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dissolved in toluene (5mL) and ethyl acrylate (2.5 mL, inhibitor-free),
followed by three freeze—pump—thaw cycles, prior to further chain-
extension polymerization.

RAFT: RAFT polymerization was carried out in glass bottles. Hexakis-
(thiobenzoylthiomethyl)benzene (50 mg) and styrene (10 mL) were mixed
together and degassed by purging with nitrogen. The bottles were sealed
and placed in an oil bath at 100°C. In typical reaction conditions a
conversion of 50% was attained after 75 h. The polymer was isolated by
evaporation of the styrene.

Analyses: The stars were characterized by size exclusion chromatography
and NMR spectroscopy. The porous films were analyzed by SEM. The
molecular weights quoted in the paper were determined against linear
polystyrene standards and are provided as an approximate guide to the true
molecular weight.

Film casting: The films were prepared® from carbon disulfide solutions
with a polymer concentration of 10 gL.=! (unless specified differently in
Table 1). The solution was cast on a glass support and dried with a humid air
(or nitrogen) flow at 22 °C. The casting process was carried out in a box at a
humidity of 85%. The saturation of the air flow was achieved by bubbling
the gas through a water reservoir. The air flow was measured with a flow
meter to ensure reproducibility.
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Rapid Access to Diverse Arrays of Chiral
3,4-Diazaphospholanes™**

Clark R. Landis,* Wiechang Jin, Jonathan S. Owen,
and Thomas P. Clark

Chiral phosphine ligands are central to many developments
in transition metal catalyzed enantioselective transforma-
tions.l Recent demonstrations of high enantioselectivity for a
wide range of hydrogenation reactions with Rh complexes
of DuPHOS,” PennPHOSFI RoPHOS BASPHOS,!
CnrPHOS,[’l and related ligands highlight the unusual efficacy
of rigid phosphacycles.! Other emerging trends in ligand
design include the use of heterofunctional bidentate ligands,®!
implementation of attractive “secondary interactions” be-
tween complementary functional groups of the substrate and
the catalyst periphery,”) and the construction of large libraries
of chiral phosphines for high-throughput catalyst screening.['"]
All these strategies for the discovery of enantioselective
catalysts can be accelerated by new synthetic methods for
constructing cyclic phosphanes. We report a versatile syn-
thetic route to a large number of new chiral diazaphospho-
lanes that uses aldehydes, hydrazines, and primary phosphines
as starting materials.

By analogy with P—C bond formation by means of the
classic Mannich condensation!'!! reaction, we reasoned that
the condensation of primary phosphines with azines
(R—CH=N—-N=CH-R), prepared by the treatment of hydra-
zine with two equivalents of the corresponding aldehyde,
would yield diazaphospholanes such as 1 (Scheme 1). This
procedure yields a variety of 3,4-diazaphospholanes in good
yields (25-95%) with rac selectivity under mild reaction
conditions. All compounds were thoroughly characterized by
using 'H, 1*C, and 3'P NMR spectroscopy, elemental analysis,
and in most cases, X-ray crystallography (Figure 1). To the
best of our knowledge, the only previous report of 3,4-
diazaphospholanes involved the stepwise condensation of
formaldehyde and phenylphosphane, followed by ring closure
with N,N’-dialkylhydrazines.['?

The condensation of azines and primary phosphines with
one equivalent of dry HCI as acid promoter renders simple
3,4-diazaphospholanes (1, 7, 9) upon workup. Acid chlorides
function as both promoters and N-functionalization reagents
to yield N,N'-dicarboxy-3,4-diazaphospholanes (2, 3, 4, 6)
directly in a one-step synthesis. The reaction of phenyl-
phosphane with the azine derived from acetyl salicylaldehyde
yields 5, in which one of the salicyl acetyl groups is transferred
to the hydrazine moiety. As exemplified by the transforma-
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Scheme 1. 1) HCl, RPH,; ii) CH;COCI, RPH,; iii) succinyl chloride, PhPH,; iv) succinyl chloride, RPH,; v) HCl,
PhPH,; vi) phthaloyl chloride, PhPH,; vii) HCl, 1,2-(PH,),CsH,; viii) phthaloyl chloride in THF; ix) HCI,
PH,CH,CH,PH,. All the reactions were worked up with aqueous K,CO; (10 %).

