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TLyo ticw secoiidai~y iiitrogclii mustards, 2-cliloroei hyl-l.3- 
dic.hIoi.o-2-propylaiiiiiie ( I )  aiid 1 ,;2-dichloro-2-propylamiiie, (11), 
liitve beeii syiithesized aiid tested in trimor-bearing anirnals.:j 
Conipoiirid I eshibits greater anticancer activity atid less toxicity 
t h a i i  bis(2-chloroet hy1)aniiiie (tior-IIN2) which has been widely 
en>ployed i t i  cancer chetnolherapy research. 

These secondary amities were phosphorylated : i d  iricotporated 
iiito cc~nipoiirids aiialogoiis to 2-[bis(2-chloroethyl)aniiiio]tet1~a- 

phosphoi,itie 2-oside (cytoxaii), a11 ailti- 
cancer diiig that has beeti iibed with siiccess in the treatmelit of 
h i i m a i i  atid ariirnal tumors. I n  si'i.0 cleavage of the phosphaniide 
litikage woiild be espected to wleahe thehe secoiidary iiitrogeii 
rniistards t hat possess larger ther riiic itidices t h m  tiot,-IIS2. 
111 spite of these alteratioiis, the o iphuaphoriiies were iiiactivc 
wheii tested iii caiiwr-heat,ilig :tiiinds. 
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Experimental Section 

Materials.-L'-Artiiiio-l ,:Lprcipaiiediol was ohtaitied : ~ s  :t sample 
through the courtesy of Commercial Solvents Corp., New York, 
N. Y. 

2-Hydroxyethyl-1,3-dihydroxy-2-propylamine.-~-~41ii~iio-l,3- 
pt,opanediol (91.1 g, 1.00 mole) was dissolved in 75 nil of water. 
Ethyleiie oxide (14.7 g, 0.330 mole) was slowly bubbled through 
the rapidly stirred misture over a period of 5 hr. The reaction 
temperature was maintained a t  40-45". After the addition was 
completed, the mixture was stirred for an  additional hour and 
then distilled. A 30.5-g (67.7 ) J-ield of the desired product 
was collected as a light yellow v cous oil, bp 211-212' (4 mm). 

Anal. Found: 
C, 44.4: H, 9.8; S, 10.7. 
2-Chloroethyl-1,3-dichloro-2-propylamine Hydrochloride (I).- 

From a dropping furiiiel warmed wit,h a heat lamp to afford free 
flow of liquid, 70.0 g (0.510 mole) of 2-hydroxyethyl-l,3-di- 
hydroxy-2-propylamiiie was added dropwise to 550 ml of freshly 
distilled SOClp over a period of 2 hr with estertial rooling at 45- 
5 5 O .  After the addition was completed, the reaction mistiire was 
heated to refliix aiid 200 ml of SOCI, was removed by distillation. 
Uetizene (350 ml) was added and refiiix was continued for an 
additional 3 hr. The solvent was theti removed by distillation 
at reduced pressure and 150 ml of benzene n-as added. The 

Calcd for CJI,,NO;: C, 44.4; H, 9.7; S, 10.4. 
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benzene solution \I-as extracted (three 100-mI portioiis of water), 
arid the combined extracts were made strongly alkaline with 10% 
aqueous NaOH. The aqiieoiis solution was extracted (three 
100-ml portions of CHClr), and the combined extracts were 
dried (Xa2S04). Upon the addition of HC1 and cooling, the 
desired product separated as a light brown crystalline solid. 
ltecrystallizatioli from 2-butanone yielded 36.8 g (32:J) of prod- 
iict as a white crystalline solid, mp 95 5-96.5". 

Found: C, 26.7; 13, 4.9; C1, 62.1. 
N-(2-Chloroethyl-1,3-dichloro-2-propyl)phosphoramic Dichlo- 

ride.-2-Chloroethyl-l,3-dichloro-2-prop~~a1nitie hydrochloride 
122.7 g, 0.100 mole) was suspended in 250 ml of frehhly distilled 
POC1,. After stiri,ilig at reflux for 40 hr  the escess FOC1, was 
removed at rediicfed pressure. Dist illat ion of the dnrketied 
residiie yielded 22.0 g (71.4%) of colorless Iiqiiid, bp 11'6' (0.25 
mm). 

.+nul. C a l d  for CJI,CI~SOP: C, 19.t5: IT, 3.0; C1, 57 7. 
E'oiitid: C, 19.5; I f ,  3.0; C1. 57.6. 

