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Abstract — A series of stable N-borane-oxazolidine adducts has
been prepared in high yield from the reaction of 4-methyl-5-
phenyl-oxazolidines with BHS.DMS. The configurationslgf all

C NMR
spectroscopy. Isolation of one pair of N-epimers from ephe-

compounds were unambiguously assigned by IH. 118 and

drine and another pair from pscudoephedrine let us consider and
discuss their sterecochemical and spectroscopy relationship.

The stabilization of the configuration for the nitrogen atom by borane addition
has becn described prcviously.l'4 Recently we reported the stereochemical con-
sequences of N-quaternization by borane in several ephedrines.S The stable nature
of these derivatives permitted us to study one of their more important character-
istics which consists in the fixation of the nitrogen configuration, that accord-
ing to an adequate substitution could generate a new chiral centre.

Extending our study on the stereochemistry of the complexes formed by borane ad-
dition to cyclic derivatives from cthanolamines, we have now prepared ecight oxazo-
lidines derived from optically active cphedrines 1-8 and their corresponding
borane adducts 9-16. (Scheme 1).

RESULTS AND DISCUSSION.

The oxazolidines 3 and 7 derived from acetaldehyde and 4 and 8 derived from ben-
zaldehyde with the corresponding optically active ephedrines were composed mainly
of one diastereoisomer (395%). The configuration of the oxazolidine 2-carbon in
each compound was assigned by Iy (IH} Nuclear Overhauser Effect (NOE) difference
spcctra.b

Although a wide varicty of oxazolidines have been known,7'9

the synthesis of their
borane adducts has not been described. It was reported that the reaction of di-
boranc with oxazolidines afforded the corresponding a-inoalcohols.10 However,

therc is no mention of isolation or detection of any intermediate N-borane species.

Treatment of 1-8 in equimolar amounts with BHS.INS in DMS solution at low temperature
(-30°C), resulted in the isolation of the corresponding N-borane adducts 9-16.

The addition of borane to the oxazolidines 1-8 should in principle give two N-epi-
mers in cach case, one with a configuration in which the N-BH3 group is cis to
C-4-Me and another trans to it. (Scheme 2).
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Evidence based on NMR spectra of isolated products confirmed the presence of only
one N-epimer in each product, indicating that one of the structures is highly

favoured. However, 11

B-NMR spectra of the reaction mixture showed two 11B-reson-
ances, one of which disappeared within a few minutes. Therefore, it was suggested
that the initial product of the reaction is a mixture of two N-epimers. The
isomers which have been detected and observed in the final stage of the rcaction
are denoted as a and those that virtually disappear during the reaction as b.
In cach casc the isomers a have been isolated as pure compounds. If the solvent
is evaporated immediately after the addition of borane, or if the reaction carried
out at -78°C, a solid product can be isolated, being a mixture of the isomers a
and b. The isomers b have only been isolated in pure form from the pscudoephe-
drine derivatives 7 and 8 and a mixture of isomers 9a and 9b was obtained from the
ephedrine derivative 1 (sec Figure 1). In other cases isomers b have only been
observed in 118 NMR .

In view of the facts discussed above it seems that isomer b correspond to the
kinetic product of the reaction, which undergoes conversion to the dominant adduct
a. It appears that the isomer b could be a product of the approach of BH by
the same side of the N-lone pair in the most stable nitrogen configuration of
these oxazolidines. (See below).

At this point our attention was turned to the configurational assignment of the
isolated isomers, and also to the configuration of the oxazolidine 2-carbon of 3,
4, 7 and 8 which for a long time has been a controversial point in the liter-

ature.g'lT'12
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Figure 1. 64.21 Mz llB-NMR of the borane adducts 9a, 9b (as a mixture) and of
pure 9a. A: 9a ¢ 9b, lH-broad band dec?upleaT B: 9a + 9b, 'H-coupled;
C: 98, lH-broad band decoupled; D: 9a, lH coupled.

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY STUDY.

118 NMR.- (Table 1). It is known that steric crowding at the boron atom is re-

flected by llB chemical shifts (§ 118).13'14 The 11B-resonance of 2,6-dimethylpy-
ridine borane (18) is shifted by 6 ppma to lower frequency with respect to pyridine

borane (17). (Scheme 3).

Hac” N7 ciy

by oy

"s §=-ns8 ppm "8 gz-11.8 PPm

" 18

Scheme 3

Therefore, the § 118 values are useful to distinguish between the N-epimeric oxazo-

lidine-borane adducts, allowing the nitrogen configuration to be determined in the
isomers 9a, 10a, 133 and l4a (scheme 4a) which are derivatives from 1, 2, 5, and
6. (Table 1). The comparison with § 11y values of three oxazolidine borane ad-

ducts 19-21 (Scheme 4b) which have becen synthesised to serve as structural models
corroborates the assignments in scheme 4a.

