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A Novel Method for the Synthesis Triarylphosphines under
Transition-Metal-Free Conditions

Yin, Qing Yu, Xiaogiang™ Bao, Ming
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract Triarylphosphines play an important role in pharmaceutical synthesis and transition-meal-catalyzed reactions. In
this paper, a novel method for the synthesis of triarylphosphines via base-promoted C(sp?)—P cross-coupling reactions of
alkyldiphenylphosphines with aryl halides is described. The transition-metal-free reaction condition, readily available starting
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materials and experimental simplicity are the features of the novel method.
Keywords transition metal-free; alkyldiphenylphosphines; aryl halides; triarylphosphines
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Figure 1 Pathways for synthesis of tertiarylphosphines
# 1 . DL H I H(DMSO) AL Cs,CO5 N,
FE N, R R 115 C/N 6 h, 193] HARML &9 =251 15
) B E N 39% (Entry 1). H B LA K,CO5s
KOAc. K;PO,. ‘BuONa Al ‘BuOK, tH4%4) 58 H Ti%
RN, R4 H BuOK B, MK s, Ak
70% (Entry 6). 747k, AHURALLE . = Z M. DUF 32—
[z (TMEDA) AT 2,2-BE I IE (2,2"-bpy) 1.5 & 4 N T 1%
P g5 R, FEANURIAELE T RS AT DU AR,
HEARPEIIUCR R 23%~42%. H1IEHIE ‘BuOK N2
INASZER LT
R RPigkHHR

Table 1 Reaction condition screening

PPh, base
PhZP/\/ + QI solvent PhoP

1a 2a 3a
Entry Base Solvent Yield”/%

1 Cs,CO;, DMSO 39

2 K,CO;4 DMSO NR¢
3 KOAc DMSO NR¢
4 K5POy4 DMSO 45

5 ‘BuONa DMSO 50

6 ‘BuOK DMSO 70

7 Pyridine DMSO 23

8 Et;N DMSO 42

9 TMEDA DMSO 29
10 2.2-bpy DMSO 30
11 ‘BuOK DMF Trace
12 ‘BuOK DMAc 33
13 ‘BuOK NMP Trace
14 ‘BuOK HMPA NR¢
15 ‘BuOK Tolune NR¢
16 ‘BuOK 1,4-Dioxane NR¢

“ Unless otherwise noted, all the reactions were conducted in solvent (3.0 mL)
with 1a (0.3 mmol ) and 2a (0.6 mmol ), additive (1.05 mmol ), in N, atmos-
phereat 115 “C for 6 h. *Isolated yield. ¢ No reaction.
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BE 5 B8 T N,N-—H 3 H L% (DMF), N,N-—.
FH 2L Z.BE % (DMAC), N-FZEIEmS e B (NMP), 7S FF L1
Pk = #(HMPA), H 7K (toluene) Al 1,4- 4 /NI (1,4-dio-
xane) X 5B RS2 . A B 3 7 AR S N AR SR AR K
DMSO (Entries 11~16 vs Entry 6). HitHiE DMSO N
B FE IR BT

TERfE T IR B FIAIR 2 J5, 0 525 %2 1 i
T SON IS TR SR P T s ISR PR S . R B
BN P K S B T BB e e R S T B
ARePE R R MR, BeJa, Be T s OB A 1,2-
(K FE ) 2 ki (1a, 0.3 mmol), WAL (2a, 0.6
mmol), ‘BuOK(1.05 mmol) A, DMSO A¥ 7, 1TEAS
SAHEIR 115 “C/B 6 h.
1.2 RYIIAR

TERAER AT, 5T A FRBUREE R xR0
TR NS, R IEE 2 Fn. BERR TS50 Lo
FE R IE Y REAR 47 H3& B 1% 77 ¥ (Entries 2~6), TR
(1) 75 P 15 A5 hr 1 BRI i 268 R0 03 25 1R e 4 )
AN 1% % N (Entries 7, 8). 75 ¥ L HUARIE ) HLF-2L
X J N AT 3 A DG B B () R, 1T A (1AL BEL R AT
I 25 % M (Entries 3~5 vs Entry 2). flifCZE[RFE
TR T ZRM, R EREY 3g MR RN 53%. 5
Ab, SR T RO BB AR IS 1B ki T C—P B
SN [RIRE, JRZRM 53R by A B sl ok 2 45 e I
k4T C—P BE{BEL(Entries 11~15). MRV AT L
A RIEIRA TS R p)IT, MIASGELS A B ) = 77 2
BEAL G V) (Entry 16). JRAKZE [FIFE3E H T 1% X M. (Entry
17).

