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Fig. S1 In vitro binding assay curves of 4a-e and 6a-e. 






Fig. S2 RCPs of [18F]4a-e and [18F]6a-e. HPLC chromatograms obtained by co-injection with the nonradioactive fluorinated.

Table S1 Radiochemical yield and molar activity of radioligands [18F]4a-e and [18F]6a-e (mean ± sd).

	Radioligands
	RCY (%)
	Am (GBq/µmol)
	n

	[18F]4a ([18F]FP-CPT-d6)
	10.6 ± 2.8
	23.5 ± 3.5
	5

	[18F]4b ([18F]FP-CFT-d6)
	23.5 ± 3.3
	23.9 ± 4.6
	7

	[18F]4c ([18F]FP-CCT-d6)
	35.1 ± 5.4
	45.9 ± 6.7
	7

	[18F]4d ([18F]FP-CMT-d6)
	24.8 ± 4.5
	29.3 ± 5.7
	4

	[18F]4e ([18F]FP-CIT-d6)
	20 ± 5.1
	64.4 ± 4.5
	12

	[18F]6a ([18F]FP-CPT)
	16.5 ± 3.0
	26.4 ± 5.5
	4

	[18F]6b ([18F]FP-CFT)
	21.9 ± 2.5
	24.3 ± 3.7
	3

	[18F]6c ([18F]FP-CCT)
	20 ± 2.4
	38.4 ± 1.9
	4

	[18F]6d ([18F]FP-CMT)
	17 ± 1.9
	25.7 ± 2.2
	4

	[18F]6e ([18F]FP-CIT)
	16.7 ± 5.3
	55.6 ± 5.2
	8













[bookmark: _Hlk116290317]Fig. S3 In vitro stability analysis of [18F]4a-e and [18F]6a-e in PBS or FBS for different time (0, 1, 2, 4, 6 h).

[bookmark: OLE_LINK16]Table S2 The shake-flask method was used to determine the logD7.0 and logD7.4 values of [18F]4a-e and [18F]6a-e.

	Radioactive ligand
	LogD7.0 (n=3)
	LogD7.4 (n=3)

	[18F]6a
	0.68 ± 0.3
	1.30 ± 0.08

	[18F]6b
	1.19 ± 0.05
	1.50 ± 0.05

	[18F]6c
	1.68 ± 0.13
	1.95 ± 0.09

	[18F]6d
	1.45 ± 0.04
	1.68 ± 0.07

	[18F]6e
	2.39 ± 0.09
	2.45 ± 0.17

	[18F]4a
	[bookmark: _Hlk107787040]0.97 ± 0.06
	1.23 ± 0.01

	[18F]4b
	1.36 ± 0.03
	1.69 ± 0.01

	[18F]4c
	1.79 ± 0.05
	2.09 ± 0.06

	[18F]4d
	1.24 ± 0.04
	1.52 ± 0.02

	[bookmark: OLE_LINK17][18F]4e
	1.92 ± 0.03
	2.16 ± 0.17
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Fig. S4 Cell uptake and blocking assay results for [18F]4a-e.











Fig. S5 TACs of [18F]4a-e and [18F]6a-e.

Table S3 Tissue biodistribution of radioactivity at different time after i.v. injection of [18F]6e in SD rats expressed as % injected dose/organ (%ID/organ).

