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Iminophosphoranes have been extensively used for the high
yield syntheses of a large variety of imin€s. Although tri-
phenylphosphine was usually used because of the stability of the
resulting iminophosphorane, the reaction can be performed with
a wide variety of phosphines, including trialkylphosphifesixed
alkylarylphosphine$unsaturated phosphingaminophosphines,
tris(dialkylamino)phosphine, cyclic phosphines! or bicyclic
phosphines? Nevertheless, although iminophosphoranes of gen-
eral structure BP=N—R' possess a donor position at the nitrogen
atom capable of metal complexatidifew chiral versions have
been envisaged and applied in catalytic asymmetric synth&sis.

We report here the first diastereoselective synthesis of new
chiral iminodiazaphospholidines bearing the chirality at the chain
and at the phosphorus atom and their use as ligands in an
enantioselective copper-catalyzed cyclopropanation reaction.

Chiral iminophosphoran@ issued from R,R)-N,N'-dimethyl-
cyclohexane-1,2-diaminé was synthesized in 63% vyield by
treatment with phenyl azide in THF at78 °C of the correspond-
ing phosphine (Scheme 1).

The first chiral iminophosphoranéa,b possessing a stereo-
genic phosphorus center were easily prepared from the corre-
sponding diastereomerically pure phosphia®®® according to
the procedure described above in 61 and 48% yields, respectivel
(Scheme 2).

Iminophosphorane8, 6a, and6b are crystalline compounds
characterized by standard methods, includit®yNMR spectros-
copy © 19.09, 14.57, and 14.94, respectively in CECI
Moreover, the structure of compouadti-6awas determined by
a single X-ray diffraction study (Figure 1). The-Rl, bond length

(1) Staudinger, H.; Meyer, Helv. Chim. Actal919 2, 635.

(2) For reviews dealing with Staudinger reaction, see: (a) Gololobov, Y.
G.; Zhmurova, I. N.; Kasukhin, L. Fletrahedronl981, 37, 437. (b) Johnson,
A. W. Ylides and Imines of Phosphorus, Iminophosphoranes and Related
CompoundsJohn Wiley & Sons: New York, 1993.

(3) Gololobov, Y. G.; Kasukhin, L. FTetrahedron1992 48, 1353.

(4) Scriven, E. F. V.; Turnbull, KChem. Re. 1988 88, 298.

(5) For recent applications, see: (a) Molina, P.; Aller, E.; Lorenzo, A.
Synthesid€998 283. (b) Okawa, T.; Kawase, M.; Eguchi, Synthesi4998
1185. (c) Takahashi, M.; Suga, Bynthesid998 986.

(6) (a) Birkofer, L.; Kim, S. M.Chem. Ber1964 97, 2100. (b) Urpi, F.;
Vilarrasa, J.Tetrahedron Lett1986 27, 4623.

(7) Wilson, S. R.; Pasternak, Aynlett199Q 199.

(8) Baechler, R. D.; Blohm, M.; Rocco, Kletrahedron Lett1988 29,
5353.

(9) (a) Vetter, H. J.; Noth, HChem. Ber1963 96, 1308. (b) Wilburn, J.
C.; Nielson, R. H.Inorg. Chem.1977, 16, 2519.

(10) Schwesinger, RAngew. Chem., Int. Ed. Engl987, 26, 1164.

(11) Baccolini, G.; Todesco, P. E.; Bartoli, ®hosphorus Sulful.981,
10, 387.

(12) Quin, L. D.; Keglevich, G.; Caster, K. ®hosphorus Sulful.987,
31, 133.

(13) (a) Abel, E. W.; Muckle, Jinorg. Chim. Actal979 37, 107. (b)
Imhoff, P.; Elsevier, C. J.; Stam, C. kthorg. Chim. Actal99Q 175, 209. (c)
Reed, R. W.; Santasierso, B.; Cavell, R.I@org. Chem1996 35, 4292. (d)
Apppel, R.; Volz, PZ. Anorg. Allg. Chem1975 413 45. (e) Crociani, L.;
Tisato, F.; Refosco, F.; Bandoli, G.; Corain, B.; Venanzi, L.MAm. Chem.
S0c.199§ 120, 2973.

