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[Abstract] Objective To screen a variety of high-affinity small molecule folate analogs as

targeting ligands and different linkers, to summarize the rational molecular design of folate
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receptor-targeted fluorescent probes, and develop a new type of excellent folate receptor-targeted
fluorescent probe. Methods The target fluorescent probe was obtained through various chemical
synthesis reactions. Flow cytometry was used to investigate the selectivity of fluorescent probes
for folate receptors, and fluorescence microscopy was conducted to evaluate the targeted imaging
ability of fluorescent probes on tumor cells. Results Eight targeted fluorescent probe products
were obtained, among which the fluorescent probe GT-FITC-1 could specifically bind to folate
receptor and enter cells to achieve fluorescent imaging. The introduction of glutamic acid side
chains reduced the relative average fluorescence intensity of cell uptake. GT-FITC-2 decreased by
about 17% compared with GT-FITC-1, and GT-FITC-5 decreased by approximately 15%
compared with GT-FITC-4. The fluorescence intensity of the fluorescent probes GT-FITC-7 and
GT-FITC-8 containing rigid benzene ring linkers increased by 2-3 times compared with
GT-FITC-4, and GT-FITC-8 showed the largest relative average fluorescence intensity.
Conclusion A series of fluorescent probes designed and synthesized in this study all show high

specificity for folate receptors, and the fluorescent probe GT-FITC-8 with excellent affinity for

folate receptors is discovered.
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Figure 1 Schematic diagram of the structure of small molecule antifolates
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Figure 2 Synthesis route of targeting ligands
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Figure 3 General synthesis route of the final product of fluorescent probes
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Figure 4 Chemical structure of the final product of fluorescent probes
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« 1134 - WAL E R R M M H0W

—FITC — FITC
8 000 GT-FITC-1 8 000 GT-FITC-1
GI-FITC-2 | 3 GT-FITC-2 | 3
B GIFITC-3 | & > GT-FITC-3 | &
< 6000 GT-FITC-4 || % 5 6000 GT-FITC4 || %
P — GT-FITC-5 & — GT-FITC-5 \
GT-FITC-6 GT-FITC-6 N
ium; 4 OOO GTfFIch’] % 4 OOO GTfFIch’] B K (nm)
® GT-FITC-8 R GT-FITC-8
™ 2000 #2000 \
0 0
400 450 500 550 600 400 450 500 550 600
Pk (nm) @ A (nm)

5 KIS GT-FITC-1~8 Ky ik E
AR OGS IR B ST G 1 ]
Figure 5 Spectra of fluorescent probe GT-FITC-1—8
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Figure 6 In vitro cell fluorescence imaging of fluorescent probes
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FITC,153 8 9¢ 6 #8 4F GT-FITC-5 ~ 8., {4 L 1 1Y
BHAR- MR Y (GT-FITC-5) Al 1,6-C %
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1% R 25 W) (GT-FITC-8) , 3 3 i =X 41 i A BF 5%
TR X 8 & A7 AN ) 3 42 5 A 9 1k & W 78 1K Sk XF
FR-afJ 3 1. 3F 5 GT-FITC-4 #47 L4 (K 8).
I 2 W 4% 0 R £ GT-FITC-5 M8 F GT-
FITC-4, HAHX -5 Jeom B F 2 159, X —45
WHK 7 54 GT-FITC-2 fil GT-FITC-1 By 45
FAR—F, FFEEZME Linker 4 GT-FITC-6
HAEmE S GT-FITC-4 M H R K. &7 W
RIS A By ¢ O R B GT-FITC-7 Ml GT-
FITC-8 #1#F GT-FITC-4 H¥im T 2~3 £%, 3 H.
GT-FITC-8 B H fit K 1 A % - ¥ 5 b o i . UL
1,

1 FENEELEE KB MR8 F 195 8 5

Table 1 Relative mean fluorescence intensity of KB cells

treated with different fluorescent probes

(n=3,7 *5)

