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The reactions of I-boraadamantane and 2-methyl-, 2-ethyl-, 2,2-dimethyl-, and 3,5-di- 
methyl-substituted l-boraadamantan~s with their I-azaadamantane analogs afforded a series 
of 1 : 1 adducts, which are stable to atmospheric air and moisture. Ill, 13C, and 3LB NMR 
spectra as well as mass spectra of the compounds synthesized were investigated. Only the 
adduct of 2,2-dimethyl-l-boraadamantane with 2,2-dimethyl-l-azaadamanlane readily dis- 
sociates into the initial components due to steric hindrances that prevent strong B u N  
coordination. The structure and geometric parameters of the l-boraadamantane complex 
with 3,5-dimethyl-l-azaadamantane were established by X-ray diffraction analysis. 

Key words: I-boraadamantane, I-azaadamantane; complcxes of organoboranes with 
amines, X-ray diffraction analysis. 

I -Boraadaman tane  ( l a ,  R n = H), which was pre- 
pared by hydroborat ion o f  products of  condensat ion o f  
tr ial lylborane with allene or  acetylene derivatives, t,2 ex- 
hibits high chemical  reactivity. Compound  l a  was used 
as a starting c o m p o u n d  in the synthesis o f  various de-  
rivatives of  cyclohexane,  bicyclo[3.3.1]nonane,  1-3 and 
many cage compounds ,  including l -adamantano l ,  t&4 
remantadine ,  5 derivatives o f  homoadamantane ,  2,6 etc. 
Based on l -bo raadaman tane  and a series o f  its alkyl 
derivatives, 3,7 a preparative procedure has been devel- 
oped for the synthesis o f  l - azaadamantane  s,9 (2, R 2 = 
H) and its homologs  x~ (the replacement of  boron by 
nitrogen was carried out in five simple stages virtually in 
two flasks, the so-cal led two-pot  procedure,  Scheme 1). 

It should be noted that l -boraadamantanes 1 and 
their nitrogen analogs 2 are "electronic antagonists." The 
former are unique Lewis acids containing the sp3-hybri - 
dized B a tom,  and they readily form air-stable 1 : I 
complexes with various amines, t & t t  On the contrary, 
I -azaadamantanes  are bases that possess a lone electron 
pair at the N atom. I -Boraadamantane ( l a ) ,  2-alkyl- 
( lb ,e) ,  2 ,2-dimethyl-  ( ld) ,  and 3,5-dimethyl-substituted 
l -boraadamantanes ,  and the corresponding nitrogen ana-- 
logs o f  these compounds  (2a--d)  g - l e  are readily avail- 
able. Therefore,  we succeeded in synthesizing a series of  
I : 1 adducts o f  these two unique heterocage compounds 
(3a--h) .  We also studied their physicochemical  properties 
and the effect of  the steric factors on their  stability. 

Hexane solutions o f  complexes of  compounds  l a ,b  
with T H F  or  complexes  o f  l e ,d  with N M e  3 were treated 
with the corresponding ni t rogen bases 2a - -d  (Scheme 2) 

Scheme ! 
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l a - - c  2a :  R = H (40%) 

2 b :  R = Me (36%) 

,• a. b, c . ~  
I b  

d,e 

2a  (16%) 

d,e 

ld  2e (30%) 

Reagents: a. NAN3; b. 12; c. HzO 2, OH-; d. SOC[~; e. NaOH. 

to obtain adducts o f  [ -boraadamantanes  with l -aza-  
adamantanes 3 a - - h  in 40--80% yields (Table 1). 

The resulting adducts are white crystalline com-  
pounds stable to atmospheric moisture and oxygen. Their  
structures were conf i rmed by physicochemical  methods 
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Scheme 2 
L 

l a - - d  2 a - - d  

t a :  R ~ = H, L = THF 2a: R 2 = H 

l b :  R I = 2 -Me ,  L = THF 2b :  R z = 2 -Me  

l c :  R ~ = 2-Et, L = N M e  3 2c :  R 2 = 2 ,2 -Me2 

l d :  R 1 = 2 ,2 -Me2,  L = NMe3 2 d :  R 2 = 3 ,5 -Me2 

C6 H14 

-L 

~ R 1 3 R 1 R 2 

a H H 
b 2 - M e  H / 
c 2-Et  H 

d 2 ,2 -Me  2 H 
R2 e H 2 - M e  

f H 2 , 2 - M e  2 
g 2 - M e  2 - M e  

3 a - - h  h H 3 , 5 - M e  2 

(high-resolution mass spectrometry and ]H, liB, and 
13C NMR spectroscopy; see Tables 1 and 2). The mo- 
lecular structure of complex 3h was established by X-ray 
diffraction analysis. 

