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We have p rev ious ly  studied the s t ruc tu re  and p rope r t i e s  of complexes of t r ia lkylboranes  with amidines 
[1-3] and of cycl ic  coordinat ion compounds of boron containing the amidine function [1,2,4] .  Amidinetr ia lkyl-  
boranes  that  have only one hydrogen atom on the amine nitrogen of the amidine can el iminate alkanes on heating 
to form N-(dialkylboryl)amidines  [1-3, 5, 6], compounds whose study impinges on seve ra l  chemical  p roblems.  
P a r t i c u l a r  in te res t  sur rounds  the tendency of compounds of this type to se l f -assoc ia t ion ,  in ternal  coordination,  
and tau tomer ic  r e a r r angemen t .  

The key posit ion in the study of the s t ruc tu re  of amidines containing the dialkylboryl  group is occupied 
by N2-(dialkylboryl)-N1,N 1- dialkylamidines (DABDAA) [6], which can be p repared  f rom unsymmet r ica l  N,N- 
dialkylamidines.  We descr ibe  here  the synthesis  and some proper t ies  of severa l  compounds of this type. 

Unlike other  (dialkylboryl)amidines,  DABDAA cannot be p repared  from t r ia lkylboranes  and f r ee  amidtnes.  
Thus,  the reac t ion  of N,N-dimethylbenzamidine with t r ipropylborane  forms  a complex that even at 130~ does 
not give the (dialkylboryl)amidine [3]. An in termedia te  s i x - m e m b e r e d  cycl ic  state s imi la r  to that proposed 
for  example for  the react ion of t r ia lky lboranes  with 2-aminopyridine [7] does not seem to be possible in the 
react ion of t r i a lky lboranes  and N,N-dialkylamidines.  Nor can DABDAA be p repared  by the react ion of (di- 
alkylamino)dialkylboranes with n i t r i l es .  To synthesize DABDAA we the re fo re  used the general  method for  the 
synthesis  of compounds with a B - N  bond f rom (alkylthio)dialkylboranes [8]: 

R 2 R ~ 
/ / 

R~BSR q- HN =C --, R2ZB - N----C q- RSH 
\ \ 

NR23 (I ) ,  (II) NR2 s 
R I = R~= C3H~, R ~-- C~H5 (1); R I = i-CsH,, RZ = CoHs, RS =CH3 (If) 

The resulting N2-(dipropylboryl)-NI,Nl-diethylbutyramidine (D and N2-(diisopropylboryl)-NI,Nl-dimethyl - 
benzamidine (ID are liquids that can be vacuum-distilled without decomposing. Cryoscopic molecular weight 
measurements in benzene show that these compounds are monomeric and do not dimerize on standing. An- 
other, related, (dialkylboryl)amidine - 2-(dlpropylboryl)imino-l-methyl-l,2-dihydropyridine (Ill3 - w a s  syn- 
thesized by reaction of (butylthio)dipropylborane and the complex of tripropylborane with 2-imino-l-methyl- 
1,2-dihydropyrldine: 

(C,3H,)~ BSC,H, q-(C3H,)3B.HN=~/I --(CzH, hB--N=~/ q-(CsH,)sB q-CaHsSH 
N N 
I I 
CH3 (Ill) CHs 

Freshly distilled amldlne (n-I), a yellowish oil, is also monomeric. The liB NMR spectra of compounds (13- 
(Ill) show one signal at ~ - 4 0  ppm, which does not change when the temperature is increased to I00-120~ 
Signals in the same region have been reported in monomeric aldiminodialkylboranes [9] and ketiminodialkyl- 
boranes [10], whereas the monomeric aminodlalkylboranes [11], (acylamino)dialkylboranes [12 ], and 2-(pyridyl- 
amino)dlalkylboranes [7] give signals slightly further downfield (~-46 to -54  ppm). This suggests that the sig- 
nal in the - - 4 0  ppm region is a significant indication of a dialkylboryl group attached to imine nitrogen. 
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The IR spec t ra  show intense bands at 1790 cm -1 [compounds (It and (II)] and at 1765 cm -1 [amidine ([II)]. 
Absorption in this region also typifies monomer ic  iminodialkylboranes [9, 13], and consequently is cha rac te r -  

istic for nonassociated compounds containing the I~zB--N=C < moiety.  The IR and ~'IB NMR spectra demon- 

strate that internal coordination and hence the formation of four-mcmbered cyclic structures do not occur in 

amidines ([t-(HI). 

