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A comparison between phosphine boranes and sulfides in their
catalytic asymmetric deprotonation using organolithiums and
sub-stoichiometric amounts of (—)-sparteine has revealed super-
ior catalytic efficiency in the phosphine sulfide deprotonation.

The last five years have seen a significant increase in the use of
P-stereogenic phosphines as ligands in metal-catalysed asym-
metric processes.! One class of P-stereogenic ligand that has
been widely utilised is based on a diphosphine with at least one
t-Bu substituent at each phosphorus atom. The original ligand in
this class is BisP* > developed by Imamoto, and other represen-
tative members include Zhang’s Tangphos® and Hoge’s affectio-
nately named tri-chickenfootphos* (Fig. 1). Other closely related
ligands developed by Imamoto include MiniPHOS® and
QuinoxP*.* The popularity of such P-stereogenic ligands in
asymmetric catalysis stems not only from the high enantioselec-
tivity that they impart but also from the development of efficient
methodology for their synthesis. The synthetic route of choice to
this class of ligands is the asymmetric deprotonation of
phosphine boranes and sulfides using s-BuLi or n-BuLi and
(—)-sparteine, originally reported by Evans in 1995.”

Recently, our group® disclosed a catalytic variant of the
Evans protocol in which the s-BuLi-mediated deprotonation
of phosphine borane 1 can be carried out with good enantio-
selectivity using sub-stoichiometric amounts of (—)-sparteine
or our (+)-sparteine surrogate.”'® Thus, deprotonation of
phosphine borane 1 using 1.1 equiv. s-BuLi and 0.2 equiv. of
the chiral diamine was followed by CuCl,-promoted dimerisa-
tion to give either (S,S)-2 or (R,R)-2 (protected forms of
BisP*) in satisfactory yield and > 99 : 1 er (Scheme 1).

In this paper, we report the first examples of the catalytic
asymmetric deprotonation of phosphine sulfides. In addition, by
comparing phosphine boranes and sulfides under the same
catalytic conditions, we have identified some fundamental and
unexpected differences. Finally, use of a phosphine sulfide
allowed us to complete the catalytic asymmetric synthesis of
either enantiomer of an analogue of Hoge’s tri-chickenfootphos.

To start with, we directly compared ¢-Bu-substituted
phosphine borane 1 with phosphine sulfide 4 using lithiation—
silylation under three sets of conditions: (i) 1.1 equiv. RLi and
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1.2 equiv. (—)-sparteine (stoichiometric); (i) 1.1 equiv. RLi and
0.2 equiv. (—)-sparteine (catalytic) and (iii) 1.1 equiv. RLi only
(background). Three different organolithium bases (RLi) were
investigated and the results are shown in Table 1.

Using s-BuLi under stoichiometric conditions (1.2 equiv. (—)-
sparteine), lithiation of phosphine borane 1 proceeded with higher
enantioselectivity (92 : 8 er, entry 1) than that of phosphine sulfide
4 (84 : 16 er, entry 2). Both reactions gave the same sense of
induction."! Under catalytic conditions (0.2 equiv. (—)-sparteine)
using s-BulLi, there was a dramatic reduction in enantioselectivity
with phosphine sulfide 4 (60 : 40 er, entry 4) which is a result of a
significant background lithiation by uncomplexed s-BuLi (as
demonstrated by the generation of an 83% yield of rac-6 using
s-BuL.i alone, entry 6). In contrast, the relative reduction in er was
less using phosphine borane 1 (74 : 26 er, entry 3).

With the less reactive n-BuLi as base, some unexpected results
were obtained. Under stoichiometric conditions, both phosphine
borane 1 and sulfide 4 were deprotonated with good yield and
enantioselectivity to give (R)-5 (76%, 89 : 11 er, entry 7) and
(S)-6 (88%, 88 : 12 er, entry 8), respectively. Despite several
attempts, we have been unable to lithiate phosphine borane 1
using n-BuLi alone at —78 °C'? (entry 11) and this suggested
that the catalytic conditions should work well. Unfortunately,
however, there was no turnover of the ligand using n-BuLi and
0.2 equiv. (—)-sparteine: (R)-5 of 84 : 16 er was obtained in
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Table 1 Lithiation-silylation of phosphine borane 1 and phosphine
sulfide 4 using RLi—(—)-sparteine

