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Abstract: PN-ligands (L1-L5) with cyclic secondary amine moieties linked to the benzene rings of triphenylphosphine were designed and
synthesized for the palladium-catalyzed C—N bond coupling reactions. The structures of these new P,N-ligands were confirmed by 'H NMR,
C NMR, *'P NMR, infrared, high resolution mass spectroscopy, and X-ray single crystal diffraction. The desired C—N bond coupling prod-
ucts were obtained in good to excellent yields (up to 95%) when the reactions of aryl bromides with secondary amines were performed under
the optimized reaction conditions (Pd(dba)s, 1 mol%; L5, 6 mol%; NaO'Bu, 1.4 mmol; toluene, 2.5 ml; 100 °C).
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B RUOT I, %K RV AEFRZ 4 Buchwald-Hartwig A8
SRR SN A5 12 B N o i A A B L
A 77 9 1) B U BRI I IC A4, W1 P(z-Bu)s, PCys,
t-Butyl-Xphos®?7 }z Dave Phos>2*%2% af fif Pd fi: 1k
fR C—N B F i S I8 7 Sl R 4% 1 1 e 2% 58 B, {HL I 1
Tic 73 5 S Mk 22 el DA TG 5 45 .

VB b 057 & I S s e A4, = R LA R m AR
SE k. DR, A S0 BL = IR O REAR B AL 25 ), et
AT B PN AR (L1~L5, WK 2R 1), I8
FH T AR A R VAR D5 8 5 P Jhe 1) A8 SR BB e 12

1 SLIGERSY

B A3 R N3 4E Ny 40 R T Schlenk JifH 2EAT.
1-(2-VR LI WRIE (BPPP). 4-(2-TR 53k ) I Itk (BPMP)
A (2-IRZEHL) A EE B (BDPP) & I SCHR[31,32] &
B USRI (THF) R & 1,4- 5N 5 —ik
[l 9L, 2K FR A 45 75 771, N R R 28\ Schlenk Jff
2% F; N-F Ltk v e i (NMP) F TG 7K BaO 148 )i,
I 26 N Schlenk I, S 55 480 £ FH . Bt i) i 1
PLAE, S e il 38 4 2y B 4, R & 4tk A6
11 FHEPNERAESHE—KTE

Be AR L1~L5 (14 itk e an ¥ 2 1 s, BL (2-Wk

WE LR AE) IR I (LL) & o B, R AL BRI R

) 0 A B Hs U = S ¥ B 1K) 100 ml = R n oA
Mg 5 (267 mg, 11 mmol) J&, N, B # — I, Fi I P ki

Br
/\ Mg
X N —
— THEF, reflux, 2 h

BPPP: X = CH,
BPMP: X =0
BrMg
X N -~
lptha lphpa2 lPBr3
A X
< \>—N 0
N LN ; (N_—)
PPh
PPh, L _X — f:[ P\©
_/ N
(x
L1: X =CH, L4: X = CH,
L2:X=0 L3 L5:X=0

B 1 R LI-L5 &M
Scheme 1.  Synthesis of the ligands L1-L5.

filt . THF (10 ml) A2 BPPP (2.64 g, 11 mmol), X J Il &
R IEIRAS T HCEE 2 h, VKK = COm i v
WA HIE 0°C )5, K% T THF (5 ml) ) Ph,PC1(2.21 g,
10 mmol, BT 7 T 28 7)) 2% 3 A 2] = L, 24
20 min i 58, T HURBEFE Lh 5, IS = 3k IR 2~ gk
gl 2 h A F E W, IR NHLCLE (50 ml)
Bt £ 10 min, 715 4 ZBEAE L (50 ml x 3), & I (1 G HLAH
F A1 NaCl ¥ (50 ml) %6 — K, JE7K NaySO, 144,
IE9E, e ZEBR 2 A K Sl 45 L 19 31 1 L
Sk B AR [ 44 (2.28 g, 66%). "H NMR (400 MHz,
CDCls): 67.32~7.28 (m, 11H), 7.15~7.12 (m, 1H), 7.00
(t,J=7.4Hz, 1H), 6.71~6.68 (m, 1H),2.76~2.75 (m, 4H),
1.36~1.34 (m, 6H); *C NMR (101 MHz, CDCl;): §
157.4, 157.2, 138.5, 138.4, 136.8, 136.7, 134.1, 133.9,
133.0,129.6,128.33,128.30,128.2,124.8,121.6,121.6,
54.1,26.1,24.2; *'P NMR (162 MHz, CDCl;): §—11.23
(Bruker DPX-400 %Y k% i L 4R 1%, 4% [€); IR (KBr,
em'): 3051,2938,2850,2797, 1579, 1466, 1433, 1224,
922,765, 740, 696 (Perkin-Elmer FT-IR 430 %Y 21 4
A%, 2 E); HRMS (EI) caled for Co3HouNP: 345.1646
[M]"; found: 345.1652 (Micromass GC-TOF MS = 4>
IR A, BT, 95 [); mup.: 96~98 °C (X-6 44 554X,
R AR A ) AT AR 2 AL IE).