(14) Reetz, M. T.; Bohres, E.; Goddard, Rhem. Communl998 935.
(15) (a) Brunel, J. M.; Chiodi, O.; Faure, B.; Fotiadu, F.; Buono,JG.
Organomet. Chenml997 529 285. (b) Legrand, O.; Brunel, J. M.; Constan-

tieux, T.; Buono, GChem—Eur. J.1998 4, 1061.

5807
Scheme 1. Synthesis of Iminophosphoran8s6, and6b
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Scheme 2.Possible Mechanism for the Stereoselective
Formation of Iminophosphorarga
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[1.544(3) A] is within the expected valué$® The P~-N—Ph bond
angle value is 126% consistent with the proposed’dpybridiza-

tion of nitrogen. The molecular structure unambiguously showed
that the configuration at the phosphorus atom was retained during

Ythe nucleophilic attack by the phosphine on the termjraitrogen

of the azide. Indeed, it is clearly established that this reaction
proceeds through the formation of a linear phosphazaiesually

not detectable, which then dissociates to iminophosphorane,
probably via a four-centered transition state!’

The total retention of absolute configuration at the phosphorus
atom may be interpreted through a mechanism involving a trigonal
bipyramidal intermediate (TBP). The nucleophilic addition of
diazaphospholidinéa on phenylazide led to the formation of
betain7a. In this case, elimination of molecular nitrogen may
occur only from TBP intermediate& and 7c according to the
principle of microscopic reversibilit{® Considering these as-
sumptions, thex-nitrogen atom may attack at one of the adjacent
faces of the tetrahedron @&, in line to one of the nitrogen atoms
of the diazaphospholane ring leading?io TBP intermediate in
which the four- and the five-membered rings adopt an axial
equatorial position. On the other hand, for this TBP intermediate
7h it is possible to consider a low-energy Berry pseudorotétion
leading to the formation ofcin which thea-nitrogen atom adopts
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Table 1. Catalytic Asymmetric Cyclopropanation of Olefi@sby
Ethyl Diazoacetat®

1.5 mol% CuOTf
- =
3, 63 or 6b

CO,Et
10

1R2R

I R
R o Bt
8 9 1

R = Ph, PhCH,-, 1-Naphthyl, PAOCH,- IR, 28

Figure 1. Structure ofanti-6a, showing labeling scheme. Selected bond
distances (A): PAN2, 1.544(3); PEN3, 1.686(3); P+ N4, 1.655(3);
P1-N5, 1.633(3); N2-C15, 1.406(4) N3-C7, 1.409(5). Selected bond
angles (deg): N2P1-N3, 122.2(2); N2-P1-N4, 117.7(2); N2-P1-
N5, 106.0(2); N4P1-N3, 92.8(2); N4P1-N5, 109.9(2); N3-P1—
N5, 107.4(2); PEN2—C15, 126.1(3); PAN3—C7, 125.4(3); PEN5—
C13, 119.4(3); PEN4—C8, 114.9(3); PAN3—C6, 113.6(3); P+N5—
C17,124.1(3); PEN4—C16, 122.1(3); C6EN3—C7, 119.1(2); C8N4—
C16, 109.7(3); C13N5—C17, 116.0(3).