TERAER AT, 52T AR5 BEIEN
NS, ERINER 3 PR, MR 1,3-00( AR
PED)RE 1a, H5URTTEE 2a. 2b F 2¢ 43 5l 3EAT B3
PRHER) C—P SABIBE NN, [N AT CANGR & A, 15
AN =55 2 BL A9 3a. 3b A 3¢, WA 40%~
53% (Entries 1~3). H e 8B BRIR, Q1 1,4-00( R
W) T Fe(1e) F0 20 2 — 2K B8 (1d) [A) A 3& FH T % S i
(Entries 4~9). #RTf0, 2418 H 5 2K BE(1e)fE AR
if, C—P BB A §8 & 2E (Entries 10~12).

1.3 REHIEHR

R SCHR IR FNAS S5 B2 PRI SE BRI 5, HEM 2 5 1)
HUEEAy: B e AE 3850 ‘BuOK ALK milR e R, &
RRE [ 3 B Tk A B R A
5B, HHHE B X 1,2-0( 2RI 2wk 4T B 2N
B, AR E A C, BT oR C—P IR A
H AR AP =757 B A 25 b (a4 D, HrE ik D fif e
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Table 2 Synthesis of arylphosphine compound with 1,2-bis(diphenylphosphino)ethane

, — R
PPh, 7B\ !BUOK (3.5 equiv.)
Php” > . DVSO. 115 C, &0 PP— 7/
1a 2 3a~3h
Entry  Aryl halide 2 Product 3 Yield”/% | Entry  Aryl halide 2 Product 3 Yield”/%
! Br
1 ©/ thp@ 70 10 ©/ thP@ 71
2a 3a 2j 3a
| Br
2 @[ PhoP 77 11 E:( PhoP 80
2b 3b 2k 3b
I Br
3 ; thP@ 53 12 ; thP{; 60
2c 3c 21 3c
I Br
PhyP < >‘ PhoP—\  )—
4 48 13 55
2d 3d 2m 3d
I Br
5 PhaP 40 14 PhzP 64
2e 3e on 3h
I Br
/@/ PhZPOPh /©/ thPOPh
6 Ph 47 15 oh 50
2f 3f 2 3f
| Br
7 02N/©/ F>th>«i%No2 NRC 16 \”/©/ PW@—( NRC
o
2g o 2
| Br PPh,
e AT e ow | .
2h 2q 3i
| PPh;
2i 3i

¢ Unless otherwise noted, all the reactions were conducted in DMSO (3.0 mL) with 1a (0.3 mmol), 2 (0.6 mmol ) and ‘BuOK (1.05 mmol) in N, atmosphere at
115 °C for 6 h. ? Isolated yield. ¢ No reaction.
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Table 3 Synthesis of arylphosphine compound with other alkyldiphenylphosphines

BUOK (3.5 equiv.)

PhoP—X |
2 +RQ—

1b~1e  2a~2c

DMSO, 115 C, 6 h

3a~3c

Entry Phosphorus source 1~ Aryl halide 2 Product 3 Yield*/%

Entry Phosphorus source 1~ Aryl halide 2 Product3 Yield®/%

1 PPh; 2a 3a 46 7 \ 2a 3a 44
2 Iy 2b 3b 53 8 SN 2b 3b 47
2
3 1b 2¢ 3¢ 40 9 1d 2¢ 3¢ 40
4 PPh, 2a 3a 36 10 | 2a — NR¢
5 2b 3b 40 11 Phe 7 ph 2b — NR¢
Ph,P 1e
6 1c 2¢ 3¢ 30 12 2¢ — NR¢

“ Unless otherwise noted, all the reactions were conducted in DMSO (3.0 mL) with 1 (0.3 mmol), 2 (0.6 mmol) and ‘BuOK (1.05 mmol) in N, atmosphere at 115 °C

for 6 h. * Isolated yield. © No reaction.

