
~rupariyl ester. Thib phenonmioii may be a 5 5 0 C l 1 t k d  \vith ~ O I W  

geometrical interaction of the two phenyl groups with the large 
iropnnol ring. 
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Tertiary Phosphines and Phosphine Oxides 
Containing a %Haloethyl Group' 

'>-Haloethyl~hosphiries and -phosphine oxides may be 
considered as phosphorus analogs of nitrogen mustards. 
Heretofore, tertiary phosphine oxides containing a 
%haloethyl group have at,tractecl interest as inter- 
niediates for the synt>hesis of the corresponding vinyl 
derivatives, 11-hich can function :is nionoiners in the 
synthesis of orga~iophosphorus polymers or copolymers. 
The existing methods for synthesis of the phosphine 
oxides, :IS well as the phosphines, are few in number. 
The preparation of only one monofunctional '>-halo- 
ethyl tertitiry phosphine has been and in 
that instance t'he compound \\-as not obtained in pure 
forin. Abbiss, et u Z . , ~  have described the synthesis of :I 

bifunctional phosphorus mustard, bis(2-chloroethy1)- 
iihenylphosphine oxide, which was ohtained in analyti- 
ral purity, and a related phosphine, his(2-cliloroetliy1)- 
iihenylphosphine, ~ v h i c h  was not isolated in liure forni. 
I;hrlier, Hitchcock and J lann? obtained bis(2-bromo- 
cthyl)~)lienyl~~hosl~hine hydrobromide as an inipure 

nthetic pathways have been reported5- 
inctionnl 2-linlocthyl~~Iios~~hine oxides, 

h i t  only two of t,hese 1i:ir.e been used  to obtain pure 
Because of our interest in obtaining the 

~)hosphines :inti ~ihospliine oxidcs :is characterizabl(~ 

( I )  This inrestigation was supported liy the  Cancer Chemotherapy Na- 
tional Service Center, National Cancer Insti tute,  Sational Institutes uf 
1Iealth. Contract No. PH-45-64-51, and hy the C. F. Kettering E'oundatiun. 

( 2 )  C. 11. 9. Hitchcock and F. G. Maim, J .  Chern. Soc., 2081 (1958). 
( 3 )  Many primary, secondary, and tertiary phosphines have been syn- 

thesized in wliich a halogen is substituted in the  2 position of alkyl groups 
bonded to  phosphorus. The majority of these are polyhalogenated ethyl or 
higher alkyl derivatives, however, and only the compound reported Ly 
Hitclicook and h lann?  can be properly categorized as  a 2-haloethyl tertiary 
phosphine. Compound I is the only exnmljle of a phosphine of the  type 
ItnPCH?CIIr-lialogen (R = alkyl or aryl) and 2-bromoethylethylpl~enyl- 
phosphine2 is the only example of a pliosphine of the type RR'PCHgCHr 
halogen (It and R' = alkyl or aryl bu t  R # R'). 

(4)  T. 13. .ihbiss, A.  €€. Yolonay, and V. 11. N a r k ,  J .  ,Sled.  Chem., 7 ,  TU3 
(1964). 

( 5 )  ft. Itabinowitz and J. Pellon, J .  Uru. Chen.. 26, 4623 (1961). 
( t i )  H. Ilellmann and J. Bader, Tetrahedron. Letters, 724 (1961). 
(i) If. I. Kabachnik, T. Ya. Medved, Yu. 11. Polikarpov, and I<. 5 .  

(8) R. S. Cooper, 1:. S. Patent. 3,035,096 (May 13, 1962);  Ckem. -<bsO, . ,  

(9) R. C. >filler. Abstracts of Papers. 140th Sational Meeting of t i l e  

Yudina, Izo. A k a d .  .Vauk SSSFt, Otd. Khim. Xauk .  1584 (1962) .  

57, 13805k (19631. 

hmwican Cliernical Society, Chicago, Ill., 1961, 11 4:jQ. 

JI7e have used tn  o syntlictic ljathx-nyz to o h  :iin 

2-haloethyl tertiary ljhosghine oxides in malytitxl 
Iiurity. 2-Bronioetliyldi-sec-butyl- arid -diphenylphos- 
iihine oxides (111 :~nd IV? 1 )ectively) R ere con- 
veniently prepared by nieaiib of t lie Michaelis-Arbuzov 
reaction between ('xt*c~s 1.2-tlibroinoethane and thc 
niipropriate ethyl disubstituted phoslihinite (CY[ 2). 