	
	5min
	15min
	30min
	60min
	120min

	blood
	4.25 ± 0.54
	5.13 ± 0.27
	4.11 ± 0.16
	3.82 ± 0.52
	2.17 ± 0.75

	heart
	0.32 ± 0.06
	0.19 ± 0.02
	0.02 ± 0.02
	0.09 ± 0.01
	0.04 ± 0.01

	liver
	14.95 ± 1.71
	14.50 ± 1.34
	2.69 ± 0.72
	3.96 ± 0.81
	1.49 ± 0.36

	spleen
	0.62 ± 0.09
	0.36 ± 0.05
	0.05 ± 0.03
	0.12 ± 0.04
	0.05 ± 0.01

	lung
	2.62 ± 1.98
	1.35 ± 0.33
	0.32 ± 0.07
	0.54 ± 0.06
	0.23 ± 0.07

	kidney
	1.59 ± 0.41
	1.03 ± 0.21
	0.21 ± 0.15
	0.69 ± 0.14
	0.36 ± 0.22

	stomach
	0.69 ± 0.21
	0.61 ± 0.10
	0.11 ± 0.06
	0.22 ± 0.07
	0.14 ± 0.05

	genital
	0.35 ± 0.06
	0.48 ± 0.05
	0.05 ± 0.08
	0.37 ± 0.08
	0.19 ± 0.04

	pancreas
	0.54 ± 0.70
	0.12 ± 0.03
	0.03 ± 0.06
	0.15 ± 0.02
	0.09 ± 0.05

	bone
	0.01 ± 0.01
	0.01 ± 0.00
	0.03 ± 0.01
	0.05 ± 0.04
	0.06 ± 0.02

	brain
	0.89 ± 0.09
	0.56 ± 0.08
	0.08 ± 0.05
	0.24 ± 0.13
	0.07 ± 0.01


Values are the average ± sd of five animals.

Table S4 Tissue biodistribution of radioactivity at different time after i.v. injection of [18F]4e in SD rats expressed as % injected dose/organ (%ID/organ).

	

	5min
	15min
	30min
	60min
	120min

	blood
	4.04 ± 0.79
	5.58 ± 0.69
	3.31 ± 0.64
	2.56 ± 0.75
	2.02 ± 0.81

	heart
	0.35 ± 0.07
	0.20 ± 0.07
	0.11 ± 0.02
	0.07 ± 0.01
	0.04 ± 0.01

	liver
	10.39 ± 0.94
	[bookmark: OLE_LINK6]12.85± 2.02
	6.52 ± 1.01
	3.60 ± 0.75
	1.92 ± 0.34

	spleen
	0.62 ± 0.18
	0.44 ± 0.08
	0.22 ± 0.03
	0.12 ± 0.01
	0.06 ± 0.01

	lung
	2.21 ± 1.37
	2.06 ± 0.37
	1.04 ± 0.23
	0.66 ± 0.10
	0.31 ± 0.07

	kidney
	2.05 ± 0.33
	1.19 ± 0.30
	0.73 ± 0.05
	0.46 ± 0.06
	0.30 ± 0.02

	stomach
	0.49 ± 0.17
	0.34 ± 0.14
	0.20 ± 0.10
	0.22 ± 0.06
	0.07 ± 0.04

	genital
	0.38 ± 0.06
	0.45 ± 0.08
	0.29 ± 0.04
	0.27 ± 0.08
	0.23 ± 0.03

	pancreas
	0.54 ± 0.70
	0.48 ± 0.14
	0.21± 0.07
	0.16 ± 0.02
	0.12 ± 0.04

	bone
	0.02 ± 0.01
	0.03 ± 0.01
	0.03 ± 0.02
	0.06 ± 0.05
	0.09 ± 0.03

	brain
	[bookmark: _Hlk120175219]1.09 ± 0.12
	0.67 ± 0.09
	0.29 ± 0.05
	0.15 ± 0.02
	0.10 ± 0.02


Values are the average ± sd of five animals.





Fig. S6 Biodistribution of [18F]6e (a) and [18F]4e (b). Data are presented as injected dose per gram of tissue (%ID/g) and expressed as mean ± sd (n = 5).

[bookmark: _Hlk121679344]Table S5 Distribution of radioactivity after the injection of [18F]6e in normal male SD rats expressed as % injected dose/g (%ID/g).

	[bookmark: _Hlk121679188][bookmark: _Hlk116653934]
	5min
	15min
	30min
	60min
	120min

