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Reversible Dimerisation of Ephedrine-derived Oxazaborolidines

John M. Brown, Guy C. Lloyd-Jones and Timothy P. Layzell

(Dysoa Perring Laborsiory, South Parks Rd , OXPORD OX1 3QY, England)
(Received in UK 4 August 1993)

Abstract : On standing, 4R, SR-3 A-dimethyl-S-phenyl-1, 3, 2-osazaborolidine dimerises & @ monocyclic species, reverting
quantitatively on gentie thermolysis. Related oxazaborolidines show contrasting behaviow.

Oxazaborolidines have made a remarkable contribution to asymmetric catalysis, inter alia to the borane and
catecholborane reduction of ketones!, Lewis acid-catalysed cycloadditions2, aldol condensations® and
arganozine additons to aldehydes?, and latterly cyanohydrin formationS. In this laboratory their application to
catalytic asymmetric hydroboration and to the catalytic synthesis of vinylboranes has been demonstratedS. In all
such work, the emphasis has tended to be on synthetic application, and accompanying structural characterisation
of the axazshorolidine catalysts has been of secondary importance, It has been presumed that the active catalytic
species formed are monocyclic and monomeric, and potential association or oligomerisation processes have not
genenally been discussed, despite being commonplace in organoborane chemistry. Monomer-dimer equilibria (to
an unspecified structure) were discussed in Corey's early paper on the oxazaborolidine derived from
diphenylprolinol!, but a different structure related to this oxazaborolidine dimer has been suggested receatly?,
An oxazaborolidine-boranc adduct is monomeric in the solid-state by X-ray; this has been assumed to be the
form of the catalyst involved in solution-phase asymmetric reduction of ketonesS, We report a clear-cut example
of the reversible dimerisation of an oxazahorolidine involving ring-opening and reclosure, demonstrating the
potential complexity of species involved in catalysis.
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When borane 1 is prepared from 1R, 25-ephedrine as previously described45 the product can be distilled in
vacuo at 40 °C w give & water-white liquid which is stable under argon for protracted periods. The 11B NMR
spectrom cleardy shows the expected B-H coupling of 156 He, GC/MS indicates 2 monomeric compound and all
other spectroscopic propesties are cossistent with the simple formulation, including v(B-H) = 2562 cor! (neat).
Contrasting behaviour is shown by 1R, 2R-ephedrine, following the same protocol. In this latter case, the
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distillatc of 2 first formed® gradually crystallises on standing in an inert azmosphere, and the crystalline maserial
has quite different spedtroscopic properties (Tahle 1) from the original product. Interestingly, the analogue 3 is
mwmdcmmkﬂ.mdinmicmlhlﬁﬁmnﬂymmsduﬁonfamﬂmwﬂmﬁm
but reverts quantitatively to monomer 2 on gentle thermolysis (120 °C, 180 s). The 1B NMR spectrum is
particularly revealing, since there are two separate resonances, but only one strong B-H band in the IR. The 1H
NMR of the dimer sholws that it is symmetrical, the most interesting feature being the increased 3J coupling in
the ephedrine backboné (9.6 vs. 7.0 Hz) which limits the range of reasonable possibilities.

2 4*
vB-H) | 2565carld 2445 cnrle
[01%p -53.8 (c 0.93, CHCl3) -125.1 (¢ 1.00 CHCl3)
11B nanrd 29.5i(d. JB-H 151 Hz)* 8.8 (1B, s) and -6.5 (1B, bs)f

749 (2H, d, J 6.72 Hz, ortho CgHs)

7.35 (SH, m, Cglls) 7.35 (3H, m, meta CeHs
15 nmes |49 (IH. &1 383 bz, CattsC 457 (I, 3. 750 He CeH oD
331 Q1FL di 1 621, 702 He CeHsCHCED |20 (LE, &3, 2 6.4 9.65 Pl CBlsCHCED
2.72 @H, s, CH3N) 2.59 (3H, s, CH3N)
128 (H, d, 1 631 Hz, CGHsCHCHCHo). |1.16 (3H. 4, J'6.54 Hz, CglisCHCHCHs).
142.7)(C ipso), 128.3 (C ortho) 1406 (C ipso), 128.4 (C artho)
15C pmt | 127:54C pars), 125.3 (C meta) 1279 (C para), 126.6 (C metn)
87.9 (CeHSCH), 64.0 (CeHsCHCH) 81.5 (CeHSCH), 69.1 (CeHsCHCH)
29.8 (CH3N),  18.8 (CsHsCHCHCH;). |424 (CHN),  10.0 (CoHsCHCHCH3).

