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SUMMARY 

The final product ofphotochemical chlorination ofo-carboranewasestablished 
as decachloro-o-carborane (o-B,&lloCzH2) and not the “undecachlorocarborane” 
according to Schroeder. Heying and Reiner. Undecachloro-a-carborane prepared 
by these authors was identical with decachloro-o-carborane. In aqueous ethanol. 
decachloro-o-carborane titrates as a monoprotic acid and has a pK, value of 6.89 
(50% ethanol)_ Decachloro-o-carborane gives stable adducts with (C,H,),N, 
(CH,),N, &H&SO4 and (CH&NCHO. The reaction of chlorine with the mono- 
triethylammonium salt of decachloro-o-carborane produced dodecachloro-o-car- 
borane. The same reaction with bromine gave 1,2_dibromodecachloro-o-carborane. 

IhTRODUCTION 

The photochemical chlorination of o-carborane (o-B,,H ,,C,H,) has been de- 
scribed by Schroeder, Heying andReiner’, and by Zakharkin, Stank0 and Klimova’*‘. 
Both papers report the same results, except those concerning the final chlorination 
product of o-carborane. In the Russian paper, this reaction involves B-H bonds 
without any participation of C-H bonds but the American chemists report that 
decachloro-o-carborane isnot the final product, and that the reaction proceeds further 
to undecachloro-o-carborane (o-B 1 &I, &HCl). Moreover, the decachloro-o- 
carboranes, prepared by the two groups of investigators, differ somewhat in melting 
points,and in IR-spectra in therange70@-lOOOcm-‘. In a subsequent communication, 
Schroeder et al. studied some reactions of undecachloro-o-carborane”. Photo- 
chemical chlorination of m-carborane @t-B 1 ,H, ,&HJ produced decachloro-m- 
carborane, involving no C-H bonds 3s5 Smith, Knowles and Schroeder reported that _ 
photochlorination of dibromo-o-carborane and dibromo-m-carborane led to di- 
bromooctachloro-o-carborane and B-dibromooctachloro-nl-carborane without C-H 
participation- To resolve the differences reportedlw3, we have carr-r’ed out a more 
detailed investigation of the exhaustive photochlorination of o-earborane. We were 
unable to reproduce the data of ref. 1. Decachloro-o-carborane was always the final 
product which would not further chlorinate under the conditions described’. Our 
pure decachloro-o-carbor&re had m.p. 274.5-276°0. 

In the present work we found that the “undecachlorocarborane” of Schroeder, 
Heying and Reiner, was actually decachlorocarborane identical with our o-isomer, a 
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final product in the photochlorination of carborane. “Undecachlorocarborane” of 
ref, 1 has m-p. 279O and the m.p. of decachloro-o-carborane was 25gG. The following 
comparison shows that our decachloro-o-carborane and “undecachlorocarborane” 
are identical_ 

The two compounds have identical IR spectra (Fig. I). A characteristic 
feature of these spectra is the fact that besides a complete absence of the B-H bond 
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Fig. 1. 1K spectra: (A), our decachloro-o-carborane: (B). “undecachloro-o-carborane”s ; (C), decachloro-o- 
carborane of Schroeder er aLL. 

absorbance at 2600 cm-‘, the absorbance band near 800 cm- ‘, found in the spectra 
of Schroeder’s octachloro-o-carborane and ‘decachloro-o-carborane” (cf: ref. l), was 
absent here. It should be noted that 9,12_dibromooctachloro-o-carborane also has no 
such band. 

The two compounds have practically equivalent chemical shifts in the PMR 
spectra : 4.06 z for decachloro-o-carborane (reference compound, hexamethyl- 
disiloxane) and 3.96 r for “undecachlorocarborane” (referenced to tetramethylsilane)_ 
The chemical shift for ‘decachloro-o-carborane” is 5.70 r. We also give here, for a 
comparison, the shifts for 9,12_dibromooctachloro-o-carborane (3.93 t), methyl- 
decachioro-o-carborane (4.17 r) and decachforo-m-carborane (4.85 r) (referenced to 
hexamethyldisiloxane). 