As illustrated in scheme 4b, the llB-nuclear shielding increases when one of the
hydrogen atoms which are in close spatial contact to the BH;-group (21) is replaced
by a methyl group (19, 20). According to the substituent position on C-4 or C-2,
the shiclding is 4 and 1.4 ppm respectively. The compounds 9a, 13a and 10a, l4a
should have a borane group trans to C-4-Me, in other case the corresponding 6_TTB
values should Be closc to -16 or -17 ppm respectively.

The & !

at C-2 (12a) are very similar to those of 9a (scheme 5); this suggests that the

B values for the substituted compounds with a methyl (lla) or a phenyl group



3832 R. CONTRERAS e1 al.
TABLE 1. lﬂ and g 0R shifts® of oxazolidines and the corresponding borane adducts.
COMPOUNDS H-5 H-4 C-d-()l3 .\'-()13 C-2-H C-2-R C-5-6 IIBc
1 $.09(4d) .84(m) 0.63(d) 2.32(s) 4.05(d) 7.30(s)
7.0Hz 6.7Hz 4.86(d)
3.0z
2 $.0(d) .11(m) 0.61(d) 2.26(s) 1.21(s) 7.30(m)
SHz 7.8z 1.51(s)
éb 4.92(d) .70(dc) 0.60(d) 2.20(s) 3.88(c) 1.42(d) 7.31(s)
7.Mz 6.4Hz S.2Hz S.2Hz
ib 5.12(d) .94 (dc) 0.76(d) 2.15(s) 4.67(s) 7.18-7.70(m)
8.2Hz 6.4Hz
5 4.49(d) .44 (m) 1.14(d) 2.32(s) 4.29(d) 7.31(s)
8.3z 6.1Hz 4.75(d)
3.0tz
6 4.45(d) .58(m) 1.08(d) 2.28(s) 1.32(s) 7.38(s)
8.7Hz 6.0Hz 1.42(s)
zb 4.52(d) .33(dc) 1.12(d) 2.24(s) 4.22(c) 1.38(d) 7.2-7.4(m)
8.6Hz 6.1Hz 5.2z S.2Hz
gb 4.75(d) .50(dc) 1.19(d) 2.16(s) 4.92(s) 7.1-7.6(m)
8.SHz 6.1Hz
S)_alb'd 5.30(d) 3.85(m) 0.88(d) 2.58(s) 4.60(d) 7.25-7.43(m) -12.
9.¥H:z 9.3,7.3Hz 7.¥Hz 4.70(d)
6.6Hz
&d 5.56(d) .50(m) 0.90(d) 2.98(s) 4.48(d) 7.20-7.5(m) -14.
7.2Hz 6.8Hz 4.83(d)
6Hz
mb'd S.24(d) .17(m) 0.94(d) 2.42(s) 1.70(s) 7.17-7.5(m) -14.
9.0Hz 6.MHz
&b 5.16(d) .88(dc) 0.94(d) 2.29(s) 4.71(c) 1.64(d) 7.2-7.44(m) -12.
9,SHz 7.¥z2 5.84z S.8Hz
Egb 5.40(d) .08(dc) 0.98(d) 2.11(s)  5.68(s) 7.3-7.98(m) -12.3
9.5Hz 7.¥:2
13a 4.68(d) .24(m) 1.33(d) 2.66(s) 4.60(d) 7.30(m) -13.
9.3z 7.Hz 4.72(d)
7.0Hz
l4a 4.66(d) .62(m) 1.38(d) 2.55(s) 1.62(s) 7.40(m) -14,
10.SHz 6.0tz 1.72(s)
Eb 4.56(d) .40(dc) 1.35(d) 2.38(s) 4.90(c) 1.54(d) 7.25-7.42 -13.
9.7z 6.8Hz 5.7Hz S. Mz (m)
@b 4.93(d) .87(dc) 1.35(d) 2.54(s) 4.60(c) 1.62(d) 7.24-7.42 19.
9.9Hz 6.8Hz S. Mz S.7Hz (m)
&b 4.83(d) .62(dc) 1.41(d) 2.16(s)  5.89(s) 7.25-7.80(m) 13.
9.5Hz 6.1Hz
l@b 5.27(d) .10(dc) 1.44(d) 2.60(s) 5.42(s) 7.30-7.70(m) 18.
8.0Hz 6.4Hz
a) In CDCl, relative to TS (4=0).90MHz. b) 200 Miz. ¢) In (I)CIS relative to BF,0Et, (&=0).
All simalg arﬁ quartets. d) & 'H values of the !!H3 groups: 9a, 1766; %b, 1.59; 1_63, ;.SS ppm
(decoupled in 11B), )
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borane group is trans to C-4-Me and that the configuration at C-2 must be that in

