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Abstract Several methods have been lnvestlgated for the synthesis of functlonallzed 
phosphate-borane adducts As part of these xivestlgatlons, the monosodium salt of 
dlethylphosphlte-carboxyborane (a boron analogue of sodium dlethylphosphonoacetate) and 
related precursors and derlvatlves have been prepared A brief descrlptlon of their 
cytotoxzc and antItumor propertles 1s also presented 

INTRODUCTION 

Borane adducts of phosphltes1-5 have received little attention despite the facts that 

1) they are more stable1 than corresponding amine-boranes or other base-borane adducts, 

1~) they can be readily activated* for use in hydroboratlon under mild condltlons, 111) 

they may be consldered as analogues of alkylphosphates, (R0)3P=O ys (ROj3PBH3, where an 

oxygen atom has been replaced by an lsoelectronz BH3 group and flnally, 1~) they may be 

considered as analogues of alkylmethylphosphonates, (RO)2P(O)CH3 2 (R0)2P(O)BHS, where 

the methyl group has been replaced by an lsostructural and lsoelectronx BH3 group 

Since phosphate and phosphonate groups are present in a variety of blologlcally important 

molecules, e g DNA, RNA, phosphollplds, amlnophosphonates, etc , a better understanding 

of the chemistry and stablllty of modzfled phosphate-borane adducts as analogues of 

natural molecules IS Important 

Addltlonally, several synthetic phosphonates, e g phosphonoacetlc acid, phosphono- 

formx acid, etc , have been found6-11 to possess slgnlfxant antIvIral actlvlty. This, 

coupled with the recently established pharmacological actlvlty of amlne-borane 

adducts,12-16 makes the phosphate boranes even more lnterestlng FInally, substltutlon 

of boron for carbon II-I lsoelectronx species has a pronounced effect on charge and for 

carboxyllc acids, on the pKa of the acid l7 Slmllar substltutlon in, e g phosphono- 

acetic acid, should affect pKa's, llpld solublllty and blologlcal actlvlty 

Thus, 1n order to lnvestlgate various pathways for the synthesis of substituted phos- 

phlte-boranes and at the same txne obtain chemically and blologxally lntrlgulng mole- 

cules, the boron analogue of phosphonoacetlc acid (phosphorous acid-carboxyborane adduct) 

was chosen as the target In this paper, we describe the synthesis of derlvatlves of 

phosphorous acid-carboxyborane and attempts towards the synthesis of phosphorous acid- 

carboxyborane Itself, a boron analogue of phosphonoacetlc acid 
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RESULTS AND DISCUSSION 

Trlethylphosphlte-cyanoborane, l, was prepared II-I ~a 58% yield (Scheme 1) by a 

method slmllar to the one described for the synthesis of trlmethylphosphxte-cyanoborane 4 

1 could also be prepared from anlllne-cyanoborane, by the displacement of anlllne with 

(EtO)3P, III refluxlng THF The product was obtained in a lower yield (ca 40%) even - 
though the displacement was complete in 3 5 h Slmllar displacement of Me3N from 

Me3NBH2CN was slower and only 50-60% reactlon was observed (by 11~ NMR) after 10 days 

The slower reactlon was expected due to the greater baslclty of Me3N as compared to 

PhNH2 However, the reactlon was performed because the complete displacement of gaseous 

Me3N would have slmpllfled the purlflcatlon 

Synthesis of 1, by the IntermedIate generation of (BH2CN)x, has also been reported by 

Das et al 3 However, 1r-1 this case, -- 12 was used as the oxldlzlng agent In our lab, 

attempts to synthesize 1 "sing 12 completely falled Since both 12 and Br2 have been 

used prevlo"sly4 to synthesize (BH2CN)x, the differences II? the flnal outcome of these 

reactIons must be related to the differences in the condltlons used during adduct forma- 

t1on A dlstlnct difference in the condltlons used for the adduct formation was the 

presence or absence of NaX When Br2 was used as the oxldlzlng agent, the NaBr formed 

was Insoluble and was flltered prior to the reactlon of (BH2CN), with (EtO)3P In case 

of 12, the soluble NaI was left in the reactlon mixture during adduct fonnatlon The NaI 

must therefore alter the outcome of this reaction This 1s Indeed the case as was con- 

flrmed by the quantltatlve formatIon of the sodium salt of dlethylphosphlte-cyanoborane, 

3, when equlmolar amounts of 1 and NaI were heated at reflux In anhydrous DNE for 1 h 

2 was also observed III the reactlon mixture (by 3lP NMR) during the attempted synthesis 

of 1 "sing 12 These facts and the lH NMR data reported by Das et al 3 clearly suggest -- 
that the compound Isolated previously was not 11. Since the previously Isolated compound 

was a llquld and was soluble in both benzene and CH2C12, the posslblllty of It being 2 

can also be ruled out 

1 has been used for the synthesis of several new compounds Alkylatlon with Et30BF4, 

followed by basic hydrolyszs led to the formation of trlethylphosphlte-N-ethylcarbamoyl- 

borane, 2, in ca 73% yield (Scheme 1) During hydrolysis, the pH of the reaction mix- - 
ture had to be adlusted to ~a 11 At lower pH, the reaction was slow, while at higher 

pHr II-I addltlon to the hydrolysis of the nltrlllum group, one of the ester groups (P-OR) 

was also hydrolyzed Even at pH 11, the product was contaminated with small amounts of 

over hydrolyzed product and the unreacted nltrlllum salt However, due to high polarity 

of these two Impurltles, purlflcatlon by chromatography was very sample 

Attempts to synthesize 2 by base exchange showed llmlted success With ammonia-N- 

ethyl-carbamoylborane as substrate, no exchange was observed Some exchange (9 25% 

after 3 days) did occur with trlmethylamlne-N-ethylcarbamoylborane, but It was accompa- 

nzed by the formation of some three-coordinate boric acid type species The corre- 

spondlng anlllne derlvatlve, which would have given better results, 1s an unknown species 
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NaBH,CN + Br, (EtO),PBH,CNEt+ BFi 