a favored apical position, allowing apical departure of molecular
nitrogen?
The catalytic asymmetric cyclopropanation of olefins with

various diazoacetates in the presence of chiral copper and rhodium

catalysts has been carefully optimizZéd.he methods developed

yield ratio ee (%)
entry L* R solvent (%) 1011" 1011
18 6a9 Ph THF 68 95 17
5 0
28l gate  Ph THF 61 92 34
) 8 12
3 6a Ph THF 67 80 52
) 20 43
43 gatf  Ph CHCl, 60 76 63
A 24 20
58 6a Ph CHCl, 80 98 94
) 2 90
6> 6a Ph CICHCHCI 85 95 93
5 91
78 6a* Ph CHC} 78 97 92
3 91
8  6b" Ph CHClI, 83 95 87
) 5 76
Q@i 3 Ph CHCI, 78 82 84
) 18 76
107 6a8" 1-Naphthyl CHCI, 89 90 50
10 35
1% 6a8f 1-Naphthyl CHCI, 76 100 95
0
1 6a8f PhCH- CH.Cl, 71 98 12
2 0
1 6" PhOCH-  CHCl, 78 83 34
17 23

by Evans??2 Pfaltz2?* Musamuné?® and Doylé? are exemplify-
ing. Although these chiral catalysts can provide substituted
cyclopropanes with a high level of enantioselectivity, these
reactions are not highly diastereoselective, and a mixture of trans
and cis adductd0 and 11 is obtainec®® Due to their metal
complexation propertie’s,iminophosphoranes, 6a, andéb have
been successfully used as ligands in an asymmetric copper
catalyzed cyclopropanation of olefil@sby ethyl diazoacetat®
(see Table 1). The best results were obtained with copper(l)
triflate 2425

The expected adduct® and11 were formed in chemical yields
varying from 60 to 85% using 1.5 mol % of the compléa—
CuOTHf. In the case of vinyl aryl substrates, the catalyst exhibits
high enantiocontrol especially for the thermodynamically more
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(26) It is interesting to note that compourngisa, and6b do not function
as imido donor groups for the aziridination of styrene catalyzed by CuOTf.
On the other hand, the corresponding liga2d$a, 5b do not lead to the
formation with high level of enantioselectivity to the cyclopropane adducts
10 and 11 (enantioselectivity up to 7% ee).

aReactions performed on 1 mmol scale-820 °C during 72 h.
b Reactions performed on 1 mmol scale -a¥8 °C during 72 h.
¢ Reaction performed using 1 equiv of L* with respect to CuOTHf.
4 Rapid addition of NCH,COOEt in 1 min.¢ Addition of N,CH,COOEt
using a pump syringe over a period of 10 Reaction performed using
2 equiv of L* with respect to CuOTH Isolated yield." Ratio 10:11
determined by capillary GC.ee determined by HPLC analysise
determined by GC analysis using a LIPODEX E column.

stable trans isomerO which was preferentially formed (the trans/
cis ratio varying from 76/24 to 100/0 depending on the experi-
mental conditions and the nature of the considered olefin). Using
styrene as substrate test, dichloromethane appeared to be the best
solvent with respect to enantiomeric excesses (ee) and diastereo-
selectivity (entries 5, 94 and 90% ee, respectively,tfans-10
andcis-11 isomers (ratio 98/2)) while THF led to poor enanti-
oselectivities (entry 3, 52 and 43% ee, respectivelytfans10
andcis-11isomers (ratio 80/20)). Furthermore, it clearly appears
that the rate of addition of ethyl diazoacetate is important to ensure
a high enantiomeric excess reproducibility (entries 4 and 5). Under
the best experimental conditions (entry 5), the use of iminophos-
phoranesb and 3 led to similar results in terms of conversion
and enantioselectivities (entries 8 and®@erforming the reaction
on various olefins led in all cases to high ratio diastereoselec-
tivities varying from 83/17 to 100/0 (entries 4Q3). The best
result was obtained using 1-vinylnaphthalene which led to a total
diastereoselectivity inrans10 with 95% ee (entry 11). On the
other hand, when R= PhCH and PhOCH, we noticed a
significant decrease of the enantioselectivity (entries 12 and 13).

Additional studies dealing with the use of such ligands in
various asymmetric catalyzed reactions as well as mechanistic
features are under current investigations.
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