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should permit the reduction of functionally substituted 
carbonyl corn pound^.^,^ 

A reasonable mechanism for the reduction is outlined in 
Scheme I1 and is based on analogy to known reactions. 
Thus, it  has long been recognized that organoboranes 
which contain an electronegative substituent p to the boron 
atom are prone to elimination, especially in the presence of 
 nucleophile^.^,^ Furthermore, diazenes are unstable and de- 
compose to  yield alkanes in the presence of proton 
s0urces .9 ,~~ 

The reaction appears to be a general one, producing good 
yields of the reduction products. I t  depends only on the 
availability and stability of the tosylhydrazone derivative. 
Owing to the mildness of the reaction, we feel that it should 
be applicable to a variety of substituted ket0nes.j 

Our results are summarized in Table I. 

Table I 
Conversion of Ketones to the Corresponding 

Methylene Derivativesa 

Ketonea Registry no. Productb Registry no. Yield, %' 

2-Octanone 111-13-7 Octane 111-65-9 91 (81)' 
Isophorone '78-59-1 3,5,5-Tri- 933-12-0 41 

methyl- 

hexenee 
cyclo- 

Cyclohexa- 108-94-1 Cyclo- 110-82-7 92 
none hexane 

cyclo- cyclo- 
2-Methyl- 5133-60-8 Methyl- 108-87-2 64 

hexanone hexane 

none nane 
a The ketones were f i r s t  converted to  the corresponding tosyl- 

hydrazones. Products exhibited physical and spectral parameters 
in agreement w i t h  those of authentic samples. G L C  analysis. 

Isolated yield. e Reduct ion occurs w i t h  migrat ion of the double 
bond. 

Norborna- 4137-38-1 Norbor- 279-23-2 63 

Experimental  Section" 
Mater ia ls .  The tosylhydrazones (Table 11) were prepared ac- 

cording t o  the  method described by Hutch ins  e t  al.3a 
G e n e r a l  P r o c e d u r e  f o r  Reduct ions.  T h e  reduct ion o f  2-octa. 

none is representative. T h e  tosylhydrazone of 2-octanone (52.7 
mmol, 15.64 g) was dissolved in 105 ml o f  chloroform a t  
Catecholborane (58 mmol, 6.31 m l )  was added and the  hydrobora- 
t i o n  was allowed to  proceed for 20 min. Sodium acetate trihyd- 
rate l3  (155 mmol ,  21.1 g) was then added and the  reaction mix tu re  
was brought  t o  a gentle re f lux for 1 hr.14 GLC analysis indicated a 

Table I1 
Melting Points of the Tosylhydrazones Utilized 

Ketone Registry no. MP, c 

2 -0ctanone 54 79 8 -7 6 -4 96.548 
Isophorone 21 195 -62-0 14  2 -1 44 
Cyclohexanone 4545 -18 -0 155-1 58 
2 -Methylcyclohexanone 52826 -41 -2 112-114 
Norbornanone 38397-34-1 194-196 

90.8% y ie ld  of  octane w i t h  n o  evidence for alkene formation. T h e  
product  was dist i l led f r o m  the  reaction mixture, bp 124-127'. The 
y ie ld  of octane was 4.78 g (81%). 
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Since the pioneering work by Wittigl and Roberts2 on 
the chemistry of arynes, extensive research has been done 
in this area. A monograph which summarizes much of this 
work has appearedS3 Roberts4 and coworkers have observed 
that t h e  reaction of o-chlorotoluene w i th  potass ium amide 
yields 0- and m-toluidine in approximately equal 
amounts .  This result is surprising, since one would expect 
the inductive effect of the methyl group to operate in such 
a way as to make the amount of the ortho isomer which is 
formed much greater than that of the meta isomer. For ex- 
ample, treatment of p -  chlorotoluene with potassium amide 
in liquid ammonia yields m- and p-toluidine in a 3:2 ratio, 
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meta to para, respectively. Roberts suggested that the low 
yield of the ortho isomer may be due to the operation of a 
steric factor. I t  is conceivable that the methyl group offers 
some steric hindrance to  the attacking species, be it ammo- 
nia or amide ion. Additionally, Roberts e t  al.4 have ob- 
served that t h e  reaction of o-chlorotoluene wi th  sodium 
amide  in liquid ammonia  yields 0- and m-toluidine in a 
ratio of 2:l. If one is to argue that steric hindrance of the 
methyl group makes it difficult for the carbon atom which 
is ortho to be attacked by amide ion or ammonia, it is hard 
to offer a reasonable explanation for the difference in the 
isomer distribution which is obtained by the action of sodi- 
um and potassium amide with o-chlorotoluene in liquid 
ammonia. 

The change in isomer distribution may be linked to the 
amide's counterion. With this in mind, three experiments 
were conducted, viz., the reaction of o-chlorotoluene with 
lithium, sodium, and potassium amide. The results are list- 
ed in Table I. 