2-( 2-Chloroethyl-l,3-dichloro-2-propylamino)tetrahydro-2- 
oxo-2H-l,3,2-oxazaphosphorine (III).-To ?I-( 2-chloroet hyl-l,:3- 
dichloro-2-propy1)phosphoramic dichloride (40.1 g, 0.130 Inole) 
dissolved iii 100 ml of dioxarie wcre added alowly a ~ o l i i t i ~ i i  of 
9.73 g (0.130 niole) of freshly distilled 8-:irniiiu-l-propstiol atid 
26.3 g (0.260 mole) of triethylaniiiie ill 100 ml of diosaiie while 
the sliri,ed re:trt,ioii mixtiire was maiiitaiiied :tl 3 0 - 3 5 O .  Afler 
the additioti was completed, t,he reactioii mixtiire w a s  allowed 
10 remaiii at, roorn temperatiire for 16 hr aiid filtciwi, aiid i tic 
solvelit was removed a t  rediiwd preayiire. The residiie wah tiis- 
solved iii 130 nil of ethyl acetate aiid theii washed (five 100-nil 
portioiis (Jf 10yc Na?CO3, theii foiir 100-1nl portioiih of l l l ( j2  YaCI). 
After dryiiig (Na?S04)  the solveiit was removed mider rediicwl 
pressiire (amhielit, temperature). The rernailiitig oil !vas dib- 
solved in  150 nil of ether and tjhe soluiion was cooled to approxi- 
mately -30". The prodiict was then previpitated by the addi- 
tiuri  of cold petroleiini ether (bp 3-60') .  Upoii wartnitig, the 
suspeiided solid melted. The solvelit was decaiited aiiti the re- 
rnaii~ing oil was dried for 40 hr at, 25" ( 3  mm). A yicld of 11) g 
(2,5%) of a viscous light yellow oil \+-:is ot)t:iiiied. I t  was iii,wl- 
iible iii water, but absorbed 1 niole of water iipoti atatidiiig ill :t 

Anal. Calcd for CJIjiCLX: C, 26.5; IT, 4.9; C1, 62.5. 

iiioist atmosphere. 

1"oiuid: C, 31.0; 11, 5.3: S,  9 0 
Ann!. Calcd for C6B,cCI~Sr021~:  C, 31.0; 11, 3 . 2 ;  K, 9.1. 

1,3-Dichloro-2-propylamine Hydrochloride (II).-2 Arnitio-1,3- 
propatietliol (18.2 g, 0.200 mole) was added i t i  .small portions to 
1,j() ml of t,efltixiiig SOClr. After refliixitig atid stirriiig for a11 
adtlitiotial i hr, the mistitre was allowed to staiid overtiight atid 
the escebs SOCI, was removed iiiidcr redrived preswre. Thc 
almost black residiie wa.. extracted (foiir 50-ml pcirt ioti> of water), 
and the combined extracts were made strijiigly alkalitie wilh 
conceiitrated SaOH.  The aqueori,? soliitioti was extracted (foiir 
50-ml portions of CHCl,), and the rombined estract.? were dried 
(KaLSO4). Upon the addition of dry HC1 to the chloroform 
solutioii, a white adid separated. Thi.G niaterial was collertetl 
011 a filter, washed (CHCl,), aiid rerrystallized from a mixtiire 
of ethyl acetate aiid acetoile. A yield of 10.2 g (31.05)  of white 
needles, mp 16.i0, was obtained. 

Anal. Calcd for CsHsClaru': C, 21.9; 11, 4.0; C1, 64.7. 
Foiind: C, 22.1; H, 4.7; C1, 64.3. 

N-( 1,3-Dichloro-2-propyI)phosphoramic Dichloride.-I ,S-I>i- 
chloro-2-propylamirie hydrochloride (32.9 g, 0.200 mole) was 
suspended in 300 ml of freshly distilled POC13. After stirring at  
reflux for 9 hr, the excess POCL was removed under reduced 
pressiire. Ilistillation of the darkened re.*idrie yielded 15.2 g 
(31.0c7,) of a clear yellow oil, bp 121' (0.6 mm). n% 1.3163, 

.-lnal. Calcd for CJ&Cl,NOP: C, 14.7; H, 2 . 3 ;  C1, 57.9. 
Found: C, 14.9, H, 2.5; C1, 5T.9. 

2 4  1,3-Dichloro-2-propylamino)tetrahydro-2-0~0-2H-l,3,2-0~- 
azaphosphorine.-S-(1,3-C)ichloro-2-prop!-l)pho~phoi,amic di- 
chloride (14.65 g, 0.0598 mole) and triethylamine (12.14 g, 0.1200 
mole) were dissolved in 65 ml of dioxane. 3-Amino-I-propanol 
(4.50 g, 0.0598 mole) was then added dropwise to the stirred 
mixture while the reaction temperatiire was maintaitied at 23-30". 
After standing overiiight a t  room temperature, the mixtiire was 
filtered and the solvent was removed from the filtrate at reduced 
pressure. Trituration of the residual browti oil with ether cai tsed 

to solidify. I:ec~ystallizntio~i from heiizetie 

Anal. Calcd for CsHi&12T\'?0,P: C, 29.2: H, 3.3; C1, 28.7. 
) of white crystalliiie solid, mp 13:i-134°. 

Found: C, 29.3; H, 5.3; C1, 28.6. 