“Undecachlorocarborane” titrates as a monoprotonic acid in aqueous 
ethanolL. We have shown ihat decachloro-o-carborane and 9,12_dibromooctachloro- 
o-carborane also titrate as monoprotic acids in the same solvent. However, in the 
determination ofactive hydrogen by the method ofTzerevitinov, two moles ofmethane 
are evolved in the reaction with CHsMgI in dibutyl ether: 

HC,q=‘-’ 

~10Go 
+ 2CH,MgL - + 2ci-b 

J. Of-gnnomeraf. Cftent.. 12 (1968) 13-22 
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In analogy with decachloro-o-carborane. decachloro-nl-carborane in aqueous 
ethanol titrates as a monoprotic acid. However, in the reaction with CH3MgI, two 
moles of methane were evolved. 

We have measured the p&-values for decachloro-o-carborane, 9,1Zdibromo- 
octachloro-o-carborae,methyldecachloro-o-carboraneanddecachloro-m-carborane 
in 50% ethanol and compared these values with those of some acids (Table 1). 

TABLE 1 

QR, VALUES IN so:/; ETHAXOL 
___.-- 

No. Compound Qk’, h’o. Compound Pk Reference 

1 o-B,,CI,,,C2H2 6.89 5 p-NH,-o-CH,-C,H&OOH 6.83 7 
2 o-B10BrzCl&H2 6.95 6 pNO,-C,H,-OH 7.68 8 

7 CdHSSH 7.78 8 
3 o-BloCI,&H(CH3) 6.90 8 p-Cl-&H,SH 7.06 8 
4 m-B,,Cl,&H2 9.19 9 CHJCH=CH)&OOH 7.00 9 

--. 

The data of this table show that decachloro-o-carborane and some other 
decahalo-o-carboranes containing the C-H bond are strong C-acids comparable in 
strength to carboxylic acids. 

Decachloro-o-carborane and triethylamine gave only the monotriethyl- 

ammonium salt identical in melting point with the monotriethylammonium salt of 
the “undecachloro-o-carborane” of Schroeder et al. Trimethylamine and decachloro- 
o-carborane gave the monotrimethylammonium saIt_ The corresponding triaIkyI- 
ammonium salts were obtained from methyl- and ethyldecachloro-o-carboranes. All 
these salts are listed in Tab!e 2. 

Decachloro-o-carborane of Schroeder et al.’ titrates as a diprotic acid in 
aqueous ethanol and gives the bis(triethylammonium) salt in the reaction with 
triethvlamine. The reaction of chlorine with the monotriethylammonium salt of 
“undecachloro-o-carborzne” in boiling Ccl4 gives dodecachloro-o-carborane4. We 
have found that in the case of the monotriethylammonium salt of decachloro-o- 
carborane, the same reaction proceeded with evolution of hydrogen chloride and 
formation of dodecachlorocarborane. The reaction with bromine under the same 
conditions produced 1,2_dibromodecachloro-o-carborane with consumption of two 
moles of bromine. 

HCyCH - NEts 

k-l 
2 Br2 BrC-;;;CBr 

Blo% 
co,, 80” 

\‘Y 

BIO=‘,O 
i Et$U.I-iBr + HBr‘ 

The first mole of bromine is easily consumed at room temperature. 
Dodecachloro-o-carborane is probably formed owing to the reaction of 

chlorine with the salt giving triethylamine hydrochloride and undecachIoro-o- 
ctirborane which, being essentially a strong acid, attracts hydrogen chloride from 
triethylamine hydrochloride to give the salt. The latter may be further chlorinated into 
dodecachloro-o-carborane . 

An analogous procedure should be observed in the brominatlon to !,2- 
dibromodecachIoro-o-carborane. 

J. G~ganometol. Chem.. 12 (1968) 13-22 
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HC,CP - 
F-Y 

NEt3 a2 

-Eiy-- 
HC+CCI 

@l&h0 &oC’,o 
+ Et+‘J-HCI 

HCTCCI 
<p 80” CC14 CIC-CH - NEtj 

+ Et3N - HCI W s-:/ 

BlOC’30 hoC’10 
+ HCI 

CIC,CH - NEt3 c,p 
\_y - 

CIC,~~CI 

&la10 cc14 8lOC’IO 
+ Et3N * HCI 

Lt has been shown experimentally, that decachloro- and other decahalo-o- 
carboranes containing C-H bonds, give adducts not only with strong bases (triethyl- 
amine and trimethylamine) but unusual and stable 1: 1 adducts with such Lewis’ bases 
as dimethylsulfoxide and dimethylformamide. These adducts are shown in Table 3. 
The nature of the adducts will be discussed in detail in the next communication. 

The data on the integral intensities lo of the C-H bonds in the IR spectra of 
decachloro-, 9,12_dibromooctachloro-, methyl- and ethyl-decachloro-o-carboranes 
and decachloro-m-carboranes convincingly support the existence of two C-H bonds 
in our decachloro-o-carbo-me (Table 4). 

