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Abstract Several methods have been investigated for the synthesis of functionalized
phosphite-borane adducts As part of these investigations, the monosodium salt of
diethylphosphite-carboxyborane (a boron analogue of sodium diethylphosphonoacetate) and
related precursors and derivatives have been prepared A brief descraption of their
cytotoxic and antitumor properties 1s also presented
INTRODUCTION

Borane adducts of phosphltesl'5 have received little attention despite the facts that
1) they are more stablel than corresponding amine-boranes or other base-borane adducts,
11) they can be readily activated? for use in hydroboration under mild condataions, 111)
they may be considered as analogues of alkylphosphates, (RO) 3P=0 vs (RO)3PBH3, where an
oxygen atom has been replaced by an 1socelectronaic BH3 group and finally, 1iv) they may be
considered as analogues of alkylmethylphosphonates, (RO) oP (O} CH3 vs (RO),P(O)BH3, where
the methyl group has been replaced by an i1sostructural and isocelectronic BH3 group
Since phosphate and phosphonate groups are present in a variety of biologically important
molecules, e g DNA, RNA, phospholipids, aminophosphonates, etc , a better understanding
of the chemistry and stabality of modified phosphite-borane adducts as analogues of
natural molecules 1s important

Additionally, several synthetic phosphonates, e g phosphonoacetic acid, phosphono-
formic acid, etec , have been found$-11 to possess sagnificant antaviral actavity. Thais,
coupled with the recently established pharmacological activity of amine-borane
adducts,lz’16 makes the phosphite boranes even more interesting Fanally, substitution
of boron for carbon in 1soelectronic species has a pronounced effect on charge and for
carboxylic acids, on the pKa of the acad 17 similar substitution in, e g phosphono~-
acetic acad, should affect pKa's, lipid solubility and biological activaty

Thus, 1n order to investigate various pathways for the synthesis of substituted phos-
phite-boranes and at the same time obtain chemically and biologically intriguing mole-
cules, the boron analogue of phosphonoacetic acid (phosphorous acid-carboxyborane adduct)
was chosen as the target In this paper, we describe the synthesis of derivatives of
phosphorous acid-carboxyborane and attempts towards the synthesis of phosphorous acid-

carboxyborane itself, a boron analogue of phosphonoacetic acaid
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RESULTS AND DISCUSSION

Triethylphosphite-cyanoborane, 1, was prepared in ca 58% yield (Scheme 1) by a
method similar to the one described for the synthesis of trimethylphosphite-cyanoborane 4
1 could also be prepared from aniline-cyanoborane, by the displacement of aniline with
(EtO) 3P, 1n refluxing THF The product was obtained in a lower yield (ca 40%) even
though the displacement was complete an 3 5 h Similar displacement of Me3N from
Me3NBH,CN was slower and only 50-60% reaction was observed (by 1llp NMR) after 10 days
The slower reaction was expected due to the greater basicity of Me3N as compared to
PhNHo However, the reaction was performed because the complete displacement of gaseous
Me3N would have simplified the purafication

Synthesis of 1, by the intermediate generation of (BH3CN),, has also been reported by
Das et al 3 However, in this case, I, was used as the oxidizing agent In our lab,
attempts to synthesize 1 using I, completely failed Since both I, and Bry have been
used prev:.ously4 to synthesize (BH,CN),, the differences in the final outcome of these
reactions must be related to the differences in the conditions used during adduct forma-
tion A dastinct difference in the conditions used for the adduct formation was the
presence or absence of NaX When Brp was used as the oxidizing agent, the NaBr formed
was i1nsoluble and was filtered prior to the reaction of (BH3CN)y with (EtO)3P In case
of Ip, the soluble NaI was left in the reaction mixture during adduct formation The Nal
must therefore alter the outcome of this reaction This 18 indeed the case as was con-
firmed by the quantitative formation of the sodium salt of diethylphosphite-cyanoborane,
5a, when equimolar amounts of 1 and Nal were heated at reflux in anhydrous DME for 1 h
5a was also observed in the reaction mixture (by 31p NMR) during the attempted synthesis
of 1 usang Iy These facts and the 1H NMR data reported by Das et al 3 clearly suggest
that the compound 1solated previously was not 1 Since the previously i1solated compound
was a liquid and was soluble in both benzene and CH3Cl,, the possibility of i1t beang Sa
can also be ruled out

1 has been used for the synthesis of several new compounds Alkylation with Et30BF4,
followed by basic hydrolysis led to the formation of triethylphosphite-N-ethylcarbamoyl-
borane, 2, in ca 73% yield (Scheme 1) During hydrolysis, the pH of the reaction mix-
ture had to be adjusted to ca 11 At lower pH, the reaction was slow, while at higher
pH, 1n addition to the hydrolysis of the nitrilium 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 nitrilium salt However, due to high polaraty
of these two impurities, purification by chromatography was very saimple

