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Protic aminophosphines withmultiple chiral centers were
synthesized in good yields and high purity by the nucleo-
philic ring-opening of N-protected cyclic sulfamidates
with metal phosphides, followed by hydrolysis and de-
protection. This synthetic approach is clean, scalable, and
high yielding. The method provides an efficient alterna-
tive route for the synthesis of chiral aminophosphines.

The asymmetric hydrogenation of CdC, CdO, and CdN
double bonds catalyzed by rhodium,1-3 ruthenium,4,5 or

iridium6,7 complexes is an efficient and attractive approach
to desired single enantiomer products. Combinations of
these transitionmetals and a variety of chiral ligands provide
a wide range of catalysts for asymmetric hydrogenation. The
highly modular nature of chiral aminophosphine ligands
and their derivatives play a very important role in such
reactions.8,9 These single enantiomer chiral compound in-
corporating phosphorus and nitrogen donor atoms is of
increasing interest for applications in enantioselective cata-
lysis. Chelating aminophosphines have a combination of
hard Lewis base (nitrogen) and soft Lewis base (phospho-
rus) centers which make these ligands particularly useful in a
variety of catalytic reactions.10,11 In the 1990s, Noyori and
co-workers first developed the efficient RuCl2(diphosphine)-
(diamine) catalytic system for the hydrogenation of simple
ketones.12 This was also shown to be useful for the hydro-
genation of imines.13 Subsequently, researchers have shown
that RuCl2(diphosphine)(aminophosphine) and RuCl2(ami-
nophosphine)2 complexes are very efficient catalysts for the
hydrogenation of simple ketones and imines as well.14,15

Nevertheless, the available methods for the preparation of
chiral aminophosphines remain limited. This has restricted
the development and application of RuCl2(diphosphine)-
(aminophosphine) or RuCl2(aminophosphine)2 catalyst sys-
tems in asymmetric hydrogenation and other catalytic
applications. The most established protocol for the prepara-
tion of aminophosphines involves nucleophilic phosphide
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substitution of tosylates or mesylates derived from aminoal-
cohols, which are in turn derived from natural or unnatural
chiral aminoacids and their derivatives.16 Another method is
the ring-opening of aziridines with diaryl- or dialkylphos-
phines catalyzed with Lewis acids.17 The drawback of the
tosylate (or mesylate) route is the formation of significant
amounts of byproduct during the reaction. The aziridine
route gives a racemic product when the aziridine ring is
symmetrically substituted.

In this report, we introduce an alternative route for the
synthesis of protic aminophosphines containing multiple
chiral centers in high yields and purity. The SN2 ring-opening
of cyclic N-protected sulfamidates with a metal phosphide
followed by hydrolysis and N-deprotection provides new
aminophosphines potentially useful for the development of
new catalytic systems for applications in asymmetric cata-
lysis (Scheme 1). The advantages of this approach are the
following: (a) the reaction is relatively fast and clean, yielding
little or no byproduct; (b) the possibility for racemization is
effectively eliminated; and (c) multiple chiral centers are
readily incorporated into the aminophosphines.18

Initial efforts to synthesize (1S,2S)-2-(diphenylphos-
phino)-1,2-diphenylethanamine 6a (Figure 1) via the tosylate
route failed. Starting with (1R,2S)-1,2-diphenyl-2-amino-
ethanol 1a as precursor, reaction with (Boc)2O gave the
N-Boc product 2a in high yield. Reaction of 2a with tosyl
chloride gave 1,3-oxazolidin-2-one 7 as the only isolated
product (Scheme 2).

Oxazolidinone 7 does not react with nucleophilic metal
phosphides. Due to the low reactivity of oxazolidinones
toward nucleophiles, the ring-opening with phosphines needs
harsh reaction conditions and must be catalyzed by strong
acids.18b Recently Jiang and Tewson reported the synthesis
of N-substituted cyclic sulfamidates and their reactions
with nucleophiles.19,20 We postulated that reactions of

N-protected cyclic sulfamidates with phosphides followed by
N-deprotection should yield aminophosphines with primary
amine groups. We successfully synthesized 4a by reacting 2a

with thionyl chloride to give the sulfamidite, which was
oxidized with RuCl3/NaIO4 to give the desired cyclic sulfami-
date in high yield. Ring-opening of 4a with potassium diphe-
nylphosphide followed by hydrolysis and deprotection with
trifluoroacetic acid gave 6a in high yield and purity. Five other
aminophosphines 6b-f (Figure 1) were also successfully
synthesized from the precursors 1b-f following this route.
The known ligands 6b, 6d, 6e, and 6f were obtained in high
yields and purity by using this approach as well.