(2-PEh R RE AL ) TR AL (L2): LA BPMP (2.66 g,
11 mmol) ¥ # BPPP, £ 5 ARG H| L2, h A ta
W AR [ 44 (1.91 g, 55%). "HNMR (400 MHz, CDCl5):
67.33~7.30 (m, 11H), 7.17~7.14 (m, 1H), 7.03 (t,J=7.5
Hz, 1H), 6.75~6.72 (m, 1H), 3.48 (t,J=4.2 Hz, 4H), 2.80
(t,J=4.5Hz,4H); "CNMR (101 MHz, CDCl3): 0 155.4,
155.3, 138.0, 137.9, 136.9, 136.9, 134.2, 134.0, 133.2,
129.8, 128.6, 128.4, 128.3, 125.5, 121.8, 121.7, 67.2,
52.8, 52.8; *'P NMR (162 MHz, CDCl;): 6 -3.97; IR
(KBr,cm'): 3052,2956,2853,2814, 1580, 1466, 1433,
1219, 1113, 932, 767, 742, 697; HRMS (EI) calcd for
C,H,,NOP: 347.1439 [M]"; found: 347.1440; m.p.:
116~118°C.

(- bR RS DR R ) ZRIE B (L3): A PhPCl, (1.79
g, 10 mmol, il $7 ] ik 7 2 7)) ¥ & Ph,PCl, H 430
Al L1 (858 : 535 mg, 22 mmol; BPMP: 5.33 g, 22 mmol;
THF: 20 ml), 75 2] L3, b [ &8 AR E 4k (2.11 g,
49%). "HNMR (400 MHz, CDCl;): §7.33~7.31 (m, 7H),
7.17~7.14 (m, 2H), 7.00 (t, J = 7.4 Hz, 2H), 6.70 (d, J =
7.4 Hz, 2H), 3.59~3.52 (m, 8H), 2.92~2.89 (m, 4H),
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2.85~2.82 (m, 4H); "*C NMR (101 MHz, CDCl3): §
155.7, 155.5, 138.8, 138.7, 137.1, 137.0, 134.6, 134.4,
133.6, 129.5, 128.4, 128.3, 128.2, 125.0, 121.1, 67.3,
53.0,52.9; *'P NMR (162 MHz, CDCl;): 6 -19.69; IR
(KBr,cm™'): 3347,3053,2957,2853, 2814, 1580, 1466,
1445, 1371, 1263, 1219, 1113, 932, 919, 847, 768, 735,
699; HRMS (EI) caled for Co6HyoN,0,P: 432.1967 [M]';
found: 432.1973; m.p.: 153~154°C.

= (2-WR W 3 2K I B (L4): LL PBr; (2.71 g, 10
mmol, b [E 253857 28w ) 8 e PhoPCL (555 : 802
mg, 33 mmol; BPPP: 7.92 g, 33 mmol; THF: 30 ml), [
VR R LA, R AR AR (2.25 g, 44%). 'H
NMR (400 MHz, CDCly): 6 7.25~7.21 (m, 3H),
7.08~7.06 (m, 3H), 6.90~6.86 (m, 3H), 6.63~6.61 (m,
3H), 3.12 (s, 6H), 2.58 (s, 6H), 1.58~1.43 (m, 18H); "*C
NMR (101 MHz, CDCl): 6 158.1, 157.9, 138.4, 138.3,
134.2,128.7,124.0, 120.1, 120.0, 54.5, 54.4, 26.4,24.5;
3P NMR (162 MHz, CDCl3): §—27.85; IR (KBr, cm ):
3051, 2932, 2851, 2794, 1579, 1465, 1448, 1437, 1379,
1224, 922, 764, 738; HRMS (EI) calcd for C33H,,N;P:
511.3116 [M]; found: 511.3122; m.p.: 148~150°C.

