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presumably the diiodate I Ic  which was removed and dried in air. 
The material was then suspended in ethanol (60 ml), the solid 
was removed, and the filtrate was retained. The extraction n-as 
reppated three times, the filt,rat,es were conibiwd, and t'he resi- 
due was discarded. To the combined filtrates excess NaI was 
added, precipitating IIa (3.39 g, 4.17 mmoles, 13.8%), mp 145- 
148" dec. Washing IIa with ethanol raised the melting point 
to 155157' dec inserted a t  145', 6"/min; lit.Z0 mp 158' dec. 

To the solution remaining after IIc had been removed was 
added excess NaBr, precipitating a white solid which was washed 
with water until the washings were no longer basic and dried to 
Rive Ie (3 .5  g, 9.7 mmoles, 32.47,), t'he infrared spectrum of 
which was superimposable with that of Ie prepared by another 
met hod. 

Diphenyl-4,4'-biphenylyldiiodonium Dibromide (IIb).-A 
suspension of 4,4'-diiodoxybipheayl (7.89 g, 16.5 mmoles), 
iodosoberizene (7.3 g, 33 mmoles), and 1 Ai NaOH (62.1 ml) was 
4 r r e d  for 3 hr, and the yellow residue IIr  was removed from the 
reaction mixture and washed with 1.4 1. of water a t  60'. To 
the filtrate was added excess NaBr, precipitating IIb (4.17 g, 
36y0), mp 183-186" dec. It was washed with water (50 ml) 
and ethanol ( 2 5  ml), raising the melting point to 185-186" dec 
inserted at  175", 5"/min; lit.20 mp 185Odec.. 
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Three classes of phosphorus-containing structural analogs of myleran have been synthesized in which the 
methanesulfonate group of myleran has been replaced by phosphonate groups (11) and by diSuhStituted phoi- 
phinate (111) and p h o s p h i t e  groups (IV). Five of the analogs displayed cvtotovic activity at a cnncentratioi~ 
of 100 pg/ml against Eagle's KB cells. No significant in vzvo activity waq ohwrved. 

Among antineoplastic agents of the alkylating agent 
class, several compounds with chemical alkylating 
activity weaker than that of the nitrogen mustard 
type have been synthesized. Myleran (I) is a well- 
known representative of this type of alkylating agent, 
and in order to determine whether replacement of 
sulfur by phosphorus in myleran-type structures would 
produce compounds with antineoplastic activity, three 
groups of phosphorus-containing analogs have been 
synthesized in which the methanesulfonate group of 
myleran (I) has been replaced by phosphonate groups 
(11) and by disubstituted phosphinate (111) and phos- 
phinite groups (IV). 

CHk30z0( CHz)aOSOzCHz 
I 

R(  CzHsO)P(O)O(CHz)40(0)P(OCzHs)R 
IIa, R = CH3 

b. R = CIH, 
c; R = n-C4Hq 
d, R = CeHs 

R*P( 0 )0( CH2)40(0 )PR2 RzPO( CHz)40PRz 
IIIa,  R = CHI IVa, R = n-C4H9 

b, R = CzH6 
C, R = n-C4H9 
d, R = CsH6 

b, R = CeH6 

RP(O)( Cl)OC*H6 
V 

The phosphonate (11), phosphinate (111), and phos- 
phinite (IV) analogs were synthesized by reaction of 
1 ,Pbutanediol with the appropriate phosphorus acid 
chloride in the presence of a tertiary amine. The 
phosphonates (11) were obtained as shown in Scheme I. 
Alkylphosphonate esters (VI) were converted to phos- 
phonic dichlorides (VIII) with or without prior 
conversion to phosphonic acids (VII) ; somewhat 

(1) This investigation was supported by the Cancer Chemotherapy Na- 
tional Service Center, National Cancer Institute, National Institutes of 
1lea1th, Contract No. PH-43-64-51, and by the C .  F. Kettering Foundation. 

PClS 
I 

Hz0. H +  PClS J- 
RP(O)(OCzHs)z - RP(O)(OH)z RP(O)Cl? 

VI VI1 VI11 
c z n 6 0 H  .1 Re" 

HO(CHz)rOH, Rs'N 
I1 RP(O)( Cl)OC?Hs 

higher yields of the chlorides (VIII) were generally 
obtained when the esters were hydrolyzed to the acids 
before treatment with phosphorus pentachloride. 