which the substituent group Ry is cis to C-4-Me.
CeHg CH, CeMg CH, HyC ‘ ___‘
H,C H—1+O N H4C L_l_o )< )<
KL<, A |4
W H VL 9“3
BHy -12.3 BMy _i4s 8.-13 6=-13.4
M CHy
H C“:) (] CN:, H I )<
-0 |
H3C |)< H4C Io)<CN3 .
LN wo¥
) " | C”3 3“3
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3 BH; 145 21
kI ) 148 (b)
{a)
Scheme 4. !B NMR chemical shifts of compounds 9a, 10a, 13a, 14a, and 19-21.

In the boranc adducts from oxazolidine 7 and 8 for which both

ed, 11

similar.

must be identical,

11

The &

clearly indicating the presence of a steric interaction between the BH3

the methyl,

s g values for 15a,

also to C-Z-Rl whereas the

should be cis to C-4-Me

CeMs T:‘a
H5C o. M
[ N'/’><<N
VLI
B,

g‘“,:” 8'-‘2-3
1a Ry =CH; 62 -12.8

12a R1=CqHy 6 =-12.3
Scheme §
Iy NMR.-  (Table 1).

ing features:

1

a) Correlation of Aé

as illustrated in Pigure 2 and 3.

borane).
change.

phenyl at C-
16a and 13a that the borane must be trans to C-4-Me and
B-resonances for 15b and 16b suggest that the borane

2 and C-4.

11
and to C-Z-Rl.

The analysis of the

B-resonances (scheme 6) for the isomers 15a,
This indicates that the configuration in the nitrogen and in the C-2
which also applies to the two isomers 15b, A notable dif-

ference of ~ 5 ppm is observed between the shifts of the isomeric species a and b.

16a and for 15b, 16b are very

16b.

B-resonances which are found at lower frequency for the isomers b are

It is suggested from the similarity of the

H Cl“:g 7] Blu:,
R
W€ A0 N,C 4—|-O
CeH c,,
H 78S By n Cel's CH,
158 R'=CN3 6§=-13.8 1ShR=CH3; B =-101

mn‘:cous 6=-13.3 BbR=Cglly 6=-10.4

M chen

Scheme 6

ical shifts is showing interest-

H for the different hydrogens between the oxazolidines and
the oxazolidine-borane adducts a derived from the pseudoephedrine series 13-16 or
from the ephedrine series 9-12 show the same trend through all the chemical shifts
(as= G(lH) oxazolidincmé(lﬂ) oxazolidine
This suggests that in each series of compounds the configuration does not

isomers were isolat-

-group and
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Figure 2. C(Correlation of Aé IH be tween Figure 3. Correclation of AS lH between
oxazolidines 5-8 and oxazolidine borane oxazolidines 1-4 and oxazolidine borane
adducts a 13-Te" adducts a 9-12.

A plot of the 46 IH of the pair of compounds 15a and 15b, along with l6a and 16b,
is showing that 1Sa and 16a have similar trends and analogous situation is observed
from 15b and 16b. (Figure 4). The complete set of data scems to be reasonably

consistent and we assume that the nitrogen configuration for each pair 15a and lb6a
or 15b and 16b should bc the same.
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PPpm™m
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HS He NMe CiMe Ha

