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Design and Synthesis of Novel 1,10-Phenanthroline Derivatives
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Abstract To access functionalized nitrogen ligands, a series of novel 1,10-phenanthroline derivatives 1a~1d were designed
and synthesized. Starting from 1-bromoaryl-3-chloroacetone (2) and o-phenylenediamine (3), 4,7-dibromoaryl-1,10- phenan-
throline (4) were obtained in up to 64% yield by using a straightforward one-pot method catalyzed by mixed acids. Next, hal-
ogen lithium exchange reactions were performed to give 4. Finally, quenching of the reaction mixture with CO, gave the de-
sired 2,9-dialkyl-4,7-bis(carboxy-aryl)-1,10-phenanthroline derivatives 1 in up to 59% yield. This work provides a simple and

convenient route to synthesize new 2,9-alkylated carboxylic acid-functionalized phenanthrolines.
Keywords 1,10-phenanthroline derivatives; o-phenylenediamine; one pot; carboxylic acid
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B Re E A EEEH, FRATHRIE T e AN 2,
9 AT RN, ARG IR 5,6- IR T AEAL
(5 1,10-FEmMRATAE S, T 32— 00 7 D) e Ak 3R R bk
R R, B LL 4,7- 95 FEFEM I Oy LA EC 14
HHE, 1E 4 AR 7 SL05 3 5| NIRER L, 1E N7 Em)
HEREE R, [FIRTAREE 2 AORT O AL b B A, gk
4 ] B BT ¥ T oA L SC iR AR T

AL 1P 55 FE-3- G P A AN AT 2K — o R
B, —BE G R 4,7- IR BE-1,10- 360k, AR S5 LA
MU A i B A R R MR A7), LA CO, K
A, P ERARTE S bk e (AR BEAT R B, SR 2.9-
T4, 7- T (BRI HE)-1,10-FEM AT AE (L 1), EER
R RBSLR I SEAE b, Fx SONE RS R R TI 9T, 3R
BRI AT
1 GHR5TR
1.1 4,7-ZRERFE-1,10 FEMRRUE(4) A R

ERELAAI IR )N IRAL, H5WifE 1-1RA D -3-
A-TAEA2) [FIB Be J5 34T P20 Skraup B, —RiES
RS FEMR RS Rt &1 4, TR N B BR, B
WEHIRCEBUR PHEE. RGBT AR
YRL LGSR R R 6 OB RS, DL 2a F 3 AR R
R, &Rt BRI 1 s

R 1 TR, Y CLR— R AR R, EhER
(R PEA R LI, WO AT IL 28%.  F I 3 Ji BRI 7] g A2 2k
BRI MR T /R, AR TR IR 5 f k. 2
KRR R A AR AT RO s i e Bh B T BRI, Mg
& T IR R B 5 SRk 1 5 R B A A 3
(Entries 1~3). 1M 24K AR FRRREAFIN, RS
IR T R A1 D VIR T A 71 A B R e ) VR R A A 71 B I3 45

~ Cl

\ X Catalyst

=3 WV NCIFIvE SO ES Al

Table 1 Different condition effect on the reaction

Entry Catalyst n(2a) : n(3) Yield”/%
1 AcOH 2301 12
2  HCl 231 28
3  H,SO, 231 19
4 HCI:TFA(V:V=1:.1) 2301 33
5 HCI:CH;SOsH((V:V=1:.1) 2301 31
6 HCl:HPO,(V:V=1:1) 2301 30
7 HClIIH,SO,(V:V=1:1) 2301 36
8 HClI:H,SO,(V:V=2:1) 2301 40
9 HCIIH,SO,(V:V=3:1) 2301 42
10 HCI:H,SO,(V:V=4:.1) 2301 47
11 HCI:H,SO,(V:V=5:1) 2301 44
12 HCI:H,SO,(V:V=4:1) 2.1:1 42
13 HCI:H,SO,(V:V=4:.1) 2501 47
14 HCI:H,SO,(V:V=4:.1) 271 48
15 HCI:H,SO,(V:V=4:.1) 291 44
16 HCI:H,SO,(V:V=4:.1) 3.1:1 41
17° HCl: H,SO,(V:V=41.1) 2301 34
18Y HCl: H,SO, (V:V=4:1) 2301 41
19° HCI . I,/KI 2301 64

“The generate reaction conditions: 2a (10 mmol), 30 mL of mixed acids (vol-
ume ratio) as catalyst and solvent, stirred at 100 °C; ”isolated yield; © the
reaction temperature was 80 C; “the reaction temperature was 120 C; ¢ the
amount of I is 1 mmol, the amount of KI is 1 mmol

FI UK T = (Entries 4~7). 18X R SR RER H &
BIE SR, HER IR =41 I, R Ea i
47%. 2K B /b VR R Hh R B TR F) B AP, AT s T B A
(Entries 7~11).

