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activity by a procedure similar to that’ of Aceto and Harris21 
as modified by Nematollahi, et a1.22 A dose of 1.1 mmoles/kg 
was administered orally to groups of ten mice (male, strain CZH 
20 i~ 1 g). Since IX and XI11 are insoluble iii water, a 3% sub- 
pension of acacia in distilled water was used as the vehicle in all 
cases except where otherwise noted. After 2 hr, five mice in 
each group were challenged with a 2.5-mglkg ip dose of reserpine; 
t,he other five being given 5 mg/kg ip of reserpine. The animals 
were left undisturbed for 3 hr then evaluat’ed as to degree of 
blepharoptosis by two individuals. Ten control mice received 
oiily vehicle aiid reserpine (2 .5 arid 5 mg/kg for each half) as a 
coiitrol while isocarboxazide, administered in the same maiiiier 
as the test compounds at  a dose of O X 5  mmole/kg, served as 
a standard. The following ptotic scoring system of A4ceto aiid 
Harris21 was used: 4 = complete, 3 = three-fourthb, 2 = one- 
half, 1 = one-fourth closure of the eyelids and 0 = open eyelids. 
Since the administration of XI resulted in convulsive death of 
all animals at  the l.l-mmoles/kg level, the test was repeated 
using O.2 i3 ,  0.55, and 0.825-niole/kg doses (ayueoiis solutions;) 
iii ti groiip of five mice with a challengiiig dose of 6 mg/kg ip of‘ 
reserpiiie. The results of the testing are given in Table 111. 

(21) A l .  1). .\cero and L. 1’. Ilarris, J .  Ttixl‘col. A p p l .  IJhurmact i l , ,  7, 329 

(22) J. Ne~natu l la l~ i ,  I\.. Guess, and J .  Autian, J .  .Wed. Chem.,  9 ,  660 
(1952). 

(1966) .  

Anticancer Screening.-Derivatives containing aziridinyl 
moieties were tested against Walker 256 subcutaneous (WA); 
the remaining compounds against Walker 256 intramuscular 
( N I L )  and/or lymphoid leukemia L1210 (LE).23 Screening 
results are presented in Table IV. 

Antimalarial Screening.-Five mice were infected with a 
lethal dose of Plasmod ium berghei 3 days prior to administration 
of I, 11, VIC-X, and XI1 in doses of 40, 160, and 640 mg/kg sc 
in oiLY4 The mean siirvival time of infected control mice was 6.1 
days. The changes in survival time are given as the mean sur- 
vival time of the treated groiip miliris the meaii survival time of 
the control group. The re;iiilts of the rodent antimalarial tests 
are given in Table I\.. 
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DL- and ( 2 I t :  2’l<)-X,X ’-dicarbethoxy-2,2’-biaziridirie (3)  and the bismethatlesulfoliates of the syrnmetrionl 
position isomers of DL- and (2s:  3S)-N,N’-dicarbethoxydiaminobutariediols (1 and 2) were synthesized. Uri- 
xiiccessful attempts to prepare the corresponding 1,4-dihalogeiio-2,3-diamirlobutanes are mentioned. As far as 
they are available the anticancer screening data for the compounds are summarized. 

For reasons already discussed the present communi- 
cation concerns the synthesis of DL- and (28 .38 ) -  
N,S’-dirarbethoxy-2,3-diamino-l,4-butanediol 1,4-bis- 
methanesulfonate [DL-1, (S:S)-11, (28:3S)-S,N’-di- 
carbethoxy-1,4-diamino-2,3-butanediol 2,3-bismethane- 
sulfonate [(S : S)-21, and DL- arid (2R : 2’R)-S,S’-di- 
.carbethoxy-2,2’-biaziridine [DL-3, ( R  : R)-31. 
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(1)  Paper I: P .  W. Feit and 0. Tvacrinuae Nielsen, J .  1!4ad. Chcm.,  10, 
W i  (1St i i ) .  

The biaziridirie derivatives 3 might act in vico as 
alkylating agents per se, or alterriatively after being 
metabolized to the corresponding unsubstituted 2,2’- 
biaxiridine, inasmuch as James2 has proved aziridiiie 
formation from S-carboalkoxyaziridines in nitro after 
incubation with rat  plasma. 