	cortex
	0.67 ± 0.06
	0.34 ± 0.05
	0.12 ± 0.03
	0.07 ± 0.02
	0.03 ± 0.01

	striatum
	0.92 ± 0.16
	0.88 ± 0.13
	0.46 ± 0.09
	0.34 ± 0.06
	0.15 ± 0.06

	hippocampus
	0.50 ± 0.10
	0.35 ± 0.05
	0.14 ± 0.07
	0.07 ± 0.03
	0.03 ± 0.02

	cerebellum
	0.37 ± 0.07
	0.21 ± 0.03
	0.13 ± 0.02
	0.06 ± 0.01
	0.03 ± 0.01

	ST/CB
	2.44 ± 0.49
	4.32± 0.92
	4.08 ± 1.04
	4.54 ± 0.07
	4.42 ± 0.86

	blood
	0.10 ± 0.01
	0.13 ± 0.01
	0.10 ± 0.03
	0.10 ± 0.01
	0.04 ± 0.01

	heart
	0.21 ± 0.04
	0.14 ± 0.02
	0.10 ± 0.02
	0.06 ± 0.01
	0.03 ± 0.00

	liver
	0.78 ± 0.07
	0.78 ± 0.16
	0.39 ± 0.03
	0.23 ± 0.03
	0.08 ± 0.02

	spleen
	0.66 ± 0.08
	0.44 ± 0.10
	0.25 ± 0.08
	0.14 ± 0.04
	0.06 ± 0.01

	lung
	0.86 ± 0.44
	0.60 ± 0.17
	0.27 ± 0.06
	0.20 ± 0.03
	0.08 ± 0.01

	kidney
	0.42 ± 0.09
	0.32 ± 0.10
	0.24 ± 0.06
	0.19 ± 0.03
	0.11 ± 0.08

	stomach
	0.37 ± 0.11
	0.38 ± 0.08
	0.21 ± 0.06
	0.14 ± 0.05
	0.08 ± 0.03

	Small
intestine
	0.32 ± 0.12
	0.28 ± 0.10
	0.19 ± 0.05
	0.31 ± 0.33
	0.07 ± 0.02

	genital
	0.11 ± 0.02
	0.16 ± 0.03
	0.12 ± 0.03
	0.12 ± 0.02
	0.06 ± 0.01

	fat
	0.29 ± 0.10
	0.45 ± 0.28
	0.31 ± 0.09
	0.60 ± 0.52
	0.31 ± 0.20

	bone
	0.14 ± 0.02
	0.15 ± 0.04
	0.21 ± 0.06
	0.40 ± 0.10
	0.50 ± 0.13

	muscle
	0.15 ± 0.07
	0.11 ± 0.02
	0.07 ± 0.02
	0.07 ± 0.03
	0.02 ± 0.00

	pancreas
	0.76 ± 0.83
	0.64 ± 0.14
	0.31 ± 0.07
	0.25 ± 0.08
	0.12 ± 0.06


*Uptake values are represented as SUV mean ± sd (n = 5)

[bookmark: _Hlk121679301]Table S6 Distribution of radioactivity after the injection of [18F]4e in normal male SD rats expressed as % injected dose/g (%ID/g).