Attempts to synthesize 2 by base exchange showed limited success With ammonia-N-
ethyl-carbamoylborane as substrate, no exchange was observed Some exchange (ca 25%
after 3 days) did occur with trimethylamine-N-ethylcarbamoylborane, but it was accompa-
nied by the formation of some three-coordinate boric acid type species The corre-

sponding aniline derivative, which would have given better results, 1s an unknown species
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Scheme 1
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and various attempts at its synthesis have failed 18

Conversion of 2 to triethylphosphite-carboxyborane, 3, was achieved by hydrolysis
with 3N HC1l at RT or 45°C At 45°C, the reaction was complete in ca 6 h, while at RT, 2
weeks were required for complete hydrolysis The reaction was also slow at lower concen-
tration of HCl Higher concentrations (6N or 12N} led to hydrolysis of B-H bonds to form
increasing amounts of boric acid Boraic acid was also the only product, when synthesis
of 3 was attempted by an exchange reaction using (EtO3)P and tramethylamine-carboxyborane
or by acid hydrolysis of alkylated cyanoborane Another route, which was successful,
involved the hydrolysis of triethylphosphite-carbomethoxyborane, 4 Under similar condi-
tions, the hydrolysis of 4 was much faster than that of 2 The yield of pure product
after chromatography, however, was low (ca 46%)

4 1tself was prepared in ca 50% yield, by the reaction of (EtO) 3P with traimethyl-
amine-carbomethoxyborane i1n refluxing DME, Scheme 2 The lower yield was due to loss of
product during purification, the exchange itself was > 85% Slower exchange was observed
in THF or in large excess of (EtO) 3P as solvent In the case, where excess (EtO)3P was
used as solvent, an additional species with 11B chemical shift similar to 4 was also

observed No attemots were made to 1solate this species

Scheme 2

Monoglyme
(EtO)3P + MeyNBH,COOMe

(E10);PBH,COOMa

Reflux / 52h 4

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

diethylphosphite~derivatives, S5a-c, Scheme 3 These were 1solated either as such by eva-
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poration of water followed by extraction into EtOAc or as tetrabutyl-ammonium salts, 6a-c
in > 90% yield Reaction of 3 with 1IN NaOH was very slow at room temperature In addi-
tion to the formation of a new four coordinate species (based on chemical shift), which
could be the desired product, decomposition to sodium borate was observed At higher
temperature, ca 45°C, decomposition was the major reaction No attempts were made to

1solate the preduct

Scheme 3

RT
(E10)3PBHoX + 1IN NaOH  ———————— (E10),(NaO)PBH,X
Sa-c

X = CN, CONHEt, COOMe

Bu,NHSO,
Bu N*(E10),( O)PBH,X
63:¢
(EtO)5(NaO)PBH,X gl Hel
al
2 2 X = CN, CONHE! (E'O)Z(Hoz)aps"'zx
dil HCIpH6-7

> Na*H*(Et0),(O)PBH,CO0"

X = COOMe 8

Acidaficataion of 5a and 5b (Scheme 3) gave the formation of corresponding diethyl-
phosphite derivatives 7a-b, while, at a controlled pH (between 6-7), 5¢c was converted
into the monosodium salt of triethylphosphite-carboxyborane, 8 Acidification of 5¢ to
lower pH always led to two major decomposition species in addition to the possible forma-
tion of desired product Attempted hydrolysis of 7b to the corresponding carboxyborane
with 3N HCl at room temperature or 0 3 N HCl at 42°C, also resulted in decomposition
These results clearly suggest that the diethylphosphite-carboxyborane 1s unstable under
acidic conditions The B-H bonds of 7b itself may also not be very stable under these
conditions which may be the reason for its lower yield (ca 32%) from 5b

Several attempts to synthesize and 1isolate substituted borane adducts of H3PO3 have
so far been unsuccessful Most of the attempts were directed towards the synthesis of
phosphorous acid-cyanoborane, 9, as a model, for two reasons (1) The starting materials
could be easily synthesized and thus, were available in sufficient quantities (2) It
was expected to be more stable than carboxy- or carboalkoxyborane adducts due to greater
electron withdrawing effect of nitrile group strengthening the P-B bond

Formation of 9 by direct reaction of H3PO3 with (BHyCN), or base BHpCN i1s not fea-
sible as H3PO3 exists as (HO),P(O)H and in addition, 1t would probably react with

(BH,CN) , to liberate Hp Therefore, attempts were directed towards the synthesis of
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cyanoborane adducts of highly reactive phosphorous compounds, which could easily be con-
verted into 9 Reaction of PClj with traiphenylphosphine-cyanoborane was attempted under
various conditions to form Cl3PBH,CN Even under very drastic conditions, 1 e , reflux-
ing in large excess of PClj, no exchange was observed

Reaction of excess (Me3S:0)3P [ca 90%, remaining (Me3S10),P(0)H] with aniline-cyano-
borane did give tris(traimethylsilyl)phosphite-cyanoborane, 10a After removal of sol-
vent, aniline and excess reagent under reduced pressure, 3lp NMR showed several
impurities in addition to 10a  Hydrolysis of 10a to give 9, by addition of water led to
decomposition Since the solution became very acidic, acidity may be the cause of decom-
position Addition of 1N NaOH to 1l0a did give a stable sodium salt of 9 (11 nmr (p,0)
8 = -37 2 ppm, l9g,p = 178 Hz, ldg y = 91 * 2 Hz, 3P mmr(p,0) 8 = 47 8 ppm, lop p = 178
+ 2 Hz), but attempted isclation as the tris(tetra-butylammonium) salt was unsuccessful

