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Palladium-catalyzed cascade imidoylation/carbonylation to construct

isoquinolinone tetracyclic compounds
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Abstract; Using 1, 3-bis (2-iodoaryl) propane-2-amines as substrates, a palladium-catalyzed sequen-
tial insertion of isocyanide and carbon monoxide to construct isoquinolinone skeletons has been devel-
oped. Compared with isoelectronic isocyanide counterparts, the migratory insertion of isocyanide to
Ar-Pd (]]) is still prefer to carbon monoxide although carbon monoxide exists in large excess in the
reaction. Followed by carbon monoxide insertion and finally reductive elimination, the corresponding
isoquinolinone tetracyclic compounds were obtained. The reaction conditions were mild and the yields
are up to 85%. The product was correctly identified by ' H NMR, *C NMR and high-resolution mass
spectrometry.
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Fig.1 Insertion of isocyanide and carbon monoxide

1 KEEs

1.1 FEMNEEFMILF

BREFIRUEIISN . Segiad B b BT F R i AR X R G AR R AL B . T AR i e 8 v I (T 19
PERCURSE R I LGS (RS A AL RE S HR (GF254) 28 )2 a3k (CTLO) S s g AT Wil o 4 23 A vk



.10 - FMRFFR (AARAFRR % 36 &

P fd 2 48~80 pm R b ALAERL . %A%%ﬁ%%m%%ﬂwuﬁ%Bmhwmw%hﬂh&%%
PRAL " H NMR fb2 i 82 L CDCL g HIsR B I ( 6=7.26) J3LiE, C NMR {20 # L CDCl,
VIR BRI (0=77.16) RHEUE. %ﬂwmﬂ“m%ﬁm%ﬁgzs@M%,dQ:E%Lt<EE
W), q (PUHEIE), m (ZHIE), dd GU_FEIE), dt U=, FIEHE J UL Hz fE N0, &
AyEEE (HRMS) %04 M Q-STAR Elite ESIFLC-MS/MS &0 R AL k15,

1.2 [ R¥MERK
JEY 1 Qa~1h) $EAHESCEREIA . DL 1a ], fi& ks (D,

! CN VCOZEt CO,Et CO,Et !
Br HCI (6 mol/L)
ﬁjA K,CO,, TBHAS, MeCN M EtOH
1a

E&mmﬂ@%%$WﬁMAZ@T@(Nmmm\&ah@2mmDﬁ@T%ﬁ%%@
(TBHAS, 1 mmoD), BEIHEAZNE (25 mL) FMRNELERLHE (5 mmol), F 75 “C 44 it 5 hi
12 h, RRSEHSR . FHRAWAH . WEET. % HO (15 mL) MZMRKRZE (15 mL) AREY
e, SECANUHE, KRR OEE (5 mLX3) FU, &I MA PRI Sk B, Na, SO,
TS VR BR R AR B ST, JoAT dk s alifh, E%%?T—%lﬁﬁ@E©H<mmu
BERCHIMAERRR (6 mol/L, 5 mL) ., RAYIEFEIR FHHER . RV, W R,
ﬂM@m&@%ﬁﬁmm%pHﬁ9~m,%E%ZM&%<mmum>$mommﬁﬁm%am

AIAPUHE . FITJEK Nap SO, #E . JUEBRZIER . LA RAmEA T B2l 229 1a.,
Li iyl okl (2).

I
EtO
Br __KOH DPPA, TEA, r-BuOH
K,CO, , TBHAS, MeCN EtOH/H 0] 90 C, 18 h

‘/Y\‘ TFA, DCM ‘/Y\‘

7E 100 mL [F Ji§ 1ﬁm4w&mﬁmkzﬁmﬁﬁ (10 mmol), N R — Z B (5 mmol), K,CO;,
(22 mmol), TBHAS (1 mmol) 1 MeCN (25 mL), T 75 C4&ME R 12 h, RNSEEE. ¥R
YR, WUERET . B H,O (15 mL) FMZREE (15 mL) IIAREY T, oAU, KM
LMRCHEE (5 mLX3) L, ¥4 IFrA VAR &K VER . Na, SO, T4 W BR L, 15
RS2, Towadksalife, HEMT T 5. MfE. mizhiEk S2 kYA KOH (20 mmoD) |
ZEEHUK ARSI (22 mL, V(ZED : VoK) =1+:1.2), 90 C&M TR 12 h, fERIsE4)Em
ABRAR G ERYE (pH=2), REGWH AR L (10 mLX3) FEE, FHKMEKIERSIFM
AP, FIEK Na, SO, T, WEBR KA VAR, LM 20k s B ai b5 2124074 o R EIK LR
S3. ¥ o FEAR LR S3 (1. 0 mmol) . AWM 780 (DPPA, 1.1 mmoD), A =28 (TEA,
1.3 mmoD) ¥ FTHEAYAUT BE (0. 34 mol/L) 1, F 90 ‘CHA T 18 hy ZAEE M4 B 4l ikt
F| Boc {47 1 i Ak 7= Wy ALK S4. BEJS K iz A E T =9 482 (TFA, 1 mol/L) A1 =& W