= (2-N bk FE 2R 3L [ (L5): BL BPMP (7.99 g, 33
mmol) ¥ # BPPP, H. ' A0 B W] L4, 19 2 L5, 5 &k
AR E A4 (2.43 g, 47%). "HNMR (400 MHz, CDCly): §
7.32~7.28 (m, 3H), 7.15~7.12 (m, 3H), 6.98~6.94 (m,
3H), 6.71~6.68 (m, 3H), 3.61 (s, 12H), 3.15 (s, 6H), 2.69
(s, 6H); *C NMR (101 MHz, CDCl;): § 156.1, 155.9,
137.0, 136.9, 134.3, 129.4, 124.8, 120.43, 120.41, 67.4,
53.1; *'P NMR (162 MHz, CDCl;): §-19.69; IR (KBr,
cm'): 3051,2956,2851,2812, 1580, 1466, 1444, 1370,
1295,1253,1220,1113,932,919, 846,768,735 ; HRMS
(EI) caled for C30H36N;O5P: 517.2494 [M]"; found:
517.2495; m.p.: 242~244°C.
12 FERRYMERC-NEBERNH—RKRTE

DL 4-ChF A3 ) M bk (3a) (1) 4 o ], HL R g
YR B8N K. 1) 25 ml Schlenk J A0 I A ¥ FAS (1a,
171 mg, 1 mmol), NaO'Bu (135 mg, 1.4 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol) F! L5 (31.0 mg, 0.06
mmol), H N, & #t =X 5, I F 2K (2.5 ml) HTAE ik
(105 mg, 1.2 mmol). 3f 4] Schlenk i, K H N 2 T
AR 100 °C s o, i B 8 O N 58 4. e AT R
FWLJF, A 20 ml K, ] 208 S BEEAEHL (10 ml < 3), 47
BUAH H TG 7K NapSOy 452, i 8 B 25 [ & 9 i, LA
N,N-— F 0 FRE DR A S b, JEAT AR €185 7

HT (Agilent 7820 “AH 1% 4%, HP-5: 30 m x 0.320 mm
x 0.25 pm, FID &l 8%, & FH B2 P A, 55 [ Hew-
lett-Packard 28 /), 15 2 A (A W 2 95%. g 28
B 25 5 ), e AT € 4y B (VR MR A SR SR A
K = 1:20), 75 2 1) 3a 4 [ [ 14 (163 mg, 7 B UK
K 92%).

3a: [ [ 4. "TH NMR (400 MHz, CDCl3): ¢
7.09(d,J=8.3 Hz, 2H), 6.84 (d,J=8.6 Hz, 2H), 3.86 (t,J
=4.8Hz,4H),3.11(t,/=4.8 Hz,4H),2.28 (s, 3H); m.p.:
46~47°C (iRl 47~48°C)).

1-ChF AR 38 DR BE (3b): 3 (4 1A%, "TH NMR
(400 MHz, CDCl5): 67.05 (d,J=8.3 Hz, 2H), 6.86 (d, J
= 8.5 Hz, 2H), 3.09 (t, J = 5.4 Hz, 4H), 2.26 (s, 3H),
1.72~1.68 (m, 4H), 1.58~1.54 (m, 2H).

N,N-0F T J5-4- F L 2K i (3c): o €0 i 14 ),
"H NMR (400 MHz, CDCl;): §7.01 (d, J= 8.5 Hz, 2H),
6.58 (d,J=8.6 Hz, 2H), 3.22 (t,J=7.6 Hz, 4H), 2.23 (s,
3H), 1.58~1.50 (m, 4H), 1.38~1.29 (m, 4H), 0.94 (t, J =
7.3 Hz, 6H).