TABLE 4 

INTEG~ZRL INTEEEsmEs OF THE C-H BONDS 

No. Compound xl- 103~mo1e-‘~cm-* No. Compound x I- 103-m01e-‘-cm-z 

1 o-B,oC~,oCzH, 13.84” 4. o-B&1,&H- 

(GH,) 10.66 
2 o-B,,Br,CI,&H, 13.13” 5. m-B&,&H, 11.68” 
3 o-B,,Cl,,C+H(CH,) 10.98 

u Per one C-H bond. 

The above data individually identify our decachloro-o-carborane with the 
“undecachiorocarborane” of Schroeder, Heying and Xeiner and indicate that the 
final product in photochlorination shouId be decachloro-o-carborane. 

EXPERIMENTAL 

The solvents and reagents used were dried and puritied by standard procedures. 
The PMR-spectra were taken in acetonitrile solution using a Hitachi H-60 

apparatus with hexamethylsiloxane as a reference standard. Chemical shifts were 
recorded in the z-scale. 

The IR spectra were taken in the range 400-3700 cm-’ using a UR-10 double- 
beam spectrophotometer. The samples were pelleted with potassium bromide. 

. The melting points are uncorrected and were determined in sealed capillaries_ 

Decachloro-o-carborane 
4 g (0.0278 mole) of o-carborane was dissolved in 400 ml of Ccl& The mixture 

. 
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DEC_4CHLORO-o-CARBORANE 19 

was refluxed and irradiated with the UV light (PRK-4 lamp) and chlorine was passed 
through. After 7-10 min a large amount of solid precipitated ; this disappeared after 
another 10-15 min, and the decolourisation of chlorine proceeded more slowly. After 
1.5-3 h, the hot mixture was filtered and the filtrate cooled to 5O. 10-12 g (73-88 % 
theory) of decachloro-o-carborane was obtained, m.p. 274.5-276 (Ccl,). (Found : 
C, 4.87; H, 0.60; B, 22.01; Cl, 72.65. B,,,ClIoC2Ht calcd.: mol. wt., 488.8; C, 4.91; 
H, 0.41; B, 22.14; Cl, 72.54x.) The chlorination period may vary depending on the 
intensity of UV light and the purity of the carborane and CCla. The completion of 
reaction may be controlled either by means of IR-spectroscopy withdrawing samples 
and recording the IR-spectra near 2600 cm- ‘. the absorption band of the B-H bond. 
or by the melting point of the final product. 

Decachloro-m-carborane was prepared by : 
(a) chlorirzation of nz-carbomne using an analogous procedure to that for deca- 

chloro-o-carborane. The chlorination period was 6 h and gave 95 ‘4 yiel_d, m-p. 
232-233” (CCL& 

(b) isonzerization ofdecachioro-o-carborane. 4 g (0.0082 mole) of decachloro-o- 
carborane was heated in an argon atmosphere in a metallic ampoule at 350° for 7 h. 
The product was dissolved in ether and the solution washed with water, 5 % HCI and 
water until a neutral reaction was obtained. The ethereal solution was separated_ dried 
over calcined MgSO, and evaporated. Decachloro-m-carborane was sublimed in 
uaczio (150”, 3 mm Hg)and recrystallized from CC14. The yield was 2.44g (61% theory). 
m-p. 232-233O. 

Dibromooctaclzloro-o-carborane was obtained by the method already described”. 

Volzmetric titration of halocarboranes (cf: Table 5) 
The weighed sample (0.002 mole) was dissolved in alcohol and titrated with a 

0.1 N solution of KOH (phenolphthalein as indicator). Decachlorocarborane and 
dibromooctachlorocarborane titrate as monoprotonic acids in aqueous ethanol. The 
titration of octachlorocarborane requires less alkali than that for even one CH-group. 
and the results were not reproducible. 

Dissociation constants of halocarboranes 
These were calculated using the formula, pK, = pH + log[HA] - log[A-]. 

A 0.01 N solution of KOH and 0.01 M solutions of halocarboranes in 50% (wt.) 
alcohol were prepared. The pH-values at various degrees of neutralization were 
measured by a “Radiometer”, type PHM-4c pH-meter at 20° (no special temperature 
control was used). The results are shown in Table 6. 

