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Silver-Promoted P-radical Cyclization Reaction with the Addi-
tion to Isonitrile

Yang, Bin“

Tian, Qiuping”

Yang, Shangdong™*“

(“ State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000)

Abstract A simple and efficient method for the cyclization of the addition of P-radical to 2-isocyano-1,1'-biphenyl by
employing silver salt as an oxidant was developed. The high atom economy, mild reaction system and a wide range of

substrates with high yields make the protocol very practical. It provides a new route for C—P bond formation. A series of

6-phosphorylated phenanthridines were synthesized.
Keywords AgNO;; P-radical; isonitrile; C—P bond

GREA L TR REEMA IS =
PTG b B it ke
EAEZ P RN, AT LG A D SRR
K, fEE AL LA AL 2 A 2 h R 2 T
FOREEMMERNY. B, ZaRN T ammE
AT AR TR ER. AR LM LT, RATREA R —
OO TWRIURE C—P BB VAT IS T — Sk e,

FIHATNILE, Bk TRZWE C—P BN,
e BB 5 A B e 1R A 2 B B B B i
T 4 e AR P AR I S R A58 T ARAE AE l  R ERA
YANEE NS4R3 C—P BT E R — 2K
MIAORTE, IR 2 A G5 BATT N Z i B 7 247
B RIS BRI C—P B 7 AT TR
ZARIE, HRE e S Ay ] R RO £ R AL S KT
ERE AR LR PRR.

B, AEBRATHT IR R, BAT TR R T
P AR R A A IR LR A A R R
IR N(Eq. 1). SREW], RV AA R R 5T
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oGk, JFREAEADORIAN 2 AF P — 2D R WA 6
REBEBALEITERE, b & B 2E N-P e RS0t T —FioF i
wAe. HULFR, BERRATI TAE 258 U AEER AR
PR, HEE 1 Studer NHPTRR T HBATARBIY L
5. ARECECABATT O AR, FRATTO0 S 4 1 Bt A, AR R
(R, £ 20 R A, HA R R
REASHEAE.

R R
//l //
X ﬁ AgNO, \\|
1
" * HPPh, MeCN J_ 0 )
o N” P
\\C: 60°C, 2h Ph,
R= Aryl

1 HREWHE
1.1 RERFHMK

FATLL 2-5 JUEE-1,1- IR (1a) M IR R 40(2) 1
B JEY) . 2 equiv.[F] AgNOs NHEAF]. 2 mL L5 %
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FIAE30 C R 2 h B 40%I(1) 50 B 77 A3 5] H bR =4
3a(3£ 1, Entry 1). 3a (454 C4 I 54 UFE 55 (CCDC:
976679). AT itk T AN F AR R, KIHAE Y
AgNO; RS A BB B AL /™ %3 1, Entries 2, 3).
MER] 2 equiv. Y AgNOs I A —E IR 1,
Entry 4). 75X 5N il 5 1) 0 6 P Ok IR, I A ek 2 1) T
L PERARBEZ N, EERIA 60 CJErT R W
ZWZEM(ER 1, Entries 5, 6). SEFIRIGMHERAGE 1,
Entries 7~9), LFEWKARERICIER. X 2-FEFE-1,1-
DR AN RIS T I LR ) 1 0 1S e, R
TTRELL 86%[I 7= 5455 3a. F&T SCHRAIFRIE R 2 |
(2256210 FAT 23R T Ak = AR R(R 1, Entries
12~13), (H2IFRA MR BRI E K. B& T e
THARI RN SN 2 equiv.f) AgNO; HEALF, RN
JEY) 2-5 - 1L - R ORI L 10 LS,
CIEVE VR, NIEIE 60 C, Ar 4&1F F XY 2 h.
F1 A RIS 2-PEIE- 1 - IE 1) K AL 2 1R 4%
AL @

Table 1 Optimization of conditions for the cyclization of the
addition of P-radical to 2-isocyano-1,1'-biphenyl (1a)

9 h e
*  HPPh,
AN 2

C.