~~INNaOHtopHll 

(EtO)3pBH2cooH - (EQoPBbC(O)NHEt 

B 
45 C I Bh 2 

or 
RT I 14 days 

and various attempts at Its synthesis have falled 18 

Conversion of 2 to trlethylphosphlte-carboxyborane, 3, was achieved by hydrolysxi 

with 3N HCl at RT or 45'C At 45'C, the reactlon was complete In ~a 6 h, while at RT, 2 

weeks were required for complete hydrolysis The reactlon was also slow at lower concen- 

tratlon of HCl Higher concentrations (6N or 12N) led to hydrolysis of B-H bonds to form 

lncreaslng amounts of boric acid Boric acid was also the only product, when synthesis 

of 2 was attempted by an exchange reaction using (EtO3)P and trlmethylamlne-carboxyborane 

or by acid hydrolysis of alkylated cyanoborane Another route, whxh was successful, 

Involved the hydrolysis of trlethylphosphlte-carbomethoxyborane, 4 Under slmzlar condo- 

tlons, the hydrolysis of 4 was much faster than that of 2 - - The yield of pure product 

after chromatography, however, was low (ca 46%) - 

4 Itself was prepared In ca - 50% yield, by the reactlon of (Et0)3P with trlmethyl- 

amine-carbomethoxyborane In refluxlng DME, Scheme 2 The lower yield was due to loss of 

product during purlflcatlon, the exchange Itself was > 05% Slower exchange was observed 

In THF or In large excess of (Et0)3P as solvent In the 

used as solvent, an addItIona species with 11~ chemical 

observed No atterrtots were made to lsnlate this species 

case, where excess (Et0)3P was 

shift slml1a.r to J$ was also 

(EtQ3P + tvle3NBH2coO~ 
Monoglyme 

Reflux / 52h 
* (E10)J'W@oMs 

4 

ReactIon of 1, 2 and 4 with 1N NaOH yielded the sodium salts of corresponding 

dlethylphosphlte-derlvatlves, 5a_c, Scheme 3 These were Isolated either as such by eva- 
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poratlon of water followed by extra&Ion into EtOAc or as tetrabutyl-ammonlu Salts, 6a_c 

U-I > 90% yield Reaction of 3 with 1N NaOH was very slow at room temperature In addl- - 
tlon to the formation of a new four coordinate species (based on chemical shift), which 

could be the desired product, decomposltlon to sodium borate was observed At higher 

temperature, ~a 45'C, decomposltlon was the mayor reactlon No attempts were made to 

isolate the product 

Scheme 

(ElO),PBH,X + 1 N NaOH 

X = CN, CONHEt. COOMe 

RT 
- (EtO)p(NaO)PBH.$ 

5.&G 

J &4'+'=4 

dil HCI 

Bu,N+(EtO),(-O)PBH,X 

!sis 

(EK&.(NaO)PBH,X 
X = CN, CONHEt * (EQ,(HO)PB&X 

I Na+H+(E~(~O)PBt-&OO~ 
x=COOMe B 

Acldlflcatlon of & and a (Scheme 3) gave the formatIon of corresponding dlethyl- 

phosphate derlvatlves 7a_b, while, at a controlled pH (between 6-71, x was converted 

Into the monosodIum salt of trlethylphosphlte-carboxyborane, g Acldlfxatlon of & to 

lower pH always led to two mayor decomposltlon species in addltlon to the possible forma- 

tlon of desired product Attempted hydrolysis of 3 to the corresponding carboxyborane 

with 3N HCl at room temperature or 0 3 N HCl at 42'C, also resulted in decomposltlon 

These results clearly suggest that the dlethylphosphlte-carboxyborane 1s unstable under 

acldlc condltlons The B-H bonds of 211 Itself may also not be very stable under these 

condltlons which may be the reason for Its lower yield (~a 32%) from a 

Several attempts to synthesize and isolate substituted borane adducts of H3P03 have 

so far been unsuccessful Most of the attempts were dlrected towards the synthesis of 

phosphorous acid-cyanoborane, 2, as a model, for two reasons (1) The starting materials 

could be easily synthesized and thus, were available ~.n sufflclent quantltles (2) It 

was expected to be more stable than carboxy- or carboalkoxyborane adducts due to greater 

electron wlthdrawzng effect of nltrlle group strengthening the P-B bond 

Formation of 2 by direct reactlon of H-jP03 with (BHzCN), or base BH2CN 1s not fea- 

sable as H3P03 exists as (HO)zP(O)H and XI addltlon, It would probably react with 

(BH2CNIx to liberate Hz Therefore, attempts were dxected towards the synthesis of 
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cyanoborane adducts of highly reactive phosphorous compounds, which could easily be con- 

verted Into 2 ReactIon of PC13 with trlphenylphosphlne-cyanoborane was attempted under 

varzous condltlons to form C13PBH2CN Even under very drastic condltlons, x, reflux- 

Ing I* large excess of X13, no exchange was observed 

ReactIon of excess (Me3SIO)gP [~a 90%, remammg (Me3SlO)2P(O)Hl with anlllne-cyano- 

borane did give trls(trlmethylsllyl)phosphlte-cyanoboranoborane, 2 After removal of sol- 

vent, anlllne and excess reagent under reduced pressure, 31P NMR showed several 

lmpurltles U-I addltlon to z Hydrolysis of 10a to give 2, by addltlon of water led to 

decomposztlon Since the solution became very acldlc, acldlty may be the cause of decom- 

posltlon Addltlon of 1N NaOH to m did give a stable sodium salt of 2 (llB nm=(D20) 

6 = -37 2 ppm, l~B,p = 178 Hz, l~B,H = 91 f 2 Hz, 31P nmr(D20~ 6 = 47 8 ppm, l~B,p = 178 

* 2 Hz), but attempted lsolatlon as the trls(tetra-butylanrmonlum) salt was unsuccessful 

Attempted synthesis of 10a by other methods was unsuccessful No reactlon was 

observed when 1 was heated at reflux with excess Me3SICl Slmllarly, with a, except for 

the formatIon of monosllylated product, no reactlon occurred ReactIon of 3 with Me3SII 

in acetonltrlle at reflux resulted in the formatIon of ethylbls(trlmethylsllyl)phosphlte- 

cyanoborane E, which was Isolated as ethyl-phosphate-cyanoborane, 11 in ~a 50% overall 

yreld (Scheme 4) The product retained some water, which couldn't be removed by keeping 

It in vacua for 1 week In addltzon, -- the product was usually contaminated with small 

amounts of phosphorous contalnlng lmpurltles It was reacted with Bu3N and was isolated 

as bls(trlbutylammonzum) salt, 12 Although the lo, I~B, 13C and 31P NMR corresponded to 

