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Abstract

Aminonaphthoquinones widely exist in natural products and have good biological activities. The
synthesis of this kind of compounds has always been a hotspot for scientists. In this work, iodoa-
minonaphthoquinones with different substituents were synthesized by the bifunctionalization of
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1,4-naphthoquinone in the medium of sodium iodide under electrochemical conditions. Through
oxidation additions, eight iodoaminonaphthoquinones with different substituents were synthe-
sized in 33%~70% yield under the optimal conditions. The free radical capture experiment veri-
fied that the reaction may involve the free radical mechanism.
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1. 5|8

BEERBNAEWR R AT R MER T R, BAEZEM AR, WEi
FASRAGHUIMR R BUEFIRBURE FISE[1]-[6]. DIk, REZRMBUEDIIE & K. RRRERTTiE
BFF, — 2R SRR BIRYE) 1L,4- MR, 55—k kAR R SR AR L[ 7] il
MR R I, SR 4 R M A B T U A T A S B 2R B RAG EG ), B LU 7]-[13]. 2T, iX
BC T A AEAEAE SN ST 20 A A B A 2 70 (B S ) I P B A I S B R AR S5 AN 2 o BRI, RS
AN A A R0 (SR A, R S RS T R RO AR SR LI RO i, A SR A R
K, xTERITIEERA Ty BERE L.

TSR B A SR . AN 4 S e A R B T (s s B R AR, H b A i — B R A R
KW R ZINERAE R SR AT, nT8b SR AL B SR IR BTG e 0 f, R — M) &
FOTIE[14] [15] [16] [17] [18]. &4, HALZEMEIETE =R @ IchcsE . Tra<se y S R 2.
un, ZE4E 2 MR AR A T A B A 2 DT VR ST T Wy RS AL S B T L A OB, # T C-N
[19].

BT A RLLRT I R TAESERE, A TAER LA AT, SRAAE WAL 2 & ik, EE
FESAE T AT — RPN E L ZEBR A A - % BB S i 0 il &R AR5, HIREfRfE,
DAL b — P AR A7 ) i R B R R R B I & T

2. SCLRERSY
2.1. FENHFSRAF

HAR (¥ "H NMR A1 °C NMR KR 7™ [ 48 A 6 50 A W) A% REFEAR 1Y Bruker-400.  H A4
F1 tei 3 P T DA 0 R FH 7 1 A L A 8 5 2 W] 1R 8 40 W5 54X Bruker microTOF-Q 1T, FRAR 2% & U X 2%
rE E S IKA A F] [ ElectraSyn2.0.

K73 B AR (200~300 H)/™ B E SilE e LA R A 7, ARG BT FH IR (1,4-Z5 0 %)« AL 77 (it
o, BAER . DU T RERVE AR SCRFR T (R IR ) WAL NS, W, ¥, DMSO #il DMF)
o tral, W E AR R AR .

