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2-Phenyl- 1-boraadamantane complexes. 
Synthesis and intramolecular dynamics 
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]'he reaction of [riailylhorane with 3-phenylprop-l-yne at 135--140 ~C followed by 
trea,tmenl of" the reaction mixture with MeOH afforded 7-benz.,,l-3-melhoxy-3- 
bombicyclo{ 3.3. I lnon-6-ene (1) in 8 i % yield. Hydroboration of compound I "a, ith a solution 
of BH} in THF 3-ielded the telmhydrofuran complex of 2.-pi~enyl-l-boraadamantane (2). The 
reactions of mmethylamine or pyridine with compound 2 afforded the trimethylamme (31 or 
p} ridine {4~ complexes of 2-phenyl- I -boraadamantane. respectively. Hindered rotation about 
the C{2)--Ph bond in adduct 3 was observed by IH and t-~C NMR spectroscopy. The 
acu;ation energy of thi~ process }s 58.6 k] tool -I {determined by 2D IH--!H EXSY 
spectroscopy ~. 

Key words: lri.'fllylbor:me, allylboron-ace{ylemc condensation, l-boraadamantane com- 
pounds, amine complexes, hindered rotation, dyll:~lntJc N M R. 

I-Boraadamantane derivatixes occupy a special place 
among organoboron compounds, t,z Owing to a combi- 
nation of uniqt, e geometry', a high strata energy, and a 
number of useful properties, these compourlds are o |  
great interest for theoretical and experimental studies. 
In particular, 2-substituted l-boraadamantanes are ideal 
models for solving some classical problems of d~e chem- 
istry of adamantane, such as interactions of nonbonded 
atoms through space or within the adamantane core. 

In the presem w{~rk, 2-phcnyl-t-boraadamamane 
was synthesized tbr the tirst time and the dynamic 
behavior of  its complexes was studied. 

The reaction of triallylborane with 3-phenylprop-l-  
yne at t35--140 ~ (alylboron-acetylenic condensa- 
tion I.z) tollowed by treatment of the products with 
MeOH afforded 7-benzyl-3-methoxy-3-borabicyclo-  
[3.3.11non-6-ene 1 in 81% yieM. Hydroboration of  the 

la t ter  (W{tll. H3B .THF)  followed by refluxing for 2 h 
according to a procedure repohed previously 3 ~ave (alter 
removal of the solvent and highly volatile products} the 
tetrahydrofuran complex of  2-phenyi-I-boraadamantane 
(2). The trimethylamine (3) and pyridine (4) complexes 
wcre synthesized by the reactions of compound 2 with 
Mean  and Py, respectively. 

The presence of the phenyl group leads to a decrease 
ira the stability of these complexes compared to that of  

_.....B ~OMe 
(CH2=CHCH2)sB+ 2t MeOH135 "C ,, 

,. ,, . / P h  Ph 

1.81% 

HaB.THF 

65 :,C. 2 h 

Q ~  L 

2 3 , 4  

3: L = MeaN, 50% 
4: L =  Py, 16% 

the corresponding complexes of unsubstituted 1-bora- 
adamantane, which results in a substantial decrease in 
the yield of compounds 3 and .4 after recwstatlization 
from hexane, in the mass spectra of compounds 3 and 4. 
the peaks IM - L] + of  free 2-phenyl- l -boraadamantanc 
predominate (100%), while tile relative intensities of  the 
molecular ion peaks M + comprise only -3% in both 
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cases. This distribution of the intensities of the M- and 
[M - El* peaks is very typical of amine complexes of 
polyhedral boron compounds (3-bomhomoadamantane 4 
and 2,2-dimeihyl- l -boraadamantane 5) with a reduced 
strength of the B,~--N coordination bond. 

3 4 

The I H NM R ~pectrum of trimethylamine complex 
3 at room temperature (293 K) has two broad signals it] 
the aromatic region at 6 7.84 and 7.14 (for o-H and 
o -H ' ,  respectively) (Fig. I). The I-"C NMR spectrum of" 
compound 3 at 313 K has two broadened signals belong- 
ing to the m-C (6 I30.2) and o - C  (,5 1 2 7 . 7 ) a t o m s  of the 
phenyl ring (Fig. 2). This Pact indicates that dynamic 
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Fig. I. Temperature dependence of the IH NMR spectrum of 
the 2-phenyl-l-boraadamanmne complex 13) t400.13 M Hz %r 
ill, CDCI~. the region of signals for the phenyl group} at 
different temperatures, K: 323 ( I ) ,  293 (2), 273 (3), 263 i4), 
and 253 (5). 

processes occur in the molecule. A decrease in the 
temperature  to 253 K leads to the comple te  
nonequivalence of two or tho  and two meta  positions of 
the phenyI ring. which is clearly manifested both in the 
iH and iSC NMR spectra. An increase in the tempera- 
ture leads to averaging of pairs of the signals fbr the 
protons and the carbon atoms at the mTho and m e t a  

positions (see Figs. 1 and 2). 3"he observed phenomenon 
is a consequence of the hindered rotation of the phenyl 
group about the C(2)--Ph bond due to steric interac- 
tions between "the substituent and the trimethylamine 
ligand, which is unambiguously confirmed by the pres- 
ence of the nuclear Overhauser eflZect between the o-H 
atoms of the aromatic ring and the hydrogen atoms of 
the Me groups of the tr imethylamine ligand. 

