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In  the preparation of o-tolyldichloroborans and p-xylyldichloroborane migration of the methyl group ortho to the BClt 
group occurred. The evidence suggests that  rearrangement occurs in a traniition state in which the BCl:, group is only 
weakly bonded to the aromatic system. 

We have recently reported the preparation of some 
novel organoboron halides,' made in the course of the 
systeniatic preparation of a wide range of aryldihalo- 
boranes2 In the same work some novel rearrangement 
reactions involving the migration of a methyl group 
from a position ortho to a dichloroboron group were dis- 
covered and are the subject of the present communica- 
tion. 

We have used two methods3s4 for the preparation of 
o-tolyldichloroborane from o-bromotoluene, both in- 
volving the o-tolyl Grignard reagent. In the first 
route3 the Grignard reagent is first converted into the 
corresponding arylniercury chloride from which the 
product is obtained by the action of boron trichloride. 
The second route4 involves the reaction of the Grignard 
reagent with tri-n-butyl borate followed by hydrolysis, 
to give the o-tolylboronic acid. Dehydration gave o- 
tolylboronic anhydride which was heated a t  150' in an 
atmosphere of refluxing boron trichloride. 

Examination of the reaction products revealed that 
the first procedure gave a product which was 95% o- 
tolyldichloroborane and 5y0 m-tolyldichloroborane. 
The second procedure gave a product which was ca. 
40% o-tolyldichloroborane and 60% m-tolyldichloro- 
borane. 

In the attempted preparation of p-xylyldichloro- 
borane the method of M ~ e t t e r t i e s ~ , ~  was followed with 
minor modifications. In  this a mixture of aluminum 
powder, aromatic hydrocarbon, boron trichloride, and 
activators of methyl iodide and iodine are heated to- 
gether in an autoclave. The product was ca. 90% m- 
xylyldichloroborane, the other 10% being the ortho 
isomer. 

It is well known that Lewis acids in the presence of 
hydrogen halide catalyze the isomerization of alkyl- 
substituted benzene derivatives. Detailed study on 
these ~ y s t e m P - ~  supports the general mechanism pro- 
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posed by McCaulay and Lienlo and i t  seems natural to 
seek a generalization of their mechanism to cover the 
isomerizations reported in this paper. 

The important step in McCaulay and Liens' niecha- 
nisni is the protonation of the aromatic hydrocarbon; 
i t  is the complex so formed which is believed to re- 
arrange 

Ar + HX --+ ArH+X- (1) 

It is pertinent to note that in our reactions there will be 
negligible quantities of hydrogen halide8 so that equi- 
librium 1 is probably unimportant. This view is sup- 
ported by the finding that in the attempted preparation 
of the p-xylylboron dichloride negligible rearrangement 
of the unreacted hydrocarbon occurs. This is im- 
portant also becaase i t  helps us to select the vital re- 
arrangement step in a heterogeneous reaction mixture of 
some complexity. 

The following evidence may be adduced. 
(1) Heating a mixture of 0- and m-tolylboron di- 

chlorides a t  100' for 8 days did not change the isomer 
ratio, while heating the same mixture a t  approximately 
the same temperature in an atmosphere of refluxing 
boron trichloride for 7 hr led to a marked decrease in 
the percentage of ortho isomer (79% instead of 95%)) 
but there was little change in the percentage of the 
meta isomer. We conclude that boron trichloride does 
not bring about rearrangement but i t  may increase the 
meta: ortho ratio by preferential reaction with the 
ortho isomer, particularly if the over-all yield is appar- 
ently low. 

A mixture of 0- and m-xylyldichloroboranes 
showed no time dependence in its proton nmr spectra 
although the mixture was repeatedly heated to 100'. 

The possibilities of isomeric mixtures existing 
in the aryl halide and hydrocarbon starting materials 
and of rearrangement prior to reaction with boron tri- 
chloride were excluded by proton nmr studies on these 
materials. 

The above evidence suggests that rearrangement 
occurs in steps involving actual reaction with boron tri- 
chloride. 

(4) No mixture of isomers was obtained in the 
preparation of the m- and p-tolyl- and the o-(3,4-di- 
methyl)- and m-(3,5-dimethyl)xylyIdichloroboranes, al- 
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though the reaction conditions employed were exactly 
similar. This suggests that isomerization may be the 
result of steric crowding; around vicinal ring positions, 
the degree of isonierization being dependent on the 
severity of reaction conditions. 

