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954. ITrisdialkylaminoboranes : New Reagents for the Synthesis 
of Enamines and Amides 

By P. NELSON and ANDREW PELTER 

IN the course of studies on the synthesis of vitamin B,,,* it became desirable to produce 
enamines from highly hindered ketones. A basic reagent which would react irreversibly 
with water and was totally miscible with the reaction mixture was required and, with this 
in mind, the readily available trisdialkylaminoboranes, B(NR,),, were examined. After 
delineating their activity in this field, their reactions with other organic function groups 
were examined. 

Carboxylic A cids.-When a trisdialkylaminoborane is mixed with a carboxylic acid in 
an inert solvent, considerable heat is produced, although no amide is present at this stage 
of the reaction. Depending on the acid involved, either allowing the mixture to stand in the 
cold, or refluxing it for a period, produces the amide directly. Addition of dilute mineral 
acid, separation of the organic layer, drying, and removal of the solvent gives the crude 
amide (Table 1). 

For complete reaction, one molecular equivalent of the boron reagent is required. If 
one-third of this quantity is used, then one-third of the yield is obtained. Obviously, 
only one of the three dialkylamino-groups is available for the conversion of the acid into 
the amide. No catalyst is required. 

TABLE 1-f  
Acid amides from trisdialkylaminoboranes 

Acid Borane (mole) Time (hr.) Conditions Amide (%) 
PhCH,*CO,H ............... Tripyrrolidinyl (1) 40 Room temp. 87 

,, 33 48 Room temp. 
,, 24 Benzene reflux 78 

PhCH,*CO,H (9) 
I 1  20 Benzene reflux 62 

Ph*CO,H (1) 

9 ,  48 Room temp. 78 
ButCO,H (1) 
CH,*[CH,],C02-H (1) 

............... 
..................... 

.................. 
......... 

t The yields shown in all the Tables are those of the isolated purified products. 

The mechanism of this reaction is of considerable interest, and studies on this problem 
are going forward. A working hypothesis is that the first step is salt formation followed 
by attack by the carboxylate anion on the protonated trisdialkylaminoborane (I) to yield 
the intermediate (11). Further protonation is followed by nucleophilic displacement, by 

the liberated amine, of the metaboric acid amide (111) and more amine. The metaboric 
acid amide has not been isolated, and whether it reacts further by trimerisation, for 
example, is unknown. 

1,3-Diketones.-Trisdialkylaminoboranes react rapidly, in the cold and without catalysis, 
* Work being carried out in collaboration with Dr. J. W. Cornforth, Millstead Laboratory, Shell 

Research, Sittingbourne. 
H. A. Skinner and N. B. Smith, J., 1953, 4025. 
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with 1,3-diketones to give the enamino-ketones. 
that given above. 

The mechanism may be similar to 

TABLE 2 

Enamino-ketones 
1,3-Diketone Borane (mole) Enamine (yo) 

CH,*CO.CH,*COCH, .............................. Trisdimethylamine (1) 75 

But*COCII,*CO*CH, ................................. 1 )  (1) 67 * 
CH,*CO*CH,*CO*CH, .............................. Tripyrrolidinyl (1) 70 

* Product is one compound, that produced by attack on the least-hindered carbonyl group. 

TABLE 3 

Enamines 
Ketone Borane Reflux time Enamine (yo) 

Di-isobutyl ketone .................. Tripyrrolidinyl 30 hr. 84 
Acetophenone ........................ ,, 30 min. 72 
Cholestanone ........................... 9 ,  45 min. 70 
Cyclohexanone ,, 3 hr. 85 ........................ 

Ketones.-The reaction of the borane reagents with ketones is slow if free base is absent, 
or if there is no acid catalyst, but prolonged (three days) refluxing of the reagent, ketone, 
and free base gives a reasonable conversion (70-80%, estimated spectroscopically) into 
the enamine. When a mixture of aminoborane, free base, and acid catalyst is allowed to 
react with a ketone, high yields of enamine are produced. The rate of reaction varies 
considerably with the ketone used: with acetophenone the beginning of reflux marks the 
start of an exothermic reaction and, after 30 min. reflux, no ketone is left. With pinacolone, 
however, spectroscopic evidence indicates the slow production of the enamine, but self- 
condensation proceeds at  a comparable rate, and the preparation of pinacolone enarnines 
by this method is not possible. 

p-Keto-esters.-With esters in general, trisdialkylaminoboranes react to give amides, 
but the reaction is slow, has a different stoicheiometry from the reaction with acids, and 
the results are difficult to reproduce. However, with p-keto-esters, amide production is 
very rapid, presumably owing to an intermediate chelate compound in which the ester 
group is attacked intramolecularly. The product is the p-enamino-amide in high yield. 

ExperimentaZ.-N-PhenylacetylpyrroZidine. A solution of phenylacetic acid (1.17 g.) in 
benzene (10 ml.) was added to tripyrrolidinylborane (1.90 g., 1 mol.) and set aside a t  room 
temperature for 40 hr. Dilute hydrochloric acid was added, the organic layer separated, 
washed with water, and dried (Na,CO,) . After filtration the solvent was removed and the residue 
fractionated to give the product (1.40 g., 87%) as a colourless liquid, b. p. 190-192"/18 mm., 
identical with an authentic sample. 

Acetylacetone (1.01 8.) in dry chloroform (5 ml.) was 
added slowly to tripyrrolidinylborane (2.2 g., 1 mol.) in dry chloroform (5 ml.). Heat was 
produced, the solution turned yellow and a solid was precipitated. After filtration, the chloro- 
form was removed, and the product was recrystallised from benzene-light petroleum, as needles, 
m. p. 117-5", identical with an authentic specimen. 

