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~~~2: - The reIative stability of isomers of borane adducts of 192-oxamborohdi was investigated by 
means of ab infrio moIecuiar orbital methods. One open-chain isomer was found to be more stable than the 
borane N-adduct proposed to be one of the key-intemrediates of the catalytic enantioseleuive reduction of 
ketones. Borane N-adduct of 1,3,2oxaxaborolidiie was found to be 19 kJ mol-t (631G*//6-31G*) more 
stable than the corresponding O-adduct. Geometry of the ring oxygen of the 0-adduct appeared out to be 
practically planar. 

Chii 0~~~~~ 1 are known to induce a highly brave reduction of ice&ma when a Lewis acidic 
borane is used as a source of hydrogen.1 The borane adduct 2 has been suggested to play a key-role in the mechanism 
of the catalysis.**2 The formation of 2 has been recently confirmed by Corey et aL by determining the three 
dimensional structure of the enantiomer of 2 (R=C!Hs) by means of X-ray crystal1ography.s Mechanistic details of the 
catalysis have been lately investigated also by using ub inilio molecular orbital methods.4-s 

Although the adducts 2 are aheady rather weli character&d plausibie isomerixadon reactions of 2, some of which 
may deactivate i destroy the cataiyst, have not yet been considered. Furthermore, it is not known how much more stable 
are borane Kadducts than the corresponding Oadducts; or whether hydride bridging occurs in the adducts. Also 
hydmgens bound to boron(s) could “scramble” in these adducts. This is what takes place as cataiysts are prepared from 
borane and the correspondmg aminoaicohofs. However, it has been observed that treatment of oxaxa&olidhses, of 
which the ring boron is not asp, with B2De will give rise to a hy~g~~ exchange at the ring bomnp 
It has been suggested also that, as borane coo&&es to an oxazaborolirline, one of the hydrogens of the borane moiety 
would coordinate to the ring boron leading to the formation of a hydmgen bridged diborane system (e.g. 3)s 
Formation of diborsne structures has been reliably observed in the case of highly reactive electron poor borane 
daivatlves (e.g. in the case of Ir-amino-diborane, on the basis of microwave7 and ub initio48 studies of borane adducts 
of ankoborane). On the other hand, results of an &J &MO treatment of an ~~bsti~~ simple analog of 3 imply 
hydridebridged~~riag~tobeuastablesndatsoothermeehanipmse;xplahringthehydrogeadeutaium 
exchange have been found.8 

Although mechanisms cxptainiog the hydrogen-douterium exchange have been proposeds it still appears to be 
difficult to assess what role the isomers of borane adducta could play under conditions used in oxazabmolidhte 
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catalyzed reductions. Therefore the aim of this work was to determine the relative stability of the most important isomers 
by using computational methods. Standard a& inif& molecular orbital calculations (RHF) were carried out by using the 
Gaussian 80 series of programs at the 3-21G, 4-31G, 631G, 4-31G* and 6-31G* levels.9 Modeling techniques similar 
to those applied in the case of previous reports of this series4 were employed. The structure 1’ was used as a model of 
oxaxaborolidine catalysts (1) and 2’ - 10’ as a model of the isomers. No other calculations on the structures 3’ - 10’ 

appeared to have been published. Properties of the models 1’ and 2’ have been discussed in the previous parts of this 
series.4s5 

No optima correspending the structures 3’, 5’, 7’ and 9’ were found.10 Optimized (631G*//6_31G*) structures 

of 4’, 6’, 8, 10’ are shown in the Figure. Total energies and dipole moments of stable systems l’, 2’, 4’, 6’, 8’ 
and 10’ are shown in Table 1. Energies of the formation of adducts 2’, 4’, 6’, 8, 10’ are shown in Table 2. 

Inspection of the optimized structures of adducts 4’, 6’ and 10’ shown in the Figure reveals clearly that borane 

can interact favorably with both the oxygen and nitrogen atoms of 1’ [e.g. the length of the N-BHs bond of 2’ (1.718 

A, 6_31G*/16_31G*)4a is rather close to that of the O-BH3 bond of 10’ (1.738 A; 6-31G*//6_31G*; the Figure)] but not 
particularly well with the hydrogen of the ring boron. Even though structural features of 2’48 and 10’ (the Figure) 
imply the formation of both the N- and 0-adducts to be possible formation of the N-adducts could be predicted to be 
much favoured over that of the cotrespondii Oadducts. This can be seen as energies of the formation of 2’ and 10’ 

are compared (e.g. 2’ is 18.9 kJ mol-1 more stable than 10’; 631G*//631G*; Table 2). Moreover, even if Oadducts 
would be formed in a mixture of borane and an oxaxaborolidme catalyst and if the ketone to be reduced would 
coordinate to the ring boron of the O-adduct orientation of the borane moiety would be wrong for the hydride transfer 
to occur (to the carbonyli carbon). The borane also would reside too far from the ketone and hydrides of the o-bound 

borane would not point towards the ketone. Therefore, if borane 0-adducts to chiral oxaxaborolidines used as catalysts 

