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The reactions of o-carboran- l-ytethyl mesylates with triethyl phosphite and sodium diethyl 
phosphite were studied. Carbomne--containing phosphonates were synthesized. The reaction of 
o-catboranylacetyl chloride with triethyl phosphite afforded O,O-diethyl (E)-2-(o-carboran- 
I-yl)-l-(o-carboran-l-ylacetoxy)vinylpbosphonate rather than oxo phosphonate. 
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Carborane derivatives that can be selectively incor- 
porated into tumor  cells are of great importance in 
boron neutron-capture therapy of  cancer, l Therefore, 
the synthesis of  carborane-conta in ing  phosphonates 
(compounds containing the phosphonate group accu- 
mulate in bone tissues z) is of  interest. Several examples 
of  the synthesis of  these compounds were reported in 
the literature. 3-5 
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The available methods have particular drawbacks. 
The first method allows one to prepare primarily com- 
pounds in which the phosphonate group is directly 
bound to the carborane polyhedron. In this case, it is 
difficult to synthesize phosphonates that have no sub- 

�9 Dedicated to the memory of Academician M. I. Kabachnik 
on his 90th birthday. 

stituents at the second carbon atom of  the o-carborane 
nucleus. The starting alkynylphosphonates used in the 
second method are difficultly accessible, and in the stage 
of  their interaction with decaborane,  yields of  the target 
products are low. 

In this work, we studied the possibility of  the synthe- 
sis of carborane-containing phosphonates with the use 
of  carborane-containing electrophilic synthons, such as 
earboranylalkyl mesylates, carboranylethyl iodide, and 
carboranylacetyl chloride, in the Arbuzov and Michae- 
lis - -Becket  reactions. 

Results and Discussion 

Carboranylaiiql sulfonates as synthons. It is common 
knowledge that alkyl sulfonates readily enter  into the 
Arbuzov and Michael is--Becker  reactions 6 to give reac- 
tion products in higher yields compared to those ob- 
tained under the action of  alkyl halides. Carboranylalkyl 
mesylates can be prepared by the reaction of  decaborane 
with the corresponding alkynyl mesylates. The last- 
mentioned compounds can be readily prepared from the 
corresponding alcohols in high yields. 
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The structures of  the synthesized compounds were es- 
tablished by N M R  spectroscopy and elemental analysis. 

In spite of  the fact that the mesylate is a good leaving 
group, the reactivity of  sulfonate 1 in reactions of  nu- 
c l eoph i l i c  subs t i tu t ion  is low, as in the case of  
bromomethyl-o-carborane,  7,8 due to the strong c -e lec -  
tron-withdrawing effect of  the o-carborane nucleus. Be- 
cause of  this, compound 1 does not react with triethyl 
phosphite and sodium diethyi phosphite. Moreover, re- 
placement  by iodine according to the Finkelstein reac- 
tion does not occur under the standard conditions. 
Therefore, the reactivities of  the resulting o-carboranyl 
mesylates in the Arbuzov and Michael is--Becker  reac- 
tions were studied using mesyloxyethylcarborane 2 as an 
example because the MsO group in 2 is more remote 
from the carborane nucleus and should be more labile. 

Note that the Arbuzov reaction often affords a by- 
product due to the interaction of  the alkyl halide that 
formed with triethyl phosphite. 9 Moreover, el imination 
of  hydrogen halide can be a competitive process in the 
Arbuzov and Michael is--Becker  reactions. In the case of 
compound 2, this process is highly probable because in 
the resulting vinyl-o-carborane the conjugation of the 
double bond with the carborane polyhedron is energeti- 
cally favorable, le 

Actually, when sulfonate 2 was used in the Michae-  
l is--Becker reaction, elimination of  MsOH occurred 
exclusively although the basicity of NaP(O)(OEt)2 is 
low. The structure of  the resulting compound 3 was 
established based on the data of  [H N M R  spectroscopy 
and elemental  analysis as well as from a comparison of  
its melting point with the literature value (see the Ex- 
perimental  section). 14 

However, when sulfonate 2 reacted with triethyl 
phosphite, el imination was not observed and the target 
carboranylethylphosphonate .t was formed in a rather 
high yield (62%) (Scheme 1). 
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The structure of  phosphonate 4 was established based 
on the tH, 13C, and 31p NMR spectral data. 