Scheme I1 outlines the reactions used to prepare 
the phosphinates (111). Dimethylphosphinic chloride 

SCHEME I1 

PClS 
R?P(O)OH -+ RzP(0)Cl 

H 0 ( C Hz) 4 0  H 

Rs'N 
+ I11 

I X  

(IX, R = CH3) was prepared by the convenient method 
of Pollart and Harwood2 from tetramethyl bi(phos- 
phine sulfide). The phosphinites (IV) were prepared 
as shown in Scheme 111. Diphenylphosphinous chlo- 
ride (X, R = CeHJ was secured from commercial 
sources. 

SCHEME I11 
LiAlHl COClZ HO(CHz)rOH, Rr'N 

R z P ( O ) C l - - - - + -  RzPH + RzPCl-> IV 
v 
A 

(2) K. 4. Pollart and 11. J. TIarwood, J .  Org .  Chrm. ,a?, 4444 (1962). 
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Quin and Anderson3 publiihed their synthesis of 
tetr:uiiethyleric ~,i.;(diplienylphofiphinile) (IT'b) :11id 

l,~-c-liniethyItetrariicthyleiic ~)is(dipheiiylphosphiiiitc) 
a f t  cr the  for nit^ vonipouncl had been prq):trecl hew. 
 id I'udovik, et prepared diethyl tetraniethylerit, 

ioriate) (IIb) nnd :I closely rclated 
utyl tetramethylenc b~~jbutylpliosplio- 

r i a t c ) ,  1)y :in .4rhuzov rcnctiori of  t l i c  c~orrebponding 
l ) i i ( l i h o i l ) h i t c . )  \n th  the sppropiiatc alkyl hnlitlc 
Other ie1:it ctl tetrnnicthylenc~ bis(phospliitei),i b i i -  

(I) l io*I)l iat(~i) ,~ h~i(l)hoiphorotliio,?te.),~ and bi\(plio.- 
I)lioIi:ite.)6 harc~  tieen described in t lie literature. 

Jlylerari (I) ,  iuiictioniiig :t. : ~ I I  :lIkyl:itiiig :igeiit. 
t~c:lc*t hy :LIL SC.' 1iie('h:Iiil,1ii. 

\ [ f , ~ O , ~ ( ~ H ~ ) , O ~ ~ ~ I e  + 2HY- 'I-(CH?),Y + 2lIePOs- + 2H+ 

C'li(~~iii(~dIy, the plio5phorui aii:dogi c:ui react by t n o  

In t)iologic~:il iy*twiii, t l ic e r. iiiiglit presuniably 
+CWY> :LI a11,ylating agenth ( I )  iipo~i rupture of the C - 0  
t )or i ( l .  =\ltrriint ~vcly.  F O  bond rupture in L J ~ L O  woii1~1 
~iroduoc groiil)s \vliic~li iiiight t i(> rapaI) l (~ of iei'vinf: :I\ 

~ o ~ i t t ' i ,  rllltl(~rgolIlp elthcr ('- 0 01 1 ' -0  horid (*leavagtk 

pho.pllol~yl:lt 111g agcnt. ( 2 ) .  

> F ' I O ) O ~ ( ~ H ~ ~ ~ O ( l l ~ P <  + LHY --+ 
Y(CH?)4'LI + 2>PiO)O- + 2H+ ( 1 )  

>I'(O)O(CH,)rOfO)P< + 2 " T  + 
2>P{O)Y + HO(CH2LOH ( 2 1  

Strong alkylating propertie, have been reported 
for wrtain phoyhoru- e i t c w  such as diethyl phoq- 
phorofl~oridate ,~ aiitl thcrc 15  evidence that triethyl 
pho-lihatr \vi11 alLylntt3 t h c  thiol group of cysteiiie 
in 2 izo.* 111 addition, Lapidot, et al.,g hare  demoii- 
ytrated that t-butyl phosphate undergoes both P-0 
and C-0 bond fission a t  pH 7 ,  the  latter fis4on arnount- 
trig to  23.5FC of the coiiibiiicci 1'-0 and C-0  bond 
fisbion reaction. 

J I m y  phoiphorus esters display a tendency to serrca 
as phosphorylating agent 5. Dialkylphosphinites, alkyl- 
and arylphosphinates, tlialkyl phosphonates, and phos- 
phites have been used in the phosphorylation of mono- 
:ind polyhydric alcohol>,'" arid more recently Wasser- 
ni:iii and Coheii" have described phosphorylating 
xctivit y tliiplayed by 1-alkoxyvinyl phosphates. Be- 
(aause of thib tendency, which appears to be general for 
I)hoiphorii\ eiteri, i t  appears that  the series of phos- 
I)tioii:Lte\, phoipliinatey :md phosphinites (II-IT7 

i l l  siniilarly exhibit phosphorylating activity. 
('onipouiids Ild, IIIr, IIId, IT'a, and IT'b displayed 

cytotoxic8 avtivity :it :I caonccntration of 100 /.~g/1111 
:igaiiiqt Kaglcl'. I i H  c d s ;  cell growth in theze tests 
\ \ a i  .iOG; or le+ t h u n  tlic gron-th of the controlq. All 
( J f  the analog. have been icrewied iri the Sarcoma 180 