Pyrrolidine ennmine from di-isobutyl Ketone. A mixture of di-isobutyl ketone (1.85 g.), 
tripyrrolidinylborane (3.17 g., 1.1 mol.), pyrrolidine (1.39 g.),  toluene p-sulphonic acid, and 
benzene (5  ml.) were refluxed for 30 hr. The volatile liquids were removed by a water-pump, 
and the residue was fractionated to give the enamine (2.1 g., 84%) as a colourless liquid, b. p. 
96-100"/10 mm., infrared spectrum identical to that of our authentic sample. 

Acetophenone (2.28 g , ) ,  tripyrrolidinylborane (4.48 g., 
1.05 mol.), pyrrolidine (1.45 g.), toluene-p-sulphonic acid (5 mg.), and benzene (10 ml.) were 
mixed and refluxed for 30 min., after which no ketone could be detected. When the product 
was worked up as described above, it gave the unstable enamine (2.24 g., 70%) as a colourless 
liquid, b. p. 82-90°/10-3 mm., rapidly darkening. Analysis was not possible but the infrared 

2-0xo-4-( l-pyrrolidinyZ)pent-3-ene. 

Pyrrolidine enamine of acetophenone. 
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(1610 cm.-'); ultraviolet A,= 238, 275my (sh); with acid 247, 270 my (sh) [styrene 
A,, 244 mp, and nuclear magnetic resonance spectrum multiplets centred a t  8-25(4-H), 
7.05(4-H), 6.1(2-H), 2-7(5-H)] are all in agreement with the assigned structure. 

One of us (P. N.) thanks the D.S.I.R. for the award of a Fellowship. 
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955. Polyjhoroaryl Organornetattic Compounds. Part 111.1 
Potassium Pentajluorophenyltrijluoroborate 

By R. D. CHAMBERS, T. CHIVERS, and D. A. PYKE 
PENTAFLUOROPHENYLBORON DIHALIDES,~?~ tris(pentafluor~phenyl)boron,~ and derivatives 
of the former compounds are the first stable perfluorocarbon derivatives of tercovalent 
boron which have been prepared, and the only stable perfluoroalkylboron compounds are 
salts of the anion [CF3BF3]-, obtained by the reaction Me,SnCF,+BF, + Me,Sn[CF3BF3] .4 

The analogous reaction of trimethylpentafluorophenyltin gave pentafluorophenylboron 
difluoride but we have found that potassium pentafluorophenyltrifluoroborate is precipi- 
tated by condensing pentafluorophenylboron difluoride into an aqueous solution of potas- 
sium fluoride, C6F5BF2 + K F  + K[C,F,BF,] , amethod used to obtain K[CH,=CHBF,] .5 

Surprisingly, the complex ions mentioned above, together with [Ph,BF]-, appear to be the 
only ions of this type which have been investigated.6 

As indicated, potassium pentafluorophenyltrifluoroborate was only sparingly soluble 
in water a t  20" and on heating the aqueous solution, hydrolysis occurred. Thus, the salt 
was hydrolysed by boiling water to give, after ion-exchange of the product, three equivalents 
of acid, 

J 

Hz0 ion 
K[CIF~BF~I C6F5H + H3BO3 f KF 2HF e- 3HF 

Hydrolysis was not rapid below 40-50" since the potassium salt was conveniently puri- 
fied by recrystallisation from aqueous ethanolic solution after heating to this temperature 
and, furthermore, the titre, after ion-exchange of aliquot portions of the aqueous ethanolic 
solution, did not change significantly (<3%) over five days. However, the value of the 
titre was significantly higher (-30%) than required for the exchange, K[C,F,BF3] 
H[C6F5BF,], suggesting that the free acid is hydrolytically very unstable. This was tested 
by titrating aliquot portions of a solution of the acid, made by the exchange process, after 
various intervals of time and it was observed that the titre changed only very slowly, 
i.e., only -6% increase of the total in 4 hr. and -13% after 13 hr. Thus, the hydrolysis 
of the salt which does take place during the ion-exchange process must occur in contact with 
the resin and does not reflect the instability of the salt or the free acid in aqueous solution. 
The ease of hydrolysis of pentafluorophenyl derivatives of tercovalent boron has already 
been illustrated but the instability of the quatercovalent boron derivative, K[C6F5BF,], 
to boiling water is surprising, especially in the light of the comparative inertness to hydro- 
lysis of the ion [CF3BF3]-.4 

Barium and silver pentafluorophenyltrifluoroborates could not be precipitated from 
aqueous ethanolic solution and the solubilities of these salts thus parallel those of the tetra- 
fluoroborates' but, in contrast with this, addition of K[C6F5BF3] to a cooled solution of 

Part 11, R. D. Chambers and T. Chivers, J. ,  1965, 3933. 
R. D. Chambers and T. Chivers, J. ,  1964, 4782. 
A. G. Massey and A. J. Park, J .  Organometallic Chem., 1964, 2,  245. 

* R. D. Chambers, H. C. Clark, and C. J. Willis, J .  Amer. Chem. Soc., 1960, 82, 5298. 
S. L. Stafford, Canad. J .  Chem., 1963, 41, 807. 
D. L. Fowler and C. A. Kraus, J .  Amer. Chem. Soc., 1940, 62, 1143. 

'I A. G. Sharpe, Adv.  Fluorine Chem., 1960, 1, 68. 