12, the elemental analyses of this compound were very unsatisfactory Attempted syn- 

thesis of 11 under ldentlcal condztlons, using 1 as substrate gave a mixture of 11 and 

7a Heating 1 in large excess of Me3SII at 75-80°C for 48 h also gave the same results _ 

(EtO)2(HO)PBH,CN 

la 

ONHi 
I 

(EtO)PBH&N 
I 
ONHBU, 

4 Me,.% 

CH,CN ! reflux / 48h 
w (EtO)(Me3S~O),PBH#2N 

Jai2 

Though these methods didn't show much success an the formatIon 01 2, these were still 

tried for the synthesis of corresponding carbomethoxy- or carboxy-borane adducts. When 

Me3NBH2COOMe was heated at reflux U-I DME with 3 equlv of (Me3S10)3P, no reaction was 
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observed by 11B NMR after 18 h Prolonged heating led to decomposltlon Since trl- 

methylamlne IS more dlfflcult to displace than anlllne, this result wasn't totally unex- 

pected 

ReactIon of _$ with Me3Sl1, under the condltlons used for the synthesis of G, led to 

complete decomposltlon wIthIn 3 h At RT, using 2 equlv of Me3S11, a new product was 

formed After workup, when a small portlon was taken In acetone-d6, a reactlon occured 

31P NMR of this sample, showed presence of a quartet at -75 ppm, In addltlon to two 

singlets at 12 3 and -6 11 ppm llB NMR showed presence of H3B03 and a multxplet at -43 

ppm lH NMR showed presence of P-OEt but absence of OMe and SIMe3 When taken In D20, 

the new product completely decomposed to gave H3B03 These data lndxate that the In=- 

tlally formed product was probably (Me3SIO) (EtOj2PBH2COOSlMe3, whxh, during workup or 

when taken In acetone, reacted with moisture to give (HO) (EtOj2PBH2COOH The latter 

reacts further with water to give H3B03 

In summary, syntheses of several boron analogs of phosphonoacetates are described 

Various attempts towards the synthesis and Isolation of substituted borane adducts of 

phosphorous aced were unsuccessful These attempts also lndxated that If formed, these 

adducts would probably be unstable In aqueous medium 

The newly synthesized compounds have been characterxzed by a variety of technques 

These compounds were tested for cytotoxxlty against a variety of murlne and human cell 

lines The results are presented In Table 1 Among murlne cell lines, most compounds 

showed actlvlty against L121~ lymphold leukemia growth but only 5a and g were active In - 

the P388 lymphocytx leukemia screen In the human tissue culture lines, most of the 

compounds demonstrated good actlvlty against Tmolt3 leukemia, HeLa-S3 uterine carcinoma 

and osteosarcoma In the colon adenocarclnoma screen only 3, 4, 5c and 6c were slgnlfl- - - 

cantly active, In KB nasopharynx carcinoma screen compounds 1, 5&, 5c and & showed good - 

actlvlty Only 6c demonstrated actlvlty against the lung bronchogenx growth while brain - 

glloma growth was retarded by 2, & and 12 - As demonstrated In Table 1, the actlvlty of 

the functlonallzed phosphate-boranes In certain screens, e g , murlne Ll210 and human 

Tmolt3, 1s slgnlflcantly better than that of standards 

In addltlon to tissue culture screens, compounds 2, 4, 7a and g were also slgnlfl- _ 

cantly active against In vlvo growth of Ehrllch ascltes carcinoma -- 

EXPERIMENTAL 

1H NMR spectra were obtained on a JEOL FX9OQ, a Brucker NR80 or a Varlan XL-300 spec- 

trometer llB, 13C and 31P NMR spectra were obtalned on JEOL FX90Q of Varlan XL-300 

spectrometer Chemical shifts are presented with respect to Me4Sz for 1~ and 13C NMR 

spectra, BF3 Et20 for llg NMR spectra and 85% H3P04 for 31P NMR spectra CDC13 was used 

as solvent unless stated otherwIse In 1H NMR, all 3J~,~ and 3J~,~ were close to the 7Hz 

and BH2 protons were not observed In 13C NMR, carbon directly attached to boron was not 

observed due to quadrupole broadening IR spectra were obtalned on a Perkln-Elmer 297 
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spectrometer Elemental analyses were performed by Galbralth Labs, Tennessee or M-H-W 

Labs, Arizona Due to the quadrupole moment of B, the peaks in the boron-11 and phos- 

horous-31 NMR spectra were also broad and the values of lJB,P obtalned from a set of 

spectra t31P and "B) of the same compound were not always ldentxal 

Trlethyloxonlum tetrafluoroborate,l9 trlmethylamlne-carboxyborane,20 trlmethyl-amlne- 

carbomethoxyborane,*l trlmethylamlne- and ammonza-N-ethylcarbamoylborane,22 anlllne-,23 

trlmethylamlne-23 and trlphenylphosphlne-cyanoborane,24 and trls(trlmethylsllyl)phos- 

ph=te25 were prepared by publIshed procedures All other startxng materials were 

obtalned commercially Anhydrous 1,2-dlmethoxyethane (DME) was obtalned commercially, 

while other solvents were dried by routine methods 

Trlethylphosphlte-cyanoborane, 1 

a) From (BH2CN), NaBH3CN (9 15 

ml) under N2 TO this a solution of 

dropwlse with stlrrzng The mixture 

g, 155 16 mmol) was dissolved U-I anhydrous DME (120 

Br2 (3 90 ml, 75 70 mmol) =n DME (15 ml) was added 

was stirred at room temperature (RT) overnight and 

then flltered to remove NaBr The flItrate was mlxed with (Et0)3P (26 10 ml, 152 21 

mmol) under N2 and was either stlrred at RT for 4 days or heated at reflux for 2 days 

It was flltered and the solvent was removed under reduced pressures to give an 011 The 

011 was dissolved in Et20 (100 ml), washed with water (5 x 15 ml), dried over Na2SO4 and 

the solvent was removed under reduced pressure The residue was kept in vacua for a week -- 
to remove traces of trxthylphosphate In most batches, the 011 became cloudy at this 

point and was rewashed and dried as described above Attempted dlstlllatlon under 

reduced pressure led to decomposltlon The pure product can be obtalned by keeping It 