Since the one common denominator relating all three 
preparations is that of a chloroboron group entering 
ortho to a niethyl group, i t  is reasonable to suggest that 
the three rearrangements occur by related mechanisms. 
The experimental data suggest that isomerization 
occurs in the preparative step involving boron trichlo- 
ride and that the resultant mixture of isomers is due to 
methyl group migration rather than variation in the 
position of attack by the boron halide (an alternative 
does not exist in the case of the fi-xylyl compound, 
where rearrangement is more extensive). 

I t  is pertinent to note that in all of the rearrange- 
ments the major (in the o-tolyl preparations, the only) 
isomerized product found is that in which the methyl 
group is in a position metu. to the dichloroboron group 
suggesting that an electron-withdrawing (and thus a 
meta-directing) dichloroboron group once in the ring 
regulates the position taken up by the migrating 
methyl group. The 107, of ortho isomer found in the 
i>-xylyl preparation might be explained in terms of the 
high lability of a methyl group in a reaction requiring 
comparatively violent conditions. It therefore appears 
that the rearrangements most probably occur in a tran- 
sition state involving the aromatic system and boron 
halide such that the outgoing groups are partially re- 
leased. So, for example, in the reaction between boron 
trichloride and o-tolylmercuric chloride one may pic- 
ture this transition state as follows. The outgoing 
molecule HgCl . . . . (Cl) temporarily blocks the 1 posi- 
tion, while the RClz (Cl) unit removes electron 
density from both the C-Hg and C X H 3  bonds (the 
BClz group, which we presunie to be bent and in a 
singlet spin state, has two formally empty orbitals. 
one pure p and the other a mixture of s and p) .  This 
labilization of the 2 position no longer occurs when the 
BCle group is trapped in the 1 position. This mecha- 
nism is related to that of McCaulay and Lienlo in that 
they both invoke transition states involving strongly 
electron-withdrawing groups acting upon a C-CH, 
bond. However, a difference arises in that our mech- 
anism requires that the transition state complex de- 
tailed above has some finite independent existence, 
( i e . )  i t  may be an intermediate) since all rearrange- 
ments must occur within its lifetime. It is possible to 
devise reaction schemes in which this limitation does 
not occur, but these alternatives lack the generality of 
that described above. 

Experimental Section 
Preparation of o-Tolyldichloroborane. (1 ) Arylmercuric 

Halide Route.-To the Grignard reagent made from magne- 
sium (10.4 g)  and 0-brotiiotoluene (73.0 g )  in ether (200 1111) 

was added mercuric chloride ( 1  l f i . 0  g ) ,  nritl the iiiixture w a s  
refluxed for 2 hr after the rractiuii Iiad subsidetl. After Iiy- 
drolysis the resultant solid was extracted with and recrystal- 
lized from chloroform. Drying in ~ Q C U O  for 1 day yielded o- 
tolyltncrcuric chloride (78 x). Into 43.0 g of the latter in rc- 

Iluxiiig beuzeiie (200 nil) boron trichloride was passed and re- 
fluxed from a condenser held a t  -78' for 4 hr. At the end of 
this time excess boron trichloride was allowed to escape. Mer- 
curic halide was filtered from the cooled solution and the product 
(20 g,  5OOjo) was obtained by distilling a t  C Q .  47" (0.15 mm).  A 
stuall amount of mercuric chloride also collected was completcly 
removed by storing the product a t  0' for several weeks followcil 
by centrifuging. Comparison of both integrated nmr and infra- 
red spectra of a prepared mixture of the ovtho and nzeta coni- 
pounds with that  of a sample produced by the above reaction 
showed the latter to be a 19: 1 mixture of ortho and mete coni- 
pounds. Repeated fractionation gave a small quantity of the 
pure ortho isomer. Anal. Calcd for C;HiBCI2: C, 48.0; H, 
4.1. Found" (ovtho isomer): C, 40.0, 40.5; H, 3.6, 4.1. 

