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A number  of previously  undescr ibed a lkyl - l ,3 ,2-d ioxabor inanes  were  synthesized by condensa- 
t ion of substituted 1,3-diols with alkylboron dichlor ides  or dibutyl i sopropylborate .  It was shown 
by PMR spec t roscopy that the 2 ,5-dia lkyl- l ,3 ,2-dioxabor inane molecules  a re  conformat ional ly  
homogeneous and  do not contain an axial substi tuent in the 5 position, whereas  the 2- isopropyl-  
5 ,5-d imethyl - l ,3 ,2-d ioxabor inane  molecules  exis t  in a state of r a p i d r i n g  inversion,  and intr• 
duction of methyl  substi tuents in the 4, 4, and 6 positions of the 1,3,2-dioxaborinane r ing leads 
to dis tor t ion of the r ing conformat ion and conformational  heterogenei ty  of the investigated sam-  
ple.  The observed r egu la r i t i e s  a re  explained f ro m  the posit ion of intensive "o x y g en -b o ro n "  
e lec t ron  exchange in the he te ror ing .  It  is concluded that the 2 ,5-dia lkyl- l ,3 ,2-dioxabor inane 
molecules  have p r imar i l y  a conformation with a semiplanar  fo rm.  

Sys temat ic  studies with r e s p e c t  to the conformat ional  analysis  of 1,3-dioxanes and 1,3-d~hianes [2, 3] 
have made it poss ible  to establ ish a number  of pr inciples  resul t ing  f rom the p resence  of 1,3-nonbonding in te r -  
act ions in the r ing.  Taking the r e su l t s  of these  studies into account,  we undertook the synthesis  of a number 
of a lky l - l ,3 ,2-d ioxabor inanes  (I-V) in o rder  to study thei r  s t e reochemica l  pecul ia r i t i es .  We expected that 
because  of the planar  configuration of the boron atom, the number of nonbonding 1,3 interact ions would be dif- 
fe ren t  than in 1,3-dioxanes.  The synthesis  of compounds of this type is also of in teres t  f rom a prac t ica l  point 
of view, since 1,3,2-dioxaborinanes a r e  e_xtremely promis ing  as additives for  gasolines and hydrocarbon lubr i -  
cants [4]. 

F r o m  the few available studies devoted to the s t e r eochemis t ry  of individual r ep re sen ta t i ves  of this  se r i e s  
[5-8] it is known that the methyl  group in 2 -phenyl -5 -methy l - l ,3 ,2 -d ioxabor inane  is equatorial ly  oriented [5]. 
The introduction of a second methyl  group in the 5 posit ion of the dioxaborinane r ing  leads to rapid r ing in-  
ve r s ion  with a r a t h e r  low b a r r i e r  of 7-8 k c a l / m o l e  [5, 6]. The molecules  of 2-subst i tuted 4 ,4 ,6- t r imethyl -  
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A lkyl-  1, 3, 2-dioxaborinanes 
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1,3 ,2-dioxaborinanes  a r e  conformat ional ly  less  labi le  than 1,3-dioxane molecules  [7, 8], although r ing  inversion 
evidently a lso  occurs  for  them [6]. 

However ,  the lack of sys temat ic  studies of the s t e r eochemis t ry  of compounds of this type does not make 
it possible  to es t imate  the ef fec t  of substi tuents on the p r i m a r y  conformation of the 1,3,2-dic~aborinane r ing.  
The r e a s o n s  respons ib le  for  the rea l i za t ion  of only the 5e conformer  of 2-subst i tuted 5 -methy l - l , 3 ,2 -d ioxa-  
borinane or  invers ion of the r ing  of 2-subst i tuted 595-dimethyl- and 4 ,4 ,6- t r imethyl -1 ,3 ,2-dioxabor inanes  a re  
not examined in the papers  ci ted above. 

Alky l - l ,3 ,2 -d iaxabor inanes  I-V (Table 1) were  synthesized by the methods in [9, 10]. 

The IR spec t r a  of al l  of  the synthesized compounds contain an intense band at  1335-1345 cm -1, which co r -  
responds  to the s t re tch ing  vibrat ions of the B - O  bond, an intense band at  1300 cm -1, which is cha rac te r i s t i c  
for  the s t re tch ing  vibrat ions  of the B - C  bond [11], and a number  of bands of var iable  intensity at 980-1180 cm -1, 
which co r respond  to  the vibrat ions of the C - O  bond. 

The  3J4, 5 va lues  and the magnetic nonequivalence of the r ing  methylene protons  (Table 2) in the PMR spec-  
t r a  of I and II indicate the absence of r ing  invers ion and the rea l iza t ion  of only one p r i m a r y  conformation with 
an equator ia l  alkyl group attached to  5-C.  t t  is cha rac t e r i s t i c  that  this so r t  of conformational  homogeneity is 
not  observed  in the case  of 5 - i sop ropy l - l , 3 -d ioxanes  and 1,3-dithianes [2, 3]. 