Introduction of another chiral center into the aminophos-
phine backbone is facile by ring-opening of 4 with the chiral
phosphide 8 derived from the reaction of butyllithium and
the respective phosphepine-borane, followed by hydrolysis
and N-deprotection.

In this approach, the products 9a-g (Scheme 3) resulting
from the ring-opening of 4 are air-stable crystalline solids
which are easily purified. Removal of borane with DABCO
in toluene at 90 �C gave the Boc-protected phosphepine
intermediates 10a-g which were deprotected with trifluoro-
acetic acid to give the novel aminophosphepines 11a-g in
good overall yields (Figure 2).

In summary, we have developed an alternative route for
the synthesis of aminophosphines with multiple chiral

FIGURE 1. Representative examples of chiral aminophosphines
derived from cyclic sulfamidates.

SCHEME 1. Preparation of Aminophosphines with Multiple

Chiral Centers

SCHEME 2. Reaction of 2a with Tosyl Chloride

SCHEME 3. Preparation of Chiral Aminophosphepine Ligands

via Cyclic Sulfamidates
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centers, which have potential applications in asymmetric
catalysis. Thismethod broadens the scope of the use of chiral
aminoalcohols as precursors for the synthesis of aminophos-
phines. We are currently exploring the applications of these
new compounds in a variety of catalytic processes, including
asymmetric hydrogenations. Our progress will be reported in
due course.

Experimental Section

Compounds 2a-f were prepared according to literature
procedures.19

General Procedure for Preparation of Cyclic Sulfamidates
4a-f. Method 1: A solution of SOCl2 (20 g, 168 mmol) in
CH2Cl2 (100 mL) was added to a solution of 2 (142 mmol)
and triethylamine (43 g, 425 mmol) in CH2Cl2 (1300 mL) at
-40 �C. The mixture was stirred for 1.5 h. Water (100 mL) was
added to quench the reaction and the mixture was allowed to
warm to rt, then water (500 mL) was added. The aqueous layer
was extracted with CH2Cl2 (300 mL). The combined organic
layer was washed with brine (20%, 800 mL) and dried over
MgSO4. The solvent was removed to give the crude cyclic sulfa-
midite 3, whichwas used directly for the next stepwithout purifi-
cation. A weighed amount of 3 (prepared above) was dissolved
in CH2Cl2 (300mL) andCH3CN (500mL), thenwater (600mL)
was added. RuCl3 3 nH2O (300 mg) was added to the suspension
and solid NaIO4 (45 g, 210mmol) was added in portions at 0 �C.
The color of the mixture changed to yellow. The mixture was
stirred at 0 �C for 1 h, then at rt for 1 h. The aqueous layer was
extracted with ether (2 � 200 mL) and the combined organic
layerwaswashedwith brine (2� 500mL) anddried overMgSO4.
The filtrate was concentrated to almost dryness. To the residue
was addedCH2Cl2 (50mL) and then hexane (400mL) was added
to crystallize the product. The resulting suspensionwas stirred for
4 h, then filtered and dried to give 4 as a colorless crystalline solid
(60-88% overall yield for two steps).

Example: Preparation of 4a.A44.5 g sample of 2a (142mmol)
was used to prepare 50 g of 3a (139 mmol) that was directly used
without purification to synthesize 46 g of 4a (86%). 1H NMR
(CD2Cl2) δ 7.24-7.14 (m, 6H), 7.10-7.06 (m, 2H), 7.00-6.95
(m, 2H), 6.20 (d, J=5.6Hz, 1H), 5.45 (br, J=5.6Hz, 1H), 1.46
(s, 9H). 13C NMR (CDCl3) δ 148.4 (s), 133.7 (s), 130.7 (s), 129.5
(s), 128.7 (s), 128.5 (s), 128.4 (s), 127.4 (s), 126.47 (s), 85.8 (s),
83.5 (s), 66.8 (s), 28.1 (s). Anal. Calcd for C19H21NO5S: C, 60.78;
H, 5.64; N, 3.73; S, 8.54. Found: C, 61.10; H, 5.25; N, 3.95; S,
8.28. Mp 152.5-153.4 �C.