Attempted synthesis of 10a by other methods was unsuccessful No reaction was
observed when 1 was heated at reflux with excess Me3S5i1Cl Similarly, with 7a, except for
the formation of monosilylated product, no reaction occurred Reaction of 7a with Me3SiI
1n acetonitrile at reflux resulted in the formation of ethylbis(trimethylsilyl)phosphite-
cyanoborane 10b, which was 1solated as ethyl-phosphite-cyanoborane, 11 in ca 50% overall
yield (Scheme 4) The product retained some water, which couldn't be removed by keeping
it in vacuo for 1 week In addition, the product was usually contaminated with small
amounts of phosphorous containing impurities It was reacted with BujzN and was 1isolated
as bis(tributylammonium) salt, 12 Although the 1H, 118, 13¢ and 31p NMR corresponded to
12, the elemental analyses of this compound were very unsatisfactory Attempted syn-
thesis of 11 under identical conditions, using 1 as substrate gave a mixture of 11 and

Ja Heating 1 1n large excess of Me3S5i1I at 75-80°C for 48 h also gave the same results

sScheme 4

(E10),(HO)PBH,CN 4 MeaS! E10)(Me
SI0),PBH,CN
2 2 CHRON 7 refiun 7 4 (- 1ONMeaSI0),PBH,
1a 10b
HO
ONHBuU,
BugN
(ETO)PBH,CN (EtO)(HO),PBH,CN
| EtOAc
ONHBU, 1
2

Though these methods didn't show much success in the formation of 9, these were still
tried for the synthesis of corresponding carbomethoxy- or carboxy-borane adducts. When

Me3NBH,COOMe was heated at reflux in DME with 3 equiv of (Me3510)3P, no reaction was
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observed by 1lp NMR after 18 h Prolonged heating led to decomposition Since trai-
methylamine 1s more difficult to displace than aniline, this result wasn't totally unex-
pected

Reaction of 4 with Me3SiI, under the conditions used for the synthesis of 10b, led to
complete decomposition within 3 h At RT, using 2 equiv of Me3SiI, a new product was
formed After workup, when a small portion was taken in acetone-ds, a reaction occured
31p NMR of thas sample, showed presence of a quartet at ~75 ppm, in addition to two
singlets at 12 3 and -6 11 ppm 1l NMR showed presence of H3BO3 and a multiplet at -43
ppm 1y NMR showed presence of P-OEt but absence of OMe and SiMej When taken in D30,
the new product completely decomposed to give H3BOj These data indicate that the ini-
tially formed product was probably (Me3510) (EtO)PBH,COOS1Mes, which, during workup or
when taken in acetone, reacted with moisture to give (HO) (EtO),PBH,COOH  The latter
reacts further with water to give H3BOj3

In summary, syntheses of several boron analogs of phosphonoacetates are described
Various attempts towards the synthesis and i1solation of substituted borane adducts of
phosphorous acid were unsuccessful These attempts also indicated that i1f formed, these
adducts would probably be unstable in aqueocus medium

The newly synthesized compounds have been characterized by a variety of techniques
These compounds were tested for cytotoxicaty against a variety of muraine and human cell
lines The results are presented in Table 1 Among murine cell lines, most compounds
showed activity against Lyp7¢ lymphoid leukemia growth but only 5a and 8 were active in
the P3gg lymphocytic leukemia screen In the human tissue culture lines, most of the
compounds demonstrated good activity against Tmolty leukemia, HeLa-S$3 uterine carcinoma
and osteosarcoma In the colon adenocarcinoma screen only 3, 4, 5¢ and 6c were signifi-
cantly active, in KB nasopharynx carcinoma screen compounds 1, 5b, 5¢c and 8 showed good
actaivity Only 6c demonstrated activity against the lung bronchogenic growth while brain
glioma growth was retarded by 3, 8 and 12 As demonstrated in Table 1, the activity of
the functionalized phosphite-boranes 1in certain screens, € g , murine Ljsj1qg and human
Tmolt3, 1s saignificantly better than that of standards

In addition to tissue culture screens, compounds 2, 4, 7a and 8 were also signifi-

cantly active against in vivo growth of Ehrlach ascites carcinoma

EXPERIMENTAL

1y NMR spectra were obtained on a JEOL FX90Q, a Brucker NR80 or a Varian XL-300 spec-
trometer 118, 13¢ and 31p NMR spectra were obtained on JEOL FX90Q or Varian XL-300
spectrometer Chemical shifts are presented with respect to Me,Si for 1y and 13c nMR
spectra, BF3 Ety0 for 1lp nMr spectra and 85% H3PO4 for 31p NMR spectra CDCl3 was used
as solvent unless stated otherwise In 1H NMR, all 3JH,H and 3JP,H were close to the THz
and BHy protons were not observed in 13¢ NMR, carbon directly attached to boron was not

observed due to quadrupole broadening IR spectra were obtained on a Perkin-Elmer 237
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spectrometer Elemental analyses were performed by Galbraith Labs, Tennessee or M-H-W
Labs, Arizona Due to the quadrupcle moment of B, the peaks in the boron-11 and phos-
horous-31 NMR spectra were also broad and the values of 1JB,P obtained from a set of
spectra (31P and 11B) of the same compound were not always identical