Solvent
2h

1a

Entry Oxidant (equiv.) la:2 T/°C Solvent Yield’/%
AgNO; (1.2) 1:20 30 MeCN 40

—_

2 AgOAc(1.2) 1:20 30 MeCN Nr
3 Ag,CO;(1.2) 1:2.0 30 MeCN Trace
4 AgNO;(2) 1:20 30 MeCN 65
5 AgNO;(2) 1:20 60 MeCN 83
6 AgNO; (2) 1:20 8 MeCN 82
7 AgNO; (2) 1:20 60 DMF 37
8 AgNO; (2) 1:20 60 DCE 69
9 AgNO;(2) 1:2.0 60 Toluene 74
10 AgNO; (2) 1:12 60 MeCN 78
11 AgNO; (2) 1:15 60 MeCN 86

12 AgNO; (0.1)+K,8,05 (1) 1:1.5 60 MeCN 25
AgNO;(0.1) + Mg(NO;),* |
6H,0 (1)
¢ [N 4%AE: 1a (0.2 mmol), 2 (0.3 mmol), FALF(0.4 mmol), HHIH 2 mL,
Ar 5Pk, RV TE] 2h; © 4 B
1.2 RUSEERY R

BT LR AR B A, FRATNS 12 5 SRR A
BT T HHGR 2, 3a~31), KIIUHER) oL 1240800
W= MAROR, 107 B B 4h BRI (R 2, 3¢),
RELAR = A3 30 7=4), 1 kb ORI (3% 2, 3d,
3e), PR ARIRZ. [FIN, Z&Y REIR I Hh e A

13 1.5 60 MeCN 18

718 http://sioc-journal.cn/

F£2 B MESMEY la~11 NIk N RN ¢
Table 2 Scope of the cyclization of the addition of P-radical to
compounds 1la~11

R R
/ /
/ | o) , /l
N T AgNO; (2 equiv.) XN
* HPPh, A0
N 60 °C, MeCN NP
NP oh Ph,
1a~11 "* 3a~3|
Compound Product Yield”/%
<
(L X o
N
Ph,
3a~3h
3a R'=H 86
3b R!'=Me 84
3¢ R'=0Me 78
3d R'=CN 46
3e R!'=CO,Et 55
3f R'=Ph 82
3g R'=Cl 77
3h R!'=F 81
3¢
3i O 67
N

3 l o
o)
N

3k O 77
L,

P
31 = 0 20
_ 4
N P/

© 2014 Chinese Chemical Society & SIOC, CAS

¢ N4 1a (0.2 mmol), 2 (0.3 mmol), % AL77(0.4 mmol), N 2
mL, Ar &, SN ] 2h; b 438

ZEUCHIEYI(EE 2, 3g, 3h). X T2 BURMK . 5 AL
05 PR A E AT EHARCER 1) JE A 1 B A9 31 v A5 b R e
(% 2, 3i~3Kk). {HA RSP R4 2] H bR
Yk 2, 31).
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AL AgNO; TENHEALF, BIHLSEIL T 8 A B
XS I N, k) C—P B R iRt T —
FloBr B faf s s vk, AR T — &5 N—P Bk
B SRR SRR, RS
Hr=2m.

3 ZEFESHS
31 XESIRKH

SIZHG T FH s RS R i 340 e JR Ak R R0 R A v D7 1k
HE47. '"H NMR, C NMR, *'P NMR, ""F NMR ) {F 1 [
Bruker A7 400 MHz #@idLd={ FIE, %57 CDCL,
WhAR TMS; i £ 117l 52 K H] Thermo Scientific DSQ
I A s B 2 1 SuperNova, Dual, Cu at
zero, Bos T, #JEHTEH 200~300 HAEER, FEIFH]
AT R (60~90 C)FI 212 2. B5.