1x1 vacua for a long time, vlde supra, -- but for the preparation of 2, the crude product 

was used Yield 17 91 g, 57 70% 

b) by exchange Equlmolar amounts of (Et0)3P and an amlne-cyanoborane (amIne = PhNH2 

or Me3N) were taken in anhydrous THF (25 ml) under N2 The mixture was heated at reflux 

and the reaction was followed by I~B NMR For amIne = PhNH2, the reactlon was complete 

1n35h After removal of solvent, It was worked up as described in Method a Yield 

41 32% 1~ NMR, 8(ppm) = 1 39, t, CH3 and 4 20, m, CH2 llB NMR -41 57, lJB,H = 

101 + 1 Hz, lJB,p = 138 * 1 Hz 13C NMR 15 93, d, 3Jp,C = 5 5 Hz, CH3, 63 96, d, 

2JP,c = 5 5 Hz, Crl2 31P NMR 91 90, lJB,P = 137 ? 5 Hz IR 2435, 2400 v (BH), 

2205 V(CN) Analysis calculated for BC7H17N03P C, 41 01, H, 8 36, N, 6 83, P, 15 11 

Found C, 40 98, H, 8 36, N, 7 00, P, 15 23 

ReactIon of 1 with NaI 

1 (0 91 4, 4 44 mmol) and NaI (0 665 g, 4 44 mmol) were taken in anhydrous DME under 

N2 and heated at reflux for 1 h The solution was cooled, flltered to remove traces of 

white solld and the solvent was removed under reduced pressure The resxdue was kept 1" 

vacua overnIght and analyzed by lo, I~B and 31~ NMR, which were ldentlcal to z 
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Trlethylphosphlta-N-ethylcarbamoylborane, 2 

a) via intermediate generatlon of nltrzlxum salt: To a stlrrlng solutzon of 1 (9 83 

g, 47.95 runol) In anhydrous CH2Cl2 (48 ml) under N2, was added a solutzon of Et30BF4 In 

CH2Cl2 (48 ml of 2 M solution). The rmxture was heated at reflux for 48 h, cooled to RT 

and 1N NaOH was added with stlrrlng until the pH was approximately 11 The layers were 

separated and the aqueous layer was extracted with CH2Cl2 (3 x 75 ml) The combined 

organic portlons were drzed and the solvent was removed under reduced pressure to give an 

011 The product was purlfled by flash chromatography on sllxa using ether CH2C12 

(8 2) Yield 8.75 g, 72 68% 1H NMR. 6(ppm) 1.09, t, CH3(NEt), 1 34, t, CH3, 3 26, 

m, CH2(NEt), 4.21, m, CH2, 5 73, br s , NH llB NMR -31 93, lJB,H = 95 f 5 Hz, 

lJg,P = 117 Hz. 13c NMR 15 03, s, CH3(NEt), 15 98, d, 3JP,C = 5 5 Hz, CH3, 32 63, s, 

CH2(NEt), 63 03, d, 2JP,c = 3 3 Hz, CH2 3lP NMR 97 90, lJB,p = 118 f 3 Hz IR 2390 

V(BH), 1600 V(C0); 3335 V(NH) Analysis calculated for BCgH23NO4P C, 43 06, H, 9 23, 

N, 5 58. P, 12.34, B, 4 31 Found C, 42 75, H, 9 40, N. 5 17, P, 12 50, 8, 4 33 

b) by exchange Procedure same as for 1 - Reaction was followed by 11~ NMR 

Trlethylphosphlte-carboxyborane, 2 

a) by acid hydrolysis of 1: 2 (0 50 g, 1 99 mmol) was taken In 3N HCl (30 ml) and 

was stlrred at RT for 2 weeks or at 45-47'C for z 6 h The solutxon was extracted with 

CH2C12 (3 x 30 ml) The extracts were dried and the solvent was removed to gave a clear 

011 Yield 0 37 g, 82.5% Often, the product was contarmnated with a very small 

amount of 2 - It was easily purlfled by flash chromatography on slllca using ether hexane 

(7 3) 

b) by acid hydrolysis of 4 4 (0 92 Q, 3 87 mmol) was stirred with 3N HCl (50 ml) 

at RT for 24 h The rmxture was extracted wth CH2C12 (3 x 30 ml) The organx extracts 

were drxed and the solvent was removed In Vacua to give an 011 (contaIned ~a 10% 4) 

The product was purlfled by flash chromatography using hexane EtOAc (1 1) Yield 0 40 

g, 46 20% lR NMR, s(ppm) 1 34, t, CH3, 4 17, m, CH2, 10 11, br s , OH 11B NMR 

-33 76, lJB,H = 96 f 1 Hz, lJB,p = 115 HL 13c NMR 16 01, d, 3Jp,c = 6 6 Hz, CH3, 

63 30, d, 2Jp,c = 4.4 Hz, CH2 31P NMR 96 20, lJB,p = 119 * 3 Hz IR 2420 v (BH), 

1655 v(C0); 3050, v br V(OH) Analysis calculated for BC7H1805P c, 37 53, H, a 10. 

P, 13 83, B, 4 83 Found C, 37 71. H, 7 88, P, 13 20, B, 4 38. 

c) by exchange Procedure same as for 2 - 
d) via xGzermedlate generatIon of nltrlllum salt Procedure same as for 2 except 

after reactlon with Et30BF4, solvent was removed and the residue was hydrolyzed under 

acldlc condltlons according to the procedure reported for Ph3PBH2COOH 26 

Trlethylphosphlte-carbomethoxyborane, 4 

a) by exchange In a solvent Trlmethylarmne-carbomethoxyborane (1 00 g, 7 63 rmnol) 

and (EtO)3P (6 54 ml, 38 14 mmol) were taken In anhydrous DME (50 ml) under N2 The nux- 
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ture was heated at reflux and the reaction was followed by 11~ NMR After c~ 52 h, the 

solvent was removed under reduced pressure The excess (Et0)3P was removed in vacua at 

RT The residue was taken in ether (50 ml) and washed with water (5 x 30 ml) The ether 

layer was dried and the solvent was removed under reduced pressure The clear, colorless 

oil was kept in vacua for 4-5 days The product is sufficiently pure for further reac- 

t1on For analysis and biological testing, the product was purified by flash chromato- 

graphy on silica using ether hexane (1 1) or hexane ethyl acetate (8 2) Yield 0 92 g, 