Triethyloxonium tetrafluoroborate,19 tr1methylamlne—carboxyborane,20 trimethyl-amine-
carbomethoxyborane,21 trimethylamine~ and ammonla-N—ethylcarbamoylborane,22 anlllne—,23
trlmethylamlne»23 and trlphenylphosphlne—cyanoborane,24 and trais(trimethylsilyl)phos-
phlte25 were prepared by published procedures All other starting materials were
obtained commercially Anhydrous 1,2-dimethoxyethane (DME) was obtained commercially,

while other solvents were dried by routine methods

Triethylphosphite-cyanoborane, 1

a) From (BH,CN), NaBH3CN (9 75 g, 155 16 mmol) was dissolved in anhydrous DME (120
ml) under Ny To this a solution of Brp (3 90 ml, 75 70 mmol) in DME (15 ml) was added
dropwise with stairraing The mixture was stirred at room temperature (RT) overnight and
then filtered to remove NaBr The filtrate was mixed with (EtO)3P (26 10 ml, 152 21
mmol) under Nj and was eather stirred at RT for 4 days or heated at reflux for 2 days
It was failtered and the solvent was removed under reduced pressures to give an oil The
o1l was dissolved in Et,0 (100 ml), washed with water (5 x 75 ml), dried over Na,S04 and
the solvent was removed under reduced pressure The residue was kept in vacuo for a week
to remove traces of traiethylphosphate In most batches, the 01l became cloudy at this
point and was rewashed and dried as described above Attempted distillation under
reduced pressure led to decomposition The pure product can be obtained by keeping 1t
in vacuo for a long time, vide supra, but for the preparation of 2, the crude product
was used Yield 17 91 g, 57 70%

b) by exchange Equimolar amounts of (EtO)3P and an amine-cyanoborane (amine = PhNHj,
or MegN) were taken in anhydrous THF (25 ml) under Ny The mixture was heated at reflux
and the reaction was followed by 1lg NMR For amine = PhNH,, the reaction was complete
in 3 5 h After removal of solvent, 1t was worked up as described in Method a Yield
41 32% 14 NMR, 8(ppm) = 1 39, t, CH3 and 4 20, m, CHp 1l1B NMR -41 57, l3g 4 =
101 + 1 Hz, lJg p =138+ 1 Hz 13c mMR 15 93, d, 3Jp,c = 5 5 Hz, CH3, 63 96, d,
23p,c =55 Hz, cdp 3P NMR 91 90, l9p p = 137 £ 5 Hz IR 2435, 2400 v (BH),

2205 Vv (CN) Analysis calculated for BCHH;7NO3P C, 41 01, H, 8 36, N, 6 83, P, 15 11
Found Cc, 40 98, H, 8 36, N, 7 00, P, 15 23

Reaction of 1 with Nal

1 (0 91 g, 4 44 mmol) and NaI (0 665 g, 4 44 mmol) were taken 1in anhydrous DME under
N, and heated at reflux for 1 h The solution was cooled, filtered to remove traces of
whaite solaid and the solvent was removed under reduced pressure The residue was kept in

vacuo overnight and analyzed by 1K, 11B and 3lp NMR, which were identical to 5a



692
Boron analogues of phosphonoacetates 3

Triethylphosphite~N-ethylcarbamoylborane, 2

a) via intermediate generation of nitrailium salt: To a stirring solution of 1 (9 83
g, 47.95 mmol) 1in anhydrous CHCl, (48 ml) under Ny, was added a solution of Et30BF4 1in
CHpCly (48 ml of 2 M solution). The mixture was heated at reflux for 48 h, cooled to RT
and 1N NaOH was added with stirring until the pH was approximately 11 The layers were
separated and the aqueous layer was extracted with CHpClp; (3 x 75 ml) The combined
organic portions were dried and the solvent was removed under reduced pressure to give an
o1l The product was purified by flash chromatography on silica using ether CHyCljp
(8 2) Yield 8.75 g, 72 68% 14 NMR, 8 (ppm) 1.09, t, CH3(NEt), 1 34, t, CH3, 3 26,
95 + 5 Hz,
13g,p = 117 Hz. 13c NMR 15 03, s, CH3(NEt), 15 98, d, 3Jp ¢ = 5 5 Hz, CH3, 32 63, s,