The rate of this process was estimated by 2D ~H--iH 
EXSY spectroscopy ~' for two nonequivalent signals ~br 
the o-H atoms (Fig. 3). The rate constant was calculated 
according to Eq, ( l)  from the experimentally measured 
intensities of the diagonal peaks and cross-peaks corre- 
sponding to the exchange between the o-H and o - H '  
atoms: 

k = (l .hm)log~(tr* I / ( r -  I)), (I) 
r = (laA " tB~t / ( laa + Iaa), 
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Fig. 2. Temperature dependence of the 13C NMR spectrum of 
the 2-phenyl-l-boraadamantane complex (3) (CDCI3, the re- 
gion of signals for the phenyt group) at different temperatures, 
K: 323 (I'), 313 (2). 293 (3), 273 (4), 263 (57. and 253 (6). 
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Fig. 3. 2D )H--~I-| [LXSY ,;pectrum e l compound  3 1400.13 
MHz lor 1tt, C D C I >  238 K): the mixing time is I s; the 
rela,:ation delay is 2 s. 

where IXA and 113. 8 are the intensit ies of  d iagonal  peaks. 
/Ai; and lB, x are the intensi t ies  of cross-peaks ,  and L,n is 
the mixing t ime.  

The act ivat ion parameters  thus d e t e r m i n e d  arc as 
foltou, s: E a = 58.6+_2.6 kJ mo1-1, lnA = 2820.6 .  and 
AG ~ = 60.6_+2.9 kJ reel - I .  The barriers IAG ~ )  o f  the aryl 
group are 53 2 and  60,2 kl reel - t  for c i s , c i s -2 ,6 -d i -  

m e t h y l - l - p h e n y l c y c l o h e x a n o l  7 and ( 2 . 6 - d i m e t h y l p h e -  
nyl)cyclohexane,  g respectively.  These values are close to 
the data ob ta ined  in this work. 

When s tudying  the tempera ture  d e p e n d e n c e  of  the 
tH and 13C N M R  spectra  of  the pyridine complex  of  
2 - p h e n y i - l - b o r a a d a m a n t a n e  4 in a solut ion o f  Py-d 5 at 
temperatures  o f  up to 233 K, no effects o f  molecular  
dynamics  were observed .  This fact is a t t r ibutable  to 
weaker steric in t e rac t ions  between the phenyl  substi tu-  
ent and the p y r i d m e  tigand, which possesses a plane 
symmetry,, (unlike the  t h ree -d imens iona l  s t ruc ture  o f  the 
t r imethylamine  l igand in c o m p o u n d  3). 

Experimental 

All operations with organoboron compottnds were carried 
out under an atmosphere of dry' argon. The I H, liB, and 13C 
NMR spectra were recorded on a Bruker AC-200P (operating 
at 2Cl0.13 Mttz for tH) and Bruker AMX-400 (operating at 
40013 MHz for IH) instruments. The mass spectra (Ell were 
obtained on a KRATOS MS30 instrument (200 eVL The 
solvents were prepared according to a slandard procedure. '~ 

7-Benzyl-3-methoxy-3-borabicyclo[3.3. I }non-f-ene (I). 
3-Phenylprop- l -yne l~ (10.3 g, 89 mmol) was added dropwise 
to triallylborane z (15 g, 1111 retool) a! 135--140 ~ for 30 rain. 
Ihen the reaction mixture was kept at tills temperature tbr I h+ 
Methanol (3!) mL)  was added carefu)iy to the resulting mixture 

at 20 '>C and the mixture was refluxed ~'br ! h. Then the 
methanol was evaporated in vacuo and distillation of the 
residue afforded compound I in a yield of  17.4 g (8 %), bp.  
140--143 "C 10.i13 Torr). n D  2~ 1.53q0. Found (%k C, 80.2q: 
H, ~:L78: B, 4.21. C)6H-IOB. Calculated (%): C, 80.02: H, 
,381: B, 4.51. IH NMR (CDCI3,L 6:0.60--2.50 ~m, 10 H, a 
complex multtpletofaliphatic protons); 3.12 (d. t H. CH,xPh. 
JAB = 14 Hz): 3,22 {d, t H, CHBPh. J~B = 14 Hz}: 3.51 (~;, 
3 H, Meet;  5.53 (br.d, I H, HC=C, d = 6.4 Hz): 7.00--7.39 
(m, 5 H. Phi. 13C NMR (CDCI;). 6:24.9 and 25.0 (C121 and 
C141): 27.3 and 29.4 (C(I) and C(5)): 32.5 and 36.7 (C(8) and 
C19)); 44.1 (C--Ph): 52.8 (,'vie--()): 125.6 (p-Ph): 128.4 and 
127.9 (o- and m-Ph): 130.1 (CH=O); 133.1 (CH=C): 140.1 
(PM). 