For the S,X’-dicarbethoxydiamiriobutanediol bis- 
methanesulforiates 1 and 2 a ring closure to  the biaziri- 
dine 3 seems unlikely urider physiological p H  as this 
reaction proceeds in vit7.o urider strong alkaline condi- 
tions only. However, there might be a possibility of 
metabolizing to the urisubstituted amino compounds 
which are considered in vivo precursors of the cor- 
responding 2,2’-biaziridine, 

Chemistry.-The synthetic route for the preparatiuii 
of DL-1 arid (5‘ : S)-1 arid the corresponding biaziridiiies 
DL-3 and (R:R)-3 is hummarized for the optically 
active compounds in Scheme I . 3  Ring closure to the 
biaziridine ( R  : R)-3 could be performed by treatment 
of (S:S)-l with KOH in methylene chloride. Exami- 
natioti of the infrared spcctrum estnbli 
i I I I Y  &ice it \tiwiig c~arl~oiiyl h o r p t i o i i  

( 2 )  R .  M. .Jamen, B i o r / ~ ~ t ~ i .  Ph( i rmi i , -d . ,  14,  Y15 (1965). 
( 3 )  The reaction from 6 t u  I proceeds under \\.alden inversion a t  C-2 and 

T h e  prefix (S:S) is not changed in this special case due to  the rules of 
R. S. Cnltn, C. l i .  Inguld, and V. Prelog, 

-3 .  
tlie Calin-Inuuld-Prelox s j  stem: 
. ~ I I U L I C .  Client., 78, 413 (ILK%), and  vrcccding papers. 
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the S H  bond arid amide-I1 bond are lacking. The con- 
vprsion of @-iodo carbamates to aziridines, and the iso- 
lation of intermediately formed S-carbalkoxyaziridiric 
after treatment of methyl (3cu-iodo-2P-cholestatie)- 
1-arbmiate with methaiiolic KOH :LS described and dis- 
cussed by Haisrier and Heat hcock4 have en(-ouraged 
lis to  attempt this ring rli)<ure reartioil. 

i~eso-8, D L - ~ ,  :uid (S : 5’)-8 served :is starting material 
for the preparation of the cwrresponding 2,3-diamino- 
1 .-i-I)uiaiiediol’\ (12). R e d w t i w  tlebriizy1:ttioii of 
8 t o  12 failed i i i  our Iiaiid-, but ivruld t)e performed aftei 
:Ic*etylntioIi t o  the S,S’-ciiwrtyl compounds 11, : l i d  

subsequent deacylation. The structure seems to be 
provided by the synthetic route, but could be further 

( 4 )  .\. Ilassnrr and C. Heathcock, Zelrohedron 20, 1037 (1864); J .  O i y .  

Ciieni., 29, 3640 (1964). 

established as LiAlH4 reduction of diethyl //ieso-2.3- 
dibenzylaminosuccinate resulted in I,ieso-2,:~-dibrtiz\.1- 
:rmirio-l.4-butariediol, which after reductive c1ek)c~tizyI:i- 
tiori gave 7i/es0-12. Attenipti to prepare t l i t ,  1.4- 
dichloro-2,3-diamiiiohut;trie dihydrocLhlorides from t tic. 

rorresponding 12. 2HC1 by meam of thionyl chloridc~ 
11 ere i i~isucw<~fii l ,  :ilthough this reaction caoultl lie pc’r- 
formed with the ,,ieso-dibenzylamiIlo ~8(JlllpOUIld to  givtL 
nieso-l,4-dichloro-2,3-dibenzylaminobutane dihydro- 
(.liloricle. ‘ITtifort unn t  el., n ere unable to de1)erizyl:Lt 11 

thi\ cwnpoiultl. I{rnc+tiori with SOCl? ( i f  I ) J d - ? , : ~ - ~ ) l ~ -  

(dinieth2.lan~iiiu)-l,~-~ut:tiiediol dihydrochloride pw- 
pared by reductive alkylation of DL-12. 2HC1 resulted 
in the cyclic sulfite. 

Treatment of ( S  :S)-1 in 90% methanesulfoirir acid 
under various conditioris by analogy with the describtd’ 
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hydrolysis of 1,4-bisphthalimido-2,3-butanediol 2,3- 
bismethanesulfonate did not give the desired 2,3- 
diamino-l14-butanediol 1,4-bismethanesulfonate, but 
yielded the tetrahydrofuran (S : 8)-13. The physical 
properties including the optical rotation of the dihy- 
drobromide of (S:S)-13 mere identical with those of 
the compound prepared by an independent routee5 

DL- and (2s : 3S)-S,S'-dicarbethoxy-l,4-diamino-2,3- 
butanediol2,3-bismethanesulfonate [DL-2, (S : S)-2] were 
available by carbethoxylation of the corresponding 
diamine 14 or from (2s : 3S)-l14-diamino-2,3-butanediol 
[(X:S)-15] as summarized in Scheme 11. The saponi- 
fication of (S:S)-16 was accompanied by a cyclization 
reaction as the oxazolidone (S  : S)-186 was isolable from 
the reaction mixture. 

