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Synthesis of Mustards from Putrescine, Cadaverine, and 1,3-Diaminopropanel 
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Three a,w-bis(2-(.1ilor3ethylaniino)alkanes (I ,  n = 3-5) were synthesized for antitumor screening. In the 
preparation of I ( n  = 4 and 5 )  from the starting cup-diaminoalkanes, benzyl blocking groups were necessary to 
control the amount of hydros!etliylation. The S,S'-bis(~-hydroxyethyl)-S-S'-dibenzyl-w,w-dianiinoalkanes 
were chlorinated and tlr'e benzyl groups were catalytically removed with Iiydrogen to give the mustards (I, n = 
4, 5 ) .  All three mus- 
tards ( I .  i i  = 3 - 5 )  showed ronfirmed acstivity against Leukemia L1210 and negligible activity against Sarcoma 
1x0 and \Valker 256. 

The order of these two steps could be reversed, but the former sequence was preferred. 

l'utresciiie mustard (I, 72 =: 4) has some structural 
siriiilarity to the kiioxii antitumor agents 1,4-dimeth- 
aiiesulfonyloxybutaiie (Jlyleran*) (11, n = A ) ,  1,4-bis- 
(2-chloroethylami1io)-l,4-dideoxyerythritol dihydro- 
chloride3 (HI, n = 2), aiid I,G-bis(2-chloroethylainino)- 
1 ,fi-dcoxy-I,-maiiiiitol dihydrochloride4 (111, 71 = 4). 
I t  was therefore of' iiiterest to prepare putresciiie mus- 
tard for tumoi, screening. 

Tn.o other mustards of structure T (n  = 2 aiid 6) 
have already been prepared and found to have no 
iiihibitory action 011 a number of animal  tumor^.^ 
However, the change of chain lengt'h in I from n = 2 
and 6 to n = 4 may have some effect 011 biological 
activity. In the case of the dimethaiiesulfoiiates 
(11, n = 2-10), iiiaximuni activity2 occurred a t  n = 4. 
The other two homologs I (n = 3, 5 )  became of in- 
terest when iiihibitory action :against Leukemia L1210 
was observed iiiit'ially wit'h putrescine mustard (I, 
n = 4). 
h series of must'ards related to I bearing tertiary 

amine groups (IV, n = 2-6, 9) has been prepared by 
Ishidate and co-workers.j They concluded that I\' 
( n  = 6, 9) had the inost promising chemotherapeutic 
indices against Toshida sarcom8. 

This paper reports the synthesis of putresciiie mus- 
tard (I, n = 4), cadaverine mustard (I, n = 5 ) ,  and the 
trimrthyleiiediainiiie mustard (I, n = 3) .  
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Direct' reaction of ethanolaimii~e with the required 
a,w-dibro~noalkaiie~ was not suitable for preparing 

(1) This work was carried out  under the  auspices of the  Cancer Chemo- 
therapy National dervice Center, National Cancer Institute, National In- 
s t  tutes of Health, Public Health Seri.ice, Contract No. Sd-13-ph-1892. 
T h e  opinions expressed in this paper are those of the authors and are not 
rccessar ' lr  those of the Cancer Chemotherapy National Service Center. 
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a n d  1 3 .  R .  ljaker. .I. 0i.g. Chem.. 26, 2139 (1961); (h) L. Vargha, L. Toldy, 
and E. l ias t re i rer .  .4da Chim. d c a d .  Scl'. H u n g . .  19, 295 (1959): (c) P. W. 
Feit. Acta Chem. Scavd.. 16, 322 (1962). 

(4) I.. Yareha. I.. Told?, 0. FehPr. and S. Lendvai. .I. Chem. Soc., 805 
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(.i) AI. Ishidate. Y. daknrai.  and I<. l l a ruyan ia ,  Ciiem. Pharm. Bull. 