2.2. LA
BREFEEFERMUAEMAEE: T 25 mL ) =R B in A S B JEY 1,4-2588(0.2 mmol, 31.6
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mg), “*H(0.2 mmol, 21.4 mg), EALFIBALA8(0.1 mmol, 14.9 mg), V&7 Z85(15 ml), FFINARE f1HtRE T,
FAREISJE N 10 mm * 10 mm £ 7 N IEARAN AL, 0 BN EL 10 mA (FBE 9 3.1 V) HLIAUE L 4 /N o
Rz AL AL [N TE 42 S, H TR B TR S A 005 28R 5 13 BeRm Y, SR E R AR BT (Rl 212 &
BRARRALL 60:1) 240 5z f5 79 2 H 4574«
2-TIodo-3-(benzylamino)naphthalene-1,4-dione (3a): Yield 62%. Red solid, '"H NMR (CDCls): § 8.15 (dd,
J=1.2 Hz, 7.8 Hz 1H), 8.04 (dd, /= 2.0 Hz, /= 7.6 Hz 1H), 7.68 (dt, /= 1.4 Hz, J= 7.6 Hz 1H), 7.64 (dt, J =
2.0 Hz, 8.0 Hz 1H), 7.43~7.32 (m, 5H), 6.24 (brs, 1H), 5.13 (d, J = 5.6 Hz, 2H); °*C NMR (CDCl;): § 179.1,
178.2 (1C), 151.7, 138.4, 134.9, 132.6, 131.1, 131.0, 129.2, 128.9, 127.9, 128.4, 127.1, 78.0, 51.0; HRMS
(ESI-TOF) m/z. Calcd for C;;H;3INO, [M + H]" 389.9985, found 389.9989.
2-Todo-3-(benzylamino)naphthalene-1,4-dione (3b): Yield 58%. Red solid, "H NMR (CDCl;): § 8.05 (d,
J=1.2 Hz, 7.8 Hz 1H), 8.01 (d,/J=2.0 Hz, J= 7.6 Hz 1H), 7.66 (t, /= 1.4 Hz, J= 7.6 Hz 1H), 7.54 (t, /= 2.0
Hz, 8.0 Hz 1H), 7.20 (d, J = 7.8 Hz 2H), 7.12 (d, J = 7.6 Hz 2H), 5.84 (brs, 1H), 4.71 (d, J = 5.6 Hz, 2H); °C
NMR (CDCl;): 6 181.1, 180.2, 161.7, 136.4, 134.9, 132.6, 131.1, 131.0, 129.2, 128.9, 127.9, 128.4, 127.1, 77.6,
46.0, 24.3; HRMS (ESI-TOF) m/z. Calcd for C,gHsINO, [M + H]" 404.0142, found 404.0151.
2-(4-chlorobenzylamino)-3-iodonaphthalene-1,4-dione (3c): Yield 59%. Red solid, '"H NMR (400 MHz,
CDCl;): 6 7.96 (d, J= 7.6 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.51 (t, /= 7.6 Hz, 1H),
7.20 (d, J=7.8 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H), 5.868 (s, 1H), 4.62 (d, J = 6.2 Hz, 2H). *C NMR (100 MHz,
CDCl;): 0 183.7, 182.3, 145.8, 137.3, 134.2, 133.4, 133.3, 132.0, 130.3, 129.1, 128.1, 126.0, 125.8, 77.9, 48.4;
HRMS (ESI-TOF) m/z. Caled for C,7H,,CIINO, [M+H]" 423.9595, found 423.9590.
2-Todo-3-(methylamino)naphthalene-1,4-dione (3d): Yield 56%. Red solid; "H NMR (CDCl5): ¢ 8.23 (d,
J=17.2Hz 1H), 8.06 (d, /= 7.8 Hz, 1H), 7.78 (t, /= 7.8 Hz 1H), 7.66 (t,J = 7.2 Hz 1H), 6.18 (brs, 1H), 3.49 (d,
J= 6.2 Hz, 3H); °C NMR (CDCly): § 179.9, 177.7, 150.9, 134.9, 132.5, 131.6, 129.9, 127.7, 126.9, 78.2, 42.3;
HRMS (ESI-TOF) m/z Calcd for C;;HsINO, [M + H] 313.9672, found 313.9664.
2-Todo-3-(ethylamino)naphthalene-1,4-dione (3e): Yield 69%. Red solid; '"H NMR (CDCls): ¢ 8.15 (d, J
= 8.2 Hz, 1H), 8.06 (d, /= 7.8 Hz 1H), 7.72 (dt, J = 1.5 Hz, 7.6 Hz 1H), 7.66 (dt, /= 1.5 Hz, 7.5 Hz 1H), 5.99
(brs, 1H), 3.98~3.92 (m, 2H) 1.39 (t, J = 7.2 Hz, 3H); °C NMR (CDCl;): 6 179.9, 177.7, 150.9, 134.9, 132.5,
131.6, 129.9, 127.7, 126.9, 78.2, 41.7, 16.2; HRMS (ESI-TOF) m/z Caled for C,H,,INO, [M + H]" 327.9829,
found 327.9838.
2-Todo-3-(propylamino)naphthalene-1,4-dione (3f): Yield 70%. Red solid; "H NMR (CDCl5): 6 8.17 (dd,
J=1.6 Hz, 8.2 Hz 1H), 8.06 (dd, J = 1.0 Hz, 7.6 Hz 1H), 7.78 (dt, /= 1.0 Hz, 7.6 Hz 1H), 7.68 (dt, J = 1.5 Hz,
7.5 Hz 1H), 6.09 (brs, 1H), 5.89 (q, J = 7.6 Hz, 2H), 1.82~1.70 (m, 2H), 1.051 (t, J = 7.6 Hz, 3H); C NMR
(CDClLy): 6 179.2, 178.8, 151.5, 135.7, 133.6, 131.2, 129.9, 128.5, 127.7, 78.2, 46.6, 247, 11.9; HRMS
(ESI-TOF) m/z Calcd for C;3H5INO, [M+H]" 341.9985, found 341.9981.
2-Todo-3-(butylamino)naphthalene-1,4-dione (3g): Yield 68%. Red solid; '"H NMR (CDCly): ¢ 8.18 (dd,
J=1.5Hz, 8.0 Hz 1H), 8.06 (dd, J = 1.5 Hz, 8.0 Hz 1H), 7.79 (dt, /= 1.6 Hz, 7.8 Hz 1H), 7.69 (dt, J = 1.5 Hz,
7.6 Hz 1H), 6.21 (brs, 1H), 3.99 (q, J = 6.6 Hz, 2H), 1.78~1.63 (m, 2H), 1.54~1.42 (m, 2H), 1.01 (t, /= 7.6 Hz,
3H); °C NMR (CDCly): § 179.9, 177.8, 150.9, 135.5, 133.3, 132.7, 131.8, 129.9, 128 .4, 127.3, 78.2, 45.9, 32.9,
19.8, 13.8; HRMS (ESI-TOF) m/z Calcd for C,4H,sINO, [M + H]" 356.0142, found 356.0135.
2-Todo-3-(hexylamino)naphthalene-1,4-dione (3h): Yield 33%. Red solid; 'H NMR (CDCLy): d 8.18 (dd,
J=1.2 Hz, 8.2 Hz 1H), 8.09 (dd, J = 1.5 Hz, 7.8 Hz 1H), 7.79 (dt, /= 1.0 Hz, 7.8 Hz 1H), 7.72 (dt, J = 1.6 Hz,
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8.2 Hz 1H), 6.08 (brs, 1H), 3.98 (q, J = 6.6 Hz, 2H), 1.77~1.68 (m, 2H), 1.49~1.40 (m, 2H), 1.36~1.32 (m, 4H),
0.93 (t, J = 7.6 Hz, 3H). C NMR (CDCl;): 6 180.1, 178.2, 151.8, 135.5, 133.3, 132.1, 131.4, 129.9, 128.3,
127.8,78.2,46.7, 32.3, 31.4,27.9, 23.6, 14.7. HRMS (ESI-TOF) m/z Calcd for C sH;oINO, [M + H]" 384.0455,
found 384.0464.

