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Table 1. Comparison of 'H and '*C NMR chemical shifts of natural and synthetic compounds.?!

Compound NMR Chemical shift!® at positions:
nucleus 1,30 2,23 3,22 4,21 5,20 6,19 7,18 8,17 9,16 10,15 11,14 12,13 24,25 26,29 27,28
natural 'H 1.05 3.79 1.80 1.39 3.97 1.48 1.53 3.83 1.60 1.27 1.09 1.11
glabrescol 2.08 223 1.72 1.96 1.92
BC 2538 71.57 8574 2662 31.14 8560 84.17 29.01 3475 8527 85.01 2823 2828 2516 2211
1 'H 1.05 3.78 1.80 1.37 3.97 1.46 1.51 3.70 1.54 1.28 1.09 1.10
2.06 222 1.69 2.02 1.80
13C 2526 7157 8559 2648 30.88 8549 8420 2898 3452 8448 8393 27.01 28.11 24.98 22.48
2 'H 1.04 3.79 1.80 1.38 3.96 1.42 1.49 3.63 1.61 1.27 1.10 1.20
2.05 217 1.73 2.01 1.79
BC 2529 7150 85.62 2651 31.02 8524 8352 29.11 3372 8354  84.22 26.13 28.04  25.06 24.34

[a] NMR spectra were measured in CDCl;:C¢Dg (7:3). [b] Chemical shifts quoted in ppm.
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Scheme 5. Synthesis of 2. a) Ac,0O, Et;N; b) HCI; ¢) MsCl, Et;N; d) DI-
BAH; e) NaH; f) n-Bu,NF.
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Epoxides are valuable intermediates for the stereocon-
trolled preparation of organic compounds.”! Thus, the desym-
metrization of meso epoxides by enantioselective addition of
nucleophiles appears to be an efficient strategy for asymmet-
ric synthesis since it establishes two contiguous stereogenic
centers.’!l In this area, halide ions have been extensively
applied in the ring opening of epoxides.’] Nevertheless, no
highly efficient, catalytic methods affording enantiomerically
enriched chlorohydrins have been reported. Only chiral
organophosphorus Lewis bases coordinated to and thereby
activating silylated nucleophiles have been introduced by
Denmark et al. as catalysts in this field; these led to the
formation of optically active chlorohydrins in moderate
enantiomeric excess (ee).l'"]

Recently, we have described the synthesis of new chiral
ortho-hydroxyaryl phosphine oxides!"!l and their application
as chiral Lewis bases!'” in various asymmetric catalytic
systems. In the context of our studies on nonorganometallic
phosphorus reagents in enantioselective catalysis, ' we report
in this paper the highly efficient use of ortho-methoxyphe-
nyldiazaphosphonamides in the catalytic asymmetric ring
opening of meso epoxides with silicon tetrachloride.

Diastereomerically pure aryl phosphonic amides 1-4 were
easily prepared in 84, 80, 91, and 80 % yield, respectively, by
an exchange reaction between bis(dimethylamino)aryl phos-
phine and the corresponding (R,R)-N,N’-dimethylcyclohex-
ane-1,2-diamine or (S)-2-anilinomethyl pyrrolidine, followed
by oxidation of the crude phosphines with fert-butyl hydro-
peroxide (Scheme 1). The crystalline compounds 1-4 were
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Scheme 1. Synthesis of chiral aryl phosphonic amides 1-4.

characterized by standard methods, including 3P NMR
spectroscopy (0 =24.4, 32.2, 32.5, and 26.5 in CDCl;). The
structure of 1 was unambiguously determined by a single
X-ray diffraction study probing the phosphorus atom, which
was shown to possess S absolute configuration (Figure 1).1'4

These compounds have been successfully employed as
chiral Lewis bases in a catalytic asymmetric ring opening by
SiCl, with cyclooctene oxide as the test substrate (Table 1). It
is clear that the experimental conditions have a dramatic
impact on the outcome of the reaction. In all cases, the
expected chlorohydrin was obtained in good chemical yield
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Figure 1. Structure of 1 with atom labeling. Selected bond lengths [A] and
angles [°]: P1-O2 1.466(1), P1-N6 1.669(1), P1-N8 1.648(2), P1-C4 1.788(2),
N6-C5 1.414(2), C9-03 1.372(2), O3-C19 1.410(2); O2-P1-C4 108.4(1), O2-
P1-N6 116.4(1), O2-P1-N8 117.7(1), C4-P1-N6 110.3(1), C4-P1-N8 108.4(1),
N6-P1-N8 94.9(1), C9-O3-C19 117.5(2), P1-C4-C9 124.3(1), P1-N8-C16
118.5(1), P1-N8-C10 113.3(1), C10-N8-C16 106.3(1).