(Tokyo) ,  6, 164 (1958), 

the hydroxyethyl precursors of I ( n  = 4, 5 ) .  In  both 
cases, facile cyclization to a pyrrolidiiie or piperidine 
could be aiiticipated and, in fact, little or iioiie of the 
desired 1-111 could be obtained by this route. 
CsH,CH=S CsH,CH?SH CBH>CHlSCH?CH?OH 

I I I 

CjH,CH=X CsIi ,CHi?;CH>CH,OH 
I. VI1 3 .1 

HXCHZCHJOH C6HaCH?SCH?CH2C1. HC1 
I - + I +  

(CHz),, 

HSCHlCHrOH C6HdCII?SCH?CH?C1 HCI 
VI11 I S  

Iii the alternative approach starting from the a,w- 
diamiiioalksiies, it n as necessary to block the ainino 
groups in order to introduce only oiie hydroxyethyl 

TABLE I 
S C R E E S I S G  1)AT.k $i.\I\IARTn FOR 1 ( n  = 3-5) .i<;.&IXST rAEC-KEhIIA 

I,l ' t lo IS THE 110L.SE 

\i- t . 
Ilose, difference, 

11 I l lU .  '1.6. T 'Cb ' 1  T ' C C  

5 100 - 2  s 129 
100 - 2 . 9  13s 
1 00 - 3 . 7  136 
6 *5 -1 2 11s 
40 -0 6 11' 

4 56 - 3 . 1  147 
5 6 - 3  4 108 
S4 - 4  1 '33 
. iG - 4 . 7  97 
37 - 3  2 163 
"5 - 2 . 3  142 

3 4s -5  1 T6 
24 - 2 . i  164 
24 -0 5 103 
36 - 1 . 0  176 
24 -1 2 128 
16 0 .1  130 
10 0 . 8  101 

a Screening was performed under the auspices of the Cancer 
Chemotherapy Sational Service Center according to its protocol 
outlined in "Protocols for Screening Chemical Agents and Satural  
Products Against Animal Tumors and Other Biological Systems" 
in Cancer Chemotherapy Reports ( 2 5 ) ,  December, 1962, p. 1. 

Weight difference (g.) of treated ( T )  niiniis control ( P ) .  The 
greater the weight difference, the more toxic the dose of drug. 

Effect of treatment on survival is given in per cent T I C ;  that 
is, in per cent of ratio of survival (days) of treated (T)/rontrol 
(C). A value of T I C  5 85% is considered a tosic test. A value 
of T / C  I 12.55  is considered a positive result. 
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TABLE I1 
SCBSTITrTED cu,w-DI.4YI?rOAI,KA~Eh 

11 I ) . ,  o c  ' 
ca. 300 dec.' 

>300' 

Sirup 

206-208' 

lS@-IS1 .i' 

23G232e 

23-4-23? 

249-25 1 0  

24G2.18 der a 

2 16-2 1 7 ' 
13- - l .%e  

1 .i5- 1 .ji" 

'' k-ielltis are for compounds of suffic.ient purit 
For each compound, analj 

for use in the nest step. 
cal values are given in two rows: the r:ilcril:ited values :ire on the tcip r 

The yield of free base: suffiriently pure for the next step, nxs 09 = 5 )  x id  73' 
Crystallized from 9OC;  ethanol (1-1 .2HC'l e t h i i o l !  I S  .2HIIcI 

(~onipounds I ( r i  = -1, 5 ) ,  required 
I?r:irtion metiiiim w.2~ tliifinyl 

1'rep:ved likt. IS 
l'he dihytlro- 

I fmting at  reflux for 3 lir, w:is irecsess:i.ry for 
I-iydrogen*iIysis ( i f  1-11 .Pll( ' I  

Obtained 62'; of the  f r w  h v  {I ' I I I : ,  \).[I. 1:3h 150' '0.0; i n i n .  ' ,  r i ~ . l i .  .';)-:10", v('r\. 