45 - 220 Sl 5
75 % R 950.0+70.7
FITC 1092.04+12.0
GT-FITC-1 1716.0+118.8*
GT-FITC-2 1424.0433.9
GT-FITC-3 2 297.04+146.4"
GT-FITC-4 3614.04121.6%
GT-FITC-5 3 060.0484,1%
GT-FITC-6 3717.04164.8
GT-FITC-7 8 048.0+74.2%
GT-FITC-8 9126.04+178.2%

F {8 928.485

P 1y <<0.001

* PAE<C0.05 5 AXTRILE 4P {H<<0.05 5 GT-FITCA L
(SNK-q K55

2.3 ROLHWAE W MR i H-NMR,
P C-NMRF HRMS 4§77 3 %5 & i) 8 A~ H b5 2 6
BREHT T 45H AL,

GT-FITC-1:'H-NMR (600 MHz, DMSO-d;) :
5=10.88(s,1H),9.02(s,2H),8.30(s, 1H),8.12
(d,J =15.3 Hz,2H),7.86-7.74(m, 1H),7.15(d,
J=8.3 Hz,1H),6.64(d,J =2.2 Hz,2H),6.63(s,
1H),6.62(s,1H),6.55(d,J =2.4 Hz,2H),6.54(d,
J=2.3 Hz.2H),6.07(s,2H),6.00(s,1H),3.70(d,
J=5.5 Hz,2H),3.58(s,2H).3.43(s,2H),3.30(q.,
J= 6.1 Hz, 2H), 3. 17 (s, 1H); "C-NMR

(151 MHz,DMSO-d) :0=169.88,169.18,159.00,
152.80, 152. 59, 151. 69, 142. 01, 129. 66, 125. 18,
113.87, 110. 54, 102. 74, 100. 72, 100. 37, 49. 07,
46.12,43. 84, 42.77, 38.33, 35.42, 31. 74, 22. 80,
14.42,11.84; HRMS(ESD : Caled for Ci; Hag Ny OgS
[M-+H]" :697.1824,found 697.1811,

GT-FITC-2.'H-NMR (600 MHz, DMSO-d,) :
0=10.88 (s, 1H), 9.91 (s, 1H), 8. 44 (d, J =
11.2 Hz,1H), 8.29-8.20 (m, 1H), 7.91 (s, 1H),
7.84-7.76(m,1H),7.70(dd, ] =20.2,6.4 Hz,1H),
7.10(d,J =8.4 Hz,1H),6.63(s,1H),6.62(s,3H),
6.54(dd,J =8.5,2.3 Hz,2H) ,6.21(s,2H),6.01(s,
1H),3.95(dt, J =19.1,6.1 Hz,1H),3.73(t, J =
5.4 Hz,1H),3.66-3.53(m,2H),3.44(s, 1H),3.23
(ddt,J =26.0,13.8,7.1 Hz,2H),2.14(q,J =7.7,
7.2 Hz,2H),1.95(dq.J =18.9,9.8,8.2 Hz,2H);
“C-NMR (151 MHz, DMSO-d; ). & = 181. 05,
175.59,173. 74, 172. 69, 169. 96, 169. 38, 168. 21,
162.66,159. 17, 155. 66, 153. 06, 152. 74, 151. 71,
142.97,129.71, 125. 20, 117. 19, 114. 23, 110. 73,
102.74,100.75,100.35,54.22,43.80,42.92,42.48,
40.88, 38. 28, 35. 38, 32.22, 28. 16, 22. 94, 22. 84;
HRMS(ESD : Caled for Cy Hys NgO SLM+H ™.
826.2250,found 826.2251,