Method 2: To a solution of SOCl2 (30 mL) in CH3CN
(300 mL) was added 2 (200 mmol) in CH3CN (150 mL) at
0 �C, then pyridine (81 mL) was added. The resulting mixture
was warmed to rt and then stirred for 2 h. The solvent was
removed, and ethyl acetate (1400 mL) and water (400 mL) were
added to the residues. The solution was then stirred at rt for
20 min. The organic layer was separated and the aqueous layer
was extracted with CH2Cl2 (200 mL). The combined organic
layer was washed with brine (3 � 400 mL). The solvent was
removed and crude 3 was redissolved in CH3CN (400 mL).
RuCl3 3 3H2O (96 mg) was added, then NaIO4 (85 g, 397 mmol)

was added in portions at 0 �C. The mixture was stirred at rt for
2 h and the color of the mixture changed from black to orange.
Ether (500 mL) was added, the organic layer was separated, and
the aqueous layer was extracted with ether (2 � 300 mL). The
combined organic layerwaswashedwith brine (3� 400mL) and
dried overMgSO4 for 2 h.The solutionwas then filtered through
a silica gel pad, the solvent was removed, and the residue was
dissolved in a small amount of CH2Cl2 (30 mL), then hexane
(300 mL) was added slowly to precipitate the product. The
solution was filtered and the solid was washed with hexane
(80 mL) and dried to give 4 as a colorless crystalline solid
(85-95% overall yield for two steps).

Example: Preparation of 4c.A 50.0 g sample of 2c (200 mmol)
was used to synthesize 53.4 g of 4c (85%). 1H NMR (300 MHz,
CD2Cl2) δ 7.49 (d, 1H), 7.28-7.25 (m. 3H), 5.64 (d, J=5.4 Hz,
1H), 5.44 (m, 1H), 3.30 (br, 2H), 1.53 (s, 9H). 13C NMR
(CD2Cl2) δ 149.95 (s), 138.93 (s), 138.31 (s), 130.13 (s), 126.11
(s), 125.51 (s), 85.89 (s), 82.89 (s), 65.40 (s), 36.62 (s), 27.98 (s).
Anal. Calcd for C14H17NO5S: C, 54.01; H, 5.50; N, 4.50; S,
10.30. Found: C, 54.29; H, 5.59; N, 4.76; S, 10.56. Mp
139.0-140.2 �C.

General Procedure for Preparation of Aminophosphines 6a-f.

A solution of KPPh2 (70 mL, 0.5 M in THF, 35 mmol) was
added dropwise to a solution of 4 (32 mmol) in THF (150 mL)
cooled in an acetone/dry ice bath. The mixture was stirred at
-60 �C for 0.5 h, then slowly warmed to rt and stirred over-
night.H2SO4 (10mL, 2N) and brine (20%, 100mL)were added
to the mixture, which was stirred at rt for 1 h. Saturated sodium
carbonate (30 mL) was added to neutralize the mixture and
make the solution basic. The aqueous layer was extracted with
CH2Cl2 (50 mL). The combined organic layer was washed with
brine (2� 100 mL) and dried over MgSO4 for 2 h. The mixture
was then filtered and the filtrate was concentrated to almost
dryness to give crude 5, which was redissolved in CH2Cl2 (100
mL). An aliquot of CF3CO2H (30 mL) was added to it at 0 �C
and the mixture was stirred for 1 h, then allowed to warm to rt
and stirred for 4 h. All the volatiles were removed under
vacuum. CH2Cl2 (100 mL) was added to dissolve the residues,
then Na2CO3 (saturated, 100 mL) was added to neutralize the
mixture and make the solution basic. The aqueous layer was
extracted with CH2Cl2 (50 mL). The combined organic layer
was washed with brine (20%, 100 mL) and dried over MgSO4.
The solution was then filtered and the solvent was removed to
give the crude product 6, which was purified with silica gel
chromatography. The mixture was first eluted with CH2Cl2/
hexane (1:1, 300 mL) to remove impurities, then CH2Cl2/THF
(9/1, 250 mL) to wash out the product. The solvent was
removed under vacuum to give pure 6 (85-90% yield over
two steps).

Example: Preparation of 6a.A 12.0 g sample of 4a (32 mmol)
was used to prepare 13.0 g of 5a (27 mmol) that were used to
synthesize 9.4 g of 6a (78%). 1H NMR (CD2Cl2) δ 7.88-7.81
(m, 2H), 7.50-7.42 (m, 3H), 7.22-6.88 (m, 15H), 4.43 (dd, 1H),
4.05 (dd, 1H), 1.60 (br, 2H). 31P NMR (CD2Cl2) δ -7.15 ppm.
13CNMR (CD2Cl2) δ 144.3 (s), 138.6 (s), 138.4 (s), 134.0-127.7
(m), 59.5 (d). HRMS (ESI) [M þ H]þ calcd for C26H25NP
382.1719, found 382.1718. Mp 294.0-295.0 �C.