Table 1. Catalytic asymmetric ring opening of cyclooctene oxide with
SicCl,.[2 i
1) SiCl,, 10 mol% 1-4
solvent, —78°C, 4 h
2) KF/KH,PO,

Entry Lewis base Solvent Yield [% ] ee [%]
1 1 THF 68 30
2 1 toluene 61 98
3 1 DMF —la -
4 1 CH,Cl, 60 34
5 1 CH,Cl, 77 >99
6 el CH,Cl, 75 75
7 2 CH,Cl, 78 30
8 3 CH,Cl, 83 >99
9 4 CH,Cl, 78 50

[a] Reactions were all performed on 1.2 mmol scale at —78°C for 4 h with
freshly distilled SiCl,, except for the reaction in entry4 which was
performed using commercial SiCl, without any purification. [b] Yield after
flash chromatography. [c] ee values were determined by chiral GC analysis
with a Lipodex E column. [d] In this case, a low conversion (<15%) was
encountered, even at room temperature. [e] Reaction was performed using
5Smol% of 1.

(varying from 60 to 83 % ). Nevertheless, toluene and CH,Cl,
appeared to be the best solvents in terms of enantioselectivity
(entries 2 and 5, 98 and > 99 % ee, respectively), whilst a polar
solvent such as THF led to a poor ee value (entry 1, 30 % ee).
Furthermore, the use of freshly distilled SiCl, significantly
enhanced the enantiomeric excess from 34 to >99% ee
(entries 4 and 5).I" The influence of decreasing the amount of
catalyst 1 from 10 to 5mol% was also investigated and a
substantial decrease in enantioselectivity was observed (en-
try 6, 75% ee). Replacement of a methoxy group on the
aromatic ring with a hydrogen atom has a detrimental effect
on the enantioselectivity (entries 7 and 9, 30% and 50 % ee,
respectively).l1]

In order to explain the differences in enantioselectivity
observed with the chiral base catalysts 1 and 3 relative to 2 and
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4, we believe that, for 1 and 3, the reaction with the epoxide
proceeds through a hexacoordinate structure, with chelatation

Table 2. Catalytic asymmetric ring opening of various meso epoxides.?!

to the catalyst organized around a cationic silicon intermedi- 0 1) SiCl,, 10 mol% 1 or 3 cl
° 2
ate A (Scheme 2). On the other hand, for 2 and 4, we can /\ solvent, —78°C R
R! R2 R!
2) KF/KH,PO, OH
R 0siCl, MeO ?\ r sicl Entry Lewis base Substrate Solvent ¢[h]® Yield ee[%] (config.)[
—_ 4
o >—<R ©/P\N ; [%]c
k IN 11 <\/I\o THF 03 68 23 (IR2R)"
+
i ! 2 1 oi)o CHCL 3 41 4810
Cl, .Cl -
CI—Si
RN o~ %o =0 3 3 oi)o CHCL 3 M 370
MeO  \\ MeQ W _{ a
o]l p—N / F‘\ 7
R ©/ N—H N H 4 1 (\/Fo CH,ClL, 03 85 62 (1R2R)E
lth Ph
cl 5 3 Oo CH,ClL, 03 84 82 (LR 2R)E
R L, | LCl
+ S O o
) o v ‘c\>\ 6 1 O CH,Cl, 3 79 98 (1R2R)t
Cl— Me A
PTN;-., R R
R N— H o
7 3 CH,CL, 3 75 73 (1R2R)'e
|
A Ph
Scher.ne 2. Proposed I.nechamstlc rationale for the enantioselective ring 3 1 o CH,Cl, 4 77 > 99 (IR2R)
opening of meso epoxides.
O h
postulate a pentacoordinate intermediate in equilibrium with 9 1 PhAPh THF® 35 68 92 (18,285)M
a hexacoordinate structure; these structures would involve o
one or two phosphonamide molecules, respectively, coordi- 10 3 AN CH(CL 35 71 60 (15,25)
nated by only the oxygen of the P=O moiety.!""] Ph Ph
Under the best experimental conditions previously descri- {4 1 820 \/&\/OBZ CHCL 35 78 94 (25,38)!
bed (those in entry 5, Table 1), this study has been extended to z
. . . . o
a series of meso epoxides. The rf?sults are sulpmar'lzed in 5 \A/ CHCL 35 95 90 (2535)"
Table 2. In all cases, the chlorohydrins were obtained in good BzO OBz
yields varying from 41 to 91 %. However, the enantioselec- o
13 1 THF 35 531 1200

tivity of the reaction was highly substrate dependent. In the
case of cyclic substrates, there is a dramatic effect with
different ring sizes. Thus, using catalyst 1, cyclopentene oxide
afforded the expected product in low ee (entry 1, 23% ee)
whereas cyclohexene, cycloheptene, and cyclooctene oxides
led to the formation of the corresponding chlorohydrins in,
respectively, 82, 98, and up to 99 % ee (entries 5, 6, and 8). The
acyclic substrates also gave good to excellent results in terms
of enantioselectivity (entries 914, 60-94 % ee).[1% 201

In conclusion, a new and efficient type of chiral Lewis bases
has been developed, and its utility has been demonstrated in a
catalytic enantioselective ring opening of meso epoxides.
Further studies dealing with mechanistic features of this
reaction are currently under investigation.
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