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activity for the series I as was found with the dimeth- 
anesulfonates I1 a t  n = 4.2 

The activity against Leukemia L1210 shown by I 
(n = 3 to 5) suggests that similar mustards from other 
diamines or polyamines, such as spermine and spermi- 
dine, may be interesting candidates for antitumor study. 

Experimental'* 
1,5-Di( benzylideneaminojpentane (V, n = 5).-A 10-g. portion 

(0.098 mole) of 1,5-diaminopentane was added slowly to a solu- 
tion of 20.8 g. (0.196 mole) of benzaldehyde in 30 ml. of absolute 
ethanol. The solution was kept a t  room temperature for 20 min., 
a t  reflux temperature for 25 min., and was evaporated in t'ucuo 
to a sirup which crystallized on cooling to give 26.8 g. (997c) of 
V ( n  = 5 ) ,  m.p. 30-31.5. This was sufficiently pure for the next 
step. Three recrystallizations from Skellysolve B gave the ana- 
lytical saniple of V ( n  = 5 ) ,  with unchanged melting point; 
A:::' 3.28, 3.32 (C-H of X=CH- and phenyl), 6.05 (C=N) p. 

Anal. Calcd. for C ~ ~ H Z Z N ~ :  C, 82.0; H ,  7.97; S, 10.1. 
Found: c, 81.7; H, 7.82; 1, 9.93. 

1,5-Di( benzy1amino)pentane (VI, n = 5 )  Dihydroch1oride.- 
Excess sodium borohydride (14.0 g., 0.37 mole) was added in small 
portions over a period of 1 hr. to a stirred solution of 23.8 g. 
(0.0856 mole) of V (n = 5) in 230 ml. of methanol cooled in an ice 
bath. The solution was stirred for 40 min. more a t  room tem- 
perature, heated a t  reflux on a steam bath for 15 niin., then 
evaporated in i'acuo a t  50" to leave a semisolid. This was taken 
up in 360 ml. of water, and the oil which separated was extracted 
with two 200-nil. portions of methylene chloride. The dried 
extract was evaporated to leave 23.9 g. (99cc) of VI 
( n  = 5 ) ,  as a yellow oil sufficiently pure for the next step. 

A portion of the oil in ethanol was converted to the dihydro- 
chloride with gaseous hydrogen chloride. The precipitated salt 
was crystzllized twice from 907', aqueous ethanol to give the di- 
hydrochloride salt of VI (see Table 11). 

N,N'-Bis( 2-hydroxyethyl)-N,N'-dibenzyl-1,5-diamino- 
pentane (VII, n = 5).-An ice-cooled solution of 10.0 g. (0.035 
mole) of the dibenzylamine VI ( n  = 5 )  in 130 ml. of methanol 

(12) Melting points xere obtained with the Fisher-Johns apparatus and 
are corrected. The sol\-ent Skellysolve B is essentially hexane (b.p. 60-68'). 
The general experimental procedures are illustrated by  one example each. 
The physical data and analyses for all the compounds are listed in Table 11. 
The infrared spectra of all the compounds were compatible with their struc- 
tures. 

was treated with 35.2 ml. (0.71 mole) of freshly distilled ethylene 
oxide. The flask was capped and the mixture was stirred over- 
night with the temperature allowed to rise gradually to about 
25". The solution was evaporated in vacuo (bath, 35") to leave 
14.8 g. of sirup. This was taken up in 30 ml. of methylene chlo- 
ride; the solution was washed with four 30-ml. portions of water, 
dried, filtered, and evaporated in vacuo, finally a t  55' (0.1 nim.,, 
to give 9.07 g. (697,) of analytically pure light yellow, sirup)- 
F'II ( n  = 5 ) .  

N,N'-Bis( 2-chloroethyl)-N,N'-dibenzyl-l , I-diamino- 
butane Dihydrochloride (IX, n = 4).-A solution of 61.5 g. 
(0.143 mole) of the bishydroxyethylamine VI1 ( n  = 4) in 200 ml. 
(2.78 moles) of thionyl chloride was heated a t  reflux for 1 hr., 
then poured into 2 I. of petroleum ether (b.p. 3040").  The pre- 
cipitate was collected, washed with petroleum ether, then ben- 
zene, and dried to give 65 g. (9870) of crude product. Recrys- 
tallization from 95'3 ethanol (1  g./50 ml.) gave 40.4 g. (60.6%) 
of product, m.p. 206-219" dec., of sufficient purity for the hy- 
drogenolysis step. 