SCHEME I1 
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T.\BLE I 
SCI~EENING DATA FOIL U L - N , N ' - I ~ I C . \ ~ ~ ~ I ~ H ~ ~ Y - ~ , ~ L ' - B I . ~ Z I I L I U I R ' E  

(DL-3)  

Mean 
tumor 

Daily test/ 
dose, Sur- control, 

\v t 

mg/kga vivors %b Test system 

Toxic testC 50 0/3 
10 013 
3 3/3 

Walker carcinosarcoma 256 

Walker carcinosarcoma 256/ 3 .8  6/6 71 
cytoxan (subcutanous)d 1 . 9  6/6 87 

0.9.5 6/6 97 
0.47 6/6 '36 

(subcutaneous)d 1 6/6 52 

a Administered intraperitoneally once daily, days 1-5. Sacri- 
Fischer 344 rats, 

Random bred albino 
ficed and evaluated 10 days postinocnlation. 
evaluated 10 days after first injection. 
rats. 
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Anticancer Screening.-Compounds DL-1, (8: S)-l, 
(S : S)-2, DL-3, and meso-1,4-dichloro-2,3-dibenzylamino- 
butane dihydrochloride were submitted for screening 
to  the Cancer Chemotherapy Kational Service Center, 
Sational Iristitutes of Health. DL-1, (S :S)-1, and 
(S .S ) -2  M hen tested in the KB cell culture system and 
the Carcinoma 1025 system (mice) lacked antitumor 
activity even when administered intraperitoneally 
once dailywith 500 mg/kg for 5 days in the latter system. 
The dichlorodibenzylaminobutane compound was in- 
active in the Walker carcinosarcoma 256 (subcutaneous) 
system in doses of 100 mg/kg once daily for 5 days. 
For DL-3 a summary of the test data are presented in 
Table I, indicating that this compound is relatively 
toxica arid has no significantly selective antitumor ac- 
tivity v hen tested in this manner. 

Experimental Section' 
1,4-Dibenzyloxy-2,3-butanediols ( 5 ) .  Method A (Table II).- 

T o  u solution of sodium benzyloxide (13 g) in benzyl alcohol 
(800 g), 4 (43.1 g)  was added dropwise over a period over about 

( 5 )  P. IT-. Feit and 0. Tvaermose Nielsen, publication in preparation. 
( 6 )  (S:S)-18 shons  infrared carbonyl absorption bands a t  1711 and 1761 

em-' (CHCIa), making a difference between the  absorption frequencies of 
the oxazolidone ring carbonyl and its acyclic analog, both present in this 
mole r i i l r  of ,570 cm-1. 11. I<. Hall, Jr., and R. Zhinden, .I. A m .  Clreni. Soc., 
80, 6128 (1H58), measured a difference of 52 cm-1 between the corresponding 
fre(lrienciea of  a fi\.e-membered rinr and its acyclic urethan analog. 

( 7 )  Analyses ale by G .  Cornali and IV. Egger of these laboratories. Melt- 
ing points were taken in open glass capillaries and rounded off t o  half de- 
grees, wing a Hershberg apparatus with thermometers subdivided into 0.1". 

30 min while stirring a t  55-85'. The mixture was left for about 
20 hr, then diluted with diethyl ether (500 ml) and washed with 
1 N HzSOa and with water. Diethyl ether and excess benzyl 
alcohol were removed under reduced pressure. The remaining 
crude 5 (130-140 g), which solidified on cooling, was sufficiently 
pure for further reaction. 

1,4-Dibenzyloxy-2,3-butanediol 2,3-Bismethanesulfonates (6). 
Method B (Table II).-To a solution of 5 (134 g)  in pyridine 
(400 ml), methanesulfonyl chloride (125 ml) was added dropwise 
over a period over 4.5 hr while stirring at  6-13'. The mixture 
was kept in a refrigerator for 20 hr  and then poured into ice- 
2 'Y HC1 (2.5 1.). The resulting precipitates was washed with 
water and with ethanol arid triturated with ethanol (500 ml) 
to give 180-200 g of crude 6. 