	[bookmark: _Hlk121679210]
	5min
	15min
	30min
	60min
	120min

	cortex
	1.06 ± 0.20
	0.41 ± 0.11
	0.18 ± 0.10
	0.08 ± 0.01
	0.05 ± 0.01

	striatum
	0.95 ± 0.16
	0.70 ± 0.31
	0.42 ± 0.13
	0.29 ± 0.06
	0.21 ± 0.15

	hippocampus
	0.97 ± 0.20
	0.59 ± 0.15
	0.17 ± 0.03
	0.08 ± 0.01
	0.06 ± 0.02

	cerebellum
	0.75 ± 0.32
	0.25 ± 0.05
	0.12 ± 0.04
	0.05 ± 0.01
	0.04 ± 0.01

	ST/CB
	1.46 ± 0.68
	2.83 ± 1.36
	3.76 ± 1.54
	5.89 ± 1.23
	5.84 ± 1.36

	blood
	0.10 ± 0.03
	0.14 ± 0.01
	0.09 ± 0.02
	0.06 ± 0.02
	0.04 ± 0.01

	heart
	0.26 ± 0.08
	0.14 ± 0.04
	0.08 ± 0.02
	0.05± 0.00
	0.03 ± 0.00

	liver
	0.77 ± 0.31
	0.64 ± 0.21
	0.34 ± 0.07
	0.19 ± 0.05
	0.12 ± 0.02

	spleen
	0.73 ± 0.28
	0.44 ± 0.07
	0.28 ± 0.08
	0.12 ± 0.01
	0.07 ± 0.02

	lung
	1.12 ± 0.80
	0.75 ± 0.12
	0.36 ± 0.09
	0.20 ± 0.02
	0.11 ± 0.04

	kidney
	0.57 ± 0.15
	0.30 ± 0.07
	0.21 ± 0.03
	0.13 ± 0.01
	0.09 ± 0.01

	stomach
	0.26 ± 0.11
	0.19 ± 0.09
	0.12 ± 0.04
	0.12 ± 0.03
	0.05 ± 0.03

	small intestine
	0.50 ± 0.11
	0.35 ± 0.12
	0.18 ± 0.03
	0.14 ± 0.03
	0.07 ± 0.02

	genital
	0.12 ± 0.02
	0.14 ± 0.03
	0.09 ± 0.01
	0.08 ± 0.02
	0.07 ± 0.01

	fat
	0.68 ± 0.50
	0.46 ± 0.26
	0.23 ± 0.10
	0.19 ± 0.08
	0.23 ± 0.12

	bone
	0.14 ± 0.03
	0.18 ± 0.04
	0.12 ± 0.04
	0.25 ± 0.10
	0.43 ± 0.10

	muscle
	0.13 ± 0.04
	0.11 ± 0.02
	0.06 ± 0.00
	0.04 ± 0.01
	0.02 ± 0.01

	pancreas
	0.76 ± 0.83
	0.76 ± 0.13
	0.27 ± 0.05
	0.18 ± 0.02
	0.13 ± 0.01


*Uptake values are represented as SUV mean ± sd (n = 5)

Table S7 The extraction efficiency of the total radioactivity in rat brains.

	[bookmark: _Hlk140698542]Time
(min)
	[18F]6e
	[18F]4e

	
	plasma
	ST
	CB
	plasma
	ST
	CB

	5
	81%
	94%
	85%
	87%
	91%
	83%

	15
	82%
	92%
	86%
	89%
	90%
	82%

	30
	72%
	86%
	82%
	92%
	94%
	81%

	60
	84%
	85%
	80%
	84%
	90%
	84%

	120
	81%
	80%
	85%
	85%
	94%
	80%





[bookmark: _Hlk120018382][bookmark: _Hlk120476575]Fig. S7 Representative radio-chromatograms of [18F]6e and [18F]4e from brain tissue extracts at different time post-tracer injection. The polar radioactive metabolites were 2 - 4 min compared to the retention time of 10 - 12 min for the parent compound.
[image: ] 

[bookmark: OLE_LINK28][bookmark: _Hlk120009047]Table S8 Parent compound and major metabolite in rat tissues. (% of total radioactivity, mean ± sd, n = 3).

	[bookmark: _Hlk120000510]
	Time
(min)
	[18F]6e
	[18F]4e

	
	
	plasma
	ST
	CB
	plasma
	ST
	CB

	Parent
compound
	5
	48 ± 7%
	95 ± 1%
	86 ± 4%
	85 ± 9%
	97 ± 1%
	96 ± 2%

	
	15
	27 ± 4%
	92 ± 4%
	77 ± 7%
	37 ± 2%
	95 ± 2%
	84 ± 5%

	
	30
	19 ± 1%
	84 ± 2%
	71 ± 6%
	35 ± 2%
	93 ± 2%
	79 ± 3%

	
	60
	15 ± 3%
	74 ± 4%
	46 ± 3%
	28 ± 8%
	89 ± 3%
	67 ± 4%

	
	120
	6 ± 5%
	65 ± 3%
	15 ± 5%
	15 ± 5%
	84 ± 4%
	56 ± 6%



Copies of 1H NMR, 13C NMR and 19F NMR Spectra for Compounds

2β-carbomethoxy-3β-phenyl nortropane (3a, nor-CPT): 1H NMR (400 MHz, Chloroform-d) δ 7.28 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 6.5 Hz, 3H), 3.71 (m, 2H), 3.36 (s, 3H), 3.31 - 3.20 (m, 1H), 2.78 - 2.71 (m, 1H), 2.61 (s, 1H), 2.42 (m, 3.0 Hz, 1H), 2.17 - 1.96 (m, 2H), 1.81 - 1.60 (m, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.93, 142.31, 128.26, 127.33, 126.50, 56.35, 53.67, 51.22, 51.05, 35.74, 33.71, 29.14, 27.69. MS (ESI) calcd for C16H23NO2 [M + H]+ m/z 246.15, found m/z 246.28.
Fig. S8 1H spectrum of compound 3a
[image: ][image: ]
Fig. S9 13C spectrum of compound 3a

[image: ]

