384 Inorg. Chem.1998,37, 384—385

A Chiral N-Sulfonylphosphoramide: Synthesis and X-ray Crystal Structure of a
1,3,2-Oxazaphospholidin-5-one, a Trivalent Electron-Withdrawing Amino Acid-Derived Phosphorus
Compound, and Synthesis of Its W(COJ Adduct

William H. Hersh,* Ping Xu, and Cheslan K. Simpson

Department of Chemistry and Biochemistry, Queens College of the City University of New York, Flushing, New York 11367-1597

Thomas Wood and Arnold L. Rheingold

Department of Chemistry and Biochemistry, University of Delaware, Newark, Delaware 19716

Receied October 31, 1997

Chiral phosphinés such as DiPAMP, BINAP, and most Scheme 1
recently DUPHOS have great utility in asymmetric synthébist

they are electron-donating and so are poor choices in the design *Pr

of the chiral Lewis acids in which we have long been interedted. __PPhCl, |

The ephedrine-derived chiral 1,3,2-oxazaphospholidines¢e NEts g
H so2 so2

Chart 1) that Jugeand Brown have each descrilfedas an

electron-withdrawing oxygen atom attached to phosphorus, but

1 also has a counter-balancing electron-donating nitrogen atom. 6 Tol To|
A number of Lewis acids bearing electron-withdrawMgulfonyl (S)-N-tosylvaline Pr. O

moieties adjacent to the acidic site such2aand 3 have been \ D
described. Although ephedrine isl-methylated and not subject o
to ready modification, its use is still attractive due to its ready
availability and its efficient (and elegant) transfer of chirality to H SO,

. , : ) . 7b
phosphorus to give a diastereomerically pure material that contains Pr. O /Ph (7a:7b =

7a

“N/ \
Ph

a stereogenic phosphorus atom; presumably, the diastereomer in O\ 7109:1)
which the phenyl groups are mutually cis is disfavored due to 7a (THAW(CO)s Tol

the higher steric interaction. However, as illustrated?tands3, 7/ W(CO)s
amino acids possess both the sgtvamino hydroxy functionality H SO, g

as ephedrine as well as a primary amine that is readily sulfonylated

to give the electron-withdrawing sulfonamide moiety. 2mand Chart 1

3, coordination at the Lewis acid site occurs anti to the

toluenesulfonyl group, but while this is trans to the phenyl (like Me i

ephedrine) in3, it is cis to the indolyl group ir2. Guided by \ { \ E B_H

these examples, we have begun a program to investigate the N
Me/ F’

properties ofN-sulfonylphosphoramides. For instance, the achiral
compound that we have named Todl i6 readily prepared from 1a Y=0 | 2 (R=
the corresponding bis(sulfonamide) and PRhGlespite the 1b Y =BH, XTay Tol 3-indolyl )
presumed low nucleophilicity of the nitrogen lone-pairs, and it is
exceptionally electron-withdrawing as a ligahdn this paper (o] o / o
we describe (1) the synthesis of a phosphorus analog@e(8j \ Tol\ \ /
the high diastereoselectivity at phosphorus such as that seen for (Cp _ o BN
1, (3) a rare example of an X-ray structure of a chiral trivalent h Sg 1°-MesCs ) SO/ Me/
phosphorus compound, and (4) the high electron-withdrawing | 2 3 Z

Tol Tol TosL

so2

so2 Ph

(1) Pietrusiewicz, K. M.; Zablocka, MChem. Re. 1994 94, 1375-1411. B ) ) ) )
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31, 6357-6360. (c) Brown, J. M.; Carey, J. V.; Russell, M. J. H.

Tetrahedron1990 46, 4877-4886 presumably due to the less voluminous 2 equiv GNEL™CI-.

(5) Hersh, W. H.; Xu, P.; Wang, B.; Yom, J. W.; Simpson, C.IKorg. Stirring was continued for 1 h, after which filtration of the
Chem.1996 35, 5453-5459. ammonium salt followed by solvent removal gave the product as
(6) (a) Corey, E. J.; Loh, T. Rl. Am. Chem. S0d.991, 113 8966-8967. i i 0% Vi ;
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Figure 1. ORTEP drawing of7a. Selected bond lengths (A) and angles
(deg): P-O(1), 1.678 (3); PN, 1.744 (4); P-C(15), 1.824 (5); O(&
P—N, 90.9 (2); O(1)-P—C(15), 101.1 (2); N-P—C(15), 99.9 (2).
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propose that the isopropyl forces the tolyl ring to be in the anti
conformation, which then forces the phenyl to be anti to it.
However, examination ofa using molecular modeling software
does not reveal any compelling steric reasons for the preference
of 7aover7b, in part due to the intervening S@hich extends

the distance from the tolyl moiety to the other ring substituents.
Sulfonamide geometry is an active area of resédiatd will be
discussed in detail in the full account of this work; for now we
note that the nitrogen is slightly pyramidalized and the sulfona-
mide lies in a staggered conformation with the tolyl roughly anti
to the nitrogen lone pair. I7db on the other hand, the tolyl group

is proposed to be s-cis to the isopropyl group rather than the
phenyl as shown in Scheme 1 on the basigf for the isopropyl

and ring methines; irva it is 7.1 Hz, consistent with a 180
dihedral angle (X-ray: 168 while in 7b it is 3.0 Hz, consistent
with a 60 dihedral angle, as the isopropyl rotates to avoid contact
with the tolyl group.