(2)
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(DCM., 1 mL) BESEHE AL 3 h PR B 23 2R 14,

1.3 F=HEmK

7t 10 mL fJ Schlenk 4 F 4K & im A Pd(OAc), (2.24 mg, 0.01 mmol), PPh, (5.24 mg,
0.02 mmol), 4b&¥ 1 (0.1 mmol), Cs,CO; (81.5 mg, 0.25 mmoD) J5FA—SAfbhk. < 3 K.
$e 525 2 (0. 12 mmoD) Hl PivOH (12 pL, 0.1 mmoD) ¥EAE 1 mL WA, Wk AR M, 77
F 5 G B IMARE PR, B BT, @20k s aie S 8]  Hisr=9 3.

2 #HR5TIE

2.1 REFHTHIR

PEHT 1, 3-8 (- 5D Pke-2-Jie 1a FURUT FE S 2a AR B S 0 i 5ok}, 78— SRR
TIH—FALB AR GURI T, IR/ =LA AL IR &R, TEBRIREEVE TR, W AR i 0 0 25
T, 80 ‘CR W 16 h, BARK W &R # 0.1 mmol (1 1a, 0.12 mmol f§ 2a, 0.01 mmol FIESEZ4,
0. 02 mmol 1Yy = 7R E B, 0.25 mmol B MR H K M A 1 mL By H 28, fEARHE KRR T /A
CO (CORER, F90 Clny, HAARWZE 1, ERLL 4K REZR T Hi Y 3a GE 11D . AR
BARE, BTN SRR T SR A 1la iy 12 5, —F ke Kl &ry. HE2RNH
KGN B0 FEA P M A A AR BT B S B I A T RGBS W i & A . RS, Sz D
XF RN IR EE AT VAL B 1~347), G5 REWIY RN R R ELE 90 CHE. RWACRER4F (5 2
1), ek 65% ., Gl AR MR RIS F 4~5 17, MRYE R RO 5 AT 5K 2% 5 LA
Pd(OAe), AL, DL PPhy B, SR SX7E SOVAR R o A KAE R ds ik, R = 48 7 2

&1 REFHTHE

Table 1 Optimization of the reaction conditions

I I CO, Et
CO, Et (Pd] “
y Ligand
+ 'BuNC —>Base N
NH, Solvent, CO, 16 h |
N (6]
lBu e
la 2a 3a
Entry Catalyst Ligand Base Additive Solvent t/C Yield? /%

1 80 54

2 Pd(OAQ)» PPh; CspCO3 Toluene 90 65

3 100 57

4 Pd(PPh3), 45

Cs2CO3 Toluene 90

5 PdCl; (PPh3)» 36

6 CspCO3 Toluene 78

7 K2 CO; Toluene Trace
8 Pd(OAQ) 2 PPhs NayCOs H, 0% Toluene 90

9 Cs2CO3 Dioxane 68
10 CspCO3 CH;3;CN Trace
11 Pd(OAQ) 2 PPhs Cs2COs PivOH? Toluene 90 83

PilH . 1) Isolated yield; 2) Addtive 0. 1 mmol,
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78%0 (B 6 4T) . Wi HAUBANGRFRSR . 5k TR G (4 ORI AN B PR 46 PO RUCR A (35 7~8 A7) . KT
BRI . SOV ARG R A RA MRS ER GE 1041 ZJa. FRmiUEKEN
BSINGR, BON AR E T 8300 (B 1147),

i LRTIR, % (0.1 mmol MUAR) A f A SN 45 4F Dy 0. 01 mmol i R #8845 S AL 51
0. 02 mmol = HRILPEA IR . BRIREE A B, IR IR . HZEVE Y. 90 "CRBL 16 h.