32 WHE

£E 25 mL Schlenk & H &K N 0.2 mmol [ 2- 575
F-1L1-BEFR, 0.3 mmol f A FEMES, 0.4 mmol (¥
AgNO;, 2 mL ZJff. A HXHE B 4w <=1k, 60 CF
SN, TLC AN S N, s 45 oI 98 s 2808 ek 25 W 5111,
FEZHT, £33 H bR 3a~31.

FEmE-6-  ARILEEE(3a): 7% 86%. 'H NMR (400
MHz, CDCl;) 8: 9.51 (d, J=8.3 Hz, 1H), 8.60 (d, J=8.4
Hz, 1H), 8.55~8.51 (m, 1H), 8.05~8.03 (m, 1H), 7.97~
7.92 (m, 4H), 7.82~7.78 (m, 1H), 7.70~7.64 (m, 3H),
7.51~7.41 (m, 6H); *C NMR (100 MHz, CDCl;) : 156.7
(d, J=127.6 Hz), 142.6 (d, J=23.2 Hz), 133.3, 132.4 (d,
J=7.0 Hz), 132.2 (d, J=9.3 Hz), 131.6 (d, J=2.7 Hz),
131.0, 130.9, 128.6 (d, J=12.3 Hz), 128.4, 128.1 (d, J=
12.0 Hz), 127.8, 127.7, 127.6, 124.2 (d, J=2.6 Hz), 122.0
(d, J=3.3 Hz); *'P NMR (162 MHz, CDCl5) 6: 28.31; MS
m/z: 380 (M+1)"; HRMS calcd for C,sH;,NOP [M+H]"
380.1204, found 380.1187.

8- FH AL AENE -6- 2R ILMHITE(3b): 73 84%. 'H NMR
(400 MHz, CDCLy) d: 9.33 (s, 1H), 8.52~8.48 (m, 2H),
8.03~8.01 (m, 1H), 7.97~7.92 (m, 4H), 7.68~7.62 (m,
3H), 7.51~7.41 (m, 6H), 2.54 (s, 3H); *C NMR (100
MHz, CDCly) 6: 156.1 (d, J=127.8 Hz), 142.3 (d, J=23.3
Hz), 137.9, 133.0 (d, J=104.1 Hz), 132.8, 132.3 (d, J=9.0
Hz), 131.5 (d, J=2.6 Hz), 130.9, 130.4 (d, J=6.8 Hz),
128.1 (d, J=101.9 Hz), 128.2, 128.0 (d, J=12.3 Hz),
1243 (d, J=2.6 Hz), 121.9 (d, J=1.2 Hz), 121.8, 21.9; *'P
NMR (162 MHz, CDCL3) d: 28.08; MS m/z: 394 (M+1)";
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HRMS caled for C,qHyNOP [M+H]" 394.1355, found
394.1350.

8- F A FE JE e -6- R FEEEE3e): 72K 78%. 'H
NMR (400 MHz, CDCLy) 6: 9.02 (d, J=2.6 Hz, 1H),
8.55~8.48 (m, 2H), 8.05~8.03 (m, 1H), 7.99~7.94 (m,
4H), 7.70~7.62 (m, 2H), 7.54~7.43 (m, 7H), 3.94 (s,
3H); *C NMR (100 MHz, CDCly) 6: 158.7, 155.4 (d, J=
128.4 Hz), 142.0 (d, J=23.1 Hz), 132.9 (d, J=104.0 Hz),
132.2 (d, J=9.2 Hz), 131.6 (d, J=2.7 Hz), 131.0, 129.4
(d, J=23.0 Hz), 128.8, 128.1 (d, J=12.1 Hz), 127.6, 127.0
(d, J=6.7 Hz), 124.5 (d, J=2.3 Hz), 123.6, 122.6, 121.6,
107.4, 55.6; *'P NMR (162 MHz, CDCLy) 0: 27.60; MS
m/z: 410 (M~+1)"; HRMS calcd for CosH,NO,P [M+H]"
410.1304, found 410.1299.