Q' t-BuOK

+

K

A

t-BuO’ A B
PhoP o~ PPh,
— PP~ #’
Ph,
-0
t-BuO’
PhoP H t-BuOH

D PhoP_~

B2 wraerbLEHEd
Figure 2 Plausible mechanism
115 °C, KeieBUR =57 5. 57 5 s LA ‘BuOK 14
JRIELLBEIN 112 1 3.5, DMSO ¥ %M 6 h. ixXFh
‘BuOK et i) C—P BRI SN, N =J7 2R EY)
1A R AL T — 2R I D .

3 SLEES

B 5

'H NMR, "*C NMR #1*'P NMR 3% 351§ 3 -+ Bru-
ker /A% AVANCE 11-400 B8 SAZREILIRACI E. 'H
NMR (400 MHz) LA DY H B 6 BE (TMS) N AR, ¥ 71N
CDCl,, AR N 6 7.26; °C NMR (100 MHz) )%
FIN CDCls, LZEAI#AE A 6 77.16; *'P NMR (162 MHz)
(K379 CDCls, 85%M IR NN FR. GC-MS 1% &I H
FH Agilent 23] S AH €6 1%/ = 55 5 6 DU BT 52 6 FH
X 7000B K. SEI6FT ARG T4 i DAL S A 22 it
FAksE, Yo arat, Hodh DMSO.DMF.DMAc.NMP.
HMPA ¥ b B 0,258 1) Jo K B 7R, R, 1,4-—

3.1
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SN S0 = H R ]S R T /K T S .
32 ZLWHE
3.2.1 BARA4 3a~3h 6946 %

] 25 mL Schlenk K M#FH A 1 (0.3 mmol). AT
FE4H(1.05 mmol, 0.1178 g), 7E N, FIIAH I DMSO (3
mL) LK 2 (0.6 mmol), #Ef, [ Ak RETKITCAN %
R 115 CHEEZERMN 6 h. MNETRSE, W EERE, K&
PRGN R CBRZE I =R, AU TR iR
B 0.5 h J&, WURZEERR VSR, FERAEE N 7 8
(ORI Ak, WO IR HE T 5 ek s 2 T8 ek 29 71,
FL TR 193] A A 14 3a~3h.

ZREEBE3a): AEE S50 mg), KA
NP~ 2N 70%. m.p. 78~79 C (1it.*Y) m.p. 79~80 C);
'H NMR (CDCls, 400 MHz) 6: 7.34~7.28 (m, 15H); °C
NMR (CDCL;, 100 MHz) §: 137.3, 137.2, 134.0, 133.8,
128.8, 128.7, 128.6; *'P NMR (CDCls, 162 MHz) §: —
5.44 (s).

2-FZRIE AL 3b): A G E K635 me), JKY
AR I P2 08 77%. mup. 65~67 C (1it. ) m.p.
65~66 °C); '"H NMR (CDCls, 400 MHz) §: 7.33~7.22
(m, 12H), 7.09~7.05 (m, 1H), 6.77 (dd, J=7.6, 4.7 Hz,
1H), 2.39 (s, 3H); °*C NMR (CDCls, 100 MHz) J: 142.4,
142.2, 136.4, 136.3, 134.2, 134.0, 132.8, 130.2, 130.1,
128.9, 128.8, 128.7, 128.6, 126.1, 21.2; *'P NMR (CDCl;,
162 MHz) 6: —13.32 (s).

3-FZRIE ORI (3e): AIEER43.7 m), KW
TRl RIS 72 20 53%. mup. 48~50 C (lit. m.p.
50~51 °C); '"H NMR (CDCls, 400 MHz) J: 7.34~7.28
(m, 10 H), 7.24~7.20 (m, 1 H), 7.18~7.14 (m, 2 H),
7.09~7.05 (m, 1 H), 2.30 (s, 3 H); °C NMR (CDCl;, 100
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MHz) 6: 138.1, 137.4, 134.7, 134.5, 134.0, 133.8, 132.2,
131.0, 130.8, 129.7, 128.8, 128.6, 128.5, 21.6; *'P NMR
(CDCl;, 162 MHz) 6: —5.39 (s).