50 63% 'H NMR. s(ppm) 1 35, t, CH3. 3 55, S, OCH3, 4 61, m, CH2 1lB NMR -33 97, 

lJB,H = 95 Hz, lJB,p = 122 Hz 13c NMR 16 11, d, 3JP,c = 6 6 Hz, CH3, 48 67, s, 0CH3, 

65 35, d, 2Jp,c = 4 4 Hz, CH2 31P NMR 96 59, lJB,p = 122 Hz IR 2415, 2360 V (BH), 

1670 v(CO) Analysis calculated for BC8H2005P C, 40 33, H, 8 47, P, 13 01, B, 4 54 

Found C, 40 47, H, 8 34, P, 13 27, B, 4 35 

b) by exchange without a solvent Trimethylamine-carbomethoxyborane (1 50 g, 11 45 

mmol) was taken in excess (EtOj3P (10 ml) under N2 and was heated at 80°C The reaction 

was followed by llg NMR spectroscopy 

Diethylphosphite-cyanoborane, sodium salt, a 

1 (0 56 g, 2 73 mmol) was taken in 1N NaOH (20 ml) and was stirred at RT till all of 

it dissolved The solution was washed with CH2C12 (2 x 20 ml) and water was allowed to 

evaporate at RT The residue was taken in EtOAc (35 ml), filtered and washed with mole 

ethylacetate (35 ml) The filtrate and washings were dried, and the solvent was removed 

under reduced pressure to give a white hygroscopic solid in quantitative yield 'H NMR 

(D20) G(ppm) 1 02, t, CH3, 3 74, m, CH2 llB NMR (D20) -39 62, lJB,H = 98 f 2 

Hz, lJB,P = 169 Hz 13C NMR (DMSO-d6) 16 65, d, 3Jp,c = 4 Hz, CH3; 57 32, d, 2Jp,c = 

5 4 Hz, CH2 31P NMR (DMSO-d6) 68 28, lJB,P = 176 f 3 Hz IR 2415, 2370 "(BH), 

2210 V(CN) 

Diethylphosphite-N-ethylcarbamoylborane, sodium salt, 3 

Procedure same as described for 5a Yield 76 45% - lH NMR (acetone-d6), 6(ppm) 

1 11, t, CH3(NEt), 1 24, t, CH3, 3 24, NCH2, 3 93, g, m, 0CH2, NH was not observed 

llB NMR (acetone-d6) -30 lJB,H = 88 * 1 lJB,p = 49, Hz, 149 Hz 13C NMR (acetone- 

d6) 15 35, s, CH3, 16 66, d, 3Jp,C = 5 4 Hz, (OEt), CH3 31 84, s, NCH2, 57 14, d, 

2JP,C = 5 1 Hz, OCH2 31~ NMR (acetone-d6) 79 97, lJB,p = 144 f 6 Hz 

Diethylphosphite-carbomethoxyborane, sodium salt, SC 

Procedure same as described for 5a Yield 91 58% 1H NMR 1 - (D20), S(ppm) 13, 

t, CH3, 3 40, 5, 0CH3, 3 83, m, CH2 11B NMR (D20) -30 79, 'JB,H = 90 f 3 Hz, lJB,p 

= 164 Hz 13C NMR (DMSO-dC) 16 62, d, 3JP,c = 5 Hz, CH3. 47 31, s, 0CH3, 57 02, d, 

2JP,c = 5 5 Hz, CH2 31P NMR (DMSO-d6) 73 66, lJB,p = 160 f 6 Hz IR 2430 v (BH). 

1618, 1595 V(CO) 
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Diethylphosphite-cyanoborane, tetrabutylammonium salt, 6a. - 

1 was hydrolyzed to a as described, vide supra. After washing with CH2C12 (2 x 20 

ml), the basic solution was stirred with Bu4NHS04 (1 eguiv ) for 1 h It was extracted 

with dichloromethane (3 x 35 ml), dried and solvent was removed under reduced pressure to 

give an oil Yield 99 01% 'H NMR. 6(ppm) 1 02, t, CH3. 1 26, t, CH3 (OEt), 

1 46, m, CH2, 1 67, br m CH2, 3 03, distorted t, NCH2. 3 95, OCH2. llB NMR , m, 

-39.66, lJB,H = 91 f 1 Hz, lJB,P = 178 Hz 13c NMR 13 42, s, CH3. 16 59, d, 3JP,c = 

5 5 Hz, CH3 (OEt). 19 47, s, CH2; 23 71, CH2(sH2CH2CH3), 58 03, NCH2, 58 30, d, s, S, 

2JP,c = 4 4 Hz, CH2(0Et) 3lP NMR 69.06, lJB,p = 178 f 3 Hz IR- 3295 V (BH), 2195 

V(CW Analysis calculated for BC21H48N203P C, 60 28, H, 11 56, N, 6 70, P, 7 40, 

B, 2 58 Found C, 60 18. H, 11 39, N, 6 87, P, 7 30, B, 2 43 

Diethylphosphite-N-ethylcarbamoylborane, tetra-n-butylammonium salt, 6b - 
Procedure same as described for & Yield. 91 42% 'H BMR. 6(ppm) 0 80, t, 

CH3. 0 86, t, CH3WEt). 1 02, t, CH3(0Et), 1 24, m, CH2. 1 45, br m , CH2. 2 99, q, 

CH2(NEt), 3 10, distorted t, NCH2. 3 12, m, CH2(OEt), 6 80, br t , NH llB NMR 

-30 49, lJB,H = 90 Hz, lJB,p = 146 Hz 13c NMR 13 33, s, CH3; 14 98, s, CH3(NEt), 

16 57, d, 3Jp,c = 5 5 Hz, CH3(0Et), 19 37, 8, CH2: 23 71, s, CH2(CH2CH2CH3), 32 05, s, 

CH2WEt). 57.60, d, 2Jp,c = 4 4 Hz, CH2(0Et), 58 33, s, NCH2. 31P NMR 77 05, lJB,p = 

146 f 3 Hz IR 2415, 2360, 2320 V (BH), 1598 v(CO), 3340 V(NH) Analysis calculated 

for BC23H54N204P C, 59 48, H, 11 72. N, 6 03. P, 6 67, B, 2 33 Found C, 59 44, H, 

11 61, N, 5 77, P, 6 59, B, 1 70 

Diethylphosphite-carbomethoxyborane, tetrabutylanmonium salt; & 

Procedure as described for 6a Yield 91 03% - lH NMR, 6(ppm) 1 00, t, CH3, 

1 23, t, CH3(0Et). 1 45, m, CH2, 1 66, br m , CH2: 3 30, distorted t, NCH2, 3 45, s, 