In conformity  with the data in [5, 6], the PMR spec t rum of HI contains singlet r e sonance  signals of r ing  
methylene pro tons  and gem-dimethy l  groups at tached to the 5-C atom. This  cha rac t e r  of the signals const i tutes 
evidence in favor  of r ing  invers ion.  

To explain the observed  r egu la r i t i e s  we assume  prac t ica l ly  complete  sp 2 hybridizat ion of the r ing  c~ygen 
a toms and, as a consequence of this,  the p r e sen ce  of s t ronger  (than in 1,3-dioxanes) 1,3-nonbonding interact ions 
of the " a l k y l - u n s h a r e d  e l ec t ron  pa i r s  of the r ing  he te roa toms"  type, which hinder  rea l iza t ion  of a conforma-  
t ion with an axial  or ienta t ion of the alkyl group at tached to  5-C. In fact,  the considerable  p -e l ec t ron  exchange 
[4, 11] between the oxygen and boron atoms should lead to a change in the spatial  or ientat ion of the orbi ta ls  of 
the unshared  e l ec t ron  pa i r s  of the r ing  oxygen a toms and to r e i n f o r c e m e n t  of the p cha rac t e r  of the la t te r .  The 
COB valence  angle in 1,3,2-dioxaborinane,  which, according to  the r e s u l t s  of x - r a y  diffract ion measurement s  
[12], is 120 ~ a value that  speaks in favor  of an sp2-hybridized oxygen atom, may se rve  as a conf i rmat ion of 
th is  conclusion; the p orb i ta l  of the f r e e  e lec t ron  pai r  is perpendicular  to the plane pass ing through the nucleus 
of the oxygen a tom and two of i ts bonds. On the other  hand, the p re sence  of a considerable  b a r r i e r  to ro t a t i on  
about the B - O  bond, which, according to the data in [13], is 9-12 k c a l / m o l e ,  should somewhat stabil ize a con- 
fo rmat ion  whose geomet ry  al lows pa ra l l e l  cha rac t e r  of the orbi ta ls  of the unshared  e lec t ron  pa i r s  of the oxygen 
a toms and a vacant  2pz orbi ta l  of the boron atom; i.e.,  in other  words,  it should c r ea t e  conditions for  maximum 
noxygen -bo ron"  e lec t ron  exchange.  Analysis  of the Dreiding models  of the possible  conformations of 1,3,2- 
d iaxaborinanes  provides  evidence that  the conformat ion of  the ha l f -cha i r  fo rm (E) is the most  favorable  in this  
sense .  

Data f r om x - r a y  diffract ion analys is  of 2 -hydroxy-4 ,6-d imethy l - l ,3 ,2 -d ioxabor inane  [12] also provide 
evidence in favor  of the E conformation; the value of the d ihedra l  angle fo rmed  by the Ol, B, O s and C4, C 5, and 
C 6 planes  calculated f r o m  these  data is 132 ~ 
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It  follows f r o m  the above m a t e r i a l  that  the ~pre fe r red  n conformat ion  for  2 ,5 -d ia lky l - l ,3 ,2 -d ioxaber inane  
molecu les  is the semip lana r  f o r m  or a v e r y  s t rongly  c o m p r e s s e d  (in the he t e roa tomic  por t ion of the ring) chair  
and that  the na ture  of the 1,3-nonbonding in terac t ions  evidently cons i s t s  in mutual  repuls ion  of the  axia l  sub-  
st i tuent  at tached to 5-C and the e lec t ron  pa i r s  of the oxygen a toms  perpendicu la r  to the plane of the he te ro -  
a tomic  por t ion  o f t hem o l ecu l e .  The s a m e  r e a s o n  is one of the ma jo r  r e a s o n s  for  r ing  invers ion  of rg .  

The " o x y g e n - b o r o n "  e l ec t ron  exchange probably  a l so  changes  the r e s o n a n c e  conditions of the protons  of 
the i sopropyl  subst i tuent  a t tached to the boron a tom in I - IV (Table 2), which shows up in the s p e c t r u m  in the 
f o r m  of an anomalous  singlet  instead of a doublet.  Data  on an anomaly  of this  type a r e  not avai lable  in the 
l i t e r a t u r e .  This  anomaly  may  be due to a change in the shielding constant  of the methylidyne proton of the 
i~opropyl  group, evidently under  the  influence of the magnet ic  an iso t ropy  of the B - O  bond, as a r e s u l t  of which 
it becomes  p rac t i ca l ly  magnet ica l ly  equivalent  to the protons  of the methy l  groups of the i sopropyl  group. 

