
place upon solvent removal. While a few of what may 
be partially curled ribbons can be found in the micro- 
graphs (Figure 2 ,  fiber marked b), most are apparently 
fully curled. Evidently very strong forces are a t  work 
here. 

The method of synthesis of the polymer points up 
its general inertness.18 The source of this inertness is, 
no doubt, attributable partly to the structure of the 
backbone of the polymer since the fission of it into even 
just two pieces requires the rupture of many bonds. 
However, also important must be the elemental com- 
position of the polymer-fully i 5 %  of the total being 
silicon and oxygen. 

The fact that the ribbon comes out intact as a unit 
of substantial dimensions, perhaps a tenth of a micron 
by several microns, judging from the electron micro- 
graphs, leads to the conclusion that the molecular 
weight of the polymer is many millions. That an 
ordered product of such high molecular weight is ob- 
tained points up just how directed the polymerization 
process which leads to the formation of the SizOj2- 
sheet of chrysotile is. Further, the ordered nature 

(15) Linear siloxane polymers rearrange under the type of conditions 
used. 

of the product brings out the advantages of making 
ordered organo polymers, as has been done here, by 
the substitution of polymeric frameworks formed as an 
integral part of a crystallization process and hence 
formed in circumstances where the orienting forces 
are very high. Nom, while chrysotile is particularly 
suited for use in this approach because i t  has a robust 
and accessible framework and because the configura- 
tion of the framework is such as to tend to prevent inter- 
sheet cross-linking (the pendant oxygens are all on one 
side of the sheet), it is clear that the approach can be 
used to advantage on other natural and synthetic 
silicate and nonsilicate crystals containing suitable 
frameworks. 

The Structure of Chrysotile.--In view of the results 
obtained, it appears that the closed concentric cylinder 
concept for the structure of chrysotile can be ruled out. 
The conversion of such cylinders into ribbons would 
require a lengthwise splitting of the cylinders and this 
seems most unlikely. 
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Chemistry of Boranes. XX1X.I Thia- and Azaboranes 

BY W. R. HERTLER, F. KLAKBERG, AND E. L. MUETTERTIES 

Receiued Maarch 17, 1967 

Reaction of decaborane(l4) with aqueous ammonium polysulfide gives the thiaborane ion, BsH12S, in essentially quantita- 
tive yield. Dehydration of the hydrated conjugate acid of B9H12S- gives BQHilS which in turn reacts with a variety of Lewis 
bases (L) to give complexes L.BsH1IS. Pyrolysis of CsBgHleS gives the ion BlcHnS-, which on acidification is converted 
to the weak acid BlaH12S. Treatment of BloHIIS- or BloHlzS with strong base affords BloHlaS2-, which reacts with phenyldi- 
chloroborane to give icosahedral CBHjBllH&. Reaction of BloHlcSZ- with a variety of transition metal halides gives a 
series of icosahedral metalothiaboranes such as (BloHloS)~Co-. The ion BloHnS- has also been obtained from the reaction 
of decaborane(l4) with thionitrosodimethylamine along with a new azaborane, (CH:4)rSNB9H12-. The K-N bond of thc 
latter compound can be cleaved with sodium metal to give BgH12SH-, which is isoelectronic and presumably isostructural 
with BgH12S-. Acid stability of BgHl2L-H- is considerably lower than that of BsHlzS-. 

Introduction 
A large number of polyhedral boranes has been syn- 

thesized in recent years2 These include members of 
both the simple polyhedral borane series of general 
formula B,Hn2- (n  = 6-12)l and borane anions which 
are fragments of polyhedra, such as B&-, B9HI4-, 
BloH14’-, and BllH14-. The binary hydride series is 
supplemented by a nearly complete series of known 
carboranes, of general formula BnC2H,+2 (n = 3-10), 

(1) Paper XXVIII:  F. Klanberg, D. K. Eaton, L. F. Guggenbcrger, and 
E, L. Muetterties, I X O Y ~ .  Chem., 6, 1271 (1967). 

( 2 )  See, for example, W. h*. Lipscomb, S c i r n c e ,  163, 373 (1966); E. L. 
Muetterties and W. H. Knoth,  Chem. E w .  News, 44 (19), 85 (May 9, 1966); 
E. L. Muetterties, Ed., “Chemistry of Boron,” John Wiley and Sons, Inc., 
New York, S. Y. ,  1967; M. F. Hawthorne, Endcmozw,  25,  146 (1966); E. L. 
Muetterties and W. H. Knoth, “Polyhedral Boranes,” Marcel Dekker, Inc., 
Xew York, N. Y. ,  1967. 

in which the carbon atoms occupy polyhedral positions 
in each respective polyhedron, as well as by a large 
group of metalocarboranes of icosahedral geometry 
such as Co(B9C2H11)2-r3 in which some of the metal 
atom orbitals participate in the icosahedral bonding 
framenork. No compounds in which elements other 
than carbon fill the polyhedral positions in a framework 
of boron atoms are known, h o ~ e v e r . ~  We wish to report 

[:3) (a) M F, Hawthorne, 13. C. Young, and P. A. Wegner, J .  A m .  Chma.  
S u c . ,  87, 1818 (1965), (b) M. I?. Hawthuriie and 1‘. 1). Andrews, Cheiih. 
Conzinuii., 443 (1966). 

(4) Unstable adducts of RmHln with alane and galane, as well as with zinc 
and cadmium alkyls, have been repoi-ted by N .  K. GI-eenwood and F. A. 
McGinnety, J .  Chem. SOL., SPCL. A ,  1090 (1966), and by h-. S. Greenwood and 
N. F. Travers, Ii torg.  Xucl .  Chem. Lellevs,  2,  169 (1966). Insufficient evidence 
has been provided to establish whether these compounds are true hetero- 
atom polyhedral boranes of the type BiaMHn. 
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in this paper the synthesis and the chemistry of some 
novel compounds in which a boron atom in a poly- 
hedral structure has been replaced by a sulfur atom or a 
nitrogen atom, respectively. By a logical extension of 
the published systematic nomenclature for polyhedral 
boranes5 we propose to name these novel types of com- 
pounds thiaboranes and azaboranes. 

Results 
BgH12S-.-Decaborane reacts essentially quantita- 

tively with ammonium polysulfide in aqueous solution 
to give the BgHlzS- ion 

B10H14 + S2- + 4Hz0 + BgH12S- + B(0H)a- + 3Hz (1) 

Salts of the anion BgHl2S- can conveniently be iso- 
lated by precipitation with large cations. An unusual 
feature of the chemistry of the BgHlzS- ion is its re- 
sistance toward hydrolytic attack by hydronium ions. 
Salts of BgHlzS- have been converted to a free acid 
H(H20),+BgH12S-, which in concentrated aqueous 
solution evinces minimal decomposition after several 
days. The strength of this acid is comparable to that 
of the acids of BloHlo2- and B12H122-. Unlike the 
hydrated acid of B12H122-, however, the conjugate 
acid of B9H12S- cannot be isolated in crystalline form, 
because during the dehydration a chemical reaction 
takes place which gives thiadecaborane(l1) , BgH11S, 
in about 30Yc yield. Thiadecaborane(l1) is a very re- 
active, hygroscopic, low-melting (76.5-77"), and volatile 
colorless solid which has an exceedingly repulsive odor. 
Freshly prepared samples do not appear t o  be air sensi- 
tive but the compound yellows on prolonged storage. 

The thiaborane B9HllS is a Lewis acid, which reacts 
with a variety of donor molecules, such as acetonitrile, 
triethylamine, dimethylformamide, and dimethyl sul- 
fide to give compounds of general formula L.BgHllS. 
There is another, usually more convenient, way to 
prepare these adducts involving oxidation of B 9H12S- 
with mild oxidants (iodine, oxalyl chloride) in donor 
solvents. Some of the adducts L . B 9HllS are thermally 
stable, sublimable compounds. 

Diphenylchlorophosphine reacts with CsBsHlzS in 
tetrahydrofuran with precipitation of CsCl to give a 
product which has the composition (CaH5)2PB sH12S. 
Since this compound has a weak but distinct band in the 
P-H stretching region (2400 cm-l), which is not found 
in the other adducts of BgHllS, we consider i t  to be 
( C G H ~ ) ~ P H * B ~ H ~ , S  rather than ( C G H ~ ) ~ P .  B9H1&6 The 
known chemistry of BgHl2S- is represented graphically 
below. 

BSHIIS 
-H,O 

B,H,,S- a H(H20) ,Bdf~8  --u 

BJillS- and B1oHltS.-One of the most interesting 
and useful reactions of BgH12S - is its conversion to 
another novel thiaborane anion of formula B1oHI1S-. 
This can be accomplished by two methods. The first 
procedure involves the reaction of BgHllS or its ad- 
ducts with triethylamine borane a t  about 200". 

L.BsHnS + ( C ~ H ~ ) S K B H ~  --+ 
( C ~ H ~ ) ~ N H + B ~ ~ H I I S -  4- Hz 4- L ( 2 )  

The preferred method, however, is the pyrolysis of 
CsBgHlzS a t  about 200'. In  this pyrolysis, 1.5 moles of 
hydrogen is liberated per mole of CsBgHlzS, and the 
originally colorless crystals of CsB 9Hl2S turn yellow, 
presumably as a result of the formation of colored by- 
products. The anion BloHllS-, formed as the major 
pyrolysis product, is the conjugate base of a weak acid 
BloH12S. Hence, acidification of an aqueous solution of 
CsBloHllS gives a precipitate of sparingly water-soluble 
BloHl2S which can be purified by sublimation under 
reduced pressure. Treatment of BIOHIPS with aqueous 
base regenerates the anion BloHIlS-. Salts are readily 
obtainable by precipitation with large cations. The 
over-all yield of B I o H ~ ~ S ,  synthesized from B10H14 by 
the route B10H14 - CsBgHlzS -+ CsBloHllS -+ BloHd, 
has been consistentiy about 50%. 

