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ABSTRACT
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Herein reported is the facial modification of tertiary phosphine boranes R3PBH; by selective cleav-
ing the P-Ph bond by sodium in which the phosphide borohydride R,PNa(BH3) is quantitatively
generated and could be easily quenched by electrophiles to furnish a series of new phosphine
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boranes in high yields.
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Introduction

Tertiary phosphines are extensively applied as ligands in transi-
tion metal-catalyzed reactions,'"! as organocatalysts in synthetic
chemistry” and as reducing reagents in Staudinger,”’
Mitsunobu,*! Wittig reaction,'” etc. However, phosphines RsP
inherently bearing a lone pair of electrons at the phosphorus
atom, in particular alkyl functionalized phosphines, are air-sen-
sitive and easily oxidized to the corresponding phosphine
oxides, leading to great difficulties in handling and purification
of these compounds.'® Conversion of the phosphines to the
corresponding air-stable phosphine boranes (R;P-BHj;) upon
treatment with a borane reagent (BH;- THF or BH;-SMe,) is a
general and efficient strategy to slow down their oxidation,
since the borane group is also easily removed by a base.””!
Based on our previously established works on the P-Ph bond
cleavage of triphenylphosphine oxide Ph;P(O) and triphenyl-
phosphine Ph;P by sodium dispersion (sodium finely dispersed
in paraffin oil with pm-scale sizes, hereafter abbreviated as
SD), the corresponding reactive intermediate Ph,P(ONa) and
Ph,PNa was generated, respectively. And finally a range of
new phosphine oxides Ph,P(O)R and phosphines Ph,PR were
easily obtained after quenching by electrophiles RX (Scheme
1A).1"912) Thus, we wondered if this strategy would be also
applied to triphenylphosphine borane Ph;P-BH; to react with
sodium to generate the corresponding intermediate sodium
phosphide boranes Ph,PNa(BH;) via selective P-Ph bond
cleavage (Scheme 1B). Since Ph;P-BH; is a common and inex-
pensive phosphine borane, if the above reaction proceeds read-
ily, the other functionalized phosphine boranes that are
difficult to prepared by the traditional methods'"* will be easily

and directly obtained from Ph;P-BH;. Although the metallation
of phenylphosphine boranes R,PhP(BH;) with lithium and
potassium generating phosphide boranes R,P (BH;) M (M =
Li, K) has been reported,*"**! employing the much cheaper
and readily available sodium is a better choice. Thus, in this
protocol, we report a direct modification of R,PhP(BH3) with
sodium, followed by the addition of alkyl halides, enabling
access to a series of new phosphine boranes in good to excel-
lent yields.

Results and Discussion

The study began by treating 0.2 mmol of triphenylphosphine
borane (Ph;P-BH;) 1a with 0.42 mmol of SD at room tem-
perature, the solution immediately changed to brown. After
stirring the mixture for 2h, as monitored by >'P NMR spec-
tra (Scheme 2), the original signal at 6 21.6 (Js.p = 53.5Hz)
of Ph;P-BHj; totally disappeared and a new signal at 6 — 31.1
(Jp.p = 35.6Hz) emerged, indicating that Ph,PNa(BH;) 2a
was generated almost quantitatively. Furthermore, the final
product diphenyl(n-octyl)phosphine borane 3a (Ph,Pn-
Oct(BH3)) with a signal at 6 16.5 (Jyp = 50.2Hz) was
obtained in quantitative yield by simple quenching with one
equivalent of n-octyl bromide (#-OctBr) at room tempera-
ture. It was interesting that no byproduct via P-B bond
cleavage was detected. And 'H NMR spectra verified the
formation of 3a (Scheme 2B).

This interesting result led us to explore the reactivity of
triphenylphosphine sulfide (Ph;P(S)) upon treatment with
SD. Thus, similarly, to a solution of 0.2 mmol of Ph;P(S) in
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A. Previous works: P-C bond cleavage by Na
SD RX

Ph3P(0) —————— Ph,P(ONa)———= Ph,P(O)R
SD
Php —————  Ph,PNa Ph,PR

B. This work: P-C bond cleavage of Ph3;P(BH;3) by Na

)
Ph3P(BH3z) ——— Ph,PNa(BH3)

Ph,PR(BH3)
Scheme 1. Selective P-C bond cleavage by SD.
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A. 3P NMR spectra of crude reaction mixture
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Scheme 2. Reaction of Ph;P-BH; 1a with SD monitored by *'P NMR and the 'H
NMR spectra of 3a.

