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Summary: Pol 
reaction of Nag1 BlzHllSH with Br(CH&COOR m KOH and D B 

hedral borane derivatives having a carboxy grou 
M8 

were synthesized by the 
0. leB-Containing poly- 

lysine and y-globulin are also described. 

Boron neutron capture therapy (BNCT) requires the delivery of considerable amounts of 

B-IO atoms into the targeted malignant tissue. Recently, the synthesis of boron-containing 

compounds that show affinity for a wide variety of tumors has been attempted by many investiga- 

tor&2 For such usage, the boron-carbon bond must be sufficiently stable in the final target 

moiecuie. ‘We now report the synthesis of new poiyhedrai borane derivatives having a carboxy 

group which forms stable bonds with amino groups in the target molecules. 

Polyhedral boraue was modified by the following route. 

Na210Bl2HllSH + Br(CH&COOR KOH - Na2loB12H11S(CH&,COOR 
1 2 DMSO 

(CH3)4NC’ \ I ItHalnNl~lOE~-~Hr ,‘XCH,LC00R - L \-- -.a**. -aa _,&.., ,-,-..*,,,---.- 

3 
(eq. 1) 

NaOH 
3- 

CH30H 
[ (CH3)4Nl2’0B12H11S(CH2)nCOOH 

ion exchange 

CsOH 
w CS~~OB~~H~~S(CH~)&OOH 
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Table 1 

Comuound 3a 3b 3ca 

n 2 2 1 

R CH3 Q&i QZ& 

Yield (96) 78.4 70.8 12.5 

Procedure (A) (A) (B) 

s This compound was prepared by an alternate 
route (procedure Bl. 

kq. 2) 
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The general procedure (A) is as follows: NazloBlzHllSHs-5 (1) (1.1 gl was stirred in 140 ml 

absolute dimethylsulfoxide (DMSO) with 2.9 g of crushed potassium hydroxide. Next, 8.66 g of 

methyl 3-bromopropionate (2a) in 5 ml of DMSO was added over a period of 20 min from a 

dropping funnel. After 22 h, the reaction mixture was concentrated under vacuum. The 

resulting solid was resolved in a small amount of water and followed by addition of aqueous 

solution of tetramethylammonium chloride (1.13 g). The pale purple product was filtered off and 

the filtrates were recrystallized from acetonitrile-ether. 3a was obtained. The yield was 1.6 g 

(78.4%). Similarly, 3b was obtained from the reaction of 1 with ethyl 3-bromopropionate (2b) in 

good yield (70.8%) as shown in Table 1. 

Stoochnoff et al.6 have reported the use of sodium hydride/methyl halide in tetiahydrofuran 

at room temperature for the methylation of alcohols. During the course of our study, we used this 

method to prepare 3c (n = 1, R = CzH5) in DMSO (procedure B). 

[ (CH&JN]~~OB~~H~~SH + NaH - [ KH3hW10h2H~~SNa kq. 31 
5 

5 + BrCHzCOOC2Hs - [ (CH3)4N]2loB,,H1lSCH2COOC2H5 kq. 4) 
6 

In the alternate procedure (B), [(CH314Nl21oB1zHllSH (644 mg) in 15 ml of dimethylform- 

amide (DMF) was added dropwise under stirring to the suspension containing 160 mg of 

commercially available oil-coated sodium hydride (NaH content was about 60%) in 3 ml of DMF’. 

Hydrogen gas evolved during the addition. The temperature of the reaction mixture was 

gradually increased to 40-50°C. After hydrogen gas evolution ceased, the reaction mixture was 

cooled to room temperature and 334 mg of ethyl bromoacetate, BrCHzCOOCzHs, dissolved in 4 

ml of DMF was added dropwise over 2 h. The brown precipitate was filtered off and the filtrates 

were reduced to a solid under vacuum. To the resulting solid dissolved in 10 ml of distd water, 

440 mg of tetramethylammonium chloride in 3 ml of distd water was added. After the filtration, 

the resulting precipitate was recrystallized from acetonitrile-ethanol. The yield was 110 mg 

(12.5%). The mother liquor of the reaction was neutralized with dil HzSO4 and evaporated to 

dryness. After washing from ethanol, the resulting solid was recrystallized from H20-CzHsOH 

which was identified as [GH3)4Nl2loBl2HllSCH2COONa by comparison with the authentic 

sample. The yields obtained with this method, though very low, are reasonable when one 

considers that the hydrolysis of ester was conducted in strong basic solution. 

The desired polyhedral borane carboxylic acid (4) was readily obtained by the hydrolysis of 

3a, 3b and 3c in alcoholic sodium hydroxide at room temperature. The resulting aqueous 

solution was converted to its acid form by passage through a cation exchange resin [Amberlite IR- 

120(H+N. It was taken to pH 7.0 with 1 N CsOH aqueous solution. Cs salt, 4a (n = 2) was 

obtained in 70.4% yield (eq. 2). 4b (n = 1) was obtained from the hydrolysis of 3c (n = 1, R = 

W&j) in a similar way. 
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Many attempts to conduct the reaction of the carboxy group of a chemotherapeutic agent 

with the amino group of proteins have been reported.7-1s As an example, we tried the synthesis of 

loB-containing polylysine and mouse IgG by the method described above. The reactions of the 

polyhedral boranes having a carboxy group with an amino group on the protein proceeded 

smoothly to give the desired boron-protein compounds. 

CS~~OB,,H~JS(CH~)~COOH 
NHS 

T (eq. 5) 

0 

m CS~~OB~~HI~S(CH~)~COO 
cl 

+ (HzNj+--1 

7 0 8 

[ CS~‘OB,~H,,S(CH~)~CONH+// 

9 

Protein: Polylysine (MW 2: 15,000) 
Mouse IgG (MW = 150,000) 

Table 2 

(eq. 6) 

Protein loB Compound Reaction Conjugate 

(A) (Bl 
mol ratio number of loB atoms 

(AIBl per protein moleculeb 

Mouse IgCa 4a (n = 2) 1: 2000 867.7 

Polylysine 4a (n = 2) 1:68 

a Commercial product. 
b loB was determined by a calorimetric method.16 

135.5 

The reaction of 4a with excess of N-hydroxysuccinimide (NHS) in the presence of N,N’- 

dicyclohexylcarbodiimide (DCC) yielded the boronated ester ‘7. This ester reacted easily to give 

loB-containing proteins (91 as shown in Table 2. 

1) 
2) 

3) 
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