OCH3. 3 94, m, CH2(OEt) llB NMR -31 08, lJBIH = 91 f 2 Hz, lJB,p = 161 Hz 13C 

NMR 13 30, s, CH3, 16 34, d, 3Jp,c = 5 4 Hz, CH3(0Et) 19 32, s, CH2, 23 61, s, 

CH2(CH2CH2CH3), 47 50, S, OCH3. 57 60, d, 2Jp,C = 4 0 Hz, CH2(OEt), 58 29, s, NCH2 

31P NMR 73 63, lJB,p = 161 f 2 Hr. IR 2370 V (BH), 1665 v(C0) Analysis calculated 

for BC22H51NO5P C, 58 53, H, 11 39, N, 3.10, P, 6 86, B, 2.39. Found C, 58 33, H, 

11 18, N, 3 12, P, 6 54, B, 2 22 

Diethylphosphite-cyanoborane, 2 

1. (5 75 g, 28 05 nrmol) was stirred with 1N NaOH (180 ml) till it went into solution 

The solution was washed with CH2C12 (2 x 50 ml), acidified with cone HCl to pH l-2 and 

then extracted with CH2Cl2 The extracts were dried and the solvent was removed to give 

a clear, colorless oil Yield 4 65 g, 93 69% 'H BMR. 6(ppm). 1.35, t, CH3; 4 11, 

m, CH2, 9 65, br s , OH llB NMR -40.51, lJB,H - 103 f 2 Hz, lJB,p - 141 Hz 13C 

NMR. 16 08, d, 3Jp,c = 5 5 Hz, CH3. 62.64, d, 2Jp,C = 5.5 Hz, CH2 31P NMR 86 06, 
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~JB,P = 139 f 13 Hz IR 2425, 2370 V (BH), 2220 V(CN) Analysis calculated for 

BC5Hl3N03P C, 33 94, H, 7 41, N, 7 92, P, 17 50 Found C, 33 74. H, 7 20. N, 7 65, 

P, 17 36 

Dlethylphosphlte-N-ethylcarbamoylborane, 7b - 
Procedure same as described for 7a except the solution was acldlfled to pH 3-4 - 

Yield 31 86% 'H NMR, 8@pm) 1 15, t, CH3(NEt), 1 21, t, CH3, 3 33, m, CH2(NEt). 

3 89, m, CH2. 8 06, br s , NH. 14 50, br s , OH llB NMR -33 00, lJB,H = 91 f 2 Hz, 

'JB,P = 163 HZ 13c NMR 13 77, s, CH3, 16 30, d, 3Jp,c = 6 5 Hz, CH3(0Et), 35 65, S, 

CH2, 59 32, d, 2Jp,c = 5 5 Hz, CH2(OEt) 31P NMR 75 19, lJB,p = 161 Hz IR 2410 

V(BH), 1615 V(CO), 3280 V(NH) Analysis calculated for BC7HlgNO4P C, 37 70, H, 0 59, 

N, 6 28, P, 13 89, B, 4 85 Found C, 37 71, H, 8 73, N, 6 10, P, 13 71, 8, 4 64 

Dlethylphosphlte-carboxyborane, monosodium salt, 8 

5c was prepared as described, _ - vlde supsa and then acldlfled to pH between 6-7 The 

water was allowed to evaporate at RT The residue was stlrred with EtOAc (3 x 25 ml) and 

flltered The filtrate was dried and the solvent was removed under reduced pressure to 

give a white hygroscoplc solld Yield 99 59% 'H NMR (acetone-d6), 6(ppm) 1 35, 

t, CH3, 4 02, m, CH2, no peak was observed for OH, lntegratlon of the spectrum, however, 

lndxated presence of 0 5 H In the region of lo-12 ppm 11~ NMR (acetone-d6) -32 10, 

lJB,B = 95 Hz, l.JB,p = 151 Hz 13C NMR (acetone-d6) 16 84, d, 3JP,c = 6 7 Hz, CH3. 

59 12, d, 2Jp,C = 5 4 Hz, CH2 31P NMR (acetone-d6) 78 25, lJB,p - 151 f 3 Hz IR 

2405 V(BH), 1645 v(CO). 3700-2750, v br band V (OH) 

Attempted preparation of dlethylphosphlte-carboxyborane 

a) from 2 J (0 15 g, 0 67 mmol) was taken In 1N NaOH (15 ml) and was heated at 45- 

47'C for 7 h The mixture was left at RT overnlght and then washed with CH2C12 The 

aqueous layer was acldlfled, extracted with CH2C12, dried and the solvent was removed to 

give an 0x1. Yield 0 063 g 

b) from 2 _ 7b (0 10 g, 0 49 mmol) was taken In 0 3N HCl (10 ml) and the mixture 

was heated at 42'C for 6 5 h It was extracted with CH2C12 (4 x 15 ml) NothIng 

extracted Into CH2C12 Water was removed from the aqueous layer at RT and the residue 

was ldentlfled by 11~ NMR llB nmr 6 = 20 30 ppm, s, H3B03 (mayor), -31 55 ppm, dt, 

and 31 57 ppm, br s (minor unknown species) 

c) From 4 Procedure same as described for the synthesu of 8 except solution was 

acldlfled to lower pH 

Attempted preparation of PC13 BH2CN 

Ph3PBH2CN (1 00 g, 3 32 mmol) and PC13 (1 equlv In THF, 2 equlv In CHC13 or large 

excess as solvent) were taken In an anhydrous solvent under N2 The muture was heated 
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at reflux and the reactlon was followed by llB NMR 

Attempted preparation of phosphorous acid-cyanoborane, 2 via rntermedlate 

formatIon of trls(trlmethylsllyl)phosphltecyanoboranoborane, a 

Anlllne-cyanoborane (0 843 g, 6 39 mmol) and (Me2S10)3P (3 82 g, 11 79 nun01 of 

(Me3SIO)gP + 1 31 mm01 of (Me3SIO)2P(O)H) were taken In anhydrous THF under N2 The mx- 

ture was heated at reflux for 5 h and then stIrred at RT overnIght I" NMR(CDC13) 6= 