N-FH - N-(4-F LRI ) 2R i (3d): 8 (i AP,
"H NMR (400 MHz, CDCl;):  7.22 (t,J=7.9 Hz, 2H),
7.11(d,J=8.2 Hz, 2H), 6.99 (d, J= 8.3 Hz, 2H), 6.92 (d,
J=8.1Hz,2H), 6.86 (t,J=7.3 Hz, 1H),3.28 (s, 3H), 2.32
(s, 3H).

N-(4-F I3 ) 2K 1% (3e): (A [ AP 'TH
NMR (400 MHz, CDCly): 6 7.21 (t, J = 7.9 Hz, 4H),
7.07~7.04 (m, 6H), 7.01~6.94 (m, 4H), 2.31 (s, 3H);
m.p.: 62~63°C (LR 66~67 °C).

N-J-4- T BL e i (3F): 3 (0 i 4A D). "H NMR
(400 MHz, CDCI3) § 7.38~7.31 (m, 4H), 7.28~7.24 (m,
1H), 6.98 (d, J = 8.2 Hz, 2H), 6.56 (d, J = 8.4 Hz, 2H),
4.30(s,2H), 3.89 (s, 1H), 2.23 (s, 3H).

N-(4- F 3 28 35 ) 5% (3g): 1A o [l 44 P4 'H
NMR (400 MHz, CDCl;): 6 7.25~7.21 (m, 2H), 7.08 (d,
J=8.1 Hz, 2H), 7.01~6.99 (m, 4H), 6.87 (t,J= 7.3 Hz,
1H), 5.59 (s, 1H), 2.30 (s, 3H); m.p.: 88~89 °C (3L k1
86~87°C)!*.

N-+ e k-4 FIE 2K MK (3h): ik o ] AP,
"H NMR (400 MHz, CDCl;): 6 6.98 (d, J= 8.1 Hz, 2H),
6.53 (d,J=8.4 Hz, 2H), 3.44 (s, 1H), 3.07 (t,J=7.1 Hz,
2H), 2.23 (s, 3H), 1.62~1.57 (t,J = 7.4 Hz, 2H), 1.26 (s,
18H), 0.88 (t,/=6.8 Hz, 3H); m.p.: 36~37°C.

4-(4- F AR A 6L ) g bk (Bk): v B £ [ AP TH
NMR (400 MHz, CDCl;): 6§ 6.90~6.84 (m, 4H), 3.86 (t,J
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=4.7Hz,4H),3.77 (s, 3H),3.06 (t,/=4.7 Hz, 4H); m.p.:
74~75°C (SCHRAE 73~74°C)1L.

4-(4-1F T HEIRIE) mh Ik (31): vk o ¢ [ AP, TH
NMR (400 MHz, CDCl;): 67.09 (d,J=8.5Hz, 2H), 6.84
(d,J=8.5Hz, 2H), 3.85 (t,J=4.8 Hz, 4H), 3.12 (m, J =
4.8 Hz, 4H), 2.54 (t,J = 7.7 Hz, 2H), 1.60~1.52 (m, 2H),
1.39~1.29 (m, 2H), 0.91 (t,J=7.3 Hz, 3H); m.p.: 40~41
°C (SCHRAH 39~40°C)B™,

4-(2- A HE) Wb (3m): 2 ¢ A Y. 'H NMR
(400 MHz, CDCl3): 67.18 (t,J=7.1 Hz, 2H), 7.04~6.98
(m,2H), 3.86 (t,J=4.6 Hz, 4H), 2.92 (m, J=4.6 Hz, 4H),
2.32(s,3H).

4-(4-JR AR HE) Mk (3n): B (AR PS. TH NMR
(400 MHz, CDCl3): 6 7.02~6.94 (m, 2H), 6.91~6.83 (m,
2H),3.86 (t,/J=4.8 Hz,4H), 3.08 (t,/=4.8 Hz, 4H).

