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I socyana tes  c o m p r i s e  one of the l e s s e r - k n o w n  c l a s s e s  of c a r b o r a n e s .  React ion of 3 - a m i n o - o - c a r b o r a n e  
with phosgene has  given 3 - i s o c y a n a t o - o - c a r b o r a n e ,  f r o m  which have been obtained c a r b a m a t e s  and u r e a s  [1]. 
l - I s o c y a n a t o c a r b o r a n e  has  not been obtained in the pu re  s ta te ,  and there  has  only been a r epo r t  of the reac t ion  
of o - c a r b o r a n e - l , 2 - d i c a r b o n y l  chloride with LiN3,which gave on heat ing 1 , 2 - d i i s o c y a n a i o - o - c a r b o r a n e  which 
was then conver ted  without i sola t ion into the methyl  d i c a r b a m a t e  [2]. 

A genera l  method for  the synthes is  of i socyana tes  is by reac t ing  acid chlor ides  with Me3SiN 3 to give the 
az ides ,  which under  the reac t ion  conditions undergo  the Curt ius  r e a r r a n g e m e n t  to give the i socyana tes  [3]. We 
have used  this method to p r e p a r e  ca rbo rane  i socyana tes .  I t  has  been found that  the acid chlor ides  of c a r b o -  
r aneca rboxy l i c  and ca rbo raneace t i c  acids r eac t  with Me3SiN z in boiling toluene, dioxane, o r  pentane to give the 

c a r b o r a n e  i socyanates :  

o-, m-RCBi0H10C(CH2)~COC1 -~ Me,SiN3 
I00--II0 ~ 

--~ [o-, ra-RCB10H1oC(CHs)~CON~] ~ o-, ra-RCBlsH1oC(CH~)~NCO n = 0~i 

Carboraneca rbony l  chlor ides  r eac t  with Me3SiN 3 slowly, and complet ion of the reac t ion  r equ i r e s  ,heating 
at 100-110~ for  30 -40  h. Carborany lace ty l  chlor ide r e a c t s  much  m o r e  rapidly  with Me3SiN3, and reac t ion  is  

comple te  in 4-5 h. 

The IR s p e c t r a  of ca rbo rane  i socyana tes  contain absorp t ions  for  NCO s t re tch ing  at 2260--2280 om -l ,  
B - H  at  2600 cm -l ,  and C - H  of the c a r b o r a n e  nucleus at 3060 cm -1. In the i r  chemica l  behavior ,  c a rbo rane  
i socyana tes  a r e  r emin i s cen t  of a l iphat ic  and a roma t i c  i socyana tes  [4]. React ion of the i socyana tes  with wa te r  
gives as the p r inc ipa l  p roducts  the c a r b o r a n e  amines  and s y m m e t r i c a l  u r e a s  

RCB10H10C(CH~)nNCO THF + H~O 20 o ~ RCBIoHIoC(CH2).NH~ + [RCBIoH~oC(CH2)~NH]~CO 

Carborane isocyanates react smoothly with alcohols to give carbamates in nearly quantitative yields. 

RCB~0H~0C(CH2),NCO + R'OH -+ RCB~0H10C(CH~),NHCOOR' 
2 0  ~ 

�9 R' = Me, CH2C-----~CH 

React ion of 1 - i s o c y a n a t o - 2 - p h e n y l - o - c a r b o r a n e  with aniline gives the a s y m m e t r i c a l l y  subst i tu ted u r e a  

o-PhCBlaH1oCNCO ~- PhNH~ c . m  o-PhCBi0H1oCNHCONHPh 
20" 

The IR s p e c t r a  of c a r b o r a n e  c a r b a m a t e s  and u r e a s  contain s t rong  CO absorp t ion  at 1720-1730 cm - I  in 
the case  of c a r b a m a t e s ,  and at 1660-1670 cm -1 in the u r e a s ,  and NH absorp t ion  at 3260-3280 cm -1 in the 
c a r b a m a t e s  and 3320-3340 cm -1 in the u r e a s .  P r o p a r g y l  c a r b o r a n y l c a r b a m a t e s  addit ionally show absorp t ion  

fo r  the t e rmina l  C=CH group at 2140 and 3310 cm -1. 
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EXPERIMENTAL 

The earboraneearbonyl ehorides used were prepared as described in [5], and trimethylsilyl azide as 
described in [6]. Solvents were purified by standard methods. TLC was carried out on Silufol silica gel plates. 
GLC was carried out with an LKhM-8MD chromatograph with a eatharometer detector, carrier gas helium, 
flow rate 30 ml/min, column length 2 m, diameter 3 mm, temperature 180-'250~ The stationary phase was 
SE-30 on Chromaton H as carrier. IR spectra were obtained on a UR-20 instrument in KBr disks. 