) ‘ o
?Ha & (1)1 312%' )-sp llaga
@ __rieeqimep | SiMe,Ph
gy Me Et,0, -78 °C, 3 h T
Me 5 phMe,sicl Me
(R)-5
S 1.1.1eq HIEi ) s
0-1.2 eq (-)-sp SiMe.Ph
- —_—
gy Me Et,0, -78 °C, 3 h L Vi
Me 5 phMe,SiCl Me
(5)-6
Equiv. Yield

Entry  RLi (—)-sp Product  (%)” Er¢
1 s-BuLi 12 (R)-5 74 92:8
2 s-BuLi 1.2 (S)-6 74 84:16
3 s-BuLi 0.2 (R)-5 76 74 1 26
4 s-BuLi 0.2 (S)-6 75 60 : 40
5 s-BuLi 0 rac-5 70 —
6 s-BuLi 0 rac-6 83 —
7 n-BuLi 1.2 (R)-5 76 89: 11
8 n-BuLi 1.2 (S)-6 88 88: 12
9 n-BuLi 0.2 (R)-5 21 84:16
10 n-BuLi 0.2 (S)-6 82 83:17
11 n-BuLi 0 rac-5 0 —
12 n-BuLi 0 rac-6 45 —
13 MesSiCH,Li 1.2 (R)-5 0 —
14 MesSiCH,Li 1.2 (S9)-6 88 88 :12
15 MesSiCH,Li 0.2 (S)-6 79 82:18
16 MesSiCH,L1 0 rac-6 18 —

“ A solution of 1 or 4 in Et,0 was added to a pre-mixed solution of the
RLi and (—)-sparteine (where used) in Et,O at —78 °C. b Isolated yield
after chromatography. ¢ Er determined by chiral HPLC (the sense of
induction is the same in each case'' but, due to a Cahn—Ingold—Prelog
priority change, (R)-5 is equivalent to (S)-6).

21% yield. Since we have already demonstrated turnover of
(—)-sparteine using s-BuLi at —78 °C, it can be concluded that
the organolithium base is not an innocent bystander in the
catalytic process.'> The turnover of (—)-sparteine with n-BuLi
could be improved by carrying out the reaction at —50 °C but
the enantioselectivity was lower (80 : 20 er).'* In contrast, with
phosphine sulfide 4, (—)-sparteine was efficiently recycled and
there was only a slight reduction in enantioselectivity using
n-BuLi—0.2 equiv. (—)-sparteine: (S)-6 of 83 : 17 er was generated
in 82% yield (entry 10). This is especially impressive given that
there is a significant background lithiation of 4 using n-BuLi
(45% yield, entry 12). Finally, we also compared the s-BuLi and
n-BuLi results with those obtained using Me;SiCH,Li. There
was no lithiation of phosphine borane 1 using stoichiometric
amounts of Me;SiCH,Li and (—)-sparteine at —78 °C'* (entry
13). However, the results with phosphine sulfide 4 (entries
14-16) mirrored those obtained using n-BuLi and there were
no obvious advantages in using Me;SiCH,Li.

From the results presented in Table 1, some important conclu-
sions can be drawn. For the lithiation of phosphine borane 1,
s-BuLi—(—)-sparteine gives the highest enantioselectivity (92 : 8 er)
and acceptable enantioselectivity can be obtained under catalytic
conditions (74 : 26 er). There is no turnover of (—)-sparteine in the
n-BuLi-mediated deprotonation of phosphine borane 1 using
0.2 equiv. (—)-sparteine at —78 °C (21% yield, 84 : 16 er) as
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Scheme 2

(—)-sparteine cannot be displaced from the lithiated intermediate 7
by n-BuLi (Step 2, Scheme 2). In contrast, lithiation of phosphine
sulfide 4 proceeds with the highest enantioselectivity (89 : 11 er)
using n-BuLi—(—)-sparteine. Significantly, high yield and good
enantioselectivity can be obtained in the lithiation of phosphine
sulfide 4 using #-BuLi and 0.2 equiv. (—)-sparteine (82% yield,
83 : 17 er) ((—)-sparteine is efficiently displaced in lithiated
intermediate 8, Scheme 2); s-BuLi gives inferior results to n-BuLi
due to a fast background deprotonation of 4 by uncomplexed s-
BuLi. These comparisons are summarised schematically in
Scheme 2.'¢