Bt J5 o SR OB AT TS, 390 2a 1
N AR 4a WORBWETIG N, I 2.3 equiv. i
WA E, £ 2.9 equiv.i, & & K (Entries
12~16). IILHIIN 30 2a=1: 2.3 1E NN BAERE
tE.

1a: X=HC=CH, R =j-Pr
1b: X=HC=CH, R =n-Bu
1c: X=S, R=j-Pr

1d: X=HC=CH, R = s-Bu

B B 1,10-TEmR AT AR K H R 2

Figure 1 The synthetic route of novel 1,10-phenanthroline derivatives
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i % T AN BRI AR TE 7 DR R R R, R 2R
FR VAT, R A 2 1 AN B L0 00 (10%) SR ASE T/ ol 11 L it
FRAEEALFIET, WCRATIA 64%.
1.2 4,7-Z75%-1,10 FEEWMRERITEM(1)E K

2 4,7- YRAR DT HE-1,10-FERE MR(4) oI I B A
WU, 4, 7 AL AR DT BT s A 4 e B 15
B 77 FLAE, R B eI B TR A T R, A el M
SENEIR 2, 9 AiBk, fien F CO, R AE ) 75 FE 4015 5
BRI B AR, BL 4,7- —(4-TRFHE)-1,10- JE % ik
(4a)y NN, S I MU, & et 7t — ik
A AL SR 52, BE SR 2 k.

F2 APV EXUR f 5
Table 2 The effect of organic lithium reagent

n(4a) © n(i-PrLi)" 1:4 1:5 1:6 1:7

Yield®/% 40 48 59 43

“The amount of 4a is 2 mmol; bisolated yield.

MR RN 4 equiv. B, IR 40%, FFH
T I TS S e RO R I, A 30% 1 Bt
BRI PR, MR AR ERN 5 equiv. i, 7
YISCRIA B 48%JF HIL A e AL R & 8N 17%.
2 I IR R A B 6 equiv b, [RNUTERILF] 59%, I
Bt 2 S R 5%, AE 2 4k 5239 0 5 7 R4 1)
R, WOR O PR, B9z, ik, SmEm
F = EARIEME IR 6 5 L.

AHVEBETIER R 2, 9 £ AT 7E S A TR EET,
S SEF TSR B e i 26 3 FTzR. 24 (8] B %05 5 N
AR 1 h I, COL R IEHERA 5%, 12
K A,7- (AR F)HEFE-1,10-FEG IR, 24 =I5 [ B A] 4
A2 Wi, RN 27%. =R N R 43 58 3 hi,
WA 45%. SR IN =T NI (A1 EE 4 h i, IR
59%, FEIEIN SN TRV, SR AR PR AN AR PR Ik
W 4 h N IR E R[]

F 3 =R SN AR R0

Table 3 The effect of reaction time at room temperature

Entry n(4a) : n(i-PrLi)* Time/h Yield®/%
1 1:6 1 33
2 1:6 2 39
3 1:6 3 50
4 1:6 4 59
5 1:6 5 47

“The amount of 4a is 2 mmol; ” isolated yield.

AL N A IR, 2,9- R R -4,7- (8- FR ) 7K
F-1,10-FEMS Mk (1a) DL 28 IR 1S B, RN, B 28 1] 3,
JE AL TTE, A E RIS B e = AR
TR DIREALIY 1,10-FEREMRATAEY) 1b, 1c A1 1d.
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2 i

DL 1-3RAR 55 B3-S A B 5 48 7 — i o IRk, &t
A2 0 — 8k B, FRNT AT Wk LE AN S 87 B
V) 5 S B R TR BT AT 7T, &R T DU R IR T g
LI 1,10-FERSMRAT AN, ST 37%. %5 Bk 26
B, NIRRT, AREC AR R SRS TR R — AN B
7.

3 Y
3.1 U5

JEW 2 ¥ SCHR[41E 1, FEARRY BRI E
ANFE], FTEERIA AL EARRK. NMR 4044 5+
Bruker A ][] Advance 111 500MHz #Z B4R IR 4347
1 I+ Bruker 2 & i) EQINOXS5 {8 HLIH-£T 4 e i84%
MS 3 # 8 F 3£ [E Thermo A LCQ advantage Jii 15X ;

HRMS 3 fd S5 [E Agilent A 7] Agilent 6210 TOF
LC/MS.