111, I t  = sec-C:*Hq 
I]', 11 = C6U5 

Ethyleriebis(t1isiibstit uted phosphine oxides) v ere o1)- 
tained in low yield as by-products. This nietliotl 
T ~ P  reportcd by Itabinowitz arid I'cllon6 who did not 
attempt purificiation of the 2-bronioethyl dwiv:itivc,y 
but dehydroh:ilogenated them in order to o1it:tiii t l i v  
vorresponding vinyl conipounds for I)olyiiicrtzutioii 
studies. Hellniann and Bader6 prepnretl !2-1~liloro- 
~~thyld ip l ie~iq- l~~ho~~~l i i i i e  oxide as a crystalline s o l i d  1,- 
tlie rearrangement of bis(chloro~iie~liyl)dil ,hcnSl~~li~~~- 
plioniuni chloride in  aqueous solution, and T<:tbwliniL 
and co-JT o r l ~ d  :md Cooper* prepared the  s:iiiic> coiii- 

l~ouiid in  tlie pur(' state by the -\Iicliaelih-*~r~,u~(i\ 
rc:irrangenieiit of 2-chloroethpl dip1ienyl~~ho~~)Iiiriit 
-\\lillerg reported the preparation of I?J'(0)CH2CH2 
(1% = C2H6, C6H5, arid n-CsH17; S = halogen) by tlic 
latter method and their conversion to the correspontling 
vinyl derivatives but gave no indication as to whet licr 
the '>-haloethyl compounds were obtained in purc forni. 

Our second method, which was used to syntliesizt. 
'>-bronioethyldiniethyl~~hosphirie oxide (V) in l o v  yield, 
is represented by eq 3.  Decomposition of the phos- 
1)liine oxide-m:tgiir.sii11ti vilt complex iinder mili1 
renditions gave difficultly purifiablc mixtures, wherc:it 
isolzttion of 2-etl.ioxyethyldiniethyl~~lio,~j~iiIic oxidc (TI) 
w : i ~  readily accaomplishetl when the Grignnrtl n i iu tu r r  
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was decomposed with hot, alcoholic potassium hydrox- 
ide. A low yield (2070) of dimethylvinylphosphine 
oxide (VII) was obtained when the Grignard mixture 
was decomposed a t  0" instead of a t  reflux temperature. 
Presumably, the bromoethyl derivative is first dehydro- 
halogenated to the vinyl analog which then adds 
ethanol in alcoholic potassium hydroxide at the ele- 
vated temperature. Iiabachnik and co -~orke r s~  pro- 
duced the related 2-ethoxyethyldiphenylphosphine 
oxide by treating diphenylvinylphosphine oxide with 
ethanol containing potassium hydroxide. 

0 
BrCHCHzBr  t PClS 

(Et0)aP ___ + BrCHtCHaP(0Et)I -+- 
0 0 E t O H  t CHsMgI t K O H  

BrCH2CH2PC1? - [BrCH?CH,P(CH,)2.RIgI(OEt)] -+ 
0 0 

A 

1. 4870 H B r  t -+ BrCH,CHzP( CH3)r (3 )  
t 

EtOCHgCHsP( CH3)2 
2. anhydrous HBr 

VI v 
Biological Data.-2-Chloroethyldiphenylphosphine 

(I) displayed cytotoxic activity a t  a concentration of 
100 pg/ml against Eagle's KB cells, and ethylenebis- 
(diphenylphosphine) was active down to  a concentra- 
tion of 0.1 pg/ml. Cell growth in these tests was less 
than 507, of the growth of the controls. Certain of 
the compounds have been tested in one or more of four 
tumor systems. Sarcoma 180: Compound I was toxic 
a t  300 mg/kg/day but nontoxic and inactive at 150 
mg/kg/day, and IV was toxic a t  500 mg/lig/day but 
nontoxic and inactive a t  250 nig/kg 'day. Ethylene- 
bis(dipheny1phosphine) was active in the initial test at 
250 mg/kg/day, but the activity was not confirmed 
upon further testing. Walker 256: Compound I11 was 
toxic a t  a dose of 250 mg/kg/day but nontoxic and 
inactive a t  125 mg/kg/day. Compound IV showed 
marginal activity in one test a t  a dose level of 250 
nig/kg/day. Adenocarcinoma 755 : Compound I V  
was inactive a t  375 mg/kg/day. Ethylenebis(di- 
phenylphosphine) was marginally active in one test at 
400 mg/kg/day. Leukemia L1210: Compound I 
was inactive a t  a dose level of 120 mg/kg/day, and 
ethylenebis(dipheny1phosphine) was inactive a t  400 