Other reactions afford BloH11S- directly from deca- 
borane though in much lower and erratic yields. In 
order to introduce a sulfur atom into the Blo framework] 
i t  appears to be necessary to utilize a reactant having 
sulfur in some chemically "activated" form. For ex- 
ample] BloHllS- is produced in the reaction of deca- 
borane with di-t-butylsulfur diimine, RN=S=NR,' 
in ether. A small amount of BgHlzS- is also formed in 
this reaction. Alternatively] BloHllS- can be pre- 
pared by the reaction of decaborane with thionitroso- 
dimethylamine, (CH&NN=SJ8 in ether solution. 
The second isolable product from the latter reaction 
is a dimethylamino-substituted Bg azaborane (vide 
infra). 

BloHloS2-.-Treatment of BloHllS- or BloH12S with 
strong base such as butyllithium gives BloHIoS2- by 
removal of one and two protons, respectively. Al- 
though BloH10S2- is stable in solution for a limited 
time, it has not been isolated and characterized as a 
solid salt. On prolonged storage in solution, BloHlo- 
S2- undergoes an unusual elimination of the sulfur atom 
to give the polyhedral BloHloZ- ion. Freshly prepared 
BloHloS2- reacts readily with phenyldichloroborane 
to give the B-phenyl-substituted icosahedral thiado- 
decaborane( 11) which is isoelectronic with CsHjBlo- 
C2H11.9 Like BloC2H2, phenylthiadodecaborane( 11) 
is stable toward strong acids and many common elec- 
trophilic reagents. It is, however, reactive toward 

(5) R. Adams, Inorg. Chem., 2, 1087 (1963). 
(6) A precedent for this kind of hydrogen transfer from boron to  phos- 

phorus is the hydrolysis of the diphenylphosphino derivative of BmHs- 
to give (CsHs)zPH.BilHia. See E. L. Muetterties and V. IJ. Aftandilian, 
Zuoug. Che?n., 1, 731 (1962). 

(7) D. H. Clemens, A. J. Bell, and J. L. O'Brien, Telvahedioiz Lellers, 1487 
(1965). 

(8) W. J. Middleton, J. Am. Chem. SOL, 88, 3842 (1966). 
(9) M. F. Hawthorne and P. A. Wegner, ibid., 87, 4392 (1965). 



strong base. Methanolic sodium hydroxide converts 
C~HjBllHlos to a new anion, CeHjBIOH1OS-, a phenyl- 
substituted derivative of BloHllS-. A similar reaction 
was reported for 1,2-BloCaHlz.10 An icosahedral di- 
phenylthiadodecaborane( 11) (CgH&B11H&3, can be 
prepared from C6H5B10H10S- by reaction with butyl- 
lithium followed by treatment with phenyldichloro- 
borane. 

Reaction of B1oHloS2- with a variety of transition 
metal halides gives a series of sandwich compounds 
structurally similar to the transition metal cyclopenta- 
dienides and the complexes of B9C2H11z- with transition 
metals3 Thus, reaction of B1CH10S2- with FeC12 in 
tetrahydrofuran gives (BloHloS)2Fe2-, a stable, maroon 
anion. The same product can be obtained by treating 
the solution obtained by dissolving BloHlzS in aqueous 
alkali with aqueous ferrous chloride. Polarographic 
oxidation of (BloHloSj2Fe2- occurs a t  $0.21 v to give 
(BloHloS)zFe-. The Fe(IJ1) oxidation state appears 
to be unstable relative to Fe(II), and reduction of (Blo- 
HloS)%Fe- occurs readily, particularly in hydroxylic 
solvents. Probably, partial degradation of (Blo- 
HloSj2Fe- occurs to give fragments which reduce the 
bulk of the (BloHloS)zFe- to (BloHloS)zFe2-. Use of 
C6HSBloHgS2- in place of BloHloS2- in the reaction 
with ferrous chloride gives (C6HjBloHgS)2Fe2-. Co- 
balt(I1) chloride and BloHICS2- give yellow (BloHlo- 
S)2C0-. This cobalt(II1) sandwich compound is 
formed directly from cobaltous chloride. Metallic 
cobalt appears to be an additional product. The 
cobalt(II1 j sandwich compound does not seem to under- 
go reversible polarographic reduction to the correspond- 
ing cobalt(I1) compound, whereas the analogous (BgCz- 
H1l)zCo- ion can be reversibly reduced to (BgC2- 
Hll)zCo2-. 3b 

If the reaction of BloHlUS2- with cobalt(I1) chloride 
is carried out in the presence of cyclopentadienide an- 
ion, BloHloSCoCjHj is obtained. A by-product of this 
reaction is (C5HS)2Co+(BloHloS)2C~-. The two prod- 
ucts can be separated by their differing solubilities in 
benzene, The presence of the cobalticinium ion in 
(C5H&Co +(BloHloSjzCo- is clearly indicated by the 
ultraviolet spectrum. 

Other sandwich compounds can be prepared by re- 
action of BloHloS2- with transition metal compounds 
containing labile ligands. The BloHloS2- ion reacts 
with cis-dichlorobis(triethy1phosphine)platinum to give 
yellow BloHloSPt [P(C2HS),]2, with dichlorobis(triethy1 
phosphine)cobalt to give brown BloHloSCo [P(CnH,)3]2, 
and with chloropentacarbonylrhenium to give color- 
less BloH&Re(C0)3-. 

The transition metal sandwich compounds of Blo- 
HloS2- are not as reactive toward electrophilic reagents 
as are BloHlo2- and B12Hls2-. However, halogenation 
of (BloHloS)zFeZ- can be accomplished ; chlorination of 
(BloHloS)zFe2- in acetonitrile gives a mixture of par- 
tially chlorinated products with the average composi 
tion (B~~H~.BC12,5S)zFe2-, Bromination under similar 

(10) R. A. Wiesboeck and AI. F. Hawthorne. J .  Am. C k e m  Soc., 86, 1642 
(1964). 

conditions gives (B1oHR. ;Br3. $) *Fez -. Although no 
deuterium exchange occurs betveen D20 and (Blo- 
HloS)zFe2- under neutral conditions, acid-catalyzed 
exchange does occur. 

BgHl2NH-.--Decaborane reacts exothermally with 
thionitrosodimethylamine,8 (CHa)zlC’N=S, in ether 
to give BloHllS- and BgH12Nnl(CH3)2-. The two prod- 
ucts are readily separated by the differing solubilities 
of the tetramethylammonium salts in ethanol, the salt 
of the BloHllS- anion being the less soluble of the two. 
The stability of BgHlzNN(CH3j2- is lower than that of 
BloH11S- as evidenced by partial decomposition dur- 
ing purification by crystallization from ethanol. The 
presence of two N-methyl resonances of nonequivalent 
intensity in the proton nmr spectrum of RgHlzNN- 
(CH3)2- suggests the presence of tvio isomers. Treat- 
ment of BSHI?NN(CH3)2- with methyl iodide gives 
the inner salt BgHlzNn’(CH3)3 which (after purifica- 
tion) appears to be isomerically pure. Cleavage of the 
N-N bond of B~HI~XN(CH~)Z-  occurs on treatment 
Tyith excess sodium in tetrahydrofuran to give B9H12- 
NH- in lo117 yield. The B1l nmr spectrum of BgHls- 
NH- is sufficiently similar to that of BgH12S- to sug- 
gest that the two compounds are not only isoelectronic 
but also isostructural. The tetramethylammonium 
salt of BgHI2NH- is stable enough to survive recrystal- 
lization from aqueous acetic acid. Nevertheless, 
BgH1zNH- is less stable tovard acids than is BgH12S-. 
Oxidation of BgH1zNH- n-ith bromine in acetonitrile 
solution gives B gH11NH CH3CN which is less stable 
than the analogous thia compound BgH11S. CH3CN, 
since i t  undergoes slow decomposition on storage in air. 
The lon-er stability of azaboranes v s .  isoelectronic thia- 
boranes may well be a general phenomenon. 

Discussion 
do not have crystal structure analyses for ally of  

the new thia- and azaboranes. Furthermore, our 
spectral data including the B” nmr data do not provide 
de$nitiae structural characterizations. Nevertheless, 
there exists sufficient precedence in polyhedral borane 
and carborane chemistry to permit a number of tenta- 
tive conclusions regarding the most likely structures. 

12-Atom Skeletons.-Icosahedral boranes and car- 
boranes are well established.2 An icosahedral thia- 
borane seems to be a realistic concept, too, despite the 
disparity in size of a sulfur and a boron atom. The strict 
analog to icosahedral B12H122- and Bl0H&H2 mould 
be the cation Bl1HI1SH+. However, because of the 
higher nuclear charge on sulfur (obviously i t  should be 
more positively charged than either of the two carbon 
atoms in B10C2H12), one would expect BllHllSH+ to be a 
strong acid which should readily lose a proton to give 
neutral BllHllS. In  the latter molecule the sulfur 
atom would possess a nonbonding pair of electrons as a 
quasi-exopolyhedral substituent. In  fact, the two 12- 
skeletal-atom thiaboranes me have prepared, namely, 
C~Hj1311H10S and (CGH5)llJ11HYS, do not protoilate 
readily. The stereochemistry of these two phenyl- 
substituted thiaboranes has not been established. The 
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probable structures of the precursors (vide infra) as 
well as the method of preparation suggest, however, 
that  the phenyl groups are attached to boron atoms 
vicinal to the sulfur atoms. 

It seems reasonably certain that the metalothia- 
boranes are structural analogs of the metalocarbor- 
anesll for which icosahedral geometry has been proved 
by X-ray analysis. l2  In metalocarboranes both carbon 
atoms are in the pentagonal plane adjacent to the metal 
atom. A similar arrangement probably prevails in the 
metalothiaborane series (k, the sulfur atom is ad- 
jacent to the metal atom) as suggested by nmr studies. 
The structure of (BloHloS)zCo- is shown in Figure 1. 

