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n-BuPH, + CH,=CHCH,0H —— n-BuP(CH,CH,CH,0H),

2

& -
n-BuP(CH,CH,CH,OH), + n-BuBr — (n-Bu),P(CH,CH,CH,0OH), Br

2

3

Scheme 1 Possible by-product(3) on the reaction of radical addition.
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PH3 + n-BuBr

_—
KOH aq. / Toluene
PX-416B = C,Hy;(n-Bu);P " Br—
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n-BuPH, + KBr

Scheme 2 Preparation of mono n-butylphosphine using phase transfer catalyst.

Table 1 Explanation of factor and level.

Factor Level
A WMolar vitio 1 PH;: n-BuBr=2:1
2 PH;: n-BuBr=15:1
B | Temperature 1 60 °C
2 40 °C
C | Volume of solvent 1 25.1 ml
2 12.5 ml
D | Concentration of catalyst | 1 1 mol%
2 0.5 mol%
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Table 2 Combination of factor and level , and results of each experiment.

Ex. No. Molar Temperature  Volume Concent Result (n-BuPH, : n-BuBr)
ratio of ration of
solvent  catalyst
99-BP-20 1 1 1 1 58.9:41.1
99-BP-11 1 1 2 2 85.1:14.9
99-BP-12 1 2 1 2 60.5:39.5
99-BP-21 1 2 2 1 62.4:7.6
99-BP-14 2 1 1 2 76.2:23.8
99-BP-15 2 1 2 1 84.1:15.9
99-BP-23 2 2 1 1 53.4:46.6
99-BP-17 2 2 2 2 52.7:47.3
Table 3 Analysis of variance (1).
Factor S & v
Molar ratio 0.0 1 0.0
Temperature 708.8 1 708.8
Molar ratio x Temperature 137.0 1 137.0
Volume of solvent 155.8 1 155.8
Molar ratio x Volume of solvent 54.6 1 54.6
Temperature x Volume of 135.3 1 135.3
solvent
Concentration of catalyst 30.8 1 30.8
Sum 1222.2 7 1222.2
Table 4 Analysis of variance (2).
Factor S & Vv F,
Temperature 708.8 L 24.9 24.9°
Molar ratio x Temperature  137.0 1 4.8 4.8
Volume of solvent 155.8 1 5.4 5.4
Temperature x Volume of 135.3 1 4.7 4.7
solvent
e 85.4 3 28.4
Sum 1222.3 7 68.2

Table 5 Reaction conditions of Ex. No. 99-BP-26 .

Temperature

60°C

Molar ratio (PHj; : n-BuBr)

1.70: 1.00

Alkali (to n-BuBr)

56% KOH, 3.00 eq.

Concentration of Catalyst

PX-416B , 0.005 eq.

(to n-BuBr)
Appearance of catalyst Solid
Concentration of n-BuBr 3.51mol/1
(toluene solution)
Reaction time 20h45min
Result (2-BuPH, : n-BuBr) 100: 0
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Fig. 1 Relationship between reaction time and pressure in the autoclave.
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Table 6 Reaction conditions of experiment with exchaging n-BuBr for n-BuCl

Reaction conditions 99-BP-2 99-BP-38
Temperature 60°C 90°C
Molar ratio (PH3 : n-BuCl) 1.41:1.00 2.08:1.00
Reaction time 20h50min 15h45min
Result (n-BuPH, : n-BuCl) 1.1:98.9 0:100

Table 7 Reaction conditions of experiment with exchaging KOH for NaOH.

Reaction conditions 99-BP-36 99-BP-54
Temperature 60°C 60°C

Molar ratio (PH, : »-BuBr) 1.56 : 1.00 2.00:1.00
Alkali (to n-BuBr) 56% NaOH , 3.00 eq. 50% NaOH, 3.00 eq.
Reaction time 17h35min 21h0min

Result (n-BuPH, : n-BuBr) 27.1:72.9 22.3:77.6

Table 8 Reaction conditions of experiment with exchaging the excess of KOH.

Reaction conditions 99-BP-37 99-BP-55
Temperature 60°C 60°C
Molar ratio (PH, : n-BuBr) 1.52:1.00 2.08:1.00
Alkali (to n-BuBr) 56% KOH, 2.00 eq. 56% KOH , 2.00 eq.
Reaction time 18h15min 16h30min
Result (n-BuPH, : n-BuBr) 64.5 : 35.6 78.2:21.6
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Fig. 2 Relationship between reaction time and pressure in the autoclave.

000000000000000000 83 @—



2.4 JO000ODOOOOOOODODO
gbobooobobooboboboobooboboon

U0LgO000D0OO0O0210000 15000000000

gboobooboboobooboooobdon pHyaOO
00000000 00DOO0OO00D0O0OO0O0O00O0Table 90
nooooooogon

Table 9 Comparison of experiments with exchaging the excess of PH; (1).

Reaction conditions 99-BP-50 99-BP-60
Temperature 60°C 60°C

Molar ratio (PHj : n-BuBr) 2.03:1.00 1.50: 1.00
Reaction time 14hOmin 18h23min
Result (n-BuPH, : n-BuBr) 100: 0 72.1:27.7

Table 10 Comparison of experiments with exchaging the excess of PHj; (2).