FIGURE 2. Representative examples of chiral aminophosphepines.
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General Procedure for Preparation of Aminophosphepines 11a,

11b, and 11g.Asolution n-butyllithium (12mL, 2.5M in hexane,
30 mmol) was slowly added to a solution of (11bS)-4,5-dihydro-
3H-dinaphtho[2,1-C:10,20-e]-phosphepine-borane (9.4 g, 28.8
mmol) in THF (100mL) at-60 �C.Themixturewas stirred for 1
h, then added to a suspension of 4 (26.6 mmol) in THF (200mL)
cooled in a dry ice/acetone bath. Themixture was stirred for 1 h,
then slowly warmed to rt and stirred for an additional 24 h.
H2SO4 (20 mL, 2 N) was added to the mixture, which was then
stirred for 1 h. Na2CO3 (saturated, 50 mL) and brine (20%, 100
mL) were added to neutralize themixture andmake the solution
basic. The aqueous layer was extracted with CH2Cl2 (50 mL).
The combined organic layerwaswashedwith brine (2� 100mL)
and dried over MgSO4 for 2 h. This solution was then filtered
and the filtrate was concentrated to almost dryness to give the
crude product as a pale-yellow solid that was dissolved in
CH2Cl2 (100 mL). Hexane (400 mL) was added slowly to
precipitate the product. The resulting slurry was stirred at rt
for 4 h. The solid was filtered and washed with hexane (50 mL)
and dried under vacuum to give 9 as a colorless crystalline solid.
DABCO (3.1 g, 27.6 mmol) was added to a suspension of 9
(22 mmol) in toluene (150 mL). The mixture was stirred at
90-95 �Cunder argon overnight. All the volatiles were removed
under vacuum. To the residue was added CH3CN/MeOH (1:1,
80 mL) and the mixture was stirred for 6 h to remove impurities.
The mixture was then filtered and the solid was washed with
CH3CN/MeOH (1:1, 30 mL) to give pure 10 as a white solid
(91%). Trifluoroacetic acid (30 mL) was added to a solution of
10 (19.7 mmol) in CH2Cl2 (100 mL) at 0 �C and the mixture was

stirred at rt overnight. The volatiles were removed under
vacuum and the residue was dissolved in CH2Cl2 (150 mL).
The solutionwas neutralizedwithNa2CO3 (saturated, 50mL) in
brine (20%, 100 mL). The aqueous layer was extracted with
CH2Cl2 (100mL). The combined organic layer was washed with
brine (20%) and dried over MgSO4 for 3 h. The solvent was
removed to give crude 11 as a white solid, which was purified by
recrystallization in CH3CN/MeOH (1:1, 80 mL) and water (100
mL). The mixture was then filtered and dried to give 11 as a
white solid (65-75% yield).

Example: Preparation of 11a. A 10.0 g sample of 4a

(26.6 mmol) was used to prepare 14.0 g of 9a (85%). A 13.5 g
sample of 9a (22 mmol) was used to synthesize 12.0 g (19.7
mmol) of 10a (91%) that was directly used to synthesize 7.2 g of
11a (72%). 1H NMR (CD2Cl2) δ 8.05 (dd, J1 = 8.3 Hz, J2 =
22.2 Hz, 2H), 7.88 (dd, J1= 7.2 Hz, J2 = 15.5 HZ, 2H), 7.63 (d,
J = 7.2 Hz, 1H), 7.47-6.73 (m, 17H), 4.47 (dd, J1 = 5.1 Hz,
J2= 9.2Hz, 1H), 3.31 (dd, J1= 5.0Hz, J2= 14.0Hz, 1H), 3.06
(dd, J1= 6.6Hz, J2= 9.3Hz, 1H), 2.61 (dd, J1= 11.4Hz, J2=
14.3 Hz, 1H), 1.89 (m, 4H). 31P NMR (CD2Cl2) δ 14.9 ppm. 13C
NMR (CD2Cl2) δ 145.6 (s), 135.5-132.2 (m), 129.4-125.0 (m),
61.7 (d), 52.7 (d), 45.6, 44.9, 31.1-30.8 (m). HRMS (ESI) [M þ
H]þ calcd for C36H31NP 508.2188, found 508.2173. Mp
150.1-152.0 �C.

Supporting Information Available: Details of the prepara-
tions and the NMR spectra of the products. This material is
available free of charge via the Internet at http://pubs.acs.org.