It should be noted that, unlike mesylate 2, analogous 
iodide HCBt0HI0(CH2)21 reacted with P(OEt) 3 to give a 
mixture of  vinylcarborane 3 and phosphonate 4 in a 
-1 : I ratio (LH N M R  data). 

Interaction of triethyl phosphite with carboranylacetyi 
chloride. We also studied the reaction of  o-carbora-  
nylacetyl chloride with P(OEt)3. General ly ,  the reac- 
tions of  P(OEt)3 with carboxylic acid chlorides give the 
corresponding acylphosphonates in high yields. II 

However, the reaction o f  o-carboranylacetyl chloride 
with P(OEt)3 afforded exclusively O,O-diethyl (E)-2- 
(o-carboran- l -y l ) -  l - (o -carboran-  1 -ylacetoxy)vinylphos- 
phonate (Scheme 2). 
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The reaction is exothermic and proceeded at a high 
rate. Note that this reaction afforded exclusively product 
6 with both 2 : I or 1 : I acid chloride 5 to P(OEt)3 
molar ratios. 

The structure of compound 6 was established from 
the spectral data. The [R spectrum has absorption bands 
at 2590, 1716, and 1241 cm - I ,  which correspond to the 
B- -H,  C=O,  and P=O groups, respectively, and bands 
at 1154 and 1020 cm - l ,  which are assigned to the 
P - - O - - E t  group. The Raman spectrum has a band at 
1662 cm - t  typical of C = C  bonds. Unfortunately,  the 
assignment of the signals in the  I1B N M R  spectrum 
presents difficulties because of  thei r  overlapping. In the 
tH N M R  spectrum, the signal o f  the vinyl proton at 8 
6.27 occurs as a doublet with the constant JH--I" = 
11 Hz, which confirms the E configurat ion of  the re- 
sulting compound. 12 The formation of  product  6 is 
attributable to enolization of  oxo phosphonate  followed 
by the reaction of enol with the second molecule  of  acid 
chloride. This result confirms once again the high ten- 
dency to formation of  a double bond conjugated with 
the carborane substituent, which has been reported pre- 
viously t~ (Scheme 3). 
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To summar ize ,  we studied the possibility of  the 
synthesis o f  ca rborane-con ta in ing  phosphonates  starting 
from the corresponding  electrophi l ic  synthons. 

Experimental  

The reagents were purchased from Aldrich and Fluka and 
used without additional purification. Tetrahydrofuran was dis- 
tilled over sodium benzophenone ketyl. Acetonitrile and 
dichloromethane were distilled over P205. Pyridine was dis- 
tilled over NaOH. Acid chloride 5 was prepared according to a 
procedure reported previously. 13 The IH, 13C, riB, and 
31p NMR spectra were recorded on a Bruker AMX-400 in- 
strument operating at 400.13, 100.61, 128.2, and 161.98 MHz, 
respectively. The chemical shifts (the 5 scale) are given relative 
to TMS (internal standard), BF3- OEt 2, and H3PO 4 (external 
standards). The IR spectra were recorded on a Specord M-80 
instrument. The melting temperatures were measured in an 
open capillary. 

But-3-yuyl methaaesultonate. A solution of MsCI (16 mL, 
140 mmol) in CH2CI 2 (20 mL) was added dropwise to a 
solution ofbut-3-yn- l -o l  (17 mL, 140 retool) and Py (13 mL, 
117 mmol) in CH2CI 2 (50 mL) at 0 *C for 3 h. The reaction 
mixture was filtered off from a precipitate of pyridine hydro- 
chloride and washed with water (2x50 mL). The aqueous 
extracts were extracted with CH2CI 2 (40 mL). The combined 
organic extracts were dried with Na2SO 4. The solvent was 
evaporated. The residue was distilled in vacuo to give 14.9 g 
(85%) of the title compound, b.p. 84 *C (0.5 Ton'). IH NMR 
(CDCI3), 8 :4 .27  (t, 2 H, O--CH2, J = 6.1 Hz); 3.03 (s, 
3 H, CH3--S); 2.61 (dt, 2 H, CH2--C~CH, J = 2.6, 6.1 Hz); 
2.05 (t, I H, HC-C,  J = 2.6 Hz). Found (%): C, 40.42; 
H, 5.53; S, 21.72; C5H803S. Calculated (%): C, 40.53; 
H, 5.44; S, 21.64. 