11-Atom Skeletons.-The ion BloHloS2- is isoelec- 
tronic with BgCzH112-, and these two ions are probably 
isostructural. In  metalocarborane sandwiches the 
B&2Hll moiety is an open icosahedral fragment, but 
the structure of the free  ion BgC2H112- has not yet been 
conclusively determined. l3 

Pursuing the concept of isoelectronic relationships 
between thiaborane and carborane chemistry further, 
the ion BloHllS- is the isoelectronic analog of BgC2- 
HI%-. lo Thus, we propose for the structure of BloH11S- 
(Figure 2 )  an icosahedral fragment with the extra 
hydrogen atom placed on the pentagonal face either in a 
fixed position or rapidly traversing the three possible 
bridging positions among the four boron atoms in the 
pentagonal face.14 

The neutral thiaborane BloHlzS is isoelectronic and 
presumably isostructural with the carborane B 9C2H13, 
a known compound of relatively low stability and un- 
certain structure. Wiesboeck and HawthornelO have 
suggested that B9C2HL3 and its conjugate base, BgC2- 
Hlz-, are icosahedral fragments. These authors have 
also pointed out that  both compounds are isoelectronic 
with BllHlS2-, the structure of which has recently been 
shownls to contain a boron framework of a nearly regu- 
lar icosahedron with one vertex missing. The two 
extra hydrogen atoms in B11H132- bridge nonadjacent 
edges of the open pentagonal face. 

For BlOHl2S, one structural possibility is essentially 
as found in the BllHla2- ion, i.e., an icosahedral frag- 
ment with the two extra hydrogen atoms bridging non- 
adjacent edges of the pentagonal face. Alternatively, 
one boron atom in the open pentagonal face might 
become protonated to give a BHz group. There is 
somewhat inconclusive evidence for such a BH2 group in 
the decoupled Bl’ nmr spectrum of BloH1zS.le 

10-Atom Skeletons.--The ion BgHl2S- is best re- 
garded as a structural analog (Figure 3) of BloH112- 

(11) A short notation for the thia derivatives would be metal “thi-ollides” 
by analogy with the name metal carbollides suggested by M. F. Hawthorne 
and R. L. Pilling, J. Am.  Chem. Soc., 87, 3987 (196.5), for derivatives of BoCa- 
HnZ-. 
(12) A. Zalkin, L). H. Templeton, and T. E. Hopkin, i b i d . ,  87, 3988 (1965). 
(13) .Neuti,al BeCzHu has a structure of a closed polyhedron of CZ, sym- 

metry which is closely related to the icosahedral fragment configuration. 
See C. Tsai and W. E. Streib, J. Am. Chem. Soc., 88,4513 (1966). 

(14) There i9 another, rather unprecedented, alternative fov the stiucture 
of BioHuS-. I t  consists of an adamantanr-like framework of 10 I313 units 
with the sulfur atom in the center of this array. The sulfur atom would be 
bonded either to the six nonbridgehead boron atoms or to the four bridge- 
head boron atoms. 

(15) C. F. Fritchie, Jr., Inovg. Chem., 6, 1199 (1967). 

Figure 1.-Proposed structure of the ( BIOHIOS)Co ion 

/H 

Figure 2.-Proposed structure of BIOHllS- 

with which i t  is isoelectronic. Infrared and Bll nmr 
data unambiguously show the presence of bridging 
hydrogen atoms as well as one BH2 group in B9H12S-. 
There is an alternative structure for this ion which is 
also shown in Figure 3. However, we believe that the 
structure of BgH12S- is most adequately described by 
the analogy to the BloHld2- ion. 

Finally, we correlate the neutral thiaborane BgHllS 
with the isoelectronic B10H13- ion. The structure of 
this ion is unknown although presumably the basic 
decaborane framework is retained. There is infrared 
evidence for the presence of BHB bridge bonds, but 
there is no evidence for a BH2 group in the nmr spec- 
trum of BsH& Support for the proposed correlation 
of BgHllS with B10H13- is derived from the fact that  
both species readily form ligand complexes, namely, 
BgH& (ligand) and B10H13(ligand) -. 

Experimental Section 
Salts of BsH&-.-Decaborane (12 g, 0.10 mole) was added 

slowly in small portions to the stirred solution of 200 ml of yellow 
ammonium sulfide solution. After the evolution of hydrogen had 
ceased, the warm solution (50-60’) was filtered to remove small 
amounts of insoluble material. The filtrate was treated with an 
aqueous solution of 60 g of cesium fluoride, and the resulting pre- 

(16) Another dternative geometry also consistent with the n m r  davu 
places the sulfur at0111 i n  a decaboraue-like fi-amewoi k such that the sulfur 
atom bridges the 8, 9, and 10 positions. It would then be necessary to 
postulate tha t  the 6 position bears a BHs group and the twelfth hydrogen 
atom in BiaHizS alternately bridges the 5,6 and 6,7 positions. We consider 
this structure unlikely. 
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Figure 3.-Possible structures of the BgH12S- ion. 011 the 
top is the structure preferred by us which is based on the BI0H1d2- 
geometry. On the bottom is an alternative structurc. 

cipitate was recrystallized from 150 in1 of water. The yield was 

Anel. Calcd for CsByHI2S: Cs, 48.8; B, 35.5; H, 4.4; S, 
11.7; mol wt, 275. Found: Cs, 47.2; B, 35.5; H,  4.6; S, 
11.7. 

The molecular weight, determined ebullioscopically in aceto- 
nitrile, was 132, indicating complete dissociation of the salt. Thc 
molecular weight, calculated from the neutralization equivalent 
of the acid HBqHlzS (prepared from a weighed amount of CsBs- 
HI& by ion exchange), was 277. 

Rubidium and tetramethylammonium salts of BoH12S- were 
prepared similarly to the cesium salt. The rubidium salt was 
recrystallized from water, and the tetramethylammonium salt 
from acetone or acetonitrile. 

Calcd for RbB9H12S: Rb,  37.7; B, 42.9; H, 5.3; S ,  
14.1; hydrolytic Hz, 1875 cc/g. Found: Rb,  35.4; B, 43.3; H,  
6.0; S, 13.9; hydrolytic H B ,  1876 cc/g. 

Crystals of RbBgH12S are monoclinic with the parameters a = 
8.82, b = 10.85, c = 10.98 A, p = 92.70°, and Z = 4.  The 
calculated density is px = 1.54, and the experimentally deter- 
mined density (by the flotation method) is &?E = 1.48. The space 
group is P21/C. 

Anal. Calcd for (CH3)aSBQHlBS: C, 22.3; H, 11.2; N, 6.5; 
B, 45.2; S, 14.9; hydrolytic Hg, 1973 cc/g; mol wt, 216. Found: 
C, 22.5; H, 11.1; N, 6.3; B, 44.4; S, 14.4; hydrolyticHt, 1942 
cc/g; mol wt, ebullioscopic in acetonitrile, 103. 

The yield of BBHIzS- decreased when the reaction was run a t  
lower temperatures ( 5 ' ) .  Parr of the decaboranc was hydro- 
lyzed under those reaction conditions to BOH14- which, after 
addition of a soluble cesium salt, coprecipitated as the sparingly 
soluble double salt CsBgH12S. CsBgHl4. 

Anal. Calcd for C S : B ~ ~ H ~ ~ S :  Cs, 51.2; B, 37.5; H, 5.1; S, 
6.2; hydrolytic HP, 1737 cc/g. Found: Cs, 48.6; B, 37.9; H, 
4.9; S, 6.3; hydrolytic HP, 1753 cc/g. 

The compound is identical with one obtained from cocrystal- 
lization of authentic samples of CsBoHlnS and CsBsHlr. The 
infrared spectrum of Cs2BISHP6S differs from that of CSBQHIPS 
only in some band contours, whereas the ultraviolet and Bl' 

20 g of CsBgHipS (90%). 

Anal. 

nmr spectra of CszBISH26S consist of a superposition of the spec- 
tra of CsBoH& and CsBgH14. 

Polarographic Data.-CsBgHlzS was examined in acetonitrile 
with (C4H~)&C104 as supporting electrolyte a t  a rotating plati- 
num electrode z's. a saturated calomel electrode. An oxidation 
wave was observed a t  +0.90 v. The electrode reaction was ir- 
reversible and probably involved many electrons. 

Under similar conditions, ( C H ~ ) ~ N B I O H ~ I S  showed a well- 
defined oxidation wave a t  +0.98 v. 

Spectral Data.-In aqueous solution, CsBgHIZS absorbs ultra- 
violet radiation a t  2270 A (e 6000). The infrared spectrum of 
BgH12S- shows a complex region of B-H stretching absorptioii. 
Four bands are readily detectable between 2,300 and 2300 cm-I, 
the precise position of which varies somewhat from one salt to 
another. For CsBoHlzS, the positions are 2525 (vs), 2470 (s), 
2380 (s), and 2355 (m) cm-'. A mull of (CHa)JiBsHI2S also 
has a weak pair of bands a t  2130 and 2075 cm-l, which we as- 
sign to B-H-B bridging absorption. These two bands are not 
well resolved in mulls of alkali metal salts of BQHIPS-. Other 
absorptions due to the anion B B H ~ ~ S -  occur a t  1189 (m), 1049 ( s ) ,  
1010 (vs), 990 (sh), 966 (w), 938 (w), 920 (m), 905 (sh), 784 (m), 
758 (m), 726 (m), 690 (w), and 657 (w) em-'. 

The B1' nmr spectrum of BgHlaS- a t  32.1 Mc  (Figure 4) shows 
three distinct regions of absorption, a low-field doublet, a multi- 
plet, and two overlapping high-field doublets. The relative in- 
tensities of the three areas are 1 :4:4. Proton-decoupling experi- 
ments, performed oil the corresponding spectrum a t  19.2-Mc B" 
excitation frequency, suggest that the multiplet is composed of a 
doublet of intensity 2 a t  27.5 ppm, a doublet of intensity 1 a t  
32.0 ppm, and a triplet of intensity 1 a t  34.0 ppm. This spec- 
trum of BgHlzS- is consistent with a decaborane type framework 
in which the sulfur atom occupies the 6 position and two of the 
extra hydrogen atoms (i.e., those in excess of one terminal hydro- 
gen atom per each boron atom) bridge the 5,lO and 7,8 positions. 
There would also be a BH2 group in the 9 position. 

w c ,  14 8 275 320 
5 2 8  5 6 7  8 [P P M] 

Figure 4.-B" nmr spectrum of CsB9H12S in CHaCN a t  32.1 Mc. 
External reference: B(OCH8)3. 

