
iiifraretl spec~truni and nieltiirg poitit (2711-272"). Reportetl 
melting points for the compound are 2,j2--254,13c~ 2i6-2i8, ' :{ '  

A l i ~ i  1iyItii:~g- 
iiesium iodide was prepared from 10.2 g of 1Ig aiid 60 g of 11iet11yI 
iodide in  250 ml of ether. 2-Bronioeth.Ipho~ilii~iii(~ tIic.liloride'' 
(4:J g)  i n  50 in1 of ether was added dropwisc with stirriiig :it rooni 
ternperatlire over a period of 1.5 hr, mid the mixture w w  stirred 
overnight a t  room temperature. Ethariolic KOH (60 g in 2000 
nil  of ethanol) was added with vigorous stirring, and Mg(OH)? 
was removed by filtration. The basic filtrate w a s  refluxed 1 111.. 
tleiitralized with concentrated HCl, and filtered, anti the filtratt~ 
was concentrated in vaczio. Diutillatioii in mci to  gave 2-etho 
r~~hyldimethylphosphirie oxide (]-I), yield 15.3 g (SC; j ,  bp ! 
101' ((1.5 mm). An analytical sample was obt,ained by redis 
latioii in oacuo through a T'igreiix c.olumii; yield 9.6 g, tip 104- 
10.5" (1.5 mm). 

.trial. Calcd for C E H I ~ O ~ P :  C, 4i.99; H, 10.OT; P, 2O.lj3. 
Found: 

2-Bromoethyldimethylphosphine Oxide (V).~~-2-F;thosyethS.1- 
dimethylphosphine oxide (VI)  (5.1 g) was refluxed with stirring 
for 4 hr with 20 ml of Myo HBr. The solution was concentrated 
by distillation a t  atmospheric pressure, and the last traces of 
water were removed by evaporation i 7 ~  wmm. 
chloroform solution was treated with anhydrous HBr 
rapidly into the solution) for 4 Iir a t  reflux. 
lower layer was separated and distilled in t'uczro: t,he fraction that 
boiled in the range 101-122" (0.07-0.5 mni) via5 cdlec.tetl. 
T h e  distillat>e (crystallized in the receiver) was sublimed in  cnciro, 
:iiid the siiblimate was crystallized three limes from CHClr (:;, 
1; arid 1 1111); yield 450 mg ( 7 5 ) ,  mp 89-90". 

Anal .  Calcd for C4HloBrOP: C:, 25.06: H, 5.41; Br, 4:3.20; 
I', 16.73. 

Dimethylvinylphosphine Oxide (VII).-Treatmerit of methyl- 
magnesium iodide (0.18 mole) with 2-bromoethylphouphonic 
dichloride14 (0.09 mole) as described for VI followed h>- deconi- 
position of the cold (0") reaction mixtnre with alcoholic KOH, 
filtration, neutralizatiori of the filtrate vi th  concentrated HCI, 
filtration, and concentration of the filtrate i 
residue that was distilled in turuo.  .1 fi  
with bp 68--69" (1.6 mm); yield 1.83 g (2 
:<i)8(1, 3030, 2990, 2970, 2905 (CH includi 
1400 (-CH=CH?), 1295 (PC,H3). 116.5 (P==O:l; pcisitive twt 
for unsaturation with KllnOd. 

260 .27(],13c 2i:j&275,13d 267-'3jfi,5,13? 2 T ; ; O , l 3 :  

2-Ethoxyethyldimethylphosphine Oxide I V I ) .  

C ,  47.99; H, 10.05; P, 20.74. 

The res 

After cooli 

Found: C, 25.76; H, 5.58;  Br, 48.37; P, 16.33. 

.Inal. Ca!cd for CdHgOP: P, 29.73. Fourid: P, 2 
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Glycerol 1,3- and 1,2,4-Butanetriol 
1,4-Bismethanesulfonates 

PETER \V. FEII INI) OLE TVAERMOSE SIEISEN 

Jim) Phnrniareirfi.ca1 Products, Ballwup, Denmark 

Recrived December 15, 1DG.5 

The title compounds were prepared for antitumor 
screening. Eyccially 1,2,4butanetriol 1 ,.l-bismeth- 
:uw-ulfonntr is ~10 ,~c lp  rclate(1 tn both busulfan :1nc1 

' I  .Itliiiiiiiutered iiitr:trirritoiieall~ once daily, clays 1 throiigli > 
P:Lc.rifired and evaliiated 10 &ys postinocih- 

The dose that inhibits growth to 10% of coiitrol growtli. 
~ostinociilatiori. 
ticin. 