32 ZLWHE

321 4,7-=(4-i% 3R #)-1,10-3E &9k (4a) 89 & A%,

ERIR/BRERTE: TR AR R R AW
PR E R 100 mL = F A I ABZK —J%(1.08 g, 10
mmol). 30 mL W EEFR A 7.5 mL WKFRER, THEZ 100 C,
RN 3-F-1-(4-1R) K FE R (5.64 g, 23 mmol), M
3 h. RPTEEIE, JEE A HEEME, ZOKHAE pH=
7~8, SUE, AL MR ET AR, R
LR, W 47%.

IR/ AR TESEA MR B L T SRR
WS E Y 100 mL = A IR % (1.08 g, 10
mmol). 30 mL iREEFR. (0.254 g, 1 mmol)FIfL{LER
(0.166 g, 1 mmol)fEEMF, FHEZ 100 C, L2
3-5-1-(4-TR) L A (5.64 g, 23 mmol), KM 3 h. R
Seid g, VRV WA, 2K E pH=7~38, i
JE, IEE L PR R ST AlL (R, 4R SRS
i 4a. iF 64%. "H NMR (500 MHz, CDCl) d: 9.25 (d,
J=4.5Hz, 1H, CH), 7.82 (s, 1H, CH), 7.74~7.62 (m, 2H,
CH), 7.57 (d, J=4.4 Hz, 1H, CH), 7.50~7.33 (m, 2H,
CH); “C NMR (126 MHz, CDCl;) J: 149.91 (s), 147.21
(s), 146.84 (s), 136.72 (s), 131.91 (s), 131.21 (s), 126.13
(s), 123.90 (s), 123.42 (s), 123.04 (s); ESI-MS m/z: 491
[M+H]", 513 [M+Na]’, 1003 [2M+Na]".

322 4,7-=(5-i%E%-2)-1,10-3E °&- 7k (4b) 89 5 A%,

TERE A PR A BE . BT KRR & w
100ml = FR IR A SEAE —#%(1.08 g, 10 mmol). 30 mL
WERRAN 7.5 mL KGR, FHEZ 100 C, L&A 3-
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S-2-(5-TR)BENS I R(5.78 g, 23 mmol), [N 3 h. S5
HUE, EVE A AR, Rk AE pH=7~8, ik,
JEVE L R e A E AT Atk (BE e, 2R 4 ER), R
44%. '"H NMR (500 MHz, CDCL3) d: 9.22 (d, J=3.8 Hz,
1H, CH), 8.27 (s, 1H, CH), 7.66 (d, J=3.7 Hz, 1H, CH),
7.25 (d, J=23.8 Hz, 2H, CH); ESI-MS m/z: 503 [M+H]",
1027 [2M+Na]".

323 29-=FAA-47-—(4-F A K HE)-1,10-3E &%
(12) 49 & A%

FEW RPN 4,7- —(4-1R) K FE-1,10-FE 1% ipk
(1.0 g, 2.04 mmol). FUKFHEIAHE—78 C, AL
PRWEI 1.0 mol/L 5PN ZEHH IE U (10.2 mL, 10
mmol), {K## N 2 h JF@H T+ 2% R IFEE 4 h, Tk
FIPIEIAEIZE—78 °C, HIBEN CO,, RIS HH 21X AL
B R MNIEA TR S KR 8 LB, o R
UM, BBREEAEREEfa R, V(TR @ (&
B2 2. HE)=1: 4113 1a, YK 59%. 'H NMR (500 MHz,
CD;0D+CDCl;) d: 8.30 (d, J=8.2 Hz, 4H, CH), 8.08 (d,
J=4.15 Hz, 4H, CH), 7.76 (t, 4H, CH), 3.85~3.90 (m,
2H, CH), 1.64 (d, J=6.9 Hz, 12H, CH;); “C NMR ¢:
161.78 (s), 159.44 (s), 140.84 (s), 137.13 (s), 125,37 (s),
121.18 (s), 121.11 (s), 116.72 (s), 114.73 (s), 112.39 (s),
28.75 (s), 13.69 (s); IR (KBr) v: 3387, 1711, 1622, 1588,
1500, 1461, 1390, 1260, 1217, 1106, 1069, 1011, 865, 824,
802, 741, 701 cm™'. HRMS calcd for C3,HgN,04 [M+H]
©=505.2122, found 505.2132.