To assess the electronic properties7af as we have done

ppm, subsequently identified as the desired diastereomeric 1,3,2+efores it was combined with (THF)W(CQ)to give the adduct

oxazaphospholidinonég and7b (Scheme 1). The ratio dfa:

7b was somewhat variable, ranging from a low of 6.2:1 to a high
of 9.8:1 for room-temperature reactions, although typically the
ratio was 7 to 9:1.

A single crystallization of the mixture of diastereomers from
ether at—35 °C reproducibly gave a 50% yield of the major
isomer7a free of any detectable minor isoméb. Subsequent
recrystallizations gave the major isomer contaminated by small

8 (Scheme 1) in 63% vyield. The infrared spectrum exhibits
unusually high-frequency carbonyl stretching frequerigéing
7asecond only to P(GJ; as the most electron-withdrawing ligand

in LW(CO)s complexes. In fact, while the sulfonamide moiety
was expected to be electron-withdrawing, one unexpected feature
of this work is that7a is evidently more electron-withdrawing
than TosL, so the carboxylate group appears to be even more
electron-withdrawing than the sulfonamide. We also note that

amounts of the minor isomer, but because there was no need forgJHH = 3.4 Hz for the isopropyl and ring methines, consistent

large amounts of the pure diastereomer, no attempt to optimize,yith the bulky W(CO} moiety forcing the tolyl to be anti to it
the yield was made. We are aware of five previous syntheses of .ather than phenyl, as shown in Scheme 1.

1,3,2-oxazaphospholidinones formally derived framamino
acids® but none of these reports was concerned with chirality. A
diastereoselective synthesis of the releaeddoalcohol-derived
compound 2,5-diphenyl-3-methyl-1,3,2-oxazaphospholidin-4-one
(5)° gave the trans isomer (85:15 trans:cis) under thermodynamic
control, just as with ephedrind)(* evidently the carbonyl does
not affect the stereochemical preference.

Crystals of7a suitable for X-ray diffraction were obtained on
the first recrystallization from ether. The absolute configuration
was assumed to be tha)(from the naturally occurring amino
acid carbon atom, and the refinement was consistent with this.
The structur® (Figure 1) is unique; to the best of our knowledge
it is the only 1,3,2-oxazaphospholidinone, the only acetoxyphos-
phine, and just the second valent 1,3,2-oxazaphospholidine
structuret! a trivalent 1,3,2-oxazaphosphorinane (six-membered
ring) has been characterized by X-faps have a number of
ephedrine-derivedetravalent phosphine oxides, sulfides, and
boranes analogous tba,b.1® Nevertheless, the key results are

stereochemical: the isopropyl and phenyl groups are cis to each

other, and the tolyl moiety is in the s-trans conformation relative
to these 1,3-substituents on the heterocycle. It is reasonable t

(7) Complete synthetic details and spectral and analytical data are given in
the Supporting Information.

(8) (a) Garrigues, B.; Munoz, A.; Koenig, M.; Sanchez, M.; Wolf, R.
Tetrahedronl977 33, 635-643. (b) Nesmerova, L. |.; Gololobov, Y.
G. Zh. Obshch. Khiml981, 51, 1663-1664;Russ. J. Gen. Cherh981,
51, 14171418. (c) Lavayssiere, H.; Dousse, G.; Satg&hbsphorus
Sulfur 199Q 53, 411-422. (d) Lamande, L.; Munoz, APhosphorus
Sulfur1993 75, 241-244. (e) Lai, P.; Wang, H.; Chen, R; Liu, A.; Xu,
J. Gaodeng Xuexiao Huaxue Xueb#892 13, 191-194.

(9) Totschnig, K.; Ellmerer-Miler, E. P.; Peringer, PPhosphorus Sulfur
1996 113 173-177.

(10) Crystallographic data have been deposited with the Cambridge Structural

Database and may be accessed by the refcode HIGPOC. See the

Supporting Information for details of the structure determination.
(11) Bonningue, C.; Houalla, D.; Wolf, R.; Jaud,J.Chem. Soc., Perkin
Trans. 21983 773-776.
(12) Huang, Y.; Arif, A. M.; Bentrude, W. GJ. Org. Chem1993 58, 6235—
6246.

In conclusion, reaction of an inexpensive and readily available
amino acid derivative with PhPggives a near-quantitative yield
of a new phosphorus heterocycle in high diastereomeric purity.
A single crystallization gives one diastereomer in overall 50%
yield, and so constitutes one of the simplest syntheses of an
enantiomerically pure trivalent phosphorus compound. This work
extends the number of sulfonamide-substituted heterocycles that
exhibit interesting and high stereoselectiVity,so exploration
of the steric space of this substituent appears to be in order. Future
research will be directed toward understanding the factors that
contribute to diastereoselectivity at phosphorus, stereospecific
transformations of this new phosphorus heterocycle, and use in
catalytic reactions.
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