Figure 1. The X-ray crystal structure of rac-6 e. The displacement ellipsoids
are drawn at the 50 % probability level.
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meso ratios (0.6—-30:1) that
are dependent on the sub-
stituents at the 2- and 5-po-
sitions, only the rac isomers
are observed for cyclohex-
ylphosphane. Azines de-
rived from bulky, electron-
withdrawing substituents
such as  pentafluoro-
phenyl and ferrocenyl re-
sult in low rac/meso ratios
(6e2:1; 30.6:1). For most
diazaphospholanes, a simple recrystallization at room tem-
perature effects the separation of diastereomers (e.g. rac/
meso 30:1 for 1a).

The racemic diazaphospholanes 1a, 1e, and 9 are resolved
by N-functionalization with di-O-methyl-L-tartaric acid di-
chloride to form bicyclic diastereomers, followed by chroma-
tographic separation on silica gel. The exploration of other
resolution protocols is an active line of our research.

Crystallographic analysis reveals interesting structural de-
tails of the 3,4-diazaphospholanes. The X-ray crystal structure
determination of rac-8 (Figure 2) exemplifies the approxi-
mate C, symmetry of bis(diazaphospholanes) (7-9). Clearly
there is a remarkable communication of stereochemical
information between the two phospholane rings during the
condensation. 3,4-Diazaphospholanes are bulky ligands; for
example, the cone anglell of 1a (172°) is comparable to that
of P(Cy); (170°) (Cy = cyclohexyl).
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Figure 2. The X-ray crystal structure of rac-8. The ORTEP diagram is
drawn at the 30 % probability level. Solvent molecules and hydrogen atoms
have been omitted for clarity.

Preliminary data indicate that N,N’-dicarboxy-3,4-diaza-
phospholanes ligate to transition metals in a manner similar to
other phospholanes. For example, excess 6a and 6b react with
1/2[{Rh(nbd)Cl},] (nbd =norbornadiene) to afford adducts
with the formula [(6)Rh(nbd)Cl] in quantitative yield.
Similarly, the reaction of the N,N’-phthaloyl derivative of 9
with [ (cod)Pt(CH,),] (cod = cyclooctadiene) in solution yields
[(9-phthaloyl)Pt(CHs;),] in quantitative yield, as determined
by NMR spectroscopic and X-ray crystallographic analysis.
Preliminary studies revealed that Rh complexes of 3.4-
diazaphospholanes are active hydrogenation catalysts.

In summary, we have report herein an unprecedented,
simple synthesis of a wide variety of 3,4-diazaphospholanes
based on the acid-promoted addition of primary phosphines
to azines. Functionalization of the diazaphospholanes at N
stabilizes and rigidifies the 3,4-diazaphospholanes. Future
work concerns the application of these functionalized, bulky
phosphines to reactions catalyzed by transition metal com-
plexes.

Experimental Section

Full experimental details can be found in the Supporting Information. The
crystal structures of the following compounds are available!™: rac-1a, rac-
1c¢, rac-1d, rac-2a, meso-3, rac-4a, rac-4b, rac-5, rac-6a, rac-6b, rac-6¢,
rac-6e, rac-7, rac-8.

General Procedure: A solution of the azine derivative (4.55 mmol) in
diethyl ether (20 mL) was treated with HCI (ca. 4.75 mL, 4.75 mmol, 1.0M
in Et,0 solution) at 0°C. A white solid precipitated immediately. Phenyl- or
cyclohexylphosphane (4.55 mmol) was added to this suspension at 0°C and
the reaction mixture was stirred for 4 h (or overnight) at room temperature.
A degassed aqueous solution of K,CO; (=30 mL, 10% ) was added to the
resultant white slurry at 0°C. The ether layer was separated by means of a
cannula, dried over MgSO,, and filtered through a cannula to obtain a
colorless solution. The diethyl ether was evaporated under vacuum to yield
the corresponding diazaphospholanes.
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