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A Facile Synthetic Method and New Derivatives of Phthalorubines
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Nanjing National Laboratory of Microstructures, Collaborative Innovation Center of Advanced Microstructures,
Nanjing University, Nanjing 210093, China)

Abstract Phthalorubines (Prs), a new series of fused-ring dyes, with novel planar structure, interesting synthetic mecha-
nism, characteristic spectra properties and multiple coordinated patterns, have potential applications in different fields. Dur-
ing the start-up stage for phthalorubine research, a molecule without any substituents, such as Pr-2, is the most important
compound for both synthetic studies and application exploration. Reported method to obtain Pr-2 is via decyanation of Pr-1,
the first phthalorubine compound easily synthesized from phthalonitrile. However, the process of decyanation requires ex-
pensive Rh(I) complex as catalyst, which also make the reaction difficult to amplify. These disadvantages greatly limit fol-
low-up studies of phthalorubines. A facile method to synthesize Pr-2 could effectively accelerate the development and sub-
sequent studies of phthalorubines. Herein, we reported a facile method to synthesize Pr-2 via Ni(Il) catalyzed process with
high yield of 58%, while this method could be amplified to more than 10 grams. Moreover, during the process of tuning reac-
tion conditions, two new kinds of phthalorubines were detected, with cyano group (Pr-1.5) and methyl group (Pr-1.6), re-
spectively. According to the results of different conditions, Pr-1.5 is the key intermediate product from Pr-1 to Pr-2. Methyl
group in molecule Pr-1.6 is derived from trimethylaluminum, which also works as Lewis acid in the process of decyanation.
The structures of Pr-1.5 and Pr-1.6 were further confirmed by X-ray single crystal diffraction, exhibiting planar structures
with strong 7-x interaction. In addition, different substituents greatly influence the packing patterns of phthalorubines, while
molecules Pr-1.5 pack as “head-tail” pattern and Pr-1.6 as “head-head” pattern. We also studied the photophysical properties
of these two new phthalorubines. Pr-1.5 and Pr-1.6 exhibit similar absorption spectra to reported compounds but totally dif-
ferent emission efficiencies. It suggests electron donating groups is beneficial to high quantum yield. The facile synthetic
method and properties reported in this work would greatly help the development of phthalorubines.
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fE 5t J® Rh(DHE AT AR L& 2k, X0 T BkEE
Pr-2 FIREHI& AT AR, WIREA R Pr-2 1
RARA T 25, K AE & AR KL
T BRZEIAE SRR SRR 1 N ANREE, RIS K 5
R B 77 12 AN ATAT, TR EE R R AT AT A 1 < SR i
AT AL (K S H AT, BR T Rh(D AR, Ni fEL
FUHBAE X — Sl 5 e,

previous work:

EP\ [RhCl(cod)], [ \j
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Bl1  FIH Rh(DREATH] & Pr-2 SR TAE A F A Ni AL 6] % Pr-2
Figure 1 Preparation of Pr-2 using Rh(I) catalyst and the preparation of
Pr-2 using Ni catalyst in this work

TEATAEH, FATTEH Ni(acac), 1E AT, B
50 Rh(DREALT, JF L= H 28R 15 Dy i 5 W7 IR,
(Me,SiH )0 F i Ji 7, AT B WAk S 2. R FH N Ak
5%, FAVBRIG B0 Pr-2, [FINS B A]
DAIBCRZ= A5 Mg, BeAh, (ES— 3R, JATH R
JSEPANR B EAT TS, AR B T 2 AR
MIERZE Pr-1.5 LK HERACHT Pr-1.6. [RIN RS TT T
Pr-1.5 [ Pr-1.6 FIGTE VBT S (AR DT 30, SRATA L

R SIBC G SR LR SR R

Tablel The influence of reactant ratio and solvent dosage in the reaction

W i — W

HRAREE XS IR 25 Ak & W0 i HER T 5 L KO 1 M A 4 =
L.