Reaction conditions 99-BP-66 99-BP-67
Temperature 80°C 80°C
Molar ratio (PH, : n-BuBr) 2.00: 1.00 1.49:1.00
Reaction time 14h10min 15h20min
Result (n-BuPH, : n-BuBr) 100: 0 97.8:1.7
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Table 11 Reaction conditions of experiment
with decomposition of catalyst.

Reaction conditions

99-BP-74

Temperature

80°C

Molar ratio (PH, : n-BuBr)

Alkali (to 7-BuBr)

56% KOH, 3.00 eq.

Concentration of catalyst
(to n-BuBr)

PX-416B , 0.01 eq.

Appearance of catalyst

Solid

Reaction time

4h0min
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Table 12 Data on the analysis of GC after 4h later.

Name of r.t. (min) Relative ratio of
compound area (%)
@ 21.8 50
@ 23.0 50

Table 13 Data on the analysis of 3P NMR.

Relative ratio of area

(%)

Temperature  Reaction time PX-416B PO-4 (@)
40°C 10min 87 13
4h trace 99 >
80°C 10min 71 29
4h trace 99 >
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Table 14 (@ Reaction conditions of experiment with the addition of solid state

catalyst at 60°C.

Reaction conditions

99-BP-26

99-BP-44

Temperature

60°C

60°C

Concentration of catalyst
(to n-BuBr)

PX-416B, 0.005 eq.

PX-416B , 0.005 eq.

Appearance of catalyst Solid Solid
Reaction time 20h45min 18h25min
Result (n-BuPH, : n-BuBr) 100: 0 48.7 : 51.3
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Fig. 3 Relationship between reaction time and pressure in the autoclave.

Table 15 @ Reaction conditions of experiment with the addition of catalyst in the
liquid state and that of twofold concentration at 60°C.
99-BP-47 99-BP-50
60°C 60°C

Reaction conditions
Temperature

Concentration of catalyst
(to n-BuBr)

PX-416B, 0.01 eq.

PX-416B, 0.01 eq.

Appearance of catalyst Solution Solution

Reaction time 15h45min 14hOmin

Result (n-BuPH, : n-BuBr) 91.9:8.1 99.9:0
Table 16 Modification on reaction conditions.

Reaction conditions 99-BP-26 (paragraph 2.1) 99-BP-50

Temperature 60°C 60°C

Molar ratio (PH, : n-BuBr) 1.70: 1.00 2.03:1.00

Alkali (to n-BuBr)

Concentration of catalyst
(to n-BuBr)

56% KOH, 3.00 eq.
PX-416B, 0.005 eq.

56% KOH , 3.00 eq.
PX-416B, 0.01 eq.

Appearance of catalyst Solid Solution

Concentration of  n-BuBr 3.51mol/1 3.49mol/l
(toluene solution)

Reaction time 20h45min 14hOmin
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Table 17 Experimental results using other
phase transfer catalyst.

Name of catalyst Result (n-BuPH, : 7-BuBr)
@ 2.1:97.9
® 2.0:98.0
18-Crown-6 94.1:5.9
PX-4B 95.7:4.0
Bu(Ph);P" Br CoHys(Ph);P* Br™ (Bu),Pt Br~
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Table 18 Experimental results on the same condition of 99-BP-50.

Result (#-BuPH, : n-BuBr)

Method of addition of catalyst

99-BP-3 97.1:2.9 Continuous Addition
99-BP-47 91.9:8.1 Addition before reaction
99-BP-50 99.9:0 Continuous Addition

Table 19 Reaction conditions of experiment with the effect of temperature.

Reaction conditions 99-BP-65 99-BP-66
Temperature 80°C 80°C
Molar ratio (PH,: n-BuBr) 2.00:1.00 2.00:1.00

Alkali (to n-BuBr)

56% KOH , 3.00 eq.

56% KOH , 3.00 eq.

Concentration of catalyst
(to n-BuBr)

PX-416B, 0.0 eq.

PX-416B, 0.01 eq.

Method of addition of catalyst

Continuously (22min)

Continuously (10min + 10min)

Concentration of n-BuBr 3.50mol/1 3.50mol/1
(toluene solution)

Reaction time 13h55min 14h10min

Result (n-BuPH, : n-BuBr) 99.2:0.7 99.5:0.3
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Table 20 Experimental results on the same condition of Ex. No. 99-BP-66.

Result (n-BuPH, : n-BuBr) Scale of reaction (mole)
99-BP-69 99.2:0.8 x1 (=99-BP-66)
99-BP-73 100:0 x5
00-BP-1 99.6:0.4 x 10
00-BP-2 100: 0 x 10
00-BP-3 100: 0 x 10
00-BP-12 100: 0 x 200 (2000L reactor)
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Abstract
Using phase transfer catalyst, we studied the selective synthesis of mono n-butylphosphine. From the experimental
results, we found that both reaction temperature and the methods of adding the catalyst had a significant effect on its
synthesis. Given the optimum condition determined from the experiments, we found that mono n-butylphosphine could
be constantly highly selectively synthesized. This mono n-butylphosphine is an intermediate in the production of the
reactive flame retardant. Because of the new process improved the synthesis of mono n-butylphosphine, the reactive

flame retardant can be produced industrially at a lower price than present.
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