The tetrahydrofurao complex of 2-phenyl- I-boraadamantane 
(2). Compotmd 1 (12.46 $. 52 retool) was added dropwise to a 
solution ofdiborane 2 (0.55 mot L -I. 53 mmol) in THF (98 roLl 
at 0 ~ and the reaction mixture was refluxed tbr 1 h. Load- 
boiling compounds were removed in vacuo and compound 2 was 
obtained as an yellowish oil in a yield of 14,4 g (-98% by 
weight) )IB NMR (CDCI3), 6: 10.7. IH NMR (CDCI?). 
6: 0.70--2.50. a complex spectrum of the protons of the 
I-boraadamantane core (m, 14 H) with a pronounced muhiptet 
at 6 185 (m, C(3)H~ and C(4)H 2 in THFk 3.91 (m, 4 H, 
CHzOCH 2 m THF): 7.10--7.40 lm, 3 H, m- and p-Phi: 7.62 (d, 
2 H, o-Ph. J = 7.0 Hz). t3C NMR (CDCI3L 8:24.4 (the C131-- 
C14) fragmem in THF): 26 8 (C19)): 28.6 ~C18)); 33.4 and 33,9 
(C15) and C~7t1:33.6 (C141): 40_3 and 418 (C(61 and C(l{}}): 
41'.4 1C(31): 46.3 (Ci2}); 68.5 (CH2OCH _. in THF); 123.3 
(p-Ph); 127.3 (o-Ph): 129.5 (m-Ph); 1506 (Ph'). 

The trimethylamine complex of Z-phenyl- I-boraadamantane 
(3). Gaseous Me3N (9.S g. 0.166 molt was introduced into a 
solution of compound 2 (85 g, 0.03 molt in pentane (60 mL) 
at 20 ~ The solvent and THF were removed in racuo and 
trimethylamine complex 3 was obtained in a yield of 4.01 g 
(95%) Crystallization from hexane afi'brded compound 3 in a 
yield of 2.1f g (7.83 minor) 150%). m,p. 98--100 ~ Found 
(%): C. 79,99: tt, 10.51: B, 3.94. CIs1428BN. Calculated (%): 
C, 80.29: H. 10.48; B. 402. )lB NMR iCDCI3), 6: .-I,28. 
IH NMR (CDCI;), 3:0.66--2.75 (m, 14 H. a complex set of 
multiplets of the protons of the I-boraadamantane core): 2.18 
(s, 9 H. MEN): 705 it, 2 H, p-Pit, J -- 7.4 Hz); 7.19 (t, 2 H. 
m-Ph, J = 7.4 Hz): 7 14 and 7.83 (both br.s, 2 H, o-Ph), 
13C NMR (CDCI3), 6:23.4 (C(911:29.2 (C1811; 32.7 and 33.4 
(C(51 and C1711; 33.9 (C14)): 40.0 (C121): 41.1 (C13)); 41.0 
and 426 (C16) and C110)); 48.5 (Me;N); 123.5 (p-Ph); 129.6 
(o-Ph): 130.2 (m-Phi; 153.7 (Ph'). MS, m/,: (/r~:l (%)): 269 
[M] + (4), 210 [M - PYI" (100). 

The pyridine complex of 2-phenyl-l-boraadamantane (4). 
Pyridine (0.8 mL, 8.59 mmol) was added to a solution of 
adduct 2 (2.53 g. 8.53 retool) in pentane (15 mL) and the 
reaction mixture warmed up. Evaporation of low-boiling com- 
pounds m vacuo afforded pyridine adduct ,l (2.2 g). Crystalli- 
zation of the latter ga'~e compound 4 in a yield of 0.40 g 
(16.2%). rap. 100-102 ~ Found (%): C, 82.79: H, 8.45: B, 
3.45, C20H>BN. Calculated (,%): C, 83.04: H. 8.36: B. 3.47. 
~IB NMR (Py-dO, 6: -3.8. tH NMR (Py-ds). S: 0.80--2.70, a 
complex muhiplet of the protons of the l-bocaadamamane 
core (m, 14 H): 7.10 (m. 5 H, Ct, Hs): 7.39 (t. 2 H, m-Py,  d = 
6.6 Hz): 7.77 it, I H. p-Py, Y = 6.6 Hz); 8_45 (d, 2 It, o-Py, 
Y = 6.6 Hz). t3C NMR {CDCI;), 8:27.8 (C(9)l: 36.7 (C18)): 
33.1 and 34.0 (CI5) and C(7)): 35.0 (C(411:40.6 (C(3)): 41.5 
and 43.3 (C(6) and C(10)): 49.6 (C12)); 123.9 (m-Py): 139.6 
(p-Py): 144.8 (o-Py): 125.6 (p-Ph): 128_7 (o-Ph): 130.0 
(m-Ph): 151.6 (Ph'). MS, m / C  (/tel (%)): 289 [MI + (31, 210 
[M - Pyt + 1100). 
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