in the enantioselective reduction of ketones would form the adducts would not play a role of a catalyst. 
Although the B-H distance between the hydrogen of ring boron and boron of the BHs moiety in 6’ is 

considerably shorter 
“bridges” are too long 
formation of hydrog 
corresponding 0 or N 

etween the ring boron and one of the hydrogens of the BH3 moiety in 4’ the B-H 
and 6’ to represent any significant binding. 11 Therefore, also these results imply the 

ed 4-membered diborane ring systems to be less advantageous than that of the 

G-BH? and N-BH2 
eals that intramolecular Lewis acid - base in&actions are not strong between the 

these “degradation products” of 2’. Nevertheless, on the basis of the relative energies 
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shown in Table 2 isomers analogous to 8” could be more stable than those analogous to 2’ [e.g. 8” is 7.5 U 
mol-1 more stable than 2’; f6-31G*/%-31G*); and the dipIe moment of 8” is lower &an that of any other of the 
isomers studied (Table I)]. Although there is a WmtdymGc driving fm fat the depdatke c~~~versian 2’ -r 

8“ the stability difference between 2’ and 8” is not high which implies this reaction not to cause problems in the 
case of fast reductiona (most oxazabomlidine cstalyzed reducda are very fast).12 Computational studies of these 

exclthg catalysts continue. 

8’ 8’ 8” 8” 

Figure. Stereo r~~~o~ of dte opts ~6~lG*//~3lG*) ~~~ of isomers d’, 6’, 8’, 8” 
and IO’. Some of the most important bond lengths and distances [A] are shown (see ref 11). 

Table 1. Total energies and dipole moments of l’, 2’, 2”, d’, 6’, B’, 8” and lOI. 

slrum 34161/3-216 9-316114-316 Q-3161/6-31G 4-316*/M-316, 6-3lG*116-3fG* 

EB De E D E D E D E D 

1’ -232.01452 3.16 -2329W3 3.18 -233.19703 3.21 -233.07225 2.65 -233.29859 2.67 
2’ b -2582a393 5.22 -259.32696 4.93 -259S9oSZ 4.09 -259.45727 4.98 -259.7o944 4.97 
,,I e -258.28200 5.14 -2!i9.32550 4.85 -259.58919 4.82 -2s9.4!5588 4.86 -259.70807 4.85 
4’ d -258.25152 3.09 -259.3o7a2 3.11 -259.57350 3.14 -259.43520 2.59 -259.68829 2.61 
6’ d -258.25337 3.39 -259.30830 3.38 -259.57388 3.39 -259.43591 2.86 -259.68897 2.89 
8’ e -258.27107 2.85 -259.32704 2.57 -259.593O1 2.45 -259.45341 2.3s -259.70609 2.34 
8” f -2S.27797 La6 -259.33463 1.43 -259.6oo@ I.40 -259.45977 1 Al -259.71231 1.39 
I#’ -258.28934 7.17 -259.33435 6.74 -259.59810 6.67 -259.4sob3 6.22 -259.70225 6.13 
Hg -26.27730 0 -26.34927 0 -26.37679 o -26.36322 0 -26.39auI 0 

* ToteI encrgics @J giwm in IxHrees and dipole moments (D) in debyes. b The N-BE3 pup in B stqgend c~zttk&on. c A 
confermer of 2: !he N-B&J gmup in en eclipsed conformation. 
minimum. 

6 Saercf. ll.sA~~inwhichtbeBN-Odi~ia 
f A cenformer in which tic BQ + N dim in minimum. 
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Table 2. Relative energiesa of 2’, 2”, 4’, 6’, 8’, 8” and 1tF.h 

structure 3-216 4-31G 6.316 4-316’ 6-31G* 

2’ (SY, 0 0 0 0 0 

::‘d’=@=@ 
+5.1 +3.8 c3.5 +3.7 +3.6 

+85.2 +50.3 +44.7 +58.0 +55.6 
6’ d +80.3 +49.1 +43.7 +56.2 +53.8 
8’ c +33.8 -0.2 -6.5 +10.1 +8.8 
gu E +15.7 -20.2 -25.0 -6.6 -7.5 

IO’ -14.2 -19.4 -19.9 + 17.45 +18.9 

a Energies (AE) given in kl m&l : energies mrmalimd with respect to the 
value of 2’ (set zero). b See the Figure. C See Table 1. d See ref. 11. 
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All attempts to optimize the structures 3’, S, 7’ and 9’ led to the isomers 4’, 6’, 8’, 10’. Reasons behind 
this behaviour would require a study on the transition state structures and involvement of electron cotrelation. 
That was not undertaken as one can conclude on the basis of results of this work that 4’. 6’, 8’, 10’ are 
more stable than the isomers 3’, S’, 7’ and 9’. This conclusion is also satisfactory for purposes of 
tmderstandhrg the most @xntant phenomena responsible for the catalydc activity of chii oxaxaborolidines. 

As electron correlation has not been taken into account in this work energies of ail complexes which have long 
B-H bonds must be treated with caution. 