324 2,9-ZET H-47-=(4-F XK H)-1,10-3E &k
(1b) &9 &A%,

FEW RPN 4,7- —(4-1R) K FE-1,10-FE 1% ipk
(1.0 g, 2.04 mmol), TUKFIHNEIAZNZE—78 C, @AM
PRI 2.5 M IE T A IE S5 (4.0 mL, 10 mmol),
IR R L /N B A 2 E IR IR 4 h, TUKFITA
FRAHIZE—78 C, BN CO,, SN H H % AL 7.
S I NRAS TR AR 8 5 I\ K RN 28R .16, 4 2 B HL
M, B2BRRERGEEN AR, VPR © (LR
ZHE)=1: 4173 1b, YF 41%. 'H NMR (500 MHz,
CD;0D+CDCly) d: 8.47 (d, J=8.5 Hz, 2H, CH), 8.12 (d,
J=8.3 Hz, 2H, CH), 7.95 (d, J=4.3 Hz, 4H, CH), 7.68 (s,
4H, CH,), 2.48~2.57 (m, 4H, CH,), 1.52 (t, J=7.6 Hz,
4H, CH,), 1.15~1.23 (m, 4H, CH,), 0.92 (t, J=6.4 Hz,
6H, CH;); >C NMR §: 169.07 (s), 162.72 (s), 145.78 (s),
131.75 (s), 131.03 (s), 129.66 (s), 129.11 (s), 123.67 (s),
123.12 (s), 122.78 (s), 38.31 (s), 32.15 (s), 22.30 (s), 13.23
(s); IR (KBr) v: 3402, 3241, 2254, 1634, 1383, 1196, 1051,
904, 619 cm . HRMS caled for CsH;N,O, [M—|—H]+
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© 2015 Chinese Chemical Society & SIOC, CAS

533.2430, found 533.2435.
325 2,9-=FAHA-47-=(5-F A Enp-2-4)-1,10-3F
&k (1¢) 69 B A%,

FE VS NN 4,7- —(5-TR ey -2-3E)-1,10-3E%
I(1.0 g, 2 mmol), FUKFMPIEIAHZE—78 C, &M%
PRWEI 1.0 mol/L SN BEAE IE e #(10.0 mL, 10
mmol), {2 h JF@# T2 H R IEEE 4 h, Tk
MITIERAEZE—78 C, HIEA CO,, KNLVK HHHEIE AL
R NIEA AR S K 8 B, 7 EECH
BUAH, B2 BREWER G E e iR, V(P E) @ (&
FR 2 BE)=1: 4118 1c, YF 49%. '"H NMR (500 MHz,
CD;0D) 6: 8.56 (s, 2H, CH), 8.21 (s, 2H, CH), 7.98 (d,
J=3.8 Hz, 2H, CH), 7.74 (d, J=3.8 Hz, 2H, CH), 3.83~
3.89 (m, 2H, CH), 1.66 (d, J=6.9 Hz, 12H, CH;); “*C
NMR 6: 162.61 (s), 159.66 (s), 144.51 (s), 143.22 (s),
141.43 (s), 135.04 (s), 132.62 (s), 126.73 (s), 125.49 (s),
124.78 (s), 35.80 (s), 22.45 (s); IR (KBr) v: 3402, 1704,
1630, 1530, 1460, 1401, 1124, 619 cm™'. HRMS calcd for
CasHysN,048, [M+H]" 517.1250, found 517.1265.

3.2.6 2,9-=AF T H-47-=(4-% E K #)-1,10-3E &k
(1d)#9 & A&

TG CR R NN 4,7- - (4- 1R 2K 3)-1,10- FE 1% bk
(1.0 g, 2 mmol), FUKFINENAHI 2 —78 C, @RI T
TN 1.3 M AR EEE SRR (7.6 mL, 10 mmol), fi
TN 2 h 5 BT B R CRE 4 b, T OKATPT R A 2D
£—78 C, H#AN CO,, RN HEZWAE. 5RI
WAL IMANKA IR LB, 47 ZBCE N, B2
bR WA E R E A (iR, VIR @ (SR L) =
14175 1d, Y% 35%. 'H NMR (500 MHz, CD;0D) ¢:
8.1~8.4 (m, 2H, CH), 7.2~8.0 (m, 6H, CH), 3.1~3.3 (m,
2H, CH), 1.95~2.2 (m, 4H), 1.3~1.6 (m, 6H, CH3), 0.7~
1.1 (m, 6H, CHs); IR (KBr) v: 3436, 1840, 1644, 1456,
1405, 1318, 1261, 1096, 1023, 918, 875, 801, 737, 701,
595 ¢m~'. HRMS caled for C3HypN,04 [M+ H]'
533.2434, found 533.2437.
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