N,N'-Bis(2-chloroethyl) -1,4 -diaminobutane Dihydrochloride 
(I, n = 4).-A mixture of 15.0 g. (0.032 mole) of the dibenzyl 
mustard I X  ( n  = 4) and 1.88 g. of 57, palladium-on-carbon in 
250 ml. of 95% acetic acid was hydrogenated in a Parr apparatus 
a t  room temperature (init,ial pressure 3.5 kg./cm.*). The 
theoretical amount of hydrogen was taken up in 30-40 min.; no 
further uptake was noted after a total of 4.5 hr. The reaction 
mixture was filtered through a Celite pad, the catalyst was washed 
well with methanol. and the combined filtrate and washes were 
evaporated i n  z~acuo at  60" to leave 9.1 g. ( 9 9 5 , )  of product, 
m.p. 235-241' dec. Recrystallization from methanol gave 6.8 g. 
(74yc) of I 01 = A ) ,  m.p. ea. 240-245' dec. (varies with heating 
rate). 

N,N'-Bis( 2-hydroxyethyl)-1,4-diaminobutane (VIII, n = 4 i  
Dihydroch1oride.-A mixture of 1.00 g. (2.4 mmoles) of the di- 
benzylamine dihydrochloride VII.2HC1 ( n  = 4) and 100 nig. of 
57, palladium-on-charcoal in 50 ml. of 2-methoxyethanol (or 3.3 
ml. of 6 iV hydrochloric acid), was hydrogenated 75-80" and 
3.15 kg./cm.* (initial) to give 0.50 g. (S7Vc)  of product,, m,p. 
128-133 '. 
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Codeine has been transformed to an analog I S  of phenazocine incorporating the 4,5-oxygen bridge originally 
The analgesic activity of I X  was found to be approximately twice that of mor- present in the parent alkaloid. 

phine. 

The high analgesic effectiveness of phenazocine 
[( *)-2'-hydro~y-2-phenethy1-5,9-dimethyl-6~ 7 -  benzo- 
niorphan] (X) has been well demonstrated.' One 
may view this substance as being related to the 
morphine system in which the 4,Z-oxygen bridge has 
been abolished and ring "111" opened and partially 
degraded. Although the pronounced analgesic prop- 
erties of the morphinans2 demonstrate that the oxygen 
bridge apparently is not essential for activity, it never- 
theless was a matter of theoretical interest to prepare 
an analog of phenazocine incorporating the oxygen 

(1) E .  L. May and N. B. Eddy, J. Org.  Chem., 24, 1435 (1959), and refer- 

(2) 0. J. Braenden, K. B.  Eddy, and H. Halbach, Bull. World Health 
ences cited therein. 

Organ., 13, 937 (1965). 

bridge to determine its effect on pharmacological ac- 
tivity. It was evident a t  the outset of this investiga- 
tion that the most promising way to the system envis- 
aged (IX) would be through degradation of an ap- 
propriate morphine derivative utilizing reactions that 
would reasonably ensure the integrity of the 4,S-oxygen 
system. 

The feasibility of oxidative cleavage of ring I11 in the 
morphine series was first demonstrated in this Lab- 
oratory some years ago in degradation studies with 
dihydrothebaine. In  essence this involved osmic acid 
hydroxylation of an unsaturated center followed by 
lead tetraacetate oxidation of the resulting glycol. 

(3) L. J. Sargent and L. F. 'mall, J .  O i g .  Chem., 16, 1031 (1951). 