BDHllS.-A solution of 10 g of CsBpHieS in 100 ml of water- 
acetonitrile (1 : 1) was passed through an ion-exchange column 
packed with Rexyn 101 H resin. The effluent was evaporated to 
dryness on a rotating evaporator leaving a white powdery residue 
which was spontaneously flammable in air. Sublimation of the 
residue a t  70-90" (0.1 mm) gave 1.5 g (307,) of large transparent 
hexagons of thiadecaborane(l1). Pure BgHllS is hygroscopic, 
but not spontaneously flammable in contact with dry air. I t  
melts a t  76.5-77" with partial decomposition, and it is easily 
soluble in a wide variety of organic solvents. 
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Anal. Calcd for BgHltS: B, 69.3; H, 8.4; S, 22.8; hydrolytic 
Hz, 2874 cc/g; mol wt, 140.5. Found: B, 69.0; H, 7.9; S, 
22.7; hydrolytic Hz, 2897 cc/g; mol wt, cryoscopic in benzene, 
185. 

The compound has ultraviolet absorption in cyclohexane at 
2230 A ( e  2165) and at 3220 A ( e  2360). The mass spectrum shows 
the expected isotopic distribution for nine boron atoms a t  m/e 
140 and 141. The infrared spectrum is very reminiscent of the 
spectrum of decaborane. There is only one B-H stretching 
absorption a t  2530 cm-l, as well as two B-H-B bridge absorp- 
tions a t  1950 and 1900 cm-I. There are other bands a t  1049 (s), 
1028 (sh), 1012 (s), 952 (w), 936 (m), 903 (s), 882 (m), 834 (s), 
806 (s), 790 (w), 749 (s), 730 (sh), 721 (s), and 702 (s) cm-l. 

The BI1nmr spectrum a t  32.1 Mc in benzene shows the features 
given in Table I. The accuracy of the coupling constants in this 
spectrum is limited to =!= 10 cps. 

Position, 
ppm 

-6 .2  
+0 .9  

+12.0 
$28.9 

+47.3 
+58.2 
+65.0 

Re1 
intens 

2 .0  
1 .o  
2 . 0  
2 . 1  

0.94 
1.23 
0.46 

TABLE I 
BH coupling 
constant, 

CPS 

161 
133 
147 
178 

160 
200 
160 

Remarks 

Doublet 
Doublet 
Doublet 
Very broad 

doublet 
Doublet 
Doublet 
Broad doublet, 

presumably 
impurity 

CHICN.B9H&.-A solution of CsB8H12S (6.5 g, 0.024 mole) 
in 50 ml of acetonitrile was heated on a steam bath while a solu- 
tion of iodine (3.0 g, 0.012 mole) in 75 ml of acetonitrile was 
gradually added. Heating was continued until all of the iodine 
was reduced. The resulting precipitate of cesium iodide was re- 
moved by filtration and the filtrate was poured into 400 ml of 
aqueous potassium acetate solution containing a little sodium 
bisulfite. The precipitate was collected, dried, and recrystal- 
lized from 40 ml of benzene to give 1.0 g of white needles of CHI- 
CN.BQHIIS, mp 152" dec. 

Anal. Calcd for CH,CN.BQHHS: C, 13.2; H,  7.8; N, 7.7; 
B, 53.6; S, 17.7; mol wt, 181. Found: C, 13.0; H, 7.7; N, 
7.5; B, 52.9; S ,  17.4; mol wt, 262 (cryoscopic in (%He) and 306 
(ebullioscopic in CHICN). 

Ultraviolet absorption occurs a t  XE:c" 2420 A (e 10,950). 
The infrared spectrum has a strong, sharp B-H stretching ab- 

sorption at 2500 cm-l, C - N  absorption a t  2338 cm-' with a 
shoulder a t  2360 cm-I, and B-H-B bridge absorption at 2110 
and 2020 cm-'. In the region from 1100 to 650 em-', the spec- 
trum is practically identical with that of CsBgH&, differences 
occurring only in some band intensities. 

The B1' nrnr spectrum of CH3CN.BsHllS a t  19.2 Mc shows an 
incompletely resolved multiplet similar in appearance t o  that 
displayed by CsBsH12S. In CDCls the proton nrnr spectrum 
shows two broadened CH, peaks at T 7.28 and 7.92 (intensity 
ratio 5 :  l), whereas in acetone-ds the CH3 peaks appear as a pair 
of doublets (A = 1.8 cps) a t  T 7.53 and 7.63, respectively. The 
reason for the splitting is not well understood; i t  may reflect 
molecular asymmetry and ligand-exchange equilibria. 

Alternative methods of preparing CH3CN. BgH12S are dis- 
solution of BgHllS in acetonitrile or oxidation of CsBgH12S with 
oxalyl chloride (instead of iodine) in the same solvent. Work- 
up and purification are as described above. 

(CtH&N.BgH~~S.-Thiadecaborane(ll) (0.6 g, 0.004 mole) in 
5 ml of benzene was treated with 4 ml of triethylamine. The 
solvent and excess triethylamine were evaporated in vacuo leav- 
ing a yellow crystalline solid which was purified by vacuum sub- 
limation. 

Anal. Calcd for (C~H&N*BQHUS: C, 29.8; H, 10.8; N, 
The yield was 0.5 g,  mp 111-113". 

5.8; B, 40.3; S, 13.3. Found: C, 30.0; H ,  10.9; N, 5.8; B, 
40.4; S, 13.4. 

The ultraviolet spectrum in acetonitrile shows abserption at 
2260 A ( e  7000), with a shoulder at 2920 A (e 160). Infrared ab- 
sorptions include a sharp B-H stretching frequency a t  2565 cm-l 
with a shoulder a t  2535 cm-' and a weak band a t  2040 cm-' 
presumably indicative of B-H-B stretching absorption. 

The H1 nmr spectrum in CDCla shows a normal ethyl reso- 
nance a t  T 8.52 (CH3) and 6.81 (CH2). The B1' nmr spectrum 
corresponds to that of CH3CN.BsHI1S. 

( C Z H G ) ~ N ,  B Q H ~ ~ S  was also prepared by a ligand displacement 
reaction 

CH3CN.BgHnS + (CZHG)~N + ( C Z H ~ ) ~ N . B Q H I I S  $ CHaCN 

(CH3)2NCH0 .BSHl1S.--Iodine (6.4 g, 0.025 mole) was added 
to a solution of CsBgH12S (2.7 g, 0.010 mole) in 20 ml of dimethyl- 
formamide until the iodine color was no longer discharged. The 
solution was poured into 400 ml of 570 potassium acetate solution, 
and the resulting precipitate was collected, washed with water, 
and dried in vucuo. Recrystallization from benzene gave 0.9 g of 
(CHB)ZNCHO.BQH~IS, mp 171-173' dec. 

Anal. Calcd for (CHB)zNCHO.BgHI1S: C, 16.9; H, 8.5; K,  
6.6; B, 45.6; S, 15.0; hydrolytic Hs, 1887 cc/g. Found: C, 
17.3; H, 8.5; N, 6.4; B, 45.9; S, 14.7; hydrolytic Hz, 186.5 

The ultraviolet spectrum in acetonitrile has a peak a t  2380 A 
(e 8650). In  the H1 nmr spectrum in acetone-ds, the formyl 
hydrogen atom appears as a broad peak a t  T 1.94 and the methyl 
resonances appear as two doublets ( J  = 0.9 cps) a t  T 7.23 and 
6.96. The B1l nmr spectrum (19.2 Mc) in benzene shows two 
overlapping doublets a t  6 51.6 and 56.6 pprn (JB-H = 131 cps), 
each of intensity 2, and an unresolved multiplet of intensity 5, 
centered a t  6 22.2 pprn. 

Infrared absorptions include two sharp B-H stretching bands 
a t  2555 and 2485 cm-l, two weak but well-resolved bands a t  2125 
and 2082 cm-I attributed to B-H-B stretching vibrations, and a 
C=O frequency a t  1725 cm-'. 

(CH3)zS.B~H11S.-Iodine (2.5 g, 0.01 mole) was added to a 
solution of CsBgHlzS (5.4 g, 0.02 mole) in 120 ml of a 1 : 1 mix- 
ture of dimethyl sulfide and tetrahydrofuran. Precipitated 
cesium iodide was removed by filtration, and the filtrate was 
poured into 500 ml of water giving two liquid phases. The organic 
phase was separated and evaporated to dryness leaving a white 
solid, recrystallizable from diethyl ether. The solid was hydro- 
lytically very unstable. It melted in the range 65-70' with de- 
composition. Attempted sublimation at 0.01 mm pressure gave 
BsHllS and some polymeric material. The adduct was char- 
acterized by spectral data. The infrared spectrum corresponds 
in its essential features to the spectra of other adducts; the H' 
nmr spectrum shows one CH3 peak a t  T 7.36 in CDCls. The B" 
nmr spectrum shows two overlapping high-field doublets at 6 
54 pprn of intensity 4 as well as a low-field multiplet of intensity 5. 
The ultraviolet spectrum had a peak a t  2310 A ( a  SOOO), with a 
shoulder at 2850 A (E 400). 

The compound was too unstable to give meaningful analytical 
data. 

(CeH&PH.B9Hd3.-A mixture of CsBgHlzS (2.7 g, 0.01 mole) 
and diphenylchlorophosphine (2.2 g, 0.01 mole) in 70 ml of tetra- 
hydrofuran was refluxed for 30 min and subsequently stirred 
overnight at room temperature. Cesium chloride precipitated 
and was removed by filtration. The filtrate was chilled to -20" 
to give 250 mg of (C~H&PH.BQH~IS, melting at 148-150'. 

Anal. Calcd for (C~H&PH.BQH&: C, 44.1; H, 6.8; P ,  
9.5; B, 29.8; S, 9.8. Found: C, 44.4; H, 6.9; P, 9.2; B, 
27.5; S, 8.9. 

Ultraviolet spectrum: X ~ ~ o H  2260 A (e 22,800) and 2730 A (e 

1420). 
Infrared absorptions (KBr wafer) occur a t  2535 cm-l (B-H 

stretching) and a t  2440 crn-'. This latter weak but distinct 
band is assigned to a P-H stretching vibration, because none of 
the other adducts I,.B@HIIS displays a band at this frequency. 

cc/g. 
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The remainder of the spectrum from 1500 to 650 cm-1 consists of a 
superposition of phenyl and BgHilS bands. 