8-F L AT -6- IR ILHME(3d): /3 46%. 'H NMR
(400 MHz, CDCl3) d: 10.09 (d, J=1.3 Hz, 1H), 8.72~
8.69 (m, 1H), 8.59~8.56 (m, 1H), 8.14~8.11 (m, 1H),
8.00~7.94 (m, 5H), 7.86~7.79 (m, 2H), 7.58~7.54 (m,
2H), 7.50~7.46 (m, 4H); *C NMR (100 MHz, CDCl5) ¢:
156.5 (d, J=126.0 Hz), 143.4 (d, J=22.1 Hz), 134.9 (d,
J=6.5 Hz), 133.9, 132.1 (d, J=104.9 Hz), 132.2 (d, J=
9.5 Hz), 132.0 (d, J=2.8 Hz), 131.3, 130.5, 129.7, 128.3
(d, J=12.3 Hz), 127.2 (d, J=22.7 Hz), 123.4, 122.9,
122.6, 118.3, 111.4; *'P NMR (162 MHz, CDCl;) 6: 27.34;
MS m/z: 405 (M+1)"; HRMS calcd for C,qH;,N,OP [M+
H]" 405.1151, found 405.1147.

8- H R L Wa L AENE -6- — R IE3e): 723 55%.
'H NMR (400 MHz, CDCl;) d: 10.20 (d, J=1.2 Hz, 1H),
8.67~8.65 (m, 1H), 8.59~8.57 (m, 1H), 8.45~8.42 (m,
1H), 8.09~8.07 (m, 1H), 8.02~7.97 (m, 4H), 7.77~7.72
(m, 2H), 7.55~7.44 (m, 6H), 4.43 (q, J=7.1 Hz, 2H),
1.43 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) §:
165.9, 157.6 (d, J=126.5 Hz), 143.3 (d, J=22.6 Hz),
135.3 (d, J=6.6 Hz), 132.6 (d, J=104.3 Hz), 132.2 (d,
J=9.2 Hz), 131.7 (d, J=2.6 Hz), 131.1, 130.8, 130.5,
129.7, 129.5, 129.1, 128.2 (d, J=12.0 Hz), 127.0 (d, J=
22.8 Hz), 123.6 (d, J=2.2 Hz), 122.5 (d, J=19.3 Hz),
61.3, 14.3; *'P NMR (162 MHz, CDCl;) d: 27.12; MS m/z:
452 (M+1)"; HRMS caled for CogH»,NOsP [M+H]"
452.1410, found 452.1409.

8-ZRHEAENE -6- IRILEIE3H: 3K 82%. 'H NMR
(400 MHz, CDCl;) 8: 9.82 (d, J=1.6 Hz, 1H), 8.64~8.62
(m, 1H), 8.54~8.51 (m, 1H), 8.07~8.03 (m, 2H), 8.01—
7.96 (m, 4H), 7.70~7.66 (m, 4H), 7.51~7.42 (m, 8H),
7.37~7.34 (m, 1H); *C NMR (100 MHz, CDCl3) 6: 156.8
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(d, J=127.3 Hz), 142.6 (d, J=23.2 Hz), 140.0 (d, J=43.1
Hz), 133.0 (d, J=104.0 Hz), 132.2 (d, J=9.0 Hz),131.6
(d, J=2.7 Hz), 131.5 (d, J=6.6 Hz), 131.0, 129.9, 128.9,
128.7 (d, J=25.2 Hz), 128.2 (d, J=22.9 Hz), 128.1, 128.0,
127.8, 127.4, 126.2, 124.1 (d, J=2.3 Hz), 122.6, 122.0; *'P
NMR (162 MHz, CDCL3) d: 27.52; MS m/z: 456 (M+1)";
HRMS caled for C3;H»,NOP [M+H]" 456.1512, found
456.1517.