4-FRZRIE TR (3d): A E£(39.6 mg), KW
S NH R 2RI P2 R 48%. mup. 68~70 C (1it.*) m.p.
68~69 °C); '"H NMR (CDCls, 400 MHz) §: 7.33~7.27
(m, 10 H), 7.24~7.20 (m, 2 H), 7.15 (d, J=7.4 Hz, 2 H),
2.34 (s, 3 H); "C NMR (CDCl;, 100 MHz) d: 139.0, 137.7,
137.6, 134.1, 134.0, 133.8, 133.6, 129.5, 129.4, 128.7,
128.6, 128.5, 21.5; *'P NMR (CDCls, 162 MHz) 6: —6.34
(9).

3,5- 0 F 2R 3 AR B I 3e) Y T £ HOIR VR A
(34.6 mg), F“F 40%. 'H NMR (CDCl;, 400 MHz) o:
7.27~7.16 (m, 10 H), 6.90~6.85 (m, 3 H), 2.18 (s, 6 H);
*C NMR (CDCl;, 100 MHz) d: 138.1, 138.0, 137.7, 137.6,
133.9, 133.8, 131.7, 131.6, 130.8, 128.7, 128.6, 128.5,
21.4;*'P NMR (CDCls, 162 MHz) 6: —5.30 (s).

4- T IRIEBEBEEG3N: A GEK@47.7 mg), YN
MHIBE RIS 772 50N 47%. mup. 84~85 C (lit. m.p. 83~
84 °C); '"H NMR (CDCls, 400 MHz) &: 7.61~7.57 (m, 4
H), 7.48~7.43 (m, 3 H), 7.40~7.34 (m, 12 H); °C NMR
(CDCls, 100 MHz) 0: 141.6, 140.7, 137.4, 137.3, 136.3,
136.2, 134.4, 134.2, 134.0, 133.8, 129.0, 128.7, 128.6,
127.7, 127.3, 127.2; *'P NMR (CDCls, 162 MHz) 6: —
6.01 (s).

1- 2558 R BB 3g): A ([l 4(49.6 mg), JEYIN
1-FRZE I P2 % 53%. mop. 121~123 C (it m.p.
122~123 “C); 'H NMR (CDCl;, 400 MHz) 6: 8.40 (dd,
J=8.4,43 Hz, 1 H), 7.87~7.83 (m, 2 H), 7.50~7.41(m,
2 H), 7.37~7.24 (m, 11 H), 7.00 (dd, J=7.0, 5.1 Hz, 1 H);
C NMR (CDCl;, 100 MHz) d: 136.5, 136.4, 135.5, 135.3,
134.4, 134.2, 133.6, 133.5, 132.2, 129.6, 129.0, 128.7,
128.6, 126.4, 126.1, 125.7; *'P NMR (CDCls, 162 MHz) ¢:
—14.26 (s).

2,5- RN BE TORERBE(3h): A AEA(55.3 mg),
FEE 64%. mp. 81~82 C (lit!"" mp. 81~83 C); 'H
NMR (CDCls, 400 MHz) d: 7.34~7.24 (m, 10 H), 7.09~
7.04 (m, 2 H), 6.57 (dd, J=4.9, 1.7 Hz, 1 H), 2.34 (s, 3 H),
2.15 (s, 3 H); ”C NMR (CDCls;, 100 MHz) d: 139.3, 139.1,
136.6, 136.5, 135.4, 1342, 134.0, 133.4, 130.2, 130.1,
129.6, 128.8, 128.7, 128.6, 21.2, 21.1; *'P NMR (CDCl,
162 MHz) §: —13.09 (s).

4 Bh#1 B (Supporting Information) =75 F&BE{L A&
ft) '"H NMR, C NMR, *'P NMR (3% &, iiE W HLE 1)
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Tempo Fii#E H B3 1) 'H NMR, °C NMR 3 [E il g &
WIREYIN GC-MS 3k K. X Lepp Rl n] DL G 3 WA T
vk (http://sioc-journal.cn/) I T #k.
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