Experimental Section4 

Glycerol 1,3-Bismethanesulfonate.--8 mixture (if 1 ,:hlibroiri(i- 
2-propanol (21.6 g) )  ,<ilver methanesulfonate (42 g), cind acetotii- 
triIe 1100 nil) was refluxed for 18 hr. A4fter filtration from hilver 
bromide ( 3 3  g)  and evaporation in r(zr1m, the residue was ex- 
tracted with acetone leaving unre:icted silver met,lianesulf~innte. 
Addition of 10 .I' etharrolic. HC1 (0.1 nil), filtratioii (decolorizing 
carbon), evnporatioii, nnd recrystallization from ethanol i 120 
nil: elded the vrride material ( 7  g), rnp GB-67". Several 
recr oiis frorn ethanol (99.9:;) p:tvrs t li(1 i~ihirl(+. 

:inalytic~ally piire cx)inpoiind> mp 66-67", 
.Inal. Calcd for C5H,,0&: C 4.19: 11, 4,s;; S. 2 

~1,-1,2,4-BUtanetriOl 1,4-Bismethanesulfonate.---Tii :I d u t  i o t i  

o f  1,4-dibromo-2-biitaii~)nes (40 g)  in diethyl ether (250  nil 1, : i  

whi t ion  of NaB€14 (2.2 g )  in mlcl water (40 ml) \\.a* added tlrop- 
wise while stirring a t  .>-So. The reaetion mixtiire wiis i t  irwti  
for an additional 2 h~ 10 attain room terriperatiirc.. 'l'he organic 
IaJ-er was washed wit I i  wat,er, dried (llgSOd), mid fr:wtitrriai ed 
in v a c m .  resulting in slightly inipiire l,~dibromo-9-biitatiol 
(24.5 g), lip 110--116° (10 mm). This product (23 g)  \vas t,rentotl 
with silver methanesiilfonate for 4 hr :t' described for 1 ,3-dibromo- 
%-propanol. .A.fter tvnporat>joii of t h e  aretone soliition crystal- 
lization was effected 1))- treat,ment with a mixtiire of diethyl 
ether-acet,one (9: 1'1: yield 7 . 2  g, nip i2.5-78.5" (ethanol, 99.0c;.\. 

~ o l l n ~ :  c', 2 ~ ) ;  I-r, . I . Y ~ ;  s, 25. 
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A n a l .  Calcd for C8H14OiS2: C, 27.48; HI 5.38; S, 24.45. 
Found: C, 27.64; H, ,5.41; SI 24.49. 

Diethyl 2-0-(2-Tetrahydropyranyl)-~-maleate.-To a mixture 
uf diethyl maleate (95 g)  and purified dihydropyraii (46 g),  
concentrated HC1 (0.2 ml) was added. The reaction mixture 
was allowed to warm and kept for 28 hr a t  room temperature. 
Seutralization of the HC1 with excess of AgzOs and distillation 
in vacuo, leaving some imdistilled mat,erial in the distillation flask 
in order to avoid any risk caused by peroxide formation, yielded 
49 g of the ester, bp 118.5-119' (0.4 mm), [ a I z o ~  -59" ( c  6, 
acetone). 

A n a l .  Calcd for CI3H22O6: C, 56.92; HI 8.08. Found: C, 
56.64; H, 8.14. 
2-0-(2-Tetrahydropyranyl)-(S)-1,2,4-butanetriol.-A suspen- 

sion of LiAlHd (20 g) in diethyl ether (500 ml) was refluxed for 1 
hr. A solution of diethyl 2-0-( 2-tetrahydropyranyl)-~-maleate 
(46 g )  in diethyl ether (50 ml) was added dropwise with stirring, 
the heat of reaction causing a gentle refluxing. After additional 
heating for 2 hr ethyl acetate (70 ml) was carefully added, and 
the reaction mixtiire was cooled. After successive cautious 
additions of water (20 ml) and 4 X XaOH (20 mlj, t'he inor- 
ganic precipitate was removed by filtration, washed several times 
lyith diet,hyl ether (500 ml), and extracted with hot chloroform 
(200 ml). The combined organic solutions were dried (MgSO4) 
and evaporated in vacuo. Distillation of the residne yielded 13.9 
g, bp 115-123' (0.2 mm),  [(Y]*OD -47.1' ( c  6, acetone). 