8- -JEME-6- RIELRERE3g): K 77%. 'H NMR
(400 MHz, CDCl5) 6: 9.66 (d, J=2.1 Hz, 1H), 8.58~8.52
(m, 2H), 8.08~8.05 (m, 1H), 7.98~7.93 (m, 4H), 7.79
(dd, J=2.2, 8.9 Hz, 1H), 7.76~7.71 (m, 2H), 7.55~7.51
(m, 2H), 7.48~7.44 (m, 4H); “C NMR (100 MHz,
CDCly) d: 155.8 (d, J=127.3 Hz), 142.6 (d, J=22.6 Hz),
133.5 (d, J=78.1 Hz), 132.3 (d, J=9.3 Hz), 132.1, 131.8,
131.7, 131.1, 130.9 (d, J=6.7 Hz), 129.1 (d, J=21.4 Hz),
128.7 (d, J=22.7 Hz), 128.2 (d, J=12.1 Hz), 127.6, 123.7,
121.9; *'P NMR (162 MHz, CDCL3) 6: 27.35; MS m/z: 414
M+ 1)"; HRMS caled for C,sH;CINOP [M+ H]"
414.0809, found 414.0815.

8-Fi-JEME-6- RILEEE3h): 7% 81%. 'H NMR
(400 MHz, CDCLy) 6: 9.33 (dd, J=2.6, 10.2 Hz, 1H),
8.62~8.59 (m, 1H), 8.50~8.48 (m, 1H), 8.07~8.05 (m,
1H), 7.98~7.93 (m, 4H), 7.73~7.66 (m, 2H), 7.59~7.43
(m, 7H); “C NMR (100 MHz, CDCly) 6: 161.2 (d, J=
247.8 Hz), 155.8 (dd, J=4.3, 127.7 Hz), 142.3 (d, J=22.6
Hz), 132.6 (d, J=104.3 Hz), 132.2 (d, J=9.0 Hz), 131.8
(d, J=2.7 Hz), 131.1, 128.8 (d, J=62.7 Hz), 128.2 (d, J=
12.2 Hz), 124.5 (d, J=8.7 Hz), 123.8, 121.8, 120.4 (d, J=
24.3 Hz), 113.1 (d, J=23.1 Hz); *'P NMR (162 MHz,
CDCly) §: 27.44; "F NMR (376 MHz, CDCl;) o:
—109.58; MS m/z: 398 (M+1)"; HRMS caled for
C,sH;FNOP [M+H]" 398.1105, found 398.1103.

10-50-8- L AERE-6- — AILREWE3T): 77K 67%. 'H
NMR (400 MHz, CDCL3) §: 9.80~9.76 (m, 1H), 9.41 (s,
1H), 8.04~8.01 (m, 1H), 7.93~7.88 (m, 4H), 7.76 (d, J=
1.4 Hz, 1H), 7.72~7.68 (m, 2H), 7.54~7.50 (m, 2H),
7.47~7.43 (m, 4H), 2.52 (s, 3H); °C NMR (100 MHz,
CDCly) d: 156.1 (d, J=127.6 Hz), 143.3 (d, J=23.1 Hz),
138.3, 136.2, 132.8 (d, J=105.0 Hz), 132.2 (d, J=9.0 Hz),
131.7 (d, J=2.7 Hz), 131.2, 130.8 (d, J=3.1 Hz), 130.4,
130.1, 128.4 (d, J=25.5 Hz), 128.2, 128.1, 127.5, 127.2
(d, J=6.7 Hz), 126.1, 123.4 (d, J=2.5 Hz), 21.3; *'P
NMR (162 MHz, CDCL3) d: 29.04; MS m/z: 428 (M+1)";
HRMS calcd for Co6H;oCINOP [M+H]" 428.0966, found
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428.0961.