Decachloro-, dibromooctachloro- and C-methyldecachloro-o-carboranes are 
stable at pH c S-After 3 days the pH-values for two samples ofdecachloro-o-carborane 
(equal to 6.40 and 7.20) decreased by 0.23 and 0.20, respectively. At pH > 8 a consider- 
able decrease in this value with time was observed indicating that decachloro-o- 
carborane was decomposing. 

Decachloro-m-carborane was also unstable under the above conditions ; 
1.5 h after mixing 6.99 ml of a 0.01 N KOH solution (k=0.9681) with 13.1 ml of a 
0.01 M solution of decachloro-.m-carborane (k =09933) in 50 % alcohol, the pH-value 

J. OrganomercL Chem, 12 (1968) 13-22 



20 L. I. ZAKHARKfN, N. A. OGORODNIKOVA 

TABLE 5 

VOLUMETFtK -UT-RATION OF HALOCARBORA?ES 

NO. Compound Mol. wt. Weight 
k) 

Equis. of KOH (ml) 
KOH 

A” Bb 

I ~,oCL&H~ 488.8 0.9990 0.09922 19.5 20.6 
1.0010 0.0!?922 19.8 20.6 

2 B,0Br2CI,C,H, 577.7 1.2097 0.10458 19.34 19.9 
1.1469 0.10458 18.37 18.9 

-I 

p Amount of KOH required for titrating of weighed sampIe. b Theoretical amount of KOH required for 
titration of one C-H group. 

TABLE 6 

p& VALUES OF HALOCARBORANES 

NO. Compound PK, Error” No. of measurements 

1 q-Br,CI,,CzHt 6.89 0.008 4 
2 o-B,,BrzC1,C,HZ 6.95 0.015 3 
-, 
2 o-B,,CS,&HMe 9.19 6.90 0.001 10 

m-B,&,CL,,C,H, I 

o Here and elsewhere the mean square error is indicated. 

was 8.54.After 2.5 h this value had decreased to 3.18. Consequently, pH measurements 
were made immediately after mixing KOH and decachloro-nz-carborane solutions 
(cf Table 6). 

The value of p&=9.19 obtained, appro_ximated to the mean of four values 
(p&,=9.08 -&O-03) calculated using a point corresponding to 50 % neutralization in 
the potentiometric titration curve of decdchloro-m-carborane. The measurements 
were performed using ‘Radiometer”, type SBR-2 (SBU-1) TTT-lc titrator. 15 ml of a 
0.002 M solution of decachloro-m-carborane in 50% alcohol was titrated with 
aqueous 0.1 N KOH at room temperature; the titration required not less than 0.4 ml 
of KOH. 

Determination of nctice hydrogen by the method of Tzereaitinoc 
A two- or three-fold excess of Grignard reagent (CH,_MgI) in dibutyl ether was 

added dropwise to the weighed sample (0.001-0.002 mole) in an argon atmosphere. 
The mixture was heated to complete the reaction and after the temperature had been 
adjusted the volume of methane was measured. o-BIoClloC2H2, mol. wt. 488.8; 
0.3615 g evolved 31.5 ml, calcd. 33.4 ml; 0.8031 g evolved 71.8 ml, caicd. 73.6 ml. 
o-B,,Br,Cl,C,H,, mol. wt. 577.7; 0.8674 g evolved 68 ml, calcd. 67.2 ml; 0.8142 g 
evcived 63.8 ml, calcd. 63.3 ml. m-B,,C1,,,C,H2, mol. wt. 488.8; 0.3091 g evolved 
26.3 ml, calcd. 27 ml (the gas volumes are reduced values)_ 

Triethyl- and trimethyl-amnoniwnhalocarboranes 
Benzene solutions of equitnolar amounts of trialkylamine and halocarborane 

(cooled to So) gave a suspension which on Further cooling.with ice-water gradually 

J. Organomeral. Chem.. 12 (1968) 1321 



DECACHLORO-o-CARBORANE 21 

precipitated_ The solid was filtered off and washed with cold benzene. All the trialkyl- 
ammoniumhalocarboranes prepared, reverted to the initial halocarboranes on 
dissolving the -onium salts in alcohol and acidifying with hydrochloric acid. The pre- 
cipitate of halocarborane was filtered off, dried and recrystallized and identified by 
melting point and lR spectra. 

Addtrctsof halocarboranes with dizzzet~z~lfonzzazzzideand ditneth$sulfo.uidewereprepared 
by several methods. 