2 HR5WL

21 SEEHRIRTT

FIF Ni(acac), fEAMALT, =3 CIEBEFE AR,
FHECRIE S )77, R BRI ARAE TR O & R AR
fh. FEFRIFH = FISRVE N R 2 IR, SHEEM N R 74
A, 13 Ni(I1) 5 2% 5 ik N\ )55 55 38 2 [T A b
TR =N, 2% 5 N3 T ARV 751 FR %, A B I
WA, W Lr, BRSO EAR. MR InE 1
Fiaws, fERZEERT, BEE Ni AT L, 2R R
WK, = EER R 2 M35 Pr-2 197 3R
AR, BeAh, 25 I R, KARAE DR
Pr-2 A1, X EI HORERER A TRENA.

R R, G5 S MR HEE &, RN T 1%
A, B I NI TR EE A 6 2 24 h (S5 9, 10), ZiAEL
B, PR RS BRI —&1F, FATEZ
MR ZE T EA, KRR ZEA0 g
Pr-1 15N, 7258 53%). MRIE AT IR IRIE, BReEie
AV Pr-1 W IR AR FI I K, 856 A07E, 1T
DURAE S 3 2050 T 2 50+ e I TCHURERZE Pr-2, 1X
B R T ERZE U R R RIS

PEAN, EA RIS, 2 Pr2 77 R RACH, A4k
B mEE R B R, RS 4 RM, 18
FIREEEMTHEAT 9 B0, Vs & Vienm=1 1 2 BT,
Pr-1 5 Pr-2 [ ReABE 47972 0.05 & 0.55, Ti{E RefH 0.21
J% 0.69 FIA B A W B AR TP AN 2, FRATTRE
HArE A Pr-1.5 % Pr-1.6.

Pr-1.5, Pr-1.6 & Pr-2 7EA[A] e N 26 AR (072 240
£ 2R, 5 9 Pr-1.5 BIS B, B tgn s
5 MM, BATRDI A ERE, Pr-1.5 B8 &2 5 5,
XU Pr-1.5 IR ARG F A =4). thah, BATRIEE
&= HEAR A RGN, Pr-1.6 1177 240 S HLIE hn (v
A, RN TS 6 MIRN, TERA AR L

Entry” Ni(acac),/mmol PCys/mmol AlMe;/mmol (Me,SiH),0/mmol Toluene/mL Yield"/%
1 0.3 0.9 3 1 1 13
2 0.6 1.8 6 2 1 30
3 1.2 3.6 20 4 1 10
4 1.2 3.6 20 4 4 26
5 1.2 3.6 10 4 4 58
6 1.2 3.6 10 - 4 19
7 1.2 3.6 - 4 4 -
8 1.2 3.6 - - 4 -
9¢ 1.2 3.6 10 4 4 43

107 1.2 3.6 10 4 4 48

“Reaction conditions: 200 mg Pr-1, Ni(acac),, PCys, AlMe; and (Me,SiH),0 added in toluene, refluxed for 12 h; * Isolated yields by column chromatography;

¢Reaction conditions: refluxed for 6 h; ?Reaction conditions: refluxed for 24 h.
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Table 2 The yield (%) of Pr-1.5, Pr-1.6 and Pr-2 under different reac-

tion conditions
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N3 HIEE, IXANGESE FEME Y. I EERE R,
FATR AT LRI iz R i 2b foR. FRATTEE— 50
Pr-1.5 Al Pr-1.6 47 T JiiGRAE, 25 Rt —DRAET
Pr-1.6 145K, T Pr-1.5 HIEURIE AT DUAI W 2 U,