[bookmark: OLE_LINK9]2β-carbomethoxy-3β-(4-fluorophenyl)nortropane (3b, nor-CFT): 1H NMR (400 MHz, Chloroform-d) δ 7.16 (dd, J = 8.6, 5.5 Hz, 2H), 6.96 (t, J = 8.7 Hz, 2H), 3.77 - 3.63 (m, 2H), 3.38 (s, 3H), 3.28 - 3.17 (m, 1H), 2.71 (d, J = 3.9 Hz, 1H), 2.56 (s, 1H), 2.38 (td, J = 13.0, 3.0 Hz, 1H), 2.18 - 1.94 (m, 2H), 1.81 - 1.56 (m, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.76, 161.48 (d, JC,F = 245.43 Hz), 138.05 (d, JC,F = 3.03 Hz), 128.8 (d, JC,F = 8.08 Hz), 114.99 (d, JC,F = 21.21 Hz), 56.33, 53.65, 51.29, 51.11, 35.05, 33.91, 29.13, 27.69. 19F NMR (565 MHz, Chloroform-d) δ -116.62. MS (ESI) calcd for C15H19FINO2 [M + H]+ m/z 264.14, found m/z 264.24.
Fig. S10 1H spectrum of compound 3b
[image: ][image: ]
Fig. S11 13C spectrum of compound 3b
[image: ][image: ]
Fig. S12 19F spectrum of compound 3b
[image: ][image: ]

2β-carbomethoxy-3β-(4-chlorophenyl)nortropane (3c, nor-CCT): 1H NMR (400 MHz, Chloroform-d) δ 7.29 - 7.20 (m, 2H), 7.13 (d, J = 8.4 Hz, 2H), 3.72 (m, 2H), 3.40 (s, 3H), 3.26 - 3.15 (m, 1H), 2.72 (d, J = 3.9 Hz, 1H), 2.38 (td, J = 13.0, 3.1 Hz, 2H), 2.18 - 1.94 (m, 2H), 1.81 - 1.56 (m, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.65, 140.92, 132.17, 128.73, 128.36, 56.39, 53.64, 51.20, 51.12, 35.16, 33.69, 29.14, 27.71. MS (ESI) calcd for C15H19ClNO2 [M + H]+ m/z 280.11, found m/z 280.25.
Fig. S13 1H spectrum of compound 3c
[image: ][image: ]
Fig. S14 13C spectrum of compound 3c
[image: ][image: ]

2β-carbomethoxy-3β-(4-methylphenyl)nortropane (3d, nor-CMT): 1H NMR (600 MHz, Chloroform-d) δ 7.07 (s, 4H), 3.73 - 3.70 (m, 1H), 3.68 (dd, J = 7.0, 2.1 Hz, 1H), 3.37 (s, 3H), 3.24 - 3.17 (m, 1H), 2.72 (dd, J = 6.1, 2.1 Hz, 2H), 2.39 (td, J = 13.0, 3.0 Hz, 1H), 2.29 (s, 3H), 2.15 - 2.06 (m, 1H), 2.04 - 1.95 (m, 1H), 1.75 (m, 1H), 1.70 - 1.65 (m, 1H), 1.61 (m, 1H). 13C NMR (151 MHz, Chloroform-d) δ 174.00, 139.24, 135.94, 128.95, 127.18, 56.32, 53.70, 51.25, 51.05, 35.36, 33.92, 29.09, 27.67, 20.96. MS (ESI) calcd for C15H20NO2 [M + H]+ m/z 260.16, found m/z 260.27.
Fig. S15 1H spectrum of compound 3d

[image: ]
Fig. S16 13C spectrum of compound 3d

[image: ]

[bookmark: OLE_LINK5]2β-carbomethoxy-3β-(4-iodophenyl)nortropane (3e, nor-CIT): 1H NMR (400 MHz, Chloroform-d) δ 7.59 (d, J = 8.3 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 3.76 - 3.67 (m, 2H), 3.40 (s, 3H), 3.18 (m, 1H), 2.72 (d, J = 3.9 Hz, 1H), 2.52 (s, 1H), 2.37 (td, J = 13.0, 3.0 Hz, 1H), 2.20 - 1.93 (m, 2H), 1.80 - 1.55 (m, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.60, 142.13, 137.29, 129.45, 91.79, 56.39, 53.62, 51.24, 50.99, 35.29, 33.52, 29.12, 27.70. MS (ESI) calcd for C15H19INO2 [M + H]+ m/z 372.05, found m/z 372.31.
Fig. S17 1H spectrum of compound 3e

[image: ]
Fig. S18 13C spectrum of compound 3e

[image: ]