Due to high stability of adducts 3a--h, their mass 
spectra have a pronounced molecular ion peak [M] + (the 
relative inte~tsity was -50%). In addition, the mass spectra 
have intense peaks of ions [M-C4Hgl + (100%) and peaks 
of the corresponding l-azaadamantanes and 1-bora- 
adamantanes (the intensities were 55--60%) that were 
formed as a result of partial dissociation of adducts 3a--h. 

Tile chemical shifts in the  liB NMR spectra of 
compounds 3 (see Table 1) are ill the 8 region from 4 to 
-4 ,  which is typical of complexes of trialkylboraues with 
amines (for example, 6 l tB are -4 .0  and +0.1 for 
l-boraadamantane pyridinate Iz and the adduct of Me3B 
with trimethylamine, 13 respectively). The parameters of 
the IH and 13C NMR spectra of  the compounds under 
study are given in Table 2. 

Interestingly, the signal in the  l ib  NMR spectrum is 
shifted downfietd and the relative intensity of the mo- 
lecular ion peak in the mass spectra substantially de- 
creases as the number of alkyl groups at position 2 of 
each of the l-heteroadamantane nuclei increases. This 
indicates that the B*-N coordination bond is weakened 
as stefic hindrances increase. As a result, the adduct of 
2 , 2 - d i m e t h y l - l - a z a a d a m a n t a n e  with 2 ,2-d imethyl -  
l-boraadamantane readily dissociates into the initial 
components, and we failed to isolate it. 

The results of X-ray diffraction analysis reported 
below also confirm the fact that  in complexes 3 the 
substituents at the o~ positions with respect to the boron 
and nitrogen atoms are in close proximity. 

With the aim of determining the geometric charac- 
teristics, possible distortions of the l-heteroadamantane 
frameworks, and the B--N bond length, which charac- 
terizes the stability of the complex, we carried out X-ray 
diffraction analysis of the adduct of I-boraadamantane 
with 3,5-dimethyl- l-azaadamantane 3h (Fig. 1). The 

C(14)  c(18) 
c(~6) 

C(I 3 ) ( ~ "  C(15) - ~  ~ C(17) 

Table 1. Yields, melting points, and the data of high-resolu- 
tion mass spectrometry for compounds 3a--h 

I-Bora- l-Aza- Adduct Yield M.p. [M] +, 
adaman- adzman- (%) /*C extz, efiment 
lane tane calculation 

la 2b 3a 61 323--325 271.24~81 
(decomp.) 271.24697 

lb 2b 3b 72 223--226 285.2618! 
285.26261 

lc 2a 3c 40 129--133 299,27724 
(decomp.) 299.27825 

ld 2a 3d 79 187--189 299.27688 
299.27825 

la 2b 3e 55 170--172 285.26165 
(decomp.) 286.24261 

la 2c 3f 59 113--116 299.27524 
(decomp.) 299.27825 

lb 2b 3g 65 135--138 299.27625 
(decomp.) 299.27825 

la 2d 3h 42 159--161  299,27644 
(decomp.) 299.27825 

c{2) k Y- / '  "} c{3) 
C{l) 

c{6) ~. i , J I  c{7) C{8) 

 c{9) c(20} 
C(I 9) 

Fig. I. OveraLl view of molecule 3h and the atomic numbering 
scheme. 
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Table 3. Bond lengths (d) and bond angles (co) in molecule 3h 

Bond d/A Bond d/A Bond d/A Bond d/A 

N--CO) 1.499 (3) 
N--C(I) 1.506 (3) 
B--C(tl)  1.625 (3) 
B--C(10) 1.628 (3) 
C(2)--C(6) 1.524 (37 
C(4)--C(19) 1.523 (4) 
C(4)--C(9) 1.531 (3) 

C(6)--C(7) .529 (4) 
C(8)--C(20) .520 (3) 
C(10)--C(13) .539 (3) 
C025--C(15) 545 (3) 
C(13)--C(18) .533 (3) 
C(15)--C(16) .534 (3) 

C(17)--C(18) t .531 (3) C(5)--C(6) 1.528 (4) 
N--C(2) 1.503 (3) C(7)--C(8) 1.539 (3) 
N--B 1.690 (3~ C(8)--C(9) 1.533 (3) 
B--C(12) 1.625 (3) C(II)--C(17) t.545 (3) 
C(I)--C(4) 1.534 (3) C(13)--C(14) 1.531 (3) 
C(3)--C(8) 1.529 (3) C(14)--C(15) 1.534 (3) 
C(4)--C(5) 1.534 (3) C(16)--C(17) 1.531 (3) 