Boronic Anhydride Route.-The Grignard reagent ~ n a d e  
from magnesium (14.2 g)  and o-brornotoluene (100.0 g) in T H F  
(300 ml) was brought into reaction with tri-n-butyl borate (160.0 
nil) by simultaneous addition of the reactants to cold ( -78 ' )  
stirred T H F  solvent (500 ml). After addition had been 
completed, the solution was allowed to warm to room temprrature 
and hydrolyzed, and the solid vias repeatedly extracted with hot 
water. The combined aqueous and T H F  layers were evaporated 
to  imminent crystallization. The boronic acid (27.2 g )  was 
dehydrated in vacuo to give o-tolylboronic anhydride (23.5 g).  
No reaction was apparent between the anhydride (20.0 g )  and 
refluxing boron trichloride (25 ml) a t  room temperature after 3 
hr and so the solid anhydride was heated gradually to 150" (3 hr) 
at which temperature reaction proceeded rapidly. Some car- 
bonization occurred. Excess boron trichloride was allowed to 
escape and volatiles were distilled from the reaction vessel. Frac- 
tionation of the products gave a 3 : 2  mixture of m- to o-tolyl- 
dichloroborane (bp 84-86" (1 mm)) ,  11.7 g (32c/I), together with 
several fractions consisting of complex mixtures of hydrocarbons. 
Multiple refractionations led to the isolation of small quantities 
of the pure components. The composition of the reaction prod- 
uct was established by nnir and by measuring its dipole moment: 
calculated for a 3 : 2  mixture, 2.205 D.; found, 2.204 D .  (The 
dipole moments of the pure components were found to be 
1.995 D. for ortho and 2.343 D. for nzeta, all measurements being 
made in carbon tetrachloride solution a t  25' . I 2 )  

In both of the above preparations it was established by proton 
nrnr that  in none of the intermediates had rearrangement oc- 
curred. In  the case of the boronic anhydride this was done by 
first reconverting it into the boronic acid. 

To determine whether the isomerization of o- to nz-tolyldi- 
chloroborane could occur by heat alone, a sealed nmr tube con- 
taining some of the 19 : 1 isomer mixture was heated at 100" and 
its proton nmr spectrum was run on alternate days. The experi- 
ment was discontinued after 8 days, there being no detectable 
difference between the original and final spectra. 

The  same mixture of isomers was refluxed for 7 hr a t  ca. 100' 
in an atmosphere of refluxing boron trichloride. Xt  the end of 
this time the integrated intensity of the niethyl peak associated 
\Tit11 the ortho isomer accounted for only ca. 79yc of the ab- 
sorption in this spectral region. Other peaks a t  7 7.24 (9%), 
7.42 ( 5 % ) .  and 7.81 (weaker than but  close to and integrated 
with the mete peak a t  T 7.83 (7yc)) are not found in the spectra of 
any tolyl- or xylylboron chloride that  we have prepared and are 
presumably to be associated with hydrocarbon decomposition 
products. 

Attempted Preparation of p-Xylylboron Dichloride.-Muet- 
terties has described a method for the preparation of aryldi- 
chloroboranes6,6 in which aromatic hydrocarbon, aluminum 
powder, and boron trichloride in the molar ratio of 4: 1:2  in the 
presence of activators were heated in an autoclave. Using 9- 
xylene as the hydrocarbon and heating a t  150' for 1 hr, no hy- 
drolyzable product was obtained. Raising the temperature ef- 
rectrtl 1 1 0  i i n j r o v e u t r i ! l .  The variables in the preparation were 

(2 )  
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Vol. 6 ,  No. 11, November 1967 BORANE CARBONYLS AS ACYLATING AGENTS 1977 

systematically altered and i t  was found that  a reactant weight 
ratio of ca. 2.5: 1 :4  heated for 2-2.5 hr a t  150' maximized the 
yield, although this was still only moderate. So, from $-xylene 
(30.0 ml), aluminum (10.0 g), boron trichloride (40.0 g), and 
0.1 g of methyl iodide and 0.1 g of iodine as activators after 
iiiultiple fractionation a t  0.4-0.5 mm and 6-70', 8 g of product 
was obtained. The presence of a small amount of unreacted 
aluminum a t  the end of the reaction indicated the absence of 
appreciable concentrations of HCl during the reaction. 

The nmr spectrum of the product indicated that  the product 
was a 9: 1 ratio of the meta (3,5-dimethyl) to ortho (3,4-dimethyl) 
isomers. It was not found possible to separate them, but  the 
mixture analyzed correctly. Anal. Calcd for CsHgBC12: 

C, 51.4; H ,  4.9. Found: C, 49.8; H, 4.9. Further, the dipole 
moment of the mixture, 2.517 and 2.519 D., the two measure- 
ments being on samples from different preparations, agrecs 
well with that  calculated, 2.506 D. (The dipole moment of thc 
pure o-xylyl compound is 2.681 D. and that  of the pure meln 
isomer 2.487 D., all measurements being made in carbon tetra- 
chloride solution a t  25'.'8) Pure ortho and metn isomers were 
made by Muetterties' method5se (xylene: boron trichloride : 
aluminum weight ratio of CQ. 2 :2 :1 ,  heating a t  150" for 1 hr);  
no rearrangements occurred in these preparations. 
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The reaction of 1,10-B&!ls(C0)2 with N,N-dimethylaniline has given ~ , ~ ~ - B I u C ~ ~ [ C O C ~ H . I N (  C H ~ ) ~ ] Z ~ - .  The reactions of 
various carbonyl derivatives of BloHlo2- with BloHlo2- and several of its derivatives have given a series of bis-boranyl ketones, 
exemplified by ( CHa)2SBioHsCOBioHga-. The carbonyl groups in these ketones are exceedingly basic, and the anions are 
customarily isolated as salts of protonated species, e . g . ,  ( CH,~)1SB,oHsCOHB,oH82-. 