Entry Pr-1.5 Pr-1.6 Pr-2
1 4 10 13
2 7 17 30
3 4 9 10
4 15 23 26
5 3 10 58
6 2 26 19
7 0 0 0
8 0 0 0
9 21 12 35
10 3 26 33
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Figure 2 'H NMR of Pr-1.5 (a) and Pr-1.6 (b)
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Figure 3 Reaction mechanism of Pr-1.5, Pr-1.6 and Pr-2
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Figure 4 X-ray structures of Pr-1.5 and Pr-1.6
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PR 25 25400 & W R 2 B R TERE 1 Q
ALK& B A, [FRE, 3R Pr-1.5, Pr-1.6,
HARLI e, M THAFEMN Pr-1 LG
HUREE Pr-2, X BH ) & B 2T &4, 16 RIZE
I AR — N T R DA S 45 L I R 3. AR
FL1 X AR BB ZEATAE O ., i 5 TR,
HH-ANEER Pr-1.5 IR K, SHWDNREN
Pr-1 HUK, T Pr-1.6 5 Pr-2 [f15&- WU ué o Bk 42
T AN, BATEMAR TARRE T, — RVIELZEATAE
W A B8 RN AC B ) 9% & (Supporting Information, P S3
ZEE S6), 4ERFPHTEUAE R ER, XWiELE
MR IR VO P, P RED R IR L.
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Wavelength/nm

(b)

Normalized Intensity
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Bl 5 (a)ERZEATAEM SR Sh- ] WL i DA AE AT O T B HE AT
(b)Y R GG TE L AE LA (365 nm) T IKIHE (I ERIE 1 BT vk
910 *mol/L. M7 FIH KN Pr-1, Pr-1.5, Pr-1.6, Pr-2)

Figure 5 (a) Ultraviolet-visible absorption spectrum and photos under
visible light, and (b) fluorescence emission spectrum and photos under
ultraviolet light (365 nm) of phthalorubines derivatives. (Concentration
for photos is 10 * mol/L. From left to right: Pr-1, Pr-1.5, Pr-1.6, Pr-2)

[ERE, X BHT I BRZE AT AR R SO 5 C kil
(1) Pr-1 J2 Pr-2 #HALL, R SFUEAETE 610 22 620 nm 2 [7]. 28
T B EE X % 5 6 1 1 5 ) 32 BEARILAE 8 = 7~
R b BATE SRS R T RPN ERZERT AR
WHET R, i, SHRETFEAL Pr-1.5 & T
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FEEN 0.09, AT Pr-1(0.04) 2 Pr-2(0.14)2 [7], X
BOAE T BRZE BRI F AR T RO, A AR LA T,
Pr-1.6 & —MNAHBTEB, E777FN 020, mT
Pr-2. ZNRICE T % 50T BODIPY 5540 78 4
PO X el RO O ERZE AL S R R,
HRAE DG YRk I B F SR T — 52 BB TSRl

3 g

PL Ni(acac), E AT, SR ME ST Rh()
AT, DU B2 2645 2 T TEHURERZE Pr-2, 1077
faj B, FEEATPUBORE 10 g 2050, fERR N T
TR, RIS BT PR 491 2 ) B BRI R 2840 &9,
FEXF HEE MR G AT T RGN . AR TR
FTRABEN AR E T2, I BB T
WK ZE 1) 73+ HERR O XA 5 BRI, AR AR AR ZE )
KRBT T — @ A S BEAE, U2 2] 2% TC R BK
2L TR0 T Ja S R A 7t B B S R L

4 SCINERSY
41 RFISE

B AR I35k B TR 32, B FORAE RS
TR T S — AR AT T 3 A, FRi7 2
WHERZANEHZMEH. SC3H F A Bruker
DRX-500 #Z iR IEGEAT "TH NMR #1 °C NMR i
B sE, AR DAY T SiMe, ] ppm 25 H. i H]
UV-2700 73676143 UV-Vis i, ik H
Hitachi FL-4600 Yt RE{ 34T R AE. FIFH Thermofisher
ltq-orbitrap XL Jiz i A M1 =1 73 #f 2 1 3 (HRMS).  H
Fukai X-4 fU# s AR 55
4.2 FHM-AT BTN S TE AR

e BN 10~ mol/L # Pr-1, Pr-1.5, Pr-1.6, Pr-2
1) E R BRI, A UV-2700 23 66 T T =30 R
BRI R S-SR, R K TERY 250~
800 nm, FIEE N FE; BLEWREN 107 mol/L K]
Pr-1, Pr-1.5, Pr-1.6, Pr-2 ] ~ & F %W, #)H Hitachi
FL-4600 J&if A T =i Nl _ R s ook, £
i1 Emission, UK KK 580 nm, KGRI
585~800 nm, A5 5 HUA —fh Ab 3.
43 HEVMIERK
431 Pr-1 694 R A RARAL AT 6 77 i
432 Pr2 4946