m, CHp(NEt), 4.21, m, CHp, 5 73, br s , N& 1l wMr -31 93, lop

CHp (NEt), 63 03, d, 2Jp,c = 3 3 Hz, CHp 3lp NMR 97 90, 135 p = 118 £ 3 Hz IR 2390
V(BH), 1600 v(CO); 3335 V(NH) Analysis calculated for BCgHp3NO4P C, 43 06, H, 9 23,
N, 5 58, p, 12.34, B, 4 31 Found c, 42 75, H, 9 48, N, 5 17, P, 12 50, B, 4 33

b) by exchange Procedure same as for 1 Reaction was followed by 1ip NMR

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

was stirred at RT for 2 weeks or at 45-47°C for ca 6 h The solution was extracted with
CHoCly (3 x 30 ml) The extracts were dried and the solvent was removed to give a clear
o1l Yield 0 37 g, 82.5% Often, the product was contaminated with a very small
amount of 2 It was easily purified by flash chromatography on silica using ether hexane
(7 3)

b) by acid hydrolysis of 4 4 (0 92 g, 3 87 mmol) was starred with 3N HCl (50 ml)
at RT for 24 h  The mixture was extracted with CHyCly; (3 x 30 ml) The organic extracts
were dried and the solvent was removed in vacuo to give an o1l (contained ca 10% 4)
The product was purified by flash chromatography using hexane EtOAc (1 1) Yield 0 40
g, 46 208 lH NMR, 8(ppm) 1 34, t, CH3, 4 17, m, CHp, 10 11, br s , O 11B NMR
-33 76, lJg,y = 96 £ 1 Hz, 19 p = 115 Hz 13c NMR 16 01, d, 30p,c = 6 6 Hz, CH3,
63 30, d, 23p,c = 4.4 Hz, cH; 3lp MR 96 20, lJg p = 119+ 3 Hz IR 2420 V(BH),
1655 v(C0O); 3050, v br Vv (0OH) Analysis calculated for BCqH;gOgP c, 37 53, H, 8 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 intermediate generation of nitrilium salt Procedure same as for 2 except
after reaction with Et30BF4, solvent was removed and the residue was hydrolyzed under

acidic conditions according to the procedure reported for Ph3PBH,COOH 26

Triethylphosphite-carbomethoxyborane, 4

a) by exchange in a solvent Trimethylamine-carbomethoxyborane (1 00 g, 7 63 mmol)

and (EtO)3P (6 54 ml, 38 14 mmol) were taken in anhydrous DME (50 ml) under No The mix-
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ture was heated at reflux and the reaction was followed by llp NMR After ca 52 h, the
solvent was removed under reduced pressure The excess (EtO)3P was removed in vacuo at
RT The residue was taken in ether (50 ml) and washed with water (5 x 30 ml) The ether
layer was draed and the solvent was removed under reduced pressure The c¢lear, colorless
o1l was kept in vacuo for 4-5 days The product i1s sufficiently pure for further reac-
tion For analysis and biologacal 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% lu NMR, 8(ppm) 1 35, t, CH3, 3 55, S, OCH3, 4 61, m, CH, 1lB NMR -33 97,
1og,u = 95 Hz, 135 p = 122 5z 13c R 16 11, d, 39p ¢ = 6 6 Hz, CH3, 48 67, s, OCH3,
6535, d, 23p,c ~ 4 4 Hz, cip 3lp NMR 96 59, log p = 122 Hz IR 2415, 2360 V(BH),
1670 v(CO)  Analysis calculated for BCgHpgOsP 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 (EtO)3P (10 ml) under N, and was heated at 80°¢c The reaction

was followed by lig NMR spectroscopy

Diethylphosphite~cyanoborane, sodium salt, Sa

1l (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 CHpCly (2 x 20 ml) and water was allowed to
evaporate at RT The residue was taken in EtOAc (35 ml), filtered and washed wath more
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 1y NMR
(D20)  8(ppm) 1 02, t, CH3, 3 74, m, CHp 11B NMR (D00 -39 62, lag y = 98 % 2
Hz, lig,p = 169 Hz 13c nMR (DMSO-a6) 16 65, 4, 30p, = 4 Hz, CH3; 57 32, 4, 20p,¢ =
5 4 Hz, CHp 3lp NMR (DMSO-d®) 68 28, lJg p = 176 + 3 Hz IR 2415, 2370 v (BH),
2210 v (CN)

Diethylphosphite-N-ethylcarbamoylborane, sodium salt, Sb

Procedure same as described for 5a Yield 76 45% 14 NMR (acetone-db), 8 (ppm)
111, t, CH3(NEt), 1 24, t, CH3, 3 24, q, NCHp, 3 93, m, OCHy, NH was not observed
1B NMR (acetone-df)  -30 49, lop y = 88 £ 1 Hz, lJp p = 149 Hz 13C NMR (acetone-
a8y 15 35, s, CH3, 16 66, d, 3Jp c = 5 4 Hz, CHj (OEt), 31 84, s, NCHp, 57 14, d,

29p,c = 5 1 Hz, ocp 3l NMR (acetone-a®) 79 97, lip p = 144 £ 6 Hz

Diethylphosphite-carbomethoxyborane, sodium salt, 5c

Procedure same as described for 5a Yield 91 58% 1 NMR (D50}, & (ppm) 1 13,
t, CH3, 3 40, s, OCH3, 3 83, m, CH; 1B NMR (D0) -30 79, lug y = 90 = 3 Hz, 135 p
= 164 Hz  13c mMr (DMs0-a®) 16 62, &, 37, = 5 Hz, CH3, 47 31, s, OCH3, 57 02, d,
23p,c = 5 5 Hz, CHy 3lp NMR (DMSO-d®) 73 66, 13y p = 160 *+ 6 Hz IR 2430 v (BH),
1618, 1595 Vv (CO)
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Diethylphosphite-cyanoborane, tetrabutylammonium salt, 6a.