ZR51HE

2.1 RMFHBHIL
ACPL 1a 5 bk (2a) 1RSSR G f Y Ok A TR
N, A T e A&, g5 LR 1. 1 oE, B

2

Pd,(dba); AL 71T 44, NaO'Bu 2 fisk, 4% ok ¥ 571,
F 2 T NIRRT RN P R 5 m . R ] WL, BLAS
V)37 BEL 52 K 1) L5 Ay TC AR B, ) 3 45 465 v 1 Sz o 2 4k
A 2, o g w43 0l 100% A 95% (S5
1~5). SR, 115 LA Pda(dba); 4 {46 A HT 14, LS ALK,
G 25 82T N [ 7R R s N 1 B . nT LA
A, AT SR (PR 1,4- 450N N-F AR
N - J5E i ) A1 B (NaO'Bu, K3PO4, Cs,COs, NaOH) 1,
1 2K F11 NaO'Bu 43 Jill 4 1% C—N 8 B 1 MY 1) e A 9%
FURUGE (S5 6~10). 53 4k, 76 T % 52 11 4 Ff 40 5
(Pdy(dba);, Pd(OAc),, Pd(acac),, PdCl,) ', DL
Pd,(dba); A 40 AT A B, BT 3R 75 48 v 1R Y e 4k
AN (SLE 5, 11~13). M FEC AR LS (19 FH &% 4
mol% 5% 2 mol% I, L8 ZE K e Y. I 1] 5 5 4k R AT)
AIIE 100%, {H [ 3 W26 53 3l 1% 22 90% AT 86% (52 5
14 511 15). ¥4 Pd,(dba)s A1 L5 [ 150 5l B 25— 2 (RS
A FH 23 51 4 0.5 mol% Al 3 mol%) i, B4R 4J5 n] 45 5|
B, AR N B[R] 5 AE K A 10 h (358 16). 3L
b £ A AN AR N S I E A R 80 °C I, M. S h

=
w

#F1 CNBERMHIEERKL

Table 1 Optimization of reaction conditions for the C—N coupling reaction

o0 — QO

Entry Pd catalyst Ligand Solvent Base Time (h) Conversion of 1a" (%) Yield® (%)

1 Pd,(dba); L1 toluene NaO'Bu 2 75 66
2 Pd,(dba); L2 toluene NaO'Bu 2 100 85
3 Pd,(dba); L3 toluene NaO'Bu 2 100 89
4 Pd,(dba); L4 toluene NaO'Bu 2 81 70
5 Pd,(dba); L5 toluene NaO'Bu 2 100 95 (92)°
6 Pd,(dba); L5 dioxane NaO'Bu 2 83 62
7 Pd,(dba); L5 NMP NaO'Bu 2 50 16
8 Pd,(dba), L5 toluene K3PO, 4 22 14
9 Pd,(dba); L5 toluene Cs,COs 4 7 2

10 Pd,(dba); L5 toluene NaOH 4 22 18

11 Pd(OAc), L5 toluene NaO'Bu 2 71 54

12 Pd(acacc), L5 toluene NaO'Bu 2 100 76

13 PdCl, L5 toluene NaO'Bu 2 57 44

144 Pd,(dba); L5 toluene NaO'Bu 3 100 90

15¢ Pd,(dba); L5 toluene NaO'Bu 6 100 86

16" Pd,(dba); L5 toluene NaO'Bu 10 100 90

17¢ Pd,(dba); L5 toluene NaO'Bu 5 100 95

Unless otherwise noted, reactions were carried out in solvent (2.5 ml) under N, at 100 °C with 1-bromo-4-methylbenzene (1a, 1 mmol), morpholine
(2a, 1.2 mmol), base (1.4 mmol), and ligand (6 mol%) in the presence of Pd catalyst (Pd,(dba);, 1 mol%; Pd(OAc),, Pd(acacc),, and PdCl,, 2 mol%,
respectively). “Determined by GC analysis. "Determined by GC analysis with N,N-dimethyl-4-methylaniline as internal standard and comparison with
an authentic sample of the product. ‘Isolated yield. ‘L5 (4 mol%). ‘L5 (2 mol%). Pd,(dba); (0.5 mol%), L5 (3 mol%). 2At 80 °C.

NMP—N-methylpyrrolidone.



www.chxb.cn

WM AR P, N-TRC AR 1 15 R A A S P e - SRR A8 DG S 1 Ry N 1621

A BETEIL (LK 17).

g boa] W, ORGP S s A AR R T A4 R
Pd,(dba); (1 mol%), [ AL & 4 L5 (6 mol%), B K
NaO'Bu (1.4 mmol), % #1411 2K (2.5 ml), &3l B2 A
100°C, 1a (1 mmol), 2a (1.2 mmol).

