gave way to a gel which, after removal of the super- 
nate, Crystallized when rubbed with a few drops of HzO. This 
solid was dissolved ill 50 ml of hot 9570 EtOH (Sorit) ,  filtered, 
and concentrated in vacuo to  ca. 20 ml. L)ilut,ion with 1 vol of 
dry Et20 and seeding inhiated crystallization. Dropwise addi- 
t.ion of E t 2 0  was continued to faint, turbidit,y. Aft,er 13 hr, 2.1 g 
of cream-colored hydrobromide, mp 240-242", dec, was obtained. 
For analysis it, was recrystallized again (955; EtOH-Et2O) and 
dried to const,ant weight (loo', 0.1 mm). r ind  (C2iH28BrS03) 
C, H, Br. 
S-3-Methyl-2-butenyl-5-rnethyldihydronorrnorphinone (3c).- 

l-Bromo-3-met~hyl-2-butene (0.55 g), 1.05 g of 3a, 0.63 g of 
PiaHC03, and 20 ml of DMF were refluxed for 4.5 hr and filtered. 
The filter-cake was washed with warm EtOH and the combined 
filtrates concent,rated in z'acuo to a brown simp which was tri- 
turated in four 60-ml portions of boiling EbO. The combined 
extracts were treated with Piorite and concentrated to a thick 
yellow sirup which crystallized during 24 hi. This solid was 
t'riturated twice in small portions of dry, ice-cold EtzO and dried- 
0.75 g, mp 215-217'. A sample was sublimed at  190-200" 
(0.1 mm). Recrystallization of the sublimate from MeOH gave 
minute prisms, mp 21&220". .4nal. ( C Z I H ~ ~ N O ~ )  C, H. For 
pharmacologic testing, t'he hydrochloride was prepared with 
ethereal HCl; microcryst'alline powder, mp 203-208" (froth). 