1.0mL of THF was added dropwise SD at room tempera-
ture, and the reaction was monitored by *'P NMR spectros-
copy. As we can see from Scheme 3, after 1hour of reaction
time, the P-Ph bond of Ph;P(S) (6 =42.8 ppm) did not react
with sodium at all and the P=S double bond was broken
by SD, giving rise to the desulfurization product Ph;P (6 =
—49ppm) in 4% °'P NMR yield. The yield of PhsP
increased up to 31% after 16 hours (Scheme 3). Worth notic-
ing is that almost no product stemming from P-Ph bond
cleavage could be detected during the whole process. In con-
trast to the reactions of phosphine borane, these results dis-
closed an interesting fact that the P=S bond is more easily
to be broken by SD than the P-Ph bond in both Ph;P(S)

ﬁ SD (0.42 mmol)
Ph—IID—P Ph—l?—Ph
Ph THF (1.0 mL), rt, 1-16 h Ph
0.2 mmol
42.80 ppm
rt, 1h PhsPS
4.88 ppm
PhsP
rt, 16 h 42.78 ppm
PhzP
\
| ‘
I \
Scheme 3. Reaction of Ph3P(S) with SD.
Table 1. P-C bond cleavage of phosphine boranes®.
Hs ;"’%ﬁ;"g R3X BH,
SD (0.42 I (o)
RER- Pl THI(= ( mT)mo :RLF"_Na:_(r(t) f)r;r:ol) RUERS
R®  {2n ;- R?
1 3
0.2 mmol
Entry R' R R*X Yield/3 TP NMR, &/ppm
1 Ph Ph n-BuBr 3b, 92% 17.23/16.95
2° Ph Ph n-Budl 3b, 86% 17.22/16.92
3 Ph Ph n-Bul 3b, 86% 17.27/16.93
4 Ph Ph n-OctBr 3a, 92% 17.16/17.01
5 Ph Ph PhCH,Br 3¢, 94% 19.16/18.79
6 Ph Ph Br(CH,),4Br 3d, 95% 16.5
7 Ph Ph i-PrCl 3e, n.r. -
8 Ph Ph i-Prl 3e, 87% 25.86/25.49
9 Ph Ph t-BuBr 3f, n.d. -
10¢ Ph n-Bu n-BuBr 39, 69% 16.67/16.30
11¢ Et Et n-BuBr 3h, 72% 20.43/20.07

“Reaction conditions: Phosphine borane 1 (0.2mmol), THF (1.0mL), SD
(0.42mmol), rt, 2h. Then R3X (0.2mmol), rt, 0.5h, the yield was estimated
by *'P NMR based on 1 used.

B12h at the 1st step.

R3X (0.1 mmol).

930 h at the 1st step.

and PhsP, because no of Ph,PSNa and
Ph,PNa appeared.

Because SD failed to cleave P-Ph bond of Ph;P(S), further
emphasis was only placed on investigating the reactions of
phosphine boranes with SD. As depicted in Table 1, the
intermediate sodium phosphide borohydride Ph,PNa(BHj;)
in situ generated from the reaction of Ph;P(BH;) with SD
was capable of reacting with a series of aliphatic halides to
deliver new phosphine boranes with good efficiency. For
example, all kinds of primary alkyl halides (chloride, brom-
ide, iodide) could readily trap Ph,PNa(BH;) to give the new
phosphine boranes 3 in high yields (Table 1). Especially the
less reactive n-butyl chloride, which did not react with
Ph,PONa at room temperature,'!! now could react with
Ph,PNa(BH,) efficiently, demonstrating that the reactivity of
Ph,PNa(BH;) is higher than that of Ph,PONa. The quench-

ing reaction proceeds smoothly with benzyl bromide and

signal



1,4-dibromobutane, affording the corresponding phosphine
borane 3c and 3d in 94% and 95% yield, respectively
(entries 5 and 6). However, except for isopropyl iodide
(entry 8), the reactions with isopropyl chloride (entry 7) and
tert-butyl bromide (entry 9) did not take place, perhaps due
to inert C-Cl bond of i-PrCl and large steric hindrance of t-
BuBr. In addition, by prolonging the reaction time, treat-
ment of diarylphosphine borane Ph,Pn-Bu(BH;) and dialky-
l(aryl)phosphine borane PhPEt,(BH;) with SD could also
lead to the corresponding R,PNa(BH;) intermediate. Finally,
the new generated phosphine boranes were produced in
moderated yields (Table 1, entries 10 and 11).
Unfortunately, the coupling reactions of Ph,PNa(BH;) with
aromatic chloride such as p-chlorotoluene gave complicated
results and no expected product could be detected even in
the presence of a palladium catalyst.!"!