General Method for the Preparation of Carborane Isoeyanates~ The carborane-carbonyl chloride (0.05 
mole) and 0.07 mole of Me3SiN 3 were boiled in 50 ml of dry toluene (or heptane or dioxane) until evolution of 
nitrogen had ceased completely (followed by GLc). The solvent was distilled off, and the residue distilled in 
vaouo or recrystallized from hexane to give 40% of l-isocyanato-o-carborane, nap 168-170~ Found; N 8.12% 
C3HIIB10NO. Calculated; N 7~ l-isoeyanato-2-methyl-o-earborane (52~ nap 121-122~ Found; N 7.47% 
C4HI3BIoNO. Calculated; N 7~ l-isoeyanato-2-phenyl-o-earborane (70% mp 41-41.5~ Found; B 41.47; 
N 5.02%. CgHIsBIoNO. Calculated; B 41.38; N 5.36%; 1-isoeyanato-2-isopropenyl-o-carborane (35%, bp 128- 
130~ ram), Found; C 31.92; H 6~ C6HIsBIoNO. Calculated; C 31.97; H 6.71%; l-isoeyanatomethyl-o- 
earborane (78%, mp 39-39~ Found; C 24.41; H 6.98; N 7.02%. C4HI3BIoNO. Calculated; C 24.10; H 6.57; 
N 7.03%; l-isoeyanato-m-carborane (51%, mp 148-150~ Found; C 19.44; H 6.23; N 7~ C3HIIBIoNO. Cal- 
culated; C 19.44; H 5.98; N 7.56%. 

Hydrolysis of Isoeyanates. To 0~ mole of the carborane isocyanate in 20 ml of THF was added 5 ml of 
water at 15"-29~ and after 1 h the mixture was poured into 200 ml of water, 40 ml of ether added, and the 
ether layer dried over MgSO4~ The products were separated on a silica column, eluant benzene-hexane (I : 1). 
Hydrolysis afforded: from l-isooyanato-o-carborane, l-amino-o-carborane, mp 299-301~ [7] and N,N'-di- 
(o-earboranyl)urea, rap 272~ Found: C 17.79; H 6.70; N 7~176 CsH24B20N20. Calculated: C 17.41; H 7.02; 
N 8.14%: from l-isoeyanato-2-phenyl-o-carborane, 1-amino-2-phenyI-o-carborane, mp 90-91~ [7]; from ]- 
isoeyanato-2- isopropenyl-o-carborane, N,N'-di-(isopropenyl-o-carboranyl)urea, mp 176-177~ Found: C 31.51; 
H 7.77; N 6.74%. CIIH32R20N20. Calculated: C 31.19; H 7.62; N 6~ from l-isoeyanatomethyl-o-carborane, 
N,N,-di-(o-carboranylmethyl)urea, mp 226-227~176 Found: C 23.22; H 7.40; N 7.54%. C?H28B20N20. Calculated: 
C 22.58; H 7.58; N 7.53%. 

General Method for the Preparation of C a r b ~  To 0.01 mole of the carborane isoeyanate in 20 ml 
of dry'T-~was a--~ed at 15-20*c 0.02 mole of t~e alcohol', and the mixture kept for 2 h. The solvent was dis- 
tilled off, and the residue crystallized from heptane or a mixture of heptane and toluene, to give methyl phenyl- 
o-carboranylearbamate, rap 167~ in 90%yield~ Found: C 41.26; H 6.55; B 35.74%. CIoH~gBIoNO 2. Calculated: 
C 40.93; H 6~ B 36~ Methyl methyl-o-earboranylearbamate, mp 121"C, yield 94%. Found: N 6.47%. 
CsHI?BIoNO2~ Calculated: N 6~ Methyl-o-carboranylmethylearbamate, mp 218-220*C, yield 90%. Found: 
N 6.85%. C~HI?BIoNO2~ Calculated" N 6.07%. Propargyl o-earboranylcarbamate, mp I06-107~ yield 91%. 
Found: C 29.91; H 5.90%~ C6HIsBIoNO2~ Calculated: C 29.87; H 6.27%. Propargyl phenyl-o-carboranylearba- 
mate, mp 131-132~ yield 92%. Found~ C 45.57; H 6.58%. CI2HI9BIoNO 2. Calculated: C 45.53; H 6.04%. 