Unlike (D and (II), amidine (IIIt c rys ta l l izes  some t ime after distillation. Association here  plainly re-  
sults f rom d o n o r - a c c e p t o r  interaction between boron and nitrogen, since in the [R spectrum (in KBrt the band 
at 1765 cm -1 disappears  and is replaced by a band at 1652 cm -1. [f the substance is melted the band at 1765 
cm -! replaces that at 1652 cm - l .  This has been reported more  than once in studies of monomer -d i r ec t  
equilibrium in iminodialkylboranes [9, 13]. Unfortunately, the poor solubility of the associate  in organic sol-  
vents precluded measurement  of its molecular  weight (the IR spec t rum shows that when warmed the compound 
passes  into solution in the monomer ic  statet.  However, analog,  with iminodialkylboranes suggests  that the 
associa te  has the s t ruc ture  of dimer  (iV): 

C,~.H: CaB: C lf~ 

1 / e ~aIl 7 CI{~ Catt; (ix') 

Nonetheless we cannot completely exclude the possibi l i ty of a higher degree of associat ion in crysta l l ine  
(IID. The PMR spect rum of (IIt at 30~ shows that the CH 3 groups on the amine nitrogen are  equivalent, as in 
N,N-dimethylbenzamidine.  Comparison of the PMR spect ra  of (dialkylboryltamidine (HD and 2-(pyr idylaminot-  
dialkylboranes [13] reveals  that, as we would expect, the signals of the pyridine protons in the pyr idon-2-  
imine s t ruc ture  (HI) are  at higher  field than the signals of the corresponding protons in the aminopyridine 
compounds.  We have demonstra ted by l ib NMR spect roscopy that amidines (I)-(Hi) are thermal ly  stable up to 
130-140~ The spec t rum of compound (13 shows plainly that it part ial ly decomposes  at 160~ 

Amidines (I)-(IIIt neither form complexes with pyridine nor give cycl ic  coordination compounds with 
aminodialkylboranes like that prepared  from N-{dipropylboryDacetamidine [2]. This is confirmed by the liB 
NMR spect ra .  Water  or  alcohols easi ly induce cleavage of the B - N  bond in (I)-(HI) to form the N,N-dialkyl-  
am idine: 

R~ R ~ 
/ / 

B~IB--N= C -5 R~OH -, B2IBOR 4 -5 ]IN=.C 
\ \ 

We decided to elucidate the response  of DABDAA to amines .  We found that even at room tempera ture  diethyl- 
amine displaces N,N-diethylbutyramidine f rom (13 to form (diethylamino)dipropylborane. This we deduced from 
the disappearance f rom the IR spectrum of the react ion mixture of the band at 1790 cm -1 (B-N =C), and the 
appearance of the cha rac te r i s t i c  bands of N,N-diethylbutyramidine at 1595 (C =Nt and 3327 cm -1 (NH) [3], to-  
gether  with the appearance in the UB NMR spectrum of a signal at ~ - 5 0  instead of - 39 ppm. However, this 
p rocess  is revers ib le ,  and the equilibrium is displaced toward formation of (i) if heat is applied to remove the 
more  volatile diethylamine: 

C~H~ C~H~ 

(CalI~),B--N=C / + (CzHs) 2 .NIt ~ (Call; h BN (C:}'~z -5 HN= C / 
\ \ 

(I) N(C~IJ,): N<C-~tt6~2 

This means that t ransaminat ion  of aminodialkylboranes by N,N-dialkylamidines can be used for the synthesis 
of DABDAA. 