A n a l .  Calcd for C9H,Z04: C, 56.82; H, 9.54. Found: C, 
57.16; H, 9.42. 

(S)-1,2,4-ButanetrioI 1,4-Bismethanesulfonate.-To a solution 
of 2-0-(2-tetrahydropyranyl)-(S)-l,2,4-butanetriol (5.2 g )  in 
pyridine (15 ml), methanesulfonyl chloride (6  nil) was added 
dropwise while stirring at -20 to -15' over a period of 30 min, 
and the reaction mixture was then kept a t  -15 to -5' for an 
additional 40 min. After standing for 20 hr a t  about 5' the 
mixture was poured into icewater (300 ml). The separated 
heavy oil was washed with water by repeated decantation, and 
dissolved in chloroform. After drying (RIgSO4) and evaporation 
in vacuo, the resulting crude 2-0-(2-tetrahydropyranyl)-(S)- 
1,2,4-butanetriol 1:4bismethanesulfonate was refluxed in ethanol 
( 3 5  ml) for 20 min after addition of methanesulfonic acid (0.3 
ml). After standing a t  about -5' for 20 hr (S)-1,2,4-butane- 
triol 1,4-bismethanesnlfonate (2.2 g) separated, mp 68-70'. 
Additional material (1.6 g) with the same melting point could be 
isolated from the mother liqiior. Recrystallization from ethanol 
raised the melting point to 68.5-70", [ (Y]*~D - 16.5" ( c  6, acetone). 

Anal .  Calcd for C6HlaS20i: C, 27.48; H, 5.38; S, 24.4.5. 
Found: C, 27.41; H, 5.35; S, 24.36. 
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tional Institutes of Health, Bethesda 14, >Id., for the 
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(6) Work-up by treating a i th  XaHCOa solution resulted in a product 
with decreased optical rotation. 

u-Triazolo [4,5-d]pyrimidines. 111. N-(3-Alkyl- 
5-amino-3H-2j-triazolo[ 4,5-d]pprimidin-7-y1)- 

amino Acids' 
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N- [9-(@-~-Ribofuranosyl)purin-B-yl]aspart~ic acid 
5'-phosphate (I) is an intermediate in the hiochem- 

(1) This inveatigation was supported by the Cancer Chemotherapy K a  
tional Service Center, National Cancer Institute, National Institutes of 
Health. Contract No. SA-44-ph-1740, and h y  the C. F. Kettering Founda- 
tion. 

ical interconversion of inosinic and adenylic acids and 
is, therefore, an intermediate in the biosynthesis of 
nucleic acids. * A number of other S-(l,uriii-G--l)a~ilirio 
acids have been prepared as analogs of the aspartic 
acid derivative.3 I n  addition, Ballweg4 has ynthesized 
a few S-(u-triazolo [4,5-d ]pyrimidir1-7-yl)a1~iino acids 
(11). We report here the synthesis and antitunlor 
evaluation of several N-(5-amino-v-triazolo [4,5-d]pyr1- 
midin-7-y1)amino acids that have an alkyl substituent 
a t  the position corresponding to that occupied by the 
ribofuranosyl group in I. 

HOOC- TH-CHzCOOH 
I YH R 

I 
NH-CHCOOH 

HO OH 

' + N ~ ~ H  
I1 

R'-CH-COOR" I: 
I 

?1 N H  

R R 

111, R =  C2Hs 
IV, R = C4Hg 

VI, R= CzH"R'=R"=H 
VII, R =  C4H9; R' = CsHsCHz; R"=H 

VIII, R =  c ~ H ~ ;  R'=BZOOCCHZ;R''=BZ 
IX, R =  C4Hg;R'= HOOCCHz; R " = H  
X, R = C2Hs; R'= BzOOCCHz; R"=Bz 

XI, R =  CzH5;R' = HOOCCHz; R " = H  
Bz =benzyl 

i 
COOH 

C4H9 
v 

The v-triazolo [4,5-d]pyrimidin-7-ylamino acids were 
prepared from 5-amino-7-chloro-3-ethyl-3H-v-triazolo- 
[4,5-d]pyrimidine5 (111) or the 3-butyl derivative (IV). 
Equivalent amounts of free amino acid and triethyl- 
amine in anhydrous alcohol were employed for the 
preparation of the monobasic amino acid derivatives. 
The aspartic acid derivatives (IX and XI) were obtained 
by displacing the 7-chloro group of I11 and IV with 
dibenzyl aspartate and hydrogenating the resulting 
ester derivatives (VI11 and X). 
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