( 1 )  I, 13 Qiiin and I3 C, 4nder,oti J 0 7 g  Cliem., 29, 1859 (1964) 
(41 \ U Pi ido \ ih  I 11 4lad7heia,  I A Sokolola and G 4 Ro7loia 

h lo~hh ina  and i K P u d u i i k  ? b i d ,  32, 1671 (19b2' 
RhlVl  33, 102 (1963) 

irrhiiliei R Prince and  J Ral,inonit7, Neb. Ctilni . irto,  47. 
318 (l(M4) 

1 7 ,  ( '  i tol /er  and \ 'itnon C'hrm Ber 96, 288 (1963). 
f 8 J  1 J Rolrerts and G P \ \arr ick.  A n n  Rep. Brzt EmplTe Canccl 

Campnir,,ir 36, 53 (19%) \\ C J l iois,  Iholugical . \ lh \ la t~ng Awnt i  ' 
l < i i t t w B o r t l i  and Co Ltd 1,ondon. 1YB2 1 ' 8  

(:I) \ I apidot,  I )  Yarnuel anti 11 \Teias-Urodsl J Ciiem Soc.. ti17 
( 1 w 4  i 

(10) h 3 Petro! 1:  1: Xifatit e ! ,  atid 11 C Gol'tsova All. Obsiwh 
32, .IT16 (1902) C: Kamai and 1: T Rlukmenev, * b ? d ,  33, R I q 7  

1 1 .  \\ a-scrman rind I3 ( olirn Drg.  r h P m ,  29, 1817 (19f14). 

(12) Tumor ani1 t i s s i e  cii l t i ire t e b t  data were obtained by the Cheinotiier- 
apy Division of Southern Research Institute under the direction of 1)rs. 1:. 
&I. Schabel, .Jr.. \V. R .  Laster, and G. .J. Dixon. 
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TABLE I1 
BlS(PHOSP€IONATES) (11) 

R(CzHjO)(O)PO( CH,j,OP(O)(OCzHj)R 
Yield, -- C ,  7%- 

I Ia  141-145 (0.03) 47 CioH2406Pz 39.73 39.49 

I I C  167 (0 .5  f i )  70 C16H3606P.' 4!). 73 49.79 

Compd BP, OC (mm) 70 Formula Calcd Found 

IIb 150-151 (0.02)" 56 CI2HzgOsP2 43.63 43.60 

IId 2no-205 (n.05) 82 CzaH280sPa 56,33 56.15 
Pudovik, e t  aL,Q reported bp 173-174" at  3.5 nini. 

Compd Alp, o c  

IIIa 77-78 
IIIb . . .  
IIIc . . .  
IIId 117-1 15 

Compd Mp, O C  

IVa . . .  
IS'b 73-75" 

0 Lit.* mp 74-75'. 

BP, O C  (mm) 

. . .  
172 (0.1 j 
219 ( 0 . 2 )  

. . .  

BP, 'C ( P I  
126-130 (1 j 

. . .  

TABLE I11 
BIS(PHOSPHINATES) (111) 
Rz(0 jPO(CH:)IOP(O)Ri 

TABLE 

H ,  %-- --- 
Calcd Found 

8.00 7.97 
8.45 8 39 
0 39 9.16 
6 62 6.35 

-P, 7%- 
Calcd Found 

20 .5  20.5 
18.7 18.5 
16.0 16.1 
14 .5  14.6 

-----C,%- -K%- ----P,%- 
Calcd Found Calcd Found Calcd Found 

39.67 39.60 8.32 8.50 25.58 25.31 
48.31 48.10 9.46 9.37 20.77 20.62 

68.56 68.70 5.75 .5,S7 12.6 12.9 
58.51 58.46 10.80 io  83 15.08 15.18 

v 
BIS(PHOSPHINITES) (IV) 