N-Phenyl-N~-(phenyl-o-earboranyl)urea. To a solution of 1.7 g of l-isocyanato-2-phenyl-o-earborane 
in i0 ml of dry benzene was added 1 g of aniline, the mixture kept for 1 h, 50 m! of ether added, and the organic 
layer washed with dilo HCI and dried over MgSO4~ Removal of the solvent gave 2 g (87%) of N-phenyl-N ~- 
(phenyl-o-earboranyl)urea, mp 203-204~ (heptane-toluene)~ Found: N 7~ CIsH22BIoN20. Calculated: N 
7.90%. 

CONCLUSIONS 

1~ A preparative method has been developed for the synthesis of 1-isocyanato-earboranes, by reaction 
of earboraneearbonyl chlorides with trimethylsilyl azide. 

2. 1-Isoeyanatoearboranes display properties characteristic of aliphatic and aromatic isoeyanates. 

lo 
2. 

30 
4. 
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The cyclopalladation of t e r t i a r y  amines has been used  extensively both for  the p repara t ion  of compounds 
with C - P d  bonds, and in organic syntheses  [1]. We have examined the cyclopalladation of ca rborane  amines 
for  the purpose  of synthesizing compounds containing u B - P d  bonds. 

It has been found that the reac t ion  of ca rborane  amines o, m-RCBIoH10CCHaNR2, (I) with (PhCN)2PdC12 in 
benzene readi ly  affords the cyclopal ladized complexes  (ID, cha rac t e r i zed  as the monomer ic  compounds if]l), 
obtained by cleaving the chlorine bridges in (II) with 4-methylpyr id ine  

Me 

N CI 

[ k . . j i  
(ii) (m a-c) ~ \ ~ f 0  

N N RC--CCH~NR~ 

BIoHg-- ra- PhC]~IoHgCCH2~Me2 (C) 
{ ( ] 

Compounds (iIIa-e) contain a f i v e - m e m b e r e d  chelate meta l locyc le  with the ~--C--C--B--~d sys tem of 
bonds. Since the pal ladium atom has the square  p lanar  configuration, the mos t  favorable conformation for  the 
f i ve -me m be r e d  r ing is  the "envelope" [2], as shown in Fig. 1. 

When the meta l locyc le  is formed,  the protons  of the methylene group and the methyl  and ethyl groups at 
the ni trogen atom become d i a s t e r eo i somer i c  (since the molecule  has no e lements  of symmet ry) ,  as shown by 
the PMR spec t ra  of these compounds (Table 1). The s t rong coordination of N with the Pd atom resu l t s  in a 
shift of the Me and CH a (present  in the ring) pro tons  to lower  field in (Ilia-c) as compared  with the signals for  
the original  amines .  Such shifts a re  cha rac t e r i s t i c  of complexes  with in t ramoleou la r  N ~  Pd coordination [1]. 
Study of molecu la r  models  of (IIIa) shows that in the  ethyl group on nitrogen, p resen t  in the endo-posit ion with 
r e spec t  to the meta l locyc le  (Fig. 1), rotat ion around the C - N  bond is h indered by in terac t ions  with the bulky 
carborane  moiety ,  resul t ing  in the nonequivalence of the CH 2 protons .  The PMR spec t rum of (Ilia) shows two 
t r ip le ts  for  the methyl  protons  of the ethyl groups.  These  signals were  assigned by homonuclear  double r e s o -  
nance (Fig. 2, b and c). The methyl  group with a signal at 1.39 ppm bonded to a CH 2 group cor responds  to the 
mult iplet  at 3.6 ppm (Fig. 2b). The Me group (5 1.55 ppm) is bonded to CH2, which cor responds  to two mul t i -  
plets  of nonequivalent protons .  Suppression of in terac t ions  with the protons  of this methyl  group (Fig~ 2e) en-  
ables the chemical  shifts and the spin-spin  coupling constant of the CH 2 protons  to be m easu red  (Table 1). 

Compounds (Ilia-c) are  co lor less  c rys ta l l ine  solids which a re  stable in air ,  and which decompose on 
heating without melt ing.  The B - P d  bond is readi ly  c leaved by acids~ 

Complexes (II) and (IID fo rm products  in which two diphenylacetylene molecules  are  inse r ted  at the B--Pd 
bond. F rom (IIa) and (Ilia) a re  fo rmed  the der iva t ive  tIVa), which contains a f i v e -m em b ered  meta l locycle  in 
which the Pd atom and the double bond of the butadiene moie ty  are  in t ramoleoular ly  coordinated.  
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