3-fluoropropyl-1,1,2,2,3,3-d6 4-methylbenzenesulfonate (2) :Yield 50%. 1H NMR (600 MHz, Chloroform-d) δ 7.82 - 7.77 (m, 2H), 7.36 (d, J = 7.6 Hz, 2H), 2.45 (s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 144.99, 132.85, 129.95, 127.89, 78.8 (m, JC,D = 24.16 Hz), 65.51 (m, JC,D = 6.04 Hz), 29.05 (quint., JC,D = 19.63 Hz), 21.64. 19F NMR (376 MHz, Chloroform-d) δ -223.29. GC-MS calcd for C7H7D6FO3S m/z 238.09, found m/z 238.1.
Fig. S19 1H spectrum of compound 2
[image: ]
Fig. S20 13C spectrum of compound 2


Fig. S21 19F spectrum of compound 2

[image: ]

N-(3-fluoropropyl-1,1,2,2,3,3-d6)-2β-carbomethoxy-3β-phenylnortropane (4a, FP-CPT-d6) : Yield 43%. 1H NMR (600 MHz, Chloroform-d) δ 7.25 (s, 4H), 7.15 (td, J = 5.9, 3.1 Hz, 1H), 3.69 - 3.64 (m, 1H), 3.46 (s, 3H), 3.41 - 3.32 (m, 1H), 3.02 (dt, J = 12.8, 5.1 Hz, 1H), 2.97 - 2.89 (m, 1H), 2.58 (td, J = 12.6, 3.0 Hz, 1H), 2.09 (tdd, J = 12.5, 7.1, 4.2 Hz, 1H), 2.04 – 1.95 (m, 1H), 1.75 (ddd, J = 13.4, 9.4, 4.4 Hz, 1H), 1.65 (dddd, J = 26.4, 13.4, 8.9, 4.5 Hz, 2H). 13C NMR (151 MHz, Chloroform-d) δ 171.92, 143.22, 127.89, 127.31, 125.77, 82.04 (t, JC,D = 22.65 Hz ), 80.97 (t, JC,D = 22.65 Hz ), 63.25, 61.47, 52.93, 50.83, 48.34 (quint., JC,D = 15.1 Hz ), 34.16, 34.06, 29.07 (quint., JC,D = 18.12 Hz ), 26.08, 26.02. 19F NMR (565 MHz, Chloroform-d) δ -222.79. MS (ESI) calcd for C18H19D6FNO2 [M + H]+ m/z 312.22, found m/z 312.38.

Fig. S22 1H spectrum of compound 4a


Fig. S23 13C spectrum of compound 4a


Fig. S24 19F spectrum of compound 4a

[image: ]

N-(3-fluoropropyl-1,1,2,2,3,3-d6)-2β-carbomethoxy-3β-(4-fluorophenyl)nortropane (4b, FP-CFT-d6) : Yield 60%. 1H NMR (600 MHz, Chloroform-d) δ 7.21 (dd, J = 8.1, 5.4 Hz, 2H), 6.98 - 6.91 (m, 2H), 3.66 (dd, J = 7.5, 3.2 Hz, 1H), 3.48 (s, 3H), 3.41 - 3.34 (m, 1H), 2.98 (m, 1H), 2.88 (t, J = 3.7 Hz, 1H), 2.55 (td, J = 12.5, 3.1 Hz, 1H), 2.14 - 2.05 (m, 1H), 2.05 - 1.96 (m, 1H), 1.74 (m, 1H), 1.64 (m, 2H). 13C NMR (151 MHz, Chloroform-d) δ 171.89, 161.11 (d, JC,F = 243.11 Hz), 138.79 (d, JC,F = 3.02 Hz), 128.75 (d, JC,F = 7.55 Hz), 114.61 (d, JC,F = 21.14 Hz), 81.49 (d, JC,D = 161.57 Hz ), 61.42, 52.95, 50.91, 49.26 (d, JC,D = 6.04 Hz), 34.27, 33.66, 30.12 (d, JC,D = 19.63 Hz), 26.06, 25.98. 19F NMR (565 MHz, Chloroform-d) δ -117.73, -222.85. MS (ESI) calcd for C18H18D6F2NO2 [M + H]+ m/z 330.21, found m/z 330.41.