Prop-2-ynyi methanesulfouate was prepared analogously. 
The yield was 82%, b.p. 76 ~ (0.5 Torr). IH NMR (CDCI3), 
5:4.77 (d, 2 H, CH~--O, J = 3.6 Hz); 3.09 is, l H, CH 3 -  
S); 2.78 (t, I H, C-=-CH, J = 3.6 Hz). Found (%): C, 35.65; 
H, 4.52; S, 24.01. C4H603S. Calculated (%): C, 35.81; 
H, 4.51; S, 23.90. 

2-Methanesulfonyloxyethyl-a-carborane (2). MeCN 
(5.7 mL, 110 retool) was added to a solution of decaborane 
(6.8 g, 55 retool) in benzene (150 mL). The resulting solution 
was purged with argon and heated to boiling. Then a solution 
of but-3-ynyl mesyiate (7.5 g, 50 retool) in benzene was 
added. The reaction mixture was boiled for 20 h until libera- 
tion of hydrogen ceased. The resulting solution was passed 
through a column with silica gel. The solvent was evaporated 
in vacuo. A colorless crystalline compound was obtained in a 
yield of 5.8 g (42%), m.p. 89 ~ Found (%): C, 22.34; 
H, 6.72; B, 40.54; S, 12.tl. CsHIsBt003S. Calculated (%): 
C, 22.55; H, 6.81; B, 40.58;S, 12.04. tH NMR(CDCI3) ,8 :  
4.30 (t, 2 H, OCH 2, J =  6.3 Hz); 3.71 (s, l H, CH of 
carborane); 3.05 (s, 3 H, CH3SO2); 2.69 (t, 2 H, CH 2 -  
carborane, J = 6.3 Hz); 0.5--3.9 (m, 10 H, B--Hi.  t3C NMR 
(CDCI3) , & 70.8 (C--CH2); 66.0 (CH2--O); 60.6 (CH of 
carborane); 37.7 (CH3--S); 37.2 (Clt2--carborane). l ib  NMR 
(CDC13), 5 : - 2 . 3  (1 B), -4 .4  (I B), -9.5 (2 B), -12.2 (2 B), 
- 13.0 (4 B). 

Methanesulfonyloxymethyl-o-earborane (1) was prepared 
analogously. The yield was 45%, m.p. 56 ~ Found (%): 
C, 18.9; H, 6.29: B, 42.72; S, 12.55. C4Ht6BI003S. Calcu- 
lated (%): C, 19.04; H, 6.39; B, 42.84; S, 12.71. IH NMR 
(CDCI3), 5 :4 .59  (s, 2 H, C H_H2OS); 3.89 (s, 1 1t, CH of 

carborane); 3.09 (s, 3 H, CH3S); 0.5--4.0 (m, 10 H, BH). 
JIB NMR (CDCI3), 8 : - 2 . 2  (I B), -5 .6  (1 B), -9 .6  (2 B), - 
12.8 (4 B), -13 .2  (2 B). 

Reaetiom of sodium diethyl phosphite with 2-methanesulfo- 
uyloxyethyi-o-carborane (2). Sulfonate 2 (0.54 g, 2.06 mmol) 
was added to sodium diethyl phosphite prepared by the reac- 
tion of sodium (0.0523 g, 2.27 g-at.) and HOP(OEt)2 (0.29 mL, 
2.27 retool). The reaction mixture was boiled for 3 h. The 
solvent was evaporated. The residue was recrystallized from 
hexane. Vinyl-o-carborane 3 was obtained in a yield of 0.32 g 
as white crystals. M.p. 76 ~ (cf. Ref. 1 4 : 7 6 - - 7 7  ~ 
IH NMR (CDCI3), 5: 5.90, 5.62, 5.44 (3 H, ABX system, 
CH2=CH). 