2.2 RYERGCEER

ARAFIRAC S A5 - RSN B IPEREA T T %8, Wk 2. BoE. HE T ERUREEHIXT R
BLRYSEN . A5 WY, 2-fROS B FA b R Can P s, WD) SR BURIEMILL . SOWRCR
22 (5 1~4 A7) s SARER b i HOAUTE D 55 W PpL 7 BE AT L s, S R RIORAR 4, P36 mT 3k 8506
(55 5 47) 5 (EUR Y ORER L i ORS00 2 Pl 76 AT LU AN L iy JLPRAF R H AR ™9 R
6~747) . HAJE A AT AR AR oS W i BT . RO T C—1 SRS s /. (22
S M A — SR A AR R A A EA T i I 5 43R L g OQRE otk I P e T . C—T B AG SAL1E
IR R AT T, S A — SRR I AR R A A i R 28 b HAb R AR AR 3 R B A
R, WA Absr=Y) . ZJR Xt SRR T 558, SRR, R AR 55 40 S Wl e 5+
i REAR A M & B R . (35 10 47) s T 2, 6-ZHUIRIE R I S W ABCRAR 22 (5 11 47D

K2 RYMERMER

Table 2 Substrate scope of the reaction

R? Pd(OAc), (0.01 mmol)
N N PPh; (0.02 mmol)  p, f N | \_R,
R' o | TR+ RNC (5,0, (025 mmol) = N =
% NH, % PivOH, Toluene, CO, 16 h |
R°N
1 2 3
Entry R! R? R3 3 Yield/ %
1 H 3a 83
2 3-CHj 3b 81
3 3, 4-(CHj), 3¢ 75
4 4-OCHj; COEt +-Bu 3d 77
5 4-F 3e 85
6 4-NO; Messy —
7 4-CO; Me Trace —
8 CO;Me +Bu 3h 80
9 H +-Bu 3i 84
H

10 CO, Et Ad 3j 71
11 C()z Et 2, 6’(CH3 )ZC(, Hg Trace -

2.3 RMHEBHE

AIRERY R M ALER AN 2 B . BRI A— 8T FE 3 NG 1 =9 4 F1 236 A —— AL 7= 4
5 ARnedk L e N AS R HARr=4) 3a, [H 245800 e b B 4T 1 h JEal i TLC S & 3R A Hud A — N R0T
NG =) 4 AR, 2 a8 R I LB — o T S G e A T B 9 A B IS AT — E AL AR O 3



% 4 2 WAL T T 5 A AR R 4 T R/ B A A 3 ok BR w9 SR A4 - 13 -

A B AR CO RO T W2k,

I Pd(OAc), (0.01 mmol)
CO,Et Pd(OAc), (0.01 mmol) CO,Et PP, (0,02 mimol) CO,Et
PPh; (0.02 mmol) 3 (0. !
O NH O Cs,CO;, PivOH O ! O Cs,CO;, PivOH O O
] Toluene, CO, 90 C | Toluene, CO, 90 C
‘BuNC
N 86% N O
Bu” ° Bu” 74%
5
4 3a
! ! CO,Et
CO,Et CO,Et
— O — O O
NH, NH
|
P N
Bu~
la 4 3a

2 REHEFHR

Fig.2 Study on reaction mechanism
2.4 FHIRIE

S-GRUT BEW M) -7-5848-5, 7, 12, 13-PUSA-12«H-F Mk [2, 3-0] SFMEM-12a- R 2 HE (3a),
A, 32.5 mg, 723 83%, #iA186~189 °C,'H NMR (400 MHz, CDCly) § 8. 27~8. 25 (m,
1H), 8.15 (d, J=7.5 Hz, 1H), 7.53~7.50 (m, 1H), 7.39~7.36 (m, 1H), 7.26~7.20 (m,
3H), 6.99 (d, J] =6.5 Hz, 1H), 4.23~4.11 (m, 2H), 3.71~3.16 (m, 4H), 1.50 (s, 9H), 1. 14
(t, J=17.5 Hz, 3H);"*C NMR (125 MHz, CDCl;) 171.6, 163.9, 138.3, 134.9, 134.7, 133.2,
132.2, 129.9, 129.3, 128.6, 128.4, 127.9, 127.8, 127.5, 127.0, 66.8, 62.2, 58.4, 36.5, 35.7,
29.5, 14.0; HRMS (ESD C,,Hy;; N, Oy [M+H]" 3184 391. 201 6, SZIE 391. 202 6,