1 was hydrolyzed to 5a as described, vide supra. After washing with CHpCly (2 x 20
ml), the basic solution was stirred with BuyNHSO4 (1 equiv ) 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% 14 NMR, 8 (ppm) 102, t, CH3, 1 26, t, CH3 (OEt),

1 46, m, CHp, 1 67, br m , CHy, 3 03, distorted t, NCHp, 3 95, m, OCHp. 11B NMR
-39.66, lop y = 91 £ 1 Hz, lJg p = 178 Hz 13c NMR 13 42, s, CH3, 16 59, &, 33p ¢ =
5 5 Hz, CH3 (OEt), 19 47, s, CHy; 23 71, s, CHp(CH,CH,CH3), 58 03, s, NCHp, 58 38, d,
29p,c = 4 4 Hz, CHy(0Et) 3lp NMR 69.06, 1Jg p = 178 + 3 Hz IR- 3295 V(BH), 2195
v (CN) Analysis calculated for BCy1H4agNy03P 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 descraibed for 6a Yield. 91 42% 1y NMR, 8 (ppm) 0 80, t,
CH3, 0 86, t, CH3(NEt), 1 02, t, CH3(OEt), 1 24, m, CHy, 1 45, br m , CHp, 2 99, q,
CHy (NEt), 3 10, daistorted t, NCHy, 3 72, m, CH,(OEt), 6 80, br t , N 11B NMR
-30 49, 135,4 = 90 Hz, 1J5,p = 146 Hz 13c NMR 13 33, s, CH3; 14 98, s, CH3(NEt),
16 57, 4, 33p ¢ = 5 5 Hz, CH3(OEt), 19 37, s, CHp; 23 71, s, CHp(CHpCHaCH3), 32 05, s,
CHp(NEt), 57.60, d, 2Jp,c = 4 4 Hz, CHp(OEt), 58 33, s, NCHp. 3lp NMR 77 85, lJg p =
146 + 3 Hz IR 2415, 2360, 2320 V(BH), 1598 Vv (CO), 3340 V(NH) Analysis calculated
for BCp3HggNyO4P 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, tetrabutylammonium salt; 6c

Procedure as described for 6a Yield 97 83% 1u NMR, 8 (ppm) 1 00, t, CHgz,
1 23, t, CH3(OEt), 1 45, m, CHp, 1 66, br m , CHy; 3 30, distorted t, NCHp, 3 45, s,
OCH3, 3 94, m, CHp(0Et) 1B NMR -31 08, g y = 91 £ 2 Hz, 105 p = 161 Hz 13¢
NMR 13 30, s, CH3, 16 34, d, 3Jp ¢ = 5 4 Hz, CH3(OEt) 19 32, s, CHp, 23 61, s,
CHp (CH)CH)CH3), 47 50, s, OCH3, 57 60, d, 2Jp,c = 4 0 Hz, CHp(OEt), 58 29, s, NCHp
3lp MR 73 €3, log p = 161 + 2 Hz. IR 2370 V(BH), 1665 V(CO) Analysis calculated
for BCyHg)NOsP  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, 7a

1 (575 g, 28 05 mmol) was stairred with 1N NaOH (180 ml) till it went into solution
The solution was washed with CH3Cl; (2 x 50 ml), acidified with conc HCl to pH 1-2 and
then extracted with CH,Cl, The extracts were dried and the solvent was removed to give
a clear, colorless oil Yield 4 65 g, 93 69% 1 NMR, 8(ppm). 1.35, t, CH3; 4 11,
m, CHp, 9 65, br s , o 1lB NMR -40.51, lgp y = 103 t 2 Hz, l0g,p = 141 Hz 13¢
NMR. 16 08, d, 33p,c = 5 5 Hz, CH3, 62.64, d, 2Jp ¢ = 5.5 Hz, CHp 3lp NMR 86 06,
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1JB,P = 139 + 13 Hz IR 2425, 2370 v(BH), 2220 v (CN) Analysis calculated for
BCgHj 3NO3P 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

