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SYNTHESIS OF NIDO-CARBORATE CONTAINING THIOURBAS 
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m: The preparation of water-soluble nido-carborate containing cyclic 
thioureas is described. Their preparations exemplifies the possibilities to 
introduce boron into molecules for their use in neutron capture therapy. 

Recently, a greatly renewed interest can be noted in the preparation 

of boron-containing tumor-seeking molecules for neutron capture therapy.' 

The successful application of this mode of cancer therapy requires the 

preparation of water-soluble and hydrolytically stable compounds. The car- 

borane clusters, especially 1,2-dicarba-close-dodecaborane (o-carborane), 

have been used frequently for this purpose.2 However, the molecules con- 

taining this moiety tend to be water-insoluble. The carborane cage can be 

degraded with base to the corresponding nido-undecaborate compound, which 

is water-soluble' . The use of alkaline reaction conditions during the syn- 

thesis could thus lead to an inadvertent degradation of the cage. 

We wish to report here that the carborane cage can be let intact when 

the alkalinity of reaction steps is carefully controlled. This is il- 

lustrated by the preparation of boron-containing cyclic thioureas, which 

have been proposed as suitable boron carriers for neutron capture therapy 

of melanomas4 . Thiouracil derivatives which contain the dihydroxyboryl 

group have been described recently= . 

4-(3-o-carboranylpropyl)thio-2-thiouraci16 (4) was prepared from 

iodopropylcarborane and 4-thiouraci17 (1) (Scheme 1). It was converted to 

the nido-undecaborate 6 5 by refluxing with a 2.5 molar excess of KOH in 

EtOH for 24 h. Degradation of the cage did not occur when iodopropylcar- 

borane was treated with 1 after addition of equimolar amounts of NaOH in 

the synthesis of 2. 

3-[1-(o-carboranylmethyl)]-4-methyl-5-thio-l,2,4-triazol 9 (8) could 

be cyclized with Na2COJ from the corresponding thiosemicarbazide10 7 

(Scheme 2). By choosing a reaction temperature of 60 OC and one hour reac- 

tion time, the degradation of the cage could be avoided. When heating to 
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Scheme 1: 
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100 OC, the cage was degraded noticeably 

soluble degradation product" 9 was 

KOH/MeOH. 

already after 10 min. The water- 

obtained after refluxing with 

Scheme 2: 
The thiosemi- 

carbaeide (7) could 

be prepared without 

degradation of the 
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ding carboranyl- 8 7 

acetyl chloride12 S 5 
to an excess of K K 
4-methyl-3-thiosemi- 
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carbazide at 30 OC. 

. _ . . 

Nitrogen base com- 
~lOHl0 

pounds are otherwise a 
known to degrade the 

cage very readily. 

This is demonstrated in the preparation of 1,2-bis-(aminomethyl)- 
nidocarborate from 1,2-bis-(chloromethyl) carborane, where the degradation 

of the cage occurs in aqueous ammonia at 60 OC in the course of a few 

hours. We could use this bis-amine for cyclization13 with CS, to (e)- 
(nido-carboranyl)-2-thlo-hexahydro-[1,3)-diazepine l4 (11) (scheme 3). The 

apparently rather strong inner-salt formation between the nido-carborate 
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and the attached amino group necessitates the use of a strong base like NaH 

and a high temperature to convert the ammonium salt to its neutral form. 

Reactions with KOH in EtOH and NaH in 

THF were not successful in converting 

the starting material; only with NaH in 

DMF could the desired product be ob- 

tained. 

Preliminary experiments showed 

that these compounds allowed selective 

uptake of boron in experimental mela- 

noma of the mouse, though not to the 

same degree as the above-mentioned 

dihydroxyboryl derivatives. 

Schema 3: 
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