Experimental Section 

Xelting points were determined with a Kofler Heizbank 
melting point apparatus, unless otherwise noted, and are cor- 
rected. Boiling points are uncorrected. Infrared spectra u ere 
determined with a Perkin-Elmer Model 221G or 521 spectro- 
photometer. 
2-Chloroethyldiphenylphosphine (I).-Lithium diphenylphos- 

phide10 (0.1 mole) in 200 ml of tetrahydrofuran was added 
dropwise with stirring over a period of 3 hr to 300 ml of 1,2- 
dichloroethane, which was cooled in an ice bath. The addition 
was somewhat irregular because of precipitated solids in the 
lithium phosphide solution. The reaction mixture was left in the 
ice bath and stirred overnight, allowing the temperature to rise 
from 0" to room temperature. Tetrahydrofuran and excess 
l12-dichloroethane were removed by evaporation zn vacuo a t  
room temperature. Chloroform (100 ml) was added to the 
residue, and 100 ml of water was rapidly added dropwise and 
with vigorous stirring. The organic layer was separated and 
evaporated to dryness in vacuo. Trituration of the residue with 
petroleum ether (bp 30-60') while cooling on Dry Ice produced 
a solid (28 g, wet) that  was collected on a cold filter and then 
distilled in vacuo. After removal of a forerun, the fraction 
boiling a t  132-146" (0.2-0.5 mm) was collected and redistilled, 

mg/kg/day. 

(10) .I. 1\1. Aouiar. J. Beisler, and .I. AIills, J .  Org. Chem., 27, 1001 (1962). 

giving a fraction with a boiling range of 110-117" (0.05 mm), 
which crystallized in the receiver upon cooling to room tempera- 
ture. An analytical sample was obtained by crystallization 
from petroleum ether; mp 40-42" (uncor) (determined with 
llel-Temp melting point apparatiis); yield, 2.2 g ( 9 5 ) ;  i,,, 
(ill em-l) 3075, 3050, 3030 (w), 3005 iw) ,  2960 (w) ,  1590, 1480, 
1430, 1295, 750, 785, 690. All operations were performed under 
a nitrogen atmosphere. 

ilna2. Calcd for CI4Hl4C1P: C, 67.61; H, 5.59; C1, 14.3; 
PI 12.5. Found: C, 67.84; HI 5.76; C1, 14.4; P, 12.2. 

Reversing t,he order of addition of the reactants resulted in the 
formation of ethylenebis(diphenylphosphine)," mp 143". Iss- 
leib and eo-workers reported mp 159-16lo1la and 161-163" l i C  

whereas Hewertson and Watson reported 143-144°.11b 
Anal. Calcd for CgsHzaPz: c, 78.38; H, 6.07; P, 15.55. 

Found: C, 78.65; H, 6.09; P, 15.1. 
2-Ethoxyethyldiphenylphosphine (II).-A solution of 2- 

chloroethyl ethyl et,her (21.7 g, 0.2 mole) in 65 ml of tetrahydro- 
furan was added over a period of 25 min to a tetrahydrofuran 
solution of lithium diphenylphosphidelo (0.1 mole), which was 
cooled in an ice bath. The mixture was refluxed for 45 min and 
then stirred overnight a t  room temperature. All operations 
were performed under a nitrogen atmosphere. The product was 
isolated by treatment of the reaction mixture with 100 ml of 
water, separation of the upper phase, and distillation tn vacuo. 
Crude I1 (18.7 g, 72%) was collected in the boiling range 101- 
150" (0.08 mm). An analytical sample was obt'ained after two 
fractional distillations using a Vigreux column; bp 131-136' 
(0.09 mm);  i;,,, (in em-1) 3075, 3060, 2980, 2935, 2870, 1590, 

Anal. Calcd for ClsHl&P: C, 74.40; H, 7.41; P, 11.99. 
Foiind: 