Diethylphosphite-N-ethylcarbamoylborane, 7b

Procedure same as described for 7a except the solution was acidified to pH 3-4
Yield 31 86% 1H NMR, S(ppm) 1 15, t, CH3(NEt), 1 21, t, CH3, 3 33, m, CHp(NEt),
389, m, CHp, 8 06, br s , NH, 14 50, br s , o 1ls NMR -33 00, lop y = 91 t 2 He,
19p,p = 163 Bz 13c MR 13 77, s, CH3, 16 30, d, 3Jp,c = 6 5 Hz, CH3(OEt), 35 65, s,
CHp, 59 32, d, 2Jp ¢ = 5 5 Hz, CHp(0Et) 3lp NMR 75 19, 105 p = 161 Hz IR 2410
V(BH), 1615 v(CO), 3280 v (NH) Analysis calculated for BCjHjgNO4P C, 37 70, H, 8 59,
N, 6 28, P, 13 89, B, 4 85 Found C, 37 71, H, 8 73, N, 6 10, P, 13 71, B, 4 64

Diethylphosphite-~carboxyborane, monosodium salt, 8

5¢c was prepared as described, vide supra and then acidified to pH between 6-7 The
water was allowed to evaporate at RT The residue was stirred with EtOAc (3 x 25 ml) and
filtered The filtrate was dried and the solvent was removed under reduced pressure to
give a white hygroscopic solad Yield 99 59% lg NMR (acetone—d6), d (ppm) 1 35,
t, CH3, 4 02, m, CHy, no peak was observed for OH, integration of the spectrum, however,
indicated presence of 0 5 H 1in the region of 10-12 ppm 11p NMR (acetone-df) -32 10,
13,4 = 95 Hz, 1dg,p = 151 Hz  13C NMR (acetone-d®) 16 84, d, 3Jp,c = 6 7 Hz, CHj,
59 12, d, 23p,c = 5 4 Hz, CHy 31P NMR (acetone-af) 78 25, lgg p = 151 * 3 Hz IR
2405 v (BH), 1645 v (CO), 3700-2750, v br band Vv (OH)

Attempted preparation of diethylphosphite-carboxyborane

a) from3 3 (0 15 g, 0 67 mmol) was taken in 1IN NaOH (15 ml) and was heated at 45-
47°C for 7 h The mixture was left at RT overnight and then washed with CHyClj, The
aqueous layer was acidified, extracted with CHyCl,, dried and the solvent was removed to
give an oil. Yaeld 0 063 g

b) from 7b 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 CHpCl, (4 x 15 ml) Nothaing
extracted into CHyClj Water was removed from the aqueous layer at RT and the residue
was i1dentified by 1l NMR 118 nmr 8§ = 20 30 ppm, s, H3BO3 (major), =~31 55 ppm, dt,
and 31 57 ppm, br s (minor unknown species)

¢c) From 4 Procedure same as descraibed for the synthesis of 8 except solution was

acidified to lower pH

Attempted preparation of PCly BHoCN

Ph3PBH,CN (1 00 g, 3 32 mmol) and PCl3 (1 equiv 1in THF, 2 equiv 1in CHClj or large

excess as solvent) were taken in an anhydrous solvent under Njp The mixture was heated
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at reflux and the reaction was followed by 11lp NMR

Attempted preparation of phosphorous acid-cyanoborane, 9 via intermediate

formation of tras(trimethylsilyl)phosphitecyanoborane, 1l0a

Aniline-cyanoborane (0 843 g, 6 39 mmol) and (Me;S10)3P (3 82 g, 11 79 mmol of
(Me3810) 3P + 1 31 mmol of (Me3S10),P(O)H) were taken in anhydrous THF under Np The mix-
ture was heated at reflux for 5 h and then stirred at RT overnight 11g NMR(CDC13) § =
-38 17 ppm, dt, 1JB,H = 96 * 3 Hz, IJB,P = 146 Hz The solvent was removed under reduced
pressure and the residue was kept in vacuo for 5 days It was taken in ether, filtered
and the solvent was removed under reduced pressure to give a brown oil, which turned
purple upon standaing A small portion when taken in D0, decomposed intc boric acid In
1IN NaOH 1in D30, only a small amount of decomposition occurred in the beginning No fur-
ther decomposition occurred when i1t was allowed to stand overnight So the purple oil
was dissolved in 1N NaOH The solution was washed with CH3Cly; (2 x 50 ml) and EtOAc
(2 x 50 ml) The aqueous layer was taken wath ca 3 equiv of BuyNHSO,4, stirred for 30
min and then extracted with CHyCl,; to give an o1l (1 064 g) 11 and 3lp NMR spectra

showed no boron or phosphorous

Ethylphosphite-cyanoborane, 11

7a (1 15 g) and Me3S1I (4 equivalent) were taken in anhydrous CH3CN and were heated
at reflux in the dark for 2 days The solvent and excess Me3S1I were removed under
reduced pressure The residue was taken 1in CHZClz/water (1 1, v/v, 50 ml) and was
stirred at RT for 1 5 h The aqueous layer was separated and washed with CHyCl, untal
the organic layer was colorless The water was evaporated at RT by passing a stream of
air 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 o1l
Often, the EtOAc solution became dark colored, which couldn't be removed by treatment
with charcoal To remove this color, the EtOAc was removed and the whole workup was
repeated Yield of light yellow o1l 0 49 g, 50 72% 1y NMR (acetone—ds), 8 (ppm)