3. FER5WiL
3.1. RRFATHE

PLO.1 M AL AN A A S B R AR TR, U 1,4-2588 1 (0.2 mmol) A7 % 2a (0.2 mmol) 1) 5 N A
RN, AR TAEE W0 T AT & S T R Rl 28 DL FLR IR RN 0o 12 B R A 28 2 25 i S
NP 2R P S (72 1)

Table 1. Optimization of reaction conditions

= 1. REEHHMRK
% PH(+)|Pt(-)
CO - O ali
CH;CN,4h, 0 °C /\©

0
1 2a
Entry WA 5 FLIL(mA) S [] (h) FEH(%)
1 TEWEA oI 10 4 trace
2 ALEA(50 mol%) I 10 4 62
3 L4 (50 mol%) Z G 10 4 48
4 VU T ML 4% (S0 mol%) Z I 10 4 40
5 WULAM(75 mol%) i 10 4 63
6 WALAH(50 mol%) i 10 4 66
7 AL 4(50 mol%) LIE 10 4 65
8 AL (50 mol%) DMSO 10 4 55
9 AL (50 mol%) DMF 10 4 52
10 AL (50 mol%) LB 0 4 trace
11 AL 45(50 mol%) oI 5 4 45
12 THAL49(50 mol%) oI 15 4 60
13 AL 49(50 mol%) oI 10 2 40
14 AL (50 mol%) i 10 6 64