R,PO( CHZ)~OPRB 
Yield, -C,%- ----€I,%- -P$%- 

% Formula Calcd Found Calcd Found Calcd Found 

52 CzoH440zPz 63.46 63.19 11.72 11.47 16.37 16.23 
52 C28Hz802P2 73.35 73.10 6.16 6.15 13.51 13.70 

General Procedure.-Phosphonochloridates, phosphinic chlo- 
rides, and phosphinous chlorides (ca. 0.22 mole) in 400 ml of 
ether were cooled in an ice bath. A solution of 1,4-butanediol 
(0.1 mole) and triethylamine (0.2 mole) in 50 ml of ether was 
added dropwise wit,h stirring in 3 hr. The mixture was stirred 
overnight a t  0" to room temperature (cooling bath allowed to 
warm to room temperature) and filtered. After removal of the 
ether in vacuo (water pump), the residue was purified by distilla- 
tion in vacuo or crystallization from benzene (for IIIa and IIId)  
or ether (for ITb). In the preparation of the bis(phosphinites), 
all operations were performed in an atmosphere of dry nitrogen. 
Analytical results, yields, and boiling points or melting points 
for 11-IV are listed in Tables 11-IY. 

Alkylphosphonates were prepared from triethyl phosphite and 
an alkyl iodide by means of the Arbuzov reaction13 and were 
converted to phosphonic dichlorides by reaction of the esters or 
the corresponding phosphonic acids with 2 molar equiv of PCIs 
in benzene.I3 By a procedure analogous to that described in the 
General Procedure, phsphonochloridates ( \ - ) I 4  (see Table 5') 
were prepared by addition of 1 molar equiv of ethanol and of a 
tertiary amine in ether solution to an ether solution of the phos- 

TABLE V 
PHOSPHONOCHLORIDATES (T) 

RP( 0)( C1)OEt 
Yield, -Cl, %-- 

R BP,  OC (mm) 7% Calcd Found 

CH3 37-40 (1)" 70 24.9 28.3 
CzHj 38 (0 .7)  70 22.7 24.0 
n-CdH9 67-70 (1) 70 19.2 20.4 
C6H5 . . .  b 90 17.3 16.2 

bp 40-41' (1 mm). Since distillation caused decom- 
position and polymerization, the crude product was used in the 
synthesis of IId. 

(13) G. M. Xosolapoff, "Organophosphorus Compounds," John Wiley 

(14) (a) A. E. Arbuzov and A. I. Razumov. Irv .  Akad.  Nauk SSSR, Otd.  
(h) R. F. Hudson and L. Keay, J. Chem. Soc., 

and Sons, Inc., New York. E. Y., 1950, pp  61, 121. 

Khim. Nauk,  167 (194.5); 
2463 (1956). 

phonic dichlorides at 0". Diethyl-, dibutyl-, and diphenylphoq- 
phinic acids were prepared by the procedure of Kosolapoff and 
Struck15 and were converted to phosphinic chlorides by reaction 
with 1 molar equiv of PC1, in benzene.I3 Tetramethyl bi(phos- 
phine sulfide) was synthesized according to the method of 
Reinhardt, et al.,16 and was converted to dimethylphosphinic 
chloride by the procedure of Pollart and Harwood.2 Reduction 
of dibutylphoqphinic chloride with LiA1H417 produced dibutyl- 
phosphine which vias chlorinated with phosgene as described 
by Henderson, et Phenylphosphonic dichloride and di- 
phenylphosphinous chloride were obtained from Aldrich Chemical 
Co. 

Infrared Spectra.-P+O infrared absorption occurred in the 
1240-1250-cm-l range for the phosphonates (11) and in the 1255- 
1260-cm-l range for the phosphonochloridates (T). P-O- 
CZHS absorption appeared a t  1155-1160 em-' in the phosphonates 
(11) and phosphonochloridates (Y). P-0-C (aliphatic) absorp- 
tion was generally broad and was observed as two peaks for most 
of the compounds (11-Vj in the 950-1050-cm-l range. P-CH, 
absorption occurred a t  1315, 1310 and 1300, and 1305 cm-1, 
respectively, in the spectra of IIa, IIIa, and Va; and P-CBH, 
absorption was observed at  1440, 1440, and 1435 em-', respec- 
tively, in the spectra of IId, IIId, and IYb. Absorption fre 
quency assignments listed above are consistent with assign- 
ments given by Bellamy.19 The alkyl phosphinates (111) 
showed two prominent bands in the P d O  absorption region at  
1195-1200 and 1240 em-': for the methyl ( I I Ia)  and ethyl (IIIb) 
derivatives, the 1200-cm-l band was more intense than the 1240- 
ern-' band, whereas the order of intensity was reversed for the 
butyl compound (IIIc). P-0 absorption appeared at  1230 
em-' for the phenyl phosphinate (IIId). Thomas and Chitten- 
denlo reported P d O  absorption a t  1181-1220 cm-' for alkyl 