130, t, CH3, 4 09, m, CHy, 6 50, s, OH's, integration >> 2 protons indicating presence

of Hp0 11B NMR (acetone-d®) -39 58, 135,45 = 97 + 1 Hz, log p = 155 = 1 Hz 13c mMR
(acetone-d®) 16 58, o, 3Jp,c = 6 6 Hz, CH3, 61 83, d, 2Jp,c = 6 6 Hz, CHy 31p MR
(acetone-d®) 80 56, 135 p = 154 £ 5 Hz IR 2450, 2410 V(BH), 2225 V(CN)

Ethylphosphite-cyanoborane, bis(tributylammonium) salt 12

11 (0 52 g, 3 49 mmol) was taken in EtOAc (5 ml) and was cooled to 0°c To this BujgN
(2 80 equivalent, excess) was added and the mixture was stirred at 0°C for 15 min The
solution was filtered and the solvent was removed under reduced pressure The residue
was kept in vacuo overnight The oily residue was washed with n-pentane (3 x 15 ml),

which was removed by decantation The residue was than taken in CH2C12/H20 (1 1, v/v, 30
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ml), stairred for 5 minutes and the organic layer was separated The aqueous layer was
extracted with CHyCly (2 x 15 ml) The combined organic layers were dried and the sol-
vent was removed under reduced pressure to give a clear, colorless oil Yield 0 85 g,
46 85% 1H NMR, 8(ppm) 0 92, br s , CH3; 1 21, t, CH3(OEt), 1 35, br s , CHp,

1 64, br s, CHy, 2 90, br s , NCHp, 3 89, m, OCHp, 11 52, br , NH 11B NMR -39 32,
unresolved 13c NMR 13 46, s, CH3, 16 51, d, 3Jp,c = 6 1 Hz, CH3(0Et), 19 87, s,
CHy, 24 97, s, CHp(CHpCHpCH3), 51 80, s, NCHp, 59 10, d, 2Jp ¢ = 5 3 Hz, OCHp. 3lp MMR
(D20 + few drops of acetone—ds) 68 44, 1JB,P =179 £ 5 IR 2390 Vv(BH), 2185 V(CN)
Analysis calculated for BCy7Hg3N303P c, 62 41, H, 12 22, N, B 09, P, 5 96, B, 2 08
Found a) by Galbraith Labs c, 55 80, H, 11 50, N, 8 14, P, 6 04, B, 2 81 b) by

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

analyses are inconsistant with the proposed structure

Attempted preparation of tris(trimethylsilyl)phosphite-carbomethoxyborane

a) Me3NBH,COOMe (0 80 g, 6 11 mmol) and (Me3S10)3P (6 06 g, 18 72 mmol of (Me3S10)3P
and 2 08 mmol of (Me3Si0),P(0)H) were taken in anhydrous DME (40 ml) under Njp The mix-
ture was heated at reflux and the reaction was followed by 1lp NMR

b) 4 (1 13 g, 4 75 mmol) and Me3SiI (2 70 ml, 18 97 mmol) were taken in anhydrous
CH3CN (45 ml) under Nj Immediately, the mixture became brown It was heated at reflux
for 3 h During this time, the brown color completely disappeared The mixture was
cooled and the solvent was removed under reduced pressure to give a yellow soliad 11p
NMR(CDCl3) d =15 ppm, br s , 0 2 ppm, br s, major and a multiplet at -39 ppm, v small

amount

Reaction of 4 with iodotrimethylsilane at RT

4 (0 628 g, 2 64 mmol) and Me3SiI (0 75 ml, 5 27 mmol) were taken in anhydrous CH3CN
(30 ml) under N, and stirred at RT for 6 h The mixture was filtered, concentrated, dis-
solved in CHpCly, filtered twice to remove small amounts of white solid (H3BO3) and the
solvent was removed under reduced pressure A small portion was dissolved in acetone-d®

for NMR

Cytotoxic Activaty

All newly synthesized functionalized phosphite-boranes were tested for cytotoxac
activity by preparing a 1 mM solution of the drug ain 0 05% tween 80/H,0 by homogenization
The drug solutions were sterilized by passing them through an Acrodisc 45 UM The
following cell lines were maintained by the literature techniques murine Ljp1qg lymphoid
leukem1a,27 P3gg lymphocytic leukemla,z'7 human Tmoltj acute lymphoblastic Tcell
1eukem1a,28 colorectal adenocarcinoma SW480,29 lung bronchogenic MB—9812,30 osteosarcoma
TE418,31 KB epidermoid nasopharynx,27'32 HelLa-83 suspended cervical carc1noma,33 and

glioma EH 118 MG 34
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The protocol used to assess cytotoxicity was that of Geran et al 27 standards were

determined in each cell line Values are expressed for the drug's cytotoxicity as EDgg

in pHg/ml, 1 e the concentration which inhabits 50% of the cell growth determined by the

trvo
P

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

of Huang et al 35 Ehrlich ascites carcinoma an vivo tumor screens were conducted in CFj

male mice (~28 g) with test drugs at 8 mg/kg/day I P by the method ocutlined previously 27

6-Mercaptopurine was used as an internal standard
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