GT-FITC-3.' H-NMR (600 MHz, DMSO-d,) :
0=10.79(s,1H),8.55(t,J =5.4 Hz,1H),8.33(s,
1H),8.23(s,1H) ,7.77(d,J =7.9 Hz,2H) ,7.72(d,
J=9.6 Hz,1H)>,7.24(d,J =7.8 Hz,2H),7.13(d,
J=8.2 Hz, 1H),6.67-6.63(m,2H),6.62(d, J =
8.7 Hz,2H),6.54(dd, J =8.7,2.4 Hz,2H),5.96
(ss2H),5.84 (s, 1H), 3. 71 (s, 2H),3.49(q, J =
6.0 Hz,2H),2.62(d, J=6.8 Hz,2H),1.63-1.51
(m,4H) ;" C-NMR (151 MHz, DMSO-d;): 6 =
167.11, 158. 93, 152. 31, 151. 54, 146. 21, 132. 33,
131.51,129. 63, 128. 62, 127. 78, 110. 47, 102. 74,
100.12,98. 30, 44.13, 39.00, 35.15, 30.74, 28.79,
27.46 ; HRMS(ESD : Caled for C,, Hys N;O; SLM +
H]" .758.2391.found 758.2381,

GT-FITC-4.' H-NMR (600 MHz, DMSO-d; ) :
0=10.80(s,1H),10.15(s,2H) ,8.55(t,J =5.6 Hz,
1H),8.23(s,2H) ,7.74(d, ] =8.2 Hz,1H) ,7.59(d,
J=3.7 Hz,1H),7.15(d, J =8.3 Hz,1H),6.84(d,
J=3.7 Hz,1H),6.71-6.66 (m,2H),6.61 (s, 1H),
6.60(s,1H),6.56(dd,J =8.7,2.3 Hz,2H),5.98(s,
2H),5.86(s,1H),3.69(s,2H),3.46(d,J =6.1 Hz,
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2H).2.80(d,J=6.5 Hz.2H),1.61(q, J = 4.1,
3.6 Hz,4H) ;"* C-NMR (151MHz, DMSO-d;) : § =
168.98, 162,11, 160. 00, 158. 94, 152. 37, 152. 32,
151.57,150. 67, 131. 39, 129. 52, 128. 77, 125. 80,
113.08,110.19,102.72,100.12,98.36,44.01,38.79,
31.00,29.71,28.51,27.29; HRMS(ESD) : Caled for
Cys Hyy N;O,S, [M + H ™. 764. 1956, found
764.1932,

GT-FITC-5.' H-NMR (600 MHz, DMSO-d ) :
5=11.60(s,1H),10.80(s,1H),9.59(s,2H),8.47
(s,1H),8.03-7.93(m,1H),7.93-7.83(m,2H) ,7.58
(s.1H),7.10(d,J =8.2 Hz,1H),6.82(s,1H) ,6.67
(s,2H),6.60(d, J=28.7 Hz,2H),6.56 (d, ] =
9.1 Hz,2H),6.01(s,2H),5.86(s,1H).4.14(d, ] =
7.5 Hz,1H),3.63(d, J=11.4 Hz,2H),3.23 (s,
2H),3.17(s,1H),2.78(s,2H) ,2.28-2.12(m,2H),
2.08(d,J=13.0 Hz,2H),1.60(s,4H) ;" C-NMR
(151 MHz, DMSO-d;): 8 = 181. 05, 175. 50,
172.74,169. 24, 160. 74, 160. 11, 159. 00, 152. 45,
152.35,151. 61, 150. 31, 142. 91, 137. 74, 131. 43,
129.56,128. 50, 126. 88, 125. 75, 124. 14, 116. 35,
113.15,110.42,102.68,100.12,98.36,54.25,49.07,,
43.68, 38.23, 32.29, 31.02, 29. 71, 29. 49, 29. 05,
28.58,27.80,27.33,21.75; HRMS(ESD) : Calcd for
Cis HyyNg O, S, [M-H]-:891.2236 . found 891.2246,