(15) G. M. Kosolapoff and R. F. Struck, ibid.. 3950 (1959). 
(16) H. Reinhardt, D. Bianohi, and D. Molle, Chem. Ber., 90, 1656 (1957). 
(17) L. Homer, H. Hoffmann, and P. Beck, ibid. ,  91, 1583 (19.58). 
(18) W. A. Henderson, Jr., S. A. Buckler, N. E. Day, and M. Grayson, 

(19) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 2nd 

(20) L. C. Thomas and R. A. Chittenden, Spectrochim. Acta, 20, 467 

J .  O w .  Chem.. 26 ,  4770 (1961). 

ed, John Wiley and Sons, Inc.. New York, N. Y., 1958, Chapter 18. 

(1964). 
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Yc1rE:als 1 

I n  a previous paper2 we described the synthesis of 
homoribose (5-deoxy-D-rzbo-hexose) from methyl 2,3- 
O-isopropylidene-@-~-ribofuranoside arid its proof of 
structure by proton magnetic resonaiice spectroscopy. 
We have now prepared somc puririe nucleosides from 
honioribose. 

Methyl 5-deoxy-2,3-0-i~opropylideiie-@-~-rzbo-hexo- 
furanoside (I)2 was hydrolyzed 111 a mixture of dilute 
hydrochloric= :wid arid ethanol. hiit cmwmtratioii of 
t he reaction iiiixture c:iui;etl tlic rrsulting 3-deoxy-n- 
r.ibo-hexose (11) to coridense with itself. Treatment 
of this material with acetic anhydride rewlted in a lon 
yield of impure tetra-O-acetyl-kkoxy-D-rzbo-hexose 
(111). Keutralization of the acid hydrolysis niedia 
with ion-exchange resin beforcx cwicentration did not 
prevent self-condensation, but thc use of dilute sul- 
furic acid followed by rieutralizatioii with bariuin hy- 
droxide arid then freeze-drying gave :i high yield of 11, 
which was readily converted to t lie tetraacetate 111, 
:L light yellow oil (see Scheirie I). The ,&configuration 
n n s  assigned to 111 011 the t)abiy of the comparison 
of its proton magnetic reionance yjectrum with that 
of tetra-0-acetyl-P-D-ribofur3iio~e.1 Furthermore thr  
fact that the absorption duc. t o  the proton at (2-1 
appears as a singlet (.I 5 1 cp1)5 a150 indicates the/?- 
configuration.6 C'onipourid I11 was allowed to react 
with 2,Ci-dichloropuiiue by t h e  fu\ioii technique using 
p-toluenesulfonic acid a i  cnta1y.t .7 From this re- 
:ictiori B 34yo yield of 9-(2,3,F-tri-O-zcctyl-3-deoxy- 
8-11-r ibo-lie~ofurariosyl)-2,F-dichloropur inc (VIII) was 
izolated a* a crystalliiie iolicl Thc. P-configuratioii 
n as tsigiied to this nucleo.idc on tlie basis of the com- 
parizon of i t 3  proton inagnetic rewriaiice spectruiri with 
that of 9-(2,3,3-tri-0-acctyI-P-I,-iibofuranosyl)-2,F-di- 
chIoropurine (X) .? Tlic strihiiig .imilarity of the 

11) rliis nork uas wpw>rted 1)s t l i i  i I hcttrrini. Foundation and I>! 
1 I I P  Lancer Chemotherapy hational 3rr i  Ice Center, National Canrer In- 
qt  itiite, Kational Institutes of Ilealtii ('ontract No PH-43-64-51 

( 2 )  I 1 \Iontgonierv and K lleuson J O i g  C h e r n ,  29, 3436 (1964) 
( 3 )  l t l a n  L t  al , 4  I a>e described the *:,ntlie-is of iiomoribose and hornw 

I a)  I< J Rsan ,  €I 1r/oomanian I 11 \r ton,  anti I, (Tooiiman, J Am 

('1) €1 Zinner, BET 83 1 5 3  (1Y50) 86,  81; (1'3533 
(6) iK.  1, Rinehart, Jr \\ 3 Chi ton ,  AI H I (  tieris and \\ \on €'Inhp\- 

.di~nosine bv a different route 

Chem Soc , 86 ,  2507 (1961) 

I m  Chem S o c  , 84,  3216 (19b2) 
Paro T dhimadatr and Y Islii(iii i 'c1,pi~n Kcindic Zn 

( lCIl ,O~ 

CHLOH 
I1 

CH,COO OOCCH, 
TI I 

( ' I  