One ' s  at tent ion is d i rec ted  to the c h a r a c t e r  of the r e sonance  band of the methylene protons  at tached to 
the 5-C a tom and the proton at tached to 6-C in the PMR spec t r a  of IV and V. The f o r m e r  give a mult iplet  
cen te red  a t  6 1.85 ppm, while the la t ter  give a low-intens i ty  t r ip le t  at 3.75 ppm (3j= 8.0 Hz) and a complex 
mul t ip le t  cen te red  at  4.38 ppm. All of this p rovides  a bas i s  for  the assumpt ion  that  IV and V a re  eonforma-  
t ionaUy he te rogeneous  m L x ~ r e s  containing f lexible f o r m  D. This  conclusion is in good a g r e e m e n t  with the 
above-noted  change in the spat ia l  or ienta t ion of the unshared  e lec t ron  pa i r s  of the oxygen a toms ,  which causes  
an i nc rea se  in the conformat ioual  r ing  s t r a in  because  of a " 4 - C H 3 - e l e c t r o n  pa i r "  shielded interact ion in the 
semip lana r  chai r  conformat ion .  T rans i t ion  to the D conformat ion  weakens this  interact ion,  as well  as the 1,3 
in terac t ion  of the axia l  CH 3 group with the 6-H proton,  although it a lso  leads to a ce r ta in  amount of d isrupt ion 
of the p - e l e c t r o n  exchange between oxygen and boron.  

Thus  the r e s u l t s  obtained in this  r e s e a r c h  make it poss ib le  to a s s u m e  that  the r ea l i za t ion  of one "p re -  
f e r r e d  ~ conformat ion  with a 5e or ienta t ion of the alkyl group of invers ion and conformat ional  heterogenei ty  of 
the 1 ,3 ,2-dioxabor inane r ing  a r e  de te rmined  mainly  by the pecu l ia r i t i e s  of the " a l k y l - u n s h a r e d  e lec t ron  pa i r s  
of the r ing  oxygen a t o m s "  nonbonding interact ion.  

To obtain addit ional data on the " p r e f e r r e d "  conformat ion  we calculated the dipole moments  for  the A-E 
conformat ions  of 2 ,5 -d ia lky l - l ,3 ,2 -d ioxabor inane  (Table 3). The " p r e f e r a b l e n e s s "  of the conformat ion of the 
s emip l ana r  f o r m  for  a number  of 5 - n i t r o - 5 - a l k y l - 2 - p h e n y l - l , 3 , 2 - d i o x a b o r i n a n e s  was prev ious ly  proved [14] 
by this  method.  However ,  our data const i tute evidence for  the low degree  of suitabil i ty of the d ipo le -moment  
method for the conformat iona l  ana lys i s  of 2 ,5 -d ia lky l - l , 3 ,2 -d ioxabor inanes  in view of the sma l l  d i f fe rences  
in the dipole momen t s  calculated for  the va r ious  conformat ions .  

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in chloroform and carbon tetrachloride were measured 
with an RS-60 spectrometer with hexamethyldisiloxane as the internal standard. The IR spectra of solutions 
in carbon tetrachloride were recorded with a UR-20 spectrometer. The starting data for the calculation of the 
dipole moments were: angles OBOo123~ ', COB I19~ ', CCO 109o54 ', and CCC 111~ bond lengths B-O 
1.362, C-O 1.459, and C-C 1.510 A [12]; dipole moments B~--O ~ 0.40, B~C ~ 0.25, C-*O N 0.86, and C~-H 

0.30 D [14]. 

TABLE 3. Calculated and Experimental Dipole 
Moments of the Conformers of 2,5-Diisopropyl- 
1,3 ,2-dioxabor inane 

Conformer A B C D E 

g calc, D 2,49 2,49 2,36 2,36 2,49 

~lexp, D 2,46 
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The # exp value was determined from the experimental dielectric permeabilit ies measured with a Tangens 
apparatus. 

The indivtdualRy of the investigated substances was monitored by gas-liquid chromatography with LKhM- 
7M and LKhM-8M chromatographs; the detector was a catharometer, the phases were E-301, SKTFT-50, and 
Carbowax-20M, the column temperature was 125-135~ and the car r ie r -gas  (helium) flow rate was 3.5 ml /min .  

1,3,2-Dioxaborinanes I and HI [9]. A ~ e  of equimolar amounts of 2,2-dimethyl- [15] or 2-isopropyl- 
1,3-propanediol [16] and dibutyl isopropylborate [17] was refluxed in a nitrogen atmosphere for 5 h, after which 
it was subjec$~l to vacuum distillation. 

1,3,2-Dioxaberinanes II, IV, and V [10]. A solution of 0.05 mole of 2-haxyl-l,3-propanediol (obtained by 
reduction of the corresponding malonic es te r  by the method in [16]) or 2-methyl-2,4-pentanediol (synthesized 
by reduction of diaceton~ alcohol with sodium borohydride by the general method in [19]) in 50 ml of methylene 
chloride was added dropwise with st irring to a cooled (to 0~ solution of 0.05 mole of alkylboron dichloride 
[18] in 70 ml of methylene chloride in a nitrogen atmosphere, after which the mixture was heated at 40~ until 
hydrogen chloride evolution ceased completely (~ 3 h). The methylene chloride was then removed by distilla- 
tion, and the residue was fractionated in vacuo. 
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