Decachloro-o-carborazze and Me,SO. (a) 195 g (0.004 mole) of decachloro-o- 
carborane was dissolved in the minimum amount of Me&II and after 5-10 min the 
adduct, B,,C1,,C,H2Me2S0 (2.13 g, 94?/, theory), was precipitated by water. 
(b) 1.95 g (0.004 mole) of decachloro-o-carborane was dissolved in the minimum 
amount of Me,SO and the mixture allowed to stand For a month at room temperature. 
The precipitated adduct was filtered off. 2.02 g (89 “/d theory) of product was obtained_ 
(c) 1.95 g (O.Ofl4 mole) of decachloro-o-carborane was dissolved in 10 ml of CH2Ci2 
and 0.32 g of Me,SO in 5 ml of CH,Cl, was added. The reaction mixture warmed up 
appreciably and the solid gradually precipitated; 2.05 g (90% theory). 

The initial halocarboranes were recovered from the Me,SO or Me,NCHO 
adducts either by two-three-fold recrystallization from aqueous alcohol or by dis- 
solving the adduct in dilute alkali and acidifying with hydrochloric acid. The halo- 
carboranes were identified by melting points and IR spectra. 

Dodecuchloru-o-carborane. To 1.95 g (0.004 mole) of decachloro-o-carborane 
dissolved in boiling carbon tetrachloride was added a solution of 0.3 g (0.004 mole) 
of NEt, in Ccl,. After 15 min, gaseous chlorine was passed through the refluxing 
mixture. After 1.5 h, the mixture was cooled and triethylamine hydrochloride filtered 
off. The filtrate was washed with water, dried with calcined MgSO, and evaporated. 
1.45 g of dodecachloro-o-carborane was obtained (65 % theory). m.p. 422324O (dec.) 
(Ccl,). (Found : C, 4.37 ; B, 19.51; Cl, 76.45. C,B iOClz calcd. : mol. wt. 557.7 ; C, 4.3 1; 
B, 19.40 ; Cl, 76.29 x.) 

1,2-Dibronzodecachloro-o-carborane was prepared analogously to dodeca- 
chloro-o-carborane in 69% yield, m-p. 341-344 (dec.) (Ccl,). (Found: C, 3.76; 
B, 16.92; hal., 79.73. B,,,C1,,C2Br2 calcd.: mol. wt. 646.6; C, 3.71; B, 16.73; hal., 
79.55 %_) 

ACKNOWLEDGEblENT 

We thank Dr. V_ M. BELIKOV for his assistance and discussions of the data on 
the potentiometric titration of halocarboranes. We are also indebted to Dr. L. A. 
Lnrns and L. E. VINOGRADOVA and to Mrs. T. V. MALYAVINA for their recording and 
discussions of the IR-spectra. The PMR spectra were kindly taken by Dr. I. D. RUBIN. 

REFERENCES 

1 H.SCHROEDER. T. L.HEYIKG ANDG. R. REISER. Z~~or~_Chenz.,~( I963)iO92. 
2 L. 1. ZAIHARKCN. V. LSTASKO AND A. I. KLEMOVA, IX Akad. Natrk SSSR Ser.Khinr., (1964) 771. 
3 L. 1. ZAKHARKIF. V. 1. STAXKO ASD A. I. KLWOYA. Ix. Aikad. Nauk SSSR Ser. Khim., (1966) 1946. 
4 H.SCHROEDER,G.R. REINER.~ P. ALEUNDER ASDT. L. HEYING,~O~+ Chem.,3(1964) 1464. 

J_OrganometaI. C&WI.. 12(1965) 13-22 



22 L. 1. ZAKHARKIN, N. A. OGORODNIICOVA 

5 H. SCHROEDER AM> G. D. VICKERS, Znorg. Chem., 2 (1963) 1317. 
6 H. D. Smr~, T. A. KNOWLES AND H. SCHROEDER, Znorg. Chem., 4 (1965) 107. 
7 J. D. ROBERTS AND 3. A. VANCEY, J. Am. Chem. SOL, 73 (19.51) 1011. 
8 G. SCHWARZENBACH AM) E. RUDM, Nelv- Chim. Acfa, 22 (1939) 360. 
9 R PEI-IST AKD G. F. ESIERSON, A&m. OrganomeraZ. Chem., 1 (1964) 1. 

10 L. A. LEITES, L. E. VINOGRALXJVA, V. N. KALMM AND L. I. ZAKHARKIN, Izv. Akad h&k SSSR, Ser. 
Wzim., to be published. 

J. Organometal- Chem.. 12 (1968) 13-22 