BloHIlS-.--Tlie bright yellow solution ol CI.(aCN' R,II,,S 
(1 .X g, 0.01 tnnlc)  i t 1  25 1111 of ti-i~ttiyliiniiii~~ h i r a i i e  mas rcfliixcd 
for 90 min under  nitrogeii. .\ftrr t h e  solution was cooled to room 
temperature, it \vas poiirrd into 300 ml of water containing excess 
tetra~netliylatni~ioi~iutii chloride. The resulting precipitate was 
recrystallized from acetonitrile to give 0.5 g (227,) of (CH,),- 

Anal. Calcd for ( C H ~ ) ~ N B I : H ~ ~ S :  C, 21.3; H, 10.3; 9, 
6.2; B, 48.0; S, 14.2. Found: C, 20.9; H, 10.8; N, 6.0; B, 
48.7; S, 14.1. 

BlnH12S by Pyrolysis of CsBgH&.-In an  evacuated flask con- 
nected to a vacuum line, CSBDHIZS (4.7 g, 0.017 mole) was gradu- 
ally heated to 227'. Hydrogen (578 ml, 0.026 mole) was slowly 
generated and a deep yellow pyrolysate was formed. The crude 
pyrolysate was dissolved in water, and the solution was acidified 
with concentrated hydrochloric acid, The resulting precipi- 
tate was filtered off, washed with 2 N hydrochloric acid, and 
purified by sublimation a t  160' (0.01 mm). The yield was 1.0 g 

B, 71.0; H,  7.9; S, 21.1; hydro- 
lytic Hz, 2940 ccjg; mol wt, 152. Found: B, 71.0; H ,  8.00; S, 
21.0; hydrolytic H2, 2955 cc/g; mol wt, cryoscopic in CeH6, 
149. 

In  cyclohexane solution, ultraviolet absorption occurs a t  2240 
A ( E  2340). 

The infrared spectrum shows a strong-, sharp B-H stretching 
absorption a t  2565 cm-I and a broad, weak B-H-B absorption 
centered a t  1940 cm-'. Other hands are a t  1020 (vs), 1010 (sh), 
994 (vs), 945 (m), 929 (m), 910 (w), 875 (m), 866 (m),  804 (w), 
787 (w), 765 (s), 726 (sh), 707 (s), and 656 (w) cm-'. 

The B11 nmr spectrum (Figure 5) show four doublets with 
relative intensities 1 : 4:2 :2; proton-decoupling experiments 
indicate a triplet arising from a BH2 group. 

In  subsequent experiments, CsB,H12S was usually pyrolyzed 
a t  atmospheric pressure under a nitrogen blanket without any 
reduction in the yield of BIoHI~S.  The progress of the reaction 
may be followed conveniently by measuring the hydrogen evolved 
with a wet-test meter. 

(CH3)INB10H11S.-?'~ a solution of 1.2 g (0.010 mole) of de- 
caborane(l4) in 30 ml of ether was added 16 ml of 0.63 &' thio- 
nitrosodimethylamine in ether. The mixture was stirred a t  
room temperature for about 1 hr. The gummy precipitate which 
had formed was collected, washed Tvith ether, and extracted with 
dilute aqueous sodium hydroxide solution. The extract was 
filtered, the filtrate was treated with tetramethylammonium 
chloride, and the resulting precipitate was collected to give 840 
mg of solid. This solid was extracted with ethanol, and the 
undissolved part of it was recrystallized from acetonitrile-benzene 
to give (in two crops) 0.2 g (9 X l0W4 mole) of (CH~)~NBIOHIIS. 
The yield, based on B1oH14, was 9%. 

Anal. Calcd for (CH3)aXBloHlIS: B, 48.0; H, 10.3; C, 21.3; 
K, 6.2; S, 14.2. Found: B, 48.2; H, 9.9; C,22.1; N, 6.5; S, 
14.2. 

The H1 nmr spectrum of the product in CD~CN-(CD~)ZSO 
shows a single peak a t  7 7.03 corresponding to (CH3)aX++. There 
is no resonance peak attributable to SH. The infrared spectrum 
shows peaks a t  2530 (sharp, B-H), 1480 ((CH3)4N), 1420 (w), 

815 (w),  775 (w), 750 (w), and 740 cm-1 (w). The ultraviolet 
spectrum of the product in acetonitrile shows absorption a t  2360 
A ( E  2320) and 2700 A ( E  1320). In  large-scale preparations, it  
has been found advantageous to add a solution of decaborane in 
ether to a solution of about 2 molar equiv of (CH8)zNSS in ether 
within 30 min. This results in improved yields of (CH3)4- 
NBloHllS and poorer yields of (CH3)&(CH3)2Nr\'B~H12 (ozde 
infra). 

CSB~~H~~S.--A warm solution of 1 g of ( C H ~ ) ~ K B ~ O H I I S  in 
aqueous acetonitrile was passed through a column of sodium ion 
exchange resin. The effluent was evaporated in uacuo to a small 
volume and treated with excess cesium sulfate. The resulting 

K'BioHiiS. 

of BIOHI~S. 
Anal. Calcd for BIOHIPS: 

1290 (w), 1060, 1025, 1010, 990, 950 ((CHa)&), 920, 875 (vw), 

Figure 5.-Bl1 nmr spectrum of BIOH1?S in CH3CX at 19.3 Mc. 

precipitate was collected by filtration to give 0.9 g of colorless 
CsBloH11S. The product was further purified by recrystallization 
from water. 

Anal. Calcd for CsBloH11S: B, 38.0; H ,  3.9; S, 11.3. 
Found: B,38.4; H,4.3; S, 11.4. 

The 32.1-Mc Btl nmr spectrum of CsBlcHllS show four dou- 
blets with relative intensities 2 : 3 : 4 : 1. The assignments indicated 
in Figure 6 were confirmed by proton-decoupling experiments 
performed upon the 19.3-Mc Bll nmr spectrum. The proposed 
structure would require that the doublet of intensity 3 arise from 
accidental equivalence of two doublets of intensity 2.  The dou- 
blet of intensity 1 probably arises from the boron atom $am to 
the sulfur atom. The spectrum is also consistent rvith a similar 
structure in Tyhich the sulfur atom is nzeta to the icosahedral 
vacancy, but it is inconsistent ivith an icosaliedral fragment in 
which the sulfur atom is pava to the vacancy. 

BloHlzS and BgHl2S- from BloHla and (t-C4HeN=)2S.-T~ a 
solution of 40 g of decaborane in 700 ml of ether cooled in an ice 
bath was added over 30 min a solution of 28.7 g of K,K'-di-t- 
butylsulfur diimine' in 100 ml of ether. The resulting mixture 
was stirred a t  room temperature for 2 days and then evaporated 
to dryness. The residue was treated with cold l0yo aqueous 
sodium hydroxide solution. The resulting mixture was washed 
with pentane and filtered through Celite. The filtrate was 
treated with tetramethylammonium chloride, and the resulting 
precipitate was collected and washed with ethanol. The filter 
cake was dissolved in hot aqueous acetonitrile and passed through 
a sodium cation exchange column, and the effluent was concen- 
trated in tlacuo to a small volume. Xddition of cold concen- 
trated hydrochloric acid gave a precipitate which was collected 
by filtration and washed with cold 107, hydrochloric acid. Sub- 
limation of the filter cake a t  160" (0.1 mm) gave 7.5 g of BIoHI~S 
as a waxy solid. The product was identified by comparison of 
its infrared spectrum with that of an authentic sample of BloHl&3. 

Addition of tetramethylammonium chloride to the acid filtrate 
gave a precipitate of 4.8 g of (CH3)4SB9Hi2S identified by coni- 
parison of the infrared spectrum with that of an authentic sample. 
2-Phenylthiadodecaborane(1 I).-To a solution of 40 ml of 

tetrahydrofuran containing 13 ml of 1.6 ild butyllithium in hex- 
ane was added 1.5 g of BloH12S. After being stirred for 20 min 
a t  room temperature, the slurry was cooled in an ice bath and 
treated with 1.6 g of phenyldichloroborane, dissolved in a small 
amount of benzene. The resulting solution was allowed to warm 
to room temperature and then evaporated in uacuo. The residue 
was extracted with benzene and filtered. The filtrate was evapo- 
rated, and the residue was recrystallized from heptane to give 
720 mg of colorless crystals of CsHaB11HloS, mp 102.7-10L5°. 
An additional crystallization from heptane raised the melting 
point to 105.3-106.3°. 

Anal. Calcd for CeHsBI1HloS: B, 50.0; H, 6.4; C, 30.2; 
S, 13.5; mol wt, 238.3. Found: B, 50.9; H, 6.4; C, 30.2; 
S, 13.5; mol wt, 237 (cryoscopic in benzene). 
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29.5 

Figure 6.-B" nmr spectrum of CsBIoH11S in CHsCN a t  32.1 Mc. 

The B" nmr spectrum consists of two doublets and a singlet of 
relative intensities 1 :9: 1. The low-field doublet can be assigned 
to the boron atom para to the sulfur atom, the singlet to the 
phenyl-substituted boron atom, and the high-field doublet to the 
remaining nine boron atoms which, albeit not strictly environ- 
mentally equivalent, possess a very similar environment that 
could give rise to accidental degeneracies. The spectrum is shown 
in Figure 7. 

The ultraviolet spectrum of the product in cyclohexane shows 
absorption a t  2770 ( e  897), 2700 (e 1320), 2450 (e 5960), and 2150 
A ( e  14,700). 

Thin layer chromatography of the product on silica gel with 
benzene shows a single spot suggesting that the product is iso- 
merically pure. 

Tetramethylammonium Phenylthiaundecaborate( 11) .-A mix- 
ture of 250 mg of C ~ H ~ B ~ I H I O S ,  2.5 g of sodium hydroxide, and 25 
mt of methanol was refluxed for 1.5 hr and then evaporated under 
reduced pressure. The residue was dissolved in water and 
treated with excess tetramethylammonium chloride. The result- 
ing precipitate was recrystallized from ethanol to give 120 mg of 
colorless plates of (CHs)4P\'C6H5B~oH&, mp 186-188'. 