-38 17 ppm, dt, lJB,H = 96 ? 3 Hz, lJB,p = 146 Hz The solvent was removed under reduced 

pressure and the residue was kept In vacua for 5 days It was taken In ether, flltered -- 
and the solvent was removed under reduced pressure to give a brown 011, whxh turned 

purple upon standing A small portlon when taken In D20, decomposed into borx acid In 

1N NaOH in D20, only a small amount of decomposltlon occurred In the beglnnlng NO fur- 

ther decomposltlon occurred when It was allowed to stand overnIght So the purple 011 

was dissolved In 1N NaOH The sol&Ion was washed with CH2C12 (2 x 50 ml) and EtOAc 

(2 x 50 ml) The aqueous layer was taken with z 3 equlv of B"4NHS04, stIrred for 30 

mln and then extracted with CH2C12 to give an 011 (1 064 g) 11~ and 3lp NMR spectra 

showed no boron or phosphorous 

Ethylphosphlte-cyanoborane, 11 

2 (1 15 g) and Me3SII (4 equivalent) were taken an anhydrous CH3CN and were heated 

at reflux In the dark for 3 days The solvent and excess Me3SlI were removed under 

reduced pressure The residue was taken In CH2C12/water (1 1, v/v, 50 ml) and was 

stIrred at RT for 1 5 h The aqueous layer was separated and washed with CH2C12 until 

the organzc layer was colorless The water was evaporated at RT by passing a stream of 

a=r over the solution The residue was taken In EtOAc and filtered to remove a solid 

The filtrate was dried and the solvent was removed under reduced pressure to give an 011 

Often, the EtOAc solution became dark colored, which couldn't be removed by treatment 

wzth charcoal To remove this color, the EtOAc was removed and the whole workup was 

repeated Yield of light yellow 011 0 49 g, 50 72% 'H NMR (acetone-d6), G(ppm) 

1 30, t, CH3. 4 09, m, CH2, 6 50, s, OH's, lntegratlon >> 2 protons lndlcatlng presence 

of H20 llB NMR (acetone-d6) -39 58, lJB,H = 97 + 1 Hz, lJB,p = 155 f 1 Hz 13C NMR 

(acetone-d6) 16 58, d, 3Jp,c = 6 6 Hz, CH3, 61 83, d, 2Jp,c = 6 6 Hz, CH2 31P NMR 

(acetone-d6) 80 56, lJB,p = 154 f 5 Hz IR 2450, 2410 V (BH), 2225 V(CN) 

Ethylphosphlte-cyanoborane, bls(trlbutylammonlum) salt 12 - 
11 (0 52 g, 3 49 mmol) was taken In EtOAc (5 ml) and was cooled to O'C - To this B"3N 

(2 60 equlvdlent, excess) was added and the mixture was stirred at O'C for 15 mln The 

solution was flltered and the solvent was removed under reduced pressure The residue 

was kept in vacua overnIght -- The 011~ residue was washed with n-pentane (3 x 15 ml), 

which was removed by decantatlon The residue was than taken In CH2C12/H20 (1 1, v/v, 30 
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ml), stxred for 5 minutes and the organx layer was separated The aqueous layer 

extracted with CH2C12 (2 x 15 ml) The combined organic layers were dried and the 

vent was removed under reduced pressure to give a clear, colorless 011 Yield 0 

46 85% 1H NMR. 6(ppm) 0 92, br s , CH3; 1 21, t, CH3(0Et). 1 35, br s , CH2. 

1 64, br s , CH2, 2 90, br s , NCH2, 3 89, m, OCH2. 11 52, br , NH llB NMR -39 

was 

sol- 

85 g, 

32, 

unresolved 13c NMR 13 46, s, CH3, 16 51, d, 3JP,c = 6 1 Hz, CH3(0Et), 19 87, 5, 

CH2, 24 97, s, CH2(CH2CH2CH3), 51 80, s, NCH2. 59 10, d, 2JP,c = 5 3 Hz, OCH2. 31P NMR 

(D20 + few drops of acetone-d6) 68 44, lJBIp = 179 f 5 IR 2390 v (BH), 2185 V(CN) 

Analysis calculated for BC27H63N303P C, 62 41, H, 12 22, N, 8 09, P, 5 96, B, 2 08 

Found a) by Galbralth Labs C, 55 80, H, 11 50, N, 8 14, P, 6 04. B, 2 81 b) by 

MHW labs on same sample c, 53 02, H, 10 41, N, 8 23, P and B not analyzed The 

analyses are lnconslstant with the proposed structure 

Attempted preparation of trls(tr~methyls~lyl)phosph~t.e-carbomethoxyborane 

a) Me3NBH2COOMe (0 80 g, 6 11 mmol) and (Me3SIO)3P (6 06 g, 18 72 mm01 of (Me3S10)3P 

and 2 08 rmnol of (Me3S10)2P(O)H) were taken in anhydrous DME (40 ml) under N2 The mix- 

ture was heated at reflux and the reactlon was followed by llB NMR 

b) 4 (1 13 g, 4 75 mmol) and Me3SII (2 70 ml, 18 97 mmol) were taken III anhydrous 

CH3CN (45 ml) under N2 Immediately, the mxture became brown It was heated at reflux 

for 3 h During this time, the brown color completely dlsappeared The mixture was 

cooled and the solvent was removed under reduced pressure to give a yellow solId "B 

NNR(CDC13) 6 = 15 ppm, br s , 0 2 ppm, br s, mayor and a multlplet at -39 ppm, v smal 

amount 

ReactIon of 2 with lodotrlmethylsllane at RT 

f! (0 628 g, 2 64 mmol) and Me3S1I (0 75 ml, 5 27 mmol) were taken in anhydrous CH3CN 

(30 ml) under N2 and stlrred at RT for 6 h The mixture was flltered, concentrated, dls- 

solved in CH2C12, filtered twice to remove small amounts of white solId (H3B03) and the 

solvent was removed under reduced pressure A small portion was dissolved in acetone-d6 

for NMR 

Cytotoxzc Actlvlty 

All newly synthesized functlonallzed phosphate-boranes were tested for cytotoxx 

actlvlty by preparing a 1 mM solution of the drug in 0 05% tween 80/H20 by homogenlzatlon 

The drug solutions were sterlllzed by passing them through an Acrodlsc 45 w The 

following cell lines were malntalned by the literature techniques murlne Ll210 lymphold 

leukemla,27 P388 lymphocytlc leukemla,27 human Tmolt3 acute lymphoblastlc Tcell 

leukem=a,2* colorectal adenocarclnoma SW480," lung bronchogenlc MB-9812,3a osteosarcoma 