2,3-Diamino-1,4-dibenzyloxybutane Dihydrochlorides (8. 
2HC1). Method C (Table II).-A suspension of 6 (114.5 g)  and 
Pia& (100 g)  in formamide (400 ml) was stirred a t  110-112" for 
about 17 hr. After dilution with water (1 1.)  the mixture was 
extracted with diethyl ether (500 ml); the extract was washed 
with saturated SaCl  solution (100 ml), dried (MgSO4), and evap- 
orated under reduced pressure. The resulting crude 7 (about 
i 0  g) in ethanol (300 ml) was hydrogenated in  the presence of 
10% Pd-CaCOa (8 g)  by blowing H? through the vigorously 
stirred reaction mixtiire. During the hydrogenation the tempera- 
ture rose to about 60". After about 4 hr the mixture had again 
reached room temperature, and an evaporated sample lacked an 
infrared azide absorption baud a t  2120 cm-1 (CHCb), indicating 
that the hydrogenation was complete. The catalyst was removed 
by filtrat,ion and the resulting clear solution was acidified with 
dry HC1. After concentration under reduced pressure to about 
100 ml the precipitate was filtered off and washed with ethanol 
and diethyl ether to give 24-30 g of crude 8.2HC1. 
N,N'-Dicarbethoxy-2,3-diamino-1,4-butanediols (10). Method 

D (Table II).-To a solution of 8.2HC1 (45 g)  and NaOH (25  
g)  ill water (350 ml), ethyl chloroformate (36 ml) was added drop- 
wise over a period of about 30 min while stirring at 0-5'. .4fter 
additional stirring for about 1 hr concentrated HC1 (20 nil) 
was added and the mixture was extracted with diethyl ether. 
The extract was dried (MgSOa) and evaporated under reduced 
pressure. The resulting g9 (50-60 g)  in ethanol (500 ml) acidified 
with concentrated HC1 (10 ml) wab hydrogenated in the presence 
of l0yo Pd-C (8 g)  a t  1.1 atm. The hydrogen uptake was com- 
plete in about, 2 hr. The catalyst was removed hy filtration and 
the resulting soliition was evaporated under reduced pressure. 
Trituration with diethyl ether gave 20-25 g of cntde 10. 

N,N'-Dicarbethoxy-2,3-diamino-1,4-butanediol 1,4-Bismeth- 
anesulfonates (1). Method E (Table II).-To a solution of 
10 (20 g)  in pyridine (100 ml), methanesulfonyl chloride (15 ml) 

(8) ( S : S ) - 6  separated as  an  oil, which was extracted with CHCla, dried 
(RIeSOa), evaporated under reduced pressure, and solidified with etlianol. 

(9) Only (S:S)-S \vas obtained in crystalline form with mp 71-72' (di- 
ethyl ether-heptane). [r2]9Ou -11.5O ( c  2,  ethanol). A n d .  Calcd for 
C?rHm?;rOc: C. G-1.81; H ,  7.26: N ,  6.30. Found: C,  64. i4 :  H. 7.18; 
N ,  6.28. 
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6.98 
7.19 
7.41 
7.23 
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had nip 170-171" (NeOH). 1 For material piepared by method K(a ) :  for material prepared by 
method K(b) the valrie was -20.1". m ilnal. Calcd: H20,  12.6. Found: HjO (Kall Fischer), 12.6. 'i Anal. Calcd: H,O, 
12.6. Found: H20 (Karl Fischer), 12.6. 0 Anal. Calcd: H20, 6.7. Found: HzO (Karl Fischer), 6.7. 

i, This material was hj-groscopic. 

c>x(ixc(s were evaporated uiider reduced pressure to give 43 g 
of crude product, nip 81-82.5", sufficiently pure for further reac- 
t ion.  The dihydrobromide was prepared by addition of excess 
4X'J.; HHr to a solution of the diamine in ethanol; mp 183.5- 
184.5' (ethanol). 

~ l n a l .  Calcd for ClaH24N202.2HBr: C, 46.77; H, 5.67;  N, 
0.06; Br, 34.58. Found: C, 46.73; H, 5.77; pi, 6.28; Br, 34.46. 

meso-1,4-Dichloro-2,3-dibenzyIaminobutane Dihydrochloride. 
-To a suspension of meso-2,3-dibenzylamino-l,4-butanediol 
(6.0 g)  in ethanol ( 2 5  ml), the theoretical amount of ethariolic 
HC1 was added and the resultitig solution was evaporated under 
reduced pressure. T o  the residue SOC1, (60 ml) was added 
rapidly while stirring at  0-5', and the mixture was stirred at 
room temperature for about 30 hr, followed by heating at 50-60° 
for 3 hr. Diethyl ether (150 ml) was added and the precipitate 
was washed with diethyl ether yielding 3.3 g of material. Tritura- 
tion with ethanol (20 ml) gave 3.0 g of product, mp 168-176" dec. 