Conclusions

In conclusion, we have developed an efficient transformation
of arylphosphine boranes via the selective P-Ph bond cleav-
age by using SD, which not only completes our previously
established systematical studies on the P-C bond cleavage by
sodium, but also provides a new approach to alkylated phos-
phine boranes.

Experimental
Materials

The solvent THF and reagents alkyl halides were purchased
and used without further purification. Triphenylphosphine bor-
ane la and SD (~10mol/L) was provided by Tokyo Chemical
Industry Co., Ltd. Phyn-BuP(BH;) and Et,PhP(BH;) was pre-
pared from Ph,n-BuP and Et,PhP by treating with BH;' THF
solution, respectively. The Supplemental Materials contains
sample 'H, ">C and *'P NMR spectra for the product, 3 (mul-
tiple runs, Figures S1-518).

Instrumentation

'H, 3P and *C NMR spectra were recorded with a JEOL
JNM-ECS400 instrument operating at 400 MHz (‘H),
100 MHz (**C), and 162 MHz (*'P). Chemical shifts for 'H
NMR are referred to internal Me,Si (0 ppm) and reported as
follows: chemical shift (6 ppm), multiplicity, coupling con-
stant (Hz) and integration. Chemical shifts for >'P NMR are
given relative to H;PO, (85% solution in D,0, 0 ppm).

Synthesis

Experimental procedure for the preparation of
Ph,Pn-Oct(BH3) 3a

A Schlenk tube was charged with triphenylphosphine borane
Ph;P-BH; (0.2mmol, 55.2mg) and 1.0mL of THF; then
under stirring, SD (0.42 mmol, 42 pL) was added to the solu-
tion, and stirring of the mixture was continued at room
temperature for 2h. After removing the excess of sodium by
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a syringe filter the reaction mixture was quenched with n-
OctBr (0.2mmol, 35puL) and stirred at room temperature
for 0.5h. The final mixture was added to 2.0 mL EtOAc and
washed with H,O (3 x 1mL). Then the organic layer was
dried over anhydrous MgSO, and the solvent was removed
under reduced pressure. The crude product was purified by
GPC to afford 3a (56.2mg, colorless oil, 0.18 mmol, 90%
yield); "H NMR (400 MHz, CDCl;): 6 =7.70-7.65 (m, 4H),
7.47-7.40 (m, 6H), 2.23-2.16 (m, 2H), 1.57-1.47 (m, 2H),
1.41-1.33 (m, 2H), 1.29-1.23 (m, 8H), 0.86 (t, J=6.8Hz,
3H); *C NMR (100 MHz, CDCly): §=1322 (d, Jpc =
9.1Hz), 131.2 (d, Joc = 1.8Hz), 129.8 (d, Joc = 54.4Hz),
128.9 (d, Jpc = 9.6 Hz), 31.9, 31.2 (d, Jpc = 13.7Hz), 29.1
(d, Jpc = 7.6Hz), 259, 25.6, 23.1, 22.7, 14.2; *'P NMR
(162 MHz, CDCls): 6 =16.5 (Jgp = 57.2 Hz).

General experimental procedures for the reaction of phos-
phine boranes with sodium

A Schlenk tube was charged with phosphine borane
R;P-BH; 1 (0.2mmol) and 1.0 mL of THF; then under stir-
ring SD (0.42mmol, 42 uL) was added to the solution and
stirring of the mixture was continued at room temperature
for the indicated time (2h, 12h, 16 h, 30h). Then the excess
of sodium was removed by a syringe filter followed by
quenching of the reaction mixture with RX (0.2 mmol) and
stirring at room temperature for 0.5h. The crude mixture
was analyzed by >'P NMR and the estimated yield of 3 was
calculated by integration based on the phosphine borane
1 used.
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