( ) f  tile tivo niorphiiie co1igeiiei.s ( i . e . ,  tlesosycodeine-(', 
:tiid dcsosycodeiiie-E) possessiiig tlie stiuctwal fea- 
tures iwliiircd f o r  oiir studies. desosycodciiic-E \\.a,< 

Q-$J 
CH30 

Desoxycodeine-C Desoxycodeine-E 

'1'11~~ iholatioii of a basic bubstaiice from the periodatc 
osidat 1 0 1  I of 7 . 8 4  i hydroxydihydrodesoxycodeiiic is i 11 
niarked roiiti a i t  to our lead tetraacetatp cxpeliineiits 
\I itli 7-liydiosydiliydrocodeiiie (above). T h r ~  di- 
\.rigc\iit resiilth may perhaps be attiibuted to Iiapopoit'. 
Iiarriiig operated iii aclueous acidic solutioii (where the 
Iiitt.og:r.ti \\ o d d  lie protonated) ~ whereai; oiii ' basic 
glycol \t a\ oxidizcd i i i  beiizeiir> solution in \T-hich in- 
tcwia!, base-catalyzed polymerization of the iwiiltiiig 
arninodisldehydc 11 as possible. The instability of 
comparable dialdeliydes has been observed i n  colchicine 
studies by Tarbell.' 

I'iniii a consideration of' these poiiits it was apparent 
that, in order to circumve~it lo of product through 
polyniwization of the inteime ate dialdehyde. the 
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a t  lozuer frequencies than that arising from a 4-(crypto- 
phenolic)liydrosyl group in this series. 

TABLE I 
Sitbstnnre Hydroxyl ahsnr1,tion bands ( p )  

C:rtt~cllol 2 .87  3 . 0  

f7$$jH3 2.96 3,2d 

HO OH 

'Ytbt r:~~liydr~~desosyniorpliinr HC1 

NCH3 

HO & 
HO 4 H OCH3 

I )ili?drodesoxyiilorpliinr . HBr 

KCH3 

Hrt(3rocudeine' HRr 
IS ,HBr 

3.20 

3.12 

3 .12  

111 inice (subcutaneous administration) 1'1 ''-epoxy- 
2 '-liydroxy-2-phenethyl-S-n-propyl-9-methyl-6,7-benzo- 

morphaii (IX) hydrobromide showed ED,, 0.98 mg. 1 kg. 
which is somewhat more than twice the potency of 
morphine (qf. ref. 1 for testing details). 

TABLE I1 
COVPARATIYE ANALGESIC A( TITITIES m MICE 

Compoiind El3.0, mg /hg .  

hlorphine sulfate 2 1  
Codeine sulfate 14 2 
( f)-Plienazocaine h) drobromide 
( - )-Phenazocine hydrobroniidr 

0 25 
0 11 

IX  .hydrohromide 0 98 

Experimental'' 
nor-Cyano-A'-desoxycodeine (I).-Following the proredure of 

Rapoport, et ~ l . , ~ ~  22.5 g. of L'-desoxycodeine afforded 22 g. of the 
nor-cyano derivative, m.p. 148.5-150". 

nor-Cyano-7,8-dihydroxydihydrodesoxycodeine (II).-To a 
solution of I (12.8 g., 43 mmoles) in 150 nil. of pyridine, 10 g. 
(39 mmoles) of osmic acid was added and the system stirred mag- 
netically for 2 hr. Following the addition of 18 g. of sodium 
bisulfite, 300 ml. of water, and 200 ml. of pyridine, stirring was 
continued for 45 min. and the orange solution thoroughly ex- 
tracted with ~ h l o r o f o r m . ~ ~  Concentration of the dried extracts 
(Na2S04) in vacuo yielded a foamy residue which crystallized when 
triturated with methanol; yield 11.3 g., m.p. 223-223'. The 
analytical sample was recrystallized from methanol (Sorit), 
m.p. 226-228", [ ~ ] M D  -93.0' (c 0.71). 

Anal. Calcd. for C18H20S?04:  C, 65.8; H, 6.14. Found: 
C, 66.1; H, 6.26. 
- 

(14) The elemental analyses and rotations [in 95% ethanol) were carried 
out by J. G. RlcCann and his associates of the Analytical Services Unit  of the 
Laboratory of Cherriistry. Melting uoints are correrted. 

( 1 5 )  .J. $, Tlaran, .I. 0i.g. Chrm.,  26, 257 (1960). 