Angle ~/deg Angle e~/deg 

C(3)--N--C(2) 108.1 (2) C(4)--C(9)--C(8) 110.8 (2) 
C(2)--N--C(2) 107.8 (2) C(17)--C(I I)--B 107.7 (27 
C(2)--N--B 110.6 (2) C(14)--C(13)--C(18) 109.2 (2) 
C( l l ) - -B--C(t2)  108.5 (2) C(18)--C(13)--C(10) 109.6 (2) 
C(12)--B--C(IO) i09.2 (2) C(14)--C(15)--C(16) 109.4 (2) 
C(12)--B--N 110.7 (2) C(16)--C(15)--C(12) 110.6 (2) 
N--C(I)--C(4) 112.9 (27 C(18)--C(17)--C(16) 108.9 (2) 
N--C(3)--C(85 113.1 (2) C(16)--C(17)--C(I l) 109,8 (2) 
C(19)--C(4)--C~.15 109.2 (2) C(3)--N--C(i) I08.1 (2) 
C(19)--C(4)--C(9) 110.8 (2) C(3)--N--B 111.6 (27 
C( I )--C(4)--C(9) 108.2 (2) C( I )--N-- B 110.5 (2) 
C(2)--C(6)--C(7) 109.5 (2) C(I I)--B--C(~0) 108.1 (2) 
C(7)--C(6)--C(5) 110.1 (2) C(I I)--B--N 109.8 (2) 
C(20)--C(8)--C(3) 10%2 (2) C(IO)-B--N 110.4 (2) 
C(3)--C(8)--C(7) 108.5 (2) N--C(2)--C(6) 111.4 (2) 
C(3)--C(8)--C(9) 108,0 (2) C(19)--C(4)-C(5) 111.5 (2) 

Angle w/deg 

C(5)--C(4)--C(1) 107.8 (2) 
C(5)--C(4)--C(9) 109.2 (2) 
C(6)--C(5)--C(4) 109.2 (2) 
C(2)--C(65--C(5) 109.6 (2) 
C(6)--C(7)--C(8) t08.9 (2) 
C(20)--C(8)--C(7) I11.4 (2) 
C(20)--C(8)--C(9) 110.7 (2) 
C(7)--C(8)--C(9) 108.9 (2) 
C(13)--C(10)--B 108.0 (2) 
C(15)--C(12)--B 107.6 (2) 
C(14)--C(t 3)--C(10) 110.5 (2) 
C(15)--C(14)--C(I 3) 111.0 (2) 
C(14)--C(15)--C(12) 109.6 (2) 
C(15)--C(i 6)--C(17) 110.7 (25 
C(18)--C(17)--C(11) 111.0 (2) 
C(17)--C(I 8)--C(13) 110.9 (2) 

bond lengths and bond angles in molecule 3h are given 
in Table 3. The atomic coordinates are listed in Table 4. 
The C - - C  bond angles and bond angles at most of the 
carbon atoms in both parts of the molecule are in the 
ranges of 1.528(4)--1.545(3) fi, and 108.0(2)--111.0(2) ~ 
respectively (the average values are 1.534(3),/~ and 
109.6(2) ~ respectively). These values are close to the 
corresponding parameters for the complexes of l-bor'a- 
adamantane ( d a r e r  = 1.537(4) ~,  COaver -=-- 110.1(8)~ t~'ts 
and 4-(p-chlorobenzoyl) - l -azaadamantane hydrochlo- 
ride 4 (darer = 1.527(4) ~,, waver = 109.4(8)~ 16 and for 
the crystal structure of the ordered phase of adamantane 
(at t88 K) in which the corresponding bond lengths and 
bond angles are 1.529(3) ,~. and I09.5(4) ~ respectively. 17 

The exceptions are the C - - C - - N  bond angles. Their 
average value (112.4(4) ~ is 3.5 ~ larger than that in the 
molecule of  hydrochloride 4.16 In addition, the endo- 
cyclic C - - N - - C  bond angles in complex 3h are 2--3 ~ 
smaller than those in compound 4. In our opinion, the 
above-mentioqed facts indicate that the 1-azaadamantane 
nucleus in the structure under consideration is some- 
what strained. 