S-ORUT BEW M4, & HH-7T-540-5, 7, 12, 13-WE-12«H-FMEmk [2, 3-0] FWEM-12¢-78
MR Mg (3b), HERER, 34.0 mg, =3 81%, %1 123~125 C, '"H NMR (400 MHz, CDCL;) ¢
7.16~7.11 (m, 3H), 7.08~7.02 (m, 2H), 6.87 (d, J=7.2 Hz, 1H), 4. 06 (q. J=7.2 Hz, 2H),
3.22~3.00 (m, 4H), 2.58 (s, 3H), 2.57 (s, 3H), 1.51 (s, 9H), 1.03 (t, J=7.2 Hz, 3H);
BC NMR (125 MHz, CDCly) 172.3, 166.3, 139.3, 139.0, 135.7, 133.5, 131.1, 130.8, 130. 2,
128.5, 128.4, 125.2, 124.6, 123.6, 65.2, 61.7, 58.2, 38.1, 37.4, 30.0, 20.7, 19.1, 14.0;
HRMS (ESD C,;H; N, Oy [M+-H]" 3158 419. 232 9, SCEHE 419. 232 1,

S-GRUT RO -3, 4, 8, 9-PUHI 75, 7, 12, 13-WEA-12«H-F MMk [2, 3-6] Swmk-
12a-RTR TS (3¢), JMCRWR, 16.7 mg, 7= 75%. "H NMR (400 MHz, CDCL,) & 7. 07 ~7. 04
(m, 2H), 6.94 (d, J=7.6 Hz, 1H), 6.75 (d, J=7.6 Hz, 11D, 4.06 (q, J=7.2 Hz, 2H), 3. 11~
2.93 (m, 4H), 2.50 (s, 3H), 2.47 (s, 3H), 2.25 (s, 3H), 2.23 (s, 3H), 1.53 (s, 9H), 1.04
(t, J=6.8 Hz, 3H);”C NMR (125 MHz, CDCly) 172.4, 167.2, 140.7, 139.2, 137.5, 137.2,
137.2, 134.0, 133.2, 132.5, 131.1, 129.7, 129.1, 124.8, 124.0, 65.4, 61.6, 58.1, 38.0, 37.3,
30.1, 20.4, 16.3, 15.3, 14.0; HRMS (ESD) C, Hy;s N,O, [M—+H]" J1584 (8 447.264 2, SCE{H
447. 263 5,

5-GRUT R B )-3, 9- A -7 48-5, 7, 12, 13-PUE-12«H-Fmsmk [2, 3-6] FWEmi-12a-
RIRZEE Bd), HMBEA, 34.8 mg, =R T7%, M8 168~172 °C, 'H NMR (400 MHz, CDCly) §
7.80 (s, 1H), 7.66 (s, 1H), 7.15~7.06 (m, 2H), 6.91~6.80 (m, 2H), 4.22~4.11 (m, 2H),
3.82 (s, 6H), 3.61 ~3.09 (m, 4H), 1.50 (s, 9H), 1.16 (t, J =7.2 Hz, 3H);" C NMR
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(125 MHz, CDCl;) 171.8, 164.0, 159.3, 158.5, 138.4, 133.2, 129.5, 129.1, 128.5, 127.3,
126.9, 121.2, 117.9, 112.1, 111.5, 67.3, 62.1, 58.5, 55.7, 55.4, 35.8, 34.8, 29.5, 14.1;
HRMS (ESD CysHy N, Os [M-+H]"315H 451. 222 7, SCHGH 451. 223 4,

5-GRUT RO -3, 9-—8-7-8/8-5, 7, 12, 13-PUE-12H-FWmk [2, 3-0] SWEi-12a-R 1R
2T (Be), IR, 36.4 mg, % 85%, H#if185~188 °C., 'H NMR (400 MHz, CDCly) & 8. 28~
8.24 (m, 1H), 8.19~8.15 (m, 1H), 7.08~7.03 (m, 1H), 6. 95~6. 88 (m, 2H), 6. 72~6. 69 (m,
1H), 4.25~4.11 (m, 2H), 3.71~3.12 (m, 4H), 1.47 (s, 9H), 1.16 (t, J=6.8 Hz, 3H);
¥C NMR (125 MHz, CDCly) 171.2, 165.8 (d, J=253.7 Hz), 163.9 (d, J=248.7 Hz), 163.1,
137.5 (d, J=8.7 Hz), 137.3, 137.1 (d, J=18.7 Hz), 132.5 (d, J=18.7 Hz), 131.2 (d, J=
8.7Hz), 128.4 (d, J = 2.5 Hz), 123.8 (d. ] =2.5 Hz), 115.3 (d, J=22.5 Hz), 114.8, 114.7
(d, J=22.5 Hz), 114.6 (d, J=22.5 Hz), 66.6, 62.5, 58.5, 36.4, 35.8, 29.5, 14.0; HRMS
(ESD Co HysFoN,O5 [MAH" 315 427. 182 8, SCHR{H 427. 183 0,