Figure 4. Relationship betwcen variation in chemical shifts of the pair of isomers
15a, 15b (dashed linec)} and 16a, 16b, (solid line) with respect to oxazo-
Tidines 7 and 8.
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TABLE 2. C NMR shifts® of oxazolidines and their corresponding borane adducts.
COMPOUND c-2 c-4 C-5 C-2-R C-4-Me N-Me Ci(i) C;(0) C3(m) Ci(p)
1f 87.6 62.7 81.4 13.6 36.9 139.6 126.5 127.3 126.7
f
2 95.0 60.5 80.8 18.2(e) 15.4 33.4 140.5 127.7 1 g
< 26 6(d) .7 or 27.8 127.3
3 93.8 64.2 81.9 19.0 14.7 35.9 140.3 127.8 127.8 127.5
4 99.0 64.1 82.6 138.4(i) 128.1(0) 15.1 35.8 140.0 128.0 128.50 127.7
128.5(m) 129.2(p)
S 89.0° 68.30 86.20 14.60 37.30 140.90 126.40 128.60 127.90
88.22¢ 67.79 85.26 14.02 36.36 140.85 125.89 127.95 127.23
gc 94.49 64.58 84.03 27.47(d) 14.27 32.19 139.98 126.21 127.87 127.30
21.21(e)
7 94.7 c 69.1 85.4 19.8 14.4 35.6 140.90 126.60 128.40 127.80
93.96 68.67 84.62 19.62 14.10 35.14 140.66 126.06 127.80 127.19
8 99.6 68.8 86.5 139.7(i) 128.1(0) 14.4 35.1 140.6 126.7 128.4 127.90
¢ 128.3(m) 129.0(p)
Q_a_f 91.3 65.8 81.7 10.9 42.6 136.6 125.9 128.2 127.9
6&{ 89.9 67.9 81.2 13.9 50.9 136.9 125.8 128.2 127.7
108 100.6 64.9 77.8 g;g 12.0 40.1 136.9 126.1 128.1 127.7
1lla 95.6 67.5 79.6 13.6 11.6 35.7 137.2 126.5 128.6 128.2
12a 99.1 67.3 79.8 131.4(i) 128.0(0) 11.9 37.6 137.3 126.5 128.7 128.3
129.2(m) 130.2(p)
&c 92.35 71.36 82.99 9.14 41.10 138.74 125.85 128.54 128.21
_lﬁc 101.42 68.33 81.46 22.52(d) 10.29 38.87 138.60 125.74 128.25 127.75
27.03(e)
15a 96.7 c 72.5 82.3 13.90 10.4 34.1 138.80 125.80 128.80 128.50
- 96.22 72.38 80.86 13.71 9.83 34.0 139.17 125.79 128.49 128.06
15b 98.5 74.2 83.3 15.5 10.8 45.7 139.0 126.10 128.70 128.50
16a 100.6 72.5 82.8 131.4(1) 130.2(p) 10.7 35.7 138.8 126.0 129.0 128.70
127.6 123.3(o,m)3
@h 101.3 72.8 82.2 130.6(1) 9.6 44.2 137.6
a) In CICl, relative to TMS ($=0) 25.2 Miz. b) In (DCl, relative to TMS (&=0). Ref. 8. <¢) In ((.:DS)Z SO relative to TMS (6=0) 25.2 MHZ. Ref. 7

d) Me 91_5 ?o C-4-Me. e) Me trans to C-4-Me. f) In CIIIi’3 relative to T™S (6=0) 50.3 MHz. g) Assignment may be reversed. h) Assignment in
aromatic region unreliable.

SHUTPIOZEXO JO SLNPPE JUBIOG-N

S8
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b) The presence of borane in all compounds 9-16 affects the C-4 hydrogen
deshielding; this indicates the mutual trans position of BH; and C-4-Me. In compounds
11-12 and 15-16 the C-2-H is suffering a deshielding in a similar manner than
C-4-H, suggesting in these compounds that the C-2 configuration is that in which
the substituent R, is cis to C-4-Me. Then, the oxazolidines 3-4 and 7-8 have the
configuration illustrated in scheme 7.

c) It is of interest to note the small sensitivity of the C-Me groups to the ni-
trogen configuration.

Finally, the configurations of oxazolidines 3, 4, 7 and 8 and also of the corres-
ponding borane adducts 1lla, 12a, 15a, 15b, 16a and 16b were obtained by different-
ial NOESﬁ. and these results are supporting the conclusions obtained through out
this work. The experimenal details are given in this paper.

13C-NMR.- (Table 2). As can be observed, the N-Me 13C-rcsonances in adducts b

are shifted to higher frequency with respect to adducts a; there is less steric
compression of the N-Me group in the adduct b than in adduct a, confirming the
proposed structure for these adducts.

A comparative study for the steric compression effects between a N-BHy and N-Me
group in the borane oxazolidine compounds and the oxazolidinium salts, both derived

from pseudoephedrine confirm that the configurations are assigned correctly.15

CONCLUSIONS.

1) Ten adducts of oxazolidine borane derivatives from ephedrines and pseudoephe-
drines were synthesised. Their stability encouraged us to carry out a thorough
stereochemical study.

11 1

2) The configuration of all compounds was unambiguously assigned by B, "H and

13C NMR spectroscopy.