Given the high catalytic efficiency observed with phosphine

sulfide 4, we briefly explored lower loadings and the use of
toluene (Table 2). In Et,0, it was possible to lower the amount
of (—)-sparteine to 0.1 equiv. whilst maintaining good enan-
tioselectivity (84
(—)-sparteine with phosphine sulfide 4 gave 74 : 26 er (entry
4). In toluene, the catalytic asymmetric deprotonation of
phosphine sulfide 4 was even more efficient: use of 1.1 equiv.
n-BuLi in conjunction with just 0.05 equiv. (—)-sparteine
generated adduct (S)-6 of 85 : 15 er in 88% yield (entry 8),
almost the same as the stoichiometric result (90% yield, 89 : 11
er, entry 6) and despite an appreciable background deproto-
nation reaction using n-BuLi alone (54% yield, entry 9).

16 er, entry 3). Use of 0.05 equiv.

The use of 1.1 equiv. n-BuLi and 0.05 equiv. (—)-sparteine in

toluene represents our optimised conditions for the deproto-
nation of phosphine sulfide 4. To illustrate the usefulness of
the catalytic phosphine sulfide methodology in ligand synth-
esis, we prepared each enantiomer of diphosphine 9, an
analogue of Hoge’s tri-chickenfootphos.* Thus, catalytic
asymmetric deprotonation of 4 using n-BuLi and (—)-
sparteine, trapping with Ph,PCl and then borane protection
gave a 77% yield of (S)-9 of 85 : 15 er (Scheme 3). Alterna-
tively, use of the (+)-sparteine surrogate 3 under otherwise
identical conditions gave (R)-9 of 78 : 22 er in 86% yield. To
show that our methodology is useful for the synthesis of
P-stereogenic ligands, we converted phosphine sulfide (R)-9
into bisphosphine borane (S)-10 using a modified version of a
protocol used in Zhang’s Tangphos synthesis.® Thus, with the
rigorous exclusion of oxygen throughout the procedure, reac-
tion of (R)-9 of 78 : 22 er with Si,Cl in toluene at 80 °C>!”
followed by treatment with aqueous NaOH and then BHj;-
Me,S gave (S)-10'® in 88% yield. Crucially, there was no loss
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Table 2 Lithiation-silylation of phosphine sulfide 4 using
n-BuLi—(—)-sparteine

s 1.1.1 eq "BuLi S
1] 0-1.2 eq (-)-sp 1] SiMe.Ph
gy "\ Me Solvent, -78°C,ah Bu N
Me 5 PhMe,SiCI Mo

4 (S)-6
Entry Solvent Equiv. (—)-sp Yield (%)¢ Er?
1 Et,O 1.2 88 88:12
2 Et,O 0.2 82 83:17
3 Et,O 0.1 74 84:16
4 Et,O 0.05 88 74 : 26
5 Et,O 0 45 —
6 Toluene 1.2 90 89 : 11
7 Toluene 0.2 89 83:17
8 Toluene 0.05 88 85:15
9 Toluene 0 54 —

“ Isolated yield after chromatography. * Er determined by chiral HPLC.
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of er during the process: (S)-10 was generated with 79 : 21 er.
Furthermore, unmasking of the free diphosphine from dipho-
sphine boranes like (S)-10 is well documented in similar
compounds.* It was also important to demonstrate that
enantiomerically pure P-stereogenic ligands could be obtained
using our route. Thus, a sample of (R)-9 of 78 : 22 er was
recrystallised to give racemic crystals (52% recovery) and a
mother liquor that contained (R)-9 of 99 : 1 er (48% recovery).

In conclusion, we report the first examples of the catalytic
asymmetric deprotonation of phosphine sulfides and demonstrate
the potential in P-stereogenic ligand synthesis with the prepara-
tion of bisphosphines (S)- and (R)-9. The optimised deprotona-
tion conditions involved using #n-BuLi and 0.05 equiv. chiral
diamine in toluene at —78 °C. Significant differences between
the results obtained with phosphine boranes and sulfides were
identified as part of our study. It seems likely that the efficiency of
the catalytic asymmetric deprotonation of phosphine sulfides
could prove useful in the synthesis of P-stereogenic chiral ligands.

We thank Celtic Catalysts and F. Hoffmann-La Roche Ltd
for funding.
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