.InaZ. Calcd for C1XH&12N2.2HC1: C, 52 .70:  H, 3.90: C1, 
:i4..57; N, 6.83. Foiuid: C, 32.33:  13, 3.97; C1, 34.34; N, G.65. 

2,3-Bis(dimethylamino)-1,4-butanediol Dihydrochlorides 
(19.2HCI). Method J (Table II).-A solutioii of 12.211C1 
(3.8 g)  atid :J5(;; formalin solutioii (12.0 g)  iti water (20 nil) way 
Iiyclrogetiated ill the presence of 10 Pd-C (3.0 9) at 1.1 2tt1n. 
The hydrogen uptake was complete i about 20 hr. The cata- 
lyst was removed by filtration and the resulting solution was 
evaporated under reduced piwsure. Trituratioii with ethanol 
gave about 5 g of crude material. 

Cyclic Sulfite of ~~-2,3-Bis(dimethylamino)-1,4-butanediol 
Dihydroch1oride.-A suspension uf u~-P,~-bis(diiiiethylaiiiiiio)- 
1,4-butanediol dihydrochloride dihydrate (0.5 g) in SOClz 
(10 ml) was? refluxed for about 20 hr. The resulting precipitate 
was washed with diethyl ether to give 0.5 g of material with mp 
144- 148' dec. Recrystallization from water-ethanol raised the 
melting point to 150-154" dec.'? 
~~~~ 

(12)  Tlic  nicltina point dci)rnrlcd on tlic rate of heating allioll for t he  
led was ulioiit lo,'min. 

-1naZ. Calcad for CaII18S,0JS~2HC1: C, X2..54: 11, 6X3,  S, 
!).49: S, 10.86: C1, 24.02. Found: C, 32.33;  I€,  6.99; S. 
9.33; S, 10.83: C1, 23.97. 

3.4-Diaminotetrahvdrofuran Dihvdrobromide 113.2HBr). 
Method K (Table 11). -(a)-A so1uti;n of 12.2HCl ( 2 . 0  g)  ill 
48'3 HBr (40 ml) was refluxed for about 20 hr and then evapo- 
rated under reduced pressure. Trituration with acetone gave 
about 2.5  g of crude 13.2HBr. 

(b)-A solution of (S:S)-l (1.0 g)  in methanesulfonic acid ( 3 . 0  
ml) and water (0.3 ml) was heated on a steam bath for about 2 
hr and then refluxed for 30 min. Diethyl ether was added and 
the precipitate was triturated with a small amount of ethanol 
to give0.35 g of (S:S)-13.2CH3S03H. 

.-lnaZ. Calcd for C4H,,NrOL.2CH$3O~H: C, 2 
S, 9.03; 8, 20.66. Found: C, 22.93: H,  6.17, S, 

This material (0.2 g)  was converted to the dihy 
crystallization from 3.0 ml of 487, HRr, to give 0.18 g of (8:s)-  
13.2HBr. The infrared spectrum (KBr) and the airalysis were 
ideiiticalwith thoseof thematerialprepared :tsiii part a. 

(28 : 3S)-1,4-N-2,3-0-Tetracarbethoxy-1,4-diamino-2,3-b~- 
tanediol [ ( S :  S)-16].-To a suspetirioti of (S:S)-15.211 Hr l  

e ( 2 0 0  nil), ethyl c.tiloroforniale (60 nil) w:ib 

el' a period of about 30 miti while stii,ritig at 
oiial stirring for about 1.5 hr the mixture was 

poured into ice-2 AV HC1 (1 1.). The separated oil was extracted 
with CHCL, and the extract, after drying (MgSO*), was evapo- 
rated inider rediiced pressiue. Tritiiratioii with petroleum ether 
(tip 50-70') gave 28.7 g of critde (S:S)-16, nip 8'%..5-84'. After 

stallization from diethyl ether-petroleum ether the melting 
point was unchanged, [ a ] 2 0 ~  -43.2' (c 2, ethanol). 

Anal. Calcd for ClsHnaK?Olo: C, 47.05; H, 6.91: N, 6.86. 
Found: C, 46.84; H, 6.98; N, 6.90. 

(28 : 3S)-N,N'-Dicarbethoxy-l,4-diamino-2,3-butanediol 
[(S: S)-17] and (55' : uS)-5-(  p-Carbethoxyamino-a-hydroxyethy1)- 
oxaxolidone (2)  [(S:s)-lS].-A solution of (S:S)-16 (10.2 g)  and 
KOH (3 .0  g) in  ethnnol (50 ml) was atiri,ed at room temperaiure 
for :ibout 1.5 hr. After xidification with 10 S ethanolic IICl 