Table I 
Reactions of o-Chlorotoluene with Alkali Amides, MNHz 

%I % 0-toluidine % rn -toluidine Ratio, o-:m- 

Li 73 27 -3: l  
Ka  67 33 2: l  
K 54 46 -1:l 

In this study the isomer distributions were determined 
by vapor phase chromatography. Reference to Table I 
shows that as the metal is varied from lithium to sodium to 
potassium, the percentage of 0- toluidine decreases in this 
order. A possible explanation for this trend follows. I t  is 
probable that the metal cation-amide anion bond has some 
degree of covalency. The extent of covalent bonding should 
increase as the metal cation is varied from potassium to so- 
dium to  lithium since the ionic radii of the metal cations 
are as follows: Li+, 0.6 A; Na+, 0.95 A; and K+, 1.22 A.5 
Thus lithium ion, having a greater concentration of charge, 
would have an inherently greater polarizing effect upon the 
amide ion than would sodium or potassium. This would 
lead to greater covalent bonding in lithium amide than in 
sodium or potassium amide. 

The differences in the basicities of the alkali amides is 
also a basis for the contention that there are differences in 
covalent bonding in alkali amides. Leake6 found that the 
reaction of sodium and potassium amide with chloroben- 
zene gives fair yields of aniline whereas the same reaction 
with lithium amide gives no aniline and results in a high re- 
covery of chlorobenzene. Since Roberts and coworkers4 
have been able to show that the rate-determining step of 
the benzyne reaction is the abstraction of a benzenoid hy- 
drogen atom by a strong base, it  is possible that Leake's re- 
sults may be due to differences of basicity of the alkali am- 
ides. I t  is likely that the degree of covalency in the alkali 
amide series is related to their basicity. The more the elec- 
tron pair of the basic nitrogen is called on for bond forma- 
tion, the less it will be available for acid-base reactions. 
,Thus lithium amide would be the least basic, since it prob- 
ably has the highest degree of covalency. 

If the assumption is made that the alkali amides have 
different degrees of covalency in liquid ammonia, then the 
results become intelligible on the basis of steric repulsion 
in the transition state. The transition state is pictured as 
involving the bond formation between the 2-toluyne and 
the lone pair of electrons on the nitrogen atom of the alkali 
amide. The geometry of the metal amide is dependent 
upon the degree of covalency of the metal-nitrogen bond. 

The more covalent the metal-nitrogen bond is, the more 
sp3 character it will have. Conversely, the less covalent 
character the metal-nitrogen bond has, the more sp charac- 
ter it will have. The proposed transition state of the addi- 
tion of lithium amide to the toluyne is represented by 1. I t  

1 

is seen that there is very little steric repulsion between the 
methyl group of 2-toluyne and the hydrogen atoms of the 
amide ion because the geometry of the amide ion is proba- 
bly much closer to a tetrahedron (sp3 hybridization) than 
to a linear molecule (sp hybridization) owing to the in- 
creased covalency of the lithium amide species. Thus, the 
ortho isomer can be formed without much difficulty, since 
there is little interaction between the methyl group and the 
hydrogen atoms of the amide ion. 

However, since potassium amide is not as covalent a 
compound as lithium amide, it probably has a larger degree 
of sp character and thus there will be steric repulsion be- 
tween the methyl group and the amide ion hydrogen atoms. 
The proposed transition state for the addition of potassium 
amide to 2-toluyne is shown in 2. 

H I CF 

n 
L 

Thus, it appears likely that the metal associated with the 
alkali amide makes an important contribution to the ob- 
served results. The ability of the metal to coordinat,e with 
the amide ion in varying degrees probably controls the ge- 
ometry of the transition state. I t  should also be pointed out 
that  the nucleophilicity (because of basicity and solvation 
effects) increases in the order LiNH2 < NaNHz < KNH2. 
Furthermore, it  is known7 that the species of greatest nu- 
cleophilicity (KNHz is this case) results in the least selec- 
tivity, which in the present experiments would oppose the 
steric effect and would agree with the results reported in 
Table I. 

Experimental  Section 
Vapor Phase Chromatography. The isomer distribution anal- 

yses were performed with a Kromo-Tog K-2 vapor phase chroma- 
tograph. Good resolution of the o- and rn-toluidine mixture (reten- 
tion times: o-toluidine, 26.5 min; m-toluidine, 30.5 min) was ob- 
tained by use of a column containing 10% UCOK HB-2000 on Fluro- 
pak-80 using helium as the carrier gas at  a flow rate of 80 mlimin, a 
detector voltage of 170 mA, and a temperature of 130'. 