Table 1. a: IH and 13C|nmr mulitiplicity assignments based on & single psendo-ephedsine unit. b: Thin film on NaCL ¢: KBr

disc. d: 1H decoupled, 801 MHz; the approximaie half-width of the low-field signal s 80 Ha, and that of the high-field signal 300

Hz; at 65°C the triplet anulucmumaumwwuﬁ without change
in the low-field signalle: C7Dg solution. f: CgDg solution. g: 300 MHz, CDCl3 solution, h: l”mm;m

Some insight into the nature of the crystalline species 4 derived from 2 was obtained from its mass spectrum. A
sample of dimer 4 waslinjected on to a GC-MS column, (injection port 220°C), and eluted only the monomer
(mvz 175, M*) . A sample of dimer 4 was mounted in a glass capillary, on a solids probe, and inserted into the
EI+ source of the mass|spectrometer; the probe was heated ballistically to 250°C.The initial mass spectra that
were obtained were of the monomeric oxazaborolidine 2 and consisted of two major ions at m/z 175 (M*) and
m/z 160 (M-CHa)*. Hoivever, spectra acquired 10-15 s later also contained an isotope cluster centred at m/z 349
(M2-H)*. A mixture of dimer 4 and monomer 2 were inserted, via the solids probe, into the ion source and
then heated (gradient 50°C min-1). The ion currents at m/z 175 and 349 were monitored with time, and displayed
three regions. At I(K)’q.ﬂlenmmmrdonﬂmnd,mdbetween 100°C and 150°C the spectrum was very weak.
Between 150°C and 2(0°C, the monomer was again dominant, now being formed by cracking of the dimer.
AWeZW‘QboﬁnwpomuMdimhmmsmgmﬁmwiﬁwmﬁmofMW
in an equilibrating mixture. The predominant daughter fragment of the monomer is at m/z 160 (M+-CH3) and
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under these latter conditions there is a strong peak at m/z 364 resulting from methyl capture by the m/z 349
species.

Taken together, these results are consistent with the stracture drawn for 4. Its feasibility was tested by
molecular modelling (MMX), minimising first with an allens replacing the N-B-N entity, and thea introducing
the latter without change in bond angles. The result is shown in Figure 1 ; it is particularly interesting that the
PhnndC-Membﬁmunminnrequamﬁdeonfmnnﬁomwthntbemobmvedmmnlnuﬂl
coupling are mutually axial. The structure is to be compared with that suggested? as 6 for the dimeric species
formed in the attempted preparation of oxazaborolidine S, on the basis of spectroscopic evidence. Recently!0,
Nevalainen has extended his ab initio MO studies of oxazaborolidines to encompass the possible aggregated
species formed from the parent in the presence and absence of coordinated BH3. Compounds 7 and 8 were
discussed and shown to be energetically viahle, with the most stable agti-arrangement of the former 32 KJmol-!
the more stable than the most stable gnti-arrangement of the latter. Structures corresponding to 4 were not
considered, and were not identified in an experimental study where oxazaborolidine 2 was reacted with BH3,
although BH-bridged borane adducts were suggested!1.

Figure 1 MMX-derived structure for the oxazaborolidine dimer 4. The endocyclic dihedral
anglesHC-CH are 164 °+ 1°, giving a predicted vicinal coupling constant of 10.9 Hz (exptl. 9.6 Hz)
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In summary, these results demonstrate that the structure of oxazaborolidines and related boranes is
highly sensitive to substitution in the ring, and that a dimeric species with potential reducing power is easily
accessible under the conditions of typical catalytic reactions.
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