G, BT T AR % A SOSLRIEL ( 1, entries 1~5). AFE 1 R RA, AN FAEALTH)
BALANIS , % SONLFASRER L (R 1, entries 1); 1 FH e BRI (i Ab e . DT SEA #2 55 3 A o
A B IR P 3 (52 1, entries 2~4); 9 INEACBAL YA A B IFASREARE SOV ™ A B2 5 (52 1, entries
5)o $ETkK, XFETAERIRIMEBEAT IR T, ABUERILERERI(IN T EE. LFE. DMSO 1 DMF))
AN ZHEHIRERIF(E 1, entries 6~9), XX AT AE-5 e SR B ANBLINAE LIS B R IF VR A %
IRE, XA AL SR R R IR R NBEAT TS . BE R W], EZI N R, RN LA RE
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B P BRI (BT 5 mA 515 mA)K, HART I R0 AR L, R 10 mA i
BREE(E 1, entries 10~12)0 )i, XTI AT 7050, 45 RRM, Fake B (A 2 2 /)
I, PR AR, MRE RN (8] 25 6 /N A, H AR MR R AANK . Ak, s fiEfb 5 e
JSL R ERAIL S SE A e AR B O HEAETR] . I D350 I 10 mA, FEF LA T RN 4 /M.

3.2. BfRTHREENHR

R F3d 2% 0 e S 56 45 B (K R 1 S S 26 1 (32 1, Enntries 2), o i% F A4 & U 2 2k 25 i 5 11
JRY G TEREAT T, SRR 2 fron. WRIPATCLE M, 2T RS I AR A A B D s i
ML e I, RN RE R A, IR DL AR R A R R R AL 2, 3b, 3¢); 4
CLGEREE R IR, B RE LU R I A 2 A AR IR 2, 3d)s HbeieBE g Koy 4 MR, iz fEfe
23166 DA R (07 R A5 BB R 2RISR (R 2, 3e, 31, 3g). T hike it DI K, 7R UlE
TFECE 2, 3h), WTRES SRSPE SN VA MRS oo BRI, i A Al o R R L 2R R 1 S A
RIS .

Table 2. Investigation of substrate scope

=2 RYMEEMHR

(0]

(0]
Pt(+)|Pt(-)
Nal, I = 10 mA
+ 2
R*™ NH O‘ N
2 CH5CN,4h, 0 °C *N R
0 o H
1 2 3
(0] (0] o) o
| o OO |
H H H N
© Cl

(0]
3a 62% 3b 58% 3¢ 59% 3d 56%
O (0] (0] O
Crr . Crx Crr Cr I
u/\ H/\/ H/\/\ N/\/\/\
(6] (0] (0] (@) H
3e 69% 3f70% 3g 68% 3h 33%

3.3. RNEHIESHT

L1, 4-ZR AR B A R RIS AR S BAE B TS B, A8 2 e S 36 P 3 RAS IR e B B2 2%, X
A SOV LB BEAT W TE . 4% A AL S A A 2R I K S BN B EH 4 38770 (0.2 ol Y
2,2,6,6-VU FHREDRWE AL, N2 3 1] . S HIRICHR[13], S5 SOBL 2k 1 14 45 SR AN
B LIRSS, P A B S 2R M S B LB (A R &1 1 FIo): 1 e, AR T A B A B 2R T
AR E 2, AR B R R A R, MR SR AL 1,4-25 0. SRS RSO AL 1,4-28 10, OF
Al SEELAL SO, A3 2R EAR B HhlEfA B i — D AL AAG 2] H AR b S R SE 251 3a. [FIY,
JiRFAE SRS IR AR A
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Figure 1. Plausible mechanism for synthesis of compound 3a
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