A diverse chemistry has previously been reported for 
carbonyl derivatives of BloHloz- and B12H1z2-. 1--5 
Carbonyls such as ~ ,~O-BIOH~(CO)Z,  l,lO-BloCl~(CO)s, 
B1zHlo(C0)2, and 1,6-(CH3)zSBloHsC0 have been used 

droxymethyl, nitrile,2,3 and other derivatives of the 
HI" and By2 cage anions. They have also been treated 
with organomercurials to obtain acyl derivatives.3 
Acyl derivatives had previously been obtained5i6 by 
the reaction of aromatic acid halides with BloHloz- 
and had been shown6 to have ketonic properties 

as intermediates to c a r b o ~ y l , ~ - ~  isocyanate,z-4 h Y- 

(CsHa) zHg 
l,lO-BloCls(CO)z -+ 1,10-B10Cls(COC2Hs)22- 

BloH102- + CsHaCOCl+ ~ - B I ~ H ~ C O C ~ H ~ ' -  

We wish to report that a third route to such organo- 
inorganic ketones consists of using borane carbonyls 
as acylating agents for active organic aromatic com- 
pounds. Furthermore, these carbonyls acylate the 
Blo cage to give a series of bis-boranyl ketones. The 
first type of acylation is exemplified by the reactions of 
1,7-B1zHlo(C0)z and l,lO-Bl&l~(CO)z with N,N-di- 
methylaniline 

CnHsN (CHa) z 
1,10-BloClb( CO)n - + 1,lO-BioCls [COCeHdN( CHg)2]22- 
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CsHaN(CHd? 
1,7-BizHdCO)z - ---f ~,~-BI~H~~[COC~H~N(CH~)ZIZ~- 

These anions can be isolated as inner salts, e.g., 1,1& 
BloCls [COC6H4NH(CH&]Z, or as normal salts. The 
infrared carbonyl stretching frequencies for [ (CH3)4N Iz- 
lfl0-B1OCl~ [C0C6H4N(CH3),]2 and CSZ- 1,7-BlzH10 [CO- 
C ~ H ~ N ( C H ~ ) ~ ] Z  are a t  1620 and 1600 cm-I, respec- 
tively. A value of 1615 cm-t was previously reportedG 
for [(CH3)4N]zB10C19COCBH5. 

The reaction of ~ , ~ O - B I O H ~ ( C O ) ~  with (NH4)2B10H10 
proceeds smoothly in acetonitrile to give, after work-up 
in aqueous solution, BloH~COBloH~COOH". How- 
ever, the ketocarbonyl group in this inorganic ketone 
is extremely basic; the isolated salts of this anion are 
invariably protonated so that a more realistic repre- 
sentation of this species is ~ I ~ H ~ C O H B ~ ~ H ~ C O O H ~ -  

- H +  H10 
BloHs(CO)2 + BloHlo-' + [BI~HIICOBIUHBCO~-I - 

- H  
H f  

B I ~ H ~ C O B I U H ~ C O O H ~ -  e B I O H Q C O H B ~ ~ H ~ C O O H ~ -  

Titration in water of the conjugated acid of this anion 
shows the presence of three strongly acidic protons, one 
weakly acidic, and one very weakly acidic, in agreement 
with this representation. Similar protonated species 
and their preparations include 

BinHa(CO)> + BIuHYS(CH~)J-+  

Hll,C18( co 12 + I~IOH8 IS( CIiI 121 2 - (CHj)zSBioHsCOHBloH~COOH2- 

[(CH~)S]nBioII.iCOHBioClaCOOH- 

( C € I ~ ) Z S B ~ ~ H B C O  4- BioHlo2- 4 ( C H I ) ~ S B I O H ~ C O H B ~ ~ H ~ ~ -  

(CHJ)JNBJUH&O + BioHio2- --f (CHJ)JNBIOHSCOF-IBIUH~'- 