2.2 FERRYFIPLAEY C-N 1B EE K KL

TR AE N 46N, B8 T ANRIRARDS 8 5 i
(RS SUABYIR S B, 46 SR L3R 2. ] LU, 45 R AR ABL 1)
JIg J07 1 AR i bk (2a) BRWR e (2b) 56 FY L K
(1) (19 S N4 AT A5 2 h A 58 8, SR 0 43000 R 92%

FTO1% (5256 1A 2). 448 F I 107 e R BRAR A i — 1F
I (20) B, WG 3 h AT BB JEORE 58 4 B A, I R AT
FTBEAR, SR 84% (S 56 3). 1 456 5 A7 R FEIUAR L 11
flfie N-FR SR i (2d) 2R i (2e) B, WG SERE K
(1 BRF 1] A B A R AR 56 A B A, e I S5 7, RO
)1k 24 h, 5 5 S e e 38 1y s 90% (S5 4 AT S). 4R
i, A A AR BE S R (2F) s 2B (29) S IE+ % (2h)
Yy 1a N, BIEAEBEHE 36 h )5, CRAL S 0 55%,
21% F11 34% (L5 6~8). i FF 4b 3 L-ifi 2z 1% (2i) Atk
1% (2j) 5 la iR MRS Y 30 h 5, A7 AR AL 2] H br

R 2 Pdy(dba)s/L5 L7 EIRR Y S5 EA C-N $1BEK K Rz
Table 2 C-N coupling reactions between aryl bromides and amines catalyzed by Pd,(dba);/L5

R~z ,RZ“‘ R, y ,RZ“\
e O
— R;- — R;--
la-1g 2a-2h 3a-3n
Entry Aryl bromide Amine Product Time (h) Yield®" (%)
N\ N\
1 @Br la HN O 2a N_© 3a 2 92
A e O I W N o
/Bu /Bu
3 Br la HN, 2c N, 3c 3 84
- —O,
Me /
B HN{ N
_Ph _Ph
B
5 ~ VB 1a NG, 2 —~ W, 3 24 90
,—Ph
6° @Br 1a Ph” " NH, of NH 3f 36 55
7° @Br la H,N-Ph 29 —QNH*Ph 3g 36 21
g —~{Hbr 1a HNCHICH,  op — Munfendren,  an 36 34
O Oy-on
NH N<>
10 s T O %j —~ 3 3j 30 NRS
N\ N\
11 McO@Br 10 HN 0 2a McO N_© 3k 3 92
N\ N\
12 Bu”OBr 1c HN 0 2a Bu" N_© 3l 3 90
N\
13 C}Br 1d HN 0 2a @N:\o 3m 12 92
Br I\
14 le HN 0 2a NTY L2 24 95
PPh, PP L_O
B
15 Q ' le HN ) 2b C\N L1 24 92
PPh, Ph,P
N\
16 FQBr 1f HN_ 0 2a F N_ 0 3n 24 86
N\ N\
N\ N\

Reaction conditions: aryl bromide (1 mmol), amine (1.2 mmol), NaO'Bu (1.4 mmol), Pd,(dba); (1 mol%), L5 (6 mol%), 2.5 ml toluene, 100 °C. “Iso-
lated yield. *The conversion of 1a was 60%. “The conversion of 1a was 22%. “The conversion of 1a was 41%. “No reaction. ‘At 120 °C.
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FEIRR (Lc) MWy, BLUAR 75 ZEAN A IR S M I ] (3
h), 15 52 W ISR 4 5055 92% FIT90% (S5 11 A1 12). 4B
P73 H IR 5 N BAIG T R D 968 1) s vl Pk, i HLOK
140415437 55 A 5 i A K. n 408 HH YRR (1d)) Rl AT VR R
R ORILIEE (Le) 5 M B IR) S, J3 ) 42 12 R 24 h
A e 58, | N 73 0 A 92% Fl95% (S5 13
14). 1e 5WRAE N 24 h )5, [N I 364l ik 92%(§Q
5 15). Uk T L, Le 43 i R e R K 1) Y. A
B AAR LA L2 1) 55— 4 A i AR, & ﬁ/&%%ﬁﬁ\
YRR (1F) 3R I H A8 e 1) ) s P, 0% 86% (3,
S 16). % T IRARER A Z S N AR R PRI )AF
() ) 3% ZIKI/%%L%'TXTEIHE UA (1g) 15 bk 1)
SN BRI, FE A N AR, N TR A W B A
i;ﬂa14h}ﬁ,5ﬁ%%¥£ﬂﬁ%3aﬂ@iﬁk,Eﬂf@%fimﬂnfi
TE4 120°C, AL AEAE IR & 1K 1) (S5 17 F1 18).