5-GRUT JE RO -7-848-5, 7, 12, 13-PUS-12«H-FM0k [2, 3-b] SMEH-12a-R % FEE (3h),
F A, 30.1 mg, 2% 80%, M4 160~163 ‘C.'H NMR (400 MHz, CDCly) 6 8.26 (d, | =
8.0 Hz, 1H), 8.15 (d, J=8.0 Hz, 1H), 7.52 (t, J =8.0 Hz, 1H), 7.38 (t, ] =8.0 Hz, 1H),
7.26~7.18 (m, 3H), 6.99 (d, J=8.0 Hz, 1H), 3.72 (s, 3H), 3.67~3.16 (m, 4H), 1.49 (s,
9H) ;¥ C NMR (125 MHz, CDCly) 172.3, 163.9, 138.4, 134.8, 134.7, 133.3, 132.2, 130.0,
129.4, 128.7, 128.5, 127.9, 127.9, 127.5, 127.1, 66.9, 58.5, 53.2, 36.6, 35.6, 29.6; HRMS
(ESD Cps HpsN, O [M+HJ" 3548 377. 186 0, SLH{H 377. 186 0,

T-GRUT 20 e)-7, 12, 12a, 13-PUA-SH-SEMEME [2, 3-0] SRS (3i), [ @ FE K,
26.7 mg, 7R 84%, A 206~209 ‘C, 'H NMR (400 MHz, CDCly) 6 8.15~8. 11 (m, 2H), 7. 49
(t, J] =8.0 Hz, 1H), 7.34 (t, J=8.0 Hz, 1H), 7. 27~7.23 (m, 3H), 6.99 (d, J=8.0 Hz, 1H),
4.30~4.25 (m, 1H), 3.71~3.65 (m, 1H), 3.28~3.20 (m, 1H), 2.96~2.68 (m, 2H), 1.44 (s,
9H) ;" C NMR (125 MHz, CDCly) 162.6, 144.0, 135.1, 135.1, 132.6, 131.8, 128.9, 127.7,
127.4, 127.3, 127.1, 127.0, 126.2, 125.7, 55.9, 54.2, 32.2, 30.6, 29.2; HRMS (ESD C, Hy;N,O
[M~+H]" 3848 319. 180 5, SZIE 319. 181 3,

5-C((3r) -4 MIlbi-1-5) W i )-7-4848-5, 7, 12, 13-PU&-12H-F W0k [2, 3-6] Fwmk-12¢-38
MR8 (3, WEARMAR, 32.9 mg, &R 71%, 'H NMR (400 MHz, CDCl;) & 8. 28~8. 26 (m, 1H),
8.16 (d, J=7.6 Hz, 1H), 7.52~7.50 (m, 1H), 7.38 (d, J=7.6 Hz, 1H), 7.26~7.19 (m,
3H), 6.98 (d, J=6.4 Hz, 1H), 4.23~4.12 (m, 2H), 3.73~3.14 (m, 4H), 2.32~2.29 (m,
3H), 2.01~1.99 (m, 6H), 1. 76~1.66 (m, 6H), 1.15 (t, J=7.2 Hz, 3H);"*C NMR (125 MHz,
CDCly) 171.6, 164.2, 138.0, 135.0, 134.9, 133.2, 132.4, 129.9, 129.5, 128.7, 128.4, 127.9,
127.8, 127.7, 127.0, 66.9, 62.2, 59.2, 41.9, 36.9, 36.5, 35.7, 29. 8, 14. 1; HRMS (ESD Cy, H:; N, O,
[M-+H]" 815 469. 248 6, SZEG{H 469. 249 6,

3 & &

W —BESEL T — 7 RIS — o AR AR A . AR AR R R AR B T — 2R
SHVERER PUSR AL W . NI (RIS VSRR A RER . S35h . RO IR T — 4 Ak
SRR WA s AHRAEAIR B~ PR 85 rp TSR 2 S i DL S e A A AR
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