7£ 50 mL [P &R]JEHE I 200 mg (0.54 mmol) Pr-1,
167 mg (0.65 mmol) — ZBEA %R, 547 mg (1.95 mmol)
=R EERE, 291 mg (2.17 mmol)JU FH & —RESE ke, 5.4
mL — F R4 (1 mol/L i) — & S i), 4 mL Jo7K F 2R,
g S RE R IR B 12 he N EE AR, TN 1 mL 255
TR, SUERREY), IERA A TBREEN, Wb S
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AR AEEHT R R B ATHEE, V s -V s
=1:2) %% 116 mg Pr-2, 1“3 58%.
433 Pr-1.5, Pr-1.6 494 %

7£ 50 mL FI[EEREH A 200 mg (0.54 mmol) Pr-1,
167 mg (0.65 mmol) — ZEEHE4R, 547 mg (1.95 mmol)
=R R, 291 mg (2.17 mmol)PY F 3 —RES KT, 10.8
mL — FE45(1 mol/L i & i), 4 mL Jo7K F2R,
WEDIHERE R RIS 12 h RNV SRS, TN 2mL 2555
TR, WSIEEAREY), EREESREER, P S
[ERZ A BTG &5 A T, V —mm &V
=1:2)/3 8% 30 mg Pr-1.5, /%% 15%, LA 46 mg
Pr-1.6, /=% 23%.

Pr-1.5, m.p.>280 C, UV-Vis (CH,Cl,) Apax: 403,
561, 607 nm; "H NMR (CDCls, 500 MHz) 6: 7.56 (t, J=
8.0 Hz, 1H) , 7.63 (q, J=7.0 Hz, 3H) , 7.86 (t, J=6.0 Hz,
2H), 7.91 (t, J=8.0 Hz, 1H), 8.26 (t, J=8.0 Hz, 1H), 8.47
(d, J=4.5 Hz, 1H), 8.80 (d, J=8.0 Hz, 1H), 9.01 (d, J=
8.0 Hz, 2H); "C NMR (CDCl;, 125 MHz) 6: 153.84,
136.89, 134.81, 131.90, 131.58, 129.86, 129.65, 129.16,
128.99, 128.70, 127.91, 127.86, 127.57, 124.66, 124.12,
123.59, 122.90, 118.97, 115.76, 107.89, 107.1; HRMS
caled for CosH 3N, [M+H]" 345.1135, found 345.1130.

Pr-1.6, m.p. 261~265 ‘C, UV-Vis (CH,CL,) Amax: 399,
550, 595 nm; '"H NMR (CDCl;, 500 MHz) 6: 3.30 (s, 3H),
7.34 (d, J=7.0 Hz, 1H) , 7.55 (g, J=7.0 Hz, 2H), 7.64 (t, J
=8.0 Hz, 2H), 7.76 (t, J=7.5 Hz, 1H), 7.86 (t, J=7.5 Hz,
1H), 8.09 (d, J=8.0 Hz, 1H), 8.26 (d, J=8.0 Hz, 1H), 8.79
(d, J=8.0 Hz, 1H), 8.96 (d, J=8.0 Hz, 2H); “C NMR
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(CDCL,, 125 MHz) &: 153.28, 139.80, 139.24, 138.77,
138.66, 132.74, 132.33, 131.89, 131.73, 130.29, 129.14,
128.77, 124.99, 124.66, 124.30, 123.17, 120.36, 117.56,
109.62, 19.81; HRMS caled for CosHsN; [M + H] ™
334.1339, found: 334.1336.
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