The B--C and N - - C  bond lengths vary within rather 
narrow ranges (I .625--1.628(3) and 1.499--1.506(3) ,~, 
respectively), which is typical of symmetrical l-hetero- 
adamanlane structures. 14-16 The B and N atoms are 
characterized by the tetrahedral configuration. The de- 
viations of the B and N atoms from the planes through 
the adjacent atoms are 0.564 and 0.536 ,~, respectively. 
The C3B--NC 3 fragment adopts a skewed conformation 
relative to the B--N bond (Fig. 2). 

The length of the dative B~-N bond in the structure 
under study is 1.690(3) /t, which is substantially larger 
than the corresponding values in complexes of boranes 
with amines in which the N atom is not sterically 

Table 4. Coordinates of nonhydrogen atoms (x 10 r 
and equivalent isotropic thermal parameters (Ueqx 10 a) 
for compound 3h 

Atom x y z Ueq/ A 2 

N 585(2) 8267(1) 7574(1) 19(I) 
B -557(2) 9070(2) 7471(25 19(1) 
C(I) 173l(2) 8664(2) 7090(2) 24(1) 
C(2) 876(2) 7996(2) 8854(2) 27(1) 
C(3) 249(2) 7391(2) 6887(2) 22(1) 
C(4) 2802(2) 7966(2) 7160(2) 28(1) 
C(5) 3067(2) 7705(25 8476(2) 35(l) 
C(6) 1915(2) 7282(2) 8967(2) 32(1) 
C(7) 1544(3) 6390(2) 8275(2) 33(1) 
C(8) 1261(2) 6648(2) 6955(2) 26(15 
C(9) 2407(2) 7083(2) 6457(2) 28(1) 
C(10) -9i(25 10070(2) 8043(25 24(1) 
C(II) -983(2) 9245(2) 6077(2) 2!(1) 
C(12) -1731(25 8704(2) 8162(2) 24(1) 
C(13) -1167(2) 10767(2) 7931(2) 27(1) 
C(14) -2257(2) 10391(2) 858l(2) 29(2) 
C(t5) -2733(2) 9467(25 8018(25 26(15 
C(16) -3099(25 9631(2) 6693(2) 27(1) 
C(17) -2009(2) 9993(2) 6032(2) 24(I) 
C(18) -1557(2) 10915(2) 6609(2) 29(1) 
C(19) 3909(2) 8241(2) 6633(2) 41(I) 
C(205 842(2) 5794(2) 6226(2) 38{15 
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H(12a) 

H ( I O ~  

H( l lb )  

Fig. 2. Projection of the structure 3h along the B,v-N bond. 

overc rowded  14,1g-z~ (1.589(5)  ~, in (CF3)3BNH2Et ,  18 
1 .596(8)  /~ in ( C F j ) 3 B N H E t 2 , 1 8  1 .578(1)  A, in 
F3BNH3, t9 and  1.642(4) ]~ in l - b o r a a d a m a n t a n e  pyridi-  
natel4) .  However ,  in the  case of  adducts  of  RjB with 
bulky a m i n e s  and  w h e n  the  B - - N  bond  is involved in 
the  ring, an  e longa t ion  of  the  B - - N  bond  is ra ther  
typical  ( I . 722(8 )  A in l - b o r a a d a m a n t a n e  qu ino l ina te ,  14 
t . 7 4 6 ( 2 )  ,~ in 9 - [ 2 - ( d i m e t h y l a m i n o m e t h y t ) p h e n y l l -  
9 - b o r a b i c y c l o [ 3 . 3 . 1  ] n o n a n e ,  zl a n d  1.698 b, in 
M e 3 B N M e  3 acco rd ing  to the  data  of  IR spectroscopyZ2). 

We bel ieve t ha t  the  e longa t ion  of the  B - - N  bond  and  
the sl ight d i s to r t ion  o f  the  l - a z a a d a m a n t a n e  nuc leus  in 
the  s t ruc tu re  of  3h  are due to repuls ion be tween  the  
hydrogen  a t o m s  of  the  m e t h y l e n e  groups bonded  to the 
N and  B a t o m s  (see Fig. 2). The  co r re spond ing  in-  
t r a m o l e c u l a r  d i s tances  H(2a) . . .  H(I  2a), H (3a)... H ( 11 b), 
and H ( l O b ) . . . H ( l b )  (2.18(2)  Z,) are shor t e r  than  the  
sum of  the  van  der  Waals  radii of  two hydrogen  a toms  
(2.31 A). z3 As m e n t i o n e d  above,  the  r ep l acem en t  of  one  
and all the  more  two hydrogen  a toms  by the  bulky 
me thy l  g roups  at  pos i t i ons  2 in bo th  the  l - b o r a -  
a d a m a n t a n e  and  1 - a z a a d a m a n t a n e  f ragments  leads to an 
increase  in repuls ion  and  hence ,  to weaken ing  of  stabil-  
ity of  complexes  3. 