Anal. Calcd for (CHs)4NCsHsBioHloS: B, 35.9; H, 9.04; 
C, 39.9; N, 4.7; S, 10.6. Found: B, 36.0; H, 9.06; C, 40.2; 

The ultraviolet spectrum of the product in acetonitrile solution 
shows absorption a t  2850 (sh, e 3820), 2540 ( e  5500), and 2200 A 
(sh, E 9850). 

(C6H~)2BllH9S.-To a solution of 400 mg (CH3)4NCSHSBiaHi& 
in 10 ml of tetrahydrofuran was added 0.9 ml of 1.6 M butyl- 
lithium in hexane. The resulting mixture was cooled to -40" 
and treated with 230 mg of phenyldichloroborane in benzene. 

The mixture was warmed to room temperature and the sol- 
vents were evaporated. The residue was extracted with water 
and then with cyclohexane. The organic layer was evaporated 
t o  an oil which was crystallized from acetonitrile by dropwise 
addition of water. This gave 95 mg of crystals of (C6HL)&HSS, 
mp 97-100'. 

Anal. Calcd for (C~H~LBIIHQS: B, 37.8; H, 6.1; C, 45.9; 
S, 10.2. Found: B, 38.1; H,  6.2; C, 45.2; S, 10.6. Theultra- 
violet spectrum in cyclohexane shows absorption a t  2200 ( e  
26,800), 2720 (sh, e 4860), and 2780 A (sh, e 2610). 

Bis(tetramethylammonium)bis(.lr-( 1 )-2-thiollyl)iron(II), 
[ (CHs)4N] 2(B10H10S)2Fe-C4H9Li Method.-To a stirred mixture 
of 40 ml of anhydrous tetrahydrofuran and 25 ml of 1.6 M butyl- 

N, 4.7; s, 10.8. 

-0,42 22 

Figure 7.-B11 nmr spectrum of CsH~jBllHloS in CHzClz a t  19.3 
Mc. 

lithium in hexane was added with cooling 1.5 g (0.010 mole) of 
BioH12S. Heat was evolved and a precipitate formed. The 
mixture was stirred for 10 miu a t  room temperature, and 2.6 g 
of anhydrous ferrous chloride was added. An exothermic rc- 
action occurred, and a dark color appeared. The mixture was 
evaporated in vacuo, and the residue was extracted with water. 
The deep maroon extract was filtered and treated with tetra- 
methylammonium chloride. The resulting precipitate was col- 
lected by filtration to give 1.35 g of [(CH3)4N]2(B10H1CS)2Fe as a 
pink solid. Recrystallization from acetonitrile-ethanol gave 
maroon needles, which darken without melting above 300'. 
Thin layer chromatography on silica gel shows a single, red boron- 
containing spot. 

Anal. Calcd for [(CHB)4N]z(BloHloS)~Fe: B, 42.9; H, 8.8; 
C, 19.1; N, 5.6; S, 12.7; Fe, 11.1. Found: B, 42.3; H ,  9.0; 
C, 19.0; N, 5.5; S, 12.6. 

The ultraviolet spectrum of the product in acetonitrile solu- 
tion shows peaks a t  2300 ( e  20,800), 2520 (sh, E lS,OOO), 4050 ( e  
97), and 5100 A (E 189). The infrared spectrum shows complex 
absorption a t  2450-2550 cm-I (BH str)  and sharp peaks a t  1015 
(cage) and 885 cm-1. 

Polarographic oxidation of the product in acetonitrile solution 
with 0.1 M (C4Hg)4NC10* as electrolyte (rpe v s .  sce) shows a well- 
defined wave a t  El/, = +0.2 v which is probably a reversible 
one-electron oxidation. Additional nonreversible oxidations 
occur a t  + 1.35 and f 1 .8 v. Under similar conditions (CHa)dN- 
BiaHiiS shows a well-defined oxidation wave a t  +0.98 v. 

[(CH,),N] z(BxoHloS)zFe-Na method.-A mixture of 284 mg of 
CsBloHllS, 30 ml of tetrahydrofuran, and about 1 ml of 50% 
sodium dispersed in mineral oil was stirred a t  reflux overnight. 
The resulting mixture was treated with 500 mg of anhydrous 
ferrous chloride and refluxed for 15 min. The resulting black 
mixture was treated with ethanol and evaporated in vacuo. 
The residue was extracted with water and pentane. The rose- 
colored aqueous layer was treated with tetramethylammonium 
chloride, and the resulting precipitate was collected by filtration 
to give 70 mg of pink [ ( C H ~ ) ~ N ] Z ( B ~ O N ~ O S ) ~ F ~ .  Recrystalliza- 
tion from acetonitrile-ethanol gave red microcrystals. The infra- 
red spectrum of the product was identical with that of the iron 
compound prepared above. 

Anal. Found: Fe, 11.2 (by X-ray fluorescence). 
Csz(BloHloS)zFe.-To a solution of 42 ml of 1.6 M butyllith- 

ium-hexane in 120 ml of anhydrous tetrahydrofuran was added 
with ice-bath cooling 4.56 g of BloHlzS. After stirring for 15 min 
a t  room temperature, 2.04 g of ferrous chloride was added, and the 
mixture was refluxed for 15 min. It was then evaporated under 
reduced pressure, the resulting residue was extracted with water 
and filtered, and the filtrate was treated with cesium sulfate. The 
precipitate was recrystallized from water to give 6,29 g (3474) of 
Csz(BioHiaS)zFe.HzO as maroon crystals. 
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Anal. Calcd for Cs1(BloH&)2Fe.H20: B, 33.8; H,  3.5; S, 
10.0; Fe, 8.7. Found: B, 33.3; H, 3.9; S, 10.2; Fc, 8.8. 

The ultraviolet spectrutn in acetonitrile shows ahsorptioii a t  
5080 (E 183), 4150 ( e  88.5), 2,540 (E 16,300), and 2300 A (E 18,400). 

Recrystallization of Cs2(BloH&)*Fe H20 from DzO gave Cs2- 
(BloHloS)2Fe. D20  which contained no boron-bound deuterium 
(by infrared analysis). Recrystallization from D20 containing 
sulfuric acid gave Csg(BloHloS)tFe D2O containing some boron- 
bound deuterium. The approximate area ratio of the B-H and 
B-D stretching frequencies was 5.6 : 1. 

Bromination of (BloHloS)2Fe2-.-To 16 ml of 0.125 M bromine 
in acetonitrile was added 100 mg of [ ( C H ~ ) J Y ] Z ( B X I H ~ ~ S ) ~ F ~ .  A 
deep green color formed. Benzene was added, and the mixture 
was evaporated in zlucuo. The residue was suspended in aqueous 
tetramethylammonium chloride and filtered to give 200 mg of a 
violet solid. Recrystallization from acetonitrile-ethanol gave 
65 mg of maroon crystals of [(CH~)~S]Z(B~OH~.~B~~.S)ZF~. 

Anal. Calcd for [(CH3)4~]2(B10H6.6Br3.8)~Fe: B, 20.5; Br, 
53.0; N,2.7. Found: B,23.9; Br,52.9; N,3.0. 

Chlorination of (BloHloS)eFe2-.-Chlorine gas was bubbled 
through a solution of 200 mg of [(CH3)4N]e(BloHloS)~Fe in 50 ml 
of acetonitrile for 4 min. The solution was evaporated, and the 
residue was treated with aqueous sodium bisulfite and tetra- 
methylammonium chloride. Filtration gave 255 mg of lavender 
solid. Recrystallization from acetonitrile-ethanol gave 120 mg of 
maroon crystals of [(CH,),S] Z(BloHi.&.&Fe. 

Anal. Calcd for [(CH~)?N]~(BI~H~.SCI~.~)~F~: B, 32.3; H, 
5.9; C, 14.3; C1, 26.2. Found: B, 31.5; H,  6.0; C, 14.7; C1, 
27.7. 

The ultraviolet spectrum in acetonitrile shows absorption at 
5100 (E 157), 3100 ( e  11,300), 2720 (E 10,800), 2500 (E 11,700), 
and 2230 A (E 17,600). 

Cs(BloHloS)2Co-C4HOLi Method.-To a mixture of 40 ml of 
tetrahydrofuran and 13.5 ml of a 1.6 M solution of butyllithium in 
hexane in an ice bath was added 1.5 g of BIOHI~S. After being 
stirred a t  room temperature for 20 min, the mixture was im- 
mersed in an ice bath and treated with 1.1 g of anhydrous cobal- 
tous chloride. The solution darkened a t  once. After being 
stirred for 10 min a t  room temperature, the mixture was evapo- 
rated, and the residual dark, oily product was extracted with water 
and filtered through Celite. The dcep amber filtrate was treated 
with excess tetramethylammonium chloride. The resulting pre- 
cipitate of (CH3)~N(BI~HIOS)2Co was collected by filtration, dis- 
solved in aqueous acetonitrile, and passed through a column 
packed with a commercial strongly acidic ion-exchange resin 
which had been pretreated with excess sodium chloride. The 
resulting effluent was evaporated in ~ 'ucuo  to a small volume and 
treated with excess cesium sulfate. The resulting brown pre- 
cipitate was recrystallized from water to givc 750 mg of rust- 
colored crystals of Cs(BloHloS)~Co. 

Anal. Calcd for Cs(B1oHl"S)pCo: B, 44.0; H, 4.1; S, 13.0; 
Co, 12.0. Found: B, 43.1; H ,  4.1; S, 12.9; Co, 11.8. 