TE418,31 KB epldermold nasopharynx,27c32 HeLa-S3 suspended cervxal carcinoma, 33 and 

glloma EH 118 MG 34 



Boron analogues of phosphonoacetates 
6929 

The protocol used to assess cytotoxicity was that of Geran et al 27 Standards were -- 

determined U-I each cell line Values are expressed for the drug's cytotoxicity as ED50 

in pg/ml, I e the concentration which Inhibits 50% of the cell growth determined by the 

trypan blue exclusion technique Solid tumor cytotoxicity was determined by the method 

of Huang g g 35 Ehrlich ascites carcinoma in viva tumor screens were conducted in CFl -- 

male mice (-28 g) with test drugs at 8 rag/kg/day I P by the method outlined previously 27 

6-Mercaptopurrne was used as an internal standard 

Acknowledgement This research was supported by the U S Army Research Office 

REFERENCES 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Reetz, T J Am Cbem Sot 1960, 82, 5039-5042 

Pelter, A , Rosser, R , Mills, S J Chem Sot Cbem Comm 1981, 1014-1015 

Das, M K , Roy, S Synth React Inorg Met -0rg Chem 1986, 16, 67-75 

Martin, D R , Chiusano, M A , Denniston, M L , Dye, D J , Martin, E D , PenningtOn, 

BT J rnorg Nucl Chem 1978, 40, 9-13 

Muetterties, E L 'The Chemistry of Boron and its Compounds', Wiley, New York, 

1967 

Mayer, R F , Varnell, E D , Kaufman, M E Antlmlcrob Agents Chemother 1976, 9, 

308-311 

Oberg, B Pharmac Ther 1983, 19, 387-415 

Mao, J C -H , Otis, E R , M van Esch , A , Merrrn, T R ; Fairgrreve, J S , 
Shipkowitx, N L ; Duff, R G Antlmlcrob Agents Chemother 1985, 27, 197-202 

Clercq, E D J Med Chem 1986, 29, 1561-1569 

Sarin, P S , Taguchi, Y , Sun, D , Thorton, A , Gallo, R C , Oberg, B Blochem 

Pharmacol 1985, 34, 4075-4079 

Eriksson, B , Oberg, G ; Wahsen, B Blochxn Blophys Acta 1982, 696, 115-123 

Hall, I H , Grlbert, C J , McPhail, A T , Morse, K W ; Hassett, K , Spielvogel, 

B F J Pharm Scl 1985, 74, 755-158 

Hall, I H , Starnes, C 0 , McPhail, A T , Wisian-Neilson, P , Das, M K , 

Harchelroad, Jr , F , Spielvogel, B F J Pharm Scl 1980, 69, 1025-1029 

Hall, I H , Da?., M K , Harchelroad, F , Jr , Wisian-Neilson, P , McPhail, A T , 
Spielvogel, B F J Pharm Scl 1981, 70, 339-341 

Hall, I H , Spielvogel, B F , Sood, A , Ahmed, F D , Jafri, S J Pharm SC2 

1987, 76, 359-365. 

Hall, I H , Griffin, T S , Docks, E L , Brotherton, R J , Futch, G J Pharm SCL 

1986, 75, 706-710 

Scheller, K H , Martin, R B , Spielvogel, B F , McPharl, A T Inorg. Chun Acta 

1982, 57, 227-228 



A SOODetal 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

Splelvogel, B F ; Harchelroad, F , Jr , Wulan-Nellson, P J Inorg Nucl Chem. 

1979, 41, 1223-1227 

Meerweln, H Org Synth. 1966, 46, 113-115. 

Splelvogel, B F. In "Boron Chermstry-4", IUPAC, Inorganx Chenustry Dlvxson, Parry, 

RW, Kodama, G , Pergamon Press, New York, NY, 1980, pp 119-129 

a) Splelveogel, B F , Ahmed, F U , McPhall, A T Synthesu 1986, 833-835 

b) Splelvogel, B F , Ahmed, F U , Sllvey, G L , Wislan-Nellson, P , McPhall, A T 

Inorg Chem 1984, 23, 4322-4324 

Splelvogel, B.F , Morse, K W., Ahmed, F U , McPharl, A.T Inorg Chem. 1984, 23, 

1776-1777 

Wlszan-Nellson, P , Das, M K , Splelvogel, B F Inorg Chem 1978, 17, 2327-2329 

a) Das, M K ; Roy, S Synth. React. Inorg Met -Org Chem 1985, 15, 53-59 

b) Wlslan-Nellson, P , Wilkins, M A , Welgel, F C., Foret, C J , Martin, D R J 

Inorg Nucl Chem 1981, 43, 457-458 

Thomas, R H., Faugrleve, J S , Bower, R R , Shlpkowltz, N L , Mao, J C.-H. J Med 

Chem 1977, 20, 660-663 

Wlslan-Nellson, P , Wllklns, M A , Welgel, F C ; Foret, C J , Martin, D R J 

Inorg Nucl Chem 1981, 43, 457-458 

Geran, R I , Greenberg, N H , Macdonald, M M , Schumacher, A M , Abbott, B J 

Cancer Chemotherapy Reports 1972, 3, 7-9 

Minowada, J , Ohnuma, T , Moore, G.E J. Nat Cancer Int 1972, 49, 891-895 

Lelbovltz, A , Stlnson, J C , McCombs, W B III, McCoy, C E , Mawr, K C , Mabry, 

N D Cancer Res 1976, 36, 4562-4569 

Aaronson, S.A , Todaro, G J , Freeman, A E Expt. Cell Res 1970, 61, 1-5 

Snuth, H S , Owens, R.B , Hlller, A J , Nelson-Rees, W A , Johnston, J 0 Int J 

Cancer 1976, 17, 219-234 

Eagle, H PKOC Sot Expt Blol 1955, 89, 362-364 

Puck, T T , Marcus, P I , Cleclura, S J J Exp Med 1956, 103, 273-283 

Nelson-Rees, W A , Flandenneyer, R R , Hawthorne, P K Int J Cancer 1975, 16, 

74-02 

Wang, E S , Lee, K H , Plantodosl, C , Gelssman, T A , Pagano, J S J Pharm 

SC1 1972, 61, 108-110 