2-Bromoethyldi-sec-butylphosphine Oxide (III).-A solution 
of di-sec-butylphosphinous chloride1* (26.3 g, 0.146 mole) in 25 
ml of ether was added dropwise and with stirring over a period of 
1 hr to a sohition of 6.7 g of ethanol (0.146 mole) and 11.5 g of 
pyridine (0.146 mole) in 150 ml of ether, which was cooled in an 
ice bath and maintained under a nitrogen atmosphere. The mix- 
t,ure was left in the ice bath and stirred overnight allowing the 
temperatiire to rise from 0" to room temperature. The precipi- 
tated amine salt was removed by filtration, and the filtrate was 
concentrated by evaporation using a Tvater aspirator. The res- 
idiie n-as filtered again to remove a trace of solid and distilled to 
afford 22.2 g (80%) of ethy di-sec-but,ylphosphinite, bp 67-72" ( 4  
mm). Thephosphinite (21 g, 0.11 mole), which was used without 
further piirification, was added, with vigorous stirring, over a 
period of 30 min to 340 ml of refluxing 1,2-dibromoethane (4.4 
moles) under a nitrogen atmosphere. The solution was refluxed 
for 30 min after the phosphinite addition during which time 4 ml of 
ethyl bromide was collected in a Dean-Stark trap (theory, 8.2 ml). 
Excess 1,2-dibromoethane was removed by evaporation in vacuo 
with mild heating leaving a syrupy residue; yield 24 g (81%); 
Br, 29.1. An analytical sample was obtained by vaporization 
nnder high vacuum a t  86-124" (0.15 p); ii,,, (em-') 2970,2940, 
2880 (CH) ;  1460 (s), 1375 (m), 1230 (m), 1200 (s) (P=O), 1105 
(m),  1045 (m),  980 (s), 850 (m). 

Anal. Calcd for C10H22BrOP: C, 44.62; H, 8.24; Br, 29.7; 
P, 11.51. Found: 

2-Bromoethyldiphenylphosphine oxide6 ( I V )  was prepared 
following the procedure described above for 111. During re- 
moval of excess 1,2-dibromoethane, the product IV (61%, mp 
119-122') crystallized and was collected. Further concentra- 
tion to dryness and crystallization of the residue from benzene 
afforded a second crop of IV, thereby making the crude yield 
almost quantitative. An analytical sample was obtained follow- 
ing three rerryetallizations from benzene; nip 128-129'. 

Bnal. Calcd for C14H14BrOP: C, 54.42; H, 4.57; Br, 25.87; 
P, 10.00. 

A small amount of ethylenebis( diphenylphosphine oxide)l3 
was isolated from the reaction residue and was identified by its 

(b) W. He- 
ic) K. Issleib, Ii. 

1480, 1440, 1100 (-CHzOCH*-), 740, 695. 

C, 74.40; H, 7.41: P, 12.22. 

C, 44.54; H, 8.26; Br, 29.7; PI 11.76. 

Found: C, 54.66; H, 4.59; Br, 25.7; P, 10.2. 

(11) (a) K. Issleib and D. W. Muller, Ber., 92, 3175 (1959); 
wertson and H. R.  \Vatson, J .  Chem. Soc., 1490 (1962); 
Krech, and K. Gruber, Ber., 96, 2186 (1963). 

(12) W. Voskuil and J. F. Arena, Rec. Trav. C h i m . .  82, 302 (1963). 
(13) (a) K. Issleib and D. W. Muller. Ber., 92, 3175 (1959); (b) G. M. 

Kosolapoff and R. F. Struck, J .  Chem. Soc., 2423 (1961); ( c )  M. 1. Kabach- 
nik, T. Ya. Medved. Yu. M .  Polikarpov, and K. S. Yudina, Izu.  Akad.  Nauk 
SSSR ,  Otd. K h i m .  Nauk ,  2029 (1961); (d) P. T. Keough and 11. Grayson, 
J .  Ore.  C h e m . ,  27, 1817 (1962); (e) A. h l .  Aguiar and  J. Beisler, ibid.. 29, 
1660 (1964); ( f )  L. D. Quin and H. G .  ;2nderson, ibid., 29, 1859 (1964). 



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 racrto gave 2-etho 
r~~hyldimethylphosphirie oxide (]-I), yield 15.3 g (SC; j ,  bp ! 
10lo ((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 ~  i!acuo. 
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) wa.j cdlec.tetl. 
T h e  distillat>e (crystallized in the receiver) was sublimed i n  caciro, 
: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 
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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) \vas refluxed for 18 hr. A4fter filtration from hilver 
bromide ( 3 3  g)  and evaporation in r(zr1m, the residue W:IS 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 methanei~ilfonate 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. 