HIE[FEE-5- ORI MR 3)): 77 61%. 'H NMR
(400 MHz, CDCl;) d: 9.59 (d, J=8.1 Hz, 1H), 8.63~8.57
(m, 2H), 8.13 (d, J=8.9 Hz, 1H), 7.95~7.93 (m, 1H),
7.87~7.79 (m, 5H), 7.75~7.68 (m, 2H), 7.55~7.48 (m,
2H), 7.44~7.40 (m, 2H), 7.37~7.33 (m, 4H); *C NMR
(100 MHz, CDCLy) 6: 154.9 (d, J=128.4 Hz), 142.8 (d,
J=22.9 Hz), 134.5, 133.5, 133.3 (d, J=6.6 Hz), 132.7,
132.5, 132.0 (d, J=8.9 Hz), 131.1 (d, J=2.7 Hz), 130.4,
130.2, 128.9 (d, J=11.6 Hz), 128.8, 127.9 (d, J=12.0 Hz),
127.4 (d, J=28.4 Hz), 126.5, 125.4 (d, J=22.6 Hz), 123.8
(d, J=2.7 Hz), 122.5, 119.5 (d, J=1.9 Hz); *'P NMR (162
MHz, CDCls) 6: 33.53; MS m/z: 430 (M+1)"; HRMS
caled for CyH,NOP [M + H] ©  430.1355, found
430.1350.

[1,3] AR I E 14,513 5 -6- — L (3K):
2% 71%. '"H NMR (400 MHz, CDCl;) d: 9.01 (s, 1H),
8.34~8.32 (m, 1H), 8.00~7.92 (m, 5H), 7.88 (s, 1H),
7.64~7.61 (m, 2H), 7.52~7.41 (m, 6H), 6.09 (s, 2H); "*C
NMR (100 MHz, CDCl;) 0: 154.5 (d, J=129.0 Hz), 151.2,
148.2, 142.4 (d, J=23.3 Hz), 133.0 (d, J=104.2 Hz),
132.3 (d, J=9.3 Hz), 131.6 (d, J=2.7 Hz), 130.9, 130.7
(d, J=7.3 Hz), 128.1 (d, J=29.3 Hz), 128.1 (d, J=11.9
Hz), 124.9 (d, J=23.5 Hz), 1243 (d, J=2.6 Hz), 121.9,
105.5, 102.0, 99.8 (d, J=1.3 Hz); *'P NMR (162 MHz,
CDCly) J: 28.15; MS m/z: 424 (M+1)"; HRMS calcd for
CaH sNOsP [M+H]" 424.1097, found 424.1102.

WEWY JF[3,2-c]MEmbk-4- 2R SERRBE(D): 7% 20%. 'H
NMR (400 MHz, CDCls) 8: 8.67 (d, J=5.6 Hz, 1H),
8.19~8.14 (m, 2H), 8.03~7.98 (m, 4H), 7.72~7.65 (m,
4H), 7.60 (d, J=5.44 Hz, 1H), 7.54~7.50 (m, 2H), 7.48~
7.43 (m, 4H); *C NMR (100 MHz, CDCl;) §: 152.3 (d,
J=129.7 Hz), 146.4 (d, J=9.2 Hz), 142.8 (d, J=21.9 Hz),
135.6, 135.3, 132.6 (d, J=103.5 Hz), 132.3 (d, J=9.1 Hz),
131.7 (d, J=2.8 Hz), 131.1, 128.6 (d, J=2.7 Hz), 128.3,
128.1, 126.6, 125.4, 124.4 (d, J=2.2 Hz), 123.4; *'P NMR
(162 MHz, CDCly) &: 24.20; MS m/z: 386 (M+1)";
HRMS calcd for Cy3H;(NOPS [M—|—H]+ 386.0763, found
386.0768.

Bk (Supporting Information) =4 3a~31 (111

WERAEE B EY) 3a ) ab RS F AR, X Leppln]
LG B IAAS T R 3k (http://sioc-journal. cn/) I F 2%,
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