Compounds (I)-(III) do not reac t  with CH3CN or benzonitri le,  differing in this respect  from (dialkylborylt-  
amidines that have only one hydrogen atom in the amidine function. 

The resul ts  of this study of these synthetic DABDAA could prove extremely useful in establishing the 
s t ruc ture  of (dialkylboryltamidines p repared  f rom N-monoalkylamidines [6]. 
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EXPERIMENTAL 

Operations were carried out in an atmosphere of dry argon. The lIB and IH NMR spectra were recorded 
with RS-59/19 and Varian DA-IL instruments respectively and the IR spectra were recorded with a UR-20 in- 
st rument. 

The starting amidines were synthesized by published methods (references can be found in [3]}. The 
complex of tr ipropylborane with 2- imino-l-methyl- l ,2-dihydropyridine was prepared by the p rocedu re of [3]. 

N2-(Dipropylboryl)-N~,Nl-diethylbutyramidine (D. A mixture of (butylthio)dipropylborane (24.5 g) and 
N,N-diethylbutyramidine (15 g) was heated under vacuum (65-70 mm) on a boiling-water bath; the resulting 
butanethiol i l l  ml) was distilled off. Distillation of the residue gave amidine (I} (20 g, 80%7, bp 100-103~ (4 
mm); nn 2~ 1.4620. l ib NMR spectrum (THF): -39  ppm. PMR spectrum (no solvent, 6, ppm): 3.16 q (NCH2); 
2.18 t (=CCH2); 0.38-1.78(other protons). Found: C 70.32; H 13.04; B 4.52; N 11.90%. mol. wt. 232. C14H31BN 2. 
Calculated: C 70.58; tt 13.12; B 4.54; N 11.76%; tool. wt. 238.2. 

N2-(Diisopropylboryl)-N1,Nl-dimethylbenzamidine (I[). A mixture of tri isopropylborane (12 g) and N,N- 
dimethylbenzamidine (10 g) was heated in the presence of propanethiol (3 ml} on an oil bath at 80-120~ until 
evolution of gas ceased. Distillation gave amidine (II) (14.4 g, 90%), bp 110-112~ (2.5 mm); nD2~ 1.5103. 11B 
NMR spectrum (no solvent}: - 4 0  ppm. PMR spectrum (no solvent, 5, ppm): 6.95-7.43m(C6Hs); 2.59s(2CI-I3); 
0.77-1.40m(2C3It7}. Found: C73.65;H10.28; B 4.29; N 11.25%o C15H25BN 2. Calculated: C 73.79; H 10.31; B 
4.43; N 11.48%. 

2-(Dipropylboryl) imino-l-methyl-l ,2-dihydropyridine (Hit. A mixture of the complex (11.2 g} of t r i -  
propylborane with 2- imino- l -methyl- l ,2-dihydropyr idine  and (butylthio)dipropylborane (10.0 g) was heated on 
a water bath in distillation apparatus arranged so that butanethiol and tripropylborane distilled over under 
vacuum (~ 20-25 ram). Distillation of the residue gave amidine (HI) (8.6 g, 93%7, bp 82-83~ (1 ram}. 11B NMR 
spectrum (THF): - 41  ppm. PMR spectrum (CC14, 5, ppm): 6.48-6.90m(pyridine H~ +H~); 5.88 m(Hfl ,); 5.48 m 
(Hfl 7; 3.07 s (NCtI3); 0.55-1.55 m (2C3H7). Found: C 69.80; I~ 10.07; B 5.39; N 14.00%. C12H21BN 2. Calculated: C 
70.61; H 10.36; B 5.30; N 13.73%. 

CONCLUSIONS 

We have synthesized N2-(dialkylboryl)-NI,Ni-dialkylamidines by the reaction of N,N-dialkylamidines 
with (alkylthio)dialkylboranes and established the distinctive features of their IR and 11B NMR spectra that char- 
acterize arnidines with a dialkylboryl group on the imine nitrogen. 
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