1-ields t'iir ;in:i!>-tica:d saniplps :ire in pLirentheses. " ( ) f  
:tnaIyt.ir:rl samples. 
sults foiind on the bottom. 
~: 4;. 
ethitncil fVIII .2HC1). 
thrirough drying for 16-24 hr. (0.1 n i i r i . ~  :tnd toluene reflux temperature to reiii'ive sgilvent coriil)letely. 
c.hlf)ricir..-c.hloroform ( 3 :  1). Crystallized from ethanol-~kellysolve 13. 
hy re:trtir,n with thionyl chloride. 
c,hlr,ridc ( i f  VI11 ( n  = 3 ) ,  was formed in sit?c hefore the slow addition o f  t!ii,in!.I chlrjritk. 
r~.~nipletc~ solrition and complete re:v*ticin. 
! r r  = 5 )  \vas performed at room teiiiper:iture. 
Iiygrosr:ipic, suitai-ile for the nest s tep.  f rom the rewtioii ( i f  1 . ~ - ~ i l ~ r i ) i i ~ [ J ~ ~ r [ ) i ) : ~ i i e  t ind ('1 t i : inolxi t i i i ic~ tiy :i staritl:ir,l 1itc~r:itiirc~ prcwclrirc.. 

f!ir 1.1 
l'he latter never crystallized (lit.6 m p .  65' ) .  

f Crystallized frorn 3 .l' hydrochloric acid. Crystallized froin meth:~tir~l. 

Twice thr  :inionnt [ i f  c:it:dyst w:is used. 
hcetonitrile (or sometinies a large excess of t,Iiionyl c~hl~iritlc J was used :is solverit. 

Crystillized from niethi!i~il-eth:iti ) I :  soTtc'iiecl :it 208'. 

I I 1  i zrd f r( in1 met hnn , il---et her. 

groiip pci' 3iii:iio iiitrogeii. 'l'li(> uiiils (I-, / I  = 1.'; 5 )  
\\ere iwiiicrd with sodium liorohydride' to the di- 
tmizylaiiiiiics (\*I, t( = 3,fi 5 ) .  Tlieic ~ e i ~  c:)iivert~cd 
1)y (itliylciic. oxide to tliP S ,S ' -h i~ (2 - l iyc l ioxye th~ l~ -  
tiniincs ( \ - I I .  1 1  = 1. *j). Ilc~bciizylatioii with hydio- 
gcii $tiid palladium-charcoal to \XI[ follon-ed by clilo- 
riiiatioii ~\ . i th  thioiiyl chlorid(> ga\-e tlie desired iiius- 
t:uds (I, t i  = 4, 5 ) .  ?'he least satisfactory step \vas tlio 
last; cliloi~iiiatioii of \TI1 ( t i  = 4, 5 )  wider u variety 
ol' c~)iiditioiis iiicvitably gave Ion. yiclcls of dark. inipi1i.e 
I i r i  = 1, .j). 
-1 iiiai<kcd iiiiprovciiieiit in thc syitliesis was possibl(1 

iiig tlie order of the last tn-o steps. The de- 
) I I  of I S  proceeded smoothly \vithout any 

tle1ialoacii:itioii of the mustaid. Similar catalytic 
t'o remove beiizyl gimips i'rom niustnid 

~iiol(~cdes I I ~ V P  becw eniploycd by Friedman uiid 
Seligxnaii ii-itli ail S-phosphorylated iiitrogeii iiiustaid8 
:ind hy Ih i l l ,  et iri ai1 jlllpiYJ\.ed synthesis of phenol 
in I IS t aid. 

' I 'hr~  syiithc& of the m u s t a d  I in = 3 )  proceeded 
8. \ . a l i i i t : i  anid I I .  Ikeda, Jajlar Pa ten t  8480 (19.54); Cliem. 

, J .  I f .  I1~1l!11an :lnd A .  C'. Jjiesing, J .  i l r y .  Cbem.,  22,  1068 (1957); see 
J. 11. liillii~aii a i  , I  .J. IT. 1RIcL)owell, i h i d . ,  26, 1437 (1961), for references t o  
other rnetliodb 01 rrducirir R a h i f f  bases. 

( 8 )  0 .  11. l'ri~rliiian a n d  .%. II. Se l iwin i i ,  . I .  .i?n. L ' i i e m .  
,1 !3 ,54~.  

('4) A l .  i i .  1 3 f > I i i i ,  .I. h l .  C'reigliton, I.. T. Oneii, ani1 ct. K .  \Vllite, J .  Chrm.  
.So,,,, 2.365 f l ! J f i l ' .  
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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). 