3) The configurations of the major isomers obtained from the syntheses of the oxa-
zolidines 3-4 and 7-8 were determined, and it has been demonstrated that all these
compounds have the same configuration with the substituent in C-2 cis to C-4. The
recent teport of the X-ray structure redetermination of (2S, 4S, SR)-2-(p-bromo-
phenyl)-3,4-dincthyl—S-phenyloxazolidine16 is also in agreement with our assign-
ments.

4) One isomer of the horane addition products a is thermodynamically much more
stable than the other b. This is remarkable, since the BH3 and CH3 groups are
very similar, as far as their steric requirement is concerned.

EXPERIMENTAL.

1H NMR spectra were recorded at 90 MHz on a Varian EM-390 spectrometer, and at

200 MHz on a Bruker WP200 instrument in CDCl3 solution with TMS as internal
reference. Chemical shifts are expressed in units of § (ppm downfield from TMS)
and coupling constants (J) are given in Hertz (Hz). For the NOE difference spec-
tra (Bruker WP 200) a presaturation time of 10 s with an r.f. power setting of
40-50L (low power for selective irradiation) was used to build up the NOE. Dif-
ference for off resonance and on rcsonance spectra were gencrated after any eight
transients. 16 x 16 transients were sufficient to observe NOEs > 1%. Simultaneous
llB-decoupling was used to assign the BHS- resonances and for some of the NOE dif-

ference experiments.

11B NMR spectra were recorded on a Varian XL-100A (32.1 MHz) or a Bruker WP200
(64.2 MHz) spectrometer using BF;.Et,0 as external reference.
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TABLE 3. Analytical and infrared data for N-borane oxazolidine compounds.

3837

Compound M.W.3

p.
oc)

Yield
(%)

IR(cm™
-H

-1 d
B*N

9a 191

la 205

12a 267

13a 191

15a 205

15b 205

16a 267

16b 267

93

75

83

97

98

79

95

75

100

85

98

90

76

90

99

83

50

50

99

34

2373(s)
2316(m)
2276 (w)

2389 (m)
2367 (m)
2346 (w)

2374 (vs)
2317 (m)
2277 (m)

2374(s)
2370(m)
2275(m)

2377(s)
2336(m)
2272(w)

2379(s)
2335(m)
2281 (w)

2385(s)
2328(m)
2280(m)

2384 (s)
2373 (m)
2275(m)

2382(s)
2332(m)
2275(m)

2383(s)

1162(s)

1160(m)

1164(s)

1164(s)

1167(s)

1161 (m)

1161(m)

1160(m)

1166(s)

1168(m)

a) Determined from the mass spectra, based on
c¢) Crude product. d) KBr pcllets.

are uncorrected.

H3C

H

11

R1HC )<

H cbﬁs Cy H

? &:05 3 Ri=CH,

8 RS Ca“s 4 R:- CeHe
] Scheme 7

13

C NMR spectra were recorded in CDCl3 or DMSO (4, ppm,
WP200 (50.3 Hz) or Varian XL-100A (25.2 MHz).

B isotope only.

TMS) on either a Bruker

IR spectra were recorded KBr pellets on a Nicolet M\-1-FT spectrophotomcter. Mass spec-
tromety was performed on a Hewlett-Packard 5985-A instrument with a ionizing

potential of 15 eV.

Mclting points were determined on a Gallempak apparatus and are uncorrected.

All solvents were dried and purified by standard techniques prior to use, and

the reactions were carried out under nitrogen atmosphere.
oxazolidines have been reported elsewhere.

General procedure for the preparation of N-borane oxazolidine adducts:

12,18,19

b) Melting points

The preparation of the

theses of the compounds 9-16 have been conducted in DMS, with cquimolar amounts

The syn-
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of borane in dimethylsulphide (BHS.DMS) and the respective oxazolidine. (An
excess of borane in some reactions produce open-ring products).

The borane was added dropwise under cooling at =30°C, After 1S5 min at room temp-
erature, the solvent was evaporated under reduced pressure to give the correspond-
ing a adducts. The isolation of b was carried out in exactly the same manner, but
with an immediate removal of the solvent after the addition of borane, or by ad-
dition of the borane at -78°C.

The crude products, as required, were purified by chromatography on a short column
of silica with a mixture of hexane and methylene chloride, giving white crystal-
line solids. An alternative method used was recrystallization from chloroform
and hexane, Analytical and IR data is given in Table 3. All oxazolidine-borane
adducts were stable in air on standing for several days. Compounds 10a and l4a
were the wmost unstable species, showing decomposition after a few weeks.

13c MR spectra of solutions (DMSO) of l4a showed decomposition into the oxazoli-

dine product on standing for 1 h. Also, this sample decomposed in chloroform.
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