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Abstract

The synthesis of a new chiral organophosphorus derivatizing agent prepared from (S)-2-anilino-
methylpyrrolidine 1 and its successful use in the determination of enantiomeric composition of various
halohydrins by 3'P NMR spectroscopy is described. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

The steadily growing use of enantiomerically pure materials as chiral building blocks, auxiliaries
or chiral ligands in numerous asymmetric syntheses' demands fast and accurate methodology for
enantiomeric excess determination. Direct chromatographic analyses by GC or HPLC on chiral
stationary phases are ideal;> however, this approach is still of limited generality and NMR
spectroscopy continues to be one of the most important methods to determine the enantiomeric
purity of chiral compounds.? The utility of chiral derivatizing agents (CDAs) is well documented.
Two of the major problems associated with using CDAs are the observation and resolution of
appropriate signals in complex NMR spectra and the potential for asymmetric induction during
the preparation of the derivatized substrate. 3P NMR spectroscopy provides a very convenient
method for determining the enantiomeric excess of chiral phosphorus compounds because the
chemical shift dispersion is usually large and spectra are simple, when broad band proton
decoupling is applied.*> Thus, several organophosphorus chiral derivatizing agents as well as
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achiral reagents for the analysis of chiral diols, amines or alcohols by *'P NMR have been
successfully used.® Nevertheless, no convenient method for the measurement of the enantiomeric
composition of chiral halohydrins has been reported to date.

2. Results and discussion

We wish to report herein the first, simple and very efficient 3'P NMR method for the deter-
mination of enantiomeric purity of various chiral halohydrins based on the use of (2R,55)-2-
dimethylamino-3-phenyl-1,3-diazaphosphabicyclo[3.3.0"3]octane 2 as new chiral derivatizing
agent. CDA 2 was easily prepared by the exchange reaction of tris(dimethylamino)phosphine and
(S)-2-anilinomethylpyrrolidine 1 in refluxing toluene (Scheme 1).
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Scheme 1.

After completion of the reaction, CDA 2 was obtained as a single diastereomer in 78% yield
after distillation (anti-2, *'P NMR: §=116.9 ppm) and no trace of formation of the other dia-
stereomer syn-2 has been detected during the conversion.” Furthermore, the structure of anti-2
has been fully characterized by *'P, 'H and '*C NMR spectroscopy and by X-ray structure analysis
of its corresponding borane complex adduct 3% (Fig. 1).

Figure 1.
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Table 1
31p NMR Chemical shifts of diastereomeric
Entry Halohydrins X Ad (ppm)
derivatives anti-4a and anti-4b
1 HO_ X cl 122.0 120.0 2.0
D (+-) Br 119.8 118.0 1.8
HO X
5 al 129.7 121.7 8.0
(+F) Br 127.2 120.4 6.8
HO X
S cl 127.0 121.2 5.8
3 (+)
Br 127.3 120.5 6.8
HO X
A “ cl 131.6 119.5 12.1
(+) Br 1323 119.4 12.9
S HOZ_SX cl 121.6 1214 02
/_
o ¢ Br 121.7 1213 0.4
HO X Cl 120.2 118.8 1.4
6 7 \ (+/-)
Ph  Ph Br 121.6 118.6 3.0
Hoy X al 125.1 123.4 1.7
7 BZOJ_LOBZ ' N -
+/) Br 124.8 123.3 1.5
. jci/ a 120.6 120.3 0.3
Ph X Br 121.1 119.5 1.6
OH
10 Cl
9 121.4 120.0 1.4
5

Cl

CDA anti-2 is stable for weeks under inert atmosphere and not sensitive to moisture. For easy
handling, CDA anti-2 was stored as 0.5 M solution in toluene under argon and taken by syringe
when needed. The reaction between anti-2 and a racemic halohydrin was performed for 1.5 h in
refluxing toluene (Scheme 2).
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In all cases, the reaction is quantitative and leads to the exclusive synthesis of diastereomeric
compounds anti-4a and anti-4b without formation of any byproducts. Analysis of the crude mixture
of diastereomeric derivatives anti-4a and anti-4b was performed by *'P NMR spectroscopy in
CDCIl; and the results obtained with several halohydrins are summarized in Table 1. The
enantiomeric purity can be accurately measured by integration of the signals of the dia-
stereomeric phosphorus compounds and no kinetic resolution has been observed. Thus integration
of the racemic mixtures always corresponds to 50:50 (x2).°

The diastereomeric pairs of derivatives exhibit typical NMR shift differences between 0.2
and 12.9 ppm. It is worth mentioning that the presence of a lone pair of electrons on phosphorus
tends to increase the chemical shift difference. Reagent anti-2 shows excellent reactivity toward
chlorohydrin and bromohydrin and in all these cases the enantiomeric purity can be accurately
measured. Moreover, it should be noted that CDA anti-2 can be used in slight excess, since its
chemical shift does not interfere with those of anti-4a and anti-4b. On the other hand, attempts to
determine the enantiomeric purity of various iodohydrins failed due to the high reactivity and
instability of these compounds, which lead only to the formation of numerous unidentified
byproducts.