The BL1 nmr spectrum at 32.1 Mc (Figure 8 )  consists of four 
doublets with relative intensities 4:  2 : 2 : 2. This spectrum is 
entirely consistent with the proposed icosahcdral structure (Fig- 
ure 1) with a stereochemistry in which the sulfur atom is ad- 
jacent to the cobalt. Thus the highest field doublet may be 
assigned to the two boron atoms adjacent to both sulfur and 
cobalt, the 24.4-ppm doublet can be assigned to two boron 
atoms adjacent to sulfur, the 15-ppm peak can be assigned to two 
boron atoms adjacent to cobalt, and the remaining four boron 
atoms which arc not strictly equivalent have a very similar chemi- 
cal shift leading to spectroscopic equivalence and giving rise to the 
doublet at 5.14 ppm. This assignment is consistent with the 
observed broadening of the resonance signals of the boron atoms 
adjacent to cobalt. The ultraviolet spectrum in acetonitrile 
shows absorption at 2260 (E 9160), 3150 ( e  22,600), 3700 (e  268, 
sh), and 4450 A (E 445). Polarographic reduction of the prod- 
uct occurs in acetonitrile solution at -0.77 v. 

Cs(BloHloS)zCo-NaOH Method.-A solution of 760 mg of 
BlaH12S in a minimum of lOy0 aqueous sodium hydroxide was 
treated with twice the volume of 50% aqueous sodium hydroxide 

5.i4 15 24.4 ? 

Figure 8.-B" nmr spectrum of Cs(BloH1oS)zCo in CHaCN a t  
32.1 Mc. 

and then added to a solution of 4.5 g of CoClz.6H20 in a mini- 
mum of water. The resulting mixture was filtered through Cel- 
ite, and the filtrate was treated with l / ~  volume of 50yc aqueous 
cesium hydroxide. The resulting brown precipitate was col- 
lected by filtration, dissolved in ethanol, and filtered. The 
dark filtrate was evaporated; the residue was extracted with ether 
and filtered. Evaporation of the filtrate gave 1.6 g of Cs(Blo- 
HloS)eCo, identified by comparison of the infrared spectrum 
with that of an authentic sample. Further purification was 
achieved by dissolving the product in ethanol, filtering, diluting 
the filtrate with water, and concentrating the solution on a 
rotary evaporator at ambient temperature. The resulting 
crystals were collected by filtration to give 1.26 g of yellow-orange 
Cs(BloHloS)2Co. The infrared spectrum of the product was 
identical with that of CS(BI(IHIOS)PCO prepared by the butyl- 
lithium method. 

BloHloSCoCsHj and (C;,H;,)zCo+(BloHloS)*Co-.-To a solution 
of 35.5 ml of 1.6 11 butyllithium (in hexane) in 40 ml T H F  was 
added 2.7 g of BloH12S with ice-bath cooling. After 15 min, 1.6 
ml of cyclopentadiene was added. After an additional 15 min 
2.3 g of cobaltous chloride was added; the mixture was heated to 
reflux, cooled, and filtered, and the filtrate mas evaporated. The 
residue was inshed with water and then extracted with ben- 
zene. The benzene extract was chromatographed on neutral 
alumina using 5 : 1 benzene--ethylene chloride. Crystallization 
of the chromatographed product from benzene-cyclohexane gave 
340 mg of orange plates of BloHloSCoCjHj, nip 267.5-268.5'. 

Anal. Calcd for BlOH18CoC5Hj: B, 39.4; C, 21.9; H, 5.5; 
S, 11.7; mol wt, 274. Found: B, 38.7; C, 22.8; H ,  5.8; S, 
11.7; mol wt, 274 (mass spectral) and 272 (cryoscopic in ben- 
zene). 

Thc H' nmr spcctrum of the product in acctonitrile-da shows a 
single resonance peak at 7 4.48 (CsH5). The ultraviolet spec- 
trum of the product in acetonitrile shows absorption a t  3240 ( E  

431),2870 (e 24,000), and 2320 A (E 6370). 
The benzene-insoluble residue was extracted with ethylene 

chloride, and the extract was chromatographed on neutral alumi- 
na (elution with ethylene chloride). Crystallization of the chro- 
matographed material from benzene-acetonitrile gave 590 mg 
of orange needles of (C6H6)*Co+(BloH,,S),Co-, mp 287-287 -5' 
(under N2). When heated in air, blackening occurs above -17.5". 

Anal. Calcd for (C~H~)ZCO*(B~~HI~S)PCO-:  B, 39.4; H, 
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5.5; C, 21.9; S, 11.7; Co, 21.4; half mol wt, 274. Found: B, 
39.1; H, 5.8; C, 22.0; S, 11.8; Co,  21.4; mol wt (cryoscopic in 
DMSO), 275. 

The H1 nmr spectrum in acetonitrile-& shows a single reso- 
nance at T 4.53 (C6H:). The ultraviolet spectrum in acetonitrile 
shows absorption a t  4365 (sh, e 720), 3605 (sh, e 3020, 3140, 23,- 
'iOO), and 2620 A (e  40,400). 

The principal absorption peak in the ultraviolet spectrum of 
cobalticinium perchlorate in water is reported to be a t  -2620 A 
( e  39,810).17 

The Bl1 nmr spectrum is identical with that of Cs(B1oHloS)zCo. 
BloHluSPt [P(CzH5)3] z.-To a mixture of 15 ml of tetrahydro- 

furan and 1.3 ml of a 1.6 M solution of butyllithium in hexane 
was added 304 mg of BloH&. After 10 min, 1.0 g of cis-di- 
chlorobis(triethy1phosphine)platinum was added. The result- 
ing solution was refluxed for 5 min and then evaporated in vacuo. 
Water was added to the residue, and the resulting mixture was 
extracted with methylene chloride. The extract was evapo- 
rated, and the residue was recrystallized from a mixture of 
methylene chloride and acetonitrile to give 340 mg of yellow 
plates. The acetonitrile solvate was heated a t  100' (0.1 mm) to 
give [ ( C Z H S ) ~ P ] Z P ~ B ~ ~ H ~ O S .  

Anal. Calcd for [(C~Hj)aP]zPtBloHioS: B, 18.6; H ,  6.9; C ,  
24.8; S, 5.5; Pt, 33.6. B, 18.3; H, 6.8; C, 25.8; S, 
5.8; P t ,  32.6. 

The ultraviolet spectrum in chloroform shows absorption a t  
2670 A (E 17,500) and 4070 A ( E  150). 
(CH3)4NBloHloSRe(CO)3.-To a solution of 13 ml of 1.6 M 

butyllithium in hexane and 40 ml of tetrahydrofuran was added 
1.5 g of BloH12S. The solution was stirred for 15 min a t  room 
temperature, 3.6 g of Re(C0)jCl was added, and the solution was 
refluxed for 2.5 hr during which period carbon monoxide was 
evolved. The mixture was evaporated in ?JQCUO, and the residue 
was dissolved in water and treated with excess tctramethylam- 
monium chloride. The resulting precipitate was dissolved in 
acetonitrile and treated with ether to precipitate 835 mg of 
(CHa)4NBl0Hl1S. The mixture was filtered, and the filtrate was 
evaporated in vacuo. The residue was twice recrystallized from 
ethanol to give 100 mg of crystals of (CH3)4NBioHinSRe(CO)3. 

Anal. Calcd for (CHB)4NBloHl~SRe(CO)3: B, 21.9; H ,  4.5; 
C, 17.0. Found: B,21.9; H,4.7; C,20.5. 

The ultraviolet spectrum in acetonitrile shows only end ab- 
sorption. The infrared spectrum of the product shows absorp- 
tion a t  2520 (B-H), 2100 (w), 1980 (C=O), 1480, and 950 cm-l 
J(CHa)4~+1. 

BloHloSCo [P(CZH~)JZ.-TO a mixture of 15 ml of tetrahydro- 
furan and 3.3 ml of 1.6 M butyllithium in hexane was added 400 
mg of BlaHl2S. After being stirred for 15 min a t  room tempera- 
ture, the mixture was cooled in an ice bath and treated with 965 
mg of [ ( C Z H ~ ) ~ P ] Z C O C ~ ~ .  The solution turned deep green a t  once. 
I t  was evaporated in vacuo, and the residue was treated with 
water and filtered to give 1 g of brown solid. Recrystallization 
from benzene followed by recrystallization from heptane-benzene 
and ether-benzene gave 200 mg of dark brown needles of [(CZH5)8- 
PI 2CoB1oHl0S. The infrared spectrum is nearly identical with 
that of [ (CZHS)~P] zPtBinHioS. 

Anal. Calcd for [ (CZHS)~P]ZCOB~OH~OS: B, 24.3; H, 9.1; C ,  
32.3; Co, 13.2. Found: B, 24.0; H, 8.7; C, 32.1; Co, 13.1. 

[( CH3)4N] Z ( C ~ H ~ B ~ ~ H ~ S ) ~ F ~ . - T O  a solution of 302 mg of 
(CH~)~NCOHSBIOHIOS in 15 ml of tetrahydrofuran was added 
1 ml of 1.6 M butyllithium in hexane. After 10 min, 200 mg of 
ferrous chloride was added; the mixture was warmed briefly, 
and then cooled and filtered. The filtrate was evaporated in vacuo 
and the residue was suspended in aqueous tetramethylammonium 
chloride and filtered to give 215 mg of [ ( C H ~ ) ~ N ] ~ ( C B H ~ B I O -  
HgS)zFe as red solid. The product was recrystallized from aceto- 
nitrile-ethanol. 

Anal. Calcd for [(CH~)~N]Z(C~HSB~~H~S)ZF~: C, 36.6; H ,  
8.0. Found: C ,  36.5; H,  8.1. 
(CH~)~N(CH~)~NNB~H~~.-TO a stirred solution of 18.5 g of 

Found: 

(17) G. Wilkinson, J .  A m .  Chem. Soc., 74, 6148 (1952). 

decaborane(l4) in 450 ml of ether was added dropwise 200 ml of 
0.7 M N,N-thionitrosodimethylamine8 in ether. The mixture 
was stirred for an additional 30 min. The supernatant liquid 
was decanted from the gum which had separated, and the gum 
was washed with ether. The gum was extracted with 10% aque- 
ous sodium hydroxide. The extract was filtered, and the filtrate 
was treated with excess tetramethylammonium chloride. The 
resulting precipitate was extracted with warm ethanol and 
filtered. The filtered ethanol extract was concentrated under 
reduced pressure and then treated with 1 : 1 benzene-cyclohexane 
to give 4.9 g of (CH3)4NC(CH3)zP\IP\IBDH12-. The product was 
recrystallized from ethanol-cyclohexane and then from a small 
volume of ethanol to give crystals melting a t  197-198" (bubbling). 