23 BLARL2 L3FNLSAYB B4
53 A L2, L3 R L5 ¥ £ W5 i 4 2% 12 15 k19
BIIE T H S 45 R AR A4 4 ] Bruker /A 7] Smart
APEX T 1 X 55 £ 5 5 A S ASCEAT DK, ot A &5 4 2R
F SHELXTL 97 F /5 tH B HvA i th . di A 2 18] 1
P, 2 BEIR B SRR A iR A1) T3 3. B A A5 2
P& OFE 2010 4F 3 7 11 AL 2 G0N Sl AR E0 122, 54k
2ol A BN 7 O N T E LR 1 AU &
www.ccde.cam.ac.uk/data_request/cif b Jil: 41 2% N %%
S M i AR B B 9 5 A L2 (769048), L3 (769049),
L5 (769050). L2, L3 1 L5 = Ff B ic 44 o P J5i 7% 1)
A HEAA ) 2 R L AT R 2 A TR 1 5 R A S —
) R T 2 v e TR A A T gt T s R A7 B
B TR 5% Wi, 7 A b e A SR g B = A A
(1) 70 A 77 0. L5 o P-C BB K 0.1846 nm,
KF L2 0.1834 nm A1 L3 [ 0.1836 nm. iX & W] L5
(1) 53 1 A 20 B) A7 BEL RGN 5% 1 L2 A0 L3, J34h, LS
C—P-C B A1 P31 /N T L2 AT L3 (1, % W] L5 B AT
AR B A3 TR BSOS . R R AT A, B LS 8K
{14 2% [R] A7 BEL 2550 I A LA )T A0 A0 C-N AR I & .
AT

. s 4 ~ 2 ,\—«/
'%‘/'\96'3 ‘\U_\{ ‘\'\(,” ‘114 ﬁm L||f/\|a JL: o
o7 NI \ C?p,_p\q C I\ {\Q/J C -,] > 7 3-n @)n
R PT & 9 01 Nq\_ﬂ \9 N
Cl 3 pessld R \éb /J
- NINE @ ho
~ c( _,___;{ 1202 L2:n=1;L3:n=2;L5:n=3
&$ Vo P,
L2 L3 L5
1 Bk L2, L3 L B REHME
Fig. 1. Single crystal structures of L2, L3, and L5 at 30% probability level. Hydrogen atoms are omitted for clarity.
*3 L2, L3 L5 WEERKEAKIE
Table 3 Selected bond lengths (nm) and angles (°) for L2, L3, and L5
L2 L5
Parameter Value Parameter Value Parameter Value
P1-C1 0.1826(2) P1-C1 0.1834(2) P1-C1 0.1842(2)
P1-C7 0.1835(2) P1-C7 0.1835(2) P1-C11 0.1848(2)
P1-Cl13 0.1840(2) P1-C17 0.1839(2) P1-C21 0.1847(2)
Average P1-C 0.1834 Average P1-C 0.1836 Average P1-C 0.1846
ZC1-P1-C7 103.20(9) ZC1-P1-C7 101.39(9) ZC1-P1-Cl11 99.7(1)
ZC1-P1-C13 102.74(9) ZC1-P1-C17 101.9(1) ZC1-P1-C21 99.1(1)
ZC7-P1-C13 101.14(8) ZC7-P1-C17 100.29(9) ZCl11-P1-C21 100.9(1)
Average /C-P-C 102.36 Average £/ C-P-C 101.19 Average £/ C—P-C 99.9

The numbers in parentheses are estimated standard deviations.
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