3. Conclusion

In conclusion, this procedure proved to be very efficient for an easy determination of the enantio-
meric purity of various chiral halohydrins. Studies are now in progress to extend this methodology
to the measurement of the enantiomeric purity of chiral azido alcohols and cyanohydrins.

4. Experimental

'H, 13C and 3'P NMR spectra were recorded on Bruker AC100 and AC200 spectrometers in
CDCl; as solvent. The chemical shifts (ppm) were determined relative to Me,Si ('"H and '3C) and
85% H3PO,4 (*'P). Toluene was distilled from sodium/benzophenone ketyl immediately prior to
use. (S)-2-Anilinomethyl pyrrolidine 1 was prepared according to the procedure previously
reported in the literature.!'!

4.1. General procedure for the determination of the enantiomeric composition of chiral halohydrins

To a 25 mL two-necked round-bottomed flask under argon atmosphere containing 30 mL of dry
toluene were dropped (S)-anilinomethylpyrrolidine 1 (2.64 g, 15 mmole) and tris(dimethylamino)-
phosphine (2.44 g, 15 mmole). The solution was heated to reflux and monitored by 3'P NMR
spectroscopy. After 3 h, 1 mL of this 0.5 M solution was introduced into a small round-bottomed
flask under argon and 1 equivalent of the desired racemic chlorohydrins was added. This mixture
was refluxed for 1.5 h and then the solvent removed under vacuum. The residue was transferred
under argon into a 5 mm NMR tube along with 100 uL. of CDCl; and the 3'P NMR spectrum
was recorded at 40.539 MHz.
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A sample of the crude derivatizing reagent anti-2 was subjected to fractional distillation under
reduced pressure for analysis: bp 148°C/5x 10-3 mbar; [a]% =-350.7 (c=1.13, CH,Cl,); *'P NMR
§117.9; "H NMR 6 1.55-1.90 (m, 3H), 1.93-2.12 (m, 1H), 2.63 (s, 3H), 2.67 (s, 3H), 3.05-3.30 (m,
2H), 3.42-3.60 (m, 1H), 3.79 (t, J=7.0 Hz, 1H), 4.10-4.22 (m, 1H), 6.75-6.95 (m, 3H), 7.25 (t,
J=7.2 Hz, 2H); 3C NMR § 25.4 (d, J=4.1 Hz), 32.3, 36.7, 37.0, 50.4 (d, J=40.6 Hz), 54.4 (d,
J=4.7 Hz), 62.3 (d, J=7.3 Hz), 114.4 (d, J=11.6 Hz), 117.5, 128.9, 146.5 (d, J=14.4 Hz).
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8. X-Ray structure analysis of 3: a plate white monocrystal of C;3H,3B{N;P, obtained by recrystallization in ethyl
acetate, with approximate dimensions 0.2x0.2x0.2 mm was mounted on a glass capillary. All the measurements
were made on a Rigaku diffractometer with Mo-Ka radiation. Cell constants and the orientation matrix for data
collection were obtained from a least square refinement using setting angles of 30 reflections in the range 6 = 1-25°,
which corresponded to a monoclinic cell with dimensions: a=7.9186(2), b=9.6315(3), ¢=19.5340(7) A.ForZ=5
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139376.

9. It is noteworthy that when the reaction time is not long enough, traces of syn-4a and syn-4b diastereomers can be
characterized. In this case, integration of the signals can still be correlated to the enantiomeric purity of the con-
sidered halohydrin.
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10. 3'P NMR enantiomeric composition of racemic and enantiomerically enriched chlorohydrin 5. Enantiomeric
excess of 5 has also been determined by HPLC analysis on a Daicel Chiralcel OD-H column using hexane:i-PrOH
(90:10) as eluent (flow rate: 0.5 mL/min, 254 nm), tg: 13.46 min (minor); tg: 14.53 min (major).
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