Fig. S25 1H spectrum of compound 4b



Fig. S26 13C spectrum of compound 4b


Fig. S27 19F spectrum of compound 4b
[image: ][image: ]

N-(3-fluoropropyl-1,1,2,2,3,3-d6)-2β-carbomethoxy-3β-(4-chlorophenyl)nortropane (4c, FP-CCT-d6) : Yield 45%. 1H NMR (600 MHz, Chloroform-d) δ 7.25 - 7.20 (m, 2H), 7.18 (d, J = 8.5 Hz, 2H), 3.66 (dd, J = 7.4, 3.4 Hz, 1H), 3.48 (s, 3H), 3.41 - 3.35 (m, 1H), 2.97 (dt, J = 12.7, 5.0 Hz, 1H), 2.91 – 2.86 (m, 1H), 2.54 (td, J = 12.5, 3.1 Hz, 1H), 2.13 - 2.05 (m, 1H), 2.00 (tt, J = 12.4, 6.1 Hz, 1H), 1.73 (ddd, J = 13.3, 9.4, 4.4 Hz, 1H), 1.64 (tdd, J = 13.3, 8.3, 3.8 Hz, 2H). 13C NMR (151 MHz, Chloroform-d) δ 171.81, 141.76, 131.45, 128.70, 127.99, 63.15, 61.35, 52.79, 50.96, 34.04, 33.76, 26.05, 25.95. 19F NMR (565 MHz, Chloroform-d) δ -222.88. MS (ESI) calcd for C18H18D6ClFNO2 [M + H]+ m/z 346.19, found m/z 346.49.

Fig. S28 1H spectrum of compound 4c


Fig. S29 13C spectrum of compound 4c


Fig. S30 19F spectrum of compound 4c
[image: ][image: C:\Users\HQY\Desktop\实验数据\核磁\核磁处理后图片\FPCCT-D6  F谱.pngFPCCT-D6  F谱]

[bookmark: _Hlk115381378]N-(3-fluoropropyl-1,1,2,2,3,3-d6)-2β-carbomethoxy-3β-(4-methylphenyl)nortropane (4d, FP-CMT-d6) : Yield 40%. 1H NMR (600 MHz, Chloroform-d) δ 7.07 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 7.9 Hz, 2H), 3.58 (q, J = 2.7 Hz, 1H), 3.41 (s, 3H), 3.31 (s, 1H), 2.94 - 2.89 (m, 1H), 2.83 (t, J = 4.1 Hz, 1H), 2.49 (m, 1H), 2.22 (s, 3H), 2.05 - 1.98 (m, 1H), 1.95 - 1.89 (m, 1H), 1.67 (m, 1H), 1.57 (m, 2H). 13C NMR (151 MHz, Chloroform-d) δ 171.03, 139.06, 134.12, 127.60, 126.17, 62.19, 60.50, 51.88, 49.83, 33.13, 32.79, 25.05, 24.97, 19.97. 19F NMR (565 MHz, Chloroform-d) δ -221.02. MS (ESI) calcd for C19H21D6FNO2 [M + H]+ m/z 326.24, found m/z 326.46.

Fig. S31 1H spectrum of compound 4d


Fig. S32 13C spectrum of compound 4d 
[image: ]
Fig. S33 19F spectrum of compound 4d


[image: ]

N-(3-fluoro-propyl-1,1,2,2,3,3-d6)-2β-carbomethoxy-3β-(4-iodophenyl)nortropane (4e, FP-CIT-d6) : Yield 54%. 1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 3.66 (d, J = 3.9 Hz, 1H), 3.49 (s, 4H), 3.01 - 2.73 (m, 2H), 2.52 (t, J = 10.9 Hz, 1H), 2.15 - 1.91 (m, 2H), 1.78 - 1.67 (m, 1H), 1.62 (t, J = 10.4 Hz, 2H). 13C NMR (101 MHz, Chloroform-d) δ 171.76, 143.03, 136.88, 129.49, 91.02, 63.12, 61.32, 52.67, 50.97, 33.89, 33.86, 26.03, 25.93. 19F NMR (376 MHz, Chloroform-d) δ -222.84. MS (ESI) calcd for C18H18D6FINO2 [M + H]+ m/z 438.12, found m/z 438.39.

Fig. S34 1H spectrum of compound 4e 


Fig. S35 13C spectrum of compound 4e


Fig. S36 19F spectrum of compound 4e
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