O,O-Diethyl 2-(o-eadmran-l-yl)ethylphosphonate (4). A 
mixture ofsulfonate 2 (4 g, 14.9 retool) and P(OEt) 3 (2.55 mL, 
14.9 retool) was heated at 160 ~ for 32 h. One equivalent of 
P(OEt)3 (14.9 retool) was added to the reaction mixture every 
8 h. The reaction mixture was concentrated in vacuo. The 
residue was dissolved in CH2C[ 2 and then hexane was added. 
The product that precipitated was filtered off and dded in air. 
A resinous compound was obtained in a yield of 2.86 g (62%). 
Found (%): C, 31.07; H, 8.05; B, 35.16; P, 9.92. 
CsH25BI003P. Calculated (%): C, 31.16; H, 8.17; B, 35.06; 
P, 10.04. IH NMR (CDCI3) , 5:4.13 (m, 4 H, 2 CH2--O); 
3.65 (s, I H, CH ofcarborane); 1.75 (m, 2 H, CH2--P); 2.5l 
(m, 2 H, CH2--carborane); 1.35 (m, 6 H, 2 CH3). 13C NMR 
(CDCI3), 8 :62.3  (O--CH2); 61.5 (CH of carborane); 31.4 
(~H2--CH2--P) ;  26.0 (CH2--P);  16.2 (O--CH2--~H3) .  
UB NMR (CDCI3), 5 : - 2 . 5  (1 B), -5.8 (1 B), -9 ,6  (2 B), 
-12.5 (4 B), -13.1 (2 B). 

2-1odoethyi-a-cJrbonme. A solution of sodium iodide 
(1.5 g, 8 mmol) in MeCN was added to a solution of sul- 
fonate 2 (2.0 g, 7.5 mmol) in MeCN (75 mL). The resulting 
solution was boiled for 8 h. The precipitate that formed was 
filtered off and washed with CH2CI 2. The combined filtrates 
were concentrated. The residue was recrystaltized from hep- 
lane. A colorless crystalline compound was obtained in a yield 
of 1.87 g (85%), m.p. 131.5 *C (cf  Ref. 15:130.5--131 ~ 
Found (%):C, 16.05;H, 5.11;B, 36.15;I, 42.53. C4HtsBt01. 
Calculated (%): C, 16.11; H, 5.07; B, 36.25; I, 42.56. tH NMR 
(CDCI3), 8:3.62 (s, 1 H, CH of carborane); 3.15 (t, 2 H, 
CH21, J = 7.4 Hz); 2.73 (t, 2 H, CH2--carborane, J = 
7.4 Hz); 4.1--3.6 (m, 10 H, B--H). ttB NMR (CDC13), & 
-2.5 (l B), -5.6 (t B), -9 .6  (2 B), -12.8 (4 B), -13.1 (2 B). 

Reaction of triethyt phosphite with 2-iodoethyl-o-carborane. 
A mixture of 2-iodoethyl-o-carborane (1.55 g, 5.2 retool) and 
P(OEt) 3 (3.1 mL, 18.5 mmol) was heated on an oil bath at 
160 *C for 12 h. Then an excess of P(OEt) 3 was evaporated 
in vacuo. The residue was dissolved in CDCI 3 and analyzed by 
IH NMR spectroscopy. It was established that the reaction 
afforded a mixture of vinylcarborane and O,O-diethyl 2-(0- 
carboranyl)ethylphosphonate in a ratio o f - I  : 1. 

O,O-Diethyl (E) -2- (o-carboran-  I -yl ) -  l - (o-earboran-  
1-ylaeetoxy)vlnylphosphouate (6). Acid chloride 5 (2.8 g, 
12.6 mmol) was added portionwise to P(OEt)3 (1.1 mL, 
6.3 retool) over 30 min. The reaction mixture was stirred for 
I h. The mixture crystallized out. The product was recrystal- 
lized from hexane. A colorless crystalline compound was ob- 
tained in a yield of 2.6 g (84%), m.p. 86 ~ Found (%): 
C, 28.79; H, 7.23; B, 43.03; P, 6.09. CI2H3sB20OsP. Calcu- 
lated (%): C, 28.45; H, 6.96; B, 42.68; P, 6.11. tH NMR 
(CDCI3), 8 :1 .34  (td, 6 H, 2 CH 3, JCH = 7.1, JP-H = 
0.7 Hz); 4.13 (m, 4 H, 2 CH20); 3.45 (s, 2 H, CH2CO); 3.76 
and 4.50 (both s, 2 H, CH of carborane); 6.27 (d, 1 H, 
CH=CP, JH.P = I 1 Hz); -0.5---4.0 (m, 20 H, BH). 13C NMR 
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(CDCI3), ~: 16.1 (CH3); 63.7 (CH20); 40.7 (CH2CO); 58.9, 
66.5, 60.8, 67.1 (all C of carborane); 164.1 (C=O); 127.7 
(C H=CP, "/c-p = 29 Hz); 143.9 (CH=CP, Jc_e = 218 Hz). 
31p NMR (CDCI3), 5: 5.7. 
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