GT-FITC-6.' H-NMR (600 MHz, DMSO-d) :
5=10.81(s,1H),10.12(s,2H),8.34(t,J =5.8 Hz,
1H),8.31(s,1H),8.26(s,1H),7.74(d,J =8.3 Hz,
1H),7.55(d,J =3.7 Hz,1H),7.15(d. ] =8.2 Hz,
1H),6.83(d,J =3.7 Hz,1H) ,6.65(s,2H) ,6.63(s,
1H),6.56(d,J =8.8 Hz,2H),5.98(s,2H) ,5.87 (s,
1H),3.51-3.47(m,2H),3.21(q,J =6.8 Hz,2H),
3.18(s,1H),2.79(d.J =6.9 Hz,2H),1.62(d, ] =
4.4 Hz,4H),1.54(dt, ] =28.2,6.9 Hz,4H),1.34
(s, 4H) ;" C-NMR (151 MHz, DMSO-d;): 6 =
180.82,169. 18, 161. 52, 158. 96, 152. 82, 152. 32,
151.57,150. 26, 141. 89, 137. 93, 131. 40, 129. 67,
128.24, 125. 68, 110. 62, 102. 76, 100. 13, 98. 36,
49.07,44.26,31.01,29.71,29. 68, 28.77, 28. 53,
27.31,26.70,26.68; HRMS(ESD) : Caled for C,, Hy,
N;O;S,[M-H]-:818.2436,found 818.2443,

GT-FITC-7:' H-NMR (600 MHz, DMSO-d;) :
8=10.79(s,1H),10.14(s,2H),8.90(t, ] =6.0 Hz,
1H).8.58(s,1H).8.26(s,1H),7.75(d.J =8.3 Hz,
1H),7.60(d,J =3.7 Hz,1H),7.32(d, ] =8.0 Hz,

2H),7.28(d,J =7.9 Hz,2H),7.17(d, ] =8.2 Hz.
1H),6.86(d,J =3.7 Hz,1H) ,6.64(s,1H),6.62(d,
J=8.8 Hz,2H).6.57-6.52(m,2H),5.96(s,2H),
5.85(d,J=2.2 Hz,1H),4.80-4.72(m,2H), 4.41
(d,J =6.0 Hz,2H),2.80(d,J =7.1 Hz,2H),1.65-
1.58(m,4H) ;¥ C-NMR(151 MHz,DMSO-d;) :0=
161.60, 158. 92, 152. 32, 151. 56, 150. 68, 138. 83,
137.53,131. 35, 129. 62, 128. 62, 127. 93, 127. 76,
125.83,102.74,100.13,98.36,42.68,31.01,29.72,
28.52,27.30,22.98,22.56, 14.43; HRMS (ESI) .
Caled for C,y Hys N, O, S, [ M-H J-: 838.2123, found
838.2122,

GT-FITC-8.' H-NMR (600 MHz, DMSO-d ) :
0=10.78(s,1H),8.69(s,1H),8.29(s,1H),8.16(s,
1H)>.,7.77(d,J =8.2 Hz,1H),7.52(d,J =3.6 Hz,
1H),7.17(d,J =8.3 Hz,1H),7.14(d,J =8.1 Hz,
3H),6.83(s,2H),6.82(d,J =4.6 Hz,2H),6.68-
6.65(m,3H),5.97(s,2H),5.85(s, 1H),4.37 (p,
J=10.6,7.1 Hz,1H),4.08(tt, J =10.2,5.0 Hz,
2H),3.85(s,2H),3.09(dd,J =13.7,4.6 Hz,1H),
2.96(dd,J =13.8.8.5 Hz,1H),2.78(d.J =6.3 Hz,
2H), 1. 61 (d, J= 6. 0 Hz, 4H);"” C-NMR
(151 MHz,DMSO-d) :0=181.26,174.78,174.46,
169.04, 161. 16, 160. 09, 158. 97, 157. 20, 152. 40,
152.35,151. 60, 150. 51, 142. 00, 137. 48, 131. 38,
131.28,130. 69, 130. 13, 129. 50, 128. 66, 127. 05,
125.76,124. 48, 117. 02, 114. 54, 113. 13, 110. 21,
102.71,100.12, 98.36,65.94,55.58,43.77, 36.49,
35.60,31.76, 31.02, 29.71, 29. 56, 29. 50, 29. 45,
29.34,29. 30, 29. 21, 29. 17, 29. 05, 28. 58, 27. 33,
27.03,25.59,22.57,21.65, 14.42; HRMS (ESI) .
Caled for C;; Hy N, O S, [M+ H ' . 928.2429,
found 928.2420.
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