Anal. Calcd for (CH~)~N(CH~)ZNNBOHIZ:  B, 40.3; H ,  12.5; 
C, 29.9; N, 17.4; hydrolytic Hz, 1762 cc/g. Found: B, 40.4; 
H ,  12.1; C, 30.1; N, 17.4; hydrolytic Hz, 1753 cc/g. 

The product shows ultraviolet absorption in acetonitrile solu- 
tion a t  2850 A ( E  1510) with a shoulder a t  2250 A ( E  6100). The 
HI nmr spectrum in acetonitrile-& shows three peaks a t  T 7.1 
[(CHa)dN+, relative intensity 41, T 7.86 (N-CH3, relative inten- 
sity 0.74), and T 7.97 (N-CH3, relative intensity 1.1) suggesting 
the presence of two isomers. 

(CH3)3NNBBH~~.-A solution of 1.5 g of (CH3)4N(CH3)2- 
NNBqH12 and 5 ml of methyl iodide in 35 ml of acetonitrile was 
refluxed for 45 min. The mixture was evaporated under re- 
duced pressure, and the residue was suspended in water and fil- 
tered. The filter cake was washed with water to give 1.17 g of 
( C H ~ ) ~ N N B B H ~ Z  as a pale yellow solid. The product was re- 
crystallized from acetonitrile-ethanol to give colorless crystals, 
which decomposed quite suddenly a t  176.5' with formation of 
copious amounts of gas. 

Anal. Calcd for (CH&NNBQH~~:  B, 53.3; H,  11.6; C, 19.7; 
N, 15.4; hydrolytic Hz, 2330 cc/g. Found: B, 53.3, 52.8; H ,  
11.4, 11.3; C, 18.6, 20.6; N, 16.8; hydrolytic Hz, 2350 cc/g. 

The ultraviolet spectrum in acetonitrile shows absorption a t  
2230 A (e 7100). The H' nrnr spectrum of the product in aceto- 
nitrile-& shows a single peak a t  T 7.02 [-N(CH3)3]. The infra- 
red spectrum shows absorption characteristic of the -N(CH3)3 
group a t  1481 cm-l. There is no absorption attributable to N-H. 

(CH~),NB,HIZNH.-A mixture of 3 g of (CH3)4N(CH8)z- 
NNBBH12 (mixture of isomers), 100 ml of THF,  and 10 ml of 50y0 
sodium dispersed in mineral oil was stirred at reflux for 20 hr 
under a nitrogen atmosphere. The mixture was cooled, treated 
portionwise with ethanol, and evaporated in vacuo. The residue 
was treated with water and pentane. The aqueous layer was 
treated with tetramethylammonium chloride to give a precipi- 
tate of 1.9 g of colorless solid. This was boiled with 100 ml of 
ethanol. Undissolved ( C H ~ ) ~ N B ~ H I Z N H  was filtered off. On 
cooling, the filtrate deposited 235 mg of crystals of (CH3)4- 
NBBH,2NH, mp >300'. 

Anal. Calcd for (CH&NBSHIZNH: B, 49.0; H, 12.7; C, 
24.2; N, 14.1; hydrolytic Hz, 2140 cc/g. Found: B, 50.1; H ,  
12.4; C, 24.5; N, 14.6, 13.5, 13.7; hydrolytic Hz, 2084, 2106 
cc/g. 

The infrared spectrum shows sharp absorption a t  3390 cm-l 
(N-H str) and no absorption attributable to NHz deformation. 
The ultraviolet spectrum of the product in acetonitrile shows 
peaks a t  2180 A (E 8200) and 2750 A (sh, E 105). The H1 nmr 
spectrum in CD3CN shows peaks a t  T 7.11 ( (CH3)4N, relative in- 
tensity 12) and 7.91 (NH, relative intensity 1). The latter peak 
is shifted to T 6.95 on addition of a little DzO. The B11 nmr spec- 
trum is shown in Figure 9. 

CsBgHlZNH.-A solution of 600 mg of (CH3)4NB9H12NH in 
aqueous acetonitrile was passed through a sodium cation ex- 
change column, and the effluent was concentrated in vacuo to 
about 25 ml. The solution was treated with excess cesium sul- 
fate to give 630 mg (8170) of CsBgH12NH. The product was re- 
crystallized from ethanol-benzene-cyclohexane, 

Anal. Calcd for CsBQHlzNH: H, 5.1; N, 5.5. Found: H, 
5.4; N, 5.4. 

The ultraviolet spectrum in water shows absorption a t  2180 A 
(e 8570) and -2800 A (e 5). 
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39.3 

Figure 9.-B11 nmr spectrum of (CHa)4NBSH12SH in CH&X 
a t  19.3 Mc. 

CHJCNBgH11NH.-To a solution of 600 mg of (CH3)4KB9H1JXH 
in a small volume of acetonitrile cooled in an ice bath was added 
dropwise a cold, concentrated solution of bromine in acetonitrile 
until the bromine color was no longer discharged. The mixture 
was poured into a cold aqueous solution of sodium acetate and 
sodium bisulfite. The resulting precipitate was collected and 
dried first a t  0' (0.1 mm) and then a t  25" (0.1 mm). The prod- 
uct was then sublimed onto a -80' cold finger a t  80' (0.1 mm) 
to give 300 mg of CH&K.BgH1lNH, mp 85-88". 

Anal. Calcd for CHjCN.BBHl1NH: B, 59.1; H,  9.2; C, 

14.6; N, 17.0; hydrolytic Hs, 2450 cc/g. Found: B, 61.1; 
H, 9.5; C, 15.2; N, 16.0; hydrolytic H?, 2288 c c / ~ .  

'The product must be stored in an inert atmosphere as i t .  ( IC-  

composes in air. A pentane solution of CH~CN.BSHIINH in 
air rapidly deposits a flocculent solid which contains OH groups 
(by infrared analysis). 

The mass spectrum of CH3CXB~H11NH (solid injection) shows 
no parent peak, but an intense peak occurs a t  m/e 41 correspond- 
ing t o  CHaCN', and the spectrum cuts off a t  nz/e 125 corrcspond- 
ing to "B9H11NHC. Thus, complete fragmentation occurs to 
CHBCN and BgH1lXH. 

The H1 nmr spectrum in CD3CS shows a single peak a t  T 6.98 
(CH3CN'). The infrared spectrum shows peaks a t  3400 (N-H 
str), 2550 (B-H str), and 2340 cm-' (C=N str). The ultraviolct 
spectrum in acetonitrile solution has A,,,,, 2410 A (e 10,400). 

CHICN.BgH11XH can also be prepared by treatment of an 
acetonitrile solution of BBH1?NH- with iodine, N-chlorosuccin- 
imide, N-bromosuccinimide, or S-iodosuccinimide. 

Treatment of a solution of CH3CP\!.B9H11NH in benzene with 
triethylamine gave (C2H;)3SBSHIlNH as a colorless solid identified 
by the presence of resonance peaks characteristic of ethyl groups 
in its H' nmr spectrum and by the absence of infrared absorption 
characteristic of C=N. 

Reaction of CH3CNBgH11NH with lithium aluminum hydride 
or lithium borohydride in T H F  gave B,H,zKH-, isolated as the 
tetramethylammonium salt and identified by comparison with 
an authentic sample. 
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Vapor pressure-composition isotherms indicate the following relative order of Lewis acidity toward phosgene: 
SbClj > BC18. 
tion from Raoult's law. 
white solid melting a t  25" and has a dissociation pressure of 36 and 440 mm a t  0 and 2 5 O ,  respectively. 
trum agrees only with an oxygen-bridged coordination complex and not with any ionic structure postulated earlier. 

A1C13 > 
Whereas AICl, forms a well-defined 1: 1 adduct with COC12, the BCI3-COCla system shows a positive devia- 

The adduct is a 
Its infrared spec- 

Contrary to earlier literature reports COClz forms only a 1 : 1 adduct with A1C13. 

Introduction 
Complex formation between COCl, and the Lewis 

acid AICls was first described by Baud.l The existence 
and characterization of the following complexes were 
reported: (i) AlzCI6. ?icOcl2, liquid, mp - 2 O ,  vapor 
pressure 760 mm a t  30'; (ii) AI2C16.3COCl2, liquid, mp 
9', and (iii) 2AlzC16. C0Cl2, solid, decomposing a t  150'. 
Later, the properties of solutions of AlC13 in liquid 
COClz were extensively studied by Germann and co- 

Based on their work these solutions were 
(1) E. Baud, Compt. Rend., 140, 1688 (1905). 
(2) A. F. 0. Germann, Science, 61, 71 (1925). 
(3) A. F. 0. Germann, J .  Phys. Chem., 28, 885 (1924). 
(4) A. F. 0. Germann, ibid., 29, 138 (1925). 
(5) A. F. 0. Germann, ibid., 29, 1148 (1925). 
(6) A. F. 0. Germann and C. R. Timpany, ibid., 29, 2275 (1925). 
(7) A. F. 0. Germann and G. H. McIntyre, ibid., 89, 102 (1925). 
(8) A. F. 0. Germann and D. M. Birosel, ibid., 29, 1469 (1925). 

considered as a solvent system of acids and  base^,^,'^ 
assuming for the solvent a self-ionization comparable to 
that of HnO. Consequently, the AIC13-COC12 adducts 
were generally believed to be ionic, containing COC1+ 
or C 0 2 +  cations and AlCL- anions. More recently, 
Huston" has shown in a tracer study of the C0Cl2- 
AlC13 system that the exchange rate of radioactive 
chlorine between AlC& and COClz is slow. I t  was 
therefore suggested that the active agent in solutions 
of AIC13 in liquid COClz is A1C13 itself and not C 0 2 +  
or COC1+. However, interaction between COClz and 
A1C13 through a chlorine atom, without actually break- 

(9) L. F. Audrieth and J. Kleinberg, "Non-Aqueous Solvents," John 

(10) T. Moeller, "Inorganic Chemistry," John Wiley and Sons, Inc.. 

(11) J. L. Huston, J .  Iizorg. Nz ic l .  Chem., 2,  128 (1956). 

Wiley and Sons, Inc., New York, K. Y., 1953. 
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