Reaction of o-Chlorotoluene with Sodium Amide in Liquid 
Ammonia. Liquid ammonia (500 ml) and a few crystals of ferric 
nitrate were added to a 1-l., three-neck, round-bottom flask 
equipped with a slip-seal stirrer, Dry Ice condenser, and a glass 
plug. Sodium (4.6 g, 0.2 mol) was added over a 10-min period. 
After the discharge of the blue color 12.7 g (0.1 mol) of o-chloroto- 
luene was added dropwise over a 15-min period. The reaction was 
allowed to continue for 15 min. Then 13.5 g (0.25 mol) of ammoni- 
um chloride was added. The Dry Ice condenser was replaced by a 
West condenser, 150 ml of ether was added, and the ammonia was 
removed by heating on a water bath. The reaction mixture was 
poured onto an ice-hydrochloric acid slurry and was extracted 
with three 100-ml portions of ether. The residual aqueous phase 
was made basic with sodium carbonate and extracted with three 
100-ml portions of ether. The combined ether extracts were dried 
over sodium sulfate. After evaporation of the solvent, a liquid resi- 
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due (6.4 g, 60%) containing a mixture of 0- and m-toluidine was 
obtained. The mixture consisted of 67% o-toluidine and 33% m- 
toluidine as determined by vapor phase chromatographic analysis. 
In  addition 4.0 g (31.5%) of o-chlorotoluene, bp 157-159' (760 
mm), was recovered. 

React ion  of o-Chlorotoluene with Lithium A m i d e  in Liquid 
Ammonia .  Using the same procedure as that  which was employed 
with sodium amide and o-chlorotoluene, the reaction of lithium 
amide (0.2 mol) and o-chlorotoluene (12.7 g, 0.1 mol) gave upon 
the removal of the solvent 0.5 g (2%) of a mixture containing 73% 
o-toluidine and 27% m-toluidine. In addition, 11.5 g (90.5) of o- 
chlorotoluene, bp 157-159O (760 mm), was recovered. 

React ion  of Potassium Amide  and o-Chlorotoluene in Liq- 
uid Ammonia.  The reaction of potassium amide (0.20 mol) and o- 
chlorotoluene (12.7 g, 0.10 mol) gave upon removal of the solvent 
6.7 g (63%) of a mixture containing 54% o-toluidine and 46% m-to- 
luidine. Also, 3.9 g (30.7%) of o-chlorotoluene, bp 156.5-159' (760 
mm), was recovered. 

Regis t ry  No.-Lithium amide, 7782-89-0; sodium amide, 7782- 
92-5; potassium amide, 17242-52-3; 0- toluidine, 95-53-4; m-tolui- 
dene, 108-44-1; o-chlorotoluene, 95-49-8. 
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picrate derivative (6) corresponding to that of a methylo- 
lated imidazole. NMR data on the methylolated imidazole 
indicates the presence of the -NCHzO- protons by a singlet 
a t  6 5.39 (in DzO), in agreement with the values reported by 
Dunlop, Marini, Fales, Sokoloski, and Martin3 (6 5.40 in 
DzO). Boiling this material in water yields imidazole. These 
data indicate that the liquid is 1-imidazolemethanol (2). 
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Spectral,l,2 NMR,3 and potentiometric4 studies have 
shown the formation in solution of 1-imidazolemethanol(1) 
from the reaction of imidazole and formaldehyde, although 
1 was not isolated. These studies show that only one nitro- 
gen is involved in methylol formation in basic media.3,4 In 
an acid both ring nitrogens may be hydroxym- 
ethylated. Jones5 has shown that 1-benzylimidazole forms 
the 2-hydroxymethyl derivative in nearly quantitative yield 
in a sealed tube reaction between formaldehyde and l-ben- 
zylimidazole. 

From a sealed tube reaction between imidazole and 
formaldehyde at 120-130°, a liquid fraction was isolated by 
chromatography of the crude product. This material gave a 

From this same reaction there was obtained a white, 
crystalline ,solid (mp 126-127O) which appears to be 1,2- 
bis(hydroxymethy1)imidazole (3). NMR data on this mate- 
rial also show the presence of an NCHzO- methylene group 
(NMR peak at 6 5.47 in D20) as well as a methylene group 
(NMR peak at  6 4.75 in DzO) a t  the 2 position. 

A small amount of a second white, crystalline material 
(mp 158-159') was also isolated. Elemental analysis and 
NMR data indicate that the material is 2,4,5-tris(hydroxy- 
methy1)imidazole (5 ) .  

Table I summarizes the NMR data on the products of 
this reaction.' Scheme I summarizes the principal reac- 
tions. 

Experimental Section 
Ir spectra were obtained using a Reckman Model 10 grating ir 

spectrophotometer with potassium bromide cells. Solids were 
pressed into 1% KBr pellets. NMR spectra, graciously run by Dr. 

Table I 
Proton Chemical Shifts for Imidazole Derivativesaq - ~ _ _ _ _ _ _ _ _ _  

Proton bands, ppm 

Compd c 2  c 4 ,  c j  --NCHzO - -CCH*O 
__ _______ 

2 -Imidazolemethanolc 7.06 (s) 4.64 (s) 
1,2-Bis(hydroxymethyl)- 

imidazole' 7.05 (bs) 5.47 (s) 4.75 (SI 
1 -Imidazolemethanolc 7.70 (bs) 7.07 (bs) 5.39 (SI 
2,4,5- Tris(hydroxymethy1)- 4.57 (bs),' 

imidazolec'd 4.50, 4.30d 
a Legend to symbols: s, singlet; bs. broad singlet. * All chemical shifts are reported in parts per million (6). ' D2O solvent. CH30D 

solvent. 