Experimental 

All operations with organoboron compounds were carded 
out under an atmosphere of dry argon. The IH, liB, and 
13C NMR spectra were recorded on a Bruker-AM-200 instaL- 
ment relative to Me4Si (IH and t3C) and BF 3 �9 Et20 (liB). The 
mass spectra were measured on a Varian-CH6 spectrometer. 

Synthesis of compounds 3 from complexes of l-bora- 
adamantane and its derivatives with THF (typical procedure). 
A solution of sublimated I-azaadamantane 2a (0.155 g, 
1.13 retool) in anhydrous hexane (2.5 mL) was added with 

stirring using a magnetic stirrer to a solution of the complex of 
2-mcthyl-l-boraadamantane l b w i t h T H F ( 0 . 2 6  g, 1.13 retool) 
in anhydrous hexane (4 mL) at 20 ~ and a white precipitate 
ofadduct  3b formed. The reaction mixture was stirred at 20 ~ 
for 0.5 h. The precipitate was filtered off, washed with anhy- 
drous hexane (2.5 mL), and dried in vacuo (12 Torr). Com- 
pound 3b was obtained in a yield o f  0.23 g (72%), m.p. 223-- 
226 ~ 

Adducts 3a,e--h were synthesized analogously. 
Synthesis of compounds 3 from complexes of derivatives of 

l-boraadamantane with NMe 3 (typical procedure). A solution 
of l-azaadarnantane 2a (0.185 g, 1.34 mntol) in a mixture of 
dry. ether (1 mL) and hexane (2 mL) was added dropwise with 
stirring to a solution of the complex of ld with NMe 3 (0.30 g, 
1.21 mmol) in hexane (6 mL) at 20 ~ Within 1--2 rain 
after completion of the addition, a white precipitate of adduct 
3d began to form. The reaction mixture was stirred at 20 ~ 
for 0.5 h. Then the solvents were distilled off in vacuo 
(12 Torr). The residue was suspended in anhydrous hexane 
(10 mL) and filtered off. Then the residue was dried in vacuo 
(1 Tort, 30 ~ 0.5 h), and compound 3d was obtained in a 
yield of 0.32 g (79%), m.p. 187--189 ~ 

Adduct 3e was prepared analogously. 
X-ray diffraction study of compound 3h was carried out on 

an automated four-circle Synthex P21 diffractometer ( -120 ~ 
Mo-Ka radiation, graphite monochromator ,  0/20 scanning 
technique, 20 < 50~ Crystals of 3h, which were prepared by 
crystallization from hexane, are monoclinic,  at - 1 2 0  ~ a = 
10.947(4) A, b = 14.208(4) A, e = ! 1.218(3) A, 13 = 93.39(2) ~ 
V = 1741(9) A 3, dcalc= 1.141 g c m  -3, Z =  4, space group 
P2l/n, M = 299.29; F(000) = 664, la = 0.064 mm - t .  A total 
of 2877 reflections were measured. The structure was solved by 
the direct method and refined by the  full-matrix least-squares 
method based on F 2. The positions of the hydrogen atoms 
were located from difference electron density syntheses and 
refined isotropically. The structure was refined using 2209 
independent reflections with I > 2~(/).  The final values of the 
R factors were as follows: R I = 0.0466 and wR 2 = 0.1466, 
GOF = 0.875 for 2709 independent  reflections. Analysis of 
anisotropic thermal parameters within the framework of the 
rigid body model (LTS) z4 demonstrated that in the crystal 
molecule 3h can be considered as a rigid body. The correspon- 
dence between the values of U/) calculated with the use of the 
LTS model is characterized by the R factor R U = 0.069. The 
correction for the bond lengths was no more than 0.004 &. All 
calculations were carried out on a PC/AT computer with the 
use of the SHELXTL PLUS program package (Version 5). 
The coordinates of the nonhydrogen atoms are given in Table 4. 

This  work was f inancia l ly  s u p p o r t e d  by the  Russian 
F o u n d a t i o n  for Basic Resea rch  (Pro jec t  Nos.  96 -03 -  
32555, 97-03-33783,  and  9 8 - 0 3 - 3 2 9 9 3 a )  and  by the  
Russian Federa t ion  G o v e r n m e n t  (P rog ram "Leading Sci- 
ent i t le  Schools,"  Project  Nos. 9 6 - 1 5 - 9 7 2 8 9  and  96 -15 -  
97367).  
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